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1.   Introduction: the archaeological background 
and the analysed artefacts

At the end of July 2021, volunteers of the Hungarian National 
Museum’s (HNM) Community Archaeology Programme 
and the HNM Balassa Bálint Museum organised a trip into 
the Gerecse Mountains to discover new sites in the area. The 
choice was not random: based on reports of earlier findings, 
the forest-covered mountains have been a preferred hunting 
ground of metal detector-equipped treasure hunters for 
decades. Near Nyergesújfalu (Komárom-Esztergom County, 
Hungary), positioned on a forest-covered northern high 
plateau with a 10% slope, the first objects of a Hunnic-period 
sacrificial assemblage were found (Figure 1) (Schilling, 
2022). The Hunnic-period finds were situated at five separate 

spots, a few metres away from the others. The first objects 
were found at a shallow depth, probably moved there by the 
roots of an oak tree.

The Hunnic-period assemblage contains fifteen items 
altogether: gold lunular mounts, cellwork-decorated gold 
oval mounts, cellwork-decorated gold suspension rings, gold 
buckles and fragments of a scale-patterned gilded silver plate 
(Figure 2) (Schilling, 2022). The scale-patterned gilded silver 
plate is about 0.25 mm thick (Figure 2C); based on available 
analogies, it could be a part of the decorative cover of 
a dagger (Bóna, 1991; 1993), a scabbard (e.g., Pannonhalma–
Szélsőhalom; Tomka, 1986a; 1986b, recently interpreted as 
a saddle, Piros et al., 2022), or a saddle (e.g., Telki–Anna-lak; 
Szenthe et al., 2019; Göd–Bócsaújtelep; Mráv et al., 2021; 
Nyíregyháza–Oros; Piros et al., 2021; Debrecen–Agrár park; 
Piros et al., 2023). The plate had been detached from whatever 
object it decorated and had been folded before it was hidden.
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A B S T R A C T

Near Nyergesújfalu (Komárom-Esztergom County, Hungary), objects of a Hunnic-period sacrificial 
assemblage were found in 2021. The Hunnic period assemblage contains fifteen items altogether: 
four gold lunular mounts, six cellwork-decorated gold oval mounts, two cellwork-decorated gold 
suspension rings, two gold buckles and fragments of a scale-patterned gilded silver plate. The present 
study aims to determine the elemental composition of the metal alloy of the Hunnic-period objects 
and characterise the decoration techniques (gilding and garnet inlays) by using optical microscopy, 
handheld X-ray fluorescence spectrometry (hXRF) and scanning electron microscopy with energy-
dispersive X-ray spectrometry (SEM-EDX). The gold objects, including their small parts such as the 
rivets of buckles and lunular mounts, sockets and filigree, were manufactured from a relatively good-
quality gold alloy (>80 wt% Au). The fragments of the scale-patterned silver plate were manufactured 
from a high-quality silver alloy (>94 wt% Ag), similar to late Roman silver alloys characterised by high 
Ag content, and was decorated with fire (mercury) gilding. The garnets used for inlays are almandine 
and intermediate pyrope-almandine garnets. Based on their chemistry, the garnets belong to Group X 
and probably originate from the placer deposits of Sri Lanka.
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Figure 1.  The location of the site in the 
Carpathian Basin.

Figure 2.  The analysed objects of the Hunnic-period sacrificial assemblage from Nyergesújfalu. A: cellwork-decorated gold oval mounts; B: cellwork-
decorated gold suspension rings; C: fragments of a scale-patterned gilded silver plate; D: gold buckles; E: gold lunular mounts (photos: E. Duong Li, HNM).
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The four lunular gold mounts (Figure 2E) are especially 
important: of that type, only gilded silver (e.g., Telki–Anna-
lak; Szenthe et al., 2019), silver (e.g., Lengyeltóti; Bakay, 
1978), and bronze (e.g., Solva/Esztergom–Bánomi-dűlő; 
Kelemen, 2008) specimens were known. These mounts 
probably decorated belts or straps of unknown function.

The six oval gold mounts were decorated with two facing 
semi-circular translucent red gemstone (garnet) inlays 
in an oval cellwork case engirded by notched gold wire 
(Figure 2A). Originally, they had been fastened by a pair of 
silver rivets on a backplate and probably decorated artefacts 
or articles of clothing made of organic material.

