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Abstract
The evolution of Neolithic to Bronze Age settlement organization in Central Europe has revealed ditches as an important 
component of settlement structures. The various shapes and sizes of these features contribute to different understandings 
of their functions, mainly referring to ditches as elements of fortifications or ritual practices. Based on a newly discovered 
Copper Age feature at Kamianets-Podilskyi (Tatarysky), Ukraine, our paper contributes to the discussion on the function 
of ditches in their relation to prehistoric technologies. This study presents evidence on tanning techniques and technologies 
associated with a section of ditch belonging to the Western Trypillia culture. Due to the uniqueness of this discovery, we 
applied various analyses, including GIS spatial analyses, palynological, anthracological, archeozoological, malacological, 
and use-wear studies. The obtained results enable us to recognize the complex practices of Copper Age communities, skill-
fully combining technical knowledge with an understanding of environmental conditions.
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Introduction

The evolution of Neolithic to Bronze Age settlement 
organization in Central Europe reveals ditches of various 
shapes as an important component of settlement struc-
tures. Understanding of these features is closely related 
to prehistoric people’s risk management, both rational 
and irrational (e.g., Fitzhugh 2001; Hintze et al. 2015). 
Ditches are interpreted as fortification systems, astro-
nomical observatories, enclosures for keeping cattle, or 
markers of social separation (reviewed in Parkinson and 
Duffy 2007; also see: Raczky and Anders 2008; Borić 
et al. 2018; Füzesi et al. 2020, 2023; Vondrovský et al. 
2022). Recent excavations have identified numerous buri-
als within ditches (Orschiedt and Haidle 2006; Teschler-
Nicola 2012; Furholt et  al. 2020). From c. 4300 BC 
numerous ditches were dug out at the settlements of the 
Cucuteni-Trypillia cultural complex (CTCC) to the east 
of the Carpathians. This paper discusses the production 
processes within a ditch evident from the recent explora-
tion at the settlement of Kamianets-Podilskyi (Tatarysky) 
referred to as the Western Trypillia culture (WTC), a part 
of the CTCC. The site is also transliterated in the litera-
ture as Kamenets-Podolskiy (Tatarysky), hereinafter we 
will place alternative transliteration in brackets to avoid 
confusion.

A general understanding of the function of CTCC 
ditches reflects interpretations of such features, which were 
discovered at the sites of various cultural units in Central 
and South-Eastern Europe. Fortification components and 
ritual purposes were the most common assumptions result-
ing from the excavations preceding the Trypillia megasites 
revolution of the early 2010s as defined by John Chap-
man et al. (2014). A remarkable example comes from the 
Final WTC settlement at Mayaky (Mayaki). Excavating the 
comprehensive system of ditches at the south-eastern part 
of Mayaky, Volodymyr Zbenovich (1974) understood this 
system as the remains of a fortification. Later explorations 
of the north-western part of the same site by Vladyslav 
Petrenko (1989) resulted in the interpretation of the ditch 
system as being used for ritual purposes. Currently, both 
assumptions are being questioned by Igor Sapozhnikov, 
who assumes that the ditches in Mayaky were used for 
(unspecified) production purposes (Sapozhnikov et  al. 
2019). Although other alternative interpretations were sug-
gested for single sites, these were not generalized to cover 
a number of ditches. For instance, Natalia Skakun (2005) 
assumes that the ditch in the Middle WTC settlement of 
Bodaky (Bodaki) functioned as a water drainage.

The interpretation of ditches as parts of site defense 
systems was well-grounded by Valentin Dergachev 

(2007). According to his results, the intensification of 
rampart construction and digging ditches at the sites sty-
listically referred to Cucuteni A/AB – Trypillia BI/BI-II 
and Horodistea-Foltesti type – Trypillia C II corresponds 
to an increase in the number of weapons, indicating the 
increasing tensions among CTCC populations and their 
neighbors. The absolute dating of these periods also cor-
responds to climate shifts (e.g., Gerasimenko 1997, 2015). 
The latter probably caused a decrease in resources and 
clashes among different groups of CTCC populations in 
addition to probable conflicts between populations referred 
to different archeological cultures, which further resulted 
in serial migrations to the east (e.g., Diachenko 2012; 
Harper et al. 2019).

Current geophysical work at CTCC settlements of dif-
ferent periods identified far more ditches than previously 
assumed (e.g., Mischka et al. 2016; Rassmann et al. 2016a, 
2016b; Asăndulesei et al. 2020; Rud et al. 2021; Saile et al. 
2021). However, a significant increase in the number of 
known features did not change the general interpretative 
frameworks. For instance, a section of the ditch encircling 
the c. 240-ha Middle WTC mega-site of Nebelivka (Nebel-
evka) was associated with a base of a palisade by Natalia 
Burdo and Mykhailo Videiko (2016) and alternatively 
interpreted as a feature separating the living space from the 
outside world by Chapman et al. (2016). Alternative expla-
nations may be exemplified by Robert Hofmann and col-
laborators’ (Hofmann et al. 2019) understanding of the ditch 
in the internal part of the Middle WTC site of Maidanetske 
as an enclosure.

Our paper presents evidence of a tannery functioning 
within a section of WTC ditch in Kamianets-Podilskyi 
(Tatarysky). Although leather, like many other perishable 
items, e.g., wood, fibers, and furs, are exceptionally rarely 
recorded in archeological finds, it was most probably one of 
the first materials to accompany humans since prehistoric 
times. In Europe, the oldest tools serving for hide processing 
are known from the Early Upper Paleolithic site at Canyars 
(Spain), dated to 39,600 BP (Doyon et al. 2023). The prac-
tice of leather tanning was one of the most important crafts, 
as it produced materials commonly used for clothing, foot-
wear, hunting equipment, transportation objects, housing, 
boiling equipment, residential interiors, musical instruments, 
and many other products (Grömer et al. 2017; Doyon et al. 
2023). Recent evidence indicates that not only animal but 
also human leather was used for producing certain items 
(Brandt et al. 2023). Data analysis leading to the conclusion 
on tanning processing within a WTC ditch is followed by 
a brief discussion of the extrapolation of our outcomes in 
order to understand the function of the other CTCC ditches.
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A ditch at the WTC settlement 
Kamianets‑Podilskyi (Tatarysky)

The WTC settlement of Kamianets-Podilskyi (Tatar-
ysky) is located on the hill-shaped ledge of a plateau to 
the south of Kamianets-Podilskyi castle (48 ̊ 40′ 13″ N, 
26 ̊ 33′ 37″ E – the centre of the site) in the western part 
of Central Ukraine (Figs. 1 and 2). This site is taxonomi-
cally referred to the Mereșeuca group of the WTC and 
dated to c. 3950–3900 BC (Levinzon 2021; Diachenko and 
Sobkowiak-Tabaka 2020, 2021). The settlement has been 
known since 1926. Collections from intensive surface sur-
veys are kept by the Kamianets-Podilskyi State Historical 
Museum-Reserve and the Archeological Laboratory of the 
Kamianets ̊-Podilskyi Ivan Ohiienko National University 
(Levinzon 2021). The excavations at Kamianets-Podilskyi 
(Tatarysky) were conducted in the framework of the pro-
ject ‘Dynamics of prehistoric culture: Comprehensive 
analysis of records from Southeastern and Central Europe’ 
in 2019–2021 and preceded by geophysical surveys.

The geophysical plan of Kamianets-Podilskyi (Tatar-
ysky) represents ditches as linear anomalies of positively 
high magnetic values (up to 15 nT) indicating the infill-
ing of these features with sediments, which are different 
from the geological background (Fig. 2A; Niebieszczański 

et al. in preparation). Interpretation of the geophysical 
anomalies reveals two ‘interrupted’ ditches. The first one 
(northern) separates features in the internal part of a set-
tlement from the small clusters of features located to the 
south of the internal part. The second, southeastern ditch 
encircles a site (in case it is not continued to the south), or 
separates small clusters of features from the southern part 
of a settlement (in case it continues to the south). Geo-
physical anomalies of similar shape in the northeastern 
and northwestern parts of a site seem to result from mod-
ern agricultural activities because their magnetic proper-
ties are much higher than those registered for the ditches 
in the south. The latter’s width measures from 4 to 12 m 
(Niebieszczański et al. in preparation).

Excavations aiming to specify the usage of ditches in 
Kamianets-Podilskyi (Tatarysky) and to obtain the pollen 
data were conducted in the 2020 and 2021 field seasons. 
More specifically, a section of the southeastern ditch was 
excavated to the south of the field road crossing the site, 
in the area that was not a subject of geophysical surveys 
because of the growing plants and related problems in nego-
tiations with the local farmer. Due to the latter, we decided 
to excavate a section of the southeastern ditch, which part is 
visible on a geophysical plan, continuing in a non-surveyed 
area (Fig. 2).

Fig. 1  Kamianets-Podilskyi (Tatarysky). Site location (M Stróżyk, I Sobkowiak-Tabaka)
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The feature’s planigraphic shape was visible at Trypil-
lia-time surface, i.e. at a depth of c. 60 cm from the mod-
ern surface. Its depth varies from c. 1.6 m to 1.2 m from 
the Trypillia-time daily surface decreasing along the west-
east axis corresponding to the slope of the plateau’s ledge 
(Fig. 2B). The infill of the ditch is represented by humus 
loam, more intensively humified at the bottom. This infill 
includes WTC artifacts and animal bones redeposited here 
from the surface after the abandonment of the settlement. 
However, deliberate deposition may be assumed only for 
a Bos primigenius skull due to such deliberate depositions 
at the other CTCC sites usually associated with abandon-
ment rituals concerning site features or the settlement 

as a whole (examples of similar depositions come from 
the settlements Bernashivka (Bernashovka): Zbenovich 
1980, Luka Vrublivetska (Luka Vrublevetskaya): Bibikov 
1953, Vasylivka (Vasilievka): Shumova 1990). Artifacts 
are mainly represented by pottery fragments which are 
identical to the ceramics coming from the excavations of 
other features and surface collections. WTC pottery frag-
ments (41 sherds of different sizes) at the solid rock bot-
tom of sub-ditches (see below) suggest their redeposition 
to the feature from the surface of a settlement in a very 
short time after the abandonment of the ditch. Materials 
dated to other periods were not found at this depth. Along 
with the radiocarbon dates obtained from the bone samples 

Fig. 2  Kamianets-Podilskyi 
(Tatarysky). Site location. 
A Geophysical plan of the 
settlement (modified after 
Niebieszczański et al. in prep). 
Features of rectangular shape 
represent WTC dwellings 
and (the largest rectangular 
anomaly in the internal part of 
a settlement) mega-structure. 
Small anomalies of round shape 
correspond to pits and/or kilns. 
Interrupted curved lines repre-
sent WTC ditches. Anomalies 
arranged into a dotted line 
crossing the site represent the 
remains of modern (Soviet-
time) power-line; B A view 
on the WTC settlement from 
Kamianets-Podilskyi castle 
(a view from the north). 1 – 
internal ditch, 2 – external ditch 
(photo by Ye Levinzon)
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coming from the bottom and infill (redeposited from the 
surface of a settlement) of the ditch (Table 1, Fig. 3), the 
finds suggest that the ditch functioned synchronously with 
the houses and pottery kilns which we excavated at this 
settlement. If not affected by the curve anomalies, slightly 
older intervals of two calibrated dates (Poz-140805 and 
Poz-157281) are probably caused by the location of sam-
ples in a bottom layer of the ditch including mollusk 
shells causing the impact of the reservoir effect (Walanus 
and Goslar 2009). One more date (Poz-157280) from the 
upper part of the ditch’s infill may also represent some 
activities at the place of the abandonment settlement of 
Kamianets-Podilskyi (Tatarysky) by the inhabitants of the 
nearly located settlement of Kamianets-Podilskyi (‘Polskyj 
Rynok’, known also as ‘The Old City’) dated in the range 

of 3710-3645 BC (see the details of combining relative 
and absolute chronology of sites in Harper et al. 2021).

