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ABSTRACT

Kurzawska A., Sobkowiak-Tabaka I., Mrozek-Wysocka M. and Oberc T. 2024. Tracing the Past: Microwear 

Analysis of Stone and Shell Beads Unearthed in Early Neolithic Burials at Samborzec, Poland. Sprawozdania 

Archeologiczne 76/1, 309-334.

This paper presents a thorough analysis of ornaments discovered in two Neolithic burials at Samborzec Site 1, 

providing valuable insights into their origins and significance. The artefacts, retrieved over six decades ago in the 

burials of a woman and child, have undergone extensive examination, including raw material identification, 

microwear studies, and the analysis of red residues found on their surfaces. While most of the ornaments con-

cerned were crafted from marble, two beads were identified as Spondylus shells. Chemical analysis of residues, 

primarily found on the marble ornaments, revealed the presence of cinnabar, a red pigment of foreign origin. The 

remarkable similarities in ornaments between the investigated burials strongly suggest the association of both with 

LBK communities. The presented studies offer valuable insights into their object biographies, from the acquisi-

tion of raw materials from distant regions through their manufacture, assembly, and prolonged use as personal 

items. In this context, our research emphasizes their belonging to a shared Neolithic tradition in Europe.
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INTRODUCTION

It has long been recognized that ornaments, beyond mere decoration, carry significant 

meanings and can assume various functions, such as indicators of the identity, social status, 

and social roles of both individuals and groups (d’Errico and Stringer 2011; Rigaud et al. 

2018; Micheli 2021). This significance is prominently evident in the Neolithic burial prac-

tices and differences in grave inventories between buried individuals from the same com-

munities (Czerniak 2012; Kadrow 2008; Siklósi 2013) as only certain deceased individuals 

were buried with ornaments of specific types. The observed changes in the utilization of or-

naments during the Neolithic primarily relate to variations in the use of different raw ma-

terials and types that were common throughout Europe during that time (Rigaud et al. 2015). 

In the territory of modern-day Poland, the Early Neolithic period is primarily associ-

ated with the existence of the Linear Band Pottery culture (LBK), which thrived from 

around the 2nd half of the 6th – the beginning of the 5th millennium BC in Lesser Poland, 

Silesia, Kuyavia, the lower Oder region, and Chełmno Land, with smaller clusters of settle-

ments in Greater Poland and Polish Pomerania (Czekaj-Zastawny and Oberc 2021; Oberc 

et al. 2022). An outstanding feature of the LBK in Central Europe is the remarkable con-

sistency seen in its material culture, observable in both settlement structures and burial 

customs. In the inhumation burials discovered in Poland, common grave goods included 

vessels, animal bones, antlers, and flint tools. Red pigments, either covering the deceased 

or in the form of lumps or powder deposited in a vessel, are also characteristic (Jeunesse 

1997; Kulczycka-Leciejewiczowa 2008; Czekaj-Zastawny et al. 2009; Czekaj-Zastawny 

2016; Hedges et al. 2013). Although ornaments made from white stones (marble/lime-

stone), animal bones, and Spondylus shells are frequently discovered in LBK burials across 

Central Europe, specifically in Germany, Slovakia, the Czech Republic, Hungary, and other 

regions (see for example, Bonnardin 2009; Nieszery 1995; Séfèriadès 2010), in Poland 

such items constitute special finds rarely encountered (Kurzawska and Sobkowiak-Tabaka 

2020; Kurzawska and Sobkowiak-Tabaka 2024). Despite having been only occasionally 

studied in detail, such artefacts provide new data and valuable insights into Neolithic com-

munities that once existed in the present-day territory of Poland. 

In recent years, the authors have begun extensive studies on the biographies of shell 

ornaments from the Neolithic and Early Bronze Age context discovered in the area of 

present-day Poland in order to provide new data about their use and significance. Many of 

them, however, were artefacts that lacked proper identification or detailed analysis. En-

couraged by previous results, we decided to republish some finds that were, in our opinion, 

unique and deserved detailed analysis and discussion. As such, Spondylus ornaments have 

long been recognized as important items acquired through exchange and trade, associated 

with the introduction of agriculture and the emergence of a new social order (Séfèriadès 

2010). In Poland, such finds are exclusively associated with the early Neolithic period and 

a total of seven ornaments (discovered at five archaeological sites) have been encountered 
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in burials associated with LBK, Stroke Band Pottery Culture (SBK), and Brześć Kujawski 

Culture (BKC) communities (Kurzawska and Sobkowiak-Tabaka 2020). In the published 

description of a female burial (Burial 208) from Samborzec, Site 1, we discovered infor-

mation concerning beads that had been identified as being made from a bivalve shell 

(Czekaj-Zastawny et al. 2009). Consequently, we decided to conduct a more detailed anal-

ysis of these artefacts – ornaments that were discovered over 60 years ago in two burials, 

namely the above-mentioned Burial 208 and an additional one, No. V(28), in which orna-

ments were also found. Fortunately, modern microscopy analysis has made it possible to 

identify the raw materials from which they were made, trace their object biographies, 

and assist in associating one of the burials with the LBK culture.

Samborzec Site 1 

Site 1 at Samborzec situated in southern Poland, southwest of Sandomierz, is well-

known as a multi-phase settlement and cemetery. It spans various historical periods, in-

cluding the Neolithic, Early Bronze Age, Bronze Age, Przeworsk culture, and Medieval 

period. The site was initially unearthed by a team led by J. Żurowski and first excavated in 

1930 by Kazimierz Salewicz. Over time, it has been subject to exploration by several ar-

chaeological expeditions in the 1950s and 1960s, involving researchers such as Kamieńska 

(1964a, 1964b), Kamieńska and Kulczycka-Leciejewiczowa (1970), Włodarczak (1999), 

Kulczycka-Leciejewiczowa (2008), Budziszewski and Włodarczak (2009), Czekaj-Zastawny 

et al. (2009), and Burchard and Włodarczak (2012).

