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MERMER HEYKELLER UZERINDEKi PIGMENTLERIN
ARKEOMETRIK iNCELEMELERI

Archaeometric Investigation of The Pigments on Marble Statues
Ahmet Sansar®  Ali Akin Akyol**
Oz

Mermer heykeller, uzun bir siire boyunca insanlar tarafindan renksiz, beyaz olarak
algilanmustiv. Ancak orijinal yapimlarinda genellikle renklendirilerek olusturulmuslardir. Bu
durum uzun bir siire anlasiamamistir. Zamanla heykeller ile ilgili arastirmalar ve gelisen
teknolojik yontemler bu durumun aydinlatiimasina olanak saglanmigtir. Heykeller ile ilgili renk
arastirmalart 19. yiizyilda baslanmigtir. Bu donemde teknoloji tam anlamiyla gelismedigi icin
gorsel analizler yapilarak elde edilen veriler kayit altina alinmistir. 1960 yilinda ultraviyole ile
mermer heykeller Uzerindeki gozle goriilemeyen renklerin goriinir hale getirilmesi, heykeller
tizerinde renkliligin daha detayli ve bilimsel olarak incelenmesine olanak saglamustir.
Giiniimiizde heykeller iizerinde renklilik ile ilgili yapilan incelemelerin ¢ogunun temelini
ultraviyole floresans olusturmustur. Bu calismalarda gorsel, mikroskobik ve spektroskopik
incelemeler kombine olarak kullanilarak daha saglikl ve nitelikli bilgilere ulasiimistir. Yapilan
incelemelerde tahribatsiz analiz yontemleri tercih edilmistiv. Ciinkii heykeller tizerindeki
pigment kalintilarindan numune alimimin yapilmasi, eser iizerinde geri doniisii olmayan
malzeme kayiplarina neden olabilmektedir. Ayrica heykeller iizerindeki pigment kalintilari

oldukca az oldugu icin bu tir analiz ¢alismalarinda, numune alimi yapilmadan in-Situ
incelemeler yapi/mistir.

Anahtar Kelimeler: Heykel, Renk, Spektroskopi, Analiz, Arkeometri
Abstract

Marble sculptures have been perceived by people as colorless white for a long time.
However, in their original productions, they were usually created by coloring. This situation
was not understood for a long time. Over time, research on sculptures and developing
technological methods have allowed this situation to be clarified. Colour research on sculptures
began in the 19th century. During this period, since the technology had not fully developed, the
data obtained by performing visual analysis were recorded. In 1960, making invisible colours
on marble sculptures visible with ultraviolet allowed for a more detailed and scientific
examination of colouring on the sculptures. Today, ultraviolet fluorescence has formed the
basis of most of the studies on chromaticity on sculptures. In these studies, visual, microscopic
and spectroscopic examinations are used in combination to attain straight and more qualified
information. In the examinations, non-destructive analysis methods were preferred. Because
sampling from the pigment residues on the sculptures can cause irreversible material losses on
the work. In addition, since the pigment residues on the sculptures are quite low, in-situ
examinations were made without sampling in such analysis studies.
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Extended Summary

