
Cainozoic Research, 9(2), pp. 281-288, December 2012 
 
 
 

Biostratigraphy of some mollusc-bearing middle Miocene  
localities on the Karaman high plain (Turkey, Konya Province) 
 
 

Stjepan !ori"
1
, Mathias Harzhauser

2*
, Fred Rögl

2
, Ye#im $slamo%lu

3
 & Bernard Landau

4
 

 
 
1 Geologische Bundesanstalt, Fachabteilung Sedimentgeologie, Neulinggasse 38, 1030 Vienna, Austria; 
  e-mail: stjepan.coric@geologie.ac.at 
2 Naturhistorisches Museum Wien, Burgring 7, 1010 Vienna, Austria; e-mail: mathias.harzhauser@nhm-wien.ac.at 
2 Naturhistorisches Museum Wien, Burgring 7, 1010 Vienna, Austria; e-mail: fred.roegl@nhm-wien.ac.at 
3 Maden Tetkik ve Arama Genel Müdürlü!ü. 06520-Balgat, Ankara, Turkey; e-mail: yesimislamoglu@yahoo.com 
4 Departamento de Geologia e Centro de Geologia. Faculdade de Ciências. Universidade de Lisboa. Campo Grande, 1749-
016 Lisboa, Portugal and International Health Centres, Av. Infante de Henrique Areias São João, P-8200 Albufeira, 
Portugal; e-mail: bernielandau@sapo.pt 

*corresponding author 
 

 
Received 27 August 2012, revised version accepted 10 October 2012 
 
 
Several samples from the Miocene Tırtar Formation of the Karaman high plain in Turkey have been analysed in respect to nannoplankton 
and foraminifers. These sandy-clayey shallow marine deposits are famous for their mollusc assemblages, representing a key area for 
Mediterranean mollusc taxonomy and biostratigraphy. Previous datings based on benthic molluscs were vague, ranging from middle-to 
late Miocene. The new data clearly acknowledge a Serravallian age of these mollusc-bearing localities, as earlier demonstrated by ptero-
pods.  
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Introduction 
 
A major revision of the benthic gastropod fauna of the 
Turkish Karaman high plain is currently being prepared 
based on new collecting campaigns and rich museum and 
private collections. This Miocene mollusc fauna is highly 
diverse and excellently preserved. Many of the species bear 
a close similarity, or are conspecific with species from both 
the middle Miocene French Atlantic and the middle Mio-
cene Paratethys Sea assemblages. A clear dating of the 
material is therefore crucial to evaluate biogeographic rela-
tions between Atlantic, Paratethys and Mediterranean seas, 
to constrain stratigraphic ranges of the species and to pro-
vide a base for future phylogenetic considerations. 
These Miocene Turkish assemblages were already known 
in the 19th century, when Fischer in Tchihatcheff (1866) 
gave detailed descriptions of several mollusc species from 
the Karaman area. At the beginning of the 20th century, 
expeditions by F.X. Schaffer led to geological descriptions 
and palaeontological lists from various localities around 
Karaman and Ermenek (Schaffer, 1902; 1903). More or 
less simultaneously, Toula (1902) published a note on new 
species from the Karaman high plain, from the collections 
of Naturalis Biodiversity Center in Leiden (The Nether-

