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ABSTRACT

SEISMIC STRATIGRAPHY OF LATE QUATERNARY SEDIMENTS ON THE
CONTINENTAL SHELF OF ANTALYA BAY

TEZCAN, Devrim
M.Sc., Department of Marine Geology and Geophysics
Supervisor: Assoc.Prof.Dr. Mahmut OKYAR
September 2001, 62 pages

The present bathymetry and Late Quaternary stratigraphy of the continental shelf of the
Antalya Bay has been investigated by using echo-sounding and high-resolution shallow
seismic profiling methods.

In general, the isobath lines, representing the sea floor topography, lie conformably with the
coastline of the Antalya Bay. Gently sloping (< 2°) wide shelf areas are the important
characteristics of the western and northern regions of the Antalya Bay. This peculiarity
indicates high sediment supply to these shelf areas from the rivers on the land. In contrast to
this, the eastern region of the Antalya Bay is marked by steeply sloping (>2°) shelf. This
configuration of bathymetry is basically controlled by sedimentation and tectonics of the
Antalya Bay. Submarine canyons and topographic irregularities appear to be other prominent
features of the sea floor in the Antalya Bay.

Based on the seismic stratigraphic approach, four distinct depositional sequences (1, 2, 3, and
4) above the acoustic basement (AB) have been identified in the sub sea-floor of the Antalya

Bay. Addtionally, a basal reflector-R that forms the boundary between the pre-Holocene and
the Holocene sequences was interpreted.

The acoustic basement, exhibiting chaotic reflection configurations, consists of the seaward
extension of onshore sequences. Therefore, its composition varies from place to place. In
some regons, acoustic basement has been faulted.

The depcsitional sequence 1 is characterized by chaotic and parallel-subparallel reflection
configuretions. It overlies the acoustic basement and pinches out landward at the depth of 75
m belowthe present sea level. Available sea level curve for the eastern Mediterranean Sea
reveals that this level correspond to 22 000 yrs B.P. Therefore, depositional sequence 1 is
interpreted to be pre-Holocene in age.

The depcsitional sequence 2, showing chaotic and oblique progradational reflection patterns,
pinches out at the depth of 110 m on the reflector-R. This sequence has been deposited during
the earlier stage of Holocene transgression between 22 000 and 18 000 yrs B.P., on the basis
of the sea level curve. This sequence is not observed in some arcas where uplift and erosion
processes are common. The maximum thickness of sequence 2 is measured to be as 40
meters.

The depositional sequence 3, underlying depositional sequence 4, represents chaotic and
parallel-subparallel reflection configurations. It pinches out at the depth of 50 m on reflector-
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R, which cprresponds to approximately 11 500 yrs B.P. on available sea level curve. This
sequence has been formed during the period from about 18 000 yrs B.P. until 11500 yrs B.P.
Depositional sequence is not observed in some areas due to similar processes, explained
above paragraph. The maximum thickness of sequence 3 is reached to 50 meters.

Depositional sequence 4, resembling seaward sedimentary wedge, is the youngest
seismostratigraphic unit of the surveyed area. Its upper boundary forms the present sea floor.
This sequence has been accumulating for the last 11 500 yrs B.P. Its thickness tends to
increase (3t 40 m) in front of the fan-delta areas.

The basal feﬂector-R, forming the boundary between the pre-Holocene sequence (1) and the

Holocene éequences (2, 3 and 4), is interpreted as pre-Holocene erosional surface produced by
the subaerial fluvial erosion of the continental shelves.



OZET

ANTALY‘{A KORFEZI KITA SAHANLIGININ GEG KUVATERNER SEDIMANLARININ
SISMIK STRATIGRAFISI

TEZCAN, Devrim
Yiiksek Lisans Tezi, Deniz Jeolojisi ve Jeofizigi Anabilimdali
Tez Danigmani: Dog.Dr. Mahmut OKYAR
Eyliil 2001, 62 sayfa

Antalya Korfezi’nin kita sahanhiginin giincel batimetrisi ve ge¢ Kuvaterner stratigrafisi, ses
yankilamasi ve yiiksek ayirimli s1g sismik yontemler kullamlarak aragtinnlmistir.

Genel olarak, deniz tabaninin topografyasim temsil eden esderinlik egrileri Antalya
Kérfezinin kiy1 seridine uyumlu bir sekilde uzanmaktadir. Hafif egime sahip (<2°) genis kita
sahanliklar1 Antalya Korfezi’nin kuzey ve bat1 bélgelerinin 6nemli karakteristik 6zelligidir.
Bu 6zellik nehirler araciligiyla, karadan denize yiiksek miktarda sediman tasinimi oldugunu
gostermektedir. Buna kargilik, Antalya Kdrfezi’nin dogu bolgesi oldukga dik egime sahip
(>2°) kata sahanlig1 ile temsil edilmektedir. Batimetrinin bu sekli temel olarak sedimantasyon
ve Antalya Kérfezi’nin tektonigi ile kontrol edilmektedir. Deniz alt1 kanyonlari ve topografik
diizensizlikler Antalya Korfezi deniz tabaninin diger goze ¢arpan 6zellikleridir,

Sismik stratigrafik yaklagimla, Antalya Kérfezinde, deniz tabaninin altinda, akustik temelin
(AB) tstiinde yer alan dort farkh ¢okel serisi (1,2,3 ve 4) tespit edilmigtir. Buna ilave olarak,
Holosen ve Holosen dncesi serileri ayiran bir R taban reflektérii belirlenmistir.

Karigik yéns1ma sekilleri ile tammlanan akustik temel, karadaki birimlerin denize dogru
uzammlaridir. Bu yiizden, bilesimi bolgeden bolgeye farklilik gostermektedir. Bazi yerlerde,
akustik temel faylarla kesilmistir.

Cokel setisi 1 karmagik ve paralel-az paralel yansima sekilleri ile tanimlanmstir. Akustik
temelin lizerinde yer alip, bugiinkii deniz seviyesinden 75 m agagida kara tarafina dogru sona
ermektedir. Dogu Akdeniz igin mevcut olan deniz seviyesi degisim egrisi, bu derinligin
glintimiizden yaklagik 22 000 yil 6ncesine karsilik geldigini ortaya koymaktadir, Bu yiizden
¢oOkel birimi 1, Holosen 6ncesi yash bir birim olarak yorumlanmustir.

Karmagik ve oblik yansima sekilleri ile tammlanan ¢okel serisi 2, R reflektoriiniin iizerinde
110 m derinlikte sona ermektedir. Deniz seviyesi degisim egrisine gére, bu seri Holosen
trangresyonunun baglarinda, giintimiizden 22 000 6ncesinden 18 000 y1l 6nceki zaman
aralifinda ¢6kelmistir. Erozyonun ve yiikselmenin oldugu bélgelerde bu seri gozlenmemistir.
Cokel serisi 2’nin en fazla kahnligt 40 metredir.

Cokel serisi 4’iin altinda uzanan, ¢okel serisi 3, karmagsik ve paralel-az paralel yansima
sekilleri| ile tanimlanmigtir. Bugiinkii deniz seviyesinden yaklasik 50 m derinlikte R reflektorii
lizerindg sona eren bu seri, giiniimiizden yaklagik 18 000 yil 6ncesinden 11 500 y1l 6ncesine
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kadar olan tamanda ¢okelmistir. Yukaridaki paragrafta bahsedilen nedenlerden dolayi, ¢okel
serisi 3°de baz1 yerlerde gbzienememistir. Cokel serisi 3 {in azami kalinh@ 50 m ye
ulasmaktacpr.

