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The Middle Cretaceous–Late Miocene sedimentary successions that are exposed on the Arabian continen-
tal margin (near Adıyaman) provide valuable insights into sedimentary, tectonic and climatic processes
that affected the Southern Neotethys and its continental margins. Deposition in the region began with
Aptian–Early Campanian shelf carbonates, followed by deepening during the Mid-Campanian.
Lithoclastic–bioclastic turbidites accumulated along the downfaulted northern margin of the Arabian
platform during the Campanian. A flexurally controlled foredeep developed in advance of the emplace-
ment of Mesozoic allochthonous continental margin and oceanic rocks during the latest Campanian–
Early Maastrichtian (e.g. supra-subduction zone Koçali ophiolite). Alluvial detritus was shed from the
emplaced allochthon in non-marine to shallow-marine deltaic settings during latest Campanian–Early
Maastrichtian. A marine transgression resulted in the establishment of a shallow-marine shelf during
the mid-Maastrichtian. During the latest Maastrichtian, the platform submerged, initiating deeper-water
hemipelagic sedimentation. Uplift took place during the Palaeocene resulting in sediment instability,
slumping and formation of high-density, subaqueous gravity flows. In response to regional faulting
and tilting, some areas in the north and the southwest emerged during the Early–Middle Eocene generat-
ing alluvial fans in a warm, humid climate that favoured oxidation and reddening. The likely control of
the tectonic instability was far-field compression related to the latest stages of subduction of the
Southern Neotethys or the initial stages of collision of the Arabian and Tauride continents. An
Oligocene hiatus is likely to reflect the formation of a collision-related forebulge, followed by flexural
subsidence to form an Early Miocene foreland basin. This was finally over-ridden by the northerly, active
continental margin of the Southern Neotethys during Early–Mid Miocene. Regional suture tightening
(Mid–Late Miocene) and related non-marine coarse clastic sedimentation was followed by westward
‘tectonic escape’ of the Anatolian microplate towards the Aegean region during Plio-Quaternary time.

� 2015 Published by Elsevier Ltd.
1. Introduction

SE Turkey is a key area to understand geological processes
related to the closure of the Mesozoic–Early Cenozoic Tethyan
ocean, known as the Southern Neotethys. Following regional map-
ping and stratigraphy by the Turkish Petroleum Company (TPAO)
(e.g. Perinçek, 1979a,b) and the Mineral Research and Exploration
Institute (MTA) (e.g. Herece, 2008) our aim here is to provide an
integrated description and interpretation of the Late Cretaceous
to Middle Miocene sedimentary development of the Arabia
continental margin in a well-exposed area of SE Turkey, with par-
ticular reference to the timing and setting of tectonic events. Key
issues include the geological setting of the latest Cretaceous
emplacement of Mesozoic allochthonous rocks onto the Arabian
continental margin and the timing and setting of closure and
suturing of the Southern Neotethys.
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The sedimentary successions of continental forelands have the
potential to provide important evidence concerning local, to regio-
nal geological events, as demonstrated for the Tethyan region by
the results of International Geological Correlation Programme
Number 369 (Ziegler, 2001). The emplacement of an oceanic
allochthon onto a passive continental margin produces distinctive
sedimentary facies, both before and after the emplacement. Well-
documented examples include the Early Ordovician emplacement
of the Taconic allochthons onto the Laurentian continent during
Early Ordovician time (Waldron and Van Staal, 2001) and the latest
Cretaceous emplacement of allochthonous continental margin and
oceanic rocks onto the Arabian continental margin in Oman
(Glennie et al., 1973; Robertson and Searle, 1990). The nature
and timing of sedimentary facies changes also provide a useful
guide to the timing of continental collision (e.g. Robertson,
1994), as demonstrated for the Himalayan region (e.g. Najman
et al., 2004; Henderson et al., 2011).

We focus here on the sedimentary development of the Arabian
continental margin in SE Turkey (Robertson et al., 2014; Fig. 1). We
will consider the facies that accumulated prior to the initial, latest
Cretaceous emplacement of ocean-derived units onto the Arabian
platform, through to, and following the final suturing of the
Fig. 1. Outline tectonic map of Turkey showing the main tectonic u
Southern Neotethys. We provide detailed sedimentological and
petrographic descriptions and interpretations for each of the for-
mations of Late Cretaceous to Middle Miocene age, supported by
biostratigraphical studies, using foraminifera and calcareous
nannofossils. Our study highlights three phases of regional tectonic
development, the first during the latest Cretaceous, associated with
the emplacement of ophiolites and accretionary melange onto the
Arabian continental margin; the second during the Late
Palaeocene–Early Eocene, influenced by the closure of Tethys fur-
ther north, and the third during the Early–Middle Miocene, related
to final suturing of the Southern Neotethys. Processes that influ-
ence the sedimentary record include flexural loading/relaxation,
stratigraphic inversion and eustatic sea-level change. The facies
we discuss continue eastwards from SE Turkey into NW Iraq and
Iran, prompting a comparison of the three areas.

Recent discussions of the closure of the Southern Neotethys and
the resulting collision of the Arabian (�African) and Tauride
(�Eurasian) plates make little mention of the tectono-stratigraphy
of the Arabian foreland in SE Turkey (e.g. Mouthereau et al., 2012;
McQuarrie et al., 2013; Mohajjel and Fergusson, 2014). The data
and interpretations assembled in this paper, can therefore, assist
future regional tectonic syntheses.
nits and sutures. Study area in SE Turkey is marked by the box.
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The main time scale used here is that of Gradstein et al. (2012).

2. Regional setting

We focus on the well-exposed Arabian foreland, near the city of
Adıyaman (Fig. 2), because all of the sedimentary units are acces-
sible and show considerable facies variation. Interpretations based
on single, supposedly representative successions can be mislead-
ing. Two complementary areas have been studied (Fig. 2), a large
outcrop in the west (Area A; Fig. 3) and a smaller area �60 km fur-
ther east (Area B; Karadut-Alidamı). The overall structure of the
main, westerly region is illustrated by two cross sections in
Fig. 4. The area of study overlaps with the Adıyaman oilfield, one
of a large number of hydrocarbon-producing plays within the
Arabian foreland in SE Turkey (e.g. Keskin and Can, 1986; Cater
and Gillcrist, 1994; Gilmour and Mäkel, 1996; Ulu and
Karahanoğlu, 1998; Sarı and Bahtiyar, 1999). Useful comparisons
can, therefore, be made between surface and subsurface data.
The area was previously mapped with the support of the Turkish
Petroleum Company (Perinçek, 1978). The stratigraphy and bios-
tratigraphy of the Late Cretaceous–Eocene succession was pre-
viously studied in two relatively small areas (Meriç et al., 1985,
1987) and also more widely (Yalçın, 1976), as compiled by
Yılmaz and Duran (1997). The first area is located to the west of
Adıyaman (around Tas�lıyazı) and the second is to the NE of
Adıyaman (near Karadut).

Within the region studied, the following main geological units
are present from the base upwards (see Fig. 5).

1. Arabian foreland: This is exposed in several tectonic windows
though and adjacent to the allochthon, of which the largest
and most important is the Tut-Pembeğli Inlier (Dean et al.,
1997), which occurs in the vicinity of Tut (see Fig. 3).
Lithologies of Late Precambrian and Late Cretaceous age are
exposed within this window, separated by a neotectonic fault
zone.
Fig. 2. Outline tectonic map of SE Turkey showing the location of the two
2. Karadut Complex: Recent work shows this is made up of
Jurassic–Cretaceous deep-water sedimentary rocks that
accumulated along the slope-rise of the rifted Arabian continen-
tal margin (Robertson et al., 2014). The lithologies were
emplaced onto the Arabian platform as thrust sheets, broken
formation and melange during latest Cretaceous time (Rigo de
Righi and Cortesini, 1964; Sungurlu, 1973; Perinçek, 1979a,b;
Fourcade et al., 1991; Robertson et al., 2013a,b).

3. Koçali Complex: This is a composite assemblage of two different
origins. First, it includes distal deep-water volcanic and sedi-
mentary rocks of Triassic to Cretaceous age making up the outer
margin of the rifted Arabian continent, effectively a distal
equivalent of the Karadut Complex (Robertson et al., 2014).
Secondly, the volcanic–sedimentary assemblage is interleaved
with both intrusive and extrusive ophiolitic rocks (Yıldırım
et al., 2012). Both assemblages were emplaced onto the
Arabian continental margin during the same latest Cretaceous
regional tectonic event (Rigo de Righi and Cortesini, 1964;
Sungurlu, 1973; Perinçek, 1979a,b; Varol et al., 2007;
Uzunçimen et al., 2011; Robertson et al., 2014).

4. Upper Cretaceous–Middle Miocene sedimentary succession
(Rigo de Righi and Cortesini, 1964; Perinçek, 1979a,b; Yılmaz
and Duran, 1997; Meriç et al., 1985, 1987; Güven et al., 1991;
Çoruh et al., 1997).

The main features of the relevant formations are summarised in
Fig. 5. Comparable sedimentary successions are exposed through-
out the Arabian foreland in SE Turkey, extending through north-
ernwestern Iraq, into the Zagros Mountains of Iran (Yılmaz,
1993; Robertson, 1998; Jassim and Goff, 2006; Özer et al., 2012;
Özer et al., 2013). The area studied by us includes three of the type
sections of the Upper Cretaceous–Palaeocene formations (see
Yılmaz and Duran, 1997).

In the north of the region, the latest Cretaceous–Cenozoic sedi-
mentary succession is transgressive on the emplaced allochtho-
nous rocks (Karadut and Koçali Complexes). In contrast, an
adjacent study areas (A and B) in the foreland of the Arabian plate.



Fig. 3. Simplified geological map of the main study area (A) to the west of the regional city of Adıyaman. Based on mapping by MTA (as compiled by Herece, 2008), with
additional mapping by N. Yıldırım. Three representation cross-sections are indicated. Also shown are the locations of sedimentary profiles and the measured sedimentary
logs.
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effectively unbroken sedimentary succession of Late Cretaceous–
Early Miocene age persists on the Arabian foreland in the south
(e.g. south of Besni; Fig. 3). The foreland deposition was terminated
by the final, southward emplacement of the Tauride allochthon
during Middle Miocene time. Late Miocene, Pliocene and
Pleistocene continental deposits then covered the deformed
Arabian margin and the emplaced allochthonous units. The north-
ern part of the area studied is cut by the East Anatolian Fault Zone
(S�engör et al., 1985; Herece, 2008; Duman and Emre, 2013).
A strand of �E–W neotectonic strike-slip faults, known as the
Tut-Pembeğli fault zone, cuts our main (westerly) study area
�20 km south of the active South Anatolian Fault Zone (Dean
et al., 1997; Figs. 3 and 4).
3. Biostratigraphy

Correct age assignments of the various formations are clearly
required for any accurate depositional and tectonic interpretation.
During this work we carried out detailed sampling of a key Upper
Cretaceous section through the Arabian platform succession
beneath the allochthonous rocks, which was studied for calcareous
microfossils (Fig. 6). In additional, representative samples were
collected from a range of measured sections through the sedimen-
tary succession above and below the allochtononous rocks, where
present (Fig. 7a and b; see also the supplementary publication 1).
Samples from the Upper Cretaceous relatively deep-marine succes-
sion beneath the allochthon and from the Upper Cretaceous–
Palaeocene succession above the allochthon were also studied for
nannofossils (Fig. 8A and B). The age assignments of the calcareous
nannoplankton are supported by two tables in the supplementary
publication that show the accepted age ranges, with supporting
references. The authors of the calcareous microfossil species that
are mentioned in the text are also listed in the supplementary
publication.
Some of the stratigraphical formations that are exposed in SE
Turkey have been drilled and dated in hydrocarbon wells.
However, somewhat different age ranges have been reported in
different areas for some formations that have been given the
same name. This may reflect incorrect correlation, different
interpretations of the available biostratigraphical data, or
genuine sedimentary diachroneity. Our study provides new data
for the Late Cretaceous–Paleogene time interval but largely
relies on existing biostratigraphical data for the Neogene time
interval.

Based on a combination of existing data and our biostrati-
graphical results (Figs. 6 and 7A–C; Fig. 8A and B) we infer the
following age ranges for each of the formations in our study areas.
The locations of the sections studied are shown in Fig. 9.

3.1. Derdere Formation

Cenomanian–Turonian (see Yılmaz and Duran, 1997), as con-
firmed by a benthic foraminiferal assemblage (Fig. 7A a–c) from
the _Imis�dere section.

3.2. Karababa Formation

A Late Coniacian (?)–Early Campanian age was reported
previously (see Yılmaz and Duran, 1997). The section studied by
us (_Imis�dere) revealed Hedbergellids and calcispheres (Fig. 7A d)
of generally Late Cretaceous age. The Derdere and Karababa
Formations are components of the regional Mardin Group.

3.3. Sayındere Formation

Within our study area, a Campanian age is inferred for one
section (_Imis�dere), while a more specific Late Campanian age has



Fig. 4. Representative N–S cross-sections (i, ii, iii); see Fig. 3 for location. (i) In the south, the allochthonous rocks are unconformably overlain by the Maastrichtian–Early
Miocene cover sequence. Further north, the allochthonous rocks and cover are transected by steep faults related to the Tut-Pembeğli fault zone; (ii) this section highlights the
large-scale Miocene folding; (iii) this section emphasises the latest Cretaceous phase of thrust emplacement of the Mesozoic allochthononous rocks (e.g. Koçali Complex) and
also the Miocene overthrusting of the Tauride allochthon in the north (Malatya Metamorphics).
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been reported elsewhere (Besni section) (Köylüoğlu, 1986). In addi-
tion, mid to Late Campanian ages have been inferred for the
Adıyaman and Diyarbakır areas (Çoruh et al., 1997). A Late
Campanian age for the upper part of sections exposed in our western
study area is implied by the presence of the Radotruncana calcarata
zone (Fig. 7A f). The lower parts of the formation, which do not con-
tain R. calcarata, include the Globotruncana ventricosa Zone and are
assigned to a Mid-Campanian age. An overall Mid–Late Campanian
age is, therefore, inferred for our exposures. The Sayındere
Formation is included within the Adıyaman Group by Herece (2008).

3.4. Kastel Formation

A Late Campanian–Early Maastrichtian age was inferred by
Köylüoğlu (1986), while a Late Campanian–Maastrichtian age
was assigned by Güven et al. (1991). A latest Campanian to
early/mid Maastrichtian age has been reported for outcrops,
specifically in the Besni area (Çoruh et al., 1997). The
Globotruncana aegyptiaca and Gansserina gansseri zones
(Fig. 7A h) of latest Campanian–early Maastrichtian age
(Robaszynski and Caron, 1995) were identified in the Besni and
Terbüzek sections (Fig. 9) during this work. A Late Campanian–
Mid Maastrichtian age range is inferred here.
3.5. Terbüzek (�Antak) Formation

This clastic succession is reported to include the large foramini-
fera Loftusia and Orbitoides, which imply a Late Maastrichtian age
(Köylüoğlu, 1986). Siderolites calcitrapoides and Omphalocyclus
macroporus, which were identified during this work, are absent
from the Campanian. Two samples that are described as being from
the Terbüzek Formation in our eastern study area (near Alidamı in
Kahta region, east of Adıyaman; see Özer, 1986) have previously
been dated using Sr isotopes, yielding ages of �73 Ma (latest
Campanian using the Gradstein et al. (2012) time scale (Steuber
et al., 2009). During this work, the dated carbonates were found
to have come from debris flows rather than from primary deposi-
tional lenses within the coarse terrigenous sediments (see below).
However, it is accepted that the dated limestones can be correlated
with the Terbüzek Formation.

In the section described by Steuber et al. (2009), the clastic-
dominated succession was reported to pass upwards into
mudrocks that are interbedded with thin, lenticular rudist
limestones. These limestones gave Sr isotopic ages of �70 Ma; i.e.
lowermost Maastrichtian (Gradstein et al., 2012). Several species
of large foraminifera (e.g. Orbitoides apiculata, S. calcitrapoides
and Omphalocyclus sp.) and also rudists (Özer, 1993) that are



Fig. 5. Summary of the Mesozoic–Cenozoic tectonostratigraphy of the region studied. The thicknesses of units are approximate because of facies variations. The column
includes evidence from the south of the area, where the succession is well exposed and also from the north of the area where the sediments are deformed beneath the
overthrust Tauride allochthon. The ages of units refer to the areas studied and in some cases may be diachronous over SE Turkey as a whole. "?" indicates poor exposure.
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traditionally assumed to be Maastrichtian occur within the isotopi-
cally dated rudists (�70 Ma). During this work these rudist lime-
stones were found to be redeposited rather than in situ primary
lenses. However, they are included within the Terbüzek Formation.
Recently, the Campanian–Maastrichtian boundary was placed
at 72.1 Ma on the Gradstein et al. (2012) time scale. For
example, the boundary was placed at 72 Ma based on carbon
isotopic data (Voigt et al., 2012). In summary, the Terbüzek



Fig. 6. Biostratigraphy of the uppermost part of the Arabian carbonate platform succession beneath the allochton, based on a study of exposures within and near the canyon
of the Göksu River (_Imis�dere; see measured logs 2 and 3 in Fig. 10a). The Derdere and Karababa Formations (neritic carbonates) belong to the regional Mardin Group (Aptian–
Lower Cenomanian Mardin Group), whereas the Sayındere Formation (pelagic carbonates) forms part of the Adıyaman Group (see Herece, 2008).
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Formation is inferred to be essentially Maasatrichtian in age,
although it may straddle the Campanian–Maastrichtian boundary.

3.6. Besni Formation

A latest Maastrichtian age was assigned by Köylüoğlu (1986)
based on large benthic foraminifera; e.g. Loftusia, Siderolites,
Omphalocyclus and Orbitoides, all of which were identified during
this study (Fig. 7A j and k; see also the supplementary publication).
A more general, Mid to Late Maastrichtian age has been inferred by
several authors (Tuna, 1973; Meriç et al., 1985, 1987; Güven et al.,
1991; Çoruh et al., 1997). A Mid–Late Maastrichtian age for the
Besni Formation is adopted here, which is consistent with the
inferred ages of the Kastel Formation below and the Terbüzek
Formation above, which are both more accurately dated.
However, a more precise Late Maastrichtian age can be assigned
wherever Loftusia sp., is confirmed.

3.7. Germav Formation

According to Köylüoğlu (1986), the Germav Formation ranges
from the Mid–Late Maastrichtian to the Early Eocene, although
some sections have been inferred to begin in the Campanian.
Çoruh et al. (1997) recognised lower and upper members of the
Germav Formation. The lower Germav member was dated as Mid
to Late Maastrichtian in age, based on the presence of a diagnostic
planktic foraminiferal assemblage, which was also observed during
this study (Fig. 7A l–r). The upper Germav member was inferred to
be Palaeocene in age, based on the presence of benthic foramini-
fera (Fig. 7B a–l) and planktic foraminifera that were also observed
during our study (Fig. 7B m–q). In one of our sections (Köseli
section; samples 189–191), the presence of the Abathomphalus
mayaroensis zone indicates a Late Maastrichtian age for the lower
part. Further west, the latest Maastrichtian, lower member of the
Germav Formation is absent from the Terbüzek section. Above this,
the Besni Formation (represented by sample 30) includes Danian
planktic foraminifera (sample nos. 31 and 32). The planktic forami-
niferal zones identified are assigned to the Danian–Selandian. The
upper levels of the Germav Formation contain a benthic foraminif-
eral assemblage of Late Palaeocene (Thanetian) age. The Germav
Formation appears to be longest ranging in sections where the
terrigenous clastic Gercüs� Formation is absent. A latest
Maastrichtian–Early Eocene age is assigned to the Germav
Formation in the areas studied, of which the lower member is lat-
est Maastrichtian and the upper member Palaeocene–Early Eocene.

3.8. Belveren Formation

A Middle–Late Palaeocene age was previously reported (Tuna,
1973; Güven et al., 1991) for this formation, which is developed
only in the west of the area studied. The previously reported age
is retained here in the absence of age-diagnostic taxa in our
samples.

3.9. Gercüs� Formation

This non-marine formation lacks identifiable fossils and has
been dated based on its position between the better-dated
Palaeocene upper member of the Germav Formation and the
Eocene age of the overlying Hoya Formation. The Gercüs�
Formation has been considered as basal non-marine clastic facies
of the Midyat Group, of Late Palaeocene age (Çoruh et al., 1997).



