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Identification of exotic raw-materials discovered within the context of Late Glacial societies of the North European
Plain is a crucial factor in discussion about far-reaching exchange systems of goods and ideas. The present paper considers
the occurrence of obsidian finds on the Polish Lowlands, hundreds of kilometers away from its sources located south of the
Carpathians. The focus is on chemical recognition and identification of a large and unique assemblage of obsidian artefacts
from two Polish localities based on non-invasive Prompt Gamma Activation Analysis (PGAA). As a result, a clear connec-
tion of northern Polish obsidians with its outcrops located on the northern (Slovakian) fringe of the Tokaj Mountains was
established that is the first detailed identification of obsidian finds from the territory of Poland ever. A review of Polish and
Slovakian obsidian assemblages from the Late Glacial times and the importance of obsidian exchange and mobility for

Late Palacolithic societies of Central Europe are discussed supported by analytical results of PGAA.
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1. INTRODUCTION

The Northern Hemisphere, due to periodi-
cal glaciation periods in its history, witnessed
a number of dramatic climatic changes that heav-
ily influenced human presence in the Northern part
of Central Europe. During Last Glacial Maximum
(between ca. 26.5-20 ka; Clark et al. 2009) most
of the North European Lowland was either covered
by ice-sheet or was an arctic desert devoid of any
signs of life. Only at the very end of Pleniglacial
(Greenland Stadial 2) Central European Lowland
was available for human settlement unless the
evidence of such an early occupation of that area

is still under discussion (Terberger, Street 2002;
Kabacinski, Sobkowiak-Tabaka 2012). However,
there is no controversy that at the beginning of Late
Glacial (Greenland Interstadial 1; ca. 14750 ka BP
— Bjorck et al. 1998; Lowe et al. 2008) groups of
hunter-gatherers inhabited continuously vast areas
of the European Northern Lowlands. Relatively fast
climatic changes during the Late Glacial recorded
in the Greenland ice-cores and other fossil archives
led to transformation of arctic and shrub tundra en-
vironment present at the beginning of the Late Gla-
cial (Greenland Interstadial-1e) to open forest envi-
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Fig. 1. Contour map showing the area discussed in the paper

ronment (often dominated by birch or pine) in the
Allered (Greenland Interstadial-1c - 1a) being again
replaced by arctic and shrub tundra with groups of
pine trees and willow-birch thickets at the end of
the Late Glacial (Younger Dryas — Greenland Stadi-
al 1) (Bjorck et al. 1998; Coope et al. 1998; Ralska-
Jasiewiczowa 2004). Along with climatic changes
also a subsistence strategies of the first populations
of Northern Europe were modified ranging from
reindeer hunting in tundra conditions to elk and
small fauna hunting in birch forests. Typical feature
of that Palaeolithic hunters, especially at the begin-
ning and at the end of the Late Glacial was a high
degree of mobility forced by large-scale migra-
tions of herds of reindeers that are consider as their
main source of food (Sturdy 1975; Campbell 1977,
Bokelmann 1979; Koztowski 2004; for opposite view
see Kabacinski, Sobkowiak-Tabaka 2009). As a side
effect of migrations an opportunity of exchange of
ideas and goods, including exotic raw materials be-
tween different groups of hunters could occur.

The aim of the paper is to discuss the occur-
rence of obsidian finds in the Polish Lowland,

a central part of the North European Lowland, dur-
ing the Late Glacial, i.e. the period between the first
LG warming (Greenland Interstadial-1e, ca. 14 750
ka BP and Younger Dryas (Greenland Stadial-1, ca.
11 550 GRIP ka BP — Bjorck et al. 1998; Rasmus-
sen et al. 2008). During the Late Glacial the Low-
land and territories between the Plain and southern
mountain chains witnessed the presence of a number
of hunter-gatherer societies (Fig. 1). At the dawn of
the Late Glacial, southern uplands were sparsely
inhabited by final Magdalenian groups while at the
same time vast areas of the western Polish Plain
were settled by the Hamburgian people. Later on,
in the mid-Late Glacial, Federmesser-like groups
(Arch Backed Piece Technocomplex) inhabited the
area, while during the Younger Dryas the Swiderian
and to some degree Ahrensburgian hunters densely
settled the Plain and southern uplands.
Characteristic for all of the above societies
was the exploitation of local flint sources to pro-
duce tools necessary for basic economic activities.
In the case of upland areas, it was mainly Jurassic
Cracow flint or chocolate flint. While on the Plain
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Fig. 2. Outcrops of flints and radiolarites in Poland: 1 — Jurassic flint; 2 — chocolate flint; 3 — Swieciechow flint;
4 — Volhynian flint; 5 — radiolarite (acc. to. Sulgostowska 2005, Fig. 10, Koztowski 2013, Fig. 15).
Computer processing by P. Szejnoga

the basic source was local erratic Baltic Cretaceous
flint brought in by the last ice-sheet form Scandina-
via. The distribution of flint from southern Poland
is well recognized during the Late Glacial (Sulgo-
stowska 2005). For instance, chocolate flint was
widely distributed on the Plain and single finds were
discovered even at distances of several hundred kil-
ometres. No doubt it had an economic impact given
the value of the raw material (Fig. 2). There are two
specific materials, however, that seemed to play
a different role within LG societies of the Lowland,
namely radiolarite and obsidian.

