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ABSTRACT 

 

The offshore Akcakoca-Amasra area is located in the Black Sea basin which contains two 

subbasins; the Western and Eastern Black Sea basins. The Western Black Sea basin is formed as 

a result of rifting of the Moesian Platform in Early Cretaceous. The rifting is followed by the 

closure of the Neotethys Ocean in the Middle Eocene, which resulted in the formation of the 

Pontide fold and thrust belt located in northern Turkey. In this study, eight seismic reflection 

profiles are interpreted to determine the subsurface structural geometry and tectono-stratigraphic 

evolution of the offshore Akcakoca-Amasra area. The stratigraphy of the study area is 

determined based on composite well log of the Akcakoca-1 wildcat well drilled in the study area.  

A velocity model is constructed based on sonic data from the Akcakoca-1 well. Relative acoustic 

impedance is applied to each seismic profile to amplify the seismic reflections in order to trace 

seismic horizons, where the resolution is very low. 

Structural interpretation of the eight seismic reflection profiles suggests that a major 

décollement surface was developed during the Pontide Orogeny in the Late Cretaceous 

Maastrichtian–- Paleocene Akveren Formation at the limestone clay-shale intraformational 

transition. The decollement uses the syn-rift normal faults to develop ramp-flat thrust fault 

geometry. A well-developed duplex structure is also present along the seismic lines.  The number 

and size of the horse structures within the duplex decrease towards the northeast. This suggests 

that the intensity of the compression is decreasing from southwest to northeast. In the 

northeastern 
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part of the study area, a rotational landslide is observed along the seismic lines around offshore 

Amasra. The failure surface of the landslide possibly coincides with the décollement surface of 

the Pontide thrusting. This rotational landslide may have been triggered by historical earthquakes 

in and around the study area 
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CHAPTER 1 

1.1 Introduction 

 

The Black Sea basin (Fig. 1) comprises two subbasins with different tectonic origins. The 

subbasins are the Western and Eastern Black Sea basins. The Western Black Sea Basin is formed 

as a result of rifting of the Moesian Platform in Early Cretaceous. The rifting is controlled by two 

major transform faults between offshore Moesia Platform in Romania and Istanbul Zone in 

Turkey (Okay et al, 1994) (Figs. 1 and 2).   

 

Figure 1: The main tectonic units in the Black Sea region (Okay and Nikishin, 2015). 

The Eastern Black Sea basin was formed during the counterclockwise rotation of the 

Eastern Black Sea block around a rotation pole located north of Crimea (Gorur and Tuysuz, 

1997) 
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in Santonian – Campanian (Fig. 2). This rotation was coeval with the opening of the Western 

Black Sea basin, but continued until Miocene (Okay et al., 1994) (Figs 2 and 3).  

After the Aptian (Early Cretaceous) rifting in the region, both Eastern and Western Black 

Sea basins experienced deep water depositions. In middle Eocene, the Istanbul and Sakarya 

blocks collided (e.g., Görür, 1988; Robinson et al., 1995; Stephenson et al., 2010; Yigitbas et al., 

1995) and formed the Pontide  mountain range to the south of the Western and Eastern Black Sea 

basins (Fig. 3).  During Late Miocene, a major sea level fall occurred in the region which caused 

the two basins to become large shallow lakes and the interiors of the basins were filled with 

muds and basin floor clastics (Okay and Nikishin, 2015). The depth of water in the center of the 

basins was reduced to a few hundred meters. This caused major incision of the basin margins and 

widespread deposition of fluvial strata over earlier shelf and even basinal areas (e.g., Robinson et 

al., 1995). The water level rose rapidly from the Late Miocene to Pliocene due to a world-wide 

sea level rise and the two basins were coalesced again giving way to formation of the present day 

Black Sea basin (Figs. 1 and 2).  The general tectonic evolution of the Western Black Sea basin 

is relatively well understood (e.g., Sengor and Yilmaz, 1981; Nikishin et al., 2002). However, 

tectonostratigraphic evolution of the southern margin of the basin remains poorly understood 

because there is no published geological research based on interpretation of available seismic 

reflection profiles and well data.  
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Figure 2: Diagram showing major tectonic elements of the Western and the Eastern Black Sea 

basins during the Santonian to Campanian (Cretaceous). R = rotation pole of the Eastern Black 

Sea block (Modified from Okay et al., 1994). 

 

The main purpose of this study is to determine the tectonostratigraphic evolution of the 

offshore Akcakoca-Amasra (NW Turkey-Black Sea) area (Fig. 5) along the southern margin of 

the Western Black Sea basin   based on   interpretation of the four Southeast-Northwest (K98-06, 

K98-07, K98-10, K98-11), two Northeast-Southwest (K98-01, K98-14) and two approximately  

North-South (K98-02, K98-04) seismic reflection profiles (Fig. 3). The profiles were acquired by 

the General Directorate of Mineral Research and Exploration (MTA) in Ankara, Turkey and 

were made available for use of this M.S. thesis project.  They will be interpreted to delineate 
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subsurface structural geology and tectonostratigraphic evolution of the study area from 

Cretaceous to present. The area contains both Early Cretaceous rifting and post rifting collisional 

structures formed during the Pontide Orogeny.  Consequently, this study aims to focus on the 

structural relationship between the rifting and post rifting structures along the southern margin of 

the Western Black Sea basin. 

Research Questions: 

This study aims to bring new insights to the following research questions: 

1) What is the subsurface geometry of Cretaceous rift structures in the area below the Eocene 

Pontide thrust structures?  

2) What is the geometric relationship between Cretaceous extensional (normal faults) and 

Eocene contractional (thrust faults) in the study area? Did the earlier rift structures such as 

normal fault invert into contractional structures or did the contractional décollements use the 

normal faults to ramp into the higher structural levels?  

3) Are there recent landslides in the study area? 
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Figure 3: Location map of the offshore seismic lines of the study area. 
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CHAPTER 2 

2.1 Geologic Overview 

 

The stratigraphy of the study area is determined by using wireline log data from the 

Akcakoca -1 well (Fig. 4). There are three main tectonostratigraphic units in the study area and 

its surrounding: 

(i) The pre-rift Paleozoic sedimentary units, which are Early Devonian to Early 

Cretaceous in age, 

(ii) The syn-rift Mesozoic sedimentary units, which are Aptian  to Eocene in age, 

(iii) The post-rift sedimentary units, which were deposited during the Pontide Orogeny, 

and are Eocene to present in age.  
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Figure 4: Diagrams showing the evolution of the Black Sea basin. The Western Black Sea basin 

is opened due to rifting between the Western Black Sea fault and Crimean fault in early 

Cretaceous from Cenomanian to Campanian.  (Modified from Nikishin et al., 2002). 

The pre-rift Paleozoic sedimentary units include Istanbul Zone Paleozoic succession, 

which is a non-metamorphosed sedimentary package, and is Ordovician to Carboniferous in age 

(Fig. 3) (Gorur, 1997). They are not penetrated by the Akcakoca -1 well within the study area 

and cannot be identified in the available seismic reflection profiles. Therefore, the reader is 

referred to Tokay, (1954, and 1955); Gorur (1988); Gorur and Tuysuz (1997); and Tuysuz (1999) 

for a thorough discussion of their stratigraphy.  

500km 0km 

500km 0km 

500km 0km 0km 500km 
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Figure 5: Generalized stratigraphic column of the southern margin of the Black Sea basin 

(Modified from Nabiev, A., 2007). 