lands). Later, some contributions by Daus (1915) and Papp 
(1949) enlarged the inventory until Erünal-Erentöz (1958) 
presented the first comprehensive milestone paper. Since 
then, only few additional papers have been devoted to mol-
lusc species from Karaman (R. Janssen, 1993; A.W. Jans-
sen, 1999). However, the importance of these assemblages 
as a key fauna becomes evident from the numerous papers 
referring to the Turkish taxa indirectly when describing 
Miocene to Pliocene molluscs from the circum-
Mediterranean region (e.g. Steininger, 1963; Davoli, 1982; 
Lozouet et al., 2001; Harzhauser & Kronenberg, 2008; 
!slamo"lu, 2004; !slamo"lu & Taner, 2003; Landau et al., 
2004; 2009; Harzhauser & Landau, 2012, and numerous 
others). 
Until now a major drawback has been the vague biostrati-
graphic dating of the fauna, ranging from middle to late 
Miocene. This situation goes back to Erünal-Erentöz 
(1958), who used the now outdated stratigraphic concept of 
the Helvetian stage (see Harzhauser et al. 2003 for discus-
sion). This historical stage comprised parts of the lower 
Miocene Burdigalian stage and parts of the middle Mio-
cene Langhian and Serravallian stages depending on region 
and author. Adding further to the confusion, the middle 
Miocene marine mollusc faunas of the Vienna Basin in 
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Austria and other Paratethyan assemblages were at that 
time considered of Tortonian age by all authors, including 
Erünal-Erentöz (1958), which did not automatically imply 
a late Miocene age as it does in modern stratigraphy. 
Therefore, the terms “Miocène moyen” and “Helvétien” as 
used by Erünal-Erentöz (1958) for the Karaman faunas are 
ambiguous. The first author to tackle this problem was 
A.W. Janssen (1999) who suggested a middle to late Ser-
ravallian age for the mollusc-bearing localities in the Ka-
raman high plain based on holoplanktonic gastropods. 
Later, A.W. Janssen (2012) proposed a preliminary ptero-
pod biozonation for the Neogene of the Mediterranean area 
and identified the pteropod assemblage from the Karaman 
high plain as Pteropod Zone 19-2. Fortunately, he collected 
his samples at the same localities, which are treated herein 
(Seyithasan and Akpınar) providing the possibility of an 
unambiguous correlation. 
In order to achieve our aim - to provide independent age 

estimates for these deposits to date the mollusc assem-
blages - an attempt was made to avoid circular reasoning 
by continuing to use molluscs as biostratigraphic markers. 
Therefore, new bulk samples were taken in 2012 for ana-
lyses of nannolankton and planktonic foraminifers.  
 
 
Geological setting 
 
All samples were collected from moderately sorted, mol-
lusc-rich clayey-silty sand of the Tırtar Formation (Atabey 
et al., 2000). These sediments have been formerly mapped 
as Mut Formation (Ulu & Balcı, 2009), named after the 
town of Mut, located about 45 km south of Karaman (Fig. 
1). This formation, however, is mainly restricted to the Mut 
Basin and covers a time interval from the Burdigalian to 
early Langhian, related to two 3rd order sea level cycles 
(Bassant et al., 2005).  

 
 
 

 
 
 
Figure 1. Geography of the investigation area on different scales (A-C indicate locality position). D: Geology of the Karaman high plain 

(same area as Fig. 1C) modified from Atabey et al. (2000) and Ulu & Balcı (2009). 
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Reefs and associated facies are present in spectacular out-
crops revealing a complex internal architecture, with text-
book examples for sequence stratigraphy (Gül & Eren, 
2003; Mandic et al., 2004; Bassant et al., 2005). Towards 
the north, the Mut Basin is bordered by the Bolkar moun-
tains marking the transition with the high plain of the Ka-
raman area. There, the Mut Formation is separated from 
the younger Tırtar Formation by a discordance and/or by 
terrestrial deposits, which were defined as Da"pazarı For-
mation by Atabey et al. (2000).  
The sedimentary facies of the Tırtar Formation are compa-
rable to those from the Mut Fm. and comprise clayey 
marls, marly sand, reefoid limestones and patch reefs (Ulu 
& Balcı, 2009).  
 

Samples 
 
Three sections on the Karaman high plain are most import-
ant in terms of mollusc faunas and were named according 
to the nearest villages Seyithasan, Lâle and Akpınar (Fig. 
1). Four samples were processed: Seyithasan 1 (N 37° 
02.004’, E 33° 13.298’), Seyithasan 2 (N 37° 01.989’, E 
33° 13.236’), Lâle (N 37° 00.827’, E 33° 16.844’) and 
Akpınar (N 37° 00.093’, E 33° 25.257’). All samples con-
tain well preserved calcareous nannoplankton assemblages 
dominated by the reticulofenestrids Reticulofenestra 
pseudoumbilica, R. minuta and R. gelida. Benthic forami-
nifers are frequent as well but only the Akpınar sample 
yielded planktonic foraminifers. 

