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ABSTRACT

Werra D. H., Hughes R. E., Nowak M., Vizdal M. and Gačková L. 2021. Obsidian Source Use within the Alföld 

Linear Pottery culture in Slovakia. Sprawozdania Archeologiczne 73/1, 331-369.

This paper reports the results of non-destructive energy dispersive x-ray fluorescence (EDXRF) analysis of 

186 obsidian artifacts from eight archaeological sites attributable to the Alföld Linear Pottery culture (c. 5600-

4900 cal BC). This is the largest instrument-based study yet conducted and reported for Alföld Linear Pottery 

culture (ALPC) artifacts from Slovakia, where ALPC chipped lithic assemblages are almost entirely composed of 

obsidian items. Results show that all obsidian artifacts analyzed were manufactured exclusively from a volcanic 

glass of the Carpathian 1 chemical type, the source of which has been localised in Slovakia. This chemical variety 

of obsidian appears to have been the most important volcanic glass used by prehistoric communities in East-

Central Europe during the Neolithic.
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INtRoDuctIoN 

Due to its particular physical and aesthetic properties, obsidian – a natural volcanic 

glass – was widely used by past human communities. Its extraordinary features like gloss, 

colour, transparency, and razor-sharp edges, find their counterpart in its geochemical 

composition, where discrete combinations of trace elements created during the magma 

eruption and cooling allow each “source” (or, eruptive entity) to be identified. The charac-

teristic trace and rare earth element composition, the so-called geochemical “fingerprint”, 

of each source can be instrumentally-identified, and these can then be used for compari-

son with “fingerprints” determined for archaeological artefacts. The congruence between 

“source” and artefact fingerprints forms the scientific basis for studies of the temporal and 

spatial variation in the conveyance, use, and discard patterns evident in the archaeological 

record. 

In this paper, we use energy dispersive x-ray fluorescence (EDXRF) analysis as the 

instrumental basis for identifying the obsidian sources used by Alföld Linear Pottery cul-

ture (ALPC) communities and discuss the results in the context of how the material may 

have been employed during that period. 

fig. 1. Locations of ALPc archaeological sites in Slovakia containing obsidian artifacts analysed in this study. 
1 – Malé Raškovce, Michalovce distr.; 2 – Slavkovce, Michalovce distr.; 3 – Zalužice, Michalovce distr.; 
4 – Lúčky, Michalovce distr.; 5 – Moravany ‘Stredné pole’, Michalovce distr.; 6 – Zbudza, Michalovce distr.; 
7 – Fintice; Prešov distr.; 8 – Ražňany-Farské, Sabinov distr.; c1 – carpathian 1 geological obsidian out-
crops; c2 – carpathian 2 geological obsidian outcrops; c3 – carpathian 3 geological obsidian outcrops. 

Red lines mark distances from carpathian 1 source locations. Graphic design: Ł. Figura
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cARPAtHIAN obSIDIAN

Several geological obsidian sources are located in, and proximate to, the Zemplén 

Mountains in Slovakia and Hungary (Fig. 1). Those outcrops of this material were the most 

important for prehistoric communities in Central Europe. By convention, obsidian raw 

materials are classified into three groups: Carpathian group 1 (C1) is used as a shorthand 

descriptor for obsidian from Slovakia, Carpathian group 2 (C2) identifies obsidian from 

Hungary, and Carpathian group 3 (C3) specifies material from Transcarpathian Ukraine 

(Thorpe et al. 1984; Rosania et al. 2008). 

The occurrence of obsidian in what is today Slovakia and Hungary was first noted by 

Johann Ehrenreich von Fichtel (1732-1795) in 1791 (Mineralogische Bemerkungen von 

den Karpathen, Wien 1791-1794; Janšák 1935; Přichystal 2013, 160). Within Slovakia na-

tural sources of obsidian are concentrated in Veľká Tŕňa, Malá Tŕňa, Viničky, Malá Bara, 

Vel’ká Bara and Streda nad Bodrogom, and secondary sources are known in the area of 

Brehov-Cejkov (Kaminská and Ďuďa 1985, 123; Kaminská 1991; 2013; 2018; Bigazzi et al. 

