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Comparative Analysis of the Chemical 
Composition of the Belt Decorations of Different 

Types of the Nevolinskaya Culture Belts 

Anastasia A. Chernykh(B) 

Institute of History and Sociology, Udmurt State University, Izhevsk, Russian Federation 
anasteisha2028@mail.ru 

Abstract. Belts belong to a category of inventory that provides a good dating 
base for burial grounds. The purpose of this study is to compare the results of 
X-ray fluorescence analysis (XRF) of the Nevolinskaya culture belts based on the 
typology proposed by Rimma D. Goldina. This work is the first generalization of 
the obtained results of the chemical analysis of the Nevolinskaya culture belts. A 
total of 323 items (142 overlays, 79 belt tips and 102 buckles) from 103 graves of 
5 burial grounds were examined. The metal items were analyzed using an XRF 
spectrometer using a non-destructive method, and their chemical composition 
was determined. The study showed that the division into belt types identified by 
Goldina based on morphological features can be confirmed at the chemical level. 
Individual types of belts are similar in chemical composition within their groups, 
but are different if compared to each other. The evolution of the use of certain 
impurities is also traced. Early types of belts (the V–VIIth centuries CE) contain 
Zn and Ag. These elements gradually disappear from the alloys, after which an 
alloy based on copper and lead gradually appears, which eventually becomes the 
only one used. 

Keywords: Perm Krai · the Nevolinskaya culture · belt set · XRF · chemical 
composition 

1 Introduction 

Currently, the Nevolinskaya archaeological culture of the early Middle Ages is one of the 
best studied in the Kama region. As a result of many years of archaeological explorations 
by the Kama-Vyatka archaeological expedition, a huge collection of clothing, jewelry, 
dishes, coins, tools, horse equipment, weapons, etc. was obtained and studied. The 
notable amount of materials of this culture was published to date. During studying the 
materials, the belts were reconstructed, and the belt set was studied from the point of 
view of classification, periodization and chronology. These issues were primarily dealt 
with by Rimma D. Goldina, as well as specialists such as Alexey V. Komar and Igor O. 
Gavritukhin. But from a technical point of view, and even more so from a chemical one, 
the belt set has never been considered. The purpose of this study is to compare the results 
of X-ray fluorescence analysis of the Nevolinskaya culture belts, conducted over three

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026 
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years of work with material, with a pre-existing typology based on their morphology. 
This work is the first attempt to generalize the results of the chemical analysis of belts 
from the Nevolinskaya culture. 

The Nevolinskaya culture is localized in the Sylva-Irensky River region (Perm Krai) 
and dates back to the end of the IVth – first quarter of the IXth century CE. Its burial 
grounds are complexes that combine burial mounds (at the beginning of the 7th century 
CE) and non-mound parts (Goldina 2012b). About 33.3% of burials contain complete 
belt sets as, for example, in the Nevolinsky burial ground (Goldina 2012a). Separate 
parts of the belt (overlays, belt tips, buckles) are found in 17% (Goldina et al. 2018)  to  
50% of all cemetery graves (Goldina et a l. 2012). The position of the belts in the graves 
varied. The belt could be put on the deceased, folded in half and placed nearby, located 
in the waist area but not put on, or stretched along the body, as well as lying on the shin 
bones (Goldina et al. 2018). 

Rimma D. Goldina divided the belts into the four types: the Kharinsky (Verkh-
Sainsky) type of the V–VIth centuries; the Bartymsky (Agafonovsky) type of the 
VIIth century; the Nevolinsky type (with 3 sub-variants) of the VIIIth century; and the 
Sukholozhsky type of the last quarter of the VIIIth – first quarter of the IXth centuries 
(Goldina et al. 2018). 

The Kharinsky (or Verkh-Sainsky) type fittings (Fig. 1-A) are buckles with a large B-
shaped ring, rectangular overlays and box-shaped belt tips, often with pseudo-graining 
and filigree (Goldina 2012b). The first name of this type of belt fitting was Kharinsky. 
This type is related in time to two chronological groups: Brodovskaya and the Verkh-
Sainskaya, named after the burial grounds with characteristic items. However,Goldina 
suggests that it is correct to use the term “the Verkh-Sainsky type” to designate them, due 
to the large amount of material in the Verkh-Sainsky burial ground. The Verkh-Sainsky 
version of belts differs from the earlier Brodovsky type in size, massiveness, shape of 
buckles and the presence of overlays. 