 
-- Seyithasan 1 
 
Nannoplankton: few, well preserved, common ascidian spicules. 
 Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre, 1947; rare 
 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930; rare 
 Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry, 1971; rare  
 Helicosphaera carteri (Wallich, 1877) Kamptner, 1954; rare 
 Helicosphaera intermedia Martini, 1965; rare 
 Helicosphaera walbersdorfensis Muller, 1974; rare  
 Reticulofenestra gelida (Geitzenauer, 1972) Backman, 1978; common 
 Reticulofenestra minuta Roth, 1970; few 
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (5-7"m); rare 
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (>7"m); rare 
 Reticulofenestra sp.; rare  
 Thoracosphaera saxea Stradner, 1961; rare 
 Triquetrorhabdulus sp.; rare  
 Umbilicosphaera jafari Muller, 1974; few. 
 
Reworked from Paleogene/lower Miocene deposits: 
 Reticulofenestra bisecta (Hay, Mohler & Wade, 1966) Roth, 1970; rare 
 
-- Seyithasan 2 
 
Nannoplankton: common, well preserved, common ascidian spicules. 
 Calciosolenia murrayi Gran, 1912; rare 
 Calcidiscus macintyrei (Bukry & Bramlette, 1969) Loeblich & Tappan, 1978; rare  
 Calcidiscus leptoporus (Murray & Blackman, 1898) Loeblich & Tappan, 1978; rare 
 Calcidiscus tropicus Kamptner, 1956 sensu Gartner, 1992; rare 
 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930; rare 
 Coronosphaera mediterranea (Lohmann, 1902) Gaarder, 1977; rare  
 Coronocyclus nitescens (Kamptner, 1963) Bramlette & Wilcoxon, 1967; rare 
 Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry, 1971; rare  
 Discoaster deflandrei Bramlette & Riedel, 1954; rare 
 Discoaster variabilis Martini & Bramlette, 1963; rare 
 Helicosphaera walbersdorfensis Muller, 1974; rare  
 Holodiscolithus macroporus (Deflandre, 1954) Roth, 1970; rare 
 Pontosphaera discopora Schiller, 1925; rare 
 Pontosphaera japonica (Takayama, 1967) Nishida, 1971; rare 
 Pontosphaera multipora (Kamptner, 1948 ex Deflandre, 1954) Roth, 1970; rare 
 Reticulofenestra gelida (Geitzenauer, 1972) Backman, 1978; few 
 Reticulofenestra minuta Roth, 1970; few 
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (5-7"m); rare 
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (>7"m); few 
 Rhabdosphaera clavigera Murray & Blackman, 1898; rare 
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 Rhabdosphaera sicca (Stradner, 1963) Fuchs & Stradner, 1977; rare  
 Syracosphaera pulchra Lohmann 1902; rare 
 Syracosphaera histrica Kamptner, 1941; rare 
 Thoracosphaera saxea Stradner, 1961; rare 
 Triquetrorhabdulus rioi Olafsson, 1989; rare 
 Umbilicosphaera jafari Muller, 1974; rare 
 Umbilicosphaera rotula (Kamptner, 1956) Varol, 1982; rare. 
 
Foraminifers: rare plankton with stratigraphically insignifi-
cant assemblage (Globigerina sp., Globigerinoides sp.). 
The benthos is dominated by Miliolidae with abundant 
Borelis, Neoalveolina and Peneroplidae. Pararotalia, Cibi-

cides, Elphidium, Ammonia and Textulariidae are also fre-
quent along with Planostegina, pointing to shallow water 
conditions. 
 

 
-- Lâle river 
 
Nannoplankton: common, well preserved, common ascidian spicules. 
 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930; rare 
 Coronosphaera mediterranea (Lohmann, 1902) Gaarder, 1977; rare 
 Cyclicargolithus floridanus (Roth & Hay, 1967) Bukry, 1971; rare 
 Helicosphaera carteri (Wallich, 1877) Kamptner, 1954; rare 
 Pontosphaera sp.; rare 
 Reticulofenestra gelida (Geitzenauer, 1972) Backman, 1978; few 
 Reticulofenestra haqii Backman, 1978; rare  
 Reticulofenestra minuta Roth, 1970; common 
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (>7"m); rare 
 Sphenolithus abies Deflandre in Deflandre & Fert, 1954; rare  
 Sphenolithus moriformis (Brönnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967; few  
 Syracosphaera pulchra Lohmann, 1902; rare  
 Umbilicosphaera jafari Muller, 1974; rare  
 Umbilicosphaera rotula (Kamptner, 1956) Varol, 1982; rare.  
 
