
INTRODUCTION

The Tauride belt in southern Turkey includes a number
of tectonostratigraphic units. Brunn et al. (1971; 1973) ini-
tially defined three main nappes in the SW Taurides as the
Beysehir-Hoyran-Hadım, the Lycian and the Antalya
Nappes based on their emplacement age. However, Ozgul
(1971; 1976; 1984) has shown that the structural building
of the Taurides was further modified by slicing of both al-
lochthonous and autochthonous units with intervening pa-
rautochthonous sequences. According to Ozgul’s (1971;
1976; 1984) model, the Taurides comprise six main
tectono-stratigraphic units (the Geyikdagı, the Bolkardagı,
the Aladag, the Bozkir, the Antalya and the Alanya). Re-
construction of these slices related to their original paleo-
geographic locations on the Tauride-Anatolide platform
was realized by Ozgul (1984). Based on this combination,
it was suggested that the Tauride-Anatolide platform (Fig.
1a) is a microcontinent surrounded by the northern and
southern Neo-Tethyan branches of Sengor and Yılmaz
(1981). One stack of nappes, the Antalya Nappes (Antalya
Unit sensu Ozgul, 1976; 1984) including Paleozoic and
Mesozoic pelagic and platform sediments occurs along the
southern edge of the autochthonous zone in the Taurides
(Brunn et al., 1971; Fig. 1b). According to Sengor and
Yılmaz (1981), they originated from the “southern branch
of Neotethys” and are widely exposed along the southern
part of the Taurides (Fig. 1b). 

There have been many hypotheses on timing of opening
of the northern and southern Neo-Tethyan branches. Ac-
cording to Sengor and Yılmaz (1981) and Gorur et al.
(1983), the Izmir-Ankara Ocean of the northern branch of

Neotethys opened during Liassic times. However, some au-
thors (Bragin and Tekin, 1996; Tekin, 1999; Göncüoglu et
al., 2000; Tekin et al., 2002; Göncüoglu et al., 2003; 2006;
Tuysuz and Tekin, 2007) have stated that this ocean started
to open already in Late Triassic. As for the timing of open-
ing of the Izmir-Ankara ocean of the northern branch of
Neotethys, there are controversies concerning the opening
time in the southern branch of Neotethys. According to Sen-
gor and Yılmaz (1981), the Eastern Mediterranean, as a part
of the southern branch of Neotethys, began to open in the
Carnian-Norian time interval. In contrast to this view, Ozgul
(1983; 1984) suggested that the middle Anisian-Ladinian
rifting occurred on continental crust. 

For better understanding the opening time of the southern
branch of Neotethys, we investigated the successions of the
Antalya Nappes including abundant Radiolaria-bearing
Mesozoic pelagic sediments. Radiolarian faunas and dating
of these pelagic sediments have been subjects of some pre-
vious studies (Tekin, 1999; 2002a; 2002b; Tekin and Yurt-
sever, 2003; Yurtsever et al., 2003). Within the Antalya
Nappes, the basic volcanics rocks are assigned to the Late
Triassic for the finding of different microfaunas (bivalves,
ammonites etc.) in the associated pelagic sediments. These
data are very important for the reconstruction of the sedi-
mentary history of these nappes, as discussed in some arti-
cles (Marcoux, 1970; Dumont et al., 1972; Juteau and Mar-
coux, 1973; Juteau, 1974; Yılmaz, 1984; Robertson and
Waldron, 1990; Dixon and Robertson, 1999). In the Eastern
Mediterranean, volcanic rocks dated in the southern branch
of Neotethys have also been studied by other researchers
such as Lapierre (1975), Lapierre and Rocci (1976),
Lapierre et al. (2007) in the Mamonia Complex (SW
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ABSTRACT

The geochemical features of spilitic basalts and the radiolarian fauna of associated pelagic sediments have been studied from two different sections of the
Alakırçay Nappe of the Antalya Nappes, SW Turkey. The first section in Cukurkoy is located in the eastern part of the Antalya Gulf and includes thick spilitic
basalts, overlain by an alternation of mudstone, marl and pelagic cherty limestone. Radiolarian data from the cherty limestone in this unit reveals a middle
Carnian age for this section.

The second section in Yaylakuzdere is situated in the western part of the Antalya Gulf. In this section, thick pillow basalts are overlain by a succession of
limestone/cherty limestone and shale beds. The age of the limestones interlayered with the pillow basalts was assigned to the late Carnian, whereas the basal
part of the overlying cherty limestones was dated as latest Carnian/earliest Norian by conodont and radiolarian faunas. 

The pillow lavas in the Çukurköy and Yaylakuzdere regions consist of within-plate type alkaline basalts and display multi-element pattern similar to typi-
cal oceanic island basalts (OIB). Low La/Yb, Zr/Y and La/Nb < 1 ratios are also indicative for an OIB-like deep mantle source. These alkaline basalts have
not suffered interactions with a subducted slab and/or continental crust due to presence of high HFSE abundance, the lack of depletion in Nb and Ta that are
characteristics of subduction and/or crustal contamination processes.