The syn-rift succession, deposited during Aptian (Early Cretaceous) to Eocene, 

unconformably overlies the pre-rift succession. Syn-rift succession starts with conglomerate, 

sandstone, mudstone, limestone and turbiditic rock units of the Ulus Formation (Fig. 5). The 
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nannoplankton age determination indicates that the formation is Hauterivian to Late Aptian 

(Early Cretaceous) in age (Hippolyte et al., 2010). Therefore, the initiation age of rifting in the 

Black Sea basin is considered to be Early Cretaceous. The Ulus Formation is unconformably 

overlain by the Turonian-age Derekoy Formation (Fig. 5), which contains island arc magmatic 

rocks derived from the Western Pontides (Sunal and Tüysüz, 2002). The Derekoy Formation 

contains voluminous volcanic rocks (Görür, 1997). It displays abrupt thickness and sedimentary 

environment changes attributed to normal faulting in the basin (Tüysüz and Yigitbas, 1994; 

Tüysüz et al., 1995) in a back-arc rifting setting. Syn-rift succession continued with the 

deposition of the Santonian Unaz Formation (Fig. 5), which is composed of thin pelagic 

limestone. The Unaz Formation has a different contact relationship with the underlying units due 

to the horst-graben topography developed during the time of the Derekoy deposition. This 

suggests that erosional and deep marine depositional areas were closely juxtaposed before the 

deposition of the Unaz Formation. The dissected topography, developed during the deposition of 

the Derekoy Formation, was covered by the pelagic carbonates of the Unaz Formation indicating 

regional subsidence in the Late Santonian-Campanian period. The overlying Campanian Canbu 

Formation (Fig. 5) was deposited in an arc magmatism setting (Tüysüz, 1999).  The 

Maastrichtian Akveren Formation (Fig. 5) records the end of arc-magmatism in the area and is 

composed of calciturbidites, olistostromes and pelagic mudstone.  It grades into Paleocene to the 

Eocene Kusuri Formation (Fig. 5), which is primarily composed of pelagic mudstone and marl 

representing the beginning of the post-rift stage and coinciding with initial stages of the Pontide 

fold-thrust belt.  

The Pontide fold-thrust belt formed (Fig. 6) by the closure of the Neotethys Ocean in the 

region (Fig. 7). This caused the tectonic style in the Western Black Sea area to change from 
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extension to compression during the Late Cretaceous-Eocene period (Fig. 7).  The Pontide 

compression dominated tectonostratigraphy and structural evolution of Western Black Sea basin 

from Middle Eocene to recent (Robertson et. al; 2012) (Fig. 7).   

2.2 Pontides 

The Pontide fold-thrust belt is the northernmost tectonic unit of Anatolia.  The belt 

extends as a morphological entity from the Rhodope Mountains of Bulgaria in the west to the 

Caucasus Mountains in the east (Fig. 6). It comprises three parts: Western, Central and Eastern 

Pontides.  

 

Figure 6: Tectonic map of southern Black Sea and surrounding region (Redrawn after Okay, 

2008). 

The northern boundary of the Pontides lies under the Black Sea, in Northern Anatolia, 

Turkey. From Ankara westward, it splays into two branches; the northern branch is called as the 

Intra-Pontide suture, and the southern branch is called the İzmir-Ankara suture zone (Fig. 6).  

370 km 0 km 
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Figure 7: Closure of Neotethys Ocean and formation of Pontide Mountain belt from Late 

Cretaceous to Mid Eocene (Robertson et al, 2012). 

 

Figure 8: Main tectonic elements of Western and Central Pontides around the study area 

(Redrawn after Yilmaz et al., 1997). 

250 km 0 km 
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The Western Pontides is composed of three tectonic sectors: the Strandja Massif, the 

İstanbul-Zonguldak Zone, and the Armutlu-Almacık Zone (Yilmaz et al., 1997). Each sector is 

separated by major structural elements (Fig. 8). The study area offshore Akcakoca-Amasra (Fig. 

3) is located in the Istanbul-Zonguldak Zone.  

The Central Pontides is made up of approximately east-west trending tectonic zones. 

From the north to the south these zones are: a) the northern zone (the Çangaldağ high), b) the 

Araç-Daday shear zone, c) the Kastamonu-Boyabat basin fill, d) the Kargı massif, and e) the 

ophiolite belt (Yilmaz et al.; 1997). Figure 9 displays a north-south geological cross section 

across the Central Pontides which shows the tectonic positions of the constituent 

tectonostratigraphic units. 

As a result of the closure of the Neotethys Ocean, the Pontide orogeny is dominantly 

thrusting in S-SE direction between North Anatolian Fault Zone and the Black Sea (Figs. 8 and 

9). Moreover, the northern border of the Pontide thrust belt extends towards the Black Sea in the 

study area. 
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Figure 9: Geological cross section of the Central Pontides (Yilmaz et al, 1997), showing Pontide 

thrusting. 

2.2.1 Stratigraphy 

 

The stratigraphy of the study area is dominated mainly by sedimentary rock units of the 

Western and Central Pontides (Fig. 8). Since the seismic data do not reach below the Upper 

Cretaceous Hamsaros Formation (Fig. 5), the basement of Western Black Sea basin will not be 

discussed. 

2.2.1.1 Hamsaros Formation 

 

The Upper Cretaceous Hamsaros Formation is deposited mainly in the Sinop basin and 

along the Upper Cretaceous magmatic belt (Fig. 8). The formation extends towards the 

Akcakoca-Amasra sector of the Western Black Sea.  It is mainly composed of basaltic lava 

flows, basaltic dikes, basaltic agglomerates and tuff (Gedik et al, 1984; Asan, 2010).  The 

dominant color of the formation is black and greenish black and agglomerates are medium-to-

thick and are irregularly bedded. This lithology suggests that the Hamsaros Formation is a 

product of island arc volcanism (Cellek, 2013).  
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The Hamsaros Formation is unconformably overlain by the Akveren, Atbasi, Kusuri, 

Sinop and Sarikum Formations (Cellek, 2013) in different localities in Central and Western 

Pontides. Upper Cretaceous age is assigned to Hamsaros Formation since it is present beneath 

the Paleocene limestones in the Hamsaros bay and over the Yenicekoy tuffite member in Cide-

Kurucasile region in the basin (Gedik and Korkmaz, 1984). Radiometric age determination 

(Sungurlu, 1975) indicates that the age of the formation is 100 Ma, which corresponds to Albian 

(Upper Cretaceous). Although the base of the formation is not observed on the surface, it is at 

least 1,500-meters thick in its type locality (Barka et al., 1983).  

2.2.1.2 Akveren Formation 

 

The Akveren Formation is composed of white marl, limestone and calcerous sandstone-

siltstone, clayey limestone, claystone and calcerous shale intercalations (Gedik and Korkmaz, 

1984). The limestones at the top of the succession generally contain chert. Bedding in the 

Akveren Formation is fine-to-medium in thickness. Clay and shale beds are predominantly thin, 

and limestone-clayey limestone beds are thicker. This lithology suggests that the formation is a 

calciturbiditic succession deposited mainly in Kastamonu-Boyabat basin of Central Pontides in 

an open shelf-slope environment (Gedik and Korkmaz, 1984; Uğuz and Sevin, 2008; Kaya Ozer 

and Toker, 2009). The age of the formation is Maastrichtian (Late Cretaceous)–Paleocene based 

on the fossil assemblages, which include Siderolites heraclea Ani, Hellonocyclina beotica 

Reichel, Siderolites calcitrapoides Lamarc, Globotruncana stuarti (De Lapparent), 

Globotruncana contusa (Cushman), Globotruncana conica White, Globotruncana tricarinata 

(Quereau), Rugoglobigerina sp., Lepidorbitoides sp. from the lower levels and Miscellanea 

miscella (d’Archiac ve Haime), Globorotalia pseudomenardi Bolli in  the upper levels of the 

formation (Uguz and Sevin, 2008).  The thickness of the formation varies from 500 m (Kaya- 
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Ozer and Toker, 2009) to 750 m (Cellek, 2013) and upper contact is gradational with the Atbasi 

Formation (Figs. 5 and 10).  

