




Editorial

The first scientific investigations of the sources of flint in Poland were undertaken 
by archaeologist Stefan Krukowski and geologist Jan Samsonowicz in the early 20th 

century. Krukowski used archaeological materials to identify the macroscopic char-
acteristics of ‘chocolate’ flints, described their differences, and showed the potential 
location of the deposits (Krukowski 1920: 189–195; Budziszewski 2008: 33). In the 
search for deposits of flint, their outcrops, and prehistoric mines, Krukowski was 
accompanied by young geologist Jan Samsonowicz. The result of their cooperation 
was the discovery in 1921 of in situ deposits and surface accumulations of limestones 
containing fragments of flint and, in 1922, the identification of a prehistoric mine at 
Krzemionki Opatowskie (Krukowski 1923; Samsonowicz 1923; Bąbel 2014).

This long tradition of studying siliceous rocks has continued at the Institute of 
Archaeology and Ethnology, Polish Academy of Science. In 1965 Zygmunt Krzak 
published the first characterization of gray white-spotted (świeciechów) flint (Krzak 
1965) and five years later he described Turonian flint from Ożarów (Krzak 1970). In 
1971 Romuald Schild devised a classification of ‘chocolate’ flint from the north-east 
margin of the Holy Cross (Świątokrzyskie) Mountains (Schild 1971, 1976) and Bogdan 
Balcer investigated a flint mine in Świeciechów, Kraśnik district, and the use of gray 
white-spotted (świeciechów) flint during the Neolithic (Balcer 1975, 1976). In 1980 
Jacek Lech discussed the geology of Jurassic-Cracow flint and showed its relevance to 
archaeology (Lech 1980). Since that time Polish archeologists have carried out many 
investigations on different types of flint (e.g., Budziszewski and Michniak 1983/1989; 
Pawlikowski 1989; Budziszewski and Michinak eds 1995; Schild and Sulgostowska eds 
1997; Matraszek and Sałaciński eds 2002; Gutowski 2004; Borkowski et al., 2008; 
Migaszewski et al., 2006, Krajcarz et al., 2014). 

In addition to ongoing investigations describing the occurrence and geological 
nature of the raw material, determination of the number of levels at which the raw 
material occurs in the limestone, and the stratigraphic context and geological dating of 
the layers, a principal goal is to identify instrumental method/methods for accurately 
distinguishing siliceous rocks and applying the results in archeological studies. The 
cooperation between archeologists and geologists started by Krukowski and Sam-
sonowicz continues and the collection of studies presented here are the latest results 
of those cross-disciplinary cooperative efforts directed to understanding the origin, 
occurrence and characteristics of siliceous rocks, and their exploitation and conveyance 
by prehistoric communities. 
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Ten years ago Zofia Sulgostowska and Andrzej Jacek Tomaszewski edited a volume 
celebrating Romuald Schild’s 70th birthday (Sulgostowska and Tomaszewski 2008) 
and, one decade later, we would like to dedicate this volume to him in celebration of 
his 80th birthday. The summary of Schild’s extensive scientific work appears in Zofia 
Sulgostowska and Andrzej Jacek Tomaszewski’s – On the 80th birthday of Professor 
Romuald Schild (pp. 11–13). The bibliography of Professor Schild was assembled and 
prepared by Katarzyna Kerneder-Gubała (pp. 15–19).

Most of the papers published here were presented in preliminary form at a confer-
ence held in the Institute of Archaeology and Ethnology Polish Academy of Science in 
Warsaw on May 12, 2015, entitled: Flint in time and space – Time and space in flint: Use 
of geochemical and petrographical methods in archaeology. The meeting was supported 
by Polish Academy of Science and the Institute of Archaeology and Ethnology PAS 
with the aim of fostering cooperation and communication between scientists from 
different fields (Fig. 1).

The first three papers in the volume provide information on new flint sources, new 
deposits, and outcrops. In Siliceous raw material from Bieszczady Mountains: Sources 
and use (pp. 21–31) Andrzej Pelisiak presents the results of his latest research connected 
with Late Neolithic and Early Bronze Age human occupation in the Bieszczday Moun-
tains. Two researchers (Zsolt Mester and Norbert Faragó) present new information 
on Hungarian limnosilicites in Prehistoric exploitations of limnosilicites in Northern 
Hungary: problems and perspectives (pp. 33–50). The last paper in this group, by Jacek 
Kabaciński and Iwona Sobkowiak-Tabaka, A newly discovered source of ‘banded flint’ in 
the Polish lowlands (pp. 51–65), illustrates an important first step to distinguish a new 

Fig. 1. Professor Romuald Schild concludes the conference Flint in time and space – Time and space in 
flint: Use of geochemical and petrographical methods in archaeology at the Institute of Archaeology and 

Ethnology PAS, Warszawa. 12 May 2015. Photo D.H. Werra.
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type of flint – Pęgów flint – by conducting instrumental neutron activation analysis 
(INAA). These four articles address the first step of work with siliceous rocks – field 
investigations and initial, mostly macroscopic, differentiation. 

The next group of papers feature collaborations between archaeologists and geolo-
gists, petrologists, and geochemists. In Erratic flint from Poland: Preliminary results 
of petrographic and geochemical analyses (pp. 67–82) Iwona Sobkowiak-Tabaka and 
colleagues present the results of petrographic and geochemical analyses of the erratic 
flint from present-day Poland using electron probe micro analysis (EPMA), scan-
ning electron method (SEM) and energy-dispersive x-ray fluorescence (EDXRF) 
spectrometry. Next, Marcin Szeliga and Miłosz Huber, in Mineralogical and petro-
graphic characteristic of basic types of Turonian flints from the north–eastern margin of 
the Holy Cross Mountains: a preliminary report (pp. 83–97) provide descriptions of the 
mineralogical-petrographical characteristics of Turonian flints from the Holy Cross 
(Świętokrzyskie) Mountains. In the following article On the chemical composition of 
‘chocolate’ flint from central Poland (pp. 99–114) the editors of this volume and Rafał 
Siuda present the initial results of EDXRF spectrometric analysis of ‘chocolate’ flint 
from outcrops located on the northeastern slopes of the Świętokrzyskie (Holy Cross) 
Mountains. These three papers on employing instrumental methods are promising, 
while emphasizing that there is still much progress to be made along these lines. The 
last paper in this group Reflectance spectroscopy as a chert sourcing method (pp. 115–128) 
by Ryan Parish presents the results of analysis of a large number of chert artifacts from 
different geological formations to support his position that reflectance spectroscopy is 
a viable methodology for chert provenance research. 

The next five articles are devoted mainly to archeological data. The first of these, 
Henrik Zoltán Tóth’s Palaeolithic heat treating in Northeastern Hungary?: An archaeometric 
examination of the possible use of fire-setting in Stone Age quarries in the Bükk area  (pp. 
129–135) discusses signs of thermal alternations supported by laboratory testing, concluding 
that the Paleolithic use of fire-setting to extract lithic raw material cannot be excluded. 
Next, in Archaeometric study of some functional tools from the Sąspów and Wierzbica ‘Zele’ 
flint mines sites (pp. 137–150), Jolanta Małecka-Kukawka and colleagues employ use-wear 
analysis, laser ablation, and SEM-EDS to examine red marks on the surface of flint tools, 
identifying the material traces as indicative of evidence for human processing of ochre. 
Next, in The Lublin-Volhynian culture retouched blade daggers in light of usewear analysis of 
artefacts from burials at site 2 in Książnice, Poland (pp. 151–165), Stanisław Wilk and Ber-
nadeta Kufel-Diakowska present the results of use-wear analysis made on flint daggers to 
evaluate the suggestion that those artifacts signified social prestige in Lublin-Volhynian 
culture communities. They conclude that important social roles in Lublin-Volhynian cul-
ture may not have been determined exclusively on the basis of wealth. In Early Neolithic 
flint mining at Södra Sallerup, Scania, Sweden, Åsa Berggren and colleagues (pp. 167–180) 
describe the history of research at the mine and the most recent excavation, conducted in 
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2014. This article presents important facts about the mine (its geology, mining methods 
and tools, chronology, production and mining activity) as well as the social and cultural 
context of mining undertaken there. Finally, in The use of erratic stone by the communities of 
the Linear Pottery culture: a view from the excavations in Kostomłoty, site 27, province of Lower 
Silesia, Mirosław Furmanek and Mirosław Masojć (pp. 181–200) examine the differences 
in flintworking in the settlement at Kostomłoty, suggesting that observed differences were 
not related so much to the location of the site on the marginal of the centre of Linear 
Pottery culture settlement, as they were to the settlement reorganization and diminution 
of long-distance contacts characteristic of post-Linear Pottery culture groups. 

Taken together, we hope that the chapters in this volume will contribute to, and 
advance, the research pioneered by Krukowski and Samsonowicz emphasizing interdis-
ciplinary analysis and the contributions it can make to understanding the archaeological 
past.

Finally, we extend special thanks to all the reviewers of these chapters for their time and 
commitment; the volume could not have been completed without their cooperation and 
assistance. These individuals include: Katalin Biró (Budapeszt), Michael Brandl (Vienna), 
Ivan Cheben (Nitra), Jacek Lech (Warszawa), Jolanta Małecka-Kukawka (Toruń), András 
Markó (Budapeszt), Miroslaw Masojć (Wrocław), Zdeňka Nerudová (Brno), Ryan Parish 
(University of Memphis, USA), Andrzej Pelisiak (Rzeszów), Antonín Přichystal (Brno), 
Joanna Pyzel (Gdańsk), Katarzyna Pyżewicz (Poznań), Romuald Schild (Warszawa), Rafal 
Siuda (Warsaw), Iwona Sobkowiak-Tabaka (Poznań), Christoper Stevenson (Virginia 
Commonwealth University, Richmond, USA), Zofia Sulgostowska (Warsaw), Marcin 
Szeliga (Lublin), Paweł Valde-Nowak (Kraków), and Anna Zakościelna (Lublin). The 
English language translation of some articles was done in consultation between both 
volume editors, which hopefully allowed us to avoid substantive errors. Nonetheless, we 
take responsibility for errors that remain. 

Dagmara H. Werra
Richard E. Hughes
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On the 80th birthday  
of Professor Romuald Schild

Zofia Sulgostowskaa and Andrzej J. Tomaszewskib

Liberation from organizational duties as the Director of the Institute of Archaeology 
and Ethnology of the Polish Academy of Sciences (further: IAE PAS), which Professor 
Romuald Schild performed from 1990 to 2007, unlocked new energy in him. The 
professional profile and scientific achievements of the Jubilarian, including the list 
of 240 books and articles authored or co-authored by him though 2006, have been 
presented earlier by his friends and pupils on the occasion of his 70th birthday1.

Professor Schild’s activity in the last decade brought many new achievements in 
different fields. Among the most important ones were his publishing of 40 edited 
papers, among them three substantial monographs dealing with key European sites 
(Rydno [2011], Całowanie [2014] and Wilczyce [2014]) explored under his leadership 
through many excavation seasons (see the list below). All these works, edited by the 
Jubilarian and published in English, include contributions of numerous co-authors, 
mainly experts in natural sciences.

a  Institute of Archeology and Ethnology Polish Academy of Science, al. Solidarności 105, 00-140 Warsaw, 
e-mail: sulg@iaepan.edu.pl

b  State Archaeological Museum in Warsaw, Długa 52 – Arsenał, 00-241 Warsaw, e-mail: paleolit@pma.pl
1  Kozłowski, J.K. and Machnik, J. 2006. Kilka słów o Profesorze Romualdzie Schildzie [About Professor 
Romuald Schild]. Archeologia Polski 50: 7–12.
Ginter, B. and Kobusiewicz, M. 2008, Our Friend. In Z. Sulgostowska and A.J. Tomaszewski (eds), 
Man–Millennia–Environment. Studies in honour of Romuald Schild, 13–14. Warsaw: Institute of Archaeol-
ogy and Ethnology Polish Academy of Sciences. 
Balcer, B. 2008. O Profesorze dr. hab. Romualdzie Schildzie [About Professor Romuald Schild]. In 
W. Borkowski, J. Libera, B. Sałacińska and S. Sałaciński (eds), Krzemień czekoladowy w pradziejach. 
Studia nad gospodarką surowcami krzemiennymi w pradziejach 7, 13–16. Warszawa–Lublin: Państwowe 
Muzeum Archeologiczne w Warszawie; Instytut Archeologii Uniwersytetu Marii Curie-Skłodowskiej 
w Lublinie; Stowarzyszenie Naukowe Archeologów Polskich, Oddział w Warszawie.
Sulgostowska, Z. and Tomaszewski, A.J. 2008. Profesor Romuald Schild – zarys portretu w ruchu 
[Professor Romuald Schild – sketching a portrait in motion]. In W. Borkowski, J. Libera, B. Sałacińska 
and S. Sałaciński (eds), Krzemień czekoladowy w pradziejach. Studia nad gospodarką surowcami krze-
miennymi w pradziejach 7, 17–23. Warszawa–Lublin: Państwowe Muzeum Archeologiczne w Warszawie; 
Instytut Archeologii Uniwersytetu Marii Curie-Skłodowskiej w Lublinie; Stowarzyszenie Naukowe 
Archeologów Polskich, Oddział w Warszawie.
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Due to the damage to megaliths resulting from increased tourism, Professor Schild 
initiated moving the megaliths discovered in the Western Desert in Egypt from the 
Nabta Playa site to the Nubian Museum in Aswan. This action, preceded by detailed 
recording and mapping of all steles, was completed in 2009. Subsequently, the presum-
able solar calendar and the seven stone steles, along with a crude sculpture reminiscent 
of a cow (all made of Nubian sandstone) were placed in the Western Garden of the 
Museum at Aswan.

Until 2010, he lead archaeological excavations at Wilczyce, near Sandomierz, and 
participated in the geoarchaeological work at the Mesolithic sites at Dąbki in Western 
Pomerania and at Krzyż Wielkopolski in Greater Poland, excavated by Jacek Kabaciński 
from IAE PAS in Poznań.

Professor Schild was a precious mentor to young archaeologists, employees at IAE 
PAS, and at other scientific institutions. He supervised scientific projects financed by the 
National Science Centre (further: NSC), reviewed doctoral theses, served as a member of 
commissions for the review and acceptance of PhD theses and habilitations, and evaluated 
candidates for the title of a full professor.

In addition to academic duties, he served archaeology more broadly as an elected 
member of the Scientific Council of the IAE PAS (always at the top of the elected list), 
as a member of the Committee of Pre- and Protohistoric Sciences of the Polish Academy 
of Sciences, and a member of the Polish Academy of Arts and Sciences, Section History 
and Philosophy. 

Professor Schild also has been active in the public sector of archaeology, particularly 
in public interpretation of the sites he personally examined. In 2015 he led a scientific 
conference titled ‘Rydno – places and people’ at the District Museum in Radom and 
guided field trips to the sites at Rydno and Całowanie. The session was attended by no 
fewer than a hundred people specializing in the Stone Age from many scientific cent-
ers throughout Poland. In 2011, the unusual finds from Wilczyce became a centerpiece 
of the Polish-German-French exposition on display in Musée National de Préhistoire 
at Les Eyzies-de-Tayac, titled: ‘Mille et une femmes de la fin des temps glaciares’. The 
text accompanying the exposition catalogue, written by Professor Schild, brought to the 
demanding French audience a vivid picture of the eastern frontiers of Magdalenian culture. 

Together with his wife Krystyna, they continue to hold elegant parties at their home, 
attended by specialists from Warsaw, outstanding foreign scientists, and others conduct-
ing research on the Stone Age. 

The stereotype of a once-active professional resting on his laurels certainly does not 
apply to Professor Schild! The Jubilarian personifies the exact opposite; his great physical 
condition and physical activity doubtless contribute to his continuing intellectual writing 
as well as in all previously mentioned duties.

The only real change we are aware of in Professor Schild’s habits are his more frequent 
outings to his country retreat in the area of Grudziądz, where he devotes himself to scien-
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tific work and prepares his next monograph summing up his multi-year research projects 
in the western desert in Egypt, which he led for over 50 years with the Combined Prehis-
toric Expedition (together with Prof. Fred Wendorf of Southern Methodist University in 
Dallas, USA, who died in 2015). Professor Schild is planning further projects with the 
financial support of NSC.

Finally, we hope that we have not omitted any of the Jubilarian’s important achieve-
ments. If so, we will happily contribute corrections and additions at his next round birth-
day anniversary. We are convinced that the coming decade will find Professor Romuald 
Schild in good health and still active in the field of prehistory. There is still so much to 
be done.
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Siliceous raw material from Bieszczady 
Mountains: Sources and use

Andrzej Pelisiaka

Lithic chipped materials discovered in the course of research in the Polish High Bieszczady Mts. 
carried out from 2012 are dated to the Late Neolithic and the Early Bronze Age. They represent 
several raw material groups: menilite hornstones, siliceous sandstones, siliceous marl, and the so-
called Bircza flint. Sources of these rocks are located either in the Bieszczady Mts. or in the nearby 
vicinity. Individual raw material groups are not homogenous; the same kind of rock can have dif-
ferent physical characteristics, depending on specific sources. Consequently, their effectiveness as 
tool production raw material is uneven. All raw materials were utilized mainly locally.

KEY-WORDS: siliceous raw material, Carpathians, Bieszczady Mountains, Late Neolithic, 
Bronze Age

INTRODUCTION

Archaeological research in the Polish High Bieszczady Mountains was initiated in 20121, 
inspired by analyses of pollen diagrams indicating palynological traces of human activi-
ties in this region from about 3200/3000 BC (Ralska-Jasiewiczowa 1980). These observa-
tions did not correspond with prehistoric evidences which had been until then totally 
unknown (Pelisiak 2013a, 2013b, 2014b; Parczewski et al., 2013). Since 2012 research has 
been focused on palynological sites in Smerek and Wołosate, Bieszczady district and in 
the vicinity of Wetlina, Lesko district involving surface survey and analyses of LIDAR 
images which revealed the presence of a number of artifacts, including those from the 
Late Neolithic and the Early Bronze Age (Pelisiak and Maj 2013; Pelisiak 2014a; Pelisiak 
et al., 2015). The varieties of raw materials used to manufacture these artifacts encouraged 
extending the scope of the research to include identification of the raw material sources 
to complement other studies on identification of Carpathian siliceous rocks and their use 
in the prehistoric times (Dagnan-Ginter and Parczewski 1976; Jarnot-Kozłowska 1988; 
Rydlewski 1989a, 1989b; Valde-Nowak 1991, 1995a, 1995b, 2009; Foltyn et al., 1998, 2009; 

a  Institute of Archaeology, University of Rzeszów, 10 Moniuszki str. 35-015 Rzeszów, Poland 
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1  Archaeological field work 2012–2015 in the Polish High Bieszczady Mountains were carried out by Andrzej 
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Fig. 1. Outcrop at Leszczawa Górna near Bircza, Przemyśl district, with black menilite hornstone and 
brown chert (a), and sources of mudstone at Wetlina, High Bieszczady Mountains (b).  

Photo: A. Pelisiak and Z. Maj.
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Budziszewski and Skowronek 2001; Łoptaś et al., 2002; Pawlikowski 2009; Přichystal 
2009; Foltyn and Jochemczyk 2013). Field work was carried out in the area of Dynów, 
Rzeszów district, Bircza, Przemyśl district, Baligród, Lesko district, and in the Polish 
High Bieszczady Mts. In the area of the Ulanica near Dynów, in a small quarry, a small 
outcrop of siliceous Dynów marl was observed. In the Krępak preserved area (about 6 km 
to NEE from the center of Bircza) there were sources of melinite hornstones, light brown 
cherts and siliceous rocks with macroscopic characteristics similar to so-called Bircza flint. 
Moreover, there were discovered possible traces of mining of those rocks in the form 
of depressions (shafts?) and heaps, with rocky debris, rock chunks and artifacts on the 
surface. Outcrops of melinite hornstones, brown cherts and siliceous rocks of Bircza flint 
type were discovered also in Leszczawa Górna, Przemyśl district (about 7.5  km south 
of Bircza; Fig. 1). In the region of Baligród (Rabe, Bystre) there are outcrops of Lower 
Jurassic siliceous rocks. In the Bieszczady Mts. the research was focused in the vicinity of 
Cisna, Lesko district, and Wetlina. Melinite cherts were documented in Cisna (close to 
the newly-discovered late Paleolithic stone processing site) and in Wetlina, in denuded 
parts valleys of the Wetlinka and Solinka rivers. In Wetlina, in the same river valleys, there 
were outcrops of quartzite, melinite hornstones, mudstones (Fig. 1), and – in one place – 
of siliceous marl. In addition, in Moczarne (administrative part of Wetlina), outcrops of 
siliceous sandstone were identified to the south of the housing area in Wetlina.

CHIPPED ARTIFACTS

Lithic chipped artifacts appear in various landscape zones, from the low terrace of the 
Wetlinka River valley to elevations and tops of the nearby hills, up to about 1200 m 
a.s.l. (Fig. 3). From the Wetlinka valley there is a blade fragment of quartzite (Pelisiak 
and Maj 2013), discovered on the left-hand low terrace of that river (Wetlina, site 12; 
Fig 2: d). The most elevated sites are located on the Połonina Wetlińska, Podkarpackie 
Povince (Pelisiak et al., 2015). Among artifacts discovered in this area is a heart-shaped 
arrowhead of the melinite hornstone (Wetlina, site 6; Fig. 2: a). Artifacts were also found 
in a depression called the Orłowicz Pass – an endscraper made on a blade (Wetlina, site 
23; Fig. 2: b), a splintered piece (Wetlina, site 26; Fig. 2: c), and a tool on flake (Wetlina, 
site 22; Fig. 2: e), all of them made from melinite hornstones. The highest number of 
artifacts were found on the Solinka River and the Beskidnik Creek (Pelisiak and Maj 
2013; Pelisiak 2014a). From the area of the former village of Moczarne2, Lesko district, 
there is a splintered piece of melinite hornstone (Wetlina, site 15; Fig. 2: f ), and single 
finds of cores of siliceous sandstone (Wetlina, sites 17, 18, 19, 20, and 21; Fig. 2: h). 
In addition, a blade fragment of Bircza flint was found on the Pod Czerteżem Pass in 

2 The village was abandoned  in 17th century. Now it is a small settlement for mountain forest workers.
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Fig. 2. Chipped artefacts from Wetlina village, Lesko district, and its surroundings (selected sites); 
a – arrowhead made of menilite hornstone from Wetlina, site 6 (Połonina Wetlińska); b – blade 

end-scraper made of menilite hornstone from Wetlina, site 23 (Orłowicz Pass); c – bipolar made of 
menilite hornstone from Wetlina, site 26 (Orłowicz Pass); d – fragment of blade made of quartzite 
from Wetlina, site 12; e – knife-like tool made menilite hornstone from Wetlina, site 22 (Orłowicz 

Pass); f – bipolar made of menilite hornstone from Wetlina, site 15 (Moczarne); g – fragment of blade 
made of Bircza flint from Wetlina, site 25 (Czerteż Pass); h – flake core made of siliceous sandstone 

from Wetlina, site 17 (Moczarne).
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the main Carpathian range (Fig. 2: g). Research conducted in 2015, on the Połonina 
Wetlińska and in Moczarne, revealed new evidence dated to the Late Neolithic and the 
Early Bronze Age. Of particular interest is a stone processing site focused on melinite 
hornstone discovered in Cisna, where a pre-form of a rectangular axe was found. An 
analogous site is known from Ropa (Valde-Nowak 1991, 1995b).

RAW MATERIAL

Raw material identification of all artifacts has not posed any problems (Fig. 4). However, 
distinguishing local rocks (i.e. originated from the Wetlina area) from those from other 
regions is problematic. In the first case we can say that the artifacts are most probably 
a local production in the second case – that they were fashioned somewhere else or 
brought as pre-forms or just as raw material for processing. In general, the presence 
of artifacts made from non-local raw materials in the area in question is interpreted 

Fig. 3. Neolithic and Early Bronze Age sites with chipped artefacts from Wetlina village, Lesko district,  
and its surroundings (labeled sites according to Fig. 2); 1 – Wetlina, site 6 (Połonina Wetlińska); 
2 – Wetlina, site 23 (Orłowicz Pass); 3 – Wetlina, site 26 (Orłowicz Pass); 4 – Wetlina, site 12; 

5 – Wetlina, site 22 (Orłowicz Pass); 6 – Wetlina, site 15 (Moczarne); 7 – Wetlina, site 25 (Czerteż Pass); 
8 – Wetlina, site 17 (Moczarne).
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Fig. 4. Sources of raw material recognized in the Neolithic chipped artefacts found in the Wetlina, 
Lesko district, and its vicinity (study area). A – Bircza region, Przemyśl district (Bircza flint, menilite 
hornstones, brown-yellow tertiary cherts, tertiary siliceous marls), B – Cisna, Lesko district, and its 

vicinity (menilite hornstone), C – Wetlina, Lesko district (menilite hornstone, quartzite, mudstones), 
D – Wetlina, Lesko district (siliceous marls), E – Wetlina-Moczarne, Lesko district (siliceous sand-

stones), F – Bystre, Lesko district (Lower Cretaceous silicites).
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as traces of transhumance (Pelisiak 2013a, 2013b, 2014a, 2014b; Pelisiak and Maj 2013). 
For that reason identification of the sources of raw materials is linked with a broader 
prehistoric issue – identification of territories of origin of Late Neolithic and Early 
Bronze Age pastoral people.

An example of an artifact of undoubted local provenience is the fragment of a blade 
of quartzite. Quartzites appear in high undercuts of the Wetlinka River valley, in dis-
sected, steep river valley slopes usually in horizontal veins up to 20 cm thick, as well as 
in the immediate vicinity of the find. They are almost white and milky-grey in color, 
coarse-grained and opaque. It can be assumed that the artifact in question was most 
probably made at that place. The same can be said about cores of siliceous sandstone 
from Moczarne. Siliceous sandstone is fine-grained, and gray in color. Outcrops of that 
rock appear in beds of the Beskidnik Creek and the Solinka River (near the place of 
artifact discoveries) as almost vertical slabs up to 20 cm thick. Although difficult to flake 
when dry, wet blocks of siliceous sandstone extracted from the river-beds were easy for 
processing using chipping techniques. Cores from Moczarne should be dated to earlier 
periods of the Bronze Age. It is noteworthy that during the early Bronze Age sandstones 
rocks from Carpatian Flysch Belt formations were commonly used for producing tools 
(e.g. Krummesser; Valde-Nowak 2003: 49) so we cannot exclude the possibility that the 
artifacts from Moczarne, discovered within a belt about 300 m long, were produced for 
local and non-local use. This possibility is supported by a find of a Krummesser fragment 
of siliceous sandstone in the same region in 2015. 

Artifacts of menilite hornstones have been recovered frequently in the Polish 
Outer Carpathians area (Olszewska 1985; Valde-Nowak 1991, 1995a, 1995b, 2003, 2013; 
Kuśmierek 2005; Haczewski et al., 2007; Jankowski and Probulski 2011). Menilite is a 
rock of diverse characteristics, not always suitable for lithic artifact production. The 
materials from the High Bieszczady Mts. confirm this observation; only the arrowhead 
(Wetlina site 6) was made of high quality raw material, from a homogenous mass with-
out inclusions or cracks. The other artifacts represent raw material of much inferior 
quality, supporting the supposition that rocks used for artifact production came from 
different sources. The closest outcrops of  menilite hornstones are known from Wetlina 
and Cisna, where evidence for its processing also has been documented (Fig. 5: d–f ). 
Exposures of menilite hornstones were discovered on steep slopes of the Solinka and 
Wetlinka rivers valley as well as on the dissections of adjacent hill. This material is black 
and dark-brawn in color, low transparent, and crumbling appearing in horizontal layers 
up to 15 cm thick interbedded in Carpatian Flysch Belt formations. 

The so-called Bircza flint has been characterized from geological and archaeologi-
cal points of view (Gucik 1961; Rajchel and Myszkowska 1998a, 1998b; Łoptaś et al., 
2002). As currently used, this term encompasses a group of flints of various physical 
characteristics and value for prehistoric tool manufacturing . This diversity is to a certain 
extent reflected in the outcrops identified so far (Łoptaś et al., 2002: 324, 331), and those 



28 | Pelisiak

Fig. 5. Samples of siliceous raw material from the eastern part of the Polish Carpathians. a-c – light-
grey hornstone (a – Wetlina, Lesko district; b – Bircza, Przemyśl district; c – Leszczawa, near Bircza, 

Przemyśl district); d-f – menilite hornstone (d – Bircza-Krępak, Przemyśl district; e – Leszczawa, near 
Bircza, Przemyśl district; f – Cisna, Lesko district).
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discovered during the recent research. Research is planned to better specify to physi-
cal and chemical characteristics of different variants of this raw material. In addition 
to Bircza flint, enilite hornstones and light-brown chert and siliceous marls exposures 
were recognized in the Bircza region (Fig. 5: a–c). The light-brown chert is matte and 
opaque with a cortex not delineate from the chert mass. This raw material is harder 
and compact, and better suited for artifact manufacturing than menilite hornstone. 
Menilite hornstones and chert appear in Leszczawa outcrop in form of layers up to 15 
cm thick. Both black and dark-brown menilite hornstone as well as brown chert appear 
in horizontal layers interbedded in Carpatian Flysch Belt formations. 

SUMMING-UP

The eastern part of the Polish Carpathians, including the Polish High Bieszczady Moun-
tains, contains an abundance of siliceous raw materials. During the field research con-
ducted during 2012–2015 in the Bircza region and in the High Bieszczady Mountains 
previously undocumented outcrops of melinite hornstones, brown cherts, siliceous 
sandstones, mudstones, and siliceous marls have been found. In addition, more than 
30 archaeological sites, dated to the Late Neolithic and early periods the Bronze Age, 
have been recorded exclusively in the High Bieszczady Mountains. These new data 
significantly augment our knowledge of the prehistory of the region, in addition to 
documenting the presence of prehistorically important raw materials, such as the Bircza 
flint and the so-called Dynów marl. At the same time the research has revealed great 
gaps in knowledge of prehistoric raw materials of the region in question. These gaps 
will require more detailed studies in the near future.

Translated by Jerzy Kopacz
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Prehistoric exploitation of limnosilicites 
in Northern Hungary:  
Problems and perspectives

Zsolt Mestera and Norbert Faragób

Limnosilicites constitute a specific group of siliceous rocks originating in freshwater limnic (lake) 
environments. They are very common in the north Hungarian Range, due to the complicated plate 
tectonic movements building up the Carpathians and the related Tertiary volcanism. Because the 
local conditions were quite dynamic during their formations, limnosilicites show great petrographic 
variability. The archaeological record of northern Hungary idocuments that these siliceous rocks have 
been used by prehistoric human groups as raw materials for tool production. The identification of 
the provenience of raw materials is a very important but difficult task in most of the cases. More 
petroarchaeological investigations are needed to complement the good results obtained in the Tokaj 
Mountains, and even more work is required in the Cserhát, Mátra and Bükk mountains where 
systematic field surveys are lacking.

To better understand the procurement strategies and technical behaviour of prehistoric groups 
inhabiting the region, it is indispensable to have a comprehensive knowledge of potential raw mate-
rials and their sources. Geological maps and local geographical names could help to discover them 
during field surveys. Because intensive erosional processes have affected the foothill regions of the 
North Hungarian Range during the Pleistocene and the Early Holocene, geomorphologic studies 
are also crucial for estimating the accessibility of the limnosilicite sources.