Fig. 7. Photomicrographs of age-diagnostic benthic and planktic foraminifera. A list of authors of all the taxa listed is given in the supplementary publication. (A) a: Cuneolina
pavonia and b: Nezzazata gyra, sample A106; c: Spiroloculina sp., sample 96A, Mardin Group, Derdere Formation, Cenomanian–Early Turonian; d: Heterohelix sp. (left), Hedbergella sp.
(right) and calcisphers, sample 125, Mardin Group, Karababa Formation, Late Turonian–Early Campanian; e: Globotruncana ventricosa, sample 138; f: Radotruncana calcarata, sample
147; g: Contusotruncana patelliformis, sample 147, _Imis�dere section, Sayındere Formation, Campanian; h: Gansserina gansseri, sample 39; i: Contusotruncana fornicata, sample 38,
Kastel Formation, early Maastrichtian; j: Siderolites calcitrapoides; k: Pseudomphalocyclus blumenthali, sample 26, Besni Limestone, mid to late Maastrichtian; l: Globotruncana
bulloides, sample 152; m: Globotruncanita stuarti, sample 229; n: Kassabiana sp., sample 153; o: Rugoglobigerina rugosa, sample 67; p: Globotruncana orientalis, sample 188;
q: Globotruncana falsostuarti, sample 150; r: Globotruncana aegyptiaca, sample 263, lower part of the Germav Formation, late Maastrichtian. Scale bars: 0.2 mm.
(B) Benthic and planktic foraminifers from upper part of the Germav Formation, Palaeocene. a: Globoflarina cf. G. sphaeroidea, sample 190; b: Miscellanea miscella, sample 165; c:
Kayseriella cf. K. decastroi, sample 162; d: Miscellanea primitiva, sample 165; e: Dictyoconus (Dictyoconus) indicus, sample 168; f: Mississippina binkhorsti, sample 162; g: Idalina
sinjarica, sample 165; h: Alveolina (Glomalveolina) lepidula, sample 172; i: Discocyclina seunesi (top) and Daviesina danieli (bottom), sample 141; j: Alveolina avellana, sample 46; k:
Distichoplax biserialis, sample 167; l: Assilina yvettae, sample 171; m: Globanomalina pseudomenardii, sample 192; n: Igorina pusilla, sample 154; o: Morozovella conicotruncana,
sample 154; p: Morozovella cf. M. acutispira, sample 192; q: Morozovella velascoensis, sample 190. Scale bars: 0.2 mm. (C) Alveolina cf. A. cuspidata, sample 243; b: Alveolina cf. A.
pasticillata, sample 271; c: Lockhartia haimei, sample 243; d: Discocyclina archiaci bartholomei, sample 203; e: Nummulites millecaput, sample 203; f: Igorina broedermanni, sample
197; g: Acarinina pseudotopilensis, sample 174; h: Turborotalia cerroazulensis, sample 174; i: Globigerinatheka sp., sample 175; j: Hantkenina sp., sample 175; k: Turborotalia sp.,
sample 197, Hoya Formation, Eocene; l: Orbitoclypeus ramaraoi, sample 175; m: Nummulites cf. N. globulus, sample 175; n: Nephrolepidina cf. N. chaperi and o: Operculina complanata,
sample 213, Fırat Formation, Miocene. Scale bars: 0.2 mm.
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However, an Early Eocene age was inferred for the non-marine
facies within the study area (Duran et al., 1988). In addition, simi-
lar non-marine, red clastic facies are exposed in a belt extending
from SE Turkey, through northern Iraq into southwest Iran, where
the facies are known as the Kashkan Formation (Homke et al.,
2010). A Middle Eocene age has been reported for the non-marine
facies of the Gercüs� Formation in NW Iraq (Dhannoun et al., 1988;
Jassim and Goff, 2006; Ameen, 2006).

During our work, it was found that two contrasting facies belts
are present within the study areas. Sequences in the northeast are
characterised by typical red, non-marine clastic facies of the
Gercüs� Formation. In contrast, sequences in the south (e.g. Besni



Fig. 7 (continued)
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area) are dominated by open-marine, redeposited limestone and
marl, which are transitional from the upper member of the
Germav Formation to similar facies containing Nummulites sp.,
which are correlated with the Hoya Formation. These transitional
facies, of Early Eocene age, are included here within the upper
member of the Germav Formation because their lithology is more
similar to the underlying redeposited facies of the Germav
Formation than to the overlying neritic limestones of the Hoya
Formation.

3.10. Hoya Formation

An Early Eocene–Late Oligocene age was reported for the type
Hoya section in the east (Duran et al., 1988). However, a more
specific Mid-Eocene age has also been reported (Köylüoğlu,
1986). An Eocene age is inferred for the sections studied by us
(e.g. Besni area), based on the presence of benthic and planktic for-
aminifera (Fig. 7C a–m).
3.11. Gaziantep Formation

An Early Eocene–Late Oligocene age range was reported by
Duran et al. (1988) for the Gaziantep Formation in the south of
our study region. A slightly more restricted, Late Middle Eocene
(Bartonian) to Early Late Oligocene (Early Chattian) age range
was later given by Yılmaz and Duran (1997). An Eocene age has
previously been inferred for the Gaziantep Formation in the
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northern part of our main, westerly study area, within the
Adıyaman-Tut and S�anlıurfa regions (Köylüoğlu, 1986). However,
a Mid-Eocene to Mid-Oligocene age was given for outcrops futher
south (including one studied by us (Comus�çur; Fig. 9)). A
Mid-Eocene to Oligocene age is assumed for outcrops in the areas
studied by us. The formation may be diachronous and warrants
further biostratigraphical study.

3.12. Fırat Formation

The Gercüs�, Hoya and Gaziantep Formations are grouped as
the Midyat Group, which is overlain by the neritic Firat
Formation. This formation is dated as Burdigalian (Köylüoğlu,
1986), or Aquitanian–Burdigalian (Çoruh et al., 1997), the latter
being adopted here.

3.13. Lice Formation

This siliciclastic formation occurs only locally in the northeast-
ern part of our overall study area (Fig. 3), where it is assumed to be
of Aquitanian–Burdigalian age, as in the type area of the Lice
Formation further east (Yılmaz and Duran, 1997).
3.14. S�elmo Formation

This poorly dated, transgressive non-marine formation is
assumed to be of Late Miocene to Pliocene in age (Çemen et al.,
1990; Yılmaz and Duran, 1997).

The sedimentary development of each of the above formations
is discussed below based on the logging of 17 successions
(Fig. 10A–D). The locations are marked in Fig. 9. Latitudes and long-
itudes of each of the measured logs are given in the supplementary
publication. Key facies relations are also illustrated using topo-
graphic profiles, especially for sections that could not be easily
logged, owing to problems of access or variable exposure (see
Fig. 3 for locations).

The main facies trends are explained first, followed by a
description and interpretation of the microfacies, which shed light
on palaeoenviroments, sediment redeposition and diagenesis.



Fig. 8. (A and B) Photomicrographs of Late Cretaceous–Palaeocene diagnostic calcareous nannofossils. Stratigraphic ranges are for the taxa identified are indicated in two
tables in the supplementary publication. (A) 1 – Arkhangelskiella cymbiformis Vekshina, A/139, Campanian–Maastrichtian; Kastel Fm., near Akçatepe köy (Fig. 10a, log 3; map
sheet S�anlı Urfa M40 12691 84919); 2 – Cribrosphaerella ehrenbergii (Arkhangelsky), A/149, Campanian–Maastrichtian; Germav Fm. (base); near Akçatepe köy (Fig. 10a, log 3;
map sheet S�anlı Urfa M40 13096 84279); 3 – Eiffellithus turriseiffellii (Deflandre), A/266, Maastrichtian, Germav Fm.; Belören area (Fig. 13c, log 7; map sheet S�anlı Urfa M39,
near 74248 67696); 4 – Micula decussata Vekshina, A/267; Maastrichtian; details as no. 3; 5 – Eiffellithus eximius (Stover), A/139; Campanian–Maastrichtian; details as no. 1; 6
– Eiffellithus gorkae Reinhardt, A/266; details as no. 3; 7 – Lithraphidites carniolensis Deflandre, A/263; Campanian–Maastrichtian; Germav Fm., Belören section; Fig. 10 c, log 7;
map sheet S�anlı Urfa M39, near 73894 66657; 8 – Microrhabdulus decoratus Deflandre, A/267; details as no. 3; 9 – Quadrum gothicum (Deflandre), A/220; Campanian–
Maastrichtian; Germav Fm. (base); N of Besni, Fig. 10b, log 2; map sheet S�anlı Urfa M39 97731 76355); 10 – Glaukolithus compactus (Bukry), A/149; Campanian–
Maastrichtian; details as no. 2); 11 – Prediscosphaera cretacea Arkhangelsky), A/33; Campanian–Maastrichtian; Kastel Fm. (top); Terbüzek Fm.; Fig. 10b, log 1; map sheet S�anlı
Urfa M39 (07138 75183); 12 – Reinhardites anthophorus (Deflandre), A/263; Campanian–Maastrichtian; details as no. 7); 13 – Stradneria crenulata (Bramlette and Martini), A/
149; Campanian–Maastrichtian; details as no. 2).
(B) 1 – Chiasmolithus danicus (Brotzen), A/193; Late Palaeocene; Germav. Fm.; Köseli köy (Fig. 10c, log 11; map sheet S�anlı Urfa M39 14355 78880); 2 – Cruciplacolithus primus
Perch-Nielsen, A/155; Palaeocene; Germav. Fm. (Damdırmaz S section, Fig. 10c, log 14; map sheet S�anlı Urfa M40 (17673 86261); 3 – Cruciplacolithus frequens (Perch-Nielsen),
A/191; Late Palaeocene; Germav. Fm.; Köseli köy (Fig. 10c, log 11; map sheet S�anlı Urfa M40 15058 80209); 4 – Ericsonia cava (Hay and Mohler), A/155; Late Palaeocene;
Germav. Fm. (Damdırmaz S section, Fig. 10c, log 14; map sheet S�anlı Urfa M40 (17673 86261); 5 – Fasciculithus aubertae Haq and Aubry, A/159; Late Palaeocene; Germav. Fm.
(Damdırmaz S section, Fig. 10c, log 14; map sheet S�anlı Urfa M40 17669 86258); 6 – Fasciculithus tympaniformis Hay and Mohler, A/193; Late Palaeocene; details as no. 1;
7 – Fasciculithus clinatus Bukry, A/193; Late Palaeocene; details as no. 1; 8 – Fasciculithus involutus Bramlette and Sullivan, A/193; Late Palaeocene; details as no. 1;
9 – Sphenolithus primus Perch-Nielsen, A/191; Late Palaeocene; details as no. 3.
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Fig. 9. Outline geographical map showing the locations of the places mentioned in the text within the main (westerly) study area (see also Fig. 3).
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4. Cenomanian–Lower Campanian Derdere and Karababa
Formations

4.1. Facies

The oldest Mesozoic succession exposed in our study areas is
the Derdere Formation (Cenomanian–Turonian). The type section
(�73 m thick) is at Derdere village, around Çüngüs� (Diyarbakır),
far to the east. The succession, there comprises grey to deep brown,
medium to thick-bedded dolomitic carbonates (Yılmaz and Duran,
1997). The Derdere Formation is unconformably overlain by the
Late Coniacian (?)–Early Campanian Karababa Formation, which
is lithologically similar (Çoruh, 1991; Yılmaz and Duran, 1997;
see Fig. 6). The type section of the Karababa Formation (106.5 m
thick) is along the Fırat River, south of Karababa Mountain.
Thick-bedded, grey dolomitic limestones (21 m) there, are overlain
by well-bedded cherty limestone (28 m) and then by thin to rela-
tively thick-bedded limestone (57.5) (Gossage, 1959; Yılmaz and
Duran, 1997). The Derdere and Karababa Formations are of eco-
nomic interest because the lowest of the three members of the
Karababa Formation (Karababa A) include petroleum source rocks,
for example in the Bes�ikli oil field (Sarı and Bahtiyar, 1999) and in
the Karakus� oil field (Ulu and Karahanoğlu, 1998), both near
Adıyaman.

In our main, westerly study area, the upper part of the Derdere
Formation is well exposed in a deep canyon (_Imis�dere) of the
Göksu River (e.g. Fig. 11a and b). The lowest �100 m of the
succession there comprises thick-bedded, recrystallized dolomite
and dolomitic limestone. This is followed by �50 m of thick-
bedded neritic limestone, alternating between thick, medium and
thinner bedded limestones, which are variably dolomitised. The
thinner-bedded limestones are relatively micritic (i.e. clayey lime-
stone), whereas the thicker-bedded limestones are coarser and
Fig. 10. Measured sedimentary logs of the Upper Cretaceous to Middle Eocene success
Cretaceous sedimentary development of the Arabian carbonate platform prior to the
development of the Arabian foreland prior to and following the emplacement of oceanic-d
development of the Arabian margin following the emplacement of oceanic-derived alloc
Middle Miocene. (D) Logs of the well-exposed outcrops in Area B (see Fig. 2). The logs illust
(to right of columns), including the micropalaeontological results for benthic and plankti
more bioclastic. The uppermost levels of the Derdere Formation
are characterised by a 1 m-thick calcirudite, which is slightly
nodular, with reworked shells and limestone clasts (<0.6 m in size).

Above a disconformity, the succession continues with bioclastic
and chert-rich limestones of the Karababa Formation. The base of
the formation is marked by a sudden change to thinner bedded,
paler, flaggy-bedded limestone, which is extensively replaced by
chert within the lower 10 m (Fig. 6). The succession continues with
several interbeds (<2 m thick) rich in large oyster shells. There are
also several intervals of granular, recrystallized dolomite-rich car-
bonate (each <3 m thick) (Fig. 6). Thin-bedded clayey limestones
follow, with abundant chert nodules, followed by a return to
thick-bedded neritic limestone. Soft-weathering marl, with abun-
dant chert nodules is present above this. Higher in the succession,
micritic limestone with chert nodules are interbedded with thin
(<0.15 m) calc-siltites and calcareous sandstones with chert nod-
ules; there are also micritic limestone with dark phosphatic grains.
The uppermost levels of the Karababa Formation are characterised
by an abrupt change to thick-bedded limestone (in beds 2–3 m
thick), with scattered black clastic grains (<3 mm in size). Silty
interbeds (<0.6 m thick) show evidence of current reworking.

4.2. Microfacies

Nine microfacies are recognised within the Derdere and
Karababa Formations, taken together. The microfacies descriptions
in this paper utilise a combination of Dunham’s (1962) and Folk’s
(1959) classifications. Point count data are given in the supplemen-
tary publication.

4.2.1. Variably dolomitised sparse biomicrite
Where present, sugary dolomite yielded little useful informa-

tion on primary microfacies. Dolomitisation of biomicrite has
ions exposed in the two study areas (A and B). (A) Logs that illustrate the Upper
emplacement of oceanic-derived allochthonous units; (B) logs that illustrate the
erived allochthonous units in the central-south of the area; (C) logs that illustrate the
hthonous units but prior to final emplacement of the Tauride allochthon during the
rate the formations (on left), the main facies (columns) and also the sample locations
c foraminifer and calcareous nannoplankton). Note: the key to all of the logs is in c.
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obscured most of the original texture and composition. However,
benthic foraminifera, calcispheres and echinoid fragments are
locally identifiable (i.e. Akçatepe section; Fig. 10a, log 3, no. 143).
Some authigenic quartz crystals can also be recognised.

4.2.2. Wackestone/sparse biomicrite
The bioclastic component (10–50%) comprises benthic forami-

nifera, plus or minus planktic foraminifera, ostracods (as intact
thick-shelled forms and fragmentary thinner-shelled forms), echi-
noid plates and spines (with or without optically continuous over-
growths), bivalve fragments (including Ostrea sp.), rare gastropods
and bryozoan fragments (Fig. 12d). Calcispheres are common,
exhibiting a calcite rim and a recrystallised centre. Micritic intra-
clasts and occasional peloids are also present. Several samples
include fragments of large benthic foraminifera (Fig. 6). The micri-
tic matrix has undergone variable recrystallisation to microspar
and pseudospar (see Fig. 10a, log 2; nos. 91, 92, 94, 96a, 97, 98,
105, 118, 119, 121, 123, 124, 130, 131, 133, 134).

4.2.3. Bivalve floatstone with a biomicrite (wackestone) groundmass
Floatstone is defined as having 10% >2 mm-sized grains

(Dunham, 1962). Several samples of floatstone from both the
Derdere and Karababa Formations are characterised by large
Ostrea fragments (>2 mm) within a fossiliferous, to sparse



Fig. 11. Field photographs. (a) View southwards from the autochthonous Upper Cretaceous Arabian carbonate platform to the Upper Cretaceous to the Eocene sedimentary
cover (scarp in distance). Photograph taken 1.5 km ESE of _Imis�dere with Gedirge Dağları in the distance); (b) Rudist bivalves from the Aptian–Lower Campanian Mardin Group
from the Göksu Çay gorge, 0.8 km SE of ESE _Imis�dere (see log 2 in Fig. 10a); (c) coarsening and shallowing-upwards succession; from relatively deep-water turbiditic
sediments of the Kastel Formation (Upper Campanian–Middle Maastrichtian) to shallow-marine (reddish coloured) conglomerates of the Terbüzek Formation (latest
Campanian–Maastrichtian). 1.5 km NW of Tas�lıyazı (Terbüzek); (d) erosional contact between marine argillaceous sediments of the Kastel Formation and shallow-marine
(shoreface) conglomerates of the Terbüzek Formation; Tas�lıyazı (Terbüzek) (see log 1 in Fig. 10b); (e) matrix-supported conglomerate from the Terbüzek Formation. Rounded
clasts derived from the allochthonous units (e.g. pelagic limestone; ophiolite-related material). The matrix support signifies relatively high-energy deposition; locality as d; (f)
clast-imbricated conglomerates from the Terbüzek Formation (S-directed). Deposition was from traction currents in a proximal deltaic (shoreface) setting; same locality as d;
(g) poorly sorted alluvial conglomerate (reddish). Clasts were rounded and then redeposited by high-energy currents in a fluvial setting; Terbüzek Formation, NW of Tas�lıyazı
(see Fig. 10d, log 1); (h) coarsening- and shallowing-upward succession of gravity flows (turbidites and debris-flows) within the latest Maastrichtian–Palaeocene Germav
Formation (equivalent to the upper member of this formation); 0.5 km W of Kayacık (near log 11 in Fig. 10c); (i) Rubbly limestone within the Mid–Late Maastrichtian Besni
Formation; 3 km north of Güneykas� on the road to Meryemus�ağı (see Fig. 16, log a); (j) cross-section of a rudist bivalve; Besni Formation; Güneykas�-Meryemus�ağı road
section; see Fig. 16 log a); (k) local cross-bedding within the Besni Formation; same locality as j, (l) limestone of the Berni Formation, packed with debris of rudist bivalves
(4 km NE of Çamlıca; see Fig. 10, log 12). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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biomicrite matrix. One sample from the Derdere Formation (no.
107; see Fig. 10, log 2) exhibits a clotted micritic matrix with
�10% fossil fragments and possible fenestral porosity. Some fossil
fragments are composed of botryoidal calcite, with microbial
encrustations and evidence of boring. A sample from the
Karababa Formation (Fig. 10a, log 2; no. 120) contains >10% bio-
clastic material made up of fragmentary bryozoans, echinoid plates
and spines, pycnodont bivalves (locally silicified) and occasional
articulated ostracods (Fig. 12e). Bivalve fragments are well pre-
served higher in the succession (Fig. 10a, log 2; no. 122). The
matrix is biomicrite with benthic foraminifera, ostracod and echi-
noid fragments, plus minor subangular silt-sized quartz grains.

4.2.4. Mudstone/fossiliferous micrite
This facies, which is present in both of the formations, is distin-

guished by having <10% bioclastic material. Some clotting is pre-
sent within the micritic matrix, suggesting an originally peloidal
composition. The sparse biotic component is mainly benthic fora-
minifera (including miliolids), ostracods (Fig. 12f), rare echinoderm
fragments and calcispheres (see Fig. 10a, log 2; nos. 94, 95, 101,
102, 103, 104, 117, 129).

4.2.5. Fenestral mudstone
Seen in the Derdere Formation (see Fig. 10a, log 2, no. 108), this

subfacies of the mudstone microfacies exhibits flat-floored geope-
tals. These voids are infilled with crystal silt, typical of birdseye
fenestral porosity.

4.2.6. Packed biomicrite
This is dark coloured, organic rich and relatively unrecrys-

tallised, with >50% bioclastic material. Originally aragonitic bio-
clasts are recrystallized to microspar. A diverse bioclast
assemblage includes echinoid plates and spines, crinoid fragments,
gastropods, bivalve fragments (e.g. Ostrea sp.), ostracods, benthic
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foraminifera, plus undeterminable fragmented material (see
Fig. 10a, log 2; nos. 96, 99, 105, 118). Paler coloured packed biomi-
crite near the top of the Karababa Formation, although altered and
micritised, contains a range of bioclasts, including benthic and
planktic foraminifera, ostracods, calcispheres, bivalves and echi-
noid fragments (e.g. Fig. 10a, log 3; no. 134).
4.2.7. Grainstone/Peloidal poorly washed biosparite
This microfacies, seen within the Derdere Formation, is domi-

nated by rounded, to elongate peloids (typically 50–100 lm in
diameter), exhibiting varying degrees of compaction (Fig. 12g).
Primary pore space is infilled with sparite, although some micritic
matrix is locally present. The biota include poorly preserved ben-
thic foraminifera, some possible agglutinated foraminifera, frag-
mentary shell material (ostracods; Ostrea sp.) and calcispheres.
The highest stratigraphical levels of the Derdere Formation contain
grapestone, carbonate intraclasts and a minor extraclast compo-
nent consisting of silt-sized quartz and serpentinite grains (e.g.
see Fig. 10a, log 2, no. 111).
4.2.8. Foraminiferal biomicrite
This facies, found within both formations, consists of sparse

biomicrite with benthic and planktic foraminifera (including
Hedbergella sp. and Heterohelix sp.), plus occasional fragmented
ostracods. The micritic matrix exhibits traces of lamination
Fig. 12. Photomicrographs of representative mainly carbonate components from the Ka
Formations (Mardin Group); (a and b) reworked benthic foraminifera and a micritic li
Formation; sample 220 in plane-polarised-light (ppl) and under cross nicols (xpl); NE o
bioclasts and secondary dolomite rhombs; Sayındere Formation; sample 147 (ppl); Akçate
a gastropod and echinoid (Ec) fragments; sample 97 (ppl), Derdere Formation; Fig. 10a, l
and vesicular layers characteristic of pycnodont bivalves (Bi); echinoid (Ec) spines and fra
Derdere Formation; Fig. 10a, log 2; mudstone; sample 102 (ppl); (f) variable alteration of
102 (ppl); same log as e; (g) Peloidal, poorly washed biosparite with poorly preserved
Foraminiferal sparse biomicrite with some alteration to microsapr and dolomite, note
infills(?) of relatively coarse material, rich in phosphatic (collophane and apatite) materia
Karababa Formation; same log as g.
(Fig. 12h) and some alteration to microspar (see Fig. 10a, log 2;
nos. 113, 114, 115, 126).

