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Abstract: An important role in the extraction and utilisation of siliceous rocks was played by the Udorka Valley region, situated
in the south-eastern part of the Ryczéw Upland. In this region, numerous outcropsof various siliceous rocks are located includ-
ing outcrops of chocolate flint, and many sites with artefacts from chocolate flint dated from the Middle Palaeolithic. In Udorka
Valley, in the area of chocolate flint outcrop, a number of small depressions in the ground with unfinished flint artefacts were
encountered and which have been tentatively considered to be remnants of the activities of prehistoric miners. The area under
scrutiny was investigated using airborne laser scanning methods (LiDAR, ALS). This paper presents the preliminary results.
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Introduction

The issues related to the extraction, distribution and
role of siliceous rocks in the economies of the prehistoric
communities who lived in the territories of Poland have
been frequently addressed by archaeologists since the
previous century (e.g. Krukowski 1923; Samsonowicz
1923; Schild 1971; Balcer 1975; Balcer and Kowalski
1978; Kaczanowska and Kozlowski 1976; Lech 1981;
Cyrek 1983; Budziszewski and Michniak 1983 (1989);
Matraszek and Satacinski 2002; Sulgostowska 2005;
Borkowski etal. 2008; Piotrowska et al. 2014). These topics
are of particular importance from the viewpoint of
studies on the utilisation and contribution of local flint
resources in human economies, and for determination
of the occurrence of so-called imported flint artefacts
in assemblages encountered at sites dated to the Stone
Age.

89

An extremely interesting in this respect is the region
of the central Czestochowa Upland (the Ryczéw Upland
in particular), where numerous outcrops of various
siliceous rocks are located (Krajcarz et al. 2012a, 2012b,
2014), and many sites with flint assemblages dated from
the Middle Palaeolithic period (e.g. Cyrek 2009, Cyrek et
al. 2010, Sudot et al. 2016) until the Neolithic and Early
Bronze Age have been identified (e.g. Pelisiak 2006;
Krajcarz et al. 2014).

An exceptional role, especially in terms of the issue of
extraction and utilisation of siliceous rocks, is played
by the Udorka Valley region, situated in the south-
eastern part of the Ryczéw Upland (Fig. 1). Field and
prospective surveys conducted in this area in the years
2012-2015 resulted in the discovery of new cave and
open air sites accompanied by outcrops of flint (Sudot
et al. 2016), including outcrops of chocolate flint, the
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Fig. 1. Location of Udorka Valley, Olkusz and Zawiercie dist., and presented sites. Drawn: M. T. Krajcarz.

extent of which has been considered until recently to
be limited exclusively to the province of the Holy Cross
(Swietokrzyskie) Mountains (Krajcarz et al. 2012b).

In the region of the chocolate flint outcrop in the
Udorka Valley, a number of small depressions in
the ground containing unfinished flint artefacts
were encountered and which have been tentatively
considered to be remnants of the activities of
prehistoric miners. To verify this thesis, the area under
scrutiny was investigated using airborne laser scanning
methods (LiDAR, ALS; Crutchley and Crow 2010; Stawik
and Zaptata 2011), the preliminary results of which are
presented in this paper.

History of the discovery

The investigations carried out in the Udorka Valley
region were inspired by the results obtained within
the NCN (National Science Centre, Poland) research
project entitled ‘Palaeolithic settlement of Wodaca
and Udorka Valley (Czestochowa Upland) against
the palaeoenvironmental background’ (in Polish:
‘Osadnictwo paleolityczne Doliny Wodacej i Doliny
Udorki (Wyzyna Ryczowska) na tle uwarunkowan
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paleosrodowiskowych’), carried out under the
management of Magdalena Sudot in the years 2011-
2014. The latter resulted in a discovery of sites, the
settlement episodes of which can be related to the
successive phases of the Palaeolithic and Mesolithic
periods (Sudot et al. 2016). Amongst them, the
Perspektywiczna Cave is exceptional (Sudot et al. 2013);
it is a multicultural site with an abundant accumulation
of flint artefacts with a predominant appearance of
chocolate flint (Krajcarz et al. 2012b, 2014).

Simultaneously, a prospective survey conducted in the
field by a research team (Maciej T. Krajcarz, Magdalena
Krajcarz and Magdalena Sudot) revealed a significant
diversification of siliceous rocks encountered in this
region and an occurrence of new outcrops (Krajcarz et
al. 2012a). Amongst these, the outcrops of high-quality
chocolate and banded flints merit special attention.

Fragments of chocolate flint chunks were primarily
discovered only within the bed of the seasonal Udorka
stream (Fig. 2). When compared with predominant
types of flint materials encountered in the Udorka
Valley region, they were distinctive in terms of their
regular, slab-like forms. The outer surfaces of some
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Fig. 2. Fragments of chocolate flint chunks in the riverbed of
the seasonal Udorka stream. Photo: M. Sudo}-Procyk.

nodules showed traces of transport by water (red
patina, polishing and abrading). The region of the
Udorka Valley is densely forested and cut through with
deep gullies, which makes it very difficult to conduct
field surveys. Therefore, outcrops of this particular
siliceous rock had not been discovered until 2013 (Fig.
3).

Further prospective surveys lead to a discovery of a
series of pits in the surrounding areas of the outcrops,

the origins of which were most likely anthropogenic in
nature (Fig. 4 and 5). In their neighbourhood, especially
by the edge of the slope, flake blanks and numerous
flint nodules were recorded; the latter were initially
prepared, which indicated that they were remnants of
near-mine workshops, where the initial preparation of
nodules took place. Other open sites that might have
functioned as workshops, with a great share of cores
and blanks made of chocolate flint, were discovered at
the Kleszczowa site, Zawiercie district, in the region of
the Géry Baranskie hills (Fig. 1). Interpreting the open
and cave sites as relating to production is a significant
criterion in considerations referring to the exploitation
of local outcrops of chocolate flint and the manner of
its utilisation in the Palaeolithic (particularly in its late
phases, i.e. Upper and Late Palaeolithic) and Mesolithic
periods. Therefore, it is important to identify precisely
the possible points of extraction of chocolate flint, and
determine their nature and extent.

