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ABSTRACT

Air-gun and 3.5-kHz seismic profiles from the eastern
Aegean Sea show that the continental shelf off major rivers is
formed by several superimposed deltaic sequences. The pre-
sent-day shelf break denotes the topset to foreset transition of
the latest Pleistocene delta. Micropaleontological and stable
isotopic data in cores from the shelf break area indicate that
these sediments were deposited when the sea level was about
100-110 m below its present position in a brackish water envi-
ronment. There are at least two older shelf breaks at depth that
probably represent earlier delta progradation during glacially
lowered sea-level settings. During times of lowered and grad-
ually fluctuating sea level associated with late Quaternary gla-
ciations, deltas prograded seaward 40-60 km from their pre-
sent positions. Foreset progradation ceased with the post-
glacial sea level rise and deltas were re-established far inland
in drowned river valleys. Between the present coastline and
the shelf break several lenticular seismic units are found shin-
gled one on top another; they are interpreted as transgressive
deltaic and marine deposits. The coastal shelf and basins are
subsiding at an average rate of about 1 m per 1000 years. This
tectonic subsidence, which is probably accentuated by the
loading effects of the deltas, manifests itself as widespread
normal block faulting which can be related to the pre-Miocene
structural framework of the region. In addition to deformation
related to this faulting and associated fluid venting, syn-
sedimentary deformation structures occur in places immedi-
ately seaward of prograded delta foresets.

OZET

Dogu Ege Denizi'nden alinan hava tabancas: ve 3.5 kHz
sismik kayitlan bityiik nehirlerin agigindaki kita sahanhginn,
birbirinin tizerine binmis deltalardan olustugunu gostermekte-
dir. Glncel kita sinur1, Geg Pleyistosen deltasinin, delta diizlii-
glinden delta 6niine (topset to foreset) gecigini belirtmektedir.
Bu kita smin bolgesinden ahinan karotlardaki mikropaleonto-
lojik ve durayh izotop verilen, bu sedimentlerin denizlerin bu
glinkli deniz seviyesinden yaklagik 100-110 m altinda oldugu
zamanki bélgelerde ¢okeldigini gostermektedir. Burada deniz
tabamindan daha derinde, daha 6nceki buzul dénemlerinin al-
cak deniz seviyelerinde gelismis delta ilerlemelerini simgele-
yen en az iki adet Pleyistosen yagh kita siin gorillmektedir.
Kuvaterner'deki son buzullanma ile ilgili al¢ak deniz seviyele-
rinde (veya deniz seviyesinin al¢alirken gosterdigi degisimler
sirasinda), deltalar giincel kiy1 seridinden 40 ile 60 km denize
dogru ilerleme gostermislerdir. Buzul devri sonunda deniz se-
viyesindeki yiikselmelerle beraber deltalarda, delta 6nii ilerle-
mesi durmug ve bunlar transgresyonun en son safhasinda yeni-
den karalardaki eski nehir vadilerine yerlesmislerdir. Giincel
kiyr seridi ile kita simn (70 m esderinlik ¢izgisi) arasinda
muhtelif merceksel sismik birimlerin birbirleri izerine kire-
mitler gibi yerlestikleri goriilmiis ve bunlann transgresif delta
ve deniz gokelleri olarak degerlendirilmesi yapilmistir. Kiyiya
yakin sahanlifin ve havzalanin 1000 yilda yaklasik 1 m gibi
bir tektonik ¢okme gosterdigi saptanmigtir. Muhtemelen delta-
larin yiiklenmesi ile belirtilen bu tektonik ¢kme, bodlgenin
Miyosen 6ncesi yapisal durumu ile ilgili olan ve genig bolge-
ler kapsayan normal faylanmalar seklinde kendini gosterir.
Faylanmaya ve sivi1 kagigina bagh deformasyon diginda &zel-

likle delta 6nii tabakalarinda gesitli eg zamanh deformasyonlar
da goriilmiigtiir.
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INTRODUCTION

The neotectonic framework of western Turkey is char-
acterized by numerous east-west trending grabens, associated
with the regional north-south extension of the Aecgean plate
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Fig. 1. Tectonic framework of the eastern Aegean Sea.

