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CHAPTER 1. INTRODUCTION

1.1 GENERAL INFORMATION

1.1.1 Historical background

In the 5™ century B.C., Herodotus mentioned for the first time the presence of Large
Benthic Foraminifera (LBF) into the rocks of the Egyptian pyramids; considering them
as lentils and food relics of the labor-builters. Later, the latin name of species,
Nummulites were applied to Herodotus findings. Later on, ancient-philosophers (Rliny,
Strabo) and scientists (Lineé) also referred to their existence. Nevertheless, the first
comprehensive classification was introduced by d’ Orbigny in 1826, including them
among the cephalopods. Almost a decade later, Dujardin (1835) recognized
foraminifera as protozoa. The 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 scientists, including 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 for numerous functions (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 composed of

organic, agglutinated or calcareous material. Foraminifera with organic tests made 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. However, most 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 morphologies and chamber arrangements. Tests can
be unilocular and consist only of one chamber with an opening (aperture), or they can
be multilocular. In this case, the test is made of more than one chamber and presents
different kinds of arrangements such as planispiral, fusiform, uniserial, biserial,
triserial, milioline, polymorphine, or trochospiral. In these multilocular forms, the test
growth is periodic and often the new chamber is bigger than the previous one and they
are divided by septa. The aperture is always in the new added chamber and the aperture
of the previous chamber is converted in a foramen. The position and morphology of the
aperture display a variety of types. The principal ones are: open end of tube, terminal
radiate, terminal umbilical, loop-shaped, interiomarginal, single or multiple, orbate,
with phialine lip, with bifid tooth or umbilical teeth (Haynes 1981; Hottinger 2000;
Loeblich and Tappan 1964). Through these apertural openings, foraminifera extrude
pseudopodia. These are networks of branched, fine anastomosed thread-like extrusions.
They constitute the means by which foraminifera interact with the environment and
many essential life functions are accomplished. They are responsible for building and
structuring their test, as the available material from the surrounding environment can
be attached or incorporated into the test (Bowser and Travis 2000; Goldstein 1999;
Hottinger 2000; Haynes 1981; Makled and Langer 2009). Additionally, pseudopodia
reflect the feeding mechanism as they facilitate the exploitation of trophic resources,
gather food or catch prey (Bowser et al. 1992; Goldstein 1999; Haynes 1981; Jepps
1942; Langer and Bell 1995). Motility and attachment can be conducted as pseudopodia
are dynamic. Finally, they are also involved in reproduction processes (Bowser and
Travis 2000; Goldstein 1999; Hottinger 2000; Langer et al. 2009).

1.1.3 Diet

For their nutrition, foraminifera utilize several trophic mechanisms such as
herbivory and bactivory, grazing, suspension feeding, parasitism, carnivory, direct
uptake of DOC, and omnivory (Goldstein 1999; Lee et al. 1979; Lipps 1983).

According to Hallock (1987), there are several ways that feeding mechanisms affect
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biodiversity. These are the diversity along the trophic resource continuum, the
energetics and diversity, the trophic resources and the environmental stability and the
zonation in the euphotic habitats. Different species are adapted to take advantage of the
available food supplies, which made these foraminifera more abundant, and which

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

1.1.4 Habitat

Foraminifera are adapted to all aquatic habitats with the majority in marine
environments, but some can exist in brackish and in freshwater or even on land
(Holzmann et al. 2021). Adjustments are also observed in the full range of temperature
and salinities (Murray 1973; Boltovskoy and Wright 1976; Haynes 1981; Lipps and
Langer 1999). Moreover, different species are adapted to the full range of water depth.
However, this term constitutes a complex gradient, as it evolves the factors of
topography, illumination, water energy and hydrostatic pressure (Whittaker 1978;
Hohenegger 1995). Topography affects the current system which controls the type of
sedimentation and the formation of the sedimentary deposits (Murray 1973;
Hohenegger 1995). Illlumination is also a significant factor, especially for larger
symbiont-bearing foraminifera (LBF), that house symbionts and they are therefore
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 1989). Finally, the
hydrostatic pressure parameter mainly exerts control on the availability of oxygen.
Depending on the amount of available oxygen, environments are classified as anoxic,
dysoxic and oxic and the microfauna is thus considered to be anaerobic, dysaerobic and
aerobic, respectively (Allison et al. 1995). The distribution of foraminifera is not only
influenced by the aforementioned factors but also by biotic ones such as competition,
food supply and space (Lipps 1983; Hallock 1987; Goldstein 1999). According to their
habitats and life strategy, foraminifera can be subdivided into planktonic foraminifera
which float freely in the upper water column of the open ocean and into benthic
foraminifera which live in or on the sea floor free or attached to a substrate. In general,
there are two types of microhabitats for benthic foraminifera; epifaunal (on the surface
of the substrate) and infaunal (in the sediment) (Haynes 1981; Murray 2006).
Additionally, benthic foraminifera can be subdivided into two informal taxonomic

groups, large and small benthic foraminifera. The classification of large benthic
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foraminifera (LBF) relies on the complex internal structures, the symbiont-bearing

character, and their reproductive strategy (Haynes 1981; Goldstein 1999).

1.1.5 Life cycle and reproduction

Lister in 1895 was the first who outlined the “species-pair”. Through the following
years, researchers (e.g., Jepps 1942; Lister 1903) introduced and explained the
heterophasic alternation of asexual and sexual generation as the fundamental life cycle
of foraminifera. Through the asexual reproduction, daughter cells are generated via
meiosis and grow to give gamonts, which are also known as megalospheric forms (A-
form). These are characterized by large proloculi and a small test size. In sexual
reproduction, numerous gametes are generated via mitosis. When they meet and fuse,
a zygote is produced which creates the agamont, also called microspheric form (B-
form). There is also a third type of generation, where an agamont via multiple fission

produces a megalospheric schizont (Haynes 1981; Goldstein 1999; Hottinger 2000).

1.1.6 Large Benthic Foraminifera (LBF)

The Large Benthic Foraminifera (LBF) are an informal group of benthic
foraminifera that includes both fossil and living forms. They are distinguished due to
their complex internal morphology and usually have a volume of more than 3 mm?
(Ross 1974). Their living representatives belong to the orders of Miliolida and Rotaliida
(Loeblich and Tappan 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 species hosting symbiotic algae, a feature that also characterizes many
extinct LBFs (Cowen 1983). Their presence is indicative of water depth of less than
130 m, 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 (Hallock and Glenn 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 symbionts bearing LBF. The early Quaternary is one such typical period
(Buxton and Pedley 1989).
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Under favourable conditions, living foraminifera grow rapidly and reproduce in
relatively small shell sizes (Hallock and Glenn 1986). However, in populations living
in environments where environmental stress conditions prevail, due to temperature
changef/fall, food or light deficiency, etc., individuals grow more slowly and emerge
with larger shell sizes (Bradshaw 1957). Nummulites, a characteristic genus of Eocene
LBF group, has been shown to respond quickly to environmental changes and
depositional conditions. Shell size is influenced by their mode of reproduction, water
agitation and depth, temperature, and light intensity (Beavington-Penney and Racey
2004).

Lipps (1982) suggested that 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 pattern of unequal distribution of macro- versus
microspheric forms is observed. Blondeau (1972), considers that a typical, normal
population of Nummulites, has an A/B forms ratio of 10:1. This pattern suggests that
the intrinsic reproductive process is restricted to certain ecological conditions, zones
that are also related to depth (Hottinger 1977; 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 symbionts
into the shell (e.g., Haynes 1965; Hottinger and Drehner 1974; Larsen and Drooger
1977; Hallock 1979; Hallock and Hansen 1979). These researchers correlated
morphological with the decrease in photosynthetic activity of symbionts and with
increasing water depth. Morphological trends can be reflected both in different species
of the same genus and in the same species (Hallock 1979; Hallock and Hansen 1979).
More flattened forms were reported in species inhabiting depper waters, thus suggesting
that light availability controls shell morphology through interaction with symbionts
(Hallock 1979). This interaction and morphological adaptations provide a powerful tool
for the interpretation of paleoenvironments (Hallock 1980; Leutenegger 1984). For
example, Trevisani and Papazzoni (1996) observed changes in the distribution and
shape of N. fabianii in the Italian Alps. Two subspecies were identified, one of which
represents flattened forms, while 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 mass responds 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 (Kinne 1970). Temperature is
generally considered the most important physical factor affecting the distribution of
larger foraminifera (Lee 1974; Langer and Hottinger 2000). Also, the total size of
microspheric forms increases over geological time. A similar increase in size of
macrospheric forms occurs to a lesser extent, with a parallel increase in proloculus size
(Blondeau 1972). The first Nummulites occurs in the late Paleocene, and they were
represented by small-sized species. During the middle Eocene, they develop extremely

large forms and they reach a maximum size (> 10 cm).

1.2 OBJECTIVES
The purpose of this study is to investigate the benthic foraminiferal assemblages
along the Paleogene rimmed shelf of the Greek part of Thrace Basin in order to provide
a paleoenvironmental reconstruction model. The aims of this thesis are:
= arevised and completed systematic description of the LBF
= the detailed microfacies analyses of the carbonated deposits
= arevised and comprehensive taxonomy of the small benthic foraminifera
= the establishment of the benthic foraminiferal biofacies
= record the assemblage distribution, facies and biostratigraphy and compare
them with Turkish part of the Thrace basin
= the development of a paleoenvironmental model based on benthic
foraminiferal biofacies

= 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 and in 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 western (greek) part of the basin at NE Greece, is bordered by the Pangaion
Mts. in the west, 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 volcanic activity, which seems to have started in middle-late Eocene
(Innocenti et al. 1982; Fytikas et al. 1984). Pyroclastic and subordinate lavas are
exposed at Ferres-Soufli-Petrota and Maronia-Kirki-Esimi and their age ranges
between 33-23.6 Ma (Innocenti et al. 1982) or 33.4-19.5 Ma (Christofides et al. 2004).
However, the volcanic activity seems to have started in middle-late Eocene as its
products are intercalated with clastic sediments of the same age (Kopp 1965; Zagorchev
1998; Burchfiel et al. 2003). According to Kilias et al. (2011, 2013) and Tranos (2009),
the wider region underwent intense tectonic events which attributed to the architecture
of the basin. A NE-SW extension that initiated during the middle-late Eocene dominates
the area and is associated with strike-slip faults. As a result, a supra-detachment basin
was formed (Kilias et al. 2011, 2013, 2015), divided into three sub-basins
(Alexandroupolis, Orestias and Petrota, respectively - Papanikolaou and Triantaphyllou

2010). After this extensional event, Tertiary deposition took place. Paleogene mollase-
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type deposits, 3-5 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; Papanikolaou and
Triantaphyllou 2010).

The lower sequence deposition, which is exposed only in the Alexandoupolis sub-
basin, started around middle-upper Lutetian (Kirki Formation), with red conglomerates.
They considered as basal conglomerates and their maximum thickness is more than
1000 m, with type locality north of Avas (Papanikolaou and Triantaphyllou 2010). The
deposition continues with sandstones, alternating with sand, marl and shales. The type
locality of these shales is Kirki, where N. perforatus and A. exponens were recovered
among other macrofauna, indicating a late Lutetian to early Bartonian age
(Karageorgiou and Christodoulou 1957; SBZ 16/17 - 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 Chorafaki Formation (Papanikolaou and Triantaphyllou 2010).

The upper sequence, exposing in all three sub-basins, refers to nummulitic
limestones (Avas/Metaxades Formation), followed by marls, sandstones and limestone
interbeds (Pylaea/Pythion Formation; Papanikolaou and Triantaphyllou, 2010). The
middle-upper Eocene nummulitic limestone can be divided into two layers, the first
layer is light yellowish and full of Nummulites and the second one that is gray-reddish,
massive and is characterized by the presence of corals (Kopp 1965). The type locality
of this limestone is Avas. An equivalent limestone is reported from Didymotichon
(Orestias sub-basin). 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 fine sandstones, 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 NP19/20-NP23 - Papanikolaou
and Triantaphyllou 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 (Kopp 1965; Caracciolo et al. 2012).
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Figure 1. a) Generalized geological map of Greece and the location of the studied areas (modified by
.G.M.E. 1983). b) Stratigraphic column of Thrace basin from Kilias et al. 2013 (compiled after
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CHAPTER 3. MATERIAL AND METHODS

3.1 INTRODUCTION

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 yield lots of information about
environmental parameters 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 were introduced by Cummings (1950), Hagn (1953), Kremp
(1953), MacVicar (1951; 1952), Todd et al. (1965) and are summarized by Green
(2001) in his book with the title “A 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 are deposited at the Museum of Geology-Palaeontology-Palaeoanthropology of

Aristotle University of Thessaloniki.

3.2 FIELD WORK

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

field work. Almost all samples derived from hard, compact carbonate sediments;
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therefore, they were collected almost at a regular interval of 5 m where possible.
Sampling also occurred where alternations in the lithology or any other kind of changes,
were visible. Except for these hard rock samples, sampling was conducted from loose
sediments that contained foraminiferal fauna from Fanari, Kirki, Pylaea (Fig. 2) and
Lemnos Island. Few samples were provided from Kipos Cape located at the eastern end
of Samothraki Island. Samples were collected from a non-stratified 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 conditions to the other studied sections. A total number of 58 rock
samples and loose sediments were collected from all localities.

More detailed information on the stratigraphy of particular localities is provided to
the chapters below.

Figure 2. Field work- sampling from Pylaea section (Thrace).
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3.3 LABORATORY WORK

The laboratory work included four different techniques and preparations, based on
the nature of the material. These are the sedimentary 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 Didymoticho, Pylaea, Palagia,
Avantas, Maronia, Lemnos and Samothraki Islands studied in thin sections. Thin
sectioning took place in the specialized laboratory of Department of Minerology-
Petrology-Economic Geology, School of Geology, Faculty of Earth Science of Aristotle
University of Thessaloniki. Rock samples were cut into thin parallel slices with a
diamond cutting wheel and both surfaces were grinded flat and smooth with silicon
carbid (SiC) #400 grade and water on an iron plate (Fig. 3), in order to be examined
under the stereoscope and to select the appropriate area for further thin-sectioning.
Meanwhile, microscope glass slides (5.0x5.0 cm and 2.5x6.0 cm) are grinded in order
to make their surface rough so the rock sample can be fixed using epoxy resins.
Afterwards, the mounted on the flass rock chip is slowly trimmed in thickness with a
thin diamond cutting wheel. Then, follows grinding and polishing with successive
grades of silicon carbid (#600, #800 and #1200) and water to achieve a flat, smooth
polished surface of approximately 30 um thickness (Fig. 3) where the microfauna can
be visible under the microscope. The sedimentary thin sections were studied and
photographed under microscope Zeiss Axioskop 40 with Canon Power Shot A640
camera. A total number of 64 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 (1988), Less (1987,
1998), Serra-Kiel et al. (1998), Less et al. (2011), Less and Ozcan (2012), Ozcan et al.
(2010, 2022) and many others.

For the microfacies analysis the methods of Dunham (1962), Embry and Klovan
(1972) and Flugel (1982, 2004) 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 plate (left), polishing with successive grades of silicon carbid and water
on a glass plate (right), in Lab. of Mineralogy and Petrology, AUTH.

3.3.2 Subsampling and extraction techniques

The loose sediments from Fanari, Kirki, Pylaea and Lemnos Island contained
abundant micro- and 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 laboratory of Structural,
Historical and Applied Geology Department, School of Geology, Faculty of Earth
Science of Aristotle University of Thessaloniki. 250 gr of dry sediment was sievd from
each sample. They were placed into a suitable container and after they were soaked in
a solution of water and H20> (70%). The samples were left to soak over the night and
subsequently were washed under tap water using a column of 3 sieves (125, 250, 500
um) (Fig. 4), thus the washed residue was separated in 3 fractionsthet after drying were
stored for further analysis. The faunal richness of the sediments was variable.
Observation and counting were performed on the whole fractions. The rest fractions
were splitted into smaller parts. Later on, the representative fractions were studied
under the microscope and the microfauna were separated from the sediments. The taxa
obtained as far as they concerned the small benthic and planktonic foraminifera, were
identified and counted. 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. For these reasons, two different techniques were used, depending
on the characteristics of the taxa and the type of preservation.
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Figure 4. Sieving of samples using different sieve fractions (left), in Lab. of Geology and
Palaeontology, AUTH. Stage of the first LBF sectioning technique, where the microfossil
is heated (right) in Lab. of Institute of Exploration Geosciences, University 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, such as Nummulites, Spiroclypeus and
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 were imershed in a container full of cold water (Fig. 4). At that time, in some
cases specimens were splitted across the equatorial plane, the rest of them that did not
open directly, were opened with the help of pliers. This procedure took place for only

one specimen each time. A total number of 685 individuals were bisected.

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 Ozcan from Istanbul Technical University.

The orientated thin sectioning of individual LBF (Fig. 5) took place when it was not
possible to section the specimens with the previous described technique due to their
poor preservation or their characteristics (orthophragminids whose tests can de
truncated or their equatorial plane was not flat). This technique required microscope
glass slides, waterproof abrasive papers and thermoplastic cement (Lexite). Firstly, the
glass slides were grinded with silicon carbid (#400) and water in order to achieve a

rough surface, where the microfossil can be attached/ mounted using the thermoplastic
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cement. The glass with a small amount of Lexite were placed on a hot plate (temprerate
of 120 °C) so the thermoplastic cement could be melted and LBF was attached on.
Before the cement sets, using a mounted needle, the LBF was manipulated under the
microscope until its equatorial plane orientated parallel to the glass slide. Afterwards,
when the cement sets, the specimen was grinded upon abrasive paper (#800, #1200)
until the equatorial plane can be visible under the binocular microscope. Later on, the
glass slide with the specimen were reheated on the hot plate (temperature of 120 °C) to
remelt the thermoplastic cement. Then the specimen was turned over, re-attached to the
glass slide using a needle in order to make sure that it is attached flat, 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 cleaned and then labeled. A total number of 246 orientated thin sections of
individual LBFs were prepared.

The last two techniques took place in the Laboratory of Structural, Historical and
Applied Geology Department, School of Geology, Faculty of Earth Science of Aristotle
University of Thessaloniki and the Laboratory of Faculty of Earth Science and
Engineering, University of Miskolc.

T e

Figure 5. Oriented thin sectioning process of individual LBF (left) and close up view of
oriented thin section (right), Lab. of Institute of Exploration Geosciences, University of
Miskolc.

3.3.4 Morphometric measurements of LBF specimens

The small benthic and planktonic microfauna were determined only from the
external features of the tests and imaging by Scanning Electron Micrography (SEM),
used for taxonomical purposes, using the Jeol JSM-840A microscope of the scanning
microscope laboratory of the Aristotle University of Thessaloniki. All the LBF prepared
samples are imaged using a digital camera (MOTICAMSG6) attached on Zeiss Stemi
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305 trinocular microscope and Zeiss Discovery V.8 stereoscope (Aristotle University
of Thessaloniki). Digital photographs were also derived from Zeiss Imager.A2m
microscope and Zeiss Discovery.\VV20 stereoscope (University of Miskolc). Images
were calibrated and measurements taken using the Motic image manager software.
Different protocols of measurements were used upon the LBF according to the genus.
Although, for many genera, such as Discocyclina, Asterigerina and Operculina, only
the measurements of the embryo were taken so that the identification could take place.
For the genera of Nummulites, Heterostegina, Spiroclypeus and Pellatispira a protocol
for biometrics, proposed by Less (1987) and Less et al. (2011), was used. In the
following image (Fig. 6), every measurement that took place is shown for each genus

respectively.

Figure 6. Measurement system for megalospheric larger benthic foraminifera with parameters
for the definition of megalospheric orthophragmines (A, 7 parameters), Nummulites (B, 6
parameters), Heterostegina and Spiroclypeus (C, 4 parameters) (by 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)

4.1 INTRODUCTION

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, nummulite-bearing limestones in the Greek Thrace
basin (Alexandroupolis and Ferres; East Rhodope), mentioning the taxon Nummulites
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), thick nummulitic 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
Nummulites sp., N. fabianii, Discocyclina sella, D. varians, Asterocyclina sp.,
Actinocyclina sp., Operculina sp., Heterostegina helvetica, Gypsina globulus, Fabiania
sp., Asterigerina rotula, Eorupertia cristata, Schlosserina sp., Textularia sp., Pyrgo sp.,
Triloculina sp., Nodosaria sp., Robulus sp., Epistomina sp., and Globigerina. Meinhold
and BouDagher-Fadel (2009), referred to a nummulitic limestone formation also from

Samothraki Island close to North Aegean coastline, suggesting a late Eocene-early
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Oligocene age based on the presence of N. fabianii, N. striatus, Pellatispira sp. and
Operculina sp. In accordance, Zagorchev et al. (2010), also noted the occurrence of
Nummulites incrassatus, N. cf. fabianii, Spiroclypeus granulosus, Asterigerina cf.
lancicula, Haddonia heissigi, Fabiania cassis, Heterostegina sp., Glomalveolina?,
Orbitolites sp., Sphaerogypsina sp., Gypsina sp., in the limestones of Samothraki
Island. Karageorgiou and Christodoulou (1957) and later Dimou et al. (2021) reported
isolated specimens Nummulites perforatus and Assilina exponens in 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 shallow-marine 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) (Serra-Kiel et al. 1998; Less
etal. 2008, 2011; Ozcan et al. 2022), for the Paleogene of the Neotethys. (2) to describe
the biofacies and the response of the micro- and macrofauna to environmental changes
during the functioning of a carbonate platform upper foreslope and reconstruct its

paleoenvironmental evolution.

4.2 MATERIAL

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 village (Fig. 7).
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 siltstones, (Figs. 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 Fanari (Thrace), modified after 1.G.M.E. (1980a).

In total 16 samples were collected from two measured outcrops along the coastline
of Fanari village. The outcrops are rather continuous, although the actual thickness of
the section could not be estimated due to the occurrence of a normal fault (Fig. 8A).
Thus, the two outcrops allowed us to obtain a composite section, with the lower part
being FAN A section, followed by the FAN 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' 74.10") (Fig. 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 20-40 cm. Up to 3 m, the section consists of a dark gray in
colour siltstone that finally in the last meter becomes a yellowish to brown marly
sandstone (Figs. 8C, 10). Eight samples were collected, both from the siltstone and
sandstone. All of them contained free isolated specimens of LBF, characterized mainly

of abundant nummulitids (Fig. 10).
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Figure 8. (A) Field photos of FAN A section (Fanari, Thrace) with the normal fault separating
FAN B section (located at the right side) from section FAN A (located at the left side of the
fault), (B) close up view of echinoids, (C) distribution of samples, (D) close up view of
corals.
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The upper part of the sampled section FAN B (Fig. 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 of 30-80 cm (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 sections of 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.

4.3 METHODS

The investigated specimens were extracted from the sandstone and siltstone
samples after soaking in water and H.O> (70%) and wet sieving. Even if the specimens
are well-preserved 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 became equatorially split. Otherwise, thin sections
have been prepared. More than 1000 specimens were elaborated: 246 specimens were
prepared in oriented 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.VV20. Morphometry 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 1987; Less 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 Geology -

Palaeontology - Palaeoanthropology of Aristotle University of Thessaloniki.

4.4 FORAMINIFERAL 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 the rest 27.800 are LBF (Fig. 11).

The FAN A section is characterized by the high abundance of Nummulites
(dominated by N. fabianii), few Assilina, and rare Heterostegina and Spiroclypeus
(Figs. 10, 11). The assemblages are exclusively composed by A-forms 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 outcrop 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, appears less diversified and with lower abundances (Fig. 11). In
the uppermost samples, a distinct change in foraminiferal assemblages is observed as
the abundance decreases abruptly, with fewer LBF but still plenty SBF, suggesting
transitional environmental conditions. The almost monospecific assemblage of mainly
reticulate Nummulites is 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 carpaticus) and other benthic taxa such as
Pellatispira madaraszi and Silvestriella tetraedra (Fig. 11). It is worth mentioning that
S. carpaticus shows a slightly opposite trend to P. madaraszi, although both species
present elevated abundances. The assemblage is dominated by A-form, however a few
B-forms of Heterostegina and Pellatispira were recovered. SBF and planktonic
foraminifera are also present (Figs. 9C, 10). The LBF tests are all well-preserved apart
from the larger orthophragmines. This event can be characterized as in situ breakage
caused most probably by mechanical compaction.
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Figure 11. Contents of total LBF and the absolute abundance of the most common taxa.
Nummulitids include the genera of Nummulites, Operculina, Assilina and Heterostegina.

Furthermore, a slight imbrication of the dominating flatten forms has been
observed. These conditions reflect autochthonous to para-autochthonous accumulations
of foraminifera (Beavington-Penney 2004; Beavington-Penney et al. 2006). A clear
increase in water depth is registered in section FAN B according to the increase in
flattened orthophragmines and increase in lenticular Nummulites.

The most abundant species are Pellatispira madaraszi with 3.809 specimens,
reaching its mass abundance in sample FAN B 21 (Fig. 11), and Spiroclypeus
carpaticus with 3.903 specimens. They were both recovered from FAN B samples
outcrop plus only a few specimens of S. carpaticus from FAN A. Its highest
accumulation is found in FAN B 19 sample, showing a slightly opposite trend to P.
madaraszi. Another worth mentioning fact is that S. carpaticus’ population in FAN B
outcrop showed an increase (about 20 um) in the inner cross-section diameter of the
proloculus simultaneously with its massive abundance in sample FANB 19 (Fig. 12).

In both sections macrofauna is also present (Figs. 8B and D, 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 casts), serpuloid bioconstructions, ostracods and fish bones.
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Figure 12. Distribution of Spiroclypeus population from Fanari area (mean values at the 68%
confidence level corresponding to 1 s.e.) on the P-X (proloculus diameter versus the number
of undivided postembryonic chambers) bivariate plot (X is on a logarithmic scale) with the
specific subdivision of Eocene Spiroclypeus. Information 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 on a Nummulites test, D: fragment of Pectinidae
valve, E: gastropod, F: fragment of an echinoid’s spicule, G: Ostrea valve.
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4.5 SYSTEMATIC PALEONTOLOGY

The systematic description of stratigraphically important groups such as
orthophragmines and nummulitids (e. g., Heterostegina, Spiroclypeus and Nummulites)
and other benthic foraminifera such as Pellatispira madaraszi, Silvestriella tetraedra,
Sphaerogypsina globulus and Fabiania cassis are 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), Ferrandez-Cafiadell and Serra-Kiel (1992),
Papazzoni and Sirotti (1995), Ferrandez-Cariadell (1998), Less et al. (2008, 2011), Less
and Ozcan (2008, 2012), Ozcan et al. (2010, 2016, 2018, 2019, 2022), Ali et al. (2018),
Zakrevskaya et al. (2020) and Ycel et al. (2020). Specifically, the determination of
Nummulites and Pellatispira is based on the morphometric method described by
Drooger (1993), whereas for Heterostegina and Spiroclypeus, it is based on the method
described by Drooger and Roelofsen (1982), modified by Less et al. (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 genera of Assilina and
Operculina only the internal cross-diameter 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

Genus Nummulites Lamarck, 1801

This genus (the only one, found in the whole section except for the uppermost
samples of the section - FAN B 20, 21) is represented by reticulate (Nummulites
fabianii), radiate (N. budensis, N. incrassatus, N. chavannesi, N. stellatus) and
granulated (N. garnieri) forms. Among them N. budensis and N. stellatus are described
for the first time from the Greek peninsula. All the species were morphometrically
analyzed (Table 1). Since except of N. garnieri, the other species were recently
described by Less (1999), Ozcan et al. (2010), Less et al. (2011), Zakrevskaya et al.
(2020) and Ydicel et al. (2020), a more detailed description of these five taxa is not

given below.
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Nummulites budensis Hantken 1875

Plate 1, figure J

1875 Nummulites budensis Hantken, p. 74, pl. 12, fig. 4.

2020 Nummulites budensis Hantken; Zakrevskaya et 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 possible. B-forms of N.
budensis have 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
allowed measurements reaches 1.6 mm in diameter and its proloculus measures 89.7
um (Table 1).

Stratigraphic range: According to Less et al. (2011), the biostratigraphic range of
this species refers to SBZ 19-20 (Fig. 14).

Nummulites chavannesi de la Harpe 1878

Platel, figure G, |

1878 Nummulites chavannesi de la Harpe, p. 232 (nomen nudum).

2011 Nummulites chavannesi de la Harpe; Less et al., p. 830, fig. 39 v, x-z, A, B
(with synonymy).

2020 Nummulites chavannesi de la Harpe; Zakrevskaya et al., p. 919, fig. 14g-q.

Material: This species is recovered mainly from FAN A section and one specimen
from FAN B 16 sample. B-forms have not been found yet in Fanari.

Description: The A-forms of this radiate taxon with a distinct umbo are
characterized by moderately small embryon, moderately loose spiral and moderately
arched, relatively high chambers. In our material, the diameter of the test ranges from
2.8 to 3.1 mm and the mean inner proloculus diameter (Pmeansse) IS 176.5+£9.1 um
(Table 1).

Remarks: From the Greek territory, Christodoulou (1965) documented N. cf.
chavannesi from Thessaloniki-Jannitza area (photos of equatorial and axial sections),

and later, in 1967 he also reported Nummulites aff. chavannesi (external photo) from
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Karpathos Island. Barattolo et al. (2007), signaled N. chavannesi from Mount. Klokova,
but without providing any illustrations.

Stratigraphic range: Serra-Kiel et al. (1998), suggested a late Bartonian to
Priabonian age (SBZ 18-20) for the stratigraphic range of N. chavannesi (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 significant LBF species, based on Serra-Kiel et
al. (1998), Less (1998) and Less et al. (2011).
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Nummulites fabianii (Prever in Fabiani 1905)

Plate 1, figures K-P

1905 Bruguieria fabianii n. sp. Prever in Fabiani, p.1805, 1811.

1998 Nummulites fabianii (Prever in Fabiani); Papazzoni, p. 165, 168, pl. 1, figs. 1-

15, pl. 2, figs 1-15 (with synonymy).

2010 Nummulites fabianii (Prever in Fabiani); Ozcan et al., p. 65, figs. 31k-I.

2011 Nummulites fabianii (Prever in Fabiani); Less et al., figs. 37z-M.

2020 Nummulites fabianii (Prever in Fabiani); Zakrevskaya et al., p. 922, 924, figs.
16w-D, 17, 18b, 18c.

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

Description: The A-forms of this taxon with heavy reticulation have medium-sized
embryon, regular spire and almost isometric chambers. The mean inner diameter
(Pmeanss.e.) 1S 214.6£3.9 um and 215.8+ 4.7 for FANB and FANA respectively (text-fig.
8, Table 1). B-forms of this species are very seldom in our material. According to Less
etal. (2006), Ozcan et al. (2009, 2010), Less et al. (2011) and Zakrevskaya et al. (2020),
the mean inner cross diameter of the proloculus (Pmean=200-300 pum) distinguishes
Nummulites fabianii from its ancestor, N. hormoensis with Pmean<200 um (see also Fig.
15), within the fabianii lineage (sensu Schaub, 1981).