KEY-WORDS: siliceous rocks, post-volcanic hydrothermal origin, lithic raw material sources, 
procurement strategy, Carpathian basin

INTRODUCTION

Twenty-one years ago, volume 33 of Archaeologia Polona published a series of papers 
as an appendix to the Bochum catalogue of prehistoric flint mines in Europe. Among 
them the Hungarian flint sources were summarized (Bácskay 1995a, 1995b, 1995c, 
1995d, 1995e, 1995f, 1995g; Biró 1995; Simán 1995b). This publication represents the 
end of a period that began twenty years earlier (Bácskay 1981), during which intensive 
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archaeological field work was carried out by Erzsébet Bácskay, Katalin T. Biró and 
Katalin Simán to study prehistoric flint mines and exploitation sites in Hungary. The 
signal event of this flourishing research period was the Budapest–Sümeg Conference 
in 1986 devoted to flint mining and lithic raw material identification (Biró 1986, 1987). 
The raw material samples collected from participants during the conference formed 
the base of the Lithotheca at the Hungarian National Museum (Biró and Dobosi 
1991; Biró et al., 2000). Unfortunately, field investigations centered on evidence for 
prehistoric raw material exploitations nearly ceased in late 1990s due to unfavourable 
research conditions and raw materials research shifted to analytical provenience studies 
and related archaeometry (Biró 2004). 

As it is demonstrated by the site list in the abovementioned catalogue in Archaeo-
logia Polona, field investigations were conducted mainly the western part of Hungary. 
Eight from the twelve sites are located in the Transdanubian Range, where the raw 
materials exploited were different radiolarites or radiolarian cherts of Mesozoic age. 
These kind of raw materials are almost exclusive in Transdanubia, while a wider range 
of siliceous rocks are known from the north Hungarian Range in the eastern part of 
the country (Biró 1985, 1988). This latter condition is the result of different volcanic 
activities occurring within the more complicated geological history of the inner part 
of the Carpathian arch, including territories in Slovakia, Transcarpathian Ukraine, 
and Romania (Harangi 2001; Harangi and Lenkey 2007). Different limnosilicites are 
of primary importance in these regions (Mišík 1969, 1975; Cheben and Illášová 2002; 
Kaminská 2013; Rácz 2013; Crandell 2014).

LIMNOSILICITES: A SPECIFIC GROUP OF SILICEOUS ROCKS

Antonín Přichystal (2010: 180) defined limnic silicites as a ‘variety of silicite originating 
in freshwater limnic (lake) environment. The presence of plant relics is a typical sign for their 
determination.’ Přichystal proposed the term as a possible solution for a never-ending 
terminological debate (Přichystal 2013: 48–50), but the term of limnosilicite (or limnic 
silicite) is not yet common in Hungarian archaeological literature although Slovakian 
scholars have introduced it in theirs (e.g. Kaminská 2013 vs 2001).

Here we intend to bring this term into use in Hungarian prehistoric research. Until 
recently Hungarian scholars used the terms of hydroquartzite and limnoquartzite (or 
limnic quartzite) for identifying raw materials of post volcanic hydrothermal origins 
in the archaeological record (e.g. Dobosi 1978; Simán 1986; Biró 1998, 2010). In dis-
cussing the great variability of this group of raw materials, Biró (1998: 34) wrote that: 
‘its macroscopic features can be most varied even within a single source while different 
macroscopically similar types can be found at several localities within Hungary”. These raw 
materials dominate in the lithic materials of the majority of Palaeolithic and Neolithic 
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sites locating to the east of the Danube River (Table 1; Fig. 1), but very little is known 
about their petrography and geology. At least, there are few publications on this topic 
(Biró et al., 1984; Szekszárdi et al., 2010).

Fig. 1. Geological formations containing ‘limnic quartzites’ in the Northern Hungarian Range (Budai 
and Gyalog 2009), and selected Palaeolithic (MP/UP and UP) and Neolithic (MN and LN) sites with 

important ratios of limnosilicites in the lithic assemblages (see Table 1). The selected formations are 
marked with dark grey, as well as the ratio of the ‘limnic quartzite’ within each pie chart. The size of 

each chart indicates the extent of the given assemblage. 1 – Acsa, Pest dist.; 2 – Andornaktálya, Heves 
dist.; 3 – Arka, Borsod-Abaúj-Zemplén dist.; 4 – Aszód, Pest dist.; 5 – Bodrogkeresztúr, Borsod-Aba-
új-Zemplén dist.; 6 – Boldogkőváralja, Borsod-Abaúj-Zemplén dist.; 7 – Eger-Kőporos, Heves dist.; 

8 – Füzesabony, Heves dist.; 9 – Hidasnémeti, Borsod-Abaúj-Zemplén dist.; 10 – Jászfelsőszentgyörgy, 
Jász-Nagykun-Szolnok dist.; 11 – Megyaszó, Borsod-Abaúj-Zemplén dist.; 12 – Mezőkövesd, Bor-
sod-Abaúj-Zemplén dist.; 13 – Nagyréde, Heves dist.; 14 – Polgár-Csőszhalom, Hajdú-Bihar dist.; 

15 – Püspökhatvan, Pest dist.; 16 – Szécsény, Nógrád dist.; 17 – Szeleta Cave, Borsod-Abaúj-Zemplén 
dist.; 18 – Vanyarc, Nógrád dist. Graphics: N. Faragó.
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PETROGRAPHY OF LIMNOSILICITES: DISTINGUISHING AND IDENTIFYING

Petrographic characterizations of rocks found at Palaeolithic cave sites first appeared 
around the beginning of the 20th century (Kadić 1916; Vendl 1933, 1940). The rock 
types which currently are attributed to the group of limnosilicites were then described 
as quartzites, chalcedonies, chalcedony-opals, etc., according to characteristics observed 
in thin sections. The original geological context of the given siliceous rock was rarely 
taken into account during these determinations. However, this context should be 
essential for applying Přichystal’s definition because until now, only two examples of 
combined geological and petrographical investigations on limnosilicites have been 
undertaken in Hungary – one in the Avas Hill in Miskolc (Hartai and Szakáll 2005), 
the other in the Tokaj Mountains (Szekszárdi et al., 2010).

Problem of the limnosilicites of the Avas Hill in Miskolc
The Avas Hill in the centre of Miskolc (Northeast-Hungary) was well-known for ‘flints’ 
since the Middle Ages – even a workshop for producing gunflints operated in the town 
(Simán 1995b: 382). Investigations related to limnosilicite outcrops have been made 
at two localities on the hill about 500 m distant from one another: at Pergola on the 
northern edge of the plateau (Simán 1995b) and at Tűzköves on the northeastern slope 
of the hill (Ringer 2003; Fig. 2).

According to Katalin Simán’s observations (1995b: 375), the geological sequence 
at Pergola consists of three layers of andesite tuff separated by marl and sandy marl 
layers. Only the two lower layers evidence hydrothermal activities containing ‘hyd-
roquartzite’. Referring to Simán’s publication, Přichystal (2013: 132–133) characterizes 
this raw material as a geyserite originating from thermal spring activity cropping out 
as lenses in the Tertiary rhyolite tuffs and marlstones. Using samples found at Karel 
Žebera’s collection for analyses under stereomicroscope and in thin section, Přichystal 
describes this silicite as being smudged to banded rocks, of light brown to reddish 
colours, presenting small cavities (up to 1.5 cm) filled by chalcedony or fine crystal-
lized quartz. No microfossils have been detected in the samples, which reinforces the 
determination as geyserite.

The geological situation at Tűzköves was studied by Éva Hartai and Sándor Szakáll 
(2005). The geological sequence seems to be more complicated than described at 
Pergola. The main mass of the hill is composed of andesitic and rhyolitic pyroclasts 
of Badenian-Sarmatian age (Middle and Late Miocene). In the deeper sections of the 
formation rhyolitic tuffs are characteristic, and above these tuffs andesitic pyroclasts 
and sedimentary layers form a sequence built up of highly variable layers. In its upper 
portion travertine layers and limnic silica beds and lenses occur. Due to volcanic activi-
ties there are silica-containing layers within the travertine where silica replaced calcite: 
the solution of vitric volcanic ash in the lacustrine environment acidified the water 
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Fig. 2. Limnosilicites of the Avas Hill in Miskolc: 1 – from Tűzköves locality; 2 – from Pergola locality. 
Photos: N. Faragó, microphotos: Zs. Mester, magnification 10x and 12.5x respectively.
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and promoted the precipitation of silica. Therefore, with further volcanic activity, pure 
silica layers could form. The characterization of this ‘limnoquartzite’ by microscopy 
is very similar to the abovementioned one published by Přichystal (colours, infillings 
by chalcedony, absence of microfossiles), the main difference being the presence of 
opal-CT among the microcrystalline silicate minerals.

We cannot resolve the question of whether these differences demonstrate the vari-
ability of this silicite or if they suggest the existence of different conditions of formation 
(springs and lake). On the one hand, further field investigations are needed to verify 
the geological situation at Pergola and to check the possibility of lacustrine environ-
ment. On the other hand, a thorough selection of more variants from both localities 
with detailed petrographic analyses should clarify the degree of the variability of this 
raw material. Regardless, this case study provides a good illustration of our problems 
from the petroarchaeological point of view. Even though both descriptions noted the 
absence of the microfossils which could lead us to the determination of geyserite for 
both localities, the lacustrine environment is strongly supported by geological survey 
at Tűzköves. Therefore, it seems reasonable for archaeological purposes to consider the 
group of limnosilicites more broadly than Přichystal’s strict definition.

Problem of the limnosilicites of the Tokaj Mountains
The formation of the Tokaj Mountains was related to the history of the Pannon-Sea 
in the Neogene, featuring a series of volcanic activities from the Badenian to Pan-
nonian periods. Due to tectonic ascension and sediment in-filling from neighboring 
Carpathian regions, lagoons and lakes developed at the northeastern part of the basin 
(Hámor 2001). Rocks building up the Tokaj Mountains originate from the Neogene 
volcanism between 15 and 9 million years ago (Gyarmati 1977). Related postvolcanic 
hydrothermal activities caused the formation of limnosilicites in the lacustrine envi-
ronments in Late Badenian and Sarmatian periods (Szekszárdi 2005; Szekszárdi et al., 
2010). A comprehensive study of limnic siliceous rocks within five lacustrine basins 
from the Tokaj Mountains (Szekszárdi et al., 2010: Fig. 1) has been performed by dif-
ferent analytical methods for petroarchaeological purposes (Szekszárdi 2007). 

According to the published data (Szekszárdi et al., 2010), the classification based 
on macroscopic differences was not always correlated with microscopic characteristics. 
In the southern part of the mountains, at the Rátka–Mád area, limnosilicites occur in 
three levels which are macroscopically different. The uppermost level yielded grey-blue 
colored rocks rich in plant fossils, showing microcracks in thin section. Limnosilicites 
from the middle level are yellowish or light brown with dark brown or blackish bands, 
due to the presence of organic matters and limonite, without fossils and microcracks. 
A special variant from this level is the so-called stone-marrow which was formed prob-
ably in a transition zone by the silicification of a fine-grained clayey sediment. In thin 
section, it consists of isotropic opal. Fifteen km to the northeast, at the Erdőbénye 
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area, siliceous rocks are quite uniform. Opals and limnoopals dominate, and fossils 
are extremely rarely. The uniformity is especially evident in thin sections. Twenty more 
km to the northwest, at the Arka–Korlát area, limnosilicites are brownish, sometimes 
translucent, in color with a white patina, and they contain a significant amount of 
fossils. In thin section, they are highly variabile due to differences in the degree of 
silicification of plant fossils, as well as to the presence of chalcedony filling cracks and 
places of fossils. Ten km to the east of this locality, at the Óhuta area, limnosilicites 
form two distinct groups according to the presence of fossils: one is rich, the other 
is poor. As might be expected, the groups have very different thin sections. At the 
northern part of the mountains, the Gönc–Telkibánya area shows the highest vari-
ability, both macroscopically and in thin section. No special features occur, but some 
variants are very similar to the limnoopals of the Erdőbénye area.

Our field survey observations (Mester and Faragó 2013) made it abundantly clear 
that one can observe variability in texture and color even within blocks. At the Kor-
lát–Arka area, we collected samples showing a combination of three different charac-
teristics (Fig. 3): translucent, silica gel-like appearance; light brown and opaque part; 
white opal or opalized component. Very often, there are intergradations from one to 
another, suggesting that, in the absence of this knowledge, the knapped items found 
in archaeological sites could misakenly be interpreted as coming from different varie-
ties of limnosilicites. 

Fig. 3. 1 – Block of limnosilicite with different macroscopic appearance from Korlát–Arka area; 
2 – Blade core made of similar raw material from the Boldogkőváralja site. Photo: N. Faragó.
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GEOLOGY OF LIMNOSILICITES: DISCOVERING AND CHARACTERIZING 
THE SOURCES

Many of the known outcrops of the limnosilicites in northern Hungary have been 
discovered by chance during field work by geologists, palaeontologists, archaeolo-
gists, and other professionals (e.g. Csongrádi-Balogh and Dobosi 1995; Markó 2005), 
including information from private collectors. Systematic field prospection for raw 
material outcrops has been rare, one of the few examples being the abovementioned 
investigation in the Tokaj Mountains (Szekszárdi et al., 2010).

The survey for sources of limnosilicites should be systematized using geological 
maps (Mester and Faragó 2013). Geological formations (e.g. Erdőbénye, Sajóvölgy 
and Szurdokpüspöki formations of the Miocene – Budai and Gyalog 2009) need to 
be field checked when limnic quartzite is mentioned by their descriptions (Fig. 1). 
The siliceous material in the embedding rock may sometimes appear to be very low 
quality for knapping, although macroscopically identical raw material is known in 
prehistoric toolkits. In addition as we have discovered, lack of obvious macroscopic 
similarity is not necessarily definitive, because better quality nodules from the same 
formation can sometimes be found in nearby eroded material, which is why surveying 
stream beds or river valley slopes can be fruitful (Mester and Faragó 2013). A recently 
developed method in sedimentary petrography, the fine-grained pebble examination 
(FPE), allows us to determine the geological background of a sedimentary sequence 
by examining the mineralogy and petrology of debris eroded from the source area 
(Bradák et al., 2014: 123–124). The method consists of a thorough selection of all types 
of rock pebbles on the sampling place from a fluvial deposit, followed by microscopic 
analysis of a thin section made on the artificial conglomerate of the selected small 
pebbles (2–2.5 mm). In this way, it is possible to discover siliceous rocks, including 
limnosilicites, which do not have outcrops now in the study area.

Another possibility is to check localities having a local geographic name with the 
reference ‘flint’ or ‘silex’ (in Hungarian: ‘tűzkő’ and ‘kova’). In northern Hungary, the 
referred materials are very often in fact limnosilicites or different silicified materials of 
metasomatic origin. On the Great Hungarian Plain (Alföld), these geographic names 
mainly refer to prehistoric (tell) settlements, but several times during our field surveys, 
such places actually proved to be Quaternary formations with redeposited sediments 
containing blocks of siliceous rocks.

From an archaeological point of view, it is also very important to characterize the 
sources. We use the classification published by Alain Turq (2000, 2005): 1 – primary 
autochthonous source: in the original context of the formation (embedded in the par-
ent rock); 2 – secondary autochthonous source: extracted by erosion and accumulated 
in the vicinity of the original primary autochthonous source (in a slope deposit or 
in a stream bed); 3 – sub-allochthonous or residual source: in new geological con-
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text resulted of transformation and re-deposition by weathering (in a weathered and 
decayed rock or colluvium); 4 – allochthonous or exotic source: the eroded and/or 
accumulated raw material had been transported long distances by water courses and 
deposited with fluvial sediments. We find these categories very useful for archaeological 
purposes because they correlate with types of accessibility and possibilities for human 
exploitation.

ARCHAEOLOGY OF LIMNOSILICITES: ACCESSIBILITY AND EXPLOITATION

For a better understanding of the behavior of prehistoric human groups, it is important 
to approach their archaeological remains as being the imprints of their past activities. 
Among these activities, humans transform natural resources to create artifacts using 
objects and the human body (Lemonnier 1991). All the related elements – i.e. the 
material to transform, the used objects, the processes of the transformation, and the 
necessary knowledge and skills – are components. These components – together with 
the relations and interactions between them – constitute the technical system of a given 
human group or society (Lemonnier 1983, 1991, 2010). This theoretical framework 
allows us to study past human technical activities in their complexity.

Raw material procurement constitutes one of the subsystems of the technical 
system of each human group. By technological analysis of the lithic assemblage, we 
are able to recognize strategies applied for the acquisition, the treatment, and the 
economy of the raw materials (Binder and Perlès 1990; Perlès 1990; Montet-White and 
Holen 1991; Féblot-Augustins 1997). The procurement strategies are determined by the 
conditions of the natural and cultural environment, which influence the accessibility 
and the modes of exploitation of raw material sources.

The cultural environment of the group consists of its technical traditions and its 
relations to other groups. Its effects could be evaluated by analysing archaeological 
data on local, regional or extraregional level, and confronting them eventually with 
anthropological models (Andrefsky 1994; Lech 2003; Whallon 2006; Mester and 
Kozłowski 2014). 

The effects of the natural environment are much more important for understand-
ing the role limnosilicites have played in raw material procurement and economy 
of prehistoric human groups. A series of factors have to be taken into consideration 
in relation to human technical behaviour (Tixier 2012: 80–84). The size, form and 
quantity of the lithic resource must be estimated by observations made in the field at 
potential sources, while the suitability of the material for tool production has to be 
evaluated by experimentation (Lengyel 2013). For studying accessibility it is crucial 
to keep in mind that the landscape might have been changed since the period in 
question. Geomorphological processes could result in the complete covering of raw 
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material sources which were on the surface several millennia ago. For example, during 
our field survey near Mád in the Tokaj Mountains, we found a layer of limnosilicite 
blocks, seemingly in eroded and redeposited position, at the bottom of a dirt road 
which cut between two wineyards (Fig. 4). Despite cultivation, the wineyard areas did 
not yield any limnosilicites but limnosilicates were encountered about 1 m below the 
actual surface. Because the foothills of the northern Hungarian Range were affected 
by intensive erosional processes during the Final Pleistocene and Early Holocene 
(Pinczés et al., 1993; Karátson 2006), raw material sources might be covered or even 
uncovered in the region.

The exploitation of raw material sources can be executed in several ways – from 
simple collecting on the surface to complex mining (Fober and Weisgerber 1981). There 
is a close relation between the modes of exploitation and the previously mentioned 
categories or types of raw material source. Allochtonous and secondary autochtonous 
sources yield raw material blocks or pebbles directly on the surface or slightly embed-
ded in loose sediments. Acquiring raw materials from these sources does not require 
significant energy investment for extracting but it could take time to find material 
of appropriate quality (Mester et al., 2012). As a consequence, it is almost impossible 
to recognize and archaeologically document these forms of exploitation. In fortunate 
cases, traces of testing the collected material could support arguments for such an 
interpretation. Primary autochtonous and sub-allochtonous sources yield raw material 
blocks or nodules embedded in the body of the geological formation. Acquiring them 
necessitates extraction techniques or even mining, and these techniques have been 
applied from the Middle Palaeolithic onwards (Vermeersch 2005). For limnosilicites 
in northern Hungary, archaeological investigations document the existence of mines 
operating with extraction pits, thought to be in use from the Middle Paleolithic to 
the Neolithic or even the Bronze Age (Simán 1986, 1995a, 1995b, 1999). The main 
archaeological problem of these mines is the chronological and cultural attributions. 
Usually, extraction methods are not culturally specific and, if there are no mining tools 
made from organic materials, radiometric dating is almost impossible. Diagnostic tools 
are very rare in the lithic assemblages. The fact that the outcrops were exploited in 
different periods, even in modern times, causes further difficulties for archaeological 
interpretations. The same problems exist for extraction sites (Fig. 5).

CONCLUSIONS

Due to the complicated plate tectonic movements building up the Carpathians and related 
Tertiary volcanism, limnosilicites are very common siliceous rocks in the territory of 
northern Hungary. Geological formations containing ‘limnic quartzites’ were mapped in 
the north Hungarian Range, mainly in the foothill regions. Based on what we know from 
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Fig. 4. Limnosilicites blocks about 1 m under the actual surface, uncovered by a dirt road near Mád 
(Tokaj Mountains). Photo: N. Faragó.
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the archaeological record, these siliceous rocks have been used extensively by prehistoric 
human groups as raw materials for tool production.

Because local geological conditions were varied and dynamic during their for-
mations, limnosilicites show great petrographic variability, accounting for why the 
identification of the provenience of raw materials of artifacts in archaeological assem-
blages is a very difficult task in most of cases. Samples collected during field surveys 
demonstrate that macroscopically different parts could be present within one block. 
As a consequence, flakes or blades characterized as representing different variants of 
limnosilicites in an archaeological assemblage might actually have originated from 
the same block of raw material. 

To achieve a better understanding the procurement strategies and technical behav-
iour of prehistoric groups inhabiting the region, it is indispensable to have a compre-
hensive knowledge about potential raw materials and their sources. Geological maps 
and local geographic names could help to discover them during field surveys. We 
believe that it is necessary to characterize the sources according to categories adopted 
from French prehistoric research (Turq 2000, 2005) because these types of sources 

Fig. 5. Limnosilicite extraction site at Gyöngyöstarján-Köves-tető (Mátra Mountains).  
Photo: M. Gutay.
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correspond to types of exploitation methods for prehistoric humans. Geomorphologic 
studies are also crucial for estimating onetime accessibility of the limnosilicite sources 
due to the intensive erosional processes which have affected the foothill regions of the 
north Hungarian Range during the Pleistocene and the Early Holocene. Finally, addi-
tional petroarchaeological investigations are needed to complement the good results 
obtained in the Tokaj Mountains (Szekszárdi et al., 2010), and even more research 
is needed in the Cserhát, Mátra and Bükk mountains where systematic field surveys 
have not been completed.

There is much research yet to do on the archaeological, geological, and petrologic 
problems of limnosilicites but, in the end, we will be better able to understand and 
reconstruct past human behaviors related to raw material economy.
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A Newly Discovered Source of  
‘Banded Flint’ in the Polish Lowlands

Jacek Kabacińskia and Iwona Sobkowiak-Tabakaa

Rescue excavations at an artefact manufacturing site at Pęgów, Poddębice district, dated to 
the modern period, have produced several dozens of lumps of flint. The flint exhibits greyish 
and brownish bands and is macroscopically similar to the well-known banded flint occurring in 
the area of Krzemionki Opatowskie, Ostrowiec Świętokrzyski district. Artefacts made from this 
tentatively named ‘Pęgów flint’ have been identified in archaeological assemblages of different 
chronological age in the Koło Basin. To verify whether macroscopically similar nodules and 
artefacts come from the same outcrop and if the artefacts made of banded flint are made of the 
Krzemionki Opatowskie flint, instrumental neutron activation analysis (INAA) was conducted 
on samples of Pęgów flint and banded raw material from Krzemionki Opatowskie. Although most 
of the obtained results fall below INAA detection limits the compostion of chromium content in 
each sample  may reflect common origin of all the analysed pieces from Pęgów. INAA data suggest 
that the artifacts made of banded flint were mot made from Krzemionki Opatowskie material. 

KEY-WORDS: ‘Pęgów flint’, Instrumental Neutron Activation Analysis (INAA), Koło Basin 

Prior to the construction of the A2 motorway, the Institute of Archaeology and Eth-
nology of the Polish Academy of Sciences carried out rescue excavations at Pęgów, 
Poddębice district, where an artefact manufacturing site was discovered (marked as 
site 2 – AUT 461). Remains of multicultural settlements were found (Lusatian Culture, 
Przeworsk Culture, Medieval Period), of which those dated to 16–17th century AD 
were the most intensive, including 17 pits, an animal burial, 3 lime kilns, 17 limestone 
extraction pits and 1264 fragments of pottery (Seroczyński and Wysocka 2006: 43).  

Present among the limestone residue in excavated lime kilns were several dozen 
lumps of flint raw material in various shades of grey, with characteristic bands, partially 
covered with cortex. Late Palaeolithic, Mesolithic and younger flint assemblages from 
other archaeological sites in the Koło Basin, within which the Pęgów site is located, 
have yielded artefacts of analogous material. Tentatively termed Pęgów flint, after 
the archaeological site where it was first recognized, this ‘banded flint’ is macroscopi-
cally similar to the famous banded flint from Krzemionki Opatowskie, Ostrowiec 
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Świętokrzyski district. The aim of this paper is to discuss the geological and archaeo-
logical occurrence of Pęgów flint and present the results of INAA geochemical analysis.

GEOGRAPHICAL AND GEOLOGICAL CONTEXT

As it flows from the south, the Warta River turns west at one point; the Koło Basin 
is the resultant extension of the Warta River valley (Fig. 1). The second large water-
course flowing through the Basin, the Ner River joins the Warta south of Koło. Its 
sources are located within the Łódź Hills. The Kłodawa Plateau abuts the Koło Basin 
from the north, the Łask Plateau from the south and the Turek Plateau from the west 
(Kondracki 2009: 158).

The Koło Basin was largely formed in the period of recession of the Oder/Warta 
Glaciation, during which the Koło Basin was cut through the Warsaw-Berlin ice-

Fig. 1. Black star marks the location of the Pęgów site, Poddębice district.  
Drawn by: P. Szejnoga, A. Tabaka.
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marginal valley. This is one of the three great latitudinal valleys of the Polish Lowland, 
which discharged melt-water coming from the Scandinavian ice sheet in the Poznań 
phase of the North Polish glaciation (Stankowski 1995: 168). 

A notable feature of the region is its considerable morphological diversity and the 
presence of extensive dune fields. The area of the Upper and central Bzura and Ner 

Fig. 2. Map showing the extent of Cretaceous limestone exploitation in the Uniejów district, along 
with the locations of archaeological sites mentioned in the text (acc. to Gorączko and Gorączko 2013). 

1 – extent of modern day exploitation. Graphic design: J. Kabaciński.
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Fig. 3. Structures built of calcareous marl. Sobótka, Poddębice district (a), Wilamów, Poddębice district (b). 
Photo: I. Sobkowiak-Tabaka.

▲a
 b▼
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rivers is marked by elevational differences and deep valley incisions (Chmielewska 
1978: 90–94). These environmental conditions attracted several Late Palaeolithic 
communities and some Mesolithic groups. Particularly rich settlement remains were 
discovered near Cichmiana, Koło district (Kabaciński et al., 2009: 111–378).

With respect to Polish Mesozoic geological units, the Koło Basin is located within 
the Szczecin-Łódź-Miechów Basin. Underlying Pleistocene and Holocene sediments 
are here Upper Cretaceous sediments, up to 3000 m thick, and partly Paleogene and 
Neogene sediments, mainly grey and green-grey marl, limestone and gaize, as well 
as carbonate/siliceous and sandy limestone (Mizerski 2009: 169–178). Occurring in 
the vicinity of Łódź and in the Miechów Basin, Upper Cretaceous beds, built up 
with carbonates and biogenic silica (Gorączko and Gorączko 2013: 54) are industri-
ally exploited today by the local construction industry (Bolewski et al., 1991: 234). 
Based on an analysis of microfauna, the sediments are dated to the Maastrichtian 
(Nowacki 1995: 11–12). 

In Poddębice and the surrounding villages (Rożniatów, Dąbrowa, Zaborów, 
Kraski, Łęczyca district, and around the town of Uniejów), Cretaceous marls are 
overlaid by a thin layer of Pleistocene sediments (Fig. 2). The distinguishing traits 
of these sediments include their softness, porosity and low resistance to weather-
ing. Easy to work, the rocks are a valuable construction material (Kozłowski 1986: 
220–221). Houses and farm buildings constructed from the distinctive white raw 
material are still to be found near Pęgów, Rożniatów and Uniejów, Poddębice district. 
Owing to its thermal and mechanical properties, Cretaceous limestone exploited near 
Rożniatów is particularly suitable for building houses, making additional thermal 
insulation unnecessary (Fig. 3). 

Nowadays the extraction activity at local limestone beds is largely limited to only 
one active quarry in Stanisławów, close to Rożniatów, where the limestone serves 
mostly as a decorative stone in gardens and buildings. However, according to the 
owner of the Stanisławów quarry, as late as the latter half of the 20th century local 
farmers continued to exploit limestone beds on a large scale for their own use or for 
sale. This activity ceased only after State regulations halted private exploitation of 
geological resources without a licence and today old extraction places are overgrown 
by vegetation and inaccessible for observation.  

IDENTIFICATION OF THE PĘGÓW FLINT MATERIAL 

The archaeological site yielding the analysed flint materials is located in the Pęgów 
hamlet, on the eastern slope of a valley of the Pisia River. This valley is densely cut 
by watercourses and ditches, and its bottom is filled with fluvioglacial sediments. 
Together with proglacial waters draining the front of the retreating glacier, the 
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sediments were deposited south of the zone of the terminal moraine of the Poznań 
phase (Górska 2004).

Based on construction details of lime kilns and the type of bricks manufac-
tured at the site, the Pęgów production complex is dated to the seventeenth century 
(Chmielewski 2001: 27). Limestone was found to have been extracted next to the 
complex from deposits located just below the surface (cf. Fig. 4, 5). These open-pit 
mines (as Chmielewski called them) are up to several metres deep and the extracted 
material was heaped around the pits for transportation to nearby kilns. 

Archaeological works in the south-eastern part of the site (trench F90) recovered 
slightly more than ten-centimetre–large lumps of raw flint, deposited several dozen 
centimetres below the surface. Grey in colour and covered with cortex, they contain 
inclusions of limestone. Some nodules exhibit greyish or brownish bands (Fig. 6a). 

The relation of flint nodules discovered during archaeological excavations to geo-
logical beds recognised in the area is not clear and two possibilities may be considered. 
The nodules may originate from Late Quaternary fluvioglacial deposits of the Vistu-
lian. A thin layer of sand-gravel-clay sediments, usually less than 1 meter in thickness, 
overlay Cretaceous limestone beds throughout the area. However, it is also possible 
that banded flint occurs within Cretaceous limestone sediments. A number of argu-
ments support the latter hypothesis. The flint nodules were found in the backfill of 
lime kilns made of limestone fragments so it very possible that they were originally 
emplaced within a limestone either from the limestone bedrock or from weathered 
subsurface Cretaceous layers. During our research to locate limestone quarries and 
related flint occurrences we have not located in situ flint nodules within Cretaceous 
beds. However our research has been limited and we have found only one active 
limestone quarry (Fig. 5) so such a possibility cannot be excluded. On the other hand, 
flint depositions within Upper Cretaceous sediments are known from relatively nearby 
deposits at Łódź (Ziomek 2002). 

A small collection of artefacts made of grey flint with characteristic brownish or 
dark grey stripes exists in flint assemblages recovered from archaeological sites of vari-
ous chronological periods (Fig. 6: b–d). 

Four artefacts have been identified at site 2 (AUT 441) in Cichmiana and site 1 
(AUT 23) in Powodów II, Poddębice district. One preparation flake was probably 
removed by a member of a Lusatian community that occupied site 1 (AUT 23) at 
Powodów II (Kabaciński and Sobkowiak-Tabaka 2006: 456). The specimen measures 

Fig. 5. Stanisławów, Poddębice district. A limestone quarry – a section. Photo: J. Kabaciński.

