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Abstract: The results of palaeontological (palynological and mollusc) and sedimentological analyses of the lower Miocene deposits
from the Bing6l minibasin, a part of the Sivas Basin, are exhibited to define the vertical shifts in sedimentation environments and plant
covers, linking to eustasy. The presence of index species Corbulomya (Lentidium) aquitanica suggests an Aquitanian age for the studied
succession, which can be divided into three informal units: a lower unit, a middle unit, and an upper unit. Fine-grained sediments of the
lower unit were deposited in a low sea-level setting due to high quantities of terrestrial palynomorphs. This unit is overlain by the middle
unit, coralgal limestone, which marks the first initiation of Aquitanian transgression. Continuing shallow marine settings in the upper
unit gave rise to deposition of coarse to fine-grained sediments. Palynological data were recovered from the fine-grained sediments
of the lower and upper units. A total of 35 spore and pollen taxa were recorded, including 2 spores from ferns, 5 gymnosperms,
26 angiosperms, 1 group of undifferentiated dinoflagellate cysts, and 1 fresh water alga of Botryococcus sp. The pollen spectrum is
dominated by coniferous forest, mainly undifferentiated Pinaceae, and herbaceous communities including high quantities of Poaceae
and Chenopodiaceae-Amaranthaceae, with minor contributions of Ephedra sp., Caryophyllaceae, and Asteraceae subf. Asteroidae. High
sea-level conditions, which started with sedimentation of the middle unit, survived during the deposition of the upper unit due to
being overwhelmingly dominated by dinocysts. Thermophile plants including Avicennia sp., Engelhardia sp., Myrica sp., Sapotaceae,
Cyrillaceae-Clethraceae, and Reveesia sp. along with relatively high quantities of xerophytes and the quantitative palaeoclimate values

imply a subtropical and dry palaeoclimate.
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1. Introduction

The Miocene is an epoch in earth history before the
development of the Northern Hemisphere ice sheet. It was
characterised by transgression-regression events leading
to the opening and closing of seawater in Europe (Rogl,
1998; Zachos et al, 2001; Meulenkamp and Sissingh,
2003). The early Miocene, which is the main subject of
this study, is a critical period between Oligocene mainly
“icehouse” climates and the middle Miocene climatic
optimum (MMCO) (Flower and Kennet, 1994). Some
authors indicated that relatively warm and ice-free
conditions persisted during the early Miocene (Zachos
et al., 1997; Mosbrugger et al., 2005). Conversely, other
authors claimed that this warm period was stopped by
several cooling and glaciation events, especially for the
high latitudes (Miller et al., 1991; Zachos et al., 1997;
Larsson et al., 2006, 2010). Alpine tectonics leading to
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the uplift of Anatolia were active during this time and
resulted in sea corridors and significant climate and
vegetation changes. During the early Miocene, there was
a pronounced connection between the Mediterranean and
the Indo-Pacific Ocean (Figure 1). The Mediterranean
area was wide, covering East Anatolia and the Taurides.
Moreover, the Paratethys was a wide-open connection
with the Indo-Pacific Ocean (Figure 1) (Rogl, 1998, 1999).
Although there exist many geological studies in Central
Anatolia, the Cenozoic deposits were poorly studied
in terms of palaeobotany and palaeoecology, especially
focusing on the gypsum-bearing deposits (e.g., Altunsoy
and Ozgelik, 1998; Akgiin et al., 2000; Dogan and Ozel,
2005; Sancay et al., 2006; Yilmaz and Yilmaz, 2006; Kayseri
and Akgiin, 2008; Ribes et al., 2015; Poisson et al., 2016;
Ocakoglu et al., 2018). Most of the information associated
with the Cenozoic palaeofloras originates from the
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Figure 1. Palacogeographic scheme of the Meditarranean, Indo-Pasific and Paratethys
realms in the Aquitanian showing seaways (from Rogl, 1998, 1999). The studied area is

marked by a rectangle.

Western Anatolian basins, which have a wide range of age
from early to middle Miocene (e.g., Thrace, Manisa-Soma,
Aydin-Sahinali, Kiitahya (Seyitomer and Tungbilek); e.g.,
Akgiin and Akyol, 1987; Ediger, 1990; Akgiin and Akyol,
1999; Akgiin et al., 2007, 2013; Kayseri and Akgiin, 2008;
Akkiraz, 2011; Celik et al., 2017). To date, only a few
palynological studies have focused on the sediments of
coastal environments (Akgiin and Sozbilir, 2001; Akkiraz
and Akgiin, 2005; Akkiraz et al., 2006, 2008, 2009, 2011a;
Sancay et al., 2006; Akgiin et al., 2013; Kayseri-Ozer, 2013;
Kayseri-Ozer et al., 2014; Ocakoglu et al., 2018). This paper
attempts to answer the question of how the vegetation and
climate were during the Aquitanian prior to the MMCO.
For this, we selected the Sivas Basin, which is located at the
point of junction of the Indo-Pacific and Mediterranean
seas, recessing to the north-west (Figure 1). In this area,
sedimentation took place in shelf and marginal marine
environments. Shelf environments were filled by coralgal
limestones and associated clastics. Since the studied
succession represents a well-dated record and includes
marine and terrestrial fossils, it is possible to interpret
more clearly the palaeoecological inferences. Using all data
obtained, the aims of this paper can be listed as follows:
1) revealing the palaeontological and sedimentological
aspects of the Aquitanian (lower Miocene) deposits
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from the Karacadren Formation (Bingdl minibasin; Sivas
Basin), 2) reconstructing palaeoecological characteristics
according to palaeontological data, and 3) elucidating a
visible marine invasion during the Aquitanian.

