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Abstract Evidence of the subduction—collision history of
the S Neotethys is well exposed in the frontal part of the
SE Anatolian thrust belt and the adjacent Arabian conti-
nental margin. The foreland succession in the study area
begins with Eocene shelf carbonates, ranging from shallow
marine to deeper marine, without sedimentary input from
the Tauride continent to the north. After a regional hiatus
(Oligocene), sedimentation resumed during the Early Mio-
cene with terrigenous gravity-flow deposition in the north
(Lice Formation) and shallow-marine carbonates further
south. Clastic detritus was derived from the Tauride con-
tinent and oceanic accretionary material. The base of the
overriding Tauride allochthon comprises ophiolite-derived
debris flows, ophiolite-related mélange and dismembered
ophiolitic rocks. Above this, the regional-scale Bulgurkaya
sedimentary mélange (an olistostrome) includes blocks
and dismembered thrust sheets of metamorphic rocks,
limestone and sandstone, which include Late Cretaceous
and Eocene foraminifera. The matrix is mainly strongly
deformed Eocene-Oligocene mudrocks, hemipelagic marl
and sandstone turbidites. The thrust stack is topped by a
regionally extensive thrust sheet (Malatya metamorphic
unit), which includes greenschist facies marble, calcschist,
schist and phyllite, representing Tauride continental crust.
Beginning during the Late Mesozoic, the S Neotethys
subducted northwards beneath a backstop represented by
the Tauride microcontinent (Malatya metamorphic unit).
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Ophiolites formed within the S Neotethys and accreted
to the Tauride active margin. Large-scale sedimentary
mélange developed along the Tauride active margin during
Eocene—Oligocene. On the Arabian margin, a sedimentary
hiatus and tilting (Oligocene) is interpreted to record ini-
tial continental collision. The Early Miocene terrigenous
gravity flows represent a collision-related flexural fore-
land basin. Southward overthrusting of the Tauride alloch-
thon took place during Early-Middle Miocene. Associated
regional uplift triggered large-scale alluvial deposition. The
foreland folded and faulted in response to suture zone tight-
ening (Late Miocene). Left-lateral strike slip characterised
the Plio-Pleistocene.

Keywords Tauride continent - Arabian foreland - Late
Cretaceous - Cenozoic - Melange - Subduction - Collision

Introduction

There is a consensus amongst geologists that the E-W
belt of thrusting, folding and ophiolites (emplaced ocean
crust) in SE Turkey records the suture zone of a regionally
important Neotethyan ocean basin, generally known as the
Southern Neotethys (Sengor and Yilmaz 1981; Robertson
and Dixon 1984; Yilmaz 1993; Yilmaz et al. 1988, 1993a,
b; Elmas and Yilmaz 2003; Robertson 2000, 2002; Rob-
ertson et al. 2004, 2006, 2012, 2015a, b). However, there
have been few studies of the suture zone that link the geo-
logical development of the overriding plate, represented by
the Tauride continent, with the foreland, represented by the
Arabian continental margin. Palaeotectonic maps suggest
that the Southern Neotethys subducted northwards, asso-
ciated with the genesis and emplacement of ophiolites of
supra-subduction zone type (e.g. Robertson et al. 2012).
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However, the processes and timing of ocean closure are
debateable (Hall 1976; Aktas and Robertson 1984; Yilmaz
et al. 1993a, b; Beyarslan and Bingol 2000; Okay et al.
2010; Robertson et al. 2015a).

The Southern Neotethyan suture zone extends east-
wards throughout S Turkey and Cyprus, SE Turkey (‘Bit-
lis suture’) and Iran (‘Zagros suture’). Three main alterna-
tives have been proposed, which envisage collision during:
(1) Late Cretaceous (Karig and Kozlu 1990; Kozlu 1997,
Beyarslan and Bingdl 2000); (2) Late Eocene (Boulton
et al. 2006; Boulton 2009); (3) Late Oligocene—Early Mio-
cene (Aktas and Robertson 1984; Yilmaz et al. 1993a, b;
Robertson 2000; Robertson et al. 2004, 2006, 2012, 2015a;
Okay et al. 2010). There is a comparable debate in Iran,
where a wide range of ages for the closure of the eastward
extension of the Southern Neotethys into this region have
been proposed (e.g. McQuarrie and Hinsbergen 2013). A
Late Oligocene—Early Miocene timing of collision is sup-
ported by sedimentary evidence from the Arabian foreland
in Iran, northern Iraq and south-eastern Turkey (see Robert-
son et al. 2015a for a literature review).

The Arabian foreland near the suture zone and also the
toe of the overriding Tauride allochthon are excellent loca-
tions to study the subduction—collision history of the South-
ern Neotethys. There have been several attempts to link the
tectonic-sedimentary development of the Arabian foreland
to the emplacement of the Tauride allochthon (Yilmaz

1993; Yilmaz et al. 1993a, b; Robertson et al. 2004, 2006,
2015a; Boulton et al. 2006; Boulton 2009). However, there
are some practical difficulties. Near the suture zone, the
Late Cretaceous—Neogene foreland succession is com-
monly obscured by Plio-Quaternary sediments or volcanics
or disrupted by Plio-Quaternary strike-slip faulting. Also,
in many places, the leading edge of the Tauride allochthon
is poorly exposed, disrupted by landslipping or largely
restricted to older rift/passive margin-related units (Rob-
ertson et al. 2015b). The area discussed here, around the
town of Caglayancerit in northern Kahramanmaras Region
(Fig. 1), is exceptional because the Arabian foreland suc-
cession and the overriding Tauride allochthon are both
well exposed and their mutual relationships are clearly
displayed. This allows a detailed interpretation of the pro-
cesses and timing of subduction and collision, with impli-
cations for the suture zone as whole. The Caglayancerit
area was previously overlooked because it was incorrectly
mapped, as discussed below.

Our work builds on previous knowledge concerning the
Southern Neotethyan suture zone and the Arabian fore-
land in the northern Kahramanmaras region. During the
1970s-1990s, regional mapping was coupled with strati-
graphical, palaeontological and structural studies (Rigo
de Righi and Cortesini 1964; Polat 1970; Sungurlu 1974;
Peringek 1979, 1980; Goziibol and Giirpinar 1980; Ona-
lan 1985/1986, 1988; Derman et al. 1996). During the
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early 2000s, the northern Kahramanmaras region began
to be interpreted in terms of geotectonic processes as cur-
rently understood. The sedimentology of the foreland
basin around Kahramanmaras, to the west of our main
study area, was studied in detail and a tectonic-sedimen-
tary model was proposed related to closure of the South-
ern Neotethys (Giil 2000; Giil et al. 2003a, b, 2011, 2012).
The Kahramanmarag region, together with the Andirin
Range and the Misis Range further west, was included in a
regional study leading to an interpretation involving north-
ward subduction and suturing of the Southern Neotethys
(Robertson et al. 2014). In addition, the Late Cretaceous to
Pliocene sedimentary-tectonic development of the Arabian
foreland has recently been investigated in the Adiyaman
area and used to support an interpretation involving Late
Cretaceous to Oligocene northward subduction and Late
Oligocene—Early Miocene continental collision (Robert-
son et al. 2015a).

