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Fig. 6. Examples of cores from site 24 in Porgba Dzierzna. Photos by T. Wisniewski and W. Ochotny.

6 pav. Skaldytiniy pavyzdziai is 24-osios vietovés Porgba Dzierzna. T. Wisniewski ir W. Ochotny nuotraukos.

58



STRAIPSNIAI/ Hubert Binnebesel, Magdalena Sudot-Procyk. Use of Spatial Analysis in the Mining Field in the Udorka Valley

Fig. 7. Examples of tools from site 24 in
Porgba Dzierzna. 1, 2 truncated piece; 3 bu-
rin; 4 hammer. Photos by T. Wisniewski
and W. Ochotny.

7 pav. [rankiy pavyzdziai is 24-osios vieto-
vés Poreba Dzierzna. 1, 2 — nulauzta dalis;
3 — réztukas, 4 — kirvelis. T. Wisniewski ir
W. Ochotny nuotraukos.

but, in 2022, a natural chocolate flint deposit was found in weathered clay in Trench II. This raw material is char-
acterized by a different color than that in the rock. For this reason, it will be necessary to re-examine the entire
collection from 2019-2022 in terms of the presence of patina and affiliation to specific deposits.

The third stage of work in the area of Trench II has been carried out since 2023 and is still ongoing. Due to
the progress of research, the goals set during the exploration of this part of the site have changed. Currently, the
work focuses on the issue of homogeneity and determining the original location of the flint workshop, the relics
of which are observed in the flow layer 8. The current research method is still being improved, but its main as-
sumption is to record the arrangement of finds in order to conduct a more precise spatial analysis. It is planned
to describe it in its entirety when its usefulness is definitely confirmed.

An important aspect during the research is to take into account the weight of the finds. This is of particular
importance in the case of Kernel density estimation, especially in the case of such a large collection. Informa-
tion on the number of flint artifacts in the case of workshops and mines seems to be less reliable than the sum of
their masses. For this reason, this parameter was used to create visualizations of densities. Additionally, as work
progresses in the mining field, the weight will allow for estimating the scale of extraction and production in the
mine in the Udorka Valley, according to the postulates put forward by B. Balcer (2000).

The question of homogeneity

When analyzing the materials obtained in the years 2019-2022, it is necessary to consider the issue of homoge-
neity of the entire assemblage. The first argument against its uniformity is the previously mentioned geological
analysis, which characterizes layer 8 as flowing. This is the first premise to treat the finds from this sediment
separately from those from the shaft fill or other layers.

Spatial analysis (Fig. 8) of products from Trench II confirms this thesis. First of all, attention should be paid
to the Kernel density estimation taking into account the weight of the products (Fig. 8d). What is noteworthy
is the uneven distribution of the finds, both within the shaft and in the runoff layer. In the backfill of object A,
5 horizons can be distinguished, differing in terms of the density of material occurrence. They most probably
correspond to the individual stages of shaft backfilling. The lowest fraction is characterized by numerous flint
materials (Fig. 8b) (516 finds, 2.3 kg). The most numerous group is that of industrial waste (91%) and fragments
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Fig 8. A. Profile W at meter 108 from Trench II. A3—A14 — anthropogenic fill layers of structure ‘A’. Areas marked with
black lines — limestone rocks; B. Profile W with marked artifacts; C. Profile W with marked artifacts. Burnt or overheated
finds are marked in black, while those without such traces are marked in white; D. Kernel density estimation of artifacts
taking into account their weight, against the background of profile W.

8 pav. A. Profilis W ties 108 metru is Il transéjos. A3—A14 — A struktiiros antropogeninio uzpildo sluoksniai. Juodomis lini-
Jjomis pazyméti plotai — kalkakmenio uolienos. B. Profilis W su pazymétais radiniais. C. Profilis W su paZymeétais radiniais.
Sudege ar perkaite radiniai pazymeéti juodai, o be tokiy pédsaky — baltai. D. Artefakty tankio jvertinimas, atsizvelgiant j jy
svori, profilio W fone.