2. Geological setting

In Central Anatolia, during the Cenozoic such basins as
the Cankiri-Corum, Ulukisla, Haymana-Polatli, and Tuz
Goli accumulated (Goriir et al., 1984, 1998; Gonciioglu
et al., 1991; Clark and Robertson, 2002, 2005). The Sivas
Basin, situated at the eastern side of Central Anatolia and
filled by a thick Cenozoic succession, is another basin
and developed after closure of the northern branch of the
Neotethys as a result of collision between the Eurasian and
African continents (Sengdr and Yilmaz, 1981; Goriir et al.,
1984). This basin is a NE-SW trending basin, constrained
by the Pontides to the north, the Taurides to the south,
and the Kirsehir Massif to the west (Guezou et al., 1996;
Poisson et al., 1996; Goriir et al., 1998; Yilmaz and Yilmaz
2006) (Figure 2). Different views were suggested for the
development of the basin, including posttectonic (Yilmaz,
1994; Yilmaz and Yilmaz, 2006) and syn- to posttectonic
(Cater et al.,, 1991; Poisson et al., 1992, 1996, 2016).
However, the main tectonic regime around the early
Cenozoic was compressional and resulted in a north-south
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Figure 2. Simplified geological and tectonic maps of Sivas and its surrounding (from Bing6l 1989; Okay and Tiiysiiz, 1999).

directed shortening (Ozgelik and Altunsoy, 1996; Temiz,
1996; Giirsoy et al., 1997; Altunsoy and Ozgelik, 1998). The
Sivas Basin was formed above the allochthonous ophiolites
and ophiolite-related rocks well exposed on the northern
and southern flanks of the basin (Poisson et al., 1996; Okay
etal., 2006) (Figure 3). The metamorphic basement of the
Kirsehir Massif to the north and rocks of the Mesozoic
carbonate platform to the south underlie these ophiolites
(Poisson et al., 1996, 2016). Deposition in the Sivas Basin
starts with upper Cretaceous (Maastrichtian)-Palaeocene
shallow-marine carbonates of Tecer Dagi (Kurtman,
1973; Cater et al,, 1991) (Figure 3). The Eocene sequence
is characterised by the Bozbel Formation, consisting
mainly of deep-marine turbiditic and clastic deposits
and calcareous mudstones (Kurtman, 1973). Evaporate-
bearing deposits including an alternation of gypsum and
anhydrite occur at the top of this Eocene succession and

indicate the base of the salt-controlled Sivas Basin in the
strict sense (Ribes et al., 2015). The overlying Oligocene
Selimiye Formation includes reddish to greenish
sandstone-shale and thick massive gypsum, deposited in
fluvial, playa, and lake settings (Kurtman, 1973; Poisson
et al., 1996; Ciner et al., 2002; Ribes et al., 2015) (Figures
3 and 4). The Karayiin Formation, assigned a Chattian
age according to assemblages of benthic and planktonic
foraminifera, was deposited in fluvial, lacustrine, playa,
and lake environments indicating an inception of salt
tectonism, which gave rise to the formation of at least
20 minibasins such as Egribucak, Emirhan, Bingol, and
Eskibogazkesen (Ringenbach et al., 2013; Callot et al.,
2014; Ribes et al., 2015; Kangal et al., 2016; Kergaravat
et al., 2016; Pichat et al., 2016). According to Callot et
al. (2014), these minibasins register a typical model
of wall and basin structures for the development of a
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Figure 3. Geological map of the Sivas Basin (redrawn from Poisson et. al., 1996; 2016). 1. Miocene-Quaternary units; 2. Benlikaya
Formation (early to middle (?) Miocene); 3. basalts (middle Miocene); 4. Fadlun Formation (early to middle (?) Miocene); 5. Mini-basins
such as Egribucak, Bing6l and Karayiin (early Miocene); 6. Karayiin Formation (middle-late Oligocene); 7. gypsum diapirs; 8. Hafik
Formation (early Oligocene); 9. Selimiye Formation (Oligocene); 10. Bozbel Formation (Eocene); 11. Shallow marine limestones of
Tecer Dag1 (Maastrichtian-Palaeocene); 12. Ophiolitic nappes and ophiolitic mélange (late Cretaceous); 13. Taurus Carbonate Platform
(Mesozoic); 14. Kirsehir Massif; 15. Karacayir Intrusive syenite (100 ma).
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Figure 4. Generalised stratigraphic column of the Sivas Basin (Yilmaz and Yilmaz, 2006; Poisson et. al., 1996; 2016; Ribes et al., 2015,

Ocakoglu et al., 2018).

minibasin. Above the Karayiin Formation, deposition of
the Karacadren Formation, named by Kurtman (1973),
underwent regional transgression during the early
Miocene (Kurtman, 1973; Cater et al., 1991; Ozcan et
al,, 2009; Sirel et al., 2013; Ribes et al., 2015; Poisson et
al., 2016) (Figures 3 and 4). The Karacaéren Formation,
which constitutes the main subject of this study, consists
of shallow marine deposits including sandstones, marls,
gypsums, coralgal limestones, and locally conglomerates
(Figures 4 and 5). According to Poisson et al. (2016), the
formation was divided into five members involving the
Sivas marls, the reefs and algal limestones, the Ulukap:
clastics, the Bing6l marls and sandstones, and the Fadlun
resedimented gypsum (Figure 3). Terrestrial deposits of
the lower-middle Miocene Benlikaya Formation overlie
the previous units and are made up of conglomerates

and sandstones with mudstone interbeds accumulated
in the sabkha-playa and lake environments (Ocakoglu,
2001; Poisson et al., 2010; Ribes et al., 2015). There are
several allochthonous salt diapirs as well (Ribes et al.,
2015). The studied succession includes terrestrial and
marine sediments of the Karacaéren Formation and may
informally be divided into three parts as the lower side
of the coralgal limestone (lower unit), coralgal limestone
(middle unit), and the upper side of the coralgal limestone
(upper unit) (Figure 5).

