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Abstract. The Mid-Carboniferous boundary in the Aladag Unit
of the Central Taurides, previously delineated on the basis of forami-
nifers, is now further recognizable on the basis of conodonts. Latest
Serpukhovian conodonts are assigned to the Rhachistognathus murica-
tus Zone, whereas the early Bashkirian forms correspond to the Decli-
nognathodus inaequalis - Declinognathodus noduliferus Zone. Cono-
dont assemblages discovered in the Taurides are comparable to those
described from Mid-Carboniferous boundary sections in North Amer-
ica, Japan, southern Urals, southern China, Ukraine and Uzbekistan.
The Mid-Carboniferous boundary is located at a horizon marked by
the first appearance of Declinognathodus inaequalis, just above the last
appearance of the conodont Gnathodus girtyi simplex. This horizon
coincides with the boundary indicated by foraminiferal data.

Riassunto. 1l limite che suddivide il Carbonifero in due parti fu
definito nell’'Unitd Aladag nei Tauridi Centrali sulla base dei foramini-
feri. Ora viene ulteriormente definito mediante i conodonti. I conodonti
del Serpukhoviano sommitale sono assegnati alla Zona a Rhachistogna-
thus muricatus, mentre le forme del Bashkiriano basale corrispondono a
quelle delle Zona a Declinognathodus inaequalis - Declinognathodus
noduliferns. Le associazioni a conodonti rinvenute nei Tauridi sono
confrontabili con quelle descritte in Nord America, Giappone, Urali
meridionali, Cina meridionale, Ucraina e Uzbekistan. Il limite della base
del Carbonifero superiore & posizionato in corrispondenza della prima
comparsa di Declinognathodus inaequalis, appena sopra ['ultima presen-
za del conodonte Gnathodus girtyi simplex. Questo orizzonte coincide
con il limite indicato dai foraminiferi.

Introduction

The International Subcommission on Carbonifer-
ous Stratigraphy in 1995 selected Arrow Canyon, Ne-
vada (USA) to be the GSSP for the Mid-Carboniferous

boundary. The first appearance of the index conodont

taxon Declinognathodus noduliferus sensu lato, includ-
ing the subspecies D. noduliferus noduliferus, D. nodu-
liferus inaequalis, D. noduliferus lateralis and D. nodu-
liferus japonicus, was chosen as the biostratigraphic mar-
ker for this boundary (Baesemann & Lane 1985; Nemi-
rovskaya & Nigmadganov 1994; Brenckle et al. 1997;
Nemyrovska 1999; Lane et al. 1999; Gradstein et al.
2004). Subsequently, Sanz-Lopez et al. (2006) and
Sanz-Lopez & Blanco-Ferrera (2009) reported D. nodu-
liferus bernesgae and D. praenoduliferus in uppermost
Serpukhovian rocks in northern Spain. Those authors
also noted that the entry of D. noduliferus inaequalis
(D. inaequalis in their nomenclature) should be used for
the correlation and recognition of the Mid-Carbonifer-
ous boundary in the Arrow Canyon section, whereas
the other Declinognathodus species can be used in the
correlation of beds close to the Mid-Carboniferous
boundary.

There are very few studies of conodont biostrati-
graphy in the Carboniferous of Taurides. Gonciioglu et
al. (2004, 2007) reported some conodont faunas from
the lower Mississippian (Tournasian) of the Geyik Dag1
Unit, an authochthon or parauthochton of the Taurides
(Ozgiil 1976, 1984, 1997; Sengér & Yilmaz 1981). Ek-
mekei & Kozur (1999) described Moscovian conodonts
from the allochthonous Bolkar Dag Unit. The Mid-Car-
boniferous boundary was first discussed within the for-
aminiferal biostratigraphic framework of Aluner (1981)
and Altuner & Ozgiil (2001) in the well preserved Car-
boniferous sections of the allochthonous Aladag Unit in
the Eastern and Central Taurides. Atakul-Ozdemir et
al. (2011) recently initiated a study of a well exposed
section in the Hadim region of the Central Taurides.
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Their bed-scale sampling and detailed foraminiferal
biostratigraphy led to precise location of the Mid-Car-
boniferous boundary.

This study aims to describe in detail the cono-
dont succession across the Mid-Carboniferous bound-
ary at the section near Hadim, at which foraminifers
from the boundary interval were described by Atakul-
Ozdemir et al. (2011). Conodont zones recognized at
this section are correlated with those at other impor-
tant Mid-Carboniferous boundary sections around the
world. This paper is the first to document the distri-
bution and biostratigraphic significance of conodonts
across the Mid-Carboniferous boundary in the Central
Taurides, Turkey.