Radiolarite was procured and worked on a large
scale all around the Carpathian Basin. Its sources
are known from Hungary in the south, to the Pien-

iny Mountains and Silesia on the north (Bir6 2009;
Foltyn et al. 2009; Rydlewski 1989). On the Plain,
only single finds are recorded (Sulgostowska 2005).
Until now, the most distant radiolarite import was
found on the Polish Lowland in the Swiderian as-
semblage at Janow 25 (Koto county), ca. 350 km
from the outcrops (Kabacinski et al. 2009), and at
Szynych 13 (Grudziadz county), ca. 460 km from
the Pieniny Klippen Belt (Jurzysta 2010)'.

' The radiolarite core was found near the concentra-
tion IV, belonging to Swiderian people but inside also some
younger materials (Mesolithic ones) were found. It is very
difficult to solve the problem to whom this core has be-
longed (Jurzysta 2010).
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Obsidian, due to its characteristic appearance
and well documented outcrops in Central Europe,
is an even better marker of long-distance contacts.
It is an igneous rock, effusive (mostly acidic), con-
sisting almost exclusively of volcanic glass. It is an
amorphous substance, mostly transparent or trans-
lucent with strong glassy luster. Its colour varies
from black, dark grey and sometimes brown-yellow
to dark green, olive, orange, red, blue, purple and
gold (Zaba 2003). Obsidian is a product of acidic
rhyolitic volcanism. Its geological age is relatively
old in the Carpathian Basin, estimated between 15.2
to 12 million years for the northern (Slovakian)
sources, and younger (around 9 million years) for
the southern (Hungarian) sources. From a Northern
Lowland perspective the nearest European territo-
ries with obsidian outcrops are central and south-
eastern Slovakia, north-eastern Hungary and west-
ern Ukraine (Rosania et al. 2008).

In the late 1970s, modern analytical methods
were developed to characterise the outcrops of
Carpathian obsidians. They were divided into two
major groups — Carpathian 1 (C1) connected with
outcrops in the vicinity of Vini¢ky and Cejkov (Slo-
vakia) and Carpathian 2 (C2) from the Tokaj Mts.
in Hungary (Williams, Nandris 1977; Williams-
Thorpe et al. 1984, 1987; Bir6 2014). Taking into
consideration the latest results study on the Car-
pathian obsidians, three main groups can be distin-
guished. Apart from C1 and C2, we have to consider

C3 (Transcarpathian) obsidian from the vicinity of
Rokosovo, today’s Ukraine (Williams-Thorpe et al.
1984, Rosania et al. 2008). Rosania et al., claimed
two more obsidian types (C4 and C5): however,
these can be associated with perlite sources that did
not yield knappable obsidian.

As far as obsidian artefacts from Poland are
concerned, only one two pieces from Rusko (Low-
er Silesia, south-western part of Poland) and Ryd-
no (central Poland) have been previously exam-
ined. In the first case, unfortunately destructive,
physical and chemical methods have been used,
namely: polarising microscopy, scanning electron
microscopy, electron microprobe and X-ray dif-
fraction phase analysis. The obtained qualitative
identification of Al, Si, Fe, Sn, Ag, Mn and Cl
allowed only rough comparison of the examined
piece with Slovakian and Hungarian obsidians. On
the basis of the occurrence of iron and grey col-
our of the artefact and opacity, the author suggests
its connection with obsidian 2E from Tokaj Mts.
in Hungary (Pawlikowski 1994). In case of eight
Mesolithic artefacts from Rydno non-destructive
energy dispersive x-ray fluorescence (EDXRF)
has been conducted. Results of these studies in-
dicate that all artefacts were manufactured from
Carpathian 1 obsidian (Hughes, Werra 2014).
Other obsidian collections have been intuitively
linked to outcrops based on macroscopic analyses
(Sulgostowska 2005; Szeliga 2002).

