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I Scientific Studies on Conservation for Uzimli Church and its wall

paintings in Cappadocia, Turkey

Uztmli Kilisesi’nin ve kilise icindeki duvar resimlerinin korunmasi
Gzerine bilimsel calismalar (Kapadokya, Turkiye)

I -1 Project background and objectives

The main objective of this scientific project is to assess and
establish some relevant methods of slowing the extremely
rapid natural deterioration of cultural heritage made of soft
and decohesive volcanic tuff. This research focuses on a
typical example in Cappadocia, Turkey, but will have great

relevance for the conservation of Japanese tuff heritage.

In 1985, Cappadocia was inscribed as a UNESCO World
Natural and Cultural Heritage Site under the name “Gdreme
Natural and Historical National Park”. The region receives
fairly high levels of rainfall and snowfall during the winter
season, which may cause freezing and thawing and other
severe surface problems, resulting in rapid weathering at the
rate of 0.4-2.5 mm/yr (Erguler 2009). Rock-hewn churches
often contain reliefs and wall paintings dating from Byzantine
and later periods, which also contribute to their historical
values. However, their fabric, as bodies and supports of
wall paintings, are severely damaged and collapse due to
weathering and seismic activity every year, and are lost
permanently. Therefore, it is believed that a combination of
approaches to address the conservation of the rock fabric as
well as the wall paintings shall provide valuable contributions

to prolong their life for the future.

The unique landscape of Cappadocia is composed of soft
volcanic originating from Mt Erciyes, Mt Hasandag and
Mt Gollidagu, which has undergone extreme wind and
water erosion. A primary factor in its deterioration is the
composition of the tuff itself: it contains large amounts of
volcanic glass and various feldspars, which transform into
clay minerals such as zeolite and montmorillonite , which
contribute to the weakening of the structures in the presence
of water. Biological growth such as lichen and algae are also
seen on the rock surfaces, and considered to be another cause
of surface deterioration. However, a positive effect of the

presence of lichens (biofilms) as a protective water repellent

Yoko Taniguchi, University of Tsukuba

I -1 Proje gecmisi ve hedefi

Bu bilimsel ¢aligmanin temel amaci, yumusak ve gézenekli
volkanik tiif kayadan yapilmis olan kiiltiirel mirasin dogal
nedenlerden kaynaklanan son derece hizli bozulmasini
yavaslatacak yontemleri saptamak ve olusturmaktir. Bu
arastirma, Tirkiye, Kapadokya bolgesindeki karakteristik
bir drnek lizerine odaklanmistir ancak Japon tiif mirasinin

korunmasi ile de biiyiik bir baglantist vardir.

Kapadokya, 1985yilinda, “Goéreme Tarihi Milli Park1”
olarak UNESCO Diinya Dogal ve Kiiltlirel Mirasi1
Listesine alinmistir. Bolgenin kis doneminde, donma ve
¢oziilmeye ve diger ciddi yiizey sorunlarina yol agan 0.4-
2.5mm/y1l gibi bir hizla asinmaya neden olan yagmur ve
kar yagisina maruz kaldigi bilinmektedir (Erguler 2009).
Kayaya oyulmus kiliseler, siklikla, Bizans’tan ve daha
sonraki donemlerden kalan ve tarihi degerlerine deger katan
rolyefler ve duvar resimleri barindirmaktadir. Bununla
birlikte, duvar resimlerinin siva ve harg gibi kaya dokusunu
olusturan malzemeleri, her yil atmosfer asindirmasi ve
deprem sasintilar1 sebebiyle ciddi anlamda zarar gdrmekte,
¢okmekte ve sonsuza dek yitip gitmektedir. Bu nedenle,
hem kaya yapisinin hem de duvar resimlerinin korunmasina
yonelik yaklasimlarin birlestirilmesinin, her ikisinin de varlik

stirelerini uzatmaya degerli katkilart olacagi diisiiniilmektedir.

Kapadokya, essiz goriinimiinii, Erciyes, Hasan ve Gollii
daglarindan ¢evreye yayilan yumusak tif tabakasina ve
riizgarin ve suyun etkisiyle meydana gelen siddetli erozyona
bor¢ludur. Kayalarda goriilen bozulmanin nedenlerinden biri
kayay1 olusturan temel bilesenlerdir: volkanik cam ve cesitli
feldispatlar, su mevcudiyetinde zeolit ve montmorilonit
gibi kil minerallerine doniisiir ve yapilar zayiflatir. Kaya
yiizeylerinde goriilen yosun ve liken gibi biyolojik olusumlar
da yiizeydeki bozulmanin nedenleri arasinda sayilmaktadir.
Fakat, su gegirmezlik 6zelligi ile gelen sivi suya karsi kaya

yapisini korumast, liken varliginin olumlu bir etkisi olarak



against incoming liquid water has also been reported (Garcia-

Vallés, et.al 2003).

Most of the past and on-going conservation measures by local
sector in Nevshehir region is to promote removal of such
surface biological deposits and covering the churches with
lime/cement mortar. However, these approaches may in fact
contribute to the acceleration of rock loss, and alternative
methods should be explored in order to preserve these

valuable sites.

I -2 Location of the site
A stand-alone rock-hewn church was selected for this case
study during the UNESCO mission in 2009. A large number
of churches within the Cappadocia region were examined
before this selection, focusing in particular on their size
and degree of deterioration. The Uziimlii (Grape) Church is
quite small scale and located near the entrance of the Red
Valley (figure 1). It is close to the west of Ortahisar village.
The church shows obvious deterioration phenomena caused
by environment, rock composition and seismic activity,
biological and human activities including continuous
vandalism. It has fair numbers of tourists and visitors,
therefore it is believed to have high potential to become an
excellent tourist interpretation site during/after conservation

campaigns.

I -3 Historical background of the Uzumli

church and wall paintings

The church has two storeys: the upper level is a chamber with
cross-shaped relief on the ceiling, however, is not accessible
due to the partial collapse of rock walls. The church at ground
level contains wall paintings in three of its chambers (1, 2
and 3), with yellow/orange tones. The main motifs are saints
including St. Nichitas, and grapes/flowers, a Maltese cross
and geometrical motifs. Architectural details could be found
in the report I1I-6 (Suzuki, Higuchi and Shibata). The exact
date of the church is not definite: 8-9th century is estimated
for the first excavation, and probably some extensions and the
wall paintings could be dated to the 11-12th century due to

iconography.

bildirilmistir (Garcia-Vallés ve ark. 2003).

Nevsehir’deki yerel sektor tarafindan alinan gegmis ve
siiregelen koruma onlemlerinin pek ¢ogu, bu tiir biyolojik
katmanlarin ylizeyden temizlenmesine ve kiliselerin kireg/
¢imento karigimi harg ile kaplanmasina yoneliktir. Ancak
bu yaklasim, kaya hasarinin hizlanmasina yol agabilir.
Dolayisiyla, boyle degerli alanlarin korunmasinda daha farkli

yontemler arastirilmalidir.

I -2 Galisma alaninin konumu

2009 yilinda UNESCO 6zel gorevi sirasinda bu durum
caligmasi i¢in kayaya oyulmus bagimsiz bir kilise secildi.
Kapadokya ve ¢evresindeki kiliseler boyutlarina ve bozulma
derecelerine gore incelendi. Oldukea kiigiik bir kilise olan
Uziimlii Kilisesi (The Grape Church) Kirmizi Vadi’nin
girisine yakin bir konumdadir (Sekil 1). Ortahisar kasabasinin
bat1 tarafina yakindir. Kilise, ¢evresel etkenlerden, kaya
yapisindan, biyolojik olusumlardan ve sik sik tekrarlanan
vandallik olaylarini da igeren insan etkinliklerinden
kaynaklanan belirgin bozulma &zellikleri gostermektedir.
Mevcut durumuyla bile makul sayida turist ve ziyaretgi
¢ektigi gbz oniine alindiginda, koruma projeleri sirasinda
ve sonrasinda birinci sinif bir turistik cazibe merkezine

doniigebilecegine inanilmaktadir.

I -3 Uzumlu Kilisesi nin ve duvar resimlerinin

tarihi arka plani

Kilise iki katli bir yapidir. Ust kisim, tavaninda hag
seklinde bir rélyef bulunan bir oda bulunmaktadir; ancak
kismen ¢dkmiis olan tas duvarlar nedeniyle bu odaya
ulasilamamaktadir. Odalar 1, 2 ve 3’teki duvar resimleri sar1/
turuncu tonlar1 ile betimlenmistir. Temel motifler arasinda
Aziz Nichitas’in da i¢inde bulundugu azizler, iiziimler/
cigekler, bir Malta hagi1 ve geometrik sekiller yer almaktadir.
Mimari ayrintilar igin rapor I11-6’ya (Suzuki, Higuchi and
Shibata) bakilabilir. Kilisenin kurulus tarihine iliskin kesin
bir bilgi yoktur: 8.-9. yiizyillarda yapimina baslandigi ve
ikonografiye dayanilarak bazi eklentiler ile duvar resimlerinin

11.-12. yiizy1l olarak tarihlendirilebilecegi diisiiniilmektedir.
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I -4 Project framework and plans

A three year project (2014-2016) has the following goals:

[1] To characterise mechanical and chemical properties of
Uziimlii tuff rocks and to carry out in-situ and laboratory tests
in order to evaluate consolidants/water repellents and their
aging characteristics.

[2] To characterise micro/local environment and seasonal
changes. To monitor moisture behaviour in the soil and rocks
throughout project period.

[3] To execute a comprehensive conservation program for
the Uziimlii wall paintings, including establishing alternative

grouting/fixing methods and presentations.

I -5 Objectives of the campaign 2014

The first campaign was executed between 1 and 10
September, 2014. In total, 9 foreign and 7 Turkish members

participated in the campaign to execute:

-To set up environmental monitoring sensors around/in the
Uziimlii church to obtain microenvironmental conditions
(wind speed, wind directions, rainfall, RH, temperature);

-To set up 2 sensors to assess the water content behavior of

the tuff rock itself over a period of one year;

-To test in-situ rock conditions according to the weathering
conditions;

-To create a condition map of the wall paintings which
shows particular deterioration phenomena due to the tuff’s
geological/geomorphological structural problems, painting
technological/material nature, and human caused issues;

-To assess the condition of wall paintings using in-situ
observation techniques.

-To obtain minute samples for use in detailed laboratory tests,
including identification of alteration products of pigments,
morphological information of plaster layer, possible organic
remains as binding media using ELISA and nano LC-ESI-
MS/MS techniques.

Documentation and laboratory analysis was completed in
Japan after returning from the field mission. More researchers
have participated in the documentation and laboratory studies
as seen in the list of contributors at the colophon page.

Reports of each activity are presented in this publication.

I -4 Projenin cercevesi ve plani

Bu ii¢ yillik (2014-2016) proje ile sunlar hedeflenmektedir:
[1] Uziimlii’niin tiif kaya yapisinin fiziksel ve kimyasal
ozelliklerinin tanimlanmasi; yerinde ve laboratuvar
ortaminda testler uygulanmasi; saglamlastiricilarin/suya karsi
koruyucularin ve yipranma testlerinin degerlendirilmesi;

[2] Mikro/yerel ¢evrenin ve mevsimsel degisikliklerin
tanimlanmasi, toprak ve kayalardaki nemin proje donemi
boyunca izlenmesi.

[3] Uziimlii duvar resimleri icin, farkli derzleme/sabitleme
yontemlerinin belirlenmesini ve tanitimini da i¢ine alan

kapsamli bir koruma planinin uygulanmasi.

I -5 Projenin hedefleri, 2014

ik proje 1-10 Eyliil 2014 tarihleri arasinda gerceklestirildi.
Projeye, toplamda 9 yabanci, 7 Tiirk katilimct su hedefleri

gerceklestirmek tizere dahil oldu:

-Mikro-¢evre kosullar1 (riizgar hizi, riizgar yoni, yagis
miktari, bagil nem, sicaklik) hakkinda bilgi edinmek
icin Uziimlii Kilisesi’nin ¢evresine ve icine ¢evre izleme

sensorleri yerlestirmek;

-Tuf kayanin su igeriginde bir y1l igerisinde meydana gelen
degisiklikleri saptamak i¢in iki sensor yerlestirmek;

-Hava kosullarinin kaya iizerine etkilerini yerinde test etmek;
-Tifiin yapisindaki jeolojik/jeomorfolojik problemlerden,
boyamada kullanilan teknigin ve malzemenin yapisindan
ve insanlardan kaynaklanan belirgin bir bozulma sergileyen
duvar resimlerine iligkin bir durum haritasi olugturmak;
-Yerinde gozlem tekniklerini kullanarak duvar resimlerinin
durumunu degerlendirmek.

-ELISA ve nano LC-ESI-MS/MS tekniklerini kullanarak,
pigmentlerdeki degisikliklerin belirlenmesini, siva tabakast
ve baglayict medyumlar gibi olast organik kalintilar hakkinda
morfolojik bilgi edinmeyi de igeren daha detayli laboratuvar

testlerinde incelenmek iizere drnekler toplamak.

Belgeleme ve laboratuvar analizleri, alan ¢aligmasindan
doniildikten sonra Japonya’da tamamlandi. Kolofon
sayfasinda yer alan “katkida bulunanlar” listesinde de
goriildiigii gibi, belgeleme ve laboratuvar caligmalari
sirasinda daha fazla arastirmaci ¢alismaya dahil oldu. Her bir

faaliyetin raporlart bu yayimda sunulmustur.



I -6 Project members
Japanese team
Yoko Taniguchi (University of Tsukuba)
Keigo Koizumi (Osaka University)
Chiemi Iba (Kyoto University)
Kunio Watanabe (Mie University)
Piao Chunzu (Hytec. Co)
Jennifer Porter (Wall painting conservator, University of
Malta)
Mizuho Yoshioka (Student, Kyoto University)
Ryo Higuchi (Student, Tokyo Institute of Technology)
Mina Shibata (Assistant, National Research Institute for

Cultural Properties, Tokyo)

Turkish collaborators

Murat Gulyaz (Directorate of Nevsehir Museum)

Fazil A¢ikgoz (Archaeological-Restorer, Nevsehir Restoration
and Conservation and Regional Laboratory Directorate)

Ugur Yalgincaya (Restorer)

Merve Aziz Isin (Restorer)

Mustafa Toptepe (Restorer)

Ayca Bagstlirkmen (Restorer)

Tugba Eryasar (Restorer)

I -7 Further perspectives

Our first campaign was smoothly carried out with the aid
and close cooperation of local collaborators. Most of the
monitoring devices were set up at the site in order to obtain
detailed environmental data. Rock samples from Red Valley
shall be prepared for mechanical testing and for aging test

with/out newly designed consolidants by D&D Corporation.

Some initial in-situ observation indicated that scientific
analysis revealed that the Uziimlii wall paintings were
probably treated at least once to tone incised graffiti, but
details are not known. We can assume that the absence
(or extremely low survival) of a water-soluble binder for
the pigments and colourants (see I1I-4 Takashima, and III-
6 Kawahara et.al), resulted in loss of cohesion of pigment
particles, particularly since the paint is very water sensitive
and already thinned in the course of time (see III-3 Shimadzu
et.al). The decohesion and detachment of the thick white
gypsum ground is probably also due to the lack of an organic
binder, detachment of the thick white gypsum ground makes

the conservation intervention extremely difficult. On-site and

I -6 Proje tyeleri
Japon Ekibi
Yoko Taniguchi (Tsukuba Universitesi)
Keigo Koizumi (Osaka Universitesi)
Chiemi Iba (Kyoto Universitesi)
Kunio Watanabe (Mie Universitesi)
Piao Chunzu (Hytec Geoteknik Danigmanlik Ltd. Sti.)
Jennifer Porter (Duvar boyama konservator, Malta
Universitesi)
Mizuho Yoshioka (Ogrenci, Kyoto Universitesi)
Ryo Higuchi (Ogrenci, Tokyo Teknoloji Enstitiisii)
Mina Shibata (Asistan, Kiiltiir Varliklar1 Ulusal Arastirma

Enstitiisti, Tokyo)

Tiirk katilimeilar

Murat Gulyaz (Nevsehir Miize Miidiirii)

Fazil A¢ikgdz (Arkeolog-Restorator, Nevsehir Restorasyon
ve Konservasyon Bolge Laboratuvart Miidiirii)

Ugur Yalgincaya (Restorator)

Merve Aziz Isin (Restorator)

Mustafa Toptepe (Restorator)

Ayca Bastiirkmen (Restorator)

Tugba Eryasar (Restoratdr)

I -7 Diger Perspektifler

ilk proje ¢alismamiz, yerli katilimcilarin destegi ve isbirligi
ile sorunsuz bir sekilde gergeklesti. Gozlem cihazlarinin
¢ogu, cevre kosullart ile ilgili ayrintili veri saglamak
tizere yerlestirildi. Kizil vadiden alinan kaya 6rnekleri,
D&D ortaklig: tarafindan yakin zamanda tasarlanan
saglamlastiricilar kullanilarak/kullanilmayarak,mekanik

deney ve yipranma testi icin hazirlanacaktir.

ilk yerinde bilimsel analizler, Uziimlii duvar resimlerinin,
duvara kazinmis yazilari tonlamak amaciyla en az bir kere
islem gormiis olabilecegini ortaya koymustur, ancak ayrintilar
bilinmemektedir. Boyalarin i¢inde suda ¢dziinebilen baglayici
madde olmamasi, varsa da son derece seyreltilmis olarak
bulunmasi (bkz. I1I-4 Takashima ve III-6 Kawahara ve
ark.), pigment parcaciklarinin yapigkanliginin azalmasina,
dolayistyla boyanin suya karsi hassasiyetinin artmasina neden
olmus ve boya zaman i¢inde olduk¢a incelmistir (bkz. III-
3 Shimadzu ve ark.). Muhtemelen, kalin beyaz al¢1 zeminin
kolayca dagilabilir, ayrilabilir olmasi da organik baglayicinin

yoklugundan kaynaklanmaktadir ki bu durum koruma



laboratory tests for finding suitable materials for conservation  ¢abalarini olduk¢a zorlastirmaktadir. Konservasyona uygun
shall be executed by the second campaign in 2015. materyaller bulmak amactyla yapilacak olan yerinde deneyler
ve laboratuvar testleri 2015°teki ikinci proje calismasinda

gerceklestirilecektir.
I -8 References

I -8 Kaynakca
Zeynal Abiddin Erguler, 2009: Field-based experimental determination of the weathering rates of the Cappadocian
tuffs, Engineering Geology, 105, 186-199.
Garcia-Valles, M., Topal, T., Vendrell-Saz, M., 2003: Lichenic growth as a factor in the physical deterioration or

protection of Cappadocian monuments, Environmental Geology, 43, 776-781.

Photograph: Research members in front of the Uzimlii church (September 2014)
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I -1 Location map of sensors and rock samples

Sensér ve Kaya Ornegi Lokasyon Haritasi

Keigo Koizumi, Osaka University
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3) Temperature and Relative humidity sensor
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I -2 Environmental survey and thermographical investigation

at the Uzimlu Church

Uzumlu Kilisesi’'nde cevre analizi ve termografik inceleme

Introduction

A weather station (Onset HOBO U30-NRC) was installed
on the hill near the church to obtain the meteorological
data around the survey site. At this station, the outdoor
temperature, the relative humidity, the barometric pressure,
precipitation, the wind speed and direction, and solar

radiation are measured and recorded every 10 min.

The station was secured to the ground with pegs and wire.
After setting the station, the Japanese environmental team
taught the Turkish team members how to use the data logger.

The temperature and relative humidity are measured at two
points inside the church. The measuring points were selected

to correspond with the locations of the soil moisture sensors.

o-2-1

Temp/RH loggers(HOBO U23-001) were used for the
measurements. One logger was set in the alcove near the
entrance (Room 1), and another logger was set in the inner

room (Room 3).

Weather station

14

Chiemi Iba, Kyoto University

Giris

Arastirma sahasinin gevresi ile ilgili meteorolojik veri elde
etmek amaciyla kilisenin yanindaki tepeye bir hava istasyonu
(Onset HOBO U30-NRC) kuruldu. Bu istasyonda, her 10
dakikada bir, dis sicaklik, bagil nem, atmosfer basinci, yagis

miktari, riizgar hiz1 ve yonii 6l¢tildii ve kaydedildi.

Bu istasyon mandallar ve tel halatlarla sikica yere sabitlendi.
Istasyon kurulduktan sonra, Japon cevre ekibi Tiirk ekip
iiyelerine veri kaydedicinin nasil kullanildigini 6gretti.

Kilise i¢inde iki noktada sicaklik ve bagil nem o6l¢imii
yapildi. Ol¢iim noktalari, toprak nem sensérlerinin

yerlestirildigi alanlara karsilik gelecek sekilde segildi.

I -2-1

Olciimlerde Nem ve Sicaklik Olcer veri kaydediciler
(HOBO U23-001) kullanildi. Veri kaydedicilerden biri giris
kismindaki girintiye (Oda 1), bir digeri igerideki odaya (Oda
3) yerlestirildi.

Weather station location



Fixing with pegs Fixing with wire Training on the site

Temp/RH logger in Room 1

Temp/RH logger in Room 3
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At each measuring point, a notification was displayed which

asks visitors not to touch the logger.

The training and transferring of operation skills of the
monitoring devices to Turkish colleagues was completed

during this campaign.

Measured environmental data are as follows;

o-2-2

1) Temperature and solar radiation

Fig. 1 shows the time profile of outdoor temperatures and
conditions in Room 1 and Room 3. Global solar radiation
(including direct and diffuse sky radiation) is also shown in
Fig. 1 (right axis). All data were measured every 10 minutes.
There is large diurnal temperature variation in outdoor air.
The temperature fluctuations in the church are smaller than
outdoors, especially in Room 3 which is located deeper in
the rock formation than Room 1. The temperature near the
entrance (Room 1) is strongly affected by the outdoor air due
to ventilation, while the temperature in Room 3 fluctuates
little due to the heat capacity of the thick rock. Furthermore,
the outer wall in Room 1, which is located in southwest side
of the church, is exposed to more solar radiation than Room 3,

which is on the north side.

During a month, the daily average outdoor temperature
dropped by about 16 °C, and became lower than the

temperatures inside the church in the latter half of September.

2) Relative humidity, vapor pressure, and
precipitation

Fig.2 shows relative humidity and vapor pressure profiles
outdoors and Rooms 1 and 3. 10-minutes precipitation in
September is also shown in the same figure. Vapor pressure
increased in the order of outdoor, Room 1, and Room 3,
though the values were similar. Relative humidity fluctuations
depend on the temperature fluctuations. Since September is
dry season in this area, rainfall occurred on only 6 days, at
most 11.6 mm/day. The relative humidity of the outdoor air
rises corresponding to the rainfall. When it does not rain,
the outdoor relative humidity remains at around 20-30 %RH

during the day.
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Her 6l¢iim noktasina kaydediciye dokunulmamasi hususunda

ziyaretgileri uyaran birer bildirim konuldu.

izleme aygitlar ile ilgili islevsel becerilerin Tiirk ¢alisma
arkadaslarina 6gretimi ve aygitlarin kullaniminin kendilerine

devri kampanya sirasinda tamamlandi.

Olgiilen gevre verileri asagidaki gibidir:

o-2-2

1) Sicaklik ve giines radyasyonu

Sekil 1, dis ortamdaki, Oda 1’deki ve Oda 3’teki sicakliklarin
zaman profillerini gostermektedir. Toplam gilines radyasyonu
da (dolaysiz ve daginik gokylizii radyasyonu da dahil
olmak tizere) Sekil 1°de gosterilmektedir (sag eksende).
Her veri 10 dakikada bir 6l¢iildii. D1s ortam havasinda
biiyiik giinliik sicaklik degisiklikleri s6z konusudur. Kilise
i¢inde, Ozellikle Oda 1'den daha i¢ kisimda bulunan Oda
3’teki sicaklik dalgalanmalar1 disaridakilere oranla daha
azdir. Giris kismindaki sicaklik, ventilasyondan dolay1
dis ortam havasindan kolaylikla etkilenmekteyken, i¢ oda
(Oda 3) sicakligr agir kayanin 1s1 kapasitesine bagli olarak
¢ok az degisim gostermektedir. Buna ek olarak, kilisenin
giineybatisinda yer alan Oda 1’in dis ylizeyi, kuzeyde
kalan Oda 3’e kiyasla daha ¢ok giines radyasyonuna maruz

kalmaktadir.

Bir ay boyunca, giinliik ortalama dis ortam sicakligi 16 °C
kadar diistii ve Eyliil’iin ikinci yarisinda kilisenin ig¢indeki

sicakliklardan daha disiik hale geldi.

2) Bagil nem, buhar basinci ve yagis miktari

Sekil 2, sirasiyla, dis ortamdaki, Oda 1’deki ve Oda 3’teki
bagil nem ve buhar basinci miktarlarin1 gostermektedir.
Eylil ayindaki 10 dakikalik yagis da ayni sekilde
gosterilmektedir(Sekil 2). Degerler ayni olmasina ragmen,
buhar basinci, dis ortam, Oda 1 ve Oda 3 siralamasiyla
yiikselmektedir. Sicakliktaki dalgalanmalara bagli olarak
bagil nemde dalgalanmalar meydana gelmektedir. Eyliil ay1
bu boélgede kuru bir dénem oldugundan, sedece 6 giinde, en
fazla 11.6 mm/giin seklinde yagmur goriilmiistiir. Dig ortam
havasimin bagil nem miktari, yagisla birlikte yiikselmektedir.
Yagmur yagmadiginda, giin i¢indeki dis ortam bagil nem

orani % 20-30 civarindadr.



Figure 1. Time profile of temperatures and global solar radiation
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Figure 2. Time profile of humidity and precipitation
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3) Wind speed and direction

Fig. 3 shows the time profile of wind speed (10 min. average)
and the wind direction at the weather station in September.
They seem to fluctuate periodically. To examine the wind
direction in more detail, a wind rose was made for daytime
and nighttime, respectively (Fig. 4). The wind rose shows the
wind direction frequency in each direction. There is a clear
difference in the wind rose between daytime and nighttime.
The wind blows mainly from the south during the day, while
it blows from the opposite direction in nighttime. One of
the reasons for the daily wind direction change might be
due to the surface temperature change of the slope behind
(northward) the church (Fig. 5). During the day, the back
slope surface (facing south) is exposed to the solar radiation
and its temperature rises. Thus, updraft can occur near the
back slope and produces the south wind. At night, the surface
temperature decreases below the outdoor temperature due to
the nocturnal radiation, and downdraft may occur near the
back slope, producing the north wind. This hypothesis needs

further investigation.

Fig. 6 shows the average and the maximum wind speed in
each time period. It is shown that a relatively strong wind
blows mainly in daytime, a relatively strong wind blow also

in nighttime.

4) Thermography of church

During the field survey, we took thermography in the
morning (9:00), around noon, afternoon (15:30), and night
(20:00). Some of these pictures are shown in Fig.7-9. On the
sunny side of the church, the surface temperature went up
to approximately 50 °C, while the temperature in the shade
was kept almost the same as the outdoor temperature. It was
confirmed that there is a large daily temperature difference on

the sunny side surface.

