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ARCHAEOLOGICAL EVIDENCE FOR EARLY WOOL EXPLOITATION 

IN SOUTH-EAST AND EAST CENTRAL EUROPE: TEXTILE TOOL DATASET 

 

This summarized and catalogued dataset was recorded and analyzed during the Topoi PhD Research 

Project (A-4-1-1) on Archaeological Evidence for Early Wool Exploitation in South-East and East 

Central Europe. It contains textile tools sampled within a site cluster that stretches accross the 

Pannonian Plain. The research study was focused on elucidating spatio-temporal and causal factors 

of the major changes in Eneolithic textile technologies, which might have been associated with raw 

fibre material innovation (Becker et al., 2014). The final Catalogue of Finds contains details on, 

collectively, 1048 archaeological objects classified as textile tools. 

Archaeological objects, namely spindle whorls, loom weights and spools, were recorded and 

analysed according to the methodological standards of the respective field of textile archaeology. 

The main objectives of the study are presented in a manuscript published uder the title “Eneolithic 

Textile Production”, which provides insight into the state of the art of textile archaeology, while 

dealing with actual textile remains and textile tools from the region separately (Grabundžija, 2018a). 

Results of the techno-typological analysis performed on the assembled material clarified that animal 

fibre use, possibly being driven by local environmental conditions, intensified already in the 4th 

millennium BC (Grabundžija & Russo, 2016). Furthermore, comparison of the investigated spindle 

whorl assemblages revealed that Eneolithic thread making had a ‘culture-specific’ technological 

signature. Both the typological standards and the morphometric specifications of these tools display 

a statistically significant dependence on what is in the traditional culture-historical discourse, meant 

by the term ‘archaeological culture’ (Grabundžija, 2018b). Examination of the social aspects of 

thread production pointed to intensified fibre processing and plausibly the early specialization of the 

manufacture during the Eneolithic period (Grabundžija, 2018c). 

An experimental method was performed as a remote part of the tool analysis, with the main 

purpose of investigating alternative tool options and their versatility which could explain the 

absence of loom weights in some of the inspected contexts (Grabundžija et al., 2016). 

 

GEOGRAPHICAL AND CHRONOLOGICAL FRAME OF THE STUDY 

In a broader geographical perspective, the 26 sampled sites (Fig. 1, Tab. 1) are spread across the 

southern parts of the Pannonian plain, at the edge of the South-East and East Central Europe, 

covering most of the Western Balkans area (including parts of Slovenia, southern Hungary, northern 

and eastern Croatia and northern Serbia). The geomorphological term Pannonian Plain is preferred 

over the ‘Carpathian Basin’, since the investigated archaeological material was recovered in the 

lowlands. The dataset does not include higer altitude archaeological sites from the mountain ranges 

that surround the plain which formed after the Pliocene Pannonian Sea dried out.  

In a traditional cultural-historical discourse, textile tool samples that were collected for the study can 

be attributed to 10 regional and supra-regional Late Neolithic (i.e. Vinča), Eneolithic (i.e. Balaton-

Lasinja, Furchenstich, Retz-Gajary, Proto-Boleráz, Boleráz, Baden, Kostolac, Vučedol) and Early 

Bronze Age (Somogyvár-Vinkovci) cultures.  
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The chronological timespan covers the Late Neolithic to the Early Bronze Age periods, which spans 

roughly from the first half of the 5th till the beginning of the 2nd millennium BC (Raczky, 1995).  

The upper chronological limit of the research corresponds with the period of the gradual 

disintegration of the large Neolithic complexes (i.e. Vinča, Sopot, Tisza and Herpály cultures) 

somewhere around 4600 cal. BC (Borić, 2015; Burić, 2015; Raczky et al., 2014). At the same time 

some of the Late Neolithic communities, i.e. Lengyel culture in the Hungarian Transdanubia (Bánffy, 

1994; Regenye, 2013), and Sopot culture in parts of western Croatia and Slovenia (Balen & Čataj, 

2014) continued to live well into what is now considered to be the Early Eneolithic period. 

