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Figure 1: Block-lifting charred timbers using plaster and tissue support. Kaman-Kalehoytik, Turkey.
Credit: Takayuki Oshima

Resim 1: Yanmus agag kiitiiklerinin alg1 ve kagit malzeme ile desteklenerek blok halinde kaldirilmasi.
Kaman-Kalehoyiik, Tiirkiye. Fotograf: Takayuki Oshima
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Introduction

Wooden artifacts and structures have been found at nu-
merous excavations in Turkey including the Hittite site
of Acemhdyiik, the Phrygian site of Gordion and the
Urartian site of Ayanis. Archaeological wood and plant
materials such as basketry and reed matting can be re-
covered from burial sites (dry or wet) and above-ground
locations such as tombs and other structures.

Description

Wood and plant materials are composed primarily of cel-
lulose fibers that form the cell walls; hemicellulose, which
coats the cellulose fibers; and lignin, a cementing agent.
One of the most characteristic features of cellulose is its
ability to attract and bind water molecules. This mecha-
nism accounts for the shrinkage and swelling of wood in
response to dry or humid environmental conditions.

The structure of wood is complex. The initial growth
phase in the trunk consists of a central pith and the sur-
rounding heartwood region. As the tree matures, layers
of sapwood form, consisting of living cells that transport
sap within the trunk. The outer bark protects the vulner-
able layer of inner bark beneath, the region responsible
for the dispersal of nutrients throughout the tree. The
growth layers or annual rings apparent in cross section
are used by dendrochronologists to calculate the age of a
particular tree and to date wooden objects. The structure
of (non-wood) plant materials varies with the species but
is generally much simpler. The stems of plants such as
rushes contain no lignin but are strengthened by the pres-
ence of silica.

Deterioration & Preservation Conditions

The factors most likely to have caused decay in archaeo-
logical wood include exposure to water as well as bacte-
rial, fungal and insect attack. Cracking, splitting and
warping are the initial indicators of deterioration. On a
microscopic level, gradual loss of the cellular components
occurs as a result of fungal attack or slow leaching by
groundwater.

In environments favorable to preservation, wooden
objects may survive intact, whereas in unfavorable burial
conditions, soil stains may be the only evidence of the
prior existence of wooden structures. The grain pattern
and shape of completely decayed wooden artifacts may
sometimes be preserved as pseudomorphs on corroded
metal artifacts. Wood that has been exposed to fire may
survive in a carbonized state. Once converted to charcoal,
it is chemically stable and provides a reliable source of
samples for carbon-14 dating.

Plant materials are less likely to survive than wooden
ones. Basketry may be preserved if carbonized or if in ei-
ther desiccated or completely waterlogged environments.
The prior existence of reed matting may sometimes be
deduced from impressions in other materials such as pot-
tery and plaster.

Excavation & Lifting

In hot climates, it is best to excavate wood during the
early morning or in the evening to avoid the heat of the
day. As soon as a wooden artifact is uncovered, it should
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Acemhoyiik, Gordion ve Ayanis basta olmak {izere
Thrkiye’de gerceklestirilen pek ¢ok arkeolojik kazida ah-
sap objeler ve mimari yapilara ait parcalar ele gecmekte-
dir. Arkeolojik ahsap ve hasir 6rgii benzeri bitkisel malze-
meler (kuru veya 1slak halde) gomii alanlarinda ve mezar
odalar gibi toprak tstiinde yer alan kalintilar i¢inde bu-
lunabilmektedir.

Ahsap Buluntularin Tanimi

Ahgap ve bitkisel malzemeler temelde hiicre duvarlarini
olugturan seliiloz liflerinden; seltiloz liflerinin tizerini
kaplayan hemiseliilozdan ve baglayic1 gorevi olan lignin-
den olugmaktadir. Seliiloz’un en karakteristik ozellikle-
rinden biri su molekiillerini kendine ¢ekmesi ve bunlarla
birlesmesidir. Bu nedenle ahsap, kuru ve nemli ortam
kosullarinda kiigtilme ve sisme seklinde isleyen bir me-
kanizmaya sahiptir.