Based on this data, it can be concluded that alkaline volcanism in these two regions of the Antalya Nappes have been probably generated by a small OIB-
type mantle plume during the middle - late Carnian time interval, in the advanced stages of rifting of the Antalya Nappes successions in the southern branch of
Neotethys. This data reveals the generation of a rift basin before middle Carnian for this ocean.
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Cyprus), and by Al-Rayami et al. (2000) in the Baer-Bassit
region (NW Syria). 

At the west end of the eastern Mediterranean region,
Bortolotti et al. (2004a; 2004b; 2006) have analysed MOR
and OI basalts covered by Middle to Upper Triassic cherts
in subophiolitic complexes of the Mirdita ophiolitic nappe
in Albania. Based on these data, they concluded that a Mid-
dle to Upper Triassic oceanic basin with MORB magmatism
was present between the Adria and Eurasia plates. 

In this study, we analysed two sections of the Alakırçay
Nappe with basalts and pelagic sediments in the Antalya
Nappes, in SW Turkey, for better understanding the geo-
chemical characteristics and precise age of the basic vol-
canic rocks. The aim of this study was to evaluate the geo-
chemical properties of the Carnian basic volcanics rocks and
to analyse the radiolarian faunas from associated sediments
in the Alakırçay Nappe and to discuss the implications for
the evolution of the southern branch of Neotethys.

GEOLOGICAL SETTING

The Antalya Nappe was first named and described by
Lefevre (1967) as a single nappe in the west of the Antalya
Gulf (Fig. 1b). Afterwards, Brunn et al. (1971) subdivided it
into three nappes: the “Cataltepe Unit (lower nappe)”, the
“Alakırçay Unit (middle nappe)” and the “Tahtalıdag Unit
(upper nappe)” according to their internal relations. Subse-

quently, the Antalya Nappes have been named as the “An-
talya Unit” by Ozgul (1976) and the “Antalya Complex” by
Woodcock and Robertson (1977). Recently, the Antalya
Nappes were subdived into four units by Senel et al. (1992):
the “Cataltepe Nappe”, the “Alakırçay Nappe”, the “Tah-
talıdag Nappe” and the “Tekirova ophiolitic Nappe”.

The Alakırçay Nappe (middle nappe) includes Middle to
Upper Triassic pelagic sediments (radiolarian cherts, pelagic
limestones etc.) associated with basic volcanics at its base.
They are overlain by Jurassic-Cretaceous pelagic sediments
(mainly radiolarian cherts) (Senel et al., 1992; 1996; Tekin,
1999). The Middle to Upper Triassic pelagic rock units of
the Alakırçay Nappe were named as the Alakırçay group by
Senel et al. (1981). The group includes Karadere-type
spilitic pillow basalts and Gokdere-type pelagic sediments
which were studied in detail. 

The Karadere basalts were named by Juteau and Mar-
coux (1973) and generally comprise brown, green, greenish
black, red colored, pillow basalts, spilits and spilitic basalts
(Juteau, 1974). They include cherts, pelagic limestones,
shales, agglomerates and tuffaceous materials. The thick-
ness of this formation is up to 700 meters (Senel, 1997). The
age of these volcanics is Late Triassic (Marcoux, 1970; Du-
mont et al., 1972; Robertson and Waldron, 1990), on the ba-
sis of bivalvia, ammonites, corals and microfaunas. Accord-
ing to Senel (1997), these volcanic rocks can be actually
dated as Ladinian to Norian according to their relationships
with the sedimentary formations. 
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Fig. 1 - (a) Map showing the distribution of
Alpine terranes (simplified after Göncüoglu
et al., 1996) and the location of Fig. 1b; (b)
Schematic map of the area between the west-
ern and central Taurides (revised after Ozgul,
1984) and locations of detail maps of the
Cukurkoy and Yaylakuzdere regions. 1- Ly-
cien Nappes; 2- Beysehir-Hoyran-Hadım
Nappes; 3- Beydagları-Anamas-Akseki au-
tochthon; 4- Antalya Nappes; 5- Alanya
Nappe; 6- post-Eocene cover rocks; 7- Strati-
graphic contact; 8- Minor thrust; 9- Main
thrust; 10- Strike-slip fault. 

a b

b
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Thin to medium-bedded, beige to red limestones and
cherty limestones of Triassic age in Alakırçay group are
called “Gokdere Formation” and were named by Kalafat-
cioglu (1973) in the western side of the Antalya Gulf. This
formation also contains calciturbidite, shale and tuffite inter-
layers showing a thickness ranging from 10 to 350 meters
(Senel, 1997). This formation includes next to abundant
Halobia and radiolarians that may help for accurate dating.
In two sections, the Cukurkoy section from the central Tau-
rides and the Yaylakuzdere section from the western Tau-
rides, radiolaria bearing limestones (the Gokdere-type) for
dating and pillow basalts (the Karadere-type) for geochemi-
cal evaluation have been sampled.