3. Materials and methods

3.1. Materials

The Bingol minibasin is located on the western side of
the central Sivas Basin (Figure 3). A cross-section from
the eastern side of the city of Bingdl, which is situated
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Figure 5. Geological cross-section showing the sample numbers and lithological properties of the Karacadren Formation in the Bing6l

mini-basin (See table 1 for the explanations of facies codes).

about 8 km south-east of Sivas, was taken and sampled for
palaeontological examinations (Figure 5). Macrofossils are
common along the succession. A total of 10 samples for
the investigation of macrofauna were collected, of which 3
samples were from the lower unit (Sc-Mg) and 7 samples
from the middle unit (Lb) and the upper unit (Sc-Ms) (4
samples from Lb and Ssm, 3 samples from Sc-Ms) (Table
1). Additionally, 23 samples from grey-greenish clays with
gypsums and mudrocks were collected for pollen studies,
of which 9 were from the lower unit (Sc-Mg) and 14 from
the upper unit (Sc-Ms) (Figure 5). Since the lithologies
of the middle unit were not suitable for palynological
examinations, we did not collect samples from the field.

3.2. Methods

Facies definitions for the siliciclastic rocks were based on
lithology, grain size, sorting, sedimentary structures, and
fossil content (Table 1). The Dunham (1962) classification
was used for description of the carbonate rocks. For the
examination of palynomorphs, HCI, HE HNO, + KCIOa,
and KOH were applied to the samples. A mesh screen (8
pum) was used to eliminate organic materials. One to 3 slides
for per sample were prepared. According to the frequency
of taxa, between 52 and 230 pollen grains for each sample
were counted and converted to percentages. Selected
photomicrographs for palynomorphs were taken using
a Leica DM 2500 microscope and Leica DFC295 camera
(Figure 6). Selected molluscs were also photographed

334

(Figure 7). The TILIA and TILIGRAPH software developed
by Grimm (1994) was utilised for preparation of pollen
diagrams. A coexistence approach method was used for
quantitative palaeoclimate estimates (Mosbrugger and
Utescher, 1997; Utescher et al., 2014). CLIMSTAT software
and the Palaeoflora database were used for application
of the coexistence approach (www.palaeoflora.de). In
this study, the following palaeoclimate parameters were
considered: mean annual temperature (MAT), temperature
of the coldest month (CMT), temperature of the warmest
month (WMT), and mean annual precipitation (MAP).

4. Modern climate and vegetation

The city of Sivas and its immediate surroundings (around
1300 to 1600 m a.s.l.) are located in the Central Anatolian
Region, which has hot and dry summers and cold and
snowy winters. According to the Kdppen climate type, the
region is affected by a continental steppe climate, coded
as Dsc. The MAT varies from 7.2 to 8.9 °C. The average
temperature for the coldest month is about -3.3 °C. July is
the warmest month of the year with an average temperature
of 19°C. The area receives low annual rainfall of between
400 and 600 mm per year (Kadioglu, 2000; https://mgm.
gov.tr/en-US/forecast-5days.aspx). The savannah system is
dominantly constituted by herbaceous plants due to harsh
and dry conditions. However, in some places, there exist
small amounts of scotch fir and oak forests.
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Table 1. Summary of facies descriptions and their interpretations.

Fm. | Facies type Facies code | Description Fossil content Interpretation
Alternation of greyish to brownish Brackish water
. . . Scarce to abundant )
. siltstone and marl with thin gypsum (lagoon) with low
Siltstone and marl Sc-Mg . . gastropods and plant .
levels and disseminated gypsum debris hydrodynamic
crystals; exhibits parallel lamination regime
Rich and diverse
. . Greyish to whitish coralgal limestone, | macroinvertebrates,
Bioclastic . . . . Lagoon to shallow
Lb sandy limestone; displays lenticular | bivalves, oysters, . .
packstone marine settings
geometry gastropods, and stony
coral
= Brownish to dark grey, fine to
'% medium-grained sandstone, poorly
£ |Fine to medium- sorted, with granules and pebbles of Tidal flat-intertidal
5 . Ssm . . .
£ | grained sandstone quartz, feldspar, chert, epidote, and Scarce marine benthic  |lagoon
§ pyroxene; displays cross-lamination | foraminifera remains
) and ripple marks
» Greyish sandstone, poorly sorted,
Medium to coarse- Ssc medium to coarse grain size, and Scarce fragmented
grained sandstone dispersed pebbles; exhibits lobe bivalve and benthic
geometry, massive to well bedded foraminifera remains Delta front
Greyish conglomerate, normally
Clast-supported Gm graded, moderately sorted with sand
conglomerate . -
matrix
A}ternatlon of dark 'Eo pale grey Scarce to abundant
. siltstone and marl with sandstone . .
Siltstone and marl | Sc-Ms 1o gastropod, bivalve and | Shallow marine
beds, which display parallel .
L . plant debris
lamination and ripple marks
5. Results fauna (Figure 5). According to changes in the lithologies,

5.1. Lithology and facies of the Karacadren Formation

The entire succession (39°43'20.17"N, 37°06'24.96"E; 1367
m a.s.l.) reaches a thickness of about 400 m in total (Figure
5). The sediments start with massive gypsums, probably
belonging to the allochthonous Hafik Formation, which
were covered by an alternation of folded mudstone and
marl with gypsum interlayers and mollusc assemblage
(Figure 5). Reefal limestones with small-scaled reef crest
including abundant coral and algae occur towards the
upper levels. The succession continues with massive
sandstones attaining a thickness of about 70 m. There
are yellowish mudstones and marl with molluscs in the
top of the massive sandstones. The rest of the sequence
involves conglomerates, dark grey mudstones, and marls
with sandstone interlayers with an assemblage of mollusc

the following facies may be distinguished.

