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Резюме. Изследваните сребърни артефакти – сребърна апликация със сардоникс („Magischeschwertperle“), закачена на 
дръжката на къс меч („seax“) и сребърна тока с гранат, са открити през 1998 г. при археологически разкопки, ръководени от  
М. Даскалов, в некропол край с. Кошарево, Брезнишко. Те се съхраняват в Регионален исторически музей – Перник. Въз основа 
на археологическия контекст артефактите са отнесени към втората половина на 5 век до началото на 6 век. Съдържанието на зла-
то в изследваните сребърни сплави варира от 1,21 до 2,99%. Тези стойности са по-високи от докладваните за сребърни артефакти 
от Месопотамия и Егейско море с Лаврион, и дават основание да приемем използването на сребро съдържаща руда с високо 
съдържание на злато като суровина. Такъв тип руда, географски най-близо през съответния исторически период, е добивана 
в Карпатския басейн. Математическите и статистически сравнения показват, че и двата артефакта са направени от идентични 
сребърни сплави, вероятно в една и съща работилница. Определени са два възможни източника на изследвания гранат: внос от 
Индия или от разсипни находища, намиращи се в днешна Украйна и Молдова. 

Ключови думи: сребро, сардоникс, гранат, археометалургия, 5–6 век.

Abstract. The studied silver artifacts – silver applique with sardonyx (“Magischeschwertperle”) hung on the hilt of a seax (short 
sword) and a silver buckle with garnet, were found in 1998 during archaeological excavations led by M. Daskalov near the village of 
Kosharevo, Breznik region. The Regional Historical Museum – Pernik holds these artifacts in its collection. Based on the archaeological 
context, the artifacts were related to the second half of the 5th century to the beginning of the 6th century. The gold content in the studied 
silver alloys varies from 1.21 to 2.99%. These values are higher than reported for the investigated silver artifacts from Mesopotamia and 
Aegean with Lavrion and indicate that a silver-bearing ore with high gold content was the possible source. The Carpathian Basin is the 
nearest geographical area fitting this description. Mathematical and statistical comparisons suggest that both artifacts were made of identi-
cal silver alloys and were likely produced in the same workshop. Two acceptable sources of the studied garnet were determined: import 
from India or areas of placer deposits in present-day Ukraine and Moldova.

Keywords: silver, sardonyx, garnet, archaeometallurgy, 5th–6th century AD. 

Introduction

We present the results of laboratory analysis of ar-
tifacts discovered near Kosharevo village in 1998 
during archaeological excavations led by Metodi 

Daskalov (Fig. 1). These artifacts are related to 
the second half of the 5th – the beginning of the 
6th century, per the archaeological situation (Das-
kalov, 1998). They are currently stored in the Re-
gional Historical Museum – Pernik. We aimed to 
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determine the chemical composition of the metal 
alloys used in making these artifacts and to iden-
tify the mineral specimens encrusted in them. The 
metal alloys‘ chemical composition provides valu-
able information about the type of ore raw material 
used. We compared our results with published data 
on the ore deposits used in that specific period and 
technologies for extracting and purifying the met-
als. By doing so, we hope to associate the found ar-
tifacts with the possible ore sources for metal and 
gemstones, and this information to complement the 
archaeological analysis. 

Silver is found in nature as a native element or 
combined with other elements in “dry ores” like 
acanthite and argentite (Ag2S), proustite (Ag3AsS3), 
pyrargyrite (Ag3SbS3), chlorargyrite (AgCl), and 
others. It forms a natural alloy with other metals, 
mainly with gold. Silver is an impurity element in 
jarosite ores and metal ores such as pyrite, chalco-
pyrite, arsenopyrite, and particularly in lead ores 
(Kostov et al., 1964; Patterson, 1971, p. 287; Pat-
terson, 1972, p. 205–206; Craddock, 1995, p. 211–
212; Deer et al., 1992; Craddock, 2014, p. 1085).

