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Figure 1: Lifting of ship timbers in purpose-built wooden trays. Uluburun Shipwreck, Turkey.

Credit: ©2002 Instute of Nautical Archaeology

Resim 1: Batik gemiye ait ahgap parcalarin tagima i¢in hazirlanmig tahta tepsiler tizerinde

kaldirilmasi. Uluburun Batigi, Tiirkiye. Fotograf: ©2002 Institute of Nautical Archaeology/

Sualt1 Arkeoloji Enstitiisii Spring 2002

Japanese Institute of
Anatolian Archaeology

Japon Anadolu
Project Director/Proje Miidiirii: Glenn Wharton; Translator/Cevirmen: Hande Kokten Ersoy Arkeolojisi Enstitiisi

Review Committee/Yayin Hande Kokten Ersoy, Jessica S. Johnson, Claire Peachey




Conservation of
Marine Finds
EEE

Arkeolojik Sualti
Kazilarinda
Buluntularin

Konservasyonu

Kathy Hall,
Tuba Ekmekgi
and

Asaf Oron

Introduction

Since the 1960’s, scientific excavation of underwater
shipwreck sites in Turkey has produced information il-
luminating periods from the Bronze Age to the present
century. Underwater excavations typically produce inher-
ently fragile artifacts that require the development of new
conservation strategies. Finds from underwater sites can
include every type of archaeological material. Artifacts
frequently treated include ceramic containers, stone ob-
jects, bronze and iron tools, and glass vessels. A wide va-
riety of organic materials, which do not normally survive
on land sites, may also be well preserved. For example, it
is not unusual to find the remains of wooden ship tim-
bers, or seeds and other botanical remains inside ceramic
jars (amphorae).

Artifact preservation is one of the most important
considerations for an underwater excavation. Without
treatment, the material recovered from an underwater
site will suffer irreversible damage and possibly complete
destruction.

Planning For Conservation

The conservation of objects from a marine site is a multi-
stage, costly process that may last many years. It is es-
sential that this is recognized in the initial excavation
planning. It is often said that one month of underwa-
ter excavation results in two years of conservation work.
Essential requirements for underwater excavations are:
an on-site conservator who can recognize the conserva-
tion needs of diverse objects and carry out the task of
identifying, sorting and storing large volumes of material
in a short time; a designated on-site conservation facil-
ity in which to carry out basic conservation work and to
ensure the safe transition of material from the excava-
tion site; and a permanent conservation laboratory where
much of the conservation is carried out at the end of the
excavation.

In the Field Laboratory

Conservation on site is low intervention, with the aim of
stabilizing artifacts and preparing them for safe trans-
port to the permanent conservation lab. Stabilization be-
gins on the seabed, where artifacts often appear to be in
pristine condition. Appearances can be deceiving! Once
exposed, fragile artifacts need temporary protection from
sediment movement, intrusive marine fauna and the feet
of diving team members. Such protection may be short-
term (over a few days) or longer term (between excava-
tion seasons). Short-term protection is provided using
polyethylene bags filled with sand to support and protect
semi-buried material, as well as plastic containers placed
over artifacts and held down by lead weights. Long-term
site protection may include reburial with clean sand in
combination with a synthetic separation layer.

Small artifacts are lifted from the seabed using rigid,
sealable plastic containers or plastic buckets. Larger arti-
facts are raised in plastic crates or custom-built wooden
trays cushioned with padding material and rigged with
lifting balloons. Artifacts are raised, catalogued, placed
in tanks or buckets of sea water and never allowed to dry
out. The artifact storage area is close to the sea to al-

Giris

Thrkiye’deki batiklarda 1960’dan bu yana yapilan bilim-
sel sualt1 kazilarinda Bronz Cagi’'ndan icinde bulundu-
gumuz ylzyila dek farkli donemleri aydinlatici bilgiler
elde edilmigtir. Sualti kazilarinda giimisigina cikarilan
buluntularin agir1 hassas olusu yeni konservasyon strate-
jilerinin gelistirilmesini gerektirmektedir.