Fig. 4. Pęgów, site 2, Poddębice district, showing pits produced by the limestone extraction.  
General view. Photo: J. Pyzel.
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68 x 54 x 28 mm (Fig. 6b). Other artefacts have been found in a Late Palaeolithic 
assemblage at site 2 in Cichmiana (Kabaciński et al., 2009: 111–378). Out of more than 
10,000 artefacts recovered from the latter site, only three were made from Pęgów flint. 
Other flint varieties used by Late Palaeolithic peoples inhabiting the site includ Baltic 
Cretaceous erratic flint, ‘chocolate’ flint, Jurassic flint and obsidian. The assemblage 
of artefacts made of Pęgów flint consists of an unspecified core, a chunk (Fig. 6c) 
and a fragment of retouched flake (Fig. 6d). Given the dimensions of its central part 
(60 x 39 x 5 mm; other parts are missing), at one time the flake was apparently of a 
considerable size. It was detached from a single-platform core. A fragment of the left 
edge of the flake shows retouch on the dorsal side; the broken edge was also retouched.

GEOCHEMICAL ANALYSIS1

We utilized geochemical analysis to determine whether samples from Pęgów, Cich-
miana and Powodów, macroscopically very similar, came from the same outcrop and 
whether or not artefacts from Cichmiana and Powodów were made of a banded flint 
from Krzemionki Opatowskie. This latter possibility cannot be excluded, because 
Samsonowicz (1953: 107) has reported that loaf-shaped, epigenetically banded flints 
occur in a zone from the Holy Cross (Świętokrzyskie) Mountains to St. Margaret 
Mount (Góra Świętej Małgorzaty) near Łęczyca (that last mentioned locality is rela-
tively close to our study area). 

Despite nearly 100 years of research on raw flint, the origin of particular variations, 
the possibilities of its petrographic and mineralogical identification and exploitation 
in prehistory (Krukowski 1920: 185–206, 1922: 1–34; Michniak 1980: 83–106; Sam-
sonowicz 1923: 17–24), only two varieties of raw flint have been documented in detail. 
These are ‘chocolate’ flint (Schild 1971: 1–60; Grafka et al., 2014; Hughes et al., this 
volume) and banded flint from Krzemionki Opatowskie (Budziszewski and Michniak 
1984: 151–189; Pieńkowski and Gutowski 2004: 29–36; Migaszewski et al., 2006, 11–28; 
Król and Migaszewski 2009: 12–45). Systematic investigations conducted since 2007 
in the Kraków-Czestochowa Upland and Ryczów Upland have located a new region 
containing natural outcrops of banded flint (Krajcarz et al., 2012; Krajcarz et al., 2014).

1  The authors would like to thank dr hab. Jacek Michniewicz from the Institute of Geology, Adam 
Mickiewicz University, Poznań, Poland, for his assistance in the geochemical analysis and interpretation 
of results.

Fig. 6. (a) Pęgów, site 2, Poddębice district – flint lumps, (b) Powodów II, site 1, Poddębice district 
– preparation flake, (c) Cichmiana, site 2, Koło district – chunk, (d) Cichmiana, site 2, Koło district – 
fragment of retouched flake. Photo: A. Tabaka.
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The chemical composition of flint is highly variable (Bolewski et al., 1991: 128), 
so identifying a deposit of raw material from which a given artefact or a group of 
artefacts were made is challenging and usually requires geochemical composition 
analysis of a series of samples. In addition, micropaleontological identification is 
important to determine the age of the deposit. Only statistically significant repeat-
ability of results guarantees their reliability.

INAA was employed in this study to determine the composition of major, minor, 
trace, and rare earth elements present in the 5 studied artefacts (Table 1). INAA has 
multi-elemental detection limits at the parts-per-million (ppm) level and an accuracy 

Table 1.  Results of the INAA analysis (4A – basic set). Activation Laboratories Ltd. ACTLABS (Can-
ada). Pracownia Analiz Geochemiczno–Mineralogicznych ‘GeoAnaliza’ [Laboratory of Geo-
chemical–Mineralogical Analyses ‘GeoAnaliza’]

Analyte Symbol Au Ag As Ba Ca Co Cr Cs Fe Hf Ir Mo Na Ni Rb Sb
Unit Symbol ppb ppm ppm ppm % ppm ppm ppm % ppm ppb ppm % ppm ppm ppm

Detection Limit 5 5 2 100 0,5 1 2 0,5 0,02 0,5 5 5 0,01 50 20 0,2

Analysis Method INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA

Powodów II (flake) < 5 < 5 < 2 < 100 < 0,5 < 1 36 < 0,5 0,56 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Pęgów (nodule) < 5 < 5 < 2 < 100 < 0,5 1 23 < 0,5 0,73 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Krzemionki Opatowskie (nodule) < 5 < 5 < 2 < 100 < 0,5 2 202 < 0,5 0,91 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Cichmiana (core) < 5 < 5 < 2 < 100 < 0,5 1 20 < 0,5 0,61 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Cichmiana (chunk) < 5 < 5 < 2 < 100 < 0,5 2 18 < 0,5 1,82 < 0,5 < 5 < 5 0,05 < 50 < 20 < 0,2

Analyte Symbol Sc Se Sr Ta Th U W Zn La Ce Nd Sm Eu Tb Yb Lu
Unit Symbol ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppb ppm ppm ppm ppm

Detection Limit 0,1 3 500 1 0,5 0,5 3 40 0,2 3 5 0,1 0,1 0,5 0,1 0,05

Analysis Method INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA

Powodów II (flake) 0,2 < 3 < 500 < 1 < 0,5 < 0,5 < 3 40 < 0,2 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Pęgów (nodule) 0,3 < 3 < 500 < 1 < 0,5 0,8 < 3 < 40 1,9 < 3 < 5 0,3 < 0,1 < 0,5 0,2 < 0,05 

Krzemionki Opatowskie (nodule) 0,1 < 3 < 500 < 1 < 0,5 0,6 < 3 < 40 < 0,2 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Cichmiana (core) 0,1 < 3 < 500 < 1 < 0,5 < 0,5 < 3 < 40 0,3 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Cichmiana (chunk) 0,1 < 3 < 500 < 1 < 0,5 < 0,5 5 < 40 0,4 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 
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range between 1 and 10% of the reported values for known standards (Glascock and 
Neff 2003). Although most of the results obtained here fall below detection limits 
the compositions of cobalt, chromium, iron, sodium and scandium (highlighted in 
Tab. 1) are noteworthy, with a particular variation in chromium content in each sam-
ple (Fig. 7) which reaches 202 ppm for banded flint from Krzemionki Opatowskie, 
and falls to 18–36 ppm for artefacts from the Pęgów area. Mindful of the limitations 
of small sample size, this result may reflect one source for all samples from Pęgów area 
and allow us to reject the possibility that artefacts from Cichmiana and Powodów 
were made from striped flint from Krzemionki Opatowskie. 

Table 1.  Results of the INAA analysis (4A – basic set). Activation Laboratories Ltd. ACTLABS (Can-
ada). Pracownia Analiz Geochemiczno–Mineralogicznych ‘GeoAnaliza’ [Laboratory of Geo-
chemical–Mineralogical Analyses ‘GeoAnaliza’]

Analyte Symbol Au Ag As Ba Ca Co Cr Cs Fe Hf Ir Mo Na Ni Rb Sb
Unit Symbol ppb ppm ppm ppm % ppm ppm ppm % ppm ppb ppm % ppm ppm ppm

Detection Limit 5 5 2 100 0,5 1 2 0,5 0,02 0,5 5 5 0,01 50 20 0,2

Analysis Method INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA

Powodów II (flake) < 5 < 5 < 2 < 100 < 0,5 < 1 36 < 0,5 0,56 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Pęgów (nodule) < 5 < 5 < 2 < 100 < 0,5 1 23 < 0,5 0,73 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Krzemionki Opatowskie (nodule) < 5 < 5 < 2 < 100 < 0,5 2 202 < 0,5 0,91 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Cichmiana (core) < 5 < 5 < 2 < 100 < 0,5 1 20 < 0,5 0,61 < 0,5 < 5 < 5 0,03 < 50 < 20 < 0,2

Cichmiana (chunk) < 5 < 5 < 2 < 100 < 0,5 2 18 < 0,5 1,82 < 0,5 < 5 < 5 0,05 < 50 < 20 < 0,2

Analyte Symbol Sc Se Sr Ta Th U W Zn La Ce Nd Sm Eu Tb Yb Lu
Unit Symbol ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppb ppm ppm ppm ppm

Detection Limit 0,1 3 500 1 0,5 0,5 3 40 0,2 3 5 0,1 0,1 0,5 0,1 0,05

Analysis Method INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA INAA

Powodów II (flake) 0,2 < 3 < 500 < 1 < 0,5 < 0,5 < 3 40 < 0,2 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Pęgów (nodule) 0,3 < 3 < 500 < 1 < 0,5 0,8 < 3 < 40 1,9 < 3 < 5 0,3 < 0,1 < 0,5 0,2 < 0,05 

Krzemionki Opatowskie (nodule) 0,1 < 3 < 500 < 1 < 0,5 0,6 < 3 < 40 < 0,2 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Cichmiana (core) 0,1 < 3 < 500 < 1 < 0,5 < 0,5 < 3 < 40 0,3 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 

Cichmiana (chunk) 0,1 < 3 < 500 < 1 < 0,5 < 0,5 5 < 40 0,4 < 3 < 5 < 0,1 < 0,1 < 0,5 < 0,1 < 0,05 
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THE USE OF THE PĘGÓW FLINT IN PREHISTORY

The small number of artefacts made from Pęgów flint suggests that it may not have 
been a significant resource for local prehistoric communities, although Marcin Wąs 
has raised the possibility that ‘banded’ flint, similar to Pęgów flint, may be identifi-
able in assemblages recovered from the village of Madeły, Wieluń district2. 

This also may be the result of lack of recognition of the raw material; character-
istic bands are not distributed equally within the nodules (see Fig. 6a). 

Sub-surface deposits of ‘banded’ flint, embedded in Upper Cretaceous limestone 
(Nowacki 1995: 11), were probably readily available and could be exploited by means 
of surface pits, as was Jurassic flint occurring in the upper part of flint-bearing 
limestones in the area of the upper Warta river (Ginter 1974: 12), or as were erratic 
materials at the settlement site in Goszczewo on Kujawy, inhabited by a community 
of the Globular Amphora Culture (Chachlikowski 1994: 110–112). 

2 Personal comment for which we are very grateful.

Fig. 7. Composition of selected elements determined by INAA analysis carried out at Activation 
Laboratories Ltd. ACTLABS (Canada). Pracownia Analiz Geochemiczno-Mineralogicznych 

‘GeoAnaliza’. Graphic design: J. Kabaciński.
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SUMMARY

The paper presents the early results of the study on the sources of ‘banded flint’ within 
the Polish Lowland. Because the investigations are still in the preliminary stages, we 
have focused on general findings about the location of the occurrences of Pęgów flint 
and have pointed to possible directions for further research.

Although the INAA method has been widely employed in archaeology (cf. Glas-
cock and Neff 2003), in this study it was not particularly successful, so the issue of 
the origin of Pęgów flint and its possible geological connections remains unresolved 
pending further research. Geochemical analyses of many more artefacts and flint from 
outcrops will be required to develop a database that will allow comparisons between 
samples and support reliable correlations between artefacts and deposits of raw mate-
rial. Recent isotopic analysis of beryllium (10Be), produced inside rocks in response to 
exposure to cosmic radiation (Verii et al., 2005: 213), seems worth pursuing as a pos-
sible ‘sourcing’ method but, unfortunately, at the moment further physico-chemical 
analyses have been prohibitive because of their high cost. 

Due to different geological age there is no connection between Pęgów flint (pos-
sibly Upper Cretaceous) and banded Krzemionki Opatowskie flint (Upper Jurassic). 
Nevertheless, efforts oriented toward field identification of possible flint occurrences 
in Cretaceous limestones in the Rożniatów area should be continued to confirm (or 
exclude) that locality as a source of Pęgów banded flint. 
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Erratic Flint from Poland: Preliminary 
results of petrographic and geochemical 
analyses
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The paper presents the preliminary results of petrographic and geochemical analyses of 
erratic flint found throughout present-day Poland. Three different methods have been applied: 
electron probe micro analysis (EPMA), scanning electron method (SEM) and energy-dispersive 
x-ray fluorescence (EDXRF) spectrometry. The results of the EPMA and SEM analyses of 
erratic flint have revealed a largely homogeneous mineral composition, which suggests that 
mineral composition will be of limited utility in in distinguishing  erratic flint. However, 
EDXRF analysis of a small sample of erratic flint has identified differences in calcium (Ca) 
and iron (Fe) content between and among samples of erratic and ‘chocolate’ flint but a much 
larger sample of erratic flint specimens needs to be analysed to determine the range of chemi-
cal composition they contain.

KEY-WORDS: erratic flint, geochemical analysis, EDXRF, SEM, EPMA

INTRODUCTION

Archaeological sites in Poland, and elsewhere in western Europe, document that flint 
and chert have a long history of use. The most commonly knapped raw materials 
throughout the Stone Age and Early Bronze Age, flints from a number of different 
sources were used for making tools and weapons, fire-lighting tools, etc. Given their 
utilitarian properties, raw flint and chert continued to be exploited in the Modern 
Period, serving as gunflints for flintlock guns (de Latour 2009) and even today, flints 
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are utilised in the production of pottery, glass, and in pharmaceutical and cosmetic 
industries (Muszyński 2008: 348). 

But from an archaeological perspective, detailed knowledge of the outcrops of sili-
ceous rocks and the identification of the mineral and the chemical composition of raw 
materials is prequisite to archaeological studies devoted to documenting long distance 
distribution, exchange networks, and mobility patterns in the Stone Age (Sulgostowska 
2005: 8). Fast developing methods of instrumental analysis, e.g. Prompt Gamma Acti-
vation analysis (PGAA; Révay and Belgya 2004), Energy-Dispersive X-ray Fluores-
cence (EDXRF) analysis (Hughes et al., 2012), and Laser Ablation-Inductively Coupled 
Plasma-Mass Spectrometry (LA-ICP-MS; Pettit et al., 2012) have all been employed 
to help determine the origin of raw materials used to produce a given artefact and to 
chemically distinguish between and among individual varieties of siliceous rocks. With 
respect to identification of Polish raw materials, until recently most has been limited 
to macroscopic determination. Since the late 1980s, however, the situation has been 
gradually changing in Poland (Schild 1976; Lech 1980; Kozłowski and Pawlikowski 1989; 
Pawlikowski 1994; Högberg et al., 2014; Hughes and Werra 2014; Sobkowiak-Tabaka 
et al., 2015) and in Lithuania and Belarus (Baltrūnas et al., 2006; Hughes et al., 2011).

This paper is an initial attempt to investigate the petrographic-geochemical charac-
teristics of Erratic flint, based on Scanning Electron Method (SEM), Electron Probe 
Micro Analysis (EPMA) and Energy-Dispersive X-ray Fluorescence (EDXRF). The 
results provide a context for a wider discussion on the possibilities, usefulness, and 
restrictions of the applied methods for recognition of links between outcrops, raw 
material and flint artefacts.

ERRATIC FLINT – CHARACTERISATION AND OCCURRENCE

Flint is a siliceous sedimentary rock composed of opal, chalcedony, quartz with few 
accessory minerals; it may also contain sponge spicules (Muszyński 2008: 343). The 
colour and other properties of flint result from its mineral composition, e.g. red, brown 
or yellow colours manifest the presence of goethite, lepidocrocite or hematite; grey 
and bluish show the presence of iron sulphides (mostly pyrite and marcasite); dark 
grey to black colour attest to the presence of hydrocarbons. Several colouring minerals 
typically co-exist in the rock, occurring in the trace elements (Pawlikowski 1989: 8). 
Formation of flint is believed to occur as a result of the deposition of siliceous skeletons 
elements, the precipitation of the silica from aqueous solution, the concentration of 
silica minerals as a consequence of transformation of siliceous rocks or sedimentary 
rocks, and long-term weathering processes (Muszyński 2008: 330–336).

Cretaceous flint is the most widespread raw material in the area of present-day Poland, 
which has seen several glaciations throughout the Quaternary Period (Mojski 2005: 42). 
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Owing to glacial movements, moraine deposits covering the bedrock contain rocks from 
different sources. Unlike comparatively well-defined sources of crystalline and sedimen-
tary erratic from Scandinavia deposited by a glacier in the territory of present-day Poland 

Fig. 1. Location of concentration of glacial rafts with Cretaceous flint (A, C) and concentration of 
glacial rafts with Cretaceous flint (B, D). 1 – Odra Glaciation (maximum of the Riss), 2 – Warta 

Glaciation, 3 – Leszno Stadial of the Vistulian, 4 – Poznaństadaial of the Vistulian, 5 – Pomeranian 
of the Vistulian; location of investigated flint samples: a – Racibórz, district of Racibórz, 

b – Radgoszcz, Międzychód district, c – Warnik, Police district, d – Łężce, Międzychód district, 
e – Gorzów Wielkopolski, Gorzów Wielkopolski district.
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(Górska-Zabielska 2008), the detailed localisation of primary sources of Erratic flints in 
Poland is not yet clear.

Two kinds of sources of Cretaceous flint have been recognised on the Polish Lowland. 
The first has been found in glacial rafts (Wilczyński 1962: 9) and the second, owing to 
its rich occurrence in fluvioglacial and till deposits or just on the surface (Bobrowski and 
Sobkowiak-Tabaka 2012), is referred to as erratic flint (Krukowski 1920). As to the former, 
Cretaceous flint is known from a few sites in north-western Poland, e.g. from a quarry in 
Trzciągowo, Kamień Pomorski district, where grey or greyish nodules of flint with lenses 
or thin layers of chalcedony and opal containing sponge spicule, foraminifera and Pitho-
nela ovalis, dated to the Upper Turonian (Alexandrowicz 1966: 30–31) occur. In Western 
Pomerania in situ deposits of Jurassic flint also have been identified. Fragments and nodules 
of black flints have been identified in limestone layers dated to Upper Jurassic times in 
quarries in Czarnogłowy, Świętoszewo, Goleniów district, Kłęby and Kamień Pomorski, 
Kamień Pomorski district (Czekalska and Krygowski 1957: 354; Wilczyński 1962: 30).

The dispersion of secondary sources of Cretaceous flints in Quaternary formations is 
closely related to Pleistocene glacial activity (Fig. 1). Rich occurrences of lithic raw mate-
rials are known from the Toruń-Eberswald marginal-ice valley, the central Warta Valley, 
and the region of the Silesian-Moravian border. Widely distributed, these raw flints vary 
in size, colour, and the presence of cortex, and, having been possibly transported by an 
ice sheet from several geographical locations, they come from various geological periods. 
This is particularly true for western Polish materials (Bobrowski 2009: 143–145; Högberg 
and Olausson 2007: 17). 

GEOCHEMICAL ANALYSIS OF FLINT IN POLAND

The Vistula basin area is rich in siliceous rocks and it contains deposits of several varieties 
of flint. A ‘chocolate’, grey white-spotted, a striped (banded) variety, Volhynian flint on 
its eastern borders, and erratic flint, the latter occurring mostly in secondary deposits, 
were all widely used in prehistoric times. 

Previous attempts at linking lithic artefacts recovered from archaeological sites to 
particular flint deposits have met with limited success. Thus far, the description of sili-
ceous rocks occurring in Poland has been mostly confined to macroscopic observations 
(Krukowski 1920, 1922; Samsonowicz 1923; Schild 1971, 1976; Balcer 1976; Kaczanowska 
and Kozłowski 1976; Kaczanowska and Lech 1976; Kozłowski and Pawlikowski 1979; Lech 
1980; Pelisiak 1987; Budziszewski and Michniak 1989; Michniak 1989; Schild and Sulgos-
towska 1997; Kamińska-Szymczak and Szymczak 2002; Pieńkowski and Gutkowski 2004; 
Krajcarz and Krajcarz 2009; Přichystal 2009, 2013; Krajcarz et al., 2012) and classification 
was based typically on the colour of raw flint, the size of organic inclusions, transparency, 
the character of fracture, the shape of a nodule and the type of cortex (Schild 1971, 1976). 
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Fig. 2. Erratic flint samples: 1 – nodules of erratic flint from Chrzypsko Wielkie, Międzychód district 
(photo by P. Szejnoga); pebbles of Pomeranian flint (the so called swallow eggs); 2 – Kopydłowo, site 6, 

Konin district (photo by M. Gembicki); 3 – Dąbki, site 9, Sławno district. Photo: A. Tabaka.
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In some cases, a general microscopic analysis of thin sections of flint samples by polar-
ized light (Schild 1971; Přichystal 2009; 2013) and scanning electron microscopic studies 
(Kamińska-Szymczak and Szymczak 2002; Kamińska et al., 1993) also were carried out. 

To overcome some of the shortcomings of macroscopic approaches, a range of pet-
rographic and geochemical methods were employed to define the diagnostic features of 
siliceous rocks (e.g. de Sieveking et al., 1972; de Sieveking and Hart 1986; de Sievek-
ing and Newcomer 1987). In recent years, a project has been developed using various 
instrumental methods to distinguish different varieties of siliceous rocks, with special 
attention devoted to a more precise description of diagnostic features of ‘chocolate’ flint. 
Supported by funds from the National Science Centre in Poland (PRELUDIUM 2; 
UMO-2011/03/N/HS3/03973), the project has employed several different methods, i.e., 
the Scanning Electron Microscope (SEM), analyses of molecular composition of organic 
compounds, Cathodoluminescence, energy dispersive X-ray fluorescence (EDXRF), Laser 
Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS), Electron Probe 
Micro Analysis (EPMA) and a micropaleontological analysis (Grafka et al., 2014; Werra 
and Siuda 2015; Grafka et al., 2015; Brandl et al., in print). 

Until the present pilot study, erratic flint has never been a specific subject of research, 
although some limited analyses have been published (Kozłowski and Pawlikowski 1989; 
Kamińska-Szymczak and Szymczak 2002: 302–303). Even in a recent publication, Antonín 
Přichystal presents only materials from Maków (Racibórz district; Přichystal 2013: 101). 
This perhaps stems from the fact that among several varieties of flint used by prehistoric 
people inhabiting the region of present-day Poland, erratic flint is the most challenging 
raw material because of its high variability in colour, the presence of fossil microorgan-
isms and heterogeneous composition. Last but not least, its sources are unknown (see 
Instrumental Analysis section below). 

Several visual classifications of Erratic flint have been presented so far, based mostly 
on size, colour, the presence or lack of microfossils (e.g. Bryzoe) and other properties 
(e.g. Balcer 1983: 49–50; Dmochowski 2006; Jurys 2006). In general, two main types of 
Cretaceous flint have been distinguished: the so-called variant A – bluish-grey nodules 
(Fig. 2.1), and variant B – Pomeranian flint in the form of pebbles (the so-called swallow 
eggs), yellowish-brown or pink in colour (Balcer 1983: 49–51; Fig. 2.2–3).

INSTRUMENTAL ANALYSIS1

Five erratic flint samples were selected for intrumental analysis based on the homogene-
ity or heterogeneity of the material, a uniform flat surface, and colour (Table 1, Fig. 1). 

1  The analysis were funded by the National Science Centre in Poland (PRELUDIUM 2; UMO-2011/03/N/
HS3/03973).
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The samples did not have inclusions or patina (see Hughes et al., 2012: 781, 786). For 
the EPMA analysis, thin sections were prepared from flint from Radgoszcz, Międzychód 
district. To undertake the SEM analysis, small flakes of flint not larger than 20 mm in 
diameter were required. We used flint samples from Racibórz, Racibórz district, Radgoszcz, 
Międzychód district, and Łężce, Miedzychód district. Specially prepared samples from 
all five types of flint (Racibórz, Racibórz district, Radgoszcz, Międzychód district, and 
Łężce, Międzychód district, Warnik, Police district, and Gorzów Wielkopolski, Gorzów 
Wielkopolski district) were subject to EDXRF analysis. The samples analyzed by EDXRF 
were cut in cubes, 30 mm in diameter and at least 5 mm thick. 

Table 1. List of Erratic flint geological samples from Poland presented in text.

Lab no. Location Origin of the sample

NB 1 Racibórz, Racibórz district,  
Silesia Province Archaeological site no. 423 

NB 2 Radgoszcz, Międzychód district,  
Wielkopolska Province From the surface

NB 3 Warnik, Police district,  
West Pomerania Province From the surface

NB 4 Łężce, Miedzychód district,  
Wielkopolska Province Gravel-pit

NB 5 Gorzów Wielkopolski, Gorzów Wielkopolski district, 
Lubuskie Province From the surface

Three methods were employed to examine the chemical distinctions between 
erratic flint samples from different parts of present-day Poland, deposited in second-
ary resources.

The Scanning Electron Method (SEM) is useful for the analysis of materials that 
are too small to be resolved by light microscopy. It provides spot microchemical 
data on uniform grains, heterogeneous rock fragments and soils, coatings and other 
pedofeatures (Goldberg and Macphail 2011: 362).

The Electron Probe Micro Analysis (EPMA) provides a high accuracy qualita-
tive and quantitative chemical microanalysis and helps identify accessory elements. 
Polished blocks or thin sections are analysed in the electron microprobe (Goldberg 
and Macphail 2011: 363). The chemical composition in micro area in thin sections 
was analysed in the Laboratory of Electro Microprobe in the Institute on Mineralogy, 
Geochemistry and Petrology, Geology Department, Warsaw University, using EMPA 
– Elecron Probe Microanalyser produced by Cameca. All analyses were conducted by 
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Lidia Jeżak, and their results interpreted by Rafał Siuda from the Institute of Mineral-
ogy, Geochemistry and Petrology (Faculty of Geology, University of Warsaw). 

The Energy-Dispersive X-ray Fluorescence analysis (ED XRF) seeks to determine 
the quantitative composition of nine major, minor and some trace elements. This 
non-destructive method offers high precision for certain constituent elements, but 
care needs to be taken to avoid inclusions, e.g. fossils or calcium elements from sea 
creatures’ shells (Fig. 3, 4). which might influence the measurements determined. It 
is noteworthy in this context that sedimentary rocks, such as flints, exhibit a fairly 
heterogeneous composition (Hughes et al., 2010, 2012).

THE RESULTS OF INSTRUMENTAL ANALYSIS

SEM and EMPA 
Results of the SEM and EMPA analysis are complementary and as such will be pre-
sented together. 

Quartz 
The main mineral component of Erratic flint is quartz (as a chalcedony), developed as 
cryptocrystalline clusters. Transmitted light sometimes shows parallel arrangements of 
its thin needle crystals. The presence of massive quartz aggregates (up to 100 μm in size) 

Fig. 3. Core from Ośno Lubuskie, site 7, 
Słubice district, with visible inclusions. 

Photo: A. Tabaka.
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Fig. 4. Cores and perforator from Myszęcin, site 19, Świebodzin district, with visible variety of colour. 
Photo: P. Szejnoga.
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has been observed in some cases. The formation of these aggregates is associated with 
recrystallization of chalcedony pseudomorphs after the organic remains (Fig. 5A). The 
last type of quartz contains small hipidiomorphic quartz crystals, reaching up to 5 μm, 
growing on the walls of small voids scattered in the chalcedony matrix (Fig. 5B, 5C).

Fig. 5. SEM and BSE images of Erratic flint geological samples. A: SEM image of quartz aggregates; 
B: SEM image of small cavities in chalcedony matrix; C: SEM image of void with quartz automor-

phic crystals; D: BSE image of pyrite aggregates; E: BES image of pyrite aggregate with apatite (apt); 
F: BSE image of fragments of fish skeletal elements. Photo: R. Siuda.
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Pyrite 
The most common accessory mineral in flint, pyrite has been found in all analysed 
samples. The mineral forms fine automorphic crystals, up to 10 mm in size, such as 
cubes or octahedrons. Pyrite crystals form specific spherical aggregates, up to 20 mm 
in diameter (Fig. 5D). Residually preserved apatite aggregates are sometimes present 
in the central parts of pyrite aggregates (Fig. 5E).

Apatite
Apatite was identified only in one sample of Erratic flint. In flint from Radgoszcz 
(NB–2), this phase comes in two varieties. Apatite I builds fragments of fish skeletal 
elements (Fig. 5F), while Apatite II forms irregular aggregates up to 25 μm in size 
(Fig. 6A). Formation of this latter type of apatite is connected with dissolution of 
apatite I during the diagenetic processes and formation of flint nodules. In this case, 
apatite II co-occurs with small amounts of pyrite. Tiny apatite aggregates also are 
present in central parts of aggregates of pyrite (Fig. 5E). Due to the high porosity of 
the aggregates of apatite and the instability of the mineral under the electron beam it 
was not possible to perform micro probe analyses of this phase.

Calcite 
Calcite is fairly frequent in Erratic flint. It forms very small aggregates, up 5 μm in 
diameter, irregularly dispersed in the chalcedony matrix of flint. Calcite identified in 
the analysed material represents the remains of calcium carbonate, which originally 
built a calcite sediment within which the flint concretions was formed.

Pseudomorphoses
Very common in the analysed samples are organic debris completely replaced by quartz. 
These usually include fragments of dinocysts (Fig. 6B), or silicified needles of sponges 
(Fig. 6C). Sometimes the sponge needles are perfectly preserved, with a visible ornamen-
tation of the spicules. In many cases, the process of replacing microfossils by quartz is so 
extensive that it is not possible to accurately assign organic remains to a specific group of 
organisms. Perfectly preserved voids left after leached calcite crystals provide another type 
of pseudomorphoses (Fig. 6D). Up to 10 μm in size, they show a rhombohedral structure, 
typical for calcium carbonate. Their walls are overgrown by automorphic quartz crystals.

ENERGY-DISPERSIVE X-RAY FLUORESCENCE ANALYSIS (EDXRF)

As noted in previous studies using non-destructive EDXRF analysis (Hughes et al., 
2010, 2011, 2012), contrasts in calcium and iron composition help differentiate among 
and between different chemical varieties of flint. In this preliminary study, the CaO vs. 
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Fe composition determined for a small sample of erratic flint was compared with that 
of ‘chocolate’ flint from four different localities (Orońsko, Tomaszów, Szydłowiec distrit, 
Wierzbica and Prędocin, Radom district) in the Vistula River basin of south eastern 
Poland (Fig. 7). As this figure shows, the erratic flints analysed contain significantly 
lower iron composition than ‘chocolate’ flint, and the CaO composition for two of the 
four specimens analysed is greater than measured in ‘chocolate’ flint. 

CONCLUSIONS

Because of its heterogeneous chemical composition, flint is notoriously difficult to 
source. This is particularly evident in the case of Erratic flint. The results of SEM and 
EMPA analyses have shown that the mineral composition of investigated samples is 
largely homogeneous and undiversified. Accessory minerals present in the composi-
tion (pyrite, apatite, calcite) are typical of other variants of flint used in the territory of 

Fig. 6. SEM and BSE images of Erratic flint geological samples. A: BSE image of apatite II and pyrite 
intergrowths; B: quartz pseudomorph after dinocyste; C: quartz pseudomorph after urchin spike; 

D: void after calcite crystal dissolution. Photo: R. Siuda.
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present-day Poland. The differentiation between single variants of erratic flint by testing 
their mineral composition using the electron microscope and chemical composition of 
minerals in microprobe is therefore impossible. The similarity between single variants 
is caused by primary conditions of sedimentation and formation of flint nodules.

