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Figure 1: Careful excavation of copper alloy dagger. Kaman-Kalehoyiik, Turkey. Spring 2002

Credit: Middle Eastern Culture Center in Japon.
Resim 1: Bakir alagimi bigagin kazi sirasinda ortaya ¢ikarilmasi. Kaman-
Kalehoytik, Tiirkiye. Fotograf: Japonya Orta Dogu Kiiltiir Merkezi
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Introduction

Metal artifacts are found at excavation sites through-
out Turkey. Slag deposits and cold-worked objects
from native ores date the processing of copper from the
late eighth to early seventh millennium BC (Cayoni).
Archaeological settlement in Turkey is usually described
in association with metal working technology according
to the following general chronology: Copper Age: 5500-
3000 BC; Early Bronze Age: 3000-2500 BC; Middle
Bronze Age: 2500-2000 BC; Late Bronze Age: 2000-
1200 BC; Early Iron Age: 1200-800 BC; and Late Iron
Age: 800-600 BC. Copper, iron, lead, silver and gold
(electrum) were mined in Turkey, whereas tin was im-
ported from Mesopotamia. Perhaps the most famous gold
refinery in ancient Anatolia was at Sardis, dating to the
6th century BC.

Deterioration & Preservation Techniques

In nature, metals usually exist within naturally occur-
ring ore deposits in their oxidized states. When they are
smelted and further refined for processing as artifacts,
they are reduced to their less chemically stable metallic
states. During burial, metals return to their oxidized
forms by corroding in the presence of oxygen and mois-
ture. Corrosion can be accelerated in acidic or basic burial
environments, or by the presence of salts such as sodium
chloride. Other salts, such as carbonates and sulfates,
can chemically combine with metals to form expansive
corrosion layers. Corrosion may also pit metal surfaces,
or extend deeply into the interior structure of artifacts.
Most corrosion layers are protective, helping to prevent
further oxidation; yet some are destructive and acceler-
ate the deterioration process. Oxidation can proceed to
eventually corrode an entire metal artifact, without any
metal core remaining. These artifacts can, therefore, be
extremely fragile when uncovered during excavation, with
a deceptively solid appearance.

Excavation & Lifting

Closely inspect metal artifacts prior to lifting them from
burial. Valuable information regarding fabrication or use
may lie in a loosely adhered corrosion layer or in adjacent
soil deposits. After carefully removing the adjacent soil,
lift fragile artifacts with an underlying support, such as
excavation tools or large, rigid sheets of plastic or metal.
Extremely fragile objects may require additional support
around their sides.

Do not place metal artifacts in closed bags or tight
fitting containers directly after excavation, since moisture
may collect inside and cause further corrosion. Instead,
allow them to dry slowly in open containers, with ad-
equate support to prevent damage during handling and
transit to the excavation processing facility.

Cleaning, Stabilization & Repair

Because of their deceptively stable appearance, archaeo-
logical metals must be carefully examined prior to clean-
ing. Document their condition prior to any cleaning
other than gentle brushing, since they can change dra-
matically during conservation treatment. Examination
can be improved by using low power magnification, such
as a magnifying glass, jewelers loupe or microscope. Close

Giris

Thirkiye'deki hemen her kazi merkezinde metal buluntu-
lar ele gecmektedir. Yoresel maden yataklarina ait ctruf
birikintileri ve soguk islenmis objeler yardim ile, bakir
madeninin Anadolu'da 1.0 gec 8.- erken 7. binyil'dan
beri kullanildigini bilmekteyiz (Cayoni). Tirkiye'deki
arkeolojik yerlesimler barindirdiklar1 metal tretim
teknolojisi ile baglantili olarak su kronolojik tabloyu
ortaya koymaktadirlar: Bakir Cag: 1.0. 5500-3000;
Erken Bronz Cagi: 1.0. 3000-2500; Orta Bronz Cag:
1.0. 2500-2000; Ge¢ Bronz Cagi: 1.0. 2000-1200;
Erken Demir Cag: 1.0. 1200-800; Ge¢ Demir Cagi:
1.0.800-600. Bakir, demir, kursun, giimiis ve altin (ele-
ktron) Anadolu'da c¢ikartilirken, kalay Mezopotamya'dan
getirilmekteydi. Eski Anadolunun en tnli altin rafin-
erisi ise 1.0 6.yiizyila tarihlenmekte olup, Sardes'de giin
15181na ¢ikarilmigtir.