Archaeological evidence suggests that silver was 
extracted from galena as early as the fourth millen-

nium BC in eastern Anatolia, northern Syria, and 
the Middle East (Rehren et al., 1996; Hess et al., 
1998; Pernicka et al., 1998; Craddock, 2014, p. 
1085). The Aegean region started exploiting lead-
silver ores in the 3rd millennium BC. The most sig-
nificant ancient silver mining sites include Lavrion, 
North-East Halkidiki, Mount Pangeon, the islands 
of Sifnos, Thassos and Euboea, Palaea Kavala, 
Kroussia, and the Angistron area (Gale, Stos-Gale, 
1981a, b; Wagner et al., 1986; Stos-Gale, 2014, 
p.  187; Vaxevanopoulos et al., 2022, p. 24). Sar-
dinia and the Iberian Peninsula became the leading 
silver suppliers for the Roman Empire from the first 
millennium BC (Craddock, 2014, p. 1086). Dur-
ing the Late Roman period, silver was mined in the 
Balkans also, particularly in Serbia, Kosovo, and 
Croatia (Živković et al., 2014; Merkel, 2016, p. 51). 
Kosmaj, a silver-lead mine near Belgrade, produced 
lead and silver through smelting and cupellation 
(Živković et al., 2014, p. 159). 

The Au-Ag epithermal ore deposits in the south-
ern part of the Apuseni Mountains in the south-
east Carpathians were well known to the Romans, 
where they established the new province of Dacia 
at the beginning of the 2nd century AD (Haupt-

Fig. 1. Location of grave 1 in the region of Kosharevo village where the studied artifacts were found during archaeological 
excavations

Фиг. 1. Местоположение на гроб 1 в района на с. Кошарево, където при археологически разкопки са намерени 
изследваните артефакти



46

mann et al., 1995; Baron et al., 2011; Stos-Gale, 
2014, p. 188). The Roşia Montană ore deposit is 
located in the northern part of the Apuseni Moun-
tains and is one of Europe’s largest Au-Ag depos-
its. Silver ores were also found in the Baia Mare 
in the Eastern Carpathians (Marcoux et al., 2002; 
Kouzmanov et al., 2005). The discovery of gold 
and silver ores in the South Caucasus indicates a 
potential source of gold-bearing silver that may 
have been used in the fourth to second millennium 
BC (Courcier et al., 2008, p. 31).

The period for which the studied artifacts are 
dated coincides with the so-called Great Migra-
tion of Peoples. During this time, silver items were 
transported over great distances. Some of them 
were remelted and likely mixed with silver objects 
produced from locally mined ore. It is also impor-
tant to note that the Romans brought silver to the 
Balkan-Aegean region from the East. Patterson 
(1972, p.  222) pointed out that during a short pe-
riod from 200 to 150 B.C., the Romans withdrew 
approximately 550 tons of silver from the East as 
war indemnities and booty.

Although there is no data on their exploitation 
during the late Roman period, we cannot fail to 
note the polymetallic deposits of Maroneia, Pangea, 

Thassos, as well as between the lower reaches of 
the Struma and Mesta rivers, known from ancient 
sources (Stoychev, 2012, p. 173). Studies on the 
gold-silver hydrothermal deposit Srebren in the 
West Rhodopes showed that the gold there is mostly 
in the form of electrum and its fineness varies in the 
interval 454–812‰ (Vidinli et al., 2007).

Archaeological setting

Grave 1, in which the studied artifacts were found, 
is part of a necropolis with 29 graves explored dur-
ing archaeological excavations. The person buried 
was a man (warrior of middle or higher rank), about 
50 years old. The orientation of the grave is north-
west-southeast. The dead man is laid on his back, 
with straight lower and slightly bent upper limbs 
(Daskalov, 1998, p. 79).

The discovered grave goods and the layout of 
the necropolis show a closeness with the so-called 
“reichen Gräber”, associated with East Germanic 
population groups and spread in Central and South-
Eastern Europe after the collapse of the Hunnic state 
(Daskalov, Trendafilova, 2003, p. 152). Parts of the 
costume, ornaments (Fig.  2a), and weapons allow 

Fig. 2. The studied artifacts: a, silver applique with sardonyx; b, silver buckle with garnet

Фиг. 2. Изследваните артефакти: а – сребърна апликация със сардоникс, b – сребърна тока с гранат
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parallels to be made with some Gepid monuments 
from the territories of Hungary, Romania, and the 
Central Balkan region (Daskalov, 1998, p. 79–80; 
Daskalov, Trendafilova, 2003, p. 97–99).