2000, 225; Přichystal 2013, 160, 161; Přichystal and Škrdla 2014; Bačo et al. 2017, 208).

The best-known outcrop, and the one frequently cited as being most important to pre-

historic communities, is in Viničky. This deposit has been described by O. Williams and 

J. Nandris (1977, 216), and its major and minor element composition appears in Macdonald 

et al. (1992, appendix 3, 189, 196). The obsidian there is either black or grey and poorly 

transluscent, with a matte surface. This raw material is found in primary deposits yielding 

nodules c. 7 cm in diameter, rarely 10-12 cm weighting up to 0.8 kg (Williams and Nandris 

1977, 211; Přichystal 2013, 160). However, based on recent comparisons between obsidian 

artefacts and obsidian from the sources Přichystal and Škrdla (2014) suggest that the 

Brehov-Cejkov may have been the most important locus for prehistoric obsidian extrac-

tion (Bačo et al. 2017; Burgert et al. 2017, 8-10). 

Three geological sources of obsidian occur in northeastern Hungary – Tolcsva, Erdo-

benye-Aranyospatak and Erdobenye-Ligetmajor (Biró 1981, 201; Přichystal 2013, 161), 

with obsidian present as nodules weighing over 5 kg. This obsidian is generally black in 

appearance, but it can also be found in a variety of different hues, such as dark brown, 

greenish, light red, reddish-brown, yellow, and yellowish-green. The most well-known va-

riety is the obsidian from Tolcsva which is opaque, matt, and black (Williams and Nandris 

1977, 213; Přichystal and Škrdla 2014, 161). The major and minor element chemistry of 

Tolcsva also was reported by Macdonald et al. (1992, appendix 3, 189, 196).

Some time ago O. W. Thorpe, S. E. Warren, and J. G. Nandris (1984, 184), pointed out 

that there are visible differences in colour and transparency that differentiate Hungarian 

obsidian from that found in Slovakia; the Hungarian variant is almost always black and 

opaque, while its Slovakian counterpart can be grey or brownish-grey, with some degrees 

of transparency (Přichystal 2013, 161). The discovery of a new visual variant of obsidian by 

Přichystal and Škrdla, however, throws into question the confidence one can have that 
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these visual intrasource differences unambiguously separate Hungarian from Slovakian 

occurrences. 

In the Transcarpathian Ukraine, not far from the villages of Rokosovo and Maliy Rako-

vets, V. F. Petrougne (1986) reported a local variety of obsidian that eventually became 

known as Carpathian 3 (Rosania et al. 2008; Hughes and Ryzhov 2018). To the north of 

Rokosovo and the south of Maliy Rakovets in the Upper Tertiary Sin’ka Formation, obsi-

dian blocks and bombs occur in an agglomerate tuff. This obsidian has two visual sub-

types: a freshly broken piece of the first variety has a glassy lustre and, occasionally, dis-

plays unique grey stripes. The second type is grey, with a dull sheen, is striped with darker 

bands and contains visible spherulite inclusions. These latter characteristics are very rarely 

noticeable within the first black variation (Rácz 2018).

MAtERIALS

This paper focuses on EDXRF provenance analysis of 186 obsidian artefacts from eight 

Neolithic sites located within what is today Slovakia (Fig. 1; Table 1). We chose artifacts from 

sites associated with the activity of ALPC communities from each of its chronological phases, 

including the last stage connected with the Bükk culture. All materials analysed were se-

lected from properly dated settlements with large quantities of pottery and with 14C dates. 

With the exceptions of Lúčky and Fintice (Vizdal 2000a; 2000b), the results of archaeo-

logical investigations of the sites that we examined have all been published (see Table 1). 

