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Abstract: The Upper Miocene incesu formation, widely exposed in Diizyayla (Hafik-Sivas), consists of mudstones,
conglomerates, lacustrine limestones and lignite. The incesu formation overlies the gypsiferous Hafik formation of
controversial Middle Miocene or Oligocene ages.

The mammalian fauna of the lignite horizon includes Hipparion sp., Ceratotherium neumayri (Osborn),
Deinotherium giganteum Kaup, Choerolophodon pentelici (Gaudry & Lartet), Adcrocuta cf. eximia (Roth &
Wagner), Oioceros wegneri Andree, Helladotherium duvernoyi Gaudry & Lartet and Microstonyx erymanthius
(Roth & Wagner), which indicate a Turolian (Late Miocene) age. The palynological assemblage of the lignite is
apparently represented by 27 genera and 39 species. Four genera and four species belong to spores, and the
others to pollen. The Late Miocene age is supported by the presence of deciduous Angiosperms, such as Quercus,
Ulmus, Tilia and Carya, and the abundance of Compositae and Chenopodiaceae together with forms of the
Gramineae and Umbelliferae.

The mammalian fossils reflect forest and grassland ecosystems. The floral assemblage indicates riparian forest
close to a stream and/or lake, mosaic forest, shrubs and grassland areas, and characterizes a warm-temperate
climate with temporary dry periods during summer.
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Diizyayla (Hafik-Sivas, Orta Anadolu) Ust Miyosen incesu Formasyonuna ait
Biyostratigrafik (Memeli ve Palinoloji) Bulgular

Ozet: Diizyayla (Hafik-Sivas) yoresinde yaygin olarak yiizeyleyen Ge¢ Miyosen yaglh Incesu formasyonu
camurkayalari, ¢akiltaslari, golsel kirectaslari ve linyitten yapilidir. Yasi Oligosen veya Orta Miyosen olarak tartisilan
incesu formasyonu, baslica jipsten yapili Hafik formasyonu Gzerinde agisal uyumsuz olarak bulunur.

incesu formasyonu linyit diizeyinin biyiik memeli faunasi Hipparion sp., Ceratotherium neumayri (Osborn),
Deinotherium giganteum Kaup, Choerolophodon pentelici (Gaudry & Lartet), Adcrocuta cf. eximia (Roth &
Wagner), Oioceros wegneri Andree, Helladotherium duvernoyi Gaudry & Lartet ve Microstonyx erymanthius
(Roth & Wagner) icerir ve Turoliyen (Ge¢ Miyosen) yasini yansitir. 7 linyit érneginin palinolojik toplulugu 27 cins
ve 39 turden olusur. Bunlardan 4 cins ve 4 tur sporlara, digerleri polenlere aittir. Ge¢ Miyosen yasi florada yeralan
Quercus, Tilia ve Carya gibi yaprak doken Angiospermlerin, Compositae ve Chenopodiaceae bollugu yanisira,
Gramineae ve Umbelliferae formlarinin varlidi ile desteklenmektedir.

Memeli fosilleri orman ve otsul alanlari simgeler. Bitki topluluju akarsu ve/veya gol kenari orman
topluluklarini, mozayik orman, calilik ve otsul biyotoplari yansitir ve yaz kurakligi ile ardalanan mevsimsel olarak
nemli ve 1lik bir iklimi gdsterir.

Anahtar Sézcukler: Biyostratigrafi, Memeli, Palinoloji, Ge¢ Miyosen, Hafik-Sivas, Paleoekoloji
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Introduction

In the Dlzyayla region (Hafik-Sivas), the Late Miocene
incesu formation, a mainly clastic sequence with a lignite
horizon, was established by Yilmaz (1983). Dizyayla is
situated 12 km north of Hafik, and 40 km northeast of
Sivas (Figure 1). Previous studies on the incesu formation
include Kurtman (1973), Yilmaz (1983), Aktimur et al.
(1988, 1990), Sumengen et al. (1990), Atalay (1993),
Bruijn et al. (1992) and Poisson et al. (1995). The small
mammal remains Apodemus sp., Parapodemus sp.,
Schizogalerix cf. zapfei, Amblycoptus sp., Arhaeodesmana
sp., Petenyia hungarica, Permenella sp., Alilepus
turolensis, Keramidomys sp., Spermophilinus bredai,
Pliopetaurista n. sp., Hylopetes macedoniensis, Glirulus
lissiensis, Eozapus intermedius, Dipoides sp., “Blancomys”
Sp., Pliospalax n. sp.1 & 2, Pseudomeriones pithagorasi,
Hansdebruijnia neutrum, and “Karnimata” cf. provocator
were found in the clay horizon (Bruijin & Mein 1996;
Unay 1996; Fahlbusch & Bolliger 1996; Bruijn et al.
1996, 1999). The large mammalian fauna was first
described by Kaya & Forsten (1999).

The nomenclature of the Hipparion fossils is based on
Forsten (1978), and that for Ceratotherium on Heissig
(1972) and Fortelius (1990). The Dlzyayla material is
stored in the Ege University, Natural History Museum
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(Izmir). The palynological investigation is based on seven
samples from the lignite of the incesu formation. These
samples were treated with HCI, HF acid, Schulze solution
and NaOH, respectively. The Hafik formation contains a
poor palynological assemblage. Neverthheless, four
samples from the Incesu formation yielded a dense
palynological assemblage appropriate for statistical
evaluations.