 

Figure 10: Comparison of Mesozoic-Tertiary stratigraphy in Zonguldak, Devrek, Ulus, Boyabat 

and Sinop basins. The Maastrichtian-Paleocene Akveren Formation and overlying units are 

recognized in the study area (Redrawn after Tüysüz, 1999). 

2.2.1.3 Atbasi Formation 

 

The Atbasi Formation is mainly composed of beige colored, thin-to-medium bedded 

clayey-sandy limestone, maroon colored thin-bedded marl intercalation at the top and thick-to-

very thick reddish brown marl deposits at the bottom (Cellek, 2013). It is interpreted as 

uninterrupted sedimentary successions with typical characteristics of low energy turbiditic 

current controlled by open shelf-slope deposits (Gedik and Korkmaz, 1984; and Aktimur et al., 

1993). Using plankton and nannoplankton, researchers have determined the age of the formation 

as Early Paleocene (Danian) (Gedik and Korkmaz, 1984). The formation is mainly deposited in 

Kastamonu-Boyabat and Devrekani basins of Central Pontides (Fig. 10) but extends towards the 

Not to scale 
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study area based on interpretations from the well cuttings in the Akcakoca-1 Well.  Some 

researchers (e.g., Tuysuz, 1999) indicated that Atbasi Formation is observed as a thin succession 

(40 m) in the Zonguldak basin of Western Pontides (Fig. 10).  The formation conformably 

overlies the Akveren Formation at its base and is conformably overlain by Kusuri Formation at 

its top (Figs. 5 and 10).  

2.2.1.4 Kusuri Formation 

 

The Kusuri Formation is composed of gray colored marl, sandstones and beige limestone 

intercalation with some shale interbeds (Aktimur et al., 1993). The lower part of the succession is 

dominated by the thin-bedded marl-claystone intercalations, sandstone interbeds in the middle 

and sand-shale intercalation at the top. Due to the fine grained sediments and fossil content, the 

Kusuri Formation is interpreted as deposited in a low energy shelf environment and below the 

wave base (Gedik and Korkmaz, 1984; and Uğuz and Sevin, 2008). Based on the fossil content, 

researchers have determined the age of the formation as Eocene (Tokay, 1954; Yergök et al., 

1987). The formation was mainly deposited in the Kastamonu-Boyabat and Devrek basins of 

Central Pontides, however, it also extends towards the Zonguldak basin of Western Pontides 

(Tuysuz, 1999) (Fig. 10). 

2.2.1.5 Sarikum Formation 

 

The Sarikum Formation is composed of brownish yellow sandstones and claystones with 

clay and mud lenses (Cellek, 2013). The formation starts with loose sandstone cross beddings at 

its base and fines upward to the fine grained sandstone and claystone with limestone in the 

middle and quartz sandstone at its  top (Cellek, 2013). The formation also contains coarse-
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grained, fine-to-medium channel fills where it outcrops around the town of Sinop. There are no 

fossils available for definitive age determination in the Sarikum Formation. 

The formation overlies the Sarmatian-Pontian Sinop Formation discordantly and is 

overlain by the Late Pleistocene Kale Formation discordantly.  Therefore, a Late Pliocene–Early 

Pleistocene age is assigned to the formation which is considered as a meandering river deposit 

(Uğuz and Sevin, 2008; Asan, 2010) and mainly deposited in Sinop basin of Central Pontides. 

The formation is present in the Akcakoca-1 Well and extends to the study area as a young cover 

unit.   
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CHAPTER 3 

3.1 Thrust Systems 

 

The study area contains well-developed thrust faults formed during the Pontide orogeny. 

Therefore, a brief introduction to the thrust systems is warranted and provided below. 

Thrust systems commonly involve several approximately parallel décollement surfaces 

whose location and extent are controlled by weak sedimentary rock layers at different levels of a 

sedimentary succession (McClay 1992).  A thrust duplex structure may form between to different 

levels of décollement surfaces. Twiss and Moores (2006) stated that “A thrust-duplex (Fig. 11) 

consists of a series of sub-parallel ramps that branch off a relatively flat, lower-floor thrust (also 

called sole thrust) and merge upward into the upper-roof thrust. The whole structure encloses a 

package of S-shaped, detached slices of rock stacked in a systematic manner”. The individual 

imbricate lenses that are surrounded by thrust faults on all sides are called horses (Fig. 11).   

 

 

Figure 11: Different thrust systems (Boyer and Elliott, 1982). 
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Important terminologies of thrust systems are defined below: 

Leading imbricate fan: an imbricate fan that has most of its displacement on the leading 

(lowermost) thrust (Fig. 11).   

Trailing imbricate fan: an imbricate fan that has most of its displacement on the trailing 

(highest) thrust (McClay, 1992).  

Duplex: A structure that is formed by overlapping ramp anticlines which have coincident trailing 

branch lines (Figs. 11 and 12). 

Horse: A structure surrounded on all sides by thrust faults (Fig. 11) 

Antiformal stack: A type of duplex structure where displacement on the individual ramps can 

be greater, such that horses are piled on top of each other and form an the antiformal stack, 

which appears as eyelid window (Boyer and Elliot; 1982) (Figs. 11 and 12). 

Hinterland sloping duplexes: Duplex structures (Fig. 11) are formed where the initial spacing 

of thrust faults and displacement on individual thrusts is small such that, at the contact between 

horses, the roof thrust slopes towards the hinterland (Mitra 1986).  

Foreland dipping duplex: Duplex structures (Fig. 11) in which both the link thrusts and the 

bedding (or reference datum surfaces) dip towards the foreland of the thrust belt (McClay, 1992).   

In the study area, all components and the geometry of an antiformal stack duplex 

structure is observed (Figs. 16, 18, 20, 22, 24 and 26). The décollement surface is in the clay-

shale beds of the Akveren Formation.  Thrust ramps and associated structures develop from the 

décollement in the Akveren Formation up to Pliocene Sarikum Formation and reach almost the 

sea floor in some parts of the study area. The roof thrust is well-developed in the southern part of 

the study area but becomes a horizontal surface towards the north as the intensity of the 

contraction decreases in the study area.     
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Figure 12: Structure of an antiformal stack.  

McClay (1992) explained the formation of duplex structures as follows:   

“Duplex formation is initiated when the forward propagation of a thrust is impeded by some 

perturbation or sticking point. The thrust is forced to ramp up to a higher glide horizon. With 

continued displacement on the thrust, higher stresses are developed in the footwall of the ramp, 

which makes an obstacle to the horizontal movement of rocks (Boyer and Elliot; 1982). 

