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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



Quaternary Tectonic and Sedimentary 7

aool "‘""7

4

150

mdet ] BUYUK MENDERES KUCUK MENDERES
] GEDIZ 1 BAKIRCAY L] | anneat aversge mex_ _
100 4 T 1004 . 1
) | average min _1
b b anetaverage mas M o ]
50 4 sod--4-J-4-d- Fyr~-Fo- -+ -|[-4- 4
-1- _ aneual everage mex__
. -nnrn'_a:or_-go min =]
4 F M A MUJ J A S OND JFM AMUJ J ASOND s FM AM J J ASOND

J FM A MY J ASOND

500 4

-~ =Last glacisl gradisnt - Buyuk Menderes

004 — — -Last glacial gradient - Kucuk Menderes

E

z

o 300 4

F

H Braided
2 200 Prasent coastline

100 anndonng

Sea level Meandering
v — S T T
-100 0~ 100 200 300 km

-7

€ _00d o T

3 > Present she!l break DISTANCE FROM

[ PRESENT COASTLINE

° -200

Monthly average discharge rates (m3 s°!) for Gediz, Bakirgay, Bilyiik Menderes and Kiigilk Menderes rivers; data from

Unesco (1969) and Topraksu (1980). Also shown are present and inferred Pleistocene gradients for the rivers.

500
= = = Last glacial gradient - Gediz

2004 = = - Last glacisl gradient - Bakircay
E Beaided
Z 300 . \
% Prasent
> coasting = Braided
w <
= 200 l &
w X/

<Y

100 Transitional
Ses ievel Msandering

T AN T T

100 s 0 - 100 200 300 km
- -
€ P
z 100 el OISTANCE FROM
z N PRESENT COASTLINE
a
FS Prezent shet! breax

~200

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-
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ers are braided in their upper reaches, becoming meandering
on their flat delta plains.

DELTAS

The subaerial morphologies of these deltas are similar
to that of other eastern Medilerranean deltas (Russell 1954,

Piper and Panagos 1979) and show alluvial drowning along
their lower courses.

(1) Gediz delta

The areal extent of the Gediz delta is about 500 km?
and shows phases of lobate and elongate delta progradation.
Deposits in the lower parts of the river are meander-belt sands
and flood basin muds, and the present delta is made up of one
lobe, fed by two distributaries. The southern shore of the delta
consists of abandoned channels, extensive marshes and
swamps, and small islands and inlets. The northern shore of
the delta includes barrier islands and bars formed by rework-
ing and redistribution of progradational channel mouth depos-
its are extensive lagoons, lakes, small islands and salt marsh-
es. On the delta plain there are six major abandoned channels
that suggest the development of several sub-deltas during the
Holocene (Ering 1955). These channels are: Mirmekes, Degir-
mentepe, Maltepe, Kokala, Kargiyaka and Pelikan. The sub-
marine morphology of the Holocene Gediz delta is discussed
in detail by Aksu and Piper (1983).

The tentative successive positions of the shoreline re-
sulting from the late Holocene delta progradation are illustrat-
ed in Figure 2. At about 1000 BC the coastline lay immediate-
ly west of Larissa. By 500 BC it prograded westward to a line
from Leucea to Menemen. At about 100 AD the coastline lay
south of Leucea and at around 1000 AD the entire ancestral
bay was filled by the progradational deltaic sediments, except
for a narrow strip east of the Pelikan Bank.

(2) Bakircay delta

The arcal extent of the Bakirgay delia is about 100 km?.
Deposits in the lower course of the river are channel sands and
flood basin muds. The present delta is made up of one lobe
fed by two distributaries (Fig. 2). The shore of the delta in-
cludes a few abandoned channels, extensive marshes and
swamps and small islands and lakes. The subaqueous delta
platform is about 750 m wide and less than 10 m deep and it is
bounded by steep prodelta slopes.

Little data exist on the progradational history of the
Holocene Bakirgay delta. The classical Aeolian city of Elaea
was built on the promontory of the coast by the sea. By 100
AD the coastline was located about 2.6 km southwest of the
river mouth. Today Elaca is situated approximately 5 km in-
land from the present shoreline.

(3) Madra delta

The areal extent of the Madra delta is about 25 km? and
the present delta is fed by a single distributary. The shore of
the delta consists of extensive beach ridges, probably formed
by the reworking of the channel mouth coarse clastics by
waves and currents. The subaqueous prodelta platform is ap-
proximately 500 m wide and less than 10 m deep with rela-
tively gentle slopes leading to northern Dikili Bay. No data is
available on the subareal progradational history of the Holo-
cene Madra delta.

(4) Bityilk Menderes delta

Bilyiik Menderes delta is about 600 km?. The lower
reaches of the river are characterized by an elaborate network
of abandoned meandering channels and extensive flood basins
(Fig. 3). The construction of irrigation canals and a dam (be-
tween 1960-1980) helped regulate the flow regime of the riv-
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er, largely eliminating severe winter flooding. A coastal barri-
er island system extends for the entire width of the Biiyiik
Menderes delta, developed by reworking of coarse channel
mouth clastics by waves and longshore currents. Landward of
the barrier islands and bars are extensive lagoons, lakes,
swamps and marshes. The present delta is made up of onc
lobe, fed by a single channel. On the delta plain, there are sev-

eral abandoned channels that suggest the development of sev-
eral subdeltas.

Holocene delta progradation can be inferred from ar-
chaeological and historical data (Ering 1978, Aksu et al.
1987b). The tentative successive positions of the shoreline are
shown in Figure 3. At 500 BC it lay 20 km inland, between
Priene and Myus. By 100 BC it had prograded 5-8 km, partic-
ularly in the north, to a line from Nauloxos to Pyrrha. About
200 years later (100 AD) progradation in the south had closed
the entrance of the Latmian Gulf. By 500 AD the coastline
was seaward of Miletus, some 5 km from the present costline.

(5) Kiicitk Menderes delta

The areal extent of the Kiigilk Menderes delta is about
50 km?2, and it is connected to the inner Kiigiik Menderes
flood plain by a relatively narrow valley, NE of Selguk (Fig.
4). Lakes, swamps and marshes cover nearly the entire delta
plain north of the 1934 canal. South of the canal, the delta
plain includes meander belt sands, flood basin muds and aban-
doned channels. Two semi-permanent lakes are conspicuous
in the delta plain; the Akgo! is about 40 cm below the present
sea-level and represents an older distributary of Kii¢iik Men-
deres (Ering 1955). The other swamp lies NW of the classical
town of Ephesus and represents the ancient harbour which
was dredged numerous times in desperate efforts to save the
town (Bean 1966, Ering 1978). The shore of the delta consists
of extensive beach ridges and coastal duncs, formed by re-
working and redistribution of progradational channel mouth
deposits. These beach ridges were formed between approxi-
mately AD 100 and 1934, and after the construction of the ca-
nal in 1934 a new beach-ridge was formed north of the canal
mouth (Eisma 1978).

The late Holocene delta progradation can also be in-
ferred from historical and archaeological data. This prograda-
tion sequence is illustrated in Figure 4. There appears to have
been a rapid delta progradation from a shoreline near Syrie Is-
land about 900 BC to close to its position by 300 AD. Since

that time successive beach ridges have accreted at the delta
shoreline.

SEISMIC STRATIGRAPHY

Both air-gun and 3.5 kHz seismic profiles show pro-
grading sigmoidal wedges of sediment immediately seaward
of all five deltas studied (Figs. 6, 7), and are referred to as
Holocene deltas, without implying precise chronostratigraphic
connotation. Around the shelf break area secaward of the Ge-
diz, Bakir¢ay, Madra and Kiigiik Menderes deltas, seismic
profiles also show a number of supecrimposed prograding
oblique sediment wedges (Figs. 6, 7, 8, 9). These can be
traced landward to beneath the modern delta where they are
largely obscured by the bottom multiple. Underlying the mod-
ern Biiyiik Menderes delta, a similer sequence of stacked del-
tas can be recognised (Figs. 10, 11). These deltaic sequences
arc referred to as Pleistocene deltas.

The air-gun seismic profiles are divided into deposition-
al sequences on the basis of widespread correlatable reflec-
tions, reflection groups and unconformities. This technique is
fully discussed in Mitchum et al. (1977), and briefly described
here. A depositional sequence is defined as a seismic strati-
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Air-gun seismic profile (A-A") across Izmir Bay. Location is shown in Figure 2. 1 to 3 are depositional sequences; 2A is
the depositional sequence related to the progradation of Gediz delta. OL= onlap, C= clinoforms, V= volcanics, M= mul-
tiple, dashed lines = faults. Profile is about 32 km long, vertical exaggeration= 64.

Konumu Sekil 2'de gosterilen Izmir Kérfezi'ne ait hava tabancas sismik profili (A-A"). 1-3 depolanma istifleri olup, 2A
Gediz Deltasinin ilerleyisi ile iligkili olan depolanma istifidir. OL= onlap, C= klinoform, V= volkanikler, M= tekrarh
yansimalar, kesikli ¢izgiler= faylardir. Profil uzunlugu 27 km ve diisey abartma 64'tiir.
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DS 3

Air-gun seismic profile (B-B') across the Gulf of Kusadasi. Location is shown in Figure 4. 1 to 4 are depositional se-
quences. C=prograding clinoforms, TL= toplap, DL=downlap, M= Multiple, dashed lines= faults. Lobes 2A and 2C, X
and Y explained in text. Profile is about 27 km long, vertical exaggretaion= 66.

Konumu §ekil 4'de gosterilen Kusadasi Kérfezine ait hava tabancas: sismik profili (B-B'). 1-4 depolanma istifleridir. C=
ilerleme klinoformlan, TL= toplap, DL= downlap, M= tckrarli yansimalar, kesikli cizgiler= faylardir. 2A ve 2C loblan
ile X ve Y metin igerisinde agiklanmistir. Profil uzunlugu 27 km olup, diigey abartma 66'dur.
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Air-gun seismic profile (C-C) across the Candarh Basin. Location is shown in Figure 2. 1 to 3 are depositional sequenc-
es; 2A and 3B are depositional sequences related to the progradations of Gediz and Bakirgay deltas, respectively. QL=

onlap, TL=toplap, DL= downlap, C= clinoforms, M= multiple, V= volcanics, dashed lin.s= faults. Profile is about 15 km
long, vertical exaggeration= 34.

Konumug§ekil 2'de gosterilen Candarh Havzasimna ait hava tabancast sismik profili (C-C'). 1-3 depolanma istifleri olup,
2A ve 2B Gediz ve Bakugay deltalarinin ilerlemesiyle iligkili depolanma istifleridir. OL= onlap, TL= toplap, DL=

downlap, C= klinoformlar, M= tckrarli yansimalar, V= volkanikler, kesikli ¢izgiler= faylardir. Profil yaklagik 15 km
uzunlugunda olup, diisey abartma 34'tiir.
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Air-gun seismic profile (D-D’) across the Candarh Basin. Location is shown in Figure 2. 1 to 3 are depositional sequenc-
es; 2A, 2B and 2C are depositional sequences related to the progradations of Gediz, Bakir¢ay and Madra deltas, respec-
tively. OL= onlap, C= clinoforms, M= multiple, dashed lines= faults. Profile is about 12 km long, vertical exaggera-

tion= 35.