Sculpture is defined scientifically in the literature as three-dimensional works that are
produced from materials such as clay, stone, wood, plaster and plastic, describing living things
or expressing abstract forms (Tekgam, 2007, p.91). The statues are made of ivory and mammoth
ivory starting from the Prehistoric times. In later periods, it was made of metal, bronze, wood
and limestone. It has been used in the making of marble sculptures since the early periods of
ancient Greece (Yilmaz, 2018, p.16). The most important elements of the sculpture;
surface/texture, light/shadow, volume and color. Color, which is one of the most important
elements of sculpture, is an important element that strengthens the expression in sculpture and
ensures the formation of form with aesthetic concern. In ancient times, color was used to create
an aesthetic integrity in works and to create admiration in people. The effect of color on the
sculpture is shaped by the way of perception. The colorfulness of marble sculptures is a
controversial issue that was not accepted for a long time. In the archaeological excavations
carried out in the first half of the 19th century, a lot of colored sculptures and architectural
building elements were found in Greece and Italy. This situation put an end to the discussions
about the colorfulness of the sculptures, and also paved the way for scientific research in this
area. When the research studies on the colorfulness of the sculptures were examined during this
period, the Prima Porta statue and the 19th Prima Porta statue, which were unearthed in 1863,
were examined. in the second half of the century, the colorful votive sculptures unearthed on the
Acropolis of Athens reached their peak. With these studies, it was ensured that the pigment
residues on the sculptures found in the archaeological sites were examined and documented. In
the 1880s, exhibitions were held in important cities such as Berlin, Chicago and Stockholm, by
making replicas of them with plaster, in order to convey that the sculptures were colorful to
large masses. In addition, publications were made in this area and people were informed about
the colorfulness of the sculptures (Yilmaz, 2018, p.12-13). By the 1960s, making use of the
developing technological opportunities and using the ultraviolet fluorescence method, the
invisible colors on the sculptures were made visible by photographing and documenting them.
The ultraviolet examination method, which started to be used in the color studies of sculptures
in the 1960s, still forms the basis of these studies today. In order to carry out these studies in a
more detailed and scientific manner, different analysis methods need to be used together with
ultraviolet studies. In this way, the pigments on the sculptures can be defined in detail and their
characteristic structure was revealed, providing important information (Yilmaz, 2018, p.13-14).

The methods used in the analysis of the pigments on the sculptures should have the
technological features and equipment that will allow the work to be examined on site. Because
in the analysis studies on the pigments, in-situ examinations are made without taking samples
from the sculpture. The analyses of the pigments on the sculptures are first carried out by
making visual examinations. Visual examinations provide information by examining the
sculpture in detail with the naked eye (Scharff et. al., 2009, 16). After this examination is
completed, detailed photographs of the sculpture are taken. These photographs contribute to the
investigation of the colorfulness of the sculptures and the analysis of the pigments on them by
giving direction during sampling. In addition, photographs allow the determination of the
current position of the images obtained by microscopic analysis on the work (Sargent et. al.,
2009: 75). Ultraviolet investigations are widely used in the investigation of pigments on
sculptures. With ultraviolet examinations, invisible pigment residues on the sculpture become
visible, showing the research of the colors on the sculpture and thus what the color means on
the sculpture (Bracci et al., 2019, pp.1612-1615; Gasanova et al., 2018, p.88; Sargent et al.,
2009, p.75,83).

Traces that are seen as "color shadow" in ultraviolet examinations are revealed with the
documentation studies made with photographs. The images obtained in these studies are very
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clear and their contrasts are clearly visible. However, during this study, an ultraviolet filter
must be attached to the lens of the camera (Brinkmann, 2006, p.18). After the visual inspections
are completed, microscopic analyzes are performed to detect the different colors determined on
the surface. These examinations provide information about true color values (Scharff et al.,
2009, p.16; Gasanova et al., 2018, p. 86). Microscopic examination of the pigments on the
sculptures is one of the healthiest analysis methods. With this method, the detection of small
pigment residues on the sculpture and the actual true colors of oxidized or contaminated
pigments were found (Scharff et al., 2009, p.16; Gasanova et al., 2018, p. 86). Microscopes
used in microscopic examination studies are made with portable devices that are capable of in-
situ examinations of the pigments on the statue. In order to determine the material properties of
the pigments, examinations are made by spectroscopic methods.