Increased stresses cause renewed propagation of the floor thrust ahead of the ramp along the 

décollement horizon, until the fault plane again cuts up to join the roof thrust. Further 

displacement then takes place along the newly created ramp. This process may repeat many 

times, forming a series of fault bounded, typically a lozenge shaped horses (Boyer and Elliot; 

1982). The tectonic shift of the footwall ramp by the sequential formation of thrust slices creates 

the duplex structure.” 
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CHAPTER 4 

4.1 Data and Methodology 

4.1.1 Data Set  

 

The seismic reflection profiles used for this study were made available by the Turkish 

General Directorate of Mineral Research and Exploration (MTA).  The data set include eight 2D  

seismic reflection profiles with an 8-second TWT record length and a 50-m shot point interval 

between offshore Akcakoca and Amasra (Fig. 3). The seismic data were acquired in 1998 and 

consist of five NW-SE trending seismic profiles: K98-06, K98-07, K98-10, K98-11, two NE-SW 

trending seismic profiles, K98-01, K98-14, and one almost N-S trending K98-02 and K98- 04 

seismic profile which  connects  to the longest seismic profile of the study area, K98- 14 (Fig. 

14).  

The wildcat Akcakoca -1 Well is located along the seismic profile, K98-02 (Fig. 14). It 

was drilled in the study area by TPAO for exploration in 1976 and completed as a gas well. Its 

coordinates are: 41o12’36N and 31o07’36”E on the N-S trending seismic profile, K98-02. The 

well spotted at the Quaternary sea bottom sediments at –94.8 m and penetrated the Pliocene 

Sarikum Formation (587 m), the Eocene Kusuri Formation (1192 m), the Paleocene Atbasi 

Formation (72 m) and the Upper Cretaceous Akveren Formation (318 m) before reaching the 

volcanic tuff units of Upper Cretaceous Hamsaros Formation (14 m) at 2,270-m below the 

surface (Fig, 13). The Akcakoca-1 database well data provided for this study consist of SP, 

gamma-ray, caliper, resistivity, density, neutron porosity and sonic logs.  
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Figure 13: Sonic and density logs of the Akcakoca-1 Well
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Figure 14: 3D view of the eight seismic lines from the Petrel project in the time domain. 

 

50 km 0 km 
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4.2 Methodology 

 

In order to interpret the seismic sections and tie the Akcakoca-1 Well to the seismic lines, 

a Petrel project was created. Eight seismic lines were uploaded to Petrel software and their 

elevation differences from the sea bottom were corrected by matching the top seismic reflections 

of each cross cutting seismic line. Moreover, for the seismic to well tie, Akcakoca-1 Well was 

uploaded and correlated with K98-02 seismic line.  

 During this study, relative acoustic impedance is used as a seismic attribute to amplify 

the seismic reflections in order to trace seismic horizons, where the resolution is very low. The 

process helped during 1 interpretation of 2-D seismic reflection profiles, and 2) well to seismic 

tie. 

4.2.1 Relative Acoustic Impedance 

Relative acoustic Impedance is an indicator of impedance change. As a result of an 

integration of the complex trace, the calculated trace approximates the high frequency 

component of the relative acoustic impedance (Z), the product of density and seismic velocity 

(Karimi, 2015). Acoustic impedance difference of rock layers affects the reflection coefficient, 

which is a ratio calculated based on density and velocity.   

During this study, the model by Bag et al., (2008) is applied to the seismic lines, in which 

relative acoustic impedance was used as seismic attribute for better visualization of the seismic 

reflections of different rock layers in Mumbai High Field, offshore India.  As required by the 

Bag et al., (2008) model, the seismic data set is assumed to be processed to have minimum noise 

and minimum multiple contaminations and contains zero phases, wide band wavelet illumination 

etc.  The estimated relative acoustic impedance is calculated by integration of the trace, and then 

passing the result through a low pass Butterworth filter (Bag et al, 2008).  Based on this 
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assumption, the seismic trace represents the band limited reflectivity series and can be expressed 

as  

                                  𝒇(𝒕) =
𝟏

𝟐

∆𝝆𝒗

𝝆𝒗
          (Bag et al, 2008): 

Where, ρ= Density and v= seismic velocity. 

 This equation can be also written as: 

𝒇(𝒕) =
𝟏

𝟐
 ∆ 𝐥𝐧(𝝆𝒗) 

The band-limited estimate of the natural log of the acoustic impedance is provided by the 

integration of the zero phase trace. Since it is band limited, the impedance will not have absolute 

magnitudes and the stack section is usually the estimate of zero offset reflectivity (Bag et al, 

2008). Therefore, it is called relative acoustic impedance. 

𝐥𝐧(𝝆𝒗) = 𝟐 ∗  ∫ 𝒇(𝑻)𝒅𝒕
𝒕=𝑻

𝒕=𝟎

 

Relative acoustic impedance shows band limited apparent acoustic impedance contrast. 

High contrast indicates possible sequence boundaries, unconformity surfaces, and discontinuities 

(Bag et al, 2008). 

Based on the model by Bag et al., (2008), relative acoustic impedance of volume 

attributes tool in the fracture modeling section of Petrel software was applied to eight seismic 

profiles in the study area. As a result of the application of this seismic attribute, better seismic 

images are created for the study area. 

4.2.2 Seismic Interpretation 

Eight seismic reflection profiles and available wireline well logs from the Akcakoca-1 

Well were used to interpret the subsurface structural geometry of the study area (Fig. 3). The 

formation tops in the Akcakoca-1 Well were correlated to the seismic line, K98-02, by creating a 
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synthetic seismogram (Fig.15). The synthetic provided a seismic tie to determine formation tops 

and helped to determine structural geometry in the time domain. 

4.2.3 Well-to-Seismic Tie 

Well-to-seismic tie was used to correlate depth with time and allows comparison of well 

data with seismic data. This allows relating the specific reflections in a seismic section with 

horizon tops of a well (Schroeder, 2006). Time-depth correlations for the well-to-seismic tie 

were generated using a synthetic seismogram, which is a convolution of reflection coefficient (R) 

and a wavelet extracted from seismic data (Yılmaz, 2001). 

There are three main steps in synthetic seismogram generation: 

(i) Reflection Coefficient calculation: Reflection coefficient is the ratio of acoustic 

impedance (AI) at a boundary between two media, which is derived from the 

multiplication of density and velocity obtained from well logs (Yılmaz, 2001). The 

formula below is used to determine reflection coefficient (R).  

R = (AIn+1 – AIn) / (AIn+1 + AIn) 

(ii) A seismic trace is created from the wavelet extracted from the seismic data and 

convoluted with the derived reflectivity series. 

(iii) Finally, seismic reflections are aligned by the seismic trace by matching with the 

synthetic trace in order to determine formation tops (Cunningham and Droxler, 2000). 
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Figure 15: Synthetic seismogram generation using well log data from the Akcakoca-1 Well. 
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CHAPTER 5 

5.1 Structural Interpretation of Seismic Reflection Profiles  

 

The seismic profiles K98-06, K98-07, K98-10 and K98-11 are approximately 

perpendicular, and seismic lines K98-01 and K98-14 are about parallel to the Black Sea 

shoreline (Fig. 3).  Seismic line K98-04 connects the K98-02 seismic line and Akcakoca-1 Well 

to the K98-01 line.  Finally, there are some interrupted parts and bowties in the seismic section 

below 3,500 ms in the time domain due to the strong multiple effect (Figs 16, 17, 18, 20, 21, 22, 

24, 25, 28 and 29). These features make interpretation of seismic reflection profiles below 3,500 

ms impossible. Therefore, the seismic lines are not interpreted below the 3,500 ms. 