Konumu Sekil 2'de gosterilen Candarli Havzasina ait hava tabancas: sismik profili (D-D'). 1-3 depolanma istifleri olup,
2A, 2B, ve 2C sirasiyla Gediz, Bakirgay ve Madra Deltalarinin ilerlemesiyle iligkili depolanma istifleridir. OL= onlap,
C= klinoformlar, M= tekrarli yansimalar, kesikli gizgiler= faylardir. Profil uzunlugu 12 km ve diigcy abartma 35'dir.
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Air- gun seismic profile (E-E") off the Bityitk Menderes delta. Location is shown in Figure 3.1 to 3 are depositional se-

quences. C= prograding clinoforms, TL= toplap, DL= downlap, G= gas charged sediments, M= multiple; dashed lines=
faults. Profile is about 32 kni long, vertical exaggeration= 80,

Konumu $ekil 3'de gdsterilen Bitylik Menderes Deltasina ait hava tabancasi sismik profili (E-E"). 1-3 depolanma istifler-
idir. C= llerleyen klinoformlar, TL= toplap, DL= downlap, G= gaz yiiklii sedimentler, M= tekrarli yansimalar, kesikli
¢izgiler= faylardir. Profil uzunlugu 32 km ve diisey abartma 80'dir.
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DS3

Air-gun seismic profile (F-F') across the Biiyiik Menderes delta. Location is show:

sequences. V= intrusive rock, C= prograding clinoforms, DM= depositional mouth
22 km, vertical exaggeration= 78.

n in Figure 3. 1 to 3 are depositional
; dashed lines= faults. Profile is about

Konumu $ekil 3'de gésterilen Biiyitk Menderes Deltasina ait hava tabancas: sismik
olup, V= volkanikleri, C= ilerleme Klinoformlanm, DM= depolanma agzini, kes
Profil uzunlugu 22 km, diisey abartma ise 78'dir.

profili (F-F'). 1-3 depolanma istifleri
iKli ¢izgiler= faylan gostermektedir.
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graphic unit consisting of genetically related, conformable re-
flectors that are bounded at its top and/or base by unconformi-
ties. In most seismic profiles the determination of
unconformities is based upon toplap and downlap reflection
terminations on the upper or lower boundary. However, in
basinal sediments, such as Candarli Basin and outer Izmir
Bay, reflectors extended over long distances without apparent
terminations. In these areas where toplap and downlap are not
readily identified, the nearest widespread correlatable reflec-
tor is taken as the depositional sequence boundary.

(1) Gediz, Bakircay and Madra seismic sequences

Four depositional sequences are identified in the outer
Izmir Bay and Candarli Bay:

Depositional sequence 1

Except in the Candarli Basin, depositional sequence 1 is
a sigmoidal seismic unit consisting of seaward prograding
clinoforms (Fig. 6). Depositional sequence 1 occurs immedi---
ately seaward of the modern Gediz, Bakirgay and Madra del-
tas (Fig. 12). In seismic profiles proximal to inferred river
mouths, reflectors commonly exhibit downlap and offlap ter-

minations. The latter is probably formed by seaward thinning
of strata to less than the resolution ot the acoustic system.

L8205 1RAND

aaaaa

Fig. 12. Isopach map of Depositional Sequence 1 in the

Gediz, Bakirgay and Madra deltas, showing sedi-
ment thickness in milliseconds two-way travel
time. Heavy lines are faults with ticks on down-
thrown side. Acoustic source: air-gun, except 3.5
kHz in the Dikili Bay. Depositional Sequence 1
correlates with the seismic units I to IV of Aksu
and Piper (1983).
Sekil 12. Gediz, Bakirgay ve Madra Deltalanna ait 1 nolu
depolanma istifi Egkalinhik Haritasi. Sediment ka-
Iinh§ milisaniye olarak gidis-gelis zamam olup,
kahn ¢izgiler faylan gostermektedir. Akustik kay-
nak, Dikili korfezinde galigilan 3.5 kHz'in diginda
hava tabancasidir. 1 nolu depolanma istifi Aksu
ve Piper (1983)iin 1 ve IV no'lu sismik birimle-
riyle iligkilidir.

Seismic correlation shows that a thick accumulation in the
Candarli Basin is the distal equivalent of depositional se-
quence 1. Here, the sequence exhibits weak, internally parallel
reflectors that gently onlap the underlying reflectors (Fig. 8).
The onlapping character of this sequence, that fills negative
relief areas, indicates deposition from low velocity, gravity
driven density flows (Aksu and Piper 1983). The distribution-
al pattern of the depositional sequence 1 off the Madra river
show the presence of a small and broad delta Iobe, confined
mostly to the present day river mouth, rapidly thinning west-
ward and southward (Fig. 12). This pattern suggests that little
or no sediment by-passed the shelf break at the northem peri-
phery of the Candarli Basin. The distribution pattern of depo-
sitional sequence 1 off the Bakirgay river shows a broad
wedge of sediment that rapidly thins towards the west, form-
ing an elongate lobe immediately east of Candarh Basin (Fig.
12). This pattern strongly suggests that the sediments of depo-
sitional sequence 1 in Candarhh Basin are supplied from the
Bakircgay river, possibly related to episodic heavy precipitation
events on land. During the associated large fluvial discharge,
finer sediments may have by-passed the narrow prodelta plat-
form and flowed into the Candarh Basin as density currents.

Detailed examination of the 3.5 kHz profiles shows that
four depositional sub-lobes can be recognised within the depo-
sitional sequence 1 of the Gediz delta (Figs. 13, 14). All sub-
lobes show sigmoid progradational seismic configuration. The
oldest sub-lobe 1d occurs between Homa lagoon and the pre-
sent Gediz mouth (Fig. 13a). It is related to the Maltepe chan-
nel and scdiments within this sub-lobe probably represent
proximal deltaic sedimentation and the position of the shore-
line was probably comparable to that of the present day. Sub-
lobe 1c overlies sub-lobe 1d, and occur between the Pelikan
Bank and the Homa lagoon (Figs. 13b, 14). The distribution
and thickness of this sub-lobe suggest that the river discharge
occurred somewhere between the Kirdeniz and Kokala chan-
nels. The Mirmekes channel is the most likely channel for the
observed sediment distribution. These sediments probably rep-
resent distal deltaic sedimentation and the Mirmekes mouth
was probably in the northeastern part of the delia, several kilo-
metres landward of the present shoreline. This sub-lobe may
correspond 1o the progradation phase about 2000 yr BP that

changed Leucae from an island port to an inland town (Aksu
and Piper 1983).

A broad delta sub-lobe, 1b, overlies sub-lobe 1c (Figs.
13c, 14). It is thickest northwest of the Pelikan Bank (60 ms)
with steep prodelta slopes down to the floor of the bay where
it is only about 5 ms. Sub-lobe 1b has two major sediment ac-
cumulations (Fig. 13¢ 14), the oldest of which is confined to
the southern part of the delta and is related to the Kokala chan-
nel. The younger accumulation is restricted to the Kokala
channel. The younger accumulation is restricted to the north-
ern part of the delta off Homa lagoon, and it is correlated with
the Degirmentepe channel (Fig. 13c).

Sub-lobe la includes three major sediment accumula-
tions (Figs. 13d, 14). The youngest accumulation occurs only
off the present Gediz mouth and show clear progradation over
the underlying older accumulation. It is therefore, correlated
with deposition from the Gediz and Kirdeniz mouths since
1886 AD (Aksu and Piper 1983). An up to 20 ms thick sedi-
ment accumulation is found encircling the Pelikan Bank, with
stecp slopes to the south and gentler slopes to the northwest
(Figs. 134, 14). This sediment accumulation is correlated with
the Pelikan channel prior to 1886 AD. A third sediment accu-
mulation is observed in the inner Izmir Bay, and it is related to
deposition from the Karsiyaka channel (Fig. 13d). Details of

the Holocene delta is fully discussed by Aksu and Piper
(1983).
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Fig. 13. Isopach maps of sub-lobes 1a to 1d in Gediz delta showing sediment thickness in milliseconds two-way travel time.
Heavy lines are faults, with ticks on downthrown side. Acoustic source: 3.5 kHz.
Sekil 13. Gediz Deltasina ait 1a-1d alt-loblar1 Eskahnhk Haritalan, sediment kahnhg: milisaniye olarak gidig-gelis zamamadir.
Faylar kalmn ¢izgilerle isaretlyenmis olup akustik kaynak 3.5 kHz'dir.
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Fig. 14. Schematic NW-SE cross-section of Holocene Gediz delta showing the stratigraphic relationship of seismic sublobes.
Location in Fig. 2.
Sekil 14.

Sismik alt-loblann stratigrafik iligkisini gésteren ve konumu $ekil 2'de verilen Holosen-Gediz Deltasinin NW-SE yénlii
sematik kesilti.
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forms respectively (Fig. 15). The relative elevation of the top-

Underlying depositional sequence 1, a seismic unit with set to foreset transitions fluctuates (Fig. 15) suggesting paral-
an oblique progradational pattern is identified as depositional lel fluctuations in sea-level. The depositional sequence 2
sequence 2. The base and top of depositional sequence 2 are blankets the floor of Izmir Bay, ranging in thickness from <10
marked by apparent downlap and toplap of prograding clino- ms to >100 ms. Depositional sequence 2 is divided into three
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Air-gun seismic profile (G-G') across the shelf break off Izmir Bay. Location is shown in Figure 2. 1 to 4 are deposi-
tional sequences; 2A is the depositional sequence related to the progradation of Gediz delta. TL= woplap, DL= downlap,
C= clinoforms, M= multiple, dashed lines= faults. Profile is about 19 km long, vertical exaggeration= 39.

Konumu Sekil 2'de goriilen, Izmir Korfezi agigna ait hava tabancasi sismik profili (G-G"). 1-4 depolanma istifleri olup,
2A Gediz Deltasi ilerlemesiyle iligkili bir depolanma istifidir. Burada TL= toplap, DL= downlap, C= klinoformlar, M=
tekrarli yansimalar kesikli ¢izgiler= faylardir. Profil uzunlugu 19 km ve diigey abartma 39'dur.
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sub-units: 2A is related to the progradation of the Gediz delta
and 2B and 2C are related to the progradation of the Bakircay
and Madra deltas, respectively (Figs. 16, 17). Figure 18 shows
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Fig. 16. Isopach map of Depositionalm Sequence 2 as re-

lated to sedimentation from Gediz river, showing
sediment thickness in milliseconds two-way travel
time. Heavy lines are faults with ticks on down-
thrown side. Acoustic source: air-gun.