Denize dogru bir sediman kamalanmasini temsil eden ¢6kel serisi 4, ¢aligma sahasindaki en
geng sismostratigrafik birimdir. Bu serinin {ist sinir1 giiniimiiz deniz tabanini olugturmaktadir.
Son 11 500 yilda ¢okelen bu serinin kalinlig1, fan-delta bolgelerinde artma egilimi (240 m)
gostermektedir.

Holosen dénemi ¢6kel serileriyle (2,3 ve 4), Holosen dncesi dénem ¢6kel serisini (1) ayiran
R- taban reflektorii, kita sahanlifinin havaalti akarsu erozyonuna maruz kalmasiyla olusan,
Holosen 6ncesi aginim yiizeyi olarak yorumlanmustir,
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CHAPTER ONE
INTRODUCTION

1.1 General characteristics of the study area

The study area is located in Antalya Bay (Figure 1.1). It extends seaward from between

Cape Taslik and Gazipasa (Figure 1.1).

{ & . A Black Sea
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Figure 1.1: Location map of the study area.
{
‘ .
| 1.2 Physiography and coastal morphology of the Antalya Bay
Antalya Bay and the surrounding region are characterized by high mountains, which
plunge precipitously into the Mediterranean Sea to form a coastline dominated by sea

‘ cliffs (Evans, 1970).

The Taurids, tectonic belt of the Southern Turkey, is an important link in the Alpine —
Himalayan mountain range (Bremer, 1971). The western part of the Taurids that extends



from Aegean coast to Anamur, is divided into two branches (Figure 1.2) formed a
marked angle enclosing the Antalya Bay (Brunn ez al., 1971). The eastern branch is
oriented in NW- SE direction and is named as Taurus Occidental (Blumenthal, 1947).
The other branch is oriented in NE — SW direction and is named as Lycian Taurus

(Brunn et al., 1971).

Antalya Bay

7777777 e MEDITERRANEAN SEA |
”‘gs.o" 30.0 31.0° — ’ (oS R ne

1 Figure 1.2 : Map showing the western part of the Taurids (modified from Blumenthal, 1947 and

:Bnmn et al, 1971).

In western part of the Antalya Bay, no wide coastal plain were developed in the coastal
area because the closeness of the Lycian Taurus to the coast (Figure 1.2). However in
the northern and eastern coasts of the Antalya Bay, as a result of the increasing of the
distance between mountains and coastline (Evans, 1970), several coastal plains exist
(Figure 1.2). The main coastal plains, occurring around the major rivers, are: Aksu,
Serik, Manavgat, Alara and Alanya. These plains have been formed by alluvial

succession of the rivers (Evans, 1970).
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In Antalya Bay area, the most important rivers are Diiden, Aksu, Kopriigay, Manavgat.
Alara, and Dimgay rivers (Figure 1.3). These rivers play an important role in the
formation of coastal plains (Evans, 1970). Morcover, there are many streams such as
Ulupinar, Kocagay, Kesme, Goyniik, Acisu, Karpuz and Kargi streams, without a
regular regime. The water levels of these small rivers (streams) decrease in summer

months and increase from autumn to spring (Evans, 1970).

~
el Karg) St
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igure 1.3: Map showing the rivers and their drainage areas on the coastal plain surrounding
Antalya Bay (EIE, 1995).



Aksu River has a drainage area of 6472 km” with a long-term mean discharge of 1299
hm3/year (EIE, 1995; Table 1.1). Képriigay River drains a smaller area (1974 km?) than
Aksu River, but it has a discharge of 3090 hm"/year (EIE, 1995; Table 1.1). Manavgat
River has a drainage area of 1478 km® and its average discharge (4748 hm?/year) is

higher than the other rivers located in Antalya Bay (EIE, 1995; Table 1.1).

Table 1.1 : River and stream discharges into the Antalya Bay
(compiled from EIE, 1995).

Rivers and Streams Discharge (hm’/year)
i Diiden R. 651
Aksu R. 1299
Kopriigay R. 3090 |
Manavgat R. 4748
Alara R. 990
Dimgay R. 509 |
Karg: St. 246
Karpuz St. 171
Sedre St. 135
Bigkicr St. 171
Others 1350

i.3 Climate

74 Mediterranean climate dominates on the southern coast of Turkey. The characteristics
f this climate are hot dry summers and mild wet winters (Evans, 1970). The annual
ean temperature is 18.4° C for the years 1961-1995 (DSI, 2000). Temperature reaches
he maximum value (27.9 °C) in July and the minimum value (9.7 °C) in January (DSI,

2000; Figure 1.4).



Figure 1.4 : Monthly mean temperature values between 1961-1995 (DSI, 2000).

he annual mean precipitation is 1034.7 mm between the years 1931-1995 (DSI, 2000).
ienerally, the maximum rainfall values are observed (> 256 mm) in December, and the

\inimum rainfall values (< 4.3 mm) in August (DSI, 2000; Figure 1.5).

300.0

J E M A M J J A S (0] N D
months

Figure 1.5 : Monthly mean precipitation values between 1931-1995
(DSI, 2000).



1.4 Water masses and circulation patterns

In Mediterranean, the rate of evaporation is greater than the inflow from rain and rivers.
The water budget is balanced by the water exchange between Mediterranean and

Atlantic Ocean via Gibraltar Strait (Ozsoy et al., 1989; Malanotte-Rizzoli et al., 1999).

The Levantine Basin is the second largest basin of the Eastern Mediterranean. The major
troughs in the northern Levantine Sea are the Rhodes, Antalya, Cilicia and Latakia with
w%lter depths of 4000, 2500, 1000 and 1500 meters, respectively (Ozsoy e al., 1989;
1993)

Four main water masses exist in the NW Levantine Sea; first is the surface water (SW),
second is the Modified Atlantic Water (MAW), which originates from the Atlantic
Ocean and characterized by a salinity minimum, third is the Levantine Intermediate
Water (LIW) which is the saltiest water mass of the Eastern Mediterranean and is
g#nerated in late winter in several areas of the Levantine Basin, and finally Eastern
Mediterranean Deep Water (EMDW) which is colder and less saline than LIW (Unliata,

1986; Ozsoy et al., 1987; Hecht et al., 1988; Theoaris ef al., 1993).

I‘h summer, a thin layer, between the depths of 25 and 30 meters, is observed at the
ﬂ“urface with a high salinity (39.1-39.3 %o), due to high temperature and evaporation
qugure 1.6). Beneath this layer, MAW occurs with a thickness of 100 m (Figure 1.6).
his Atlantic water has a low salinity (36.5-38.5 %o) and low temperature (15° C). In
inter, the presence of Atlantic Waters in the Levantine Sea is often reduced as a result

f increased mixing (Ozsoy et al., 1989).

The Levantine Intermediate Water occupies the intermediate layers between the depths
£ 200 and 700 m (Figure 1.6). It is characterized by high salinity (39.1-39.3 %o), and it
is known to be formed in the Levantine Sea (Hecht et al., 1988; Malanotte-Rizzoli et al.,

1999).
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Figure 1.6 : General salinity and temperature profiles for summer and winter months
(modified from Ozsoy et al., 1993).
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Figure 1.7 : Surface dynamic height (in cm) referenced to 800 decibar level of
no motion, August-September 1987 ( from Ozsoy et al., 1993).



From 700 m to deep waters, there is Eastern Mediterranean Deep Water that has low

salinity and low temperature than LIW (Ozsoy et al., 1989; Malanotte-Rizzoli et al.,
I

1999).

In'Eastern Mediterranean, circulation system is formed by a series of meso-scale eddies

and the currents with different directions (Ozsoy et al., 1993; Figure 1.7).