Below is a summary of major structural features interpreted along the 7 seismic reflection 

profiles within the study area. Each profile will also be briefly discussed. 

Interpretation of 7 seismic lines indicates that rifting-stage normal faults affected the 

stratigraphic section up to the Albian Hamsaros Formation (Upper Cretaceous). No deformation 

due to rifting-stage normal faults is observed in Maastrichtian (Upper Cretaceous) Akveren and 

Paleocene Atbasi Formations in the seismic sections of the study area. The reflections in 

Akveren , Atbasi , Kusuri  and Sarikum Formations are reveal duplex structures because the 

seismic reflections are stacked over each other as horses in uninterpreted sections (Figs. 18, 20, 

22, 24, 26, and 28). There is a continuous décollement surface developed in the Upper 

Cretaceous Akveren Formation.  The formation is composed of marl, claystone, and clayey 

limestone at the base. These layers are inherently weak and therefore are suitable for very low-
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angle thrust faulting (décollement) development. The thrusting in the study area is from NW to 

SE and correlates with the compression direction of the Pontide fold and thrust belt. The horses 

in the duplex structure are closely spaced in the SW. They become wider towards the NE 

direction (Figs. 16, 18, 20, and 26).  

From the seismic profile K98-04 towards K98-10, the horses grow smaller and the 

number of the horses within the duplex structure decreases (Figs. 18, 20, 22, and 28). There are 

13 horses in K98-04 seismic profile (Fig. 18), 11 horses in K98-01 section (Fig. 28), and 5 

horses in K98-06 and K98-07 sections (Figs. 20 and 22) respectively. The decreasing number of 

horses?> is probably due to the decrease in the intensity of thrusting towards the NE. The roof 

and floor thrusts are well-developed at the western part of the study area. However, the roof 

thrust disappears towards the NE and roof thrust is not observed in the seismic section K98-06 

towards the NE because the roof thrust becomes almost a horizontal surface showing no 

significant displacement. Moreover, under the décollement surface, the base of the Upper 

Cretaceous Akveren and Hamsaros Formations are deformed, and ramp geometry is developed 

in the sections. The décollement surface uses the normal faults formed during the rifting stage of 

the Western Black Sea basin to ramp to a higher structural position along the tectonic transport 

direction (Figs. 16, 17, 18, 20, 22, 24, 25, 28, 29, and 31).  However, thrusting did not activate 

any of the earlier normal faults to show reserve separation. 

A massive landslide structure has been observed along the seismic reflection profiles, 

K98-10 and K98-11 (Figs. 21, and 23). The landslide has also been interpreted by Kuscu et al., 

(2004). However, the interpretation during this study is different than their interpretation in terms 

of depth and geometry of the landslide. Two breakaway surfaces of the landslide can be located 

in the seismic sections (Figs. 21, and 23). They indicate a two-phase movement along the 
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landslide. Some small folds and thrust faults at the toe of the landsliding have also been 

interpreted along the seismic lines K98-10 and K98-11 (Figs. 21, and 23). The décollement 

surface is buried under the landslide and is not observed in the seismic profiles K98-10 and K98-

11. 

5.2 Approximately N-S Trending Reflection Profile 

5.2.1 K98-04 Seismic Line 

 

Along the seismic profile K98-04 (Figs 16 and 17), the syn-rift normal faults on the 

southern side of the profile provide ramp geometry for the décollement surface to form during 

the Pontide Orogeny. These normal faults cross-cut the sedimentary succession up to the Upper 

Cretaceous Hamsaros Formation and do not disturb the formations younger than Hamsaros 

Formation.  This indicates that the normal faults belong to the rifting of the Western Black Sea 

basin.  

Along the seismic profile, K98-04 and other profiles, the floor thrust of the Pontide 

contractional structures is placed in the Upper Cretaceous Akveren Formation at the transition 

between clay and limestone, where limestone beds are displaying more unified, horizontal 

reflections along the seismic reflection profiles while clay units are displaying more chaotic and 

mixed reflections due to their ductile nature. Therefore, the interface between limestone and clay 

units is interpreted as a suitable surface for décollement. The décollement surface is penetrating 

towards the north by following the same clay unit in Akveren Formation, almost horizontally. 

The roof thrust was developed in the Pliocene Sarikum Formation, which is composed of 

claystone and splays up to the sea bottom.   

Between the roof thrust and the floor thrust along the seismic profile, K98-04, there are 

13 horses developed with similar sizes (Fig. 16). The horses penetrate through the Akveren 
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Formation, and limestone units of the Paleocene Atbasi Formation, sandstone, claystone, marl 

and shale intercalations of Eocene Kusuri Formation, and claystone units of Pliocene Sarikum 

Formation.  A mound like depositional feature is observed in Akveren Formation along the 

seismic reflection profile K98-04 (Fig.  17). This feature is speculatively interpreted as a 

biological/algal build-up, since Akveren Formation contains clayey limestone in its surface 

exposures and in subsurface in cuttings of the Akcakoca-1 Well (Fig. 17). 



32 
 

 

Figure 16: K98-04 seismic profile (between CDP numbers 0-3841): A) Uninterpreted; B) Interpreted and C) Line drawing. The 

profile shows well developed duplex structure developed between the floor within the Akveren Formation and the roof thrust within 

the Sarikum Formation.  
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Figure 17: K98-04 (between CDP numbers 3841-8961): A) Uninterpreted; B) Interpreted and C) Line drawing. The profile does not 

show any duplex structure. The décollement is assumed to be present within the Akveren Formation. Below the décollement several 

normal faults of the syn-rift stage are present.
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Approximately NW-SE Trending Seismic Reflection Profiles 

5.2.2 K98-06 Seismic Line 

 

In this seismic line, the décollement surface is in the Akveren Formation, same as K98-04 

line. However, the roof thrust is not very well developed (Fig. 18). The lack of the roof thrust is 

probably due to the loss of the intensity in thrusting. Moreover, there are only 5 horses along the 

seismic section and the size of the horses is smaller than the ones in the western part of the study 

area. In some parts of the section, the décollement is elevated probably by the normal faults of 

the rifting stage; however, these faults cannot be observed clearly in the seismic section due to 

strong multiple effect and low resolution (Fig. 18). The hanging wall strata in this section exhibit 

well developed folding, most likely due to the steep ramp geometry of the décollement surface 

towards the Black Sea shoreline (Fig. 18). 
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Figure 18: K98-06 (between CDP numbers 0-3841): A) Uninterpreted; B) Interpreted and C) Line drawing. Horses and décollement 

are well-observed. A normal fault is drawn below the décollement surface in the southern part of section where the décollement is 

elevated most likely due to a ramp along the décollement surface. 
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Figure 19: K98-06 (between CDP numbers 

3841-7041): A) Uninterpreted; B) 

Interpreted and C) Line drawing. The profile 

does not show any duplex structures. The 

decollement is assumed to be present within 

the Akveren Formation. Below the 

decollement several normal faults could not 

be interpreted below the decollement most 

likely due to the low resolution of the 

seismic data. 
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5.2.3 K98-07 Seismic Line 

 

While the base of this seismic line is dominated by the effects of multiples and bowties, 

the Hamsaros Formation at the base and some parts of the décollement surface is questionably 

traced along the seismic line towards the offshore, after Common Depth Point (CDP ) number 

3456. This section has also 5 horses (Fig. 20). The roof thrust is not developed in this section 

similar to the seismic line K98-06 (Fig. 18). However, the horse structures are bigger in size and 

less dense with respect to K98-06. The reason for the size and density differences of the two 

parallel sections is probably due to the steepness of the ramp geometry and the loss of intensity 

of thrusting towards the NW. 