Sekil 16. Gediz Nehri sedimentasyonuyla iligkili 2 nolu de-

polanma istifi eskahnlik haritasi. Sediment kalin-
hig1 milisaniye olarak gidis-gelis zamamdir. Fay-
lar kalin ¢izgilerle isaretlenmis olup, akustik
kaynak hava tabancasidir.

that there are three major lobe development in sub-unit 2A. A
large delta lobe is located immediately west of Foga (Fig. 16;
lobe 1-2A in Fig. 18). It runs nearly parallel to the axis of Iz-
mir Bay, and may represent a long duration delta encroach-
ment during the gradually falling sea level of the last glacial.
On the landward side of the modern shelf break in the ap-
proaches to Izmir Bay there is an elongate delta lobe that near-
ly parallels the present day bathymetric contours (Fig. 16; lobe
2-2A in Fig. 18). This large volume of sediment suggests a
long duration for delta development in this area, fed by sever-
al distributaries. On the western side of Candarli Basin, depo-
sitional sequence 2A forms another, but smaller and confined
delta lobe (Fig. 16; lobe 3-2A in Fig. 18). The geographic dis-
tribution and seismic character of this lobe suggest that it was
developed by a single distributary, probably derived from the
Pleistocene Gediz river.

On the eastern side of the Candarh Basin, depositional
sequence 2B forms an other extensive delta lobe (Fig. 17; lobe
1-2B in Fig. 18). This large volume of sediment indicates a
long duration delta development fed by the Bakirgay river.
Data from the northern side of the Candarh Basin showed the
progradation of a much smaller delta (Figs. 9, 17; lobe 1-2C in
Fig. 18). The geographic distribution of this delta lobe sug-
gests that it was fed by the Madra river. The distal deltaic sed-

iments of the Gediz, Bakircay and Madra deltas coalesce in
the Candarl Basin.

Depositional sequence 3 and 4

Depositional sequences 3 and 4 are similar to dcposij
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Isopach map of Depositional Sequence 2 as relat-
ed to sedimentation from Bakirgay (solid con-
tours) and Madra (dashed contours) rivers, show-
ing sediment thickness in milliseconds two-way
travel time. Heavy lines are faults with ticks on
downthrown side. Acoustic source: air-gun.

Bakirgay (diiz ¢izgiler) ve Madra Cay: (kesikli
¢izgiler) sedimentasyonlanyla iligkili 2 nolu depo-
lanma istifi egkalinhk haritasi. Sediment kahnlig
milisaniye olarak gidis-gelis zamamdir. Faylar ka-
Iin gizgilerle isaretlenmis olup akustik kaynak
hava tabancasidir.
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Sekil 18.
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Progradation of depositional sequence 2 of the
Gediz, Bakirgay and Madra deltas during the last

glacially lowered sea-level setting.

Son buzul dénemine- ait deniz seviyesi algalim
sirasmda Gediz, Bakirgay ve Madra Deltalan 2
nolu depolanma istifinin geligimi.
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tional sequence 2 in seismic character (Fig. 15), and represent
earlier progradational deltaic deposits. They are best observed
in the approaches to Izmir Bay, elsewhere in seismic profiles
they occur below the maximum penetration of the acoustic
source. Therefore, their distribution and thickness variations
cannot be mapped.

(2)Biyilkk Menderes and Kiicitk Menderes
seismic sequences

Four depositional sequences are identified in the Gulf of

Kusadasi whereas only three depositional sequences occur in
the Gulf of Giilliik:

Depositional sequence 1

Depositional sequence 1 is a sigmoid progradational
seismic unit composed of prograding clinoform reflectors
(Figs. 10, 11), and it is seismically similar to the depositional
sequence 1 observed in the Gediz and Bakirgay deltas. In the
Bilyiik Menderes delta, the depositional sequence 1 forms a
broad delta lobe that has prograded up to 5 km seaward of the
modemn coastline (Fig. 19). The prodelta platform is widest (3
km) and the depositional sequence 1 thickest (>80 ms) off the
Karine lagoon, with steep prodelta slopes westward, where se-
quence 1 thins to less than 10 ms. The prodelta platform be-
comes narrow and the depositional sequence 1 thinner (<60
ms) to the south (Fig. 19).

Detailed analysis of 3.5 kHz profiles shows that three
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DEPOSITIONAL SEQUENCE |
teapach (ms)

1

depositional sub-lobes can be recognised within the deposi-
tional sequence 1 of the Bilyitk Menderes delta (Figs. 20, 21).
Isopachs on these units show that each represents a separate
progradation at one point on the delta front, with correspond-
ing erosion or slower deposition elsewhecre. All three sub-
lobes show sigmoid progradational seismic configuration, sug-
gesting sedimentation during rising sea-level or rapid basin
subsidence associated with slow sediment supply. These sig-
moidal seismic reflectors are steepest and have the shallowest
upper inflexion point off active river mouths. The oldest sub-
lobe (1c¢) is restricted to the northern part of the delta off Ka-
rine lagoon (Fig. 20) and is related to the north Karine chan-
nel. The distribution and thickness of 1c suggests that the river
discharge occurred north of the present distributary mouth,
and the shoreline was probably at a position comparable to
that of the present day. Sub-lobe 1b encircles the western peri-
phery of an erosional platform off Karine lagoon (Figs. 20,
21), and it is related to deposition from the south Karine chan-
nel. The distribution and thickness of 1b suggest erosion near
the platform (stipple in Fig. 20), and deposition of winnowed
fines seaward, below the wave base. The occurrence of a rela-
tively thick lobe immediately seaward of the present day
mouth suggests that the Biiylik Menderes channel was also ac-
tive earlier. The youngest sub-lobe (1a) has three major sedi-
ment accumulations (Fig. 20) the oldest of which is confined
to northwest Karine lagoon, suggesting deposition from north
Karine channel. The southern accumulation encircles the Koca
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Isopach maps of Depositional Sequence 1 and 2 in Biiyiik Menderes delta, showing sediment thickness in milliseconds

two-way travel time. Heavy lines are faults with ticks on downthrown side. Acoustic source: air-gun.

Sekil 19.

Biiyiik Menderes Deltas: 1 ve 2 nolu depolanma istifleri eskalinlik haritalari. Sediment kalinliklar: milisaniye olarak gi-

dis-gelis zamamdir. Faylar kahn ¢izilerle igaretlenmis olup, akustik kaynak hava tabancasidir.
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Sekil 20.

Biiytk Menderes Deltas1 1a-1c alt loblan egkalanlik haritalan. Sediment kalinliklan milisaniye olarak gidis-gelis za-

mamdir. Faylar kalm ¢izgilerle gosterilmis olup, akustik kaynak 3.5 kHz'dir. Taral1 alanlar erozyonal platformlan, ke-
sikli ¢izgiler aginma hatlarini géstermektedir.
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Fig. 21. 3.5 kHz seismic profile (H-H') from the Biyitk Menderes delta. Location is shown in Fig. 3. 1a, 1b, lc are sub-lobes of
depositional sequence 1 discussed in text, DS 2= Depositional sequence 2. T= erosional truncation, B= ridge, DL=
downlap, M= multiple. Section is about 4.5 km long, vertical exaggeration= 30.
Sekil 21.

Konumu $ekil 3'de verilen Biiylik Menderes Deltas: 3.5 kHz sismik profili (H-H'). 1a, 1b, 1c; 1 nolu depolanma istifi-

nin alt loblandir, DS2= 2 nolu depolanma istifi. T= crozyonal agmnma. B= Sirt, DL= downlap M= tckrarli yansimalar.
Profil uzunlugu 4.5 km ve diisey abartma 30'dur.
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lagoon and is related to the Lade channel, thus may corre-
spond to a phase of delta progradation in the Middle Ages that
completely cut off sea travel to Miletus. The youngest sedi-
ment accumulation encircles the erosional platform (Fig. 20)
and represents deposition from the Bityiikk Menderes channel
before the Middle Ages as well as after 1945.

The successive sub-lobes indicate periodic shifting of
the river mouth that can be broadly correlated with the progra-
dation of the delta plain in historical times. Sub-lobe 1c proba-
bly correlates with the progradation of the northern delta plain
until about 100 BC, and represents only the distal portion of
this sub-lobe. The subsequent infilling of the southern half of
the delta plain probably correllates with the growth of sub-
lobe 1b. Sub-lobe la accumulated after the switch of channel
in the Middle Ages from north of to south of Lade Island, and
since that time wave erosion modified the proximal part of
sub-lobe la.

The historical evidence suggests that the delta coastline
prograded rapidly within the sheltered Bilyilk Menderes gra-
ben from 500 BC to 500 AD. There is no evidence for beach
ridge formation during this time, and deposition was probably
fluvially dominated with periodic channel avulsions. Barrier
beaches formed once the river mouth prograded seaward of
the protection of the Lade Island and the coastline to the
south. This event is inferred to have occurred at about 700
AD. Since that time there has been only slow progradation of
the coastline. Following each channel avulsion wave activity
has modified the delta front and partially eroded the seaward
edge of the abandoned lobes.

The 3.5 kHz profiles (Fig. 21) only penetrate to the base
of depositional sequence 1 and show that this sigmoid wedge
of sediment rests unconformably on a irregular accoustic base-
ment. This basement probably was the subaerially exposed

delta flood plain during the peak of the last major lowering of
sea-level, some 20,000 yr BP.

The Holocene Kiiglik Menderes della is similar to that
of Biiyilk Menderes, except that only a single depositional
lobe can be distinguished (Fig. 22). This is a result of the
much greater constriction of the delta plain by bedrock near
the coastline. The Kiigiik Menderes delta shows a similar his-
tory of progradation, with rapid westward fluvially dominated
growth from 900 BC to 300 AD, followed by development of
a wave-dominated delta coastline once the river mouth entered
the Gulf of Kusadasi. Depositional sequence 1 progrades over
depositional sequence 2 and it is apparently very thin or ab-
sent west of the 60 m bathymetric contour (Figs. 7, 22).

Depositional sequence 2

The data from the Bilyitk Menderes covers only a nar-
row strip of the Pleistocene delta close to the present shore-
line. Delta sedimentation has been concentrated is the north-
ern part of Gulf of Giilliik, suggesting that the river discharged
north of the Lade Island (Figs. 11, 19).

Depositional sequence 2 in the Kiigiik Menderes delta is
an oblique progradational seismic unit where clinoforms ter-
minate updip by toplap near a horizontal reflector and down-
lap against the older, near-horizontal reflectors. Three delta
progradation lobes are observed in depositional sequence 2.
Lobe 2C underlies the younger lobes (Fig. 7) and prograded
about 10 km west of the modern coastline into the Guif of Ku-
sadas1 (Fig. 23). The seaward limit of lobe 2C is marked by an
irregular gentle slope similar in profile to that seen of inactive
portions of Holocene delta. It is directly overlain by steep pro-
grading clinoforms of lobe 2B and 2A indicative of renewed
progradation near the river mouth. Lobe 2B prograded south-
westward, and lobe 2A northwestward to build the modern
shelf edge. Immediately seaward of the limit in lobe 2C in
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Fig. 22. Isopach maps of depositional sequence 1 and 2 in Kiigilk Menderes delta showing sediment thickness in milliseconds
two-way travel time. Heavy lines are faults with ticks on downthrown side. Acoustic source: air-gun.
Sekil 22.