Local inhabitants knew the necropolis before 
excavations began, suggesting it was larger (Daska-
lov, 1998, p. 77). It is located at about 880 m above 
the sea level, in the lowest and passable part of the 
Bolchar hill (Fig. 1). The northern and southern 
ends of the hill are occupied by two peaks – Sveti 
Rangel (973 m) and Kolich (966 m). In late antiq-
uity, guard fortresses were located on them. On the 
very ridge of the hill around and immediately above 
the necropolis is a large settlement. All these ob-
jects are from the same period (Late Antiquity). The 
settlement and the necropolis were probably con-
nected to the mining of iron ore and the manufactur-
ing of metal goods. Evidence of these activities has 
been discovered in the settlement (Mihaylov, 2014, 
p. 683), and the fortresses were built to protect these 
activities.

The studied silver buckle (Fig. 2b) is of the 
„kidney-shaped plate buckles“ type. The general 
dating is in the second half of the 5th century, and 
similar wares are located in a wide area between 
Muslimovo, Tatarstan, and Liebenau, Germany. 
The monuments of this type is concentrated in the 
Middle Danube region (Stanev, 2012, p. 197). The 
closest, almost identical buckle was found in grave 
No 1758 in the necropolis of the important Roman 
city of Viminacium, located in present-day Ser-
bia (Ivaniševič et al., 2006). This grave is dated to 
around 430–450 AD (Stanev, 2012, p. 199). This 
is the earliest possible dating of the buckle from 
grave 1 at Kosharevo. Due to the wear of the objects 
found in it, as well as the whole complex of them, it 
is likely that grave 1 was made later – in the second 
half of 5 or the beginning of 6 AD.

Materials and methods

The two examined silver artifacts are presented 
at Fig.  2. The first is a silver applique with sard-
onyx hung on the hilt of a seax (short sword) (Cat 
No AII220). The applique composition includes an 
18 × 13 mm agate embedded in double silver wire 
and mounted on an oval bronze plate clamped with 
two rivets to a second curved bronze plate.

The second studied artifact is a silver buckle 
with garnet and a removable plate cassette (Cat No 

AII215). The buckle is 58 × 44 × 8–9 mm in size and 
consists of three parts connected by a hinge connec-
tion: a solid oval frame with a circular cross-sec-
tion, an oval plate cassette closed with three rivets, 
and a tongue with a semi-circular cross-section bent 
almost at right angles with three carved grooves in 
front. In the back part of the tongue, above the place 
of its connection with the other parts, a rectangular 
cell was attached with a red mineral in it, which was 
determined to be a garnet in this study.

The external features of the two artifacts, such 
as handcraft quality, assemblies, and others, were 
examined with a Meiji GEMZ-8TR gemological 
microscope. Unfortunately, due to the impossibility 
of extracting the minerals from the metal parts, we 
did not have the opportunity to examine the garnet‘s 
inclusions.

The chemical composition of the metal alloys 
and the minerals embedded in them were studied 
using a JEOL JSM 6010 Plus/LA InTouchScopeTM 
Scanning Electron Microscope (SEM), equipped 
with a silicon drift detector energy dispersive X-ray 
spectrometer (SDD-EDS) at the University of Min-
ing and geology “St Ivan Rilski” Sofia. SEM CDD-
EDS microanalyses were performed on highly pol-
ished flat surfaces at a low-vacuum mode (30 Pa), 
accelerated voltage (15 kV), scanning time 90s, and 
single-point spot size 70 μm. 

Results and discussion

Results for the silver applique with sardonyx 
(Fig. 2a) 

The embedded mineral is a variety of SiO2 (Fig. 3a), 
namely sardonyx – a banded agate with alternating 
white and brown-red bands. The shape of the sard-
onyx is a truncated right cone with parallel ellipti-
cal bases. The crafting is precise with the perfect 
proportions. Despite the high hardness of sardonyx 
(about 6.5 on Mohs), it is highly pitted (Fig. 3b). 

The chemical composition of the metal surround-
ing the agate (Table 1, an. 1, 2) corresponds to a 
silver alloy with copper content of up to 2.07% and 
gold up to 2.99%. A crust of sulfur- and chlorine-
containing corrosion products covered a significant 
part of the silver wire (Table 1, an. 3, Fig. 3c, d).