The hydrological features consists of a series of dynamically interacting sub-basin scale
eddies (the Rhodes cyclonic, Mersa Matruh anticyclonic and Shikmona anticyclonic
g}‘/res) and embedded coherent structures (the Anaximander, Antalya, Cilician and
Iérapetra anticyclonic eddies) fed by bifurcating jet flows (the Mid-Mediterranean
C‘Mrrent and Asia Minor Current, AMC) (Ozsoy et al., 1993; Figure 1.7).

ﬁ
1.5 Tectonic model for evolution of the study area

i
T\‘he onshore geologic units of the Antalya Bay constitute the southern regions of Isparta
A‘mgle (Figure 1.8). It is believed that the structural and tectonic history of the Isparta
Angle has been initiated in Mesozoic with the rifting of the North African continent
(F’oisson, 1984; Robertson and Dixon, 1984; Sengdr et al, 1984). The seaways or

(‘$ceanic basin formed in Mesozoic and closed during late Cretaceous- early Tertiary with

(%ulminating in final emplacement of Antalya Complex (Robertson, 1998).
|

talya Basin that has been produced in Messinian by extensional faulting, is a
outhward-widening rift basin that is interpreted as the results of crustal extension
ehind a subduction zone linking the Florence Rise with the southern boundary of the
aximander Seamounts (Robertson, 1998). During the Miocene (Figure 1.9 A) a
ivision clearly existed between a precollisional setting in the easternmost
editerranean (west of the longitude of the Levant margin) and a collisional setting in
southeastern Turkey. During this time, east-west compression affected the Aksu Basin
further west. These events record were consequent upon collision in southeast Turkey,

and the final stages of emplacement of the Lycian Nappes (Figure 1.9 B). In coastal



southern Turkey, regional uplift took place in late Pliocene-early Pleistocene time

(Figure 1.9 C), associated with crustal extension faulting of the Aksu Basin (Robertson,

1998).
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- Figure 1.8: Outline tectonic map of the easternmost Mediterranean area showing the
| main lineaments and the main structural units and basins (modified from Glover and

Robertson, 1998a).
|

J\ccording to Robertson (1998), during Pleistocene—Holocene times, existing plate
oundaries were active. Northeastward subduction was active beneath southwest Cyprus

nd the southern Antalya Bay area. Crustal extension has continued onshore in the

ntalya Basin (Robertson, 1998).

he western margin of the Antalya Bay is marked by a series of steep down-to-the east
normal faults (Figure 1.8; Glover, 1996). The northeastern Antalya Bay is characterized
by more widely spaced faults that locally define a horst and graben structure (Figure 1.8;

Glover, 1996; Glover and Robertson 1998a).
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1.(‘% Geological settings

|
T%e knowledge about the deep structure of Antalya Bay comes from a few seismic
re$earches (Ozhan 1988; Glover and Robertson, 1998a). According to Woodside (1977),
thg‘e lowest layer in the sub seafloor of the eastern Mediterranean Sea, which is indicated

\b})‘ evaporites in seismic records, is a formation of pre-Messinian age (Figure 1.10).

\
Seéismic data from Antalya Bay offshore from Aksu Basin also indicate that the marine

Pliocene that overlay the Messinian evaporites, is approximately 500 meters thick and
|
contains three transgressive events that can be probably be related to eustatic sea level

cﬁanges (Glover and Robertson, 1998b).

Syn-rift infl peometry

Figure 1.10 : Shallow reflection data taken from Antalya Bay. (a) Line
interpretation. Note the presence of an inferred strong Messinian reflector ( -M-),
that is block faulted and overlain by inferred Pliocene sediments. (b)
Uninterpreted seismic data (from Glover and Robertson, 1998a).

The onshore Antalya Bay is composed of three distinct main geological regions, which

take parts in the Isparta Angle. The Isparta Angle is a triangular-shape region that
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separates the western and the central Tauride Mountains, and extends offshore into
Antalya Bay (Glover and Robertson, 1998a).

Tﬂe coastal regions, from west to east, are: Antalya Complex, Aksu Basin and Alanya

M?ssif (Figure 1.11; Glover and Robertson, 1998a).

Gk [
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sy Road with town Quaternary Tufa [D Antalya Complex
AL e Rives Pliccane @ Alanya Massil
E‘;ﬂ Oligo-Miocene @ Bey Daglan

Figure 1.11 : Geological map showing the main stratigraphic units of the area, and the
main neotectonic lineaments (modified from Glover and Robertson, 1998a). WP is
western region, NP is northern region and EP is eastern region (see text for detailed
explanation).

HAntalya Complex

The Antalya Complex has a regional northward-pointing V-shaped outcrop pattern,
defining the Isparta Angle (Figure 1.11; Robertson, 1998). The Antalya Complex is
divided into a number of segments exposed in different parts of the Isparta Angle
(Robertson, 1993). The adjacent area to Antalya Bay corresponds to the SW segment of

the Antalya Complex, and it includes Mesozoic carbonate platform, deep water
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sediments of Late Triassic to late Cretaceous age and ophiolitic rocks that record the
formation and tectonic emplacement of a small Mesozoic ocean basin (Robertson and

Woodcock, 1984).

There are two different views on the geology and tectonic formation of the SW Antalya
Cé)mplex. According to some investigators (Brunn, 1974; Monod, 1976; Ricou ef al.,
1974; 1975; Delaune-Mayere et al., 1977) the evolution of the SW Antalya Complex is
re#ated to three nappes; Tahtali Dag carbonates, Alakir¢ay nappe and Bey Daglari unit.
prever, Robertson and Woodcock (1981) explained the present assemblage of SW
Ahtalya Complex as a passive Mesozoic margin of a south-Tethyan oceanic basin
sé“parating into five zones (Figure 1.12). These zones are, from west to east, Bey Daglari,
Iﬂlumluca, Godene, Kemer and Tekirova (Figure 1.12; Robertson and Woodcock, 1981).
Th1ese are explained below:

| e Bey Daglar1 Zone is interpreted as relatively autochthonous massif Mesozoic
carbonate platform that locally is overlain by Miocene foreland basin clastic
sediments (Figure 1.12).

e The Kumluca Zone is described as the deformed deep-water, southeasterly
passive margin of the Bey Daglari carbonate platform to the west (Figure 1.12).

e The Godene Zone is interpreted as relatively proximal oceanic crust, and both
shallow and deep water sedimentary units (Figure 1.12).

e The Kemer Zone is viewed as several, slivers of continental crust that were rifted
from the larger Bey Daglari continental fragment in the Triassic (Figure 1.12).

e The Tekirova Zone is interpreted as oceanic crust and mantle of late cretaceous

age formed within the southerly Neotethys oceanic basin. This zone is a major

ophiolite complex exposed along the present coast (Figure 1.12).
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Figure 1.12 : Simplified geological map showing the main lithologies and tectonic
notation of the SW Antalya Complex (from Robertson and Woodcock, 1981).

4ksu Basin

The Pliocene-Pleistocene Aksu Basin (Figure 1.11) is interpreted in terms of an initial
ate Miocene transtensional rift event, followed by an early to mid-Pliocene sedimentary

nfill, followed by further rifting and extension in the latest Pliocene-early Pleistocene
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thdt was associated with uplift of the adjacent Taurus Mountains (Glover and Robertson,

1993; Glover and Robertson, 1998b).