GENERAL REMARkS oN tEcHNoLoGy-MoRPHoLoGy 
AND LItHIc SouRcES cHARActERIZAtIoN oF tHE ALPc 

IN SLoVAkIA 

In the middle of the 6th millennium in the area of the middle and upper Tisza Basin the 

ALPC came into being as a result of northward expansion of the Körös culture and its re-

gional, cultural transformations. Afterwards, the scientific consensus seems to be that 

those communities diffused northward from the Great Hungarian Plain to the Košice Ba-

sin, the Eastern Slovak Plain, and the Transcarpathian Ukraine, but the expansion never 

crossed the Carpathian Mountains (Kalicz and Makkay 1966; 1977; Šiška 1989; Pavúk 

2004, 74; Kozłowski and Nowak 2007; 2010; Domboróczki and Raczky 2010). 

The earliest ALPC expression (Szatmár group, equivalent to the so-called proto-Linear 

phase in eastern Slovakia) is dated to the period c. 5600-5400 cal BC (Domboróczki 2010, 

156-161; Domboróczki and Raczky 2010, 213-215). In sites of this phase, the lithic resour-

ces used are nearly always of local origin, mostly obtained in the Slovak-Hungarian bor-

derland (limnoquartzites, and Carpathian obsidian 2) and Transcarpathian Ukraine 
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(predominantly the stone used in the ground stone industry). Some imports of radiolarite 

from Šariš are recorded (Slavkovce site) in the Eastern Slovak Lowland during the early 

ALPC phase but, overall, there is very little evidence for contacts with territories to the 

north and the east of the Carpathians (Kozłowski 1997; Kozłowski and Nowak 2010; Raczky 

et al. 2010; Kozłowski et al. 2014, 42-45). 

The typical assemblage composition of ALPC sites throughout most of the Eastern Slo-

vak Lowland consists of obsidian (dominant), with lower proportions of limnoquartzites, 

radiolarite, and others (e.g. hornstornes at Moravany). Except for “others”, all of those 

sources can be found within several dozen kilometres from the site (< 50 km distant up to 

120 km; Kozłowski and Nowak 2010, 76, 86; Kaczanowska et al. 2013, 113, 114; Kaczanow-

ska et al. 2015, 172). Evidence of long-distance contacts in lithic sources occurs only rarely. 

For example, two artefacts recovered at Moravany were of chocolate flint (Upper Jurassic, 

the highest Oxfordian limestone and Lower Kimmeridgian, located within Central Poland) 

and the other of Volhynian flint (Cretaceous flint Turonian age; primary deposits located 

within the Volhynian Upland; Kozłowski 1989, 378, 391; Kaczanowska and Kozłowski 

1997, 221; Kozłowski and Nowak 2010, 76, 86; Kaczanowska et al. 2013, 112-114; 2015, 172). 

Unmodified obsidian nodules are often found on these sites; e.g. Slavkovce contained 

a cache of 34 obsidian nodules (see Kaczanowska and Kozłowski 1997, 184). Direct percus-

sion and pressure techniques were mostly used to obtain blade blanks. There is some evi-

dence that in younger ALPC assemblages a punch was used. Cores preparation was limited 

to platform preparation, and did not extend to the lateral side, back and distal end. It 

seems that core reduction proceeded from a prepared platform and during the manufac-

turing process, the flaked surface was extended to the sides of the core, until a conical, 

semi-conical or subdiscoidal form was achieved. Single platform blade cores predominate, 

except during the last phase when the method of reduction was changed and the object 

became a flake core. Flaking surface rarely extends over the lateral edges. Flakes were de-

rived from cortical platforms or prepared with a single blow. Percussion points and bulbs 

are conspicuous, and percussion scars on the bulb indicate that hard hammerstones were 

used for core reduction. Blades also have platforms prepared with a single blow, and the 

distinctive bulb and bulbar scar also are consistent with the use of the direct percussion 

technique. Based on lithic analysis, the most desired end products were obsidian blades of 

dimensions: 30-40 mm long, 15-15 mm wide and 3-4 mm tick. Tool-kits were mainly com-

posed with different proportions of retouched blades, retouched flakes, end-scrapers and 

geometric microlithic, which reflect the different domestic economic activities undertaken 

by the inhabitants of various settlements (Kozłowski 1989, 391; Kaczanowska and Ko-

złowski 1997, 178-180, 188, 189, 191, 194, 195, 220; Kaczanowska et al. 2013, 112; 2015, 