Geologic Setting

The Aladag Unit is one of the main tectonic units
in the Tauride Belt, southern Turkey (Ozgiil 1976, 1984,
1997). It displays a continuous upper Paleozoic carbo-
nate sequence encompassing the Mid-Carboniferous
boundary, and is widely exposed in the Hadim region
(Fig. 1). The Carboniferous Yaricak Formation of the
Aladag Unit (Central Taurides) has been divided into
the Cityayla and Mantar Tepe members (Ozgiil 1997).
The Cityayla Member is a succession of dark colored
shale interbedded with thin limestones of Tournaisian

age. This member was probably deposited in low en-
ergy shelf conditions below wave base (Ozgiil 1997).
The upper Tournaisian to Gzhelian Mantar Tepe Mem-
ber is mainly bioclastic, oolitic and micritic limestones
in its lower part, and quartz arenitic sandstones inter-
calated with limestones in its upper part (Altiner &
Ozgiil 2001). The carbonates of the Mantar Tepe Mem-
ber were deposited below and above wave base. Lime-
stones grade laterally into quartz sandstones across the
Mid-Carboniferous boundary interval, reflecting a con-
siderable influx from land into the shallow shelf envir-
onment. The 26 m thick measured section near Hadim
is predominantly composed of bioclastic and oolitic
grainstones intercalated with quartz arenitic sandstones.
It represents a continuous shallow marine succession in

the Mantar Tepe Member (Fig. 2).

Conodont Biostratigraphy

Conodonts for this study were obtained from ap-
proximately 2 kg limestone samples that were crushed
and processed using standard acidizing techniques with
10-15% formic and acetic acid solutions. The residues
were washed through nested sieves of 63, 125, 250, and
425 microns and the elements were concentrated from
the residue by using sodium polytungstate heavy liquid.
Unfortunately most of the samples were barren, with
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Fig.2 - Columnar stratigraphic section showing the position of the Mid-Carboniferous boundary in the Aladag Unit (modified from Atakul-
Ozdemir 2011). The coordinates of the base of the section is 36445144 E — 4085730 N.
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conodont elements recovered from only 7 samples. The
distribution and abundance of conodont elements in the PLATE 1

measured section is illustrated in Fig. 3. All described
and figured specimens are housed in the Department of
Geological Engineering, Middle East Technical Univer-
sity, Turkey. Although not abundant, conodonts discov-
ered in this study include important Serpukhovian -
early Bashkirian species and the marker taxon for the
Mid-Carboniferous boundary. The different morpho-
types of the Declinognathodus noduliferus group are
described as distinct species in this study. Based on
the appearance of biostratigraphically significant taxa,
the following zones are recognized (Fig. 3):
Rbachistognathus muricatus Zone. This zone is
characterized by the presence of Rbhachistognathus mu-
ricatus. The top of the zone is marked by the first ap-

Selected conodonts from the Aladag Unit, mostly P1 elements. Scale
bar: 300 pm.

Figs 1-2 - Declinognathodus bernesgae (Sanz Lopez et al.), HB 28.
Figs 3-7 - Declinognathodus inaequalis (Higgins), HB 27.

Figs 8-11 - Declinognathodus noduliferus (Ellison & Graves), HB 04.
Figs 12-14 - Declinognathodus lateralis (Higgins & Bouckaert), HB

27.

Figs 15-16 - Rhachistognathus minutus declinatus (Baesemann &
Lane), HB 28.

Figs 17-19 - Rhachistognathus minutus minutus (Higgins & Bouck-
aert), HB 28.

Figs 20 - Rhachistognathus muricatus (Dunn), HB 27.

Fig. 21 - P2 element, HB 07.

Fig. 22 - Kladognathus sp., HB 24.

Fig. 23 - Gnathodus girtyi simplex (Dunn), HB 28.

Figs 24-25 - Adetognathus lantus (Gunnell), HB 24.
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Fig. 4 - Correlation of conodont zones of Central Taurides with those of North America, Japan, Southern Urals, Southern China, Ukraine

and Uzbekistan.

pearance of Declinognathodus inaequalis. The lower
boundary cannot be defined because of the absence of
conodonts in the underlying levels. Typical Mississip-
pian taxa that occur within this zone include Rhachi-
stognathus minutus minutus, R. minutus declinatus,
Gnathodus girtyi simplex, Declinognathodus bernesgae,
Adetognathodus lautus and Kladognathus sp. (PL. 1).
Baesemann and Lane (1985) and Lane et al. (1999) de-
fined this latest Mississippian zone at Arrow Canyon by
the appearance of the index species Rbachistognathus
muricatus, Gnathodus bilineatus and Cavusgnathus uni-
cornis.

