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Abstract This study is based on the geological interpre-

tation of 250 km2 of multibeam bathymetric data coupled

with 300 km of seismic profiles recorded on the northern

shelf of the Marmara Sea offshore Büyükçekmece and

Küçükçekmece Lagoons. The sea bottom morphology has

a highly chaotic structure at the exit of the Büyükçekmece

and Küçükçekmece lagoons. This chaotic surface structure

is controlled by a basin-ridge system lying in the NE–SW

direction at the exit of the Büyükçekmece Lagoon and by a

relatively deep entrance observed at the exit of the

Küçükçekmece Lagoon. In addition, the linear submarine

slope parallel to the shoreline between the Istanbul Strait

and the Küçükçekmece Lagoon is an important morpho-

logical structure of this area. The Istanbul Strait’s canyon

on the northern shelf of the Marmara Sea and the elevated

submarine plain west of this canyon are other important

morphological structures observed at the sea bottom. The

geologic interpretation of seismic profiles has allowed us to

distinguish two seismo-stratigraphic units. The lower one is

separated from the overlying units by a seismic sequence

having a seismic facies from chaotic to parallel and the top

represented by a high amplitude seismic reflector. Since

these units get close to the sea bottom rising landwards,

they are inferred to be the seaward continuation of the

Oligocene–Upper Miocene units widely exposed on land.

The upper unit, overlying the acoustic basement, whose

parallel internal reflections onlap and downlap on the top of

the acoustic basement, is interpreted as a Quaternary basin

fill. Two groups of faults have been identified on seismic

profiles and identified based on their characteristics in the

study area. The first group consists of dip-slip faults

trending NNE–SSW. These faults border the western slope

of the Bosporus and the NNE–SSW trending basins off-

shore of the Büyükçekmece Lagoon. The second group of

faults consists of NW–SE oriented strike-slip faults. These

faults have created the linearities in the same direction at

the sea bottom. As the result of comparison of these NW–

SE-faults to the North Anatolian Fault Zone (NAFZ), this

group of faults is likely to have a relation with the NAFZ.

Therefore, it is considered that the mentioned faults may be

reactivated in the region due to the stress created by the

NAFZ.

Keywords Northern Marmara Sea shelf � North

Anatolian Fault (NAF) � Shallow seismic � Multibeam

bathmetry � Lagoons

Introduction

The Anatolian Block is located on the Alpine–Himalayan

Mountain Range developed by the African-Arabian

(Gondwanaland) and Asian-European (Laurasia) continents

which collided as the result of the subduction of the ocean

(Tethys). The Anatolian Block evolved in the above men-

tioned collisional zone, taking its current shape (Sengör and

Yilmaz 1981).

Two large fault zones formed as the result of the west-

ward movement of Anatolia. The first one, i.e. the North

Anatolian Fault Zone (NAFZ), easily shows itself today

with many morphological elements lying somewhat par-

allel with the Black Sea coast along the north of the
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Anatolian Block (Fig. 1). It provides significant conve-

niences for geologists working in this area to identify this

fault and its effects (e.g. Sengör 1979; Sengör et al. 2005;

Barka and Kadinsky-Cade 1988). The second one is the

left-lateral strike-slip East Anatolian Fault (Fig. 1). The

NAFZ divides into two branches near Bolu and enters the

Marmara Sea throughout the Gulfs of İzmit and Gemlik

right at the west of this area (Fig. 1). These faults, which

can be well observed on land, are much more difficult and

expensive to observe and identify at sea because of the

requirement of high technology. This has resulted in

model-based interpretations for the behavior of the NAFZ

in the Marmara Sea rather than data-based research for

many years.

The last stage of this tectonic evolution is still going on

today, as the Anatolian block is moving westward

throughout the NAFZ and East Anatolian Fault Zone,

resulting from the collision of the African-Arabian and

Eurasian plates across Eastern Anatolia (Fig. 1; Ketin

1948; Sengör 1979, 1980). The westward migration of the

Anatolian block is quantified as 20 mm/year between these

two fault zones and has been clearly identified through

GPS measurements (McClusky et al. 2000; Fig. 2.)

Several geological studies have dealt with the discussion

of the NAFZ in the Marmara Sea and related stratigraphic

aspects. Barka and Kadinsky-Cade (1988) have discussed

the strike-slip fault geometry in Turkey and its influence on

earthquake activity. Alavi et al. (1989) have investigated

the Late Quaternary sedimentation in the İstanbul Strait

through high resolution seismic profiles. Demirbag et al.

(1999) have discussed the last sea level changes in the

Black Sea evidenced by the studies on seismic data. High

resolution shallow seismic data collected from the south-

western shelf of the Black Sea indicate five different

seismo-stratigraphic units. Okay et al. (2000) have studied

the active faults and the evolving strike-slip basins in the

Marmara Sea through multichannel seismic. Imren et al.

(2001) have discussed the North-Anatolian Fault within the

Marmara Sea based on the interpretation of multichannel

seismic and multibeam bathymetric data. 2,200 km of

multichannel seismic reflection profiles that have become

recently available in the Sea of Marmara have been ana-

lyzed. Le Pichon et al. (2001) have discussed the active

Marmara fault based on bathymetric and seismic reflection

data. Armijo et al. (2002) have discussed the asymmetric

slip partitioning in the Sea of Marmara pull-apart basin as a

clue to propagation processes of the North Anatolian Fault.

High-resolution geophysical data on the submarine fault

system that forms a smaller pull-apart beneath the Northern

Sea of Marmara, between two well-known strike-slip faults

on land (İzmit and Ganos faults) have been collected and

discussed. Gazioglu et al. (2002) have discussed the mor-

phological features of the Marmara Sea from multibeam

data. Oktay et al. (2002) have examined the effects of the

NAFZ on the latest connection between the Black Sea and

the Marmara Sea. The development of the Istanbul Strait is

also one of the principal results of the tectonics which led

to the evolution of the NAFZ in the Marmara Region

3.7 Ma ago. Yaltirak (2002) has studied the tectonic evo-

lution of the Marmara Sea and its surroundings. Ergintav

et al. (2011) have discussed the structural framework

onshore and offshore Avcilar (Istanbul, Turkey) under the

influence of the North Anatolian Fault. To investigate the

onshore/offshore structural framework of the northern shelf

of the Sea of Marmara, a multidisciplinary study was

carried out, including multichannel and single-channel

seismic reflection profiles, multibeam bathymetry, sidescan

sonar images on offshore as well as land studies for S-wave

velocity estimation by passive and active array measure-

ments and monitoring of block deformations by Global

Positioning System (GPS). Akarvardar et al. (2009) mon-

itored the Avcılar district by satellite radar interferometry

between 1992 and 1999 for evaluating deformation in and

around Avcılar. Algan et al. (2011) determined Holocene

coastal change in the ancient harbor of Yenikapı–İstanbul.

Dogan et al. (2013) determined the displacement field of

the landslides by using GPS observations, measured in a

regional network between 2007 and 2009. Yildiz and

Karaman (2013) developed a probabilistic post-earthquake

ignition model by considering real sources and applied this

model in the Küçükçekmece District of İstanbul, Turkey.

The results of all the aforementioned studies have given

rise to the need to carry out seismic and bathymetric

studies in the north-eastern shelf of the Marmara Sea,

whose young tectonic activity is not adequately known, in

order to fill the data gap in this area and test the assertions

summarized above. This study aimed to collect high res-

olution geophysical data to fill this lack of data, in par-

ticular for the area between Istanbul and the NAFZ. For

this purpose, the Marmara Sea northern shelf remaining

between the exit of the Istanbul Strait and the Gulf of

Büyükçekmece was chosen and high resolution seismic

and bathymetric data collected by the Turkish Navy,

Department of Navigation, Hydrography and Oceanogra-

phy (TN-DNHO) were examined.

One main aim of the paper is to test the results of pre-

vious studies on the submarine geomorphology, stratigra-

phy and tectonics of the Northern Marmara Sea through the

multibeam and seismic data. Digital land topographic data

and bathymetric data have been merged and on onshore-

offshore Digital Elevation Model (DEM) of the study area

has been constructed. Another aim is the identification of

the faults on seismic profiles between the Gulf of Tuzla and

the Istanbul Strait on the bathymetric maps and to establish

their continuation towards the Bosphorus, more than to

reveal if these faults are related with the structural elements
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Fig. 1 Major fault zones in Anatolia

Fig. 2 Current movement vector of the Anatolia as the result of the GPS surveys conducted (McClusky et al. 2000)
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already known offshore and onshore. Palaeotopographic

maps of the seismic horizon representing the top of the

acoustic basement identified on seismic section and inter-

preted as Oligo-Miocene terranes widely cropping out

onshore in the adjacent sectors and basin fill thickness map

of Quaternary deposits overlying the acoustic basement of

the Northern Marmara Sea shelf have also been

constructed.

Geological setting

The study area is located on the boundary between Istanbul

Unit (Palaeozoic) and Strandja Massif (Palaeozoic–Meso-

zoic), and both are overlain by Eocene and younger sedi-

ments of Thrace basin (e.g. Okay et al. 2001). The Strandja

Massif is composed of granitoids, phyllite and schist,

which basset in the Çatalca Fault Zone, essentially a horst

bounded by dipping faults (Fig. 3). The metamorphism age

is Late Jurassic–Early Cretaceous (Okay et al. 2001, Sunal

et al. 2006). The Istanbul Unit is consisted of turbiditic

sandstone-shale sequence. This carboniferous sandstone-

shale sequences basset at the northeast Küçükçekmece

Lagoon (Fig. 3). Middle–Upper Eocene limestone units

overlain on the Çatalca metamorphics in the west and on

the Carboniferous flysch in the east for transgression; and

the West Black Sea Fault (WBSF) (Fig. 4), a major dextral

strike-slip fault zone, is covered by them (Okay et al.

1994). The Eocene limestones pass up into a clastic series

of Upper Eocene–Oligocene separated by a major uncon-

formity from the overlying Upper Miocene fluviatile to

lacustrine deposits, portrayed by marn, limestone, shale

and siltstone (Sakinç et al. 1999; Duman et al. 2004). The

sites of all the landslides occurred on the Miocene deposits

are confined by the coastal region (Fig. 3).

