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Ceramic raw material acquisition and transfer
of technological ideas among the Early Neolithic
communities in the environs of the Western Carpathians

Agnieszka CZEKAJ-ZASTAWNY, Stawomir KADROW

and Anna RauBa-Bukowska

Abstract: The subject of this article is the relationship between Linear Band Pottery culture (LBK) from the Karkéw region in western
Lesser Poland and Transcarpathian Eastern (Alf6ld) Linear Pottery (ALPC) culture from the Slovak-Hungarian borderland, based on
mineralogical-petrographic analyses of ceramics. Clear linkages between these areas are attested in the importation of obsidian into
Lesser Poland from the South, and of different types of flint into the Carpathian Basin from the North. Significant importation of ALPC
pottery has been recorded to the north of the Carpathian Mountains. These relationships not only involved the exchange of goods (raw
materials and ceramics) but also the constant transfer of ideas, as evidenced by the frequent occurrence of imitation ALPC ceramics
in the LBK settlement centres. It has been found that evolutionary changes in LBK pottery resulted primarily from intensified contact
with the ALPC. The growing influence of the ALPC, together with other factors, led to cultural change in Lesser Poland and to the
replacement of the LBK by the Malice culture.

Keywords: Neolithic, Linear Pottery Culture, LBK, Alf6ld Linear Pottery culture, ALPC, Lesser Poland, Carpathian Basin, ceramic
mineralogical-petrographic analyses.

Résumé : Le propos de cet article concerne la problématique des relations entre la culture a Céramique linéaire (LBK : Linearband-
keramik) de la région de Cracovie en Petite-Pologne occidentale et la culture a Céramique linéaire de 1’Alf6ld (4/fold Linear Pottery
Culture : ALPC) de la région limitrophe slovaque-hongroise, sur la base des analyses minéralogiques et pétrographiques de la cérami-
que. Des relations intensives entre ces régions sont attestées en Petite-Pologne par les importations d’obsidienne provenant du sud, ainsi
que dans le Bassin Carpatique par plusieurs types de silex, provenant du nord. Plusieurs importations de céramiques de I’ALPC ont été
découvertes au nord du Bassin Carpatique. Les relations ne consistent pas seulement en 1’échange de biens comme la matiére premicre
ou la céramique, mais aussi en 1’échange constant d’idées, ce qui se manifeste par plusieurs imitations de la céramique de 1’ Alfold
(ALPC) dans les ensembles des centres de colonisation de la culture a Céramique linéaire (LBK). On a constaté que les changements
¢évolutifs dans la Céramique linéaire (LBK) résultaient surtout de 1’intensification des contacts avec I’ALPC. L’influence croissante
de I’ALPC, ainsi que d’autres facteurs ameénent aux changements culturels en Petite-Pologne avec notamment comme conséquence le
remplacement de la LBK par la culture de Malice.

Mots-clés : Néolithique, culture a Céramique linéaire, LBK, culture a Céramique linéaire de 1’Alfold, ALPC, Petite-Pologne, Bassin
Carpatique, analyses minéralogiques de la céramique, analyses pétrographiques de la céramique.
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THE SPATIAL AND CHRONOLOGICAL
RANGE OF THE STUDY

northern part of the Carpathian Basin. Ceramic

samples have been collected from six sites in
Poland, two sites in Slovakia and two sites in Hungary.
All the Polish sites lie in the Krakow region: Ojcow-
Wielka Dolna Cave, Modlniczka 2, Nowa Huta-Mo-
gita 62 and Nowa Huta-Wyciaze 5 are located north of
the Vistula, while Zagorze 2 and Brzezie 17 are located
south of that river (fig. 1).

