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0zZET

Karya bolgesinin bagkenti olan Halikarnasos antik
kentinin limaninda yer alan sualtinda kalmis mendi-
rek lizerinde denizel jeoarkeolojik calisma gergek-
lestirilmistir. Yapiin mevcut durumunu ve orijinal
zeminini belirlemek amaciyla batimetrik ve sismik
veri toplanmistir. Mimari kalintinin giincel seviye-
sinin detayli 6l¢iimii yapilarak buzul statik-izosta-
tik deniz seviyesi degigsimleri ile karsilagtirilmistir.
Mendiregin yani sira, Bodrum Kalesi’nin giine-
yinde yer alan arkeolojik ve jeomorfolojik yapilar
tizerinde de bir inceleme yapilmistir. Antik ¢agin
en dnemli sehirleri arasinda yer alan Halikarnassos
limanina ait kalint1 {izerindeki ilk detayli jeoarkeo-
lojik caligma tarafimizdan gergeklestirilmistir. So-
nuglar, Bodrum kiyilarindaki goreli deniz seviyesi
degisimlerinin biiylik oranda diisey tektonik hare-
ketlerden kaynaklandigini ortaya ¢ikarmistir.

ABSTRACT

A marine geoarchaeological survey was perfor-
med on submerged mole remains located in the
harbor of ancient Halicarnassus, the capital city
of the Caria region. Bathymetric and seismic data
were collected in order to reveal the current con-
dition of the structure and to identify its original
foundation. Current elevation of the remains was
measured in detail, and compared to the eustatic —
isostatic sea level changes. In addition to the mole,
a survey was also carried out on the archaeological
and geomorphological structures along the southern
shoreline of Bodrum Castle. We have performed
the first detailed geoarchaeological study on the
remains of Halicarnassus harbor, which is one of
the most important cities of antiquity. The results
suggest that the relative sea level changes along the
coast of Bodrum are mostly due to vertical tectonic
movements.
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1. GIRIS

Glineybat1 Anadolu cografyasini kapsayan antik
Karya bolgesi, dogu ve bati kiiltiirleri arasindaki
deniz ticaret iliskisinde oldukg¢a 6nemli bir konuma
sahip olmustur (Fig. 1). Girintili ¢ikintili kiy1 yapist
ile gemiler icin elverigli dogal limanlar saglayan
bolgede Geg Hellenistik Donem’den Bizans Done-
mi’ne kadar tarihlenen ¢ok sayida 6nemli yerlegim
kurulmustur. Yogun bir denizel faaliyeti gdsteren
s0z konusu kiy1 yerlesimleri arasida gelen Myndos
(Glimiigliik), Halikarnassos (Bodrum), Kedrai (Sedir
Adast), Knidos (Datca), Tymnos (Bozburun), Thys-
sanous (Sogiit) vd. kentlere ait baz1 yapilar, Ostatik-i-
zostatik deniz seviyesi ylikselimi ve bolgesel tekto-
nik ¢6kmenin beraber etkisi nedeniyle giiniimiizde
sular altinda bulunmaktadir'.

Sualtinda kalmis mimari yapilar, deniz seviyesi
degisimleri lizerine yapilan jeoarkeolojik ¢aligmalar
i¢in 6nemli veriler saglar?. Dogrudan deniz seviyesi
ile iligkili olduklarindan 6zellikle mendirek, rihtim,
dalgakiran, ¢cekek yeri ve balik havuzlar gibi yapilar
giivenilir deniz seviyesi gostergeleridir’. Mimari ka-
lintilarin modern deniz seviyesine gore derinligi; inga
edildigi ya da son kullanildig1 donem ile buzullara
bagli deniz seviyesi degisimi gdz Oniine alinarak,
bolgesel diisey tektonik hareket orani hesaplanabil-
mektedir. Sualtinda kalmig arkeolojik kalintilarin
yant sira, kirectasi sahillerinde goriilen gel-git gentigi
gibi jeomorfolojik olusumlar da eski deniz seviyele-
rini gosteren énemli yapilardir,

Giintimiizden yaklasik 20 bin y1l 6nce buzullar
erimeye baslamig ve bunun sonucunda deniz seviye-
si yaklasik 135 m yiikselerek giiniimiiz konumunu
almigtir®. Jeoarkeolojik ¢aligmalar, buzullarin erime-
sine bagli Ostatik-izostatik deniz seviyesi yiikselme
miktarinin son 2500 yilda yaklasik 1 m.yi gegme-
digini gostermektedir®. Karya bolgesinin antik kiy1
kentleri lizerinde yapilan jeoarkeolojik ¢aligmalarda,
Halikarnassos kiyilarinda goreli diisey yer degistirme
miktarmin son 2400 yilda 1 m; yakin bdlgedeki My-
ndos’da ise 2000 yilda 1.2 m oldugu belirtmektedir’.

! S6z konusu hareketlerin beraber etkisi “goreli deniz seviyesi
degisimi” olarak adlandirilmaktadir. Ostatik (kiiresel 6lgekte)
ve izostatik (bolgesel 6lgekte) degisimler buzullarin erimesi
sonucu gergeklesir.

> BLACKMAN 1973; FLEMMING 1978; PIRAZZOLI 1991;
OZDAS — KIZILDAG 2013; KAYAN 2014; MORHANGE —
MARRINER 2015.

SMORHANGE — MARRINER 2015.

*PIRAZZOLI 1986.

SLAMBECK vd. 2014.

¢VACCHI vd. 2017, 782.

"FLEMMING 1978, 412.

52

1. INTRODUCTION

The region of Caria, an ancient district of sout-
hwestern Anatolia, had an important geographical
position in classical antiquity in terms of maritime
trade relations between east and west (Fig. 1). Seve-
ral coastal settlements dating from Hellenistic period
to Byzantine period are located in the region, which
has an intended coastline offering natural harbors for
the ships. These coastal settlements, such as Myndus
(Glimiisliik), Halicarnassus (Bodrum), Cedrai (Sedir
Adasi), Cnidus (Dat¢a), Tymnus (Bozburun), and
Thyssanous (So6giit), indicate dense maritime activity
in the Caria region. Some constructions of these sett-
lements are currently under water due to the combi-
ned effect of the eustatic — isostatic sea level rise and
the regional tectonic subsidence'.

Submerged archaeological remains provide signi-
ficant data for geoarchaeological studies on sea level
change?. In particular, moles, quays, breakwaters,
jetties, shipsheds and fish tanks are reliable sea-level
indicators since they are directly related to the sea
level®. Considering the current elevation of archa-
eological remains relative to the modern sea level,
construction or last usage period, and eustatic-isosta-
tic sea level change, the rate of local vertical tectonic
movement can be estimated. In addition to submer-
ged archaeological constructions, geomorphological
formations, such as tidal notches, are also important
indicators of former sea levels on limestone shoreli-
nes*.

As the last glacial period ended about 20,000 years
ago, glaciers began to melt and sea-level rose by 135
m to its present level®. The geoarchaeological studies
reveal that the eustatic-isostatic sea-level rise did not
exceed approximately 1 m over the 2,500 years®. The
geoarchaeological studies performed on the ancient
coastal cities of the Caria region reported that the
relative vertical displacement was 1 m during the last
2,400 years in Halicarnassus shores and 1.2 m during
the last 2,000 years in Myndus’.

! The combined effect of the eustatic-isostatic sea-level chang-
es and vertical tectonic movements is called “relative sea-level
change”. Eustatic (global scale) and isostatic (regional scale)
changes occur due to glacier melt.

2BLACKMAN 1973; FLEMMING 1978; PIRAZZOLI 1991;
MORHANGE — MARRINER 2015.

SMORHANGE — MARRINER 2015.

4 PIRAZZOLI 1986.

*LAMBECK et al. 2014.

¢ VACCHI et al. 2017, 782.

7FLEMMING 1978, 412.
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Fig.1 (a): Halikarnassos limaninin konumu ve arkeolojik liman kalintis1 izerinde yapilan deniz jeofizigi ¢alisma hatlar
(yesil gizgiler); (b) 1967 yilina ait hava fotografy; (c) 1847 yilinda Spratt tarafindan ¢izilen ve antik mendirek kalintisini
gosteren harita; (d) Pedersen (2010) tarafindan yeniden cizilen plan.

Fig.1 (a): The location of Halicarnassus Harbor and marine geophysical survey lines on the archaeological harbor rema-
in (green lines); (b) the aerial photograph from 1967; (c) Spratt’s map drawn in 1847 showing the ancient mole remains;

(d) Pedersen’s recent map (2010).

2. CALISMA BOLGESI

Jeoarkeolojik ¢alismanin gergeklestirildigi Halikar-
nassos antik kenti (modern Bodrum), tektonik olarak
aktif bir bolge olan giineybati Anadolu kiyisinda
yer almaktadir (Fig.1). Calismada dncelikle doguda
bir yarimada ile sinirlanan Halikarnassos limaninda
yer alan sualtinda kalmis mimari yapi1 incelenmistir
(Fig. 1a, b). Diger bir caligma ise, iizerinde Bodrum
kalesinin bulundugu yarimadanin giineyindeki kiigiik
koyda bulunan arkeolojik ve jeomorfolojik yapilar
tizerinde gergeklestirilmistir (Fig. 1a).

