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Mileševa monastery
From the Mileševa monastery only one fragment with a gilded surface was analysed 
(Figure 1 and Figure 5). 

This fragment consists of black, white and dark red stripes next to the yellow 
ground with traces of gold leaf above, Figure 5A. In the cross section of the gilded 
surface, Figure 5B, we can see five layers, the first one being the white one with 
occasional appearance of red spots (spot 1), above is a very thin pale red layer (spot 
2), then a yellow pigmented layer (spot 3) above which there is a tiny light orange 
layer (spot 4) and finally a metal leaf (spot 5) on the surface. 

SEM EDX results made on the cross section of sample no. 2 are given in Figure 6. 
SEM EDX analyses (Figure 6), have shown that the first white layer is calcium 

carbonate and that the yellow layer about 30µm thick is kaolinic goethite,39 the 
yellow clay composed of mineral goethite and aluminosilicates, better known as 
yellow earth or natural ochre pigment mixed with lime. Yellow ochre containing 
goethite was found also as the ground layer of mosaic imitations made with part 
gold in the same church40. The gold leaf is characterised as pure gold. Although the 
picks of silver were showing up during collecting the point spectra of the metal, the 

39  �D. Hradil et al., “Clay and iron oxide pigments in the history of painting”, Applied clay 
science, 22(5) (Amsterdam), 2003, 223–236.

40  �Ibid. 3)

Fig. 5

Fig. 6
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quantification of this element Table 1 in Figure 6, and in 5-point measurements did 
not appear in the final result, so we assume that the silver and/or copper, if present, 
are below the limits of detection for the instrument (bellow 0,1%). We may say 
that the leaves are made of approximately 24 carat gold or to say pure gold for the 
time when they were produced. The same fineness of gold was found for part gold 
in mosaic imitations in this church. This causes us to believe that we can confirm 
that our fragments really belong to the period of the original decoration. As noted 
earlier for Žiča, we find it impossible that these gold leaves and part gold were 
made from coins. The first issues of 24-carat gold coins in the 13th century are the 
Florins or Genovini minted in today’s Italy, from the year 1252, which is about 20 
years after the completion of the first reconstruction of the Church of Ascension 
Day in Mileševa. Again, it is more probable that the pure gold leaves were made in 
a goldsmith workshop, this time from refined gold.

Mapping of the mentioned sample gave a better picture about the structure of 
the layers (Figure 7). 

From Figure 7, we can see that the pale red layer is poor in aluminosilicates and 
that the iron is rather blurred between the yellow and the pale red region. Also, Fe 
can be found in higher concentration in the white layer in spots with characteristic 
red colour. The orange layer between the gold leaf and the yellow ground clearly 
shows the high concentration of sulphur and phosphorus (Figure 7). These two 
elements can be found in higher concentrations in binders of animal origin, such 
as egg white with a lot of sulphur and egg yolk, rich in phosphorus or in casein, a 

Table 1: elements detected on cross section of sample no. 2

Spectrum In stats. O Mg Al Si K Ca Fe Au Total
Spectrum 1 Yes 8.35 0.46 0.66 90.52 100.00
Spectrum 2 Yes 4.44 95.56 100.00
Spectrum 3 Yes 6.00 0.48 1.01 92.51 100.00
Spectrum 4 Yes 48.84 1.21 11.34 16.69 0.63 14.53 6.75 100.00
Spectrum 5 Yes 58.42 1.55 1.34 38.68 100.00
Spectrum 6 Yes 58.28 1.13 1.26 1.92 37.41 100.00

Reference image

Fig. 7
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kind of glair made out of phosphoproteins from milk. In old Hermineia, casein glue 
is never mentioned as an adhesive for gold leaves, most probably because of its 
low solubility in water41. When dried it becomes strong glue that is water repellent 
and as such it would be hardly reactivated in order to bind the gold leaf. Knowing 
that the egg white is almost free of phosphorus, in our opinion, it is more likely that 
the binder was made of whole egg, since the concentration of the sulphur and the 
phosphorus seems to be almost identical. 