In the section K98-06, the ramp geometry created by the normal faults of the rifting stage 

are interpreted to be steeper than K98-07; therefore, the strata in the hanging wall of the thrust 

faults are folded less intensely than in the K98-06 section (Fig. 20).  The number of horses in this 

section is less than in the K98-04 seismic line, which is probably a result of decreases in the 

intensity of thrusting from the SW to NE. 

Similar to other seismic lines, the décollement surface in the section is placed in the 

Akveren Formation (Figs. 20 and 21), and the thrust faults are affecting all of the formations 

from the Akveren Formation up through to the Pliocene Sarikum Formation. The Hamsaros 

Formation top in this section is determined based on the intersection with the K98-14 seismic 

line and is questionable due to the strong multiple effect (Figs. 20 and 21). 
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Figure 20: K98-07 (between 

CDP numbers 5856-2976): A) 

Uninterpreted, B) Interpreted and 

C) Line drawing. The 

décollement surface is present 

within the Akveren Formation. 

The section shows 5 horses 

within the duplex structure 

between the floor and roof 

thrusts. Normal faults are drawn 

below the décollement surface 

but may be suspect. 
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Figure 21: K98-07 (between CDP 

numbers 2976-0): A) 

Uninterpreted, B) Interpreted and 

C) Line drawing. As in the 

northern part of seismic line K98-

06, the décollement is assumed to 

be present within the Akveren 

Formation. Normal faults could not 

be interpreted below the 

décollement most likely due to low 

resolution of the seismic data. 
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5.2.4 K98-10 Seismic Line 

 

In this seismic line, a part of the thrust system towards the onshore is observed (Fig.  22). 

However, the roof thrust is not developed similarly to the seismic lines K98-06 and K98-07. In 

addition loss of intensity of thrusting towards the NE, this part of the study area is structurally 

high in elevation with respect to the southern part. The elevation increase caused erosion of the 

Pliocene Sarikum Formation, which hosts the roof thrust. (Fig.  22). Therefore, the part of the 

section that contained the roof thrust may have been eroded. 

A major landslide is observed in this seismic line. There are two breakaway surfaces that 

are characterized by two major normal faults that triggered multiple rotational landslides (Fig. 

23). These two normal faults are connected one another and form a failure surface. The 

décollement of the thrusting is buried in this seismic section, which almost coincides with the 

failure surface of the landslides. The failure surface may have used the décollement as a sliding 

surface in the study area. 
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Figure 22: K98-10 (between CDP 

numbers 0-2001): A) Uninterpreted; B) 

Interpreted and C) Line drawing. Horses 

and decollement are well observed. Normal 

faults below the decollement surface are 

interpreted questionably. The section 

shows the first breakaway of the major 

landslide surface. 
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Figure 23: K98-10 (between CDP numbers 2001-3681): A) 

Uninterpreted, B) Interpreted and C) Line drawing. The section 

shows the secondary breakaway surface of the landslide. 
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5.2.5 K98-11 Seismic Line 

 

Seismic reflection profile K98-11 shows the major rotational landslide breakaway 

surfaces and is similar to seismic profile K98-10. Thrusting is observed towards the shore with 

the splays and backthrusting. As the intensity of the thrusting decreases towards the NE, there 

are few thrust faults. The faults present show only small displacements (Fig. 24). Furthermore, 

similar to K98-10 section, two breakaway surfaces in the K98-10 seismic data are observed 

along the seismic reflection profile K98-11. The breakaways are shaped by normal faults, which 

connect to each other along the low angle failure surface. However, the size of the landslide is 

smaller than the one in K98-10, which can be interpreted as the landslides being terminated to 

the NE of the K98-11 seismic section in the N-NE direction. 

A strong multiple effect is observed under 3,500 ms in this seismic section (Figs. 24 and 

25), which made the interpretation of the rifting stage extensional structures almost impossible. 
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Figure 24: K98-11 (between CDP numbers 3608-

1608): A) Uninterpreted; B) Interpreted and C) 

Line drawing. Horses and decollement are well-

observed. Interpretation of the location and 

presence of normal faults below the decollement 

surface is difficult.  
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Figure 25: K98-11 (between CDP numbers 

2088-168): A) Uninterpreted, B) Interpreted 

and C) Line drawing. The section shows the 

two breakaway surfaces of the major landslide 

surface.  
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5.3 Approximately NE-SW Trending Seismic Reflection Profiles 

5.3.1 K98-01 Seismic Line 

 

This seismic line is the southern continuation of the 100-km long K98-14 seismic line, 

which is approximately parallel to the strike of the thrusting in the study area. Duplex structures 

and horses are observed in this section, similar to other sections that are approximately 

perpendicular to the strike (Fig. 26). This is due to the change in the orientation of the strike from 

NE–SW to almost N–S in the southernmost part of the study area. 

Eleven horses can be detected in this section. A few splays and a well-developed roof 

thrust can be observed in the Pliocene Sarikum Formation and décollement surface in the Upper 

Cretaceous Akveren Formation.  More horses are observed in this section than the ones towards 

the NE, probably because intensity of the thrusting was the strongest at the SW part of the study 

area (Fig. 26).  

The horses in this section are different from the other sections containing duplex 

structures; they are more elongated due to the oblique orientation of the section to the strike of 

thrusting in the study area (Fig. 26).  Similar ramp geometry at the décollement is observed in 

this section as well (Fig. 26). Due to the strong multiple effect and bowties, the rifting stage 

normal faults, which are observed to produce ramp geometry by décollement along other seismic 

sections (Figs.16, 18, 20, 22, 24, 25), cannot be observed along the seismic line K98-01 (Figs. 26 

and 27). The normal faults strike almost parallel to the line of the section, and they will not 

produce any diffraction along the seismic reflection profile. 

The section contains a Late Paleogene–Early Neogene angular unconformity towards the 

shoreline along this seismic profile (Fig. 26).
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Figure 26: K98-01 (between CDP numbers 0-3041): A) Uninterpreted, B) Interpreted and C) Line drawing. Horses, roof thrust and 

décollement surfaces are well-observed. Rifting-stage normal faults strike almost parallel to the line of the section. Therefore, they did 

not produce any diffraction along the seismic reflection profile and cannot be detected below the décollement surface. 
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Figure 27: K98-01 (between CDP numbers 

3041-4961): A) Uninterpreted, B) 

Interpreted and C) Line drawing. 
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5.3.2 K98-14 Seismic Line 

 

This seismic line is the longest  line, and it is approximately  parallel to the strike of the 

thrusting. It is almost perpendicular to the K98-06, K98-07, K98-10 and K98-11 seismic lines 

(Fig. 14). The décollement surface can be traced along this section in the Akveren Formation 

(Figs. 28, 29, 30 and 31). Between CDP numbers 18856 and 14856 (Fig. 28), there are some 

reverse faults, which cut through Sarikum, Kusuri and Atbasi Formations; however, theses faults 

are not connected to the main décollement surface. Towards CDP number 14856, the decollment 

surface is and all formation tops including Akveren and Hamsaros Formations are elevated (Fig. 