GEOLOGY OF THE STUDIED SECTIONS

The Cukurkoy section

The Cukurkoy section is located in the central Taurides.
In this region, the Antalya Nappes extending SE to NW
were regionally called as the “Flysch Corridor (Zone Sepa-
ratrice)” by Blumenthal (1951) (Fig. 1b). Occurrence of
pelagic limestones, basalts and radiolarite in this zone was
first reported by Blumenthal (1951) and subsequently by
Nebert (1964) and they regarded the age of these turbidite
sediments as Cretaceous-Tertiary. The presence of Antalya
Nappes was first reported by Brunn et al. (1971) in this
zone. Based on detail mapping of the western part of this
corridor by Monod (1977; 1978), this zone is mainly com-
posed of Mesozoic sediments belonging to the Antalya
Nappes. A geological outline of the Flysch Corridor around
the Geris - Akseki region was clarified by Dırık (1978), and
a detail stratigraphy of the different units has been provided
by Senel et al. (1992; 1996). Upper Triassic and Lower
Jurassic radiolarian faunas from this region have been stud-
ied by Tekin (2002a; 2002b).

The Cukurkoy section is located 1 km east of the-
Cukurkoy village (O27-b1 quadrangle) in the Flysch corri-
dor (see Table 1 for coordinates; Fig. 2). Around the
Cukurkoy village, the Antalya Nappes are mainly exposed
in the north, whereas in the south these nappes are over-
thrust by the Alanya Nappe (Fig. 2; Monod, 1977). Above

the Alakırçay Nappe where the Cukurkoy section is mea-
sured, the Tahtalıdag Nappe appears as huge slices especial-
ly in the northern part of the area (Fig. 2). Twenty meters
thick, mainly thin-bedded, beige, clayey limestones occur at
the bottom of the section (Fig. 3). This part is followed by
five meters thick, medium to thick-bedded, beige to yellow
dolomites. Here, we called this unit the Gokdere-type pelag-
ic sediments, as it resembles the one originally defined by
Kalafatcioglu (1973). 

Towards the upper part of the section, spilitic pillow
basalts, fifty-four meters thick show primary contact with the
underlying carbonates (Fig. 3). These basalts are called the
“Karadere Basalts” according to the original definition of
Juteau and Marcoux (1973). Sample 04-CK-4 was taken
from the basal part of this unit. In addition, samples 04-CK-5
(see Table 1 for coordinates; Figs. 2, 3 and 4.1) were taken
from the eastern continuation of the same unit. We also col-
lected two more basalt samples (see Table 1 for coordinates;
Fig. 2) very close to the Cukurkoy village at the eastern con-
tinuation of the Cukurkoy section where fresh samples can
be collected. These samples are probably representative of
the central part of the Karadere-type spilitic pillow basalts.
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Fig. 2 - Geological map showing the locality
of the Cukurkoy section (revised after Mon-
od, 1977) and sampling points. 1- Alakırçay
Nappe of the Antalya Nappes (I- Gokdere-
type pelagic sediments, mainly Triassic car-
bonates; II- Karadere-type spilitic pillow
basalts, mainly Triassic volcanics; III-
Candır-type clastics, mainly Triassic plant re-
mains bearing clastics); 2- Tahtalıda¿ Nappe
of Antalya Nappes; 3- Alanya Nappe; 4-
Stratigraphic contact; 5- Thrust; 6- Drainage
system; 7- Main peaks; 8- Location of the
Cukurkoy section; 9- Sampling points.

Table 1 - Basal and top coordinates (given in UTM, Univer-
sal Transverse Mercator) of the Cukurkoy and Yay-
lakuzdere sections, in addition to coordinates of basalt sam-
ples collected for geochemical analyses and some limestone
samples collected for radiolaria analyses.
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In the section, the Karadere-type spilitic pillow basalts
are overlain by six meters thick Gokdere-type pelagic sedi-
ments (Figs. 2 and 3). This formation includes an alterna-
tion of thin-bedded, green-red-brown mudstone, marl and
pelagic cherty limestone. Moderately preserved middle
Carnian radiolarians were obtained from a cherty lime-
stone (sample 04-CK-1) sampled from the Gokdere-type
pelagic sediments at the top of the section. Within this for-
mation, spilitic pillow basalts, present in minor amount,
have been sampled (04-CK-2) for chemical analysis (Figs.
2, 3, and 4.2)

Two meters thick Karadere-type spilitic pillow basalts
overlie the Gokdere-type pelagic sediments. From this unit,
sample 04-CK-3 (see Table 1 for coordinates) was obtained
for chemical analysis (Figs. 2 and 3). The uppermost part of
the section is comprises the Candır-type clastics, named and
described as “Candır Formation” by Akbulut (1980) in the
central Taurides. Here, this formation is mainly character-
ized by sandstones and mudstones with plant remains (Figs.
2, 3 and 4.1). The uppermost part of the section is covered
by debris.

