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I -1 Scientific Research and Conservation Intervention at Uziimli Church

2016

Uzimli Kilisede Yapilan Bilimsel Arastirmalarin Calisma Raporu-2016
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Japanese team Japon ekibi

Yoko Taniguchi (University of Tsukuba)

Yoko Taniguchi

Hisato Hashizume (Freelance conservator, Equilibrarte srl)
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Hatice Temur (Director of Nevsehir Restorasyon ve Konservasyon Bolge Lab.)

Ugur Yalcinkaya (Restorer of Nevsehir Restorasyon ve Konservasyon Bdlge Lab.)

Field work: 31 August — 11 September 2016

INTRODUCTION

The National Research Institute for Cultural Properties of
Tokyo, the University of Tsukuba and Osaka University
planned to initiate a research project in 2010 at the Uziimlii
Church under the framework of UNESCO JFIT. Due to
unforeseen circumstances, the project was not launched that
year. However, with the permission of Turkey’s Ministry
of Tourism and Culture, a curtailed project for the Uziimlii
Church was commenced in 2014 by the University of
Tsukuba with participation from members of Japanese
universities, Japanese companies in Kyoto, Osaka and Mie,
and cooperative research teams from other countries. Funding
for the project came from the Japanese government and the

Kajima Foundation.

Since 2015, heightened security risks have raised concern
in Turkey. This has created difficulties for students from
Japan and elsewhere outside Turkey to access opportunities
for didactic research activities in the field. Although the first
three years of the Uzimli Church project are near completion
at this stage, the main objective—to resolve problems in
conserving fragile tuff rock—has not yet been achieved.
Therefore, further monitoring of the status of deterioration,
the micro-environment and post-intervention conditions shall

be continued until the second phase of the project is launched.

GIRIS

Oncelikle 2010 yilinda, UNESCO’nun JFIT projesi
gergevesinde Tokyo’da bulunan Kiiltiir Varliklariin Ulusal
Arastirma Enstitiisii, Tsukuba Universitesi ve Osaka
Universitesi tarafindan Uziimlii Kilise’nin arastirma projesi
olarak yiriitiilmesi amaclanmistir.Cesitli umulmadik
nedenlerden 6tiirii proje baslatilamadi.2014°de Tirkiye
Cumhuriyeti Turizm ve Kiiltiir Bakanliginin izni ile Japon
hiikiimetinin fonlari ve Kajima vakfinin mali destegi alinarak
Tsukuba Universitesi ve Japonyadaki Kyoto,Osaka ve Mie
sehirlerinde bulunan diger iiniversiteler ve sirketlerle ve
isbirlik¢i diger iilkelerin arastirmacilari ile yine Uziimlii

Kilise’de daha kiiciik 6lgekli bir proje baglatild.

Cevresindeki sartlar ile iligkili olarak 2015’ten bu yana
Turkiye’nin guvenlik seviyesinin belirsiz durumu giderek
artmistir. Yabanci 6grenciler i¢in bazi egitici ¢aligmalarda alan
firsatlarint degerlendirme durumu zorlugu ile sonuglandi.Bu
ilk 3 yillik proje asamasinda neredeyse sonuca varilmistir,
ancak, asinan tif kayalar tizerine koruma sorununun temel
amact heniiz ¢oziilmiis degildir.Bundan dolay1, bozulmalarin
daha fazla izlenmesi, mikro-gevre kosullarin etkisi ve koruma
amacli uygulama sonrasi durum, proje baslanildigr zamandan

itibaren projenin ikinci agamasina kadar devam edilecektir.



1.Permeate application: A new trial

By Yoko Taniguchi

In 2015, a small tuff rock mass was chosen for a consolidation
test using Permeate HS-360. A nearby tuff rock was also left
untreated as a control and both were monitored for 1 year.
The permeate is based on alkoxysilane containing a methyl or
phenyl group. An alkoxy group is polymerised by hydrolysis
with atmospheric moisture. After polymerisation, the 3D Si—
O-Si structure improves bulk strength by firmly hardening in
the gaps within the object. Moreover, after polymerisation,
a methyl or phenyl group remains. As these groups are
hydrophobic, the substance becomes water-repellent after
curing. This alkoxysilane based consolidant does not form
a film on the porous surface but penetrates and hardens
at a depth of a few millimetres. Vapour can permeate the
consolidant layer, although liquid water cannot infiltrate the

layer. In practice, hydrolysis takes over 24 hours.

To quantify the degree of weathering of the tuff masses,
stainless steel nails were anchored to the rock surface in
September 2015. Surfaces facing in each of the four directions
(north, east, west, and south) were identified and two nails
were set in each direction such that one nail was located in
the upper region and one in the lower region of the surface.
One nail was then located on the top, leaving a total of nine
nails on each test rock. The length of the nail appearing
outside of the rock was measured with a digital caliper on
both right and left sides. The nail length was measured by
local collaborators every few months. In the ‘control’ mass,
weathered tuff powder accumulated below the rock, and
four out of the nine nails fell within the first four months
from anchoring. In contrast, in the ‘treated’ mass, weathered
deposits were generally small and only one nail fell off (Figure
1.1). The treated surface darkened distinctly as time passed
(Figures 1.2a and 1.2b). The north side of the Uziimli Church
was also tested with the same material (Figures 1.7 and 1.8).
However, this area showed less darkening compared to that

on the rock masses.

In order to improve protection and to minimize darkening,
a modified type of Permeate HS-390 was applied to another
rock mass and on the north side of the church, next to the HS-
360 area. 10 stainless steel anchors were placed on the new

mass (Figure. 1.8). Periodical monitoring shall be carried

1. Permeate Uygulamalari (Yeni Deneme)

Yoko Taniguchi tarafindan yapild

2015’te secilmis kiiclik bir kaya kiitlesi {izerinde permeate
HS-360 kullanarak konsolidasyon testi yapildi.Bir yil
boyunca yakindaki tiif kayaglar izlendi ve aginan kumlari
diizeltilmeden birakildi.Permeate bir metil veya fenil gurubu
iceren alkoksisilan bazli bir organik bilesiktir ve bir alkoksi
grubu atmosferik nem ile hidroliz yoluyla polimerize olur.
(atmosferdeki nemi biinyesine alarak polimerlesmesir)
Polimerizasyon sonrasi, ii¢ boyutlu Si-O-Si (silisyum-
Oksijen-Silisyum) yapist i¢indeki bosluklar oldukg¢a siki
bir sekilde sertleserek hacimce kuvvetini arttirur. Ayrica,
polimerizasyon sonucu, bir metil veya bir fenil grubu kalir.Bu
gruplar hidrofobik oldugu igin, kiir sonrasi su itici hale gelir.
Bu alkoksisilan bazli konsolidatér madde, gozenekli yiizey
iizerinde bir film tabakasi olusturmaz ancak birka¢ millimetre
derinlige niifus eder ve sertlesir. Sivi su tabakaya niifuz
edemezken buhar konsolidatif tabaka boyunca niifuz edebilir.

Pratikte, hidroliz 24 saati asar.

Tif kiitlelerinin hava kosullarinin asndirma miktarini1 6lgmek
icin Eylll 2015'te paslanmaz celik civiler kaya yiizeyine
yerlestirildi.Her yonde (iist ve alt kisimlar) ve tstte iki olmak
iizere ¢ivi yerlestirildi; Yani her bir test kayasinda 9 ¢ivi
bulunuyordu. Kaya disindan goriilen ¢ivinin uzunlugu hem
sag hem de sol tarafta dijital kaliper ile ol¢iilmiistiir. Her
ay Nevsehir Bolge Laboratuvar uzmanlari tarafindan ¢ivi
uzunlugu 6l¢iildi.'Kontrol' kayasinda, kayanin altina biriken
asinan tiif tozu ve yerlestirilen dokuz ¢ivinin dordi dort
ay sonra kaya kiitlesinden diistii. Buna karsilik, 'permeate
kaplanan' kayasinda, yipranmis katmanlar genelde kiiciiktiir
ve sadece bir ¢ivi diismistiir (Sekil 1.1).Uygulama yapilan
yiizey, zaman gegtikce belirgin olarak koyulagsmistir (Sekil
1.2a, b). Uziimlii kilisesinin kuzeyi de ayn1 malzeme ile test
edildi (Sekil 1.7, 1.8) ancak bu alan, kaya kiitlesine kiyasla

daha az kararmistir.

Bu algilanan koylugu diizeltmek i¢in, bir bagka kaya kiitlesi
iizerinde ve kilisenin kuzey tarafinda (HS-360'in yaninda)
bir modifiye edilmis Permeate HS-390 uygulanmistir. Yeni
kiitlenin {izerine 10 paslanmaz ¢elik civi yerlestirildi (Sekil
1.8). Nevsehir Bolge Laboratuvar Midiirligi ile isbirligi

periyodik izleme ve control ¢alismasi yapilacaktir.



out in cooperation with the regional conservation lab in

Nevshehir.

Figure. 1.1 Comparison of anchors (control and Permiate HS-360)
Sekil. 1.1 Civilerin karsilastiriimasi (kontrol ve permiate HS-360)

east /Dogu east /'Dogu

Figure. 1.2a Condition of area treated with Permeate HS-360 Figure. 1.2b Condition of area treated with Permeate HS-360
(Sep 2015) (Sep 2016)
Sekil. 1.2a Permeate HS-360 uygulanan alanin durumu (Eylil Sekil. 1.2a Permeate HS-360 uygulanan alanin durumu (Eyll
2015) 2015)

Figure. 1.3 Condition of area treated with Permeate HS-360. Figure. 1.4 Condition of area treated with Permeate HS-360.
Some areas of the consolidated surface were detached (Sep The lower portion showed weathering under the consolidated
2016) layer (Sep 2016)

$ekil. 1.3 Permeate HS-360 uygulanan alanin durumu: Sekil. 1.4 Permeate HS-360 uygulanan alanin durumu: alt
Konsolide(kaplanan) ylzeyin bazi alanlari ayrilmigtir (Eyl 2016) boltm, alt kisim konsolide (kaplanan) katmanin altinda belirli

hava sartlarina maruz kaldig gérulur (Eyl 2016)



Figure. 1.6 Application of HS-390 to a rock mass

Figure. 1.5 Application of HS-390 next to the HS-360 area
Sekil. 1.6 Kaya kutlesi tizerinde HS-390 uygulamasi

(after 1 year) (north side of the church)

Sekil. 1.5 HS-390 uygulamasi HS-360 alaninin yaninda (1 yil
sonra) (kilisenin kuzey tarafinda)

Figure. 1.8 Surface 24 hours from application

Figure. 1.7 Surfaces 24 hours from application (HS-390) and 1
Sekil. 1.8 Uygulamadan 24 saat sonra

year from application (HS-360)

Sekil. 1.7 Uygulamadan 24 saat sonra (HS-390) ve
uygulamadan 1 yil sonra (HS-360)

Figure. 1.9 Location of the tested masses (Permeate HS-360, 390 and control)
Sekil. 1.9 Test edilen kaya kitlelerin bulundugu yer (Permeate HS-360, 390 ve kontrol)



I -2 Evaluation on The Biodeterioration or Bioprotection Effect on The

Rock by Lichens Species

Kaya Uzerinde Liken Tiirlerinin Biyolojik Koruma veya Biyolojik
Bozunma Etkisine Gére Degerlendirme

Annalaura Casanova and Giulia Caneva
Department of Science, University Rome Tre 28/7/2016

Issue

The Uzumlu church, in Cappadocia, made by pink tuff
substrata, appears significantly covered by a wide biological
colonization, visually appearing as black-gray crusts and
biofilms and mainly due to lichens growths. This colonization
appears distributed over all the facades, which qualitative and
quantitative changes depending on of their exposure (west,

north, east and south) (Fig.1).

Aim

The aim of this work is to identify the lichen species
growing into the rocks and to investigate the biodeterioration
or bioprotection effect on the stone. This information is
fundamental for establishing if a biocide treatment of the
rock could worsen or improve the state of conservation of the

church.

Materials and Methods

In situ observation and sampling

In the western facade, we have observed a very intense
biological patina, which appears distributed mainly in the
upper and middle areas (Fig. 1). The lower area next to the
entrance looks rather not colonized. In this exposure, where
the biological patina looked different we have collected two
samples (W1 and W2). The northern surface is characterized
by a sub-vertical inclination and seems mainly eroded. Here,
the biological patina appears very compact and looks to be
mainly composed of lichens and mosses. In this area, we
took four samples in the lower zone (N1, N2, N3, and N4).
The eastern exposure is sub-vertical and it is suffering from
a strong colonization consisting of lichens. In the upper and
lower area, we have collected two fragments (E1, E2). In the
southern exposure, the surface appears widespread colonized,

and we have taken two samples from the lower zone (S1, S2).

Durum

Kapadokya’daki Uziimlii Kilise, pembe tiif tabakalidir,
genis bir biyolojik kolonizasyonla 6nemli dl¢iide ortiilidiir,
gOriiniis olarak siyah-gri kabuklu olarak algilanir ve biyofilm
(biyolojik tabaka) temelde likenlerin biiyiimesine baglidir.
Bu kolonizasyon, niteliksel ve niceliksel degisikliklere
bagl olarak ortaya ¢ikar (bati, kuzey, dogu ve giiney), tim
cephelere dagilmis goriinmektedir.(Sekil 2.1).

Amac

Bu ¢alismanin amaci kayada gelisen liken tiirlerini saptamak-
tanimlamak ve kaya iizerindeki biyolojik bozulmay1 veya
biyolojik koruma etkisini arastirmaktir. Bu bilgi, kayalarin
biyolojik olusumlarinin kilisenin korunma durumunu olumlu
yonde etkiledigi veya koruyamayacagi olumsuz etki

sini belirlemek i¢in temel bir gerekliliktir.

Malzemeler ve Yontemler

Yerinde inceleme ve drnekleme

Kilisenin bati cephesinde zellikle {ist ve orta boliimlerinde
dagilmis olarak ortaya ¢ikan oldukga yogun biyolojik patina
gozlemlendi (Sekil 2.1). Kilise girisinin yanindaki alanda ¢ok
fazla biyolojik kolonilesmenin olmadig1 goriildi. Biyolojik
patinanin farkli gériindiigii bu cepheden iki drnek alind1 (W1
ve W2). Kilisenin kuzey yiizeyi alt-dikey egimle karakterize
edilmis ve aslinda asindig1 gozlemlenmistir. Burada, biyolojik
patina ¢ok yogun goriinmekte ve ¢ogunlukla likenler ve
yosunlardan olustugu goézlemlenmektedir. Bu alanda, alt
kisimlardan 4 adet 6rnek alindi (01, 02, O3 ve O4). Kilisenin
dogusunda dikey-alt kisimlarinda ortaya g¢ikan giiclii bir
liken kolonizasyonu bulunmaktadir. Ust ve alt béliimlerden
iki 6rnek alinmistir (E1, E2). Kilisenin giiney cephesinde,
yizeyde yaygin kolonize oldugu gorinmektedir ve alt

boliimlerden iki 6rnek alimmistir (S1, S2).



Figure. 2.1 Distribution of biological colonization in different exposures

Sekil 2.1 Kilisenin farkli cephelerindeki biyolojik kolonizasyon dagilimi

Laboratory observations

The identification of the species was carried out partially in
the field in the laboratory using specific keys of determination
for each sampled biological group. We also thanks Dr. P.
Giordani for the check of Lichens, and the identification work

to arrive the species level will be completed at soon.

The rock is a dirty white to pink tuff rock, and contains
minerals as plagioclase, quartz, biotite. The porosity is very
high with an effective porosity of 38 % (Topal & Doyuran,
1998).

Analysis has been directly performed both on the samples
without any preparation and on the polished cross-sections in
order to investigate the fragment in depth. Sample preparation
involved embedding the sample in a polyester resin prior to
polishing according to UNI 10922. Pictures of all samples
have been taken by an Olympus SZX16 stereomicroscope,
digital pictures have been taken with a Color View Il (Soft
Imaging System GmbH, Minster, Germany) digital camera
coupled to Cell"B software. In addition, the cross-sections
were observed with a NIKON Eclipse ME600, SMZ 800,
EPIPHOT 300 microscope and digital photographs were
taken with a Nikon Digital Sight DS-Fil Digital Camera.

SEM analyses were performed on the fractured rock

Laboratuvar Incelemeleri

Orneklenen her bir biyolojik grup igin tiirlerinin tanimlanlas;
kismen c¢alisma sahasinda ve belirli tanimlama metotlar1
kullanilarak laboratuvarda gerceklestirildi. Ayrica likenlerin
kontrolii i¢in Dr. P. Giordani’ye tesekkiir ediyoruz ve yakinda

tiirlerin tanimlama ¢aligmasi tamamlanacaktir.

Tuf kaya, kirli beyaz-pembe tiif ve kuvars, biyotit, plajiyoklas
gibi mineralleri icermektedir.Kayanin gézenekli yapisi, %38
oraninda etkin bir gézeneklilik ile oldukc¢a yiiksektir (Topal
&Doyurgan, 1998).

Hem herhangi bir hazirlik yapilmayan numunenin hemde
parlatilmis parca-kesiti alinan numunenin derinlemesine
arastirtlmas: amaciyla analiz islemleri dogrudan
gerceklestirilmistir. Numune hazirlama iglemi, UNI 10922°ye
gore parlatilmadan once numune bir polyester regineye
gomiilmesini i¢erir. Tim numunelerin resimleri OLYMPUS
SZX16 streomikroskop ile, dijital resimler Renkli Gorinim 11
(Soft Goriintlilemi Sistemi GmbH,Miinster, Almanya) Cell"B
yazilim programina bagl dijital fotograf makinasiyla cekildi.
Buna ek olarak, enine-kesitleri NIKON Eclipse ME600,SMZ
800, EPIPHOT 300 mikroskobu ile incelendi ve fotograflar
Nikon Dijital Sight DS-Fil Dijital fotograf makinasi ile
cekildi.

Kirik kaya 6rnekler iizerinde SEM analizleri yapildi (herhangi



samples (without any preparation). All the samples were
spurred with gold under vacuum using K550 unit (Emitech
Technologies Ltd., Kent, England) and were then observed
with a XL30 SEM microscope (FEI Company, Eindhoven,
The Netherlands. Samples were inserted into the vacuum and
secondary electron (SE) images was done at an accelerating
voltage of 5 kV and a working distance of 8 mm in order to
obtain a recognition of the morphological structure of the

lichens species.

Results and discussion

West exposure

In both samples W1 and W2 has been observed the presence
of the crustose lichen Acarospora sp., characterized by a
red-brown thallus with small areoles firmly attached to the
substrate (Fig 2 a, d).

In the W1 fragment SEM analysis showed a dense networks
of fungal hyphae under the surface and in the lower part of
the sample. On the other hand, in sample W2 fungal hyphae

appear lesser dense but is clear the penetration inside the

hazirlik iglemi yapilmaksizin) Tiim numunelere K550 tinitesi
(Emitech Tekonolojisi Ltd., Kent, Ingiltere) kullanilarak
vakum altinda altin piiskiirtiildii ve daha sonar bir XL30 SEM
mikroskopu (FEI Sirketi,Eindhoven,Hollanda) ile incelendi.
Numuneler vakumun igine yerlesrildi ve ikincil electron (SE)
goriintiileri 5kV’lik bir hizlandirma voltajiyla yapildi ve
liken tiirlerinin morfolojik yapisinin belirlenmesi amaciyla

8mm’lik mesafede ¢aligildi.

Sonuclar ve tartismalar

Bati cephe

Her iki 6rnekte W1 ve W2’de alt katmana sikica tutunmus
kirmizi-kahverengi kiigiik lekeler iceren bir talus ile
belirlenen, krustoz liken Acarospora sp. gozlenmistir (Sekil

2.2 a.d).

W1 parcasinda yapilan SEM analizi, ylizeyin altinda
ve Ornegin alt tarafinda yogun mantar hife aglarinin
oldugunu gosterdi. Ote yandan, W2 6rneginde mantar

hifelerinin yogunlugunun daha az goriilmesine ragmen kaya

Figure. 2.2 Biological colonization in west exposures a), d) Sampling points and pictures under the stereomicroscope; b), c)
Microphotograph of the sample in polished cross sections; c), d) SEM image in false colour of the fragments.

$ekil 2.2 Kilisenin bati cephesinde biyolojik kolonizasyon a), d) Alinan 6rneklerin kilise ylizeyinde secilen noktalar ve
stereomikroskop altindaki resimleri ; c) Parlatilan kesitlerde 6rneklerin misroskopografisi ; c), d) Ornek pargalarin renkli SEM

goruntusu



stone between the rock grains.

North exposure

N1

In the fragment N1 has been observed the crustose lichen
Aspicilia; the thallus is whitish- to leaden grey and appear
cracked-areolate with the surface of each areole warted (Fig
3 a). In addition, the OM and SEM observation (Fig. b, c)
showed the presence of black meristematic fungi over the

surface.

The SEM observation of the entire fractured sample
highlights the dense networks of fungal hyphae inside the
rock. The images also indicate that a relatively greater portion
of the rock shows evidence of fragmentation and crumbling.
In fact, as shown by Figs. 3 I and Il, mineral grains are
completely embedded in the interior of the hyphae networks.
The abundance of hyphae decreases with the depth, and only

a few hyphae can be seen in the bottom part.

taneciklerinin arasindaki tas igerisine niifuz etmeye agiktir.

North exposure

NT

In the fragment N1 has been observed the crustose lichen
Aspicilia; the thallus is whitish- to leaden grey and appear
cracked-areolate with the surface of each areole warted (Fig
3 a). In addition, the OM and SEM observation (Fig. b, c)
showed the presence of black meristematic fungi over the

surface.

The SEM observation of the entire fractured sample
highlights the dense networks of fungal hyphae inside the
rock. The images also indicate that a relatively greater portion
of the rock shows evidence of fragmentation and crumbling.
In fact, as shown by Figs. 3 I and I, mineral grains are
completely embedded in the interior of the hyphae networks.
The abundance of hyphae decreases with the depth, and only

a few hyphae can be seen in the bottom part.

Figure. 2.3 Biological colonization in north exposures a) Sampling point (N1) and picture under the stereomicroscope; b)
Microphotograph of the sample in polished cross sections; c) SEM image in false colour of the fragment surface; d) SEM image in

false colour of the fragment.

sekil 2.3 Kilisenin bati cephesinde biyolojik kolonizasyon a) Alinan rnegin (N1) kilise yuzeyinde segilen noktasi ve
stereomikroskop altindaki resimi ; b) Parlatilan kesitlerde 6rnegin misroskopografisi; c) Ornek parga yizeyinin renkli SEM

goriintisi, d) Ornek parcanin renkli SEM goriintiisii
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N2

In the fragment N2 have been observed the crustose lichens
Caloplaca and Lecanora cfr. crenularia, characterized by
orange and brown apothecia without a thalline margin (Fig.
4 a). Meristematic fungi were also observed by OM in the

polished cross-section (Fig. 4b, c).

The SEM details of the entire fractured sample show several
spherical bore-holes arising from fungal hyphae and the
reproductive fungi structures that actively penetrate inside the

grains leaving tunnels and bore-holes on the surface (Fig. 4 d).

N2

N2 pargasinda, turuncu ve kahverengi apotekiya ile ¢ok
buyuk mesafe gerekmeksizin krustoz liken Caloplaca ve
Lecanora cfr. Crenularia gozlenmistir (Sekil 2.4 a). Cilal
kesitte OM analizi ile meristematik mantarlar gozlenmistir

(Sekil 2.4 b, ¢).

Kirik 6rnegin tamaminin SEM analiz detaylari, mantar
hiflerden ve lireyen mantar yapilarindan kaynaklanan gesitli
kiiresel delikleri gostermektedir; bu yapilar, yiizeyde bosluk
ve delikler olusturarak taneciklerin igine aktif sekilde niifuz

etmektedir (Sekil 2.4 d).

Figure. 2.4 Biological colonization in north exposures a) Sampling point (N2) and picture under the stereomicroscope; b) ,c)
Microphotograph of the sample in polished cross section; d) SEM image of the entire fragment with detail in false colour.

Sekil 2.4 Kilisenin kuzey cephesinde biyolojik kolonizasyon a) Alinan 6rnegin (N2) kilise yiizeyinde secilen noktasi ve
stereomikroskop altindaki resimi ; b) ,c)Parlatilan kesitlerde 6rnegin misroskopografisi; d) Ornek parganin tamaminin detayli oldugu

renkli SEM goriintlsu
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N3 and N4

In the fragment N3 has been observed a crustose lichen
Xanthoparmelia group Neofuscelia, the thallus is areolate
and verrucose; the surface appear ash gray, globular, and
epruinose. In addition, the OM observation (Fig. b, ¢) showed

a dense presence of black meristematic fungi.

The SEM observation of the entire fractured sample shows
the striking density and penetration of the networks of fungal
hyphae inside the rock. In detail, the Fig. 6 | and Il show the
photobiontic layer in the thallus structure, while Fig. 6 111 and
IV underline as the mineral grains are completely embedded

in the hyphae networks.

On the other hand, sample N4 appear colonized by a lichen
with thallus foliose, the long upper surface is brown with
some blackened areas. Due to the limited substrate attached to

the lichen has not been possible to do observations by SEM.

N3 ve N4

N3 pargasinda, talus ayri ve yumrudur, yiizeyi kiil grisi kiiresel
ve epruizoz gibi gorinen krustoz liken Xanthoparmelia
sinifindan Neofuscelia gbzlenmistir. Bununla birlikte, OM
gozleminde (Sekil b, ¢) siyah meristemik mantarlarin varlig

yogun sekilde goriilmektedir.