The activity of the WBSF that continued from Creta-

ceous to Mid-Eocene was ended by the collision of the

Istanbul Zone with the Sakarya continent in mid-Eocene

(Okay et al. 1994). In addition, Eocene sedimentation

indicating some dip-slip activity during the Middle to

Late Eocene is controled by the Çatalca Fault Zone. The

active NAF passes ca. 10 km of the coast (Okay et al.

1999; Le Pichon et al. 2001) forming an east–west-

trending segment about 110 km long. According to Barka

and Hanckok (1985) and Aksu et al. (2000), it has been

active since the Late Miocene–Pliocene. This study indi-

cates that thin blanket of Pliocene/Quaternary deposits are

underlain by older strata of Miocene and Oligocene

characterize the northern shelf area. The older strata cut

by various order of faults are usually parallel layered with

gentle slopes.

Generally considering the study conducted on this new

branch of the NAFZ in the Marmara Sea, seismic, mor-

phological and sedimentological data obtained in this area

Fig. 3 Simplified geological map of the study area and surroundings (Tur et al. 2013)
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indicate that the fault along the western part of the Mar-

mara Sea consists of a single main fracture (Figs. 4, 5).

Similar data show that the NAFZ continues into the

Çınarcık Basin as a single fault zone across the middle axis

of the Gulf of İzmit (Gürbüz et al. 2000; Okay et al. 2000;

İmren et al. 2001; Gökaşan et al. 2001, 2003; Le Pichon

et al. 2001; Gazioğlu et al. 2002; Kuşçu et al. 2002). Some

problems are still debated, such as the fault geometry

within the Çınarcık Basin and the number of its branches

(Fig. 4).

Fig. 4 Marmara Sea bathymetric data and the lineaments in Istanbul and Kocaeli Peninsulas

Fig. 5 Epicentral distributions

of the earthquakes recorded by

the Kandilli Observatory from

1900 to 2013. (The map was

taken from Bogazici University

Kandilli Observatory and

earthquake Research Institute

seismology Laboratory)
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Detailed morpho-tectonic assessment of the multibeam

data collected by the Turkish Navy, Department of Navi-

gation, Hydrography and Oceanography for the bottom of

the Marmara Sea has shown significant differences

between the northern and southern slopes of the deep basin

(Gazioğlu et al. 2002). The most remarkable morphological

difference between the slopes is that the northern slope has

higher gradients than the southern one (Fig. 4). This ana-

lysis has also revealed that the northern slope is divided

into two different morphological groups including high-

inclined linear slopes and relatively lower-inclined concave

slopes. Thus, since the steep and linear slope at the north of

the Çınarcık Basin has younger formations morphologi-

cally, it has been concluded that it has a retreated surface

compared to other concave slopes. This linear morphology

suggests that this slope is controlled by a strike-slip fault.

Three aftershocks occurring on this slope after the Earth-

quake of 17th August are supporting this morphological

interpretation (Orgülü and Aktar 2001).

Some studies have evidenced that the NAFZ passing

through the Gulf of İzmit follows the northern slope or

the middle axis of the Çınarcık Basin and is linked to the

fault at the west (İmren et al. 2001; Gökaşan et al. 2002,

2003; Yaltırak 2002; Fig. 6a, d–f), other studies have

shown that the fault follows the northern slope of the

Çınarcık Basin (Okay et al. 2000; Le Pichon et al. 2001;

Rangin et al. 2004; Sengör et al. 2005; Fig. 6b). Even

though Le Pichon et al. (2001) and Gökaşan et al. (2002;

2003) present different interpretations, İmren et al. (2001)

have suggested that the northern slope of the Çınarcık
Basin is controlled by a strike-slip fault (Fig. 6a, b, e, f).

The same slope has been interpreted as a normal fault by

Yaltırak (2002) and Armijo et al. (2002, 2005) (Fig. 6c,

d). On the other hand, Le Pichon et al. (2001); (Fig. 6b),

Demirbağ et al. (2003) and Rangin et al. (2004) have

shown that there is no branch following the southern

slope of the Çınarcık Basin.

The interpretative differences in the tectonic models

produced for the NAFZ in the Marmara Sea mainly

regard the active kinematic of the fault in the Çınarcık
Basin. While this can be considered that the studies have

reached an important stage, since the debated area is right

at the south of Istanbul, obscurity of hazards to this

important city has not decreased. Therefore, solution to

the geological problems in the Çınarcık Basin and its

surroundings maintains its importance with an increasing

priority compared to the other areas of the Marmara Sea.

The active tectonics in this area is not still clear because

the Çınarcık Basin and its surroundings have a highly

complex geological structure, as well as because Quater-

nary geological processes in the adjacent Çatalca and

Kocaeli Peninsulas are known only to a very limited

level.

Morphological setting

The morphological lineaments, some of which are defined

as faults, situated on İstanbul and Kocaeli Peninsulas show

conformity with the NW–SE extension of the NAFZ within

the Çınarcık Basin (Fig. 4). A mature erosional surface and

the southwestern edge of the Strandja Mountains are

included major morphological properties on İstanbul Pen-

insula. The erosional surface cut by rejuvenated streams

(Fig. 7a) has been dated as Upper Miocene-Upper Pliocene

since the twentieth century (Cvijic 1908; Chaput 1936).

The largely parallel drainage patterns of the major valleys

developed on Miocene rocks, and lattices on Paleozoic

rocks (Erinç 2000). There are also variety of shorter NE–

SW extended lineaments between the NW–SE oriented

lineaments are cut by NW–SE ones (Gökasan et al. 2002;

Fig. 7a–f). A rejuvenated morphology with linear scarps is

also presented by the Strandja Mountains (Fig. 7a). The

scarps and drainage system generally show a NW–SE

direction (Fig. 7a). During the assessment of the unex-

pected effect of the earthquake on Avcılar, this similarity

was considered, and many morphological elements in the

same direction as the fault in the northern slope of the

Çınarcık Basin were reckoned with in the morphology of

Istanbul Peninsula (Gökaşan et al. 2002; Fig. 7a–f).

Lineament L1 can be observed from the east of İstanbul

Strait to the west of the Terkos Lake. The NW–SE-oriented

linear Marmara Sea shoreline on the Kocaeli Peninsula and

the Golden Horn are considered as the eastern edge of L1

(Fig. 7b). L1 follows the northern scarp of the Derbent

Hill, and the source of the Alibey Stream then it passes

through the Terkos Lake and units with lineament L2 on

the Black Sea coast of the Thrace Peninsula (Fig. 7b–f).

Indicators of lineament L2 are the NW–SE central axis

of the Küçükçekmece Lagoon and the 3.5 km long right-

lateral displacement on the Marmara Sea coast of the

lagoon (Fig. 7a–d). L2 that passes through a right-lateral

displacement in the watershed between the Koğukdere

and Sazlıkçayırdere streams extends northwards following

the NW–SE valley of the Koğukdere Stream (Fig. 7a, b,

d), and follows the western side of this watershed (east-

ern side of Sazlıkçayırdere Stream) to the north (Fig. 7a–

d). The northern extension of L2 is formed by scarps

along the northeastern edge of the Strandja Mountains

(Fig. 7a, b, d, e). L1 joins to L2 on the Black Sea coast

in the northern sector of these scarps. L2 passes through

a right-lateral displacement on the Black Sea shoreline

(Kıyıköy Peninsula), and it extends along the southern

edge of the İğneada Bay to the NW corner of the study

area (Fig. 7a, b, d, e).

The southernmost extension of lineament L3 is represented

by right-lateral displacement on the Marmara Sea shoreline

(Fig. 7a, b). The course of lineament L3 is indicated by the

6 Mar Geophys Res (2015) 36:1–34
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Fig. 6 Some of the active fault

models in the Marmara Sea as

the result of the use of the

detailed bathymetric data

[Imren et al. 2001 (a); Armijo

et al. 2002 (b); Le Pichon et al.

2001 (c); Yaltirak 2002 (d);

Gökasan et al. 2002 (e);

Gökasan et al. 2003 (f)]
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NW–SE Haramidere stream valley and the eastern side of

Büyükçekmece Basin (Fig. 7a–e). This lineament passes

through a right-lateral displacement in another watershed

between the Haramidere and Sazlıkçayırdere streams

(Fig. 7a, b, d). The southwest facing scarps of the Strandja

Mountains discloses the northern extension of L3.

Fig. 7 Digital terrain models for Istanbul Peninsula and their interpretations (Gökasan et al. 2002)
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Lineaments L4 and L5 are revealed by the north and

south facing scarps of the Çatalca Rise (Fig. 7a, d). The

alignment of L4 is followed by the southwestern side of the

Büyükçekmece Basin and the Tepecik stream valley. Lin-

eaments L6 and L7 are parallel lineament L1 in the north of

the study area (Fig. 7a, b, d–f).

In the north of the study area, lineaments L6 and L7

show parallel features to lineament L1 (Fig. 7a, b, d–f). L6

starts from the southern entrance of the İstanbul Strait and

follows the Alibey stream valley and the northern shoreline

of Terkos Lake to lastly passes through the right-lateral

displacement on the Black Sea coast of the Thrace Penin-

sula. L7 extends from the Kocaeli Peninsula in the east

from where it crosses the Bosphorus, passes through the

Kağıthane Stream valley to cut the Black Sea coast

northeast of Terkos Lake (Fig. 7b, f).

Lineament L8 merges with L2 where they meet the

northeastern slope of the Strandja Mountains (Fig. 7a, b, d–e).

Lineament L9 conforms to the Sazlıdere stream valley

(Fig. 7a–f). Lineament L10 is assesed as a right-lateral dis-

placement along the northern shoreline of İğneada Bay

(Fig. 7a, b, d–e). Lineaments from L11 to L18 describe the

shorter NW–SE oriented lineaments depicted in Fig. 7a–f.

The offshore part of the lineaments labeled as L in

Fig. 4 is composed of the linear NW–SE aligned northern

slope of the Çınarcık Basin. A NW–SE oriented linear

offshore slope is formed by this lineament that is located

between the Marmara entrance of İzmit Bay and the

southeastern shore of Küçükçekmece Lagoon. This linear

slope curves into an E–W direction to the south and

southwest of Küçükçekmece Lagoon (Fig. 4).