4.2.9. Mixed micritic and phosphatic carbonate
This microfacies is present at the contact between the two for-

mations. In one sample (Fig. 10a, log 2, no. 128), fine-grained
micrite contains micro-lenses of coarser grained facies, possibly
representing burrow infill or current winnowing. The micro-lenses
consist of poorly sorted, rounded, elongate, to spherical clasts of
apatite (<0.5–1 mm in size; Fig. 12i), which in one case contains
a small benthic foraminifer indicating a sedimentary origin. The
colourless clasts exhibit variable ornamentation suggesting an ori-
gin as bones and fish scales, whereas the yellowish clasts are
rounder and more homogenous and are interpreted as nodules or
rip-up clasts. Minor alteration to calcite is seen in some clasts.
The host sediments are foraminiferal sparse biomicrite (�10–20%
bioclastic material), with benthic and planktic foraminifera and a
minor (<10%), terrigenous component of silt-sized quartzose
grains. The micrite matrix has undergone partial recrystallisation
to microspar and dolomite.

Many samples from both formations exhibit partial recrys-
tallisation from an original micritic fabric to microspar, or
dolomitisation. Some sparite appears to be pseudomorphic after
dolomite (or may still be dolomite). A similar range of early to late
diagenetic features including cementation, selective dolomitisa-
tion, dissolution and fracturing have been reported from the
nearby South Karakus� oil field (Ulu and Karahanoğlu, 1998).
stel Formation, the S�ayındere Formation and from both the Derdere and Karababa
thoclast; the other clasts are mostly serpentinite in a calcite spar cement; Kastel
f Besni section, Fig. 10b, log 2; (c) packed foraminiferal biomicrite, with glauconite,
pe section; Fig. 10a, log 3); (d) wackestone showing abundant planktic foraminifera,
og 2; (e) bivalve floatstone with a wackstone matrix. The bivalves have the foliated
gmentary bioclastic material are also present in a micrite matrix; sample 120a (ppl),
a micritic matrix to microspar and pseudospar; an ostracod is also present; sample
planktic foraminifera; sample 109 (ppl); Derdere Formation; Fig. 10a, log 2; (h)

lamination near top of slide; sample 115 (ppl); same log as g; (i) vertical burrow
l, set in a finer-grained foraminiferal, sparse biomicrite substrate (ppl), sample 128;
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4.3. Interpretation: stable shelf carbonate accumulation

The Derdere and Karababa Formations accumulated on a carbon-
ate platform that was subject to changes in water depth, current
activity and organic productivity. The calcirudite intercalations
within the Derdere Formation suggest reworking, possibly under
storm conditions. The chert-rich layers near the base of the
Karababa Formation, together with local organic enrichments and
phosphatic material are suggestive of elevated primary productivity.

The wackestone/sparse biomicrite microfacies implies rework-
ing in a low-energy shallow-marine setting, whereas the bivalve
floatstone with biomicrite (wackestone) groundmass is suggestive
of reworking of a restricted shallow-marine biota. Common ben-
thic foraminifera (e.g. miliolids) in the mudstone/fossiliferous
Fig. 13. Key tectono-stratigraphical relationships in the centre-south of the main area (A
locations of the stratigraphical profiles (b–e); (b) type section of the Late Maastrichtian
Late Maastrichtian Besni Formation depositionally overlies the Terbüzek Formation (s
Germav Formation, showing the division into lower and upper members. The lower me
intervals. The Lower–Middle Eocene Hoya Formation comes in above without intervenin
areas (N escarpment of Gedirge Dağları); (d) incoming of the Gemav Formation lower me
upper member of the Germav Formation is characterised by chaotic material (debris flow
clear angular relationship with the underlying Upper Campanian–Middle Maastrichtian
Arabian platform and the overlying limestones. A clast from the limestone (no. 207) y
correlation with the lower member of the Germav Formation (and therefore erosion of
micrite microfacies are suggestive of a low-energy inner platform
setting. The fenestral mudstone microfacies suggests deposition
in a shallow-marine, subtidal setting. The grainstone/peloidal,
poorly washed, biopsparite microfacies with regular-sized peloids
(faecal pellets?) and the intraclasts and the fragmentary bioclastic
material, together point to the existence of carbonate shoals or
banks. On the other hand, the foraminiferal biomicrite microfacies
with planktic foraminifera is likely to have accumulated in an
open-marine, mid-ramp setting. The facies alternations are sugges-
tive of fluctuating water depth.

5. Campanian Sayındere Formation

The type section of the Sayındere Formation is located in the far
west of the present study region, 10 km east of Gölbas�ı, along the
rea A) in the vicinity of the town of Besni. (a) Outline geological map showing the
Terbüzek Formation, near Tas�lıyazı köy (�Terbüzek) and overlying succession. The
ee also Fig. 10 b, log 1); (c) section through the Upper Maastrichtian–Palaeocene
mber is well-bedded marl, whereas the upper member includes major redeposited
g non-marine clastics of the Lower Eocene Gercüs� Formation as seen in some other
mber, depositionally above the Late Maastrichtian Besni Formation; above this, the
s and slumps); Old Besni N section); (e) Old Besni S section. This section illustrates a
Kastel Formation, which predates the emplacement of allochthonous units onto the
ielded a rich assemblage of Late Maastrichtian planktic foraminifera, suggesting a
the Besni Formation) (see also Fig. 10c, log 5).
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Adıyaman-Gölbas�ı road, around Sayındere village (Gossage, 1959).
In the type area, the formation (190 m thick) is grey, thin-to very
thin-bedded limestone, clayey limestone and rare marl (Güven
et al., 1991).

5.1. Facies

In the deep valley of the Göksu River, near _Imis�dere, the
Sayındere Formation comprises thin to medium-bedded, pale grey
to pinkish pelagic limestones, with minor shaly partings (e.g.
Fig. 10a, log 2). Deep-water-type trace fossils are rarely present
(e.g. Zoophycos). The depositional contact with the underlying
Karababa Formation is poorly exposed or faulted. The formation
is exposed elsewhere, for example, near Akçatepe, where it is
�90 m thick (Fig. 10a, log 3) and ENE of Besni (Fig. 13a, log 1).
The uppermost levels of the Sayındere Formation (�15 m thick;
e.g. near Akçatepe; Fig. 10a, log 3) comprise thinly bedded pelagic
limestones with green calc-siltite interbeds and partings.

5.2. Microfacies

The Sayındere Formation is dominated by a single microfacies:

5.2.1. Packed foraminiferal biomicrite (wackestone)
Abundant planktic foraminifera are present, plus some benthic

foraminifera and fragmentary ostracods, bivalves, echinoid plates,
and occasional intraclasts (Fig. 12c). Glauconite grains are com-
mon. Planktic foraminifera become relatively more abundant
stratigraphically upwards. A micritic matrix is variably recrys-
tallised to dolomite (e.g. in Akçatepe section; Fig. 10a, log 3; nos.
143, 144, 145,146,147,148). Near the top of the formation, sparse
biomicrite (20–30% bioclasts) contains abundant planktic forami-
nifera, broken benthic foraminifera and evidence of ferruginous
micronodules (i.e. NE of Besni, Fig. 10b, log. 5, no. 219).

5.3. Interpretation: submerged carbonate shelf

Both the macrofacies and the microfacies indicate pronounced
deepening following deposition of the Karababa Formation. An
increase in the relative abundance of planktic foraminifera up-sec-
tion suggests a deepening-upward trend and/or an increase in pri-
mary productivity. The lowest part of the Sayındere Formation
passes generally southwards into more proximal slope facies, as
documented in boreholes near Adıyaman (Sarı and Bahtiyar,
1999; Ulu and Karahanoğlu, 1998).

6. Campanian–Mid Maastrichtian Kastel Formation

The type section (384 m thick) of the Kastel Formation is
located northeast of Diyarbakır (Tuna, 1973), where it conformably
overlies the Sayındere Formation. White to cream-coloured marl,
with rare microfossils, is overlain by fine-grained, well-sorted, car-
bonate-cemented, polygenic sandstone, and then by marl–shale
alternations (Çoruh, 1991; Güven et al., 1991).

6.1. Facies

A sedimentary transition is well exposed from the Sayındere
Formation to the Kastel Formation over several metres throughout
the main, westerly study area (Fig. 3). In the vicinity of the Göksu
river canyon (near _Imis�dere) the Sayındere Formation passes
gradationally upwards into mudstones and sandstone of the
Kastel Formation in beds <1 m thick.

The lowest levels of the Kastel Formation are well exposed in a
stream section to the ENE of Besni (Fig. 10, log 1). Dark-coloured
marl, representing the highest level of the Sayındere Formation,
passes into greenish grey marl, with interbeds of thin- to med-
ium-bedded sandstones and mudstones, marking the base of the
Kastel Formation. The Kastel Formation in this area is estimated
as �250 m thick, although accurate measurement is precluded by
incomplete exposure, folding and faulting. The higher parts of the
succession, as exposed further north (towards Terbüzek), are
mostly brownish or greyish mudstones, with subordinate marl
and graded sandstones. Thicker sandstone beds (up to 3 m thick)
are mostly massive in their lower parts but normally graded in
their upper parts. Beds highest in the sequence (<3 cm thick)
include pebbly sandstones (with pebbles up to 1 cm in size).
Mudstone interbeds are commonly bioturbated.

The uppermost levels of the Kastel Formation directly underlie
the allochthonous rocks (e.g. 2 km NNE of Besni; Fig. 13a). Pale-
coloured calcareous mudrock of the Kastel Formation passes
upwards into grey marl/siltstone and then into grey siltstone with
sandstone (<1 m thick). The sandstones become thicker-bedded
and coarser upwards, forming beds up to 2.5 m thick. Detrital
grains (<0.6 cm in size) are mostly serpentinite, limestone and
chert, lithologies that are present in the over-riding allochthon
(Fig. 10a, log 1).

Using the classification of Pickering et al. (1989), the different
macrofacies of the Kastel Formation can be classified (in decreasing
order of abundance) as Organised muds and clays (Facies E2),
Organised silts and muddy silts (Facies D2), Sands (Facies B2),
Biogenic muds (Facies G2) and Organised Graded stratified gravel
(Facies A2).

6.2. Microfacies

Calcareous litharenites predominate, together with one carbon-
ate microfacies.

6.2.1. Calcareous litharenite
Litharenites in the lower part of the succession (4.5 km NE

Besni; Fig. 10b, log 5; e.g. no. 217) are fine-grained (mean grain size
�24 lm), calcareous and poorly sorted with angular to sub-
rounded, non-spherical grains, set in a sparite cement. The texture
is cement supported. Some sparite crystals show evidence of
dissolution/replacement of the original grains. Lithic clasts include
pink radiolarian chert, serpentinite and micrite (some of it fossil-
iferous), together with dolomitic intraclasts, monocrystalline
(and occasionally polycrystalline) quartz, muscovite, sericite, ser-
pentinite, chert, plagioclase, micaschist, planktic foraminifera, spar
crystals and opaque grains.

The typical litharenite higher in the succession (e.g. Fig. 10b, log
4, nos. 28, 37) is fine- to medium-grained and moderately well
sorted (Fig. 12a), with sub-rounded to angular grains of chert
(commonly radiolarian), serpentinite, opaque minerals, intraclasts
and reworked bioclasts, including bivalve fragments. In some
cases, eroded radiolarians are cemented by sparite. Of the �50–
60% clastic component �20% is chert �20% various micrite clasts
�10% serpentinite and 5–10% other components.

Calcareous litharenites directly beneath the allochton (e.g. NNE
of Besni; Fig. 10a, log 1, nos. 221, 222) are medium to coarse-
grained (mean grainsize �300 lm), with moderately poorly sorted,
angular to sub-rounded, sub-spherical grains set in a microspar to
sparite cement (Fig. 12b). Clasts are locally >90% serpentinite,
together with monocrystalline quartz, opaque grains, micrite intra-
clasts and impure sparite crystals.

6.2.2. Lithic calcarenite
The uppermost levels of the formation in the north (near

Terbüzek; Fig. 10b, log 4 ) are dominated by coarse-grained, poorly
sorted, lithic calcarenite, with sub-angular, to rounded grains of



Fig. 14. Key tectono-stratigraphical relationships in the north of the main, westerly area (Area A). (a) Northern outcrops of the main area. (ai) Outline geological map; (aii)
profile. The basement (Koçali Complex) is unconformably overlain by bioclastic sandstones/limestones, correlated with the Germav Formation (upper Member?; Palaeocene).
The non-marine Lower Eocene Gercüs� Formation (above) is overlain by the Lower–Mid Eocene Hoya Formation; (b) NE of the main area (based on mapping by N. Yıldırım);
(bi–bii) in contrast to a, the basement (Koçali Complex) is unconformably overlain by coarse clastic sediments that are correlated with the latest Campanian–Maastrichtian
Terbüzek Formation; this unit is then covered by the latest Maastrichtian–Palaeocene Germav Formation. The Tauride allochthon is overthrust above. This evidence shows
that an Upper Maastrichtian–Palaeocene succession originally accumulated in the northeast of the main area studied.
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variable sphericity. The cement is equigranular, euhedral micro-
spar (crystal size �10 lm) which replaces an original micritic
matrix. The grains are mostly chert and serpentinite, with some
monocrystalline quartz and intraclasts. A minor fossil component
includes both large and small benthic foraminifera.

6.2.3. Sparse-packed foraminiferal biomicrite
Also present at the highest levels of the succession in the north

(near Terbüzek; Fig. 10b, log 4, no. 38), this microfacies has a micri-
tic matrix and contains benthic and planktic foraminifera, plus
ostracod fragments. A small amount of silt-sized serpentinite and
quartz are present, plus rare glauconite grains.

6.3. Interpretation: subsiding foreland basin

The Kastel Formation records a gradual incoming of extrabasi-
nal clastic sediment above the relatively deep marine pelagic car-
bonates of the Sayındere Formation. The main controls on
sedimentation are considered to have been thrust-driven flexural
subsidence and related extensional faulting. The driver of basin
formation was the southward emplacement of the Mesozoic
allochthonous units from the Southern Neotethys (Güven et al.,
1991; Yılmaz, 1991; Robertson, 1998). The sediments of the
Kastel Fomation accumulated as hemipelagic deep-sea muds and
well-organised turbidites, with variably developed Bouma
sequences (Bouma, 1962). The presence of subordinate marls, rich
in planktic foraminifera, indicates relatively deep-water back-
ground sedimentation. The bioclastic material was redeposited
from an upper slope (ramp) setting to a lower slope/base of slope
setting by variable-concentration gravity flows. The pebblestones,
especially in the highest levels of the formation, are interpreted
as high-density gravity flows (mass-flows).

The predominant clastic material, especially radiolarian chert
and serpentinite, was derived from the over-riding Mesozoic
allochthonous rocks. The abundance of radiolarian chert specifi-
cally suggests derivation from the chert-rich Karadut Complex,
which is widely exposed in both of the study areas. Reworked car-
bonate material (e.g. dolomite) is likely to have been eroded from
the underlying Arabian platform. The persistent, but minor, meta-
morphic component probably came from the allochthon.
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The coarse clastic material in the uppermost levels of the for-
mation was derived from the advancing allochthon and then
over-ridden. However, there is an absence of thick clastic sedi-
ments derived from allochthon. The probable explanation is that
the emplacement of the allochthon was submarine, without associ-
ated subaerial erosion.

In the south, near Besni (Fig. 13a), the Kastel Formation is
overlain by allochthonous rocks, that were termed the Besni
Olistostrome (Rigo de Righi and Cortesini, 1964). In contrast,
several kilometres further east the Kastel Formation passes directly
upwards into the Terbüzek Formation (near Tas�lıyayla; Fig. 13a, b).
The evidence implies that the front (i.e. maximum displacement)
of the allochthon trended �NE–SW, at least locally, from near
Besni to near Terbüzek. Mesozoic allochthonous rocks were,
therefore, transported further over the Arabian platform to the
west of Besni than to the east. This is supported by the presence
of allochthonous rocks (Karadut Complex) in the southwest of
the area (e.g. near Belören; see Fig. 3).
7. Upper Campanian–Maastrichtian Terbüzek Formation

The emplacement of the allochthon was followed by an incom-
ing of coarse clastic sediments, known as the Terbüzek Formation.
These sediments unconformably overlie the allochthon in the
north and west of the region, but further south and east they follow
on from the Kastel Formation without a structural break. In the
more easterly study area, the facies vary from non-marine in the
west to shallow-marine further kilometres to the east. The type
section of the Terbüzek Formation is located at Tas�lıyazı (Fig. 9)
(Gossage, 1959; Krummennacher and Periam, 1958), where the
allochthon is absent.
1 For interpretation of color in Fig. 13, the reader is referred to the web version of
this article.
7.1. Facies

Our observations reveal that the type section of the Terbüzek
Formation represents the easterly, featheredge of a several
kilometre-long lens of coarse clastic sediment. In this area, the
formation is located between the Kastel Formation below and
the Besni Formation above (Fig. 13a). The base of the Terbüzek
Formation in the type section is marked by a change from
grey mudrocks, marls and sandstone turbidites of the Kastel
Formation to coarse reddish to brownish, clastic sedimentary
rocks, as seen �1 km northwest of Tas�lıyazı (Fig. 10b, log 4
and 11c). Mudrocks (in beds up to 5 cm thick) pass upwards
(over �5 m) into thin-bedded, fine- to medium-grained
sandstones and mudrocks, followed by sandstones and con-
glomerates. The transition between the Kastel and Terbüzek
Formations is characterised by lenses of coarse-grained sand-
stones and pebbly sandstones that are up to several metres thick
and tens of metres wide. In contrast, this transitional interval is
absent from the type section at Tas�lıyayla village, where
conglomerate is incised into grey mudrocks in the uppermost
levels of the Kastel Formation (Fig. 11d).

In the type area (near Tas�lıyayla), individual sandstone
beds of the Terbüzek Formation (<2 m thick) range from
massive to normally graded, commonly with scoured bases.
The clasts in the conglomerates are predominately well-rounded
chert (<0.20 m in size), with lesser amounts of basalt and other
ophiolite-related rocks. Mud rip-up clasts (<2 cm in size) are
abundant within finer-grained interbeds. Conglomerates low in
the succession are matrix-supported (Fig. 11e). More organised
clast-imbricated conglomerate appear higher in the succession
(Fig. 11f).

In other areas (e.g. east of Tas�lıyayla; Fig. 13a), the Terbüzek
Formation is absent or unconformably overlies the allochthon.
For example, the formation forms a lenticular unit above the
emplaced Koçali Complex in the eastern part of the main, westerly
study area (Area A; near Palanlı) and also further northeast (near
Recepköy; Fig. 14b).

The Terbüzek Formation overlies the Karadut Complex in the
easterly study area (Figs. 2 and 10d, log 16). Two strongly contrast-
ing successions are present in this area, as follows.

First, in the east, near Karadut, four sedimentary facies are pre-
sent in close proximity, namely matrix-supported conglomerate,
massive clast-supported conglomerate (Fig. 11g), massive pebble-
stone and rare cross-laminated pebblestone. Sorting, clast support
and local cross bedding increase upwards. Clasts are rounded to
sub-angular and <10–25 cm in size. The most common clasts
are diabase, pelagic limestone and chert. In addition, pebblestones
commonly exhibit planar lamination and fine upwards into very
coarse-grained sandstone, with pebble imbrication at the base
of many beds. Low-angle (�20�) cross bedding is also rarely
present.

Secondly, in the core of a faulted anticline, c. 9 km east of
Karadut (between Dumlu and Alidamı (Fig. 13, log 3) the intact
succession begins with well-bedded sandstones and con-
glomerates. The succession passes upwards into mudrocks, marls,
sandstones, conglomerates and limestone-dominated debris-flow
deposits (c. 120 m thick), in beds up to several metres thick. The
limestone clasts are bioclastic and include abundant, well-pre-
served fragments of rudist bivalves, coral and gastropods (mostly
<20 cm in size). This mixed clastic-carbonate succession is
included within the Terbüzek Formation because it has a transi-
tional contact with the underlying reddish1-coloured coarse clastic
sediments that are typical of the Terbüzek Formation, and because of
a strong facies contrast with the overlying homogeneous neritic
limestones of the Besni Formation (see below). In addition, benthic
foraminifera indicate a Maastrichtian age for the bioclastic lime-
stones (see supplementary publication). Taken as a whole, two main
facies dominate the Terbüzek Formation, based on Pickering et al.’s
(1989) classification. First, Disorganised gravels, gravelly muds, pebbly
sands (Facies A1) predominate in the type area (Terbüzek) and the
easternmost section studied (Dumlu–Alidamı). Secondly Organised
gravels and pebbly sands (e.g. Stratified pebbly sand) (Facies A2) char-
acterise some outcrops the easterly area and the north of the main
westerly area.
7.2. Microfacies

7.2.1. Litharenite
Sand-sized material in the type area (Tas�lıyayla; e.g. Fig. 10b,

log 4, no. 35) is predominantly litharenite, which is moderately
well sorted, with sub-rounded to angular grains, set in a blocky
sparite cement (Fig. 15i). The clasts are mostly pink, reddish and
light brown radiolarian chert (�40%), serpentinite (�40%), intra-
clasts (�10%), plus minor unstrained quartz, quartzose sandstone,
altered plagioclase, basalt, diabase, muscovite (folded), mica schist
and sericite schist. Minor reworked fossil material is also present
(e.g. echinoid fragments).
7.2.2. Calcarenite
The lower part of the formation in the eastern area (Fig. 10d,

Dumlu road section, log 3, no. 14/2) is dominated by bioclastic
grains including small benthic foraminifera, fragments of large
benthic foraminfera, scattered echinoderm plates and biomicritic
lithoclasts, together with scattered intact large benthic foraminfera



Fig. 15. Photomicrographs of representative mainly carbonate components from the Hoya, Germav, Besni and Terbüzek Formations. (a) Poorly washed biosparite with
scaphapod (s), Nummulites (N) and abundant peloids; sample 173 (ppl); Damdırmaz S section; Fig. 10, log 14; (b) glauconitic biosparite; �15% glauconite with fragmented
bioclastic material in a sparite cement; sample 197 (ppl); Köseli köy section; Fig. 10c, log 13; (c) large benthic foraminiferal floatstone showing flow alignment tests (Be);
micrite matrix has abundant planktic foraminifera (P); sample 203 (ppl); Fig. 10c, log 9; (d) Coralline algae (CA) boundstone; note encrusting foraminifera (Ef); sample 233
(ppl); Fig. 10c, log 12). a-d are from the Hoya Formation; (e) rudstone (poorly washed biosparite), with Alveolina (A), Dasyclad algae (D), gastropods (Ga) and fragmentary
bioclastic material sample 46 (ppl), near Besni; (f) boundstone: composite oncoid with sponge core and external coralline algae encrustation; sample 74 (ppl); Kan Pn.
section; Area B; see Fig. 10d, log 16). (g) Foraminiferal sparse biomicrite (ppl); sample 192b; Köseli köy section; Fig. 10c, log 11); e–g are from the Germav Formation; (h)
coarse-grained lithic calcarenite (ppl); sample 66; Kan Pn. section; Area A; Fig. 10d, log 16). (i) Coarse-grained lithic calcarenite with C – chert, Li – lithic fragment, Sp –
serpentinite (ppl); sample 35; 1 km NW of Tas�lıyazı; (h and l) are from the Terbüzek Formation.
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(e.g. Omphalocyclus sp.). A sparse biomicritic matrix is partially
recrystallised to calcite spar.
7.2.3. Lithic calcarenite
The upper part of the formation in the eastern area (Salik sec-

tion; Fig. 10d, log 16; no. 66) includes poorly sorted lithic calcaren-
ite with rounded to sub-angular clasts, set in a sparite cement
(Fig. 15h). The lithic clasts include reddish chert (�60%), serpen-
tinite (�25%), basalt (5%) and micrite (�1%). In addition, polycrys-
talline quartz (<5%), quartzose sandstone, siltstone, mudstone and
single sparite grains are also present. Many clasts exhibit a two-
phase cementation history with a thin early sparite envelope, fol-
lowed by pore-filling sparite. Further east, in the Dumlu road sec-
tion (Fig. 10d, log 18, no. 14/3), the relatively coarse-grained facies
are dominated by well-rounded grains of radiolarian chert and
glassy basalt. The chert varies from unrecrystallised to fully recrys-
tallised. Finer grained facies equivalents are characterised by well-
sorted, well-rounded lithic grains together with much larger,
poorly sorted carbonate grains including large benthic
foraminifera. Planktic foraminifera occur commonly and the grains
show current alignment.