2.1. Halikarnassos Antik Limam

Antik Karya’nin ikinci baskenti olmasi agisin-
dan biiyiik 6neme sahip Halikarnassos kenti, Ege
ekonomisini destekleyen bir cografi konumda yer
almaktadir®. Kent, dogal bir limanin gerisinde yer
alan ve tiyatro formunu andiran bir topografya tize-
rinde insa edilmistir®.

SBEAN — COOK 1955, 85.
BEAN — COOK 1955, 87.

2. STUDY AREA

The geoarchaeological survey was carried out in
the ancient city of Halicarnassus, modern Bodrum,
which is located in a tectonically active region on
the southwestern Anatolian coast (Fig.1). The first
investigation was performed on the submerged
architectural remains to the east of Halicarnassus
harbor, which is bounded by a peninsula to the east
(Fig. 1a, b). Another study was carried out on sub-
merged archaeological and geomorphological struc-
tures in the small cove to the south of the peninsula,
where Bodrum castle is located (Fig. 1a).

2.1. Ancient Harbor of Halicarnassus
Halicarnassus, the second capital of the ancient
Caria, is located in a geographically important regi-
on that contributed a great deal to the Aegean eco-
nomy?. The city was built in the form of a theater,

behind a natural harbor®.

$BEAN — COOK 1955, 85.
BEAN — COOK 1955, 87.
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Halikarnassos limani, dogusunda Zephyria (ya da
Zephyrion) denilen bir ada ile sinirlanmaktadir (Fig.
1c, d). Bir kistak ile anakaraya baglanan Zephyria
adasinin tlizerinde, giiniimiizde Rodos un St John §6-
valyelerine ait Aziz Peter Kalesi yer almaktadir.

Hekatomnus’un oglu Mausolos (M0.377-353)",
gerek donanma i¢in bir iis olabilecek limana sahip
olmasi ve kolay savunulabilecek bir bolgede yer al-
masi, gerekse deniz giiciinii destekleyecek keresteye
ulagilabilecek ormanlarin bulunmasi nedeniyle Ha-
likarnassos’u Karya’nin yeni bagkenti olarak se¢mis
ve kentte biiyiik bir imar faaliyeti gerceklestirmistir''.
MO.4.yy’dan itibaren Halikarnassos Ege bolgesindeki
cografi konumuna bagli olarak Karya’nin en dnemli
ticari limanlarindan bir tanesi olmustur.

Mausolos, saray1 i¢in Zephyria adasini tercih etmis-
tir'2. Zephyria adas1 ve Mausolos saraymdan birgok
antik yazar' s6z etmekte olup liman ile iligkisine
de deginilmistir. Vitruvius (I1.8.11,13-15) sehrin alt
kisminda limanin yaninda agora yer aldigini, Mau-
solos’un saraymdan bakildiginda sag tarafta agora,
liman ve surlarin en ucu ile sol tarafta surlarin agagi-
sina gizlenmis bir liman oldugundan s6z etmektedir.
Scylax Periplus’unda (99.1) Halikarnasos’un kapali
bir limani oldugundan ve adanin ¢evresinde diger bir
liman ile bir nehirden s6z eder. Ana limanda yer alan
ve bu makalenin konusunu olusturan sualtinda kalmis
mendirek kalintis1 Vitruvius’un bahsettigi gizli liman
ile iliskilendirilmigtir'®.

Vitrivius (I1.8.14) Rodoslularin Halikarnassos’u
ele gecirmek igin bir filo gonderdiklerini, Artemi-
sia’nin kendi filosunu kii¢iik limandan denize agilan
bir kanaldan gegirerek biiyiik limana getirerek Ro-
dos filosunu ele gegirdiginden s6z eder'. Spratt gizli
limandan, kistagin kuzeybatisindaki ana limanda
uzanan bir dizi duvar olarak bahseder!®.

WSEVIN 2001, 49, 122.

"MCNICOLL 1997, 16.

12Bugiin Aziz Peter’a adanmis kalenin bulundugu yarimadada
yapilan kazilardan ilk yerlesimin Mikenlere (MO.1400) kadar
gittigi ve daha sonra da 15. ve 16. yy.larda Haglilar tarafindan
iskan edildigi anlasilmaktadir (PEDERSEN 1994a, 216). Kale-
de yapilan aragtirma ve kazilarda Mausolos’un sarayina ait bazi
duvarlar da tespit edilmistir (PEDERSEN 1994b, 329).
BVITRUVIUS I1.8.10-11; PLINY 11.204; STRABON XIV.2.16;
PS.-SKYLAX 99.1; HERODOT VII.99.

4Pedersen’in yani sira (1994a, 219), Blackman da (1973, 125)
bir ¢alismasinda s6z konusu yapidan “gizli limanin mendiregi
ve bir kulenin temeli” olarak bahsetmistir. Ancak bu yapidaki
genis kanalin fonksiyonu agiklanamamastir.

BBEAN — COOK 1955, 87, dn.6.

®SPRATT, 1856, p.1 ff.
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The harbor is bounded by an island to the east
called Zephyria (or Zephyrion), which connects
to the mainland via an isthmus (Fig. 1c, d). The
Castle of St Peter, which is currently located on
the island, belonged to the Knights of St John of
Rhodes.

Mausolus (377-353 BCE),'° son of Hecatomnus,
decided to make Halicarnassus a new capital of
Caria in order to provide a harbor suitable as a base
for a fleet in an easily defensible area, with forest
to provide timber for the ships''. Thanks to its lo-
cation, Halicarnassus turned out to be one of the
most important commercial harbors in the Aegean
after the 4™ century BCE.

Mausolus preferred Zephyria Island for buil-
ding his palace'?. Many ancient writers'> mention
Zephyria Island, the palace of Mausolus, and their
relation to the harbor. Vitruvius (I1.8.11,13-15)
described a view of the forum, the harbor, and the
entire line of fortifications from the palace to the
right, and a secret harbor just below the walls to
the left. Ps.-Scylax (99.1) wrote that Halicarnassus
had a closed harbor, and mentioned the presence of
another harbor somewhere around the island and
a river. The submerged mole in the main harbor is
assumed to be related to the secret harbor in Vitru-
vius’ description'*.

Vitrivius (I1.8.14) also mentioned that the Rho-
dians sent a fleet to seize the kingdom, however
Mausolus’ sister-wife, Artemisia, had her fleet sail
from the small harbor into the open sea through a
channel, arriving from there to the main harbor,
where her men seized the Rhodian fleet'®. Spratt
stated that the secret harbor had a line of wall in
the main harbor on the northwest of the isthmus!®.

0 SEVIN 2001, 49, 122.

MCNICOLL 1997, 16.

'2 Based on the archaeological excavations on the peninsula of the
Caste of St Peter, the early settlement belonged to the Mycenaeans
(1,400 BCE) and it was inhabited by Crusaders in 15" and 16™ cen-
turies (PEDERSEN 1994a, 216). The remains of the palace walls
of Mausolus were also found during the survey and excavation
performed in the castle (PEDERSEN 1994b, 329).

BVITRUVIUS 11.8.10-11; PLINY 11.204; STRABON XIV.2.16;
PS.-SKYLAX 99.1; HERODOT VII.99.

! In addition to Pedersen (1994a, 219), Blackman (1973, 125)

also mentioned the submerged structure as “the mole of the secret
harbor and the foundation of a tower”. However, he did not explain
the function of the large channel of the structure.

SBEAN - COOK 1955, 87, Dn.6.

1*SPRATT, 1856, p.1 ff.



Newton, 1862°de ¢izdigi haritasinda, gizli liman,
caligma konusu mendirek ile biiyiik limandan ayir-
maktadir”. Vitruvius (I1.8.11,13-14) anlatiminda
biiytik “ticari liman” ve “gizli liman”1n disinda “kiiglik
liman”dan s6z etmektedir'®. Spratt (Fig.1c) ve New-
ton’un haritalarinda ayrica Halikarnassos limaninin
girisinde her iki yanda sualtinda kalmis biiyiik dalga-
kiranlar goriilmektedir. 20.yy.da bu yapilar iizerine
modern dalgakiranlar insa edilmistir.

Onceki ¢aligmalarda, kalenin giineyindeki kiigiik
koyda, ana kayanin kesilmesiyle agiga dogru derinle-
sen bir yapi tespit edilmis ve ¢ekek yeri olarak deger-
lendirilerek bu koyun gizli liman olabilecegi seklinde
yorum yapilmistir'.

"PEDERSEN 1994, 224, Fig.1

"% Burada gegen “gizli liman” ile “kii¢iik liman”m ayni olabilecegi
ihtimali bulunmaktadir.