 

 
 

Figure 1. Map of the investigated site cluster represented in the final Catalogue of Finds. 

 

Different “grand narratives” describe the shift between Neolithic and Eneolithic periods in Europe, 

either as gradual or abrupt transformations of local sociocultural and economical systems. 

Transformations were not mutual and were not simultaneously occurring throughout the whole of 

Europe. Settlements in some regions were nucleated in Neolithic and dispersed in Early Eneolithic 

(Parkinson et al., 2004; Gyucha et al., 2015; Raczky et al., 2014), tell settlements in major parts of the 

South Pannonia and Central Balkans were abandoned after the Late Neolithic (Link, 2006), burial 

customs also differed in some areas (Raczky et al., 2014: 328–331), while material culture patterning 

followed local traditions with significant tendency toward regional formal homogenisation.  

Characteristic shapes of copper tools and similar pottery forms occur over the vast territory of 

Europe. The same forms of Early Eneolithic copper axes were produced from the southern Balkans to 

Central Europe (Diaconescu, 2014), distribution of Early and Middle Eneolithic hollow-foot vessels, 

incised beakers and lobate vessels of Tiszapolgár and Bodrogkeresztúr cultures point to connections 

between the far peripheries of the continent (Spasić, 2008; Czekaj-Zastawny at al., 2011). Broad 

distribution of Late Eneolithic Baden culture cups and so-called Bratislava lids (Maran, 1998; Spasić, 

2008; Jovanović & Blagojević, 2014) also speak in favour of intensification of contacts and merchant 

routes in 4th and 3rd millennium BC Europe. Schier has evaluated the concept of Eneolithic (Copper 

age) as an historical epoch, as well as all supposed transformations that occurred during the Late 

Neolithic/Early Eneolithic shift (Schier, 2014). Through his analysis, he implied that the period in 
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question should be investigated on a local and absolute temporal level, and that “the time of grand 

narratives may be over, but local and regional stories are equally fascinating and more adequate 

reflections of the dynamic cultural diversity in prehistoric Europe” (Schier, 2014: 432). 

A minor part of the recorded textile tool corpus can be dated to the Late Neolithic period which was 

not in the main chronological focus of the study. Earlier textile practices were analysed in order to 

establish the degree and the nature of technological change as well as other indications and 

consequences of it. Therefore, tool assemblages from three Late Neolithic Vinča culture settlements 

in Serbia were recorded. The biggest sample comes from the tell site of Gomolava (Jovanović, 2011), 

while significantly smaller samples come from the sites of Masinske Njive (Blagojević 2014) and 

Crkovne-Stubline (Spasić, 2012; Crnobrnja, 2014). Late Neolithic Vinča culture had a strong textile 

tradition (Chapman, 1981: 122-124; Tringham & Stefanović, 1990: 325-336). This is reflected in the 

size of the Vinča culture textile tool sample, in particular, its loom weight segment. Additionally, the 

amount of textile imprints recovered on numerous Vinča culture ceramic finds (Mazăre, 2012: 23-26; 

Ninčić, 2011: 181-184; Crnobrnja et al., 2009: 17; Vasić, 1936: 44-45) support this argument. 

The Middle Eneolithic sample can be dated to the Balaton-Lasinja culture sites in Croatia and 

Slovenia (Kalinovnjek pri Turnišću, Turnišče, Pajtenica-Velike Livade, Tomašanci-Palača, Zgornje 

Radvanje), and to various manifestations of the so called Furchenstich horizon (such as Retz-Gajary) 

in Sloveina, Croatia and Hungary (Kalinovnjek pri Turnišću, Turnišče, Pod Kotom-jug pri Krogu, Tolna-

Mözs Kenderföldek-dűlő, Čeminac-Vakanjac, Ivandvor, Jagodnjak-Napuštene njive, Josipovac 

Punitovački-Veliko polje). A broad range of different types of Balaton-Lasinja material culture, 

settlement patterns and burial practices seem to have good analogies and roots in earlier Late 

Neolithic/Early Eneolithic Sopot and Lengyel traditions but are also very similar to the partly 

contemporary Bodrogkeresztúr, Salcuţa and Ludanice cultures. In the collected dataset, the Balaton-

Lasinja specimen highlights the transition from the Late Neolithic/Early Eneolithic textile production 

technologies. On the other hand, various manifestations of the so called Furchenstich horizon 

represent a turning point between Middle and Late Eneolithic (Kalicz & Horváth, 2010), and much of 

its characteristic textile tool assemblage could be observed in the earliest Late Eneolithic period, i.e. 

