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INTRODUCTION
Ornamented artefacts associated with a symbolic culture of foragers are among the rearest archaeological discoveries made in Central and Northern Europe. Most
of these exceptional pieces did not survive to our day;
they deteriorated because bone and antler - the material
they were mainly made of – decompose easily. Only
a very small number of these artefacts found within
deposits with a limited oxygen access have survived to
our times in varying degree of completeness. Some of
them are still resting within their stratigraphic context
and only very few have seen the light of day, unfortunately mostly in consequence of random discoveries
made when digging rather than during regular archaeological excavation. For all the above reasons every
find of a piece of art from those distant ages rouses
understandable interest of specialists and persuades the
initiation of multi-faceted studies of an interdisciplinary nature to enable a comprehensive understanding of
such an artefact.
It is no wonder therefore that the discovery of a ornamented object fashioned from an elk (Alces alces)
antler at Rusinowo in Pomerania, northern Poland,
inspired us to undertake extensive studies expected to
enable a comprehensive description of this artefact,
starting from the time of its making, through the period when it was in use until its abandoning. Thus, in
our studies, we employed an approach which helped us
trace the biography of an object, its individual history
from its birth, through to the time it was abandoned,
during deposition, until its discovery. Borrowed from
anthropological research this productive perspective
has found many followers in archaeology because it
lets us look at an artefact as a part of social life. Individual phases of existence of an object and the various
circumstances of its use appear to us in the light of the
functioning of the artefact within a community. It stands
to reason that these archaeological biographies are built
in a somewhat different dimension than they are examined by cultural or social anthropology (Langness 1965;

Kopytoff 1986), because we have neither oral evidence
nor written records to allow a fuller reconstruction of
the manufacture of the artefact, the manner of its use
and finally, its discarding, complete with the subtle social context of how it functioned within the community.
Our biographies are constructed for the most part (but
not exclusively) on the basis of archaeological sources.
The functioning of individual objects within a culture
could be described by us also as “object genealogies”
(Kowalski 2001, 126), but the term biography seems to
us more comprehensive because it accounts better for
the dynamics of the process of formation of this type of
objects and their variable history. Cultural biographies
of objects differ from the history of their use in that
in the latter artefacts are treated as passive objects of
human activity whereas the former focus more on the
relationships between the products and their users, in
other words, describe how they “lived” and functioned
within a social group (Gosden, Marshall 1999; Joy 2009).
Some of them have an inherent propensity to accumulate events and history, whereas others are associated
with the history of ceremonies, knowledge – they come
to life in a specific social setting. Because of this, our
archaeological biographies may be regarded as far from
complete; they will be concerned for the most part with
the birth (manufacture), use and discarding of an object
(White 1992; d’Errico 1993a), examined within a broader
context of the natural and cultural environment. Evidently, we shall take into closer account here different
aspects of the said phases of existence of an object, from
the sourcing of its raw material, the degree and direction
of its modification, the making of the ornamentation –
the time, method and its significance, the manner and
duration of using of the object, its repairs and alterations
up to the circumstances of its discarding (Płonka 2012,
36-38). The environmental context is understood by us
as the presentation of environmental conditions, mainly
biological and climatic, which privailed in the area of
discovery of the artefact. The cultural context, on the
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other hand, refers to the description of the societies of
hunter-gatherers who were living in these lands at the
time when the object was made and the features of their
symbolic culture based on finds of various ornamented
objects.
Not less significant is the post-depositional aspect of
the object’s biography. The great chronological distance
dividing the time when the artefact was in use and
when it went out of circulation within its own sociocultural system, from the time of its identification as
an artefact in the present age has caused it to be subject
to different events and processes of a taphonomic and
stratigraphic nature occurring within the object itself
as well as in its surroundings (Arnoldus-Huyzendveld
1998). The key aim of this line of our research was recognizing natural transformation which the object underwent within the deposit and telling them apart from
intentional treatment dictated by culture. On the other
hand, the analysis of this stage of the biography cast
additional light on the circumstances of its discovery
and its passing to the museum collections.
The construction of our study seeks to include different biographical characteristics of the object within
a broader context. All the radiocarbon dates cited in the
text are either in uncalibrated years BP (95.4% probability) or calibrated years BC. The calibration was made
using the program OxCal, version 4.2 (Bronk Ramsey
2009; Bronk Ramsey, Lee 2013) with a 14C age calibration curve IntCal 13 (Reimer et al. 2013). The names of
late glacial stadials and interstadials used in the text are
for the most part traditional (Oldest, Older, Younger
Dryas, Allerød, Bølling), with some supplementary use
made of Greenland ice core timescales as GI-1a-e, GS-1
(Björck et al. 1998; Walker et al. 1999).
In the first chapter Krzysztof Kowalski and Tomasz
Płonka analyse the circumstances of the discovery of
the artefact and ponders also over its deposition context. The events associated with obtaining the object
are of interest not only from the point of view of the
preservation and circumstances of survival of the artefact but also from the perspective of conservation of
archaeological objects.
The second chapter of our work, in three parts, describes different aspects of the geographical environment in which the hunter-gatherers lived – the makers and users of the artefact discovered at Rusinowo.
In the first sub-chapter, Andrzej Piotrowski, Jarmila
Krzymińska, Paweł Sydor, Urszula Pączek and Bernard
Cedro present the palaeogeography of the area around
the site in which the artefact was discovered, based on
the results of past work carried out in the region and on
recently made studies of boreholes. Next to the features
of the sediments themselves analysis was made also of

the mollusc and ostracod fauna – the source of important information about the ancient environment. In
the next sub-chapter, Małgorzata Malkiewicz discusses
the results of palynological studies using the evidence
from the borehole and from the hollows in the spongy
matter of the artefact itself. In order to compare the
results of samples originating from these two sources
the Author analyses the entire profile obtained from the
borehole, starting from the late Pleistocene through to
the late Holocene. In the third sub-chapter, Krzysztof
Stefaniak, Urszula Ratajczak and Magdalena Ciombor
present an analysis of the antler of which the ornamented object was made and characterize different finds of
elk remains from Poland.
The third chapter, also in three parts, presents different aspects of the functioning of the object within the
cultural environment. In the first sub-chapter, Marcin
Diakowski and Bernadeta Kufel-Diakowska characterize methods used in its production, and use-wear, as
well as the likely reason for discarding the object. They
illustrate their macro- and micro-observations along
with the results of experimental studies. In the second
part, Marcin Diakowski and Tomasz Płonka discuss all
the aspects associated with the making of the engraved
patterns on the artefact. They analyse the techniques
of engraving, the time of origin of individual groups of
designs, number of individuals involved in making the
ornament and its symbolic significance. The third subchapter falls into two parts in which authors analyse
the manner of using the object from the perspective of
archaeometry studies. In the first part, Joanna Trąbska,
Aleksandra Wesełucha-Birczyńska, Barbara Trybalska
and Adam Gaweł set out to describe various factors
acting on the surface of the object. The Authors investigate working hypotheses on the changes in the colour
of that same surface, as well as discussing various factors which may have been at play. In the second part,
Joanna Trąbska and Barbara Trybalska make a detailed
analysis of substances identified within the lines of the
engraved ornamentation.
In the fourth chapter, Tomasz Płonka and Krzysztof
Kowalski present the object from Rusinowo against
a broader background of ornamented artefacts from
the close of the Palaeolithic and the beginning of the
Mesolithic in central, western and northern parts of
Europe. They discuss different functions of ornamented
objects within hunter-gatherer communities, characterizing the change in symbolic culture which occurred
during these two periods.
In the closing remarks, Tomasz Płonka and Krzysztof Kowalski give a brief synthesis of the biography
of the ornamented object from Rusinowo, taking into
account the results of research made by all the teams
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taking part in the project. It includes all the elements
which characterize the artefact from various perspectives: the environment in which its makers lived, the
raw material they used, the methods employed in manufacturing the object and the engraved designs and
their meaning, the ways in which the object was used
and the reasons for its discarding. Last but not least
they review briefly the significance of our artefact in
the light of changes in symbolic culture on the turn of
the Palaeolithic and the Mesolithic.
We would like to express our thanks to persons
and institutions who contributed to our research, publication and dissemination of information about the
ornamented object from Rusinowo, thereby assisting to
a various extent in the creation of this book. The studies
of the object were completed for the most part within
the project no. N N 109 287537 (2009-2011), w
 hereas
in zoological studies use was made of resources from
grants no. 1069/S/KBEE/2013 and N N109 318237 financed by the Ministry of Science and Higher Education.
The presentation of the results of the study of the artefact outside Poland was assisted by the conference

9

grant awarded by Instituto Polaco de Cultura in Madrid
(2010). For many valuable insights, we are indebted to
numerous discussions with our colleagues Ben Elliott,
Romuald Kosiba, Aleksander Limisiewicz, Erik Brinch
Petersen, Peter Vang Petersen and Zofia Sulgostowska.
We warmly thank Tomasz Gąsior for making a series
of inspiring photographs documenting the object and
its ornamentation. For granting access to the results of
their own research we express thanks to Jerzy Stępień
and Adam Szynkiewicz. We are very grateful to fellow
researchers Bartosz Kotrys and Tomasz Żuk from the
Pomeranian Branch of the Polish Geological Institute
- National Research Institute in Szczecin, who assisted
us in the fieldwork made in very difficult conditions.
Our special thanks go to Edyta Owadowska and Jan
Danyłow from the Kampinos National Park for their
helpful comments on elk antler size. Our thanks also
go to Giampaolo Dalmeri from MUSE-Museum of
Sciences, Trento, for giving access to photographs of
the anthropomorphic representation found at Riparo
Dalmeri.
Editors

Rusinowo. The Symbolic Culture of Foragers in the Late Palaeolithic
and the Early Mesolithic. T. Płonka, K. Kowalski (eds.) Wrocław 2017, p. 11–16
DOI: 10.23734/22.17.040

Krzysztof Kowalski, Tomasz Płonka

Chapter 1. Circumstances of the discovery and the search for
the deposition context of the ornamented antler artefact
Abstract: The stray find of an ornamented antler object recovered at Powalice in 2003 in an

arable field improved with lake chalk quarried at the “Rusinowo” quarry (Świdwin commune,
Świdwin County, West Pomeranian Voivodeship) was presented to the National Museum in
Szczecin in 2004. An action taken by researchers to confirm the original place of deposition
of this find recovered from a secondary deposit and to reconstruct its environmental and
cultural context. The antler artefact from Rusinowo is the first piece of portable art referred
to the symbolic culture of forager communities in Pomerania to have its context of deposition
studied in so much detail. Parallel to these activities the find was also subjected to physical
chemistry, earth science, technological and experimental archaeology analyses designed to
recover a possibly complete body of data about its history prior to its discovery. Thanks to its
stable preservation status, lack of alteration during the modern age and the decision taken by
the Museum to delay conservation treatment, at the time of laboratory studies the antler still
retained a residue of chalk on its surface. The field prospection, interviews and the review of
the archival documentation from the chalk quarry brought in no definitive conclusions but
taken together with the results of geological sampling and palynology studies this input corroborated and complemented the data from the analysis of the artefact, shedding new light on
the symbolic culture of Late Palaeolithic and early Mesolithic communities of Central Europe

Keywords: stray find, finders, provenance, context of deposition, specialist analyses

Like many portable art artefacts representing the
symbolic culture of prehistoric communities, the
antler artefact from Rusinowo was a stray find. It
owes its survival and addition to the museum collection, as well as its availability for scientific research,
to some members of the public who not only proved
their powers of observation but also took interest in
its unusual form, ornament and raw material, and
took pains to learn more about its nature of an archaeological object and ancient history.
The antler artefact was brought for the first time
to the National Museum in Szczecin and shown to
archaeologists in April 2004. Paweł Kula had volunteered to help its finder, and the interest members
of the village community to establish dating and
the value of this perplexing object. It remained in
the Museum for a few hours, enough to be documented in a drawing (Fig. 1) and photographed by
Paweł Kula, then a student of the Academy of Fine

Arts (today the University of Arts in Poznań) (Fig. 2).
Paweł Kula also reported on the circumstances of
the discovery of the artefact. More information was
given at a later date by Gerard Kula, a resident of
Szczecin who had spent some time at Powalice and
brought the artefact to back the National Museum in
Szczecin in July 2004 presenting it to its collections
on the behalf of the object’s finder.
The artefact had been discovered in 2003 by
Piotr Paczkowski, a resident of Powalice, in a pile
of chalk when it was being cleaned after a season’s
storage preparatory to liming the recently harvested
field found between the villages of Międzyrzecze
and Powalice (Fig. 3). The find remained for a few
months in the home of its finder, who showed it
to his neighbours as a curiosity recovered near to
their village. They were intrigued by the unusual
shape and ornament of the object. In the spring of
2004, Gerard Kula came to Powalice and, considered

T. Płonka, University of Wrocław Institute of Archaeology, ul. Szewska 48, 50-139 Wrocław;
tomasz.plonka@uwr.edu.pl
K. Kowalski, Department of Archaeology of the National Museum in Szczecin, ul. Staromłyńska 27, 70-561 Szczecin;
k.kowalski@muzeum.szczecin.pl
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Fig. 1. Rusinowo. The ornamented elk antler find documented in drawing at the
time of Paweł Kula’s first visit to the National Museum in Szczecin in April 2004.
(Drawing A. Ryś)

Fig. 2. Rusinowo. The ornamented elk antler find photographed by Paweł Kula in April 2004 during his
visit to the National Museum in Szczecin

Circumstances of the discovery and the search for the deposition context…
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Fig. 3. A reconnaissance of the site of the discovery of the artefact found resting on a secondary deposit in the vicinity
of the village of Powalice in 2011. From the right: Gerard Kula, Paweł Kula, Tomasz Płonka. (Photo K. Kowalski)

something of an authority in the village, was approached by P. Paczkowski and asked to help to
unravel the mystery of this extraordinary find. Suspecting that this could be a unique and valuable archaeological object Gerard Kula soon got in touch
with his son, and through him, with the National
Museum in Szczecin. He also took some pains to
find out more about the circumstances of its discovery. He established that the natural calcium-rich
soil conditioner was brought to the area a few years
earlier and stored in a prism in the field, from a deposit of calcareous lake sediments quarried in the
valley of the Mołstowa river – the right-bank tributary of the Rega – near to the village of Rusinowo.
He confirmed moreover that the chalk quarry was
no longer in operation and it had been flooded and
turned into an artificial lake. According to the most
recent administrative divisions, the conjectured site
of the discovery of the object – the “Rusinowo” chalk
mine – lies within the village of Berkanowo. However, we have kept the name “Rusinowo” because
the site of the discovery is only approximate (and
the boundary between the villages Berkanowo and
Rusinowo runs to the south of the present-day mine)
and the artefact itself has entered the literature as
a find from Rusinowo.