Kirik 6rnegin tamaminin SEM analiz gézleminde, kayada
bulunan mantar hifeleri aglarinin dikkat ¢eken yogunlugu ve
penetrasyonunu gosterir. Ayrintilart sekildedir. Sekil, 6 T ve
II, talus yapisindaki fotobiyotik tabakadir. Sekil 6 IIT ve IV,

mineral taneleri hif aglarina tamamen gomiilmesini vurgular.

Ote yandan N4 &rnegi, talus foliozlu bir liken tarafindan
kolonize edilmis gibi goriinen uzun iist yiizeyi kahverengi ve
bazi boliimleri kararmistir. Substrat yiizeye bagl likenlerin
yiiziinden SEM analizi ile gdzlem yapmak miimkiin olmadi.

Dogu cephesi

Figure. 2.5 Biological colonization in north exposures a), d) Sampling points (N3, N4) and pictures under the stereomicroscope; b),
c) Microphotograph of the sample in polished cross section, the arrows underline the meristematic fungi presence.

Sekil 2.5 Kilisenin kuzey cephesinde biyolojik kolonizasyon a) Alinan 6rneklerin (N3,N4) kilise yuzeyinde segilen noktalar ve
stereomikroskop altindaki resimleri ; b), c) Parlatilan kesitlerde 6rneklerin misroskopografisi ve oklar meristematik mantarlarin

varhgini vurgulamakta
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Figure. 2.6 SEM image in false colour at different magnification of the N3 fragment.
Sekil 2.6 N3 6rneginin farkli gelismekte olan SEM analizinin renki gorintlst
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East exposure

E1

In the fragment E1 has been observed the crustose lichen
Aspicilia; the thallus is grayish-white and appear cracked-
areolate, with the surface of each areole irregular (Fig 7 a).
Under the thallus area is evident a bright orange coloration
(Figs. b, c).

SEM observations of the fragment showed a strong loss of
the rock matrix and a dense network of fungal hyphae that
penetrates into the substrate to a depth of several millimeters.
In detail, the figures 8 Il and Ill underline that mineral
grains are completely embedded in the interior of the hyphae

networks.

E2

In the fragment E2 has been observed the crustose lichen
Caloplaca, characterized by orange and white apothecia
without a thalline margin (Figs. 7 d). Meristematic fungi were
also observed inside the rock by OM in the polished cross-
section (Fig. 7 f).

SEM observations of the fragment showed a strong network
of fungal hyphae under the surface where few rock grains
have been observed (Fig. 9). The abundance of hyphae
decreases with the depth, and only a few hyphae can be seen

in the bottom part. Interesting, in an area of sample figures 9

Dogu cephesi
E1

El parcgasinda, talus griyimsi-beyazdir ve kirik goriiniimli,
her oyugun yiizeyinde diizensiz olarak bulanan krustoz liken
Aspicilia gozlenmistir (Sekil 2.7 a). Talus bolgesinin altinda
acik turuncu renktedir (Sekil 2.7 b, ¢).

Par¢anin SEM gozlemlerinde, kaya kaidesinin gii¢lii bir
sekilde kaybedildigi ve birka¢ millimetre derinlige kadar
subsrat igine niifuz eden yogun bir mantar hifesi ag1 tespit
edildi. Sekil 2.8 II ve III’de detayli olarak mineral tanelerin

hif aglarinin i¢ine tamamen gomiildiigiinii vurgular.

E2

E2 parcasinda, turuncu ve beyaz apotekiya ile ¢ok biiyiik
mesafe olmaksizin krustoz liken Caloplaca gozlenmistir (Sekil
2.7 d). Cilali kesitte OM analiziyle kayalarda meristematik

mantarlar gézlenmistir (Sekil 2.7 f).

Ornegin SEM goézlemlerinde, birkac kaya tanesinin
bulundugu yiizeyde mantar hiflerinin gii¢lii bagt oldugunu
gostermektedir (Sekil 9). Hiflerin yogunlugu derinlestikce
azalir ve alt kisimda sadece birkag hif goriinmektedir.Farkli
olarak, Sekil 2.9 II ve III 6rneklerinin bir kisminin boyutu 5

pm’lik dairesel yapilarin ayrintini gosterir fakat yapilarinin

Figure. 2.7 Biological colonization in east exposures a), d) Sampling points (E1, E2) and pictures under the stereomicroscope; b), c),

e), f) Microphotograph of the sample in polished cross sections.

Sekil 2.7 Kilisenin dogu cephesinde biyolojik kolonizasyon a), d) Alinan 6rneklerin (E1,E2) kilise ylizeyinde segilen noktalar ve
stereomikroskop altindaki resimleri ; b), c), e), f) Cilali kesitlerde 6rneklerin misroskopografisi
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Figure. 2.8 SEM image in false colour at different magnification of the E1 fragment.
Sekil 2.8 E1 6rneginin farkli gelismekte olan SEM analizinin renki gorlntiist
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Figure. 2.9 SEM image in false colour at different magnification of the E2 fragment.
Sekil 2.9 E2 6rneginin farkli gelismekte olan SEM analizinin renki gérintlsi
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11 'and 111 shown a detail of circular structures of size of about

5 um, but their nature is still to be investigated.

South exposure

St

In the fragment S1 has been observed a crustose lichen
Acarospora; the thallus appears with angular areoles and the
upper surface is reddish brown (Fig 10 a). In addition, the
OM observation (Fig. 10 c) showed the presence of black

meristematic fungi over the surface.

The SEM details of the fractured sample show mineral
grains completely embedded in the hyphae networks and

fragmentation of portion of the rock (Figs. 10 d, e, f, g).

Ozelligi hala arastirilmaktadir.

Guney Cephe
St

S1 6rneginde; ist yiizeyi kizil kahve renkli ve agisal izlerle
tallus, krustoz liken Acarospora gozlenmistir. (Sekil 2.10
a).Buna ek olarak, OM gozleminde (Sekil 2.10 c) yiizey

iizerinde siyah meristematik mantar gozlenmistir.

Kirik 6rnegin SEM analiz detaylar1, hif aglarinda tamamen
g6miilii halde olan mineral taneleri ve kaya kisminin

par¢alanmasini gostermektedir (Sekil 2.10 d, e, f, g).

Figure. 2.10 Biological colonization in south exposures a) Sampling point (S1) and picture under the stereomicroscope;
b), c) Microphotograph of the sample in polished cross section; d), e), f), g) SEM image in false colour of details

observed in the sample

$ekil 2.10 Kilisenin gtiney cephesinde biyolojik kolonizasyon a) Alinan 6rnegin (S1) kilise yuzeyinde segilen noktas
ve stereomikroskop altindaki resmi ; b), c) Cilal kesitte alinan 6rnegin misroskopografisi ; d), e), f), g) Ornek parganin

tamaminin detayli oldugu renkli SEM goriintusi
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S2

In the fragment S2 has been observed the crustose lichen
Acarospora; the thallus is white and appear with the areoles
more rounded (Fig. 11 a). The SEM details of the fractured
sample show mineral grains completely embedded in the

hyphae networks (Figs. 11 d, ).

S2

S2 pargasinda, talusu beyaz renkli ve areoles daha yuvarlak
goriinen krustoz liken Acarospora gézlenmistir (Sekil 2.7
d). Kirik numunenin SEM analizi detaylarinda, hif aglarina
tamamen gomiilii olan mineral taneleri goriilmektedir (Sekil

2.11d, e).

Figure. 2.11 Biological colonization in south exposures a) Sampling point (52) and picture under the stereomicroscope; b), c)
Microphotograph of the sample in polished cross section; d), e), SEM image in false colour of details observed in the sample
$ekil 2.11 Kilisenin giiney cephesinde biyolojik kolonizasyon a) Alinan érnegin (S2) kilise yuzeyinde segilen noktasi ve
stereomikroskop altindaki resmi ; b), c) Cilal kesitte alinan 6rnegin misroskopografisi ; d), e) Ornek parganin tamaminin detayli

oldugu renkli SEM gorintisl
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Discussion and Conclusion

Results show the rock substrate, in all exposures, but
highly in N, suffers of a more or less intense disaggregation
and fragmentation of the stone. Moreover, the surfaces
immediately below the lichens are interested by surface
adhesion and in depth penetration of fungal hyphae. In fact,
SEM analysis of the all fragments showed a dramatic loss
of the stone matrix and a dense network of fungal hyphae
penetrating into the substrate to a depth several millimetres
(1.5 -5.5 mm). This may indicate an effective biodeterioration
processes caused by the large concentration of fungal hyphae
within the rock through the dissolution of minerals along
grain boundaries, cleavages, and cracks, which increase
porosity and permeability. Since these weathering processes

interact and enhance each other effects.

On the other hand, lichens may perform a certain protection
against other abiotic degradation factors even though
they have deteriorative effects. In fact, lichens could have
a protective role on porous stone reducing the action of
weathering agents such as wind, water exchange, marine
aerosols and pollution, giving rise to a protective effect
against deterioration phenomena [Salvadori & Casanova
Municchia, 2016; Concha-Lozano et al., 2011; Caneva et al.,
2008), Carter & Viles, 2004; Arifio et al., 1995]. Previous
studies regarding the case of the lichen covered tuff of
Cappadocian monuments showed a higher vapor diffusion
resistance and slower penetration of water if compared with
no-colonized one [Garcia-Valles et al., 2003]. Nevertheless,
usually it is a challenge establish if a species possess a
biodeteriorative or bioprotective effect, because it is also

highly influenced by stone and environmental characteristics.

In our case a such high penetration and colonization of
the stone, the already loss of the stone matrix, such as
the protective action of the superficial crusts reducing the
weathering velocity by limiting the penetration of water into

the rock, advise against the removal of such biological cover.
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Tartisma ve Sonug

Sonuglar kaya ytizeylerin tumunde biyolojik kolonilere maruz
kaldigin1 gostermektedir ancak N’de oldukga yiiksek oldugu
saptanmis ve tast asagi-yukar1 pargalamis ve pargalamaya
caligmaktadir.Dahasi, likenlerin hemen altindaki yiizeyler,
ylizeye tutunma ve mantar hifeler derinlere ilerlemekle
mesguldur. Aslinda, tiim parcalarin SEM analizi, tas
yapisinda sasirtict bir kayip oldugu ve birkac millimetre (1,5
-5,5 mm) derinlige kadar yiizey icine niifuz eden mantar
hifelerin yogun bir ag1 goriilmektedir. Bu gdzenekliligi ve
gecirgenligi arttiran ¢atlaklar, catlaklar ve graniil sinirlar
boyunca minerallerin ¢oziinmesiyle kaya icerisinde mantar
hifelerinin yogun konsantasyonunun neden oldugu etkili bir

biyolojik bozunma sureci gosterebilir.

Bu siirecte hava kosullarinin etkilesime girer ve birbirlerinin
etkilerinin arttirirlar. Ote yandan, likenlerin bozucu etkisi
olmasina ragmen diger abiyotik (fiziksel-mikroorganizma
disindaki) bozunma faktorlerine karsin belirli bir koruma

saglayabilir.

Aslinda, likenler, gozenekli tas {izerinde, hava kosullariin
riizgar, nem (su) degisimi, deniz aresolleri ve kirlilik gibi
etkisini azaltarak koruyucu bir rol oynayabilirler ve bozulma
olaylarma kars1 koruyucu bir etki olusturabilirler. [Salvadori
& Casanova Municchia, 2016; Concha-Lozano vs., 2011;
Caneva vs., 2008), Carter & Viles, 2004; Arifio vs., 1995].
Kapadokya tiif anitlarin tizerini kaplayan likenlerle ilgili eski
calismalarda, kolonize olamayan kisimla kiyaslandiginda
yliksek nem direnci ve suyun daha yavas niifuz ettigi gortildi.
[Garcia-Valles vs., 2003]. Bununla birlikte, genellikle, bir
turln biyolojik bozucu beya biyo koruyucu etkiye sahip
olup olmadigini belirlemek zordur ¢linkii tas ve gevre

kosullarindan ¢ok fazla etkilenmektedir.

Bizim durumumuzda likenlerin tas kolonizasyonu ve bu
kadar niifuz etmesi, tag yapisinin ¢oktan kaybolmasi, suyun
kayaya erigsmesini sinirlayarak tahribat hizini diigiiriicii etkisi
gibi ylizeysel koruyucu tabaka olusturarak bu tiir maddelerin

uzaklastirilmasina kars1 biyolojik ortii olarak taviye edilir.
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I -3 Conservation intervention: Wall paintings at the Uziimli Church

Uzamla Kilisesi’nin duvar resimlerinde yapilan konservasyon

mudehaleleri

Introduction

One main cause of serious ongoing damage to wall paintings
at the Uzumlii church is extensive graffiti by tourists, most
likely local tourists (Taniguchi, et.al 2016). However, there
also exists areas where slight detachment along rock cracks

requires proper stabilization.

Paintings at the Uziimli Church consist of a relatively pure
gypsum ground, various iron oxides (red ochre, yellow
ochre), green earth and some lead oxides (Taniguchi, et.al
2016). No apparent organic binder has been detected so far
(Takashima 2015). This means that the paintings are water
sensitive, and break easily upon physical impact. Their

properties restrict any watery intervention.

The origin of gypsum-based wall paintings goes back to
Neolithic Anatolia such as Catalhdyiik (BC 7,500)(De Brito
and Flores-Colen 2014). The method spread widely, known
as the stucco technique in ancient West Asia and Central Asia
(such as in Samarra, Iraq and the Egyptian Dynastic period),
and reached the African and American continents (Burgio
et.al 2007). Compared with lime plaster, which requires 900-
1000°C temperatures to produce quick lime from limestone/
corals, gypsum (hemihydrate Plaster of Paris: CaSO,.,H,0)
requires only 120-150°C from raw gypsum (CaSO,.2H,0).
The reaction to convert it to its CaSO,.2H,0 form occurs as a

simple hydration process (setting) that requires only water.

Our interventions were minimal and aimed only to stabilize
the current state of materials, rather than enhance aesthetic
appearances, which would require reintegration and
reconstruction of images. Toning was carried out only in
cases of obviously recent (with indication of years) -incised
graffiti and carbon- and paint-based surface graffiti. Materials
and methods were chosen as retreatable and compatible with
original gypsum plasters. Intervention materials must be of a

weaker substance and lighter weight than original materials.
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By Yoko Taniguchi
Giris

Uziimlu Kilise’nin duvar resimlerinin Gzerinde devam
eden ciddi zararlarin temel nedenlerinden biri, muhtemelen
yerel turistlerce yapilan yogun grafitiler, graffiti igerigidir
[Taniguchi, vs.2016]. Bununla birlikte, kaya catlaklar:
boyunca bazi alanlarda iyi bir stabilizasyon gerektiren

ayrilmalar goriilmektedir.

Uzimli Kilise’nin duvar resimleri, yiksek oranda saf
al¢1 bir zemin ile ¢esitli demir oksitler (kirmiz1 asiboya,
sar1 toprakboyasi), yesil toprak ve bazi kursun oksitlerden
meydana gelmektedir [Taniguchi,vs. 2016 yayini] Bu zamana
kadar yapilan arastirmalarda hicbir organic baglayici tespit
edilmedi [Takashima 2015] Bu da duvar resimlerinin suya
kars1 duyarli ve herhangi bir fiziksel etkiye maruz kaldiginda
bozunabilir oldugu anlamina gelmektedir. Bu 6zellikler, sulu

herhangi bir miidahele yapmay1 kisitlamaktadir.

Alg1 bazli duvar resimlerinin kdkeni, Netolitik Cag’a
kadar Catalhdyiik (M.O. 7500) gibi [De Britoa ve Flores-
Colen 2014] uzanir ve antik Bat1 Asya ve Orta Asya’da
(Samara: Irak,Misir’daki Hanedan donemi vs ) bilinen
siva teknigi, Afrika ve Amerika kitalarina da yayilmistir
[Burgio, vs. 2007] Kiregtasi/mercanlardan sicak kireg elde
etmek i¢in 900-1000 °C sicakliga ihtiya¢ kireg¢ siva ile
karistirilir, algidan (hemihidrat al¢1 siva: CaSO,.,H,0) saf
al¢idan (CaS0O,.2H,0) i¢in 120-150 °C sicaklik gereklidir.
CaS0,.2H,0 yapisini1 tekrar olusturmak icin verilen reaksiyon
sadece su gerektiren basit hidrasyon islemi (ayarlama) olarak

gergeklesir.

Miidahalelerimize iligkin prensiplerimiz asgari diizeydeydi
ve estetik goriiniis icin degil mevcut durumun stabile edip
korunmasini amaglamaktaydi, bu da goériiniimiin yeniden
biitiinlesmesini ve yeniden olusturulmasini gerektirmekteydi.
Sadece griiniir graffitide tonlama yapildi, graffiti yiizeyine

karbon/boya uygulandi. Malzemeler ve yontemler geri



weaker substance and lighter weight than original materials.

Materials to satisfy the above principles for gypsum plaster
were basically gypsum-based mortars with compatible fillers
and fluidizer, although they could be much more complicated
than lime-based plaster, which has been the subject of much
study and explanation. Testing for materials was conducted
in Japan and Cappadocia prior to in-situ intervention in 2015
and 2016. No synthetic resin was applied in any case, because

it would change the permeability of original walls.

A good injecting mortar (for grouting) for the Uziimlii wall

paintings had to meet the following conditions.

-Fluid

-Chemically stable

-Lightweight

-Injectable through narrow needles
-Natural texture and colour to fit with tuff rocks
-Longer working time

-Limited water release ratio

-No shrinkage (volume loss) during setting
-Viscosity

-Weak in shear strength

-Enough cohesion

-Enough adhesion but mechanically

removable between rock and gypsum surfaces

Gypsum

CaS0,.",H,0 is known as Plaster of Paris, and hardens due to
a hydration process setting as CaSO,.2H,0 (gypsum) when it
mixes with water. This reaction is exothermic and responsible
for the ease with which gypsum can be cast into various

forms and shapes.

The fast gypsum (alpha-shape) sets quickly. On the other
hand, the slow gypsum (beta-shape) sets in about 10 minutes.
Gypsum is slightly soluble in water which may cause fatal
problems such as detachment and cracking if a grouting

mortar with a high water release ratio comes into contact with
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doniisiimlii olarak segildi ve orjinal alg1 sivast uygun hale
getirildi.Miidahale orjinal malzemelerden daha zayif ve daha

hafif olmalidir.

Alg1 siva igin yukarda bahsedilen prensipleri karsilayan
malzemeler, temel olarak al¢1 bazli uygun ve akiskan dolgu
baglayici harglari, algidan ¢ok daha zor hazirlanmasina
ragmen kire¢ bazli ¢ok fazla denemeler ve ilgili ¢alismalarda
bulunuldu. Malzemelerin testi, 2015 ve 2016 yillarinda
yerinde miidaheleden once Japaonya’da deneyleri yapildi ve
daha sonra Kapadokya’da uygulandi. Durumu ne olursa olsun
orjinal duvarlarin gegirgenligini degistiren bir sentetik regine

uygulanmamustir.

Uziimli Kilisesi duvar resimleri konservasyonunda kullanmak
lizere iyi bir enjeksiyon harci elde etmek i¢in (dolgu igin)

ozelllikle asagidaki kosullarin saglanmasi gerekir.

-Akiskan (s1v1)
-Kimyasal olarak kararli yapida
-Hafif agirlikta
-Ince ugla enjekte edilebilir
-Dogal yap1 ve mevcut tiif kayanin rengine uygun
-Uzun sure ¢aligilabilir
-Ortama sinirli oranda su birakan
-Sertlesme sirasinda daralmayan
(hacim kayb1 olmayan)
-Viskoz (yar1 stvi)
-Kayma kuvveti diisiik
-Uygun tutunucu Kuvvette
-Kaya ile alc1 yiizey arasinda mekanik olarak uygun

yapisma kuvveti

Alg1

CaS0,.%H,0 hemihidrat alg1 siva olarak bilinen malzeme su
ile karistirildiginda hidrasyon islemi (sertlesme) nedeniyle
CaS0,.2H,0 (algr) olarak sertlesir.Bu reaksiyon ekzotermiktir
ve al¢1 cesitli formlara ve sekillere dokiilebilir kolaylikta

olmalidir.

Hizlt al¢1 (alfa sekli) hizli bir sekilde sertlesirken digeri
yavas alg¢1 (beta-sekli) 10 dakika da sertlesir.Al¢1 suda az
¢Oziiniir, yliksek su salinim orani olan bir enjeksiyon harci,
tarihi (orjinal) siva ile temas ederse ayrilma ve catlama

gibi geri doniisii olmayan kayiplara neden olabilir.Sentetik



the traditional gypsum plaster. Some uses of synthetic resins
may not be compatible with the original gypsum plaster,
which is highly porous and permeable. Overall, the use of
gypsum as a conservation material has various disadvantages,
such as its heavy weight, short working time, low fluidity, and
high water release ratio. To facilitate its use in conservation,
gypsum must be modified using light weight fillers, retarders,

and thickeners.

Citric and malic acids (and their sodium neutral salts) are
traditionally used as retarders (Ersen, et.al 2006; Lanzon,
et.al 2012; Fukui, et.al 1984). For example, sodium citrate
functions to slow the crystalisation process, since it creates a
thin layer of calcium citrate on the surface of CaSO,.2H,0.
Although citric and malic acids work as retarders, their
acidity accelerates crystalisation; therefore, organic salts are

more effective as retarders than organic acids themselves.

Fillers

Shirasu microballoon (Shirafine®) is a product made from
30,000 year-old natural volcanic sediment from the Aira
volcano in south Kyushu, mainly in the Kagoshima region
(Nomoto 1967). Shirasu volcanic ash accumulates at a
thickness of 10 — 200 meters in the region and creates a broad
pyroclastic plateau, which manifests poor concreteness and
high permeability. Shirasu ash is non-glutinous and appears as
a white cream colour. The shirasu balloon is made by boiling
shirasu in kilns. It consists of hemispherical micro particles
of around 20 — 1400 um ¢ of a rather small gravity [0.4-0.6
(bulk specific gravity) / a-gypsum: 2.76, B-gypsum:2.64]. The
microballoons are flame-retardant, possess a high melting
point, and are relatively cheap. They also have less water
absorbency compared to glass microspheres, which results in

better fluidity for a longer time (Isayama et.al 1976).

The advantages inherent to this natural volcanic microballoon
as a filler relative to synthetic glass microspheres are the: (1)
irregular, angular particle shape, (2) less sheer strength, which
eases shaping work, (3) broader particle size distribution, and
(4) natural ivory-white colour. Often glass-microspheres of
homogeneous particles have a dilatancy effect, which make
injection through a narrow syringe very difficult. Perhaps
owing to the broad particle size distribution of the shirasu

microballoon, fluidity is not disturbed in the syringes.
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reginelerin kullanildig: yerlerde; son derece gozenekli ve
gecirgen orjinal siva ile uyumlu olmayabilir.Bununla birlikte,
al¢inin bir koruma malzemesi olarak kullanilmas: agirliginin
yiiksek olmasi, ¢aligma siiresinin kisaligi, akiciliginin
diisiik olusu ve yiliksek su salinim orani olmasi gibi ¢esitli
dezavantajlar1 vardir. Koruyucu malzeme olarak kullanilmasi
icin hafif agirlikta dolgu maddeleri,donmay1 geciktiriciler
ve koyulastiricilar katmak gibi baz1 degisiklikler yapilmasi

gerekir.

Donma geciktiricilerinde geleneksel olarak sitrik ve malik
asitler (ve bunlarin nétr sodium tuzlar1) yaygin sekilde
kullanilirlar [Ersen, vs 2016; Lanzon, vs. 2012; Fukui, vs
1984]. Ornegin, sodyum sitrat, CaS0O,.2H,02 (al¢1)’nin
ylizeyinde ince bir kalsiyum sitrat tabakasi olusturdugu
i¢in kristallesme siirecini yavaslatir. Sitrik/Malik asitler
hem alginin sertlesme siirecini geciktirirler hem de asidik
ozellikleri kristallesmenin hizlanmasinda katkida bulunurlar
bu nedenle organik tuzlarin geciktirci etkisi organik asitlerden

daha iyi etkisi vardir.

Dolgu Harci

Shirasu mikrobalonu (Shirafine® markal1), esas olarak
Kagoshima bdlgesinde bulunan Aira yanardaginin 30.000
y1l dnceki patlamasi sonucu dogal volkanik tortudan elde
edilen iiriindiir[Nomoto 1967]. Shirasu volkanik kiilii,
bolgede 10-200 m kalinlikta birikir ve genis piroklastik plato
olusturur ve bu da diisiikk yogunlukta ve yiiksek gercirgenlikte
oldugunu gosterir. Shirasu kiilii yapiskan degildir ve beyaz
krem renklidir.Shirasu balonu firinlarda 1s1 ile kabaran
shirasudur. Boyutu 20-1400 um ¢ arasinda yar1 kiire mikro
pargaciklardan olusur.Ozgiil agirlik oldukga kiigiiktiir
(shirasu mikro balonu: 0.4-0.6 (birim hacim agirligi)/
a-al¢i: 2.76, B-alg1:2.64), ve alev-geciktirme, erimenoktasi
yiiksek ve olduga ucuz olmasi gibi 6zellikleri vardir. Shirasu
mikronalonunun cam mikrokiireciklerle kiyasla daha az su
gecirgenligi olmast ve bu yiizden uzun siire daha akigkan

kalmasina neden olur [Isayama, vs. 1976].