Ahgabin yapis1 karmagiktir. Agag govdesinde biiyii-
meyi saglayan kisim merkezi yumusak bir doku ile bunu
cevreleyen 6z odun katmanindan olusmaktadir. Agag
olgunlastiginda aga¢ 6zt (yufka odun) tabakalar1 da or-
taya ¢ikmaya baglar; bu tabakalar 6zsuyun agag govdesi
igindeki hareketini saglayan canli hiicrelerden meydana
gelmektedir. Dig kabuk ise, hemen altinda yer alan ve
bozulmalara karg1 duyarli olan i¢ kabugu korur, bu taba-
ka besin maddelerinin aga¢ boyunca yayilimini saglamak-
tadir. Agag kiitiigiinin yatay kesitinde izlenen biiyiime
tabakalar1 veya yillik halkalar dendrokronologlar tarafin-
dan bir agacin veya ahgap objelerin yaglarinin saptanma-
sinda kullanilirlar. Ahsap olmayan bitkisel malzemelerin
yapilar ise tiirlerine gore degismekle birlikte ¢ok daha
basittir. Bitki saplar1 lignin icermese de silika yardimiyla
sertliklerini korurlar.

Bozulmalar ve Korunma Kogullar:

Arkeolojik ahgabin bozulmasina yol acan etkenler ara-
sinda 1slanmasi kadar bakteri, mantar ve bocek saldi-
rilarina ugramasi da bulunmaktadir. Catlak, yarilma
ve deformasyonlar bozulmanin en belirgin isaretleridir.
Mikroskopik diizeyde incelendiginde hiicresel bilegenle-
rin agamali olarak yok olugunun, mantar saldiris1 veya
toprakaltindaki su nedeniyle agir geligen bir ¢ozillmeye
yol agtig1 anlagilir.

Korunmay: saglayan ortam kogullarinda ahgap ob-
jeler pargalanmadan kalabilirken, uygun olmayan gémi
sartlarinda ahgap objelerin varligina isaret eden yegane
isaret toprakta biraktiklar izlerdir. Dokusal izler ile ta-
mamen ¢lriimis ahsap objelerin formlar1 kimi zaman
metal objeler tizerinde “pseudomorf” (yalanci) olugumlar
bi¢iminde korunabilmektedir. Yangin veya yakilmaya
maruz kalan ahsap ise karbonize olarak kalabilmektedir.
Odun komiiriine dontistitkten sonra ise, kimyasal agidan
stabil halde olup, Karbon-14 tarihlemesi igin gtvenilir
ornekler alinabilecek bir kaynak tegkil eder.

Bitkisel malzemelerin korunma olasilig1 ise ahgaba
gore daha diigtiktir. Sepet orgiiler karbonize halde veya
tamamen kuru ya da suya doymus ortam kosullarinda
korunabilmektedirler. Hasir tarii bitkisel kalintilarin
varligi ise kimi zaman pigmis toprak ve siva yiizeyinde iz
halinde goriilebilebilmektedir.



be photographed to provide a permanent record of its
condition. Periodic misting with water and covering with
plastic sheeting will prevent damp or wet wood or plant
materials from drying out when immediate excavation
cannot take place. Samples for carbon-14 dating must
be handled carefully at all times to avoid contamination
from modern sources of carbon, such as adhesives, fungi-
cides or cigarette ash.

Even though it may appear robust, archaeological
wood usually requires support during lifting. Careful un-
dercutting of the soil with a trowel or metal blade of ap-
propriate shape is often sufficient to free an object from
its soil matrix. The object can then be placed in a con-
tainer of appropriate size.

In some cases, it may be necessary to remove the sur-
rounding soil to a depth of several centimeters to create
a pedestal for the object. A wooden board or stiff plastic
sheet can then be slipped underneath. The artifact should
be secured to the underlying support for transportation.
Tying with twill tape and wrapping in plastic sheeting is
suggested. More elaborate measures such as block lifting
with surrounding soil, providing support with expand-
ing polyurethane foam, and encasing with plaster jackets
may be necessary to remove complex objects or architec-
tural features. These methods should be carried out un-
der the direction of a conservator.