Situated on the southern slopes of a broad loess ridge, the site is located on the high 

bank of the Gorzyczanka river, which serves as a western tributary of the River Vistula.

The settlement horizons were distinguished based on an analysis of pottery decoration. 

The oldest corresponds to Phase I (Gniechowice style), the next to Phase II (The Music-

Note style), and the youngest to Phase III (Želiezovce style). Confirmation of these distinc-

tions came from two radiocarbon determinations. One was obtained from animal bone, 

and the other from charred plant remains found within a pot. The nature of the remaining 

three samples remains unknown (Kulczycka-Leciejewiczowa 2008, fig. 55, 104). Unfortu-

nately, none of the dates are associated with burials.

This settlement comprised multiple households and was inhabited by several dozen 

individuals. Initially, only five graves were linked to the LBK culture, specifically denoted 

as Features 41, 42, 60, 71, and 208 (as cited by Kamieńska and Kulczycka-Leciejewiczowa 

in 1970; further discussed by Kulczycka-Leciejewiczowa in 2008). Among these, particular 

attention was drawn to the grave denoted as ‘208’ due to the presence of grave goods, par-

ticularly personal ornaments. Besides this burial, an additional one containing ornament 

was found amidst burials associated with the Bell Beaker culture (BBC). Since these were 

the only burials in which ornaments were discovered, both were subjected to analysis.
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Burial 208

The burial was discovered during the archaeological campaign in 1966 in the north-

western part of the site. This deep oval pit grave, which extended over a depth of more than 

1 m, was meticulously prepared. A 36-year-old female was positioned in a contracted pos-

ture, lying on her left side with her palms placed next to her face (Fig. 1). The skeleton was 

aligned in an east-west direction, with the head oriented towards the east and the face fac-

ing south. A layer of red residue covered the head: 

Fig. 1. Burial 208 with examples of discovered marble pendants (a-f), short beads made from marble (g-k), 
and short beads made from Spondylus shell (l-m) 

(Burial drawing based on original documentation, prep. P. Rutkowska, photo A. Kurzawska)
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Next to the skull were found 31 beads made of animal teeth, initially forming either 

a necklace or hair ornaments (Kulczycka-Leciejewiczowa 2008), and a necklace of 31 soft 

limestone beads with visible ochre traces on the surface (Czekaj-Zastawny et al. 2009). 

Additionally, 151 beads made of animal bones (Kulczycka-Leciejewiczowa 2008) and 

various bivalve shells (Czekaj-Zastawny et al. 2009) were discovered on the pelvis, prob-

ably associated with a belt or skirt.

Within the pit’s infill, various fragments of kitchen pottery, two flint artefacts, and two 

animal bones were unearthed. Roughly 20 centimetres above the skeleton, fragments from 

a single pottery vessel were also found. Based on pottery analysis, the burial was associ-

ated with phase Ia (Gniechowice) of LBK development (Kulczycka-Leciejewiczowa 2008; 

Czekaj-Zastawny et al. 2009). Although at this point there are only two radiocarbon deter-

minations associated with this phase, which do not allow for reliable dating, the whole 

phase I (Ia and Ib; pre-Music-Note phase) are can be dated to c. 5350/5300-5250/5200 BC 

(Czekaj-Zastawny and Oberc 2021; Oberc et al. 2022).

Burial V(28) 

This burial was excavated in 1962, amidst a series of Bell Beaker burials (Fig. 2). Situated 

0.6 meters beneath the contemporary surface, this oval pit grave cradled a child in a con-

tracted posture, lying on their left side with their face turned towards the south. The child’s 

palms were positioned adjacent to the face. The only items interred with the child were 

ornaments – namely, beads, distributed along the backbone, pelvis, and legs. A single long 

Fig. 2. Burial V(28) with examples of discovered beads (a – long barrel-shaped marble bead; b-e – marble 
short beads) (Burial drawing based on original documentation, prep. P. Rutkowska, photo A. Kurzawska)
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barrel-shaped bead was unearthed at the bottom of the pit, suggesting that it was origi-

nally under the head of the deceased (Kamieńska 1963, 1964b).

This burial was initially classified with some caution as associated with the BBC. Prob-

ably due to a notable difference in the east-west alignment of the skeleton, unlike other 

north-south oriented BBC burials (Kamieńska 1964b), a comment about a possible con-

nection to the LBK was added to the field book (by P. Sikora) and marked with a question 

mark (Kamieńska 1963). It was located c. 120 m, in a straight line from the LBK burial 208 

(Kulczycka-Leciejewiczowa 2008).

MATERIALS AND METHODS

All ornaments found in these two burials underwent various analyses, including raw 

material identification, microwear studies, and the identification of the red residue discov-

ered on their surfaces. The ornaments were classified based on the types they represented 

following Beck’s 1928 and Kenoyer’s 1991 definitions below:

A disc bead is a regular bead in which the length is less than one-third the diameter of 

the bead. A short bead is a regular bead in which the length is more than one-third the 

diameter of the bead and less than nine-tenths the diameter (Beck 1928, 4).