19

3) Ruzgar hizi ve yénii

Sekil 3, Eyliil ayinda hava istasyonunda dlgiilen riizgar
hizi (ortalama 10 dakikada bir) ve yonii ile ilgili zaman
profilini gostermektedir. Diizenli araliklarla dalgalaniyor
gibi goriinmekteler. Riizgar yoniinii daha detayli incelemek
amaciyla glindiize ve geceye iliskin bir riizgar giili
olusturuldu (Sekil 4). Riizgar giilii, her yon i¢in riizgarin
esme sikligint gostermektedir. Riizgar giiliinde giindiiz ve
gece arasinda belirgin bir farklilik goriilmektedir. Riizgar
giin i¢inde agirlikli olarak giineyden esmekte iken, gece
ters yonden esmektedir. Giinliik riizgar yonii degisikliginin
nedenlerinden birisi, kilisenin arkasindaki (kuzey tarafinda)
yamacin yiizey sicakligindaki degismeler olabilir (Sekil
5). Giin iginde yatik yamacin (giineye bakan) yiizeyi giines
radyasyonuna maruz kalmakta ve sicakligi artmaktadir.
Bu nedenle, yatik yamaca yakin, yukar: yonlii hava akimi
meydana gelebilir ve gliney riizgarini getirebilir. Gece, gece
radyasyonundan o&tiirii yiizey sicakligi dis hava sicakliginin
altina diiser ve yatik yamaca yakin, asagi yonlii hava akimi
meydana gelebilir ve kuzey riizgarini getirebilir. Bu tahmin

daha ayrintili incelemeye ihtiyag¢ duymaktadir.

Sekil 6, her bir zaman aralig1 i¢in ortalama ve maksimum
riizgar hizlarim gostermektedir. Her ne kadar gece de anlik
siddetli riizgarlar esiyorsa da, daha siddetli riizgarlarin daha

cok gilindiiz vakti estigi goriilmektedir.

4) Kilisenin termografisi

Saha arastirmasi sirasinda, sabah (9:00), 6gle, 6gleden sonra
(15:30) ve gece (20:00) termografi ¢ekildi. Bu fotograflardan
bazilart Sekil 7, 8 ve 9°da gosterilmektedir. Golgedeki
sicaklik dis ortam sicakligiyla neredeyse ayni kalirken,
kilisenin giinesli tarafinda ylizey sicakligi yaklasik 50 °C’ye
yiikseldi. Giinesli tarafin yiizeyinde biiyiik bir giinliik sicaklik
farki oldugu teyit edildi.
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Figure 4. Wind rose of daytime and nighttime in September
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Figure 5. Diagram of daily wind direction change

Figure 6. Average and maximum wind speed in each time period in September
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I -3 Monitoring and estimation of water and heat flows in the rocks

at the base of Uzimli church

Uzamla Kilisesi’nin temelinde yer alan kayalardaki su ve is
akisinin izlenmesi ve degerlendirilmesi

Introduction

To consider the mechanism of rock weathering and
preservation of the rock structures, it is important to know
water and heat flows in the rock. We monitored rock water
content, water potential and temperature at the base of
Uziimlii church, while water retention curve and hydraulic
conductivity of the rocks were also measured. Comparing
these data with meteorological data, the amount of infiltrated
water to the rock wall and consequential change in water

profiles of the rock wall were analyzed.

II -3 -1 Observation methods

Two small pits (15 cm x 15 cm) were cut with a depth of 30
cm on the south (sunny) and north (shady) side of Uziimlii
church on 2 September (Fig. 1). At each pit, three 5STE soil
water sensors and two MPS2 soil water potential sensors
(Decagon Device Inc.) were placed at three different depths
(5, 10, and 30cm) (Photo. 1ab). Each sensor was connected to
the Em 50 data logger (Decagon Device Inc.), and set to take
readings at 10 minutes intervals. The pits were then refilled

with original soil (Photo. 2).

6 typical points were selected around Uziimlii church ; (a)
West path, (b) East wall, (c¢) West wall (d) Adjacent wall,
(e) Winery floor, (f) Entrance floor (Fig. 2 and Photo. 3a-f) .
The path and floors are dense and hard, while the walls were
weathered and rather soft. The mini infiltrometer (Fig. 3) was
placed at each measurement point. Water (about 10 mL) was
infiltrated from the infiltrometer into the soil/rock. As water
level in the chamber drops, the volume of water and elapsed
time were recorded. From the infiltration rate, the unsaturated
hydraulic conductivity was calculated based on Gardner’s
infiltration equationwhere K is hydraulic conductivity, K, is

saturated hydraulic conductivity, h is matric potential and a is

K =K, exp(ah)
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Giris

Kayalarin pargalanma mekanizmasinin anlasilabilmesi ve
kaya yapilarinin korunabilmesi i¢in, kaya i¢indeki su ve 1s1
akist bilinmelidir. Uziimli Kilisesi’nin temelindeki kaya
suyu igerigi, su potansiyeli ve sicaklik olgiiliirken, kayalarin
su tutma egrileri ve hidrolik iletkenlikleri de dlgiildi. Bu
veriler ile meteorolojik veriler kiyaslanarak, tas duvara sizmis
olan suyun miktar1 ve tas duvarin su profillerindeki dolayli

degisim analiz edildi.

O -3 -1 Gézlem metodlari

2 Eyliil’de Uziimlii Kilisesi’nin giiney (giinesli) ve kuzey
(golgeli) taraflarinda 30 cm derinliginde iki kii¢iik ¢ukur
(15 cm x 15 cm) kazildi (Sekil 1). Her ¢ukurda ii¢ farkl
derinlik diizeyine (5, 10 ve 30cm) {i¢ STE toprak su sensorii
ve 2 MPS2 toprak su potansiyeli sensorii (Decagon Device
Inc.) yerlestirildi (Fotograf lab). Tiim sensorler Em 50 veri
kaydediciye (Decagon Device Inc.) baglandi ve 10 dakikalik
araliklarla deger almak iizere ayarlandi. Cukurlar daha sonra

tekrar toprak ile dolduruldu (Fotograf 2).

Uziimlii Kilisesi cevresinde 6 karakteristik nokta secildi; (1)
Bat1 yolu, (2) Dogu duvari, (3) Bat1 duvari (4) Komsu duvar
(5) Saraphane kati, (6) Giris kat1 (Sekil 2 ve Fotograf 3a-f).
Yol ve katlar gecirimsiz ve sert yapida iken duvarlar hava
kosullarmin etkisiyle yipranmis ve oldukca yumusakti. Olgiim
noktalarinin her birine kii¢iik birer infiltrometre (Sekil 3)
yerlestirildi. Bu infiltrometrelerden topraga/kayaya su (10 ml
kadar) sizdirildi. Haznedeki su seviyesi diiserken, su miktari
ve gegen siire kaydedildi. Infiltrasyon hizindan, Gardner’in,
K’nin hidrolik iletkenligi, Ks’nin doymus hidrolik iletkenligi,
h’nin matris potansiyeli ve a’nin K-h egrisinin egimini

simgeledigi infiltrasyon esitligi baz alinarak doymamis

(M



slope of K-h curve: the K, and a were determined from

observation.

Using samples collected around Uziimlii church, a soil/rock
water retention curve (relationship between water content
and matric potential) was established by the sand column
method and chilled mirror dew potential meter. The falling
head permeability test was also applied to the samples to
measure saturated hydraulic conductivity. For water and heat
flow calculation, these water characteristics were fitted by
van Genuchten-Mualem equations where 0, and 6, is saturated
and residual water content, S, is effective saturation, o and
N is parameters for 6-h curve, M = 1 — 1/N, and ¢ is pore

connectivity function, respectively.

hidrolik iletkenlik hesaplandi: K, ve a gézlem yoluyla

belirlendi.

Uziimlii Kilisesi’nin ¢evresinden toplanan drnekler
kullanilarak, kum kolonu yontemiyle ve sogutulmus ayna
¢ly noktasi potansiyometresi ile toprak/kaya su tutma egrisi
(su igerigi ile matris potansiyel arasindaki iligki) yerlestirildi.
Orneklere, doymus hidrolik iletkenligi 6lgmek amaciyla
diisen seviyeli gecirimlilik testi de uygulandi. Su ve 1s1
akisinin hesaplanmasi icin, bu su dzellikleri, sirasiyla, 0,
’in ve 0, ’nin doymus ve kalici su igerikleri, S.’nin goreceli
doygunluk, o ve N 6-h egrisinin parametreleri, M =1 — 1/
N ve £’nin gdzenek baglanirlik fonksiyonu oldugu van

Genuchten-Mualem esitlikleri ile elde edildi.

e RER ECUNN @
K=K, = [1—(1— s T 3

Figure 1. Location of observed rock profile at the base of Uzumlu church.
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(&) (b)

Photo 1. Sensors set to rock profile at (a) sunny site and (b) shady site.

Photo 2. Ground surface of soil water, potential and temperature monitoring site (shady site) after sensor was set up

and the pit was back filled.
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(@) (b) ()

Photo 3. Hydraulic conductivity was measured at (a) West road, (b) East wall, (c) West wall (d) Adjacent wall, (e)

Winery floor, (f) Entrance floor.

: (b)
= o

C
()

Figure 2. Location of 6 points where hydraulic conductivity was measured.
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I -3 -2 Results and discussion

Hydraulic properties

Average of dry bulk density and porosity of the rock sample
collected around Uzuml church were 1.22 g/cm’ and 0.469,
respectively. The porosity is not very high, but is greater than
0.2, which is recognized as the limit for frost weathering. Fig.
4 shows the water retention curve of the sample. The sample
had a relatively large amount of water at low water potential.
According to the figure, saturated water content was about
0.38 and less than the porosity. The sample probably contains
macropores or entrapped air that prevented it from saturating
fully. The average of saturated hydraulic conductivity of
the sample was 2.3 x 10™ cm/s. Fig. 5 shows unsaturated
hydraulic conductivity of rocks at the 6 observation points

estimated by equation (1).

Weathered wall rocks had relatively high hydraulic
conductivities. And, each of them had similar value, which
indicates they have similar pore structure. In contrast, the
hydraulic conductivities of paths and floors were not so
high and varied considerably with location. The saturated
hydraulic conductivity measured by the falling head method
was larger than those estimated from infiltrometer. This can
occur when the wall rocks have cracks or greater porosity
than the collected samples. The water retention curve fitted
by equation (2) is also depicted in Fig. 4, and the parameters

estimated for equation (2) and (3) are listed in Table 1.

I -3 -2 Sonuglar ve tartisma

Hidrolik 6zellikler

Uziimlii Kilisesi’nin ¢evresinden toplanan kaya drneklerinin
ortalama kuru birim hacim kiitlesi ve porozitesi sirastyla 1,22
g/em’ ve 0,469 idi. Porozite pek yiiksek degildir ancak don
ayrismast sinirt olan 0,2’den biiyiiktiir. Sekil 4 6rnegin su
tutma egrisini gdstermektedir. Ornek algak su potansiyelinde
gorece biiyiik miktarda su igermekteydi. Sekle gore, doymus
su icerigi yaklasik 0,38°di ve poroziteden daha azdi. Ornek,
muhtemelen tam doygunluga ulagmasini engelleyen makro
molekiiller ya da sikisip kalmis hava icermektedir. Ornegin
ortalama doymus hidrolik iletkenligi 2,3 x 10™* cm/s idi. Sekil
5, esitlik (1) ile hesaplanan 6 gozlem noktasindaki kayalarin

doymamis hidrolik iletkenligini gostermektedir.

Asinmis duvar taslart oldukega yiiksek hidrolik iletkenlige
sahipti. Ayrica, her biri, ayn1 gézenek yapilarina sahip
olduklarin1 gosteren benzer degere sahiptiler. Buna karsilik,
yolun ve katlarin hidrolik iletkenligi pek yiiksek degildi
ve bulundugu konuma goére 6nemli 6lgiide g¢esitlilik
gostermekteydi. Diisen seviyeli gecirimlilik testi ile dlgiilen
doymus hidrolik iletkenlik, infiltrometre ile 6ngdriilenden
daha biiyiiktii. Bu durum, duvar taslarinda ¢atlaklar varsa ya
da taslar toplanan 6rneklerden daha fazla poroziteye sahipse
meydana gelebilir. Esitlik (2) ile elde edilen su tutma egrisi
de Sekil 4’te betimlenmistir. Esitlik (2) ve (3) i¢in dngoriilen

parametreler Tablo 1°de listelenmistir.
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Figure 3. Mini infiltrometer
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Figure 4. Water retention curve for well weathered rock.



Field monitoring of soil water content, potential and

temperature.

Fig. 6a, b shows soil/rock temperatures (5, 10, and 30 cm
depth) at the sunny and shady sites during September,
2014. The sensor at 5 cm depth at the shady site ran out on
5 September, so that Fig. 6b only includes temperatures
at 10 and 30 cm depth. Air temperature and precipitation
measured at meteorological station are also shown in Fig. 6c.
During September, average soil temperature at the sunny site
decreased from 30 to 15 °C, while the average air temperature
decreased from 25 to 10 °C. Larger temperature amplitude
was observed in soil at near ground surface (5 cm depth) than
the air. It may come from the effect of direct solar radiation.
The sunny and shady sites had similar soil temperature
tendency but the sunny site a had larger amplitude and a few
degree C higher average temperature than the shady site for
10 and 30 cm depth. If there were no rain or any disturbance,
the soil temperatures would change periodically and could
be expressed by sine function. For example, according to the
amplitude ratio of soil temperatures on 13 September, thermal
diffusivity of the rock wall was estimated to about 2.8 x 107
m’/s. This makes relatively low thermal conductivity (< 0.5

W/m.s) as dry soils.

Fig. 7 shows soil water contents (5, 10, and 30 cm depth)
and potentials (5 and 30 cm depth) measured by 5TE and
MPS2 sensors at sunny and shady sites during September,
2014. The STE and MPS2 sensors obtain water content and
matric potential of porous media based on the dielectric
permittivity, so that the reading would be affected by
temperature fluctuation. Therefore, Fig 7 was corrected for
the temperature (Fig. 8). At the sunny site, water content near
the ground surface gradually decreased even after the rain on
11 September. Responding to the rain on 18 September, soil
water content at 5 cm depth steeply increased, then gradually
decreased again. Soil water content at 10 cm depth changed
similar to 5 cm depth, while the peak was decayed and lagged
due to the water flow. In contrast, water content at 30 cm
depth was not affected by the three rain events in September.
For the shady site, no significant change was observed in
the temperature at 10 and 30 cm depth during September.
The observed relationship between water content and matric
potential, shown in fig. 4, was in good agreement with

laboratory measurements.
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Toprak su igerigi, potansiyel ve sicaklik alan arastirmasi

Sekil 6a, b 2014 Eyliil’iinde giinesli ve golge alanlarda
kaydedilen toprak/kaya sicakliklarini (5, 10, ve 30 cm
derinliklerinde) gostermektedir. 5 Eyliil gilinii golgeli
bolgede yer alan 5 cm derinligindeki sensoriin dmrii tiikendi,
dolayistyla Sekil 6b yalnizca 10 ve 30 cm derinliklerindeki
sicakliklari igermektedir. Meteoroloji istasyonunda 6lgiilen
hava sicakligt ve yagis da Sekil 6¢’de gosterilmektedir.
Eyliil ayinda, ortalama hava sicakligi 25 °C’den 10 °C’ye
diiserken, ortalama toprak sicakligi giinesli alanda 30 °C’den
15 °C’ye diistii. Yiizeye yakin toprak tabakasinda (5 cm
derinlikte) havadan daha biiyiik sicaklik genligi gozlendi. Bu
durum dolaysiz giines 1siniminin etkisinden kaynaklaniyor
olabilir. Gilinesli ve golge alanlarin toprak sicakliklari
benzer egilim gostermekteydi; ancak giinesli alan 10 ve
30 cm derinliklerinde gdlge alana kiyasla daha biiyiik bir
sicaklik genligine ve birkag¢ derece daha yiiksek ortalama
sicaklik degerlerine sahipti. Hi¢ yagmur yagmasaydi ya da
hicbir sorunla karsilasilmasaydi, toprak sicakligi periyodik
olarak degisecekti ve sin fonksiyonu ile ifade edilebilecekti.
Ornegin, toprak sicakliklarinin 13 Eyliil’deki genlik
oranina gore tas duvarm 1s1l yayilim 2,8 x 10”7 m?/s olarak
hesaplanmisti. Bu, kuru topraklarda oldugu gibi gorece diisiik

bir 1s1l yayilim (<0,5 W/m.s) ortaya koymaktadir.

Sekil 7, 2014 Eylil’iinde giinesli ve golge alanlarda 5TE
ve MPS2 sensorleri ile 6l¢iilen toprak su igerigini (5, 10
ve 30 cm derinliklerinde) ve potansiyelleri (5 ve 30 cm
derinliklerinde) gdstermektedir. STE ve MPS2 sensorleri
su icerigini ve dielektrik gegirgenlik temelinde gozenekli
ortamin matris potansiyelini elde etti. Boylece okunan deger
sicakliktaki dalgalanmadan etkilenebilecekti. Bu nedenle
Sekil 7 sicakliga gore diizeltildi (Sekil 8). Giinesli alanda,
zemin ylizeyinin yakininda kaydedilen su igerigi, 11 Eyliil’de
yagan yagmurdan sonra bile gitgide azaldi. 18 Eyliil’deki
yagmurdan sonra, 5 cm derinligindeki toprak su icerigi asir
bir yiikselis gosterdi ve sonra yine kademe kademe diistii.
Su akisindan dolayr u¢ kisim asinir ve seyrelirken, 10 cm
derinligindeki toprak su icerigi 5 cm derinligindekine benzer
bir degisim gosterdi. Buna karsilik, 30 cm derinligindeki su
icerigi Eyliill ayinda yagan li¢ yagmurdan da etkilenmedi.
Golge alanda, 10 ve 30 cm derinliklerindeki sicakliklarda
Eyliil ay1 boyunca belirgin bir degisiklik gdzlenmedi. Su
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Table 1. Parameters estimated for equation (2) and (3)

g, a n K (cm/d) |
Well-weathered rock 0.044 0013 1.48 233 5
Low—weathered rock 0.08 0.19 1.56 2 -2.5




II -3 -3 Water and heat flow calculations

For the rain event on 18 September (Fig. 6), water and heat
flow at the base of the Uziimlii church (sunny site) was
analyzed by calculated equation (2) (3) with parameters
shown in Table 1. HYDRUSID code was used for the
calculation. We assumed a one-dimensional vertical soil
(rock) profile with a depth of 1 m, which consists of an upper
5 cm of well-weathered layer and 95 cm of a low-weathered
(hard) layer (Table 1). For the upper 25 cm, the initial matric
potential was set to h =—-5000 cm and h = —-150 c¢m for other
depths. A free drainage boundary condition was applied to
the bottom end. Then, water observed at the metrological
station was infiltrated from the surface for four hours
(93.4 mm/d, cumulative precipitation was 15.4 mm: Fig.
6).Calculation was correctly expressed as the observed soil
water content (Fig. 9), while water content near the surface
was overestimated at the early stage of the infiltration, and the

peak water content at 10 cm depth was estimated too early.

However, water content at 5 cm depth was not changed by the
rain event on 10 and 28 September (cumulative precipitations
were 5 and 10 mm, respectively: Fig. 6). It is considered that
while some rain water would infiltrate into the soil, a certain
amount of water would also run off the soil surface. This
runoff causes erosion of the rock surface directly, so that an
estimation of the amount of runoff water and its intensity
must be made. For the detailed analysis of the water and
heat environment of the whole rock structure of Uziimlii
church and the assessment of the validity of a surface sealant
material, further investigation of soil layered structure,
hydraulic conductivity for the deeper layer, and evaporation
with wind speed and direction based on long-term monitoring

would be needed.
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igerigi ve matris potansiyel arasinda gozlenen ve Sekil 4’te
gosterilen iliski ile laboratuvar dl¢limleri arasinda uyum soz

konusuydu.

II -3 -3 Su ve 1s1 akisi hesaplamalari

18 Eyliil’de yagan yagmura iliskin (Sekil 6), Uziimlii
Kilisesi’nin (giinesli kisim) temelindeki su ve 1s1 akisi,
hesaplanan esitlik (2) (3) ve Tablo 1’de gdsterilen
parametreler kullanilarak analiz edildi. Hesaplama igin
HYDRUSID kodu kullanildi. 5 cm’lik ¢ok asinmis bir
ist tabaka ve 95 cm’lik az asinmis (sert) bir tabakadan
olusan 1 m’lik derinlige sahip bir tek boyutlu dikey toprak
(kaya) profili alindi (Tablo 1). Ustteki 25 cm igin ilk matris
potansiyel h = =5000 cm, diger derinlikler i¢in h = —150
cm olarak belirlendi. En alta bir serbest drenaj sinir kosulu
uygulandi. Daha sonra, metroloji istasyonunda incelenen
su dort saat boyunca yiizeyden igeri sizdirildi (93.4 mm/
g, toplam yagis 15.4 mm idi: Sekil 6). Yiizey yakimindaki
su igerigi sizdirmanin baslarinda degerinden fazla ve 10
cm derinlikte en {ist su igerigi zamanindan ¢ok dnce tahmin
edilirken, hesaplama, dogru bir sekilde, gézlenen toprak su

icerigi olarak ifade edildi (Sekil 9).

Bununla birlikte, 5 cm derinlikteki su igerigi 10 ve 28 Eyliil
tarihlerinde yagan yagmurlardan (toplam yagis sirasiyla
5 ve 10 mm idi: Sekil 6) etkilenmedi. Yagmur suyunun
bir kismi topraga sizarken, belirli bir miktar suyun toprak
yiizeyinde akip gittigi de gdz 6niinde bulunduruldu. Bu
yiizeysel akis kaya ylizeyi lizerinde dogrudan erozyona neden
olmaktadir, bu nedenle akan suyun miktarina ve siddetine
iliskin bir degerlendirme yapilmalidir. Uziimlii Kilisesi’nin
kaya yapisinin su ve 1s1 kosullariin detayli analizi ve bir
ylizey dolgu malzemesinin saglamliginin degerlendirilmesi
icin, tabakal1 toprak yapisinin, daha derin tabakalara iliskin
hidrolik iletkenligin ve riizgar hizina ve ydniine bagh
buharlasmanin uzun vadeli gdzleme dayanilarak arastirilmasi

gerekmektedir.
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I -4 Unconfined compression strength by needle penetration test

igne penetrasyon testi ile serbest basing dayaniminin belirlenmesi

Introduction

In order to study the weathering condition and rock strength
of Uziimlii Church, we tested unconfined compression
strength by needle penetration around the church (figure 1):

west side, north side, south side and east side (figures 2, 3).

For mechanical testing of soft rocks, Schmidt hammer test,
elastic wave velocity measurement, point load test on rocks
such as needle penetration test and pick penetration test are
known methods. In the case of Uziimlii’s extremely soft rock
which is affected by numbers of cracks and has a fine texture,
the needle penetration test is the one of most accurate test

methods.

II -4 -1.1 Procedures of measurement:

1. 10 points were chosen on each side. The test points were

random but the height was kept at Im from the ground level.

2. The penetration force (N) was measured when the
penetration depth (mm) reached 10mm, or the penetration
depth (mm) was measured when the penetration force (N)

reached 100N.

3. The gradient NP was calculated by penetration force (N)
/ penetration depth (mm) = penetration force(N)/penetration

depth(mm)

4. The unconfined compression strength (q,) is calculated

according to the following regression formula:

Piao Chunzu, HYTEC Inc.

Giris

Uziimlii Kilisesi’ndeki ayrisma kosullar ve kaya dayanimi
hakkinda bilgi edinmek icin, kilise ¢cevresinde igne
penetrasyon testi (Sekil 1) ile serbest basing dayanimini

olctiik: batisinda, kuzeyinde, giineyinde ve dogusunda

(sekiller 2 ve 3).

Yumusak kayalarla ilgili mekanik testler arasinda, Schmidt
cekici testi, elastik dalga hiz1 l¢limii, kayalar iizerinde igne
penetrasyon testi ve pick (ug?/sivri u¢?)penetrasyon testi
gibi nokta yiik testleri bilinen yontemlerdendir. Uziimlii’niin,
pek cok catlagin ve kendi ince formunun etkisi altindaki
son derece yumusak kaya yapist s6z konusu oldugunda,
igne penetrasyon testi digerleri arasinda en hassas dl¢iim

yontemlerinden biridir.

I -4 -1.1 Olcum islemleri:
1. Her tarafta 10’ar nokta belirlendi. Test noktalar1 rastgele

secildi ancak yerden yiikseklik hepsinde 1 m tutuldu.

2. Penetrasyon kuvveti (N) penetrasyon derinligi (mm)
10 mm’ye ulastiginda ya da penetrasyon derinligi (mm),

penetrasyon kuvveti (N) 100 N’ye ulastiginda dlciildii.

3. NP Egimi penetrasyon kuvveti (N)/penetrasyon derinligi
(mm) ile 6lgiildii = penetration force (N)/penetration depth

(mm)

4. Serbest basing dayanimi (q,), asagidaki regresyon

formiiliine gére hesaplandi:

Logq,=0.978logNP+2.621
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Penetration force range needle

Penetration depth range
Figure 1. needle penetration test measuring

Figure 2. measuring conditions

West side

East side
South side North side

Figure 3. each side conditions of the church
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As a result, we confirmed that the north side was higher
and the west side was lower in intensity than the other
sides. However, each side was highly variable in intensity.
Because the test points were chosen randomly, it was not
possible to grasp the influence of the gravel particles inside
the foundation, tuff rock. It was not clear which side suffered
heavier weathering conditions. In order to assess this in

detail, further in-situ testing is required.

I -4 -2 Geological investigation

In order to study the geological environment around
the Uziimlii Church, we have carried out a geological
reconnaissance within the range of 1km around the church.
The area is a big catchment basin, from east to west, the
ground level showing a trend from high to low. Around
the area, there are two representative directions of major
faults, which are caused by tectonic movement. They form a
network showing two sets of parallel lineaments that control
the geological formation. One runs almost parallel to the
riverbed in front of the church, and the other crosses the
riverbed at about N8OW. The faulting and jointing govern the
form of the church (Fig.4, Fig.5, Fig.6). The movement of

water flow was seen throughout the rock formations.

In fact, we have confirmed that a large crack passes
completely through to the other side of the church’s
foundation, and also detected the presence of free lime

crystals which formed inside the crack due to water flow.

O0-4-12

Sonug¢ olarak, digerlerine kiyasla kuzey tarafinin
yogunlugunun daha yiiksek ve bati tarafininkinin daha
disiik oldugunu saptadik. Bununla birlikte, taraflarin her biri
yogunluk bakimindan oldukc¢a degiskendi. Test noktalar1
rastgele secilmis oldugundan, temeldeki tiif kaya igindeki
cakil etkisini kavramak miimkiin degildi. Hangi tarafin daha
¢ok asindigi acik degildi. Bunu daha ayrintili bir sekilde
degerlendirmek i¢in daha fazla yerinde inceleme yapilmasi

gerekmektedir.

II -4 -2 Jeolojik inceleme

Uziimlii Kilisesi’ni ¢evreleyen jeolojik yapiy1 incelemek
amaciyla, kiliseyi merkeze alan 1 kilometrelik alan i¢inde
jeolojik kesif gergeklestirdik. Bolge, dogudan batiya
gidildikce, zemin seviyesinin yiiksekten algaga dogru bir
egilim gosterdigi biiyiik bir havzadir. Bolgede, tektonik
hareketten kaynaklanan biiyiik faylarin iki temsili yoni
bulunmakta. Bunlar, jeolojik olusumu diizenleyen iki
paralel hatt1 gosteren bir ag olusturmaktadirlar. Bunlardan
biri, kilisenin onitindeki nehir yatagina neredeyse paralel
uzanmakta iken; digeri, nehir yataginin karsisinda, yaklagik
80 derece kuzeybatisinda (N8OW) yer almakta. Faylanma ve
birlesme, kilisenin yapisint etkilemektedir (Sekil 4, Sekil 5,
Sekil 6). Nem de dahil olmak {izere suyun akis hareketi kaya

formasyonunun her tarafinda goriilmektedir.