Batiklarda her tipte arkeolojik malzeme ile kargilag-
ma olasilig vardir. En yaygin bigimde ele gecen buluntu-
lar arasinda seramik (pigsmis toprak) kaplar, tag objeler,
bronz ve demir arag gereg ile cam egyalar bulunmaktadir.
Toprakalt1
nedeniyle korunamayan) genis cesitlilikteki organik mal-

kazilarinda ele ge¢gmeyen (ortam kogullar

zeme de iyi korunmusg halde giinigigina ¢ikarilmaktadir.
Ornegin, batik gemilere ait ahsap parcalar ile seramik
vazolar iginde (6zellikle amphoralar) tohum ve diger bo-
tanik kalintilara rastlamak olagandir.

Konservasyon Planlamasi

Denizaltindan gelen buluntularin konservasyonu ¢ok
agsamali ve yillar siirecek masrafli bir iglemdir. Kaz1 pla-
n1 yapilirken konservasyon uygulamalarina da en bagtan
yer verilmesi temel ilkedir. Cogu zaman s6ylendigi gibi
bir ay stiren bir sualt1 kazisi iki yil siirecek bir konser-
vasyon ¢aligmasini gerektirir. Sualti kazilar icin temel
gereksinimler ise soyle siralanabilir: farkli objelerin kon-
servasyon problemlerini anlayabilecek ve kisa zamanda
¢ok sayidaki buluntuyu smiflandirip, depolayabilecek
deneyime sahip bir arazi konservatorii; temel koruma
islemlerinin gergeklestirilebilecegi ve buluntularin kazi
alaninda giivenli bir bigimde korunmalarini saglayacak
bir arazi laboratuvari; kazimin bitiminde buluntularin
koruma iglemlerinin yapilabilecegi tam tegekkilli bir
konservasyon laboratuvari.

Arazi Laboratuvari

Kaz1 ortaminda en az miidahale esas olmalidir; amag ob-
jeleri stabil hale getirmek ve konservasyon laboratuvarina
givenli bir bicimde ulagmalarini saglamak icin gerekli
hazirliklar yapmaktir. Stabilizasyon iglemine ise bulun-
tularin “saglam izlenimi” verdigi deniz yataginda baglan-
malidir. Zira bu goriintii cogu kez yanilticidir! Kazi igle-
mi tamamlandiginda kirilgan objeler deniz yatagindaki
hareketlilige karg: gecici olarak korunmak zorundadirlar;
denizalt1 bitki ortiisii ve dalgiclarin ayaklari objelerin ta-
sinmasina dek olan siiregte risk etkenleridir. Gegici koru-
ma kisa (birkag giin i¢in) veya uzun vadeli (kazi sezonlar1
arasindaki donem) olabilir. Kisa siireli koruma miidaha-
lelerinde kismen gomiilii olan objeler kumla doldurulmug
polietilen torbalar veya tizerlerine ortiilerek kursun agir-
liklarla sabitlenen plastik kutular yardimiyla giivenlik al-
tina alinabilir. Uzun vadeli alan korumasi ise sentetik bir
ayiric tabaka kullanilarak yapilacak izolasyondan sonra
temiz kumla yeniden gomme seklindedir.

Kiciik objeler ise deniz yatagindan sert ve agzi si-
kica kapatilabilir kutu veya plastik torbalar icinde kaldi-
rilmalidirlar. Biytk buluntular ise plastik sedyeler veya
ahgaptan yapilmig ve destek malzemesi ile yastiklanmig
6zel tagtyicilar kullanilarak ve balonlar yardimiyla kal-
dirihirlar. Buluntular denizaltindan ¢ikartilir, katalogla-
nir, deniz suyu ile doldurulmusg olan tank veya kovalara



low easy access to sea water. It is also shaded from direct
sunlight, to prevent heating of containers, and the rapid
evaporation of solutions, increased chemical reactions,
and unwanted biological growth which can result. A per-
manent labeling system that will not deteriorate under
prolonged exposure to sunlight and to artifact storage so-
lutions (usually water, but sometimes solvents and other
chemicals) is essential. Two good examples for aqueous
storage are ‘Dymo’ imprinted plastic strips and black
permanent ‘Sharpie’ pen on plastic tags and containers.
Non corrosive imprinted metal strips may be used for
solvent based storage solutions which may otherwise dis-
solve ‘Dymo’, ‘Sharpie’ writing and plastic labels.