Pendants are a type of bead that is perforated at one or both ends rather than sym-

metrically through the middle (Kenoyer 1991, after Choyke and Bar-Yosef Mayer 2017).

Measurements were taken, including the length and width of the pendant, the length 

and diameter of beads, and whenever possible, the morphology of the perforation was 

specified (uniform/conical/biconical) along with the diameter of the perforation. Table 1 

provides a summary of the measurements, including the mean and standard deviation, in 

order to enhance comprehension of the bead size trends in the studied assemblage.

We decided to clean, in the ultrasonic tank, only beads that were pre-selected for fur-

ther microwear studies while using a stereoscopic microscope at low magnification (up to 

40×). Beads with traces of red residue were left uncleaned. 

The ornaments underwent analysis using a Nikon SMZ 445 optical microscope, a Key-

ence VHX-7000 digital microscope, and specifically, the identified shell ornaments using 

a Tescan Vega 4 scanning electron microscope (SEM) at the ArchaeoMicroLab of the Fac-

ulty of Archaeology at the Adam Mickiewicz University in Poznań, Poland. The SEM aimed 

to document the shell microstructure of shell beads for subsequent species identification 

(BSE-compo detector, low vacuum mode, condition: 25 Pa; 15.0 kV beam voltage). The 

descriptions of the shell microstructures are based on Sakalauskaite et al. 2020, and 

Gardelková-Vrtelová and Golej 2013. 

In the study of ornament technology, we conducted a microscopic analysis of manufac-

turing use-wear marks and taphonomy using the Keyence VHX-7000 digital microscope. 

The description and observations were based on the information found in Bonnardin 2009; 
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Knaf et al. 2022; Van Gijn 2017; Groman-Yaroslavski and Bar-Yosef Mayer 2015; Baines 

2012; Falci et al. 2018; Margarit 2017, and references therein). 

To facilitate the analysis, the technique of creating silicone casts of ornament perfora-

tions was employed – a method used originally by Gorelick and Gwinnett (1978, 1990). 

This approach allowed observations to be conducted on the imprint of the entire hole while 

using the SEM. Among the ten ornaments subjected to silicone casting, six underwent 

further processing: they were sputtered with a 50 Å gold coating (while using a VAC COAT 

DSR1 desk sputter coater) before SEM imaging in order to achieve high-quality images. 

SEM microphotographs were subsequently captured in low vacuum mode using an SE 

detector (condition: 15 Pa; 20 kV beam voltage).

The petrographic and chemical analyses were conducted at the Laboratory for Scan-

ning Electron Microscopy and Microanalysis, the Faculty of Geographical and Geological 

Sciences at the Adam Mickiewicz University in Poznań. The description of the raw mate-

rial was based on petrographic features that could be perceived with the naked eye such as 

grain size, colour, and homogeneity, supported by SEM-EDS micro-area analyses. They 

were performed on the selected objects in low vacuum mode using a Hitachi S-3700N 

Scanning Electron Microscope coupled with a Noran SIX Energy Dispersive Spectrometer 

(VP-SEM condition: 25 Pa; 15.0 kV beam voltage; images obtained in backscattering elec-

tron mode 3D). Colour determination for both the stone ornaments and the reddish pig-

ment was carried out using an objective colour standard, namely the Munsell® Soil Colour 

Charts, 2000. We chose to prioritize the preservation of the ornaments, being aware of the 

currently employed standard archaeometric procedures for identifying stone materials, 

especially archaeological marbles, as demonstrated, among others, by Antonelli and Laz-

zarini 2015, and Brilli et al. 2015, which involve destructive methods for determining pet-

rographical and geochemical parameters (O and C isotopic signatures, CL and/or EPR 

analyses). Therefore, we decided to confine our research to nondestructive methods. 

To acquire essential information regarding the archaeological context of the discov-

ered artefacts, the studies were based on the original documentation of the excavated 

burials from 1962 and 1966. The documentation (field books, notes, plans, and drawings) 

was kindly provided by the Institute of Archaeology and Ethnology at the Polish Academy 

of Sciences in Kraków and was carefully studied. 

RESULTS

Typology of ornaments and measurements 

In the discussed burials a total of 211 ornaments were encountered. Among them, the 

following types were identified (after Beck’s 1928 and Kenoyer’s 1991 definitions):

Pendants:

– These are elongated/oval in shape, resembling known ornaments made from red deer 
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canines, featuring a single hole located at the slightly tapered end (Fig. 1: a-f). A total of 31 

pendants were found in Burial 208, several on the front of the skull and the rest behind it.

Beads: 

– Disc beads – a total of three beads were found: one among the marble beads of a hip 

belt in the woman’s burial, and two in the child’s burial. 

– Short beads constituted the majority in both burials. In the woman’s burial, namely 

No. 208, they are associated exclusively with the hip belt (148 beads made of marble and 

two made of shell) (Fig. 1: g-m), while 26 beads of marble were found scattered in the 

child’s burial, No. V(28) (Fig. 2). 

– A long barrel-shaped bead – only one of this type – was found in the child’s burial 

(Fig. 2: a).

The range of measurements for each discussed artefact is presented in Table 1, includ-

ing the Mean x and Standard Deviation (σ). In the case of the short beads found in both 

burials, their mean length and width measurements, along with a low standard deviation, 

indicate that they are roughly the same in size. This observation may suggest a common 

origin.