Some of these lineaments are the onshore traces of the

faults and those can be recognized by seismic data offshore

Avcilar in continuation of these lineaments on land

(Gökasan et al. 2002; Figs. 8, 9). According to the bathy-

metric data collected by R/V Le Suroit Research Vessel,

there is a relation between the NW–SE- right-lateral rup-

tures sighted in the northern slope of the Çınarcık Basin for

the SE-continuation of these faults (Fig. 10). As a con-

clusion, the fault following the northern slope of the

Çınarcık Basin and the main branch at the west do not join.

The fault needs to go landward as a secondary branch of

Fig. 8 Digital terrain model and lineaments between the Istanbul

Strait and Büyükçekmece Gulf. Faults (F) cutting the sea floor of and

lineaments on land (L) aligning with the faults BL Büyükçekmece

Lagoon, KL Küçükçekmece Lagoon, ÇB Çınarcık Basin, ER Eastern

Ridge, D dip-slip movement caused by sub-marine landslides and

normal faults (Gökaşan et al. 2002)

Mar Geophys Res (2015) 36:1–34 9
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the Trakya Fault (Perinçek 1991) reactivated by the NAFZ.

The main fault of the NAFZ follows the southern slope of

the Çınarcık Basin (Gökaşan et al. 2002). According to the

morphological explication, a similar fault needs to control

the NW–SE-shoreline between the Istanbul Strait and

Tuzla.

To summarize, previous seismic, morphological and

sedimentological studies about the Istanbul Strait reveal the

existence of some young faults, whose effects have been

observed on the sea bottom along the Istanbul Strait and its

exits at the north of the Çınarcık Basin (Alavi et al. 1989;

Yılmaz and Sakınç 1990; Yıldırım et al. 1992; Gökaşan

et al. 1997; Gökaşan 2000; Demirbağ et al. 1999; Oktay

et al. 2002). The existence of some young faults on onshore

extensions of the faults observed at sea has been deter-

mined by field studies (Meriç et al. 1991a, b; Koral and Şen

1994). The faults forming the İstanbul Strait were con-

trolled by a counterclockwise rotation of the area between

the NAFZ northern branch passing through the Marmara

Sea (Oktay et al. 2002) and the fault is asserted to exist on

the Black Sea coast by Demirbağ et al. (1999). In the light

of multibeam and seismic data obtained from the Turkish

Navy, Department of Navigation, Hydrography and

Oceanography (TN-DNHO), the bottom of the İstanbul

Strait is mainly controlled by erosional processes (Gökaşan

et al. 2005) and interrupted by some faults of which effects

reach to the sea bottom (Gökaşan et al. 2006). In the

northeastern shelf of the Marmara Sea, seismic and

bathymetric data show that secondary faults are NW–SE

and NNE–SSW oriented (Tur 2007). Ergintav et al. (2011)

reveal that because of the stress field of the active tectonic

regime, the faults located in the Istanbul Strait have been

reactivated as secondary faults.

Materials and methods

In this study, in the northern shelf of the Marmara Sea,

multibeam bathymetric and seismic data collected by the

Turkish Navy, Department of Navigation, Hydrography

and Oceanography (TN-DNHO) were processed. In addi-

tion to these data collected offshore, digital topography

Fig. 9 Young faults observed on seismic profiles collected at offshore areas of Avcılar (Gökaşan et al. 2002)

10 Mar Geophys Res (2015) 36:1–34

123



data of land area were combined with bathymetric data.

Digital terrain model of around the study area was created

with this way.

Bathymetric–topographic data

As a general evaluation, this method is known as the best

of the seafloor mapping techniques, since imaging seafloor

at high resolution is possible using multibeam bathymetric

data. In this way, the microbathymetry of sea floor can be

mapped at the high resolution (±5 cm). These images,

known as digital terrain imaging, are superior in terms of

information richness in details to bathymetric maps based

on point measurements. Bathymetric data were collected

by using a system that can reach up to 120� scanning angle.

The system contains 56 cyrstal cells and provides contin-

uous search up to 700 m by using 180 kHz and up to

2,500 m by using 50 kHz. Transducers of Elac-Nautic

1050 D multibeam sonar are set up to the bottom of the

vessel. Produced 56 U ray can be transmitted as 120� form

of fan in the Çubuklu vessels. In the Mesaha-2, these

values are 126 U and 153�. In this study, data obtained

from UTM-35 projection WGS-84 coordinate system by

using Mesaha and TCG Çubuklu vessels were used. The

vessels belong to the Turkish Navy, Department of Navi-

gation, Hydrography and Oceanography (TN-DNHO).

Since depth measurement system is set up to bottom of the

ship, the vibration caused by the ship’s engine was recor-

ded. When this effect drew less attention in the contour

maps containing colour code, short wavelength undesire-

able structures displaying continuity at the direction of

movement of the ship occur in the shaded maps that are

used to image structural elements. The noise partially

covers the structures and makes interpretation difficult.

Short-wavelength noises are filtered in the desired range by

using developed low-pass filtering techniques so optimum

Fig. 10 Fault model suggested for the northern slope and the northern shelf of the Çınarcık Basin (Gökaşan et al. 2002)

Mar Geophys Res (2015) 36:1–34 11
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filtered maps reveal real morphology of the sea floor and

enable the user to select details easily. These data were

tranferred to Er Mapper program as Binary grid and

combined with topography data in order to obtain a digital

terrain model of the study area.

Seismic data

Seismic data used in this study were collected in previous

years by the Department of Hydrography and Oceanogra-

phy (TN-DNHO) by using 230 Uniboom shallow system

and Sparker shallow seismic system. Uniboom anolog

system consists of seismic energy unit (300 J), transducer,

single hydrophone streamer and analog recorder. Energy

supply is used by Uniboom seismic transducer supplied

with 110 or 220 VAC. The supply voltage is converted to

3.5 KVDC by means of transformators of transducer.

Capacitors are charged by this DC current. It contains 3

pieces 100 J capacitors. These three capacitors are con-

nected as parallel with each other, 100, 200, 300 J of

energy can be obtained. Model 230-1 Uniboom sound

source is the acoustic device that converts electric energy

to sound energy. The device mounted on a catamaran

consists of coil and plate. Once decharging energy stored

at the source into the sea over the coil, the plate connecting

with springs is pushed. Once the plate is back into previous

position, an acoustic plus is created. The frekans ranges of

an acoustic puls are 700–14,000 Hz for 100 J,

500–10,000 Hz for 200 J, 400–8,000 Hz for 300 J. The

task of Model 265 hydrophone is to transfer acoustic

pulses reverberating from bottom layers of sea into the

recorder. It consists of two coils as active portion and

cable. Active portion contains 8 U piezoelectric crystal in

kerosene and preamplifier supplied by 9 volts DC current.

Frekans range is between 400 Hz and 5 kHz. The com-

pression in active portion created by acoustic pulses

reverberating from bottom layers of sea converted by

means of piezoelectric crystal. This very low current is

transmitted to the recorder via preamplifier. A sparkarray

system is used to determine thickness of the sediment on

the sea floor and the features of the main rock. It is

operated from the surface and it collects analog data. In the

case of using additional power units and capacitor, it can

be used up to 8,000 J. Sparkarray seismic reflection system

consists of following items. Model 232-A, power supply,

provides charging of capacitors by creating 3.5-4 KVDC

current. Model 233-A, a capacitor bank, stores 2,000 J

energy. It contains 20 pieces parallel connected capacitors

(each 100 J, total 2,000 J). Model 231 contains 10 pieces

parallel connected capacitors (each 100 J, total 1,000 J)

and contains trigger circuit that is supplied with 110 volt

power. Model 255-8,300, recorder, is designed with toge-

ther Uniboom system and Sparker system. It has the ability

to expand seismic waves and to scroll above or down. It

can provide discharging of energy source in desired range.

In device, there are 50–2,000 Hz cutting filter and TGV

and threshold that eliminate at least 60 db noise. In case of

using with magnetic recorder that contains double chan-

nels, it provides better-quality recording.

Results

Interpretation of the multibeam bathymetric data

between the Istanbul Strait and Büyükçekmece Gulf

Shelf area

The geological interpretation of multibeam data collected

in the northern shelf of the Marmara Sea remaining

between the Istanbul Strait and the Büyükçekmece Gulf for

the area of study, have evidenced the occurrence of almost

horizontal sea bottom morphology, deepening with low

angles up to about 100 m (Fig. 11). This uniform mor-

phology is interrupted by tectonic and morphologic linea-

ments parallel with the shoreline around the Istanbul Strait

and the Küçükçekmece Lagoon (Fig. 11). In addition to

these, two significant canyons observed at the periphery of

the shelf at offshore parts of the Büyükçekmece Lagoon

indicate a significant sediment transfer occurring along the

slope in this area (Fig. 11).

Showing more in detail, in Fig. 11, a lineament occur-

ring at -25 m water depth has been observed and com-

pared with the Bosporus Canyon which has a depth of -

65 m between the western slope and the shore line of the

Bosporus (Fig. 11c). This lineament appears to be the

submarine extension of the land area behind based on its

morphology. Moreover, the top of this lineament which has

a shallower depth than the overall depth of the shelf is

highly irregular. This irregularity represents itself a wide

depression formed by merging of NNE–SSW oriented local

concavities observed throughout the area in question

(Fig. 11a). The northernmost one of these concavities in

the depression is observed to form a canyon in this area by

interrupting the western slope of the strait (Fig. 11c).

Based on its morphology, this canyon and the concavity

behind it can be interpreted as a river valley having impact

on this area and a canyon where this river joined the strait

when the sea level was about 90 m deeper than its current

level during the last glacial period (Smith et al. 1995).

Nevertheless, linear slopes and arrays of these concavities

indicate that they were also affected by structural elements.

Then, the array of these concavities shows that each of

them forms a NNE–SSW-lineament (L1) at the sea bottom.

In this area, similar linearities observed at the western

slope of the Bosphorus Canyon are interpreted as NNE–

SSW-benches controlled by the fault n. 12 (illustrated in
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Fig. 21a, Tur 2007) in the seismic interpretations made for

the eastern part between the Gulf of Tuzla and the Bosp-

orus in the study (Fig. 11c). The western slope of the strait

controlled by the mentioned fault presents a complex slope

morphology consisting of NNE–SSW-linear slope pieces.