Banjska monastery
In Banjska monastery, two kinds of samples are recognised, ones with yellow ground 
beneath the gold leaf and another with red ground, Figures 1 and 8. Also, there were 
many detached gold leaves that were colected during archaeological excavations 
(Figure 1). There is a much greater number of yellow grounds than the red ones. 
Cross sections of sample no. 3 and sample no. 4, observed under the OM, are given 
in Figure 8. The mapping of these samples – SEI EDX results – are given in Figure 9 
and the SEI image of sample no. 4 and the spot spectrum of clay mineral are given 
in Figures 10 and 11. 

In the cross section of the samples, observed with OM, we can see that in the 
case of yellow grounds, a thin yellow ground is the only layer between the gold 
leaf and the white preparation Figure 8B. In the red ground layer there is a pale 

41  �C. N Bye, “Casein and mixed protein adhesives” in Handbook of adhesives, ed. I. Skeist, 
Boston, MA, 1990. 135–152.

Fig. 8
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yellow underlayer, Figure 8D. In both cases they contain some dark orange to red 
particles. SEI EDX mapping of sample no. 4, (Figure 9), has shown that the basic 
preparation is made of rather pure calcium carbonate and that eaither yellow or 
red layers are made of iron oxide minerals, predominantely goethite, in the case 
of yellow, and hematite in the case of red, with some aluminosilicates. A minor 
amount of clay minerals containing Mg, K, Na was recorded by spot EDX analyses 
in the region of yellow and red layers, for example in spot 2 from Figure 10, and its 
spectrum is shown in Figure 11. The presence of a high amount of calcium in the 
red and yellow layers and almost absolute absence of sulphur on EDX mapping of 
sample no. 4 (Figure 9), indicates that the ground for gilding was made with natural 
red and yellow earth pigments with lime as the binder (al fresco). The same is the 
case in all other fragments, from the other two churches investigated here. On the 

Fig. 9

Fig. 10

Reference image
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EDX mapping (Figure 9), we can see an almost absolute absance of sulphur and the 
presence of a very thin layer rich in phosphorus. This may indicate the egg or casein 
glue. For the reason mentioned previously we suggest that the egg yolk was used 
as adhesive for gold leaves. 

The gold leaves that are detached from the fresco fragments were collected and 
examined with EDX, sample no 5. Their average composition is 97.5% gold, 1.6% 
silver and 0.9% copper, in other words 23.2 carat gold, Figure 12. 

Their thickness is about 0.5 µm. This composition is the closest to the Grosso of 
Lucca (23.7 carats), minted from 1246 or 1256 in the town of Lucca near Florence, 
which contains about 97% of Au and about 2% Ag with no copper reported42. That 
was the short-lasting coinage in a small number of pieces and probably decommis-
sioned by the end of the century so it is hard to believe that it was available at the 
time of building the church of St. Stefan at the beginning of the 14th century. The 
Venetian gold Ducat that was minted from 1284 would be a second choice, but 
it was made of 24-carat gold (99.4 % of gold) slightly purer than the Florin from 
Florence that had 99% of gold, so it should also be ruled out as a possibility. The 
coinage of Byzantium at that time was of much lower purity. This unusual compo-
sition of the gold leaves in Banjska suggests that gold was not obtained from the 
recycling of jewellery (usually 22 carats) or from temporary coins, as expected. 
A parallel to this composition may be found in gilded mosaic tesserae from the 
Church of Mount of Olives in Jerusalem (samples A_JH10 and A_JH11), dated to 
4th–6th centuries and several samples from St. Apollinare Nuovo in Ravena from 
the 5th–6th centuries samples (RAN 13, RAN 14 and RAN15). Here we would add 
one tesserae from the church in Bethlehem (sample BEsc), built in the 12th cen-
tury, for which Emperor Manuel I sent the tesserae and the mosaicists (workers). 
From the same study of Neri et al. (2016), there is one very similar sample from 
the Mosque of Damascus (DA18). In the 3D presentation of these samples (Figure 
12), we can see that the closest to the Banjska gold is the sample from Bethlehem, 
the 12th century church. This particular sample is said to be a newly produced one 
and that the gold leaf could have been made by remelting the earlier 7th century 
coinage, from Islamic early coinage or from an unknown source of gold. The un-
known source of gold appears to us very probable, given that in the 7th century 
gold coinage was made not only in Constantinople, which was the main mint, but 