Gnathodus bilineatus, a common element in most
uppermost Mississippian conodont zonation schemes is
notably absent in the Mid-Carboniferous beds of the
Taurides. Higgins (1975), Riley et al. (1987) and Varker
et al. (1990) reported that the appearance of Rhachisto-
gnathus minutus is below that of Declinognathodus no-
duliferus s.l. and its first occurrence is within the Late
Mississippian in England. Lane et al. (1999) reported the
first appearance of Rhachistognathus minutus above the
noduliferus-primus zone. Krumhardt et al. (1996) con-
cluded that Rhachistognathus minutus appeared earlier
in Europe than in North America.

The Rbachistognathus muricatus Zone of the
Taurides can be correlated with the Lower and Upper
Rhachistognathus muricatus zones of the GSSP in Ar-
row Canyon, Nevada (Lane et al. 1999); the Gnathodus
postbilineatus Zone and the Gnathodus bilineatus —
Adetognathus unicornis Zone in Donets Basin, Ukraine
(Nemyrovska 1999); the Gnathodus bilineatus Zone in
the Hina Limestone Japan (Mizuno 1997) and the Kizil
Formation, Southern Urals (Kulagina et al. 2001); the
Gnathodus bilineatus bollandensis zone in the Nashui
section, South China (Wang & Qi 2003) and the Aksu
Section, Uzbekistan (Nemirovskaya & Nigmadganov
1994) (Fig. 4). This zone is equivalent to the latest Ser-
pukhovian, Zapaltyubinsky horizon of the type Serpu-
khovian succession on the Russian Platform and Zapal-
tyubinsky-equivalents in the Donets Basin, Ukraine. It

further corresponds to the upper part of the Eostaffella
ex gr. ikensis-Eostaffella postmosquensis foraminiferal
Zone, to the E2 Zone of Western Europe, and to the
Ustsarbaisky Horizon of the Urals (Atakul-Ozdemir et
al. 2011).

Declinognathodus inaequalis — Declinognathodus
noduliferus Zone. The base of this zone is defined on
the first occurrence of Declinognathodus inaequalis and
its top is marked by the apparent last occurrence of D.
inaequalis or the apparent last occurrence of D. nodu-
liferus.

In addition to the eponymous species, other taxa
recorded from this zone are Rhachistognathus minutus
minutus, R. minutus declinatus, R. muricatus, Declino-
gnathodus lateralis, Adetognathodus lautus and Klado-
gnathus sp. (PL. 1).

The Mid-Carboniferous boundary coincides with
the base of this zone. The Mississippian conodont
Gnathodus girtyi simplex became extinct and the first
Pennsylvanian conodonts Declinognathodus lateralis,
D. noduliferus and D. inaequalis originated in this
Zone.

The Declinognathodus inaequalis — Declino-
gnathodus noduliferus Zone of the Taurides can be cor-
related with the D. noduliferus s.l. zone at Arrow Can-
yon, Nevada (Lane et al. 1999); the D. noduliferus Zone
in the Donets Basin, Ukraine (Nemyrovska 1999), in
the Kizil Formation, Southern Urals (Kulagina et al.
2001) and in the Nashui Section, South China (Wang
& Qi 2003); the D. inaequalis — Gnathodus bilineatus
Zone and D. noduliferus Zone in the Hina Limestone,
Japan (Mizuno 1997); and the D. praenoduliferus zone
and D. noduliferus Zone in the Aksu Section, Uzbeki-
stan (Nemirovskaya & Nigmadganov 1994) (Fig. 4).
This zone is equivalent to the Bogdanovsky and lowest
Syuransky horizons of the Bashkirian Stage in its type
area in the South Urals.

The Declinognathodus inaequalis — Declino-
gnathodus noduliferus Zone corresponds to three fora-
miniferal zones of Atakul-Ozdemir et al. (2011): Plecto-
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Fig.5 - The Mid-Carboniferous boundary delineated by the foraminiferal and conodont occurrences in the Aladag Unit (S: System, St: Stage,

H: Horizon, SN: Sample Number, FZ: Foraminiferal Zones, CZ: Conodont Zones).

staffella bogdanovkensis — P. jakhensis, Millerella mar-
blensis and Semistaffella sp. This interval is correlated
with the Homoceras Zone in Western Europe, the lower
Voznesensky to Krasnopolyansky horizons of the Rus-
sian Platform, and the Feninsky Horizon in the Donets
Basin (see Atakul-Ozdemir et al. 2011).