Flint material - geological characteristics

Chocolate flint in its classical range within the north-
eastern margin of the Holy Cross Mountains occurs
within the limestone rocks associated with the Upper
Astartian, according to the nomenclature given in the
pioneer publications on the geology of that region
(Samsonowicz1923). This stratigraphic unit was rejected

Fig. 3. Geological map of Udorka Valley and surrounding area. Map based on the Geological Map of Poland 1: 50 000, sheets
Ogrodzieniec (No. 913) and Wolbrom (No. 914), modified according to field observations. Drawn: M. T. Krajcarz.
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Fig. 4. Geomorphology of the flint mine area. Map based on the LIDAR image available from the Polish General Office of
Geodesy and Cartography website (http://mapy.geoportal.gov.pl/wss/service/ WMTS/guest/wmts/ISOK_CIEN), modified
according to field observations. Drawn: M. T. Krajcarz.

Fig. 5. Pits in the surroundings of the outcrops, the origins of
which were most likely of anthropogenic nature (in pictures
Janusz Budziszewski and Michat Szubski).

Photo: M. Sudot-Procyk.

in the mid 1960s (Kutek 1965), and it corresponds with
the current uppermost part of the Upper Oxfordian
and the lower part of the Kimmeridgian. The position
of layers containing chocolate flint is linked closely to
the boundary between Oxfordian and Kimmeridgian
sediments is although their affiliation to one of these
stages has so far not been clarified. Jacek Gutowski
(1998) linked chocolate flints from the north-eastern
part of the Holy Cross Mountains explicitly with
the Upper Oxfordian, and placed them between the
planula and hypselocyclum zones. On the other hand,
the Oxfordian-Kimmeridgian boundary has not been
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indisputably established (Cohen et al. 2013), and the
current opinions postulated by geologists tend to
localise this stratotype in Scotland, within the Boreal
ammonite province, which is expected to make the
ammonites of the Mediterranean province - to which
the Cracow-Czestochowa Upland belongs to - no longer
useful in terms of the univocal determination of the
biostratigraphy of local strata.

The degree of exposure of Jurassic sediments in the
surroundings of the Udorka Valley is very poor. This
region is very densely forested and Jurassic deposits are
mostly covered with Cretaceous sands and Quaternary
loess (Fig. 3). Artificial outcrops in the form of quarries
are scarce and small, not revealing the layers with
chocolate flints. Natural outcrops are also small and they
are mainly encountered in the context of biohermal
limestones. Due to this an accurate recognition of the
chocolate flint stratigraphy is impossible.

Field observations on the occurrence of chocolate flint
in soils and regoliths of the Udorka Valley indicated
that the layers containing this raw material, likewise
the layer with cherts from Uddrz, are encountered
above the lithostratigraphic unit of the Upper Massive
Limestone. Taking into account the fact that Idoceras
were discovered within those limestones (Bednarek et
al. 1978) - the ammonites commonly known from the
Upper Oxfordian and Kimmeridgian, the limestones
in question may be associated with both the Upper
Oxfordian (as concluded by Bednarek et al. 1978)
and Lower Kimmeridgian horizons. In general, their
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biostratigraphic position is similar to that of chocolate
flint-bearing strata from the Holy Cross Mountains
region. Detailed lithostratigraphic correlation is
difficult to find due to poor exposure of the terrain
under vegetation, as mentioned above.

The chocolate flints emerge within the soils and
regoliths, on the right slope of the Udorka Valley, in
the forest named ‘kysa Géra’ (c. 50°26'3" N, 19°45’¢’
E; Fig. 3). The linear outcrop extends further to the
southwest, and diminishes on crop fields near the
village of Miechéwka, Olkusz district. It occurs again
within regoliths in the village of Kgpiele Wielkie, Olkusz
district, in the seepage zone of the Udorka stream
(50°25’32" N, 19°43’50°E). Moreover, the flint can be
encountered in the riverbed and alluvia of the Udorka
stream, as well as in proluvial sediments of the tributary
gullies. Chocolate flint is assumed to spread further
to the north and south, as can be predicted from the
monoclinal geological structure of the region, however
so far its outcrops have not been discovered there.

A macroscopic description of chocolate flint was
presented by Krajcarz et al. (2012b). The nodules are flat
with parallel upper and lower surfaces. The thickness
of nodules is 2-10cm and their diameters range from
several to over a dozen centimetres. The cortex is thin
(c. 0.5-5mm, on average 1-2mm), white, smooth but
with numerous fossils and grains on the surface, clearly
separated from an outside rock. Under the cortex a
white, dull, non-transparent zone occurs, several mm
thick and distinctly separated from the inner silica
substance. The silica substance is dark, from dark-brown
to yellowish-brown, greyish-brown and milky-white. It
is fine-crystalline, dull, and slightly transparent, with
fatty or pearl lustre. In some specimens there occur
horizontal bands of coarse-crystalline silica within
the substance. The knapping properties are very
good. When knapped this silicite shows subconchoidal
fractures. The weathered cortex is orange and the
weathered silica substance is dull, non-transparent,
grey to yellowish-grey or bluish-grey, and in some
specimens striped. The name of ‘Krakéw-Czestochowa
chocolate silicite’ was proposed (Krajcarz et al. 2012b)
to separate this flint from the classical chocolate silicite
from the Holy Cross Mountains.