The Yaylakuzdere section

Second studied locality is the Yaylakuzdere section situ-
ated in the western Taurides, west of the Antalya Gulf (Fig.
1b). In this region, the Antalya Nappes are exposed as im-
bricated tectonic slices between the Mediterranean Sea and
Beydagları. This part of the Antalya Nappes has been stud-
ied by several authors (see Tekin, 1999 and references
therein).

This section was measured at the SE bank of the Gur-
leyikdere Creek (Antalya O24-c3 quadrangle, see Table 1
for coordinates; Fig. 5), located is very close to the Yay-
lakuzdere village. General characteristics of this section
and details of the radiolarian fauna were given in Tekin
(1999).

Eighty samples for radiolaria and conodonts determina-
tions and six samples for chemical analyses have been taken
from the section (Fig. 6). The basal part of the section is
represented by thick, dark, spilitic pillow basalts (the Ka-
radere-type; Figs. 5, 6 and 7.1-2). Along the section, the to-
tal thickness of the Karadere-type spilitic pillow basalts was
estimated as 310 meters (Figs. 5 and 6). Red limestone in-
terlayers are common within the well-developed pillow
lavas along this formation (Figs. 6 and 7.1). Five samples
were collected from the pillow basalts for chemical analysis
(samples 04-YK-1, 04-YK-2, 04-YK-3, 04-YK-4 and 04-
YK-5, see Table 1 for coordinates).

The Gokdere-type pelagic sediments topped by the Ka-
radere-type spilitic pillow basalts include an alternation of
thin to medium-bedded limestones and shales (Figs. 6 and
7.2; Tekin, 1999). Although it is highly fractured, its total
thickness can be estimated as 32 meters. Very well-pre-
served and diverse, mainly pyritized radiolaria were extract-
ed from the limestone layers of this formation. An 80 cm
thick volcanic sill occurs very close to the base of the
Gokdere-type pelagic sediments where sample 04-YK-6 has
been collected for chemical analysis (Figs. 5 and 6, see
Table 1 for coordinates). Limestone layers at the upper part
of the Gokdere-type pelagic sediments contain black chert
nodules (Fig. 6). The Gokdere-type pelagic sediments in this
section were dated as latest Carnian/earliest Norian to early
Norian based on the radiolarian and conodont faunas
(Tekin, 1999).

AGES OF SEDIMENTARY ROCKS

The Cukurkoy section

In the Cukurkoy section, moderately-preserved Radio-
larian fauna was obtained from sample 04-CK-1 (Figs. 3
and 4.2) and includes the following taxa: Spongostylus
carnicus Kozur and Mostler (Plate 1, Fig. 1), S. tortilis
Kozur and Mostler (Plate 1, Fig. 2), Vinassaspongus sub-
sphaericus Kozur and Mostler (Plate 1, Figs. 3 and 4), Or-
biculiforma sp. (Plate 1, Fig. 5), Capnuchosphaera triassi-
ca De Wever (Plate 1, Figs. 6 and 7), Weverella sp. cf. W.
tetrabrachiata Kozur and Mostler (Plate 1, Figs. 8 and 9),
Paronaella sp. cf. P. glaber (Kozur and Mostler) (Plate 1,
Fig. 10), P. sp. cf. P. simoni (Kozur and Mostler) (Plate 1,
Fig. 11), Crucella sp. cf. C. carnica (Kozur and Mostler)
(Plate 1, Fig. 12), Crucella sp. (Plate 1, Fig. 13), Hin-
deosphaera austriaca Kozur and Mostler (Plate 1, Fig.
14), Hindeosphaera sp. cf. H. austriaca Kozur and Mostler
(Plate 1, Fig. 15), Hindeosphaera bispinosa Kozur and
Mostler (Plate 1, Fig. 16), Tetraporobrachia sp. (Plate 1,
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Fig. 3 - Log of the Cukurkoy section and sampling points. 1- Clayey lime-
stone; 2- Dolomites; 3- Pillow basalts; 4- Alternation of mudstone and
marl; 5- Alternation of mudstone and sandstone with plant remains; 6- Ra-
diolaria occurrence. 
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Fig. 17), Poulpus piabyx De Wever (Plate 1, Fig. 18),
Xiphotheca karpenissionensis De Wever (Plate 1, Figs. 19
and 20).

Within this fauna, Hindeosphaera austriaca is character-
istic species for middle Carnian strata and it is only known
from the Goestling region in Austria and indicates the mid-
dle Carnian (Kozur and Mostler, 1979). The basal part of
the middle Carnian is the first appearance datum for Spon-
gostylus carnicus (Kozur and Mostler, 1979; 1981; Lahm,
1984; Yeh, 1989; Carter et al., 1989; Grapes et al., 1990;

Halamic and Gorican, 1995; Bragin and Krylov, 1999;
Tekin, 1999) and the top of middle Carnian is last appear-
ance datum for two taxa (Vinassaspongus subsphaericus
and Hindeosphaera bispinosa) (Kozur and Mostler, 1979;
Kido, 1982; Lahm, 1984; Gorican and Buser, 1990; Tekin,
1999) within this fauna. Co-occurrence of these taxa also re-
veals a middle Carnian age for sample 04-CK-1 from the
Cukurkoy section (Fig. 8).