2. OVERVIEW OF OBSIDIAN UTILISATION BY THE LATE PALAEOLITHIC
SOCIETIES IN POLAND AND SLOVAKIA

Studies of obsidian finds in Poland began in the
1920s when, for the first time, obsidian was recognized
in a surface collection from Matopolska (southern Po-
land) (Koztowski 1923). The oldest obsidian artefact
in Poland — a Lower Palaeolithic side-scraper — came
from Rusko, site 31 (Lower Silesia, south-western
Poland; Burdukiewicz, 1994; Pawlikowski 1994).
Obsidian artefacts attributed to the Middle Palaeo-
lithic are known from three sites: Rybnik, site A,
Oblazowa Cave and Ciemna Cave (Valde-Nowak et
al. 2003; Ginter 1986) (Fig. 3). Most are single tools
or debitage pieces, and only the inventories from
Obtazowa Cave are typologically varied.

In the Upper Palaeolithic utilization of obsid-
ian increased, especially in Slovakia and Hungary
(Bir6 1984). Inventories of obsidian connected with

Gravettian settlement were also reported in Roma-
nia, Ukraine, Moravia, Austria (Williams-Thrope et
al. 1984). From Poland single finds belonged to the
Szeletian inventories (Oblazowa Cave, layer XI; Val-
de-Nowak 2003) Aurignacian (Krakéw-Zwierzyniec;
Sawicki 1949) and Gravettian (Krakow-Spadzista-
Street; Sobczyk 1995), and have lately been discov-
ered at site 10 in Targowisko (Little Poland) (Fig. 3).
The latter one is of particular interest because it is the
largest obsidian assemblage in Poland, consisting of
three tools, 29 flakes, 14 blades and ca. 250 chunks
(Wilczynski 2010). Intensive use of obsidian in this
period is confirmed by finds from eastern Slovakia,
at sites located in the vicinity of Cejkov (I, 1I 1 IIII),
Hrcel, Kasov, Val’aty and Busovce. The obsidian
finds range from 60 to over 80% of the total number
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Fig. 3. Location of main sites discussed in the paper: 1 — Rusko, site 31; 2 — Rybnik, site A; 3 — Ojcow, Ciemna Cave;
4 — Nowa Biala, site 2; 5 — Krakéw-Zwierzyniec, site [; 6 — Krakdw, Spadzista Street B; 7 — Targowisko, site 10 and 11;
8 — sites from the vicinity of Cejkov; 9 — Plock; 10 — Mieroszow, site 9; 11 — Czerniejow; 12 — Glanow, site 3;

13 — Rydno; 14 — sites from the vicinity of Krakow; 15 — Wotodz, site 7; 16 — Nowa Biala, site 1; 17 — Sromowce Nizne,
site 1; 18 — Skwirtne, site 1; 19 — Tylicz, site A; 20 — Smizany; 21 — Spisska Stara Ves, site 1; 22 — Vel’ky Slavkov

of artefacts in the inventories (Kaminska, Duda 1985;
Kaminskd, Koztowski 2002; Kaminska 2007). Addi-
tionaly artefacts made on brown radiolarite are known
from Nietoperzowa Cave (Chmielewski 1975, 121).
There are no traces of obsidian within the Polish
final Magdalenian and Hamburgian cultures. Car-
pathian obsidian appears in the assemblages dated

from the mid-Palaeolithic. Numerous obsidian finds
are connected with Arched Backed Piece Tech-
nocomplex concentrations in the Rydno complex
(Schild, Krolik, 1981; Tomaszewski et al. 2008).
Other sites where obsidian is present are located
in the Podhale region (southern Poland), namely
Nowa Biata 1, Sromowce-Nizne 1 (Valde-Nowak
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1987), Skwirtne 1 (Valde-Nowak 1996) and Tylicz
A (Tunia 1978). The inventories are relatively nu-
merous only in Rydno, Skwirtne and Tylicz (Fig. 3).
The technological structure of these assemblages is
quite homogenous consisting mostly of flakes, oc-
casional blades, cores and tools (2 end-scrapers,
backed pieces (3), a core-like burin, dihedral burin,
and an undefined tool).

Obsidian was also used by societies connected
with Tanged Point Technocomplex. Recently dis-
covered Cichmiana located in the central Polish
Lowland is the only Swiderian site where several
obsidian artefacts were discovered (Winiarska-
Kabacinska, Kabacinski 2009). In southern Poland
so far only single finds have been recorded (i.e.
“somewhere near Ptock”, Krakow-Bagno, Glanow,
Czerniejow?, Krakow-Biezanow 15, Wotodz, Mokr-
sko and Mieroszow; Krukowski 1920; Sulgostow-
ska 2005; Osipowicz, Szeliga 2004). Single obsid-
ian artefacts may also be attributed to the Swiderian
settlement complex in Rydno (as in the case of radi-
olarite, Schild et al. 2011) (Fig. 3).

