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A B  S  T R  A  C  T  
 

The Antalya Basin is a late post-orogenic basin formed under extensional and compressional regimes within the 

Isparta Angle, comprising the Manavgat, Ko¨prüçay, and Aksu sub-basins unconformably overlying the western 

Taurides. The Manavgat Sub-basin, at the eastern margin of the Antalya Basin, preserves Quaternary fan deltaic 

successions that record the interplay of tectonics, sediment supply, and sea-level fluctuations. To refine the 

stratigraphy of the Manavgat Sub-basin and improve our understanding on the tectono-sedimentary evolution of 

the Antalya Basin, we present new lithostratigraphic and micropaleontological data from a composite section 

(MNV) of the Manavgat Formation. The MNV composite section records deposition within a deltaic system 

comprising fan delta front, fan delta front/fan prodelta, and renewed fan delta front facies, reflecting alternating 

prograding - retrograding cycles. Calcareous nannofossil and planktonic foraminiferal assemblages indicate that 

the base of the MNV section is younger than ~0.26 Ma (upper Middle Pleistocene) based on the presence of 

Emiliania huxleyi. These biostratigraphic constraints extend the age of marine deposition in the Manavgat Sub-

basin into the late Middle Pleistocene, which is significantly younger than previously reported Miocene or 

Lower Pleistocene marine deposits. This revised regional chronology for the Antalya Basin allow us to interpret a 

mean uplift rate of ~0.8 m/kyr since the late Middle Pleistocene offering new insights into the tectono-

sedimentary evolution at the junction between the southwestern flank of the Central Anatolian Plateau and 

the Western Anatolian Extensional Province. 
 

 

 

1. Introduction 

 

The Tauride orogenic belt in southern Türkiye forms part of the 

Alpine–Himalayan system (Fig. 1) and preserves a long-lived record of 

Paleozoic–Cenozoic subduction, collision, and post-orogenic deforma-

tion (Okay et al., 2010; Parlak et al., 2019; Schmid et al., 2022). The 

western and central sectors of this belt converge within the Isparta Angle 

(IA), which is a transitional zone that links the Hellenic Arc, to the west, 

with the Cyprus Arc, to the east. The IA represents one of the most 

structurally complex regions in the Eastern Mediterranean (Blumenthal, 

1951; O¨ zgül, 1976; Glover and Robertson, 1998; Deynoux et al., 2005; 

Kelling et al., 2005; Hall et al., 2014; O  ̈ver et al., 2016; Nemec et al., 

2018). 

The Isparta Angle is bounded by the Fethiye-Burdur Fault Zone to the 

west and the Aks¸ehir Fault Zone to the east (Fig. 1). The Fethiye-Burdur 

Fault Zone is a major strike-slip fault that extends from the Fethiye Bay 

to Eg˘irdir Lake and features transtensional movement (e.g. Koçyig˘it 

et al., 2024; Bozkurt, 2001; Tiryakiog˘lu et al., 2013; O  ̈ver et al., 

2016). Today, the IA is affected by an extensional tectonic regime, 

with widespread seismicity along its major active faults (Fig. 2). 

The IA recorded alternating extensional and compressional tectonic 

regimes during the Neogene–Quaternary. Stratigraphic, structural, and 

paleostress data define three major tectonic phases: 1) pre-Tortonian 

extensional phase; 2) late Tortonian-Early Pliocene compressional 

phase; and 3) Late Pliocene-Quaternary extensional phase (e.g., Poisson 

et al., 2003a, 2003b, 2011; Hall et al., 2014; Koç et al., 2016a, 2016b, 

2017; McPhee et al., 2018, 2022; Wasoo et al., 2020). 

The first tectonic phase, prior to the Tortonian, corresponds to E–W- 
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directed extension that initiated the Antalya Basin and coeval rifting in 

the Yalvaç, Altınapa, and Ilgın continental basins (Koç et al., 2016a, 

2016b). In the Late Tortonian-Early Messinian, a transition to 

compressional tectonics produced the Lycian and Aksu deformation 

phases along the Aksu Thrust. The Lycian phase (~11–7 Ma) generated 

E–W contraction within the IA core, whereas the Aksu phase (Messi-

nian–Early Pliocene) involved NE–SW to NW–SE shortening and open 

folding, interpreted to result from gravitational sliding of the Lycian 

Nappes and/or differential uplift and subsidence across the IA (van 

Hinsbergen et al., 2010). A third phase began in the Late Pliocene and 

persists to the present day, characterized by renewed N–S and 

E-W-directed extension (Glover and Robertson, 1998; Aykut et al., 2023, 

2025, 2026), coeval with Middle Pleistocene uplift along the south-

eastern IA. 

The pre-Tortonian extensional phase that affected the IA was 

responsible for the development of the Antalya Basin, which contains 

thick Neogene marine clastic and carbonate successions (Flecker et al., 

1998, 2005; Karabıyıkog˘lu et al., 2000, 2005; Poisson et al., 2003a, 

2003b; Deynoux et al., 2005; Çiner et al., 2008). The Antalya Basin has 

been extensively investigated for its Late Cenozoic evolution, deforma-

tion history, and deltaic basin-fill architecture (Akay et al., 1985; Glover 

and Robertson, 1998; Flecker et al., 1998, 2005; Karabıyıkog˘lu et al., 

2000, 2005; Poisson et al., 2003a, 2003b; Deynoux et al., 2005). 

Recent studies have further refined its stratigraphy, emphasizing the 

interplay between sediment supply, relative sea-level change, and tec-

tonic activity in controlling deltaic progradation and basin evolution 

(Sagular and O¨ zer, 2024; Ilgar et al., 2024; Larsen et al., 2024a, 2024b; 

Wathne et al., 2024; Yılmaz et al., 2024). 

Many earlier studies of the Antalya Basin assigned most of the marine 

deposits to the Miocene (e.g., Flecker, 1995; Glover and Robertson, 

1998; Karabıyıkog˘lu et al., 2000). Only a few recent studies recog-

nized younger marine deposits within the Antalya Basin. For instance, 

Sagular and O¨ zer (2024) and Kanbur and O¨ g˘retmen (2022) identified 

Early Pleistocene marine deposits within Manavgat and Aksu sub-basins, 

respectively, suggesting a more prolonged marine influence in the 

Antalya Basin than previously thought. 

Consequently, the stratigraphy of the Antalya Basin is marked by 

conflicting age assignments and inconsistent formation boundaries. For 

example, one of its key successions, the Karpuzçay Formation within the 

Manavgat Sub-basin, has been variously interpreted as Langhian-

Messinian based on planktonic foraminifera dominated by globiger-

inids (Çiner et al., 2008), Serravallian–Tortonian based on planktonic 

foraminiferal assemblages, including Neogloboquadrina acostaensis 

(Yılmaz et al., 2024), and Pliocene-Pleistocene based on calcareous 

nannofossil assemblages, including the Reticulofenestra pseudoumbilica 

Zone (late Early Pliocene) and the Gephyrocapsa caribbeanica Subzone 

(Early Pleistocene) (Sagular and O¨ zer, 2024), reflecting major un-

certainties in formation boundaries, depositional environments, and the 

timing of sedimentation. Such discrepancies likely arise from differences 

in sampling resolution, sample preparation techniques, and the 

biostratigraphic analysis method applied. In this type of deposit, char-

acterized by a high degree of reworking, it is necessary to extend the 

analysis of the nannofossil assemblage to the entire area of the slide, 

quantifying the percentage of reworking and highlighting the presence 

of extremely rare primary forms. This prevents an incorrect age assess-

ment. The inconsistencies in the ages reported in the literature have 

hindered a coherent understanding of the basin's tectono-sedimentary 

evolution. 