Landform of the chocolate flint extraction region

The very first discoverers of the prehistoric mining
sites in Poland already paid attention to the specific
ground relief of mines (Samsonowicz 1923: 22-23;
Krukowski 1932: 58-59), whereas the first attempts to
draw a precise documentation of this landform were
undertaken in the 1940s (Sawicki 1948: 123; Sytnyk
2014: 128). However, reliable and comprehensive
analyses of the ground surface morphology of
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prehistoric mining sites were performed no sooner
than the 1990s (Budziszewski 1990, 2000; Borkowski
1995, 2005). Unfortunately, the research commenced at
that time has not been continued, and our knowledge
about the relationships between specific landform
conditions and various types of mining technologies is
still insufficient. This seems to be due to the fact that
the primary landform of such sites was very susceptible
to destruction caused by agricultural activity carried
out by human communities in subsequent periods. As
a result, it is usually preserved only in forested lands,
where it is very difficult to draw accurate topographic
maps using classical methods.

This situation is likely to change thanks to the
introduction of airborne laser scanning methods into
archaeological practice (Crutchley and Crow 2010;
Stawik and Zaptata 2011). However, there are still
only a few published studies based on this technique.
In recent years they have just started to emerge in
foreign (Utting et al. 2010; Tarrifio et al. 2011, 2014) and
Polish archaeology (Budziszewski and Wysocki 2012;
Jakubczak 2012; Radziszewska 2015; Szubski 2016). The
data obtained in such studies has revealed that the
reality is far more complicated than might have been
expected.

Geological analyses and field surveys carried out
in the Udorka Valley, in a presumed location of
chocolate flint outcrops, delivered evident traces of
anthropomorphic transformations in ground relief
(Fig. 4). To analyse these traces the investigators
decided to use the data from airborne laser scanning
obtained in the course of the project named ‘IT system
of the Country’s Protection Against Extreme Hazards’
(in Polish: ‘Informatyczny System Ostony Kraju przed
nadzwyczajnymi zagrozeniami’ - ISOK), developed
between 2007-2013 by a consortium consisting of the
Institute of Meteorology and Water Management,
the National Water Management Authority, the Head
Office of Geodesy and Cartography, National Institute
of Telecommunications, and the Government Centre
for Security (Maslanka and Wezyk 2014). The data
was acquired from the Geodetic and Cartographic
Documentation Centre, and it covered the region of the
Udorka Valley and its vicinities over an area of 50km?
Measurement parameters of the cloud point obtained
were within the standard I (WT LiDAR 2013/2014), i.e.
>4 pts. per one sq. m, scan angle 25°, diameter of laser
spot = 0.5m (Kruczynski et al. 2014). The point cloud was
reclassified to respond to the needs of archaeological
analyses using LAStools software. A Digital Terrain
Model of the TIN type (Triangulated Irregular Network),
with a resolution up to 30cm, and an analogical Digital
Surface Model were generated. Based on the Digital
Terrain Model a series of visualisations were created
using the software RVT 1.1, LiVT and Global Mapper 14.
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These visualisations enclosed the following: Hillshade
(shaded relief map), Multi Hillshade, Sky View Factor
(Kokalj et al. 2011), Principal Component Analysis,
Local Dominance and Local Relief Model. With regard
to the studies conducted, the investigators chose a few
visualisations that were considered useful for achieving
their research objectives, including: Hillshade, Multi
Hillshade, Sky View Factor and PCA. The data obtained
were exported using QGIS software and then subjected
to further processing within the generated GIS database.

An analysis of the Digital Terrain Model confirmed
the preliminary assessment of the landform in the
surroundings of the presumed location of the chocolate
flint outcrops. Numerous anthropogenic modifications
affecting the relief in this area lead to a formation of
three distinctive zones (Fig. 6). In the topmost zone of
the slope there is a vast area with pits of various depths
and shapes (Fig. 6a). This zone extends to a height of
more than 100m above the valley floor and covers an
area of c. 0.7ha. The pits became bigger and deeper as
the slope ascended. The largest one had the topmost
location and dimensions of ¢. 13 x 25m, resembling a
form typical of small quarries. Its entrance was located
in the south. The diameters of the features situated
below, further down the slope, usually amounted to just
a few metres. Their reliefs have been deformed to such
an extent that it is impossible to evaluate explicitly
the number of extraction points. The lack of traces of
distinctive waste heaps indicated that all of the features
in question were remnants of exploitation of rock
layers, namely limestone.

In the northern section of the lowest part of the slope,
some deep, although small, structures emerged again in
the form of pits or ditches several metres in dimension
(Fig. 6b). These also lacked distinctive waste heaps,
which led to them being considered as the remnants of
exploitation performed in a similar manner to the one
described above, yet on a much smaller scale.

To the south of those features the edge of the valley is
broken by a vast niche extending over an area of nearly
70m in length (Fig. 6¢). Within this niche there were
numerous small depressions with diameters reaching
up to a few metres, taking the shapes of recesses opened
towards the valley. This suggested that this vast form
had been shaped through time by repeatedly performed
mining activities, always on a small scale. The form of
these features has not provided clues for determining
which particular mineral was extracted from them.
There is also a lack of distinctive waste heaps, however
if the waste material had been removed and dropped
into the valley, it must have been periodically washed
out by the stream. In the lowest part of the valley, and
within its very edge, there are two vast erosional niches
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- the result of bank erosion caused by the flow of the
Udorka River (Fig. 6d).