In one place the upper part of the ditch was interrupted 
by a medieval feature (fourteenth-fifteenth century AD) pos-
sessing a nearly rectangular shape in plan. This sunken fea-
ture, probably, represents the basement of a house. It should 
be noted that the rare artifacts (21 pottery sherds and four 
iron artifacts) of this time period were found only within the 
Late Medieval feature, on the modern surface, and in the 
upper 50 cm of the excavation site. Along with the location 
of the chernozem in the profile (the upper layer: Fig. 5), the 
location of this feature may indicate a shallow depression 
above the WTC ditch in Medieval times.

The lower part of the features is composed of three sub-
ditches (i.e. three small ditches with the central one being 

Table 1  Kamianets-Podilskyi 
(Tatarysky). Radiocarbon dates

Dates were calibrated according to the IntCal 20 Northern Hemisphere curve (Reimer et al 2020) in OxCal 
version 4.4.4 (Bronk Ramsey 2021)

Lab ID Sample Context 14C Age %C %N %Coll calBC (2σ)

Poz-157280 Animal bone
(Bos primigenius f. taurus)

Ditch 4950 ± 40 0.7 4.3 1.4 3896–3880 (2.1%)
3800–3642 (93.3%)

Poz-119956 Animal bone
(Sus scrofa f. domestica)

House 1 5070 ± 35 1.4 6.8 1.5 3961–3782 (95.4%)

Poz-119957 Animal bone
(Bos primigenius f. taurus)

House 1 5100 ± 40 1.7 7.4 3.5 3978–3794 (95.4%)

Poz-157281 Animal bone
(Bison bonasus)

Ditch 5160 ± 40 0.9 4.8 2 4152–4149 (0.2%)
4050–3928 (78.5%)
3921–3916 (0.4%)
3876–3804 (16.4%)

Poz-140805 Animal bone
(Sus scrofa f. domestica)

Ditch 5210 ± 40 0.9 6.9 1.7 4226–4198 (4.2%)
4166–4127 (9.9%)
4114–4098 (1.4%)
4069–3952 (79.9%)

Fig. 3  Kamianets-Podilskyi (Tatarysky). Calibration of radiocarbon dates (Poz-Poznań Radiocarbon Laboratory; Dates were calibrated accord-
ing to the IntCal 20 Northern Hemisphere curve (Reimer et al 2020) in OxCal version 4.4.4 (Bronk Ramsey 2021)
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the deepest, which were dug up in the bottom of a whole 
ditch) that were dug into sterile sediments, namely calcar-
eous gravel-pebble rubble including numerous shells and 
their fragments (Figs. 4 and 5). The depth of the sub-ditches 
reaches 30–40 cm, with their width varying from 10–20 cm 
to 50–60 cm at their flat bottom. According to the finds of 
identical ceramics and radiocarbon dates obtained from the 

samples coming from the bottom of the second and third sub-
ditch, they are contemporaneous with each other. Therefore, 
sub-ditches representing an ‘alternative’ to a simple single 
bottom of the whole ditch should not be considered in frames 
of different construction phases. Several thin layers of calcar-
eous gravel-pebble rubble ‘falling’ from the Trypillia-time 
daily surface into the ditch (or from the north to the south in 

Fig. 4  Kamianets-Podilskyi (Tatarysky). A View of the feature from the quadcopter. 1, 2, 3 – sub-ditches (photo by S Kovalenko). B View of the 
fireplace (photo by Ye Levinzon)

Fig. 5  Kamianets-Podilskyi (Tatarysky). KP-profile of the feature. 
A – humus horizon of the modern soil; CB – the lower transitional 
horizon of the modern soil;  AB1 – the 1st buried soil (humus-transi-
tional horizon);  A2 +  AB2 – the 2nd buried soil (preserved in the pale-
ogully);  B2 – the 2nd buried soil (the transitional horizon);  B3 – the 
3rd buried soil (the transitional horizon);  BC3 – the 3rd buried soil 

(the lower transitional horizon); Mcol – coarse colluvium (Miocene 
deposits washed in the paleodepression from the Chalcolithic spoil 
heap); Lcol – re-deposited loess from the Chalcolithic spoil heap; 
 BC4 – the 4th buried soil;  B4 – the 4th buried soil (Chalkolithic); 
 C4—the parent rock (photo by Ye Levinzon, drawing by P Boltaniuk 
and N Gerasimenko)
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the profile) indicate their redeposition in the direction of the 
central part of the settlement (Fig. 5: layers  BC4, Mcol,  B2).

At least two fire-affected locations were indicated at 
the edges of the southern sub-ditch, on the upper part of 
the layer of calcareous gravel-pebble rubble. The larger 
fire-affected location, c. 1 × 1 m, was located in the west-
ern part of the excavated area (Fig. 4A, B). To the north of 
it, two pairs of postholes were explored. The first pair (20 
and 26 cm in diameter) was located in the northern wall 
of the central sub-ditch. The second pair of postholes (30 
and 33 cm diameter) was explored in the northern wall of 
the ditch. To recognize the function of the explored com-
plex features, a multi-proxy analysis was carried out for the 
infill of the ditch, the accompanying fires, and the materials 
deposited within them. Additionally, we applied drainage 
analysis at a micro-regional scale aiming to identify ancient 
watercourses.

Materials and methods

Drainage analysis

To determine the hydrological situation in the area of the 
site location, a topological analysis of the drainage network 
was carried out. This term is defined in geomorphological 
significance as the local hydrological trend, independent of 
contemporary meteorological and hydrological conditions 
(Jasiewicz 2010). The analysis takes into account the topo-
logical possibility of water flows, and the whole drainage 
network including dry valleys (Jasiewicz and Hildebrandt-
Radke 2009), making the results hypothetical. The division 
of the network is carried out by order reduction according to 
Strahler’s stream classification (Strahler 1952; Jasiewicz and 
Hildebrandt-Radke 2009; Jasiewicz 2010) on a digital model 
that has previously been corrected by filling sinks (Planchon 
and Darboux 2001; Jasiewicz 2010). The basis of the mode-
ling was a digital terrain model obtained from a topographic 
map at a scale of 1: 25,000 with height intervals of 5 m, and 
2.5 m in local places. Terrain surfaces were obtained by 
adding discontinuity lines from the obtained vectors. The 
Delaunay interpolation method was used, resulting in a grid 
of irregular triangles (TIN, Triangulated Irregular Network). 
The sampling density of the GeoTiIFF raster grid was 10 m. 
Such a model is a sufficient form of terrain representation 
for this analysis, taking into account the resolution involved.

Analysis of paleobiological remains

Sediment samples for paleobiological analysis were taken 
from the bottom part of the profile (the western wall of 
the excavation site: (Figs. 5 and 7). A total of two parallel 
columns of 9 samples, with a volume of 500  cm3 each, 

were collected from layer no. 11, beginning from 140 cm 
below the topsoil, to a depth of 230 cm (total thickness of 
the sample: 90 cm). The first column of samples was sub-
mitted for palynological analysis and the second one for 
malacological and anthracological analysis. The samples 
from the second column were soaked in water, and, after 
48 h, floated and sifted through 2.5, 1.2, and 0.5 mm mesh 
screens. The resulting dried fraction was submitted for 
further analysis. Additional samples (c. 3000  cm3) were 
taken from the bottom of the ditch (sample 1 and sample 
2), as well as from two fireplaces (fireplace 1 and fireplace 
2 located close to the discovered structure/ditch (Table 2, 
Fig. 7).

Eleven samples from the Kamianets-Podilskyi (Tatar-
ysky) site, namely, the profile and two samples from the fire-
places within the feature, were submitted for paleobiological 
research. After drying, the obtained material from the col-
lected profile was sorted under a stereoscopic microscope, 
selecting charcoals, seeds, and fruits of plants suitable for 
taxonomic identification, as well as mollusk shells.

Palynological analysis

First, a column of 9 samples from profile KP (Fig. 7) of 
sediments from the ditch infill was palynologically analyzed 
(Table 2). The palynological sample processing has fol-
lowed a technique (Malyasova and Spiridonova 1989) which 
includes maceration and separation. Maceration consisted of 
such procedures: physical removal of large particles; boiling 
of a 100 g sample in the listed below chemicals, with the fol-
lowing sediment decanting after each step in distilled water 
to a neutral reaction and transparent state. The chemicals 
were a 10% solution of HCl in order to remove carbonates; 
a 25% solution of sodium pyrophosphate in order to remove 
clay particles, a 10% solution of HCl in order to remove sec-
ondary carbonates, which were constitutes of clay-carbonate 
covers of pollen grains; and 10% solution of KOH to remove 
organic matter. In order to separate palynomorphs and silt 
particles most completely, separation was done in heavy 
liquid (CdI 2 and KI) with a specific gravity of 2.2. The 
methodology was modified for the samples from the lower 
part of the ditch infilling, which included a large part of sand 
grains, by supplementary treatment with a cold solution of 
HF, applied for at least 24 h.

The numbers of counted palynomorphs were higher in the 
depth interval 0.9–0.5 m than in the interval 0.5–0.0 m. In 
the former interval, palynomorph counts were between 436 
and 337 per sample, whereas in the latter between 230 and 
171. The decrease in palynomorph numbers is due to the 
enrichment of these samples in sand and clastic material as 
compared to finer-grained upper samples. A total of 4018 
palynomorphs has been identified. The majority of pollen 
was well preserved. The good pollen preservation might 
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indicate that its majority was air-born or delivered from 
the plots, close to the ditch edges. Some small tricolporate 
scabrate pollen grains were rumpled and left unidentified, 
but their morphology proves that they belong to the group 
of forbs.