The two gold suspension rings (Figure 2B) with cellwork 
decoration belong to a type that, in a simpler version (Bóna, 
1991; 1993), had already appeared during the late Roman 
Period. These pieces were probably accessories to a leather 
belt, and their exact function determined their positions: they 
could have belonged to a side-strap slung over the shoulder 
or were perhaps used to suspend an object, maybe a dagger 
or a sword, from a belt.

The material, size, and elaboration of the gold buckle’s 
loop and tongue are akin to the other buckle in the 
assemblage (Figure 2D). Originally, this piece probably 
also had a cellwork-decorated mount plate that had perhaps 
already broken off and became lost in Hunnic times or was 
intentionally not interred with the rest of the items for some 
reason that is unknown to us. It probably fastened a belt or 

strap of undetermined function. The other gold buckle in 
the assemblage, a piece with a mount plate decorated with 
translucent red gemstone (garnet) inlays in a gold cellwork 
case, also probably once fastened a belt or strap of unknown 
function. This item is of particular interest as its precise 
analogy, the so-called “Marcelháza buckle” (Bóna, 1991; 
1993), was bought by the HNM in 1889 and taken into the 
inventory of its collection as a find with “site unknown”. The 
two buckles are exceptionally similar in both elaboration and 
design, but determining their exact relation requires further 
analysis, just as is the case with the artefacts with identical 
cellwork structures from Bátaszék–Iskola (Bóna, 1991; 
1993) and Fürst (Bavaria, Germany; Fehr, 2003).

The present study aims to determine the elemental 
composition of the metal alloy of the Hunnic-period objects 
and characterise the decoration techniques (gilding of the 
silver plate and garnet inlays of the gold objects).

2.  Methodology

The objects were at first thoroughly observed with optical 
microscopy to characterise the manufacturing techniques 
and garnet inclusions. The chemical composition of the metal 
alloy and the gilding was analysed by using handheld X-ray 
fluorescence spectrometry (hXRF). No surface cleaning was 
performed prior to the measurements.

Table 1.  Chemical composition of different certified silver and gold standards. The averages are calculated based on 5–5 measurements of each standard.

 Description Ag Cu Au Pb Bi Zn Pd

Silver standards

AGQ1 C
certified value (bal) 2.532 0.251 0.245    

average±st.dev. 97.16±0.02 2.33±0.07 0.22±0.01 0.21±0.01    

AGQ2 C
certified value (bal) 5.808 0.978 0.469    

average±st.dev. 92.89±0.1 5.68±0.09 0.94±0.01 0.48±0.01    

AGQ3 C
certified value (bal) 9.612 1.975 0.921    

average±st.dev. 86.99±0.09 10.04±0.06 1.94±0.02 1.01±0.02    

AGA2 A
certified value (bal) 10 0.507 1.02 0.113 0.502  

average±st.dev. 87.68±0.04 10.19±0.05 0.48±0.02 1.03±0.01 0.12±0.003 0.50±0.01  

Gold standards

0720-16
certified value   99.99     

average±st.dev.   100.00     

0738-16
certified value 19.8 21.1 58.58   0.52  

average±st.dev. 19.65±0.06 21.22±0.06 58.58±0.04   0.53±0.01  

0732-16
certified value 57.1 9.44 33.46     

average±st.dev. 57.68±0.06 9.01±0.01 33.08±0.05   0.23±0.005  

0734-16a
certified value 7.09 48.82 33.41   10.68  

average±st.dev. 6.66±0.10 49.19±0.13 32.81±0.68   11.08±0.22  

0704-16d
certified value 2.99 9.19 75.22    12.6

average±st.dev. 2.61±0.14 9.48±0.05 75.45±0.14    12.22±0.30
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Scanning electron microscopy with energy-dispersive 
X-ray spectrometry (SEM-EDX) was used to determine the 
chemical composition of the garnet inlays. As garnets are 
non-conductive materials, a special sample preparation was 
applied earlier (Bendő et al., 2013; Mozgai et al., 2021a). 
However, using the low vacuum mode during SEM-EDX 
measurements, garnets could be analysed without any special 
sample preparation. Only the surface of the garnets was 
cleaned by ethanol. Two small fragments of the gilded silver 
plate were embedded in resin in cross section and polished 
in order to study the chemical composition and microtexture 
of the gilding in detail by using SEM-EDX.