Thus, at the outset of the study of the antler find
added by the National Museum in Szczecin to its
collections it was known that it had been discovered
in 2003 on a secondary deposit, in a fully modern
context. Nothing was done subsequently to alter the
antler artefact in any way, neither had it been cleaned
with any energy – as confirmed by the residue of
chalk in the grooves of the ornament and in the cavities of the antler spongiosa, its species identified provisionally by Jerzy Stępień, the specialist in zoology,
from the photograph as elk. The preservation status
of the object was evaluated by Senior Conservator
Anna Borowiec from the Department of Conservation of the Museum in Szczecin as sufficiently good
and stable, which made it possible to delay conservation treatment until the time of completion of
specialist analyses. These considerations, coupled
with the relatively brief time interval between the
discovery of the artefact, taken out of its original
chalk deposit, and the time it passed into the hands
of archaeologists, all made it possible to carry out
the specialist analyses and comparative studies. The
multidisciplinary research was coordinated by the
staff of the Institute of Archaeology of the University
of Wrocław and of the Department of Archaeology
of the National Museum in Szczecin. Its aim was
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Fig. 4. The first prospection of the chalk quarry in 2005. (Photo K. Kowalski)

confirming the provenance of the artefact and investigating the geology and natural environment of the
site of its original deposition, and if possible, identifying its archaeological context, and moreover to
submit the artefact itself to physical chemistry, earth
science, technological and experimental archaeology
analyses to obtain as much information as possible
about its history up to the time of its discovery (from
the sourcing of the antler, its circulation as a cultural object, through to its exposure postdepositional
processes), and to some extent, also to confirm its
authenticity. The latter, while not actually suspect,
given the circumstances of the artefact’s discovery
had to be verified, both as to its dating, raw material
and marks of working.
Steps taken to obtain additional data about the
site of the discovery started with a reconnaissance
made in 2005 in the vicinity of the chalk deposit at
Rusinowo and continued over the years that followed
(Fig. 4). The chalk quarry was no longer in operation, and according to the feedback from its owner, it
was no longer possible to identify the exact, original
location of the artefact within the part of the deposit
exploited in 1998–2004. This was largely prevented
by the exploitation method that had been used and
the required treatment of the quarried material

by dumping it to dry prior to its delivery to buyers (cf. Nowak, Szynkiewicz 2003, 9). Some relevant
information was found in a report from a specialist study made of the geotechnical phenomena and
processes observed within the working of the quarry
at Rusinowo (Nowak 2002, 21–44) made May 2002
by the Poltegor Opencast Mining Institute based in
Wrocław. Still visible at the time of this study were
fresh traces of exploitation of the deposit. Over
a few years prior to the making of the geotechnical
analyses there had been a change in the shoreline
of the working on its north and east side, and its
area had expanded south- and south-eastward. According to the measurements made of the bottom
of the working, its depth measured from the water
surface was less than 3.5 m, and a part of the chalk
deposit remained in situ, which is characteristic for
this type of quarry (Nowak, Szynkiewicz 2003, 9).
What is important to note is that the thickness of
lake sediments in the deposit was not uniform. Consequently, it cannot be established whether the find
had been resting within the upper, the middle or
the bottom level of the layer. Prospections, interviews and a review of the documentation brought
no insight useful for a closer identification of the
archaeological context. During the field prospection

Circumstances of the discovery and the search for the deposition context…
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Fig. 5. A site with a flint inventory located in the spring of 2016 near the defunct chalk quarry at Rusinowo. (Photo
T. Płonka)

of 2007, a passer-by encountered near to the defunct
quarry reported the find at the same location of the
remains of a skeleton of an animal from the deer
family. This information was not confirmed during later interviews. However, it is corroborated by
archival evidence (Department of Archaeology of
the National Museum in Szczecin – file No. 3581)
– a report on fossil red deer antler (Geweih von einen
Urhirsch) discovered near present-day Rusinowo in
June 1936. An archaeological surface survey made
by Tomasz Płonka near the Mołstowa river between
the Rusinowo and Berkanowo in the spring of 2016
identified several previously unknown archaeological
sites with flint inventories suggesting the existence in
this area of Late Palaeolithic and Mesolithic camps
(Fig. 5).
Some modest input potentially useful for specifying the original place of deposition of the artefact
comes from specialist analyses of this object, and
from the geological fieldwork carried out near to the
site of its discovery. The first pilot geological borehole
was obtained in October 2009 near to the NE edge of
the quarry (Fig. 6) recovering a rather slender stratigraphic sequence of gyttja sampled near to the edge
of the deposit. The gyttja rested under a layer of peat
(180 cm), overlying a layer of sand (370 cm). Eleven

samples were taken of the peat and the gyttja for palynological studies. The main geological study made
in 2014 included a borehole made in the central part
of the deposit approximately a kilometre to the south
of the quarry. The results of this project are reported
on in a separate chapter of the present monograph.
The geological study carried out as a follow
up to the random archaeological discovery in order to recover the stratigraphical context and the
chronology of a Stone Age object made of organic
raw material was not the first of its kind in Pomerania. It has a precedent in a 1930s project of Tadeusz
Dobrzyński (1937) to assist in the dating of a unique
group of bone and antler finds recovered some years
earlier during the exploitation of a chalk deposit in
a tract of moorland found within the Reda-Łeba
ice-marginal valley near the village of Orle (Wejherowo commune, Wejherowo County, Pomeranian Voivodeship). Other than this project meant
to confirm the context of deposition of the artefacts
from Orle, the vast majority of Late Palaeolithic and
Mesolithic antler and bone objects from Pomeranian
finds largely lacks this sort of data and on occasion,
even the circumstances of their discovery are little
known (cf. Galiński 1992, 127–134, 221–229; Kobusiewicz 1999, 47–48, 113–114; Ilkiewicz 2011, 15–17, 21–31).
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Fig. 6. Rusinowo. Preparing to take the first borehole (2009) to the east of the chalk quarry at Rusinowo. From the right:
Bernard Cedro and Krzysztof Kowalski. (Photo T. Płonka)

This situation is mostly due to the very poor archaeological recognition of areas filled in with organic
formations and of the littoral zone (Galiński 1992,
127–128; Wąs 2012, 35–38). This may be confirmed by
studies made at Dąbki (Darłowo commune, Sławno
County, West Pomeranian Voivodeship), a site rich
in bone and antler finds (Ilkiewicz 1997; Kabaciński
et al. 2007). On the other hand, until recently we had
little data on the archaeological and the environmental context of most of the mobiliary finds recovered
in Pomerania and attributed to the symbolic culture
of late Pleistocene and early Holocene communities,
some of which artefacts of key importance for the
study of symbolic culture of the Mesolithic foragers; of these more notable are stray finds dredged
up from the Odra River near Szczecin during the

1930s: eg, at Grabowo (Kunkel 1936; Czarnecki 1983,
81–82; Galiński 1992, 228) and Podjuchy (Kunkel
1935; Galiński, Dziewanowski, Kowalski 2012, 90–91).
Only the most recent archaeological discoveries
made in 2014 by Tadeusz Galiński at Bolków site
no. 1, investigated over several seasons, brought in
a larger body of data on the context associated with
the symbolic culture of the Mesolithic communities
(Galiński 2014). In this situation, the review of the
existing documentation and the reconstruction of
the history of the site of the discovery of the antler
find at Rusinowo was a given special priority. The
data obtained cast new light on the symbolic culture
of Late Palaeolithic and early Mesolithic communities living in Central Europe.
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2.1. Site stratigraphy and palaeogeography
Abstract: The aim of the geoarchaeological studies was to specify the geological context
of the ornamented artefact and identify living conditions of forager groups of the Late
Glacial period living in the upper reaches of the Mołstowa River. The study area covered
the immediate vicinity of the original find-site.
Works undertaken had an interdisciplinary character. To reconstruct the palaeoenvironmental conditions, geological fieldwork was carried out (a borehole sunk to the depth of
11 m), followed by laboratory analyses of grain size, ostracod and mollusc, hydrogeology,
geomorphology and radiocarbon dating of the obtained samples,
The interdisciplinary studies have added to our understanding of the palaeogeographical
evolution in the study area. During the Allerød and the Younger Dryas, a large water
body sheltered by surrounding high hills was found here, creating a local environmental
niche with conditions favouring human settlement. Lacustrine sediments (lake chalk)
accumulated in the shallow freshwater palaeolake in conditions of cold climate and the
ornamented artefact passed into the lake at this stage. As a result of the melting of blocks
of dead ice, the water levels in the palaeolake rose.
Accumulation of lacustrine deposits started in the Alleröd (ca 11800 BC) and continued
until the middle Subboreal (ca 2100 BC) when the palaeolake grew over and peat started
to accumulate. The peat deposit is spread across the entire area, overlying depressions
filled with lacustrine deposits and the sandy hills separating them.
Keywords: Mołstowa River, ostracod analysis, grain size analysis, radiocarbon dating,
geoarchaeology

The study area
The study area covered the immediate vicinity of the
find-site, in the valley of the Mołstowa River, 2.5 km
to the north of the village of Rusinowo, 12 km to
the west of Świdwin – the administrative centre of
the county, in the West Pomeranian Voivodeship
(Fig. 1). The aim of the research was to identify the
living conditions of forager groups living in the upper reaches of the Mołstowa River at the end of the
Pleistocene. The Mołstowa is a river with a length
of 48.9 km and a drainage basin of 371.5 km 2. It
is a right-bank tributary of the Rega – the largest
river which empties directly into the Baltic Sea,
flowing from the Pomeranian threshold, a distinct

macro-form (geological and morphological unit),
legible in the topography of the European Lowland.
The study area lies on the northern slope of this
landform, 40 km to the north of the terminal moraine of the southernmost range of the Pomeranian
Phase, within a young glacial landscape, 5 km from
the headwaters of the Mołstowa. This river has its
source in Lake Klępnicko and on the upland slopes
north of the village of Naćmierz. At present the bottom of the valley found within the study area has an
elevation of ca. 60.0 m a.s.l., higher than the valley
bottom of the Rega River, which flows parallel to the
Mołstowa – ca. 50.0 m a.s.l. (Cedro 2007).
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Fig. 1. Rusinowo. Location of the study area

Research methods
Interdisciplinary studies of the palaeoenvironmental
conditions during the Late Glacial period included
analyses of the geology, the hydrogeology and the geomorphology of the area around the archaeological
site. Input was drawn from the most recent analyses
of geology (Piotrowski, Szczesiak 2010a, b) and hydrogeology (Oficjalska, Krawczyńska 2000). Use was
made as well of data (eg, geological profiles, drillings
and geochemical analysis results) published in a geological documentation of the Krosino–Mołstowo lake
chalk deposit (Włodarczak 1993).
As part of the fieldwork a drill core was extracted from 11.0 m borehole Rusinowo-1 (R1) made with
a Geoprobe drilling rig. Samples were taken from
the core for the purpose of laboratory analyses.
Laboratory studies included ostracod, mollusc,
grain size analyses as well as radiocarbon dating.
Samples were extracted from the drill core for palynology analysis. The results of this research are
presented in a separate report in this volume (cf.
Chapter 2.2.).
Grain size analysis was made for 21 samples
(fifteen taken from the lake chalk deposit, six from
the sandy deposit underlying the lake chalk). On
the basis of the macroscopic description of the core
and the macroscopic description of samples of the
lake chalk, fifteen samples were selected for analysis, made using the laser diffraction method. Prior
to making the analysis, the sediment samples were
treated with 30% H2O2 in order to remove organic
matter. Moreover, after evaporation, the samples

were treated with 10% HCl in order to remove carbonates. A sample weight of ca. 1 gram taken from
the selected samples was placed in an Erlenmeyer
flask and immersed in distilled water and sodium
pyrophosphate. Next, the obtained suspension was
subjected to dispersion for 7 minutes in an ultra
sonic cleaner. Later still, it was placed in a dispersion unit of a laser sizer transferring the sample
to the measuring unit. The analysis was made in
a Laser Particle Sizer Fritsch ANALYSETTE 22. For
samples containing a sufficient quantity of the studied material the measurement was repeated in order
to confirm its accuracy.
Sandy deposits underlying the lake chalk deposit were analysed by sieving (6 sandy deposit samples). Samples with a mass of 100 g each were dried
and sieved on a Fritsch Vibratory Sieve Shaker ANALYSETTE 3 PRO. The interval of the sieves used
was 0.25 phi.
The main fractions of the investigated sediments were identified using the Wentworth classification system (1922). For every sample Folk and
Ward parameters (1957) were calculated, the grain
size curves and cumulation curves plotted over
a probability scale. Cumulation curve types were
determined using Sindowski’s classification (1958).
Ostracod and malacology analyses were made
for 67 samples. A sediment sample with a measured
volume was treated for 24 hours with perhydrol to
remove the organic substance. Next, the sediment
was washed on a sieve with 0.1mm diameter mesh.
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Tab. 1. Rusinowo. Radiocarbon dating results secured for drilled samples from borehole R1
Laboratory
code
Poz-65935
Poz-65936

Depth (m)

Metres a.s.l.