The form of the largest feature on the higher part of
the slope indicated that they had emerged in modern
times. The authors presume that neighbouring features
may be of similar age. The reliefs of the small pits and
ditches on the lower part of the slope were very sharp,
giving an impression of being the youngest in age. This
hypothesis seems to be confirmed by an analogical
feature dug out in the bottom of a vast quarry on
the upper part of the slope. A similar feature within
the lowest part of the anthropogenic niche revealed
analogous stratigraphic relationships. Unfortunately,
the relationships between the exploitation carried out
by establishing large pits and ditches, and the vast niche
situated at the edge of the valley cannot be explicitly
clarified. It can only be stated that the latter is older
than the southern, natural niche eroded by the Udorka.

The above-mentioned analyses indicate that the only
feature alleged to have prehistoric origins is a vast
niche formed at the edge of the valley as a result of the
repeatedly resumed exploitation of small pits opened
towards the river. Similar features have not been
recorded amongst the opencast mines of chocolate
flint in the Holy Cross Mountains region (Budziszewski
2008: ryc. 27). However, this method of extraction is
so easy and natural that it should be expected to have
been employed under specific geological conditions.
Moreover, smaller complexes of this type have already
been encountered in Poland, e.g. an extraction point of
banded flints named ‘Skatecznica Duza’, Opatéw district
(Jakubczak 2012), and a site ‘Krzemianka’, Biatystok
district, associated with the exploitation of secondary
deposits of siliceous rocks from the moraine of the Warta
Glaciation in the Knyszyn Primeval Forest (Borkowski
2005; Szubski 2016). Moreover, the site known as
‘Lousberg’ in Aachen (Aachen district, Germany) has
proved that the extraction of siliceous rocks carried
out in this manner could ultimately develop into large-
scale mining (Weiner and Weisgerber 1980).

Archaeological field survey at raw material
extraction points

As mentioned above, the area of presumed location of
the chocolate flint outcrops was thoroughly investigated
during several prospective surveys. Archaeological
materials were found on the surface of small depressions
occurring within a large niche situated by the valley
edge, and in its closest surroundings. The investigators
had difficulties in spotting them due to the quantities of
forest litter. Nevertheless, they succeeded in collecting
natural nodules, test nodules (Fig. 7), initial cores (Fig. 8)
and flake blanks (Fig. 9). These materials were relatively
scarce. Large flakes characterised by butts covered
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Fig. 6. The landform in the surroundings of the location of the chocolate flint outcrops based on analysis of the Digital Terrain
Model. Drawn: M. Szubski.

with scars of previous blows or cortex, and strongly
marked bulbs, often with visible flows, were distinctive
in terms of quantity. These flakes were associated with
the initial preparation of nodules, performed using a
hard hammer. Unfortunately, the materials in question
contained no forms that could allow a reliable cultural
attribution.

Noteworthy, however, is the varied state of preservation

of these flint materials. Most of the artefacts were

covered with extensive white patina (Fig. 7). There were

also cores and flake blanks with only slightly patinated

surfaces, or showing no traces of patination at all (Fig.

10). Th‘1s could have b'eer'l du? to various phases of Fig. 7. Testing nodules with strong white patina in situ.
extraction of raw material in this region. Photo: M. Sudot-Procyk.

Flint materials were accompanied by limestone chunks.
The latter were infrequently represented and many
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Fig. 8. Initial core from chocolate flint.
Drawn: M. Sudot-Procyk.

were weathered, which indicates that the features had
most likely been dug out from the soil and regolith,
instead of the limestone rock.

The materials discovered were associated with an
initial preparation of nodules, which corresponded well
with the nature of the ground relief encountered at the
site. This supported the hypothesis that the site under
scrutiny was a remnant of a small extraction point and
a near-mine workshop, where initial preparation of
chocolate flint nodules was performed.

Chocolate flint in the Palaeolithic assemblages from
the southern part of the Ryczéw Upland

Taking into account the location of chocolate flint
outcrops in the Udorka Valley, the flint assemblages
obtained from several sites situated in the southern
part of the Ryczéw Upland were subject to analysis in
respect to their potential utilisation in the Palaeolithic
period.

The earliest evidence of chocolate flint utilisation comes
from the Bi$nik Cave (Fig. 1; Cyrek et al. 2010). This raw
material occurred in most of the Middle Palaeolithic
assemblages encountered in this cave, which has
already been reported in the existing literature (Cyrek
and Sudot 2008). A discovery of chocolate flint outcrops
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within a distance of 10km from the site, and comparative
analyses performed on the materials obtained from the
outcrops, allowed the investigators to reinterpret their
opinions on the long-distance import of this flint from
the northwest margins of the Holy Cross Mountains
into the Cracow-Czestochowa Upland, which took place
in the Middle Palaeolithic period (Krajcarz et al. 2012b).

The oldest assemblages containing a great number of
artefacts made of chocolate flint were associated with
cultural levels contained within layers 19 and 18 in
the Bi$nik Cave (assemblages A -A ; Cyrek 2013). The
following items were fashioned from this raw material:
a backed knife, retouched Levallois points, two cores,
and small tools with denticulated and notched retouch.
However, the most spectacular artefacts made of
chocolate flint found in Bi$nik Cave came from the
youngest Middle Palaeolithic cultural levels (layers
7-5), which were linked with the assemblages E and F
(Cyrek et al. 2010, 2014), i.e. some Levallois cores, as well
as single- and double-sided backed knives. One of the
knives was made of a flat flint slab (Fig. 11:1). Similar
flat slabs of chocolate flint were recorded in the region
of its outcrops in the Udorka Valley. The assemblages
from the Bi$nik Cave proved that chocolate flint was
a well-known and highly appreciated raw material
used for tool production by Neanderthal communities
from this region since the Middle Palaeolithic period,
which supports the thesis of its long-term utilisation
stretching back some 200,000 years.