The objective of this paper is to provide further
documentation on the large mammals and sporomorphs
of the incesu formation which is known to be Late
Miocene in age, and some remarks on the paleoecology.
T. Kaya and A. Forsten studied the Perissodacyla fossils,
while F. Akgin investigated sporomorphs. The areal
study was done by Z. Atalay. Investigation of some other
large mammals from the lignite horizon of the Incesu
formation is on-going.

Stratigraphy

The basement rocks of the Tertiary basin in the Sivas
region comprise ophiolitic mélanges, including primarily
basic submarine volcanic rocks, serpentinized ultrabasic
rocks and blocks of recrystallized limestones (Figure 2).
The Middle Eocene Bozbel formation is made up of
conglomerates, sandstones and claystones with tuff
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Figure 1. Geological map of the study area (simplified from Aktimur et al. 1988).
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Figure 2. Generalized stratigraphic section of the study area (from
Aktimur et al. 1988).

intercalations (Kurtman 1973). This formation rests
unconformably on basement rocks. The Early Miocene
Kemah formation, which overlies the Bozbel formation
with an angular unconformity, comprises alternating
sandstone and clayey limestone (Ozgiil 1981). The Hafik
formation, an evaporitic association, is made up of
gypsum, marl and sandstones (Kurtman 1973). The
Hafik formation laterally and vertically grades into the
Kemah formation. The age of the Hafik formation is
controversial. The proposed ages are Oligo-Miocene
(Kurtman 1973), Middle Miocene (Atalay 1993), and
Oligocene on the basis of small mammals (Simengen et
al. 1990).

The Upper Miocene incesu formation, which
unconformably overlies the Hafik Formation, comprises a
lower coarse clastic part and an upper carbonate-rich part
(Figure 2). The upper part of the incesu formation

contains a lignite horizon (Yilmaz 1983) and the fossil
material investigated in this study comes from the lignite
horizon. The Incesu formation can be correlated with the
Egerci formation (Simengen et al. 1990) and Zohrep
formation (Aktimur et al. 1988).

Palaeontology
Palynology

A total of 39 species and 27 genera were identified in the
seven lignite samples studied. Four species and four
genera belong to spores and the others to pollen. Only
four samples out of seven were found suitable for
quantitative pollen analysis. The relative abundance of the
determined species and genera have been found by
counting one hundred individuals in each sample. The
relative percentages of taxa are given in a palynological
diagram (Table 1). It appears that (a) spores, except for
Polypodiaceae forms, were about 51.5% and the
percentage of Gymnosperm is low and that of the
Angiosperm pollen is high (Figure 3), (b) the percentage
of the arboreal plants within the Angiosperm, such as
Quercus and Castenea, is low, and the percentage of the
herbaceous pollen such as Gramineae, Umbelliferae and
Chenopodiaceae is high (Figure 4). Selected examples of
spores and pollen are shown on Plate 1.

Mammalian Fossils

The Dizyayla faunal assemblage comprises Hipparion sp.,
Ceratotherium neumayri (Osborn), Deinotherium
giganteum Kaup, Choerolophodon pentelici (Gaudry &
Lartet), Adcrocuta cf. eximia (Roth & Wagner), Oioceros
wegneri Andree, Helladotherium duvernoyi Gaudry &
Lartet, and Microstonyx erymanthius (Roth & Wagner).

Hipparion sp.

The Hipparion material from Dulzyayla consists of
isolated teeth and a few fragmentary limb bones. The
material appears to represent two or possibly three
different species (Kaya & Forsten 1999). Because of
overlap in size, the taxa are difficult to be sort out.

The large-sized samples from Dulzyayla are
comparable to the large ones from Sinap Tepe, Kicik
Yozgat, Gokdere, Kuyutarla, (Erol 1957; Senyirek
1952; Ozansoy 1961,1965), Esme-Akcakdy, Kinik,
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Table 1. Relative percentages of sporomorphs encountered in the samples from the Dizyayla lignite

SAMPLE NUMBERS 1 2 3 4

SPORES
Laevigatsporites haardti (Polypodiaceae) 34 62 35 75
Stereisporites sp. (Sphagnaceae) 1
Leiotriletes microadriennis (Schizaceae) 1
Cycadopites cycadoides (Cycadaceae) 2
Cycadopites minor 1
GYMNOSPERM SACCAT POLLEN
Pityosporites microalatus (haploxylon-type) (Pinus) 2 1
P. labdacus (silvestris-type) *
GYMNOSPERM NON-SACCAT POLLEN
Inaperturopollenites dubius (Cupressaceae) 1 3 1
Inaperturopollenites hiatus (Taxodium) 1 1
Inaperturopollenites sp. 1
Ephedripites sp. (Ephedra) 1
ANGIOSPERM POLLEN