28). This is interpreted as an  effect of syn-rift stage extensional structures. However, these 

possible normal faults are not identified clearly due to the strong multiple effect in this part of 

the seismic section around 5,000 ms  close to CDP number 18856 and rising  up to almost 4,000 

ms around CDP number 14856 (Fig. 28).  

Between the CDP numbers 14856–10856,  NE  of the intersection of K98-07 and K98-14 

seismic lines, there is a normal fault with two antitethic faults. The antithetics are considered as 

part of the major landslide imaged in the study area (Fig. 29). This main normal fault may 

coincide with the décollement but was not interpreted in that way because the reflections at the 

base of this fault are contineous. No fault-like change in this seismic reflections are observed in 

that part of the section (Fig. 29).  Between CDP numbers 11978 and 11498, there is a small basin 

possibly formed in Paleocene-Pliocene time interval. The basin is controlled by normal faults 

(Fig. 29). Towards CDP number 10856,  normal faults create ramp geometry for a décollement 

surface at this part of the section (Fig. 29). 
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Between CDP numbers 10856 and 7656, the formations are growing thinner from NE  to 

SW due to the elevated basement (Fig. 30). Some of the normal faults cutting the base of the 

Hamsaros Formation are observed in this part of the seismic section. 

Between CDP numbers 7656 to 5576, the floor thrust is highly elevated and  Eocene 

Kusuri and Paleocene Atbasi Formations are exposed at the sea floor towards CDP number 5576 

(Fig. 31). However, there are small  normal faults in Akveren  and Atbasi Formations between 

CDP numbers 6376 to 6056 (Fig. 31), which can also be interpretted as possible small valleys. 

There is a normal fault in the middle of this part of K98-14 seismic line, which cuts from 

Akveren Formation along the seismic line (Fig. 31).   
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Figure 28: K98-14 (between CDP 

numbers 18856-14856): A) Uninterpreted, 

B) Interpreted and C) Line drawing. The 

decollement surface imaged along the 

seismic line perpendicular to the line 

K98-14 is also observed along this 

seismic line.  
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Figure 29: K98-14 (between CDP numbers 

14856-10856): A) Uninterpreted, B) Interpreted 

and C) Line drawing. The decollement surface, 

southern boundary of the landslide and some of 

the syn-rift normal faults are well observed. 
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Figure 30: K98-14 (between CDP 

numbers 10856-7656): A) 

Uninterpreted, B) Interpreted and C) 

Line drawing. The decollement is 

using by the normal faults to ramp 

into a higher structural level. 
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Figure 31: K98-14 (between 

CDP numbers 7656-5576): 

A) Uninterpreted, B) 

Interpreted and C) Line 

drawing. The decollement is 

well observed but the syn-rift 

normal faults are 

questionable. The main 

normal fault penetrating the 

post-rift sediments is 

interpreted as the northern 

boundary of the landslide. 

0 
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CHAPTER 6 

6.1 Discussion 

 

In the study area, there are 8 seismic sections, in which seven of them are used for 

structural interpretation and one of them is used for tying the Akçakoca-1 well to the other 

seismic lines (Fig. 3). Although relatively low in quality, structural interpretation of the 7 seismic 

lines has revealed the presence of many important structural features in the study area. The main 

contribution of this study is, there have been any detailed structural interpretations of these 

seismic lines. On the other hand, these seismic profiles were acquired by MTA Marine 

Researches Department in 1998 for determining the landslide in the area, therefore, in the 

seismic profiles, below 3500-4000 ms, the syn-rift normal faulting of the basin cannot be seen 

very clearly due to the strong multiple effect (Figs 16, 17, 18, 20, 21, 22, 24, 25, 28 and 29). In 

these seven structurally interpreted seismic profiles, thrusting is observed from offshore towards 

onshore, which indicates, tectonic transport direction in general from N to S. This is in 

agreement with Pontide Tectonic transport direction. In K98-04 and K98-06 (Figs. 16 and 26) 

seismic profiles, well developed roof thrusts are observed in Pliocene Sarikum Formation, while 

in K98-06, K98-07, K98-10 and K98-11 profiles (Figs. 18, 20, 22 and 24), this roof thrust 

doesn’t developed because of the loss of thrusting intensity towards north. Moreover, the number 

of the horses decreases from eleven to three from K98-01 profile (Fig. 26) at SW towards K98-

11 at NE (Fig. 24). This is also another indication of the loss of thrusting intensity. Also, well 

developed decollement (floor thrust) is observed in seismic profiles 
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K98-01 (Figs. 26 and 27), K98-04 (Figs. 16 and 17), K98-06 (Figs. 18 and 19), K98-07 (Figs. 20 

and 21), K98-10 (Figs. 22 and 23) and K98-11 (Figs. 24 and 25) in the study area in 

Maastrichtian-Paleocene Akveren Formation based on the lithology of the formation. This 

decollement has a well-developed ramp geometry in the study area and this geometry leads the 

floor thrust to jump into a higher structural level (Figs. 16, 17, 18, 20, 22, 24, 25, 26, 28, 29, 30, 

and 31).  

On the other hand, Kuşçu et al. (2004) interpreted that data set for determining the 

submarine landslide near offshore Amasra area. Kuşçu et al. (2004) used four seismic lines 

(K98-06, K98-10, K98-11 and K98-14) in order to characterize the landslide and its extension. 

They claimed that there is only one break-away surface with normal fault which creates the 

landslide (Fig. 32). They also indicated that the landslide in the study area was triggered by the 

earthquakes and could not give neither an exact timing for the landslide nor the type of it. 

 

Figure 32 : Interpretation of Kuscu et al. (2004) for K98-11 seismic profile. 

According to the interpretations in this study, I interpreted one decollement surface, 

which very likely coincide with the break-away surface of the landslide and two normal faults 
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which creates and triggers the landslide (Figs. 22, 23, 24,25, and 29). These normal faults 

coincide with each other and create rotational type sliding according to Cruden and Varnes 

(1996) classification. The main contribution of this study is, different from Kuşçu et al. (2004), 

two break-away surfaces have been determined. Moreover, the type of the landslide is defined 

based on a classification. Unfortunately, due to the lack of wells close the sliding area, and the 

seismic profiles with landslide are almost 95 km away from Akcakoca-1 well, the depth 

conversion didn’t applied and the true areal propagation of the landslide did not calculated.  
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CHAPTER 7 

7.1 Summary And Conclusions 

 

 The study area evolved over three tectonic stages: pre-rifting, syn-rifting and post rifting. 

This study is concerned only with the syn- and post-rifting stages. The syn-rifting stage took 

place from Aptian (Lower Cretaceous) to Eocene; it was dominated by normal faulting in the 

Western Black Sea basin (Nikishin et al., 2002, Tüysüz, 1999, Okay and Nikishin 2015). Its 

back-arc rifting is related to closure of the Neotethys Ocean caused by the northerly dipping 

subduction zone. The post-rifting stage was related to the Pontide orogeny (Tuysuz, 1999), 

which is responsible for the contractional structures in the study area.  

In the study area, the syn-rift rock units start with the Aptian Ulus Formation (Fig. 5). 