-- Akpınar  
 
Nannoplankton: common, well preserved, common ascidian spicules. 
 Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre, 1947; rare 
 Calcidiscus leptoporus (Murray & Blackman, 1898) Loeblich & Tappan, 1978; rare 
 Calcidiscus tropicus Kamptner, 1956 sensu Gartner, 1992; rare 
 Coccolithus pelagicus (Wallich, 1877) Schiller, 1930; rare 
 Coronosphaera mediterranea (Lohmann, 1902) Gaarder, 1977; rare 
 Coronocyclus nitescens (Kamptner, 1963) Bramlette & Wilcoxon, 1967; rare 
 Cyclicargolithus floridanus (Roth & Hay in Hay et al., 1967) Bukry, 1971; rare 
 Discoaster deflandrei Bramlette & Riedel, 1954; rare 
 Discoaster exilis Martini & Bramlette, 1963; rare 
 Discoaster sp.; rare 
 Helicosphaera carteri (Wallich, 1877) Kamptner, 1954; rare 
 Helicosphaera euphratis Haq, 1966; rare 
 Helicosphaera granulata (Bukry & Percival, 1971) Jafar & Martini, 1975; rare 
 Helicosphaera walbersdorfensis Muller, 1974; rare  
 Holodiscolithus macroporus (Deflandre, 1954) Roth, 1970; rare 
 Micrantholithus vesper Deflandre 1950; rare 
 Micrantholithus sp.; rare 
 Pontosphaera discopora Schiller, 1925; rare 
 Pontosphaera multipora (Kamptner, 1948 ex Deflandre, 1954) Roth, 1970; rare 
 Pontosphaera japonica (Takayama, 1967) Nishida, 1971; rare 
 Reticulofenestra minuta Roth, 1970; common  
 Reticulofenestra gelida (Geitzenauer, 1972) Backman, 1978 few/common  
 Reticulofenestra haqii Backman, 1978; few  
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (5-7"m); rare  
 Reticulofenestra pseudoumbilica (Gartner, 1967) Gartner, 1969 (>7"m); rare  
 Rhabdosphaera clavigera Murray & Blackman 1898; rare 
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 Rhabdosphaera sicca Stradner, 1963; rare 
 Sphenolithus moriformis (Brönnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967; few  
 Syracosphaera pulchra Lohmann, 1902; rare  
 Thoracosphaera saxea Stradner, 1961; rare 
 Triquetrorhabdulus milowii Bukry, 1971; rare 
 Umbilicosphaera jafari Muller, 1974; rare  
 Umbilicosphaera rotula (Kamptner, 1956) Varol, 1982; rare. 
 
Reworked from Eocene: 
 Reticulofenestra bisecta (Hay, Mohler & Wade, 1966) Roth, 1970; rare 
 Reticulofenestra hillae (Bukry & Percival,1971); rare. 
 
Microfauna: very rich with foraminifers, ostracods and 
micromolluscs. The diverse benthic foraminifers are domi-
nated by Bolivina, Astrononion and Cibicides and indicate 
a depositional depth on the inner shelf below 50 m water 
depth. Shallow water taxa, such as Planostegina and some 
miliolids might be transported.  
Along with Miliolidae and Textulariidae typical benthic 
genera in the Akpınar sample are: Alliatina, Asterigerinata, 
Astrononion, Baggina, Bolivina, Bulimina, Cancris, Cibi-

cides, Cibicidoides, Dentalina, Elphidium, Fursenkoina, 
Glandulina, Globobulimina, Guttulina, Gyroidinoides, 
Hanzawaia, Heterolepa, Hoeglundina, Lamarckina, Lenti-
culina, Marginulina, Neugeborina, Nonion, Oridorsalis, 
Pappina, Planostegina, Planulina, Pseudoeponides, Pseu-
donodosaria, Pyramidulina, Reussella, Riminopsis, Rober-
tinoides, Rosalina, Saracenaria, Siphonina, Siphonodosa-
ria, Stomatorbina, Uvigerina and Valvulineria.  
 