Pleistocene in Aksu Basin is characterized by extensive tufa deposits (“Antalya
Tréwertine”; Biirger, 1990) that precipitated from cool-water spring are observed. The
An‘ltalya travertine occurs on a thin (tens of meters) late Pliocene to early Holocene
all‘uvial succession (Glover, 1996). Beneath this, a Messinian to mid-Pliocene
ex‘;tensional basin is in filled with shallow-marine to deltaic sediments up to several
hL]Lndred meters thick (Glover, 1996). The onshore Pliocene-Pleistocene succession rests
un‘lconformably on older sediments of the Miocene Aksu Basin (Akay ef al., 1985).

Alanya Massif

The Alanya Massif (Figure 1.11) is the name given to a large area of metamorphic rocks
situated east of Antalya Bay (Blumenthal 1951). The Alanya Massif is located at the east
of Antalya Bay, forming the coastline between Anamur and Manavgat. Alanya Massif
consists of three superposed, relatively flat-lying, crystalline nappes “Alanya Nappes”
(Okay and Ozgiil, 1984). From bottom to top these nappes are explained below:

Mahmutlar Nappe consists of a heterogeneous series of shales, sandstones, dolomites,
limestones and quartzites (Okay and Ozgiil, 1984). Sugézii Nappe is made up of garnet-
micaschists which contain bands and lenses of eclogites and blueachist metabasites
Okay and Ozgiil, 1984). Yumrudag Nappe, consists of a thick Permian carbonate
sequence underlain by a relatively thin schist unit (Okay and Ozgiil, 1984). These three

nappes overlie the predominantly Mesozoic continental margin type lithologies of the

Antalya Complex. The rocks belonging to the Antalya Complex outcrop beneath these
happes in a large tectonic window (Okay and Ozgiil, 1984).

In the Manavgat area, Alanya Massif is unconformably overlain by Miocene-Lower

Pliocene marine sediments of the Manavgat Basin (Akay et al., 1985; Flecker et al.,

11995). The highest part of the preserved succession is made up of open-marine muddy
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|

sec{liments of early Pliocene age (Glover and Robertson, 1998b). The Manavgat Basin
reflects a phase of initial, early Miocene northward marine transgression over the
metamorphic Alanya Massif, followed by abrupt subsidence that marks the start of in
M‘id-Miocene deeper-water deposition (Robertson, 1998).

|

OJI a regional scale, the Manavgat Basin could be interpreted either as an extensional
bai‘sin dating from the early Miocene, or as a flexural foreland basin related to generally
soJuthward thrusting of units in the Taurus Mountains to the north (Robertson, 1998).

|
15 Quaternary sea level changes

Sea level changes have been played important roles on the evolution of the coast and the
cd(mtinental margins. Changes of sea level were largely the result of several interacting
isostatic, eustatic and geoidal processes (Ering, 1963; King 1972; Komar, 1976; Vail et
ai’., 1977; Bowen, 1978; Kennett, 1982). Of these processes, eustatic sea level change is
mlore important than the others.

\
The eustatic sea level change acts on global scale and occurs as a result of a change in
the total volume of ocean basin or a change in the volume of seawater. Four kinds of
eustatic effects exist:

= Tectono-eustatic that is related to tectonic activities in oceans

* Sedimento-eustatic that is related to sediment accumulation in ocean basin
.= Glacio-eustatic that is result of the changes in global ice volume

= Addition of juvenile water from submarine volcanism

"“Today, it is widely believed that the Quaternary sea level changes are mainly caused by
glacio-eustatism (King, 1972; Shepard, 1973; Komar, 1976; Bowen, 1978; Kennett,
"1982). The formation of the ice sheets during glacial ages and the melting of these sheets
quring interglacial times cause great oscillations in sea level through the Quaternary
‘Lcimes. The amplitude of these oscillations is believed to have been at least 130 m and

Jpossibly considerable more (Emiliani and Flint, 1980).
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Figure 1.13: Sea level changes during the last 30 000 yrs for the eastern Mediterranean
(Arbouille and Stanley, 1991). DS1, DS2 and DS3 indicates the pinch out position of
the depositional sequence 1. 2 and 3 respectivelv (for explanation see text).

is explained that the last glacial age started about 75 ka B.P. and reached the
’;aximum 18 to 20 ka B.P., (Curray, 1961, 1964; Morner, 1971; King, 1972; Herman,
[972; Kennett, 1982). At that time the sea level was about 130 m below the present sea
evel (Fairbanks, 1989). This is the lowest sea level during the Quaternary (Curray,
[964; Milliman and Emery, 1968; Kennett, 1982). Following the last glacial maximum

he climate entered a warming trend and a rise in sea level (“Holocene” or “Flandrian”

ransgression) has been initiated (Curray, 1964).

[he chronology of sea level change over the past 30 000 years, for the eastern

Vlediterranean, is shown in Figure 1.13. It seems that the sea level was below 15 m from
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!
thé1 present level, at about 30 000 years ago (Figure 1.13). From that time towards to the
201000 years ago, a continuous lowering of the sea level took place down to 120 m
deiath, being the reference point of the initiation of the Holocene transgression. For that
time to present rising of the sea level is observed (Figure 1.13). It has been concluded
that the sea level reached to its present position approximately 3 000 years ago (Curray,

|
1964).

1.8 Objective of the study
J
Tfle onshore geology of the Antalya Bay with complex structure arouses interest of
mény scientists (Evans, 1970; Brunn er al, 1971; Robertson and Woodcock, 1984;
Wl(aldron, 1984; Hayward, 1984; Reuber; 1984; Yilmaz, 1984; Okay and Ozgiil, 1984;
@“kay et al, 1985; Pentecost, 1995; Glover, 1996; Flecker et al., 1998; Glover and
&“obertson, 1998a, 1998b; Robertson, 1998). In spite of these abundant investigations on
l#nd, limited number of offshore geological and geophysical surveys have been carried
opt on the Antalya Bay. Structure and evolution of Antalya Basin have been studied by
V‘Voodside (1977), Ozhan (1988), and Glover and Robertson (1998a). Salt related
deformations in the deep Antalya Basin have also been investigated by Taviani and
R‘ossi (1989).
|
'I‘This study aims to investigate the seismic stratigraphy of the continental shelf of the
talya Bay to explain the distribution pattern of late Quaternary sediments using
athymetric and high-resolution seismic data. No previous seismic study of this type has

een carried out in the Antalya Bay.
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CHAPTER TWO
MATERIAL AND METHODS

2.1 Soufce of data
|
Th‘e data used in this study were collected during the cruise of TUBITAK Project
(11‘99Y074) in 1999, using R/V Bilim of the Institute of Marine Sciences / METU.
J
2.# Position fixing

A’i Trimble NT200 Global Positioning System (GPS) was used to fix the position of the
vessel during the study. This system is basically consisted of a Control Display Unit
(CDU), a graphic display and a six-channel GPS receiver. It has also a Smart Card

eader (SCR) that provides a real-time imaging of survey vessels on a nautical chart.
Trimble NT200 GPS works with 12/24 VDC. Its positional accuracy in differential

ode is about 20 meters.
2.3 Depth recording

During the survey, the depth values were taken by JMC F-830 echo sounder system that

s mounted to the research vessel, R/V Bilim. This echo sounder system enables to

ey

ecord depth values both analogue and digital. It produces graph recording using thermal

-

paper. The system has two transducers operating frequencies of 38 and 200 kHz. In this

study, 200 kHz frequencies were used. The maximum depth measuring range of the echo

sounder is 2600 meters.

The system works simultaneously with GPS system to determine the depth value of a

point with accurate coordinates.