In eastern Slovakia three obsidian tanged
points, similar to the Lyngby-type points, were
found in Sol” and Kamenica nad Cirochou III. The
most significant Late Palaeolithic sites in Slova-
kia were recorded in the Spi§ region (mostly in
the area of Poprad). Obsidian was the second most

common raw material next to radiolarite here (Ka-
minskd 2007). The first Swiderian (Tanged Point
Technocomplex) site in Slovakia was discovered in
Vel’ky Slavkov (Spis region). The assemblage con-
sisted of over 500 artefacts, including willow-leaf
points (4 whole and 1 one fragment) made mainly
of Slovakian radiolarite and obsidian (Barta 1980).
Additional Sviderian sites, like Pod Skalkou, Nad
skalami I and Spisska Teplica rarely have obsidian
artefacts (Kaminska 2007). The occurrence of ra-
diolarite confirms penetration into Polish territory,
as the nearest radiolarite outcrops are located in the
Pieniny Mountains.

At SpiSska Stara Ves 1, one Ahrensburgian tan-
ged point was discovered. Among the raw materials,
radiolarite, chocolate flint, Volhynian, Baltic and
occasionally Swieciechow flint and, rarely, Eastern
Slovakian obsidian was identified (Sojak 2002).

At the site of SmiZany, attributed to the Late
Palaeolithic, obsidian was the most common raw
material (over 50%). There also are several surface
collections with obsidian artefacts i.e. Spi§ska Be-
la, Kezmarok, Krizova Ves, Podhorany, Podliniec
and Stard L’ubovna. Also, one obsidian artefact is
known from Vel’k4 Ves nad Iplom (southern Slova-
kia) attributed to the Late Palaeolithic (Bart, 1965;
Sojak 2002), and one at Sliska Jablonica dated to
the Pre-Boreal (Kaminska 2007).

3. LATE PALAEOLITHIC OBSIDIAN FINDS FROM THE POLISH PLAIN
ANALYSED BY PGAA METHOD

The main goal of this paper is to present re-
sults pertaining to the identification of sources of
obsidian artefacts from the Northern European
Plain — over 600 km far from the nearest obsid-
ian outcrops. There are only two sites on the Plain
where Late Palaeolithic obsidian artefacts have
been found: Cichmiana and Mokrsko (Fig. 3). For
the provenance study of obsidians from Cichmiana
and Mokrsko (Fig. 4, 5), prompt gamma activation
analysis (PGAA) at the Budapest Research Reactor
was applied.

However, 33 pieces found to be too small to
obtain a compositional result with satisfying preci-

2 Apart from other obsidian artefacts the colour of
tanged point from Czerniejow is greenish (Sulgostowska
2005).

sion within reasonable acquisition time by PGAA at
BRR in Budapest.

Cichmiana, site 2

The site is located in the central part of the
Polish Lowland (Fig. 3). The excavations carried
out in 2000 and 2003 yielded over 10.000 Late
Palaeolithic artefacts of Swiderian culture in the
form of 20 concentrations in the area of 1,5 hectars
(Fig. 5). That is the largest site of that culture ever
discovered in the Lowland considering a number of
concentrations found (Kabacinski et al. 2009).

The inventories were made predominantly of
erratic Cretaceous Baltic flint and chocolate flint
with single finds of Jurassic Cracow flint and horn-
stone. Of special value was discovery of a unique
find of small obsidian workshop in the eastern part
of concentration no. 4. It comprises 49 obsidian
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Fig. 4. Obsidian artefacts analysed: 1, 3-17 — Cichmiana, site 2; 2 — Mokrsko, site 8 (photo by P. Szejnoga)

artefacts including 6 tools (1 burin, 2 truncations,
2 retouched blades and 1 retouched chip) and few
dozens of small chips (Fig. 4.1, 3-17).

Obsidian artefacts from Cichmiana are mostly
small in size, and the analysis of raw material, tech-
nology and typology has not provided the final an-
swer to whether the Late Palaeolithic community
processed one or more obsidian core. Certainly the
core must have already been prepared before it was
brought to the site as indicated by the lack of cor-
tical material. The technological analysis suggests
a direct percussion technique of core exploitation.
Micro-wear analysis of the assemblage showed that
only seven of 49 artefacts were used for scraping

or cutting wood or other unidentified soft mate-
rial (truncations, retouched blade, blades, flakes)
(Winiarska-Kabacinska, Kabacinski 2009). From
this collection 16 pieces were analyzed by PGAA
(Table 1).

Mokrsko, site 8

The second site from where obsidian artefact
has been chosen for investigation is located at the
dune in Mokrsko in the southern part of the Low-
land (Fig. 3). In 1929 during field survey carried out
by J. Dekleta and J. Rajewski (Jazdzewski 1929)
a small dihedral burin measuring 34 x 20 x 11 mm
was recovered (Fig. 4.2).

