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Figure 1: Consolidation of low-fied figurine fragments with Praloid B-72. Kaman-Kalehoyiik,
Turkey. Credit: Noél Siver

Resim 1: Diisiik sicaklikta pigirilmis figiiriin parcalrimin Paraloid B-72 ile saglamlagtirilmasi.
Kaman-Kalehoyiik, Ttiirkiye. Fotograf: Noél Siver

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
Unfired Earth
Artifacts on
Archaeological
Sites

EEnm

Arkeolojik
Kazilarda
Pisirilmemis
Toprak Objelerin

Konservasyonu

Kendra E. Roth
and
C. Mei-An Tsu

Introduction

Artifacts made of unfired earth can include cuneiform
tablets, cylinder seal impressions, jar seals (bulla), figu-
rines, bricks and loom weights. Perhaps the best known
unfired earthen artifacts in Turkey are the “Cappadocian
Texts,” archives of cuneiform tablets in sealed clay enve-
lopes from the Middle Bronze Age site, Kanesh (Kiiltepe),
near the modern city of Kayseri. These texts are the first
written documents of Anatolia and record the financial
transactions and trade agreements between Assyrian
merchants and the local Anatolian population. Royal ar-
chives comprising thousands of cuneiform tablets have
also been discovered at Hattusa (Boazkoy), the capital of
the Hittite empire.

Description

Unfired earthen artifacts are composed of silt and clay
mixed with temper. Temper is an organic or inorganic
material such as sand, ground pottery, straw or dung,
added to improve the working and drying properties of
the clay body. The composition of unfired earthen arti-
facts varies according to object type. Loom weights, for
example, typically have coarse-grained bodies with a high
percentage of temper, while cuneiform tablets, intended
for taking fine impressions, are extremely fine-grained
with lesser amounts of temper.

Although unfired earthen artifacts share a similar
composition with ceramics, the primary difference is the
degree of firing. Ceramics, which are fired, have been
subjected to temperatures that cause the clay particles to
fuse. Once heated above 500 °C, the clay is irreversibly al-
tered and the shape is permanently fixed. In contrast, un-
fired earthen objects have not been subjected to the same
degree of heat. Consequently, they are less cohesive, less
hard and less impervious to water. Despite this appar-
ently clear distinction, the two materials can be difficult
to distinguish visually, particularly if artifacts are highly
deteriorated or were exposed to elevated temperatures as
a consequence of burning or use.

Deterioration & Preservation Conditions

Unfired clay is dimensionally unstable by nature. It ex-
pands and contracts with adsorption and loss of water.
Environmental changes, such as rapid drying, accelerate
shrinkage and fracturing. Internal structural weaknesses
and large inclusions can also cause deterioration of un-
fired earthen artifacts.

Salts are another major cause of deterioration.
Under saline burial conditions, they penetrate the bodies
of porous artifacts. When exposed to wet-dry environmen-
tal cycling, salts migrate and crystallize, causing flaking,
powdering and, in extreme cases, total disintegration of
artifacts. Fine white crystals with associated powdering
are typical manifestations of active salt damage on exca-
vated finds.

Excavation & Lifting

Objects made of unfired earth have varying degrees of
strength and cohesion. Upon excavation they may be
damp and extremely susceptible to damage. Their sur-
vival is largely dependent on the manner in which they
are retrieved, packed and dried.

Giris

Soz konusu objeler arasinda civi yazili tabletler, silindir
mithiir baskilari, bullalar (kap mihirleri), figiirinler,
tuglalar ve dokuma agirliklari bulunur. Tirkiye'de ise
Orta Bronz Cagi'na tarihlenen ve giniimiizde Kayseri
kenti yakinlarindaki Kiiltepe Kanig'de ortaya cikarti-
lan kil zarflar icindeki “Civi Yazili Tabletler” en iyi
bilinen 6rneklerdir. Bu metinler Anadolu’nun en erken
yazili belgeleri olup Asurlu tiiccarlar ile yerli Anadolulu
halk arasindaki ticaret anlagmalar1 ve finansal aligveri-
sin kayitlandir. Hitit Imparatorlugu’nun bagkenti olan
Hattusag’'da yapilan arkeolojik kazilarda ise (Bogazkoy)
binlerce ¢ivi yazil tabletten olugan kraliyet arsivi ortaya
gikarilmistir.