Of the laboratory-based instrumental analyses we have undertaken to date, only 
EDXRF analysis has offered some hope for differentiating between and among varieties 
of erratic flint. These pilot results are encouraging insofar as intersource discrimination 
is concerned, but additional erratic flint specimens need to be analysed before we can 
identify the range of chemical composition they contain. 
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Mineralogical and petrographic  
characteristic of basic types of Turonian 
flints from the north-eastern margin  
of the Holy Cross Mountains:  
a preliminary report

Marcin Szeligaa and Miłosz Huberb

This paper presents the preliminary results of mineralogical-petrographical investigations 
of several basic types of Turonian flints from the north-eastern margin of the Holy Cross 
(Świętokrzyskie) Mountains. To discriminate the character and degree of individual types of 
flints based on their mineralogic and petrographic features, microscopic analyses of series of 
representative samples of flint raw material from different parts of the Turonian outcrops and 
archaeological artefacts found at the early Neolithic site in Tominy (Opatów district) were per-
formed. The microscopic investigations were conducted using a petrographic microscope and 
a scanning electron microscope (SEM–EDS). The results enable us to determine some charac-
teristic properties of individual types of Turonian flints, and to identify the so-called Zawada 
flint in the Linear Pottery Culture inventory from Tominy.

KEY-WORDS: Turonian flints, Holy Cross (Świętokrzyskie) Mountains, Early Neolithic, 
Linear Pottery Culture, Microscopic analysis, SEM–EDS

The presence of flint-bearing cretaceous sediments within the north-eastern, Mesozoic 
margin of the Holy Cross (Świętokrzyskie) Mountains is limited, in greatest extent, 
to its eastern part, covering the fairly small area on both sides of the middle reaches 
of Vistula River (Fig. 1). These sediments are represented primarily by white and gray 
siliceous limestones and, to a lesser extent, by detrital bryozoan limestones, geneti-
cally linked with the sedimentation processes of the Lower Turonian transgression 
(Samsonowicz 1934a: 46–49, 1934b; Pożaryski 1948: 36–39; Złonkiewicz 1994: 22–23; 
1998; Michniak and Budziszewski 1995a: 15–17). The coexisting flint outcrops occur as 

Archaeologia Polona,  vol. 54: 2016,  83 – 97
PL ISSN 0066  - 5924

a  Institute of Archaeology, Faculty of Humanities, Maria Curie-Skłodowska University in Lublin, Plac 
Marii Curie-Skłodowskiej 4; 20-031 Lublin, Poland, e-mail: marcin.szeliga@poczta.umcs.lublin.pl

b  Department of Geology and Lithosphere Protection, Faculty of Earth Sciences and Spatial Man-
agement, Maria Curie-Skłodowska University Lublin, al. Kraśnicka 2c/107, 20-718 Lublin, Poland,  
e-mail: mhuber@umcs.lublin.pl 



84 | Szeliga and Huber

primary deposits (within fairly numerous quarries) and as secondary surface deposits, 
defaulting in ceiling parts of Turonian rocks. These secondary deposits were a signifi-
cant source of archaeological material during the Neolithic and Bronze Age (Balcer 
1971: 118; 1976: 192–195; Budziszewski 1980: 604; 1986: 75–78; Fig. 1). 

Despite the limited geographic range and lithological variety of Turonian sediments 
in the studied area, flints occurring therein show a significant degree of macroscopic 
diversity, particularly in color and transparency of primary mass and the nature and 
thickness of the cortex. These features were the primary criterion for almost all previous 
attempts of classification of this group of raw materials (Krukowski 1920: 195; Krzak 
1965: 222, 1970: 292–295; Balcer 1975: 45–53; Libera and Zakościelna 2002: 96–100), 
leading to isolation of many local visual varieties (e.g. Gościeradów flint, Janików flint, 
Ożarów flint, Świeciechów flint or Zawada flint) with very diverse range of occurrence 

Fig. 1. Geological structure of the sub-Quaternary sediments of the north-eastern margin of the Holy 
Cross Mountains (1 – Jurassic; 2 – Lower Cretaceous and Cenomanian; 3 – Turonian; 4 – Coniacian-
Upper Maastrichtian) with the range of occurrence of the basic types of Turonian flints with the loca-
tion of analysed samples (5 – Gościeradów flint; 6 – Świeciechów flint; 7 – Janików flint; 8 – Ożarów 
flint; 9 – Zawada flint). Places of origin of analysed samples: a – surface concentraction of flint raw 
material; b – quarry; c – prehistorical flint mines; d – archaeological site 6 in Tominy (geological 

structure: after Pożaryski 1997, with Authors modifications; location of the outcrops of flints: after 
Samsonowicz 1934b; Michniak and Budziszewski 1995: Fig. 6; Libera and Zakościelna 2002: Ryc. 1).
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(Fig. 1). Unfortunately, only a few of them can generally be identified in archaeological 
contexts, regardless of state of preservation and size of the artifacts, because of unclear 
and ambiguous descriptions of their physical properties. The existing classifications only 
occasionally were confirmed by petrographic analyses and, however its range was limited, 
focusing only on selected varieties of flints from areas located on the left (Stawin 1970: 
tab. 7–8; Michniak 1980: 85–86) or right (Balcer 1975: 47–48) bank of Vistula did not 
lead to identification of diagnostic differences between particular varieties. 

THE AIM OF THE STUDY

The main objective of the study presented here was to achieve a preliminary mineral-
ogical and petrographic characterization of these varieties of Turonian flints, process-
ing and use of which was confirmed in the Stone Age and Bronze Age1. The present 
study was based on the analysis of 28 geological samples (i.e. concretions fragments) 
representing the following varieties: Gościeradów flint (G), Janików flint (J) Ożarów 

1  The research was funded by National Science Centre in Poland (No DEC-2011/03/N/HS3/02016).

Table 1.  Basic data for analysed samples of Turonian flints of the north-eastern margin of the Holy 
Cross Mountains.

Number of 
sample

Type 
of sample Place of origin of samples

Macroscopic clas-
sification of flint 

raw material

G 1–3

Fragments 
of natural flint 
concretions

Świeciechów, surface of  
a prehistoric flint mine 

Gościeradów flint
G 4 Gościeradów, surface concentration of 

flint raw material

J 1–5 Janików, a present quarry Janików flint

O 1–4 Ożarów, ‘Za Garncarzami’ field, surface 
of a prehistoric flint mine Ożarów flint

Ś 1–4 Świeciechów, surface of  
a prehistoric flint mine Świeciechów flint

Z 1–11 Zawada, surface concentration of flint 
raw material Zawada flint

T 1–11 Flint artefacts
(flakes)

Tominy site 6, settlement objects from 
the early Neolithic (Linear Pottery 
Culture)

Zawada flint (?)
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flint (O), Świeciechów flint (S) and Zawada flint (Z; Table 1). Particular emphasis was 
directed toward identification of all diagnostic properties of particular visual varieties 
from the standpoint of their suitability for the identification in archaeological mate-
rials. For this purpose, further analysis was conducted on an additional 11 artifacts 
(‘T’ samples) from the settlement of Linear Pottery culture (hereinafter LPC) site 
6 in Tominy, Opatów district (Fig. 1) because the macroscopic properties of these 
artifacts suggested that they may have come from the outcrop in Zawada, about 100 
m to the north (Fig. 2g–h). The objective of the study was to verify this convergence 
at the mineralogical and petrographic level in regard to Zawada flint samples.

MATERIALS AND METHODS

Thin sections and polished sections from 28 samples were analyzed. They were exam-
ined using a Leica DM 2500 P petrographic microscope in reflected and transmitted 
light, and also by use of a Hitachi SU6600 with EDS addition scanning electron 
microscope without spraying (SEM–EDS). The aim of the analyses was to determine 
the structure, texture and mineralogical composition of samples and to obtain infor-
mation about the presence of mineral inclusions.

RESULTS OF THE STUDY

Gościeradów flint (G1–G4 samples)
This flint variety occurs on the right bank of the Vistula River, most commonly in 
the vicinity of Gościeradów, Kraśnik district (Fig. 1), in various physical sizes as sur-
face concentrations of fragmented concretions eroded from primary deposits, often 
accompanied by rubble of weathered rocks (Balcer 1971: 75; Libera and Zakościelna 
1987: 40). Concretions are large (up to 30–40 cm in diameter) ovoid in shape, and 
relatively thick with smooth cortex. The basic mass of silica is dark gray with the 
presence of very slight, bright spotting and – especially characteristic – whitish and 
ashy irregular spots with diameters of several tens of millimeters. The basic mass 
and cortex are separated by a light gray transition zone with a thickness of 0,5–1 cm. 

Fig. 2. Macroscopic differentiation of basic types of Turonian flints of the north-eastern margin 
of the Holy Cross Mountains: A – Gościeradów flint; B – Janików flint; C – Ożarów flint; 

D–E – Świeciechów flint; F – Zawada flint; G – selected polished cross-sections obtained from 
concretions of the Zawada flint; H – selected polished cross-sections obtained from the flint artefacts 

(flakes) found on the archaeological site 6 in Tominy.  
A–B, E – photo: M. Szeliga; C–D, F–H – photo: T. Wiśniewski.
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Previous archaeological studies indicated the use of this variety of flint from the 
late Paleolithic to Neolithic (Kadrow and Kłosińska 1989: tab. 2; Zakościelna 1996: 
tab. 43; Libera 2002: 31–44). The samples analyzed and reported here were obtained 
from the surface of prehistoric flint mine in Świeciechów, Kraśnik district (G1–3) 
and arable fields in the area of Gościeradów (G4; Fig. 1; Table 1).

Microscopic analysis revealed the presence of oxides and hydroxides of iron 
and manganese oxides, forming black ‘dots’ in tested samples (Fig. 3a). These 
are the two types of grains: small spherical aggregations and single, recrystallized 
grains, which are accompanied by pyrite. In the background also are crystals 
of chalcedony, calcite and microfossils (Fig. 3a). Chalcedonic aggregates form 
spherically-shaped concentrations possibly corresponding to discoloration vis-
ible in macroscopic images of tested samples. Foraminifera bioclasts also were 
found (Fig. 3a) and in the cortical area there also are a number of calcite grains. 
These data were confirmed by SEM–EDS research, which also identified the 
presence of aluminosilicates and undefined compounds of iron and manganese, 
infrequent (especially in non-cortical areas of samples) scattered grains of dolo-
mite and calcite, as well as sulfate (gypsum).

Janików flint (J1–J5 samples)
The occurrence of this flint coincides with the range of detrital bryozoan lime-
stones, defaulting on a small area of Turonian outcrops on the left bank of 
the Vistula (Fig. 1). The largest exposed deposits occur at a quarry in Janików, 
Opatów district, where concretions form a series of a dozen of regular layers, 
each separated by intervals of several tens of centimeters (e.g. Samsonowicz 
1934a: 46–47; Pożaryski 1948: 37; Balcer 1975: 53; Michniak 1980: 83; Michniak 
and Budziszewski 1995b: 50, Fig. 25). Concretions are oval or strongly flattened, 
irregular and frequently occur in gnarled or jagged shapes. They are covered by 
quite thick, rough, light beige cortex, with the primary mass of silica a gray-
brown or brown color containing numerous bright spots up to several millimeters 
in diameter (Fig. 2b). Previous studies suggested incidental and only local use of 
this variety of flint during the Late Neolithic and Early Bronze Age (Balcer 1975: 
53; Michniak and Budziszewski 1995b: 52). All tested samples were obtained from 
quarry in Janików (Table 1).

Macroscopic analysis revealed opal-chalcedony background of these rocks 
containing fossils (foraminifera) that often were filled with iron oxides and 
hydroxides (Fig. 3b) or carbonates (especially closer to the cortex). SEM–EDS 
research indicates the presence of alkali feldspar (Fig. 4: a) and calcite, impurities 
of manganese and iron oxides and small undefined admixture of barite (Fig. 4d). 
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Fig. 3. Microphotographs of selected samples of Gościeradów flint (A), Janików flint (B), Ożarów flint 
(C), Zawada flint (D–E) and selected artefact from Tominy (F) made using a polarized microscope in 
transmitted (B) and reflected light (A, C–D; A–D – crossed Nicols), as well as using back-scattered 
electrons (BSE) technique by scanning electron microscope with location of places of punctual anal-
yses (E–F). Symbols: brt – barite, cal – calcite, cha – chalcedony, hem ? – iron compounds, probably 
hematite, Mn – compounds of manganese, py – pyrite. Individual sample numbers appear in the top 

right corners of each microphotograph. Photo: M. Huber. 
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Fig. 4. EDS spectra of selected samples of Janików flint (a, d), Ożarów flint (b–c, e) and Świeciechów 
flint (f–h). Prepared by: M. Huber.
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Ożarów flint (O1–O4 samples)
This flint occurs within a small area on left bank of Vistula River, in the immediate 
vicinity of Ożarów, Opatów district (Fig. 1), in large and very large2 oval or flat-
tened concretions with thick and rough white colored cortex (Krzak 1970: 292–295; 
Budziszewski 1995: 45, Fig. 23). It is has an uneven primary mass color, including 
different shades of gray which creates a distinctive mottled texture (Fig. 2c). Inci-
dental and only local processing and use of this material has been suggested for 
early Neolithic with the greatest popularity attained during the early Bronze Age, 
during which relics of quarry and related workshops for the manufacture of sickles 
and axes were discovered at the site ‘Za Garncarzami’ in Ożarów, Opatów district 
(Budziszewski 1980: 604; 1986: 75–78). All samples analyzed for purposes of this 
article were obtained from fragments of natural concretions defaulting on the surface 
of this site (Table 1).

Analysis of samples in transmitted and reflected light revealed spherical and 
streak concentrations of chalcedony of varying degree of crystallinity and the pres-
ence of small inclusions of iron and manganese oxides, as well as bioclastic (crushed 
detritus of mollusk shells) constituents. In the background rhombic grains of calcite 
were identified, as well as single grains of iron and manganese oxides (Fig. 3c). SEM–
EDS research confirmed the presence of K-feldspar-like phase, mica and apatite 
inclusions, and also iron compounds (oxides, hydroxides). In the case of sample 
O2 the analysis also revealed a high amount of fluorine, with a minimal calcium 
content (Fig. 4c). Determination of its nature and phase requires further research. 
Small amounts of titanium, nickel, zinc, and copper of indeterminate phase (Fig. 
4b, e) also was identified in the samples tested. The titanium and nickel may derive 
from silicates or oxides, whose presence was recognized in a previous study of this 
kind of flint (Michniak 1980: Tab. 1).

Świeciechów flint (Ś1–Ś4 samples)
This variety of flint occurs on the right bank of Vistula River, where there are 
several known areas of secondary, surface concentrations of concretions3. The larg-
est of them (about 180 ha) was recorded in Świeciechów, Kraśnik district, while 

2  Concretions usually reach a diameter of up to several tens of centimeters. In the profile of one of the 
quarries in Karsy, north of Ożarów, flattened concretions at least 12 meters long and several tens of 
centimeters thick have been documented (Budziszewski 1980: Fig. 618).

3  Primary deposits of this raw material were documented during geological surveys in 1st half of 20th 
century. In one of the Świeciechów quarries it occurred as large (diameter up to 50 cm), flattened 
concretions, occurring in the rock about 2 meters below the surface (Samsonowicz 1924: 100). The 
primary deposit also was observed in a road cut near the local cemetery (Pożaryski 1948: 47). Despite 
later attempts (Balcer 1971: 93, 1976: 184), we failed to re-locate the primary deposits of this variety of 
flint and verify previous observations.
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the remaining, much smaller, is located near Rachów Nowy, Kraśnik district, and 
Wymysłów, Ostrowiec Świętokrzyski district (Fig. 1). Outcrops in Świeciechów and 
in Rachów Nowy were connected with relics of intensive mining and processing 
activity in the Neolithic, Bronze Age and early Iron Age (Balcer 1971: 118; 1976: 
192–195; Bargieł and Libera 1996: 37–38).

The silica primary mass of this flint is characterized by gray and olive-gray colors 
(Fig. 2d) and various shades of gray often co-occur with each other (Fig. 2e). The 
primary mass contains white or yellowish calcite precipitates (Balcer 1975: 47–48) 
and slightly less frequently, small spots a few millimeters diameter. The contact junc-
ture between the silica primary mass and the surrounding rock has a rough textured 
white or light beige surface of varying thickness (Fig. 2d). Fragments of concretions 
found on the surface may not preserve this contact juncture because of smoothing 
and polishing resulting from aeolian processes. The presence of aeolized natural 
faces is one of the diagnostic macroscopic properties of this variety (Samsonowicz 
1924: 99–100; Krzak 1965: 220; Balcer 1971: 110–111, 1975: 50; Libera and Zakościelna 
2002: 96). The use of Świeciechów flint has been suggested for the Paleolithic and 
Mesolithic (e.g. Cyrek 1981: Fig. 24–25; Libera, 2002: 31–34; Kaczanowska and 
Kozłowski 2005: Fig. 5–6), but the most intense processing and use took place 
in the Neolithic, during development of the Funnel Baker Culture (Balcer 1976: 
192–195). All samples of this variety analyzed in the present study, represent frag-
ments of natural concretions collected from the surface of a Neolithic quarry in 
Świeciechów (Table 1).

SEM analysis of the background of silica represented by concentrations of chal-
cedony (in varying degree of crystallinity) revealed visible fillings composed by 
chalcedony with admixture of opal. Calcite and clay minerals crystals occur in 
the background, forming irregular concentrations, along with a few ore minerals 
(pyrite and iron oxides), isolated parts of bioclastic content (e.g. foraminifera, nee-
dles of sponges) and single grains of feldspar. In some specimens micro-faults filled 
by recrystallized quartz and opaque minerals are visible. Therefore, characteristic 
discolorations occurring in these flints may be the result of concentration of clay 
minerals, carbonate crystals and secondary epigenetic quartz (with a much lower 
share of coloring iron compounds). SEM–EDS analyses also revealed the presence 
of apatite, aluminosilicates and manganese oxides. In some samples were found 
small admixture of barite and titanium (Fig. 4g), as well as lead and zinc - most 
likely as sulphides (Fig. 4f, h).

Zawada flint (Z1–Z11 samples)
So far, the existence of this variety of flint is confined to a small quarry in Zawada, 
Opatów district (Budziszewski and Michniak 1989: 151; Szeliga 2014: 90, Fig. 5: 
A–B), backfilled during 2006. At the present time only a concentration of eroded 
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Fig. 5. EDS spectra of selected samples of Zawada flint (a–c, e) and artifacts (‘T’ samples) from site 6 
in Tominy (d, f–g). Prepared by: M. Huber.
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flint concretion fragments remain, on the surface in the immediate vicinity of the 
quarry (Fig. 1). These fragments represent quite regular, round and slightly flattened 
shape of concretions, often reaching considerable size and weight, covered with thick 
(although easy to rub away) white and yellowish cortex. The primary mass of silica 
is dark gray, occasionally brightened toward the centre of the concretion, where it is 
noticeably tarnished. Within it occur quite regular, bright spots, up to several mil-
limeters in size, sometimes taking the form of intensive mottling. Its characteristic 
feature is the presence of a thin (2–4 mm), generally brown or dark purple (some-
times black) layer between the primary mass and cortex (Fig. 2f–g). The presence 
of this feature provided the basis for our idenfication of this material in LPC flint 
inventory from nearby site 6 in Tominy (Fig. 1; 2h). All analyzed geological samples 
of this variety come from the surface outcrop in Zawada (Table 1).

The analysis of microscopic images revealed the presence of sulphides (pyrite occur-
ring as euhedral crystals accompanyied by oxides and hydroxides of iron) visible on the 
background of numerous concentrations of chalcedony, including siliphicated organic 
fossils (foraminifera). In the background are crystals of calcite, along with single grains 
of feldspar (plagioclase) and quartz. SEM–EDS analysis also revealed the presence of 
apatite, pyrite and barite (Fig. 3d–e; 5a–b), with barite between the grains of pyrite 
and iron compounds. In those rocks there are also carbonates of glauconite-like phase. 
Inclusions of fluorspar also were identified, and certain undefined admixture of tita-
nium and nickel (Fig. 5c, e). 

Archaeological samples from Tominy (T1–T11)
SEM analysis was conducted on 11 flakes from LPC context at site 6 in Tominy, 
located approx. 100 m south of the outcrop in Zawada (Fig. 1), verify to the distinct 
convergence of macroscopic features of artifacts with Zawada flint.

Microscopic analyses revealed a large amount of pyrite, visible on the background 
of studied samples (similar to samples of Ożarów flint), although in this case the 
sulphides have anhedral forms. Oxides and hydroxides of iron and numerous con-
centrations of chalcedony were observed, as well as calcite and quartz. SEM–EDS 
analysis also revealed the admixture of barite, which lie between the grains of pyrite 
and iron compounds (Fig. 3f; 5d). The presence of undefined admixture of cobalt, 
bismuth, titanium and strontium also was confirmed, as well as concentrations of 
barite, phosphates and aluminosilicates (Fig. 5d, f–g). 

CONCLUSIONS

The results of microscopic research reported here, including SEM–EDS, are in accord 
with the results of previous mineralogical analyses (Stawin 1970: Table 7–8; Balcer 
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1975: 47–48; Michniak 1980: 85–86). Despite the increasing knowledge about the 
nature and mineralogical and petrographic diversity of basic varieties of Turonian 
flints in the north-eastern margin of the Holy Cross (Świętokrzyskie) Mountains, 
microscopic analyses failed to capture the significant differences in mineral composi-
tion of analyzed samples, each time revealing the dominant content of silica group 
minerals, and presence of different admixture, represented by oxides and hydroxides 
of iron and manganese, as well as aluminosilicates, apatite, pyrite, and also calcite 
(especially nearby the cortex). Current data do not reveal unequivocal diagnostic 
features to allow unambiguous correspondences between archaeological materials and 
flint raw materials originating in particular exposures of Turonian outcrops.

Despite the large mineralogical convergence of tested samples, this study cap-
tured some individual features, manifested by greater or lesser intensity within 
different varieties of Turonian flints. These data allow positive promise for the 
future, revealing at the same time the need to broaden the scope of research with 
more samples and additional chemical analyzes (e.g. ICP–MS), aimed at more 
precise specification and quantification of the admixture of various minerals (sul-
phide, sulphate, including barite) and metals (e.g. manganese, lead, zinc, copper 
and strontium; see Fig: 4b, d, f, h; 5) identified here. The need for more precise, 
quantified corroborative analyses also applies to the observed mineralogical con-
vergence between the samples of Zawada flint (Z1–11) and a series of archaeological 
samples from site in Tominy (T1–11), manifested primarily in the coexistence of 
pyrite grains with characteristic skeleton-like shape filled with barite, the presence 
of undefined compounds of titanium and other metals (Fig. 5), and enhanced 
of transition zone between the cortex and primary mass of silica by oxides and 
hydroxides of iron. Regardless, we conclude that the convergence of these micro-
scopically generated features are sufficient to identify the outcrop in Zawada as the 
place of origin of the raw materials used in production of artifacts analyzed from 
site 6 at Tominy, confirming the knowledge, processing and use of Zawada flint 
by local early agrarian communities at the turn of the 6th and 5th millennia BC. 
This findings from Tominy represents the only instrumentally-based confirmation 
of processing and use of Zawada flint in prehistory.

Translated by Tomasz Myśliwiec 
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On The Chemical Composition  
of ‘Chocolate’ Flint from Central Poland 

Richard E. Hughesa, Dagmara H. Werrab and Rafał Siudac

The paper presents the initial results of energy-dispersive x-ray fluorescence (EDXRF) spectromet-
ric analysis of ‘chocolate’ flint from outcrops located on the northeastern slopes of the Świętokrzyskie 
(Holy Cross) Mountains in central Poland. EDXRF analysis shows that the composition of certain 
major and minor elements allow us to distinguish between and among some varieties of ‘chocolate’ 
flint. EDXRF analysis also was undertaken on other flints know from Poland (Jurassic-Cracow; 
Gray-white spotted; Striped Flint), providing a geochemical baseline for instrumental identification 
of these flints in archaeological sites.

KEY-WORD: ‘chocolate’ flint, EDXRF, Central Poland, flint identification 

INTRODUCTION

In the years following World War I, Stefan Krukowski (1920, 1922) published two import-
ant articles emphasizing the relevance of the study of flint raw materials to research on 
prehistoric ‘mining, transport and trade’. In the first of these he wrote that it: 

‘[…] jest cel … zwrócić … uwagę naszych prehistoryków, wspomaganych przez petrografów 
i geologów, na doniosłość tych zagadnień [górnictwo, transport i handel] nie tylko dla cywilizacji 
neolitycznych wogóle, lecz szczególniej dla morfologii wyrobów z krzemienia, jakoteż łączności między 
współistniejącemi i nastepującemi po sobie kulturami.’ 

‘[…] the goal is ... to call ... the attention of our prehistorians, assisted by petrolographists and geologists, 
on the importance of these issues [mining, transport and trade], not only for the Neolithic civilization 
in general, but especially for the morphology of the products of flint, and also to communication 
between the coexistence and succession of the cultures.’ (Krukowski 1920: 185; additions and transla-
tion by DHW).
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‘Chocolate’ flint held an important place in Krukowski’s research. As early as 1922 
he and Jan Samsonowicz discovered the first ‘chocolate flint’ outcrops located on the 
northeastern slopes of the Świętokrzyskie (Holy Cross) Mountains in central Poland 
(Krukowski 1922, 1923; Samsonowicz 1923). 

Since Krukowski’s work, a considerable amount of research on ‘chocolate’ flint has 
been undertaken over the past several decades (e.g., Schild 1971, 1976, 1987, 1995a, 
1995b, 1997; Kaczanowska and Lech 1977; Schild et al., 1977; 1985; 1997; Chmielewska 
1980, 1988; Lech 1984, 1995, 1997; Lech 1987, 1990; Herbich 1993; Herbich and Lech 
1995; Cyrek 1995; Bednarz and Budziszewski 1997; Małecka-Kukawka 1997; Sulgos-
towska 1997; Bednarz 2001; Borkowski et al., 2008; Budziszewski 2008; Přichystal 2009, 
2013). This research was pivotal to demonstrating that ‘chocolate’ flint was the most 
important raw material used by prehistoric communities from Paleolithic through Late 
Bronze Age times (Lech 1984; Sulgostowska 2005) from the north-east margin of the 
Świętokrzyskie (Holy Cross) Mountains to as far away as the Carpathian Mountains. 
In fact, it is has recently been identified as being present in the flint assemblages at 
archaeological sites in Belarus, the Czech Republic, Hungary, Latvia, Lithuania, Slova-
kia, and the Ukraine (Schild 1976; Budziszewski 2008; Sulgostowska 2008; Kozłowski 
2013; Bíro 2014: 61).

BACKGROUND

Following Krukowski’s (1920) pioneering description of the macroscopic character-
istics of ‘chocolate’ flint there have been several other attempts to characterize it (e.g. 
Budziszewski 2008: 33). In perhaps the best known of these, Romuald Schild (1971: 
7–17, 1976: 149) used macroscopic and microscopic criteria to identify 11 groups  
of ‘chocolate’ flint using material collected from 16 geological extraction points on the 
north-east rim of the Świętokrzyskie (Holy Cross) Mountains. He took into account 
the macroscopic properties of color, luster, composition, texture, structure, shape and 
size of nodule, and type of cortex (Schild 1976: 149), as well as microscopic characteris-
tics revealed by a petrographic analysis of thin sections using laser light (Schild 1971: 6). 

On the basis of these examinations Schild (1976: 149) wrote that of the 11 groups 
he identified ‘three groups are of importance being the most common and possibility 
also the most popular in prehistory’. The first group is dark brown (10 YR 2/2) in color, 
waxy, usually not banded or occasionally microbanded rarely with a black central part 
(10 YR 2/1). This group occurs in central and eastern portion of ‘chocolate’ flint strip 
(Group I; see Fig. 1 and Table 1). The second group is dark grayish brown (10 YR 2/1) 
and brown (10 YR 4/3) in color. The nodules are waxy and transparent, not usually 
banded, and rarely irregularly laminated. This group occurs in the western portion 
of the strip (Group VI and VII; see Fig. 1). The last (third) group is typically black in 
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the central portion of the nodule (10 YR 2/1) and very dark gray to dark brown (10 
YR 3/1 – 10 YR 3/3), rarely dark grayish brown (10 YR 4/2), in the remaining mass. 
This variety is not banded, but dull to dull waxy and weakly transparent. This group 
occurs in the central part of the strip (Group X; see Fig. 1; Schild 1971: 7–17, 1976: 
149). Schild (1971) also identified a Group IX, which is similar to Group VI. Group 
IX raw materials are brown in color (10 YR 4/3), sometimes gray-brown (10 YR 4/2), 
sometimes with gray spots. This flint, which occurs at Orońsko (Szydłowiec district; 

Fig. 1. ‘Chocolate’ flint locations in pre-Quaternary formations on the northeastern outskirts 
of the Holy Cross Mountains; 1 – Chronów-Kolonia, Szydłowiec dist.; 2 – Guzów Szydłowiec 

dist.; 3 – Orońsko ‘Mały Orońsk’ Szydłowiec dist.; 4 – Orońsko (Orońsk II) Szydłowiec dist.; 
5 – Tomaszów Szydłowiec dist.; 6 – Rzeczków, Radom dist.; 7 – Wierzbica quarry, Radom dist.; 
8 – Wierzbica ‘Zele’, Radom dist.; 9 – Wierzbica ‘Krzemienica’, Radom dist.; 10 – Polany kolonie 

IV, Radom dist.; 11 – Polany kolonie I, Radom dist.; 12 – Polany kolonie II, Radom dist.; 13 – Polany 
kolonie IIa, Radom dist.; 14 – Polany III, Radom dist.; 15 – Polany kolonie III, Radom dist.; 

16 – Polany I, Radom dist.; 17 – Polany II, Radom dist.; 18 – Pakosław, Radom dist.; 19 – Seredzice, 
Radom dist.; 20 – Seredzice ‘Kolonia’, Radom dist.; 21 – Iłża ‘Wąwóz Żuchowiec’, Radom dist.; 

22 – Iłża ‘Krzemieniec’ II, Radom dist.; 23 – Iłża ‘Krzemieniec’ I, Radom dist.; 24 – Błaziny Górne, 
Radom dist.; 25 – Prędocin, Radom dist.; 26 – Gliniany ‘Wzgórze Kruk’, Opatów dist. (Schild 1971, 

1976; Balcer 1976; Dadlez et al., 2000; Budziszewski 2008; Budziszewski et al., 2015; sites listed in 
boldface print are discussed in the text). Graphic design: D.H. Werra.
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Schild 1971: 14), can look very similar to Jurassic-
Cracow flint.

However, attempts to distinguish these differ-
ent flint varieties using macroscopic characteris-
tics were not particularly successful. In fact Schild 
(1976: 150) concluded that ‘the study of thin sec-
tions makes the recognition of the exact source 
almost impossible’ although he held out hope that 
‘the use of other scientific techniques might help 
the identification of the exact source’.