Regional setting

The Tethyan orogenic belt in southeast Anatolian is tradi-
tionally divided into three main segments: (1) the nappe
zone, (2) the imbricate zone and (3) the Arabian foreland
(Yumaz et al. 1993a, b; Fig. 1). The imbricate zone rep-
resents the leading edge of the Tauride allochthon and, as
such, is a key to an understanding of the subduction—col-
lision history of the Southern Neotethys. The imbricate
zone is exposed approximately E-W, forming the south-
ern margin of the allochthon, including the present study
area (MTA 2002), easternmost Turkey as a whole and also
Iran. The imbricate zone is widely interpreted as the result
of Late Mesozoic—Cenozoic northward subduction and clo-
sure of the Southern Neotethys (Aktas and Robertson 1984;
Yilmaz 1993; Yilmaz et al. 1993a, b; Robertson and Unlii-
geng 2001; Robertson et al. 2004, 2006, 2007, 2015a).

One of the most important units exposed within the
imbricate zone in many areas is a chaotic unit of inferred
Eocene—Oligocene age, which was first termed the Bulgur-
kaya Formation (Kozlu 1987) and later renamed the Bul-
gurkaya Olistrostrome (Kozlu 1997). This unit has been
interpreted as a type of accretionary complex related to
subduction or early-stage collision (Robertson et al. 2004)
and is critical to an understanding of the convergence
history.

During the Pliocene to Pleistocene, the Arabian fore-
land and, in places, the adjacent Tauride allochthon were
transected by left-lateral strike-slip faults related to the
westward ‘tectonic escape’ of Anatolia towards the Aegean
region (Sengor et al. 1985; Herece 2003; Duman et al.
2013). This deformation must be taken account of any
interpretation of the region including the study area.

During this work, a new geological map was made of
the northermost part of the Arabian foreland and the adja-
cent southernmost part of the Tauride allochthon (Figs. 1,
2) in the vicinity of the town of Caglayancerit. Previously,
important outcrops of ophiolites and ophiolite-related
mélange in this area were incorrectly shown as a grani-
toid body (Herece 2008). During this work, detailed sedi-
mentary logs were measured of representative successions
within the foreland, coupled with sedimentological and
petrographic analysis. Lithological and structural data were
also obtained from the overriding allochthonous units. The
sedimentary units were also studied palaeontologically
wherever possible.

Tectono-stratigraphy

The following main tectono-stratigraphical units are pre-
sent in the area studied from the base upwards:

1. Arabian foreland succession The succession (Fig. 3)
begins with Eocene shelf carbonate rocks, represented
by the Hoya Formation and the Gaziantep Formation in
different areas (Durkee 1961; Rigo de Righi and Cor-
tesini 1964). The overlying formations differ between
the north and the south of the area (Fig. 3). In the north,
shallow-marine carbonates, termed the Caglayancerit
Formation, pass upwards into siliciclastic sediments
and marls of Miocene age. The formations pass south-
wards into shallow-water carbonate rocks (Figs. 3, 4),
represented by the Firat Formation and the Karaisali
Formation (Tuna 1973; Peringek 1978). The Miocene
formations as a whole are unconformably overlain by
Late Miocene to Pliocene alluvial, fluvial-deltaic and
lagoonal deposits that area variously known as the
Selmo Formation (Onem 1966) or the Lahti Formation
(Duran et al. 1988, 1989).

2. Tauride allochthon The following units are recognised
in the study area from the base upwards:

(i) Igneous-derived clastic sedimentary rocks The lowest
structural unit of the Tauride allochthon is a discontin-
uous sequence of coarse conglomerates and sandstones
including abundant ophiolite-derived detritus.

(i) Ophiolite-related Meydan mélange This is an assem-
blage of dismembered thrust sheets and blocks of
ophiolitic rocks, limestones, volcanogenic rocks and
matrix-supported conglomerates. The term ophiolite-
related mélange, rather than ophiolitic mélange, is
preferred here because the unit includes lithologies
(e.g. marble), which are not part of an ophiolite pseu-
dostratigraphy. The ophiolite-related mélange is named
after Meydan town, 17 km northeast of the inset map
(Fig. 1), where similar rocks are more widely exposed.
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Fig. 2 Geological map of the area studied; extensively modified following previous mapping by MTA, as compiled by Herece (2008)

The ophiolite-related rocks are undated in our study
area but are inferred to be of Late Cretaceous age in the
type area (Nurlu et al. 2015).

(iii) Meydan ophiolite Ophiolitic rocks, which are exposed
c. 2 km north of Caglayancerit (Fig. 2), are named
after a much larger exposure of ophiolite rocks further
east, near Meydan Village. The Meydan ophiolite is
correlated with the Kogali ophiolite, which is widely
exposed throughout SE Turkey (Sungurlu 1974; Sun-
gurlu and Arpat 1978; Yildirim 1989; Uzung¢imen et al.
2011; Yildirim et al. 2012; Robertson et al. 2015b).

(iv) Bulgurkaya sedimentary mélange This unit includes
blocks and dismembered slices of shallow-marine car-
bonates, conglomerates and metamorphic rocks, set in
a matrix of terrigenous shales, marls and low-metamor-
phic-grade phyllite (Fig. 4). We use the term Bulgur-
kaya sedimentary mélange because this unit has a rec-
ognisably sedimentary origin (equivalent to a traditional
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olistostrome), although it is strongly deformed (Fig. 5).
The type area, Bulgurkaya, is located c. 60 SW km of
our study area, near Bulgurkaya village (Kahraman-
marag Region). Local sequences within this unit have
been compared with Late Maastrichtian shallow-marine
carbonates of the Harami Formation (Erdogan 1975;
Herece 2008) and with Eocene clastic sediments of
the Gozlii Formation (Yilmaz et al. 1987), elsewhere
in eastern Turkey. The Bulgurkaya unit was previously
described as a flysch-like body of rocks, intercalated
with volcanic rocks (Giizelbeyli volcanics) (Yilmaz and
Giirer 1996) although this relationship was not observed
within our study area.

The Bulgurkaya sedimentary mélange occurs else-
where in the Engizek Mountains and in the Andirin
Range to the southwest (as the Alacik Formation
of Erdogan 1975, part of the Andirin Formation of
Bilgin et al. (1981) and the Demiroluk Formation
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Fig. 5 Local cross sections: a
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of Perincek and Kozlu (1984)). A similar sedimen-
tary mélange has been described from the Misis
Mountains further west (Isali Catastrophic Facies of
Schmidt 1961). An Eocene-Oligocene to possibly
Early Miocene age was suggested for the sedimentary
melange throughout the region as a whole (Gokgen
et al. 1988; Kozlu 1997; Robertson et al. 2004). How-
ever, dating is difficult, especially as many microfos-
sils may be reworked.

(v) Malatya metamorphic unit This forms a regionally
extensive overlying thrust sheet made up of green-
schist facies metamorphic rocks, including marble,
phyllite, calcschist and micaschist (Fig. 3). These
units are undated locally but are likely to range from
Late Palaeozoic through Mesozoic (e.g. Cayderesi
and Yoncayolu formations) based on correlations with
other areas (Perincek and Kozlu 1984; Yazgan 1984;
Bedi et al. 2012). A detailed study of the Malatya
metamorphic unit is, however, outside the scope of
this work.
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Arabian foreland succession

We now focus on the sedimentary facies, provenance, age
and structure of each one of the formations of the Arabian
foreland, with particular reference to the processes and tim-
ing of emplacement of the Tauride allochthon.