The depth records taken along the each survey lines (Appendix 1) were used to prepare

the bathymetric map of the area. The depths reading at each position fixes were
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trax‘lsferred to a map. Following this procedure, a bathymetric map of the area was
préduced (Appendix 2) by using the Surfer graphical package (Golden Software, Inc.,
Colorado, USA). Nearshore areas were contoured at 10 meters intervals up to 20 meters.
THe areas within the depths of 20 and 200 meters were drawn at 20 meters interval.
Additionally, some depth values among the survey lines were supplemented from the
TU“erish Navy Charts (1970, 1974, 1975, 1976). The bathymetric map presented in this
stt?dy includes 1501 data values on depth readings.

2.4 Sub-bottom proﬁling

To investigate the sub-bottom geology of the study area, an EG&G Uniboom high-
|

resolution reflection-profiling system was used.
(

Tilis single channel seismic system consists of a recorder (Model 255), an energy source
|

(Model 234), a single plate Uniboom sound source (Model 230-1) and eight-element

\
h%ydrophone (Model 265).

The most important feature of this system is the capability of separating the reflectors
very close to one another, and this peculiarity is referred to as high-resolution. Its broad
f*equency spectrum (400 Hz-14 kHz) enables the resolution of about 15-30 ¢m. The
[Pniboom system, having a broad frequency spectrum, provides a low penetration of sub

Hottom layers to a depth of 75 meters.

|

n the present study, continuous seismic profiles were collected along approximately 265
of track lines (Appendix 1). Of a total of 56 cruise lines; six of them were run
arallel to the shore, whilst the remaining surveys were carried out normal to shore

Appendix 1).

epth conversions from time sections on seismic data were made using a sound velocity
of 1500 m/s for water and 1700 m/s for sediments (cf. Malovitsky et al., 1975; Okyar,
1991; Ergin ef al., 1992; Ediger et al., 1993; Tezcan and Okyar, 2001).
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|
2.5 Seismic stratigraphy

\
Sel;sniic data obtained from this study were interpreted by using the principles of seismic
strLfltigraphy method (Mitchum et al., 1977a, 1977b; Sangree and Widmier, 1977, 1979;
Vﬁﬁl ‘et al., 1977, Brown and Fisher, 1977, 1980; Badley, 1985; Boggs, 1987;
M?qdonald, 1991).

|
Tﬁjs method has been applied to high-resolution seismic profiles from shelf areas in the
M\‘editerranean Sea by a number of investigators (e.g., Stefanon, 1985; Got er al., 1987,
Ce‘p.nals et al., 1988; Okyar, 1991; Aksu et al, 1992; Ergin et al., 1992; Ediger et al.,
1993; Tezcan and Okyar, 2001).
S?ismic stratigraphy is a geologic approach to the stratigraphic interpretation of seismic
data. Seismic reflection terminations and configurations are interpreted as stratification
patterns, and are used for recognition and correlation of depositional sequences,

interpretation of depositional environment, and estimations of lithofacies.

he procedure used for seismic stratigraphic method comprises two main analyses:
| “e  Seismic sequence analysis

e Seismic facies analysis
(
|
2.5.1 Seismic sequence analysis

$eismic sequence analysis is utilised to recognize the depositional sequence by dividing
the seismic section into sequences. Depositional sequence is defined as a stratigraphic
“unit composed of a relatively conformable succession of genetically related strata
!Sounded by unconformities or their correlative conformities (Mitchum et al., 1977a). On
Seismic profiles, regional unconformities could be identified through the physical

|
relationship of strata to upper and lower boundaries of a sequence (Figure 2.1).
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Figure 2.1 : Relationships between strata boundaries and depositional sequences
(from Mitchum et al., 1977a).

2.,5.2 Seismic facies analysis

By combining the analysis of stratal relationships with the attributes of individual

reflection, it is often possible to obtain a detailed picture of the subsurface geology.

Seismic facies analysis is the description and geologic interpretation of seismic

' rL:ﬂections parameters, including configuration, continuity, amplitude, frequency, and

interval velocity (Table 2.1; Mitchum et al., 1977b). Except for interval velocity and
gxternal geometry, these parameters can be evaluated visually on the seismic data. After
seismic facies units are recognized, their limits defined, and areal association mapped,
they are interpreted to express stratification, lithologic and depositional feature of the

deposits.
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Table 2.1: Seismic reflection parameters used in seismic stratigraphy and their
geologic significance (after Mitchum et al., 1977b).

Seismic facies parameters Geologic interpretation

Reflection configuration = Bedding patterns

= Depositional processes
= Erosion and paleotopography

*  Fluid contacts

Reflection continuity »  Bedding continuity
= Depositional processes
Reflection amplitude T Velocity-density contrast

=  Bed spacing
= Fluid content

Reflection frequency *  Bed thickness

*  Fluid content

Internal velocity *  Estimation of lithology
»  Estimation of porosity
®=  Fluid content

External form and areal association *  Gross depositional environment

of seismic facies units *  Sediment source
*  Geologic setting

ajor groups of reflection configurations include parallel, divergent, prograding and
chaotic patterns (Figure 2.2; Mitchum et al, 1977b). Parallel patterns, including
subparallel and wavy patterns are generated by strata that were probably deposited at
yniform rates on a uniformly subsiding shelf or in a stable basin. Divergent
onfigurations suggest lateral variations in rate of deposition or progressive tilting of the
Sedimentary surface during the deposition. Prograding reflection configurations include
gigmoid, oblique and hummocky patterns. Prograding patterns are generated by the
lateral outbuilding or prograding of strata. Chaotic reflection patterns represent a
dlisordered arrangement of reflection surfaces owing to penecontemporaneous soft-

sediment deformation, or possibly to deposition of strata in a variable, high-energy

environment (Mitchum et al., 1977b).
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Figure 2.2 : Parallel-even, parallel-wavy, sub-parallel, divergent, sigmoid, complex sigmoid-
oblique, oblique tangential, oblique parallel and chaotic seismic reflection configurations.
Note, sigmoid, complex sigmoid oblique, oblique tangential, oblique parallel seismic
reflection patterns are interpreted as prograding clinoforms (Mitchum et al., 1977b).

External forms of seismic facies units include sheet, sheet drape, wedge, bank, lens,
mound and fill forms (Figure 2.3). Seismic facies units are interpreted in terms of the
depositional environment, the energy of the depositing medium, and the lithologic

content of the strata generating the seismic facies reflection pattern (Mitchum et al,
19770).
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Figure 2.3: External forms of some seismic facies units (from Mitchum et al,, 1977b).
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CHAPTER THREE
INTERPRETATION OF DATA

3.1 Bathymetry and bottom features

For convenience, bathymetry and bottom features of the investigated area are separated

into three distinct regions so as to compare them with the onshore geological setting of

th¢ Antalya Bay (Figure 1.11).

Z7Jpe western region

The western region is bordered between the offshore Cape Taglik and Antalya,
extending to a sea floor depth of 200 meters (Appendix 2). Landward, this region
corresponds to the Antalya Complex (Figure 1.11).

Allong the Cape Taglik and Tekirova coasts, the shelf exceeds to the water depth of 200
npeters (Appendix 2). This feature possibly indicates great amounts of sediment supply

¢ the shelf area from the rivers on the coast (Appendix 2).

[l

Tjowards the Antalya from the north of the Tekirova the shelf edge (transition from shelf
0 slope) is generally delineated by the 100 m isobaths (Appendix 2). The shelf area

lopes gently, with an average gradient of 1.2°. However, off the Hurmakdy and north of

- =

0yniik, the shelf and slope are deeply dissected by two submarine canyo'ns (Appendix

2N U

; Tezcan and Okyar, 2001). The submarine canyon locating off the Hurmakdy can be of

[N}

gTedimentary origin, due to its proximity to the G6ksu River mouth (Appendix 2). In the
yicinity of other canyon (north of Goyniik), no river and/or river channels are present

hat extend across the coast (Appendix 2). Therefore, its origin can be ascribed to

fectonic processes.
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Tig detailed interpretations of the echo-sounding records have revealed the presence of

e irregular bottom features in the western shelf region (see Figure 3.1). These

ularities are possibly caused by the occurrences of barrier or ridge-like features. The
echo character of the sounding profile resembles the current controlled erosional feature
that has been described by many workers (Damuth, 1980; Klaus and Ledbetter, 1988;
Okyar, 1991; Tezcan and Okyar, 2001).