Pollen has been identified (under magnifications of × 400 
and × 600) with the use of spore-pollen atlases (Kuprianova 
and Alyeshina 1972, 1978; Bobrov et al. 1983; Reille 1995, 
1998), and with the use of the palynomorph reference col-
lection of the Department of Earth Science and Geomor-
phology (Taras Shevchenko National University of Kyiv). 
The majority of pollen of arboreal taxa has been determined 
at the level of genera and species, as these have been well 
studied in surface samples and fossil spectra of many other 
sections in the investigated area. The majority of non-arbo-
real pollen taxa and spores has been identified at the level 
of families. Pollen of Nymphaea alba has been determined 
using a key for identification of pollen grains of species of 
Nymphaeaceae family (Kuprianova and Ayoshina, 1978, p. 
47, photos in Table XXV). The percentages of arboreal pol-
len (AP), non-arboreal pollen (NAP), and individual taxa 
have been counted from the sum of AP and NAP. Spores and 
NPP were counted in addition to this sum.

The presence of microcharcoal in various intensities was 
attested along the whole profile and in the samples from 
Profile W and E of the ditch itself.

Anthracological analysis

The remains of charcoal from two samples (80–90 cm 
and 50–60 cm of KP profile), samples 1 and 2, and from 
fireplace no. 1, were studied at the Palaeobotany and 
Palaeoenvironment Group of the W. Szafer Institute of 
Botany of the Polish Academy of Sciences (IB PAS) by 
using a reflected light microscope with 100–500 × magni-
fications. Each charcoal fragment is analyzed separately 
as an observation and count unit. It is observed in three 
anatomical sections of wood, namely a transverse section, 
a longitudinal radial section, and a longitudinal tangen-
tial section. A given charcoal fragment, depending on its 
size, state of preservation, and anatomical characteristics, 
may be identified as belonging to various levels (species, 
genus, family) or may generally be included in the group 
of conifers or deciduous trees and shrubs. Due to the lack 
of clear diagnostic features, the wood of trees and shrubs 
occurring in Central Europe is most often determined at 
the genus level. Taxonomic identifications are compared 
with anatomical atlases (e.g., Schweingruber 1990) and 
modern reference collections. Micrographs were taken 
in the Laboratory of Scanning Electron Microscopy and 
Microanalysis at the Institute of Geological Sciences, Jag-
iellonian University (HITACHI S-4700). Although the 
samples do not contain any charred carpological material, 

a single uncharred fruit of wood avens (Geum urbanum) 
was found (determined by S. Skoczylas-Śniaz). As this is 
an introduced species, it is most likely from a recent plant 
growing near the site.

Malacological analysis

Mollusk remains were selected from the dried samples, 
nine in total from the KP Profile, and two samples from the 
bottom of the ditch (samples 1 and 2). They were identi-
fied using a Nikon SMZ445 stereomicroscope and Keyence 
VHX-7000 digital microscope at the ArchaeoMicroLab of 
the Faculty of Archeology, Adam Mickiewicz University, 
Poznań. The identification was based on species described 
by Welter-Schultes (2012) and a reference collection from 
the Institute of Archaeology and Ethnology, Polish Academy 
of Sciences.

Use‑wear analysis

Microscopic observations of flint tools were carried out at 
the Laboratory of Archaeometry and Archaeological Con-
servation, Institute of Archaeology, University of Wrocław, 
with the use of an Olympus SZX9 stereomicroscope 
(× 6.3–114) for recording scars and a Nikon ECLIPSE 
LV100 metallographic microscope (× 50–500) for analyz-
ing polish and linear traces. Prior to microscopic observa-
tions, the artifacts were cleaned in an ultrasonic tank (a 
2-min bath in water). For the interpretation of use-wear, 
the reference collection of experimental tools stored in the 
laboratory was utilised.

Results

A detailed understanding of the discovered feature was made 
possible through a comprehensive range of analyses, the 
results of which are presented below.

Drainage analysis

The drainage analysis resulted in a denser watercourse net-
work for the contemporary hydrological situation (Fig. 6A). 
The results of the drainage analysis suggest that two of the 
potential streams may have flowed in the vicinity of a section 
of the explored ditch (located between streams) in the past 
(Fig. 6B). The longitudinal anomalies from the geophys-
ics continue as potential flows from the drainage network 
analysis (Fig. 6B).

According to Strahler’s stream classification, the afore-
mentioned stream would have possessed an order of 3 (in 
the analyzed area, watercourses assumed a maximum order 
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of 7). It is worth mentioning that the currently existing 
stream is located almost 300 m to the south with a spring 
at 1800 m from the excavation site. This may indicate 
other springs on the hill that no longer exist, or that the 
watercourses may have taken a different course in the past.

Analysis of paleobiological remains

Paleobiological samples taken from the infill of the ditch 
provided a variety of interesting information to aid in the 
interpretation of the discovered structure. In our studies 
(including palynology, anthracology, and malacology), we 
primarily focused on identifying remains related to the 
use and exploitation of the structure (Fig. 7). The col-
lected samples contained a similar composition of organic 
remains, suggesting their accumulation under similar 

sedimentation conditions and the use of the structure in 
the same way for up to 50 years.

Palynological analysis

In the bottom layers of the ditch (0.0–0.4 m), the propor-
tion of arboreal pollen (AP) is larger (47% on average) than 
non-arboreal pollen (NAP), whereas in the upper layers of 
the ditch, it changes from the average 37% (0.4–0.6 m) to 
the average 26% (0.6–0.9 m). In the surface sample, with 
undisturbed vegetation cover, it is 48%. The AP is dominated 
by Pinus sylvestris, whose percentages change irregularly, 
though reaching higher values (up to 45–47%) in the lower 
part of the ditch, and the smallest values in its upper part 
(7–11%, in the 0.9–0.6 m interval). The Picea abies pol-
len values reach 4–5% only in the lower part of the ditch 
infilling, and Quercus robur pollen reaches 1–2% only there. 
Otherwise, their percentages are less. Carpinus betulus pol-
len (2%) is present only in the lowest sample. Tilia cordata 
pollen (1–3%) occurs in all the samples, as well as Ulmus 
sp. (< 2%). Corylus avellana pollen (4–13%) is second in 
abundance after Pinus. Pollen of hygrophytic Alnus gluti-
nosa rarely reaches 2%.

The NAP is dominated by diverse forbs: 13–43%, 21 
taxa (without Asteraceae). In Ukraine, this group is abun-
dant in the mesophytic steppe vegetation (Barbarych 1977; 
Didukh and Shelyag-Sososnko 2003). Amaranthaceae and 
Asteraceae are second in abundance (5–23% of each), and 
Poaceae – third (1–11%; 11% occurred only in the two upper 
samples). Artemisia percentages change irregularly (0–3%). 
Cyperaceae pollen values, which are represented by hygro-
phytic plants in the studied area, are less than 1%. Cerealia 
pollen occurs in three samples reaching 2% only in one sam-
ple. Pollen of other indicators of human activities (Centau-
rea cyanis, Plantago lanceolata, Cannabaceae) happened 
more frequently than Cerealia pollen but in values < 2%. 
Pollen of aquatics is represented only by Nymphaeaeceae 
(0–0.9%, except the sample from the depth 0.10–0.20 m 
where its values reach 7%).

Forests were more abundant at the beginning of the ditch 
construction and they included more mesophilous species 
then. Nevertheless, at no time during the ditch’s existence, 
the riverine or aquatic plants grow near the site. Pollen per-
centages of Alnus glutinosa and Cyperaceae are very low. No 
pollen of other water-dependent plants (Salix sp., Filipen-
dula ulmaria, Lythraceae, etc.) is present. Thus, the growth 
of Nymphaeaceae in these landscapes seems improbable for 
ecological reasons. It seems more likely that the plants were 
introduced to the ditch by humans.

During the analysis of the recorded botanical remains, the 
most notable findings are the remains of Nymphaeaceae pol-
len (Fig. 8a, b) and charcoal, as they are directly associated 
with the function of the ditch. These remains were present 

Fig. 6  Kamianets-Podilskyi (Tatarysky): A Contemporary hydrologi-
cal situation in the vicinity of a site. 1- location of the excavation-
site; 2- rivers and streams; 3- water springs; 4- location of neighbor-
ing settlement Kamianets-Podilskyi (Polskyi Rynok); 5- location of 
the excavation-sites revealing house remains (to the left) and pottery 
kilns (to the right). B Results of the drainage analysis considering 
Strahler’s stream classification (2–7) (M Stróżyk)
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in almost all samples of the KP-Profile with the exception 
of two samples from depths 0–0.1 and 0.4–0.5 m. As Nym-
phaeaceae pollen could neither have spread over significant 
distances nor survived re-deposition from local bedrocks, it 
must be contemporaneous with the time of the ditch’s func-
tioning. Moreover, as Nymphaea alba (white water lily) 
does not grow in small, shallow water bodies with running 
water but requires a muddy bottom, it is unlikely to have 
grown within the examined ditch. This suggests that plants, 
carrying pollen on their parts, were likely taken from river 
backwaters or a pond and brought to the settlement for a 
specific purpose.

Anthracological analysis

Plant macroremains, primarily charcoal, were found in two 
samples from the KP-Profile and two samples from the bot-
tom of the ditch (samples 1 and 2), probably redeposited 
here from a fireplace (Figs. 5 and 7). The charcoal was 
well-preserved, small in size, with cross-sections mostly 
not exceeding 2 mm. Two taxa were identified, namely ash 
(Fraxinus sp.) and oak (Quercus sp. decidous). While some 
badly preserved fragments have been classified as decidu-
ous trees or shrubs, a few fragments could not be identified.

A sample taken from fireplace A revealed a charcoal 
concentration that contained ash (Fraxinus sp.) remains (30 
fragments) – (Figs. 7, 8c–g), many of which exhibited traces 
of vitrification (Fig. 8c). Since this phenomenon cannot be 
easily reproduced under laboratory conditions, it is still 
unclear what conditions, i.e., exposure to high heat tempera-
ture, combustion with little oxygen and low gas liberation, 
or the burning of damp wood, influence the formation of this 
glassy structure (Théry-Parisot 2001; Carrión Marco 2005; 
Lityńska-Zając and Wasylikowa 2005; McParland et al. 
2010). The sample B from the fireplace did not contain any 
charcoal or plant remains.

Malacological analysis

Malacological remains were found in the examined sam-
ples within the silty sandy deposits mixed with gravel. The 
preservation of the remains was notably influenced by the 
sediment type, resulting in predominantly small and rounded 
shell fragments (Fig. 8h–k). The majority of shells belonged 
to fossil mollusks originating from the local bedrocks (Mio-
cene deposits) found in the vicinity of the settlement site 
upon which the structure was built. Although they were 
found in all investigated samples, it was not possible to find 

Fig. 7  Kamianets-Podilskyi 
(Tatarysky): Estimated diagram 
of paleobiological remains 
associated with the investi-
gated structure (A Kurzawska). 
Quantitative data are provided 
in Table 2
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a complete specimen for further identification (Fig. 8k). As 
they were most probably washed out of the bedrock, their 
presence in the samples presumably indicates water flow.