7.2.4. Dolomitised litharenite
This occurs locally in the transition to the overlying Besni

Formation, as seen in the Çamlıca section (Fig. 10c, log 12, no.
226). The dolomitised litharenite contains poorly sorted, non-
spherical, sub-angular to sub-rounded grains, including serpen-
tinite, within a cement-supported texture.

7.3. Interpretation

The foreland basin represented by the Kastel Formation shal-
lowed following the emplacement of the allochthon. The probable
cause was isostatic re-equilibriation. In the north, the allochthon
was subaerially exposed and eroded to provide the lithogenous
detritus in the Terbüzek Formation.

The thickening- and coarsening-upward succession (e.g. �1 km
northwest of Tas�lıyayla) records the progressive shallowing from a
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shallow-marine, to a deltaic, then a shoreface setting. The lenticu-
lar, coarse clastic sediments of the type section (near Tas�lıyayla)
indicate the local progradation of a clastic lobe within a subaque-
ous fan delta. Gravity-flow deposition initially predominated, giv-
ing rise to poorly sorted, matrix-supported gravels. The deltaic
lobe then shallowed allowing traction currents to produce clast-
supported, and rarely clast-imbricated conglomerates.

In contrast, non-marine clastic sediments were deposited fur-
ther north, above the allochthon and locally in the east (Area B).
Alluvial facies accumulated in broad (up to several kilometre-wide)
erosional depressions in the surface of the allochthon, as seen near
Çamlıca (Fig. 3). Poorly sorted, matrix-rich conglomerates in these
areas record high-energy (e.g. flood) conditions; more organised,
imbricated, clast-supported conglomerates, where present, record
a switch to lower-energy traction currents. The local relief of the
landscape was subdued in view of the absence of unusually thick
or very coarse conglomeratic units. However, a rugged landmass
of allochthonous rocks is likely to have existed further north. In
addition, the mixed clastic-carbonate succession in the most east-
erly section studied (Dumlu–Alidamı) is interpreted to reflect mix-
ing of terrigenous deltaic facies and neritic carbonate facies, which
were in close proximity in an overall regressive setting. Further
south, beyond the front of the allochthon, marine sedimentation
Fig. 16. Sedimentary logs of the Mid–Late Maastrichtian Besni Formation showing facies
(b) less disturbed succession with rudist bivalves, coral fragments and shelly debris. The
nodules, representing a hiatus, followed by thin, cross-bedded sands and then argillac
formation unconformably overlies tectonically emplaced Mesozoic rocks (Koçali Compl
limestone. The uppermost levels are rich in reworked shell debris, followed by a hardgr
Maastrichtian Kastel Formation with little evidence of an angular discordance (at least lo
overlain by the deeper-water Germav Formation above an erosion surface; (e) this relati
appears to have a transitional contact with the Germav Formation above; (f) reference sec
to massive and contains rudist bivalve shells, gastropods and coral, while the upper par
persisted without the Terbüzek Formation being deposited. Well-
sorted, well-rounded grains from the hinterland were reworked
with locally derived shallow-water bioclastic carbonate. The evi-
dence of mass-flow deposition is suggestive of a relatively steep-
slope bordering an alluvial fan setting.
8. Mid–Late Maastrichtian Besni Formation

Shallow-water limestones of the Besni Formation directly over-
lie, either the turbiditic sediments of the Kastel Formation, or the
coarse clastic facies of the Terbüzek Formation in the south of
the main, westerly area studied (Besni-Tas�lıyazı), and also in the
easternmost succession studied (Dumlu–Alidamlı). In the north,
the Besni Formation is generally transgressive on the allochthon
(e.g. near Köseli; Fig. 11h). However, the Besni Formation is largely
absent from the centre of the area (e.g. around Dandırmaz; see
Fig. 9) and also the northeast of the area (near Hacıyusuf Tepe;
Fig. 14a). The Besni Formation reappears in the far northeast of
the area (near Recepköy; Fig. 14b). However, there is no evidence
that the Besni Formation was ever deposited in the far southwest
of the area, around Belören, where the Germav Formation directly
overlies the allochthon (see below; Figs. 3 and 9).
variation. (a) Rubbly bedded, reworked breccia/conglomerate including coral debris;
formation is capped by an erosion surface (hardground) with ferruginous crust and

eous sediments of the latest Maastrichtian Germav Formation; (c) in contrast, the
ex). Thin, sandy carbonate at the base passes upwards into wavy bedded micritic
ound; (d) in the south, the Besni Formation locally overlies the latest Campanian–
cally). The Besni Formation is rich in gastropods and bivalve fragments and is again

vely thin section in the central south of the area (N of Adıyaman) contains coral and
tion, as reported by Perinçek (1978). The lower part of the succession is thick bedded
t is thinner bedded, with fewer macrofossils. See Fig. 3 for location of sections.
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8.1. Facies

The type section of the Besni Formation (15–35 thick), at Besni
town (Fig. 13), was originally described as beginning with a 2 m-
thick conglomerate (with 2–3 mm-sized clasts), followed by
thick-bedded, pale fossiliferous limestone (Periam and
Krummenacher, 1958). During this study, considerable facies
variation was observed within the Besni Formation, as shown in
Fig. 16, log a. The reference section given by Perinçek (1978) (see
Fig. 16, log f) appears to be thicker than sections measured during
our work. Rudist bivalves and coral are common in some sections,
varying from small in situ mounds to reworked bioclasts (Özer,
1993; Steuber et al., 2009; e.g. see Fig. 11l). Bivalves and gastropod
shells are widespread, ranging from scattered to fragmented shell
hash (e.g. near Köseli; Fig. 16, log c).

The type section of the Besni Formation unconformably over-
lies the Kastel Formation (Fig. 16, log d). The base of the forma-
tion is irregular and scoured into the underlying Kastel
Formation. The overlying limestone of the Besni Formation in
the type section is packed with benthic foraminifera, together
with scattered large bivalves and gastropods. Several kilometres
further north, around Tas�lıyayla village (Fig. 16, log b), the forma-
tion disconformably overlies the Terbüzek Formation, with a
biostratigraphically-determined hiatus. The basal facies are pink-
ish bioclastic limestones with large foraminifera, coral fragments,
fragmentary rudist bivalves and other pelecypods. The formation
is topped by a thin layer (�30 cm) of bioturbated, cross-bedded,
bioclastic limestone, with chert nodules, followed by small
(<8 cm) limonitic nodules. Further east, where the Besni
Formation again overlies the Terbüzek Formation (near Palanlı;
Fig. 9), the formation begins with sandy limestone (�35 m),
followed by well-sorted bioclastic limestone. Fossils within
muddy interbeds are commonly still in life position (see Fig. 16,
log e). A sharp, disconformable contact was also observed in
the most easterly measured section (Dumlu–Alidamlı; Fig. 10d,
log 18).

The Besni Formation unconformably overlies serpentinite near
the southern front of the allochthon (e.g. near Köseli; Fig. 16, log
c). The succession there begins with silty limestone (�1 m thick)
with coarse bioclastic debris. A laterally persistent, relatively
homogeneous interval of wavy-bedded limestone (�30 m thick)
follows. The highest levels of the formation are packed with gas-
tropods and large bivalves, and finally capped by nodular
limestone.

An unusual, partially exposed section in the west shows con-
siderable evidence of gravity reworking (�2.5 km N of Güneykas�;
Fig. 16, log a). Poorly bedded coral-rich breccia/conglomerate there
passes upwards into redeposited micritic limestone with scattered
limestone clasts (<25 cm in size). This is followed by limestone
breccia/conglomerate with a reddish matrix; Fig. 11i), cross-bed-
ded bioclastic limestone (Fig. 11k) and finally by pink micrite.

Another contrasting succession is exposed north of Damdırmaz
(Fig. 10b, log 15), where pelagic limestone and chert of the alloch-
thon are unconformably overlain by a basal conglomerate/breccia,
mostly made up of angular clasts (<0.12 m in size) that were
derived from the subjacent allochthon. Above comes a thin unit
of packstone (�1.9 m), correlated with the Besni Formation. This
contains angular cherts clasts (<3 cm in size) and is followed by
graded calcarenite with sub-rounded clasts of micritic limestone
(<0.25 m in size).

In the easterly area, where it overlies the non-marine clastic
facies of the Terbüzek Formation, the Besni Formation is rela-
tively thin (<5 m). The lower part of the succession is composed
of sandy, bioturbated, bioclastic packstone, with numerous
bivalve shells (i.e., Gryphea sp.), crinoids, gastropod shells and
rare ammonites (Kan Pn. section; Fig. 10d, log 16). The succession
then grades up into massive lime mudstone. Further east, in the
Dumlu–Alidamlı section (Fig 10d, log 18), the Besni Formation as
a whole is dominated by massive to thick-bedded neritic lime-
stone, which varies in thickness up to c. 10 m over several kilo-
metres along strike.

8.2. Microfacies

A wide variety of microfacies is present within the Besni
Formation.

8.2.1. Very fine-grained sandstone
Sandstone is restricted to thin interbeds (<20 cm thick) near the

base of the formation in several sections (e.g. Fig. 10b, log 4, no. 23a).
Where rarely present, this sandstone exhibits moderate to poor
sorting, with variable sphericity, and angular to subrounded grains.
The detrital grains are supported by sparite and microspar cement,
making up �60% of the rock. The grains are mainly pinkish radio-
larian chert, opaque ore material, serpentinite, basalt, plagioclase,
muscovite schist, plagioclase and chlorite, with subordinate
monocrystalline quartz, feldspar, intraclasts and bioclasts (e.g.
planktic foraminifera, bivalve and echinoid fragments).

8.2.2. Poorly washed biomicrite (rudstone)
This predominate microfacies is well exposed, for example, in

the Terbüzek section (Fig. 10b, log 1: nos. 20, 21, 22, 23a, 24, 25,
26, 27 29, 30), where it comprises coarse (>2 mm) bioclastic mate-
rial, with a mainly sparitic cement. Subordinate micritic material is
locally altered to microspar. Drusy sparite infills primary porosity,
as seen particularly within bioclastic material. Bioclasts include
large benthic foraminifera, small benthic foraminifera and also rare
planktic foraminifera. In some cases, the foraminifera are pref-
erentially orientated parallel to their long axes (Fig. 15h).
Ostracod, echinoid and bivalves are common, whereas coralline
algae and sponge fragments are also locally present (e.g. sample
20; Fig. 10b, log 4). Intraclasts include peloids and grapestones,
and also reworked micritic limestone. Much of the bioclastic mate-
rial exhibits micritic envelopes (i.e. cortoids).

A small extraclast component (mostly 0–5%) mainly consists of
serpentinite, altered plagioclase, basalt, biotite schist, partly
rescrystallised quartzose sandstone, micritic limestone and radio-
larian chert. Many of the detrital grains, including the chert, are
moderately to very well rounded. Glauconite is rarely observed.
Some radiolarian tests have been individually reworked. Echinoid
fragments typically exhibit optically continuous overgrowths.
Opaque mineral (pyrite or hematite) is rarely present. In addition,
micrite within one sample (Fig. 10b, log 4, no. 29) shows evidence
for the selective removal of small euhedral crystals, possibly dolo-
mite. A sample from the highest levels of the formation (Fig. 10b,
log 4, no. 30) is unusually well sorted with well-rounded detrital
grains (Fig. 15i).

8.2.3. Poorly washed biosparite (packstone)
A wide variety of bioclastic material (Fig. 15j), both micritic and

sparite, forms the groundmass (e.g. Fig. 10d, log 16 , no. 64). Mostly
angular fragments of ostracods, echinoids, bryozoans, coralline
algae and large benthic foraminifera, plus intraclasts are identifi-
able. Intact planktic and benthic foraminifera are abundant,
whereas extraclastic detritus is minimal. The groundmass is com-
monly micritised and partially recrystallised to equigranular, euhe-
dral calcite (e.g. Fig. 10d, log 16 , no. 65). Individual samples vary
considerable in the degree of reworking, sorting and fragmentation
of the lithoclastics, also in the relative abundance of planktic fora-
minifera (e.g. Alidamı section; Fig. 10d, log 18, nos. 14/6-8).



Fig. 17. Key tectono-stratigraphical relationships in Area B, �55 km east of the Area A. (a) Outline geological map (adapted from MTA, 2002); (b) unusually thick and
complete succession extending from the Mesozoic Karadut Complex below, to (and including) the Eocene Hoya Formation above; (c) comparable succession �2.5 km further
east. The well-exposed Gercüs� Formation is transgressively overlain by dolomitic carbonates at the base of the Hoya Formation; (d) plan view of an inaccessible cliff section
�1 km E of the measured section (Salik, which is close to Kan Pn.). Note the infilled channels within the upper member of the Germav Formation (Palaeocene), also the
composite nature of the Lower to Mid-Eocene succession (Hoya Formation).
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8.2.4. Rounded biosparite (grainstone)
Well-sorted grainstone (grains mostly 0.5–2 mm) is rich (�42%)

in subrounded, high-sphericity intraclasts. Although micritised, the
grains retain internal structures, as shown by the presence of
ostracod fragments. There are also lithic fragments (�7%), includ-
ing basalt, arenite, chert, internal sparite with external micritic
envelopes (cortoids) (6%), echinoid plates and spines (with opti-
cally continuous sparite overgrowths) (3%) bivalve fragments
(1%) and sub-rounded intraclasts of laminated mudstone. The
arenites contain both monocrystalline and polycrystalline quartz
set in a fine matrix. Inhomogeneous, subhedral, granular-type
cement is seen to infill much of the porosity, whereas any relict
micrite has been altered to microspar.

8.3. Interpretation

Overall, the Besni Formation is interpreted as a gently south-
ward-dipping carbonate ramp, which was influenced by local



A. Robertson et al. / Journal of Asian Earth Sciences 115 (2016) 571–616 595
topographical irregularities. By Mid-Maastrichtian time when the
Besni Formation began to accumulate the topography had become
subdued by a combination of erosion of the allochthon to the north
and infill of the marine basin to the south. Much of the area studied
was under a shallow-sea, characterised by coralgal patch reefs,
rudist-mounds and other more dispersed neritic biota. The forma-
tion appears to be thin and unusually clastic rich in the centre-
north of the area, although the upper levels are likely to have been
eroded. Where present, the unusually stratified limestones may
reflect the infill of local seafloor irregularities, possibly caused by
submarine faulting. In addition the presence of an intact succession
of Besni Formation in the far northeast of the area (near Recepköy;
Fig. 14 bi–bii) indicates that the initially exposed allochthon was
later transgressed by a shallow sea.

The sparite cement forming much of the groundmass (35%) pre-
cipitated in a marine shoal environment. Current-reworking is sug-
gested by the sparcity of micrite, the fragmentary nature of the
bioclastic material and the occasional evidence of flow orientation
within predominant poorly washed biomicrite. The rudstones
formed under moderate, to high-energy conditions. The rounded
biosparite (grainstone) is indicative of current sorting. The more
planktic foraminifera-rich microfacies appear to have accumulated
in a somewhat deeper, open-marine shelf setting, together with
transported and current-sorted shallow-marine bioclastic material.

Current reworking to form bioclastic accumulations (e.g. shell
hash) is most evident at the top of the formation in several sec-
tions. There is also some evidence of precipitation of ferruginous
crusts and nodules, which reflect a hiatus in deposition (e.g.
Tas�lıyazı section).

9. Upper Maastrichtian–Late Palaeocene Germav Formation

The Germav Formation is widely distributed throughout SE
Turkey, including the areas studied. The type section (>676 m
thick) is located far to the east of the study region, at Germav vil-
lage, 40 km east of Batman (Gercüs�) (Maxson, 1936; Bolgi, 1960).
The succession there begins with grayish mudrock with marls
and passes into mudrock–sandstone alternations.

The Germav Formation is divisible into two contrasting inter-
vals, here informally termed the lower member and the upper
member. The lower member is dated as latest Maastrichtian, while
the upper member is Palaeocene. However, the Germav Formation
may extend into the Eocene in sections where overlying non-mar-
ine facies of the Gercüs� Formation are absent (see below). The two
members are particularly well exposed along a several-kilometre-
long escarpment in the easterly area (see Fig. 17), also within a
�20 km continuous outcrop in the eastern part of the main, west-
erly (Fig. 18) and also further west in the same area (near
Damdırmaz; Fig. 9).

9.1. Latest Maastrichtian lower member of Germav Formation

9.1.1. Facies
Where the Besni Formation is exposed, the base of the Germav

Formation is marked by an abrupt change from neritic carbonates
to pale marl or mudrock containing abundant planktic microfossils
(e.g. Globotruncanids). In some places, there is a thin transitional
interval (<1 m) made up of relatively well-lithified, impure silty
limestone, nodular limestone, or reworked bioclastic material
(e.g. Fig. 16, log c).

Where well exposed, as in the westerly area (near Karadut;
Fig. 17a–d), the lowest part of the succession (�30 m thick) is pre-
dominantly marl with thin calcareous siltstone interbeds.
Homogenous, grey muddy and silty marls follow, interspersed
with occasional thin (<0.15 m), graded beds of fine-grained sand-
stone or siltstone. These fine clastic sediments are burrowed and
locally contain tiny marl rip-up clasts (<1 cm). Small (<1 cm),
loaded groove casts are present at the base of some individual
beds.

Upwards, there is an incoming of darker grey, calcareous silt-
stone/grainstone, in beds up to 0.5 m thick. Mudstone interlayers
occur at approximately 10 m-spaced intervals. The graded sand-
stone beds thicken and coarsen upwards, individually to �2.6 m.
The thicker sandstone beds are lenticular for distances of up to
8 m laterally. The uppermost graded sandstones contain abundant
mudstone rip-up clasts (up to several centimetres in size). The
well-stratified sequence is terminated by an irregular scoured sur-
face, which marks the base of the upper member of the Germav
Formation.

Similar facies characterise the eastern part of the main study
area (Area A). For example, at Çamlıca the base of the Germav
Formation is marked by an abrupt appearance of marl, with sparse
sandstone interbeds (<0.9 m thick). The sandstones contain debris
from the Koçali Complex (e.g. chert, pelagic limestone), together
with scattered shell fragments (Fig. 18a and c). Further west, near
Köseli-Yeniköy (Fig. 10c, log 11) the Besni Formation is directly
overlain by soft grey marl (�80 m thick) marking the base of the
Gemav Formation; this sediment is remarkably homogenous
except for very rare bioclastic packstone interbeds (<30 cm thick).
Further west again, near Tas�lıyayla (Fig. 10b, log 4), the Besni
Formation is overlain by marls at the base of the Germav
Fomation; these are interbedded with lenticular, graded pack-
stones (<individually 15 m thick) (Fig. 13b). Further south, in the
vicinity of Besni (Fig. 10a, log 1 and 10c, log 9), the Besni
Formation is overlain by marls (�15 m thick) that include blocks
and debris of neritic, coral-rich limestone (Fig. 10c, log 9).

9.1.2. Microfacies
The lower member of the Germav Formation is unusually

diverse in microfacies as detailed below.

9.1.2.1. Packstone. The basal sediments, as seen in the Tas�lıyazı sec-
tion (Fig. 10b, log 4, no. 31), are dominated by planktic foraminifera
(�80%). There are also subordinate benthic foraminifera and sparse
ostracods fragments. Some micritic matrix is present, plus a mixed,
sparite–silica cement. Extraclasts are mainly serpentinite, chert
and muscovite, together with rounded micritic clasts (possible
peloids). Opaque minerals (pyrite or heamatite) partly infill occa-
sional foraminiferal tests and partial silicification has taken place.

