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Abstract

The paper presents a comprehensive analysis of pottery and lithic materials found in
archaeological features associated with an Early Neolithic house from Biskupice (southern
Poland) to shed light on exchange networks of the first farmers in Central Europe. The research
began with the discovery of a unique fragment of a face vessel made in the Zeliezovce
style, a motif primarily found in Moravia and north-eastern Austria. Therefore,
specialised analyses were undertaken to determine whether the Biskupice fragment was
locally produced or originated from areas south of the Sudetes and Carpathians. The study
involved an examination of raw clay material and the technology used to create the
anthropomorphic vessel, aiming to establish its provenance (local production versus import).
Petrographic methods were employed to analyse a diverse group of vessel types for comparison.
Additionally, a selected group of pottery fragments, including the face vessel, underwent lipid
residue analysis to determine their potential use. The combination of microscopic examinations
and lipid residues analysis was utilised to study the link between the physical properties and
function of the vessels. Finally, the archaeological context of other artifacts from the same
house, including lithic assemblages, was investigated to determine the presence of both local
and imported raw materials in Biskupice. The main conclusion of the study indicates local
production of pottery, including the face vessel, and lithic implements. Conversely, a
Transcarpathian transfer of some technological and decorative ideas, as well as imports of raw
material such as obsidian, were confirmed.

Keywords: Linear Pottery culture, Early Neolithic, Zeliezovce phase, petrographic analysis of
pottery, lipid residue analysis, lithic analysis

1. Introduction
During archaeological excavations conducted in 2020 in Biskupice, southern Poland, a
vessel depicting a human face with horn-liked protrusions was discovered in a feature

associated with a house belonging to the Linear Pottery culture (abbreviated as LBK, from



German Linearbandkeramik). This archaeological unit is roughly dated to the second half of
the sixth millennium BC. Anthropomorphic vessels and figurines referred to the Early Neolithic
in Poland are extremely rare (Czerniak, 1998, fig. 6; De¢biec, 2014; Czekaj-Zastawny, 2014,
fig. 39), making this find particularly noteworthy. The stylistic motifs of the vessel from
Biskupice were already analysed taking into account all other human representations from
European LBK sites and those coming from the Alf6ld Linear Pottery culture. The comparison
of 130 face vessels revealed a strong connection between the pot from Biskupice and the
Zeliezovee style, typical of the late phase (I11) of LBK (Korczynska et al., 2021). The
Zeliezovee style is primarily found in south-western Slovakia, where a separate Zeliezovce
group or even culture was distinguished, divided into phases and subphases (as Zeliezovce 1,
lla, I1b and Il1; Pavak 1969; 1994). In Poland, it is territorially limited mainly to the Upper
Vistula River Basin (Czekaj-Zastawny, 2017) including the Carpathian Foothills (Valde-
Nowak, 2014; Czekaj-Zastawny et al., 2021). Therefore, this new find from Biskupice indicates
chrono-cultural connections with areas located south of the Carpathians.

The artefact in question was discovered in feature no. 25, which is part of the well-
preserved house no. 2. This long house with a post construction is typical of the LBK. The
exceptional nature of the face vessel finding prompted the research team to attempt to
analyse and interpret in detail its archaeological context, i.e., house no. 2, before
completing a comprehensive investigation of the entire settlement. Therefore, this study
only presents the analysis of the features and materials found in one of four possible
houses discovered during recent excavations in Biskupice. Additionally, there is evidence
of another house of the same chronology found on the highest part of the elevation on
which the settlement was situated. It was excavated partially for rescue reasons before
2020 (Czerniak, 2014, unpublished). Currently, the settlement is divided by a road and
therefore, it is impossible to trace a relationship between house no. 2 and other household
units, the internal organization of the settlement and the chronology of all the households.
The full extent of the settlement is difficult to evaluate due to the unsuitability of non-
destructive methods due to the characteristics of the soil condition and the presence of
modern buildings in the north-western part of the site (Moskal-del Hoyo et al., 2022,
unpublished). Early Neolithic artefacts found during the surface survey suggest that this
area may not have been very large, between 0.5 and 1 hectares. Nevertheless, based on the
local geomorphology and current field research, it is likely that the settlement was

composed of a small group of households.



Archaeological settings

The site at Biskupice is situated on a loess-mantled hummock (approximately 312
m.a.s.l.), delimited by two streams (Korczynska et al., 2021). It is located in the Wieliczka
Foothills, which belong to the belt of Carpathian Foothills (Kondracki, 1998). The site is
part of the Early Neolithic settlement zone in southern and south-eastern Poland,
specifically within the settlement cluster connected with the loess landscapes in the Upper
Vistula River Basin (Fig. 1; Czekaj-Zastawny, 2009). These landscapes also cover regional
sections of Carpathian Foothills (Fig. 1; Valde-Nowak, 2014; Czekaj-Zastawny et al.,
2020). The site was identified through systematic field surveys (the Polish Archaeological
Record; in Polish: Archeologiczne Zdje¢cie Polski, abbreviated as AZP), but the first remnants
of LBK settlement appeared during a rescue excavation (Czerniak, 2014, unpublished). The
unique location of the LBK site in the foothill zone was one of the significant factors that led
to the initiation of new excavation works in 2020. Another noteworthy feature of the site,
confirmed by the excavation, was the presence of materials typical of only one occupation phase
(LBK), providing optimal conditions for a case study on Early Neolithic occupation. This
approach helps avoid the problems of post-depositional disturbances and mixing of

archaeological materials that typically occurs in multiphase sites.

During two archaeological campaigns (2020 and 2021), remains of at least four LBK
household units were uncovered (Fig. 2). Only one of the houses — house no. 2 —was discovered
in its entirety. Its remains included 37 remnants of posts arranged in five rows and four lateral
pits. Two of the pits were located along the western wall (features nos. 23 and 24), and two
were localized along the eastern wall (features nos. 20 and 25). The house was oriented on a
north-south axis, and its size might be estimated at approximately 6 m x 11 m. All four
elongated pits, situated outside the outer walls along the longer axis of the house, had oval,
orthogonal shapes. Their dimensions varied between 1.2 — 2.2 m on the longitudinal axis and
2.7 — 4.3 m on the later axis, with maximum depths ranging from 0.35 m, to 0.9 m (Fig. 3). All
four were characterized by irregular bottoms, and their fill contained a sequence of loessic
inclusions and cultural layers that differed in colour and consistency of the sediment.
Considering the division proposed by P. J. R. Modderman (1986, Fig. 29), this house represents
Type 2 (with one corridor on the north side). This type of relatively small house is not typically
discovered at LBK settlements, although a similar construction was detected at the site Brzezie



no. 17, a few kilometres northeast of Biskupice (Czekaj-Zastawny, 2009; Czekaj-Zastawny,
2014).

All the elongated pits yielded pottery fragments, flints, obsidians and some small
daub fragments (Fig. 4, Table 1S). As mentioned earlier, the most spectacular finding
associated with this house is the face vessel deposited in the elongated pit no. 25
(Korczynska et al., 2021). In addition, this pit contained 408 mostly undecorated pottery
sherds, as well as 368 flint and three obsidian artefacts. The proportions of various types
of findings are quite similar to other elongated pits connected to this house, with an
exception of feature no. 20, located north to the pit no. 25, which delivered many more
lithics, mostly chips. Additionally, two fragments of querns appeared in this feature
(Table S1).

In the northern part of the house no. 2, two further pits (features nos. 18 and 22)
were discovered. Both had circular, orthogonal shape of approximately 2 m in diameter
and elliptical cross-sections. In general, their fill was characterized by a dark-brownish
colour. The taphonomy of the sedimentation of both differed from the elongated pits. In
the case of feature no. 18, the fill was relatively homogenous. In contrast, the fill of feature
no. 22 was clearly laminated, and there were a few stones with signs of heat exposure
found within one of the layers. In comparison to the elongated pits, the proportions of the
particular types of artefacts differed significantly (Fig. 4, Table 1S). It is challenging to
discuss the function of these pits and their chronological relation to the house no. 2. Due
to the location of pit no. 22 within the house no. 2, it is presumed that both structures
could not be contemporary. On the other hand, the function of feature no. 18 such as a
storage pit, cannot be ruled out since this relatively shallow pit contained the highest
number of charred plant remains, mostly cereals (Kapcia et al., 2023). Whether this pit

was serving the community that lived in house no. 2 remains an open question.

Aims of the study

The specific objectives of the research were, firstly, to provide new AMS dating of
the Zeliezovce style represented in the Biskupice site. The chronological framework of this
phase in Poland is not well established due to a scarcity of archaeological sites with reliable
series of radiocarbon datings (Oberc et al., 2022). In south-western Slovakia, the absolute
chronology of the Zeliezovce phenomenon as a whole, as well as its traditional stylistic

sub-phases, is also imprecisely defined, and there is uncertainty of its status (group?,



culture?, style?). Secondly, the aim was to determine whether the face vessel from
Biskupice represents an import from areas south of the Sudetes and the Carpathians or
if it was produced locally. To achieve this goal, the clay raw material and the technology
of this pottery fragment were analysed. An important question concerned its function,
which was tested with the help of lipid residue analysis. Similar analyses were performed
on pottery sherds found in features connected with the same house to provide a context to
this exceptional finding. Thirdly, the study aimed to discern further determinants of the

Transcarpathian contacts, through analyses of the pottery and lithic artefacts.

2. Materials and Methods
2.1. Radiocarbon dating

A total of 10 samples for radiocarbon dating were selected from features associated with
house no. 2. They consist of charred plant macro-remains obtained from archaeobotanical
samples collected during the archaeological excavations. For each dating result, one
taxonomically identified cereal grain was chosen, considered relevant for obtaining the most
accurate dating result (Nowak et al., 2017), from a sample taken from a deep layer of each
archaeological feature. Cereal caryopses (n = 9) belonged to emmer wheat Triticum dicoccon
and/or einkorn wheat T. monococcum (Table 1). Additionally, one sample comprised 3 fruits
of wild buckwheat Fallopia convolvulus (Table 1) as this species is one of the most frequently
found wild herbaceous plants at this site (Kapcia et al., 2023) andcould have been used as food.
For dating, accelerator mass spectrometry (AMS) at the Poznan Radiocarbon Laboratory was
employed, following the methods of chemical pre-treatment (Brock et al., 2010). Calibration
was made using OxCal ver. 4.4 (Bronk Ramsey, 2009) with 14C calibration curve IntCal20
(Reimer et al., 2020).

2.2. Pottery

The analysis of pottery fragments was conducted through measurements of their
dimensions and weight, along with a description of their state of preservation, technology
(evaluated macroscopically), forms, and decoration. The distribution of all pottery sherds found
in the features associated with house no. 2 took into account the three-dimensional location of

all fragments, which was fixed using a Total Station (model Geomax Zoom 40).

2.2.1. Petrography



A total of 27 fragments of vessels were selected for petrographic studies. These
fragments represent macroscopically diversified material both in shape and fabric and were
excavated from the elongated pits of house no. 2 (Table S2). The analysis aimed to describe
and recognise raw materials and technological features of the ceramic pastes, including

admixtures, firing conditions and temperature. One sample (no. 10) came from the face vessel.

Thin sections from the ceramic sherds were analysed under a microscope with polarised
light. Using point counting techniques, the relative abundances of certain compounds were
established, including clay minerals, quartz, potassium feldspars, plagioclase, muscovite,
biotite, carbonates, fragments of sedimentary, igneous and metamorphic rocks, fragments of
reutilised ceramics (grog), as well as organic material (Table S3). The description of mineral
composition also included silty grains and voids (pores, cavities). The percentage of these
elements was established for every sample. The fabric description also included the degree of
mixing of the ceramic fabric and the temperature and conditions of the firing process (Reedy,
2008, 109-210; Whitbread, 2017). An approximate temperature of the original firing was
determined based on the thermal alteration of clay minerals, specifically the observation of the
degree of transformation of a ceramic matrix into an amorphous, isotropic substance, and the
observation of biotite minerals, hornblende, and glauconite (Bolewski, Zabinski, 1988; Quinn,
2013: 190-203; Daszkiewicz, Maritan, 2016). The division of grain fractions assumed in this
paper followed the determinations formulated by the Soil Science Society of Poland (Polskie

Towarzystwo Gleboznawcze, 2009).

2.2.2. Lipid residue analysis

A total of 34 sherds were selected for lipid residue analyses. The samples analysed
included fragments from spherical vessels (n = 25), open bowls (n = 4), vessel with neck (n =
1) and pots from unknown typology (n = 2). Two samples associated with the face vessel were
also sampled, namely a fragment of the face vessel and another sherd thought to be part of this
pot (Table S4).