Bozulma ve Korunma Kosullar:

Metaller dogada genellikle oksidasyona ugramig du-
rumda maden damarlari i¢inde bulunurlar. Eritildikleri
ve obje haline getirilmek amaci ile rafine edildiklerinde
ise kimyasal agidan daha az stabil (duragan) olan meta-
lik hale indirgenirler. Gomiilii kaldiklar1 siirecte, oksi-
jen ve nem'in varligi nedeniyle koroz-yona (bozulmaya)
ugrayarak yeniden okside olurlar (dogada bulunduklar:
hale geri donerler). Asit ve alkali gomi ortamlarinda veya
sodyum kloriir gibi tuzlarin bulundugu kosullarda koro-
zyon olusumu artacaktir. Karbonat ve siilfat gibi diger
tuzlar kimyasal agicdan metallerle birleserek genis yayilim
gosteren korozyon tabakalari olusturabilirler. Korozyon
metal ytizeyinde cukurlar agilmasina da neden olabilme-
kte veya objelerin i¢ yapilarimi derinlemesine etkileme-
ktedir. Korozyon tabakalarinin ¢ogu koruyucu 6zel-
lik tagidigindan metalin daha ileri derecede korozyona
ugramasini engellemekte, bazilar ise tahrib edici olup,
bozulma siirecini hizlandirmaktadir. Oksidasyon ergeg
objenin biitiintiniin geride hi¢ metal 6zii kalmayacak
bigimde korozyon maddelerine doniigmesine yol agabilir.
Bu nedenle, soz konusu objeler kazi sirasinda giinigigina
gikartildiklarinda saglam goriintiilerinin aksine son de-
rece hassas ve kirilgan olacaklardir.

Kaz1 ve Kaldirma, Tasima Islemleri

Objeleri bulunduklar1 yerden kaldirmadan énce yakindan
incelemek gerekir. Yapim-iiretim ve kullanim ozellikleri
ile ilgili 6nemli bilgilerin metal objeden kopabilecek ko-
rozyon tabakalar1 veya objeyi ¢evreleyen toprak iginde
yer alabilecegi gozoniinde tutulmalidir. Objeyi kaplayan
toprak dikkatli bir bigimde temizlenmeli, hassas bulun-
tular alttan destek yardimiyla kaldirilmalidir; s6z konusu
destek, kazi aletleri yanisira biiyiik ve saglam plastik
veya metal levhalar olabilir. Cok kirilgan objeler ise yan
kisimlarindan da ek destek uygulanmasini gerektirebil-
irler.

Metal objeleri kazinin ardindan (topraktan gikaril-
diktan hemen sonra) kapali torbalar veya kapag sikica
kapanan kaplar igine yerlestirmek sakincalidir, zira bu
nemin iceride yogunlagmasina ve daha ileri derecede ko-
rozyon olusumuna yol acacaktir. Bu nedenle objelerin
kapagi acik kaplar iginde kurumasi saglanmali; bulun-



Figure 2: Treatment

of bronze disease
with benzotriazole
under vacuum pres-
sure, within safety
chamber. Kaman-
Kalehoyiik, Turkey.
Credit: Glenn
Wharton

Resim 2: "Bronz
hastaligi"
zotriazole ¢ozeltisi

nin ben-

ile vakum altinda

ve ceker ocak i¢inde
muamelesi. Kaman-
Kalehoyiik, Tiirkiye.
Fotograf: Glenn
Wharton

observation of corrosion may reveal important deteriora-
tion products or fabrication details, including tool marks
or original surface decoration. Pseudomorphs, which are
the forms of associated burial materials such as textiles or
cordage within the corrosion layers, may also be revealed.

The focus of metals conservation has shifted in re-
cent years from intensive cleaning and corrosion removal
to corrosion prevention and stabilization. This is partly
because the original surface of the artifact may be some-
where in the corrosion layer, and partly because remov-
ing protective corrosion can cause more rapid oxidation
in storage. At times, superficial corrosion is carefully
removed with soft bristle brushes, wood probes, metal
needles, dental picks, tooth brushes, scalpels, and other
small hand tools. Ethanol or a small amount of water
(preferably distilled or deionized) may be used with small
brushes or cotton swabs. If water is used in cleaning, the
artifact must be thoroughly dried before it is placed in a
sealed container. More aggressive methods such as elec-
trically powered rotary and vibration tools, immersion in
water, and treatment with solvents and acids are rarely
used during cleaning in the field because of the damage
they can cause.