192005 yilinda Paul Pedersen ile birlikte kalenin giineyinde yaptigi-
miz kisa siireli bir sualtr aragtirmasinda s6z konusu yapi belgelen-
mistir. Mausolos’un saltanat veya 6zel savas gemileri i¢in bir bolge
olmast ihtimali bulunmakta olup, Pedersen buray1 ¢ekek yeri veya
gizli liman olarak tanimlamugtir (2010, 276, Fig.1). Baika (2013, 204,
Fig.A10.11) caligmasinda bu yapiya yer vermistir. Baika’ya gore
(2013, 203), demokratik sehir devletlerinde ¢ekek yerleri ve deniz
cephaneligi, gliclii komuta merkezleriyle veya yakindaki akropollerle
iligkilidir ve bu yaklagim, Vitruvius'un Halikarnassos tanimlariyla
desteklenmektedir.
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In the map he drew in 1862, Newton separated the
secret harbor from the main harbor by a mole!’.

Vitruvius (I1.8.11,13-14) mentioned a “small har-
bor” in addition to the large “commercial harbor” and
the “secret harbor.'®” Furthermore, Spratt (Fig.1¢) and
Newton mapped two large submerged breakwaters
on both sides of the entrance of Halicarnassus harbor.
Modern breakwaters were built above them in the 20™
century.

In previous studies, a submerged rock-cut structure,
which continues further down into the sea, was identi-
fied in the small cove to the south of the castle".

"PEDERSEN 1994, 224, Fig.1

18 “Secret harbor” and “small harbor” are probably the same place.
We performed a short underwater survey on the northern coast
of castle with Paul Pedersen in 2005 and the submerged structure
was documented as a part of this work. This area was probably

for Mausolus’ battle ships, which was interpreted by Pedersen as a
shipshed or a secret harbor (2010, 276, Fig.1). Baika (2013, 204,
Fig.A10.11) also mentioned this structure and suggested that in
democratic city-states, shipsheds and naval arsenals were related
to fortified command-posts or an acropolis. According to Baika
(2013, 203), this interpretation is supported by Vitruvius’ descrip-
tion of Halicarnassus.
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Halikarnassos’un gizli liman1 konusu halen tam ola-
rak ¢oziimlememis ve tam yeri belirlenememigtir.
2.2. Calisma Bolgesinin Tektonik Yapisi

Bodrum Yarimadasi’nin iginde bulundugu tektonik
yapilar, Afrika ve Arap levhalarinin Avrasya levha-
sina gore kuzeye dogru hareketi ve Miyosen done-
minden buyana da Anadolu blogunun saat yoniiniin
tersine rotasyonu sonucu gelismektedir. Anadolu
levhasinin Kuzey Anadolu ve Dogu Anadolu fay
zonlar1 boyunca batrya dogru hareketi ise, Bat1 Ana-
dolu’da kuzey-giiney yonlii genisleme ve buna bagl
olarak dogu-bati1 yoniinde sirt ve basen olusumlari
ile sonuglanmaktadir. Bodrum’un yer aldig1 Gokova
grabeni bu yapilardan en biiytigiidiir?!. Grabeni se-
killendiren dogu-bat1 yonlii faylarin yani sira, 2004
yilinda iizerinde ¢ok sayida depremin oldugu bir fay
kusag1 korfezin ortasindan gegmektedir. Bu fay sis-
temleri tarihler boyunca ¢ok sayida yikici depreme
sebep olmustur. Bunlardan en 6nemlileri MS.141

ve Bodrum’u tamamen yok ettigi soylenen 1493
depremleri® olarak bilinmektedir. MS.155 ve 344
Rodos ile MS.335 ve 554 Kos depremleri de yikici
hareketler arasindadir. Bolge jeolojisi, Kuvaterner
yash sedimanter kayaglar ile Ust Miyosen yasli vol-
kanik kayaglardan olusmaktadir. Yarimadanin bati-
sinda volkanik kayalar hakim iken, dogusu kiregtast
ile kaplidir®!.

3. CALISMA YONTEMI

3.1. Deniz Jeofizigi ve Tiiplii Dalis Calismasi
Halikarnassos limani ve gevresinin jeoarkeolojik
arastirmasi igin deniz jeofizigi ve tliplii dalig yon-
temleri uygulanmistir. Oncelikle, limanda yer alan
mendiregin bulundugu bélgede yaklagik 150 m x
150 m’lik bir alanda jeofiziksel ¢aligma gergek-
lestirilmistir (Fig. 1a). Dogu-bat1 ve kuzey-giiney
yonlerinde ¢izilen hatlar boyunca akustik veri
toplanmistir. Mimari kalint1 ve ¢evresinin hassas
derinlik verisini elde etmek amaciyla ekosounder
cihaz1 kullanilarak batimetri haritas1 olusturulmus-
tur. Caligmada g¢ift frekansl (33 ve 210 kHz) Odom
Echotrac dijital ekosounder ile uyumlu olarak
hassas konum verisi saglayan Trimble Differential
kiiresel konum belirleme sistemi kullanilmistir. Ka-
lintinin insa edildigi deniz tabaninin diigey kesitini
akustik olarak goriintilemek amaciyla da 3-7 kHz
frekans araliginda ORE 3010P Subbottom Profiler
cihaz1 kullanilarak ytiksek ayrimli deniz sismigi
verisi toplanmustir.

YBEAN - COOK 1955, 89.

2'YOLSAL-CEVIKBILEN vd. 2014, 101.

2 ULUG vd. (2005) tarafindan s6z konusu fay kusagi “Géko-
va Transfer Fay Zonu” olarak literatiire gecmistir.
BLUTTRELL 1999.

#ULUSOY vd. 2004, 73.

56

This structure has been interpreted as a shipshed,
leading to the conjecture that the cove may have
been the secret harbor. The exact location of secret
harbor of Halicarnassus is still in question?’.

2.2. Tectonic Setting

The tectonic structures around Bodrum Pe-
ninsula are generated by the movement of the
African and Arabian plates towards the north, in
accordance with the Eurasian plate and the coun-
ter-clockwise rotation of the Anatolian block since
the Miocene. Westward escape of the Anatolian
plate along the Northern and the Eastern Anatoli-
an fault zones results in north to south extension
in western Anatolia and corresponding ridge and
graben formations in the east — west direction. The

Gokova Graben, south of Bodrum, is the largest of
these formations®'. In addition to the faults in an
east - west direction that form the graben, a fault
zone where intense earthquake activity took place
in 2004 runs through the center of the bay*. The
fault zones have caused a large number of dest-
ructive earthquakes in the past. The notable ones
took place in 141 CE and in 1493, which caused
a complete collapse of Bodrum?. The events that
took place in Rhodes in 155 CE and 344 CE, and
in Kos in 335 CE and 554 CE can be listed among
the destructive earthquakes. The geological featu-
res of the region consist of Quaternary sedimen-
tary rock formations and Upper Miocene volcanic
rock formations. The western part of the peninsula
is covered by volcanic rocks, while the eastern
part is covered by limestone®.

3. METHODS

3.1. Marine Geophysical and Scuba Diving
Survey

Marine geophysical and scuba diving survey
was performed for the geoarchaeological study
of the Halicarnassus harbor and its surroundings.
Firstly, geophysical survey was carried out on the
submerged archaeological structure in the harbor,
in an area of approximately 150 m x 150 m (Fig.
1a). Acoustic data were collected along the survey
lines drawn in east-west and north-south directi-
ons. Odom Echotrac digital echosounder (33 /210
kHz double frequency) was used to provide the
precise depth data over the archaeological structu-
re and environs. Trimble Differential GPS system
was used to obtain the precise location.

* BEAN — COOK 1955, 89.

2'YOLSAL-CEVIKBILEN et al. 2014, 101.

2 ULUG et al. (2005) are named the fault zone as “Gokova Trans-
fer Fault Zone” in the literature.

Z LUTTRELL 1999.

#ULUSOY et al. 2004, 73.



Fig. 3: Mendiregin ti¢ boyutlu batimetri haritas:.
Fig. 3: 3D bathymetric map of the mole.

Liman iginde gergeklestirilen jeofiziksel ¢aligma
sonrasinda, mendirek kalintis1 dalig yapilarak goriin-
tiilenmis; derinlik 6lgiimleri ve 6rnekleme yapilmis-
tir. Sualtinda goriis mesafesinin 50 cm’nin altinda
olmasi ve zeminde suyu bulandiran ince bir balgik
tabakasinin bulunmasi ¢alismalar1 zorlagtirmistir.
Yapi malzemesini anlamak i¢in, kalint1 tizerinde
3 farkli noktadan, 50 ile 100 cm arasinda degisen
uzunluklarda 6rnek alinmistir. Alinan 6rneklerden
DEU Jeoloji Miihendisligi Boliimii’nde ince kesitler
alinmis ve elektron mikroskobu ile numunelerin
kayag¢ ve mineral igerikleri analiz edilmistir®.

Kale’nin glineyindeki kiigiik koyda yer alan ikinci
caligma alaninda da tiiplii dalis yontemi ile fotograf-
lama ve derinlik 6l¢iim ¢aligmalar1 gergeklestirilmis-
tir (Fig. 1a).