Remarks: In the study area, N. fabianii is 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 granules on the test surface and, also a distinct
umbo. Nummulites fabianii was previously reported from the Greek Thrace basin
(Christodoulou 1957; Kopp 1965; Zagorchev et al. 2010; Meinhold and BouDagher-
Fadel 2009), from Thessaloniki-Jannitza area (Christodoulou 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 unit (Dimou et al. 2021). These previous
works, however, except for Christodoulou (1965), not accompanied by figures in most
cases.

Stratigraphic range: According to Less et al. (2011), N. fabianii ranges in the SBZ
19-21 interval (Fig. 14).

41



3107 L (um)
<—bullams|garganicus| hormoensis | fabianii + fichteli |

Kiyikiy 2

300 A

290 1

280 Maiella
Cassinelle
77 Mossano 3 Noszvaj
260 - Mossano 4 \ - Yenikiy Mecidive 40
Funari
2507 AlY Kirkd,
' @,

240 A

<)
Hacimagli 3
- Trtsadzor V1,38 Pinarkisar
2307 Hacimayli 4 Catalca A3 Prichona i : P

Pirnar 33 lareli 19

220 4 Samlar "w*;” Verona Teke Biarritz, Vierge

Aliren A2 A13-16 13 M. Cavro

210 Garedno O Kirkla-
rarg reli 1 Miirefte C6
200

Mossa- Miirefie

- Samtar 418+22() o 2 B719 Fanari
T Tt eed=, 71
Samlar  Kegili Urisadzor 11,25 SBZ 21
A41BS TTTI5 ph SBZ 20
vied SBZ 19
SBZ I8B-C
SBZ 184
SBZ 17

Fanari B15-19

180 -

Kegili 1

Qutside Fanari:

160 1
P (um)

Biarritz, Peyreblangue
. T T T

—
70 80 90 qgp L0 120 130 140 159 160 170 180 1% g 210 220 230 240 50 260 270 280 290 300

150

Figur 15. Distribution of populations of the Nummulites fabianii lineage (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.) on the P-L (inner
cross diameter of the proloculus versus average length of chambers in the third whorl)
bivariate plot. For localities other than Fanari see Less and Ozcan (2012).

Nummulites garnieri de la Harpe in Boussac 1911

Plate 1, figure Q-S, X

1911 Nummulites garnieri de la Harpe in Boussac, p. 56, pl. 1, figs. 12, 14, 16, 18-
20, pl. 2, figs. 10, 11, pl. 3, figs. 8-11, pl. 4, fig. 5, pl. 5, figs. 1, 11-13.

1973 Nummulites garnieri garnieri de la Harpe in Boussac; Herbel & Hekel, p. 440,
figs. 27-29.

1975 Nummulites garnieri garnieri de la Harpe in Boussac; Herbel & Hekel, pl. 3,
figs. 8-12.

1981 Nummulites garnieri de la Harpe in Boussac; Schaub, p. 153, pl. 52, figs. 9-
27, table 150 (with synonymy).

Material: N. garnieri is 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. The mean inner diameter of the proloculus (Pmeanss.e.) is 82.5£3.0
um (Table 1). The septa are almost straight to slightly inclined, forming subrectangular
chambers. The 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 subspecies of N. garnieri (N. g. garnieri
and N. g. inaequalis), among which the Fanari specimens correspond to the first one.
This species has been previously reported by Mercier (1960) and Christodoulou (1965)
from the Thessaloniki-Jannitza area but only with external illustrations.

Stratigraphic range: According to Less et al. (2011), the Nummulites garnieri-group
distribution refers to SBZ 17-20 (Fig. 14).

Nummulites incrassatus de la Harpe 1883

Plate 1, figures A-F

1883 Nummulites Boucheri var. incrassata de la Harpe, p. 179, pl. 7, fig 53a.

2011 Nummulites incrassatus de la Harpe; Less et al., p. 823, figs. 39a-r (with synonymy).

2020 Nummulites incrassatus de la Harpe; Zakrevskaya et al., p. 917, figs. 14r-z.

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

Description: The A-forms of this medium-sized radiate taxon (usually with umbo) is
characterized by small to medium-sized proloculus, evenly coiled spiral and slightly
arched, more or less isometric chambers. The diameter of the A-form test shows variation
ranging from 1.5 to 3.8 mm whereas the diameter of very rare B-forms can reach 13 mm.
The mean inner cross-diameter of the proloculus (Pmeansse.) is 213+4.8 um (Table 1).

Remarks: N. incrassatus was 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 range: Serra-Kiel et al. (1998), indicated a late Bartonian to Priabonian
age (SBZ 18-20) for this species (Fig. 14).
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Table 1. Statistical data of Nummulites populations. Ne: number of specimens, s.e.- standard
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 stellatus Roveda 1961

Plate 1, figure H

1961 Nummulites stellatus Roveda, p. 181, pl. 15: 1-14, pl. 17: 7,11, pl. 19: 3, text-figs. 12-13.

2011 Nummulites stellatus Roveda; Less et al., p. 829, fig.39U-X (with synonymy).

2020 Nummulites stellatus Roveda; Yicel et al., p. 102, figs 15D-E.

2020 Nummulites stellatus Roveda; Zakrevskaya et al., p. 921, fig. 15m.

Material: Only two A-forms of Nummulites stellatus are 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 arched, sickle-shaped
septa. The diameter of the test ranges from 2.2 mm to 3.2 mm and mean inner cross-
diameter of the proloculus (Pmeansse.) 1S 44.2+£0.7 um (Table 1).

Remarks: This taxon is described for the first time from Greece.

Stratigraphic range: According 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 18B-20 (Fig. 14).
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equatorial sections: 1 mm
3 I

external views: 2 mm

PLATE 1. A-F Nummulites incrassatus de la Harpe 1883, A, FAN B 20.4; B, FAN B 21.6; C,
FAN B 16 (micropaleontological slide,2/3,4); D, FAN B 20.8; E, FAN B 15.20; F, FAN B
17.9. G, | Nummulites chavannesi de la Harpe 1878, G, FAN A 6.1; I, FAN A 33. H
Nummulites stellatus Roveda 1961, FAN B 16.20. J Nummulites budensis Hantken 1875,
FAN B 18.4. K-P Nummulites fabianii (Prever in Fabiani 1905), K, FAN B 16
(micropaleontological slide,2/3,3); L, FAN A 9.3; M, FAN B 18.1; N, FAN A 6.1; O, FAN
A 6.4; P, FAN A 6,12. Q-S, X Nummulites garnieri de la Harpe in Boussac 1911, Q, W,
FANA14;T,U,FANA15;R-S,V, FAN A9 (micropaleontological slide,2/2,5); X, FAN
A 6 (micropaleontological slide,1/3,1). All A-forms. A, B, C, K, L, R, S, V, X-external
views, D, E,F,G,H,1,J,M,N, O, P, Q, T, U, W-equatorial sections.
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Genus Heterostegina d’Orbigny 1826

The Eocene representatives of this genus from the Neotethys have recently been
revised by Less et al. (2008), therefore below is not presented their detailed description.
Heterostegina has been previously reported from the Eocene of Greece (e.g.,
Christodoulou 1965; Mercier 1960). Two species were determined from the material of

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

Heterostegina gracilis Herb 1978

Plate 2, figure C-F

1978 Heterostegina gracilis Herb, p. 761-762, figs. 31-34, 37.

2008 Heterostegina gracilis Herb; Less et al., p. 338, 341, figs. 1A, 15L-V (with
synonymy).

2020 Heterostegina gracilis Herb; Ycel etal., p. 11, 12, figs 9A, B, 11A-K.

Material: A few specimens of H. gracilis were 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 Greece. The mean inner diameter of the proloculus (Pmeantse.) IS
221.5+ 10.5 um. 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 range: H. gracilis has a narrow stratigraphic range in the SBZ 20 Zone
(Herb 1978; Less et al. 2008) (Fig. 14) pointing to the latest Priabonian.

Heterostegina reticulata Ritimeyer 1850

Plate 2, figure A-B

1850 Heterostegina reticulata Ritimeyer, p. 109, pl. 4, 61.

Material: Heterostegina reticulata appears 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 118.8 um and the number of postembryonic undivided chambers
(parameter X) is 1 (Table 2). Because of the lack of sufficient number of specimens for
statistical evaluation, the very few specimens cannot be attributed to any subspecies of

H. reticulata defined 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 subspecies, H. r.

mossanenesis or H. r. italica, both characteristic for the SBZ 19-20 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 range: According to Less et al. (2008), H. reticulata ranges from SBZ
18B to SBZ 20 (Fig. 14), which in the interpretation of Agnini et al. (2011) corresponds

to the entire Priabonian.

Table 2. Statistical data of Spiroclypeus carpaticus, Heterostegina gracilis and H. reticulata
populations. Ne: number of specimens, s.e.- standard error.

N Inner crgfsi)igmier of the | Outer diam‘f’:]e;r;)sf the first twol Nurlﬁ:h%is%??gﬁ%omc Numflzirncg;tmn;::;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
Lgi FANB 21 1 238 ;| 1446 1 1
%’ FANA 3+6 3 | 203283 | 233206 | 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

49



Genus Spiroclypeus Douvillé 1905

The Eocene representatives of this genus have recently been revised by Less and
Ozcan (2008), therefore here is not presented their detailed description. All specimens
from Fanari belong to S. carpaticus (the 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 lower part, too. This genus from Greece was earlier
reported (with no internal illustration and morphometric data) from the Gavrovo-
Tripolis unit by Fleury (1980), from Thessaloniki-Jannitza area by Mercier (1960),
Cephalonia by Hagn (1958) and from Zakynthos Island by Mirkou-Peripopolou (1975).

Spiroclypeus carpaticus (Uhlig 1886)

Plate 2, figures G-L

1886 Heterostegina carpatica Uhlig, p. 201-202, pl. 2: 14, 15, fig. 10.

2008 Spiroclypeus carpaticus (Uhlig); Less & Ozcan, p. 312-313, figs. 7R, S, U, Z,
7AA-AD (with synonymy).

2020 Spiroclypeus carpaticus (Uhlig); Yucel et al., p. 18, figs 9C-E, 13A-M.

Material: S. carpaticus was 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 16-18) where the mean inner cross diameter (Pmeantse.) IS
145.7+£2.5 pm and Fanari 2 (samples 19-21) where it is 162+3.2 um (Fig. 12). The mean
number of postembryonic chambers (parameter X) is Xmean=1.17 and Xmean=1.23
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
morphometrical measurements. It occurs in large numbers in samples FAN B 16-17,
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 separate S. carpaticus defining the
late Priabonian SBZ 20 Zone (Less and Ozcan 2008) from the less advanced S. sirottii,
characteristic for the middle Priabonian SBZ 19 Zone (Fig. 14).

A, D-F, I-L: 1 mm
—
rest: 2 mm
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PLATE 2. A-B Heterostegina reticulata Ritimeyer 1850, A, FAN A 6.1; B, FAN B 16
(micropaleontological slide,1/3, 10); C-F Heterostegina gracilis Herb 1978, C, FAN B 16
(micropaleontological slide,2/3,9); D, FAN B 19.7; E, FAN A 6.19; F, FAN B 16.20; G-L
Spiroclypeus carpaticus (Uhlig 1886), G, FAN B 16 (micropaleontological slide,2/3,9); H,
FAN B 18.28; I, FAN A 6.2; J, FAN B 16.20; K, FAN B 16.21; L, FAN B 18.24; M-P
Pellatispira madaraszi (Hantken 1875), M, FAN B 16 (micropaleontological slide,2/3,8);
N, FAN B 16.7; O, FAN B 18.4; P, FAN B 21.10. Aparto from F which is -B-form, athe
rest are A-forms. B, C, G, H, M-external views and A, D, E, F, I, J, N, K, L, O, P-equatorial
sections.
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Genus Operculina d’Orbigny 1826

Although this genus (with folded septa intersected by stolons as a diagnostic feature
distinguishing it from genus Assilina) has been previously reported from the Eocene of
Greece (Mercier 1960; Kopp 1965; Christodoulou 1965; Mirkou-Peripopolou 1975;
Dimou et al. 2021), it is described and biometrically analyzed for the first time in this
study. It occurs only in the upper part of the sequence, in section FAN B. The Eocene
forms of the Neotethys are subdivided typologically by Hottinger (1977) into the most
primitive O. bericensis, the more advanced O. roselli and the most advanced O. gomezi,
however these taxa are not yet defined morphometrically. Therefore, here is used the
joint name of O. ex. gr. gomezi for them. Since modern description of this taxon is not

available, below there is a short characterization.

Operculina ex gr. gomezi Colom and Bauza 1950

Plate 3, figures E-G

1950 Operculina canalifera gomezi Colom & Bauza, p. 219, fig 1, 2, pl. 17, fig a.
1-3.

1977 Operculina gomezi Colom & Bauza; Hottinger, p. 98, 100, figs. 38A-F (with
synonymy).

Material: In Fanari, this taxon occurs in samples from FAN B outcrop.

Description: The test is flat, involute, medium-large sized with a distinct umbo.
Although, the surface of the test is not heavily ornamented, the folded septal filaments
can be distinguishable, with granules along the septa. Internally, the proloculus is
moderately small. It is followed by a quite bigger in size, reniform deuteroconch. The
spire is loose from the first whorl, and it rapidly opens in the outer whorl. The septa are
very dense and folded. Consequently, very dense, high, sickle-shaped chambers are
formed. The proloculus size varies from 83 um to 125 pum.

Remarks: O. gomezi was previously reported from the middle-upper Eocene of
several localities from Greece such as Vasiliki Trikala (Mesohellenic Trough), Perivoli
Grevena (Pindos unit), and Dervenakia and Tripolis (Tripolis unit), but only from
random thin sections (Dimou et al. 2021).

Stratigraphic range: According to Less and Ozcan (2012), O. ex gr. gomezi ranges
from the base of the Bartonian to the top of the Priabonian (SBZ 17-20, Fig. 14).
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Genus Assilina d’Orbigny 1839

Following Romero et al. (1999), Assilina is considered as the nummulitids with
simple short sutural canals and nonfolded septa without apertures. Medium-sized, semi-
involute forms belonging to A. exponens were previously reported from the Middle
Eocene of Kirki (Dimou et al. 2021). In Fanari, from the younger part of the Eocene
evolute forms were found, which belong to the A. alpina lineage. Although the
morphometric limits between the more primitive, mostly Bartonian A. schwageri and
the more advanced Priabonian A. alpina are not yet exactly defined, the inner cross-
diameter of the first species is usually below 120 um, while for the second it is above
this value. Consequently, A. alpina was measured and shortly characterized from the

material of the whole Fanari section.

Assilina alpina (Douvillé 1916)

Plate 3, figures A-D

1916 Operculina alpina Douvillé, p. 329, fig. i.

1977 Operculina alpina Douvillé; Hottinger, p. 85-87, pl. 38, figs. 4-6, text-figs. 33,

34.

1999 Assilina alpina (Douvillé); Less, p. 356, pl. 2, fig. 8.
2020 Assilina alpina (Douville); Zakrevskaya et al., p. 925, figs. 18 g-i, 19 a-c.
2011 Assilina ex. gr. alpina (Douville); Less et al., p. 831, fig. 40a-i.

Material: This taxon is found in almost all samples in Fanari.

Description: A. alpina presents an evolute, rounded, very thin, flat, and medium to
large sized test. Its surface is ornamented as sutures are elevated, radial slightly curved
backwards. In the last whorl, they terminate in a thick marginal cord. The spire is
relatively loose. In the equatorial section, the proloculus is small, the septa in the inner
whorl are curved but in the outer one they are straight and slightly bended in their upper
part. Therefore, in the inner whorl the chambers are sickle-shaped and then become
narrow, high and subrectangular. The diameter of the proloculus ranges from 86 um to
202 um but usually exceeds 120 pum.

Remarks: The genus of Assilina has been reported from Gavrovo-Tripolis unit by
Fleury (1980) and specifically, this species has been reported from Klokova Mt. by
Barattolo et al. (2007). Kopp (1965) refers to Operculina alpina from the Greek part of

Thrace basin.
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Stratigraphic range: According to Serra-Kiel et al. (1998), Less and Ozcan (2012)
and Yicel et al. (2020), the range of Assilina alpina is SBZ 19-20 (Fig. 14).

PLATE 3. A-D Assilina alpina (Douvillé 1916), A, FAN B 16 (micropaleontological
slide,2/3,1); B, FAN B 16.2; C, FAN A 3.5; D, FAN A 6.1. E-G Operculina ex. gr. gomezi
Colom and Bauza 1950, E, FAN B 16 (micropaleontological slide,2/3,2); F, FAN B 19.12;
G, FAN B 18.6. All A-forms. A, E and F-external views, B, C, D, G- equatorial sections.

Family PELLATISPIRIDAE Hanzawa 1937

Genus Pellatispira Boussac 1906

This genus and the exclusive Neotethyan species, Pellatispira madaraszi
(determined from Fanari as well) was previously revised in detail by Hottinger et al.
(2001), therefore below is not presented a detailed description of this easily
recognizable taxon.

Pellatispira madaraszi (Hantken 1875)

Plate 2, figures M-P

1875 Nummulites aff. madaraszi Hantken, p. 86, pl. 16, figs. a-c.

1970 Pellatispira madaraszi (Hantken); Cole, p. B6-B9, pl. 1, figs 1-13, pl. 2, figs. 19-23.

2001 Pellatispira madaraszi (Hantken); Hottinger et al., p. 44, 46, text-figs 3, 4, 5A,
6A-C; pl. 7: 1-4; pl. 8: 1-5 (with synonymy).

2020 Pellatispira madaraszi (Hantken); Zakrevskaya et al., p. 931, figs. 21 h-j, o.

Material: P. madaraszi was recovered exclusively from the upper part of the section
(FAN B).

Description: Although this taxon has been reported from many localities from the
Greek territory, a morphometric analysis is conducted here for the first time (Table 3).
The diameter of B forms reaches up to 9 mm. Meanwhile, the diameter of the test of
the A-forms varies between 4-6 mm, thus sexual dimorphism is distinctive. The mean
inner cross-diameter of the A-form proloculus (Pmeantse.) IS 244.3+4.1 um, for other
parameters (measured and counted exactly in the same way as it is introduced by Less
1999 for Nummulites) see Table 3.
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Remarks: A total number of 3.809 specimens were collected, making it one of the
most abundant species. Specifically, it increases progressively and reaches its pick of
1226 specimens in the highest sample of the section FAN B 21. On the other hand, it is
almost absent from the first sample (FAN B 15) of the outcrop. Both generations of the
taxon were found, although B-forms are very rare (altogether 6 specimens were
recovered). Pellatispira madaraszi is reported from the Greek territory from Zakynthos
Island (Mirkou-Peripopolou 1975), Cephalonia Island (Accordi et al. 1998), Klokova
Mt. by Fleury (1980) and by Barattolo et al. (2007) and from Perivoli (Grevena) by
Dimou et al. (2021).

Stratigraphic range: P. madaraszi corresponds to SBZ 18B-20 Zones, thus it spans
through the whole Priabonian (Serra-Kiel et al. 1998; Less et al. 2011) (Fig. 14).

Table 3. Statistical data of Pellatispira madaraszi populations. Ne: number of specimens, s.e.-
standard error.

Inner cross-diameter of Outer diameter of the first Number of post- Index of spiral opening
the proloculus two whorls embryonic cnarnbers.in
Parameters p the first two whorls 3. whorl vs. 3 whorls
P(pm) dium) E K=100*(D-d)/(D-P)
Taxon |Sample |Ne [range meants.e. |Ne [range meants.e. |Ne |range |mean#s.e. [Ne |range meants.e.
FANB 16 -
21 91| 142-336 | 244.324.1 | 88| 2423-4117 | 3216135 |87 | 25-40 | 30.63+0.32 |69 |26.0-47.8 | 37.04+0.50
N FANB 16 (18| 198-331 | 242.0+8.3 | 17| 2423-3395 | 304953 |17 | 26-38 | 30.22x0.75 | 16 | 33.4-46.0 | 38.76+1.02
©
§ FANB 17 (15| 213-326 | 260.8£7.3 | 15| 2583-3410 | 3023455 |[15| 27-33 | 30.80x0.44 | 14 | 34.5-41.4 | 37.85£0.54
[u]
E FANB 18 [ 15| 201-293 | 237.847.2 | 15| 2963-3933 | 3221462 (15| 26-34 | 30.13x0.52 | 15(30.1-42.1 | 36.50+0.83
g FANB 19 (15| 142-315 | 231.049.1 | 14| 2046-3790 | 3316477 |14 | 27-34 | 30.2120.51 | 6 |31.6-44.4 | 37.47+1.92
3
a FANB 20 |15 | 159-336 | 238.9+13.5 | 15| 2832-4087 | 3258494 |15| 25-38 | 29.67+0.86 | 9 |32.4-41.3 | 35.56+0.91
FANB 21 [ 13| 195-322 | 257.2#12.5 | 12| 29104117 | 3521106 |11 | 26-40 | 33.82+1.18 | 9 |26.0-47.8 | 34.59+2.24
Parameters Third whorl
average length of chambers Average shape of Relative width of the spiral cord
chambers
L=d™1T/N (pm) F=100*(D-d)/(D- m=100*(D-M)/(D-d)
d+2d*1/N)
Taxon Sample Ne range meants.e. | Ne | range meants.e. | Ne range meants.e.
FANB 16 -
29 67 | 245425 316.844.2 | 66 | 62.3-82.9 | 72.94+046 | 62 38.1-72.0 56.19+0.93

FANB 16 |16 271-372 315.3+6.6 (16 |67.7-79.0  73.61£0.82 (16 | 38.1-69.0 54.32+2.06

FANB 17 | 14 | 245-383 295.6+9.7 (14 |68.4-77.5( 73.94£0.70 (14 | 41.2-72.0 56.75£2.19

FANB 18 | 15| 278-368 326.8+6.3 [15|68.1-77.1( 72.29+0.61 (15| 46.8-70.4 59.66+1.60

FANB19 | 6 278-340 314.6+8.7 | 6 | 71.4-77.2| 7426092 | 6 45.1-87.1 56.06+3.27

Peilatispira madaraszi

FANB20 | 9 278-425 | 333.5+158 | 9 |62.3-77.2(71.31+142 | 9 45.2-59.3 52.80+1.36

FANB 21| 6 255-60 32344153 | 6 (62.7-8290| 71.66+289 | 9 44 9-66.4 56.34+2.71
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Orthophragmines

Orbitoidal forms of the late Paleocene and Eocene are united under the informal
name of orthophragmines, which include two co-occurring but independent families,
Discocyclinidae and Orbitoclypeidae. Their distinction and generic subdivision were
described by Less (1987), Ferrandez-Cafiadell (1998) and recently by Ozcan et al.
(2022). Based on the development of numerous lineages, reflected first of all in the
gradual increase of the megalospheric embryo, Less (1987, 1998) established an
orthophragminid (OZ) zonation integrated into the larger benthic foraminiferal (SBZ)
zonation of Serra-Kiel et al. (1998). Most of these lineages are interpreted as species
and arbitrarily subdivided into chronosubspecies in Less (1987, 1998), and then in
subsequent papers summarized by Ozcan et al. (2022), which also contains the most
updated stratigraphic range of the particular taxa (species and subspecies).

Since the preservation of orthophragmines is rather poor in the Fanari section, they
are not studied in a large quantity, and therefore a reliable determination at the
subspecific level was not always possible. As up-to-date descriptions of
orthophragminid taxa are available in Ozcan et al. (2022), below they are not presented.
Among the morphometric parameters, the outer cross diameter of the megalospheric
deuteroconch (d), essential for subspecific determination was systematically measured
(Table 4).

Different orthophragminid taxa were mentioned from Greece by Kopp (1965),
Christodoulou (1967), Accordi et al (1998), Dimou et al. (2021), however they were
assigned to different species based on their external features contrary to the concept
introduced by Less (1987)), who determine taxa mainly on the basis of internal
characteristics. Since these earlier reports on orthophragmines from Greece (see above)
are not accompanied by illustrations of the internal features, there is no meaning to
correlate these determinations with the recently used names, with the exception of the

ribbed Discocyclina radians (see there).

Family DISCOCYCLINIDAE Galloway 1928

Genus Discocyclina Giimbel 1870

Discocyclina occurs abundantly in the upper part of the section, unlike in the lower
part that none was recovered. Four species and two subspecies were determined, while
D. euaensis and the subspecies are described and measured for the first time from the

Eocene deposits of Greece.

56



Discocyclina augustae van der Weijden 1940

1940 Discocyclina augustae van der Weijden, p. 23-26, pl. 1, figs. 4, 5, 7, 8; pl. 2,
figs. 1, 2, 11.

1987 Discocyclina augustae van der Weijden; Less, p. 151-156, pl. 9, figs. 7, 9-12,
pl. 10, figs. 1-6, 8-12, pl. 11, figs. 1-4, pl. 17, fig. 4 (with four subspecies and
synonymies).

2022 Discocyclina augustae van der Weijden; Ozcan et al., p. 38, figs. 22.6, 26.2,
29.5, 6, 52.1-13, 53.

Material: Only one specimen of this unribbed species was recovered only from
sample FAN B 18. Therefore, it cannot be attributed to any subspecies.

Description: The outer cross-diameter of the deuteroconch (d) is 271 um, which is
most characteristic for D. augustae augustae (Table 4).

Stratigraphic range: According to Ozcan et al. (2022) the stratigraphic range of the
above taxon corresponds to the SBZ 18B-20 Zone, thus to the Priabonian (Fig. 14).

Discocyclina dispansa (Sowerby 1840)

Plate 4, figures A-C

1840 Lycophris dispansus Sowerby, p. 327, pl. 24, figs. 16, 16a-b.

1987 Discocyclina dispansa (Sowerby); Less, p. 157-165, pl. 11, figs. 10-13, pl. 12,
figs. 1-12, pl. 13, figs. 1-12, pl. 14, figs. 1-8 (with seven subspecies and synonymies).

2022 Discocyclina dispansa (Sowerby); Ozcan et al., p. 40, 44, figs. 23.3-5, 30.1-
3,56.1-8, 57.1-11, 58, 59, 60.

Material: This unribbed taxon occurs only in the material of FAN B outcrop (except
of sample FAN B 15).

Description: The outer cross-diameter of the deuteroconch (d) ranges between 479
and 782 um, while dmeansse is 573.9£16.1 um based on 24 specimens, which determines
D. dispansa umbilicata (Table 4).

Stratigraphic range: According to Ozcan et al. (2022) the stratigraphic range of this
taxon corresponds to SBZ 19-20 (Fig. 14).

Discocyclina euaensis Whipple 1932

Plate 4, figures G-H
1932 Discocyclina euaensis Whipple, p. 84, pl. 22, figs. 3-7, text fig. 6.
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1987 Discocyclina euaensis Whipple; Less, p. 175-176, pl. 19, figs. 4-6 (with
synonymy).

2022 Discocyclina euaensis Whipple; Ozcan et al., p. 44, figs 61.1-6, 62.

Material: A few specimens were recovered from FAN B 16,18 and 21.

Description: Internally this species resembles D. radians however lacks ribbing.
The outer cross-diameter of the deuteroconch (d) ranges between 375 and 441 um,
while dmeanss.e IS 408.2+7.6 um based on 8 specimens (Table 4), which fits very well to
the data from Hungary (Less 1987) and Turkey (Ozcan et al. 2007).

Stratigraphic range: According to Ozcan et al. (2022), D. euaensis indicates the SBZ
18-20 Zones (latest Bartonian to Priabonian, Fig. 14).

Discocyclina radians (d’Archiac 1850)

Plate 4, figures D-F

1850 Orbitolites radians d’Archiac, p. 405, 406, pl. 8, figs. 15, a-b.

1987 Discocyclina radians (d’Archiac); Less, p. 166-169, pl. 15, figs. 1-15, pl. 16,
figs. 1-7 (with three subspecies and synonymies).

2022 Discocyclina radians (d’Archiac); Ozcan et al., p. 52, 54, figs. 4E, 27.1, 88.1-
10, 89, 90 (with four subspecies).

Material: This species is the only ribbed discocyclinid form found in the study area.
It is present in the material of FAN B and absent from the whole outcrop of FAN A and
sample FAN B 15.

Description: The outer cross-diameter of the deuteroconch (d) ranges from 342 to
470 um, while dmeansse 1S 393.8+23.7 um based on 4 specimens, which indicate D.
radians labatlanensis (Table 4).

Remarks: Based on their well recognizable external features Fleury (1980) and later
Barattolo et al. (2007) from Klokova Mt., Christodoulou (1968) from Pserimos Island
and Kopp (1965) from Melia (Greek part of Thrace basin) reported these ribbed forms
from the Bartonian-Priabonian deposits of Greece, under the generic name of
Actinocyclina (or Aktinocyclina), an abandoned genus according to Ferrandez-Cafadell
(1997; 1998).

Stratigraphic range: According to Ozcan et al. (2022) this suggests a latest
Bartonian-Priabonian (SBZ 17-20 Zones; Fig. 14) age.
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Family ORBITOCLYPEIDAE Bronnimann 1946

Genus Orbitoclypeus Silvestri 1907

The genus Orbitoclypeus has only been reported and illustrated from the late
Paleocene deposits (SBZ 3) of Cephalonia Island by Accordi et al. (1998), however
without any description. In Fanari, two species are found and shortly described for the

first time from the Eocene of Greece.

Orbitoclypeus furcatus (Ritimeyer 1850)

Plate 4, figure |

1850 Orbitulites furcata Rutimeyer, p. 118, pl. 5, fig. 75.

1987 Orbitoclypeus furcata (Rutimeyer); Less, p. 214-217, pl. 32, figs. 5-11, pl. 34,
figs. 1-7, text-figs. 30 r-t (with two subspecies and synonymies).

2022 Orbitoclypeus furcatus (Riitimeyer); Ozcan et al., p. 80, 85, figs 27.4, 34.3,
134.1-5, 135.1-5, 136.1-3, 137 (with four subspecies).

Material: Orbitoclypeus furcatus with characteristic bifurcating ribs is very rare and
only a few specimens were recovered from samples FAN B 15, 18and 21.

Remarks: Because of their low frequency, none of them has been under any
preparation techniques. Nevertheless, the specimens found can be identified due to their
characteristic bifurcation.

Stratigraphic ranges: According to Ozcan et al. (2022), the stratigraphic range of O.
furcatus corresponds to the SBZ 10-20 Zones (Fig. 14).

Orbitoclypeus varians (Kaufmann 1867)

Plate 4, figure J

1867 Orbitoides varians Kaufmann, p. 158-160, pl. 10, figs. 1-10.

1987 Orbitoclypeus varians (Kaufmann); Less, p. 207-214, pl. 28, figs. 9-12, pl. 29,
figs. 1-12, pl. 30, figs. 1-12, pl. 31, figs. 1-12, pl. 32, figs. 1-4 (with five subspecies and
synonymies).

2022 Orbitoclypeus varians (Kaufmann); Ozcan et al., p. 114, figs 28.3-4, 37.9-10,
152.1-9, 153.1-9, 154, 155, 156 (with six subspecies).

Material: The unribbed O. varians is very rare in Fanari material. A few specimens
were recovered from FAN B, whereas only two of them could be measured.

Description: The outer cross-diameter of the deuteroconch ranges from 317 um to

370 um (Table 4). Based on these two measurements, the subspecific attribution cannot
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be attempted although it probably belongs to the O. v. cf. scalaris according to the
deuteroconch size and morphological features.

Stratigraphic range: According to Ozcan et al. (2022), the stratigraphic range of O.
v. cf. scalaris corresponds to the SBZ 16-20 Zones (Fig. 14).