Since this slope actually has a concave morphology

opening towards the strait canyon in general although

consisting of linear slope tracts (Fig. 11c), we also consider

that a landslide could have an effect on the slope other than

the faults. As the seismic studies conducted in this area

assert that the sedimentary mass in the strait canyon can be

slipped material from a landslide (Gökaşan et al. 2004), it

supports this interpretation. A NW–SE-slope forms the

southern border of this high plain located between the

western slope and the shore line of the Bosphorus

(Fig. 11c). This linear slope indicates existence of a NW–

SE-lineament (L2). The westward continuation of this

slope unites with a bench at the offshore parts of the NW–

Fig. 11 a Lineaments in bathymetric map of the shelf area from the Strait of Istanbul Canyon to Büyükçekmece Lagoon. b Detailed multibeam

bathymetric maps for the offshore parts of Büyükçekmece. c Detailed multibeam bathymetric maps for the western slope of the Istanbul Strait
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SE-linear shore line at the east of the Küçükçekmece

Lagoon and at the sea bottom in parallel with it (Figs. 10,

11c). In the area where this lineament ends at the east,

existence of an N–S-narrow and deep channel leaning on

the west slope of the Istanbul Strait Canyon draws atten-

tion. This channel may either be formed by the

undercurrent in that area or developed by the effect of a

young structural element in that area on the sea bottom.

In this area, the second area with a complex morphology

on the shelf is seen at offshore parts of the Büyükçekmece

Lagoon (Fig. 11a, b). Elements causing the complexity on

the shelf in this area are the submarine continuations of the

Fig. 12 Seismic profile map of the Istanbul Strait Canyon-Büyükçekmece Gulf in the shelf area

Fig. 13 Stratigraphic

interpretation of a seismic

profile of the west of

Büyükçekmece Gulf on the

Marmara Sea Shelf; see Fig. 12

for the site location
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land pieces bordering the Büyükçekmece Lagoon at the

east and the west. Benches formed by these borders at the

sea bottom form the N–S and NNE–SSW-lineaments in

this area (L3, Fig. 11b). These benches observed on the

shelf bottom are bordered by the NW–SE linear benches

lying under the sea in line with the general trend of the

shore line. These benches observed under the sea are

interpreted as NW–SE-lineaments having effect on this

area (L4; Fig. 11b). Lineaments observed at offshore areas

of the shore line between Küçükçekmece and Büyükçek-

mece are called as L5 (Fig. 11a). Additionally, lineaments

(L6) directed SW-NE are recognized from digital land

topographic map.

Seismic interpretation

Seismic data from the shelf area of the Küçükçekmece and

Büyükçekmece Lagoons were interpreted stratigraphically

and structurally by tracing the submarine continuation of

the lineaments onshore.

Seismic stratigraphy

Seismic profiles (Fig. 12) collected by the single-channel

sparker and boomer seismic data acquisition system at the

shelf area between the İstanbul Strait Canyon and the

Büyükçekmece Gulf have been reinterpreted in this study.

The location map of seismic profiles, superimposed on the

marine DEM, is shown in Fig. 12.

Three sediment sequences and a truncation are distin-

guished using the reflection configuration of the sediment

deposits. These sequences are named lower unit, upper

unit, and deltaic sequence. Although reflection configura-

tion of the lower unit indicates a characteristic deforma-

tion, its initial internal parallel reflectors are observed on

the seismic profiles. An angular unconformity marks the

top of the lower unit, indicating an erosional period after

deposition.

Lower unit (acoustic basement) in the study area it has

been observed that the lower unit has a surface with high

reflection amplitude (Fig. 13). This surface indicates that

the acoustic impedance difference between the lower unit

and the overlying unit is high. This in turn indicates a

significant physical distinction between the lower unit and

the upper one, respectively composed of rock and sedi-

ments. The upper border of the lower unit suffered from

erosion in this area as well (Fig. 13). Top surface of this

unit ends with onlap and downlap of reflection surfaces of

the sediments in the Upper Unit (Fig. 13). It indicates that

the Lower Unit must be an acoustic basement for the

sediments on it same as in the eastern part of the area of

study. Since the top surface of the Lower Units gets shal-

low towards the land, it suggests that this surface unites

with the top surface of widely exposed units on land

(Fig. 13). As Oligocene and Upper Miocene units outcrop

at the Marmara Sea coast in the İstanbul Peninsula, in the

part remaining between the Bosporus and the Büyükçek-

mece Lagoon (Fig. 14), the units constituting the acoustic

basement observed in seismic profiles probably consist of

Oligocene and Upper Miocene units. With a similar

approach in previous studies conducted in the area, this

unit has been interpreted as the submarine continuation of

Oligocene–Upper Miocene-aged units (Gökaşan et al.

2002; Oktay et al. 2002). Therefore, we conclude that the

Fig. 14 Stratigraphic

interpretation of a seismic profile

of the east of Küçükçekmece

Gulf; see Fig. 12 for the site

location
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unit below the high amplitude reflection surface in seismic

profiles (Lower Unit) is the submarine continuation of the

Oligocene–Upper Miocene aged stack outcropping in wide

areas along the Marmara Sea coast in Istanbul Peninsula.

The seismic facies of the lower unit varies from chaotic to

parallel. The reason for difference of this reflection for-

mation from the Paleozoic-aged Lower Unit between the

Gulf of Tuzla and the Bosporus is that the Oligocene-

Fig. 15 a–f Stratigraphic and structural interpretations of seismic sections. Detailed explanation of the possible faults given in the text (modified

from Gökaşan et al. 2002)
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Upper Miocene aged acoustic basement underwent much

less deformation compared to its Paleozoic-aged counter-

part at the east due to the significant age gap between the

units and thus it maintained its layer structure in the pri-

mary depositional environment to a certain extent (Tur

2007).

Fig. 15 continued
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As the chaotic reflections of the Lower Unit at the

western slope of the canyon are changing to parallel

reflections on a seismic profile interrupting the Bosphorus

(Gökaşan et al. 2002; Fig. 15a), we consider it to be as a

border between the Paleozoic and Oligocene-Upper Mio-

cene-aged units in this area. The Lower Unit is too deep to

follow since the top surface of the unit goes under the

penetration depth of the energy on the shallow seismic data

along the eastern part of the Istanbul Strait Canyon. Nev-

ertheless, the acoustic basement is first seen with a low-

angle mature surface morphology in the profiles towards

the western slope of the strait. It is also seen that the

acoustic basement prominently rises at the western slope of

the Istanbul Strait Canyon (Fig. 15a). This unit represented

by Oligocene–Upper Miocene-aged units in the area

between the Istanbul Strait and Büyükçekmece is located

very near the sea bottom in the mentioned area (Figs. 13,

14, 15a). As the top surface of Oligocene–Upper Miocene

aged units along Istanbul Peninsula is eroded by Upper

Miocene–Pliocene aged mature erosion surface, the upper

layer of the offshore continuation of this surface is also

affected from this erosion. The shelf of the study area

Fig. 16 a Paleotopographic map of the basement upper surface layer

and lineaments of study area. b Paleotopographic map of the

basement upper surface layer of the northern and northeastern shelf

area. c Thickness map of the Plio-Quaternary basin fill along the study

area. d Thickness map of the Plio-Quaternary basin fill of the northern

and northeastern shelf area (modified after Gokceoglu et al. 2009)
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where the Upper Unit is also relatively very thin is much

shallower than the shelf area between the Gulf of Tuzla and

the Istanbul Strait. It is shown that two erosional periods

must be superimposed. One of them is the Upper Miocene–

Pliocene erosional period, and the other is during the

Würm glacial period erosional effects caused by the sea

level falling on surface in the Pleistocene. Particularly, we

consider that the current morphology of the surface which

was a land area compared to the Marmara Sea level

dropping below -90 m during the latest one of the glacial

periods in question and was exposed to transgressive ero-

sion due to sea level rising afterwards must be a ravinement

surface emerging as the result of the mentioned trans-

gression. If the effects of the erosional activity in the period

are at the eastern part of the study, they are observed on

young sediments, not on the Lower Unit.

Since the reflection configuration of the lower unit dis-

plays a characteristic deformation, its initial internal par-

allel reflectors are sighted on the seismic profiles.

Indicating an erosional period after deposition, the top of

the lower unit is indicated by an angular unconformity.

This surface was developed in the course of the Würm

glacial age from neighboring areas (Demirbağ et al. 1999;

Oktay et al. 2002). Initial deposition under low energy

conditions is defined by the parallel reflection configuration

of the lower unit. On the other hand, the parts on the

seismic profiles called the high deformation zone in the

lower unit are less deformed than the lower unit along

some narrow zones (Figs. 9a, b, 15a–f). In addition, in

these zones, there are some gas charges in the strata of the

lower unit on seismic profiles (Fig. 15c, d).

Onshore deposits contain Upper Miocene and older

sediments covering onshore and offshore of the study area

(Arıç 1955). The Upper Miocene sequence consists of

unconsolidated gravel and sand of the base having a vari-

able thickness, and passes through clay-marl-mudstones

and muddy limestone towards the top (Arıç 1955). In the

light of observed data, the lower unit is part of the sub-

marine extension of the Upper Miocene and older

sediments.

Between the upper and the lower units on the truncation

surface of the Marmara entrance of İstanbul Strait, a deltaic

sequence with an oblique-sigmoidal reflection configura-

tion is observed (Fig. 15a). Oktay et al. (2002) interpreted

this sequence as delta deposits, which originated during the

Würm glacial period.