Proto-Boleráz specimen from Abony-Turjányos dűlő site.  

The focus of interest for the study of technological change was the Late Eneolithic period, i.e. 3600-

2500 BC. The sequence of three consecutive and partly contemporary cultural horizons are typical 

for the Late Eneolithic of the Southern Pannonian plain, i.e. Boleráz/Baden-Kostolac-Vučedol 

(Petrović & Jovanović, 2002). The material artefact of all three Late Eneolithic cultures is rather 

homogenous over the vast territory of Southern Pannonia, especially regarding basic forms of 

pottery, while settlements, economy and burials differ significantly from region to region and are 

mainly of local tradition. 

The Late Eneolithic period witnessed further social, cultural, economic and technological 

transformations. Changes in animal husbandry, the use of secondary animal products, changes in 

textile production, the invention of wheeled vehicles and the plough, the domestication of horses, as 

well as the appearance of new forms of burial (i.e. tumuli) and material culture were sought in the 

context of Andrew Sherratt’s “Secondary Products Revolution” (SPR), as the joint package of 

innovations that spread from the proto-urban and urban societies in the Near East (Sherratt, 1981, 

1983, 2002). Although significant parts of the mentioned novelties seems to appear much earlier 

than Sherratt has originally proposed (especially milk products: Evershead et al., 2002; Sherratt, 

2002; Craig, 2002: 102-104; Craig et al., 2005; Vigne & Helmer, 2007), his concept remains as one of 
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the most used grand narratives that defines the socio-cultural and technological trajectories of the 

European Late Eneolithic (Greenfield, 2010). 

The vast part of the catalogued corpus dates to the Late Eneolithic period. The Gomolava tell 

settlement in Serbia stands out as the only site in the cluster with clear vertical stratigraphy 

comprising of samples dated to four different chronological phases (Petrović & Jovanović, 2002; 

Jovanović, 2011). This allowed high resolution insight in the development of textile production of 

both Neolithic (Vinčа culture) and Eneolithic period (Baden, Kostolac and Vučedol cultures). Samples 

from other studied Late Eneolithic sites mainly come from temporal settlements with developed 

horizontal stratigraphy (i.e. Dobanovci, Masinske Njive, Đakovo-Franjevac, Balatonkeresztúr Réti-

dűlő). The majority of Late Eneolithic settlements were investigated during the rescue excavations 

(i.e. Balatonőszöd–Temetői-dűlő, Tolna-Mözs Kenderföldek-dűlő, Štrosmajerovac-Pustara) which 

meant that large parts of the settlements were revealed, thus enabling a variety of taphonomical 

and spatial analyses. 

The beginning of the Early Bronze Age, marked by the ending of the Vučedol culture and the onset of 

the Somogyvár-Vinkovci culture, is the last phase that was included in the chronological timespan of 

the recorded dataset. Chronology based on 14C absolute dates sets the beginning of the Early 

Bronze Age around 2500 BC and its end around 1700 BC. (Forenbaher, 1993: 235-236). According to 

calibrated dates the end of the Vučedol culture is placed around 2500 BC, although somewhat 

shorter duration is assumed (Forenbaher, 1995: 22). 

The Early Bronze Age is the least documented period in the sample, with specimens collected from 

the Josipovac Punitovački-Veliko polje (Čataj, 2009), Tomašanci-Palača and Viškovci sites in Eastern 

Croatia. The Ljubljansko Barje specimens come from older excavations which did not allow exact 

dating of tools, although they can be roughly placed in the 3rd millennium BC, Late Eneolithic/Early 

Bronze Age period, i.e. Vučedol/ Somogyvár-Vinkovci cultures (Korošec & Korošec, 1969). 