Genus Asterocyclina Glimbel 1870

The genus of Asterocyclina has been previously reported from the Greek deposits
from several localities (e.g., Kopp 1965; Christodoulou 1967; Accordi et al. 1998) but
neither further determination nor morphometric measurements were conducted. In this
research, representatives of three species were found, described, and measured for the
first time from the Eocene of Greece. They occur abundantly in samples of FAN B
section. On the other hand, they were absent from samples of FAN A section.

Asterocyclina alticostata (Nuttall 1926)

Plate 4, figures N-P

1926 Actinocyclina alticostata Nuttall, p. 151, pl. 8, figs. 6-8.

1987 Asterocyclina alticostata (Nuttall); Less, p. 240-244, pl. 43, figs. 9-12, pl. 44,
figs. 1-11, pl. 45, figs. 1-11 (with four subspecies and synonymies).

2022 Asterocyclina alticostata (Nuttall); Ozcan et al., p. 120, figs. 6B, 27.5, 36.9-
10, 159.1-10, 160.

Material: This easily recognizable taxon is common in samples of FAN B outcrop.

Description: The outer cross-diameter of the deuteroconch (d) ranges between 360
and 636 pum, while dmeanss.e 1S 496.2+19 pum based on 18 specimens (Table 4).

Stratigraphic range: This calls for A. a. danubica, the most advanced chronospecies
of A. alticostata with a stratigraphic range of SBZ 18B-20 Zones (comprising the entire
Priabonian) according to Ozcan et al. (2022) (Fig. 14).

Asterocyclina stellata (d’ Archiac 1846)

Plate 4, figures K-L

1846 Calcarina stellata d’Archiac, p. 199, pl. 7, figs. 1, la.

1987 Asterocyclina stellata (d’Archiac); Less, p. 233-237, pl. 37, figs. 1-12, 38,
figs. 1-11, pl. 39, figs. 1-4, 7-12, pl. 40, figs. 1-11, pl. 41, figs. 1-6 (with three subspecies

and synonymies).
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2022 Asterocyclina stellata (d’Archiac); Ozcan et al., p. 174, 178, figs. 4D, 11.6-7,
27.6,172.1-10, 173 (with four subspecies).

Material: This taxon was recovered from FAN B samples.

Description: The outer cross-diameter of the deuteroconch (d) ranges between 174
and 230 um, while dmeanss.e IS 207.8£9.5 um based on 5 specimens (Table 4).

Stratigraphic range: This indicates A. s. stellaris with a stratigraphic range of SBZ
17 to 19 Zones according to Ozcan et al. (2022). The present study suggests that this
range should be extended till the end of the Priabonian (SBZ 20) (Fig. 14).

Asterocyclina stella (Giimbel 1861)

Plate 4, figure M

1861 Hymenocyclus stella Giimbel, p. 653.

1987 Asterocyclina stella (Gumbel); Less, p. 226-227, 230-233, pl. 42, figs. 7-12
(with three subspecies and synonymies).

2007 Asterocyclina stella (Giimbel); Ozcan et al., p. 507-508, pl. 4, figs. 4-7 (with
emended subdivision into two subspecies).

2022 Asterocyclina stella (Giimbel); Ozcan et al., p. 174, figs. 170.4-9, 171.

Material: This taxon was recovered from samples of FAN B section.

Description: The outer cross-diameter of the deuteroconch (d) ranges between 173
and 218 pum, while dmeanss.e 1S 196.5+£6.6 um based on 6 specimens (Table 4).

Stratigraphic range: This could suggest the chronosubspecies A. s. stella with a
stratigraphic range of SBZ 13 to 20 Zones according to Ozcan et al. (2022) (Fig. 14).
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Table 4. Statistical data of orthophragmines populations. Ne: number of specimens, s.e.-
standard error.

Outer cross-diameter of the
Parameters deuteroconch
d (Um)
Taxon Sample Ne |range meants.e.
FANB 17+21 2 317-370 343.5+18.7
Orbitoclypeus varians FANB 17 1 317
FANB 21 1 370
'1:2‘?188+20+21 18 360-636 496.2+19
FANB 16 2 405-509 457+36.7
Asterocyclina alticostata
danubica FANB 18 1 526
FANB 20 3 417-625 534.3+50.2
FANB 21 12 360-636 453.9+23.6
';/8\_':'189_,_21 6 173-218 196.5+6.7
A stella stella FANB 18 3 186-218 202.3+7.5
FANB 19 1 186
FANB 21 2 173-213 193+14.1
FANB 18+21 5 174-230 207.81+9.5
A. stellata stellaris FANB 18 1 230
FANB 21 4 174-227 202.2+10.1
Discocyclina augustae FANB 18 1 271
5251884_21 8 375-441 408.2+7.6
I GiibeRERE FANB 16 4 382-410 399.7+5.3
FANB 18 2 435-441 438+2.1
FANB 21 2 375-416 395.5+14.5
FANB
16+17+18+20 | 24 479-782 573.9+16.1
+21
FANB 16 1 524
D. dispansa umbilicata FANB 17 4 480-672 566.2+42
FANB 18 3 578-708 639+30.9
FANB 20 7 490-782 583.4+37.8
FANB 21 9 479-658 553.7+17.0
D. radians FANB 16 4 342-470 393.8+£23.7
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D: 4 mm
I: 2 mm

rest: 500 ym
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PLATE 4. A-C Discocyclina dispansa umbilicata (Deprat 1905), A, FAN B 21.1; B, FAN B
21.3; C, FAN B 19.7. D-F Discocyclina radians labatlanensis Less 1987, D, FAN B 19.1;
E, FAN B 17.1; F FAN B 16.8. G-H Discocyclina euaensis Whipple 1932, G, FAN B 16.3;
H, FAN B 16.6. | Orbitoclypeus furcatus (Rutimeyer 1850) FAN B 21. J Orbitoclypeus
varians cf. scalaris (Schlumberger 1903) FAN B 21.2. K-L Asterocyclina stellata stellaris
(Briinner in Riitimeyer 1850), K, FAN B 21.12; L FAN B 21.16. M Asterocyclina stella
stella (Giimbel 1861), FAN B 18.5. N-P Asterocyclina alticostata danubica Less 1987, N,
FAN B 16.1; O, FAN B 16.8; P, FAN B 21.10. All A-forms and equatorial sections apart

from D, I- external views.
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Family CALCARINIDAE d'Orbigny 1826

Genus Silvestriella Hanzawa 1952

Silvestriella tetraedra (Gimbel 1870)

Plate 5, figure D-H

1870 Calcarina tetraedra Gumbel, p. 656, taf. I, fig. 97a, b.

2012 Silvestriella tetraedra (Gumbel); Less & Ozcan, fig. 5h.

2019 Silvestriella tetraedra (Gumbel); Ozcan et al., fig. 6 A-G.

2020 Silvestriella tetraedra (Gumbel); Zakrevskaya et al., fig. 21 I-n.

Material: This species is recovered from samples of FAN B outcrop.

Description: The external features of this species are specific and unique since the
test consists of three to four spines that are joined in a central base. The test is large,
almost triangular in outline and the spines are long, cylindrical near the base and
cuspidal at the ending. The surface of the test is generally smooth but sometimes with
ornamentation. In the equatorial section, the proloculus is spherical. The following
second and third chambers present almost the same features. The rest of the chambers
are subrectangular. The septa are thin, slightly curved to nearly straight. The spines are
canaliculate throughout and characterized by concentric rings.

Remarks: S. tetraedra has been previously reported from the Hellenic peninsula
from the Bartonian of Vasiliki Trikala, Mesohellenic Trough (Dimou et al. 2021).
However, its systematic description from the Greek material is presented here for the
first time.

Stratigraphic range: Stratigraphic distribution of S. tetraedra refers to SBZ 18-20
(Serra-Kiel et al. 1998; Less et al. 2011; Ycel et al. 2020).

Family CYMBALOPORIDAE Cushman 1927

Genus Fabiania Silvestri 1924

Fabiania cassis (Oppenheim) 1896

Plate 5, figures I-L

1896 Patella (Cymbiola) cassis Oppenheim, p. 55-56, pl. 2, figs. 2-3.

1982 Fabiania cassis (Oppenheim); Samanta, p. 262, pl. 1, figs. a-d, pl. 2, figs. a-e.

2018 Fabiania cassis (Oppenheim); Ozcan et al., fig. 16 M.

Material: Fabiania cassis occurs only in the lower part of the sequence, in samples
FAN A 3t009.
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Description: Externally, the test is medium to large, low to high conical and laterally
compressed. Dorsal side convex with a bluntly rounded apex and thick calcareous
perforate outer wall. The umbilical side is empty. Internally, the two embryonic
chambers are characterized by a medium protoconch of subspherical shape and a
second larger, unequal, elliptical deuteroconch. Later chambers were added in a cyclic
series. They are subdivided into chamberlets of different sizes and shape
(subrectangular to subspherical). The basal outline is irregular and wavy.

Remarks: The genus has been previously reported from the Hellenic peninsula from
the Thessaloniki-Jannitza area (Mercier 1960) and Samothraki Island (Christodoulou
1957). However, Mirkou-Peripopolou (1974) and Accordi et al. (1998) noted the
species F. cassis of Zakynthos and Cephalonia Island respectively.

Family ACERVULINIDAE Schultze 1854

Genus Sphaerogypsina Galloway 1933

Sphaerogypsina globulus (Reuss) 1848

1848 Ceriopora globulus Reuss, p. 33, pl. 5, fig. 7.

2018 Sphaerogypsina globulus (Reuss); Ozcan et al., fig. 16 H-1.

2020 Sphaerogypsina globulus (Reuss); Zakrevskaya et al., fig. 21 k.

Plate 5, figures A-C

Material: The first occurrence of Sphaerogypsina globublus is at FAN A 3 sample
and is present in almost all samples.

Description: Externally, the test is medium to large and spherical in shape.
Sometimes it is almost irregular. The outer surface is characterized by very strong and
raised septal filaments that run over the test surface, creating polygonal, angular to
circular, large pores. Internally, the protoconch is surrounded by chambers arranged in
a regular pattern of radial columns.

Remarks: This species has been previously reported from the Hellenic peninsula
from Klokova Mt. (Barattolo et al. 2007), Pserimos Island (Christodoulou 1968) and
from the Bartonian of Vasiliki Trikala, Mesohellenic Trough (Soliman and Zygojiannis
1977; Dimou et al. 2021), where has been studied from random thin sections. However,

its systematic description from the Greek material is presented here for the first time.

65



PLATE 5. A-C Sphaerogyspina globulus, A-B, FAN B 19 (micropaleontological slide,2/3,2);
C, FAN B 18.1. D-H Silvestriella tetraedra (Gumbel 1870), D-E, FAN B 16
(micropaleontological slide,2/3,5); F, FAN B 18.5; G, FAN B 18. 4; H, FAN B 18. 2. I-L
Fabiania cassis, I, FAN A6;J, FAN A6.1; K, FAN A6.4; L, FAN A 6.2. All A-forms. A,
B, D, E, I- external views, C, F, G, H, J, K, L-equatorial sections.

4.6 PALEOENVIRONMENTAL INTERPRETATION

The faunal composition allowed us to make approximate paleodepth range
estimations and paleoenvironmental observations, thus reconstructing the depositional
evolution of Fanari region. Three main biofacies and their implementation to
depositional marine shelf facies that operated at the shallow upper foreslope of the
carbonate platform of the Thrace basin, have been recognized (Fig. 11).

Biofacies I: (FAN A 1-10) Dark-colored, fine-grained sediments with
nummmulitids. The foraminiferal fauna is dominated by the reticulate Nummulites
fabianii, common N. garnieri, Assilina alpina, almost absent Heterostegina gracilis, H.
reticulata and Spiroclypeus carpaticus. Quite a large number of the LBF’s tests,
characterized by encrustation and borings are common. Small benthic foraminifera are
represented by abundant rotaliids, rare bolivinids, buliminids, texturariids, nodosariids,
cast of miliolids and polymorphiniids. In addition, bivalves, echinoids, gastropods, and
corals, as well as their fragments occur in minor amounts along with rare ostracods,

Fabiania cassis and Sphaerogypsina globulus.
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Biofacies Il: (FAN A 11-14) Light yellowish brown, with equal gradients of silt and
sand, sediment. The assemblage is characterized mainly by small rotaliids. Minor
elements are Nummulites garnieri, N. fabianii, ostracods, other groups of SBF,
planktonic foraminifera and fragments of echinoids, bivalves, and bryozoans.
Encrustation is also present on the tests.

At this part of the sequence the total LBF content declines dramatically, as
nummulitids display a gradual decrease in density and diversity, while at the same time
Fabiania and Sphaerogypsina disappear. This is most possibly the result of unstable
environmental conditions suggesting a transitional zone between the shallower
Biofacies | to the following deeper Biofacies IlI.

Biofacies I1l: FAN B outcrop corresponds to a bioclastic sandstone. The
predominant constituent of the sandstone is the fossil tests of Pellatispira madaraszi,
Spiroclypeus carpaticus, Nummulites fabianii, N. incrassatus, Operculina ex gr.
gomezi, Assilina alpina, Discocyclina dispansa umbilicata, D. radians labatlanensis,
D. euaensis, D. augustae, Orbitoclypeus varians cf. scalaris, Asterocyclina stellata
stellaris, A. stella stella, A. alticostata danubica, and abundant small rotaliids. Minor
components are Heterostegina gracilis, Nummulites budensis, N. stellatus,
Orbitoclypeus furcatus, Silvestriella tetraedra, Sphaerogypsina globulus, other SBF,
globigerinids, ostracods, brachiopods, fragments of corals, echinoids, bivalves, and
gastropods. The microfaunal tests seem to be oriented with a slight inclination. Minor
elements are the quartz grains and pebbles of other non-carbonate grains. Between the

grains, mud occurs.

4.7 DISCUSSION-CONCLUSIONS

The Fanari section can be considered as one of the most important sites of the Greek
part of the Thrace basin in micropaleontological and paleoenvironmental terms.
Primarily, for its accessibility and the good preservation mainly of foraminifera but also
of the rest of the fauna. Secondly, it comprises comprehensive data of the uppermost
Eocene assemblages and constitutes one of the most diverse in LBF sequences of the
Tethys realm with 24 different taxa. This can be compared with other recently studied
LBF assemblages from the SBZ 20 zone: the "Nodular limestone” and "Asterocyclina
beds" from Priabona (N Italy) contain about 20 LBF taxa (Sirotti 1978; Setiawan 1983;
redetermined by Less 1998); in Kisgy6r, Remete-kut (NE Hungary) 17 LBF taxa are
listed in Less (1999) and Less et al. (2000); from the Turkish part of the Thrace Basin
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Yiicel et al. (2020) found 17 taxa in Gokgetepe and 16 taxa in Karaburun, while Ozcan
et al. (2010) mentions 16 taxa from Mecidiye. The presence of 15-20 different LBF
taxa can be estimated also from the "Calcari di San Giustina" from Possagno (N Italy)
based on the data by Herb and Hekel (1975) and Herb (1978). Other localities ranked
into the SBZ 20 zone in Less and Ozcan (2012) (Benidorm - SE Spain; Baciu - NW
Romania; Biarritz, Lou Cachaou - SW France; Maiella - Central Italy; Pinarhisar and
Kiyikdy - Turkish part of the Thrace Basin, with references therein) seem to contain
less than 10 different LBF taxa.

Biostratigraphical and paleoenvironmental inferences of the investigated site are
summarized in text-figs. 10 and 11 respectively. Most of the investigated species are
reported and described in detail for the first time from this area and generally from the
Greek peninsula. Moreover, biometric measurements are applied for the first time in
this material (Tables 1, 2, 3 and 4). The foraminiferal assemblage is represented by a
rich and diverse microfauna of twenty-four taxa, among which six (chrono)subspecies,
belonging to twelve genera as described above. The only species constantly retrieved
from almost the whole section is Nummulites fabianii. Another worth mentioning fact
is the increase in the inner cross section of the proloculus of S. carpaticus. It was
detected in the upper part of the outcrop; hence two groups were distinguished.
However, this size variation associated with the population proliferation is not yet clear
if it’s either environmentally controlled, evolutionary originated, or a combination of
multiple parameters.

The Eocene deposits from the Fanari site of the Greek Thrace basin can be dated
mainly with LBF of the families Nummulitidae and orthophragmines. Based on the co-
occurrence and first appearance of S. carpaticus and H. gracilis already from the
beginning of FAN A to the end of the section, the age of the whole sedimentary
succession is defined as late Priabonian (SBZ 20 Zone). According to Ozcan et al.
(2022), the stratigraphic range of A. s. stellaris corresponds to SBZ 17-19, although its
presence in the Fanari section if confirmed with the biometric analysis of statistically
significant population, the stratigraphic range of the subspecies could be extended to
the SBZ 20. The foraminiferal assemblage presented herein displays great similarity to
those reported from several western parts of the Tethyan realm (NE Spain, Serra-Kiel
et al. 2003; N. Italy, Papazzoni and Sirotti 1995; Hungary, Less et al. 2000; E. Turkey,

Ozcan et al. 2007) and has also been recorded in the Thrace Basin (for the southern part
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see Ozcan et al. 2010). Thus, it can be stated that the Fanari section is a key area of the
latest Priabonian.

According to the biofacies analysis, the nearly monospecific and highly abundant
nummulitid assemblage of Biofacies | indicates a most probably shallow, quiet and
restricted to the shelf edge environment (Beavington-Penney and Racey 2004 and
references therein; Gebhardt et al. 2013; Torres-Silva et al. 2019). This hypothesis is
supported by the faunal composition of relatively low species diversities, the absence
of orthophragmines and the scarce presence of Heterostegina, suggesting a low-energy
water, shelf environment limited to the shallowest parts of the upper slope (Setiawan
1983; Hallock and Glenn 1986).

A transitional facies is reported in Biofacies Il. During the deposition of the
Biofacies Il the orthophragmines become more and more frequent and as suggested by
Cosovié et al. (2004), their abundance and diversity increase showing a positive trend
with depth of deposition, at the same time that the shallow water foraminifera of
Biofacies I significantly decrease (Fig. 11). This diverse biota comprised mainly of flat
tests and planktonic foraminifera, associated with a deepening of the depositional
environment (Beavington-Penney and Racey 2004). Furthermore, according to Ghose
(1977), the abundance of Pellatispira, that dominates the assemblages referred to the
Biofacies I1l, suggests a fore-slope environment. In the same time frame ‘Pellatispira
beds’ are documented from the early Priabonian of Pakistan (Eames 1951; Ozcan et al.
2019) and have been deposited in the outer shelf setting, associated with a diverse fauna
(N. hormoensis, Silvestriella tetraedra, Pellatispira madaraszi, Heterostegina indusen,
Assilina ex. gr. alpina, Linderina sp. and Baculogypsina n. sp.). Our findings present
similarities but also differences in faunal composition, even if the depositional
paleoenvironments are similar. However, this mass abundance could be characterized
as a Pellatispira-bed or a Pellatispira-Spiroclypeus-bed.

The specimens test, without severe abrasion except for the fragmentation of the thin
flanges of large orthophragmines, indicate autochthonous to para-autochthonous
accumulations, a sudden deepening-upwards and thus a shift to a deeper environment
of the upper foreslope during a general transgressive phase, with open marine
influences and possible sporadic terrigenous influx (Setiawan 1983; Hallock and Glenn
1986; Beavington-Penney and Racey 2004; Cosovi¢ et al. 2004).

Generally, a mixture of autochthonous and allochthonous specimens is always

expected in such deposits (Hohenegger and Yordanova 2001; Beavington-Penney and
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Racey 2004; Briguglio and Hohenegger 2011). In the Fanari composite section
evidence of a degree of transportation is implied. However, the LBF preservation and
the absence of specimens from different depths or environments points to a minor
allochthony or displacement, possibly due to a smooth slope inclination and a short
distance transportation.

The Fanari sedimentary succession constitutes the upper foreslope environment of
a carbonate platform, most probably of the Avas Formation belonging to
Alexandroupolis sub-basin. The Eocene of Greece is the missing piece of the Tethyan
jigsaw puzzle and therefore further investigation concerning the micropaleontology of
small and large benthic foraminifera, their biostratigraphic distribution and
paleoecological interpretation is already carried out and is going to be published
separately. The Fanari site can serve as a key area of latest Priabonian and a well-

exposed analogue for paleoenvironmental interpretations.
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CHAPTER 5. THE PALEOENVIRONMENTAL
EVOLUTION OF A LATE BARTONIAN TO
PRIABONIAN RIMMED TETHYAN CARBONATE
SHELF: A CASE STUDY OF THE GREEK PART OF
THE THRACE BASIN

5.1 INTRODUCTION

During the middle-late Eocene, three main shallow water carbonate platforms
thrived in the Greek peninsula, from north to south, the Thrace Basin, the Mesohellenic
Trough and the Gavrovo-Tripolitza zone. The last one is the oldest as the deposition
initiated in the Late Triassic and continued through the late Eocene (Aubouin 1958;
Aubouin et al. 1958; Decourt 1964; Fleury 1980). The most recent study by Baratollo
et al. (2007) focused on the middle-upper Eocene of the Klokova Mountain (Gavrovo-
Tripolitza area), located in the south-west Greece. Based on the microfacies analysis,
they concluded that the area operated at that time as a middle platform, characterized
by rather stable conditions.

Both the Mesohellenic Trough and the Thrace Basin consist of post-Alpine,
molasse-type sedimentation that initiated roughly simultaneously (e.g., Kopp 1965;
Soliman and Zygojannis 1977). Concerning the Mesohellenic Trough, Vasiliki (central
Greece) is still the only known exposure of Eocene shallow water sediments. During
Bartonian, shallow marine conditions prevailed in the basin (upper Lutetian by Soliman
and Zygojannis, 1977, which corresponds to Bartonian according to the recent Eocene
subdivision; SBZ 17-18A, Dimou et al. 2021). A paleoenvironmental shift towards an
open marine environment occurred in the latest part of the Eocene. According to

Soliman and Zygojannis (1979) and Zygojannis and Miiller (1982) the upper Eocene
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deposits of the Mesohellenic Trough contain calcareous nannoplankton of the NP19-20
biozone and planktonic foraminifera indicating open marine environment.

On the contrary, a great number of middle-upper Eocene exposures occur in both
the western (Greek) and eastern (Turkish) parts of the Thrace basin. The eastern part
has been studied in detail over the decades, hence many paleoenvironmental
evolutionary models have been proposed (e.g., Turgut and Eseller 2000; Okay et al.
2010; Less et al. 2011; Ozcan et al. 2010, 2018). Regarding the western part,
comprehensive studies were carried out during the 50-s and 60-s (e.g., Christodoulou
1957; Karageorgiou and Christodoulou 1957; Kopp 1965). During the intervening
years, only a few studies were published, focusing mainly on Samothraki Island
(Meinhold and BouDagher-Fadel 2009; Zagorchev et al. 2010) as well as in other areas
(Chatalov et al. 2015; Dimou et al. 2023).

The development of the Thrace basin begins in the middle Eocene times and is
strongly associated with an intensive tectonic activity affecting the Paleogene deposits
(Kopp 1965; Rondoyanni et al. 2004; Tranos 2009; Papanikolaou and Triantaphyllou
2010; Kilias et al. 2013). Therefore, according to Papanikolaou and Triantaphyllou
(2010) the basin is divided into three sub-basins (Alexandroupolis, Orestias and
Petrota) filled with Paleogene molasse-type deposits overly the Rhodope basement.

The present study deals with the analysis of several outcrops comprising shallow
water carbonate deposits in the wider region of the Greek part of the Thrace Basin (Fig.
16). Particularly, it highlights the synthesis of the micropaleontological data derived
from the micro- and macrofauna assemblages, their distribution and their ecological
classification. The main objective is to provide a detailed and updated microfacies
analysis in order to propose a complete model for the Greek part of the Thrace Basin.

5.2 MATERIAL AND METHODS

For the present study representative samples were collected from each investigated
outcrop. In total 64 thin sections were prepared (5.0x5.0 cm and 2.5x6.0 cm) to
accomplish the microfacies analysis. Their classification follows the schemes proposed
by Dunham (1962), Embry and Klovan (1972), Wilson (1975) and Fligel (1982, 2004).
For this purpose, the determination of lithology and matrix as well as the systematic
designation of the fossil content took place. Based on the combination of both

sedimentological and paleontological data, 16 microfacies types were distinguished.
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The foraminiferal content was taxonomically identified in randomly oriented
equatorial planes occurring in thin sections, as well as on thin sections of isolated
specimens (derived from spot samples); consequently, their age assessment derived
according to plethora of studies (e.g., Less 1987, 1998; Serra-Kiel et al. 1998; Less et
al. 2011; Less and Ozcan 2012; Ozcan et al. 2010, 2022). Moreover, coralline red algae
and bryozoans are described at a generic level in order to avoid taxonomic uncertainties.
The description of coralline growth forms’ terminology follows Nebelsick and Bassi
(2000).

Quantitative evaluation of the fossil content in each thin section was held in
randomly selected areas of 1 cm? per thin section (Cosovié et al. 2004). Measurements
of the test diameter (D) and thickness (T) as well as counts of abundances (including
counts of megalospheric A- and microspheric B-forms) were performed on
nummulitids and orthophragmines. Counts of both whole and broken specimens of
planktonic and benthic foraminifera were also performed. Abundances were calculated
as abundant (species > 50%), common (species > 20%) and rare when few specimens
were present. Based on the conducted measurements and counts, the diameter/
thickness ratio in orthophragmines and nummulitids (D/T), the planktonic ratio in
foraminiferal associations (P/B), and the A-form/ B-form ratio were calculated. In
addition, a qualitative estimation of the test degradation on benthic foraminifera has
been accomplished following the scheme proposed by Beavington-Penney (2004).

All studied material is stored at the Museum of Geology-Palaeontology-

Palaeoanthropology of Aristotle University of Thessaloniki.

5.3SITE SETTING, MICROFACIES ANALYSIS AND THEIR
INTERPRETATION
The stratigraphy of the Paleogene sequence was described in detail by Kopp (1965)
and many other researchers afterwards, whereas recently summarized by Dimou et al.
(2023), thus will not be further discussed. More detailed information on the stratigraphy

of particular localities is provided below.
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Figure 16. Overview map of Greece with the location of sampled sites depicted with red star
(modified from Google Earth).

We focus on five localities in the mainland (Pylaea, Maronia, Didymaoticho,
Avantas and Palagia) whereas two sites (Lemnos and Samothraki Islands) are located
in the Aegean Archipelago (Fig. 16). Based on the lithological features (e.g., texture,
fabric) and the biogenic components, 16 microfacies types were identified, that refer to
the three main environments corresponding to the inner, middle and outer platform.
They are described in detail below and summarized in Table 5 (Appendix I). The
taxonomic study yielded the identification of several taxa; representatives are illustrated in
Figure 17.
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Figure 17. Representative foraminifera. a) encrusting foraminifera upon CRA, DDM1
(Didymoticho section), b) Lenticulina sp., LM1.1 (Lemnos Island), ¢) Amphistegina sp.
(left) and Asterigerina sp. (right), DDM2 (Didymoticho section), d) Sphaerogypsina cf.
globula, AVT9 (Avantas section), e) Peneroplis cf. flabeliformis, MAR1.1 (Maronia), f)
Nodosaria sp., LM1 (Lemnos Island), g) planktonic foraminifera, LM1 (Lemnos Island), h)
Carpenteria sp., S1 (Palagia section), i) Gyroidinella cf. magna, AVT10.1 (Avantas
section), j) Pararotalia sp., PYL1 (Pylaea section), k) Penarchaias cf. glynnjonesi, MAR1.1
(Maronia), 1) Silvestriella tetraedra, PYL9 (Pylaea section), m) Pellatispira madaraszi,
PYL1 (Pylaea section), n) representative of Nummulites millecaput-maximus group, LM1.1
(Lemnos Island), o) Praebullalveolina cf. afyoni, PYL3 (Pylaea section), p) Planorbulina
cf. bronnimanni, AVT10 (Avantas section), g-r) Linderina sp. q) PYL3 (Pylaea section), r)
LM2.1 (Lemnos Island), s) Halkyardia cf. minima, S3.1.1 (Palagia section), t) Lenticulina
sp. (up), Eoannularia cf. eocenica (middle) and orpthophragminind (down), PYL1 (Pylaea
section), u) Eorupertia sp., PYL10 (Pylaea), v) Praebullalveolina cf. afyoni, AVTS8
(Avantas section). Scale bar 1000pum.
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5.3.1 Pylaea

Pylaea village is situated 26 km east-northeast of Alexandroupolis city (Figs. 16).
Two sections were sampled (Figs. 18-19, 20). The first one is situated west of the
village, on the hilly terrain. Along the north margin of the hill, thick conglomerates
expose overlain by thin sparsely calcareous sandstones. The strata dip gently to SE.
Sampling took place from two locations where nummulitic calcareous sandstones were
exposed. Three samples were collected, the first one from the top (40° 55' 49.40" N/
26° 6' 51.70" E) and the rest near the base of the hill at the roadside (40° 55' 49.80" N/
26° 6' 76.40" E; 40° 55' 48.50" N/ 26° 6' 73.00" E, Fig. 18). The samples refer to a
fossiliferous, dense sandstone containing LBF, echinoids and corals.

Figure 18. Sampling site at the hill at the roadside in first section from Pylaea area (Thrace).

