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OZET

Anadolu’nun Ege Denizi kiy1 bolgesi, kirikli jeolojik
yapist nedeniyle dag bloklari ve aralarindaki ¢ukur alan-
lardan olusan arizali bir morfolojiye sahiptir. Bu 6zellik,
kiy1 6niinde de adalarla devam eder. Boylece, ¢cok girin-
tili ¢ikintili bir uzanis gosteren kiyi ¢izgisi, deniz sevi-
yesindeki degismelerle 6nemli sekil degismeleri goster-
mistir. Son buzul ¢agi maksimumunda (20 bin y1l kadar
oncelerde) 130 metre kadar algalan deniz seviyesi, buzul
cag1 sonrasinda kiiresel 1sinma ile hizla yiikselmistir.
Holosen baslarinda (yaklasik 12 bin yil 6ncelerde) deniz
seviyesi hala bugiinkiinden 50 m kadar algaktadir. Bunu
izleyen donemde hizla yiikselmeye devam eden deniz
seviyesi, kiiresel verilere gore, 6-4 metrelere ulagmistir.
Bundan sonra, hiz1 giderek azalmakla birlikte, yiikselme
devam etmis, deniz bugiinkii seviyesine erismistir.

Ancak, Anadolu’nun Ege kiyilarinda 7-6 bin y1l 6nce-
lerde denizin bugiinkii seviyesine ulastigini, 4-3 bin yil
oncelerde birkag metre algaldigini, sonra bugiine dogru
tekrar yiikseldigini gosteren sedimantolojik, paleontolo-
jik ve kronolojik veriler bulunmaktadir.

ABSTRACT

The Aegean coastal region of Anatolia has a rough
morphology due to its faulted geological structure,
consisting of mountain chains and troughs between
them. This feature continues among the islands along
the coastline. Thus, the extremely indented shore-
line shows significant changes in shape along with
sea level changes. During Last Glacial Maximum
(about 20,000 years ago) the sea level, which was 130
m lower than at present, rapidly increased during a
warming trend after the glacial period. In the early
Holocene (about 12,000 years ago), the sea level was
still 50 m lower than at present. In the following peri-
od sea level rose rapidly and reached 6 to 4 m below
the present sea level. Subsequently, although gradual-
ly decreasing in speed, the rising continued, and the
sea level reached its current position.

Nevertheless, we have sedimentological, paleon-
tological, and chronological data indicating that the
Aegean coastline of Anatolia reached its current level
7,000-6,000 years ago, then decreased a few meters
4,000-3,000 years ago, and then rose again.
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Bu farkliligin nedeni, bolgesel tekto-
nik etkiler veya kiiresel verilere yansi-
mayan kiiciik iklim degismeleri olabilir.
Bu nedenle, kiiresel olmas1 beklenen
deniz seviyesi degismelerinde bolge-
sel-yerel farkliliklar goriilmesi normal-
dir. Bu konuda kiy1 morfolojisi incele-
meleri esas alinmali ve bolgesel-yerel
deniz seviyesi degismeleri bagil (karaya
gore rolatif) olarak belirtilmelidir. Boy-
lece, bir kiy1 kesiminde belirlenen ger-
cek seviye degismeleri, burada yasayan
insanlar igin teorik bir kiiresel model-
den daha etkili ve 6nemlidir.

Sonug olarak, hangi nedenle olursa
olsun, deniz seviyesi son donemde yiik-
selmis, karadaki ¢ukur alanlara, dzel-
likle akarsu agizlarina sokulan deniz
sulari, kiyiya daha gok girintili ¢ikintili
bir goriinlim vermistir.

The reason for this variation might
be the influence of regional tectonics
or minor climate changes that have not
been reflected in global data. There-
fore, it is normal to have regional-lo-
cal variations in sea level changes,
which are expected to be global in
scale. In this respect, it is important
to predicate coastal morphological
studies and indicate regional-local sea
level changes relatively (relative to
the land). Thus, actual level changes
identified for a coastal area are more
effective and important than a theoret-
ical global model.

The sea level along the Aegean coast-
line of Anatolia has recently risen and
seawater has penetrated into the trough
parts of the land, particularly mouths
of rivers, providing a more indented
coastline.

Kisaltmalar - Abbreviations

Adalar-Islands Akarsular-Rivers

S Semadirek-Samothraki KR Karamenderes
Li Limni-Limnos B Bakircay

G Gokgeada G Gediz

B Bozcaada KM Kiglik Menderes
L Midilli-Lesvos BM Biiylik Menderes
C Sakiz-Chios

S Sisam-Samos
D Onikiada-Dodecanese
K istankdy-Kos

Ege Denizi subslimii kalin beyaz gizgi ile gosterilmistir.
Thick white line represents the watershed of Aegean Sea.

Digerleri -Others

GE Gelibolu yarimadasi
Bi Biga yanmadasi

E Edremit

i izmir

G Cesme

U Ura

ME Mentege yoresi

G Gokova korfezi

Fig. 1: Anadolu’nun Ege Denizi kiy1 bdlgesinin rolyef haritasi ve kiy1

Oniiniin batimetresi.

Fig. 1: Relief map of the Aegean coastal region of Anatolia and bathy-

metry of the near offshore area.
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Yaklagik son 6 bin yilda ise deniz seviyesi yiiksel-
mesi kiiciik salinimlar disinda fazla degismedigi igin
bu defa karadan gelen aliivyonlarin kiy1 dniinii dol-
durmasiyla kiy1 ¢izgisi denize dogru ¢ekilmis, yeni
delta diizliikleri olugsmustur. Bu gelismeye uygun
olarak, kiy1 zonunun morfolojik avantajlar1 ve eko-
lojik zenginliklerinden yararlanmak iizere tarih 6n-
cesi ¢aglardan beri buralara yerlesen insanlarin kiy1
kullanim alanlar1 da degismis, kiy1 yapilar1 ve kiyrya
yakin yerlesme yerleri ya yiikselen deniz sulari, ya da
kara tarafinda aliivyonlar altinda kalmistir. Bu neden-
le, arkeolojik arastirma ve kazilarda bu paleocografya
ozelliklerinin bilinmesi, jeoarkeolojik verilerin goz
oniinde bulundurulmasi gerekmektedir.

GIRIS

Deniz seviyesi, yeryiiziinde litosferin bilyiik ¢ukur-
luklarini dolduran okyanus ve denizlerdeki (diinya
denizleri) su kiitlesinin yiizey yiiksekligidir. Yeryii-
ziinlin 1/3’{inii kaplayan bu siv1 ylizey, yercekimi ve
merkezka¢ kuvvetlerinin dengelendigi geoidal yii-
zeyden farkl bir sekle sahiptir ve 200 m ye varan bir
arizalilik (rolyef) gosterir'.

Diinya denizlerinin seviyesi, bir¢ok etki yaninda,
oncelikle su kiitlesinin hacminde meydana gelen de-
gismelere baglidir. Su hacmi artarsa deniz seviyesi
yiikselir, azalirsa algalir. Ancak, burada s6z konusu
olan sadece denizlerdir. Clinkii, jeolojik bilgilere gore
diinya sular1 4 milyar yila yakin bir siiredir vardir ve
volkanizma ile katilan ¢ok kii¢iik bir miktar gozardi
edilirse, toplam miktar1 degismemistir. Giiniimiizde
hidrosferdeki su miktar1 yaklasik 1,4 milyar kilomet-
re kiip olarak tahmin edilmektedir. Bunun % 96,5’ini
okyanus ve denizlerdeki tuzlu su olusturur. Yaklasik
olarak, kalan % 1,7’si kriyosfer‘de (buzul-kalic1 kar),
% 1,7’si karalarda (gol, akarsu, bataklik, yeralt1 su-
lar1, toprak nemi, canlilar) bulunur. Atmosferdeki su
buharinin orani ise sadece % 0,001 kadardir?.

Diinya denizlerinin seviyesi birbiri ile iligkili bir-
cok faktoriin etkisiyle degismeler gosterir. Bunlardan
giincel-kisa siireli degismelerin baginda gelgit olay1
gelir. Okyanus havzalar1 ve kiyilarinin morfolojisine
bagli olarak farkliliklar gdsteren bu degisme, Fundy
korfezinde (Kanada) 16 m ye kadar ulasirken, i¢ de-
nizlerde, 6zel yerler harig, 0,5 m altinda kalmaktadir.
Okyanus akintilari, basing degismeleri ve belli yon-
den esen riizgarlar da bolgesel veya yerel, genellikle
degisken kiigiik seviye oynamalanina neden olmak-
tadir. Uzun siireler s6z konusu oldugunda ise diinya
denizlerinin sekil ve hacimlerinde dnemli degismeler
olmustur.

'PIRAZZOLI 1964.
2GLEICK 1996.
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Since the sea level rise did not change except for a
few fluctuations during the past 6,000 years, the allu-
vial sediments from the land have silted up the shore-
line, advancing the shoreline seaward and resulting in
the formation of new delta plains. In parallel with this
development, coastal settlements dating back to pre-
historic times that belonged to communities of people
who settled in such places for morphological advantages
and exploitation of ecological resources of the coastal
zone have undergone changes, and coastal structures
and settlements close to the shore have been submerged
by rising sea waters or alluvial deposits from the land.
Therefore, it is crucial to be familiar with these pa-
leo-geographical aspects and consider geoarchaeological
data during archaeological surveys and excavations.
INTRODUCTION

Sea level is the height of the water surface in oceans
and seas (global seas), occupying the great depressions of
the lithosphere on the Earth. This liquid surface covering
1/3 of the Earth has a different shape than the geoidal sur-
face, which is balanced by gravity and centrifugal force,
and it shows a relief reaching up to 200 m'.

Global sea level depends on many parameters, primari-
ly on changes in the volume of water mass. If the volume
increases, the sea level rises, and when it decreases, the
sea level decreases as well. However, this is only valid for
seas. Since world seas have existed for nearly 4 billion
years according to geological data, and when we ignore
the very small amount added by volcanism, it seems that
the total amount of water has not changed. At present,
the estimated amount of water in the hydrosphere is ap-
proximately 1.4 billion cubic kilometers, where 96.5% is
contained in oceans and seas as saltwater. The remaining
1.7% is contained in cryosphere (glaciers-ice caps), and
1.7% in land (lakes, rivers, swamps, underground waters,
soil moisture, creatures). The rate of atmospheric water
vapor is only 0.001%?.

The changes in the level of world seas are associated
with many interrelated factors. Among these factors, ac-
tual short- term changes are mainly represented by the
tide. Varying depending on the ocean bases and shore-
line morphology, this change reaches up to 16 m in the
Bay of Fundy (Canada), while it remains below 0.5 m in
territorial seas, except for particular places. Additional-
ly, ocean currents, atmospheric pressure variations, and
winds from a certain direction usually lead to nominal
fluctuations at a regional or local level. However, over
long periods of time, significant changes have occurred
in the shape and volume of world seas. For example, the
present Alpine mountain system was formed by petrified
muds that accumulated in oceans during the 2™ geologi-
cal era (Mesozoic).

'PIRAZZOLI 1964.
2GLEICK 1996.
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Ornegin bugiinkii Alpin dag sistemi, 2. Jeolojik
Cagda (Mesozoik) okyanuslarda birikmis camurlarin
taglagarak yiikselmesiyle olusmustur. Ancak, bu olay
ve degismelerin giinlimiiz cografyasi bakimmdan dog-
rudan bir anlam1 bulunmamaktadir. Daha yakin jeo-
lojik gegmiste meydana gelen yerkabugu levhalarinin
hareketleri, deniz alt1 volkanizma olaylar1 ve gesitli
nedenlerle olusan izostatik hareketler (yerkabugunun
buzul gibi yiik basinci ile olugan dikey hareketleri) de
bolgesel ve goreli olarak diinya denizlerinin seklini ve
dolayli olarak seviyesini degistiren olaylardir. Ancak
biitlin bunlarin etkileri giincel olarak ¢ok yavas ve
gorliniiste dikkati cekmeyecek boyuttadir.