Cleaning, Stabilization & Repair

If wood is damp or wet when excavated, it should be kept
in this condition until reaching the conservation labora-
tory where it can be dried under controlled conditions.
To prevent irreversible damage to the cellular structure
through fungal growth or loss of moisture, individu-

al pieces should be gently wrapped and kept in a cool,

Kazi, Kaldirma ve Tagima Islemleri

Sicak iklimlerde ahsap buluntularin kazisini sabah
erkenden veya gilinesin etkisini kaybettigi aksam saatle-
rinde yapmak en iyisidir. Ahgap obje giin 15181na cikar
¢itkmaz durumunun kalict bir tespitini yapmak icin fo-
tografimin ¢ekilmesi gerekir. Buluntunun tizerine diizenli
araliklarla su puskiirtiilmesi ve plastik ortiilerle kaplan-
mas1 nemli veya 1slak ahgabin ya da bitkisel malzemelerin
kurumasim engelleyecektir; bu tir 6nlemler 6zellikle ka-
zimin hemen gergeklestirilemedigi kogullarda son derece
onemlidir. Karbon-14 tarihlemesi igin alinan ornekler
6zenle saklanmali, yapigtiricilar, biyolojik bozulmay: 6n-
leyici maddeler ve sigara kalii gibi modern karbon kay-
naklarindan korunmahdirlar.

Saglam gibi gortinmekle birlikte arkeolojik ahsap
kaldirma ve tagima islemleri sirasinda destek gerekti-
rir. Ahgap objeyi i¢inde bulundugu toprak kitlesinden
ayirabilmek i¢in uygun formda bir metal kesici alet veya
kiiregin 6zenle kullanilmas: yeterli olacaktir. Destekleyen
toprakla birlikte kesilerek ¢ikartilan obje daha sonra uy-
gun biiytkliikte bir kutu icine yerlegtirilmelidir.

Bazi durumlarda, objeyi tasiyacak bir kaide olugtur-
mak tizere buluntuyu cevreleyen topragi birkag santimet-
re derinliginde kazarak agmak gerekebilir. Daha sonra
ise buluntuyu yerinden kaldirmakta kullanilacak sert bir
pano yardimiyla (sunta, sag veya sert plastik) iglem ta-
mamlanacaktir. Nakil esnasinda ise alttaki tagiyici deste-
gin obje ile saglam ve giivenli bir baglantis1 bulundugun-
dan emin olunmali; destek ile obje birarada plastik bir
ortii ile sarilarak ve bantlanarak yerinden kaldirilmalidir.
Buluntunun gevresindeki toprakla birlikte blok halinde
gikartilmasimin gerekli oldugu daha karmagik uygulama-
larda ise, politiretan kopiik ile destekleme ve alg1 zarflama
ile giiclendirme gibi yontemlere bagvurulacaktir; karma-

At right

Figure 3: Repair-

ing fragments of the
Child's Chair from
Tumulus P. Gor-
dion, Turkey. Credit:
©The Gordion
Furniture Project /
Gordion Mobilyalar:
Projesi

Resim 3: P Tumii-
lis'tinde bulunan Co-
cuk Iskemlesi'ne ait
parcalarin onarimi.
Gordion, Ttrkiye.
Fotograf: © The
Gordion Furniture
Project / Gordion Mo-
bilyalar1 Projesi

Figure 2: Cleaning
fragments from Table
1, Tumulus MM,
after consolidation.
Gordion, Turkey.
Credit: ©The Gordi-
on Furniture Project
/ Gordion Mobilyalar1
Projesi

Resim 2: Saglam-
lagtirma 6ncesinde
Timiiliis MM'de
bulunan 1 no'lu Masa
pargalrimin temizligi.
Gordion, Tirkiye.
Fotograf: © The
Gordion Furniture
Project / Gordion Mo-
bilyalar1 Projesi