3.2. Deniz Seviyesi Degisim Miktarimin Hesap-
lanmasi

Caligma bolgesindeki deniz seviyesi degisim
miktarinin hesaplanmasi igin, giivenilir bir deniz
seviyesi gostergesi olan mendirek iizerinde yapilan
Olciimler goz dniine alinmis ve asagidaki adimlar
izlenmistir®®:

% Katkilarmdan 6tiirii Mine Sezgiil Kayseri Ozer ve Ismail
Isintek’e tesekkiir ederiz.
%KIZILDAG 2019, 299.

Additionally, high definition seismic data were acqu-
ired by the ORE 3010P Subbottom Profiler (in a frequ-
ency range of 3-7 kHz) to acoustically image the verti-
cal cross section of the sea floor that lies below original
foundation of structure.

Following the geophysical research in the harbor,
submerged remains in the harbor were imaged, measu-
red, and sampling was done by scuba diving. The poor
visibility below 50 cm and the presence of a mud layer
on the sea floor adversely affected the study. Three core
samples between the lengths of 50 and 100 cm were
taken in order to reveal the construction material. The
specimens were prepared and analyzed by electron mic-
roscope for rock and mineral content by the Geological
Engineering Department of Dokuz Eyliil University®.

The second study area, which is located in the small
cove at the south of the castle, was imaged and measu-
red by scuba dives (Fig. 1a).

3.2. Calculation of Sea Level Change

In order to estimate the amount of sea level change
in the region, we considered the measurements on the
submerged mole, which is a reliable sea level indicator,
and performed the following steps®:

» We would like to thank to Mine Sezgiil Kayseri Ozer and
Ismail Isintek for their contributions.
2 KIZILDAG 2019, 299.
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Fig. 4: Mendirege ait ylizey ve sualt1 fotograflari.
Fig. 4: Some photographs of the mole.
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Fig. 5: Karotlar iizerinde yapilan analizler.
Fig. 5: Electron microscope analysis of core sampling.

(a) Mendiregin Ust yiizeyi, modern deniz seviyesine
gore hassas olarak 6lgtilmiistiir?’.

(b) Mendiregin yapildigi donemde, deniz sevi-
yesinin lizerinde olmasi gereken minimum orijinal
yiikseklik belirlenmistir. Bu deger, yapinin st seviye-
sinin, dalga ve gel-git faktorlerinden etkilenmeyecek
ve lizerinde kuru bir zeminin kalacagi en az yiikseklik
olacak sekilde diigtiniilmiistiir. Girisinde iki biiyiik
dalgakiranla kapatilarak korunakli hale getirilmis li-
manda, boyle bir yapinin ortalama deniz seviyesinin
en az 0,8 m {izerinde insa edilmesi gerekmektedir?.
Mendiregin minimum orijinal yiiksekligi ve gilincel
yiiksekligi goz oniine alinarak goreli deniz seviyesi

degisim miktar1 bulunmustur.

(c) Tiim Slgiimlere belirli hata paylari eklenmistir.
(i) Olgiimlerin hassasiyeti i¢in; 6lgii alinan yiizeylerin
kismen tahrip durumda olmasi ve dalga etkisi nede-
niyle +0.1 m ve (ii) belirlenen orijinal minimum ytik-
sekligin yaklagik bir deger olmasi nedeniyle £0.2 m
hata paylar1 g6z oniine alinmistir.

(d) Goreli deniz seviyesi degisim miktarini hesapla-
mak i¢in, mendirek i¢in belirlenen minimum orijinal
yiikseklikten buzul dstatik-izostatik deniz seviyesi
yiikselimi etkisi ¢ikarilmustir.

(e) Yapinin insa edildigi donem goz oniine alinarak
diisey bolgesel tektonik hareket orani hesaplanmuistir.

Y Tim olgtimler gel-git seviyesinin en diisiik oldugu sirada yapilmistir. Akdeniz’de gel-git araligi 0,4 m’yi gegmemektedir. Ortalama
deniz seviyesine gore diizeltme yapilmasi i¢in 6l¢iimlere 0,2 m eklenmistir.

B0OZDAS — KIZILDAG 2013, 508.
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Fig. 6: Kalenin giineyindeki sualtinda kalmis arkeolojik ve jeomorfolojik yapilar. (a) Yapilarin konumus; (b) gekek yeri-
nin Kaleden ¢ekilmis fotografi; (c) tabani moloz taslarla 6rtiilmiis durumdaki gekek yeri rampasinin sualti fotografi; (d)
sualtinda kalmis gel-git centiklerinin 6l¢tileri; (e, f) gekek yerinin oyuldugu ana kayada, sonradan olusan gel-git centigi
yapilar (ok ile gosterilen oyuklar).

Fig. 6: Submerged archaeological and geomorphological structures to the south of the castle. (a) Locations of the struc-
tures; (b) a photograph taken from the castle; (¢) the shipshed ramp that its floor is covered by rubble stones; (b). Distin-
ct differences are observed in tidal notch formations formed after the shipshed had been carved (d, ¢).
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4. BULGULAR

Halikarnassos limani igerisinde yer alan
arkeolojik kalinti izerinde yapilan akus-
tik caligmalar, yapimin birbirine paralel
uzanan iki boliimden olustugunu ve her
iki boliimiin de giiniimiizde tamamen su-
altinda kaldigin1 gostermektedir (Fig. 2).
Mimari kalint1 izerinden alinan hassas ba-
timetrik veri, yapinin derinliginin yani sira,
boyutlarini ve mevcut durumunu ortaya
cikarmistir (Fig. 3). Kuzey-kuzeydogu —
gliney-gilineybat1 yoniinde uzanan yapinin
daha genis olan dogu boliimii yaklasik 120
m uzunlugunda, glineyde 27 m ve kuzeyde
14 m genisliginde olup en fazla 3 m yiik-
sekligindedir. Giineyde genisleyen bdlim
bir platform yapisi gostermekte olup, st
yiizeyi modern deniz seviyesinden 0,5+0.1
m asagidadir®? (Fig. 2b). Yapinin temelin-
de su derinligi en fazla 4 m’yi bulmaktadir.
Dar olan bat1 boliimii 110 m boyunda, 7 m
genigliginde ve 0,7 m ytliksekliginde olup,
deniz seviyesinden 1,7+0.1 m asagidadir.
Iki boliim arasinda yaklagik 15 m mesafe
ve 1,2 m kot farki bulunmaktadir.

Mendirek tizerinde ve yakin ¢evresinde
alinan sismik kesitlerde, yapinin dogu
boliimiiniin yaklasik 8 m altinda giiglii ve
devamli bir yansitic1 ylizey tespit edilmis-
tir (Fig. 2a). S6z konusu yiizey olasilikla
Holosen D6nemi deniz tabanina karsilik
gelmektedir. Sismik kayitta, mendirek
temelinin oturabilecegi bir ana kayaya ilis-
kin veriye rastlanmamistir.

Mendirek {izerine yapilan tiiplii dalislar-
da, dogu boliimiine ait genis platformda,
yerel volkanik yesil tas ocaklarindan kesil-
mis kaba yontu biiylik dikddrtgen bloklar
gortilmiistir (Fig. 4). Platformda, iki kat
tas sirasinin bir boliimii giintimiize kadar
gelebilmis olan muhtemel bir yapiya ait
bir temel bulunmaktadir. Taslarin orta-
lama olgiileri 2,0x1,5x0,5 m’dir. Zaman
icinde cesitli nedenlerden 6tiirli meydana
gelen tahribat nedeniyle bu kesme tag bo-
lim disinda mimart bir yap1 6zelligi yansi-
tan bir kalint1 tespit edilmemistir.

#+0.1 m 6l¢lim hatasi olarak eklenmistir (Bknz.
Bolim 4.3.¢).
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a) We measured the upper surface of the mole in detail
relative to the current sea level?’.

b) We determined a minimum original elevation for the
mole with respect to mean sea level at the time of use. This
value was considered as the minimum height of the upper
level that would not be affected by wave or tide activity and
remained dry. We assumed that the mole would have been
built at least 0.8 m above the mean sea level in such a shelte-
red harbor (Halicarnassus harbor has been protected by two
large breakwaters?®). Taking into account the minimum ori-
ginal elevation and current elevation, we deduced the amount
of relative sea level rise.

¢) We added some errors to measurements. (i) For measu-
rement precision; an error margin of +£0.1 m was added for
destruction of original upper surface and wave effect. (ii) an
error margin of £0.2 m was added for the uncertainty of the
assigned value for original minimum height.

d) In order to estimate the amount of the vertical tectonic
movement, we reduced the effect of eustatic-isostatic sea le-
vel rise from the assigned minimum original height.

e) We finally calculated the rate of local vertical tectonic
movement based on the period of building’s construction.