The second section is exposed along the roadside from Pylaea to Melia village (40°
55' 82.70" N/ 26° 7' 08.20" E, Fig. 19) and covers a total sediment thickness of about
50 m. The strata dip gently to NE revealing a lens-shaped body rather than continuous
strata. The lithostratigraphic section comprises carbonate deposits overlain the marls
and siltstones of Pylaea Fm (Papanikolaou and Triantaphyllou, 2010), shown in Figure
21. They consist of a sandy limestone containing a rich association of Large Benthic
Foraminifera (LBF) (Nummulites and orthophragmines) and other fossil groups (corals,
bivalves and gastropods). Nine surface rock samples were collected at 5 m to 10 m
intervals and also one spot sample from the loose sediments. Three different
microfacies were identified.
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Figure 19. Sampling site from the second section, exposed along the roadside from
Pylaea to Melia village.
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5.3.1.1 MF 1: PYL 1-4, 9, LBF packstone

Description: The microfacies is represented mainly by orthophragminids (65%) and
nummulitids (23%) (Fig. 22a, b). It is characterized by a heterogenous assemblage of
Orbitoclypeus varians, O. zitteli?, Asterocyclina, Discocyclina radians?, Nummulites
incrassatus, Operculina ex. gr. gomezi, Heterostegina reticulata, Pellatispira
madaraszi, Sphaerogypsina cf. globula, Eoannularia eocenica, Victoriella sp.,
amphisteginids, other small rotaliids, miliolids, and planktonic foraminifera. Based on
the assemblage, the late Eocene (Priabonian) age can be attributed. The macrofauna is
represented by bryozoans, echinoid spicules, bivalves and debris of corralinaceans
(faunal distribution and qualitative abundances are summarized in Figure 21). The
foraminiferal tests are generally nearly intact, although large sized specimens show
moderate abrasion. Bioerosion structures are relatively common, represented by
serpulid tubes in tests mainly of orthophragmines (Fig. 22b) and less of Operculina’s.
Tubes are of triangular to rectangular shape with circular lumen. In most cases, they are
covered by lateral chamberlets. Furthermore, borings of Trypanites-like inside the test
of the orthophragmines are observed. Upon them, encrusting foraminifera are also
noted. Coralline red algae are found either as encrustations around the tests or as
fragments. Additionally, sporadic small clasts of quartz, few muscovite and rare clasts

of glauconite (Fig. 22a) are documented.
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Interpretation: The diverse benthic microfauna is indicative of fore reef settings
with open marine influence as suggested by the presence of planktonic foraminifera
(P/B ratio 0.14) (e.g., Ghose 1977; Setiawan 1983; Hallock and Glenn 1986; Hottinger
1997; Geel 2000; Bassi et al. 2000; Cosovié et al. 2004; Bassi 2005; Less et al. 201 1).
The tests of orthophragmines are lenticular to flat lenticular, while nummulitid tests are
inflated lenticular based on the D/T ratio and the characterization proposed by Renema
(2002). Foraminiferal tests do not display orientation or abrasion, except for the low-
rate abrasion on larger forms caused by mechanical compaction. The aforementioned
evidence supports foraminiferal autochthonous nature and, low energy conditions, most
probably under the prevailed Fair Weather Wave Base (FWWB) (Setiawan 1983;
Beavington-Penney 2004; Beavington-Penney et al. 2006; Ferrandez- Cafiadell 2018).
Foraminiferal tests could constitute the only solid substrate in a muddy environment,
while at the time of infesting the foraminifer was alive (Ferrandez- Cafadell 2018). A
similar transitional facies between the distal middle platform and the proximal outer
platform has been described from the Colli Berici (Italy) by Bassi (2005). Moreover,
the presence of some glauconite clasts and some glauconite-filled bioclasts suggests
deeper waters with a low sedimentation rate (Odin and Matter 1981 and references
therein). According to the small size of the quartz and muscovite clasts, their not so
close landward origin can be assumed. Summarizing, a middle-outer platform of about
40-60 m depth can be attributed (Setiawan 1983; Hottinger 1997; Geel 2000; Renema
2005). This facies is interpreted as Standard Facies 4 (Wilson 1975; Flugel 1982, 2004).

5.3.1.2 MF 2: PYL 5-8, coralline bindstone

Description: This microfacies is dominated by coralline algae (Fig. 22d) represented
by encrusting thalli or/and branches of phaceloid forms of corals. They are embedded
in a wackestone packestone matrix. Benthic foraminifera of late Eocene age such as
Silvestriella tetraedra, orthophragmines (Fig. 22c) (Orbitoclypeus, Asterocyclina,
Discocyclina), Heterostegina reticulata, Operculina ex. gr. gomezi, miliolids, few
planktonic foraminifera, Sphaerogypsina cf. globula, Fabiania cf. cassis, Gyroidinella
cf. magna, amphisteginids, and few other small rotaliids are reported. However, benthic
foraminifera are less abundant than the MF 1 (orthophragmines 36.5% and nummulitids
14,8%) (distribution and qualitative abundances are summarized in Figure 21). The
foraminiferal tests are generally undamaged, whereas the flat forms show an

inclination. Worm tubes (Fig. 22d) are noted on the encrustations, as well as encrusting
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foraminifera. Quartz clasts of similar size but more in number compared to MF1 are
noticed along with few muscovite clasts.

Interpretation: The Facies MF 1 alternates with Facies MF 2 in the middle part of
the studied section. The alternation is marked by the abrupt decrease of the
orthophragmines and the total absence of Nummulites. This evidence along with the
increase of Silvestriella tetraedra and especially their co-occurrence with corals implies
very shallow waters with hard substrates but still a fore reef sub-environment (Hottinger
1997; Geel 2000). This setting is supported by the presence of planktonic foraminifera.
Going upwards the section, epiphytic foraminifera such as Fabiania and Gyroidinella
also increase, indicating vegetation cover. Additionally, the average D/T ratio refers to
the same value. The observed “isolated to isolated chaotic imbrication” of the tests
depicts current-dominated conditions (Beavington-Penney et al. 2006). The presence
of marine vegetation is evident throughout the whole section due to the abundant
coralline red algae that also bind the clasts. The lithoclasts indicate the continuity of the
terrigenous input. This facies is interpreted as Standard Facies 4 (Wilson 1975; Flugel
1982, 2004).

5.3.1.3 MF 3: PYL 10, grainstone with encrusting and other rotaliids and
miliolids

Description: The microfacies is dominated by encrusting foraminifera (some of
them include matrix as nuclei) (Fig. 22e) and other small rotaliids, that are embedded
in a grainstone matrix. The foraminiferal assemblage is represented by Fabiania cf.
cassis (Fig. 22f), Planorbulina cf. bronnimanni, Gyroidinella cf. magna, Pararotalia
sp., amphisteginids, other small rotaliids, miliolids, texturariids. Nevertheless, LBF are
rare, represented by Nummulites ex gr. fabianii, while planktonic foraminifera are

absent. Thin encrustations of coralline red algae and their debris are relatively common.

Fig. 22. Description of microfacies types. MF1 (a) orthophragmines and glauconite, PYL9
(Pylaea section) (b) orthophragmines with worm tubes and nummulitids, PYL9 (Pylaea
section), MF2 (c) orthophragmines and Silvestriella tetraedra, PYL5 (Pylaea section) (d)
encrusting coralline red algae with triangular worm tube, PYL8 (Pylaea section), MF3 (e)
encrusting foraminifer, PYL10 (Pylaea section) (f) Fabiania cassis and small rotaliid,
S.3.1.1 (Palagia section), MF4 (g) coral with calcitic infilling, MAR1.1 (Maronia) (h)
Subterraniphyllum thommasi, MAR1.1 (Maronia), MF5 (i) bryozoans and textulariids,
MAR (Maronia) (j) bryozoans fragments, MAR (Maronia), MF6 (k) Nummulites fabianii,
S2F (Palagia section) (I) macroscopic view of N. fabianii limestone (Maronia).
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MF1

Main components:
Orthophragminids/nummulitids
Subordinate components:
other LBF, small rotaliids,
planktonic foraminifera, CRA,
bryozoan,molluscs,

echinoids, worm tubes
Texture: packstone

MF2

Main components:

CRA, corals, S. tetraedra
Subordinate components:
other LBF, small rotaliids,
miliolids, planktonic
foraminifera, molluscs
Texture:
wackestone/packstone

MF3

Main components:
encrusting foraminifera,
rotaliids, textulariids, miliolids
Subordinate components:
Nummulites, CRA

Texture: grainstone

MF4

Min components:

CRA, corals, molluscs,
bryozoans, small rotaliids
Subordinate components:
N. fabianii, milliolids,
peneroplids, textulariids,
planktonic foraminifera,
worm tubes, ostracods
Texture: packstone
(locally boundstone)

MF5

Main components:
bryozoans, small rotaliids,
miliolids

Subordinate components:
Operculina ex. gr. gomezi,
planktonic foraminifera,
echinoids, worm tubes
Texture: packstone

MF6

Main components:
Nummulites fabianii
Subordinate components:
Operculina ex. gr. gomezi,
Discocyclina sp., small
rotaliids, CRA, molluscs
Texture:
packstone/grainstone
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Fragments of bivalves and bryozoans are also reported. This facies is documented
from samples S3.1.1 and S3.1.2 from Palagia section and Pyl 10 sample. In all samples
abundant quartz grains (angular and rounded) and K-feldspars are noticed. Specifically,
from Palagia samples, two generations of quartz can be distinguished.

Interpretation: The fair abundance of both miliolids and small rotaliids indicates
very shallow marine conditions (e.g., Ghose 1977 and references therein; Hallock and
Glenn 1986; Geel 2000; Beavington-Penney and Racey 2004). The occurrence of
encrusting forms such as Fabiania and Gyroidinella implies vegetation cover.
Moreover, the detritus of red coralline algae along with the fragments of bivalves and
bryozoan suggest moderate energy conditions. Based on the identified lithoclasts,
terrigenous input is assumed here as well and most possibly derived from the plutonic
rocks of Elatia (N Rhodope Mountains) (Soldatos et al. 2001a, 2001b; Christofides et
al. 2004). The two generations of quartz imply that some clasts (large) derived from the
nearby plutonic source; the rest of them (small and attached to each other) form from
silica solution that flows along with the calcite solution, either two sources occur. These
evidence together with the occurrence of the winnowed fine sediments suggest a
protected interior environment, most probably lagoonal of maximum depth of 40 m
(Ghose 1977 and references therein; Hottinger 1997; Hallock and Glenn 1986; Geel
2000). This facies is interpreted as Standard Facies 7 or 8 (Wilson 1975; Fllgel 1982,
2004).

5.3.2 Maronia

Maronia village is situated 29 km south of Komotini city, while the sampling area
is located north-west of the village (Fig. 16, 23). Stratigraphically, the metamorphic
basement underlies the Eocene carbonate sediments. However, the contact was not
detected near the studied outcrops. Three samples were collected from two outcrops.
The first two were derived from the bioclastic limestone, exposed at the roadside to
Maronia Cave (40° 55' 71.10" N/ 25° 29' 68.00" E, Fig. 24). The gray limestone
contains macrofauna of corals, bivalves, crinoids and microfauna of nummulitids. The
third sample came from the nummulitic, massive, gray-colored limestone near the
entrance of the cave (40° 55' 57.26" N/ 25° 30" 07.39" E). We observed three different

microfacies as follows.
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Figure 23. Geological map of Maronia area (Thrace), the red star depicts the sampling site

(modified from 1.G.M.E. 1982).

Figure 24. Sampling site exposed at the roadside to Maronia Cave (Thrace).
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5.3.2.1 MF 4. MAR 1.1-1.2, Coralline algae bindstone

Description: This microfacies is dominated by coralline algae, mainly of
Subterraniphyllum thommasi (Fig. 22h), forming rhodoliths and encrustations. Debris
of all of them is documented. Moreover, they constitute the nuclei for encrusting
foraminifera. Other significant biotic elements are corals (Fig. 22g), gastropods,
bivalves, ostracods and fragments of bryozoans. All the allochems are embedded within
packstone matrix to locally coral boundstones. The hyaline-perforated forms include
late Eocene rare Nummulites ex. gr. fabianii, N. cf. incrassatus? and amphisteginids.
Other abundant small rotaliids such as Pararotalia sp., Praebullalveolina cf. afyonica,
Peneroplis cf. flabeliformis and Penarchaias cf. glynnjonesi also occur along with
many miliolids and rare textulariids. Subordinate bioclasts consist of planktonic
foraminifera. Foraminiferal tests exhibit low to moderate abrasion and no orientation.
Serpulid worm tubes of circular external shape and lumen are noted. Moreover, peloids
are also present. Additionally, algal voids are filled up by micrograined matrix.
Moreover, small and rounded quartz grains are documented.

Interpretation: The abundant occurrence of coralline red algae and encrusting
foraminifera indicate intensive vegetation cover. The smaller foraminifera association
is indicative to very shallow marine conditions (e.g., Ghose 1977 and references
therein; Hallock and Glenn 1986; Geel 2000; Beavington-Penney and Racey 2004).
Nummulitid lenticular tests (D/T ratio 2,6) indicate shallow water conditions. The
presence of Peneroplis cf. flabeliformis and Penarchaias cf. glynnjonesi suggests
Arnis’s (1965) facies as summarized by Kulka (1985), characterized by shoal deposits
with Peneroplidae. According to Sirel and Acar (1982), the co-occurrence of Peneroplis
cf. flabeliformis and Praebullalveolina cf. afyoni is indicative of restricted, back-reef
areas although they can be found in reef shoals and fore-reef environments. The
moderate abrasion as well as the coralline red algae detritus imply high energy regime.
This facies is interpreted as Standard Facies 6 or 5 (Wilson 1975; Fliigel 1982, 2004),
Standard Microfacies Type (SMF) 11 representing winnowed platform edge sands, in

areas at or above the wave action.

5.3.2.2 MF 5: MAR 1, bryozoan packstone
Description: This microfacies is strongly characterized by Cheilostomate bryozoans
that occur as debris or colonies (Fig. 22i, j) within the micritic matrix. Small rotaliids,

biserial foraminifera, textulariids (Fig. 22i) and miliolids are common biotic
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components. Operculina sp. is the only representative of the larger benthic
foraminifera; its tests show moderate abrasion. Other bioclasts of subordinate
importance are the planktonic foraminifera. Rounded worm tubes with circular lumen
and echinoderms represented by spine cross sections and plates of echinoids are also
recorded. All the bioclasts are densely and chaotically stacked. Small quartz grains are
also noticed.

Interpretation: The abundant detritus and the chaotic stacking of the bioclasts
suggest high energy, wave dominated environment (Beavington-Penney et al. 2006).
The foraminiferal association indicates shallow water conditions to the upper fore slope

with influences of the open sea (Ghose 1977 and references therein; Geel 2000).

5.3.2.3 MF 6: nummulitic packstone

Description: The dominant biotic constituent is N. fabianii (Fig. 22k, 1), embedded
within a packstone to grainstone matrix. This almost monospecific facies is
characterized by the mass abundance of megalospheric A-forms that dominates over
the rare microspheric B-forms (late Eocene). Nummulites are very densely packed and
may show a low degree of imbrication. This facies is referred to samples from the
Maronia area and the Palagia section. The Maronia sample was studied directly from
the hard rock, while the sample from the other area was studied in thin section.
Operculina ex. gr. gomezi, Discocyclina sp., Asterigerina sp. and other small rotaliids
considered to be sparse faunal elements. Planorbulina cf. bronnimanni, Gyroidinella
cf. magna and biserial foraminifera also occur in small amounts, along with rare thin
encrustations of coralline red algae fragments of bivalves and serpulid worm tubes.
Very small lithoclasts of quartz and K-feldspar are recorded.

Interpretation: The fact that this facies is composed almost entirely of N. fabianii,
suggests an analogous of Nummulites-bank. However, the striking occurrence of A-
forms conflicts with the original description of such bank settings by Arni (1965). The
edgewise isolate imbrications to edgewise contact imbrications (Racey 2001) of N.
fabianii’s tests and their lenticular shape (Renema 2002) (avg. D/T ratio 1.9) indicate
shallow, wave-influenced middle shelf conditions. Yet, the currents were inefficient to
cause any damage to the tests, but only to concentrate them mechanically (Aigner
1983a). Hence, the lack of abrasion indicates autochthonous accumulations, near the
coral reef or interfingering with the corals (Aigner 1983a; Beavington-Penney 2004;

Lessetal. 2011). Subordinate to extremely rare occurrence of Operculina ex. gr. gomezi
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and Discocyclina sp. in this facies support this theory (Ghose 1977; Hottinger 1997).
The occurrence of lithoclasts shows terrigenous plutonic input. This facies is interpreted
to represent Standard Facies 6, SMF 12 (Wilson 1975; Fliigel 1982, 2004).

5.3.3 Didymoticho

The city of Didymoticho is situated 85 km northeast of Alexandroupolis city (Fig.
16). Since no official geological map is available, therefore it is not given below. The
stratigraphy of the area is characterized by the ophiolitic- basement of the Rhodope
massif exposed close the limestone quarry of the Petroton hill (~100 m altitude) at the
Koufovouno village (2,5 km west of Didymoticho), overlain uncomfortably by the

Eocene carbonate succession (Fig. 25).

piasio Hapda g

Figure 25. The ophiolitic- basement of the Rhodope massif exposed close the limestone quarry
at the Koufovouno village (Thrace), overlain uncomfortably by the Eocene carbonate
succession.

The studied section is located (41° 21' 10.50" N/ 26° 29' 17.00" E) at the west of
Didymoticho city, where the unconformity contact is not observed. The exposed
outcrop consists of a carbonate succession of about 50 m thickness, without bedding
but with karstic caves, massive and light grey colored limestone (Fig. 26). It can be
characterized as reefal limestone, due to the abundant corals, algae, bivalves and LBF
fauna. Due to the very steep (almost vertical) surface of the outcrop, only the first
meters of the sequence were sampled. Four samples (DDM1-4) at 0.50 to 1.20 m

interval were collected. One more sample (DDM5) was collected from the slightly
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recrystallized limestone that overlies the ophiolites (near the quarry at the Koufovouno
village). The limestone is light gray and characterized by the presence of corals (also
reefal facies). A lithostratigraphical section is provided in Figure 27. The following two

microfacies were recognized.

R

——

Figure 26. The exposed outcrop at Didymoticho (Thrace) consists of a carbonate succession of
about 50 m thickness, without bedding but with karstic caves, massive and light grey colored
limestone.
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Figure 27. Stratigraphic log showing the qualitative abundances of components of
Didymoticho samples. Symbol legend: e abundant, o common, X rare.

5.3.3.1 MF 7: DDM 1-4, coralline algal- nummulitid bounstone to framestone
Description: At the sampled lower part of the outcrop, this facies is represented by
massive light grey limestone with scattered coral patches (Fig. 28b). The dominant
coralline red algae and the subordinate nummulitids of late Eocene age (Fig 28a) are
embedded in a wackestone packstone matrix, forming a boundstone to framestone. The
coralline algae are represented by encrusts, warty and fruticose growth forms as well as

by their debris, with Trypanites-like borings.

Figure 28. Description of microfacies types., MF7 (a) nummulitids and fibrous cement, DDM2
(Didymoticho section) (b) outcrop view of coral patch (Didymoticho section) MF8 (c)
endolithic bivalve, DDM2 (Didymoticho section) (d) peloids, DDM2 (Didymoticho
section), MF9 (e) miliolid, worm tube, bryozoan, AVT2 (Avantas section) (f) bryozoans,
orthophragmines, AVT2 (Avantas section), MF10 (g) fibrous aragonite cement, AVT3
(Avantas section) (h) outcrop view of coral (Avantas section), MF11 (i) heterosteginids,
AVT5 (Avantas section) (j) orthophragmines, AVT3 (Avantas section), MF12 (k) coral,
AVT14 (Avantas section) (1) encrusting coralline red algae, AVT15.1 (Avantas section).
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MF7

Main components:

corals, CRA, nummulitids
Subordinate components:
other LBF, small rotaliids,
planktonic foraminifera,
miliolids, bryozoans,
echinoids

Texture:
wackestone/packstone

MF8

Main components:

Corals, endolithic bivalves
CRA

Surbordinate components:
small rotaliids

Texture: wackestone/
packstone

MF9

Main components:
Corals, CRA, bryozoans
Subordinate components:
orthophragminids,
nummulitids,

miliolids, small rotaliids,
planktonic foraminifera,
echinoids, molluscs,
worm tubes

Texture:
wackestone/packstone

MF10

Main components:

radial fibrous aragonite
cement,

CRA, corals

Subordinate components:
LBF, small rotaliids,

miliolids, molluscs, ostracods
Texture:
wackestone/packstone

MF11

Main components:
orthophragminids,
heterosteginids,

CRA

Subordinate components:
other nummulitids,

small rotaliids, miliolids,
agglutinants, bryozoans,
corals, molluscs,

worm tubes

Texture: micritic matrix

MF12

Main components:

corals, CRA

Subordinate components:
small rotaliids, miliolids,
bryozoans, molluscs
Texture: micritic matrix
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Rhodoliths are rare in contrast to the relatively abundant fragments. Moreover,
along with the crust forms they enclose corals, bryozoan and foraminifera as nuclei.
Nummulitids are represented by flat to slightly robust Nummulites (N. ex. gr. fabianii,
N. cf. incrassatus) and the rare Operculina ex. gr. gomezi. Amphisteginids, other small
rotaliids, miliolids, uniserial and biserial foraminifera are common components.
Encrusting foraminifera are also noted. The foraminiferal tests do not exhibit any
abrasion. Planktonic foraminifera are also present but in low numbers. Other skeletal
grains are bivalves, echinoderm fragments and bryozoan debris (distribution and
qualitative abundances are summarized in Figure 27). Locally, fibrous calcitic thin rims
are observed (Fig. 28c¢).

Interpretation: According to Aigner (1983a), the isolated patches of coral colonies
that co-occur along with coralline red algae and microfauna of Nummulites indicate
shoal reef facies where very shallow, high-energy conditions prevail (Racey 2001; Less
et al. 2011). Additionally, the association of Nummulites and Operculina supports this
assumption (Ghose 1977). Their intact tests are inflated lenticular (characterized by D/T
ratio 2) implying that the assemblage is autochthonous and thrives in the shallowest
depths (Hottinger 1997; Renema 2002; Beavington-Penney 2004). The presence of the
rare occurrence of planktonic foraminifera places the microfacies on fore reef shoal

areas with the influence of the open marine environment.

5.3.3.2 MF 8: DDM 5, coralline algal- bivalve wackestone-packstone

Description: This microfacies is characterized by corals, red coralline algae forming
thin encrustations and rarely small rhodoliths in a wackestone packstone matrix.
Borings and valves of endolithic bivalves (Fig. 28c) are observed along with ostracod
valves. The foraminiferal assemblage consists of rare rotaliids. In this facies high open
porosity is documented bordered by carbonate cement as thin rims of fibrous calcite
crystals and filled up with calcitic cement. Peloids are also noted (Fig. 28d).

Interpretation: Endolithic bivalves penetrate the hard coral substrate. Their co-
occurrence as well as the low diversified biota suggests very shallow water conditions
up to 20 m depth (Kleemann 1980; Aigner 1983b; Bromley and Asgaard 1993; Jiménez
and Braga 1993).
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5.3.4 Avantas

Avantas village is located 10 km north of Alexandroupolis city. The sampled
section is situated to the northwest of the homonymous village and is well exposed
along the roadside from Avantas to Aisymi (40° 56' 16.10™" N/ 25° 54' 74.20" E) (Figs.
16, 29). It consists of basal, thick, red conglomerates underlying the Eocene marine
carbonate deposits of Avas Fm. This is followed by the Pylaea Formation (marls,
sandstones and some limestone interbeds; Papanikolaou and Triantaphyllou, 2010)
(Fig. 30). The Avas Formation consists of a compact, pink to grey massive nummulitic
limestone with a total thickness of 166 m (sampled strata), dipping southwest (Fig. 31).
Near the contact, the limestone is less compact, due to fracturing, pinkinsh in color and
full of corals, coralline algae and calcitic veins. Northwestwards, it becomes more
compact, grey colored and larger benthic foraminifera (LBF) become visible to the
naked eye. A total number of 15 samples (AVT 1-15) were collected with an interval

of 6 to 18 m, leading to four identified microfacies types.
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Figure 31. Sampling site from Avantas area (Thrace) showing the compact, pink to grey

massive nummulitic limestone of Avas Formation dipping southwestards.
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5.3.4.1 MF 9: AVT 1-2, bryozoan - coralline algae wackestone packstone

Description: The biogenic components of this microfacies are represented by corals,
Cheilostomate bryozoans as colonies and their debris (Fig. 28e, f) along with common
coralline red algae of lumpy, crust and foliose growth form within a wackestone to
packstone matrix. The LBF assemblage consists mainly of late Eocene flat to robust
orthophragmines (such as Asterocyclina, Orbitoclypeus), rare lenticular nummulites
and Operculina ex. gr. gomezi. Miliolids and other small benthic foraminifera are of
subordinate components (Fig. 28e) (distribution and qualitative abundances are
summarized in Figure 30). The LBF tests show low to moderate abrasion. Planktonic
foraminifera are also present. Macrofossils represented by fragments of echinoid’s
spine and plates, bivalves, rounded serpulid worm tubes and very small Trypanites-like
borings, observed on red algae and foraminifera.

Interpretation: The dominance of abraded detritus and the texture of this facies
indicate a high energy depositional environment, probably open circulation due to the
presence of planktonic foraminifera. The D/T ratio values (range from 2.31-4) are
indicative of shallower environments. The presence of abrasion of the foraminifera
suggests either para-autochthonous accumulations, or moderate current transportation
(Beavington-Penney 2004). Hence, this facies can be attributed to middle platform, near
the fair weather wave base (Flugel 1982, 2004).

5.3.4.2 MF 10: AVT 3-4, coral aragonite/ magnesian calcite cemented-

wackestone/packstone

Description: This microfacies is characterized by branching corals (Fig. 28h) and the
local development of radial fibrous aragonite/ magnesian calcite cement (Fig. 11g)
enclosing bioclasts, such as corals, bryozoans, coralline red algae and foraminifera. In
this microfacies corals are also found. Accessory components are the late Eocene
orthophragmines (Orbitoclypeus, Discocyclina and Asterocyclina), Heterostegina sp.,
Eoannularia eocenica, other small rotaliids and miliolids. Fragments of bivalves and
ostracods are present (faunal distribution and qualitative abundances are summarized in
Figure 30).

Interpretation: Radial fibrous crusts of rhombic calcite crystals indicate deposition
on shelf margin where tides and waves cause constant water movement through the
porous reef framework (Fligel 1982; Moore and Wade 2013). Abundant colonial
corals, coralline red algae, and the encrusting foraminifera supported this hypothesis.
This facies is interpreted as Standard Facies 5 (Wilson 1975; Fllugel 1982, 2004),
representing patch reef in a marine phreatic environment.
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5.3.4.3 MF 11: AVT 5-13.1, heterosteginid-orthophragminid packstone

Description: This microfacies contains a highly diverse, shallow marine biota,
composed mainly of foraminifera within a micritic matrix. The diverse assemblage is
represented by (A- and B-forms) of predominant latest Eocene lenticular to flattened
lenticular (Renema 2002) orthophragmines (Fig. 28j) and heterosteginids (Fig. 28i).
Specifically, Orbitoclypeus, Discocylina, Asterocyclina, Heterostegina cf. gracilis, H.
cf. reticulata, Spiroclypeus cf. carpaticus, common Nummulites ex. gr. fabianii, N. cf.
incrassatus, Operculina ex. gr. gomezi, rather frequent Silvestriella tetraedra,
Sphaerogypsina cf. globulus, Fabiania cf. cassis, rare Eoannularia eocenica,
Planorbulina cf. bronnimanni, Gyroidinella cf. magna and amphisteginids. Minor
elements are miliolids (such as Triloculina cf. trigonula, T. cf. tricarinata, Pyrgo sp.),
agglutinants and other small rotaliids. The LBF tests are flat to robust, locally display
slight inclination and moderate abrasion. Coralline red algae and their debris are
relatively abundant and are represented by rhodoliths, thin encrustations and foliose
growth forms. The encrustations occur around small foraminifera, bryozoans, or even
sediment matrix. Occurrence of Cheilostomate bryozoans, fragments of corals and
bivalves, serpulid worm tubes and Trypanites-like borings are noted (faunal distribution
and qualitative abundances are summarized in Figure 30).

Interpretation: The absence of both Pellatispira madaraszi and planktonic
foraminifera not in favor of a fore reef environment communicating with the open sea.
On the other hand, the abundant heterosteginids are indicative of low energy regimes
such as back reef lagoons and reef flats; orthophragmines are typical for deeper
environments, but they can also live in these conditions (Ghose 1977 and references
therein; Geel 2000). Moreover, orthophragmines that are characterized mainly by
inflated lenticular to less flattened lenticular tests (D/T ratio 2.45-5.41) amplify this
outcome. Additionally, the diverse microfauna of miliolids, rotaliids and textulariids
collaborate with this hypothesis as well. The low degree of abrasion of foraminiferal
tests, their inclination as well as the texture of the facies imply moderate action of
currents (Beavington-Penney 2004; Beavington-Penney et al. 2006). Based on the
synthesis of the above data, this microfacies can be interpreted as a back reef setting
very close to the reef or as a reef flat (Ghose 1977 and references therein; Geel 2000).
This facies is interpreted as Standard Facies 7 (Wilson 1975; Fliigel 1982, 2004).
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5.3.4.4 MF 12: AVT 14-15.1, coral/coralline algae framestone/boundstone

Description: Colonial corals (sheet-like and platy ones; Fig. 28k) and coralline red
algae (Fig. 28l) are almost the exclusive constituents of this microfacies. Algae are
represented by thin encrustations, fruticose growth forms and also by their debris.
Cryptalgal laminar crusts are noted. Various encrusting organisms contribute to the
stabilization of the sediment binding of the grains. Few bryozoans are present. In places,
rare miliolids and small rotaliids occur. Fragments of bivalves and gastropods are
accessory components (distribution and qualitative abundances are summarized in
Figure 30).

Interpretation: This facies is interpreted as Standard Facies 5. SMF 7 (Wilson 1975;
Fligel 1982, 2004), verified by coral colonies that create framestones to boundstones.
This is also supported by the associated micro- and macrofauna.

5.3.5 Palagia

Several outcrops along the provincial road from Alexandroupolis to Sapes (Fig. 16,
29) were sampled and documented as they depict the transition from the Cretaceous to
middle- late Eocene and finally the Oligocene deposits. The Cretaceous referred to a
massive, gray limestone that is overlain tectonically by a conglomerate that passes into
a pebbly limestone that upwards become sandy; where one sample was collected, S3
(40° 54' 00.00" N/ 25° 50' 20.60" E, Fig. 32).

Following, the middle-upper Eocene gray massive limestone is characterized by
LBF fauna where two more samples were collected. The first (S2, 40° 53' 97.00" N/
25° 50' 17.00" E) derived from a massive light gray limestone containing monomictic
microfauna of nummulitids (Fig. 33). The second one (S1, 40° 53' 88.60" N/ 25° 50'
23.30" E) came from a sandy horizon of the limestone and comprises diverse
microfauna of nummulitids and orthophragminids. Finally, above the limestones lies
the Pylaea Fm, represented in this site by mudrocks and light beige-colored sandy layers
with lamination. A lithostratigraphic column is given in Figure 34.
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Figure 33. Massive light gray limestone containing monomictic microfauna of nummulitids
from Palagia section (Thrace).
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In this area, three microfacies (MF3, MF6 and MF13) were distinguished, two of
them displaying similar features to MF3 of Pylaea (grainstone with encrusting and other
rotaliids and miliolids) and MF6 of Maronia (nummulitic packstone) respectively.
Hence, they are not described here.
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Fig. 34. Stratigraphic log showing the qualitative abundances of components of Palagia
samples. Symbol legend: e abundant, o common, X rare.

