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Abstract: This study explains the stratigraphical and palaeoenvironmental significance of Bartonian–Priabonian
(Middle–Late Eocene) fossils, the fauna and flora obtained from the Baflçeflme formation of the Çardak–Tokça
basin (western Anatolia). The studied sequence is an outcrop from the Baflçeflme formation, deposited in a shallow-
marine to coastal environment without stratigraphic breaks. Forty genera and 58 species have been recognized in
the palynological assemblage of the Baflçeflme formation. A well-preserved diverse palynomorph and foraminiferal
assemblages yield the Middle–Late Eocene age for the Baflçeflme formation. In western Anatolia, mangrove
elements Nypa and Pelliciera have been first recorded in this study. The pollen of Mauritia and Acrostichum occur
in the back-mangrove environment. Lowland–Riparian and montane elements are characterized by dominance of
Myricaceae, Betulaceae, Engelhardia, Fagaceae, Myrtaceae, Anacardiaceae and Taxodiaceae, Pinus, Abies, Picea,
Cathaya, Quercus and Castanea, respectively. Fresh-water elements are represented by Sparganiaceae, Pediastrum
sp. and Aglaoreidia cyclops.

The palynological data for samples taken from the lower part of the section of the Baflçeflme formation indicate
a back-mangrove environment. The presence of poorly preserved dinoflagellate cysts suggest that sedimentation
occurred in a mangrove environment in the upper part of the section. The well-preserved foraminiferal data, along
with corals, bivalves and gastropods, indicate that sedimentation ceased in the shallow-marine environment. In this
paper, terrestrial climatic conditions of the Baflçeflme formation are also discussed on the basis of the coexistence
approach.

Key Words: Middle–Late Eocene, mangrove, western Anatolia, benthic foraminifer, palynomorph,
palaeoenvironment, palaeoclimate

Denizli Yöresindeki Bartoniyen–Priyaboniyen (Orta–Geç Eosen) Mikrofosilleri
içeren Baflçeflme Formasyonu’nun Stratigrafik ve Ortamsal Önemi, Bat› Anadolu 

Özet: Bu çal›flma, Çardak–Tokça havzas›n›n (Bat› Anadolu) Baflçeflme formasyonunundan elde edilen
Bartoniyen–Priyaboniyen (Orta–Geç Eosen) yafll›, fauna ve floran›n stratigrafik ve paleoortamsal önemini aç›klar.
Çal›fl›lan istif, stratigrafik kesiklik olmaks›z›n, s›¤ deniz, k›y› ortam›nda çökelmifl Baflçeflme formasyonundan bir
yüzlektir. Baflçeflme formasyonunun palinolojik toplulu¤unda 40 cins ve 58 tür tan›mlanm›flt›r. ‹yi korunmufl çeflitli
palinomorf ve foraminifer topluluklar›, Baflçeflme formasyonun yafl›n› Orta–Geç Eosen olarak vermektedir. Bat›
Anadolu’da, mangrove elementleri olan Nypa ve Pelliciera ilk kez bu çal›flmada kaydedilmifltir. Mangrov gerisindeki
ortamda Mauritia ve Acrostichum polenleri mevcuttur. Alçak alan-Irmak kenar› elemanlar›, Myricaceae, Betulaceae,
Engelhardia, Fagaceae, Myrtaceae, Anacardiaceae ve Taxodiaceae, da¤ elemanlar› ise Pinus, Abies, Picea, Cathaya,
Quercus ve Castanea ile karakterize edilir. Tatl›su elamanlar› Sparganiaceae, Pediastrum sp. ve Aglaoreidia cyclops
ile temsil edilir.

Elde edilen palinolojik veriler, Baflçeflme formasyonun alt kesimlerinden al›nan örneklerin mangrov gerisi
ortam› belirtti¤ini göstermektedir. ‹stifin üst kesimlerinde kötü korunmufl dinoflagellatler›n varl›¤› tortullaflman›n
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Introduction

The Palaeocene–Eocene sedimentary successions of
western Anatolia are claimed to have developed on the
different tectonostratigraphic units, such as the Lycian
Nappes (Poisson 1976; Yalç›nkaya et al. 1986; Göktafl et
al. 1989; Özkaya 1991; fienel 1991, 1997; Collins &
Robertson 1997, 1998, 1999; Bozkurt & Park 1999;
Sözbilir et al. 2001; Sözbilir 2002), the Menderes Massif
(e.g., Poisson 1976; Özkaya 1990, 1991; Bozkurt &
Park 1994; Özer et al. 2001; Koralay et al. 2004) and
the Bey Da¤lar› carbonate platform (Özkaya 1991; Collins
& Robertson 1998; Sar› & Özer 2002) (Figure 1a, b).
The non–metamorphosed Palaeocene–Eocene
sedimentary successions of western Anatolia generally
consist of conglomerate, sandstone, turbiditic
sandstone–mudstone alternations, bioclastic limestone
lenses, blocks of limestones and volcanic rocks, and these
have been interpreted to be of the supra-allochthonous
basin type, and to have developed over the Lycian Nappe
package (Sözbilir 2002). Limited coal-bearing Eocene
outcrops have been observed in western Anatolia. The
coal-bearing Eocene sediments of the Çardak-Tokça
basin, which stratigraphically overlie the Lycian Nappes,
are exposed 35 km east of Denizli (Figure 1a, b).