MONOCOTYLEDONEAE
Sparganiaceaepollenites neogenicus (Sparganium/Typha 1
Sparganiaceaepollenites polygonalis * 2 1
Monoporopollenites gramineus (Gramineae) *
Monoporopollenites gramineoides 2 2
Graminidites laevigatus *
Graminidites sp. *
cf. Achantotricolpites intermedius *
Monocolpopollenites tranquillus (Palmae) 1
Monogemmites pseudosetarius (*Nymphaceae) 4 2
Monocolpopollenites sp. 2

DICOTYLEDONEAE
Triatriopollenites bituitus (Myricaceae) 1
Triatriopollenites sp. 1
Intratriporopollenites instuructus (Tiliaceae) *
Intratriporopollenites spp. 2
Subtriporopollenites simplex (Carya) 1
Polyvestibulopollenites verus (Alnus) 1 1
Polyporopollenites undulosus (Ulmus) 2 1
Polyporopollenites cf. stellatus (Pterocarya) *
Tricolpopollenites densus (Quercus) 4 1 2
Tricolpopollenites microhenrici (? Quercus) 3 1
Tricolpopollenites retiformis (Platanus/Salix) 1 1 3 1
Tricolpopollenites liblarensis (Fagaceae) 2
Tricolpopollenites spp. 1 2
Tricolporopollenites cingulum (Castanea) 4 1 3
Tricolporopollenites megaexactus (Cyrillaceae) 7 * 1
Tricolporopollenites pseudocingulum (Anarcardiaceae) 3
Tricolporopollenites donatus 1 1
Tricolporopollenites microreticulatus (Sambucus) 1 1
Tricolporopollenites sp. (Umbelliferae) 1 1 2
Tricolporopollenites sp. (Tubiliflorae-type) (Compositae) 8 7 9 9
Tricolporopollenites sp. (Liguliflorae-type) 4 1 1
Tricolporopollenites sp. *
Tetracolporopollenites microellipsus (Sapotaceae) 1 1
Periporopollenites multiporatus (Chenopodiaceae) 6 5 4 8
Periporopollenites perplexus 4 1
Periporopollenites granulatus *
Periporopollenites halifani 5 8 15 1

Periporopollenites sp.
Periporopollenites stigmosus

(Liquidambar)
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Figure 3. Relative percentages of sporomorphs of the plant associations.
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Figure 4. Relative percentage values for the genera and groups of
herbaceous and arboreal plants.

Garkin (Staesche & Sondaar 1979), Gulpinar (Forsten &
Kaya 1995), and Kemiklitepe (Koufos & Kostopoulos
1994).

Ceratotherium neumayri (Osborn 1900)

The Ceratotherium teeth from Dizyayla resemble
those from the Turolian of Kinik, Kemiklitepe,
Mahmutgazi (Heissig 1975) and Pikermi (Geraads 1988)
with respect to size, crown height, in the weak inclination
of the paracone and metacone ribs, the flat buccal surface
of the upper teeth, the presence of the crochet, and the
strongly developed mesial cingulum. The teeth of
Dizyayla are larger than those of the Vallesian of Esme-
Akcakoy (Heissig 1975) and Sinap Tepe (Kaya & Forsten
1999).

Age and Discussion

The sporomorph association obtained from the lignite
samples of the incesu formation can be correlated with
the “Kizilhisar sporomorph association” (Becker-Platen
1970; Benda 1971). The spores, such as Polypodiaceae
and Osmundaceae, which are represented in high
percentages in the Kizilhisar association, magnus-dubius
group, Taxodiaceaepollenites hiatus, Ulmipollenites
undulosus, Alnipollenites verus, non-saccat Gymnosperm
and Angiosperm pollen are not of stratigraphic
importance (Benda et al. 1974a; Benda & Meulenkamp
1979, 1990). The stratigraphic distribution of these taxa
spans the whole Tertiary period. The stratigraphic
importance of herbaceous Angiosperm taxa such as
Gramineae, Chenopodiaceae and Cyperaceae as in the
Kizilhisar association, is dealt with in detail. There are
two Pinus morphotypes used for the Neogene
biostratigraphic subdivision in the eastern Mediterranean
area. Pinus haploxylon is an old type. The relative
frequency of this type in Turkish, Italian, Spanish and
Greek associations decreases from Early Miocene to Late
Miocene (e.g., Baltuille et al. 1992; Benda et al. 1974a;
Benda & Meulankamp 1979, 1990). This Pinus type is
represented by a high percentage in Benda's (1971)
Kizilhisar association. The second Pinus type is Pinus
silvestris. This type occurs in ample frequency at the
boundary of the Miocene and Pliocene periods, but in
lower percentages than Pinus haploxylon in the Kizilhisar
association. In studies conducted in the coal horizons
around Soma and Bigadic, two types of Pinus were used
as criteria (Akgin 1993; Akyol & Akgin 1987,1990;
Akgln & Akyol 1999). However, in this study, infrequent
and poorly preserved Pinus forms do not allow the
distinction of sub-types during counting.