The bronze plate in its chemical composition is 
nonhomogeneous, with variations in the percent-
ages of the components at the different examined 
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Fig. 3. SEM images of the silver applique with sardonyx: a, chemical composition of the embedded mineral; b, the surface of 
the sardonyx; c, d, the crust of corrosion products on the silver wire surrounding the sardonyx; e, analyzed points from the bronze 
plate; f, SEM image of the silver buckle with garnet, analyzed points.

Фиг. 3. СEM изображения на сребърната апликация със сардоникс: а – химичен състав на вградения минерал, b – по-
върхност на сардоникса; c, d – кора от корозионни продукти върху сребърната тел, обграждаща сардоникса; e – анализи-
рани точки от бронзовата пластина; f – СEM изображение на сребърната тока с гранат, анализирани точки.

points: Cu from 47.00 to 78.00%, Sn from 10.01 
to 31.78% and Pb from 10.45 to 21.22% (Table 2, 
Fig.  3e). The addition of lead (up to about 10%) 
changes very little the melting temperature of cop-
per, that’s why it can be considered that lead was 

added to copper to improve the casting of the blanks 
(Kuleff, 2012, p.. 471). The corrosion process has 
affected the bronze plate very strongly. Alteration 
products were found not only on the surface of the 
metal but in its depth. Microscopically they were 
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Table 1
Representative SEM SDD-EDS analyzes (mass %) of the silver alloy used in the applique with sardonyx

Таблица 1
Представителни SEM SDD-EDS анализи (масови %) на сребърната сплав, използвана за изработването  
на апликацията със сардоникс

Аn. number S Cu Ag Au Cl Sum

An. 1. 3.24 1.68 93.20 1.88 – 100.00
An. 2. 1.04 2.07 93.90 2.99 – 100.00
An. 3. 5.44 1.24 88.58 1.53 3.21 100.00

Table 2
Representative SEM SDD-EDS analyzes (mass %) of the bronze plate on the bottom of the 
applique with sardonyx

Таблица 2
Представителни SEM SDD-EDS анализи (масови %) на бронзовата пластина от 
апликацията със сардоникс

Аn. number Cu Sn Pb Sum

An. 1. 78.00 11.54 10.45 99.99
An. 2. 47.00 31.78 21.22 100.00
An. 3. 77.16 10.01 12.82 99.99

identified as green carbonates and red or black cop-
per oxides.

Results for the silver buckle with garnet  
(Fig. 2a)

The silver alloy of the buckle contains copper up to 
3.38% and gold up to 1.80%. No chlorine, sulfur, or 
other chemical elements – characteristic of the silver 
corrosion products, were found in the chemical com-
position of the metal (Table 3). When viewed under 
magnification, the metal is not affected by corrosion 
but is significantly worn from use (Fig. 3f). 

The chemical composition of the mineral en-
crusted in the silver buckle (Fig. 3f) corresponds 
to garnet with an average content (center and pe-
riphery) of oxides as follows: SiO2 38.55%, Al2O3 
22.40%, FeO 28.05%, MnO 1.52%, MgO 8.01% 
and CaO 1.47%. Prior to the current study, it was 
thought to be a glass. According to the classifica-
tion of Sobolev (1964, p. 84), the studied garnet is 
of pyrope-almandine paragenetic type with the fol-
lowing end-member percentages: Py 31.21%, Alm 
61.31%, Sps 3.36% and Gross 4.12% (recalculation 
according to Deer et al., 1992, p. 684). Its iron con-
tent versus magnesium (XFe) is 77.79 (Eq. 1): 

(1)

In both studied artifacts, measurable quantities of 
Hg, Pb, Bi, Zn, and Sb were not detected. The pres-
ence or absence of some chemical elements in the 
silver alloy and their concentrations provide in-
formation about the possible source of the silver. 
According to Constantinescu et al. (2009, p. 486), 
the following elements are suitable for identifying 
silver ore sources: Au, Bi, Pb, Zn, and Sb. We will 
compare the results of our analyses with published 
data on the chemical composition of silver mined in 
the past from different types of silver ore.