Oyle ki, catlagin kilisenin temelinin diger tarafina ge¢mis
oldugunu tespit ettik. Buna ek olarak, su akintisindan
kaynaklanan, g¢atlaklarin igerisinde olusmus dogal kireg

kristallerinin varligini saptadik.
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Figure 4. the lineament conditions around church
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East side North side
Penetration|Penetration| Gradient qQu Penetration|Penetration| Gradient qQu
depth(mm) | force(N) (N/mm) (KN/m?) depth(mm) | force(N) (N/mm) (KN/m®)
1 10 55 5.5 2,213 1 10 100 10 3,972
2 7 100 14 5,520 2 10 80 8 2,622
3 7 100 14 5,520 3 8 100 12.5 4,941
4 5 100 20 7,823 4 10 60 6 2,410
5 10 80 8 2,622 5 3 100 33 12,767
6 10 100 10 3,972 6 4 100 25 9,731
7 7 100 14 5,520 7 7 100 14 5,520
8 8 100 12.5 4,941 8 9 100 11 4,360
9 10 95 9.5 3,778 9 5 100 20 7,823
10 7 100 14 5,520 10 10 90 9 3,583
average 4,743 average 5,773
South side West side
Penetration|Penetration| Gradient Qu Penctration|Penetration| Gradient Ju
depth(mm) | force(N) (N/mm) (KN/m®) depth(mm) | force(N) (N/mm) (KN/m®)
1 10 95 9.5 3,778 1 10 30 3 1,224
2 7 100 14 5,520 2 10 30 3 1,224
3 6 100 17 6,674 3 10 100 10 3,972
4 5 100 20 7,823 4 10 60 6 2,410
5 5 100 20 7,823 5 8 100 12.5 4,941
6 10 55 5.5 2,213 6 5 100 20 7,823
7 10 100 10 3,972 7 10 90 9 3,583
8 10 95 9.5 3,778 8 7 100 14 5,520
9 9 100 1 4,360 9 9 100 11 4,360
10 8 100 12.5 4,941 10 8 100 12.5 4,941
average 5,088 average 4,000
N82° W N8Q° W N8O° W
50° E
N60° E




N82° W

Figure 5. the rock surface caused by fault (winery)

N50° E

N

N80* W N82° W

Figure 6. the direction of lineament

The crack passes completely through to the other
side of the church’ s foundation, and free lime

detected inside of the crack indicates water flow.

Figure 7. the rock surface caused by fault (north side of church)
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I -5 Preliminary Aging tests (outdoor environment) of consolidants

for tuff rock samples

Tif Kaya Ornekleri icin Taslarin Baslangic Diizeyinde

Yipranma Testi (dis cevre)

I -5 -1 Objectives

In order to evaluate the effectiveness and durability of
consolidation/stone surface treatment agents (Permeate)
for tuff rocks from Cappadocia, Turkey, a series of outdoor

exposure test was carried out.

II -5 -2 Experiment
II -5 —-2.1 Sample preparation (rock samples)

Tuff rock was cut and prepared as 6 blocks, Each dimensions

was controlled between 5 x 10 cm.

II -5 -2.2 Coating treatment

One sample was left untreated as a control.

Another sample was coated with 150g/m2 of Permeate HS-
360 (D&D corp.).

The remaining four rock samples were coated with 150g/
m* of derivatives of Permeate HS-360 (D&D corp.),
provisionally named Permeate Prototype 1401, 1402, 1403,
1404,

All samples were cured at room temperature for one week.

Resin: Silan type (1 solution)

Curing process: moisture, hydrolysis

Curing time: appx. 24 hrs at room temperature(23°C 50%RH)
Characteristics: does not create a layer on the porous surface.

It penetrates and hardens at few mm in depth.

I -5 -2.3 Outdoor exposure

The samples were exposed outdoors. They were placed
directly on an asphalt pavement, on the north side of a parking
lot without any roofing. The condition of these samples was
observed after two weeks, four weeks, two months and three

months, to check their appearance and physical changes.
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I -5 -1 Hedefler

Tirkiye’nin Kapadokya bdlgesinde bulunan tif
kayalarinin,konsolidasyon/tas yiizeyi iyilestirme maddelerinin
etkililik ve dayanikliligini degerlendirmek icin bir dizi dis

etken testi yapilmustir.

II -5 -2 Deney
O -5 -2.1 Numune Hazirlama (Kaya Ornekleri)

Tif kayalart kesilip 6’sar bloklar halinde hazirlandi. Her

birinin boyutlar 5 ila 10cm arasinda diizenlendi.

O -5 -2.2 Kaplama Islemi

Bir 6rnek kontrol amaciyla higbir isleme ugramadan birakildi.

Bir diger ornek 150g/m?2 6lgiisiinde Permeate HS-360 (D&D
corp.) ile kaplandi.

Kalan 4 kaya, gegici olarak Permeate prototipi 1401, 1402,
1403, 1404 diye adlandirilan, 150/m’lik Permeate HS-360
(D&D corp.) derivasyonu ile kaplandi. Biitiin drnekler bir
hafta boyunca, oda sicakliginda bakima alindi.

Permeate’in Teknik Bilgileri asagidaki sekildedir:

Resim: Silan Cesidi (1 ¢6zelti)

Tyilestirme metodu: nem, hidroliz

Tyilesme siireci: 24 saat oda sicakliginda ( 23°C, 50% RH)
Ozellikler: Gozenekli yiizey iizerinde tabaka yaratmaz. igine

niifuz eder ve birkag mm derinliginde sertlestirir.

I -5 -2.3 Dis Etken

Bu ornekler dis ¢evreye birakildi. Yer seviyesinde (direkt
asfalt lizerine ),¢atisiz park alaninin kuzey kismina
yerlestirildi. Orneklerin durumlari, gériiniisleri ve fiziksel
degisimlerini kontrol etmek iizere periyodik olarak(2 hafta, 4

hafta,2 ay,3 ay sonra seklinde) gézlemlendi.



II -5 -3 Results

Since duration of exposure test was in winter season,
especially in the first half of the period, there were numbers
of days which dropped down below 0°C. It was believed
to simulate of exposing in the winter-spring season of the
Uziimlii church’s environment, and to accelerate the freezing

and thawing problem.

The control sample began to decay after 1week of exposure,
and after two weeks, it became fragile, and crumbled. It
had deteriorated extremely quickly, and after 3 months of

exposure, It had almost completely deteriorated.

The samples coated in the Permeate HS-360 materials
initially appeared more saturated than the control. However,
this effect disappeared after 1week of exposure. After the
full period of outdoor exposure, only the sample coated with

Permeate HS-360 kept its shape.

The samples coated with the Permeate HS-360 prototype
derivatives mostly kept their shapes, however severe cracks
and surface deterioration were observed, especially at their

corners.

The sample coated with Permeate HS-360 retained its water-
repellent after three months of exposure, however, other

samples lost their water-repellency.

I -5 -4 Discussion

As a preliminary test in an outdoor environment, Permeate
HS-360 showed the most reasonable effect. It did not produce
excess saturation after a week of exposure in conditions
similar to the winter-spring weather of Cappadocia region.
In such an environment, with freezing and thawing, the
Permeate HS-360 treated sample showed the best durability.
None of the treated samples deteriorated completely after 3

months.

The Permeate prototypes showed relatively high effectiveness
as surface consolidants for the tuff rocks, however, they lost

their water-repellency at the end of aging test.
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I -5 -3 Sonuglar

Yapilan testler siiresi boyunca kis sezonuydu. Ozellikle de ilk
doénem, bircok giin hava 0°C’nin altindaydi. Uziimlii Kilisesi
¢evresinin kig-bahar sezonunda simiile uygulamasi yapmaya,

donma ve erime problemini hizkandirmaya inanildi.

Kontrol hedefli 6rnekler 1 haftalik maruz kalma sonucunda
ciirimeye basladilar. iki hafta sonrasinda kirilgan hale
geldiler ve ufalandilar. Cok ¢abuk bozuldular ve ii¢ ay

sonrasinda neredeyse biitiin kaya orekleri yok oldu.

Permeate HS-360 maddeleri ile kaplanan 6rnekler, baslangicta
kontrol 6rneklerine nazaran daha satiire goriindii. Fakat bu
etki bir hafta sonra kayboldu. Biitiin test siiresi boyunca,
sadece Permeate HS-360 kaplanmis kaya ornekleri sekillerini

korudu.

Bir diger prototip Permeate kapli kaya drnekleri tamamen
kendi sekillerini korudular. Fakat czellikle kdselerinde

belirgin gatlak ve yiizey asinmalar1 gozlemlendi.

Su gegirmezlik 6zelligi sayesinde Permeate HS-360 kapl
ornekler ii¢ aylik uygulama sonunda sekillerini korudular.

Fakat diger drnekler su gegirmezliklerini kaybettiler.

I -5 -4 Tartisma

Agcik havada yapilan baslangic testi olarak, Permeate HS-360,
en makul etkileri gdsterdi. Kapadokya bdélgesinin kis-bahar
hava kosullar1 ile benzer kosullarda olusturulan bir haftalik
uygulama sonrasinda, asir1 satiirasyon liretmedi. Donma
ve erime gibi ¢evresel kosullar altinda Permeate HS-360
uygulanmig 6rnekler, digerlerine nazaran en uzun siireli etkiyi
gosterdi. Hig bir uygulama yapilmayan 6rnekler {i¢ ay sonra

tamamen yok oldu.

Permeate prototipleri, tiif kayalarinin seklini korumak
i¢in saglamlastiric1 olarak oldukga yiiksek etki gosterdi.
Fakat yipranma testinin sonunda su gegirmez 6zelliklerini

kaybettiler.



II -5 -5 Future plans

Further tests shall be carried out with rock samples from Red

Valley of Cappadocia, with redefined environmental settings

to simulate actual conditions

in Cappadocia.

II -5 -5 Gelecek Planlar

ilerdeki testler, gercek Kapadokya kosullarii simiile etmek

i¢in yeniden belirlenmis ¢evresel ortamlarda, Kapadokya

Kizil Vadiden alinan kaya 6rnekleri ile yapilacaktir.

Proto type 1401

Proto type 1402

Proto type 1403

Before Exposure

2 weeks Exposure

Q/

4 weeks Exposure

f Crack expand

~

2 months Exposure

i Crack expand

O/ Crack expand

3 months Exposure

oy =]

-,

@ Crack expand

/ Crack expand
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Proto type 1404

Permeate HS-360

Control (non treatment)

Before Exposure

2 weeks Exposure

:

\

4 weeks Exposure

-

Crack expand

2 months Exposure

Crack expand

3 months Exposure

Crack expand
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Proto type 1401

Proto type 1403

Permeate HS-360

Proto type 1402

Proto type 1404
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lll. Scientific analysis and Conservation for

UzUmlu wall paintings







IT -1 Uzimla Church Kizil Valley, Cappadocia, Turkey
. September 2014: Investigative campaign
Uzamla Kilisesi Kizil Vadi, Kapadokya, Turkiye
Eylul 2014:Arastirma Kampanyasi

Condition Assessment & Relevant
Observations of Original Technique

Introduction

As part of an initial campaign to study the materials,
technique and current condition of the wall paintings in
the church of Uziimli, Cappadocia, Turkey, a general
examination and condition survey were carried out. These
studies led to the development of a visual glossary which
catalogues and describes the most important deterioration
phenomena observed, and also to the documentation of
those deterioration phenomena through mapping. This report
describes and synthesizes the information resulting from this
work, and proposes a program for the conservation of the

wall paintings.

The first section of the report includes some descriptions of
the original technique of the paintings, where necessary for
understanding the discussion of their current condition. This
does not however constitute a full assessment of the original

technique, which will be reported in more detail separately.

Since the examinations were carried out as part of a brief
initial campaign, it should be kept in mind that the findings
and conclusions reported herein can only be considered
as preliminary until analysis is completed, and further
examinations can be carried out. Additionally, a single
scaffolding was available for use during the campaign, so
examinations were restricted mainly to Chambers 1 and 2 of

the church.

IT -1 -2 Original Technique
IT -1 -2.1 Architecture and paintings

The church is cut into a mound of volcanic rock, situated
on the floor of the Kizil Valley (fig. 1). A single doorway
currently provides access to the interior. The painted church

is composed of a succession of three principal chambers,
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Durum Degerlendirmesi ve Orjinal Tekniklerin

Konuya lliskin Gozlemlemeleri

Giris

Tiirkiye, Kapadokya’daki Uziimlii Kilisesi’ndeki duvar
resimlerinin bugiinkii durumunu, materyalleri ve teknikleri
arastirmak icin ilk calismalarin bir pargasi olarak, genel bir
inceleme ve durum degerlendirmesi yapildi. Bu calismalar
listeleme, gozlemlenen fenomendeki en dnemli bozulmay1
agiklama ve ayrica haritalama yoluyla bu bozulmalarin
belgelendirilmesine olanak saglamistir. Bu rapor, ¢alisma
sonucunda elde edilen bilgileri tanimlar ve sentezler.
Ayrica duvar resimlerinin korunmasi i¢in bir program

hedeflemektedir.

Raporun ilk boélimii, resimlerin giintimiizdeki durumlarini
anlamak i¢in gerekli olan, bazi orijinal resim tekniklerinin
betimlemelerini icermektedir. Fakat ayr1 bir sekilde,
daha detayl: rapor edilecek orijinal tekniklerin biitiin

degerlendirmesini olusturmamaktadir.

Bu arastirmalar ilk ¢alismanin 6zet parcgasi olarak
uygulandigindan, ileriki ¢aligmalar uygulanabildiginde ve
analizler tamamlanabilene kadar, rapor edilen bulgularin ve
sonuglarin baslangic niteliginde oldugu unutulmamalidir.
Buna ek olarak, bu kampanya boyunca kullanmak i¢in bir tek
yapt iskelesi mevcuttu. Bu sebeple arastirmalar esas olarak

kilisenin Oda 1 ve Oda 2’si ile sinirliydu.

IT -1 -2 Orjinal Teknik

IT -1 -2.1 Mimari ve Resimler

Kilise, Kizi1l Vadi topraklarinda bulunan volkanik tiif, kaya
tepesi seklinde oyulmustur(Resim1). Tek kapr iceriye giris
saglamaktadir. Resimli kilise, merkezi dogu bat1 ekseni

tizerine kurulmus tic ana odadan olusmaktadir. Ayrica



laid out on a central east-west axis. There are also two side
chambers, which are unpainted, and seem to have been
excavated at a later date. Along the central axis, the chambers
become increasingly elaborate in design as they progress
towards the rear and most significant chamber, a trend which
is also reflected in the increasing complexity and elaboration

of the paintings themselves.

Chamber 1, the entrance chamber, is a relatively small space
with a low, arched ceiling, its east and west walls taken up
almost entirely by doorways. In this chamber, the painting
is located only on the ceiling and is relatively simple,
representing scrolling vines and clusters of grapes (fig. 2).
The ceiling of Chamber 2 is much higher, and also vaulted,
but the walls are completely painted. In the upper registers,
saints and Biblical figures are represented, while the east wall
contains a Crucifixion, and the ceiling is decorated with a
more elaborate depiction of scrolling grape vines surrounded
by a decorative border (figs. 3 & 4). At dado level, decorative
arches are portrayed. The third and easternmost chamber
(Chamber 3) presumably would have contained the altar,
and is consequently more elaborate than the first two: the
ceiling was shaped into a dome, and the chamber itself is
also circular, with a number of niches cut at regular intervals
into the walls and dome. The dome is painted in a detailed
geometric scallop pattern, with the Virgin Mary and Child
depicted in the eastern side of the dome, flanked by angels (fig.
5).

The physical evidence clearly indicates that the two unpainted
side chambers were later modifications of the church, since
their entrances are cut through the painted scheme. These
chambers were excavated at an unknown later date, and for
an unknown purpose, though fires appear to have been made
in one of them, due to extensive blackening of the walls in
this area. It appears that the doorway between Chambers 1
and 2 may also have been slightly enlarged at some point,
and in Chamber 3 the floor level is about 0.5 m lower than
the others, which may also be due to a later modification. At
some point a door was cut into the south wall in Chamber
3, but has since been closed with a masonry construction. A
window is cut in the south side of the dome, above this door,

and currently remains open.
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boyanmamis ve sonraki tarihlerde oyulmus oldugu tahmin
edilen iki yan oda vardir. Ana eksen boyunca arka taraflara
ve en 6nemli odaya ilerledikce, odalar tasarim olarak gittikce
ayrintilt bir hal almaktadir. Ayrica resimlerin de gittikce
karmasiklastigint ve ayrintili bir hal aldigini yansitan bir

durum s6z konusudur.

Oda 1, yani giris odas1 tamamen kapryla kapanmis, dogu-bati
duvarlari, kavisli ve algak tavaniyla oldukea kiigiik bir alandir.
Bu odada resimler sadece tavanda bulunmaktadir. Uziim
salkim1 ve asma betimlemeleriyle olduk¢a sadedir (Resim
2).0da 2’nin tavani daha yiiksek ve tonozludur(kubbeli), ama
duvarlar tamamen resimlidir. Dogu duvarlari Isa’nin ¢armiha
gerilmesini resmederken, iist kisimda havariler, azizler
ve Incil’le ilgili figiirler betimlenmistir. Ayrica tavanda,
dekoratif bir sinirla ¢evrelenen tiziim asmalarinin tasviri daha
ayrintilidir (Resim 3 ve 4).Taban tasi seviyesinde dekoratif
kavisler resmedilmistir. Ugiincii ve en dogudaki oda (Oda 3)
‘da biiyiik olasilikla sunak bulunmaktaydi ve bunun sonucu
olarak ilk ikisine gore daha ayrintiliydi. Tavana kubbe sekli
verilmisgti. Ayrica odanin kendisi de, duvarlara ve kubbeye
diizenli araliklarla kesilmis, birkag oyugun da bulundugu
daire seklinde bir odadir. Kubbenin dogu tarafinda tasvir
edilen, her iki yaninda Melekler olan Meryem Ana ve
¢ocugu ile kubbe, detayli geometrik deniz kabugu deseniyle

boyanmustir.(Resim 5)

Fiziksel kanitlar boyasiz iki yan odanin, Kilisenin sonraki
modifikasyonu oldugunu agik¢a gostermektedir. Clinkii
odalarin girisleri boyali semalar boyunca kesilmistir. Bu
odalar daha sonraki bilinmeyen bir tarihte bilinmeyen
bir sebeple kazilmig. Bu bolgedeki duvarlarin yogun
siyahliklarina bagli olarak, bunlardan birinin igerisinde
yangin oldugu gorilmektedir. Oda 1 ve 2 arasindaki kap1
bir noktaya kadar biraz genisletilmis gibi goriinmektedir ve
Oda 3’de yer seviyesi digerlerine gore 0.5m daha alcaktadir
ve bunun da daha sonraki modifikasyona bagli olabilecegi
diisiiniilmektedir.Belirli bir noktada Oda 3’deki giiney
duvarina bir kap1 oyulmustur. Fakat tastan bir yap1 ile
kapatilmistir. Bu kapinin {izerinde kubbenin giiney tarafina

bir pencere agilmistir ve giintimiizde de agik olarak kalmistir.



Figure 1. UzGmll church
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Figure 2. The paintings on the vaulted ceiling of Chamber 1

Figure 3. Detail of the paintings on the upper south wall of Chamber 2
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Figure 4. Paintings on the east wall of Chamber 2

Figure 5. Virgin and Child on the east wall of Chamber 3
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Il -1 -2.2 Stone support

The church was excavated directly from a volcanic tuff
formation. Tuff is formed from volcanic ash flow, and
therefore generally has fine grained matrices with inclusions
of other products of the volcanic eruption which were
incorporated into the ash flow. The Cappadocia tuffs are
generally quite soft, beige to pinkish in color, with inclusions
of materials such as pumice, volcanic glass and quartz, and
also contains a significant proportion of clays (Urguler 2009,
Ulusay et al. 2006). This contributes to the softness of the
stone and ease with which it can be excavated, but also makes

it particularly susceptible to erosion.

A great deal of care seems to have been taken in the
excavation of the walls of Chambers 1-3 in preparation for
painting, leaving them quite flat and regular. One the other
hand, the excavation of the side chambers appears to have
been carried out in a much more rapid fashion, leaving the
wall planar but with marked by deep cuts (fig. 6). These
walls are completely bare, with no evidence that they were
plastered at any point in the past. These observations support
the idea that the side chambers were later modifications,
since the tool marks which are observed in the walls of these

chambers is very different from the main chambers.

IT -1 -2.3 Plaster layers

A single very thin (~2-5 mm) and bright white layer of plaster
covers the walls in Chambers 1-3 (fig. 7). Generally it appears
to contain very little aggregate, though in some areas sandy
inclusions were observed (mainly in the dado level plaster
layers and in Chamber 1). However, this sandy material may
have originated from the stone itself, and been drawn into
the plaster during application, rather than being a deliberate
addition to the mix. This question could perhaps be better

resolved by further examination.

A very thin ground (~1-2 mm) of what appears to be similar
material was applied on top of the plaster layer. This layer
is bright white, but sometimes appears to have a slightly

yellowish tone, and does not appear to contain any aggregate

(fig. 7).

Both layers appear to have been applied in a quite liquid
state: it is often possible to discern brush strokes in both,

and no other tool mark types were observed. No joins were
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IT -1 -2.2 Tas Destegi

Kilise direkt volkanik tiif olusumundan kazilmigtir. Tif,
volkanik kiil akintisindan olugsmustur. Bu yiizden genellikle
kil akintisinin iginde bulunan diger volkanik patlama
maddelerinin igerigi ve taneli matrislere sahiptir. Kapadokya
tiifleri genellikle olduk¢a yumusak, ponza, volkanik cam ve
kuvars icerigi ile bejden pembemsi renge dogrudur ve ayrica
o6nemli miktarda kil barindirmaktadir (Urguler 2009, Ulusay
et al.2006). Bu ozllikler taslarin yumusak olmasin katki
saglamakta ve kazinabilmesini kolaylastirmaktadir. Fakat

ayn1 zamanda aginmaya da neden olmaktadir.

Oda 1ve 3’lin duvarlarinin kazinmasinda biiyiik dl¢iide 6zen
gosterildigi, boya hazirliginda diizgiin ve diizenli bir sekilde
birakildiklarindan anlagilmaktadir. Diger bir yandan ,yan
odalarin kazilimi sirasinda, duvari derin oyuklarla isaretleyip
ardindan ytlizeysel bir sekilde birakarak, daha seri bir tarz
uygulandig1 goriilmektedir(Resim 6). Bu duvarlarin gecmiste
hi¢bir noktasinin sivandigina dair kanit olmamakla birlikte
duvarlar tamamen sadedir. Bu gézlemlemeler, yan odalarin
sonradan degistirildigi diisiincesini desteklemektedir. Ciinkii
bu odalarin duvarlarinda incelenen alet izleri ana odadakinden

¢ok farklidir.

I -1 -2.3 Siva Tabaka

Cok ince (~2-5 mm) ve beyaz siva tabakast Oda 1 ve 3’iin
duvarlarini kaplamaktadir (Resim 7). Bazi bolgelerde kumlu
oldugu gozlemlenmesine ragmen, genellikle ¢ok az ¢akil
icerdigi gorlilmistiir ( 6zellikle taban tasi seviyesi siva
tabakasinda ve Oda 1’de). Fakat bu kumlu materyal karigima
kasith bir ekleme olmaktan ziyade, tasin orjinalinde bulunup
,uygulama boyunca sivanin i¢ine karistirilmis olabilir. Bu

soru ilerleyen aragtirmalarla daha iyi ¢6ziimlenebilecektir.

Benzer bir materyal gibi goértinen ¢ok ince toprak (~1-2 mm)
stva tabakasinin iistiine uygulanmistir. Bu tabak acik beyaz,
zaman zaman sarimsi tonlardadir ve c¢akil igermemektedir

(Resim 7).

Her iki tabakaya da olduk¢a sivi olarak uygulandig:
goriilmektedir. Her ikisinde de fir¢a izlerini ayirt etmek
mimkiindiir ve bagka bir alet izi gdozlemlenmistir. Mimari
yapt kenarlart disinda (kapilar, kdseler, camlar vb. ) tasarim

da higbir eklenti mevcut degildir.



Figure 6. Excavation tool marks in the walls of the side chamber

Figure 7. The lower white plaster layer, and overlying thin white ground. Brush strokes can be seen in both layers,

indicating that they were applied as quite liquid preparations
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visible within the scheme, except at the edges of architectural

elements (windows, corners, doorways etc).

Because of the absence of aggregate in the plaster layers,
their bright white color, and thin and liquid application, it is
assumed that the plasters are gypsum-based. Additionally,
where the lower plaster layer has undergone mechanical
damage, it has deformed in a way which suggests that it
is a soft and somewhat compressible material, which is
not a property typical of lime plasters (fig. 8). Plasters at
comparable sites throughout Cappadocia have been identified
as lime or gypsum based, sometimes in combination (in
separate layers or mixed in a single layer) (Pelosi et al. 2013,
Schwartzbaum 1986), so the presence of a gypsum plaster
at Uziimlii would not be unusual. The specific composition
and application of the plaster (little to no aggregate; applied
in thin, liquid layers by brush) may be less common, since
it seems that many plasters were prepared with the addition
of plant fibers (Pelosi et al. 2013). however there is a huge
variety in the materials and quality of painting technology
throughout the region, including some examples which are
painted directly onto the rock, or others where the rock was
prepared with a simple coating of whitewash, then painted
(Schwartzbaum 1986).

Agik beyaz renk, ince -sivi uygulama ve siva tabakasinda
cakilin olmayisi sebebiyle, sivalarin algitas: bazli oldugu
sanilmaktadir. Buna ek olarak, alt tabakanin mekanik hasara
tabi tutuldugu yerde deformeler olustu. Bu da kullanilan
sivanin, tipik kire¢ sivasinin 6zelligi olmayan,yumusak
ve sikistirilabilir madde oldugu nu gésterdi. Kapadokya
boyunca karsilastirilabilecek bolgelerdeki sivalarin kireg ve
algitast bazli,zaman zaman bilesimli (ayr1 tabakalarda yada
bir tabakada karigsmis sekilde)(Polesi et al.2013) oldugu
saptanmistir. Bu sebeple Uziimliideki algitasi bazli sivanin
varlig1 olagan disi bir durum degildir.Ozel karisim ve siva
uygulamasi ( ¢akilsiz olana biraz ince bir sekilde uygulayarak
ve s1vi tabakaya fir¢ayla uygulayarak)genel bir durum
olabilir.Ciinkii bir ¢ok sivanin bitki liflerinin eklenmesiyle
hazirlandig1 diistiniilmektedir(Pelosi et al. 2013). Fakat bolge
boyunca boyama teknoloji kalitesi ve materyallerindeki
¢esitlilik ¢ok genistir. Direkt kayanin boyandig: yada
kayalarin basit bir badana kaplama ile hazirlanip sonradan

boyanmasi gibi 6rnekler vardir(Schwartzbaum 1986).

Figure 8. Where damaged through impact, the plaster appears fractured but compressed, suggesting that it is quite a

soft material



IT -1 -2.4 Paint layer

Incisions, snapped lines, and underdrawing were used to set
out the scheme, and the paint layer was then applied directly
to the ground (fig. 9 & 10). The palette appears quite limited
upon first inspection, made up of predominantly red, yellow,
black, white and a very restricted use of a green pigment.
However, the pigments seem to have been blended in some
cases to obtain variations of color, or perhaps a variety of
materials was used for similar colors — there appear to be two
yellows, one quite bright and lemony, the other a bit duller
and more golden; and a variety of reds, from a deep purple-
red tone to brick red, but also paler shades of pink and purple
(fig. 10). This type of pigment mixing has been reported in
other Cappadocian paintings, including at least one example
where organic and mineral pigments were combined to obtain

a specific tone or effect (Pelosi et al. 2013).