It has been suggested that about 10 million years ago,
in a large part of the northern hemisphere, widespread
Early-Middle Miocene forests of tropical and sub-tropical
character were replaced by widespread vegetation of
savannah character. In the Late Miocene, this type of
vegetation was dominated mainly by arboreal and
herbaceous plants such as Quercus, Carya, Tiliaceae,
Alnus and Ulmus, and bushes including Compositae and
Chenopodiaceae, which reflect a warm climate (e.g., Hsu
et al. 1977; Kovar-Eder 1987; Traverse 1988; Benda &
Meulenkamp 1990; Nagy 1990; Rivas-Carballo 1991).
The Gramineae, Compositae, Chenopodiceae and
Cyperaceae are among the herbaceous Angiosperms that
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covered widespread seasonal dry areas. The frequency of
these plants was low during the Early and Middle Miocene
(but Compositae and Chenopodiaceae are not included in
this frequency; moreover, the size of members of these
families in the Early and Middle Miocene was bigger than
the those in the Late Miocene, but the variety of species
was rather low). From the Late Miocene onward, they
show a great improvement. The Umbelliferae appear
scarcely before the Late Miocene is abundant enough to
be included in the percentages (1-5 %). In the latest
Miocene, on the other hand, members of this family are
found together with modern taxa (i.e., Zonalapollenites-
Tsuga) as a harbinger of the Pliocene.

Gillet et al. (1978) reported that the sporomorph
associations from the Canakkale and Istanbul provinces
are characterized by the predominance of Angiosperm
and saccat Gymnosperm pollen. Akyol & Akgln (1990),
examining samples from the Bigadic area, and Ediger et
al. (1996) studying samples from the iskenderun region,
reported that the percentages of saccat Gymnosperm and
Angiosperm pollen were highest in samples which they
cited as having good correlation with the Kizilhisar
association. In samples collected from the coal horizon of
Sivas-Hafik-Dizyayla, the percentages of Angiosperm
pollen were also high but the percentages of saccat
Gymnosperm pollen were low (Table 1). In the
sporomorph association from Kastellios Hill in Crete,
Benda et al. (1974a) observed the characteristic features
of the Kizilhisar association. When these studies were
compared with regard to the relative frequency of
herbaceous Angiosperm pollen - important for an
association of the Late Miocene (Table 2).

The Kizilhisar association was subdivided into two
subassociations in Crete: a Middle Miocene-Late
Tortonian one (lower association) and a Late Tortonian-
Messinian one (upper association) (Benda et al. 1974a).
However, this was not done in Turkey. The main

differences between the two subassociations are
decreases in the relative frequencies of the Gymnosperm
pollen and spores in the Messinian association, but an
increase in the relative frequencies of the Angiosperm
pollen, and especially in the percentages of the
Compositae and Chenopodiceae.

Ediger et al. (1996) applied the Crete subdivision to
their samples and reported that the Haciahmetli and
Kizlargdzl samples are similar to the lower association
(the Middle Miocene-Late Tortonian) and the upper
association (the Late Tortonian-Messinian), respectively.
However, Ediger et al. (1996) claimed that the use of
such a subdivision in Turkey would be problematic, that it
is a feature peculiar to Crete. In particular, the
distribution in relative frequency of Gramineae and
Compositae from the Kastellios Hill association does not
resemble the samples of Haciahmetli and Kizlargézu
(Ediger et al. 1996). A similar case has been observed in
the samples from Diizyayla. The sporomorph association
obtained from this study can be correlated with the Late
Tortonian - Messinian association of Benda et al. (1974b)
and Ediger et al. (1996). Since Umbelliferae forms, which
are the harbingers of the Pliocene, occur in low
percentages compared to the other herbaceous
Angiosperm in our samples, they cannot be dated as late
Late Miocene. For similar reasons, the ages of
sporomorph associations that Benda et al. (1974a) and
Ediger et al. (1996) studied should not reach up to the
Messinian. The Dizyayla samples are of Late Miocene
(Middle-Late Tortonian) age.

Concerning the mammals from Duzyayla, the
Hipparion species in faunas from Eurasia range in age
from Late Miocene to Pliocene. Hypsodonty index,
protoconal index and sagittal keel index (Sen et al. 1978;
Staeshe & Sondaar 1979; Koufos & Kostopoulos 1994)
indicate a Vallesian to Pliocene age for the Duzyayla
material (Kaya & Forsten 1999).

Table 2. Relative percentage correlation of the

Benda et al. (1974a) Gillet Akyol Ediger et al. This herbaceous Andiosperm pollen
etal. & (1996) study giospermm p
Kizilhisar Lower Upper  (1978) Akgin Haciah. Kizlar.
Association (1990)
Association
Gramineae 15 19 17 12 0.3 1.5 1
Compositae 0.6 4.7 0.4 0.3 5.5 15 9.75
Chenopodiaceae 2.9 7 4 3 1 11 14.75
Umbelliferae 0 1 1 0 0.7 2.4 1
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C. neumayri is a widespread species, known from the
Vallesian of Esme-Akcakdy, Sinap Tepe (Heissig 1975;
Ozansoy 1965) and the Turolian of Kinik, Mahmutgazi,
Kemiklitepe, Kayadibi, Gulpinar (Heissig 1975, 1996;
Geraads 1994; Kaya 1994), Pikermi, Samos,
Pentalophos-1 and Maragheh (Geraads 1988; Geraads &
Koufos 1990). The stratigraphic range of the species is
between the MN 9 - MN 13 zones (Heissig 1975, 1996).
The Anatolian Ceratotherium material shows a single
lineage that increased in size from MN 9 to MN 13
(Heissig 1975, 1996; Kaya 1994). The sizes of the
samples from Dulzyayla are similar to those of the
Turolian forms known from other Turkish localities (Kaya
& Forsten 1999).