173, 175). The Bükk culture assemblages contain large numbers of cores and blades. Cores 

are single-platform and their exploitation was preceded by careful preparation, as evi-

denced by technical forms, like crested blades. The pressure technique was used to obtain 

blade blanks, mainly up to 5 cm long. Most tools produced however, were end-scrapers 
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and truncations with lateral retouch and notched forms. Tool-kit composition appears 

to be related to site function rather than to time period. It is commonly stated that the 

Bükk culture lithic economy was built only on obsidian (Kulczycka and Kozłowski 1960, 

44; Kalicz and Makkay 1977), but the evidence from e.g. Šarišské Michaľany and Raž-

ňany-Farské indicate this was not always the case (Kaczanowska et al. 1993, 95, 107-109; 

Karabinoš et al. 2018). Obsidian played a major role at settlements at a distance around 

55 km from the outcrops. The amount of obsidian utilized appears to have depended not 

only on the site location but the different domestic economic activities that took place 

there.

PREVIouS PRoVENANcE INVEStIGAtIoNS 

Over the last few decades since the first description of Carpathian obsidians, numerous 

modern analytical methods have been applied to determine the provenance of obsidian 

artifacts (see e.g. Biró 2006; Rózsa et al. 2006; Kasztovszky et al. 2014; Prokeš et al. 2015; 

Kasztovszky and Přichystal 2018). 

However very little instrumental analysis has been undertaken on obsidian from ALPC 

sites. Kozłowski published results of the trace elements analysis of some obsidian samples 

from Zemplínske Kopčany and Prešov-Šarišské Lúky (Kozłowski 1989, Tab. 2), wherein all 

the analysed items were attributed to Carpathian obsidian type 1, from the Malá Třňa-

Viničky region (Kozłowski 1989, 377). The results show a high degree of homogeneity sug-

gesting that the raw material must have been obtained from a single eruptive source. 

The obsidian raw material at Moravany – which was imported most probably as un-

worked nodules with surface sculpture typical of secondary (redeposited) natural sources 

– was determined to be Carpathian variety 2 obsidian by Małgorzata Kaczanowska on the 

basis of macroscopic appearance (Kaczanowska et al. 2015, 172; see Bačo et al. 2017, 209).

MEtHoDoLoGy  

As stated above, a study of the provenance of 186 artifacts of obsidian from 8 archaeo-

logical sites was conducted (see Table 2). The first step of selection was macroscopic. In 

this stage, samples were separated on the basis of differences in lustre, transparency and 

colour, as well as texture and pattern in obsidian structure (Fig. 2). We also paid attention 

to the size of all items and surface sculpture, keeping in mind the features of Carpathian 

obsidian identified by Přichystal and Škrdla (2014) and by Bačo et al. (2017; 2018). Table 

2 breaks down the artifacts analysed in this study on the basis of a classification intended 

to document the presence of obsidians items in each stage of the lithic reduction (see 

Dzieduszycka-Machnikowa and Lech 1976; Lech 2012). The first group (natural nodules 
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fig. 2. obsidian artifacts analysed in the present study: a-h – Moravany ‘Stredné pole’, Michalovce distr.; 
i-l – Zbudza, Michalovce distr.; m-o – Slavkovce, Michalovce distr.; p, q – Ražňany-Farské, Sabinov distr.; 
r, s – Fintice; Prešov distr.; t-v – Malé Raškovce, Michalovce distr.; w, x – Zalužice, Michalovce distr.; y-b’ – Lúčky, 

Michalovce distr.; Photo: D.H. Werra
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and cores) contains 24 items; seven unworked (natural) obsidian nodules, roughouts in 

different stages of preparation, and 17 cores in different stages of reduction. The second 

group consists of ten whole blades and 44 blade fragments. The other three specimens are 

technical blades. The third group of 77 artifacts is made up of flakes and waste, along with 

platform rejuvenation and preparation flakes. The fourth and final group (retouched tools) 

consisted of 28 artifacts, mostly end-scrapers together with retouched blades and flakes. 