Eocene Hoya Formation

The stratigraphically lowest unit exposed in the area stud-
ied is made up of shallow-water carbonates (Fig. 3), rich in
Middle Eocene (Lutetian) large foraminifera, e.g. Nummu-
lites sp. (Fig. 6a). Outcrops are restricted to the lower levels
of deep valleys and canyons. These sedimentary rocks are
strongly deformed, including spectacular chevron folds.

Mid-Late Eocene Gaziantep Formation

The Hoya Formation is depositionally overlain by fine-
grained carbonate rocks of the Gaziantep Formation
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Fig. 6 Photomicrographs of microfossils in the Mid-Eocene Hoya Formation (a) and the Mid-Late Eocene Gaziantep Formation (b—d): a Num-
mulites sp., b Acarinina bullbrooki, ¢ Morozovella crassatus, d Globigerinatheka sp.

(Fig. 7a). This formation (>100 m thick) is dominated by
thin- to medium-bedded micritic limestones. Several thin
(tens of cm) layers of brownish yellowish claystone occur
spasmodically throughout the succession. There are also
numerous variably persistent layers and nodules of diage-
netically formed chert, individually up to several metres
thick.

During this work, fine-grained hemipelagic limestones
and clayey carbonates of the Gaziantep Formation yielded
planktic and benthic foraminifera of Mid-Late Eocene age.
The taxa include Globigerinidae, Nummulites cf. N. gallen-
sis Heim, Subbotina sp., Globigerinatheka sp., Acarinina
praetopilensis (Blow) 1979, Morozovelloides crassatus
(Cushman) 1925, Globigerinatheka sp., Pseudohastigerina
sp., Morozovelloides coronatus (Blow) 1979, Chiloguem-
belina sp., Acarinina sp., Subbotina sp. and Acarinina bull-
brooki (Fig. 6b—d).

The Gaziantep Formation is strongly folded on an out-
crop to kilometric scale (Figs. 5a, 7a). The folding is
interpreted as being related to a much larger-scale whale-
back-type structure, namely the Ahirdag, north of Kahra-
manmarasg (c. 15 km west of our study area).

Early Miocene Caglayancerit Formation

The Gaziantep Formation is depositionally over-
lain by coarser-grained carbonate rocks known as the
Caglayancerit Formation (Giil 2000). The base of the for-
mation is characterised by a low-angle unconformity,
as seen in the upper part of Daztepe valley (Fig. 2). The
formation is dominated by 10—-15 m of brownish to green-
ish brown fossiliferous calcarenite together with clayey to
sandy limestone (Fig. 2). The Caglayancerit Formation is
best exposed on Daztepe, just north of Caglayancerit and
also west of Orugpinar1 Village, where it is relatively thin
(5-8 m). In the south, the formation is depositionally over-
lain by the Lice formation, as seen from northwest of Boylu
Village (Fig. 2).

No age-diagnostic fossils could be obtained from the
Caglayancerit Formation in the area studied. However,
10 km west of Adiyaman (Karagol and Kartaltepe areas)
the formation is reported to include planktic foraminifera
representative of the Globigerinoides altiaperturus—Cat-
apsydrax dissimilis and the Globigerinoides trilobus bio-
zones of Early Miocene (Late Aquitanian—Burdigalian) age
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Fig.7 Field photographs of the Arabian foreland succession; a
pelagic limestones of Mid-Late Eocene Gaziantep Formation; b tur-
biditic clastics of the Early Miocene Lice Formation; ¢ slump struc-
tures in the lower part of the Lice Formation; d shelly fossils in the
neritic carbonates of the Early Miocene Firat Formation; e transgres-

(Isik and Hakyemez 2010). In addition, benthic foraminif-
era in these sections indicate an Early Miocene age (Isik
and Hakyemez 2010). The Globoquadrina dehiscens—Glo-
bigerinoides altiaperturus sub-zone of inferred Early Aqui-
tanian age was also tentatively identified near Kahraman-
marasg (i.e. Sogukpinar area).

Early Miocene Firat Formation
In the south of the area, the Caglayancerit Formation is
transitionally overlain (over several metres) by shallow-

water carbonates of the Firat Formation (Fig. 3), as exten-
sively exposed around the southern flanks of Oksiiz Dag

@ Springer

sive contact between the Miocene Lice Formation and the later Mio-
cene Karaisali Formation (Reef Limestone), with the Selmo Forma-
tion unconformably above; near the Kiiciikiingiit village; f oligomict
matrix-supported conglomerates of the Selmo Formation (Pliocene?)

and near Kiiciikiingiit kdoy (Fig. 2). The Firat Formation
is dominated by medium- to thick-bedded bioclastic lime-
stones, with abundant, variably reworked, pelecypods,
gastropods, coral, echinoids, red algae and polyzoans
(bryozoa).

The Firat Formation is dated as Early Miocene (Aqui-
tanian—Burdigalian) over large areas of SE Turkey (Duran
et al. 1988, 1989). The following benthic foraminifera were
identified from the study area: Miogypsina sp., Europertia
sp., Lepidocyclina sp., Textularia sp., Miogypsinoides sp.,
Spherogypsina sp., Rotalidae sp., Sorites sp., Archeas sp.,
Austrotrillina sp., Peneroplis sp., Miliolidae sp., Amphiste-
gina sp., Hetereostegina sp., Operculina sp., Boralis sp.
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Fig. 8 Photomicrographs of fossil content in the Firat Formation
(a-b), the Early Miocene Lice Formation (¢—f), and the Karaisali For-
mation (g—i): a Rhapidionina sp, b Heterostegina sp., ¢ Borelis sp.,

and Rhapidonina sp. (Fig. 8a, b). This assemblage encom-
passes Late Oligocene to Early Miocene ages, although it is
assumed that the Oligocene taxa are reworked since the for-
mation post-dates the underlying Caglayancerit Formation.

Early Miocene Lice Formation

In the north of the area, the Gaziantep Formation is dep-
ositionally overlain by strongly contrasting terrigenous-
carbonate sediments of the Lice Formation. The contact
is a low-angle unconformity (3°-5°), as exposed near
Caglayancerit town centre and along the northern slope of
Oksiiz Dag. The Lice Formation as a whole is well exposed
in an E-W trending zone around Caglayancerit town, along
the Golbagi road and south of Oksiiz Dag (Figs. 1, 2).

The Lice Formation is a sequence of thin- to medium-
bedded mudrocks (shale), siltstones, sandstones, marls and
limestones (Fig. 7b). The maximum intact sequence in the
study area is approximately 80 m (Fig. 9), although the

d Lepidocyclina sp., e Globigerinoides sp., f Archeas sp., g Austro-
trillina sp., h Borelis sp., i Austrotrillina sp. (left) and Peneroplis sp.
(right)

formation is very much thicker in adjacent areas (e.g. Giil
et al. 2012). The sandstone beds are characterised by nor-
mal grading, bottom structures (e.g. groove and flute casts),
bioturbation, microcross lamination and local convolute
lamination. Bouma sequences (Bouma 1962) are rare,
although B-D divisions occur within graded sandstones in
the lower part of the succession. The tops of some beds are
characterised by ripple marks, which are locally orientated
approximately east—west. Marls and limestones containing
planktic foraminifera are interbedded with the siliciclastic
sediments in the lower to mid-parts of the sequence. Slump-
deformed strata are present as 1- to 1.5 m-thick units near
the base of succession, directly north of Caglayancerit. The
local slump-fold vergence is suggestive of southward sedi-
ment displacement.