The Slovakian site, Zemplinske Kopcany, lies in the
northern part of the Great Hungarian Plain; Sarigské
Michalany is situated in the hilly Sari§ region in the
Western Carpathians (fig. 1).The Hungarian sites, Pol-
gar-Cs6szhalom and Polgar-Piocasi, are located east
of the Tisza in the Great Hungarian Plain (fig. 1). All
samples recovered from the sites in Poland represent the
Linear Band Pottery culture (LBK); all samples from
Slovakia and Hungary belong to the Eastern (Alf6ld)
Linear Pottery culture (ALPC).

T HIS STUDY COVERS western Lesser Poland and the

Fig. 1 — Locations of the LBK and ALPC sites with ceramic
material analysed in this study. 1: Ojcow-Wielka Dolna Cave;
2: Nowa Huta-Mogita 62; 3: Nowa Huta-Wyciaze 5; 4: Modl-
niczka 2; 5: Zagorze 2; 6: Brzezie 17; 7: Sarigské Michalany;
8: Zemplinske Kopcany; 9: Polgar-Cs6szhalom; 10: Polgar-Pio-
casi.

Fig. 1— Localisation des sites LBK et ALPC avec la céramique
analysée dans le texte. 1 : Ojcow- grotte Wielka Dolna ; 2 : Nowa
Huta-Mogita 62; 3 : Nowa Huta-Wycigze 5, 4 : ModlIniczka 2 ;
5:Zagorze2; 6 : Brzezie 17,7 : Sarisské Michalany; 8 : Zem-
plinske Kopcany ; 9 : Polgar-Csészhalom; 10 : Polgar-Piocasi.

LBK AND ALPC EVOLUTION
AND CULTURAL CHANGE AT
THE TRANSITION BETWEEN THE LBK
AND THE MC IN LESSER POLAND

he LBK culture spread to Lesser Poland and the

Western Volhynian Upland in Ukraine during its pre-
music-note (I) phase (the Bina and the Milanovce phases
in SW Slovakia; Kulczycka-Leciejewiczowa, 1983;
Pavuk, 2004; Czekaj-Zastawny, 2008, p. 16-18 and
2009; Debiec, 2015). The earliest LBK groups migrated
to south-eastern Poland from south-western Slovakia and
Moravia through the Moravian Gate. There are nearly 30
sites representing the older LBK phase in Lesser Poland
(Koztowski et al., 2014, p. 39).

In the music-note phase (II), the LBK population
gradually increased, reaching its peak in the Zeliezovce
phase (III). During the evolution of the LBK, the
internal rhythm of cultural change was the same over
almost all Lesser Poland and south-western Slova-
kia. Stone raw materials were dominated by Jurassic
flint imported from the Krakow-Czg¢stochowa Upland
(Kadrow, 1990a, fig. 17a and 1990b, fig. 26a).

From the turn of phases II and III, however, large
quantities of obsidian (Szeliga, 2007, p. 295-297, fig. 1)
started to be imported from the Carpathian Basin, and
other kinds of flint also came into use (including Tur-
onian flint, Szeliga, 2014, fig. 8, and Volhynian flint,
Kadrow, 1990a, fig. 14). The influx of new raw materi-
als was particularly pronounced in the Rzeszow region
in eastern Lesser Poland (Kadrow, 1990a, fig. 14, 17¢
and 1990b, fig. 26¢).

At the same time, there was an increase in the
importation of ceramic vessels or in local imitation
of ALPC patterns, from the area of the upper Tisza,
mainly of the Biikk culture (Kadrow, 1990a, p. 59-63,
fig. 14; Kaczanowska and Godtowska, 2009). The
influx of ceramics from the ALPC led to changes in the
technology of locally produced pottery in the late (III)
phase of the LBK (Koztowski et al., 2014, p. 70).

The ALPC originated and initially developed in
the middle and upper Tisza basin. This cultural entity
resulted from the expansion of the K&rds culture to the
area mentioned above. The M¢éhtelek and the Szatmar
groups functioned as transitional units between the Koros
culture and the developed ALPC (Koztowski et al., 2014,
p. 42-43).