Micropalaeontological and stratigraphical studies on
the Eocene formations of the Çardak-Tokça basin have
been either neglected or carried out by Mineral Research
of Exploration Institute (M.T.A.). The unpublished report
of Göktafl et al. (1989) was the first comprehensive
stratigraphic and palaeontological study of the Tertiary
sediments of the Çardak-Tokça basin. The Baflçeflme
formation was formerly subdivided into fours members
(from bottom to top), the Dazlak, Beflparmak reef,
Maden and Asar members. That study reported that the
age of the Baflçeflme formation is Late Eocene
(Priabonian) on the basis of unillustrated benthic
foraminifers, mollusks and corals. fiahbaz & Görmüfl
(1992) examined the stratigraphic and sedimentological
properties of the conglomerates that crop out as the
Çardak-Tokça basin fill and recognized three different

types of conglomerates, these belonging to the Eocene,
Lower Oligocene and Oligocene, respectively. fienel
(1997) collected the findings of Göktafl et al. (1989) and
reinterpreted the age of the Baflçeflme formation as Late
Lutetian–Priabonian. Sözbilir et al. (2001) studied the
stratigraphic and tectonic properties of the Eocene in the
Baklan succession, located 10 km from the study area,
(Figure 1b) and reported a well-preserved marine fauna
which yields a Bartonian (Middle Eocene) age.

This study focuses on the Baflçeflme formation,
composed of both marine and coal-bearing lacustrine
sediments. The objective of this paper is to provide for
the first time palynological and foraminiferal evidence
from the Maden and the Asar members of the Baflçeflme
formation, to obtain precise ages, to ascertain
depositional environments, to begin to understand
qualitative palaeoclimatic conditions for these units, and
also to analyze the similarities to and differences from
correlative Eocene basins in Turkey. 

Stratigraphy

In the area, pre-Eocene basement consists of the
Triassic–Lower Eocene Lycian Nappes and generally
comprises metaconglomerate, metasandstone,
recrystallized limestone, metavolcanites, dolomite,
dolomitic limestones, and ophiolitic-rock matrix and
blocks (Göktafl et al. 1989). The Baflçeflme formation
unconformably overlies the Lycian Nappes and is made up
of four different members which are terrestrial and
shallow marine in character; these are (from bottom to
top) the Dazlak, Beflparmak reef, Maden and Asar
members (Göktafl et al. 1989; fienel 1997) (Figures 1b &
2). In the study area, the Dazlak, Maden and Asar
members occur the sequence (Figure 2). Here, their
lithological properties are described briefly, in ascending
order.

The Dazlak member, which is barren of microfossils,
generally comprises a reddish conglomerate and
sandstone alternation of transgressive character. The
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mangrove ortam›nda gerçekleflti¤ini göstermektedir. Mercan, bivalvia ve gastropodlu iyi korunmufl foraminifer
verileri, tortulaflman›n s›¤ denizel ortamda son buldu¤unu göstermektedir. Bu makalede, ‘coexistence approach’
yöntemine dayal›, Baflçeflme formasyonunun karasal iklimsel koflullar› da tart›fl›lm›flt›r.

Anahtar Sözcükler: Orta–Geç Eosen, mangrov, Bat› Anadolu, bentik foraminifer, palinomorf, paleoortam,
paleoiklim
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conglomerates are coarse-grained and poorly sorted.
Channel fills occur at some levels in the sandstones
(Figure 2). The Dazlak member was interpreted as
alluvial-fan deposits by fiahbaz & Görmüfl (1992). 

The Maden member, transitional with the underlying
Dazlak member, generally consists of yellowish sandstone
and mudstone alternations and includes conglomerate
and reefal limestone lenses (Figure 2). The Maden
member, deposited in intertidal environment, also
contains coal seams and lenses. Moreover, shallow-
marine macrofossils – such as gastropods and bivalves –
are abundant in the sandstones (Figure 2). 

The last member of the Eocene transgressive
sequence is the Asar member, which generally comprises
cream-coloured reefal limestones (Figures 1b & 2). In
some places, the member includes conglomerate,
sandstone, sandy limestone and mudstone (Figure 2). It
has abundant macrofossils and microfossils, such as coral,
benthic foraminifers, gastropods and bivalves. It was
deposited in an intertidal environment, including an
ecologic reef complex (Göktafl et al. 1989).
Lower–“Middle” Oligocene formations unconformably
overlie the Asar member in the study area (Göktafl et al.
1989; fienel 1997; fiahbaz & Görmüfl 1992; Sözbilir
2002; Akkiraz & Akgün 2005). All of these units are
overlain by Miocene to Quaternary continental deposits
(Koçyi¤it 2005; Westaway et al. 2005; Sözbilir 2005). 

Materials and Methods

A detailed stratigraphic section was measured in the
Baflçeflme formation; it contained the Dazlak, Maden and
Asar members (Figures 1b & 2). A total of 49 clay,
carbonaceous clay and lignite samples were collected
from the Maden member, the only suitable lithology with
respect to palynological study (Figure 2). Thirty samples
were also taken from the section for foraminiferal
investigation, from both the Maden and Asar members
(Figure 2). Ten grams of each sample were treated with
HCL, HF and HNO3 for palynological preparation. The
organic residue was screened through an 8 µm mesh
screen and 2 and 6 slides per sample of the >8 µm
fraction were prepared for transmitted light microscopy.
Pollen counts were carried out at 400X using an Olympus
microscope. Palynological counts range between 94 and
253 grains/specimen (Table 1). To reconstruct the
palaeoenvironment of the Baflçeflme formation in western

Anatolia, statistical analyses were done using the PAST
programme developed by Ryan et al. (1995). Non-metric
multidimensional scaling (MDS), using the Hamming
distance and Raup-Crick index of unweighted pair-group
average (UPGMA) cluster analysis have been applied
(Figures 3 & 4). Thin sections were prepared in order to
analyze the foraminifers. 