On site, a preliminary condition assessment is made
of each artifact. Full documentation, including photogra-
phy, will be transferred with the objects to the permanent
lab. Attention is paid to hairline cracks, friable surfaces,
flaking pigments, active corrosion or any other factor that
may require on-site intervention and special protection
during transportation.

After flotation (decanting and collecting samples)
of ceramic vessel contents, basic conservation tasks are
carried out, such as the removal of obscuring marine ac-
cretion from ceramics, and initial desalination from sea
water to tap water. The removal of accretion is a labor-
intensive task and can be carried out with help from other
team members, supervised by the on-site conservator.

Packing and transportation considerations include
making sure that artifacts do not dry out and are provid-
ed with enough physical protection. Polyethylene buck-
ets, boxes and bags are useful containers, together with
protective padding such as spongy foam, seaweed packed
in plastic bags, sandbags or old diving suits. Artifacts are
kept wet by sealing water into the shipping container.
Larger artifacts must be wrapped in plastic and may have
to be wetted during transport. On arrival at the perma-
nent lab, the padding material must be removed, because
it can very quickly foster biological growth.

At the Permanent Conservation Facility

Artifacts are carefully unpacked. Large water storage
tanks can hold big artifacts such as wooden timbers and
quantities of amphorae. Plenty of shelving space is re-
quired for small artifacts in water baths. Here, every ar-
tifact is desalinated, and some undergo further treatment
such as stabilization with polymers and the removal of
layers of accretion.

It is essential to desalinate every marine artifact be-
fore it is allowed to dry, or the salts absorbed into its
structure from sea water will cause extensive damage. For
example, the growth of salt crystals inside ceramic walls
will cause vessels to crack and disintegrate, and metal
artifacts can be destroyed by accelerated corrosion. These
processes can occur either shortly after drying, or many
years later in storage.

To carry out desalination, the permanent lab must
be provided with a large supply of pure water and a well-
designed system for monitoring conductivity readings.
Rain water, a good source of relatively pure water, can be
collected as it drains from roofs into purpose-built tanks.
Very pure water is produced by reverse-osmosis, distilla-

yerlestirilir ve kurumalarina asla izin verilmez. Depo

alaninin denize yakin olmasi depolama igin gerekli de-
niz suyunun saglanmasi agisindan kolayhk saglayacak-
tir. Diger taraftan, tank ve kovalarin 1sinmamasi, suyun
¢abuk buharlasmamasi, kimyasal reaksiyonlarda artig
olmamas: ve istenmeyen biyolojik iiremelere yol verme-
mek i¢in gin 1s1g81indan da korunmalidir. Giines 15181na
uzun siire maruz kalmasi halinde ve depolamada kullani-
lan sivilar tarafindan (genellikle su, ancak bazen ¢oziici
ve bagka kimyasallar) bozulmaya ugramayacak nitelikte
dayanikl etiketleme sistemine yer verilmelidir. Islak de-
polama icin bozulmaya ugramayan “Dymo” seritleri ile,
plastik etiketler ve kutular tizerine yaz1 yazmay: saglayan
“Sharpie” kalemler bu amaca en uygun malzemelerdir.
Korozyona ugramayan ve tizerlerine baski yoluyla yazi
yazilabilen madeni geritler ise “Dymo” ve “Sharpie” gibi
malzemelerin erimesine yol acabilecek depolama cozelti-
leri i¢inde kullanilirlar.