We used these groups to guide our selection of obsidian artifacts for EDXRF analysis to 

investigate whether or not some elements of the obsidian lithic reduction system (of which 

there were distinctive types in each morphological group) might have employed obsidian 

from different sources (chemical types).

GEocHEMIcAL ANALySIS AND RESuLtS

The 186 samples selected for this study were analysed in the Geochemical Research 

Laboratory in California using EDXRF spectrometry and assigned to a geochemical type/

variety and therefore a source (sensu Hughes 1998). Laboratory analysis conditions, in-

strumentation, geochemical type attribution procedures, element-specific measurement 

fig. 3. Normalized Rb/Sr/Zr composition of small obsidian artifacts from Fintice, Lúčky, Malé Raškovce, 
Moravany ‘Stredné pole’ and Ražňany-Farské. Dashed lines depict the range of composition variation 
measured in archaeologically significant geological reference samples. (adapted from Hughes and Werra, 

2014: figure 5). Symbols plot the artifacts listed in table 4
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fig. 4. Sr vs. Zr composition of large obsidian artifacts from Fintice, Lúčky, Malé Raškovce, Moravany 
‘Stredné pole’. Dashed lines depict the range of composition variation measured in archaeologically significant 
geological reference samples (adapted from Hughes and Werra, 2014: figure 4). Symbols plot the artifacts 

listed in table 3

fig. 5. Sr vs. Zr composition of large obsidian artifacts from Ražňany-Farské, Slavkovce, Zalužice and Zbudza. 
Dashed lines depict the range of composition variation measured in archaeologically significant geological 
reference samples (adapted from Hughes and Werra, 2014: figure 5). Symbols plot the artifacts listed in 

table 3
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resolution, and literature references applicable to these samples follow those that we re-

ported for artifacts from Ryndo XIII/1959 (Hughes and Werra 2014) and from other 

Mesolithic and Paleolithic sites in Poland (Hughes et al. 2018). Table 3 and Fig. 4-5 present 

trace element concentration values for the 174 obsidian artifacts that were large enough to 

generate reliable quantitative composition estimates. The Sr/Zr data for all specimens 

plotted within the range established for Carpathian 1a/1b obsidians (Rosania et al. 2008, 

Milić 2014, Table 6), that occur in the Zemplén Mountains in northeast Hungary and 

southeast Slovakia (Fig. 3 and 4). Twelve other obsidian specimens in our sample were too 

small and thin to generate x-ray counting statistics adequate for proper conversion from 

background-corrected intensities to quantitative concentration estimates (i.e., ppm), so 

they were analysed to generate integrated net count (intensity) data for the elements Rb, 

Sr, Y, Zr, Nb, Fe and Mn. After background subtraction, the intensities (counts per second) 

were converted to percentages. The counting data and derived ratios appear in Table 4, 

and the plotted values appear in Fig. 3. Source assignments were made by comparing the 

plots for various element intensity ratios determined on artifacts against the parameters of 

known source types identified in Central Europe. Integrated net peak intensity data (Table 

4, Fig. 3) indicate that all 12 small flakes also were manufactured from Carpathian 1a/1b 

obsidian. The EDXRF analysis did not reveal any source-specific differences within or 

among different ALPC morphological or typological groups.

DIScuSSIoN AND coNcLuSIoNS 

Obsidian artefacts are present on archaeological sites in Slovakia dated from the Middle 

Palaeolithic, through the Upper Palaeolithic, Mesolithic, Neolithic, up to the Early Bronze 

Age. However as Early Neolithic communities began to appear in Slovakia, the incidence 

of obsidian use increased (Kaczanowska 1985; Kaminská 2018). The ALPC inventories, for 

example, are almost entirely composed of obsidian items. 

Almost 100% utilization of obsidian was registered at some sites (e.g. Zbudza, Zalužice, 

Slavkovce and Malé Raškovce). At Moravany, obsidian makes up almost 90% of the in-

dustry (Kozłowski 1989; Šiška 1989; Kaczanowska and Kozłowski 1997, 220, 221; Kacza-

nowska et al. 2015), while in the following Tiszadob group utilization of obsidian repre-

sented almost a half of all finds (Kaminská et al. 2016). In the following Bükk culture, 

obsidian dominates the entire chipped stone lithic industry. However in the material 

that we present here from the inventory from Ražňany-Farské obsidian does not con-

form to this pattern (Karabinoš et al. 2018, 348), nor does it at the Šarišské Michaľany 

site (Kaczanowska et al. 1993). 