Raw material identification

Shell beads

The use of low magnification reaching up to 80× facilitated the identification of shell 

ornaments among the stone/mineral ones. Within Burial 208, among the marble beads in 

the pelvic area, two beads were identified as having been made from bivalve shells (Fig. 1: 

Table 1. Typology of beads and pendants with their range of measurements 
(mean – x and standard deviation – σ)

Burial 
No. Context Pendant/

Bead type Length [mm] width [mm] perforation diameter [mm]

208
193/66 pendants

14.33-21.06 7.91-12.8 1.08-2.99

x = 17.5; σ = 1.8 x = 10.24; σ = 1.19 x = 2.29; σ = 0.35

194/66 disc bead 2.51 7.13 2.92

V/(28)

97/62 disc bead
2.08 8.78 4.3

3.87 7.66 3.09

97/62 short bead
2.73-6.43 7.33-10.08 2.95-4.19

x = 4.45; σ = 1.0 x = 8.73; σ = 0.86 x = 3.6; σ = 0.34

208 194/66 short bead
3.05-6.91 7.22-10.09 1.85-4.61

x = 5.01; σ = 0.85 x = 8.65; σ = 0.46 x = 2.75; σ = 0.43

V/(28) 97/62 barrel-
shaped bead 11.53 9.9 3.2
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Fig. 3. Two Spondylus beads discovered in Burial 208. Bead 194_66_A: a-c – view from different si-
des; d – view of a bead surface with calcium phosphate (CP) residue; e – view of the bead microstructure: 
complex crossed foliated layer (CCL) and prismatic structures (SP); f – view of the bead microstructure: 
crossed lamellar layer (CL) and complex crossed foliated layer (CCL). Bead 194_66_B: g-i – view from 
different sides; j-n – crossed lamellar layer (CL); o – crossed foliated layer (CCL). Digital photographs: a-c, 

g-j, m and SEM microphotographs: d-f, k, l, n, o (photo A. Kurzawska)



318 A. Kurzawska, I. Sobkowiak-Tabaka, M. Mrozek-Wysocka, T. Oberc

Fig. 4. Stone ornaments from discussed burials, examples of different grain size of crystals in marble: fine-
grained marble with visible calcite crystals to the naked eye (bead 97_62_D – a, b, c; Bead 194_66_Z – d, 
e, f); very fine-grained marble (Bead 97_62_E – g, h, i); state of deterioration of marble (Pendant 193_66_
T); heavily weathered surface (j, k, l); fresh cut (m, n, o). Digital photographs: a, b, d, e, g, h, j, k, n and SEM 

microphotographs: c, f, i, l, m, o



319Tracing the Past: Microwear Analysis of Stone and Shell Beads Unearthed…

l-m, Fig. 3). Accurately classifying the genus was crucial for determining their provenance. 

For this purpose, a meticulous analysis of the microstructure of the shell beads was under-

taken, followed by a comparative assessment against a reference collection, comprising 

microphotographs from previous analyses of shell artefacts held by the authors, as well as 

published studies (Gardelková-Vrtelová and Golej 2013; Sakalauskaite et al. 2020). Em-

ploying both digital microscopy and scanning electron microscopy (SEM), the microstruc-

tures of the beads were documented (Fig. 3). 

We compared the microstructure of the beads and that of Spondylus shells, drawn by 

the potential shell thickness and the presence of similarly shaped and sized beads discov-

ered in Neolithic burials in Central Europe, which were made from shells of this particular 

genus (Sakalauskaite et al. 2020). The Spondylus shell structure primarily encompasses 

the subsequent layers, as outlined by Gardelková-Vrtelová and Golej 2013:

1 – The outermost shell layer is composed of foliate calcite (CF).

2 – The middle shell layer consists of crossed lamellar aragonite (CL).

3 – The innermost shell layer is characterized by complex crossed lamellar aragonite 

(CCL) and prismatic aragonite (SP) which display irregular alternation with CL and CCL 

layers near the center.

Both beads (labelled as 194_66_A and 194_66_B) exhibit shell microstructures typi-

cal of Spondylus shells, including aragonitic prismatic structures (SP) (Fig. 3: e), crossed 

lamellar layers (CL) (Fig. 3: f, j, k, l, n), and complex crossed foliated layers (CCL) (Fig. 3: 

e, f, o). The foliate calcite, which constitutes the outermost layer of the shell, was not ob-

served during the analysis of the beads. Based on the visible microstructure, it is highly 

possible that the beads were made from the thickest part of the valve. The outer calcitic 

layer, responsible for the shell’s colouration, was notably absent in these beads. As a result, 

it is plausible that the beads were manufactured in this manner, suggesting they might 

have originally been white.

Although the dissolution of aragonite was visible on the bead surfaces, no recrystalliza-

tion was observed. The distinctive yellow-orange colour relates to areas covered by calcium 

phosphate CaPO (CP) due to post-depositional processes (Fig. 3: a-d, h-j). 

Stone ornaments

The vast majority of the ornaments were made of stone (in Burial 208: 31 pendants and 

149 beads; in Burial V(28): 29 beads). They vary in their state of preservation, from those 

that still retain their polish to those that are significantly weathered. Proper identification 

of the raw material was sometimes challenging for this reason. Nevertheless, it can be 

stated without doubt that all were made of a carbonate rock.