Apart from this, some topographic irregularities are also found on the steep slope of the
basin (Figure 3.2). Several modes of origin can be ascribed to these irregularities:

slumping, faulting and formation by bottom-currents (e.g. Roos ef al., 1974).

The northern region

\
This region takes place between the offshore Antalya and Manavgat. Seaward, it is

bordered by 200 m isobaths (Appendix 2). Onshore, this region is characterized by thick
c%)ver of Neogene and Holocene sediments (Figure 1.11).
I J this region, shelf exceeds to the depth of 200 m, except off the Diiden River mouth
an off the Selimiye — Giizelbag coasts (Appendix 2). The widening of the shelf is
p‘\ossibly related to high sediment input from the Aksu and Képriigay rivers (Appendix
2). In general, the isobath contours along the shelf run in a W-E direction (Appendix 2).
vever, some small deviations are observed within general trend of the isobath
itours, particularly off the Belekkdy — Perakende coasts (Appendix 2). Here, the
isobaths contours at the depths of 20 to 200 m exhibit an undulated appearance

(Appendix 2), which may have been formed by faulting processes.

ff the Duden River mouth, sea floor is incised by a submarine canyon (Appendix 2). In
he remainder sea floor area, off the Selimiye — Giizelbag coasts, the shelf edge is

elineated by the 100 m isobath (Appendix 2).
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Thie echo-sounding records from the northern region imply the existence of some bottom

irrezgularities (Figures 3.3-3.4). Of these, block like feature identified on echo sounding

|
H

redﬁ‘b'r&v (Figure 3.3) indicate the slumping processes in the canyon area (e.g. Damuth,

1980). The other irregularities seen on echo-sounding record (Figure 3.4) may be

ergpsional features formed by bottom currents (e.g. Damuth, 1980;Klaus and Ledbetter,

= =

88; Okyar, 1991).

19
77#3‘ eastern region

is region extends from the coasts of Manavgat and Gazipasa to a depth of 200 meters

Appendix 2). On shore, this region takes a place between Manavgat and Alanya Massif

(Higure 1.11). Off the river mouths (Karpuz, Alara, Kargi, Giiz, Sapa and Pasa Rivers),

t

e shelf is delineated by the 100 m isobath contour (Appendix 2). Here the shelf is

abpout 4 to 6 km wide (Appendix 2). However in some areas, those seaward of Alanya

anpd northwest of Gazipasa (Appendix 2), the shelf is very narrow (< 0.5 km). These

affeas are characterized by canyon type morphology.

Sea floor of the eastern region exhibits some irregularities (Figures 3.5-3.6). For

c
t

S

xample, echo-sounding record obtained from the nearshore area of Mahmutlar explains

l%a'e erosional effect of Dimgay River on the sea floor (Figure 3.5). Additionally, some

mall scale irregularities are observed on the sea floor close to the coast of Kargicak-

, Alowngam (Figure 3.6). There may be two possible explanations of these irregularities.

)

—s

 Tont explanation is that the observed irregularities may represent the presence of sand

vaves (e.g., Okyar and Ediger, 1997). An alternative interpretation is that the observed

}

rregularities may be caused by the sea grass, such as Posidonia Oceanica (e.g., Ediger,
987).
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Figure 3.4: Echo-sounding profile showing current-contolled erosional features in the
northern shelf region (for location see Appendix 1).



Figure 3.5: Echo sounding profile showing the erosional feature in the
eastern shelf region. This feature is though to be formed by river flow (for
location see Appendix 1).

33
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3# Sub-bottom stratigraphy

On the basis of the seismic stratigraphic analysis, tour distinct depositional sequences

overlying the acoustic basement (AB) have been identified in the surveyed area.

-Ianescending order, these sequences are numbered as 1, 2, 3 and 4 (Appendices 7-21).
Of these, the first sequence (1) is believed to have been deposited before the onset of the
H(%locene transgression “Flandrian transgression”, whereas the last three sequences (2, 3

anF 4) were deposited during the Holocene transgression (Tezcan and Okyar, 2001).

Tllme boundary between Holocene and pre-Holocene sequences separated by a basal

rehector-R that is interpreted to be as pre-Holocene surface produced by subaerial

fl viél erosion of the continental shelves during the lowering period of sea level (e.g.

Tv sson et al., 1990; Okyar, 1991; Ergin ef al., 1992; Park and Yoo, 1998; Salge and
‘ong, 1988; Okyar and Ediger, 1999; Tezcan and Okyar, 2001).

3.2.1 Acoustic basement (AB)

The acoustic basement (AB) observed on seismic profiles is characterized by chaotic

reflection configurations (Appendices 7-21).

he acoustic basement (AB), consisting of the seaward extension of onshore sequences,
i$ generally smooth in relief (Appendices 7-14), except for areas experienced the strong
faulting movements (Appendices 15-21). Locally, the acoustic basement shows the

gutcrop on the sea floor. It occurs in the near shore areas in water depths of less than 20

—

n (Appendix 14), and in the deep areas where there is no sediment accumulation on the

- sea floor as a result of the steep slopes (Appendix 20).

Based on the surficial sediment lithology and age of onshore formations, it can be
concluded that the composition of the acoustic basement changes with places (Tezcan

and Okyar, 2001). It is composed of ophiolite series of Antalya Complex in the western
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reglion, Pliocene-Pleistocene aged clastics of Aksu Basin in the northern region, and

megtamorphic rock series of Alanya Massif in the eastern regions (Figure 1.11).
3.2.2 Depositional sequence 1
Depositional Sequence 1, overlying the acoustic basement, exhibits the chaotic

(Appendices 7-9, 11 and 14) and parallel-subparallel (Appendices 12 and 13) reflections

configurations on seismic data. The former reflection configuration indicates coarse and

heterogeneous sediments, which accumulated in high-energy environments (Sangree and
Widmier, 1977). The latter reflection configuration (parallel-subparallel) implies
uniform rates of deposition on a uniformly subsiding shelf or stable basin plain setting

(Mithcum ef al., 1977b).

The upper boundary of depositional sequence 1 corresponds to an erosional surface that
referred to as “reflector R”. This erosional surface is delineated by the baselap of the

reflectors in the overlying depositional sequences 2 and 3 (Appendices 7-9, 11-14).

Depositional Sequence 1 observed on seismic profile pinches out landward at the depth
of the 75 m below the present level. According to sea level curves published for the
Eastern Mediterranean regions (e.g. Arbouille and Stanley, 1991), this position of sea
levél corresponds to approximately 22 000 yrs B.P., (Figure 1.13). This correlation
suggests that the depositional sequence 1 accumulated prior to the Holocene

tfansgression.

On the other hand, depositional sequence 1 is entirely absent between the offshore areas
of Manavgat and Gazipasa (Appendices 15-21). This may imply strong erosion with
paleocurrents (e.g. Flecker er al, 1998), or alternatively uplift movements (e.g.