Fig. 17 Map of the young fault observed in the shelf area between the İstanbul Strait and Büyükçekmece Gulf. Black lines represent strike-slip

faults while blue lines represent normal faults. Red line represents the border of submarine landslides on the shelf
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Upper unit (basin fill) since the internal reflection of

this unit end with onlap and downlap on the top of the

Oligocene–Upper Miocene acoustic substratum (Fig. 13),

this indicates that this unit must be basin fill based on the

unit below it, similarly to the shelf area between the gulf of

Tuzla and the İstanbul Strait Canyon (Tur 2007). This unit

is prominently divided into two sub-units on seismic

profiles. The lower one (BF1) has a relatively more chaotic

internal reflection formation and is observed in the local

channels on the acoustic basement, as well as the periphery

of the shelf (Figs. 13, 14). The upper part of the basin

deposit (BF2) widely covers the lower deposits (BF1) and

the acoustic basement. The top of this sequence, which has

a parallel internal reflection formation, crops out at the sea

Fig. 18 a The group of normal faults n. 4 controlling the eastern

slope of the Büyükçekmece Lagoon and the basins formed by this

fault group (see Fig. 12 for the site location) and the group of normal

faults n. 2 on the Büyükçekmece Gulf. b The slip plane formed as the

result of the submarine mass movements at the periphery of the shelf

and the strike-slip faults on the shelf (see Fig. 12 for the site location).

c Slip plane formed as the result of submarine mass movements at the

periphery of the shelf. The excessive and irregular deformation

observed in layers of the acoustic basement and the basin fill in this

area suggests that strike-slip fault n. 2 might have an effect on this

area in addition to the mass movement (see Fig. 12 for the site

location). d Fractures of fault groups n. 1 and 3 (see Fig. 12 for the

site location)
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bottom (Figs. 13, 14). Therefore, we conclude that BF2

must be current sediments settling in this area following the

latest glacial period. On the other hand, the underlying hd1

reaches a significant thickness at the periphery of the shelf

and reflection formation changes into progressive clino-

forms from chaotic or parallel in this area (Fig. 14). Sur-

face layer of this stack is observed to be eroded from the

periphery of the shelf (Fig. 14). This data leads to the

conclusion that BF2 consists of lowstand deposits settled

during the latest glacial period and the coastal clinoforms

reflect the beach environment in the said period.

On the northern shelf of the Marmara Sea, the upper unit

is disclosed on the truncation surface (Figs. 9a, b, 15a–f).

Implying low-energy depositional conditions, this unit is

characterized by an internal parallel reflection configura-

tion. In the internal reflector, a truncation surface is not

observed. If this upper unit is still actively accreting today,

the top of this sequence forms the modern bed. During the

Flandrian Transgression (stage of the Holocene epoch (the

present geological period), covering the period from

around 12,000 years ago, at the end of the last glacial

period to the present day), deposition should have been

begun. From the seismic profiles, in the highly deformed

lower sequence zones and the thickness of the upper unit

changing in these zones, the upper unit is deformed toge-

ther with the truncation surface and sea floor.

Paleo-topography of the top of the acoustic basement,

basin fill thickness maps and their geological interpretation

If we consider the top of the Upper Miocene basement unit,

this surface has a flat and regular morphology between the

Istanbul Strait and Büyükçekmece Gulf in the area of study

compared to the area between the Gulf of Tuzla and the

İstanbul Strait in the study characterized by basin and ridge

systems (Figs. 16a, b). This surface reaches water depths of

50 m with a longshore and lesser than 20� dip angle right at

offshore areas of the shore line (Fig. 16a). In a significant

part of the shelf, we observed that this surface deepens with

low angles from -50 to -100 m towards the periphery of

the shelf from the shore. In the periphery of the shelf, it was

observed that the inclination and depth values are rapidly

increasing and the northern slope of the Marmara Sea is

passed on (Fig. 16a). The acoustic basement in this area

could be followed up to water depths of 150 m on seismic

profiles. A relatively complex morphology is observed on

the acoustic basement west of the Bosporus Canyon, at

offshore areas of Bakırköy and at the exit of the

Büyükçekmece Lagoon in the area between the Bosporus

and the Büyükçekmece Lagoon (Fig. 16a). The E–W or

NW–SE extension of the shelf turns to the NNE–SSW

direction at offshore areas of Bakırköy and some benches

are observed on the acoustic basement in this area

(Fig. 16a). The most evident one of these benches is

observed between the shelf area and the western border of

the Bosporus Canyon. Since the shelf represented up to

about 50 m depth in this area is deepened rapidly along the

western slope of the canyon and drops below the seismic

penetration depth, its depth could not be measured along

the strait canyon. It has been concluded that the surface

layer depth of the acoustic basement in this area must be

deeper than -125 m which is the highest value which

could be measured on this slope (Fig. 16a). At the exit of

the Büyükçekmece Lagoon, it is observed that the surface

layer of the acoustic basement has a much more complex

morphology and there is a trench consisting of local basins

of -70 m depth in this area (Fig. 16a).

Based on paleotopographic interpretation the sedimen-

tary deposits defined as basin fill are significantly thinner

compared to those in the area between the İstanbul Strait

and the Gulf of Tuzla in the area of study (Fig. 16c, d). The

thickness of the basin fills 0–5 m in a major part of the

shelf increases locally at the exit of the Küçükçekmece and

Büyükçekmece Lagoons (Fig. 16c). In the paleotopogra-

phy of the acoustic basement, an apparent increase is

observed in depth values of the basin fill along a longshore

band throughout its slope at offshore areas of the coast and

lying parallel with the coast line as well. A significant

increase is observed towards the periphery of the shelf in

the basin fill (Fig. 16c). Apart from that, it has been con-

cluded that the sediment depth could not be measured and

there must be a basin fill thicker than 50 m in this area

since the sediment thickness values increase rapidly

towards the Bosporus Canyon and the acoustic basement

drops below the seismic penetration depth within the can-

yon (Fig. 16c). Thickness of the basin fill increases rapidly

again in the periphery of the shelf. In this area, depth values

rapidly reach to 45 m along the northern slope of the

Marmara Sea from about 5 m depth on the shelf, and at

offshore areas of this area, it is not possible to measure

depth values since the seismic penetration depth is excee-

ded (Fig. 16c).

Based on the top morpohology of the Upper Miocene

acoustic basement and the changes in depth values of the

basin fill, existence of some tectonic linearities could be

inferred (Fig. 16a). Considering the directivity of these

lineaments in general, it is seen that the linearities observed

in this part of the area of study lie in the NW–SE, N–S,

NNE–SSW and ENE–WSW directions (Fig. 16a). The

predominant direction of the lineaments is in the E–W

trending part of NW–SE. Among the lineaments in the said

directions, the one with the greatest continuity is the line-

ament n. 1 (Fig. 16a). This lineament is identified on the

surface younger than the acoustic basement right to off-

shore of the coast and parallel to the shoreline consists of

four lineaments parallel to each other (Fig. 16a). These
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lineaments have been identified in the sea bottom mor-

phology as well and defined as L2 lineaments (Fig. 11a).

The lineament n. 2 at the periphery of the shelf is located

on the northern slope of the Marmara Sea and lies in par-

allel with the lineament n. 1 (Fig. 16a).

The second predominant linearity direction observed in

the area of study consists of the lineaments n. 3 and 4

ranging from N–S to NNE–SSW (Fig. 16a). These linea-

ments have been determined based on the benches

observed on the shelf where the shelf turns to the NNE–

SSW direction from the E–W direction at offshore areas of

Bakırköy and the slope between the shelf and the Istanbul

Strait Canyon. It is observed that these lineaments coincide

with L1 lineaments observed at the sea bottom (Figs. 11a,

16a). Lineaments in the similar direction lie in parallel with

the shore at the exit of the Büyükçekmece Lagoon (linea-

ment n. 5, Fig. 16a). These lineaments coincide with L3

lineament observed in the same area on the sea bottom. The

last lineament identified on the acoustic basement in this

sector of the study area is the lineament n. 6 represented by

the vertical translation at the shore line between the

Küçükçekmece and Büyükçekmece Lagoons. This ENE–

WSW linearity coincides with L5 lineament observed in

the same area on the sea bottom (Figs. 11a, 16a).

Significant differences have been observed in the sedi-

ment thickness of both the top and the sea bottom mor-

phology of the acoustic basement and the basin fill between

the western part of the study area remaining between the

İstanbul Strait Canyon and the Büyükçekmece Lagoon and

the eastern part between the Gulf of Tuzla and the İstanbul

Strait Canyon. The border of these differences is the

İstanbul Strait Canyon which created a significant mor-

phological abnormality with the deep channel structure in

this area (Fig. 16b, d).

Considering the paleotopography of the top of the

acoustic basement, a significant morphological difference

between the western and the eastern part of the study area

is evident. While observing the complex morphology

consisting of basin and ridge systems of this surface in the

eastern part of the study area, it is observed that the western

part of the study area is a shelf plain with a depth ranging

mostly from -50 to -100 (Fig. 16b, d). Sea bottom mor-

phology of these areas presents quite important differences.

The sea bottom in the eastern part of the study area presents

a complex morphology due to the elevations represented by

the Princes’ Islands located in the area while the western

part has a morphology of a shelf plain deepening towards

the periphery of the shelf mostly with low angles like in

surface layer of the acoustic basement. This significant

translation observed both in the sea bottom and the surface

layer morphology of the acoustic basement along the

İstanbul Strait Canyon has the most significant difference

in terms of sediment thickness of the basin fill on the

acoustic basement in both of these areas (Fig. 16d). There

is a basin fill thicker than 100 m within the NNW–SSW

sub-basins in the eastern part of the study while the basin

fill thickness is below 5 m throughout a major part of the

E–W shelf area on the Upper Miocene aged acoustic

basement in the western part (Fig. 16d).

All these data demonstrate that the eastern part of the

study area became a basin downthrown by normal faults

following the erosion during the Upper Miocene–Pliocene,

whereas the western part was not affected by formation of

sedimentary basins. The basin area included the İstanbul

Strait and the western slope of the strait canyon constitutes

the border of the basin. In this respect, the İstanbul Strait is

located on an important geological border within this

evolution. The eastern part of the study area became a

depositional area due to down throwing of normal faults

and this area was probably filled with a Plio-Quaternary

aged thick sediment stack. However, the western part at the

west of the strait canyon was an area where there was no or

very limited deposition due to its morphology during these

periods. The reason must be that the shelf area at the west

was evolved mostly as an erosional area during the glacial

periods in the Pleistocene and therefore little deposit

accumulating in this area was eroded. As a result, the

erosion surface observed on the acoustic basement in this

area is not only the product of the erosional activity

effective in the Upper Miocene–Pliocene period, but a

cumulative erosional surface emerging due to the effect of

other erosional factors having effect on this area in later

periods. In this respect, young erosional effects must

enhance this surface by superimposing on the old mature

erosion surface. The reason for the upper unit of the

deposits on the shelf being located at the west of the

İstanbul Strait Canyon consists of the current deposits

settling in this area following the latest glacial period and

the lower unit existing below it and spreading to a very

limited area is the lowstand deposit accumulating during

the latest glacial period must be that this area suffered

erosion in each glacial period and the deposits accumu-

lating in interglacial periods were eroded. Nevertheless,

since the old mature erosion surface deepens and is covered

by sediments in the eastern part of the study area deepened

as a basin, it must be preserved as a buried residual surface.