9.1.2.2. Foraminiferal sparse biomicrite. Biomicrites (marls) rich in
planktic foraminifera (e.g. Globotruncana sp.) dominate the fine-
grained background sediments, as locally exposed near the base
of the formation (e.g. near Akçatepe; Fig. 10a, log 3, nos. 150–
153). Similar microfacies are exposed in the Köseli-Yeniköy section
(Fig. 10c, log 11, no. 188). A minor lithic component (0–5%)
includes silt-sized grains of chert and serpentinite. Glauconite
and opaque minerals (haematite?) are present. Bioclasts are
mainly a mix of benthic and planktic foraminifer plus fragmentary
thin-walled ostracods. A similar facies forms much of the Germav
Formation in the southeast of the area, near Belören (Fig. 10c, log
7, no. 263). These carbonates have a micrite matrix with 0–5%
silt-sized lithic fragments (chert and serpentinite). Glauconite
and opaque minerals (probably haematite) are also present.
Bioclasts are primarily a mix of plantktic foraminifera including
abundant heterohelicids and some globotrucanids, plus fragmen-
tary ostracods.

9.1.2.3. Packed foraminiferal biomicrite (wackestone). This microfa-
cies dominates the lower levels of the succession, as seen in Area
B (Salik; Fig. 10d, log 6; nos. 66–74). Benthic and planktic forami-
nifera, including Globotruncana sp. and Heterohelix sp., are strewn



Fig. 18. Key tectono-stratigraphic relationships in the centre east of the main area (Area A) in the vicinity of the village of Bahçe (type section of the Beni Formation of
Perinçek, 1978). (a) Outline geological map; (b) this shows that the Mid–Late Besni Formation is unconformably overlain by well-bedded mudstones with sandy limestone
interbeds (gravity flows) in the upper part, belonging to the Maastrichtian–Palaeocene Germav Formation. The Eocene Hoya Formation occurs transgressively above; (c) the
lower part of the succession is similar to b, but there is a distinctive upper unit of the Germav Formation (Palaeocene) that is characterised by channelised gravity flows and
then an incoming of reddish coloured, non-marine clastic sediments of the Early Eocene Gerçüs Formation; (d) A representative complete section including all of the main
units of the Late Maastrichtian to Early–Mid Eocene succession; (e) the succession is expanded with a relatively thick upper member of the Germav Formation and an
unusually thick non-marine Gercüs� Formation, both reflecting clastic sediment input. (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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through a micritic matrix, with sparite infilling porosity. Small
ostracod fragments and occasional echinoid fragments are present,
together with silt-sized extraclasts (e.g. serpentinite). Opaque min-
eral (haematite or pyrite) occurs within the matrix and partially
infills foraminiferal tests.

9.1.2.4. Packed biomicrite. Packed biomicrite, (forming thin inter-
beds of graded siltstone within marl) has undergone significant
recrystallisation to microspar (e.g. Köseli-Yeniköy section;
Fig. 10c, log 11, nos. 190, 192a, 193). Sparite infills primary poros-
ity and also replaces aragonite bioclasts. Bioclasts include abun-
dant small planktic foraminifera (Fig. 15e), fragmentary material
(bivalves, echinoids, ostracods, bryozoa, sponges) and coralline
red algae (with filamentous and branching habits) and also
Dasycladacean algae. Peloids are occasionally present, as are extra-
clasts of serpentinite, chert, quartz and serpentinite.

9.1.2.5. Calcareous litharenite. Litharenite characterises the higher
levels of the lower member. For example, in Area B (Kan Pn. sec-
tion; Fig. 10d, log 16 ; nos. 70, 72), the litharenites contain well-
sorted, subangular clasts, with common fragmentary bivalves,
together with echinoid plates and spines and also benthic forami-
nifera. Lithic clasts, which are commonly rounded, are mostly ser-
pentinite, opaque minerals, chert, basalt, plagioclase, muscovite,
rare quartzose sandstone and intraclasts. Glauconite is also com-
mon. Microspar and sparite cements are generally present plus a
minor micrite matrix.

9.1.3. Interpretation
The base of the Germav Formation was marked by a sudden

deepening, as best evidenced in the far southwest of the area (W
of Belören; Fig. 3), where the allochthon is directly overlain by
marl. Elsewhere, there is a sudden appearance of fine-grained silty
marl above the Besni Formation. The predominance of planktic
over benthic foraminifera suggests moderately deep-water condi-
tions (hundreds of metres). Fine-grained bioclastic sediment
(packed biomicrite) was occasionally introduced in the form of
low-density turbidity currents. The sediment was derived from a
carbonate slope or shelf presumably to the north, where benthic
foraminifera thrived. The uniform nature of the marls in many
areas suggests a relatively stable setting, possibly on a gently
southward sloping mid to outer ramp. The presence of thickening-
and coarsening-upward sequences of terrigenous turbidites, as
seen in the eastern area, indicates shallowing and tectonic instabil-
ity towards the top of the lower member. Lenticular turbidites
accumulated in shallow channels, bordered by finer grained over-
bank deposits.

9.2. Palaeocene–Eocene(?) upper member of Germav Formation

The base of the upper member is characterised by an abrupt
change from marls, mudrocks and graded sandstone/siltstones to
more variable, coarser, lenticular facies. In many sections, the con-
tact is defined by a scoured, subaqueous erosion surface (e.g. Area
B; Fig. 10d, log 16). The upper member of the Germav Formation
shows strong facies variation and several specific microfacies,
which allow palaeoenvionments to be inferred in detail.

9.2.1. Facies description
Where well exposed, as in Area B in the east, the upper unit is

characterised by sedimentary lenses that are infilled with graded,
bioclastic calcarenites and/or matrix-supported calcirudites.
Individual clastic lenses are interbedded with calcareous mudrocks
or marl (Fig. 17a–d). The lowest lenses cut down into the underly-
ing lower member of the Germav Formation (Fig. 19g).
Similar facies characterise the eastern part of the main, westerly
study area. The thickness, size and abundance of the redeposited
facies vary from section to section (Fig. 18a–e). In the east (e.g. near
Çamlıca; Fig. 18c) the base of the upper member is marked by rela-
tively thick lenses of bioclastic limestone with bioclastic debris,
including rudist bivalves and benthic foraminifera, interbedded
with silty marl. Lenticular calcite-cemented sandstones and con-
glomerates appear above this (�2.5 m thick), rich in benthic fora-
minifera and small, reworked chert pebbles (see Fig. 10c, log 12).
Further northwest (�5 km; near Ağıllı; Fig. 10c, log 13), the upper
member begins with lenticular matrix-supported calcirudites
(�3.5 m thick), with well-rounded clasts of limestone (<30 cm in
size), followed by bioclastic sandstones.

In the central south of the area, Köseli-Yeniköy area (Fig. 10c,
log 11), a gradual passage is observed from marl, with thin-bedded
partly silicified packstones, to thick-bedded flaggy chalk, with
well-cemented bioclastic layers (Fig. 19b). Nodular chert of diage-
netic replacement origin is locally present. The succession grades
into thick-bedded lenticular limestones with small Nummulites,
intercalated with silty marl and thin-to medium-bedded pack-
stones. Individual limestone lenses, up to 5.5 m thick by >100 m
long, exhibit sharp bases and are internally massive. Interbedded
packstones are well sorted and contain chert nodules in the upper
parts of some individual beds. The uppermost limestones are
flaggy-bedded with chalky limestone partings every 1–3 m. These
limestones are rich in bioclastic debris and contain scattered detri-
tal grains (e.g. chert and basalt). Further south, on the southern
side of the Göksu River (N of S�ambayat; GR 5943 74017; Fig. 9),
marl is interspersed with lenticular carbonate sediments (individu-
ally up to 45 m thick). The lenses are infilled with marl and poorly
lithified limestone, in beds up to 1 m thick. A similar sequence
characterises the escarpment of the Gedirge Dağları, extending
for >14 km along strike (e.g. Figs. 9 and 13c).

Contrasting successions are present to the southwest, near
Besni, and also near Old Besni, 2.5 km further south (Fig. 13d, e ).
In this area the distinction between lower and upper members of
the Germav Formation is much less clear, based on facies, because
coarse reworked debris-flow deposits are present throughout the
succession.

Near Besni, the lower part of the Germav Formation (above the
Kastel Formation; see Fig. 10c; log 9) comprises calcareous mud-
stone and marl, interbedded with graded limestones and matrix-
supported calcirudites (<0.8 m thick). Individual matrix-supported
conglomerates exhibit scoured bases and abundant bioclastic deb-
ris, including blocks of grey mudstone (up to 0.4 m in size). One
clast (no. 206) contains Late Maastrichtian foraminifera typical of
the Besni Formation. The section continues with soft grey calcare-
ous marl and chalk (8 m), followed by calcarenites with scoured
bases rich in small Nummulites. Additional marls, lenticular
matrix-supported conglomerates (<3.5 m thick) and more laterally
continuous, graded calcarenites occur above this.

Contrasting successions are exposed on the opposing flanks of a
large anticline (<0.5 km across) in the vicinity of Old Besni (1 km S
of Besni). The sequence on the northern limb of the anticline
(Fig. 13d) begins with medium- to thick-bedded rubbly packstone
with muddy partings and is correlated with the Besni Formation.
The succession above, which is correlated with the Germav
Formation, includes graded calcarenites, matrix-supported carbon-
ate debris-flow deposits and slumps. Well-rounded pebbles
include abundant red chert. In contrast, on the southern limb of
the anticline, the succession overlies the Kastel Formation directly
(Fig. 10c, log 8; Fig. 13e) and begins with rubbly packstone (�10 m
thick) and bioclastic limestones (in beds <0.45 m thick), containing
large shells and benthic foraminifera. The sequence continues with
thick-bedded packstone (�6.5 m thick), in beds <0.35 m thick,
locally disturbed by southward-directed slumping. Overlying



Fig. 19. Field photographs. (a) Debris flow; limestone clasts in a chalky matrix; Palaeocene upper member of Germav Formation; NE of Besni (Fig. 10 c, log 11); (b) thickening
and coarsening-upward sequence of redeposited bioclastic limestones; upper member of the Germav Formation; Köseli-Yeniköy Fig. (10c, log 11); (c) conglomerate/
sandstone lens (channel) in sequence of terrigenous clastic gravity flows and mudrocks; Germav Formation, 2 km NE of Damdırmaz; Damdırmaz S section; see Fig. 10c log
14); (d) Block of Upper Cretaceous limestone including debris of rudist bivalves from within a mass-flow unit; Germav Formation (0.5 km NNE of Damdırmaz); (e) slumped
sequence of terrigenous clastic gravity flows and mudrocks; Germav Formation (0.4 km NNE of Damdırmaz); (f) loaded flute casts in an overturned beds of turbiditic
sandstone; Germav Formation (2.5 km NE of Damdırmaz; Damdırmaz S section; see Fig. 10c, log 14). (g) Redeposited carbonate steeply downcut into mudrocks and
sandstone turbidites; base of the upper member of the Germav Formation; from Area B (near Kan Pn. ; see Fig. 10d, log 16); (h) upper part of an escarpment made up of the
Lower Eocene Gercüs� Formation, overlying the Germav Formation with the Maastrichtian limestone of the Besni Formation in the foreland; Çamlıca area, western part of Area
A; (i) Braided alluvial fan conglomerates (reddish coloured) with sub-vertical pipe-like caliche; Gercüs� Formation; Section near Çamlıca; (j) poorly sorted conglomerate from
the Gercüs� Formation. The moderately to well-rounded clasts were derived from the emplaced allochthonous rocks in the area (e.g. pelagic limestone); escarpment near Salik,
Area B; Fig. 10d, log 16); (k) S-directed foreset bedding in the Gercüs� Formation; NW of Belören; part of a large-scale braided alluvial fan; (l) view of the Early–Middle Eocene
Hoya Formation forming the upper part of the escarpment. This formation is transgressive on the Gercüs� Formation (here thin), with the Upper Maastrichtian–Palaeocene
Germav Formation below, then neritic limestone of the Upper Maastrichtian Besni Formation in the middle foreground; near Bahçe area; E of study Area A. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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lenticular channels (<6 m thick individually) are full of limestone
debris with abundant small benthic foraminifera, together with
graded limestones (up to15 m-thick units). Overlying pebbly marls
and graded packstones (<3.5 m thick) are deformed into S-facing
slump folds. A clast of micritic limestone from near the top of
the redeposited succession (Fig. 10c, log 8, no. 210) includes ben-
thic and planktic foraminifera; i.e. Discocyclina (?), Asterocyclina
sp. and Globigerinatheka sp. (also ostracods), of inferred Middle
Eocene age. The top of the Germav Formation may, therefore,
extend into the Middle Eocene in this marine succession.

Contrasting facies equivalents of the upper member of the
Germav Formation are exceptionally well exposed in the centre-
north of the area, in the vicinity of Damdırmaz (Fig. 9). Different
sequences are exposed on the northern versus the southern limb
of a kilometre-scale, �E–W-trending fold that plunges gently
northwards. The northern limb is the right way up and youngs
northwards, whereas the southern limb is steeply dipping to
slightly inverted and youngs southwards.

The succession in the northern fold limb is well exposed in a
stream section (Bayıl Dere) �300 m to the east of the road running
northwards from Damdırmaz (Fig. 10c, log 15). The upper member
begins with a major unit of conglomerates, up to 36 m thick, which
is scoured into grey siltstone/mudstone beneath (correlated with
the lower member of the Germav Formation). The basal con-
glomerate grades upwards through sandy pebblestone into pebble-
stone, with rare clast imbrication, and then into massive
pebblestone and thick-bedded sandstone. Within the lens, rounded
clasts of limestone and chert (<25 cm in size) are set within a sandy
calcareous matrix. The limestone clasts include pale sparite, simi-
lar to some lithofacies of the Besni Formation. Higher levels of



A. Robertson et al. / Journal of Asian Earth Sciences 115 (2016) 571–616 599
the succession on the northern limb are exposed further north. This
includes a second major coarse clastic lens (40 m thick � <80 m
wide), which contains well-rounded clasts (mostly <20 cm in size),
dominantly chert and limestone. There are also outsized, angular
limestone clasts, up to 2 m in size. Additional lenticular, chan-
nelised sandstones occur above this (up to 10 m thick � 50 m lat-
erally; see Fig. 10c, log 15). The succession as a whole culminates
in laterally continuous, graded limestones, sandstones and
conglomerates.

The succession on the adjacent southern fold limb can be
restored from outcrops further south, along the same stream sec-
tion, coupled with exposures along the road running northwards
from Damdırmaz (�0.4 km to the east). The road section exposes
the lower levels of the succession, whereas the mid to higher levels
are exposed along the stream section (Fig. 10c, log 14). In the
stream section, above a poorly exposed base, the succession begins
with intercalations of thin, medium to thick-bedded sandstones
and mudstones. Calcareous mudstones are rich in trace fossils
(e.g. Thalassinoides). Lenticular graded, but poorly sorted con-
glomerates occur in beds up to several metres thick, with clasts
up to 0.25 m in size. Loaded flute casts occur on the base of some
beds (Fig. 19c; f). Slump folds are conspicuous. Rubbly, lenticular,
bioturbated limestones, with scattered dark-coloured chert peb-
bles appear above this. The overlying succession includes lenticular
limestone conglomerates (individually up to 8 m thick � <100 m
wide), with sub-rounded clasts (up to 15 cm in size), rich in coral
debris and microbial limestone, also interbeds of soft grey marl
and rhodolithic packstone. The conglomerates pass into mudstones
and sandstones, with more evidence of slumping.

In the adjacent road section, the base of the section uncon-
formably overlies the allochthon, which is steeply dipping to strati-
graphically inverted (GR 6770 86596). Mudrock and siltstone
(<�130 m thick), are overlain by well-bedded sandstones, cal-
carenites, mudstones and marl. Detached blocks of neritic lime-
stone (<0.5 m thick), lithologies similar of the Besni Formation,
occur within mudrocks near the base of the succession. The succes-
sion continues with mudstones, graded sandstones and matrix-
supported conglomerate (individually <3.5 m thick). Graded cal-
carenite lenses (up to 8 m thick � 100 m long) contain neritic lime-
stone clasts (<0.35 m in size). Slumping is spectacularly developed
within a 100 m-thick interval (Fig. 19e), where there are also
numerous detached blocks of neritic limestone (<50 cm in size)
(Fig. 19d). Several of the slumps are south or SW verging.

The upper member of the Germav Formation as a whole encom-
passes many of the facies types designated by Pickering et al.
(1989). These include Facies A, both as Facies A1: Disorganised
gravels, muddy gravels, gravelly muds and pebbly sand and as
Facies A2: Organised gravels and pebbly sands; Facies B1: Thick to
medium bedded disorganised sands and facies (e.g. B2.1 Parallel-
stratified sands); Facies D1: Disorganised silts and silty muds;
Facies D2: Organised silts and muddy silts; Facies E (e.g.
Disorganised muds and clays). Facies F: Chaotic deposits (e.g. F1.1:
Rubble; F2: Contorted/disturbed strata (i.e. F2.1 Coherent folded and
contorted strata; F2.2 Brecciated and balled strata).

9.2.2. Microfacies
Mirroring the diversity of outcrop-scale facies, a wide range of

microfacies is present in the upperunit of the Germav Formation,
as follows

9.2.2.1. Algal/microbial boundstone. This occurs as redeposited
clasts within the lenticular bioclastic limestones, for example, near
the base of the upper member in Area B (Fig. 10d, log 16, nos. 71,
72, 74; Area B). Primary micrite has a peloidal, clotted texture,
through which are strewn fragmented ostracods and echinoid
spines, foraminifera and calcispheres. This material is bound by
layers of an open-framework calcareous algae and coralline red
algae, which exhibit borings and encrusting microbial envelopes,
foraminifera and serpulid worm tubes (Fig. 15g). Fragmentary
coral bioclasts are incorporated into the encrustations. In one sam-
ple (no. 74), there is a large composite oncoid, made up of a sponge
core with an external coralline algal encrustation (binding several
nuclei together). Encrusting foraminifera are present within the
encrustation, together with a gastropod (Fig. 15g). The matrix con-
tains abundant fragmented bioclastic material consisting of ostra-
cods, benthic foraminifera (Rotalia sp.) and bryozoa within a
micritic matrix. A minor silciclastic component is also present.

9.2.2.2. Poorly washed biomicrite (rudstone). Sections in the Besni
area (Fig. 10c, log 9; e.g. sample 206), include clasts of rudstone
that contain large benthic foraminifera (mainly Alveolina sp.).
There are also abundant fragments of Dasyclad green algae, small
gastropods and coral fragments, other benthic foraminifera, echi-
noid and bivalve fragments, intraclasts and peloids (Fig. 15f). The
micritic matrix is typically rich in planktic foraminifera and
reworked fragments of large benthic foraminifera. A clast from
the Besni area is rich in branching and encrusting coralline algae
with associated encrusting foraminifera, large and smaller benthic
foraminifera; there are also planktic foraminifera, thick-walled
ostracods, fragmentary dasycladacean algae, gastropods, bivalves,
echinoderms and bryozoa. Peloids are present within a micrite
matrix. Shells are recrystallised and porosity is infilled with
sparite.

9.2.2.3. Rudstone and floastone. Rudstones are common in many
sections (e.g. Damdırmaz sections; Fig. 10c, logs 14, 15; nos. 158,
160, 161, 162, 164, 166, 167, 168, 169, 171, 184; Köseli-Yeniköy
section; Fig. 10c, log 11). Bioclastic components typically domi-
nate, with fragmented coralline red algae of variable morphology
(encrusting, branching, filamentous), bivalve fragments and ser-
pulid worm tubes. Several samples (e.g. nos. 168, 171) include
numerous flow-aligned large benthic foraminifera. Planktic fora-
minifera are absent, sparse (e.g. nos. 164, 165, 166, 169), or locally
common in the matrix. Lithic material (e.g. chert or serpentinite) is
rare or absent in most samples. However, a sample from low in the
succession (near Akçatepe; no. 141) includes serpentinite, chert,
and minor plagioclase and basalt. Dolomite crystals are present
in some slides (e.g. Fig. 10c, no. 166). In one sample (no. 161) rho-
doids show evidence of boring and encrustation by foraminifera,
while the core of one rhodoid is formed from a sponge fragment.

Comparable rudstones are present elsewhere, for example as
lenticular units near the top of the succession at Çamlıca
(Fig. 10c, log 12; samples 230a and 232). The benthic foraminifera
S. calcitrapoides and O. macroporus are present as both adult and
juvenile forms (M. Hart, personal communication, 2011). In addi-
tion, there are also echinoid fragments (with optically continuous
sparite overgrowths), bivalves, calcispheres and abundant frag-
mental material. Extraclastic components are mainly serpentinite,
quartz, variably recrystallised chert, plagioclase, mica, altered
basalt, chlorite, plus reworked radiolarians. A micritic matrix is
variably present around the clasts, together with sparite cement.
Opaque mineral grains are locally present.

In the far north of the area, where the Germav Formation
unconformably overlies the Koçali Complex (Hacıyusuf Tepe;
Fig. 14ai–aii) the base of the sequence is characterised by rud-
stones. Fragmented bioclasts (>2 mm) include the Maastrichtian
genera Siderolites and Omphalocyclus. Moderately sorted and some-
what abraded echinoderm fragments are also abundant, plus addi-
tional small fragmentary bioclastic grains. Extraclasts are mainly
chert and opaque minerals. The matrix is unusually iron-rich (hae-
matite?), resulting in an orange-red colour and occasional iron
staining of sparite crystals that infil or replace bioclasts.
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9.2.2.4. Packed biomicrite. Similar to the rudstones, this microfacies
includes Ostrea sp., benthic and encrusting foraminifera, large ben-
thic foraminifera (e.g. Nummulites sp., Discocyclina sp.), gastropods,
echinoid plates and spines, bryozoa, sponges, filamentous and
branching coralline algae, phylloid algae, coral, ostracods, calci-
spheres and intraclasts (Fig. 10c, log 15, nos. 165, 172). The matrix
commonly shows an irregular texture suggesting that peloids were
once present or that there was a microbial influence on micrite
formation.

A similar microfacies was noted in the Köseli-Yeniköy section
(Fig. 10c, log 11, nos. 190, 192a, 193, 199). Diverse bioclasts consist
of both large and small benthic foraminifera, planktic foraminifera,
bioclasts (bivalves, echinoids, ostracods, bryozoa, sponge) and cor-
alline red algae (with filamentous and branching habits) and also
Dasycladacean algae. Peloids are occasionally present, as are extra-
clasts of serpentinite and chert. A micrite matrix has undergone
significant recrystallisation to microspar, with sparite infilling pri-
mary porosity and replacing aragonite bioclasts.