4. RESULTS

The acoustic survey performed over the archaeological re-
mains in the Halicarnassus harbor revealed that the structure
consists of two sections in parallel and that both sections
are currently submerged (Fig. 2). Detailed bathymetric data
obtained over the remains provided information about the
dimensions and the current condition of the structure (Fig.
3). The structure lies in a north-northeast to south-southwest
direction. The wider eastern section has an approximate len-
gth of 120 m with a width of 27 m at the southern end and
14 m at the northern end, and a maximum height of 3 m. The
eastern section is widened on the southernmost part forming
a platform shape, for which the upper surface is 0.5+0.1 m
below present sea level (Fig. 2b*°). The foundation level of
the structure reaches a maximum depth of 4 m. The narrower
western section is 110 m long, 7 m wide, and 0.7 m high. Its
upper surface lies at a depth of 1.7+0.1 m below present sea
level. The distance between the two sections is approximately
15 m and the difference of elevation is 1.2 m.

The seismic survey revealed that a strong and continuous
reflector lies about 8 m below the eastern section of structure
(Fig. 2a). This layer most probably corresponds to the paleo
seafloor during the Holocene period. A bedrock formation
that would support the mole could not be observed in the se-
ismic section.

¥ All measurements were taken at the lowest tide. Tidal range of Medi-
terranean Sea does not exceed 0.4 m, for this reason 0.2 m was added to
measurements in order to make correction relative to mean sea level.
30ZDAS — KIZILDAG 2013, 508.

#+0.1 m was added as margin of error (see Chapter 3.2.c).

61



TINA

Denizcilik Arkeolojisi Dergisi

Derinlik (m)

Fig. 7: Antik mendiregin gtincel durumu, derinlik kesiti ve platforma ait fotograflar.

Fig. 7: Actual condition of the ancient mole, depth cros section and platform photography.

Yap1 malzemesi igerigini anlamak amaciyla men-
direk {izerinde farkli noktalardan alinan karotlar
iizerinde elektron mikroskobu ile yapilan incelemede,
orneklerin volkanik ve mineral bilesenler igerdikleri
saptanmistir (Fig. 5). Bilesenler arasinda, volkanik,
karbonat ve tortul kaya kirmtilarinin yani sira, kuvars
ve feldspat mineralleri ile kabuklu organik bilesenler
bulunmaktadir.

Kalenin giineyindeki kiiciik koyda yaptigimiz ¢alis-
mada, daha onceki yillarda ¢ekek yeri olarak deger-
lendirilen yapi iizerinde Olgiimler gerceklestirilmistir
(Fig. 1a-11, 6a). Bu alanda, ana kayanin bir yiizeyinin
diizlestirildigi, kiyida kale duvarlarinin altindan bas-
layarak egimli bir sekilde derine dogru devam ettigi
ve tamaminin sualtinda kaldigi gorilmiistir (Fig.
6b). Yaklagik 30 m uzunlugundaki yapinin en derin
boliimii deniz yiizeyinin 3.1+0.1 m altindadir. Ancak
zemin irili ufakli moloz taglarla tamamen dolmustur
(Fig. 6¢). Yakin ¢evrede ¢ok sayida kesme tag blok ile

Mausoleum yapiminda kullanilanlar ile ayni 6lgiilere
ve sekle sahip yesil volkanik taslar gozlenmistir. Bu-
luntular iginde 6zellikle bu taglar diginda tarihleyici
bir bagka materyale rastlanmamaktadir.

Ayni gevrede sualtinda kalmis gel-git-centigi jeo-
morfolojik yapist gozlenmistir (Fig. 6d). Eski deniz
seviyesini gosteren s6z konusu yapinin varligi, bol-
gedeki goreli deniz seviyesi yiikselimini ispatlayan
diger bir kanit olmustur®®. Gel-git ¢entiginin orta se-
viyesinin, deniz yiizeyinin 0,5+0.1 m altinda kaldig:
tespit edilmistir. Yatay derinligi 0,3 m olan gentigin
yiiksekligi yaklasik 0,4 m olup, bolgesel gel-git ara-
ligimi gostermektedir. Belirgin yapiya sahip ¢entigin
altinda, deniz seviyesinin daha eski bir konumunu
gosteren muhtemel bir ¢entik daha gozlenmistir. An-
cak bu ikinci ¢gentigin yatay derinligi 0,1 m.den azdir.
Her iki jeomorfolojik yapi1 da, ¢cekek yeri olarak de-
gerlendirilen yapinin daha {izerindeki bir seviyede yer
almaktadir (Fig. 6e, f).

% Denizel gel-git ¢entigi, kiregtasi sahillerinde biyolojik asinma ve/veya dalga sebebiyle ortalama deniz seviyesinde gelisen bir
jeomorfolojik yapidir (PIRAZZOLI 1986). Genellikle yari-oval sekle sahip yapinin yiiksekligi yaklasik gel-git araligina denk
gelmektedir. Deniz seviyesinin duragan oldugu zamanda gelisen s6z konusu yapi kesin bir deniz seviyesi gostergesi olup, bu yapinin
giincel deniz seviyesinin {lizerinde veya altinda bulunmasi, nispeten hizli bir tektonik yiikselme veya ¢okmeyi gostermektedir.
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Fig. 8: 1967 (solda) ve 2019 (sagda) yillarina ait hava fotograflarinin karsilastirilmast.
Fig. 8: Comparison of aerial photographs from 1967 (left) and 2019 (right).

During the scuba diving survey, we observed rou-
ghly-cut rectangular stones produced from a quarry of
local green lava stone on the wide platform of eastern
section (Fig. 4). The platform contains the foundation
of a potential structure consisting of two layers of
stones. The average dimensions of the stone blocks
are 2.0 x 1.5 x 0.5 m. Due to destruction that occurred
over time, we could not identify any remains with an
architectural form besides this rock-cut stone section.

The electron microscope analyses of core samples
taken from the mole to reveal the construction materi-
al indicated that the structure contains some volcanic
and mineral elements (Fig. 5). Among the compo-
nents, volcanic, carbonate, and sedimentary detrital
rocks were observed, in addition to quartz and felds-
par minerals and mollusks.

During the survey performed at the small cove to
the south of the castle, we took some measurements
on a structure that was evaluated as a shipshed in
previous studies (Fig. 1a-11, 6a). In this second study
area, we documented a totally submerged rock-cut
structure, which descends into deeper water with a
slope starting under the walls of the castle (Fig. 6b).

The structure is approximately 30 m long, and its
deepest end is located at 3.1+0.1 m below present sea
level. However, the sea floor was completely filled
with rubble (Fig. 6¢). A large number of rock-cut
stone blocks and green lava stones were observed in
the surrounding area, which have similar dimensions
and shape to the ones used in the construction of the
Mausoleum. We did not observe any dating materials
except for those stones.

We also detected submerged tidal notches in the
same area (Fig. 6d). The presence of this type of ge-
omorphological formation, which indicates the paleo
sea level, provided evidence for relative sea level
rise®’. The mid-level of the notch is located at 0.5+0.1
m below present sea level. The maximum inward
(lateral) depth is 0.3 cm with a vertical height of
about 0.4 m, which corresponds to local tidal range.
Below this remarkable formation, another hardly vi-
sible notch formation was observed at a deeper level,
which indicates former sea level. Its inward depth is
less than 0.1 m. Both submerged geomorphological
features are located above the rock-cut structure (Fig.

6e, f).

*Marine tidal notch is a geomorphological formation which develops around mean sea level in the limestone shorelines due to
biological erosion and/or wave action (PIRAZZOLI 1986). It generally has a half-ellipsoidal shape and its height corresponds to
intertidal zone. This formation that develops during sea level stability is a precise sea level marker, and its presence above or below
modern sea level indicates more or less rapid tectonic uplift or subsidence.
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5. TARTISMA

5.1. Sualtinda Kalmis Arkeolojik Yapinin Islevi,
Dénemi ve insa Malzemesi

Antik Halikarnassos, ticari ve askeri limanlarin
yani sira gizli liman ile iliskilendirilmektedir. Spratt
ve Newton sualtinda kalmis mimari kalintiy: ticari
ve gizli limani ayiran bir yapi olarak ¢izerken; Pe-
dersen kalitinin askeri yapilarin bir parcasi oldu-
gunu ve askeri limanin bat1 kenarmni olugturdugunu
ifade etmektedir’'. S6z konusu mimari yapi, cesitli
arastirmacilar tarafindan ¢izilen planlarda ve ya-
yinlanan ¢alismalarda mendirek olarak anilmigtir®.
Mendirek, aralarinda kot farki olan, biri dar ve digeri
genis iki uzun platformdan olugmaktadir. Her iki
platformun arasinda yer alan kanalin fonksiyonu tam
olarak anlagilamamaktadir. Bélgede bu tip bir yap1
benzerine daha Once rastlanmamustir.