From the outset, the ALPC pottery showed regional
differentiation, diverging thus from the relatively uni-
form ceramics of the LBK. Both cultural complexes
differed clearly in terms of their settlement patterns and
dwelling construction. From the second phase of the
ALPC, importation of flint from Lesser Poland, includ-
ing the Jurassic (Mateiciucova, 2008, maps 6-9), Turo-
nian (Szeliga, 2014, fig. 2) and Swieciechow varieties
(Szeliga, 2014, fig. 4), increased within the ALPC area.
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ANALYSIS METHODS

In recent years, more than 400 samples of Early (LBK)
and Middle (Malice culture) Neolithic ceramics and
clay have been collected, including ALPC imports and
imitations. Samples taken from the ALPC sites in Slov-
akia and Hungary comprise approximately 30 pieces.
Analysis of technological aspects of the ceramics in
south-eastern Poland and the northern Carpathian Basin
has centred on their mineralogical and petrographic
composition and component quantity ratios.

Thin sections taken from the pottery fragments have
been examined with a Nikon Eclipse LV100N POL polar-
ized light microscope.

Quantitative petrographic analysis (point counting,
see: Quinn, 2013, with references within) has then been
used to determine the percentage of individual compon-
ents: clay minerals, quartz, alkali feldspars, plagioclases,
muscovite, biotite, carbonates, grains of sedimentary,
igneous or metamorphic rocks, grog fragments and
organic materials.

Granulometric analysis was used to measure the
diameter of crystal grains and clay clast. Thin sections
were prepared for microscopic examination (Quinn,
2013) and measurement of grain cross-sections (500-
1000 grains) in the image was then carried out using
a code in MATLAB R2007b software which performs
automatic image analysis.

Calculation was made within the following ranges:
0.002 — 0.02 mm, 0.02 — 0.05 mm, 0.05 — 0.1 mm,
0.1 -0.2mm, 0.2 - 0.5 mm, 0.5 -1 mm, 1 —2 mm and
0 >2 mm.

The classification proposed by the Polish Society of
Soil Science served as the point of reference (Polskie
Towarzystwo Gleboznawcze, 2009).

Samples were grouped according to hierarchical
cluster analysis using MATLAB R2007b (Koztowski
et al., 2014, p. 55-60). The study began with
mineralogical-petrographic composition. The following
components were chosen for comparison: quartz pellets,
quartz grains (> 0.02 mm), rounded grains, angular rock
fragments, clay clasts, grog, mica group minerals and
organic material.

LBK MATERIALS

he studied regions are dominated by loess soils,

particularly in the uplands, which were frequently
settled in the Early Neolithic. The loess often covered
Miocene sediments. Miocene dust clay was a popular raw
material in the production of ceramic vessels. Miocene
clays are easy to identify but the reverse is true of alluvial
deposits: these tend to be more varied in composition,
usually combining sediments such as the substratum of
the river valley (Miocene clay in this case), sediments
cut by the river valley (loess soil) or detrital material

transported by the river (Jurassic material in this case).
The alluvial sediments are mostly dominated by quartz
silty fraction and particles of flint, chalcedony and micrite
(lime mud; Rauba-Bukowska, 2014c; Koztowski et al.,
2014, p. 52-53).

First, a number of basic technological and
mineralogical types have been distinguished for LBK
pottery (Rauba-Bukowskaetal.,2007) from south-eastern
Poland. The first technological group is characterized by
a high degree of sorting and mixing of the clay mass,
sometimes with an admixture of organic temper. This
group is typical of fine, ornamented ceramics (fig. 2). The
second technological type is characteristic of cooking
and storage ceramics. Cooking vessels (medium-walled)
were made of silty or heavy clay with an admixture of
sand and organic material (fig. 3). Storage ceramics
were made of heterogeneous, poorly mixed clay with an
admixture of organic material, sometimes with chamotte
(fig. 3).