A short reconsideration of this study’s spatial and temporal frame indicates that the Pannonian plain 

was neither a uniform homogenous space nor a completely divided heterogeneous area during the 

Late Neolithic and Eneolithic periods. Rather, it consisted of a myriad of different communities with 

strong local subsistence and production traditions, intermingled with many common and above-

regional characteristics. The textile tool corpus supports such a claim, since the majority of the 

analized technologies display both common and exceptional features (Grabundžija, 2018c). 
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ARCHAEOLOGICAL SITE PUBLICATION 

Abony-Turjányos dűlő Fábián & Serlegi, 2009; Köhler et al., 2017; Fábián et al., 2018 

Balatonkeresztúr Réti-dűlő Fábián, 2007; Fábián, 2014; Fábián et al., 2018 

Balatonőszöd–Temetői-dűlő Horváth, 2010; Horváth, 2012a; Horváth, 2012b; Horváth, 2014 

Brezje pri Turnišču Novšak et al., 2013 

Čeminac-Vakanjac Kalafatić & Hulina, 2016 

Čepinski Martinci-Dubrava Kalafatić, 2009 

Crkvine-Stubline Crnobrnja et al., 2009; Crnobrnja, 2014 

Cugovec-Barbarsko Balen & Drnić, 2014 

Dobanovci Tasić, 1995 

Đakovo-Franjevac Balen, 2011 

Gomolava Petrović & Jovanović, 2002 

Ivandvor SHORT REPORT ONLY: Leleković, 2008 

Jagodnjak- Napuštene njive Dizdar et al., 2016 

Josipovac Punitovački-Veliko polje Čataj, 2009 

Kalinovnjek pri Turnišću Kerman, 2013 

Ljubljansko Barje-Ig Korošec & Korošec, 1969 

Masinske Njive Blagojević, 2014 

Pajtenica-Velike Livade Zorić, 2018 

Pod Kotom-jug pri Krogu Šavel et al., 209 

Slavča-Nova Gradiška Skelac, 1997; Mihaljević, 2006 

Štrosmajerovac-Pustara SHORT REPORT ONLY: Hršak & Bojčić, 2008 

Tolna-Mözs Kenderföldek-dűlő MENTION ONLY: Fábián et al., 2018 

Tomašanci-Palača SHORT REPORT ONLY: Balen, 2008 

Turnišče Tomaž et al., 2012 

Viškovci SHORT REPORT ONLY: Balen, 2013  

Zgornje Radvanje Kramberger, 2014 

 

Table 1. Archaeological sites represented in the final Catalogue of Finds together with relevant 

bibliographical references. 

 

TEXTILE TOOL DATASET AND THE APPLIED METHODS OF RECORDING 

The guidelines for the textile tool recording protocol were adopted from the methodological model 

established by the Centre for Textile Research (CTR) in Copenhagen. The final Catalogue of Finds 

contains 901 archaeological objects classified as spindle whorls (Catalogue Numbers 1-901), 125 

archaeological objects classified as loom weights (Catalogue Numbers 902-1026) and 22 

archaeological objects classified as spools (Catalogue NumberS 1027-1048). 

Recorded material originated from 26 archaeological sites. Besides being associated with one of the 

ten different culture-historical contexts dated to Neolithic, Eneolithic and Bronze Age periods, each 

archaeological object was placed in one or more time slices. Quarter millennium time slices enabled 

easier comparison with other datasets within the project (Becker et al., 2014). 

Besides their contextual information (such as archaeological site where they were found, or 

cultural-historical context to which they belong to) and a reference to where they are stored (such 

as inventory number or holding institution), all archaeological objects were classified according to 
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their preservation condition in one of the four different categories: complete, half, partial and small 

fragments missing (more than 90% of the archaeological object is preserved).  

Any presence of decoration or decorative design on an archaeological object was noted. For each 

category of finds (spindle whorl, loom weight, spool) separate set of measurements was taken in 

millimeters (Fig. 2). 