Recent studies carried out in the region of the southern
part of the Ryczéw Upland have contributed to the
discovery of sites related to the Upper and Late
Palaeolithic periods (Sudot et al. 2016). Evidence of
the utilisation of local chocolate flints in those eras
was provided by assemblages encountered in the
Perspektywiczna Cave (Fig. 1) in the Udorka Valley
(Sudot et al. 2016). The assemblage associated with the
Upper Palaeolithic period was recorded by the cave
entrance. It contained several dozen flint artefacts
from the production and household stages. Most
of these specimens were made of chocolate flint,
amongst which a set of artefacts was distinctive,
including large perforators (Fig. 11:2-3), large blades
and blade cores (Fig. 11:4). The artefacts in question
were slightly patinated. Unfortunately, based on this
small assemblage it is difficult to establish reliably
any cultural affiliation (Sudot et al. 2016). Preliminary
investigations revealed that artefacts obtained from
this part of the site occurred in slope sediments, in the
secondary deposit. A different state of preservation,
with no traces of patination on the flint surface, was
observed while examining relics of the Late Palaeolithic
assemblage recorded in the upper layers of the
sediments in the Perspektywiczna Cave. An occurrence
of blade blanks (Fig. 11:5) and numerous core-
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Fig. 9. Flake blanks from chocolate flint. Drawn: M. Sudot-Procyk.

preparation flakes indicated that flint processing had
been carried out at the site. The assemblages presented
in this paper are the outcomes of the first stage of the
research conducted, and further excavations in the
Perspektywiczna Cave are expected to clarify their
complex stratigraphic context.

An extremely interesting assemblage, largely based on
chocolate flint, was encountered at a site identified in
the course of field survey, located on the Géry Baranskie
hills, near the village of Kleszczowa, situated within a
distance of ¢. 2km west of the Udorka Valley (Fig. 1).
Single and double platform blade cores (Fig. 12:1-3),
accompanied by blade blanks and tools discovered

there, allowed this site to be connected to the Late Fig. 10. Flake blanks on the surface of one of the pits.
Photo: M. Sudot-Procyk.

97



BETWEEN HISTORY AND ARCHAEOLOGY

Fig. 11. Choice of tools from chocolate flint: 1 - bifacial knife (Middle Palaeolithic, assemblage E from the Bi$nik Cave, Olkusz
dist.); 2-3 - perforators (Upper Palaeolithic, Perspektywiczna Cave, Olkusz dist.); 4 - core (Upper Palaeolithic, Perspektywiczna
Cave, Olkusz dist.); 5 - blade (Late Palaeolithic, Perspektywiczna Cave, Olkusz dist.). Photo: M. Sudot-Procyk.
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Fig. 12. Choice of cores from chocolate flint (Late Palaeolithic period, Kleszczowa site, Zawiercie dist.). Photo: M. Sudot-Procyk.

Palaeolithic period, possibly the Magdalenian. What
is noteworthy is the high amount of waste products
of core preparation, evidencing the production
function of the site (Sudot et al. 2016). Moreover, the
resemblance of cores in the initial stages of exploitation
obtained from the site in question to those found near
the outcrops should be stressed, not only in terms of
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their morphology but also in respect of their state of
preservation (comp. Figs. 8 and 12:3).

Conclusions

The chocolate flint outcrops in the Udorka Valley were
undoubtedly of economic significance to prehistoric
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communities. Utilisation of this raw material has been
evidenced at numerous archaeological sites dated to the
Palaeolithic, although the models of exploitation and
distribution of this raw material in particular periods
were different (Krajcarz et al. 2014; Sudot et al. 2016).
In the Middle Palaeolithic, Neanderthal flint knappers
employed chocolate flint mostly for the most complex
methods of flint processing, such as shaping knife-like
bifacial tools and preparing Levallois cores. Localization
of sites in spatial relation to flint outcrops seems to be
of secondary significance in those times, whereas, the
Upper and Late Palaeolithic sites linked to production
functions were located in the close surroundings of
flint outcrops.

Themorphology of the extraction points of raw materials
identified in the course of these studies indicates that
the manner of obtaining chocolate flints in the Udorka
Valley was completely different from that recognised at
the Jurassic flint mines from the north-eastern margins
of the Holy Cross Mountains (Budziszewski 2008). In
the region studied here, it seems that the raw material
was extracted through exploring small niches bored
in the soil and regolith of the steep slope of the valley
edge. Although the assemblages gathered so far do not
enable the dating of this mining activity, the results of
field survey conducted in this area indicate that at least
part of it can be linked to the Palaeolithic period. The
presumed manner of exploitation of raw material is not
out of the ordinary with regard to such a distant past:
there are studies reporting sites of this type dated even
to the Middle Palaeolithic period (Vermeersch 2007).

The prehistoric mining site identified in the course of
this research is relatively modest, and transformations
in its ground relief took a quite trivial form. Having
thoroughly analysed the Digital Terrain Model of the
Udorka Valley, the investigators managed to identify
similar, although even smaller, anomalies at several
locations. Since the currently recognised areas of
silicite extraction linked to the Palaeolithic period
usually form local concentrations of prehistoric
mining-related features (Vermeersch 2007; Barkai and
Gopher 2009), it can be expected that the site presented
in this paper is not the only one likely to be found over
the extent of the Udorka Valley. Therefore, in spite of
the dense forestation of the region making the task of
searching for archaeological sites extremely difficult,
such endeavours should most certainly be continued.

Acknowledgements

The research carried out in the Udorka Valley was
inspired by investigations conducted under NCN
(National Science Centre, Poland) grant no. 2011/01/N/
HS3/01299, entitled Palaeolithic settlement of Wodgca
and Udorka Valley (Czestochowa Upland) against the
palaeoenvironmental background.

