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Abstract — The aim of this study is to describe the biostratigraphic, chronostratigraphic and
ecostratigraphic relationships of the Neogene sequence in the Adana Basin. The Adana Basin is located
in southern Turkey, and bordered by the Tauride Orogenic Belt to the north, the Amanos Mountains
to the east, the Mediterranean coast to the south and the Ecemis Fault Zone to the west. From base to
top, the Neogene sequence consists of the Gildirli Formation (continental redbeds), the shallow marine
Kaplankaya Formation, the reefal limestones of the Karaisali Formation, the shales of the Giiveng
Formation (slope to deep marine), a thick submarine fan complex (Cing6éz Formation), the shallow
marine and fluvio-deltaic Kuzgun Formation and the shallow marine lagoonal—continental Handere
Formation. The planktonic foraminiferal biozones identified within the Neogene sequence of the Adana
Basin are Globigerinoides trilobus and Praeorbulina glomerosa curva (Burdigalian), Globorotalia
fohsi peripheroronda/Orbulina suturalis (Langhian), and Globorotalia mayeri (Serravallian). The Late
Tortonian is characterized by the first occurrence of Globorotalia suterae. There are no planktonic
foraminiferal zones in the Messinian, but this level may be correlated with a non-distinctive zone in

the Mediterranean region. The Pliocene is represented by the Sphaeroidinellopsis Acme Zone.
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1. Introduction

The Adana Basin is located in southern Turkey and
bordered by the Tauride Orogenic Belt to the north, the
Misis Mountains to the east, the Mediterranean coast
to the south and the Ecemis Fault Zone to the west
(Fig. 1).

The Adana Basin Tertiary sequence is represented
by many different facies types and lithostratigraphic
units from base to top. The lithostratigraphy, biostrati-
graphy, ecostratigraphy and chronostratigraphy of this
sequence have been studied in detail by Schmidt
(1961); Ozer et al. (1974); Gériir (1979, 1982, 1985);
Nazik & Toker (1986); Gokgen et al. (1988); Yetis
(1988); Nazik & Giirbiiz (1992); Unliigeng, Kelling &
Demirkol (1991); K. G. Giirbiiz (unpub. Ph.D. thesis,
Univ. Keel, 1993); Safak (19934,b); U. C. Unliigeng
(unpub. Ph.D. thesis, Univ. Keel, 1993); Ozcelik &
Yetis (1994); Williams et al. (1995); Yetis et al. (1995);
Nazik et al. (1997); Giirbiiz, Nazik & Cronin (1998)
and Ogriing, Giirbiiz & Nazik (2000).

The purpose of this study to is describe the bio-
stratigraphic, chronostratigraphic and ecostratigraphic
relationships of the Neogene sequence in the Adana
Basin by synthesizing previous planktonic foramini-
feral biostratigraphy studies.
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2. General Neogene lithostratigraphy

This study refers to Neogene sequences along a N—
S-trending Gildirli-Karaisali-Kuzgun line across the
Adana Basin. These units are described in the following
paragraphs.

The Gildirli Formation was first defined by Schmidt
(1961), and contains terrestrial redbeds, including
conglomerates, sandstones, siltstones and mudstones.
The Gildirli Formation passes upwards and laterally
into the shallow marine Kaplankaya Formation and is
concordantly overlain by the reefal Karaisali Forma-
tion. No fossils have been identified as yet within the
Gildirli Formation. The age of the Gildirli Formation
probably ranges from the Oligocene to earliest Miocene
(Aquitanian(?)-Early Miocene: Yetis et al. 1995)
(Fig. 2).