Among the shell finds, the most intriguing was isolated 
and constituted very small fragments of freshwater mollusk 
shells – specifically, bivalves of Unio sp. (found in samples 
from KP-Profile: 50–60 cm, 60–70 cm) (Fig. 8i) and a gas-
tropod Theodoxus sp. (in samples: KP-Profile 50–60 cm and 
sample 1) (Fig. 8j). These species inhabit various flowing 
environments including rivers, streams and, in large lakes, 
areas with wave activity (Alexandrowicz and Alexandrowicz 
2011). Finally, the small and rounded fragments of mollusk 
shells observed in the samples suggest the presence of flow-
ing water within the ditch.

Land snail shells, although in small numbers, were identi-
fied in almost all samples, except for three samples from the 
KP-Profile (10–20 cm, 20–30 cm, and 40–50 cm). These 
snails most likely inhabited the vicinity of the structure. The 
most common species among them were shells of Vallonia 
pulchella (Fig. 8h), which typically thrive in open, unshaded 
environments with varying substrate moisture, particularly 
in grasslands (Wiktor 2004). Succinea sp. shells were found 
in two samples (30–40 cm, 60-70 cm) and are frequently 
found along riverbanks, as well as being characteristic of 
wet meadows and floodplain terraces, tolerating both shaded 
and open habitats (Wiktor 2004). These two species, Val-
lonia pulchella, and Succinea sp., are often associated with 
human-altered areas during the Holocene (such as deforested 

Fig. 8  Kamianets-Podilskyi 
(Tatarysky). Remains of 
Nymphea alba pollen (a, b); 
fragment of ash Fraxinus sp. in 
transverse (c, d, e) and longitu-
dinal tangential (f, g) sections; 
mollusk shells: h—Vallonia 
pulchella, i – a fragment of 
Unio sp., j – a fragment of 
Theodoxus sp., k—shell frag-
ments of fossil shells (photo by 
A Kurzawska and I Sobkowiak-
Tabaka, SEM micrographs by: 
M Moskal-del Hoyo)
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and cultivated lands) (Alexandrowicz and Alexandrowicz 
2011). Chondrula tridens, fragments of which were found 
in one sample from the KP-profile (80–90 cm) and in sample 
2, are also characteristic of anthropogenically transformed 
environments. However, it is a typical species of dry, steppe-
like, non-forested, and open habitats, thriving in strong sun-
light and often found on limestone substrate (Wiktor 2004). 
Although there was a small number of shells (both land 
snails and freshwater mollusks) in each sample (1–5 speci-
mens per sample), their presence indicates running water in 
the ditch (see below).

Use‑wear analysis

Two retouched flint tools found in the bottom of a ditch (and, 
therefore, remained at this place or the Trypillia-time sur-
face and redeposited into the feature in a short time after its 
abandonment) were subjected to use-wear analyses. They are 
distal fragments of an endscraper with abrupt retouching of 
two lateral edges and a perforator with alternating retouch-
ing of the tip and both sides (Fig. 9a, b). The endscraper is 
broken and missing its proximal part. Two working edges 
are distinguished, exhibiting contact traces with two differ-
ent kinds of worked materials (Fig. 9a). The distal retouched 
edge of the endscraper displays traces of scraping hide. The 
edge is highly rounded and even. Dull hide-like polish is 
located on the very edge and as a band along the edge. It is 
accompanied by short scratches on the elevations of surface 
topography (Fig. 10a). A part of the left lateral edge displays 
plant polish. Gloss covers both sides of the edge. Although it 
is bright and reflected, it is not well-developed, meaning it is 
a border area in the sequence of microtraces along the edge 
of a plant-cutting knife or a sickle (Fig. 10b). Plant polish 
does not cover retouch scars on the dorsal side of the tool. 
Its ridges are sharp and intersect the gloss (Fig. 10c). This 
is also true for the scars on the ventral side. The opposite 
edge is sharp, slightly rounded only in the middle part. The 
endscraper is broken, with a sharp edge.

The perforator is complete. The tip was made in the distal 
part of the specimen by retouching the right side and a por-
tion of the left side of the tool (Fig. 9b). No traces of use 
were recorded, either on the tip and adjacent edges or on the 
bifacially retouched left side. However, they are distinctly 
much fresher-looking than other parts of the tool. The proxi-
mal part of the perforator, together with its retouched right 
side and neighboring dorsal and ventral surfaces are highly 
abraded or polished. Gloss also covers the bottom parts of 
the retouched surface. The most worn parts are elevations, 
including bulbs of percussion, the butt surface, and ridges 
of negative scars. Elevations located on the ventral side of 
the right edge are highly rounded and abraded (Fig. 10d). 
Although the edge of the proximal part is also rounded, it 
displays a bright wood-like polish, perpendicularly oriented 
and intersected by dark or filled-in striations, suggesting 
transverse activity (Fig. 10e). The highly rounded dorsal 
part of the butt is covered by a polish with dark striations 
indicating its use as a strike-a-light (Fig. 10f).

The flint endscraper and perforator display traces of con-
tact with more than one worked material. Moreover, they 
represent the final stage of modification and recycling of 
tools. Modifications included secondary retouching and 
changing the function of each specimen. In the first case, 
the flint tool was used as an insert of a plant harvesting knife 
or a sickle. After the blade was broken, probably due to 
use, three edges were retouched to produce an endscraper, 
then used for scraping hide. The transformation of plant har-
vesting tools into hide scrapers is frequently confirmed for 
Copper Age flint assemblages in Central Europe (Wilk and 
Kufel-Diakowska 2016; Sudoł-Procyk et al. 2017). In the 
second case, the retouched tool was modified into a perfora-
tor after long-lasting use, which was evidenced by a strong 
abrasion in the butt area. The traces of primary use are very 
well-developed. Types of gloss in the proximal part of the 
tool indicate contact with wood and mineral material. The 
above-mentioned marks could also have been produced as 
a result of striking fire (Sorensen et al. 2018). This would 
be a very common example of the utilization of Eneolithic 

Fig. 9  Kamianets-Podilskyi 
(Tatarysky). Retouched tools 
from the tannery: a endscraper; 
b perforator. (PL plant, HI hide, 
WO wood, SF striking fire, 
arrows show the direction of 
movement, secondary retouch-
ing shown in gray; drawing D 
Kushtan, B Kufel-Diakowska)
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retouched blades and daggers as strike-a-lights. As no traces 
of use were recorded on the tip, we do not know if the tool 
was used after modification.

Discussion

The location of Kamianets-Podilskyi (Tatarysky) ditches on 
the slopes of the plateau’s ledge with their lower elevations 
compared to the elevation of the top of the ledge, give rise 
to reasonable doubts regarding the possible function of the 
analyzed features having been defense purposes or water 

drainage. Wide ‘interruptions’ in both ditches at the highest 
parts of a settlement (i.e., a part of a settlement requiring the 
most developed fortifications for defense purposes) in our 
case contradicts the widely spread ‘fortification hypothesis’ 
beyond the interpretation of the analyzed features (Fig. 2). 
The same applies for the interpretation of ditches as features 
separating the living space from the outside world. Ditch in 
Nebelivka, for which this explanation was suggested, has 
narrow ‘interruptions’ considered as entrances to a settle-
ment (Chapman et al. 2016). In our case a wide ‘interrup-
tion’ in the internal ditch reaches c. 110 m, while the internal 
ditch length is c. 180 m (Fig. 2A). In other words, up to 

Fig. 10  Kamianets-Podilskyi (Tatarysky). Traces of use on the retouched tools. Endscraper: a hide-like polish, b plant polish, c plant polish 
intersected by secondary retouching; perforator: d abraded edges, e wood-like polish, f – strike-a-light (photo by B Kufel-Diakowska)



Archaeological and Anthropological Sciences (2024) 16:54 Page 15 of 20 54

40% of the hypothetical boundary is missing. The location 
of ditches at the slopes of the plateau’s ledge disproves the 
water drainage assumption for the function of ditches in 
Kamianets-Podilskyi (Tatarysky) because water naturally 
flows down the slopes and the drainage purpose does not 
require any time- and labour-consuming structures (Fig. 2B). 
Based on the results of field exploration, spatial modeling, as 
well as archeobiological and use-wear analysis, we argue for 
the location of a tannery in the western part of the excavated 
section of the ditch as the explanation for the whole set of 
the obtained data.

Leather processing

Before the tanning process begins, the pelt must be appro-
priately prepared by soaking, dehairing, and fleshing. To 
accomplish this, the skins, particularly the larger ones, are 
stretched out on a wooden frame, and a scraper made of flint, 
bone, or metal is used to remove the thick layers of flesh 
and tissues. Ethnoarcheological analogies from Omdruman 
(Sudan) demonstrate that quicklime (CaO) is produced near 
the tanneries in lime kilns, and then skins are soaked in a 
liquid mixture of lime and water to remove the hair from the 
follicles (Skinner 2011). According to M. Shaw (2011), lime 
and ash, along with pits, wood fragments, bark, and scraping 
tools, provide the clearest evidence of a tannery.

A summary of the evidence justifying leather processing 
in the investigated part of the ditch in Kamianets-Podilskyi 
(Tatarysky) indicates the following.

• Easy access to a source of calcium for the production 
of lime. The site is located on flat layers of limestone 
underlying the calcareous gravel-pebble soil. Addition-
ally, large quantities of fossil (Miocene) mollusk shells 
as a source for quicklime production are easily accessible 
in the natural sediments found at the site.

• Activities involving the use of fire, including the pres-
ence of plant remains probably utilized in the tanning 
and smoking processes (see below) as well as a flint tool 
used for striking fire

• Access to water resources
• The incorporation of wooden structures including pairs 

of posts
• The presence of flint tools serving for hide processing

These groups of evidence are considered to be the mark-
ers of a technological sequence (in its broad definition for-
mulated by W. Brian Arthur (2009), related to the function-
ing of a tannery. Quicklime (CaO), a white caustic alkaline 
substance consisting of calcium oxide, is obtained by heating 
limestone  (CaCO3). Quicklime is further mixed with water 
resulting in the production of lime (Ca(OH)2) used in leather 
processing. Additionally, limestone was used for painting 

pottery (e.g., Ryzhov 2002) and external house walls, while 
the production of mollusk shells is assumed for the util-
ity structure of the earlier settlement Voloshkovo-Gorby in 
the Middle Dniester region (Chernovol 2021). It should be 
noted that white paint features in a low percentage in the 
ceramic assemblage of the site. The evidence for painting 
house walls comes from the architectural remains in other 
WTC settlements (e.g., Chernovol 2012).