Dated material

2.00
10.50

56.50
48.00

peat
peat

Species determination was made under a binocular microscope. A total of 19 mollusc species and
18 freshwater ostracod species were identified.
Radiocarbon dates for two samples were determined using the Accelerator Mass Spectrometry (AMS) technique in the Poznań Radiocarbon

Radiocarbon
date (BP)
3705 ± 35
11 960 ± 70

Years BC
2200–1980
12 060–11 640

Laboratory. To determine the age of the onset and
the end of the lacustrine sedimentation samples
were taken from peat underlying (10.5 m below the
level of the terrain) and overlying (2.0 m below the
level of the terrain) the lake chalk (Table 1).

Results
Topography
The analysis of modern and palaeotopography was
made using data from several perpendicular and
longitudinal geological cross-sections, and ca. 150
boreholes drilled into the mineral substrate underlying the deposits of lake chalk, gyttja and peat,
made within a project of the geological documentation of the Krosino–Mołstowo lake chalk deposit
(Włodarczak 1993).
In the borehole Rusinowo-1 three main layers
were distinguished in the geological profile of borehole R1, marked A, B and C. Of key importance for
our considerations is the top of layer A, built by
sandy sediments overlaid by a layer of peat having
a thickness of 4 cm and a 14C date of 11 960 ± 70 BP
(12 060–11 640 BC) resting under lake chalk (layer B)
and sedge peat (layer C).
The present-day relief of the valley bottom is
even, the effect of mineral-organic accumulation.
The post-glacial terrain underlying the young mineral-organic deposits is more varied, and evidently
includes a number of flat-bottomed depressions
separated from one another by sandy elevations. It
is possible to make out kettle holes left by melted
out blocks of dead ice. The melting of these blocks
caused changes to the local relief as sediment stratigraphy was disturbed by slipping when the substrate gave way (local landslides), the damming
up of the river flowing through, fluctuation in the
surface water table levels (increase and drop), formation of local lakes connected hydraulically with
each other by underground waters. The map of the
Pre-Holocene relief of these sedimentation basins
(Fig. 2) presents eg, the original relief of the site of
the discovery of the artefact. The map reveals the
presence of topographic features as eg, a peninsula
and incisions in the bottom of the reservoir with
a depth of over 9.0 m below the level of the terrain of that age. The ornamented antler artefact was

found to the west of the peninsula (Fig. 2), which
at the end of the Pleistocene was surrounded by the
waters of the palaeolake, with access only from the
south. A sample cut off from the base of the artefact produced a radiocarbon date of 10 700 ± 60 BP
(Poz-14541) (10 780–10 610 BC). The peninsula had
a situation favourable for human settlement, both
because it commanded the surrounding area and
offered access to potable water from springs. Late
Palaeolithic settlement on the peninsula was confirmed by a surface survey in 2016. A disadvantage
to the settlement would have been unstable shores
of the palaeolake subject to mass movement.
Geology and hydrogeology
At the stage when the area was fully buried under
the ice-sheet the valley of the Mołstowa River functioned as a subglacial valley. In the section of the
Mołstowa valley under analysis this is demonstrated
by the following features: its deep incision into the
surrounding upland, its uneven, alternately broader
and constricted progress, and a very irregular uppermost stratum of Pleistocene sandy deposits underlying the organic sediment series.
In the light of the analysis of the geological map
of the upland (Piotrowski, Szczesiak 2010a, b) the
valley of the Mołstowa is bordered by glacial tills of
the Weichselian, which emerged from under the icesheet, and by meltwater sands deposited the length
of the valley after the retreat of the front of the glacier from the moraine of the maximum range of the
Pomeranian phase, ie, after 15 200 uncal. BP. During
the late Pleistocene, the uplands were a source area
for carbonate deposits, and their elevated slopes
formed a catchment for waters from precipitation.
The waters of the first water-bearing level under the
boulder clays found, and still do today, an outlet
in the form of springs welling up at the foot of the
slopes (Fig. 2), the source of surface waters of the
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River and several lakes (Oficjalska, Krawczyńska
2000). The springs and smaller streams feeding the
main stream created favourable conditions for human settlement and for migration (river transport).
The late Pleistocene and the Holocene was a period
of the accumulation over the surface of the variously elevated, Pleistocene sandy formations of organic
carbonate deposits in the form of carbonate gyttja,
locally, clayey-sandy gyttja and especially – lake
chalk; while these deposits form no compact cover
across the entire broader parts of the valley and
have a very uneven distribution, they are sufficiently
abundant and widespread to confirm the existence
of a palaeolake which occupied the entire width of
the upper reaches of the Mołstowa River. The layer
of carbonate deposits has an alkaline reaction of pH
7.2 to 7.9, on average of pH 7.7. The originally heavily diluted sediment gradually underwent compression and became compacted under the weight of the
overburden – at which stage the artefact passed into
the deposit. At present the natural moisture content
of the deposit is on average at 55.0% (ranging from
45.0% to 68.0%). The oxygen-poor, alkaline and bacteria-free environment favoured the survival of the
osseous tissue of the antler artefact. The carbonate
layer of the lake chalk accumulated over approximately 8000 years and has at present a thickness of
8.5 m. Taking account of the average rate of sedimentation of 1 mm/year it may be estimated that the
artefact had passed (dropped by accident or deliberately discarded) into the carbonate deposit then 1.0
m thick, and sank immediately, thanks to its jellylike consistency. The datum of the top of the stratum at that time was at 47.0 m a.s.l. Resting over the
carbonate deposits (lake chalk), and where they are
not present, immediately over sands, is a compact
layer of peat which fills the whole valley bottom.
Jointly, the thickness of the organic formation series

(jointly – gyttja, chalk and peat) is quite varied and
ranges from less than 1.0 m to 12.6 m. A synthetic
view of the geological structure of subsurface valley deposits in the vicinity of the study area may be
seen in cross-section A-A’ (Fig. 3).
Grain size
Based on changes in the proportion of individual
fractions, variation in grain size statistics, analysis
of grain size curves and of cumulation curves, two
lithofacies were separated within the investigated
drill core, marked as L1 and L2, with between them,
a layer of peat.
Lithofacies L1 occurs at the depth of between
11.0 m and 10.52 m. Its main fraction is fine sand,
ranging in content from 25.84% (sample from the
depth of 10.55–10.60 m) to 52.3% (sample from the
depth of 10.85–10.90 m). On occasion, the silt fraction may be present, ranging from 2.16% (depth
10.85–10.90 m) to 22.89% (depth 10.52–10.55), and the
gravel fraction (from 0.22%, at the depth of 10.60–
10.70 m, to 7.94%, at the depth of 10.70–10.75 m)
(Figs. 4 and 5). This sediment is characterized by
moderate to poor sorting (σI 0.89–1.74). The sediments in lithofacies L1 are characterized by a substantial range of skewness –Sk I = –0.37 – 0.29). The
range calculated for kurtosis is similarly large. In
the analysed lithofacies this parameter ranges from
KG = 0.89 (platykurtic distribution) to KG = 1.64
(very leptokurtic distribution).
Analysis of the spatial variability of the Folk and
Ward parameters within the lithofacies L1 demonstrates a correlation of individual parameters with
depth (Fig. 5). The decrease in depth is paralleled by
an increase in the value of the mean grain size (Mz),
and by a minor improvement in sorting (a minor
drop in the standard deviation σI). Despite marked
fluctuations, there is also an observable increase of
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the skewness (Sk I) and a decrease in the value of the
kurtosis (KG) parallel with decreasing depth.
Cumulation curves (Fig. 6A) obtained for the
investigated deposit were moderately sloping (type
MG). Grain size curves (Fig. 6B) are of the multimodal type. The highest modes cluster mostly at
values 2 phi, 2.75 phi, 4 phi and 4.75 phi.
Lithofacies L2 occurs at the depth of between
2.55 m and 10.0 m. The results of the grain size analysis show that the investigated deposit has a uniform grain size composition (Figs. 4 and 5). The
main fraction are silts. Their content ranges from
59.11% (sample from the depth of 9.80–9.85 m) to
88.92% (depth of 9.35–9.40 m). Clay forms an admixture, ranging in content from 11.08% (depth of
9.35–9.40 m) to 34.48% (depth 9.40–9.45 m). The
sand fraction was present in 6 samples only, and
in 2 samples had a content of less than 0.22%. The

Fig. 4. Rusinowo. Triangle diagram of grain-size analysis
results
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Fig. 6. Rusinowo. Cumulative curves (A) and grain-size curves (B) obtained for sediments identified in the analysed
section of the drill core

highest content of the sand fraction was 20.05%,
noted in a sample from the depth of 9.80–9.85 m,
the lowest content – 0.03%, in a sample from the
depth of 9.40–9.45 m.
In general, the investigated samples represent
finely dispersed deposits. An admixture of the
coarser fraction is seen only at the bottom of the
analysed section. From the level of 9.25–9.30 m the
content of individual fractions remains virtually
unchanged. There is no sand fraction.
Sediments of lithofacies L2 are characterized
by poor and very poor sorting (σI 1.28–2.12). The
skewness parameter is symmetrical and negative
(Sk I = from -0.01 to 0.29). Kurtosis ranges from
platykurtic to leptokurtic (KG from 0.78 to 1.19).
Analysis of spatial variability of mean grain size
parameter Mz (Fig. 5) revealed a marked tendency
only at the depth of 10.0 m to 9.15 m, where there
is some minor fining upwards in the grain size (increased value of the parameter). The tendency observed for the standard deviation is variable. In the
10.0–9.80 m interval, the sorting of the sediment
was less marked with a decrease in depth (increased
value of the parameter). In the 9.80–9.15 m interval,
a reverse tendency is observed – moving up there
is an improvement in sorting (decreasing values
of this parameter). The skewness parameter in the
10.0–9.80 m interval was marked by a decrease in
value moving upward, whereas upwards of 9.80 m
the tendency is for the parameter to increase moving up. Analysis of the spatial variability of the kurtosis parameter did not reveal the existence of any
more marked tendencies.
Analysis of cumulation curves (Fig. 6A) revealed that the sediment in lithofacies L2 is marked
by the occurrence of curves initially sharply peaked,
with an angle of 60–65°, passing towards finer fractions into relatively flat, with an angle of 15–25°.