The Kaplankaya Formation has been differentiated
by H. Lagap (unpub. M.Sc. thesis, Univ. Cukurova,
1986) and Yetis (1988) as a sequence mainly compris-
ing pebbly sandstones, sandstones, sandy limestones
and silts. Environmentally, this formation consists of
a variety of shallow marine deposits which occur
between the Miocene reefal carbonates of the Karaisali
Formation and the deep-marine turbidite sequences
in the northern part of the Adana Basin (including
the Kopekli shale unit of Schmidt, 1961, and the
lower part of the Giiveng Formation of Yetis, 1988),
as defined by Unliigeng, Kelling & Demirkol (1991),
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Figure 1. Geological location map of the study area (from Giirbiiz, 1999).
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Figure 2. Correlation of lithologic, biostratigraphic and environmental features of the Adana basin.
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Nazik & Giirbiiz (1992) and Giirbiiz & Kelling (1991,
1993). This unit was deposited in the Late Burdigalian—
earliest Langhian within relatively shallow marine
conditions.

The Karaisali Formation was first defined by Schmidt
(1961), who named it the Karaisali Limestone. Recent
workers have preferred to use the term Karaisali
Formation rather than Karaisali Limestone because
of its dolomite and dolomitic limestone content.
The unit is mainly composed of reefal carbonates
(Yalgin & Goriir, 1984), assigned to six subfacies,
namely: coral packstone and boundstone, small benthic
foraminiferal-algal packstone, coral wackestone and
packstone, large benthic foraminiferal-algal pack-
stone, globigerinoid algal packstone and globigerin-
oid argillaceous wackestone by Goriir (1979). The
coral packstone and boundstone and small benthic
foraminiferal algal packstone subfacies were attributed
by Yalgmm & Goriir (1984) to the main reef body
which was deposited on structural highs, while the
coral wackestone, coral packstone and large benthic
foraminiferal biofacies formed as talus deposits on
the submarine fore-reef slopes. The age range for the
Karaisali Formation is Burdigalian to Langhian (Goriir,
1979), according to small benthic foraminifera and
algae and observations of vertical and lateral transitions
of the lower part of the Karaisali Formation into the
upper Kaplankaya units and transitions between the
upper Karaisali units and the Giiveng and Cingoz
formations (Yetis et al. 1995).

The Cing6z Formation was first named by Schmidt
(1961), who divided it into three members: the
Kopekli Shale Member, the Ayva Member and the
Topalli Member. Yetis (1988) assigned the Ayva and
Topalli members to the Cingdéz Formation, while
the Kopekli Shale Member was placed in the lower
part of the Giiveng Formation. Unliigeng, Kelling &
Demirkol (1991) assigned the Kopekli Member to the
Kaplankaya Formation, because of its stratigraphic
situation. This unit is located normally beneath the
Cing6z Formation and must be older than the main
Giiveng deposits. The Cingdz Formation was described
by Yetis (1988) and Unliigeng & Demirkol (1988) as
turbiditic in character, with strongly lobate geometry,
characterized by a large lobe to the east and a smaller
lobe to the west. Later studies by Giirbiiz (1999), Satur
et al. (2000) and Cronin et al. (2000) explained the
development of these submarine fans and relationships
with surrounding units in the northern part of the basin.
The age of the Cingdéz Formation has been assigned
to the Late Burdigalian—Serravalian time interval
(Nazik & Giirbiiz, 1992).

The term ‘Giiveng Shales’ was first used as a
lithostratigraphic name by Schmidt (1961) for a group
of olive grey sandstones, interbedded with shales. Yetig
(1988) described this formation as forming two main
outcrops, one on the northern side of the Cingdz
Formation, which is older than the Cing6z, and the
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other one on the southern side, which is younger
than the Cing6z. Subsequently, Unliigeng, Kelling &
Demirkol (1991), Giirbliz & Kelling (1991) and
Nazik & Giirbiiz (1992) have included the sediments of
the northern Giiveng belt in the Kaplankaya Formation,
and equivalent to the Kopekli shale member of the
Cing6z Formation as defined by Schmidt (1961).
Therefore, the Giiveng Formation was deposited during
the Langhian—Serravallian interval.

The Tortonian-age siliciclastics, detrital carbonates
and other carbonates of this succession were named
the Kuzgun Formation by Schmidt (1961), and the
name has been retained by later researchers. Yetis,
Demirkol & Kerey (1985) carried out a sedimento-
logical study on the unit and subdivided the formation
into three members: the Kuzgun, Salbag Tuff, and
Memigli members. As reported by Yetis, Demirkol &
Kerey (1985) and Yetis (1988), this unit displays lateral
and vertical facies changes between the meandering
river deposits and the shallow marine deposits.