Dolgu maddesi olarak kullanilan sentetik cam
mikrokiireciklerle bu dogal mikro balonu kiyaslarsak, dogal
mikrobalonun avantajlar1 bunlardir; (1) diizensiz/agisal
parcacik sekli , (2) sekillendirme isini kolaylastiran daha
az etkin ¢ekim kuvveti , (3) daha genis pargacik boyutu
dagilimi, (4) dogal fildisi beyaz rengi. Genellikle homojen



parcaciklarin cam mikrokiirecikler, dilatansite basing etkisi
gosterir ve bundan dolay1 dar bir enjektor iginde enjeksiyon
yapilmasini zorlastirir. Muhtemelen shirasu mikrobalonunun
genis pargacik boyutu dagilimi oldugundan, akiskanlk

sirangalarda engellenmemistir.

Table 3.1 Semi-quantitative data of Shirasu microballoon using XRF (Kagoshima prefectural Institute of Industrial

Technology) [mass %]

Tablo 3.1 XRF'yi kullanarak bulunan Shirasu mikrobalonunun yari kantitatif verileri (Kagoshima ili End(istriyel

Teknoloji Enstitisu) [kitlece %)

K20 Ca0o TiO,

Nazo

F6203 MgO A|203 SiOz

Shirasu

3.83 1.13 0.15

4.12

1.46 0.23 | 12.10 | 75.00

Figure 3.1 Particle distribution of Shirasu microballoon, ISM-065
Sekil 3.1 Shirasu mikrobalonunun pargacik dagilimi, ISM-065

Gums

Acrylic emersions are commonly used as fluidisers or
plasticisers in conservation and industry, together with
gypsum mortar. However, because acrylic resins tend to
interfere with the original permeability of the gypsum
mortar, or tuff rock fabric, other materials were tested.
Initially, cellulose derivatives such as methyl cellulose were
considered. However, these were ultimately difficult to
separate from tuff rock and gypsum surfaces, likely due to

their micro-fibrous characteristics.

Then, natural gums were tested, concentrating on diutan
(Kelco-Crete DG®: CP Kelco.) and xanthan gums (KELZAN®:
Sansyo Co.Ltd.). Both gums are known as polysaccharide

biopolymers, which are used for the stabilization of
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Figure 3.2 Particle distribution of Shirasu microballoon, ISM-250
Sekil 3.2 Shirasu mikrobalonunun pargacik dagilimi, ISM-250

Regineler

Akiskanlastirici/plastiklestirici olarak genellikle akrilik
emiilsiyonlar konservasyonda ve al¢1 harci ile birlikte
endiistide kullanilir. Bununla birlikte, yine, akrilik
recineler al¢1 harci/tiif kaya yapisinin orjinal gegirgenlgini
etkilemektedir, baska maddeler iizerinde test edilmistir. Tlk
olarak, metil seliiloz gibi seliilozik malzemeler disiiniildi
fakat tif kayalar/alg1 yiizeyler muhtemelen mikro-lif

ozelliginden dolay1 ayrilmasi zorlasti.

Daha sonra, dogal regineler test edildi, diutanin amacli (Kelco-
Crete DG®: CP Kelco.) ve ksantan regineleri (KELZAN®:
Sansyo Co.Ltd.).Her iki reginede, polisakkarit biyopolimerler

olarak bilinen, semestasyon ve al¢1 gibi duvar malzemelerinde



emulsions, foams and suspensions such as in masonry
materials like cementations and gypsum. Both gums are of
high molecular weight, produced by aerobic fermentation. An
aqueous solution of diutan gum was infested with mould after

1-2 days, and was therefore excluded from the test.

Xanthan gum is produced from corn starch fermented
by Xanthomonas campestris. It has a high molecular
weight between 2,000,000 and 50,000,000. It is soluble
in water and ethanol and stable in both acidic and
basic conditions. In order to prevent excess water from
reaching the grouting mortar, ethanol was first added to
the gum before more water was added. After 6 months
of observation in the lab at room temperature, the
xanthan gum solution in water/ethanol was not infested

by any mould.

Injectability through syringe needles was also evaluated.
After some laboratory and in-situ tests and trials, the
following compositions (Table 3.2) were selected as
edging and grouting mortars. For convenience, all
solutions were made in the Nevshehir laboratory prior
to field work, and all powder was measured by volume

instead of by weight.

emiilsiyonlarin, kopiiklerin ve siispansiyonlarin stabilize
edilmesi i¢in kullanilir. Aerobik fermantasyon(mikrobiyolojik
turlerin oksijensiz solunumu) ile Uretilen yiksek molekiil
agirligina sahip rec¢inelerdir. Diutan reg¢inesinin sulu
¢ozeltisinde 1-2 giin sonunda kiif olusumu gdzlendi bu

nedense testten ¢ikarildi.

Ksantan recinesi, Xanthomonas kampestrisi tarafindan misir
nisastasindan fermente edilmistir. 2.000.000 ila 50.000.000
arasinda yiiksek molekiil agirligina sahiptir. Suda ve etanolde
¢Oziliniir, asit veya baz kosullarinda kararlidir.Dolgu harcindan
fazla suyu uzaklastirmak i¢in, reginenin i¢ine su ilavesinden
once etanol eklendi.Laboratuvar ortaminda oda sicakliginda 6
ay gozlemlendikten sonar, su/etanol igindeki ksantan reginesi

¢ozeltisi herhangi bir kiifiin olusumu goriilmedi.

Siringalara takili igneler ile enjekte edilebilirlik degerlendirildi.
Bazi laboratuvar, yerinde test ve denemelerden sonra,
asagidaki karigimlar dolgu ve enjeksiyon harclari olarak
secildi. Yerinde yapilacak caligmalarin kolaylastirmak
amactyla, tiim malzemelerin agirlklari hacimsel ve kiitlesel
olarak ol¢iilerek, sahada kullanilmak {izere tiim ¢ozeltilerin
hazirlanmas1 Nevsehir Restorasyon ve Konservasyon Bolge

Laboratuvar1 Mudiirligii’'nde yapildi.

Table 3.2 Composition of edging/grouting gypsum mortar (by volume: ml)
Tablo 3.2 Dolgu/enjeksiyon al¢i harg karigimi (hacim olarak: mL)

Mortar for Gypsum . Filler (shlra§u
microballoon): Shirafine® .
Citric Xanthan N~
Natural gypsum Water | Ethanol acid aum Application
(local) ISM-M065 ISM-M250
Edging (CaS0,.1/2H,0)
60 30 30 50 0.025g Spatula
Artificial gypsum
(dental grade: ISM-MO65 Syringe
Grouting San Esu) (o 105 45 0075 | 0.15¢ >18G (¢
CaS0,.1/2H,0) 0.92mm)
150 150




Figure 3.3 Edging/grouting mortars and gypsum
Sekil 3.3 Dolgu/enjeksiyon harci ve algisi

Table 3.3 Bulk specific gravities of mortars (after 1 week)

Tablo 3.3
Fast gypsum San-esu dental Edging mortar Grouting motar
(local) gypsum (fast local gypsum, (San-esu dental
citric acid, shirasu S, L) | gypsum, shirasuS,
citric acid, xanthan
gum)
numbers (n) 5 5 5 5
bulk specific 0.69 0.90 0.67 0.71
gravity (g/cm3)
volume (cm3) 17 17 17 17
average (g) 11.67 15.36 11.39 12.12

Table 3.3 indicates that the grouting mortar was of a lighter
weight owing to the shirasu microballoon fillers, and both
edging and grouting mortars possessed similar gravities
owing to the original local gypsum. No obvious cracks were

observed during the setting process of any gypsum pieces.

Tablo 3.3 Dolgu malzemesi (shirasu mikrobalon) sayesinde
enjeksyon harcinin daha hafif oldugunu, ve hem dolgu hemde
enjeksiyon harci orjinal yerel alg1 ile benzer 6zellik kazandi.
Herhangi bir al¢1 parcasinin sertlesme islemi sirasinda

belirgin bir catlak olusumu gézlemlenmedi.

26



Figure 3.4 Microphotograph of ISM-065 Figure 3.5 Microphotograph of ISM-250 (transmitted

(transmitted microscope, Olympus BH-2) microscope, Olympus BH-2)

Sekil 3.4 ISM-065’in mikrofotografi Sekil 3.5 ISM-250’in mikrofotografi

(Gegirimli mikroskop, Olympus BH-2) (Gegirimli mikroskop, Olympus BH-2)

Figure 3.6 Microphotograph of ISM-065 Figure 3.7 Microphotograph of ISM-250 (stereo
(stereo microscope, LEICA DMS-300) microscope, LEICA DMS-300)

Sekil 3.6 ISM-0652in mikrofotografi Sekil 3.7 ISM-250in mikrofotografi
(Stereomikroskop, LEICA DMS300) (Stereomikroskop, LEICA DMS300)

Figure 3.8 Laboratory preparation (31 August 2016)
Sekil 3.8 Laboratuvar hazirligi (31 Agustos 2016)

Figure 3.9 On site mortar preparation
Sekil 3.9 Yerinde harg hazirligi
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Figure 3.10 On-site mortar preparation
Sekil 3.10 Yerinde harg hazirligi

Figure 3.12 Grouting work at the altar
Sekil 3.12 Mihrap’ta yaplan enjeksiyon galismasi

Figure 3.14 After intervention (altar)
Sekil 3.14 miidahale sonrasi (mihrap)

Figure 3.16 After intervention (nave, vault)
Sekil 3.16 miidahale sonrasi (kilise ortasi, tonoz)
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Figure 3.11 Edging work at the nave
Sekil 3.11 Kilise ortasindaki dolgu harg galismasi

Figure 3.13 Grouting work at the nartex
Sekil 3.13 Nartekste yapilan enjeksiyon ¢alismasi

Figure 3.15 After intervention (nave)
Sekil 3.15 miidahale sonrasi (kilise ortasi)

Figure 3.17 After intervention (nave, vault)
Sekil 3.17 miidahale sonrasi (kilise ortasi, tonoz)



Conservation intervention

Stabilisation

Wall paintings were stabilized once more following the
2015 interventions. Although most areas were relatively
stable at the time of our second intervention, some particular
areas along the rock cracks were detached and delaminated.
Those voids were filled with grouting mortar using needles
to increase cohesion. Some areas were pre-wetted with an
ethanol and water mixture before injection. Edging mortar
was used to stabilise wall paintings that showed delamination

and lacuna (Figures 3.8 — 3.17).

Toning

Areas marred by harsh white colouring due to scratches and
incisions were toned with natural ochre powder and water.
The pigments used were all natural iron oxides, from yellow
to deep red [Italian/Japanese ochre (product name/company):
terra rossa 0270/CTS; ocra rossa 4068/Roma Restauro,
Tuscan red (Pompeii red)/Kremer; yellow ochre/Hojo,

Tsukuba] without any organic binder.

Ivory black was selected for the black pigment due to its
relatively heavier gravity than carbon black powder. Only
areas that included recent graffiti (identified by Turkish rather
than Latin, Greek, or Arabic text, as well as any dates given)
were toned. Uziimlii wall paintings are one of the more
important historical witnesses of historical graffiti. Several
types of Greek inscriptions appear on the walls, some dating
back to the 8th — 9th century AD, as do figures of horses and
saints and Arabic graffiti. Also, religious vandalism on the
hands and faces of saints could be of historical significance
and, therefore, we established specific criteria for determining
which shall be toned: only recent touristic graffiti and lines
were toned, while we determined that others should remain as

they are.

Documentation

All intervention was documented on transparent polyester
sheets. Same base photographs were used as the first year’s
documentation. Data was transferred to illustrator format

(appendix III).
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Konservasyon miidahalesi

Stabilizasyon

2015°ten itibaren devam eden duvar resimlerinin
stabilizasyonu gerceklestirildi.Duvar resimlerinin ¢ogunun
nispeten stabil olmasina ragmen, bazi belirli alanlarda kaya
catlaklar1 boyunca kopmalar ve tabakalar ayrilmalari vardir.
Bu bosluklar, igneler vasitasiyla enjeksiyon harci ile doldurur
ve baglantilar1 arttirilir. Bazi alanlar enjeksiyon yapilmadan
once etanol/su karisimi ile 1slatildi. Ayrilan tabakalar ve
araliklar gozlemlenen duvar resmi boyunca, stabil durum

saglanmasi i¢in dolgu harci kullanilmistir (Sekil 3.8-3.17).

Tonlama

Cizik ve kesiklerden dolay1 belirgin beyaz renk gdsteren
alanlar dogal kum pulsu-su karigimi ile tonlandirilmstir.
Pigmentlerin hepsi dogaldir demir oksit saridan koyu kirmizi
renk skalasinda (italyan/Japon asiboyasi: terra rossa 0270,
CTS; ocra rossa. 4068, Roma Restauro, Toskana kirmizisi
(Pompeii kirmizisi), Kremer; Tsukuba-Hojo’dan elde edilen

sar1 asiboyast) ve herhangi bir organic baglayici igermez.

Siyah pigmente gelince, fildisi siyah1 karbon siyahina gore
daha yiiksek 6zgiil agriligt oldugu i¢in segildi.Tonlanma
yapilmis alanlar, son yapilan grafitiler olarak sinirlandi.
(Muhtemelen yakin tarihte yapilmis tiirkge grafitilere
uygulandi, Latin/Yunan/Arap karakterler birakildi).Uziimlii
duvar resimlerinin tarihsel grafitilerinden 6nemli bir tarihe
taniklik ettigi gorilmektedir. M. S. 8.-9. Yiizyil’a ait birkag
Yunan yazi tiirleri ve bunun yanisira at figiirli, azizler vb.
ve bazi arapga grafitiler vardir. Ayn1 zamanda azizlerin
elleri ve yiizlerinde yapilan dini vandalizmser tarihsel
delil olusturabilir, bu nedenle tonlama islemi yapilacak
veya yapilmayacaklar i¢in bir kriter olusturuldu. Yalnizca
son turistik graffiti ve ¢iziklerde tonlama islemi yapilmali

digerleri oldugu gibi birakilmalidir.

Doékumantasyon

Yapilan tiim konservasyon miidahaleleri seffaf polyester
plakalar tizerinde belgelendi.
Ayni temel fotograflar, ilk yilin belgelemesinde kullanildi.

Veriler, resimsel (illustrator) bigiminde aktarildi.



Figure 3.18 As of September 2013.
Sekil 3.18 2013 itibariyle

Figure 3.19 As of September 2015; after toning recent touristic graffiti.
Sekil 3.19 Eylul 2015’ten itibaren, son turistik grafitlerin tonlama islemi sonrasi

30



Figure 3.20 After intervention in September 2016
Sekil 3.20 Eylul 2016 miidahale sonrasi

Figure 3.21 After intervention in September 2016 (altar)
Sekil 3.21 Eylul 2016 miidahale sonrasi (mihrap)
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Figure 3.22 After intervention in September 2016 (altar/nave)
Sekil 3.22 Eyltl 2016 miidahale sonrasi (mihrap/kilise ortasi)

Figure 3.23 After intervention in September 2016 (nave)
Sekil 3.23 Eylul 2016 miidahale sonrasi (Kilise ortasi)
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Figure 3.24 After intervention in September 2016 (nave, south wall)
Sekil 3.24 Eylul 2016 miidahale sonrasi (kilise ortasi, gliney duvar)

Figure 3.25 After intervention in September 2016 (nave, south wall)
Sekil 3.25 Eylll 2016 miidahale sonrasi (Kilise ortasi, gliney divar)
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Figure 3.26 After intervention in September 2016 (nave, north wall)
Sekil 3.26 Eyliil 2016 mudahele sonrasi (Kilise ortasi, kuzey duvar)

Figure 3.27 After intervention in September 2016 (nave, south wall)
Sekil 3.27 Eylul 2016 miidahale sonrasi (Kilise ortasi, gliney duvar)
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Figure 3.28 After intervention in September 2016 (narthex, north wall)
Sekil 3.28 Eyliil 2016 mudahale sonrasi (narteks, kuzey duvar)

Figure 3.29 After intervention in September 2016 (narthex
Sekil 3.29 Eylul 2016 miidahale sonrasi (narteks)
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Figure 3.30 After intervention in September 2016 (west)
Sekil 3.30 Eyliil 2016 midahale sonrasi (bati)

Figure 3.31 After intervention in September 2016 (entrance)
Sekil 3.31 Eylul 2016 miidahale sonrasi (giris)
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Figure 3.32 After intervention in September 2016 (narthex, north)
Sekil 3.32 Eylll 2016 miidahale sonrasi (nartex, kuzey)

Figure 3.33 After toning in September 2016 (nave)
Sekil 3.33 Eylul 2016 tonlama sonrasi (Kilise ortasi)
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Figure 3.34 After toning in September 2016 (nave)
Sekil 3.34 Eyliil 2016 tonlama sonrasi (Kilise Ortasi)

Figure 3.35 After intervention in September 2016 (altar)
Sekil 3.35 Eylul 2016 mudahale sonrasi (mihrap)
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Figure 3.36 After intervention in September 2016 (nave)
Sekil 3.36 Eyliil 2016 midahale sonrasi (Klise ortasi)

Figure 3.37 After intervention in September 2016 (nave, altar)
Sekil 3.37 Eylul 2016 miidahale sonrasi (Kilise ortasi,mihrap)
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Figure 3.38 Conservation members, 2016
Sekil 3.38 2016 yilinin konservasyon Uyeleri

The Uzimlii Church is not the most magnificent example
of a Byzantine church in Cappadocia. However, it certainly
is endowed with unique character owing to its surrounding
landscape and historical settings. It is not the same without a
well-preserved environment and beautifully maintained yards.
There are numerous precious gypsum-based wall paintings
in the valleys, which require careful protection. This project
was designed to serve as a model for bringing locals and
stakeholders together for the purpose of prolonging cultural
heritage in the context of its original local settings. Rather
than any drastic intervention, modest continuous treatment

would be a wiser choice in conservation.

Numerous issues must yet be tackled in the conservation field
in Cappadocia. We look forward to continuing long-term

study and monitoring of post-intervention conditions.

I would like to express appreciation to MEXT/JSPS
KAKENHI (24101014) and the Kajima Foundation for their

financial support on this project. The Uzimlii project has
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Uzimii Kilisesi, Kapadokya’da yer alan Bizans kilisesinin en
onemli drnegi degildir ancak c¢evresindeki cografi manzara
ve tarihi siirec ile birlikte essiz tonlamasyla siiphesiz mirastir.
Iyi korunmus doga ve giizelce muhafaza edilmis mabet
ayni degildir.Vadi i¢inde gesitli degerli gerektiren alg1 bazl
korunmasi gereken duvar resimleri var. Bu proje orjinal yerel
kosullara ayarlama cergevesinde kiiltiirel mirasin dmriiniin
uzatilmasi ve korunmasi igin tiim yerli ve yabanct gorevlileri
bir araya getiren kiigiik bir 6rnek olmay1 hedeflemistir. Biiyiik
bir miidahelenin yerine, bir dizi hafif, kontrollii olarak devam
eden iyilestirici miidaheleler muhtemelen daha uygun bir

tercih olabilir.

Kapadokya’daki korunmasi gereken alanlarda iizerinde
durulacak ¢ok fazla konu bulunmaktadir ve yapilan
miidahaleler sonrasi uzun vadede gézlemleme ve daha detayl

aragtirma ¢aligmalarimiz siirdiirmeyi planlamaktayiz.
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I -4 Assessmenr of Micro-Environment around Uziimli Churech

Chiemi Iba, Kyoto University
Kunio Watanabe, Mie University

Figure 4.1. From Sep. 25, 2015 to Jul. 21, 2016 (300 days) Environmental data near Uziimlii Church

The diurnal temperature variation of outdoor air ranged over 10 degrees. The variation was 3 degrees
at the entrance, and 2 degrees deep inside the church. Temperature at the entrance was susceptible to
greater shifts than that inside due to airflow and solar radiation. The temperature profile is similar to

that of last season.
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Figure 4.2. From Sep. 25, 2015 to Jul. 21, 2016 (300 days) Ground temperature at Uziimlii Church

In the shady area, ground temperatures measured deeper than 50 mm below the surface remained
uniform. On the other hand, the ground temperature measured at a depth of 50mm in the sunny
area fluctuated greatly due to solar radiation, while the temperature measured at a 300 mm depth

remained 1-3 degrees higher than that in the shady area.

Average temp. during winter months 3.1°C 4.0°C
Minimum tgmp. during winter months 15.5°C 16.4°C
(date and time of occurrence)

Number of frost days

(min. temperature below 0° C) 66 -
Freeze-thaw cycle 10 6
(Outdoor temp. -4 °C to +4 °C)

Number of days with precipitation 37 52
(daily integrated value >0.2mm)

Total precipitation 130.6 128.0

Figure 4.3. Meteorological features at red valley over two winter seasons

The weather seemed slightly colder In the 2015-16 season than the previous. The number of frost
days (where minimum temperature dropped below O degrees) increased relative to 2014-15. There
were 10 freeze-thaw cycle s in 2015-16, assuming that the cycle corresponds to outdoor temperature
changes between -4 and +4 degrees. However, because rock surface temperatures tend to be higher
than outdoor temperatures in the daytime, considering the influence of solar radiation, the actual
number of freeze-thaw cycles is estimated to be higher. The total amount of precipitation in winter

was very small and almost the same as that in the previous season.
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Winter 2015-2016
2015-2016

Winter 2014-2015
2014-2015

Figure 4.4. Daily average/maximum/minimum outdoor temperature and daily cumulative precipitation
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December

January

Figure 4.5. Outdoor temperature in Winter 2015-2016
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February

March

Figure 4.6. Outdoor temperature in Winter 2015-2016
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Figure 4.7. Daily cumulative precipitation and precipitation intensity (10min.)

Daily precipitation did not reach 20 mm. In the winter season, the rainfall intensity was relatively

low, whereas the frequency was rather high.

*note that precipitation measurements might be uncertain in the case of snow.
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Figure 4.8. 2015-16 Environmental data near Uziimlii Church in Winter

Figure 4.9. December 2015 Environmental data near Uziimlii Church in Winter

A focus on December reveals that ground temperatures around the surface in the sunny area were

similar to those inside the church.
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Figure 4.10. March 2016 Environmental data near Uziimlii Church in Winter

A focus on March reveals that ground temperatures around the surface (at a SO0mm depth) in the sunny

area fluctuate more than indoor temperatures owing to the solar heat.

Figure 4.11. From Sep. 25, 2015 to Jul. 21, 2016 (300 days) Ground soil moisture data near Uziimlii Church
After rainfall in early December, underground water potential near the surface was higher than that in deeper
zones. Therefore, the rock structure did not absorb significant amounts of groundwater. This tendency was
same as that of the previous season. A few intervals of rainfall were observed in this area. The ground water

potential seemed close to saturation until the end of March.
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Figure 4.12. From Sep. 25, 2015 to Jul. 21, 2016 (300days) Ground soil moisture data near Uziimlii Church

It is likely that the freeze-thaw cycle will occur frequently in the immediate vicinity of the ground surface
when the ground water potential remains high, because the ground surface temperature tends to drop

lower than that of the outdoor air due to nocturnal radiation.
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ABSTRACT:

Digital documentation is one of the most useful techniques to record the condition of cultural heritage. Recently, high-resolution
images become increasingly useful because it is possible to show general views of mural paintings and also detailed mural conditions
in a single image. As mural paintings are damaged by environmental stresses, it is necessary to record the details of painting
condition on high-resolution base maps. Unfortunately, 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 paper, we suggest a new approach to make digital heritage
inventories without special instruments, based on our recent our research project in Uziimlii church in Cappadocia, Turkey. This
method enables us to achieve a high-resolution image database with low costs, short time, and limited human resources.

1. INTRODUCTION

Digital documentation, 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 painting conservation projects, high-resolution images
become useful because it is possible to show both general view

of mural painting and detailed mural condition in a single image.

Such digital archiving is necessary because the mural paintings
are damaged by diverse mechanisms, such as physical,
environmental and biological effects. Therefore, it is necessary
to record the details of painting condition on high-resolution
base maps.

On the other hand, 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 paper, we suggest a
new approach to develop a mural painting database, which is
based on our recent our research project in Uziimlii church in
Cappadocia, Turkey.

2. GENERAL INFORMATION OF UZzUMLU CHURCH
2.1 Location of the Site and its Architectural Style

The rock-hewn church of Uziimli (Uzimli means grape in
Turkish) is located in the Red Valley in the Cappadocia in
Turkey (Fig. 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 vandalism.

*

Corresponding author
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Figure 1. Map of Turkey and around the site

The Uziimli church is identified as the chapel of Niketas the
Stylite (Rodley 1963). Little is known about the history of the
church since little documentation exists. However, because the
mural paintings are similar to those found in Pantokrator
Monastery (Zeyreki Kilise Camii, 1120 - 1136), Istanbul, the
mural paintings in the Uziimlii church may date between the
periods of the Komnenos dynasty (1081-1185). On the other
hand, it is very difficult to determine the exact period when this
church was built or when the murals were painted because the
cave church was extended by excavating the rock gradually.
The mural paintings do not contain any botanical materials such
as thatch; therefore, a precise dating is very difficult.

The Uzumlii church is about 12 m in an east-west direction, and
about 8 m in a north-south direction. The church is composed of
five chambers (Fig. 2). Although it is unknown how these
chambers were used originally, we assume that the three
ordered chambers from western entrance to eastwards are
"narthex", "nave" and "apse". The two other chambers attaching
the north side of nave and apse may be extra ones, as the ceiling

height of these chambers are shorter than the other three
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chambers and these two are not covered with mural paintings.
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 vault and that of apse is dome. The two chambers on
the north side of nave and apse are cuboid and were never
covered with paintings. Compared with the exposed rock
surface of the main chambers, the surfaces of the two chambers
are roughly excavated. This obviously may indicate that the
main chambers and other combers were made by different
techniques. Therefore, it would seem that the latter two
chambers were never painted. Also, these seem to be excavated
in a later period.