Throughout SE Turkey the Lice Formation is dated
as Early Miocene (Duran et al. 1988). During this work,
the following benthic foraminifera were identified: Pen-
eroplis sp., Borelis sp., Archeas sp., Austrotrillina sp.,
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Fig. 9 Sedimentological log of the Early Miocene Lice Formation; measured near Caglayancerit town centre

Miliolidae, Globigerinoides sp., Sphaerogypsina globulus
(Reuss), Globigerina sp., Globorotalia sp, Rotaliidae sp.
In addition, a rich assemblage of planktic foraminifera was
identified, including Globigerina venezuelana (Hedberg
1937), Globigerina praebulloide (Blow 1959), Globige-
rina sellii (Borsetti 1959), Eglobigerina binaiensis (Koch
1935), Catapsydrax dissimilis (Cushman and Bermudez
1937), Catapsydrax unicavus Bolli (Loeblich and Tappan
1957), Globorotaloides suteri (Bolli 1957), Paraggloboro-
talia nana (Bolli 1957), Ammonia sp., Amphistegina sp.,
Asterigerina sp., Lenticulina sp. and Gibicidoides sp. The
overall age range of the benthic and planktic foraminifera
determined is Late Oligocene to Middle Miocene. How-
ever, several taxa indicate a specific Early Miocene age
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(Fig. 8c—f); the Oligocene microfossils are assumed to be
reworked.

Petrographic study of the sandstone revealed the follow-
ing main grain types, in decreasing order of abundance:
ophiolitic rock fragments (mostly serpentinite) (25-35 %),
carbonate rock fragments (20-25 %), volcanic rock frag-
ments (locally with plagioclase microlites) (15-20 %),
intrusive igneous rock fragments (including large feldspar
and quartz crystals) (10-15 %), feldspar grains (3-8 %),
metamorphic-rock fragments (2-5 %) and quartz (1-3 %).

Representative samples of fine-grained sandstone (3
samples), medium-grained sandstone (7 samples) and
coarse-grained sandstone (4 samples) were point counted
using the method described by Dickinson et al. (1983). This
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Lice Formation (12 samples)
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Fig. 10 Petrographic point-count data for sandstones (using the
methods of Dickinson et al. 1983 and Ingersoll et al. 1984). a Early
Miocene Lice Formation; b Pliocene Selmo Formation; ¢ Bulgurkaya

approach, known as the Gazzi—Dickinson method, maxim-
ises the source rock data while minimising the effects of
grain-size variation (Ingersoll et al. 1984). This method
considers quartz (Q = monocrystalline and polycrystal-
line), feldspar (F = plagioclase and alkaline feldspar) and
lithic fragments (L) as having sedimentary, metamorphic
or igneous sources, respectively. The available data, when
plotted on a Q-F-L diagram, indicate that the sandstones
are strongly lithic, mostly plotting within the recycled oro-
gen field (Fig. 10a).

The Lice Formation as whole is folded on a large (up
to kilometric) scale, together with the underlying suc-
cession. In addition, the formation is highly deformed
in its upper part near the overlying allochthon, where
low-angle thrusts, high-angle reverse faults, oblique-slip
faults and both asymmetrical and overturned folds are
present.

Selmo Formation (3 samples)
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sedimentary mélange matrix (sandstone blocks); d Meydan ophiolitic
mélange (sandstone slices and blocks). See text for discussion

Early Miocene Karaisali Formation

Early Miocene shallow-water bioclastic carbonates,
known as the Karaisali Formation, conformably overlie
the Caglayancerit Formation. This formation is exposed
in an E-W belt to the south of Oksiiz Dag. The underly-
ing Lice Formation is unusually thin in this area, espe-
cially around Kiiciikiingiit (Fig. 7e). The Karaisali Forma-
tion reaches an estimated maximum thickness of 25-30 m
near Zeynepusagl (Fig. 5b) and then thins eastwards over
c. 10 km, until it disappears near Bayirli (Fig. 2). The lime-
stones are medium to thick bedded and include coral, pel-
ecypods, calcareous algae and echinoderms, set in a sparry
calcite cement. Reef limestones (patch reefs) are locally
developed.

The Karaisali Formation was previously dated as Burdi-
galian in other areas (e.g. Kahramanmaras Basin) (Isik and
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Hakyemez 2010). During this work, the benthic foraminif-
era Textularia sp., Asterigerina sp., Peneroplis sp., Austro-
trillina sp., Boralis sp., Miliolidae and Textularidae were
identified from Fig. 8g—i, consistent with an Early Miocene
age.

The Karaisali Formation is deformed into a discon-
tinuous broad (c. 1 km) syncline around Zeynapusagi
(Fig. 2). The fold limbs typically dip at 30-40° (e.g. around
Zeynepusag) but are steeply dipping, vertical or even over-
turned in places (e.g. near Kiiciikiingiit).

Selmo Formation

The southern part of the area studied is dominated by
poorly lithified, coarse-grained, terrigenous sediments
of the Selmo Formation (Fig. 3). This major depositional
unit unconformably overlies Miocene units to the south
of an imaginary line between Bozlar, Kiiciikiingiit and
Zeynepusagi (Fig. 2). A Late Miocene—Early Pliocene age
has been inferred from plant spores and pollen (Cemen
et al. 1990), although reworking is likely.

The Selmo Formation is dominated by alternating con-
glomerates and sandstones, with an estimated total thick-
ness of >130 m. Individual conglomerate packages are len-
ticular, typically several metres thick. The conglomerates
are relatively massive, whereas cross-bedding is commonly
well developed in the sandstones. The conglomerates are
mostly clast supported, with a sandy matrix. The clasts are
typically rounded to well rounded. Where observed, clast
imbrication generally indicates southward palaeoflow. The
clast composition is heterogeneous and includes limestone,
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ophiolitic rocks (e.g. serpentinite, extrusive rocks) and
metamorphic rocks (e.g. schist, marble, phyllite; Fig. 7f).
Three samples of sandstone were point counted and these
plot within the recycled orogen field (Fig. 10b).

The Selmo Formation is deformed into several large-
scale (c. 1 km) symmetrical fold structures along E-W
axes. In the west, the fold limbs dip at up to 30-40°.
Eastwards, the folds become tighter with the fold limbs
reaching dips of 80-85°, to overturned (e.g. around the
Kiiciikiingiit village; Fig. 7e). Several E-W trending fault-
bounded highs composed of reddish conglomerates and
sandstones (e.g. Kandili Dag) are covered by Plio-Quater-
nary alluvial deposits.

Tauride allochthon

We now consider the individual units of the imbricate
zone (Fig. 11) of the Tauride allochthon, moving structur-
ally upwards.

Igneous-sourced coarse clastic sedimentary rocks

The lowest allochthonous lithologies above the Miocene
foreland succession (Lice Formation) are conglomerates
and sandstones (up to 50 m thick), dominated by igneous
rock detritus. A dismembered thrust sheet can be traced lat-
erally for c. 600 m north of Caglayancerit (Fig. 2). Addi-
tional very small outcrops occur north of Erince Dag. The
conglomerates are massive to very thick bedded and are
matrix-supported, with mostly sub-rounded clasts set in a
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Fig. 12 Field photographs of the Tauride allochthon; a view of the
Meydan ophiolite-related mélange, c. 2 km north of Caglayancerit;
b gabbroic rocks of the Meydan ophiolite, c¢. 2 km northwest of
Caglayancerit; ¢ granitic intrusion within gabbroic rocks of the Mey-
dan ophiolite; c. 2 km northwest of Caglayancerit; d carbonate rock
block in the Bulgurkaya sedimentary mélange; north of Erince Dag; e
block of recrystallised carbonate rock within a phyllitic matrix of the

fine to medium-grained sandy-silty matrix. The detritus is
mostly serpentinised ultramafic rocks, mafic intrusive igne-
ous rocks (e.g. diabase, gabbro, diorite) and altered extru-
sive igneous rocks (e.g. basalt, andesite). The sandstones
include Eocene (Lutetian?) Nummulites sp., although these
microfossils may be reworked.