Arazide her buluntu icin bir 6n durum belirlemesi
yapilmalidir. Belgeleme ve fotograflar objelerle birlikte
gecici laboratuvara taginmalidir. Diger taraftan kilcal
catlaklar, hassas yiizeyler, pullanan pigmentler, aktif
korozyon veya diger olumsuz faktorler buluntuya hentiz
yerinde iken miidahale edilmesini ve tagima esnasinda da
ozel dikkat gosterilmesini gerektirir.

Pismis toprak vazo igeriginin su yardimiyla elenerek
ayrilmasindan sonra seramik vazolarin tizerindeki kabuk
tabakasinin temizlenmesi ve objelerin deniz suyundan
tath suya gegirilerek tuzdan arindirma igleminin baglatil-
mast gibi temel konservasyon iglemleri uygulanir.

Paketleme ve nakil ile ilgili kurallarin baginda, ob-
jelerin kurumasina izin verilmemesi ve yeterli fiziksel
korumanin saglanmasi gelmektedir. Polietilen kovalar,
kutular ve torbalar yamisira stinger dokulu kopiiklerle
yapilan destekler, plastik torbalarin igine doldurulmug
yosun, kum torbalar ve eski dalgic giysileri de nakliye-

Figure 2: Lifting
artifacts using an
air filled lifting bag.
Uluburun Wreck,
Turkey.

Credit: ©2002
Institute of Nautical
Archaeology

Resim 2: Hava ile
doldurulmus tagiyict
balonla buluntularin
tagimmasi. Uluburun
Batig, Tirkiye.
Fotograf: ©2002
Institute of Nautical

Archaeology



Figure 3: Measuring
salt content of wash
water with hand held
conductivity meter.
Credit: ©2002
Institute of Nautical
Archaeology

Resim 3: Tuzdan
armdirma igin
kullanilan suyun tuz
igeriginin
kondiiktivite metre
ile ol¢timii. Fotograf:
©2002 Institute of
Nautical Archaeology
/ Sualt1 Arkeoloji
Enstitiist

tion, or de-ionization. The end point of desalination is
determined using conductivity meters or a chemical test
for chloride ions. Monitoring and changing water baths
is time consuming and is carried out by trained conser-
vation technicians, but the process is supervised by a
conservator since pure water can increase deterioration
of some artifacts, and complete desalination of other arti-
facts may be impossible to achieve.

When artifacts are ready to be dried, the water can
be removed in a variety of ways depending on an object’s
material and condition. Most waterlogged artifacts have
undergone significant deterioration, and the water has
taken the place of the material lost during deterioration.
If such objects are simply allowed to dry out, major dam-
age can occur via collapse, shrinkage, cracking, spalling,
and other effects. Therefore, many artifacts may require
treatment with synthetic polymers, which substitute for
the material lost during deterioration and the effects of
waterlogging. Since the polymers remain permanently
within the artifact to support and strengthen it, they are
carefully selected for their long-term chemical stability.

The removal of large amounts of marine accretion
is an aspect of conservation unique to marine artifacts.
Accretion is precipitated directly from sea water or depos-
ited by marine fauna onto artifact surfaces. Consultation
with archaeologists studying the artifacts determines
whether or not to remove accretion. The methods em-
ployed will depend on material type, state of preserva-
tion, and research potential.

Long Term Storage

Marine excavations often yield great quantities of mate-
rial. A storage depot for the treated artifacts is always
designated before excavation begins. The condition of
treated artifacts in storage is checked regularly, at least
once a year. If possible, fluctuations in relative humidity
are limited, particularly for artifacts from old excavations
which may not have been fully desalinated. Unnecessary
handling and vibration to artifacts is also minimized,
since hidden deterioration has left many artifacts ex-

tremely fragile. B

de kolaylik saglayacaktir. Objeler tagimada kullanilan
kutularin igine su doldurularak islak tutulabilir. Daha
biiytik objeler ise plastik ortiilere sarilmali ve kurumalar:
onlenmelidir. Konservasyon laboratuvarina ulasildiginda
ise, hizli gelisen biyolojik iireme nedeniyle destek malze-
melerinin ambalajlardan ¢ikartilmasi gerekir.