Advanced corrosion removal techniques are reserved
until it is determined that no more information can be
gained from the corrosion layer, or that the corrosion is
itself harming rather than protecting the object. Instead
of removing corrosion in order to visually investigate the
surface, analyze metal alloys and study their fabrication
technology, non-destructive techniques such as radiogra-
phy and x-ray fluorescence are more frequently used in
research laboratories.

Some metal artifacts continue to corrode after ex-
cavation. Copper alloy objects can develop small pits of
pale green corrosion (bronze disease), and iron objects
can develop red and orange corrosion products (rust). In
these cases, desalination or chemical treatment may be
required. Since water causes corrosion, metals from dry
land sites are not desalinated like ceramics by immersion
in successive baths of water. Instead, other techniques
have been developed, such as the immersion of iron in
warm alkaline sulfite baths to dissolve iron chlorides,
and the application of benzotriazole to create a chemi-
absorbed barrier film on copper alloys. Numerous iron
objects are often excavated from Hellenistic, Roman,

tularin insan eliyle ve tagima sirasinda tahrib olmasini
onlemek icin de gerekli destekler kullanilmalidir.

Temizlik, Stabilizasyon ve Onarim

Yaniltic1 bigimde saglam izlenimi vermeleri nedeniyle,
arkeolojik metal buluntularin temizlik islemleri once-
sinde 6zenle incelenmeleri gerekir. Bu asamada dikkatli
bir fircalamadan bagka temizlik uygulanmamali ve 6nce-
likle buluntunun durumu belgelenmelidir, zira koruma
islemleri sirasinda objede sasirtici bir degisiklikle kargi-
lasilabilir. Inceleme biiyiilteg veya mikroskop gibi araglar
yardimi ile daha ayrintili olarak yapilabilir. Korozyonun
yakindan incelenmesi ¢nemli bozulma maddelerinin
anlagilmasim veya tretimle ilgili bilgilere ulagilmasini
(alet izleri veya 6zglin yiizey stislemesi gibi) saglayabilir.
Tekstil, ahsap ve deri gibi. metal obje ile iligkili organik
maddelerin korozyon yardimiyla korunmasi sonucunda
giintimiize kalabilen "pseudomorf" olusumlar da bu ince-
leme sirasinda saptanabilirler.

Metal objelerin konservasyonundaki yaklagimlar
son yillarda degisim gostermis, objelerin yogun olarak
temizlenmesi ve korozyon tabakalarinin tamamen kal-
dirilmasi yerine, korozyonun stabilizasyonu ve ilerleyi-
sinin 6nlenmesi yoluna gidilmistir. Bunun bir nedeni,
objenin 6zgiin ylizeyinin korozyon tabakasinin icinde yer
alabilecek olmasi; diger nedeni ise "koruyucu korozyon
tabakasi"nin kaldirilmasinin, objenin depolanmasi sira-
sinda daha hizli ve etkili oksidasyona yol agma ihtima-
linin olmasidir. Cogu zaman, yapay korozyon yumusak
cam elyafi fircalar, ahsap/bambu cubuklar, igneler, disgi
aletleri, dis fircalari, bisturiler ve benzeri kiigtik el alet-
leri ile temizlenir. Ethanol veya su ile (tercihen saf veya
deionize su) nemlendirilmis kiigiik fircalar veya pamuk
(bambu c¢ubuga sarilmig) da bu temizlikte yardimar ola-
caktir. Ancak eger temizlik iglemi sirasinda su kullanil-
mig ise, obje torbaya veya kutuya yerlestirilmeden 6nce
tamamen kurudugundan emin olunmalidir. Elektrikle
calisan yiiksek devirli veya titresimli araclarin kullanima,
suya daldirma, coziiciiler ve asitlerle temizleme ise yol
acabilecekleri tahribat nedeniyle kaz1 ortaminda nadiren
bagvurulan yontemlerdir.

Geligsmis korozyon temizleme teknikleri ise, ko-
rozyon tabakalarindan daha fazla bilgi edinilemeyecegi
veya korozyonun objeyi korumaktan ¢ok zarar verecegi
durumlarda kullanilabilir. Yiizeyin gorsel incelemesi igin
korozyon tabakalarmmin kaldirilmasi yerine, metal ala-
simlariin analizi ve tiretim teknolojisinin aragtirilmasi,
radyografi ve XRF gibi tahrib etmeyen yontemlerin kul-
lanilmasina aragtirma laboratuvarlarinda siklikla bagvu-
rulmaktadar.