42  �Ibid. 31)

Fig. 11
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also in several other provincial mints, among which is the one in Thessaloniki in 
the Prefecture of Illyricum43. If the tesserae had been sent from Constantinople, 
that means that they could have been produced from any kind of gold existing in 
the Empire. On the other hand, Umayyads just recycled the Byzantine gold from 
the mint in Carthage, and at least initially used the same sources as the Byzantine 
Empire, before Arab occupation (Nubian, Red Sea, Ethiopian and Arabian-Yemen). 
We should also consider the samples from the 6th century Ravena as they are 
completely in accordance with the Byzantine coinage of that time, characteristic 
of Justinian’s renewal of the Empire, due to reconquest of the Balkans, North 
Africa, Italy and part of Spain. This resulted in new resources and the opening of 
many provincial mints.44 

It is well known that gold deposits are present in the Balkans – namely in Serbo-
Macedonian-Rhodope Metallogenic Belt (SRMB)45. The gold from these territo-
ries, from modern-day Serbia (Illiricum), Bulgaria (Thracia) and parts of North 
Macedonia and Thessaly in Greece could have served as the raw material for making 
gold in early, but also in the Late Byzantine period. 

From the late 13th century, the Serbian Kingdom, under the rule of King Milutin, 
had its own silver and gold mines (Brskovo, Novo Brdo, Kopaonik etc.) and the mint 
of Serbian silver coins in the town of Brskovo46,47. From there the silver was export-
ed to Venice, through the towns of Dubrovnik (Ragusa) and Kotor, on the Adriatic 

43  �Ibid 17)
44  �Ibid. 29)
45  �A. Tsirambides and A. Filippidis, “Gold metallogeny of the Serbomacedonianrho

dope metallogenic belt (SRMB)”, Bulletin of the Geological Society of Greece,  50/4 
(Thessaloniki), 2016, 2037–2046.

46  �M. Гогић, „Рударска производња у средњовјековном Брскову”, Историјски записи 
1 (Подгорица), 2010, 195–214.

47  �Д. К. Којић, О саставу и обради племенитих метала из српских средњовјеков-
них рудника. Зборник радова Византолошког института 50/2 (Београд), 2013, 
853–861. 

Fig. 12
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coast. This was the time of prosperity of the Serbian Kingdom, economically found-
ed on the trade in silver and other metals. This was due to the presence of Saxon 
miners from the middle of the 13th century, who brought new skills in mining to the 
Southern Slavic population48. The position of the gold mines is not precisely defined 
in written sources, but from the point of geology, wherever silver was mined in 
polymetallic deposits, such as the ones in Serbia, there was some native gold to be 
found in the quartz veins on the surface or not deeper than 30 m from the surface. 
Some of them were in the vicinity of monastery Banjska and are included in the 
St. Stephen Chrysobull (charter of monastery Banjska issued by King Milutin)49. 
Still, the refining of gold was a very specific operation needed to obtain pure gold 
from raw materials. That was done in goldsmiths’ workshops connected to gold 
working and the production of other items made of gold. The refining of precious 
metals still existed in Constantinople, Thessaloniki and possibly Serres, in the late 
Byzantine period 50, after year 1261 and the recovery of Constantinople from the 
Crusaders. These sites were possibly the ones that were nearest to the places from 
where the gold ore was collected51. The latter two are being near the borders of 
Milutin’s Kingdom to the South. 