4. PROMPT GAMMA ACTIVATION ANALYSIS

4.1. The method

PGAA was chosen to determine the elemental
composition of the obsidian samples in a non- de-
structive way. PGAA is a nuclear analytical method
that utilizes a horizontal beam of cold neutrons guid-

ed from a research reactor (Révay, Belgya 2004).
During PGA analysis, a simultaneous irradiation
and detection of prompt and delayed gamma pho-
tons are performed. The upgraded PGAA facility of
the Budapest Research Reactor was described by
Szentmiklodsi et al. in 2010. The quantitative analy-
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sis is based on the precise identification of charac-
teristic prompt-gamma peaks in the spectra, as well
as on the careful determination of the peak areas,
according to Révay 2009. The most important fea-
ture of PGAA that makes it favourable in archae-
ometry is that it provides an average bulk composi-
tion of the irradiated volume, without sampling or
any other destruction of the object. Furthermore, in-
duced radioactivity decays fast after the irradiation.
Thus, samples can be further analysed with other
methods or returned to the collection.

In principle, PGAA is able to detect all chemical
elements, but with very different sensitivities, basi-
cally depending on neutron capture cross-sections.
In case of geological (silicate) samples, most major
components (oxides of Si, Ti, Al, Fe, Mn, Mg, Ca,
Na, K and H) and a few significant trace elements
(mostly B, Cl, Gd and in some cases also Sc, V, Cr,
Co, Ni, Cd, Nd, Sm andEu) can be quantified.

The reliability of our PGAA method has been
checked trough measurements of geological Stand-
ard Reference Materials (Gméling et al. 2005, 2007,
2014), from which rhyolite is the closest to obsid-
ians in composition (Kasztovszky et al. 2008). Fur-
thermore, the PGAA data on various types of ob-
sidians have been compared with compositions ob-
tained by INAA/ENAA, pXRF, ICP-OES, ICP-MS
as well as SEM-WDS/EDS and reported by Odone
et al in 1999, by Williams-Thorpe in 1995, by Le
Bourdonnec et al. in 2005 and by Tykot in 1997.
Unfortunately, Mg content of obsidians found to be
below the PGAA’s detection limit. Concentrations
of major components are given in oxide form. Ox-
ides are calculated according to oxidation numbers.
In addition to the major components, PGAA is one
of the few methods to determine hydrogen, as well
as trace elements of boron and chlorine with high
sensitivity. For most types of obsidians, concentra-
tions of major components determined by PGAA
agreed well with the results by other authors (see
the Supplementary material). Unfortunately, trace
elements, except Sm and Gd are not comparable,
because B and Cl are usually not measured by other
method than PGAA. On the other hand, a series of
trace elements, such as Zr, Rb, Sr, Ba, etc. which
can be very useful in obsidian provenance research,
are easily measurable by other methods but below
the detection limits of PGAA.

Although, geochemical behaviours of B and C1
in volcanic glass are still subjects of various stud-
ies (Barns et al. 2014; Schmitt, Simon 2004), sys-

tematic survey of them in provenance research is
not known, probably due to the few numbers of ap-
plicable analytical methods. Based on our analyti-
cal results of 222 obsidian samples, we have found
that B and Cl concentration data can be success-
fully used in obsidian characterisation. Nd, Sm and
Gd are also well measurable by PGAA, but their
applicability in obsidian provenance research are
not proved. Other trace elements, such as Li, Y, Zn,
Zr, Rb, Sr and Ba — known to be useful in obsidian
provenance research (Kilikoglou et al. 1995; Od-
done et al. 1999; Milcic 2014) — were found to be
below the detection limits of PGAA.

For irradiation of the objects, a collimated
beam of 7.6-10” cm™s™! intensity cold neutrons with
14x14 mm? and 20x20 mm? area cross-sections has
been used. The applied neutron beam has covered
the whole material of the black transparent obsidian
samples, in case of most objects. In addition, the
0.5 to 5 mm thick objects were totally transparent
for cold neutrons. Since obsidian is considered to be
homogeneous in mm to cm scale, the obtained aver-
age composition is regarded to be characteristic of
the whole sample. In most cases, acquisition times
were chosen to be between 2000 and 9000 s, to col-
lect a sufficient number of counts to determine the
concentration of most major and some trace com-
ponents. In some instances, prolonged acquisition
times of 40000 to 450000 s have been applied, to
see if we could improve the number of identified
trace elements, or the uncertainty of results. Unfor-
tunately, some pieces of the collection found to be
too small to achieve statistically significant data in
a reasonable time.

4.2. Results

From PGAA investigation it was possible
to quantify the major components of SiO,, TiO,,
AlLO,, Fe,O,(t), MnO, Ca0, Na,0, K,O and H,0,
and traces of B, Cl, Nd, Sm and Gd (Table 1). Con-
centrations of the determined major components
are given in mass%, while trace elements are ex-
pressed in ug/g.