Next, local raw materials have been identified. Mio-
cene heavy marine clay, with characteristic relics of
plankton, volcanic glass and glauconite, seems to have
been commonly used (fig. 4A and B). Other kinds of raw
material include Holocene alluvial clay, containing grains
of crushed flint and fragments of Carpathian flysch rocks
(fig. 4C), and, in fine ceramics, loess-like sediment. In
some cases, €.g. in pottery deposited in caves, calcium
carbonate and calcium phosphate sediments have been
recorded (fig. 5).

All these types of raw material were altered due
to their preparation for the production of pottery. The
original composition changed in the course of storage,
mixing and kneading the clay, which may now com-
plicate the identification of raw materials used in the
production.

ALPC MATERIALS

xcavation at numerous LBK sites in Lesser Poland

has yielded ceramics, both imitations and imports
(fig. 6 and 7), which appear untypical in terms of
their ornamentation thus pointing to ALPC influences
or origins (Rauba-Bukowska, 2014b). These pottery
assemblages come from the Tiszadob-KapuSany group
and the early Biikk culture, both cultural entities within
the ALPC.

The pottery of the Tiszadob-KapuSany group is
characterized by fine-grained paste with a small amount
of organic admixture. Its mineralogical composition
includes fragments of metamorphic rocks (fig. 6).

Paste used in the production of ceramics in the
Biikk culture is very fine-grained, pure and very dense.
Characteristic elements are difficult to find in the silty
clay, but the fine-grained paste contains small grains of
feldspars, mica flakes and pyroxenes (fig. 7).

The clay mineral content in the pottery pastes pro-
duced both by the Tiszadob-Kapusany and the Biikk



84 Agnieszka CZEKAJ-ZASTAWNY et al.

C D ey E F

Fig. 2 — Fine pottery. A, C, D: Mogita, site 62, phase I of LBK; B, E, F: Zagorze, site 2, phase 1l of LBK.
Fig. 2 — Céramique fine. A, C, D : Mogita, site 62, LBK phase I ; B, E, F : Zagorze, site 2, LBK phase II.

C

Fig. 3 — Cooking ware. A, C, D: Mogita, site 62, phase I of LBK; Storage pottery (coarse); B, E, F: Wyciaze, site 5, phase II of LBK.
Fig. 3 — Céramique culinaire ; A, C, D : Mogita, site 62, LBK phase I. Poterie de stockage (commune); B, E, F : Wycigze, site 5, LBK
phase I1.
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cultural groups ranges between 35% and 72%, and that
of quartz between 18% and 48%. All of the ceramics
are made of a fine-grained and well sorted clay mass,
without any admixture of coarser crystallite; organic
material is also very rare. A number of the vessels are
made of silty clay with low feldspar content; some are
enriched with muscovite.

Two kinds of clay can be distinguished. One,
characteristic of the Zemplin area, is very silty, with fine
material and a significant presence of muscovite and
feldspar grains. The other kind of clay, typical of the Sari3
region, has a lower content of quartz and muscovite, and
its grains are coarser in size. This division corresponds to
the two types of ceramic paste.

Fig. 4 — Clay raw materials. Miocene clays: A — Mogita, site 62; B — Modliniczka, site 2. Holocene alluvial clay: C - Mogita, site 62.
Fig. 4 — Argile brute. Argile miocene : A - Mogita, site 62 ; B : Modliniczka, site 2. Argile holocene alluviale : C - Mogita, site 62.
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Fig. 5 — Clay raw materials: calcium carbonate and calcium phosphate clay — Ojcow, site Wielka Dolna cave (A - C).
Fig. 5 — Argile brute : argile calco-carbonatée et calco-phosphorée — Ojcow, grotte Wielka Dolna (A - C).
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Fig. 6 — Imported ALPC (Tiszadob-Kapusany) pottery in the context of LBK assemblages: Brzezie, site 17.
Fig. 6 — Céramique importée de I’ALPC (Tiszadob-Kapusany) dans le contexte d’ensemble de la LBK : Brzezie, site 17.