Although there are many methods employed to produce 
leather, i.e. treating skins with minerals (e.g. alum, lime, 
ochre), oil or fat, smoking, and rawhide derivatives (Skin-
ner 2011; Grömer et al. 2017; Emmerich Kamper 2020), the 
most classic and oldest method of tanning is vegetable tan-
ning (Moog 2005). The tanning process could be conducted 
in many ways – depending on the size of the skins – in large 
pits, wooden vats, or in a bag (Falcão and Araújo 2018). 
Most likely, vegetable tanning was invented in the eastern 
Mediterranean region during the Neolithic period (Haslam 
1997; Goffer 2007; Rahme 2021). The skins were soaked 
in a liquid with parts of plants, e.g., leaves, twigs, fruits, 
bark, pods, galls, or roots containing tannins, protecting the 
plants from microorganisms, e.g. fungi, insects, or bacteria 
(Emmerich Kamper 2020). The vegetable tanning process 
in the pits usually takes up to two years, requiring the bark 
to be changed three or four times during this period (Rahme 
2021). Although almost all wood or shrub plant material 
contains some type of tannin, the most useful in Northern 
and Central Europe is the bark of several species of oak 
(Quercus), alder (Alnus), birch (Betula), spruce (Picea), ash 
(Fraxinus), and larch (Larix), as well as the leaves of bear-
berry (Arctostaphylos uva-ursi), heather (Calluna vulgaris), 
tormentil (Potentilla erecta), sweet gale (Myrica gale), or 
wood hops and gallnuts (modified by insects Quercus buds) 
(Gerald-Wyżycki 1845; Thomson 2006; Hall and Kenward 
2011; Rahme 2011; Falcão and Araújo 2018, Table  1; 
Grömer et al. 2017; Emmerich Kamper 2020).

According to 18th-century records, it was stipulated that 
every tannery should be situated alongside a flowing stream, 
with the requirement that the water should not be excessively 
hard. If the stream was fast, the skins were attached to two 
poles in the riverbed (Kozielec 2010). The other way, as 
practiced by the Sami from northern Scandinavia, is soaking 
in running water as long as the hair can be easily pulled off, 
the second method probably being the oldest dehairing tech-
nique (Rahme 2011b, Fig. 16; Grömer et al. 2017). In the 
excavated ditch section of Kamianets-Podilskyi (Tatarysky) 
the presence of silty sediments, rounded pebbles and gravels, 
and small, highly rounded fragments of freshwater mollusk 
shells, which typically inhabit various flowing environments, 
provides evidence of the occurrence of running water. The 
large proportion of sand grains in the lower part of the infill 
of the ditch also can indicate a significant role of fluvial 
processes in the sediment accumulation at the time when 
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the ditch appeared. This evidence confirms the outcomes of 
drainage network analysis showing the location of a stream 
in this part of the site.

The presence of water between the ground layers may 
also be confirmed by the presence of a stream on the eastern 
slope of the plateau’s ledge remembered by the local inhabit-
ants and modern wells providing access to the water for the 
residents of the village of Smotrych located to the south of 
the WTC site.

The presence of Nymphea alba pollen in the infill of the 
ditch located on a high limestone plateau suggests that these 
plants may have been deliberately brought to the site by the 
settlement’s inhabitants for specific purposes. Not only can 
the roots of Nymphaea be used as food, but various parts 
of the plant are rich in tannins, making them useful for tan-
ning skins (Didukh et al. 2004). Most probably, Nymphea 
alba was placed at the Trypillia-time daily surface next to 
the ditch, this being reflected in its distribution in the pollen 
profile. More specifically, higher percentages in the upper 
layers compared with the lower percentages in lower layers 
suggest its redeposition.

According to the evidence from leather fragments 
discovered in the Hallstatt salt mine in Austria and clothing 
and equipment of the so-called Iceman found on the Austrian/
Italian border, animal skins were rather cured (by drying, 
oiling, and smoking) than tanned in prehistoric Europe (Harris 
2011; cf. Emmerich Kamper 2020). Although processing hides 
without changing their chemical properties influences the 
extremely low amount of preserved leather in archeological 
records, curing by smoking protects them from rotting and kills 
bacteria. This is why this method of leather curing was and 
continues to be so common among traditional communities.

The process of leather curing may be carried out in vari-
ous ways. For example, the indigenous people of Australia 
stretch hides on the wood bark and dry them next to a small 
fire. Then, the hides are rubbed with ash to rid them of fat, 
and when dry, scraped by the use of a shell tool/scraper, 
piece of bone, or flint flake (Mulvaney and Kamminga 
1999). The Arctic people clean the inner side of the hides of 
fat and flesh and stretch them on a wooden frame, or pegs 
set into the ground. In turn, the indigenous people of North 
America soak the hides in a water and wood ash solution, 
before removing flesh and fat from the inner side and hair 
from the outer one by the use of scrapers. Over the days 
that follow, the hides are rubbed with a mixture of water 
and fat (mainly animal brain), scraped again, stretched, and 
smoked over a fire (Harris 2011). The Orochen-Evenki peo-
ple usually use dark red, rotten, and crumbling larch wood 
for smoking the hides, by digging a hole in a building and 
filling it with wood, before smoking the skins for 10–20 days 
(Brandišauskas 2010; Henry and Théry-Parisot 2014).

The evidence from Kamianets-Podilskyi (Tatarysky) 
(including riverine mollusk shells), leads one to the 

conclusion that fire could have been used in the process of 
lime production. The ash from the fire together with lime 
might have been applied to dehairing skins. We would not 
exclude the possibility that fire might have additionally 
served for smoking hides (damp wood burns slowly and 
gives off a lot of smoke). The latter assumption is based on 
the evidence of vitrified charcoal and plant remains rich in 
tannins present in the ditch infill (water lilies, indicated by 
pollen; oak and ash, indicated by their charcoal).

Quite similar remains of a tannery were found at the 
Low Grounds Farm site at Marlow (UK). The construction 
consisted of several large trenches and two bowl-shaped 
depressions connected with them containing chemical 
residues (alkali), confirming the treatment of animal hides. 
Next to the trenches, a fireplace with carbonized wood, burnt 
hazelnut shells, and fragments of pottery were found. Addi-
tionally, flint scrapers and perforators occurred. Use-wear 
analysis displayed traces of hide processing. The 14C deter-
minations of nut shells between 2700–2600 BC, locate the 
existence of a tannery in the Late Neolithic (Berks 2017).

As a side remark supporting the suggested explanation, 
we may also note the appearance of a bad odor in the exca-
vation site accompanying the exploration of sub-ditches, 
tanning being the most malodorous process known in the 
archeological record (Albarella 2003; Bartosiewicz 2003, 
2009; Pawłowska 2014). Indeed, the late Neolithic tannery 
from Low Grounds Farm at Marlow was located at some 
distance from the settlement, most likely due to the strong 
odor it generated (Berks 2017). This kind of behavior is 
also confirmed by L. Binford’s (1978) ethnographic obser-
vations showing that meat processing and carcass disposal 
take place beyond residential camps in order to avoid flies 
and unpleasant odors.

The interpretation of ditches in Neolithic to Bronze 
Age contexts

The question remains as to what extent our results may be 
generalized in relation to other ditches in Kamianets-Podil-
skyi (Tatarysky) and Neolithic to Bronze Age ditches in 
Southeastern and Central Europe. Given the access to water 
provided by this feature to the inhabitants of a WTC settle-
ment, locating various craft activities in its proximity would 
seem to be a reasonable hypothesis for further research. Of 
course, these crafts might not have been limited to leather 
processing in all ditches and even the other sections of the 
southeastern ditch at our site. This assumption is supported 
by the location of the excavated kilns in relation to the other 
ditch (Fig. 2).

Analogies to the comprehensive ditch structure from 
Kamianets-Podilskyi (Tatarysky) in the other CTCC sites 
are not known to us. However, this may be caused by deep-
ening the analyzed feature into the calcareous gravel-pebble 
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deposits, enabling one to trace its configuration in detail. 
The lowest part of flat-bottomed funnel-shaped ditches was 
identified in, for instance, the Late WTC settlement of May-
aky (Zbenovich 1974) and the Chernavoda I culture ditch 
in Orlovka (Bruyako 2020). This configuration of the fea-
tures’ lowest part is also noted in the so-called ‘ditches’ from 
the earlier settlement of Ozhevo-Ostriv (Ozhevo-Ostrov), 
shallow (up to 40 cm in width and 30 cm in depth from 
the Trypillia-time surface) features covered with clay and, 
together with the other indoor and outdoor features, associ-
ated with the production of quicklime and lime (Chernovol 
2021). However, using the flat bottoms of such ‘funnels’ in 
the lower part of ditches for a marker of tanneries remains 
in question. In our case, the flat bottoms of sub-ditches most 
probably result from the flat layers of limestone underlying 
the calcareous gravel-pebble deposits.

Different evidence from various Neolithic to Bronze Age 
ditches in Southeastern and Central Europe suggests their 
different functions. Although far from being in a position to 
extrapolate our results to the overall set of such features, we 
may assume that at least part of them was used for locating 
various production processes, including tanneries. As we have 
noted elsewhere (Diachenko et al. 2021; Sobkowiak-Tabaka 
et al. 2022), the assemblage of finds from House 1 (Fig. 2) 
in Kamianets-Podilskyi (Tatarysky) does not include a sin-
gle spindle whorl, even though a collection of spindle whorls 
comes from multiple surveys at this site (Levinzon 2021). 
At first glance, this fact finds a correlation with the results of 
use-wear analysis indicating leather and skin processing as the 
predominant function of the artifacts concerned, and might 
suggest a certain economic specialization of the inhabitants of 
this house (for instance, consider the differentiation of house-
hold assemblages in Vrable: Furholt et al. 2020; however, see 
the concerns regarding the WTC house assemblages deposi-
tion in Kruts 2003; Ohlrau 2020). Given the complex nature 
of leather processing at this site, the House 1 assemblage may 
indicate the economic specialization of households underly-
ing the exchange-based social complexity of the settlements’ 
inhabitants (Feinman et al. 2022).

Conclusion

In summary, the examination of ditches in the evolution of 
Neolithic to Bronze Age settlement organization in Central 
Europe, particularly within the Cucuteni-Trypillia cultural 
complex (CTCC), has provided a nuanced understanding of 
their multifaceted roles. Initially perceived as fortification 
systems, astronomical observatories, enclosures for cattle, 
or markers of social separation, the interpretation of these 
features has evolved over time, reflecting prehistoric peo-
ple’s rational and irrational approaches to risk management.

Despite the increase in the number of identified ditches 
current general interpretative frameworks remain largely 
unchanged. The revelation of a tannery within a WTC ditch 
at Kamianets-Podilskyi adds a tangible connection between 
ditches and specific production processes, emphasizing the 
practical functions of these features beyond defense and 
ritual.