100

Further research, including the elaboration and
interpretation of the ALS data obtained for locating
chocolate flint outcrops in the Udorka Valley region,
was conducted under NCN grant no. 2014/15/D/
HS3/01302, entitled Hunter-gatherer communities of
the younger part of the Last Glaciation and Early Holocene
in the middle part of Polish Jura - chronology, cultures and
significance of the southern part of Ryczéw Upland.

Translated by Agnieszka Klimek
References

Balcer, B. 1975. Krzemieri $wieciechowski w kulturze

pucharéw  lejkowatych.  Eksploatacja, obrébka i
rozprzestrzenienie.  Wroctaw-Warszawa-Krakéw-
Gdarnsk.

Balcer, B. and Kowalski, K. 1978. Z badar nad
krzemieniem pasiastym w pradziejach. Wiadomosci
Archeologiczne 43: 127-145.

Barkai, R and Gopher, A. 2009. Changing the face of the
Earth: Human behavior at Sede Ilan, an extensive
Lower-Middle Paleolithic quarry site in Israel. In
B. Adams and B. S. Blades (eds), Lithic Materials
and Paleolithic Societies: 174-185. Oxford, Blackwell
Publishing.

Bednarek, J., Kaziuk, H. and Zapas$nik, T. 1978.
Objasnienia do Szczegbtowej Mapy Geologicznej Polski,
Arkusz Ogrodzieniec (913), 1: 50 000. Warszawa.

Borkowski, W. 1995. Krzemionki mining complex.
Deposit management system. Warszawa. Studia
nad gospodarkg surowcami krzemiennymi w
pradziejach 2.

Borkowski, W. 2005. Obraz pola eksploatacyjnego w
Rybnikach - Krzemiance’. In W. Borkowski and M.
Zalewski (eds), Rybniki - ,Krzemianka’. Z bada# nad
krzemieniarstwem w Polsce pétnocno-wschodniej: 65-
78. Warszawa. Studia nad gospodarka surowcami
krzemiennymi w pradziejach 5.

Borkowski, W., Libera, J., Sataciiska, B. and Satacifiski,
S. (eds) 2008. Krzemieri czekoladowy w pradziejach.
Materialy z konferencji w Ororisku, 08-10.10.2003.
Warszawa-Lublin, Instytut Archeologii UMCS and
Paristwowe Muzeum Archeologiczne. Warszawa-
Lublin, Instytut Archeologii UMCS and Panstwowe
Muzeum Archeologiczne. Studia nad gospodarka
surowcami krzemiennymi w pradziejach 7.

Budziszewski, J. 1990. Remarks on Methods of Studying
Prehistoric Areas of Flint Exploitation. In R. Séronie-
Vivien and M. Lenoir (eds), Le silex de sa genése a
loutil, Actes du V° Colloque international sur le Silex,
Bordeaux, 17 sept. - 2 oct. 1987: 217-223. Cahiers du
Quaternaire 17. Bordeaux-Paris.

Budziszewski, J. 2000. Metodyka badan ptytkich kopalni
krzemienia. In W. Borkowski (ed.), Metody badar
archeologicznych stanowisk produkcyjnych - gérnictwo
krzemienia: 19-62. Warszawa.



MAGDALENA SUDOE-PROCYK ET AL.: THE CHOCOLATE FLINT MINES IN THE UDORKA VALLEY

Budziszewski, J. 2008. Stan badar nad wystepowaniem i
pradziejowa eksploatacjg krzemieni czekoladowych.
In W. Borkowski, J. Libera, B. Sataciriska and S.
Satacitiski (eds), Krzemieri czekoladowy w pradziejach.
Materialy z konferencji w Ororisku, 08-10.10.2003: 33-
106. Warszawa-Lublin, Instytut Archeologii UMCS
and Pafistwowe Muzeum Archeologiczne. Studia
nad gospodarka surowcami krzemiennymi w
pradziejach 7.

Budziszewski, J. and Michniak, R. 1983(1989). Z badarn
nad wystepowaniem, petrograficzng naturg oraz
prahistoryczng eksploatacja krzemieni pasiastych w
potudniowym skrzydle Niecki Magon-Folwarczysko.
Wiadomosci Archeologiczne 49 (2): 151-187.

Budziszewski, J. and Wysocki, J. 2012, Nowe mozliwosci
detekcji materialnych $ladéw historii terenéw
lesnych - lotnicze skanowanie laserowe (LiDAR).
Archaeologica Hereditas 1, Konserwacja zapobiegawcza
Srodowiska 1: 117-125.

Cohen, K. M., Finney, S. C., Gibbard, P. L. and Fan, J.-X.
2013. The ICS International Chronostratigraphic
Chart. Episodes 36: 199-204.

Crutchley, S. and Crow, P. 2010. The Light Fantastic.
Using airborne lidar in archaeological survey. Swindon,
English Heritage.

Cyrek, K. 1983. Surowce krzemienne w mezolicie
dorzeczy Wisty i gérnej Warty. In J. K. Koztowski and
S. Koztowski (eds), Cztowiek i srodowisko w pradziejach:
106-112. Warszawa, Panstwowe Wydawnictwo
Naukowe.

Cyrek, K. 2009. Archaeological studies in caves of the
Czestochowa Upland. In K. Stefaniak, A. Tyc and P.
Socha (eds), Karst of the Czestochowa Upland and of
the Eastern Sudetes. Palaeoenvironments and protection:
145-160. Sosnowiec-Wroctaw, Zoological Institute
University of Wroctaw. Studies of the Faculty of
Earth Sciences University of Silesia 56.