Mendiregin lizerinin yaklagik 10 cm kalinhiginda
bir balgik tabakasiyla kapli olmasi, buluntularin ta-
nimin1 giiclestirmekle beraber, yapiminda seramik
pargalar ve cakil taglariyla karigik bir tiir hidrolik
harg kullanildig1 anlasilmaktadir. Mendiregin, moloz
tag, kum ve hidrolik har¢ karigimi biiytik bir kiitle
seklinde inga edildigi goriilmektedir. Dogudaki genis
boliimiin glineyinde bulunan platformun iizerinde,
askeri limanm giris giivenligi i¢in savunma amagli
bir kule®, fener ya da anitsal bir yap1 oldugu diisii-
niilmektedir (Fig. 7).

1967 yilinda gekilen hava fotografina dayanarak,
mendirek tizerinde yapilan hafriyatlar nedeniyle, her
iki boliimiin kuzey kisimlarinin tiraglandigi anlasil-
maktadir (Fig. 8). Eski fotografta, mendiregin kuzey
ucunun kiyiya bitisik oldugu goriilmekte olup, gii-
niimiizde bu boliimiin kiy1 ile baglantisinin ortadan
kalktig1 tespit edilmistir.

Kesin bir bilgi bulunmamakla birlikte limanin ve
mendiregin Mausolos déneminde (MO. 377-353)
insa edildigini kabul etmek miimkiin goriinmektedir.
Bolge tarihine baktigimizda Halikarnassos un en bii-
yiik imar faaliyeti Mausolos doneminde gergekles-
mistir. Iskender ve sonrasinda (MO 334)* ise kent-
teki imar faaliyetlerinin giderek azaldig1 ve 6zellikle
Bizans Donemi’nde sehrin bolgedeki 6neminin
ortadan kalktig1 soylenmektedir. Sonraki donemde
sehirdeki 6nemli bir imar faaliyeti MS.15.yy’da St.

Jean sovalyeleri tarafindan gerceklestirilmis ve bu
donemde Bodrum Kalesi (Aziz Peter Kalesi) insa
edilmistir®. Kale insasinda ise Mausoleum taslarinin
yani sira, antik kent dokusundaki yiizeyde bulunan
mermer siitun parcalar ve siitun basliklar ile kesme
tasglar kullanilmistir. S6valyelerin kaleyi insa eder-
ken, tehdidin karadan gelecegi diislincesiyle savun-
ma sistemleri ve duvarlarini kuzey ve bati cephe-
lerinde gii¢lendirdigi goriilmektedir. Bu genel yap1
g0z Oniine alinirsa, mendiregin sovalyeler tarafindan
yapilmig olmasi miimkiin degildir. Aksine, olasilikla
o donemde iizerinde ek yapilar da bulunan ve kuzey-
dogusundaki top koruganlarina ve istinat duvarlarina
¢ok yakin bir konumda olan mendirek, karadan gele-
cek bir saldir1 i¢in bir zemin olugturacagindan séval-
yeler tarafindan sokiilerek tahrip edilmis olmalidir.
Ayrica, sovalyelerin genel insa tarzina bakildiginda,
yakinlarinda bulunan kullanabilecekleri her tiirli
insa malzemesini sokerek, devsirme olarak kalede
kullandiklar1 goriilmektedir.

Mausoleum’un yap1 malzemesi olan taslarin tasin-
masinda deniz yolunun kullanildig1 bilinmektedir.
Yesil tag olarak tanimlanan yapi taglari, Bodrum
Yarimadasi’nin kuzeybati sahilindeki Koyunbaba
mevkiinden deniz yoluyla getirilmis ve Halikarnas-
sos limaninda bosaltilarak insa alanina taginmistir.
Ayrica, anitin dis cephe siislemesini olusturan beyaz
mermerlerin de Marmara Adas1t mermerleri oldugu-
nu diisindiigimiizde, bu mermerlerin de deniz yo-
luyla taginarak limana getirildigi anlasilmaktadir. Bu
Olcekte bir tagimacilik ile yiikleme ve bogaltmanin
yapilabilmesi i¢in yeterli diizeyde altyapiya sahip bir
limana ihtiyag oldugunu sdylemek miimkiindiir. Bu
nedenle liman, Mausoleum’un insa doneminde son
halini almis olmalidir.

Sismik verilerin yorumlanmasi sonucu, antik men-
diregin ana kayanin iizerine oturtulmayip gevsek
sediman iizerine insa edildigi ve glinlimiize kadar
gegen siirecte etrafinin doldugu, tektonik olaylar
nedeniyle de genel yapisinin bozuldugu soéylenebi-
lir. Mendiregin temel seviyesi nispeten daha sert ve
saglam kayaglardan; {izeri ise hargla karigik bir mal-
zemeden insa edilmistir. Mendiregin kaplama tasla-
r1, Bodrum Kalesi ingasi sirasinda ya da 6ncesinde
savunma amagl sokiilmiis olmalidir.

31 Kaptan Spratt’in 1847°de, Newton’un 1862°de ve Pedersen’in 2010°da ¢izdigi Halikarnassos planlarinda s6z konusu yap1 yer
almaktadir. Bununla birlikte, gizli liman ile askeri liman tanimlari arasinda tutarsizlik bulunmaktadir.

2 BLACKMAN 1973; 125-126, PEDERSEN 19944, 219; 2010.

¥BLACKMAN 1973, 125. Pedersen (2010) mendiregin dogu boliimiiniin savunma duvari ve genis platformun da biiyiik bir kule
tagima olasiligindan bahsetmektedir. Bununla birlikte olasi bu yapilara ait az sayida tas mendiregin sadece ug boliimde goriilmektedir.

“SEVIN 2001, 108.
S PEDERSEN 1994a, 216.
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5. DISCUSSION
5.1. Function, Period, and Construction Materi-
al of the Submerged Archaeological Remains
Ancient Halicarnassus has been associated with a
secret harbor, in addition to commercial and naval
harbors, in the past. Spratt and Newton mapped
the submerged structure separating the commercial
and secret harbor; however, Pedersen assumed that
the structure was a part of the military installations
forming the west side of the naval harbor®'. Accord-
ing to the maps, plans, and publications of various
researchers, the structure was assumed to be a
mole®2. The mole consists of two long platforms, one
larger than the other, with an elevation difference
between them. The function of the channel between
the two platforms is still a question. This kind of
structure has not been observed before in the region.
The fact that the mole is covered with a 10 cm-
thick-layer of mud makes it hard to identify the
remains. However, we observed hydraulic mortar
among the construction materials, which consists
of ceramic fragments and pebbles. The mole was
apparently built as a massive structure, a mixture of
rubble stones, sand, and hydraulic mortar. The large
platform of the eastern section is assumed to be the
substructure of a tower??, probably related to the en-
trance security for the military harbor: a lighthouse
or a monumental structure of some sort (Fig. 7).
Based on the aerial photography of 1967, we can
clearly state that both sections of the mole were
partly excavated on the north end in recent decades
(Fig. 8). While the north end was connected to the
shoreline in the 1967 photograph (Fig. 8a), today
this section is apparently missing (Fig. 8b).
Although there is no concrete evidence, we can
accept that the harbor and the mole were likely built
during the period of Mausolus (377-353 BCE).
The largest construction activity in Halicarnassus
took place during this period. According to written
sources, construction activity in the city gradually
decreased after Alexander (334 BCE)** and the city
lost its importance, particularly during the Byz-
antine period. In the following periods, the most
significant construction operation took place in the
15" century, and the Castle of St. Peter was built
by the Knights of St. John**. The Castle was con-
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structed using stones from Mausoleum, including
ashlar blocks from the ancient building and marble
column capitals that belonged to the ancient city.
The knights must have fortified the defense systems
and walls of the castle on the northern and western
sides expecting to be attacked there, rather from the
land. Considering its general idea and construction
techniques, the mole could not have been built by
the knights. On the contrary, since it supplied a base
for a potential land attack, with possible additional
constructions on the top of the mole, and since its
position was close to the cannon-proof retaining
walls, it should have been destroyed by the knights
for defense purposes. Additionally, considering the
general construction techniques of the knights, they
would have collected all the useful stones and reused
them during the construction of the castle.

It is known that maritime routes were used for the
transportation of the stones used as building material
of the Mausoleum. The building stones known as the
green stones were brought by the sea from Koyunba-
ba quarry, which is located on the northwest coast of
Bodrum peninsula. They would have been unloaded
at Halicarnassus harbor and transported to the con-
struction zone. Additionally, since the white marbles
that made up the fagade ornamentation of the monu-
ment are from the island of Marmara, those marbles
were also most likely transported by sea. The harbor
must have had adequate infrastructure to be able to
perform transportation on this scale, including the
loading and unloading of materials. Therefore, the
harbor must have been completed during the period
of the Mausoleum.

The subbottom profiler seismic data reveals that
the ancient mole was not built directly on the bed-
rock; it was built on a sedimentary seabed. Subse-
quently, its surroundings were filled and its general
structure was deformed, mostly likely due to tecton-
ic events. The foundation level of the mole was built
with rather rigid and solid rocks, while the upper
level was built with a material mixed with mortar.
The stones on the top of the mole must have been
removed during the construction of the Castle of St.
Peter or an earlier period for the purpose of defense.

Core sampling taken from the mole contains vol-
canic and mineral elements.