One of the specimens in the fauna (Tetraporobrachia sp.;
Plate 1, Fig. 17) has resemblance to Tetraporobrachia
haeckeli, but preservation is not goud enough for proper de-
termination. This species has been suggested as index form
for the middle Carnian by Kozur and Mostler (1994; 1996),
therefore, the presence of this badly-preserved specimen
probably also indicates a middle Carnian age. In addition,
taking into consideration also the presence of badly pre-
served taxa (Weverella sp. cf. W. tetrabrachiata, Crucella
sp. cf. C. carnica, Paronaella sp. cf. P. glaber, P. sp. cf. P.
simoni), it can be concluded that this fauna has great simi-
larity to the faunas previously obtained from middle Carnian
strata of Austria (Kozur and Mostler, 1978; 1979; 1981;
Lahm, 1984) and Turkey (Tekin, 1999; Tekin and
Göncüoglu, 2002; Tekin and Bedi, 2007a; 2007b). Based on
these facts, middle a Carnian age is assigned to sample 04-
CK-1 from the Cukurkoy section (Fig. 9).

The Yaylakuzdere section

The Yaylakuzdere section from the Alakırçay Nappe of
the Antalya Nappes includes highly diverse and well-pre-
served, mainly pyritized radiolarian faunas associated with
conodonts in the Gokdere-type pelagic sediments (Fig. 6).
Three conodont zones were determined as the “Epigondolel-
la primitia” (latest Carnian/earliest Norian), “Epigondolella
abneptis” (early Norian), and “Epigondolella triangularis”
(upper part of early Norian) in the Gokdere-type pelagic
sediments of the Yaylakuzdere section. Detail determina-
tions of the radiolarian and conodont faunas and their distri-
butions were given in Tekin (1999). Some synopsis of radi-
olarian faunas associated to the conodonts can be summa-
rized as follows. 
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Fig. 4 - Photographs showing lithologies and some sample locations around the Cukorkoy section. 1. Photograph showing the general view of the Karadere-
type spilitic pillow basalts and overlying Candır-type clastics (C. F.) along the Karatas Creek. CK. 5 and CK. 7 indicate positions of two basalt samples (04-
CK-5 and 04-CK-7) collected from the Karadere-type spilitic pillow basalts. Massive limestone unit at the back of photograph belongs to the Tahtalıdag
Nappe (T. N.) of the Antalya Nappes; 2. Detail view of the Gokdere-type pelagic sediments located at the top of the section and basalt flow (B. F.) in the up-
per part of the section. While CK-1 indicates the position of limestone sample (04-CK-1) with abundant middle Carnian radiolarians, CK-2 indicates the posi-
tion of sample (04-CK-2) from a basalt flow.

Fig. 5 - Map showing the location and geology of the Yaylakuzdere section
(revised after Senel, 1978 and 1986) and separate sampling points of vol-
canic rocks from the Alakırçay Nappe of the Antalya Nappes. 1- Alakırçay
Nappe of the Antalya Nappes (I- Tesbihli Formation, mainly Triassic bed-
ded chert; II- Karadere-type spilitic pillow basalts, mainly Triassic vol-
canics; III- Gokdere-type pelagic sediments, mainly Triassic carbonates;
IV- Candır-type clastics, mainly Triassic plant remains bearing clastics); 2-
Tahtalıdag Nappe of the Antalya Nappes; 3- post-Eocene cover rocks; 4-
Normal contact; 5- Fault; 6- Overthrust; 7- Main roads; 8- Locations of the
samples from volcanic rocks; 9- Location of the Yaylakuzdere section.
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1. Conodont (Gladigondolella sp.) remains obtained
from limestone interlayer within pillow lava (sample 96-
UKT-654a) in the Karadere-type spilitic pillow basalts from
the basal part of the Yaylakuzdere section indicate a Scythi-
an-middle Carnian age for this part. The age of the Ka-
radere-type spilitic pillow basalts close to the top where the
volcanic samples were taken (04-YK-1 to O4-YK-5) can be
assigned as late Carnian, as the bottom of the overlying
Gokdere-type pelagic sediments is latest Carnian - earliest
Norian (Tekin, 1999; Fig. 9).

2. The basal part of the Gokdere-type pelagic sediments
corresponds to the Epigondolella primitia Conodont Zone,
for the presence of an index conodont taxon dated as latest
Carnian-earliest Norian. Regarding radiolarians, species of
the genus Capnodoce especially C. media Blome and C. ex-
tenta Blome are common within this zone. Some of the radi-
olaria taxa as Catoma sp. A, Capnodoce sp. cf. C. minuta
Yeh, Syringocapsa sp. B and Annulotriassocampe ? sp. A
were only found within the strata corresponding to this zone
in the section (Tekin, 1999; Fig. 9).