We aim to resolve these discrepancies by demonstrating, with a 

multi-proxy dataset, that the Antalya Basin hosted marine depositional 

environments at least until the late Middle Pleistocene (late Chibanian), 

considerably younger than previously inferred. The exposed fan-delta 

succession of the Quaternary Manavgat Formation, in the Manavgat 

Sub-basin, provides an exceptional record for reconstructing its tectono-

sedimentary evolution, close to the end of marine deposition in the 

Antalya Basin, before uplift of the region drove marine regression. 

Through integrated facies and micropaleontological analyses, we 

intend to (i) refine the Quaternary stratigraphy, facies architecture, and 

 

 
 
Fig. 1. Simplified regional topography and tectonic map of Anatolia showing the location of the studied section (MNV) within the Isparta Angle. CAP, Central 

Anatolian Plateau; EAP, Eastern Anatolian Plateau; WAP, Western Anatolian Province; NAF, North Anatolian Fault; EAF, East Anatolian Fault; DST, Death Sea 

Transform Fault; CA, Cyprus Arc; PT, Paphos Transform; AS, Antalya Slab; ALF, Amos-Larnaka Fault; AkT, Aksu Thrust; KkF, Kırkkavak Fault; EF, Ecemis¸ Fault; KzF, 

Kozan Fault; MKF, Misis-Kyrenia Fault; TgF, Tuz Go¨lü Fault, FBF Fethiye-Burdur Fault; ASF, Aks¸ehir Fault. 
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depositional history of the sub-basin; (ii) establish a revised chro-

nostratigraphic framework based on calcareous nannofossil and fora-

miniferal assemblages; (iii) quantify the timing and rate of post-

depositional uplift; and (iv) propose geodynamic mechanisms that 

may explain the tectono-sedimentary evolution of the sub-basin. 

Collectively, our results improve our understanding of the late 

Quaternary tectono-sedimentary evolution of the Antalya Basin and the 

broader IA, and they provide new constraints on the geodynamics of the 

Eastern Mediterranean. 

 

 
1.1. Geological setting and stratigraphy 

 

The southwestern margin of the CAP is underlain by Mesozoic 

autochthonous carbonates of the Geyikdag˘ı Unit (O  ̈zgül, 1976; Akay and 

Uysal, 1988; Schmid et al., 2022). This unit is tectonically overlain by 

the allochthonous Beys¸ehir-Hoyran, Antalya, and Alanya nappes, which 

consist of ophiolitic m´elanges, metamorphic rocks, platform carbonates, 

and Eocene carbonate–clastic sequences (O¨ zgül, 1976; S¸ engo¨r and 

Yılmaz, 1981). The Antalya Basin developed unconformably atop 

these nappes, within the IA, during the Late Cenozoic. 

The Antalya Basin is bounded by two major fault zones: the Fethiye-

Burdur Fault Zone, to the west, and the Sultandag˘ı-Aks¸ehir Fault Zone, 

to the east (Fig. 2). Within the Antalya Basin, the activity of other tec-

tonic structures, such as the N–S-trending Kırkkavak Fault (KkF) and the 

W- to SW-verging Aksu Thrust (AkT), have led to its division into three 

sub-basins (Fig. 2): Aksu, Ko¨prüçay, and Manavgat (Dumont and Kerey, 

1975; Akay et al., 1985; Monod et al., 2006; Çiner et al., 2008; Poisson 

et al., 2011; Hall et al., 2014). The Kırkkavak Fault, originally a paleo-

tectonic structure, was reactivated as a normal fault during the Qua-

ternary, reflecting a regional transition to extensional tectonics linked to 

southward retreat of the subducting Neo-Tethyan slab (Dog˘an et al., 

2017; Koçyig ĭt et al., 2024; Aykut et al., 2023, 2025, 2026). 

The stratigraphy of the Manavgat Sub-basin has been documented in 

detail by numerous studies, and a total of eight main formations have 

been recognized, spanning from the Early Miocene to the Quaternary 

(Fig. 3). The lowermost unit, the Tepekli Formation (Burdigalian), 

consists predominantly of alluvial-fan and fan-delta conglomerates 

(Karabıyıkog˘lu et al., 2000; Çiner et al., 2008). It is overlain by the 

Oymapınar Formation (Upper Burdigalian–Langhian), which is 

composed of reefal limestones (Flecker et al., 1998; Karabıyıkog˘lu et al., 

 

 

Fig. 2. Seismotectonic setting of the Isparta Angle, Eastern Mediterranean region (modified from O¨ ver et al., 2016), showing the extension of the Neogene Antalya 

Basin (in yellow) and relative sub-basins (Aksu, Ko¨prüçay, and Manavgat). Red stars indicate location and year of earthquakes with Mw > 3.5. KkF – Kırkkavak Fault; 

AkT – Aksu Thrust. (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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Fig. 3. Lithostratigraphic framework of three major sub-basins of the Antalya Basin (Aksu, Ko¨prüçay, and Manavgat) during the Neogene–Quaternary. The figure 

summarizes the documented stratigraphic units, their age assignments, and the major depositional systems recorded across the basin. Delta complexes are labelled 

using the following abbreviations: Beydig˘in (Bey), Altınkaya (Al), Bes¸konak (Bes), Bozburun (Boz), Kesme (Kes), Go¨ktas  ̧ (G), Katırınemeg˘i (K), İ htiyarlı (I), Akseki 

(Ak), and Tas¸lık (T), Asar (A). 
 

2000; I˙slamoglu, 2002; Çiner et al., 2008). Above this, the Çakallar 

Formation (Langhian) comprises fore-reef talus deposits (Akay et al., 

1985). The overlying Geceleme Formation (Upper Langhian–Serraval-

lian) consists of grey claystone and marl rich in planktonic foraminifers, 

interbedded with thin sandstone layers (Akay et al., 1985; Karabıyıkog˘lu 

mainly along the southern parts of the basin, near the present-day 

coastline (Yılmaz et al., 2024). 

In comparing the different proposed stratigraphies for the Antalya 

Basin (Fig. 3), the main difference that emerges is the temporal attri-

bution of formations such as the Karpuzçay Formation (Sagular and 

et al., 2000; I˙slamoglu, 2002; Çiner et al., 2008). The Karpuzçay For- O  ̈zer, 2024) and the Eskiko¨y Formation (Kanbur and Ö g r̆etmen, 

mation (Serravallian-Tortonian) conformably overlies the Geceleme 

Formation and is characterized by alternating mudstone, siltstone, 

sandstone, and conglomerate (Akay et al., 1985; Çiner et al., 2008; 

Karabıyıkog l̆u et al., 2000; Yılmaz et al., 2024). The Yenimahalle and 

Kurs¸unlu formations (Pliocene) consists of alternating lime-

stone–claystone–sandstone and conglomerate–sandstone–mudstone 

successions, respectively (Yılmaz et al., 2024). 