9.2.2.5. Sparse biomicrite. Diverse bioclastic and lithic components
are present, as seen in the Damdırmaz S section (Fig. 10c, log 14,
nos. 154 and 170), the Damdırmaz N section (Fig. 10c, log 15, no.
184) and the Belören section (Fig. 10c log 7 no. 263). Coralline
red algae are present as fragments of branching forms. There are
also rhodoliths associated with encrusting foraminifera. Planktic
and benthic foraminifera, ostracods, gastropods, bivalve and echi-
noids fragments are widespread. The lithic component is mainly
radiolarian chert, serpentinite and opaque plus rare basalt clasts.

9.2.2.6. Peri-reef biofacies. Rud–boundstones (log 10c, log 14, no.
161; and log 10c, log 15, no. 184) exhibit coral and sponge frag-
ments, which are encrusted by calcareous algae, coralline red algae
and also encrusting foraminifera. Spar-filled cavities with flat bases
represent fenestrae or similar voids. One slide (Fig. 10c, log 14, no.
167) is dominated by relatively fine-grained (<2 mm) fragments of
coralline algae, particularly thin filamentous morphologies,
together with other common bioclasts and serpulid worm casts.
Another sample (sample 165; same section) has a micritic matrix
exhibiting micritisation of many bioclasts (e.g. sponges, benthic
and planktic foraminifera, fragments of branching coralline algae,
Dasycladacean algae and echinoid fragments.

9.2.2.7. Foraminiferal sparse biomicrite. One sample from the S
Damdırmaz section (Fig. 10c, log 14, no. 170) contains mostly
planktic foraminifera and also fragments of thin-walled ostracods.
A micrite matrix has undergone some alterations with the forma-
tion of authigenic quartz (chert). Circular shapes are likely to be
replaced radiolarians. Glauconite is also present.

9.2.2.8. Extraclastic micrite. One sample from the Çamlıca section
(Fig. 10c, log 12, no. 229) is composed of dolomitised micrite, with
serpentinite clasts and also possible foraminifera.

9.2.3. Interpretation
The upper member of the Germav Formation is indicative of a

drastic change from a relatively stable open-shelf setting, repre-
sented by the lower to mid parts of the lower member to much
higher-energy marginal-marine to shallow-marine settings.

The lenticular units, as exposed in many sections, especially the
N and S Damdırmaz sections, represent variably sized submarine
channels that were infilled with redeposited material, mainly bio-
clastic detritus. The graded calcarenites are interpreted as calcitur-
bidites. The matrix-supported conglomerates that show local
reverse grading are interpreted as debris-flow deposits. Slumping
is indicative of unstable slopes, with generally southwards sedi-
ment transport.
The north and south fold limbs north of Damdırmaz, taken
together, allow the three-dimensional morphology of a submarine
channel system to be determined on a scale of several kilometres
long by several hundred metres wide. The modern stream valley
approximately coincides with the former channel axis (�N–S),
while the road sections to the west expose related overbank depos-
its. The largest channels, as exposed in the northerly section, have
been infilled by generally thinning- and fining-upward sequences
of debris-flow deposits and calciturbidites. These channels were
cut into an unstable bank that repeatedly slumped. The channels
were infilled with high-density gravity flows, as seen in the south-
erly Damdırmaz section. Although numerous, these channels were
generally smaller and the deposits finer grained than those in the
north, consistent with southward palaeoflow.

Many of the sections (e.g. around Besni and north of
Damdırmaz) include abundant clasts of neritic limestone that are
correlated with the Maastrichtian Besni Formation. In the north
(e.g. Damdırmaz sections) the source material includes abundant
clastic debris derived from the allochthon, although the inferred
land source is not exposed. The frequent admixture of angular
and rounded debris points to mixing of different detrital sediment
populations that underwent different amounts of reworking before
final deposition.

The microfacies evidence additionally shows that much of the
bioclastic material was derived from a marine peri-reef setting,
characterised by a distinctive assemblage of large foraminifera.
The presence of Alveolina sp., and Dasyclad algal fragments, com-
bined with other bioclastic components, is characteristic of lagoo-
nal conditions. The additional presence of intraclasts and peloids is
suggestive of higher energy conditions, consistent with deposition
on the leeward shoal of a shallow marine shelf. Shelf to upper slope
settings also contributed some carbonate sediment (e.g. encrusting
species), where planktonic foraminifera were rare. Redeposition
onto a mid-slope setting as part of larger scale south-sloping ramp
is also suggested by the combined presence of both planktic and
benthic foraminifera in some samples.

In the Damdırmaz area the channel system widened south-
wards, shallowed and was finally infilled by mostly bioclastic grav-
ity flows containing large benthic foraminifera of Early Eocene age
(e.g. Damdrmaz S section; no. 172).
10. Mid–Upper Palaeocene Belveren Formation

10.1. Facies and microfacies

Although only locally deposited in the southwest of the main
study area, the Belveren Formation provides additional insights
into regional palaeo-environments during Palaeocene time. The
type section is located in the far southwest of the main study area,
15 km south of Belören village (Fig. 3) (Wilson and
Krummennacher, 1959). The formation was orginally described
as light-brown algal (microbial) limestone with chert nodules
and thin- to medium-bedded limestone with benthic foraminifera.
The thickness was quoted as ranging from 25 to 245 m.

In the type area, near Belören (�Belveren), the Germav
Formation passes upwards into limestones of the Belveren
Formation, which are rich in microbial (algal) carbonate
(Fig. 20b). The Belveren Formation unconformably overlies the
Mesozoic allochthon in some places. The formation typically
begins with a thin (<1 m), basal conglomerate made up of locally
derived clastic material. Above, come fine-grained nodular, sty-
lolitic limestones, rich in chert of diagenetic replacement origin
(e.g. 0.5 km W of Belören; Fig. 20b) (GR 73894 66657). Elsewhere
in the area, the formation overlies grey marl of the Germav
Formation (Fig. 10c, log 7). Microbially laminated packstone



Fig. 20. Upper Palaeocene Belveren Formation, which is developed within the study areas only in the southwest of the main area (near Belören �Belveren). (a) Outline
geological map; (b) profile. In this area the Mid–Late Maastrichtian Besni Formation is absent and the argillaceous sediments of the latest Maastrichtian–Palaeocene Germav
Formation rest unconformably on allochthonous Mesozoic rocks (Karadut Compex). Microbial carbonates of the Mid–Late Palaeocene Belveren Formation overlie the Germav
Formation and are, in turn, overlain by alluvial clastics of the Early Eocene Gercüs� Formation.
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dominates (�25 m thick), rich in neritic fossils (e.g. gastropods).
These carbonates are commonly dolomitic, or brecciated. The
microbial carbonates are capped by a pebblestone, which marks
the base of the Eocene Gercüs� Formation.

In the east of its outcrop (W of Besni) the Belveren Formation
passes laterally into the Germav Formation (Yalçın, 1976; Herece,
2008; this study). In this area (5 km W of Besni; Fig. 3; GR 93169
74708), marls and muddy chalks of the Germav Formation pass
upwards into relatively coarse grained, to conglomeratic pack-
stones. These sediments are rich in benthic foraminifera and shell
debris, in beds up to 4 m thick. The succession passes upwards into
well-lithified, thick-bedded whitish or pinkish limestone, rich in
rhodoliths.

The Belveren Formation is unpromising for microfacies analysis
because the primary fabric is commonly recrystallized or dolomi-
tised. A sample from the east of the exposure (Güsdağ area; no.
223a) is a boundstone–rudstone which includes a large composite
oncolite, in which coralline red algae and encrusting foraminifera
coat a large coral and sponge fragment. Bioclastic material consists
of gastropods, bryozoa, large and small benthic foraminifera,
echinoderm fragments and numerous shell fragments. There are
also dense micrite intraclasts containing benthic foraminifera.
The dense micrite matrix has a clotted texture, with spar infilling
porosity and replacing aragonitic bioclasts. Microgeopetals are
present within the red algae, partially filled with micrite and spar-
ite. The constant orientation of the microgeopetals precludes dis-
turbance during infill.

10.2. Interpretation

The Belveren Formation records differential shallowing of the
southwestern part of the main study region, which was probably
tectonically controlled. A shallow-water shelf emerged on which
shallow-water biota accumulated, including coral, calcareous algae
and encrusting foraminifera. The abundant micritic matrix, where
preserved, suggests a low-energy environment that was neverthe-
less periodically affected by currents to create micritic intraclasts.
The cortoid texture may reflect microbial activity to form micritic
envelopes, coupled with partial dissolution and recrystallisation.
The dolomitisation and recrystallisation are likely to reflect the
evaporitic conditions that followed during the Eocene.

11. Early Eocene Gercüs Formation

The Gercüs� Formation is mostly developed in the east and far
southwest of the westerly area (Area A) and also in the easterly
area (Area B) (Figs. 2 and 3). The type section of the Gercüs�
Formation (�270 m thick) is located in eastern Anatolia, near
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Batman (Gercüs�) town (Maxson, 1936). In this area, sandstone,
shale and siltstone pass upwards into shale-sandstone alterna-
tions, whereas the upper part of the formation is largely con-
glomeratic. The Gercüs� Formation is regionally discordant to the
underlying Germav Formation. Notably, the Gercüs� Formation is
absent from some successions mainly in the south of the study
area, where the Germav Formation is overlain directly by the
Hoya Formation.

11.1. Facies

In the areas studied, the Gercüs� Formation is separated from the
underlying upper member of the Germav Formation by an angular
discordance of up to 10� (see Fig. 19g).

The Gercüs� Formation is continuously exposed for >20 km along
strike within the eastern part of Area A, although thicknesses and
facies vary (see Fig. 18). Where well exposed, as at Çamlıca
(Fig. 10c, log 12), the formation begins abruptly with sandstones
and mudstones, which then pass upwards into reddish, lenticular
conglomerates and then into coarser, more laterally continuous
conglomerate. A prominent interval of calicified conglomerate
(marked C in Fig. 10, log 12; see Fig. 19i) is present, followed by
pebbly conglomerate.

Traced eastwards (�2 km), near Bahçe (Fig. 18b), the Gercüs�
Formation is thinner to locally absent. Further east again
(�1 km), it reappears as poorly sorted, pebbly chert-rich con-
glomerate, which passes upwards into pale brown marls. Further
northwest (�5 km; near Ağıllıköy; see Fig. 18c), the Gercüs�
Formation is scoured down into the Germav Formation. The base
of the Gercüs� Formation there is characterised by an incoming of
reddish conglomerate (over �1 m) in which the clasts become lar-
ger and less well sorted upwards. The conglomerates then fine
upwards into grey sandstone, with scattered small clasts.
Overlying reddish, poorly sorted conglomerate (�3.5 m thick)
comprises sub-rounded to rounded clasts, rich in red chert; out-
sized clasts reach 30 cm in size. Cross bedding is developed at
the base of this sandstone. Overlying matrix-supported con-
glomerate is intercalated with red siltstones and mudstones.
Slump folding is locally developed on a several-metre-scale. Pink
to red, massive thick-bedded sandstones occur above this. The
uppermost levels of the succession are characterised by a change
to paler coloured, very poorly sorted conglomerate, with generally
angular clasts (<30 cm in size), variably developed caliche and
occasional nodular gypsum. Medium-bedded, colour-mottled, red-
dish and greenish sandstones appear above this (�1 m thick), fol-
lowed by carbonates of the Hoya Formation (see Fig. 10c, log 13).

In the comparative eastern area (Area B), the base of the Gercüs�
Formation again has a strongly scoured base (see Fig. 17b). The
lowermost unit is lenticular, characterised by sub-angular lime-
stone clasts (<10 cm in size) within a sandy matrix (see Fig. 19j).
This interval then passes upwards through grey shale (0.8 m) into
massive sandstone (Fig. 10d, log 1). Several kilometres further east
the equivalent succession is unusually thick and well exposed
(Fig. 10d, log 16), where the formation begins with greenish,
poorly-sorted conglomerate, forming repeated lenticular units
(up to 3 m thick). Clasts (<0.5 in size) are mostly made up of marble
and chert. Cross bedding is weakly developed (but without clast
imbrication). Overlying conglomerates are slightly finer (clasts
<10 cm in size) and mottled greenish to reddish. An overlying con-
glomerate is cross-bedded with well-developed clast imbrication.
The uppermost levels of the formation are greenish siltstones
and mudstones with several thin, lenticular pebblestones and evi-
dence of minor slump folding.

The Gercüs� Formation is unusually thick in the far southwest of
the area (near Belören; Fig. 20a and b). The formation there begins
with the pebblestone in which the clasts were derived from the
subjacent Belveren Formation. In one particular pebble, most of
the grains are cortoids (i.e. sparite crystals with micrite envelopes),
although some grains exhibit relict internal features indicating an
origin as bioclasts (e.g. benthic foraminifera). Higher in the
sequence, the conglomerate is full of carbonate rock clasts, again
derived from the underlying Belveren Formation, together with
sub-rounded to rounded red chert and/or ophiolitic grains
(<20 cm in size). Intercalated palaeosols (�20 m) contain weakly
developed caliche. The upper part of the succession is mostly paler
orange to reddish sandstone/siltstone, with well-developed cross
bedding (orientated towards �345�; see Fig. below). Occasional
conglomeratic interbeds exhibit well-developed clast imbrication.
The clasts (<25 cm in size) are mainly pelagic limestone, radiolar-
ian chert and ophiolite-related debris.

The Gercüs� Formation is characterised by several facies types
using the classification of Pickering et al. (1989), notably Facies
A2, Organised gravels and pebbly sands (i.e. A4, Graded-stratified
gravel and A2.5, Stratified pebbly sand), and to a lesser extent
Facies A1: Disorganised gravels, muddy gravels, gravelly muds, and
pebbly sands. In addition, near the top of the formation, Facies D
(e.g. D2.3) is conspicuous, marked by thin regular mud and silt
laminae.
11.2. Interpretation

Tilting took place between the end of deposition of the upper
member of the Germav Formation and the initial deposition of
the Gercüs� Formation. Minor tectonic instability (slumping) also
affected the Gercüs� Formation in places. The Gercüs� Formation is
largely made up of braided stream deposits. Stream power, as indi-
cated by bed thickness and coarseness, reached a maximum in the
lower to mid-levels of the formation in many areas and then
waned. Relatively high-energy conditions are indicated by the pau-
city of well-developed cross bedding and well-sorted con-
glomerates. The clasts were mostly derived from the Mesozoic
allochthon and to a much lesser extent by erosion of underlying
cover lithologies (mostly limestone). Caliche developed locally,
especially on abandoned fluvial bars. Silty and muddy sediments
accumulated on a low-energy floodplain, on which ephermal lakes
developed, prior to the onset of lagoonal conditions. These mainly
occur in the upper part of the succession, prior to a marine trans-
gression. The southwestern area is unusual in that the sandstones
and conglomerates are well organised, with well-developed cross
bedding and locally developed clast imbrication, suggesting a rela-
tively strong traction current influence.

Where the Gercüs� Formation is absent (e.g. Damdırmaz and
Besni area) the deposition remained marine from the Palaeocene
into the Eocene and is, therefore, included within the upper
member of the Germav Formation. There was thus considerable
local variation between non-marine clastic deposition on highs
and marine carbonate deposition in lows, all of which appears to
have been structurally controlled.

A comparable situation appears to have existed in northern
Iraq. In some areas (e.g. Duhok, Shikhan and Shaqlawa) the
Gercüs� Formation has long been considered as non-marine red-
bed facies of Middle Eocene age (Dhannoun et al., 1988).
However, elsewhere in northern Iraq (e.g. Chenarook area) con-
trasting marine clastic-carbonate gravity-flows (<1 km thick) have
been dated as late Early Eocene, using palynomorphs, and corre-
lated with the Gercüs� Formation (see Al-Mashaikie et al., 2014).
Overall, the thickness and facies variation appears to be greater
in northern Iraq than in the study area of SE Turkey. Also, the for-
mation is likely to be diachronous on a scale of several hundred
kilometres between northern Iraz and SE Turkey.
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12. Eocene Hoya Formation

The type section of the Hoya Formation is located in eastern
Anatolia �2 km SW of Diyarbakır (Çüngüs�) and is represented by
limestone with dolomite intercalations (�265 m thick). The Hoya
Formation conformably overlies the Gercüs� Formation, where pre-
sent. During this study, we focused on the evidence of a marine
transgression and the lower part of the Hoya Formation.

12.1. Facies

Throughout the region studied, the Hoya Formation forms a
persistent transgressive unit. In the north, the formation is exposed
in mountainous terrain (e.g. Akdağ; Fig. 3), whereas further south it
forms an elevated plateau area (e.g. S of Besni).

The Hoya Formation typically comprises thick-bedded shallow-
water carbonates in which few bedforms are visible. Exceptionally
in the easterly area (Area B), alternating thicker- and thinner-bed-
ded limestone packages can be observed on a well exposed steep
escarpment (Fig. 17d). The lower levels of the formation are com-
monly dolomitic, while the mid to higher levels are rich in
Nummulites sp. and other shelf biota (e.g. calcareous algae,
bivalves, echinoderms, coral).

In the northwest of the main, westerly area (Area A) and also in
the easterly area (Area B), carbonate rocks marking the base of the
Hoya Formation appear abruptly above the non-marine sediments
of the Gercüs� Formation. For example, in Area A, near Ağıllı
(Fig. 10c, log 13), the base of the formation includes reworked clas-
tic material, followed by dolomitic carbonate. Well-bedded lime-
stone, rubbly limestone and then thick-bedded bioclastic
packstones, rich in shells and pisoliths appear above this.

In contrast, further west where the Gercüs� Formation is absent,
the Hoya Formation overlies the Germav Formation with a transi-
tional contact. For example, in the Damdıdrmaz north section
(Fig. 10c, log 15) the base of the Hoya Formation is characterised
by the appearance of medium to thick-bedded, medium to coarse
bioclastic limestones, rich in large foraminifera (e.g. Alveolina).
The limestone beds are separated by sub-equal thicknesses of grey
marl. Sparse limestone conglomerates (<1.5 m thick) include clasts
of dark chert and white chalky marl. Above come thick- to very
thick-bedded, well-cemented limestones (in beds <2.5 m thick),
rich in Nummulites. In the south (e.g. Damdırmaz section;
Fig. 10c, log 14), the Hoya Formation begins with well-bedded
limestones containing Nummulites. This is followed by medium-
to thick-bedded alternations of nodular calcarenite (biosparite)
and marl, with local slumped horizon near the base. The succession
becomes increasingly bioclastic, richer in Nummulites sp. and then
passes into thick-bedded limestones, typical of the Hoya Formation
as a whole.

Further south, near Besni, the base of the Hoya Formation can
be located by the appearance of large foraminifera (e.g.
Alveolina). Medium to thick-bedded limestones above this contain
chert of diagenetic, replacement origin (Fig. 10b, log 5 ; c, logs 8, 9).
In the far west of the area, near Belören, the base of the Hoya
Formation is characterised by alternations of grey marl (3.5 m
thick), thick-bedded limestone (rich in Alveolina) and thick-bedded
reddish limestone with pink marl partings (�10 m thick). Typical
thick-bedded neritic limestones appear above this.

12.2. Microfacies

Several distinctive microfacies characterise in the lower part of
the Hoya Formation.

12.2.1. Dolomite
Dolomite is common near the base of the succession. For exam-

ple, in Area B (Fig. 10d, log 16), a dense clotted micritic matrix
survives, whereas dolomite has replaced bioclastic components
(e.g. no. 241). Otherwise, few relict textures survive (e.g. no.
240). Samples near the base of the formation elsewhere are recrys-
tallized to sparite or dolomitised (e.g. samples 236 and 237; Ağıllı;
Fig. 10c, log 13; no. 271; Belören; Fig 10c, log 7).
12.2.2. Micritised limestone
This dark micrite is common near the base of the formation

(Fig. 10c, log 12, no. 232). Within fossils (e.g. benthic foraminifera)
are largely micritised within a mostly clotted texture, together
with peloids. Sparite is seen to infill primary porosity.
12.2.3. Poorly washed biosparite/packstone
Above the base of the formation, the limestones contain a range

of bioclastic material, which is commonly fragmented (e.g. samples
242, 243 in

Area B, Salik section, Fig. 10d, log 16). The bioclasts include
large foraminiferea (e.g. Nummulites sp.) and also small benthic
foraminifera, echinoid fragments (with optically continuous over-
growths) and various shell fragments (Fig. 15a). Peloids are also
present. The matrix consists of micrite, largely recrystallised to
sparite and/or dolomite.
12.2.4. Floatstone
Large foraminifera are ubiquitous (e.g. Nummulites, Alveolina,

Discocyclina), for example in the Köseli-Yeniköy section (Fig. 10c,
log 11; no. 195) and the Besni area (e.g. Fig. 10c, log 9, no. 203).
The large benthic foraminifera are typically set in a medium-
grained matrix. The foraminifera commonly exhibit parallel align-
ment (Fig. 15c). The matrix is micritic with sparite infilling porosity
and replacing bioclasts, which are mostly fragmented (e.g. echi-
noid fragments 203 mm- >2 mm in size). Bivalves, large benthic
foraminifera, small foraminifera, Dasycladacean algae, scaphopod,
ostracods and peloids are also present, together with very small
authigenic quartz crystals. Aragonitic bioclasts have been pref-
erentially replaced with carbonate spar. Echinoid fragments exhi-
bit optically continuous overgrowths.
12.2.5. Foraminiferal sparse biomicrite
Foraminifera, which are mostly planktic, are interspersed with a

micritic matrix. Ostracod fragments and glauconite are present, as
seen in the Köseli-Yeniköy section (Fig. 10c, log 11; no. 196). In a
sample, from the Damdırmaz S section (Fig. 10c, log 14, sam-
ple175), a sparse biomicrite with benthic and planktic foraminifera
and peloids is largely altered to chert.