The Diizyayla fauna is known to be Turolian (MN 11-
MN 12) in age, on the basis of small mammals (Unay
1996; Bruijin et al. 1996). The presence of
Helladotherium duvernoyi supports the Turolian age. The
age data presented by floral and faunal elements suggests
that the lignite horizon is of Turolian (Late Miocene) age.

Paleoecology

The teeth of Hipparion from Dizyayla are low-crowned
and with a low to high plication number. The lower teeth
have a variable protostylid and occasional ectostylid (Kaya
& Forsten 1999). The low-crowned teeth indicate
adaptation to a forest environment (Forsten 1968). The
presence of the ectostylid indicates a humid biotope. High-
crowned teeth and the flat buccal surfaces of C. neumayri
suggest that this form was a grazer living in open areas
(Heissig 1975). The habitat of Deinotherium giganteum
was forest. Helladotherium was a grazing form.

The fact that Pinus is infrequent in the Dulzyayla
lignite leads to the conclusion that highlands were
situated same distance from the area of coal formation.
During the period of coal formation, widespread steppes

References

AKGUN, F. 1993. Palynological age revision of the Neogene Soma coal
basin. Bulletin of the Geological Society of Greece XXVIII, 151-
170.

AKGUN, F. & AkvoL, E. 1999. Palynostratigraphy of the coal bearing
Neogene deposits in Blyik Menderes Graben, Western Anatolia.
Geobios 32, 367-383.

may have existed, in which individuals of Compositae,
Chenopodiaceae and Umbelliferae constituted a rich
cover, and open areas of herbaceous plants with
Ephedraceae and Gramineae, rich in Quercus were
accompanied sparsely by Ulmus, Carya, Castanea,
Fagaceae, Cyrillaceae and Sapotaceae, forming a mosaic
of forests and dense bushes. Areas covered by herbaceous
plants must have been cut away by rivers in the shade of
Alnus, Platanus / Salix and by marshlands formed by
aquatic Angiosperms like Nymphaceae, Cupressaceae,
Taxadium, and Sparganium/Typha. In Europe, the Late
Miocene vegetation shows a progression, ranging from
arid steppe areas under the influence of a warm climate,
to open forests and pastures under the influence of a
seasonal Mediterranean climate (one season cool, the
other season warm and dry but with no extreme
temperatures) (Kovar-Eder 1987; Nagy 1990; Rivas-
Carballo 1991). The incesu formation at Diizyayla, with
its features of a Late Miocene microflora, shows similarity
to those of the European Late Miocene in terms of both
vegetation and climatic features.

As a result, the Late Miocene flora reflects wide
steppes, on which Compositae and Chenopodiceae were
dominant, and tree associations composed of deciduous
Angiosperms and herbaceous ground cover. This flora
also reflects a warm and humid climate with temporary
dry periods during summer.

Acknowledgements

The authors thank Engin Meric (istanbul) who provided
the mammalian fossils, Ger¢ek Sara¢ (MTA-Ankara) for
invaluable biostratigraphic information, and M.S. Kayseri
(Izmir) and M. Giirle (Izmir) for technical assistance. We
also thank the reviewers Sevket Sen (Paris) and Engin
Unay (Sivas) for their critical comments that improved an
earlier version of this manuscript. Steven K. Mittwede
helped with the English.

AktiMur H.T., Atatay, Z., Texiru, M.E. & Yurbakur, M.E. 1988.
Munzurdadi ile Cavusdag Arasinin Jeolgjisi. Mineral Research and
Exploration Institute of Turkey Report No: 8320, 30 p [in
Turkish, unpublished].

AxTiMUR, H.T., Tekirt, M.E. & YurpakuL, M.E. 1990. Sivas-Erzincan
Tersiyer havzasinin jeolojisi. Mineral Research and Exploration
Institute of Turkey Bulletin 111, 25-36 [in Turkish with English
Abstract].

63



BIOSTRATIGRAPHIC THE UPPER MIOCENE INCESU FORMATION (SIVAS-CENTRAL ANATOLIA}

AkyoL, E. & AkGUN, F. 1987. Palynologic investigation of the Akhisar
(Crtak) coal deposits. Geological Society of Turkey Bulletin 30, 35-
50 [in Turkish with English abstract].

AkvoL, E. & AkGUN, F. 1990. Bigadig, Kestelek, Emet ve Kirka boratli
Negjen tortullarinin palinolojisi ve Karsilastiriimasi. Mineral
Research and Exploration Institute of Turkey Bulletin 111, 165-
175 [in Turkish with English Abstract].

Atalay, Z. 1993. Sivas’in Batisi ve Glneybatisindaki Karasal Negjen
Cokellerinin  Stratigrafisi ve Cdkelme Ortamlari. PhD thesis,
Cumhuriyet University, Sivas, 156 p [in Turkish with English
Abstract, unpublished].