The discussed stone ornaments were made from semi-translucent, monomineral, 

densely compact marble (crystalline calcite) with either a vitreous or dull lustre. Macro-

scopic observations, confirmed by crystal measurements using an SEM, classified the raw 

material as very fine to fine-grained saccharoidal marble (Fig. 4). The determination of 
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grain size took into account the division used in the archaeometric study of marbles, as 

discussed by Antonelli and Lazzarini in 2015. This division slightly differs from the typical 

petrographic classification, in which the fine-grained category encompasses sizes up to 2 

mm. Although in some beads and pendants, calcite crystals are easily visible to the naked 

eye (e.g., Bead 97_62_D with measured crystals up to 638 μm in size) (Fig. 4: a-c), this is 

challenging within the very fine-grained category (as seen in Bead 97_62_E with crystals 

measuring 22.4-58.3 μm) (Fig. 4: g-i), especially for those that are heavily weathered (e.g., 

Pendant 193_66_T) (Fig. 5: j-l).

The staining of the surface of the artefacts was influenced by post-depositional proc-

esses associated with the long deposition of the artefacts in the grave in loess sediments. 

According to the Munsell charts, their colours were defined as follows: in a patinated state, 

they ranged from very pale brown to light yellowish-brown (10YR 6-8/2-4) or white to 

light pinkish-grey (5YR 7-8/1-2) (Fig. 4: j-k); on a surface not affected by weathering, they 

appeared as white/light grey (GLEY1 7-8/N) to light bluish-grey (GLEY2 8/10B) or very 

pale brown (10YR 7-8/1-2) (Fig. 4: a-b, d-e, g-h). A fresh cut reveals the pure white colour 

of marble (Fig. 4: n). The chemical composition of the raw material, as determined by non-

destructive SEM-EDS analysis, indicates pure calcite marble (Fig. 5: n, m). No magnesium 

ions, indicating the presence of dolomite, were found in any of the analyzed objects.

Stone ornaments, particularly pendants, exhibit varying degrees of deterioration, evi-

dent through increased porosity, progressive granular disintegration, or the risk of break-

age (Fig. 4: m). Similar to the shell beads, a brown (10YR 4-5/3) or yellowish-red to red-

dish-yellow/brown (5YR 5-6/4-6) substance, primarily composed of calcium phosphate 

(Fig. 5: j, m), was also detected on some of the stone ornaments.

Pigments

A red deposit was initially observed during the exploration of Burial 208, with the larg-

est concentration located on and around the skull (Fig. 1). The highest quantity of this 

deposit was consequently found on the pendants discovered both on and behind the skull. 

Furthermore, during the analysis of the ornaments, traces of a red residue were also de-

tected on the beads recovered from the pelvic area and on the sole barrel-shaped bead 

from the child’s burial.

The substance on the ornaments exhibits various shades of red and brown, including 

reddish and brown nuances in colour. Within these residues, semi-quantitative analyses 

were conducted using SEM-EDS to determine the proportions of major elements (Fig. 5: 

m). While SEM-BSE images revealed the chemical diversity within the staining, EDS anal-

ysis of selected micro-areas (mapping) identified the presence of two distinct pigment 

compositions, as seen in the distribution of significant elements (Fig. 5: d-f). To a great 

degree, this division corresponds to the macroscopic colour variation. In areas identified 

as light red to dark red (10R 3-7/6-8) (Fig. 5: a-b), the results of the EDS analysis indicated 

the presence of mercury and sulphur peaks (Fig. 5: k) in samples 97_62_F_pt1, 193_66_
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Fig. 5. Examples of microanalysis conducted on residues found on stone ornaments, specifically Bead 194_
66_AB (a, d), Bead 97_62_F (g, j), Pendant 193_66_AG (b, e, h, k), and Pendant 193_66_AC (c, f, i, l, n). 
The analysis encompassed the examination of colour variations in different red pigments using a digital mi-
croscope (a, b, c). SEM-BSE images with chemical mapping (d, e, f), illustration of the elemental distribution 
of selected elements: silica (pink), phosphorus (green), sulphur (yellow), calcium (blue), and iron (red). 
Point analysis through EDS (g, h, i) and the corresponding spectra (j, k, l, n). Semi-quantitative results (ma-

jor, minor, traces identified with SEM-EDS) obtained for the samples (m)
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Fig. 6. Examples of microwear traces on beads and pendants from discussed burials: a-d – traces of drilling 
inside beads and on the silicone casts (straight lines and arrows point to microwear and usewear traces); 
e-f – usewear traces visible on a pendant’s point shown by arrows; g – silicone cast of uneven drilled pen-
dant from both sides; h – traces of drilling in pendant visible in the silicone cast; i-m – traces of usewear – 
polishing on the pendants (i-j, m) and beads (k-l, p) surfaces; n-o – traces of chipping visible on the surface 

(n) and edges of beads; q-s – traces of abrasion (grooves) and polishing on the pendant’s surface 
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AG_pt1, and pt2, clearly indicating a cinnabar composition (Fig. 5: m). In contrast, the 

chemical composition of the darker-coloured areas (ranging from weak red to dusky/very 

dusky red and reddish/dark reddish brown – 2.5 YR 2.5 -4/2-3) (Fig. 5: c) is dominated by 

iron oxides (with Fe content ranging from 36% to 57%) with subordinate amounts of alu-

minosilicates (Fig. 5: i, l; 193_66_AC pt1 and 2). Regarding the morphology of these pig-

ments as observed in the SEM images, the cinnabar appears to be more crystalline and 

crushed (Fig. 5: g-h), often fused with the calcium phosphate substance, while the iron 

compounds are in a more powdered and dispersed form (Fig. 5: i).

Microwear analysis

Various micro traces were observed during the analysis of the ornaments. The two 

Spondylus beads (Fig. 3), due to the chemical decomposition of calcium carbonate and the 

presence of residue on their surface, bore hardly any traces. In contrast, the ornaments 

made of marble exhibit traces attributed to the manufacturing process, as well as usewear 

traces produced by contact with string, skin, cloth, or leather to which the ornaments were 

attached, as well as contact with other ornaments (Fig. 6).