We do not know the origin of the gold from the fresco fragments in Banjska, but 
we can see that it was note made out of contemporary coinage and we can only 
hypothesise that the origin of the gold can be from Balkan ores, in general, or from 
the same sources as for the gold coinage in the Damascus mint, from an earlier 
epoch. Here we would like to emphasise that the most probable sources of gold in 
the West in the 12th century were those described by Theophilus in book III, chap-
ters 46–49, naming the territory with the Biblical term Havilah (Middle East), from 
Spain, from river deposits and from the territories of the Arab Empire52. The main 
progress was made with new sources from Serbia (refining the gold-rich silver) and 
later from Hungary, Bohemia and Silesia. However, most of the supply came from 
Levant and Africa53. At this stage more precise analyses of gold used in Byzantine 
Empire would be needed to further elaborate the origin of the gold used for the 
leaves in the church of St. Stefan in Banjska.

CONCLUSIONS

In this investigation on gilded fresco fragments found in three churches built by 
the Serbian kings of the Nemanjić Dynasty, between the 13th and the first decades 
of the 14th century, we gained better insight in the gilding practice of this period. 
Besides the technique of gilding, the quality of gold leaves gave some new insights 
into the production of gold leaves in this period. Historically, we can describe the 
period from the 11th century until the end of the Byzantine Empire as a period of 
gold shortage. However, this does not mean that gold was not circulated, traded, 

48  �M. D. Stojković, “The Influence of Saxon Mining on Development of the Serbian 
Medieval State”, Mining History 18/5 (London), 2013, 35–44 

49  �В. Симић, Рудници злата у средњевековној Србији према савременом познавању 
наших рудишта, Весник 19, Београд, 1961, 325–346.

50  �K. P. Matschke, “The Late Byzantine urban economy, thirteenth-fifteenth centuries”, 
in The economic history of Byzantium: from the seventh through the fifteenth century. 
Vol. 39, ed. Laiou, Washington, 2002, 463–95.

51  �Ibid 18)
52  �D. Savoy, The Globalization of Renaissance Art: A Critical Review, Leiden, 2017, 144.
53  �R. S. Lopez, “Back to gold”, 1252. The economic history review, 9/2, Glasgow, 1956, 

219–240.
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objects made of gold gifted and so on. It was just evident that the supplies of raw 
materials were problematic in Byzantium, and that coinage was made of debased 
gold. From 1028 these coins – hyperpyron contained ~ 87 % gold and from the siege 
of Constantinople and revival of coinage in Nicea in 1211, they were debased con-
stantly until the total collapse of the Empire. Meanwhile, in the West, the Republics 
of Genoa, Florence and Venice started to mint their own pure gold coins from the 
second half of the 13th century. The purity of the gold from the monasteries Žiča, 
Mileševa and Banjska does not fit any contemporary coinage. 

For Žiča, 93.7% Au, 5.4% Ag, 0.9% Cu (~22.3 carat) gold leaves may be considered 
to derive from recycling of jewellery or as deliberate action of goldsmiths. Here we 
find the gold leaves fixed to the foil made of tin. We may say that this is the earliest 
confirmation of the use of this technique in art, predating the elaborated examples 
in Giotto’s work by about a century. Based on observations under UV light, we can 
conclude that there are indications that the gold leaf was attached to tin foil with 
some kind of oil. 

In Mileševa, gold leaves are made of 99% gold (24 carats) and for now we can only 
suppose that they came from the goldsmith workshop that had the access to such 
a kind of material. These fragments predate the minting of pure gold coins in the 
West by about twenty years since the first minting of Florins and Genovinis started 
in year 1252 and of Venetian Ducats in the year 1282.

Large parts of the Mileševa walls are gilded with part gold that was used to imitate 
mosaics, but here we found another kind of gilding as a part of wall decoration. 
Gold leaves are attached to the ground preparation with some kind of proteinous 
adhesive, most probably whole egg. The same kind of ground and the same quality 
of gold on this fragment and on part gold fragments from the first painting on the 
walls in this church, confirm the hypothesis that the archaeological finds are from 
the same period. 