The Bartymsky type (Fig. 1-B) represents belts with leather pendants that are 
decorated with heraldic overlays (Goldina 2012a). 

The Nevolinsky type of belt has three subtypes. The Nevolinsky subtype (Fig. 1-
C) has leather band of 2–2.5 cm wide and 70 cm long, with pendants decorated with 
three-ended and rectangular overlays. The Eastern subtype (Fig. 2-A) is decorated with 
rectangular, arched, sickle-shaped and other original overlays. The Eastern belt with the 
pre-Saltovsky details subtype (Fig. 2-B) is distinguished by the presence of buckles and 
belt tips with the image of palmettes (Goldina 2012b). 

The Sukholozhsky type (Fig. 2-C) has overlays with the image of a mask, heart-
shaped, sickle-shaped, semi-oval with slits (Goldina 2012b). 

The belt sets for analysis were selected from five burial grounds of the Nevolinskaya 
culture: the Brodovsky burial ground (the late IV–IXth centuries CE) (Goldina 1986, 
p. 47–99), the Verkh-Sainsky burial ground (the VIth – first quarter of the IXth centuries 
CE) (Goldina et al. 2018), the Nevolinsky burial ground (the last quarter of the VII– 
VIIIth centuries CE) (Goldina, 2012a), the Ust-Irginsky burial ground (the late VII– 
VIIIth centuries CE) (Volkov & Pastushenko 2006, p. 5–39), and the Sukhoi Log burial 
ground (the last quarter of the VIII – first quarter of the IX centuries CE) (Goldina et al. 
2012).
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Fig. 1. Types of belt fittings of the Nevolinskaya culture. A – the kharinsky type; B – the bartymsky 
type; C – the nevolinsky subtype. 

Fig. 2. Types of belt fittings in the Nevolinskaya culture. A – the eastern subtype; B – the pre-
saltovsky subtype; C – the sukholozhsky type. 

2 Materials and Methods 

The analysis was carried out using a portable X-ray fluorescence analysis (XRF) device 
for the surface S1 Turbo SD LE (the analysis was carried out at a voltage of 40 kV, 
the current strength was up to 60 mA). XRF is based on on the principle of measuring 
the spectrum of secondary X-ray radiation. The XRF spectrometer measures the X-
ray fluorescence of atoms, and this method of analysis can be used as an independent 
method, even in the field. It belongs to the non-destructive types of analysis, which 
allows preserving the archaeological find for further description and study (Mokrushin 
et al. 2020, p. 17). The presence of lines (secondary radiation) of a given element in the 
spectrum indicates its presence in the sample, and the intensity of these lines provides a 
basis for judging the concentration of the elements.
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Since the XRF spectrometer analyzes the composition of the surface of the object, 
patina, which distorts the results, was removed from the objects before the analysis. The 
items were cleaned using citric acid until the patina layer disappeared. A total of 323 
finds were analyzed using the XRF spectrometer: 142 overlays, 79 belt tips, and 102 
buckles from 103 graves. 

3 Results and Discussion 

Early types of belts (the Brodovsky and Verkh-Sainsky types) are distinguished by a 
minimal presence of lead (average value – from 0.25 to 4 wt %) (regardless of the burial 
ground – Brodovsky or Verkh-Sainsky). Copper (71–99 wt %) with Zn (6–20 wt %) and 
Cu (4–55 wt %) with Ag (43–90 wt %) (mostly belt tips consist of such an alloy) are 
characteristic alloys. In two cases, the finds consisted of tin bronze (Cu 55 and 86 wt %, 
Pb 1 and 5 wt %, Sn 12 and 30 wt %). 