5.3.5.1 MF 13: LBF packstone/wackestone

Description: LBF comprise the predominant component that are embedded within
a grainstone matrix of poor sorting (Fig.35b). Coralline red algae as fragments,
rhodoliths and thin encrusts (including matrix as nuclei) are relatively abundant, while
on some of them borings of Trypanites-like are noted (Fig. 35a). Fragments of bivalves,
bryozoans, spines of echinoids and seprulid tubes are of subordinate importance. Small
rotaliids, textulariids and miliolids are minor elements. The flat-shaped (avg. D/T ratio
>7.33) LBF (latest Eocene) assemblage is represented by common Spiroclypeus sp. and
orthophragmines (Discocyclina sp. and Asterocyclina sp.). N. fabianii, Operculina ex.
gr. gomezi, Pellatispira madaraszi, Sphaerogypsina cf. globula, Planorbulina cf.
bronnimanni, Gyroidinella cf. magna, Pararotalia sp. and amphisteginids also occur
(distribution and qualitative abundances are summarized in Figure 34). LBFs’ tests are
generally abraded, displaying breakages and damages on the terminal chamber. Several
rounded and angular pebbles of terrestrial origin are also documented along with small
quartz grains. Some of these pebbles form the nuclei for encrusting foraminifera, most
likely Miniacina.
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MF13

Main components:

LBF, CRA

Subordinate components:
small rotaliids, miliolids,
agglutinants, bryozoans,
echinoids, worm tubes,
molluscs

Texture: grainstone

MF14

Main components: LBF
Subordinate components:
small rotaliids, planktonic
foraminifera, bryozoans,
worm tubes, CRA,

Texture: grainstone

MF15

Main components:

Assilina alpina

Subordinate components:
other nummulitids,
Discocyclina sp., S. tetraedra,
small rotaliids, miliolids,
echinoids, bryozoans, corals
Texture: micritic matrix

MF16

Main components:

corals, gastropods
Subordinate components:
nummulitids, miliolids,
orthophragminids, small
rotaliids, CRA, bryozoans
Texture: micritic matrix

Figure 35. Description of microfacies types. MF13 (a) rhodolith of coralline red algae with
Trypanites-like borings, S1 (Palagia section) (b) orthophragmines, heterosteginids,
Sphaerogypsina globula, S1 (Palagia section), MF14 (c) lithoclasts, LM2 (Lemnos Island)
(d) orthophragmines and nummulitids, LM2 (Lemnos Island), MF15 (e) coral and
Nummullites sp., SAM1.1 (Samothraki Island) (f) Assilina alpina, Discocyclina sp.,
Nummulites sp., SAM1 (Samothraki Island), MF16 (g) coral and encrusting coralline red algae,
SAM2 (Samothraki Island) (h) nummulitids and miliolids, SAM2 (Samothraki Island).

Interpretation: The diverse benthic microfauna is indicative of fore reef settings (e.g.
Ghose 1977; Hottinger 1997; Setiawan 1983; Hallock and Glenn 1986; Bassi et al. 2000;
Geel 2000; Cosovi¢ et al. 2004; Bassi 2005; Less et al. 2011). The texture as well as the
highly abraded foraminiferal tests imply high energy conditions (Setiawan 1983;
Beavington-Penney 2004; Beavington-Penney et al. 2006; Ferrandez- Cafiadell 2018).
Moreover, many bioclasts show infilling of glauconite leading to the assumption of deeper
water conditions with low sedimentation rate (Odin and Matter 1981 and references therein).
Similar characteristics have been identified by Bassi (2005) as channel structures generated
by sporadic storms. All evidence suggest a middle platform near the FWWB and storm wave
base (Hottinger 1997; Setiawan 1983; Geel 2000; Renema 2005). This facies is interpreted
to represent Standard Facies 4 (Wilson 1975; Flligel 1982, 2004).
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5.3.6 Lemnos Island

The sampled outcrop is situated (39° 48' 56.62" N/ 25° 21' 59.59" E) on the Agios
Sozon hill north of Fissini village (Figs. 16, 36). The exposed Lutetian-Priabonian to
Lower Miocene sedimentary succession is intruded and covered by volcanic deposits
(Innocenti et al. 1994; Papanikolaou and Triantaphyllou 2019). The lower part of the
succession (Fissini-Sardes Unit, middle-upper Eocene to middle Oligocene) consists of
several meters thick deep-marine turbidite deposits including olistoliths of nummulitic
pebbly limestone blocks. Samples derived from olistoliths, are characterized by blue to
gray color and a diverse microfauna. Moreover, a spot surface sample was collected
directly next to the olistolith, as scattered microfossils were found within. Despite they

are a weathering product; they will contribute significantly to the systematic taxonomy.
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Figure 36. Geological map of Agion Sozon Cape in SE part of Lemnos Island, a red star depicts
the sampling site (modified from I.G.M.E. 1993).

5.3.6.1 MF 14: orthphragminid-nummulitid packstone/wackestone

Description: This microfacies is characterized by abundant orthophragmines and
nummulitids (Fig. 35d), embedded in a grainstone matrix. Orthophragmines are
represented by abundant Orbitoclypeus (avg. D/T ratio 2.11), common Asterocyclina
(avg. D/T ratio 3.17) and common Discocyclina (avg. D/T ratio 6.26). Nummulitids are

only represented by A-forms of common in situ Nummulites (avg. D/T ratio 1.92),

99



redeposited giant representatives of the Nummulites millecaput-maximus group as well
as common to rare Heterostegina reticulata. Rare small rotaliids, Sphaerogypsina cf.
globula, nodosariids and biserial foraminifera are also noted. Another common
component is the planktonic foraminifera. LBF bioclasts abrasion ranges from
undamaged to highly abraded and fragmented, while they exhibit chaotic stacking to
linear accumulation. Debris of coralline red algae, fragments of bryozoans and rare
worm tubes are also recorded. It is worth mentioning that the existing pebbles are
distinguished into three categories according to their nature and content. Pebbles
containing LBF assemblage, pebbles with pelagic association of planktonic
foraminifera and finally the ones of terrestrial origin (Fig. 35c).

Interpretation: This facies is dominated by polymictic and diverse fauna of
foraminifera characterizing different time spans. Bioclasts of Bartonian are
documented. Thus, their redeposition is clearly concluded and most possibly can be
attributed to the syn-rifting. This fact is also evidenced by the lithoclasts of different
origins (pelagic to terrestrial). However, based on the undamaged foraminifera referring
to the same time frame and their flat shape, outer shelf conditions can be assumed.

5.3.7 Samothraki Island

A few samples were provided from the Kipos Cape located at the eastern end of
Samothraki Island (Figs. 1, 37). They were collected from the middle-upper Eocene
carbonate succession (about 100 m thick) overlain the Cretaceous diabase. It comprises
a compact, dark grey limestone containing a diverse micro- and macrofauna of LBF
(e.g., Nummulites, Assilina, Discocyclina), corals, algae and molluscs respectively.
Samples were collected from a non-stratified 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
conditions to the other studied sections. The following two microfacies types could be
distinguished.

5.3.7.1 MF 15: Assilina alpina- coral packstone

Description: This microfacies is dominated by mass occurrence of large-sized
Assilina alpina (avg. D/T ratio 12.1) and sheet-like, platy and branches corals
distributed in dark grey micritic matrix (Fig. 35e, f). Other late Eocene bioclasts are the

common N. fabianii, the rare Heterostegina sp., Discocyclina sp. (Fig. 35f),
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Silvestriella tetraedra, Sphaerogypsina cf. globula, Gyroidinella magna, biserial
foraminifera and scarce miliolids and Asterigerina sp. Planktonic foraminifera are
absent. Subordinate components are echinoid spicules and fragments of bryozoans.
Nummulitids’ tests are characterized by contact imbrication and linear accumulation.

Bioclasts show low grade of abrasion.
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Figure 37. Geological map of Kipos Cape in east end of Samothraki Island, sampling site is
depicted by a red star (modified from 1.G.S.R. 1972).

Interpretation: Hottinger (1997) places Assilina alpina, when co-occurs with
Nummulites, Heterostegina and Discocyclina in the upper photic zone (maximum depth
of 40 m). This hypothesis is supported by the presence of Discocyclina and the flat
shape of almost all foraminiferal tests. The occurrence of platy and sheet-like corals,
suggests relatively deep settings of the middle platform. The linear accumulation of the
tests as well as the micritic matrix indicates relatively shallow water conditions,
influenced by current action. Most probably, this facies is interpreted as middle

platform deposits.

5.3.7.2 MF16: coral-gastropod wackestone/framestone

Description: This facies is characterized by abundant corals (Fig. 35g) (sheet-like
and branched forms) and gastropods embedded in the same dark gray micritic matrix.
Bioclasts of corals are coated by encrusting foraminifera most likely belonging to

Miniacina. Coralline red algae forming rhodoliths (borings of Trypanites-like are
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noted) and encrustations, show fair abundance. In contrast, foraminifera are represented
by the common miliolids, the rare nummulitids of late Eocene (Fig. 35h) (N. fabianii,
A. alpina), orthophragmines, the scarce Asterigerina sp. and Sphaerogypsina cf.
globula. Minor elements are bryozoans and echinoid spicules. Almost no abrasion is
observed on the foraminifera tests.

Interpretation: The synthesis of the assemblage and its low abundance suggest
ashallow-water settings of the middle shelf. According to Bosellini and Papazzoni
(2003), Miniacina occurs at both shallow and deeper depths. The nearly intact
foraminiferal tests imply either moderate to low energy water conditions or a coral-

protected environment.
5.4 DISCUSSION AND CONCLUSIONS

5.4.1 Depositional model

A depositional model resulting from the microfacies analysis is provided in Figure
38. The schematic aspect of the model displays the main features of the rimmed
carbonate shelf developed in the western (Greek) part of the Thrace basin. These are
the paleotopography associated with the paleodepth, as well as the distribution of the
microfacies. Paleoenvironments, concerning their characteristics, are described in
detail as follows.

The inner shelf is divided into two sub-environments, represented by grainstone and
foraminiferal packstone, respectively. Both are characterized by the absence of
planktonic foraminifera and the presence of miliolids, agglutinants and rotaliids
(mainly encrusting foraminifera). All these suggest a restricted environment with
vegetation cover with limited circulation or communication with the open sea. Their
position regarding the reef is determined by the matrix and the differences in the faunal
association. Thus, the striking occurrence of orthophragminids and heterosteginids
(MF11) and the micritic matrix suggest low energy water conditions, in transitional
facies from the backreef to the reef. However, their absence, the shift to grainstone and
the terrigenous input in MF3 imply moderate water energy, positioned closer to land
than to reef.

The middle shelf is characterized by wackestones/packstones (locally boundstones)
dominated by corals, coralline red algae and large benthic foraminifera, occupying the
first 40 m of the water column. Based on the microfacies analysis, it is divided into two
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parts: the fore-reef and the reef core associated with platform margins and shoals. The
transition from the inner to the middle platform is marked by the presence of abundant
corals, coralline red algae as well as radial fibrous cement, all evidenced by the MFs 7,
8, 10, 12 and 16. These facies represent the higher part of the reef core where the
massive corals grow under low energy water regime, and the sedimentation is
controlled by tides and currents. Adjacent and slightly deeper to the platform margins,
nummulitic packstones (MF6) and interfingering shoals with the presence of
peneroplids (MF4) create barriers. They protect the reef core as they absorb the high
energy of the strong wave action. The absence of planktonic foraminifera and the good
preservation of fossil tests of the reef core facies, along with the presence of bryozoans
and the increase in biodiversity of the fore-reef facies, reflect the gradients between the
two parts. From the fore-reef, three laterally developed sub-environments were
distinguished. The upper fore-reef sub-environment (MFs 5, 9) is characterized by
wackestones/packstones dominated by bryozoans’ fragments and abraded tests of large
benthic foraminifera (nummulitids and orthophragmines). This suggests high energy
conditions and vegetated substrates. The change from the previous MFs to the adjacent
MF15, is justified by the noteworthy reduction of bryozoans, orthophragmines and the
striking increase of Assilina alpina. Based on the linear accumulation of their tests, a
current/wave-dominated sub-environment is attributed that probably operated as a
barrier. The same conditions but with an increase in vegetation cover (MF2) occur at
the distal part of the middle platform, above the strong wave base. This change is
associated with the increase in the Silvestriella tetraedra population.

The outer platform described in this study refers to its proximal part with a range
depth of 40-60 m. The change of conditions from the middle to the outer platform (MF1,
13) is strongly correlated with the shift and high diversity in the fossil content. This
shift is marked by the increase and dominance of flat orthophragmines, the increase of
flat Nummulites, and finally the presence of heterosteginids and Pellatispira madaraszi.
The foraminiferal tests of MF1 exhibit low degree of abrasion, in contrast to those of
MF13. Additionally, the matrix ranges from grain-supported (MF13, 14) to micritic-
supported (MF1). All these lead to the assumption either of a deepening trend and a
decrease in the hydrodynamic regime, or that MF13 and 14 was a high-energy storm-
induced episode of MF1. According to the worm tubes on the orthophragmine tests’
and the fact that the tubes are covered by lateral orthophragmine chamberlets, a muddy

bottom is attributed.
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5.4.2 Remarks on the timeframe and comparison to the eastern part of the
Thrace Basin

The region of the Thrace basin during Eocene represents in general a shallow
carbonate platform. It is well known that the Greek part of the Thrace basin suffered
from both severe tectonic and volcanic activity, affecting the paleotopography of the
basin (Papanikolaou and Triantaphyllou 2010). According to the present study, it
comprises two stages of development during the middle-late Eocene. In the first stage,
an older platform seems to have been operated as evidenced by the occurrence of
remains of late Lutetian to early Bartonian assemblages. According to Dimou et al.
(2021), the redeposited fauna recovered from the Kirki area of the corresponding age,
constitutes the remains of this platform. Nevertheless, the initial formation cannot be
found as it is demolished due to tectonics or underlies a new transgression, hence for
research purposes we consider this as a distinct Formation (“Phantomas” Formation).
This transgressive episode (T1, conglomerate containing clasts of Assilina exponens)
marks the closure of this platform and the launching of the rise/operation of a younger
Bartonian-Priabonian one. Assemblages of similar age have only been described in the
NW part of Gékgeada Island from Ozcan et al. (2010), including them to Sogucak Fm.
However, Kopp (1964, 1965) found a similar assemblage in the carbonate layers from
the NE part of Gokgeada Island, including them in Avas Fm (e2n; Kopp 1964), and in
the transgressive conglomerate near Kirki (e2b; Kopp 1965) considering it as a marine
stage of the transgression.

The second stage of development refers to the operation of a late Bartonian to
Priabonian platform. The Bartonian is reported only from MF 14 (Lemnos Island)
represents middle to outer shelf settings with high energy water conditions, as opposed
to Priabonian which is found widespread in the mainland. Calcareous nannofossil
evidence (biozone NP 19-20) from the clastic sediments just below the Avas Fm
limestones further supports the Priabonian age (Papanikolaou and Triantaphyllou
2010). It should be noted that redeposited mixed fauna has been recorded, as well as
clasts of terrigenous origin, clasts of the deeper open marine environment and also
clasts containing microfauna most likely from “Phantomas” Fm. In the Turkish part,
the Bartonian is well exposed in several outcrops such as Akoren, Hacimasgli, Samlar,
Catalca, Tayfur, Besyol and Murefte sections that operated mainly as inner and outer
platform (Ozcan et al. 2010; Less et al. 2011). Ozcan et al. (2010) concluded in four

phases of deposition/drowning of the platform, with a WSW to ENE transgression.
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Therefore, these could justify the demise of the “Phantomas” Fm as well as the
Bartonian age of Avas Fm.

The Priabonian in the whole basin refers to three main environments (inner, middle
and outer platform) with the distinction of several sub-environments. During this
period, the development of coral reefs took place in the Avantas (MF12) and
Didymoticho (MF7) regions, referring to the shallowest part of the reef. The
development of patch reefs, suggests the establishment of a rimmed carbonate platform
similar to that of the Turkish part. Basinwards, in the upper part of the middle shelf, the
nummulitic-packstone (MF6) is formed in interfingering with shoal deposits (MF4).
Both of them most likely operated as a barrier. The almost monospecific banks of N.
fabianii recognized in the Maronia and Palagia sections, are equivalent to those reported
by Less et al. (2011) in Kirklareli (samples KIRK 12, B15 and D1), Dolhan, Pinarhisar
(samples PINAR 1, 6 and 9) and in Kiyikdy (samples KIY 1 and 2). Moving deeper to
the middle shelf, to the distal outer platform an Assilina bank is formed in shallow wave
dominated environment (MF15). Nevertheless, references for corresponding Assilina
packstones noted from Samothraki Island (present study), are not found. In the upper
fore-slope settings of the middle platform (MF5) high energy water regime and the
strong action of waves are reported.

Later on, the microfacies analysis of the Pylaea section indicates that was operating
mainly as an outer platform of low energy regime. However, in the middle part of the
section, a regression episode (R1) is supposed based on the appearance of MF2. During
this period, the water depth decreases, and the substrate consists of marine vegetation.
This episode is also marked in the wider area towards the mainland, by the Biophase |
of the Fanari area (Dimou et al. 2023) and the protected areas of the inner shelf. Behind
the reef core, the back-bank deposits are occupied by the lower part of Avas Fm.
Microfacies analysis of MF3 reported from the Pylaea area and Palagia section reveals
a restricted/ lagoon type inner platform setting, also reported from the Turkish part by
Turgut and Eseller (2000). Moreover, the back reef setting is very close to the reef or
reef flat- type of MF11 where moderate water-conditions have been assigned. This
facies is indicated by the Avantas section. According to Ozcan et al. (2010), the samples
from the Mecidiye region represent fauna equivalent to that of MF11.

Continuously, a second transgressional episode (T2) occurred. Traces of this event
is initially documented by Biophase 111 of the Fanari area (Dimou et al. 2023) attributed

to the upper part of the fore-slope, most likely between the FWWB and the storm wave
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base. T2 with similar settings to Biophase Ill, is also evident in the upper part of the
Pylaea section where moderate energy conditions prevailed at a depth of approximately
40-60 m, with the foraminiferal tests being the only solid substrate in a muddy
environment (MF1). Additionally, similar but slightly shallower deposits were
described in MF13. At the time of the sea-level rise, Avantas (MF10) and Didymoticho
(MF8) operated again as the highest parts of the coral reef and yet the deepening
continued (MF9). According to Less et al. (2011), Catalca (Cat B) and Kirklareli (Kirk
19) correspond to the outer shelf conditions.

Apart from the Bartonian transgression, localized changes in water depth are
controlled by regressive/transgressive episodes. However, the cause that triggered the
sea level fall/rise during these episodes could be related either to tectonic events or
global fluctuation but is not studied in this research. These episodes are less intense
compared to those of the Bartonian and they are evidenced by the deepening trends of
the Pylaea’s and Fanari’s deposits. Finally, the platform submerges under the new

Oligocene transgression.
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CHAPTER 6. Eocene Benthic Foraminifera from Fanari:
taxonomy and paleoenvironmental inferences

6.1 INTRODUCTION

Most of the information concerning the micropaleontological content of western
Thrace basin, derived mainly from stratigraphers of 60’s and 70’s. Christodoulou
(1957) was the first who reported, from Samothrace Island, a Priabonian assemblage of
LBF and also Asterigerina rotula, Eorupertia cristata, Schlosserina sp., Textularia sp.,
Pyrgo sp., Triloculina sp., Nodosaria sp., Robulus sp., Epistomina sp., and Globigerina.
A decade after, Kopp (1965) after personal communication with Dr. Ellermann,
characterized the lower part of a section near Doriko as marine and listed the following:
Bathysiphon filiformis Sars, Cyclammina acutidorsata (Hantken), Haplophragmoides
cf. obliquecarinatus Marks, Spiroplectammina carinata (d' Orbigny), Quinqueloculina
sp., Dentalina soluta (Reuss), Guttulina problema d' Orbigny, Globulina gibba d'
Orbigny, Virgulina schreibersiana Czizek, Bolivina punctata d' Orbigny, Bulimina
truncata Gumbel, Nonion soldanii (d 'Orbigny), Nonion affine (Reuss), Nonion cf.
boueanum (d' Orbigny), Gyroidina soldanii girardana (Reuss), Eponides haidingeri (d'
Orbigny), Cancris turgidus Cushman & Todd, Almaena (Pseudoplanulinella) sp.,
Cibicides lobatulus (Walker & Jacob). Later, Zagorchev et al. (2010) noted also from
Samothrace Island, the occurrence of Asterigerina cf. lancicula, Haddonia heissigi,
Sphaerogypsina sp., Gypsina sp. among LBF. However, all these previous publications
do not perform fully quantitative analysis of benthic foraminifera and they do not
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include systematic descriptions or illustrations, as they mainly focus on the
stratigraphy.

Fanari section was chosen because of the good preservation of the foraminiferal
content and the thorough data of the uppermost Eocene. The age assignment was well-
established based on the Large Benthic Foraminifera (LBF) recovered from the same
material studied here (Dimou et al. 2023).

The aim of this research is to present a comprehensive (in cases revised) and complete
systematic analysis of benthic foraminifera of Priabonian of the western Thrace basin,

as well as to provide a paleoenvironmental interpretation.

6.2 MATERIAL AND METHODS

The studied material was collected from a stratigraphic section which is located at
the coastline of Fanari village (30 km southwest of Komaotini city). Additionally, three
spot samples were collected from Pylaea, Kirki and Lemnos Island respectively, in
order to compare the foraminiferal content and the paleoenvironmental conditions. The
geological setting, the stratigraphy of the sections as well as the sampling procedure
were described in detail in previous chapters (Dimou et al. 2023: chapter 4, 5), thus
they will not be further discussed.

Foraminiferal analysis was carried out on twenty-four sediment samples. Firstly, all
of them (250 gr dry weight) were soaked in water, to which diluted Hydrogen Peroxide
(H202, 70%) was added to accelerate the process of disaggregation. Continuously, they
were washed over a 125 um sieve. The final sieved residues were air-dried at room
temperature. Afterwards, due to the high-density samples were split into representative
fractions using a micro-splitter. All the included specimens were collected.

All the material was studied, identified and photographed under Zeiss Stemi 305
trinocular microscope. The best preserved and representative specimens were selected
and coated with Au for Scanning Electron Micrography (SEM), used for taxonomical
purposes, using the Jeol JSM-840A microscope of the scanning microscope laboratory
of the Aristotle University of Thessaloniki. However, several specimens were charging,
therefore they were scanned with the low vacuum method. All illustrated material is
deposited in the Museum of Geology, Palaeontology, Palaeoanthropology of Aristotle

University of Thessaloniki.
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6.3 DATA ANALYSIS

Absolute abundance of each species across the study interval was calculated.
Absolute abundances were preferred as many species show very low number of
specimens making relative abundances not an appropriate method for the purposes of
this study. Additionally, the heterogeneity evaluation expressed by the Shannon Wiener
diversity Index (H”) was succeeded through the Past3.exe software package (Hammer
et al. 2001). Foraminifera were distinguished as epifaunal and infaunal species.
Moreover, epiphytic foraminifera were divided into four major categories (A, B, C, D)
according to Langer (1993). This differentiation groups different species in
morphotypes according to their life mode, their life span and the way they move.

Finally, Principal Component Analysis (PCA), Q-mode and R-mode Hierarchical
Cluster analysis were performed to extract ecological information derived from the
separated assemblages from single samples using IBM SPSS Statistics Package v 28.0
(2021) statistical software. These methods are often used in foraminiferal analysis in
order to countify the community structure of the foraminifera fauna (Schmiedl et al.
1997; Schonfeld 2002; Mendes et al. 2004). Euclidean distances as a similarity index
and Ward’s Minimum Variance method were used for determining the species groups
and also to extract the ecological information from them. The analysis performed on
species that attain a frequency of 5% at least in one sample. Data were logarithmically
transformed to reduce the score and the bias of other abundant species that may have

otherwise masked the effect of less abundant species.

6.4 RESULTS

6.4.1 Systematic paleontology

Rich benthic foraminiferal fauna was recovered which is associated with planktonic
foraminifera, ostracods, numerous molluscs (bivalves and gastropods), echinoid spines
and test fragments, bryozoans, brachiopods, siliceous sponge spicules and several
fishbones. The highly diversified assemblages comprise 76 pecies. Benthic
foraminifera taxonomy follows the systematic classification of Loeblich and Tappan
(1988). Identifications are mostly to species level except for planktonic foraminifera

(genus level). Geographical range distribution is given in taxonomy descriptions.
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Order Astrorhizida

Suborder Astrorhizina

Superfamily Astrorhizoidea Brady 1881

Family Rhabdamminidae Brady 1884

Genus Psammosiphonella Avnimelech 1952

Psammosiphonella cylindrica (Glaessner 1937)

Plate 1, Fig. 1

1937 Rhabdammina cylindrica Glaessner, p. 354, pl. 1, figs. 1

2005 Psammosiphonella cylindrica (Glaessner); Kaminski & Gradstein, p. 145,

pl. 6, figs. 1-5

2016 Psammosiphonella cylindrica (Glaessner); Moura de Mello, p. 47, pl. 1, fig. 5
Remarks: Test agglutinated, straight and cylindrical with thick wall. All recovered
specimens show moderate preservation.

Occurrence: The species rarely occurs in all samples of the upper part of the sequence

and in samples FANA 2, 5 and 8-10 with slightly lower numbers.

Genus Rhizammina Brady 1879

Rhizammina sp.

Plate 1, Figs. 2-3

Description: Specimens are large with tubular tests that in cases are branched. Wall is
finely agglutinated.

Remarks: All recovered specimens show moderate preservation.

Occurrence: This species occurs rarely in samples FANB 15, 16, 20, 21 of the upper

part of the sequence and in samples FANA 1-2, 7-8 of the upper part.

Suborder Hippocrepinina

Superfamily Hippocrepinoidea Rhumbler 1895

Family Hyperamminidae Eimer & Fickert 1899

Genus Hyperammina Brady 1878

Hyperammina sp.

Plate 1, Fig. 4

Description: Specimens are fragments with straight and tubular shape. Their wall is
coarsely agglutinated.

Remarks: All recovered specimens present moderate preservation.

Occurrence: This species is rare in samples FANA 5, 7, 10 and in FANB 16, 19, 20-21.
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Suborder Hosmosinina

Superfamily Hormosinelloidea Rauzer-Chernousova & Reitlinger 1986

Family Hormosinellidae Rauzer-Chernousova & Reitlinger 1986

Genus Hormosinella Shchedrina 1969

Hormosinella sp.

Plate 1, Fig. 5

Description: Test elongated with oval chamber. Wall coarsely agglutinated.

Remarks: All recovered specimens present poor preservation.

Occurrence: This species is found only in samples FANB 19 and 20 but in very low

numbers.

Order Spirillinida

Suborder Ammodiscina

Superfamily Ammodiscoidea Reuss 1862

Family Ammodiscidae Reuss 1862

Genus Ammodiscus Reuss 1862

Ammodiscus sp.

Plate 1, Figs 10a-10b

Description: The test is discoidal in shape and thin. It is planispirally coiled with
depressed coil sutures. Only the outermost whorl is noticeable. Wall is finely
agglutinated.

Remarks: All recovered specimens present moderate preservation.

Occurrence: This species is found only in samples FANA 1-2, 8 and FANB 16, 20 with

few specimens.

Order Lituolida

Suborder Lituolina

Superfamily Lituoloidea

Family Haplophragmoididae Maync 1952

Genus Haplophragmoides Cushman 1910

Haplophragmoides sp.

Description: Test agglutinated, planispiral, wall test coarsely agglutinated.

Remarks: The specimens included here are poorly preserved and do not show any

morphological features.
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Occurrence: Only two specimens were recovered from the lower part of the section
(FANA 6 and FANA 3).

Suborder Verneulinina

Superfamily Verneuilinoidea Cushman 1911

Genus Gaudryina d’Orbigny 1839

Gaudryina pyramidata Cushman 1926

Plate 1, Fig. 6

1926 Gaudryina laevigata Franke var. pyramidata Cushman, p. 587, pl. 16, fig. 8
2001 Gaudryina pyramidata Cushman; Alegret & Thomas, p. 285, pl. 6 fig. 4
2016 Gaudryina pyramidata Cushman; Moura de Mello, p. 68, pl. 5, fig. 6
Description: Test agglutinated, pyramidal in shape with acute periphery.
Remarks: All recovered specimens present good preservation.

Occurrence: This species occurs in almost the whole sequence except samples FANA
8, 12-15.

Order Textulariida

Suborder Textulariina

Superfamily Textularioidea Ehrenberg 1838

Family Textulariidae Ehrenberg 1838

Subfamily Textularioidinae Loeblich & Tappan 1984

Genus Textularia Defrance 1824

Textularia sp. 1

Plate 1, Fig. 9

Description: Enlongated, rounded and almost straight test with heavy ornamentation.
The aperture is a slit at the base of the apertural face with a narrow lip.

Remarks: The recovered specimens were broken at the end of the test and therefore the
aperture was not visible.

Occurrence: Very few specimens were recovered from samples FANA 3, 7-8 and
FANB 17, 21.
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Textularia sp. 2

Plate 1, Fig. 7

Description: Test is biserial, compressed in the longitundinal axis, triangular in lateral
view. Wall is finely to slight coarsely agglutinated. Chambers gradually increasing in
size. Aperture is an arch at the base of the apertural face.

Remarks: The specimen show good preservation.

Occurrence: Only one specimen was recovered from the lower part of the sequence,
FANA 6 sample.

Textularia sp. 3

Plate 1, Fig. 8

Description: Test is large, biserial, triangular to circular in lateral view. Wall is coarsely
agglutinated. Chambers gradually increasing in size.

Remarks: The specimen shows good preservation. It is distinguished from Textularia
sp. 1 due to the circular shape and coarsely perforated wall.

Occurrence: Only one specimen was recovered from the lower part of the sequence,
FANA 6 sample.
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Plate 6. Foraminiferal species. 1. Psammosiphonella cylindrica (Glaessner) FANA 8, 2-3.
Rhizammina sp.; 2. FANB 16, 3. FANA 7, 4. Hyperammina sp. FANB 16, 5. Hormosinella
sp. FANB 20, 6. Gaudryina pyramidata Cushman FANA 6, 7. Textularia sp. 2 FANA 6, 8.
Textularia sp. 3 FANA 19, 9. Textularia sp. 1 FANA 6, 10. Ammodiscus sp. FANB 18.
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Order Miliolida

Suborder Miliolina

Superfamily Miliolidea Ehrenberg 1839

Plate 7, Figs. 1, 2a-b

Remarks: Almost all recovered representatives of this superfamily are poorly
preserved. Nearly all specimens show dissolution of their test. Based on the
morphology of the remaining internal casts, it can be concluded that there are more than
three genera.

Occurrence: They occur in all samples with the highest abundance in sample FANA 6.

Family Hauerinidae Scwager 1876

Genus Quinqueloculina d’ Orbigny 1826

Quingueloculina sp. 1

Descpriction: Test ovate to round in outline, triangularly in cross section. The wall is
calcareous, porcelaneous and with smooth surface. Chambers in quinqueloculine
arrangement and acute creating ridges.

Remarks: Only one specimen was recovered with moderate to poor preservation.
Occurrence: Quinqueloculina sp. 1 is recovered only from FAN B 17 sample (upper

part of the section) from the 250 um sieve residual.

Quingueloculina sp. 2

Descpriction: Test elongated and ovate with chambers in quinqueloculine arrangement.
The wall is calcareous, imperforate and moderately thick. At the end of the last
chamber, a short neck is visible.

Remarks: Only one specimen was recovered. Its preservation is poor as it is broken
along the perpendicular axis. Thus, the aperture is also destroyed.

Occurrence: Quinqueloculina sp. 2 is recovered only from FAN B 17 sample, from the
250 um sieve residual.

Order Vaginulinida
Family Vaginulinidae Reuss 1860
Subfamily Marginulininae Wedekind 1973

Genus Vaginulinopsis Silvestri 1904
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Vaginulinopsis sp.

Plate 7, Fig. 3

Description: Test elongated. In early stages is planispirally coiled but the later chambers
are uncoiled. They gradually increase in width. Aperture is terminal.

Remarks: The preservation of the tests are moderate.

Occurrence: Only three specimens were recovered from the upper part of the sequence
(FANB 15, 18-19).