Fig. 7 — Imported ALPC (Biikk culture) pottery in the context of LBK assemblages: Brzezie, site 17.
Fig. 7 — Céramique importée de I’ALPC (culture de Biikk) dans le contexte d’ensemble de la LBK : Brzezie, site 17.
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Fig. 8 — Imitated ALPC (Biikk culture) pottery: A, C, D and imported ALPC (Biikk culture) pottery: B, E, F; Brzezie, site 17.
Fig. 8 — Imitation de la céramique de I’ALPC (culture de Biikk) : A, C, D ; importations de la céramique de I’ALPC (Culture de Biikk)

B, E, I ; Brzezie, site 17.

COMPARISON OF THE LBK POTTERY
WITH ALPC IMPORTS AND THEIR LOCAL
IMITATIONS AT THE LBK SETTLEMENT
AT BRZEZIE 17

Relationships between the imported ALPC ceramics
and the local LBK ceramics can be analysed on
the basis of the material excavated from Brzezie 17
(Czekaj-Zastawny, 2014). The site, located on a loess-
covered slope on the right bank of the Vistula, is known
for its LBK settlement with 26 longhouses and over
40,000 pottery fragments. The LBK features from the
transition between phases II and III have yielded more
than 80 ALPC ceramic fragments, including spherical
bowls and amphorae produced by the Tiszadob-Kapusany
group and the early Biikk culture.

The LBK ceramics from Brzezie 17 are very diverse
in terms of the technology used to produce them. There
are significant differences in the individual mineral
components in the clay mass. Within the ceramics,
a number of basic groups of clay masses, with similar
mineralogical and petrographic traits, can be identified.
The technological classification presented below
corresponds generally to the morphological division of
the vessels (Rauba-Bukowska, 2014a).

The first technological group includes very greasy,
fine-grained clay masses.

The second group consists of masses which are
equally fine-grained, but also contain a slightly larger

amount of quartz. They are quite soft and abrasive. The
vessels are mainly small and thin-walled, and ornamen-
ted with incisions. Due to their composition and techno-
logical properties, they are not suitable for cooking and
food preparation. They may have been used as serving
vessels.

The third group displays a fine-grained loamy matrix
with quartz pellets, and contains a greater amount (15%)
of larger grains. It also contains a greater quantity of
coarser quartz grains, as well as small amounts of sedi-
mentary, igneous or metamorphic rock. Organic admix-
tures are more frequent, though they are less pulverised
than in the first and the second groups. Vessels from the
third group could have been used as cooking ceramics.
The group comprises medium-sized cups with ornament,
including incisions, or they may be plain. The surfaces
tend to be smooth.

The fourth group consists of greasy masses, com-
posed of loamy materials, a small amount of fine-
grained quartz (up to 15%) and a significant amount of
sedimentary rock fragments (up to 30%) in the form of
ferruginous slate and lumps of unmixed clay. Like in
the third group, a large quantity of organic material has
been recorded. Vessels produced from this kind of mass
have red colour and are porous. Due to their porosity,
weight and size, these ceramics were probably used for
storing dry goods.

The fifth group includes clay masses with a large
amount of quartz and rock fragments and a small
amount of organic material. It has a high sand content
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Fig. 9 — Technological characteristics of LBK pottery— frequency of organic temper accord-
ing to chronological sequence (phases I, II, III) and functional categories of ceramic wares
(fine ware, cooking ware and coarse ware); green colour: with organic temper; blue colour:

without organic temper.

Fig. 9 — Caracteéristique technologique de la céramique de la LBK : fréquence des inclu-
sions organiques dans le contexte des différentes séquences chronologiques (phases 1, 11,
I1]) et division fonctionnelle de la céramique (fine, culinaire, poterie de stockage) ; couleur
verte : avec inclusions organiques ; couleur bleu : sans inclusions organiques.