In the Manavgat Sub-basin (Fig. 4), in contrast to these previous 

attributions, Sagular and O  ̈zer (2024) consider the lower part of the 

Karpuzçay Formation to be Zanclean in age, due to the occurrence of 

calcareous nannofossils attributable to the Reticulofenestra pseu-

doumbilica zone (NN15, late Early Pliocene), while defining a new for-

mation (Manavgat Formation) to indicate the youngest portion of the 

Karpuzçay Formation, in which they recognized calcareous nannofossils 

attributable to the Gephyrocapsa caribbeanica subzone (NN19a, Early 

Pleistocene). The Manavgat Formation is composed of shallow marine 

and coastal clastic deposits (Sagular and O¨ zer, 2024). The overlying 

Belkıs Formation (Quaternary) consists of fluvial conglomerates exposed 

2022). These new age assignments derive from the discovery of plank-

tonic foraminifera and calcareous nannofossils referable to biozones that 

are much younger than previously thought for the same formations (e.g., 

Akay et al., 1985; Çiner et al., 2008; Karabıyıkog˘lu et al., 2000; Yılmaz 

et al., 2024). These new findings significantly change the previously 

inferred age of the marine deposits and call into question the chronology 

of the tectono-sedimentary evolution as proposed by previous various 

authors. 

 
2. Material and methods 

 

Our present study focuses on the analysis of three stratigraphic sec-

tions, which we here combined into one composite, located in the 

Manavgat Sub-basin near the Uzunlar neighbourhood of Antalya, 

southwestern Türkiye. According to previous studies on the Manavgat 

Sub-basin, our composite section should fall within the Karpuzçay For-

mation (Serravallian-Tortonian; Akay et al., 1985; Çiner et al., 2008; 

Karabıyıkog˘lu et al., 2000; Yılmaz et al., 2024) and should contain the 
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Fig. 4. (A) Geological map of the Manavgat Sub-basin (modified after Wathne et al., 2024) showing Neogene and Quaternary sedimentary units, with locations of the 

studied composite sections (MNV). (B) Simplified geological map of the Antalya Basin, showing its three sub-basins, in yellow, and the bedrock successions, in grey. 

The red rectangle shows the position of Fig. 4A within the Antalya Basin. (For interpretation of the references to colour in this figure legend, the reader is referred to 

the Web version of this article.) 

 

boundary between the Karpuzçay Formation (Lower Pliocene) and the 

Manavgat Formation (Lower Pleistocene) according to the stratigraphic 

arrangement proposed by Sagular and O  ̈zer (2024) for the Manavgat 

Sub-basin. 

The composite section integrates two continuous successions: MNV4 

and MNV1–2 sections (Fig. 5). The MNV4 section (36
◦
44′28.74″N, 

31
◦
37′21.07″E, base of section; 36

◦
44′18.84″N; 31

◦
36′52.87″E, top of 

section) is approximately 65 m thick and exposed at ~50 m above Mean 
Sea Level (MSL). It is stratigraphically overlain by the MNV1–2 suc-

cession (36
◦
44′30.76"N, 31

◦
36′50.77″E, base of section; 36

◦
44′38.20"N; 

31
◦
37′6.03″E, top of section), which comprises an additional 35 m of 

strata. The top of the MNV2 interval reaches ~143 m above MSL, and 

with an estimated covered gap of ~25 m between the MNV4 and MNV1-

2 measured sections. 

Based on lithological correlation, stratigraphic position, and lateral 

continuity, the MNV4 and MNV1–2 successions are interpreted as a 

single depositional sequence forming the MNV composite section. Marl 

layers were systematically sampled throughout the MNV composite 

section for the micropaleontological analyses. A total of 46 samples were 

collected, 25 from MNV4, 9 from MNV1, and 12 from MNV2. 

To establish the chronological framework of the composite succes-

sion, semi-quantitative analyses of calcareous nannofossils were per-

formed using a concentrated preparation method (De Capoa et al., 

2003). As the concentration procedure markedly increases the number 

of specimens per field of view, typically ~ ten times higher than in 

standard smear-slide preparations, a reduced number of fields is 

sufficient to capture the full assemblage. 

Accordingly, two counting strategies were applied. For the general 

assemblage, ten representative fields of view were examined per slide, 

which provided a stable estimate of species abundances due to the high 

specimen density of the concentrated preparations. In contrast, to ensure 

that even the rarest forms of the assemblages are sampled (like Emiliania 

huxleyi) approximately 350 fields of view were scanned. Specimen fre-

quencies were recorded as the number of individuals per mm2. 

Biostratigraphic interpretations and age determinations were based on 

the standard Mediterranean calcareous nannofossil zonation of Di 

Stefano et al. (2023). 

Qualitative foraminiferal biostratigraphic analyses were conducted 

to complement the nannofossil data and with planktonic assemblages 

used to refine the age model and benthic assemblages providing con-

straints on palaeobathymetric conditions. All samples were wet-sieved 

through a 63-μm mesh using tap water, without any prior acid treat-

ment, and residues were dried at room temperature. Sample prepara-

tion, identification of the species, and photographing some species were 

performed at the Süleyman Demirel University (SDU), Department of 

Geological Engineering and at SDU, Innovative Technologies Applica-

tion and Research Centre facilities. The biostratigraphic interpretation 

and age determinations were based on comparison with the standard 

Mediterranean foraminiferal biostratigraphic zonation proposed by 

Lirer et al. (2019). 

Although the same preparation procedure was applied to recover 

ostracods for paleobathymetric analysis, no ostracod specimens were 
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Fig. 5. (A) Detailed lithostratigraphic log of the MNV4 section (0-65 m of MNV composite section). (B) Detailed lithostratigraphic log of the MNV1-2 composite 

section (90-125 m of MNV composite section). Panels a and b report field observations on sedimentary structures and fossil components, respectively; the panel on 

the right shows the legend for detailed lithological, sedimentological, and fossil content symbols for both sections. 

 
recovered from any of the samples. 
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3. Results 

 

3.1. Lithostratigraphy of the MNV composite section 

 

The MNV composite section is approximately 125 m thick, encom-

passing the integrated MNV4, MNV1 and MNV2 sections (Figs. 5 and 6). 

It exhibits a rhythmic alternation of marl, silty marl, fine-to coarse-

grained sandstone, and conglomerate, interbedded with slumped hori-

zons and soft-sediment deformation structures. 

 
3.1.1. MNV4 section 

The basal part (0–2.4 m; base of MNV4) consists predominantly of 

silty marls and includes a thin, distinct matrix-supported conglomerate 

bed with decimetric thickness and clast sizes ranging from millimetres to 

centimetres (Fig. 5A and 6F). The 2.4-13.4 m interval is dominated by 

clast-supported conglomerates with mm-to cm-sized clasts, a poorly 

sorted medium-grained sandstone matrix (~30% of the unit), and 

interbedded coarse-grained sandstones with crude lamination, parallel 

to wavy ripple bedded fine grained sandstone (Fig. 6D), medium-

grained sandstones with clay chips and sole marks, and silty marls. A 

2.5-m-thick intraformational slump horizon (Sl-1) occurs within this 

interval (Fig. 6E). It shows an erosional basal surface and is composed of 

chaotically deformed marls and carbonate pebbles. 

Between 13.4 and 20.9 m, the succession consists mainly of finely 

laminated sandstones and clays, interbedded with thin marly layers. 