Mid-Carboniferous boundary in Central Taurides

It is known from studies describing the evolution-
ary trends in conodonts that the characteristic Early
Carboniferous taxa became extinct and the first Bash-

kirian Declinognathodus appeared at the Mid-Carboni-
ferous boundary (Brenckle et al. 1997; Lane et al. 1999;
Nemyrovska 1999, 2009; Richards & Aretz 2010). The
most common genera to become extinct at the end of
Serpukhovian time are Gnathodus, Lochriea and Ca-
vusgnathus, whereas the Middle Carboniferous genera
Declinognathodus, Idiognathoides and Neognathodus
originated and later gave rise to all of the Late Carbo-
niferous conodonts (Nemyrovska 1999). In 1995, the
International Subcommission on Carboniferous Strati-
graphy selected the Arrow Canyon section, Nevada
(USA) to be the GSSP for Mid-Carboniferous bound-
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ary. The first appearance of the index conodont taxa
Declinognathodus noduliferus sensu lato, including the
subspecies D. noduliferus noduliferus, D. noduliferus
inaequalis, D. noduliferus lateralis and D. noduliferus
japonicus, was approved as the biostratigraphic marker
for the Mid-Carboniferous boundary (Baesemann &
Lane 1985; Nemirovskaya & Nigmadganov 1994; Ne-
myrovska 1999; Lane et al. 1999; Gradstein et al. 2004).
This level falls at the base of the noduliferus-primus
Zone of Baesemann and Lane (1985). In the Central
Taurides, the Mid-Carboniferous boundary is recog-
nized by the first appearance of Declinognathodus i-
naequalis, which is an index taxon for the basal part
of the Bashkirian at important sections other than the
GSSP (Mizuno 1997; Brenckle et al. 1997; Sanz-Lépez
et al. 2006; Sanz-Lépez & Blanco-Ferrera 2009). In ad-
dition to D. inaequalis, the first occurrences of D. late-
ralis and D. noduliferus sensu stricto are also indicative
of earliest Bashkirian time.

The occurrence of D. bernesgae together with the
last occurrence of Grathodus girtyi simplex indicates a
latest Serpukhovian age for sample HB28, just below
the Mid-Carboniferous boundary. In many sections,
the Mid-Carboniferous boundary coincides with the
first occurrence of Declinognathodus taxa (Baesemann
& Lane 1985; Brenckle et al. 1997; Lane et al. 1999). It
has also been documented in the La Lastra section
(Cantabrian Mountains) that D. bernesgae and D. prae-
noduliferus occur together with D. inaequalis at the
Mid-Carboniferous boundary (Nemyrovska et al.
2008; Nemyrovska 2009). However, the first occur-
rences of D. bernesgae and D. praenoduliferus predate
the first appearance of D. ineaqualis in upper Serpukho-
vian beds at other Cantabrian sections (Sanz-Lépez et
al. 2006; Sanz-Lépez & Blanco-Ferrera 2009). There-
fore, following the rationale of Sanz-Lopez et al.
(2006) and Sanz-Loépez & Blanco-Ferrera (2009), the
first appearance of D. inaequalis at the Arrow Canyon
GSSP should be recognized exclusively as the formal
boundary marker and the other Declinognathodus spe-
cies should be regarded as useful taxa for correlating
Mid-Carboniferous boundary beds.

In our section near Hadim, the first occurrence of
Declinognathodus bernesgae is observed just below the

Mid-Carboniferous boundary, further indicating that
some Declinognathodus taxa originated prior to the first
occurrence of D. inaequalis.

The location of the Mid-Carboniferous boundary
at the base of the sample 27 in the studied section coin-
cides with that proposed by Atakul-Ozdemir et al.
(2011) on the basis of foraminiferal occurrences. The
boundary separates the last occurrence of Eostaffella
ex gr. tkensis, below, and the first occurrences of Plecto-
staffella bogdanovkensis and P. jakhensis above (Fig. 5).