In addition, the palynoflora has also been analyzed
quantitatively using the coexistence approach proposed
by Mosbrugger & Utescher (1997) for climatic analysis.
The aim of the coexistence approach is to find the
intervals of various climate parameters for a given fossil
flora in which a maximal number of nearest living
relatives (NLR) of this flora may coexist. These
coexistence intervals are considered the best description
of the palaeoclimatic situation under which the fossil flora
lived. The application of the coexistence approach is
facilitated by use of a computer programme, ClimStat,
and the Palaeoflora database. Here, mean annual
temperature (MAT) was calculated using this method.

Palynological Data

In this section, the age of the palynological assemblage of
the Maden member is discussed. There is no fossil record
in the Dazlak member because of its coarse-grained,
clastic nature. All palynological outcrop samples were
obtained from the Maden member (Figure 2). Thirteen of
49 samples investigated for their pollen content contain
spores and gymnosperm and angiosperm pollen grains,
which are fairly well preserved. The flora is characterized
by 58 taxa and is here recorded (Table 1). The
angiosperm pollen count is always higher in than spores
and gymnosperms. In addition, Pediastrum spp. and
poorly preserved dinoflagellate cysts were also observed. 

Statistical analyses yield a long list of stratigraphically
unimportant, long-ranging taxa, but with a few index
taxa, for which stratigraphic ranges are given in Table 2.
In addition, selected palynomorphs recorded in this study
are also illustrated in Plates I–III.

Some of the characteristic Early Eocene taxa of
Normapolles, such as Basapollis, Interpollis and
Urkutipollenites, are poorly represented in the Lower
Eocene and do not occur in the Middle Eocene at
Hungarian localities (Kedves 1986). These pollen have
never been recorded in the samples of the Maden
member. The stratigraphic distributions of
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Triatriopollenites excelsus, Subtriporopollenites anulatus
ssp. nanus, Subtriporopollenites constans, Plicatopollis
lunatus and Nowemprojectus tumanganicus are restricted
to the Palaeocene and Eocene the world over (Table 2).
Nowemprojectus tumanganicus is here recorded for the
first time from the Eocene sediments of Turkey.
Additionally, Aglaoreidia cyclops appears in the Middle
Eocene and seems have its last occurrence within or at
the top of the ‘Middle’ Oligocene. Thus, this species is not

recorded in sediments older than the Middle Eocene
(Nickel 1996; Chateauneuf 1980; Hochuli 1978; Vinken
1988).

In addition to the taxa mentioned above, mangrove
and back-mangrove elements such as Psilatricolporites
crassus (Pelliciera), Spinizonocolpites group (Nypa) and
Leiotriletes adriennis (Acrostichum) and Mauritiidites
franciscoi (Mauritia) were first recorded in western
Anatolia. According to Rull (1998a, 1999), the Early
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Eocene occurrence of Psilatricolporites crassus (Pelliciera)
and Spinizonocolpites echinatus (Nypa) is always sparse
as compared to the Middle Eocene of the Venezuelan
Maracibo basin; that observation is consistent with the
data of this study. Most European Nypa pollen
appearances are in Ypresian–Cuisian deposits of France
(Gruas-Cavagnetto 1977), except for Spanish
occurrences that range from Cuisian to Early Lutetian
(Haseldonckx 1972) in age. Cavagnetto & Anadón (1996)
describe complex mangrove-swamp elements, such as
Nypa, Avicennia and Pelliciera from the Middle Bartonian
of the eastern Ebro basin (northern Spain). According to
Riegel et al. (1999), the mangrove association is
widespread and diverse in the Middle Eocene seam group
relative to the Lower Eocene seam group at Helmstedt,
northern Germany. The oldest biodiversification age of
the mangroves on the European sea-shores is Middle
Eocene (Plaziat et al. 2001). Based on the palynological
data, the Maden member should have been deposited
during the Middle–?Late Eocene period (Figure 2).

Comparison of Palynological Data with Other Coeval
Basins in Turkey

To date, only limited palynological studies on the Eocene
units have been made in the Yozgat and Çorum areas of
central Anatolia (Nakoman 1966; Akyol 1980; Akgün et
al. 2002; Akgün 2002). The Turkish Eocene microflora
was first examined by Nakoman (1966). That author
accepted that the age of the sediments in the Yozgat area
(Sorgun lignites) was Early Eocene based on the presence
of important biostratigraphic forms such as
Triatriopollenites excelsus, Tetracolporopollenites
biconus, Inaperturopollenites echinatus and
Monocolpopollenites granulatus.

Akyol (1980) studied the palynological aspects of the
Bayat lignites (nearby Çorum area of central Anatolia).
That author determined a rich flora, including some
forms that have biostratigraphic significance (see Akgün
et al. 2002 for discussion). A Middle–Late Eocene age is
suggested on the basis of palynological and foraminiferal
data. Although Nakoman (1966) and Akyol (1980)
recognized some biostratigraphically significant species
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for the Turkish Eocene, they did not document any of the
mangrove species which have been determined in the
present study. 