Lipid residue analyses and interpretations were based on established protocols
(Evershed et al., 1990, Correa-Ascencio and Evershed, 2014). Briefly, analyses proceeded as
follows: approximately 1 to 2 g ceramic fabric samples were taken, and their surfaces were
cleaned using a modelling drill to remove any exogenous lipids (e.g., soil or finger lipids due
to handling). The samples were then ground to a fine powder in a glass mortar using a pestle.
The powdered sherd was transferred to a glass culture tube, an internal standard added for



quantification (n-tetratriacontane, 20 pg) and an acidified methanol solution (H2SO4/MeOH,
4% viv, 5mL, 70 °C, 1 h) was added. The lipids were then extracted from the aqueous phase
with hexane (2 x 3 mL plus 2 x 2mL). The solvent was evaporated under a gentle stream of
nitrogen to obtain the total lipid extract (TLE). Aliquots of the TLE (generally one quarter
aliquots) were trimethylsilylated using N,O-bis (trimethylsilyl) trifluoroacetamide containing
1 % trimethylsilyl chloride (20 uL, 70 °C, 1 h) and re-dissolved into hexane for analysis by gas
chromatography (GC-FID).

Combined GC-MS analyses were also performed on trimethylsilylated aliquots of the
lipid extracts enabling the elucidation of structures of components not identifiable on the basis
of GC retention time alone. The samples where animal fats were detected were submitted to
GC-combustion-isotope ratio mass spectrometry (GC-C-IRMS) in order to distinguish between
non-ruminant and ruminant fats, and dairy from adipose fats (Copley et al., 2003). The detection
of potential aquatic biomarkers such as w-(0-alkylphenyl) alkanoic acids and isoprenoid fatty
acids were carried out using GC-MS analysis, following on from Cramp and Evershed (2014).

2.3. Lithic analysis

Raw materials used to make lithic artefacts were identified based on the author’s
experience and comparative collection stored in the +AE-PRAS Institute of Archaeology and
Ethnology, Polish Academy of Sciences in Warsaw and Institute of Systematics and Evolution
of Animals, Polish Academy of Sciences in Krakdéw. The lithic and obsidian artefacts were
classified into four morphological groups following Lech (2012) and Werra et al. (2021).
Among the lithic finds, 16 obsidian artefacts were detected during the archaeological
excavations (Table S5), while 40 small items, mainly small chips, were found after wet-sieving
of archaeobotanical samples (in the heavy fraction; mesh of 1 mm). Observations on flint

assemblage were carried out on 861 items recorded during archaeological excavations.

2.3.1. XRF- analysis

All the 14 obsidian artifacts recovered from house no. 2 were analysed by using energy
dispersive x-ray fluorescence (EDXRF) to determine their trace and selected minor element
compositions. The derived chemical composition profiles were then compared with those of
known obsidian sources to determine the most probable parent geological source for each
artefact (i.e., artifact-to-“source”, including geochemical type/variety attributions; Hughes,

1998)). EDXRF laboratory analysis conditions, instrumentation, geochemical type attribution



procedures, element-specific measurement resolution, and literature references applicable to
these samples follow those reported for artifacts from Rydno XI11/1959 (Hughes and Werra,
2014) and from other Mesolithic and Paleolithic sites in Poland (Hughes et al., 2018).

3. Results

3.1. Radiocarbon dating

The dating results indicated a chronology pointing toward the end of the sixth
millennium BC (Fig. 5; Table 1). All the likelihoods, without any modelling, suggest a fairly
long interval, i.e., spanning at least from about 5300 to 5000 BC (Fig. 6a). This does not imply
that house no. 2 must have been in operation for 300 years. Instead, it suggests that it was in
use for some period within those three centuries. After Bayesian modelling, considering the
start and end dates of the 2sigma intervals for the start and end boundaries, respectively (Fig.
6a), the situation remains essentially unchanged. However, when considering the highest
probability sections of these boundaries and the calibration curve in the relevant interval (Fig.
6b), the hypothetical timeframe for the functioning of house no. 2 shrinks to approximately
5200-5050 BC. Similarly, it cannot be argued that house no. 2 was occupied during the whole

of that time.

3.2. Pottery analysis

More than 1100 pottery sherds were discovered in features connected with house no. 2.
Their distribution was uneven, with a high concentration in the elongated pits on both sides of
the house (features nos. 23 and 25). In contrast, in the south-western elongated pit (no. 24) and
in one pit interpreted as a storage pit (no. 18), and post-holes, a smaller number of sherds were
found. For 248 fragments, it was possible to reconstruct the form of the vessel. More than 75%
of this assemblage is dominated by open bowls with varying degrees of walls eversion and
spherical vessels. Vessels with a high neck appeared sporadically, while only one miniature
vessel was found. The majority of the pot fragments are ornamented, especially with engraved
lines, such as arched and paralleled (Fig. 7c and e). They are accompanied by notches, some of
them quite long, crossing a few lines (Fig. 7g and d). Other motifs were recognised, including
simple cuts, especially under the rim. The pots were frequently decorated with plastic elements,
such as knobs and clay bands (Fig. 7f). Some of the sherds contain both kinds of ornament:
engraved lines and plastic knobs (Fig. 7h), observed in fine and coarse ware. Also, finger and

nail imprints occur as a part of decoration. Anthropomorphic, such as the face vessel (Fig. 7a),



and zoomorphic motifs are very rarely found. The latter one is represented by a handle with a

plastic decoration that resembles a head of an animal (Fig. 7b).

3.2.1. Petrography

Petrographic analyses of pottery fragments from house no. 2 have shown that the
mineral composition of the ceramic masses includes components such as sandstone, mudstone
and claystone (Table S2). The most common are silty clays (clay with an abundant quantity
silty grains). Such clays are among the most available in the study area. Various admixture
types were added to the clay, such as grog, sand and plant temper, perhaps depending on the

pottery function.

To be more specific, six technological types are represented (Table S3, Fig. 8; Rauba-
Bukowska et al. 2007; Rauba-Bukowska, 2014a; 20014b; Rauba-Bukowska, Czekaj-Zastawny,
2020). Most of the sherds were associated with technological types VI and VII, forming 59%
of the assemblage (Fig. 8m-s) representing fine, medium and thick-walled pottery. The main
components of ceramic fabric of type VI are clay minerals, silty grains and coarser grog
fragments (Fig. 8m-o, grog shown with an arrow). The type VII (Fig. 8p-s) is similar to VI but,
apart from grog, it contains sand admixture, while the main components of raw material are
clay minerals, grains of quartz, feldspar, and fine mica flakes. Rare are heavy minerals and
chalcedony. Technological type Il is also common in this assemblage (19%) which represents
a thin-walled pottery (fine ware; Fig. 8d-f). The main components of raw material are clay
minerals, silty grains, and very fine mica flakes. Within fine-grained clay, microfossils of
plankton appeared. Other technological groups were found infrequently in ceramic
assemblages. The main components of the ceramic pastes of type | (Fig. 8a-c) are clay minerals,
grains of silty fraction, fine mica flakes and iron oxides and hydroxides concentration. Pots
made of paste type 111 (Fig. 8g-i) consist of clay minerals, poorly sorted quartz grains, feldspars
and chalcedony grains. Rounded fragments of sedimentary (e.g., mudstone) or metamorphic
(e.g., quartzites) rocks are present. The ceramic fabric of type IV (Fig. 8j-1) is characterized by
lumpy structure and bigger porosity, caused by poorly mixed clay with fragments of
sedimentary rocks, mostly claystone, mudstone and sandstone. The main admixture consists of
plant fragments which, after destruction during firing, caused porosity. The face vessel
represents type VII (Fig. 8p-s) and has ceramic fabric, which is medium to coarse grained with
numerous sand grains and grog fragments. The raw material is silty clay with sand, composed

mostly by quartz, feldspars and rarely quartzites.



3.2.2. Lipid residue analysis

A total of 17 sherds (50%) were dominated by Cie:0 (palmitic) and Cis:o (Stearic) fatty
acids and interpreted as archaeological animal fats (Fig. 9). High concentrations of Cig:1
unsaturated fatty acids were present in six of these sherds likely indicating that these fats are
not archaeological in origin (Whelton et al., 2021). The presence of cholesterol in some of these
extracts also points towards modern contamination (Hammann et al.,2018). Those lipid extracts
were not characterised further. Unfortunately, none of the sherds associated with the face vessel
provided interpretable archaeological fats. Of the 11 sherds where archaeological animal fats
were clearly identified, the main Cie0 and Cis:o fatty acids were accompanied by odd-carbon
number fatty acids, biomarkers of bacterial populations from the rumen and characteristic from
ruminant fats (Fig. 9a; Keeneyet al., 1962). Concentration of lipids in those sherds ranged
between 6 g and 4.16 mg per g of sherd (mean: 900 ug g?) (Table 3). The determination of
animal fat types was achieved by measuring the 5'C values of the main fatty acids (C16:0 and
Cis0). The 8'3Cae:0 values of lipid extracts ranged from -28.4 to -25.6%o and were consistent
with non-ruminant adipose fats (n = 4) and mixtures between non-ruminant and ruminant
adipose fats (n = 7, Fig. 9b; Copley et al., 2003). The archaeological animal fats extracted from
the coarse open bowls (n = 3) were all consistent with non-ruminant adipose fats; while
spherical vessels displayed a wide range of animal fats, from non-ruminant adipose fats, to
various mixtures of non-ruminant and ruminant adipose fats (Fig. 9¢c). No w-(o-alkylphenyl)
alkanoic acids were detected in the extracts; and 4,8,12-trimethyltridecanoic acid (TMTD) was
detected in only one extract, suggesting very little evidence for the processing of aquatic
resource in the pottery studied here (Table S). This can be in accordance with local landscape

as the site is not located in close proximity to water reservoirs.

3.3. Lithic material

In archaeological features connected to house no. 2, a total of 877 lithic artefacts were
detected during archaeological excavations. The majority of them (861 pieces) are made of
flint, while the remaining ones are of obsidian (n = 16). Flint artifacts were mostly found in the
fillings of two features (nos. 23 and 25; Fig. 10a). They mostly represent debitage and only 50
of them are implements (retouched tools and flint hammerstones). Concerning the flint
assemblage, almost all specimens were made of mezo-local Jurassic-Cracow flint (95.3%),

originating from outcrops located north and north-west of Krakow. Some flint items (1.7%)

10



were burned, and only two were made of so-called chocolate flint (0.2%), from either the north
outskirts of the Holy Cross Mts. (ca. 170 km north-east of the site) or the central part of the
Krakdw-Czestochowa Upland (ca. 100 km north-west of the site; see Sudot-Procyk et al. 2021).

A total of 15 items of flint artifacts belong to the first morphological group (natural
nodules and cores) as defined by Lech (2012). These are primarily a blade cores with a single
striking platform formed by single blow. Generally, cores have cortical sides, without traces of
preparation and signs of faceting. The striking platform mostly is located on the narrow side of
the core, but in a few cases on the wider side. The size of cores varies greatly, with length from
28 to 70 mm, width from 21 to 62 mm, and thickness from 23 to 48 mm. The cores are used up,
often to residual forms or reused as hammerstones. The main purpose was to obtain blades,
which were then the basis for the production of tools. The second group consists of 156 whole
blade and their fragments, including 60 with a cortical surface. The third group (flakes and
waste) is the most numerous — 603 items, including 148 cortical flakes and 141 chips. The
fourth and last group, implements, includes 50 artifacts. Most of them are retouched blades and
their fragments (n = 23), endscrapers (n = 9) and hammerstones (n = 10). Only four truncations,

three retouched flakes and one perforator were registered.

Obsidian artifacts were found sporadically in six features, and the majority of them
appeared in feature no. 23 (Fig. 10b). The short descriptions of each morphological group of
obsidian artefacts appear in Table S5. The first group (natural nodules and cores) contains one
item, a blade core, with a striking platform formed with the detachment of a single flake,
showing signs of faceting, trace of preparation on the tip, but not on the sides (Fig. 11i). The
second group consists of one whole blade and six blade fragments (Fig. 11a-d, g-h). The third
group of eight artefacts comprises four flakes and four waste pieces (two of them were not
geochemically analysed; Fig. 11e-f). Also, 40 items from archaeobotanical samples represent

this group. No items were classified in the fourth and final group (implements).

3.3.1. Geochemical analysis of obsidian

The results of the quantitative geochemical analysis of large artifacts appear in Table
S6, data for smaller specimens are listed in Table S7, and are illustrated graphically in Figure
12. The Sr/Zr data for eight specimens large enough for quantitative analysis (Table 6 and Fig.
114, d-f, i) plot within the range established for Carpathian 1a/1b obsidians (Rosania et al.,
2008) erupted in the Zemplén Mountains of southeast Slovakia (Fig. 12a). The other six

obsidian specimens (Fig. 11:b, c, g, h) were too small and thin to generate x-ray counting
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statistics adequate for proper conversion from background-corrected intensities to quantitative
concentration estimates (i.e., ppm), so they were analyzed to generate integrated net count
(intensity) data for the elements Rb, Sr, Y, Zr, Nb, Fe and Mn (see Hughes, 2010 for analysis
protocol). Background-subtracted intensities (counts per second) were converted to
percentages, and source (geochemical type) 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 S7, Fig. 12b)

indicate that all six small flakes also were made from Carpathian 1a/1b obsidian.