Sonug olarak, yeryiiziindeki toplam miktar1 de-
gismeyen suyun, okyanus ve denizlerdeki miktar ve
dolayistyla seviyesi degiskendir. Bu seviyeyi kontrol
eden en onemli etken ise iklim degismeleridir. Deniz
seviyesi, okyanus havzalarinin yapisal sekil degis-
melerinden kii¢iik 6l¢iide ve yavas etkilenirken, su
hacmindeki klimatik degismelere (Gstatik) bagli ola-
rak ¢ok daha hizli degisebilmektedir. Kiiresel iklimde
soguma olursa denizlerden buharlasan sular karalarda
genig ve kalin buzul ortiileri olusturacagi i¢in deniz
seviyesi alcalir, sicak iklim donemlerinde ise kara-
lardaki buzullarin erimesiyle olusan sular denizlere
donecegi icin seviye yiikselir.

Deniz seviyesi degismelerini deniz yiizeyine baka-
rak gozlemlemek miimkiin degildir. Su yiizeyindeki
seviye degismeleri gliniimiiz teknolojisiyle, 6rnegin
uydulardan yapilan 6l¢timlerle belirlenebilmekle bir-
likte, bilimsel nitelikteki bu bilgiler pratikte anlaml
degildir. Deniz seviyesinin goriiniir isareti kiyilardir.
Kiyilar, denizden gelen cesitli etkilerle (gelgit, etkin
riizgar yonil, frekansi, siddeti ile olugan dalga 6zellik-
leri gibi), karaya ait 6zelliklerin (kiy1 dniiniin ve kiy1
gerisinin morfolojisi, akarsu veya sellerle karadan
gelen aliivyonlarm birikmesi gibi) karsilikl etkilesimi
ile islenen alan seritleridir (kiy1 zonu). Ancak, deniz
seviyesi konusunda kiy1, deniz ile karay1 ayiran bir
sinir ¢izgisi olarak g6z dniine alinabilir.

Kiiresel iklim degismeleri ile diinya denizlerindeki
su hacmi ve dolayisiyla seviyesi dogrudan iliskili ol-
dugundan, diinya denizlerinin seviyesi i¢in “kiiresel
deniz seviyesi” kavrami kullanilir. Ancak, yeryiiziiniin
tiim kiy1 bolgelerinde deniz seviyesi, tiir ve boyut
bakimindan farkl yerel etkenlerle farkli degisme
modelleri gosterir ve bu farkliliklar “bagil (r6latif)”
deniz seviyesi olarak ifade edilir. Bu nedenle, diinya
denizlerinin biitliniinii kapsayan, kiiresel anlamda bir
“ortalama” deniz seviyesinden s6z etmek gergege
uygun degildir. Bu durumda, “kiiresel deniz seviyesi”
kavrami, ancak buzul ve buzularasi ¢aglardaki biiyiik
deniz seviyesi degismelerinin genel gidisini anlatmak
icin kullanilabilir.
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However, such events and changes have no direct
influence in today’s geography. Furthermore, crustal
plate movements that have occurred during more recent
geological past, submarine volcanic events and isostatic
movements resulting from various causes (vertical move-
ments that occur as a result of loading pressure of the
crust, such as glacier) are events that regionally and rela-
tively change the shape and, indirectly, level of the world
seas. However, all these influences are actually very slow
and seemingly unobtrusive.

Therefore, the amount and thus the level of the water,
which is constant in total, is variable in oceans and seas.
Climate change is the most important controlling factor
for sea level. Sea level is influenced to a lesser extent and
slowly by structural changes in oceanic basins, while it
can change rapidly due to climatic changes (eustatic) in
water volume. If cooling occurs in the global climate, sea
level decreases, since evaporated water will form wide
and thick ice covers on land; whereas sea level increases
during periods of warm climate, since the melting water
from glaciers on land will return to the sea.

It is not possible to observe sea level changes from the
sea surface. Although changes in water surface area can
be observed by today’s technology, for example measure-
ments by satellites, such scientific information is not very
relevant in practice. Shoreline is a visible sign of sea level.
Shoreline is a band of area that has been modified by mu-
tual interaction between various effects from the sea (such
as wave characteristics resulting from tide, dominant wind
direction, frequency, and intensity) and terrestrial charac-
teristics (morphology of the shoreface and back shore,
deposition of alluvial conveyed by rivers, or floods from
the land) (coastal zone). Therefore, a shore can be consid-
ered a boundary line that separates sea and land.

Since global climate change is directly related to the
volume, and thus the level, of the water in world seas,
the term “global sea level” is used to refer to the level
of world seas. However, across the coastal regions of the
Earth, sea level shows diverse patterns of change due to
varying local factors in terms of type and size, and these
differences are referred to as “relative” sea level. For this
reason, it is irrational to refer to a global “mean” sea level,
which covers the entire world seas. The concept of “global
sea level” should only be used for the overall course of
major sea level changes during glacial and interglacial ep-
ochs. At the same time, it is not appropriate to extrapolate
small sea level changes resulting from local and varying
causes to a global dimension. As regional-local studies
provide detailed information, the complex nature of the
issue becomes more evident, and different curves for sea
level changes emerge in the plotting. Therefore, the main
objective should be to provide evidence and causes of lo-
cal and relative (relative to the land) sea level changes that
can be observed anywhere that concerns societies from
prehistoric times to the present day.



Ote yandan, yerel ve farkli nedenlerle olusan kiigiik
deniz seviyesi degismelerini genellestirerek kiiresel
boyutta goz oniine almak da uygun degildir. Bolge-
sel-yerel ¢aligmalarda ayrintilara girildikge konunun
karmasik niteligi daha da ¢ok ortaya ¢ikmakta ve her
yerde farkli deniz seviyesi degisme egrileri cizilebil-
mektedir. Bu nedenle asil amag, herhangi bir yerde,
somut olarak gozlenebilen ve tarih dncesi ¢aglardan
gliniimiize kadar toplumlar1 yakindan ilgilendiren ye-
rel, goreli (karaya gore, bagil, rolatif) deniz seviyesi
degismelerinin kanitlariyla ve nedenleriyle ortaya
konulmasi olmalidir. Bunun i¢in de en énemli veri
kaynagi, kiyilarda yapilacak jeomorfolojik gozlem ve
arastirmalardir.

Deniz seviyesi lizerine eski yorum ve teoriler SU-
ESS tarafindan tartisilmis®, deniz seviyesinin iklim
degismelerine bagl kiiresel al¢alip yiikselmesi i¢in
oOstatik (eustatic) kavrami kullanilmistir, Bu konudaki
calismalar gecen ylizyil ortalarindan itibaren giderek
artan bir ilgi ve hiz kazanmigtir. Bunda uydularla
yapilan hassas dlglimler, bilgisayar teknolojisinden
yararlanilarak karmasik izostatik modellerin olustu-
rulabilmesi, radyometrik tarihlendirme yontemleri
(Radyokarbon, U/Th gibi), kozmojenik tarihlendirme
yontemleri izotopik analizlerdeki gelismeler 6nemli
etkiler yapmistir. Daha dnemlisi, UNESCO catis1
altinda kurulan INQUA (International Union for Qu-
aternary Research) ve IUGS (International Union of
Geological Sciences) ile bunun i¢inde olusturulan
IGCP (International Geological Correlation Prog-

And the most important data source for such infor-
mation comes from geomorphological observations and
surveys along the shores.

Suess discussed previous comments and theories about
sea level changes and introduced the term ‘eustatic’ for
global variations in sea level due to climatic conditions®.
Studies on this subject have increasingly and rapidly
become popular since the middle of last century. This
popularity is significantly associated with accurate mea-
surements by satellites, the ability to develop isostatic
models using computer technology, radiometric dating
methods (such as radiocarbon, U/Th), cosmogenic dat-
ing methods, and advances in isotopic analyses. More
importantly, many research projects have been conduct-
ed on sea levels within the INQUA (International Union
for Quaternary Research) and the IUGS (International
Union of Geological Sciences) programs founded un-
der the umbrella of UNESCO and affiliated IGCP (In-
ternational Geological Correlation Programme). With
increasing interest in this topic from people of various
scientific fields, several new studies have been conduct-
ed during last decades on the melting of glaciers and
particularly on sea level changes after last glacial epoch.
In the meantime, detailed research along the shoreline

3SUESS 1885.
*KAYAN 2012, 2018.
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ramme) biinyesinde bir¢cok deniz seviyesi arastirma
projesinin gerceklestirilmis olmasidir. Farkli bilim
alanlarinda bu konuya duyulan ilginin artmasiyla, son
on yillarda buzul erimesi ve dzellikle son buzul ¢agi
sonrasindaki deniz seviyesi degismeleri iizerine bir-
¢ok yeni ¢aligsma yapilmistir. Bu arada farkli kiyilarda
yapilan ayrintili aragtirmalar, yakin gegmisteki deniz
seviyesi degismelerinin, eskiden diisiiniildiigii gibi her
yerde ayn sekilde olmadigini, gesitli bolgesel-yerel
etkilerle bagil (rolatif) degisme farkliliklar: bulun-
dugunu gostermistir. Bu nedenle, yerel ¢alismalara
agirlik verilmis ve farkli kiy1 bolgelerinde birbirine
uymayan deniz seviyesi degisme modelleri ortaya
konulmustur.

Kuvaterner yaklagik son 2,5 milyon yili kapsayan,
heniiz siirmekte olan son (Déordiincii) jeolojik cagdir.
Bu dénemin en 6nemli 6zellikleri salinimli iklim
degismeleri, gliniimiiz cografi dzelliklerinin sekillen-
mesi ve dogada insan varliginin baslamasidir. Bunun
ozellikle son 500 bin yilik déneminde dort belirgin
iklim salinimi olmustur.

Son buzul ¢agi maksimumu yaklasik 20 bin y1l 6nce
gerceklesmis, bundan sonra, kiigiik duraklamalarla
bugiinkii 1liman iklime dogru gelinmistir. Bu siirecte
yaklasik son 12 bin yillik donem Holosen olarak ayri-
lir. Holosen, insanin dogada etkin oldugu donemdir ve
baslangici yaklasik olarak Neolitik ¢agin baglangicina
uyar. Bagka bir ifade ile, insanin yeryiiziine yayilmast,
kiiltiirel ve teknolojik gelisimi Holosen’deki uygun
iklim 6zellikleri ile miimkiin olmustur®.

reveals that recent sea level changes differ from previ-
ous conceptions, and there are relative differences in
changes depending on regional-local conditions. There-
fore, local studies have become dominant, and incom-
patible sea level change models have been introduced
for several coastal regions.

The Quaternary is the last (fourth) and still ongoing
period of geological time that encompasses the past 2.5
million years. The most distinctive features of this pe-
riod include oscillating climate change, shaping of the
present-day geography, and initiation of human activity
in nature. From this period, particularly the past 500,000
years have witnessed four remarkable climate oscilla-
tions. The Last Glacial Maximum® was approximate-
ly 20,000 years ago, progressing to today’s moderate
climatic conditions with small pauses along the way.
During this process, the past 12,000 years are referred
to as the Holocene. The Holocene is the epoch of hu-
man activities in the environment, which approximately
corresponds to the beginning of the Neolithic Age. In
other words, with the appropriate climatic conditions of
the Holocene epoch and the dispersal of human beings
throughout the Earth, cultural and technological devel-
opments became possible?.