BaLTuLLE, J.M., BECKER-PLATEN, J.D., BENDA, L. & Ivanovic CALzZAGA, Y.
1992. A contribution to the subdivision of the Neogene in Spain
using palynology. Newsletter on Stratigraphy 217, 41-57.

BECKER-PLATEN, J.D. 1970. Lithostratigraphische untersuchungen im
Kénozoikum Stdwest - Anatoliens (Turkei), (K&nozoikum und
Braunkohlen der Tirkei, 2). Geologischen Jahrbuch 97, 1-244.

Benpa, L. 1971. Grundzige einer pollenanalytischen Gliederung des
tlrkischen Jungtertidrs (Kdnozoikum und Braunkohlen der
Tlrkei, 4). Geologischen Jahrbuch 113, 1-46.

BENDA, L. & MEULENKAMP, J.E. 1979. Biostratigraphic correlations in the
Eastern Mediterranean Neogene 5. Calibration of sporomorph
associations, marine microfossil and mammal zones, marine and
continental stages and the radiometric scale. Annales géologiques
des Pays Helléniques. Tome hors ser., Proceedings of VII
International Congress of Mediterranean Neogene, 61-70.

BENDA, L. & MEULENKAMP, J.E. 1990. Biostratigraphic correlations in the
Eastern Mediterranean Neogene 9. Sporomorph assocations and
event stratigraphy of the Eastern Mediterranean Neogene.
Newsletter on Stratigraphy 23, 1-10.

BENDA, L., MEULENKAMP, J.E. & ZAcHARIASSE, W.J. 1974a. Biostratigraphic
correlations in the eastern Mediterranean Neogene. 1. Correlation
between planctonic foraminiferal, uvigerinid, sporomorphal and
mammal zonations of the Cretan and Italian Neogene. Newsletter
on Stratigraphy 3, 205-217.

BENDA, L., INNOCENTI, F., MazzuoLl, R., Rapicatl, F. & STerrens, P. 1974b.
Stratigraphic and radiometric data of the Neogene in Northwest
Turkey. (Cenozoic and Lignites in Turkey, 16). Zeitschrift fir
Deutschen Geologischen Gesellschaft 125, 183-193.

BruiN, H. DE, UNay, E., HoEK OSTENDE, L. vAN DEN & SARac, G. 1992. A
new association of small mammals from the lowermost Lower
Miocene of Central Anatolia. Geobios 25, 651-671.

BruuN, H. DE & MEIN, P. 1996. The Middle and Late Miocene record of
the Sciuridae and Pettauristidae in France, central Europe,
southeastern Europe, and Anatolia. /n: BERNOR, R.L., FAHLBUSCH,
V. & Mittman H.W. (eds), The Evolution of Western Eurasian
Neogene Mammals Faunas. Columbia University Press, pp. 213-
215.

64

BruiN, H. DE, Van Dam, J.A., DaxNER-HocK, G., FAHLBUSCH, V. & STORCH,
G. 1996. The genera of the Murinae, endemic insular forms
excluded, of Europe and Anatolia during the Late Miocene and
Early Pliocene. In: BERNOR, R.L., FAHLBUSCH, V. & MitTMaN H.W.
(eds) The Evolution of Western Eurasian Neogene Mammals
Faunas. Columbia University Press, pp. 253-260.

BrulN, H. DE, SARAc, G., HoeEk OSTENDE, L. VAN DEN & Roussiakis, S. 1999.
The status of the genus name Parapodemus Schaub, 1938; new
data bearing on an old controversy. In: REUMER, J.W.F. & Vos, J.
DE (eds) Elephants have a Snorkel. Papers in honor of Paul Y.
Sondaar. Rotterdam: Deinsea, Annual of the Natural History
Museum of Rotterdam, pp. 95-112.

Epicer, V.S., Bar, Z. & Koz, H. 1996. Tortonian-Messinian
palynomorphs from the easternmost Mediterranean region
around iskenderun, Turkey. Micropaleontology 42, 189-205.

ERroL, 0. 1957. The mammalian fossil beds of Kiclikyozgat-Karacahasan
of Elmadagi (SW of Ankara, Turkey). Dil Tarih Cografya Fakiltesi
Dergisi 15, 1-4 [in Turkish with English Abstract].

FAHLBUSCH, V. & BoLLGER, T. 1996. Eomyids and Zapodids (Rodentia,
Mammalia) in the Middle and Upper Miocene of central and
southeastern Europe and the eastern Mediterranean. In: BERNOR,
R.L., FaHiBuscH, V. & Mirttman H.W. (eds) The Evolution of
Western Eurasian Neogene Mammals Faunas. Columbia University
Press, pp. 208-252.

ForsTEN, A. 1968. Revision of Paleartic Hipparion. Acta Zoologica
Fennica 119, 11-134.

ForsTeN, A. 1978. Hipparion primigenium (v. Meyer, 1829), an early
three-toed horse. Annales Zoologici 15, 298-313.

FORSTEN, A. & Kava, T. 1995. The hipparions (Mammalia, Equidae) from
Gulpinar (Canakkale, Turkey). Paldontologische Zeitschrift 69,
491-501.

ForTELIUS, M. 1990. Rhinocerotidae from Pasalar, Middle Miocene of
Anatolia (Turkey). Journal of Human Evolution 19, 489-508.