In order to establish the characteristic types of
the investigated archaeological pieces, their compo-
sitions have been compared to previous PGAA data
of various archaeological and geological obsidians
of Carpathian and Mediterranean origin. Compara-
tive archaeological pieces have been investigated
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within various cooperations between Hungary and
Poland, Romania, Croatia, Ukraine and Serbia.
Geological samples were received from the Litho-
teca collection of the Hungarian National Museum.
All reference samples were considered according
to their types (C1, C2, etc.,) as it was established
earlier by macroscopic studies and PGAA. For ref-
erences, data of C1 type (90 pieces), C2 type (52
pieces, including subtypes of C2T, C2Tr and C2E),
C3 type (5 pieces), Lipari type (11 pieces), Sardinia
type (8 pieces, including A, B and C subtypes),
Melos type (8 pieces, from Adamas and Demen-
egaki), 4 pieces from Antiparos, 8 pieces from Yali,
1 piece from Palmarola, 1 piece from Pantelleria
and 3 pieces from Armenia, Sevan Lake have been
used. Detailed results of archaeological obsidians
from Hungary (Bir6 et al. 2005; Kasztovszky et
al. 2008,) and from Croatia (Kasztovszky et al.
2009) have been published earlier; results on ar-
chaeological obsidians from Romania is going to
be published soon. Both the average concentrations
of major components (Table 2), and also significant
components of TiO,, MnO, alkaline and Fe,O(t),
as well as B and CI have been studied. Most of all,
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TiO,, B and Cl were found to differentiate between
groups of various geographical origins. As far as
we know, no systematic provenance study based
on B and CI contents of obsidians have been done
yet, though Elekes et al. have tried to differenti-
ate between obsidians, according to their Li and B
contents (Elekes et al, 2000). According to Fig 4a-
b, B and CI contents separate samples of Sardinia,
Antiparos, Yali, Melos, Lipari, as well as C1, C2
and C3 types from each other. Furthermore, based
on TiO,-content (Fig. 5), C2T (Tolcsva) and C2E
(Erdébénye) subgroups, subgroups of Melos (Ada-
mas and Demenegaki) and also Sardinian A, B and
C groups can be distinguished. Also, both on Fig.
4a-b and on Fig. 5, one very distinct subgroup of C1
appears, represented by the source of Mala Bara,
Slovakia. In Figures 4a-b and 5 we suggested draw-
ing the border of particular groups of data points.
Based on the data obtained by PGAA (Table 2,
Fig. 6a-b and Fig. 7) it can be seen that the archaeo-
logical objects found in Poland are most similar to
the Carpathian 1 (C1, i.e. Slovakian, northern part
of the Tokaj Mts.) type and clearly separable from
Carpathian 2 and from other Mediterranean types.
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Fig. 7. A possible classification of raw material for Polish archaeological objects,
based on their boron- and titanium-oxide content
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Furthermore, with careful studying the composi-
tions of C1 group, one can distinguish between the
Vinicky, and the other origin C1 obsidians, how-

ever, separation of Kasov, Cejkov and Mala Bara
origin ones from each other is not possible using
the PGAA data.

5. DISCUSSION

There are two general ways of interpreting
long-distance transport of exotic raw materials and
items, that is to say exchange and contacts between
human groups (Eriksen 2002; Whallon 2006). More
advanced theories distinguish four kinds of mobil-
ity — residential, logistical, network and informa-
tional (Whallon 2006).

Exchange was the most common form of in-
teraction for goods, ideas, patterns, knowledge and
people circulation among prehistoric societies, i.€.,
the so called “total social phenomena” (Mauss
1925). It was not only a “pure” business transaction
but also played an important role in ceremonial life
(i.e. Sahlins 1972). In the classical approach to the
subject three types of exchange are distinguished:
reciprocity, redistribution and trade activity (Mauss
1925). It is obvious that exotic raw materials have
different prestige values in areas located far from
their outcrops and in places located close to the
sources (Tykot 2011). Given ethnological analo-
gies, the presence of exotic raw materials could be
an expression of social rather than exclusively eco-
nomic exchange between human groups (Whallon
2006; van Gijn 2010).

Long-distance exchange of obsidian could have
had different backgrounds. For example, the evi-
dence of obsidian use by Holocene societies from
Melanesia seems to be the indicator of the existence
of a formal exchange network during the colonisa-
tion process. In this case, obsidian helped maintain
connections with homeland (Summerhayes 2009).
On the other hand, in New Zealand, which in con-
trast to Melanesia was settled via a process of rapid
coastal exploration, the massive use of obsidian
played a significant role in connecting and cement-
ing social networks (Walter et al. 2010). Unlike
Melanesian and New Zealand sites, which yielded
large quantities of obsidian, inventories uncovered
in the Polish Lowland contain negligible amounts
of obsidian implements, which probably may have
been classified as “eccentric” raw material (Tykot
2011).