THE PRESENT PROJECT

Almost forty years after those words were written 
a new project about ‘chocolate’ flint was under-
taken by the Institute of Archeology and Ethnol-
ogy Polish Academy of Science in cooperation 
with Geochemical Research Laboratory (USA)1. 
In recent studies (Hughes et al., 2011, Hughes et 
al., 2012, Högberg et al., 2013) non-destructive 
energy-dispersive X-ray fluorescence (EDXRF) 
analysis was applied to the problem of drawing 
chemical distinctions between and among various 
types of Scandinavian flint and flints from Lith-
uania and Belarus. EDXRF results showed that 
using this method chemical differences between 
certain flints can be identified, so we applied this 
same method to a pilot study of ‘chocolate’ flint 
from Poland. The main goal was to see if it was 
possible to identify chemical differences among 
‘chocolate’ flint from different outcrops, but we 
also investigated differences among other regional 
flint types in the Vistula River basin (e.g. Turonian 
flint; grey white-spotted – Świeciechów; striped, 
Jurassic-Cracow) and, on the eastern fringes of the 
region, Volhynian flint. 

1  The analysis were funded by the National Science Centre in 
Poland (PRELUDIUM 2; UMO-2011/03/N/HS3/03973).Ta
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From a geological standpoint, the siliceous rocks used by prehistoric communities 
occur in late Jurassic deposits – the highest Oxfordian limestone and Lower Kimmeridg-
ian – but precise determination of the relative stratigraphic position of the ‘chocolate’ 
flint is difficult due to the lack of a clear chrono-stratigraphic division between of the 
rocks occurring in the area. The problem is exacerbated because of the lack of a clearly 
defined boundary between Oxford and Kimmeridgian in different parts of Europe. Sam-
sonowicz (1934) wrote that ‘chocolate’ flint usually occurs in one thin level, in a stable 
stratigraphic position, but Pożaryski (1948) later argued that ‘chocolate’ flints are continu-
ously distributed but can occur in thick deposits for several meters. Subsequent geologi-
cal research appeared to support Pożaryski’s view, but more recent studies (Dembowska 
1953; Wyrwicki 1969) are more consonant with Samsonowicz’s earlier findings. Although 
most geologists working in this area assign ‘chocolate’ flints to the upper part of Upper 
Oxford (Malinowska and Dembowska 1973; Dąbrowska 1983) others (e.g. Kutek 1983; 
Gutowski 2004) assigns ‘chocolate’ flint to the lower Kimmeridgian, and some other 
researchers believe that this flint occurs in both of these levels (Wyrwicka 1969; Migasze-
wski et al., 2006). Archaeological research shows that prehistoric exploitations points  
for ‘chocolate’ flint are visible in one line and level around 6 m thick but it is still unclear 
whether ‘chocolate’ flints were created at one, discrete, level or whether they occur in 
several stratigraphic horizons (Budziszewski 2008: 45). To say the least, the dating issue 
is still far from settled and must await more detailed geological and archaeological study. 

SAMPLE SELECTION

For the present study we selected 37 samples from four distinct archaeologically docu-
mented prehistoric ‘chocolate’ flint mines from Upper Oxfordian (ca. 157–164 Ma) and 
possibly Kimmeridgian (ca. 152–157 Ma) geological deposits in the Holy Cross Moun-
tains. These include: Orońsko (n= 8; loc. 4 in Fig. 1), Tomaszów (Szydłowiec district; n= 
9; loc. 5 in Fig. 1), Wierzbica (Radom district; n= 11; locs. 7–8 in Fig. 1), and Prędocin 
(Radom district; n= 9; loc. 25 in Fig. 1). From these sites we analyzed flint from the three 
main visual groups identified by Schild (1976). Prędocin represents Schild’s (1976) group 
I, Orońsko and Tomaszów represent group II, and Wierzbica ‘Zele’ the last – III group 
(Table 1). Geographically they include the main locale in the north-west part of ‘chocolate’ 
flint belt (group II), the middle (group III) and the south-east part (Prędocin).

STUDY RESULTS AND DISCUSSION

Figure 1 shows the locations of the samples collected for this study, and Table 2 presents 
chemical data for the analyzed flint samples. All specimens were analyzed using non-
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destructive EDXRF using laboratory analysis conditions and instrumentation described 
in an earlier study (Hughes et al., 2012). Samples chosen for analysis were cleaved from 
parent nodules collected during surface studies made during 2012–2014. Flints from 
Orońsko and Tomaszów were collected from the surface of the sites. In the case of Wierz-
bica, fresh raw material was collected directly from the flint layers exposed in the walls 
of the quarry and Wierzbica ‘Zele’ samples were selected from a deep shaft excavated in 
the 1980’s. The specimens were cut into 30 cm squares using diamond saw blade (VC–50 
2001 LECO Corp.) together with VC Cutting Oil and a 100 water cooled diamond saw 
blade manufactured by the Dedra company. The surface of flint samples so produced 
were not polished in any way. Prior to EDXRF analysis the sample surfaces were cleaned 
with distilled water to remove any noticeable surface contaminants. As discussed previ-
ously (Hughes et al., 2012: 786), care was taken to avoid targeting the X-ray beam onto 
calcareous or fossil inclusions. Otherwise, the only other analysis requirement was that 
each sample be relatively flat, ≥ 15–20 mm in diameter, and have a minimum surface 
size of ≥ 2–3 mm. 

Fig. 2. The composition of Ca vs. Fe in geological specimens of ‘chocolate’ flint from the northeastern 
slopes of the Świętokrzyskie (Holy Cross) Mountains in central Poland. Error bars delimit 95% proba-

bility estimates for elemental composition. Graphic design: R.E. Hughes.
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Figure 2 plots the composition of Ca vs. Fe in the ‘chocolate’ flint geological specimens 
listed in Table 1. These aggregate data give a good overall picture of the Ca/Fe variability 
within the deposits, but there is a hint that finer scale discrimination might be possible. 
Note, in particular, the cluster of Fe values at around 300 ppm, separated by around 
300 ppm from others of higher Fe composition (see Fig. 3 and 4). Significantly, the two 
samples with the lowest Fe composition from Wierzbica (labeled as tablica and Level 1 in 
Table 2) were freshly chipped from the modern quarry wall, while the others were undif-
ferentiated by depth and selected from the Wierzbica ‘Zele’ archaeological mine. Taken 
together, these data suggest that we may be able to make finer chemical distinctions within 
some ‘chocolate’ flint deposits by separating the samples by geological strata (or at least 
on the basis of superposition in the deposits). This could be difficult to accomplish at 
some of the mines, but might be very possible at others (like Krzemionki Opatowskie 
flint mine, Ostrowiec Świętokrzyski district, see below). 

Based on an admittedly small sample, we were not completely successful at discriminat-
ing between Jurassic-Cracow flint analyzed from Sąspów, Bębło (Kraków district), Jurassic 

Fig. 3. The composition of Ca vs. Fe in geological samples of ‘chocolate’ flint compared with Gray-
white spotted, Jurassic-Cracow and Striped Flint. Error bars delimit 95% probability estimates for 

elemental composition. Graphic design: R.E. Hughes.
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flint from Udórz (Zawiercie district), and ‘chocolate’ flint, which several researchers (e.g., 
Krajcarz and Krajcarz 2009; Krajcarz et al., 2012) have noted is very similar visually to 
‘chocolate’ flint. With the exception of ‘chocolate’ flint from Tomaszów, Figure 3 does 
show, however, that overlap in Ca/Fe composition between Jurassic-Cracow and ‘choco-
late’ flints occurs only in the lowest range of Fe compositions. Therefore, with a larger 
sample, we may be able to eliminate attributing visually similar brown flint artifacts to a 
Jurassic-Cracow flint ‘source’ if they contain Fe in concentration ≥ 600 ppm. This remains 
to be demonstrated, and will require additional analysis to confirm or refute. 

Although it wasn’t the specific focus of our project, we did collect and analyze flint 
from other localities for comparative purposes. One of the most dramatic chemical con-
trasts identified in these comparisons occurs with what has been referred to as Striped 
Flint, which is best known from occurrences at Krzemionki Opatowskie and Borownia 
(Ostrowiec Świętokrzyski district; see Fig. 1). This variety of flint is relatively depleted in 
iron compared with the other flints examined, and it contains no measurable amount 
of potassium (K). As Fig. 3 shows, Ca/Fe data were not adequate to distinguish between 

Fig. 4. The composition of K2O vs. Fe in ‘chocolate’ flint from Wierzbica quarry and Wierzbica ‘Zele’ 
mine compared with geological samples of Gray-white spotted and Striped Flint. Error bars delimit 

95% probability estimates for elemental composition. Graphic design: R.E. Hughes.
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Gray-White spotted flint and ‘chocolate’ flint, but K vs. Fe data did effect a separation 
between them (see Fig. 4). We suspect that the reason for this is that the white spots in 
spotted flint contain large amounts of calcium, as do some varieties of Scandinavian flint. 
These spots (calcium-rich domains) are often so close together in gray-white spotted flint 
that it was rarely possible to direct the x-ray beam to a ‘pure’ surface, and the result was 
that these Ca-rich domains inflated the average concentration of Ca. This same inclusion 
problem exists, at more tractable scale, in flint from Krzemionki Opatowskie, but the Ca/
Fe contrast with ‘chocolate’ flint makes it less of a problem.

More generally, as was the case in previous studies (Hughes et al., 2011, 2012), the 
present work illustrates some of the advantages and disadvantages of non-destructive 
EDXRF for the characterization of flint. The advantages are that EDXRF is fast, relatively 
inexpensive, completely non-destructive, fully quantitative, and sensitive to a large num-
ber of elements that occur in flint and other rocks. The disadvantages are that it cannot 
measure minute concentrations of rare earth elements (like neutron activation [NAA] and 
inductively coupled plasma mass spectrometry [ICPMS] can) and it isn’t as precise for 
certain elements as NAA and ICPMS. However, NAA and ICPMS are time-consuming, 
and they both require sacrificing some portion of the sample for analysis, which may not 
be problematic from a geological standpoint, but it certainly is a drawback when analyz-
ing irreplaceable archaeological artifacts. 

SUMMARY COMMENTS

As discussed above, one of the goals of the present project was to investigate the degree 
to which the visual and petrological classifications advanced by Schild (1976, 1987) cor-
responded with the geochemical data we generated here for a sample of ‘chocolate’ flint. 
Based on the major and minor elements we analyzed here, we were unable to distin-
guish between Schild’s groups I and II flint. However, it may be possible to distinguish 
flints from Wierzbica ‘Zele’ mine. As discussed previously, we identified a distinction in 
Fe content between flint analyzed from the Wierzbica (‘Zele’) mine and the Wierzbica 
quarry. Microprobe and petrographic analysis (R. Siuda unpublished data) revealed a large 
number of small pyrite inclusions inside flint from the Wierzbica (‘Zele’) mine, while 
flint examined from the Wierzbica quarry contained very few pyrite inclusions. This 
fact helps explain the lower Fe content in the flint from the Wierzbica quarry and may 
assist in chemical and macroscopic identification. Based on these findings there may be 
a correspondence between Schild’s (1976) group III flint and the Wierzbica (‘Zele’) mine. 

In summary, the major and minor element data generate here were important in 
providing baseline information for the range of chemical composition within and among 
different ‘chocolate’ flint localities in the Świętokrzyskie (Holy Cross) Mountains of cen-
tral Poland. In addition, based on the data presented here, Ca/Fe contrasts were identified 
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between ‘chocolate’ flint and striped flint analyzed from Borownia and Wojciechówka 
(Opatów district; listed as Striped-Flint in Figs. 3 and 4), and K vs. Fe composition 
data documented a separation between Gray-White spotted flint (Świeciechów flint) 
and ‘chocolate’ flint (Fig. 4). Unfortunately based on a small sample of Jurassic-Cracow 
flint from Sąspów, Udórz, and Bębło we were not completely successful at discriminating 
between this flint and ‘chocolate’ flint. However a possible separation in Ca/Fe composi-
tion provides a starting point for future investigations (Fig. 3). 

We are encouraged that non-destructive chemical signatures could be identified among 
different visual varieties of flint, and reckon that these contrasts should be of utility when 
applied to archaeological artifacts. Overall, the chemical profiles identified for ‘chocolate’ 
and some other flint in Poland flint provide a solid foundation for future research and for 
refinement of chemical signatures. 
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Reflectance spectroscopy  
as a chert sourcing method

Ryan M. Parisha

The non-destructive application of reflectance spectroscopy within chert provenance studies 
is evaluated and the implications of archaeological source determination of chert artifacts are 
discussed. The combined use of Visible Near-infrared (VNIR) and Fourier Transform Infrared 
(FTIR) reflectance spectroscopy demonstrate the accurate, fast and relatively low cost for the 
characterization of geological deposits of chert and the potential identification of source for chert 
archaeological materials. Reflectance spectroscopy gathers data on the trace and minor mineral 
components within a sample as identified by subtle absorption peaks and slope changes. The 
variable range of spectral features per sample, per deposit, per geological formation is potentially 
diagnostic for a geographically isolated deposit of chert. A chert sample database consisting of 
2430 samples from the Midwestern and Southeastern United States is utilized to illustrate the 
accuracy of reflectance spectroscopy at characterizing chert deposits for archaeological use.

KEY-WORDS: reflectance spectroscopy, chert, provenance research, Southeastern United 
States, Visible Near-infrared (VNIR), Fourier Transform Infrared (FTIR)

INTRODUCTION

Chert Sourcing
The objective of this study is to assess the application of reflectance spectroscopy as a 
chert provenance technique. The accurate determination of source for raw materials 
utilized by past peoples provides a proxy for modeling a wide range of human behav-
iors. The source or provenance of the raw material utilized in the manufacture of the 
particular artifact allows researchers to study human behavior relating to both group 
and environmental interactions. 

Chert provenance research has produced varied results. However, the significant 
contribution chert provenance research has in archaeology cannot be overlooked and 
remains an important mechanism in studying past human behavior.

Current chert provenance research involves many methodologies and techniques 
(Church 1994). The multitude of chert sourcing techniques can be organized into 
three main groups, macroscopic attribute analysis, petrographic and geochemical. 
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Geochemical techniques such as Neutron Activation Analysis (NAA), Inductively 
Coupled Plasma Mass Spectroscopy (ICPMS), X-ray Florescence (XRF) are used in 
recent chert provenance studies with varying degrees of success. In the study region, 
research conducted by Jack D. Nance (2000) successfully differentiated Lower St. 
Louis chert samples from Fort Payne (misidentified as Lower St. Louis in the study) 
using NAA. However, the majority of chert provenance studies in the Southeastern 
United States are conducted via qualitative visual identification. 

Current chert provenance methods are limited by high cost, level of destructiveness, 
lengthy analysis, data management, reliability and precision (Frahm 2012; Crandell 
2006). Arguably, the most critical issue limiting the use of chert provenance data is 
accuracy; the ability of the technique to identify the ‘true’ source of the material used 
to manufacture the artifact in question. Furthermore, a narrow geological and geo-
graphic perspective of tool stone availability limits our anthropological applications 
of chert provenance data.

A successful chert provenance study must characterize all possible sources at a geo-
graphic scale which matches the anthropological question and geological resource base. 
A chert provenance study must also be able to characterize a potential source through 
large geological sample sets and be able to differentiate the sampled source from other 
deposits. In addition, a provenance study must characterize the range of variation within 
an unknown artifact and match it to a particular range of variation at the source loca-
tion (Harbottle 1982). Therefore, the ‘fingerprint’ analogy within provenance research 
is often a misnomer (Luedtke 1979). The current study examines the use of reflectance 
spectroscopy to gather spectral data within a chert samples database to specifically 
address the ability of the method in differentiating chert by parent formation, one 
deposit from another within the same formation, and to differentiate sub-sections within 
the same deposit.

Reflectance Spectroscopy
Spectroscopy is the study of the interaction of light (electromagnetic radiation) with 
matter. A spectrometer is an instrument that measures this interaction (Smith 2011). 
Reflectance spectroscopy encompasses a wide range of techniques that gather electro-
magnetic data which is reflected or emitted from matter. The reflected electromagnetic 
radiation contains information related to atomic and chemical functional groups 
within a compound. The incident radiation in the visible portion of the spectrum 
(350–750 nm) stimulates vibration of particular atoms whereas dipole bonded mol-
ecules are stimulated in the near and middle infrared (751–25,000 nm) regions. Absorp-
tion of the incident radiation is wavelength dependent meaning absorption occurs 
at the wavelength frequencies corresponding to particular vibration energy states of 
the atom or molecule present. Therefore, the absorption of the incident radiation at 
certain frequencies gives the researcher information regarding atomic and molecular 
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structure and composition of the material. When graphically portrayed, the reflectance 
values per wave unit produce a line graph composed of Gaussian and Lorentzian 
curves (Fig. 1). Slight features and imperceptible slope changes in the chert’s spectrum 
related to micro-mineral impurities are proving to be diagnostic for particular chert 
bearing formations and deposit locations (Table 1). Both qualitative and quantitative 
relationships can be studied using various mathematical functions, a subset of analyti-
cal chemistry termed chemometrics (Morin 2012). 

The diagnostic micro-mineral groups causing particular spectral features may be 
directly related to the paleodepositional environment of the parent geological forma-
tion and the diagenetic processes influencing chert formation. Other researchers, using 
geochemical data, have speculated that chert diagnesis imparts a variable range of 
diagnostic characteristics (Foradas 2003; Malyk-Selivanova 1998) but the lengthy and 
costly analysis of large sample sizes have previously restricted efforts to tease out the 
geological and geographic relationships on a large scale. A variety of provenance studies 
are demonstrating the potential application of spectroscopy in archaeology (Beck et 
al., 1965; Emerson et al., 2013; Hubbard 2006; Morin 2012). The studies specifically 
related to the one presented here are chert provenance applications of both reflectance 
and transmission spectroscopy (Long et al., 2001; Hubbard et al., 2005; Hawkin et al., 
2008; Parish 2011; Hassler et al., 2013; Parish et al., 2013).

Reflectance spectroscopy as a chert source technique differs from current meth-
odologies in four significant ways; 1) data acquired, 2) speed, 3) level of destruc-

Fig. 1. A typical chert spectrum in the visible near-infrared and middle infrared with some spectral 
features labeled. The entire spectrum (350 – 15000 nm) is included in the analysis.  

Graphic design: R.M. Parish.
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Table 1.  Some diagnostic spectral features noted in both the current study and in preliminary studies 
(Hassler et al., 2013; Hawkins et al., 2008; Long et al., 2001; Parish 2013).

Spectrometer Spectral Feature Reflectance Peak 
Locations (nm)

Diagnostic  
Attributes Detected

VNIR

Color regions 350 – 750
Unbound electrons, 
atomic structure, mineral 
impurities

OH, H-O-H, SiOH 
bonds 1400, 1900, 2200

Silica phase, formation 
conditions (Rice et al. 
2013)

AL-OH, M-OH bonds 2200 – 2300
Kaolinite, Illite, Mont-
morillonite, Limonite 
and other clay minerals

FTIR

AL-OH bonds 2700 – 2770 Kaolinite
K-AL-SI-OH bonds 2800, 10100 Illite

Na-Ca-Al-Si-O-OH 
bonds 2880 – 2980 Montmorillonite

CH3 bonds 3500 – 4080 Organic compounds

Carbonate asymmetric 
stretch 6050 – 7200 Dolomite and Calcite

Carbonate asymmetric 
stretch

5460 – 5500, 6570, 
6860 – 6940, 13750 Dolomite

Carbonate asymmetric 
stretch

6680, 11300 – 11340, 
14070 Calcite

Na-Ca-Al-Si-O-OH 
bonds 10730 Smectite

TI-0 bonds 10030 – 10100, 14130 
– 14190 Rutile

Fe-O-OH bonds 11010 – 11080, 12600 Goethite
Fe-O-OH . nH2O bonds 11430 Limonite
Fe-K hydroxide bonds 12320 Glauconite
Fe-S2 bonds 14370 – 14400 Pyrite
Mn-O hydroxide bonds 14460 Manganite
Mg oxide bonds 14500 –14550 Brucite
Fe oxide bonds 14900 – 14940, 17540 Hematite
Fe oxide bonds 18380–21650 Magnitite
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tiveness, and 4) cost. Spectral data exists as arbitrary percent reflectance decimal 
numbers between 0 and 1 per wave frequency. Each reflectance value is a poten-
tially ‘diagnostic’ variable relating to an atomic or molecular composition. There-
fore, reflectance spectroscopy is not attribute information derived from empirical 
observations, nor is it purely geochemical data in the form of trace or rare earth 
element quantities.

METHODS

Experiment design
The application of reflectance spectroscopy to chert provenance research is assessed 
through three accuracy tests. The accuracy tests are designed to quantify the ability of 
reflectance spectroscopy in characterizing variation and differentiating ranges of vari-
ation both between and within chert bearing formations. The first test examines the 
accuracy of reflectance spectroscopy in distinguishing chert type, or chert found within 
different geological formations. The term formation is used in the study to describe 
geological material containing enough characteristics to distinguish it from adjacent 
rock. The second test refines the spatial scale of the provenance study through char-
acterization and differentiation of multiple chert deposits within a single geological 
formation. The third and final test explores intra-deposit variability by differentiating 
sub-set samples of chert within a single deposit. By conducting internal tests within 
the chert database of known provenance, the accuracy of source assignment at differ-
ent levels can be quantified.

Sampling
Arguably the first step in any provenance study is to identify potential sources and 
assemble a representative database of those sources. An ambitious sampling strategy 
is adopted for the current study in which 30 samples were selected across the lateral 
and vertical breadth of each spatially discrete chert deposit. Multiple deposits were 
sampled per chert bearing geological formation. In two instances 60 total samples were 
collected from a deposit in separate sub-sections to assess intra-deposit heterogeneity. 
All deposits sampled were marked using a handheld GPS unit. Additional, field notes 
and photographs were taken to document the chert deposits. In total 2430 samples 
from 81 deposits collectively representing seven chert types in the Midwestern and 
Southeastern United States were analyzed (Fig. 2; Table 2). All samples were derived 
from Ordovician and Mississippian epoch aged carbonate formations, with chert 
type sample names reflecting their parent geological formation. The seven chert types 
investigated were widely used intermittently by prehistoric peoples in the Southeastern 
United States.  
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Table 2. Chert deposits analyzed in the study and the results of the three accuracy assessment tests.

Inter-formation accuracy test

Geologic Formation Deposits # of samples Base Model 
misidentified

10% test set 
misidentified

Lower St. Louis (Dover) 6 180 8 2
Fort Payne 47 1410 3 4
Tuscaloosa 4 120 17 2
Upper St. Louis 11 330 2 2
Ste. Genevieve 11 330 4 5
Leipers and Catheys 1 30 1 0
Burlington 1 30 0 0

Total 81 2430 35 15

Intra-formation accuracy test

Geologic Formation Deposit # of samples Base Model 
misidentified

10% test set 
misidentified

Lower St. Louis (Dover) control 120 0 0
Upper St. Louis Adams, KY 30 0 0
  Cook 1, TN 30 0 0
  Dot, KY 30 0 0
  DVD, KY 30 0 0
  Port Royal, TN 30 0 0
  St. Louis 1, KY 30 0 0
  St. Louis 2, KY 30 0 0
  St. Louis 3, KY 30 0 0
  St. Louis 4, KY 30 0 0
  St. Louis 5, KY 30 0 0
  WFDC 1, KY 30 0 0

Total 11 deposits 330 0 0

Intra-deposit accuracy test

Geologic Formation Deposit # of samples Base Model 
misidentified

10% test set 
misidentified

Ste. Genevieve 40Pm103a 30 0 1
  40Pm103b 30 0 0
  40Wr48 30 0 0

Total 2 deposits 90 0 1
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All samples obtained were fractured conchoidally by direct hard hammer percussion 
using quartzite hammerstones. Six flakes were retained per sample so that the chert type 
collection can be duplicated six times. Thirty sample bags each containing six flakes 
collectively represent a single chert deposit. Just prior to analysis, lens tissue was used to 
lightly wipe the analyzed surface. No other treatments were used in preparing samples 
for spectral analysis.

Spectral Analysis
VNIR
Two reflectance spectrometers were used in the study. A FieldSpecPro® manufactured 
by ASD Inc. was used to collect 2150 reflectance values in the visible and near-infrared 
regions (350 – 2500 nm; Fig. 3). The probe-to-sample surface distance provided an 
approximate two centimeter diameter field of view upon the sample. The radiation (light) 
source, a quartz-halogen bulb, was mounted nearby, illuminating the sample tray below 

Fig. 2. All chert deposits sampled within the Midwestern and Southeastern United States.  
Deposits analyzed in the study are solid dots whereas sampled deposits needing analysis are circles. 

Graphic design: R.M. Parish.
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the detector. The sample was placed under the detector and a spectrum was recorded 
in less than one second producing a composite spectrum of the area of the specimen. 
A white reference reading was taken every ten samples to minimize instrument drift and 
atmospheric interference. All 2430 samples were analyzed in this manner with approxi-
mately 100 samples analyzed each hour.

FTIR
A Bio-Rad FTS 40 spectrometer collected spectra in the middle infrared region (2500 
– 25,000 nm; Fig. 4). The device was given time to initialize and a background measure-
ment was taken on a gold standard to calibrate and to minimize atmospheric interference. 
Spectral resolution of the device is 12 nm, and a total of 64 scans taking just over one 
minute per analysis provided good signal to noise ratio. Samples were placed under the 
spectrometer’s optical scope and a spot 20 microns in diameter was drawn in to focus 
prior to rotating the IR detector into place.Three measurements in different locations 
were taken on each sample and later averaged to provide a more representative spectrum 
per sample. Ten samples were analyzed in just under an hour. A total of 1867 reflectance 
values collectively represent a single spectrum in the middle infrared region.

Fig. 3. An ASD Inc. FieldSpec® spectrometer used to obtain spectra in the visible and near-infrared 
regions. Photo: R.M. Parish.
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SPECTRAL PROCESSING

All of the raw spectral data were processed using conventional techniques to eliminate 
or reduce atmospheric interference, instrument noise, sample surface roughness, probe 
angular effects, and to standardize measurements for comparison. In addition to spectral 
processing, the reflectance spectra were converted to absorbance and first derivative trans-
formed. Both absorbance and first derivative transforms provide a more robust means for 
quantitative analysis as well as highlight subtle spectral slope changes. A more detailed 
discussion regarding spectral processing may be found in Parish (2013: 176–178). The final 
stage in spectral processing was the combining of the VNIR dataset to the FTIR dataset. 
Each chert sample’s composite spectrum consists of 4017 reflectance values.

Statistical Analysis
A stepwise canonical discriminant function analysis was conducted on the VNIR 
and FTIR spectral datasets. The potentially diagnostic regions in the VNIR data 
include most of the visible and a portion of the near-infrared sections. Most of the 
middle-infrared diagnostic variables used in the study were selected from the 2600 to 
7500 nm region; however, additional portions of the middle-infrared signal were also 
identified as diagnostic regions (Table 1). The discriminant function analysis evaluates 

Fig. 4. A BioRad FTS-40 FTIR spectrometer used to obtain spectra in the middle infrared region. 
Photo: R.M. Parish.
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each wavelength variable and enters or removes it from the model. Additionally, the 
groups were weighted to account for differences in group size. Visual identification 
of  ‘diagnostic’ spectral features by stacking spectra proved an inadequate methodol-
ogy as spectral variability prohibited direct presence vs. absence comparisons. Multi-
variate statistical analysis was necessary to characterize patterns and bracket variation.

RESULTS AND DISCUSSION

In the first experiment, all 2430 chert samples were grouped according to parent 
geological formation assessing inter-formation provenance. The second experiment 
focused on differentiating 11 chert deposits within the Upper St. Louis Formation 
sampled over a 400 km lateral extent. The third and final experiment examined the 
spectral differences within a single deposit of Ste. Genevieve chert as samples of 
prehistoric debitage were obtained in two sectors within a prehistoric procurement 
site. In each experiment a base discriminant function model was generated with all 
samples having known provenience followed by a second model where a random ten 
percent of the samples were treated as having unknown provenience by removal of 
their grouping variable.

Characterizing chert by formation (inter-formation)
The accuracy assessment by parent geological formation (type) returned 2395 correct 
source assignments out of 2430 (99% correct classification). A total of 35 samples were 
misclassified to other geological formations. Upon removal of a randomly selected 
ten percent sample (n = 243), the discriminant function model was run a second 
time with a reduced training set of samples. A total of 228 (94% correct classification) 
unknown samples were correctly assigned to their subsequent geological formations. 
Fifteen samples were misclassified to geological formations other than their correct 
provenience (Fig. 5a; Table 2).

Characterizing chert by deposit (intra-formation)
The accuracy of intra-formation chert provenance was assessed in the Upper St. Louis 
Formation among 330 Upper St. Louis chert samples from eleven individual deposits. 
Lower St. Louis ‘Dover’ chert samples (n=180 from 6 deposits) were included as a 
control.  The base model successfully classified all 330 samples (100% correct classifi-
cation) into their source deposits. A 10 percent (n = 33) random sample of specimens 
had their grouping variable removed, and the discriminant function model was 
rerun. All 33 unknown samples (100% correct classification) were correctly assigned 
to their spatially discrete source depositswithin the Upper St. Louis formation (Fig. 
5b; Table 2).
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Characterizing chert within a deposit (intra-deposit)
Prehistoric site 40Pm103 is a recorded quarry site of unknown cultural affiliation 
located in Putnam County, Tennessee1. Initially, 30 samples of primary chert debit-
age were collected from the northern section of the site followed by a collection of 
30 samples of chert primary debitage from the southern section at a later date. The 
two groups of samples were treated as sub-samples within the single deposit of Ste. 
Genevieve chert and run in the discriminant function model. A third sample group 
of Ste. Genevieve chert from a prehistoric quarry further to the south (40Wr48) was 
included in the analysis as a control. The resulting intra-deposit assessment of the 

1  The Smithsonian Institution trinomial site system is used to here representing the one hundred and 
third (103) site recorded in Putnam County (Pm) in the state of Tennessee (40). The reporting protocol 
adopted by the Smithsonian lists the U.S. state first (in numerical alphabetical order), followed by 
county (usually a two or three letter abbreviation), followed by the sequential site number.

Fig. 5. Discriminant function analysis scatter plot showing;(a) delineation of chert by type/parent 
geological formation, (b) by deposit within the Upper St. Louis Formation, and (c) by sub-section 

within prehistoric procurement site 40Pm103. Graphic design: R.M. Parish. 
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base discriminant function model correctly classified all 90 samples (100% correct 
classification). A randomly selected 10% sample (n = six) from the 60 obtained from 
the 40Pm103 deposit were treated as having unknown provenience. The discriminant 
function model correctly identified the sub-deposit source of five of the six samples 
(83% correct classification). The single misclassification identified the unknown sam-
ple as being from the control group location (Fig. 5c; Table 2).

CONCLUSIONS

Chert source is often assigned through the identification of macroscopic attributes 
often failing to quantify the range of variability between chert deposits with large 
associated error rates (Calogero 1991, 1992). The aid of type collections as a method-
ology is potentially limiting because the few samples representing a specific type of 
chert may constrain the analyst’s ability to adequately characterize variation. Addi-
tionally, type collections typically limit identification of the chert artifact to relatively 
few locations on the landscape and it is quite probable that the inability of previous 
studies to distinguish among and between source relates to small unrepresentative 
sample sizes (Parish 2013: 214). A sampling strategy which assembles a large range 
of materials is necessary but unmanageable as a type collection.