Opposite

Figure 4: Storage

of fragile, block-
lifted charred wood
fragment using poly-
ethylene sheet and
polyethylene foam
support. Kaman-
Kalehoyiik, Turkey.
Credit: Glenn
Wharton

Resim 4: Blok halin-
de kaldirlan yanmig
ahsap parcalarinin
polietilen 6rtii ve
polietilen kopiikten
destek kullanilarak
depolanmasi. Kaman-
Kalehoyiik, Turkiye.
Fotograf: Glenn
Wharton

shaded environment after excavation. Artifacts of small

or medium size may be transported from the field to the
laboratory in an insulated cooler. Refrigeration is recom-
mended until drying or consolidation is performed by a
conservator.

The application of fungicides to eliminate fungal
growth was a common practice in the past, but is no lon-
ger recommended because fungicides interfere with dat-
ing and analysis, are difficult to remove, and pose poten-
tial health risks during future handling of the materials.

Damp wood may require consolidation with a water
based consolidant such as Acrysol WS-24, an acrylic col-
loidal dispersion. Dry wooden artifacts may be consoli-
dated with solvent-based resins such as Paraloid B-72 (in
a combined acetone/ethanol solvent system) by dripping,
brushing, or spraying on the surface. The concentration
of the solution will vary depending on the condition of
the wood - 20%-30% for very degraded objects and 5%-
10% for those that exhibit only surface deterioration.
Consolidation with organic resins precludes future car-
bon-14 dating however, and is only carried out when the
artifact is too fragile to move. It is difficult to achieve
sufficient penetration of solvent-based resins in the field,
particularly in hot climates. Excavated wooden objects
are shaded during treatment and covered with plastic
sheeting to slow solvent evaporation.

If repairs are required, concentrated solutions of
synthetic resins can be used. Wooden fragments in a dry
state may be joined with adhesives prepared by the con-
servator such as Paraloid B-72 in acetone or Butvar B-98
in ethanol (Koob,Spirydowicz). Concentrated solutions
of acrylic or polyvinyl acetate emulsions are suitable for
repairing damp or waterlogged wood. If unconsolidated

sik yapiya sahip buluntular ile mimari kalintilarda bu tiir
uygulamalar mutlaka bir konservatoériin rehberliginde
gerceklestirilmelidir.

Temizlik, Stabilizasyon ve Onarim

Ahgap kazisi tamamlandiginda nemli veya 1slak
ise, kontrollu kogullarda kurutma igleminin yapilacag
konservasyon laboratuvarina ulagtirilana dek bu haliyle
(kurumadan) saklanmasi gerekir. Mantar {iremesi veya
su kaybi nedeniyle hiicresel yapida ortaya cikabilecek ve
geriye dontisii bulunmayan tahribati énlemek igin, bu-
luntularin 6zenle paketlenmesi ve kazi sonrasinda serin
ve golgeli bir ortamda saklanmasi 6nemlidir. Kiiciik ya
da orta buytikliikteki objeler kazi alanindan laboratuvara
1s1ya kargi yalitiml bir kutu i¢inde (sogutucu) tasinmali-
dir. Ahgap buluntularin konservator tarafindan kurutma
veya saglamlagtirma islemi yapilana dek buzdolabinda
saklanmasi 6nerilir.

Biyolojik bozulmay1 engelleyici ilaglarin kullanilma-
s1 ge¢miste siklikla bagvurulan bir yontem idiyse de, ta-
rihleme ve analiz yontemlerini yaniltici etkileri nedeniyle
artik tercih edilmemektedirler. Ote yandan, bu tiir mad-
delerin objelerden ¢ikartilmalarinin zor oldugu ve kulla-
mimlar sirasinda da insan sagligina zarar verebilecekleri
unutulmamalidir.