Analysis of maps showing the distribution of
Late Glacial luxury artefacts made of exotic raw

materials in Poland document a wide communica-
tion network, especially along the north-south ax-
is. The raw materials were most likely distributed
along large river valleys — such as the Vistula, Oder
and Warta — important communication routes link-
ing the Swiderian communities together.

For the Upper Palaeolithic Gravettian groups
living relatively close to obsidian outcrops, the ma-
terial could have had first of all technological sig-
nificance, as evidenced by a considerable quantity
of obsidian artefacts in the inventories (i.e. Tar-
gowisko, site 10 in southern Poland). The situation
changed in the Swiderian, with obsidian holding
technological significance only for the most south-
ern groups from the Carpathian Mountains, notably
in Slovakia. To the north, on the Polish Plain, finds
are rare and have no technological (economical?)
importance.

A small share of artefacts made of exotic raw
materials in the Late Glacial inventories from the
Polish Lowland shows that while the presence of
obsidians and radiolarites had no economic sig-
nificance, it nonetheless must have had symbolic
meaning. The dispersion of artefacts made of the
raw materials in question is an effect of direct/suc-
cessive long-reaching/distance exchange or prestige
chain exchange (Sahlins 1972; Renfrew, Bahn 2001;
Tykot 2011; Moutsiou 2014). Analysis of obsidian
exchange among Aboriginal societies in Australia
showed that apart from functional role, obsidians
may have been imbued with symbolic meaning due
to limited number of outcrops, glassy appearance,
translucency and different colours — “If something
is transported over long distances, then it must have
been valued at some point” (Torrence 2005).

On the other hand, the presence of exotic raw
materials could represent different expressions of
mobility of the Late Glacial societies. In Late Pal-
aeolithic Europe, most numerous items made on
“exotic” raw materials obtained from the distance of
over 600km from the archaeological site were reg-
istered among Magdalenian implements (Weniger
1987; Eriksen 2002). The analysis of implements
made on exotic (>50 km) materials in southwestern
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Germany may represent long-distance migrations
or barter transactions during seasonal movements
or even direct procurement, while fossil molluscs
(as well as jet and ammonites) indicate rather luxu-
ry items, for own use (Eriksen 2002). However, in
many cases these exotic raw materials could be ob-
tained from other groups and be the manifestation
of social contacts and caused by ritual or ceremo-
nial reasons apart from seasonal migrations (Whal-
lon 2006).

Recently, the foreshaft made from cetacean bone
(probably whale) was identified at a Magadalenian
site in Andernach-Martinsberg. The re-examina-
tion of this bone implement shows that this marine
material was obtained from a source located over
1000 km away from the site. The authors suggest
that the presence of the whale item is the result of
an individual travel rather than seasonal migrations
(Langely, Street 2013). Such special, exotic or even
“eccentric” (Tykot 2011) finds could have played
an important role in long-distance social motivated
mobility, i.e. information exchange, alliance-mat-
ing, ritual and ceremony reasons (Whallon 2006;
Speth et al. 2013).

Given long-distance movement of obsidian ar-
tefacts from Slovakia to the Polish Plain (ca. 600
km), the exchange could have taken place, most
probably, by indirect means. In this case materi-
als lose their utilitarian functions and start to play
symbolic role (Moutsiou 2014). It was connected
with the distribution of news, ideas and social
knowledge. Extralocal (exotic) materials/artefacts
play a very important role in maintaining rela-
tionships between individuals and groups (Mauss
1925; Whallon 2006). Similar to unusual pendants
(original form and/or valuable raw material) en-
countered, i.e. in Magdalenian inventories from
the Swabian Jura (Eriksen 2002), single obsidian
artefacts (Mokrsko) or several items most probably

made of one core (Cichmiana) could be an indicator
of social status or prestige.

It should be emphasised that obsidian and
chocolate flint coexist at many sites, i.e. Cichmia-
na (Poland), Vel’ky Slavkov (Slovakia). At Rydno
(the hematite quarry and chocolate flint process-
ing centre), obsidian was found both in concentra-
tions belonging to the Arch Backed Technocom-
plex (Schild, Krolik 1981) and Swiderian ones
(Schild 1975; Schild et al. 2011), which suggests
that chocolate flint could have been an equiva-
lent for obsidian (Sulgostowska 2005). We should
also highlight that at many sites which produced
chocolate flint or obsidian, radiolarite occurred as
well, i.e. Janéw (Kabacinski et al. 2011), Rydno
(Schild, Krolik 1981; Schild et al. 2011), Vel’ky
Slavkov (Barta 1980). A special case in this re-
spect is a red-ochre mine at Rydno. The presence
of jasper from the Vag river, obsidian from Slova-
kia and Hungary, Jurassic and Swieciechow flint
confirms the existence of a regular exchange net-
work, where chocolate flint and hematite colorant
was obtained, pointing to strong social ties (Schild
1975). The wide distribution of chocolate flint
indicates a well-developed network of group in-
teraction, marking the potential range of intermar-
riage arrangements and exchange of goods (Schild
2001). This system was surely cemented by sym-
bolic communion and beliefs shared by members
of the group (Ptonka 2012).