Obsidian was subject to conveyance and long-distance distribution since Palaeolithic 

times (see Moutsiou 2014; Hughes et al. 2018) and, during the Neolithic, these activities 

intensified. Volcanic glass artifacts are present in inventories connected with Linear Pottery 
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culture sites (especially in the Želiezovce group), in western Slovakia, in southern Poland, 

and in ALPC assemblages in eastern Slovakia and Hungary (Kulczycka and Kozłowski 

1960; Godłowska 1982; Milisauskas 1986; Šiška 1998; Grygiel 2004; Kaczanowska and 

Godłowska 2009; Szeliga 2009; Tunia 2016; Biró 2018; Kaminská 2018; Riebe 2019; 

Szeliga et al. 2019a; 2019b). Even higher demand for obsidian seems to have existed du-

ring the Late Neolithic (following the decline of the Bükk culture, during the beginning of 

the Lengyel culture), when raw material exchange and conveyance moved semi-products 

and finished products of obsidian as far as the central Danube region (Šiška 1989, 77), 

Czechia (Burgert 2015; Burgert et al. 2016; 2017), Poland, and the Polish Lowlands 

(Więckowska 1971; Kabaciński 2010; Wilczyński 2016). At the end of the Neolithic and 

during the Eneolithic period obsidian lost its dominant status, although it has been found 

occasionally in Early Bronze Age deposits (Biró 2014, 60-64; 2018, 219-222; Kaminská 

2018, 209). 

Based on our current study it is clear that the obsidian artefacts from the ALPC archaeo-

logical in eastern Slovakia sites that we analysed originated exclusively from the Carpathian 

obsidian source (chemical type) C1 (see Fig. 3-5; Table 3 and 4). These results parallel those 

from neighbouring countries. Investigations in Czechia and Hungary show that the Slovakian 

variant predominates at Neolithic sites, with a minor representation of the C2 variant 

(Biró 2014; 2018; Burgert et al. 2016; 2017; Riebe 2019). A similar situation seems to have 

existed in Romania (Constantinescu et al. 2014, 148), although at some sites the Hungarian 

variant of obsidian predominates (i.e. Măgura-Teleorman; Kasztovszky et al. 2019, 86). The 

limited geochemical analysis previously conducted on Neolithic obsidian from Poland also 

indicates the exclusive dominance of the C1 obsidian variant (Kabaciński et al. 2015; 

Szeliga et al. 2019a; Szeliga et al. 2021). Obsidian of the Carpathian 1 chemical type seems 

to have been the most important volcanic glass for prehistoric communities in East-Central 

Europe (Biró 2014, 64, Fig. 13), and this is underscored by the results of our study. 

The tracing of the origins of the obsidian used for tools is a success story in Central 

European lithic provenance studies (Biró 2014, 47). Thanks to its unique geochemical fea-

tures (‘fingerprints’) different chemical varieties can be distinguished by using instrumen-

tal methods. Such identifications allow us to analyse sources and uses, and to track synchronic 

and diachronic changes in distribution paths and conveyance mechanisms. Determining 

the sources is just one step in piecing together the puzzle (Biró 1998; Tykot 2017, 274) with 

the ultimate goal of understanding the complex interrelationships that existed between 

and among prehistoric communities. Carpathian obsidian is found in Neolithic site inven-

tories at a considerable distance from the outcrops (even over 500 km; for example Ko-

walewko site 14, Oborniki dist., Kabaciński et al. 2015), and its presence can be useful in 

identifying such human connectivities, as well as possible differences in status, social 

rankings, and symbolic links to homeland/ancestors (see Mateiciucová 2010; Burgert 

2016). We hope the data and conclusions presented here will contribute to a broader 

understanding of all these issues during the Neolithic period.
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