Spectroscopic examinations provide the measurement and interpretation of the
electromagnetic radiation absorbed or emitted during the transition of energy levels of atoms,
molecules or ions in the structure of the sample. In the light of these data, information about the
characteristic structure of the sample is obtained (Karadag and Torgan, 2016, p.181). Portable
XRF and portable Raman devices are used in the spectroscopic examination of the pigments on
the sculptures, which enable non-destructive analysis. With these devices, analysis studies are
carried out on the sculptures in-situ without damaging them. With the portable XRF analysis,
the elemental composition of the pigments obtained as a result of visual and microscopic
examinations on the sculptures can be determined, and information such as their type, origin
and period can be obtained (Kopczynski et al., 2017, pp.139-154; Ganetsos et al., 2019, p.51-
61; Gasanova et al., 2018 pp.83-95; Karydas et al., 2009, pp.1-30; Saint et al., 2018, pp.233-
242; Acri et al., 2019, pp.1-4). Raman spectra are obtained by portable Raman spectroscopy
analysis of the pigments on the sculptures. The strong peaks in the waves occurring in these
spectra show which chemical compounds the pigment consists of (Ganetsos et al., 2019, p.53);
Acri et al., 2019, p.3-4; Berg, 2009, pp.52-53).
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Giris

Heykel, bilimsel olarak literatiirde: kil, tas, ahsap, alg1 ve plastik gibi
malzemelerden iiretilen, canlilar1 anlatan veya soyut bigimleri ifade eden ii¢ boyutlu
eserler seklinde tanimlanmaktadir (Tekgam, 2007, s.91). Heykel bigimlendirilirken
kiitle, bosluk, ylizey, gecis ve kesit gibi formlara yonelik her 6genin, heykelin
bltiiniinde olusacak ifade kurgulanarak sekillendirilmektedir. Heykelin en onemli

unsurlari; ylizey/doku, 151k/gblge, hacim ve renktir (Y1lmaz, 2018, s.7).

Antik donemde yapilan heykellerin renkliligi 19. yiizyilin baslarina kadar
tartigmal1, kabul gérmeyen bir konudur. 1863’te Agustus’un “Prima Porta” heykelinin
bulunmasi, heykellerde boya kullaniminin ve renklerinin arastirilma siirecine 6nemli
katkilar saglamistir. 19. yiizyilin ikinci yarisinda Atina Akropolisi’nde yapilan
aragtirmalar siirecinde ortaya cikartilan renkli heykeller, heykelde boya ve renk
kullamimim1  reddeden, siipheyle yaklasan kisilerin iddialarinin  gecerliliginin
yitirilmesini saglamistir (Yilmaz, 2018, s.12). Bu nedenle daha 6nce renksiz oldugu
diistiniilen heykellerin, lizerinde bulunan boya kalintilart incelenerek, renkliligi ile ilgili
aragtirma ve belgeleme calismalar1 baslamistir. 20. yilizyilin baglarinda W. Lermann
heykellerdeki renkliligi anlamak i¢in kendini Atina Koreleri’nin arastirma/inceleme
caligmalarina adamustir. Biiylik titizlikle yiirGittiigii ¢aligmada pigmentlerin dogal
tespitini yaptirmistir. 1920-1930°’lu yillarda H. Schuchhardt, E. Langlotz, ve W.H.
Schrader tarafindan hazirlanan heykeller katalogunda, heykeller tizerinde belirgin olarak
tespit edilen tiim pigment kalintilar1 belgelenerek gorsel analiz ¢aligmalar1 yapilmistir.
Ayn1 donemde P. De la Coste-Messeliere, renkliligi anlamak i¢in ultraviyole 1sin1
analizlerinin kullanilabilecegi onerisinde bulunmus ancak bu teklif deger gérmemis ve

dikkate alinmamistir (Brinkmann, 2006, s.15).