Kiigitk Menderes Deltasina ait 1 ve 2 nolu depolanma istifi eskalinhik haritalari. Sediment kalinliklar1 milisaniye olarak

gidig-gelis zamamidir. Faylar kalin ¢izgilerle isaretlenmis olup, akustik kaynak hava tabancasidir.
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Fig. 23. Progradation of depositional sequence 2 of the
Kiigitk Menderes delta during the last glacially
lowered sea-level setting. Arrows indicate deposi-

tional mouth (discussed in text), dashed lines in-
dicate palacocoastline.

Sekil 23. Son buzul dénemine ait deniz seviyesi alcahm
srrasinda Kiigiik Menderes Deltast 2 nolu depo-
lanma istifinin geligsimi. Oklar depolanma agzm

(metinde tartigilan), kesik ¢izgiler eski kiy1 hattim
gostermektedir.

Figure 7, the upper inflexion point in sigmoid prograding
clinoforms in the lower part of lobe 2A becomes progressively

higher (x in Fig. 7), suggesting coastline stability and upward

growth of a barrier complex during a phase of relative rise in
sea-level (which may result from delta subsidence during
stable eustatic sea-level). The apparent angle of dip of clino-
forms in lobe 2A may vary due to proximity to a river mouth
and to the angle between the seismic line and the depositional
strike. The variation in these dips suggests that the lobe pro-
graded in a number sub-lobes with dimensions similar to those
observed in the Holocene bityilk Menderes delta.

Detailed examination of the seismic data shows no evi-
dence for buried distributary channels. However, the relative
position of the distributary mouth could be determined from
the direction of foreset progradation. This is best observed in
strike sections and characterized by symmetrical prograding
clinoform pattern in which a number of relatively steep-
dipping reflectors diverge from a point (illustrated in the
Biiyiik Menderes as DM in Fig. 11). The inferred positions of
distributary mouths in depositional sequence 2 of the Kiigik
Menderes delta arc shown in Figure 23.

In places between the shelf break and the shoreline, the
uppermost part of depositional sequence 2 includes lenticular
seismic units that are shingled one on top of the other. Inter-
nally they exhibit weak to moderate, horizontal to shingled re-
flectors that downlap the lower surface of the units. These
shingled units become thicker but less extensive landward,
and are interpreted as transgressive deltaic and marine depos-
its that progressively onlap the ancestral coast during Holo-
cene sea-level nise. In places, these shingled units have a dis-
tinct surface relief which arc interpreted as relict coastal
barriers. On several seismic lines seaward of the 70 m isobath
there are small sediment ridges at about 110 m isobath (y on
Fig. 7) that may represent old barrier ridges.

Depositional sequence 3 and 4

Depositional sequences 3 and 4 are similar in seismic
character to depositional sequence 2, and probably represents
eartier delta progradation during lower sea-level stands (Fig.
7). It is best represented off the Kiigitk Menderes delta, but

elsewhere in the seismic profiles they occur below the resolu-
tion of the data.

Aksu ve dig.

INTERPRETATION OF DEPOSITIONAL SE-
QUENCES

Depositional sequence 1 is the result of Holocene delta
progradation during the most recent high stand of sea level. It
is separated from depositional sequence 2 by a major trans-
gressive surface on which only thin transgressive sediments
have accumulated. The depositional sequence 2 represents a
major advance of delta progradation during the last major low
stand of sea level some 20,000 years ago (Aksu and Piper
1983, Aksu et al. 1987a, b). The underlying depositional se-
quences 3 and 4 represent analogous phases of delta prograda-
tion; the prominent transgressive surfaces that separate deposi-
tional sequences 2, 3, and 4 represent major marine
transgression similar to that in the Holocene.

CORE DATA
(1) Lithofacies

Based on colour, grain size and mineralogical analyses

the sediments recovered in the cores are divided into four lith-
ofacies:

Facies A consists of light brown, moderately sorted,
medium grained sands with abundant broken shell fragments
and usually less than 3% gravel (Figs. 24, 25). About 80% of
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Fig. 24. Grain size plots of different facies in cores recov-
ered from the outer Izmir and Candarh Bays.

Sekil 24. Dug lzmir ve Candarli Korfezlerinden ahnan ka-

rotlarda farkl: fasiyeslere ait tane boyu dagilim
grafikleri.

the sand-size clasts consist of biogenic carbonate debris,
mostly foraminifera and mollusc shells. X-radiographs show
no apparent stratification. This facies forms a 15-50 cm thick
veneer at the uppermost portion of cores from the outer Izmir
Bay and Gulf of Kusadasi. It is also found below the surface
clayey muds (facies C) around the periphery of the Candarh
Basin (Fig. 25) as well as underlying the prodelta sand/silt to
mud couplet (facies B) in the outer Izmir Bay. Facies A corre-
lates with the uppermost part of the seismic depositional se-
quence 2 in the outer Izmir Bay and Gulf of Kugadas: and in-
terpreted to represent the topset beds of the last glacial delta.

Facies B consists of olive grey/green mud with frequent
silt/sand laminations, 0.2-1.0 cm thick and occurs immediate-
ly below Facies A (Figs. 24, 25). Sediments in this facies are
heavily bioturbated. Occasionally, lenticular lamination is vis-
ible on X-radiographs. The upper and lower contacts of the
laminae are often gradational and disturbed and the silt/sand
laminae are mixed with the overlying and underlying sedi-
ments. Rare shell fragments also occur in this facies. Facies B
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Fig. 25. Detailed core logs, lithofacies distribution and correlation of cores recovered from the outer Izmir and Candarh Bays
(Top). Schematic geological cross section Y-Y' showing the relationship of the physiography and the lithofacies recov-
ered in the cores (Bottom). Location in Fig. 2.

Sekil 25.

Dig Izmir ve Candarh kdrfezlerinden alinan karotlann litofasiyes dagislimi ve iliskileri ile aynnuli loglan (iist sekil).
Konumlan $ekil 2'de verilen karotlarda litofasiyesier ve fizyografik iligkileri gosteren Y-Y' sematik jeolojik kesiti (alt
sekil).

is correlated with the clinoforms of the seismic depositional
sequence 2 in the outer Izmir Bay and the Gulf of Kusadas:. It

is interpreted to represent the prodelta facies of the last glacial
delta.

Facies C consists of olive grey/green fine clayey mud
with usually less than 5% sand and silt. The coarse fraction is

almost entirely composed of biogenic carbonate debris. X-
radiographs show this facies to be moderately bioturbated
with no apparent stratification. Rarely very faint horizontal
fine silt laminations are also observed on the X-radiographs.
Facics C occurs only in the Candarli Basin and is interpreted
as hemipelagic sedimentation in an isolated basin augmented
by occasional density flow deposits entering into the basin

from the east, associated with heavy discharge patterns of the
Bakurgay river (Figs. 24, 25).

Facies D consists of olive grey/green muds with occa-
sional sand/silt to mud couplets (Figs. 24, 25). The coarse
fraction in this facies includes higher percentages of sand/silt-

size terrigenous clastics than that observed in facies C and the
sediments are extensively bioturbated. Facies D occurs imme-

diately seaward of the present-day river mouths and probably
represent present-day prodelta sedimentation.

(2) Micropaleontology

Three cores were sampled for micropaleontological
studies. Core 84-3 was collected from the prodelta slope of
lobe 2A, off the Pleistocene Kiigitk Menderes delta (Fig. 4).
The core penetrated a thin veneer of sandy mud (facies A)
over mud with frequent silt laminae (facies B). Core 85-1 was
taken from the bottomset zone of the Pleistocene Gediz delta
(Fig. 2). The core penetrated a 37 cm thick veneer of muddy
sand with abundant shell fragments (facies A) and recovered
about 63 cm of mud with silt laminae (facies B). Underlying
the silts and muds, the core also penetrated a 50 cm thick
muddy sand similar to that recovered at surface (facies A).
Core 79-2 was also collected from the upper foreset zone of
the Pleistocene delta in the outer Izmir Bay. The core penetrat-
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ed a 25 cm of sands with abundant broken shell fragments (fa-
cies A) and recovered about 100 cm of sand/silt to mud cou-
plets (facies B).

The surface muddy sands (facies A) included a rich and
diverse benthic and planktonic fauna and flora (Fig. 26). The
planktonic foraminiferal assemblage is dominated by Globi-
gerinoides ruber, Gs. conglobatus, Gs. sacculifer with smaller
percentages of Orbulina universa, Globigerinella aquilateral-
is, Globorotalia crassaformis and Globigerinita glutinata.
The benthic foraminiferal assemblage is dominated by Textu-
laria pseudorugosa, T. ponderosa, Planulina wuellerstorfi,
Rosalina colombiensis, Cassidulina reniforme, C. laevigata.
These sediments also include high coccolith abundances dom-
inated by Emiliania huxleyi var. warm with lesser quantities of
Cyclococcolithina leptopora, Gephyrocapsa oceanica and He-
licopontosphera kamptneri. These benthic and planktonic fo-
raminiferal and coccolith assemblages are consistent with the
present-day water depth, temperature and salinity characteris-
tics of the eastern Aegean Sea (Thunell 1978, Aksu and Piper

1983).
CORE 79-2

%>63 pm fraction Species

3

Benthic F (x10™)

Aksu ve dig.

The underlying muds with silt laminae (facies B) in-
cluded a sparce and low diversity planktonic and benthic fo-
raminiferal fauna (Fig. 26). The planktonics are dominated by
Neogloboquadrina pachyderma dextral, Globigerina bul-
loides, G. quinqueloba and Gs. ruber. The benthics are domi-
nated by Ammonia beccarii, Elphidium crispum, Haynesina
depressulum, Cribrononion excavatum, C. excavatum lideon-
sis and Quinqueloculina seminulum. This benthic and plank-
tonic foraminiferal fauna is similar to those described by Aksu
and Piper (1983) and represents a coastal brackish environ-
ment with water depth not exceeding 30 m. The coccoliths
abundances are extremely low in this lithology, suggesting ei-
ther very low coccolith production due to shallow water depth
and lowered salinity or major dilution by terrigenous detritus.
The abrupt change from brackish, shallow water to normal sa-
linity shelf benthic fauna associated with the change from cool
to subtropical planktonic fauna is probably the result of both

~ 1ising sea level and warming of sea water temperature and

probably represents a change from glacial to Holocene sedi-
ments,
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Fig. 26. Rediocarbon dates in yr BP, lithofacies, geochemical and micropaleontological data in cores 79-2 and 85-1.
Sekil 26.

ropaleontolojik veriler.