Most likely, the native silver alloy was not used 
to obtain the silver from the studied artifacts. The 
main impurity in native silver alloy is about 0.5% 
mercury, which was not found in our analyses. In 
addition, a silver nugget from the oxidation zone 
contains no more than traces of gold (Patterson, 
1971, p. 301). No lead was detected in our analy-
ses. It is a characteristic impurity of silver extracted 
from secondary silver-bearing minerals such as 
chlorargyrite (cerargyrite – AgCl) and others be-
cause of their intergrown with cerussite [PbCO3], 
anglesite [PbSO4], and cotunnite [PbCl2] (Patterson, 

XFe � ���
������� . 100 
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1971, стр. 304). In addition, there is evidence of 
the use of lead in the production and refining of na-
tive silver, as well as mined from “dry” silver ores 
such as argentite or ceragyrite (Stos-Gale, Gale, 
1982, p. 467; Stos-Gale, 2014, p. 188). The silver 
extracted by cupellation from silver-bearing galena 
contains mainly impurities of Pb (at least 0.05%) 
and Bi, trace elements such as Sb and Sn with con-
centrations below 1 ppm and lack or only negligible 
amounts of zinc (Gale, Stos-Gale, 1981b, p. 179; 
Craddock, 2014, p. 1085; L’ Héritier et al., 2015, 
p. 61). 

The content of lead in high-purity Ancient Ro-
man silver ranges from 0.5–1% (Hughes, Hall, 
1979). Dry ores or native silver have bismuth con-
tents below 0.05% (Craddock, 1995), whereas ar-
gentiferous galena contains 0.1–1% bismuth (Gale, 
Stos-Gale, 1981c). During the process of cupella-
tion, bismuth oxidized in the final stages, and its 
content in silver objects is correlated with the de-
gree of cupellation (L’Héritier et al., 2015). Crad-
dock (2014, p. 1091) pointed out that silver in an-
cient times could be also extracted from argentifer-
ous copper by the process of liquation, in which the 
molten copper was mixed with lead and the silver 
could be recovered from lead by cupellation. 

Our results, compared with the data presented 
above, suggest most likely that neither native silver 
nor silver extracted from silver-bearing minerals, 
such as chlorargyrite (cerargyrite – AgCl) or galena, 
were used as raw materials for the artifacts.

The content of copper in the silver of the studied 
silver applique with sardonyx and buckle is up to 
2.07% and up to 3.38%, respectively (Tables 1, 3). 
Both native silver and the one obtained through cu-
pellation do not contain more than 1% Cu (Gale, 
Stos-Gale 1981c, p. 114; Rehren et al., 1996, 
p. 139). According to Oudbashi and Wanhill (2021, 

p. 2299), copper content more than 0.5–1% is a de-
liberate addition of copper to increase strength and 
wear resistance, which started from about 3000 BC. 
Copper was the most important alloying element. 
It usually was added post-cupellation for hardness 
or reduction cost of the products (Gale, Stos-Gale, 
1981c, p. 114; Pernicka, 1990; Phillip, Rehren, 
1996, p. 136; Rehren et al., 1996, p. 7; Davis et al., 
2020, p. 4). The Ag/Cu ratio reflects the economic 
and political situation of the respective period (Con-
stantinescu et al., 2009).

Gold remains in the silver with its original pro-
portion and is not affected by amalgamation or cu-
pellation (Gale, Stos-Gale, 1981b, p. 175; Constan-
tinescu et al., 2009, p. 486; L’Héritier et al., 2015; 
Mozgai et al., 2021). Therefore, its measured values 
are suitable for investigating the possible sources 
of silver. In both studied artifacts, the gold content 
is relatively high – up to 2.99% in the silver ap-
plique with sardonyx and up to 1.80% in the silver 
buckle with garnet (Tables 1, 3). These values are 
higher than reported for the investigated silver arti-
facts from Mesopotamia and Aegean with Lavrion. 
The gold content of argentiferous galena is up to 
1%, and of cerussite and anglesite, it is up to 0.5% 
(Karydas et al., 2004). The gold content of silver 
objects from the Aegean is lower than 1%, and for 
Mesopotamia is below 0.6% (Rehren et al., 1996, 
p. 6). In the chemical composition of late Roman 
silver artifacts, the gold content falls between 0.1 
and 4.7% (Mozgai et al., 2021, p. 15 and the refer-
ences within).