Conclusions

A section in the Yaricak Formation of the Aladag
Unit (Hadim region, Central Taurides, Turkey) exhibits
a biostratigraphically complete upper Serpukhovian —
lower Bashkirian succession which is mainly composed
of carbonate rocks with intercalations of sandstones.
Although conodonts are not abundant, an important
assemblage of conodont taxa includes Rhachistognathus
minutus minutus, R. minutus declinatus and Klado-
gnathus sp. The first Declinognathodus bernesgae are
present together with the last occurrence of Gnathodus
girtyi simplex at the top of the Serpukhovian. The Mid-
Carboniferous boundary is placed at the base of the bed
where the first appearance of Declinognathodus inae-
qualis occurs. This agrees with the boundary level re-
cognized using foraminifers by Atakul-Ozdemir et al.
(2011). In our opinion, the Mid-Carboniferous bound-
ary should be recognized by the first apperance of De-
clinognathodus inaequalis, whereas the other Declino-
gnathodus taxa provide a biostratigraphic framework
for the correlation of Mid-Carboniferous beds between
different basins in the world.

Acknowledgements. The authors would like to thank John
Groves (University of Northern Iowa, USA) for his useful remarks
and editing of the manuscript. They also thank the Turkish Science
Academy (TUBA) for supporting this study. The authors are grateful
to Prof. Mark Purnell (University of Leicester, United Kingdom) for
his support and suggestions throughout conodont studies. The editor of
Rivista Italiana di Paleontologia e Stratigrafia and the referees, F. W.
Luppold and J. Sanz-Lépez, are also acknowledged for their construc-

tive reviews.



Conodont distribution at Mid-Carboniferous boundary in Central Taurides, Turkey 221

REFERENCES

Aluner D. (1981) - Recherches stratigraphiques et micropa-
léontologiques dans le Taurus Oriental au NW de
Pinarbasi (Turquie). These Doct. No. 2005, Univ.
Geneve.

Aluner D. & Ozgiil N. (2001) - Carboniferous and Permian
of the allochthonous terranes of the Central Tauride
Belt, Southern Turkey. Paleoforams 2001, Interna-
tional Conference on Paleozoic Benthic Foraminifera
(Ankara), Guide Book, 35 pp., Ankara.

Atakul-Ozdemir A., Altuner D., Ozkan-Aluner S. & Yilmaz
1.O. (2011) - Foraminiferal biostratigraphy and se-
quence stratigraphy across the mid-Carboniferous
boundary in the Central Taurides, Turkey. Facies,
57:705-730.

Baesemann J.E & Lane H.R. (1985) - Taxonomy and evo-
lution of the genus Rhachistognathus Dunn (Cono-
donta; Late Mississippian to Early Middle Pennsyl-
vanian). Cour. Forsch.- Inst. Senckenberg, 74: 93-
136.

Brenckle P.L., Baesemann J.F,, Lane H.R., West R.R., Web-
ster G.D., Langenheim R.L., Brand U. & Richards
B.C. (1997) - Arrow Canyon, the mid-Carboniferous
Boundary Stratotype. In: Brenckle PL. & Page W.R.
(Eds) - Guidebook: Arrow Canyon Range, Nevada.
Cushman Found. Foram. Res., Spec. Publ., 36: 13-32,
Washington.

Ekmekei E. & Kozur H.W. (1999) - Conodonts of Middle
Moscovian age from the Kongul Formation (Bolkar-
dag Unit), Northwest of Hadim, Central Taurus, Tur-
key. Geol. Croat., 52: 1-8.

Génciioglu M.C., Capkinoglu S., Giirsu S., Noble P, Turhan
N., Tekin U.K., Okuyucu C. & Gonciioglu Y. (2007)
- The Mississippian in the Central and Eastern Taur-
ides (Turkey): constraints on the tectonic setting of
the Tauride-Anatolide Platform. Geol. Carp., 58:
427-442.

Génciioglu M.C., Gonciioglu Y., Kozlu H. & Kozur H.
(2004) - Geological evolution of the Taurides during
the Infra-Cambrian to Carboniferous period: a Gond-
wanan perspective based on new biostratigraphic
findings. Geol. Carp., 55: 433-447.

Gradstein EM., Ogg J.G. & Smith G.A. (2004) - A geologic
time scale 2004. 589 pp., Cambridge University Press,
Cambridge.

Higgings A.C. (1975) - Conodont zonation of the late Vi-
sean-early Westphalian strata of the south and central
Pennines of northern England. Bull. Geol. Surv.
Great Britain, 53: 1-127.