GERAADS, D. 1988. Révision des Rhinocerotinae (Mammalia) du Turolien
de Pikermi. Comparaison avec les formes voisines. Annales de
Paléontologie 14, 13-41.

GERAADS, D. 1994. Les gisements de mammiferes du Miocene supérieur
de Kemiklitepe, Turquie: Rhinocerotidae. Bulletin du Muséum
national d’Histoire Naturelle 16, section C, n.1, 81-95.

GeraaDs, D. & Kouros, G. 1990. Upper Miocene Rhinocerotidae from
Pentalophos-1, Macedonia, Greece. Palaeontographica A 210,
151-168.

GILLET, S., GRAMANN, E. & STEFFENS, P. 1978. Neue biostratigraphische
Ergebnisse aus dem brackischen Neogen an Dardanellen und
Marmara-Meer (Turkei). Newsletter on Stratigraphy 7, 53-64.

Heissig, K. 1972. Palaontologische und geologische Untesuchungen im
Tertiar von Pakistan 5. Rhinocerotidae (Mamm.) aus den unteren
und mittleren Siwalik-Schichten. Abhandlungen der Bayerischen
Akademie von Wissenschaften, math.-nat.KI., N.F. 152, 1-112.



F. AKGUN, T. KAYA, A.

Heissig, K. 1975. Rhinocerotidae aus den Jungtertiars Anatoliens.
Geologischen Jahrbuch B15, 145-151.

Helissig, K. 1996. The stratigraphical range of fossil rhinoceroses in the
Late Neogene of Europe and the Eastern Mediterranean. In:
BERNOR, R.L., FAHLBUSCH, V. & MITTMANN, H.W. (eds) The Evolution
of Western Eurasian Neogene Mammal Faunas. Columbia
University Press, pp. 339-347.

Hsu, K.J., MonTADERT, L., BernouLu, D., Cita, M.B., ERICKSON, A.,
GARRISON, R.E., Kipp, R.B., MELIERES, F., MUELLER, C. & WRIGHT,
R. 1977. History of the Mediterranean salinity crisis. Nature
267, 399-403.

Kava, T. 1994. Ceratotherium neumayri (Rhinocerotidae, Mammalia) in
the Upper Miocene of Western Anatolia. Turkish Journal of Earth
Sciences 3, 13-22.

Kava, T. & Forsten, A. 1999. Late Miocene Ceratotherium and
Hipparion (Mammalia, Perissodactyla) from Dizyayla (Hafik,
Sivas), Turkey. Geobios 32, 743-748.

Kouros, G.D. & KostopouLos, D.S. 1994. The Late Miocene mammal
localities of Kemiklitepe, Turkey. 3. Equidae. Bulletin du Museum
national d’Histoire Naturelle, Paris 16, 41-80.

Kovar-EDER, J. 1987. Pannonian (Upper Miocene) vegetational
character and climatic inferences in the Central Paratethys area.
Annalen des Naturhistorschen Museums in Wien 88, A, 117-
129.

Kurtman, F. 1973. Sivas-Hafik-Zara ve imranli bélgesinin jeolgjik ve
tektonik yapisi. Mineral Research and Exploration Institute of
Turkey Bulletin 80, 1-32 [in Turkish with English Abstract].

Nagy, E. 1990. Climatic changes in the Hungarian Miocene. Review of
Palaeobotany and Palynology 65, 71-74.

Ozansoy, F. 1961. Résultats essentiels de I'etude de la succession
faunique de la région d’Ankara (Turquie). Mineral Research and
Exploration Institute of Turkey Bulletin 56, 50-60.

Ozansoy, F. 1965. Etudes des gisements continentaux et des
mammiferes du Turquie. Memoires de la Société géologique de
France, N.S. 44, 1-92.

FORSTEN & Z. ATALAY

OzcoL, N. 1981. Munzur Daglarinin Jeolgjisi. Mineral Research and
Exploration Institute of Turkey Report No. 6995, 35 p [in
Turkish, unpublished].

PoissoN, A., Guezou, J.C., OzTURK, A., iNaN, S., Temiz, H., Gorsoy, H.,
Kavak, S.K. & Ozpen, S. 1995. The Central Anatolian basins in
Turkey. General evolution. The Sivas basin as an example. /ESCA
Proceedings, pp. 113-134.

Rivas-CareaLLo, M.R. 1991. The development of vegetation and climate
during the Miocene in the south-eastern sector of the Duero Basin
(Spain). Review of Paleobotany and Palynology 67, 341-351.

STAESCHE, U. & SonDAAR, P.Y. 1979. Hipparion aus dem Vallesium und
Turolium (Jungtertiar) der Turkei. Geologisches Jahrbuch B33,
35-79.

SumeNGen M., Unay, E., SARAC, G., DE BRULN H., TERLEMEZ, |. & GURBUZ,
M. 1990. New Neogene Rodent assemblages from Anatolia
(Turkey). In: Linpsav, E.H., FaHLBUSCH, V. & MEIN, P. (eds)
European Neogene Mammal Chronology. Plenum Press New
York, Nato ASI Series 180, A, 61-72.