3. The radiolarian fauna of the Epigondolella abneptis
Conodont zone (early Norian) in the Yaylakuzdere section
is very abundant and diverse. Some of the radiolarian taxa
determined only in the strata corresponding to the Epigon-
dolella abneptis Conodont zone are: Kahlerosphaera ke-
merensis adentatus Tekin, K. kemerensis kemerensis Tekin,
Capnuchosphaera constricta (Kozur and Mock), Monocap-
nuchosphaera subtornata dextra Tekin, Dicapnuchosphaera
elegans Tekin, D. sengori Tekin, Paricrioma deweveri
Tekin, Sarla robusta Tekin, Palaeosaturnalis mocki Kozur
and Mostler, P. raridenticulatus Kozur and Mock, Triarcel-
la sulovensis Kozur and Mock, Bulbocyritium globosus
Tekin, Deflandrecyrtium tegumentiformis Tekin, Podobursa
galeata Tekin, Veghia sulovensis Kozur and Mock, Senelel-
la triassica Tekin, Xiphotheca pseudolonga Tekin, X. ?
transitus Tekin, Tauridastrum longitubus Tekin (Tekin,
1999; Fig. 9).

4. The radiolarian fauna corresponding to the Epigondo-
lella triangularis Conodont Zone (upper part of early Nori-
an) in the Yaylakuzdere section does not resemble the one
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Fig. 6 - Log of the Yaylakuzdere section from
the Alakırçay Nappe of the Antalya Nappes
with locations of radiolaria and/or conodont
bearing samples. Explanations: 1- Limestone
layer in pillow lava; 2- Volcanic sill; 3- Lime-
stone; 4- Shale; 5- Cherty limestone; 6- Oc-
currence of normal Radiolaria; 7- Occurrence
of pyritized Radiolaria; 8- Occurrence of con-
odonts; Abbreviation: l. C.-e. N.: latest Carn-
ian - earliest Norian (revised after Tekin,
1999).
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corresponding to the Epigondolella abneptis Conodont
Zone. The saturnalid fauna (e.g. Stauroacanthocircus ? po-
etschensis Kozur and Mostler, Praehexasaturnalis burnen-
sis (Blome), Pr. tenuispinosus (Donofrio and Mostler),
Pseudoheliodiscus elongates, Ps. validus (Donofrio and
Mostler) and Palaeosaturnalis dotti (Blome) Group is very
rich and abundant especially at the top of strata belonging to
the Epigondolella triangularis Conodont Zone. Some of the
important taxa as Xiphosphaera fistulata Carter and
Kahlerosphaera norica Kozur and Mock were also encoun-
tered from strata corresponding to the top of this zone
(Tekin, 1999; Fig. 9). Species of genus Harsa Carter were
not determined in strata corresponding to the top of the
Epigondolella triangularis Conodont Zone; this is the only
differences the radiolarian fauna reported from Queen Char-
lotte Islands (Carter, 1991). Recently, the association of
“Capnodoce serisa (senior synonym of C. fragilis)- Harsa
siscwaiensis- Xiphosphaera fistulata” suggested by Carter
(1991) from the Queen Charlotte Islands was found in upper
lower to lower middle Norian strata in the Antalya Nappes
(Tekin and Yurtsever, 2003).

PETROGRAPHIC AND GEOCHEMICAL FEATURES
OF THE BASALTS

Fourteen volcanic samples from the Cukurkoy and Yay-
lakuzdere sections have been collected for petrographical
studies, of which only ten (samples 04-CK- 2, 3, 4, 8, 9
from the Cukurkoy region and samples 04-YK-1, 2, 3, 4, 5
from the Yaylakuzdere region) have been selected for geo-
chemical analysis. Major elements were analyzed on
pressed powder pellets by using a “Spectro X-Lab 2000 X-
ray fluorescence spectrometer (XRF)” at the Ankara Uni-
versity (Turkey). Trace and rare earth element concentra-
tions were analyzed at ACME laboratories (Vancouver,
CANADA) by ICP-MS using a fusion method.

All samples exhibit medium to coarse-grain amyg-
daloidal texture filled with secondary minerals such as car-
bonate, chlorite, zeolite and quartz. They display typical
porphyritic and intersertal textures with dominantly plagio-
clase, pyroxene and rarely olivine phenocrysts set in a ma-
trix of the same minerals. 

Major and trace element analyses are reported in Table 2.

169

Fig. 7 - Photographs showing the lithologies and some sample locations around the Yaylakuzdere section. 1. Detail view of pillow basalts and intra-pillow
limestones and positions of samples 04-YK-2 (YK-2) and 04-YK-3 (YK-3); 2. General view showing the relation of the Karadere-type spilitic pillow basalts
and overlying Gokdere-type pelagic sediments including mainly limestones. Sample 04-YK-1 (YK-1) was taken from the uppermost part of the Karadere-type
spilitic pillow basalts.