Figure 2. Plan of the Uziimlii church

2.2 Former documentation project

The comprehensive documentation of the rock-hewn churches
in Cappadocia was first undertaken by Dr. Nicole Thierry, from
the University of Paris-Sorbonne, France, in the 1960s (Thierry,
1963). Her research focused on recording the iconographic
scheme. Preliminary measurement of the rock-hewn churches
around Cappadocia valley was also done by a research team led
by Dr. Masaru Maeno, Professor of Tokyo University of the
Arts in the early 1970s, during which the architectural drawings
of Uziimlii church were made (unpublished). However, since
the 1970s, no further documentation has been undertaken, and
the paintings have been gradually damaged by physical,
environmental and biological effects.

2.3 Location of mural painting

The mural paintings that were depicted in the 12th century
survive on the following surfaces of the church: intrados of the
arched entrance, west-wall, south-wall, east-wall, north arch and
barrel vaulted ceiling in the narthex, west-wall, south-wall, east-
wall and barrel vaulted ceiling in the nave, southeast-wall and
domed ceiling in the apse, and transverse arch between narthex
and apse. Although we assume that the intrados of transverse
arch between narthex and nave may be covered with paintings,
we cannot identify any remnants of the mural paintings because
the lower part of this transverse arch is collapsed.

3. 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 was photographed in
several pieces both vertically and horizontally, and the pieces

56

were merged digitally into a single high-resolution image using

Adobe Photoshop® software. After the images were rectified by

measurement data, each image piece of wall or ceiling was used

as base map. The conditions of the mural paintings were

recorded on the OHP films on the printed base map. After

digitalising the OHP films, the condition of the mural paintings

were drawn on the high-resolution base map used by Adobe

Illustrator®. Consequently, the process of documentation

generally followed these four 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 images and
creation of the base map.

4) Condition assessment and recording

3.1 Instrument

The instruments we used in our study are listed below:

+ Digital Camera (Canon EOS 60D)

+ Wide-angle Lens (Canon EF-S10-22mm F 3.5-4.5 USM)
+ Tripod (Manfrotto 055 CXPRO3JP)

+ Laser digital distance meter (Leica Disto D210)

+ Measuring Tape

+ Software: Adobe Photoshop CS6, Adobe Illustrator CS6

3.2 Photography of mural painting

Photography was conducted by setting the camera on a tripod
horizontally and parallel to the mural painting. Then, the
distance between the lens and the mural painting was measured
by a digital distance meter. Depending on the dimensions of the
mural paintings, the paintings were taken in several shots. When
the camera was moved horizontally or vertically, the distance
between the lens and the paintings was kept constant, and each
shot should contain enough overlap with photographs of
adjacent areas, so that the 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 paining on the south-wall in the nave.

Figure 3. Concept of image merging (the south wall in the nave)

3.3 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 about this church. 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 image
processing. First, the height and width of the mural paintings
were measured using a digital distance meter or the measuring
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tape. Additionally, the distance between distinctive figures in
the mural paintings, such as saints, was measured. When we
measured curved surfaces, such as barrel vault or dome, we also
measured the inner radial of these in order to make a planar
image from the curved surface (Fig. 4).

Figure 4. Diagram of conversion from curved surface to planar
image

3.4 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 manually rectified based on the
measurement data, and resized to the exact scale. Then, these
images were imported into Adobe Illustrator CS6 to record the
mural condition. 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. Then select
[Automate] in the [File] menu. Then click [Photomerge] and
Select [Add Open Files].

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

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 check each
end of the reading photographs.

4) Combine the layers: select [Layer] menu and click [Merge
Visible].

5) Set the guidelines for revision: select [View] menu and click
[New Guide...]. Then move the guides based on the measured
places such as Figure 8.
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Figure 6. Image merging process 2: Choose the files to combine

Figure 7. Image merging process 3: Example of succeeded (left)
and failed (right) combining photos

Figure 8. Image merging process 5: Set the guildelines

6) Revise the photograph (Fig. 9): 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.

Figure 9. Image merging process 6: Chose "Warp" tool

7) Apply the transform (Fig. 10): after finishing transform, click
[Apply] in the window "Apply the transform?"

Figure 11 is an example of the photograph of the dome, which
was merged from five images.
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Following this method, we created thirteen base maps.

Figure 10. Image merging process 7: Applying the "Warp" tool

Figure 11. Finished photograph merged five images

3.5 Condition assessment and recording of mural paintings

After creating the base maps, the conditions of the mural
paintings were recorded on the OHP sheets on the printed base
maps. The mural paintings in the Uziimli church are composed
of three layers: rock layer, plaster layer and paint layer.
Therefore, we recorded the condition of each layer of a mural
painting as separated mural condition sheets. The identified
deterioration items in each layer are as follows.

a)

b)

Rock layer deterioration is identified by four items:
biological activity (Fig. 12-a), deposition of dark material
(Fig. 12-b), structural cracks (Fig. 12-c) and spalling (Fig.
12-d). Biological activity is evidence of animal inhabitation
on rock, such as insects or spiders. Deposition of dark
material is deposit of dark brown or blockish material on the
surface of the rock. Structural cracks are large cracks that
run through the body of the rock, caused by faulting.
Spalling is detachment of the rock on a small scale, in
parallel to the surface of the rock.

Plaster layer deterioration is identified by five items:
detachment of lower plaster layer (Fig. 13-a), mechanical
damage (Fig. 13-b), cracking (Fig. 13-c), holes (Fig. 13-d)
and incised graffiti (Fig. 13-e). Detachment of lower plaster
layer is loss of adhesion between the lower plaster layer and
rock substrate, as assessed by visual evidence alone.
Mechanical damage is rupture of the painting stratigraphy
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. Cracking is that of plaster layer most often
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resulting from cracking of the rock structure and mechanical
damage, though there may be other causes. Holes are very
circular, small holes of approximately 5mm @&, which enter
into the plaster layer and generally do not reach the substrate.
Incised graffiti is inscriptions and drawing incised into the
surface of the painting, affecting the paint layer, ground and
plaster layer.

a. Biological activity b. Deposition of dark material

c. Structural cracking d. Spalling
Figure 12. Photos of rock layer deterioration

a. Detahment of lower
plaster layer

b. Mechanical damage

d. Holes

c. Cracking
Figure 13. Photos of plaster layer deterioration

e. Incised graffiti

c) Paint layer deterioration is identified by ten items: smearing

(Fig. 14-a), surface deposition (Fig. 14-b), dark grey veil
(Fig. 14-c), micro-losses (Fig. 14-d), grey spotting (Fig. 14-
e), original fixing (Fig. 14-f), biological deterioration (Fig.
14-g), superficial graffiti (Fig. 14-h), nail (Fig. 14-i) and
paint loss due to biological activity (Fig. 14-j). Smearing is
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. Surface deposition is deposition of
material on the surface of the painting, such as mud from
birds' nests or from later construction in the church such as
mud plaster. Dark gray veil is veil extending over the
surface of the painting, dark gray in color, somewhat patchy,
and of unclear origin. Micro losses are extremely small,
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rounded losses of the paint layer generally on the order of
0.5-1 mm @. Grey spotting is the faint, circular grey spots,
0.5-3 mm @, on the surface of the painting. Original fixing
is the trace of fixing that may be carried out almost at the
same period of mural painting depicted because the colors
of this part and around area of that are almost the same.
Biological deterioration is discoloration, generally dark gray,
of certain areas of painting due to animal inhabitation.
Superficial graffiti is the graffiti applied to the surface of the
painting using a medium such as paint, ink or graphite. Nail
is the part of nail on the paint layer. Paint layer loss due to
biological activity is 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.

a. Smearing b. Surface deposition

c. Dark grey veil d. Micro-losses

e. Grey spotting f. Original fixing

g. biological deterioration h. Superficial graffiti

i. Nail j. Paint loss due to biological activity
Figure 14. Photos of paint layer deterioration
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After recording the condition of deterioration of a layer, the
OHP sheet was scanned in order to make digital mural condition
sheets (Fig. 15). In the case that there were too many items to
record an OHP sheet, we used more than two OHP sheets to
record one layer. Using Adobe Illustrator, we traced the scanned
data with a pen tool. The traced deterioration places were
divided into different layers by each item of deterioration.
Therefore, one mural condition sheet can show the deteriorated
places of selected items in one layer. Then, the scale of mural
condition sheets was adjusted to 1/10, 1/15, 1/20, 1/25. As we
checked the deterioration of each layer of the mural paintings,
we produced 39 mural condition sheets and 13 photographs of
mural paintings for the digital heritage inventories. Figure 15 is
one of the examples of digital heritage inventories, which is the
paint layer deterioration of the ceiling in the nave.

J2umLy

Room |

Sept 204
A MUsTAFA
7 TOPTEPE
SHEET T

M

Figure 15. Scanned OHP sheet of plaster deterioration of the
ceiling in the narthex

Figure 16. An example of digital heritage inventories:
Paint layer deterioration of the ceiling in the nave.
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4. CONCLUSION

In this paper, we suggested a new approach to develop a mural
painting database, using normal digital single-lens reflex camera
and tripod, measuring tools and standard digital image
processing software. Compared with conventional digital
documentation, our method can produce high-resolution images
at low cost, and with limited time and human resources.
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Abstract:

Digital photography is a valuable documentation technique for the preservation of a cultural heritage site because high-
resolution photography presents both general and detailed views of mural paintings and mural condition in a single
image. Advanced digital technology is particularly helpful for preserving and restoring mural paintings given that the
painting condition is recorded on high-resolution base maps shows how mural paintings are damaged by environmental
stresses, mechanical damages and inappropriate treatments, among others. In addition, photogrammetric software
technology is rapidly advancing and being applied to the digital documentation of mural paintings or rock art.
Nevertheless, human experience and investigation of mural paintings is indispensable for recording the condition of
mural paintings, and this highlights that every step of documentation conducted in situ is desirable. However, images by
photogrammetric software do not show sufficient resolution because most normal portable computers used on-site are
not usually sufficient. Based on our experience at the Uzimli Church in Cappadocia, Turkey, we propose a new
approach to document mural conditions in situ for preservation and restoration. Our method is based on a comparison of
a non-metric but approximate high-resolution image with the actual mural paintings. The method does not require special
instruments and enables digital documentation of the mural condition in situ at a low cost, in a short time frame and using
minimal human resources.

Key words: digital documentation, photography, image processing, mural painting, rock-hewn church, Cappadocia

mural paintings as illustrations can overcome these

1. Introduction problems, but such representations do not accurately
reflect the actual work of art given that they are usually
Documentation is one of the principal requirements for mediated by the interpretation of an illustrator.

studies of mural paintings. The iconographic or stylistic
analyses of mural paintings and the preservation and
restoration of these are based on data derived from
documentation. During the 20" century, the main
methods of documentation were analogue photography
and drawings. The former was disadvantageous due to
the fact that only a limited number of shots could be
captured because of the numerous heavy instruments
used. Additionally, although some murals are painted
over small areas, generally speaking photographing an
entire painting is impossible with analogue technology. A
typical solution is the mosaicking of photographic shots,
but this approach presents high costs, entails long
periods and requires many human resources. Depicting

The recent rapid development of digital photography has
expanded the possibilities of documentation primarily
through digital documentation. The digital camera has
paralleled, and in some cases exceeded, the quality of
an analogue camera because it produces detailed high-
resolution images (Allen & Triantaphollodou, 2010, pp.
279-280). It is easier to manipulate images on a
computer compared to photographs from an analogue
camera. Moreover, images on the computer can display
various kinds of data satisfying the user's needs,
whereas analogue images cannot change their printed
form. In addition, photogrammetric software is rapidly
being introduced specifically for the documentation of

*
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mural paintings or rock art (Cerrillo-Cuenca et al., 2014;
Cosentino et al., 2011; Domingo et al., 2013; Ke et al.,
2008). As Doneus et al. (2011) clarifed, digital
photogrammetry can provide an accuracy that is similar
to mid-range laser scanning devices.

However, digital photogrammetry of mural paintings has
an avoidable problem. Comprehensive documentation of
the mural condition usually consists of two steps: making
images of the mural paintings and depicting the
condition of the mural paintings on the images by naked
eye investigation, as done by Bayerova et al. (2011).
Documentation of images is best done at the highest
resolution possible, and every phase of digital
documentation in situ is desirable. Although digital
photography can be used with photographic apparatus,
laptop and printer, a high-quality digital photogrammetry
system still requires a high-performance computer
(Koutsoudis et al., 2014). To address this problem, the
National Research Institute for Cultural Properties,
Tokyo, implemented several missions for the mural
conservation project of the Ajanta Buddhist caves
(Yamauchi 2013, 2014).

An important feature of recording the mural condition is
the high resolution of the images and the comparability
between the image and the actual mural paintings.
Metric data are not essential, and we therefore tried to
make the entire process of digital documentation based
on a non-metric approximate image in situ. We used our
recent research project, the Uzumli Church in
Cappadocia, Turkey (a UNESCO World Heritage site
since 1985), as an example. This method enabled us to
make a high-resolution image that is comparable to or
surpasses one taken by a multi-shot camera and in
addition has a low cost and uses limited human
resources. The digital documentation project was
conducted in cooperation with Nevsehir Museum, which
manages the cultural heritage sites in Cappadocia. More
than 400 rock-hewn churches (Turkish Ministry of
Culture and Tourism, 1985, p. 22), including the Uz{imli
Church, can be found in Cappadocia (Fig. 1).

2. Overview of the Uziimlii Church

2.1. Location and architectural style

On the southern side of Aktepe, which is a rock
mountain in the northern part of Cappadocia, are two
tourist routes from Ortahisar Village: Red Valley and
Rose Valley. The rock-hewn church of Uzimli (Gzimli
is Turkish for ‘grape’) is located west of the middle cross-
point of Red Valley and Rose Valley (Fig. 2). We chose
this church as our first target for the preservation and
restoration of mural paintings in rock-hewn churches
because it exhibits typical Cappadocian deterioration
caused by environmental factors, rock composition,
seismic activity, and biological and human activities,
including vandalism.

The structure of the Uziimlii Church is a solitary cone
that is approximately 12 m in the east-west direction and
approximately 8 m in the north-south direction. The
entrance to the church is a cut on the western fagade of
the rock. In the past, another entrance was on the
southern side; however, this entrance is now filled.
Although the church comprises two stories, the upper
floor was already inaccessible in the 1960s (Schiemenz,
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Figure 1: West facade of the Uziimlii Church

1969, p. 241). The lower story was composed of five
chambers (Fig. 3). It is unknown how these chambers
were originally used, but we labelled the three
consecutive chambers (from west to east) as ‘Narthex’,
‘Nave’ and ‘Apse’, following the method adopted in
previous studies (Rodley, 1985, p.184). Two other
chambers on the north side of nave and apse were
referred to simply as ‘Chamber 1’ and ‘Chamber 2’ (from
west to east) because these are extra chambers that
may have been carved at a later period. The ceiling
heights of these chambers were shorter than those of
the other three, and no murals were painted on their
walls.

Figure 2: Map of Turkey (A) and the study site (B & C).
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The structures of the three main chambers are as
follows: Narthex is an imperfect rectangle that spans 1.7
m in the east-west direction and 1.8 m in the north—
south direction; Nave is an imperfect rectangle that
spans 2.6 m in the east-west direction and 2.4 m in the
north-south direction; and Apse is an ellipse with a
minor axis of 1.8 m in the east-west direction and a
major axis of 2.4 m in the north—south direction. Narthex
and Nave are covered by a barrel vault, whereas Apse is
covered by a dome. Chamber 1 and Chamber 2 are
cuboid structures. Compared with the exposed rock
surface of the main chambers, those of Chamber 1 and
Chamber 2 are roughly excavated. This suggests that
the former three chambers and the latter two were
constructed using different techniques. Given that
different excavation techniques were used for the main
and extra chambers and only the main chambers have
mural paintings, Chamber 1 and Chamber 2 appear to
have never been painted.

@

1

Chamber 2
Chamber 1

0 1 2 3 4

5 (m) N

(b)

Figure 3: The drawings of the Uziimlii Church: a) East-west
(AA") section; b) Ground floor plan.

2.2. Dating of mural paintings

Although the Uziimlii Church was known at the time of
Jerphanion (1942), who first systematically studied the
mural paintings in Cappadocia, he paid minimal attention
to this church. Schiemenz (1969) then identified the
Uziumli Church as the chapel of Niketas the Stylite, who
is depicted in the mural painting on the east wall of
Nave. Little information is available and known about the
history of the church due to lack of historical records that
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can sufficiently shed light on this issue have been found.
Absolute dating methods, such as radiocarbon dating,
are ineffective because mural paintings do not contain
botanical materials, such as thatch. Previous absolute
dating is therefore based on iconographic
characteristics.

Jerphanion dated the church as going back to the
iconoclast period, that is, the 8" to 9™ centuries
(Jerphanion, 1942, p.404). Schiemenz (1969), who was
the first scholar to treat the Uziimlii Church as a primary
research object, dated the church’s construction to be in
the 9th century after 863 A.D. His dating of the church
was based on his deduction that the saint painted on the
east wall of Narthex, which has now collapsed and is
nearly invisible but was visible at that time, is Euthymios
the Younger, who died in 863. He interpreted a three-line
inscription ‘NO/YM/HOC’, which is on the east side of
the saint, as EYOYMIOC (this is Euthymios in Greek
orthography) based on contemporary Byzantine Greek
writing and phonetic manners; he did not discuss which
Euthymios this referred to (Schiemenz, 1969, p. 242).
Conversely, Thierry (1981, p. 507) dated the mural
paintings to a slightly earlier period, specifically the late
7™ century or early 8" century A.D., on the basis of
iconographic details, style of ornamentation and
epigraphy. This argument remains inconclusive to this
day. For example, Alioglu et al. (2012) assumed the
church to be from the 10" century by its decoration
programme, but Pelosi et al. (2012) supposed 6-7"
century by its stylistic and technical characteristics. We
believe, similar to Rodley (1985: 189), that the saint on
the east wall of Narthex is not Euthymios the Younger
but possibly Euthymios the Great (ca. 377-473).
Therefore, Schiemenz’s dating, which did not consider
the earlier Euthymios, cannot be validated, but the
church seems to have been built at least during the ot
century A.D. This means it is one of the earliest phase
churches in Cappadocia and one of the few
representatives of the iconoclast period of Byzantine
churches.

2.3. Previous documentation projects

The comprehensive documentation of the rock-hewn
churches in Cappadocia was first undertaken by
Jerphanion (1942) from the 1920s to the 1940s.
However, he regarded the Uziimli Church as having
minimal importance. The first person to publish
photographs on the mural paintings of the church was
Budde (1958, fig 34), and a number of researchers,
including Schiemenz (1969), Thierry (1963, 1981) and
Rodley (1985), subsequently recorded and analysed the
iconographic schemes of the paintings. The preliminary
measurement of the rock-hewn churches around
Cappadocia valley was conducted by a research team
led by Dr. Masaru Maeno, a professor affiliated with the
Tokyo University of the Arts in the early 1970s; during
this period, (unpublished) architectural drawings of the
Uzimli Church were made. Since the 1980s, no further
documentation has been undertaken, and the mural
paintings have been gradually damaged by physical,
environmental and biological elements.

2.4. Location of the mural paintings

The mural paintings that were depicted until the o
century can be seen on the following surfaces of the
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church: the intrados of the arched entrance, the west,
south and east walls and the north arch and barrel-
vaulted ceiling in Narthex; the west, south and east walls
and the barrel-vaulted ceiling in Nave; the southeast wall
and the domed ceiling in Apse; and the transverse arch
between Narthex and Apse. All those surfaces were
depicted without flattening, i.e. murals are also on the
concave point. Although we assume that the intrados of
the transverse arch between Narthex and Nave may
have been covered with paintings, we cannot identify
any remnants of the murals because the lower part of
this transverse arch collapsed, and its remains were
removed.

3. Documentation methodology

In this project, our aim was to provide a continuous
operation of digital documentation for preservation and
restoration of mural paintings in situ. Even though we
made inner and outer figures of the rock by three-
dimensional (3D) laser scanner, the results showed that
time and effort were needed for metric accuracy; in
addition, the laser scanner was difficult to operate for the
whole documentation process in situ. We therefore
prioritised the high resolution imagery over metric
accuracy because murals were depicted on a highly
distorted surface. We used Adobe Photoshop® software
due to its easeness for image processing and its
availability. These are very important factors that
efficiently and effectively advance the documentation of
a large number of Cappadocian churches.

Since the murals were painted on large surfaces of the
walls, the vaulted ceiling and dome and the small inner
space, capturing entire images in a single shot was
impossible. We solved this problem by photographing
the surfaces in several vertical and horizontal shots and
digitally merging the pieces into a single high-resolution
image with Adobe Photoshop. Although morphing of the
images was required in many cases, approximate
images that were comparable to the actual mural
paintings were sufficient as a base map, which was the
photograph that depicted the current condition of the
mural paintings. Details regarding mural condition were
recorded on the overhead projector transparent sheets
(hereinafter OHP sheet) on the printed base map. After
the OHP sheets were digitalised, the condition of the
mural paintings was illustrated on the high-resolution
base map by Adobe lllustrator®. The documentation
generally proceeded in four steps:

1) Taking the shots of the mural paintings;

2) Measurement of the cave and location of the
paintings to transform those to be comparable to the
actual mural paintings;

3) Image processing: merging photographs into a
single high-resolution image, warping the images and
creating the base map;

4) Condition assessment and recording.

3.1. Instruments/programmes

We used the following instruments/programmes in our
research:
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Digital single-lens reflex (SLR) camera (Canon EOS
60D).

* Wide-angle lens (Canon EF-S10-22mm F 3.5-4.5
USM).

= Tripod (Manfrotto 055 CXPRO3JP).

+ Laptop computer (Mac OS 10.9, 4-core Intel i7
processor at 2.30 Ghz, 8 GB of RAM and AMD
Radeon HD 6750M 1 GB GDDR5 SDRAM).

- Laser digital distance meter (Leica Disto D210).
+ Measuring tape.

+ Adobe Photoshop CS6 and Adobe lllustrator CS6.

3.2. Photography of the mural paintings

The mural paintings were photographed by mounting the
camera on a tripod horizontally and almost parallel to
each mural; then, the distance between the lens and a
mural painting was measured by the digital distance
meter. As this method was not intended to take metric
data, the distance did not require strict accuracy and
permited errors. Depending on the dimensions of the
mural painting, several shots were taken. Even when the
camera was moved horizontally or vertically, the
distance between the lens and the painting was kept
constant, and we ensured that each shot overlapped
with the photographs of adjacent areas. Although it
depends on the surroundings, a 10% overlap was
usually enough. This approach was designed to
guarantee successful digital merging. Figure 4 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 Nave.

Figure 4: Concept of image merging (south wall in Nave).

3.3. Measurement

The measurement of the cave was based on the
architectural plan created by Prof. Maeno in the 1970s
because no digital measurement data on this church
exist. Additional measurements of the distance between
some important figures and features were conducted to
morph the merged image being compared to the actual
mural painting. First, the heights and widths of the mural
paintings were measured using either a digital distance
meter or a measuring tape. The distance between



DIGITAL NON-METRIC IMAGE-BASED DOCUMENTATION FOR THE PRESERVATION AND RESTORATION OF
MURAL PAINTINGS: THE CASE OF THE UZUMLU ROCK-HEWN CHURCH, TURKEY

distinctive figures, such as saints, was also measured.
When we measured curved surfaces, such as the barrel
vault or dome, we also measured the inner radius of
these to create an approximate planar image from the
curved surfaces (Fig. 5).

Figure 5: Conversion from curved surface to planar image.

3.4. Image processing

The photographs were merged into a single high-
resolution image using the ‘photomerge’ function of
Adobe Photoshop CS6. The merged image was
manually morphed using the ‘warp’ function on the basis
of the measurement data and resized to an approximate
scale. These images were then imported into Adobe
lllustrator CS6 to document the mural condition. We
used the following merging and morphing
(photomerging) procedure within Adobe Photoshop CS6:

1) Read files (Fig. 6): Read the files to merge. Then
select <Automate> in the <File> menu. Click
<Photomerge> and select <Add Open Files>.

Figure 6: ‘Photomerge’ on the menu.

2) Merge files (Fig. 7): Check <Blend Images Together>.
Also check <Vignette Removal> and <Geometric
Distortion Correction> to reduce morphing time after
merging as we do not intend to make a metric image.
Click <OK>.

3) Check the edge of each of the images (Fig. 8): Upon
correct execution of the preceding steps, we checked
each end of the reading photographs.If it was wrong,
morphed images would not fit each other (such as in Fig
8b). Lack of overlapping images usually induced this
error.

4) Combine the layers: Select <Layer> menu and click
<Merge Visible>.

Figure 7: Choosing files to combine.

() (b)
Figure 8: Photomerge examples: a) Successful
implementation; b) failed photo combination.
5) Set the guidelines for revision: Select <View> menu

and click <New Guide...>. Move the guides on the basis
of the measured sites, as in Figure 9.

Figure 9: Setting the guidelines.

6) Revise the photograph (Fig. 10): Select <Edit> menu
and click <Warp> from the <Transform> menu. Revise
the distorted areas of the merged photographs and
adjust them to fit the approximate scale.

Figure 10: Choosing the ‘Warp’ tool.
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7) Apply the transformation (Fig. 11): After completing
the transformation, click <Apply> in the window <'Apply
the transform?’>

Figure 11: Applying the ‘warp’ tool.

Figure 12 is an example of the image mosaic of the
dome, which was merged from five images. Following
this method, we created 13 base maps with resolutions
of at least 300 ppi.

3.5. Assessment and documentation of the
mural condition

After creating the base maps, the condition of the mural
paintings was documented on OHP sheets on the
printed base maps. As every site has a different
component, specific conditions and unique problems
with the mural paintings, naked eye investigation was
necessary to preserve and restore the art effectively.