 
The planktonic species are: 
 ?Neogloboquadrina aff. pseudopima (Blow, 1969) 
 ?Neogloboquadrina partimlabiata (Ruggieri & Sprovieri, 1970) 
 Cassigerinella chipolensis (Cushman & Ponton, 1932) 
 Catapsydrax sp. 
 Globigerina bulloides d’Orbigny, 1826 
 Globigerina cf. ottnangiensis Rögl, 1969 
 Globigerina cf. ouachitaensis Howe & Wallace, 1932 
 Globigerina falconensis Blow, 1959 
 Globigerina foliata Bolli, 1957 
 Globigerina occlusa Blow & Banner, 1962 
 Globigerina praebulloides Blow, 1959 
 Globigerina sp. cf. bollii Cita & Premoli Silva, 1960 
 Globigerina sp. ex gr. officinalis Subbotina, 1953 
 Globigerina tarchanensis Subbotina & Chutzieva, 1950 
 Globigerinella cf. regularis (d’Orbigny, 1846) 
 Globigerinoides bulloideus Crescenti, 1966 
 Globigerinoides cf. quadrilobatus (d’Orbigny, 1846) 
 Globigerinoides ruber (d’Orbigny, 1839) 
 Globigerinoides trilobus (Reuss, 1850) 
 Globoquadrina langhiana Cita & Gelati, 1960 
 Globoturborotalita druryi (Akers, 1955) 
 Orbulina universa d’Orbigny, 1839 
 Tenuitella clemenciae (Bermudez, 1961) 
 Tenuitella minutissima (Bolli, 1957) 
 Tenuitellinata selleyi Li, Radford & Banner, 1992 
 Turborotalita quinqueloba (Natland, 1938). 
 
Conclusion 
 
The planktonic foraminifers of Akpınar point towards a 
Serravallian age of the deposits based on the rare occur-
rence of ?Neogloboquadrina partimlabiata, which is re-
stricted to the Serravallian. Moreover, the absence of Tor-
tonian marker species such as Globigerina nepenthes 
Todd, 1957 and Neogloboquadrina acostaensis Blow, 
1959 supports this dating.  
The nannoplankton assemblage is also indicative for the 

Serravallian Nannoplankton Zone NN6 sensu Martini 
(1971) based on the absence of Discoaster kugleri Martini 
& Bramlette, 1963 and the presence of Cyclicargolithus 
floridanus [In an unpublished MTA report, however, col-
league Mário Cachão (Universidade de Lisboa) mentioned 
the occurrence of Discoaster kugleri in some of the sam-
ples. We were not able to detect this species in our samples 
again but the presence of this species would suggest a cor-
relation of parts of the Tırtar Formation also with the nan-
noplankton zone NN7 (Hilgen et al., 2012)]. The last oc-
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currence of C. floridanus (dated at 13.33 Ma. by Lourens 
et al., 2004) was used as an additional event to define the 
CN5a/CN5b boundary of Okada & Bukry (1980), which 
corresponds to the NN6/NN7 boundary of Martini (1971). 
The samples contain also Coronocyclus nitescens, which 
has its last occurrence slightly below the NN6/NN7 boun-
dary (Young, 1998) at 12.12 Ma. (Lourens et al., 2004). As 
the NN6/NN7 boundary predates the Serraval-
lian/Tortonian boundary, the samples can clearly be dated 
as Serravallian. 
Our data confirm the holoplanktonic-mollusc-based bio-

stratigraphy of A.W. Janssen (1999, 2012), who proposed a 
middle to late Serravallian age. Therefore, the rich Kara-
man mollusc fauna may partly correspond to late Badenian 
assemblages of the Paratethys Sea but represents largely a 
time equivalent of the Sarmatian of the Paratethys. Coeval 
faunas along the eastern Atlantic coast are preserved in the 
Aquitaine Basin (e.g. Salles, Mios, Orthez-Le Paren; Ca-
huzac et al., 1995; Lozouet, 1998; Cahuzac & Janssen, 
2010) and the Loire Basin (Glibert, 1949; Bosellini & Per-
rin, 2008).  
 