The paints often appear to have been applied in quite liquid,
medium-rich preparations, resulting in some areas in thin,
glaze-like effects (though this appearance may in part be due
to deterioration, as discussed further below) (fig. 11). The
smearing of layers in some areas, either due to mechanical
action, dry or in the presence of water, also indicates that
the paint layers were originally applied a secco, and further
supports the hypothesis that the plaster layers are gypsum-
based (fig. 12). Though Cappadocian paintings have often
been reported as true frescoes (ex. Schwartzbaum 1986), there
is also ample evidence that organic (often proteinaceous)
binders were commonly used (Pelosi et al. 2013, Andaloro

2008).
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IT -1 -2.4 Boya Tabakasi

Oyuklar, kirik ¢izgileri ve altgizgiler tasarimi gdstermek
i¢in kullanilmis ve boya tabakasi sonradan direkt topraga
uygulanmistir(Resim 9 ve 10). Ilk bakista kullanilan
boyalarin oldukga kisitli oldugu goriilmektedir. Agirlikli
olarak kirmizi, sari, siyah,beyaz ve ¢ok sinirli olarak
yesil pigment kullaniminin oldugu goriilmektedir. Fakat,
pigmentlerin bazi durumlarda gesitli renkleri elde edebilmek
i¢in karistirildigr diisiintilmektedir ya da belkide benzer
renkler i¢in cesitli renkler kullanilmis olabilir. Ornegin iki
cesit sar1 goriilmektedir. Bunlardan bir tanesi a¢ik ve limon
saris1 seklindedir.Bir digeri ise biraz mat ve altin sarisi,koyu
mor-kirmizi tonlarindan kiremit rengine dogru ¢esitli kirmizi
tonlari, soluk pembe ve mor gdlgeler bulunmaktadir (Resim
10). Bu tarzda bir karisim belirli ton ve efektleri elde etmek
icin karistirilan organik ve mineral pigmentlerin bulundugu,
en az bir 6rnegi de i¢ine alan diger Kapadokya resim

orneklerinde rapor edilmistir (Pelosi et al. 2013).

Boyalarin bazi bolgelerde ince, seffaf efektler birakan
orta degerde ve oldukga akici sekilde uygulandig:
goriilmektedir(Fakat bu goriintii kismen, asagida belirtildigi
gibi, bozulmaya bagli olabilir)(Resim 11). Mekanik eylem,
kuruma yada suyun varligina bagli olarak bazi bdlgelerdeki
katman lekesi boya tabakasina “a secco” uygulandigini
gostermektedir ve siva tabakasinin algi tasi (aktdzlii)
oldugu hipotezini desteklemektedir(Resim 12). Kapadokya
resimleri gergek freskler olarak rapor edilmesine ragmen
(Orn.Schwartzbaum 1986), genel olarak organik ( genellikle
proteinli) baglayicilarin kullanildigina dair yeterli kanit vardir

(Pelosi et al.2013,Andaloro 2008).



Figure 9. A hole is visible at the center of this medallion, where a compass point was pressed into the plaster for laying

out the circular outline

Figure 10. Underdrawing in red pigment is visible in the lower third of this detail; the range of paint colors is also

displayed, with greenish, pink, purple, red, yellow and blackish blue hues in evidence
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Figure 11. The lighter purplish paint appears to have been applied as a medium rich, transparent wash layer

Figure 12. Smearing of the paint layers suggests that the pigments are bound with an organic medium




IT -1 —2.5 External factors

The entrance to the church is currently closed by an ill-fitted
metal door, composed of widely-spaced metal bars (Fig. 13).
It seems that this door is generally kept locked, but when
open, visitation to the church is often unaccompanied and

unsupervised.

A house and café have recently" been built directly adjacent
to the church, on its south side, and the surrounding valley
floor has been converted into gardens and an orchard with
an irrigation system, and a storage shed, toilet facilities and
swimming pool have also been built, and a running water
system presumably installed. Flower pots and planters have
been arranged at various points around the church. The
compound is used as a home, but also as a café for tourists.
Food, drinks and crafts are offered for sale, and sometimes

overnight stays for groups.

'The exact date is unknown, but could probably be

determined.

II -1 -2.5 Dis Faktorler

Kiliseye giris genis aralikli metal ¢ubuklardan yapilmais,
koti sekilde takilmig metal bir kapi tarafindan kapatilmistir.
Goriintise gore kapi genellikle kilitli kalmaktadir. Fakat
acildiginda, kiliseye ziyaretler genellikle yalniz ve denetimsiz

olmaktadir.

Son dénemde kilisenin giiney cephesinin hemen bitisigine bir
ev ve bir kafe inga edilmis, etrafindaki alan bahg¢e ve sulama
sistemi olan bir bostana ¢evrilmistir. Ayrica bir depolama
sundurmasi, tuvalet ve ylizme havuzu da insa edilmistir. Buna
ek olarak muhtemelen bir sebeke su sistemi de bulunmaktadir.
Cigek saksilar1 ve bitkiler kilisenin etrafinda cesitli bolgelere
yerlestirilmistir. Bitisikteki yer ev olarak, aynt zamanda
turistler i¢in kafe olarak da kullanilmaktadir.Yiyecekler,
icecekler ve el yapimi esyalar satilmakta ve zaman zaman

gruplar gece burada konaklamaktadirlar.

'Kesin tarihi bilinmemektedir. Fakat biiyiik olasilikla

belirlenebilir.

Figure 13. Metal door which secures the entrance to the church
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IT -1 -3 Deterioration

The following discussion addresses the phenomena defined in
the visual glossary of deterioration. The glossary was created
in order to facilitate identification and establish consistent
naming of phenomena. In order to build the glossary, a
visual examination of the paintings was carried out, followed
by a categorization, description and photographing of the
phenomena observed. Thus, the glossary was created based
on an observation of the particular material characteristics
and deterioration phenomena affecting the paintings, rather
than following a standardized condition glossary, which
can often force the conservator to fit observed phenomena
to a pre-determined definition, often resulting in the loss of

important information.

In a few cases, it was felt that phenomena would be too
difficult to map, or that their mapping might not be useful, in
which case the phenomena are described and discussed here,

but not listed in the visual glossary.

The discussion is limited to the assessment of the painted
interior of the church (Chambers 1-3); external factors and
the two side chambers are mentioned only when relevant to a

discussion of the paintings.

IT -1 —-3.1 External factors

As is common at sites throughout Cappadocia, the Uziimlii
tuff formation exhibits significant ongoing external
deterioration, driven mainly by wind and water erosion,
manifesting as powdering and spalling of the stone. Structural
cracking is also a major threat to the preservation of the
church: the rock formation is located on a fault line, whose
activity has resulted over time in the cracking of the structure
roughly down the axis of the church (east-west) (see fig. 1).
The tectonic activity, and thus the movement of the church

structure, is ongoing.

I -1 -3.2 Deterioration of the interior rock

substrate

Despite the significant ongoing deterioration on the exterior
of the church, the interior stone generally appears to be in
good and stable condition. While water is one of the driving
factors in exterior deterioration, there is very little evidence of
water-driven deterioration on the interior of the church, with

the exception of a few instances of infiltration. Importantly,
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IT -1 -3 Bozulmalar

Asagidaki tartisma, bozulmalarin gorsel sozliigiinde belirtilen
olaylara deginmektedir. Sozliik teshisleri kolaylastirmak
ve kalicit fenomen isimlerini belirlemek i¢in olusturuldu.
Sézlugii olusturmak igin,siniflandirma, gozlemlenen olaylarin
fotograflar1 ve agiklamalarmin oldugu gorsel resim incelemesi
yapilmistir.Bu sebeple sozliik, 6nemli bilgilerin kaybolmasina
sebep olan, genellikle ¢aligsmay1 yapan kisiyi 6nceden
gozlemlenip belirlenmis durumlara uymaya zorlayan standart
sozliiklere uymaktan ziyade belirli malzeme 6zelliklerinin
incelenmesi ve resimlere etki eden bozulmalar esas alinarak

olusturulmustur.

Birka¢ durumda olaylarin haritalastirilmasinin zor olabilecegi
ya da haritalamanin faydali olmayacag1 diisiiniildii. Boyle bir
durumda da fenomenler bu yazida agiklanmis,Fakat gorsel

sozliikte listelenmemistir.

Tartigma kilisenin i¢ kismindaki resimlerin degerlendirmesi
ile smirhidir (Oda 1-3).Dis faktorler ve iki yan odadan resim

ile ilgili oldugu zaman bahsedilmistir.

IT -1 -3.1 Dis Faktérler

Biitiin Kapadokya bolgesinde yaygin oldugu gibi Uziimlii tiif
olusumu, riizgar ve su erozyon sebebiyle olusan ufalanma
ve dokiilmelerin ¢ok 6nemli dis bozulmalar oldugunu
aci1ga ¢ikarmigtir. Yapisal kirilmalar kilisenin korunmasinda
ana tehdit unsurunu olusturmaktadir.Kaya yapis1 zamanla
kilisenin eksen yapisinda ¢atlamalara sebep olan fay hatti
iizerinde konumlanmistir(dogu-bat1)’ (bkz. resim 1).Tektonik
aktivite ve bundan kaynaklanan kilise yapisinin bozulmalar

hala devam etmektedir.

IT -1 -3.2 Iteki tas alt tabakasinin bozulmasi
Kilisenin diginda devam eden belirgin bozulmaya ragmen,
icteki kayanin genel olarak iyi ve stabil bir durumda oldugu
goriilmektedir. Su, dis bozulmanin itici faktorlerinden biri
iken, bir kag infiltrasyon 6rnegi disinda, kilisenin i¢inin
bozulmasini tetikledigini gosteren ¢ok az kanit var. Bu, igte
cok az tuz aktivitesi oldugu anlamina gelmektedir.

Halen, civardaki ev ve duvarlarla ilgili aktivitenin i¢ ortamda



this means that there is very little salt activity on the interior.
Currently, the activity associated with the nearby house and
compound does not seem to have caused any change in the

interior environment, but this should perhaps be monitored.

Structural movement has manifested as large cracks on
the surface of the stone and paintings on the interior of the
church, running east-west along the length of the ceiling in
Chambers 1-3, but also perpendicularly across Chamber 2,
and at the corners of the east wall in this chamber (fig. 14).
Currently these cracks do not appear to have permitted any
water infiltration, though as structural movement continues
this could become a problem. Indeed, such structural failures
have eventually resulted in water infiltration and significant
deterioration of painted interiors at other sites in the region

(Andaloro 2014, Schwartzbaum 1986, UNESCO 1985).

Some spalling of the stone on the interior of the church was
observed around doorways, where extensive excavation was
carried out, but this phenomenon seems to be very limited,
and for the moment there is very little evidence that it has

directly affected the painting (fig. 15).

In some losses where the stone substrate has been revealed,
a dark brownish-black material has been deposited (Fig. 16).
The origin and nature of this material remains uncertain for
the moment, but it is hypothesized that it may be of biological

origin.
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herhangi bir degisiklige neden olmadigi goriiliiyor ancak bu

gozlemlenmelidir.

Yapisal hareketler, kilisenin i¢indeki tas ve resimlerin
ylizeyinde, 1 ve 3 No’lu odalarda dogu-bati yoniinde tavan
boyunca uzanan c¢atlaklar olarak ortaya ¢ikar. Ayni zamanda
2 No’lu oday1 ve bu odadaki dogu duvarinin kdselerini dik
olarak geger (Resim 14). Su anda bu ¢atlaklar herhangi bir su
sizintisina izin verecek gibi goriinmese de, yapisal hareketler
devam ederse bu bir sorun haline gelebilir. Aslinda, bunun
gibi yapisal bozukluklar sonunda su sizintisi diger bdlgelerin
i¢ boyamalarindaki ciddi bozulmalar ile sonuglanir (Andaloro

2014, Schwartzbaum 1986, UNESCO 1985).

Kilisenin i¢ taslarindaki bazi kavlaklar kapsamli bir kazinin
yapildig1 kap1 ¢evrelerinde gozlendi. Ancak, bu olay ¢ok
sinirlt gibi goriiniiyor ve resmi dogrudan etkiledigine dair cok

az kanit var (Resim15).

Tag alt tabakanin ortaya ¢iktig1 bazi hasarli yerlerde koyu
kahverengi-siyahimsi bir madde birikmistir (Resim 16).
Bu maddenin kdkeni ve yapist su an igin belirsizdir ancak

biyolojik kokenli oldugu varsayiminda bulunulmaktadir.



Figure 14. A structural crack can be seen running through the plaster and paint layers on the ceiling of Chamber 2, from

east to west

Figure 15. Spalling of the stone was observed in some areas
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Figure 16. A blackish brown material is deposited in some areas of exposed stone substrate. This may have a biological

origin

60



IT -1 -3.3 Deterioration of the plaster layers

In general the plaster layers are very stable, and most
observed deterioration phenomena can be attributed to
mechanical damage caused by structural movement, human,

or animal activity.

No powdering of the plaster layers was observed, and very
little delamination, either between plaster layers or between
the plaster and rock. Where delamination has occurred,
it almost always appears to be associated with areas of
mechanical damage (fig. 17 & 18). However, delamination
was assessed by visual observation alone, since the plaster
layers are thin and could therefore be quite delicate, and some
paint layers also appear susceptible to mechanical action.
Tapping or other forms of assessment were not carried out,
and consequently detachment may be more extensive than
expected in some areas. This will need to be assessed in

subsequent campaigns.

Where cracking of the plaster layers occurs, it is usually
associated with the overall structural cracking. In some areas,
further cracking has radiated from a structural crack, or has

been exacerbated by human or animal activity.

Human activity in the church over centuries has resulted
in the most extensive deterioration phenomena, starting
with the modifications to the structure which resulted in
the destruction of portions of the scheme. Additionally, the
paintings have been extensively graffitied over time, usually
by incising words or figures into the plaster layers. The graffiti
is generally restricted to areas which could be reached by a
person standing at ground level, and so generally do not occur
above a height of 1.5-2 m. This vandalism has continued
up until relatively recently, and probably still continues, as
evidenced by the presence of a phone number cut into one
area of the painting (fig. 19). However, it is important to note
that a large number of the graffiti are historically significant
(ex. Greek inscriptions, images of horses and monks, exact
dates as yet unknown) (fig. 20 & 21), and therefore their
preservation must be taken into account when planning a

conservation program for the paintings.

The paintings have also suffered from other types of
extensive and deliberate human-inflicted damage, often

directed at specific iconographic elements, possibly driven
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Il -1 -3.3 Alci Tabakalarinin Bozulmasi

Genelde alg1 tabakalart saglam. En ¢ok gbozlenen bozulma
olay1, yapisal hareketler, insan ve hayvan hareketlerinin

neden oldugu mekanik hasarlara dayandirilabilir.

Alc1 tabakalarinin tozlagsmasi gézlenmemistir. Hem alg1
tabakalarinin arasinda hem de alg¢1 ve tas arasinda ¢ok
az soyulma gdzlenmistir. Soyulmanin meydana geldigi
yerde, bunun hemen hemen her zaman bolgedeki mekanik
hasarla ilgili oldugu goriilmektedir (Resim 17, 18).
Bununla birlikte, al¢1 (s1va) tabakalar1 ince ve oldukca
hassas oldugundan ve bazi boya tabakalar1 da mekanik
harekete duyarli goriindiigiinden soyulmalar yalnizca
gozlenerek degerlendirildi. Vurma ve diger degerlendirme
sekilleri uygulanmadi. Dolayisiyla, ayirma bazi bolgelerde
beklenenden daha kapsamli olabilir. Bunun daha sonraki

seferlerde degerlendirilmesi gerekecektir.

Alg1 tabakalarinin ¢atladigi yer genelde biitiiniiyle yapisal
catlamaya baglhdir. Baz1 bdlgelerde, daha ileri ¢atlamalar
yapisal bir ¢atlaktan yayilmis ya da insan ve hayvan

hareketlerine bagli olarak kotiilesmistir.

Kilisedeki yiizyillarca siiren insan hareketleri yapidaki sema
boliimlerinin tahrip olmasiyla sonuglanan degisikliklerle
baslamis ve en kapsamli bozulma olayiyla sonuglanmistir.
Ayrica, zamanla bazi resimlerin iizerine, genellikle sdzciik
ve sekillerin al¢1 tabakalarinin iizerine kazinmasiyla duvar
yazilar1 yazilmig. Duvar yazilar1 genellikle zemin seviyesinde
duran bir kisi tarafindan erisilebilecek bolgelerle sinirlidir.
Bu yiizden genelde 1.5-2 metreden yiiksekte degildir. Bu
vandalizm yakin zamana kadar kismen devam etmis ve
resmin bir yerine yazilan telefon numarasiyla varligini
kanitladig1 iizere, belki de hala devam etmekte (Resim 1 19).
Ote yandan, ¢ok sayidaki duvar yazisinin tarihsel olarak
onemli olduguna dikkat etmek gerekir (Ornek: Yunanca
yazilar, at ve rahip resimleri, su ana kadar bilinmeyen
kesin tarihler)( Resim 20, 21). Bu yiizden, resimler i¢in bir
koruma programi planlanirken, bunlarin korunmasi dikkate

alinmalidir.

Resimler genellikle belirli ikonografik unsurlardan,
muhtemelen putkiran ya da dini inanislardaki diger
farkliliklardan tiiremis 6teki tip kasitl, insan kaynakli hasara

da ugramis.(Resim22). Vandalizm, ¢izme, vurma, kazima



by iconoclasm or other differences in religious belief (fig.
22). The vandalism was inflicted by scratching, hitting,
scraping and gouging (fig. 23 & 24). Generally, the damage
cuts through the paint layer and into the plaster layers, but
sometimes has caused the loss of all three layers, revealing
the bare stone beneath. In some cases, impact has caused the
compaction, deformation and cracking of the paint and plaster
layers, but the stratigraphy remains intact (fig. 25). Like the
graffiti, human-inflicted damage occurs mainly in the lower
1.5-2 m of the painting, but does extend to the height of the
ceiling in some areas, in which cases it appears that sticks,

rocks or other implements were used.

It appears that both bats and birds have inhabited the church
at some point, and have also caused damage and deterioration
of the plaster layers, generally in the form of mechanical
damage (scratching, cracking, removal of plaster), but also
through chemical deterioration, from deposited excrement or

saliva etc (fig. 2).

Small holes (approximately 5 mm @) occur in clusters in a
few areas of the painting (fig. 26). Their origin is unclear
(possibly human or animal), but compaction and breaking of
the plaster layer was noted within them, suggesting that they

may have been caused by impact.

Ongoing damage through mechanical action is likely
facilitated by the ill-fitted door securing the entrance to the
church, which it is possible to climb around in order to enter
the church (see fig. 13). The door’s widely-spaced metal bars
also cannot prevent animals from entering the church, though
signs of recent habitation were not observed. Though it seems
that the church most often remains locked, when opened,
visitation is unaccompanied and unsupervised (as is the case
with many of the churches in the region), increasing the

chance of further vandalism and damage.
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ve oyma seklinde gerceklesmis (Resim 23, 24). Genelde
hasar boya tabakasini ve siva tabakalarini ige dogru kesiyor.
Fakat bazen, ¢iplak tasin altini agiga ¢ikararak 3 tabakanin
da kaybina neden olmustur. Baz1 durumlarda vurma,
kompaksiyona, boya ve al¢1 tabakalarindaki deformasyon
ve kirtlmaya neden olur fakat stratigrafi bozulmadan kalir
(Resim 25). Duvar yazilari gibi resmin, ¢ogunlukla 1.5-2 m
seviyesinde insan kaynakli hasar meydana gelir. Fakat bu
tas, sopa ve diger gereclerin kullanildig1 baz1 yerlerde tavan

seviyesine yiikselir.

Genelde mekanik hasar ve bozulma (alginin kazinmasi,
parcalanmasi ve kavlatilmasi ) ve diski, tikiirik vs. nin
birikmesiyle olusan kimyasal bozulmaya yol agan yarasa
ve kuslarin kilisenin bazi noktalarint kendilerine mesken

edindikleri goriilityor (Resim 2).

Resmin bazi yerlerindeki &beklerde kiigiik delikler (yaklasik
Smm @) olusur (Resim 26). Sebebi bilinmiyor (insan ya
da hayvan kaynakli) fakat kompaksiyon ve kirilma, darbe
etkisiyle olustugu diistiniilen al¢1 tabakalarinin i¢cinde

gOriilmiistir.

Mekanik hareketle devam eden hasar1 biiyiik olasilikla,
tirmanarak girmenin kolay oldugu, kiliseye girisi giivenlik
altina alan, kotii takilmis kilit kolaylastiriyor (Resim 13).
Kapilarin genis aralikli metal kaliplar1 hayvanlarin kiliseye
girmesini engelleyemiyor olmasina ragmen son zamanlarda
yerlesim belirtileri gozlenmedi. Buna karsin, kilisenin
genelde kilitli oldugu goriiliiyor. Acik oldugu zamanlarda ise
ziyaretler, daha fazla vandalizm ve hasar1 artiracak sekilde
refakatsiz ve denetimsiz olarak gergeklesiyor (bolgedeki

diger pek cok kilisede oldugu gibi).



Figure 17. Area of delamination associated with mechanical damage

Figure 18. Area of delamination associated with structural cracking




Figure 19. Modern graffiti

Figure 20. Historic graffiti depicting horses
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Figure 21. Historic Greek inscriptions

Figure 22. Example of vandalism directed at specific iconographic elements
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Figure 23. Damage caused by gouging

Figure 24. Damage caused by impact
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Figure 25. The painting stratigraphy has remained intact despite impact damage

Figure 26. Small and homogenous holes were observed in the plaster layer. Their origin is unknown




IT -1 -3.4 Deterioration of the paint layer

No powdering or flaking of the paint layers was observed,
though they do appear to be friable, based on smearing
observed in various locations. There are also areas of
preferential loss, the mechanism of which is as yet
unexplained, and may vary from area to area (fig. 27). It
also does not affect paint layers in the same way across the
painting, further confounding explanation. Loss could be
due to chemical or physical changes within the paint layer,
possibly a failure of the binder. The process is not yet clear,
and will need to be investigated further. Preferential loss of
paint layers has also been observed in other sites (Andaloro
2008), but further work would have to be done to determine

if there are consistent patterns or causes between sites.

II -1 -3.4 Boya Tabakalarinin Bozulmasi

Boya tabakalarinda toz haline gelme ya da pul pul dokiilme
gbzlenmemesine ragmen bazi yerlerde karalamalara dayali
ufalanma gozlendi. Mekanizmasi heniiz agiklanamayan ve
bolgeden bolgeye farklilik gosteren oncelikli kayip alanlar
bulunmaktadir (Resim 27). Daha kafa karistirict yorum
ise, yine resim boyunca, ayni sekilde boya tabakalarini
etkilemedigidir. Kayip, boya tabakalarindaki kimyasal ya
da fiziksel degisikliklerden, belki de baglayict maddenin
yetersizliginden kaynaklaniyor olabilir. Siire¢ heniiz net degil
ve daha da incelenmesi gerekmektedir. Bagka bir bolgede
de boya tabakasimin dncelikli kayb1 gozlenmistir (Andaloro
2008). Fakat, bolgeler arasinda tutarli rnekler ya da nedenler

olup olmadigini belirlemek i¢in daha fazla ¢aligma yapmak

gerekmektedir.

Figure 27. Some paint layers in the face and robe of the figure have been completely lost, while others remain
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Figure 28. The paint layer in the halo appears to have altered to a grayish white hue

Figure 29. The pink paint layer appears to have altered to a purply black
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Figure 30. Superficial graffiti (in blue)

Figure 31. Graffiti created by smearing the original paint layers
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Figure 32. Earthen material used in bird nest construction deposited on the surface of the painting

Figure 33. Remains of earthen nest material, and loss of the paint layer where it has been removed
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Figure 34. Grey veil which seems to be of biological origin

Figure 35. Circular microlosses of the paint layer, and black spotting in adjacent areas
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Pigment alteration was also observed, mainly as a shift
from pink to grey, white to grey, and red to grey (fig. 28 &
29). Alteration of some type may also explain the current
appearance of some of the other paint layers, but this cannot

be understood without further examination and/or analysis.

The paint layers have suffered the same mechanical damage
as that described above for the plaster layers. The paint layers
have additionally suffered from superficial graffiti (fig. 30),
and smearing, a condition which has been exploited in a

number of instances for the writing of graffiti (fig. 31).

The presence of animals has affected the paint layers through
the deposition of material on the surface (ex. mud from nests,
excreta), and the loss of paint when these materials have been
removed (fig. 32 & 33). Contact with the animals has also
resulted in the loss of paint layers in the form of scratching
and other types of mechanical damage. Animals appear to

have roosted mainly in Chamber 2.

A number of phenomena were also observed which currently
have are not fully understood. The first is a grey veil, often
associated with black spotting (fig. 34), both of which
seem to be of biological origin. These phenomena occur in
particular areas of the painting, predominantly in Chambers
2 and 3, and at first viewing may appear to be the result of
smoke deposition, though closer examination eliminates
this hypothesis. A possibly related phenomenon is that of
microlosses in the paint layer, generally circular and of
approximately 0.5-2 mm @, which reveal the underlying
ground layer (fig. 35). This phenomenon has been loosely
associated with the grey veil and spots, mainly because they
often manifest in similar locations, but this relationship has

yet to be proven.

IT -1 -4 Conclusions

Based on the observations made during this initial
investigative campaign, it would appear that the most
significant and ongoing deterioration affecting the wall
paintings in the church of Uziimlii are the external threats
posed by structural cracking and erosion, and mechanical
damage caused by humans and animals. Since in some
cases plaster detachment appears related to cracking, it
may also be considered ongoing. Decohesion and loss of

specific paint layers, and microbiological activity are not yet
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Agirliklt olarak, pembeden griye, beyazdan griye ve
kirmizidan griye doniisen pigment degisikligi gozlenmistir
(Resim 28&29). Baz1 tip degisimler, diger bazi boya
tabakalarmin mevcut goriiniimiinii de agiklayabilir fakat bu,

daha ileri tetkik ve analizler yapilmadan anlasilamaz.

Yukarida alg1 tabakalarindaki tarifte oldugu gibi, boya
tabakalar1 da ayn1 mekanik hasara ugramistir. Boya tabakalari
buna ek olarak, ¢cok sayida grafiti 6rnegi ile istismar edilmis
ylizeysel duvar yazisi (Sekil 30) ve karalama olayma maruz

kalmistir (Resim 131).

Hayvanlarin varligi, yiizeydeki materyal ¢dkelmesi (Or:
Yuvalarin ¢amuru, digki) ve bu materyallerin kaldirilmasi
sonucu boyanin kaybi1 yoluyla boya tabakasini etkilemistir
(Sekil 32, 33). Hayvanlarla temas da, kazima ve diger
mekanik hasar tipleri seklinde boya tabakalarinin kaybiyla
sonuglanir. Hayvanlarin genelde 2 No’lu odada tiinedikleri

gorildii.

Su anda heniiz tamamen anlasilamayan bir dizi olay da
go6zlendi. Birincisi, siklikla siyah lekelenmelerin eslik
ettigi gri perdedir (Sekil 34). Bunlarin her ikisi de biyolojik
kokenli gibidir. Bu olaylar agirlikli olarak 2 ve 3 No’lu
odalarda, resmin belirli yerlerinde meydana geliyor. Yakindan
inceleme, bu tezi ortadan kaldirsa da, bu olay ilk bakista
duman birikmesi sonucu olusmus gibi goriiniiyor. Biiyiik
olasilikla iliskili bir olay da, boya tabakasindaki genellikle
dairesel ve yaklasik 0.5-2 mm @ olan ve alttaki yer tabakasini
aciga cikaran mikro zararlardir (Resim 35). Cogunlukla
benzer yerlerde sik¢a ortaya ¢iktigindan, bu olgu, gri
perde ve noktalarla kabaca iliskilidir. Fakat bu iliski heniiz

kanitlanamamustir.