After those palynological studies at different localities
in central Anatolia, Akgün et al. (2002) and Akgün
(2002) obtained a rich species diversification. They also
obtained new Eocene palynological data and suggested
the presence of different kinds of mangrove and back-
mangrove elements, such as Avicennia, Psilatricolporites
(Pelliciera), Spinizonocolpites (Nypa), Mauritiidites
franciscoi (Mauritia) and Leiotriletes adriennis
(Acrostichum) from the Middle–?Upper Eocene Yoncal›
formation in central Anatolia (Yozgat and Amasya areas).
The species Spinizonocolpites echinatus, S. prominatus, S.
baculatus, S. gemmatus, S. microgemmatus, S.
bulbospinosus S. cf. wodehousei, S. indicus, S. cf.
adamenteus and Spinizonocolpites spp. were abundantly
recorded in samples of the Yoncal› formation (central
Anatolia). In contrast, Spinizonocolpites spp. has been

determined as individual grains from the Maden member
(western Anatolia) (sample 02B/07). Diversification of
pteridophytic spores, tricolpate and tricolporate pollen
grains is high in samples from the Yoncal› formation
(central Anatolia) compared to the Maden member
(western Anatolia). The species Nowemprojectus
tumanganicus has been determined in samples of the
Maden member (Table 1) but does not occur in the
Yoncal› formation. The mangrove element
Psilatricolporites crassus (Pelliciera) is abundant in almost
all samples from the Maden member (54–90%) (Table
1), but is less abundant in samples from the Yoncal›
formation. Although the percentages of mangrove
elements are different in central and western Anatolian
samples, the Middle–?Upper Eocene coal occurrences of
central Anatolia can be correlated with the data of this
study on the basis of the presence of mangrove elements.
The difference in relative frequencies of the species is
likely related to the palaeoecological factors which
persisted during the deposition of these coals. 
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Table 2. Stratigraphic distribution of selected taxa encountered in the Baflçeflme formation.

Fossil Age References

Leiotriletes adriennis Middle Eocene–Middle Miocene Stuchlik et al. 2001

Leiotriletes wolffii Late Eocene–Pliocene Nickel 1996; Stuchlik et al. 2001

Aglaoreidia cyclops Middle Eocene–Middle Oligocene Nickel 1996
Early–Middle Oligocene Roche 1988; Hochuli 1978; 

Ollivier-Pierre et al. 1993

Spinizonocolpites Group Eocene Vinken 1988
Middle Eocene–Early Oligocene Elsik 1974; Frederiksen 1973

Triatriopollenites excelsus Paleocene–Late Eocene Thomson & Pflug 1953; Kedves 1969, 
1982; Akyol 1978;Gruas-Cavagnetto 1978; 
Nickel 1996

Plicatopollis lunatus Eocene–Middle Oligocene Nickel 1996
Paleocene–Early Eocene Frederiksen 1980a
Middle Eocene Thiele-Pfeiffer 1988
Late Paleocene–Eocene Akgün 2002

Subtriporopollenites anulatus ssp. nanus Late Palaeocene–Late Eocene Thomson & Pflug 1953; Krutzsch 1957, 
1970; Krutzsch & Vanhoorne 1977

Subtriporopollenites constans Palaeocene–Early Eocene Kedves 1970; Krutzsch & Vanhoorne 1977
Middle Eocene Thiele-Pfeiffer 1988
Middle Eocene–Middle Oligocene Krutzsch 1970
Palaeocene–Early Oligocene Gruas-Cavagnetto 1978

Nowemprojectus tumanganicus Paleocene–Middle Eocene Bolotnikova (1979)
Eocene Frederiksen et al. (2002)



Foraminiferal Data and Age Determination

Thirty samples were collected from both the Maden and
Asar members of the Baflçeflme formation along the
section (Figure 2). However, only 22 samples were found
to be micropalaeontologically productive; samples from
the limestones of the Maden member are barren (the
samples of M4–M11) (Figure 2). 

However, Sözbilir et al. (2001) studied the
microfauna of the Eocene sediments cropping out in the
southeastern part of the Baklan area, located 10 km
northeastern of the study area (Figure 1b). Those
authors obtained well-preserved foraminiferal data from
the Beflparmak reef member, which is conformably
overlain by the Maden member. The well-preserved fauna
comprises Asterigerina rotula, Nummulites perforatus,
Nummulites beaumonti, Fabiania cassis, Europertia
magna, Chapmanina gassinensis, Halkardia minima,
Silvestrialla tedraedra, Rotalia sp., Globigerina sp.,
Operculina sp., Heterostsegina sp., Assilina sp., Gypsina
sp., Planorbulina sp., Textularia sp., Discocyclina sp.,
Hauerinidae, Rotaliidae and algae. A Bartonian age was
suggested by those authors, and is in agreement with our
palynological data for the Maden member. 

In this study, samples (A1–A22) collected from the
Asar member are rich in benthic foraminifers (Figure 2).
A Nummulites assemblage, including Nummulites fabianii
and Nummulites striatus, has been determined. In
addition, Fabiania cassis, Eorupertia magna, Halkyardia
minima, Baculogypsinoides tetraedra, Asterigerina rotula,
Quinqueloculina sp., Asterigerina sp., Discocyclina sp.,
Heterostegina sp., Eponides sp., Alveolina sp.
Praebulalveolina sp., Neoalveolina sp., Anomalina sp.,
Mississippina sp., Pararotalia sp., Pyrgo sp. and
Orbitolites sp. have also been recorded in the samples.
Rotaliidae, Textulariidae, Miliolidae, algae, bivalves,
gastropods and echinoderms have been documented as
well. The foraminiferal fauna suggests a Late Eocene
(Priabonian) age, indicating a carbonate-shelf depositional
environment for the Asar member. 