Bulgurkaya sedimentary mélange; c. 1 km northeast of Kiigiikcerit
village; f block of conglomerate with metamorphic-rock clasts and
Eocene Nummulites (highlighted by box) within the Bulgurkaya sedi-
mentary mélange, c. 1.5 km west of Kiiciikcerit; g pinkish—reddish
coloured neritic carbonate block within the Bulgurkaya sedimentary
mélange, c. 3.5 km northwest of the Helete; h foliated marble of the
Malatya metamorphic unit; c. 2 km north of Engizek village

Eocene-Oligocene Bulgurkaya sedimentary mélange

The Bulgurkaya sedimentary mélange is dominated by
blocks (typically up to tens of metres in size) and dis-
membered thrust sheets (up to hundreds of metres long
by 10 s of metres thick), within a relatively fine-grained

@ Springer



328

Int J Earth Sci (Geol Rundsch) (2016) 105:315-337

sedimentary matrix (Fig. 12d, e). Both metamorphosed
and unmetamorphosed rocks are present. The metamorphic
rocks are mostly marble, calcschist, micaschist and phyl-
lite, whereas the unmetamorphosed rocks are mostly lime-
stone, marl, conglomerate, sandstone and shale (Fig. 12h).

Within the area mapped (Fig. 2), the sedimentary
mélange differs in structure and composition from the north
to the south of its outcrop. In the north, close to the overrid-
ing Malatya metamorphic thrust sheet, the unit has many of
the characteristics of a broken formation (Fig. Sa, c¢). It is
difficult to recognise any sedimentary matrix between what
are effectively faulted and folded thrust sheets. In con-
trast, in the south, the exposure is characterised by isolated
blocks and dismembered thrust sheets within a relatively
fine-grained sedimentary matrix.

Local sedimentary sequences are recognisable within
some of the larger blocks and dismembered thrust sheets.
For example, reddish coloured, poorly stratified conglom-
erates with abundant metamorphic-rock pebbles (e.g. mar-
ble, calcschist, Fig. 12f) are present within the upper part
of the mélange. These conglomerates are interbedded with
reddish coloured limestone and marl.

In the east of the area, where well exposed (e.g. in quar-
ries), some of the relatively fine-grained material in the
melange is seen to comprise well-bedded claystone—silt-
stone—fine sandstone alternations, up to tens of metres thick
and traceable several hundred metres laterally. On the other
hand, local outcrops, as little as 20 m apart, commonly dip
at different angles without evidence of folding.

The mélange includes at least one large block/sheet of
schist-psammite—marble, several hundred metres long by
tens of metres thick, which directly underlies the Malatya
metamorphic unit (near Kiigiikcerit; Fig. 2). This body of
rocks lies within the uppermost part of the mélange in the
west but is in direct fault contact with the Malatya meta-
morphics in the east. Within this unit, the metamorphic
rocks are unconformably overlain by crudely stratified,
unmetamorphosed conglomerates (c. 40 m thick). The con-
glomerates are composed of sub-angular to sub-rounded
clasts (up to 0.4 m across) of metamorphic rocks, typical
of the Malatya metamorphic unit. This local outcrop is
important because it preserves a fragment of the original
post-exhumation sedimentary cover of the Malatya meta-
morphic unit. Blocks of conglomerate of similar composi-
tion, but without preserved underlying metamorphic rocks
are common within the mélange as a whole.

The Bulgurkaya sedimentary mélange has a relatively
fine-grained matrix of shale, marl, phyllite and sandstone,
which is abundant in the south, although rarely well exposed
(Fig. 12e). The sandstones are normally-graded and are
inferred to be gravity flows. Igneous-derived grains are abun-
dant (>30 %), many of which are ophiolite derived (e.g. ser-
pentinite, serpentinised harzburgite, gabbro). Six sandstone
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samples were point counted using the previously described
method, indicating a Lithic recycled provenance (Fig. 10c).

Some of the limestone blocks were found to include the
Foraminifera Ruguglobigerina rugosa (Plummer), Glo-
botruncanita sp., Contusotruncana fornicata (Plummer),
Pseudotextularia elegans (Rzehak) and Pseudotextularia
elegans (Rzehak) fossils (Fig. 13c—f), indicative of a Maas-
trichtian age. In addition, some other carbonate units con-
tain Spherogypsina globula and Nummulites sp. (Fig. 13a,
b) of Eocene age. The reddish coloured matrix of the inter-
bedded conglomerates also includes Nummulites sp.

In previous studies, a key locality (Tiiliiciiler) 40 km SE
of Andirin/Kahramanmarag yielded an Eocene foraminif-
eral assemblage: Globigerina linaperta, Globorotalia
centralis, G. cerroazulensis, G. pomeroli, G. cocaensis,
G. increbencens, Hastegerina micra, Pseudohastegerina
micra (Kozlu 1997). In addition, an Oligocene foraminif-
eral assemblage is also present in the same area, based
on: Epidocyclina dilatata, Globigerina angulisytyralis, G.
rohni, G. ciperoensis, G. ampliapertura, G. sellii, Globoro-
talia increbescens, G. opima and Globorotalia sp.

In summary, the known age of deposition of the sedi-
mentary blocks and dismembered thrust sheets of the
Bulgurkaya sedimentary mélange is Late Cretaceous and
Eocene. The matrix is likely to be Eocene—Oligocene.

Late Cretaceous(?) Meydan ophiolite-related mélange

The structurally overlying ophiolitic mélange (Figs. 2, 3)
is dominated by dismembered thrust sheets and blocks of
extrusive igneous rocks (basalt, spilite, andesite), sheeted
dykes and gabbroic rocks (e.g. troctolite) (Fig. 12a). The
structurally lower part of the mélange in the south is domi-
nated by serpentinised harzburgite, whereas extrusive rocks
are relatively more abundant at higher levels, further north.
The igneous rocks represent a dismembered ophiolite,
which is locally cut by tiny (0.5-2 m) granitic intrusions.
Much larger granitic intrusions cut more intact ophiolitic
rocks of inferred Late Cretaceous age directly east of the
study area (Nurlu et al. 2015). There are also numerous
blocks of pelagic limestone, redeposited limestone (calcar-
enite), neritic limestone, marble, volcanogenic sandstone
and matrix-supported conglomerate.

Some of the conglomerates contain clasts of metamor-
phic rocks (e.g. marble, schist, phyllite), whereas others are
rich in limestone clasts. The sandstones include the detri-
tus of carbonate rocks, volcanic rocks, radiolarian chert
and serpentinite, set in carbonate cement. These clastic
sedimentary rocks include large Foraminifera of Eocene
age (e.g. Discocycline sp., Asterigerina sp., Rotula sp., Tex-
tularia sp., Nummulidae; Fig. 13c). Six sandstones were
point counted, with the results indicating a Lithic recycled
source area (Fig. 10d).
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Fig. 13 Photomicrographs of foraminifera from the Bulgurkaya
sedimentary mélange. a, b From block of Eocene age (~Seske For-
mation); c—f from blocks of Maastrichtian age (~Harami Formation).