of natural concretions (4%). The remaining artifacts are single flakes (2%), chips (2 pieces), flakes (1%), and
pre-core forms in the type of test concretions (4 pieces). The total lack of burnt and overheated finds (Fig. 8c)
is noteworthy. This fraction is primarily associated with layer A14. Its location and inventory characteristics
indicate that it is most likely related to the process of raw material extraction and mining activity. This sediment
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Fig 8. continued
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could have been found in the shaft while it was still in use (creating a type of internal heap), or just after extrac-
tion had ceased. A completely different situation can be found above it. Layer A12 is almost barren in finds (39
finds, 189 g). Individual products originating from it are found at its boundaries, as well as in the vicinity of
burrows and roots. Very few of the artifacts can be reliably associated with this sediment (13 items). 90% of this
collection is industrial waste (35 items), one of which was identified as bearing traces of overheating. In addition,
3 flakes and 1 core were found in the sediments associated with layer A12. This fraction is most probably related
to the process of natural filling of the shaft with sediment from sliding walls and heaps (on which the workshops
were not located). The sterility of the products, as well as the considerable thickness, can also be explained by
pouring in sediments related to the digging of another, neighboring shaft.
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Layer A12 is overlaid by layer A8 and sediments mixed with it. This layer is again rich in archaeological
material (298 finds, 3.5 kg). Waste materials constitute 57% of the finds from this layer, while flakes constitute
28%. There were also 20 natural concretions, 11 pre-core forms, mainly in the type of test concretions, 3 blades,
1 core, one technical form, and 1 flake. 10 of the products showed signs of overheating or burning. The charac-
teristics of this assemblage may indicate its connection with the initial stages of processing, with checking the
quality of the raw material and preparing the precores.

After the third phase of filling the shaft with sediments associated with layer A8, some stagnation must have
occurred, during which, the narrow layer A4 was formed. Its color and structure resemble layer 7 (loess, most
likely in situ). A4 lines a significant part of the level at a depth of 101.10 to 101.30, as well as the walls of the
shaft. After this episode, the mining facility was filled with sediments of a different nature than in the case of
the third phase. Fraction 4, associated primarily with layer A7, is again poor in finds (35 pieces, 445 g). Once
again, its most numerous type is industrial waste, constituting 60%. The second most numerous group is flakes,
constituting 34%. The assemblage is supplemented by 2 chips.

The fifth phase of filling formation is associated with its upper part. Very numerous finds are primarily as-
sociated with layer A6 (504 pieces, 11.1 kg). The most numerous group is waste (276 pieces, 55%), followed by
numerous flakes (184 pieces, 36%), 13 natural concretions, 11 blades, 10 flakes, 7 pre-core forms and 3 technical
forms. This structure resembles the structure of a mining workshop. 39 finds from this collection show traces of
overheating or burning. Characteristically, the finds are arranged in large flat concentrations, and not as in the
lower parts, where they were generally scattered throughout the thickness of the sediment.

Above this layer, there is the previously mentioned flow layer 8. Its inventory structure was cited in the part
devoted to stratigraphy. Two important elements should be added. The total weight of the finds from layer 8 from
2019-2022 is 30.1 kg (with 3058 finds). Among them, as many as 774 showed signs of overheating or burning. It is
worth noting that, in the lowest part of this layer, the finds form a distinct cluster, while in the upper part they occur
in a loose, chaotic manner. Nevertheless, this allows us to assume that this deposit was not formed as a result of a
single event, but rather it developed as a repeated flow that also carried archaeological material from the workshop.

As we can see, the collection of finds from Trench II is not homogeneous. The backfill was created as a result of
various processes. The sediment most likely found its way into the niche both due to natural processes and by filling
the pit by prehistoric miners. The inventory found in the individual horizons also differs significantly. The alternating
phases rich in finds and practically barren ones allow us to indicate different origins of the sediment. The results of
the microstratigraphic analysis may shed new light on this issue. The collected samples are currently being analyzed
for this purpose. Although some of the finds from the shaft can be associated with the mining workshop, it should be
suspected that it is not the same one, the relics of which we find in layer 8. The basic argument that indicates this is
the difference in the percentage of specimens found. In the shaft, the most numerous burnt artifacts occurred in the
5t fraction and constituted less than 8% of the collection. In the flow layer 8, such finds constitute 25%.