5.1.1. Siltstone and marl (Sc-Mg)

The sediments of the Sc-Mg form the lowest side of the
sequence and are represented by an alternation of grey-
green siltstone and marl involving intense bioturbation
(Figure 5; Table 1). The thickness of sediments ranges
from a few centimetres to 15-20 m. The sediments include
the following mollusc assemblage: Crassostrea gryphoides,
Corbulomya (Lentidium) aquitanica, Terebralia bidentata,
and Turritella (Turritella) gradate (Figure 8a). Thin
laminae of lignites with carbonised plant debris and levels
of gypsum take place in the fine-grained clastics as well.
These data together with Crassostrea gryphoides indicate
that the sediments of the Sc-Mg were deposited in a low
sea-level condition, probably in brackish to lagoonal
palaeoenvironments (i.e. restricted marine).
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Figure 6. Selected palynomorphs from the cross-section showing the sample numbers. 1, 2. undifferentiated Pinaceae sample 11/40; 3.
Cupressaceae, sample 10/05; 4, 5. Ephedra sp, (4) sample 11/40; (5) 11/38; 6, 7. Poaceae, (6) sample 11/37; (7) sample 10/01; 8. Carya
sp., sample 10/02; 9. Engelhardia sp., sample 11/42; 10. Ulmus sp., sample 11/40; 11. Chenopodiaceae-Amaranthaceae, sample 11/41;
12, 13. Asteraceae-Asteroidae, (12) sample 10/01; (13) sample 10/03; 14. Castanea-Castanopsis sp., sample 11/35; 15. Cyrillaceae-
Clethraceae, sample 11/37; 16-19. undifferentiated dinoflagellate cysts, (16) sample 11/35; (17,18) sample 10/04; (19) sample 11/36.
Photomicrographs are the same scale (see 15um bar).

336



AKKIRAZ et al. / Turkish J Earth Sci

Figure 7. Selected gstropods and bivalves from the cross-section showing the sample numbers. 1, 2. Tympanotonos margaritaceus (1)
sample 2; (2) sample 10; 3. Turritella (Turritella) gradata sample 3; 4. Terebralia bidentata sample 9; 5. Mactra substriatella sample 7; 6,7.
Corbulomya (Lentidium) aquitanica (6) sample 5 (7) sample 8; 8a,b. Crassostrea gryphoides sample 6. Scale bar is 1 cm.
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5.1.2. Bioclastic packstone (Lb)

This facies is distinguished in the middle unit (Figure 8b;
Table 1). A limited organic carbonate aggregate in the
lower Miocene Karacadren Formation as well as a small
patch reef are referred to here as Lb (Figures 5 and 8b).
Lateral continuity of the aggregate with Ostrea sp. does not
exceed a few dozen meters. The main aspect of this facies
is the presence of disseminated molluscan fossils (e.g.,
Anadara diluvii, Lucina sp., and Oliva sp.), coral colonies
mainly in the growth position (e.g., Echinopora sp. and
Goniastrea sp.), and bryozoa Stomatopora sp., indicating
variable salinity. Undoubtedly, a marine environment is
explicit owing to the presence of corals and Ostrea sp.,
whereas a lagoon-estuarine depositional setting including
brackish water conditions is depicted by the occurrence
of Crassostrea (Curray et al., 1969; Dickinson et al., 1972).
Considering the facies zone (modified Wilson Standard
Facies Zones, SZ-7/8; Flugel, 2004), it may be interpreted
as an open or restricted shallow marine environment.

Figure 8. a) Field photo indicating siltstone-marl with plant
debris and mollusc fauna (Sc-Mg). b) Field photo indicating
coralgal limestones (Lb) (arrows show the hermatipic coral
colonies).
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5.1.3. Fine to medium sandstone (Ssm)

This lithofacies, distinguished in the upper unit, consists of
grey, fine to medium-grained, massive to well-bedded, and
densely bioturbated sandstone changing between 30 and
40 cm in thickness. Some parts of the sandstone display
ripple marks and cross-laminations. Sandstone classified
as litharenite was poorly cemented with calcite and their
constituents were enriched by quartz, alkali feldspar, chert,
and some heavy minerals including epidote and pyroxene
(Folk, 1962). The sandstone, which includes an association
of undifferentiated benthic foraminifera, was derived
from the ophiolite source area and deposited in intertidal,
lagoon-tidal flat palacoenvironments according to broken
shells and bioturbation structures (Reineck, 1972; Reineck
and Singh, 1980; Weimer et al., 1982).

5.1.4. Medium to coarse sandstone (Ssc)

This lithofacies (upper unit) is made up of grey, medium
to coarse-grained, pebbly and massive to well-bedded
sandstone with rare bivalves (Table 1). There is mostly
calcite cement in the pore-fillings of the poorly sorted
pebbles. The cross-bedding structures display a dip at
an angle of about 30°. This facies exhibits a delta lobe
reaching approximately 1-2 mm in thickness. Some places
register cross-bedded sets attaining a thickness of 1 m,
forming a foreset of the Gilbert-type deltas developed
by a meandering system, which fed into shallow water
(Collinson, 1969; Flores, 1990; Kazanci, 1990; Kazanci
and Varol, 1990; Postma, 1990; Reading, 1996; Kangal and
Varol, 1999).

5.1.5. Clast-supported conglomerate (Gm)

This lithofacies (upper unit) includes grey, massive,
normal graded, and clast-supported conglomerate. The
thickness of bedding is about 50 cm. Pebbles, 1 to 5 cm
in diameter, are moderately sorted with polygenic traits
(mainly metamorphic and rare components of volcanic
and sedimentary rocks). There is a close relationship with
Ssc. This lithofacies together with Ssc indicates a foreset of
a coarse-grained delta progradation towards the shallow
water environment (Kazanci, 1990; Postma, 1990; Kangal
and Varol, 1999).