In the Banjska monastery, two kinds of ground layers were found, yellow and red. 
Beneath the red ground there is a light yellow underlayer. In both cases these are 
the natural iron oxide rich aluminium silicates known as the pigments yellow and 
red earths, on a support made of lime. Gold leaves with a thickness of about 0.5 µm 
were attached to the ground, most probably with egg yolk. Analysis of the leaves 
shows an average of 97.5% gold, 1.6% silver and 0.9% copper (23.2 carats). This 
composition does not match any contemporary coinage either. The only parallels 
could be found in some gold tesserae from a much earlier period, the latest being 
from the 12th century. It is interesting to point out that at the time when these tes-
serae were made, the gold for the Byzantine Empire was partly obtained from the 
Balkans. The other possibility is that the origin of this gold was the same as for the 
mints in Damascus in the 7th century. We hope that future investigation will give 
answers to this question. 

We may conclude that between the 13th and the 14th centuries gold leaves were 
not made out of gold coins but could have been obtained in goldsmiths’ workshops 
either by recycling of jewellery or from the row gold obtained from the mining sites 
that was refined in these workshops. 

Here we have shown that a different kind of gilding was practised in the Late 
Byzantine period, and that these techniques of gilding can be traced in artists’ hand-
books from the 10th to the 14th centuries. They show the great skilfulness of the 
artists that created these works and perhaps willingness to make some innovations 
(imitation of mosaics). 
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ILLUSTRATIONS

1: Samples analysed: sample no. 1 from Monastery Žiča, sample no. 2 from Monastery Mileševa, 
samples no. 3, 4 and 5 from Monastery Banjska, Magnification 15×. 
Анализирани узорци: узорак бр. 1 из Манастира Жича, узорак бр. 2 из манастира Милешева, 
узорци бр. 3, 4 и 5 из Манастира Бањска, Увећање 15×.
2: Maping of sample no. 1 from Žiča: we can distinguish the Ca rich layer, layer rich in Fe, Mg, Al, Si 
and two metal layers, one with Sn and the other with Au. 
Мапирање узорка бр. 1 из Жиче: можемо разликовати слој богат са Ca, слој богат са Fe, Mg, Al, 
Si и два метална слоја, један са Sn, а други са Au.
3: Sample no. 1 A) Under the normal light in the dark field, magnification 200×, B) Under UV light, 
fluorescence of the binder is visible in place of gold leaf and on the place where a tin leaf is attached 
to the ground layer, magnification 200×.
Узорак бр. 1 А) Под нормалним светлом у тамном пољу, увећање 200×, Б) Под УВ светлом 
видљива је флуоресценција везива на месту златног листа и на месту где је калајни лим 
причвршћен за основни слој, увећање 200×.
Figure 4: Backscatter electron image of the sample no. 1, thickness of the gold leaf.
Слика повратног расејања електрона узорка бр. 1, дебљина златног листа.
5: A) Whole fragment from Mileševa. B) Cross-section of the gilded part, 100×, sample no 2.
А) Цео фрагмент из Милешеве. Б) Попречни пресек позлаћеног дела, 100×, узорак бр.2.
Figure 6: A) Cross section of sample no. 2. with marked points of measurement. B) Point 
measurements of golden leaves; Table 1) Results of the measured areas and points on SEI image 
of the cross section. We can see that in the area where the Au leaf was measured the elements 
like O, Al and Ca are detected. They are considered as impurities and subtracted so that in further 
discussion we consider the purity of gold leaf as 100 wt % of gold. 
А) Попречни пресек узорка бр. 2. са означеним мерним тачкама. Б) Тачке мерења златних 
листова; Табела 1) Резултати мерених подручја и тачака на SEI слици попречног пресека. 
Можемо видети да су у области где је измерен Au лист детектовани елементи попут O, Al и 
Ca. Они се сматрају нечистоћама и одузимају се, тако да у даљој расправи сматрамо чистоћу 
златног листа као 100 тежинских % злата.
7: SEI EDX mapping of sample no. 2, from Mileševa.
SEI EDX мапирање узорка бр. 2, из Милешеве.
8: Samples from Monastery Banjska: A) Gold leaf on yellow ground, sample no. 3, B) Cross section 
of sample no. 3, C) Gold leaf on red ground, sample no. 4 D) Cross section of sample no. 4.
Узорци из манастира Бањска: А) Златни лист на жутој подлози, узорак бр. 3, Б) Пресек узорка 
бр. 3, В) Златни лист на црвеној подлози, узорак бр. 4 Г) Пресек узорка бр. 4.
9: Mapping of sample no. 4 from Banjska with SEI EDX.
Мапирање узорка бр. 4 из Бањске са SEI EDX.
10: SEI image of sample no. 4 with spots analysed
SEI слика узорка бр. 4 са анализираним тачкама
11: Spectrum of point 2 from Figure 10
Спектар тачке 2 са слике 10
12: 3D presentation – content of Au, Ag and Cu in the leaves of Byzantine period gilded mosaic 
samples and the gold from Banjska.
3Д приказ – садржај Au, Ag и Cu у узорцима листова позлаћеног мозаика из византијског 
периода и злату из Бањске.
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Милица Д. МАРИЋ СТОЈАНОВИЋ 
ПРЕГЛЕД ТЕХНИКА ПОЗЛАТЕ КАСНОВИЗАНТИЈСКИХ ЗИДНИХ СЛИКА ИЗ СРБИЈЕ