Traces of erosional effects caused by the low sea level in

glacial periods in the Pleistocene and the deposit accu-

mulation caused by the deposition in interglacial periods

b Fig. 19 a Fractures of fault groups n. 1 and 2 (see Fig. 12 for the site

location). b A fracture from fault groups n. 1 and 2 (see Fig. 12 for

the site location). c Deformation created by fractures of fault group n.

3 on the sea bottom (see Fig. 12 for the site location). d Deformation

created by fractures of fault group n. 6 on the sea bottom (see Fig. 12

for the site location)
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are observed on seismic profiles as many discordant sur-

faces within the thick basin deposits. Therefore, traces of

the erosional effects occurring during the latest glacial

period have effects on the young deposits on the uppermost

part of the basin fill, not on the acoustic basement as in the

western part of the study area. Available data indicates that

the area between the Gulf of Tuzla and the western slope of

the İstanbul Strait Canyon became a basin within the Plio-

Quaternary period. The shelf area at the west of the strait

canyon must have continued its evolution as a topographic

high with the same characteristics as the land area in its

hinterland (Istanbul Peninsula) within this period.

Structural interpretation

The structural interpretation of seismic data has evidenced

traces of faults young enough to have an effect on the sea

bottom in the shelf area between the İstanbul Strait and

Büyükçekmece Gulf (Fig. 17). Among these faults, those

represented in blue shown in Fig. 17 are normal faults with

a vertical slip component observed in seismic profiles. The

black faults have been determined through deformational

zones they have created, rather than the vertical shifting of

seismic horizons and therefore they are considered to be

strike-slip faults.

The normal faults identified in the study area show

sudden and sharp vertical shifting of seismic reflectors on

the seismic data. Normal faulting in the area between the

Gulf of Tuzla and the Istanbul Strait forming the eastern

part of the area of study is observed to have vertical

effects both on the acoustic basement and the sea bottom.

On the other side, the structural elements of the study

area between the İstanbul Strait and the Büyükçekmece

Gulf constituting the western part have a strike-slip

characteristic rather than normal faulting (Fig. 17). In this

part of the area of study, the only normal fault observed

at the west of the İstanbul Strait is the fault n. F4 con-

trolling the eastern slope of the Büyükçekmece Lagoon

(Figs. 15a, 18a). It has been concluded that this fault in

the area of study must be NNE–SSW considering the

vertical translation it created on the sea bottom and the

resultant linearity (Figs. 11a–c, 17). No trace of another

apparent and fault-controlled vertical translation on the

shelf area between the İstanbul Strait and the

Büyükçekmece Gulf.

Nevertheless, vertical translations observed in all pro-

files with individual sizes along the periphery of the shelf

are interpreted as submarine landslides (Fig. 18b, c). On

the other hand, it is observed in some seismic profiles that

the slip plane of this landslide at the periphery of the shelf

is interrupted by strike-slip faults at the periphery of the

shelf in some profiles (Fig. 18b, c). The faults in this area

show themselves with elevations in the acoustic basement

and the basin fill within the sliding mass. Even though such

elevations can be considered structures controlled by

marine sliding, due to the existence of strike-slip faults,

these structures may be tectonically controlled (Gökaşan

et al. 2002, 2003).

The second group of faults identified on seismic profiles

consists of strike-slip faults. Among these faults, known for

the deformations which they have created along certain

zones rather than the vertical translations on reflection

surfaces, five faults have been identified in the study area

(1, 2, 3, 5, 6; Fig. 17). Between these faults, the fault n. 1 is

observed to be a single fault zone on the seismic and

bathymetric data while other faults are in groups consisting

of many fault tracts lying parallel with each other (Fig. 17).

The fault group with the greatest continuity is the n. 2.

Fault groups n. 3, 5 and 6 consist of relatively shorter

faults. Effects of these faults can be traced to the sea bot-

tom on some profiles. One of the most significant faults

observed in seismic and bathymetric data is the n. 1

(Figs. 15b, c,18d, 19a, b). Fault n. 1 coincides with the L1

linearity observed on the sea bottom. Therefore, it is

observed that the fault borders the high submarine plain at

the west of the İstanbul Strait Canyon from the south on

seismic profiles (Fig. 18d). Fault n. 1 is observed at the east

starting from the west of the İstanbul Strait Canyon

(Fig. 18d) and controls the NW–SE linearity (L1) on the

sea bottom in this area until the entrance of the

Küçükçekmece Lagoon (Fig. 19a, b). This fault represents

itself with the folding it created across a narrow zone on

layers of the acoustic basement. This vertical slip created

by fault n. 1 on the sea bottom shows that this fault must

have a vertical component in addition to its strike-slip

component. The folding observed in this fault of the

acoustic basement on seismic profiles suggests that the

vertical movement might be alternatively caused both by a

compressional component of the acoustic basement or by

inversion processes. We conclude that fault n. 1 must be a

young one as the folded acoustic basement rises to and

outcrops at the sea bottom on profiles.

Even though the fractures of the fault group n. 2 do not

form an apparent vertical slip on the sea bottom and con-

sequently have no apparent linearity, high density of seis-

mic profiles in this area allowed this fault to be well-

b Fig. 20 a Faults cutting the basin deposits and the sea floor in the

İstanbul Strait Canyon-Tuzla Gulf. Faults labeled as F1–F4 are strike-

slip faults. Other faults are normal faults. ‘‘?’’ and ‘‘-’’ indicate

footwall and hanging wall of normal faults, respectively (Tur 2007).

b The faults identified in the study area and the border where the slip

plane of the sliding material interrupts the sea bottom at the periphery

of the shelf. Black lines represent the northern branch of the NAFZ;

red lines represent the NW–SE and NE–SW strike-slip faults in the

study area; blue lines represent the NNE–SSW normal faults; and red

and orange lines represent the submarine landslide at slopes
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observed on profiles and therefore it could be determined

that faults composing the group are NW–SE like fault n. 1.

Although this group of faults does not form an apparent

vertical movement on the sea bottom unlike fault n. 1, it is

clearly observed that the effect of this fault on seismic

profiles reaches to young deposits and the sea bottom

(Figs. 15b–f, 18a, c, 19a). Faults from group n. 2 on seis-

mic profiles are observed as two fractures lying parallel

with each other right at the south of the eastern edge of

fault n. 1 (Fig. 19a) and at the periphery of the shelf

(Figs. 17, 18c, 19a). It is observed that this westward fault

lying in the NW–SE direction all the way to offshore areas

of Küçükçekmece turns to the south as of this area and gets

to the E–W direction approximately (Fig. 17). It is

observed that faults from this group lose their effect at the

east of the Büyükçekmece Gulf. Faults group n. 2 starts

NE–SW trending from Çınarcık Basin in the west of

İstanbul Canyon and it extends in front of Küçükçekmece

Lagoon E–W oriented. In the west of Büyükçekmece Gulf,

faults group n. 2 turns again NW–SE direction and tends to

merge with Çatalca fault. It is thought that faults group n. 2

continues to the west and south shelf areas of Büyükçek-

mece Gulf (Fig. 17). This fault is conformed to L7 line-

ment in Fig. 16 and to L6 lineament depicted in Fig. 11a.

Fault group n. 3 is clearly observed in bathymetric data

due to the effects it created both on seismic profiles and the

sea bottom. This group of faults controls the NNE–SSW

cavities on the high platform observed on the sea bottom at

the west of the İstanbul Strait Canyon (Figs. 11b, c, 15b,

17, 18d, 19b–d). Even though it controls these cavities,

since faults caused only deformation along narrow zones

instead of creating a vertical slip in parallel with the sea

bottom on the deep layers, it indicates that these faults must

be strike-slip. Thus, it is thought that narrow trenches

appearing across the fault on the sea bottom are likely to be

formed as the result of surface effects on the weak zone

occurring throughout the fault. Since some of the cavities

controlled by the faults in the sea bottom morphology are

old valleys joining the İstanbul Strait Canyon while others

are located on the marine continuance of the valleys join-

ing the Marmara Sea from Istanbul Peninsula (Fig. 11), its

supports the idea of that these cavity areas might be

emerged due to the fault-controlled surface flow. Fault n. 3

exists independently from these cavity areas in some parts

on the high submarine plain at the west of the İstanbul

Strait Canyon (Fig. 19d).

The fault n. 5 is observed in limited areas on the shelf

(Figs. 15c, d, 18c). This NNE–SSW fault group is con-

sidered to have an original relation with fault n. 3 due to the

similarity in the direction of this fault group. Fault group n.

6 consists of two short faults. Since these faults identified

based on the deformation observed on young sediments in

the İstanbul Strait Canyon (Fig. 19d) are observed in a

limited area on seismic profiles, it suggests that these faults

might be secondary structures formed due to the defor-

mation created in the area by more predominant structures

such as fault n. 1.

The lineament L6 (Fig. 11) seen in the land topographic

map were interpreted as faults by Ergintav et al. 2011.

Because of similarity between them and faults in the shelf

area, faults in the sea and land are correlated (Fig. 17).

After morphological, bathymetric, seismic evaluations

and interpretations, faults group no. 1, 2, 3, 5 and 6 are

strike-slip faults while fault group no. 4 is normal fault as

seen in Fig. 20b.

Discussion

While between the Büyükçekmece Gulf and the İstanbul

Strait Canyon from the northern shelf of the Marmara Sea

lies in the E–W direction approximately, it turns into the

NNE-SSW direction in the part between the western slope

and the shore line of the Bosporus canyon. The İstanbul

Strait Canyon segregates the area of study and the part at

the east of the shelf from each other.