5.1.6. Siltstone and marl (Sc-Ms)

This lithofacies, determined in the upper unit, includes an
alternation of dark and pale grey to green siltstone and marl
with sandstone beds, which are common lithologies for
the Karacadren Formation. The main discrepancy of this
facies from the Sc-Mg is that thin laminae of gypsum levels
are missing here. The sandstone beds, ranging in thickness
from 15 to 20 cm, exhibit a clear lateral continuity and also
include dense bioturbation traces. The main sedimentary
structures of these sandstone beds are parallel lamination
and ripple marks. The thickness of sediments is variable
and may reach from a few centimetres to 15-20 m. The
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existence of marine fossils, including gastropods and
bivalves, and thin lignite levels with plant debris indicate a
coastal palaeoenvironment with limited water circulation.

5.2. Palaeontological data and age

Assemblages of the coralgal limestone (Lb) contain
copious fragments of molluscs, corals, and algae (Figure
5). The following bivalve taxa were determined: Anadara
diluvii, Nucula (Nucula) nucleus, Crassostrea gryphoides,
Mactra substriatella, Corbulomya (Lentidium) aquitanica.
Tympanotonos — margaritaceus, Terebralia  bidentata,
and Turritella (Turritella) gradata, which characterise
gastropod taxa. Some corals including Echinopora sp.,
Goniastrea sp., and Stomatopora sp. were described as well.
The assemblages of thin sections from the sandstones (Ssm
and Ssc; Table 1) in the upper unit reveal the dominance
of bivalves and corals, and minor amounts of Miliolidae.
Previous studies on the Karacadren Formation suggested
an early-middle Miocene age on the basis of various fossil
groups (i.e. foraminifera and nannoplankton) (Altunsoy
and Ozgelik, 1998; Callot et al., 2014; Ribes et al., 2015;
Poisson et al., 2016). However, Sirel et al. (2013) studied
the planktonic and benthic foraminiferal biostratigraphy
from the same basin and suggested an Aquitanian age,
referring to SBZ 24 from the Ishani section (Figure
3). The following taxa were determined: Miogypsina
gunteri, Miogypsina sp., Miogypsinoidella sp., Operculina
complanata, Nephrolepidina morgana, Amphistegina sp.,
Rotalia sp., and Elphidium sp. As a result, although the
age of the Karacadren Formation has a wide range of early
Miocene (Aquitanian-Burdigalian), the age in the studied
succession is considered to be Aquitanian according to
Corbulomya (Lentidium) aquitanica.

5.3. Palynology
Samples including marine and terrestrial palynomorphs
(samples 11/35-10/05) have been used for correlation

100+
.é 801 esample 10-05
5 esample 10-04
§ 60. esample 11-36
= sample 11-35
&
g
= 40
<
=

" y=-1.1701x + 110.35

R*=0.9894
L
0 " " - - )
0 20 40 60 80 100

Terrestrial palynomorphs

Figure 9. Relationship between terrestrial and marine
palynomorphs.

coeflicientanalyses, which indicate avery good relationship.
According to results of pollen groups from Sc-Ms, the
terrestrial and marine pollen data are compared with an R?
value of R? = 0.9894 (Figure 9). This indicates that marine
palynomorphs represented by undifferentiated dinocysts
did not come from afar to the site of fossilisation. Thirteen
samples were productive with respect to palynomorph
counting because of the low recovery in other samples
(Figure 10).

Using the palynological data, in the Aquitanian of the
Karacatren Formation, no attempt has been made yet to
elucidate variations in a coastal environment. The samples
of the lower (Sc-Mg) and upper (Sc-Ms) units yielded
pollen data. Since the other samples contained only a few
grains of spores and pollen taxa, they were not suitable for
counting. The prominent and visible features of the pollen
diagram display a discrepancy between the assemblages

Figure 10. Simplified pollen diagram of the samples from the Bing6l mini-basin (Sivas Basin). Shaded area: 3 times exaggerated
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of the lower and upper units (Figure 10). Table 2
summarises pollen characteristics of both assemblages.
These discrepancies are more remarkable since the
sediments of Sc-Mg and Sc-Ms were accumulated in
more or less comparable environments, probably on
low-lying coastal plains.

5.3.1. Palynology of the lower unit

Eight of nine samples were productive for palynology.
Thirty taxa were reported in total. The plant groups
are represented by large quantities of coniferous forest
and herbaceous plants, and minor quantities of mixed
mesophytic and riparian plants. Two pollen zones
(coded as A and B) with subzones (coded as A1 and A2)
were recognised by cluster analysis according to changes
in the abundance of palynomorphs (Figure 10).

5.3.1.1. Zone A (sample numbers 10/01-11/42)

This zone is dominated by undifferentiated Pinaceae
(range: 5.1% to 76.2%), Pinus diploxylon type (range:
2% to 40%), and nonarboreal plants such as Poaceae
(range: 4.8% to 25.2%), Ephedra (range: 2.1% to 7.8%),
and Chenopodiaceae-Amaranthaceae (range: 5.1% to
29.8%). This also includes minor amounts of Ulmus sp.
and Carya sp. with a constant fluctuation.

5.3.1.1.1. Subzone A1l (sample numbers 10/01-03)

The lowermost samples within this subzone involve
high percentages of Pinus diploxylon type (range: 13.8%
to 40%), Poaceae (range: 9.8% to 25.8%), Quercus sp.
(range: 5.1% to 10.8%), Fagaceae (range: 4.8% to 89.6%),
and Chenopodiaceae-Amaranthaceae (range: 6.2% to
11.8%) and minor quantities of Engelhardia sp. (average:
2%), Ephedra sp. (average: 1.8%), and Asteraceae-
Asteroidae (average: 4.8%). A freshwater alga of
Botryococcus sp. and a marker of a marsh environment,
Nyssa sp., which do not occur in other zones, are found
in minor percentages as well (Table 2). The curve of
undifferentiated Pinaceae peaks at around 29.8% for
sample 10/02.