The mural paintings in the Uzimli Church are
composed of three layers: rock, plaster and paint. We
recorded the condition of each layer of the mural
painting as a separate mural condition sheet. We
identified deteriorating items in each layer by naked eye
investigation. The following sections present detailed
explanations of this process.

3.5.1. Rock layer deterioration

Rock layer deterioration was identified on the basis of
four factors: biological activity (Fig. 13a), deposition of
dark material (Fig. 13b), structural cracks (Fig. 13c) and
spalling (Fig. 13d). Biological activity was evident by
animal (e.g. spiders, other insects) inhabitation on a
rock. Deposition of dark material pertains to a deposit of
dark brown or blackish material on the surface of a rock.
Structural cracks are large cracks that run through the
body of a rock and are caused by faulting. Spalling
refers to the small-scale detachment of a rock parallel to
the surface of the rock.

3.5.2. Plaster layer deterioration

Plaster layer deterioration was identified on the basis of
five factors: detachment of the lower plaster layer (Fig.
13a), mechanical damage (Fig. 13b), cracking (Fig. 13c),
holes (Fig. 13d) and incised graffiti (Fig. 13e).
Detachment of the lower plaster layer is the loss of
adhesion between the lower plaster layer and a rock
substrate, as assessed by visual evidence alone.
Mechanical damage refers to the rupture in painting
stratigraphy caused by human or animal activity. This
type of damage causes a variety of other harmful effects,
such as loss of entire stratigraphy; revealing an
underlying rock substrate; loss of the paint layer, ground
and part of the lower plaster layer, thus leaving the
interior of the lower plaster layer exposed; loss of only
the upper plaster ground, which leaves the surface of the
lower plaster layer intact; and deformation of painting
stratigraphy, which otherwise remains intact. Cracking
occurs on a plaster layer most often because of the
cracking of the rock structure and mechanical damage,
although other factors may cause such damage. Holes
are small highly circular holes of approximately 5 mm in
diameter; these penetrate into a plaster layer but
generally do not reach a substrate. Incised graffiti are
inscriptions and drawings inscribed onto the surface of a
painting, thus affecting the paint, ground and plaster
layers.

Figure 12: Completed image mosaic from five merged images
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(@ (b)

(c) (d)
Figure 13: Photos of rock layer deterioration: a) Biological activity; b) Deposition of dark material; c¢) Structural cracks; d) Spalling.

(b)

7

(© (d) (e)

Figure 14: Photos of plaster layer deterioration: a) Detachment of lower plaster layer; b) Mechanical damage; c) Cracking; d) Holes;
e) Incised graffiti.
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Figure 15: Photographs of paint layer deterioration: a) Smearing; b) Surface deposition; ¢) Dark grey veiling; d) Micro-losses; e) Grey
spotting; f) Original fixing; g) Biological deterioration; h) Superficial graffiti; i) Nail; j) Paint loss due to biological activity.
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3.5.3.  Paint layer deterioration

Paint layer deterioration was identified on the basis of 10
factors: smearing (Fig. 14a), surface deposition (Fig.
14b), dark grey veiling (Fig. 14c), micro-losses (Fig.
14d), grey spotting (Fig. 14e), original fixing (Fig. 14f),
biological deterioration (Fig. 14g), superficial graffiti (Fig.
14h), nail (Fig. 14i) and paint loss due to biological
activity (Fig. 14j). Smearing is the mechanically induced
displacement of a paint layer beyond its original location,
seen as a spreading of paint across a plaster surface.
Surface deposition pertains to the deposition of material
on the surface of a painting; examples of materials are
mud from birds’ nests or from later construction in
churches (mud plaster). Dark grey veiling is the
appearance of a veil that extends over the surface of a
painting. The veil is dark grey, somewhat patchy and of
unclear origin. Micro-losses are the extremely small
rounded losses of a paint layer generally on the order of
0.5-1 mm diameter. Grey spotting is the occurrence of
faint circular grey spots (0.5-3 mm diameter) on the
surface of a painting. Original fixing refers to traces of
fixing that may have been carried out almost at the same
period of mural painting depiction because the colours
characterising this section and its surrounding area are
almost the same. Biological deterioration is the dark grey
discoloration of certain areas of a painting and is caused
by animal inhabitation. Superficial graffiti refers to graffiti
applied to the surface of a painting using a medium,
such as paint, ink or graphite. A nail is the part of a nail
on a paint layer. Paint layer loss due to biological activity
is the loss of a paint layer because of the presence of
birds’ nests. When materials from the nests are
separated from a painting surface, part of the paint layer
is removed.

After the state of layer deterioration was documented, an
OHP sheet was scanned to create a digital mural
condition sheet (Fig. 16). In cases where the number of
items was too large for these to be recorded on an OHP
sheet, we used more than two OHP sheets to document
one layer. Using Adobe lllustrator, we traced the
scanned data with a pen tool. The traced deterioration
sites were divided into different layers according to each
item of deterioration. Therefore, each mural condition
sheet can show the deterioration sites of selected items
when a pdf file is created and viewed via pdf viewer
software. The approximate scale of the mural condition
sheets was then adjusted to 1/10, 1/15, 1/20 and 1/25.
As we checked the deterioration of each layer of the
mural paintings, we produced 39 mural condition sheets
and 13 image mosaics of the mural paintings for the
digital heritage inventories. An example is Fig. 17, which
shows the paint layer deterioration of the ceiling in nave.
All the digital inventories of the printed versions
(Taniguchi 2015) that we created are available for
viewing in Appendix 3 at the following webpage address:
http://rcwasia.hass.tsukuba.ac.jp/kaken/contents/content
%20images/0_20150723_uzumlu_2014_final_s.pdf.

4. Comparison to previous methods

With the above-described method, we successfully
documented the condition of the mural paintings in
Uzimli Church with non-metric images. Although
conducting all steps of documentation in situ is desirable
for efficient documentation of the mural condition, it is
still impossible to create high-resolution images by
photogrammetry without high-performance computers,
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Figure 16: Scanned OHP sheet of plaster deterioration on the
ceiling in narthex.

which are impossible to bring in situ. For instance,
Koutsoudis et al. (2014) used a computer system
equipped with an 8-core Intel i7 processor at 3.50 Ghz,
32 GB of RAM and a NVidia Geforce GTX580 3 GB
RAM graphics card running Microsoft Windows 7 64-bit
for making a 3D model by Agisoft PhotoScan
(Koutsoudis et al., 2014), which is one of the major
commercial photogrammetric software. This 3D model
would be possible to use as a base map due to its high
level of detail; however, the process requires
specifications that are too high for laptop computers
(PhotoScan Agisoft, 2016). For example, the mural
conservation project by the National Research Institute
for  Cultural  Properties, Tokyo, divided the
documentation process into work in situ and tasks that
require high-performance computers in Japan and
conducted each work and task alternately. They required
several missions on site (Yamauchi 2013, 2014).
Additionally, they used orthoprojection images for
recording, which are difficult to use in Cappadocian
churches, including Uziimli Church, because usually
murals are depicted on distorted and sometimes
concave surfaces.

We do not deny the importance and effectiveness of
using photogrammetry in the preservation and
restoration of mural paintings. However, taking into
account that naked eye investigation is indispensable for
the preservation and restoration of mural paintings, this
paper reports on a coherent operation of documenting
mural paintings in situ. We agree existing problems can
be solved by developing specific computers and
photogrammetric software. However, we show the
usefulness of digital documentation based on non-metric
images at the present time.

In addition to our project objective carried out in the
Uzimli Church, the Nevsehir Museum is responsible for
managing cultural heritage sites in Cappadocia.
However, the large number of these sites is beyond the
current management system's capability. Meanwhile, the
tourist volume continues to increase, exerting
progressive stress on each site. In such situations, as
Tsumura (2006) pointed out, the idea is to transform the
concept of mural painting preservation from stopping
deterioration regardless of how unreasonable this may
be to recording the deterioration itself. Our method may
facilitate future preservation and restoration projects in
the region given that it enables the documentation of the
site conditions and requires limited human resources
and instruments.
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Figure 17: Example of digital image-based documentation of paint layer deterioration on the ceiling in nave
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5. Conclusion

This paper summarises the procedure of digital non-
metric image-based documentation of mural paintings in
Uzimlii Church as a demonstration of our proposed
approach. Each of the processes, the photographing of
the mural paintings, the image processing of the shots

images at low cost, in short time frames and with limited
human resources.

It is worth noticing that our method is an approximate
one and does not address the metric accuracy problem.
As we stated, we regard this method as a transitional
one until laptop computers can run the photogrammetric

software in situ. However, in a next step we should
compare our images with accurate metric images
undertaken by photogrammetry and clarify their
accuracy for effective transitioning from ours to a
forthcoming method.

and the description of mural condition was accomplished
with the help of simple tools, such as a typical digital
SLR camera, tripod, measuring tools, standard laptop
computer and Adobe software. The images are non-
metric and approximate but can be compared with actual
mural paintings; therefore, the approach enables digital
documentation for preservation and restoration of mural
paintings in situ. This approach is expected to contribute
to further documenting preservation and restoration
projects in Cappadocia and elsewhere. Compared with
conventional digital documentation and despite being
non-metric, our method can produce high-resolution
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ABSTRACT

Rock-hewn churches are common in Cappadocia,
many of which contain culturally valuable reliefs or
wall paintings. However, their tuff structures easily
deteriorate, partly because of water infiltration and
freezing. Thus, application of water repellent
consolidant as a surface treatment is considered
effective for preserving such structures. This study
examines the effectiveness of water repellent on the
water/ice distribution on the walls of a rock-hewn
church. After the heat and moisture properties of the
tuff were surveyed, the heat and moisture transfer in
the walls were analyzed, with the results showing
that the moisture distribution in the walls depended
on the treated-area distribution.

INTRODUCTION

Cappadocia in Turkey has a famous heritage of
unique landscapes, a historic past, and man-made
rock structures. The region comprises extraordinarily
soft and fragile tuff, and erosion and weathering by
wind, rain, and snow have produced this unique
landscape. In addition, many rock-hewn churches,
which were originally carved by Christians there who
had escaped from the Roman Empire, contain
historically and culturally valuable reliefs or wall
paintings on their interior surfaces. These rocky sites
have been registered as a UNESCO World Natural
and Cultural Heritage site under the name Gosreme
Natural and Historical National Park (UNESCO
1985).

To preserve these rock-hewn churches, it is an
urgent importance to prevent deterioration of both the
interior wall paintings and their tuff structures. One
of the main factors contributing to deterioration of
these structures seems to be water infiltration and the
accompanying frost damage.

We recently launched a research project at Uziimlii
Kilise (St. Nichlitas Church) in the Red Valley,
Cappadocia. The primary objective of the project is
to find a suitable method for prolonging the life of
tuff structures using water-repellent consolidant as a
surface-finishing material. This method is expected
to delay the deterioration of tuff structures because it
controls moisture infiltration into the tuff envelopes
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and improves the strength of the tuff. Surface
treatment as a method for preservation has been tried
in other tuff constructions in Cappadocia. However,
most of the trials were not effective in reducing the
rate of tuff erosion. In some cases, it has even
promoted deterioration of the tuff (La Russa, 2014).
This study aims to evaluate the effects of water-
repellent surface treatment on ice and moisture
distribution in tuff structures in the actual
environment. To achieve this, the following
procedures were conducted in this study and are
discussed here:

Measurements and estimates of the heat and
moisture properties of Cappadocian tuff
Modeling and simulation of heat and moisture
transfer in the tuff wall of the church

THE CHURCH AND ENVIRONMENT

Uzumli Church

Uziimlii Church (Fig. 1) is located in the Red Valley,
Cappadocia. It is estimated to have been originally
constructed at the end of the seventh century. It has
retained the wall paintings in its rooms. Both the tuff
structure and paintings in this church exhibit various
deterioration phenomena such as severe cracking,
wall embrittlement, and fading. In particular, the
progress of surface exfoliation or powdering is
strikingly advanced. This deterioration has been
caused by the environment, tectonic activity, and
biological and human activities, including vandalism.
The church has not been treated in the past; therefore,
it was selected for this case study (Taniguchi et al.
2015).

In this project, several types of alkoxysilane-based
water repellent with consolidation properties
(Permeate® HS-360) were selected as the treatment
substance. When the surfaces of base materials are
treated, they attain the unique property that liquid
water is prevented from infiltrating the treated area
while vapor penetration is still allowed (Iba et al.
2016).

Local Climate

To clarify the environment around the church,
meteorological data, indoor temperature, and relative
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humidity were monitored near the church. Figure 2
shows the outdoor and indoor temperatures and
precipitation at 10 minutes intervals from September
2014 to March 2015.

In  September, the outdoor temperature was
relatively high, although it sometimes dropped below
0°C during winter. However, based on previous
studies, we considered the critical temperature at
which frost damage is induced in soil or rock to be
approximately —4°C. Such conditions were observed
only four times during the period under consideration,
which was less often than we had anticipated (Iba et
al. 2016).

Figure 1. Exterior of Uziimlii Church

Figure 2. Outdoor/indoor temperatures and
precipitation (September 2014-March 2015)

MEASUREMENT OF

MATERIALPROPERTIES

To numerically analyze the characteristics of heat
and moisture transfer in the tuff walls of the church,
it was essential to clarify the heat and moisture
properties of Cappadocian tuff.

In this paper, adsorption isotherms, liquid water
conductivity, and thermal conductivity of the tuff
were measured.

Adsorption Isotherms

The adsorption isotherms of many porous media
used for building material drastically increase in
areas where the relative humidity is fairly high. In
consideration of this, the adsorption isotherm of
Cappadocian tuff (1;) was measured using different

methods and devices. At lower humidity levels
(below 95% RH), seven specimens were placed into
individual desiccators in which different relative
humidity conditions were created. After the
specimens reached an equilibrium state, the weight
water content of each specimen was measured and its
mass water content was calculated (1;) [m%m®]. In
this measurement, ¥, was measured at seven different
relative humidity values (11.3%, 33%, 53%, 75%,
85%, and 94%) at a constant temperature of 23°C.

At higher humidity levels (above 95% RH), the
sand-pillar method (Dane & Hopmans 2002) and a
water potential measuring device (WP4, Decagon)
were adapted to measure the water content.

Based on the results, the adsorption isotherm of
Cappadocian tuff was estimated using Equation (1).
The water chemical potential is represented by u
[J/kg], and the values of u and m are given by
Equations (2) and (3), respectively. Hysteresis is not
taken into account in this paper.

Wim) = 35e= +°fliff3(m_1_793) 10 +0;233[ii.793) €

i = R,Tin(h) 2

m = logo(—1) (3)
where

R,,: vapor content of air (= 461.643) [Pa~m3/(kg‘K)],
T: absolute temperature [K],
h: relative humidity [-]

The relationship between the relative humidity and
moisture content is shown in Figure 3. In addition,
the relationship between the water chemical potential
and moisture content is shown in Figure 4.

Liquid Water Conductivity

The saturated coefficient of permeability K., was
measured in situ using a disk infiltrometer (Kirkham
2005). The tuff forming the west wall of Uziimlii
Church was used for the measurement. The
permeability K, was measured at different water
pressure conditions. As a result, a K, value of
approximately 1.037 x 10 [m/s] was obtained.

In estimating the relationship between the water
chemical potential x4 and unsaturated liquid water
conductivity A; (u)[kg/ms (J/kg)], it was assumed that
in porous media A;(u) sharply increases when it is
nearly saturated. The relationship between the water
chemical potential ¢ and liquid water conductivity

1(u) is shown in Equation 4, referring to the Van
Genuchten model (Van Genuchten 1980). When u is
above —1.0 x 10™* [J/kg], the tuff is treated as
saturated and A;(w) = as given by Equation 5.

r
Isat’
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Here S represents the degree of saturation of the tuff,
as given by Equation 6.

2

, _ 1 0.031 5 0.03595 1
AW = Keqe S s [1 - (1 — §0.035 5) ] (5) (4)
;sat = Ksat/9
(= —1.0 x 10~* [J/kg]) ®)
S=i/o (6)

where g is the acceleration of gravity [m/s?] and y,is
the porosity of the tuff [m%/m?].

The relationship between the relative humidity and
liquid water conductivity 4;(w) is shown in Figure 5.
The relationship between the water chemical
potential x4 and liquid water conductivity A;(u) is
shown in Figure 6.

Figure 3. Relative humidity and adsorption isotherm

Figure 4.Water chemical potential
and adsorption isotherm

Figure 5. Water chemical potential
and liquid water conductivity
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Figure 6. Water content and
liquid water conductivity

Thermal Conductivity

The thermal conductivity of the tuff 2 [W/mK] was
also measured in situ. For this measurement, four
samples were selected: weathered tuff rock near the
church and in the floor, west wall, and northeast wall
of the church. Each sample was measured using a
thermal properties meter (KD2 Pro, Decagon) under
two moisture conditions: naturally dry, and wet
owing to pouring water. This measurement was
performed for the purpose of estimating the
relationship between the thermal conductivity and
water content of the tuff.

The results of the measurement are listed in Table 1.
Although the measured values varied widely among
samples, the thermal conductivity increased when
they were wet partly because air in the pores of the
tuff was replaced by infiltrated moisture, whose
thermal conductivity is higher than that of air.
Moreover, it might be also considered that moisture
in the pores formed a water film on the rock particles
and behaved as a thermal bridge. The tuff is so
fragile that it has difficulty forming in lab tests;
therefore, these results were used for estimation.

Table 1
Measured thermal conductivity
Thermal conductivity West | Northeast
[W/mK] Rock | Floor | i | wall
dry 0.246 | 0.263 | 0.197 0.139
wet 0.488 | 0.535 | 0.509 0.55

In the field of soil physics, Campbell (1985)
proposed an equation that estimates the relationship
between the water content and thermal conductivity
of soil, which, like rock, is porous. Hannson et al.
(2004) then extended the equation to apply to frozen
soil. In this paper, Hannson’s model was adopted
with the measured data, shown in Table 1, used for
curve fitting. In this case, the dry and wet conditions
were considered to correspond to water contents of
¥, = 0.004 and 0.2 [m*m?%], respectively. As there
were no data available for frozen rock, the average of
the thermal conductivities of ice and tuff, which was
weighted by the porosity and volume content of the
solid part of the tuff, was calculated. Subsequently,
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and the obtained value was used for fitting as the
thermal conductivity at a time when the tuff is
saturated with ice.

Finally, the relationship between the thermal
conductivity and water content of the tuff is given by
Equation 7. In this equation, F is a constant given by
Equation 8.

A= 0472 + 0241y, + F;) @
—(0.472 — 0.198)exp{—[8.495(h,, + Fp;)*}

F =1+ 13.05p}°¢ ()

where 1, is the moisture content including vapor
[m¥m?] (approximately equal to the water content
(Yw = ), and v; is the ice content [m*/m®].

Figure 7 represents the relationship between the
water content and thermal conductivity in the
unfrozen condition. Figure 8 shows the relationship
between the ice content and thermal conductivity
when the water in the tuff completely freezes.

Figure 7.Water content and
thermal conductivity (unfrozen condition)

Figure 8. Ice content and
thermal conductivity (fully frozen condition)

NUMERICAL ANALYSIS

Modeling

In this paper, we focused on the effects of surface
treatment using a water-repellent consolidant on the
ice and moisture distribution in a tuff wall, especially
in the area close to its outer surface. To simulate heat
and moisture transfer in the wall in its actual
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environment, a simple two-dimensional wall model
was proposed, as shown in Figure 9. In the numerical
calculation, these differential equations were
discretized using a central difference method in space
and a forward difference method in time. The time
increment was set at 0.0001 s during freezing and at
0.05 s otherwise.

Fundamental Equations

The simultaneous heat and moisture transport
equations proposed by Matsumoto (1993) were used
in the following analysis. The heat and moisture
balance equations are shown as Equations 9-10.
Equation 11 presents the freezing condition. In this
calculation, the effect of gravity on moisture transfer
was ignored.

Figure 9. Simulation model of wall
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gl {a( T@)*&( uga)}
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T
U= Huln(T—) (11)
k

where

cpyp = cipipi + apir + cpppPyp

and c is the specific heat [J/kgK], p is the density
[kg/m®], 1 is the volume content [m*m?®], u is the
water chemical potential [J/kg], T is the absolute
temperature [K], T is the freezing temperature of
free water (=273.16) [K], t is time [s], H is the latent
heat of moisture [J/kg], A is the thermal conductivity
[W/mK], ' 7, is the vapor conductivity caused by the
temperature gradient [kg/msK], A',, is the vapor
conductivity caused by the water chemical potential
gradient [kg/ms(J/kg)], and A’y is the liquid water
conductivity caused by the water chemical potential
gradient [kg/ms(J/kg)].

Subscripts:

i = ice, | = liquid water, g = vapor, b = body part
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Calculation Conditions and Material Properties

The measured outdoor/indoor temperatures and
relative humidity, precipitation, and solar radiation
were used as boundary conditions. To obtain the
initial conditions of the wall, we calculated
beforehand the one-dimensional heat and moisture
transfer in the walls from September 2014 to March
2015. The results were used as the initial temperature
and relative humidity conditions of the wall in the 2-
D calculation. The 2-D model was calculated using
January 1, 2015 as a target.

The measured material properties of tuff mentioned
in the previous section were used for this calculation.
The other properties are shown in Table 2. The heat
and moisture coefficients are listed in Table 3, and
the values in Table 4 were used in calculating the
solar heat gain and long-wave radiation on the wall
surface.

Table 2
Properties of the tuff
Properties Value
Density [kg/m®] 1400
Porosity [m¥/m°] 0.47
Specific heat [J/kgK] 1200
Vapor conductivity [keg/msPa] | 3.38x10™
Table 3
Heat and moisture transfer coefficients
Heat Moisture
[W/m’K] [kg/m?s(kg/kg")]
Convection | Radiation Vapor
Outdoor 8.6 -
Indoor 4.1 4.65 0.0184
Table 4
Coefficients of radiation
Solar Solar Long-wave
reflection absorption radiation
Wall - 0.8 0.9
Ground 0.4 0.6 0.9

Simulation Cases

In this calculation, a vertical north-facing wall was
analyzed. Three cases were compared: with/without
water-repellent treatment, and with differences of
distribution on the treated surface area. Figure 10
shows models of the three cases. Case 1 shows the
present wall of the church, which has no surface
treatment applied. Case 2 depicts the wall with the
water-repellent uniformly applied on the outer
surface. Case 3 assumes that a spot without surface
treatment lies on the treated layer of Case 2.
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The water-repellent consolidant, which is expected
to be applied on the outer wall of Uziimlii Church,
penetrated through the applied surface into the base
material. After it reached a certain depth, it hardened
to increase the water resistance of the infiltrated area.
The water resistance of the water-repellent layer was
estimated to have been increased by a factor of 3.3
from the surface to a depth of 1.5 mm and by a factor
of 125 from a depth of 1.5 mm to a depth of 3.5 mm,
based on a separately conducted experiment (Fukui.K,
2016).

Case 2 Case 3
(uniform treatment) (untreated spot)
Figure 10. Simulation case

Case 1
(present)

Results and Discussion

Figure 11 shows the outdoor/indoor temperature,
relative humidity, and precipitation on January 1,
2015, the calculation period. Figures 12—-14 represent
the fluctuation of temperature, volume water content,
and volume ice content, respectively, in Case 1
(present wall). As mentioned above, we focused on
an area close to the outer surface. Therefore, the
values of the outer surface, at depths of 1 and 10 mm,
are illustrated in Figures 12-14.

With respect to temperature, there was little
difference between the three points. The wall
temperature was about 4°C below the outdoor
temperature before sunrise (0:00-7:00). During the
day (7:00-17:00), the wall temperature rose owing to
solar radiation, long-wavelength radiation in the air,
and solar radiation reflected by the ground. After
sunset (17:00-onward), the wall temperature was
once again below the outdoor temperature.
Furthermore, it soon dropped below 0°C. The
temperature difference between the outdoor air and
wall produced condensation dew on the surface of
the wall.

As Figure 13 indicates, from afternoon to night the
water content at the wall surface exceeded 0.3
[m*m®, which is relatively high, and sometimes
reached saturation (16:00-18:00). This was the result
of intermittent rain in the afternoon, temperature
descent after sunset, and condensation in the evening.
After 18:00, the water content declined because the
water partly turned into ice. In contrast to the wet
surface, the water content at the inside of the wall
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was low. Although the water content of the inside of
the wall increased with that of the outer surface, the
fluctuation was not sharp. One reason for the mild
fluctuation can be attributed to the initially dry
condition on the inside of the wall. As shown in

Figure 6 and Table 2, the liquid water conductivity of
Cappadocian tuff is assumed to be much less than its
vapor conductivity when the water content is
comparatively low (<0.3 [m*m®]). Therefore, the
rain or condensation might not have infiltrated into
the dry tuff wall and remained instead on the surface.
According to Figure 14, freezing occurred on the

surface after 18:00, as the temperature dropped. In
this calculation period, wall had not frozen except its
surface. The results in Figures 13-14 suggest that
liquid water supplied from outdoors might have been
retained on the surface for a certain time. This
assumption supports the fact that the actual wall
surface suffers embrittlement, whereas the inside of
the wall structure is relatively tough.
Considering both the metrological data and outcomes
of Case 1, we focused on the following two periods:
(i) 12:00-15:00 and (ii) 18:00-20:00. In period (i),
we examined the difference in liquid water
infiltration for the three cases. Also, period (ii) was
selected to analyze and compare the freezing
characteristics of each case. Figures 15-17 show the
water content distribution for each case in period (i)
((@) 12:00 and (b) 15:00).The wall depth from the
surface to 5 mm is represented in Figures 15-17. In
the same way, Figures 18-20 illustrate the ice content
distribution in period (ii) ((a) 18:00 and (b) 20:00).

