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Figure 8. The chemical composition of the objects from Pécsüszög based on XRF measurements; saddle plates are highlighted.

Figure 9. Saddle plates from Nyíregyháza-Oros (after Figs. 5–6 from Istvánovits and Kulcsár 2013).

Figure 10. Digital microscopic images showing the decoration of the saddle plates from Nyíregyháza-Oros.
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Tab le  2 .  The  chemica l  compos i t ion  o f  t he  ob jec t s  f rom Nyí regyháza -Oros ,  
measu red  by  the  XRF me thod .  The  r e su l t s  a r e  g iven  in  we igh t% (LOD =  l imi t  
o f  de t ec t ion ) .  Numbers  aga ins t  a  g rey  background  ind ica t e  su r face  con tamina t ion 
o r  g i ld ing ,  and  no t  t he  e l emen t s  o r ig ina l ly  p re sen t  i n  the  a l loy.

Description Ag Cu Au Pb Bi Hg Fe Zn

Saddle plate 1 rivet 65.5 11.3 1.1 < LOD 0.2 < LOD 18.5 1.3

Saddle plate 1 stiffener band 1 56.5 2.9 31.4 < LOD 0.2 < LOD 8.5 < LOD

Saddle plate 1 stiffener band 2 84.3 7.2 4.5 < LOD 0.4 < LOD 3.2 0.04

Figure 11. XRF spectra of the saddle plates from Nyíregyháza-Oros, showing the emission lines of the characteristic elements (red, 
lighter part; blue, darker part).

Figure 12. XRF spectra of the gilding of the saddle plates from Nyíregyháza-Oros, showing the emission lines of the characteristic 
elements (green, saddle plate 1; blue, saddle plate 2).
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One piece of the stiffener band was preserved in a highly 
corroded piece of iron, while the other was a very small, 
detached piece. A silver rivet and wooden remains were 
also preserved in the iron. The exact chemical composi-
tion of the stiffener bands and the silver rivet cannot be 
determined, due to the extensive gilding and iron cor-
rosion products present on the surface (Table 2), but the 
stiffener bands were made of silver-copper alloy similar to 
those from Pécsüszög.

L é v a

In 1904, during clay extraction, the skeletal remains of a 
partial horse burial were found in Léva. The horse skull 
lay on the man’s skeleton. Only a little information has 

survived about the circumstances of the excavation of the 
Léva assemblage8.

The horse trappings include an iron bit, bridle mounts and 
saddle plates. The pressed, gilded copper alloy ornaments 
of the bridle are all worn out, some are fragmented, and 
back-plates made of yellow brass were attached to all their 
backs by the conservator (Fig. 13). Both the rectangular 
(six pieces) and the cicada-shaped (three pieces) mounts, 
as well as the phaleras (three pieces) are gilded, and the 
microscopic images show clearly the extent to which the 
gilding has worn off (Fig. 14.1, 2). It seems that there is no 
difference in their material and method of manufacturing.

The exact chemical composition of the mounts cannot be 
determined, due to the disturbing effect of extensive gild-
ing and surface contamination; however, the analysis of 
the worn areas did not show the presence of alloying el-
ements (tin, lead, zinc), suggesting that the objects were 
made of unalloyed copper (Table 3). In the gilding, we de-
tected the presence of mercury, referring to the use of fire 
gilding (Fig. 15).

The two pieces of fragmented D-shaped saddle plate, also 
made of gilded copper alloy, differ in their style of deco-
ration from the bridle mounts, in that the ‘scale pattern’ 
was punched by the goldsmith (Fig. 14.2). The cannulated, 
hemmed edges of the plate survived in better condition. 
Based on chemical analyses, the saddle plates, like the 
bridle mounts, were made of unalloyed copper, decorated 
with fire gilding, as is proven by the presence of mercury 
(Fig. 15; Table 3). There are also saddle stiffener bands that 
were made of copper alloys containing tin, lead and zinc 
(Table 3). 

The appearance of the two-piece side cover of the whip 
(nagaika) suggests that the two pieces differ in their mate-
rial, which may indicate a replacement (Figs. 14.3, 4). The 
difference is also reflected in their chemical composition: 
one piece was made of unalloyed copper, whereas the oth-
er was made of good-quality silver (Table 3). No traces of 
gilding were detected, but traces of tin-lead solder appear 
on the silver piece.