SEN, S., Sonpaar, P.Y. & StaescHe, U. 1978. The biostratigraphic
application of the genus Hipparion with special references to the
Turkish representatives. Proceedings of the Koninklijke
Nederlandse Akademia van Wetenschappen Amsterdam B81,
370-385.

SENYUREK, M.S. 1952. A study of the Pontian fauna of Gokdere
(Elmadag), south-east of Ankara. Tirk Tarih Kurumu Blilteni 16,
64, 449-492 [in Turkish with English Abstract].

TRAVERSE, A. 1988. Paleopalynology. Unwing Hyman, London Sydney
Wellington, 600 p.

Unay, E. 1996. On fossil Spalacidae (Rodentia): /n: BERNOR, R.L.,
FaHLBusCcH V. & Mittmvan H.W. (eds) The Evolution of Western
Eurasian Neogene Mammals Faunas. Columbia University Press,
pp. 248-252.

YiLmaz, A. 1983. Tokat (Dumanlidag) ile Sivas (Celtekdagi) dolaylarinin
temel jeolojik Ozellikleri ve ofiyolitli karisidin konumu. Mineral
Research and Exploration Institute of Turkey Bulletin 99, 1-18 [in
Turkish with English Abstract].

Received 28 July 1999; revised typescript accepted 18 December 2000

65



Figure

66

22-24
25
26
27
28,29
30
31
32
33
34,35
36,38
39,40
41.42
43
44,45
46
47-49
50
51,52
53
54-59
60-62
63-66
67
68
69-71
72,73
74
75
76-80
81
82

BIOSTRATIGRAPHIC THE UPPER MIOCENE INCESU FORMATION (SIVAS-CENTRAL ANATOLIA}

PLATE I
(All illustrations X 500)

Laevigatosporites haardti (R. POTONIE VENITZ) THOMSON & PFLUG
Stereisporites sp.

Leiotriletes microadriennis KRUTZSCH

Cycadopites cycadoides (ZAKLEAN) KEDVES

Cycadopites minor (KEDVES) KEDVES

Ephedripites sp.

Pityosporites microalatus (R. POTONIE) THOMSON & PFLUG
Pityosporites labdacus (R. POTONIE) THOMSON & PFLUG
Inaperturopollenites dubius (R. POTONIE & VENITZ. ) THOMSON & PFLUG
Inaperturopollenites hiatus (R. POTONIE) THOMSON & PFLUG
Inaperturopollenites sp.

Sparganiaceaepollenites neogenicus KRUTZSCH

Sparganiaceaepollenites polygonalis (THIERGART) KRUTZSCH
Monoporopollenites gramineus WEYLAD, PFLUG & MUELLER
Monoporopollenites gramineoides MEYER

Graminidites pseudogramineus KRUTZSCH

Graminidites soellichauensis KRUTZSCH

cf. Achantotricolpites intermedius SINGH & MISRA

Monocolpopollenites tranquillus (R.POTONIE) THOMSON & PFLUG
Monogemmites pseudosetarius (WEYLAND & PFLUG) KRUTZCH
Monocolpopollenites sp.

Triatriopollenites bituitus (R.POTONIE) THOMSON & PFLUG
Intratriporopollenites instructus (R.POTONIE & VENITZ) THOMSON & PFLUG
Intratriporopollenites sp.

Polyvestibulopollenites verus (R.POTONIE) THOMSON & PFLUG
Polyporopollenites undulosus (WOLFF) THOMSON & PFLUG
Polyporopollenites cf. stellatus (R.POTONIE & VENITZ) THOMSON & PFLUG
Tricolpopollenites densus PFLUG in THOMSON & PFLUG
Tricolpopollenites microhenrici (R.POTONIE) THOMSON & PFLUG
Tricolpopollenites retiformis PFLUG & THOMSON in THOMSON & PFLUG
Tricolporopollenites cingulum (R.POTONIE) THOMSON & PFLUG
Tricolporopollenites megaexactus (R.POTONIE) THOMSON & PFLUG
Tricolporopollenites pseudocingulum (R.POTONIE) THOMSON & PFLUG
Tricolporopollenites donatus PFLUG in THOMSON & PFLUG
Tricolporopollenites microreticulatus PFLUG & THOMSON in THOMSON & PFLUG
Umbelliferaepollenites peissenbergensis KIRCHNER

Umbelliferaepollenites nogradensis NAGY

Tubulifloridites cf. granulosus NAGY

Tubulifloridites cf. antipodica COOKSON

Tricolporopollenites sp. (Compositae-Tubuliflorae)
Cichoriaeanumpollenites gracilis NAGY

Tricolporopollenites sp. (Compositae-Liguliflorae)

Tricolporopollenites sp.

Tetracolporopollenites microellipsus PFLUG in THOMSON & PFLUG
Periporopollenites multiporatus PFLUG & THOMSON jn THOMSON & PFLUG
Periporopollenites periporatus NAKOMAN

Periporopollenites perplexus NAKOMAN

Periporopollenites cf. halifani NAKOMAN

Periporopollenites halifani NAKOMAN

Periporopollenites stigmosus (R. POTONIE) THOMSON & PFLUG
Periporopollenites sp.



F. AKGUN, T. KAYA, A. FORSTEN & Z. ATALAY

PLATE 1

67