In Figures 15-17, all cases show that the water
content at the surface and at a depth of 1 mm
gradually increased with time. However, the moisture
condition at depths of more than 1 mm hardly
changed.

Compared with Case 1, Case 2 (uniform treatment)
displays lower water content on the surface at 15:00.
This is attributed to the restriction on liquid water
infiltration due to the water repellent. For Case 3,
Figure 17(b) indicates that liquid water penetrated the
inside of the wall through an untreated area. By
contrast, the surface water content in the treated area
was as low as that in Case 2 at 15:00. An untreated
area can cause local deterioration.

In Figures 18-20, each case illustrates ice content
distribution similar to the water content distribution.
The wall surface of Case 1 froze uniformly. Case 2
showed the lowest ice content of all cases. In Case 3,
ice content in the area surrounding the untreated spot
was highest, whereas that at the treated surface was
as low as that in Case 2.

As mentioned, the ice content of each case
fluctuated in the same way as its water content. In
other words, freezing occurred in the areas with
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higher water content. This outcome suggests that the
ice distribution is highly related to water-infiltration
control. Based on this numerical analysis, we can
conclude that uniform water-repellent treatment
(Case 2) is successful for the preservation of the wall
surface, given the low water/ice content in the case.
However, water/ice distribution is deeply affected by
environmental condition, and therefore uniform
treatment might not always be suitable.

Figure 11. Outdoor/Indoor boundary conditions

Figure 12. Temperature fluctuations (Case 1)

Figure 13. Water content fluctuations (Case 1)

Figure 14. Ice content fluctuations (Case 1)
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Figure 17. Water content distributions in area
close to surface (Case 3)

Figure 20. Ice content distributions in area close
to surface (Case 3)

simultaneous heat and moisture transport in the wall
were numerically analyzed. From the results, the
following were revealed:

CONCLUSION
This study was conducted to examine and evaluate

the effects of water-repellent surface treatment on ice
and moisture distribution in the tuff walls of Uzimli
Church in their actual environment. First, the
adsorption isotherm, liquid water conductivity, and
thermal conductivity of the tuff were estimated from
measured data. Subsequently, a numerical model of
the tuff wall was developed. Using this model,

283

8

The arid environmental conditions desiccate the
inside of the church walls. Therefore, liquid
water infiltration of the wall through the outer
surface will take certain time.

Uniform  treatment  with  water-repellent
consolidant, a practically feasible procedure,
reduces water infiltration, thereby reducing the
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occurrence of freezing. Therefore, such a
treatment will be effective in preventing
deterioration caused by water, including frost
damage.

Untreated spots in the treated surface allow
water to penetrate into the wall, and thereby
cause topical freezing.

Thus, untreated areas promote direct
proximate local deterioration.

or

Summarizing these results, we conclude that surface
treatment involving application of a water-repellent
consolidant is thought to be effective for preventing
deterioration caused by water. However, as shown in
Cases 2 and 3, the treatment of an area may be
responsible for a change in the water distribution in
the wall. A further study of the relationship between
the treated area and deterioration must be conducted.

This study also suggests that surface treatment with
water repellent can effectively delay deterioration
speed. Such treatments may be applicable to other
historical heritage sites and buildings constructed
from porous materials such as stone, provided that
the  environmental  conditions,  deterioration
mechanisms, and material properties are carefully
considered.
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ENVIROMENTAL MONITORING AND SURFACE TREATMENT
TESTS FOR CONSERVATION OF THE ROCK-HEWN CHURCH
OF UZUMLU, CAPPADOCIA

C. Iba'", Y. Taniguchi?, K. Koizumi®, K. Watanabe*, K. Sano®
C. Piao® and M. Yoshioka®

Abstract

A project at Uziimlii Church (St. Nichita’s church: the end of the seventh century AD) in
the Red Valley in Cappadocia, Turkey, has been launched to establish a suitable method for
conservation of the extremely soft and fragile tuff structure of the church through geo- and
environmental-engineering techniques. This project aims to find a method for prolonging
the life of the tuff structures of Cappadocia using material that allows retreatment and is
chemically compatible with the original tuff. To understand the cause and factors of rock
weathering, in situ environmental monitoring was conducted, particularly focusing on heat
and moisture flow in the rock structure and underground. From the results, it seemed that
freeze-thaw cycles would not occur frequently and would not severely damage the
structure. Erosion by water infiltration derived from rain or melting snow appeared to be
more harmful to the rock structure; therefore, prevention of infiltration by liquid water is
emphasised in our project. An outdoor exposure test was launched to evaluate the
effectiveness and aging characteristics of a water-repellent consolidant. To quantify the
degree of weathering, stainless steel nails were anchored to the rock surface and their
lengths were measured by local collaborators every few months using a digital calliper. The
water repellents had the effect of at least delaying deterioration. This case in Uzimlii is
certainly a most technically difficult challenge and could serve as a model case for new
approaches to integrating, presenting and advancing ethical conservation in Cappadocia.
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water repellent

' C. Iba* and M. Yoshioka
Department of Architecture and Architectural Engineering, Kyoto University, Japan
iba@archi.kyoto-u.ac.jp
%Y. Taniguchi
Faculty of Humanities and Social Sciences, University of Tsukuba, Japan
¥ K. Koizumi
Department of Global Architecture, Graduate School of Engineering, Osaka University, Japan
* K. Watanabe
Department of Environmental Science and Technology, Mie University, Japan
® K. Sano
D&D Corporation, Japan
6 C. Piao
Hytec Inc., Japan

*corresponding author

1145

89



13™ International Congress on the Deterioration and Conservation of Stone: Case Studies

1. Introduction

In 1985, Cappadocia was selected as a UNESCO World Natural and Cultural Heritage Site
under the name ‘G6éreme Natural and Historical National Park’ (UNESCO 1985). In this
region, there are many rock-hewn churches, which often contain reliefs and wall paintings
dating from Byzantine and later periods that constitute part of their historical value.
However, the fabric of these churches, which acts as bodies and supports of wall paintings,
is severely damaged and collapses occur due to weathering and seismic activity every year.
The unique landscape of Cappadocia is composed of soft, fragile tuff. The structure of this
rock suffers from stone powdering, spalling and other types of deterioration caused or
exacerbated by wind and rain erosion and insolation stresses. Particularly during winter, the
region receives fairly high levels of rainfall and snowfall, which may cause freezing and
thawing and other severe surface problems, resulting in rapid weathering at a rate of 0.4—
2.5 mm/a (Erguler 2009).

Earlier, the problems of acute cracking and erosion were commonly addressed by applying
a lime-cement-based render over the tuff surface as a tentative measure, since no proposed
water repellents seemed to be convincing for realistic application (Idil 1995). Although
trials were conducted using an iron mesh at the capping-tuff rock interface, detachment
between them always occurs because of possible water infiltration and thermal impact by
intense solar radiation (Yorulmaz et.al 1995). None of the surface treatment and capping
have not been effective at reducing the rate of tuff erosion. Often, intense intervention does
not allow future treatments and fails to provide continuous preservation.

This project aims to find a suitable method for prolonging the life of Cappadocia’s fragile
tuff structures to preserve these valuable sites. This method is expected to slow the speed of
erosion by application of material that is chemically compatible with the original tuff and
does not involve covering the tuff with foreign material. We also aim to allow
‘retreatability’ in at least 10-yr intervals.

The Uziimli Church (Fig. 1) in the Red Valley, a stand-alone rock-hewn church, was
selected for this case study. The church shows deterioration phenomena such as severe
cracking, surface disintegration and exfoliation caused by the environment, rock
composition and tectonic activity as well as biological and human activities including
continuous vandalism. The church structures have not been treated in the past, providing a
unique opportunity for this type of study.

a) b)

Fig. 1. Uziimlii Church (a) Appearance in winter (b) Environmental monitoring stations.

1146

90



13" International Congress on the Deterioration and Conservation of Stone: Case Studies

To consider the mechanism of rock weathering and preservation of rock structures, water
and heat flows in the rock should be measured. Temperature and moisture behaviour in the
soil and rocks were monitored at the base of Uziimlii Church. The micro-environment of
the church interior and surroundings was also monitored. Based on the monitoring data
obtained over 12 months, some types of alkoxysilane-based water repellents with
consolidation properties (Permeate® HS-360) were selected for in situ tests to evaluate
their effectiveness and aging characteristics.

2. Environmental monitoring

To understand the environment around the church, meteorological data, indoor temperature
and humidity, soil water content, soil water potential and temperature were measured
throughout the year.

2.1. Measurement outline

A set of environmental monitoring stations (Onset HOBO U30-NRC) for monitoring air
temperature (T), relative humidity (RH), rainfall, wind speed/direction and solar radiation
were installed near Uziimli Church (Fig. 1b). Additionally, two sets of data loggers, HOBO
U23 for RH/T, were placed in the church to monitor the indoor thermal environment. One
logger was placed in the alcove near the entrance (Fig. 2 (Entrance)), and the other was set
in Room 3 (Fig. 2 (Interior)). Two small pits (15 x 15 cm?) were trenched on the south
(sunny) and north (shady) sides of Uziimlii Church. As shown in Fig. 2, soil water (5TE)
and potential (MPS2) sensors were horizontally inserted into the rock wall at three different
depths (50, 100 and 300 mm) in each pit. The pits were refilled with the original soil. All
data were recorded every 10 min.

— Installation of soil water sensors  —

Rock wall

Data logger
Ground

300mm

STE: Soll water. temperature, and electncal conductivly sensor
® T & RH sensors MPS2: Water potential and temperature sensor

u Soil water sensors o Sm

Fig. 2: Installation of environmental sensors.

2.2. Outdoor/Indoor/Ground temperatures

Fig. 3 shows the outdoor and indoor temperatures and global solar radiation (including
direct and diffuse sky radiation) and the underground temperature (shady side, 300 mm
depth). There are large diurnal temperature variations in the outdoor air. The temperature
fluctuations in the church are smaller than those outside. The temperature near the entrance
is notably affected by the outdoor air due to ventilation, whereas in Room 3, it slightly
fluctuates owing to the heat capacity of the thick rock. Furthermore, the outer wall in Room
1, located on the southwest side of the church, is exposed to more solar radiation than
Room 3, located on the northern side. We considered that the critical temperature
associated with frost damage to soil or rock is approximately -4°C based on previous
studies (Fukuda 1974, 1983). Such situations were observed only four times in the 2014—
2015 season, significantly less often than that assumed.
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Fig. 3: Outdoor/indoor temperatures and solar radiation (September 2014—June 2015).

The underground temperatures on both the sunny and shady sides of the church are shown
in Fig. 4, focusing on the winter season (December—February 2014). On the sunny side,
diurnal temperature fluctuations were observed in the soil near the ground surface (50 and
100 mm depth), which may result from the effect of direct solar radiation. The temperature
at 300 mm depth on the sunny side was on average a few degrees centigrade higher than
that on the shady side. The underground temperature deeper than 50 mm below the ground
surface did not fall below zero even in the coldest season. From these results, freezing
appears to not penetrate the ground.

Fig. 4: Underground temperature during winter (December 2014—February 2015)
(a) Sunny side (b) Shady side.

2.3. Wind speed and direction

The upper part of Fig. 5 shows wind roses, which indicate the wind direction frequency in
each direction in each season (except for summer) for both daytime and night time.
Particularly in autumn and spring, there is a clear difference in the wind rose between
daytime and night time. Interestingly, since its installation, the weather station has
consistently shown the prevailing wind direction to be north—south around Uziimlii Church
(September 2014-May 2015) probably owing to the geological setting of the Red Valley.
One of the reasons for the daily wind direction change might be caused by the surface
temperature change of the slope behind (north of) the church. An updraft can occur near the
back slope, producing a south wind. The lower part of Fig. 5 shows the cumulative
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frequencies of wind speeds for daytime and night time. In this area, moderate wind speeds
were usually recorded, although relatively strong winds blew, mainly in the daytime, from
the south. When there was slightly heavy rain (over 2.0 mm/10 min.), the wind speed was
generally less than 1.5 m/s from autumn to spring. Therefore, apparently, the influence of
wind direction and speed on moisture transfer in the soil or rock can be ignored in the
analysis of erosion and frost damage.

Fig. 5: Wind direction and speed near Uziimlii Church (September 2014-May 2015).

2.4. Soil water content, potential and temperature

Fig. 6a shows the soil water potential (depth: 50 and 300 mm) at the sunny and shady sides
of the church and the precipitation measured at the weather station. When the soil is dry,
the water potential has a large negative value. Soil water flows because of a potential
gradient (Fig. 6b); therefore, the direction of water flow under the ground surface can be
determined from the potential difference between depths of 50 and 300 mm.

Fig. 6: Underground water potential (a) Time profile from September 2014 to July 2015 (b)
Schematic of moisture flow due to water potential gradient.
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Until the end of November 2014, water appeared to flow downward on both the sunny and
shady sides. After heavy rain at the end of November, the water potential at all measured
points rapidly increased. During winter (December—April), the water potential at each depth
remained high due to periodic small precipitation, and the potential gradient became nearly
zero. After April, the potential in the deeper area decreased, leading to downward water
flow. In June, heavy rain appeared to occur and the potential at 50 mm depth steeply
increased, then gradually increased at 300 mm depth. During summer, the moisture in the
area near the ground surface was prone to evaporate and upward water flow was observed.
Similar tendencies were observed in both sunny and shady sides. Based on these conditions,
we can infer that the church structure did not continuously suck up significant amounts of
groundwater in this area regardless of the solar radiation intensity.

In contrast, a few intervals of heavy rainfall were observed in this area, which could cause
severe erosion of the fragile tuff structure. Therefore, coating with a consolidant/water
repellent and reducing water infiltration to the structure are considered to be very effective
for preventing degradation.

3. Rock consolidation/water repellent test on small rock masses

Based on the environmental monitoring results, an outdoor exposure test was launched to
evaluate the effectiveness and durability of consolidation by surface treatment agents for
tuff rocks.

3.1. Characteristics of water repellent/consolidant

In this trial, Permeate® HS-360 (D&D Corp.) was selected as a surface treatment agent
after laboratory tests to identify possible consolidants and protective materials for tuff
substrates (Sano and Mizukoshi 2015).

Permeate® is based on alkoxysilane containing a methyl or phenyl group, and an alkoxy
group is polymerised by hydrolysis with atmospheric moisture. After polymerisation, the
3D Si—O-Si structure improves bulk strength by firmly hardening in the gaps within the
object. Moreover, after polymerisation, a methyl or phenyl group is left. As these groups
are hydrophobic, the substance becomes water-repellent after curing. This alkoxysilane-
based consolidant does not form a film on the porous surface but penetrates and hardens at
a few millimetres depth. Vapour can permeate through the consolidant layer although liquid
water cannot infiltrate the layer. In practice, hydrolysis takes over 24 h.

3.2. Test rocks and testing method

Two small-scale tuff masses near Uziimlii Church were chosen for the test. Fig. 7 shows the
one (b) that was splayed with the Permeate® HS-360 and the other (a) that was left
untreated as a control. To quantify the degree of weathering of the tuff masses, stainless
steel nails were anchored to the rock surface (Fig. 8a). Two nails were set in each direction
(upper and lower parts) and on the top; i.e. each test rock contained nine nails. The nail
length appearing outside the rock was measured with a digital calliper (Fig. 8b) on both
right and left sides. After anchoring, the measurement error of four different measurements
was checked because the rock surface was considerably uneven. The relative error for the
average value was mostly within 10%. The nail length was measured by local collaborators
every few months. In the ‘control’ mass, weathered tuff powder accumulated below the
rock, and four out of the nine nails fell off the mass in the four months after anchoring. In
contrast, in the ‘treated’ mass, the weathered deposits were generally small and only one
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nail fell off. As flakes of a particular suitable thickness appeared to exfoliate in some places
in the ‘treated mass in winter, deterioration might occur if moisture could accumulate in
local areas of the mass. A follow-up examination will consider the possibility of frost
damage.

Fig. 7: Outdoor exposure test rocks: (a) Control (b) Treated mass.

Fig. 8: Quantification of the degree of weathering
(a) Anchoring of a nail (b) Measurement of nail length.

4. Conclusions

To understand the causes and factors of rapid weathering of extremely friable tuff rock
structures in Cappadocia, in situ environmental monitoring has been ongoing since 2014,
focusing particularly on heat and moisture flow in the rock structure and underground.
Freeze—thaw cycles occur infrequently and do not appear to cause severe damage to the
structure. Furthermore, upward moisture flow from underground to the above-ground rock
structure scarcely appeared in winter, i.e. groundwater would not be sucked up and supplied
to the structure. From the results, we concluded that prevention of rainwater and infiltration
water from melting snow from outside are the most appropriate measures to be taken in the
project.

For that purpose, some outdoor exposure tests were carried out beforehand in Japan to
assess the efficiency of the water repellent/consolidant. The test sample without water
repellent broke in two weeks and collapsed in four weeks, whereas the sample with water
repellent retained its shape for three months (Sano and Mizukoshi 2015). Following the
results, an outdoor exposure test has been started in Cappadocia to evaluate the
effectiveness and aging characteristics of the consolidant. The water repellents had the
effect of at least delaying deterioration. The degree of weathering will be quantitatively
evaluated through the project.
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Both method and materials must be compatible with the original materials and implemented
on a minimal scale to avoid excess and unnecessary treatments. Moreover, it is necessary to
carefully verify whether a surface treatment might cause different damage or exacerbate
deterioration of the rock structure. Although infrequent, frost damage could occur in this
region. Detailed investigation of heat and moisture flow will be performed using
computational analysis in future.

Due to similarities in the original technique and deterioration with other sites in
Cappadocia, this study will have relevance for a wider region. The case in Uziimli is
certainly a technically difficult challenge and could serve as a model for new approaches to
integrating, presenting and advancing ethical conservation in the Cappadocia region.
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1. INTRODUCTION

A project at Uziimlii Church in the Red Valley of Cappadocia,
Turkey was launched in 2014 with two primary objectives:
conserving the soft, fragile tuff structure of the church
through geo- and environmental-engineering methods,
and conserving interior wall paintings while conducting a
scientific study of their technology. The church structure and
wall paintings had not been treated in the past, presenting a
unique opportunity for this type of study. The project aims to
find a suitable method for prolonging the life of Cappadocia’s
fragile tuff structures and the paintings they shelter, through
the use of ‘retreatable’ conservation materials. Often, intense
intervention does not allow for future treatment, and fails
to allow for continuous preservation. Due to similarities in
the techniques and deterioration of structures and paintings
across Cappadocia’s sites, this study will have relevance for

the greater region.
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1. GIRIS

2014 yilinda, Kapadokya’nin Kizilgukur Vadisi’nde bulunan
Uziimlii Kilisesi’nde iki temel amac1 gergeklestirmek iizere
bir proje baslatildi. Bu amaglarin ilki jeoloji mithendisligi ve
cevre mithendisligi teknikleri kullanilarak kilisenin yumugak
ve kirtlgan tiif yapisin1 korumak. Tkinci amagsa kilisenin i¢
duvarlarindaki duvar resimlerini korumak ve bu resimlerin
yapiminda kullanilan teknoloji {izerine bilimsel bir ¢aligma
gergeklestirmek. Kilisenin yapisi ve duvar resimleri gegmiste
onartlmamis oldugu i¢in bu tarz bir ¢alisma i¢in essiz bir
firsat sunmaktadir. Bu proje, “tekrar onarilabilen” koruma
materyallerinin kullanimiyla Kapadokya’nin kirilgan tif
yapilar1 ve iclerinde barindirdiklart duvar resimlerinin dmriinii
uzatmak i¢in uygun bir yontem bulmay1 hedeflemektedir.
Koruma amaciyla gergeklestirilen yogun miidahaleler ¢ogu
zaman gelecek onarim islemlerine izin vermemekte ve
stirekli bir korumay1 miimkiin kilmamaktadir. Kapadokya'nin
farkli bolgelerindeki yapilarin ve duvar resimlerinin yapim
teknikleri ve bozulma bi¢imleri benzerlik gdsterdiginden

dolay1 bu caligma tiim bolge i¢in 6nemli olacaktir.



2. A comparative look at documentation from

1968-1970 and the present

A team from Tokyo National University of Fine Arts and
Music (currently, Tokyo National University of the Arts)
conducted research surveys in Cappadocia in 1968 and 1970.
The team consisted of young architectural historians, art
historians and artists such as Masaru Maeno and Yasushi
Nagatsuka. They successfully measured and photographed
hundreds of caves using tools and methods that were
traditional or unique, such as a fishing rod. A comparison of
photographs from 1968/70 and 2015 (Figure la, b) shows
minimal to no change in the wall paintings other than recent
graffiti. This means that the wall paintings are quite stable

and intact.

2. 1968—-1970 yillari arasindaki ve giiniimizdeki

belgeleme islemlerine karsilastirmali bir bakis

Tokyo Devlet Giizel Sanatlar ve Miizik Universitesi’den
(Giiniimiizdeki adiyla Tokyo Devlet Sanat Universitesi)
bir ekip Kapadokya bdlgesinde 1968-1970 yillar1 arasinda
bir takim arastirmalar yapmustir. Bu ekip, Masaru Meno ve
Yasushi Nagatsuka gibi gen¢ sanat¢ilar, mimari ve sanat
tarihgilerinden olusmaktaydi. Ekip geleneksel yontemlerle
birlikte bir olta kullanmak gibi bazi sira dis1 yontem ve
araglar da kullanarak ytizlerce magarada 6l¢iim yapip bu
magaralar1 fotograflamigtir. 1968-1970 arasinda ve 2015°te
(la ve b gorselleri) ¢ekilmis fotograflar kiyaslandiginda,
yakin zamanda yapilmis duvar yazisi1 6rnekleri diginda duvar
resimlerinde ya hi¢ degisiklik olmamis ya da gerceklesen
degisimler asgari diizeydedir. Bu da duvar resimlerinin

dayanikli ve saglam oldugunu gostermektedir.

Figure 1a. Inside of Uziimlii church in 2015 (left) and 1968/70 (right)

Gorsel 1a. Uziimli Kilisesinin igi, 2015 yili(sol) 1968/70(sag)
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Figure 1b. Transformation from a monastery to a stable for animals was already done by 1970. A pile of hay is seen in the Nave.

Interior condition seems to be unchanged.

Gorsel 1b. Kilise 1970 yilinda goktan bir manastirdan ahira donustirilmusti. Nef kisminda saman yigini gérilebiliyor.

igerisinin durumu degismemis goriiniiyor.

In 2015, a 3D land survey was carried out in and around the
Uziimlii Church. The narthex (Chl), nave (Ch2), altar (Ch3)
and two extended rooms are located in the lower part of the

rock mass (Figure 2).

Figure 3 shows two surveys, one from 1968/70 (right) and
one from 2015 (left). Together these indicate that the north-
eastern side of the exterior surface has been eroded to a great

degree.

2015 yilinda Uziimlii Kilisesi ve cevresinde ii¢ boyutlu
arazi taramasi yapildi. Narteks (Chl), Nef (Ch2), sunak
(Ch3) ve iki tane uzatilmis oda kaya kiitlesinin alt kisminda
bulunmaktadir (Gorsel 2). 3. Gorselde biri 1968/70
(sagdaki) digeri 2015 (soldaki) yillarinda yapilmis iki tarama
gbriilebiliyor. Tki tarama beraber incelendiginde dis yiizeyin

kuzeydogu yoniiniin biiyiik dl¢lide aginmis oldugu goriiliiyor.
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Figure 2. Cross-section view N-S (left) and E-W (right).
Gorsel 2. Enine kesit. Kuzey-Giiney (soldaki) ve Dogu-Bati (sagdaki).

Figure 3a. Comparison of measurements between 2015 (left) and 1968/70 (right)
Gorsel 3a. 2015 (soldaki) ve 1968/70 (sagdaki) yillarinda yapilmis lgiimlerin karsilastirmasi.
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Figure 3b. Comparison of the exterior between 2015 (left) and 1968/70 (right)
Gorsel 3b. 2015 (soldaki) ve 1968/70 (sagdaki) yillarinda dis yapinin karsilastirmasi.

Figure 3c. Condition of the top part of the church in 2015.
Gorsel 3c. 2015 yilinda kilisenin st kisminin durumu.
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3. ENVIRONMENTAL STUDIES INSIDE AND
OUTSIDE OF THE CHURCH

3.1 Maintenance

First, the weather station and all measurement data both
inside and outside the church were carefully checked.
Unfortunately, the data logger ceased functioning on 21 June,
2015 for reasons unknown. Waterproof casing on devices
seemed to retain moisture internally, and therefore evidenced
a risk of damage; in their place, umbrella-shaped rain covers
were installed around the devices to protect them. Then,
all batteries were checked and replaced to ensure proper

procurement of data.

3.2 Survey of indoor environment

The temperature of the indoor wall surface was measured at
8 different points in the church and the airflow was checked
in order to examine the risk of surface condensation. Surface
condensation would cause pigment loss in the wall paintings
due to an apparent lack of binding media. Furthermore, it
would trigger soluble salt problems in the wall paintings.
Therefore, accurate assessment of any possibility of
condensation on wall surfaces was essential.

Dew condensation would occur whenever indoor surface
temperatures fall lower than the dew point temperature of
indoor or incoming outdoor air. Therefore, temperatures at

the floor corner and ceiling were measured for comparison.

Figures 4a-4c show the time profile of the measured
temperatures at each point. The amplitude of the air
temperature was lowest in Chamber 3 (Inside). The floor
temperatures (2FR, 2FL, 3FR, 3FL) were generally lower
than the air (room) temperature by 1-3°C in the daytime,
whereas the ceiling temperatures (2C, 3C, 3CL) were higher.
In chamber 1, the wall surface temperature was very close to

the room temperature.