2.1  Optical microscopy (OM)
A Dino-Lite AM4113T–FVW digital UV/VIS LED USB 
microscope and a ZEISS STEMI 2000-C stereomicroscope 
with polarised light (illumination: ZEISS KL 1500 LCD) 
were used to observe the metal applique and gilding of 
the objects and the mineral inclusions of the garnet inlays. 
A SONY Nex 5 TL camera was used to capture the images.

2.2  Handheld X-ray fluorescence spectrometry (hXRF)
A SPECTRO xSORT Combi handheld X-ray fluorescence 
spectrometer was used. Analytical conditions: 15–50 kV, 
30–120 µA, Rh anode, Peltier cooling SDD detector, ‘Alloy 
Plus including Light Elements’ built-in calibration, 3 mm 
measurement area, 60 seconds acquisition time. In the case 
of gilding, the built-in calibration does not calculate the 
mercury content; therefore, the presence of mercury can 
only be determined qualitatively based on the hXRF spectra. 
The accuracy of the measurements was tested by measuring 
certified silver (MBH Analytical Ltd.) and gold (Fluxana 
GmbH) standards (Table 1).

2.3   Scanning electron microscopy with energy-
dispersive X-ray spectrometry (SEM-EDX)

A JEOL JSM-IT700HR scanning electron microscope 
equipped with Oxford Instruments Aztec X-ACT Premium 
SDD energy-dispersive X-ray spectrometer (EDS) was used 
in low vacuum mode (50 Pa pressure). Analytical conditions: 
20 kV accelerating voltage, 90 seconds (point analyses) 
and 30 min (mapping) acquisition time. The results were 
normalised to 100 wt%. During quantitative analysis, built-
in factory standards were used. Each garnet was analysed 
by at least three (in the case of non-ideal surfaces more than 
three) point (spots 1 µm in diameter) measurements and one 
area measurement (200 µm × 200 µm). The accuracy of the 
garnet analyses was determined after Locock (2008). Only 
the “Superior”, “Excellent” and “Good” results were used 
for interpretation. The average of the “Fair” and/or “Poor” 
results were used only in the case of one garnet where no 
better quality data were acquired.

3.  Results and discussion

3.1  Gold objects
The gold objects were manufactured from a relatively 
good-quality gold alloy based on the hXRF measurements 
(Table 2; Figures 3 and 4). The buckles, suspension rings 
and lunular mounts show a rather homogeneous composition 
(Au: 83.2–85.7 wt%; Ag: 14.1–15.7 wt%; Cu: 0.2–0.5 wt%) 
in contrast to the more scattered composition of the oval 
mounts (Au: 80.9–89.3 wt%; Ag: 8.6–14.9 wt%; Cu: 0.7–4.9 
wt%) (Figure 4).

The small-sized components of each of the objects 
(rivets, filigree, sockets, etc.) were analysed separately 

Figure 3.  Composition of the gold and silver objects based on the hXRF and SEM-EDX measurements depicted on the gold–silver–copper ternary diagram 
(after Leuser, 1949).
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Figure 4.  Composition of the gold objects based on the hXRF and their small components based on the SEM-EDX measurements plotted on the Cu/Au vs. 
Ag/Au diagram.

using SEM-EDX. The oval mounts were fastened to their 
holder with silver rivets, which were completely converted 
into silver chloride and silver sulphide during corrosion 
processes. The other small parts of the objects (rivets of the 
buckles and lunular mounts, sockets and filigree of the oval 
mounts and suspension rings) were all manufactured from 

relatively good-quality gold alloy (Table 3; Figures 3 and 4). 
Generally, the rivets were manufactured from a gold alloy 
with a lower silver and copper content (Au: 88.1–97.9 wt%;  
Ag: 1.9–11.6 wt%; Cu: 0.1–0.4 wt%) than the sockets and 
filigree (Au: 81.6–90.9 wt%; Ag: 8.8–17.8 wt%; Cu: 0.2–1.2 
wt%) (Figures 3 and 4).
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Table 2.  Elemental composition of the studied gold and gilded silver objects based on the hXRF measurements. The results are given in wt%. LOD: limit of 
detection. The presence of mercury in the gilded areas is not calculated, only qualitatively determined (+: mercury is present) (see Figure 6). In some cases, 
iron was also detected, but it was interpreted as surface contamination and was not taken into consideration during interpretation.