IT -1 -4 Sonuglar

[k inceleme seferlerinde yapilan gdzlemlere dayanarak,
Uziimlii Kilisesi duvar resimlerindeki en énemli ve devam
eden bozulmanin, yapisal ¢atlamalar, erozyon ile insan ve
hayvanlarin sebep oldugu mekanik hasarlarin ortaya ¢ikardigi
dis tehditler oldugu goriilmektedir. Bazi durumlarda,
catlamayla alakali al¢1 kopmalart gériilmekte ve bunun devam
ettigi digiiniilmektedir. Ayrilma, spesifik boya tabakalarinin
kayb1 ve mikrobiyolojik aktivite heniiz tamamiyla anlagiimis

degildir. Su an i¢in, bu bozulmanin devam edip etmeyecegine



fully understood; for the moment, there is no evidence that
these deterioration are ongoing, but this will need further

examination and analysis to ascertain.

The same deterioration phenomena were identified by
UNESCO in 1985 as the principle threats to the preservation
of the rock cut churches in the Cappadocia region as a whole,
and subsequent studies have consistently reported identical
deterioration at sites throughout the region (Schwartzbaum
1986; Andaloro 2008 & 2014; Rovella 2014). Thus, a study
and treatment of these phenomena and their causes at Uziimlii

would be of great relevance to sites throughout the area.

The following actions are suggested for inclusion in a
program for the conservation of the wall paintings:

Preventive interventions:

+ Continuing mechanical damage should be controlled
through the installation of a well-fitted door with a narrower
grid. This would prevent the entrance of humans and animals,
greatly reducing the incidence of damage, though the
visitation policy still leaves the paintings in danger of some

amount of ongoing vandalism;

* There is unfortunately little which can be done to limit
the structural failure of the church, since it is caused by the
movement of the underlying fault line. However, cracking
should certainly be monitored, and external cracks filled and
maintained as necessary to prevent water infiltration to the

church interior;

+ Controlling or reducing ongoing external erosion is of
course also fundamental to the long term preservation of the

paintings, but is the subject of a separate report.

Remedial interventions:

+ The stabilization of some areas of detached or cracked
plaster is recommended in order to prevent their loss over
time. Partial treatment with fills, edge repairs and grouting
should be applied only to the extent deemed necessary to
ensure the paintings’ stability, i.e. this should be designed
as a partial treatment only, limiting the intervention to the

minimum necessary to secure the paintings.

« Modern graffiti should be toned down in order to increase
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dair bir kanit yok. Fakat, bunu ortaya c¢ikartmak i¢in daha

fazla inceleme ve analize ihtiyag var.

Ayni bozulma olay1 1985°te UNESCO tarafindan bir
biitiin halinde Kapadokya bolgesindeki kaya kiliselerinin
korunmasinin baslica tehdidi olarak tanimlandi ve sonraki
caligmalar da siirekli bolge genelindeki mekanlarda ayni
bozulmay1 rapor etmistir (Schwartzbaum 1986; Andaloro
2008&2014; Rovella 2014). Bu sebeple, bu olayin
Uziimliideki nedenleri,ile ilgili bir ¢alisma ve degerlendirmesi

bolge genelindeki mekanlar igin ¢ok uygun olacaktir.

Asagidaki eylemlerin duvar resimlerinin korunmasi
programina dahil edilmesi dnerilir.

Onleyici Miidahaleler

+ Siiregen mekanik hasarlar, tam oturan, dar parmaklikli bir
kap1 monte edilerek kontrol altina alinabilir. Bu, insanlarin ve
hayvanlarin girisini dnleyerek, hasar etkisini oldukg¢a azaltir.
Yine de, ziyaret politikasi, resimleri halen devam eden bir

miktar vandalizm tehlikesine maruz birakmaktadir.

+ Alttaki fay hattinin neden oldugu hareketlerden dolayi,
ne yazik ki kilisenin yapisal ¢okiisiinii sinirlamak i¢in
yapilabilecek ¢ok az sey var. Bununla birlikte, catlamalar
kesinlikle gozlenmeli ve dis ¢atlaklar, kilisenin i¢ine su
girmesini engellemek i¢in gerektigi kadar doldurulmali ve

muhafaza edilmelidir.

+ Siiregen dis erozyonun azaltilmasi ya da kontrol altinda
tutulmasi, resimlerin uzun siireli korunmasi igin elbette esastir

ancak bu, ayr1 bir rapor konusudur.

Iyilestirici Miidahaleler

« Baz1 yerlerdeki ayrilmis veya c¢atlamis algilarin
sabitlenmesi, zamanla kaybolmalarimi 6nlemek i¢in dnerilir.
Dolgu, kenar onarimi ve alg1 ile yapilacak kismi muamele,
resmin saglamligin1 garantilemek igin sadece gereken 6lgiide
uygulanmalidir. Bu, resmi korumak i¢in gerekli minimum
miidahale ile sinirlandirilarak, yalnizca kismi bir islem olarak

tasarlanmalidir.

+ Resimlerin goriinebilirligi icin modern duvar yazilarinin
rengi agilmali ve miimkiinse daha fazla duvar yazist yazilmasi

engellenmelidir. Tarihi duvar yazilart dokunulmadan



the legibility of the paintings, and possibly also limit the
incidence of further graffiti. Historic graffiti should be left

untouched.

Further study:
« Ideally, the following phenomena should be studied further
in order to determine their causes and mechanisms (where
possible), assess whether the deterioration is active, and
consider the need for passive or remedial interventions:

-Paint layer microloss;

-Paint layer decohesion;

-Microbiological activity: grey veil and black spots;

-Loss of specific paint layers;

-Pigment alteration.

« The extent of plaster detachment should be more thoroughly
assessed, in order to plan remedial treatments;

« Simple monitoring systems should be set up for the
detection and evaluation of ongoing deterioration, including
cracking and structural movement;

+ A study of the historic inscriptions should be undertaken
by an appropriate scholar, in order to understand their
significance, and extract any information relating to the

history of the church.

IT -1 -5 References
IT -1 -5 Kaynakca

kalmalidir.

ilerideki Calismalar
+ En uygunu, sebepleri ve mekanizmasinin (nerede miimkiin
oldugu) saptanmasi, bozulmanin aktif olup olmadiginin
degerlendirilmesi ve pasif, iyilestirici 6nlemlerin diisiiniilmesi
icin asagidaki olaylarin daha ¢ok arastirilmasi olacaktir.
-Mikro boya tabakas1 kayiplari
-Boya tabakasi ayrilmalari
-Mikrobiyolojik hareketler; gri perde ve siyah lekeler
-Spesifik boya tabakalarmin kaybi
-Pigment degisikligi

+ Siva ayirma Ol¢iisii iyilestirici islemin planlanmasi igin
iyice degerlendirilmelidir.

« Catlama ve yapisal hareketleri de iceren siiregen
bozulmanin tespiti ve degerlendirilmesi i¢in basit izleme
sistemi hazirlanmalidir.

+ Tarihi yazilarla ilgili ¢alisma, degerinin anlasilmasi ve
kilisenin tarihiyle alakali biitiin bilgilerin ayiklanabilmesi i¢in
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Il -2 Rock and wall painting samples from Uziimlii Church (2014)

Uztmla Kilisesi'nden kaya ve duvar resmi érnekleri (2014)

Introduction

In total 5 tuff rock samples and 12 samples of other material
(1 sample was separated from the sample UZM_05 and given
another number UZM_013: in total 13) were obtained for
further scientific testing and analysis in and around Uzimli
church during the 2014 campaign. Details of locations and
information of each sample are shown in the table below.
For the painting samples, most of them were chosen from
the areas where unexplained discolouration and/or alteration

phenomena were observed.

Im -2 -1
Under the permission from the Ministry of Culture and
Tourism, the samples were transported to Japan for detailed

scientific investigations.

Yoko Taniguchi, University of Tsukuba

Giris

2014 kampanyast boyunca, daha detayli bilimsel deney ve
analiz i¢in, Uziimlii Kilisesi’nin i¢inde ve ¢evresinde toplam
5 tif kaya ornegi ve 12 duvar resmi 6rnegi (6rneklerden
biri UZM_05’ten ayrildi ve kendisine UZM_013 seklinde
baska bir numara verildi: toplamda 13) toplandi. Her 6rnegin
yeri ve Ozellikleri ile ilgili ayrintilar asagidaki tabloda
gosterilmektedir. Resim 6rneklerinin ¢ogu, renkte solma ve/

veya degisme gozledigimiz alanlardan segildi.

Im -2 -1
Ornekler, Kiiltiir ve Turizm Bakanligi’nin izni ile, detayli

bilimsel inceleme icin Japonya’ya gonderildiler.

Figure 1. Location of rock samples (in green)
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Table 1. List of rock samples and their GIS information

UZM_RO1 UZM_R02 UZM_R03
N38°39.152 N38°39.151 N38°39.145
W34°51.618 W34°51.612 W34°51.617

Figure 2. Paint sample locations in chamber 3
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Figure 3. Painting sample location at the entrance of Chamber 1
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Figure 4. Paint sample location in Chamber 1

UZM-004

Figure 5. Paint sample location in Chamber 2, east wall.

80



Figure 6. Paint sample location in Chamber 2, west wall.

Figure 7. Paint sample location in Chamber 2, south wall.
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Figure 8. Paint sample location in Chamber 2, ceiling.

Figure 9. Paint sample location in Chamber 2, north wall.
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Table 2. List and description of wall painting samples

Number and Photograph Descriptions Number and Photograph Descriptions

UZM 001 Chamber 3: Dome-top area UZM 007 Chamber 2: Vaulted ceiling
White ground Red background
Identification of white, and Identification of colour.
crystalline conditions Particle size

UZM_002 Chamber 1: Entrance north UZM_008 Chamber 2: Vaulted ceiling
White ground north
Identification of white, and Green
weathering state Identification of green

UZM 003 Chamber 1: Vaulted ceiling UZM_009 Chamber 2: Vaulted ceiling
Reddish colour north, nimbus of saint
Identification of red. Loss of] Gray alteration
red colour (binding media, Identification of altered (from
loss of cohesion) yellow?) colour

UZM 004 Chamber 2: Vaulted ceiling UZM 010 Chamber 2: West
(south) Pale pink background
Pink Identification of colour,
Identification of colour, UV particle size
fluorescence

UZM 005 UZM 013 Chamber 2: Vaulted ceiling UZM 011 Chamber 3: North

Darkened red Red with white ground
Identification of colour, UV Identification of binder
fluorescence, darkening (ELISA, GCMYS)
alteration
White layer was separately
numbered as UZM 013

UZM 006 Chamber 2: East UZM 012 Chamber 3: North

Gray
Identification of bird deposits

(or nest)

Red with white ground
Identification of binder

(ELISA, GCMS)
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Photographs: 365nm-UV exited fluorescence visible photograph (left), and visible photograph (right) showing strong

pinkish fluorescence of pale pink painted area with darkened alteration phenomena.

t’.-c

Microphotographs: (from left) érd chamber, main niche, greenish shade (3234), 3rd chamber, flower (3224), 2nd

chamber, flower petal, alterated (blackened) pink area (3208) [1.5mm in the long side]

Photographs: Infrared photograph (left) of the 2nd chamber, east wall, showing IR transmits in the particular reddish

colourants not on the robe’ s rim dark red areas.
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Visible micro photographs and microphotographs of wall
painting surfaces were obtained using a digital camera-
attached microscope (®Microadvance) for detailed
observation. Particular metal-based pigment alterations
probably caused by exposure to outdoor environment were
observed. Infra-red and Ultra-violet photographs (365nm
excitement wavelength) were also taken to assess specific

types of painting materials.

For further detailed laboratory testing including identification
of alteration products of pigments, morphological information
of plaster layer with XRD, FTIR and SEM, possible
organic remains as binding media using ELISA, GC/MS,
and nanoLC-ESI-MS/MS techniques, in total 12 minute
samples were taken after careful in-situ examination and

documentation.

Daha ayrintilt inceleme yapabilmek i¢in, duvar
resimlerinin yiizeylerine iliskin gozle goriilebilen mikro
fotograflar ve mikro-fotograflar dijital kamerali mikroskop
(®Microadvance) kullanilarak elde edildi. Olasilikla dis
ortama maruz kalmaktan kaynaklanan birtakim metal-bazli
pigment degisiklikleri gozlendi. Belirli birtakim boyama
malzemelerini degerlendirmek icin kizilotesi ve morotesi

(uyarilma dalga boyu 365nm) fotograflar da cekildi.

Pigmentlerdeki degisikliklerin belirlenmesini, XRD, FTIR
ve SEM teknikleri ile siva tabakasi hakkinda ve ELISA ve
nano LC-ESI-MS/MS tekniklerini kullanarak da baglayici
medyumlar gibi olas1 organik kalintilar hakkinda morfolojik
bilgi edinmeyi de kapsayan daha ayrintili laboratuvar
testlerinde incelenmek lizere, yerinde yapilan dikkatli
incelemeler ve belgelemeler sonucunda, toplamda 12 &rnek

alindi.

Photographs: Discussion for condition assessment (left) and creation of maps (centre, right).

Photographs: Careful minute sampling from plaster and paint layers which shows particular deterioration.
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Il -3 Stratigraphic and elemental analyses of Uziimlii wall paintings

Uzamla duvar resimlerinin stratigrafik ve égesel analizi

Yoshiko Shimadzu, National Museum of Japanese History
Natsuko Kugiya, Visiting researcher of National Research Institute
for Cultural Properties, Tokyo

Yoko Taniguchi, University of Tsukuba

II -3 -1 Analytical methods

All painting samples (see the sample description page) were
examined with an optical microscope (Olympus BX51) and
were selected for further analyses based on the purposes
of sampling. An X-ray diffractometer (XRD) (PANalytical
X’Pert Pro) was used for the identification of the white
ground. The samples UZM_003, 004, 005, 007, 008, 009,
010, and 011 were embedded with a polyester resin for cross-
sectional examinations [McCrone 1979; Plesters 1956]. The
cross-sections were examined with the optical microscope
(BX51) under visible and UV-light. Scanning electron
microscope (SEM) (Hitachi High-Technologies Corporation,
S-3700N) was used for observing crystal morphology and
stratigraphy of the paints and ground. For elemental analysis,
an energy dispersive X-ray spectrometer (EDS) (OXFORD
X-Max) attached to the SEM was used.

I -3 -2 Examinations of the samples
UZM_001 is a white ground sample taken from the dome of

Chamber 3. No examination was performed at this moment (to

be tested with XRD).

UZM_002 is also a white ground sample taken from a wall
close to the entrance of Chamber 1. The wall is heavily
deteriorated and the surface looks yellow. The sample was

analysed by XRD (see below).

UZM_003 was taken from a reddish surface area of Chamber
1. There appear to have been grape images in this area
(similar to the area where UZMO007 was taken). The paint
which depicted the grapes has mostly been lost, possibly due
to water-related reasons. A few red particles were observed
on the surface of the unembedded sample (Figure 1) which
might indicate the original colour of the grapes. In the cross-
section, only a few iron containing particles were observed at
the top part of the ground layer (Figures 2, 3). The reason for

the loss of grape paint layer is unclear for the time being. It
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II -3 -1 Analitik yéntemler

Tim resim ornekleri (bkz 6rnek agiklama sayfasi) optik
mikroskop (Olympus BX51) ile incelendi ve drneklem
olusturmanin amacina uygun olarak daha ileri analizlerde
kullanilmak iizere hazirlandi. Beyaz zeminin &zelliklerini
belirlemek amaciyla bir X-ray difraktometre (XRD)
(PANalytical X Pert Pro) kullanildi. Orneklerden UZM 003,
004, 005, 007, 008, 009, 010 ve 011 kesitsel arastirmalar
[McCrone 1979; Plesters 1956] i¢in polyester regineye
batirildi. Kesitler optik mikroskopta (BX51) hem normal
151k altinda hem de UV-1g1k altinda incelendi. Resimlerin ve
zeminin kristal morfolojisini ve stratigrafisini gézlemede
Taramalr elektron mikroskobu (SEM) (Hitachi High-
Technologies Corporation, S-3700N) kullanildi. Ogesel analiz
i¢in SEM’e eklenmis enerji dagilimli X-ray spektrometre

(EDS) (OXFORD X-Max) kullanildi.

IT -3 -2 Orneklerin incelenmesi

UZM_001, Oda 3’teki kubbe tavandan alinan bir beyaz
zemin Ornegidir. Su ana kadar {izerinde higbir incelemede

bulunulmamistir (XRD ile test edilecektir).

UZM_002 de Oda 1’in girisine yakin bir duvardan alinan bir
beyaz zemin 6rnegidir. Duvar ciddi 6l¢iide bozulmustur ve
yiizeyi sar1 goriinmektedir. Ornek XRD ile analiz edilmistir

(asagiya bakiniz).

UZM_003, Oda 1’deki kirmizims: yilizeyden alindi. Daha
onceleri bu alanda lizim figiirleri oldugunu diisiinmekteyiz
(UZMO007’nin alindig1 alanda oldugu gibi). Uziimleri
betimleyen resim muhtemelen su ile ilgili nedenlerden &tiirii
bliyiik olgiide kaybolmus. Regineye batirilmamis drnegin
ylizeyinde tiziimlerin 6zgiin rengine isaret edebilecek birkag
kirmizi pargacik gozlendi (Sekil 1). Kesitte, zemin tabakasinin
iist kisminda sadece birkag demir i¢eren pargacik gézlendi
(Sekiller 2, 3). Su an i¢in {iziim figiirlerinin kaybolma nedeni

bilinmiyor. Bu konu organik incelemenin sonuglarina gore



200 pm

Figure 1. Light microscopic image of unembedded
UZM_003
A few red particles are dispersed on pink surface.

Figure 2. Light microscopic image of the cross-section
UzM_003
A very thin layer of red paint; small number of red

particles are found at the surface of the white ground.

Figure 3. SEM-BSE image of the cross-section UZM_003

shall be evaluated considering the results of organic analysis.

UZM_004 was taken from a pink line on the ceiling of
Chamber 2. It shows a rough surface. Some black and red
particles were observed, but not forming a paint layer (Figure
4). There were also many white or translucent particles on
the surface. Some needle-shaped particles were observed
under UV-light (Figure 5). The causes of the UV excited

fluorescence were unclear.

In the cross-section of light microscopic image, the red
particles were extremely fine and dispersed on the surface
(Figure 6). The black particles were larger than the red
particles. In the SEM-BSE images, the red and black particles
were both found in the top layer which consists of lead
(Pb), chlorine (Cl), calcium (Ca) and sulphur (S). The result
indicated that the original red pigment was red lead (minium)

and the black particles were a degradation product of red
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degerlendirilecektir.

UZM_004, Oda 2’nin tavanindaki pembe bir ¢izgiden
alindi. Piriizli bir yiizeyi gostermekte. Bazi siyah ve
kirmizi pargaciklar gozlendi ancak bunlar bir boya tabakast
olusturmuyorlar (Sekil 4). Yiizey lizerinde beyaz ya da yar1
saydam pargaciklar da bulunmaktaydi. UV-igik altinda kimi
igne-goriinimlil pargaciklar gozlendi (Sekil 5). UV dalga

boyunda uyarilmis floresans 1simanin nedenleri bilinmiyor.

Istk mikroskobu goriintiistiniin kesitinde, kirmizi pargaciklar
yiizey iizerinde son derece ince ve daginik goziikmekteydi
(Sekil 6). Siyah pargaciklar kirmizilara kiyasla daha biiyiik
goriintiyordu. SEM-BSE gorintiilerinde, kirmizi ve siyah
parcaciklarin ikisi de kursun (Pb), klor (Cl), kalsiyum
(Ca) ve siilfiir (S) iceren ayni iist tabakada bulunmaktaydi.
Sonug gosterdi ki; orijinal kirmizi pigment kirmizi kursundu

(stiliigen) ve siyah pargaciklar kirmizi kursundan bozunmus



lead. Considering the brightness in contrast in the SEM-BSE
images, the number of red and black particles in the top layer
were very small, and it suggested the white particles could be

degradation/alteration product of red lead (Figure 7).

The darker area in the top layer contained calcium (Ca) and
sulphur (S), which means that the ground and paint materials
were somehow mixed. Brighter spots in the ground layer also
contained lead (Pb) and chlorine (Cl) (Figure 8). Since there
was no red or black particles in the ground layer, it suggested
that decomposed red lead has somewhat impregnated into
the ground layer. This could be related to a source of chlorine
(Cl). A source of chlorine could be water soluble salts such as

sodium chloride (NaCl).

UZM_005 is a darkened red paint sample from the ceiling
of Chamber 2. Observation with the light microscope indeed
reveals the presence of red and black particles. The surface
was darkened while the red colour was preserved underneath
the darkened particles (Figure 9). In the cross-section,
however, this observation was not obvious probably because

of that only surface particles were altered.

Moreover, in the SEM-BSE image the top layer was highly
X-ray reflective that did not correspond to the locations of
the red and black particles (Figure 10). As it was seen in
UZM_004, both black and white particles in the top layer
were assumed to be alteration products of red lead. Based
on the EDS analysis, a difference from UZM_ 004 was the
top layer which does not contain chlorine (Cl) and also no
migration of lead (Pb), which was observed in UZM_005.
Reasons for the differences between two samples should be

examined further in the future.

UZM_006 was taken from a grey coloured area possibly
affected by birds’ (presumably swallows) deposits (or nest).
Examination has not yet been performed. XRD and/or FTIR

analysis shall be carried out accordingly.

UZM_007 is a red paint sample taken from grape images
depicted area on the ceiling of Chamber 2. The surface
appeared darker than underlying material in the light
microscopic image of the unembedded sample (Figure 11).
However this difference was not obvious in the cross-section,
and the light microscope and SEM-BSE examinations

suggested that the dark surface was due to accretion of dirt
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iriinlerdi. SEM-BSE goriintiilerindeki kontrastin parlakligi
g6z oOniinde tutuldugunda, iist tabakadaki kirmizi ve siyah
parcaciklarin ¢ok kiigiik oldugu goriildii ve bu durum
beyaz parcaciklarin kirmizi kursunun bozunmus iiriinleri

olabilecegini akla getirdi (Sekil 7).

Ust tabakadaki koyu kisim kalsiyum (Ca) ve siilfiir (S)
iceriyordu ki bu zemin ile boya materyalinin bir sekilde
karistig1 anlamina gelir. Zemin tabakasindaki daha parlak
noktalar da kursun (Pb) ve klor (Cl) icermekteydi (Sekil
8). Zeminde hig¢bir kirmizi ve siyah pargacik olmamasi,
bozunmus kirmizi kursunun bir sekilde zemin tabakasi
tarafindan emildigini diisiindiirdii. Bu durum bir klor (Cl)
kaynag ile iliskilendirilebilir. Bu klor kaynagi sodyum

kloriir (NaCl) gibi suda ¢6ziinebilir tuzlardan olabilir.

UZM_005, Oda 2’nin tavanindan alinan bir koyu kirmizi
boya drnegidir. Isik mikroskobu ile yapilan gozlem gergekten
de kirmiz1 ve siyah parcaciklarin varligini ortaya ¢ikardi.
Kirmizi renk kararan pargaciklarin altinda korunurken, yiizey
kararmist1 (Sekil 9). Bununla birlikte, kesitte, muhtemelen
yalnizca ylizeydeki pargaciklar degisime ugradigindan, bu

gozlem pek belirgin degildi.

Dahasi, SEM-BSE goriintiisiinde iist tabaka, yiiksek X-ray
yansiticiligindan dolayi, kirmizi ve siyah parcaciklarin
yerleri ile ortiismedi (Sekil 10). UZM_004’te gortldigi
gibi, siyah ve beyaz parcaciklarin ikisinin de kirmizi
kursunun degisime ugramis {irlinleri oldugu varsayildi. EDS
analizine gore, UZMO004’den farkli olarak iist tabaka klor
(Cl) igermemekteydi ve UZM_005’te gozlenen kursun (Pb)
gecisi UZM_004’te yoktu. iki 6rnek arasindaki farkliliklarin

nedenleri ileride daha ayrintili olarak incelenecektir.

UZM_006, muhtemelen kuslarin (olasilikla kirlangiglarin)
kalintilarindan (ya da yuvasindan) etkilenmis gri renkli bir
alandan alindi. Heniiz iizerinde herhangi bir incelemede

bulunulmadi. XRD ve/veya FTIR analizi yapilabilir.

UZM_007, Oda 2’nin tavanindaki tiziim figiirlerinin
betimlendigi bélimden alinan bir kirmizi boya 6rnegidir.
Regineye batirilmamis 6rnegin 151k mikroskobu goriintiistinde
ylizey, alt kismindan daha koyu goériindii (Sekil 11). Ancak
bu farklilik, kesitte ne 151k mikroskobu ne de SEM-BSE
kullanildiginda belirgindi ve bu durum koyu yiizeyin kir

birikmesinden kaynaklandigini diisiindirdii (Sekil 12).



Figure 4. Light microscopic image of unembedded Figure 5. Light microscopic image of unembedded
UzM 004 UZM_004 under UV-light

Rough surface with red, black and white particles

Figure 6. Light microscopic image of the cross—section  Figure 8. SEM-BSE image of cross-section of UZM_004

UzZM 004 Bright spots containing Pb and Cl are spread in the white
Fine red particles and relatively large size of black  ground layer.
particles
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(a) SEM-BSE image with the analysed area (b) EDS spectrum

indicated with the square.
Figure 7. EDS area analysis result of the paint layer of UZM 004
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Figure 9. Light microscopic image of unembedded Figure 10. SEM-BSE image of cross-section of UZM 005

UzM_005

The red particles are visible under the surface dark

particles.

Figure 11. Light microscopic image of unembedded Figure 12. SEM-BSE image of cross-section of UZM_007
UzZM 007

Surface is darker than the red particles underneath.
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(a) SEM-BSE image with the analysed area (b) EDS spectrum

indicated with the square.

Figure 13. EDS area analysis result of the paint layer of UZM_007
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(Figure 12). EDS analysis detected iron (Fe) with silicon (Si)
in the red paint layer indicating the use of red ochre (Figure

13).

UZM_008 was taken from a green area on the ceiling of
Chamber 2. In the light microscopic image the green colour
was very pale and the top layer contains various types of
particles shown under UV-light (Figures 14, 15). The top
layer is distinguishable from the ground in the SEM-BSE
images as the crystal structure was slightly different. EDS
detected silicon (Si), aluminum (Al), magnesium (Mg),
potassium (K), and iron (Fe) which are typical elemental
compositions of green earth (Figure 16). In order to identify a
type of green earth (glauconite or celadonite) further analysis

with XRD and/or FTIR is required.

UZM_009 is a grey surface sample taken from a nimbus of
saint painted on the ceiling of Chamber 2. According to the
pictorial composition, the grey colour was incomprehensive
(a nimbus would typically be painted in yellow or bright
colour tones) therefore colour alteration was suspected in this
area. Owing to the thinness of the surface layer, examination
of the cross-section did not provide much information about
the layer. Further analysis of the unembedded sample may be

useful to find the causes of grey surface colour.

UZM_010 is a pale pink paint taken from the west wall of
Chamber 2. The layer was extremely thin and only small
numbers of red particles were dispersed on the ground (Figure
17). The red particles contain iron (Fe) detected with EDS
indicating the use of red ochre, probably refined in a specific

way.