On the basis of foraminiferal data, Sözbilir et al.
(2001) suggested that the age of the Beflparmak reef
member is Bartonian. In addition, a
Bartonian–?Priabonian age has been suggested for the
Maden member on the basis of palynostratigraphic data.
Also, a Priabonian age is assigned on the basis of well-
constrained foraminiferal data from the Asar member. In

summary, the Beflparmak reef, Maden and Asar members
were deposited during Bartonian–Priabonian time in the
study area. However, it is difficult to interpret the age of
the Dazlak member, which is located at the base of the
Baflçeflme formation, due to the lack of fossils. According
to fienel (1997), Eocene sedimentation in the Çardak-
Tokça basin began in the Late Lutetian, an age which may
be accepted doubtfully for the Dazlak member (Figure 2). 

Reconstruction of the Palaeoenvironment 

The palynological assemblage of the Baflçeflme formation
in the Çardak-Tokça basin is limited due to conditions of
sedimentation, and exhibits some differences in the
frequency of the same taxa in different samples (Table 1).
To reconstruct the palaeoenvironment during the
deposition of the Baflçeflme formation, definite ecological
marker taxa have been selected from the published
literature. The ecological characteristics of species have
been grouped under generic headings, such as
“mangroves” (Nypa and Pelliciera) and “fresh-water
elements” (Aglaoreidia cyclops, Sparganiaceae and
Pediastrum spp.). The rhizomatic palm Nypa is an
ecological marker of mangrove vegetation (Germeraad et
al. 1968; Jiménez 1984; Frederiksen 1985;
Thanikaimoni 1987; Westgate & Gee 1990; Srivastava &
Binda 1991; Graham 1995; Rull 1998a; Lenz & Riegel
2001). Pelliciera is another mangrove element (Jiménez
1984; Rull 1998a). According to Frederiksen (1985),
Aglaoreidia cyclops was found to favour fresh-water
habitats; e.g., Azolla, Pediastrum, Botryococcus,
Potamegaton, Sparganium and Typa. Thus, the species
was thought to have been produced by fresh-water
habitats (Fowler 1971; Frederiksen 1985; Riegel et al.
1999). 

From the palaeovegetational point of view, the
palaeocommunities and samples can be divided into two
or three assemblages (Figure 3). In the
palaeocommunities dendogram, assemblage 1 consists of
mangroves, brackish-water elements and dinoflagellate
cysts. Assemblage 2 includes fresh-water, lowland-
riparian and montane elements (Figure 3).

In the sample dendogram, assemblage A is
characterized by a dominance of mangroves, brackish-
water elements and low frequencies of dinoflagellate
cysts and montane elements, corresponding to the
palaeocommunity cluster 1 (Figure 3). The samples of
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cluster A coincide with samples taken from the upper part
of the section (Figure 2). The presence of poorly
preserved dinoflagellate cysts and the abundance of
mangrove elements in these samples indicate close
proximity to a marine environment (Figures 3 & 5). The
samples taken from the lower part of the section lack
dinoflagellate cysts (Figures 2, 3 & 5).

Sample cluster B is represented by the dominance of
mangrove and the absence of fresh-water elements and
dinoflagellate cysts. The lowland-riparian and montane
elements in sample cluster B are higher than in cluster A
(Figures 3 & 5).

The samples of cluster C were taken from the lowest
part of the section (Figure 2) and are represented by the
presence of fresh-water elements, high frequencies of
mangrove, lowland-riparian and montane elements, and
the absence of dinoflagellate cysts (Figures 3 & 5),
corresponding to cluster 2 in the palaeocommunity
dendogram (Figure 3). There are low numbers of
mangrove elements in sample cluster C as compared to
clusters A and B (Figure 5). 

All micropalaeontological samples have also been
subjected to non-metric multidimensional scaling (MDS)
using the Hamming distance method (Figure 4). The MDS
shows results similar to those of the cluster analysis. The
MDS of the samples (Figure 4) shows that groups
identified in the cluster analysis have also been recognized
in this plot. The samples, which are situated at the
positive part of the second axis, show a close proximity to
the marine environment based on the presence of marine
samples (A1–A22); also, cluster A includes dinoflagellate
cysts, mangroves and brackish-water elements (Figures 3
& 4). The samples at the negative part of the second axis
indicate relatively terrestrial conditions.

Mangrove element Pelliciera (Psilatricolporites
crassus) is found in abundance in all samples (Table 1).
According to Jiménez (1984), Pelliciera is more sensitive
to high soil salinities than other more widespread
neotropical mangroves. It develops best on wet soils,
shallowly inundated at high tides (Collins et al. 1977). It
also thrives on firm, sandy slightly elevated soils which
are located in inter-channel areas (Fuch 1970; Jiménez
1984). Nypa, pollen of which is observed as individual
grains in sample 02B/07, occurs in permanently brackish
humid soil on the proximal fringes of mangrove fronts
(Blasco 1977; Chapman 1976; Srivastava & Binda 1991)

(Table 1). The combination of Psilamonocolpites sp.,
Mauritiidites franciscoi (Mauritia) and Leiotriletes
adriennis (Acrostichum), which are back-mangrove
swamps, have been observed as individual grains in some
samples. Their presence in the Tertiary of Venezuela has
been interpreted as representative of the wetlands behind
mangroves near the limit of tidal influence (Rull 1992,
1997a, b, 1998a, b). A Mauritia palm forest associated
with ferns indicates a zone of fresh-water (to locally
brackish) swamps and marshes in the Eocene of Colombia
(González-Guzmán 1967). The pollen of Mauritia grew
back of the coastline (Van Der Hammen & Wijmstra
1964); its presence in the sediments is a reliable indicator
of a warm tropical lowland environment flooded by fresh
(sometimes oligohaline) waters (Rull 1998b). In addition,
Mauritiidites may also be observed in more inland
associations. The scarce presence of Nowemprojectus
tumanganicus in samples 02B/03, 2B/04 and 02B/05
should be indicative of peaty substrates (Frederiksen et
al. 2002) (Table 1). The pollen of Chenopodiaceae may
endure droughts in salt marshes (Figure 5).