The evidence suggesting the functioning of a tannery in 
the Copper Age ditch identifies an important issue of risk 
management in prehistoric populations. To a certain extent, 
in interpreting ditches, we often focus on perceptions of 
significant but low-frequency negative impacts on people, 
such as conflict. Thinking that way leads one to forget about 
high-frequency risks, for which the perception of damage is 
not that significant, i.e. facing hunger or cold (e.g., Fitzhugh 
2001). It is probable, therefore, that this is the reason for 
underestimating production processes in relation to analyzed 
features in archeology.

Acknowledgements We are grateful to the anonymous reviewers for 
the valuable comments and suggestions that helped us to improve the 
argument. We thank Sergiy and Dmytro Kovalenko for the photos 
made with a quadcopter and Vitalii Tarasevych for the geodesic sup-
port of the explorations. We are infinitely grateful to Vasyl and Svitlana 
Shevchuk, the owners of the site where excavations were conducted, 
for their hospitality, care, and interest in our work. We are grateful 
to Mikołaj Lisowski for the attribution of three bone samples, which 
were submitted to radiocarbon dating before the analysis of the whole 
archeozoological set by Bogdan Ridush. Many thanks are addressed to 
Paul McNamara for editing the English language version of this paper.

Author contributions IST: Conceptualization, Data curation, Inves-
tigation, Methodology, Funding acquisition, Project administration, 
Writing – original draft, Writing – review & editing. NG: Conceptual-
ization, Data curation, Methodology, Writing – original draft, Writing 
– review & editing. AK: Data curation, Methodology, Writing – origi-
nal draft, Writing – review & editing. BKD: Data curation, Methodol-
ogy, Writing – original draft, Writing – review & editing. MMH: Data 
curation, Methodology, Writing – original draft, Writing – review & 
editing. MS: Data curation, Methodology, Writing – original draft, 
Writing – review & editing. YPR: Data curation, Methodology, Writ-
ing – original draft. BR: Data curation, Writing – review & editing. YL: 
Investigation, Writing – original draft, Writing – review & editing. PB: 
Investigation. PN: Investigation. AD: Conceptualization, Data curation, 
Investigation, Methodology, Project administration, Writing – original 
draft, Writing – review & editing.

Funding This work was supported by the National Science Centre 
(Poland) under grant no. 2018/29/B/HS3/01201, awarded to Iwona 
Sobkowiak-Tabaka. Open access to this article was made possible by 
the program “Excellence Initiative – Research University” financed 
by Adam Mickiewicz University in Poznań (decision no. 121/08/
POB5/0012) and by the Faculty of Archaeology at Adam Mickiewicz 
University in Poznań (project no. Dec-10/WArch/2024).

Data Availability Data is available upon request.

Declarations 

Competing interests The authors declare no competing interests.



 Archaeological and Anthropological Sciences (2024) 16:5454 Page 18 of 20

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albarella U (2003) Tawyers, tanners, horn trade and the mystery of the 
missing goat’. In: Murphy P, Wiltshire EJ (eds) The environmen-
tal archaeology of industry. Oxbow Books, Oxford, pp 71–86

Alexandrowicz SW, Alexandrowicz WP (2011) Analiza malakolog-
iczna. Metody badań i interpretacji. Rozprawy Wydziału Przy-
rodniczego Tom 3. Polska Akademia Umiejętności, Kraków

Arthur BW (2009) The nature of technology. What it is and how it 
evolves. Free Press, New York

Asăndulesei A, Tencariu FA, Nicu IC (2020) Pars pro toto – Remote 
sensing data for the reconstruction of a rounded Chalcolithic 
site from NE Romania: the case of Ripiceni-Holm Settlement 
(Cucuteni culture). Remote Sens 12:887. https:// doi. org/ 10. 
3390/ rs120 50887

Barbarych A (ed) (1977) Гeoбoтaнiчнe paйoнyвaння Укpaїнcькoї 
PCP. Naukova dumka, Kyiv

Bartosiewicz L (2003) There’s something rotten in the state...’: Bad 
smells in antiquity. Eur J Archaeol 6(2):175–195 https:// doi. 
org/ 10. 1179/ eja. 2003.6. 2. 175

Bartosiewicz L (2009) Skin and bones: Taphonomy of a Medi-
eval tannery in Hungary. Hungary Journal of Taphonomy 
7(2-3):93–111

Berks C (2017) Low grounds, Harleyford. Marlow. Times Past. The 
Autumn 2017 Newsletter For Marlow Archaeology (MAS), 2–4

Bibikov SN (1953) Paннeтpипoльcкoe пoceлeниe Лyкa-
Bpyблeвeцкaя. MIA 38. Nauka, Moscow-Leningrad

Binford LR (1978) Nunamiut ethnoarchaeology. Academic Press, 
New York

Bobrov AYe, Кuprianova LA, Litvintseva MB, Tarasevich V (1983) 
Cпopы пaпopoтникooбpaзныx и пыльцa гoлoceмeнныx и 
oднoдoльныx pacтeний флopы Eвpoпeйcкoй чacти CCCP. 
Nauka, Leningrad

Borić D, Hanks B, Šljivar D, Kočić M, Bulatović J, Griffiths S, 
Doonan R, Jacanović D (2018) Enclosing the Neolithic world: 
a Vinča culture enclosed and fortified settlement in the Bal-
kans. Curr Anthropol 59(3):336–346. https:// doi. org/ 10. 1086/ 
697534

Brandišauskas D (2010) Hide tanning and its use in the Taiga: the 
case of the Orochen-Evenki reindeer herders and hunters of 
Zabaikalye (East Siberia). J Ethnol Folk 4(2):97–114. http:// 
www. jef. ee/ index. php/ journ al/ artic le/ view/ 57

Brandt LØ, Mackie M, Daragan M, Collins MJ, Gleba M (2023) 
Human and animal skin identified by palaeoproteomics in Scyth-
ian leather objects from Ukraine. PLoS ONE 18(12):e0294129. 
https:// doi. org/ 10. 1371/ journ al. pone. 02941 29

Bronk Ramsey C (2021) OxCal 4.4 Manual. Electronic docu-
ment, https:// c14. arch. ox. ac. uk/ oxcal help/ hlp_ conte nts. html. 
Accessed 16 Aug 2023

Bruyako IV (2020) The settlement of the Chernavolda I culture on 
the territory of the Kartal hillfort (2001 and 2015 excavations). 
Irbis, Odessa

Burdo N, Videiko M (2016) Nebelivka: From magnetic prospec-
tion to new features of mega-sites. In: Müller J, Rassmann K, 
Videiko M (eds) Trypillia-Megasites and European Prehistory, 
4100-3400 BCE. Routledge, London, pp 95–116

Carrión Marco Y (2005) La vegetación mediterránea y atlántica de 
la Península Ibérica. Nuevas secuencias antracológicas, S.I.P. 
Serie de Trabajos Varios, 104. Diputación Provincial de Valen-
cia, Valencia

Chapman J, Videiko M, Hale D, Gaydarska B, Burdo N, Rassmann 
K, Mischka C, Müller J, Korvin-Piotrovskiy A, Kruts V (2014) 
The second phase of the Trypillia mega-site methodological 
revolution: a new research agenda. Eur J Archaeol 17(3):369–
406. https:// doi. org/ 10. 1179/ 14619 57114Y. 00000 00062

Chapman J, Gaydarska B, Hale D (2016) Nebelivka: Assembly 
houses, ditches, and social structure. In: Müller J, Rassmann 
K, Videiko M (eds) Trypillia-Megasites and European Prehis-
tory, 4100-3400 BCE. Routledge, London, pp 117–132

Chernovol D (2012) Houses of the Tomashovskaya local group. In: 
Menotti F, Korvin-Piotrovskiy AG (eds) The Tripolye culture 
giant-settlements in Ukraine: Formation, development and 
decline. Oxbow Books, Oxford, pp 182–209

Chernovol D (2021) Utility structures of the Tripolye culture. Spraw 
Archeol 73(2):47–66. https:// doi. org/ 10. 23858/ SA/ 73. 2021.2. 2633

Dergachev VA (2007) O cкипeтpax, o лoшaдяx, o вoйнe. Этюды 
в зaщитy мигpaциoннoй кoнцeпции M. Гимбyтac. Nestor-
Istoriya, Sankt-Petersburg

Diachenko A, Sobkowiak-Tabaka I (2020) Pottery kilns from the Trip-
olye settlement of Kamianets-Podilskyi, Tatarysky, the 2019 
excavation campaign: regarding the issue of evolution of Tripolye 
pottery kilns. Spraw Archeol 72(1):147–171 https:// doi. org/ 10. 
23858/ SA/ 72. 2020.1. 007

Diachenko A, Sobkowiak-Tabaka I (2021) The Western Tripolye 
culture settlement of Kamenets-Podolskiy (Tatarysky) and the 
issues of the taxonomy and chronology of the Middle Tripolye 
sites in the Middle Dniester region. In: Diachenko A, Harper TK, 
Rassamakin Yu, Sobkowiak-Tabaka I (eds) Data systematization 
in the Neo-Eneolithic of Southeastern and Central Europe: essays 
in honor of Sergej Ryzhov. IA NASU, Kyiv, pp 127–148

Diachenko A, Sobkowiak-Tabaka I, Levizon Ye (2021) The West-
ern Trypillia culture house from the settlement of Kamianets-
Podilskyi, Tatarysky, 3950–3900 BCE. Archaeol Anc Hist Ukr 
2:226–236 https:// doi. org/ 10. 37445/ adiu. 2021. 02. 13

Diachenko A (2012) Settlement system of the Western Tripolye culture 
in the Southern Bug and Dnieper interfluve: Formation problems. 
In: Menotti F, Korvin-Piotrovskiy AG (eds) The Tripolye cul-
ture giant-settlements in Ukraine: Formation, development and 
decline. Oxbow Books, Oxford, pp 116–138

Didukh Ya & Shelyag-Sososnko Yu (2003). Гeoбoтaнiчнe 
paйoнyвaння Укpaїни тa cyмiжниx тepитopiй. Ukr Bot J 
60(1):6-17

Didukh YaP, Burda RI, Ziman SM (2004) Eкoфлopи Укpaїни, vol. 2. 
Fitosociocenter, Kyiv

Doyon L, Faure T, Sanz M, Daura J, Cassard L, d’Errico F (2023) 
A 39,600-year-old leather punch board from Canyars, Gavà, 
Spain. Sci Adv 9(15):eadg0834 https:// doi. org/ 10. 1126/ sciadv. 
adg08 34

Emmerich Kamper T (2020) Determining prehistoric skin process-
ing technologies. The macro and microscopic characteristics of 
experimental samples, Sidestone Press, Leiden

Falcão L, Araújo MEM (2018) Vegetable tannins used in the manufac-
ture of historic leathers. Molecules 23:1081. https:// doi. org/ 10. 
3390/ molec ules2 30510 81