5.3.1.1.2. Subzone A2 (sample numbers 11/37-42)

This includes large amounts of undifferentiated Pinaceae
(exceeding 75% in sample 11-40), Chenopodiaceae-
Amaranthaceae (range: 4.8% to 28.1%), and Ephedra
sp. (range: 4.7% to 8.3%). Compared to zone Al, the
percentages of Ulmus sp. (average 5%) and Ephedra sp.
(average 5%) are augmented, whereas the amounts of
Pinus diploxylon type, Zelkova sp., Poaceae, Quercus
sp., Fagaceae, Asteraceae-Asteroidae, and Botryococcus
sp. are decreased. Some other pollens such as Tilia sp.,
Fagoideae-Styracacea (morphospecies Tricolporopollenites
pesudocingulum), Betula sp., Reveesia sp., Sapotaceae, and
Salix sp. are present in low amounts.

5.3.2. Palynology of upper unit

Five of 14 samples were productive for counting.
Palynological data indicate that undifferentiated dinocysts,
which are lacking in other zones, and coniferous plants
and mixed mesophytic forest communities predominated
at the time of deposition. In total, 21 taxa were recorded,
assigned to 18 families. The elements of riparian plants and
herbs decreased notably in comparison to pollen zone A.

5.3.2.1. Zone B (sample numbers 11/35-10/05)

This zone starts with a peak occurrence of undifferentiated
dinocysts (range: 0% to 44.8%). It also contains high
percentages of undifferentiated Pinaceae (range: 3.9%
to 59.8%) and Quercus sp. (range: 5% to 19.8%). An
augmentation in the abundance of dinocysts and the
minor presence of Avicennia sp. are the basis for separating
zone B from subzone A2 (Figure 10; Table 2). Only single
grains of Avicennia sp. (mangrove element) were found
in sample 10-05. The curves of Pinus diploxylon type and
Pinus haploxylon type reached the highest percentages at
about 11.3% in sample 11-27 and 9.7% in sample 10-04,
respectively. Also noteworthy is the low representation
of Poaceae (range: 0% to 3.8%) in this zone (Table 2),
whereas it peaks at 25.8% in sample 11/37 (subzone A2).
The representation of Chenopodiaceae-Amaranthaceae

Table 2. Conflicting palynological data of the lower and upper units from the Bing6l minibasin.

Karacaoren Formation

Lower unit (pollen zone A)

Upper unit (pollen zone B)

Dinoflagellate assemblage absent

Dinoflagellate assemblage important

Mangrove plant Avicennia absent

Mangrove plant Avicennia rare

Green alga Botryococcus rare

Green alga Botryococcus absent

Amaranthaceae-Chenopodiaceae abundant

Amaranthaceae-Chenopodiaceae reduced

Poaceae abundant

Poaceae reduced

Ephedra constantly existed

Ephedra locally appeared

Relatively high pollen diversification

Low pollen diversification
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prominently increases at the beginning of this zone and
tends to decrease upwards. Unlike in pollen zone A2, other
herbs including Ephedra sp. are diminished.

6. Discussion

6.1. Vegetation dynamics

The study of palynofloras from the Karacaéren
Formation can be useful in order to reveal the Aquitanian
palacoenvironment and gain knowledge of the pollen
flora of the Bing6l minibasin. During the whole period,
coniferous forest (mainly undifferentiated Pinaceae)
and herbaceous plants (Ephedra sp., Poaceae, and
Chenopodiaceae-Amaranthaceae) ~ were  dominant.
Nonconiferous plants such as mixed mesophytic and
riparian forests were present in minor quantities and
consisted of Engelhardia sp., Castanea-Castanopsis sp.,
Cyrillaceae-Clethraceae, Quercus sp., Fagaceae, Ulmus sp.,
and Carya sp. Swamp and aquatic plants were in minor
quantities, as well (Figure 10). If we exclude undifferentiated
dinocysts, which are common in Sc-Ms, a homogeneous
vegetation cover existed during the whole period. However,
there are some discrepancies between pollen zones A and
B. The sediments of pollen zone A, consisting mainly of
coniferous forest, mostly undifferentiated Pinaceae, mixed
mesophytic forest (Engelhardia sp., Castanea-Castanopsis
sp., Cyrillaceae-Clethraceae, Quercus sp., and Fagaceae)
and herbs (Poaceae, Ephedra sp., and Chenopodiaceae-
Amaranthaceae), were deposited more proximally in the
palaeoenvironment such as in brackish and/or freshwater
settings than the sediments of zone B, deposited in more
distal areas due to the presence of dinocysts. Thus, the
pollen flora in zone A implies a low sea-level condition
and an open palaeoenvironment rich in herbaceous taxa,
growing under a dry palaeoclimate that resulted in the
accumulation of gypsum levels.

Moreover, there are small excursions distinguishing
subzones between Al and A2. Subzone Al includes high
quantities of Pinus diploxylon type, which was recorded
with minor percentages in subzone A2. The green alga
Botryococcus sp., indicating a more freshwater setting,
is recorded as single grains in sample 10-01 (lowermost
side of the sequence) and does not exist in subzone A2.
Hygrophilous plants of Sparganiaceae occur in subzone
A2, but in minor quantities. Additionally, it can be said that
an alternation of mudstone and marl with gypsum may
imply low water energy. After sea drawdown, appearance
of coralgal limestone (Lb) here represents an onset of
Aquitanian transgression (Figures 4 and 5).