The Meydan ophiolite-related mélange is variably
sheared and commonly strongly altered. The blocks and
dismembered thrust sheets, especially in the structurally
higher part of the mélange, are separated by discontinuous,
low-angle to high-angle thrusts and reverse faults (Fig. 11).
A weak schistosity is developed along some tectonic con-
tacts but otherwise brittle deformation dominates. Where
present, the tiny granitic intrusions are sheared and faulted
together with the surrounding mélange.

Late Cretaceous(?) Meydan ophiolite

The ophiolite-related mélange is overlain by the Meydan
ophiolite, a unit of sheared and dismembered ophiolitic

a Spherogypsina globula, b Nummulites sp., ¢ Orbitoides medius, d
Contusotruncana fornicata (Plummer) 1931, e Orbitoides medius, £
Pseudotextularia elegans (Rzehak) 1891

rocks. In the type area of c. 15 km east of Caglayancerit,
similar ophiolitic rocks are inferred to be Late Cretaceous,
based on the radiometrically determined ages of cross-
cutting granitic intrusives (Nurlu et al. 2015). The Meydan
ophiolite includes extrusive rocks (basaltic, andesite, silicic
rocks), sheeted dykes, both massive and layered gabbro and
serpentinised ultramafic rocks (Fig. 12b). In places, the vol-
canic rocks are cut by felsic dykes (Fig. 12¢). In some areas
(e.g. north of Caglayancerit), the outcrop is dominated
by sub-vertical slices of ophiolitic rocks, mostly less than
8 m wide. Elsewhere, larger intact exposures are present,
e.g. serpentinite (2 km NW of Caglayancerit). Many of the
ophiolitic lithologies are strongly sheared, especially close
to tectonic contacts.

@ Springer



330

Int J Earth Sci (Geol Rundsch) (2016) 105:315-337

Discussion and interpretation

The tectono-stratigraphy was assembled from the structural
top downwards, i.e. from the Malatya metamorphic sheet
at the top to the Arabian foreland at the base, as discussed
below.

Tauride continental units

The Malatya metamorphic unit is interpreted as part of
the Tauride continent, of Late Palaeozoic—-Mesozoic age
(C)zgiil 1981; Perincek and Kozlu 1984; Yazgan 1984;
Yilmaz and Yildirim 1996; Yilmaz 1999; Robertson et al.
2004, 2006; Bedi et al. 2005, 2012). The Malatya meta-
morphic unit rifted from Gondwana during the Triassic to
form a microcontinent within the Southern Neotethys (e.g.
Yilmaz et al. 1993a, b; Robertson et al. 2012, 2015b). The
Malatya continental rocks were metamorphosed to at least
greenschist facies during the Late Cretaceous as the result
of deep burial. Exhumation took place during latest Creta-
ceous—Palacogene time based on the age of the oldest sedi-
mentary cover in different areas. Details of the timing and
processes of metamorphism and exhumation are, however,
outside the scope of this work.

Bulgurkaya sedimentary mélange

The origin of the Eocene and Late Cretaceous sequences
represented by the blocks and dismembered thrust sheets
requires explanation, as does the setting of the formation of
the melange matrix.

Many of the dismembered thrust sheets and blocks are
composed of relatively fine-grained, mixed carbonate-
siliciclastic sediments, which contain Middle Eocene Num-
mulites. These lithologies are similar to the Seske Forma-
tion, of which the type area is located further east in the
Elazig Region (Erdogan 1975). The Seske Formation
unconformably overlies the Malatya metamorphic rocks in
many areas to the north of our study area (e.g. Robertson
et al. 2006; Bedi et al. 2009). In addition, in the southern
part of the Engizek Mountains, adjacent to our area, the
lowest part of the Malatya metamorphic cover includes
conglomerates known as the Gozlii Formation (Yilmaz
et al. 1987). Recently, the Gozlii Formation was correlated
with the lowest part of the Seske Formation and termed the
Golliipmar Yayla Member (Bedi 2009). This is important
because in our area the locally observed, unit of Malatya
metamorphic rocks at the highest level of the Bulgurkaya
sedimentary melange includes transgressive metamorphic-
rock-derived conglomerates. In our study area, the Malatya
metamorphic rocks were transgressed by metamorphic-
rock-derived conglomerates and are then likely to then
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passed upwards into Eocene shelfal marls and limestones
(~Seske Formation). The Eocene blocks and dismembered
thrust sheets are therefore interpreted as the remnants of an
upper-plate sedimentary sequence, which later underwent
mass wasting and incorporation into the Bulgurkaya sedi-
mentary mélange.

The Late Cretaceous limestones and marls in the Bul-
gurkaya sedimentary mélange can be correlated with a
thrust sheet of similar rocks beneath the Malatya meta-
morphic unit, directly east of our study area (Erdogan
1975; Nurlu et al. 2015). These Late Cretaceous carbonate
rocks have been correlated with the Harami Formation, for
which the type area is in the Elaz1g area of SE Turkey, c.
200 km to the east of our study area. The Harami Forma-
tion is made up of Late Maastrichtian shallow-water marls
and limestones that unconformably overlie Late Cretaceous
ophiolitic rocks, comparable with the Meydan ophiolite
(Yilmaz et al. 1992, 1993a, b; Robertson et al. 2006; Bedi
et al. 2009). It is, therefore, possible that the Late Creta-
ceous shallow-water carbonates and marls of the Bulgur-
kaya sedimentary mélange originated similarly as the sedi-
mentary cover of an ophiolite. Such cover sediments would
have accumulated after an ophiolite was accreted to the
overriding plate and uplifted during latest Cretaceous time.
Any such underlying ophiolite was, however, later structur-
ally removed because intact ophiolitic rocks (as opposed to
ophiolite-related detritus) are not exposed within the Bul-
gurkaya sedimentary mélange in the area studied. In sum-
mary, whatever the local setting, the Eocene and Late Cre-
taceous mainly shallow-water carbonate rocks were derived
from the overriding plate of the subduction zone.

The matrix of the sedimentary mélange is mostly
mudrock of inferred distal terrigenous origin, hemipelagic
marl and relatively rare sandstone turbidites. The fine-
grained calcareous sediments have been dated as Eocene—
Oligocene in several areas (Yilmaz and Giirer 1996; Kozlu
1997; this study).