There are two possible reasons for the high gold 
content in silver artifacts – the extraction of silver 
from silver-bearing ores with a high concentration 
of gold or as a result from the recycling of objects 
with gilt or gold parts that were not previously re-
moved (Rehren et al., 1996; Wood et al., 2019). We 

Table 3
Representative SEM SDD-EDS analyzes (mass %) of the silver alloy used in the studied 
buckle

Таблица 3
Представителни SEM SDD-EDS анализи (масови %) на сребърната сплав, използвана 
за изработването на изследваната тока

Аn. number Cu Ag Au Sum

Аn. 1. 3.38 94.82 1.80 100.00

Аn. 2. 1.46 97.32 1.21 99.99
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are inclined to accept as true in our case the first 
statement regarding the extraction of silver from sil-
ver-bearing ores with a high concentration of gold, 
because in the examined samples it falls in the range 
between 0.1 and 4.7% typical for Late Roman arti-
facts (Mozgai et al., 2021). 

According to Patterson (1971, p. 301, 312), 
natural ternary alloys with relatively high copper 
content probably originated from gold ores formed 
in the primary zone and were not associated with 
silver from the oxidation zone. Gold-bearing sil-
ver occurs in young subvolcanic gold-silver veins 
found in Еast-central Europe (Carpathian basin) 
and the circum-Pacific orogens (Rehren et al., 1996, 
p.7; Phillip, Rehren, 1996, p. 139). The exploitation 
of the rich gold, silver, and copper deposits in the 
Carpathians was possible in the 2nd millennium 
BC (Stos-Gale, 2014, p. 188). This area contains 
large amounts of epithermal gold-silver, as well as 
porphyric copper-gold ores (Neubauer et al., 2005; 
Kouzmanov et al., 2005; Baron et al., 2011; Stos-
Gale, 2014, p. 188). The Yamnaya tribes in the 
northwestern Black Sea region in the early Bronze 
Age received enriched silver ore (or finished ingots) 
from deposits of the Carpathian-Transylvanian ba-
sin (Ivanova et al., 2020, p. 275).

Recent archaeological, geological, and geo-
chemical studies of Roşia Montană mineralization 
indicate exploitation of these ores in Roman times 
and possibly before (Baron et al., 2011, p. 1090). 
The Romans mined several types of ore bodies with 
different gold content, but cupellation processes do 
not appear to have been carried out there (Baron et 
al., 2011, p. 1095, 1098). Detailed research on the 
origin of the silver vessels from the Shaft Graves 
in Mycenae in the context of the metal supply in 

the Bronze Age Aegean showed that the majority of 
silver has lead isotope compositions consistent with 
the Baia Mare district of Romania and from the gold 
mining region of Rosia Montana (Apuseni), just 
south from Baia Mare (Stos-Gale, 2014, p.  199). 
Several of these samples contain about 1.5% Au 
and 1.5% Cu (Stos-Gale, 2014, p. 198). The re-
ported chemical composition of Bronze Age silver 
artifact from Romania (round silver ring found in 
grave M1 from the second tumulus in Verbiţa) with 
Ag 94.6%, Au 2.3%, Cu 1.5% (Constantinescu et 
al., 2014, p. 18) is very similar to compositions of 
the studied by us silver artifacts.

The chemical elements S and Cl found in the 
composition of silver from the applique with sar-
donyx are evidence for corrosion products on silver, 
most common of which are Ag2S, AgCl, and Cu2S. 
The silver wire surrounding the sardonyx is heavily 
cracked, broken off in places and covered by a sil-
ver-sulfide crust. The severity of cracking is related 
to a combination of factors, including cold work-
ing of the silver and the acidity of the environment. 
The burial environment induces silver cracking for 
two reasons (Wanhill, 2013): the weight of the soil 
can cause stress, and grave burials can lead to more 
aggressive soil due to the high salinity from body 
decomposition.

The two studied silver alloys (Tables 1 and 3) 
were compared mathematically and statistically 
by variance statistics according to Tonkov (1984), 
arithmetic means, variances and Kolmogorov-
Smirnov comparison (probability distributions). 
The results are listed in Table 4. 