According to the classification of Sindowski (1958),
this is a type PG-FG curve. Grain size curves (Fig.
6B) obtained for the investigated sediments are of
the multimodal type. The highest modes occur at
the value of 6 phi, 7 phi, 8.5 phi and 9 phi.
Ostracods and molluscs
The lowermost, sandy layer in the drill core, corres
ponding to the depth of 10.94–10.52 m, lacks ostracods. The ostracod assemblage found at the depth
of 10.44–10.20 m (the bottom of lake chalk) included: Candona candida, Candona neglecta, Cyclocypris laevis, Cypridopsis vidua, Fabaeformiscandona
fabaeformis, Herpetocypris reptans, Limnocytherina
sanctipatricii, Limnocythere inopinata, and mollusc
species Pisidium casertanum and the glochidia of
Anodonta sp. a large amount of the glochidia of
Anodonta sp. present in the sediment may serve as
an indicator of temperatures of their habitat. Females
release a vast quantity of glochidia – larvae protected
by a ‘shell’ – in the spring-summer season, which
suggests that the accumulation of the sediment containing glochidia took place also during the warm
season (Brodniewicz 1968).
At the depth of 10.15–9.60 m the ostracod assemblage included Candona candida, Candona neglecta,
Cytherissa lacustris, Limnocytherina sanctipatricii.
Out of this group, the species Cytherissa lacustris
is narrowly specialised as to the habitat type. Its
domination in the assemblage suggests living conditions optimal for this species. It occurs in lakes
at different depths, mostly in the sublittoral and
profundal zone, with a preference for oligotrophic
lakes. It is a eurythermal species with a preference
for cold waters. Next to the ostracod species named
the analysed assemblage included mollusc species:
eg, Pisidium obtusale, Pisidium conventus, Pisidium
milium, Pisidium nitidum.
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In the present study, we drew on results of analyses
completed while making the geological documentation of the Krosino–Mołstowo lake chalk deposit
(Włodarczak 1993).
The chemical analysis of the lake chalk was
made using methods described in the norm
PN-76/B-04350. Variation in total alkalinity was
determined, converted into calcium oxide (CaO)
values. The variation in the content of oxides and
carbonates of calcium and magnesium demonstrates
a level of variation in environmental conditions
prevailing in the sedimentation basin. This variation is observed both in the vertical profile and in
cross-sections at different locations. The chemical
analysis results are presented in the synthetic geological log (Fig. 7). The carbonate content in the
sediments converted into CaO values is on the average on the level of approximately 40%, with some
decrease in content moving towards the bottom of
the stratum (down to 32.0%) - at ca. 47.0 m a.s.l.,
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faunal analysis reveals the presence at this time of
a large quantity of ostracod species which are typical for mesotrophic waters and a decline in mollusc fauna. Only the presence of the glochidia of
Anodonta sp. suggests a periodical, possibly minor,
increase in the temperature of the lake water, most
likely associated with seasonal change. Possibly, this
change went hand in hand with an increase in the
water level, or an increase in trophism, suggested by
the observed composition of the ostracod species.
No ostracod or mollusc remains survived in the
peat deposit overlying the sediments of lake chalk.
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At the depth of 9.60–8.65 m there was a minor
percentage of mollusc species and a high proportion
of the glochidia of Anodonta sp. The species Cytherissa lacustris was no longer present, but there was
an increase in shallow-water ostracods: Cyclocypris
laevis, Fabaeformiscandona levanderi, Cypridopsis
vidua.
At the depth of 8.20–5.30 m was seen, the first
time, a large quantity of the following species: Candona candida, Cyclocypris laevis, with a minor percentage of Cytherissa lacustris, which could indicate
an increase in trophism, as a result of temperature
increase. The species Cypridopsis vidua is present
once again, possibly indicating the tendency of the
palaeolake to grow shallow.
At the depth of between 5.30 m and the upper
end of the sequence the ostracod assemblage included: Candona neglecta, Limnocythere sanctipatricii,
Darwinula stevensoni, Cyclocypris laevis, with some
molluscs species present, which possibly reflects the
shallowing out and growing over of the palaeolake.
The described faunal assemblages and its sequences are a reflection of the character and changes
of the sedimentary environment. The presence of
the mollusc and ostracod species named would confirm the existence of a palaeolake in the study area.
The character of the ostracod assemblages proves
that this was a water body with stabilized conditions
of sediment deposition.
During its initial period, the reservoir held
nutrient-rich, cold water (presence of cryophilous ostracods). A change in environmental conditions took place at the time of the accumulation of
sediments in the central part of the drill core. The
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Fig. 7. Rusinowo. Calcium compounds content converted into CaO (based on data from: Włodarczak 1993). The lithological profile sampled from borehole R1 is given here for comparison. The location of the borehole is shown in Fig. 2
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and 12.5%, at 50.0 m a.s.l. The decrease in the carbonate content may be interpreted as resulting from
the fluctuation of the water level in the palaeolake
caused by seasonal changes in climate humidity
(amount of precipitation) and in the afforestation in
the catchment. Another contributing factor during
the Allerød and the Younger Dryas could have been
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changes in flow caused by the melting of blocks of
dead ice. The sediment is characterized by a high
mean pH of 7.7. The colour of the dried sediment
is grey, although when wet the shades of this colour reflected a moisture level ranging from 45.0%
to 68.0%, with an average of a 55.0%.

Discussion and conclusion
The aim of the present study was recognition of environmental conditions prevailing during the Late
Glacial period and early Holocene in the area of
the find-site of an object of Palaeolithic art thought
to date to the Allerød – Younger Dryas transition (10 750–10 470 BC). The study area emerged
15 200 years uncal. BP from under the ice-sheet. In
the Allerød and Younger Dryas, the route of migrations of the hunters ran SE to NW, across the southern and south-western shelf of the Baltic, then in the
stage of the Baltic Ice Lake, gradually encroaching on
dry land with time, over the landbridge of the Darss
sill, to the area of today’s Denmark (Kramarska et
al. 1995; Björck 1995; Jensen et al. 1999). Convenient
conditions on this route of animal and human migration were provided by the valley of the Mołstowa
River. Rich in water springs, with a large lake to fish
in, sheltered by surrounding hills, it offered a local
niche with conditions suitable for human settlement.
The borehole investigation and the interdisciplinary study of samples from the drill core taken
from borehole R1, assisted by the analysis of the
geological structure and local topography enable
a number of conclusions regarding the palaeo
geography of the area, particularly as it was during the late Weichselian. The investigated area lies
on the northern slope of Pomerania, which forms
part of a lakeland visible within the topography of
the European Lowland. The date of the lower peat
(11 960 ± 70 BP) establishes for us the time of the
origin of a body of standing water, site of the discovery of the artefact. This layer correlates also with
a peat deposit stratum in the valley of the Rega near
Łobez (Cedro 2005) where the peat documents well
the stage of the development of the landscape which
was followed by changes caused by the melting of
the blocks of dead ice. According to Błaszkiewicz
(2005) already Bølling warming could have triggered the melting of the blocks of dead ice, only
this did not immediately lead to the formation of
the palaeolake. Peat started accumulating over the
sandy deposits overlying the thinning ice; as ice
continued to melt, this peat was submerged, forming the basal peat layer in the series of the lacustrine

deposits. Pollen analysis made for this case study
(Malkiewicz, in this volume) confirms the development of the landscape and geological processes
described here.
Parallel with the melting of the dead ice the water level rose in the sedimentation basin then accumulating a deposit of lake chalk (layer B). Analysis
of the grain size of the mineral sediment indicates
undisturbed conditions of sedimentation. The palaeolake was fed by carbonate-rich water from the
waterbearing layer underneath and from springs
found in its vicinity. The analysis of the geochemistry study results indicates a relatively small dynamics of the groundwater and waters from surface runoff flowing into the isolated sedimentation
basins. The reduced calcium carbonate content in
the lowermost part of the geological profile in the
discussed site is interpreted in terms of change in
the rate of the flow and in the level of waters, caused
by the melting of blocks of dead ice. The analysis of
faunal remains confirmed the existence of a coldfreshwater lake, from the Allerød to the Subboreal
period. According to the environmental data, the
accumulation of the sediments under analysis occurred in a shallow freshwater lake, in conditions of
a cold climate. This process started during the late
Pleistocene (Allerød) and continued into the Subboreal period.
The investigated assemblages of mollusc and
ostracod fauna have been correlated with the local
pollen assemblage zones (L PAZ). In the Allerød
and Younger Dryas, the lacustrine environment of
accumulation of the investigated sediments is confirmed by the presence of molluscs and freshwater
ostracods which include cold-climate forms (Armiger crista f. cristatus, Pisidium milium, Pisidium
nitidum, Pisidium obtusale, Candona candida, Candona neglecta, Cytherissa lacustris, Limnocytherina
sanctipatricii). In the Preboreal period, the lake
continued evolving, as reflected by its mollusc and
ostracod fauna, until the Boreal period when it became shallower and grew over, as indicated by the
presence of shallow-water ostracod species such as
Cypridopsis vidua, Darwinula stevensoni and the
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Tab. 2. Rusinowo. Species composition of mollusc and ostracod fauna identified in the analyzed samples

Depth (m)
Acroloxus lacustris
Armiger f. cristatus
Bithynia leachi
Bithynia tentaculata-wieczka
Gyraulus rossmaessleri
Lymnaea peregra
Segmentina nitida
Valvata cristata
Valvata piscinalis
Valvata piscinalis f. antiqua
Pisidium casertanum
Pisidium casertanum f. ponderosa
Pisidium conventus
Pisidium milium
Pisidium nitidum
Pisidium obtusale
Pisidium pseudosphaerium
Pisidium subtruncatum
Anodonta - glochidium
Candona candida
Candona neglecta
Candona weltneri

×
×

×

×

×
×

×
×
×
×
×
×
×

×
×
×
×

Cyclocypris laevis

×
×
×

×

×

Cypridoposis vidua
Cyprinotus salinus

×

Candona hyalina
Cytherissa lacustris

×

×
×
×

×

×
×
×
×

×
×
×

×
×
×

×

×
×

×

Ostracods

Darwinula stevensoni
Fabaeformiscandona caudata

×

×

Fabaeformiscandona fabaeformis

×

×
×

×

Fabaeformiscandona levanderi

×

×
×

×

×

×

×

Fabaeformiscandona protzi
Herpetocypris reptans
×

Metacypris cordata

×

Pseudocandona compressa

×

×

×

Limnocythere inopinata

×
×
×

×
×

×
×
×

×
×
×

×

Limnocytherina sanctipatricii
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×
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×
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×
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×
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×
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×
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×
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×
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×
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×
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Tab. 3. Rusinowo. Environmental change around the site at Rusinowo in the late Pleistocene and Holocene
Age
(years
BP)
0

2 500

5 000

Chronozones

Subatlantic
period

Subboreal period

Sedimentation
series

Water level
elevation

C
(fluvial and
marsh sediments)
– sedge peat

58.5 m a.s.l.

2.40 m

8 000

Boreal period

9 000

Preboreal period

10 000

Younger Dryas

10 700

Allerød

B
(lacustrine) –
lake chalk

7.18 m
7.85 m
9.55 m

10.0 m
48.0 m a.s.l.

11 800

Older Dryas

12 000

Bølling

12 300

Oldest Dryas

A
(fluvial) – peat
in the uppermost
layer over fine
sand

• agricultural drainage work in the 19th century;
• regulation of the Mołstowa River – a canal
• onset of the deposition of peat (3705 ± 35 BP) accumulated over the basins filled with chalk; peninsulas and
islands;
• the runoff from the extensive source area takes form

56.5 m a.s.l.

Atlantic period

Living conditions determined by interdisciplinary
research

• end of the lacustrine sedimentation;
• basins originally separated by islands are filled in;
• diagenesis of lake chalk – transition from a colloid
system to gel form (soft-plastic and plastic);
• due to compaction, the lowering of the uppermost layer
of the lake chalk
• a fairly deep reservoir of standing water takes form fed
by surface and groundwaters rich in calcium carbonate,
especially the latter;
• the palaeolake bottom accumulates carbonate sediment formed as a result of chemical and biochemical
precipitation of calcium carbonate in waters rich in
phytoplankton and aquatic vegetation, and bacteria
absorbing CO2 influencing the capacity of the lake water
to dissolve calcium carbonate;
• water level fluctuation associated with long-term fluctuation in precipitation (changes in the content of CaO,
ostracod species, presence of molluscs)
• hunting activity by Palaeolithic foragers, the making of the Palaeolithic ornamented artefact dated to
10 700 ± 60 BP);
• human settlement favoured by the varied shoreline of
the initial phase of the lake – with many islands and
peninsulas, and the presence of groundwater springs;
• well defined surface water catchment formed by the old
postglacial upland;
• difficult living conditions – the margin of the sedimentation basin affected by intensive mass movement (sliding and slumping) with the loss of support from dead
ice, and also as a result of the angle of slope of 3-8%;
• the hills around the lake reach the relative altitude of
40-50 m
• accumulation of peat containing chemically precipitated
calcium compounds (11 960 ± 70 BP);
• the melting of the blocks of dead ice, meltwaters flowing
from the thawing glacier and waters groundwater seepage lead to the formation of the first shallow lake and to
the accumulation of peat
• blocks of dead ice remaining after the retreat of the continental ice-sheet from the northern slope of Pomerania
survived in depressions within the upland, eg, in the
subglacial valley of the Mołstowa

Key:
groundwater table [m a.s.l.]
mollusc shell fragments suggesting a shallowing out of the lake and the depth within the drill core R1 at which
they were found
artefact

Site stratigraphy and palaeogeography

decline of the mollusc fauna. The youngest sediments, from the Atlantic period, contain mollusc
and ostracod fauna indicative of a shallow, overgrowing lake with a lush vegetation.
With a 14C date of 3705 ± 35 BP (2200–1980 BC)
the base of the upper peat layer (layer C) marks the
time-boundary for the accumulation of lake chalk.
Peat building the layer C forms a deposit which covers the entire area, overlying depressions filled with
lake chalk, and sandy elevations separating them.
Furthermore, peat also encroached on adjacent areas subjected to natural water seepage, at elevations
higher than those of the sedimentation basin.
In the geological studies, focus was placed on
the full range of the palaeogeographic development
of the upper reaches of the Mołstowa River so as
to explain possibly comprehensively the geological
conditions of the life of late Palaeolithic hunters
during a narrow time-period, around the transition
from Allerød to the Younger Dryas. Surrounded by
moraine ranges with a relative elevation of 50.0 m,
the natural landscape of the upper Mołstowa valley
was a catchment of surface and groundwater rich in
calcium carbonate. Some of the conditions in the
valley assisted while others discouraged human life.
The towering hills sheltered from cold winds, and
the numerous springs supplied good quality potable
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water. With a depth of approximately 6.0 m the palaeolake had a shoreline more irregular than the one
suggested by the modern day view of the peatland.
The varied shoreline, sandy islands and peninsulas
offered favourable conditions for settlement and
fishing, whereas the melting of blocks of dead ice
buried in the sands would have been a hindrance.
As kettle hole lakes gradually came into being there
were some intensive geodynamic processes – mass
movement – sliding and slumping of the lake shores.
The gradient of the slopes may have reached the
natural angle of repose of 33%. After the accumulation of peat at 14C 11 960 ± 70 BP the water level
rose and Cytherissa lacustris, a predominant species
in the ostracod fauna, indicates cold waters of the
sublittoral and the profundal zone. By 14C 10 700 ±
60 BP the thickness of the carbonate deposits had
reached 100 cm, with its uppermost layer at 47.0 m
a.s.l.; during the same period the water level in the
palaeolake was at ca. 56.0 m a.s.l. When it came
to rest on the palaeolake bottom, the ornamented
antler artefact sank into the lake chalk then having a jelly-like consistency. The chemical properties of this sediment: high alkalinity at pH 7.7, an
environment hostile to bacteria and oxygen-poor,
guaranteed the survival of the osseous tissue of the
antler complete with the morphology of its surface.