The continued influence of the marine setting in
the upper unit corresponding to the upper side of the
Aquitanian resulted in the assemblage of pollen zone B.
The most notable aspect of this zone is an abrupt surge in
the abundance of undifferentiated dinocysts, concerning

the high sea-level condition, with smaller proportions
of terrestrial palynomorphs except for undifferentiated
Pinaceae derived from long distance transport. As a
result, marine conditions prevailed during the depositions
of the middle (Lb) and upper units (Ssm, Ssc, Gm, and
Sc-Ms). According to Poisson et al. (2016), a marine
palaeoenvironment existed during the deposition of the
Karacaéren Formation, documented by nannoplankton
taxa including Cyclicargolithus floridanus, C. abisectus,
Sphenolithus moriformis, Helicosphaera euphratis, H.
carteri, Cocolithus pelagicus, Cyclococolithus formosus,
and Discoaster deflandrei. The authors also recorded a
marine transgression during the Aquitanian that was
globally observed (Figure 4). Pollen and sedimentological
data displayed by this study confirm that transgression.
A detailed study of the Karaman Gypsum Member, the
overlying part of the studied succession in the Karacaéren
Formation, has shown that marine conditions persisted at
least until the end of the middle Burdigalian (Ocakoglu
et al., 2018). The authors recorded peak occurrences of
dinocysts (around 60%) and foraminiferal test linings
(around 10%) at the lower part, and their amounts (around
10% for dinocysts and 1% for foraminiferal test linings)
decreased upwards, related to sea-level falls.

An impoverished Avicennia sp. mangrove and low
amounts of pollen producers, together with halophytes
of Chenopodiaceae-Amaranthaceae, indicate a coastal
marine (mangrove) palaeoenvironment as well. No
indication of a mangrove palaeoenvironment has been
published for the Sivas Basin to date. Around the late
Oligocene and Miocene, an Avicennia mangrove system
developed in the Mediterranean region (Jimenez-Moreno,
2005). Biltekin et al. (2015) reported single grains of
Avicennia sp. from the Miocene and Pliocene sediments
of Anatolia as well.

As a result, the palynological associations imply that
the Aquitanian sediments of the Karacadren Formation
were first deposited in low sea-level conditions (pollen
zone A), probably swamp and/or ponding environments
(Sc-Mg) (Figure 4). Subsequent persistence of sea-level
rise resulted in the development of bioclastic packstone
(Lb). Shallow marine settings then persisted upwards and
induced the deposition of coarse to fine-grained clastics
(Ssm, Ssc, Gm, and Sc-Ms), including large quantities of
dinocysts and minor amounts of mangrove plant Avicennia
sp. (pollen zone B). Since no tectonic obstacle was exposed
in the eastern part of Anatolia, the water from the Indian
Ocean could easily invade the Sivas Basin (Figure 1).

In recent years, Miocene marine pollen data including
dinocysts, foraminifer test linings, and mangrove plants
from the east and south of Anatolia have been described
by several researchers. For instance, an Aquitanian
palynoflora with dinocysts and coastal lepidocaryoid palm
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Longapertites retipiliatus was recovered from the Kavak
Formation, Burdur area, South-west Anatolia (Akkiraz
et al., 2009). Deposits for the lower Miocene from the
northern Adana Basin (south-east Anatolia), situated on
southern side of the Sivas Basin, were established by Giirbiiz
(1999), who suggested a major marine transgression from
the early mid-Burdigalian leading to the development of
a reef complex, Karaisali Formation. Moreover, a recent
study from the Adana Basin emphasised that the overlying
Kopekli Formation, assigned as late Burdigalian-Langhian
(early-middle  Miocene), includes  well-preserved
dinoflagellates, foraminifera, and nannofossils (Tiirkecan
et al, 2018). A short-lived marine incursion during
the Aquitanian was noted from the northern Mut and
Karsant1 basins located on the southern side of the Sivas
Basin (Unliigeng et al., 1993; Safak et al., 2005). Rich and
diverse palynofloras were described in the Oligocene-
Miocene marine sediments from the Ebulbahar and
Kelesdere sections of the Mus Basin, East Anatolia (Sancay
et al,, 2006). Durak and Akkiraz (2016) highlighted a sea-
level highstand in the Aquitanian (Bengiler succession)
according to pollen data from the nonmarine Kalkim-
Gonen Basin (West Anatolia).

Another controversial question is when the herbaceous
vegetation indicating open environments expanded,
because palacobotanical studies carried out in other
parts of Turkey, mostly in western areas, recorded dense
arboreal plant taxa during the early and middle Miocene
lato sensu (e.g., Benda, 1971; Akgiin and Akyol, 1999;
Akgiin et al., 2000, 2007; Sancay et al., 2006; Kayseri and

Akgiin, 2008; Yavuz-Isik, 2008; Akkiraz, 2011; Akkiraz et
al., 2011b, 2012; Biltekin, 2018). To date, an abrupt surge in
the herbaceous plant cover has only been known from the
Tortonian (late Miocene) (Akgiin et al., 2000; Yavuz et al.,
2017). However, pollen records defined in this study have
indicated an opposing view and are in accordance with
the conclusion of Stromberg et al. (2007), who recognised
herbaceous vegetation from the early Miocene onwards in
Central Anatolia. Thus, the question remains of whether
herbaceous plants were common or not in Anatolia during
the early Miocene. It may be a plausible explanation that
the dominance of woody vegetation decreased from west
to east and was replaced by herbaceous plants. Then the
change in the vegetation cover of the Aquitanian should
be related to spatial variation. Sancay et al. (2006) and
Ocakoglu et al. (2018) unveiled a similar picture and
recorded minor amounts of herbs in the lower Miocene
deposits of Central and East Anatolia.