The Handere Formation was also named by Schmidt
(1961). This sequence of Upper Miocene—Pliocene
sediments consists dominantly of sandstones and mud-
stones with conglomerates in some places (Ogriing,
Glirbiiz & Nazik, 2000). This formation is relatively
coarse in the western part of the Adana Basin with
finer clastics abundant further east. A few layers of
gypsum-bearing mudstones occur in the western part.
Yetis (1988) distinguished the principal gypsum level
as the Gokkuyu Gypsum Member of the Handere
Formation. The Handere Formation is covered by al-
luvium, terrace conglomerates and caliches. Giirbiiz &
Gokgen (1985), Yetis (1988) and Ogriing, Giirbiiz &
Nazik (2000) have described fossil assemblages which
suggest a Messinian—Late Pliocene age for these
sediments.

3. Chronostratigraphy and biostratigraphy of
Neogene planktonic foraminifera

The planktonic foraminiferal biozones are described
from different Neogene localities and levels in the
Adana Basin by Nazik & Toker (1986); Nazik &
Giirbiiz (1992); Safak (1993a,b); Ozgelik & Yetis
(1994); Giirbiiz, Nazik & Cronin (1998) and Ogriing,
Glirbiiz & Nazik (2000). In the present study, the
planktonic foraminiferal zones of the Neogene in
Adana Basin have been evaluated in terms of previous
and new research. These zones have also been
correlated with the standard zone of Blow (1969),
studies of other basins and some other localities in
Turkey (Fig. 3).

General information dealing with biozones is
given according to Bolli, Saunders & Perch-
Nielsen (1985). Chronostratigraphy and planktonic
foraminiferal biozones of the Neogene in the Adana
Basin are given below.
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3.a. Burdigalian

The Burdigalian was introduced by Deperet (1892) for
marine strata overlying Aquitanian in the Aquitanian
Basin (France). In the Mediterranean region, the
Burdigalian stage includes the tope of Zone N5, Zone
N6, Zone 7 and Zone N8 (Steininger et al. 1985). In
the Adana Basin this stage has been defined in the
Kaplankaya Formation by the Globigerinoides trilobus
Zone and in the Kaplankaya, Cingdéz and Giliveng
formations by the Praecorbulina glomerosa curva Zone.

3.a.1. Globigerinoides trilobus Zone
Category. Interval zone.

Age. Burdigalian, Early Miocene.
Author. Bizon & Bizon (1972).

Definition. Interval from last occurrence of Cata-
psydrax dissimilis to first occurrence of Praeorbulina
glomerosa s.1.

Correlation and interpretation. 1t is identified within
the Kaplankaya Formation by Safak (1993a) and
Ozgelik & Yetis (1994) in the Adana Basin. In addition,
it has been described by Toker (1985) in the Antalya
region, by Toker & Yildiz (1991) and Safak (1993b)
in the Antakya Basin, Misis-Andirin area by Gokgen,
Gokegen & Kelling (1991) (Fig. 3).

3.a.2. Praeorbulina glomerosa curva Zone
Category. Interval zone.

Age. Late Burdigalian.

Author. Jenkins (1966).

Definition. Interval from first occurrence of Praeor-
bulina glomerosa curva to first occurrence of Orbulina
suturalis.

Correlation and interpretation. Praeorbulina glom-
erosa curva Zone is identified within the Kaplankaya,
Cing6z and Giliveng formations by Nazik & Giirbiiz
(1992), Safak (1993a), Ozcelik & Yetis (1994), and
Glirbiiz, Nazik & Cronin (1998) in the Adana Basin.

In addition, this zone has been defined in the Antalya-
Mut and Adana basins by Bizon ef al. (1974), in the
Antalya region by Toker (1985) and Safak & Subas1
(1998), in the Mut Basin by Safak & Gokgen (1991),
and in the Antakya Basin by Toker & Y1ldiz (1991) and
Safak (1993b).