 

 
 
Figure 2. Miocene stratigraphy and biostratigraphy; modified from a chart produced with the Time Scale Creator program, provided by 

the International Commission on Stratigraphy (available at: http://stratigraphy.org/column). Pteropod zonations after Janssen (2012); 
shaded area in PZ 19 indicates the pteropod biozone proposed by Janssen (2012) for the Karaman high plain samples. Important mol-
lusc bearing basins and regions are indicated for comparison [Aquitaine and Loire basins; Müller & Pujol (1979), Folliot et al. 
(1993), Cahuzac et al. (1995), Lozouet (1998), Bossellini & Perrin (2008); Mut Basin: Mandic et al. (2004), Bassant et al. (2005); 
Badenian of the Paratethys Basins: Harzhauser & Piller (2007)]. 
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Therefore, the mollusc fauna of the Karaman area provides 
an exceptional opportunity to cover the poorly resolved 
interval between the Langhian-early Serravallian faunas 
and the Tortonian ones in the circum-Mediterranean area. 
 
 
Acknowledgements 
 
Bruno Cahuzac (Université de Bordeaux, Talence, France) 
provided data on the stratigraphy of the Aquitaine and 
Loire basins. Thanks to Thomas Hofmann (Geologische 
Bundesanstalt, Vienna, Austria) for helping with the geo-
logical maps. We are grateful to Chris King (Bridport, 
Dorset, UK) and Arie W. Janssen (Xewkija, Gozo, Malta) 
for their careful reviews. We thank the Maden Tektik ve 
Arama Genel Müdürlü"ü (MTA), Ankara (Turkey) for 
their field and logistic support. 
This paper contributes to the FWF–Project P–23492: 
Mediterranean Oligo–Miocene stratigraphy and palaeo-
ecology. 
 
 
References 
 
Atabey, E., Atabey, N., Hakyemez, A., !slamo"lu, Y., Sözeri, #., 

Özçelik, N., Saraç, G., Ünay, E. ve Babayi"it, S. 2000. Mut 
ve Karaman arasındaki Miyosen havzalarının litostratigrafisi 
ve sedimentolojisi (Orta Toroslar, G. Türkiye). Bulletin of 
Mineral Research and Exploration 122: 53–72. 

Bassant, P., Buchem, F.S.P. van, Strasser, A. & Gürür, N. 2005. 
The stratigraphic architecture and evolution of the Burdiga-
lian carbonat-siliciclastic sedimentary systems of the Mut 
Basin, Turkey. Sedimentary Geology 173: 187–232. 

Bosellini, F.R. & Perrin, C. 2008. Estimating Mediterranean Oli-
gocene-Miocene sea-surface temperatures: An approach 
based on coral taxonomic richness. Palaeogeography, 
Palaeoclimatology, Palaeoecology 258: 71–88. 

Cahuzac, B., Janin, M.-C. & Steurbaut, E. 1995. Biostratigraphie 
de l’Oligo-Miocène du Bassin d’Aquitaine fondée sur les 
nannofossiles calcaires. Implications paléogéographiques. 
Géologie de la France 2: 57–82. 

Cahuzac, B. & Janssen, A.W. 2010. Eocene to Miocene ptero-
pods (Gastropoda, Euthecosomata) from the Aquitaine Basin, 
SW France. Scripta Geologica 141: 1-193. 

Daus, H. 1915. Beiträge zur Kenntnis des marinen Miocäns in 
Kilikien und Nordsyrien. Neues Jahrbuch für Mineralogie, 
Geologie und Paläontologie 38: 429–500.  

Davoli, F. 1982. Cancellariidae (Gastropoda) in Montanaro Gal-
litelli (ed.). Studi monografici sulla malacologia miocenica 
modenese, 1(1). Molluschi tortoniani di Montegibbio. Palae-
ontolographia Italica 72 (nuova serie 42): 5–73. 