This interval is overlain by coarse-grained sandstones and clast-

supported conglomerates (20.9–24.7 m), which are poorly to moder-

ately sorted and contain ~25% of sandy matrix. From 24.7 to 44.7 m, 

the section alternates between fine-grained sandstones exhibiting par-

allel and cross-lamination, crudely laminated coarse-grained sand-

stones, and marls (Fig. 6C). A second major intraformational slump (Sl-

2) occurs in the upper part of this interval (~7 m thick), consisting of 

chaotically deformed marls and pebbles, with shell fragments, sparse 

bryozoan colonies, and fragments of coral colonies (Fig. 6B). Between 

44.7 and 47.5 m, deposits are dominated by clast-supported conglom-

erates interbedded with fine-to coarse-grained sandstones; the con-

glomerates display channel-like basal erosional surfaces. The uppermost 

part of the MNV4 section (47.5–65 m) consists of alternating fine-to 

coarse-grained sandstones, minor matrix-supported conglomerates 

(poorly sorted, mm–cm clasts), and marls (Fig. 6A). 

 
3.1.2. MNV1 and MNV2 sections 

The MNV1–2 succession (Fig. 5B), which overlies the MNV4 section 

after an estimated ~25 m of covered and unmeasured section, spans 

from 90 to 125 m in the composite log. The lower interval (90–94.25 m; 

MNV1) is composed mainly of marls and silty sandstones, and fine-to 

 

 
 
Fig. 6. Field photographs showing representative physical sedimentary structures from top to bottom of the MNV4 section. (A) well -bedded alternations of marls and 

fine-to coarse-grained sandstones from the uppermost part of the section; (B) 7-m-thick slumped horizon (SL-2) from the middle portion of the section; (C) well-

bedded alternation of conglomerates and coarse-to fine-grained sandstones from the lower part of the measured section; (D) parallel to wavy ripple bedded fine 

grained sandstone from the lower part of the measured section; (E) 2.5-m-thick slumped horizon (SL-1) from the lower part of the section; (F) lowermost portion of 

the section showing a disrupted marl horizon overlaid by a thick conglomerate bed. 
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medium-grained sandstones with parallel and cross-lamination 

(Fig. 7H). This interval fines upward and is overlain by a clast-

supported conglomerate (94.25–96.8 m) with a channel-like erosional 

base. Between 96.8 and 108.1 m, the succession is dominated by marls 

and silty marls, interbedded with fine-to medium-grained sandstones 

showing parallel and cross-lamination; brown to black organic-rich 

laminae are common, particularly between 96.8 and 101 m (Fig. 7D-

F-G). This interval contains the third major slump horizon, Sl-3 (~7.5 m 

thick; Fig. 7A-B-C), composed of chaotic deposits formed of marls with 

oxidised horizons, sand, and conglomerate, with abundant shell frag-

ments, bryozoans, and fragments of coral colonies. (Fig. 7C). In the 

MNV1 section, medium-to fine-grained sandstones with cross and par-

allel laminations are present. 

The MNV2 section (109.3–125 m) continues above the Sl-3 intra-

formational slumped horizon of MNV1. The 110.9–117 m interval is 

dominated by clast-supported conglomerates with a sandy matrix, 

interbedded with marls and silty sandstones, and fine-to medium-

grained sandstones with crude parallel- and cross-lamination 

 

 
 
Fig. 7. Field photographs showing representative physical sedimentary structures (from top to bottom) of the MNV1-2 composite section. (A) Panoramic view of the 

MNV1-2 composite section, along the D695 road (Manavgat-Konya road), showing the SL-3 slumped horizon; (B) topmost part of the SL-3 slumped horizon; (C) close-

up of the SL-3 slumped horizon (see box in B) showing a muddy-supported conglomerate with fragments of coral colonies; (D) middle part of the MNV1 section 

showing well-bedded succession of marls, sandy marls, fine- and coarse-grained sandstones; (E) bioturbation (Thalassinoides sp.) in a marly horizon from the middle 

part of the MNV1 section; (F) coarse-to fine-grained sandstone bed from the lower part of the MNV1 section showing well-developed parallel-lamination; (G) sandy 

marl bed rich in clay chips from the lowermost part of the MNV1 section; (H) well-bedded lowermost portion of the MNV1 section showing alternations of marls, 

sandy marls, fine- and coarse-grained sandstones, and conglomerates. 
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(Fig. 7A–B). The uppermost unit (117–125 m) consists of thick, coarse-

grained sandstones with crude laminations, marking the top of the MNV 

composite section. Within MNV2, two thin intraformational slump 

layers (~0.5 m each) occur, composed of chaotic marls, sand, and 

pebble mixtures (Sl-4 and Sl-5; Fig. 5B). 

Throughout the MNV composite section, marls are rich in planktonic 

foraminifera and, secondarily, benthonic foraminifera. Bioturbation 

structures are widespread, including Zoophycos sp., Thalassinoides sp., 

and Planolites sp. (Fig. 7E). 

 
3.2. Micropaleontological results 

 
3.2.1. Calcareous nannofossils 

Calcareous nannofossil assemblages from the MNV composite sec-

tion are dominated by long-range and reworked taxa, whereas bio-

stratigraphically significant species are rare (Figs. 8 and 9). The most 

 

 
 

Fig. 8. Quantitative calcareous nannofossil biostratigraphy at MNV composite section. Abundances are expressed as number of specimens per mm2. 
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Fig. 9. Microphotographs of calcareous nannofossils from studied sections. (1) small Gephyrocapsa (MNV2-2); (2-5) Emiliania huxleyi (MNV4-15, MNV4-7, MNV4-11, 

MNV2-8); (6) Calcidiscus leptoporus (MNV4-10); (7) Coccolithus pelagicus (MNV4-1); (8) Rhabdosphaera clavigera (MNV1-8); (9) Syracosphaera spp. (MNV4-12); (10) 

Helicosphaera carteri (MNV1-18); (11) Calciosolenia sp. (MNV1-1); (12) Umbilicosphaera sibogae (MNV2-5); (13) Pontosphaera carteri, (MNV4-11); (14) Reticulofenestra 

sp. (MNV1-4); (15) Umbilicosphaera jafari (MNV4-10). (a) Crossed nicols; (b) Parallel nicols. Scale bar uniform for all images. 

 

common taxa include Coccolithus pelagicus, Umbilicosphaera jafari, U. 

sibogae, Helicosphaera spp., Calcidiscus leptoporus, Pontosphaera spp., 

Syracosphaera spp., Calciosolenia sp., and Rhabdosphaera clavigera 

(Fig. 8). Small Gephyrocapsa specimens occur sporadically, while 

medium-sized Gephyrocapsa were not observed. Importantly, Emiliania 

huxleyi was identified throughout both MNV4 and MNV1-2 sections, 

although in low abundance. The first occurrence (FO) of E. huxleyi is 

dated to approximately 0.26 Ma in the Mediterranean region (Di Stefano 

et al., 2023), marking a key biostratigraphic boundary within the Middle 

Pleistocene. Therefore, its consistent presence within the studied sec-

tions indicates that deposition of the MNV composite section took place 

after ~0.26 Ma, placing the sedimentation of both sections in the late 

Middle Pleistocene. 