1960’11 yillarda Chr. Wolters ve V. von Grave Doerner Enstitiisii'nde yapmis
olduklar1 arastirmalarda ve c¢alismalarda ultraviyole floresans kullanarak mermer
tizerindeki solmus renkleri, fotograf iizerinde goriilebilecek sekilde belgelemeyi
basarmislardir. Daha sonraki ¢alismalarinda bu iki arastirmacinin Iskender Lahdi’nde

benzer yontemi basari ile kullanmalari, heykellerde renkliligin arastirilmasinin basl
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basina bir konu olarak kabul edilmesine dnemli 6l¢iide katki saglamistir (Brinkmann,
2006, s.17).

Fotograf 1. Iskender Lahdinin Renklendirilmesi (URL 1).

Ultraviyole, heykellerin renkliligi ile ilgili yapilan analiz ¢aligmalarinin
bir¢ogunun temelini olusturmaktadir. Glinlimiizde bilimsel arastirmalarin gelismesi ve
teknolojik olanaklarin sundugu imkanlar, mermer heykellerin renkliliginin daha

kapsamli/detayli incelenmesini saglamistir.

Heykeller ile ilgili yapilan renk analizleri, pigmentin karakterizasyonunun
belirlenerek koruma yontemlerinin  gelistirilmesine ve uygulanmasma = katki
saglamaktadir. Bunun yani sira, heykeli yapan sanatgryr tanimlama, heykeli
tarithlendirme, pigmentin kaynagi/kokeni’nin tespit edilmesi, eski/modern rotuslar
belirleme ve sahtecilikle ilgili 6nemli bilgiler edinilmesini saglayabilmektedir (Felix

vd., 2015, s.1).
INCELEME YONTEMLERI
Gorsel Incelemeler:

Mermer heykelin belirli bir noktasindan baslayip, 360 derece etrafinda donerek
ciplak gozle her tarafinin incelenerek bilgi edinilmesidir (Scharff vd., 2009, s.16). Bu
incelemeden sonra heykelin en iist kismindan baglanarak 45 derecelik agilarla etrafinda

doniilerek biitiin kisimlarinin detayl fotograflar: ¢ekilmektedir. Bu fotograflar yapilacak
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olan analizlerde numune alimi ile ilgili yonlendirmeyi miimkiin kilmaktadir. Ayrica
fotograflar mikroskop goriintiilerinin eser iizerindeki koordinatlarinin belirlemesini

saglamaktadir (Sargent vd., 2009, s.75).
Ultraviyole Floresans Incelemeleri:

Mermer heykellerin renkliliginin arastirilmasinda yaygin olarak kullanilan analiz
yontemleri arasinda yer almaktadir. Ultraviyole floresans incelemeleri sayesinde gozle
gortlemeyen pigment kalintilar1 belirgin hale gelerek, renkliligin arastirilmasi ile ilgili
bilimsel ¢alismalara 6nemli dl¢tide katki saglamaktadir (Bracci vd, 2019, s.1612-1615;
Gasanova vd., 2018, s.88; Sargent vd., 2009, s.75,83).

Ultraviyole floresans ile mermer heykel iizerinde renkliligin incelenmesi ile ilgili
bilimsel c¢aligmalar incelendiginde calisma prensibine bakacak olursak: Ultraviyole
(UV) ve goriiniir (VIL) 151k dalgalar1 aralifindaki goriintiileme o6zellikleri ¢ok
onemlidir. Ultraviyole tarafindan yansitilan goriintiileme (UVR) kontrastlari
gliglendirirken, ultraviyole kaynakli liminesans gorintileme (UV-FL) belirli organik
maddelerden liiminesans:t yakalar ve mermerin yilizeyindeki pigmentleri, goranur

kaynakli liminesans (VIL) ile goriintiilenebilir hale getirir (Qstergaard, 2018, s.6).