Pteridophytic spores of Polypodiaceae, Schizaceae,
Selaginellaceae, Lygodiaceae and Osmunda are dispersed
in the samples indicating the prevalence of perennial
water in the brackish-water palaeocommunity (Figure 5).
The presence of Sparganiaceaepollenites (Sparganiaceae),
Pediastrum spp. and Aglaoreidia cyclops in samples
02B/03, 01B/20 and 01B/44 correspond to sample
cluster C and may be considered as the fresh-water
palaeocommunity (Figures 3 & 5). Almost all samples
include lowland-riparian elements such as Juglandaceae,
Betulaceae, Engelhardia, Fagaceae and Myrtaceae.
Montane elements are represented by Pinus, Abies, Picea,
Cathaya, Quercus and Castanea (Figure 5). The
frequencies of lowland-riparian and montane elements
and also the presence of fresh-water elements in
palaeocommunity cluster 2 (which corresponds to the
sample cluster C) may indicate low sea levels (Figures 3,
4 & 5). The deposition of these samples in cluster C may
have occurred in a non-marine, back-mangrove
environment. The abundance of mangrove brackish-
water elements and the presence of poorly preserved
dinoflagellate cysts in sample cluster A indicate high sea
levels (Figures 3 & 5). Samples of clusters A and B must
have been deposited in a mangrove environment (Figure
5).
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In summary, it is clear that Middle–Late Eocene
transgression is recorded from cluster C to cluster A
(Figure 5). The presence of marine limestones in the
study area indicates that maximum sea-level conditions

were attained during deposition of the Asar member
(Figure 5). The marine transgression is also well
documented by the presence of reefal limestones
containing rich marine fossils, such as coral reefs, benthic
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foraminifers and echinoderms (Figure 5). In western
Anatolia, there has been no study focused on the
Bartonian–Priabonian transgression. However, on a
regional scale, the Palaeocene–Eocene successions of
western Anatolia were probably associated with
depressions (Sözbilir 2002). 

Palaeoclimate 

Quantitative terrestrial palaeoclimatic analysis based on
the palynological assemblage of the Maden member
(Baflçeflme formation) was carried out using the
coexistence approach proposed by Mosbrugger &
Utescher (1997); this technique is based on the ‘nearest
living relative’ philosophy, the assumption that climatic
requirements of Tertiary plant taxa are similar to those of
their living relatives (Mosbrugger & Utescher 1997). The
palaeoclimatic reconstruction of the palynoflora of the
Baflçeflme formation is based on a total of 19 taxa (Figure

6). The calculated coexistence intervals result in a mean
annual temperature (MAT) range mainly between 24.8
and 25 °C, but intervals between 17.2 and 21.1 °C also
occur (Figure 6). Thus, two different mean annual
temperatures (24.8–25 °C and 17.2–21.1 °C) have been
obtained by applying the coexistence approach proposed
by Mosbrugger & Utescher (1997). For this reason, Nix’s
(1982) terms megatherm and mesotherm are quite
relevant. Nix (1982) recognized plant groups for
characteristic temperature response models for Australia
and New Guinea. The megatherm element is dominant
where the mean annual air temperature exceeds 24 °C
and corresponds to the environment of the mangrove
association. The mesotherm element is dominant where
mean annual air temperature ranges between 14 °C and
21 °C and coincides with the slope and montane-forest
association. An intermediate zone is indicated as an area
where the mean annual temperatures are less than 24 °C
but greater than 21 °C. The obtained climatic values
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correspond to the terminology of Nix (1982). Climatic
conditions should be 24.8–25 °C near the coast, including
the megathermal elements (mangrove association). The
second MAT value (17.2–21.1 °C) corresponds to Nix’s
mesotherm zone. The intermediate zone is characterized
by a temperature of 21.1–24.8 °C. Nix (1982) used
these terms to do away with the confusion that is usually
associated with the use of tropical, subtropical and
temperate, since these have both geographic and thermal
connotations. On the other hand, according to Wolfe
(1979), the moist tropical forests have an MAT higher
than 25 °C; the 20–25 °C isotherms lie in the region of
development for the paratropical forest; broad-leaf
evergreen forests grow in a subtropical climate (13–20
°C). The occurrence of Nypa pollen suggests that tropical
to subtropical climatic conditions existed during
deposition of the Baflçeflme formation. If the habitat
requirements of Nypa during the Eocene were similar to
those of extant Nypa, water temperatures must have
been warmer than 24 °C. Nypa cannot survive in
temperatures less than 20 °C (Fechner 1988). The
species of Nypa, Avicennia and Pelliciera are among the
megathermal taxa (Cavagnetto & Anadón 1995, 1996).
Psilatricolporites crassus (Pelliciera) in particular has been
recorded with great frequency in our samples as a
megathermal species. The mangroves need the tropical
and humid climate to develop (Frederiksen 1985;
Westgate & Gee 1990). In addition, the presence of the
zooxanthellate coral fauna with larger foraminifera in the
carbonate rocks indicates the tropical temperatures of the
Tethys Sea. The zooxanthellate coral fauna and reef
growth with larger foraminifera control the minimum
sea-surface temperature (Schmiedl et al. 2002). Ediger et
al. (1990) studied the palynological properties of the
Tertiary of the northern Thrace Basin (northwestern
Turkey), and discussed the palaeoclimate of the Eocene
period. According to those authors, the increased
percentages of thermophilous elements, such as
Cyacadopites, Monocolpopollenites and Dicolpopollenites
kalewensis, indicate that the temperature was higher in
the Oligocene than in the Eocene, probably resulting in a
temperate climate in the Eocene and a subtropical climate
in the Oligo–Miocene. However, they also noted that the
Eocene part of the climate curve should be drawn with
caution on the basis of previous palaeoclimatic studies
(Wolfe 1978; Hochuli 1984). Throughout the Eocene
epoch, the climate of the Mediterranean region
underwent fluctations (Aleksandrova et al. 1987). The