I The structure was drawn in the Halicarnassus plans by Captain Spratt in 1847 and Newton in 1862 and Pedersen in 2010. Mean-
while, there is confusion between the descriptions of the secret harbor and the naval harbor.

2BLACKMAN 1973, 125-126; PEDERSEN 1994a, 219; 2010.

3 BLACKMAN 1973, 125. Pedersen (2010) assumed that the eastern section of the mole carried a fortification wall that ended in a
large tower on the platform. However, only a few stones remain from the possible constructions, which can be seen at the southern

end of mole.
#SEVIN 2001, 108.
3PEDERSEN 1994a, 216.
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Mendirek iizerinden alinan karotlarin, volkanik ve
mineral bilesenler igerikleri gériilmektedir.Bu veriler
151¢1nda mendiregin ingasinda volkanik malzemenin
kullanildig1 anlagilmakta olup, bu malzeme antik
donemin liman yapiminda kullanilan hidrolik harg
(pozzolana?) olarak yorumlanmaktadir®®. Bodrum
Yarimadasi volkanik bir yap1 gostermektedir®’. Bu-
nunla beraber s6z konusu malzemenin yoresel ya
da ithal olup olmadigi ileriki ¢aligmalarda yapilacak
ayrintili bir malzeme analizi ile anlagilabilecektir.
Mendirek deniz teknoloji tarihi agisindan biiytik
onem arz etmektedir. Bu nedenle oniimiizdeki calig-
malarda, mendiregin mimari &zelliklerinin daha de-
tayli incelenebilmesi igin bir sondaj kazis1 gerektigi
anlasilmaktadir.

5.2. Deniz Seviyesi Degisimleri

Buzullarin erimesine bagl Ostatik-izostatik deniz
seviyesi ylikselme miktarmin 2500 yilda 1 m.yi geg-
medigi bilinmektedir. Bununla birlikte, Ege kiyila-
rinda goriilen sualtinda kalma olayinin biiyiik 6lgtide,
stiregelen tektonik aktivitenin etkisinde gelistigi
aciktir. Ozellikle MS.6.yy’1n ortalarinda gergeklesen
deprem firtinasi, kiyilarda ¢okmeye neden olarak
liman yapilarini sular altinda birakmis ve islevsiz
hale getirmistir’®.

Flemming?*’, Bodrum Yarimadasi’ndaki goreli de-
niz seviyesi degisiminin Myndos antik kentinde son
2000 yilda -1,2 m (0,6 mm/y1l); Halikarnassos’da son
2400 yilda -1 m (0,4 mm/y1l); Loryma’da son 1500
yilda 1 m oldugunu (0,7 mm/y1l); Knidos’da ise son
2300 y1l iginde deniz seviyesinin degismedigini dner-
mektedir.

Halikarnassos limanina ait mendiregin genel yapi-
sina bakildiginda, birbirine paralel uzanan iki boliim-
den olustugu ve bu boliimler arasinda bir kot farki
bulundugu goriilmiistiir. Dogudaki genis bolimiin
tist ylizeyi modern deniz seviyesinin 0,5-0,9+0,1 m
altindadir. Batidaki dar boliim ise digerinden daha
derinde olup, iist yiizeyi 1,7+0,1 m suyun altindadir.
Kot farkinin nedeni tam olarak bilinmese de, genis
boliimiin daha sonraki bir donemde bir onarim ya da
ek yapilarla yiikseltilmis olma ihtimali bulunmakta-
dir. Halbuki mendiregin insa edildigi donemde her

$VITRUVIUS, 11.6.1.
STULUSOY vd. 2004, 73.
¥PIRAZZOLI vd. 1996.
¥FLEMMING 1978, 412.

iki boliimiiniin de deniz seviyesinin {izerinde olmast
gerekmektedir. Bu nedenle, jeoarkeolojik yorum igin
-1,7£0,1 m suyun altinda kalan derindeki dar boliim
g0z Oniine alinarak hesaplamalar yapilmistir.

Mendiregin insa edildigi MO.4.yy’da, iist yiizeyi-
nin deniz seviyesinden en az 0,8+0,2 m* yukarida
olmasi gerekirdi. Bu deger mevcut derinlige eklendi-
ginde, 2,5+0,3 m.lik bir goreli deniz seviyesi ylikse-
limi oldugu ortaya ¢ikmaktadir. Bu miktarin en fazla
1,0 m.si buzullarin erimesine bagh kiiresel yiiksel-
meye aittir*!. Geriye kalan 1,5+0,3 m ise depremlere
bagl diisey tektonik hareketle aciklanabilmektedir.
Buradan da son 2400 yilda 1,5+0,3 m.lik bir tekto-
nik ¢cokme gerceklestigi goriilmektedir. Bu da 1000
yilda 0,62+0,3 m, diger bir deyisle 0,62+0,3 mm/
yillik bir tektonik ¢okme oranina karsilik gelmek-
tedir. Bozburun Yarimadasi kiyilarindaki sualtinda
kalmis Hellenistik Dénem liman yapilar iizerine
gerceklestirilen jeoarkeolojik ¢aligmalarda yakin so-
nuglara ulasilmistir®?,

Calisma kapsaminda ikinci bolgede 6l¢timii yapilan
ve kesin olmamakla birlikte ¢ekek yeri olarak yorum-
lanan yapi, tizeri acik sekilde kullanilan ve belirli bir
rampa egimine sahip olup ana kayanin kesilmesiyle
sekillenmistir. Karaya c¢ekilen geminin karinasinin
kuru alanda kalmasi gerektigi igin, ¢ekek yeri yapil-
dig1 donemde deniz seviyesinin iizerinde bulunma-
lidir. Bu nedenle, gemi ¢ekek yerleri deniz seviyesi
degisimleri igin bir gostergedir. Iyi korunmus gekek
yerlerinin +0.25 m giivenilirlikle dogru bir deniz se-
viyesi hesabi igin kullanilabilecegi 6nerilmektedir®.
Ancak yine de, egimin alt kisminin orijinalde hangi
seviyede olmasi gerektigi konusunda gelisgkiler bu-
lunmaktadir*. Kiyidan baglayarak 8° egimle -3.1+0.1
m derinlige ulagan 30 m uzunlugundaki gekek yeri,
bir geminin ¢ekilmesi i¢in ideal 6lgiide ve egimde-
dir. Ancak, tabanimnin ¢akil, kesme tas ve kayalarla
tamamen dolmasi1 ve rampanin orijinal alt seviyesinin
tartigmali olmasi nedeniyle deniz seviyesi hesabi
i¢in kesin bir veri sunmamaktadir. Bununla birlikte,
yapinin giiniimiizde tamamiyla sualtinda bulunmast,
yapildig1 donemden buyana diisey tektonik harekete
maruz kaldiginin agik bir kanitidir.

4 Bknz. Bolim 3.2.c: yapi i¢in belirlenen orijinal minimum yiikseklik i¢in £0,2 m hata pay1 eklenmistir.

1 Tektonik olarak duragan bolgelerde (6rn. Sardinya Adast) yapilan ¢aligmalarda, arkeolojik yapilarin sualtinda kalma miktar: sadece
ostatik ve izostatik deniz seviyesi degisimlerinden kaynaklanmaktadir (ANTONIOLI vd. 2007, 2480). Arastirmacilar tarafindan
farkli goriisler ileri siiriilse de, ¢alismamizda Vacchi vd. (2017, 782) tarafindan 6nerilen deger kabul edilmis olup, hesaplarimizda
ostatik-izostatik deniz seviyesinin son 2500 yilda ~1 m yiikseldigi goz oniine alinmistir.

2KIZILDAG vd. 2012, 227.
SEVELPIDOU — PIRAZZOLI 2013, 5.

#Cekek yerinin rampasi suyun igine dogru ne kadar devam etmelidir, diger bir deyisle, rampanin tabani orijinalde ka¢ metre derinde
olmalidir sorusuna Blackman “bir geminin rampanin i¢ine yiizebilecegi kadar derin, yani en fazla 1 m” olarak yorum getirmektedir

(1973, 128).
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This data reveals that volcanic material, which has
been interpreted as hydraulic mortar (pozzolana?), was
used in the construction of the mole. This material was
frequently used in harbor construction during antiqui-
ty*. The Bodrum peninsula has a volcanic structure®’.
However, detailed analysis in further studies is needed

to understand whether the material is local or imported.

The mole is highly significant for the history of mari-
time technology. Therefore, an excavation is also nec-
essary to reveal the architectural features of the mole.

5.2. Sea Level Changes

Eustatic — isostatic sea level rise that resulted from
the melting of a glacier did not exceed 1 m over 2,500
years. In addition, it is clear that the inundation of the
Aegean coasts is associated with ongoing tectonic ac-
tivity. In particular, the earthquake activity that took
place in mid 6™ century CE caused subsidence of the
coasts, which gave rise to submersion of harbor struc-
tures, making them useless?®.