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/rs12050887
https://doi.org/10.3390/rs12050887
https://doi.org/10.1179/eja.2003.6.2.175
https://doi.org/10.1179/eja.2003.6.2.175
https://doi.org/10.1086/697534
https://doi.org/10.1086/697534
http://www.jef.ee/index.php/journal/article/view/57
http://www.jef.ee/index.php/journal/article/view/57
https://doi.org/10.1371/journal.pone.0294129
https://c14.arch.ox.ac.uk/oxcalhelp/hlp_contents.html
https://doi.org/10.1179/1461957114Y.0000000062
https://doi.org/10.23858/SA/73.2021.2.2633
https://doi.org/10.23858/SA/72.2020.1.007
https://doi.org/10.23858/SA/72.2020.1.007
https://doi.org/10.37445/adiu.2021.02.13
https://doi.org/10.1126/sciadv.adg0834
https://doi.org/10.1126/sciadv.adg0834
https://doi.org/10.3390/molecules23051081
https://doi.org/10.3390/molecules23051081


Archaeological and Anthropological Sciences (2024) 16:54 Page 19 of 20 54

Feinman GM, Blanton RE, Nicholas LM, Kowalewski SA (2022) 
Reframing the foundation of Monte Albán. J Urb Archeol 5:155–
175. https:// doi. org/ 10. 1484/J. JUA.5. 129847

Fitzhugh B (2001) Risk and invention in human technological evolu-
tion. J Anthropol Archaeol 20:125–167. https:// doi. org/ 10. 1006/ 
jaar. 2001. 0380

Furholt M, Müller-Scheeßel N, Wunderlich M, Cheben I, Müller J 
(2020) Communality and discord in an Early Neolithic settlement 
agglomeration: The LBK site of Vráble, Southwest Slovakia. 
Camb Archaeol J 30(3): 469–489. https:// doi. org/ 10. 1017/ S0959 
77432 00000 49

Füzesi A, Hohle I, Faragó N, Rassmann K, Bánffy E, Raczky P (2023) 
On the ‘pseudo-ditch’ system of the Late Neolithic Öcsöd-
Kováshalom settlement complex on the Great Hungarian Plain. 
Doc Praehist 50:82–109. https:// doi. org/ 10. 4312/ dp. 50. 23

Füzesi A, Rassmann K, Bánffy E, Hoehler-Brockmann H, Kalla G, 
Szabó N, Szilágyi M, Raczky P (2020) Test excavation of the 
“pseudo-ditch” system of the Late Neolithic settlement complex 
at Öcsöd-Kováshalom on the Great Hungarian Plain: Preliminary 
report. Diss Archaeol 3(8):141–164. https:// doi. org/ 10. 17204/ 
dissa rch. 2020. 141

Gerald-Wyżycki J (1845) Zielnik ekonomiczno-techniczny, Wilno
Gerasimenko N (1997) Environmental and climatic changes between 

3 and 5 ka BP in Southeastern Ukraine. In: Nuzhet Dalfes H, 
Kukla G, Weiss H (eds) Third millennium BC climate change 
and Old World collapse. Springer-Werlag, Berlin–Heidelberg, 
pp 371–399

Gerasimenko NP (2015) Эвoлюция лaндшaфтoв и пoчв Укpaины в 
гoлoцeнe. In: Kudeyarov VN, Ivanov IV (eds) Эвoлюция пoчв 
и пoчвeннoгo пoкpoвa. GEOS, Moscow, pp 421–430

Goffer Z (2007) Archaeological chemistry, 2nd ed. John Wiley & Sons, 
Hoboken

Grömer K, Russ-Popa G, Saliari K (2017) Products of animal skin 
from Antiquity to the Medieval Period. Ann Naturhist Mus Wien. 
Serie A für Mineralogie und Petrographie, Geologie und Paläon-
tologie, Anthropologie und Prähistorie 119: 69–93 http:// www. 
jstor. org/ stable/ 26342 924

Hall A, Kenward H (2011) Plant and invertebrate indicators of leather 
production. From fresh skin to leather offcuts. In: Thomson R, 
Mould Q (eds) Leather tanneries. The archaeological evidence. 
Archetype Publications, London, pp 9–32

Harper TK, Diachenko A, YuYa R, Kennett DJ (2019) Ecological 
dimensions of population dynamics and subsistence in Neo-
Eneolithic Eastern Europe. J Anthropol Archaeol 53:92–101. 
https:// doi. org/ 10. 1016/j. jaa. 2018. 11. 006

Harper TK, Diachenko A, Rassamakin YY, Chernovol DK, Shu-
mova VA, Nechitailo P, Chabaniuk VV, Tsvek EV, Bilas 
NM, Pohoralskyi YV, Eccles LR, Kennett DJ, Ryzhov SN 
(2021) Combining relative chronology and AMS 14C dating 
to contextualize ‘megasites’, serial migrations and diachronic 
expressions of material culture in the Western Tripolye cul-
ture, Ukraine. Doc Praehist 48:276–296. https:// doi. org/ 10. 
4312/ dp. 48. 11

Harris S (2011) Preparing skins in prehistory. A review of evidence and 
approaches. In: Thomson R, Mould Q (eds) Leather tanneries. 
The archaeological evidence. Archetype Publications, London, 
pp 57–67

Haslam E (1997) Vegetable tannage: Where do the tannins go? J Soc 
Leath Tech Ch 81(2):45–51

Henry A, Théry-Parisot I (2014) From Evenk campfires to prehistoric 
hearths: charcoal analysis as a tool for identifying the use of rot-
ten wood as fuel. J Archaeol Sci 52:321–336. https:// doi. org/ 10. 
1016/j. jas. 2014. 09. 005

Hintze A, Olson R, Adami C, Hertwig R (2015) Risk sensitivity as 
an evolutionary adaptation. Sci Rep 5:8242. https:// doi. org/ 10. 
1038/ srep0 8242

Hofmann R, Müller J, Shatilo L, Videiko M, Ohlrau R, Rud V, Burdo 
N, Dal Corso M, Dreibrodt S, Kirleis W (2019) Governing Trip-
olye: Integrative architecture in Tripolye settlements. PLoS ONE 
14(9):e0222243. https:// doi. org/ 10. 1371/ journ al. pone

Jasiewicz J, Hildebrandt-Radke I (2009) Using multivariate statistics 
and fuzzy logic system to analyse settlement preferences in low-
land areas of the temperate zone: an example from the Polish 
Lowlands. J Archaeol Sci 36:2096–2107. https:// doi. org/ 10. 
1016/j. jas. 2009. 06. 004

Jasiewicz J (2010) Analiza topologiczna sieci drenażu w programie 
GRASS. In: Zwoliński Z (ed), GIS – woda w środowisku. Bogu-
cki Wydawnictwo Naukowe, Poznań, pp 87–120

Kozielec T (2010) Niektóre operacje technologiczne przyczyniające 
się do powstawania wad i nietrwałości skór wyprawionych. Acta 
Univ Nicolai Copernici. Zabytkoznawstwo i Konserwatorstwo 
39:229–243

Kruts VA (2003) Tpипoльcкиe плoщaдки - peзyльтaт pитyaльнoгo 
coжжeния дoмoв. In: Korvin-Piotrovskiy OG, Kruts VO, 
Ryzhov SM (eds) Tripolian settlement-giants. The International 
Symposium materials. Korvin Press, Kyiv, pp 74–76

Kuprianova LA, Alyeshina LA (1972) Пыльцa и cпopы pacтeний 
флopы Eвpoпeйcкoй чacти CCCP. Vol. 1. Nauka, Leningrad

Kuprianova LA, Alyeshina LA (1978) Пыльцa и cпopы pacтeний 
флopы Eвpoпeйcкoй чacти CCCP. Vol. 2. Nauka, Leningrad

Levinzon Ye (2021) Штpиxи дo apxeoлoгiчнoї кapти oкoлиць 
Кaм’янця-Пoдiльcькoгo (пaм’ятки Кyкyтeнь-Tpипiлля). 
Arkheologiya & Fortyfikatsiya Ukrayiny 9: 37–44

Lityńska-Zając M, Wasylikowa K (2005) Przewodnik do badań archeo-
botanicznych. Sorus, Poznań

Malyasova TI, Spiridonova ES (1989) Meтoдикa пoдгoтoвки 
oбpaзцoв лeccoвo-пoчвeннoй cepии к cпopo-пыльцeвoмy 
aнaлизy. Vest Lenin U, ser. geografia 2: 5–12

McParland LC, Collinson ME, Scott AC, Campbell G, Veal R (2010) 
Is vitrification in charcoal a result of high temperature burning 
of wood? J Archaeol Sci 37(10):2679–2687. https:// doi. org/ 10. 
1016/j. jas. 2010. 06. 006

Mischka C, Mischka D, Rubel A (2016) Geomagnetic survey of 
Cucuteni settlements in Moldova – Results of the FAU – Cam-
paign 2015. Arheol Mold 39:333–345

Moog GE (2005) Der Gerber. Handbuch für die Lederherstellung. Ver-
lag Eugen Ulmer, Stuttgart

Mulvaney J, Kamminga J (1999) Prehistory of Australia. Smithsonian 
Institution Press, Washington 

Ohlrau R (2020) Maidanets’ke: Development and decline of a Trypillia 
mega-site in Central Ukraine. Sidestone Press, Leiden

Orschiedt J, Haidle MN (2006) The LBK enclosure of Herxheim. Thea-
tre of war or ritual centre? References from Osteoarchaeological 
investigations. J Conf Archaeol 2(1): 153–167. https:// doi. org/ 
10. 1163/ 15740 77067 78942 330

Parkinson WA, Duffy P (2007) Fortifications and enclosures in Euro-
pean prehistory: a cross-cultural perspective. J Archaeol Res 
15:97–141. https:// doi. org/ 10. 1007/ s10814- 007- 9010-2

Pawłowska K (2014) The smells of Neolithic Catalhoyuk, Turkey: 
time and space of human activity. J Anthropol Archaeol 36:1–11. 
https:// doi. org/ 10. 1016/j. jaa. 2014. 07. 001

Petrenko VG (1989) Уcaтoвcкaя лoкaльнaя гpyппa. In: Patokova 
EF, Petrenko VG, Burdo NB, Polishchuk LYu (eds) Пaмятники 
тpипoльcкoй кyльтypы в Ceвepo-Зaпaднoм Пpичepнoмopьe. 
Naukova Dumka, Kiev, pp 81–124

Planchon O, Darboux F (2001) A fast, simple and versatile algorithm 
to fill the depressions of digital elevation models. Catena 46:159–
176. https:// doi. org/ 10. 1016/ S0341- 8162(01) 00164-3