4. Discussion
Chronology of the settlement at Biskupice

The nature of the ornamentation of the vessels from Biskupice indicates a classic, second
stage of the Zeliezovce phase of the LBK (Pavuk 1969; 1994; Kadrow 1990; 2020) with
medium or long notches that intersect several thin and V-shaped lines. Several motif variants
can be listed here. The most common are double, triple arc lines with intersecting notches, and
multiple horizontal and diagonal straight lines. In addition, there are elements indicating a late
sub-stage of the phase Zeliezovce I, i.e., phase IIb (Pavik 1969: Fig. 6; Kadrow 1990, 2020:
147; Debiec, 2014: 226). They are characterized by very long notches, crossing even five or six
lines of engraving. Only thin-walled spherical vessels and open bowls are decorated with
engraved lines. In the area of south-western Slovakia, materials corresponding stylistically and
chronologically to the Zeliezovce ITb subphase occurred at many sites, such as Stiirovo (Pavuk,

1994), Baj¢ (Cheben, 2000), and Vréble (Furholt et al., 2020).

Among plastic decoration, there is a quite uncommon find of a handle that resembles a
head of an animal (Fig. 7b). This kind of handles belongs to Type no. 2 (following Becker,
2007) and they are spatially and chronologically associated with the Zeliezovce phase of the
LBK (Becker, 2007: 23-24). Although some examples are known from western Germany,
Austria and Czech Republic, there is a very distinct cluster of such pots in Moravia, south-
western Slovakia, and north-western Hungary. The most similar analogies, due to the horizontal
perforation in the handle, might be found in an assemblage of such handles from the settlement
at the Danube valley in Muzla-Cenkov, okr. Nové Zamky (Kuzma, 1990: 441, figs. 13,31-32;
443, figs. 15,42). It is unclear what kind of animal is represented. Some scholars have indicated

bovidae (after Becker, 2007:23), but in most cases, a convincing attribution is not possible.
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To sum up, pottery from Biskupice correspond to the end of the LBK development in
south-eastern Poland. Data available in a few sites located near Krakow and Rzeszéw
(Czekaj-zZastawny, 2014: 103-105) clearly indicate that the youngest LBK settlements fall on
the Zeliezovce IIb phase (Pavik, 1969), after which this culture disappears and a hiatus is
observed between the LBK and the next Neolithic unit (Czekaj-Zastawny, 2017). In Biskupice,
the series of radiocarbon dates showed an existence of a plateau, although they indicated that
the end of house no. 2 might have been situated around 5050/5000BC. In general, this
corresponds to the radiocarbon dates acquired for the Zeliezovce phase for Poland (Oberc et
al., 2022).

Characteristic features of the pottery from Biskupice: local products versus imported

items

Geological outcrops of Carpathian Flysch (Sub-Silesian Series) and Miocene
sediments can be found in the neighbourhood of Biskupice (Burtan, 1954). The mineral
and petrographic composition of the studied ceramic pastes are consistent with local
geology, as components such as sandstone, mudstone and claystone come from
Carpathian Flysch. Additionally, the presence of microfossils like plankton remnants
points to local clay from marine Miocene sediments of the Carpathian Foredeep. Neolithic
ceramic pastes containing microfossils or glauconite grains are known from a few sites
near Krakow and Wieliczka, showing local sourcing of the raw material (e.g., ModlIniczka
site 5, Targowisko site 16; Rauba-Bukowska 2019; 2021). Pottery fragments that have
been studied in detail show that the ceramic vessels from the site are made of local clays
with an admixture of sand, grog and organic fragments. Furthermore, ceramic fabrics
from Biskupice, as well as from other sites in Lesser Poland (Rauba-Bukowska, Czekaj-
Zastawny, 2020) due to the addition of grog, show similarities to ceramic masses of the
Biikk culture (Kozlowski et al., 2015; Czekaj-Zastawny et al., 2018).

The diagnostic features of the technology of pottery and the predominance of VI and
V11 technological types (59%) confirms late chronology of the Biskupice pottery assemblage
(Zeliezovce phase, see: Table 2) (i.a., Pavik, 1969, fig. 6; Koztowski et al. 2014; Kadrow and
Rauba-Bukowska 2016; 2017; Czekaj-Zastawny et al., 2017; Moskal-del Hoyo et al., 2017,
Kadrow, 2020, 147; Rauba-Bukowska, Czekaj-Zastawny, 2020). It was noticed that there was
a significant change in the preparation of ceramic pastes in the LBK between the Music-Note

(classical) and Zeliezovce (late) phases (Rauba-Bukowska, Czekaj-Zastawny, 2020; Rauba-
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Bukowska, 2021). It consists of several changes in the composition of the ceramic masses. First,
a new type of admixture appeared, namely chamotte (grog; types VI and VII; Table S5), as
fragments of sedimentary rocks were a component of ceramic masses in the olde and classical
phases. Fabrics with an admixture of clay pellet were called type IV (Rauba-Bukowska et al.,
2007; Rauba-Bukowska 2014, 2021; Rauba-Bukowska, Czekaj-Zastawny, 2021). These pastes
were mainly used to make larger, coarse, thick-walled pots.The second significant change in
the technology between ceramics of the Music-Note and the Zeliezovce phase was the
increasingly rare use of an organic admixture, consisting mostly of chaff fragments from
domesticated cereals (Moskal del-Hoyo et al., 2017). This temper was very common in the
older and classical phases of the LBK and was present in all types of ceramic fabrics, but more
often was found in masses of type IV of thick-walled vessels. Plant fragments were also added
to the clay in the Zeliezovce phase, but without a clear correlation as to the type of ceramic

mass.

Regarding firing conditions and temperatures, there have been almost no changes in this
technological field during LBK period in Lesser Poland (e.g., Rauba-Bukowska et al. 2007;
Rauba-Bukowska 2014; Koztowski et al. 2014/2015; Rauba-Bukowska 2021). Firing usually
took place in an atmosphere with a weak supply of air at temperatures around 650-800°C and
rarely over 800°C. A similar structure of the method of firing is constant for the entire LBK
and probably also for other Neolithic cultures, e.g., the Malice culture (Rauba-Bukowska et
al. 2007; Rauba-Bukowska 2021). The collection of pottery from Biskupice studied here
(n=27) does not differ from this scheme; firing prevails with a small supply of air at
temperatures of 700-800°C.

The face vessel and the pottery with the zoomorphic handle (samples 10 and 25) show
characteristic features of local ceramic paste, thus representing local production. This
demonstrates that the idea of depicting anthropo- or zoomorphic representation was transferred
from Transcarpathian areas rather than the vessels being imported. Similar cases were recently
observed among LBK assemblages. For example, a study of an anthropomorphic figure from
Kosina, showing a high similarity with the human figures from the AIfold Linear Pottery

culture, was made of local clay (Dg¢biec et al., 2021).

Pottery use

Lipid residue analysis of pottery samples from Biskupice showed that animal fats were

present, coming from ruminants and non-ruminants. Animal bones are not preserved at the site
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due to soil acidity, and thus lipid residue analyses provide a rare glimpse into animal
management at the site. Ruminant fats are commonly found in LBK pottery, especially in
northern area of its distribution such as the Kuyavia region, while non-ruminant adipose fats
were rarely detected (Salque et al., 2013; Roffet-Salque et al., 2019). In one of the more
comprehensive studies on lipid residues in the LBK pottery in Bylany (Czech Republic),
ruminant adipose fats also predominated, whereas non-ruminant adipose fats were uncommon
(Matlova et al., 2017; Brychova et al., 2020). The analysis of lipid residues from Biskupice did
not demonstrate the presence of dairy products in the samples. No sieve pottery was found in
this settlement, which is in line with southern and eastern Poland from where sieve pottery
fragments appeared only at two archacological sites at Gwozdziec site 2 (Robson et al., 2021)
and Putawy-Wtostowice (Szeliga, 2018), but no finds are known from the Upper Vistula River
settlement clusters. This gap in southern Poland is to be noted and can be observed on a map

showing the distribution of sieve pottery in Central Europe (Saile et al., 2022, fig. 16).

Lipid residue analysis from Biskupice demonstrated that spherical vessels and open
bowls of coarse ware were used to process animal carcass products. Although thin-walled
pottery contained high concentrations of archaeological lipids, in Biskupice, the highest
recovery rate was in coarse ware, which may suggest that vessels made of such fabric, were
used especially for cooking. Similar observations were given in the case of a long-term LBK
site 7 in Ludwinowo (Kuyavia, Poland), in which a comprehensive study of lipid residues
analysis was conducted based on a large group of pottery sherds (n = 513). According to this
study, coarse ware vessels were better adapted to cooking or it is possible that these kinds of
pottery gave a high recovery rate and lipid concentration due to the fact that the lipids are
preferentially absorbed in such a fabric compared to thin-walled vessels (Roffet-Salque et al.,
2019).

Lithic industry: local raw material versus imported

The lithic industry was almost entirely based on local raw materials withJurassic-
Cracow flint clearly dominating. This is not surprising, as Jurassic-Cracow flint prevails on
LBK sites in southern Poland and was noted in 95% of all lithic assemblages. Obsidian, which
is mostly represented by blanks and isolated cores, also occurred at almost all LBK sites in
Lesser Poland. It is very exceptional in the early phase, sporadic in the middle phase and quite
common in Phase 111 (Szeliga, 2009). In Biskupice, among raw materials other than Jurassic-

Cracow flint obsidian prevailed, although it played a marginal role, accounting for less than 2%
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of the lithic assemblage. Similar proportions were observed in the Upper Vistula River valley
at Brzezie site 17 (Wilczynski, 2014) and other sites in Lesser Poland in Zeliezovce phase (e.g.,
Kaczanowska et al., 1987; see also Szeliga, 2009), where only at two sites obsidian share
exceeded 10% (Krakow-Nowa Huta Krzestawice site 41; Godlowska, 1982) and 19%
(Gwozdziec; Wilczynski and Kufel-Diakowska, 2021). On the other hand, in south-eastern
areas of Poland, the share of obsidian was usually higher, around 10-20% (e.g., Rzeszow site
16; Kadrow, 1990; Zwigczyca site 3; Dgbiec, 2014).

EDXRF data documented that all studied obsidian artefacts analysed from house no. 2
were manufactured from volcanic glass of the Carpathian 1a/1b chemical type, originating from
southeast Slovakia on the borderland with northeast Hungary. Imports of obsidian in Lesser
Poland seem to be related with areas of the Saris Basin, Kogice Basin, and East Slovak Lowland,
where northern branches of the Tiszadob-Kapusany group and the Biikk culture developed, as
confirmed by the imports of pottery (Kaczanowska and Godtowska, 2009; Czekaj-Zastawny,
2014, 2017). However, in Biskupice, the presence of cores, flakes and waste material, together
with a group of tiny chips found in sediment samples (taken for archaeobotanical research),
showed that it was raw material that was imported and then processed locally rather than the
finished product. Geochemical analysis conducted on Neolithic obsidian artifacts from Poland
also supports the dominance of the Carpathian 1a/1b obsidian variant (Kabacinski et al., 2015;
Szeliga et al., 2019).

It is worth mentioning that in neighboring Czech Republic, Slovakia and Hungary,
Carpathianl obsidian also predominated at Neolithic sites, with only a minor representation of
the Carpathian2 variant (Elburg et al., 2002; Bir6, 2014; 2018; Constantinescu et al., 2014;
Burgert et al., 2016; 2017; Riebe, 2019; Furholt et al., 2020; Werra et al., 2021). As Bir6 (2014:
64, fig. 13) has observed, obsidian of the Carpathian 1 chemical type seems to have been the
most important volcanic glass used by prehistoric communities in East-Central Europe. The

results from house no. 2 in Biskupice are consonant with this generalization.

Transcarpathian contacts

The analysis of pottery and lithic items from Biskupice essentially indicates the use
of local materials. The majority of lithics were made from local flint, whereas obsidian
artefacts were imported. Pots were produced from clays of local origin, although their
technological and stylistic features are related with cultural influences from the areas
located south of the Carpathians. Decorative motifs show patterns observed in the
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Zeliezovce group, while the usage of grog in clay masses is typical for the Biikk culture.
However, among vessels found in house no. 2 there are no sherds with decoration known
from the BUkk culture, which is quite surprising as this kind of pottery is often associated
with obsidian finds. Such a situation is observed, for example, at Vrable, where obsidian
finds, coming from the sources located in the eastern Slovak Carpathians, were found
together with BUkk-style pottery sherds, based on the exchange with groups inhabiting
the eastern Slovakia (Furholt et al., 2020).