UZM_011 was taken from a darkened red area of the west
wall of Chamber 2. The surface condition was close to the
UZM_005. As expected, EDS detected lead (Pb) in the red
paint layer. Again there was no difference observable between
intact red particles and altered black particles in the SEM-
BSE images. In this sample, delamination of the paint layer

was clearly shown in the SEM-BSE image (Figure 18).

UZM_012 was taken for binding medium analysis with
ELISA and MALDI methods, and UZM_013 was used for

identification of the ground material (see below).
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EDS analizi kirmizi boya tabakasinda kirmizi asiboyasi
kullanildigina isaret eden demir (Fe) ve silisyum (Si) saptadi
(Sekil 13).

UZM_008, Oda 2’nin tavanindaki yesil bir alandan alindi.
Istk mikroskobu goriintiisiinde yesil renk ¢ok soluktu ve UV-
151k altinda ¢esitli pargacik tiirleri igeren iist tabaka ortaya
cikt1 (Sekiller 14, 15). Ust tabaka, kristal yapis1 az da olsa
farkli oldugundan SEM-BSE goriintiilerinde zeminden ayirt
edilebilmektedir. EDS, yesil kumun karakteristik 6gesel
bilesim elemanlar1 olan silisyum (Si), aliminyum (Al),
magnezyum (Mg), potasyum (K) ve demir (Fe) elementlerinin
varligini saptadi (Sekil 16). Yesil kumun (glokonit ya da
seladonit) bir tiirlinii belirlemek amacryla XRD ve/veya FTIR

ile daha ileri incelemeler yapilmasi gerekmektedir.

UZM_009, Oda 2’nin tavanina resmedilmis bir azizin
halesinden alinan bir gri yiizey 6rnegidir. Gri renk resmin
kompozisyonuna uymamaktayd: (hale resmi olduguna gore
sar1 ya da parlak renk tonlar: kullanilmis olmaliydi); bu
nedenle, bu bolgede renk degisimi oldugundan siiphelenildi.
Yiizey tabakasinin inceliginden &tiirii, kesit tizerinde yapilan
incelemeler tabaka hakkinda daha fazla bilgi saglamadi.
Regineye batirilmamis 6rnek iizerinde yapilacak daha ileri
¢ozlimlemeler gri ylizey renginin nedenlerini bulmada yarar

saglayabilir.

UZM_010, Oda 2’nin bat1 duvarindan alinan a¢ik pembe
bir boya ornegidir. Tabaka son derece inceydi ve yalniz az
miktarda kirmizi pargacik zemin iizerine dagilmist1 (Sekil
17). EDS ile, kirmizi asiboyasinin kullanimina isaret eden,
muhtemelen belirli bir sekilde inceltilmis demir (Fe) iceren

kirmizi1 pargaciklar belirlendi.

UZM_011, Oda 2’nin bati duvarindaki koyu kirmiz1 bir
alandan alindi. Yiizey kosullart UZM_005’inkine benziyordu.
Beklendigi gibi, EDS kirmiz1 boya tabakasinda kursun (Pb)
tespit etti. SEM-BSE goriintiilerinde, bozulmamis kirmizi
parcaciklarla degisime ugramis siyah parcaciklar arasinda
gozlenebilir bir farklilik bu kez de yoktu. Bu drnekte, boya
tabakasindaki delaminasyon SEM-BSE goériintiilerinde agik
sekilde goriilmekteydi (Sekil 18).

UZM_012, ELISA ve MALDI yo6ntemleriyle baglayici
medyum analizi yapilmak iizere alindi; UZM_013, zemin

materyalinin belirlenmesinde kullanildi (agsagiya bakiniz).



Figure 14. Light microscopic image of unembedded Figure 15. UV fluorescence light microscopic image of

UzM_008 UzZM_008
Si ZAMHMLA
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(a) SEM-BSE image with the analysed area (b) EDS spectrum

indicated with the square.

Figure 16. EDS area analysis result of the paint layer of UZM_008

Figure 17. Light microscopic image of the cross-section  Figure 18. SEM-BSE image of cross-section UZM 011
UZM 010 with the square.
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Figure 19. XRD diffractogramme of UZM_002 white ground and a reference diffractogramme of gypsum
[JCPDS: 00-033-0311]
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(a) UZM 002
Figure 20. SE(secondary electron) images of UZM_ 002 and UZM_ 013 (both white ground samples) showing typical

(b) UZM_013

gypsum crystalline shapes (UZM_013 might be a little degradated)
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(a) SEM-BSE image with the analysed area (b) EDS spectrum
indicated with the square.
Figure 21. A representative EDS result of the white ground: UZM 010
Table 1. Summary of examinations
] EDS detected

thickness of top layer )

sample ID | surface color states of surface (LM) elements in the top note
(SEM-BSE)
layer
small number of red particles on pale
UZM_003 reddish very thin Fe, Si, Al similar to 010
reddish orange surface
UZM_004 pink pink color and rough texture 10-20um Pb, ClL, Ca, S
UZM_005 dark red red and black particles 20um Pb
UZM 007 red reddish brown surface on bright red 20um Fe, Si
UZM_008 green dull off-white (beige) <10um Si, Al, Mg, K, Fe
UZM_009 gray gray (no layer recognised) (not analysed)
small number of red particles on pale
UZM_ 010 | pale pink very thin Fe, Si, Al similar to 003
reddish orange surface

UZM 011 dark red |[red and black particles, rough texture 15um Pb
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I -3 -3 XRD analysis of the white ground
The samples UZM_002 and UZM_013, which were taken

for identification of the white ground, were analyzed by the
XRD. Gypsum was identified in both samples. The XRD
diffractogramme is shown in Figure 19 (JCPDS: 00-033-
0311). In addition, crystal structure of the two samples
(unembedded) showed characteristic shapes of gypsum
crystals (Figure 20). Detections of calcium (Ca) and sulphur
(S) with EDS in the all samples supported the XRD results
(Figure 21) as calcium sulphate hydrate; gypsum (CaSO, -
2H,0).

Il -3 -4 Summary

At the Uziimlii church, gypsum was used as a ground in
relatively thin layers. Various tones of red ochre and red
lead were used as the main red colours, and green was
painted with green earth (Table 1). Alteration of red lead
was confirmed, while the causes of a grey colour where
alteration was suspected remain unrevealed. Detailed studies
of the causes of darkening and alterations shall be executed
accordingly in the context of the micro-environment and

examination of past historical events.

The stratigraphy of the paint layer is quite simple, and made
up of a single paint layer (material-wise) on the gypsum
ground. No clear evidence of repainting was seen in the

samples.

II -3 -5 References
II -3 -5 Kaynakca

Il -3 -3 Beyaz zeminde XRD analizi

Beyaz zeminin ozelliklerini belirlemek {izere alinmis olan
UZM_002 ve UZM_013 ornekleri XRD ile analiz edildi.
Her iki 6rnekte de algitasina rastlandi. XRD difraktogrami
Sekil 19°da gosterilmektedir (JCPDS: 00-033-0311). Bununla
birlikte, iki drnegin (regineye batirilmamis) kristal yapilari
alcitast kristallerinin 6zgiin sekillerini sergilemekteydi (Sekil
20). EDS ile tiim 6rneklerde kalsiyum (Ca) ve siilfiir (S)
tespit edilmesi; kalsiyum siilfat hidratin, al¢itaginin (CaSO, -
2H,0) saptandig1 XRD sonuglarini destekledi (Sekil 21).

IT -3 -4 Ozet

Algitas1, Uziimlii Kilisesi’nde gorece ince bir bicimde
zemin olarak kullanildi. Ana kirmizi renkler olarak kirmizi
asiboyasinin ve kirmizi kursunun gesitli tonlari; yesil i¢in
yesil kum kullanildi (Tablo 1). Degisim sonucu ortaya
ciktigindan siiphelenilen gri rengin nedenleri belirsizligini
korumay: siirdiiriirken, kirmizi kursunun degisime ugradigi
kanitlandi. Kararmanin ve degismenin nedenlerine
iliskin ayrintili ¢caligmalar mikro-gevre ve tarihi olaylarin

incelenmesi baglaminda gergeklestirilecektir.

Algitagt zemin iizerinde temelde yalniz bir boya tabakasi
(maddesel olarak) oldugundan, boya tabakasinin stratigrafisi
oldukga basitti. Orneklerde yeniden boyama konusunda higbir

agik kanita rastlanmadi.

Mc Crone W. C. et al., 1979, The Particle Atlas V, 2nd edn, Ann Arbor Science Publishers Inc., Ann Arbor, Michigan.

Plesters J., 1956, 'Cross-sections and chemical analysis of paint samples', Studies in Conservation 2, 110-157.
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IT -4 ELISA (enzyme-linked immunosorbent assay) testing for
organic binding media of Uzimli wall paintings

Oziimli Duvar Resimlerinin Organik Baglayict Ortami ¢in Yapilan
ELISA (Enzim llintili Immun Testi) Denemesi

Miho Takashima, National Museum of Western Art

IT -4 -1 ELISA

2 samples from the wall paintings were analyzed using
an ELISA assay. One sample contained only ground layer
(sample 1) and the other sample contained ground and a
thin red paint layer (sample 2, photo 1). In Sample 2, it was
difficult to separate the ground and paint layer, and so the two

were analyzed together.

ELISA (enzyme-linked immunosorbent assay) is an antibody-
based technique commonly used in biological and medical
research. ELISA identifies animal glue, fish glue, egg, casein
and plant gums in one paint sample. Moreover, detection
limits of this assay are extremely low, in the nanogram level.
This technique has been used for art works in recently and the
procedure has been described in some publications>*’. The

ELISA procedure used for this research was modified from

(1,2)

the method used in the Getty Conservation Institute

IT -4 -1 ELISA

Duvar resimlerinden alinan 2 numune ELISA testi
kullanilarak incelendi. Numunelerden biri yalnizca toprak
tabakas1 (Numune: 1), digeri ise toprak ve ince kirmizi boya
tabakasi iceriyordu (Numune: 2, Fotograf: 1). Numune 2’de,
toprak ve boya tabakalarini birbirinden ayirmak zordu ve bu

sebeple birlikte incelendiler.

ELISA (Enzim Ilintili Immun Testi) genellikle biyolojik ve
tibbi arastirmalarda kullanilan antikor bazli bir tekniktir.
ELISA bir boya numunesinin i¢indeki hayvan tutkallari,
balik tutkallari, yumurtalar, kazein ve bitki sakizlarini
tanimlamaktadir. Bundan baska, bu testin nanogram
seviyesindeki algilama sinirlar1 asirt derecede diisiiktiir.
Bu teknik, son zamanlarda sanat eserleri i¢in kullanildi ve
bazi yaymlarda yontemleri tanimland1"?. Bu inceleme
icin kullanilan ELISA ydntemleri Gaty Conversation

Enstitusu’nde kullamlan yontemlerden modifiye edildi".

Photo 1 Sample 2 contained ground and thin red paint layer (The scale on the ruler is milimeters)
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IT -4 -2 Experimental

m-4-21

Approximately 1 mg of each sample was placed in 1.5 mL
micro-centrifuge tubes. 200 pL of elution buffer* were added
to each tube, and samples were allowed to dissolve for 3 days
at room temperature (Photo 2a). 1 - 1.5 mg of standard of
each paint reference material were placed into separate micro-
centrifuge tubes: ovalbumin (as egg white), collagen I as glue
from rabbit skin, from calf skin and from fish skin, casein,
gum arabic and gum tragacanth. An appropriate volume of
elution buffer was added to each tube to make 0.1 % (w/v)
solutions and left for 3 days. 200 puL of elution buffer was
also added into a micro-centrifuge tube as sterile “blank™ tube

(containing no protein), and left for 3 days.

m-4-22

After 3 days, 800 uL of 100 mM sodium bicarbonate buffer**
were added to the samples, and 1,000 pL to the blank tube.
The tubes were agitated, and left for 10 minutes. 20 pL of
each standard solution was added to separate 1.5 mL micro-
centrifuge tubes, and 80 pL of 100 mM sodium bicarbonate
were added to each tube, agitated, and left for 10 minutes in

the same manner as was done for the samples.

m-4-23

Next, the ELISA plate was prepared (Photo 2b): 40 uL of 100
mM sodium bicarbonate buffer were added to each well in a
96-well polystyrene ELISA plate. Next, 4 dilutions of each
sample were added to the plate, and standards were added
for use with each antibody to verify the results of the assay.
Dilutions were obtained by adding 40, 20, 10, 5 uL of eluents
to each well. 40 pL of blank eluent solution were added to the
blank wells, bicarbonate buffer to each well to bring the final

volume to 80 pL (Figure 1).

The plate was then covered with Parafilm and put in a
refrigerator at 4 °C for one night. After incubation, the
contents of each well were emptied with a multi-channel
pipette. Each well was washed 3 times using a multi-channel
pipette with 300 puL of phosphate buffered saline (1xPBS).
300 pL of blocking buffer were added to the wells, and
left to sit for 60 minutes at room temperature. Sea Block™
Blocking buffer*** was used (diluted 1:10 v/v in 1xPBS) for
antibodies except for plant gums antibody (#Jim13), in which
case Blocker™ BSA**** (diluted 1:5 v/v in 1xPBS) was
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Il -4 -2 Deneysel

m-4-21

1.5 mikro-santrifujluk tiiplere konulan yaklasik 1 mg.lik
her bir numun , her tiipe elusyon tamponundan®* 200uL
eklenerek 3 giin oda sicakliginda erimeye birakildi. (Photo
2a). Farkli mikro santrifujlere her boya referans materyali
standartlarindan 1 mg ila 1.5 mg: yumurta albiimini (yumurta
aki olarak), tavsan derisinden yapiskan olarak kolajen I, sigir
ve balik derisi, kazein, akasya sakizi, kitre konuldu. %0.1 (w/
v) ¢ozeltilerini yapabilmek icin her tiipe uygun hacimlerde
elusyon tamponlart konuldu ve 3 giin o halde birakildi. Yine,
steril “bos’ bir tiip olan (protein igermeyen) bir mikro santrifuj

tiipe 200p elusyon tamponu eklenip 3 giin bekletildi.

m-4-22

3 giin sonra, numunelere 800uL, bos tiipe 1,000 L 100mM
sodyum bikarbonat tamponu**’ eklenip calkalandi. 10 dakika
bekletildi. 1,5 mikro santrifujluk tiipleri ayirmak ig¢in, her
standart ¢ozeltiden 20uL konuldu. Her tiipe 100mM sodyum
bikarbonat tamponundan 80uL konulup c¢alkaland: ve

numuneler gibi 10 dakika bekletildi.

Im-4-23

ELISA plakasinin hazirlanisi (Photo 2b): 96 kuyulu polistiren
ELISA plakalarinin her bir kuyusuna 40pL 100 mM sodyum
bikarbonat tamponu eklendi. Sonra, tahlil sonuglarini
dogrulamak igin, her numune ve antikor kullanimi standardina
4 dilusyon eklendi. Dilusyonlar her yuvaya 40, 20, 10 ve SuL
coziicli ekleyerek elde edildi. Bos yuvalara 40puL bos ¢oziicii
sollisyon eklenir. Nihai hacim 80 uL’ye ulastirmak igin her

yuvaya bikarbonat tamponu eklendi. (Figure 1)

Plakalari para film ile kaplandi ve 1 gece 4°C 1si1daki
buzdolabinda bekletin. inkube isleminden sonra ¢ok kanalli
bir pipet ile biitiin kuyularin icini bosaltin. Her kuyuyu ¢ok
kanallt bir pipet kullanarak 300uL’lik fosfat tamponlu salin
(1xPBS) ile 3’er kez yikayin. 300pL bloke edici tampon
ekleyin ve oda sicakliginda 60 dakika bekletin. Blocker™
BSA***% (1xPBS’de 1:5 v/v seyreltilmis) kullanilmasi
durumunda, bitki sakizi antikorlar1 haricindeki antikorlar
(#Jim13) icin bloke edici tampon: Sea Block™ Bloking
buffer*** (1xPBS’de 1:10 v/v seyreltilmis) kullanild:.



used.

Im-4-24

Next, the wells were emptied, and 80 pL of the diluted
primary antibodies listed in Table 1 were added, and left to sit
for 2 hours at room temperature. Antibodies were diluted by
adding blocking buffers. The wells were washed 5 times with
300 pL of 1xPBS and 80 pL of secondary antibodies(Table
1) were added to each well and left to sit for 2 hours at room
temperature. The plate was then washed 6 times with 1XPBS

(crucial to remove any unbound secondary antibody).

80 pL of p-nitrophenyl phosphate (pNPP) ****%) were
added, and after 30 minutes, the main wavelength at 405 nm
(complementary wavelength at 630 nm) was read using an

automated plate reader.

The sample was interpreted as positive (+) when absorbance
readings of 3 out of 4 dilutions or all 4 dilutions were above
the cut off value. The cut off value was A, + 3SD (A,
average absorbance of blanks, SD: standard deviation of
blanks). This value was determined for each antibody in each
assay. The ELISA assay was performed twice to verify the

result of assay.

*) Elution buffer: 5 mL of 1M tris (hydroxymethyl)
aminomethane hydrochloride (tris -HCL), 1 mL of 0.5M
ethylenediaminetetraacetic acid (EDTA), 180 g urea, 25 mL
of 20 % sodium dodecyl sulfate, and deionized H,O final
volume 500 mL. EB pH adjusted to 7.4.

**) 100 mM sodium bicarbonate buffer: 0.42 g of NaHCO,
brought to a total of 50 mL with deionized H,O.

***)Sea Block™ Blocking Buffer, #37527, Thermo Scientific

****%)Blocker™ BSA: Blocker™ BSA in PBS, #37525,

Thermo Scientific

wHA#*)1-Step™ pNPP, Thermo Scientific
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Il -4-24

Daha sonra kuyular: bosaltip Tablo 1’de listelenen
seyreltilmis birincil antikorlardan 80uL eklenir ve oda
sicakliginda 2 saat bekletilir. Bloke edici tampon eklendiginde
antikorlar seyrelir. Kuyulart bosaltin ve 300 pL 1xPBS ile 5
kez yikandi. Her kuyuya ikincil antikorlardan (Tablo 1) 80
uL ekleyin ve oda sicakliginda 2 saat bekletin. 1xPBS ile 6
kez yikandi (baglanmamis ikincil antikorlar1 ayiklamak icin

¢ok onemli).

80 pL p-nitrofenilfosfat (pNPP) ekleyin***** ve 30
dakika sonra, otomatik bir plaka okuyucusu kullanarak 405
nm’de(630 nm’deki tamamlayict dalga boyu) ana dalga

boyunu 6l¢iildii.

Sogurum degerleri 4 seyreltiden 3’u ya da 4 seyrelti de,
Cut off degerinin iizerinde iken numune pozitif (+) olarak
yorumlandi. Cut off degerleri : A, +3SD(A,,: Bosluklarin
ortalama sogurumu, SD: Bosluklarin standart sapmasi). Bu
deger her testte her bir antikor i¢in belirlendi. Test sonuglarini
dogrulamak icin ELISA testi iki kez yapildi.

*) Elusyon tamponu: SmL 1M tris (hidroksi metil)
aminometan hidroklorur (tris-HCL), ImL 0.5M etilen diamin
tetra asetik asit (EDTA), 180 g ure, 25 mL %20 sodyum
dodesil sulfat, nihai hacmi 500 mL olan diyonize H,0O. EB pH

degeri 7.4 olarak ayarlanmis.

*#)100 mM sodyum bikarbonat tamponu : 0.42 g NaHCO,,
diyonize H,O ile 50 mL’lik bir totale getirili

***)Sea Block™ Blocking Buffer, #37527, Thermo Scientific

**%*¥)Blocker™ BSA : Blocker™ BSA in PBS, #37525,

Thermo Scientific

#doik#) | _Step™ pNPP, Thermo Scientific



Photo 2a. Elution buffer were added to each tube and samples were allowed to dissolve.

Photo 2b. Sample eluent and bicarbonate buffer were added to each well in 96-well polystyrene ELISA plate with a

multi-channel pipette.
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Figure 1. ELISA micro-plate. 4 dilutions for each sample and 4 dilutions for each standard, and 4 blanks were prepared
for use with each antibody (S1 and S2 means sample 1 and 2). Standards turned yellow, while samples did not, meaning

the antibodies did not recognize proteins.
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IT -4 -3 Result

The results from the ELISA of the samples are shown in
Figures 1 and 2. No collagen I (main component in glue),
ovalbumin (main component in egg white), casein, plant
gums (including gum tragacanth) were detected in sample 1
(ground), nor in sample 2 (red paint and ground). The ODs
(Optical Densities) of each well were all below the cut off
value. The samples contained no proteinaceous binder, or else
the antibodies did not recognize proteins that were denatured
by pigments, UV, and aging. As for the red paint layer of
sample 2, dissolved protein in the elution buffer may be
below detection limit for the antibodies, because it was very

thin layer and seemed to dissolve little.

Antibodies

Il -4 -3 Sonuc

ELISA o6rneklerinin sonuglar1 Sekil 1 ve 2’de gosterilmistir.
Kollajen I’siz (yapistiricidaki ana bilesen),ovalbumin (
yumurtanin beyazindaki ana bilesen),kazein, bitki sakizlari,
kitre 6rnek 1°de (toprak) saptanmis fakat 2’de (kirmizi
boya ve toprak) saptanmamistir. Her birinin OD (optik
yogunluk)’si esik degerin altindaydi. Protein baglayici ve
antikor igermeyen Ornekler,pigmentler,UV ve yipranma
sebebiyle,dogal yapisini yitirmis proteinleri tanimadilar.
Eltisyon tamponundaki ¢ozlinmiis toprak olan Kirmizi boya
tabakal1 6rnek 2, antikorlari algilama limitinin altindaydi.

Ciinkii ¢ok ince bir tabakaydi ve ¢ok az ¢oziilecek gibiydi.

Collagen [ (#AB19811), Collagen I (#AB34710) and Goat IgG (#AB6742): abcam

Fish Collagen I (#T89171R) : Meridian Life Science, Inc.

Ovalbumin (#AB1225) and Rabbit IgG (#AP132A): Merck Millipore

Casein (#BS-0813R): Bioss Inc.

Plant gums (#JIM13) and Gum Tragacanth (¥MAC265): Carbosorce, Complex Carbohydrate Research Center (University of

Georgia)
Rat IgM (#A110-100AP) : Bethyl Laboratories, Inc.
Rat IgG (#A8438) : Sigma-Aldorich, Inc.

IT -4 -4 References
I -4 -4 Kaynakca
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Table 1. Antibodies used in ELISA

Primary Antibody Secondary Antibody detegctable
Dilution used Dilution used
(catalog number) (catalog number) binding media
Collagen [ (#AB19811) 400 Goat IgG (#AB6742) 500 Animal glue
Collagen [ (#AB34710) 200 Rabbit IgG (#AP132A) 500 Animal glue
Fish Collagen 1 (#T89171R) 100 Rabbit IgG (#AP132A) 500 Fish glue
Ovalbumin (#AB1225) 1000 Rabbit IgG (#AP132A) 500 Egg White
Casein (#BS-0813R) 400 Rabbit IgG (#AP132A) 500 Casein
Plant gums (#JIM13) 50 Rat IgM (#A110-100AP) 500 Plant gums
Gum tragacanth (¥MAC265) 50 Rat IgG (#A8438) 500 Gum tragacanth

Result of ELISA
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Figure 2. ELISA result for the identification of the binding medium of sample 1 (ground) and sample 2 (red paint and
ground). 4 dilutions were prepared from each sample, one for each antibody and the average absorbance of 4 dilutions
are shown (bar chart). No collagen I , ovalbumin, casein, plant gums and gum tragacanth were detected in the both

sample. The dots indicate the cut-off values.
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IT -5 Nano liquid chromatography-electrospray ionization tandem
mass_spectrometry (Nano-LC-ESI-MS/MS) analysis of

the Uzimlu wall paintings

Nano Likit Kromatografisi Elektrospray lyonizasyonu Birlesik
Kutle Spektrometresi (Nano-LC-ESI-MS/MS) Uzimla Kilisesi

Duvar Resimlerinin Analizi

IT -5 —1 Materials and Methods
Sample treatment. Small samples (UZM_012, 013) of wall

painting fragments with and without paint layer were used
for the analysis (Figure 1). UZM 012 was taken from the
red painted area of the niche of Chamber 3, and UZM 013
was taken from the white ground of the vaulted ceiling
of Chamber 2. Samples were crushed in a mortar with a
single-use synthetic pestle and mixed with 1000 pL of 0.1
M NH4HCO3 and heated to 60 °C for 1 hour to extract
and denature the proteins. After extracting the proteins,
the solution was centrifuged at 8000g for 5 min, and the
supernatant was concentrated and dialyzed three times against
100 mM NH4HCO3 solution using Amicon Ultra centrifugal
filter units with a 3,000 Da cut off membrane (Millipore).

Enzymatic digestion. For protein digestion, 10 pL of
sequence grade trypsin (10 pg/mL 0.1 M NH4HCO3) was
added, and the solution was incubated at 37 °C for 16 hr. The
solution containing tryptic peptides were then loaded onto the
equilibrated ZipTip C18 Pipette Tip (Millipore), and eluted
with 50% (v/v) aqueous acetonitrile (AcCN) containing 0.1%
(v/v) trifluoroacetic acid (TFA).

Nano-LC-ESI-MS/MS. We adopted Nano-LC-ESI-MS/MS
analysis to detect proteins following previously reported
methods (1). We used a ZAPLOUS HPLCMS/MS System
(AMR Inc.) composed of an ADVANCE UHPLC dual
solvent delivery device (Michrom BioResources) and a
Finnigan LTQ linear ion-trap mass spectrometer (Thermo
Fischer Scientific) equipped with an XYZ nanoelectrospray
ionization source (AMR Inc.). Prior to the analysis, the

peptide solution was evaporated and re-dissolved in MS-

Shunsuke Fukakusa, Nara Women'’s University
Kazuki Kawahara, Osaka University
Takashi Nakazawa, Nara Women'’s University

IT -5 -1 Materyaller ve Yoéntemler

Ornek Islem: Analiz i¢in boya tabakali ve boya tabakasiz
duvar resmi pargalarindan alinan kii¢iik numuneler
(UZM_012,013) kullanild1 (Sekil 1). UZM_012, 3 No’lu
odadaki nisin kirmiz1 boyali yerinden, UZM 013 ise, 2
No’lu odanin tonozlu tavaninin beyaz zemininden alindi.
Numuneler tek kullanimlik bir sentetik havan tokmagi ile
bir havanmn i¢inde doviilerek 1000 pL 0.1 M NH4HCO3 ile
karistirildi ve proteinlerin ayitklanmasi ve denature edilmesi
icin 1 saat boyunca 60 °C’de 1sitild1. Proteinler ayiklandiktan
sonra, soliisyon 8000g’de 5 dakikaligina santrifuje edildi.
Supernatant, 3.000 Da membran kesitli (Millipore) Amicon
Ultra santrifuj filtre birimleri kullanarak 3 kez yogunlagtirildi

ve diyalize edildi.

Enzimatik Sindirim: Proteinin sindirilmesi i¢in, 10 pL dizilis
derecesinde tripsin (10 pg/mL 0.1 M NH4HCO3) ilave edildi
ve ¢ozelti 16 saat siireyle 37 °C’de inkube edildi. Triptik
peptitleri igeren ¢ozelti daha sonra, dengelenmis ZipTip C18
Pipette T1ip (Millipore) iizerine yiiklendi. 0.1% (v/v) igeren
trifluoroasetik (TFA) igeren 50% (v/v) sulu asetonitril (AcCN)
ile ayristirild.