The Bulgurkaya sedimentary mélange has been inter-
preted as a type of subduction complex related to the later
stages of northward closure of the Southern Neotethys, with
the Tauride continental unit (Malatya Metamorphics) as the
backstop to the north (Robertson et al. 2004, 2006, 2007).
However, the Bulgurkaya sedimentary mélange is unusual
for a subduction complex because most of the exotic mate-
rial appears to have been derived from the overriding plate
rather than the subducting plate (Robertson et al. 2004). On
the other hand, the fine-grained matrix sediments (Eocene—
Oligocene) accumulated in a relatively deep-water setting,
probably a subduction trench, followed by accretion within
the sedimentary mélange. Where present, the low-grade
phyllite could have resulted from intense shearing along
décollement surfaces during the subduction process.
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There are several possible explanations for the origin
of the Bulgurkaya sedimentary melange. (1) The subduc-
tion décollement was located at a relatively high position
in the subduction trench such that the oceanic crust and its
deep-sea sedimentary cover entirely subducted. However,
this by itself cannot explain the origin of the Bulgurkaya
sedimentary melange; (2) oversteepening and collapse
of the leading edge of the overriding plate as a result of a
change in subduction wedge geometry (e.g. Platt 1986), for
example, resulting from a change in the rate of subduction,
the direction of convergence or the dip of the subducting
slab, although such parameters are difficult to define in a
suture zone; (3) subduction erosion is known from several
modern active continental margins, notably the Middle
America trench (e.g. von Huene et al. 2004; Clift and Van-
nucchi 2004). The locus of bending of the downgoing oce-
anic slab can migrate continentwards with time causing net
removal of the overriding continental backstop. Subduction
erosion could explain the apparent absence of the inferred
continental or ophiolitic basement of the Eocene and Late
Cretaceous sedimentary sequences. However, large-scale
subduction erosion would be expected also to remove all
accretionary material (including ophiolites), which is not
observed. Also, rollback, rather than rollforward, of the
subducting plate would be expected during late-stage
subduction when cold, old oceanic crust is likely to have
entered the trench; (4) collision—during early-stage colli-
sion, the Tauride backstop began to be dismembered and
thrust southwards. The leading edge of the allochthon col-
lapsed to form the sedimentary melange. However, col-
lision was, at most, incipient during Eocene—Oligocene,
whereas large-scale thrust emplacement over the Arabian
foreland mainly was delayed until the Early-Mid-Miocene.
In all of the above options, the sedimentary melange was
dominated by upper-plate material, allowing little oppor-
tunity for underlying oceanic crust and pelagic sediments
(e.g. Cenozoic oceanic sediments) to be accreted. This may
explain why there is no known evidence of accretion of
Neotethyan oceanic crust after Late Cretaceous time.

In the regional context, model 2, a change in the accre-
tionary prism geometry, is a promising explanation for the
Bulgurkaya sedimentary melange. A comparable sedimen-
tary melange is located on strike to the west in the Kyrenia
Range of northern Cyprus, known as the Kalograi-Ardana
Formation (~Bageli-Ardahan Formation), where it is well
dated as Middle Eocene in age (Robertson et al. 2014).
This sedimentary melange (~olistostrome) includes blocks
of Late Palaecozoic—Mesozoic shelf carbonates, Palacogene
pelagic carbonates, mafic volcanics and also volumetrically
minor ophiolitic rocks. Although the composition and age
of the two sedimentary melanges are not identical, their
origins may be similar. The north Cyprus sedimentary mel-
ange formed during or very soon after the suturing of the

Izmir—Ankara—FErzincan ocean in central Anatolia. As a
result, the entire Africa—Eurasia plate convergence became
focussed along the Southern Neotethyan active continental
margin for the first time. In response to accelerated subduc-
tion and possible oceanic plate rollback, the northern con-
tinental margin oversteepened and repeatedly collapsed to
form sedimentary melange (Robertson et al. 2014). A simi-
lar mode of formation may apply to the Bulgurkaya For-
mation, although its formation appears to have been more
long-lived (Eocene—Oligocene).

Oceanic-derived units

The Meydan ophiolitic rocks, which are exposed beneath
the Bulgurkaya sedimentary melange, are interpreted as
oceanic crust and mantle that formed by spreading above
a subduction zone during the Late Cretaceous. This is
based mostly on mineralogical and geochemical evidence
from more widely exposed and intensively studied out-
crops further east (Nurlu et al. 2015). Geochemical stud-
ies of the correlative Kocali ophiolite further east in the
Adiyaman area indicate a supra-subduction zone origin
(Yildirim et al. 2012). Within our study area, the ophiolitic
rocks are locally cut by small bodies of granitic rocks.
In the more easterly outcrop, similar, but larger, granitic
rocks were recently dated as Late Cretaceous (92.9 £ 2.2—
83.1 £ 1.5 Ma; Cenomanian—Campanian) by the U-Pb
isotopic method, using extracted zircons. The granites are
interpreted as representing part of a Late Cretaceous mag-
matic arc (Nurlu et al. 2015).

The above age results imply a Late Cretaceous (or pos-
sibly older) age for the genesis of the Meydan ophiolite.
The underlying Meydan ophiolite-related mélange contains
a similar range of ophiolitic rocks to the Meydan ophiolite
and is, therefore, interpreted as highly deformed lithologies
related to the same ophiolite.

The Eocene shallow-water limestones, sandstones and
conglomerates of the Meydan ophiolite-related mélange
are interpreted as the remains of a cover unit, similar to
that inferred for the Bulgurkaya sedimentary melange (see
above). The source of the sandstones includes intrusive
ophiolitic rocks, deep-sea sediments (radiolarites) and vol-
canic rocks of uncertain provenance. In addition, the mar-
ble blocks are likely to have been sourced from the Tau-
ride continent, represented by the Malatya metamorphic
unit. The larger outcrops of ophiolitic rocks and ophiolite-
related mélange that are exposed directly east of the study
area include Middle Eocene transgressive volcanogenic
sandstones and Nummulites-rich limestones (Robertson
et al. 2006; Nurlu et al. 2015). Some of the Nummulites-
bearing sandstones and limestones in the mélange could
have a similar origin.
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It is likely that the Meydan ophiolite-related mélange
has a composite origin, including fragments of a supra-
subduction zone ophiolite, its Eocene cover and accretion-
ary material. The presence of abundant metamorphic-rock
debris in Eocene sediments suggests that the melange had
accreted to the Tauride continental backstop by this time.
The shearing and imbrication resulted from the combined
effects of initial accretion along the Tauride active mar-
gin, incorporation into the Tauride thrust stack and final
emplacement onto the Arabian foreland.

The coarse clastic sediments at the base of the alloch-
thon could represent a fragment of the Early Miocene
Ciinglis Formation, which is interpreted as a northerly
(proximal) facies equivalent to the Miocene Lice Formation
(Peringek 1979). These deposits would have accumulated
on the foreland before being accreted to the base of the
overriding allochthon.

Arabian Foreland succession

The Eocene Nummulites-bearing neritic limestones record
shallow-water carbonate deposition throughout southeast
Turkey (Perincek 1978; Goriir et al. 1981; Cemen 1986).
The low-angle unconformity beneath the Mid-Late Eocene
hemipelagic carbonates (Gaziantep Formation; Fig. 3)
could reflect a change in regional convergence (e.g. accel-
erated subduction) that affected the southern margin of
the Southern Neotethys (Robertson et al. 2015a) during
the time when the Bulgurkaya sedimentary melange was
forming along the northerly, active margin of the Southern
Neotethys. The Gaziantep Formation records submergence
and relatively deep-water carbonate accumulation in a set-
ting of high organic productivity that favoured diagenetic
chert formation. A major stratigraphic hiatus followed dur-
ing the Oligocene. Low-angle tilting took place prior to the
resumption of shallow-marine deposition, marked by the
Early Miocene Caglayancerit and Lice Formations.