C on c lu s i on

After examining the three assemblages, it can be stated 
that the material analysis of the objects is essential, as it 
can be used to determine which mounts, different in co-
lour or decoration, could have been manufactured at the 
same time and in the same workshop. It also shows which 
ones were made later, possibly as replacements. This ques-
tion can be examined very successfully in the case of  
8	 Thin fragments of bronze belt mounts were also unearthed at 

the site, gilded on one side and embossed with pearl motifs 
on them. They were presumably fastened with a bronze clasp 
(Alföldi 1932, p. 72).

Figure 13. Objects from the Léva assemblage: 1. phaleras; 2. 
cicada-shaped bridle mounts; 3. rectangular-shaped bridle 
mounts; 4. D-shaped saddle plates (photographs: Hungarian 
National Museum, Budapest).
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assemblages including several objects, as in the case of 
Pécsüszög.

Thanks to the XRF analysis, it was possible to determine 
the purity of the gold (Pécsüszög) and the different gilding 
techniques (fire gilding, Léva; ‘leaf gilding’, Nyíregyháza-
Oros), and to specify the material composition of copper 
alloy plates (Léva).

Previously analysed assemblages, such as the horse trap-
pings from Bátaszék, Göd-Bócsaújtelep, Nagy-széksós and 
Telki, can also be classified according to defined groups. In 
terms of material and gilding, three main groups can be 

distinguished: gold plates (Bátaszék, Pécsüszög, Szeged-
Nagyszéksós), gilded silver plates (Göd-Bócsaújtelep, 
Nyíregyháza-Oros, Telki), and gilded copper alloy plates 
(Léva). The assemblages of Árpás, Budapest-Zugló, De-
brecen-Agrár park and Pannonhalma, belonging to the 
‘gold plate horizon’ as well, will be analysed in the near fu-
ture, and so they can be compared to each other. Consid-
eration should be given to the analysis of garnets/stones 
from stone-inlaid mounts, as it can provide evidence of 
their provenance. For this reason, it is worth re-analysing 
the horse trappings from Szeged-Nagyszéksós.

Tab le  3 .  The  chemica l  compos i t ion  o f  t he  ob jec t s  f rom Léva ,  measu red  
by  the  XRF me thod .  The  r e su l t s  a r e  g iven  in  we igh t% (LOD =  l imi t  o f  de t ec t ion ) . 
Numbers  aga ins t  a  g rey  background  ind ica t e  su r face  con tamina t ion  o r  g i ld ing ,  
and  no t  t he  e l emen t s  o r ig ina l ly  p re sen t  i n  the  a l loy.

Description Cu Ag Au Sn Pb Zn Fe Si S
Bridle mounts

Phaleras
1.1924.d1 97.2 < LOD 0.3 < LOD 0.4 < LOD 0.05 0.6 0.2
1.1924.d2 52.1 0.1 47.3 < LOD < LOD < LOD 0.01 0.3 < LOD
1.1924.d3 72.3 0.03 26.3 < LOD < LOD < LOD 0.02 0.5 0.2
Cicada-shaped mounts
1.1924.c1 91.7 0.2 7.3 < LOD < LOD 0.1 < LOD < LOD < LOD
1.1924.c2 96.5 < LOD 0.9 < LOD < LOD 0.2 0.03 0.3 0.2
1.1924.c3 93.7 0.3 4.7 < LOD < LOD < LOD < LOD 0.2 0.1
Rectangular mounts
1.1924.b1 84.8 0.5 11.3 < LOD < LOD < LOD 0.04 < LOD < LOD
1.1924.b2 95.7 < LOD 1.2 < LOD < LOD 0.02 0.01 0.7 0.4
1.1924.b3 97.0 < LOD 1.1 < LOD < LOD < LOD 0.04 0.8 0.4
1.1924.b4 89.3 < LOD 8.9 < LOD < LOD < LOD 0.02 < LOD < LOD
1.1924.b5 94.3 < LOD 2.9 < LOD < LOD 0.2 0.03 0.4 0.2
1.1924.b6 90.0 < LOD 8.4 < LOD < LOD 0.04 0.03 1.1 < LOD