Pigirilmemis Toprak Objelerin Tanimi
Pigirilmemis toprak objeler, c¢okelme sonucu olusan
camur-kum ve kil’in katki maddeleriyle karigtirilmas:
sonucunda elde edilir. Katki maddesi ise kum, doéviil-
mis ¢omlek tozu, saman kirigi veya giibre olup, kil’in
bicimlendirilme ve kuruma 6zelliklerini iyilegtirmek i¢in
eklenirler. Pigirilmemis toprak objelerin kompozisyonlari
ise nesnenin tipine gore degisiklik gosterir. Ornek ola-
rak, agirsaklar katk: orani yiiksek iri tanecikli bir yapi-
ya sahipken, ¢ivi yazili tabletler tizerlerine yapilacak ve
hassasiyet gerektiren iz ve isaretlerden dolayr ¢ok daha
az katk: maddesi kullanilarak, ¢ok ince tanecikli kilden
uretilirler.

Pisirilmemis toprak objeler “pismis toprak” objeler-
le benzer bilesime sahiptirler, aralarindaki fark “pisirme
islemi”nin derecesinden kaynaklanmaktadir. Pisirilmig
olan “seramik” objelere, kil parcaciklarinin eriyerek bir-
birleriyle kaynagsmasina neden olan 1silar uygulanmigtir.
500 °C’nin tizerindeki 1silara ¢ikildiginda kil geriye do-
niisii olmayan bir sekilde degisiklige ugramakta ve bicimi
kalic1 hale gelmektedir. Buna kargin, pigirilmemis toprak
objeler ayn1 derece 1siya maruz kalmamigtir. Bunun bir
sonucu olarak, parcaciklar birbirine daha az yapismak-
ta, sertlik degeri diismekte ve suya kargi dayanikliligi da
azalmaktadir. Ozellikle objelerde ilerlemis bir bozulma
goriilityorsa veya buluntular yangin ya da kullanim so-
nucu yiiksek 1s1 etkisinde kalmis iseler, bu oldukga kesin
farkliliga ragmen s6z konusu buluntu tiirlerini birbirin-
den ayirt etmek kolay olmayabilir.

Bozulmalar ve Korunma Kogullari

Pisirilmemis toprak objeler boyutlar1 acgisindan stabil
degildirler. Biinyedeki suyun kaybi veya biinyenin su
emmesi sonucu ¢ekme ve gisme meydana gelir. Ortam
kogullarindaki degisiklikler, ani kurumaya yol acgabilir ve
bu nedenle objenin agirt kiiciilmesi ve kirilmas: ile kar-
silagilir.

Tuzlar da bozulmanin bir bagka temel nedenidir.
Tuz igeren gomii ortamlarinda bu tiir gozenekli objelerin
yapisina niifuz edeceklerdir. Kuru-islak dongiisii icinde
kaldiginda, tuzlar daha derinlere veya yiizeye dogru ha-
reket edecek ve kristalize olacaktir, bu da objenin pul-
lagsmasina, tozlagsmasina ve kimi durumlarda tamamen
tahribine yol acacaktir. Tozlagma ile birlikte goriilen ince
beyaz kristaller kaz1 sonrasinda bu tiir objelerde ortaya
¢ikan aktif tuz tahribatinin tipik isaretidir.



When first uncovered, examine the objects for stabil-
ity and refrain from handling. Take care to note the exact
boundaries of the artifact, since its color and consistency
can be similar to that of the surrounding soil. If objects
are relatively stable, follow standard lifting procedures.
Use wooden tools to loosen packed soil from around the
object. Crumbling sections can be secured by wrapping
with fabric, followed by tying with gauze or fabric strips.
If artifacts must be bagged, use muslin or perforated plas-
tic bags, which allow moisture to evaporate. For transit,
place in a rigid container and support with soft, non-
abrasive materials, such as foam, wadded fabric or even
soil. Avoid using cotton wool in direct contact with arti-
facts; the fibers easily catch coarse surfaces.

If objects are fragile, block lifting is an option. In
its simplest concept, block-lifting involves isolating and
extracting a section of soil containing the object, while
keeping it rigid. Final excavation and controlled dry-
ing are then carried out in the conservation lab. Due to
the numerous variables and risks involved, block lifting
should only be performed with a conservator.

Tt is critical to prevent rapid drying at all stages of ex-
cavation and processing of unfired earthen artifacts. Keep
them out of direct sunlight, and if they cannot be imme-
diately removed from the ground, loosely cover them with
soil. Once transported to the artifact processing facility,
place artifacts in containers with loosely opened tops and
open any bags. Drying can last several days to several
weeks, depending on an object’s thickness, composition
and moisture content. During this critical time, refrain
from further handling and treatment.