The northern part of the foreland submerged strongly
during the Early Miocene to form a relatively deep-water
basin, which infilled with gravity flows, mostly thin- to
medium-bedded turbidites and hemipelagic shales/mud-
stones (Lice Formation). Facies evidence is suggestive of
a submarine fan setting sediments in a relatively sediment-
starved part of the foreland basin. A very much thicker and
more diversified submarine fan complex is present in the
Kahramaranmaras Basin further west (Giil et al. 2003a,
b). The petrographic evidence from our area indicates
that the clastic material was derived from the overridding
thrust sheets, including the ophiolite-related rocks and the
Malatya metamorphic unit. In addition, sparitic carbonate
intraclasts (<10 % by volume) could have been derived
from uplifted foreland units (e.g. Gaziantep or Hoya
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Fig. 14 Palaeogeographical map for the Mid-Eocene. Note that the
Southern Neotethys (~Bitlis ocean) is largely subducted but not yet
sutured. Other ocean basins within Turkey are by then sutured caus-
ing all of the convergence of the Eurasian and African plates to be
accommodated along the northern active continental margin of the
Southern Neotethys. This was the regional setting for the develop-
ment of the large-scale Bulgurkaya sedimentary melange (~olistos-
trome)

Formations). The Early Miocene basin was tectonically
unstable resulting in slumping, mostly near the base of the
succession. The basin shallowed upwards overall because
the interbedded marls show an incoming of neritic biota
towards the top of the succession. Further south, bioclastic
carbonates accumulated contemporaneously, represented
by the Early Miocene Karaisali Formation.

During the Early Miocene, the northerly, leading of the
Arabian foreland subsided strongly to become a peripheral
foreland basin (Fig. 14a). In the north, bioclastic shallow-
water carbonates initially accumulated (Caglayancerit For-
mation). This was followed by the accumulation of terri-
genous gravity flows derived from the overriding Tauride
allochthon (Lice Formation).

Final suturing of the Southern Neotethys is interpreted
to have occurred during the Early to Mid-Miocene when
the Tauride continent (Malatya Metamorphic unit) over-
rode the Arabian foreland (Figs. 14b, 15a). The footwall,
represented by the upper part of the Lice Formation, was
strongly deformed. Faulting and folding extended down-
wards into the older foreland succession near the thrust
front.
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After emplacement ended, the Miocene units were cov-
ered by the mainly fluvial sediments of the Late Miocene—
Pliocene? Selmo Formation. These sediments and their
substratum were folded, faulted and uplifted along approxi-
mately east-west axes, probably during Late Miocene—
Pliocene time (Fig. 15b). The resulting structures include
large-scale Zagros-type whale-back-type folds in the north
and smaller-scale more open folds, coupled with high-
angle faults, further south (Fig. 2). The Plio-Quaternary
was characterised by fluvial and lacustrine deposition in the
south of the study area (e.g. near Golbasi; Fig. 1). The Late
Miocene—Pliocene sediments were truncated and displaced
by strike slip related the East Anatolian Transform Fault
(Arpat and Saroglu 1972; Sengér et al. 1985; Imamoglu
1993; Herece 2008; Duman et al. 2013).

Tectonic model

The assembled information and interpretations can
be used to develop a tectonic model for the Late

Mesozoic—Cenozoic subduction and collision history of
the Southern Neotethys in the area studied, which may be
applicable to SE Turkey and beyond (Fig. 16).

Subduction is inferred to have taken place beneath
the Tauride continental margin during the Late Creta-
ceous (Fig. 16a). The ophiolitic rocks are assumed to
have formed by spreading above an intra-oceanic subduc-
tion zone, although the processes involved are outside the
scope of this study (see Nurlu et al. 2015). The supra-
subduction zone ophiolites are inferred to have accreted
to the Tauride active margin during latest Cretaceous time,
while the Southern Neotethys remained partially open to
the south.

During the Eocene-Oligocene, further northward con-
vergence lead to the development of the Bulgurkaya
sedimentary mélange as a type of subduction complex
(Fig. 16b). The exotic material was mostly derived by the
gravitational collapse of the backstop, represented by the
already exhumed Malatya metamorphic rocks and their
inferred Late Cretaceous—Eocene cover sediments. In addi-
tion, some of the exotic material (e.g. detrital radiolarian
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Fig. 16 Tectonic model for the development of the south-eastern
Anatolian thrust belt, based on evidence from the study area and
the adjacent region. a Late Cretaceous. Two subduction zones are
active, one within the Southern Neotethys related to genesis of the
Meydan ophiolite and one along the southern margin of the Tauride
continent giving rise to arc magmatism, b Northerly oceanic crust
accreted to the Malatya continent while southerly oceanic crust still
subducted, ¢ development of the Bulgurkaya sedimentary melange
above the melange and the ophiolitic units, d flexural subsidence of
the Arabian foreland and formation of the Lice foreland basin

chert) was probably derived from subducting oceanic crust
(Fig. 16¢).

The Arabian foreland underwent shallow-water depo-
sition during the Eocene (Hoya Formation), followed by
gentle tilting, possibly in response to pre-collisional flex-
ural deformation, then submergence and hemipelagic car-
bonate deposition (Gaziantep Formation). A period of
non-deposition and gentle tilting followed, probably during
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the Oligocene, resulting in emergence and non-deposition.
The pre-Early Miocene low-angle unconformity can be
explained by southward migration of a flexural forebulge
(Robertson et al. 2004; 2015a). This was caused by the col-
lision of the Arabian continent with the northerly, active
(Tauride) continental margin of the Southern Neotethys
(Robertson et al. 2015a, b; Fig. 16d). The Early Miocene
foreland basin is, therefore, interpreted as the product of
the collision of the Tauride and Arabian continental units
(Robertson et al. 2015a; Fig. 15a, b).

During and after soon after collision, the Tauride alloch-
thon was uplifted and subaerially exposed, giving rise to
huge volumes of alluvial sediments. Further compres-
sion during Late Miocene—Pliocene resulted in large-scale
E-W folding and faulting of the Arabian foreland and the
adjacent Tauride allochthon. The compressional stress is
assumed to have ceased prior to the left-lateral strike-slip,
which accompanied the westward ‘tectonic escape’ of Ana-
tolia along the East Anatolian Transform Fault Zone.

In summary, the new data and interpretations presented
here for the Caglayancerit area support and develop the
interpretation of the Southern Neotethyan suture zone.
However, no one area can supply all of the necessary infor-
mation for the suture zone as a whole and additional evi-
dence is needed from several areas including easternmost
Turkey and NW Iran.

Conclusions

The area studied in SE Turkey, around Caglayancerit, pro-
vides excellent evidence of the later stages of the subduc-
tion, accretion and collision of the Southern Neotethys dur-
ing Late Cretaceous—Cenozoic time.

e An imbricate stack of thrust sheets was finally emplaced
southwards over the collapsed northern margin of the
Arabian continent during the Early Miocene.

e The thrust stack is interpreted to have developed in
response to northward subduction of the Southern Neo-
tethys beneath a backstop represented by the Tauride
microcontinent (Malatya metamorphic unit).

e The oceanic crust of the Southern Neotethys in the
area studied is represented by a dismembered ophi-
olitic thrust sheet and an underlying ophiolite-related
mélange.

e A sedimentary mélange (Bulgurkaya sedimentary
mélange) developed along the Tauride active continental
margin during Eocene—Oligocene time. The main pro-
cess of formation was gravity collapse of the continental
backstop and its sedimentary cover, while oceanic crust
subducted.
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e Tilting of the Arabian foreland during the Oligocene
reflects early-stage collision of the Tauride and Arabian
continents.

e As collision intensified, the Arabian shelf subsided to
form an Early Miocene flexural foredeep (Lice Forma-
tion). Upflexed highs to the south were colonised by
coral reefs.

e Final collision (Mid-Miocene) was followed by emer-
gence and erosion of the Tauride thrust stack to form
widespread alluvium. Post-suture shortening (Late Mio-
cene—Pliocene) resulted in large-scale Zagros-type fold-
ing and faulting of the foreland.
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