Baz1 metal objeler ise toprakaltindan ¢ikarildiktan
sonra da bozulmay1 (korozyona ugramayi) siirdiirmekte-
dirler. Bakir alagimi objelerde acik yesil renkte ve kiiciik
oyuklar olusturan (bronz hastaligi) korozyon tiirii gori-
liirken, demir objeler kirmizi ve portakal rengi korozyon
maddelerini (pas) tiretirler. Bu gibi durumlarda "tuzlar-
dan arindirma" veya kimyasal iglemler gerekli olabilir. Su
korozyon olusumuna yol agtig1 igin, kuru alanlardan ele
gecen metal buluntular pigmis toprak objelerde oldugu
gibi diizenli degistirilen banyolara daldirilarak arindi-
rilmaz. Bunun yerine kullanilan degisik yontemler ara-



Byzantine and Islamic levels. Conserving large quanti-
ties of these finds can be problematic, and at times “mass
treatment” techniques for desalination of iron objects are
developed in the field lab. All of these methods require an
understanding of the chemistry involved, and are devel-
oped on site by a conservator. Full descriptions of these
processes are included in the references below, as well as
other conservation literature.

Protective coatings are sometimes applied to metal
artifacts as moisture barriers to help prevent future cor-
rosion. Incralac, for example, is an acrylic lacquer that is
sometimes applied to the surface of copper alloy artifacts
following benzotriazole treatment for bronze disease.
When necessary, repairs may be made on metal artifacts
with Paraloid B-72 (approximately 45% w/v in acetone)
as an adhesive. Large objects may require a stronger ad-
hesive, such as Paraloid B-48. Cosmetic reconstruction,
gap filling, and inpainting losses are generally reserved
for exhibition, and not carried out in field laboratories.

Stroage

Unlike other excavated finds, permanent storage
for metals is kept as dry as possible to avoid corrosion.
Since dry storage rooms at under 50% relative humid-
ity are usually not possible in the field, or even advisable
for other excavated materials, metals are often stored in
individual containers with drying agents.

Dry micro-environments are created for metal ar-
tifacts by storing them in closed containers composed
of inert plastics, such as polystyrene and polyethylene.
Silica gel is the most common drying agent used on exca-
vations. Silica gel absorbs moisture over time, so it must
be monitored and reconditioned periodically by heating
it to 150°C for approximately three hours to drive off
the absorbed moisture. Although the frequency of the
reconditioning schedule varies with storage conditions,
many sites recondition all of their silica gel each season.
A practical way to monitor silica gel is to install small
relative humidity-indicating cards in the storage contain-
ers. In the past, many excavations used a form of silica
gel with a cobalt indicator that changes from blue to pink
as it absorbs moisture from the environment. Cobalt salts
have recently been identified as possible carcinogens.
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sinda, demir kloriir tuzlarimin ¢oziiniir hale gelmesini

saglayan sicak alkali stlfit banyosu ile, bakir alagimi
objeler tizerinde kimyasal olarak sogurucu bir bariyer
meydana getiren benzotriazole bulunmaktadir. Ozellikle
Hellenistik, Roma, Bizans ve Islami dénem buluntula-
1 arasinda cok sayida demir obje yer almaktadir. Demir
buluntularin niceligindeki artis konservasyonu sorun-
lu kilabilir ve boyle hallerde demir objelerin tuzlardan
arindirilma iglemlerinin "toplu halde" yapilmasi igin kazi
laboratuvarinda uygulanabilir diizenek ve yontemler kul-
lanilmasi zorunludur. Biitiin bu yéntemler uygulayicinin
kimya bilgisi yanisira kazi ortaminda séz konusu kogul-
larin bir konservator tarafindan hazirlanmasimi da gerek-
tirir. Burada belirtilen yontemlerin ayrintilar agagida
verilen referanslar yanisira, konservasyonla ilgili yayinlar
arasinda da yer almaktadir.

Depolama

Kazis1 yapilmig diger buluntularin aksine, metallerin
uzun siireli depolanmasi "korozyonu 6nlemek" amaci ile
olabildigince kuru ortamda yapilmahdir. Kazi ortaminda
bagil nem oran1 %50'nin altinda sabit tutulan depo alan-
larin1 yaratmak olanaksiz oldugu ve diger buluntular igin
de bu yontem onerildigi icin metal objeler de genellikle
ayr1 ambalajlar icinde ve bagil nemdeki yiikselmeleri en-
gelleyen dengeleyicilerle birlikte saklanirlar.