Generally speaking, it should be emphasised that numerous fragments of vessels
ornamented in the Eastern Linear styles have been found in Lesser Poland. They can be
found in almost every LBK settlement excavated. Some of them were original forms that
came from beyond the Carpathian Mountains. In some cases, however, analyses of the
ceramic masses revealed the presence of imitations of imported vessels, i.e., locally
produced vessels were decorated in the Eastern Linear styles (Czekaj-Zastawny, Rauba-
Bukowska, 2014; Kadrow, Rauba-Bukowska, 2016; Czekaj-Zastawny et al., 2017; Debiec
et al., 2021), which isan excellent example of the exchange of ideas between the LBK and
ALPC communities (Czekaj-Zastawny et al., 2017).

Based on pottery studies, it is possible to identify more precisely the areas from
which imports flowed (Fig. 13). These include the Sari§ Basin and the East Slovak
Lowland, from where vessels characteristic of the Tiszadob-Kapus$any group arrived
almost from the beginning of the Music-Note phase of the LBK. In turn, in the Zeliezovce
phase, vessels of the Bukk culture were imported (Czekaj-Zastawny, 2014; Rauba-
Bukowska, 2014). To date, a total of several dozen sites with Eastern Linear imports have
been recorded in Poland (Kaczanowska, Godlowska, 2009; Czekaj-Zastawny, 2017, 52-
55; Werra, Sobkowiak-Tabaka, 2017; Szeliga, Zakos$cielna, 2019). The intensification of
contacts with the south is noticeable on LBK the territories in south-eastern Poland,
especially from the end of the Music-Note phase (Godlowska 1976, 89-92; 1982;
Kaczanowska, Godlowska, 2009; Kadrow, 1990).

The contacts with the Eastern Linear complex, although definitely weaker, reached
much further than the Upper Vistula Basin - e.g., Upper Silesia. It is believed that some
imports came here via the Lesser Poland groupings of the LBK. Ceramics from beyond
the Carpathian Mountains took a similar route as far as the Polish Lowlands, including
Kuyavia and Chelmno Land (Pyzel, 2009; Czekaj-Zastawny, 2017; Werra, Sobkowiak-
Tabaka, 2017).
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Analogous relationships can also be observed in other LBK areas, such as the area
of the Szécsény Hills in the Négrad Basin at the northern part of Cserhat Mountain and
Ipoly Valley. There it was found that the Ipoly and Zagyva rivers served as important
transport routes in the Early Neolithic. Ceramic and stone materials from Szécsény-
Ultetés and several other investigated sites in the region indicate exchange with groups to
the east, west and south, including Biikk, LBK, Vin¢a and Szakalhat (Fabian et al. 2016).

After the turn of the 6™ and 5™ millennia BC, with the disappearance of the LBK
and Bukk culture, if viewed from a ceramic perspective, these contacts appear to have
ceased as remains of imported southern vessels in the upper Vistula basin disappeared
(Czekaj-zastawny, 2017). However, if the non-ceramic perspective is taken into account,
such contacts continued to function. Among other things, one observes an even more
intensive influx of obsidian in the first half of the 5™ millennium BC, visible above all in

the early Lengyel-Polgar complex communities.

The presence of obsidian in Biskupice backs the thesis of the existence of long-
distance connections between different “Linear” communities (Fig. 13; Lech, 1989;
Wilcezynski, 2016). The conveyance of artefacts made of obsidian could take various forms,
from direct access, and mobility through trade, exchange, personal individual contact,
among others. However, it is not possible to definitively determine how the exchange and
contacts between Neolithic communities looked like, although some hypotheses were
formulated and possible routes in the Western Carpathians were indicated (e.g., Valde-
Nowak, 2009; Pelisiak, 2018). Due to the approximately 220 km distance from the deposit,
direct contact with local groups cannot be ruled out. At the same time, the down-the-line
exchange model cannot be excluded. It should be noted, of course, that this model likely
included various combinations with other models proposed by Colin Renfrew (1975).
Depending on the time and location, combinations could vary (see Kreig et al., 2023).

Obsidian in Biskupice, similarly to many other LBK sites, could probably be not
only of economic importance (see Szeliga, 2021). “Foreign”/“exotic” items obtained from
outside the family zone could have served a prestigious role, functioned as symbols, or as

elements that indicated belonging to a specific community (Chapman, 2007).

5. Conclusions

A total of 10 samples, based on cereal grains and wild buckwheat fruits, from house no.

2 provided radiocarbon dating results. Their calibrated ranges show quite a long interval,
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pointing to dates between 5300 to 5000 BC. These results do not help in discerning a chronology
of a use of this house and therefore do not shed light on the precise timeframe of the Zeliezovce
group in southern Poland. However, the existence of such decorative motifs as, for example,
long notches crossing various lines, indicate that the Biskupice site can be one of the youngest

settlements of this phase north of the Carpathian Mountains.

The petrographic analysis of the face vessel and a zoomorphic vessel from Biskupice
have shown that they were produced locally. A study of the pottery assemblage from house no.
2 has not demonstrated the presence of any other vessel that could be treated as an import. This
has been confirmed by a study of group of pottery sherds, which represented six technological
types, as all of them have showed a use of local fabrics. Interestingly, the motifs of decoration
are of Transcarpathian origins, suggesting that the ideas were transferred, mostly from the area
of the Zeliezovce group, but pottery items themselves were produced locally. On the other hand,
among the lithic assemblage it has been demonstrated that obsidian was imported from sources
extracted in the mountains located in present-day territory of south-eastern Slovakia. Although
the share of obsidian artefacts is rather low, due to the presence of debitage, it can be concluded
that the raw material was imported, and it was processed at the settlement. This observation
confirms long-distance Transcarpathian connections between various groups of LBK

communities.

Unfortunately, the face vessel has not given any evidence of lipid concentration, and
therefore it is still difficult to speculate if it was actually used as container for storing or
processing plant or animal remains. The analysis of lipid residues of selected groups of pottery
sherds has demonstrated that animal fats from ruminant and non-ruminant were used for
cooking at the settlement. Also, a use of aquatic animals has been confirmed. This is especially
important as animal bones have not been preserved due to soil conditions, and it gives additional

information about food processing and animal husbandry.
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Captions:
Fig. 1. Location of the site 18 in Biskupice against the background of the LBK settlement in
western Lesser Poland (Czekaj-Zastawny 2014, fig. 57).
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Fig. 2. Plan of the archaeological excavations at Biskupice site 18. Remnants of at least four

houses were discovered (black rectangles). Photo: M. Korczynska-Cappenberg.

Fig. 3. Location of pit no. 25 within house no. 2 at Biskupice site 18, in which the face vessel

was found. Photos: M. Korczynska-Cappenberg and A. Walanus. For scales: see fig. 2 and 5 a.

Fig. 4. A share of pottery, flint and obsidian finds from house no. 2 of Biskupice site 18.
For details: see Table S1.
Fig. 5. Calibrated ranges for the samples taken from house no. 2 of Biskupice site 18. For

details: see Table 1.

Fig. 6. Bayesian modelling of calibrated dates for the samples taken from house no. 2 at
Biskupice site 18.

Fig. 7. Selected pottery from house no. 2 from Biskupice site 18. Drawings: M. Korczynska-
Cappendberg (a) and R. Kenig (b-h).

Fig. 8. Examples of pottery sherds and ceramic fabrics of the technological groups from house
no. 2 at Biskupice site 18. Photos: R. Kenig (pottery sherds) and A. Rauba-Bukowska (thin-
sections). For details: see Tables 5 and 6.

Fig. 9. Results of the lipid residue analysis from house no. 2 from Biskupice site 18. A) Partial
gas chromatogram of a typical lipid extract interpreted as animal fat (BIS7498). Peak identities
are: FA n and FA n:i, fatty acids containing n carbon atoms and i double bonds (detected as
fatty acid methyl esters); IS, internal standard (n-tetratriacontane); b) 5'3C values for the Cis:0
and Cus:o fatty acids prepared from lipid extracts from open bowls (open circles) and spherical
bowls (filled circles). The three fields correspond to the P = 0.684 confidence ellipses for
animals raised on a strict Cz diet in Britain (Copley et al., 2003); ¢) A scheme showing a
relationship between types of the vessels and concentration of lipids.

Fig. 10. Kernel density analysis of flint (a) and obsidian (b) artefacts from house no. 2 at
Biskupice site 18.

Fig. 11. Selected obsidian artifacts from house no. 2 at Biskupice site 18 see Table S5. Photos:
D. Werra; Drawings: E. Guminska.

Fig. 12. Results of the XRF analysis of obsidian artefacts from house no. 2 at Biskupice site 18:
a) Sr vs. Zr composition of large obsidian artifacts. Symbols plot the artifacts listed in Table
S6; b) Normalized Rb/Sr/Zr composition of small obsidian artifacts. Symbols plot the artifacts
listed in Table S7. Dashed lines depict the range of composition variation measured in
archaeologically significant geological reference samples (adapted from Hughes and Werra,
2014: fig. 4 and 5).
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Fig. 13. Directions of Transcarpathian influences to the LBK settlement at Biskupice site
18.

Table 1. Results of the radiocarbon dating of samples taken from house no. 2 from Biskupice
site 18.

Table 2. Percentage number of samples assigned to each fabric type at Biskupice site 18 and
during all phases of LBK sites from the territory of Lesser Poland (n = 302). Technological

groups after Rauba-Bukowska and Czekaj-Zastawny, 2020.

Supplementary material

Table S1. Pottery, flint and obsidian finds from house no. 2 of Biskupice site.

Table S2. Results of the petrographic analysis of the pottery sherds from house no. 2 from
Biskupice site 18.

Table S3. Results of the petrographic analysis of the pottery sherds from house no. 2 from
Biskupice site 18; red - reducing firing; redox - reducing firing with small inflow of air;
ox - oxidizing firing.

Table S4. Results of lipid residues analysis: Potsherd sample details and results for sherds from
house no. 2 from Biskupice site 18.

Table S5. Technological and morphological description of obsidian artefacts from house no. 2
at Biskupice site 18.

Table S6. EDXRF Composition Estimates for Large Obsidian Artefacts from house no. 2 at
Biskupice site 18.

Table S7. Integrated Net Peak Intensity Data for Small Obsidian Artefacts from house no. 2 at
Biskupice site 18.
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Highlights

Highlights

Biskupice site (S Poland) represents the late Zeliezovce phase (5300 to 5000 BC)
Pottery was produced locally, and showed a use of animal fats for cooking

The face vessel was of local origin, but influenced by Transcarpathian style

Obsidian artefacts originated from the Carpathian 1a/1b chemical type, S-E Slovakia

Transcarpathian contacts between LBK and Blikk culture were discussed
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Abstract

The paper presents a comprehensive analysis of pottery and lithic materials found in
archaeological features associated with an Early Neolithic house from Biskupice (southern
Poland) to shed light on exchange networks of the first farmers in Central Europe. The research
began with the discovery of a unique fragment of a face vessel made in the Zeliezovce style, a
motif primarily found in Moravia and north-eastern Austria. Therefore, specialised analyses
were undertaken to determine whether the Biskupice fragment was locally produced or
originated from areas south of the Sudetes and Carpathians. The study involved an examination
of raw clay material and the technology used to create the anthropomorphic vessel, aiming to
establish its provenance (local production versus import). Petrographic methods were employed
to analyse a diverse group of vessel types for comparison. Additionally, a selected group of
pottery fragments, including the face vessel, underwent lipid residue analysis to determine their
potential use. The combination of microscopic examinations and lipid residues analysis was
utilised to study the link between the physical properties and function of the vessels. Finally,
the archaeological context of other artifacts from the same house, including lithic assemblages,
was investigated to determine the presence of both local and imported raw materials in
Biskupice. The main conclusion of the study indicates local production of pottery, including
the face vessel, and lithic implements. Conversely, a Transcarpathian transfer of some
technological and decorative ideas, as well as imports of raw material such as obsidian, were
confirmed.