Saddle plates
1.1924.a 69.6 0.05 23.7 < LOD < LOD < LOD < LOD < LOD < LOD
1.1924.a2 rim 91.0 0.5 0.2 0.8 1.4 1.8 0.1 1.7 2.1
1 . 1 9 2 4 . a 2 
rivet 84.7 0.9 1.8 1.3 < LOD 1.6 0.3 3.5 3.8

Stiffener bands 
1.1924.a_1 83.6 0.2 0.2 1.0 8.7 1.8 0.4 2.7 < LOD
1.1924.a_2 80.3 < LOD < LOD 0.9 6.1 1.7 0.6 7.9 < LOD
Whip (nagaika) 
1.1924.e1 96.2 < LOD < LOD < LOD 0.1 < LOD 0.1 0.9 1.2
1.1924.e2 2.5 96.3 0.5 < LOD 0.3 0.04 0.04 < LOD 0.3
1.1924.e2 sol-
der 2.7 85.4 0.4 3.1 5.4 0.1 1.1 < LOD 0.9
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Figure 15. XRF spectra of the gilding of the objects from Léva, showing the emission lines of the characteristic elements (black, 
bridle mount; red, saddle plate).

Figure 14. Digital microscopic images showing a phalera (upper left), the decoration of the saddle plate (upper right), and the two 
covers of the nagaika (lower) from Léva.
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Hopefully, the groups and subgroups identified by our in-
vestigations will help to describe and classify objects of the 
‘pressed gold plate horizon’ that are found in the future.
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S ant r au k a

Žirgų apranga regione žinoma iš vėlyvosios antikos ir 
ankstyvojo tautų kraustymosi laikotarpio (1–10, 13,  
14 pav.). Ko gero, visame žirgo aprangos kontekste „pre-
suotos aukso plokštelės“, kaip savotiškas laikotarpį at-
spindintis stilistinis reiškinys ar „dirbinių horizontas“, 
yra išsamiausiai tyrinėtas. Tačiau niekada nebuvo atlikti 
straipsnyje aptariamų auksinių plokštelių archeometriniai 
tyrimai. Šiame straipsnyje aptariami trys Karpatų regiono 
žirgo aprangos rinkiniai, tai Pécsüszög ir Nyíregyháza-
Oros „ritualiniai depozitai“ (aukos), Lévos kapo radiniai. 
Šio straipsnio tikslas – nustatyti tiriamų dirbinių chemi-
nę sudėtį, auksavimo technologiją ir dekoravimo būdą. 
Išanalizavus Untersiebenbrunn stiliaus žirgų aprangos 
detales, iškilo kitas klausimas, ar galima šio stiliaus ir ki-
tur rastą vizualiai panašią medžiagą susieti tarpusavyje, 
įvertinus atliktus elementinės sudėties ir auksavimo tyri-
mus. Tiksliau, ar galima, naudojant dirbinio elementinės 
sudėties duomenis, pagrįsti, jog skirtingose vietose rasti 
dirbiniai pagaminti tose pačiose dirbtuvėse, ar priešingai, 
tirti dirbiniai gaminti skirtingose dirbtuvėse vieno ar kelių 
juvelyrų. Atskiros žirgo aprangos detalės buvo pakeistos 
kitomis joms tiesiog sulūžus. Pasikeitimus neabejotinai 
turėtų atspindėti skirtinga cheminė dirbinių sudėtis.

Išnagrinėjus minėtų trijų žirgo aprangos komplektų lie-
kanas, pagal skirtingos spalvos ar stilistikos elementus, 
suirimo lygį, išskirtos vienalaikės detalės (kamanų ir bal-
nų apkalai, žąslų dalys), galimai gamintos tose pačiose 
dirbtuvėse, taip pat pastebėti vėlesni pakeitimai, atsiradę 
kaip  taisymų rezultatas. Rentgeno spindulių spektro-
metrija (XRF) nustatyta elementinė radinių sudėtis ir 
skirtingi auksavimo būdai: karštas dirbinio paviršiaus auk-
savimas (amalgama) (Léva), dirbinio dengimas plonais 
aukso lapeliais (Nyíregyháza-Oros, Bátaszék, Pécsüszög,  
Nagy-széksós), auksuotomis sidabro plokštelėmis (Göd-
Bócsaújtelep, Nyíregyháza-Oros, Telki) ir auksuotomis 
vario lydinio plokštelėmis (Leva).