Резиме: У овом раду обрађују се подаци о карактеристикама техника позлате на фрагментима 
зидних слика који су пронађени током археолошких ископавања у црквама манастира Жича, 
Милешева и Бањска. Сматра се да ови фрагменти припадају првобитном сликарству у овим цр-
квама. На овај начин желели смо да употпунимо сазнања о техникама позлате на овим просто-
рима од почетка тринаестог до почетка четрнаестог века. 
У манастиру Жича, на узорцима са жутом или црвеном подлогом, установљено је да се изнад 
подлога које се састоје од земљаних пигмената на бази оксида гвожђа и алумосиликата нала-
зе калајне фолије које су позлаћене. Између калајне фолије и златног листића дебљине око 1.7 
µм уочена је оранж флуоресценција што указује на везиво на бази уља. Ова техника описана је 
у Ченинијевом Il libro dell’arte поглавље XCIX. Златни листићи су чистоће 22,3 карата. Овим је 
доказано да је позлаћивање применом позлаћених калајних листића било у употреби почет-
ком тринаестог века, скоро један век пре познатих примера код Ђота ди Бондонеа са почетка 
четрнаестог века. Из манастира Милешева, анализиран је један узорак, са жутом подлогом од 
земљаног пигмента на бази оксида гвожђа и алумосиликата. Везиво је највероватније од целог 
јајета а квалитет злата је 24 карата. Квалитет злата је исти као претходно описан на имитацијама 
мозаика од ламинираног злата на сребрним фолијама, детектованим на зидовима цркве. Ово 
говори у прилог томе да је овај узорак из периода, првог осликавања Милешеве. У манастиру 
Бањска, присутни су фрагменти са жутом и црвеном подлогом на бази оксида гвожђа са алумо-
силикатима. Везиво је највероватније жуманце а чистоћа злата је 23,2 карата. 
Састав златних листића не одговара ниједној актуелној продукцији златног новца из тог време-
на. Може се претпоставити да су листићи набављани директно из златарских радионица где је 
вршено пречишћавање злата, рециклажа и прављење легура, и то по правилу под строгом кон-
тролом државне управе. За Бањску можемо рећи да постоје индиције да злато може да потиче 
од сировина са простора Балкана или са простора из којих је ковница новца у Дамаску, током 
шестог и седмог века добављала сировине за производњу златног новца. 
Кључне речи: фреска, позлата, Византија, уметност, Србија