 

 
 

Figure 2. Illustration of the main morphometric parameters measured for each category of finds. Up: 

three main measurements taken for spindle whorls (“H”- complete height, “D”- complete diameter 

and “P”- perforation diameter); down left: four main measurements taken for loom weights (“H”- 

complete height, “P”- perforation diameter, “T”- complete thickness, “W”- complete width); down 

right: three main measurements taken for spools (“L”- complete length, “D MAX”- maximum 

diameter and “D MIN”- minimum diameter). 

 

In addition, each archaeological object was weighted with its weight parameter being noted in 

grams. All archaeological objects in the collected dataset are made of ceramic, fired clay material, 

except one spindle whorl (Catalogue Number: 524), which was made out of bone (Čataj, 2009: 31; 

Grabundžija & Russo, 2016: 312-313). 

A comprehensive spindle whorl analysis, which was enabled by composing this dataset, resonated 

regional trajectories of thread production at the expense of accounting for site-specific 
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developments (Grabundžija & Russo, 2016; Djurdjevac Conrad et al., 2018; Grabundžija, 2018a; 

Grabundžija, 2018b; Grabundžija, 2018c). 

Sampled loom weights were recorded mainly with the purpose of addressing typological variability 

and frequency trends, since the changes in weaving technology were approached and explored 

primarily as reflective of possible innovations in earlier stages of textile production, namely in fibre 

processing and thread making segments of the manufacture. 

Due to a substantial amount of published experiments involving spindle whorl performances 

(Grömer, 2005; Kania, 2015; Laurito et al., 2014; Andersson Strand, 2010), no experimental method 

has been applied for further testing of the spindle whorls’ functional parameters. 

 

Spindle whorls 

The final Catalogue of Finds contains 901 spindle whorls that were typologically divided into ten 

types: biconical, conical, concave conical, convex, cylindrical, discoid, wheel-like discoid, lenticular, 

spherical and perforated ceramic fragment (Fig. 3). 

The weight values of spindle whorls were documented in two different reliability classes, depending 

on their preservation condition. Weights of complete samples were documented in the weight if 

complete class and weights of samples that were in any way damaged (whorls preserved in half, 

whorls with small fragments missing and whorls that were recorded as partial) were recorded in the 

weight if not complete class. Weights of almost complete samples with small fragments missing 

were additionally documented in the estimated complete weight category (estimated complete 

weight= weight if not complete), weights of samples preserved in half were documented in the 

calculated complete weight category (calculated complete weight = weight if not complete doubled) 

and finally, weights of partial samples were documented in the reconstructed complete weight 

category (reconstructed complete  weight = density x volume). 

Virtual three-dimensional reconstructions of partially preserved spindle whorls were created based 

on their section drawings by using the Autodesk 3D modeling software. The orto-photo records of 

the preserved fragments served as a basis for modeling the breakage surface. Knowing the weight of 

the fragment (weight if not complete) and its volume (volume of the fragment), taken from the 

geometry of the virtual fragment model, the spindle whorl’s density parameter was easily calculated 

(density = weight if not complete / volume of the fragment). Finally, from the calculated density 

parameter and the complete volume parameter (taken from the geometry of the virtual three-

dimensional reconstruction), a calculation of the reconstructed complete weight was possible 

(reconstructed complete weight = density x complete volume). This method has not been applied so 

far, so its accuracy was tested on a smaller spindle whorl sample. Ten replicated spindle whorls were 

documented, broken and virtualy reconstructed, in order to test the possibility of miscalculation and 

to estimate the range of the reconstructed complete weight error. The test sample included ten 

spindle whorl replicas (Fig. 4, Tab. 2). 
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Figure 3. Ten recorded spindle whorl types: 

biconical (A), conical (B), concave conical (C), 

discoid (D), perforated ceramic fragment (E), 

wheel-like discoid (F), lenticular (G),  

convex (H), spherical (I) and cylindrical (J).  