3.b. Langhian

The Langhian was introduced by Pareto (1865) in the
Langhe, north of Seva, northern Italy. The base of N9
is characterized by the Orbulina datum. The Langhian
includes Zone N9-10 of Blow (1969). In the study area
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this stage is characterized by the Orbulina suturalis
Zone in the Cing6z and Giiveng formations.

3.b.1. Orbulina suturalis Zone
Category. Interval zone.
Age. Langhian.

Author. Jenkins (1966).

Definition. Interval from first occurrence of zonal
marker to first occurrence of Globorotalia mayeri.

Correlation and interpretation. The Orbulina suturalis
Zone is represented within the Cing6z and Giiveng
formations (Nazik & Giirbiiz, 1992; Safak, 1993a;
Ozgelik & Yetis, 1994; Giirbiiz, Nazik & Cronin, 1998)
in the Adana Basin.

In other Turkish basins the Orbulina suturalis Zone
has also been identified in the Antalya region by Toker
(1985), in the Mut Basin by Safak & Gokgen (1991),
in the Antakya Basin by Toker & Yildiz (1991), and
Safak (1993b). In addition, the Globorotalia fohsi
peripheroronda Zone is described within the Giiveng
Formation by Nazik & Toker (1986) and was identified
within the Misis—Andirin sequence by Gokgen, Gokgen
& Kelling (1991) in the mid-Langhian.

3.c. Serravallian

The Serravallian was defined by Pareto in 1865 for
outcrops near Serraval Scrivia (Alessandria, Italy).
Cita & Premoli-Silva (1968) proposed three biozones
for Serravallian: the Globorotalia mayeri Zone, the
Globorotalia mayeri—Globorotalia praemenardii Zone
and the Globorotalia mayeri—-Globorotalia lenguensis
Zone.

In the Adana Basin the Serravallian is defined by
the range of Globorotalia mayeri (Cushman & Ellisor)
in the Cing6z and Giiveng formations. This zone is
correlated Zone 11-14 of Blow (1969).

3.c.1. Globorotalia mayeri Zone

Category. Taxon range zone.

Age. Serravallian.

Author. Jenkins (1960).

Definition. Range of Globorotalia mayeri.

Correlation and interpretation. It is identified within
the uppermost level of the Cingdz and Giliveng
formations (Nazik & Giirbiiz, 1992; Ozgelik & Yetis,
1994) in the Adana Basin. This zone is described in the
Antalya-Mut and Adana basins by Bizon et al. (1974),
in the Antalya region by Toker (1985), in the Mut Basin
by Safak & Gokgen (1991), and in the Misis—Andirin
area by Gokgen, Gokgen & Kelling (1991).


https://doi.org/10.1017/S0016756804009148

Planktonic foraminiferal biostratigraphy

3.d. Tortonian

Gianotti (1953) described and designated the type sec-
tion along the Rio Mazzapiedi—Rio Castellania valley,
east Tortona. The Tortonian stage is characterized by a
part of Zone 15 to a part of Zone N17 (Cita & Blow,
1969).

In the study area the base of Tortonian stage has
been defined by the appearance of Hipparion sp. teeth.
In addition, in the lowermost unit of the Kuzgun Form-
ation the Tortonian is characterized by Globigerinoides
extremus, Globorotalia acostaensis, Carinocythereis
carinata, Cyamocytheridea dertonensis, Cytheridea
acuminata acuminata (Giirbiiz, Gok¢en & Gokgen,
1985). In Yenice village (southwest Adana Basin) the
upper part of this stage is represented by Globorotalia
suterae (Ogriing, Giirbiiz & Nazik, 2000).