Cyrek, K. 2013. Jaskinia Bisnik. Wczesny srodkowy paleolit.
Torun.

Cyrek, K., Socha, P, Stefaniak, K., Madeyska, T,
Mirostaw-Grabowska, J., Sudot, M. and Czyzewski, L.
2010. Palaeolithic of Bi$nik Cave (southern Poland)
within the environmental background. Quaternary
International 220: 5-30.

Cyrek, K. and Sudol, M. 2008. Wyroby z krzemienia
czekoladowego ~ w  $rodkowopaleolitycznych
zespotach kulturowych zJaskini Bi$nik, pow. Olkuski.
In W. Borkowski, J. Libera, B. Salacinska and S.
Satacitiski (eds), Krzemieri czekoladowy w pradziejach.
Materialy z konferencji w Ororisku, 08-10.10.2003:
347-356. Warszawa-Lublin, Instytut Archeologii
UMCS and Panstwowe Muzeum Archeologiczne.
Studia nad gospodarka surowcami krzemiennymi w
pradziejach 7.

Cyrek, K., Sudot, M., Czyzewski, £. A., Osipowicz, G. and
Grelowska, M. 2014. Middle Palaeolithic cultural
levels from Middle and Late Pleistocene sediments

101

of Bi$nik Cave, Poland. Quaternary International 326~
327:20-63.

Gutowski, J. 1998. Oxfordian and Kimmeridgian of the
northeastern margin of the Holy Cross Mountains,
Central Poland. Geological Quarterly 42 (1): 59-72.

Jakubczak, M. 2012. Pole gérnicze ,Skatecznica Duza’ i jego
miejsce w pradziejowej eksploatacji krzemieni pasiastych.
[‘Skalecznica Duza’ flint mine and its place in
the prehistoric exploitation of banded flint].
Unpublished MA thesis, Institute of Archaeology,
Cardinal Stefan Wyszytiski University, Warsaw.

Kaczanowska, M. and Kozlowski, J. K. 1976. Studia
nad surowcami krzemiennymi potudniowej
cze$ci Wyzyny Krakowsko-Czestochowskiej. Acta
Archaeologica Carpathica 16: 201-216.

Kokalj, 7., Zak$ek, K. and Ostir, K. 2011. Application
of sky-view factor for the visualisation of historic
landscape features in lidar-derived relief models.
Antiquity 85 (327): 263-273.

Krajcarz, M. T., Krajcarz, M., Sudol, M and Cyrek, K.
2012a. From far or from near? Map of silicate raw
material outcrops around the Bi$nik Cave. In: P.
Neruda and Z. Nerudovd (eds), Abstract Book and
excursion guide, 9th SKAM Workshop Moravian Museum,
Brno, Czech Republic, October 8-11, 2012 Lithic Raw
Materials - Phenomena of the Stone Age: 15-16. Brno.

Krajcarz, M. T., Sudot, M., Krajcarz, M. and Cyrek, K.
2012b. From far or from near? Sources of Krakéw-
Czestochowa banded and chocolate silicite raw
material used during the Stone Age in Bi$nik Cave
(southern Poland). Anthropologie 50 (4): 411-425.

Krajcarz, M. T., Sudol, M., Krajcarz, M. and Cyrek,
K. 2014. Wychodnie krzemienia pasiastego na
Wyzynie  Ryczowskiej (Wyzyna  Krakowsko-
Czestochowska). In: D. Piotrowska, W. Piotrowski,
A. Jedynak and K. Kaptur (eds), Gdrnictwo z epoki
kamienia: Krzemionki - Polska - Europa. W 90. rocznice
odkrycia kopalni w Krzemionkach, [‘Stone Age
mining: Krzemionki - Poland - Europe. On the 90th
anniversary of Krzemionki mine discovery’]: 77-95.
Ostrowiec Swietokrzyski, Muzeum Historyczno-
Archeologiczne w Ostrowcu Swietokrzyskim Silex
et Ferrum Vol. 1.

Kruczytiski, Z., Stojek, E. and Cisto-Lesicka, U. 2014,
Zadania GUGIK realizowane w ramach projektu
ISOK. In P. Wezyk (ed.), Podrecznik dla uczestnikéw
szkoleri z wykorzystania produktéw LiDAR: 22-58.
Warszawa.

Krukowski, S. 1923. Sprawozdanie z dzialalnosci
panistwowego konserwatora zabytkéw
przedhistorycznych na okreg kielecki w r. 1922.
Wiadomosci Archeologiczne 8: 64-84.

Krukowski, S. 1932, Premiere caractéristique de la
stadion miniére de Krzemionki au point de vue
des restes qui se trouvent 4 sa surface. Wiadomosci
Archeologiczne 11: 57-60.



BETWEEN HISTORY AND ARCHAEOLOGY

Kutek, J. 1965. Problemy polskiego rauraku i astartu.
Rocznik Polskiego Towarzystwa Geologicznego 35 (2):
263-272.

Lech, J. 1981. Gdrnictwo krzemienia spolecznosci
wezesnorolniczych na Wyzynie Krakowskiej (koniec VItys.
- 1 pol. IV tys. p.n.e.). Wroctaw-Warszawa-Krakéw-
Gdanisk-£6dz, Zaktad Narodowy im. Ossoliriskich..

Maslanka, M. and Wezyk, P. 2014. Podstawowe
informacje o projekcie ISOK. In P. Wezyk (ed.),
Podrecznik dla uczestnikéw szkoleri z wykorzystania
produktéw LiDAR: 12-21. Warszawa.

Matraszek, B. and Salaciniski, S. (eds) 2002. Krzemieri
Swieciechowski w pradziejach. Materiaty z konferencji w
Ryni, 22-24.05.2000. Warszawa. Studia nad gospodarka
surowcami krzemiennymi w Pradziejach 4.