Early Eocene is marked by some decrease in the mean
annual temperatures in what is present-day Belgium,
Germany and the East European platform, later
succeeded in Europe by a warm tropical and subtropical
climate (Buchardt 1978; Yasamanov 1982).
Palaeobotanical determinations of the Middle Eocene
palaeoclimate (Gray 1960; Dilcher 1973; Wolfe 1978;
Upchurch & Wolfe 1987; Greenwood & Wing 1995) and
of the Late Eocene palaeoclimate (Frederiksen 1980b;
Wolfe 1992) for the northern Gulf Coast, U.S.A. are all
winter-dry tropical to humid paratropical climates on
lowlands, and most infer no freezing. Frederiksen
(1980a, b) suggested a regime of winter-dry tropical
climate on lowlands adjacent to the coastline and a
marginal humid paratropical climate on the upper coastal
plain. In conclusion, we have identified the presence of a
mixture of subtropical/paratropical climatic zones,
corresponding to an interval having mean annual
temperatures 17.2° and 25 °C, and from coast to
montane environments. This climatic discrepancy is
related to the effects of the tropical Tethys Sea on
terrestrial environments.

Palaeogeographic Data

On the basis of previous studies and the data of the
present study, the present-day and Eocene geographic
distributions of mangrove elements Nypa and Pelliciera
have been plotted on maps (Figure 7). The pollen of Nypa
(Spinizonocolpites) and Pelliciera (Psilatricolporites
crassus), which were first recorded from Middle–?Upper
Eocene deposits in central Anatolia (Yozgat and Amasya
areas) by Akgün (2002) and Akgün et al. (2002), have
been cited in the section on palynological data. Nypa was
present on all continents during the Eocene but, at
present, only occurs in the Indo-Malaysian region (Figure
7). Conversely, Pelliciera (Psilatricolporites crassus)
occurred in the Caribbean area and on the Atlantic coasts
of Guyana and Brazil during Eocene–Oligocene time (Rull
1998a); it was also recorded from the Middle–Late
Eocene sediments of the Ebro basin (northeast Spain) by
Cavagnetto & Anadón (1995, 1996). Although its
presence in Africa is uncertain during Eocene time, it has
been reported from Middle–Upper Eocene sediments in
both central (Yoncal› formation) and western Anatolia
(Baflçeflme formation) (Figure 7). It was also reported
from the Tertiary of the Guiana basin (Van Der Hammen
& Wijmstra 1964), and from Early Miocene sediments of
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Panama (Graham 1977). According to Graham (1995),
its presence persisted into the Quaternary Gulf/Caribbean
region (Mexico, the Antilles, Central America, and
northern South America). However, at present, Pelliciera
(Psilatricolporites crassus) is observed in a restricted area
of central and northern South America (Figure 7). In this
study, the present Atlantic mangrove (Pelliciera) and
present Indo-Pacific mangrove (Nypa) elements have not
been reported as fossils from western Anatolia. Their
presence in Middle–Upper Eocene sediments of western
and central Anatolian implies warm mid-latitude Tethys

waters. At the global scale, since the tropical Tethys free
seaway connected the Palaeo-Atlantic and Indian oceans,
the mangroves should have invaded southeastern Asian,
African, North and South American and European shores. 

General Conclusions

The results of this study are as follows: (1) Palynological
and benthic foraminiferal assemblages indicate a
Bartonian–Priabonian age for the Maden and Asar
members of the Baflçeflme formation. (2) An overall rise
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(1995), Nickel (1996), Pole & Macphail (1996), Rull (1998a, 1999), El Beialy
(1998), Riegel et al. (1999), Akgün (2002), Akgün et al. (2002).



in sea level from the Bartonian to the Priabonian is
indicated by the distribution of both microfaunal and
palynological associations from the back-mangrove to
shallow-marine environment. The lower part of the
Maden member was deposited in a non-marine, back-
mangrove environment. The palaeoenvironment changed
from back-mangrove to mangrove or front-mangrove
environment in the upper part of the Maden member and
also to a shallow-marine environment in the Asar
member, which contains marine fossils. Based on the
palynological and microforaminiferal data, sea-level rise
likely was related to basin subsidence as a result of
tectonic development. (3) The mangrove taxa and coral
fauna with larger foraminifera in the carbonate strata of
the Baflçeflme formation indicate tropical water
temperatures during the Bartonian–Priabonian interval.
Palaeoclimatic conditions are characterized by 24.8–25
°C MAT values in the mangrove environment, whereas
there was a mean annual temperature of 21.1–24.8 °C in
the megatherm/mesotherm intermediate zone and of