Rusinowo. The Symbolic Culture of Foragers in the Late Palaeolithic
and the Early Mesolithic. T. Płonka, K. Kowalski (eds.) Wrocław 2017, p. 33–41
DOI: 10.23734/22.17.042

Małgorzata Malkiewicz

2.2. The vegetation in the light of palynological studies
Abstract: The chapter reports on the results of palynological analysis of sediments from
the palaeolake at Rusinowo and the comparison of these findings with results previously
obtained for two samples of lake chalk surviving on the ornamented antler artefact.
Results from the pollen analysis were used to trace the history of vegetation during the
Late Weichselian and the Holocene and to reconstruct the palaeoenvironment. The study
identified eleven local pollen assemblage zones (L PAZ) within the pollen diagram and
correlated four of them to the Late Weichselian and seven of them to the Holocene. The
pollen analysis confirmed the palynological age proposed previously for the lake chalk
residue extracted from the artefact as the Pine phase of the Allerød or, possibly, the transition from the Allerød to Younger Dryas. At the time of the deposition of the ornamented
antler object, the area around today Rusinowo was covered by pine-birch forest with an
admixture of juniper. Open landscapes were vegetated by communities of heliophytes
with Salix, Juniperus, Artemisia, Helianthemum, Rumex and Chenopodiaceae.
Keywords: vegetation history, pollen analysis, Late Weichselian, Holocene

Introduction
The pollen analysis made within the interdisciplinary studies of the ornamented antler artefact focused on the pollen profile obtained from the palaeolake at Rusinowo, in the valley of the Mołstowa
River. Nowadays this is an area of wet, periodically
flooded meadows and a fragment of an ancient alder
forest, protected site Rusinowskie Łozowisko (Miluniec, W
 rzosek 2011). The profile was drilled in the
neighbourhood of the presumed site of the discovery

of the archaeological artefact. The location of the
borehole and the lithology of the sediments are discussed in detail in chapter 2.1.
The main aim of the pollen analysis was to reconstruct the natural environment around the site at
Rusinowo and to determine the age of the sediments;
moreover, to correlate the profile with the results of
an earlier analysis of two samples of lake chalk extracted from the ornamented antler artefact.

The sample and the methodology
The sediments submitted for the palynological analysis were obtained from an 11.00 m profile, drilled
with a mechanical corer from the deepest part of the
peat deposit, a location expected to yield the best results for the study. The central part of the palaeolake,
presumably the least affected by water level fluctuation, was expected to produce the most representative pollen record (Amami et al. 2010).
Pollen analysis was made of 110 samples, with
a total volume of ca. 10 cm3, obtained at intervals
of approximately 10 centimetres from cores with an

undisturbed structure. All samples were prepared
by a standard preparation procedure and the acetolysis was applied (Berglund, Ralska-Jasiewiczowa
1986). Pollen spectra were counted on two slides. On
average, total of 600–1300 sporomorphs was found
in each sample. Samples obtained from the base of
the profile (depth of 10.60–11.00 m) were not analysed as they contained no spores or pollen. In all
of the investigated samples, the preservation of the
sporomorphs was good. No damaged and undeterminable grains were observed. The pollen taxa were

* University of Wrocław, Laboratory of Palaeobotany, Department of Stratigraphic Geology, Institute of Geological
Sciences, ul. Cybulskiego 34, 50-205 Wrocław, Poland; e-mail: malgorzata.malkiewicz@uwr.edu.pl
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determined with special keys and atlases (Moore et
al. 1991; Reille 1992). The percentage calculations are
based on the total sum (AP + NAP) which include
trees, shrubs (AP) and herbaceous plants (NAP).
Aquatic, swampy plants and spore plants were excluded from the total sum. The results of pollen
analysis are shown on the percentage pollen diagram (Fig. 1). The pollen diagram was plotted using the POLPAL for Windows (Nalepka, Walanus
2003). In the diagram biostratigraphic units (L PAZ
– local pollen assemblage zones) were distinguished
with a characteristic content of sporomorphs in
the individual profile section, thus illustrating the

process of changes occurring in the vegetation cover
(Berglund, Ralska-Jasiewiczowa 1986). The L PAZes
contain sediments characterized by the occurrence
of a distinct pollen and spore assemblage originating from the time of the deposition of a given layer
(Cushing 1967). Eleven pollen assemblage zones were
recognized, numbered from the bottom up, marked
from R-1 to R-11. Their simplified description is presented in Table 1. The results obtained were correlated and compared with the results of the pollen
analysis made in 2011 of two samples of lake chalk
extracted from the elk antler artefact (Płonka et al.
2011).

Sediment age and correlation of the local pollen assemblage zones
Local pollen assemblage zones (L PAZ) identified
at Rusinowo were correlated with the chronostratigraphic units of the Late Weichselian and the Holocene (Mangerud et al. 1974; Litt et al. 2001) (Table 2)
Sediments from the depth of 9.50–10.50 m correlate with the Late Weichselian. The two most ancient
local pollen assemblage zones, R-1 Hippophaë-Salix
and R-2 Betula-Pinus, correspond to the cooler period of the Preallerød and to the warming of the
Allerød; the next two: R-3 Betula nana-Juniperus‑Artemisia and R-4 Salix-Juniperus, to the youngest stage of the Late Weichselian (Younger Dryas).

Zones R-5 through to R-11 have been correlated with
the chronozones of the Holocene. The protocratic
phase of the Holocene (Birks 1986) is represented
by zones R-5 Betula and R-6 Pinus. The mesocratic
phase is represented by sediments from the depth
of 5.10–8.90 m. The two zones corresponding to this
phase are R-7 Corylus-Pinus-Ulmus and R-8 Corylus‑Ulmus-Quercus. The telocratic phase is represented
by sediments from the depth of 0.30–5.10 m and corresponds to three zones: R-9 Alnus-Corylus-Quercus,
R-10 Alnus-Carpinus-Corylus and R-11 Pinus-NAP.

Reconstructing the vegetation
The history of the Late Weichselian and early Holocene vegetation at the site and its immediate vicinity
may be reconstructed using the data from the local
pollen assemblage zones (L PAZ). The curves obtained for individual tree and shrub species obtained
in the diagram mostly reflect the regional history
of the forest communities in the Western Pomeranian Lake District. Non-arboreal, aquatic, marsh and
cryptogram plants inform about local changes and
help to trace the changes in hydrological conditions.
Late Weichselian
Preallerød
The oldest sediments in the palaeolake at Rusinowo
go back to the time when the area around the study
site was dominated by shrub communities with
Salix, Hippophaë rhamnoides, Juniperus and herbaceous plants, mainly Cyperaceae and Poaceae. The
regular occurrence of the heliophytes Artemisia and
Helianthemum confirms the presence of open areas.
It is unlikely that there were any trees in the immediate vicinity of the site. The percentage values
of pine and birch indicate their presence at some
distance from the study site.

In the postglacial stratigraphic record, the development of the community with Salix and Hippophaë
rhamnoides is usually linked to the Preallerød (Tobolski et al. 1998). This unit has been recorded by
many researchers and correlated variously – to Older
Dryas, Bølling-Allerød interstadial complex, or
Bølling (Wasylikowa 1964; Tobolski 1998; Malkiewicz
2002; Burdukiewicz et al. 2007; Noryśkiewicz 2012;
Jurochnik, Nalepka 2013; Żurek et al. 2014). We can
date the earliest sediments at Rusinowo with some
confidence to the transition from the Bølling to the
Older Dryas (Litt 1988). The radiocarbon date of
11 960 ± 70 BP (Poz-65935) available for this level
concurs with the palynological dating. The warming
of the climate during the Bølling could have contributed to the start of the melting of the blocks of
dead ice. However, at Rusinowo the melting out of
the buried ice did not immediately cause the creation
of the palaeolake because at the bottom of the profile
we found a 10 cm layer of mossy peat. Presumably,
there was some sedentation of peat at the surface of
the buried ice, which as ice continued to melt became sunk, and formed a layer of basal peat at the
very bottom of the palaeolake. A similar process has
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Table 1. Rusinowo. Local pollen assemblage zones (L PAZ) identified in the profile
No.
L PAZ

Name
L PAZ

R-1

Hippophaë-Salix

R-2

Betula-Pinus

Depth
[m]

Description
L PAZ
high percentages of non–arboreal plants (NAP 35.0–31.1%) and Salix
(6.7–6.2%); participation of Betula (40.8–36.6%) and Pinus (21.2–
10.44–10.50
17.5); presence of heliophytes: Hippophaë rhamnoides, Artemisia,
Helianthemum, Juniperus communis, Selaginella selaginoides
10.00–10.44

increase of Betula to 51.5% and of Pinus to 38.3%; decrease of non–
arboreal plants to less than 25.0%

R-3

Betula
nana-Juniperus-Artemisia

9.70–10.00

decrease in the percentage of Betula on average to 34.2%, of Pinus
on average to 23.0%; increase in NAP pollen to 40.0%; a maximum
for Juniperus communis (6.4%), Artemisia (6.3%) and Betula nana
(2.2%); participation of Salix of at most 1.5%; presence of heliophytes, eg: Helianthemum, Ephedra, Hippophaë rhamnoides and
Selaginella selaginoides

R-4

Salix-Juniperus

9.50–9.70

increase in the participation of Salix to 3.1%; sustained high values
for Juniperus communis (2.4–3.8%); slight increase in Betula and
Pinus; NAP pollen in the range of 20.0%

R-5

Betula

9.20–9.50

domination of Betula (54.6–64.0%) over Pinus (26.8–38.8%);
decrease in Salix (0.6%) and Juniperus communis (0.7%); the first
appearance of Ulmus (0.2–0.5%); NAP pollen in the range of 10.0%

R-6

Pinus

9.00–9.20

domination of Pinus (59.0–65.0%) over Betula (25.7–37.2%); sustained low values of Ulmus (0.2–0.5%); the first appearance of
Corylus avellana (0.4–1.8%)

R-7

Corylus-Pinus-Ulmus

8.10–9.00

high percentage of Pinus (41.1–79.0%); increase in Corylus avellana (6.9–25.8%), significant presence of Ulmus (0.5–2.2%); the first
appearance of Quercus (0.1–0.9%) and Alnus (0.1–2.8%)

R-8

Corylus-Ulmus-Quercus

5.10–8.10

decrease in Corylus avellana (5.8–16.7%); maximum value of Ulmus
(6.3%); increase in Quercus (2.4–7.8%) and Alnus (5.9–15.5%); the
first appearance of Tilia (0.6–2.4%) and Fraxinus excelsior (0.2–1.4%)

R-9

Alnus-Corylus-Quercus

2.50–5.10

R-10

Alnus-Carpinus-Corylus

1.90–2.50

R-11

Pinus-NAP

0.30–1.90

maximum value of Alnus (41.3%), Corylus avellana (26.0%) and
Quercus (14.6%); decrease in Ulmus (0.3–3.7%), sustained significant
presence of Tilia (1.0–4.1%) and Fraxinus excelsior (0.4–3.0%); the
first appearance of Carpinus betulus and Fagus sylvatica
decrease in Corylus avellana on average to 12.6%, Alnus to 26.4%,
and Quercus to 6.6%; increase in Carpinus betulus (2.7–8.3%) and
Fagus sylvatica (1.0–2.5%); smaller significance of Tilia, Fraxinus
excelsior and Ulmus
domination of Pinus (max. 59.8%) and Betula (max. 16.0%); significant values achieved by non–arboreal plants (max. 55%)