Alloys of Cu (3–42 wt %) with Ag (43–91 wt %), as well as Cu (70–86 wt %) with Zn 
(5–22 wt %) are still present in the Bartymsky type. However, it can already be noted that 
the craftsman began to use Sn and Pb as an admixture more often (in the previous type, 
only three finds from those tested consist of lead bronze (the amount of Pb varies from 
13 to 30 wt %), in the Bartymsky type, 6 overlays consist of lead bronze (Cu 23–65 wt 
%, Pb 29–71 wt %). Four overlays from 120 graves of the Verkh-Sainsky burial ground 
consist of a triple alloy of Cu, Pbd and Sn (Cu 31–68 wt %, Pb 20–50 wt %, and Sn 
12–14 wt %)). 

Fig. 3. Graph of the ratio of chemical alloys by types of the Nevolinsky belts.
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The third type – the Nevolinsky type – consists of three subtypes described above. 
Almost all details of the belts of this type regardless of the subtype contain Cu and Pb. 
The Cu and Pb contents vary greatly within the range from 22 to 93 wt percent and from 
2 to 74 wt %, respectively. The chemical composition was similar for all three subtypes. 

Zinc is present in this type, but its concentration reaches only 4 wt %. 
The number of items containing Ag decreased (only 5 pieces), and the percentage 

indicators did not exceed 5 wt %, although the previous two had items consisting of 
80–90 wt percent Ag. 

Separately, 6 items consist of a triple alloy of Cu (40–55 wt %), Pb (21–34 wt %), 
and Sn (19–25 wt %). All these objects are not on one belt, but are single finds from 
different burials. 

The last is the Sukholozhsky type. Lead bronze acts as the predominant alloy, in 
which the Cu content varies from 24 to 97 wt %, and the Pb content varies from 3 to 
59 wt %. 

Zinc is present (1–15 wt %), but only in one find does the amount of zinc exceed other 
impurities. Silver also did not disappear from the composition but no longer exceeded 
1  wt  %  .

The finds also contain tin, but also in smaller proportions than in the previous types 
of belts – 6 wt %. 

A distinctive feature of all the results, regardless of the type of belt, was that the 
alloy contained Fe, on average 1–5 wt %, but there were items with more than 10 wt %. 
The main microimpurities are Co, In, Se, Pt, Nb, Ag, Mn, Zr, Cd, Rh, As, and Ni. 

4 Conclusions 

As a result, the following pattern can be seen: in the belts of the Brodovsky and Verkh-
Sainsky types, copper-zinc and copper-silver alloys are the leading ones, and lead is 
almost absent in the complex. In the Bartymsky type, copper-zinc and copper-silver 
alloys remain, but the wt.% of lead and tin in the artefacts increase. In the Nevolinsky 
type, silver and zinc cease to be found in large wt.% in alloys, the main additive is lead, 
less often tin. In the Sukholozhsky type, silver, zinc and tin have practically disappeared 
from the composition of the objects, and lead is present in all alloys. 

Thus, based on the above results of the X-ray fluorescence analysis, the following 
conclusions can be made. First, the division into types of belts identified by Goldina 
based on morphology was confirmed at the chemical level. Individual types of belts are 
similar within their groups, but different compared with each other. 

Second, there is no sharp transition in the use of a certain alloy between different 
types of belts (Fig. 3). That is, the evolution of the use of a certain admixture is traced. 
The levels of zinc and silver gradually decreased. These impurities were characteristic 
of the Brodovsky (yje 5th century CE), Verkh-Sainsky (the 6th century CE) and the 
Bartymsky (the 7th century CE) types of belt fittings. An alloy based on copper and lead 
also gradually appeared (the appearance of such an alloy refers to the Nevolinsky type 
of belt fittings of the 8th century CE), which eventually became the only one used in 
the Sukhologsky type (the 8th – first quarter of the 9th centuries CE). Most likely, this
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depends on the fact that the craftsmen gradually stopped using imported material, but 
continued to develop ore deposits and improve their level of skill. 

In the future, the option of rethinking the methodology of working with the results of 
chemical analysis is being considered. The obtained statistical materials will be grouped 
by alloy composition and considered in comparison with the existing typology of things. 

Acknowledgments. The author appreciates the Udmurt State University and, in particular, the 
Kama-Vyatka Archaeological Expedition for the opportunity to work with an X-ray fluorescence 
spectrometer and for providing archaeological material. 
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