Long-range and reworked species display similar vertical distribu-

tion patterns throughout the section, suggesting significant reworking. 

These include specimens of Sphenolithus spp., Discoaster spp., Blackites sp., 

Pontosphera spp., Reticulofenestra umbilicus, Braarudosphaera sp., and 

Pseudoemiliania lacunosa, many of which are characteristic of older 

Neogene assemblages and are therefore interpreted as reworked within 

the studied succession. In the MNV1 and MNV2 sections the relative 

abundance of reworked taxa decreases, contrasting with an increase in 

sedimentation rate. This pattern can be explained by considering that 

also many long-ranging species are reworked, since they increase during 

the same stratigraphic interval (Fig. 8). 
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3.2.2. Foraminifera 

The planktonic foraminiferal assemblage in the MNV composite 

section includes several stratigraphically significant species occurring 

during the Pleistocene (Fig. 10). Globoturborotalita rubescens and Neo-

globoquadrina spp. sx are found frequently throughout the entire section, 

and to a lesser extent, Globigerinella calida is also found frequently. 

Globigerinoides ruber (pink) is frequently present throughout the MNV4 

section and sporadically appears in MNV 1 and MNV2 sections. Globo-

conella inflata is encountered only at the bottom of the MNV1 section, 

whereas Globorotalia crassaformis, G. truncatulinoides, and G. tenellus are 

found sporadically in a limited number of samples. An important 

Pleistocene marker species is the benthic foraminifera Hyalinea balthica, 

which is also found rarely in the MNV4 and MNV1 sections (Figs. 10 and 

11). Its occurrence is consistent with outer shelf to upper slope (circa-

littoral) environments, typically associated with relatively well-

oxygenated bottom waters and moderate organic matter supply 

(Drinia et al., 2014). 

 
4. Discussion 

 

4.1. Depositional environments and facies evolution 

 

Based on lithological and sedimentological characteristics, two 

distinct facies associations are recognized along the MNV composite 

 

 
 
Fig. 10. Benthic and planktonic foraminifera of the MNV composite section. Dots indicate presence of each species in the corresponding sample, illustrating their 

vertical distribution patterns. 
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Fig. 11. SEM and optical microscope photos of foraminifer marker species. (a) Hyalinea balthica (umblical view) MNV4-1; (b) Neogloboquadrina pachyderma 

(umblical view) MNV4-9; (c) Globorotalia crassaformis (lateral view) MNV2-11; (d) Globorotalia truncatulinoides (umblical view) MNV3-6; (e) G. truncatulinoides (spiral 

view) MNV3-6; (f) Globoconella inflata (umblical view) MNV1-1; (g) Globoturborotalita rubescens (umblical view) MNV4-3; (h) Globigerinoides obliquus (umblical view) 

MNV4-1; (i) Globigerinoides ruber (pink) (umblical view) MNV4-1, j. G. ruber (pink) (umblical view) MNV2-10, k. Globigerinoides tenellus (umblical view) MNV4-22; (l) 

G. tenellus (spiral view) MNV4-15; (m) Globigerinella calida (umblical view) MNV4-15; (n). Globigerinella calida (umblical view) MNV4-19. Scale bar corresponds to 

100-μm for all specimens. (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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section (Fig. 12): 1) fan delta front; 2) fan delta front/fan prodelta. 

 
4.1.1. Lower interval (0–24 m): fan delta front 

This interval is dominated by channelized, clast-supported con-

glomerates, with subordinate matrix-supported conglomerates inter-

preted as marine debris-flow deposits. Medium-to coarse-grained 

sandstones are also present, along with scarce cross- and parallel-

laminated sandstones indicative of low-density turbidity flows. These 

sandstones are interbedded with marls rich in planktonic foraminifera, 

reflecting vigorous sediment supply to a proximal fan delta setting. This 

lower interval is also characterized by the presence of a slumped horizon 

(2.5 m-thick) mainly consisting of matrix-supported carbonate pebbles, 

cobbles and boulders (rounded, sub-rounded, and angular), which show 

a chaotic setting with disrupted layers and minor folds. The upper part of 

this slumped horizon contains also angular and sub-angular grey marly 

boulders from the Geceleme Formation. The sedimentary structure of 

this slumped horizon indicates deposition by a powerful but short-lived 

event, like a debris-flow in the proximity of the basin margin. This 

slumping is affected by a synsedimentary normal fault (N150
◦
; 60

◦
) that 

presents a well-developed hangingwall clastic wedge, showing clear 

growth strata geometries (Fig. 13). 

 
4.1.2. Middle interval (24–111 m): fan delta front/fan prodelta 

This interval shows a marked increase in marl with abundant 

calcareous plankton and well-laminated fine sandstones, indicating a 

deeper depositional environment. Conglomerate beds, both clast- and 

matrix-supported, are less frequent and thinner. We interpret this facies 

association as transition from fan delta front to fan prodelta sedimen-

tation, influenced by episodic turbidity flows (e.g., Wright, 1977; 

Coleman et al., 1998) and occasionally recording short-lived proximal 

marine debris flows. Two major slump complexes occur here: Sl-2, 

composed of thick, contorted marl–pebble masses, and Sl-3, corre- 

sponding to the paleotsunami deposit of Sagular and O¨ zer (2024), which 

is exceptionally thick and extends for hundreds of meters along the 

outcrop, serving as a key marker for long-distance correlation. 

Limestone pebbles within the slump, together with shell fragments 

and large clasts of bryozoan and coral colonies, suggest an extra-basial 

source, likely due to the erosion of the reefal limestones of the Middle 

Miocene Oymapınar Formation, which forms the substratum of the MNV 

section and characterizes the Manavgat Sub-basin margin (Flecker et al., 

1998; 1998; Karabıyıkog˘lu et al., 2000; I˙slamoglu, 2002; Çiner et al., 

2008). 

 
4.1.3. Upper interval (111–125 m): fan delta front 

This interval is dominated by clast-supported conglomerates, with 

subordinate matrix-supported conglomerates and medium-to coarse-

grained sandstones, showing coarsening- and thickening-upward trends. 

The interval contains also two thin slumped horizons (Sl-4 and Sl-5). The 

return to coarser sedimentation, with a coarsening-upward trend that 

includes debris flow deposits, indicates renewed fan delta progradation. 

 
4.1.4. Depositional context 

In the study section (MNV composite section), the deltaic sedimen-

tary complex rests with an angular unconformity on the Middle Miocene 

shallow-water limestones of the Oymapınar Formation, as shown in the 

scheme of Fig. 14, revealing a significant stratigraphic gap. This gap is 

likely due to the complex deformation that affected the Antalya Basin 

from the Tortonian to the Lower Pleistocene, with phases of compression 

(Lycian phase, late Tortonian-early Messinian; and Aksu phase, 

Messinian-Zanclean) and extension (Late Pliocene-Present), which 

induced uplift and subsidence at the basin margin (e.g., Hall et al., 2014; 

Koç et al., 2016a, 2016b, 2017; McPhee et al., 2018, 2022; Wasoo et al., 

2020). 