Nemli ahgap objelerin konsolidasyonunda Acrysol
WS-24 gibi akrilik kolloidal dispersiyon tiiriinde su baz-
I1 saglamlagtiricilart kullanmak yerinde olacaktir. Kuru
ahsap objeler ise Paraloid B-72 gibi (aseton/ethanol kom-
binasyonlu ¢oziici sistemi) ¢oziicti bazli reginelerle, dam-
lalik, firca veya sprey yardimiyla saglamlagtirilmahdirlar.
Cozeltinin yogunlugu ahgsabin durumuna bagli olacaktur:
bu oran ileri derecede tahribata ugramig ahsap objeler-
de %20-30, sadece yiizeysel bozulma iceren objelerde ise
%5-10 arasinda olmalidir. Organik reginelerle saglam-
lagtirma, ileride yapilacak bir Karbon-14 tarihlemesinin
sonuglarim etkileyeceginden, ancak obje konsolidasyon
olmaksizin yerinden kaldirilamayacak denli hassas ve
kirilgan durumda ise uygulanmalidir. Kazi alaninda ¢6-
ziicl ile hazirlanan saglamlagtiricilarla yeterli ve etkili
sonug almak, ozellikle 1sinin yiiksek oldugu iklimlerde
oldukga zordur. Kazis1 yapilan ahgsap objelerin bu islem
sirasinda giinesten korunmasi ve ¢oziicii buharlagmasini
yavaglatmak amaci ile plastik ortiilerle ortiilmesi yerinde
olacaktir.

Eger onarim gerekli ise, yapistiric1 olarak sentetik
reginelerin yogun cozeltileri kullamilabilir. Kuru halde-




wood is to be repaired, the break edges should first be
strengthened by the application of a weaker solution (gen-
erally 5%-10%) of the resin chosen as the adhesive.

Storage

Dry wooden artifacts and plant materials should be kept
in a stable, dark environment (20°C and 40%-50% rela-
tive humidity is preferable). It is particularly important
to avoid relative humidity fluctuations that can cause
cracking, warping and eventual disintegration of the
wood. Boxes made from acid-free cardboard or stable
plastics such as polyethylene are suitable for the storage
of small objects. Artifacts of irregular shape may require
individually designed supports, employing materials such
as polyethylene foam and acid-free tissue. Larger objects
may be stored on metal shelving units padded with thin
polyethylene foam and draped with plastic sheeting to ex-
clude dust and pollutants. m
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ki ahgap objeler konservator tarafindan hazirlanacak
Paraloid B-72 (aseton ile) veya Butvar B-98 (ethanol ile)
birlestirilebilir (Koob, Spirydowicz). Yogunlugu yiiksek
akrilik cozeltiler veya polivinil asetat emiilsiyonlar ise
nemli veya suya doymug ahsap buluntularin onarimin-
da kullamilabilir. Eger ahsap saglamlagtirilmadan onari-
lacak ise, kirik kenar ytizeyleri yapigtirici olarak segilen
regine ile hazirlanmisg bir ¢ozelti ile (%5-10 oranlarinda)
saglamlagtirilmalidir.

Depolama

Kuru ahsap objeler ve bitkisel malzemeler stabil ve ka-
ranlik bir ortamda (20 °C, %40-50 bagl nem) depolan -
malidirlar. Ozellikle, ahsap tizerinde catlak, yarilma ve
deformasyonlarla, ciirtimelere yol agacak bagil nem ha-
reketliligine engel olunmalidir. Asitten arindirilmis kar-
tondan yapilmis veya polietilen tiirti dayamkh plastikten
tretilmis kutular kiigtik objelerin depolanmasi icin uy-
gun olacaktir. Formu diizensizlik gosteren buluntular ise
polietilen kopiik ve asitten armdirilmig kagit kullanila-
rak, obje icin 6zel olarak tasarlanmig destekler yardimiy-
la paketlenmelidirler. Daha biiyiik objeler ise polietilen
koptikle desteklenerek metal raflar tizerinde ve toz ile kir-
lilik maddelerinden korumak amaci ile plastik ortiilerle
sarinarak saklanmalidirlar. 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.