3.e. Messinian

Colalongo et al. (1979) proposed the Falconara
section in Sicily as the Tortonian/Messinian boundary
stratotype by the first appearance of Globorotalia
conomiozea. However, in Messinian units of the Adana
Basin this species is not identified by researchers.

laccarino & Salvatorini (1982) gave the name
‘non-distinctive zone’ to the interval poorly or not
characterized by planktonic foraminifera and other
fossils (Bolli, Saunders & Perch-Nielsen, 1985). Up
to now, researchers have not identified planktonic
foraminiferal genera and species in the Adana Basin
Messinian deposits. During this time, the Adana Basin
was affected by a salinity crisis characterized by an
evaporite sequence and there were no biological events
observed in deposits (Nazik et al. 1997; Ogriing,
Giirbiiz & Nazik, 2000).

3.f. Pliocene

The Pliocene is represented by Zone N18 to N21
of Blow (1969). The Early Pliocene is defined by
Sphaeroidinellopsis Acme Zone of Cita (1973, 1975).

The beginning of Pliocene units of the Adana
Basin is characterized by small planktonic foraminifera
levels shown first open marine conditions after the
Late Miocene salinity crisis. In the southwest of the
Adana Basin the Early Pliocene is represented by
Sphaeroidinellopsis (Ogriing, Giirbiiz & Nazik, 2000).

3f1. Sphaeroidinellopsis Acme Zone
Category. Epibole (Peak zone).
Age. Basal Pliocene.

Author. Cita (1973, 1975).

Definition. This zone is characterized by peak abund-
ance of Sphaeroidinellopsis.
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Correlation and interpretation. In the Sphaeroid-
inellopsis Zone, Orbulina, Globigerina and Globi-
gerinoides are common. Ogriing, Giirbiiz & Nazik
(2000) and Nazik et al. (1997) found Sphaeroidinel-
lopsis seminulina (Schwager) and S. dehiscens (Parker
& Jones) within fine-grained units of Pliocene in the
Adana Basin. Since this genus is abundant in this level
deposited after the salinity crisis, Sphaeroidinellopsis
Acme Zone is suggested in this study.

4. Discussion and conclusion

As a result of previous studies and this study,
the biostratigraphic, chronostratigraphic and ecostrati-
graphic relationships of the Neogene sequence in the
Adana Basin are given below.

The Kaplankaya Formation has been interpreted
as a beginning unit of transgression in the Adana
Basin. Pelecypoda, Gastropoda, benthic and planktonic
Foraminiferida and Ostracoda are observed in this
formation, which consists of gravelly sandstone,
sandstone and sandy—silty—clayey limestone deposited
in shallow marine conditions. Two planktonic biozones
(Globigerinoides trilobus and Praeorbulina glomerosa
curva) are identified within the Kaplankaya Formation
(Fig. 2). Praeorbulina glomerosa curva Zone is also
described in the Cingdz and Giiveng formations.
Lateral and vertical facies changes of these formations
have been reported by Schmidt (1961), Goriir (1979),
Yetis (1988), U. C. Unliigeng (unpub. Ph.D. thesis, Univ.
Keel, 1993) and Yetis ef al. (1995). In addition, lateral
facies changes and occur within the same biozone.

Kaplankaya Formation shallow marine (slope de-
posits), Karaisali Formation (reefal carbonate), Cing6z
(submarine fans) and Giiveng formations (shale) in
deep marine environment are formed during the
Late Burdigalian, contain the Globigerinoides trilobus
and Praeorbulina glomerosa curva zones. There is
no detailed palaeontological study of foraminiferal
biozonation in the Karaisali Formation that is of use for
this study. However, foraminiferal biozones (Praeor-
bulina glomerosa curva and Orbulina suturalis zones)
have been used which derive from studies carried out
on the Kaplankaya, Cingdz and Giiveng formations;
these have lateral and vertical transitional contacts with
the Karaisali Formation. Lateral and vertical facies
changed at the end of the Burdigalian in the Adana
Basin. At this time, deposition of the Kaplankaya
Formation ended, and the Cing6z and Giiveng form-
ations formed in deep marine environments during the
Langhian, represented by the Orbulina suturalis Zone.
During the same time interval, the Karaisali Formation
was deposited in a shallow marine environment. From
base to top the Kaplankaya—Cing6z—Giiveng sequence
has a high planktonic foraminiferal diversity. The
uppermost part of the Cingdz formation has lateral
and vertical transitional boundaries with the Giiveng
Formation. The Globorotalia mayeri Zone is identified
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within the uppermost parts of the Cingdz Formation
and also the Giiveng Formation.