As mentioned in the Introduction, in order to better understand both the chronology and the directions and
nature of flint production in the mining field in the Udorka Valley, it is necessary to examine primarily the mining
workshops. At the moment, it has not been possible to locate them in situ. We only have their relics in displaced
layers. It seems that determining the original place of the deposition of artifacts is only possible in the case of those
from layer 8. They are located stratigraphically the highest, and were displaced by a flow that could have destroyed
older layers. Additionally, they are characterized by a high share of burnt artifacts, which distinguishes them from
others. These results became the starting point for a new phase of research, using a changed methodology.

Preliminary research results using the new methodology

Since 2023, a modified research method has been used in Trench I1, which involves recording the arrangement of
finds. This method has been used by other researchers before (for example McPherron, 2005, or Sanchez-Rome-
ro, 2023), but some changes have been made to it. However, its full study will only be published after confirming
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Fig. 9. Rosette diagram showing the directions of the deposition of finds from the 2023 season in Trench II.

9 pav. Rozetés diagrama, kurioje pavaizduotos 2023 m. sezono I transéjos radiniy nusédimo kryptys.

the validity of the use of the author’s changes. The main assumption of the method is that the products from the
runoff will be arranged in a similar way, indicating the direction from which they were moved. The azimuths of
the finds are presented by using a rosette diagram.

The preliminary results obtained for the finds from 2023 (the research area is marked in Fig. 2) seem to show
a certain regularity. Averaging the azimuths of all the finds from layer 8, a result close to a linear vector was
obtained (Fig. 9). It is worth noting that this result also includes meters located above mining shaft C, which (as
a depression) could have strongly disturbed the result. When the niche is filled with sediment, an effect similar
to that in a cauldron may occur, i.e., the swirling and mixing of sediment with artifacts. Despite these reserva-
tions, the diagram shows one direction, consistent with the decline of the slope in this place. Further analysis of
the materials obtained in the research season of 2023 is planned. First, the azimuths of artifact deposition will be
divided into individual meters. Detailed planigraphy and density maps will also be prepared. These results will
allow for the selection of locations for further research, but, already now, thanks to the preliminary and average
results, it is clear which direction up the slope should be investigated.

Summary and perspectives for further research

The flow layer (layer 8) is extremely interesting in many respects. Its in-depth recognition can answer a number
of questions concerning site 24 in Porgba Dzierzna. This layer, present in all identified trenches, covers the mine
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shafts. In zone 2, distinguished on the basis of LIDAR, it is responsible for the fact that the outlines of the shafts
are very poorly legible. Trench II located in this zone before the beginning of excavation work was basically
invisible on the surface. For this reason, it cannot be ruled out that the mining field may be larger than indicated
by LIDAR. In this layer, as well as in the fill of mine shaft A, there are artifacts with workshop characteristics.
Due to their origin from the initial phases of exploitation, as well as their undoubtedly redeposited nature, these
materials cannot be unambiguously dated. Based on the results of the spatial analysis, it is difficult to consider
them as homogeneous material. For this reason, it is extremely important to find the place of their original depo-
sition. This is only possible in the case of materials from the flow layer 8. Detailed examination of this layer and
reaching the original location of the workshop will allow for a more precise dating of flint activity in the mining
field (more precise than OSL or C14 dates from displaced sediments), and it will also allow linking production
with specific cultural units. The data obtained during detailed studies of the flow layer will also allow for deter-
mining the range, chronology and nature of the mass movement that destroyed a significant part of the site. The
key question seems to be its genesis (whether it was related to human activity or only to natural slope processes).

The research results presented in this article are only a starting point for further work. Spatial analyses, which
have already allowed for expanding knowledge about the site, will be further used, and their scope will be ex-
panded. This has proven that, although the use of such a detailed analysis is not common in prehistoric mine
research (due to the number of finds and the size of the sites), it brings very valuable results. In the next seasons,
it is planned to use spatial analysis to select sites for further research aimed at determining the location of the flint
workshop. These works will be complemented by a series of drillings with a hand drill and survey trenches. The
weight of the artifacts, as well as their detailed analysis, will allow for an estimate of the size of flint production
in the mining field in the Udorka Valley. The project is scheduled to be completed no later than 2027. The results
obtained after a comprehensive analysis will allow for a description of the research procedure used along with the
innovations practiced. If the adopted assumptions are confirmed, this method will be able to be employed on many
other destroyed and displaced sites down the slope.
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Erdvinés analizés panaudojimas tiriant titnago kasimo vietove Udorkos slényje.
Geoarcheologiné titnago apdirbimo dirbtuviy paieSka Poreba Dzierzna 24 vietovéje