According to Flemming®, relative sea level change
for the Bodrum peninsula reached 1.2 m over the last
2,000 years in Myndus (0.6 mm/year), 1 m in the last
2,400 years in Halicarnassus (0.4 mm/year), and 1 m
in the last 1,500 years in Loryma (0.7 mm/year), while
sea level was stable in Knidus over the last 2,300 ye-
ars.

The mole in the Halicarnassus harbor consists of two
sections in parallel, and there is an elevation difference
between them. The wider section to the east lies at 0.5-
0.9+0.1 m below the modern sea level. The relatively
narrower section to the west is located in deeper water,
and its upper level is at -1.7+0.1 m. Although we have
no evidence on height difference, it may be assumed
that the wider section was raised in the later periods by
repairs or additional construction. However, both sec-
tions of the mole must have been built above sea level.
Therefore, we will consider for geoarchaeological
interpretation just the narrow section that is located in
deeper water at -1.74+0.1 m.

The upper surface of the mole must have been
0.8+0.2 m*’ above the mean sea level at the time of
construction (4" century BCE). Adding this value to

*VITRUVIUS, 11.6.1.
¥ULUSOY et al. 2004, 73.
BPIRAZZOLI et al. 1996.
¥FLEMMING 1978, 412.
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the current elevation, we estimate the relative sea level
rise as 2.5+£0.3 m. Maximum 1.0 m of this value is
related to global sea level rise due to glacier melt*. If
we remove this value, the rest of the 1.5+0.3 m can be
explained by the vertical tectonic movements related
to earthquakes. This means that 1.54+0.3 m of tectonic
subsidence took place in the last 2,400 years, in other
words 0.624+0.3 m during the last 1,000 years with a
rate of tectonic subsidence at 0.62+0.3 mm/year. Our
results are relevant to geoarchaeological studies on the
submerged harbor structures dated to the Hellenistic
period along the coast of the Bozburun peninsula*.

The submerged structure measured in the second
study area, which was interpreted as the shipshed in
question, was formed by cutting bedrock having a dis-
tinguished ramp. Since the hull of the ship should re-
main dry, the shipshed should be located above the sea
level at the time of construction. Therefore, shipsheds
are indicators for sea level change. A well-preserved
shipshed can be used for sea level estimation with
+0.25 m certainty®*. However, there is still a question
of the original level of the ramp’s lower part*. A 30 m
long shipshed in the study area, which begins from the
shore and reaches a depth of -3.1£0.1 m with an 8° of
slope, has the ideal dimensions and ramp for dragging
a ship. Nevertheless, it does not provide precise infor-
mation for sea level estimation, since both the bottom
is completely filled with pebbles and rubble stones,
and the original base level of the ramp is questionable.
However, from the fact that the structure is entirely
submerged today, it is obvious that it has been under
the effect of vertical tectonic movements since the time
of construction.

Similarly, the submerged tidal notches in the same
location of the shipshed also support this tectonic mo-
vement. A lateral depth of 0.3 m and a height of 0.4 m
that are compatible with the local tidal range suggest
that the paleo sea level stayed at this level for a long
period and submerged following a sudden tectonic
subsidence®. In addition, a possible notch formation
was also observed below the distinctive notch, which
indicates older sea level stability.

“See Chapter 3.2.c: Margin of error 0.2 m for the minimum original elevation determined for the structure.

1 Studies performed in tectonically stable regions (i.e. Sardinia island) revealed that the amount of submersion of archaeological
structures is only due to eustatic and isostatic sea level changes (ANTONIOLI et al. 2007, 2480). Although researchers suggest
different values, we considered the eustatic-isostatic sea level rose of ~1 m in the last 2,500 years for our calculations, suggested by

Vacchi et al. (2017, 782).
2 KIZILDAG et al. 2012, 227.
#SEVELPIDOU — PIRAZZOLI 2013, 5.

“1t is questionable how far the shipshed’s ramp would have continued into the sea, in other words, what the water level in the base
should be. Blackman (1973, 128) answered this question as “deep enough for ships to be able to float into the base of ramp, which is

maximum 1 m”.
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Ayni sekilde, ¢cekek yerinin bulundugu mevkide, mo-
dern deniz seviyesinin altinda bulunan gel-git ¢entikleri
de bu tektonik hareketi desteklemektedir. Yatay derinligin
yaklasik 0,3 m’yi bulmasi ve yiiksekligin gel-git araligi ile
uyumlu olarak 0,4 m olmas, eski deniz yiizeyinin uzun
stire bu seviyede kaldigini ve ani bir tektonik ¢cdkme sonu-
cu sualtinda kaldigini gostermektedir®. Bununla birlikte,
s6z konusu belirgin ¢entigin altinda, muhtemel bir ¢entik
olusumu daha gdzlenmis olup, bu yap1 daha eski bir deniz
seviyesini isaret etmektedir.

Gel-git gentikleri, ¢ekek yerinin oyuldugu ana kayada,
cekek yeri rampasinin iizerinde bir seviyede yer almak-
tadir (Fig. 6d, e). Mendirek ve gekek yerinin gel-git
centiginden daha derinde bulunmasi, arkeolojik yapilarin
jeomorfolojik yapilardan daha 6nce sualtinda kaldigini
gostermektedir. Bu da, deniz seviyesinin birden fazla kere
degistigini isaret etmektedir. Once gekek yeri sualtinda
kalmis, daha sonra yeni deniz seviyesinde gel-git ¢centigi
olusmus ve sonrasinda da bu olusum da sualtinda kalmis-
tir. Bu gozlem, Bodrum kiyilarinin kademeli bir sekilde
tektonik olarak ¢oktiigiinii ortaya ¢ikarmaktadir.

6. SONUC

Halikarnassos antik limanina ait mendirek lizerinde
yapilan jeoarkeolojik ¢aligmada, yapinin birbirine paralel
uzanan ve aralarinda kot farki bulunan iki farkli bolim-
den olugtugu goriilmiistiir. S6z konusu arkeolojik kalinti,
deniz seviyesinin yiikselmesi sonucunda giiniimiizde sular
altinda kalmistir. Depremlerden kaynaklanan etkinin yani
sira, limanda gerceklesen giincel faaliyetler nedeniyle
de, mendirek tizerinde biiyiik bir tahribat oldugu ortaya
cikmkatadir. 1967 yilinda ¢ekilen hava fotografinda, men-
diregin kuzey ucu kiyya bitisikken, giincel fotograflarda
daha sonraki yillarda yapilan hafriyat ¢aligmalari ile kiy1
ile baglantisinin ortadan kalktig1 goriilmektedir.

Liman igindeki mendiregin yani sira, Bodrum Kale-
si’nin glineyinde yer alan ¢ekek yeri ve gel-git gentik-
lerinin giinlimiizde modern deniz seviyesinin altinda
bulunmasi, bolgedeki goreli deniz seviyesinin yiikseldigi
konusunda 6nemli kanitlar sunmaktadir. Tektonik olarak
aktif bir bolgede yer alan arkeolojik ve jeomorfolojik ya-
pilarin sualtinda kalma sebebinin, kiiresel dlgekteki bu-
zul-izostatik deniz seviyesi yiikseliminden ziyade, birden
fazla tektonik ¢okme hareketine bagli oldugu sonucuna
ulasilmustir.
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Tidal notches are located at a higher level
of shipshed’s ramp (Fig. 6d, e). The fact that
the mole and the shipshed is located at deeper
than tidal notch suggests that the archaeo-
logical structures were submerged before the
geomorphological structures. This proves that
sea level must have changed more than once.
First, the shipshed was submerged, then the
notch was formed at a new sea level stability,
and in the following periods the notch was
also submerged. This observation reveals that
the Bodrum shores subsided gradually due to
active tectonics.

6. CONCLUSION

The marine geoarchaeological survey per-
formed on the ancient submerged mole of
Halicarnassus harbor revealed that the struc-
ture consists of two parallel sections, which
are located at different depths. The archaeo-
logical remains are currently submerged due
to sea level rise. We observed serious damage
on the mole due to both excavation operations
inside the harbor and earthquake activity. Ae-
rial photographs confirm that while the mole’s
north end was adjacent to the shore in 1967,
this link to the shore was destroyed due to the
excavation operations performed in the fol-
lowing years.

In addition to the mole in the harbor, the
submerged shipshed and the tidal notches to
the south of Bodrum Castle provide important
evidence for the relative sea level rise in the
region. The reason for the submersion of the
archaeological and geomorphological struc-
tures located in a tectonically active region
is mostly due to gradual tectonic subsidence,
rather than the global eustatic-isostatic sea
level rise.

ACKNOWLEDGMENTS

The authors would like to thank Prof. Atilla
Ulug for his contribution in the marine geophys-
ical data collection; the Academia Foundation
and Ozay Kartal for providing aerial photogra-
phy; Goksu Tatoglu and all other team members
for their contribution. The author is also thankful
to reviewers for constructive suggestions that
improved a previous version of this paper. This
paper is dedicated to the memory of Irem Uygur
and Mete Oymakl:.

“Tidal notches on the north Adriatic shore dated to Roman Period
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