In 2015, the relative humidity inside the church remained
in the range of 30-55%. Figure 4d shows a comparison of
the floor temperature (the lowest in the church) and the dew
point temperature of the outdoor air. The graph indicates
that condensation would not occur if outdoor air entered the
church. As the inner surface temperature is not expected to

differ much from the indoor air temperature, it is permissible

3. KILISENIN IGCINDE VE DISINDA
GERGEKLESTIRILEN CEVRE CALISMALARI

3.1 Bakim

i1k olarak hava istasyonunun ve kilisenin icindeki ve
disindaki 6l¢timlerin verileri dikkatlice incelenmistir. Ne
yazik ki veri toplayici bilinmeyen sebeplerden 6tiirii 21
Haziran 2015’te bozulmustur. Cihazlarin su gegirmez kiliflari
nemi igeride tuttugu i¢in cihazda hasar olusturma riski
oldugundan onlarin yerine cihazlari korumak igin iistlerine
semsiye seklinde muhafazalar yerlestirildi. Sonrasinda ise
kesintisiz bilgi toplanmasini saglamak ig¢in tiim piller kontrol

edilip degistirildi.

3.2 ic ortamin incelenmesi

Yiizey yogusmasi riskini belirlemek icin kilisenin i¢ duvar
ylizeylerinin sicaklig1 sekiz farkli noktada &lgiildii ve hava
akisi incelendi. Goriiniir bir baglayict malzeme eksikliginden
dolay1 yilizey yogusmasi duvar resimlerinde pigment kaybina
neden olabilir. Ayrica ¢oziilebilir tuzlarin ¢dziilmesini
tetikleyip sorunlar yaratabileceginden duvar yiizeylerinde
gergeklesmesi olasi bir yogusmanin dogru bir sekilde tayin
edilmesi gerekmekteydi.

I¢ yiizey sicakliginin icerideki ya da igeri giren dig havanin
¢ig olusma sicakliginin altina diismesi ¢ig yogusmasina
sebep olacagindan zemin kdselerinin ve tavanin sicakliklari

karsilastirma yapmak amaciyla 6l¢ildii.

4a, 4b ve 4c gorselleri her bir noktada yapilan sicaklik
dlciilerinin zamana bagh grafigini gostermektedir. Uciincii
odacik (igerisi) en diisiik hava sicakligi genligine sahipti.
Zemin sicakliklar1 (2FR, 2FL, 3FR, 3FL) odalarin hava
sicakliklarindan gilindiiz vaktinde genellikle 1-3°C diistikken
tavan sicakliklar1 (2C, 3C, 3CL) daha yiiksektir. Birinci
odaciktaki duvar yiizeyi sicakliklar1 odanin sicakligina

oldukea yakindir.

2015 yili siiresince kilisenin i¢gindeki bagil nem %30-
%55 arasinda seyretmistir. 4d gorseli zemin sicakliklari
(kilise ig¢indeki en diisiik sicaklik) ile disaridaki havanin
yogusma noktast arasindaki karsilagtirmanin grafigidir. Bu
grafik disaridaki havanin kiliseye girmesi halinde yogusma
gerceklesmeyecegini gostermektedir. I¢ yiizey sicakliklarmin

i¢c hava sicakligindan ¢ok farkli olmast beklenmediginden i¢
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Figure 4a. Measured temperature in Chamber 2
Gorsel 4a. 2. Odaciktaki olgllen sicakhk

Figure 4c. Measured temperature in Chamber 1
Gorsel 4c. 1. Odaciktaki 6lgtilen sicaklik

to ascertain the likelihood of condensation based on the
indoor air temperature.

Airflow speed and direction were checked at several points in
the church to obtain basic data for estimating the ventilation
rate between outdoor and indoor air. Wind speed near the
entrance and the window were measured at 15 second

intervals throughout the day and night.

Figure 5 shows the indoor wind speed (at 15 second intervals)
and its moving average (per 5 minutes) during the daytime
compared to the outdoor wind speed (10 minute average).
Figure 6 shows the case of nighttime in chamber 3. In
chamber 3, the average wind speed did not exceed 0.2 m/s
even in the daytime. The wind speed near the entrance varied
in accordance with the outdoor wind speed, and was greater
than that in chamber 3. These results will be used to further

investigate ventilation in the church.

Figure 4b. Measured temperature in Chamber 3
Gorsel 4b. 3. Odaciktaki 6lgilen sicakhk

Figure 4d. Judgement of condensation
Gorsel 4d. Yogusma Grafigi

hava sicakligina bakarak yogusma ihtimalini kesinlestirmek

blyuk oranda mumkdnddr.

Icerideki ve disaridaki hava arasindaki havalandirma hizini
hesaplamak i¢in hava akis yonii ve hizi kilisenin bazi
noktalarinda 6lgiilmiistiir. Giris ve pencere yakinindaki
riizgar hiz1 giindiiz ve gece boyunca 15 saniyelik araliklarla

Ol¢tilmiistiir.

5. Gorsel giindiiz saatlerinde igerideki riizgar hizinin (15
saniyelik araliklarla) ve bu hizin hareketli ortalamasinin (5
dakikada bir) disaridaki riizgar hiz1 (10 dakikalik ortalama)
ile karsilastirilmasini gdstermektedir. 6. Gorsel ise gece
stiresince 3. Odaciktaki durumu gostermektedir. 3. Odacikta
ortalama riizgar hiz1 giindiiz saatlerinde bile 0.2 m/s’yi
gegmemistir. Girisin yakininda 6lgiilen riizgar hiz1 disaridaki
riizgar hizina baglh olarak degismekte olup 3. Odaciktaki
rlizgar hizindan yiiksektir. Bu sonuglar kilisenin i¢indeki hava

akisini daha detayli incelemek i¢in kullanilacaktir.
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Figure 5. Wind speed in chamber 3 during the daytime (Sep. 25)
Gorsel 5. Glindiz saatlerinde 3. Odaciktaki riizgar hizi (25 Eylul)

Figure 6. Wind speed in chamber 3 during the nighttime (from 25-26 September)

Gorsel 6. Gece saatlerinde 3. Odaciktaki riizgar hizi (25-26 Eylul)

3.3. Verification of potential evaporation estimated

by metrological data

Knowing the rate of evaporation from ground surface is
essential for simulating water and energy balance at the
Uziimlii church. Although the evaporation rate could be
estimated from metrological data using, for example, the
Penman-Monteith equation (1) with some assumptions,
verification of the equation is necessary to perform a realistic
simulation. Therefore, we measured the evaporation rate and

monitored metrological data.

Duration: 24-28 September, 2015

Location and procedure:

A plastic container (30 cm x 20 cm) was filled with water
and set at near the weather station (Figure 7). The water level
in the container was measured several times each day and
the evaporation rate from the open water surface (potential

evaporation, Ep, which corresponds to the maximum

3.3. Meteorolojik verilere gére hesaplanan potansiyel

buharlasmanin dogrulanmasi

Zemin yiizeyindeki buharlasma hizini bilmek Uziimlii
Kilisesi’nin su ve enerji dengesini simile etmek icin
gereklidir. Baz1 varsayimlarla yapip Penman-Monteith
denklemi kullanilarak meteoroloji verilerinden buharlagsma
hizin1 hesaplamak miimkiin olsa da ger¢ekei bir simiilasyon
olusturmak i¢in denklemin dogrulanmasi gerekmektedir. Bu
nedenle meteorolojik veriler gézlemlenip buharlagsma hizi

hesaplanmistir.

Sureg: 24-28 Eylil, 2015

Konum ve Yontem:

30cm x 20cm ebatlarinda plastik bir kap su ile doldurularak
meteoroloji istasyonu yakinina birakilmistir (Gorsel 7).
Kaptaki su seviyesi giin iginde birkac¢ kez ol¢iilerek acgik su
yiizeyinde gergeklesen buharlasma orani (Ep olarak gosterilen

potansiyel buharlagma, toprak yilizeyinde gergeklesen
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evaporation from soil surface) was evaluated.
Ep was also estimated from metrological data using equation

(1) and compared to the measured Ep.

0.408A(R,~G)+7
E —

maksimum buharlagsma miktarina karsilik gelmektedir)
degerlendirilmistir.
Ep degeri ayni1 zamanda (1) numarali denklem kullanilarak

hesaplanmis ve dlgiilen degerle kiyaslanmustir.

900

T+273u(e5—ea) 1)

where Rn is net radiation, G is ground heat flux, T is average
daily temperature, u is wind velocity at a height of 2 meters,
es is saturated water vapor pressure, ea is vapor pressure at
dew point, eg is the gradient of saturated water vapor pressure

curve, and eg is the hygrometer constant.

Data:

Figure 8 shows the cumulative evaporation from 24 to 28
September. Water evaporated faster in the daytime and slower
in the night. However, the evaporation rate was mostly
constant during the observation period (Ep = 4.72 mm/d,

about 4 mm in the daytime and 1 mm in the night).

On the other hand, the estimated Ep produced by Eq. (1)
and metrological data from the weather station (Figure
9) was 4.89. 5.63, and 5.35 mm/d for Sep. 25, 26 and 27,
respectively. The average Ep was 5.29 mm/d and is 0.57
mm larger than the observed Ep. The difference might come
from condensation of water in the early morning. Overall,
the equation seems useful for simulating the water balance at

Uziimlii church, as long as a small correction is applied.

3.4. Verification of thermal properties estimated

by soil monitoring data

To simulate temperature change in the rock wall of Uzimli
church, the thermal properties (thermal diffusivity, thermal
conductivity, and heat capacity) of the rock must be known.
Although the thermal diffusivity could be analytically
estimated though use of soil monitoring data with some
assumptions, a realistic simulation requires verification.
Therefore, we measured the thermal diffusivity, thermal
conductivity, and heat capacity of the rock around Uziimlii

church.

P A+y(1+0.34u)

Bu denklemde Rn net 1s1maya, G yer 1s1 akignai, T ortalama
glinliik sicakliga, u 2 metre yiikseklikteki riizgar hizina, es
doygun su buhar1 basincina, D doygun su buhari basinci
egrisinin egimine, g ise higrometre sabitine karsilik

gelmektedir.

Veriler:

8. gorsel 24 Eyliilden 28 Eyliil’e kadar gergeklesen toplam
buharlagmay1 gostermektedir. Su giindiiz daha hizli buharlasip
gece daha yavas buharlasmis olmakla beraber gozlem siiresi
boyunca buharlasma hizi ¢ogunlukla sabit kalmistir. (Ep =
4.72 mm/g; glindiizleri yaklagik 4mm geceleriyse yaklasik 1

mm).

(1) Denklemi ve meteoroloji verileri (Gorsel 9) kullanilarak
yapilan hesaplamalar ise 25 Eyliil i¢in 4.89 mm/g, 26 Eyliil
igin 5.63 mm/g ve 27 Eylil i¢in 5.35 mm/g sonuglarini
vermistir. Ortalama Ep 5.29 mm/g olup gézlemlenen Ep’den
0.57 mm/g daha fazladir. Bu fark sabah saatlerinde yogusan
sudan kaynaklaniyor olabilir. Genel olarak bu denklem,
kiigiik bir diizeltme yapildig1 takdirde Uziimlii Kilisesi’nin su

dengesini simile etmek icin uygun goziikmektedir.

3.4. Toprak gozlemleme verilerine gore hesaplanan

termal dzelliklerin dogrulanmasi

Uziimlii Kilisesi’nin tas duvarlarindaki 1s1 degisimini simiile
etmek icin tagin termal 6zellikleri (1s1l dagilim, 1s1 gegirgenligi
ve 151 si1gas1) bilinmelidir. Isil dagilma bazi varsayimlar
yapilarak ve toprak gozlemleme verileri kullanarak analitik
olarak hesaplanabilir, ancak gercekgi bir similasyon igin
dogrulama gereklidir. Bu nedenle Uziimlii Kilisesi’nin
etrafindaki tas yapisinin 1sil dagilimi, 1s1 gegirgenligi ve 1s1

sigast hesaplanmustir.
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Figure 7. Observation site
Gorsel 7. Gozlem alani

Figure 9. Metrological data for calculating Ep by Eq. (1)
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Figure 8. Cumulative evaporation from 24 to 28 Sep.
Gorsel 8. 24-28 Eylil arasindaki toplam buharlasma.

Gorsel 9. (1) denklemini kullanilarak Ep’yi hesaplamak igin gerekli meteoroloji verileri

Duration: 24-27 September, 2015

Location and procedure:

Samples were taken from weathered rock (R) beside the
church, the church floor (F), and the west (W) and north
east (E) bases of the church where soil monitoring sensors
are buried. The thermal diffusivity, «; thermal conductivity,
A and heat capacity, C were measured according to the dual
heat probe method using a KD2-pro (Decagon device). The
thermal conductivity A was fitted to the Campbell equation (2),

which is useful for solving thermal conduction.

Sureg: 24-27 Eylil, 2015

Konum ve yontem:

Kilise zemininden (F), toprak gézlem sensoérlerinin gémulu
oldugu kilisenin bati1 (W) ve kuzey-dogu (E) temelinden ve
kilisenin yanindaki asinmis kayadan (R) 6rnekler alinmistir.
k ile gosterilen 1s1l dagilim, 1 ile gosterilen 1s1 gegirgenligi
ve C ile gosterilen 1s1 s18as1, bir KD2-pro(dekagon cihazi)
kullanilarak ¢ifte 1s1 sondast yontemi kullanarak dl¢iilmiistiir.
Ist gecirgenligi (1), 1s1 gegirgenligini hesaplamada kullanilan

Campbell denklemine (2) esitlenmistir.

4=A+BO+(A-D) exp[—(ce)“} @

where 0 is water content, and A, B, C, and D are fitting

parameters that relate to porosity, and the fraction of clay and

Bu denklemde q su miktart; A,B,C ve D ise kil ve kuvarsin

gozenekliligine ve fraksiyonuna denk gelen degiskenlerdir.
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quartz.

Thermal diffusivity x of the rock was also estimated using
fluctuations in temperature at the soil monitoring site, and
compared to the observed k. When the soil temperature
fluctuation can be assumed to be a sine curve with no soil

water flow, then the thermal diffusivity can be estimated as

-1,

Tas yapisinin 1s1l dagilimi (k) da toprak goézlemleme
alanindaki sicaklik degisiklikleri kullanilarak hesaplanmig
ve gozlemlenen k karsilastirilmistir. Topraktaki sicaklik
degisimlerinin topraktaki su akisinin ihmal edildigi bir siniis
egrisi oldugu varsayilirsa 1s1l dagilim asagidaki denkleme

gore hesaplanabilir.

KT

T

max

T

In
max
where d is damping depth, z is depth, Tmax and Tmin are
maximum and minimum temperatures at z, T is the rotation

period, and = is circular constant.

Data:

First, the thermal properties of the rocks were measured in
a naturally dried state. Then, the rock was saturated with
water and the thermal properties measured again. Table 1
lists each rock’s thermal properties as measured by KD2-
pro. Comparing to common rocks, the rocks around Uziimli
church had relatively low thermal diffusivity, thermal
conductivity and heat capacity. The low heat capacity for W
and E indicates low porosity in rocks on the surface of the
church. The thermal conductivity was well fitted to equation

(2) as shown in Figure 10.

Figure 11 shows the soil temperature change monitored at
(E) from September 12 to 14, 2014. This temperature change
was analyzed using equation (4) producing an estimated
thermal diffusivity for wet rock of 0.43 mm®/s. The measured
k slightly underestimated the analyzed x. This may stem from
poor contact between the KD2-pro sensor rod and the sample
rocks. The analyzed « seems sufficient for calculating the heat

flow of the church wall.

-T
-T

®
i

}_7

Bu denklemde d i1slanma derinligine, z derinlige, Tmax ve

z=2

Tmin degerleri z derinligindeki maksimum ve minimum

sicakliklara, T ise devir siiresine karsilik gelmektedir.

Veriler:

Taslarm 1s11 6zellikleri ilk 6nce dogal olarak kuru bir halde
6l¢lilmiistiir. Daha sonra su ile slatilip tekrar 6lgiilmiistiir.
Tablo 1 her bir kayanin KD2-pro 6lgiilmis 1s1l degerlerini
gdstermektedir. Normal kayalarla kiyaslandiginda Uziimlii
Kilisesi’nin etrafindaki kayalarin 1s1l dagilim, 1s1 gegirgenligi
ve 1s1 sigas1 daha disiik olarak olgiilmiistiir. W ve E’nin
diistik 1s1 s1gasi, kilise yiizeyindeki kayanin goézeneklilik
degerinin diisiik oldugunu gostermektedir. Gorselde 10.’da
goriilebilecegi gibi 181 gegirgenligi (2) denklemine uygun

olarak belirlenmistir.

Gorsel 11 (E) noktasinda 12 ile 14 Eyliil, 2014 araliginda
gozlemlenen sicaklik degisimini gdstermektedir. Bu
sicaklik degisimi (4) denklemi kullanilarak incelenmis
ve 1slak kayanin 1s11 dagilimi yaklasik 0.43 mm?®/s olarak
hesaplanmistir. Olgiilen k degeri, hesaplanan degerden
diisiik ¢ikmistir. Bu fark KD2-pro’nun 6l¢iim ¢ubugunun
ornek kayalarla olan temasinin yeterince iyi olmamasindan
kaynaklanmis olabilir. Hesaplanan k degeri kilise duvarindaki

1s1 akigini hesaplamak igin yeterli gériinmektedir.

Table 1. Thermal properties of rocks measured by KD2-pro.

Tablo 1. Kayalarin KD2-pro ile 6lgllmis termal 6zellikleri

Sample name R F w E
Moisture condition Dried Wetted Dried Wetted Dried Wetted Dried Wetted
Thermal diffusivity mm3/s 0.149 0.243 0.181 0278 0.194 0.324 0.193 0.362
Thermal conductivity W/mK 0.246 0.488 0.263 0.535 0.197 0.509 0.139 0.55
Heat Capacity MJ/m3.K 1.647 2.008 1.455 1.927 1.013 1.57 0.721 1.561
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Figure 10. Thermal conductivity of rocks around Uziimlii
church

Gorsel 10. Thermal conductivity of rocks around Uziimlii
Kilisesi etrafindaki kayalarin 1si gegirgenligi

4. LAB TESTING AND CONSERVATION OF
THE UZUMLOU WALL PAINTINGS

One of the main causes of ongoing serious damage to the wall
paintings at Uziimlii church is extensive graffiti by tourists,
most likely local tourists. Figure 13 clearly shows large
incisions in the wall presenting the Turkish mobile number
“0532445033”, and the words “guide” and “Paul”, which
appeared between 2010 and 2013. These are not related to
acts of cultural genocide, which have increased recently
in West Asian regions such as in the Mosul museum and

Palmyra attacks.

Some other graffiti containing personal names includes dates
such as 2014 and 2015, which indicates that these actions
took place recently. Therefore, measures to prevent further
damage should be taken as soon as possible; these may
include posting signs at the site, setting up a proper platform

along the church floor, or educating local tourist guides.

The Uziimlii wall paintings are an important site for historical
graffiti. There are several types of Greek inscriptions that
seem to date back to the 8th or 9th century AD, as well as
figures of horses and saints, and some Arabic graffiti. Also,
some evidence of religious vandalism on the hands and faces
of saints could be historical; therefore, criteria for which
graffiti shall and shall not be remedied has been established.

Only recent touristic graffiti and lines shall be toned down;

40

Termperature (C)

Airtemperature

11 ] !
13 14

September (day)

Figure 11. Temperature change at 5, 10 and 30 cm depth
at site (E).

Gorsel 11. (E) bolgesinde 5, 10ve 30(cm) derinliklerindeki
sicaklik degisimleri

4. LABORATUVAR TESTLERI VE UzUMLU
DUVAR RESIMLERININ KONSERVASYONU

Uziimlii kilisesine verilen en biiyiik zarar, cogunlugu yerel
turistler olmak {izere turistler tarafindan duvarlara yapilan
¢izimler olmustur. 13. Gorselin agikga gosterdigi gibi duvarda
Tiirkiye’ye ait bir telefon numaras1 “0532445033” ayrica
“guide” ve “Paul” kelimeleri 2010 ve 2013 yillar1 arasinda
goriilmiis olan vandalizmlerdir. Bunlarin son zamanlarda
Bat1 Asya bolgelerinde artmakta olan Musul Miizesi ve
Palmyra’ya yapilan saldirilar gibi kiiltiirel soykirimlarla bir

ilgisi yoktur.

Kisisel isimler iceren diger duvar yazilar1 2014 ve 2015
yillarinda yapilmis, yani yakin zamanda meydana gelmistir.
Bu nedenle, gelecek zararlart engelleyecek dnlemler en kisa
zamanda alinmalidir. Bu 6nlemler uyari tabelalar1 asmak,
kilise zeminine uygun bir platform yerlestirmek ve yerel

turist rehberlerini egitmek seklinde olabilir.

Uziimlii duvar resimleri tarihi duvar yazilar1 icin énemli bir
konumdadir. Uziimlii’de Sekizinci ve dokuzuncu (8. ve 9.)
ylizyildan kaldig: diistiniilen birkag farkli Yunan yaziti, bunun
yani sira at ve aziz tasvirleri ve bir takim Arap duvar yazilar
bulunmaktadir. Ayrica, aziz tasvirlerinin ellerine ve yiizlerine
yaptlmis dini Vandalizm &rnekleri tarihi deger tasiyabilir;
bu nedenle, hangi duvar ¢izimlerinin onarilip hangilerinin

onarilmayacagina dair bir kriter olusturulmustur. Sadece
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Figure 12a. Wall painting in chamber 2, June 2010
Gorsel 12b. Kilisenin nef kisminda bulunan duvar resmi, kuzey duvar, 1968 veya 1970

Figure 12b. Wall painting in the nave, north wall, 1968 or 1970.
Gorsel 12b. Kilisenin nef kisminda bulunan duvar resmi, kuzey duvar, 1968 veya 1970
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Figure 13. Modern incised graffiti by local visitors.

Gorsel 13. Yerel ziyaretgiler tarafindan yakin zamanda oyularak yapilmis duvar yazilari

others must remain as they are.

In order to provide a optically uniform effect, graffiti of
apparently recent origin was partially toned using mineral-
based pigments (red ochre, yellow ochre, green earth, ivory
black, local earth) without any organic binder. The pigment
particles were applied using only water since prior analysis
indicated that the original wall paintings had no organic
binding media. Some pencil based graffiti and crayons were

removed using PVAC free eraser and hexane.

A series of material testing for grouting and edging mortar
was carried out in the labs and on-site parallel to the toning
trials. The main composition of the original plaster in the wall
painting is gypsum, without any plant fibres, sand particles,
etc. Some areas are cracked and detached due to long-term
rock movement. Therefore, grouting and edging mortar was
chosen based on gypsum. However, it should be modified
to become weaker and lighter than the original plaster. Also,
an excess amount of liquid water may damage the original
plaster. Thus, a reduction of water would be ideal. For the

sake of convenience in application, retarder additives were

yakin zamanda yapilmis duvar ¢izimleri onarilmalidir, geri

kalanlar oldugu gibi birakilmalidir.

Gorsel biitiinliik saglayabilmek adina yakin zamanda
yapildig1 diigtiniilen duvar yazilarinin iizeri mineral bazl
pigmentler (kirmiz1 toprakboya, sari toprakboya, yesil
toprak, fildisi siyahi, yerel toprak) ile organik baglayici
madde kullanilmadan boyanarak kismen kapatilmistir.
Pigment tanecikleri, 6nceden yapilan incelemelerin gosterdigi
iizere orijinal duvar resimleri organik baglayict madde
icermediginden dolay1 sadece su kullanarak uygulanmistir.
Bazi kursun kalem tabanli duvar gizimleri ve pastel boyalar

PVAC igermeyen silgi ve heksan kullanilarak silinmistir.

Derzleme, kenar diizeltme ve alg¢ilama i¢in laboratuvarda
yapilan tonlama arastirmalarina paralel olarak birtakim
malzeme test deneyleri yapilmistir. Duvar boyasinda bulunan
orijinal al¢idaki ana karisim, i¢inde kum tanecikleri ve bitki
lifleri vb. malzemeler bulunmayan jipstir. Bazi kisimlar uzun
stireli kaya hareketleri nedeniyle catlamis veya yerlerinden
¢tkmistir. Bu nedenle, derzleme ve diizeltme sivasi jips temel

alarak secilmistir. Fakat bu karigim, orijinal sivadan daha
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also tested to prolong the workability and setting time of
gypsum binders to at least 30 minutes. In order to achieve
such material properties, xanthan gums, volcanic glass-based
microbaloon, and sodium citrate were used. Some scientific
evaluation shall be carried out this year, and an actual

intervention will be executed in 2016.

5. PRELIMINARY TESTING FOR PROTECTIVE
COATING OF ROCKS

Two small rock masses with similar rock and weathering
characteristics were chosen for testing (Figure 14). One
rock was sprayed with an alkoxysilane based consolidate
and water repellent agent (Permeate HS-360, 150g/m?2),
and the other was left as untreated as a control specimen. In
order to compare the degree of weathering, 9 SUS anchors
(nails) were set in each rock mass (North, East, South, West:
lower and higher positions, and the top). The exposed length
of each anchor was measured periodically using a digital
caliper. Since the surface of the rocks is extremely friable, the
measurement was not accurate enough (Figure 15). However,
the number of remaining anchors demonstrated that surface
treatment had a clear effect of (Table 2): after less than 8
months of exposure, 6 anchors of 9 were lost due to heavy

weathering.