In reconstructing the depositional context of the Manavgat sub-

basin, it is interesting to note that the cobbles/boulders present in the 

different intervals of the delta complex show an inverse stratigraphy, 

with younger rocks in the basal interval of the delta complex (e.g., marls 

from the Geceleme Formation, Serravallian) and older rocks in the upper 

intervals (corals and bryozoan colonies from the Oymapınar Formation, 

Langhian). A stratigraphy with inverted clast ages often is due to tec-

tonic uplift, basin inversion, unroofing by erosion of uplifted blocks, or 

recycling. In the context of the Antalya Basin, the tectonic inversion that 

occurred between the last compressive phase (Aksu phase, Messinian-

Zanclean) and the currently ongoing extension phase (Upper Pliocene-

Present) induced the uplift of the basin margin, which reversed the 

sediment supply. 

Overall, the MNV succession records a prograding–retrograding-

prograding pattern, typical of fan deltas responding to variations in 

basin subsidence and relative sea level. The frequent and thick slump 

deposits suggest rapid sediment delivery and significant basin 

instability. 

The occurrence of synsedimentary normal faults affecting the Man-

avgat sedimentary succession suggests that the instability of the sedi-

mentary basin was triggered by shaking induced by seismicity 

associated with the movement along those normal faults, which 

controlled the evolution of the delta complex within the Manavgat Sub-

basin. Supporting this interpretation, Aykut et al. (2025, 2026) show 

U-Th and U-Pb ages of fault-related calcites indicating continuous 

faulting from the Middle/Late Pleistocene to the Holocene, at the tran-

sition between the subsiding Ko¨prüçay and Manavgat sub-basins and the 

uplifting area of the CAP western margin. 

 
4.2. Micropaleontological constraints of the Manavgat Sub-basin 

 

The analysis of the micropaleontological assemblages record at the 

MNV succession reveals the presence of pervasive reworking, a feature 

typical of tectonically active fan-delta systems, where sediment is 

repeatedly remobilized. The succession exhibit the co-occurrence of 

both reworked and long-ranging species, suggesting that also many of 

these last are allochthonous rather than in situ, thereby hampering their 

utility as age indicators. Such taxonomic mixing likely contributed to the 

previously inconsistent chronological interpretations of the Manavgat 

Sub-basin (e.g., Akay et al., 1985; Akay and Uysal, 1988; Flecker et al., 

1998; Karabıyıkog˘lu et al., 2000; Deynoux et al., 2005; Çiner et al., 

2008; Yılmaz et al., 2024). Despite the wide reworking, careful micro-

paleontological analysis enabled the identification of reliable biostrati-

graphic markers. The consistent presence of Emiliania huxleyi, whose FO 

in the Mediterranean is dated to approximately 0.26 Ma (Di Stefano 

et al., 2023), indicates that the MNV succession was deposited after 

~0.26 Ma,and thus the Manavgat Sub-basin remained an active marine 

depocentre until the late Middle Pleistocene. 

Planktonic foraminiferal assemblages complement the chronologic 

framework of the MNV section obtained from calcareous nannoplankton 

biostratigraphy, supporting the age assignment of the section to the late 

Middle Pleistocene. The identified species include Globigerinoides ruber 

(pink), left-coiled Neogloboquadrina spp., Globigerinella calida, and Glo-

borotalia truncatulinoides, whose stratigraphic ranges extend from the 

Middle Pleistocene to the present. 

Chronologically, the sporadic presence of Globorotalia truncatuli-

noides could indicate an age younger than 0.91 Ma, falling within the 

MPle2 Globorotalia truncatulinoides excelsa Interval Zone (Lirer et al., 

2019). Globigerinella calida characterizes an age spanning from 

~0.53 Ma to the present, and Neogloboquadrina spp. sx persists following 

the paracme end (PE), marking the reappearance of left-coiled forms at 

~0.51 Ma (Lirer et al., 2019). Globigerinoides ruber (pink), which spans 

from ~0.47 Ma to the present (Numberger et al., 2009), occurs in the 

MNV4 and is sporadically present throughout the composite section. 

These taxa represent long-ranging species whose stratigraphic ranges 

extend to the present. Consequently, the planktonic foraminifera as-

semblages can only provide a maximum age of ~0.47 Ma for the Man-

avgat deposits. 

Although the occurrence of G. ruber (pink) offers valuable 
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Fig. 12. Depositional environment interpretation along the Middle Pleistocene MNV composite section. To the right, some field photographs of the main lithofacies 

representative of the different depositional environments are shown. 
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Fig. 13. Meso-scale syn-sedimentary normal fault showing a well-developed clastic-wedge, with growth-strata (yellow overlap), at the hangingwall of a fault plane 

(N150
◦
, 60

◦
) that affects the Sl-1 slumping horizon, in the basal portion of MNV4 section. Asterisks indicate some sub-angular marly boulders from the Geceleme 

Formation. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

 

 
Fig. 14. Field sketch showing the relationship between the sedimentary succession of the MNV composite section (Middle Pleistocene p.p., Chibanian p.p.) and the 

carbonate bedrock consisting of the Oymapınar Formation, (Middle Miocene p.p., Langhian). (1) Holocene fluvial deposits; (2) Upper Pleistocene p.p. fluvial de-

posits; (3) marine deposits of the Manavgat Formation (Middle Pleistocene p.p.); (4) slumped horizon within the Manavgat Formation (Middle Pleistocene p.p., 

Chibanian); (5) shallow-water limestones of the Oymapınar Formation, (Middle Miocene p.p., Langhian). The section is exposed along the D-965 highway in the 

Manavgat area. 

 

paleoenvironmental information, it should be used cautiously as a 

biostratigraphic marker due to regional variation in its temporal dis-

tribution. Its FO at ~0.33 Ma has been suggested by Lourens (2004) in 

the eastern Mediterranean Sea based on their unpublished data; how-

ever, according to Numberger et al. (2009), G. ruber (pink) appears as 

early as MIS 11 (~0.47 Ma) in the central Mediterranean Sea, and its 

presence is commonly associated with warm intervals (Numberger et al., 

2009; Pe´rez-Folgado et al., 2004). These findings regional discrepancies 

likely reflect ecological and taphonomic influences rather than dia-

chronous evolutionary events. Importantly, the presence of G. ruber 

(pink) supports the late Middle Pleistocene age yielded by the calcareous 

nannofossil analysis. 

No ostracod specimens were recovered from the analyzed samples. 

This absence is consistent with deposition under high-energy, nearshore 

conditions, where rapid sedimentation, variable salinity, and strong 

hydrodynamic activity create environments unsuitable for ostracod 

colonization (Curtis, 1960). Such conditions reflect low environmental 

stability typical of shallow-marine fan-delta settings. 

 

 
4.3. Impact on the chronostratigraphy of the Antalya Basin 

 

Marine sedimentation within the central Isparta Angle is recorded in 
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the Aksu, Ko¨prüçay, and Manavgat sub-basins starting from the Early 

Miocene (Burdigalian), where Neogene–Quaternary sequences lie un-

conformably atop the Tauride carbonates (Glover and Robertson, 1998; 

Poisson et al., 2003a, 2003b, 2011; van Hinsbergen et al., 2010; van 

Hinsbergen and Schmid, 2012; Robertson et al., 2013). 

The Aksu Basin preserves one of the most complete Late Cenozoic 

successions, comprising Miocene marine clastics with patch reefs, Plio-

cene shallow-marine deposits, and Lower Pleistocene–Recent marine to 

terrestrial clastics and travertines (Akay et al., 1985; S¸ engo¨r and Yılmaz, 

1981; 1996; Monod et al., 2001; Glover and Robertson, 1998; Poisson 

et al., 2003a, 2003b, 2011; Çiner et al., 2008; Wasoo et al., 2020). 