Cleaning, Stabilization & Repair

Clean unfired earthen artifacts by gently loosening com-
pacted soil with brushes and wooden tools. Do not at-
tempt to remove calcareous accretions, which are typi-
cally harder than the clay body itself. Also, avoid using
water, acetone, ethanol or acids, as these solvents will
readily dissolve the artifact. Due to the intricate and deli-
cate nature of their surfaces, cuneiform tablets should be
cleaned by a conservator in close collaboration with an
epigrapher.

Although consolidation is often necessary to stabilize
friable finds, several factors must be considered before-
hand. Consolidation may darken the artifact and render
certain analytical tests, such as radiocarbon dating, inef-
fective. It should be viewed as an irreversible procedure
even if reversible materials are chosen. Because of these
considerations, consolidation should only be performed
by a conservator.

Paraloid B-72, an acrylic resin, is a practical choice
for consolidating unfired earthen artifacts in the field.
Consolidation with Paraloid B-72 is most effective when
used in low concentrations (3-7% w/v). As with clean-
ing, avoid using acetone or alcohols on unfired earthen
artifacts. Instead, use a solvent with a slow evaporation
rate and small molecular size such as toluene or xylene.
Because of their toxicity, these solvents should only be
used in a well ventilated area with a respirator, eye pro-
tection and gloves. Consult the Material Safety and Data
Sheets for these solvents, which are available from manu-

Kazi ve Tagima Islemleri

Pisirilmemis toprak objeler farkli derecelerde daya-
niklilik ve saglamlikta karsimiza ¢ikarlar. Objeler konser-
vasyon sonrasinda nemli olabilirler ve bu durumda tahri-
be agiktirlar. Bu durumda yitirilmeden korunabilmeleri
biiyiik 6lgtide topraktan nasil ¢ikarildiklarina, paketlen-
diklerine ve kurutulduklarina baghdir.

{lk bulunduklarmda objelerin stabil olup olmadik-
larimin anlagilmasi ve buluntuya dokunuldugunda gori-
lebilecek muhtemel sorunlar anlagilmalidir. Buluntunun
rengi ve yapisal dokusu nedeniyle gevresini saran toprak-
tan ayirt edilme zorlugu goz ontine alindiginda obje si-
nirlarinin ¢ok iyi saptanmas gerektigi unutulmamalidir.
Eger buluntular stabil durumda ise standart kaldirma
ve tasima yontemleri kullanilabilir. Objenin gevresin-
deki siki topragin ahsap el aletleri ile acilmasi gerekir.
Ufalanip parcalanan boliimler kumag veya sargi bezi se-
ritleri ile sarilarak hareketsiz hale getirilmelidir. Ancak
buluntularin torbalanmasi gerekiyorsa, muslin veya tizeri
delikli plastik torbalarin kullanilmasina 6zen gosterilme-
lidir, bu objenin biinyesindeki nemin buharlagmasina im-
kan verecektir. Tagima sirasinda saglam ve sert malzeme-
den yapilmig bir kutu iginde, yumusak ancak agindirici
olmayan bir destek kullanilmalidir; képiik, sikigtirilmig
kumas ve hatta toprak bu iglevi gorecektir. Destek olarak
pamuk kullanilmasi halinde objeyle dogrudan temasina
izin verilmemelidir, zira pamuk lifleri kolaylikla buluntu
ylizeyine takilabilir.

Eger objeler kirilgan iseler blok halinde kaldirarak
tasima bir bagka secenektir. Bu uygulama i¢in en basit
yontem, objeyi icinde barindiran toprak kiitlesini kesip,
gevresinden yalitarak kaldirmaktir. Obje kazisimin ta-
mamlanmasi ve kontrollu kurutma ise daha sonra labora-
tuvar ortaminda gergeklegtirilecektir. Farkli degigkenler
ve riskler digiintldiiginde, kitle halinde kaldirma ve

Figure 2: Cuneiform
tablet with burial en-
crustations and crack-
ing due to inherent
structural weakness.
Kaman-Kalehoyiik,
Turkey.