3SUESS 1885. 15
*KAYAN 2012, 2018.
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Kiiresel deniz seviyesi lizerinde en belirgin de-
gistirici etkileri Kuvaterner’deki iklim salinimlari
yapmuistir. Buzul ¢aglarinda denizlerden buharlasip
karalara kar olarak diisen yagisin, buzullar1 olustu-
rarak denizlere donmemesi nedeniyle deniz seviyesi
algalmis, sicak buzularasi ¢aglarda eriyen buzul su-
larinin okyanuslara geri donmesi ile deniz seviyesi
yiikselmistir. Son buzul ¢agi maksimumunda diinya
denizlerinin -130 metreye kadar algaldig1 bilinmek-
tedir.

Holosen baslarinda ise seviye héla -50 metreler-
dedir. Insanlik tarihi bakimindan énemli olan, bu
son 12-10 bin yillik dénemdeki bdlgesel-yerel deniz
seviyesi degigsmeleridir. Bu degismeler kiy1 alanla-
rina yerlesen, yasayan insan topluluklari i¢in biiytik
Onem tasimis, kiiciik deniz seviyesi degismeleri
ve buna bagl kiy1 jeomorfolojisindeki gelisme ve
degismeler farkl kiiltiirlerin sekillenmesinde etkili
roller oynamigtir.

ANADOLU'NUN EGE KIYILARINDA HOLOSEN
DENIZ SEVIVESi DEGISMELERI

Anadolu’nun Ege Denizi kiyilari, girintili ¢ikin-
til1 uzanisi ile taninir. Bu 6zellik, bolgesel jeolojik
yapinin morfolojiye yansimasinin sonucudur. Ege
Bolgesinin sekillenmesinde ii¢ farkli jeodinamik etki
one ¢ikmaktadir. Bunlardan birincisi, kuzeyindeki
yanal atimli1 Kuzey Anadolu Fay sistemidir. Bunun
giineyinde Anadolu bati-glineybatiya itilmektedir.
ikincisi, Akdeniz okyanusal levhasmin giineyden
Anadolu altina sokuluyor olmasindan kaynaklanan
yiikselmedir. Uciinciisii ise basta Menderes masi-
fi olmak tizere, Bat1 Anadolu eski temelinin-dom
seklinde- yiikselmesidir. Sonug olarak Ege Bolgesi
biitliniiyle yiikselmekte ve yerkabugu faylarla blok-
lar halinde pargalanmaktadir®. Buna karsilik, Ege
Denizi havzasi geng tektonik hareketler evresinde
(Neotektonik) genel olarak bir ¢okiintii (subsidans)
alanidir. Ege Bolgesinde bloklu yapinin en belirgin
unsurlari, kuzey-giiney dogrultusundaki gerilme ile
olusan bati-dogu dogrultulu daglarla (horst) bunlar
arasindaki ¢ukur alanlardir (graben). Bat1 Anadolu
morfolojisinde temele ait KD-GB ve KB-GD dogrul-
tulu yapisal uzanimlara uygun faylar da 6nemli rol
oynar. Ozellikle kiy1 kesiminde birbirini kesen cesitli
dogrultulardaki bu fay zonlarinin morfolojiye yansi-
mastyla bloklu yapi igerilerden daha da belirgindir.
Bu yapmin Ege Denizindeki uzantis1 adalarla devam
eder ve bu nedenle Ege Denizinin bir ad1 da “Adalar
Denizi”dir. Ege adalar1 gergekte denizle kaplanan
Ege ¢okiintii alaninda dag bloklarinin deniz seviyesi
iizerinde kalan kesimleridir (Fig. 1).

SLAMBECK vd 2002; PELTIER 2002.
SKUZUCUOGLU vd 2019.
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The most remarkable modifying impacts on global
sea level have been associated with climate oscillations
during the Quaternary. Sea level decreased when the
rainfall evaporating from the seas and falling on land
as snow formed glaciers and did not return to the seas
during the glacial epochs. Sea level increased when
melting waters from glaciers returned to the seas during
warm interglacial periods. It is known that the level of
world seas was reduced to -130 m during the Last Gla-
cial Maximum.

However, during the early Holocene, the sea level was
still at -50 m. What is important for human history is the
regional-local sea level changes over the past 12,000-
10,000 years. These changes were of great importance
to human communities who settled and lived in coastal
areas, with small sea level changes and associated de-
velopments and changes in the coastal geomorphology
playing a significant role in shaping diverse cultures.

HOLOCENE SEA LEVEL CHANGES ALONG THE
AEGEAN COASTS OF ANATOLIA

The Aegean coastline of Anatolia is known for its
highly indented stretch, the morphology of which re-
flects the regional geological structure. The shaping pro-
cess in the Aegean Region presents with three different
geodynamic factors. The first one is the strike-slip North
Anatolian Fault system to the north. To the south, Ana-
tolia is pushed towards the west-southwest. The second
factor is the elevation that results from subduction of the
Mediterranean oceanic plate beneath Anatolia from the
south. The third factor is the uplift of the former West-
ern Anatolian base like a dome, mainly the Menderes
massif. Consequently, the Aegean region is uplifting as
a whole, and the crust is broken into blocks by faults®.
However, the Aegean Sea basin is generally an area of
subsidence in the neotectonic period. The most prom-
inent characteristics of the blocky structure in the Ae-
gean Region are the west-east horsts, and the grabens
between them that have been formed due to tensional
stress in the north-south direction. The faults compatible
with NE-SW and NW-SE trending structural extensions
of the base also play an important role in the West Ana-
tolian morphology. The blocky structure of the Aegean
is more remarkable than inland, due to reflection of these
intersecting fault zones in various directions, particular-
ly on the shoreline. The extension of this structure into
the Aegean Sea continues with the islands, and that is
why the Aegean Sea is also referred to as “the Sea of
Islands (Archipelago)”. The Aegean islands actually
represent sections of the mountain blocks that have re-
mained above sea level in the subsidence of the Aegean
domain (Fig. 1).

SLAMBECK et al 2002; PELTIER 2002.
SKUZUCUOGLU et al 2019.



Deniz seviyesinin giiniimiizden yaklagik 20 bin
yil oncelerde (son buzul ¢ag1 maksimumu) -130
metrelerde oldugu zamanlarda kiyi ¢izgisi kuskusuz,
bugiinkiinden agikta bulunuyordu. Yiikselen deniz
sular1 altinda kalmis olan bu kiyilar1 bugiin tam ola-
rak belirlemek miimkiin degildir. Ancak, batimetrik
egrilere gore kiy1 ¢izgisinin Anadolu kiy1 6niindeki
yapisal platformlara uyar sekilde uzandigi, arala-
rindaki bilyiik korfezlerle onlar belirginlestirdigi
anlagilmaktadir [Kuzeyden giineye Biga-Gelibolu,
Madra Dagi-Bergama-Ayvalik, Cesme-Karaburun ve
giineyde Mentese yoresinden batiya uzanan (Dode-
canese) platformlari] (Fig.1). Bu durumda, Ege kita
sahanligiin boliimleri {izerinde bulunan bugiinkii
adalardan bir kismu [G6k¢eada, Bozcaada, Limnos
(Limni), Midilli (Nesos), Sakiz (Chios), Sisam (Sa-
mos), Oniki Adalar (Dodecanese)] Anadolu karasina
baglanmistir. Bu donemde, Bat1 Anadolu’nun denize
acilan biiyiik yapisal ¢ukurluklarmin asagi kesimle-
rindeki tabanlar1 da deniz seviyesi ve kiy1 gizgisine
uyar sekilde bugiinkiinden al¢aktadir. Ornegin gii-
neyde Kiiciik Menderes delta ovasinin ve kuzeyde
Karamenderes vadisi asag1 kesiminin ortalarinda,

When the sea level was at -130 meters about
20,000 years ago (Last Glacial Age Maximum),
the shoreline was undoubtedly more off-shore than
today. It is not possible to accurately identify this
shoreline that has remained under the rising sea
level. However, based on bathymetric curves, it
seems that the shoreline extends in parallel with the
structural platforms in front of the Anatolian coast
and makes them remarkable with the large gulfs
between them [Biga-Gelibolu, Madra Mountain-Ber-
gama-Ayvalik, Cesme-Karaburun from north to
south and platforms (Dodecanese) extending from
Mentese to the west on the south] (Fig.1). Conse-
quently, some of the present islands lying in the Ae-
gean continental shelf [Gokgeada (Imros), Bozcaada
(Tenedos), Limnos (Limni), Midilli (Nesos), Sakiz
(Chios), Sisam (Samos), Oniki Adalar (Dodecanese)]
were connected to the Anatolian mainland. During
that period, lower sections of floors of the big struc-
tural depressions in western Anatolia that protrude to
the sea were below the present level in parallel to the
respective sea level and shoreline. For example, the
valley floors prior to sea invasion are accessible at

7KRAFT vd 2001; KAYAN 2002, 2019.
$KAYAN-ONER 2015
°KAYAN 2012, 2018.
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bugiinkii yiizeyin 30 metre kadar altinda, deniz ile
kaplanmadan 6nceki vadi tabanlarina girilmektedir
(Fig. 2 ve 3)".

Izmir korfez alani ise biitiiniiyle akarsularla islenen
bir tagkin-delta ovasi olup, kiyis1 Foga-Karaburun
¢izgisinin kuzeyinde yer almaktadir (Fig. 1)%. O za-
manki deltalarin da bugiinkii kiyidan acikta ve derin-
de gelismis olmalar1 dogaldir.

Son buzul ¢ag1 maksimumu sonrasinda diinya de-
nizlerinin bir uzantisi olan Ege Denizi nin ylikselen
sular1, Anadolu’nun bloklu kiy1 morfolojisi 6niindeki
yapisal gukurluklara sokularak ilerlerken, bir yandan
da bunlar arasindaki platformlar1 kaplamaya basla-
mugtir. Boylece platformlar tizerindeki yapisal (tek-
tonik) olusumlu dag bloklar1 adalara doniigm{istiir.

Holosen baglarinda (yaklasik 12 bin yil 6ncelerde)
deniz seviyesi hala bugiinkiinden 50 m kadar algak-
tadir®. Batimetrik verilere gore bu agsamada Gokge-
ada ve Oniki Adalar anakaradan ayrilmis olmakla
birlikte Bozcaada, Midilli, Sakiz, Sisam ve Kos hala
anakaraya baglidir. [zmir korfezinin biiyiik bolimii
ise yine biitliniiyle bir akarsu tagkin-delta ovasi duru-
mundadir.

30 m below the present surface in the middle of the
lower sections of Karamenderes Valley to the north
and the Kiigiik Menderes Delta to the south (Figs. 2
and 3)’. The izmir Gulf domain is a delta-flood plain
entirely supplied by rivers, and the shoreline lies to
the north of Fog¢a-Karaburun line (Fig. 1). It is natu-
ral that the deltas of that time formed off the present
shore and deep from the coast.

The rising water of the Aegean Sea, which is an
extension of the world seas, following the Last Gla-
cial Maximum, advanced toward the structural de-
pressions before the blocked shoreline morphology
of Anatolia, while covering the platforms between
them. Thus, the structural (tectonic) mountain blocks
on platforms were transformed into islands. In the
early Holocene (around 12,000 years ago), the sea
level was still 50 m lower than today®. According to
bathymetric data, Bozcaada, Midilli (Nesos), Sakiz
(Chios), and Kos (Cos) were still connected to the
mainland, while Gok¢eada and Oniki Adalar (Do-
decanese) were already isolated from the mainland at
this phase. A major part of the izmir Gulf was still a
flood-delta plain.