Keywords: Linear Pottery culture, Early Neolithic, Zeliezovce phase, petrographic analysis of
pottery, lipid residue analysis, lithic analysis

1. Introduction
During archaeological excavations conducted in 2020 in Biskupice, southern Poland, a
vessel depicting a human face with horn-liked protrusions was discovered in a feature

associated with a house belonging to the Linear Pottery culture (abbreviated as LBK, from



German Linearbandkeramik). This archaeological unit is roughly dated to the second half of
the sixth millennium BC. Anthropomorphic vessels and figurines referred to the Early Neolithic
in Poland are extremely rare (Czerniak, 1998, fig. 6; De¢biec, 2014; Czekaj-Zastawny, 2014,
fig. 39), making this find particularly noteworthy. The stylistic motifs of the vessel from
Biskupice were already analysed taking into account all other human representations from
European LBK sites and those coming from the Alf6ld Linear Pottery culture. The comparison
of 130 face vessels revealed a strong connection between the pot from Biskupice and the
Zeliezovee style, typical of the late phase (I11) of LBK (Korczynska et al., 2021). The
Zeliezovee style is primarily found in south-western Slovakia, where a separate Zeliezovce
group or even culture was distinguished, divided into phases and subphases (as Zeliezovce 1,
lla, I1b and Il1; Pavak 1969; 1994). In Poland, it is territorially limited mainly to the Upper
Vistula River Basin (Czekaj-Zastawny, 2017) including the Carpathian Foothills (Valde-
Nowak, 2014; Czekaj-Zastawny et al., 2021). Therefore, this new find from Biskupice indicates
chrono-cultural connections with areas located south of the Carpathians.

The artefact in question was discovered in feature no. 25, which is part of the well-
preserved house no. 2. This long house with a post construction is typical of the LBK. The
exceptional nature of the face vessel finding prompted the research team to attempt to analyse
and interpret in detail its archaeological context, i.e., house no. 2, before completing a
comprehensive investigation of the entire settlement. Therefore, this study only presents the
analysis of the features and materials found in one of four possible houses discovered during
recent excavations in Biskupice. Additionally, there is evidence of another house of the same
chronology found on the highest part of the elevation on which the settlement was situated. It
was excavated partially for rescue reasons before 2020 (Czerniak, 2014, unpublished).
Currently, the settlement is divided by a road and therefore, it is impossible to trace a
relationship between house no. 2 and other household units, the internal organization of the
settlement and the chronology of all the households. The full extent of the settlement is difficult
to evaluate due to the unsuitability of non-destructive methods due to the characteristics of the
soil condition and the presence of modern buildings in the north-western part of the site
(Moskal-del Hoyo et al., 2022, unpublished). Early Neolithic artefacts found during the surface
survey suggest that this area may not have been very large, between 0.5 and 1 hectares.
Nevertheless, based on the local geomorphology and current field research, it is likely that the

settlement was composed of a small group of households.



Archaeological settings

The site at Biskupice is situated on a loess-mantled hummock (approximately 312
m.a.s.l.), delimited by two streams (Korczynska et al., 2021). It is located in the Wieliczka
Foothills, which belong to the belt of Carpathian Foothills (Kondracki, 1998). The site is part
of the Early Neolithic settlement zone in southern and south-eastern Poland, specifically within
the settlement cluster connected with the loess landscapes in the Upper Vistula River Basin
(Fig. 1; Czekaj-Zastawny, 2009). These landscapes also cover regional sections of Carpathian
Foothills (Fig. 1; Valde-Nowak, 2014; Czekaj-Zastawny et al., 2020). The site was identified
through systematic field surveys (the Polish Archaeological Record; in Polish: Archeologiczne
Zdjecie Polski, abbreviated as AZP), but the first remnants of LBK settlement appeared during
a rescue excavation (Czerniak, 2014, unpublished). The unique location of the LBK site in the
foothill zone was one of the significant factors that led to the initiation of new excavation works
in 2020. Another noteworthy feature of the site, confirmed by the excavation, was the presence
of materials typical of only one occupation phase (LBK), providing optimal conditions for a
case study on Early Neolithic occupation. This approach helps avoid the problems of post-
depositional disturbances and mixing of archaeological materials that typically occurs in

multiphase sites.

During two archaeological campaigns (2020 and 2021), remains of at least four LBK
household units were uncovered (Fig. 2). Only one of the houses — house no. 2 —was discovered
in its entirety. Its remains included 37 remnants of posts arranged in five rows and four lateral
pits. Two of the pits were located along the western wall (features nos. 23 and 24), and two
were localized along the eastern wall (features nos. 20 and 25). The house was oriented on a
north-south axis, and its size might be estimated at approximately 6 m x 11 m. All four
elongated pits, situated outside the outer walls along the longer axis of the house, had oval,
orthogonal shapes. Their dimensions varied between 1.2 — 2.2 m on the longitudinal axis and
2.7 — 4.3 m on the later axis, with maximum depths ranging from 0.35 m, to 0.9 m (Fig. 3). All
four were characterized by irregular bottoms, and their fill contained a sequence of loessic
inclusions and cultural layers that differed in colour and consistency of the sediment.
Considering the division proposed by P. J. R. Modderman (1986, Fig. 29), this house represents
Type 2 (with one corridor on the north side). This type of relatively small house is not typically
discovered at LBK settlements, although a similar construction was detected at the site Brzezie
no. 17, a few kilometres northeast of Biskupice (Czekaj-Zastawny, 2009; Czekaj-Zastawny,
2014).



All the elongated pits yielded pottery fragments, flints, obsidians and some small daub
fragments (Fig. 4, Table 1S). As mentioned earlier, the most spectacular finding associated with
this house is the face vessel deposited in the elongated pit no. 25 (Korczynska et al., 2021). In
addition, this pit contained 408 mostly undecorated pottery sherds, as well as 368 flint and three
obsidian artefacts. The proportions of various types of findings are quite similar to other
elongated pits connected to this house, with an exception of feature no. 20, located north to the
pit no. 25, which delivered many more lithics, mostly chips. Additionally, two fragments of
querns appeared in this feature (Table S1).

In the northern part of the house no. 2, two further pits (features nos. 18 and 22) were
discovered. Both had circular, orthogonal shape of approximately 2 m in diameter and elliptical
cross-sections. In general, their fill was characterized by a dark-brownish colour. The
taphonomy of the sedimentation of both differed from the elongated pits. In the case of feature
no. 18, the fill was relatively homogenous. In contrast, the fill of feature no. 22 was clearly
laminated, and there were a few stones with signs of heat exposure found within one of the
layers. In comparison to the elongated pits, the proportions of the particular types of artefacts
differed significantly (Fig. 4, Table 1S). It is challenging to discuss the function of these pits
and their chronological relation to the house no. 2. Due to the location of pit no. 22 within the
house no. 2, it is presumed that both structures could not be contemporary. On the other hand,
the function of feature no. 18 such as a storage pit, cannot be ruled out since this relatively
shallow pit contained the highest number of charred plant remains, mostly cereals (Kapcia et
al., 2023). Whether this pit was serving the community that lived in house no. 2 remains an

open question.

Aims of the study

The specific objectives of the research were, firstly, to provide new AMS dating of the
Zeliezovce style represented in the Biskupice site. The chronological framework of this phase
in Poland is not well established due to a scarcity of archaeological sites with reliable series of
radiocarbon datings (Oberc et al., 2022). In south-western Slovakia, the absolute chronology of
the Zeliezovce phenomenon as a whole, as well as its traditional stylistic sub-phases, is also
imprecisely defined, and there is uncertainty of its status (group?, culture?, style?). Secondly,
the aim was to determine whether the face vessel from Biskupice represents an import from
areas south of the Sudetes and the Carpathians or if it was produced locally. To achieve this

goal, the clay raw material and the technology of this pottery fragment were analysed. An



important question concerned its function, which was tested with the help of lipid residue
analysis. Similar analyses were performed on pottery sherds found in features connected with
the same house to provide a context to this exceptional finding. Thirdly, the study aimed to
discern further determinants of the Transcarpathian contacts, through analyses of the pottery

and lithic artefacts.

2. Materials and Methods
2.1. Radiocarbon dating

A total of 10 samples for radiocarbon dating were selected from features associated with
house no. 2. They consist of charred plant macro-remains obtained from archaeobotanical
samples collected during the archaeological excavations. For each dating result, one
taxonomically identified cereal grain was chosen, considered relevant for obtaining the most
accurate dating result (Nowak et al., 2017), from a sample taken from a deep layer of each
archaeological feature. Cereal caryopses (n = 9) belonged to emmer wheat Triticum dicoccon
and/or einkorn wheat T. monococcum (Table 1). Additionally, one sample comprised 3 fruits
of wild buckwheat Fallopia convolvulus (Table 1) as this species is one of the most frequently
found wild herbaceous plants at this site (Kapcia et al., 2023) andcould have been used as food.
For dating, accelerator mass spectrometry (AMS) at the Poznan Radiocarbon Laboratory was
employed, following the methods of chemical pre-treatment (Brock et al., 2010). Calibration
was made using OxCal ver. 4.4 (Bronk Ramsey, 2009) with 14C calibration curve IntCal20
(Reimer et al., 2020).

2.2. Pottery

The analysis of pottery fragments was conducted through measurements of their
dimensions and weight, along with a description of their state of preservation, technology
(evaluated macroscopically), forms, and decoration. The distribution of all pottery sherds found
in the features associated with house no. 2 took into account the three-dimensional location of

all fragments, which was fixed using a Total Station (model Geomax Zoom 40).

2.2.1. Petrography

A total of 27 fragments of vessels were selected for petrographic studies. These
fragments represent macroscopically diversified material both in shape and fabric and were

excavated from the elongated pits of house no. 2 (Table S2). The analysis aimed to describe
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and recognise raw materials and technological features of the ceramic pastes, including

admixtures, firing conditions and temperature. One sample (no. 10) came from the face vessel.

Thin sections from the ceramic sherds were analysed under a microscope with polarised
light. Using point counting techniques, the relative abundances of certain compounds were
established, including clay minerals, quartz, potassium feldspars, plagioclase, muscovite,
biotite, carbonates, fragments of sedimentary, igneous and metamorphic rocks, fragments of
reutilised ceramics (grog), as well as organic material (Table S3). The description of mineral
composition also included silty grains and voids (pores, cavities). The percentage of these
elements was established for every sample. The fabric description also included the degree of
mixing of the ceramic fabric and the temperature and conditions of the firing process (Reedy,
2008, 109-210; Whitbread, 2017). An approximate temperature of the original firing was
determined based on the thermal alteration of clay minerals, specifically the observation of the
degree of transformation of a ceramic matrix into an amorphous, isotropic substance, and the
observation of biotite minerals, hornblende, and glauconite (Bolewski, Zabinski, 1988; Quinn,
2013: 190-203; Daszkiewicz, Maritan, 2016). The division of grain fractions assumed in this
paper followed the determinations formulated by the Soil Science Society of Poland (Polskie

Towarzystwo Gleboznawcze, 2009).

2.2.2. Lipid residue analysis

A total of 34 sherds were selected for lipid residue analyses. The samples analysed
included fragments from spherical vessels (n = 25), open bowls (n = 4), vessel with neck (n =
1) and pots from unknown typology (n = 2). Two samples associated with the face vessel were
also sampled, namely a fragment of the face vessel and another sherd thought to be part of this
pot (Table S4).

Lipid residue analyses and interpretations were based on established protocols
(Evershed et al., 1990, Correa-Ascencio and Evershed, 2014). Briefly, analyses proceeded as
follows: approximately 1 to 2 g ceramic fabric samples were taken, and their surfaces were
cleaned using a modelling drill to remove any exogenous lipids (e.g., soil or finger lipids due
to handling). The samples were then ground to a fine powder in a glass mortar using a pestle.
The powdered sherd was transferred to a glass culture tube, an internal standard added for
quantification (n-tetratriacontane, 20 pg) and an acidified methanol solution (H.SO4/MeOH,
4% viv, 5mL, 70 °C, 1 h) was added. The lipids were then extracted from the aqueous phase
with hexane (2 x 3 mL plus 2 x 2mL). The solvent was evaporated under a gentle stream of



nitrogen to obtain the total lipid extract (TLE). Aliquots of the TLE (generally one quarter
aliquots) were trimethylsilylated using N,O-bis (trimethylsilyl) trifluoroacetamide containing
1 % trimethylsilyl chloride (20 uL, 70 °C, 1 h) and re-dissolved into hexane for analysis by gas
chromatography (GC-FID).

Combined GC-MS analyses were also performed on trimethylsilylated aliquots of the
lipid extracts enabling the elucidation of structures of components not identifiable on the basis
of GC retention time alone. The samples where animal fats were detected were submitted to
GC-combustion-isotope ratio mass spectrometry (GC-C-IRMS) in order to distinguish between
non-ruminant and ruminant fats, and dairy from adipose fats (Copley et al., 2003). The detection
of potential aquatic biomarkers such as w-(0-alkylphenyl) alkanoic acids and isoprenoid fatty

acids were carried out using GC-MS analysis, following on from Cramp and Evershed (2014).