The use of analytical techniques such as geochemical methods is restricted by 
the cost of analysis and the level of destructiveness. The results of the current study 
demonstrate that reflectance spectroscopy’s application within chert provenance 
research is a viable methodology. The spectral variance within a deposit of chert due 
to the atomic structural arrangement and composition of molecular compounds is 
patterned. The results of the accuracy assessment tests demonstrate the ability of 
reflectance spectroscopy to correctly assign source greater than 90% of the time by 
formation and deposit and above 80% of the time by sub-deposit (Table 2).

The analysis of 2430 samples from seven geological formations and 81 deposits 
illustrates the reflectance spectroscopy’s ability to identify a range of diagnostic 
spectral variables, speed of analysis, and low cost. Currently, another 2040 samples 
obtained from 68 deposits await analysis (Figure 2). The analysis of the entire chert 
database using conventional geochemical techniques (NAA, ICP-MS) would exceed 
most research budgets, take multiple years of analysis, and may still not adequately 
differentiate chert even by geological parent formation due to the heterogeneity of 
trace elements. 

The positive attributes of reflectance spectroscopy promotes the construction of 
large representative databases of chert resources necessary to bracket variability at 
various scales of resolution. Additionally, the non-destructive application of reflec-
tance spectroscopy is vital from a preservationist perspective. Future research will 



Reflectance spectroscopy as a chert sourcing method | 127

focus on controlled experiments of patinated archaeological materials and expand 
preliminary studies regarding heat treatment and outer surface weathering effects 
(Parish 2013). Much of the spectral variance due to surface roughness and outer 
surface weathering is alleviated through spectral processing which standardizes the 
spectra for comparison. Preliminary studies on heat treatment demonstrate the oxi-
dization of iron minerals mainly occurs beyond the detectors limits (>15000 nm). 
However, more controlled experiments are designed to test outer surface weathering 
and heat treatment potential effects upon spectral source accuracy. 

The prehistoric use of chert as tool-stone material across broad regional and tem-
poral spans makes the application of chert source programs of paramount interest. 
The range of human behavioral questions addressed through chert source research 
illustrates the need for reliable methods. The capability of reflectance spectroscopy 
to accurately assign chert source is illustrated by the study and has the potential to 
track the movement and interaction of prehistoric people via their consumption of 
tool-stone resources.
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Palaeolithic heat treating in Northeastern 
Hungary?: An archaeometric examination 
of the possible use of fire-setting in Stone 
Age quarries in the Bükk area 

Henrik Zoltán Tótha

During the excavations conducted by Árpád Ringer in the Palaeolithic quarries of Avas-
Tűzköves in Miskolc, located at the eastern foot of the Bükk Mountains, signs of thermal altera-
tion were observed on many of the finds. Within the scope of my PhD thesis, laboratory testing 
was carried out on those artefacts, with the support of experts from the University of Miskolc 
Department of Mineralogy and Petrology, including samples procured from other significant 
Stone Age sites of the area and results from experimental archaeology. On the basis of results 
achieved so far, the Palaeolithic use of fire-setting to extract lithic raw material in our region 
cannot be excluded.

KEY-WORDS: Bükk region, Stone Age, fire-setting, archaeometrical analysis

During the excavations conducted by Árpád Ringer (2011) in the Palaeolithic quarries 
of Avas-Tűzköves in Miskolc, located at the eastern foot of the Bükk Mountains, signs 
of thermal alteration were observed on many of the finds. These apparent thermal 
alterations led Ringer to hypothesize that prehistoric miners quarried the benches of 
limnic origin (in fact, postvolcanic siliceous rock, i.e. – limnosilicite) not only by using 
large hammerstones, but employing another technique. After clearing the limnosilicite 
benches, the quarrymen applied a thin layer of sand, then set extensive fire on this 
surface fed with fresh bones. The heat exploded the thick upper cortex of the rock, 
breaking it up into small pieces, and, at the same time, heat-treating the good qual-
ity Avas limnosilicite (Ringer and Szakáll 2005: 28). This method is basically similar 
to the fire-setting flint extracting technique employed in many places in the world  
(e. g. Norway, Australia), in which pieces of sizes easy to handle were split from bigger 
blocks of raw material by using small, controlled fire (Akerman 2006: 326; Storemyr 
2013). Árpád Ringer presented several Palaeolithic artefacts made of Avas limnosilicite 
that he believed probably had been quarried by using the fire-setting method. To sup-
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port his hypothesis, the results of the short experiment conducted under laboratory 
conditions was published (Ringer and Szakáll 2005: 27, 30) but the conclusions met 
with scepticism in Hungarian academic circles although – sadly – written responses 
to the brief and generalized descriptions of the results have not been published.  

During the course of my PhD thesis research I examined the available finds from 
the excavations carried out on the Avas hill in 1928–1935, 1961, 2001 and 2002 (Ringer 
2011: 7, 8, 9). The lithic assemblage from the last excavations conducted contains a 
relatively high proportion (4,5%) of pieces showing macroscopic signs of thermal 
alteration, and many of them were subjected to infrared (IR) spectroscopic analysis 
at the University of Miskolc, Department of Mineralogy and Petrology. We used the 
following reference samples:

–  3 samples of cortical Avas limnosilicite with probable traces of thermal alteration 
from the excavations of 2001;

–  2 samples of the same rock type from the Szeleta-cave with probable signs of 
thermal alteration;

–  1 piece of Avas-type rock from the archaeological site of Méhész-tető, in 
Sajóbábony with probable traces of heat alteration;

–  87 samples from the debitage excavated in 2002 on Avas-Tűzköves were heat-
treated in the laboratory in 2014. The Avas-type limnic silicite, called Avas  

Fig. 1. Prehistoric stone quarries in the Bükk Mountains region. A. Egerbakta, Eger district (silicified 
tuffite); B. Bükkszentkereszt, Miskolc district (metarhyolite); C. Miskolc, Avas-Tűzköves, Miskolc 

district (Avas-type limnosilicite). Graphic design: Henrik Zoltán Tóth.
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Flint – ‘avasi kova’ – in the Hungarian language, was divided into three groups 
by colour and exposed to heat (260°C and 360°C) in an annealing furnace.

–  Geological samples collected on the Tűzköves site were also subjects of simula-
tion experiments controlled by measuring instruments by different methods. 
Nine pieces from our experiments were also placed among the reference samples.

Effects of heat-treatment on the Avas rock were compared to other lithic types pre-
sent in the same region. Principal among them is the silicified tuffite from Egerbakta, 
macroscopically very similar to certain variants of quartzite known from the Czech 
Republic and Germany. Though the number of artefacts made of this material is rela-
tively low (Fig. 1), the beginning of its use is dated to the end of the Eemian interglacial 
(layers 1–3 of Subalyuk Cave), and the rock was still popular during the Middle Bronze 
Age (Mester 1989: 24; Fischl et al., 2015: 360). Pieces discoloured possibly by elevated 
temperature are found in many places of the outcrop, where blocks with huge concave 
depressions (fracture negatives of pieces broken up by fire) also are observed (Fig. 2). 
Since this raw material was in use up to the end of the Prehistoric Age, the fire-setting 
extraction technique possibly employed here cannot be dated accurately. In our stud-
ies pieces from Egerbakta were heat treated both in simulation experiments and under 
laboratory conditions.

The other studied raw material is the glassy quartz-porphyry, felsitic porphyry, or, 
according to the modern terminology, metarhyolite. This rock was one of the most popu-
lar lithic raw materials in the Palaeolithic in Hungary (Szolyák 2011: 62–66), and so 
common on the archaeological sites of the Avas-hill that it was thought it might have 
been quarried on the spot. The best candidate for an exploitation site of metarhyolite 
was identified in 2012 (Tóth et al., in press). In an area covering more than 40 acres large 
cores and pieces with reddened edges occured in great numbers, but only a dozen pieces 

Fig. 2. Silicified tuffite block 
with huge concave depres-
sions, Egerbakta, Eger district. 
Photo: Henrik Zoltán Tóth.
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with dull, white colour have been found so far (Fig. 3). Macroscopically similar pieces 
also were reported from the Middle Palaeolithic site of Vanyarc, Pásztó district (Markó 
2008–2009: 184–187). These artefacts are clearly not patinated but considered as traces 
of thermal impact. Importantly, metarhyolite, similarly to the tuffite of Egerbakta, reacts 
very slowly to elevated temperatures. During the simulation experiments using measuring 
instruments, only the samples that were heated over 600°C turned white (Tóth 2011: 12). 
Source collected samples heat-treated under laboratory conditions were also subjected to 
archaeometrical examination. 

The heat release rate of bonfires fed with bone, wood or dried dung (Tóth et al., in 
press) were compared to show the thermal effects on lithic samples placed next and 
underneath the fires.

CHARACTERISTICS OF THE AVAS LIMNOSILICITE

Due to its higher water content, the Avas rock made up of microcristalline quartz and 
moganite (Hartai and Szakáll 2005: 20) reacts more dramatically to heat than tuffite or 
metarhyolite. It is possible that Avas-type limnosilicite, heated over 360°C, explodes 
into pieces (Tóth and Kristály unp.ms.). That is the main reason, in my view, why 
the extensive fire setting method reconstucted by Rigner might not have been applied. 
Furthermore, there are a number of things that make it difficult to draw distinctions 
between heat-treated and untreated pieces:

Fig. 3. Metarhyolite samlpes; A. Raw,  
grey flake; B. Raw, grey flake with partially 
patinated surface; C. Burned terminal end  
of a metarhyolite blade, Bükkszentkereszt,  
Miskolc district. Photo: Henrik Zoltán Tóth.
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–  Unlike other rock types, it takes a long time for the Avas limnosilicite of brown 
colour variation to turn red (in mineralogical terms, for goethit to transform 
to hematite);

–  the greasy luster of the layers underlying the cortex of the raw Avas rock is 
identical to that observed on the surface of the fractured stone altered by heat;

–  microfractures typical of heat-treated pieces can also be found in the raw mate-
rial without heating (perhaps the result of freezing);

–  natural reddish discoloration occasionally occur under the cortex of the rock, 
as well as burgundy discoloration can be seen along the micro-fractures;

–  it is virtually impossible to determine the origins of the signs of thermal altera-
tion (e. g. pot lid fractures, micro-fractures – Schmidt et al., 2012)

RESULTS OF ARCHAEOMETRIC ANALYSIS OF THE AVAS-TYPE RAW MATERIAL

Based on our earlier studies (Tóth and Kristály unp. ms.) scanning electron microscope 
(SEM), X-ray diffraction analyses and thermoanalytical techniques did not give satisfac-
tory answers to the questions if the samples had ever been subjected to heat and how 

Fig. 4. IR spectroscopy diagrams: A. The decreasing of water content in the Avas-type limnosilicite 
(Typ 1.) samples; B. Recrystallization of the amorph SiO2. Graphic design: Henrik Zoltán Tóth.
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high had been the temperatures transmitted to them. Contrarily three discrete variants 
of Avas limnosilicite could have been distingushed by applying SEM and thermoanalyti-
cal methods (MOM Derivatograph). Sharing the view of colleagues studying the same 
area (Schmidt et al., 2012), I am also of the opinion that those methods are unsuitable for 
analysing thermal effects on silicified rock. The application of infrared (IR) spectroscopic 
imaging, on the other hand, following the investigations of Schmidt et al., (2011, 2012), 
yielded satisfactory results. Using this latter method, we could distinguish several pieces 
with greasy luster from the assemblage of the 2002 excavations at Avas-Tűzköves, which 
might have been made after being subjected to thermal alteration; for example, the 
broken blade of transparent material (Inventory number in the Herman Ottó Museum, 
Miskolc: 2003. 6. 530.) and three reference pieces – untreatened, heated 1 (260°C) and 
heated 2 (360°C), from the same type of Avas limnosilicite (Fig. 4; Tóth unp. ms.).

CONCLUSIONS: REASON FOR USING FIRE-SETTING

To support the hypothesis of heat treatment and to interpret the results of IR spec-
troscopy investigation it is important to ask: Why should Stone Age people have 
used fire-setting to extract stone in the Bükk region? The notion of producing more 
suitable raw material for toolmaking by using the method seems very unlikely, since 
hardly any palaeoliths have been found in the area made of heat-treated lithic raw 
material. It seems more reasonable to believe that, by creating high shear stress using 
small, controlled fires, the aim of prehistoric flint extractors was to crack bigger blocks 
of raw material and - in case of Avas-Tűzköves - limnosilicite benches, without using 
hammerstones that would have possibly pulverised the stone. This could have hap-
pened when they ran out of smaller pieces in the quarries, due to the increased need 
for raw material. On the basis of our results achieved so far, the palaeolithic use of 
fire-setting to extract lithic raw material in our region cannot be excluded.
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Archaeometric study of some functional 
tools from the Sąspów and Wierzbica ‘Zele’ 
flint mines sites
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Marta Rauchfleiszb and Łukasz Kowalskia

In the present work, an archaeometric approach was used to investigate a sample of the 
functional tools collected from the Sąspów, Cracow district, and Wierzbica ‘Zele’, Radom district, 
flint mines sites. The investigated collection was completed on four non-use-worn specimens. 
The presence of areas enriched in iron (Fe) compounds has been noticed on the surfaces of all the 
specimens. They were analyzed by optical microscopy (OM) and scanning electron microscopy 
(SEM) coupled with an energy dispersive X-ray analysis system (EDS). Data sets were statisti-
cally evaluated using similarity analysis (DA, CA, MDS). The results indicated the variables that 
best discriminate the investigated flint artifacts collection in terms of either anthropoghenic or 
non-anthropoghenic nature of the residues preserved on their surfaces.

KEY-WORDS: use-wear analysis, residue analysis, SEM-EDS, archaeometry, flint mining

MATERIALS

The collection investigated here consist of two functional tools from the Sąspów, Cra-
cow district (Dzieduszycka-Machnikowa and Lech 1976) and Wierzbica ‘Zele’, Radom 
district (Lech 1995: 465–480) flint mine sites and, for controlled comparison, four other 
non-use-worn specimens (Tab. 1 and Fig. 1). The presence of maroon-colored stains is 
clearly noticeable on the working edges and surfaces of all the specimens (Fig. 2). In 
our preliminary opinion, there is likely to be a correlation between the stains and the 
iron (Fe) enriched compounds. Since such areas are present on the working edges of 
functional tools (K_1 and K_2) only, it provides us a basis to consider them in terms 
of residues; defined here as non-parent materials adhered to or incorporated on the 
surface of a tool (Evans and Donahue 2005: 1734).
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Fig. 1. The studied flint tools (K_3 and K_6 scaled as 3/2 with P_4 as 2/1). Photo: Ł. Kowalski.

Table 1.  A comparision of the studied artifacts (N – Neolithic; EBA – Early Bronze Age; LBA – Late 
Bronze Age; EIA – Early Iron Age).

Arti-
fact Site Province Chronology Raw material Typology Use-

wear
Func-
tion

K_1 Wierzbica 
‘Zele’ Mazovia LBA - EIA ‘chocolate’ 

flint Flake Yes Scraper

K_2 Sąspów 1 Lesser Poland N Jurrasic- 
Cracow flint

Blade 
(bulb part) Yes Scraper

K_3 Toruń-
Grębocin 243

Kuyavia-
Pomerania EBA Baltic erractic 

flint Flake No -

K_4 Skrzypkowo 
13

Kuyavia-
Pomerania N - EBA Baltic erractic 

flint Blade No -

K_5 Skrzypkowo 
13

Kuyavia-
Pomerania N - EBA Baltic erractic 

flint Blade No -

K_6 Toruń-
Grębocin 243

Kuyavia-
Pomerania EBA Baltic erractic 

flint Flake No -
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METHODS

Use-wear analysis
Use-wear analysis (traceology) is an analytical method that allows the identification and 
interpretation of anthropogenic traces remaining on the surface of non-metallic tools (e.g., 
those made of silica, stone and organic raw materials). Use-wear analysis is also concerned 

Fig. 2. The studied flint tools. Zoom in on the areas enriched in the iron (Fe) compounds. Photo: Ł. Kowalski.
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with a wide range of deformations which might occur during the tools transport, deposi-
tion etc. (Małecka-Kukawka 2012: 464–471). Premilinary use-wear research was performed 
using a Nikon SMZ 2T stereomicroscope. Optical observations on the functional tools 
were carried out using a Zess Axiotech in reflection mode equipped with a AxioCam ICc 3 
digital camera supported by an AxioVision 4.0 software. For identifying the use-wear pro-
file of functional tools, the observations were directed on the working edges and areas just 
adjacent to the use-worn zone with optical imaging performed in the reflected light mode.

Laser ablation
Laser ablation technique was performed prior to the SEM-EDS investigations. As a result 
of impacting a high energy laser beam on a tool surface the removal (without a liquid 
state) of a secondary type residue (accumulated during pre- or postdepositional process) 
was completed.

Laser ablation was performed with a system for solid-state layers LSX-213 (CETAC 
Technologies, USA) equipped with Neodymium-pulsed Laser Nd:YAG. For ablating two 
scanning lines the laser was used at 755 V energy level and ablated at a speed of 100 µm/s, 
with a spot size set at 150 µm in diameter.

The ablation was carried out at two locations on each tool surface. The first was an 
area on the dorsal surface selected away from any locus exhibiting use-wear. The second 

Fig. 3. The surface of sample K_1 with a visible ablated area. Photo: G. Szczepańska.
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location was along an edge where use-wear analysis had confirmed surface polishing. The 
two areas were selected on the same tool since they are likely to have undergone the same 
post-depositional process (refer with Evans and Donahue 2005). For the non-archaeologi-
cal specimens, the ablation was carried out on the surface selected away from any exibiting 
iron (Fe) enriched compounds. K_4 specimen was also ablated within the area enriched 
in Fe compounds. An exemplary ablated area is given in Fig. 3.

SEM-EDS
The SEM imaging was performed using a scaninnig electron microscope LEO 1430VP 
(Zeiss). Surface observations were carried out by means of a BSE detector with 28kV 
accelerating voltage and environmental vacuum mode (the chamber pressure of 50Pa). 
X-ray microanalyses were conducted using an EDS spectrometer Quantax 200 with XFlash 
4010 detector (Bruker AXS) coupled with the scaninnig electron microscope LEO 1430VP 
(Zeiss). The EDS investigations were performed in semi-quantitative, surface and stan-
dardless mode completed by non-conducting material imaging using a BSE detector with 
pressure of 50Pa. The SEM-EDS was applied in order to achieve a chemical profile of the 
matrices and enriched areas (EA) including elemental mapping images.

RESULTS

The use-wear analysis results are in accordance with preliminary macroscopic observations 
indicating an absence of use-wear traces on the K_3-K_6 specimens. For the working 
edges of the functional tools (K_1 and K_2) the presence of a polish has been recognized. 
Due to a use-wear profile of the traces left on the functional tools, it is highly likely that 
both the K_1 and the K_2 were used to scrape an abrasive material (Małecka-Kukawka 
2011: 139–147).

A polish present on the K_2 surface is indicative of a long-term use having been 
arranged along a working edge with smooth and greasy texture and with noticeable parallel 
strations (Fig. 4e–h). Unlike the well-formed K_2 polish, the one present on the working 
edges of K_1 exhibits a rough and greasy texture and no visible strations (Fig. 4a–d; see 
also van Gijn 1989) and therefore may reflect a short-term use of the tool.

Analytical areas for laser ablation and SEM-EDS investigations were selected based 
on the use-wear analysis results. Elemental mapping images for aluminum (Al), silicon 
(Si) and Fe distribution were obtained during the SEM research (Fig. 5).

The EDS investigations were performed in three analytical areas: (1) non-ablated silica 
matrix, (2) ablated silica matrix and (3) non-ablated enriched area and also for K_4 only 
in ablated enriched area. The resulting elemental weight fractions, excluding carbon (C), 
were converted to the corresponding oxide weight fractions and normalized to 100 (refer 
with Tab. 2).
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Fig. 4. The optical images of samples K_1 (a–d) and K_2 (e–h) working edges with a visible initial 
polish (a–d) and well-formed polish (e, g) with the noticeable parallel strations (f, h).  

Photo: J. Małecka-Kukawka and Ł. Kowalski.

Fig. 5. The SEM images of the EA for the selected tools with the corresponding  
elemental mapping images. Photo: G. Szczepańska and Ł. Kowalski.
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To verify either an anthropogenic and non-anthropogenic origin for the enriched areas 
(EA), the data-set was standarized and statistically evaluated using discriminant analysis 
(DA). The data were categorized into three sets: (1) non-ablated silica matrix, (2) ablated 
silica matrix and (3) non-ablated enriched area (refer with Tab. 3). Since it is probable 
that contamination during curation was responsible for carbon (C) weight fractions pres-
ence (attaching the tools with a measuring table using a carbon tape or the presence of 
an egzogenic, organic surface impurities), they were not included in the DA model. The 
weights fractions below a detection limit (DL) were replaced by a value equal to its half 
(½ DL=0,05 wt%).

The results showed a very clear (ΛW= 0,0000000) intergroup diversity within the silica 
matrices (Fig. 6a). With an exception of the K_3, K_4 and K_6, no significant differences 
were found between the non-ablated matrices and those ablated. A discrimination of the 
matrices of these three artifacts was made by the first and second canonical roots which 
are both correlated with MgO and P2O5 (refer with Tab. 3).

Fig. 6. The DA projections of the analythical areas: (a) the non-ablated and the ablated silica matrices 
on a root-plane 1–3; (b) the K_1–4 EA on a root-plane 1–2; (c) the silica matrices and the EA on a root-

plane 1–3; (d) the silica matrices and the EA on a root-plane 1–8. Graphic design: Ł. Kowalski.
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Given that the presence of the enriched areas (EA) on the K_5 and K_6 surfaces was 
not recognized by SEM-EDS (refer with Tab. 2) they were not included in the final DA 
model dedicated exclusively to EA. We found that the EA intergroup discrimination was 
of a high diversity (ΛW= 0,0000001). K_1 and K_2 were agglomerating together and were 
separated from the K_3 and K_4 (Fig. 6b). Such a discrimination was made by positive 
(K_1 and K_2) and negative (K_3 and K_4) values of the first canonical root which is 
positively correlated with P2O5 and MnO (Tab. 3).

For all analytical areas, the DA results showed a very clear intergroup diversity 
(ΛW=0,0000000). The K_1 and K_2 were agglomerating together nearby the K_3 and K_4. 
The enriched areas (EA) and the silica matrices areas (M) were separated from each other by 
negative (EA) and positive (M) values of the first canonical root (Fig. 6c). It is negatively 
correlated with Fe2O3  and positively with SiO2  (refer with Tab. 3). The major contribution in 
the EA intergroup discrimination was made by the third canonacal root which is positively 
correlated with Fe2O3 and negatively with P2O5 and Al2O3 (refer with Tab. 3). Having been 
positively correlated with Fe2O3, MnO and MgO (refer with Tab. 3) the eighth canonical 
root generated an intragroup discriminant space for the K_1 and K_2 (Fig. 6d).

Normalized oxide weight fractions (=quantitative variables) were standarized and 
evaluated with a cluster analysis (CA) using Ward’s linkage and Czebyshev’s distance 
(Fig. 7a). The resulting distance matrix was used to perform multidimensional scaling 
(MDS). By means of the MDS a scatter plot bringing all the quantitative variables into 
relationship was generated (Fig. 7 b).

The results were used to plot the enriched areas (EA) on the ternary diagrams including 
the following scatter triads: CaO, P2O5, MnO and CaO, MgO, K2O both with respect 
to Fe2O3 content. The oxide weight fractions were ranged in the range of <0, 1>. Due to 
P2O5 and MnO the first ternary scatter plot kept the K_1 and K_2 separate from the K_3 
and K_4 (Fig. 7c). It was also found that contributions to the discrimination model was 
made by CaO and K2O (Fig. 7d).

DISCUSSION

No significant qualitative differences were found between the chemical profiles of the non-
ablated matrices and those ablated. Such an assumption however is not applicable to K_3 
and K_4 since it was established that the differences recognized here are of a qualitative 
nature (presence of MgO and K2O in the ablated matrices respectively). A tendency of 
decreasing carbon (C) amounts in the ablated matrices of  the K_1, K_2, K_5 and K_6 
and increasing in the K_3 and K_4 is quite noticeable. In K_3 and K_4, the increasing 
carbon could be due to its endogenic nature (=an accessory component) and it may be 
found in even-aged (syngenetic) growth of raw flint surrounded by organic silica (Bolewski 
and Parachoniak 1982: 322; Ryka and Maliszewska 1982: 171). The results are in accordance 
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with a tendency of K2O and CaO to increase in these areas (= inclusions; Fig. 7a, b and 
d). For the rest of the samples, an increased carbon amount is probably of the egzogenic 
nature and thus may be seen as brought by anthropogenic (prehistoric or modern usage) or 
non-anthropogenic (epigenetic or post-depositional process) factors (refer with Anderson-
Gerfaud 1984 and see also van Gijn 1989).

Presence of the enriched areas (EA) has not been recognized for the K_5 and K_6 
samples during the SEM-EDS investigations. It is also not possible in the current study 
to indicate significant qualitative differences between the chemical profiles of the non-
ablated matrices and those ablated. Nevertheless, the presence of such areas has been 
confirmed by the macroscopic observations (Fig. 5i–l). On the basis of the findings it is 
higly likely that these areas should be treated as natural inclusions in the silica matrices. 
The observation is analogous to the one from the K_3 and K_4. Since no significant dif-

Fig. 7. (a) A dendrogram clustering the quantitative variables with Ward’s linkage and Czebyshev’s  
distance; (b) a scatter-plot for the quantitative variables on a 1–2 dimension-plane according to the 
MDS; (c) a ternary scatter plot for the EA on a CaO-P2O5-MnO plane and (d) CaO-MgO-K2O 
plane both with Fe2O3 content given as a linear function of corresponding oxides weight fractions.  

Graphic design: Ł. Kowalski.
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ferences were found between the chemical profiles of the K_4 non-ablated or the ablated 
EA, it is most probable that this area is not of a residual but inclusion nature. Having 
been not arranged linearly, neither increase on the edges nor in the microdepressions the 
distribution of Fe on the K_4 surface (Fig. 5i and l) supports such an assumption. By 
means of the similarity analysis it is likely to be a chemical profile matching between the 
K_3 and K_4 EA allowing us to treat them both as inclusions.

It is noticeable that Al2O3 decreases in the ablated matrices of the K_5 and K_6. For 
the rest samples, Al2O3 is tend to increase, both in ablated matrices and the enriched areas 
(EA). The presence of phosphorus (P) in the K_3 and K_4 enriched areas may therefore 
be a consequence of P-Fe-Al mineral inclusions, such as vivianite or glauconite (Ryka 
and Maliszewska 1982: 171–172; Brzeziński et al., 1983: 278; Sapek 2014: 86; Stolarczyk 
and Drewnik 2014: 58).

With a major contribution made by MnO and P2O5 a significant discrimination of 
the K_1 and K_2 enriched areas (EA) has been established (Fig. 6b–d and Fig. 7c and 
d). Having increased Al2O3 together with a presence of MgO the K_1 and K_2 EA are 
even more likely to be of a none genetic connection with the silica matrices. Such a con-
clusion is also supported by the MDS results indicating a Fe2O3 and MnO co-variance 
(Fig. 7a and b). Given that iron (Fe) has a lower redox potential than manganese (Mn) 
and phosphorus (P), which means that P and Mn are more stable than Fe under the 
same physicochemical conditions (Sadowski 1997: 760; Evans and Donahue 2005: 1739) 
and also that phosphorus tends to accumulate in the high-Fe genetic levels (Sapek 2014: 
87), it must be recognized that residues present on the K_1 and K_2 had already been 
phosphorus-free originally and should be therefore treated as anthropogenic in nature. 
The results generated by use-wear analysis are crucial indicating that the residues are pre-
sent on areas just adjacent to the use-worn zone (smoothest) and tend to be located in 
microdepressions of the microstructures (Fig. 4 and Fig. 5). Such a localization indicates 
the residues are not epipgenic nor are a result of post-depositional soil deposits (refer with 
Anderson-Gerfaud 1984).

Due to the chemical profile of the residues preserved on the K_1 and K_2 it is highly 
likely that they represent an ochre-type material (=red ore, i.e. hematite and limonite 
gravel). As we know, ochre is a limonite rock containing some impurities including (1) 
clay minerals (SiO2, Al2O3 and MgO presence in the EA), (2) fine-grained quartz (SiO2 
presence in the EA) and (3) organic remains (enhancement of C in the EA). Importantly, 
goethite is the main component of the limonite and theoretically contains about 63 wt% 
of Fe (more than 40 wt% amount of Fe2O3 in the EA) with up to 5 wt% of Mn (MnO 
presence in the EA) and mechanical SiO2 (SiO2 presence in the EA; Bolewski and Para-
choniak 1982: 331–333; Bolewski and Manecki 1993: 180–183 and see also Hensel 2011). The 
strong probability that the material identified is ochre accords with the results of use-wear 
analysis indicating that the use-wear traces were left by the prehistoric people who worked 
the abrasive ochre-type material (Fig. 4).
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FINAL REMARKS

An integrated, multidisciplinary approach used in this study allowed direct identification 
of the use-wear traces and residues accumulated on a sample of functional tools collected 
from the Sąspów and Wierzbica ‘Zele’ flint mines sites. Although the SEM-EDS is a semi-
quantitative analytical method, by applicating both the use-wear analysis and similarity 
analysis we were able to fingerprint the anthropogenic nature of the residues preserved 
on two of the functional tools analyzed.
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The Lublin-Volhynian culture retouched 
blade daggers in light of usewear analysis 
of artefacts from burials at site 2 
in Książnice, Poland

Stanisław Wilka and Bernadeta Kufel-Diakowskab

The Lublin-Volhynian culture retouched blade daggers are unique forms of flint tools in the 
Eneolithic in Poland. They are most often found in male graves, around the chest or skull, as 
signs of prestige and high status of men possessing them. Anna Zakościelna also suggested that 
such kind of tools did not served utilitarian function. Contrary to prevailing opinion usewear 
analyses of retouched blade daggers from the Lublin-Volhynian culture burial ground site 2 in 
Książnice, Busko Zdrój district, showed that they bear intense and various traces of use. 

KEY-WORDS: Lublin-Volhynian culture, Eneolithic, retouched blade daggers, usewear 
analyses, Książnice

INTRODUCTION

The Lublin-Volhynian culture retouched blade daggers are unique forms of flint tools 
in the Eneolithic in Poland. Their large size and the extreme precision evident in their 
manufacturing reflects on their function.

The majority of retouched blade daggers from well-defined archaeological context 
come from burial grounds. They typically occur as grave goods of adult men, very 
rarely of women (grave 1 from Gozdów, Hrubieszów district, Zakościelna and Prusicka-
Kołcon 2006). Due to the fact that they occur most often around chest or skull, and 
less frequently near the waist, it has been assumed that they were worn around the 
neck in life and deposited in the same way with the dead in their graves. This supports 
the assumption of their symbolic meaning as a visible sign of prestige.

The subject of the retouched blade daggers in the Lublin-Volhynian culture 
was discussed in detail by Anna Zakościelna (2008). In her text, the author 
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presented the technology and raw material characteristics of the type of arte-
facts in question along with their find context and advanced the hypothesis 
that retouched blade daggers were ‘signs of high status of men possessing them’ 
(Zakościelna 2008: 542). Searching for the origins of such treatment of macro-
lithic flint products, she presented numerous examples from the Balkan Penin-
sula and the Carpathian Basin, where within the Varna, the Tiszapolgar and the 
Bodrogkeresztur cultures, long blades were found in graves primarily of adult 
men (Zakościelna 2008: 542-543).