Hubert Binnebesel, Magdalena Sudol-Procyk

Santrauka

Nuo 2018 m. Udorkos slényje esancioje priesistorinéje Sokoladinio titnago kasykloje (24 vietové, Porgba Dzierzna, Mazo-
sios Lenkijos vaivadija, Piety Lenkija) atliekami kasinéjimai. Tai pirmoji §ios Zaliavos kasykla, aptikta uz Swietokrzyskie
kalny riby. Si Zaliava vaidino svarby vaidmenj Vidurio Europos priesistoriniy bendruomeniy ekonomikoje. Siuo metu turi-
mas datavimas rodo, kad kasykla buvo naudojama mezolito ir neolito laikotarpiais.

Titnago kasykla yra sta¢iame upés slénio (Udorkos slénio) $laite ir uzima ne mazesnj kaip 1 ha plota. Vietovés strati-
grafiné padétis gana sudétinga. Po humuso sluoksniu yra priesmélio sluoksnis, kuriame labai gausu artefakty (8 sluoksnis).
Tik Zemiau po juo yra nuosédy, greiCiausiai in sifu. Jame taip pat yra artefakty, taciau $is sluoksnis labai pazeistas. Po juo
in situ yra priemolio, molio ir suirusiy kalkakmeniy sluoksniai be artefakty. Kasyklos Sachtos taip pat padengtos priesmélio
sluoksniu. Sj procesa ir in situ sluoksnio su radiniais sunaikinima grei¢iausiai lémé tas pats reiskinys. Grei¢iausiai tai buvo
priesistoréje vykes purvo tekéjimas.

Sudétinga stratigrafiné situacija buvo atspirties taskas svarstymams apie titnago radiniy kolekcijos homogeniskuma.
Siekiant patikrinti Sig hipoteze, buvo atlikta artefakty erdviné analizé. Atlikus analizg, pavyko pastebéti 5 skirtingus Sachtos
uzpildo formavimosi horizontus. Kiekvienas is i$skirty horizonty skyrési ne tik radiniy skaic¢iumi ir tankumu, bet ir jy savy-
bémis (radiniy tipais ar degimo pozymiais). D¢l Sios priezasties uzpildo radiniai negali buti laikomi homogeniskais ir turéty
buti analizuojami kaip atskiros kolekcijos.

Titnaginiai radiniai i§ judinto 8 sluoksnio taip pat nesudaro vienalytés kolekcijos. Siy nuosédy sluoksnio virdutingje ir
apatin¢je dalyse pastebéta radiniy iSsidéstymo skirtumy. Tai leidzia daryti prielaida, kad Sis sluoksnis susiformavo ne kaip
vieno reiskinio rezultatas. Nors artefaktai yra dirbtuviy tipo, jy vienalaikiSkumu reikéty abejoti. Norint nustatyti chronolo-
gines ir kultiirines Sios titnago kasimo ir apdirbimo vietos ribas, atrodo, biitina nustatyti pirming dirbtuviy vietg, kuri buvo
sunaikinta ir i§plauta dumblo srovés.

Siuo metu vykdomi darbai §iam tikslui pasiekti. Siame tyrime taikoma platesné erdviné analizé, atsizvelgiant j atskiry
radiniy azimutus. Pirmieji darbo rezultatai rodo, kad tai perspektyvi kryptis.

65



	Use of Spatial Analysis in the Mining Field in the Udorka Valley. Introduction to Geoarchaeological Search for Flint Workshops at Site 24 in Poręba Dzierżna (Małopolska Province, Southern Poland)
	Abstract
	Erdvinės analizės panaudojimas tiriant titnago kasimo vietovę Udorkos slėnyje. Geoarcheologinė titnago apdirbimo dirbtuvių paieška Poręba Dzierżna 24 vietovėje. Anotacija

	Introduction
	Site – location and history of research
	Terrain morphology
	Stratigraphy
	Research method
	The question of homogeneity
	Preliminary research results using the new methodology
	Summary and perspectives for further research
	Bibliography
	Summary
	Santrauka