17.2–21.1 °C in the mesotherm zone. These climatic
intervals indicate subtropical/paratropical climatic
conditions during deposition of the Baflçeflme formation.
(4) The circulation of warm Tethys waters was probably
responsible for the growth of mangroves in both central
and western Anatolia during the Middle–Late Eocene.
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Plate I

(all photomicrographs x 500)

Figure
1, 2 Leiotriletes adriennis (R. Potonié and Gelletich) Krutzsch
3 Leiotriletes minoris (Krutzsch)Ziembińska-Tworzydlo
4 Leiotriletes wolffii Krutzsch 
5 Leiotriletes microadriennis Krutzsch
6 Leiotriletes sp.
7 Cicatricosisporites sp.
8 Triplanosporites microsinuosus Pflanzl
9 Polypodiaceoisporites microconcavus Krutzsch
10 Polypodiaceoisporites kedvesii Stuchlik
11 Polypodiaceoisporites muricinguliformis Nagy
12-15 Polypodiaceoisporites sp.
16 Retitriletes sp.
17, 18 Laevigatosporites haardti (R. Potonié & Venkatachala) Thomson & Pflug
19, 20 Pityosporites labdacus (R. Potonié) Thomson & Pflug 
21-24 Pityosporites microalatus (R. Potonié) Thomson & Pflug
25 Abiespollenites cf. absolutus Thiergart
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Plate II

(all photomicrographs x 500)

Figure
1 Abiespollenites cf. absolutus Thiergart
2 Cathayapollis pulaënsis (Nagy) Ziembińska-Tworzydlo 
3 Cathayapollis sp. 
4,5 Cyacadopites gracilis (Wodehouse) Krutzsch
6 Cyacadopites intrasructus Krutzsch
7,8 Cyacadopites cf. minimus Krutzsch 
9 Psilamonocolpites sp.
10 Sequoiapollenites polyformosus Thiergart 
11a, b Spinizonocolpites sp.
12 Longapertites sp.
13 Kopekipollenites transdanubicus Kedves
14 Sparganiaceaepollenites polygonalis Theiergart 
15 Triatriopollenites bituitus (R. Potonié) Thomson & Pflug 
16-19 Triatriopollenites excelsus (R. Potonié) Thomson & Pflug ssp. typicus Pflug
20, 21 Triatriopollenites excelsus (R. Potonié) Thomson & Pflug ssp. minor Pflug
22-24 Plicatopollis plicatus (R. Potonié) Krutzsch
25-29 Plicatopollis lunatus Kedves
30 Triporopollenites robustus (Pflug) Thomson & Pflug
31 Triporopollenites sp.
32-35 Momipites quietus (R. Potonié) Nichols
36, 37 Trivestibulopollenites betuloides Pflug in Thomson & Pflug 
38 Subtriporopollenites anulatus (Pflug) ssp. nanus Pflug & Thomson in Thomson & Pflug
39 Subtriporopollenites constans (Pflug) Thomson & Pflug
40 Olaxipollis matthesii Krutzsch
41a,b Mauritiidites franciscoi (Van Der Hammen) Van Der Hammen & Garcia de Mutis
42 Intratriporopollenites indubitalibis (R. Potonié) Pflug & Thomson in Thomson & Pflug
43, 44 Polyporopollenites undulosus (Wolff) Thomson & Pflug
45 Polyvestibulopollenites verus (R. Potonié) Thomson & Pflug
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Plate III

(all photomicrographs x 500)

Figure
1 Myrtaceidites mesonesus Cookson & Pike 
2 Pentapollenites pentangulus (Pflug in Thomson & Pflug) Krutzsch 
3, 4 Tricolpopollenites microhenrici (R. Potonié) Thomson & Pflug
5 Tricolpopollenites liblarensis (Thomson) Thomson & Pflug ssp. fallax (R. Potonié) Thomson & Pflug
6 Tricolpopollenites liblarensis (Thomson) Thomson & Pflug spp. liblarensis (Thomson) Thomson & Pflug
7 Tricolpopollenites parmularius (R. Potonié) Thomson & Pflug
8 Tricolpopollenites retiformis (Pflug & Thomson) Thomson & Pflug
9, 10 Tricolporopollenites cingulum (R. Potonié) Thomson & Pflug ssp. fusus (R. Potonié) Thomson & Pflug
11 Tricolporopollenites cingulum (R. Potonié) Thomson & Pflug ssp. pusillus (R. Potonié) Thomson & Pflug 
12, 13 Tricolporopollenites megaexactus (R. Potonié) Thomson & Pflug ssp. brühlensis

(Thomson in Potonié) Thomson & Thiergart
14 Tricolporopollenites cf. pseudocingulum (R. Potonié) Thomson& Pflug
15-19 Psilatricolpites crassus Van Der Hammen & Wymstra
20 Psilatricolporites cf. costatus Dueñas
21 Chenopodipollis multiplex (Weyland & Pflug) Krutzsch
22-24 Nowemprojectus tumanganicus (Bolotnikova) Frederiksen
25, 26 undifferentiated dinoflagellate cysts
27, 28 Pediastrum spp.
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