Metal buluntular, polistren ve polietilen gibi kimya-
sal agidan etkisiz plastiklerden yapilmig kapali ambalaj-
lar (torbalar, kutular, vb.) icinde depolanarak, kendileri
i¢in mikro-cevre kogullan yaratilabilir. Kazi ortaminda en
yaygin kullanilan dengeleyici malzeme "silika jel'dir. Bu
maddenin 6zelligi ortamdaki nemi toplamasi oldugun-
dan, siirekli izlenmesi ve diizenli araliklarla (150°C'ye
kadar yaklagik ti¢ saat boyunca) firinlanarak emdigi ne-
min giderilmesi saglanmalidir. S6z konusu kurutma igle-
minin siklig1 depolama kosullarina gore degismekle bir-
likte, cogu kazida bu islem her ¢alisma mevsiminde ya-
pilmaktadir. Silika jel'in durumunu kontrol etmenin bir
yolu da depolama kaplarinin i¢ine bagil nem durumunu
belirtir kiictik kartlar yerlestirmektir. Ge¢miste pek cok
kazida kobalt katkili silika jel kullanimi yayginds, zira bu
madde sayesinde ortamdaki nemi emen silika jel'in rengi
pembeden maviye doniiyor ve boylece nem igerigi anla-
silabiliyordu. Ancak yakin zamanda kobalt tuzlarimin

Figure 3: Carving
polyethylene foam
supports for artifact
strage. Kaman-
Kalehoyiik, Turkey.
Credit: Noél Siver
Resim 3: Objelerin
depolanmasinda kul-
lanilacak polietilen
kopiikten desteklerin
kesilmesi. Kaman
Kalehoyiik, Tirkiye.
Fotograf: Noél Siver

Opposite

Figure 4: Dry storage
of iron artifacts with
silica gel and relative
humidity monitor
card. Kaman-
Kalehoyiik, Turkey.
Credit: Glenn
Wharton

Resim 4: Silika jel ve
bagil nem gozleme
kart1 ile demir objele-
rin kuru depolanma-
s1. Kaman-
Kalehoyiik, Turkiye.
Fotograf: Glenn
Wharton



Consequently the blue-to-pink indicator cards should be
handled with caution, and the blue-to-pink silica gel can
no longer be recommended.

Provide adequate support for the artifacts within
the closed polyethylene bags or plastic containers, using
non-acidic materials such as acid-free tissue and acid-free
cardboard or foam. Acidic materials, such as newspaper,
cardboard, and wood should not be used, since acid va-
pors catalyze additional corrosion reactions.

Do not forget about excavated metal artifacts once
they are stored. Unlike some other excavated materials,
metals require periodic monitoring, re-treatment and re-

housing if they continue to corrode. B
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kanserojen olabilecegi anlagildigindan, bu maddenin be-
lirte¢ (indikator) olarak kullanilmasina son verildigi gibi,
mavi-pembe renk ayrimina sahip nem belirte¢ kartlarin
kullaniminda da 6zenli davranilmasi gerekmektedir.

Kapali polietilen torbalar veya plastik kutularda sak-
lanan objeler igin yeterli destek saglanmasi, bu amacla
asitten arindirilmig kagit, karton veya kopiik kullanilma-
st unutulmamalidir. Asit buharlar1 yeni bozulma reaksi-
yonlarina yol agacagindan gazete kagidi, karton ve ahgap
gibi asitli malzemelerden kaginilmalidir.

Kazi buluntusu olan metal objelerin durumlari de-
polandiktan sonra da izlenmelidir. Kimi arkeolojik ob-
jelerin aksine metal buluntulardaki bozulmalarin devam
etmesi halinde, diizenli izleme, yenilenen konservasyon
iglemleri ve yer degisimi gerekli olacaktir. B
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Archaeological Sitaes in Turkey with Active Conserva

tion Programs
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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

Kaz1 Notlar1 profesyonel konservator ve arkeologlar tara-
findan yazilmig 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 hazirlanmigtir.

Kazi Notlari'nin kopyalarindan edinmek veya bu dizi
hakkinda daha fazla bilgi almak i¢in litfen bagvurunuz:
Japon Anadolu Arkeolojisi Enstitiisti, 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.