79-2 ve 85-1 nolu karotlardan alinan, yilda BP olarak saptanan radyo karbon tarihleri ile litofasiyes, jeokimyasal ve mik-
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The lowermost muddy sands (facies A) in core 85-1 in-
cluded plankionic and benthic foraminiferal and coccolith
abundances and assemblages similar to those found in the
muds with silt laminae (Fig. 26). These data suggest coastal
brackish to marine conditions at the core site.

(3) Stable isotopes

Oxygen and carbon isotopic compositions of benthic
foraminifera A. beccarii were determined in core 85-1 using a
VG MM 903 mass spectrometer (Fig. 26). The 5130 values of
the upper ca. 37 cm in the core (facies A) varied from 3.0 to
3.8%o. Foraminifera from the underlying facics B and the
deeper facies A yielded oxygen isotopic values ranging from
1.6 to 3.0%eo, averaging 2.5%oc. In marginal seas and coastal en-
vironments, the use of the oxygen isotopes as a chronostrati-
graphic tool becomes questionable. In these environments the
5180 values of foraminifera primarily reflect the changes in
the 820 composition of the sea water in which foraminifera
lived. In tern, the 8'30 composition of the sea water is a func-
tion of its salinity.

Deep-sea oxygen isotopic data from the eastern Medi-
terranean (eg. core RC9-181; Fig. 27) shows that during inter-
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Fig. 27. Oxygen isotopic variations in planktonic forami-
nifera (Globigerinoides ruber) in core RC9-181
(33°25'N, 25°01'E, 2286 m) showing the paleocli-
matic record of the eastern Mediterranean Sea
(from Vergnaud-Grazzini et al. 1977), sapropel
layers (from Cita et al 1977), sapropel layers
(from Cita et al. 1977), ages of isotopic stage bo-

undaries from Shackleton and Opdyke (1976).
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Sckil 27. RC9-181 (33°25'N, 25°01'E, 2286 m) nolu Karot-
ta planktonik foraminifer (Globigerinoides ruber)
de oksijen izotopu degisimleri; dogu Akdeniz'in
paleoklimatik kayitlanyla ilgili bu veriler Verg-
naud-Grazzini ve dig. 1977, sapropel katmanlan
Cita ve dig. 1977, izotopik donem degigim tarih-
leri de Shackleton ve Opdyke 1976 dan alinmig-
tr.

Table 2.

glacial periods the 880 composition of planktonic foraminize-
ra G. ruber varied from 0.0 to -2.0%oc; with glacial values
averaging around 1.0 to 2.0%o. Because the species dependent
fractination of A. beccarii is not known, estimates of the geo-
graphic variation in the 8'30 composition of the sea water dur-
ing glacial and interglacial periods cannot be made. Deep-sea
record, however, clearly shows that the interglacial 5'%0 val-
ues are much lighter than those in the glacial periods. Compar-
ison of the 3!%0 records of the deep-sea Mediterranean and
core 85-1 (Figs. 26, 27) shows that the oxygen isotopic com-
position in core 85-1 is a mirror image of core RC9-181, with
interglacial 8130 values being much heavier than those of gla-
cials. The heavier 8!80 values in the surface facies A proba-
bly represent normal marine shelf conditions; whereas, the ob-
served 1.0 to 1.5%o depletion in the 8'20 in facies B represents
considerable reduction in the salinity of the sea water at the
core site during the deposition of facies B. The oxygen isotop-
ic data independently confirms the presence of brackish water
conditions during the deposition of facies B suggested by the
micropaleontological data. The carbon isotopic data shows
similar but much attenuated variations.

(4) Carbon-14 dates

A total of five 14C dated were obtained from 4 cores
(Table 2). Mollusc and foraminiferal carbonates from the ba-
sal 10 cm of facies A in core 79-2 yielded a data of 7,150 yr
BP. A total organic carbon date of 10,660 yr BP was obtained
from the to 20 cm of the facies B in core 79-2. The uppermost

10 cm of the facies A in core 85-7 in the Candarli Basin yield-
ed an age of 14,000; similarly the base of core 85-4 (facies A)
is dated as 14,030 yr BP. The uppermost 10 cm of the facies A

underlying the prodelta muds of facies B in core 85-1 gave an
age of 20,100 yr BP.

(5) Mineralogy and grain size

X-ray diffraction analyses of the <2um fraction in core
79-2 shows that the principal clay minerals are montmorillon-
ite, illite and kaolinite. No significant differences between the
Holocene and Pleistocene sediments were distinguished.
Heavy mineral analysis was carried out on the 3-4 ® size frac- ~
tion of twelve samples from core 79-2 (Table 3). Heavy min-
eral abundances are generally between 1 and 4%, but reached
15 and 23% in two samples. The heavy mineral assemblage is
dominated by opaque minerals, gamet and amphibole, with
lesser amounts of apatite and pyroxene. Opaque minerals are

CHRONOLOGY OF DEPOSITIONAL
SEQUENCES

In outer Izmir Bay and Gulf of Kugadasi the shelf break
denotes the topset to foreset transition of the last stage of delta
progradation during the last glacial period (isotopic stage 2)
prior to post-glacial sea level rise (Aksu and Piper 1983). Mi-

Carbon-14 dates obtained in cores used for this study. TAM= Tanum accelerator mass spectrometry dates

Cizelge 2. Bu c¢aligmada kullanilan orlarda Kkarotlarda tesbit edilen Karbon-14 tarihleri. TAM ise "Tanum Accelerator

Mass" spektromete tarihleridir

DEPTH 14C DATES MATERIAL
CORE (CM) YR BP LABORATORY LAB. NO. DATED
79-2 12-22 7150 £ 110 Beta Analytical Beta 6281 shell
79-2 30-63 10660 *+ 810 Beta Analytical Beta 6282 organic carbon
85-1 120-130 20100 £ 420 Beta Analytical Beta 15248 TAM shell
85-4 150-159 14030 + 260 Beta Analytical Beta 15246 TAM shell
85-7 50-59 1400 + 240 Beta Analytical Beta 15247 TAM sheli



26 - Aksu ve dig.

Table3. Heavy mineral and grain size distribution in two cores from the outer Izmir Bay. Heavy mineral data exclude mi-

cas. Sample preparation and hieavy mineral identifications are made following the technique described in Aksu
(1981).

Cizelge 3. lzmir Korfezi disinda alinan iki karotta agir mineral ve tane boyu dagilimi. Mikalar bu verilere dahil

edilmemigtir. Ornekleme ve afir mineral tayinleri Aksu (1981)'de ayrintil olarak aciklanan teknikler
kullamlarak yapilmstir.

Core 79-5 Core 79-2

Depth (cm) —» 0 21 45 70 100 125 0 25 50 75 100 120
Minerals (%)

l
O. pyroxene 7 7 1 2 1 4 9 12 8 5 7 8
C. pyroxene 12 8 2 1 1 2 16 5 6 8 9 8
Opaques 19 38 74 74 73 70 8 7 17 33 11 7
Altered 6 3 18 18 19 9 2 4 9 6 8 6
Tourmaline 5 1 1 0 0 1 5 7 3 2 7 5
Zircon 0 0 0 0 0 0 1 0 0 0 0 0
Garnet 23 6 1 2 1 8 37 29 32 26 33 31
Apatite 5 6 1 0 2 2 4 9 7 6 8 6
Amphibole 19 29 2 3 2 5 17 24 16 13 15 27
% heavy 36 14 150 230 74 3.2 14 1.7 4.0 2.8 22 23
grain size
% gravel 23 0.0 0.0 0.0 0.0 0.0 24 05 0.0 0.0 0.0 02
% sand 312 426 23 28 297 297 822 352 229 319 240 350
% silt 358 348 522 563 451 451 82 477 540 499 539 46.1
% clay 30,7 226 455 410 252 252 72 167 231 181 221 188

cropaleontological data from two gravity cores which pene-
trated the upper part of depositional sequence 2 indicated that
these sediments were deposited in a brackish, shallow water
environment. Radiocarbon dates from the top of the foresets in
depositional sequence 2 suggested that foreset progradation in
the area ceased between 14,000 and 10,000 yr BP. There has
been little sedimentation since that time and outer Izmir Bay
is floored by relict shoreface sands (Aksu and Piper, 1983).

During the Quaternary period, there have been episodes
of stagnation in the eastern Mediterranean Sea producing dis-
tinctive and correlatable sapropel layers. Several theories have
been proposed for the association of saprope! deposition and
global climatic fluctuations. Thunell et al. (1977) and Verg-
naud-Grazzini et al. (1977) indicated that sapropels were de-
veloped when rising sea-level re-established the communica-
tion between the meditcrranean Sea and the Black Sea
allowing an influx of glacial meltwater augmented by in-
creased pluvial conditions during the transition from glacial to
interglacial conditions.

There are five well defined sapropel layers within the
last ca. 150,000 yr record (Cita et al. 1977): S1 comresponds
to the Holocene transgression (isotopic stage 2/1). S2 corre-
sponds to the transgression at the isotopic stage 4/3 boundary,
and S3, §4, and S5 occur at the beginning, middle, and end of
isotopic stage 5 (Fig. 27). Uranium-series dating of marine
fossils from raised beach terraces around the Mediterranean
has indicated high stands of sea level (i.e. comparable to that
of present day) during isotopic stages 1 and 5 (Stearns and
Thurber 1965), and the occurrence of sapropel layer S2 re-
quires a sea-level rise to at least - 40 m (minimum depth of the
Bosphorus sill).

Low stand of sea level (-110 m) during the last glacial
period is suggested by Stanley and Blanpied (1980) and Aksu
and Piper (1983). The oxygen isotopic records of a number of
cores from the eastern Mediterranean Sea also suggested low

stands of sea level during glacial isotopic stages 2, 4, 6, and 8
(Vergnaud-Grazzini et al. 1977).

Both the sapropel horizons and the major transgressive
surfaces between the stacked prograding delta sequences mark
periods of rapid sea level rise, although there may not be a
one-to-one correlation. Sapropel S1 clearly correlates with the
2/1 wransgression (Figs. 27, 28). Two methods are available to
estimate the age of the other transgressive surfaces: examina-
tion of fault offsets and consideration of total sediment vo-
lumes in the progradational sequences.

Fault offsets (discussed later) indicate that the 3/2 trans-
gressive surface is about 5 times older than the 2/1 surface,
suggesting an age of some 55,000 years for this surface. This
most reasonably correlates with the S2 sapropel at the base of
isotopic stage 3, with an age of about 60,000 years. We have
little data on fault offsets that cut both the 3/2 and 4/3 trans-
gressions: the limited data suggest that the 4/3 transgression is
at least twice as old as the 3/2 and therefore most reasonably
corresponds to sapropel S5 in isotopic stage Se, which was a

time when sea levels globally were a little higher than at pre-
sent.