Nano-LC-ESI-MS/MS: Daha 6nce rapor ettigimiz gibi,
benzer yontemlerle proteinleri tespit etmek i¢in Nano-LC-
ESI-MS/MS analizini sectik”. Bir ADVANCE UHPLC
¢ift ¢coziicii dagitim cihazi (MichromBioResources) ve
XYZ nanoelektrosprey iyonizasyon kaynag: (AMR
Inc.) ile donatilmig Finnigan LTQ dogrusal iyon-ayirici
spektrometresinden (Thermo Fischer Scientific) olusan bir
ZAPLOUS HPLCMS/MS Sistemi kullandik. Analiz dncesi,
peptit ¢ozelti buharlastirildi ve % 0.1 TFA igeren MS dereceli
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grade water (20 pl) containing 0.1% TFA. 2 uL aliquots were
loaded with an HTC PAL auto sampler (CTC Analytics) onto
a short trap column (L-Column Micro, 0.3 x 5 mm, Chemical
Evaluation Research Institute) for desalting and concentrating
the peptides. Transfer to a capillary reverse phase column
(ESI column, NTCC-360-100/150, 0.01 x 150 mm, Nikkyo
Tecnos inc.) was undertaken by washing the trap column
with 0.1% aqueous TFA containing 5% AcCN. The flow rate
was ~500 nL min-1. Concentration gradient of AcCN: 5% to
30% in 0.1% aqueous HCOOH for 40 min, 95% for 1 min,
constant at 95% for 3 min. The column temperature was 30
°C. Effluents from the separation column were introduced
into the mass spectrometer. The ESI voltage was 2.0 kV and
the temperature of transfer capillary at the LTQ inlet was 200
°C. The subsequent MS and MS/MS analysis in the order of
output from the nanoLC unit were performed by automatic
data acquisition system operated with Xcalibur software
(Thermo Fischer Scientific). MS survey scans were performed
in a mass range of m/z 450-1800 and helium gas was used

for collision-induced dissociation in MS/MS analysis.

Protein Database Search. All the MS/MS spectral data
obtained from nanoLC-ESI-MS/MS analysis were searched
with Mascot search engine (version 2.1.04; Matrix Science)
against the SwissProt database (released August 2014;
546,238 sequences). The searches were carried out with a
peptide mass tolerance of 2.0 Da and fragment mass tolerance
of 0.8 Da. In order to reduce the possibility of missing
modified peptides, we allowed for increments of 16 Da for the
oxidation of Pro, 1 Da for the deamidation of Asn and Gln as
well as maximally 2 miss-cleavage sites in trypsin digestion.
All the peptide sequences identified by nanoLC-ESI-MS/
MS analysis coupled with the Mascot database search were
further checked by manual inspection of the MS/MS spectra

to verify the sequence assignments

IT -5 -2 Results

Two small fragments sampled from the Uziimlii wall
paintings, one (UZM_012) with red painting layer and white
ground material (0.48 mg) and the other (UZM_013) without
painting layer (3.42 mg), were independently analyzed
by Nano-LC-ESI-MS/MS. The base peak chromatograms
from Nano-LC-ESI-MS/MS analysis of the tryptic digest of
proteins extracted from these samples are shown in Figure 2.

A total of 20,117 and 19,009 MS/MS spectra for the samples

su (20 il) igerisinde yeniden ¢o6ziindiiriildii. Peptitlerin
desanilizesi ve yogunlagmasi i¢in HTC PAL otomatik
numune alict (CTC Analytics) ile birlikte kisa ayirict kolona
(L-Column Micro, 0.3 x Smm, Chemical Evaluation Research
Institute) 2 uL s1vi boliintii yiiklendi. Ayirict kolon 5%
AcCN igeren 0.1% sulu TFA ile yikanarak bir tiip ters faz
kolonuna (ESI column, NTCC-360-100/150,0.01 x 150mm,
NikkyoTecnosing.) aktarildi. Akis hiz1 ~500 nL dakika
'dir. AcCN konsantre gradiyenti : %0.1 sulu 5% ila 30%
HCOOH’de 40 dakika boyunca, %95 1 dakika boyunca, %95
konstantan 3 dakika kadar. Kolon 1s1s1 30 °C idi. Ayirma
kolonundaki atiksu, kiitle spektrometresinin i¢ine yerlestirildi.
ESI voltaji 2.0 kV ve LTQ girisindeki transfer tiipii sicakligi
200 °C idi. ThenanoLC {initesi ¢ikis sirasindaki daha
sonraki MS ve MS/MS analizleri, Xcalibur yazilim (Thermo
Fischer Scientific) ile isletilen otomatik data toplama sistemi
tarafindan yapildi. MS incelemesi, m / z 450-1800 bir kiitle
araliginda yapildi ve helyum gazi, MS / MS analizinde
carpisma kaynakli ayrisma i¢in helyum gazi kullanildi.

Protein Veritabani Arastirmasi : Nano LC-ESI-MS/MS
analizlerinden elde edilen tiim spektral veriler SwissProt
veritabanina dayanan (Cikis: Agustos 2014; 546,238 dizili)
arama motoru Mascot ile tarandi (siirim 2.1.04; Matrix
Science). Incelemeler, kiitle tolerans1 2.0 Da ve parca
kiitle toleranst 0.8 Da olan bir peptit ile gerceklestirildi.
Degistirilmis peptitlerin kayip olasiligini azaltmak
amaciyla, tripsin sindirimindeki yerlerde maksimum 2 kayip
boliinmeyle birlikte, Pro oksidasyonu i¢in16 Da, Asn ve
Gln deamidasyonu i¢in 1 Da’lik artisa izin verdik. Mascot
veritabani arastirmasinin eslik ettigi nanoLC-ESI-MS/MS
analizleri tarafindan tanimlanmis biitliin peptitler bundan
baska, dizi tayinlerini dogrulamak i¢cin MS/MS spektrumu

elle denetlendi.

IT -5 -2 Sonugclar

Uziimlii duvar resimlerinden alinan (UZM_012) kirmizi
renkli bir boya tabakasi ile beyaz zemin malzemesi olan
parca ve boya tabakasi olmayan (3.42 mg) parca (UZM_013)
Nano-LC-ESI-MS/MS ile bagimsiz olarak analiz edildi. Bu
numunelerden elde edilen proteinlerin triptik sindiriminin
Nano-LC-ESI-MS/MS analizlerine dayanan tepe deger
kromatogramlari Sekil 2'de gosterilmistir. Boya tabakasi olan

ve olmayan numuneler i¢in toplam 20,117 ve 19,009 MS/MS
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with and without painting layer, respectively, were obtained
and subsequently searched by utilizing Mascot search engine
against the full SwissProt database including amino acid
sequences of proteins, such as collagen, casein, and albumin
from various animal taxa historically used as proteinaceous

binding materials.

The Nano-LC-ESI-MS/MS analysis coupled with database
search on the red wall painting fragments identified a series
of human keratins and trypsin with confident matches
(significant threshold p < 0.05, ion score cut-off 50) as listed
in Table 1. However, these proteins (peptides) are generally
associated with protein contamination possibly originates
from environmental exposure of the samples and from
autodigestion of trypsin used for protein digestion procedure
(2). This interpretation is also supported by the fact that
almost the same sets of proteins were identified in the sample

of ground material without paint layer (Table 2).

Although it is possible to speculate that the unexpected
modifications and cross-links as well as non-specific
cleavages of the peptides and/or proteins hamper the
detection of ancient proteins, the results shown here shows no
indication of proteinaceous binding media in the fragments of

the Uziimlii wall painting.

I -5 -3 References
I -5 -3 Kaynaklar

spektrum sirasiyla elde edildi ve daha sonra tarihsel olarak
protein baglayicit malzeme olarak kullanilmis ¢esitli hayvan
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Figure 1. Small fragments sampled from the Uziimlii wall paintings. Fragments with red painting layer and white ground
material (UZM_012: a) and those of ground material (UZM_013: b).

Figure 2. Base peak chromatogram in the positive ion mode using ESI-MS detection of fragments with red painting layer

and white ground material (UZM_012: a), and of fragments of ground material (UZM_013: b).

Table 1. The list of identified proteins from fragments with red painting layer (UZM_012).

Protein (Species) Total ion scorea | Sequence coverage (%)
Keratin type II cytoskeletal 1 ~ ( Homo sapiens) 458 28
Keratin type I cytoskeletal 10 (Homo sapiens) 351 19
Keratin type I cytoskeletal 9 (Homo sapiens) 248 28
Trypsin (Sus scrofa) 196 16
Keratin type I cytoskeletal 14 (Homo sapiens) 76 7

The total ion score was calculated by summation of the ion scores for the individual identified
peptide sequences using MASCOT search engine (http://www.matrixscience.com).

Table 2. The list of identified proteins from fragments of ground material (UZM_013).

Protein (Species) Total ion scorea Sequence coverage (%)
Keratin type II cytoskeletal 1 (Homo sapiens) 413 22
Keratin type I cytoskeletal 9 (Homo sapiens) 314 29
Keratin type I cytoskeletal 10 (Homo sapiens) 213 12
Trypsin (Sus scrofa) 204 16
Keratin type I cytoskeletal 14 (Homo sapiens) 95 6

The total ion score was calculated by summation of the ion scores for the individual identified
peptide sequences using MASCOT search engine (http://www.matrixscience.com).
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Il -6 Documentation of Uziimlii Church: High-resolution Database of the

Condition of Paintings

Uztmli Kilisesi Dokiimantasyonu: Resimlerin Yiiksek

Cozunurlakla Veritabani

Tamaki Suzuki, Visiting researcher, National Research Institute for Cultural Properties, Tokyo
Ryo Higuchi, Tokyo Institute of Technology
Mina Shibata, Assistant, National Research Institute for Cultural Properties, Tokyo

IT -6 —1 Architectural Style of Uziimlii Church

The rock hewn church of Uziimlii is located in the Red Valley,
Cappadocia. Little is known about the history of the church
since little documentation exists. However, because the wall
paintings are similar to those found in Pantokrator Monastery
(Zeyrek Kilise Camii), Istanbul (1120-1136), the wall
paintings in the Uziimlii church may date from the period
of Komnenos dynasty (1081-1185). On the other hand, it is
very difficult to determine the exact period when this church
was built or wall paintings were executed, because the cave
church was extended by excavating the rock gradually. The
wall paintings do not contain any botanical materials such as

thatch so that there is nothing useful to analyze for dating.

The rock hewn church is composed of three original

EEINNT3

chambers; “narthex”, “nave” and “apse” in order from west
entrance, and two additional chambers that were excavated at
a later period. The plans of narthex and nave are imperfect
rectangles, and the plan of apse is an ellipse. The ceiling of
the narthex and nave are barrel vaulted and that of apse is
domed. The nave and apse are attached to the later chambers
on the north side. These chambers are cuboid and not covered
with paintings. Comparing with the exposed rock surface
of the main chambers, the surface of the two additional
chambers are roughly excavated, indicating obviously
different technique. Therefore, it would seem that these

additional chambers were never painted.

The 12th century mural paintings survive around the arched
entrance, north arch and barrel vault in the narthex, south,
east, west wall and barrel vault in the nave, south east wall
and dome in the apse, and transverse arch between nave and
apse. Nonetheless we assume the transverse arch between
narthex and nave may be covered with wall painting, however
the lower part of this transverse arch is collapsed and it is not

possible to identify any remains of the wall painting there.

I -6 —1 Uzumlu Kilisesi’ nin Mimari Yapisi

Yontulmus kaya kilisesi olan Uziimlii Kilisesi Kapadokya,
Kizil Vadide yer almaktadir. Sadece bir kag belge bulunmasi
sebebiyle, bu kilise hakkinda detayl1 bilgi bulunmamaktadir.
Duvar resimleri 1120-1136 yillari arasinda Istanbul’da insa
edilen Zeyrek Kilisesi Cami’si ile benzerlik gdstermesine
ragmen, Uziimlii Kilisesi’nin duvar resimlerinin Kommenos
Hanedani(1081-1185) déneminde tasvir edilmis olma ihtimali
vardir.Fakat, kilisenin tam olarak hangi donemde insa
edildigini yada duvarlarin ne zaman resmedildigini saptamak
oldukga zordur. Ciinkii magara kilisesi, kayalarin zamanla
oyulmasiyla genisletilmis olabilir. Duvarlar resimleri saman
gibi bitkisel maddeleri igermediginden, kronolojisini analiz

edebilecek faydali hir birsey yoktur.

Yontulmus kaya magara kilisesi bati girisinden sirasiyla,
orijinal olarak yapilmis “Dehliz”,”Nef” ve “Sunak” olmak
lizere li¢ odadan olusmaktadir ve daha sonraki dénemlerde
genisletilmis iki ek oda vardir. Dehliz ve Nef’in oda plani
tam dikdortgen degildir ve sunaginki ovaldir. Dehliz ve
Nef’in tavani besik kemer sunaginki ise kubbe seklindedir.
Nef ve sunak kuzey tarafa dogru resimsiz ve kiip seklindeki
ek odalarla bitisiktir. Ana odalarin yiizeyi ve iki ek odanin
ylizeyleri karsilastirildiginda, ek odalarin kabaca kazildig:
anlasilmakta, bu sebeple farkli bir teknik oldugu agik¢a
goriilmektedir. Sonug olarak, bu ek odalar hi¢ boyanmamis

olabilir.

12.yy duvar resimleri kemerli giris, kuzey kemeri ve
dehlizdeki besik kemer, giiney,dogu, bat1 duvarlari ve nefin
besik kemeri, glineydogu duvari, sunagin kubbesi ve nef
ile sunak arasindaki ¢apraz kemer etrafinda bulunmaktadir.
Bununla birlikte, dehliz ve nef arasindaki ¢apraz kemerin
de duvar resimleri ile kapl oldugunu varsaymaktayiz. Fakat
capraz kemerin alt kismi ¢okmiistiir ve orada duvar resmi

olup oldmadigini belirlemek imkansizdir.
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In this project, the chambers were identified as follows:

Narthex: Chamber 1
Nave: Chamber 2
Apse: Chamber 3

Transverse arch between nave and apse: arch 2-3

I -6 -2 Photographic documentation and image
processing

IT -6 —2.1 Aim of documentation

The documentation aimed to record the current composition
and condition of the mural paintings of Uziimlii church and
to create a high resolution image database. Documentation
by digital method, such as high resolution photography, is
one of the cutting-edge techniques and most useful methods
to record the condition of cultural heritage. Especially in
recent mural paintings conservation projects, high resolution
images are useful because it is possible to show general views
and also to zoom in on details of the painting condition on
a single image. As the paintings were damaged by diverse
mechanisms such as physical, environmental and biological
effects, it is highly advantageous to record these details of

painting condition on high resolution base maps.

Despite its great merits, the cost of high resolution
photography and the difficulty of operating its instruments
and software have commonly been an impediment
for researchers and conservators. However, the recent
development of graphic software makes its operation simpler
and less expensive. In this research project, since the budget,
time and human resources are limited, the documentation had

to be achieved in both “high-resolution” but at “low cost”.

The documentation of the rock hewn church was first
undertaken by Dr. Nicole Thierry, from the University
of Paris-Sorbonne, France, in the 1960s. Her research
focused on recording the iconographic scheme and the
first comprehensive publication was made. Preliminary
measurement of the rock hewn churches around Cappadocia
valley was also done by Japanese research team led by Dr.
Masaru Maeno, Professor of Tokyo University of the Arts in
the early 1970s, during which work architectural drawings of
church of Uziimlii were made. However since the 1970s, no

further documentation has been undertaken, and the paintings

Bu projede odalarin isimleri agagidaki sekilde belirlenmistir:

Dehliz: Oda 1
Nef: Oda 2
Sunak: Oda 3

Nef ve sunak arasindaki ¢apraz kemer : kemer 2-3

IT -6 -2 Fotografik belgeleme ve gériintii islemi

IT -6 —2.1 Belgelemenin amaci

Belgeleme Uziimii Kilisesi’ndeki duvar resimlerinin
son yapist ve durumuna iliskin kayit yapmay1 ve yiiksek
¢Ozliniirliklii gorlintii veritabani olusturmay1 amaglamaktadir.
Yiiksek ¢oziiniirlikli fotograflar gibi dijital metotlarla
belgeleme, kiiltiirel miraslarin giiniimiizdeki durumunu
kayit edebilmek i¢in en kullanisli ve en ileri tekniklerden
biridir. Ozelliklede duvar resimlerini koruma projesinde
yiiksek ¢ozlnirlikli gorintiiler kullanighdir. Clinkd tek
bir goriintii verisinde genel bir goriintii gostermek ve
resimlerin detaylarini yakinlastirarak gérmek mimkiindiir.
Resimler fiziksel, biyolojik ve cevresel etkenler gibi
farkli mekanizmalar tarafindan zarar gordiigii i¢in, detayli
durumlarini yiiksek ¢oziiniirliiklii haritada kaydetmek biiyiik

bir avantajdir.

Biiyiik meziyetlerinin aksine maliyeti, araglarin zor islemesi
ve yazilim her zaman arastirmacilar ve konservatorler igin
sikintt olmustur. Ancak, en son grafik yazilim gelismeleri
isletimi daha basit kilmistir ve maliyeti ¢ok degildir.Bu
projede biit¢e,insan kaynaklart ve zaman sinirlt oldugu
icin belgeleme yiiksek ¢oziintirlikte fakat diisiik maliyette

yapilmak zorundaydi.

Yontulmus kaya kilisesi ilk belgelemeleri 1960’larda
Fransa Paris-Sorbonne Universitesi’nden Dr.Nicole Thierry
tarafindan yapilmistir. Caligmalarinda, yapilan ilk kapsamli
yayin ve ikonografik sema iizerine yogunlasti. Kapadokya
vadisi ¢evresindeki yontulmus kaya kiliselerinin ilk 6l¢timleri,
Uziimlii Kilisesinin mimari ¢iziminin yapildig1 1970
yilinda, Tokyo Sanat Universitesi Prof. Dr.M.Maeno’niin
liderligini yaptig1 bir grup Japon arastirmacisi tarafindan
gerceklestirilmistir.Fakat, resimler gittikce fiziksel, ¢cevresel
ve biyolojik etkilerle zarar goriirken, 1970’ lerden bu yana

higbir belge olusturulmamistir.
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have been gradually damaged by physical, environmental and

biological effects.

IT -6 —2.2 Documentation methodology

Since the paintings are depicted on the large surface of
the walls, vaulted ceiling and dome, it was impossible to
capture whole images in a single shot. Therefore the wall
paintings were photographed in several pieces both vertically
and horizontally, and the pieces were merged digitally into
a single high resolution image using Adobe Photoshop
software. After the images were rectified by measurement
data, the base maps of each wall and ceiling were created.
The condition of the paintings recorded on the OHP films
were digitized on the high resolution base maps. The process
of documentation generally followed these 4 steps:

1) Photography of the paintings

2) Measurement of the cave and location of paintings

3) Image processing: Merging photographs into a single high
resolution photograph. Rectification of the image and creation
of base map.

4) Condition assessment and recording

IT -6 —2.3 Instruments

The instruments used for the survey are listed below:

Digital Camera (Canon 60D)

Lens (Canon EF-S10-22mm F3.5-4.5 USM)

Tripod (Manfrotto C55)

Laser Digital distancemeter (Leica Disto D210, Fig. 2)
Measuring Tape

Software: Adobe Photoshop CS6, Adobe Illustrator CS6

Il -6 —2.4 Photography of the Wall Painting

Photography was conducted by setting the camera on a tripod
horizontally and parallel to the wall painting. Then, the
distance between the lens and the wall painting was measured
by the digital distance meter. Depending on the dimension
of wall paintings, the paintings were taken by several shots.
When the camera was moved horizontally and vertically,
the distance between the lens and paintings was maintained
consistent, and each shot should contain enough overlap with
photographs of adjacent areas, so that digital merge could be
processed successfully. Figure 3 is an example of a merged
photograph. In this example, four photos (two rows of two

shots) were taken of the wall painting on the South wall in

Il -6 —-2.2 Belgeleme Metodu

Resimler duvarlarin genis yilizeyinde, kemerli tavan ve
kubbede resmedildigi icin, biitiin goriintiiyli tek seferde
cekmek imkansizdi. Bu sebeple,resimler hem yatay hem
de dikey olarak birka¢ parca halinde c¢ekildi ve Adobe
Photoshop yaziliminda yiiksek ¢oziiniirliiklii tek bir goriintii
olarak birlestirildi. Resimler 6l¢iim verileriyle diizeltildikten
sonra, biitiin duvar ve tavanin ana haritas1 olusturuldu.
Resimlerin durumlar:1 yiiksek ¢6ziiniirliklii haritalar
tizerinde dijitallestirilmis, OHP filmlerine kaydedilmistir.
Dokiimantasyon siireci temelde bu 4 asamada kategorize
edilir.

1) Resimlerin Fotograflart

2) Magaranin dl¢iimii ve resimlerin yerleri

3) Goriintiileme Islemi: Fotograflari yiiksek ¢oziiniirliiklii tek
bir veriye doniistiirme.

4) Durum degerlendirmesi ve kayit

Il -6 -2.3 Araclar

Arastirma i¢in kullanilan araglar asagida listelenmistir.

Dijital Kamera (Canon 60D)

Lens (Canon EF-S10-22mm F3.5-4.5 USM)

Tripod (Manfrotto C55)

Dijital mesafe dlcer(Leica Disto D210, Sekil 2)
Olgme seridi

Yazilim: Adobe Photoshop CS6,Adobe Illustrator CS6

I -6 —2.4 Duvar Resimleri’ nin Fotograflanmasi
Fotograflama, kameray1 tripod iizerinde yatay olarak ve
duvar resimlerine paralel olacak sekilde ayarlayarak yapildi.
Ardindan lens ve duvar resimleri arasindaki uzaklik dijital
mesafe dlcerle 6l¢lildii. Duvar resimlerinin boyutlarina
bagli olarak, resimler birkac¢ kez ¢ekildi.Kamera yatay ve
dikey olarak sirayla hareket ettirildiginde, lens ve resimler
arasindaki mesafe esit olmali ve her bir ¢ekim birbiriyle
ortiismelidir. Aksi takdirde dijital birlestirme islemi basarili
bir sekilde yapilamazdi.Sekil 3 birkac¢ ¢ekim fotograflamasi
ornegidir. Bu durumda Oda 2’deki giiney duvarlarinin 4

fotografini (iki ¢ekimin iki siras1) cektik.
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Figure 1. Names of the chambers in the Uziimlii church

Figure 2. Digital distance meter (Leica)
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Diagram of 4-image merging
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Figure 4. Measurement on the wall painting (Dome in the Chamber 3)
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Chamber 2.

I -6 —-2.5 Measurement

The measurement of the cave was based on the architectural
plan created by Prof. Maeno in 1970s, since there is no
digital measurement data. Further measurements were taken
in this research in order to record the exact dimension of
the paintings and distance between some important figures
and features, which were necessary for the merging of the
images. First, the height and width of the wall paintings were
measured using a digital distance meter or the measuring
tape. Additionally, the distance between distinctive figures,
such as saints, was measured. In the case of curved surfaces,
the inner radial of the vaults or dome were measured since it

required opened curve-face not straight projection (Fig. 4).

IT -6 -2.6 Image Processing

The photographs were merged into a single high resolution
image using the “photo merge” function of Adobe Photoshop
CS6. The merged image was rectified manually based on
the measurement data, resized to the exact scale and then set
into the format of the base on the Adobe Illustrator CS6. The
process of merge and rectification using Adobe Photoshop

CS6 is as follows:

[Procedure of Photomerge]

1) Read files (Fig. 5): read the files to merge and then select
[Automate] in the [File] menu. Then click [Photomerge] and
select [Add Open Files].

2) Merge files (Fig. 6): check [Blend Images Together],
[Vignette Removal] and [Geometric Distortion Correction].
Then click [OK].

3) Check the edge of each of the images (Fig. 7): If the
processes above were done correctly, we then checked each
end of the reading photographs.

4) Combine the layers (Fig. 8): Select [Layer] menu and click
[Merge Visible].

5) Set the guidelines for revision (Fig. 9): Select [ View] menu
and click [New Guide...]. Then move the guides based on the
measured places such as Figure 3.

6) Revise the photograph (Fig. 10): Select [Edit] menu and
click [Warp] from the [Transform] menu, and revise the
distorted areas of the merged photographs and adjust them to
fit the exact scale.

7) Apply the Transform (Fig. 11): After finishing transform,
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I -6 —2.5 Olcim

Higbir dijital 6l¢tim verisi olmadigindan, magaranin 6lgimdi,
1970'li yillarda Prof. Maeno tarafindan olusturulan mimari
plana dayantyordu. Fotograflarin birlestirilmesi i¢in gerekli
olan, baz1 6nemli figiirler, 6zellikleri, arasindaki uzaklik ve
resimler arasindaki tam mesafeyi kaydedebilmek i¢in bu
aragtirmada daha detayl 6lgiim yapildi. ilk olarak, yiikseklik
ve duvar resminin genisligi dijital mesafe 6lger veya dlgiim
bandi ile dl¢iildii. Buna ek olarak, Azizler gibi farkli figiirler
arasindaki uzunluk 6lgiildi. Kivrimli yiizeyler,kubbelerin
ya da kemerlerin i¢ daireleri 6l¢iildii. Clinkii,diiz perspektif

degil agik kivrim yiizii gerekmektedir (Sekil 4).

IT -6 —2.6 Goriintu Islemi

Fotograflar Adobe Photoshop CS6 “fotograf birlestirme”
fonksiyonu ile bir tek yiiksek ¢oziiniirliiklii goriintii olarak
birlestirildi. Birlestirilen resimler 6lgiim verisi yardimiyla elle
diizeltildi ve tam O6lcekte tekrar boyutlandirilip, daha sonra
Adobe Illustrator CS6’da veri formatina konuldu. Birlestirme
islemi ve Adobe Photoshop CS6 kullanilarak yapilan

diizeltme islemi asagidaki sekildedir:

1) Dosyalar1 okuma (Sekil 5):dosyalar1 okuyun ve Dosya
meniisiindeki (Automate)kismini se¢in. Daha sonra
(Photomerge)’yi tiklayin ve (Add Open Files)’1 se¢in.

2) Dosyalari birlestirme (Sekil 6):Resimleri Birlikte Karistir
(Blend Images Together),Ske¢ Kaldirma ( Vignette Removal
) ve Geometrik Bozukluk Diizeltimi (Geometric Distortion
Correction) ‘1 se¢ip ardindan Tamam tusuna basin.

3) Resimlerin Biitiin Kdselerini Kontrol Etme (Sekil 7):Eger
yukarda belirtilen islem hatasiz bir sekilde yapildiysa, okunan
fotograflarin her birinin sonunu isaretleyin .

4) Tabakalar1 olusturma (Sekil 8):Tabaka(Layer) meniisiinii
secip Birlestirme Gortilsiin (Merge Visible)yazisini tiklayin.
5) Diizeltme icin I¢in Ana Hat olusturma (Sekil 9):
Goriintiile(View) meniisiinii tiklayin ve Yeni Klavuz’u(New
Guide) secin.Daha sonra Sekil 3 ’deki gibi dlgiilmiis yerleri
esas alan klavuzu hareket ettirin.

6) Fotografi Diizeltme (Sekil 10):Diizenleme(Edit) meniisiinii
se¢ip Doniisiim (Transform) bolimiinden Egme(Warp) ‘yi
secin. Daha sonra olusturulan fotograftaki bozulmus bdlgeleri

diizeltin ve tam 6l¢iiye uyacak sekilde ayarlayimn.



click [Apply] in the window "Apply the transform?".

Figure 12 is an example of the photograph of the dome,

which was merged from five images.

Following this method, thirteen base maps were created (Fig.

13).

7) Dontisim Uygulamast (Sekil 11):Dontistimi
tamamladiktan sonra pencerede beliren Doniistimii Uygulasin
mi?(Apply the transform?) Kisminda Uygula(Apply) tusuna
basin.