7KRAFT et al 2001; KAYAN 2002, 2019.
$ KAYAN-ONER 2015
KAYAN 2012, 2018.
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Holosen, soguk iklimlerden 1liman iklim 6zellikleri-
ne gecis zamanidir. Bu nedenle diinya denizleri kiiresel
olarak hizla yiikselmeye devam etmistir. Bu hizl yiik-

selis giintimiizden 7-6 bin y1l 6ncelere kadar siirmiistiir.

Kiiresel deniz seviyesi degisme egrisine gore giinii-
miizden 7-6 bin yil 6ncelerde bir yavaglama olmakla
birlikte, yiikselme giiniimiize kadar diizenli olarak
devam etmistir (Fig. 4). Ancak, bolgesel-yerel kiy1
arastirmalarina gore son 6 bin yilda deniz seviyesinde-
ki degisme modelleri farkliliklar gostermektedir. Orne-
gin Anadolu’nun Ege kiyilarinda 7-6 bin yil 6ncelerde

10KAYAN 1991.
1 GOODMAN vd 2008, KAYAN vd 2019.
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denizin bugiinkii seviyesinde oldugunu gosteren veriler
vardir. Kuzeyde, Besige kiy1 diizliigiiniin (Troya - Ka-
ramenderes delta ovasi batisi) i¢ kenarindaki karasal
etek diizliigiinde sondajla bugiinkii deniz seviyesine
inildiginde kiy1 birikintilerine girilmektedir. Bunlardan
alian denizel kavkilar *C analizleri ile giiniimiizden
5800 y1l kadar dnceye tarihlenmistir'®.

Urla Iskele diizliigiinde (Izmir) ise giincel aliivyal
ortii altinda, buglinkii deniz seviyesinde, denizin kara-
ya en ¢ok sokuldugu dénemin kiy1 sedimanlar1 4400
yil kadar 6nceye tarihlenmistir (Fig. 5)!.
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Fig. 2: Karamenderes vadisi asag1 kesimi, yiiksek
(1: 250-300 m) bir plato oniindeki algak (2: 40-80
m) plato sirtlar1 arasinda sekillenmisgtir. Orta Holo-
sen’de (6000 y1l kadar dncelerde) bugiinkii seviye-
sine yiikselen deniz bu vadiye 15 km kadar sokul-
mus ve burada bir irmak agzi korfezi olugturmustur
(3). Deniz seviyesi yiikselmesinin durmastyla kor-
fezde aliivyon birikimi baskin duruma ge¢mis ve
delta gelisim siireci ile bugiinkii aliivyal vadi taban
ovasina doniismistiir (3 ayn alan). Sagda, kirmiz1
yildizla yeri belirtilen sondaja ait stratigrafik kesit
(Log) tizerinde, deniz ilerlemesi sonrasinda, burada
degisen ortamlarda biriken sediman birimleri goste-
rilmistir. Bu ¢evre, uygun dogal 6zellikleri sayesin-
de Neolitik caglardan beri farkli insan topluluklar
icin yerlesme ve etkinlik alani olmustur. Bilinen
tarihi 5000 y1l 6ncelere dayanan Troya antik kenti,
Geg Tung Caginda Karamenderes ovasi ¢evresinde-
ki yerlesmeler iginde en gelismis olanidir (Kayan
2014).

Fig. 2: The lower Karamenderes valley is formed
between low (2: 40-80 m) plateau ridges surround-
ing a high (1: 250-300 m) plateau. The sea rose to
its present level in the Middle Holocene (6 ky ago)
and intruded into the valley for 15 km forming an
a river-mouth bay here (3). As the sea level rise de-
creased, alluvial deposition became dominant and
the bay changed into an alluvial plain with delta-
ic progradation (3 same areas). On the right, the
stratigraphy of the sedimentary units deposited in
various environments is shown in a borehole profile
(log) for which the location is marked by a red star.
This area has been the site of settlement and activi-
ty for different human communities since the Neo-
lithic period due to its suitable natural features. The
ancient city of Troy, dating back 5,000 years, is the
most developed of the settlements in the Karamen-
deres plain in the Late Bronze Age. (Kayan 2014).

THROUGH

Bedrock (Neogene)

The Holocene is a period of shift from a cold cli-
mate to warmer climatic conditions. During this pe-
riod, world seas continued to rise rapidly on a global
scale, which lasted until 7,000-6,000 years ago.

According to the global sea level change curve, this
rise has continued steadily until today, although it
slowed down 7,000-6,000 years ago (Fig. 4). However,
regional-local coastal research indicates that the mod-
els of sea level change vary for the past 6,000 years.
For example, there are some data indicating that the
sea was at its present level on the Aegean coasts of

I0KAYAN 1991.
"TGOODMAN et al 2008, KAYAN et al 2019.

Anatolia 7,000-6,000 years ago. In the north, coastal
deposits are accessible when drilled to the present sea
level in the terrestrial foot-plain on the inner edge of
the Besige coastal plain (Troy — west of Karamenderes
delta plain).

The marine shells derived from these deposits are
dated back to 5,800 years ago by “C analysis'®. In the
Urla Iskele plain (Izmir), coastal sediments of the peri-
od when the sea encroached upon the land were for the
most part dated back to 4,400 years ago at present sea
level under current alluvial cover (Fig. 5)'.
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Daha genel olarak, Anadolu’nun Ege kiy1 ovalarinda
(6rnegin Kiiciik Menderes deltas1, [zmir’in Bornova ve
Urla kiy1 diizliiklerinde), denizin karaya en ¢ok sokul-
dugu sinira kadar her yerde, yiizey yiikseltisi ne olursa
olsun, sondajlarla bugiinkii deniz seviyesine inildiginde
denizel veya kiyya ait (kumsal, kiy1 bataklig1 gibi) se-
diman birimlerine girilmektedir. Bunun anlami, denizin
giinlimiizden 7-6 bin y1l dncelerde bugiinkii seviyesine
ulagmig olmasidir. Kiiresel egriden farkli olan bu du-
rum tartisma konusudur. Ancak, bugiin kilometrelerce
icerilere kadar uzanan bu alanlarda deniz bugiinkii se-
viyesine erismeden bu denizel sedimanlarin birikmesi
miimkiin degildir. Denizin 6-5 bin yil dnce bugiinkii
seviyesine erigmesinden sonra, kiigiik salinimlar digin-
da, seviyede onemli bir degisme olmamuigtir. Ancak,
bu son agamada karadan gelen aliivyon birikimi baskin
duruma gegmis, kiy1 ¢izgisi denize dogru cekilirken,
eski korfezler aliivyonlarla dolarak bugiinkii delta ova-
lar1 sekillenmistir.

More generally, marine and coastal sediments (such as
beach, coastal swamp) can be reached everywhere at the
present sea level up to the furthest point where the border
of the sea encroached upon the land in the Aegean coastal
plains of Anatolia (for example, Kiigiik Menderes Delta,
Bornova, and the Urla coastal plains of Izmir), whatever
the surface elevation. That means the sea reached its pres-
ent level at 7,000-6,000 years ago. This is a controversial
issue, since it is in conflict with the global curve. How-
ever, before the sea reached its present level, it would not
have been possible for marine sediments to accumulate
in these areas that extend inland for kilometers. There has
been no significant change in the sea level, except a few
fluctuations, since it reached its present level 6,000-5,000
years ago. However, at this last phase alluvial deposits
from the land became dominant, and the shoreline ad-
vanced towards the sea, while former bays were filled
with alluvium, shaping the present delta plains.
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Fig. 3: Kiiciik Menderes vadisi asag1 kesimi, arizali daglik alanlar (1. Rakamlar metre olarak yaklasik yiikselti degerleridir)
arasinda, bir ¢okiintii (graben) tabaninda sekillenmistir. Orta Holosen’de (6000 y1l kadar dncelerde) bugiinkii seviyesine yiikse-
len deniz bu vadiye, gerisindeki Belevi Bogazi i¢lerine kadar (10 km kadar) sokulmus ve burada genis bir kérfez olusturmustur
(2). Yesil alanlar (3) denizin sokulamadigi yan vadilerin asag1 kesimleridir. Buralarda Neolitik hoyiikler bulunmaktadir (C:
Cukurigi, A: Arvalya). Deniz seviyesi yiikselmesinin durmasiyla korfezde aliivyon birikimi baskin duruma gegmis ve delta
gelisim siireci ile bugiinkii delta-aliivyal vadi tabani ovasi sekillenmistir (2 ayn1 alan). Sagda, kirmizi yildizla yeri belirtilen
sondaja ait stratigrafik kesit (Log) {izerinde, deniz ilerlemesi sonrasinda, burada degisen ortamlarda biriken sediman birimleri
gosterilmistir. Bu ¢evre, uygun dogal 6zellikleri sayesinde Neolitik caglardan beri farkli insan topluluklari i¢in yerlesme ve
etkinlik alan1 olmustur. Efes antik kenti bu kiiltiirel gelisim siirecinin doruk noktasini temsil etmektedir (Kraft ve ar. 2001)
Fig. 3: The lower part of the Kiiciik Menderes valley is formed at the bottom of a graben between rough mountainous areas (1.
Figures indicate approximate elevations in meters). When the sea level reached its present level in the Middle Holocene (about
6,000 years ago), water intruded into this valley up to the inner part of Belevi Strait (about 10 km) and formed a wide bay (2).
The green areas (3) are the lower parts of the tributary valleys where the sea cannot intrude. Neolithic mounds are found here
(C: Cukurici, A: Arvalya). As the sea level rise decreased, alluvial deposition became dominant and the bay changed into an
alluvial plain with deltaic progradation (2. Same areas). On the right, the stratigraphy of the sedimentary units deposited in
various environments is shown in a borehole profile (log) for which the location is marked by a red star. This area has been the
site of settlement and activity for different human communities since the Neolithic period due to its suitable natural features.
The ancient city of Ephesus represents the culmination of this cultural development process (Kraft et al. 2001).
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Fig. 4: Anadolu’nun Ege
Denizi kiyilarinda Holo-
sen’deki rolatif (karaya
gore, bolgesel) deniz se-
viyesi degisme egrisinin
bilinen iklim donemleri,
yerlesme tarihi ve kiiresel
egri ile karsilagtirmasi. (Ka-
yan 2012, 2018)

Fig. 4: Comparison be-
tween the Holocene relative
sea level curve of Anato-
lia’s Aegean coastline and
known different climatic
periods, settlement history,
and global curve. (Kayan
2012, 2018)

Fig. 5: Urla-Iskele diizliigii
tepe ve sirtlarin (1) eteklerin-
deki birikinti yelpazeleri (2)

ile cevrili kiiciik bir aliivyal
kiy1 diizligidiir (3). Bati kesi-
mi, Tung Caginda Limantepe,
bunun devami olarak Arkaik
Cagda Klazomenai yerlesme-
lerinin gelisme alani olmustur.
Diizligiin kiy1 kesiminde Holo-
sen’de yiikselen deniz bugiinkii
kiyidan en ¢ok 1 km kadar
iceriye sokulabilmistir. Sedi-
mantolojik verilerle belirlenen
bu kiy1 yakinlarinda, bugiinkii
deniz seviyesinde bulunan
denizel kavkilarin '“C tarihleri
5-4 bin y1l civarindadir. Bundan
sonraki zamanlarda karasal ve
denizel birikme ile kiy1 ¢izgisi
denize dogru ¢ekilmistir. Kir-
miz1 noktalar delgi sondaj yap-
tigimiz yerleri gostermektedir.
(Kayan ve ar. 2019).