Table 2. Rusinowo. Correlation of local pollen assemblage zones with chronostratigraphic units of the late Weichselian
and Holocene: (preAL – Preallerød, AL – Allerød, YD – Younger Dryas, PB – Preboreal, BO – Boreal, AT – Atlantic,
SB – Subboreal, SA – Subatlantic)
Locall pollen assemblage zone
(L PAZ)
R-1 Hippophaë-Salix
R-2 Betula-Pinus
R-3 Betula nana-Juniperus-Artemisia
R-4 Salix-Juniperus
R-5 Betula
R-6 Pinus
R-7 Corylus-Pinus-Ulmus
R-8 Corylus-Ulmus-Quercus
R-9 Alnus-Corylus-Quercus
R-10 Alnus-Carpinus-Corylus
R-11 Pinus-NAP

Chronostratigraphy
preAL
AL
YD
PB
BO
AT
SB
SA
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Fig. 1. Rusinowo. Percentage pollen diagram
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been confirmed in Lake Strażym, in the Brodnica
Lake District (Boińska 1987), made possible as this
author suggests, by the draining of meltwater during
the early stages of the melting of the ice. On the one
hand, the same process delayed the accumulation of
biogenic deposits, on the other, it made possible the
sedentation of the peat during the initial phase of
the palaeolake (Błaszkiewicz 2005).
Allerød
During the period coinciding with the Allerød
warming forest communities were established with
a minor proportion of herbaceous plants. At first,
these were birch forests, and with time, birch-pine
forests. Wetter sites developed willow and birch
thickets with abundant Cyperaceae, Equisetum and
Filicales monolete.
The presence of heliophytes like Artemisia, Chenopodiaceae, Poaceae or Cyperaceae suggests a significant role of open areas. Presumably, forest communities prevailing at the time were not too dense,
as confirmed by the presence of pollen grains of
Juniperus communis and the lack of Helianthemum.
The climatic conditions during the Allerød were
favourable not only for the development of forests
but also promoted the spread of species with higher
thermal requirements, aquatic and marsh plants in
particular. Seen for the first time during this period
in the area around the palaeolake is Typha latifolia
and on its waters Nymphaea alba. The presence of
these taxa leads to the conclusion that the climate of
the Allerød was of the cool-temperate variety. It is
assumed that in western Poland during this period
the mean July temperature ranged between 12 and
14°C (Jurochnik, Nalepka 2013), and at its highest
point could not have been less than 15°C (Madeyska
1995).
Younger Dryas
A period of cooler climate during the Younger Dryas
retarded the development of forest communities.
Birch and birch-pine forests thinned out and there
was an expansion of shrub communities. Next to
the still present pine and birch, Salix and Juniperus
communis increased in importance. Betula nana was
noted for the first time, and there was a resurgence
of Hippophaë rhamnoides. There was an increase in
the proportion and taxonomic diversity of herbaceous plants. Among them, Artemisia, Poaceae and
Cyperaceae were the most dominant. There was a
dominance of Chenopodiaceae, Caryophyllaceae,
Rumex acetosa-acetosella, Ranunculaceae, Filipendula and Potentilla and a recurrence of Helianthemum.

The presence of so many herbaceous plants suggests
a substantial opening up of plant communities. It
may be assumed that at this time around Rusinowo
tundra communities took form with a minor proportion of birch and individual pine trees. The low
percentage curve of the Ericaceae at this zone could
indicate the development of small patches of heath,
possibly with Empetrum nigrum and Arctostaphylos
uva-ursi. Plant communities of this type have been
identified in sites on the island of Wolin not far to
the north (Latałowa 1999).
The decline of Nymphaea alba and Typha latifolia confirms a deterioration of thermal conditions.
There is some consensus that the climate during
the Younger Dryas was not stable, marked by major oscillations (Lotter 1991). A strong dynamism
of the environment has been recorded eg, at Retno
(Brodnica Lake District), where the curve for Juniperus communis displays several fluctuations, with
peaks of over 10.0% alternating with dips below
4.0% (Noryśkiewicz 2012). At Rusinowo, no similarly
strong environmental dynamism is observed. At the
same time, there is evidence for the dichotomy of the
Younger Dryas which has been recorded in different
parts of northern and central Europe (Berglund et
al. 1994; Walker et al. 1994; Ralska-Jasiewiczowa et
al. 1998). The older part of the Younger Dryas was
decidedly cooler, with strong continental features.
Mean July temperatures at this time could have
dropped to 10°C (Jurochnik, Nalepka 2013). The
younger part was decidedly warmer and more humid, with mean July temperatures not lower than
12°C (Tobolski 1998). The occurrence of Typha latifolia in the palaeolake confirms milder thermal conditions of the upper part of the Younger Dryas in the
area around Rusinowo.
Holocene
Preboreal period
An amelioration of thermal conditions at the beginning of the Holocene resulted in an increased proportion of trees, on average, by as much as 94.0%,
and the revival of forest communities. At this time,
after a brief episode of a dominance of birch forests,
pine has occurred and then developed pine-birch
forests. In these two types of forest, an important
component was heliophilic Populus tremula. A similar composition of forest communities with a higher
participation of birch has been recorded in the early
part of the Preboreal period in locations lying southwest of Rusinowo (Malkiewicz 2002; Burdukiewicz et
al. 2003, 2007; Masojć et al. 2006, 2014; Jurochnik,
Nalepka 2013). The Preboreal forest communities in
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the study area were rather open. Areas on their edge
and in clearings still retain Juniperus communis and
Salix. Other survivors were remnants of communities with Artemisia, Chenopodiaceae and Rumex.
Only they no longer feature Helianthemum, a taxon
which requires much sunlight.
There was a gradual spread to the study area of
Ulmus – the first species representative of mixed
deciduous forests. It established itself in fertile and
wet sites, usually in river valleys and on the margin
of watercourses. Together with Salix and Populus, it
built the riparian forests developing in the area. The
values for elm pollen at this time are below 1.0%. If
we were to assume, after Hutley and Birks (1983),
1.5–2.0% as the threshold value, which confirms the
local presence of elm, this would mean that elm
was not present near our site. On the other hand, a
species recorded next to elm was Humulus lupulus
which is found in riparian forests. Consequently, it
may be concluded that despite such a negligible representation of elm in the pollen spectra, the species
did grow in the study area at this time. The younger
part of the Preboreal period is also the time of expansion to the region of Rusinowo of Corylus avellana with Juniperus communis and Salix; it colonised
clearings, gradually displacing birch from the forest
communities, as is evidenced by the decline of the
importance of Betula. The much greater importance
of hazel at the younger part of the Preboreal period
is known from other sites in western Poland, confirming the direction of the migration of hazel from
Mecklenburg and Brandenburg (Ralska-Jasiewiczowa
1983). Herbaceous plant communities no longer had
much importance. In the immediate vicinity of the
palaeolake, wetter sites were vegetated by Poaceae,
Cyperaceae and by Asteraceae, Apiaceae, Brassicacea, Rosaceae and Ranunculaceae. The climate during this age was temperate. The presence of pollen
grains of Typha latifolia indicates mean July temperatures of 14–15°C (Wasylikowa 1964).
Boreal period
During the Boreal period, there was a change in
the composition of the forests in the vicinity of
Rusinowo. At first, these were pine forests with an
admixture of birch and hazel in the understorey.
Very soon, however, they were displaced by hazel.
The value obtained for hazel, as much as 26.0%, suggests that single-species hazel shrub communities
developed in insolated sites nearby. Hazel was able to
enter forest communities with pine and birch thanks
to its moderate requirements for sunlight and the
lack of competition from other broadleaved species
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(Birks 1986). Hazel, as a shade-giving species, may
have contributed to reducing the growth of heliophilic seedlings of birch and pine, leading to their
gradual demise, especially in more fertile sites (Iversen 1960). The rapid increase in the percentage value
of hazel during the Boreal period denotes the rapid
expansion of this shrub (Huntley, Birks 1983). Also
seen at this time is a steady expansion of U lmus,
building with Fraxinus, Salix and Alnus riparian
forests occupying drier sites along river floodplains.
Two new thermophilous species – oak and lime –
appear in the forests of this time but have no major
importance in the species composition of the forests.
The participation of lime was minor, below 0.4%,
which would agree with values found in other sites
in Poland dating to the same period (Kupryjanowicz et al. 2004; Masojć et al. 2006). The situation of
oak was similar. A decidedly lower participation of
herbaceous plants noted during this period indicates
the substantial density of the forest communities. In
the immediate vicinity of the palaeolake Cyperaceae
and Equisetum were present but at the meadows next
to grasses also Asteraceae, Epilobium, Hypericum,
Ranunculaceae, Rosaceae and Thalictrum occurred.
In drier and more sandy sites Artemisia was to be
found.
Atlantic period
During the Atlantic period the climate grew warmer
and more humid (Starkel 1983) ushering in yet another change in the composition of forests and contributing to their substantial diversity. From the very
beginning, there is an evident increase in the proportion of the mesotrophic taxa – Ulmus, Quercus,
Tilia, Fraxinus, and a decline in the importance of
hazel on the behalf of pine. On fertile soils around
the site, stable, mixed broadleaved forests were established, less fertile sites developed pine-oak forests
with some Betula, Populus tremula and Corylus avellana. Wet, periodically flooded sites were colonised
by riparian forests with Alnus, Ulmus, Fraxinus,
Populus and Salix. The sporadic presence of Viscum,
an important climatic indicator (Iversen 1944; Granoszewski et al. 2004), suggests mean July temperatures of over 15°C, very warm summers, and mean
January temperatures of over -7°C. At the same time,
the presence of the flowering Hedera helix indicates
that the climate became increasing oceanic (Mamakowa 1989), and confirms mild winters (Iversen
1944). The importance of herbaceous plants became
lower from this at the beginning of the Holocene.
There was a reduction of communities with Cyperaceae and of wet grassland communities too. One of
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the components of the undergrowth of pine forests
was Calluna, and the forest margin was vegetated by
Artemisia, Galium and Rosaceae.
Subboreal period
This period brings a further reconstruction of the
forests in the area of Rusinowo. Most notably, since
the beginning of the Subboreal period, there is clear
evidence for the decline of Ulmus. The lesser importance of elm in the forest communities of the
Subboreal period is a phenomenon widely discussed
in the literature, attributed to many different factors (Huntley, Birks 1983; Latałowa 1992; Parker et al.
2002). At this time other trees eg, Quercus, Fraxinus,
Alnus, Corylus and Tilia, reach an optimum of their
Holocene development in the study area. Thus, there
was change to the mesophilic broadleaved forests
and to the pine-oak forests and the spread of open
oak woodland. The change in the forest communities assisted colonisation by Carpinus and Fagus.
Increase in the humidity of climate, coupled with
its cooling, contributed to an increase in the importance of riparian forests near Rusinowo. The main
component of these forests was Alnus, accompanied
by Populus, Fraxinus, Ulmus, Tilia and Picea. Species
which appeared at this time included Acer, Frangula
alnus and Humulus lupulus.
During the youngest part of this period (R-10
Alnus-Carpinus-Corylus L PAZ) there is a decline
in the importance of most broadleaved trees (Corylus, Quercus, Alnus, Tilia and Fraxinus). According
to Ralska-Jasiewiczowa et al. (2004), the marked
reduction of forest communities with oak and hazel could have been the result of the expansion of
Carpinus betulus. This is observed in Rusinowo as
well. The increase in the curve for Carpinus to 8.3%
may be recognized as an indicator of its presence in
the study area (Magyari 2002). The radiocarbon date
of 3705 ± 35 BP (Poz-65935) obtained for the sample
from the depth of 1.98–2.00 m suggests a slightly
earlier appearance of the Carpinus in the study area.
The percentage values of Carpinus in the range of
7.0% in northern Poland around 3500 ± 100 BP are
confirmed by isopol maps (Ralska-Jasiewiczowa et
al. 2004). This was also the time of the expansion of
Fagus. Near Rusinowo its proportion was still minor,
in the range of 2.5%, but consistent with isopol maps
for this area (Latałowa et al. 2004). Unfortunately,

the history of Carpinus and Fagus in forest communities around Rusinowo is unverifiable because,
stratigraphically, the pollen zone R-10 corresponds
only to a fragment of the Subboreal period. Correlation of this fragment with the Holocene succession in other sites of northern and western Poland
suggests an absence of sediments from the time of
the onset of the expansion of Carpinus and Fagus
(Noryśkiewicz 1982; Krupiński 1991; Latałowa 1999;
Balwierz 2010; Noryśkiewicz 2012; Jurochnik, Nalepka 2013). The palynological dating indicates that
there is a gap in the sedimentation sequence, probably the result of a fire to the peatbog. The presence
in the peat from the depth of 1.80-1.90 m of small
charcoals, spores of Pteridium aquilinum and pollen
grains of Populus confirms a local fire. It presumably
destroyed the part of the peat deposit correlated with
the late Subboreal, the early to the middle Subatlantic. This is confirmed by the radiocarbon date of
3705 ± 35 BP.
Subatlantic period
A sharp decline in the curves obtained for all the
broadleaved trees at the beginning of pollen zone
R-11 suggests the hiatus. The boundary with the pollen zone R-11, next to sudden changes in the composition of the forest vegetation, is emphasised by
a strong increase in the importance of pine and herbaceous plants. The burning of a substantial depth
of the peat deposit prevents us from a fuller reconstruction of forest communities around Rusinowo
during the younger phase of the Subboreal period,
as well as during the older and the middle phase
of the Subatlantic period. This leaves unexplained
also the history of man’s presence in the study area
and the extent of anthropogenic disturbance to the
natural environment in the region. The top of the
pollen diagram (pollen zone R-11) corresponding to
the younger phase of the Subatlantic period. A precipitous decline in the AP curve corresponds to
a major deforestation of the area. The tree species
dominating the landscape around Rusinowo was
now Alnus. It presumably grew around the peatbog
and in the nearby lower lying grounds. Less fertile
sites in the neighbourhood were mostly under pine
forest with an admixture of birch, oak and hazel,
whereas more fertile sites had developed grassland
communities.