 

 

 

 
 

 

Figure 4. Three-dimensional model of a virtualy reconstructed spindle whorl used for testing the 

reliability of the applied weight reconstruction method. 
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TEST_SW_ID W_C W_I V_C V_F DEN W_REC 
ERROR 

(g) 
ERROR 

(%) MATERIAL 

1 96.5 46.3 70098 32757 0.00141344 99.079201 2.57 2.66 UNFIRED CLAY (DRYED) 

2 39.4 17.4 29801 12754 0.00136428 40.656845 1.25 3.17 UNFIRED CLAY (DRYED) 

3 16.6 10.3 12483 7877 0.0013076 16.322826 0.28 1.68 UNFIRED CLAY (DRYED) 

4 13.6 8.6 11809 7891 0.00108985 12.870029 0.73 5.36 UNFIRED CLAY (DRYED) 

5 45.3 35.5 36555 30226 0.00117449 42.933319 2.37 5.23 UNFIRED CLAY (DRYED) 

6 13.6 3.6 16466 4591 0.00078414 12.911697 0.68 5.06 UNFIRED CLAY (DRYED) 

7 13 5.9 10707 5148 0.00114608 12.271037 0.73 5.61 UNFIRED CLAY (DRYED) 

8 12.8 6.7 11006 6085 0.00110107 12.118357 0.69 5.39 UNFIRED CLAY (DRYED) 

9 91.6 36 51346 21053 0.00170997 87.800124 3.8 4.14 CERAMIC (FIRED CLAY) 

10 7.9 4.5 4487 2491 0.0018065 8.1057808 0.2 0.01 CERAMIC (FIRED CLAY) 

 

Table 2. Spindle whorl test sample given with actual (weight if complete – before damage; weight if 

not complete – weight of a fragment post damage) and reconstructed complete weight values, 

showing the calculation error range (in grams and percentage). 

 

Loom weights 

The final Catalogue of Finds contains 125 loom weights that were typologically divided into five 

types: conical, pyramidal, discoid, elongated ovoid and elongated cylinder (Fig. 5). Only the 

measured weight (weight if complete or weight if not complete) was recorded for the loom weight 

specimen. 

The biggest majority (68 specimen, which is more than 54%) of the loom weight sample belongs to 

the Neolithic (Vinča) contexts. Fewer examples (48 specimen, which is more than 38%) are dated to 

the Middle Eneolithic, whereas only a small number of occurrences (9 specimen, which is less than 

8%) can be associated with the Late Eneolithic and Early Bronze Age contexts (Fig. 6). Rare Late 

Eneolithic weights largely differ from earlier, more conventional upper-perforated types. They all 

have an elongated shape (elongated ovoid/elongated cylinder) and are perforated longitudinally. 

Between the Neolithic and the Eneolithic samples there are some obvious differences in the 

distribution of the measured thickness parameter. Middle Eneolithic (Balaton-Lasinja and 

Furchenstich) examples of the conical and pyramidal type are much thicker than the typical Neolithic 

Vinča culture discoid specimen. The same is the case with the rare later examples dated to the Late 

Eneolithic/Early Bronze Age, which have an even greater thickness. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Five recorded loom weight 

types: conical (A), pyramidal (B), discoid 

(C), elongated ovoid (D) and elongated 

cylinder (E). 
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Figure 6. Frequency of loom weight types according to culture-historical contexts. 

 

Spools 

All together 22 spools are recorded in the final Catalogue of Finds. Same as for the loom weights, 

only the measured weight (weight if complete or weight if not complete) was documented for 

spools. 

All documented specimen come from the Late Eneolithic (Kostolac and Baden) contexts (Fig. 7). 

Their occurance in the Late Eneolithic material coincides with the observed dissaperance of 

conventional loom weight types. Spools from the Boleráz/Baden settlement at Balatonőszöd–

Temetői-dűlő site in Hungary were not available for recording at the time of the data sampling but 

are all published in detail by the excavator (Horváth, 2012b). 

 

 
 

 

 

 

 

 

 

 

 

Figure 7. Kostolac spools from 

Đakovo-Franjevac (Catalogue 

Numbers: 1031, 1034 and 1035). 
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