Credit: C. Mei-An
Tsu

Resim 2: Gomu
ortamindan kaynak-
lanan kabuk tabakas:
ile kaph ve yapisal
zayifliktan dolay1
catlaklar igeren ¢ivi
yazili tablet.
Kaman-Kalehoytik,
Ttrkiye. Fotograf:

C. Mei-An Tsu



Figure 3: Cushioned
storage for unbaked
tablets using
soft-wrap Tyvek,
polyester batting and
polyethylene foam
support. Kaman-
Kalehoyiik, Turkey.
Credit: C. Mei-An
Tsu

Resim 3: Pisiril-
memis tabletlerin
yumugak Tyvek
sargl, poliester yastik
ve polietilen koptik
destek kullamlarak
depolanmasi. Kaman-
Kalehoyiik, Tirkiye.
Fotograf:

C. Mei-An Tsu.

Figure 4: Cushioned
storage for unbaked
tablet using soft-wrap
Tyvek, polyester bat-
ting and polyethyl-
ene foam support.
Housed in a corrugat-
ed polyethylene box.
Kaman-Kalehoytik,
Turkey. Credit: C.
Mei-An Tsu

Resim 4: Pisiril-
memis tabletlerin
yumugak Tyvek
sarg1, poliester yastik
ve polietilen kopiik
destek kullanilarak
depolanmasi. Oluklu
polietilen kutu

igine yerlestirilmesi.
Kaman-Kalehoyiik,
Ttrkiye. Fotograf:

C. Mei-An Tsu

facturers and distributors. Apply the consolidant by re-

peated dabbing with a brush or dropwise from a pipette.
Slow drying and deeper penetration of the resin can be
achieved by performing consolidation in a sealed polyeth-
ylene container. (MF: does this make sense? How can you
add consolidant to a “sealed polyethylene container”?)

Join broken fragments with Paraloid B-72 (20-30%
in acetone). Prior to mending, strengthen the break edg-
es of the breaks with 10% Paraloid B-72 in toluene or
xylene, using the safety precautions mentioned above.
Otherwise, the break edges will be weak and joins prone
to failure.

tagima iglemi bir konservatoriin denetiminde gercekles-
tirilmelidir.

Kazimin her agamasinda “ani kuruma”nin pigirilme-
mis toprak obje tizerindeki etkilerini engellemek gerekir.
Bunun i¢in buluntuyu giines 1sinlarindan korumak ve
eger topraktan hemen kaldirilamiyor ise tizerini ince ve
gevsek bir toprak tabakasi ile 6rtmek yerinde olacaktir.
Obje gerekli koruma iglemlerinin uygulanacagi ortama
tagindiginda ise, iginde bulundugu kutunun kapagim
aralamak ya da paketlendigi torbanin agzini agmak ge-
rekir. Kuruma iglemi bir kag giinden bir kag haftaya dek
stirebilir; zira objenin ¢eper kalinligi, bilesimi ve nem ige-
rigi kurumasinda etkili olacaktir. Bu kritik siirecte objeye
dokunulmamasi ve diger iglemlere baglanmamasi yerinde
olacaktir.

Temizlik, Stabilizasyon ve Onarim

Pisirilmemis toprak buluntularin fircalar ve ahsap el alet-
leri yardimiyla tizerilerini 6rten topraktan arindirilip te-
mizlenmeleri gerekir. Objenin kendi kil yapisindan daha
sert olan yiizeydeki kalker kabuklar temizlenmeden bira-
kilmalidir. Su, aseton, ethanol ve asit kullanimindan da
kagiilmalidir; zira bu maddeler objenin derhal ¢6ziillme-
sine neden olabilirler. Yiizeylerinin hassas ve karmagik
durumlar1 nedeniyle ¢ivi yazili tabletler bir konservator
tarafindan ve bir dilbilimci ile igbirligi yapilarak temiz-
lenmelidir.

Kirillgan objeleri stabilize etmek amaciyla sag-
lamlagtirma ¢ogu zaman gerekli goriilse de, bu konu-
da kimi etkenlerin 6nceden gozden gegirilmesi gerekir.
Saglamlagtirma buluntunun rengini koyulastirabilir
ve radyokarbon tarihlemesi gibi bazi1 analitik testlerin
sonuglarii etkileyebilir. Saglamlagtirma geriye doni-
sii olan konservasyon malzemeleri kullanildiginda bile
“geriye donlisimii olanaksiz olan bir uygulama” olarak
kabul edilmelidir. Bu 6zellikleri nedeniyle de sadece bir
konservator tarafindan yapilmahdir.