Generally, the Giiveng Formation consists of silt-
stone, mudstone and claystone, although its upper
parts contain alternations of fine-grained sandstone and
siltstone-mudstone. These levels are deposited in deep
marine to shallow marine conditions and have a low
planktonic foraminiferal diversity.

There is no clear evidence of an angular un-
conformity observed between the Giiven¢ Formation
and the overlying Kuzgun Formation in the field.
However, U. C. Unliigeng (unpub. Ph.D. thesis, Univ.
Keel, 1993) and Williams et al. (1995) pointed out
a slight angular unconformity between these two
units. Lithological and palaeontological differences
in the Kuzgun Formation also support this idea.
Shallow marine-lagoon sandstones including Ostrea
shells intercalated with fluvio-deltaic sediments were
deposited on the Giiveng¢ Formation to the north
of the Seyhan Dam where local uplifting occurred
in the eastern sector of the Adana Basin (U. C.
Unliigeng, unpub. Ph.D. thesis, Univ. Keel, 1993;
Williams et al. 1995). Tortonian age Globigerinoides
extremus, Globoratia acostaensis, Orbulina universa,
Ammonia beccarii, Cytheridea acuminata acuminata,
Cytheretta semiornata and Carinocythereis carinata
were determined within the sandstones (Giirbiiz,
Gokcen & Gokgen, 1985) and Hipparion sp. teeth
were found in fluvio-deltaic sediments (Yetis, 1988;
U. C. Unliigeng, unpub. Ph.D. thesis, Univ. Keel, 1993).
Following these units, some ostracoda forms such as
Cyprideis torosa, Schneidrella dromas, Loxoconcha
rhomboidea, Loxoconcha cristatissima, Loxoconcha
subovata characterizing a lagoon environment were
determined in the tuffite zone (Nazik, 2001). Kuzgun
Formation deposits are represented by shallow marine
sediments resting on the basement units at the west
of the basin to the north of Tarsus. Some fossil forms
such as Cytheridea acuminata acuminata, Cytheridea
acuminata neapolitana, Cyamocytheridea dertonensis,
Keijella hodgii, Keijella dolobrata, Tenedocythere
prava, Tenedocythere mediterranea and Loculicyth-
eretta pavonia representative of Tortonian age were
determined in these sediments (Ogring & Nazik,
1998; Nazik, 2001); some others of the Late Tortonian
period such as Globorotalia suterae from the north of
Yenice village, southwest of Adana Basin, were also
determined (Ogriing, Giirbiiz & Nazik, 2000).

In this study, ‘Non-distinctive zone’ is suggested to
describe the Adana Basin deposits characterized by
an evaporite sequence of the Handere Formation in
the Messinian. The beginning of the Pliocene units
in the Adana Basin is characterized by small plank-
tonic foraminifera (species of Globigerina, Orbulina,
Globigerinoides) levels showing the first open marine
conditions seen after the Late Miocene evaporites.
Sphaeroidinellopsis Acme Zone has been suggested
and used in this study within fine-grained marine units
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of same formation deposited after salinity crisis in the
Adana Basin. This zone is Early Pliocene.

In the present study, the planktonic foraminiferal
zones defined from the Adana Basin are correlated
with the standard zones of Blow (1969), the low
and southern mid-latitudes, Mediterranean, Central
Paratethys and Southern Anatolian Basins (Fig. 3).
The planktonic assemblages in the Adana Basin in
the Burdigalian and Langhian showed similarities with
those regions. The closing of the Tethys to the east, the
rotation of Spain towards to the North African continent
during the end of the Middle Miocene, and the
Latest Miocene salinity crisis affected the planktonic
foraminiferal assemblages and other fauna and floras
(Taccarino, 1985). Furthermore, at that time the
planktonic foraminiferal assemblages and zones were
different from those regions because of differences
in Mediterranean sea-level changes, tectonic control,
salinity crisis and so forth.
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