Beads

Concentric lines inside the perforations indicate traces of drilling (Fig. 6: a-d). Mor-

phologically, the perforations appeared straight and biconical, with the latter being the 

most common. The manufacturing process involved drilling from both sides, clearly visi-

ble in the silicone cast (Fig. 6: c, d). Straight perforations, particularly those found in 16 

beads (Burial V(28)) and 10 beads (Burial 208), may be indicative of use-wear resulting 

from subsequent extensive abrasion and polishing caused by the movement of a string 

(Fig. 6: a). As the beads were originally strung together, friction from the string may have 

smoothed the central, narrower part of the perforation (Fig. 6: c, d), suggesting that they 

were loosely strung. Chipping, visible as breakages on the edges and sometimes on the 

surface of the beads, is likely a result of the beads rubbing against each other during string-

ing (Fig. 1, Fig. 6: n, o), or contact with other hard material while, for instance, wearing the 

ornament. The smoothness and polish visible on some of the beads’ edges (Fig. 6: k, l) may 

result from both final polishing in the manufacturing process and usewear, such as contact 

with soft material (cloth or leather).

Pendants

Manufacturing traces visible on the pendants include drilling (perforation by rotation) 

performed from both sides, resulting in morphologically biconical perforations that are 

visible on both the artefacts and in the silicone casts (Fig. 6: g, h). The biconical profiles of 

the perforations are clear and uneven, with drilling from both sides being sometimes un-

centered (Fig. 6: g), at times more extensive, and meeting at a rather sharp angle (Fig. 6: h). 
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It is at this point that the hole possesses the smallest diameter. The traces of the manufac-

turing process are visible on the surface of the pendants as traces of abrasion (Fig. 6: r, s), 

suggesting the use of grinding and polishing in the manufacturing process. These traces 

typically consist of widely spaced scored lines going in the same direction. The polished 

surfaces of the pendants (Fig. 6: m, r) exhibit faintly visible lines going in various direc-

tions, and the edges display traces of wear (polishing) from contact with other materials. 

In cases where faint grooves are present, they are indicative of contact with harder materials.

Usewear traces such as chipping (Fig. 6: e), abrasion (Fig. 6: j), and polishing (Fig. 6: f, j) 

can be observed on both sides of the pendants (Fig. 6: i, j) and on the edges of the perfora-

tions (Fig. 6: f), indicating a different method of attachment (Fig. 6: e-g) beyond simple 

suspension. The pendants were most likely sewn onto a garment, such as a headband, the 

edge of headgear, or a hood, from both sides of the perforation. 

DISCUSSION AND CONCLUSION

Sources of the Raw Material

Shell

Spondylus gaederopus is a well-known species that currently inhabits mainly the 

western part of the Mediterranean, including the Aegean Sea, the Adriatic Sea, and the 

Pacific Ocean (Poppe and Goto 2000). The origin of Neolithic ornaments in Europe made 

from this species has been widely discussed (Windler 2018, 2019; Bajnóczi et al. 2013; 

Todorova 2002). Due to uncertainties regarding the origin of Spondylus finds in Poland 

and their poor state of preservation, strontium isotope analysis (87Sr/86Sr) was performed, 

indicating their Quaternary age (Kurzawska et al. 2020). It was confirmed that the orna-

ments originated from areas around the Adriatic or Mediterranean Sea. All the Spondylus 

artefacts known in the area of Poland to date were either ornaments acquired through 

exchange/trade from the South, possibly the Aegean region, through the Carpathian basin 

communities, or they were brought to Poland by the first farmers (Kurzawska and Sob-

kowiak-Tabaka 2020). Chronologically, all of the Spondylus artefacts from Poland coin-

cide with the area of the widest distribution of Spondylus ornaments in Europe between 

5500 and 5000 BC (Windler 2019).

Marble

Determining the exact provenance of archaeological marbles is a challenging task at 

this stage of our research, given the limitations in our ability to follow the complete 

provenance procedure. However, the analytical results obtained thus far, along with ar-

chaeological data, allow us to propose and rule out potential sources of this raw marble 

material.
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The nearest known outcrop of white marble is situated in the Śnieżnik Massif (Central 

Sudetes, SW Poland), where carbonate rocks appear in the Stronie Formation as assem-

blages of several separate long arrays of lenses along the distance of a few kilometers (see 

for example, Jastrzębski 2005; Gil et al. 2020). Based on differences observed in chemical 

composition and petrographic properties, several lithotypes of carbonate rocks have been 

recognized and distinguished by Koszela (1997). Among these, white calcite marbles 

characterized by a coarse and medium blastic texture with homogeneous and flake micro-

structures are described, while dolomite marbles are creamy and finely blastic. Signifi-

cantly, the white purely calcite finely-blastic marble from which the Samborzec beads were 

made is not present.

The calcite marbles of the Stronie Formation are known to have been quarried since 

the 19th century for several varieties of marbles including the so-called “White Marianna” 

variety, nevertheless, within these outcrops, no traces of prehistoric exploitation have 

been found to date.

This outcrop was only mentioned by M. Doktor (Czekaj-Zastawny et al. 2009) as a poten-

tial source of raw material for the beads found at the burial site in Szczotkowice. However, 

this assertion lacked analytical support, as there was a deficiency in both petrographic and 

chemical analyses. Thus, it is probable that in his assumptions, he selected the nearest 

source of marble to Szczotkowice. Our exclusion of the Sudetes as the origin of the marble 

from Samborzec is based on the petrographic characteristics of marbles found in that re-

gion, including crystal size and the presence of dolomite. The finds from Samborzec ex-

hibit significantly smaller crystals and lack the magnesium that would be indicative of 

dolomite within the composition. 