The arithmetic mean value – Xsr, was calculat-
ed according to Equation 2, where xi (i = 1 to n) is 
number of individual measurements, σ is root mean 

Table 4
Results of mathematical and statistical comparison between the silver alloys used in the applique with sardonyx (Sample 1)  
and the buckle with garnet (Sample 2)

Таблица 4
Резултати от проведеното математическо и статистическо сравнение между сребърните сплави, използвани  
за изработването на апликацията със сардоникс (Проба 1) и токата с гранат (Проба 2)

Method, sample Аn. S Cu Ag Au Cl Σ

Variation 
statistics

sample 1 Xsr1 3.24 1.66 91.89 2.13 1.07 99.99
sample 2 Xsr2 0 2.42 96.07 1.505 0 99.99

Student’s test T12 0 0.392 1.078 0.479 0 T10%=1.372
Fisher’s  test  F12 0 1.4 3.967 68.42 0 F10%=14.8

Kolmogorov-
Smirnov’s test

Max 
Xsr1‒Xsr2  

0.0324 0.0418 0 0.04935 0.0431 Δ 10%=0,665
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square deviation, and n is the number of analyses of 
the samples.

(2)

The comparison of the samples by arithmetic 
means (T12) was performed using the Student 
method (Davis, 1977), (Eq. 3):

(3)

The comparison of variances was calculated ac-
cording to the Fisher method (Davis, 1977), where 
F12 represents the ratio of σ2

1 to σ2
2 (σ2

1 > σ2
2) with 

critical value Fkr = 14.8 (α = 10%).
The Kolmogorov-Smirnov method (Cheeney, 

1986) was used to determine the maximum dif-
ference between two distributions which was 
then compared with a critical value calculated by 
the equation for a chosen confidence probability, 
(Eq. 4).

(4)

The maximum difference of 0.04935 (Table 4) 
between the two distributions is smaller than the 
calculated critical value Δ = 0.665 (Eq. 4). When 
comparing the average values and variances, we 
found that the two artifacts are statistically identi-
cal. Therefore, we can conclude that the two arti-
facts were made of the same silver alloy, and the 
silver ore is probably from the same deposit. This 
result is consistent with nine out of ten cases.

Agate and garnet were popular minerals used for 
various purposes in ancient times, including jew-
elry, decoration of weapons, and glyptics (Adams, 
2011; Pion et al., 2020). The people who inhabited 
the territories of Mysia and Thrace also widely used 
them (Dumanov, 2008). The polychrome style with 
agate or garnet inlays was widespread in the North-
ern Black Sea coast. The sardonyx (an agate with 
alternating white and brownish-red streaks), often 
in combination with red garnet, was used for inlays 
in metal. There is an assumption that these arti-
cles were produced in local workshops (Yatsenko, 
Malashev, 2000, p. 230–231). 

The silver applique with sardonyx was made us-
ing a specific technique. The oval bronze plate was 

clamped with two rivets to a second curved bronze 
plate and agate was fixed in a cage made of dou-
ble silver wire. This technique was discovered in 
two gold hoards on Gotland Island, dating back to 
500 AD (Daskalov, 1998).

Red garnet (almandine), agate (predominantly 
red in color), and amber were minerals that have 
been traditionally used by the Huns to create jewel-
ry and decorations (Zasetskaya, Sazak, 2019, p. 18). 
Garnets used during this historical period were typi-
cally shaped as cabochons or in the form of thin 
platelets and were mostly of the pyrope-almandine 
type as in our case (Adams, 2011; Šmit et al., 2014, 
Bugoi et al., 2015). These garnets were finely cut 
and polished. At the start of the Merovingian pe-
riod (450–650), garnets found in western Europe 
were sourced from India and Sri Lanka, and later 
replaced by pyropes from Europe (Pion et al., 2020, 
p. 819, 834, 847).

The chemical composition of garnets gives in-
formation about the type of rocks in which they 
were formed (Sobolev, 1964; Deer et al.,1992). 
Even variations in the morphology and chemical 
composition of garnets from different metamor-
phic rocks (schists, gneisses) from the same region 
is significant (Tzankova, 2007a, b, c; Tzankova, 
Vitov, 2006). Garnets of intermediate pyrope-al-
mandine composition are typically found in meta-
morphic rocks of granulite facies. An important 
feature of pyrope-almandine garnets is their iron 
content (Eq. 1), as they may in some cases contain 
a significant amount of calcium component. The 
XFe content in garnet we studied is 77.79% with a 
Gross component of 4.12%. Low-calcium pyrope-
almandine garnets are commonly found in garnet-
bearing rocks such as biotite gneisses and schists, 
staurolite schists, grünerite-bearing rocks, granites, 
amphibolites, and rocks with calcium-free minerals 
(Sobolev, 1964, p. 91). Among the main garnet-
mining areas in the studied historical period, the 
conditions described above correspond to a region 
that includes India, Sri Lanka, Thailand, and Myan-
mar. Beautiful sardonyx was also have been mined 
in India (Fersman, 1961, p. 34).