Fig. 5: The Urla-Iskele plain

is a small alluvial coastal plain
(3), surrounded by alluvial fans
(2) at the foot of the hills and
ridges (1). The western part
was the development area of
Limantepe in the Bronze Age
and as a continuation, Klazom-
enai in the Archaic period. In
the Holocene, rising sea on the
coastal part of the plain intrud-
ed up to 1 km from the present
shoreline. This paleo-shoreline
is determined by sedimento-
logical data and the '“C dates
of the nearby marine shells at
the present sea level are around
5000-4000 years ago. Later, the
shoreline retreated by terrestrial
and marine deposition. Red
dots indicate our drilling loca-
tions (Kayan et al. 2019).
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Bu agamada, bircok yerde yapilan aragtirmalarda, 4-3
bin y1l dncelerde (Geg Tung Cagi), birka¢ metreye varan
kiigiik bir ara algalma olmustur (Fig. 4)'2. Su altinda kal-
mis kiy1 yapilart bunun goériinen arkeolojik kanitlaridir
(Fig. 6 ve 7)". Kiiresel egride de 4-3 bin y1l dncelerin
deniz seviyesi bugiinkiinden algakta bulunmakla birlikte,
bunun 6ncesinde (giiniimiizden 6-5 bin y1l 6ncelerde)
denizin bugiinkii seviyesine yiikselmis olmasi kabul gor-
memektedir. Ara algalmanin bdlgesel tektonik hareket-
lerle (Ege havzasindaki genel siibsidans) iligkili oldugu
varsayilabilir'*; ancak bununla ilgili somut morfolojik
veriler bulunmamaktadir. Ayrica, bu son donem kiiciik
seviye oynamalarinin belirtilen kanitlart Anadolu’nun
Ege kiyilarinin her yerinde gériilmektedir. Bunun i¢in
bolge morfolojisini olusturan tektonik bloklarin hepsinin
ayni zamanda ve ayn1 dlglide hareket etmesi gerekir ki bu
da beklenebilecek bir durum degildir.

Kiy1 bolgelerinin tektonik hareketlerle yiikselme veya
alcalmasiyla kiiresel modele uymayan yerel, goreli (ro-
latif) deniz seviyesi degisme drnekleri de yok degildir.
Ornegin Akdeniz Bélgesinde, Antalya korfezi dogusunda
kalan yiiksek dag kiyilarinda bugiinkii deniz seviyesinden
birkag metre yiiksekte kiy1 izleri (biyoerozyon platform-
lar1, kiy1 ¢entikleri ve rim’ler) bulunmaktadir. Kuskusuz,
tektonik yiikselme olmayan kiyilarda da bu tiir izler olus-
mugtur. Ancak bdyle yerlerde bugiin su altinda kalmig
olan bu izlerin dogrudan gézlenmesi miimkiin degildir.
Antalya korfezi batisinda kalan Akdeniz kiyilarinda ise,
ornegin Kas-Kekova’da, tarih ¢aglarina ait kiy1 yapilari,
su altinda, Ege kiyilarindakinden daha derinde bulun-
maktadir. Ege havzasinda, bazi adalarin kayalik yiiksek
kiyilarinda yerel ve goreli olarak, tektonik hareketlerle
yiikselmis kiy1 izleri bulumakla birlikte, boyle izlere
Anadolu’nun Ege kiyilarinda bugiine kadar hig rastlan-
mamustir'’.

Ote yandan, Anadolu’nun Ege Denizi kiyilart igin belir-
lenen goreli deniz seviyesi degisme modeli Holosen’deki
iklim degigmeleri ile karsilastirildiginda, belirgin bir
uyum gorillmektedir (Fig. 4). Orta Holosen’de denizin
bugiinkii seviyesine erigmesi, en az giiniimiiz kadar sicak
olan Klimatik Optimum dénemi ile uyumludur. 4-3 bin
yil dnceki kiigilik algalma ise 4200 ve 2800 yil dnceki
soguk iklim donemleri ile uyumludur. Bundan sonraki
Roma Sicak iklim donemi denizi tekrar bugiinkii seviye-
sine yiikseltmis olmalidir's. Ancak, yukarida belirtildigi
gibi, ayrintili izotop analizlerine gore yapilan kiiresel
iklim degisme modellerinin, iklim-deniz seviyesi arasin-
daki bu uyumlu iligkiyi yansitmadig1 goriilmektedir'’.

2KAYAN 1997, BRUCKNER vd 2010.
BERKANAL 2014, ARSLAN vd. 2018.
14BRUCKNER vd 2010.

SKAYAN 2004, 2012.

1 ERLAT 2009; KAYAN 2012, 2018.
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At this phase, studies carried out at several sites show
a small descend of a few meters from sea level occurred
around 4,000-3,000 years ago (Late Bronze Age) (Fig.
4)'2. Submerged coastal structures provide visible ar-
chaeological evidence (Figs. 6 and 7)"3. According to
the global curve, although sea level was lower than to-
day 4,000-3,000 years ago, it is generally not accepted
that the sea level rose to its present level before 6,000-
5,000 years ago. It is probable that intermediate decline
is associated with regional tectonic movements (general
subsidence in the Aegean basin);'* however there is no
concrete morphological data to prove this. Furthermore,
the evidence of these small-scale fluctuations can be
seen across the Aegean coast of Anatolia. This requires
movement of tectonic blocks comprising the regional
morphology at the same time and to the same degree,
which is quite unlikely.

There are also examples of local, relative sea level
changes that do not conform to the global model in terms
of the rise and decline of coastal zones due to tectonic
movements. For example, in the Mediterranean region,
there are coastal traces (bioerosion platforms, coastal
notches and rims) a few meters above present sea level
on the skirts of high mountains lying to the east of Anta-
lya Gulf. Of course, such traces have also been formed
on coasts without any tectonic rises. Nevertheless, it is
not possible to directly observe such traces, which re-
main underwater today. On the other hand, on the Medi-
terranean coast lying to the west of the Antalya Gulf, for
example in Kas-Kekova, coastal buildings from antiquity
are submerged deeper than those on the Aegean coasts.
Although there are traces of coastline raised by local and
relative tectonic movements on the high rocky coasts of
some islands in the Aegean basin, such traces have never
been found on the Aegean coasts of Anatolia'®.

On the other hand, a comparison of the relative sea lev-
el change model mapped for the Aegean coasts of Anato-
lia with climate changes in the Holocene shows that there
is a remarkable consistency (Fig. 4). The sea reaching its
present level during the Middle Holocene is consistent
with the Climatic Optimum Period, which was as warm
as today. The small decline that occurred 4,000-3,000
years ago is consistent with the cold climatic conditions
of 4,200 and 2,800 years ago. The subsequent Roman
Warm Climate must have raised the sea to its present lev-
el again'®. However, as already mentioned above, global
climate change models, which are based on comprehen-
sive isotope analyses, do not reflect this consistent rela-
tionship between climate and sea level'’.

2KAYAN 1997, BRUCKNER et al 2010.
BERKANAL 2014, ARSLAN et al. 2018.
“BRUCKNER et al 2010.

SKAYAN 2004, 2012.

1 ERLAT 2009; KAYAN 2012, 2018.
'"WAELBROECK et al 2002.



Sonug olarak bu uyumsuzluklarin nedenlerinin
belirlenmesi i¢in yeni verilerle daha ayrintili arag-
tirmalara gerek bulundugu anlasilmaktadir. Ancak,
insanlik agisindan daha 6nemli olan, bolgesel-yerel
farkliliklarin nedenlerinden 6nce, deniz seviyesi
degismelerinin gézlenebilen sonuglarinin bilinme-
sidir. Bu nedenle, bugiin i¢in jeoarkeolojik deger-
lendirmelerin dogru gozlemlerle saglanmis mevcut
veri ve bilgilere gore yapilmasi esas olmalidir.

Erken Holosen’de deniz seviyesi hizla yiikselir-
ken, denize dogru uzanan daglar 6niindeki kiyilar-
da yatay dogrultuda kiy1 ¢izgisinin yeri fazla de-
gismemistir. Buna karsilik, dag bloklar1 arasindaki
cukur alanlarda deniz ilerlemesi daha belirgin ol-
mus, Ozellikle biiyiik akarsularin yerlestigi oluklar
(graben) i¢inde deniz ilerlemesi onlarca kilometre-
yi bulmustur (Ornegin kuzeyde Karamenderes aga-
&1 vadisinde 17 km, giineyde Sel¢uk ovasinda 10
km, Biiylik Menderes vadisinde - tartigsmali olmak-
la birlikte- 40 km) (Fig. 2 ve 3)'®. Bununla birlikte,
bati-dogu dogrultulu yapisal uzanimlara uygun
yersekillerinin (daglar ve aralarindaki ¢ukurluklar:
horst ve grabenler) KB-GD ve KD-GB dogrultulu
faylarla da kesilmesi nedeniyle, biiyiik akarsular-
dan ¢ogu, kiy1 yakininda dag bloklari arasindaki
dar bogazlardan gegerek denize acilmaktadir
(Fig. 1). Bunun sonucu olarak akarsularin tasidig:
alivyonlarin biiylik boliimii igerideki gukurluklart
doldurmakta ve kiyiya ulagan miktar azalmaktadir.
Ayni1 nedenle, boyle yerlerde denizin igerilere so-
kulmasi da sinirlanmigtir (Kiigiik Menderes, Gediz,
Bakirgay). Sadece Biiyiik Menderes bunlardan
farklidir ve deniz icerilere daha c¢ok ilerlemistir.
Buna karsilik kuzeyde Edremit, glineyde Gokova
korfezleri, geride buralar aliivyonlarla dolduracak
biiyiik akarsular bulunmadigi igin yiiksek kiyilt
korfezler olarak sekillenmistir.

S1g ve alcak kiyilar, 6zellikle delta kryilari, ka-
radan gelen aliivyonlarin kiyida islenerek birikme-
siyle siirekli degisirler. Bu nedenle buralarda da
eski kiy1 ¢izgilerinin dogrudan izlenmesi miimkiin
degildir. Bununla birlikte, boyle yerlerde yapilan
s1g sondajlarla alinan sediman 6rnekleri, kiyidaki
degismelerle ilgili bilgiler saglanmasin1 miimkiin
kilmaktadir (Fig. 2 ve 3). Ornegin kuzey Ege’de
Karamenderes vadisi asag1 kesiminde 7-6 bin yil
oncelerde denizin bugiinkii Canakkale Bogazi kiyi-
sindan 17 km igerideki Piarbasi yakinlarina kadar
sokuldugu sedimantolojik ve paleontolojik verilerle
belirlenmis, “C analizleri ile tarihlenmigtir'®.

18 MULLENHOFF 2005.
KRAFT vd 1980, KAYAN 2014.
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Consequently, it seems that further detailed stud-
ies and new data are required in order to discover
the causes of these inconsistencies. Nevertheless,
for human history as a whole, knowing observable
consequences of sea level changes is more important
than knowing causes of regional-local differences.
Therefore, today it is essential to conduct geoarchae-
ological evaluations with available data and informa-
tion that are obtained by accurate observations.