Data from Arpat and $aroglu (1975), Dewey and
Sengér (1979), Angelier ef al. (1981) and Galano-
poulos and Delibasis (1971). Stippled areas refer
to Neogene and Quaternary deposits in grabens.
Gediz, Bakircay and Madra deltas are shown in
Fig. 2; Biiyik and Kicik Menderes deltas are
shown in Figs. 3 and 4, respectively.

Sekil 1. Dogu Ege Denizi'nin tektonik yerlesimi. Veriler
Arpat ve Saroflu (1975), Dewey ve Sengér
(1979), Angelier ve dig. (1981), ve Galanopoulas
ve Delibasis (1971)Yden ahnmgtir. Noktal: alanlar
grabenlerdeki Neojen ve Kuvaterner ¢okellerini
gostermektedir. Gediz, Bakircay ve Madra deltal-
an Jekil 2'de, Bityik ve Kilcilk Menderes deltala-
n da §ekil 3 ve Sekil 4'de gosterilmigtir.

(Fig. 1; Arpat and Saroglu 1975, Dewey and Sengsr 1979,
Angelier et al. 1981). These grabens and the intervening
horsts control the west flowing drainage systems of western
Turkey. Seismic studies have shown similar graben systems
in the eastern Acgean Sea, which are presumably correlated
with their subaerial counterparts (Galanapoulos and Delibasis
1971). Few investigations have been carried out on the sedi-
mentary and tectonic histories of the continental shelves sur-
rounding the Aegean Sea (Flemming 1972, Venkatarathnam

et al. 1972, Lykousis et al. 1981, Aksu and Piper 1983, Aksu
etal. 1987a, 1987b).

In this paper, we examine the late Quaternary growth of
the Gediz, Bakircay, Madra, Bilyilk Menderes and Kiigiik
Menderes deltas at basin margins in the eastern Aegean Sea.
The Gediz and Bakirgay are river-dominated deltas, whereas
Madra, Bilyitk Menderes and Kiicllk Menderes are wave-
dominated deltas. They were built in small grabens of a back-
arc setting in the Mediterranean Sea during the fluctuating
sea-level of the Quaternary. These deltas are relatively small,
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so that the seismic stratigraphy of a complete progressive and
regressive cycle and the vertical and lateral sedimentary facies
relationships can be studied in detail using high-resolution
seismic profiles and cores. Therefore, they may serve as mod-
em analogues of the ancient deltaic sequences developed in
shallow epicontinental sea-ways.

STUDY AREA

The study area extends from 37°25'N to 39°15'N and
26°25'E to 27°00°E and includes the Izmir, Candarl: and Dikili
Bays (Fig. 2) and the Gulfs of Kugadas: and Giillik (Figs.
3,4). The Gediz river drains into Izmir Bay and in the late
Pleistocene its delta prograded northwards into the 350 m
deep Karaburun Basin, south of the island of Lesbos. The pre-

.

Fig. 2. Bathymetric map of Izmir Bay and Candarh Bay,

showing seismic profiles, cores (solid circles),
present rivers, abandoned channels, the position
of former shorelines and classical Greek and Ro-
man cities (in parentheses). Isobaths are in metres
A-A', C-C, D-D', G-G' and I-T', are seismic sec-
tions illustrated in Figs. 6, 8, 9, 15 and 30, respec-
tively. X-X' and Y-Y' are schematic geological
cross-sections illustrated in Figs. 14 and 25.