Fig. 8 - Stratigraphic ranges of selected taxa
from sample 04-CK-1 in the Cukurkoy sec-
tion from the Alakırçay Nappe, Antalya
Nappes. The dotted area shows the supposed
age of the studied assemblage. The broken
lines show the supposed part of stratigraphic
intervals of the taxa.
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Their loss on ignition values are high, because of vesicles
filled with secondary carbonate and/or silica, and alteration.
For geochemical evaluation of these volcanic rocks, we
used the geochemical discrimination diagrams of mostly im-
mobile trace elements such as Ti, Zr, Y and Nb that are sta-
ble under conditions of alteration and up to medium meta-
morphic grades (Rollinson, 1993).

The SiO2 contents of samples range from 43.6 to 48.6.
This indicates that all the analysed samples are basaltic in
composition with high TiO2 contents. The Cukurkoy and
Yaylakuzdere volcanic rocks plot in the field of alkali basalt
in the Zr/Ti vs Nb/Y diagram of Winchester and Floyd
(1977) (Fig. 10a). For the discrimination of the tectonic en-
vironment in which these alkali basalts originated, they
were plotted in the Hf-Th-Ta diagram of Wood (1980) (Fig.
10b) which indicates that they all belong to within plate-
type. 

The primitive mantle and chondrite normalized multi-el-
ement diagrams of volcanic rocks taken from Cukurkoy and
the Yaylakuzdere regions exhibit similar trace element
abundance patterns to oceanic island basalts (OIB) (Figs.
11a and 11b). They have also rare earth elements character-
istics similar to OIB. They have low Y/Nb, Ba/Nb, La/Nb
and high La/Yb, Zr/Ba ratios and display no Nb and Ta neg-
ative anomalies. All these characteristics indicate that these

volcanic rocks derived from an OIB-like mantle source with
no or negligible crustal contamination. The Rb, Ba, K, Sr,
Ti negative anomalies in some samples may be consistent
with remains of phlogopite, amphibole, Fe-Ti oxides (such
as ilmenite, rutile, magnetite) and plagioclase in the residual
melts during partial melting. The negative K anomalies, low
La/Yb and Zr/Y ratios may be attributed to partial melting
of a garnet-bearing mantle source. Such source requires that
partial melting occurred at considerable depths and high
pressure. The La/Nb < 1 ratio also supports a deep mantle
source (De Paolo and Daley, 2000). The low Zr/Nb and high
LILE/HFSE, LREE/HREE ratios of the Yaylakuzdere vol-
canic rocks relative to the Cukurkoy volcanic rocks indicate
variations in the degree of partial melting.

The Nb/Y vs Th/Y diagram of Pearce (1983) is used in
Fig. 12 for the discrimination of the mantle source and of
other components possibly involved in the volcanic rock
petrogenesis. The high Th/Y ratios with respect to Nb/Y ra-
tios indicate crustal components that enriched the mantle
source. Th tends to be concentrated and Nb and Ta general-
ly depleted in continental crust. Therefore, the higher Th/Y
ratios with respect to Nb/Y ratios indicate crustal compo-
nents that enriched the mantle source. From the diagram of
(Fig. 12) the Cukurkoy and Yaylakuzdere lavas appear to
have low Th/Y and high Nb/Y ratios and plot in the mantle
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Fig. 9 - Integrated ammonoid, conodont and radiolaria zonations of Carnian to Norian periods after Kozur (1997; 2003) and Kozur and Mostler (1994; 1996).
Arrows indicate position of sample O4-CK-1 in the Çukurkoy section and bottom and top of the Yaylakuzdere section.
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array. They display a within plate enrichment trend and re-
flect the characteristics of an OIB-type mantle source with
no or negligible crustal contamination. 

DISCUSSION AND CONCLUSION

In this study, we have studied Upper Triassic spilitic
basalts (the Karadere-type) and radiolarian and conodont
bearing pelagic limestones (the Gokdere-type) from the
Alakırçay Nappe of Antalya Nappes in two sections
(Cukurkoy in central Taurides and Yaylakuzdere in western
Taurides). The age of the spilitic basalts in the Cukurkoy
section is middle Carnian due to radiolarian dating from the
overlying pelagic limestones. Similar to the dating in the
Cukurkoy section, age of the spilitic basalts in the Yay-
lakuzdere section is assigned as late Carnian as overlying
pelagic limestones dated as latest Carnian/earliest Norian
based on the conodont and radiolarian faunas. 

The geochemical investigations on the pillow lavas from
the Alakırcay Nappe in two localities revealed that they are
alkaline basalts and of within-plate type. The geochemical
features are indicative for an OIB-like deep mantle source

according to low La/Yb, Zr/Y and La/Nb < 1 ratios. The
high HFSE abundance, the lack of depletion of Nb and Ta
that are characteristics of subduction and/or crustal contami-
nation processes, indicate that these alkaline basalts have
not suffered interactions with subducted slab and/or conti-
nental crust. 