Konservasyon Laboratuvari

Objeler dikkatle ambalajlarindan ¢ikarilir. Cok sayida
amphora ve biiytik ahsap pargalarini depolamak amaciyla
su tanklar1 kullanilacaktir. Su i¢inde saklanacak kiiciik
objeler icinse genis ve kapsaml bir raf sistemine gerek-
sinim duyulacaktir. Burada biitiin objeler tuzlarindan
armdirilacak ve bazilar1 da polimerler yardimu ile stabili-
zasyon ve istenmeyen kabuk tabakalarinin temizlenmesi
gibi iglemlerden gegirileceklerdir.

Denizaltinda bulunan her objenin kurumadan 6nce
tuzlardan arindirilmasi gerekir, zira bu yapilmadiginda
deniz suyundan objenin yapisina yerlegen tuzlar ileri de-
recede tahribata yol agabilirler. Ornegin, pismis toprak
vazolarin geperleri i¢inde kuruma sonucu olugacak tuz
kristalleri objede ¢atlamalara ve tahribata neden olacak,
metal objeler ise korozyonun ilerlemesi sonucu zarar go-
recektir.

Tuzdan arindirma iglemini uygularken laboratuvar-
da yeterince saf su ve konduktivite olciimlerini (suyun
i¢indeki tuz niceligini saptayan arac) saglikli bir bigimde
yapacak iyi tasarlanmig bir sistemin bulunmas: sarttir.
Saflik derecesi yiiksek olan yagmur sular1 da yagmur
oluklarindan su toplama tanklarinin igine alinarak birik-
tirilebilir. Saflig1 yiiksek su ise su aritma ve saflagtirma
cihazlar1 yardimiyla saglanabilir. Objelere uygulanan saf-
lagtirma iglemine ne zaman son verilecegi ise iyon-kon-
diiktivite metreler veya kloriir iyonlar1 i¢in uygulanan
kimyasal test yardimiyla belirlenir. Saflagtirma islemi
sirasinda banyo sularimin gozlenmesi ve degistirilmesi
ise zaman alici bir igtir ve bu konuda deneyim sahibi
konservasyon teknisyenleri tarafindan yapilmasi gerekir;
diger taraftan saf su kimi buluntulardaki bozulmay1 hiz-
landirp arttirabileceginden bu iglemin bir konservatoriin
denetiminde yapilmasi oénemlidir. Bazi objelerin tuzla-
rindan tamamiyle arindirilmasi ise miimkiin olmayabilir.

Buluntular kurutulmaya hazir duruma geldiklerin-
de, su malzemenin 6zelliklerine ve durumuna baglh ola-
rak degisik yontemlerle cikarilir. Suya doymusg objelerin
biiyiik bir boliimii ciddi derecede bozulmaya ugrarlar ve
bu esnada ortaya ¢ikan malzeme kayiplarinin yerini su
doldurur. Eger objelerin kurumalarina izin verilirse, par-
calanma, kiiciilme, dagilma ve yarilma gibi ileri derecede
tahribat ortaya ¢ikar. Bu nedenle pek ¢ok objeye sentetik
polimerler uygulanmasi gerekir, zira béylece bozulma ve
suya doyma agamalarinda goriilen malzeme kaybinin ye-
rine kullamilan polimer geger. Polimerler objeyi devaml
sekilde destekleyip, saglamlagtirmak tizere biinyede kala-
caklarindan, uzun vadeli kimyasal dayanikliliklar1 agisin-
dan 6zenle segilmelidirler.