The total sediment volume associated with depositional
sequence 3, to within the limits of our data coverage, appears
similar to that in depositional sequence 2. If the sedimentation
rates are comparable during these periods, this would suggest
that the two sequences were of approximately similar dura-
tion. Furthermore, the total volume of sediments in the deposi-
tional sequence 2 in the outer Izmir Bay is estimated at 65
km? (Fig. 16). There may be a similar volume of sediment of
this age trapped within the inner parts of Izmir Bay and the
modern areas of the Gediz delta. Modern sediment discharge
of the Gediz river is of the order of 5 km? per thousand years.
If glacial sediment discharge was at a similar rate and all sedi-
ments was trapped within the delta, this suggests that deposi-
tional sequence 2 is of 20 to 30 thousand years duration. This
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is broadly consistent with the chronology suggested by the
fault offsets and the micropaleontological data.

A DELTA PROGRADATION MODEL

In the late Quaternary there has been an alternation of
periods of marine transgression with periods of regression,
with only short times of stillstand. Many of the transgressions
have been rapid, whereas most regressions have been slower.
High stands of sea level, corresponding to residual ice only in
Antarctica and Greenland, occur at the present time, and also

occured in isotopic stage Se, and during some earlier intergla-
cials.

(1) Gediz, Bakircay and Madra

In the present-day Gediz and Bakirgay deltas (deposi-
tional sequence 1) the topset to foreset fransition occurs
around 20 msec (15 m) water depth. An analogous transition
occurs at about 150 msec (112.5 m) water depth in deposition-
al sequence 2 of both the Gediz and Bakirgay deltas. The top-
set to foreset transition in depositional sequence 3 occurs
around 225 msec, 75 msec below the transition in depositional
sequence 2A. The topset beds of depositional sequence 4 are
located about 90 msec below the foreset beds of depositional
sequence 3. If the topset to foreset transitions of each delta oc-
curred at around 15 m water depth, and if the extent of sea lev-
el lowering during delta progradation is known, the amount of
subsidence can be calculated. On the basis of oxygen isotopic
records from the world ocean, it appears that the global ice vo-
lume at the peak of isotopic stage 2 and at the peak of isotopic
stages 4 and 6 were similar (Shackleton and Opdyke 1976),
suggesting that the "eustatic” sea-level lowering was of simi-
lar magnitude. It is, therefore, assume that the topset to foreset
transition at the top of depositional sequences 2, 3 and 4 de-
veloped under conditions of similar lowering of sea level. The
difference in elevation between depositional sequences 2 and
4 averages 132 m. Errors in relating this transition to true sea
level must be equal at both stratigraphic levels and, therefore,
cancel out; errors associated with assuming similar low stand
of sea level is probably no more 15 m. We use 115,000 years
as the estimate of the time from the peak of stage 6 to the peak
of stage 2. This implies a subsidence rate of 1.15 m per thou-
sand years at the southeastern margin of the Karaburun Basin.

The tectonic subsidence calculated here compares favorably
with 1-2 m/1000 years suggested by Flemming (1972).

Depositional sequences 2 and 1 illustrate a complete
depositional cycle from slow regression through rapid trans-
gression to the modem stillstand of sea level. From the evi-
dence of topset to foreset transition elevations, it is suggested
that the depositional sequence 2 developed by delta prograda-
tion during a low stand of sea level. During much of this time,
sea level was falling slowly, allowing the delta to build for-
ward into deep water. The lowest position of the topset to
foreset transition corresponds to the maximum fall of sea level
in isotopic stage 2, estimated at -100 to -115 m (Aksu and Pip-
er 1983) in this area. The rapid transgression around the iso-
topic stage 2/1 transition resulted in deposition of a thin trans-
gressive sediment sheet and the retreat of the deltas far up
long coastal bays (Aksu and Piper 1983). Since sea level stab-
ilised about 5000 years ago, the inner parts of these bays have
been filled in and the deltas are prograding seaward in equili-
brium with modern sea level. With a gradual lowering of sea
level, the deltas would continue to prograde seaward. The gra-
dient of the continental shelf is such that a gradual lowering of
sea level would not significantly steepen river thalweg (Fig.

5).
The age of the delta lobes within the depositional se-

quence 2 has been estimated on the basis of their total volume
and the modern discharge rates of the Gediz river. Lobe 1-2A
prograded from the headland of the ancestral bay to a line
joining Fo¢a and Karaburun and reached its maximum extent
at about 35 000 BP (Fig. 18). At this point Izmir Bay widens
rapidly, and opens to an area with much longer wave fetch.
The sudden widening of the bay and the increased wave activ-
ity probably caused the halting of delta advance. Therefore
this period may represent a transitional stage from predomi-
nantly fluvially dominated dclta to wave dominated Gediz del-
ta. With continued lowering of the sea-level, lobe 2-2A pro-
graded northwestward into the Karaburun Basin (Fig. 18). At
about the same time interval lobe 3-2A also prograded north-
eastward into the ('andarh Basin. Both fobes 2-2A and 3-2A
reached their maximum extent at about 15 000 BP, immediate-
Iy prior to the post glacial sea-level nise. Similarly, the Bak:-
rcay delta (lobe 1-2B in Fig. 18) prograded westward into the
Candarli Basin, where during the last phase of the delta ad-
vance the distal deltaic deposits of the Gediz and BRakircay
deltas coalesced (Fig. 18). Data from the northem portion of
the Candarli Basin showed the progradation of a much smaller
deltaic sediments, iilustrated as lobe 1-2C in Figure 18. This
small delta lobe is interpreted as the prograding foresets of the
Madra river. In the northern Candarli Bay the distal sediments
of this delta lobe also coalesce with those of the Gediz and
Bakirgay deltas.

The outer Izmir Bay, in water depths of 70 to 110 m
seaward of the Holocene Gediz and Bakir¢ay deltas, has a ter-
race-like surface morphology that varies in height from 4 1o
20 ms (3 to 15 m @ 1500 m s™!). The down-side of these ter-
races are almost always toward deeper water. In 2.5 kHz seis-
mic profiles, they appear lenticular in shape and shingled one
on top of the other in the landward direction. The uppermost
reflectors of a particular lenticular unit onlaps a non-
transparent zone on the landward side; and progrades over the
underlying lenticular unit. The non-transparent zone is inter-
preted to represent the topset zone of the Pleistocene delta.
The thickness of each lenticular unit varies between 15 and 30
ms (11.3 and 22.5 m) which, in the area, is the average pene-
tration of the 3.5 kHz penetration. In the air-gun profiles the
base of these lenticular units overlies the oblique prograding
foresets of the depositional sequence 2. Their lengths are
shortest (<1 km) immediately above the shelf break, becoming
progressively longer landward (>5 km). Internally they exhibit
weak to moderate, semi-continuous reflectors that run parallel
to the lower surface of the unit. These lenticular units are in-

terpreted as the coastal onlap deposits of the Holocene trans-
gression.

Several inter-related factors controlled the dynamic
equilibrium of the Gediz and bakircay deltas from the last gla-
cial maximum to present. During the peak of the last glacial
period (ca. 20,000 yr BP) the sea-level was approximately 100
m lower than at present; it started to rise at around 16,000 yr
BP with the maximum rise of about 50 m occurring between
12,000 and 8,000 yr BP (Clark et al. 1978). Observed fauit
throws show that the post-glacial sea-level rise around the
western Turkey was accompanied by vertical crustal move-
ments, including a subsidence of 1-2 m per 1000 years for the
study area. These figures probably increased the actual water
depth by 10 to 20 m during the last 10,000 years. The radio-
carbon dates suggest that the progradation of the Pleistocene
Gediz, Bakirgay and probably the Madra deltas ceased about
11,000 yr BP, but reworking of sands during the transgression
continued until at least 7,000 yr BP.

All seismic lines examined from the outer Izmir Bay
showed the topset zone of the Pleistocene Gediz delta devel-
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oped around 150-180 ms (112.5-135 m) below present sea lev-
el. Whereas, this zone in the Pheistocene Gediz delta entering
into the Candarh Basin is found to occur at about 160 ms (120
m) below present sea level. The topset zones of the Pleisto-
cene Bakirgay and Madra deltas are developed around 140 ms
(105 m) and 150 ms (112.5 m) below present sea level, re-
spectively. These sediments were deposited under the repeated
agitation of the water by waves and probably long shore cur-
rents. Around the present-day outer Izmir Bay and the Candar-
11 Basin the average wave height and length are 0.5 m and 100
m respectively, with storm heights of about 2 m and length of
50 m. Sedimentological data in the area suggest that below
about 20 m water depth the winnowing effect of the waves are
minimal. Therefore, assuming that the prodelta shelf break
during the last glacial maxima was at a water depth of about
20 m, the shoreline would have been situated at near the pre-
sent day 95 m isobath. The stable isotopic data and the shal-
low-water, brackish benthic foraminiferal fauna found in cores
recovered from water depths of 110-150 m suggest that the
sea level was at least 100 m lower than at present, indepen-
dently confirming the sea-level lowering suggested by the
seismic data. Comparison of the various proposed sea-level
curves showed that vertical uncertainties of 5-15 m, which for
the topography of the area would translate into horizontal un-
certainties of 1-1.5 km.

In the outer Izmir Bay, the depth of the shelf break (i.e.
topset to foreset transition) progressively increases toward the
north from about 110 m off Karaburun peninsula to more than
135 m immediately south of the island of Lesbos. No core
data is available from the northernmost part of the shelf break,
therefore no unequivocal dates can be given for the last phase
of the delta advance. However, unless the northern outer Izmir
Bay has preferentially subsided, the observed difference in the
depth of the topset to foreset transition suggests that the Pleis-
tocene Gediz river first abandoned the northern part of the
lobe 2-2A (Fig. 18), perhaps as early as 14,000 yr BP during
the early post-glacial transgression. This distributary abandon-
ment during the early sea-level rise was compensated by high
or balanced sediment influx so that there was a short stillstand
of the delta distributary in the southern outer Izmir Bay. This
area shows well-developed and thicker topset zone than the
north, perhaps because delta sedimentation was concentrated
in this area once effective regression of the shoreline began.
Radiocarbon dates in cores recovered from the periphers of
the Candarh basin penetrating into the topset deposits of the
depositional sequence 2A and 2B showed that at about 14,000
yr BP the distributary of the Pleistocene Gediz delta (lobe 3-
2A in Fig. 18) was abandoned, however, the distributary of
the Bakirgay delta (lobe 1-2B in Fig. 18) remained active until
about 10,000 yr BP. This is also supported by the occurrence
of the topset to foreset transition in the western Candarli Bay
at about 120 m, approximately 10 m below the same transition
in the outer Izmir Bay.