Object No. Description Au Ag Cu Pb Bi Hg

Gold buckles

21.

loop 84.9 14.8 0.36 <LOD <LOD  

tongue 84.7 14.9 0.38 <LOD <LOD  

plate 84.2 15.1 0.46 <LOD <LOD  

31.
tongue 84.8 14.7 0.37 <LOD <LOD  

loop 84.2 15.0 0.44 <LOD <LOD  

Gold suspension rings

1.
loop 84.7 14.1 0.48 <LOD <LOD  

socket 83.2 15.7 0.47 <LOD <LOD  

16.
loop 84.5 15.0 0.39 <LOD <LOD  

socket 84.8 14.8 0.37 <LOD <LOD  

Gold oval mounts

18.
socket 85.9 8.6 1.4 <LOD <LOD  

back plate 89.3 9.7 1.0 <LOD <LOD  

2.
socket 82.0 13.7 4.2 <LOD <LOD  

back plate 83.8 14.9 0.93 <LOD <LOD  

30. socket 80.9 13.6 4.9 <LOD <LOD  

23. socket 83.8 14.4 1.7 <LOD <LOD  

17. socket 83.2 14.6 2.1 <LOD <LOD  

29.
socket 86.4 12.1 1.5 <LOD <LOD  

back plate 85.7 13.3 0.72 <LOD <LOD  

Gold lunular mounts

22. metal 85.7 14.1 0.23 <LOD <LOD  

3. metal 85.7 14.1 0.22 <LOD <LOD  

35. metal 85.4 14.4 0.25 <LOD <LOD  

15. metal 85.6 14.2 0.22 <LOD <LOD  

Scale-patterned gilded silver plate

fragment 1 metal 1.5 96.8 0.8 0.13 0.03  

fragment 2 metal 1.3 96.3 0.9 0.09 0.02  

fragment 3 metal 1.5 97.0 0.8 0.09 0.02  

fragment 4 metal 1.4 95.9 0.9 0.09 0.02  

fragment 5 metal 1.3 96.9 1.0 0.09 0.02  

fragment 6 metal 1.3 96.0 1.1 0.09 0.02  

fragment 7 metal 1.4 97.0 0.8 0.09 0.02  

fragment 8 metal 1.4 96.8 1.0 0.09 0.02  

fragment 9 metal 1.4 94.2 1.3 0.09 0.02  

fragment 10 metal 1.4 96.9 0.9 0.09 0.02  

fragment 11 metal 1.6 96.8 0.9 0.09 0.02  

fragment 12 metal 1.4 96.8 0.9 0.09 0.02  

fragment 13 metal 1.3 96.3 1.4 0.09 0.02  

fragment 1 gilding 80.6 12.3 <LOD <LOD <LOD +

fragment 2 gilding 93.5 4.8 <LOD <LOD <LOD + 
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Object No. Description Au Ag Cu Pb Bi Hg

fragment 3 gilding 77.2 20.6 <LOD <LOD <LOD +

fragment 4 gilding 90.1 8.2 <LOD <LOD <LOD +

fragment 5 gilding 80.4 19.1 <LOD <LOD <LOD +

fragment 6 gilding 95.4 3.1 <LOD <LOD <LOD +

fragment 7 gilding 95.1 4.2 <LOD <LOD <LOD +

fragment 8 gilding 82.5 16.8 <LOD <LOD <LOD +

fragment 9 gilding 93.3 6.2 <LOD <LOD <LOD +

fragment 10 gilding 87.6 11.4 <LOD <LOD <LOD +

fragment 11 gilding 91.8 6.1 <LOD <LOD <LOD +

fragment 12 gilding 88.4 9.6 <LOD <LOD <LOD +

fragment 13 gilding 82.0 17.5 <LOD <LOD <LOD +

Table 3.  Elemental composition of the small components of the studied gold objects based on the SEM-EDX measurements. The results are given in wt% 
and normalised to 100%.