Garnets found in Merovingian objects were clas-
sified into six groups based on the ratio of CaO ver-
sus MgO in their chemical composition (Calligaro 
et al., 2006–2007). Later, this CaO/MgO classifica-
tion was modified tying the chemical composition 
of garnets to their geographic origin (Gilg et al., 
2010, Pion et al., 2020). The six groups of garnets 
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are as follows: two groups of almandines – Type I 
from India Rajasthan (4.4% MgO and 0.7% CaO) 
and Type II from India (6.2% MgO and 1.2% CaO); 
two groups of pyraldines (with intermediate com-
position between pyrope and almandines) from two 
different provinces in Sri Lanka – Type IIIa (4% 
CaO) and Type IIIb (1.3% CaO); two groups of py-
ropes – Type IV from Portugal (chrome free) and 
Type V from Bohemia, Czech Republic with Cr2O3 
up to 2.2%.

The chemical composition of the studied garnet 
from the silver buckle found in the region of Ko-
sharevo falls on the CaO/MgO plot constructed by 
Pion et al. (2020, Fig. 36.11, Table 36.3) in the type 
II garnet from India (Fig. 4).

It is highly probable that the deposits in India 
are the source of the studied garnet. However, there 
is also the possibility that the garnet is from placer 
deposits in Eastern and Southern Europe. Placer de-
posits are exposed on the earth‘s surface and it is 
quite possible that they were used in the past. Gar-
nets with similar chemical compositions have been 
described from the Podolia-Vinnytsia region in the 
present-day Ukraine, the Pridnestrovie region in the 
present-day Moldova, and gneisses from the area of 
Laacher See (also known as Laach Lake) in West-
ern Germany (Sobolev, 1964).

Conclusions

Chemical analyses of silver alloys from the arti-
facts showed that mercury (Hg), lead (Pb), bis-
muth (Bi), zinc (Zn) and antimony (Sb) did not 
participate in their chemical composition. Based 
on these data and the discussion presented above, 
we suggest that the artifacts were not made of na-
tive silver or silver derived from silver-bearing 
minerals such as chlorargyrite (cerargyrite – 
AgCl) or galena. The gold content in the silver al-
loys of both artifacts (a silver applique with up to 
2.99% gold and a silver buckle with up to 1.80% 
gold) points out to silver-bearing ores with a high 
gold content as the presumed source of the silver. 
Such type of ore mined during the relevant his-
torical period was described geographically clos-
est from the Carpathian Basin. The lack of evi-
dence for cupellation processes during extraction 
and separation of silver from Au-Ag epithermal 
ore deposits located in the southern part of the 
Apuseni Mountains (Southeastern Carpathians) 
confirms our assumption. We identify this area as 
the most promising for future additional studies 
with a view to proving the geographical source of 
the silver used and complementing the archaeo-
logical analysis.

Fig. 4. The position of the studied garnet from the silver buckle from Kosharevo region on the simplified CaO/MgO plot 
after Pion et al. (2020, Fig. 36.11, Table 36.3)

Фиг. 4. Позиция на изследвания гранат от сребърната катарама от района на Кошарево върху опростена CaO/MgO 
диаграма по Pion et al. (2020, фиг. 36.11, таблица 36.3)
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Based on mathematical and statistical analy-
sis, the chemical composition of the silver al-
loys in both artifacts was found to be statistically 
identical in nine out of ten cases. We assume that 
they were produced in the same workshop, and 
the silver raw material used was mined from the 
same type of ore using the same separation and 
alloying technology.  

According to the CaO/MgO classification, the 
studied garnet matches the archaeological type II 
garnet from India. It is possible that the garnet used 
to decorate the silver buckle was brought from de-

posit in India, but we cannot rule out the possibility 
of its origin from placer deposits in the Podolia-Vin-
nytsia and Pridnestrovie regions, or from gneisses 
around lake Laacher See in Western Germany. In 
support of this assumption is the fact that the poly-
chrome style with agate or garnet was widespread 
among the population from the Northern Black Sea 
shore. Some authors cited above assumed the pro-
duction of these objects in local workshops.
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