Documented evidence of white marble mining in prehistory can be found in the Sazava 

region of the Czech Republic (Přichystal 2000). Recent research (Přichystal et al. 2019, 

Burgert and Přichystal 2022) has provided new petroarchaeological data concerning the raw 

material in this area. Two types of marble were identified within a single geological unit, the 

Šternberk-Čáslav Variegated Group in the Moldanubian Region. These are a calcite marble 

at the Bílýkámen site and dolomitic marbles around the town of Český Šternberk, located 7 km 

to the southeast. Consequently, these studies shed new light on craftsmanship in prehistory, 

particularly in the context of marble bracelets found at Neolithic sites. The stone assemblage 

in Samborzec exhibits many petrographic characteristics resembling Bílýkámen marble and 

the latter can therefore be considered a potential source. However, we cannot rule out more 

distant sources for the marble, such as the Balkans and Greece (Herz 1992).

Until now, marble ornaments have been discovered at just one other LBK burial site, 

located at Szczotkowice (Krauss 1964). These artefacts consist of 36 long barrel-shaped 

beads, remarkably similar in both type and dimensions to the one unearthed in the child’s 

burial at Samborzec discussed here. Although it has previously been proposed that the 

white marble uncovered in Szczotkowice may have originated from the “Biała Marianna” 

deposit, nestled in the Sudety Mountains (Czekaj-Zastawny et al. 2009), considering new 
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data, these suggestions should be revised. Comparable white stone ornaments in the area 

of Poland have also been identified at various archaeological sites linked to post-LBK com-

munities, including Domasław, Site 10/11/12, Osłonki, Site 1, the Brześć Kujawski Site 4, 

and Krusza Zamkowa, Site 3. At Domasław, A. Wójcik conducted an analysis, identifying 

a total of 21 beads – comprising long cylindrical and short beads – macroscopically as 

carbonate rock. These beads exhibit a range of colours, from milky white through cream to 

grey, often featuring white and pink veins (Mozgała-Swacha and Murzyński 2017). In the 

cases of Osłonki and Brześć Kujawski, stone beads characterized by rectangular cross-

sections, were identified as made from calcite. It was assumed that these beads may have 

reached these sites along with copper imports from the Czech Republic (Grygiel 2008). 

Recent, comprehensive research into the ornaments from burials at Krusza Zamkowa has 

shown that several disc beads (previously considered as white stones or calcite) were crafted 

from marble (Kurzawska et al. in prep.).

In light of the uniqueness of ornaments made from marble and white stones, along 

with the latest analysis, it appears increasingly likely that the raw material (marble), and 

perhaps even the ornaments themselves, were sourced from more distant locations, the 

closest possibly located in the Sazava region of the Czech Republic.

Pigments

The examination of the red residue discovered on the ornaments proved to be highly 

intriguing. In archaeological literature, the common assumption is that red pigments/col-

our, especially when in powder form, can be attributed to ochre. This approach however 

lacks precision and potentially leads to incorrect conclusions, as pointed out by Michera 

1993 and Woźny 2002, 2007 in their research on the use of red dye in prehistory.

Our studies identified two types of red mineral pigments on the ornaments, namely: 

HgS crystals, interpreted as cinnabar, and iron oxides combined with aluminosilicates, the 

basic components of ochre. In the case of Burial 208, cinnabar was predominantly found 

on the pendants in the head area. The red pigment was however dispersed throughout the 

grave. Some beads from the belt also showed traces of cinnabar, albeit in smaller quanti-

ties. The distribution of these pigments across the artefacts appeared heterogeneous. Dark 

red ochre was found on only a few beads and one pendant, exclusively within the surface 

cavities of the ornaments. Regarding the beads from the child’s burial V(28), any discol-

ouration observed was not attributed to the presence of pigment but rather to post-depo-

sitional processes. A significant exception to this was a single barrel-shaped bead discov-

ered under the skull. On its surface, amidst reddish-brown staining and micro spots of 

calcium phosphate residue, the presence of cinnabar was confirmed.

The extraction and use of cinnabar, a red mineral pigment composed of natural mer-

cury sulphide (HgS), dates back to the Stone Age. Well-known Neolithic mining sites for 

cinnabar include Almaden in Spain, Monte Amiata and Spaccasasso in Italy, as well as 

quarries in the Balkans, including Idrija in Slovenia and Avala in Serbia (Gajič-Kvaščev et 
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al. 2012; Maras et al. 2013; Mioč et al. 2004; Poggiali et al. 2017). The presence of mer-

cury ore from the Šuplja Stena mine, located beneath Mount Avala near Belgrade, Serbia, 

along the trade route of the first farmers travelling through the Moravian Gate to Poland, 

suggests the possibility of the cinnabar’s provenance. However, further analyses are re-

quired to confirm the hypothesis.

Possible sources located in Poland should be discounted due to the exceptionally rare 

occurrence of cinnabar within predominantly hydrothermal deposits. The most notable 

deposits linked to polymetallic uranium mineralization are the Kowary and Kletno depos-

its (Banaś and Mochnacka 1986; Mochnacka and Banaś 2000; Gil et al. 2020). Cinnabar 

identified at these sites is present only in trace amounts, typically as dispersed microcrys-

tals within a network of quartz-calcite veinlets (Kowary) or embedded in veins or nests of 

secondary uranium minerals (Kletno). Obtaining a significant quantity of powder akin to 

that found in the woman’s grave would not be viable from these locations.