2.3. Lithic analysis

Raw materials used to make lithic artefacts were identified based on the author’s
experience and comparative collection stored in the FAE-PAS Institute of Archaeology and
Ethnology, Polish Academy of Sciences in Warsaw and Institute of Systematics and Evolution
of Animals, Polish Academy of Sciences in Krakéw. The lithic and obsidian artefacts were
classified into four morphological groups following Lech (2012) and Werra et al. (2021).
Among the lithic finds, 16 obsidian artefacts were detected during the archaeological
excavations (Table S5), while 40 small items, mainly small chips, were found after wet-sieving
of archaeobotanical samples (in the heavy fraction; mesh of 1 mm). Observations on flint
assemblage were carried out on 861 items recorded during archaeological excavations.

2.3.1. XRF- analysis

All the 14 obsidian artifacts recovered from house no. 2 were analysed by using energy
dispersive x-ray fluorescence (EDXRF) to determine their trace and selected minor element
compositions. The derived chemical composition profiles were then compared with those of
known obsidian sources to determine the most probable parent geological source for each
artefact (i.e., artifact-to-“source”, including geochemical type/variety attributions; Hughes,
1998)). EDXRF laboratory analysis conditions, instrumentation, geochemical type attribution
procedures, element-specific measurement resolution, and literature references applicable to
these samples follow those reported for artifacts from Rydno X111/1959 (Hughes and Werra,
2014) and from other Mesolithic and Paleolithic sites in Poland (Hughes et al., 2018).



3. Results
3.1. Radiocarbon dating

The dating results indicated a chronology pointing toward the end of the sixth
millennium BC (Fig. 5; Table 1). All the likelihoods, without any modelling, suggest a fairly
long interval, i.e., spanning at least from about 5300 to 5000 BC (Fig. 6a). This does not imply
that house no. 2 must have been in operation for 300 years. Instead, it suggests that it was in
use for some period within those three centuries. After Bayesian modelling, considering the
start and end dates of the 2sigma intervals for the start and end boundaries, respectively (Fig.
6a), the situation remains essentially unchanged. However, when considering the highest
probability sections of these boundaries and the calibration curve in the relevant interval (Fig.
6b), the hypothetical timeframe for the functioning of house no. 2 shrinks to approximately
5200-5050 BC. Similarly, it cannot be argued that house no. 2 was occupied during the whole

of that time.

3.2. Pottery analysis

More than 1100 pottery sherds were discovered in features connected with house no. 2.
Their distribution was uneven, with a high concentration in the elongated pits on both sides of
the house (features nos. 23 and 25). In contrast, in the south-western elongated pit (no. 24) and
in one pit interpreted as a storage pit (no. 18), and post-holes, a smaller number of sherds were
found. For 248 fragments, it was possible to reconstruct the form of the vessel. More than 75%
of this assemblage is dominated by open bowls with varying degrees of walls eversion and
spherical vessels. Vessels with a high neck appeared sporadically, while only one miniature
vessel was found. The majority of the pot fragments are ornamented, especially with engraved
lines, such as arched and paralleled (Fig. 7c and e). They are accompanied by notches, some of
them quite long, crossing a few lines (Fig. 7g and d). Other motifs were recognised, including
simple cuts, especially under the rim. The pots were frequently decorated with plastic elements,
such as knobs and clay bands (Fig. 7f). Some of the sherds contain both kinds of ornament:
engraved lines and plastic knobs (Fig. 7h), observed in fine and coarse ware. Also, finger and
nail imprints occur as a part of decoration. Anthropomorphic, such as the face vessel (Fig. 7a),
and zoomorphic motifs are very rarely found. The latter one is represented by a handle with a

plastic decoration that resembles a head of an animal (Fig. 7b).



3.2.1. Petrography

Petrographic analyses of pottery fragments from house no. 2 have shown that the
mineral composition of the ceramic masses includes components such as sandstone, mudstone
and claystone (Table S2). The most common are silty clays (clay with an abundant quantity
silty grains). Such clays are among the most available in the study area. Various admixture
types were added to the clay, such as grog, sand and plant temper, perhaps depending on the

pottery function.

To be more specific, six technological types are represented (Table S3, Fig. 8; Rauba-
Bukowska et al. 2007; Rauba-Bukowska, 2014a; 20014b; Rauba-Bukowska, Czekaj-Zastawny,
2020). Most of the sherds were associated with technological types VI and VII, forming 59%
of the assemblage (Fig. 8m-s) representing fine, medium and thick-walled pottery. The main
components of ceramic fabric of type VI are clay minerals, silty grains and coarser grog
fragments (Fig. 8m-o, grog shown with an arrow). The type VII (Fig. 8p-s) is similar to VI but,
apart from grog, it contains sand admixture, while the main components of raw material are
clay minerals, grains of quartz, feldspar, and fine mica flakes. Rare are heavy minerals and
chalcedony. Technological type Il is also common in this assemblage (19%) which represents
a thin-walled pottery (fine ware; Fig. 8d-f). The main components of raw material are clay
minerals, silty grains, and very fine mica flakes. Within fine-grained clay, microfossils of
plankton appeared. Other technological groups were found infrequently in ceramic
assemblages. The main components of the ceramic pastes of type | (Fig. 8a-c) are clay minerals,
grains of silty fraction, fine mica flakes and iron oxides and hydroxides concentration. Pots
made of paste type Il (Fig. 8g-i) consist of clay minerals, poorly sorted quartz grains, feldspars
and chalcedony grains. Rounded fragments of sedimentary (e.g., mudstone) or metamorphic
(e.g., quartzites) rocks are present. The ceramic fabric of type IV (Fig. 8j-1) is characterized by
lumpy structure and bigger porosity, caused by poorly mixed clay with fragments of
sedimentary rocks, mostly claystone, mudstone and sandstone. The main admixture consists of
plant fragments which, after destruction during firing, caused porosity. The face vessel
represents type VII (Fig. 8p-s) and has ceramic fabric, which is medium to coarse grained with
numerous sand grains and grog fragments. The raw material is silty clay with sand, composed

mostly by quartz, feldspars and rarely quartzites.

3.2.2. Lipid residue analysis



A total of 17 sherds (50%) were dominated by Cie:0 (palmitic) and Cig:o (Stearic) fatty
acids and interpreted as archaeological animal fats (Fig. 9). High concentrations of Cig:1
unsaturated fatty acids were present in six of these sherds likely indicating that these fats are
not archaeological in origin (Whelton et al., 2021). The presence of cholesterol in some of these
extracts also points towards modern contamination (Hammann et al.,2018). Those lipid extracts
were not characterised further. Unfortunately, none of the sherds associated with the face vessel
provided interpretable archaeological fats. Of the 11 sherds where archaeological animal fats
were clearly identified, the main Cie0 and Cis:o fatty acids were accompanied by odd-carbon
number fatty acids, biomarkers of bacterial populations from the rumen and characteristic from
ruminant fats (Fig. 9a; Keeneyet al., 1962). Concentration of lipids in those sherds ranged
between 6 pg and 4.16 mg per g of sherd (mean: 900 g g*) (Table 3). The determination of
animal fat types was achieved by measuring the 3'C values of the main fatty acids (C16:0 and
Cis0). The 5'%Cus:0 values of lipid extracts ranged from -28.4 to -25.6%o and were consistent
with non-ruminant adipose fats (n = 4) and mixtures between non-ruminant and ruminant
adipose fats (n = 7, Fig. 9b; Copley et al., 2003). The archaeological animal fats extracted from
the coarse open bowls (n = 3) were all consistent with non-ruminant adipose fats; while
spherical vessels displayed a wide range of animal fats, from non-ruminant adipose fats, to
various mixtures of non-ruminant and ruminant adipose fats (Fig. 9¢c). No w-(o-alkylphenyl)
alkanoic acids were detected in the extracts; and 4,8,12-trimethyltridecanoic acid (TMTD) was
detected in only one extract, suggesting very little evidence for the processing of aquatic
resource in the pottery studied here (Table S). This can be in accordance with local landscape

as the site is not located in close proximity to water reservoirs.

3.3. Lithic material

In archaeological features connected to house no. 2, a total of 877 lithic artefacts were
detected during archaeological excavations. The majority of them (861 pieces) are made of
flint, while the remaining ones are of obsidian (n = 16). Flint artifacts were mostly found in the
fillings of two features (nos. 23 and 25; Fig. 10a). They mostly represent debitage and only 50
of them are implements (retouched tools and flint hammerstones). Concerning the flint
assemblage, almost all specimens were made of mezo-local Jurassic-Cracow flint (95.3%),
originating from outcrops located north and north-west of Krakow. Some flint items (1.7%)
were burned, and only two were made of so-called chocolate flint (0.2%), from either the north
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outskirts of the Holy Cross Mts. (ca. 170 km north-east of the site) or the central part of the
Krakdw-Czestochowa Upland (ca. 100 km north-west of the site; see Sudot-Procyk et al. 2021).

A total of 15 items of flint artifacts belong to the first morphological group (natural
nodules and cores) as defined by Lech (2012). These are primarily a blade cores with a single
striking platform formed by single blow. Generally, cores have cortical sides, without traces of
preparation and signs of faceting. The striking platform mostly is located on the narrow side of
the core, but in a few cases on the wider side. The size of cores varies greatly, with length from
28 to 70 mm, width from 21 to 62 mm, and thickness from 23 to 48 mm. The cores are used up,
often to residual forms or reused as hammerstones. The main purpose was to obtain blades,
which were then the basis for the production of tools. The second group consists of 156 whole
blade and their fragments, including 60 with a cortical surface. The third group (flakes and
waste) is the most numerous — 603 items, including 148 cortical flakes and 141 chips. The
fourth and last group, implements, includes 50 artifacts. Most of them are retouched blades and
their fragments (n = 23), endscrapers (n = 9) and hammerstones (n = 10). Only four truncations,

three retouched flakes and one perforator were registered.

Obsidian artifacts were found sporadically in six features, and the majority of them
appeared in feature no. 23 (Fig. 10b). The short descriptions of each morphological group of
obsidian artefacts appear in Table S5. The first group (natural nodules and cores) contains one
item, a blade core, with a striking platform formed with the detachment of a single flake,
showing signs of faceting, trace of preparation on the tip, but not on the sides (Fig. 11i). The
second group consists of one whole blade and six blade fragments (Fig. 11a-d, g-h). The third
group of eight artefacts comprises four flakes and four waste pieces (two of them were not
geochemically analysed; Fig. 11e-f). Also, 40 items from archaeobotanical samples represent

this group. No items were classified in the fourth and final group (implements).

3.3.1. Geochemical analysis of obsidian

The results of the quantitative geochemical analysis of large artifacts appear in Table
S6, data for smaller specimens are listed in Table S7, and are illustrated graphically in Figure
12. The Sr/Zr data for eight specimens large enough for quantitative analysis (Table 6 and Fig.
11a, d-f, i) plot within the range established for Carpathian 1la/lb obsidians (Rosania et al.,
2008) erupted in the Zemplén Mountains of southeast Slovakia (Fig. 12a). The other six
obsidian specimens (Fig. 11:b, c, g, h) were too small and thin to generate x-ray counting
statistics adequate for proper conversion from background-corrected intensities to quantitative
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concentration estimates (i.e., ppm), so they were analyzed to generate integrated net count
(intensity) data for the elements Rb, Sr, Y, Zr, Nb, Fe and Mn (see Hughes, 2010 for analysis
protocol). Background-subtracted intensities (counts per second) were converted to
percentages, and source (geochemical type) 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 S7, Fig. 12b)
indicate that all six small flakes also were made from Carpathian 1a/1b obsidian.

4. Discussion
Chronology of the settlement at Biskupice

The nature of the ornamentation of the vessels from Biskupice indicates a classic, second
stage of the Zeliezovce phase of the LBK (Pavuk 1969; 1994; Kadrow 1990; 2020) with
medium or long notches that intersect several thin and V-shaped lines. Several motif variants
can be listed here. The most common are double, triple arc lines with intersecting notches, and
multiple horizontal and diagonal straight lines. In addition, there are elements indicating a late
sub-stage of the phase Zeliezovce I, i.e., phase IIb (Pavik 1969: Fig. 6; Kadrow 1990, 2020:
147; D¢biec, 2014: 226). They are characterized by very long notches, crossing even five or six
lines of engraving. Only thin-walled spherical vessels and open bowls are decorated with
engraved lines. In the area of south-western Slovakia, materials corresponding stylistically and
chronologically to the Zeliezovce IIb subphase occurred at many sites, such as Starovo (Pavuk,
1994), Baj¢ (Cheben, 2000), and Vrable (Furholt et al., 2020).