Sekil 2. Sismik profilleri , karot ahm yerlerini (i¢i dolu
daireler), giincel nehirler, terkedilmis kanallar,
eski kiy1 hatlanmu ve Eski Latin sehirlerini (paran-
tezler igerisinde) g&steren lzmir ve Candarl: Kor-
fezi Batimetri Haritas1. Derinlikler metre olup, A-
A, C-C, DD, G-G' ve I-I' Sekil 6, 8, 9, 15 ve
30'da verilen sismik profilleri, X-X' ve Y-Y'ise Se-
kil 14 ve 28'de verilen sematik jeolojik kesitleri be-
lirumektedir.
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Fig. 3. Bathymetric map of the Gulf of Giillik, showing seismic profiles, core location (solid circle), present-day Bilyik Men-
deres river, the position of former shorelines and classical Greek and Roman cities (in parantheses). Isobaths are in me-
tres; E-E', F-F' and H-H' are seismic profiles illustrated in Figs. 10, 11 and 21, respectively.
Sekil 3. Sismik profilleri, karot alim yerlerini (i¢i dolu daireler), glincel Biiyiik Menderes Nehri, eski kiy: ¢izgileri ve Eski Latin
sehirlerini (parantezler igerisinde) gésteren, Giillik K&rfezi Batimetri Haritasi. Derinlikler metre olup, E-E', F-F' ve H-
H' §$ekil 10, 11 ve 21'de verilen sismik profillerin yerlerini gostermektedir.
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Fig. 4. Bathymetric map of the Gulf of Kugadas: showing seismic profiles, core location (solid circle), present-day Kii¢itk Men-
deres river, the position of former shorelines and classical Greek and Roman cities (in parantheses). Isobaths are in me-
tres; B-B' is seismic profiles illustrated in Fig. 7.
Sekil 4.

Sismik profilleri, karot alim yerlerini (i¢i dolu daireler), giincel Kiigitk Menderes Nehri, eski kay: ¢izgisi ve Eski Latin
sehirlerini (parantezler iginde) gosteren Kugadasi Korfezi Batimetri Haritas1. Derinlikler metre olup, B-B' Sekil 7' de
gosterilen sismik profilin konumunu belirtmektedir.
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sent Gediz delta has a subaqueous pro-delta platform, 1-5 km
wide and less than 10 m deep which is bounded by steep
slopes leading to the floor of the bay. The inner part of Izmir
Bay is less than 20 m deep, and the seabed slopes gently to the
northwest to about the 110 m isobath, where there is an abrupt
break in slope marking the limit of late Pleistocene delta prog-
radation. The Bakir¢ay river drains into the head of Candarh
Bay and in the late Pleistocene its delta prograded westward
into the fault-bounded Candarh Basin. The latter is an isolated
bathymetric depression, located in Candarli Bay (Fig. 2). In
the central portion the water depth exceeds 140 m and a nar-
row northeast-southwest trending platform, less than 95 m
deep, connects Candarh Basin to the outer Izmir Bay. The Ma-
dra river flows into the northern Dikili Bay and during the late
Pleistocene its delta prograded southward into the northem
portion of the Candarli Basin.

The Bityiik Menderes river flows into the northern part
of Gulf of Gullik (Fig. 3). The continental shelf off the
Biiyiik Menderes river is over 60 km wide and includes sev-
eral smaller islands between the islands of Ikaria and Kos.
The delta has a subaqueous prodelta platform 1-2.5 km wide
<10 m deep with steep prodelta slopes. The shelf gradient
off the Biiylik Menderes is much gentler than off the Kiigiik
Menderes and the shelf break occurs in water depths between
100 and 120 m. The Kicikk Menderes river flows into the
Gulf of Kusadas: (Fig. 4) where the continental shelf is gen-
erally only 4 km wide, but widens 10 over 15 km off the
Kiiciik Menderes delta. The present delta has a subaqueous
prodelta platform 0.5-1.5 km wide and less than 10 m deep.
Steep slopes lead from the prodeita platform to about 50 m
water depth, below which-there 1s a much gentler shelf gradi-
ent. The shelf break occurs at about 110 m, with steep slopes

down to the basin floor at around 400 m north of the island
of Samos.