While the sea level rose rapidly during the Early
Holocene, in the area before the mountains extending
towards the sea the shoreline has not changed much
on the coast in a horizontal direction. However, trans-
gression of sea is more evident in the depression areas
between mountain blocks, reaching to tens in kilome-
ters, especially in troughs occupied by large rivers
(graben) (for example, 17 km in the lower valley of
Karamenderes on the north, 10 km in the Selguk plain
on the south, and 40 km, despite being controversial,
in the Biiylik Menderes) (Figs. 2 and 3)'8. Addition-
ally, the majority of big rivers flow through narrow
straits between mountain blocks near the shore line,
protruding to the sea. This is due to the fact that geo-
graphical formations (mountains and the depressions
between them: horsts and grabens) which correspond
to west-east structural extensions, intersect with NW-
SE and NE-SW faults, (Fig. 1). As a result, most of
the alluvium transported by rivers occupies the inland
troughs, reducing the amount that reaches the sea.
For a similar reason, encroachment of the sea is also
confined in such places (Kiigilk Menderes, Gediz,
Bakirgay). Only the Biiyiik Menderes River is dif-
ferent, where the sea moved further inland. Howev-
er, Edremit Gulf to the north and Gokova Gulf to the
south have been formed as bays with high coasts due
to absence of big rivers behind them that would fill
them with alluvium.

Shallow and low shores, particularly delta shores,
constantly change due to processing and accumu-
lation of alluvial deposits from the land. Thus, it is
not possible to observe former shorelines directly in
such places. However, sediment samples from shal-
low drillings make it possible to obtain information
about coastal changes (Figs. 2 and 3). For example,
according to '*C analysis, sedimentological and pale-
ontological data reveal that 7,000-6,000 years ago in
the lower section of Karamenderes Valley in the north
Aegean, the sea encroached near Pinarbasi, which
is located 17 km inland from the shores of present
Canakkale Strait (Dardanelles)"”.

8 MULLENHOFF 2005.
YKRAFT et al 1980, KAYAN 2014.
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Burada dikkati ¢eken husus, Pinarbasi onlerinde,
Karamenderes’in Araplar bogazindan ¢ikip tas-
kin-delta ovasina agildigi kesimde, 15 m kadar yiik-
seklikteki ylizeyden sondajlarla buglinkii deniz sevi-
yesine inildiginde, 6 bin y1l 6nce deniz seviyesinde
bulunan ortamlara ait kiy1 birikintilerine girilmesidir
(Fig. 2). Bu da bu kiyilarda goreli (rolatif) olarak,
deniz seviyesinin giiniimiizden 6 bin y1l 6ncelerde
bugiinkii seviyesine ulagmis oldugunun 6nemli ka-
nitlarindandir.

Deltalar gibi algak kiyilarda kiy1 ¢izgisinin yeri,
deniz seviyesi degismesi ve karadan gelen aliiv-
yonlarin birikmesi arasindaki dengeye gore belirir.
Kuskusuz, deniz seviyesinin algakta bulundugu
zamanlarda da akarsular kiyiya aliivyon getirmistir.
Ancak, deniz seviyesi yiikselmesinin hizli oldugu er-
ken Holosen’de (12-7 bin yil 6ncelerde), akarsularin
getirdigi aliivyonlar, hizla ilerleyip genisleyen deniz
alanimi (irmak agz1 korfezleri) doldurmaya yetme-
migtir. Orta Holosen’de (7-5 bin y1l 6ncelerde) deniz
seviyesi yiikselme hizi yavagladig1 veya durdugu igin
akarsularin getirdigi aliivyonlarin akarsu agzi kor-
fezlerde birikimi daha baskin olmus, bu defa delta

It is important to note that in the section where
Karamenderes leaves the Araplar Strait before Pinar-
basi and protrudes into the flood-delta plain, coastal
deposits at sea level for 6,000 years ago are accessible
when the present sea level is drilled from a 15 m high
surface (Fig. 2). This is important evidence for the
fact that, in a relative sense, the sea reached its present
level at 6,000 years ago on this coastline.

On low shores such as deltas, location of the shore-
line is determined according to the balance between sea
level change and the deposit of alluvium from the land.
Undoubtedly rivers transported alluvium to the shore
even when the sea level was low. However, in the early
Holocene (12,000-7,000 years ago) during which the
sea level rise was rapid, alluvium transported by riv-
ers was not enough to fill marine space (lower valley
bottoms) that moved and expanded rapidly. During
the Middle Holocene (7,000-5,000 years ago) alluvial
deposition was more dominant in coastal embayments
as the rise in sea level slowed or ceased, so the shoreline
advanced toward the sea due to the protrusion of delta
plains at this time (Fig. 8). It is not possible to doc-

2 KAYAN 2014.
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diizliiklerinin ilerlemesiyle kiy1 ¢izgisi denize dogru
¢ekilmigtir (Fig. 8). Bu siireci deltalarda yiizeyden
belirlemek iki nedenle miimkiin degildir. Birincisi,
deltalar karadan gelen aliivyonlarin kiyida islenerek
birikmesiyle sekillerin siirekli degistigi yerlerdir. Ote
yandan, delta ilerledik¢e akarsuyun boyu uzar, profili
yatiklasir, tasima giicii azalir ve tagkin frekansi artar.
Boylece geride kalan diizliikler aliivyonlarla kaplanir
ve ylizey giderek yiikselir. Bu nedenle, buralarda
altta kalan kiy1 ortamlar1 (kiy1 6nii, kumsal, kiy1 kor-
donu, lagiin, kiy1 bataklig1, kumul gibi), ancak s1g
sondajlarla alinan sediman &rneklerinin analizleriyle
belirlenebilmektedir. Bunlarin kronolojik verilerle
(**C analizleri, arkeolojik veriler gibi) birlestiril-
mesiyle de paleocografya haritalar1 hazirlanmakta,
deniz seviyesi ve kiy1 ¢izgisi degismeleri izlenebil-
mektedir.

Geg Tung Caginda deniz seviyesinin 2-3 m kadar
algalmasi aliivyon birikmesi ve delta ilerlemesini
hizlandirmis olmalidir. Ornegin Troya dnlerindeki
Karamenderes delta ovasinin bu dénemdeki ilerleme
hizinin arttig1 paleocografya degerlendirmeleriyle
ortaya konulabilmistir (Fig. 3).°

ument this process in deltas from the surface for two
reasons. Firstly, the shape of a delta changes continu-
ously with the processing and deposition of alluviums
on the shore. Secondly, as the delta advances, the river
channel gets longer, its profile becomes less inclined,
its ability to transport is diminished, and flood frequen-
cy increases. Thus, the remaining plains become cov-
ered with alluvium, and the surface increasingly rises.
Consequently, coastal sedimentary environments (such
as shoreface, beach, sandbar, lagoon, coastal swamp,
and sand dune) can only be identified by analysis of
sediment samples obtained by shallow drilling. In or-
der to monitor sea level and shoreline changes, these
need to be combined with chronological data (such as
1C analysis, archaeological data) to produce paleogeo-
graphic maps.

A decrease in sea level of around 2 to 3 meters during
the Late Bronze Age would have accelerated the depos-
it of alluvium and the advance of the delta. For exam-
ple, paleogeographic studies reveal that the advancing
rate of the delta increased in the Karamenderes delta
plain in front of Troy during that period (Fig. 3)*.

W KAYAN 2014.



Buna karsilik, bu algalmadan sonra, bugiine dogru
olan son kiigiik yiikselmede denizin karaya dogru iler-
lemesinin izleri belirgin degildir. Bunun nedeni, Erken
Holosen’dekine gore cok daha yavas olan bu birkag
metrelik ylikselme sirasinda karadan gelen aliivyon
miktarinin, yiikselme ile olan ilerlemeyi karsilayabil-
mig olmasidir. Yeterli aliivyon biriken kiyilarda deniz
seviyesindeki kiigiik yiikselmeye ragmen, son donem-
de delta ilerlemesi belirgin olarak devam etmigtir. Bu
durumda, birbirine ¢ok benzeyen kiy1 ortamlarina (6r-
negin kiy1 bataklig1 ve lagiin) ait sediman ve mikrofo-
siller ayn1 alanda karigmuglardir. '“C gibi tarihlendirme
analizleri de bu karigma nedeniyle genellikle giivenilir
olmamaktadir (bazen ayn1 seviyeden alinan 6rneklerin
cok farkli tarihler vermesi veya stratigrafiye uymayan
tarihlerin ¢ikmasi gibi). Bu nedenlerle, son kiiciik
seviye oynamalarinin morfolojik ve kronolojik olarak
ayirt edilmesi her yerde miimkiin olamamaktadir. So-
nug olarak, 6zellikle artik ¢aglara ait kiy1 yapilarinin
bugiin deniz seviyesi altinda bulunmasi, Geg Tung
Cagindan beri (yaklasik son 3 bin yilda) deniz seviye-
sinin 2-3 m kadar yiikseldiginin goriiniir kanit1 olarak
degerlendirilmektedir. Bu durum kiiresel deniz sevi-
yesi degisimine de uymaktadir. Ancak, kiiresel egrinin
dayandig1 veriler Orta-Ge¢ Holosen salinimlarini yan-
sitmamaktadir (Fig. 4).

JEOARKEOLOJIK DEGERLENDIRMELER

Jeoarkeoloji, tarih 6ncesi gaglardan beri insan ile
onun fiziki ¢evresi arasindaki iliskilerin degerlendiril-
mesinde yer-doga bilim alanlarindan, bunlarin arag-
tirma yontemlerinden yararlanilmasiyla gelisen gok
disiplinli bir bilim dalidir. Burada jeo- 6n eki sadece
veya oncelikle jeoloji-arkeoloji iliskisini yansitmakla
birlikte, jeoarkeoloji, gliniimiizdeki uygulamalarinda
cok genis bir konu ¢esitliligi igermekte, yer bilimleri si-
nirlariin gok 6tesine yayilmig bulunmaktadir. Bununla
birlikte, insan yasamu igin gerekli her tiirlii varligin
yeryliziinde olmasi, yeryiiziiniin bilimi olan cografyay1
jeoarkeolojide one ¢ikarmaktadir. Cografya, yeryiiziin-
de etkili olan tiim fiziksel ve biyolojik siiregleri, insanin
bu yiizey lizerindeki varlik ve geligimini, kiiltiirlerin
sekillenmesinde ve cesitlenmesinde dogal ¢evre 6zel-
liklerinin etkilerini inceler. Cografyanin veri kaynagi
bugiinkii yeryliziidiir. Ancak bugiinkii goriiniim zaman
icinde siiren bir gelisimin sonucudur. Bu nedenle, bu-
giinii anlamak i¢in gegmise bakilmasi, farkli siireglerin
ve zaman i¢inde bunlarin etkilesimlerinin izlenmesi
gerekir. Boyle bir yaklagim da paleocografya olarak ta-
nimlanir. Buna gore, konusu eski zamanlara ait oldugu
icin arkeolojik arastirmalar kapsaminda kurulmasi ge-
reken mekansal iligkiler, agirlikh olarak paleocografya
alanina girmektedir®!.

2 KAYAN 2018.
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Nevertheless, subsequent to the decline, traces of
sea encroaching upon land during the most recent
small rise up to today are not apparent. This is because
the amount of alluvium from the land during this sev-
eral-meter rise, which was much slower than in the
Early Holocene, was able to counterbalance the ad-
vance of the sea resulting from this rise.