Fotograf 2. Caligula Heykelinin VIL Goruntisu (Sargent ve Therkildsen, 2010,
s.21).
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Ultraviyole lambanin kisa dalga boylu isinlar tarafindan uyarilan, goriilebilir
floresans, “renk golgesi” olarak adlandirilan izleri ortaya cikarmaktadir. Bu izler
fotografla yapilan belgeleme ¢alismalari ile ortaya ¢ikarilmaktadir. Bu ¢alismalarda elde
edilen goriintiiler c¢cok daha net ve Kkontrastlari oldukca belirgin bir sekilde
goriilmektedir. Ancak bu uygulama esnasinda fotograf makinasinin objektifine iyi bir

ultraviyole filtresi yerlestirmek gerekmektedir (Brinkmann, 2006, s.18).

Fotograf 3. Caligula Heykelinin UV Fotograf Gorlntusi (Sargent ve Therkildsen,
2010, s.20).

Ultraviyole refleksiyon (yansima), ultraviyole floresansi tamamlayan bir yontem
olarak kabul edilmektedir. insan gozii direk olarak bir nesnenin iizerine yansiyan
ultraviyole 1sinlarimi algilayamamaktadir. Fakat bu yansimanin goriintiisii “siyah filtre”
olarak adlandirilan bir filtre yardimi ile fotograf filmi {izerinde goriinebilir duruma
getirilmektedir. Bu yontemle yapilan heykellerin belgeme calismalarinda ¢ok net ve

dengeli 1s1iklandirilmis goriintiiler elde edilebilmektedir (Brinkmann, 2006, s.18).
Mikroskobik Incelemeler:

Gorsel incelemenin ardindan yiizeydeki farkli renkleri tespit etmek igin
mikroskobik incelemeler yapilarak gercek renk degerleri tespit edilebilmektedir (Scharff
vd., 2009, s.16; Gasanova vd., 2018, s. 86). Biiyiitme oran1 10X - 16X arasinda degisen
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stereomikroskop’un renk ve pigmentlerin incelenmesi i¢in uygun oldugu goriilmektedir

(Brinkmann, 2006, s.17).

Heykellerin mevcut durumu disiiniildiigiinde, in-situ incelemeler de yapabilmek
icin kullanilan farkl tiirde ve 6zellikte mikroskop cesitleri kullanilmaktadir (Sargent
vd., 2009, s.81).  Sargent’in ¢alismasinda Ornek olmasi amaciyla kullanilan
mikroskoplar, bu calismada belirtilmistir. Bu mikroskop tiirleri ve kullanim 6zellikleri

asagida gosterilmistir.

1- Leica M651 operasyon mikroskobu, heykelin 15 cm ¢alisma mesafesinde
150 mm objektif (lens) ile 26X biiyiitme oraninda yerinde incelenmesini miimkiin
kilmaktadir.

2- DinoLitePro video mikroskobu, hem sabit hem de video gorintdlerini
kaydetmeyi miimkiin kilan bir bilgisayara baglanabilen kiigiik bir el
mikroskobudur.

3- Leica DM2500 M stereo mikroskop, Kkesitleri incelemek icin

kullanilmaktadir.
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Fotograf 4. Mikroskobik Inceleme Calismalar1 (Skovmagller, ve Sargent, 2013, s.
28).

Spektroskopik incelmeler:

Spektroskopi, farkli tipte 1sinlarin madde ile etkilesimini inceleyen bilim dalidir
(Skoog vd., 2013, s.132). Spektroskopik analiz yontemleri incelenen numunedeki, atom,
molekiil ya da iyonlarin, bir enerji diizeyinden digerine gecisleri sirasinda absorblanan
veya yayilan elektromanyetik 1simanin Olc¢lilmesi ve yorumlanmasini saglamaktadir.
Incelenen numunenin atom ve molekiil yapilari ile elementel kompozisyonu hakkinda
bilgi edinilmesini saglamaktadir (Karadag ve Torgan, 2016, s.181). Mermer heykellerin
renkliliginin belirlenmesi ile ilgili Spektroskopik analiz ¢alismalarinda portatif XRF ve
portatif Raman cihazlari ile spektroskopik incelemeler yapildig1 gériilmektedir. Portatif
cihazlarin kullanilma nedeni; tahribatsiz bir yontem olmasi ve esere zarar vermeden,
Uzerinde in-situ incelemeler yapilmasina olanak saglamasidir. Diger spektroskopik
analiz yontemleri, tahribata neden oldugu i¢in mermer heykellerin renk incelemeleri ile

ilgili calismalarda pek fazla tercih edilmemektedir.
X-ray Floresans (XRF) Spektroskopi Incelemeleri:

Mermer heykeller Gzerinde gorsel ve mikroskobik incelemeler sonucunda
belirlenen pigmentlerin elementel kompozisyonunun tanimlanmasinda genellikle
portatif XRF yontemi tercih edilmektedir. Bu yontemin tercih edilmesinin en temel
nedeni hem tahribatsiz bir yontem olmast hem de nicel/nitel analiz imkan1 saglamasidir.
Elde edilen veriler 1s18inda mermer heykellerde kullanilan pigmentlerin tiirii, kokeni
gibi sorularin yorumlanmasinda etkili olmaktadir (Kopczynski vd., 2017, s.139-154;
Ganetsos vd., 2019, s.51-61; Gasanova vd., 2018 s.83-95; Karydas vd., 2009, s.1-30;
Saint vd., 2018, s.233-242; Acri vd., 2019, s.1-4). Fakat kullanilan bu yontemin diger
spektroskopik tekniklerle kombine olarak kullanilmasi elde edilecek verilerin

kiyaslanmas1 yoniinden daha saglikli sonuglar vermektedir (Ganetsos vd., 2019, s.60).
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Fotograf 5. X-ray Floresans Inceleme Calismalar: (Karydas vd., 2009: 23,26).
Raman Spektroskopi incelemeleri

Mermer heykeller iizerinde XRF analizleri tamamlandiktan sonra Raman
spektroskopi incelemeleri yapilmaktadir. Raman spektroskopi incelemelerinde
tahribatsiz bir yontem oldugu i¢in portatif Raman analiz cihazi kullanilmaktadir.
Yapilan incelemeler sonucunda Raman spektrumlar1 elde edilmektedir. Bu
spektrumlarda meydana gelen dalgalarda olusan giiglii pikler heykelin tizerindeki rengi
olusturan kimyasal bilesikler hakkinda bilgi vermektedir. Bu incelemeler dogrultusunda
pigmentin hangi minerallerden elde edildigi, yani kaynag1 hakkinda bilgi edinilmektedir
(Ganetsos vd., 2019, s.53); Acri vd., 2019, s.3-4; Berg, 2009, s.52-53).
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Fotograf 6. Mermer Heykeller Uzerinde Yapilan Raman Incelemeleri ve
Sonucunda Elde Edilen Spektrumlar (Berg, 2009, s.53,55).

Sonug

Mermer heykellerin renkliligi ile ilgili yapilan bilimsel ¢alismalar incelendiginde
ilk olarak gorsel incelemelerin yapildigi goriilmektedir. Bu ¢aligmalarda eserin detayli
bir sekilde fotograflar1 gekilerek sonraki yapilacak incelemelerde referans olmaktadir.
Daha sonra ultraviyole floresans ile heykelin gozle goriilmeyen renkleri gorindr hale
getirilerek fotograflar1 ¢ekilmektedir. Heykel lizerinde belirgin hale gelen noktalar
mikroskop ile incelenerek asil renk ortaya ¢ikarilmaktadir. Ortaya cikarilan rengin
karakterizasyonunun ve kaynagmin belirlenmesi igin spektroskopik incelemeler
yapilmaktadir. Biitin bu prosesler mermer heykellerin renkliliginin detayli
incelemelerinin yapilmasma olanak saglamaktadir. Bunun yani sira bilimsel bilginin

olusturulmasinda ve degerlendirmelerinde 6nemli 6l¢iide katki sunmaktadir.
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