Palynological samples from sediments extracted from the ornamented artefact
The palynological analysis made in 2011 of the residue of lake chalk, the original context of the elk antler artefact (Płonka et al. 2011) failed to determine

the exact age of the investigated sediments. The floristic record then obtained showed that at the time
of the accumulation of the sediment some areas
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Fig. 2. Rusinowo. Percentage pollen histogram of the residue of lake chalk

near Rusinowo were wooded (Fig. 2). The dominance of Pinus and Betula and sporadic occurrence
of other trees and shrubs identified this woodland
as a pine-birch forest with an admixture of juniper.
The relatively large proportion of herbaceous plants
(on average, 22.0%) and the presence of many heliophytes suggested that the forest communities were
not very dense. Exposed and sandy areas were under communities with willow and juniper and an
admixture of heliophilic, herbaceous plants: Artemisia, Helianthemum, Rumex, Chenopodiaceae, etc.
Wet sites were dominated by Salix, Juniperus and
Betula nana, and by herbs from family Cyperaceae,
Asteraceae, Apiaceae, Ranunculaceae, Rosaceae, as
well as by Galium and Thalictrum. This plant cover

is regarded as characteristic of a cool climate. The
results of the pollen analysis made more recently of
the profile from Rusinowo confirm the palynological
age accepted at that time for the investigated lake
chalk as the Pine phase of the Allerød, possibly the
transition from the Allerød to the Younger Dryas.
The proportion of pine in the range of 44.0%, and
of birch reaching 32.0%, is similar to the percentage
values recorded for these trees during the younger
part of the Allerød in a few rare sites in western
Pomerania (Latałowa 1999; Malkiewicz 2009) and
shows a great similarity to the situation in other areas (De Klerk 2008). The radiocarbon date of the
artefact (10 700 ± 60 BP) apparently confirms the
adopted palynological date.

Conclusions
The palynological analysis of sediments from the
palaeolake at Rusinowo based on a continuous lithological profile with a thickness of 11.00 m and on two
samples of lake chalk extracted from the elk antler
artefact has added to our understanding of the late
glacial and postglacial evolution of the plant cover
in the area around the village of Rusinowo. Based on
the fluctuating proportion of individual taxa eleven
pollen assemblage zones (L PAZ) were distinguished,
four of them corresponding to the Late Weichselian,
and seven to the Holocene. The accumulation of lacustrine sediments started in the Preallerød and
lasted for the better part of the Holocene. Changes
in the vegetation registered at Rusinowo display a
great similarity to the Late Weichselian and Holocene plant succession of northern Poland, but do
not diverge in the main from the landscapes reconstructed for other regions of Poland (Wasylikowa
1964; Ralska-Jasiewiczowa 1966; Noryśkiewicz 1982;
Miotk-Szpiganowicz 1992; Tobolski 1998; Latałowa

1999; Ralska-Jasiewiczowa et al. 1998; Masojć et al.
2006; Balwierz 2010; Noryśkiewicz 2012; Jurochnik,
Nalepka 2013; Żurek et al. 2014).
During the early stages of the palaeolake, the area
around Rusinowo had only sparse vegetation which
included shrub communities with Salix, Hippophae
rhamnoides and Juniperus communis. During the Allerød there was development in the area of birch and
birch-pine forests. It was interrupted by the climatic
cooling during the Younger Dryas and the resurgence
of shrub communities. Forest communities returned
to the area of Rusinowo for good at the beginning
of the Holocene.
At the time of the deposition of the ornamented antler object, the area around today Rusinowo
was covered by pine-birch forest with an admixture of juniper. Open landscapes were vegetated
by communities of heliophytes with Salix, Juniperus, Artemisia, Helianthemum, Rumex and
Chenopodiaceae.

Rusinowo. The Symbolic Culture of Foragers in the Late Palaeolithic
and the Early Mesolithic. T. Płonka, K. Kowalski (eds.) Wrocław 2017, p. 43–50
10.23734/22.17.043
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2.3. Studies on a raw material. The Eurasian elk
in Central Europe at the end of the Pleistocene
Abstract: The chapter reports on morphometric analysis of an object made of antler
of the Eurasian elk (Alces alces), found at Rusinowo, Pomerania, dated as the Allerød‑Younger Dryas transition (10 700 ± 60 BP, or 10 780-10 610 BC). This is the earliest record
confirming the occurrence of the elk after the retreat of the glacier from the presentday territory of Poland. The analysis shows that the material of the object is antler of
a relatively large size, from an animal aged approximately 10-15 years. Microstructural
studies reveal that at the time of the animal’s death the antler was in its growth stage
(spring-summer), and thus belonged to an elk killed during a hunt or dead from some
other cause. The Eurasian elk (Alces alces) was one of the pioneer species which, after the
extinction or withdrawal of large Pleistocene mammals from Poland at the end of the Ice
Pleistocene played a major role in the human diet and in religious rituals.
Keywords: Cervalces, Alces, Middle Pleistocene, Upper Pleistocene, Poland

Introduction
Here we present the results of morphometric and
histological examination of the elk antler object
found at Rusinowo, Pomerania, and dated as the
Allerød-Younger Dryas transition (10 700 ± 60 BP, or
10 780-10 610 BC). In an earlier contribution (Płonka
et al. 2011) we focused on the species identification
of the object. Histological analysis and a comparison
with antlers of similar size identified as the giant
elk Megaloceros giganteus (Blumenbach, 1799) helped
to identify the investigated artefact as antler of the
Eurasian elk, Alces alces (Linnaeus, 1758). Microstructural studies showed that the antler of which

the artefact was made was in its growth period, and
as such was obtained in spring or summer from an
animal killed during a hunt or dead from some other
causes (Figs. 3-5). The radiocarbon date determined
the age of the antler as the transition from the Allerød to the Younger Dryas which is compatible
with the species identification proposed earlier. At
that time the giant elk no longer occurred in Poland
(Croitor et al. 2014; Van der Made et al. 2014). The
aim of the study was to determine the age of the
animal which had yielded the antler and to compare
its size with other antlers from fossil elk of Eurasia.

Results and discussion
The artefact represents a fragment of elk antler consisting of the beam and a portion of the paddle; its
detailed description was included in the earlier study
(Płonka et al. 2011). Changes resulting from tooling,
for example, removal of the burr, prevented taking most of the standard measurements, and those
given here are most probably inaccurate. The only

measurements taken by us, using digital callipers
and measuring tape, were the antero-posterior measurement of the beam - 60 mm, the latero-medial
measurement of the beam (transverse measurement)
– 45 mm; its circumference was 167 mm, the maximum length 220 mm. The measurements followed
van den Driesch (1976). The results were compared
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with published data for modern and fossil elk (Szymczyk 1973a, c; Alekseeva 1980; Chaix, Desse 1981; Sosnowski 1981; Breda 2001; Foronova 2001; Breda et al.
2002. Vasil’ev 2002; 2005; 2011; Stefaniak et al. 2014),
and with measurements taken by us in museums in
Kiev and Minsk (Table 1, Figs. 1, 2).

The only criterion for assessing the age of the elk
and the original size of its antler are the approximate
measurements of the artefact. According to Vasil’ev
(2002), the length range of the beam in mature elk
is 175–225 mm; for our artefact it may be estimated at over 200 mm, which identifies the animal as
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Tab. 1. Eurasian elk antler measurements (Alces alces Linnaeus, 1758)

Late Pleistocene

Atlantic

Holocene

Holocene

Holocene

Subatlantic

Subatlantic

Medieval

Eemian

Upper Pleistocene-Holocene

Pleistocene MIS 3

Pleistocene

Upper Pleistocene-Holocene

Late Preboreal

Late Preboreal

Late Pleistocene
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Holocene

Holocene

Holocene
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Stratigraphic age

1

2

1

1

3

2

1

1
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4

2
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1

2

1

2

1

1

3

2

1

N

45.0

46.03-47.53

54.1

51.17

51.1-67.7

51.1-67.7

52.11-53.63

50.49

65.0-98.0

43.0-55.0

56.0

33.5-58.8

39.21 – 52.3

34.3

54.8-55.9

60.0

45.28-48.61

52.27

61.45

52.7-61.6

51.9-58.78

64.26

Value
[in mm]

-

46.78

-

-

57.3

57.3

52.87

-

78.5

48.3

56.0

48.36

44.83

-

55.35

-

46.94

-

-
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55.34

-

Average
value

Own research

Own research

Own research

Own research
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Sobociński 1977, 1985; Sosnowski 1981
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Own research
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Vasil’ev 2002, 2005

Chaix, Desse 1981

Vasil’ev 2002, 2005

Breda 2001; Breda et al. 2002

Own research

Own research

Stefaniak et al. 2014
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4
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2
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9

1

2

1

2

1

1

3

2
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3
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2
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59.5-64.6
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174.6

173.0

180.0

153.5

151.43

151.82

145.88

-

191.5

-

141.5

-

-

188.0

170.0

-

188.1

136.66

78.5

56.5

47.09

44.0

-

62.05

Average
value

Vasil’ev 2002, 2005

Chaix, Desse 1981

Stefaniak 2015

Vasil’ev 2002, 2005

Breda 2001; Breda et al. 2002

Own research

Chaix, Desse 1981

Own research

Stefaniak et al. 2014

Own research

Own research

Own research

Own research

Sobociński, Godynicki 1975;
Sobociński 1977, 1985; Sosnowski 1981

Own research

Own research

Vasil’ev 2002, 2005

Own research

Vasil’ev 2002, 2005

Vasil’ev 2002, 2005

Breda 2001; Breda et al. 2002

Own research

Own research

Stefaniak et al. 2014

Source
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Fig. 3. Rusinowo. Ultrastructure of the artefact (a) SEM
× 150; (b) SEM × 500. C – vascular canal; L – bone lamella

Fig. 5. Biśnik Cave. Ultrastructure of the tissue of giant elk
antler, Megaloceros giganteus (Blumenbach, 1797) (a) SEM
× 150; (b) SEM × 350. C – vascular canal; L – bone lamella
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Fig. 4. Ostrówka near Chodzież. Ultrastructure of the tissue of Eurasian elk antler Alces alces (L.) (a) SEM × 150;
(b) SEM × 500. C – vascular canal; L – bone lamella

a mature individual. The length of the examined
fragment indicates that the elk was a middle-aged
individual.
In her thorough study of elk antler beam circumference, Alekseeva (1980) distinguished the following age classes: maximum circumference 110 mm
– 0–3 years; circumference 110-140 mm – 3–5 years;
circumference 140–170 mm – 5-10 years; circumference 170–200 mm – 10–15 years; circumference over
200 mm – over 15 years (Vasil’ev 2005). Given the
surviving circumference of the beam of the antler
object from Rusinowo (167 mm), prior to tooling
of the antler surface, it is safe to assess the original
circumference as over 170 mm. Thus, the animal’s
age was 10–15 years. The antero-posterior and lateromedial measurements of elk antler beams show that
the dimensions of the specimen from Rusinowo correspond to the elk from the end of the Pleistocene
and from the Holocene of Europe (Fig. 1). The antler
from Rusinowo is the closest to the specimens from
Kryniki (Holocene) and from Borowa near Chodzież
(Subatlantic period), and also to the mediaeval
specimen from Voin near Poltava in Ukraine. The
specimens from Krosinko (late Preboreal period) are
wider. The Rusinowo antler is definitely smaller than
those from the last interglacial of Siberia but slightly
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larger than in an elk originating from the same site
Krasnyi Yar dating to the Grudziądz interstadial (MIS
3). The specimen from Rusinowo has a more robust
beam than the antlers from the last glacial and the
Holocene (Smarhon’), the Atlantic period (Zacennie
and Asaviec) of Belarus, from Italy (Upper Pleistocene) and from Dudka (late Preboreal period).
The antler beam circumference in the Rusinowo
specimen, like the above measurements, is within the
size range established for the elk antlers from the late
Pleistocene and the Holocene of Europe. The beam
circumference of the Rusinowo specimen is closest to
that recorded for the specimens from Kryniki, Koło,
and Borowa (Subatlantic period), smaller than that
of the antler from Krosinko (Preboreal) and from

the mediaeval site Voin near Poltava (Ukraine).
Moreover, its circumference is also close to the average values recorded for the specimens from Krasnyi
Yar (Siberia, MIS 5e), from the Late Glacial and the
Holocene of Germany and Denmark, and from the
same period of the site Smarhon’ (Belarus), as well
as those of the modern elk from Europe and Eastern
Siberia. It is slightly larger than the average circumference values from Smarhon’ (Belarus, Upper Pleistocene and Holocene) and from Asaviec and Zacennie (Belarus, Atlantic period), those recorded for the
specimens from Switzerland, from the Magdalenian
period and the Holocene, and for the Pleistocene elk
from northern Italy. It is also much larger than in
the specimen from Dudka (Preboreal Period).