Sekil 12 bes goriintiiniin birlesmesiyle olusturulmus kubbe
fotografi 6rnegidir.

Bu metodu uygulayarak on ii¢ sayfa harita verisi

olusturulmustur (Sekil 13).

Figure 5. Image merging process 1: Photomerge tool on the menu bar

Figure 6. Image merging process 2

13

: Choosing the files to combine



Figure7-1. Image merging process 3: Example of the succeeded and failed combining photos

Figure7-2. Image merging process 3: Example of the succeeded and failed combining photos
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Figure 8. Image merging process 4: Combine the layers of the photographs

Figure 9. Image merging process b: Setting the guidelines
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Figure 10. Image merging process 6: Choosing the warp tool

Figure 11. Image merging process 7: Applying the warp tool
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Figure 12. Finished photograph merged five images

Table 1. List of the paintings documented in the church.

Chamber ID Location of paintings
1-S South wall
1-N North arch
1-E East wall
Chamberl (Narthex)
1-W West wall
1-V Barrel vault
1-ET Arch of the west entrance
2-S South wall
2-E East wall
Chamber2 (Nave)
2-W West wall
2-V Barrel vault
3-D Dome
Chamber3 (Apse)
3-SE Southeast wall
Transverse arch between
Transverse Arch 2-3-C

Chamber2 and Chamber3







V. Appendices







IV-1. Scientific Analysis

Sample: UZM_003

Sample location: Room1 Vaulted ceiling

a. Sample location b. Sample location (in detail)

200 pm

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image e)

Ga T

0 1 2 3
PUAT-ILS6E11 I7r AL 0000 ke
g. SEM-BSE image of cross-section h. EDX results
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IV-1. Scientific Analysis

Sample: UZM_004

Sample location: Room2 Vaulted ceiling (south)

a. Sample location b. Sample location (in detail)

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image €)

AL E

Ca

[¥]
Fb

Si

Fb

A1 36947 39k 3-°AL 0.000 ke

g. SEM-BSE image of cross-section h. EDX results
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Sample: UZM_005

Sample location: Room2 Vaulted ceiling

a. Sample location b. Sample location (in detail)

200 pm

- 4“;“ L3 S o Aia Iiﬂ' g

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

2FTE
-

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image €)

% T

b
Pb

BDFLICHL 4;798 myrzn-‘m: DDDSD
g. SEM-BSE image of cross-section h. EDX results
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IV-1. Scientific Analysis

Sample: UZM_007

Sample location: Room2 Vaulted ceiling

a. Sample location b. Sample location (in detail)

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image €)

AL E

Si Py
. b g
A
U P L T Fe

0 1 H
P21 36692 p9b 3-°AL 0.000 ke

g. SEM-BSE image of cross-section h. EDX results
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Sample: UZM_008

Sample location: Room2 Vaulted ceiling north

a. Sample location b. Sample location (in detail)

200 pm

¢. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

200 pm 200 pm

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image e)

5i AHL

Fe

/\_Fe

0 1 z 3
7 -1L 54374 ut -9 0.000

g. SEM-BSE image of cross-section h. EDX results
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IV-1. Scientific Analysis

Sample: UZM_009

Sample location: Room2 Vaulted ceiling north, nimbus of saint

a. Sample location b. Sample location (in detail)

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image €)
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Sample: UZM_010

Sample location: Room2 West

a. Sample location b. Sample location (in detail)

1.0 mm 200 pm

c. Light microscopy image of unmounted sample d. Light microscopy image under UV-light

e. Light microscopy image of cross-section f. Light microscopy image of cross-section under
UV-light (the same view as image e)

AHL

Pb

Fb g Ca
e amce ko
‘ ' ‘ 4 5 5 7 ; AT
[PIZ 1L 145975 A9t A=Y 0.000 ke
g. SEM-BSE image of cross-section h. EDX results

127



IV-1. Scientific Analysis

Sample: UZM_011

Sample location: Room2 West

a. Sample location

1.0 mm

b. Sample location (in detail)

__ 200pm

d. Light microscopy image under UV-light

e. Light microscopy image of cross-section

g. SEM-BSE image of cross-section

f. Light microscopy image of cross-section under
UV-light (the same view as image €)

Ca FARTIN]

0 1 2 3
PAAT-IL 64212 3900 3-"Al 0000 ke

h. EDX results
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a. Light microscopy image of cross-section

b. SEM-BSE image of cross-section

Ca

ZAMHL

0 1 2 ?:
U271, 36947 7t -0 0000

A
771l 65

¢. EDS spectrum of the red particle
EDS analysis of the particles of color altereation (UZM _004)

a. Light microscopy image of cross-section

d. EDS spectrum of the black particle

b. SEM-BSE image of cross-section

AL E

0 1 2 1
WZ-1L 49798 Jut 3-3): 0000

Ca s o
T S N S I S
IZT-1L 48189 Fpat 3-3/ 0.000 ke

c. EDS spectrum of the red particle

d. EDS spectrum of the black particle
EDS analysis of the particles of color altereation (UZM_005)




[V-2. Condition glossary

UzZUMLU CHURCH, CAPPADOCIA
Condition glossary
September 2014

ROCK DETERIORATION
KAYADA BOZULMA

BIYOLOJIC BOZULMA

BIOLOGIC ACTIVITY

Evidence of animal inhabitation
(insects, spiders). Often, they appear
to have inhabited pre-existing
fractures in the rock, possibly

exacerbating deterioration

SIYAHLASMA

DEPOSITION OF DARK MATERIAL

Deposits of dark brown or blackish
material on the surface of the rock.
Its origin is unclear, but it may be
caused by biologic activity (ex.
insects, bats). It appears to have been
deposited on the stone after a loss of]
plaster, but this is uncertain — similar
deposits do not appear on the surface
of the plaster or paint layers. Could
it have formed under the plaster and
contributed to detachment? If of]
insect or animal origin, what caused

the depopulation?
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YAPISAL CATLAH STRUCTURAL CRACKS

Large cracks which run through the
body of the rock, caused by faulting

YUZEYDE KUCUK CATLAK  |SPALLING

Detachment of the rock on a small
scale, in parallel to the surface of the
rock, probably more due to internal
failure of the rock itself than macro-
failure of the structure, though the

two factors may be inter-related
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[V-2. Condition glossary

PLASTER DETERIORATION
SIVADA BOZULMA

SIVA TOBAKASINDA
AYRILMA

DETACHMENT OF LOWER PLASTER
LAYER

Loss of adhesion between the lower
plaster layer and rock substrate, as
assessed by visual evidence alone.
In general, the observed detachment
appears to result from mechanical
damage to the surrounding areas, or
structural cracking, though it may be

more extensive

MEKANIK HASARLAR

(insan eliyle yapilan hasar)

MECHANICAL DAMAGE

Rupture of the painting stratigr

aphy by human or animal action,
causing a variety of damage types:
loss of the entire stratigraphy,
revealing the underlying rock
substrate; loss of the paint layer,
ground and part of the lower plaster
layer, leaving the interior of the
lower plaster layer exposed; loss
of only the upper plaster ground,
leaving the surface of the lower
plaster layer intact; deformation
of the painting stratigraphy, which
otherwise remain intact. Often
appears as scratching, gouging, or
denting. Damage was often directed
at specific iconographic elements

(ex. faces, hands, books).
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BUTUN CATLAKLAR

CRACKING

Cracking of the plaster layer most
often resulting from cracking of]
the rock structure and mechanical
damage, though there may be other

causes

DELIKLER (5mm @)

HOLES

Very circular, small holes of]
approximately 5 mm @, which enter
into the plaster layer and generally
do not reach the substrate. Cause is

unknown as of yet.

GRAFITI

INCISED GRAFFITI

Inscriptions and drawings incised
into the surface of the painting,
affecting the paint layer, ground and
plaster layer. Some graffiti appears
to be ancient (written in Greek;
imagery of horses, monks etc), but
a significant proportion is modern
(based on writing, dates, phone

numbers ...).
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[V-2. Condition glossary

PAINT LAYER DETERIORATION
BOYA TABABASINDA BOZULMA

LEKELENMELER

SMEARING

Displacement of the paint layer
by mechanical action beyond its
original location, seen as a spreading
of the paint across the surface of the
plaster. Generally appears to have
been caused by contact with the
paint layer, perhaps in combination

with the presence of water

MIKRO KAYIPLAR

MICRO LOSSES

Extremely small, rounded losses of]
the paint layer generally on the order
of 0.5-1 mm @. Not always confined
to specific paint layers, but does
appears to be somewhat location-

specific
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BIYOLOJIK
NEDENLERLE
BOYA TABAKASINDA KAYIP

PAINT LAYER LOSS DUE TO BIOLOGIC
ACTIVITY

Loss of the paint layer due to the
former presence of birds’ nests
(primarily) which, when separated
from the painting surface, removed

part of the paint layer

KOYU GRI LEKELENMELER

DARK GREY VEIL

Veil extending over the surface of]
the painting, dark grey in color,
somewhat patchy, and of unclear

origin. Does not appear to be soot.

GRi LEKELENMELER

GREY SPOTTING

Faint, circular grey spots, 0.5-3 mm
@, on the surface of the painting.
Origin unclear, but often generally
occurs in the same vicinity as the

grey veil
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[V-2. Condition glossary

YUZEY BIRIKINTILERI

SURFACE DEPOSITION

Deposition of material on the
surface of the painting, such as
mud from birds’ nests or from later
construction in the church (ex. mud

plaster)

BiYOLOJiK BOZULMA

BIOLOGIC DETERIORATION

Discoloration (generally dark
grey) of certain areas of painting
due to animal inhabitation. Has
also resulted in the peeling and
detachment of the plaster layer in

certain areas

YUZEYSEL GRAFITI

SUPERFICIAL GRAFFITI
Graffiti applied to the surface of]
the painting using a medium such
as paint, ink, or graphite. At times
the original paint layer used as a

medium by taking advantage of its

friability/water sensitivity
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IV-3. Documentation of wall paintings

Table 1. List of the photographic documentation for the wall paintings

Index
UZM-001 1/100 Plan and Section
Mural condition map of Chamber 1

UZM-C,;-001 1/15 |Ceiling Photograph
UZM-C,-002 1/15 |Ceiling Rock Deterioration
UZM-C,-003 1/15  |Ceiling Plaster Deterioration
UZM-C,-004 1/15 |Ceiling Paint Deterioration
UZM-C,-005 1/25 |Intrados of Entrance Arch  [Photograph
UZM-C,;-006 1/25 |Intrados of Entrance Arch  |Rock Deterioration
UZM-C,-007 1/25  |Intrados of Entrance Arch  |Plaster Deterioration
UZM-C,;-008 1/25 |Intrados of Entrance Arch  |Paint Deterioration
UZM-C,-009 1/15  [North Arch Photograph
UZM-C,-010 1/15 |North Arch Rock Deterioration
UZM-C;-011 1/15 |North Arch Plaster Deterioration
UZM-C,;-012 1/15  [North Arch Paint Deterioration
UZM-C,;-013 1/10  |South Wall Photograph
UZM-C;-014 1/10  |South Wall Rock Deterioration
UZM-C,;-015 1/10  [South Wall Plaster Deterioration
UZM-C,-016 1/10  |South Wall Paint Deterioration
UZM-C,-017 1/10  |West Wall Photograph
UZM-C,-018 1/10  {West Wall Rock Deterioration
UZM-C;-019 1/10  |West Wall Plaster Deterioration
UZM-C;-020 1/10  |West Wall Paint Deterioration
UZM-C,-021 1/10  |East Wall Photograph
UZM-C,-022 1/10 |East Wall Rock Deterioration
UZM-C,-023 1/10 |East Wall Plaster Deterioration
UZM-C,;-024 1/10 |East Wall Paint Deterioration
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IV-3. Documentation of wall paintings

List of Plates

No Scale Location Category
Index
UzZM-001 1/100 Plan and Section
Mural condition map of Chamber 1

UZM-C,-001 1/15 |Ceiling Photograph
UZM-C,-002 1/15 (Ceiling Rock Deterioration
UZM-C,-003 1/15 (Ceiling Plaster Deterioration
UZM-C,-004 1/15 (Ceiling Paint Deterioration

UZM-C,;-005 1/25 |Intrados of Entrance Arch Photograph

UZM-C,;-006 1/25 |Intrados of Entrance Arch Rock Deterioration

UZM-C,-007 1/25 |Intrados of Entrance Arch Plaster Deterioration

UZM-C,-008 1/25 |Intrados of Entrance Arch Paint Deterioration

UZM-C,-009 1/15 [North Arch Photograph
UZM-C,;-010 1/15 |North Arch Rock Deterioration
UzZM-C,-011 1/15 |[North Arch Plaster Deterioration
UZM-C,-012 1/15 [North Arch Paint Deterioration
UZM-C,-013 1/10 [South Wall Photograph
UZM-C,;-014 1/10 |South Wall Rock Deterioration
UZM-C,-015 1/10 |South Wall Plaster Deterioration
UZM-C,-016 1/10 |South Wall Paint Deterioration
UZM-C,-017 1/10  [West Wall Photograph
UZM-C,-018 1/10 |West Wall Rock Deterioration
UZM-C,-019 1/10 |West Wall Plaster Deterioration
UZM-C,-020 1/10 |West Wall Paint Deterioration
UZM-C,-021 1/10 (East Wall Photograph
UZM-C,;-022 1/10 |East Wall Rock Deterioration
UZM-C,-023 1/10 |East Wall Plaster Deterioration

UZM-C;-024 1/10 |East Wall Paint Deterioration
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IV-3. Documentation of wall paintings

No Scale Location Category
Mural condition map of Chamber 2

UZM-C,-001 1/20 |Ceiling Photograph
UZM-C,-002 1/20 |Ceiling Rock Deterioration
UZM-C,-003 1/20 |Ceiling Plaster Deterioration
UZM-C,-004 1/20 |Ceiling Paint Deterioration
UZM-C,-005 1/15 |South Wall Photograph
UZM-C,-006 1/15 |South Wall Rock Deterioration
UZM-C,-007 1/15 |South Wall Plaster Deterioration
UZM-C,-008 1/15 |South Wall Paint Deterioration
UZM-C,-009 1/10  [West Wall Photograph
UZM-C,-010 1/10 |West Wall Rock Deterioration
UZM-C,-011 1/10 |West Wall Plaster Deterioration
UZM-C,-012 1/10 |West Wall Paint Deterioration
UZM-C,-013 1/10 |East Wall Photograph
UZM-C,-014 1/10 |East Wall Rock Deterioration
UZM-C,-015 1/10 |East Wall Plaster Deterioration
UZM-C,-016 1/10 |East Wall Paint Deterioration

Mural condition map of Transversal Arch

UZM-C,.;-001 1/10 [Intrados of Transversal Arch  [Photograph

UZM-C,_;-002 1/10 |Intrados of Transversal Arch |Rock Deterioration

UZM-C,_;-003 1/10 |Intrados of Transversal Arch |Plaster Deterioration

UZM-C,_;-004 1/10 |Intrados of Transversal Arch |Paint Deterioration

Mural condition map of Chamber 3

UZM-C;-001 1/20 |Ceiling Photograph
UZM-C;-002 1/20 |Ceiling Rock Deterioration
UZM-C;-003 1/20 |Ceiling Plaster Deterioration
UZM-C;-004 1/20 |Ceiling Paint Deterioration
UZM-C;-005 1/10 |South-eastern Wall Photograph
UZM-C,-006 1/10 |South-eastern Wall Rock Deterioration
UZM-C,-007 1/10 |South-eastern Wall Plaster Deterioration
UZM-C,-008 1/10 |South-eastern Wall Paint Deterioration
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IV-3. Documentation of wall paintings

Section A-A’

t Transverse Arch
UZM-C,;-001~004

UZM-C,-001~016

UZM-C;-001~008 /=

5 (m)

140

Section D-pr

Site Name

Cappadocia

Church Name (Turkish)

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Subject

Index

Scale

1/100

Plate No.

Plate 001 UzZM-001




IV-3. Documentation of wall paintings

Ceiling

141

0 1.0 (m)
Church Name (Turkish) Subject
Uzimlu Kilise Mural condition map
Church Name (Turkish) Scale Category
Chapel of Niketas the Stylite 1/15 Photograph
Location Plate No.

Ceiling of Chamber 1

Plate002 UZM-C;-001




IV-3. Documentation of wall paintings

Ceiling

170 (m)

LEGEND A: Rock Deterioration

Church Name (Turkish)

Subject

Deposition of Dark Material

| Biologic Activity

/‘/ Structural Cracks

142

Uzumli Kilise

Mural condition map

Church Name (Turkish)

Scale Category

Chapel of Niketas the Stylite

1/15 A

Location

Plate No.

Ceiling of Chamber 1

Plate003 UZM-C;:-002




IV-3. Documentation of wall paintings

Ceiling

U
<R

W s
':_'l:,“"l "2 *

170 (m)

LEGEND B: Plaster Deterioration

Church Name (Turkish)

Subject

Incised Graffiti

] Old Greek Graffiti

\| Detachment of Lower Layer

[T Mechanical Damege

_~" Cracking

o Holes
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Uzumli Kilise

Mural condition map

Church Name (Turkish) Scale Category
Chapel of Niketas the Stylite 1/15 B
Location Plate No.

Ceiling of Chamber 1

Plate004 UZM-C;-003




IV-3. Documentation of wall paintings

Ceiling

1:0 (m)

LEGEND c: Paint Deterioration

Church Name (Turkish)

Subject

Surface Deposition -~ Superficial Graffiti
[TTT7] Biological Deposition [
Paint Loss due to Biological Activity

Smearing
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Uzumli Kilise

Mural condition map

Church Name (Turkish)

Scale

Category

Chapel of Niketas the Stylite

1/15 C

Location

Plate No.

Ceiling of Chamber 1

Plate005 UZM-C;1-004




IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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—tVv=3—Documentationof watt paintings

170 (m)

Ceiling

Church Name (Turkish)

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

North Arch of Chamber 1

Subject

Mural condition map

Scale Category

1/15 Photograph

Plate No.

Plate 010 UZM-C:-009
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V=3~ Documentationof watt paintings

170 (m)

Ceiling

LEGEND A: Rock Deterioration

Church Name (Turkish)

_\| Spalling
" Structural Cracks

Biologic Activity

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

North Arch of Chamber 1

Subject

Mural condition map

Scale Category

1/15 A

Plate No.

Plate 011 UZM-C:-010
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—tVv=3—Documentationof watt paintings

[¢)

A
Difhim

>
e

Ceiling

LEGEND B: Plaster Deterioration

Church Name (Turkish)

Incised Graffiti
Detachment of Lower Layer

[TT] Mechanical Damege

_~~" Cracking

o Holes

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

North Arch of Chamber 1

Subject

Mural condition map

Scale Category

1/15 B

Plate No.

Plate 012 UZM-C:-011
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IV-3. Documentation of wall paintings |

170 (m)

LEGEND c: Paint Deterioration

Church Name (Turkish)

Dark Grey Veil

152

/~/ Superficial Graffiti

Uzumli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

North Arch of Chamber 1

Subject

Mural condition map

Scale Category

1/15 C

Plate No.

Plate 013 UZM-C:-012




IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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—tVv=3—Documentationof watt paintings

>
C 5
<JE
B>
Al <IF
L m)
Celllng Church Name (Turkish)

%E
=

B>

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 2

Subject

Mural condition map

Scale

Category

1/20 Photograph

Plate No.

Plate026 UZM-C:-001
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P=-3—Documentatiomrof walt-paimtings

Cr

<IF

L m)

Celllng LEGEND A: Rock Deterioration

Church Name (Turkish)

Deposition of Dark Material

‘Q‘é QAN Spalling

B>
_~" Structural Cracks

Biologic Activity

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 2

Subject

Mural condition map

Scale Category

1/20 A

Plate No.

Plate027 UZM-C:-002
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—tVv=3—Documentationof watt paintings

0 1 (m)
CElIlng LEGEND B: Plaster Deterioration church Name -(-Tur.k.iSh) R —
Uziamla Kilise
— . . Church Name (English)
) .. ° | Incised Graffiti - -
/\gﬁ! Chapel of Niketas the Stylite
Detachment of Lower Layer Location
e Ceiling of Chamber 2
5 [T} Mechanical Damege Subject
Mural condition map
2P /\/ Cracking Scale Category
A Q\___\ 1/20 B
o Holes Plate No.
& Plate028 UZM-C»-003
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IV-3. Documentation of wall paintings

Cl=

L (m)

Ceiling

LEGEND c: paint Deterioration

Church Name (Turkish)

Smearing
Dark Grey Veil
Grey Spotting

[TTTT] Biological Deposition

/| Surface Deposition

Micro Losses

[[T1T] Original Fixing

/~/ Superficial Graffiti

B Nail Paint Loss due to Biological Activity

Uzumli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 2

Subject

Mural condition map

Scale Category

1/20 Cc

Plate No.

Plate029 UZM-C:-004




IV-3. Documentation of wall paintings

Section A-A’

169

0 1.0 (m)
Church Name (Turkish) Subject
Uzimlu Kilise Mural condition map
Church Name (Turkish) Scale Category
Chapel of Niketas the Stylite 1/15 Photograph
Location Plate No.

South Wall of Chamber 2

Plate030 UZM-C:-005




IV-3. Documentation of wall paintings

Section A-A’

D
0
2 a
D
?
Q
¢
N
0 1.0 (m)
. . . Church Name (Turkish) Subject
LEGEND A: Rock Deterioration Uzumlii Kilise Mural condition map
Deposition of Dark Material Biologic Activity Church Name (Turkish) Scale Category
‘ Chapel of Niketas the Stylite 1/15 A
m Spa”mg /J StrUCtural CraCkS Location Plate No.
170 South Wall of Chamber 2 Plate031 UZM-C,-006




IV-3. Documentation of wall paintings

Section A-A’
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170 (m)

LEGEND B: Plaster Deterioration

Church Name (Turkish)

Incised Graffiti

_~~" Cracking o

Detachment of Lower Layer

[T Mechanical Damege

Uzumli Kilise

Mural condition map

Church Name (Turkish)

Chapel of Niketas the Stylite

B

Location

South Wall of Chamber 2

Plate032 UZM-C:-007




IV-3. Documentation of wall paintings

Section A-A’

1.0 (m)

LEGEND c: Paint Deterioration

Church Name (Turkish)

Subject

[] Smearing

|| Surface Deposition
] Micro Losses Grey Spotting

Dark Grey Veil
/~/ Suf)erﬁcial Graffiti
72

Uzimlu Kilise

Mural condition map

Church Name (Turkish)

Scale

Category

Chapel of Niketas the Stylite

1/15 C

Location

Plate No.

South Wall of Chamber 2

Plate033 UZM-C2-008




IV-3. Documentation of wall paintings

Section D-D’

05 (m)

Church Name (Turkish)

Subject

173

Uzimlu Kilise

Mural condition map

Church Name (English)

Scale Category

Chapel of Niketas the Stylite

1/10 Photograph

Location

Plate No.

West Wall of Chamber 2

Plate034 UZM-C2-009




IV-3. Documentation of wall paintings

Section D-D’

0 0.5 (m)
LEGEND A: Rock Deterioration Church Name (Turkish) Subject
Uzumlu Kilise Mural condition map
Deposition of Dark Material Biologic Activity Church Name (English) Scale Category
Chapel of Niketas the Stylite 1/10 A
.| Spalling _~" Structural Cracks Location Plate No.
174 West Wall of Chamber 2 Plate035 UZM-C--010




IV-3. Documentation of wall paintings

Section D-D’

0 0.5 (m)
. X i Church Name (Turkish) Subject

GEND B: Plaster Deterioration Uzumli Kilise Mural condition map
Incised Graffiti ) Church Name (English) Scale Category

Detachment of Lower Laver ~" Cracking Chapel of Niketas the Stylite 1/10 B

Y ° Hol Location Plate No.
oles

[T} Mechanical Damege 175 West Wall of Chamber 2 Plate036 UZM-C»-011




IV-3. Documentation of wall paintings

Section D-D’

05 (m)

LEGEND c: Paint Deterioration

Church Name (Turkish)

Subject

Micro Losses

[[TTTTTTT] Biological Deposition

Dark Grey Veil

Grey Spotting Paint Loss due to Biological Activity

176

Uzimli Kilise

Mural condition map

Church Name (English)

Scale Category

Chapel of Niketas the Stylite

1/10 C

Location

Plate No.

West Wall of Chamber 2

Plate037 UZM-C:-012




IV-3. Documentation of wall paintings

Section C-C’

Church Name (Turkish)

Subject

177

Uzimli Kilise

Mural condition map

Church Name (English)

Scale

Category

Chapel of Niketas the Stylite

1/10 Photograph

Location

Plate No.

East Wall of Chamber 2

Plate038 UZM-C2-013




IV-3. Documentation of wall paintings

Section C-C’

‘O““““‘O.‘S(m)

LEGEND A: Rock Deterioration

Church Name (Turkish)

Subject

Deposition of Dark Material Biologic Activity

.| Spalling _~" Structural Cracks

178

Uzimli Kilise

Mural condition map

Church Name (English)

Scale Category

Chapel of Niketas the Stylite

1/10 A

Location

Plate No.

East Wall of Chamber 2

Plate039 UZM-C:-014




IV-3. Documentation of wall paintings

Section C-C’
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LEGEND B: Plaster Deterioration

Church Name (Turkish)

Subject

Incised Graffiti

Uzimli Kilise

Mural condition map

/\/ C k Church Name (English) Scale Category
racking . K
1] Detachment of Lower Layer Chapel of Niketas the Stylite 110 B
o HO|ES Location Plate No.
[T} Mechanical Damege 179 East Wall of Chamber 2 Plate040 UZM-C»-015
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IV-3. Documentation of wall paintings (I I | )
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Section C-C’

0 0.5 (m)
i . X . Church Name (Turkish) Subject
LEGEND c: paint Deterioration Ozamla Kilise Mural condition map
Micro Losses  [[[[[[[]]] Biological Deposition Dark Grey Veil Church Name (Engiish) Scale Category
) Chapel of Niketas the Stylite 1/10 C
Grey Spotting Paint Loss due to Biological Activity Cocation Plaie No.
180 East Wall of Chamber 2 Plate041 UZM-C,-016




IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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naint

nnnn

1(m)

Ceiling

LEGEND B: Plaster Deterioration

Church Mame (Turkish)

Incised Graffiti

[TTT] Mechanical Damege

o~ Cracking

0 Holes

Uzomlt Kilise

Church Mame (English)

Chapel of Niketas the Stylite

Detachment of Lower Layer

Location

Ceiling of Chamber 3

Subject

Mural condition map

Scale Category

1/20 B

Plate No

Plate048 UZM-Cs-003
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naintinas

0 1(m)

Church Mame (Turkish)

Ce|||ng LEGEND ¢: Paint Deterioration ClEiR Kl

- . Church M English
[ ] Smearing Micro Losses ohene g

Chapel of Niketas the Stylite

[T Biclogical Deposition Grey Spotting  [Tocaton

Ceiling of Chamber 3
_~/  Superficial Graffiti Dark Grey Veil  5iea 3
Mural condition map

Scale Category

1/20 C

Plate No

Plate049 UZM-Cs-004

188



IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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IV-3. Documentation of wall paintings
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1V-3. Documentation of wall paintings

0.5 (m)

Section A-A’

LEGEND c: Paint Deterioration

Church Name (Turkish)

Micro Losses
Grey Spotting
/../ Superficial Graffiti

109

Uzumlia Kilise

Church Name (English)

Chapel of Niketas the Stylite

South East Wall of Chamber 3

Mural condition map

Scale Category

1/10 C

Plate No.

Plate053 UZM-Cs-008

192
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