Similar to our findings, in previous studies as Robertson
and Waldron (1990), they defined the formation of MORB
and OIB-type basalts in Antalya Nappes as an oceanic basin
with deposition of marginal to deep basinal Triassic sedi-
mentary units (radiolarian bearing limestone levels, am-
monite bearing Hallstatt facies) intercalated with these vol-
canic rocks. Dixon and Robertson (1999) also determined
two distinct sources such as mantle plume and MORB-type
mantle source for the Triassic basalts along the Gondwanan
margin in the Mediterranean region. In addition to these da-
ta, the geochemical results of Lapierre et al. (2007) indicate
four type volcanic rocks such as depleted olivine tholeiites,
ocean island tholeiites, alkali basalts and trachytes exhibit-
ing features of ocean island basalts from the Mamonia com-
plex (Cyprus) of Late Triassic age. All these types of vol-
canic rocks were derived from the partial melting of an en-
riched OIB-type mantle source without crustal contamina-
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Table 2 - Major, trace and rare earth elements content of selected volcanic rocks from the Alakırçay Nappe in the Cukurkoy
and Yaylakuzdere regions.
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tion. This feature is consistent with emplacement of these
rocks within an oceanic domain with the activity of a hot
spot according to the authors. 

According to Campbell and Griffiths (1992) and Hill
(1993), the interaction of a deep mantle plume may be one of
the possible mechanisms of the evolution of alkaline basalts.
The widespread occurrence of alkali basalts of Late Triassic
age from Greece, Turkey to Cyprus reported from previous
studies could be explained by the rising of a small mantle
plume. If true, subsequent partial melting caused by ascend-
ing of mantle plume to progressively shallower levels may
be expected to lead to uplifting, thinning, weakening and rift-
ing of lithosphere. The determined lack of crustal interaction
of Yaylakuzdere and Cukurkoy volcanic rocks from the geo-
chemical data should be explained as this relative thinning of
the crust. Based on these facts, it can be concluded that alka-
line volcanism of studied regions in Alakırçay Nappe have
been likely generated by a small OIB-type mantle plume at
the middle - late Carnian time interval during the advanced
stages of the rifting of Antalya Nappes in the southern
branch of Neotethys sensu Sengor and Yılmaz (1981) be-
tween the Gondwana and Cimmerian continents. 

Eastern Mediterranean as a part of southern branch of
Neotethys, began to open in Carnian-Norian time interval
according to Sengor and Yılmaz (1981). However, Ozgul
(1983; 1984) have reported sequence includes olistoliths
and debris flows of Anisian age over the Scythian rocks fol-
lowed by Ladinian radiolarites, shales and volcanic rocks in
Alakırçay Nappe at the SE of Alanya town. Based on these
observations, he has suggested the middle Anisian-Ladinian
rifting on continental crust. Our result is well-consistent
with the generation of rift basin before middle Carnian dur-
ing middle Anisian-Ladinian time interval suggested by
Ozgul (1983; 1984) in Antalya Nappes as a part of southern
branch of Neotethys.
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Plate 1 - Scanning electron photomicrographs of middle Carnian radiolarians from the Cukurkoy section, the Alakırçay Nappe of the Antalya Nappes. All
materials are from sample 04-CK-1. Scale- number of microns for each figure: 1) Spongostylus carnicus Kozur and Mostler, scale bar- 125 µm; 2) Spon-
gostylus tortilis Kozur and Mostler, scale bar- 90 µm; 3-4) Vinassaspongus subsphaericus Kozur and Mostler, scale bar- 95 and 90 µm, respectively; 5)
Orbiculiforma sp., scale bar- 110 µm; 6-7) Capnuchosphaera triassica De Wever, scale bar for both specimens- 110 µm; 8-9) Weverella sp. cf. W. tetra-
brachiata Kozur and Mostler, scale bar- 100 and 90 µm, respectively; 10) Paronaella sp. cf. P. glaber (Kozur and Mostler), scale bar- 130 µm; 11)
Paronaella sp. cf. P. simoni (Kozur and Mostler), scale bar- 150µm; 12) Crucella sp. cf. C. carnica (Kozur and Mostler), scale bar- 115 µm; 13) Crucella
sp., scale bar- 110 µm, 14) Hindeosphaera austriaca Kozur and Mostler, scale bar- 150 µm; 15) Hindeosphaera sp. cf. H. austriaca Kozur and Mostler,
scale bar- 110 µm; 16) Hindeosphaera bispinosa Kozur and Mostler, scale bar- 160 µm; 17) Tetraporobrachia sp., scale bar- 90 µm; 18) Poulpus piabyx
De Wever scale bar- 65 µm; 19-20) Xiphotheca karpenissionensis De Wever, scale bar- 80 and 65 µm, respectively.
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