This formation is composed of conglomerate, sandstone and mudstone at the bottom and grades 

upward into limestone interbedded with sandstone, conglomerate, and marl with ammonites and 

turbiditic sandstone-shale alternations. There are limestone blocks of the pre-rift Inalti Formation 

within the Ulus Formation. The overlaying Turonian-Coniacian Derekoy Formation is composed 

of fault scarp deposits with limestone blocks, conglomerate, and sandstone and micritic 

limestone at the bottom, which grades into andesite, basalt and pyroclastics (Fig. 5). Next is the 

Santonian-Campanian Unaz Formation, which is composed of clayey limestone and marl and it 

overlies the Derekoy Formation unconformably in the study area; it is conformably overlain by 

the Campanian Hamsaros Formation. The sequence described above is widespread along to 
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Mesozoic Alpine West Black Sea basin in Northern Anatolia (e.g., Tuysuz, 1999, and Okay and 

Nikishin 2015). 

One of the major objectives of this study is to determine the role of the syn-srift normal 

fault in the structural evolution of the study area. The Early Cretaceous normal faults have been 

observed along most of the seismic lines (Figs. 16, 17, 18, 20, 22, 24, 25, 26, 28, 29, 30, and 31). 

The normal faults die below the Maastrichtian-Paleocene Akveren Formation (Fig. 5), which 

indicates that the formation was deposited after the back-arc rifting ceased.  The normal faults in 

the study area display en echelon pattern and created well-developed horst-graben structures in 

the Western Black Sea basin during the syn-rift stage (Nikishin et al., 2012).  Although there are 

bow-tie effects and low resolution under 3,500 ms in some seismic lines, some of these normal 

faults can be observed along the seismic line K98-04 (Fig. 16). Moreover, in seismic lines K98-

01, K98-04, K98-06 and K98-07 (Figs. 26, 16, 18 and 20), which are almost perpendicular to the 

strike of the Early Cretaceous rifting, show well-developed normal faults below the Pontide 

contractional structures.  

The study area is dominated by Pontide contractional structures. A well-developed 

décollement surface can be observed within the weak sedimentary units in the lower part of the 

Maastrichtian Akveren Formation.  The décollement surface displays a well-developed ramp 

geometry, which leads the floor thrust to exit into higher structural levels (Figs. 16, 17, 18, 20, 

22, 24, 25, 26, 28, 29, 30, and 31).  Many seismic lines show the décollement making a ramp 

above the syn-rift normal faults to “jump” into the weak sedimentary unit, higher in the 

sedimentary succession (Figs. 16, 17, 18, 20, 22, 24, 25, 26, 28, 29, 30, and 31). Schedl and 

Wiltschko (1987) stated that these kinds of ramps, which are associated with the basement 

normal faults, are rooted at or near the corners of the footwall blocks. 
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Figure 33: Schematic cross section showing the ramp geometry of the thrust faulting in 

Birmingham Anticlinorium of southern Appalachians. Redrawn after Thomas (1982). 

A similar example to the ramp geometry in the study area can be observed in 

Birmingham Anticlinorium, in which an increase was observed in the depth to the basement, and 

it is thought to be formed by basement normal faults beneath the large thrust ramp related to 

Birmingham Anticlinorium (Fig. 33). Basnet (2016) states that the geometry and kinematics of 

the thrust belts are very “dependent on the preexisting normal faults based on analogue models 

for both brittle and ductile detachments, and the location, orientation and the fault spacing of the 

thrusts that are affected by the basement  normal faults.” The position of the floor thrust is 
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elevated structurally by a normal fault, acting as a buttress, and then the frontal thrust uses that 

buttress as a ramp (Basnet, 2016).   

Within the study area, a duplex structure is well developed between the floor and roof 

thrusts and can be observed in the K98-01 and K98-04 seismic lines (Figs. 16 and 26). The floor 

thrust is the décollement horizon in the Maastrichtian (Late Cretaceous) Akveren Formation, at 

the intraformational boundary between claystone and limestone (Figs. 16, 17, 18, 20, 22, 24, 25, 

26, 28, 29, 30, and 31). The roof thrust is observed only in seismic lines K98-01 and K98-04 

(Figs. 16 and 26), in the Pliocene Sarikum Formation, which is mainly composed of claystone. 

As the thrusting loses its intensity towards the NE, the roof thrust disappears along the seismic 

lines K98-06, K98-07, K98-10 and K98-11 (Figs. 18, 20, 22 and 24). This geometry is similar to 

a model proposed by Basnet (2016) in the Potwar Plateau of Pakistan, which is along the 

southern foreland of the Himalayan orogeny. 
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Figure 34: Ramp geometry model for the Potwar Plateau of Pakistan proposed by Basnet 

(2016). 

One of the major research questions of this study was: are there recent landslides in the 

study area that most likely developed during large historical earthquakes in the region? The 

seismic lines interpreted during this study show the presence of a large landslide along the 

seismic profiles K98-10 and K98-11 (Figs. 22, 23, 24 and 25). The landslide has been interpreted 

by Kuscu et. al, (2004) as a simple landslide with downward movement. They stated that the 

slump is largely coherent and massive. Although they didn’t classify the geometry of the slump 

clearly, their interpretations show a single rotational slide in the area.  They suggested that the 
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reason for the sliding is the Pontide thrusting and over steepening of the shelf due to thrusting in 

the study area.  

During this study, the landslide has been better imaged using the seismic attribute 

analysis conducted on the seismic reflection data (Figs. 22, 23, 24 and 25).   

 

Figure 35: Rotational landslide (Redrawn after Cruden and Varnes, 1996). Broken lines indicate 

the original ground surfaces. 

The interpretation of the seismic lines during this study suggests that the landslide 

described in the study area is a rotational landslide (Cruden and Varnes, 1996; Fig. 35) with two 

break-away surfaces. This interpretation is preferred because: a)  the landslide has double 

breakaway surfaces along the seismic profiles K98-10 and K98-11 (Figs. 22, 23, 24 and 25); and 

b) on the failure surface of the landslide, the crown scarp is followed by the minor scarps, which 

creates multiple breakaway surfaces. For rotational landslides, the slip surfaces are “generally 
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deep and the failed material blocks can rotate as they fail and can at times be seen to tilt 

backwards towards the slope” (Fig. 35) (Pesevski et al., 2015). The failure surface of the 

landslide possibly coincides with the décollement surface of the Pontide thrusting in the study 

area (Figs. 22, 23, 24 and 25). 

The Pontide thrusting was dominant during the post-rifting stage in the Western Black 

Sea basin since Middle Eocene.  This may have triggered landslides as suggested by Kuscu et al., 

(2004). However, the landslide in the study area may have been produced by a historical 

earthquake. There have been many recent large earthquakes in the Western Black Sea area (Fig. 

36). The magnitude of the earthquakes ranges between Mw=4 to Mw=7.2 in the Richter 

magnitude scale, according to Bogazici University Kandilli Earthquake Observatory data (Fig. 

36). Therefore, it is possible that the landslide was produced by a large historical earthquake in 

the region. The landslide may have been triggered by the large earthquakes occurred along the 

North Anatolian fault zone (Fig. 36). 

 

Figure 36: Earthquake map of the study area based on the data provided by   Bogazici 

University Kandilli Earthquake Observatory. 

The timing of the landslide cannot be determined from the interpretation of available 

seismic data. The failure surface almost coincides with the regional extensional border of 
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Western Black Sea basin (Figs. 1 and 6). This could be considered as an evidence for a possible 

landslide towards the offshore direction. Therefore the landslide may have formed as a result of a 

large historical earthquake along the nearby North Anatolian fault zone or during Pontide 

thrusting along the steep continental slope.   
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