Table 2.  Elemental composition of the studied gold and gilded silver objects based on the hXRF measurements. The results are given in wt%. LOD: limit of 
detection. The presence of mercury in the gilded areas is not calculated, only qualitatively determined (+: mercury is present) (see Figure 6). In some cases, 
iron was also detected, but it was interpreted as surface contamination and was not taken into consideration during interpretation. (Continuation)

Object No. Description Au Ag Cu

Gold buckles

21.

rivet 1 93.3 6.2 0.43

rivet 2 94.0 5.7 0.34

rivet 3 94.0 5.9 0.08

Gold suspension rings

1.
rivet

97.9 1.9 0.13

97.8 2.0 0.23

socket
90.9 8.8 0.24
89.3 10.3 0.39

16.

rivet
97.8 2.0 0.20

97.7 2.2 0.11

socket
86.6 13.0 0.44

87.2 12.4 0.41

Gold oval mounts

18. socket
88.1 10.8 1.08

88.1 11.1 0.79

2. socket 83.4 15.9 0.63

30.
socket

83.9 15.5 0.62

81.6 17.2 1.23

filigree 84.4 14.9 0.65

Object No. Description Au Ag Cu

23. socket
84.8 14.6 0.65

84.6 14.8 0.66

17. socket 81.6 17.8 0.57

29. socket

86.3 12.8 0.90

86.0 13.1 0.86

81.9 17.5 0.63

82.9 16.5 0.62

82.6 16.8 0.58

82.2 17.1 0.71

Gold lunular mounts

22. rivet
89.6 10.2 0.26

89.1 10.6 0.28

3. rivet
90.0 9.6 0.40

88.7 10.9 0.38

35. rivet
90.1 9.5 0.35

90.6 9.0 0.40

15. rivet
88.1 11.6 0.32

88.1 11.6 0.37

It is generally thought that gold objects from the Migration 
Period with a relatively high gold content were most 
probably produced by re-melting late Roman gold coins 
(solidi) (Kent, 1972; Arrhenius, 1977; Hawkes, 1984; Oddy 
and Meyer, 1986; La Niece and Cowell, 2008). However, 
systematic scientific analyses of gold coins and gold objects 
have yet to prove it. In the Carpathian Basin, the highest 
amount of high purity gold was probably available in the 

form of solidi received as Roman tribute (Kiss, 1986; Hardt, 
2004; Baumeister, 2004). The analysed objects exhibit 
lower gold contents; therefore, if Roman coins were used 
to manufacture the objects, they were then alloyed with 
silver in order to increase the hardness and durability of 
the alloy, or the gold was debased for economic reasons. 
Alternatively, objects with a higher silver content than solidi 
were re-melted and reused, or primary gold-silver ores (e.g., 
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electrum) were used to manufacture the objects. The gold 
content of the analysed objects is lower than the gold content 
of previously studied Hunnic-period gold objects from the 
Carpathian Basin, which are generally characterised with 
a gold content higher than 90 wt%, sometimes higher than 
97 wt% (Horváth, 2013; Szenthe et al., 2019; Horváth et al., 
2019; 2022).

3.2  Silver objects
The fragments of the scale-patterned silver plate 
were manufactured from a high-quality silver alloy 

(Ag: 94.2–97.0 wt%; Cu: 0.80–1.4 wt%; Au: 1.3–1.6 wt%; 
Pb: 0.09–0.13 wt%; Bi: 200–300 ppm) (Table 2; Figure 3). 
This composition corresponds well with the general trend 
that the beginning of the 5th century AD is characterised with 
high-quality silver alloys with low Au, Pb, Zn and varying Bi 
content similar to late Roman silver alloys (Hughes and Hall, 
1979; Lang et al., 1984; Cowell and Hook, 2010; Doračić 
et al., 2015; Lang and Hughes, 2016; Greiff, 2017; Vulić et al., 
2017; Mozgai et al., 2020; 2021b; Troalen and Lang, 2022). 
However, a gradual debasement of silver alloys occurred 
towards the end of the 5th century (Horváth et al., 2019; 

Figure 5.  The gilding of the scale-patterned silver plate. A: optical microscopic image of the gilding; B–C: backscattered electron images of the gilding in 
cross section; D: element distribution maps of the gilded area.
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Mozgai et al., 2019; 2021a). Comparing our results to gilded 
silver plates from other Hunnic-period sacrificial deposits, 
the silver plate from Nyergesújfalu has a similar silver and 
copper content to the silver plates from Telki–Anna-lak 
(Ag: 93.4–97.6 wt%; Cu: 0.9–2.2 wt%) (Szenthe et al., 
2019). However, the silver plates from Debrecen–Agrár 
park and Göd–Bócsaújtelep exhibit a higher copper content 
(Ag: 90.6–95.0 wt%; Cu: 2.4–4.4 wt%) (Mráv et al., 2021; 
Piros et al., 2023). The silver plates from Nyíregyháza–
Oros corroded completely into silver sulphide, chloride and 
bromide during burial, and therefore its original chemical 
composition could not be determined (Piros et al., 2021).