Updated foraminiferal biostratigraphy from the topmost Eskiko¨y For- 

mation (Kanbur and O¨ g˘retmen, 2022) extended the age of the succession 

from the previously assumed Pliocene to the Early Pleistocene 

(1.54–1.36 Ma), based on diagnostic planktonic taxa including Neo-

globoquadrina pachyderma, Globigerinoides tenellus, and Globoturborotalita 

rubescens. 

The Ko¨prüçay Sub-basin similarly contains a mixed siliciclas-

tic–carbonate Miocene infill, including reefal shelf carbonates, mud-

stones, turbidites, and thick marginal conglomerates, documented in 

earlier regional mapping and facies studies (Blumenthal, 1951; Flecker, 

1995; Poisson et al., 2003a, 2003b; Deynoux et al., 2005; Çiner et al., 

2008; Koç et al., 2016a, 2016b). 

The Manavgat Sub-basin has a long history of stratigraphic investi-

gation (Blumenthal, 1951; Bizon et al., 1974; Akay et al., 1985; Flecker, 

1995, 1998, 2005; Karabıyıkog˘lu et al., 2000, 2005; Deynoux et al., 

2005; Çiner et al., 2008), with recent studies refining its Miocene car-

bonate and clastic delta facies architecture (Ilgar et al., 2024; Larsen 

et al., 2024a, 2024b; Wathne et al., 2024; Yılmaz et al., 2024). 

Sagular and O¨ zer (2024) proposed a significant revision of the litho- 

and biostratigraphy based on calcareous nannofossil assemblages. As 

previous authors, they placed the Oymapınar Formation (Langhian) and 

the overlying Geceleme Formation (Serravallian) in the Middle Miocene, 

but crucially, they argued that deposits of the Karpuzçay Formation, 

previously assigned to the Middle-Upper Miocene (Serravallian-Torto-

nian), in fact represent two distinct successions: (i) a Lower Pliocene 

clastic shelf interval, which retains the name of the Karpuzçay Forma-

tion, and (ii) a Lower Pleistocene shallow-marine unit, newly defined as 

the Manavgat Formation. These Lower Pleistocene strata (Manavgat 

Formation) are interpreted to rest unconformably on the Lower Pliocene 

deposits (Karpuzçay Formation) and begin with a distinctive chaotic 

mass-transport unit, which they attribute to a paleotsunami event. This 

reinterpretation extends marine sedimentation to ~1.6 Ma and reframes 

the stratigraphic architecture of the Manavgat Sub-basin, providing an 

important but debated foundation for subsequent chronostratigraphic 

analyses. 

Our new sedimentological and micropaleontological observations 

provide a different perspective on both age and process. Deformed and 

chaotic units in the MNV composite section lack the diagnostic features 

of regionally sourced tsunami deposits and instead resemble internally 

generated slump packages typical of unstable delta settings consistent 

with the architecture of the MNV succession. 

In particular, the mega slumping Sl-3 at the top of MNV1 corresponds 

to the paleotsunami event that, according to Sagular and O¨ zer (2024), 

separates the Lower Pliocene deposits (Karpuzçay Formation) from 

those of the Lower Pleistocene (Manavgat Formation). However, in this 

study, Sl-3 is interpreted as an intraformational slump deposit rather 

than a paleotsunami. This interpretation is based on its sedimentological 

characteristics, including chaotic internal structure, lack of diagnostic 

tsunami-related features (e.g., liquefaction or tractional structures), and 

its consistency with downslope-directed mass-flow processes from a 

proximal source area. 

Our results illustrate that the MNV composite section represents a 

continuous late Middle Pleistocene succession without hiatuses. These 

observations, together with the distribution of the Manavgat Sub-basin 

on the geological map provided by Sagular and O  ̈zer (2024), allow us 

to extend the Pleistocene age to the entire area that is occupied by the 

Karpuzçay Formation, reaching its unconformable boundary with the 

Geceleme Formation (Middle Miocene, Serravallian). Moreover, our 

results indicate that the definition of Manavgat Formation proposed by 

Sagular and O¨ zer (2024) should be amended, to include the portion of 

the succession that these authors attributed to the Karpuzçay Formation. 

This conclusion is supported by the observation that the top of the 

MNV composite section (~143 m above MSL) is associated with a gentle 

seaward dip (0.5–3
◦
) paleosurface, defining a late Middle Pleistocene 

fan delta, which, extends from ~170 m (inner margin) down to ~20 m 

(external edge) above present sea level, elongating perpendicular to the 

coast over a distance from 9 to 11 km (Fig. 15). 

Calcareous nannofossil evidence, together with planktonic forami-

niferal assemblages, places the base of the MNV composite section, 

younger than ~0.26 Ma (FO of Emiliania huxleyi), correlating the up-

permost marine deposits in the Manavgat Sub-basin with the late Middle 

Pleistocene (~0.23 Ma, MIS 7) strata of the TOL-1 section in the Mut 

Basin (Sarı et al., 2025). The presence of E. huxleyi at the base of the 

MNV section and near the top of TOL-1 demonstrates that both succes-

sions overlap within the ~0.26–0.23 Ma interval. Although the MNV 

record represents a higher-energy fan-delta system characterized by 

variable sediment accumulation, this correlation provides a strong 

regional chronostratigraphic anchor. Accordingly, the revised age of the 

MNV composite section making it nearly 1 Myr younger than the age 

proposed by Sagular and O¨ zer (2024) and much younger than the pre-

viously reported marine deposits in the Antalya Basin (e.g. 

Karabıyıkog˘lu et al., 2000, 2005; Deynoux et al., 2005; Çiner et al., 

2008). 

Despite extensive research across all the three sub-basins, the chro-

nostratigraphy of the Antalya Basin remains complicated by reworking, 

localized hiatuses, variable sedimentation rates, and sparse high-

resolution biostratigraphic control. These results refine the chro-

nostratigraphic framework of the Manavgat Sub-basin and demonstrate 

that shallow-marine conditions, at least at the eastern limb of the Isparta 

Angle, persisted well into the late Middle Pleistocene. 

 
4.4. Tectonic controls on the basin evolution 

 

The Antalya Basin preserves a multi-stage tectonic history charac-

terized by alternating phases of extension and compression throughout 

the Neogene–Quaternary. Regional structural, geomorphic, and paleo-

stress datasets indicate four principal phases: (1) pre-Tortonian E–W 

extension gave rise to the early Antalya Basin and established the 

Manavgat, Ko¨prüçay, and Aksu sub-basins (Hall et al., 2014; Koç et al., 

2017; McPhee et al., 2018); (2) Tortonian–Pliocene compression, 

expressed by the Lycian and Aksu deformation phases along the Aksu 

Thrust, uplifted and folded basin strata (Glover and Robertson, 1998; 

Poisson et al., 2003a, 2011; Deynoux et al., 2005); (3) from the Late 

Pliocene onward, the region entered a renewed phase of N–S-directed 

extension during which inherited thrusts were reactivated as normal 

faults, and NW–SE-oriented fault systems, including the Kırkkavak 

Fault, began accommodating NE–SW extension (Glover and Robertson, 

1998). 