Erünal-Erentöz, L. 1958. Mollusques du Neogène des bassins de 
Karaman, Adana et Hatay (Turquie). Publications de 
l’Institut d’Études et Recherches Minières de Turquie C4: 
232 pp. 

Fischer, P. 1866. Faune Tertiaire moyenne. In: Tchihatcheff, P. 
de (ed.). Asie Mineure. Description physique de cette contrée. 
Paléontologie 237–251. 

Folliot, M., Pujol, C., Cahuzac, B. & Alvinerie, J. 1993. Nou-
velles données sur le Miocène moyen marin (‘Sallomacien’) 
de Gironde (Bassin d’Aquitaine-France). Approche des 
paléoenvironnements. Ciências da Terra (UNL) 12: 117–131. 

Glibert, M. 1949. Gastropodes du Miocène moyen du Bassin de 
la Loire 1. Mémoires de l’Institut royal des Sciences na-

turelles de Belgique 30: 1–240. 
Gül, M. & Eren, M. 2003. The sedimentary characteristics of 

Da"pazarı Patch Reef (Middle Miocene, Mut-!çel/Turkey). 
Carbonates and Evaporites 18: 51–62. 

Harzhauser, M. & Kronenberg, G. 2008. A note on Strombus 
coronatus Defrance, 1827 and Strombus coronatus Röding, 
1798 (Mollusca: Gastropoda). The Veliger 50: 120–128. 

Harzhauser, M. & Landau, B. 2012. A revision of the Neogene 
cancellariid Gastropods of the Paratethys Sea. Zootaxa 3472: 
1–71. 

Harzhauser, M. & Piller, W.E. 2007. Benchmark data of a chan-
ging sea. - Palaeogeography, Palaeobiogeography and events 
in the Central Paratethys during the Miocene. Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology 253: 8–31. 

Harzhauser, M., Mandic, O. & Zuschin, M. 2003. Changes in 
Paratethyan marine molluscs at the Early/Middle Miocene 
transition - diversity, paleogeography and paleoclimate. Acta 
Geologica Polonica 53: 323–339. 

Hilgen F.J., Lourens, L.J. & Van Dam, J.A. 2012. The Neogene 
Period. In: Gradstein, F.M., Ogg, J.G., Schmitz, M.D. & Ogg, 
G. (eds.). A Geological Time Scale 2012, 2: 923–978. 

!slamo"lu, Y. 2004. Kasaba Miyosen havzasının Gastropoda 
faunası (Batı Toroslar, GB. Türkiye), Bulletin of Mineral Re-
search and Exploration 128: 137–170.  

!slamo"lu, Y. & Taner, G. 2003. Antalya Miyosen havzasının 
Gastropoda faunası (Batı- Orta Toroslar, GB. Türkiye). Bulle-
tin of Mineral Research and Exploration 127: 29–65. 

Janssen, A.W. 1999. Notes on the systematics, morphology and 
biostratigraphy of fossil holoplanktonic Mollusca, 4. A col-
lection of euthecosomatous pteropods from the Miocene of 
the Karaman Basin, Turkey. Basteria 63: 11–15. 

Janssen, A.W. 2012. Systematics and biostratigraphy of holo-
planktonic Mollusca from the Oligo-Miocene of the Maltese 
Archipelago. Bollettino del Museo Regionale di Scienze 
Naturali, Torino 28(2010): 197-601. 

Janssen, R. 1993. Taxonomy, evolution and spreading of the 
turrid genus Spirotropis (Gastropoda: Turridae). In: Janssen, 
A.W. & Janssen, R. (eds.). Proceedings Symposium ‘Mollusca 
Palaeontology’,  11th International  Malacological  Congress, 

  Siena 1992. Scripta Geologica, Special Issue 2: 237–261. 
Landau, B.M., Beu, A. & Marquet, R. 2004. The early Pliocene 

Gastropoda (Mollusca) of Estepona, southern Spain. 5. Ton-
noidea, Ficoidea. Palaeontos 5: 35-102. 

Landau, B., Harzhauser, M. & Beu, A.G. 2009. A revision of the 
Tonnoidea (Caenogastropoda, Gastropoda) from the Miocene 
Paratethys and their palaeobiogeographic implications. Jahr-
buch der Geologischen Bundesanstalt 149: 61–109. 