The geological interpretation of seismic and bathymetric

data indicates that the top of the Upper Miocene acoustic

basement has an almost horizontal and highly uniform

morphology along its E–W part. The horizontal plan

formed by the top of the acoustic basement across the shelf

is interrupted by slopes at the shore line and the periphery

of the shelf. The one at the shore line of these slopes causes

the Upper Miocene-aged acoustic basement to come down

from 0 m to -50 m. The top of the acoustic basement

forms a horizontal plan ranging from -50 to -100 m

along the shelf plain and extends to the periphery of the

shelf with low angles. Inclination and depth of the E–W

part of the shelf increase suddenly at the periphery of the

shelf and the shelf area turns into the northern slope of the

Marmara Sea. In the NNE–SSW part of the shelf which

remains between the İstanbul Strait Canyon and the shore,

a more complex morphology is observed in the top of the

acoustic basement. This complexity is demonstrated by

itself with NNE–SSW benches observed on the shelf and

the western slope of the İstanbul Strait Canyon in the same

direction. Another complex area seen in the morphology of

the top of the acoustic basement is a local basin at the exit

of the Büyükçekmece Lagoon.

Some NW–SE and NNE–SSW linearities observed in

surface layer of the acoustic basement and on the sea

bottom are determined to be fault-originated as the result of

their comparison with seismic profiles. In seismic profiles,

we conclude that sediment offset by these faults is young

deposits considered to be settled due to the phenomena

during and after the latest glacial period. Those lying in the
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NNE–SSW direction of these faults are interpreted as

normal faults due to the vertical translations they created

on the sea bottom and the units below it. Of these faults, it

is observed that particularly the fault controlling the wes-

tern slope of the Bosporus has created a vertical slip at

highly significant levels and borders the thick sediment

stack observed in the strait canyon. West of this fault,

sediment thickness does not exceed 5 m in a major part of

the shelf area. Therefore, it is considered that the fault at

the western slope of the strait canyon must be a border in

terms of development of basins identified in the part

between the Gulf of Tuzla and the İstanbul Strait Canyon

constituting the eastern part of the study. Other normal

faults in this area control the exit of the Büyükçekmece

Lagoon.

In the study area the faults interpreted as strike-slip

faults are generally NW–SE oriented. These faults must

also have a vertical component due to benching they cre-

ated both in the acoustic basement topography and the sea

bottom. Of these, the fault following the shore line from

offshore areas of the Küçükçekmece Lagoon to the İstanbul

Strait Canyon is one of the faults with the greatest conti-

nuity in the area of study.

Comparison of the faults in the northern shelf

of the Marmara Sea between the Büyükçekmece

Lagoon and the Gulf of Tuzla

Two group of faults have been identified which are dif-

ferent from each other in terms of their extension and slips

in the study area (Fig. 20a, b). The first one of these fault

groups limits mostly the basins identified in the study area.

These faults must be normal or oblique faults with a high

vertical component due to the vertical slip they created on

the reflection surfaces of the acoustic basement observed in

seismic profiles and the basin fill on it. These faults with

the extensions lying in directions ranging from N–S to

NNE–SSW in the study area have been encountered often

on the borders of sub-basins in the same direction and

ridges in between at the eastern part of the study area

(Fig. 20a, b). The faults in this group are shorter but more

in quantity than those in the second group. The change in

Fig. 21 Tectonic evolution model of the study area

Mar Geophys Res (2015) 36:1–34 29

123



the geometry or frequency of the faults is primarily related

with areas where the basins are located in and also related

to the geometry of these basins. For this reason, we con-

clude that the faults of this group compose the basin-ridge

system in this area. The faults in this group are mostly

observed in the area between the Gulf of Tuzla and the

İstanbul Strait Canyon which constitutes the eastern part.

The area where NNE–SSW normal faults are mostly

observed ends at the western slope of the İstanbul Strait

Canyon (Fig. 20a, b). In the western part of the study area,

the faults lying in this direction and developing under the

domination of normal fault component are seen only at the

exit of the Büyükçekmece Lagoon. Since faults in this

group interrupt the erosion surface matured in the Upper

Miocene–Pliocene period and compose the basin-ridge

system developed at the eastern part of the study area, they

must have been activated in the Plio-Quaternary period.

These faults’ bordering or interrupting in patches young

deposits of the basin fill indicates that they maintained their

activity up to the advanced stages of basin formation.

However, because of the sea level falling during the latest

glacial period, since the faults covered by the basin fill are

re-revealed due to the erosional activities, possible effects

of these faults on the sea bottom could not be fully

understood. Likely, faults at the western slope of the

İstanbul Strait Canyon can be retreated due to external

factors like their conjugates at the east based on the doubt

of a possible submarine landslide in this area. Therefore,

current activity of faults in this group could not be fully

understood.

Among the faults identified in the study area, those in

the second group do not present an apparent vertical slip on

the acoustic basement and the layers of the deposits on it or

have a low-level vertical slip component. Based on these

characteristics of them, it is considered that those NW–SE

faults must be strike-slip faults or oblique faults with a

dominant strike-slip component. Geometry or location of

the faults in this group is independent from geometry or

distribution of the basins unlike those in the first group. The

basin-ridge system with an extension in the same direction

as the faults in this group which has a different direction

with their NW–SE extension compared to the NNE-SSW

basin-ridge system identified in the study area are internal

and external basins which are less apparent in morpho-

logical terms (Figs. 16, 20a). It is observed that the faults

in this group have continuity in longer distances even

though their effect on the surface layer morphology of the

acoustic basement is less. Especially, fault n. 1 clearly

observed at the western part of the study begins at the

periphery of the shelf identified at offshore areas of Cape

Tuzla, covers the shelf in the NW–SE direction by passing

from the south of Büyükada, and then reaches to the north

of Sivriada and Yassıada. Fault n. 1 at the western part of

the study area is considered to be the fault n. 1’s extension

at the west. In this case, Fault n. 1 continues in the same

direction in the western part of the study as well and

reaches to the Küçükçekmece Lagoon (Fig. 20b). Simi-

larly, it seems possible that the faults in the same direction

and with the same characteristics at both areas of the study

are conjugates and were developed as the product of the

same tectonic activity even though they do not unite

(Fig. 20b).

Tectonic evolution of the northern shelf of the Marmara

Sea between the Gulf of Tuzla and the Büyükçekmece

lagoon

To describe the tectonic evolution of the study area, it

would be proper to use the models created to explain the

formation of the İstanbul Strait right in the northern con-

tinuation of this area in addition to the data obtained from

the northern shelf of the Marmara Sea. Sub-basins between

the NNE-SSW oriented ridges observed along the external

basin in the study area show similarities with general

characteristics of the İstanbul Strait in terms of both their

extensions and existence of the young thick sediment stack

accumulated in them (Yılmaz and Sakınç 1990; Yıldırım
et al. 1992; Gökaşan et al. 1997). Geological studies on the

Istanbul Strait (Gökaşan et al. 1997) have evidenced that

the strait started to evolve as a river valley and in the later

stages it became a NNE–SSW narrow basin and in the last

stage this channel was translated by being interrupted by

the faults formed as the result of the new shearing regime it

entered with the effect of the NAFZ and thus gained its

current shape. Oktay et al. (2002) assert that the afore-

mentioned stages of the strait evolution can be explained

through the model of rotations in the blocks between the

fault zones analytically modeled by Dibblee (1977) and

subsequent formation of secondary block border faults. The

authors assert in this model that the İstanbul-Kocaeli high

field between the NAFZ at the south and the fault lying

parallel with the Black Sea coast suggested by Demirbağ

et al. (1999) at the north were forced to rotate clockwise

due to movement of these faults and thus it performed this

rotation by being divided into smaller blocks. It is asserted

that, for such rotation of the blocks, one of the NNE–SSW

left-lateral strike-slip faults developed between them

caused the deformation creating the current İstanbul Strait

(Oktay et al. 2002). Based on the theory that there must be

compression areas due to block rotations and local basin

developments due to stress areas along the NAFZ forming

the zone border faults bordering the rotating block from the

south and the north and along the fault at the Black Sea

coast, the authors also assert that basins and compression

areas must have developed at the eastern half of the

northern shelf of the Marmara Sea and at the western edge

30 Mar Geophys Res (2015) 36:1–34

123



of the southern shelf of the Black Sea (Oktay et al. 2002).

Based on the model suggested by Oktay et al. (2002), we

consider that it is possible to explain the origin of the basin

formed in the area between the Gulf of Tuzla and the

İstanbul Strait Canyon forming the eastern part of the study

area and why this basin suddenly disappears as of the west

of the Strait Canyon and accordingly to create a tectonic

evolution model for the study area.

In the beginning stage of this model, the İstanbul–

Kocaeli high field was a narrow high field located between

the Black Sea whose formation happened during the

Jurassic period (Finetti et al. 1988) and the Marmara Sea

which became a basin in the Upper Miocene (Sakınç et al.

1999; Gökaşan et al. 2003) (Fig. 21a). In this stage, the

İstanbul Strait was only a river valley yet. When the NAFZ

was activated as a shearing zone and the Marmara Sea in

the Plio-Quaternary period (Gökaşan et al. 2003), the

Istanbul–Kocaeli elevation started to be deformed between

this fault and the fault located at the Black Sea coast.

During this deformation the İstanbul-Kocaeli high started

to rotate clockwise between the zone border faults (the

NAFZ and the fault at the Black Sea coast) and during this

rotation, the NNE-SSW oriented left-lateral faults were

developed and caused the Istanbul–Kocaeli Elevation to

divide into smaller blocks (Fig. 21b). Of these faults, the

one in the area where the İstanbul Strait is located deep-

ened faster than the others possibly with the effect of the

old strait stream existing in this area and caused the NNE–

SSW primary channel to form in the formation of the strait.