Subfamily Lenticulininae Chapman, Parr and Collins 1934

Genus Lenticulina Lamarck 1804

Lenticulina inornata (d’ Orbigny 1846)

Plate 7, Figs. 4a-c

1846 Robulina inornata d’ Orbigny, p. 102, pl. 4, figs. 25, 26

1982 Lenticulina inornata (d’ Orbigny); Foraminiferi Padani, pl. 10, figs. 4, a

1985 Lenticulina (Robulina) inornata d’ Orbigny; Papp & Schmid, p. 43, pl. 31, figs.
6-8

1986 Lenticulina inornata (d’ Orbigny); Rupp, p. 64, pl. 26, figs. 6, 7

Description: Test planispiral, involute and lenticular. Chambers gradually increasing.
Sutures slightly oblique, bent backward. Aperture terminal and radiate.

Remarks: The preservation of the tests varies from sample to sample. They mainly
present good preservation, however several specimens are broken.

Occurrence: This species is common throughout the sequence, except samples FANA

1 where none was recovered.

Lenticulina calcar (Linnaeus 1758)

1758 Nautilus calcar Linnaeus, p. 704 (fide Ellis & Messina, 1940)

1982 Lenticulina calcar (Linnaeus); Foraminiferi Padani, pl. 9, figs. 3, a

1985 Lenticulina (Robulina) calcar (Linnaeus); Papp & Schmid, p. 42, pl. 30, figs. 1-3
1991 Lenticulina calcar (Linnaeus); Cimerman & Langer, p. 51, pl. 53, figs. 1-4

1993 Lenticulina calcar (Linnaeus); Sgarella & Moncharmont Zei, p. 194, pl. 12, fig.
11

2005 Lenticulina calcar (Linnaeus); Rasmussen et al., p. 69, pl. 6, fig. 5
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Description: Test planispiral, involute and lenticular. It is characterized by the presence
of spines at the periphery. Chambers gradually increasing. Sutures slightly oblique,
bended backward. Aperture terminal and radiate.

Remarks: The recovered specimens present moderate preservation.

Occurrence: This species is only found in samples FANA 2, 4 and FANB 17.

Lenticulina carinata (d’ Orbigny 1826)

1826 Soldania carinata d’ Orbigny, p. 281

1964 Lenticulina carinata (d” Orbigny); Loeblich & Tappan, p. C520

Plate 7, Fig. 6a-b

Description: Test planispiral, involute and lenticular. It is characterized by the presence
of carina at the periphery. Chambers gradually increasing. Sutures slightly oblique,
bended backward. Aperture terminal and radiate.

Remarks: The test of the specimen presents good preservation.

Occurrence: Only one specimen was retrieved from sample FANB 17.

Family Lagenidae Reuss 1862

Genus Lagena Walker & Jacob 1798

Lagena striata (d’Orbigny 1839)

Plate 7, Fig. 5

1839 Oolina striata d’Orbigny, pl. 5, fig. 12 (fide Ellis & Messina, 1940)

1991 Lagena striata (d’Orbigny); Cimermam & Langer, p. 53, pl. 55, figs. 6-7.

1993 Lagena striata (d’Orbigny); Sgarella & Moncharmont Zei, p. 189-199, pl. 12,
figs. 2-3.

Description: Test unilocular and flask-shaped. It is circular in section with a long,
cylindrical neck. The outer surface is characterized by the presence of costae extended
from the base up to the middle of the test.

Remarks: Tests show poor preservation. The outer wall is missing and therefore the
recovered specimens are characterized as casts. Moreover, the aperture is destroyed in
all samples.

Occurrence: This species occurs only in sample FANB 16.
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Lagena sp.

Plate 7, Fig. 7

Description: Test unilocular and flask-shaped. It is oval in section with a long,
cylindrical and slightly truncated neck.

Remarks: Tests show poor preservation. The outer wall is missing and therefore the
recovered specimens are characterized as casts. Moreover, the aperture is destroyed in
all samples.

Occurrence: This species occurs only in sample FANB 16.

Genus Hyalinonetrion Patterson & Richardson 1988

Hyalinonetrion sp.

Plate 7, Fig. 8

Description: Test in elongated and unilocular. It is characterized by a circular shape that
in the middle part thickens.

Remarks: The tests present good preservation. However, in some cases, sand grains are
attached.

Occurrence: This species occurs rarely in samples FANA 3, 6, 8 and FANB 19-20.

Order Polymorphinida

Suborder Polymorphinina

Superfamily Polymorphinoidea d'Orbigny 1839

Family Polymorphinidae d’Orbigny 1839

Subfamily Polymorphininae d'Orbigny 1839

Genus Globulina d’Orbigny 1839

Globulina gibba (d’Orbigny 1826)

Plate 7, Fig. 9

1826 Polymorphina gibba d’Orbigny, p. 226, no 26

1935 Globulina gibba (d’Orbigny); Cushman, p. 26, pl. 9, figs. 19, 20
1982 Globulina gibba (d’Orbigny); Foraminiferi Padani, pl. 20, figs. 1, a, p
1985 Globulina gibba (d’Orbigny); Papp & Schmid, p. 79, pl. 71, figs. 9-12
1986 Globulina gibba (d’Orbigny); Rupp, p. 62, pl. 21, figs. 5-8

1993 Globulina gibba (d’Orbigny); Hottinger et al., p. 79, pl. 91, figs. 6-12
2005 Globulina gibba (d’Orbigny); Rasmussen et al., p. 74, pl. 7, fig. 11
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Description: Ovoid test with quinqueloculine chamber arrangement. Aperture terminal
and radiate.

Remarks: The preservation of the tests can be characterized as moderate.

Occurrence: This species is rare in samples of the lower part of the sequences and its

number slightly increases to the upper part where is found in all samples.

Polymorhinid genus 1 sp. A

Plate 7, Figs. 10a-b

Description: Ovoid test with quinqueloculine chamber arrangement. Aperture terminal
upon a short neck.

Remarks: The preservation of the test is moderate as the outer wall is missing.

Occurrence: This species is only recovered from sample FANA 15.

Family Ellipsolagenidae Silvestri 1923

Genus Favulina Patterson & Richardson 1987

Favulina hexagona (Williamson 1848)

Plate 7, Fig. 11

1848 Entesolenia squamosa (Montagu) var. hexagona Williamson, p. 20, pl. 2, fig. 23.
1993 Favulina hexagona (Williamson); Hottinger et al., p. 80, pl. 92, fig. 9-13.
Description: Unilocular test, circular in outline. Wall is ornamented with a raised rids
of an hexagonical pattern. Aperture at the end of a short neck.

Remarks: Specimens present good preservation.

Occurrence: Only three specimens recovered from samples FANB 16, 18.

Favulina sp.

Plate 7, Fig. 12

Description: Test unilocular, smooth, flask-shaped and compressed in outline. Aperture
probably upon the tubular, long neck. Ornamentation of two costae extending from the
lower half to the neck. Slightly sharp edges are formed at the base of the test.
Remarks: The preservation of the test is moderate to poor as the outer wall in cases is
completely missing. Aperture was not visible.

Occurrence: This species is retrieved almost exclusively from the lower part of the
sequence but common to rare. From the upper part, only one specimen was found in
sample FANB 17.
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Plate 7. Foraminiferal species. 1-2. Miliolid casts FANA 5, 3. Vaginulinopsis sp. FANB 18,
side view, 4. Lenticulina inornata (d’ Orbigny) FANA 8, 4a. side view, 4b. peripheral view,
4c. apertural view, 5. Lagena striata FANB 16, side view, 6. Lenticulina carinata FANB
17, 6a. peripheral view, 6b. side view, 7. Lagena sp. FANB 16 side view, 8. Hyalinonetrion
sp. FANB 19, 9. Globulina gibba FANB 17, side view, 10a-b. Polymorphinid genus FANB

15, side view, 11. Favulina hexagona (Williamson) FANB 16, apertural view, 12. Favulina
sp. FANB 17, side view.
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Order Nodosariida

Suborder Nodisariina

Superfamily Nodosarioidea Ehrenberg 1838

Family Nodosariidae Ehrenberg 1838

Genus Laevidentalina Loeblich & Tappan 1986

Laevidentalina sp.

Plate 8, Figs. 1-2

Description: Test uniserial and elongated. Chambers are arranged almost horizontally.
Wall do not show any ornamentation. Below the initial chambers, a spine is visible.
Remarks: The recovered specimens present moderate to poor preservation. All of them are
broken and the aperture was not visible. In many cases, also the first chambers were broken.
Occurrence: This species occurs with only a few representatives in several samples
throughout the sequence.

Genus Nodosaria Lamarc 1816

Nodosaria latejugata Guimbel 1868

Plate 8, Figs. 3

1868 Nodosaria latejugata Gumbel, p. 41, pl. 1, fig. 32

2006 Nodosaria latejugata Glmbel; Cimerman et al., p. 22, pl. 4, fig. 11

Description: Elongated, calcareous test. First chamber is globular, bigger than the rest
and at its base there is a short spine. The followings are circular in section, of equal
size. Sutures are straight. Surface is ornamented with costae.

Remarks: The specimens recovered are broken. The aperture is missing in both cases,
unlike the first chambers with the ending spine.

Occurrence: Only two specimens were recovered from samples FANB 19 and 20.

Nodosaria sp. 1

Plate 8, Fig. 4

Description: Test is elongated with smooth surface. Sutures are slightly depressed.
Remarks: All the recovered specimens of Nodosaria sp. 1 are fragments. Hence, there
is no documentation about the aperture.

Occurrence: This species occurs rarely in samples FANA 1, 4-7, 11 and in FANB 17, 19-20.

Nodosaria sp. 2
Plate 8, Fig. 5
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Description: Test is elongated with smooth surface and a short neck. Chambers are
globular and abruptly increase in size.

Remarks: All the recovered specimens of Nodosaria sp. 2 are well preserved. It differs
from Nodosaria sp. 1 due to the shape of the chambers.

Occurrence: This species occurs rarely in sample FANB 19.

Nodosaria sp. 3

Plate 8, Fig. 6

Description: Test is elongated. Chambers increase gradually in size. Surface is
ornamented with costae.

Remarks: The recovered specimen of Nodosaria sp. 3 presents good preservation. This
species differs from N. latejuata because of the chamber arrangement and size and from
the rest species due to the ornamentation.

Occurrence: Only one specimen was recovered from sample FANB 16.

Superfamily Stilostomelloidea Finlay 1947

Genus Siphonodosaria Silvestri 1924

Siphonodosaria jacksonensis (Cushman & Applin 1926)

Plate 8, Fig. 7

1926 Nodosaria jacksonensis Cushman & Applin, p. 170, pl. 7, figs. 14-16.

2016 Siphonodosaria jacksonensis (Cushman & Applin); Moura de Mello, p.77, pl.6, fig. 12.
Description: Test calcareous, uniserial, rectilinear to slightly arched. Chambers
subglobular, increasing gradually in size, sutures distinct and constricted. Terminal
aperture on a neck at the last chamber.

Remarks: All recovered specimens show good preservation.

Occurrence: This species is common in the upper part of the sequence. However, in the
lower part occurs rarely in samples FANA 1-2, 4, 9-10.

Siphonodosaria sp. 1

Plate 8, Fig. 8

Descpriction: Test calcareous and uniserial. Chambers globular, with rectilinear
arrangement.

Remarks: All the recovered specimens of Siphonodosaria sp. present moderate to good
preservation. It differs from S. jacksonensis because of the rectilinear arrangement of
the chambers and the lack of the neck.

Occurrence: This species occurs in several samples through the sequence.
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Siphonodosaria sp. 2

Plate 8, Fig. 9

Descpriction: Test calcareous and uniserial with neck. Chambers subglobular, with
rectilinear to slightly curved arrangement. Sutures are strongly depressed.

Remarks: All the recovered specimens of Siphonodosaria sp. 2 show moderate
preservation as the embryonic chambers are missing. It differs from the rest species of
this genus due to the shape of the chambers and sutures.

Occurrence: This species is only retrieved from sample FANB 19.

Suborder Pleurostomellina

Superfamily Pleurostomellacea Reuss 1860

Family Pleurostellidae Reuss 1860

Genus Pleurostomella Reuss 1860

Pleurostomella acuta Hantken 1875

1875 Pleurostomella acuta Hantken, p. 37, pl. 13, fig. 18.

2013 Pleurostomella acuta Hantken; Alegret & Thomas, p. 44, pl. 1, fig. 13.
Description: Test loosely biserial early stage, oval in outline and circular in cross-
section, Chambers increasing gradually in size. Sutures barely visible, slightly
depressed and oblique. Wall calcareous hyaline smooth and finely perforated, aperture
terminal with large oval opening of final chamber.

Remarks: Only few specimens were found, and their preservation was moderate.
Occurrence: This species rarely occurs in samples FANA 1, 14 and FANB 16 and 19.

Pleurostomella incrassata Hantken 1883

Plate 8, Fig. 10

1883 Pleurostomella incrassata Hantken, p. 146, pl. 1, figs. 4, 7

Description: Test loosely biserial, lobulate in outline and circular in cross-section.
Chamber gradually increase in size and the last chamber it inflated globular and large.
Sutures distinct and strongly depressed. Wall calcareous hyaline smooth and finely
perforated. Aperture small oval opening of final chamber.

Remarks: Only few specimens were found, and their preservation was moderate.
Occurrence: This species rarely occurs in samples FANB 16 and 21.

Family Glandulonodosariidae Silvestri 1901
Genus Neugeborina Popescu in Cicha et al. 1998
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Neugeborina longiscata (d'Orbigny 1846)

Plate 8, Fig. 11

1846 Nodosaria longiscata d’Orbigny, p. 32, pl. 1, figs. 10-12

1985 Nodosaria longiscata d’Orbigny; Papp & Schmid, p. 23, pl. 3, figs. 1-5
Description: Test elongated and smooth. The embryonic chamber is very inflated.
Remarks: The specimen found is broken, hence the aperture is not visible.
Occurrence: Only one specimen was recovered from sample FANB 16.

Order Rotaliida

Superfamily Cassidulinoidea d’Ordigny 1839

Family Bolivinitidae Cushman 1927

Subfamily Bolivinitinae Cushman 1927

Genus Bolivina d’Orbigny 1839

Bolivina sp. 1

Plate 8, Fig. 12

Description: Calcareous, biserial, finely perforated and very short test. Lenticular in
section with triangular shape. Chambers increase abruptly in size.

Remarks: All recovered specimens are well preserved.

Occurrence: This species commonly occurs in samples FANA 8-10. However, it is
rarely found in samples FANA 2, 4, 6 and FANB 16, 18.

Bolivina sp. 2

Plate 8, Fig. 13

Description: Calcareous, biserial, finely perforated and long test. Lenticular in section.
Chambers increase gradually in size.

Remarks: Tests present good preservation. It differs from Bolivina sp. 1 because of its
long test and the normally increasing chambers.

Occurrence: This species rarely occurs in samples FANA 3, 5-6, 9-10 and FANB 16, 19-20.

Bolivina sp. 3

Plate 8, Fig. 14

Description: Calcareous, biserial and finely perforated test. Oval in section. Chambers
are almost of same size.

Remarks: This species is the most distributed of the genus. It differs from the previous
species due to the more inflated and circular chambers. Specimens’ tests show moderate

to good preservation. The last chambre is broken in some of them.

125



Occurrence: The recovered specimens rarely occur in samples FANA 1-6, 10-11 and
FANB 15-16, 19-20.

Bolivina sp. 4

Plate 8, Fig. 15

Description: Calcareous, biserial and finely perforated test. It is characterized by the
appearance and structure of the costae. Oval in section. Chambers are gradually
increasing in size.

Remarks: Bolivina sp. 4 differs from the rest species as it is the only ornamented. All
recovered specimens present good preservation.

Occurrence: This species rarely occurs in samples FANA 3, 7 and FANB 16, 19-21.

Genus Sigmavirgulina

Sigmavirgulina tortuosa (Brady 1881)

Plate 8, Fig. 16

1881 Bolivina tortuosa Brady, p. 57 (Fide Ellis & Messina 1940)

1982 Sigmavirgulina tortuosa (Brady); Foraminiferi Padani, pl. 32, fig. 7-7p

2006 Sigmavirgulina tortuosa (Brady); Cimerman et al., p. 32, pl. 8, figs. 9-10
Description: Test is calcareous, biserial and coarsely perforated. Chambers are
gradually increasing in size. Its diagnostic feature is the twisted test.

Remarks: All the recovered specimens show good preservation.

Occurrence: This species rarely occurs in samples FANA 1, 3-4, 6-8, 10 and FANB 16,
21.

Subfamily Fursenkoininae Loeblich & Tappan 1961

Genus Fursenkoina Loeblich & Tappan 1961

Fursenkoina sp.

Plate 8, Fig. 17

Description: Calcareous, biserial, finely perforated, triangular, long and twisted test.
Oval in section. Sutures are oblique and slightly depressed.

Remarks: All recovered specimens show good preservation.

Occurrence: This species rarely occurs in samples FANA 2, 4, 6 and FANB 16.

Family Cassidulinidae d’Ordigny 1839
Genus Globocassidulina VVoloshinova 1960

126



Globocassidulina globosa (Hantken 1875)

1875 Cassidulina globosa Hantken, p. 64, pl. 16, figs. 2a-b

1983 Globocassidulina globosa (Hantken); Setiawan, p. 128, pl., 12, fig. 8

2006 Globocassidulina globosa (Hantken); Cimerman et al., p. 28, pl., 6, figs. 12-13
Description: Test calcareous with globular to subglobular shape. Oblique aperture in
the terminal chamber.

Remarks: All recovered specimens present good preservation.

Occurrence: This species rarely occurs in the lower section (samples FANA 1-2, 6, 11,
14) and commonly occurs in almost all samples of FANB section apart from samples
FANB 15 and 21.

Family Uvigerinidae Haeckel 1894

Genus Uvigerina d’Orbigny 1826

Uvigerina sp.

Plate 8, Fig. 18

Description: Test triserial and short with a short neck. Chambers are circular.
Remarks: All recovered specimens are well preserved.

Occurrence: This species rarely occurs in samples FANA 4, 6-9, 11 and FANB 16-17.

Superfamily Buliminoidea Jones 1875

Family Buliminidae Jones 1875

Genus Bulimina d’Orbigny 1826

Bulimina bradyi Sellier de Civrieux 1981

Plate 8, Fig. 19

1981 Bulimina bradyi Sellier de Civrieux, p. pl. fig.

Description: Triserial, calcareous, finely perforated test with circular outline. Chambers
continuously increase in size.

Remarks: The specimen recovered show moderate preservation.

Occurrence: This species is only retrieved from sample FANA 2.

Bulimina gibba Fornasini 1902

1902 Bulimina gibba Fornasini, p. 378, pl. O, figs. 32, 34.

1980 Bulimina gibba Fornasini; Boltovskoy et al., p. 20, pl. 5, figs. 7-9.

2013 Bulimina gibba Fornasini; Holbourn et al., p. 96, figs. 1-3.

Description: Triserial, calcareous, finely perforated test with circular outline. Chambers
are convex and continuously increase in size. Sutures oblique and slightly compressed.
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Remarks: The recovered specimen is well preserved.
Occurrence: This species is only found with very few specimens in sample FANA 5.

Bulimina elongata d *Orbigny 1846

1864 Bulimina elongata d” Orbigny, p. 187, pl. 11, figs. 19-20.

1980 Bulimina elongata d” Orbigny; Boltovskoy et al., p. 20, pl. 5, figs. 4-6.

2013 Bulimina elongata d’ Orbigny; Holbourn et al., p. 94, figs. 1-2.

Description: Triserial, elongated test. Chambers increase continuously in size.
Remarks: The recovered specimens show good preservation.

Occurrence: Only a few specimens were retrieved from samples FANA 6 and FANB 17.

Bulimina sp. 1

Plate 8, Fig. 20

Description: Triserial, calcareous, test with circular outline and conical shape. Wall
smooth and finely perforated. Chambers are convex and abrupt increase in size.
Remarks: Specimens recovered present moderate preservation, as the upper part is
missing in most cases.

Occurrence: This species occurs rarely in the lower part of the sequence (FANA 4-12).

Bulimina sp. 2

Plate 8, Fig. 21

Description: Triserial, calcareous, test with oval outline. Wall finely perforated.
Chambers compressed, gradually increasing in size. Sutures slightly depressed.
Remarks: Specimens show moderate preservation. This species is easily distinguished
because the test is compressed.

Occurrence: This species occurs rarely in the lower part of the sequence (FANA 1, 3,
6, 8-9, 11).

Bulimina sp. 3

Plate 8, Fig. 22

Description: Calcareous and elongated test. Test ornamented with costate. Chambers
globular, continuously increasing in size.

Remarks: The preservation of the specimen is moderate. This species resembles
Bulimina sp. 2 but it differs due to its ornamentation.

Occurrence: Only one specimen was retrieved from sample FANB 17.
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Plate 8. Foraminiferal species. 1-2. Laevidentalina sp, 1. FANB 19, 2. FANA 4, 3. Nodosaria
latejugata Glimbel FANA 20, 4. Nodosaria sp. 1 FANA 19, 5. Nodosaria sp. 2 FANA 19,
6. Nodosaria sp. 3 FANA 16, 7. Siphonodosaria jacksonensis (Cushman & Applin) FANB
16, 8. Siphonodosaria sp. 1 FANB 19, 9. Siphonodosaria sp. 2 FAN B 16, 10.
Pleurostomella incrassata Hantken FANB 16, 11. Neugeborina longiscata (d'Orbigny)
FANA 16, 12. Bolivina sp. 1 FANA 6, 13. Bolivina sp. 2 FANA 6, 14. Bolivina sp. 3 FANA
6, 15. Bolivina sp. 4 FANB 16, 16. Sigmavirgulina tortouosa (Brady) FANB 16, 17.
Fursenkoina sp FANA 2, 18. Uvigerina sp. FANA 4, 19. Bulimina bradyi FANA 2, 20.
Bulimina sp. 1 FANA 4, 21. Bulimina sp. 2 FANA 1, 22. Bulimina sp. 3 FANA 17.
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Superfamily Discorboidea Ehrenberg 1838

Family Cancrisidae Chapman, Parr & Collins 1934

Genus Cancris Montfort 1808

Cancris sp.

Plate 9, Fig. 1

Description: Test is asymmetrically coiled. Chambers gradually increase. They
normally increase dorsally and ventrally they overlap the earlier ones.

Remarks: The tests show moderate preservation.

Occurrence: Only a few specimens were recovered from samples FANA 6-7, 9 FANB
15, 19.

Genus Gyroidinoides Brotzen 1942

Gyroidinoides sp.

Plate 9, Figs. 2a-c

Description: Test calcareous, trochospiral coiling, biconvex with subcircular outline
periphery. Dorsal side nearly flat and spiral convex. Umbilicus is narrow and open.
Aperture a slit at the base of the last chamber.

Remarks: The recovered specimens present good preservation of their tests.

Occurrence: This species rarely occurs in samples FANA 3-4, 6-11, and FANB 16-17.

Family Pegidiidae

Genus Kuremsia Ozdikmen 2009

Kuremsia papillata (Heron-Allen & Earland 1928)

Plate 9, Fig. 3

1928 Sphaeridia papillata Heron-Allen & Earland, p. 294, pl. 2, figs. 27-33, pl. 3, figs.
34-37.

1993 Sphaeridia papillata Heron-Allen & Earland; Hottinger et al., p. 108, pl. 140, figs.
6-10.

Description: Spherical, nearly globular in shape with heavy ornamentation of rounded
pustules.

Remarks: The specimen recovered present good preservation.

Occurrence: This species is only found from sample FANB 19.

Family Rosalinidae Reiss 1963

Genus Neoconorbina Hofker 1951
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Neoconorbina sp.

Plate 9, Figs. 4a-c

Description: Conical, calcareous, finely perforated test with circular periphery. Ventral
side flattened, sutures straight ending in a closed umbilicus. Dorsal side much elevated
and conical.

Remarks: Specimens’ tests display moderate to good preservation.

Occurrence: This species is present in the whole sequence except for samples FANA
13-14. It abundantly to commonly occurs in FANA, unlike FANB where it occurs

rarely.

Genus Rosalina d’Orbigny 1826

Rosalina sp.

Plate 9, Figs. 5a-b

Description: Test small, trochospiral, circular in outline. Dorsal side elevated with
sutures slightly curved. Ventral side concave with umbilicus.

Remarks: Specimens’ tests show good preservation.

Occurrence: Few specimens were documented from samples FANA 4 and FANB 19.

Family Mississippinidae Saidova 1981

Subfamily Stomatorbininae Saidova 1981

Genus Stomatorbina Dorreen 1948

Stomatorbina torrei (Cushman & Bermoudéz 1937)

Plate 9, Fig. 3

1937 Lamarckina torrei Cushman & Bermoudéz, p. 21, pl. 2, figs. 24-26

1993 Stomatorbina torrei (Cushman & Bermoudéz); Hottinger et al., p. 107, pl. 138,
figs. 10-14, pl. 139, figs. 1-6

Description: Test is flat, very low trochospiral. Chambers gradually increase their size.
Sutures on the dorsal side are curved backward and raised, on the ventral side they are
slightly curved and depressed. Aperture is interiomarginal with a lip, extended from the
periphery to the umbilical side.

Remarks: The preservation of the tests is good. However, specimens’ tests of the lower
section are slightly abraded.

Occurrence: This species occurs abundantly to common in almost the whole sequence,
except for samples FANB 20-21.
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Plate 9. Foraminiferal species. 1. Cancris sp. dorsal side, FANB 19, 2. Gyroidinoides sp. FANB
16, 2a. ventral side, 2b. apertural view, 2c. ventral side, 3. Kuremsia papillata (Heron-Allen
& Earland) FANB 19, 4. Neoconorbina sp. FANA 6, 4a. dorsal side, 4b. ventral side, 4c.
dorsal side, 5. Rosalina sp. FANA 10, 5a. dorsal side, 5b. ventl side, 6. Stomatorbina torrei
(Cushman & Bermoudéz) FANB 17, 6a. dorsal side, 6b. apertural view, 6c¢. ventral side.

Superfamily Planorbulinoidea Schwager 1877

Family Cibicididae Cushman 1927

Cibicidoides grimsdalei (Nuttall 1930)

Plate 10, Figs. la-c

1930 Cibicides grimsdalei Nuttall, p. 291, pl. 25, figs. 7-8, 11.

1986 Cibicidoides grimsdalei (Nuttall, 1930); Van Morkhoven et al., p. 247, pl. 83A,
figs. 1-3, pl. 83B, figs. 1-7.

2006 Cibicidoides grimsdalei (Nuttall, 1930); Ortiz & Thomas, p. 116, pl. 5, fig. 3.
2013 Cibicidoides grimsdalei (Nuttall, 1930); Houlborn et al., p. 174, figs. 1-3.
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Description: Test trochospiral, plano-convex to biconvex, ventrally almost flat with
closed umbilicus, dorsally much elevated. Wall is coarsely perforated. Sutures are
stronlgy curved backwards. Circular periphery. Aperture a low interiomarginal and
equatorial arch at the base of the apertural face.

Remarks: This species presents different stages of preservation even between the side
of the same specimen. However, mainly they display moderate to good preservation.
Occurrence: This species is abundant is FANA except for the two upper samples of this
section. From the upper section on the sequence, a few specimens retrieved only form
sample FANB 18.

Cibicidoides praemundulus (Berggren & Miller 1986)

Plate 10, Figs. 2a-b

1986 Cibicidoides praemundulus Berggren & Miller, p. 264, pl. 87, figs. 1-3.

2013 Cibicidoides praemundulus Berggren & Miller; Holbourn et al., p. 200, figs. 1-3.
2016 Cibicidoides praemundulus Berggren & Miller; Moura de Mello, p. 85, pl. 8, figs.
Ta-C.

Description: Test trochospiral, biconvex to planoconvex with circular and acute
periphery with an imperforate band. Spiral side evolute, coarsely perforate. Sutures
curved on both sides. Umbilical side with glossy umbilical plug.

Remarks: Specimens show moderate to good preservation. The moderate preservation
is evident in the large specimens where the last chamber or the periphery are missing.
Occurrence: This species is abundant to common in the whole sequence.

Cibicidoides variabillis (d’Orbigny 1826)

Plate 10, Fig. 3

1826 Truncatulina variabilis d’Orbigny, p. 279, pl. 2, fig. 29

1980 Cibicidoides variabillis (d’Orbigny); Boltovskoy et al., p. 25, pl. 9, figs, 13-17.
Description: Biconvex test with coarsely perforated wall. Dorsal side is convex but the
ventral one is either plane or curved depending on the substrate. Chambers are gradually
increase. Aperture extended in the spiral side.

Remarks: Specimens recovered show moderate preservation.

Occurrence: This species rarely occurs in samples FANA 3-6, 8, 11, 14 & FANB 15-16, 21.

Cibicidoides sp. 1
Plate 10, Figs. 4a-b
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Description: Test calcareous, coarsely perforated, trochospiral and biconvex. Dorsal
side nearly flat to convex, ventral broadly convex. Periphery is circular to lobulated.
Chambers increase gradually. Sutures almost straight and in the last two chambers they
are strongly depressed. Aperture a low interiomarginal and equatorial arch at the base
of the apertural face.

Remarks: All recovered specimens are well preserved.

Occurrence: This species occurs abundantly in only one sample of lower section
(FANA 7) and commonly occurs in the whole upper section FANB.

Cibicidoides sp. 2

Plate 10, Figs. 5a-c

Description: Test calcareous, coarsely perforated and thick. Circular in outline. Sutures on
the ventral side are strongly depressed, whereas on the dorsal is less depressed. The aperture
is a marginal slit bordered by a lip, extending from the ventral to the dorsal side.
Remarks: All recovered specimens show good preservation. It is distinguished from the
other species because of its very large tests and the lobate periphery.

Occurrence: It occurs abundantly to commonly only in the upper part of the sequence.

Genus Lobatula Fleming 1828

Lobatula lobatula (Walker & Jacob 1798)

Plate 10, Figs. 6a-c

1798 Nautilus lobatulus Walker & Jacob, p. 642, pl. 14, fig. 36 (fide Ellis & Messina,
1940)

1935 Cibicides lobatulus (Walker & Jacob); Cushman, p. 52, pl. 22, figs. 7a-c

1980 Cibicides lobatulus (Walker & Jacob); Boltovskoy et al., p. 24, pl. 9, figs. 1-4

1982 Cibicides lobatulus (Walker & Jacob); Foraminiferi Padani, pl. 101, figs. 6d, p, v
1983 Cibicides lobatulus (Walker & Jacob); Setiawan, p. 126, pl. 11, fig. 2

1985 Cibicides (Truncatulina) lobatulus (Walker & Jacob); Papp & Schmid, p. 64, pl. 56, figs. 1-5
1988 Lobatula lobatula (Walker & Jacob); Loeblich & Tappan, p. 168, pl. 637, figs. 10-13
1991 Cibicides lobatulus (Walker & Jacob); Cimerman & Langer, p. 71, pl. 75, figs. 1-4
1993 Cibicides lobatulus (Walker & Jacob); Sgarella & Moncharmont Zei, p. 234, pl. 22, figs. 10-11
2005 Cibicides lobatulus (Walker & Jacob); Rasmussen et al., p. 99, pl. 15, figs. 4-6

2006 Lobatula lobatula (Walker & Jacob); Cimerman et al., p. 34, pl. 9, figs. 7-8

2006 Lobatula lobatula (Walker & Jacob); Ortiz &Thomas, p. 121, pl. 9, figs. 1-2
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Description: Dorsal side is convex but the ventral one is either plane or curved
depending on the substrate. Chambers are gradually increase. Aperture extended in the
spiral side.