DATA COLLECTION AND METHODS

The seismic and core data that constitute the basis of

Table 1. Location, water depth and length of cores used

in this study

Cizelge 1. Bu ¢ahgymada kullanilan karotlarin alindiklan
koordinatlar, su derinlikleri ve uzunluklart

LATITUDE LONGITUDE DEPTH LENGTH

CORE (N) (E) (m) (cm)
79-1 3804323 26°33724" 88 30
79-2 38°44'06" 26°33'00" 95 125
79-3 38°44'12"  26°3300" 103 75
79-4 38°45'01" 26°3248" 112 92
79-5 38°46"36"  26°3245" 140 130
84-1 38°51'00" 26°4620" 141 206
84-2 37°3200"  27°06'25" 172 193
84-3 37°57'18" 27°01'06" 63 130
85-1 38°4330"  26°28'57" 129 144
85-2 38°54'58" 26°59'01" 15 50
85-3 38°54'57" 26°59'00" 15 157
85-4 3805317 26°50'10" 100 159
RS-, 38°52'58" 26°58'00" 53 192
85-6 38°50°30" 26°46'30" 140 201
85.7 38°51'03" 26°43'00" 112 59
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this paper were collected from the research vessel Koca Piri
Reis of the Institute of Marine Sciences and Technology in
1979, 1984 and 1985. In 1979, approximately 300 line-km of
3.5-kHz profile data and 5 gravity cores were collected from
the outer Izmir Bay and Candarli Bay (Fig. 2; Table 1) and in-
terpreted by Aksu and Piper (1983). During the 1984 survey,
about 800 line-km of single-channel seismic reflection and
3.5-kHz profiles and 3 gravity cores were collected from the
study area (Figs. 2,3,4; Table 1) and interpretcd by Aksu e? al.
(1987a,b). The seismic data were obtained using a 40-inch?
air-gun source and a 21-clements, 9-m-long hydrophone
streamer. The signal was bandpass filtered to the 60-800 Hz
range. During the 1985 survey, about 400 line-km of 3.5-kHz
and 200 line-km of side-scan sonar profiles and 7 gravity
cores were collected from the Candarh and Dikili Bays (Fig.
2; Table 1).

Cores were obtained using a benthos gravity corer with
8.9 cm internal diametre. Cores collected in 1979 and 1984
were air freighted to Canada, where they were split, X-rayed
and centimetre by centimetre visual descriptions were made to
determine stratification, primary and secondary sedimentary
structures and coring disturbances. Colours of the wet sedi-
ment surface were determined using Geological Society of
America Rock Colour Chart. Cores collected in 1985 were im-
mediately split and described on board the research vessel

Koca Piri Reis and continuous, 1 cm thick, sediment slabs
were taken from the cores. These slabs were air freighted to
Canada where they were X-rayed and further described. Se-
lected cores were sampled for sedimentological, geochemical
and micropaleontological studies. Quaternary to Recent fo-
raminifera were separated, identified and counted following
the methods described by Aksu (1981). Stable isotopic deter-
minations in foraminifera were carried out following the tech-
nique described in Aksu (1985). Grain size analyses were car-
ried out using standard sieving and pipetting the >63pum and
<63um fractions, respectively. Heavy minerals were identified
under polarizing microscope in 2.5-3.0 ® fractions and clay
minerals were identified based on their basal diffraction peaks
in <2um fractions.

OCEANOGRAPHY

The mean tidal range along the eastern Aegean Sea is
only 20 cm, with a spring tide of up to 70 cm. During storm
conditions the range between highest high water and lowest
low water at Kusadas: may be as much as 100 cm. At Kusada-
s1 the average wave height and length are 0.6 and 150 m re-
spectively with storm waves reaching about 3 m in height and
50-70 m in length. Field observation in 1983 suggested that
below 20 m water depth the winnowing effect of waves is
negligible. Little data exist on the water circulation patterns in
the Gulfs of Kusadasi and Giilliik.