Woodside, 1977; Ozhan, 1998).
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3.2.3 Depositional sequence 2

Depositional sequence 2, overlying the depositional sequence 1, shows the chaotic
(Appendix 8) and parallel oblique progradational (Appendices 7, 9, 11 and 13) patterns
on|seismic data. Of these patterns, chaotic configurations are indicative of coarse and
heterogeneous sediments accumulated in high-energy environments (Sangree and
Widmier, 1977), as outlined before. Parallel oblique prograditional patterns imply
de‘positional conditions with some combination of relatively high sediment supply slow
to |'no basin subsidence, and a still stand sea level to allow rapid basin infill (Mitchum et
al.l‘, 1977b).
|

The lower boundary of depositional sequence 2 is delineated by the reflector R
(A“Lppendices 7-9, 11 and 13). In particular, depositional sequence 2 off the Acisu and
Aksu river mouths (Appendix 1) reflects the appearance of paleo-deltaic deposits with
it% topset and foreset facies (Appendix 13). The transition from topset and foreset beds is
oc¢curred at about 130 m depth. Unfortunately, the bottomset deposit of this paleo-delta
is]‘ not identified on the seismic data (Appendix 13).
|
ﬂepositional sequence 2 pinches out landward at the depth of the 110 m below the
p%esent sea level. This depth level corresponds to approximately 18 000yrs B.P., (Figure
1L13; Arbouille and Stanley, 1991). Therefore, the sequence 2 is believed to have been
d%‘eposited during the earlier stages of the Holocene transgression “Flandrian
ansgession”, dated between 22 000 and 18 000 yrs B.P. The same transgressive deposit
t the depth of the 110 m was identified on the seismic records collected from the Cilicia

asin (Ediger et al., 1999).

epositional sequence 2 has not been identified in the seismic profiles collected from
-the offshore areas of the Selimiye and Gazipasa (Appendix 1). Here, the absence of
epositional sequence 2 appears to be result of strong erosion or alternatively uplift

ovements.
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|
32L3.1 Thickness distribution of depositional sequence 2

Thi: thickness of depositional sequence 2 decreases landward and it disappears in the
ne%r shore areas (Appendix 3). In the areas, extending seaward from the coast of
Gq‘ynﬁk and Hurmakdy, Selimiye and eastern region (Appendix 3), depositional
seq‘luences 2 is entirely absent most probably due to erosional and uplift effects on

|
dePosition, as explained before.

\
|

Tﬁe maximum thickness value reaching to 40 meters is observed in the south of
Gﬁﬁzeloba (Appendix 3). However, some thick accumulations of the depositional
se{quence 2 (= 30 m) also found in the areas of northeast coasts of Cape Cavus-Kemer,
am‘d between off Kumluca and Belekkdy coasts (Appendix 3). According to seismic data,
ith#se areas exhibit very smooth sub bottom topography.

|
!

? 3.?.4. Depositional sequence 3

|
\
‘D“epositional sequence 3, underlying the depositional sequence 4, represents the chaotic
'(Appendices 7 and 11) and parallel-subparallel (Appendices 8-10, 12-14) reflection
cd‘)nﬁgurations similar to that of depositional sequence 1. Within this sequence some
: of:currences of the fill seismic facies units are existed (Appendices 7, 9-11). These types
o& seismic facies are commonly interpreted as the result of topographic irregularities,
‘VYhich occur in response to erosion that are later filled or covered by the transgressive

sediments (Brown and Fisher, 1979).

he upper boundary of depositional sequence 3 (bottom of depositional sequence 4) is
haracterized by topographic irregularities (Appendices 7-14). These irregularities are

robably formed by erosional and/or tectonic activities prevailing in the area.

epositional sequence 3 pinches out landward at the depth of the 50 m, which
orresponds to approximately 11 500 yrs B.P., (Figure 1.13; Arbouille and Stanley,

991). Therefore, it can be concluded that the depositional sequence 3 is formed
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‘between 18 000 and 11 500 yrs B.P. The existence of same type deposit, dated between
181000 and 11500 yrs B.P., is reported from the Cilicia Basin (Ediger ef al., 1999) and

thej offshore Goksu delta (Okyar and Ediger, 1998).

Dejpositional sequence 3 is not observed on the seismic profiles collected from the
sutpmarine canyon off Hurmakdy and the offshore areas of the Selimiye and Gazipasa

(Ajppendix 1) most probably due to erosion and uplift processes.
3.2.4.1 Thickness distribution of depositional sequence 3

In|general, the thickness of depositional sequence 3 begins to reduce towards the shore
until disappear (Appendix 4). Additionally, this sequence is absent in the submarine
caAnyon area of Hurmakdy, off the Selimiye coast and in the eastern region (Appendix 4),

priobably caused by erosion and uplift.

The maximum thickness value, reaching to 50 m is seen southeast of Goyniik (Appendix
4). Some areas in the northern region (i.e. in offshore area extending between the
Klumluca and Selimiye) exhibit low thickness values (Appendix 4). In these areas,
thickness of depositional sequence 3 is less than 10 m in thick (Appendix 4). Here, the
isopach contours show small closures, which resemble minor depressions. These
features are consistent with the fill seismic facies units that interpret from high-

resolution seismic data (Appendices 7, 9-11 and 14).

o

.2.5 Depositional sequence 4

epositional sequence 4 is characterized by sigmoid progradational (Appendix 7) and

arallel (Appendices 8-21) reflection configurations. As outlined before, parallel

— o

eflections patterns are indicative of the uniform rates of deposition on a uniformly

ubsiding shelf or stable basin plain setting (Mitchum ez al, 1977b). Sigmoid

— =

rogradational patterns indicate relatively low sediment supply, relatively rapid basin

—g
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sujsidence and/or rapid rise in sea level (Mitchum et al, 1977b). A relatively low

energy regime is interpreted (Brown and Fisher, 1979).

In general, the depositional sequence 4 covering the pre-deposited sequence (1-3) and
the acoustic basement (AB) forms a sedimentary wedge towards the open sea
(Appendices 7-20). The top of this sequence forms the present sea floor. The internal
_layering of the depositional sequence 4 is concordant with the surface (Appendices 7-

21).

Oc currences of fill seismic facies within depositional sequence 4 are also observed on
seismic profiles (Appendices 14, 16 and 17). In particular, the depositional sequence 4 in
near shore waters off Kemer-Hurmakdy (Appendix 1) exhibits the seaward progradation
oq the coast, presumably in the form of fan-delta progradation (Appendices 8 and 10).
These features appear to be result of excessive sediment transport from the coastal areas
(e'rg. Okyar, 1991; Ergin et al., 1992).

The depositional sequence 4 is being deposited during the last 11 500 yrs B.P., (e.g.
rbouille and Stanley, 1991). It covers the whole sea floor area of the Antalya Bay. On
the other hand, this sequence has been subjected to strong faulting, especially offshore

areas between the Selimiye and Gazipasa (Appendices 15-21).

3(2.5.1 Thickness distribution of depositional sequence 4

In - general, the thickness of depositional sequence 4 increases towards the shore
(Appendix 5) in contrast to pre-deposited sequences 2 and 3. As explained in sub-bottom
ratigraphy section, this sequence forms a sedimentary wedge towards the open sea.
‘hickness of depositional sequence 4 tends to increase in near shore areas. These areas
re generally characterized by the small embayment and the river inputs. The maximum
edimentation of this sequence occurs in the fan-delta progradation areas. In these areas;

he southwest of Goksu River and the south of Giizeloba, depositional sequence is more

—F—H__,_a_
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than 40 m in thickness (Appendix 5). Seaward, the thickness of depositional sequence 4
beéins to decrease and reduces to zero (Appendix 5). The absence of sequence 4 in the

degp areas is probably due to steep gradient of the slopes.
3.2.6 Total sediment thickness distribution of the Holocene sequences

E)Iept for the submarine canyon area off Hurmak®oy, the thickness value of Holocene

sequences varies from 5 to 80 meters in the western region (Appendix 6).