Pelisiak, A. 2006. The Exploitation and Distribution of
Flints From the Central Part of Polish Jura in the Late
Neolithic Times. Analecta Archaeologica Ressoviensia
1: 73-86.

Piotrowska, D., Piotrowski, W., Kaptur, K. and
Jedynak, A. (eds) 2014. Gdrnictwo z epoki kamienia:
Krzemionki - Polska - Europa. W 90. rocznice odkrycia
kopalni w Krzemionkach [‘Stone Age mining:
Krzemionki - Poland - Europe. On the 90th
anniversary of Krzemionki mine discovery’].
Ostrowiec Swietokrzyski, Muzeum Historyczno-
Archeologiczne w Ostrowcu Swietokrzyskim Silex
et Ferrum Vol. 1.

Radziszewska, K. 2015. Analiza topografii pradziejowego
pola gdrniczego ,Borownia’. [Analysis of surface relief
of the ‘Borownia’ prehistoric flint mine, Central
Poland]. Unpublished MA thesis, Institute of
Archaeology, Cardinal Stefan Wyszytiski University,
Warsaw.

Samsonowicz, J. 1923. O ztozach krzemieni w utworach
jurajskich  pétnocnowschodniego  zbocza  Gér
Swietokrzyskich. Wiadomosci Archeologiczne 8(1):
17-24.

Sawicki, L. 1948. Dziatalno$¢ Wydzialu konserwacji
i badan zabytkéw w terenie w latach 1945-1947,
Sprawozdania PMA 1(1945-47): 121-130.

Schild, R. 1971. Lokalizacja prahistorycznych punktéw
eksploatacji ~ krzemienia  czekoladowego  na
pétnocno-wschodnim obrzezu Gér Swietokrzyskich.
Folia Quaternaria 39: 1-61.

Stawik, £. and Zaptata, R. 2011. LiDAR w archeologii -
zagadnienia wstepne. In R, Zaptata (ed.), Digitalizacja
dziedzictwa archeologicznego. Wybrane zagadnienia:
207-230. Lublin, Institute of Archaeology, Cardinal
Stefan Wyszytiski University in Warsaw.

Sudot, M., Krajcarz, M. T. and Krajcarz, M., 2013. Jaskinia
Perspektywiczna - nowe stanowisko paleolityczne

102

w dolinie Udorki (Wyzyna Czestochowska). In
A. Tyc and M. Gradzifiski (eds), Materiaty 47.
Sympozjum Speleologicznego, Olsztyn, 17-20.10.2013 r.:
75-76. Krakéw. Sekcja Speleologiczna Polskiego
Towarzystwa Przyrodnikéw im. Kopernika.

Sudot, M., Cyrek, K., Krajcarz, M. T. and Krajcarz, M.,
2016. Around the Bi$nik Cave - The area of human
penetration during Palaeolithic. Anthropologie 54 (1):
49-68.

Sulgostowska, Z.  2005.  Kontakty  spotecznosci
pdznopaleolitycznych i mezolitycznych miedzy Odrg,
DZwing i gdrnym Dniestrem. Studium dystrybucji
wytwordéw ze skat krzemionkowych. Warszawa.

Sytnyk, O. 2014. Kopalnia Zbuczi w tazariwce. In S. K.
Koztowski (ed.), Stefan Krukowski i jego przygoda z
PMA: 127-128. Warszawa-£odz.

Szubski, M. 2016. Pradziejowe gérnictwo krzemienia w
zachodniej czesci Puszczy Knyszyrskiej. [Prehistoric
flint mining in western part of Knyszyn Forest].
Unpublished MA thesis, Institute of Archaeology,
Cardinal Stefan Wyszyfiski University, Warsaw.

Tarrifio, A., Benito-Calvo, A., Lobo, P. J., Junguitu, L. and
Larreina, D. 2011. Evidence of Flint mining in the
Trevitio syncline (Basque-Cantabrian Basin, Western
Pyrenees, Spain). In M. Capote, S. Consuegra, P. Diaz-
del-Rio and X. Terradas (eds), Proceedings of the 2nd
International Conference of the UISPP Commission on
F lint Mining in Pre- and Protohistoric Times (Madrid,
14-17 October 2009): 171-182. Oxford, Archaeopress.
British Archaeological Reports International Series
2260.

Tarrifio, A., Elorrieta, L., Garcfa-Rojas, M., Orue, 1. and
Sanchez, A. 2014. Neolithic Flint Mines of Trevifio
(Basque-Cantabrian Basin, Western Pyrenees,
Spain). Journal of Lithic Studies 1 (2): 129-147.

Utting, D. J., Goodwin, T. A. and Whalen, D. 2010.
Potential Identification of Mine Openings Using
Remote Sensing Topographic LiDAR, Montague
Gold District (NTS 11D/12), Halifax Regional
Municipality. In Mineral Resources Branch, Report of
Activities 2009: 125-132., Nova Scotia Department of
Natural Resources, Report ME 2010-1.

Vermeersch, P. M. 2007. Middle Palaeolithic Chert
Extraction Structures in Egypt. Prachistoria 6 (2005):
57-69.

Weiner, J. and Weisgerber, G. 1980. Die Ausgrabungen des
jungsteinzeitlichen Feuersteinbergwerks ‘Lousberg’
in Aachen 1978-1980 (D3). In G. Weisgerber, R. Slotta
and J. Weiner (eds), 5000 Jahre Feuersteinbergbau. Die
Suche nach dem Stabl der Steinzeit: 92-119. Bochum,
Deutsches Bergbau-Museum. Veréffentlichungen
aus dem Deutschen Bergbau-Museum 77.



	Spis treści