12.2.6. Foraminiferal packed biomicrite
A range of differently sized benthic and planktic foraminifera

are set in a micritic matrix, with sparite infilling porosity. Small
ostracod fragments and occasional echinoid fragments are present,
as seen in the Damdırmaz S section (Fig. 10c, log 14; no. 175b).

12.2.7. Glauconitic biosparite
Glauconite makes up to 20% of the grains, together with benthic

and planktic foraminifera, fragments of large benthic foraminifera,
peloids, small coralline red algae, echinoid fragments (with opti-
cally continuous overgrowths) and lithic fragments, all cemented
by sparite (e.g. Köseli-Yeniköy section, Fig. 10c, log 13; no. 197,
Fig. 15b).

12.2.8. Unsorted biopelsparite/poorly washed biosparite/grainstone
Peloids and benthic foraminifera (e.g. Nummulites), bivalves,

echinoid fragments and scaphopod tubes are set in sparite cement.
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Circular chert grains are interpreted as altered radiolarians (e.g.
Damdırmaz S section, Fig. 10c, log 14, samples 173, 175)

12.2.9. Discocyclina rudstone
Preferentially aligned Discocyclina and Nummulites are present

(both whole and fragmented). The micrite matrix includes frag-
ments of echinoids, bryozoans and coralline red algae, together
with planktic foraminifera (e.g. Damdırmaz S section, Fig. 10c,
log 14, sample 175A). In another sample (no. 172; same section)
fragments of dasycladacean algae and large benthic foraminifera
(Alveolina (Glomalveolina) and Idalina) make up <10% of the rock,
with the remainder being bivalve and echinoid fragments, small
benthic foraminifera, gastropods and intraclasts; rare lithic frag-
ments are also present. The micrite matrix is variably altered to
microspar and sparite. Opaque mineral (pyrite?) is present,
together with authigenic quartz.

12.2.10. Boundstone–rudstone
Large composite oncolites of coralline red algae and encrusting

foraminifera are developed around cores of coral and sponge frag-
ments (Fig. 15d). Porespaces within the oncolites are partially
infilled with micrite and sparite. The oncolites retain a constant
orientation suggesting that they have remained in situ. The dense
micrite matrix has a clotted texture with sparite infilling primary
porosity and replacing aragonitic bioclasts. Bioclastic material con-
sists of gastropods, bryozoa, large benthic foraminifera, small ben-
thics, echinoderm fragments and numerous other shell fragments.
There are also dense micrite intraclasts containing benthic forami-
nifera (Çamlıca; Fig. 10c, , log 12, no. 223a,).

12.3. Interpretation

The Hoya Formation reflects a regional marine transgression
during the Eocene. The coastal floodplain on which the latest sedi-
ments of the Gercüs� Formation accumulated was then transgressed
by a shallow-marine carbonate shelf, either abruptly or gradually
in different local areas. Widespread dolomite near the base is likely
to reflect periodical desiccation of shallow-marine to hypersaline
lagoons. As marine conditions became fully established glauconite
developed widely on a shallow-marine shelf where large foramini-
fera and other neritic biota flourished. Cyclical differences in bed
thickness and associated marl abundance are likely to reflect
fluctuating water depths. Where the Hoya Formation directly over-
lies the upper member of the Germav Formation, gravity flows
continued to accumulate until the remaining sedimentary accom-
modation space was infilled up to sea level. Common chert near
the base of the formation is suggestive of open-marine conditions.
A relatively wide shallow-marine carbonate platform (Mid-
Eocene) eventually transgressed the whole area.

13. Oligocene–Miocene sedimentation

A reconnaissance was made of the Late Eocene–Miocene sedi-
mentary rocks with a view to interpreting them within the overall
geological development of the region.

13.1. Facies development

The Eocene Hoya Formation is overlain by contrasting, finer-
grained carbonate rocks, known as the Gaziantep Formation. The
type section of the Gaziantep Formation is near Gaziantepe
(Kilis) town, south of the region studied (Wilson and
Krummennacher, 1959). In this area, chalky limestones of the
Gaziantep Formation (�1100 m thick) conformably overlie the
Germav Formation. Variable ages have been inferred for the
Gaziantep Formation in different regions, suggestive of diachrone-
ity. The formation is restricted to the south of the region as a whole
and is likely to be, in part, a time-equivalent of the upper part of
the Hoya Formation, which is thickest in the north near the
Tauride allochthon (Yalçın, 1976; Yılmaz and Duran, 1997).

In our westerly area, the Gaziantep Formation has been mapped
around a tightly folded, SE-plunging anticline (Gedirge Dağları;
Fig. 13a) and is more widely exposed further south, around the
periphery of a NW–SE-trending open synformal structure (Fig. 3).
In the south, soft-weathering chalks overlie the neritic carbonates
of the Hoya Formation with a relatively abrupt depositional con-
tact (over several metres). The formation is mainly composed of
homogeneous white chalk, with scattered lenses of chert of
replacement origin. Individual chert lenses are typically up to
9 m long � 1.5 m thick.

The typical microfacies is sparse biomicrite with�40% bioclasts,
mostly planktic foraminifera, together with subordinate benthic
foraminifera, fragmented ostracods and occasional echinoderm
fragments, all set in a micrite matrix. Foraminiferal tests retain pri-
mary porosity (e.g. sample 214), or are infilled with microcrys-
talline quartz (e.g. sample 212). The micritic matrix is also
partially silicified. A minor extra-basinal component includes
fine-grained serpentinite.

In the south of our study area, the Gaziantep Formation is deposi-
tionally overlain by shallow-marine limestones of the Aquitanian–
Burdigalian Fırat Formation. The type area of the Fırat Formation is
located around Hazro-Silvan (Diyarbakır) (Peksü, 1969), where shal-
low-marine, locally coralline limestones, 150 m thick, are exposed.
In our study area, the limestones are thick bedded to massive, with
a rich neritic fauna (e.g. echinoderms, bivalves, large benthic forami-
nifera). For example, in a road section north of Camus�çu (Fig. 9),
chalky limestones of the Gaziantep Formation are abruptly overlain
by contrasting thick-bedded neritic limestone of the Fırat
Formation.

The typical microfacies in the section studied (e.g. sample 213)
are packstone and packed biomicrite which contains >50% tightly
packed, fragmented bioclastic material including large foramini-
fera, bryozoans, coralline red alage, echinoderm and bivalve
fragments, set in a micrite matrix.

In the far northeast of the main westerly area (Area A), the
Gaziantep Formation and the Fırat Formation both appear to be
absent (i.e. adjacent to the Malatya Metamorphics). In this area,
the Hoya Formation is overlain directly by terrigenous clastic sedi-
ments belonging to the Early Miocene Lice Formation.

The type area of the Lice Formation (c. 800 m thick) is located
around Lice (Diyarbakır). The succession there begins with marls
with sandstones intercalations and passes upwards into sand-
stones, siltstones and marl. The succession is overthrust, south-
wards by the Tauride allochthon (Duran et al., 1988). In the
area studied, relatively small exposures of the Lice Formation
occur beneath volcanic and sedimentary rocks of the Middle
Eocene Maden Complex, as seen near Yağızatlı (Fig. 9). The Lice
Formation is intersliced with the lower levels of the over-riding
allochthon.

The Lice Formation in the section studied by us comprises
graded sandstones (beds <0.25 m thick), interbedded with
mudrocks. Prominent intercalations of normal-graded, matrix-sup-
ported conglomerates (<2.5 m thick) contain generally rounded
clasts (mostly <30 cm in size), including basalt, neritic limestone,
sandstone and mudrock intraclasts.

Microfacies study revealed a mixture of sedimentary, meta-
morphic and igneous components, in decreasing order of abun-
dance. Although relatively well sorted, the grains are mostly
angular and cemented by variable amounts of sparite.
Sedimentary components are divisible into neritic carbonate,
pelagic carbonate, chert and terrigenous material, in decreasing
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order of abundance. The neritic carbonate is mostly fragmented
large foraminifera, calcareous algae, bivalve shell fragments,
echinoderm debris and rare polyzoan fragments. The pelagic car-
bonate occurs both as individual planktic foraminifera and as
micritic clasts, some of which include Late Cretaceous biota
(e.g. Heterohelix sp.; Globotruncana sp.). Recrystallized radiolarian
chert is common. The terrigenous material occurs as relatively
unaltered mudstone and siltstone. The igneous material, in
decreasing order of abundance, includes basalt (with feldspar
microphenocrysts), altered volcanic glass (commonly chloritised),
serpentinite, gabbro and diabase. Metamorphic grains are mainly
micaschist, chloritic schist, quartzite and marble. Large angular,
unstrained quartz crystals are likely to have come from granitic
rocks. There are also scattered grains of plagioclase (variable
altered), biotite, muscovite, epidote, pyroxene, chlorite and opa-
que minerals.

13.2. Interpretation

The chalky sediments of the Mid to Late Eocene (to Oligocene?)
Gaziantep Formation in the south of the main area studied are
interpreted to record hemipelagic carbonate deposition, following
a relative sea level rise. The presence of chert nodules and lenses
suggests relatively high siliceous productivity, followed by
remobilisation of silica during diagenesis. Although poorly dated,
an Eocene age is likely for much of the sucession in view of the
relative abundance of chert, which is a feature of Eocene relatively
deep-marine sediments throughout the region (e.g. in Jordan;
Powell and Moh’d, 2011).

A relative drop in sea level followed, giving rise to a widespread
shallow-marine shelf, during the Early Miocene, as exposed in the
south of the area. In contrast, terrigenous gravity flows accumu-
lated in relatively deep water in the north of the area, represented
by the Lower Miocene Lice Formation.

The Lice Formation provides the first clear evidence of deriva-
tion from metamorphic rocks and other lithologies that formed
part of the Tauride continent to the north. The formation was
sourced from most, or all, of the over-riding Tauride lithologies
(Fig. 3). From the base upwards, these include, first the Middle
Eocene Maden Complex, as represented by grains of unmetamor-
phosed basalt, calcareous mudrocks and also pelagic and neritic
carbonate. Secondly, ophiolitic rocks are represented by grains of
serpentinite, gabbro and diabase. Thirdly, the overlying Malatya
Metamorphics are documented by grains of schist, metacarbonates
and quartzite. In addition, some of the relatively unaltered sedi-
mentary material is likely to have been derived from the subjacent
foreland succession (e.g. Upper Cretaceous Besni limestone), which
was eroded prior or during the southward emplacement of the
Tauride allochthon.

At the end of the Early Miocene, the Arabian margin was over-
thrust by the Tauride allochthon, followed by folding and faulting
of the foreland to the south. Evidence from hydrocarbon wells in
the Adıyaman area suggests that the crustal shortening was still
active during the Late Miocene (Sarı and Bahtiyar, 1999).

In response to regional uplift, non-marine clastic sediments
accumulated, as exposed in the southeast of Area A (see Fig. 3).
These sediments form part of the Late Miocene–Pliocene S�elmo
Formation (�Adıyaman Formation), which has its type area at
S�elmo village, southwest of Sason (Batman), where the formation
is dominated by conglomerate, sandstone, shale and siltstone with
gypsum intercalations. Further west, in the Karamaranmaras� area,
marine sedimentation locally persisted into the Tortonian
(�11 Ma) (Hüsing et al., 2009). The S�elmo Formation is dominated
by fluvial sediments that were sourced from elevated areas of the
foreland and the allochthon to the north to form a huge outwash
alluvial plain directly south of the mountain front.
14. Discussion: controls of deposition, palaeogeography and
tectonic setting

14.1. Summary of facies trends

The Upper Cretaceous–Eocene sequences are correlated on a
fence diagram in Fig. 21 to provide an overview of the facies varia-
tion. The microfacies are summarised in Table 1. In some sections
the Upper Cretaceous succession is continuous with the underlying
Arabian platform (e.g. Fig. 21a, log 8), whereas in others the Upper
Cretaceous succession unconformably overlies the allochthonous
units that were emplaced during latest Cretaceous time (e.g.
Fig. 21a; log 15). Conglomeratic sediments of the latest
Campanian?–Maastrichtian Terbüzek Formation range from well
developed (e.g. Fig. 21a, log 4) to absent (e.g. Fig. 21a; log 11).
The later Maastrichtian Besni Formation is widespread, although
thickness and facies vary locally. The latest Maastrichtian–
Palaeocene Germav Formation varies greatly in thickness and
facies (e.g. Fig. 21a, log 14). The overlying, Lower Eocene Gercüs�
Formation (e.g. Fig. 21a; logs. 14 and 13) was deposited in some
areas, but not in others. The Lower to Middle Eocene Hoya
Formation forms part of a regionally extensive transgressive car-
bonate unit (e.g. Fig. 12a; log. 15).

The more far-flung parts of the region studied illustrate several
additional important relationships. In an isolated inlier in the
northeast (Hacıyusuf Tepe; Fig. 14ai–aii), the succession above
the allochthon begins with shallow-marine facies that are corre-
lated with the Germav Formation. In contrast, the Terbüzek,
Besni and Germav Formations are all exposed �11 km further east
(near Recepköy; Fig. 14bi–bii). The sequence there is directly over-
thrust by the Tauride allochthon (N. Yıldırım and others; unpub-
lished data).

The succession in the far southwest of the area (around Belören;
Fig. 20a and b) differs significantly. The latest Maastrichtian–
Palaeocene Germav Formation unconformably overlies allochtho-
nous Mesozoic rocks, without the Terbüzek Formation or the
Besni Formation being present. In addition, the Germav
Formation passes upwards into the Late Palaeocene microbial
limestones of the Belveren Formation (�upper Sinan Formation
of Köylüoğlu, 1986) in this area. The overlying Early–Middle
Eocene clastic sediments of the Gercüs� Formation are unusually
thick in this area.
14.2. Transgression, regression and hiatus

A number of transgressive events are recorded in the region
studied, as follows:

1. Campanian, as represented by the incoming of hemipelagic car-
bonates (Sayındere Formation) above the shallow-water shelf
carbonates of the Derdere and Karababa Formations (Mardin
Group).

2. Intra-Maastrichtian, as indicated by covering of non-marine to
shallow-marine clastic sediments (Terbüzek Formation) by
shelf carbonates (Besni Formation).

3. Early Eocene, as shown by the incoming of shallow-marine car-
bonates (Hoya Formation) over non-marine facies (Gercüs�
Formation), where developed.

4. Middle Eocene, as indicated by the covering of shelf carbonates
(Hoya Formation) by deeper-water hemipelagic carbonates
(Gaziantep Formation) in the south of the area.

5. Early Miocene, as indicated by the incoming of relatively
deep-marine gravity deposits (Lice Formation) above
shallow-marine carbonates (Hoya Formation), as seen in the
northeast.



Fig. 21. Fence diagram showing correlations of the logged Campanian–Middle Eocene successions. The underlying Cretaceous carbonate platform succession is excluded because of limited exposure. The measured sections, which
are mostly from a SW–NE trending band of outcrop (Fig. 9), are projected onto a single line and hung from the base of the Early–Middle Eocene Hoya Formation, a regional marine flooding surface, which is assumed to be essentially
contemporaneous.
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Table 1
Summary of microfacies data. See text for the description and interpretation.

Age Formation
name

Microfacies present Palaeoenvironments

Lower–Middle Eocene Hoya Fm. Dolomite; packstone (poorly washed biosparite); floatstone; packstone
(foraminiferal packed biomicrite); wackestone (foraminiferal sparse biomicrite
sparse); glauconitic biosparite; Discocyclina rudstone

Shallow marine shelf

Upper Palaeocene Belveren Fm. Dolomite; boundstone–rudstone Shallow-marine
Palaeocene Upper

Germav Fm.
Algal/microbial boundstone; rudstone (poorly washed biomicrite); rud–
boundstones packstone (packed biomicrite), wackestone (sparse biomicrite;
foraminiferal sparse biomicrite)

Shallow marine shelf – Peri-reef,
lagoon, channels and shoals

Upper Maastrichtian Lower
Germav Fm.

Packstone; wackestone (packed foraminiferal biomicrite and packed biomicrite);
mudstone (foraminiferal sparse biomicrite); litharenite

Mid-outer ramp

Upper Maastrichtian Besni Fm. Packstone (poorly washed biosparite); rudstone (poorly washed biomicrite);
grainstone (rounded biosparite)

Shallow marine – patch reefs and
carbonate shoals

Upper Maastrichtian Turbüzek
Fm.

Litharenite Fan delta – alluvial

Late Campanian–Middle
Maastrichtian

Kastel Fm. Calcareous litharenites and lithic calcarenites; wackestone (sparse-packed
foraminiferal biomicrite)

Mid-ramp to outer ramp/toe of
slope

Campanian Sayindere
Fm.

Wackestone (sparse foraminiferal biomicrite); packstone (packed biomicrite);
dolomite

Submerged carbonate shelf

Aptian–Lower Campanian Deredere
and
Karababa
Fms

Wackestone (sparse biomicrite); bivalve floatstone with wackstone (biomicrite)
matrix; mudstone; fenestral mudsonte, packstone (packed biomicrite);
grainstone (peloidal poorly washed biosparite), wackestone (foraminiferal
biomicrite); mixed micritic and phosphatic carbonate

Inner platform shallow marine
carbonates from subtidal to
carbonate shoals
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In addition, several regressive events are recorded:

1. Late Palaeocene shallowing-upwards (upper member of the
Germav Formation), prior to Early Eocene non-marine accumu-
lation of the Gercüs� Formation.

2. Early Miocene emergence of a submerged shelf (Gaziantep
Formation) to form a shallow-marine shelf (Fırat Formation).

Several depositional hiatuses are present:
1. Late Maastrichtian, marked by reworking, bioclastic accumula-

tion, ferruginous crust and nodule precipitation and local chert
development at the top of the Besni Formation in some areas
(e.g. Terbüzek).

2. Oligocene, between shallow-water carbonates (Hoya
Formation) and Lower Miocene deeper-marine terrigenous
gravity deposits (Lice Formation) in the north of the area.

14.3. Eustatic sea level change versus tectonic control

The overall Upper Cretaceous–Mid Miocene succession of the
Arabian continental margin largely reflects the interplay of tec-
tonics, sea-level change and to some extent climatic change.
Early assessments of the effects of global eustatic sea level change
did not take full account of regional to local tectonic effects (e.g.
Haq et al., 1987), although this has been largely rectified by more
recent studies, for example of the Arabian platform (Haq and Al-
Qahtani, 2005). In addition, full sedimentary backstripping of a
continental margin allows crustal effects to be recognised and sub-
tracted to reveal a true eustatic sea-level curve (see Fig. 22).
Although not yet available for the Arabian platform, fully back-
stripped curves exist for several areas, notably eastern USA
(Miller et al., 2005, 2011), which should be applicable globally.

When the stratigraphy is compared with a fully backstripped
curve some possible correlations emerge. The transgressive–regres-
sive pulses, which affected the Arabian platform during the Late
Cretaceous, for example during the Cenomanian–Turonian (Derdere
and Karababa Formations), are likely to be eustatically controlled
(e.g. Sharland et al., 2001; Ziegler, 2001; Haq and Al-Qahtani,
2005). A sea level high during the Campanian could correspond to
the deepening of the platform (Sayındere Formation), although this
was more probably tectonically controlled (see below). The marine
transgression during the Early Eocene at the base of the Hoya
Formation is consistent with a relatively high eustatic sea level.

When the fully backstripped curve is compared to the sedimen-
tary record it is apparent that none of the major clastic sediment
influxes; i.e. the latest Campanian–Maastrichtian Terbüzek
Formation, the Early Eocene Gercüs� Formation, or the Early
Miocene Lice Formation correspond to identifiable sea level falls
(Fig. 22) suggesting that the dominant control on the accumulation
was tectonic. Indeed, the Early Eocene non-marine clastic sedi-
ments of the Gercüs� Formation correspond to a major global sea
level high, which can be correlated with the Late Palaeocene–
Eocene Thermal Maximum (e.g. Westerhold et al., 2008). The
strong reddening and chemical alternation of the Gercüs�
Formation can be explained by a warm moist, tropical climate that
existed during the Thermal Maximum. Where present, the caliche
layers are suggestive of a semi-arid climate, as suggested for com-
parable facies in NW Iraz (Dhannoun et al., 1988).
14.4. Tectonically influenced clastic sediment deposition

Turbidites of largely bioclastic origin accumulated in a foreland
basin setting during the Late Campanian (Kastel Formation) and
were then over-ridden by accretionary melange and ophiolitic
rocks derived from the Southern Neotethys. Sand-silt-sized mate-
rial was mainly derived from the advancing allochthon. Debris-
flow deposits accumulated directly ahead of the advancing thrust
pile and were then over-ridden.

Coarse clastic detritus was subaerially eroded from the exposed
Mesozoic allochthonon during, or very soon after, its emplacement
(i.e. latest Campanian?–early Maastrichtian Terbüzek Formation).
The clast composition typically reflects locally adjacent lithologies.
For example, in the eastern area (Area B; S of Karadut), the
Maastrichtian clastic sediments contain abundant red radiolarian
chert and pink pelagic limestone, lithologies that are abundant in
the underlying Karadut Complex.

Late Palaeocene time was characterised by redeposition of
biogenic carbonate from platform/slope settings. This was accom-
panied by input of clastic material from the north (e.g. Koçali
Complex). In the south (e.g. Besni area), redeposited sediments
lack coarse terrigenous input, suggesting the existence of an
intervening topographic barrier. Syn-sedimentary faulting in the



Fig. 22. Sedimentary development of the Arabian continental margin in the Adıyaman region. The diagram shows the main lithologies, the inferred sea level change
(simplified from Miller et al., 2005, 2011) and the inferred dominant control of sedimentation through time. The time scale is from Gradstein et al. (2012).
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south is indicated by strong sediment instability, as inferred from
slumping and the formation of locally derived high-density gravity
flows.

Regional tilting occurred during Late Palaeocene, followed by
the emergence and non-marine deposition of the Gercüs�
Formation during the Early Eocene, in both the easterly and west-
erly areas.