The lenticular units of the coastal onlap deposits pre-
dominantly occur between 70 and 100 m isobaths. Published
sea-level curves (Clark et al. 1978) suggest that approximate-
ly 25 m of sea level rise occurred between 16,000 and 11,000
yr BP, which assuming that the thickness of sediments accu-
mulated during that time was compensated by tectonic subsi-
dence, would put the 11,000 yr BP shoreline around the 70 m
isobath. If the pre-transgression bottom topography of the area
was similar to that of the present day, a metre rise in sea-level
around the outer Izmir Bay wolud be translated into about 125
m of coastal retreat. From about 70 to 50 m isobaths, the slope
of the outer bay is much gentler, so that a metre rise in the
sea-level would produce about 750 m coastal retreat. During
the rapid rise of sea-level from about 11,000 to 8,000 yr BP,

delta progradation would be more difficult in the Izmir Bay,
primarily because the sediments carried by the river would be
dispersed over a much larger area. Thus, foreset progradation
ceased and sediments were probably reworked and redistribut-
ed along the generally regressing coastline by waves and long
shore currents, accounting for the lack of well-defined lenticu-
lar units landward of the 70 m isobath.

Published sea-level curves suggest that by around 6,000
yr BP the cost line would have retreated to approximately the
20 m isobath, except that part of the present Gediz and Bakir
cay delta plains may also been flooded. According to the ac-
count of Plinius, Gediz river discharged near the city of Tem-
nos some 3,000 yr BP. The delta prograded westward from
about 3,000 to 2,000 yr BP forming the Maltepe and Mir-
mekes delta sub-lobes. From about 2,000 10 100 yr BP the del-
ta progradation was mostly toward the southwest through the
Degirmentepe, Kokala, Pelikan and Karstyaka channels.

During a full cycle of high to low to high sea levels the
Gediz and Bakirgay and probably the Madra deltas prograded
approximately 40-65 km from the heads of bedrock-defined
bays out to the shelf break and back to the heads again. Simi-
lar transgressive and regressive cycles would occur during ev-
ery high to low to high cycle of sea level change. In our seis-
mic profiles we recognise repeated cycles similar to this late-
glacial to Holocene cycle. Periods of regression, stillstand, or
slow transgression are marked by delta progradation. In our
records, only the final phases of such progradation are visible
near the modern shelf break, deposited shortly before rapid
transgression terminated a depositional cycle.

Following the major transgression between isotopic
stages 6 and Se to a sea level stand above that of the present,
delta fluctuations associated with the variations in sea level
during isotopic stage 5 occurred within the ancestral Izmir
Bay and are thus not recognised in our seismic profiles (be-
cause of multiples). During this sea-level high stand sapropels
S3, S4 and S5 are deposited in the eastern Mediterranean.
Only after continued deposition through stages 5 and 4, with-
out any extreme marine high stands, did the deltas prograde to
the outer shelf area. Continuing relatively low stands of sea
level throughout stages 4, 3, and 2 mean that a fuller record of
sea level fluctuation is preserved on the outer shelf during this
time.

The Candarh Basin does not display such a long strati-
graphic history as the outer Gediz dclta. Qur seismic profiles
penetrate only to depositional sequence 3. The present day ba-
thymetry of the region suggests that during the low stands of
sea levels (-110 m; Aksu and Piper 1983), brackish or lacus-
trine conditions prevailed in Candarli Basin. The Bakirgay
delta rapidly prograded westward in depositional sequences 3
and 2, largely filling a once larger Candarh Basin. Similarly
the Madra delta prograded southward filling the northern por-
tion of the Candarl: Basin, at about the same time, a distribu-
tary of the Gediz delta temporarily occupied the western por-
tion of Candarhi Bay. This is clearly seen in Figure 8 where
the distal deltaic deposits of the Gediz and Bakirgay river sys-
tems coalesce in Candarh Basin.

(2) Biiyilkk Menderes and Kiiciik Menderes

Because we have good seismic coverage of Pleistocene
delta formation only in the Kiigilk Menderes delta, we use this
delta as an analogue for examining controls on wave dominat-
ed delta sedimentation. Depositional sequence 2 prograded
during a gradual fall in sea level corresponding to isotopic
stages 3 and 2. The overlying transgressive surface was
formed during the Pleistocene to Holocene transgression (at
the end of isotopic stage 2). Depositional sequence 1 accumu-
lated during relatively stable sea-level conditios in the late
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Holocene. The age of the lobes within depositional sequence 2
has been crudely estimated on the basis of their total volume
and modem discharge rates of the river; this suggests that lobe
2C reached its maximum extent about 44 000 BP, lobe 2B at
30 000 BP and lobe 2A at 15 000 BP.

Lobe 2C prograded during the initial stages of the fall in
sea level from the stage 3 high at about -40 m. The elevation
of the distal part of lobe 2C indicates that it formed when sea
level was at about -80 m. This lobe is estimated to have pro-
graded from the headlands to its maximum extent in about
15,000 years. Progradation of the lobe terminated at the line
joining Cape Siinger to Cape Karga (Fig. 23) which represents
the next position seaward of the modern coastline at which the
Kiigiik Menderes graben widens rapidly. The halting of dclta
advance at this position may, thus, represent a time when
wave reworking was more important than fluvial processes.
Lobe 2B prograded southwestward over lobe 2C, representing
a return to fluvial dominance, perhaps as a result of more rap
idly falling sea-level. Lobe 2B prograded for about 14,000
years reaching its maximum extent at around the present day
100 m isobath. At this time the distributary probably became
over-extended, and eventually the Kii¢iik Menderes river was
diverted into a northwesterly course. Lobe 2A shows clear evi-
dence or the progradation of a number of separate sub-lobes,
similar to those observed in the Holocene Biiyiik Menderes

delta. Progradation was terminated by the rapid post-glacial
sea-level rise.

All seismic lines examined showed the topset to foreset
transition in lobe 2A developed around 150-160 ms (112.5-
120 m) below present sea level. It is dificult to precisely deter-
mine the amount of sea-level lowering from these data. The
fault offsets in depositional sequence 3 suggest subsidence
rates of 0.5-1 m per 1000 years, or 10-20 m since deposition
of lobe 2A. The topset to foreset transition at the modern delta
mouths occurs close to sea-level, but is at 10-20 m water
depth on the wave cut platforms away from active mouths.
The sandy Pleistocene topset sediments that were cored were
deposited in a shallow coastal environment probably under the
influence of waves, and thus, represent a depth range of a few
metres to 20 m. Thus, the maximum Pleistocene sea-level
lowering (some 20,000 yr BP) was about-110 m.

The very thin transgressive sediment sequence in the
outer part of the Gulf of Kusadas: reflects the rapid sea-level
rise from 16 000 to 8000 yr BP and implies that bottom topog-
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raphy of the Gulf of Kugadas: was similar to that ot present
day. During this early stage of the transgression foreset prog-
radation did not take place, and sediments carried by the river
were probably reworked and redistributed by waves and long-
shore currents. The ridge situated immediately landward of
the shelf break (Fig. 7) probably represent a former barrier is-
land system developed and drowned during this rapid trans-
gression. As the sea level rose, the broad drowned delta plat-
form damped the waves, so that more time would be required
to build a barrier of the same size. Thus, the next evidence for
prominent barrier island growth is scen after the rate of trans-

gression had decreased. Barricr complexes are seen at the mar-
gin of the gulf, where they would be concentrated by littoral
drift, in less than 70 m of water, and become widespread in

the central part of the gulf only in water depths of less than 50
m.

Maximum transgression probably occurred around 6000
yr BP and the entirc modern delta plains were flooded.
Around 3000 yr BP, the shorelines in Kiigiik and Biiyiik Men-
deres deltas were situated cast of Syrie Island and Dede Dag,
respectively (Figs. 3,4).

Archaeological and historical data suggest average delta
progradation of 3 m a'! over the last 3000 years for the Kiigiik
Menderes rivers. Average delta progradation rates in deposi-
tional sequence 2 were less than 0.5 m a'l. The large differ-
ence between the progradation rates during the last 3000 years
and during the Late Pleistocene is due to both the geometry of
the depocentre and its paleobathymetry, because the shelf area
in which progradation took place during the late Pleistocene is
much less constricted than the graben enclosing the modem
delta plain. It is not clear whether the changes in the hinter-
land associated with climatic changes had increased or de-
creased the rate of erosion.

DISTRIBUTION OF FAULT-BOUNDED BASINS
(1) Gediz, Bakircay and Madra

Many normal faults cut these complex deltaic sequenc-
es, and some are marked by surface breaks at the sea bed. In
most faults, throws increase with subbottom depth, suggesting
continual movement. Incrcased sediment accumulation on the
downthrown side of some faults further suggests syn-
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Fig. 28. Schematic illustration of depositional sequences as related to sea level changes in the Quaternary period.

Sekil 28. Kuvaterner donemindeki deniz seviyesi degigimleriyle iligkili depolanma istiflerinin ematik gosterimi.
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depositional vertical movements. The relative offset of the 2/1
and 3/2 transgressive surfaces (Fig. 28) by these faults can be
used to estimate the relative age of the two surfaces. In the
Gediz and Bakircay deltas, the offset of the 3/2 surface ranges
from 3 1o 6 times that of the 1/2 surface on any particular
fault, with an average of 4.5 times. Assuming that the rate of
movement on the faults is constant, this suggests that the 3/2
transgression surface is 4 or 5 times as old as the Holocene
transgression surface.

Our grid of scismic lines is sufficiently dense to map
the distribution of major faults in the Gediz and Bakirgay del-
tas. Figure 16 illustrates the most prominent faulis that cut the
reflector separating the depositional sequences 2 and 3. A ser-
ies of NNW trending faults run approximately parallel to the
present day coastline, forming the boundary of Izmir graben.
Similarly, two major fault systems bound the easterm and
western peripheries of the Candarli Basin. The southemn exten-
sion of the major fault immediately east of the Karaburun pe-
ninsula can be correlated with the Karaburun-Ayvacik fault
system. Kaya (1982) suggests that this fault system runs due
north approximately parallelling the 26°38' N longitude, from
the western Giilbahge Bay to the eastern end of Lesbos Island
(Fig. 29). The seismic data presented here show no evidence
of a major fault system that crosses Izmir Bay, and suggest
that the western boundary fault in the Candarl: Basin may be
correlated with the major Lesbos fault (Figs. 16,29).

The pre-Miocene tectonic framework (Fig. 29) is char-
acterized by north-northeast trending fault blocks which have
been interpreted as deep crustal fractures (Kaya 1981). These
faults are cut orthogonally by a predominantly west-northwest
running fault system. The latter fault system is the result of
Late Miocene extensional tectonics and constitutes the earliest
framework of the present day east-west aligned graben sys-
tems of western Anatolia (Kaya 1981). Comparison of the pre-
Miocene and post-Miocene structural elements of the study
area (Fig. 29) shows that only a limited number of pre-
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Miocene faults were active during the Quatemnary period. The
fault data discussed here indicate that in lzmir Bay and Can-
darli Basin, the Quaternary tectonic subsidence took place
along a reactivated pre-Miocene structural fabric. The data
also suggest that the subsidence may be strongly influenced

by the loading effect of the advancing deltas during the low
stands of sea levels.