Among plastic decoration, there is a quite uncommon find of a handle that resembles a
head of an animal (Fig. 7b). This kind of handles belongs to Type no. 2 (following Becker,
2007) and they are spatially and chronologically associated with the Zeliezovce phase of the
LBK (Becker, 2007: 23-24). Although some examples are known from western Germany,
Austria and Czech Republic, there is a very distinct cluster of such pots in Moravia, south-
western Slovakia, and north-western Hungary. The most similar analogies, due to the horizontal
perforation in the handle, might be found in an assemblage of such handles from the settlement
at the Danube valley in Muzla-Cenkov, okr. Nové Zamky (Kuzma, 1990: 441, figs. 13,31-32;
443, figs. 15,42). It is unclear what kind of animal is represented. Some scholars have indicated

bovidae (after Becker, 2007:23), but in most cases, a convincing attribution is not possible.

To sum up, pottery from Biskupice correspond to the end of the LBK development in
south-eastern Poland. Data available in a few sites located near Krakow and Rzeszow (Czekaj-
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Zastawny, 2014: 103-105) clearly indicate that the youngest LBK settlements fall on the
Zeliezovce IIb phase (Pavuk, 1969), after which this culture disappears and a hiatus is observed
between the LBK and the next Neolithic unit (Czekaj-Zastawny, 2017). In Biskupice, the series
of radiocarbon dates showed an existence of a plateau, although they indicated that the end of
house no. 2 might have been situated around 5050/5000BC. In general, this corresponds to the

radiocarbon dates acquired for the Zeliezovce phase for Poland (Oberc et al., 2022).

Characteristic features of the pottery from Biskupice: local products versus imported

items

Geological outcrops of Carpathian Flysch (Sub-Silesian Series) and Miocene sediments
can be found in the neighbourhood of Biskupice (Burtan, 1954). The mineral and petrographic
composition of the studied ceramic pastes are consistent with local geology, as components
such as sandstone, mudstone and claystone come from Carpathian Flysch. Additionally, the
presence of microfossils like plankton remnants points to local clay from marine Miocene
sediments of the Carpathian Foredeep. Neolithic ceramic pastes containing microfossils or
glauconite grains are known from a few sites near Krakow and Wieliczka, showing local
sourcing of the raw material (e.g., ModlIniczka site 5, Targowisko site 16; Rauba-Bukowska
2019; 2021). Pottery fragments that have been studied in detail show that the ceramic vessels
from the site are made of local clays with an admixture of sand, grog and organic fragments.
Furthermore, ceramic fabrics from Biskupice, as well as from other sites in Lesser Poland
(Rauba-Bukowska, Czekaj-Zastawny, 2020) due to the addition of grog, show similarities to

ceramic masses of the Biikk culture (Koztowski et al., 2015; Czekaj-Zastawny et al., 2018).

The diagnostic features of the technology of pottery and the predominance of VI and
V11 technological types (59%) confirms late chronology of the Biskupice pottery assemblage
(Zeliezovce phase, see: Table 2) (i.a., Pavik, 1969, fig. 6; Koztowski et al. 2014; Kadrow and
Rauba-Bukowska 2016; 2017; Czekaj-Zastawny et al., 2017; Moskal-del Hoyo et al., 2017,
Kadrow, 2020, 147; Rauba-Bukowska, Czekaj-Zastawny, 2020). It was noticed that there was
a significant change in the preparation of ceramic pastes in the LBK between the Music-Note
(classical) and Zeliezovce (late) phases (Rauba-Bukowska, Czekaj-Zastawny, 2020; Rauba-
Bukowska, 2021). It consists of several changes in the composition of the ceramic masses. First,
a new type of admixture appeared, namely chamotte (grog; types VI and VII; Table S5), as
fragments of sedimentary rocks were a component of ceramic masses in the olde and classical

phases. Fabrics with an admixture of clay pellet were called type IV (Rauba-Bukowska et al.,
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2007; Rauba-Bukowska 2014, 2021; Rauba-Bukowska, Czekaj-Zastawny, 2021). These pastes
were mainly used to make larger, coarse, thick-walled pots.The second significant change in
the technology between ceramics of the Music-Note and the Zeliezovce phase was the
increasingly rare use of an organic admixture, consisting mostly of chaff fragments from
domesticated cereals (Moskal del-Hoyo et al., 2017). This temper was very common in the
older and classical phases of the LBK and was present in all types of ceramic fabrics, but more
often was found in masses of type IV of thick-walled vessels. Plant fragments were also added
to the clay in the Zeliezovce phase, but without a clear correlation as to the type of ceramic

mass.

Regarding firing conditions and temperatures, there have been almost no changes in this
technological field during LBK period in Lesser Poland (e.g., Rauba-Bukowska et al. 2007;
Rauba-Bukowska 2014; Koztowski et al. 2014/2015; Rauba-Bukowska 2021). Firing usually
took place in an atmosphere with a weak supply of air at temperatures around 650-800°C and
rarely over 800°C. A similar structure of the method of firing is constant for the entire LBK
and probably also for other Neolithic cultures, e.g., the Malice culture (Rauba-Bukowska et al.
2007; Rauba-Bukowska 2021). The collection of pottery from Biskupice studied here (n=27)
does not differ from this scheme; firing prevails with a small supply of air at temperatures of
700-800°C.

The face vessel and the pottery with the zoomorphic handle (samples 10 and 25) show
characteristic features of local ceramic paste, thus representing local production. This
demonstrates that the idea of depicting anthropo- or zoomorphic representation was transferred
from Transcarpathian areas rather than the vessels being imported. Similar cases were recently
observed among LBK assemblages. For example, a study of an anthropomorphic figure from
Kosina, showing a high similarity with the human figures from the AIfold Linear Pottery

culture, was made of local clay (Dgbiec et al., 2021).

Pottery use

Lipid residue analysis of pottery samples from Biskupice showed that animal fats were
present, coming from ruminants and non-ruminants. Animal bones are not preserved at the site
due to soil acidity, and thus lipid residue analyses provide a rare glimpse into animal
management at the site. Ruminant fats are commonly found in LBK pottery, especially in
northern area of its distribution such as the Kuyavia region, while non-ruminant adipose fats

were rarely detected (Salque et al., 2013; Roffet-Salque et al., 2019). In one of the more
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comprehensive studies on lipid residues in the LBK pottery in Bylany (Czech Republic),
ruminant adipose fats also predominated, whereas non-ruminant adipose fats were uncommon
(Matlova et al., 2017; Brychova et al., 2020). The analysis of lipid residues from Biskupice did
not demonstrate the presence of dairy products in the samples. No sieve pottery was found in
this settlement, which is in line with southern and eastern Poland from where sieve pottery
fragments appeared only at two archacological sites at Gwozdziec site 2 (Robson et al., 2021)
and Putawy-Wtostowice (Szeliga, 2018), but no finds are known from the Upper Vistula River
settlement clusters. This gap in southern Poland is to be noted and can be observed on a map

showing the distribution of sieve pottery in Central Europe (Saile et al., 2022, fig. 16).

Lipid residue analysis from Biskupice demonstrated that spherical vessels and open
bowls of coarse ware were used to process animal carcass products. Although thin-walled
pottery contained high concentrations of archaeological lipids, in Biskupice, the highest
recovery rate was in coarse ware, which may suggest that vessels made of such fabric, were
used especially for cooking. Similar observations were given in the case of a long-term LBK
site 7 in Ludwinowo (Kuyavia, Poland), in which a comprehensive study of lipid residues
analysis was conducted based on a large group of pottery sherds (n = 513). According to this
study, coarse ware vessels were better adapted to cooking or it is possible that these kinds of
pottery gave a high recovery rate and lipid concentration due to the fact that the lipids are
preferentially absorbed in such a fabric compared to thin-walled vessels (Roffet-Salque et al.,
2019).

Lithic industry: local raw material versus imported

The lithic industry was almost entirely based on local raw materials withJurassic-
Cracow flint clearly dominating. This is not surprising, as Jurassic-Cracow flint prevails on
LBK sites in southern Poland and was noted in 95% of all lithic assemblages. Obsidian, which
is mostly represented by blanks and isolated cores, also occurred at almost all LBK sites in
Lesser Poland. It is very exceptional in the early phase, sporadic in the middle phase and quite
common in Phase Il (Szeliga, 2009). In Biskupice, among raw materials other than Jurassic-
Cracow flint obsidian prevailed, although it played a marginal role, accounting for less than 2%
of the lithic assemblage. Similar proportions were observed in the Upper Vistula River valley
at Brzezie site 17 (Wilczynski, 2014) and other sites in Lesser Poland in Zeliezovce phase (e.g.,
Kaczanowska et al., 1987; see also Szeliga, 2009), where only at two sites obsidian share
exceeded 10% (Krakow-Nowa Huta Krzestawice site 41; Godlowska, 1982) and 19%
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(Gwozdziec; Wilczynski and Kufel-Diakowska, 2021). On the other hand, in south-eastern
areas of Poland, the share of obsidian was usually higher, around 10-20% (e.g., Rzeszow site
16; Kadrow, 1990; Zwigczyca site 3; Dgbiec, 2014).

EDXRF data documented that all studied obsidian artefacts analysed from house no. 2
were manufactured from volcanic glass of the Carpathian 1a/1b chemical type, originating from
southeast Slovakia on the borderland with northeast Hungary. Imports of obsidian in Lesser
Poland seem to be related with areas of the Saris Basin, Kogice Basin, and East Slovak Lowland,
where northern branches of the Tiszadob-KapuSany group and the Biikk culture developed, as
confirmed by the imports of pottery (Kaczanowska and Godtowska, 2009; Czekaj-Zastawny,
2014, 2017). However, in Biskupice, the presence of cores, flakes and waste material, together
with a group of tiny chips found in sediment samples (taken for archaeobotanical research),
showed that it was raw material that was imported and then processed locally rather than the
finished product. Geochemical analysis conducted on Neolithic obsidian artifacts from Poland
also supports the dominance of the Carpathian 1a/1b obsidian variant (Kabacinski et al., 2015;
Szeliga et al., 2019).

It is worth mentioning that in neighboring Czech Republic, Slovakia and Hungary,
Carpathianl obsidian also predominated at Neolithic sites, with only a minor representation of
the Carpathian2 variant (Elburg et al., 2002; Bir6, 2014; 2018; Constantinescu et al., 2014;
Burgert et al., 2016; 2017; Riebe, 2019; Furholt et al., 2020; Werra et al., 2021). As Bir6 (2014
64, fig. 13) has observed, obsidian of the Carpathian 1 chemical type seems to have been the
most important volcanic glass used by prehistoric communities in East-Central Europe. The

results from house no. 2 in Biskupice are consonant with this generalization.

Transcarpathian contacts

The analysis of pottery and lithic items from Biskupice essentially indicates the use of
local materials. The majority of lithics were made from local flint, whereas obsidian artefacts
were imported. Pots were produced from clays of local origin, although their technological and
stylistic features are related with cultural influences from the areas located south of the
Carpathians. Decorative motifs show patterns observed in the Zeliezovce group, while the usage
of grog in clay masses is typical for the Bukk culture. However, among vessels found in house
no. 2 there are no sherds with decoration known from the Buikk culture, which is quite surprising
as this kind of pottery is often associated with obsidian finds. Such a situation is observed, for
example, at Vrable, where obsidian finds, coming from the sources located in the eastern Slovak
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Carpathians, were found together with Bikk-style pottery sherds, based on the exchange with

groups inhabiting the eastern Slovakia (Furholt et al., 2020).

Generally speaking, it should be emphasised that numerous fragments of vessels
ornamented in the Eastern Linear styles have been found in Lesser Poland. They can be found
in almost every LBK settlement excavated. Some of them were original forms that came from
beyond the Carpathian Mountains. In some cases, however, analyses of the ceramic masses
revealed the presence of imitations of imported vessels, i.e., locally produced vessels were
decorated in the Eastern Linear styles (Czekaj-Zastawny, Rauba-Bukowska, 2014; Kadrow,
Rauba-Bukowska, 2016; Czekaj-Zastawny et al., 2017; Dg¢biec et al., 2021), which isan
excellent example of the exchange of ideas between the LBK and ALPC communities (Czekaj-
Zastawny et al., 2017).

Based on pottery studies, it is possible to identify more precisely the areas from which
imports flowed (Fig. 13). These include the Sari§ Basin and the East Slovak Lowland, from
where vessels characteristic of the Tiszadob-Kapusany group arrived almost from the beginning
of the Music-Note phase of the LBK. In turn, in the Zeliezovce phase, vessels of the Bikk
culture were imported (Czekaj-Zastawny, 2014; Rauba-Bukowska, 2014). To date, a total of
several dozen sites with Eastern Linear imports have been recorded in Poland (Kaczanowska,
Godlowska, 2009; Czekaj-Zastawny, 2017, 52-55; Werra, Sobkowiak-Tabaka, 2017; Szeliga,
Zako$cielna, 2019). The intensification of contacts with the south is noticeable on LBK the
territories in south-eastern Poland, especially from the end of the Music-Note phase
(Godtowska 1976, 89-92; 1982; Kaczanowska, Godlowska, 2009; Kadrow, 1990).