Samborzec, Site 1 is situated on loess deposits, where finding red ochre is unlikely. 

Therefore, it is reasonable to assume that it was most likely acquired from other regions. 

In Poland, there are several potential source locations for red ochre, including the Tatras, 

the Sudeten Foreland, or bog ores in the lowlands. However, a more probable source can 

be found in the Rydno Complex within the Świętokrzyskie Mountains near Skarżysko-Ka-

mienna, located approximately 100 km northwest of Samborzec. Although Rydno is recog-

nized as a major mining centre for haematite ore in the Palaeolithic and Mesolithic peri-

ods, it cannot be ruled out that mining on a smaller scale continued during the Neolithic 

(Schild et al. 2011). Although haematite can be found within a reasonable distance, cin-

nabar was acquired possibly through trade or exchange from distant sources. It is widely 

acknowledged that valuable materials, typically those that are rare or require significant 

efforts in their acquisition, often are considered prestigious or of special symbolic mean-

ing. Moreover, it is plausible that these Early Neolithic societies possessed an understand-

ing of the distinct attributes of each mineral, indicating the deliberate cultural selection of 

specific pigments based on their intended use (Domingo et al. 2012). 

Until now studies considering red pigments used throughout prehistory in Poland have 

primarily concentrated on items originating from sedimentary contexts, such as buildings, 

clay extraction pits, and ceramics (e.g., Kościuk-Załupka 2023; Mioč et al. 2004). There-

fore, considering the interesting results presented here as a case study of Samborzec buri-

als, there is undoubtedly a need for more extensive investigations of the red pigments 

discovered in Neolithic burials.

The ornaments in a burial context

The discussed artefacts have been determined to come from two different burials, as 

mentioned earlier, namely Burial 208 and, surprisingly, a child’s burial, V(28). Initially, 

the child’s burial was classified as being associated with BBC communities, albeit with 
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a degree of uncertainty. However, considering the contextual evidence, the orientation of 

the skeletal remains in the burial, the presence of identified marble beads, and their meas-

urements (Tab. 1), the chemical match with red pigment (cinnabar), and the overall close 

similarities to the findings from woman’s burial, we can now confidently associate this 

burial with the LBK remains (of phase I) at the site. Most of the short marble beads found 

in the child’s burial (Fig. 2) are very similar to those found in the woman’s pelvic area in 

Burial 208 (Fig. 1). Furthermore, several of them were discovered adjacent to each other 

(see Fig. 2) within the pelvic area of the buried child, possibly indicating a fragment of 

a similar ornament, such as a hip belt. The location of a barrel-shaped marble bead was 

mentioned as being positioned under the skull. The presence of red pigment – cinnabar 

– on the bead suggests that it might have been a head or neck ornament, similar to the 

marble pendants found with the woman in Burial 208 (the largest concentration of red 

pigment was usually found in specific areas of the skeletal remains, specifically around the 

head). The woman buried in Feature 208 was certainly adorned with two pieces of marble 

ornaments, namely: a head decoration made of marble pendants and a hip belt constructed 

of marble beads and two Spondylus beads. Unfortunately, it is unclear exactly in which 

part of the belt they were located. The discovery of beads made from Spondylus shells 

amidst marble ornaments is the second find of LBK ornaments in Poland in terms of raw 

materials, indeed exceptional in terms of typology, constituting a one-of-a-kind find with-

in the territory of Poland. These previously undisclosed artefacts may now be incorporated 

into the limited catalogue of Spondylus ornaments uncovered in Poland (Kurzawska and 

Sobkowiak-Tabaka 2020). Both ornaments found in the woman’s burial (the headdress 

and hip belt) showed traces of red pigment identified as cinnabar, with the largest amount 

found on the pendants. Similar LBK burials of women and children, adorned with orna-

ments made of Spondylus and marble, accompanied by the associated red pigment (al-

though chemical studies were not conducted), were discovered at a cemetery in Vedrovice 

(Podborský ed. 2002). The presence of Spondylus ornaments and red pigment, either 

sprinkled or spread over the head, is more frequently encountered in burials from Central 

Europe (Hedges et al. 2013) and may be considered a distinctive element of different burial 

traditions within LBK communities (Jeunesse 1997).

Typically, specific raw materials and items made of them, particularly those obtained 

from distant regions – referred to as ‘imports’, such as Spondylus ornaments – have often 

been interpreted as symbols, found in burials indicating social status, prestige, or, in the 

case of children’s burials, hereditary status (e.g., Chapman and Gaydarska 2015). However, 

their roles were likely multidimensional, carrying deeper social messages beyond their 

decorative and symbolic functions, including religious dimensions (Borić 2015). Through 

ornaments and common customs (e.g., in funerary rites), Neolithic communities living 

over a very wide area could express belonging to a shared tradition, beliefs, or ancestry 

(Rigaud et al. 2015). The unique ornaments found in burials discovered in Samborzec can be 

seen as manifestations of these well-established traits, serving as markers of membership in 
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this tradition where the choice of raw materials, colour, and the type of decorations held 

specific significance. It seems evident that colour, particularly the bright and lustrous 

white, which bears a wide range of symbolic meanings across cultures (Vollmar 2009; 

Vitezović 2012), played a central role in the selection of raw materials, including white 

stones such as marble, as well as Spondylus shells, from which the outer layer of colour 

had been deliberately removed. 
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