(50%); the proportion of igneous or metamorphic rock
fragments amounts to several percent. A high content
of non-plastic components corresponds to coarse gran-
ulation. There is no doubt that masses of this type were
intentionally lean. They were used to produce so-called
sand ceramics (Kulczycka-Leciejowiczowa, 1969),
whose function has not yet been determined. Techno-
logical analysis has indicated that ceramic items of this
type have a high porosity, i.e. the vessels have poor
physical properties.

Differences between the locally produced imitations
and the imported pottery are clearly evident in the mater-
ial from Brzezie 17. The ceramics differ primarily in the
type of raw material used for their production. However,
both groups are made of silty clay (fig. 8).

In the imported pottery, the average quartz content
amounts to 33%, while clay mineral content amounts to
51%. Similarly, the pottery recovered from Brzezie 17
has an average quartz content of 26%, and an average
clay mineral content of 67%. The most striking differ-
ence, however, is seen in muscovite and feldspar con-
tents. In the imported ceramics, the muscovite content
amounts to 3.8%, and that of feldspars to 4%, while the
imitations and the locally produced pottery are charac-
terised by muscovite and feldspar contents of 0.8% and
0.4%, respectively. The quantity of organic material in
both types of ceramics is very small. However, the locally
produced pottery more often includes destroyed organic
temper in the form of black amorphous concentrations.

For example, the imitations of imported ceramics found
in Brzezie 17 are made of local raw material with a signi-
ficant organic admixture; cf. sample Br 28 (fig. 8).

TRENDS IN THE TECHNOLOGICAL
EVOLUTION OF THE LBK POTTERY

n the younger (IIT) phase of the LBK, the silty raw

material content increased in comparison to phases I
and II. The amount of organic material present in the paste
used by LBK potters changed over time and depended
on the type of pottery being produced (fig. 9). Organic
material has been recorded in 90% of the examined pot-
tery fragments from phase I, while in the classical phase
(II), it was used in 53% of fine pottery and 97% of coarse
pottery; in the late phase (III), organic temper was added
to 37% of fine pottery and 75% of coarse pottery. Statist-
ically, the ceramics from the younger (III) phase of the
LBK became similar to the ALPC ceramics.

CONCLUSIONS

n the LBK and the ALPC, vessels were made from
locally available clay. The raw material sometimes
differed to such an extent that its local sources can now
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be identified. The mineralogical composition of the pot-
tery imported from the Carpathian Basin differs distinctly
from that of the ceramics produced locally north of the
Carpathians. The development of the LBK, phases I to
111, was marked by the following trends: (a) the increas-
ing use of silty clay; (b) the decreasing use of organic
material as an admixture; (c) the use of chamotte in the
clay mass, especially at the end of the LBK evolution.
The evolutionary changes evident in LBK pottery res-
ulted primarily from intensified contact with the ALPC.
The growing influence of the ALPC, together with other
factors, led to cultural change in Lesser Poland and to
the replacing of the LBK by the Malice culture. The con-
tacts between Lesser Poland and the northern part of the
Carpathian Basin are evidenced in the importation of flint
in the south and the importation of obsidian in the north
(Kadrow, 2005). The detailed technological analysis of
the pottery has provided certain information about the
nature of those contacts. It has identified the origin of the
imports and has shown that the relationships involved not

only the exchange of goods (raw materials or ceramics)
but also the constant transfer of ideas, as proven by the
frequent imitation of ALPC ceramics within LBK settle-
ments.

The LBK ceramics produced locally as imitations
feature the use of native technology, but they borrowed
forms of ornamentation and treatment of the exterior sur-
faces from the south.

The imports and imitations flowed into Lesser Poland
mainly from the Sari§ region and the Zemplin area in Slo-
vakia or Tokaj in Hungary (Sebok, 2014). The ceramics
also originated from more distant areas, such as the upper
Tisza basin (Rzeszow-Piastow; Kadrow, 1990b).
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