Geomorphic indicators such as deeply incised valleys, active tectono-

karst depressions, and fault-controlled gorges confirm that this latest 

extensional regime persisted throughout the Quaternary (Üner et al., 

2015; Dog˘an et al., 2017; Aykut et al., 2023, 2025, 2026). This pro-

longed extensional setting also allowed shallow-marine sedimentation 

to continue into the late Middle Pleistocene, as demonstrated by our new 

study. 

Syndepositional deformation within the MNV composite section is 

recorded by meso-scale synsedimentary extensional faults (Fig. 13), 

abundant turbidity flows, and five major slump complexes (from Sl-1 to 

Sl-5). The disrupted internal architecture of the slump deposits and the 

presence of extra-basinal carbonate blocks, derived from erosion of 

uplifted Miocene units, indicates abrupt fault-driven slope failure, most 
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Fig. 15. (A) Three-dimensional view of the late Middle Pleistocene marine terrace identified in the Manavgat area, boxplots of the mean elevation and slope, and 

boxes used to trace the swath profiles. The terrace is mapped and visualized in QGIS through direct digital mapping, using the FABDEM v1.2 digital terrain model 

(https://data.bris.ac.uk/data/dataset/. Fare clic o toccare se si considera attendibile questo collegamento.”>https://data.bris.ac.uk/data/dataset/) as base topog- 

raphy and red relief image map (RRM) analysis following Chiba et al. (2008); (B) Swath profile along box 1 highlithing the position of the Middle Pleistocene terrace; 

(C) Swath profile along box 2, highlithing the position of the Middle Pleistocene terrace and the location of the studied sections. (For interpretation of the references 

to colour in this figure legend, the reader is referred to the Web version of this article.) 

 

plausibly triggered by renewed displacement along the Manavgat Basin 

boundary faults. 

The presence of slumpings in the Middle Pleistocene succession of 

the Manavgat Sub-basin further links its tectono-sedimentary evolution 

with that of the Mut Basin, where O  ̈g˘retmen et al. (2018) report a 

mega-slump in the Middle Pleistocene deposits at the end of the marine 

succession capping the CAP southern margin. These observations 

demonstrate that the fan-delta system of the Manavgat Sub-basin 

evolved in a tectonically active setting where extension, subsidence, 

and sediment supply interacted dynamically. 

Yılmaz et al. (2024) identified two fault systems in the Manavgat 

Basin. Small normal faults affecting the Tepekli Formation and the larger 

Çardakko¨y Thrust, which they interpreted as placing the Karpuzçay 

Formation onto the Tortonian Ko¨prüçay Conglomerate. They also 

https://data.bris.ac.uk/data/dataset/
https://data.bris.ac.uk/data/dataset/
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proposed that early basin deepening in the east was controlled by a 

buried NW-trending normal fault responsible for differential subsidence 

across the basin (Go¨mülü Normal Fay in Yılmaz et al., 2024). However, 

their tectono-stratigraphic basin evolution depends on assigning the 

Karpuzçay Formation a Serravallian–Tortonian age. Our revised chro-

nostratigraphy shows that these units contain mainly late Middle 

Pleistocene shallow-marine deposits which requires a fundamental 

re-evaluation of both slip rates and timing of the tectono-sedimentary 

basin evolution. 

After ~0.23 Ma, the basin experienced rapid uplift under continued 

regional extension. The correlation of the uppermost marine deposits in 

the MNV succession with the late Middle Pleistocene strata in the Mut 

Basin (~0.23 Ma, MIS 7; Sarı et al., 2025), combined with paleodepth 

constraints based on presence of benthic foraminifera and MIS 7 

sea-level estimates (Antonioli et al., 2021), yields a mean uplift rate of 

~0.8 m/kyr. This places the Manavgat Sub-basin among the most 

rapidly uplifting sectors of the eastern Isparta Angle. 

The timing of the Manavgat Sub-basin uplift aligns with the defor-

mation episodes at ~450 ka and 100–250 ka documented by 

U–Th–dated calcite veins in the western Central Anatolian Plateau 

(Aykut et al., 2025), indicating that uplift and extension were syn-

chronous during the Middle Pleistocene, deeply influencing the stra-

tigraphy of the Antalya Basin with debris flows and slumped thick 

horizons. 

Sea level markers along the Eastern Mediterranean coast show that 

differential vertical motion continues into the late Holocene: the crustal 

block west of Antalya exhibits subsidence of —0.8 to —2.3 mm/yr (Çiner 

et al., 2009; Desruelles et al., 2009; Anzidei et al., 2011), whereas the 

Antalya–Alanya corridor shows moderate uplift of 0.17–0.35 mm/yr 

(Liberatore et al., 2022). This pattern is consistent with continued 

crustal adjustment under an extensional regime. 

The underlying drivers of this Quaternary extension/uplift have been 

interpreted by Schildgen et al. (2012) and Howell et al. (2017), who 

proposed that extension reflects lithospheric warming and relaxation 

linked to trench-perpendicular slab tearing along the eastern margin of 

the Aegean slab and associated asthenosphere upwelling. In contrast, 

other studies attribute the extensional tectonic deformation to rollback 

of a remnant segment of the southern Neo-Tethyan slab (Flecker et al., 

2005; Glover and Robertson, 1998; Kelling et al., 2005; Koçyig ĭt and 

O¨ zacar, 2003; Üner et al., 2015). The most plausible interpretation is 

that both processes contributed: slab fragmentation and asthenosphere 

upwelling promoted regional uplift and crustal weakening, while 

continued slab rollback drove NE–SW extension and the activation of 

NW–SE-striking normal faults. Together, these mantle and crustal pro-

cesses shaped the late Middle Pleistocene–Holocene evolution of the 

Manavgat Sub-basin and the whole Antalya Basin. 

 
5. Conclusions 

 

Integrated lithostratigraphic and micropaleontological analyses of 

the MNV composite section reveal a deltaic succession comprising fan 

delta front, fan delta front/fan prodelta, and renewed fan delta front 

facies, reflecting alternating high- and low-energy shallow-marine 

conditions. Calcareous nannofossils, together with planktic foraminif-

eral assemblages, constrain the base of the succession to be younger than 

~0.26 Ma (FO of Emiliania huxleyi), while the uppermost marine de-

posits possibly correlate the late Middle Pleistocene strata (~0.23 Ma, 

MIS 7) in the Mut Basin (Sarı et al., 2025). These findings extend the age 

of marine deposition in the Manavgat Sub-basin well into the late Middle 

Pleistocene, significantly younger than previously reported (Middle 

Miocene or Early Pleistocene) assignments. The present elevation of the 

section top (~170 m above MSL), combined with paleodepth and MIS 7 

sea-level reconstructions, indicates an average uplift rate of ~0.8 m/kyr 

since ~0.23 Ma, providing new quantitative constraints on the basin's 

late Quaternary tectono-sedimentary evolution. This rapid surface rise 

occurred under continued NE–SW-directed extension, facilitated by 

reactivation of the tectonic activity along NW–SE-oriented fault systems. 

Based on previous studies, the observed uplift/subsidence history sug-

gests that both crustal deformation and slab-related geodynamic pro-

cesses might be key drivers of the Antalya Basin's late Quaternary 

tectono-sedimentary evolution. 
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