Despite a small rise in sea level on the coasts with
sufficient alluvial deposit, advance of the delta has pre-
dominately continued during the recent period, resulting
in a mixture of sediment and microfossils belonging to
similar littoral environments (e.g., coastal swamps and
lagoons). Due to this mixture, dating analysis such as
1C is often not reliable (sometimes samples from same
level produce very diverse dates or dates which are in-
compatible with stratigraphy). Therefore, it is not possi-
ble to morphologically and chronologically distinguish
the most recent minor fluctuations in level everywhere.
As a result, submerged coastal structures, particularly
those from antiquity, are considered to be visible evi-
dence of sea level rise up to 2-3 m since the Late Bronze
Age (over the past 3,000 years). This is also consistent
with global sea level change. Nevertheless, the data on
which the global curve is based do not reflect the Mid-
dle to Late Holocene fluctuations (Fig. 4).

GEOARCHAEOLOGICAL EVALUATIONS

Geoarchaeology is a multidisciplinary science that
has benefited from geological and natural sciences and
the research methods of those fields, which evaluate
the relationship between humans and their physical
environments from prehistoric times to the present. Al-
though the prefix geo- here is used primarily to reflect
the relationship between geology and archaeology, to-
day geoarchaeology covers a wide range of topics, ex-
tending beyond the limits of geology. Additionally, the
existence of all sorts of resources required for human
life on earth pull geography, an earth science, into the
forefront of geoarchacology. Geography examines all
of the physical and biological processes that impact the
Earth and the existence and evolution of humankind on
its surface, as well as the role of natural environmental
conditions in shaping and diversifying cultures. Geog-
raphy’s data source is today’s Earth, where the appear-
ance of today’s landscape is a result of development
over time. Therefore, in order to understand the present,
it is necessary to look at the past and observe various
processes and their interaction over time; this approach
is defined as paleogeography. Accordingly, historical
spatial relations that should be established within the
scope of archaeological studies are mainly in the field
of paleogeography?'.

2 KAYAN 2018.
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Denizcilik Arkeolojisi Dergisi

Google Earth

Fig. 6: Yiiksek kiyilar dniinde, su altinda kalmis liman yapilarina bir 6rnek: Assos limani. Arkaik Cagdan beri varligi bi-
linen mendirek yapisi (Arslan vd. 2018). Giincel mendirek altinda da su altinda kalmis eski bir mendirek bulunmaktadir.
Fig. 6: An example of submerged harbour structures on a steep mountain coast: Assos harbour of the Archaic

period (Arslan et all. 2018). There is an old breakwater too, under the current breakwater.
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Ege havzasi, 1liman Akdeniz iklim bdlgesi iginde
insan yasami igin cok elverisli, 6zel bir yer tutar. Ana-
dolu’nun Ege Denizi kiyilarinin ¢ok girintili ¢ikintilt
uzanigina bagli ortam cesitliligi ise 6zellikle denizci
toplumlar igin tarih dncesi ¢caglardan beri ¢ok ¢ekici
olmustur. Denize uzanan yiiksek dag kiyilar1 arasinda,
akarsularin yerlesip sekillendirdigi cukurluklarin kiy1-
larinda deltalar geligmistir. Deltalar morfolojileri hizla
degisen, buna uygun olarak gesitli yagama ortamlarinin
olustugu ¢ok 6zel alanlardir (Fig. 8).

Neolitik Cagda (yaklasik 11-7 bin yil dnceler), deniz
seviyesi yiikselerek denize agilan vadi ¢ukurluklarina
sokulurken, dogal kaynaklara daha bagimli olan insan
topluluklar1 boyle alanlarin ekolojik zenginliginden
yararlanmak i¢in buralar1 yerlesme yeri olarak tercih
etmislerdir. Kara tarafindaki akarsular tatl su gerek-
sinimini karsilamigtir. Tatli-tuzlu sularin karistig kiy1
zonlarinda ise kiy1 6niindeki sigliklar ve kiy1 gerisin-
deki lagiinler, uygun biyolojik 6zellikleri ile ¢esitli ve
zengin denizel besin kaynagi (balik ve kabuklu deniz
canlilar1) alanlar1 meydana getirmistir. Bunlarla besle-
nen birgok su kuslar1 ve tatli suya gelen kara av hay-
vanlari ise diger bir hazir besin kaynagi olmustur. Ote
yandan, yerlesik hayata gecen insan i¢in yeni olusan
aliivyal alanlarin (taskin ovalari) tarim i¢in uygunlugu,
gerideki daglik alanlarin heniiz tahrip edilmemis or-
man varlig1 (av alan1 ve yapacak-yakacak agac varligi
ve giderek odun kdmiirii iiretim kaynagi olarak) da
onemli zenginlik kaynaklaridir. Cografi ¢evrenin 6zel-
liklerinden kaynaklanan bu zenginlik ekonomik, kiiltii-
rel ve teknolojik gelismeye yansimis, giderek bolgenin
Ozglin lirlinleri olan zeytin-zeytinyag1 ve lizim-sarap
iiretimi 6ne ¢ikmistir. Bunlarin deniz yoluyla ticare-
ti, limanlarmm ve liman kentlerinin gelisimine neden
olmustur. Kalkolitik ve Tung ¢aglarindan baglayarak
onem kazanan maden ve odun komiirii ticaretiyle li-
man kentleri gelismis, kentler daha da zenginlesmistir.

Neolitik ve Kalkolitik ¢caglarda insan etkinliklerinin
yogunluk kazandig, 6zellikle deltalar gibi algak kiy1
alanlarinda, deniz seviyesi yiikselmesinin yavaslamasi
veya durmasit ile aliivyon birikimi daha etkin duruma
gecmis ve aliivyonlarla kaplanan bu alanlarin giinii-
miizde belirlenmesine imkan kalmamistir. Ote yandan,
Anadolu’nun Ege kiyilarinda belirlenebilen Tung Cag1
yerlesme yerlerinin temelleri ve bu ¢aglarda insanlarin
liman olarak kullandiklar1 kumsallar (6rnegin Urla-Li-
mantepe), bugiin deniz seviyesi altindadir (Fig. 7).
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The Aegean basin is a very suitable place for human
life within the temperate Mediterranean climate. Par-
ticularly for seafarers, the diversity of environment re-
sulting from the highly indented nature of the Aegean
coasts of Anatolia has been an attraction since prehis-
toric times. Deltas developed between high mountains
that extend to the sea on the shores of depressions that
contain streams. Deltas are very special areas with rap-
idly changing morphology, and accordingly enable the
formation of various habitats (Fig. 8).

During the Neolithic Age (around 11,000-7,000 years
ago), when the sea level rose and the sea encroached
upon valley depressions, human groups preferred to set-
tle down in such places in order to benefit from abun-
dant ecological resources. The streams on the land side
met their freshwater requirements. In the coastal zones
where freshwater and saltwater were mixed, the shal-
lows in front and lagoons behind the shores created ar-
eas of diverse and rich marine food resources (fish and
shellfish) with their useful biological features. Many
waterfowl and terrestrial game animals that relied upon
these resources for nourishment become another source
of nutrition. On the other hand, after human transition
to settled life, the potential of newly-formed alluvial ar-
eas (flood plains) for agriculture, and the presence of
still-untouched forests in the mountainous areas behind
(as a source for hunting areas, firewood, and the gradu-
al use of wood-coal as a resource for production) were
among other major resources. The wealth resulting
from resource-rich aspects of the geographical environ-
ment that became reflected in economic, cultural, and
technologic development, as well as olive-olive oil and
grape-wine production (products specific to the region),
increasingly came to the forefront. Trade by sea result-
ed in the development of harbors and harbor cities. The
metal and wood-coal trade, which became important
beginning in the Chalcolithic and Bronze Ages, led to
flourishing harbor cities and prosperous cities inland.

During the Neolithic and Chalcolithic ages in low
coastal areas, such as deltas where human activity was
more intensified, slowing or ceasing of sea level rise
resulted in further activation of alluvial deposits. This
has made it impossible for us to identify settlement ar-
eas covered by alluvial deposits. On the other hand, the
foundation of Bronze Age settlements that can be iden-
tified on the Aegean coasts of Anatolia and the beaches
that were used as harbors during these periods (e.g., Ut-
la-Limantepe) are now below sea level (Fig. 7).
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Fig. 7: Urla-iskele kiyisinda Limantepe “Tung Cag1 batik limani”nin Google Earth (16.03.2019) gériintiisii. Liman mendi-
regi gercekte dogal olusumlu bir su alt1 kum birikimidir (1.kiy1 oku: spit). Sonraki ¢aglarda (Arkaik) bunun taslarla giiclen-
dirildigi veya yiikseltildigi belirtilmektedir (Erkanal 2014). Buna gore mendirek gerisindeki korunakli alan (2) liman olarak
kullanilmistir. Liman iginde ve mendirek lizerinde sualti arkeolojik kazilar1 yapilmaktadir (dortgen seklindeki izler). Karada
ise Tung Cagindan baglayan yerlesme kalintilar1 bulunmakta, burada da kazilar yapilmaktadir (3).

Fig. 7: Google Earth image (16.03.2019) of the “Bronze Age sunken harbour” on the Urla-Iskele coast. The breakwater is,
in fact, a natural underwater sand deposit (1. Coastal spit). In later periods (Archaic) this was apparently strengthened or
raised with stones (Erkanal 2014). For this reason, the protected area (2) in the remains of the breakwater was used as a har-
bor. Within the harbor and upon the breakwater, archaeological excavations are in process (traces in the shape of a square).
On land, as there are settlement remains beginning from the Bronze Age, excavations are in process here, as well (3).
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Fig. 8: Biiylk Menderes deltasinin Google Earth
gortintiisii. Deltalar kiy1 zonlarinin en dinamik bdlim-
leridir. Deniz seviyesi, iklim, bitki ortiisii, insan arazi
kullanim1 gibi etkenler deltalarin gelisimi iizerinde
onemli etkiler yapar. Bu nedenle paleocografya arastir-
malari igin deltalar dnemli veri kaynagidir. Akarsularin
getirdigi aliivyonlar once kiy1 6niinii doldurur. Yiizey
deniz seviyesine ulaginca, kiyr oniinde olugan kum
sirtlart (barier) gerisinde, tatli ve tuzlu sularin karigtigt
lagiinler sekillenir. Bunlarin kara tarafi genellikle kum-
luk alanlardir. Bu kiy1 sekil toplulugu denize dogru il-
erledik¢e (progradasyon) gerideki alanlar akarsularin
taskinlartyla yayilan aliivyonlarla kaplanir ve yiizey
giderek yiikselir, tagkin ovalart olusur. Deltalarin bu
degisik morfolojik birimleri, farkli ekolojik dzellikleri-
yle ¢ok cesitli bitki ve hayvan tiirlerinin uyum sagladig
yasama alanlaridir. Bu nedenle, ozellikle yasamak
icin dogaya daha bagimli olan erken donem (Neolitik,
Kalkolitik) insan topluluklari boyle alanlarda yogun bir
sekilde yasamislar, yerlesmisler, dogal zenginliklerin-
den yararlanmiglardir. Ancak, mimarinin heniiz gelis-
medigi bu erken donemlerin silik izleri bugiin aliivyon-
lar altinda kalmistir. Bu donemlere ait yerlesme yerleri
(hoyiikler) veya yiizeysel kalintilardan sadece cevre
yamaglardakiler dogrudan belirlenebilmektedir. Biiyiik
Menderes deltasi, tim bu 6zelliklerin en iyi gortldiigii,
Anadolu’nun Ege Denizi kiyilarinin en tipik deltasidir.
Ancak, havzanin yiiksek kesimlerindeki barajlar, ova-
da kanal i¢ine alinan drenaj sistemi ve delta kiyisinin
acik denize ulagsmis olmasi nedeniyle giiniimiizde delta
gelisimi dogal niteligini kaybetmistir.