Remarks: All recovered specimens show good preservation.

Occurrence: This species occurs abundant to common in the whole sequence.

Genus Planulina d’Orbigny 1826

Planulina sp.

Plate 10, Figs. 7a-c

Description: Planispiral, calcareous test with rounded periphery. Septa are thick, in the
dorsal side are slightly curved unlike ventral side where they are strongly curved.
Moreover, they are strongly elevated, thus chambers are depressed.

Remarks: All recovered specimens present moderate to goo stage of preservation.
Occurrence: This species rarely occurs in both sections except for samples FANA 2, 8
11 and FANB 15, 20 21.

Genus Planorbulina d” Orbigny 1826

Planorbulina mediterranensis d’ Orbigny 1826

Plate 10, Fig. 8a-b

1826 Planorbulina mediterranensis d’ Orbigny, p. 280, no 2, pl. 14, figs. 4-6 (fide Ellis
& Messina, 1940)

1980 Planorbulina mediterranensis d’ Orbigny; Boltovskoy et al., p. 43, pl. 25, figs. 1-3
1982 Planorbulina mediterranensis d’ Orbigny; Foraminifero Padani, pl. 102, figs. 8d, p., v
1985 Planorbulina mediterranensis d’ Orbigny; Papp & Schmid, p. 64, pl. 55, figs. 5-7
1988 Planorbulina mediterranensis d’ Orbigny; Loeblich & Tappan, p. 588, pl. 645,
figs. 1-6; pl. 646, figs. 1-2

1991 Planorbulina mediterranensis d’ Orbigny; Cimerman & Langer, p. 71, pl. 78, figs. 1-8
1993 Planorbulina mediterranensis d’ Orbigny; Sgarella & Moncharmont Zei, p. 235, pl. 23,
fig. 4

2005 Planorbulina mediterranensis d” Orbigny; Rasmussen et al., p. 100, pl. 15, fig. 14
Description: Test is flat or curved depending on the substrate. Lobate in outline.
Chambers are arched in the dorsal side and flattened on the ventral side.

Remarks: All recovered specimens present good preservation.

Occurrence: This species is common to rare. It occurs in both upper and lower parts of
the sequence, except for samples FANA 1 and FANB 17-19.
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Genus Heterolepa Franzenau 1884

Heterolepa eocaena (Glimbel 1868)

Plate 10, Figs. 9a-b

1868 Rotalia eocaenus Gumbel, p. 650, pl. 2, figs. 87a-b.

1986 Cibicidoides eocaenus Gimbel; Van Morkhoven et al., p. 256, pl. 86A, figs. 1-4,
pl. 86B, figs. 1-2.

2006 Cibicidoides eocaenus Giimbel; Ortiz & Thomas, p. 115, pl. 5, fig.2.

2013 Cibicidoides eocaenus Giimbel; Holbourn et al., p. 172, figs. 1-3.

2016 Cibicidoides eocaenus Gumbel; Moura de Mello, p. 82, pl. 8, figs. 3a-c, 4a-c.
1994 Cibicidoides tuxpamensis tuxpamensis Cole; Bolli et al., p. 148, figs. 40.1-3.
1994 Cibicidoides perlucidus Nuttall; Bolli et al., p. 366, figs. 79.21a-b, 88.3a-c.
Description: Test trochospiral, plano-convex to biconvex, circular in outline. Umbilical
side evolute and commonly more flattened than spiral side. Curved sutures on both
sides, slightly depressed on umbilical side. Dorsal wall coarsely perforate. Very distinct
umbo in the central part of the test. Periphery acute with imperforate keel. Aperture is
a narrow equatorial slit bordered by a thin lip, extending onto the spiral side.

Remarks: Based on the opinion of Van Morkhoven et al. (1986) the species of
Cibicidoides eocaenus Glmbel, Cibicidoides tuxpamensis Cole, and Cibicidoides
perlucidus Nuttall are synonymous. Comparing the studied specimens, it is difficult to
differentiate them, therefore the opinion of Van Morkhoven et al. (1986) is followed.
Hence, specimens with rounded peripherally, evolute umbilical side and very
pronounced umbilical boss are assigned to tuxpamensis-eocaenus type. Specimens with
more angular periphery and flat umbilicus side are assigned to perlucidus type.
Morphotype of tuxpamensis-eocaenus present higher numbers. All specimens show
moderate to good preservation. The moderate preservation is evident in the large
specimens where the last chamber or the periphery are missing.

Occurrence: Tuxpamensis-eocaenus type is highly abundant in the whole sequence and
presents mass abundances in samples FANA 6, 8 and 10. Perlucidus type rarely to
commonly occurs only in samples FANA 3, 6, 9, 11 and FANB 16, 19 and 21.
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Plate 10. Foraminiferal species. 1. Cibicidoides grimsdalei (Nuttall) FANA 6, 1a. ventral side,
1b. dorsal side, 1c. apertural view, 2. Cibicidoides praemundulus Berggren & Miller FANB
19, 2a. ventral side, 2b. dorsal side, 3. Cibicidoides variabilis (d’Orbigny) FANA 6 ventral
side, 4. Cibicidoides sp. 1 FANB 18, 4a. ventral side, 4b. dorsal side, 5. Cibicidoides sp. 2
FANB 16, 5a. dorsal side, 5b. apertural view, 5c. ventral side, 6. Lobatula lobatula (Walker
& Jacob) FANA 11, 6a. dorsal side, 6b. apertural view, 6c. ventral side, 7. Planulina sp.
FANA 5, 7a. dorsal side, 7b. apertural view, 7c. ventral side, 8. Planorbulina
meditteranensis d’ Orbigny FANA 6, 8a. dorsal side, 8b. ventral side, 9. Heterolepa
eocaena (Glimbel) FANA 18, 9a. ventral side, 9b. dorsal side.
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Superfamily Nonionoidea Schultze 1854

Family Nonionidae Schultze 1854

Subfamily Nonioninae Schultze 1854

Genus Nonion Montfort 1808

Nonion commune (d'Orbigny 1846)

Plate 11, Figs. 1la-b

1846 Nonionina communis d'Orbigny, 1846, p. 106, pl. 5, figs. 7-8.

1985 Nonion commune (d'Orbigny, 1846); Papp & Schmid, p. 45, pl. 34, figs. 1-6.
Description: Test calcareous, planispiral and involute with rounded periphery.
Chambers in the last whorl increasing abruptly in size as added, sutures distinct, slightly
curved, aperture low.

Remarks: The retrieved specimens present good to moderate preservation.
Occurrence: This species commonly to rarely occurs only in the lower section, except

for samples FANA 13-14. In the upper section is present only in sample FANB 17.

Subfamily Pulleniinae Schwager 1877

Genus Melonis de Montfort 1808

Melonis pompilioides (Fichtel and Moll 1798)

Plate 11, Figs. 2a-b

1798 Nautilus pompiloides Fichtel & Moll, 1798, p. 31, pl., 2, figs. a-c.

1982 Melonis cf. M. pompilioides (Fichtel & Moll); Foraminiferi Padani, pl. 21, figs. 5, 5a, 5p.
1985 Melonis pompilioides (Fichtel & Moll); Papp & Schmid, p. 46, pl. 36, figs. 1-5.
Description: Test calcareous, planispiral, involute, circular in outline and coarsely
perforated. Chambers are gradually increase in size and sutures are almost straight.
Umbilicus evident and open in both sides. Aperture at the base of the last chamber.
Remarks: Specimens present good to moderate preservation.

Occurrence: This species is recovered only from the upper part of the sequence (except

sample FANB 15) where it occurs rarely.

Family Almaenidae Myatlyuk 1959
Subfamily Almaeninae Myatlyuk 1959
Genus Queraltina Marie 1950
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Queraltina epistominoides Marie 1950

Plate 11, Figs. 3a-b

1950 Queraltina epistominoides Marie, p. 74, figs. 1-3, 8-9.

1982 Queraltina epistominoides Marie; Foraminiferi Padani, pl. LII, figs. 7d, p, v.
1983 Queraltina epistominoides Marie; Setiawan, p. 133, pl. 15, figs. 2, 3.

1988 Queraltina epistominoides Marie; Loeblich & Tappan, p. 623, pl. 697, figs. 8-12.
2006 Queraltina epistominoides Marie; Cimerman et al., p. 38, pl. 10, figs. 11-12.
Description: Calcareous test and trochospiral to planoconvex. Test is coarsely perforate
with a double flange. Chambers are gradually increase in size, limbate on the ventral
side. Sutures depressed on ventral side. Umbilicus small and open in both sides.
Aperture an arch at the base of the last chamber, bordered by a lip.

Remarks: All recovered specimens present good preservation.

Occurrence: This species occurs abundant to common to almost the whole sequence

apart from the uppermost samples of FANB.

Superfamily Chilostomelloidea Brady 1881

Family Alabaminidae Hofker 1951

Genus Osangularia Brotzen 1940

Osangularia sp.

Plate 11, Figs. 4a-b

Description: Test calcareous, trochospiral, biconvex and lenticular in shape. It is
characterized by subcircular outline with acute periphery formed by flange. The
aperture was not visible.

Remarks: The specimens found present good rate of preservation.

Occurrence: This species occurs rare to common in samples FANA 2-7 and FANB 16-

17, 20-21.

Family Anomalinidae Cushman 1927
Genus Anomalinoides Brotzen 1942
Anomalinoides capitatus (Gumbel 1868)
Plate 11, Figs. 5a-b
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1868 Rotalia capitata Gumbel, p. 653, pl. 2, fig. 92.

2013 Anomalinoides capitatus (Gumbel); Holbourn et al., p. 50, figs. 1-6.

2016 Anomalinoides capitatus (Gumbel); Moura de Mello, p. 96, pl. 11, figs. 1a-b.
Description: Test is calcareous, planoconvex and coarsely perforated with circular
outline. Sutures curved and slightly depressed on the umbilical side with small open
umbilicus. The aperture is an interiormarginal arch in the umbilical side.

Remarks: The recovered specimens present good to moderate preservation.

Occurrence: This species commonly occurs in the whole sequence.

Superfamily Discorbinelloidea Sigal 1952

Family Discorbinellidae Sigal 1952

Genus Hanzawaia Asano 1944

Hanzawaia mantaensis (Galloway & Morrey 1929)

Plate 11, Figs. 6a-b

1929 Anomalina mantaensis Galloway and Morrey, p. 28, pl. 4, figs. 5a-c.

2016 Hanzawaia mantaensis (Galloway & Morrey); de Mello, p. 104, pl. 10, figs 8a-c.
Description: Test is trochospiral, asymmetrical biconvex with dorsal side flat and
ventral side convex. It is characterized by a thick and limbate periphery and clear
umbilical boss.

Remarks: The recovered specimens show good preservation.

Occurrence: This species is mainly retrieved from the upper part of the sequence and

some specimens from samples FANA 3-4, 8 and 12. However it occurs rarely.
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Plate 11. Foraminiferal species. 1. Nonion commune (d’ Orbigny) FANA 5, 1a. side view, 1b.
apertural view, 2. Melonis pompiloides (Fichtel & Moll) FANA 5, 2a. side view, 2b.
apertural view, 3. Queraltina epistominoides Marie FANA 8, 3a. dorsal side, 3b. ventral
side, 4. Osangularia sp. FANA 1, 4a. dorsal side, 4b. ventral side, 5. Anomalinoides
capitatus (Gumbel) FANAGS, 5a. side view, 5b. apertural view, 6. Hanzawaia mantaensis
(Galloway & Morrey) FANA 5, 6a. dorsal side, 6b. ventral side.
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Superfamily Calcarinoidea Schwager 1876

Family Calcarinidae d'Orbigny 1826

Genus Paratotalia Le Calves 1949

Pararotalia audouini (d’Orbigny 1850)

Plate 12, Figs. la-c, 2a-b, 4a-b

1850 Rotalia audouini d’Orbigny, p. 407, pl. 2, figs. 9-10

1983 Pararotalia audouini (d’Orbigny); Setiawan, p. 120 (no illustration)

2006 Pararotalia audouini (d’Orbigny); Cimerman et al., p. 40, pl. 11, figs. 10-11
2006 Pararotalia audouini (d’Orbigny); Ortiz & Thomas, p. 126, pl. 10, fig. 5
Description: Calcareous test with heavy ornamentation. Ventral side convex with
strongly depressed sutures. Umbilicus with tubercle. Chambers are triangular to
trapezoid. Periphery acute with spines.

Remarks: Recovered specimens show moderate to good preservation. Usually, their
spines are broken.

Occurrence: This species commonly occurs in samples FANA 3-4, 6-11. On the
contrary, only a few specimens were retrieved from the upper part of the sequence
(samples FANB 16, 19).

Pararotalia inermis (Terquem 1882)

Plate 12, Figs. 3a-b

1882 Rotalina inermis Terquem, p. 68, pl. 6, fig. 1.

1991 Pararotalia inermis (Terquem); Hottinger et al., p. 19, figs. 1.1, 1.3, 1.4.
Description: Calcareous tests without ornamentation. VVentral side convex with strongly
depressed sutures and closed umbilicus. Chambers are triangular to polygonal in shape.
Remarks: The recovered specimens display moderate to good preservation.
Occurrence: This species abundantly to commonly occurs in FANA section and

commonly to rarely in FANB section.

Superfamily Asterigerinoidea d’ Orbigny 1839

Family Asterigerinidae d’ Orbigny 1839

Genus Asterigerina d’ Orbigny 1839

Asterigerina brencei Haque 1960

Plate 12, Figs. 5a-b

1960 Asterigerina brencei Haque, p. 33-34, pl. 2, fig. 3a-c.
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1983 Asterigerina brencei Haque; Setiawan, p. 118, pl. 9, fig. 3.

2006 Asterigerina brencei Haque; Cimerman et al., p. 36, pl. 10, figs. 1-2.
Description: Test calcareous, planoconvex with slightly limbate periphery with spines.
Remarks: It is easily distinguished from Asterigerina sp. because of the spines attached
at the last whorl. Tests show good to moderate preservation. The moderate preservation
is documented only by the large specimens, that the last chamber is broken.
Occurrence: This species occurs commonly in the whole FANA section and rarely in
samples FANB 16-17.

Asterigerina sp.

Plate 12, Figs. 6a-c

Description: Test calcareous, finely perforated, low-trochospiral to conical in shape.
Dorsal side convex with curved sutures. Ventral side with sigmoidal sutures. Distinct
umbo. Peripheral margin smooth and imperforated. Aperture is a long slit bordered by
a lip at the base of the last chamber. In front of the aperture, the first chambers of the
last whorl are covered by pustules.

Remarks: Test preservation stage ranges from good to moderate. The moderate stage is
mainly noted from the large specimens.

Occurrence: This species occurs commonly to abundantly in the whole sequence.

Family Epistomariidae Hofker 1954

Subfamily Nuttallidinae Saidova 1981

Genus Nuttallinella Belford 1959

Nuttallinella florealis (White 1928)

1928 Gyroidina florealis White, p. 293, pl. 40, figs. 3a-c.

2016 Nuttallinella florealis (White); de Mello, p. 88, pl. 9, figs. 5a-c.

Description: Test is calcareous, with limbate periphery ending in a thin flange. Evolute
side is flat, and the involute is strongly convex. Sutures are slightly curved and
depressed in the involute side. Very small open umbilicus on the involute side.
Remarks: All the recovered specimens present good preservation.

Occurrence: This species is found common to rare in samples FANA 1, 7-8, 10-12 and
FANB 16-17.
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Plate 12. Foraminiferal species. 1-2, 4. Pararotalia audouini (d’Orbigny), 1a. dorsal side, 1b-
1c ventral side FANA 6, 2a. ventral side, 2b dorsal side FANA 8, 4a. dorsal side, 4b ventral
side FANAG, 3. Pararotalia inermis (Terquem) FANA 6, 3a. ventral side, 3b dorsal side, 5.
Asterigerina brencei Haque FANA 6, 65a. ventral side, 5b dorsal side, 6. Asterigerina sp.
FANB 18, 6a. ventral side, 6b dorsal side, 6¢. apertural view.
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6.4.2 Foraminiferal distribution

The diversity of the microfauna is high and a total of 100 foraminiferal species were
identified. From them, 72 are presented here and the rest (LBF) were comprehensively
analyzed in previous chapter (chapter 4), therefore is not discussed in detail here. Yet,
the analysis of the rest LBF taxa and the small ones will be provided here. The number
of specimens of each species in the investigated samples is provided in Appendix II.
The observed foraminiferal taxa are characterized mainly by benthic foraminifera,
while a few planktonic ones were obtained. The assemblage is strongly dominated by
calcareous-perforate forms throughout the sequence and less porcelaneous and
agglutinated. The calcareous forms are represented by the perforate (62 species in total)
orders of Rotaliidae (40 species), Vaginulinida (7 species), Polymorphinida (4 species)
and Nodosariida (11 species), while porcelaneous forms are represented by
Quinqueloculina and miliolid casts, that probably belong to more than three genera.
Finally, the agglutinated (10 species in total) forms are represented by the orders of
Astrorhizida (4 species), Spirillinida (1 species), Lituolida (2 species) and Textulariida
(3 species).

The foraminiferal assemblages are very rich and in general present a good state of
preservation. They are also characterized by the dominance of epifaunal over infaunal
forms. Groups were differentiated based on the similar morphotypes, test material and
comparable habitats of either frequent or less numerous species. Groups can be
distinguished into the following.

Group of LBF consisting of nummulitids (represented by Nummulites, Operculina,
Assilina, Heterostegina and Spiroclypeus), orthophragmines (represented by
Discocyclina, Asterocyclina and Orbitoclypeus), Rupertia sp., Fabiania cassis,
Sphaerogypsina globulus, Praebullaelveolina sp., Silvestriella tetraedra, Pararotalia
spp. and Asterigerina sp.

Group of Cibicidae comprising all representatives of the genus Cibicidoides,
Heterolepa eoceana, and Lobatula lobatula.

Group of the rest small rotaliids represented by Gyroidinoides sp., Sphaeridina
papillata, Nuttalides sp., Cancris sp., Rosalina sp., Planulina sp., Planorbulina
meditteranensis, Stomatorbina torrei, Hanzawaia manatensis and Osangularia sp.,

conical Asterigerina sp. and Neoconorbina sp.
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Group of elongated forms represented by Laevidentalina spp., Pleurostomella sp.,
Siphonodosaria spp., Nodosaria spp., Lagena spp., Hyalinonetrion sp., Favulina spp.
and Vaginulinopsis sp.

Group of biserial and triserial forms of Bulimina spp., Bolivina spp., Sigmavirgulina
tortuosa, Fursenkoina sp. and Uvigerina sp.

Group of Nonionidae represented by Nonion commune, Melonis pompiloides and
Queraltina epistominoides.

Group of miliolids containing the porcelaneous Quinqueloculina spp. and the
miliolid casts.

Group of agglutinants represented by Textularia spp., Gaudryina pyramidata,
Psammosiphonella cylindrica, Nothia sp. or Rhizammina sp., Hyperammina rugosa,
Hormosinella sp., Ammodiscus sp. and Haplophragmoides sp.

Group of globular forms of Globulina gibba and Globocassidulina subglobosa.
Group of Lenticulina spp. Finally, Anomalinoides capitatus is described alone.

The groups, described above, are not uniformly distributed in the studied area.
Based on previous chapter, the investigated area is divided into three Biofacies (I, 11,
[11). Biofacies I and 1l refer to the lower part of the sequence, samples FANA 1-10 and
FANA 11-14 respectively, while Biofacies 11 refer to the upper part. Hence, they will
be analyzed and discussed using these sample groups.

The lower part of the sequence (Biofacies I; samples FANA 1-10) is dominated by
the group of LBF (abundant Nummulites spp., Asterigerina sp., and rare Fabiania
cassis), and the groups of Cibicidae and other small rotaliids (Fig. 39). Nummulites
spp., and mainly N. garnieri, show two peacks in samples FANA 3 (max= 1952
specimens) and 6 (max= 1092 specimens) respectively, while co-occuring with
Fabiania cassis (max= 7 specimens). Going upwards, nummulitids decrease while
Asterigerina sp. seems to increase abruptly with its peak in sample FANA 6 and
maximum number of specimens exceeding 4450. Cidicidae and other small rotaliids

display similar pattern of distribution (Fig. 40).

146



?
<&

FANB 21 4
FANB 20
FANB 19
FANB 18 —
FANB 17 =
FANB 16
FANB 15 -

NS

Biofacies lll

FANA 14 -
FANA 13 —

FANA 12 -
FANA 11 —

Biofacies Il

FANA 10 —
FANA 9 —
FANA 8
FANA7
FANA6 -
FANA 5 —
FANA 4 —
FANA 3 —
FANA 2 —
FANA 1

0

N

4000 8000

0

5]

2000 4000

0

800 1600

Y

0 10 20 30 40

SR

0 40 80 120

0

Illll

200 400

0

800 1600

0

800 1600

0

lllll

100 200

SESENEN

0 40 80120160

R

0246 8

Figure 39. Foraminiferal absolute abundances of the LBF species in Fanari, Thrace.

147

0 2000 4000

T

0 10 20 30 40

Biofacies |



The latter present lower abundances in all samples except for FANA 6 where exceed
their maximum (cibicidae max= 533 specimens and rotaliids max= 1294 specimens).
Cibicidae are extremely abundant in this sample with Cibicidoides grimdalei being the
dominant species of the group (max= 333 specimens). However, Stomatorbina torrei
is the dominant species of the small rotaliids, comprising 1030 specimens. Biserial and
triserial forms show almost the same abundance pattern, but they occur in lower
numbers (max= 59 specimens). Bulimina sp. 2 is the dominant species of the group
with maximum number of specimens reaching 24. Miliolids display very low numbers
until FANA 6 and then increase abruptly (max= 86 specimens). Nonionidae occur
rarely to commonly (max= 38 specimens) with Queraltina epistominoides being the
dominant species (max= 30 specimens). Nodosariata (max= 26 specimens), Lenticulina
spp. (max= 21 specimens), Anomalinoides capitatus (max= 18 specimens) along with
the agglutinated forms (max= 21 specimens) occur rarely throughout these samples.
The group of Nodosariata is represented by dominant Favulina sp. 1, the group of
Lenticulina spp. mainly by L. inornata and finally the group of the agglutinants are
mostly represented by Gaudryina pyramidata. Planktonic foraminifera are almost
absent (max= 2 specimens). Foraminiferal tests depict all the stages of preservation;
however, they mainly display moderate preservation. Epifaunal species (max= 32
specimens) dominate this part of the sequence over infaunal ones (max= 17 specimens)
(Fig. 41). Species richness (S) is high and ranges from 33 to 53, with sample FANA 6
displaying the higher values. On the contrary, Evenness (J) values are low and ranges
from 0.11 to 0.39. Diversity indices are relatively low with Fischer-a values ranging
from 6.36 to 10.33 and Shannon Wiener-H’ index values ranging from 1.77 to 2.59.

Samples 11-14 (Biofacies Il) already from the previous chapter were characterized
by the abrupt decrease of LBF. This fact is also evident from the abrupt decrease of all
benthic foraminifera (Fig. 39), not only in abundance but also in species richness with
S values ranging from 17-33 species (Fig. 41). This part of the sequence is characterized
by the dominance of the groups of cibicidae (max= 145 specimens) and LBF (max=
175 specimens), presenting an opposite trend. Cibicidae present higher number of
specimens in samples FANA 11 and 19 (max= 145 specimens) while in samples FANA

12-14 decrease to 17-38 specimens. The dominant species of the group is Lobatula
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lobatula with maximum number of specimens reaching 74. LBF group is represented
by the dominant Asterigerina sp. with maximum number of 151 specimens in sample
FANA 14. Small rotaliids show a gradual decrease moving upwards. Their peak is in
sample FANA 11, with maximum number of specimens 39. The group is dominated by
Stomatorbina torrei (max= 11 specimens), Neoconorbina sp. (max= 10 specimens) and
Planorbulina meditteranensis (max= 8 specimens). Nonionidae are rare with their
maximum values in sample FANA 11, with 10 specimens, and comprise almost
exclusively Queraltina epistominoides (max= 9 specimens). Anomalinoides capitatus
shows the same distridution pattern. Agglutinants, polymorphinidae, Nodosariata,
biserial and triserial forms and planktonic foraminifera are almost missing.
Additionally, foraminiferal tests present mainly moderate to poor preservation.
Epifaunal species decrease significantly (max= 21) but still dominate over the infaunal
that decrease even more (max=9) (Fig. 41). Samples FANA 13-14 comprise the least
diversified samples (17 species) not only for this part but for the whole sequence.
However, Shannon H’ index values ranges remain almost the same (1.54-2.62).
Fischer-a values show a decreasing trend, ranging from 3.69-7.63 while the evenness
(J) values show a slight increase, varying from 0.27-0.65.

The upper part of the sequence (Biofacies I11; samples FANB15-21) is characterized
by the abrupt appearence of the LBF group, represented by exceptionally abundant
Spiroclypeus carpaticus (max= 1659 specimens) and Pellatispira madaraszi (max=
1226 specimens). Abundant Heterostegina spp. (max= 423 specimens),
orthophragmines (max= 213 specimens), Silvestriella tetraedra (max= 144 specimens),
Assilina alpina (max= 108 specimens) and Asterigerina sp. (max= 245 specimens) (Fig.
39). Heterostegina spp. is mainly represented by H. gracilis (max= 388 specimens),
whereas the group of orthophragmines by asterocyclinids (max= 150 specimens).
Nummulites spp. decrease dramatically compared to the lower part of the sequence
(max= 152 specimens) with N. incrassatus being the dominant species depicting its

highest number of specimens in sample FANB 19 (max= 152 specimens).
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epifaunal and infaunal foraminifera.

Operculina gomezi (max= 34 specimens) and Sphaerogypsina globulus (max= 39
specimens) commonly present only in this part of the sequence, and seem to increase
upwards. On the other hand, Fabiania cassis is totally absent from this part of the
sequence. Asterigerina sp. displays its highest numbers in sample FANB 16 (max= 245
specimens) and then decreases. An increase of the abundance of all groups is evident
(Fig. 40), except for small rotaliids which values are stable. Cibicidae are also abundant
and present two peaks; the first in sample FANB 16 (max= 528 specimens) and the
second in sample FANB 19 (max= 899 specimens). The dominant species of this group
is Heterolepa eocaenus (tuxpamenis-eoceanus type), which reaches its peak in sample
FANB 19 with maximum values (max= 673 specimens). Lenticulina spp. are common
but present higher numbers (max= 42 specimens) than in the other parts of the sequence
(samples FANA 1-10, max= 21 specimens and FANA 11-14, max= 6 specimens), with
L. inornata being the dominant species of the group. Nonionidae (max= 18 specimens),
biserial and triserial forms (max= 23 specimens) display the same abundance pattern,
mainly represented by Queraltina epistominoides and Boliniva sp. 3 respectively.
Anomalinoides capitatus increases abruptly compared to the other samples and present
its highest numbers in sample FANB 16 (max= 78 specimens). Nodosariata also
increase abruptly (max= 54 specimens) along with the agglutinated forms (max= 105

specimens), represented by the dominant Siphonodosaria jacksonensis (max= 25
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specimens) and Gaudryina pyramidata (max= 48 specimens) respectively. The abrupt
increase of planktonic foraminifera is also evident, whereas miliolids are almost absent.
The preservation of the tests varies from moderate to good. Nummulitids,
othrophragmines, P. madaraszi and other large sized benthic taxa, were infilled with
calcified mud. Epifaunal species continue to prevail over the infaunal ones with
maximum values of 31 species. Species richness (S) is high and ranges from 30 to 61.
The most diversified sample is FANB 16, while sample FANB 15 displays the less
diversified one. Evenness (J) values decrease and present the same values as in
Biofacies I, ranging from 0.18 to 0.38. Fischer-a values ranges from 6.80 to 11.18
presenting similar values to Biofacies I. Shannon H’ index values show a sudden
increase, reaching the higher values throughout the whole sequence, varying between
2.07 to 2.72 (Fig. 41).

6.4.3 Epipthytic Morphotypes

All four morphotypes of epiphytic foraminifera were recognized in the studied
samples as distinguished by Langer and Hottinger (1988) and Langer (1993) (Fig. 42a).
Morphotype A is represented only by P. mediterranensis. In Morphotype B, 15 species
belonging to 9 genera were assigned (Asterigerina, Cibicidoides, Hanzawaia,
Heterolepa, Lobatula, Neoconorbina, Planulina, Rosalina and Sphaerogypsina).
Morphotype C includes 16 species belonging to 9 genera (Assilina, Asterocyclina,
Discocyclina, Heterostegina, Nummulites, Operculina, Pararotalia, Pellatispira and
Spiroclypeus). Finally, morphotype D comprises 7 species belonging to 6 genera of
Stomatorbina, miliolid casts, Quinqueloculina, Textularia, Queraltina and Gaudryina.

The lower part of the sequence (FANA) mainly consists of morphotype B and C
(44% and 31% respectively), followed by morphotype D (22%) and morphotype A with
only 3%. Morphotype B exceeds C while in some samples are almost equal (FANA 7).
Morphotype D is absent in sample FANA 1 (Fig. 42b).

In the upper part of the sequence (FANB) a decrease of morphotype B and D is
evident, whereas an increase of morphotype C is noted. The percentage of morphotype
A is stable. The proportions of morphotypes B and C are either almost equal or
morphotype C exceeds B. The percentages of morphotype D through the samples of the
upper part, present almost the same distribution pattern as in the lower part of the
sequence. Morphotype A is absent from samples FANB 17-19 (Fig. 42b).
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6.4.4 Multivariate analysis

The Q-mode Cluster analysis and the Principal Component Analysis (PCA)
distinguished two clusters (Figs. 43, 44). For their determination, the lithology of both
parts of the section was taken into account. Group I coincided with the fine-grained,
grey siltstones to yellowish sandstones of the lower part of the sequence and also the
sample FANB 15, which consists of fossiliferous, calcareous, yellowish sandstone.
Group Il comprises the homogenous samples of the upper part of the section. The
aforementioned analysis could not separate the transitional zone including samples
FANA 11-14 as the main factors affecting the cluster do not show significant changes.
Sample FANB 15 is grouped with the lower part of the sequence as the assemblage was

not yet restored/ recovered.
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The R-mode Cluster analysis shows that the fauna can be divided into two main
fauna groups-biofacies (Figs. 45, 46). Group-Biofacies 1 is related to the fine-grained
siltstones of the lower part of the sequence. The assemblage is characterized by the
dominance of epifaunal over infaunal species. The most important species are
Nummulites spp., H. eoceana, C. praemundulus, L. lobatula, Asterigerina sp., S. torrei
and Pararotalia inermis.