Raczky P, Anders A (2008) Activity loci and data for spatial divi-
sion at a Late Neolithic site-complex (Polgár-Csőszhalom: a 
case study). In: Bailey DW, Whittle A, Hofmann D (eds) Liv-
ing well together? Settlement and materiality in the Neolithic 

https://doi.org/10.1484/J.JUA.5.129847
https://doi.org/10.1006/jaar.2001.0380
https://doi.org/10.1006/jaar.2001.0380
https://doi.org/10.1017/S0959774320000049
https://doi.org/10.1017/S0959774320000049
https://doi.org/10.4312/dp.50.23
https://doi.org/10.17204/dissarch.2020.141
https://doi.org/10.17204/dissarch.2020.141
http://www.jstor.org/stable/26342924
http://www.jstor.org/stable/26342924
https://doi.org/10.1016/j.jaa.2018.11.006
https://doi.org/10.4312/dp.48.11
https://doi.org/10.4312/dp.48.11
https://doi.org/10.1016/j.jas.2014.09.005
https://doi.org/10.1016/j.jas.2014.09.005
https://doi.org/10.1038/srep08242
https://doi.org/10.1038/srep08242
https://doi.org/10.1371/journal.pone
https://doi.org/10.1016/j.jas.2009.06.004
https://doi.org/10.1016/j.jas.2009.06.004
https://doi.org/10.1016/j.jas.2010.06.006
https://doi.org/10.1016/j.jas.2010.06.006
https://doi.org/10.1163/157407706778942330
https://doi.org/10.1163/157407706778942330
https://doi.org/10.1007/s10814-007-9010-2
https://doi.org/10.1016/j.jaa.2014.07.001
https://doi.org/10.1016/S0341-8162(01)00164-3


 Archaeological and Anthropological Sciences (2024) 16:5454 Page 20 of 20

of South-East and Central Europe. Oxbow Books, Oxford, pp 
35–53. https:// www. jstor. org/ stable/ j. ctt1c fr812.8

Rahme L (2021) Fish skin, a sustainable material used from ancient 
times to today’s fashion. FormAkademisk 14(2):1–16. https:// 
doi. org/ 10. 7577/ forma kadem isk. 4183

Rahme L (2011) Tanning with traditional tools and techniques. Inuit, 
American Indian and Sami people. In: Thomson R, Mould Q 
(eds) Leather tanneries. The archaeological evidence. Archetype 
Publications, London, pp 39–48

Rassmann K, Mertl P, Voss HU, Bicbaiev V, Popa A, Musteaţă S 
(2016a) Copper Age settlements in Moldova: Insights into a com-
plex phenomenon from recent geomagnetic surveys. In: Müller J, 
Rassmann K, Videiko M (eds) Trypillia-Megasites and European 
Prehistory, 4100-3400 BCE. Routledge, London, pp 55–70

Rassmann K, Korvin-Piotrovskiy A, Videiko M, Müller J (2016b) The 
new challenge for site plans and geophysics: Revealing the set-
tlement structure of giant settlements by means of geomagnetic 
survey. In: Müller J, Rassmann K, Videiko M (eds) Trypillia-
Megasites and European Prehistory, 4100-3400 BCE. Routledge, 
London, pp 29–54

Reille M (1995) Pollen et spores d´Europe et d´Afrique du Nord, Sup-
plement 1. Éditions du Laboratoire de botanique historique et 
playnologie, Marseille

Reille M (1998) Pollen et spores d´Europe et d´Afrique du Nord, Sup-
plement 2. Éditions du Laboratoire de botanique historique et 
playnologie, Marseille

Reimer P et al (2020) The IntCal20 Northern Hemisphere radiocarbon 
age calibration curve (0–55 cal kBP). Radiocarbon 62(4):725–
757. https:// doi. org/ 10. 1017/ RDC. 2020. 41

Rud V, Hofmann R, Kosakivskyi V (2021) Maгнiтнi aнoмaлiї 
лiнiйнoгo xapaктepy нa пoceлeнняx Tpипiлля BII Tpocтянчик 
тa Bopoшилiвкa. In: Diachenko A, Harper TK, Rassamakin Yu, 
Sobkowiak-Tabaka I (eds) Data systematization in the Neo-Ene-
olithic of Southeastern and Central Europe: Essays in honor of 
Sergej Ryzhov. IA NASU, Kyiv, pp 246–264

Ryzhov S (2002) Гoнчapcтвo плeмeн тpипiльcькoї кyльтypи. In: 
Ryzhov SM, Burdo NB, Videiko MYu, Magomedov BV Дaвня 
кepaмiкa Укpaїни: apxeoлoгiчнi джepeлa тa peкoнcтpyкцiї. IA 
NANU, Kyiv, pp 5–60

Saile T, Posselt M, Dębiec M, Lobanova M, Peresunchak A (2021) 
Kozachyi Yar 1: An enclosed Trypillian settlement on the South-
ern Bug River in Kozavchyn (Ukraine). Praehist Z 96(2):401–
412. https:// doi. org/ 10. 1515/ pz- 2021- 2007

Sapozhnikov IV, Arhatiuk SS, Levchuk VV (2019) Maяки нa Днicтpi: 
apxeoлoгo-icтopичнi нapиcи. Bondarenko MO, Odesa

Schweingruber FH (1990) Anatomie Europäischer Hölzer. Paul Haupt 
Berne und Stuttgart Publishers, Bern-Stuttgart

Shaw M (2011) Late medieval to early post-medieval tanning. The 
evidence from Northampton and its wider implications. In: 
Thomson R, Mould Q (eds) Leather tanneries. The archaeologi-
cal evidence. Archetype Publications, London, pp 117–130

Shumova VA (1990) Peкoнcтpyкция жилищнo-cтpoитeльныx 
кoмплeкcoв тpипoльcкoгo пoceлeния y c. Bacильeвкa нa 
Днecтpe. In: Zbenovich VG (ed) Paннeзeмлeдeльчecкиe 

пoceлeния-гигaнты тpипoльcкoй кyльтypы нa Укpaинe. Insti-
tute of Archaeology of the NAS of USSR, Kyiv, pp 77–79

S k a k u n  N N  ( 2 0 0 5 )  Б o д a к и  –  o д и н  и з  ц e н т p o в 
кpeмнeoбpaбaтывaющeгo пpoизвoдcтвa нa Boлыни. In: 
Skakun NN, Tsvek EV, Kruts VA, Mateva BI, Korvin-Piotro-
vskiy AG, Samzun A, Yakovleva LM (eds) Apxeoлoгичecкиe 
иccлeдoвaния тpипoльcкoгo пoceлeния Бoдaки в 2005 г. Kor-
vin-Press, Kiev–Sankt-Petersburg, pp 64–79

Skinner L (2011) Traditional leather tanning in central Sudan. In: 
Thomson R, Mould Q (eds) Leather tanneries. The archaeologi-
cal evidence. Archetype Publications, London, pp 49–56

Sobkowiak-Tabaka I, Kufel-Diakowska B, Diachenko A (2022) Kamen-
ets-Podolskiy (Tatarysky) in the Middle Tripolye flint networks 
of Forest-Steppe Ukraine. Spraw Archeol 74(1): 389–409. 
https:// doi. org/ 10. 23858/ Sa/ 74. 2022.1. 2981

Sorensen AC, Claud E, Soressi M (2018) Neandertal fire-making 
technology inferred from microwear analysis. Nature Sci Rep 
8:10065. https:// doi. org/ 10. 1038/ s41598- 018- 28342-9

Strahler AN (1952) Hypsometric (area-altitude) analysis of erosional 
topography. Geol Soc Am Bull 63:1117–1142

Sudoł-Procyk M, Admczak K, Osipowicz G (2017) A flint dagger from 
Brzoza, Nowa wieś Wielka com. Bydgoszcz distr., Kuyavian-
Pomeranian Voivodeship. Spraw Archeol 69: 373–390. https:// 
doi. org/ 10. 23858/ SA69. 2017. 015.

Teschler-Nicola M (2012) The Early Neolithic site Asparn/Schletz 
(Lower Austria): Anthropological evidence of interpersonal vio-
lence? In: Schulting RJ, Fibiger L (eds) Sticks, stones, and bro-
ken bones: Neolithic violence in a European perspective. Oxford 
University Press, Oxford – New York, pp 101–120

Théry-Parisot I (2001) Économie du combustible au Paléolithique. 
Anthracologie, Expérimentation, Taphonomie. Dossier de Docu-
mentation Archéologique 20. CNRS, Paris

Thomson R (2006) Testing leathers and related materials. In: Kite M, 
Thomson R (eds) Conservation of leather and related materials. 
Taylor and Francis, Oxford, pp 58–65

Vondrovský V, Kovačiková L, Smejtek L (2022) Neolithic rondels in 
Central Europe and their builders: An analysis of multi-rondel 
sites. Antiquity 96(389):1105–1123. https:// doi. org/ 10. 15184/ 
aqy. 2022. 75

Walanus A, Goslar T (2009) Datowanie radiowęglowe. Wydawnictwa 
AGH, Kraków

Welter-Schultes F (2012) European non‐marine molluscs. A guide for 
species identification. Planet Poster Editions, Gottingen

Wiktor A (2004) Ślimaki lądowe Polski. Mantis, Olsztyn
Wilk S, Kufel-Diakowska B (2016) The Lublin-Volhynian culture 

retouched blade daggers in light of usewear analysis of artefacts 
from burials at site 2 in Książnice, Poland. Archeaol Pol 54:137–151

Zbenovich VG (1974) Пoзднeтpипoльcкиe плeмeнa Ceвepнoгo 
Пpичepнoмopья. Naukova Dumka, Kiev

Zbenovich VG (1980) Paннeтpипoльcкoe пoceлeниe Бepнaшeвкa нa 
Днecтpe. Naukova Dumka, Kiev

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.jstor.org/stable/j.ctt1cfr812.8
https://doi.org/10.7577/formakademisk.4183
https://doi.org/10.7577/formakademisk.4183
https://doi.org/10.1017/RDC.2020.41
https://doi.org/10.1515/pz-2021-2007
https://doi.org/10.23858/Sa/74.2022.1.2981
https://doi.org/10.1038/s41598-018-28342-9
https://doi.org/10.23858/SA69.2017.015
https://doi.org/10.23858/SA69.2017.015
https://doi.org/10.15184/aqy.2022.75
https://doi.org/10.15184/aqy.2022.75

	Risks beyond the ditch: Copper Age tannery from the settlement of Kamianets-Podilskyi (Tatarysky), Ukraine
	Abstract
	Introduction
	A ditch at the WTC settlement Kamianets-Podilskyi (Tatarysky)
	Materials and methods
	Drainage analysis
	Analysis of paleobiological remains
	Palynological analysis
	Anthracological analysis
	Malacological analysis

	Use-wear analysis

	Results
	Drainage analysis
	Analysis of paleobiological remains
	Palynological analysis
	Anthracological analysis
	Malacological analysis

	Use-wear analysis

	Discussion
	Leather processing
	The interpretation of ditches in Neolithic to Bronze Age contexts

	Conclusion
	Acknowledgements 
	References