3.3  Gilding
The scale-patterned silver plate was decorated with gilding 
(Figure 5A). The gold content of the gilded areas is generally 
above 80 wt%, based on the hXRF measurements, indicating 
a rather thick gilding (Table 2). The gilding shows a porous 
microtexture in the BSE images, its thickness reaching to 
50–60 micrometres (Figure 5B–C). Mercury was detected in 
the gilded areas by hXRF and SEM-EDX measurements as 
well, indicating the use of fire gilding (Figure 6). Previous 
studies on the objects from the 5th century AD have also 
proved the use of fire (or mercury) gilding (Craddock 
et al., 2010; Horváth, 2013; Szenthe et al., 2019; Mozgai 
et al., 2021a). Fire gilding was most probably invented in 
China in the 4th century BC, and it then became the standard 
method of gilding in the 3rd century AD and continued in 
use throughout the Migration Period and medieval Europe 
until the invention of electroplating in the mid-19th century 
(Lechtman, 1971; Lins and Oddy, 1975; Oddy, 1981; 1988; 
1991; 1993; 2000).

A few micrometres thick transition zone is present 
between the gilding and the silver substrate, in which 

only mercury and silver was detected (silver amalgam) 
(Figure 5B–D). This special microtexture of the gilding 
helps to determine the type of fire gilding used. Several 
types of fire gilding can be distinguished based on recipes 
and previous analyses on gilded objects (Anheuser, 1997; 
Oddy, 2000; Giumlia-Mair, 2020; Török and Giumlia-Mair, 
2022). In one of the methods, gold was dissolved in hot 
mercury and the resulting gold amalgam was rubbed on to 
the cleaned metal surface. Then the object was heated for 
a few minutes at 250–300 °C (below the boiling point of 
mercury, 375 °C), until it turned from grey to yellow. It was 
important to avoid any overheating of the object: if silver is 
overheated, the gold will discolour or even disappear into 
the substrate. A firmly bonded, but porous, matte gilded 
layer will form, which then needs to be burnished. A few 
micrometres thick mercury enrichment zone can be observed 
at the gold/silver interface when a paste of gold amalgam is 
applied, which has a maximum mercury content of less than 
25% (Anheuser, 1997). Another method of fire gilding is to 
apply a layer of mercury to the metal surface to be gilded and 
then lay pieces of gold leaf on top. The gold leaf dissolves 
in mercury creating a gold amalgam in situ, after which the 
object is heated and burnished. In this case, the initial coating 
of the silver substrate with mercury can be inferred from 
the presence of a 10–15 µm thick layer of silver amalgam 
with 25–50% mercury underneath the gilding. Mercury is 
absorbed into the silver as soon as it is applied because of 
the very high solid solubility of mercury in silver (Anheuser, 
1997). When more than one layer of gold leaf is applied, the 
different layers blend into one and become indistinguishable 
in cross section (Anheuser, 1997). The spreading of pure 
mercury before the application of gold leaf can sometimes 
be observed in those places where the entire area originally 
coated with mercury was afterward not entirely covered with 

Figure 6.  Typical XRF spectra of the gilded areas of the scale-patterned silver plate.
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Figure 7.  A: cross-hatched backing foils between the garnet slabs and the backing paste; B–H: typical mineral inclusions in the garnets of the studied objects.



IANSA 2023     ●     XIV/2     ●     167–181
Viktória Mozgai, László Schilling, Máté Szabó, Bernadett Bajnóczi: Archaeometric Investigation of a Hunnic-Period Sacrificial Assemblage 

from Nyergesújfalu, Hungary

177

Table 4.  Chemical composition of the garnet inlays based on the SEM-EDX measurements. The results are given in wt%. The accuracy of the garnet 
analyses was determined after Locock (2008). Only the “Superior”, “Excellent” and “Good” results were used and their averages were calculated. “Fair” 
and/or “Poor” results were used in those cases where no better-quality data were received (in the case of one garnet, indicated with *). No.: number of 
analyses used to calculate the average values after Locock (2008).