The surface water circulation in Izmir Bay is variable as
the result of the prevailing winds in the area. In the summer
and autumn the surface water is driven by NW and WNW
winds toward the southeast paralleling the coastline with
speeds of about 40 cm s}, In the winter, the winds are from
the N and NE and the currents are toward the south with
speeds of 30 cm 57!, There is no predominant surface current
direction in the spring and measurements show consierable re-
duction in current speeds (6-20 cm s°1). Sparce available data
suggest that the bottom currents in Izmir Bay move reciprocal-
ly to the surface water.

RIVERS
(1) Gediz river

The Gediz river drains a basin of 15616 km? with an an-
nual discharge ranging from 40 to 70 m3 s'! (Fig. 5). In its
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Fig. 5.
Sekil 5.

Unesco (1969) ve Topraksu (1980) den alinmig Gediz, Bakirgay, Biiyitk Menderes ve Kiigiik Menderes Nehirlerinin ay-

lik ortalama debileri (m3/sn) ile giincel ve Pleyistosen (teorik) nehir grafikleri.

middle reaches, the channel gradient is about 1:400 and the
river is braided. The lower 80 km of the river is meandering,
with a channel gradient of 1:3200. The construction of the
Demirkdprii dam in 1960 and the subsequent irrigation net-
work have significantly altered the hydraulic regime of the
Gediz river. The suspended sediment discharge of the Gediz
river between November and March is about 2.5 kg m3.

(Saawgi and Taysun 1979). This figure suggests an average
sediment discharge varying between 100 and 190 kg s°!, and

an annual sediment yicld of between 3.2 and 6.1 million
tonnes.

(2) Bakircay river

The Bakirgay is a considerably smaller river, draining a
basin of 2888 km*“. At about 20 km landward of its present
mouth, the annual average discharge of the river varies be-
tween 19 and 23 m3 s}, but for the four summer months it is
almost dry (Fig. 5). The channel gradient in the middle reach-
es is about 1:260 and the river is braided. In its lower reaches
the gradient decreases to 1:1000 and the channel has a transi-
tional braided to meandering pattern, reverting to meadering
on the last few kilometres of its course. The Bakircay river is

not dammed and little data exist on the suspended sediment
discharge.

(3) Madra river

Madra is a very small river, draining a basin of about

1590 km?. At its present mouth, the annual average discharge
of the river ranges from 5 to 12 m? 51, and the river is com-
pletely dry during the summer months. In its upper and middle
reaches the river is braided, but meanders only on the last 1-3
km of its course. Little data exist on the suspended sediment
discharge rates of the Madra river.

(4) Biryilk Menderes river

The Biiyitk Menderes river drains a basin of 23889 km?
with an average annual discharge of 90 m? s'! (Fig. 5; Unesco
1969). About 70% of this discharge occurs between Novem-
ber and March, correlating closely with the precipitation pat-
terns of the region. The suspended sediment discharge of the
Bityitk Menderes river is about 3 kg m'3 (EIEI 1981), which
suggests an average annual sediment discharge of 270 kg 5!,
and an annual sediment yield of 8.5 million tonnes.

(5) Kiicilkk Menderes river

The Kiigiik Menderes river drains a small basin (about
3255 km?) with an annual discharge of 17 m3 s’! (Fig. 5). The
suspended sediment discharge of the river below the conflu-
ence of all major tributaries is about 0.6 kg m'3, suggesting an
annual sediment discharge of 10 kg 5!, and an average sedi-
ment yield of about 0.5 million tonnes per year. The construc-
tion of a canal in 1934 (Fig. 4) and the subsequent irrigation
network have significantly altered the hydraulic regime of the
Kiigiik Menderes river. Both Biiyiik and Kiigiik Menderes riv-