In-situ trials to stabilise wall paintings and further
environmental studies shall be carried out in 2016. A
comprehensive approach is required to achieve success in
conservation of the whole site, especially as it must involve
tourist management to reduce intentional vandalism to

cultural materials.

az yogun ve hafif olacak sekilde degistirilmelidir. Ayrica,
karisimda fazla miktarda su bulunmasi orijinal sivaya zarar
verebilir. Bu nedenle, su miktarin1 azaltmak ideal olacaktir.
Uygulama kolayligi adina, kimyasal tepkime dnleyici olarak
kullanilan katki maddeleri jipsin kuruma siiresini en az 30
dakika arttirmak ve bdylece islenebilirligini artirmak i¢in
denenmistir. Bu 6zelliklere sahip bir materyal elde edebilmek
icin ksantan sakizi, volkanik cam bazli mikro balon ve
sodyum sitrat kullanildi. Bu yil i¢inde bir takim bilimsel
arastirmalar gergeklestirilecek ve asil miidahale 2016 yilinda

hayata gegirilecektir.

5. KAYACLARIN KORUYUCU KAPLAMARI ICIN
ON TESTLER

Asinma ve yapisal 0zellikleri benzer olan iki kiigiik kaya
kiitlesi test edilmek iizere se¢ilmistir. (Gorsel 14). Bir kayaya
alkoxysilane tabanli saglamlastirici ve su gecirmez bir madde
(Permeate HS-360, 150g/ m2) puskiirtiilmis, diger kaya
kiitlesi ise kontrol grubu olarak kullanilmak i¢in herhangi
bir islem yapilmamistir. Asinma miktarin1 6lgmek adina 9
SUS sabitleyici (¢ivi) kaya kiitlelerine sabitlenmistir. (Kuzey,
Giliney, Dogu, Bati: alcak ve yiiksek noktalar ve tepe). Her
sabitleyicinin agikta kalan kismi diizenli olarak dijital kalinlik
6lcerlerle olglilmiistiir. Kaya yiizeyleri ufalanmaya olduk¢a
miisait oldugundan hesaplamalar yeterli derecede dogru
degildir (Gorsel 15). Fakat, geriye kalan sabitleyici sayisi
sunu gosteriyor ki ylizey korumast bariz bir etkiye sahiptir
(Tablo 2 ): 8 aydan kisa bir siire boyunca agikta birakildiktan
sonra 9 sabitleyiciden 6’s1 hava etkisiyle yogun asinma

sonucu kaybolmustur.

Duvar resimlerini konservasyonu iginse yerinde bakimlar ve
baska cevresel galigmalar 2016 yilinda gergeklestirilecektir.
Tim alanin korunabilmesi i¢in biitliinsel bir yaklasim
gerekmektedir. Bu calisma 6zellikler bilingli vandalismin
kiiltiirel mirasa verdigi zarar1 azaltmak i¢in turist yonetimini

de kapsamalidir.
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Figure 14. Locations of testing rock masses and Uziimlii church
Gorsel 14. Uzimli Kilisesi’ndeki kaya kiitlelerinin test alani

Table 2. Comparison of numbers of remained SUS anchors
Tablo 2. SUS sabitleyicilerinin agikta kalan kisminin uzunluklarinin dizenli 6lgimi

Figure 15. Periodical measurement of exposed length of SUS anchors
Gorsel 15. SUS sabitleyicilerinin agikta kalan kisminin uzunluklarinin diizenli 6lgimi
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1. INTRODUCTION

1.1 Outline and objectives of the project

A project at Uziimlii Church in the Red Valley in Cappadocia, Turkey, has recently been launched with
two primary objectives: the conservation of the soft, fragile tuff structure of the church through geo- and
environmental-engineering methods, and the conservation of the interior wall paintings, including a scientific
study of their technology. The structure and wall paintings have not been treated in the past, presenting a
unique opportunity for this type of study. The project aims to find a suitable method for prolonging the life of
Cappadocia’s fragile tuff structures and the paintings they shelter, through the use of ‘retreatable’ conservation
materials. Often, intense intervention does not allow for future treatments, and fails to allow for continuous
preservation. Due similarities in original technique and deterioration with other sites in Cappadocia, this study

will have relevance for the greater region.

During an initial investigative campaign (September 2014), the structure and wall paintings were inspected
to understand their technology and deterioration, and samples were taken as necessary. Documentation and a
condition survey of the paintings on the interior of the church were carried out, and environmental monitoring
of the church interior and surroundings was initiated in order to identify the primary agents of deterioration
to the tuff rock structure, and to test the hypothesis that dew/frost cycles have the most significant impact
during the early spring season, as has been noted in earlier studies (Erguler 2009). Micro-organisms such as
lichens and algae have also often been observed on tuff rocks in Cappadocia, and therefore visible colonies
of biological growth on the church’s exterior surface were studied to determine whether they had positive

(protective) or negative (deterioration accelerating) impacts on the tuff rock.

1.2 The church

Cappadocia’s unique landscape results from the natural erosion of a soft and fragile tuff rock formed by
volcanic accumulation. Hundreds of churches and dwellings were excavated within the tuff rock structures
in valleys of the region, and many of them contain important historical and religious reliefs and paintings.
The Uziimli, meaning Grape, Church is located at the beginning of the Red Valley, to the west of the town
of Ortahisar. A tuff formation or “fairy chimney” was hollowed out for use as a monastic complex and likely
housed the church’s monks. The church is cut into the lower level of the tuff formation, while the upper level
contains a chamber that can be seen only from the outside due to the partial collapse of the walls. There is a
cross relief on the ceiling. The church has a square plan with one apse and one nave and at the far end of the

nave is a grave niche (Figure 1). This church is also called The Church of St. Nichitas due to the presence of a
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Figure 1. Structure of the Uziimlii Church

dedication inscription to St Nichitas inside the church. The nave ceiling is decorated with rich embellishments:
its surface is orange in colour and adorned with a cross composed of circles and rectangles with bunches
of grapes and geometrical motifs surrounding it. The border is embellished using medallions with Maltese
crosses. Although not definite, it is common belief that the earliest structure of the church dates back to the
8th or 9th century AD, though the paintings are thought to be from a later date, probably related with the
period of Komnenos dynasty (1081-1185), based on stylistic evaluation, such as similarities with the motifs in
Pantokrator Monastery (Zeyrek Kilise Camii), Istanbul (1120-1185) (Suzuki et.al 2015: 107).

The Uziimlii church was selected for study because of the typical structural issues it presents, and due to its
wall paintings, for their conservation and also due to significant scientific research interest in wall paintings in

Eurasia, especially those from the medieval period.

2. ASSESSMENT OF UZUMLU TUFF STRUCTURE AND WALL PAINTINGS

The tuff structure of the Uziimlii church suffers from deterioration common to other rock-cut churches in the
Cappadocia region: stone powdering and spalling, as well as structural cracking. While structural cracking
originates from seismic activity, cracking and other types of deterioration are originated or exacerbated by wind
and rain erosion, and insolation stresses. Environmental monitoring was therefore undertaken to understand the

mechanisms of deterioration at Uziimlii, and seek to address them.

2.1 Environmental monitoring

A set of environmental monitoring stations (Onset HOBO U30-NRC) for monitoring RH, T, rainfall, wind
speed/direction, and solar radiation were installed near the Uziimlii Church (photo 1). Loggers with sensors that
measure water potential and water content were situated in the lower level of the church along the exterior wall
(5TE, MPS2 and Em50: Decagon Device). Also 2 sets of datalogger, HOBO U23 for RH/T were placed in the

church.
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Photo 1. Installation of a weather station and Uziimlii church (centre)

Figure 2. Wind direction near the Uziimlii Church (September 2014- March 2015)
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Members of Nevsehir Restoration and Conservation Regional Laboratory Directorate (Nevsehir Restorasyon
ve Konservasyon Bolge Laboratuvar1 Midiirliigii) have collected data periodically. The data shows that after
October 2014 day temperatures dropped below 0 C. However, critical temperature fluctuations at around -4 C,
as associated with the dew-frost phenomena, were only counted 4 times in this season. Such occurrence was
significantly less than assumed. Precipitation such as rainfall increased from November to December, and again

from February to March.

Interestingly, the weather station, since its installation, has consistently shown the prevailing wind direction
to flow North-South around the Uziimlii church (September 2014 to March 2015) probably owing to the
geological setting of the Red Valley. This may also affect erosion of the rock surface on the NS side (Figure 2).

Further details on environmental factors shall be examined after a year of data has been obtained.

2.2 Conservation context

Erosion and deterioration in Cappadocia’s tuff rocks have been studied and Erguler [2009] reported in a case
study that erosion (0.4-2.5mm /yr) occurred due to frequent dew-frosts (37/yr). Tuff erosion remains the most

critical and urgent conservation issue in Cappadocia.

In the past, the problems of acute cracking and erosion were commonly addressed by applying a lime-cement

based render over the tuff surface, as is done in Goreme National Park.

Although trials were conducted with iron mesh at the interface between capping and tuff rock, detachment
between the two always occurs due to possible water infiltration and thermal impact by intense solar radiation.
Most of the surface treatment and capping has not been effective at reducing the rate of the tuff erosion, and in
some cases has exacerbated its deterioration. Therefore, in this project, a different treatment approach is being
explored: slower the speed of erosion with chemically compatible material with the original tuff, not to cover

with a foreign material, and it will be retreatable in 10 years intervals.

2.3 Sampling for laboratory testing

Tuff rock pieces were sampled from the Red Valley near the Uziimlii Church for lab testing. Basic mechanical

tests carried out included porosity measurement and chemical analysis such as mineralogical/XRD studies.

The same pieces were also used for some surface treatment tests in cooperation with D&D Co. Since frost-
dew was initially assumed to be the main cause of deterioration. Some consolidants were chosen which
is impermeable to liquid water but permeable to water vapour as testing materials first (i.e. 150g/m2 of
Permeate® HS-360, Permeate® Prototypes 1401, 1402, 1403 and 1404). Exposure tests of these treated
samples are still under way, and some select products shall be tested in Cappadocia after lab tests are complete
(Sano and Mizukoshi, 2015).

3. STRUCTURE AND CONSTIUTENT MATERIALS OF UZUMLU WALL PAINTINGS

Similar to other wall paintings in Cappadocia, the Uziimlii wall paintings are executed on a white plaster layer,
which was directly applied onto the tuff rock substrate. The plaster layer is extremely thin (approx. 2-5 mm),
and covered in a fine white ground (approx. 1-2 mm thick), both apparently composed of similar materials. The

plaster and ground both appear to have been applied quite wet, since brush strokes and bubbles can be observed
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in both layers. They contain little aggregate, unlike some other paintings in the region, which often contain
plant or animal fibres (Pelosi et al. 2013).

The painting palette initially appears to consist mainly of strong red, yellow and greyish colours. However,
closer inspection reveals that a much wider range of tonal effects had originally been achieved, through the
mixing of pigments, and the variations in the opacity with which paint layers were applied, as has also been
noted in other paintings in the region (Pelosi et al. 2013): in some areas, paint appears to have been applied as
thin washes in order to obtain different effects of tonality. Despite the presence of plant patterns such as vines

and grapes, very little green pigment was observed, except for in certain sections of painting in the altar room.

Detailed examination of the paint layers was undertaken using a digital camera-attached microscope
(®Microadvance), and micrographs were recorded. Infra-red and ultra-violet photographs (365nm excitement

wavelength) were also taken to assess specific types of painting materials.

Following visual inspection, 13 small samples were taken from discreet but representative areas of the ground

and paint layers, prepared as cross-sections, and/or analyzed for organic and inorganic constituents.

The cross-sections revealed that most of the plaster and ground layers were quite fine and homogeneous in
composition without any particular inclusions. No visible varnish or glaze layers had been applied on top and

painting layers were extremely thin.

Table 1 provides a summary of the results of analysis of the 13 samples taken from the wall painting. A sample
of the lower white plaster layer (UZM_002) was identified as gypsum [JCPDS: (00-033-0311): CaS0O4.2H20]
with the XRD (Figure 3) without any other inclusions. This technology has been used in other paintings (Pelosi
et al. 2013, Schwartzbaum 1986). Red lead (minium) was used extensively, and its alteration products were
also detected (ex. PbO) (Figure 4). Lead-based pigments were manmade, and of the kind commonly traded and

used in the medieval world.

Figure 3. X-ray diffractogram of the white ground (UZM_002).
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Figure 4. Analytic results of one cross section (UZM_004) using: (a) PLM, (b) PLM-UV, (c) SEM-BSE and (d) elemental analysis with EDS

Table 1. Summery of examinations
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As for the organic binder, surface observation leads one to exclude the likelihood that Uziimlii paintings were
depicted using drying oils or wax. Major possible candidates include water-soluble binders (animal proteins,
casein: milk/cheese, plant gums). Two different biochemical techniques were employed in order to detect very
low concentrations of organic media. First, ELISA (Enzyme Linked Immunosorbent Assay) was applied for the
protein including to materials such as animal glues, caseins and plant gums (Takashima 2015). There was no
positive reaction from any of the tests. Secondly, a nano-LC-ESI-MS/MS was employed in order to accurately
detect and identify collagen (Fukakusa et.al 2015). Again, no positive results were obtained. Such findings lead
to the possibility that the Uziimlii wall paintings were depicted without any organic binder. Rather, it appears to

have been set on the surface with gypsum, which worked naturally as a weak binder.

4. CONDITION SURVEY OF THE UZUMLU WALL PAINTINGS

While the tuff structure of the Uziimli church suffers from extensive environmental deterioration, the wall
paintings are in relatively stable condition, and continue to be well-protected by the fabric. The paintings were
therefore considered in parallel to the structure, but the investigative approach varied, as will any eventual

treatment needs.
4.1 Documentation of the Uziimlii Church
In the 1970s, Prof. Masaru Maeno and a research team from the Tokyo National University of Fine Art and

Music (Tokyo University of the Art) undertook the first architectural documentation of church structures in

Cappadocia and Ihlara valley, inclusive of the Uziimlii Church (Figure 5). For the current project, a digital

Figure 5. A plan of Uziimlii Church depicted by Prof. Maeno in 1970
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Figure 6. A merged image of the dome of the altar

photographic technique was applied in order to create a base map of the Uziimlii wall paintings. In the Uzimlii
Church, some wall paintings are applied on curved surfaces such as those in domes or vaults. Therefore,
photographs produce representations that appear distorted and are not of sufficient quality for use. During the
survey, images were processed using a specific method to create base photographs for mapping as well as for

accurate assessment of conditions.

As some wall painting were captured in a sectional series of more than two photographs, it was necessary
to later merge these images together using image processing software, Photoshop CS6 in this case. After
combining the photographs through the add-in Photomerge tool, the edges of each section were checked.
Distorted areas within combined photographs were revised by the add-in warp tool. Finally, all photographs

were adjusted to fit to the exact scale (Figure 6).

4.2 Condition survey
Deterioration of the interior rock surfaces and wall painting was identified and mapped on transparent polyether
sheets in order to record deterioration phenomenon and their distribution. Sheets were then transferred into a

digital format in Japan using Illustrator files (Figure 7).

Structural cracking and external erosion, though indirect, can be considered the most significant ongoing

124



threats to the wall paintings. Currently, cracking has not resulted in water infiltration to the interior, but this
will inevitably become a problem if the structural issues are not addressed. In some areas, cracking does seem
to have resulted in the detachment of the wall painting plaster from the tuff substrate, in which case some

detachment can also be considered ongoing.

The most extensive direct damage to the wall paintings has been caused by humans and animals. Most was
perpetrated mechanically through the use of sharp tools for creating graffiti, leaving scratches, and removing
faces and hands from Saints. There is also significant impact damage, which has been another cause of cracking

and detachment of the plaster layer.

Mechanical damage has often revealed the bright white gypsum ground and plaster beneath the paint layers.
White areas are quite distinguishable and optically overshadow darker tones in paintings. Such vandalism
may be classified and defined by period and purpose. First, there is iconographic vandalism during what could
be characterized as an iconoclastic period. Second, there was graffiti applied as part of worshipping practices
depicting saints, horses, and prayers in Greek letters both pre- and post-dating the iconoclastic period. Third,
there is graffiti by tourists or locals with names and dates (Figures 8, 9). The second case in particular should
be the subject of more careful study before any conservation intervention is initiated. This is necessary to
achieve a balance between preserving the cultural importance of the work as a historical witness and upholding

its original visual aesthetic toning.

Despite the extensive mechanical damage, much of the original paint layer appears to survive intact. However,

detailed observation revealed that many pigments were actually discoloured, darkened, and lost. The vault of

Figure 7. A complete example of condition assessment
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Figure 8. Graffiti, possibly by tourists

Figure 9. Graffiti, possibly from the Christian period

Figure 10. A scene of vines without grapes
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the Narthex in particular has inexplicably lost important grape motifs in the centre of its vine decorations (Figure
10). A similar motif of grapes and vines is visible in the vault of the Nave endured better. Particular metal-
based pigment alterations, likely caused by exposure to the outdoor environment, were observed, including the

alteration of lead-based pigments to PbO.

While the paint appears to have been applied as thin washes in many areas, paint loss seems to have occurred in
some specific instances. The cause of this loss in not yet understood, however it could be due to water-related
loss of paint materials. It may also be related to missing images by probably paint thinning and disappearing,
such as the grapes in the first vault. Microscopic observation did also reveal microlosses from paint layers, in

the form of small white spots, the cause of which also remains unclear for the moment.

Preferential loss of paint layers has also been observed in other sites, with particular note having been made
of the loss of green pigment (Andaloro 2008), and this phenomenon will require further study and perhaps

treatment.

Deterioration very similar to those affecting the church and paintings at Uziimlii have long been recognized
as the main threats to sites throughout the Cappadocia region (UNESCO 1985), and many subsequent studies
have confirmed and reiterated this finding (Schwartzbaum 1986; Andaloro 2008 & 2014; Rovella 2014). The
study and treatment of these phenomena and their causes at Uzimlii will therefore be of great relevance to sites

throughout the area.

5. TOWARDS ON-SITE CONSERVATION TRIALS

Environmental data and results from material analysis have provided information useful for planning a range
of conservation tests and trials for the Uziimlii wall paintings and tuff rock substrate. In this regard, in-situ
tests shall be indispensable for selecting suitable conservation materials and application methods, as well as
for managing better indoor conditions. In 2015, further testing shall be carried out for identifying possible
consolidants and protective materials for the tuff substrates, in addition to testing materials for the readhesion
of the detached gypsum ground and friable paint layers. Measures will also be taken to better protect the site
from future vandalism and animal inhabitation, thus reducing the risk of renewed mechanical damage to the

paintings.

In each case, both method and materials must be compatible with the original materials, and implemented on a
minimal scale, to avoid excess and unnecessary treatments. The case in Uziimlii is certainly a most technically
difficult challenge, and could serve as a model case for new approaches to integrating, presenting, and

advancing ethical conservation in the Cappadocia region.
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lll. Appendices







[1I-1 UZUMLU 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?

YAPISAL CATLAH

STRUCTURAL CRACKS

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

133




YUZEYDE KOCUK 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

PLASTER DETERIORATION
SIVADA BOZULMA

YAPISAL CATLAH STRUCTURAL CRACKS

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

YUZEYDE KOCUK 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

BUTUN GCATLAKLAR CRACKING

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

be other causes
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DELIKLER (5mm @)

OLES

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 ...).

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
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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

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.
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GRi LEKELENMELER

REY 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

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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[11-2 Documentation of Wall Painting (2014) : Condition Survey

Index UZM-001 1/100 Plan and Section
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
UzZM-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
UzZM-C,-010 1/15  |North Arch Rock Deterioration
UZM-C,-011 1/15  |North Arch Plaster Deterioration
Mural condition map of UZM-C,-012 /15 [North Arch Paint Deterioration
Chamber 1 UZM-C,-013 1/10  [South Wall Photograph
UzZM-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
UzZM-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
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
UzZM-C,-007 1/15  |South Wall Plaster Deterioration
Mural condition map of UZM-C,-008 1715 |South Wall Paint Deterioration
Chamber 2 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
UzZM-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
UZM-C,-;-001 1/10  |Intrados of Transversal Arch  |Photograph
Mural condition map of UZM-C,-,-002 1/10  |Intrados of Transversal Arch  |Rock Deterioration
Transversal Arch UZM-C,-,-003 1/10  |Intrados of Transversal Arch  |Plaster Deterioration
UZM-C,-,-004 1/10  |Intrados of Transversal Arch  [Paint Deterioration
UZM-C,-001 1/20  |Ceiling Photograph
UZM-C,;-002 1/20  |Ceiling Rock Deterioration
UZM-C,-003 1/20  |Ceiling Plaster Deterioration
Mural condition map of UZM-C,-004 120 |ceiling Paint Deterioration
Chamber 3 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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Church Name (English)

Chapel of Niketas the Stylite

Location

Transverse Arch between 2-3

Subject

Mural condition map

Scale Category

1/10 B

Plate No.

Plate044 UZM-C-.3-003
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LEGEND c: Paint Deterioration

Church Name (Turkish)

=] Micro Losses
Grey Spotting
// Superficial Graffiti

Dark Grey Veil

Uzamli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Transverse Arch between 2-3

Subject

Mural condition map

Scale Category

1/10 C

Plate No.

Plate045 UZM-C..:-004
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Church Name (Turkish)

Uzumlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 3

Subject

Mural condition map

Scale Category

1/20 Photograph

Plate No.

Plate046 UZM-Cs:-001
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LEGEND A: Rock Deterioration

Church Name (Turkish)

Deposition of Dark Material

Biologic Activity
N\ Spalling
_~~" Structural Cracks

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 3

Subject

Mural condition map

Scale Category

1/20 A

Plate No.

Plate047 UZM-Cs-002
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LEGEND  B: Plaster Deterioration

Church Name (Turkish)

.°] Incised Graffiti

| Detachment of Lower Layer

[T Mechanical Damege
_~" Cracking

o Holes

Uzumlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 3

Subject

Mural condition map

Scale Category

1/20 B

Plate No.

Plate048 UZM-C3-003
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LEGEND c: Paint Deterioration

Church Name (Turkish)

[[777] Smearing

Micro Losses

[T Biological Deposition Grey Spotting

// Superficial Graffiti

Dark Grey Veil

Uzumli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 3

Subject

Mural condition map

Scale Category

1/20 C

Plate No.

Plate049 UZM-Cs-004
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Section A-A’

Church Name (Turkish)

Uzimlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South East Wall of Chamber 3

Subject

Mural condition map

Scale Category

1/10 Photograph

Plate No.

Plate050 UZM-Cs-005
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Section A-A’

LEGEND A: Rock Deterioration

Church Name (Turkish)

Biologic Activity

Spalling

/\/

Structural Cracks

Deposition of Dark Material

Uzumlu Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South East Wall of Chamber 3

Subject

Mural condition map

Scale Category

1/10 A

Plate No.

Plate051 UZM-Cs-006
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Section A-A’

LEGEND  B: Plaster Deterioration

Church Name (Turkish)

Incised Graffiti

Detachment of Lower Layer

[T Mechanical Damege

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South East Wall of Chamber 3

Subject

Mural condition map

Scale Category

1/10 B

Plate No.

Plate052 UZM-Cs-007
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LEGEND c: Paint Deterioration

Church Name (Turkish)

Micro Losses
Grey Spotting
// Superficial Graffiti

Uzumli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South East Wall of Chamber 3

Subject

Mural condition map

Scale Category

1/10 C

Plate No.

Plate053 UZM-Cs-008
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[11-3 Documentation of Wall Painting (2016) : Conservation Intervation

Mural condition map of Chamber 1

UZM-1,-01 1/15 |Ceiling Coservation
UZM-1,-02 1/25 |Intrados of Entrance Arch  [Coservation
UZM-1,-03 1/15 |North Arch Coservation
UZM-1,-04 1/10  |South Wall Coservation
UZM-1,-05 1/10  |West Wall Coservation
UZM-1,-06 1/10  |East wall Coservation
Mural condition map of Chamber 2
UZM-1,-07 1/20  |Ceiling Coservation
UZM-1,-08 1/15  |South Wall Coservation
UZM-1,-09 1/10  |West Wall Coservation
UZM-1,-10 1/10  |East Wall Coservation
Mural condition map of Transversal Arch
UZM-1,,;-11 1/10 |Intrados of Transversal Arch |Coservation
Mural condition map of Chamber 3
UZM-1;-12 1/20  |Ceiling Coservation
UZM-1,-13 1/10  |South-eastern Wall Coservation
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|:| Toning

Ceiling
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0.5 (m)

Section A-A’

Church Name (Turkish)

»

_~~" Edging

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South Wall of Chamber 1

Subject

Conservation intervention

Scale Category

1710 Conservation

Plate No.

UZM-11-04
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0.5 (m)

Section G-G’

Church Name (Turkish)

NG)

Edging

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

West Wall of Chamber 1

Subject

Conservation intervention

Scale Category

1/10 Conservation

Plate No.

UZM-1+-05
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Section F-F’

Church Name (Turkish)

"n

|

_~~" Edging
|:| Toning

| Mechanical Cleaning

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

East Wall of Chamber 1

Subje

ct

Conservation intervention

Scale

Category

110 Conservation

Plate

No.

UZM-11-06
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A 1/20 Conservation
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Ceiling

Church Name (Turkish)

Edging

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Transverse Arch between 2-3

Subject

Conservation intervention

Scale Category
1/10 Conservation
Plate No.
UZM-I2-5-11
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[t (m)

Ceiling

Church Name (Turkish)

_~~" Edging
% Grouting

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

Ceiling of Chamber 3

Subject

Conservation intervention

Scale Category
1/20 Conservation
Plate No.
UZM-l5-12
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0.5 (m)

Section A-A’

Church Name (Turkish)

Edging

Uzimli Kilise

Church Name (English)

Chapel of Niketas the Stylite

Location

South East Wall of Chamber 3

Subject

Conservation intervention

Scale Category
1/10 Conservation
Plate No.
UZM-Is-13
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