The contacts with the Eastern Linear complex, although definitely weaker, reached
much further than the Upper Vistula Basin - e.g., Upper Silesia. It is believed that some imports
came here via the Lesser Poland groupings of the LBK. Ceramics from beyond the Carpathian
Mountains took a similar route as far as the Polish Lowlands, including Kuyavia and Chetmno

Land (Pyzel, 2009; Czekaj-Zastawny, 2017; Werra, Sobkowiak-Tabaka, 2017).

Analogous relationships can also be observed in other LBK areas, such as the area of
the Szécsény Hills in the Nograd Basin at the northern part of Cserhat Mountain and Ipoly
Valley. There it was found that the Ipoly and Zagyva rivers served as important transport routes
in the Early Neolithic. Ceramic and stone materials from Szécsény-Ultetés and several other
investigated sites in the region indicate exchange with groups to the east, west and south,
including Biikk, LBK, Vin¢a and Szakalhat (Fabian et al. 2016).
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After the turn of the 6™ and 5" millennia BC, with the disappearance of the LBK and
Bukk culture, if viewed from a ceramic perspective, these contacts appear to have ceased as
remains of imported southern vessels in the upper Vistula basin disappeared (Czekaj-Zastawny,
2017). However, if the non-ceramic perspective is taken into account, such contacts continued
to function. Among other things, one observes an even more intensive influx of obsidian in the
first half of the 5" millennium BC, visible above all in the early Lengyel-Polgar complex
communities.

The presence of obsidian in Biskupice backs the thesis of the existence of long-distance
connections between different “Linear” communities (Fig. 13; Lech, 1989; Wilczynski, 2016).
The conveyance of artefacts made of obsidian could take various forms, from direct access, and
mobility through trade, exchange, personal individual contact, among others. However, it is not
possible to definitively determine how the exchange and contacts between Neolithic
communities looked like, although some hypotheses were formulated and possible routes in the
Western Carpathians were indicated (e.g., Valde-Nowak, 2009; Pelisiak, 2018). Due to the
approximately 220 km distance from the deposit, direct contact with local groups cannot be
ruled out. At the same time, the down-the-line exchange model cannot be excluded. It should
be noted, of course, that this model likely included various combinations with other models
proposed by Colin Renfrew (1975). Depending on the time and location, combinations could
vary (see Kreig et al., 2023).

Obsidian in Biskupice, similarly to many other LBK sites, could probably be not only
of economic importance (see Szeliga, 2021). “Foreign”/“exotic” items obtained from outside
the family zone could have served a prestigious role, functioned as symbols, or as elements that

indicated belonging to a specific community (Chapman, 2007).

5. Conclusions

A total of 10 samples, based on cereal grains and wild buckwheat fruits, from house no.
2 provided radiocarbon dating results. Their calibrated ranges show quite a long interval,
pointing to dates between 5300 to 5000 BC. These results do not help in discerning a chronology
of a use of this house and therefore do not shed light on the precise timeframe of the Zeliezovce
group in southern Poland. However, the existence of such decorative motifs as, for example,
long notches crossing various lines, indicate that the Biskupice site can be one of the youngest

settlements of this phase north of the Carpathian Mountains.
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The petrographic analysis of the face vessel and a zoomorphic vessel from Biskupice
have shown that they were produced locally. A study of the pottery assemblage from house no.
2 has not demonstrated the presence of any other vessel that could be treated as an import. This
has been confirmed by a study of group of pottery sherds, which represented six technological
types, as all of them have showed a use of local fabrics. Interestingly, the motifs of decoration
are of Transcarpathian origins, suggesting that the ideas were transferred, mostly from the area
of the Zeliezovce group, but pottery items themselves were produced locally. On the other hand,
among the lithic assemblage it has been demonstrated that obsidian was imported from sources
extracted in the mountains located in present-day territory of south-eastern Slovakia. Although
the share of obsidian artefacts is rather low, due to the presence of debitage, it can be concluded
that the raw material was imported, and it was processed at the settlement. This observation
confirms long-distance Transcarpathian connections between various groups of LBK

communities.

Unfortunately, the face vessel has not given any evidence of lipid concentration, and
therefore it is still difficult to speculate if it was actually used as container for storing or
processing plant or animal remains. The analysis of lipid residues of selected groups of pottery
sherds has demonstrated that animal fats from ruminant and non-ruminant were used for
cooking at the settlement. Also, a use of aquatic animals has been confirmed. This is especially
important as animal bones have not been preserved due to soil conditions, and it gives additional

information about food processing and animal husbandry.
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Captions:

Fig. 1. Location of the site 18 in Biskupice against the background of the LBK settlement in
western Lesser Poland (Czekaj-Zastawny 2014, fig. 57).

Fig. 2. Plan of the archaeological excavations at Biskupice site 18. Remnants of at least four
houses were discovered (black rectangles). Photo: M. Korczynska-Cappenberg.

Fig. 3. Location of pit no. 25 within house no. 2 at Biskupice site 18, in which the face vessel
was found. Photos: M. Korczynska-Cappenberg and A. Walanus. For scales: see fig. 2 and 5 a.
Fig. 4. A share of pottery, flint and obsidian finds from house no. 2 of Biskupice site 18. For
details: see Table S1.

Fig. 5. Calibrated ranges for the samples taken from house no. 2 of Biskupice site 18. For
details: see Table 1.

Fig. 6. Bayesian modelling of calibrated dates for the samples taken from house no. 2 at
Biskupice site 18.

Fig. 7. Selected pottery from house no. 2 from Biskupice site 18. Drawings: M. Korczynska-
Cappendberg (a) and R. Kenig (b-h).
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Fig. 8. Examples of pottery sherds and ceramic fabrics of the technological groups from house
no. 2 at Biskupice site 18. Photos: R. Kenig (pottery sherds) and A. Rauba-Bukowska (thin-
sections). For details: see Tables 5 and 6.

Fig. 9. Results of the lipid residue analysis from house no. 2 from Biskupice site 18. A) Partial
gas chromatogram of a typical lipid extract interpreted as animal fat (BIS7498). Peak identities
are: FA n and FA n:i, fatty acids containing n carbon atoms and i double bonds (detected as
fatty acid methyl esters); IS, internal standard (n-tetratriacontane); b) 5!3C values for the Cis:0
and Cus:o fatty acids prepared from lipid extracts from open bowls (open circles) and spherical
bowls (filled circles). The three fields correspond to the P = 0.684 confidence ellipses for
animals raised on a strict Cz diet in Britain (Copley et al., 2003); ¢) A scheme showing a
relationship between types of the vessels and concentration of lipids.

Fig. 10. Kernel density analysis of flint (a) and obsidian (b) artefacts from house no. 2 at
Biskupice site 18.

Fig. 11. Selected obsidian artifacts from house no. 2 at Biskupice site 18 see Table S5. Photos:
D. Werra; Drawings: E. Guminska.

Fig. 12. Results of the XRF analysis of obsidian artefacts from house no. 2 at Biskupice site 18:
a) Sr vs. Zr composition of large obsidian artifacts. Symbols plot the artifacts listed in Table
S6; b) Normalized Rb/Sr/Zr composition of small obsidian artifacts. Symbols plot the artifacts
listed in Table S7. Dashed lines depict the range of composition variation measured in
archaeologically significant geological reference samples (adapted from Hughes and Werra,
2014: fig. 4 and 5).

Fig. 13. Directions of Transcarpathian influences to the LBK settlement at Biskupice site 18.

Table 1. Results of the radiocarbon dating of samples taken from house no. 2 from Biskupice
site 18.

Table 2. Percentage number of samples assigned to each fabric type at Biskupice site 18 and
during all phases of LBK sites from the territory of Lesser Poland (n = 302). Technological

groups after Rauba-Bukowska and Czekaj-Zastawny, 2020.

Supplementary material

Table S1. Pottery, flint and obsidian finds from house no. 2 of Biskupice site.
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Table S2. Results of the petrographic analysis of the pottery sherds from house no. 2 from
Biskupice site 18.

Table S3. Results of the petrographic analysis of the pottery sherds from house no. 2 from
Biskupice site 18; red - reducing firing; redox - reducing firing with small inflow of air; ox -
oxidizing firing.

Table S4. Results of lipid residues analysis: Potsherd sample details and results for sherds from

house no. 2 from Biskupice site 18.

Table S5. Technological and morphological description of obsidian artefacts from house no. 2

at Biskupice site 18.

Table S6. EDXRF Composition Estimates for Large Obsidian Artefacts from house no. 2 at
Biskupice site 18.

Table S7. Integrated Net Peak Intensity Data for Small Obsidian Artefacts from house no. 2 at
Biskupice site 18.
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No. of Lab Data BP | SD | 68.3% probability 95.4% probability Feature No. of | Plant species Remarks
sample
Poz-135507 | 6140 30 |5206BC (22.8%) 5170BC 5210BC (95.4%) 4997BC 23 744 | Triticum 50-60 c¢m, elongated pit (charcoal
5115BC (5.9%) 5101BC dicoccum/monococcum accumulation)
5074BC (39.5%) 5005BC
Poz-135513 | 6170 30 |5208BC (3.3%) 5202BC 5214BC (94.5%) 5029BC 31 641 | Triticum 40-50 cm, post-hole
5185BC (21.3%) 5146BC 5021BC (0.9%) 5015BC dicoccum/monococcum
5131BC (43.7%) 5054BC
Poz-161849 |6170 40 | 5208BC (3.3%) 5201BC 5217BC (95.4%) 4997BC 31 803 | Triticum monococcum 40-60 cm, post-hole
5185BC (22.4%) 5141BC
5136BC (42.6%) 5054BC
Poz-135510 |6130 40 |5207BC (19.9%) 5168BC 5210BC (95.4%) 4952BC 24 780 | Triticum dicoccum 120-130 cm, elongated pit (black
5117BC (6.5%) 5099BC layer)
5076BC (41.9%) 4996BC
Poz-161856 |6180 40 |5208BC (2.1%) 5204BC 5286BC (1.8%) 5272BC 24 458 | Fallopia convolvulus (3 x | 80-90 cm, elongated pit
5181BC (66.1%) 5061BC 5218BC (93.7%) 5003BC fruits)
Poz-135504 | 6190 35 |5210BC (2.5%) 5205BC 5292BC (3.6%) 5265BC 18 749 | Triticum dicoccum 70-80 cm, pit, bottom (with daub,
5177BC (65.7%) 5068BC 5220BC (91.8%) 5032BC black layer)
Poz-135508 | 6215 35 |5217BC (7.0%) 5206BC 5302BC (15.9%) 5249BC 24 798 | Triticum dicoccum 120-140 cm, elongated pit (bottom)
5172BC (61.2%) 5071BC 5225BC (10.7%) 5197BC
5190BC (68.9%) 5047BC
Poz-135511 |6230 40 |5298BC (21.5%) 5258BC 5306BC (42.2%) 5201BC 25 845 | Triticum dicoccum 80-90 cm, elongated pit (bottom);
5221BC (8.5%) 5206BC 5185BC (53.3%) 5054BC 0.2mgC
5170BC (26.3%) 5115BC
5101BC (11.9%) 5074BC
Poz-135081 | 6235 35 |5299BC (28.6%) 5256BC 5306BC (49.0%) 5203BC 22 764 bis | Triticum dicoccum 80-100, pit (thin black layer)
5222BC (9.9%) 5207BC 5181BC (46.5%) 5061BC
5165BC (22.1%) 5120BC
5096BC (7.6%) 5078BC
Poz-135506 | 6290 40 |5309BC (21.3%) 5283BC 5367BC (92.7%) 5207BC 22 792 | Triticum dicoccum 90-100 cm, pit (bottom); 0.27mgC
5275BC (47.0%) 5217BC 5159BC (2.8%) 5126BC
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Table 2
2.docx
Biskupice,
Fabric houseF;o 5 LBK (Lesser Poland)
type : Short description of fabric types
Il phase | phase Il phase Il phase
heavy clay, fine-grained, moderately sorted, admixture of

0, 0, 0, 0,
! 12% 22% 28% 13% organic fragments
I 36% 28% 19% 35% silty clay, fine-grained, well-sorted, admixture of organic

? ? ? ? fragments

" 4% 24% 34% 22% heavy to silty clay, coarse-grained, poorly sorted, admixture of

? ? ? ? organic fragments and sand
v 2% 23% 17% 3% heavy clay, fine-grained, admixture of sedimentary rocks and

’ ? ? ’ organic fragments

heavy to silty clay, coarse-grained, poorly sorted, admixture of

- 0, 0 0,
v 3% 1% 2% sand and organic fragments
Vi 28% - 1% 14% heavy to silty clay, admixture of grog
Vi 18% - - 11% heavy to silty clay, admixture of grog and sand