Lozouet, P. 1998. Nouvelles espèces de gastéropodes (Mollusca: 
Gastropoda) de l’Oligocène et du Miocène inférieur de 
l’Aquitaine (sud-ouest de la France). Cossmanniana 5: 61–
102. 

Lozouet, P., Lesport, J.-F. & Renard, P. 2001. Révision des Gas-
tropoda (Mollusca) du stratotype de l’Aquitanien (Miocène 
inf.): site de Saucats ‘Lariey’, Gironde, France. Cossman-
niana, hors série 3: 1–189. 

Lourens, L., Hilgen, F., Shackelton, N.J., Laskar, J. & Wilson, D. 
2004. Appendix 2. Orbital tuning calibrations and conver-
sions for the Neogene Period. In: Gradstein, F.M., Ogg, J. G. 
& Smith, A.G. (eds). A Geologic Time Scale 2004. Cam-
bridge (Cambridge University Press): 469–471. 

Mandic, O., Harzhauser, M., Schlaf, J., Piller, W.E., Schuster, F., 
Wielandt-Schuster, U., Nebelsick, J.H., Kroh, A., Rögl, F. & 
Bassant, P. 2004. Palaeoenvironmental reconstruction of an 
epicontinental flooding - Burdigalian (Early Miocene) of the 
Mut Basin ( Southern Turkey ). Courier Forschungsinstitut 
Senckenberg 248: 57–92. 

Martini, E. 1971. Standard Tertiary and Quaternary calcareous 



 
 

- 288 - 

nannoplankton zonation. In: Farinacci, A.(ed.). Proceedings 
of the 2nd Planktonic Conference Roma, 1970 2. Rome 
(Edizioni Tecnoscienza): 739-785. 

Müller, C. & Pujol, C. 1979. Étude du nannoplancton calcaire et 
des foraminifères planctoniques dans l’Oligocène et le 
Miocène en Aquitaine (France). Géologie Mediterranéenne 6: 
357–368. 

Okada, H. & Bukry, D. 1980. Supplementary modification and 
introduction of code numbers of the low-latitude coccolith 
biostratigraphic zonation (Bukry 1973, 1975). Marine 
Micropaleontology 5: 321–325. 

Papp, A. 1949. Bemerkungen über eine Molluskenfauna aus Ka-
raman in Cilicien. Sitzungsberichte der Österreichischen 
Akademie der Wissenschaften, mathematisch-naturwissen-
schaftliche Klasse 158: 663–665. 

Schaffer, F. 1902. Beiträge zur Kenntnis des Miocänbeckens von 
Cilicien. Nach Studien, ausgeführt auf Reisen im Frühjahre 
und Herbste 1900. Jahrbuch der Kaiserlich-Königlichen Geo-
logischen Reichsanstalt 51: 41–75. 

Schaffer, F. 1903. Beiträge zur Kenntnis des Miocänbeckens von 
Cilicien 2. Nach Studien, ausgeführt auf einer Reise im 
Sommer 1901. Jahrbuch der Kaiserlich-Königlichen Geolo-
gischen Reichsanstalt 52: 1–38. 

Steininger, F. 1963. Die Molluskenfauna aus dem Burdigal (Un-
ter-Miozän) von Fels am Wagram in Niederösterreich. Denk-
schriften der Österreichischen Akademie der Wissenschaften, 
Mathematisch-Naturwissenschaftliche Klasse 110: 1–88. 

Toula, V.F. 1902. Eine marine Neogenfauna aus Cilicien. Jahr-
buch der Kaiserlich-Königlichen Geologischen Reichsanstalt 
51: 247–263. 

Ulu, Ü. & Balcı, V. 2009. Karaman – N30 Paftasi, No: 128, 
Türkiye Jeoloji Haritalari. 1:100 000 ölçekli. Maden Tetktik 
ve Arama Genel Müdürlü"ü: 1-28 (in Turkish with English 
abstract).  

Young, J.R. 1998. Neogene nannofossils. In: Bown, P.R. (ed.). 
Calcareous nannofossil biostratigraphy. Dordrecht (Kluwer 
Academic Publications): 225–265. 

 
 