Theses presented in the aforementioned article were repeated in the mono-
graph on the Lublin-Volhynian culture burial rites published two years later 
(Zakościelna 2010). Stressing that these blade daggers carried more than economic 
function, the author pointed out that, apart from retouched blades from grave VI 
on site 1C in Gródek nad Bugiem, Hrubieszów district, and from grave No. 1 on 
site 3 in Tyszowce, Tomaszów Lubelski district, the remaining 11 specimens did 
not bear any macroscopically perceptible traces of wear (Zakościelna 2010: 142).

An occasion to independently evaluate Zakościelna’s thesis comes from use 
wear analysis research on flint artefacts from the Lublin-Volhynian culture burial 
ground site 2 in Książnice carried out by Bernadeta Kufel-Diakowska1.

Site 2 in Książnice (Busko-Zdrój district, Świętokrzyskie Voivodeship) is 
located on top of a small hill (200.15 m above sea level) at the eastern end of 
Pińczów Hummock (AZP 95-67: 100). During systematic excavations carried 
out since 2001 a sepulchral-settlement complex dating from the Neolithic and 
the Early Bronze Age was discovered. One of its most important elements is the 
Lublin-Volhynian culture burial ground consisting of 17 graves which is, to date, 
the largest cemetery known for this culture (Wilk 2014).

The burial ground consists of two sepulchral fields located about a dozen 
metres apart. The ‘eastern’ field is divided into male and female parts, and it 
contains eight burials of the local elite members. The western field contains 
eight graves, which are poorer in grave goods, and mixed in terms of sex of the 
deceased. Among them is grave no. 17 discovered in 2014, perhaps playing the 
role of central burial within the entire cemetery. In addition, in the burial ground 
three completely destroyed graves were recorded, from which only individual 
vessels survived (Fig. 1).

1  The usewear analysis was carried out in the Laboratory for Archaeological Conservation and 
Archaeometry in the Institute of Archaeology University of Wrocław, with the use of stereomicroscope 
Olympus SZX9 (up to 114×) and metallographic microscope Nikon ECLIPSE LV100 (50-500×).
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GRAVES DESCRIPTION

Grave 5 (feature 1/04) discovered in August 2004, in plan view had a form similar to 
a rectangular pit measuring 240 x 120 cm, oriented along the NS line. The north part 
of the pit was damaged by feature 5/04. At a depth of 50 cm a completely preserved 
skeleton of a man (senilis) approximately 60 years old (Wilk 2006) was found, arranged 
in contracted position on the right side with the skull at the south end of the grave pit. 
The grave assemblage consisted of three pottery vessels located in front of the skull and 
behind it a copper axe, 16 flint products, of which 11 were deposited in two clusters 
near the left pelvic plate. The retouched blade (Ks/k/15/1/04) was located on ribs of 
the upper part of the chest, under the left arm (Wilk 2006; Fig. 2a).

Grave 8 (feature 3/08) discovered in August 2008, in plan view had the form of an 
elongated rectangle oriented along the NS line, measuring 177 x 105 cm. The south 
part of the pit was damaged by a water pipe trench. At the depth of 55-60 cm the 
nearly complete skeleton of a woman (adultus) was found, arranged in contracted 
position on the left side and on the back with the skull at the south end of the grave 
pit  and lower limbs bent at an angle of approximately 90°. The grave assemblage 

Fig. 1. Layout of graves at the Lublin-Volhynian Culture cemetery at site 2 in Książnice, Busko-Zdrój 
district. Drawing: S. Wilk.
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Fig. 2. Książnice, Busko-Zdrój district. A – Grave No. 5, plan with grave goods, B – Grave No. 8, plan 
with grave goods. Drawing: S. Wilk.
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consisted of 10 copper wire ornaments deposited underneath the skull, on bones 
of both forearms, around the chest and on the pelvis; two pottery vessel fragments 
found within the water pipe trench, and two flint artefacts, one of which was found 
30 cm to the east of the chest. The retouched blade (Ks/k/12/08) was found next to 
the individual’s right foot in the north part of the pit (Wilk 2014; Fig. 2b). 

Grave 15 (feature 6/12) discovered in August 2012, in plan view had the form 
of an elongated rectangle oriented along the NS line, measuring 164 x 133 cm. The 
south part of the pit was damaged by feature 5/12. At the depth of 40-50 cm the 
remains of a very poorly preserved skeleton lacking the skull were found, arranged 
in contracted position on the right side and with lower limbs to the north. The age 
and sex of this individual could not be determined. Within the grave pit four flint 
artefacts were found, including two retouched blades (Ks/k/30/12 and Ks/k/31/12) 
located next to each other, one around chest of the deceased, the other one around 
the pelvis (Fig. 3a).

Grave 17 (feature 1/14) discovered in August 2014, had the form of an elongated 
rectangle oriented along the NS line, measuring 234 x 152 cm. At the depth of 
30-40 cm were found remains of an incomplete, poorly preserved skeleton, arranged 
in contracted position on the right side, with the skull at the south end of the grave 
pit and lower limbs to the north. As with Grave 15, the age and sex of this individual 
could not be determined. The grave assemblage consisted of three pottery vessels 
located in front of the face of the deceased, a copper earring discovered a few cen-
timetres below the skeleton in chest area, and six flint artefacts, including one Las 
Stocki type truncated blade discovered around the pelvis, while the other artifacts 
were found in the southwestern part of the grave. The retouched blade (Ks/k/20/14) 
was deposited around the chest (Fig. 3b).

Among the six retouched blades recovered from these graves (nos. 5, 15, and 
17), three can be initially classified as retouched blade daggers using Zakościelna’s 
(2008) definition, i.e. in addition to large size and shaping by fluted retouch, they 
were found around chest or skull. Slight doubts arise over the original location of 
the larger retouched blade from grave 15. While it is true that this tool was found 
on the chest, its position at the moment of discovery could be a result of postdepo-
sitional processes, because it lay very close to the unpreserved pelvic plate (where it 
originally could have been stored in a bag, similar to the retouched blade Ks/k/31/12). 
The fifth retouched blade was found between the woman’s feet (grave 8). However, 
rich grave goods accompanying women of high status prompted the authors to 
wonder whether the retouched blade found with the woman in grave 8 also was a 
sign of high prestige (as it was for men) or whether it may have been a utilitarian 
implement. The sixth artefact, which was not analysed, was found in grave 5. The 
dead was a man at age senilis. The retouched blade belonged to an assemblage of 10 
flint artefacts, found around the right pelvic plate (Wilk 2006).
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Fig.  3. Książnice, Busko-Zdrój district. A – Grave No. 15, plan with grave goods, B – Grave No.17, 
plan with grave goods. Drawing: S. Wilk.
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ANALYSIS

Technological and raw material characteristic of artefacts
The description of the first artefact, the retouched blade from grave 5, was previ-
ously made by Zakościelna (Fig. 4). This is the bilateral convergent retouched blade 
(170 x 31 x 11 mm) with fluted retouch, from 2/3 of the length passing to irregular 
scalar retouch and partially fine edge retouch. The proximal part of the artifact was 
thinned by alternating retouch: fluted on the negative face and fine edge on the posi-
tive face. Ridges are gently smoothed and polished. The artefact, made of Volhynian 
flint (Zakościelna 2006), has a prepared flat butt, and ‘spilled’ bulb and chips are 
perceptible under the butt’s edge. Both edges are gently bilaterally polished and the 
tip is slightly broken. 

The artefact from grave 8 is a partial retouched blade made of chocolate flint with 
a perforator-shaped tip (85 x 22 x 9 mm), made from the distal part of a broken blade 
(Fig. 7.1). The right side is shaped to the half of its length by scalar retouch, the left 
side by semi-abrupt retouch, as is the tip of the artefact. 

Two other artefacts come from grave 15; both of them are bilateral partial retouched 
blades but they differ in location of fluted retouch. The first one (128 x 32 x 8 mm), 
made of Volhynian flint, has the retouch on the distal part, and the butt portion was 
shaped as a blunt perforator by abrupt alternating retouch (Fig. 5). Its profile is slightly 
incurved and the tip is broken. The second specimen (113 x 23 x 9 mm), made of 
chocolate flint, shows fluted retouch along its proximal part and its tip is shaped as 
an end-scraper (Fig. 6). The artefact has prepared flat butt, clearly perceptible bulb 
and chips as well as a largely incurved profile. 

The last of the artefacts was discovered in grave 17 (Fig. 7.2). This is the bilateral 
partial retouched blade (147 x 38 x 10 mm) was made of chocolate flint with semi-
fluted retouch from 2/3 of the length of both edges. The artefact has prepared flat  
butt, ‘spilled’ bulb and chips as well as incurved profile. Its tip is slightly broken. 

The results of the usewear analysis
Four of five analysed artefacts are very complex in terms of microwear traces preserved 
on their edges and surfaces. The retouched blade from grave 5 bears traces which can 
be associated with at least two stages of tool use. On the larger part of the left edge 
and on a fragment of the right edge of the retouched blade are perceptible traces of 
intensive use, most likely caused by scraping leather or plant (Fig. 4A-C); locally they 
resemble traces of wood scraping. The handle could have been mounted laterally (see 
Skakun 2008: Fig. 5), or located in the distal part - on the ridge traces transverse in 
relation to the axis of the blade are perceptible. Subsequently the location of hafting 
was changed, which partially removed the traces of use in the proximal part of the 
artifact, and the surface around the scar was dulled. The tip is heavily rounded, and 
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Fig. 4. Książnice, Busko-Zdrój district. Retouched blade from grave No. 5: A-C usewear traces; D-F 
traces probably from contact with a sheath. Drawing: M. Szeliga. Photo: B. Kufel-Diakowska.
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Fig.  5. Książnice, Busko-Zdrój district. Retouched blade from grave No. 15: A-B, E usewear traces; 
C-D, F traces probably from contact with a sheath. Drawing: J. Libera. Photo: B. Kufel-Diakowska. 
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on both edges of this part of the tool – but only on the very edges and retouch eleva-
tions – perceptible parallel, bright polish, intersected by dark scratches can be seen 
(Fig. 4.D-F) which could result from repeated pulling and putting the tool in and out 
of a leather sheath (see Beugnier and Plisson 2000: Fig. 12C-D).

Fig. 6. Książnice, Busko-Zdrój district. Retouched blade from grave No. 15: A-B traces from contact 
with a sheath; C-D hafting traces? Drawing: J. Libera. Photo: B. Kufel-Diakowska.
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Similarly worn was one of retouched blades from grave 15, also made of Volhynian 
flint. The right edge of the tool was intensively used. Traces of working leather and/
or plant materials are perceptible on 2/3 of the edge’s length (Fig. 5A-B). At that time 
in its use history the handle could have been placed at the distal part, where the edge 

Fig. 7. Książnice, Busko-Zdrój district. 1 – retouched blade from grave No. 8: A-B usewear traces; C 
hafting traces? Drawing: S. Wilk. Photo: B. Kufel-Diakowska.; 2 – retouched blade from grave No. 17. 

Drawing: B. Kufel-Diakowska.
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is chipped in many places, or at the left edge. The proximal part, shaped as a blunt 
perforator, bears traces of working hard mineral material (perhaps indicating fire 
production?; Fig. 5E; see Stapert and Johansen 1999: Figure 2). At some stage of the 
tool’s use its proximal part was probably hafted, where the ridge is heavily rounded. 
In the distal part, on a fragment of the right edge and larger part of the left edge as 
well as on the ridge visible plant-like or leather-like polish was observed parallel to 
the tool axis (Fig. 5D, F), and the broken tip itself is heavily rounded (Fig. 5C). These 
traces could have been produced as a result of contact with organic sheath. It cannot 
be excluded that the left edge also had a utilitarian function because perpendicular 
and parallel traces indicative of working leather or plants were observed.

The second retouched blade from grave 15 is made on a largely incurved blade. Its 
tip, shaped as an end-scraper, bears no traces of use. On both edges parallel traces and 
polish indicate contact with leather or plant material (perhaps a sheath?; Fig. 6A-B). 
On the left edge both parallel and perpendicular striations occur, so it is difficult to 
identify which part could have been hafted (Fig. 6C). Most likely, the distal part was 
passive, because ridges in this area are heavily rounded and matte (Fig. 6D).

The microwear traces on the retouched blade discovered in grave 8 are not as 
distinct as observed on previously described three artefacts. The tip of this artifact, 
shaped as a perforator, bears no traces of use, and is only slightly rubbed. At this part 
of the tool there are bright spots of extensive distribution, although their origins are 
not clear (Fig. 7C). Traces of working soft materials were recorded on the left edge 
(Fig. 7A-B). A part of the right edge or the perforator-shaped distal part could have 
been hafted, because of the presence of the extensive bright spot. In addition, on small 
fragments of both edges, opposite each other, there are perceptible perpendicular 
traces and slight rounding.

The artefact from grave 17 is almost completely preserved, with secondary chip-
pings evident on its unretouched part (Fig. 7: 2). The retouched blade bears no traces 
of use or other marks indicating that it was hafted or was kept in a sheath. Fragments 
of retouched edges are slightly rounded. Perhaps the proximal part of the tool was 
wrapped in a soft material, e.g. leather straps .

Despite the small number of analysed artefacts there are perceptible differences in 
state of their preservation, which is related to the length of use and the circulation of 
tools. Two of five specimens, both made of Volhynian flint analysed (graves 5 and 15) 
show very extreme microwear traces on their edges and surfaces, resulting from pro-
longed or intense use. These are both traces of use, in this case working leather and/or 
plants, probably fire production, as well as traces of contact with organic sheaths. The 
latter one is difficult to separate from traces of use, but limited distribution of polish 
on similar tools is emphasized (van Gijn 2010: 145-148; Grużdź et al., 2015: 125-128). 

The retouched blades made of chocolate flint are damaged in different ways. The 
microwear traces on the specimen with an end-scraper tip (grave 15) indicate contact 
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with plant material or leather, possibly the result from use of the tool or from keeping 
it in a sheath. Another retouched blade discovered in man’s grave 17 was probably 
made shortly before grave deposition, although we do not know with what inten-
tion. Regardless of whether it had a utilitarian or prestige role, it was very likely not 
made during the life of the man with whom the artefact was discovered, but after his 
death because it bears no traces of use, hafting or sheath. The artefact from woman’s 
grave 8 differs from the others both in terms of form, as well as location in the grave. 
Differences are also perceptible in the manner of use of the tool and evidence for 
utilisation is not as obvious as in the case for other tools. This retouched blade could 
have served as the insert for a kind of general purpose tool.

Finally, it is worth noting that graves containing retouched blade daggers 
occurred in both in the eastern (the elite) part of sepulchral fields (grave 5), and 
in the central grave (17), between the eastern and the western (the poorer) part of 
sepulchral fields.

DISCUSSION

Of the five analysed flint artifacts, a techno-social definition of retouched blade 
daggers applies to only two: Ks/k/15/1/04 from grave 5 and Ks/k/20/14 from 
grave 17. The flint artifact from grave 12 (Ks/k/30/12), despite conforming to the 
technological definition of a retouched blade dagger, was not clearly associated 
enough with the burial to treat it in a similar way to artifacts from graves 5 and 17.

Results of the analysis of retouched blade daggers from Książnice provide an 
alternate perspective from which to approach the question of classification of 
wealth of graves containing these specimens. In the hierarchy of burial wealth in 
the Lublin-Volhynian culture retouched blade daggers appear both in rich and the 
richest graves, as well as in fairly rich and poor graves. Grave VI from site 1C in 
Gródek nad Bugiem scored 30 points (poor), grave 1 from site 3 in Tyszowce - 48 
points (fairly rich), grave 4 from site Strzyżów - 26 - 75 points (rich), and grave 
101 from site Grodzisko II in Złota as many as 336 points (the richest - off the 
scale; Zakościelna 2010: Table 47; therein also are the rules of evaluation and scor-
ing). Grave 5 from Książnice was also included in the aforementioned hierarchy. 
It received 84 points and was listed as a class of very rich graves. Grave 17 would 
receive 39 points (poor). 

If we accept that retouched blade daggers were symbols of a privileged social 
status of men who wore them, it is not necessarily the case that status was always 
expressed in a wealth of a grave. We can suppose that people who played important 
social roles in the Lublin-Volhynian culture may not have been assigned exclusively 
as either rich or poor representatives of the society. 
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CONCLUSIONS

Based on the usewear analysis we conclude that most of the retouched blades examined 
played utilitarian roles and were intensively used. The long-term use applies mainly 
the retouched blade-daggers, especially those made from Volhynian flint. It should 
be noted that these artefacts likely were multi-purpose, so a specific function cannot 
be attributed to them. Similar artifacts, discovered in regions distant from sources 
of raw materials, are also heavily worn in many different ways (Beugnier and Plisson 
2000). The presence of traces of an intense use of the retouched blades from Książnice, 
as well as traces of other activities which might be of more than utilitarian nature, 
indicates that the long-term circulation carried both an economic and a symbolic sig-
nificance. It is also worth noting the manner of the retouched blades’ use – according 
to Beugnier and Plisson (2000) reflecting male activities. Microwear traces indicate 
contact with only certain raw materials, such as plant or leather, and mineral in one 
case. By contrast, the tool made of chocolate flint found in a woman’s grave does not 
belong to this group. It bears traces of use as a knife’s insert, laterally or apically hafted. 
Similarly worn flint artefacts were deposited in women’s graves discovered in a burial 
ground in Domasław (Kufel-Diakowska et al., 2016).

Finally, it is worth noting that graves containing retouched blade daggers occurred 
in both in the eastern (the elite) part of sepulchral fields (grave 5), and in the central 
grave (17), between the eastern and the western (the poorer) part of sepulchral fields.

Since only one of the graves (no. 8) has been radiocarbon dated at the present time 
we cannot address the chronological range and the duration of use of the sepulchral 
complex of the Lublin-Volhynian culture at Książnice. Whether these two grave con-
taining the prestige flint artefacts are contemporary or whether they represent two 
different chronological phases of the burial ground remains an open question. 
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Early Neolithic flint mining  
at Södra Sallerup, Scania, Sweden

Åsa Berggrena, Anders Högbergb, Deborah Olaussonc  
and Elisabeth Rudebeckd

The area around the villages of Kvarnby and Södra Sallerup in south-west Scania is the only 
known flint-mining site in Sweden. Radiocarbon dates show that the flint was mined mainly 
during the earliest phase of the Early Neolithic, between c. 4000 and 3600 BC, thus coinciding 
with the earliest evidence of the Funnel Beaker Culture in the region. The type of flint, the size 
of the flint nodules, production debris in the mining area and the concentration of point-butted 
axes to south-west Scania all suggest that the mining was related to the extraction of flint for the 
production of point-butted axes. However, considering the abundance of easily available flint 
elsewhere in the region, it seems clear that the mining was not motivated purely by economic 
reasons. We suggest that the very extraction of flint from pits and shafts in the chalk was socially 
and symbolically significant in itself.

KEY-WORDS: Early Neolithic, flint mining, southern Sweden, point-butted axes

INTRODUCTION AND HISTORY OF RESEARCH

The area around the villages of Kvarnby and Södra Sallerup, located two kilometres apart 
and about ten kilometres east of the city of Malmö in south-west Scania (Fig. 1a), is the 
only known location of prehistoric flint-mining in Sweden (Olausson et al., 1980). It 
was in connection with chalk quarrying that the flint mines were first discovered in 1904 
(Holst 1906). This led to a limited number of excavations during the first part of the 20th 
century (Schnittger 1910; Althin 1951). During the latter part of the 20th century the area 
experienced escalating rescue archaeological activity and systematic documentation and 
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excavation of prehistoric mining areas was initiated in the late 1960s (Salomonsson 1971: 
127–129). Archaeological excavations took place almost every year between 1977 and 1998 
in the Södra Sallerup area (Fig. 1b), instigated by threats from chalk quarrying (Olausson 
et al., 1980; Rudebeck 1986, 1987, 1994, 1998; Nielsen and Rudebeck 1991), excavations for 
gas pipelines, the building of local roads (Rosberg and Sarnäs 1996), and highway con-
struction for the Öresund Fixed Link (e.g. Nilsson and Onsten-Molander 2004; Kishonti 
2006). In addition to the flint mines, substantial settlement remains from all periods from 
the Early Neolithic to the Medieval Period have been documented, indicating continuous 
human settlement in the area. Chalk quarrying operations ceased in 1998 but the city of 
Malmö continues to grow and the most recent excavation was performed in 2014, due to 
a building project on the estate Pilbladet (marked with P in Fig. 1b; Berggren, in prep.). 

Fig. 1. (a) The location of the flint mine area of Södra Sallerup in Scania in Southern Sweden. (b) The 
archaeologically excavated areas are marked with the year of excavation. The most recent area excavated, 
Pilbladet, is marked with P. The numbers 1–16 indicate dated flint mines and other features from exca-
vated areas around Pilbladet, corresponding to the dates with the same numbers in Fig. 6. Illustration: 

Map by Elisabeth Rudebeck, revised by Anders Gutehall and Joakim Frejd, Sydsvensk Arkeologi.  
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No synthesis on the Early Neolithic flint mining in the area is presently available. 
However Rudebeck will commence work with a comprehensive synthesis of evidence 
from all excavations in the Södra Sallerup area in 2016.

Rough estimates show that the flint mining areas documented since 1977 in the 
Södra Sallerup area covered c. 215,000 sq m (shown in Fig. 1b), with an additional c. 
200,000 sq m removed by chalk quarrying in the whole Kvarnby – Södra Sallerup 
area prior to 1977 without previous archaeological investigation (Rudebeck 1994). 
This destruction was the reason for the Swedish National Heritage Board’s decision 
in the early 1980s to protect an area with about 400 flint mines from future land 
development. As the area had been stripped of topsoil, it was possible to document 
the mines by aerial photography and mapping and to excavate a few mines and flint 
knapping floors (the north-eastern mining area in Fig. 1b; cf. Fig. 2a; Rudebeck 1987, 
1994; Högberg et al., 2001). The methods used for documentation of the flint mining 
areas have changed profoundly between the 1970s and the present; the most recent 
ones are illustrated in Fig. 2b.1

1  In order to evaluate these methods, a research project will be conducted in 2015–2016 (by Åsa Berggren 
and Anders Gutehall, Sydsvensk Arkeologi).

Fig. 2a. Aerial photo of uncovered flint mines in the north-eastern part of Södra Sallerup, 1982. These 
mines were documented, but not excavated and are now protected by the Swedish National Heritage 

Board. Photo: Lena Wilhelmsson, Malmö museer.
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GEOLOGY AND ITS EFFECT ON MINING ACTIVITIES 

Visual and geochemical provenience analyses show that flint from the chalk at Södra 
Sallerup is comparable to Senonian flint of Maastrichtian age from geological depos-
its in eastern Denmark and northern Jutland (Högberg and Olausson 2007; Hughes 
et al., 2012). However, the geology of Södra Sallerup is different compared to other 
north European flint mining sites (e.g. Allard et al., 2008). The chalk is not in situ; 
rather, the enormous chalk slabs were transported by glacial movement, deposited 
at the site as the ice melted, and subsequently covered by glacial till (Ringberg 1980). 
This affected prehistoric flint mining in three main ways: 1) the chalk is not solid 
and therefore it was not possible to dig horizontal galleries, but only minor exten-
sions into the chalk (Fig. 3); 2) the flint nodules are unevenly distributed in the 
chalk, making it difficult to predict the yield; 3) the glacial till is rich in secondary 
flint (especially from Maastrichtian and Danian periods) which also was exploited 
by prehistoric people. 

Fig. 2b. During the most recent excavation in 2014 at Pilbladet, a combination of methods was used 
to document the flint mines in plan, such as hand drawing, digital planning with GPS and ortho-

photography. The combined result of these documentation methods is shown here. The flint mines 
were confined to the western part of the excavated area, while the eastern part contained other types of 

features. Figure: Åsa Berggren and Anders Gutehall, Sydsvensk Arkeologi.
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MINING METHODS AND TOOLS

The depth of flint extraction pits varies from one meter to about seven metres, 
depending on the thickness of the overlying clayey till and the occurrence of occa-
sional intermixing layers of sand and gravel (Fig. 3 and 4). Pit diameter varies from 
one and a half to six metres. The shallow pits were often dug in direct proximity to 
each other, allowing deposition of the clay and chalk in the neighbouring exhausted 
pits. This open-cast mining created large areas, typically where the chalk was close to 
the surface, where the surface was entirely excavated. The deeper pits – often located 
at the periphery of open-cast areas where the chalk was more deeply buried – were 
probably also refilled soon after flint extraction was completed (Rudebeck 1987: 153). 
This is indicated by the fact that the fill in the lower parts of the deeper pits usually 
consists of almost pure chalk, indicating that each pit was refilled with the extracted 
material and not with material from adjacent pits. However, substantial volumes of 
clay and chalk must have been left on the surface because of the inevitable ‘expan-
sion’ of the material removed. Therefore, the mines would have been surrounded by 
spoil heaps that subsequently became overgrown by vegetation and the landscape 
would have been characterised by a very uneven surface long after flint extraction 
had been discontinued. 

Fig. 3. A generalised sketch of the various types of flint mines at Södra Sallerup. The shallow open-cast 
pit type is shown to the left, the medium-sized type in the middle and the deeper mine shaft type to 

the right. Illustration: Elisabeth Rudebeck, Sydsvensk Arkeologi.
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The tools associated with the flint extraction are roughly-shaped flint picks, 
red deer antler picks (Fig. 5), wooden wedges and composite tools made from 
wooden handles, antler sockets, and pointed flint picks (Rudebeck 1986; Nielsen 
and Rudebeck 1991). Scapulae of red deer and cattle were used as shovels. Holes 
in the chalk walls of mines have been interpreted as the remains of structures of 
wood, such as ladders and platforms (Olausson et al., 1980: 193; Rudebeck 1986: 8). 

THE CHRONOLOGY AND STRUCTURE OF MINING ACTIVITIES

The dating of the flint mining activity was a matter of debate until the first radio-
carbon dates of charcoal from pit contents excavated in the late 1960s and the 1970s 
showed mainly Early Neolithic dates, coinciding with the appearance of the Funnel 
Beaker Culture in the region (c. 4000–3600 BC), but also dates to the Middle Neo-
lithic (Nielsen and Rudebeck 1991). In addition, a few tools and some flint knapping 
debris interpreted as dating to the Late Mesolithic indicate that flint extraction may 
have occurred prior to the Early Neolithic (Nilsson and Onsten-Molander 2004: 
48f, 70ff). However, subsequent radiocarbon dating, in particular extensive sampling 

Fig. 4. A flint mine during excavation in 2014. The large pit is half-sectioned using a mechanical 
excavator. Photo: Åsa Berggren, Sydsvensk Arkeologi. 
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from the recent excavation at Pilbladet (indicated by P in Fig. 1b and 6), confirmed 
that the main period of flint extraction occurred during the earliest Early Neolithic.

The samples dated to the Early Neolithic were taken both from the lower fill 
in flint mines, from open-cast pits and from other features such as hearths and 
pits, thus dating the flint extraction itself as well as other contemporary activi-
ties (Fig. 1b and 6). The dated material is mainly charcoal and hazelnuts, but 
also human bone from a burial in one mine (Lu-3652) and emmer wheat from a 
pit (Ua-50414). Equally early radiocarbon dates have been obtained from a flint 
mine in the Kvarnby area, one kilometre south-west of Södra Sallerup, indicating 
that flint extraction was taking place simultaneously over a larger area (Rudebeck 
1994: 12).

Fig. 5. A red deer antler pick in situ in a flint mine excavated in 1978.  
Photo: Ulf Säfvestad, Malmö museer.
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Based on calculations of the density of mines in the archaeologically documented 
areas and the extent of old chalk quarries, it has been estimated that there may origi-
nally have been thousands of mining pits in the Södra Sallerup area, probably 7000 or 
more (Nielsen and Rudebeck 1991: 67). Assuming that most mines were dug during 
the main phase of mining activity, a rough calculation is that 17–18 mines may have 
been dug every year (7000/400=17.5). However, it is likely that the intensity of mining 
varied within the time span of the 400 years of the Early Neolithic.

The interpretation of the spatio-temporal patterns in the mining area is inevitably 
biased by the fact that 68 % of the dates are from the most recent excavation at Pil-
bladet (Fig. 1b and 6), which constitutes a mere two percent of the documented area in 
Södra Sallerup. Taking this into account, the dates obtained from other mines in the 
area still indicate that the earliest extraction activities were simultaneously in progress 
at several places, or at close time intervals. Hence, it seems likely that flint mining 
activity was not initiated in just one place and fanned out from there over time, but 
rather that it was going on simultaneously over the entire area. The fact that the dates 
from adjacent pits may be separated by a couple of hundred years suggests that the 
flint miners probably returned to, or kept working in, certain areas. The dates also 
indicate that open-cast mining in shallow pits and mining in deep shafts occurred 
simultaneously from the very beginning. The patterning indicates that the mining 
operations were not subsumed under a central authority.

PRODUCTION 

The flint in the chalk at Södra Sallerup was attractive for the knapper because it is 
glassy and easily worked (Högberg and Olausson 2007: 88–91). The majority of the 
flakes bear cortex, signalling that early manufacturing stages were carried out in the 
mining area (Fig. 7). However, as would be expected at a production site, few blanks 
or completed pieces are present (Rudebeck 1986: 29–35; Nielsen and Rudebeck 1991: 
77). It is significant that the nodules available were not particularly large. Rudebeck 
(1998: 323–324) determined that only 10–15 % of the nodules from four test pits dug 
into the chalk were suitable in shape and size for the production of axe blades. 

Per Jansson’s analysis of debitage from two knapping floors in the preserved 
mining area revealed few flakes that were diagnostic of either of the two production 
schemes most common in the Neolithic: quadrifacial axehead production on the 

Fig. 6. Radiocarbon dates showing the main period of flint mining in the Södra Sallerup area. The 
radiocarbon dates numbered 1–16 are from mines and other features in various excavated areas at Södra 
Sallerup, corresponding to the same numbers in Fig. 1b. The majority of radiocarbon dates, marked 
with P, are taken from mines and other features at Pilbladet, marked with P in figure 1b. 
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Fig. 7. A selection of flint debris from a mine at Södra Sallerup is being sorted.  
Photo: Åsa Berggren, Sydsvensk Arkeologi.
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one hand, and bifacial production leading to sickles or daggers on the other. Instead, 
he proposed that point-butted flint axes were the production target (Jansson 1999). 
This is supported by the concentration of point-butted axes, particularly the earliest 
type (type 1), in southwestern Scania (Sørensen 2014: 162–175). However, the mined 
flint was also used in the mining area for the production of tools such as flake axes, 
borers, scrapers and transverse arrowheads (Olausson et al., 1980; Rudebeck 1986; 
Nielsen and Rudebeck 1991). 

Högberg showed that flint in the area was also used in the Late Bronze Age for 
the production of large blade knives. However, it has not been proven that the flint 
used for these knives was actually mined during the Late Bronze Age, rather than 
the alternative possibility of being acquired from Neolithic waste dumps (Högberg 
2009: 201–205).