Group-Biofacies 1l is correlated to the calcareous sandstones of the upper part of the
sequence. The assemblage is also dominated by epifaunal over the infaunal forms. The
number of epifaunal species is slightly bigger than in FANA, whereas the number of
infaunal species remains the same. The most important species are S. carpaticus, H.

gracilis, P. madaraszi, Asterocyclina spp., Discocyclina spp., and Cibicidoides sp. 1.
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Figure 45. Dendrogramm classification produced by R-mode Hierarchical Cluster analysis
(Ward’s method, Euclidean distances as a similarity index).
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6.5 DISCUSSION

Benthic foraminiferal assemblages of the three distinguished Biofacies comprise
a few dominant species. Their composition confirms shallow water conditions
already concluded from the previous chapters (chapter 4, 5). The estimation of the
paleobathymetry and paleoecology of the foraminiferal associations was obtained
after comparison of the ecological distribution patterns of their modern
counterparts. Hierharchical Cluster analysis and Principal Component analysis
divided two distinct groups, with Group | representing Biofacies | and Il and Group
Il referring to Biofacies IlIl. Minimum values of paleo-water depths 50-60 m are
indicated for the lower part of Fanari sequence (Group I; Biofacies I, Il; Figs. 44-
46), based on the benthic assemblages, consisting mainly of the nummulitids,
cibicididae and Asterigerina sp. (see Chapter 4). Upwards in the sequence (Group
I; Biofacies Ill; Figs. 44-46) the increase of orthophragmines, Spiroclypeus,
Heterostegina, the occurrence of Pellatispira along with the increase of planktonic
foraminifera specimens, point to a rapid increase of water depth and
paleoceanographic disturbances.

The rare occurrence of the planktonic foraminifera combined with the higher
proportion of bolivinids and buliminids in the lower part of the sequence may
indicate semi-enclosed, restricted conditions with temporally dysoxic to low oxic
conditions at the seafloor (e.g., Hallock 1987; Gebhardt et al. 2013), or plausibly
suggest more muddy substrates (Murray 1991, de Stigter et al. 1998). This is
amplified by the dark grey color of the sediments and the less diversified microfauna
of FANA section. Based on this theory, it is also explained the different and
‘peculiar’ stages of preservation of the foraminiferal tests. Groups that present low
to moderate tolerance under stress conditions (such as LBF, conical group and
lagenids) do not display breakages on their tests but they seem to be eroded or
missing (completely or evenly) (Hallock and Glenn 1986).

Under normal conditions, the most abundant Nummulites spp., who prefer quite
environments, would increase their tests. Nonetheless, their tests can be
characterized small to normal, even compared to FANB section. This paradox could

be explained because of the stress conditions of FANA. In the upper samples of this
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section, the environmental conditions seem to change. This event was documented
from Dimou et al. (2023) from the distribution of LBF and with the data derived
from this research is amplified. These samples depict the transitional phase between
the shallower lower part and the deeper upper part of the sequence. This is reflected
to the reduction of the taxa (S index) occur in the aforementioned samples.

The dominance of epifaunal over infaunal species, indicates a well vegetated
platform. FANA section is mostly dominated by temporary motile species
(morphotype B) and less with motile species (morphotype C). In FANB section the
opposite is evident with the slight increase of motile species. This distribution
pattern indicates that the lower part of the sequence was covered by dense
arborescent algal substrates that pass into algal and seagrass habitats (Langer 1993).
This is confirmed by the abundant corals and coralline algae recovered from Fanari
but also recorded from the rest studied localities. Similar conditions were noted by
Setawian (1983) from the upper Priabonian of N. Italy.

In the upper section (FANB), the LBF assemblage and the preservation stage of
the foraminifera tests, indicate fore-slope environment with smooth inclination.
From chapter 4 and Dimou et al. (2023), it was concluded that P. madaraszi and S.
carpaticus were the most abundant species with extreme/ mass abundances, which
present an opposite trend. These large size megalospheric forms suggest stable
conditions at the most favorable parts of the depth range (K-mode strategy) and the
co-occurrence with the abundant perforates indicates oligotrophic, normal marine
conditions (Hallock and Glenn 1986).

The rich biodiversity and the high abundances of warm species of shallow water
combined with all aforementioned data, suggest a short climatic optimum during the
cooling event of Eocene-Oligocene Transition (EOT). The widespread euryhaline
taxa and their co-occurrence with bryozoans, brachiopods, echinoids and molluscs

suggest normal sea-water salinities.
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6.6 CONCLUSIONS

Benthic and planktonic foraminifera occur throughout the sedimentary
succession of Fanari. In total 100 species belonging to 60 genera were distinguished
and distributed differently through the sequence. Diversity indexes show fluctuation
along the sequence, whereas the Dominance_D index values remain more or less
stable and low, indicating that in different part of the sequence a few species
dominate.

Foraminifera in the lower part of the section (Biofacies I, 11) present moderate
abrasion of their tests and especially miliolids are represented only by casts.
However, the rest of the microfauna present excellent test preservation. Planktonic
foraminifera are outnumbered by benthic ones. Dominant species are Nummulites
spp., Asterigerina sp. and cidicidae, implying vegetated covered bottoms. However,
mud-dwellers occur, pointing to a mud input. Fish bones and other fossil groups are
present.

In Biofacies I11, the LBF group occurs in rock forming quantity. The quantitative
analysis of foraminiferal assemblage and the hierarchical classification derived from
R-mode cluster analysis enable us to improve the paleoenvironmental framework.
Resulting, two groups were determined. Group A consists of a restricted/ semi-
ecnclosed conditions assemblage (e.g. nummulitids and miliolids), while Group B
comprise fore-slope assemblage dominated by P. madaraszi, S. carpaticus, H.
gracilis, Asterocyclina spp, and Cibicidoides spl. Some taxa are abundant
throughout the entire study interval.

Based on all analyzed data, it is evident that the Fanari sequence grades from a
semi-closed/ protected environment into deeper upper fore-slope settings. Even
though the deepening caused by an abrupt/intense event, the small benthic
assemblages did not suffer of severe changes. In contrast, in the LBF assemblanges
where large changes were recorded. The dominating epifaunal morphotypes suggest

oligotrophic conditions during this time interval.
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CHAPTER 7. CONCLUSIONS

Through this thesis new data on LBF assemblages and events during the uppermost

Eocene are presented from the Greek part of Thrace Basin. An overview of the results

of the previous chapters are summarized here.

1.

The full spectrum of large benthic foraminiferal content from Fanari was analyzed,
comprising a rich and diverse assemblage of orthophragmines, nummulitids, and
other benthic taxa. Their detailed systematic description is presented, which refines
the biostratigraphic age SBZ 20 corresponding to late Priabonian for the whole
sequence. Twenty-four taxa among which six at (chrono)subspecies level
belonging to twelve genera were identified and morphometrically analyzed for the
first time from Greece. The foraminiferal assemblage was characterized by the
constant presence of N. fabianii almost throughout the whole sequence. The most
abundant species are P. madaraszi and S. carpaticus although they occur in the
upper part of the sequence, along with orthophragmines. Their mass abundance
could be characterized as a Pellatispira-bed or a Pellatispira-Spiroclypeus-bed. S.
carpaticus showed an increase in the inner cross section of the proloculus,
distinguishing two groups. The foraminiferal distribution in the sequence enabled
paleoenvironmental observations and the reconstruction of the evolution of the
Fanari area. Three main depositional marine shelf facies were distinguished that
operated at the shallow upper foreslope of the carbonate platform. Comparing
Fanari to other localities ranked to SBZ 20, it stands as a key area of the latest
Priabonian (SBZ 20) and of outer shelf biofacies and as one of the most diverse in
LBF sequences of the Tethys realm and a possible hot spot of biodiversity.
2. The paleoenvironmental evolution of the middle-upper Eocene deposits from
the Greek part of the Thrace basin is depicted, drawn on several outcrops along the

mainland (Kirki, Avantas, Maronia, Pylaea, Didymoticho) and on the north-eastern
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Aegean islands (Samothraki and Lemnos). Paleontological and sedimentological
data distinguish 16 microfacies types that represent inner, middle and outer shelf
environments. Their analysis suggests the development of a rimmed carbonate
shelf with isolated platforms with marginal rims, which is characterized by
restricted to open water circulation and high biotic diversity. The depositional
model is reconstructed and proposed. Triggered and modified by the syn-rifting,
this evolutionary pattern generates topographic highs where these ancient reef
buildups thrive. Two stages of platform development were detected, followed by
two transgressional episodes (T1, T2) during Bartonian-Priabonian. The first one
is evidenced by the remains (late Lutetian to early Bartonian assemblages) of the
demolished distinct “Phantomas” Formation (named sensu). Nothing like, the
second stage is found widespread, characterized by a fully developed (Bartonian-)
Priabonian platform with several sub-environments.

3. In total 100 species were identified, belonging to benthic foraminifera (small
and large) recovered from Fanari loose sediments and also identified from the thin
sections. This research provides a revision of the existing taxonomic notes and
describes species found for the first time from the area. The paleoenvironmental
analysis is expanded by the combination of the morphological features with the life
strategy of both LBF and small benthic foraminifera. From this research, the
distinguished  assemblages, their distribution and response to the
paleoenvironmental conditions compared to the equivalent recent indicate to a

climatic optimum that took place during the latest Priabonian, SBZ 20.
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ABSTRACT

The Greek part of Thrace basin is an ideal field of research of Paleogene carbonate
platform deposits, as many sites with the dominant fauna of Large Benthic Foraminifera
(LBF) have been recorded. The scope of the present thesis is to study in detail the
composition and distribution of both LBF and smaller benthic foraminifera from 7 sites,
aiming to create a paleoenvironmental model for the region. For this purpose, the research
focused on the following aspects: 1) Study of LBF in order to provide a revised and integrated
systematic description. One of the best sites in terms of preservation, biodiversity and
sediment type is located along the coastline of Fanari village (SW of Komotini city). Two
outcrops, consisting of shallow marine sediments of the upper Eocene, were sampled to
analyze the full spectrum of LBF content, which includes a rich and diverse assemblage of
orthophragmines, nummulitids and other benthic foraminifera. Based on the detailed
systematic description, the sedimentary sequence was dated to the Shallow Benthic Zone
(SBZ) 20 corresponding to upper Priabonian. For the first time in Greece, 24 species were
identified and analyzed morphometrically, including 6 species at the chrono-subspecies level
belonging to 12 genera. The composition of foraminifera assemblage is characterized by the
constant presence of Nummulites fabianii almost throughout the sequence. The most
abundant species are Pellatispira madaraszi and Spiroclypeus carpaticus although they occur
in the upper part of the sequence, together with orthophragmines. The distribution of
foraminifera in the sequence allowed paleoenvironmental observations and the
reconstruction of the Fanari area. Three main categories of deposits were distinguished that
functioned in the shallow upper anterior part of the carbonate platform, making the Fanari
section a key area not only of the upper Priabonian but also of the biofacies of the outer shelf.
2) Detailed microfacies analysis of carbonate deposits. The paleoenvironmental evolution of
the middle-upper Eocene deposits were investigated from several outcrops along the
mainland (Kirki, Avantas, Maronia, Pylaea, Didymoticho) and on Samothraki and Lemnos
Islands. All samples collected were examined in thin sections. The paleontological and
sedimentological data distinguished 16 types of microfacies representing internal to external
platform environments. Their analysis suggests the development of a marginal carbonate

platform with isolated reefs, characterized by limited to open water circulation and high
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biodiversity. Due to the simultaneous tectonic activity, topographic ridges are created where
these "ancient' reefs develop. 3) The study of small benthic foraminifera was carried out to
provide a revised and comprehensive systematic description. In addition, species found for
the first time from the area were recorded. Their biodiversity and distribution pattern was
investigated to extend the paleoenvironmental analysis by combining morphological
characteristics with the life strategy of both LBF and SBF. In total 106 species were
identified; 46 belong to LBF. Based on the above, the carbonate platform of the Greek part
of the Thrace basin has already been classified as one of the most species-rich sites of the

Tethyan Ocean and as a biodiversity hotspot for the upper Priabonian.

162



HEPIAHYH

To eAAnvikd tuqpo TG Aekavng g Opdkng amotelel £va 13aviKO Tedl0 EpELVAG TV
[ToAaoyevov amoBécemv avOpakikng TAateopuog, Kabmg Exovv kotaypapel TOALEC Béoelg
LE TNV EMKPATOVCO G€ AVTEG Tavida peyahwv PevBovikav tpnuatoeopwv (Large Benthic
Foraminifera, LBF). Xxomo¢ g mapovcac O100KTOptknG SatpiPic €ivar 1 AETTOREPNC
perétn g obvBeong ko kotavounsg twv LBF, aAld kot tov puikpdtepmv PevBovikodv
TPNUaTOPOp®Y  amd 7 Bécelg, otoyevoviag ot onuovpyion  eveg  HOVTEAOL
TOAALOTEPIPAALOVTIKNG OvachoTaong TG mepoyns. o avtév 10 okomd m €pevva
eotidotke ot €€ng empépovg katevBovoels: 1) Merétm tov LBF pe oxond v
avafepnpévn Kot OAOKANPOUEVT) GUCTNUATIKY TTEPLYPAPT] TOLS. Mo amd T1g KaAOTEPES
Béoeic amd dmoyn datnpnong, frorowthdTntog Kot Tvmov Wnudtwv evioniletal oto Poavapt
(NA ¢ Kopotmvng). Avo gpoavicelc, ot onoieg amotehovviat and pnyd Baridooia wnpato
oV avdtepov Hokaivov, detypatiotnkay yio va avaivBel 6Lo T0 @ACHO TOV TEPLEYOUEVOL
tov LBF, 1o omoio meprhopfdver po mAodowo Kot TOWKIAOROPON ocuvvdabpoion amnd
orthophragmines, nummulitids kot d&Alwv PevBovikdv tpnuatoedpwv. Bdoel 1ng
AemtopepoVC CLGTNUOTIKNG TEPLYPAPNS, N Wnuotoyeving axoiovBio ypovoroynOnke ot
Bolwvn Shallow Benthic Zone (SBZ) 20, mov avtiotoyel oto dve Ilprapmovio.
[TpocdiopiotnKay Kot avalvOnKay LOPPOUETPIKA, YO TPMTN GOPE 0o TOV EAANVIKO YMpPO,
24 gidn peta&d tov onoiwv 6 o eninedo vroeidovg (Chrono-subspecies) mov aviikovv cg 12
vévn. H odvBeon tov tpnuoatoedpov yopaxtnpiletor and ) otabepn mopovsic. tov
Nummulites fabianii oyedov o 6An v akolovBia. Ta wo aebova &idn eivor ta Pellatispira
madaraszi kot Spiroclypeus carpaticus av kot epeoviovtor 6T0 avATEPO TUNUA TNG
akolovBiag, pali pe to orthophragmines. H «otovourn 7tovg emétpeye v
nolooneplPaAlovTiky  avamapdotacy G eEEMENG g mepoyng tov  Davapiov.
AwkpiOnkav tpelg KOpleg katnyopieg anobécemv mov AETOVPYNGAV GTO PNYO AVATEPO
pdc010 TN TNG AvOpaKIKNG TAATEOP LG, KaO1oTOVTOG TO Davapt pio TepLOyN-KAELDT OYL
pévo tov avo Ipropmoviov aArd Kot T@v Brogdoewv g eEOTEPIKNIG VOUAOKPNTIdAS. 2)
Agntopepng avdivon kot kobopiopodg Mikpopdcoewv tov ovOpokik®v amobécewv. H
nolatoneptPariovtikn e£EMEN TV amobfécemy Tov pécov-avatepov Hokaivov epeuviOnke

and mOALEC eppavicelg g Nrepotikng yopos (Kipkn, APavtag, Mapodvela, TTviaia,
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Awouodteryo) ko oto viiowd Zapofpdkn kot Anuvo. OAa ta detypata mov GuAAEYOMKOV
e€etdomroy o€ Aemtég Topés. Ta maAatovtoAoykd Kot ilnUatorloyikd dedopéva dtokpivouv
16 TOmOVG HIKPOPACE®V TOL OVTITPOSHOTELOVY TEPIPAAALOVTA ECMTEPIKNG £MG Ko
e€otepikng  mioateoppog. H  avdivon  tovg vmoonidver v ovamtuén  pog
neplimplomomuévng avlpaKikng TAATEOPUAG HE OTOUOVOUEVOVS LPAAOVLS, 1) omoid
yopokmpiletor omd TEPOPIGUEVT, £€®G  OVOIKT KLKAOQOpio VeEPOL KOl VLYNMANR
Bromowkihdtnta. E&atitiag g tontd)povng TEKTOVIKNG OpacTnplOTNTOS, ONUIOVPYOVVTAL
TOTOYPOPIKA  VYOUOTO OTOL  OVOTTOGOOVIOL OVTOL Ol «opyoioy VeoaAol. 3)
[TpaypoatoromOnke n peAétn TtV HIKPOV PevBovikdv TpNUATOQOp®V UE OKOTO TNV
avabempnéEVI Kol OLOKANPOUEVT GLGTNUATIKN TEPLYPaPn Tovs. EmmAéov, kataypdonkov
€ldn mov Bpédnkav yio TpdTN Popd amd v meproyr. H Promotkiddtnta toug kot o mpdtumo
KOTOVOUNG TOLG dlepevvinOnkav mpokeévoy va emektafel 1 mohotomeptfoiioviiky
avdAvon cuvoVALoVTaG TO. LOPPOLOYIKE YOPAKTNPIOTIKA e TN oTpatnyikn {oNg T060 TV
LBF 660 kot tov pukpdv BevBovikdv tpnuato@dpmy. ZuvoAikd tpocsdlopictnrov 106 idn,
€K TV omoiwv ta 46 va avikovv oto LBF. Bdoel tov mpoavapepféviov, n avOpakikn
TAQTQOPLLO TOV EAANVIKOD TUNHOTOS TNG AEKAVNG TG OpAKng £xel NON YopaKTNPLoTEL OC pio
and Tig mo mhovoleg oe €idn Oéom tov wkeavod ™ TnBvog ko ¢ £va  hotspot

BromouciddTog Yo o dvoe Iprapmovio.
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APPENDIX

Table 1. Summary of distinguished facies of carbonate deposits of Thrace (NE Greece) and their descriptions.

Major MF type Age Main components  Subordinate components Texture Interpretation
MF1: LBF packstone Priabonian Orthophragminids, Other LBF, small rotaliids, packstone Outer platform
(PYL 1-4, 9) (SBZ 19-20) nummulitids miliolids, planktonic foraminifera,
CRA, bryozoan, echinoids,
molluscs, worm tubes
MF2: Coralline bindstone (5-8)  Priabonian CRA, corals, Silvestriella  Other LBF, small rotaliids, wackestone/packstone  Middle platform, shallower
(SBZ 19-20) tetraedra miliolids, planktonic foraminifera, than MF1
molluscs
MF3: encrusting and other Priabonian Encrusting rotaliids, Nummulites grainstone Inner shelf, protected
rotaliids-miliolids grainstone (SBZ 20)? other rotaliids CRA, environment, lagoon
(PYL 10, S3.1.1-2) textulariids, miliolids
MF4: Coralline bindstone Priabonian CRA rhodoliths, corals, Nummulites fabianii, miliolids, packstone (locally Middle platform, shoal,
(MAR 1.1-MAR 1.2) (SBZ 19-20) molluscs, bryozoans, peneroplids, textulariids, boundstone) winnowed platform edge
Oligocene? small rotaliids planktonic foraminifera, worm sands, areas with constant
tubes, ostracods wave action at or above the
wave action
MF5: bryozoan packstone Priabonian Bryozoans, small Operculina ex. gr. gomezi, packstone Middle platform, upper fore-
(MAR1) (SBZ 19-20) rotaliids, miliolids planktonic foraminifera, slope
echinoids, worm tubes
MF6: Nummulitic packstone Priabonian Nummulites fabianii Operculina ex. gr. gomezi, packstone/grainstone  Middle platform,
(MAR, S2F) (SBZ 19)? Discocyclina sp., small rotaliids, Nummulites bank
CRA, molluscs
MF7: coral-CRA-nummulitid Priabonian Coral patches, CRA, Other Ibf, small rotaliids, miliolids, wackestone/packstone Middle platform, shoal reef
boundstone/framestone (SBZ 19-20) nummulitids planktonic foraminifera, areas

(DDM1-4)

bryozoan, echinoids
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MF8: coralline-bivalve Priabonian Corals, CRA, endolithic Small rotaliids wackestone/packstone  Middle platform, up to 20m
wackestone/packstone (DDM (SBZ 19-20) bivalves
5) Oligocene?
MF9: coral-CRA-bryozoan Priabonian Corals, CRA, bryozoans  Orthophragminids, nummulitids, wackestone/packstone Middle platform, near the
wackestone/packstone (AVT 1- (SBZ 20)? miliolids, small rotaliids, fair weather wave base
2) planktonic foraminifera,

echinoids, molluscs, worm tubes
MF10: Aragonite/magnesian Priabonian Radial fibrous aragonite  LBF, small rotaliids, miliolids, wackestone/packstone  Shelf margin, marine
calcite cemented (SBZ 20)? cement, CRA, corals molluscs, ostracods phreatic environment
wackestone/packstone (AVT 1-
2)
MF11: Heterosteginid- Priabonian Orthophragminids, Other nummulitids, small micritic matrix Back reef, close to the reef
orthophragminid packstone (SBZ 20)? heterosteginids, CRA rotaliids, miliolids, agglutinants, or as reef flat
(AVT 5-13.1) bryozoans, corals, molluscs, worm

tubes
MF12: coral/coralline algae Priabonian Corals, CRA Small rotaliids, miliolids, micritic matrix Reef core
framestone/ boundstone (AVT  (SBZ 19-20) bryozoans, molluscs
14-15.1)
MF13: LBF Priabonian LBF, CRA Small rotaliids, agglutinants, grainstone Middle platform
packstone/wackestone (SBZ 20)? miliolids, bryozoans, echinoids,
(S1) worm tubes, molluscs
MF14: LBF redeposited LBF Small rotaliids, planktonic grainstone Middle platform
packstone/wackestone (LM1- foraminifera, CRA, bryozoans,
ML2) worm tubes

MF15: Assilina- coral
packstone (SAM1-SAM1.1)

Priabonian
(SBZ 19B-20)

Assilina alpina

Other nummulitids, Discocyclina
sp., Silvestriella tetraedra, corals,
small rotaliids, miliolids,
echinoids, bryozoans

micritic matrix

Distal outer platform
deposits

MF16: coral-gastropod
wackestone (SAM2-SAM2.1)

Corals, gastropods

Nummulitids, orthophragminids,
miliolids, small rotaliids, CRA,
bryozoans, echinoids

micritic matrix

Middle platform
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Table 2. Absolute abundances of species of Fanari sequence.

- o o © ~ © w0 < » o~ - o
Species/ samples @ |m | m | o | @ | m|o | < || < |2 |2|2 |2 |<|< |2 |2 |2 |3|%Z
| f|f|f|f|8|f| g |8|8|5 |8 | |5 |8 |&|58|& & |3
Ammodiscus sp. 0 10 0 0 0 25 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1
Anomalinoides capitatus 10 21 18 6 16 78 3 4 1 2 12 5 8 1 11 18 9 14 5 3 12
Assilina alpina 108 5 95 32 10 27 0 0 0 0 0 0 10 18 6 19 0 6 4 0 1
Asterigerina brencei 0 0 0 0 8 15 0 4 6 3 3 4 16 7 10 32 3 18 4 14 17
Asterigerina sp. 57 32 65 58 | 153 | 245 2| 213 67 17 67 | 191 | 323 | 417 | 182 | 4456 | 188 | 492 | 841 | 113 70
Asterocyclina spp. 150 39| 150 105 40 | 138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bolivina sp. 1 0 0 0 1 0 2 0 0 0 0 0 3 4 4 0 7 0 3 0 1 0
Bolivina sp. 2 0 1 1 0 0 1 0 0 0 0 0 1 2 0 0 1 1 0 2 0 0
Bolivina sp. 3 0 9 2 0 0 5 2 0 0 0 1 1 0 0 0 3 2 1 1 2 2
Bolivina sp. 4 2 1 3 0 0 5 0 0 0 0 0 0 0 0 3 0 0 0 1 0 0
Bulimina bradyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Bulimina elongata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Bulimina gibba 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Bulimina sp. 1 0 0 0 0 0 0 0 0 0 1 2 2 4 8 8 3 0 7 0 0 0
Bulimina sp. 2 0 0 0 0 0 0 0 0 0 0 2 0 4 1 0 24 0 0 4 0 0
Bulimina sp. 3 0 0 6 1 0 5 3 0 0 0 0 0 0 1 0 6 12 5 0 2 4
Cancris sp. 0 0 1 0 0 0 2 0 0 0 0 0 1 0 1 3 0 0 0 0 0
Cibicidoides grimsdalei 0 0 0 5 0 0 0 0 0 2 17 13 7 15 11| 333 6 5 23 1 2
Cibicidoides praemundulus 17 5 61 32 | 105 93 7 6 2 14 33 26 38 59 3 13 3 66 90 23 18
Cibicidoides sp. 1 4 17 75 17 23 31 21 0 0 0 0 0 0 0 24 0 0 0 0 0 0
Cibicidoides sp. 2 63 48 60 32 22 47 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cibicidoides variabilis 1 0 0 0 0 4 1 4 0 0 1 0 0 1 0 9 3 1 7 0 0
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Discocyclina radians 10 7 10 14 4 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Discocyclina spp. 51 93 52 55 30 27 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Fabiania cassis 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3 4 2 3 7 0 0
Favulina hexagona 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Favulina sp. 0 0 0 0 1 0 0 0 0 0 2 6 0 0 1 7 8 4 16 3 2
Fursenkoina subacuta 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 6 0 1 0 2 3
Gaudryina pyramidata 5 12 20 3 13 48 0 0 0 1 2 1 3 0 1 17 5 13 15 6 7
Globocassidulina globosa 0 19 18 6 3 Al 0 1 0 0 1 0 0 0 0 2 0 0 0 1 1
Globulina gibba 15 7 19 0 7 1 1 0 1 0 2 0 1 0 2 2 0 2 0 0 0
Gyroidinoides sp. 0 0 0 0 6 3 0 0 0 0 1 2 2 2 1 3 0 5 1 0 0
Hanzawaia mantaensis 3 6 3 2 2 7 0 0 0 1 0 0 0 1 0 0 0 3 2 0 0
Haplophragmoides sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
Heterolepa eoceana

(perlucidus type) 20 0 59 0 0 1 0 0 0 0 2 0 1 0 0 11 0 0 21 0 0
Heterolepa eoceana

(tuxpamenis-eoceanus type) 350 | 224 | 614 125 70 | 306 95 68 12 16 18 | 45 26| 14 77 55 17 0 7 9 12
Heterostegina gracilis 0 97 | 103 | 388 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Heterostegina reticulata 74 27 0 0 0 0 0 0 0 0 0 0 0 1 1 9 0 0 2 0 0
Hormosinella sp. 0 1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hyalononetrion sp. 2 0 2 9 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 4 0 0
Hyperammina rugosa 1 5 7 0 0 18 0 0 0 0 0 4 0 0 7 0 4 0 0 0 0
Lenticulina calcar 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
Lenticulina carinata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lenticulina inornata 17 10 42 3 8 16 16 6 1 1 3 5 11 7 5 21 7 13 9 4 0
Laevidentalina sp. 3 0 6 0 4 1 0 0 0 0 0 0 0 1 0 1 0 7 2 4 1
Lagena paucistriata 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lagena sp. 0 6 8 0 2 8 0 0 0 0 0 0 0 0 0 3 0 0 0 0 4
Lobatula lobatula 21 15 30 5 17 46 9 15 3 6 74 40 23 45 6] 112 32 48 33 36 21
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Melonis pompiloides 3 1 12 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
miliolid casts 1 0 0 0 0 0 1 1 0 0 11 0 0 23 2 86 27 1 2 15 28
Neoconorbina terquemi 4 11 18 2 4 1 7 0 0 2 10 17 10 3 15 65 22 7 25 7 16
Neugeborina longiscata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nodosaria latejugata 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nodosaria sp. 1 0 4 2 0 5 6 0 0 0 0 1 0 0 0 3 2 1 6 0 0 1
Nodosaria sp. 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nodosaria sp. 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nonion commune 0 0 0 0 2 0 0 0 0 1 1 1 1 4 2 9 1 8 3 2 9
Nummulites budensis 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nummulites chavannesi 0 0 0 8 5 0 0 0 13 0 0 7 12 48 4 | 425 71 131 ] 169 2 0
Nummulites fabianii 0 0 0 18 20 11 40 0 9 0 4 10 8 14 5| 200 4 18 18 17 | 643
Nummulites garnieri 0 0 0 0 0 0 0 0 41 8 14 19 25 62 4 | 448 4 | 458 | 1532 59 68
Nummulites incrassautus 38 14 | 152 4 16 15 76 13 14 11 12 84 10 | 208 21 19 13 | 132 | 233 69 | 118
Nummulites stellatus 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nuttalides florealis 0 0 0 0 22 8 0 0 0 2 6 13 0 3 1 0 0 0 0 0 4
Operculina gomezi 34 30 11 3 17 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Orbitoclypeus cf. scalaris 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Orbitoclypeus furcatus 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Osangularia sp. 4 1 0 0 11 7 0 0 0 0 0 0 2 7 1 3 7 1 0 0 21
Pararotalia audouini 0 0 3 0 0 1 0 0 0 0 3 4 11 18 7] 164 0 11 15 0 0
Perarotalia inermis 1 5 24 8 14 39 1 5 1 14 | 115 27 11 28 32| 122 49 43 75 33 41
Pellatispira madaraszi 1226 | 768 | 620 | 660 | 173 | 358 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Planorbulina meditteranensis 7 7 0 0 0 4 10 18 1 4 8 4 3 25 6 5 3 14 9 6 0
Planulina sp. 0 0 5 1 4 1 0 1 2 2 0 12 15 0 7] 153 11 1 7 0 10
Pleurostomella acuta 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
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Pleurostomella incrassata 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Polymorphinid genus 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Praebullalveolina afyonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 1
Rhizammina sp. 3 6 0 0 0 7 1 0 0 0 0 0 0 1 1 0 0 0 0 2 1
Psammoshiphonella

cylindrica 2 12 4 0 1 7 1 0 0 0 0 1 2 1 0 0 6 0 0 2 0
Queraltina epistominoides 0 0 6 6 11 5 15 4 1 2 9 6 16 26 12 25 10 30 19 9 22
Quinqueloculina sp. 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Quinqueloculina sp. 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rosalina sp. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0
Rupertia sp. 2 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sigmavirgulina turtuosa 2 0 0 0 0 1 0 0 0 0 0 1 0 2 2 7 0 5 3 0 2
Silvestriella tetraedra 44 3| 144 58 4 74 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Siphonodosaria jacksonensis 3 10 22 5 10 25 0 0 0 0 0 3 4 0 0 0 0 3 0 1 2
Siphonodosaria sp. 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 0 0 4 0 0
Siphonodosaria sp. 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Kuremsia papillata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sphaerogypsina globulus 24 6 39 12 7 8 1 6 0 0 0 2 0 1 0 3 0 1 1 0 0
Spiroclypeus carpaticus 269 | 249 | 1659 | 388 | 649 | 689 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0
Stomatorbina torrei 0 0 16 17 24 15 28 0 3 7 11 24 28 58 44 | 1030 38 93 85 1 3
Textularia sp. 1 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0
Textularia sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Textularia sp. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Uvigerina sp. 0 0 0 0 1 2 0 0 0 0 1 0 1 1 3 1 0 6 0 0 0
Varginulinopsis sp. 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Planktonic Foraminifera 10 19 39 5 7 64 20 0 3 0 1 0 1 2 2 1 0 2 0 0 1
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