Description No. of analyses SiO2 Al2O3 MgO FeO MnO CaO

Gold buckle

21.

grt 1 1 39.8 23.2 10.8 20.9 1.14 4.3

grt 2 12 39.9 23.0 13.0 19.5 0.79 3.8

grt 3 9 40.1 23.1 12.7 17.9 0.95 5.2

grt 4 8 39.9 22.9 12.3 19.3 0.54 5.0

Gold suspension rings

1.
grt 1 5 40.1 23.4 13.1 17.5 0.87 5.0

grt 2 7 38.5 22.1 6.7 27.9 0.46 4.3

16.
grt 1 1 40.3 23.3 12.3 19.0 0.85 4.2

grt 2 4 37.9 21.6 6.3 29.6 0.71 3.7

Gold oval mounts

18.
grt 1 5 39.8 23.2 11.3 19.1 0.99 5.5

grt 2 4 40.0 23.5 12.7 19.2 0.82 3.7

2.
grt 1 4 40.0 23.1 11.5 19.0 0.97 5.4

grt 2* 15 41.0 24.0 12.3 17.7 0.72 4.2

30.
grt 1 5 39.4 22.8 9.4 20.8 1.16 6.3

grt 2 4 40.1 23.1 11.4 19.2 1.00 5.2

23.
grt 1 6 40.2 23.3 12.4 17.6 0.51 5.8

grt 2 7 39.9 23.2 12.7 18.1 0.79 5.2

17.
grt 1 4 39.7 22.8 13.6 19.0 0.86 3.8

grt 2 4 39.3 22.6 10.8 20.7 0.96 5.6

29.
grt 1 4 39.7 23.1 11.2 20.0 0.76 5.2

grt 2 5 40.2 23.2 13.0 18.8 0.74 4.0

gold. In this case, silver amalgam remains on the surface 
adjacent to the gilded areas (Anheuser, 1997).

As the mercury enriched transition zone is only few 
micrometres thick, most probably the first type of fire gilding 
was used to decorate the silver plate from Nyergesújfalu. 
The silver plates from Telki–Anna-lak and Debrecen–Agrár 
park were also decorated with fire gilding (Szenthe et al., 
2019; Piros et al., 2023), in contrast to the silver plates 
from Nyíregyháza–Oros and Göd–Bócsaújtelep, where no 
mercury was detected in the gilded areas (Mráv et al., 2021; 
Piros et al., 2021). In these latter cases, the use of another 
type of gilding, namely diffusion bonding is supposed, but 
further measurements are needed to prove this.

3.4  Garnet inlays
Metalwork objects with red gemstones, identified mostly 
as garnets, were widespread during the Hellenistic, Roman 
and Early Medieval times (Arrhenius, 1985; Adams, 2011). 
Gold objects decorated with gemstones, most often with red 
garnets, are typical elements of Hunnic-period ritual deposits 

(Horváth, 2013; Szenthe et al., 2019). Among the analysed 
objects, the gold buckle was decorated with four garnet 
inlays, while the suspension rings and the oval mounts were 
decorated with two garnets each, respectively (Figure 2). The 
garnets are flat-cut slabs, with carefully polished surfaces. In 
order to enhance their optical effect, plain or cross-hatched 
backing foils were placed between them and the backing 
paste (Figure 7A).

Based on the chemistry, the garnets used for inlays are 
from the pyralspite (pyrope–almandine–spessartine) series, 
namely almandine and an intermediate composition of pyrope-
almandine garnets with elevated Ca content (Table 4; Figure 8). 
No ugrandite (uvarovite–grossular–andradite) series garnet 
was identified. The detected inclusions have been identified 
based on their morphology and optical features. Rutile needles, 
large, clear apatite and black opaque ilmenite crystals were 
observed (Figure 7B–H). These are mainly accessory minerals 
that are not indicators for the source of the rocks.