MINERS’ CAMPS AND SETTLEMENTS

Traces of Early Neolithic huts and tents as well as hearths, pits and cultural layers 
in and around the flint mining area have been interpreted as settlements connected 
to the mining operations. The find material is rich and, in addition to flint tools 
of various types, Funnel Beaker Culture pottery occurs, mainly of the Oxie-type 
(Rudebeck 1986). There is also a sizeable collection of animal bones, revealing the 
presence of cattle, domestic pig, sheep, goat, and dog, but also wild species, notably 
red deer, and fish, mainly cod (Nilsson 1991). It is not clear whether these settle-
ments were short term and perhaps seasonal camps or whether they were more 
permanently inhabited. 

However, there is one site in the vicinity from which there is substantial evidence 
to indicate a direct link to the flint mining area. This is the contemporary gathering 
site of Almhov, located c. 11 kms south-west of Södra Sallerup, which was excavated 
in 2001–2003. From this site we have some of the earliest dates of cereals in southern 
Scandinavia (Gidlöf et al., 2006; Rudebeck 2010; Sørensen 2014: 74), and recent 
isotope analyses on cattle teeth from animals that have been indirectly dated to the 
same period indicate Early Neolithic dairying (Gron et al., 2015). 

Of the roughly 320 Early and Middle Neolithic features on the Almhov site, the 
majority were dated to the earliest phase of the Early Neolithic. Among these were 
long barrows and dolmens. The earliest features were c. 200 pits, many of which 
occurred in pairs, indicating specific norms for dwelling, pit use and waste deposition. 
Scattered cranial bones suggest that animal heads or crania were on display adjacent 
to the pits (Rudebeck and Macheridis 2015). 

The Early Neolithic features at Almhov contained 700 kg of worked flint, mainly 
Scandinavian Senonian flint, including point-butted axes, drills, scrapers, flake axes, 
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transverse arrowheads, blades and debitage from the manufacture of bifacial and 
quadrifacial objects. Forty point-butted axes, more or less fragmentary, were found, 
making this the largest known assemblage of this axe type at any one site in southern 
Scandinavia (Gidlöf et al., 2006; Rudebeck 2010). Many axes retain small patches 
of cortex, which could have been a means of demonstrating that the flint originated 
from mines rather than from till or beach deposits (cf. Rudebeck 1998). In conclu-
sion, the dates as well as the many similarities in the material suggests that the same 
people who extracted flint at Södra Sallerup also brought it to Almhov for the 
production of point-butted axes and other tools to be used and exchanged during 
seasonal gatherings (Rudebeck 2010). 

THE SOCIAL AND CULTURAL CONTEXT OF THE EARLY NEOLITHIC FLINT 
MINING AT SÖDRA SALLERUP

Members of Early Neolithic society had access to a vast variety of high quality flint 
types in the glacial till, on beaches and at stream banks in southern Sweden and 
eastern Denmark (Högberg and Olausson 2007: 54–62). In fact, there is evidence 
for extensive flint extraction and axe preform production at beach-ridges along the 
south-western coast of Sweden, and one of these sites is within an hours’ walk from 
Södra Sallerup (Högberg 2002). Hence, a shortage of high-quality flint was not the 
reason for digging through the till and chalk at Södra Sallerup (Högberg et al., 2001). 
It is more likely that motivations for the mining of flint in the early Funnel Beaker 
Culture context were social and symbolic as well as practical and economic. This is 
indicated by the links between the flint mines and the gathering site of Almhov as 
well as by the fact that the deposition of point-butted Senonian flint axes in wetland 
areas appears to have been particularly concentrated in southwestern Scania (Karsten 
1994: 54; Rudebeck 1998; Sørensen 2014: 162–175). Based on the overall similarities 
in the flint mining techniques within the Michelsberg Culture and the early Funnel 
Beaker Culture of southern Scandinavia, Lasse Sørensen has suggested that the practice 
of deep flint mining was introduced to Scandinavia in connection with the immigra-
tion of farmers from the Michelsberg Culture (Sørensen 2014: 174). Apart from flint 
mining techniques, further similarities between the earliest Funnel Beaker Culture 
(the Oxie-group) and the Michelsberg Culture include cereal types, domestic animal 
species, point-butted flint axes, pottery styles, the practice of displaying animal heads 
or crania on settlements and the building of long-barrows. However, there also are 
differences: e.g. bifacial arrowheads dominate in the Michelsberg Culture (although 
transverse arrowheads do occur), while transverse arrowheads (usually made from 
flakes) are characteristic of the Funnel Beaker Culture. This suggests that traditions 
from the Ertebølle Culture were an integral part of the early Funnel Beaker Culture in 
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southern Scandinavia. Whether this was due to cultural choices among immigrants, a 
result of the mixing of populations, or a continued tradition among local populations 
that otherwise adopted new customs, is an issue that remains to be explored.
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The use of erratic stone by the communities 
of the Linear Pottery culture: 
a view from the excavations in Kostomłoty, 
site 27, province of Lower Silesia1

Mirosław Furmaneka and Mirosław Masojćb

The settlement of the Linear Pottery culture population documented in Kostomłoty, Środa 
Śląska district, consisted of characteristic longhouses accompanied by various pits forming iso-
lated households. Seven such complexes were observed within the excavated area as well as a 
complex of spacious dug-out features differing from typical Linear Pottery culture pits. The 
analysis of the flintworking from this settlement provides new data on the function of this aspect 
of manufacturing and its context in the first farming communities in Silesia. The unusual char-
acter of flintworking in the settlement in Kostomłoty is attributed to being a probable result of 
the settlement’s marginal location in relation to the centre of Linear Pottery culture settlement.

KEY-WORDS: erratic stone, Linear Pottery culture, Lower Silesia

The multicultural site of Kostomłoty (no. 27), Środa Śląska district, is located in south-
western Poland at the fork of two small watercourses in a flat upland about 155-160 metres 
above sea level (see Figure 1). In the north and the west it borders on a denuded, undu-
lating upland 160-170 metres above sea level, while in the east and the south it borders 
on a denuded, hilly upland about 170-185 metres in elevation. The region is a part of the 
Sudetic block, which subsided when it was formed by the tectonic processes in the Ter-
tiary made of Old-Palaeozoic phyllite-schist and volcanic complex. During the Tertiary, 
sedimentation of predominantly argillaceous-sandy-dusty deposits occurred in the crevices, 
which appeared as a result of tectonic activity. The deposits include Miocene clays of the 
Poznan series as well as sands and gravel with kaolinite of the Gozdnica series. These are 
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covered by Quaternary deposits, which in this case are made of glacial clays, whose thick-
ness reaches 1 metre, accompanied by moraine pavements and fluvio-glacial sands and 
gravels. The top layer of the deposits is made up of rich dust formations with the admix-
ture of dispersed humus (0.2 – 1.5 m thick), which are loess clays heavily transformed 
by soil processes, as well as by the humus level of contemporary soil (Szynkiewicz 2003).

The site was discovered during the excavations carried out as part of the Polish Archaeo-
logical Record (AZP) project in 1995. In 2002, during archaeological supervision of repairs 
of the southern road of the A4 motorway, several objects connected with the Linear 
Pottery culture (LPC) settlement were discovered and explored in the vicinity of the site 
(Wojciechowski 2003) and, three years later during the repairs of the northern road of 
the motorway, the team responsible for the archaeological supervision decided to conduct 
rescue excavations in an area larger than previously anticipated. Ultimately, excavations 
were completed over an area of 314.45 ares (ca. 7.8 acres; Fig. 1), which yielded 823 unmov-

Figure 1. Map of location of LPC sites in south-western Poland (A) – the arrow marks site 27 
in Kostomłoty, Środa Śląska district, and location of the trench from 2005 (B).
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able objects diagnostic of six stages of the site’s settlement – the settlements from Linear 
Pottery culture, Unětice culture, Lusatian culture, and early Middle Ages. Evidence for 
settlement from the late Middle ages and the modern period also was discovered (Fur-
manek and Masojć 2011; Furmanek et al., 2014).

The settlement of the Linear Pottery culture is the oldest recorded during the excava-
tions (Fig. 2). Its building development consisted of characteristic longhouses accompa-
nied by various pits representing isolated households. Seven such complexes were recorded 
within the excavated area, including four which probably survived in a complete form 
(denoted with symbols KR1-7). No stratigraphic sequences were observed between them 
and their spatial arrangement has survived. It shows four rows of building developments 
located along the SW-NE axis, where the distances between individual households are 
very similar. The excavated portion of the settlement did not function in one period of 
time, and represents several consecutive construction phases. Individual households differ 
in many respects, which may prompt conclusions concerning the social organisation of 
the inhabitants. The houses have not survived in good condition; therefore it is not easy 
to determine their characteristic features, e.g. the length of some buildings.

Apart from the households a complex of spacious dug-out features differing from 
typical Linear Pottery culture pits was excavated in the area located between complexes 
KR1 and KR6. These features are typically irregular in projections and cross-sections, 
while their fills usually contain very few or are completely devoid of artefacts, although 
an impressive quantity of flint products was excavated from pit 265 in the southwestern 
part of the site. The complex’s pits form a concentration approximating the shape of a 
quadrangle, whose orientation is the same as that of the Linear Pottery culture buildings. 
The concentration’s southern boundary is distinctly marked, while the eastern and western 
are delimited by the farm objects of KR1 and KR6 households; the northern boundary 
is probably located outside the trench. The occurrence and arrangement of these objects 
most probably indicates an exploitation zone (denoted as KE), where local flint raw mate-
rial was acquired and exploited (Fig. 2).

In terms of its technological and stylistic qualities, the pottery found among the 
Linear Pottery culture objects is considerably homogenous. Its characteristic features 
indicate that the settlement’s chronology may be dated to the Šarka phase of Linear Pot-
tery culture, primarily its younger period. Analogous finds were recorded in a few similar 
settlements in Lower Silesia, mainly in the late stages of their functioning, e.g. Strachów, 
site 2, Wrocław district (complexes SR VIII – SR – X; Kulczycka-Leciejewiczowa 1997), 
Skoroszowice, Strzelin district (Wojciechowski 1981), Strzelin, site 16, Strzelin district 
(Wojciechowski and Cholewa 1995).

Samples of charcoal and animal bones from 11 pits were subjected to radiocarbon 
analysis to determine absolute dating of the remains of the Linear Pottery culture settle-
ment (Goslar 2006). Unfortunately, the dating attempted on animal bones was unsuc-
cessful due to a small amount of collagen. As a consequence only the results of two 
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radiocarbon dates on charcoals from 
objects 161 and 315 were available, indi-
cating that the settlement functioned in 
the two last centuries of the 6th millen-
nium BC (Poz-16018: 6110±40 BP; 1σ: 
5208-4942 BC; 2σ: 5201-4959 BC; Poz-
16022: 6160±40 BP; 1σ: 5217-5000 BC; 
2σ: 5207-5055 BC)2.

Nearly 500 flint artifacts were exca-
vated in 34 features of the Linear Pottery 
culture settlement (Table 1). Apart from 
them, outside the area occupied by the 
individual homesteads, a pit (no. 265) 
was excavated whose fill provided over 
7000 artefacts.

The collections from individual 
housholds differ in the number of 
excavated flint products. The greatest 
number (n= 238) was excavated in the 
features of complex KR1 bordering 
on the exploitation zone in the west. 
Considerably fewer artifacts (n=  80 
and n= 62 respectively) were recorded 
in complexes KR2 and KR3, and in 
the remaining households their num-
ber does not exceed 25 (Table 1).

Visual analysis suggests that 
erratic Baltic flint was mainly used in 
flintworking at Kostomłoty. In some 
assemblages it is the only type of 
raw material used by the inhabitants. 
Imported raw material was found in 
households KR1 and KR2, where its 
proportion does not exceed 3%, and 
in the objects from the exploitation 

2  The results of radiocarbon dating were cali-
brated with the use of the programme OxCal 
4.2.4 based on the calibration curve IntCal13 
(Bronk Ramsey 1994, 2009, 2013; Reimer et 
al., 2013).
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zone, while its greatest proportion was recorded in a collection from complex KR7 
(Table 1).

The composition of collections from individual assemblages differ (Table 2). The 
most distinct example comes from building complex KR7 with its substantial propor-
tion of both blade and flake blanks (60%), tools – predominantly blades (13.3%) and a 
small proportion of chunks and undetermined forms. Houshold KR1, the collection 
of objects from the exploitation zone, and complex KR2 have different structures; the 
proportion of blanks is smaller (ca. 40%), among which the number of flakes is three 
times greater than that of blades, the number of tools and cores is small, while the 
number of chunks and undetermined forms is much greater, constituting half of the 
assemblage. In building complex KR3 blanks make up ca. 30% of the collection; they 
are mainly flakes but they do not substantially outnumber the blades. A significant 
difference also is reflected in the considerable number of tools made from blades and 
the greatest number of cores. The composition of the remaining assemblages vary, but 
because they were not subjected to intensive examination, they are not considered 
in detail here.

The most numerous among the 19 cores excavated in the homesteads (Table 3; 
Fig. 3: 1-4) are single-platform cores (8 specimens). In the remaining cases the strik-
ing platform changed when core reduction continued. No evidence of the use of the 
splinter technique was recorded, which is understandable considering the abundance 
of rock raw material available. Technical treatment of cores was limited to the prepara-
tion of the striking platform with single chippings. Only occasionally were the sides 

Table 1.  Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Quantity of flint products 
in LPC assemblages (NB – Baltic erratic flint, KJ – Jurassic flint from Cracow area).

 

Building 
complex Total NB KJ NB KJ

KR1 238 232 6 97,48% 2,52%

KR2 80 79 1 98,75% 1,25%

KR3 62 62 0 100,00% 0,00%

KR4 17 17 0 100,00% 0,00%

KR5 25 25 0 100,00% 0,00%

KR6 2 2 0 100,00% 0,00%

KR7 15 12 3 80,00% 20,00%

KE 58 54 4 93,10% 6,90%

Total 497 483 14 97,18% 2,82%
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or backs of cores modified with a few chippings – the forms resulting from forming 
crests are rare. No evidence of repair of cores was observed. The cores were used for 
the acquisition of flake blanks and only occasionally for blade blanks. One excep-

Figure 3. Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Selection of flint artifacts: 
1-3, 13-14 – building complex KR3; 4, 12 – KR4; 5-7, 9-10 – building complex KR 1; 8 – building 
complex KE; 11 – building complex KR2; 15-16 – building complex KR7. Drawing: M. Masojć. 

Table 3.  Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Characteristics of cores. 
Numbers are individual occurrences.
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tion was a specimen made from Jurassic flint from Cracow area displaying distinct 
evidence of blade – bladelet exploitation. However, most are exhausted forms, hardly 
ever exceeding of 3 x 3 cm in size.

Half of all 45 excavated blades are proximal forms resulting from intentional break-
ing. Most are non-cortical. The proportions of blanks correspond to those of cores 
– their average size never exceeds 3 cm in length and is less than 2 cm in width. How-
ever, there are occasional forms exceeding 7 cm in length. Flakes (n= 137) were more 
numerous and, contrary to blades, they have usually been preserved in a complete 
form. They display traces of reduction from single-platform cores and more advanced 

Table 4.  Kostomłoty, site 27, district of Środa Śląska, province of Lower Silesia. Characteristics of blade 
and flake blanks.
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Table 5.  Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Composition of tool types 
(quantity of products from Jurassic flint from Cracow area in brackets).

Type of tool KR1 KR2 KR3 KR4 KR5 KR6 KR7 KE
Total

N %
end-scrapers 3(1) 0 0 0 0 0 0 1(1) 4 16,7%

truncated pieces 0 1 1 1 0 0 0 0 3 12,5%

retouched flakes 4 1 0 0 0 0 1 0 6 25,0%

retouched blades 2(1) 0 1 0 0 0 2(2) 1(1) 6 25,0%

retouched chunks 1 1 0 0 3 0 0 0 5 20,8%

Total 12(2) 3 2 1 3 0 3(2) 2(2) 24 100,0%
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flaking after the orientation was changed on the cores. Non-cortical cores of the aver-
age size of 3 x 3 cm predominate (Table 4).

Only 24 retouched forms were found within the homesteads, which makes up 
a mere 5% of the collection. Three groups of tools may be distinguished among the 
artefacts from Kostomłoty: end-scrapers, truncated pieces and retouched blades 
(Table 5; Fig. 3: 5-16). The remaining two groups – flakes and retouched chunks – are 
amorphic forms for very short-term use. The artifacts used as sickle inserts predomi-
nate in the assemblage. Truncated pieces and blades with retouched edges were used 
as harvesting tools, and they carry the traces of characteristic polishing. As many as 

Table 6. Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Pit 265, flint artefact totals.

Category of artefact
Number 

of artefacts 
(unburnt)

Number 
of artefacts 

(burnt)

Total of artefacts

% ∑

tools 20 4 0,33 24

cores 66 6 0,99 72

other forms 16 2 0,24 18

flakes 2073 837 40,2 2910

blades 96 5 1,39 101

chips 1074 1208 31,52 2282

chunks + raw material 1098 735 25,33 1833

Total: 4443 2797 100 7240

Table 7.  Kostomłoty, site 27, Środa Śląska 
district, Lower Silesia province. Pit 
265, frequency of non-flint rocks.

Raw material Quantity
sandstone 6

quartzite sandstone 15

vein quartz 17

petrified wood 2

granite pebble 2

quartz pebble 1

Total: 43
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25% of the tools were made from imported raw material, which may testify to the 
special significance of Jurassic flint from Cracow area for the settlement’s inhabitants.

As noted above, the most numerous assemblage of flint artifacts was excavated 
from pit 265, located at the southern edge of the KE exploitation zone. The artefacts 
come both from primary excavation of the feature and the flotation of its fill, which 
together yielded a collection of over 2000 flint chips between 0 and 1.5 cm. in size 
with the majority of chips recovered from flotation of the fill. The assemblage from 
feature 265 weighed over 46 kg, while the weight of the all the others did not exceed 
4 kg.

The feature yielded 7240 flint artefacts (Table 6: Fig. 4-5) and more than 40 frag-
ments of various rocks, mainly sandstone and quartzite, possibly intentionally broken 
into smaller fragments (Table 7). Some rock fragments can be refitted, indicating that 
they were broken into pieces within the feature (or in the near vicinity) as part of the 
activities carried out there.

The flake characteristics of nearly all the cores and a small group of blade blanks 
suggest that flintworking was devoted to the production of flake blanks. Reduction of 
cores, usually carried out without any preparation, was limited to knapping massive 
cortical flakes, or possibly a few other non-cortical forms. At this stage the cores were 
frequently abandoned. The cores presented in Figure 4 (nos. 1-3) are quite exceptional 
in the assemblage because they display preliminary preparation of the striking platform 
and regularly exploited flaked surfaces. Most of the remaining forms are amorphic 
nodules with occasional flake negatives.

Figure 4. Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Pit 265, selection of flint 
artifacts. Drawing: M. Masojć. 
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Fig. 6. Kostomłoty, site 27, Środa Śląska district, Lower Silesia province. Pit 265, technological 
structure of the assemblage: I – group of preparation and early exploitation of cores (32,3%): 1 – cor-
tical flakes (cortical surface up to 50%), 2 – cortical blades (cortical surface up to 50%), 3 – cortical 

flakes (cortical surface exceeding 50%), 4 – cortical blades (cortical surface exceeding 50%), 5 – blanks 
with traces of preparation, 6 – initial cores; II – group of core reduction (6,95%): 7 – non-cortical 

unidirectional flakes, 8 – non-cortical unidirectional blades, 9 – non-cortical multidirectional blades, 
10 – blade cores, 11 – flake cores; III – group of tools (0,37%): 12 – flint tools and hammerstones (3?); 
IV – group of other flakes (60,38%): 13 – undetermined flakes and blades, 14 – chunks and nodules of 

the raw material, 15 – chips. The vertical axis represent percent of the whole assemblage.  
The horizontal axis represents number of categories within.

Table 8.  Kostomłoty, site 27, Środa Śląska 
district, Lower Silesia province. 
Pit 265, frequency of tools. 

Category of tools Quantity

trapeze 1

retouched blade 1

burin 3

retouched flake 10

flake with partial retouch 2

bladelet with partial retouch retouch 3

retouched chunks 4

Total: 24
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The artefacts (Fig. 6) are predominated by group (IV) of other flakes (including 
chips, chunks and nodules of raw material), followed by the group (I) of preparation 
and early exploitation materials. The products of the stage of advanced exploitation 
(II) and the tools (III) do not exceed 10% of the features assemblage. Such a techno-
logical composition is suggestive of shaping of the flint raw material within the feature. 
It is quite possible that the infrequently represented products from group II are rare 
because they were taken away from the settlement.

The group of tools consists of 24 artefacts (Table 8; Fig. 4: 4-9) which defy easy 
classification. The selection of blanks appears to have been random; they seem to 
have been made to perform short-lived, very ad hoc functions or they are forms of a 
functional character, like the microretouched blades. Lack of attention in selecting 
appropriate blanks is illustrated by the presence of four quite sizeable, amorphic or 
cortical retouched chunks. The retouched products made on flakes display similar 
features – they are cortical flakes, of random shape and size with irregular retouch 
most frequently on a short section of the artifact’s edge. Three small bladelets display 
a functional retouch. Three burins were also carelessly made; one is probably a dihe-
dral burin and the remaining ones were made on a cortical flake and a chunk. High 
quality of production is evident in a tall, alternately retouched trapeze (Fig. 4: 4) and 
a fragment of a narrow unifacial retouched blade (Fig. 4: 8). Both artefacts were made 
from regular blades resulting from advanced stages of a single-platform core reduction 
(non-cortical blades).

The good condition of the flint raw material, and the ubiquitous cortex with the 
remains of living organisms (sponges) preserved on external surfaces, suggest that 
the flint was not randomly collected but excavated from local fluvio-glacial deposits, 
where it occurred in better condition than the material eroded on the surface (Fig. 5; 
Szynkiewicz 2003). The feature also yielded occasional artefacts (chunks and blanks) 
displaying on their natural surfaces the traces of glacial transport (completely worn 
cortex and polished edges) typical of the erratic raw material. 

Considering the number of cracked flint chunks, the majority resulting from break-
ing flint blocks (possibly to test their usefulness for flintworking), it may be safely 
assumed that in feature 265 flint was broken into pieces and the blocks unsuitable for 
further flaking were discarded, which may explain the presence of a very numerous 
category of flakes predominated by cortical forms. Most of the cores or negative forms 
discovered in the feature are very rudimentary specimens with just a few negatives; 
only a few display traces of flaking. The cores suitable for exploitation were quite pos-
sibly taken away from the feature or the settlement for further exploitation.

Despite a great amount of flint material, feature 265 did not yield artefacts 
which would enable unambiguous determination of cultural affiliation. The result 
of radiocarbon dating of the charcoal sample derived from this feature (Poz-16039: 
5055±35 BP; 1σ: 3958-3773 BC; 2σ: 3942-3798 BC) indicates a time around the 
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beginning of the 4th millennium BC, i.e. the period of functioning of Funnel 
Beaker culture or late groups of Danubian cultures. However, we can not rule out 
the possibility that the dated charcoal actually was connected with the subsequent 
in-filling of the feature and no artefacts were found in the excavated part of the 
site which could be attributed to Funnel Beaker or Danubian cultures. Contrary 
to the dating results two lines of evidence, based on spatial relations and the nature 
of the raw material utilized, suggest that pit 265 is a feature attributable to the 
Linear Pottery culture.

Feature 265 is situated between three Linear Pottery culture households at the 
edge of the quite uniform complex of features considered to mark the exploitation 
zone. Relatively regular and precisely determined boundaries within the zone seem 
to have prevented any stratigraphic mixing between and among features.

In addition, the presence of flint forms analogous to those recovered from pit 
265 occur in practically all Linear Pottery culture households at the site. Apart from 
occasional low quality artefacts made from Jurassic flint, the most frequent forms 
are identical sharp-edged chunks with identical natural surface (thick ‘pumice-like’ 
cortex) and macroscopic properties (the same shades of grey, presence of numerous 
once-living organisms in the silica). Less numerous was debitage (made from the same 
raw material), occasionally used as ad hoc tools. We suggest that the flint raw material 
excavated in the features from the homesteads found its way there after preliminary 
flaking in feature 265 or in another analogous feature and assume that the source of 
the raw material, however difficult to determine, was the same as the chunks.

In view of the above, we take the view that the contents of pit 265 constitute 
evidence of the functioning of a flintworking workshop situated outside the existing 
Linear Pottery culture buildings, at the edge of several households of this culture, pro-
viding them with raw material and blanks. The raw material acquired from exposed 
fluvial-glacial deposits (deep objects) underwent preliminary flaking there and then it 
was transported to feature 265. The households received selected flakes, less frequently 
blades, as well as bigger and more massive broken flint nodules, frequently in the form 
of cortical chunks. They functioned there as mass material, used ad hoc next to good 
quality selected flint tools made from Jurassic flint from Cracow area.

The analysis of the flintworking from the Linear Pottery culture settlement in 
Kostomłoty provided important new data concerning the functioning of this area of 
manufacturing and its context in the first farming communities in Silesia. The com-
position of the raw material excavated here is distinct from the pattern characteristic 
of other sites from Lower Silesia. The contribution of the raw material imported from 
Polish Jura is very small, reaching barely 3% of the whole assemblage, not taking into 
consideration the material from feature 265 (in the latter case its contribution would 
decrease to less than 1%). It is thus of marginal significance compared with the uni-
versally used local erratic raw material.
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However, the extent of use of erratic raw material in south-western Poland during 
the time of the Linear Pottery culture changed in time and through space (Table 9 and 
10). Baltic erratic flint occurs almost exclusively in the oldest assemblages dated to the 
Gniechowice phase (e.g. Stary Zamek, Wrocław district, Gniechowice, Wrocław dis-
trict, Strzelin, site 16; Lech 1985; Wojciechowski and Cholewa 1995). The significance of 
Jurassic flint from the Cracow area increases significantly at the beginning of the middle 
phase of Linear Pottery culture (in the assemblage from Strzelin, site 19, its contribution 
amounts to over 60%). On average, the proportion of this raw material is slightly greater 
than 60% and its contributions are different in different sites. The proportion of imported 
flint increases in the older period of Šarka phase and this tendency is also reflected in the 
consecutive construction phases observed within the sites. Spatial diversification of the 
collections is also clearly visible. The sites with the greatest contribution of Jurassic flint 
from the Cracow area are located in the Niemcza-Strzelin Hills: Niemcza, Dzierżoniów 
district, Skoroszowice, Strachów. The role of local erratic raw material increases with the 
increasing distance from the settlement complex mentioned above, reaching its extreme 
in the collections from Kostomłoty.

The structure of the Kostomłoty collections also differs from most LPC sites. For 
example, in Skoroszowice the proportion of retouched products is 32.5 %, in Strachów 
– 25.2 and in Strzelin 16 (Šarka phase) – 26,8 % (Wojciechowski 1981; Wojciechowski 
and Cholewa 1995; Lech 1997). Such a structure of the group of tools as distinct to the 
remaining morphological groups is hardly ever encountered in Lower Silesia. It is typical 
of the settlements processing siliceous rocks on a massive scale, such as Olszanica, Kraków 
district (Milisauskas 1976) or Vedrovice – Zábrdovice, Znojmo district (Mateiciucová 
1997; Lech 1982). In Olszanica the contribution of tools in the collection is 4.63%, while 
in Vedrovice it is 8.6%. The composition of flint material within individual morphological 
groups from both sites mentioned above is very similar to that from the homesteads in 
Kostomłoty (Lech 2008: Fig. 26: B, H). In Olszanica flintworking took place on a massive 
scale, processing the locally occurring Jurassic flint from the Cracow area, while chert 
of the Krumlowský Les type was processed in Vedrovice. In one of the workshops from 
that site (object 098) a single trapeze occurred among the retouched products, similar to 
the artifact recovered from pit 265 in Kostomłoty (Lech 1982: 51-52).

The Verlaine site, Liège district, in Belgium provides an interesting analogy for pit 
265 from Kostomłoty. In this site consisting of 6 – 10 houses a dozen concentrations 
of flint blanks (workshops) were excavated. In one, specialising in the production 
of blade blanks, ca. 30 thousand artefacts were recovered. The scale of flintworking 
in Verlaine clearly exceeded the needs of the settlement’s inhabitants and the arti-
facts manufactured at the site – blanks – were distributed to other local settlements 
(Burnez-Lanotte and Allard 2003), similar to the case at Darion, Luik district, and 
Longchamps, Namur district (Keeley and Cahen 1989). The observations made in 
these sites suggest that the changes taking place in the late phase of the development 
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of Linear Pottery culture resulted from social and economic transformation rather 
than from changes in the accessibility of the raw material. They may be attributed 
to the emerging specialisation in flintworking and appearance of production surplus, 
which was later distributed. In the case of Kostomłoty, the character of feature 265 is 
different, resulting from the need to satisfy local demand.

As Wojciechowski (2003) observed, the different character of flintworking in the 
settlement in Kostomłoty may have resulted from the settlement’s marginal location in 
relation to the centre of Linear Pottery culture settlement. The conclusions concerning 
the changes in occurrence of imported raw material in Lower Silesian sites suggest the 
existence of a hierarchical system for the distribution of goods (raw material) between 
the local communities, which in the Šarka phase probably consisted in their redistribu-
tion, wherein the groups from the area of the Niemcza-Strzelin Hills (e.g. Skoroszowice, 
Strachów) played the leading role. However, the reasons for the specific character of 
the site in Kostomłoty are probably rooted in the wider context of the changes taking 
place at the end of the Linear Pottery culture. The extensive network of exchange and 
distribution of goods existing at that time included not only flint raw material but 
other commodities as well (e.g. products from metabasite of the Jizera Mountains type, 
Spondylus shells, etc.). Quite frequently, the tools used by these groups were made from 
imported raw material, despite the fact that local artifact-quality raw materials were 
easily accessible in the vicinity (cf. e.g. Ramminger 2009; Mateiciucová 2008). With 
time the system was reorganised, evident in the discontinuity in circulation of various 
categories of goods and the increased use of local raw material in flint and stonework-
ing. This may reflect the processes of ‘atomisation’ of local communities, isolation of 
settlement centres and disintegration of the long-lasting ties based on kinship, which 
intensified considerably at that time. The processes, observable in post-LPC groups (e.g. 
the older phase of Stroke Ornamented Pottery culture; cf. e.g. Wojciechowski 1988), 

Table 10.  Diversification of the raw material in consecutive phases of LPC in south-western Poland 
(NB  –  Baltic erratic flint, JP  –  Jurassic flint from Cracow area, CZ  –  chocolate flint, 
OB – obsidian, P – undetermined).

Phase NB JP CZ OB P

LPC I 99,20% 0,80% 0% 0% 0%

LPC II 36,20% 60,10% 1,30% 0,60% 1,80%

LPC III 31,10% 60,40% 0,90% 0% 7,60%

LPC IIIA 30,10% 63% 0% 0% 6,90%

LPC IIIB 38,40% 50% 3,60% 0% 8%
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actually began at the end of functioning of Linear Pottery culture. The settlement in 
Kostomłoty may mirror the effect of those changes and be a local reflection of that crisis. 
If so, the restrictions resulting from changes in the exchange system may have made it 
necessary to satisfy the demand for raw material at the local community level; hence 
the dramatic attempts at finding suitable raw material locally. That these attempts were 
not entirely successful is attested by overall poor character of flintworking in individual 
Kostomłoty households.
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