Worth noting is the fact that, except for the
assemblages from Cichmiana, Rydno and Tylicz,
other Late Palaeolithic obsidian artefacts belong to
a “special” form, mostly tools, like tanged points
(Tyniec-Bagno, Czerniejow, Wotodz, Glanow),
backed blades (Nowa Biata, Rydno), end-scrapers
(Skwirtne) or burins (Mokrsko, Mieroszow). It al-
so supports the hypothesis of a special meaning of
such kinds of objects.

SUMMARY

Late Glacial hunter-gatherers inhabiting the
Central European Lowland were highly depend-
ent on local resources of flint raw material. In the
case of Poland it was local erratic Baltic Cretaceous
flint brought by the last ice-sheet from Scandinavia.
More to the south, different kinds of quarried flint,
such as chocolate or Jurassic Cracow, were used;
all of that locally extracted material was distributed

over hundreds of kilometres. However, in very rare
cases two very specific raw materials, i.e. radiolarite
and obsidian were also in use. For the moment ob-
sidian seems to be the best marker of long-distance
exchange and mobility pattern, because its near-
est sources are south of the Carpathians, in south-
eastern Slovakia and north-eastern Hungary. On the
basis of a modern analytical method (PGAA) three
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main groups of Carpathian obsidian can be distin-
guished (C1 in SE Slovakia, C2 in NE Hungary and
C3 in Transcarpathian Ukraine, all of them with
further sub-groups).

From southern Poland and from Slovakia obsid-
ian is recorded in different quantities at a number of
sites and in most cases was considered as any other
raw material. That is certainly not the case for the
Polish Lowland where obsidian finds are extremely
rare during all of the Late Glacial and up to now
it is known from two sites only. Among them the
most exceptional is a small workshop discovered
at Cichmiana (Kabacinski et al. 2009) in the central
Polish Plain, which was related to a Swiderian set-
tlement. Another, single find of the Late Glacial age
comes from Mokrsko.

Prompt gamma activation analysis was suc-
cessfully applied for precise identification of the
provenance of obsidian artefacts. The great advan-
tage of the method is its non-destructive character
which is especially important in the case of very
rare archaeological artefacts. The PGAA results
of 17 Late Palaeolithic finds from Polish Lowland
sites links the artefacts with a Carpathian C1 group
located in the northern parts of the Tokaj Mts. in
Slovakia (Fig. 3).

Certainly, obsidian played an important role
among Late Glacial societies living north of the
Carpathians. However, its meaning was not the
same for Swiderian groups located in southern Po-
land, relatively close to the outcrops and inhabiting
the Lowland. The first groups used obsidian as any
other knappable rock. For Lowland societies obsid-
ian was something exceptional and unique and did
not have a technological or economical meaning.
Just the opposite, it expressed on one hand main-
tained relations between more southern and north-
ern bands — being eventually at the same time part
of much wider network of ideas, social knowledge
and prestige exchange.
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Supplementary material

In order to further check the reliability of the
PGAA method in provenance research of obsidians,
we have compared the concentration data measured
at our laboratory with those published by other
authors.

For comparison, we have used data for major
components published by Oddone et al (Oddone
et al. 1999), Williams-Thorpe (Williams-Thorpe
1995), Le Bourdonnec et al (Le Bourdonnec et al.
2005) and by Tykot (Tykot 1997).

The authors above have used instrumen-
tal- and epithermal neutron activation analysis
(INAA/ENAA); XRF and ICP-OES; ICP-MS as
well as electron microprobe (SEM-WDS/EDS),
respectively, to determine the compositions of the
obsidians.

As one can see from Table 3, and Figures 8 and
9, in most cases, PGAA results agree quite well with
the results by other authors. However, when com-
paring Ti, Fe and Mn results of PGAA with those
reported by Milic (2014), significant differences
have been found. Milic has measured significantly
lower concentrations with portable XRF for these
elements. As Milic mentions in his paper, “inter-
laboratory tests have shown the ability of pXRF
instruments to effectively discriminate different
sources, although the elemental concentrations re-
ported were not always comparable to the results
produced using other instruments without further
calibration” — obviously, because of the sensitivity
of portable XRF to size- and shape-effects.

Unfortunately, trace elements, except Sm and
Gd are not comparable, because B and Cl are usu-
ally not measured by other method than PGAA. On
the other hand, a series of trace elements, such as
Li, Y, Zn, Zr, Rb, Sr and Ba, which can be very
useful in obsidian provenance research (Kilikoglou
et al. 1995; Oddone et al. 1999, Milcic 2014), are
easily measurable by other methods but below the
detection limits of PGAA.
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