Strong subsidence took place in the north of the area during the
Early Miocene (c. 23–20 Ma). This provided the sedimentary
accommodation space necessary for thick accumulation of sand-
stone turbidites and high-density gravity flows of the Lice
Formation. This clastic material represents the first identifiable
input of metamorphic detritus from the over-riding Tauride
continent.
14.5. Paleogeography of the region studied

Palaeocurrent data provide additional constraints on the
palaeogeography (Fig. 23). The turbidites making up the Late
Campanian Kastel Formation prograded generally southwards,
away from the overthrusting allochthon (Fig. 23.1). However, con-
glomerates that are locally exposed in the uppermost levels of the
formation locally prograded eastwards (Fig. 23.2). The overlying
shallow-marine conglomerates of the Maastrichtian Terbüzek
Formation (near Tas�lıyazı; Fig. 23.3) prograded southeastwards in
the type area, but elsewhere towards the south (Fig. 23.4). The
non-marine conglomerates of the Terbüzek Formation, which are
exposed in the eastern area, prograded eastwards into deeper
water where mixed carbonate-clastics facies accumulated in a



Fig. 23. Palaeocurrent data from the region studied. (1) Flute clasts in sandstone turbidites from the Kastel Formation (measured between Tas�lıyazı and Besni); (2) clast
imbrication in conglomerates from the uppermost part of the Kastel Formation; 1 km E of Tas�lıyazı; (3) clast imbrication in conglomerates from the Terbüzek Formation, near
Tas�lıyazı; (4) clast imbrication in conglomerates from the Terbüzek Formation, near Akçatepe; (5) clast imbrication in conglomerates from the Terbüzek Formation, E area
(near Fig. 10d, log 16); (6) a combination of clast imbrication in conglomerate and cross bedding in bioclastic sandstone from the Germav Formation (upper unit). Data from
the Damdırmaz N and S sections combined; (7) groove casts from sandstone turbidites in the upper part of the lower unit of the Germav Formation, E area (near Fig. 10d, log
16); (8) clast imbrication in conglomerates near the top of the Germav Formation (upper unit), near Ağıllı; (9) Clast imbrication in conglomerates of the Gercüs� Formation,
near Çamlıca; (10) clast imbrication in conglomerates of the Gercüs� Formation, near Belören, in the SW of the area.
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slope setting (Fig. 23.5). The upper unit of the latest Maastrichtian–
Palaeocene Germav Formation prograded generally southwards
(Fig. 23.6 and 8), as did the non-marine conglomerates of the
Early Eocene Gercüs� Formation (Fig. 23.9). In contrast, non-marine
conglomerates in the southwest of the area (near Belören) pro-
graded towards the north–northeast (Fig. 23.10).

Palaeogeographical sketch maps are shown in Fig. 24. The
southward emplacement of the allochthon and its aftermath is
shown in Fig. 24a and b. Fig. 24c and d shows the Maastrichtian
marine transgression that ensued, initially shallow-marine (Besni
Formation), then deeper marine (Germav Formation; lower mem-
ber). Fig. 24e and f illustrate structurally controlled uplift, tilting,
shallowing and emersion, followed by non-marine deposition in
some areas (Gerçus Formation). Note the inferred structural high
to the southwest of the region. Fig. 24g–f shows the inferred devel-
opment of a peripheral bulge, followed by the collapse of the
Arabian margin beneath the overthrust load.

During the Late Palaeocene (Fig. 24e), two main lineaments
existed in the main, western area studied. The first was located
in the central north (north of Damdırmaz; Fig. 9). The older cover,
including the Maastrichtian Besni Formation and the underlying
allochthon were uplifted and subaerially eroded, shedding detritus
that was carried southwards through a major channel system, cut
into an unstable slope. However, the uplifted area did not extend to
the far northeast of the area (near Recepköy), where the Upper
Maastrichtian–Eocene succession remained intact. The uplift of
the north of the area (also documented in the easterly area, west
of Kardadut) culminated in emergence and subaerial erosion,
whereas a marine basin remained to the south. Coarse clastic
material was trapped in a depocentre to the south of the inferred
E–W lineament and did not reach the southern part of the area
(near Besni). A more southerly tectonically active lineament is,
therefore, inferred in the vicinity of Besni. Movement along this
lineament triggered gravity instability of chalks and marls and
southward slumping during Palaeocene–Eocene time. In addition,
a structurally controlled high emerged in the far southwest
(Belören area) shedding alluvial clastics northwards.
The palaeogeography of the study area is placed in a more
regional setting in Fig. 25a–g. Additional information is taken
from published studies of the Arabian foreland (e.g. Alsharhan
and Nairn, 1993, 1995; Ziegler, 2001; Haq and Al-Qahtani,
2005; Özer et al., 2012) and of the overthrust Tauride units
(e.g. Perinçek, 1979a,b; Yılmaz, 1991; Robertson et al., 2006).
Fig. 25a illustrates a marine regression prior to the oldest pre-
served sedimentary record in the areas studied. Fig. 25b shows
the transgressed shelf during the Cenomanian–Turonian, with
several structural highs to the south. Fig. 25c shows the Kastel
foreland basin, with a structural high to the southwest. The
inferred high reflects the probable existence of a forebulge with
a potential back-bulge depression to the south. Fig. 25d shows
a zone of fault-controlled emergence (minor stratigraphic inver-
sion) in the vicinity of the pre-exiting foreland basin. The fore-
land to the south was partially emergent with localised
evaporite deposition. Fig. 25e shows a marine transgression of
the former foreland basin area together with the persistence of
the pre-existing ‘high’ to the south. Regional block faulting
was the likely control. Fig. 25f shows that the widespread
Eocene–Oligocene submergence. Lastly, Fig. 25g illustrates the
Lice foreland basin, with a possible low-amplitude flexural fore-
bulge to the south.
14.6. Implication for S Neotethyan closure

Three main tectonic phases are recognised from the sedimen-
tary evidence in SE Turkey, as shown in Fig. 26a–c. These
reflect stages in the progressive northward subduction, closure
and suturing of the Southern Neotethys.

The first tectonic phase during the Campanian gave rise to a
sparsely filled peripheral foreland basin (‘Kastel foreland basin’).
The evidence of subsidence and sedimentary provenance from
the surface outcrops is supplemented by available information
from wells in the Bes�ikli oilfield of the Adıyaman area. The location
of these wells is comparable with the southern part of our main
study area (e.g. around Besni). The stratigraphy of the wells is



Fig. 24. Palaeogeographic maps of the Late Cretaceous–Lower Miocene development of the Arabian margin within the region of SE Turkey studied, near Adıyaman. See text
for explanation.
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indicative of relatively stable conditions during the Campanian,
followed by northward downfaulting (growth faulting) during
Late Campanian–Early Maastrichtian time, during the accumula-
tion of both the Sayındere and Kastel Formations (Sarı and
Bahtiyar, 1999). Foredeeps that developed along passive continen-
tal margins in other regions are known to have undergone fault-
controlled subsidence in addition to crustal downflexure, for
example in Oman (Robertson, 1987), the Alps (Sinclair, 1997) and
Newfoundland (Stenzel et al., 1990).

The driving force in the foreland basin development is inter-
preted as the collision of a subduction zone with the Arabian
continental margin (e.g. Yılmaz, 1993; Robertson et al., 2006;



Fig. 25. Palaeogeographic maps of the Late Cretaceous–Lower Miocene development of the Arabian margin, extending from the Eastern Mediterranean Sea through southern
Turkey and northern Iraq, as far as near the border with Iran. Study area of SE Turkey, near Adıyaman, is indicated by the box. The regional data are mainly as compiled by
Ziegler (2001), modified based on new data from the region studied (see Fig. 24).
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Robertson et al., 2012, 2013a,b). The early Mesozoic oceanic crust
of the Southern Neotethys began to subduct northwards during
the Late Cretaceous, associated with a phase of spreading above
the subduction zone (Fig. 27a). This gave rise to the South
Neotethyan ophiolites, including the Koçali, Hatay and Baer-
Bassit ophiolites (Figs. 1 and 2). Northward subduction also lead
to the construction of an accretionary prism, represented by the
volcanic–sedimentary units of the Koçali Complex and the deep-
water continental margin sedimentary units of the Karadut
Complex, both of Mesozoic age (see Robertson et al., 2014). The
subduction trench collided with the Arabian passive margin during
Campanian time, resulting in the emplacement of the oceanic and
continental margin units over the Arabian margin (Fig. 26ai–aii).
The paucity of coarse debris derived from the over-riding



Fig. 26. The main tectonic controls of the Late Cretaceous–Early Miocene tectonic development of the Arabian continental margin within the region of SE Turkey studied, near
Adıyaman. (a) Late Cretaceous emplacement of continental margin units (Karadut Complex), accretionary melange (Koçali Complex) and ophiolitic rocks (Koçali ophiolite)
onto the Arabian continental margin; ai, early-stage downfaulting of the foreland; aii, later-stage downfaulting and accumulation of the Kastel Formation in a foreland basin;
(b) Late Palaeocene–Early Eocene. Fault re-activation resulting in block faulting, local sediment instability and re-deposition, then localised emergence; (c) Early Miocene.
Final closure of the Southern Neotethys resulting in from final collision of the Tauride microplate to the north with the Arabian passive margin, preceded by subsidence to
form a foreland basin in which relatively deep-marine clastic sediments (Lice Formation) accumulated.
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allochthon can be explained by submarine emplacement of the
allochthon over the flexural foredeep. The timing of emplacement
of the allochthonous units in the area studied is constrained by the
latest Campanian–early Maastrichtian age of the oldest cover sedi-
ments (Terbüzek Formation). The subduction trench-passive mar-
gin collision took place more or less simultaneously all around
the periphery of the Arabian plate, from the easternmost
Mediterranean to Oman (e.g. Ricou, 1971; Robertson and Searle,
1990; Yılmaz, 1993; Robertson et al., 2012).

Following the regional trench-continental margin collision, the
allochthon underwent a brief period of subaerial exposure in
response to processes that may have included flexural relaxation.
Erosion gave rise to alluvial and shallow-marine marine clastic
sediments, which mixed with neritic carbonate and prograded



Fig. 27. Summary plate tectonic cartoons showing the three main tectonic phases affecting the Arabian continental margin in SE Turkey. (a) Emplacement of oceanic crust
(formed by spreading above a Late Cretaceous subduction zone) onto the Arabian continental margin; (b) re-activation of the Arabian margin in response to far-field
compression arising from late-stage subduction of the Southern Neotethys, or incipient collision of the distal rifted Arabian margin with Tauride continental units to the
north; (c) thrusting of the Tauride microcontinental units onto the Arabian continental margin during well-advanced continental collision. Note: the model may differ in Iran
beyond the eastward termination of the Bitlis massif.
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generally southwards to form the Terbüzek Formation. In the
absence of an obvious global eustatic sea-level rise (Fig. 22), the
Maastrichtian transgression that resulted in the overlying Besni
Formation may reflect the resumption of regional tectonic subsi-
dence. The resumption of northward subduction of the by-then
reduced Southern Neotethys might also have resulted in slab-pull
and corresponding extension-controlled subsidence in SE Turkey
and elsewhere around the periphery of the Arabian continental
margin.

The second important tectonic phase is indicated by the
Palaeocene–Early Eocene sediment instability, tilting, emergence
and non-marine deposition in different areas, as represented by
the upper member of the Germav Formation and the Gercüs�
Formation. Several lines of evidence suggest that the Arabian fore-
land experienced compression during Late Palaeocene–Early
Eocene. First, the field evidence indicates shallowing and
emergence, but with no signs of corresponding subsidence and
deepening of adjacent areas, as would be expected for an exten-
sional setting. Secondly, evidence from oil wells in SE Turkey is
compatible with compression during the Palaeocene (e.g. Cater
and Gillcrist, 1994). Thirdly, compression-related folding is seen
in Eocene shelf limestones of the Hatay region, to the southwest
of the study area (Boulton et al., 2006).

The inferred Palaeocene–Early Eocene compression can be
related in some way or other to the closure of the Southern
Neotethys. Suturing of the Southern Neotethys in SE Turkey has
been inferred for various periods ranging from latest Cretaceous
to Eocene or Miocene. Many workers favour an Early Miocene (c.
23–20 Ma) age for the collision mainly based on the first appear-
ance of siliciclastic sediment from the northern margin (eastern
Taurides) (Robertson et al., 2012, 2013a,b, this study) and the tim-
ing of uplift (18–13 Ma) that can be related to Miocene crustal
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thickening (Okay et al., 2010). Widespread extension and magma-
tism affected the over-riding Tauride plate during the Early Eocene
associated with the regional formation of the Maden basin with the
implication that the Southern Neotethys was still subducting
northwards during this time (e.g. Yılmaz, 1993; Robertson et al.,
2006, 2013a,b ; Karaoğlan et al., 2013).

On the other hand, initial continental collision could have begun
prior to the Miocene. Continent–ocean transition zones are known
to be up to c. 200 km wide on conjugate rifted margins (e.g. North
Atlantic; e.g. Tucholke et al., 2007). Thus, collision could have com-
menced earlier than the first arrival of Tauride-derived sediment
on the Arabian margin.

For Iran, the suggested timing of continental collision ranges
greatly, from Late Cretaceous to Pliocene (see McQuarrie and
Hinsbergen, 2013). Late Eocene–Oligocene collision (c. 35–30 Ma)
has been widely inferred from evidence within the over-riding
plate including uplift, compressional deformation and cessation
of magmatism in different areas (Braud, 1987; Agard et al., 2005;
Jassim and Goff, 2006; Vincent et al., 2007; Allen and Armstrong,
2008; Ballato et al., 2010; Mouthereau et al., 2012). However, none
of the evidence from the over-riding plate can be unambiguously
related to collision with Arabia. In addition, the Palaeocene–
Eocene sedimentary basins of the Arabian continental margin are
commonly interpreted as early foreland basins related to collision
(Saura et al., 2009; Homke et al., 2010). However, siliciclastic
sediment from the over-riding plate does not appear to have
reached the Arabian margin until the Late Oligocene–Early
Miocene time. Specifically, the discovery of Early Miocene fossils
in marine clastic sediments, derived from the over-riding plate
(Bakhtiyari Formation), points to the development of a regional
collision-related foreland basin during Late Oligocene–Early
Miocene time (Fakhari et al., 2008). As in SE Turkey, collision is
likely to have begun earlier than the first appearance of clastic
sediment derived from the over-riding plate. However, a Late
Eocene–Oligocene advanced collision appears to be inconsistent
with global plate kinematic constraints, which would imply a
substantial overlap of Arabian and Iranian continental crust, which
is not documented (McQuarrie and Hinsbergen, 2013).

In summary, continental collision was well advanced in both SE
Turkey and Iran by the Early Miocene (c. 23–20 Ma); any preceding
collision (Late Eocene–Oligocene) is likely to have been incipient.
The timing of early-stage collision may have differed between SE
Turkey and Iran because of the existence of irregularly shaped
microplates situated at different distances from the Arabian conti-
nent. It should also be noted that the Late Palaeocene–Early Eocene
timing (c. 58–48 Ma) of the unstable basin in the study area
(Germav and Gercüs� Formation) is likely to predate full collision
(see Fig. 27b). Final collision of the _Izmir-Ankara-Erzican ocean
(in central Tukey) during the Early Eocene (pre-Bartonian;
(Özgül, 1997; Okay and S�ahintürk, 1997; Robertson et al., 2014)
is inferred to have accelerated subduction of any remaining
Southern Neotethys. As the relict ocean was consumed, compres-
sional stress propagated southwards into the Arabian continental
margin, re-activating pre-existing zones of structural weakness
(e.g. Burberry et al., 2011) and giving rise to the Palaeocene–
Eocene marine to non-marine tectonically controlled basins (e.g.
Germav and Gercüs� Formations). Marginal oceanic crust or
hyper-extended continental crust continued to be consumed dur-
ing the Late Eocene–Oligocene until onset of full continental colli-
sion during latest Oligocene–Early Miocene (c. 25–20 Ma) in this
interpretation.

The third important tectonic phase in SE Turkey resulted in the
final emplacement of the Tauride allochthon over the Arabian fore-
land during Early–Middle Miocene time (Fig. 27c). During the
development of the Early Miocene foreland basin, terrigenous sedi-
ments were shed from the Tauride allochthon southwards onto the
down-flexed Arabian margin. The Lice foreland basin is thicker and
more extensively exposed to the east of our study area (e.g.
Diyarbakır area). Above a low-angle unconformity, the succession
there is dominated by Early Miocene terrigenous gravity flows,
which range from coarser grained in the north (�Çüngüs�
Formation), to finer grained further south (�Lice Formation
(Perinçek, 1979a; Bas�tuğ, 1980). In the area studied by us, the
Miocene foreland basin did not extend as far south as the pre-
viously formed Upper Cretaceous Kastel foreland basin. This sug-
gests that the final collision during the Early Miocene was
relatively ‘soft’ compared to the intensity of trench-margin colli-
sion during the latest Cretaceous ophiolite emplacement. The final
emplacement of the Tauride allochthon corresponds to the inferred
time of exhumation in the hinterland, based on fission track data
(13–18 Ma; Okay et al., 2010).

The Southern Neotethys in the area studied sutured by the end of
the Early Miocene (c. 14 Ma). This was followed by post-suture tigh-
tening, which was characterised by re-thrusting and the develop-
ment of Zagros-type whale-back folds throughout SE Turkey (e.g.
see Yılmaz, 1993; Robertson et al., 2007). Evidence from the west
of the study area (i.e. Andırın region; Robertson et al., 2004) and from
hydrocarbon wells near Adıyaman (e.g. Bes�ikli oilfield; Sarı and
Bahtiyar, 1999) confirms that suture tightening was active during
Late Miocene time and was essentially complete prior to Pliocene
time. The well-known ‘tectonic escape’ of the Anatolian microplate
towards the Aegean region ensued during the Plio-Quaternary.
15. Conclusions

During the Late Cretaceous to Late Miocene the Arabian
continental margin (near Adıyaman) developed in response to
the interplay between regional tectonics, eustatic sea level change
and climatic change. Three main tectonic phases are recognised.

1. Late Cretaceous (latest Campanian–mid Maastrichtian) emplace-
ment of ophiolites and accretionary melange onto an underfilled,
flexurally controlled foreland basin. The distal Arabian platform
subsided, associated with the deposition of gravity-flow depos-
its that were supplied was from the over-riding plate mostly as
turbidites and other mass-flow deposits.

2. Late Palaeocene–Early Eocene compression caused uplift, tilting,
gravitational instability, clastic sediment deposition in structurally
controlled depocentres and local subaerial exposure of uplifted
blocks. Emergent areas were mainly in the north and in the
southwest of the area. The second regional tectonic event is
explained by far-field compression during late-stage subduc-
tion of the Southern Neotethys, or incipient collision between
the Arabian and Anatolian plates.

3. Early to Mid-Miocene final closure of the Southern Neotethys. The
northern, active continental margin, represented by the
Tauride allochthon, was emplaced over the Arabian passive
margin, resulting in flexural collapse and formation of the
Early Miocene foreland basin represented by the Lice
Formation. The foreland basin filled and was finally over-rid-
den by the Tauride allochthon. The emplacement is explained
by the advanced collision of the Arabian and Anatolian plates.
Post-collisional, non-marine clastic sediments accumulated
during Mid–Late Miocene time associated with suture
tightening.
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jeolojik çalıs�malar (Geological studies in the Amanos Mountains with some
regional consideration). Petrol _Is�leri Genel Müdürlüğü Teknik Ars�ivi, Kutu
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Müdürlüğü. Ankara. General Directorate of Mineral Research and Exploration.

Najman, Y., Johnson, C., White, N.M., Oliver, G., 2004. Evolution of the Himalayan
foreland basin, NW India. Basin Res. 16, 1–24.

Okay, A._I., S�ahintürk, Ö., 1997. Geology of the Eastern Pontides. In: Robinson, A.G.
(Ed.), Regional and Petroleum Geology of the Black Sea and Surrounding Region.
American Association of Petroleum Geologists Memoir 68, pp. 291–311.

Okay, A._I., Zattin, M., Cavazza, W., 2010. Apatite fission-track data for the Miocene
Arabia–Eurasia collision. Geology 38, 35–38.

Özer, S., 1986. Faune de rudistes maestrichtienne de I’environ de Kahta-Adıyaman
(Anatolie sud-est). Bull. Miner. Res. Explor. 107, 101–105.

Özer, S., 1993. Rudist carbonate ramp in southeastern Anatolia, Turkey. In: Simo,
J.A.T., Scott, R.W., Masse, J.-P. (Eds.), Cretaceous Carbonate Platforms. American
Association of Petroleum Geologists, Memoir 56, pp. 163–171.

Özer, S., Karim, K.H., Khazaei, A.R., 2012. The Campanian–Maastrichtian sequences
along the Zagros Belt (SE Turkey–NE Iran–SW Iran): stratigraphy, depositional
setting and palaeogeography. 65th Geological Congress of Turkey, Ankara, 2–6
April 2012. Abstract, p. 95.

Özgül, N., 1997. Bozkır-Hadim-Tas�kent (Orta Torosların Kuzeyi) bölgesindeki
tektonostratigrafik birimlerin stratigrafisi (Stratigraphy of the tectono-
stratigraphic units in the region Bozkır-Hadim-Tas�kent (northern central
Taurides)). MTA Dergisi 119, 113–174 (in Turkish with English abstract).

Peksü, M., 1969. Proposed Rock Unit Nomenclature. Petroleum District V and VI, SE
Turkey. Turkish Petroleum Corporation, Research Report 5158.

Periam, C.E., Krummenacher, R., 1958. The Geology of the Eastern Part of District VI
(Urfa area), SE Turkey. Turkish Petroleum Corporation, Research Report 836, pp.
1–37.

Perinçek, D., 1978. Geological investigation and petroleum prospects of the region
between Çelikhan-Sincik-Koçali (city of Adıyaman). Ph.D. Thesis, Istanbul
University, Turkish Petroleum Corporation, Report 1250, pp. 1–212 (in
Turkish with English abstract).

Perinçek, D., 1979a. Geology of the Hazro-Korudağ-Çüngüs�-Maden-Ergani-Hazar-
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