THhe areas from south to north are; northeast of the Cape Cavus, east of the Kesme River
mouth, northeast of the Kemer and southeast of the Hurmakdy (Appendix 6),
characterized by thick sediment accumulations (>55 m). The maximum thickness value,
which is measured to be as 80 meters, occurs at about 5 km southeast of the Diiden

River mouth (Appendix 6).

|

Inl the northern region, the thickness of Holocene sequences ranges between 5 and 50
|

meters (Appendix 6). In general, the thickness values tend to reduce in near-shore areas

(Appendix 6). The maximum thickness value, reaching to 50 meters, is observed at
aqLout 12 km southwest of Belekkdy (Appendix 6).

\
Irl contrast to western and northern regions, the eastern region is characterized by low
thickness values (Appendix 6). Here, the thickness of Holocene sequences varies from 2
tgg 15 meters (Appendix 6). The maximum thickness value of Holocene sequences,
r%aching to 20 meter, is observed between off the Niprit and Karpuz River mouths
(}Appendix 6).

|
zlkll these findings indicate that the thickness of the Holocene sequences are controlled
l}y sea level changes, basin subsidence and erosional/depositional conditions. Of these,
4ea level changes and basin subsidence are believed to have been played important roles

i:n the deposition of Holocene sequences in the past.
|
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Ungler present conditions, it seems that gently sloping shelf areas are site of sediment
accumulation, whereas deepest areas (i.e. submarine canyon of Hurmakdy and narrow

shelf off eastern region) are mostly eroded.
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CHAPTER FOUR
CONCLUSIONS

This research is the first detailed investigation carried out in the continental shelf of
Anjtalya Bay. Therefore, bathymetric and seismic data pertinent to the aims of the study
will assist the future research activities in the area. Additionally, results in this study are
important for two main reasons; scientific interest and offshore engineering surveys. It is
bﬂ}ieved that this kind of study will contribute to scientific investigations relating to the
Quaternary Geology of Turkey. In view of the offshore engineering, informations on the
sed floor topography and sub bottom nature of the sea floor in the Antalya Bay will be
usJ:ful for offshore site surveys (foundation studies for offshore platforms, harbor

development, and cable/pipeline crossing surveys).

\ . . . .
Bathymetric map of the Antalya Bay suggests that the continental shelf in the bay varies
greatly in width and character. In general, shelf areas having the gentle slopes of < 2°
oceur in the western and northern regions that receive greater sediments from the rivers

o$ land. The shelf is very steep (>2°) or absent in the eastern region.

SPbmarine canyons that extend across the shelf to the basin slope incise some areas of
the sea floor in the Antalya Bay. These submarine canyons have been formed by
s¢dimentary and/or tectonic processes. Topographic irregularities observed on echo-
spunding data indicate the slumping, faulting and bottom current actives on the sea floor
in the Antalya Bay. Therefore, the present configuration of the bathymetry is basically
controlled by sedimentation and tectonics of the Antalya Bay. Smaller scale bathymetric

atures are, however, mainly controlled by slumping, faulting and current processes.

he interpretation of seismic data has revealed the existence four distinct depositonal

equences above the acoustic basement in the study area.
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The acoustic basement consists of the seaward extension of the onshore sequences. Its
composition corresponds to ophiolite series of Antalya Complex in the western region,
Pliocene-Pleistocene aged clastics of Aksu Basin in the northern region, and
metamorphic rock series of Alanya Massif in the eastern region. Although its upper
surface seems to be smooth, it exhibits irregular topography in some areas, which
sut#jected to faulting movements. In the areas of steep slopes and of non-deposition,

acé»ustic basement is exposed on the sea floor.

Djpositional sequence 1 observed on seismic data is the oldest seismostratigraphic unit
of ‘the surveyed area. It pinches out at the depth of 75 m on the acoustic basement.
According to the sea level curve, sea level reached to this position at about 22 000 yrs
B.‘P. Therefore, it is concluded that the depositon of this sequence was occurred before
thff:i Holocene transgression. The absence of this sequence in most parts of the surveyed
aréas is related to strong erosion and/or to uplift movements.

In the surveyed area, the depositional sequence 2 pinches out at the depth of 110 m on

thjb reflector-R. The available sea-level curve implies that sea level reached to this
position at about 18 000 yrs B.P. From this, it can be concluded that depositional
sequence 2 was deposited during the earlier stages of Holocene transgression between
22 000 and18 000 yrs B.P. Off the Acisu and Aksu River mouths this sequence was
d[ veloped in the shape of palaco-delta. In some parts of the surveyed area, this sequence
iy absent, probably caused by the erosion and/or the uplift movements. The maximum

thickness of depositional sequence 2 was measured as 40 meters in the northern region.

'he depositional sequence 3 pinches out at the depth of 50 m on the reflector-R.
ALccording to the published sea level curve, this level corresponds to 11 500 yrs B.P.
herefore, this unit is interpreted to have been deposited during the period from about 18
00 yrs B.P. until 11 500 yrs B.P. Occurrences of fill seismic facies within this
epositonal sequence indicates the erosional structures that are later filled by sediments.

ack of the depositional sequence 3 in some areas is probably due to erosion and/or the
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uplift movements. The maximum thickness value of the depositional sequence 3,

reaching to 50 m, occurs in the eastern region.

The depositional sequence 4 observed on seismic data is the youngest
sei%mostratigraphic unit of the surveyed area. Its upper boundary forms the present sea
floor. This sequence has been deposited during the last 11 500 years. The thickness of
1:hej depositional sequence 4 decreases and forms a sedimentary wedge towards the sea.
In front of the fan-delta type of progradational areas it becomes thicker (>40 meters).

Th‘e basal reflector-R in the seismic profiles represents an erosional unconformity
cuﬁing the stratified structures of the underlying acoustic basement (AB) and the
depositional sequence 1. It forms the lower boundary of the overlying youngest
depositional sequence 4, especially in near shore areas. In addition, the depositional
seghences (2 and 3) pinch out on the reflector R. Such seismic boundary relationships
aﬁd erosional unconformities imply pre-Holocene erosional surfaces produced by the

subaerial fluvial erosion of the continental shelves.
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Location map of the survey lines in Antalya Bay. The echo-
sounding profiles (Figures 3.1-3.6) and high-resolution seismic
profiles (Appendices 7-21) presented in this study are given in solid

lines.

Bathymetric map of the Antalya Bay. Contour intervals are: 10 m
from the coast to 20 m depth, and 20 m between the depths of 20
and 220 m.

Isopach map showing the thickness of depositional sequence 2 in
Antalya Bay. Contours in meters. Note, dash lines indicate seaward

limit of the studied area.

Isopach map showing the thickness of depositional sequence 3 in
Antalya Bay. Contours in meters. Note, dash lines indicate seaward

limit of the studied area.

Isopach map showing the thickness of depositional sequence 4 in
Antalya Bay. Contours in meters. Note, dash lines indicate seaward

limit of the studied area.

Isopach map showing the total sediment thickness of the Holocene
sequences (2, 3 and 4) above the reflector-R in Antalya Bay.
Contours in meters. Note, dash lines indicate seaward limit of the

studied area.

High-resolution seismic profile (for location see Appendix 1) from
the western region showing depositional sequences (1, 2, 3 and 4)
and acoustic basement (AB). Note the reflector-R marks the pre-
Holocene erosional surface. a and b : two fill seismic facies units in

depositional sequence 3.
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