In the meantime, small blocks belonging to the Istanbul–

Kocaeli high rotating clockwise led to formation of stress

and compression areas along the left-lateral translations

located at both sides of the elevation and consequently the

zone border faults (Fig. 21b). Borders of these stress and

compression areas at their engagement areas along the zone

border faults were controlled by the block border faults. A

stress and consequently a triangle-shaped basin emerged in

the area between the Gulf of Tuzla and the İstanbul Strait

Canyon which is the area located at the east of the fault

along the İstanbul Strait valley which is one of the block

border faults of this system on the shelf of the Marmara

Sea. Since in the part of the study area standing between

the İstanbul Strait Canyon at the west of the fault and the

Büyükçekmece Lagoon, the block rotation created a com-

pression in the zone border fault, there was no basin for-

mation in that area. Instead, presumably, compression

structures observed in Upper Miocene aged units were

developed in that area (Fig. 21b). According to this model

suggested, the NNE–SSW faults observed in the study area

and bordering the İstanbul Strait Canyon with sub-basins

must be block border faults. The most important of these

faults is the fault existing in the İstanbul Strait Canyon and

this fault segregates the eastern (between the Gulf of Tuzla

and the İstanbul Strait) and the western (the İstanbul Strait

and the Büyükçekmece Lagoon) parts of the study area and

consequently causes the development of the basin at the

east and the high field at the west on surface layer of the

acoustic basement.

The origin of the NW–SE faults observed in the study area

is more complex. These faults might be the NW–SE conjugate

block border faults expected to develop with the NNE–SSE

block border faults in the block rotation model described

above. In this case, the NW–SE faults and NNE–SSW faults

are required to develop simultaneously. However, since the

NW–SE oriented faults are younger than the NNE–SSW

oriented ones and these faults disharmoniously interrupt the

structures formed as the result of block rotations, it suggest

that they might be formed by the effect of tectonism which

developed later. This approach also conforms with the idea

suggested by Gökaşan et al. (1997) that the NNE–SSW strait

graben was interrupted by the strike-slip faults which devel-

oped later and thus the strait gained its current shape.

This interpretation asserting that the NW–SE strike-slip

faults identified in the study area were formed by reacti-

vation of some of the faults in Istanbul and Kocaeli Pen-

insulas as the result of the effect of the NAFZ’s new

fracture occurring in the Marmara Sea is considered more

consistent with the data obtained from this study.

Accordingly, the area broken down by the block border

faults in the NNE–SSW direction and turning into Istanbul

and Kocaeli Peninsulas were broken down in the NW–SE

direction this time possibly as the result of reactivation of

the old faults as syntectonic structures due to the effect

created by the NAFZ’s new fracture in this area (Fig. 21c).

Since this tectonism occurring right at the east of the

NAFZ has a nature of a secondary structure considering the

tectonic activity caused by the NAFZ, there must be rela-

tively much less stress accumulation in these secondary

faults compared to the NAFZ. For this reason, faults

identified in the study are must be working relatively very

slow and as a result, either causing only microseismic

activity or earthquake generation periods at very long

intervals. Nevertheless, two middle sized earthquakes

(MW = 4.2 and MW = 4.4) occurring in the study area

following the earthquake on 17th August 1999 (Pınar et al.

2003) show that the tectonic activity in this area has the

potential to generate earthquakes.

Conclusions

The seismic and multibeam bathymetric research con-

ducted in the area between the Istanbul Strait and the

Büyükçekmece Lagoon in the northern shelf of the Mar-

mara Sea has allowed us to reach the following

conclusions.

Mar Geophys Res (2015) 36:1–34 31

123



The eastern part between the Gulf of Tuzla and the

Bosporus Canyon, and the part between the Bosporus

Canyon and the Büyükçekmece Lagoon present different

geological and morphological characteristics.

The bathymetry indicates that the sea bottom morphol-

ogy at the east of the study area has a more complicated

structure compared to the study area and there is an internal

basin formed on the shelf, in this area between the Princes’

Islands and the mainland and for the other area, an external

basin on the shelf (Tur 2007). On the other hand, the sea

bottom morphology in the study area indicates the exis-

tence of a plain deepening seaward with an almost hori-

zontal angle.

The seismic interpretation allowed us to identify two

seismo-stratigraphic units. The lower one is separated from

the overlying units by a high-amplitude reflector. This unit

has chaotic internal reflection in general at the east of the

study area while presenting an internal reflection formation

changing from chaotic to parallel at the western part. Since

these units get close to the sea bottom rising landwards this

suggests that they are the marine continuation of the

Paleozoic and Upper Miocene units widely cropping out on

land. In this case, the lower unit identified in seismic

profiles at the east of the study area must be the submarine

extension of the Paleozoic units, while the lower one is the

Upper Miocene unit (Tur 2007). The high-amplitude

reflector forming these units must be an erosional surface

developed during the Upper Miocene-Pliocene. The upper

unit existing on the acoustic basement whose parallel

internal reflections end with onlap and downlap is defined

as Plio-Quaternary basin fill.

The morphological interpretation of paleotopography of

the top of the acoustic basement identified in the seismic

profiles has supported the morphological differences

among the study area and the shelf to the east. Here we

observed that the top of the acoustic basement is charac-

terized by a basin with sediment fill of 250 m in the east of

the study area. The westernmost of these NNE–SSE basins

is the Bosporus Canyon. In the study area located at the

west of the strait canyon, the paleotopography of surface

layer of the acoustic basement forms an almost horizontal

shallow plain ranging from -50 to -100 m.

The basin fill thickness identified in seismic profiles also

shows a significant difference in eastern and western parts

of the study area. A basin fill with a thickness exceeding

130 m is observed within the NNE–SSW basins at the

eastern part of the study area while in the western part,

these thickness values are determined to suddenly drop

below 5 m along the shelf as of the west of the Bosporus

Canyon.

The first one of these fault groups in the study area is the

NNE–SSW oblique faults with high vertical slip compo-

nent. These faults are limited by the NNE–SSW deep

basins. These faults observed mainly at the eastern part of

the study area control the western slope of the Bosporus

Canyon and effectiveness of these faults decreases at the

west of this slope.

The sea bottom morphology in the study area, the

morphology of the top of the acoustic basement, the basin

fill thickness and the distribution of the NNE–SSW

trending faults bordering the basins on the acoustic base-

ment show that the eastern part of the study area between

the Gulf of Tuzla and the Bosporus Canyon and the wes-

tern part between the Bosporus Canyon and the

Büyükçekmece Lagoon have very different structures from

each other. The Bosporus Canyon constitutes the border of

this significant difference.

The idea suggested by Oktay et al. (2002) for formation

of the Bosporus in previous studies asserting that one of the

block border faults developed due to the rotations occur-

ring in the areas between the zone border faults must have

an important role in formation of the Bosporus has been

used to explain this translation in the eastern and western

parts of this study area.

According to this model, the Bosporus has emerged due

to the clockwise rotations occurring in the Istanbul–Koc-

aeli high field between the NAFZ and the fault at the Black

Sea coast. Based on this system, left-lateral faults must

have emerged between clockwise-rotating blocks and one

of these faults must have formed the Bosporus. Based on

this model, the entire Bosporus including the canyon on the

shelf is a block border fault. Compression and stress areas

have emerged between the blocks rotated clockwise by the

block border faults and the zone border faults due to block

rotations.

In the suggested model, a basin must be formed to the

east of this fault and a compression area at the west due to

block rotations. In this case, the basin-ridge system formed

at the eastern part of the study area between the Gulf of

Tuzla and the Bosporus Canyon and suddenly ending at the

western slope of the strait canyon must be a product of the

stress caused by these block rotations. Thus, the question

why the NNE–SSW faults lost their effect at the west of the

Bosporus Canyon will be answered. The area between the

Bosporus Canyon and the Büyükçekmece Lagoon forming

the western part of the study area was not affected from this

formation of basin since it is located at the west of the

block border fault. Compressions that must occur in this

area instead of it is represented by common folds observed

in the Upper Miocene units in this area.

The second group of faults identified in the study area

consists of NW–SE oblique faults with a dominant strike-

slip component. It is observed that these faults interrupt the

basins instead of bordering them and create the linearities

in the same direction in the sea bottom. As the result of the

analysis of the relation between these two fault groups, it

32 Mar Geophys Res (2015) 36:1–34
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has been concluded that the NW–SE faults were activated

after the NNE–SSW faults. In addition, as the result of the

comparison of these NW–SE faults with the NAFZ, it is

possible that this fault group has a relation with the NAFZ.

Therefore, it is considered that these faults might be the

faults reactivated in the area due to the stress caused by the

NAFZ.

It is suggested after morphological, bathymetric, seismic

evaluations and interpretations that faults group no. 1, 2, 3,

5 and 6 are strike-slip faults whereas fault group no. 4 is a

normal fault. All the faults identified in the study area are

secondary faults, as the NAFZ, which is the main fault

zone in the Marmara Sea, passes at the south of the study

area. In this case, these faults must have a low seismic

activity level. Therefore, faults identified in the study area

can be considered to possibly create the micro-earthquakes

recorded in the area.

Acknowledgments The authors would like to thank the editor and

three anonymous reviwers for their suggestions and valuable com-

ments that greatly improved the manuscript. We would like to also

thank the Turkish Navy, the Department of Navigation, Hydrography

and Oceanography, and the personnel of the R/V T.C.G Cubuklu and

Cesme for their enthusiasm and care during the bathymetric data

collection. This study was supported by grants from the Istanbul

University, Scientific Research Projects Cooordination Unit, project

numbers 5783 and 15676.

References

Akarvardar S, Feigl KL, Ergintav S (2009) Ground deformation in an

area later damaged by an earthquake: monitoring the Avcilar

district of Istanbul, Turkey, by satellite radar interferometry

1992–1999. Geophys. J. Int. 178:976–988

Aksu AE, Calon TJ, Hicott RN (2000) Anatomy of the North

Anatolian Fault Zone in the Marmara Sea, Western Turkey:

extensional basins above a continental transform. GSA Today

10(6):3–7

Alavi SN, Okyar M, Timur K (1989) Late Quaternary sedimentation

in the Strait of Bosphorus: high resolution seismic profiling. Mar.

Geol. 89:185–205
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Yenikapı–İstanbul and its impact on cultural history. Quat Res

76(2011):30–45
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tiques en Turquie. Mém. Institut Francais d’Archéologie de
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H (2006) İstanbul Boğazı deniz tabanı morfolojisini denetleyen

etkenler: Son buzul dönemi sonrası aşınma izlerinin kanıtları.
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Tertiary sediments of İstanbul–Çekmece regions. First Turkish

International Symposium on Deformations, İstanbul. Proceed-
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