Krumhardt A.P.,, Harris A.G. & Watts K.E. (1996) - Lithos-
tratigraphy, Microlithofacies, and Conodont Biostra-
tigraphy and Biofacies of the Wahoo Limestone (Car-
boniferous),  Eastern  Sadlerochit = Mountains,
Nostheast Brooks Range, Alaska. U.S. Geol. Surv.,
Prof. Papers, 1568: 1-70.

Kulagina E.I, Pazukhin V.N., Kochetova N.M., Sintsyna
Z.A. & Kochetova N.N. (2001) - The stratotype
and key sections of the Bashkirian stage (Carbonifer-

ous) in the Southern Urals. 139 pp., Gilem, [in Rus-
sian].

Lane H.R., Brenckle PL., Baesemann J.F. & Richards B.
(1999) - The IUGS boundary in the middle of the
Carboniferous: Arrow Canyon, Nevada, USA. Epi-
sodes, 22: 272-283.

Mizuno Y. (1997) - Conodont faunas across the Mid-Carbo-
niferous boundary in the Hina Limestone, Southwest
Japan. Paleontol. Res., 1: 237-259.

Nemyrovska T.I. (1999) - Bashkirian conodonts of the Do-
nets basin, Ukraine. Scripta Geol., 119: 1-115.
Nemyrovska T.I. (2009) - Mid-Carboniferous boundary
conodonts of the Cantabrian Mountains (Palencia,

Spain). Permophiles, 53: 35-36.

Nemirovskaya T.I. & Nigmadganov 1. (1994) - The Mid-
Carboniferous conodont Event. Cour. Forsch. Inst.
Senckenberg, 168: 319-333.

Nemyrovska T.I., Winkler Prins C.F. & R. Wagner (2008) -
The Mid-Carboniferous boundary in the Cantabrian
Mountains (N Spain). In: Gozhik P.F. & Vizhva S.A.
(Eds) - Problems of Carboniferous stratigraphy. Zbir-
nik naukovikh prats, 69-86, Kiev.

Ozgiil N. (1976) - Some geological aspects of the Taurus
orogenic belt - Turkey. Geol. Soc. Turkey Bull., 19:
65-78 (in Turkish).

Ozgiil N. (1984) - Stratigraphy and tectonic evolution of the
Central Taurides. In: Tekeli O. & Génciioglu M.C.
(Eds) - Geology of the Taurus Belt. Min. Res. Expl.
Inst. (MTA) Publ., 77-90, Ankara.

Ozgiil N. (1997) - Stratigraphy of the tectono-stratigraphic
units in the region Bozkir-Hadim-Tagkent (northern
central Taurides). Min. Res. Expl. Inst. (MTA) Bull.,
119: 113-174 (in Turkish).

Richards B.C. & Aretz M. (2010) - Report on the SCCS
Field Meeting in the Cantabrian Mountains, North-
west Spain, June 4th - 10th, 2010. Newsl. Carbonif.
Stratigr., 28: 7-14.

Riley N.J., Varker WJ., Owens B., Higgins A.C. & Rams-
bottom W.H.C. (1987) - Stonehead Beck, Cowling,
North Yorkshire, England. Cour. Forsch. -Inst. Senck-
enberg, 130: 159-177, Frankfurt am Main.

Sanz-Lépez J., Blanco-Ferrera S., Garcfa-Lépez S. & Sin-
chez de Posada L.C. (2006) - The Mid-Carboniferous
boundary in Northern Spain: difficulties for correla-
tion of the Global Stratotype Section and Point. Riv.
It. Paleont. Strat., 112: 3-22.

Sanz-Lépez J. & Blanco-Ferrera S. (2009) - Probable pre-
sence of old species of Declinognathodus in the Mis-
sissippian and the correlation with the Mid-Carboni-
ferous boundary in the Cantabrian Mountains (Spain).
Permopbhiles, 53: 44-45.

Sengdr AM.C. & Yilmaz Y. (1981) - Tethyan evolution of
Turkey: a plate tectonic approach. Tectonophysics, 75:
181-241.

Varker W.J., Owens B. & Riley N.J. (1990) - Integrated
biostratigraphy for the proposed Mid-Carboniferous



222 Atakul-Ozdemir A., Altiner D. & Ozkan-Altiner §.

boundary stratotype, Stone Beck, Cowling, North ~ Wang Z. & Qi Y. (2003) - Upper Carboniferous (Pennsyl-
Yorkshire, England. Cour. Forsch.-Inst. Senckenberg, vanian) conodonts from South Guizhou of China.
130: 221-235. Riv. It. Paleont. Strat., 109: 379-397.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