Sualtindan cikarilan objelerin kalin bir kabuk ha-
linde deniz tortusu ile kaplanmig olusu ise konservasyo-
nun sadece bu tiir buluntulara has bir problemidir. Sz
konusu kabuk tabakasi deniz suyundaki tuzlar ve/veya



Figure 4: Temporary
storoge of marine
artifacts in sea water,
prior to desalination.
Credit: ©2002
Institute of Nautical
Archaeology

Resim 4: Sualtinda
bulunan ojelerin
tuzlardan
armdirilmadan

once gegici olarak
denizsuyu iginde
depolanmas.
Fotograf: ©2002
Institute of Nautical
Archaeology / Sualti
Arkeology / Sualt1
Arkeoloji Enstitiisii
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deniz canlhilarinin obje ytizeyinde birikmesi sonucu orta-
ya ¢ikar. Arkeologlarla birlikte yapilacak bir inceleme bu
tabakanin kaldirilip kaldirilamayacagini belirleyecektir.
Bu amagla kullanilacak yontemler ise malzemenin tipi-
ne, korunma durumuna ve arastirma olanaklarina gore
degisiklik gosterir.

Uzun Vadeli Depolama

Sualt1 kazilarinda genellikle biiytik nicelikte obje ele geg-
mektedir. Kazi caligmalar1 baglamadan énce konservasyo-
nu tamamlanan objeler igin bir depo alani diizenlenmesi
sarttir. Koruma iglemleri bitirilen objelerin saklanacagi
deponun kogullari, en az senede bir defa olmak tizere,
diizenli sekilde kontrol edilmelidir. Ozellikle eski kaz
kampanyalar1 sirasinda bulunmusg ve tuzdan arindirma
islemleri tamamlanmamis objelerin korundugu depolar-
da bagil nemdeki diizensizliklerin 6nlenmesine 6nem
verilmelidir. Gizli bozulmalar buluntular1 kirilgan hale
getireceginden objelere gereksiz temas engellenmeli ve
titresim etkileri en az seviyede tutulmalidir. B
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Kathy Hall, Uluburun Batigi Sualti Kazisi konser-
vatoridiir. Bodrum Sualti Arkeoloji Miizesi'nde yer
alan Sualti Arkeolojisi Enstitiisiintin konservasyon
laboratuvarinda gorev yapmaktadir.

Tuba Ekmek¢i, Sualti Arkeolojisi Enstitiisii'niin kon-
servasyon laboratuvarinda sef konservasyon teknisy-
eni olarak calismaktadir. Gorevlerinden biri de objelerin
tuzlarindan arindirilmasi igleminin giinlitk kontrollerini

yurtitmektir.

Asaf Oron, Tektag Batigi Sualti Kazis1 konservatoridiir.
Sualt1 Arkeoloji Enstitiisti’niin Bozburun’daki Kazisi'nda
ve Bodrum Sualti Arkeoloji Miizesi'nde kiigiik objeler
konservatorii olarak da gorev yapmistar.
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Field Notes is a series of essays written by professional
conservators and archaeologists. They are intended for
archaeologists, conservators and students as resource
guides for the stabilization and preservation of excavated
materials and archaeological sites.

For additional copies of Field Notes, or more informa-
tion about the series, please contact: Japanese Institute
of Anatolian Archaeology, Cagirkan Kaman Kirgehir
40350 TURKEY, Tel: 90-386-717-6252, Fax: 90-
386-717-6168, e-mail: kaman@jiaa-kaman.org, www.

jiaa-kaman.org

Kazi Notlar1 profesyonel konservator ve arkeologlar tara-
findan yazilmis olan bir makaleler dizisidir. Arkeologlar,
konservatorler ve 6grenciler i¢in kazi buluntular ve ar-
keolojik 6ren yerlerinin stabilizasyonu ve korunmasi ile
ilgili kaynak rehberler olarak hazirlanmistir.

Kaz1 Notlar’'nin kopyalarindan edinmek veya bu dizi
hakkinda daha fazla bilgi almak igin liitfen bagvurunuz:
Japon Anadolu Arkeolojisi Enstitiisii, Cagirkan Kaman
Kirsehir 40350 TURKIYE, Tel: 90-386-717-6252,
Fax: 90-386-717-6168,
org, www.jiaa-kaman.org

e-mail: kaman@jiaa-kaman.