Akrilik bir regine olan Paraloid B-72 pigirilmemis
toprak objelerin arazide saglamlagtirilmas: icin iglevsel
ve uygulanmas: kolay bir secimdir. Ozellikle diisiik yo-
gunluklarda (% 3-7) hazirlandiginda Paraloid B-72 ile
konsolidasyon bagarili sonuglar verecektir. Temizlik si-
rasinda ise pisirilmemis toprak objeler tizerinde aseton
ve alkollerin kullanimindan kaginmak gerekir. Bunun
yerine yavag buharlagsan ve molekiil biiytikligi daha ki-
¢iik, toluen veya xylen gibi bir ¢oziicii segilmesi yerinde
olacaktir. Toksik o6zellikleri nedeniyle bu coziicilerin
ancak iyi havalandirilan bir alanda gaz maskesi, koruyu-
cu gozliik, eldiven kullamilarak uygulanmalar: gerektigi
unutulmamalidir. Saglamlastirici, fircayla yapilacak hafif
dokunusglar veya bir pipet yardim ile damlatilarak uygu-
lanmalidir. Kurumay1 yavaglatmak ve reginenin objenin
biinyesine derinlemesine niiftiz etmesini saglamak icin
objeyi agz1 siki kapanan bir polietilen kutu igine yerles-
tirmek yerinde olacaktir.

Kiriklar Paraloid B-72 (aseton i¢inde %20-30) ile
yapigtirilir. Birlestirme iglemine gegilmeden once kirik
ylizeylerin toluen veya xylen icinde hazirlanan %10’luk
Paraloid B-72 ¢ozeltisi ile kuvvetlendirilmesi yerinde ola-
caktir. Aksi takdirde kirik yiizeyler zayiflayacak ve birle-
sen ylizeyler saglam olmayacaktur.



Removal of salts poses the greatest challenge for sta-
bilizing unfired earthen artifacts. Due to their sensitivity
to water, unfired earthen artifacts cannot be immersed
in water nor poulticed (two traditional desalination tech-
niques) without prior conservation treatment. The safest
means of stabilizing finds with soluble salts is to render
the salts inactive by storing artifacts in a dry, stable en-
vironment (below 40% relative humidity.) Consult a con-
servator if further treatment is required.

Storage

After the artifacts are cleaned and stabilized, consider-
ation must be given to their storage and safekeeping.
Ideally, each artifact is packed individually to prevent
damage caused by bumping and abrasion. Store them in
rigid containers lined with necessary padding, such as tis-
sue or foam. It is not critical that the padding materials
be acid-free. The primary environmental requirement is a
dry area free from wide fluctuations in relative humidity.
This is particularly important for artifacts with soluble
salts, since a dry, stabilized environment will deter fur-
ther efflorescence and structural decay. B
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Tuzlardan aridirma ise pigirilmemis toprak objele-
rin stabil hale getirilmesinde agilmasi gereken en biiytik
sorunlardan biridir. Suya kars1 agirt duyarhiliklarindan
dolay1 pisirilmemis toprak egyalar konservasyon iglemle-
ri tamamlanmadan 6nce suya daldirilamaz ve tuz emici
tamponlarla paketlenemezler (ki bunlar geleneksel arin-
dirma y6ntemleridir). Bu tiir buluntular stabilize etme-
nin en givenilir yolu ise, pigirilmemis toprak objeleri
kuru ve kontrollu bir ortamda depolamaktir (bagil nem
%40’1in altinda olmalidir). Eger bu konuda daha ileri
derecede 6nlemler gerekli ise bir konservatorin bilgisine
bagvurulmalidir.

Depolama

Objeler temizlenip stabil hale getirildikten sonra depo-
lanma bigimlerine ve giivenle saklanmalarina 6zen goste-
rilmelidir. Ideal olan, her objenin carpma ve asmnmadan
etkilenmesini 6nleyebilmek igin ayri ayr1 paketlenmesi-
dir. Sert kutular icinde, pelur kagidi veya kopiik gibi uy-
gun destek malzemeleri kullanilarak depolanmalidirlar.
Depolamadaki en 6nemli kosul objeleri bagil nemdeki
inis cikislardan korumaktir. Ozellikle “suda eriyen tuz”
igeren objeler s6z konusu oldugunda , kuru ve sabit tu-
tulabilen ortamlarin tuz ¢igeklenmesine ve yapisal bozul-
maya engel olacag unutulmamalidir. 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.