The chemical composition of the garnet slabs was 
compared to the chemical composition of the garnets from 
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those deposits, which were certainly known and used in 
the Migration Period, as attested by the analyses of other 
contemporaneous objects. The chemical composition and 
the characteristic inclusion assemblages revealed that 
European deposits (Portugal and Bohemia) can be excluded 
as possible sources, as they are characterised with higher 
Mg and Ca contents (Figure 9). Garnets from Scandinavia 
(Cluster C) can also be excluded, as they were only of local 

interest and have different types of mineral inclusions (Gilg 
and Hyršl, 2014; Then-Obłuska et al., 2021). Based on the 
results, the analysed garnets belong to Group X (Figure 9). 
Group X garnets, almandines with an elevated Mg content, 
were predominant all over Europe during the 5th century AD 
(Greiff, 1998; Calligaro et al., 2008; Périn and Calligaro, 
2016; Gilg et al., 2010; 2018; 2019; Calligaro and Périn, 
2019; Then-Obłuska et al., 2021; Nasdala et al., 2023). 

Figure 8.  Ternary plots showing the composition of the garnets of the objects based on the cation occupancy of the X site in the garnet structure calculated 
from the SEM-EDX data (after Grew et al., 2013).

Figure 9.  CaO–MgO plot showing the composition of the garnets based on the SEM-EDX measurements. The classification of possible provenances is 
based on Greiff, 1998; Quast and Schüssler, 2000; Mannerstrand and Lundqvist, 2003; Calligaro et al., 2008; Gilg et al., 2010; 2018. The grey area represents 
garnets with variable chemical and gemmological characteristics that derive from various, unknown deposits and cover possible new clusters (Then-Obłuska 
et al., 2021; Nasdala et al., 2023). Yellow circle: Sri Lanka (Anuradhapura or Elahera?) (Calligaro and Périn, 2019; Nasdala et al., 2023).
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Group X garnets were originally thought to derive from the 
placer deposits of Sri Lanka, known as Taprobane in the 
written sources, but recent studies describe them as garnets 
with variable compositions and inclusion characteristics 
that derive from various, unknown deposits but may 
contain new minor clusters (Greiff, 1998; Calligaro et al., 
2008; Gilg et al., 2010; 2018; Then-Obłuska et al., 2021; 
Nasdala et al., 2023). Recent studies have further classified 
Group X based on the chemical composition and mineral 
inclusions of the garnets (Périn and Calligaro, 2016; 
Calligaro and Périn, 2019; Gilg et al., 2019; Nasdala et al., 
2023). Based on their elevated Ca content, the garnets 
probably originate from Cluster H, the placer deposits of 
Anuradhapura or Elahera, Sri Lanka (Calligaro and Périn, 
2019; Pion et al. 2020; Nasdala et al., 2023) (Figure 9). 
Garnets from Sri Lanka were most likely transported via 
long-distance maritime trade routes (Roth, 1980; Kessler, 
2001; Schmetzer et al., 2017).

4.  Conclusion

The gold objects, including their small parts such as rivets 
of the buckles and lunular mounts, sockets and filigree, were 
manufactured from a relatively good-quality gold alloy. The 
rivets, except for the fully corroded silver rivets on the oval 
mounts, were generally manufactured from a gold alloy with 
a higher gold content than the sockets and the filigree. If the 
analysed gold objects were manufactured from Roman gold 
coins (solidi), the gold was alloyed with silver in order to 
increase the hardness and durability of the alloy or debased 
due to economic reasons. Re-melted objects with a higher 
silver content than the coins or primary silver-gold ores 
could also have been used to manufacture the objects.

The fragments of the scale-patterned silver plate were 
manufactured from a high-quality silver alloy, similar 
to late Roman silver alloys characterised with high Ag 
content. The compositions are similar to the silver plates 
from Telki–Anna-lak. The scale-patterned silver plate was 
decorated with fire (mercury) gilding. The type of fire gilding 
was determined: a gold-amalgam layer was applied to the 
surface to be gilded, and then it was heated and burnished.

The garnets used for inlays are almandine and 
intermediate pyrope-almandine garnets. Based on their 
chemistry, the garnets belong to Group X, the predominant 
garnet type all over Europe during the 5th century AD, and 
probably originated from the placer deposits of Cluster H 
(Anuradhapura or Elahera, Sri Lanka), from where they were 
most likely transported via long-distance maritime trade 
routes.
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