(2) Bityitk Menderes and Kiicik Menderes

High angle-normal faults also cut the depositional se-
quences 2 to 4 in the Kiigiik Menderes delta (Fig. 7). In a few
places faults also cut depositional sequence 1, forming distinct
steps at the sea floor. The frequent seismic profile crossovers
allow correlation of faults over the Gulf of Kugadasi. The
most prominent faults that cut the reflector separating deposi-
tional sequences 2 and 3 are mapped in Figure 22. The tecton-
ic framework of the Gulf is characterized by a network of
roughly E-W trending faults. North of 37°55' N latitude all
major faults have their downthrown sides to the south, where-
as in the southern part of the Gulf faults are downthrown to
the north. These faults thus, form a major E-W graben system
in the centre of the Gulf of Kusadasi (Fig. 22). Fault throws in
depositional sequence 3 of about 150 ms (112.5 m) are ob-
served in the central Gulf, whereas throws are less than 50 ms
(37.5 m) in the northern and southern Gulf.

DEFORMATIONAL STRUCTURES

Several structures related to post-sedimentary deforma-
tion are identified in the seismic profiles, including peripheral
slumping, deep-seated flowage and soft sediment deformation
related to faulting. Peripheral slumping is identified in the 3.5-
kHz profiles where displacement of coherent masses, with lit-
tle or no internal deformation, rotated downslope along dis-
crete shear planes. This is best observed in sediments immedi-
ately seaward of the topset to foreset transition of the deltas.
Rotational slumping was probably triggered by seismic activi-
ty and occurred where slopes were oversteepened by rapid
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Fig. 29. Pre-Miocene (left) and post-Miocene (right) structural elements of Izmir and Candarli bays, data from Kaya (1981) and
Dewey yand Sengdr (1979) respectively. Major Quaternary fault patterns are also shown.

Sekil 29. lzmir ve Candarl kérfezinin Miyosen dncesi (Kaya, 1981) (sol) ve Miyosen sonrasi (Dewey, Sengér, 1979) (sag) yapr-
sal elementleri, Kuvaterner dénemine ait belirgin faylanmalar da dahil edilmistir.
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deposition of river mouth sediments.

Deep-seated flowage is commonly observed in seismic
profiles running adjacent to major faults. The distal end of
depositional sequence 3 in the outer Izmir Bay, immediately
below the present day shelf break, exhibits a seismic package
with internally undulating reflectors that run nearly parallel to
each other (Fig. 30). Occasional diapiric folds also occur with-
in this package as isolated blocks. The inflection of the sea
floor, as well as at the base of depositional sequence 2 land-
ward of the shelf break, suggests that considerable subsidence
took place in this arca. These deformational features are seen
only in hne I-I' (Fig. 30), which runs parallel to the Karabu-
run-Ayvacik fault (Fig. 16); a seismic line less than 10 km
northeast (G-G") shows no evidence of deep-seated flowage
(Figs. 15,30). Comparison of sediment thickness between
lines I-I' and G-G’ shows that in the deformed section deposi-
tional sequence 3 is about 30 msec (24 m @ 1600/sec two-
way time) thinner. The seismic character of depositional se-
quence 3 suggests that the deformation took place during the
last phase of delta progradation of depositional sequence 2,
possibly due to loading effects coupled with movement along
the Karaburun-Ayvacik fault. Similar deformation is also seen
in depositional sequence 4 (Fig. 30). Figure 30 also shows
several fault related soft sediment deformations.

DISCUSSION

All four deltas discussed occupy the heads of major
east-west grabens that extend from the continent to the adja-
cent continental shelf and back-arc basin. Although the sea
level has fluctuated by over 100 m during their late Quater-
nary growth, even at low stands of sea level, the deltas would
have formed at the head of an elongate marine bay within a

graben (Fig. 1), where the 100 m contour approximates the
Late Pleistocene shoreline.

Fluvial and deltaic graben sediments are major compo-
nents of the thick post-orogenic sediment sequences that accu-
mulate in many successor basins. These deltas thus, occupy a
tectonic setting that is common in the geological record, for
example in the Carboniferous strata of Europe and eastern Ca-
nada. The fluctuations in sea level during the Pleistocene pro-
vide a natural laboratory to understand how sea-level changes
(whether eustatic or epirogenic) affect delta architecture and
sediment facies. Similar fluctuations ir. sea level probably af-
fected delta growth at earlier times of major glaciations, such
as the Late Ordovician and the Permo-Carboniferous.

Despite their apparent sheltered settings within grabens,
the morphology of the present-day Biityik Menderes and
Kiigtik Menderes deltas and the Pleistocene Gediz and proba-
bly Bakirgay deltas indicates that they are high destructive,
wave dominated deltas. In the microtidal setting of the Medi-
terrancan, wave process predominate over tidal processes.
Offshere gradient and fetch are sufficient to permit significant
wave activity, despite the presence of offshore islands (horsts)
which limit the effectiveness of deep water waves. The region-
al channel gradients are maintained by tectonic subsidence, so
that at times of falling sea level, braided river courses may ex-
tend over much of the delta plain. Very steep foresets close to
river mouths represent delivery of sand to the prodelta slope.
Much of the delta progradation takes place by deposition of
mud on the prodelta slope; this process predominates at times
of delta progradation with a stable sea level, when meandering
channels and extensive delta plains trap much of the coarse
sediments upstream. Both archaeological data (Figs. 2, 3, 4)
and seismic analysis (Figs. 18, 23) show that even within a
narrow graben the delta progrades through lobe growth, first
on one side of the graben, then on the other side.

Places where the graben widens rapidly, such as at the
present coastline of the Kii¢iik Menderes, are sites of maxi-
mum wave activity. As a result, during successive transgres-
sions and regressions, delta progradation will tend to pause at
such points, leading to the development of thick barrier sand
complexes as delta mouth sediments are reworked. Such sites,
which are tectonically controlled, may thus preferentially de-
velop sand facies during basin subsidence.

Rapid transgressions are a feature of the Quaternary as
a result of rapid retreat of terrestrial ice-sheets. They result in
rapid retreat of the delta shoreline over distances of many iens
of kilometres. There is no evidence for delta mouth prograda-
tion during these transgressions, which produce a thin trans-
gressive sand sheet over the surface of the delta. Because
progradation is inhibited during the rapid transgression, initial
deposition following the stabilization of sea level takes place
in a highly sheltered environment, and the delta builds into re-
latively shallow water, so that progradation is rapid. Both the
sheltered position and rapid progradation inhibit the develop-
ment of sandy beach ridges.

CONCLUSIONS

Seismic reflection profiling and geological studies have
shown that delta architecture in rapidly subsiding basins in
western Turkey is largely controlled by glacially induced
changes in sea level. Major interglacials of tens of thousands
of years duration (such as in isotopic stages 1 and 5) are
marked by major transgressions during which thin lenticular
coastal deposits accumulate as the shoreline retreats. At the
maximum extent of the sea, the transgression extended up
shallow alluvial valleys in which islands and bedrock promon-
tories protect the coast from direct wave attack. The subse-
quent initial progradation phase is rapid in the shallow shel-
tered waters. In the case of the Holocene transgression this
progradation phase occurred in classical times, ending about
100 AD as the coastline reached a position exposed to south-
westerly winds. In the Gediz delta, Izmir Bay is larger and
deeper and has not yet been completely filled.

Holocene Biiyiik Menderes illustrates the style of prog-
radation of a wave-dominated delta entering deeper water.
Successive delta lobes build out as the river mouth shifts, and
abandoned lobes are subjected to erosion. Barrier beaches de-
velop as abandoned river mouth sands are re-dispersed. The
transition from topset to foreset strata occurs in water depths
of a few to ten metres. Holocene Gediz, however, illustrates
the style of progradation of a river-dominated delta entering
deeper water. There are at least six shifts in the position of the
Gediz mouth during the last ca. 3,000 years and abandoned

delta-top channels can be correlated with submarine delta lobe
sequences.

The continental shelf and slope in the grabens of west-
en Turkey developed as a result of similar delta progradation
during Pleistocene glacial periods when sea level was general-
ly tens of metres below that of interglacials. Fluctuations in
sea level are recorded in changes in the elevation of topset to
foreset transitions, but no major transgressions are recognized
except during full interglacials.

The continental shelf around the Aegean Sea shows
considerable variations in width (Fig. 31). It varies from less
than 5 km along the east and west Peleponnese, east of Evvoia
Island and off southwest Anatolia to 40-60 km along the
northemn Aegean Sea and western Anatolia. The depth of the
shelf break is around 110-170 m and gentle slopes lead to
depths of 300-500 m. At these depths a second break in the
slope gradient occurs and steeper slopes lead to throughs
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Air-gun seismic profile (I-I') across the shelf break off Izmir Bay. Location is shown in Figure 2. 1 to 4 are depositional
sequences; 2A is the depositional sequence related to the progradation of Gediz delta. TL= toplap, DL= downlap, C=

clinoforms, M= multiple, D= sediment deformation, dashed lines= faults. Profile is about 14 km long, vertical exaggera-
tion= 37,

Yzmir Kérfezi agiklanindan alinmug hava tabancas: sismik profili (I-I'). Kesit konumu Sekil 2'de verilmistir. 1-4 depolan-
ma istifleri olup, 2A Gediz Deltasimn ilerleyisi ile ilgili depolanma istifidir. TL= toplap, DL= downlap, C= klinoform-

lar, M= tekrarli yansimalar, D= sediment deformasyonu, kesikli gizgiler= faylar. Profil uzunlugu 14 km olup, diisey
abartma ise 37'dir.
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where water depth exceeds 1500 m. The widest shelves occur
off the mouths of major rivers, suggesting that the growth pat
tern observed in the deltas discussed in this paper may be gen-
eral. It is suggested that similar delta progradation has oc-
curred off most major rivers during maximum low stands of
the sea-levels. The sediment distribution pattern and the rela-
tionship between major depositional features and sea-floor
morphology studied in the eastern Aegean Sea may thus serve
as a model for many areas of the eastern Mediterranean Sea.

SUMMARY

(1) The shelf area of the eastern Aegean Sea off major riv-
ers is formed of superimposed deltaic sequences. Deltas
prograded seaward during low stands of sea level. The
present day shelf break denotes the topset to foreset
transition of progradation during the last glacial period.
The relative position of the shelf break during earlier in-
terglacial periods varied depending on the maximum
lowering of sea level and the subsidence rates.

(2) Following post glacial transgressions deltas were re-
established deep in ancestral bays and little sedimenta-

tion took place on the shelf area during the interglacial
periods.

(3) In Gulf of Kusadasi, the outer Izmir Bay and Candarli
Basin the Quaternary tectonic subsidence was about 1 m
per 1000 years and took place along the reactivated pre-
Miocene structural fabric. The primary cause of this
subsidence is probably the continued N-S extension of

the Aegean plate but it is also affected by the loading ef-
fect of the stacked deltas.

(4) Penecontemporaneous and post sedimentary deforma-
tions are common and widespread in the Quuaternary
deltaic sequences. This type of deformation may be far

common in ancient deltaic sequences than generally rec-
ognized.
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