6.2. Palaeoclimatic inferences

Since the samples were limited with respect to diversity
of spores and pollen, unfavourable for quantitative
palaeoclimate estimates, all samples were combined into
a sample including 33 taxa. However, 19 taxa with known
nearest living relatives were considered for the quantitative
palaeoclimate estimations (Figure 11). The coexistence
interval for the MAT ranges from 17.2 to 22.2 °C, delimited
by Avicennia sp. (left border) and Tilia sp. (right border).
According to Avicennia sp. (left border) and Nyssa sp.
(right border), the estimated interval for the CMT changes
between 12.6 and 15 °C. The WMT interval was between

Figure 11. Quantitative palaeoclimate data from the samples of the Bing6l mini-basin. The shaded boxes indicate the climatic
requirements of the taxa, the vertical lines delimit the widths of the coexistence intervals (MAT: mean annual temperature, CMT: mean
temperature of the coldest month, WMT: mean temperature of warmest month, MAP: mean annual precipitation).
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23.6 and 28.3 °C, determined by Sapotaceae (left border)
and Quercus sp. (right border). The MAP calculated by the
coexistence approach resulted in an interval of 740 to 932
mm based on Engelhardia sp. (left border) and Ephedra sp.
(right border). The interval for the annual rainfall (MAP)
implies dry conditions leading to the development of an
open vegetation including high quantities of xerophytes
such as Chenopodiaceae-Amaranthaceae, Poaceae, and
Ephedra sp., and minor contributions of Caryophyllaceae
and Asteraceae-Asteroidae (Figure 12). The genus Ephedra
is especially common in semiarid to arid areas of the
world (Stanley et al., 2001). According to Mosbrugger et
al. (2005), palaeoclimate evolution is mainly expressed
by changes in winter temperatures rather than other
parameters calculated. The estimated intervals for the
CMT (winter temperature) indicate a warm palaeoclimate,
proved by pollen data including the megathermic taxon
Avicennia sp. and mega-mesothermic taxa Engelhardia
sp., Mpyrica sp., Sapotaceae, Cyrillaceae-Clethraceae,
and Reveesia sp. as well (Figure 12). Relatively uniform

palynofloras from Sc-Mg and Sc-Ms indicate that stable
palaeoclimate conditions probably existed at the time of
deposition.

The early-middle Miocene vegetation was mainly
dominated by arboreal taxa and the calculated
palaeoclimate values of Anatolia marked a warm, humid
climate and high annual rainfall (e.g., Ediger, 1990; Akgiin
and Akyol, 1999; Akgiin et al, 2007; Yavuz-Isik, 2007,
2008; Kayseri and Akgiin, 2008; Akkiraz et al, 2012;
Kayseri et al.,, 2014; Durak and Akkiraz, 2016; Biltekin,
2018). The calculated early Miocene climate of Turkey,
mostly for the western Anatolian basins, is characterised
as warm-temperate (16.5-20.8 °C for the MAT, 5.5-13.3
°C for the CMT, 27.3-28.1 °C for the WMT, and 1122-
1520 mm for the MAP) (Akgiin et al., 2007). Kayseri et
al. (2014) provided quantitative palaeoclimate data for the
lower-middle Miocene sediments of the Mugla-Oren area
(West Anatolia) and suggested similar values with MAT
of 15.7-21.3 °C, CMT of 6.2-13.3 °C, WMT of 26.5-28.1
°C, and MAP of 1122-1520 mm. According to Durak and

Figure 12. Synthetic pollen diagrams. Pollen taxa have been grouped on the basis of ecological criteria (according to Suc 1984, Ivanov
et al., 2002; Jimenez-Moreno et al., 2005): Megathermic element (tropical): Avicennia sp.; Mega-mesothermic elements (subtropical):
Engelhardia sp., Myrica sp., Sapotaceae, Castanea-Castanopsis sp., Cyrillaceae-Clethraceae, Reevesia sp.; Mesothermic elements (warm
temperate): Sequoia sp., Carya sp., Alnus sp., Betula sp., Pterocarya sp, Oleaceae, Zelkova sp., Ulmus sp., Tiliaceae, Salix sp., and Nyssa
sp.; Pinaceae: Pinus haploxylon type, Pinus diploxylon type and undifferentiated Pinaceae; Cupressaceae; Herbs-shrubs: Poaceae,
Chenopodiaceae- Amaranthaceae, Ephedra sp. Shaded area: 3 times exaggerated.
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Akkiraz (2016), the values from the Kalkim-Gonen Basin
(Aquitanian), North-west Anatolia, also represented a
warm climate with high rainfall (15.7 to 20.5 °C for MAT,
9.6 to 13.3 °C for CMT, 23.6 to 28.3 °C for WMT, and 1096
to 1356 mm for MAP). The calculated intervals defined in
this study are mostly consistent with previous calculations.
However, the lower boundary of intervals for the MAT
increases due to the presence of thermophilic element
Avicennia sp., whereas MAP shows a clear decrease. In
conclusion, a warm and dry palaeoclimate existed during
the early Miocene, or at least the Aquitanian, with the
recessing of the warm Indian Ocean (Rogl, 1999). Slight
warming and drying in comparison to preceding studies
may be linked to the increasing of herbaceous taxa. Since
tree covers decreased to the eastward, enhanced aridity
led to relatively low amounts and diversity of trees and/or
the presence of glades, and high quantities of xerophytes.
Akkiraz et al. (2011b) validated this assumption and
provided several precipitation maps showing longitudinal
precipitation gradients rather than latitudinal precipitation
gradients. Compared to modern climate values, the
Aquitanian was warmer and relatively humid.

7. Conclusions
The following results may be stated at the end of this study:
1) A part of the lower Miocene marine sequence
(Karacaoren Formation) from the Bingdl minibasin
(Sivas Basin) is informally divided into lower (Sc-
Mg), middle (Lb), and upper (Ssm, Ssc, Gm and Sc-
Ms) units. Pollen zone A corresponding to sediments
of Sc-Mg includes high quantities of herbs (Poaceae,
Chenopodiaceae-Amaranthaceae, and Ephedra sp.) and
conifers (mainly undifferentiated Pinaceae), and minor
occurrences of aquatics (Sparganiaceae) and freshwater
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