Fig. 8: Google Earth image of the Biiylik Menderes
delta. Deltas are the most dynamic parts of the coastal
zones. Factors such as sea level, climate, vegetation, and
human land use have significant effects on the develop-
ment of deltas. For this reason, deltas are important data
sources for paleogeographic research. The alluviums
brought by the streams first fill the shoreface. When the
surface reaches ea level, sand bars and barriers devel-
op near-offshore, and lagoons form behind them with
a fresh and salt water mixture. Their land side is gener-
ally comprised of sandy areas (dune field). While this
coastal zone advances towards the sea (progradation),
the areas behind it are covered with alluvium spread by
the floods of the rivers, and the surface rises and flood
plains form. These different morphological units of the
deltas with their different ecological characteristics are
the habitats where a wide variety of plant and animal
species adapt. For this reason, since they were more
dependent on nature to live, the early (Neolithic, Chal-
colithic) human communities especially lived in such
areas in an intensive way, settled, and benefited from
their natural wealth. However, the few remains of these
early periods, when architecture had not yet developed,
were covered by alluvium and disappeared. Only the
remains on the surrounding slopes can be identified di-
rectly from the settlements (mounds) or surface remains
of these periods. The Biiyiik Menderes delta is the most
typical delta of the Aegean coast of Anatolia, where all
these features are best seen. However, due to the many
dam constructions in the upper part of the basin, the
canalized drainage system in the lower plain, and the
fact that the delta coast has reached the open sea, the
delta has lost its natural development process.
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Buna gore bu donemlerde (Yaklagik 4-3 bin yil
oncelerde) deniz seviyesi goreli olarak bugiinkiinden
birka¢ metre algakta olmalidir. Giiniimiizden 3000
yil 6ncelerde goglerle Yunanistan ve Ege adalarindan
gelen kavimlerin Anadolu kiyilarindaki kolonizasyo-
nu sirasinda da yiikselmekte olan deniz seviyesinin
bugiinkiinden, hala 2-3 m metre kadar algakta oldugu
anlasilmaktadir.

Arkaik, Helenistik, Roma c¢aglar1 ise bugiinkii sevi-
yeye olan son yiikkselmenin son agamasina rastlamak-
tadir (Fig. 4). Bu donemlere ait kiy1 yapilari da birgok
yerde, kiy1 6niinde ve gerisinde, 1-2 m kadar deniz
seviyesi altindadir. Bu ¢aglara ait basta limanlar olmak
lizere tlim kiy1 yapilarinin kullanilamaz duruma gel-
mesi ve genellikle bugiinkii kiyidan i¢eride bulunma-
sinin (Milet, Priene, Efes) asil nedeni, deniz seviyesi
degismesinden ¢ok, aliivyon birikmesi ile siiren delta
ilerlemesidir (Fig. 8)*.

Sonug olarak, son 3 bin yilda deniz seviyesinin hafif-
ce ylikselmesine ragmen, denizde karaya dogru ilerle-
me olmamigtir. Bunun nedeni, karadan gelen aliivyon
miktarinin yiikselmeyi telafi ederek kiyiy1 doldurmaya
devam etmesidir. Boylece kiy1 ¢izgisi denize dogru
cekilmesini siirdiirmiistiir. Aliivyonu olusturan dogal
erozyona ek olarak, kiy1 bolgelerinde tarih ¢aglar
boyunca insan kaynakli erozyon artigi da etkili olmus
olabilir. Ornegin yiikselen refahla artan niifusun zorla-
masi sonucu dogal bitki drtiisiiniin, 6zellikle yakacak
ve yapacak ihtiyacina bagli olarak artan orman tahri-
binin bu konuda 6nemli bir etken oldugu iizerinde hep
durulmaktadir®.

Ote yandan, deniz seviyesinde ilerleyen delta diiz-
likkleri, zamanla taskin aliivyonlari ile kaplandig: igin,
kiy1 gerisindeki antik yerlesme alanlari da bugiinkii
yiizey altinda kalmistir. Ornegin Selguk ovasina soku-
lan denizin kiyisinda yapilan Efes Artemis tapinaginin
ve geri gevresindeki Helenistik-Roma ¢aglarina ait
mimari kalintilarin temelleri bugiinkii yiizeyden 5 m
kadar derinde, bugiinkii deniz seviyesinde bulunmakta-
dir (Fig. 3)**. Ayn1 durum Urla’daki Limantepe-Klazo-
menai kalintilar1 igin de gegerlidir (Fig. 5 ve 7). Kuzey
Ege’de 30 m kadar yiiksekte bir platio sirtt ucunda
bulunan Troya’nin kuzey eteginde, dénemin kiy1 diiz-
ligiinde de bugiinkii yiizeyden 7 m kadar derinde (bu-
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giinkii deniz seviyesi) Troya VI donemine kadar bu-
ranin kullamldigim gosteren kalintilar bulunmaktadir
(Fig. 3)®. Milet ve Priene kent ve limanlar1 da bunun
diger klasik 6rnekleridir®.

Son 3 bin yillik donemde de kiigiik iklim salinim-
lar1 olmustur. Sicak Roma Cag1 ve sonrasinda daha
kiiclik salimimlarla seyreden Kiiciik Buzul Cag1
bunlarin en belirgin olanlaridir (Fig. 4)*”. Ancak,
bunlarin deniz seviyesi degismeleri lizerindeki etki-
lerini gosteren somut veriler bulunmamaktadir. Ote
yandan, Bat1 Anadolu’nun aktif bir tektonik bolge
olmasi nedeniyle, Ege antik kentlerinin hepsinde za-
man zaman yikici depremlerin oldugu bilinmektedir.
Ancak, tektonik hareketlerin iklim degismelerine
gore ¢ok daha yavas seyretmesi nedeniyle, son 3 bin
yilda delta gelisiminin bu hareketlerden etkilendigini
gosteren bir veri de bulunmamaktadir. Sonug olarak
bu son donemde algak kiy1 kesimlerinin sekillenme-
sinde etkili ana etmen aliivyon birikimi olmustur.
Teorik olarak klimatik ve tektonik etmenlerin bu
stireci bir sekilde etkiledigi varsayilabilir. Ancak, bu
kii¢iik etkileri ¢ok dinamik bir sedimantasyon ortami
olan delta kiyilarinda ayirt etmek ve bunlarla ilgili
genellemeler yapmak yaniltici olabilir. Bu konularda
farkli yontemlerle yapilan aragtirmalarin sonuglarini
simdilik yerel boyutta degerlendirmek daha uygun
olacaktir.

Biiyiik tektonik ¢ukurluklara yerlesmis olan Biiyiik
Menderes ve Kii¢iik Menderes gibi akarsularin del-
talar1 bugiin daglik alanlar hizasinda, daha derin olan
acik denize ulasmis durumdadir (Fig. 1). Bu neden-
le, bundan sonra ilerlemeleri daha yavag olacaktir.
Farkl1 bir 6rnek olarak kuzeyde Troya Onlerindeki
Karamenderes deltasinin ilerlemesi ise Canakkale
Bogazina erismesiyle sona ermistir. Bunun nedeni
bogazdaki akintinin gelen aliivyonu Ege Denizine
siiriiklemesidir. Ote yandan giiniimiizde cesitli amac-
larla yapilan biiyiik barajlar akarsularin yukari hav-
zalarindan gelen su ve aliivyonlari tutmakta, kiyiya
ulasan miktarlarini ¢ok azaltmaktadir. Bu nedenle
de delta ilerlemesi artik gok yavaslamis, hatta bazi
kiyilarda delta kiyilar1 birikme degil, asinma siirecine
gecmistir. Bunun en goze ¢arpan drneklerinden biri
Madra cay1 deltasinin Altinova kiyilaridir?.
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That means that during this period (around 4,000-
3,000 years ago) the relative sea level was several
meters lower than today. It appears that the sea level
was still 2 to 3 meters lower than today 3000 years ago,
while it was still rising during the colonization of peo-
ple who migrated from Greece and Aegean islands to
the Anatolian coasts.

The Archaic, Hellenistic, and Roman periods corre-
spond to the last phase of the final rise to the present lev-
el (Fig. 4). Coastal structures from these periods are also
located 1 to 2 m below sea level in many places, either
before or behind the shore. The main reason why those
coastal structures, primarily harbors, became unusable
and are now typically located inland far from present
shore (e.g. Miletus, Priene, Ephesus), is not associated
only with sea level change, but rather the ongoing ad-
vance of the delta due to alluvial deposits (Fig. 8)*.

In conclusion, there has been no encroachment by the
sea towards the land despite a slight rise in sea level
during the past 3,000 years, because the amount of allu-
vial deposits has compensated for the rise of the sea and
continued to fill up the shore. Thus, the shoreline has
continued to advance seaward. In addition to the natural
erosion which makes up the alluvial deposits, increased
human-made erosion may have been a factor in coastal
zones throughout history. For example, increased de-
struction of natural vegetation cover, and particularly of
forests related to requirements for wood fuel and driven
by increasing population, as well as the enhanced wel-
fare of that population, have always been highlighted as
important factors in erosion®.

On the other hand, as delta plains advancing to sea
level have been covered with flood alluvium over time,
the ancient settlements behind the shores have remained
under the present sea level. For example, the foundation
of the Artemis temple in Ephesus and the architectural
remains from the Hellenistic-Roman periods behind it,
which were built on the shore of the sea that encroached
upon the Selguk plain, are 5 m deeper than today’s sur-
face at the present sea level (Fig. 3)**. The same is valid
for the Limantepe-Klazomenai remains in Urla (Figs. 5
and 7). On the northern skirt of Troy, situated on the
edge of a 30 m high plateau ridge in the northern Aege-
an, there are remains on the coastal plain from this peri-
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od at a depth of 7 m below today’s surface (present sea
level) indicating that the site was occupied until Troy VI
(Fig. 3)®. Other classical examples include the ancient
cities and harbors of Miletus and Priene®.

During the past 3,000 years, there have been minor
climatic fluctuations. The Roman Warm Climate and
subsequent Little Ice Age are among the most remark-
able ones (Fig. 4)”. Nevertheless, no concrete data is
available indicating their impact on sea level changes.
On the other hand, it is known that all of the ancient
settlements in the Aegean have experienced devastating
earthquakes from time to time since western Anatolia is
an active tectonic region. However, there is also no data
showing that delta development has been influenced by
tectonic movements during the past 3,000 years, due to
the much slower course of such movements compared to
climatic changes. Consequently, alluvial deposits appear
to have been the main factor effective in shaping low
coastal zones during this recent period. Theoretically it
can be assumed that climatic and tectonic factors were
also involved in a way in this process. However, it may
be misleading to distinguish these minor effects on a
delta shore, which is a quite dynamic area of sedimenta-
tion, or to extrapolate these effects. For now, it is more
appropriate to evaluate results of studies that have been
carried out using different methods on a local scale.

The deltas of rivers such as the Biiyiilk Menderes
River and the Kii¢iik Menderes that occupy large tec-
tonic depressions have reached deeper open sea where
they are at the scale of mountainous areas (Fig. 1).
Consequently, they will advance much more slowly
from now on. As a different example, in the north the
advance of the Karamenderes Delta in front of Troy
ended when it reached the Canakkale Strait (Darda-
nelles), because the strait current swept the advancing
alluvial deposits into the Aegean Sea. Furthermore,
large dams that have been constructed for several rea-
sons at present contain the water and alluviums from
the upstream basins, substantially reducing the amount
reaching the shore. Therefore, the advance of the del-
ta has been substantially slowed down, and the delta
shores have even begun an erosion rather than a depo-
sition process. One of the most striking examples is
the Altova coast in the delta of the Madra River?.
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