Fossil elk remains from the Pleistocene of Poland and Europe
Despite quite a long period of research, records of
fossil elk remains from the present-day territory of
Poland are relatively few. The remains described to
date represent the genus Cervalaces Scott, 1855, with
Cervalces carnutorum (Laugel, 1862) from the Lower
Pleistocene (Otwock stadial/Celestynów interglacial)
site Żabia Cave near Podlesice (Cracow-Częstochowa
Jura) (Stefaniak 2007, Stefaniak et al. 2009a, Nadachowski et al. 2011), with an assemblage of more than
forty teeth and limb bone fragments attributed to
two individuals (one mature, one juvenile). Further
specimens dated from the Middle Pleistocene and
represent the largest fossil elk – Cervalces latifrons
(Johnson, 1874). The species is known from two sites:
Kozi Grzbiet near Kielce (Podlasie interglacial, MIS
19-17), where a single tooth, P2, attributed to an individual aged 17–20 months was found, and Sitkówka
near Chęciny, with the right mandible of an adult
individual, more than 10 years old, assigned to Cervalces sp. Based on the size of the mandible from
Sitkówka, the elk discovered there belonged to the
large form of its species which was characteristic of
the middle stage of the Middle Pleistocene (Stefaniak
et al. 2015). The last occurrence of the genus Cervalces was recorded from the Upper Middle Pleistocene sediments (layers 19-15, MIS 8 or 8/7-6, Krzna
glaciation to Odra glaciation) of the Biśnik Cave near
Wolbrom (Cracow-Częstochowa Jura) (Stefaniak
2007; Stefaniak et al. 2014); it was represented by
two upper premolar teeth and an upper molar M3
(Stefaniak et al. 2014).
In Poland, the modern Eurasian elk Alces alces
(Linnaeus, 1758) appeared during the Eemian interglacial. The specimens from that period are single,
isolated teeth found in the Dziadowa Skała Cave in
the Cracow-Wieluń Jura. The most recent studies did

not confirm the previously reported (Wojtal, PatouMathis 2003) presence of the species in the deposits
of the Nietoperzowa Cave (Wojtal 2007; Stefaniak et
al. 2014). The record from the onset of the Weichselian is based on a molar M3 from the Łokietka Cave
(layer 5, MIS 5a-d) in the Cracow-Wieluń Jura. The
elk is likely to have been recorded in layer 12 (MIS
5e-a) of the Ciemna Cave, but the material has not
been analysed yet (Wojtal, Patou-Mathis 2003; ValdeNowak et al. 2014; Stefaniak et al. 2015).
The fossils discovered in the site at Zwoleń are
also datable to the onset of the last glaciation (?MIS
5b). A fragment of metatarsal bone, an unidentified
fragment of another such bone, a fragment of metacarpal, and a fragment of upper tooth come from the
lower cultural level (Gautier 2006, Schild 2006). The
elk record from the end of the Świecie stadial (MIS 4)
comes from layer 6 of the Raj Cave near Kielce (Kowalski 1972; Wojtal, Patou-Mathis 2003; Patou-Mathis
2004). Lorenc (2008) dated this layer to the cool
Schalkholz stadial, but a slightly older age is also
conceivable, coinciding with the end of the warmer
Odderade interstadial (Kowalski 1972). A metatarsal
bone from the Biśnik Cave (Stefaniak et al. 2014; Van
der Made et al. 2014) also comes from the late Świecie
stadial, possibly the onset of the Grudziądz interstadial. This proves that the elk occurred in Poland during the cool phases early into the Weichselian.
Some sites date to the middle phase of the last
glacial, the period of the Grudziądz interstadial
(MIS 3). A fragment of an upper molar, M3, was
found in layer XIX in the Obłazowa Cave, southeast of the town of Nowy Targ, was dated to that period (Valde-Nowak, Nadachowski 2014) which shows
that the species penetrated also the mountain region.
One of the most extraordinary discoveries was made
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inside layer VI in the Borsuka Cave near Cracow
(Wilczyński et al. 2012). It was a necklace, found
next to a child’s burial and made of 34 elk incisors
and a fragment of digit II. Its age was determined as
25 150 ± 160 (Poz-38236) and 27 350 ± 450 BP (Poz32394), which after calibration gives 32.5–28.8 cal. ka
BP, ie the end of MIS 3 (Wilczyński et al. 2012).
There is no evidence of the occurrence of the elk
in Poland from the maximum of the Weichselian
(MIS 2, LGM) The species re-colonised the territory
of our country at the end of the last glacial parallel
to the deglaciation and the expansion of boreal forests, and also of wetland habitats which are optimal
for elk. The elk was one of the first representatives of
woodland fauna to colonise Central Europe. Its expansion probably proceeded from the east and the
north. The oldest records from Europe have come
from the Allerød and the Younger Dryas (Schmölcke,
Zachos 2005). The oldest finds from the site Dudka
in north‑eastern Poland are likely to date from the
same period (Gumiński 2003). In Poland, the oldest
elk remains from the Pleistocene - Holocene transition come from a south-eastern part of the country;
their age is ca. 12 000 years BP (Nadachowski, pers.
comm). The ritual object from Rusinowo, dating from
the transition between the Allerød and the Younger
Dryas (10 700 ± 60 BP, or 10 780-10 610 BC) is one of
the oldest from that period to be recorded in Poland
and confirms that the colonisation of the country by
the species took place during the closing stages of
Pleistocene.
By the beginning of the Holocene, the elk’s range
in Europe had reached its maximum. In the late Upper Palaeolithic, it encompassed northern Spain in
the west, central England and Denmark in the north,
extending to northern Italy in the south, as a far as
Central and Eastern Europe, and all the way to the
Black Sea coast and Russia in the east. There are no
elk records from the Preboreal period of northern
Spain and western France. The species’ occurrence
has been recorded in the Baltic states (Latvia and
Estonia) and in northern Russia (Willms 1987).
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A gradual shrinkage of the elk’s range can be
observed since the end of the Boreal period, first
as a result of the environmental changes involving
expansion of deciduous forests and climate warming during the Atlantic period. During the Boreal
period, the range extended to western Germany and
eastern France, Switzerland and southern Germany
and Austria. At that time the elk inhabited southern
Sweden and Norway and expanded from northern
Russia to Finland (Willms 1987).
In the Atlantic period, the elk became extinct in
south-western Europe (Szymczyk 1973 a-c; Willms
1987; Schmölcke, Zachos 2005). There are no elk
records south of Austria, in Hungary, although in
the east its range extended as far as the Black Sea.
The elk did not occur in the British Isles but was
established everywhere in Scandinavia and northern Russia. During the Subboreal period, its range
remained essentially unchanged, similarly as in the
Subatlantic period. Early into the Middle Ages an
isolated population existed in the Low Countries
(The Netherlands and Belgium); in the present-day
Germany the elk’s range extends slightly beyond the
Elbe, and there exist small populations in the north
of Slovenia, Austria and Switzerland (Willms 1987).
Further climatic changes during the Holocene
and the expansion of agriculture with its associated
environmental changes caused a further shrinkage
of the elk’s range before the historical times so that
at the end of the Middle Ages the species became
extinct across most of its earlier territory. Now the
eastern boundary of its range runs across the ter
ritory of Poland, although in recent years a westward
re-expansion has been observed (Szymczyk 1973 a-c;
Schmölcke, Zachos 2005).
In the historical region of Lower Silesia, elk remains were discovered in the Radochowska Cave,
but there is no information on their age. As these
remains have been lost, no further examination
is possible (Frenzel 1936; Zotz 1939; Chrzanowska
1985; Bieroński et al. 2007, 2009; Wiśniewski et al.
2009).

Conclusions
The data presented above show that the elk appeared
in the present-day territory of Poland at the Pleistocene-Holocene transition (Allerød/Younger Dryas),
and was one of the first large hoofed mammals associated with boreal forests to colonise Poland after
the retreat of the last glacier and the extinction or
withdrawal of mammals of the Pleistocene steppetundra (Schmölcke, Zachos 2005; Płonka et al. 2011;
Stefaniak et al. 2014). As the number of large game

animals was reduced, the elk was a very important
component of the human diet until the appearance,
some time later, of red deer, roe deer and wild pig.
The information on the occurrence, morphology
and measurements of fossil elk is rather scanty (Stefaniak et al. 2014). Consequently, the morphometric
analysis presented here was based on a small body of
data and on mostly individual measurements from
only a handful of published sites.
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However, even based on the limited data set it
can be argued that the specimen from Rusinowo was
taken from an animal not different in its size from
the other elk from the late Pleistocene and the Holocene of Europe Its dimensions were similar also to

the other elk found in Poland and originating from
the same period. Its age based on the beam circumference was determined as 10–15 years, identifying it
as a middle-aged animal.
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3.1. Manufacturing techniques and use
Abstract: The purpose of technological and functional studies on the ornamented antler artefact from Rusinowo was to reconstruct the stages in its lifecycle. They involved
identification of macro- and microtraces formed on the object during its manufacturing
process and later use. The results of the use-wear analysis were supplemented by input
from a series of experiments. They helped in reconstructing the history of the artefact,
starting from the deliberate selection of its raw material, preparation of the necessary
tools and the antler itself for working, the manufacturing process, and finally, the apparently extended use-life. Studies suggest that the use of the object definitely fitted
a symbolic rather than a strictly utilitarian sphere, with some indications that the object
had a relatively extended use-life within the communities involved in its manufacture
and safekeeping.
Keywords: antlerworking, technology, use-wear analysis, artefact biography

Introduction
An archaeological artefact bears traces of past processes and operations, as well as of events in which it
took part, passively or actively. These traces, available for examination today, are a source of knowledge
about successive phases in the lifecycle of that object, mostly its final moments, but not infrequently
also those that reach back to the time of its origin.
Trying to reconstruct as fully as possible the history of the ornamented artefact from Rusinowo we
decided to study the methods of its manufacture
and manner of use. One element of the jigsaw puzzle helpful in piecing together the biography of an
artefact is use-wear analysis (van Gijn 2010). Traces
identified with the use of this method on the artefact from Rusinowo served as a basis when pondering the technology and uses of this object by the
people living in the Central European Lowland at
the close of the last Pleistocene interstadial (GI-1)
and at the beginning of the later period of colder
climate, the Younger Dryas (GS-1).
The artefact is a rare find because of its form,
material and chronology (cf. remarks in chapter 4).
From this period, from the central region of the

European Lowland we have only a small number
of antler artefacts (Rust 1943; Kozłowski, Kozłowski
1977; Galiński 1990; Cziesla 2000, 2001, 2002, 2004;
Beran 2001; Baales 2006; Cziesla, Masojć 2007;
Gramsch, Beran 2010; Sobkowiak-Tabaka 2011;
Płonka 2012) which makes the manner of working
this raw material and range of uses of objects manufactured from it having a utilitarian and symbolic
purpose still not fully recognized. They are based
on analysis of the form of finished artefacts, artefact
preforms, and manufacture waste, as well as on macroscopically identifiable traces of working.
In view of the status of studies in the technology
of the working of osseous materials and their uses
at the end of the Palaeolithic in our project, we set
ourselves a number of objectives. First, to identify
and describe in detail all the stages of shaping the
object, complete with specifying the conditions in
which the work took place. It was essential to recognize methods used in preparing the raw material for
working and the tool types used during this work.
The next objective was to recognize in the most detailed manner the stages of the process of work on the
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Fig. 1. Rusinowo. The antler artefact, the terminology used in the discussion. A: side with a zigzag ornament, without
the anthropomorphic representation; B: side with a zigzag ornament, with the anthropomorphic representation; C: plane
of truncation of the base; D: plane of truncation of the side; E: plane of truncation of the side. (Drawing T. Demidziuk)

Manufacturing techniques and use

engraved ornament, to explain matters related to the
technological skills of Palaeolithic artisans, the time
of manufacture of the ornament, and consequently,
the meaning of this object for the people of the time.
As a next step, an attempt was made to recognize the
function of the object by analysing damage resulting
from its use. Finally, the last objective was obtaining
data supplementing the general model of antlerworking in the period of interest. In view of the character
of research methods used in this task, we needed to
assess the state of preservation of the artefact’s surface.
Another question originally to be confirmed
in the course of the technological studies was the
provenance of the artefact. These studies were run
independently of the results from the radiocarbon
dating of the artefact, as it was thought feasible that
the ornament had been executed on an older antler.
A small number of similar studies which brought
in technological data confirming the chronology of
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artefacts made of antler have been made for younger
periods – the Mesolithic and the Bronze Age (cf. Diakowski, Płonka 2010; Diakowski 2011). In the case
of the object from Rusinowo, chronological determinations would open up the way for various ideas
about the function of this object, depending on its
dating. The radiocarbon age of the artefact measured
using the accelerator method has been determined
as 10 700 ± 60 BP (10 780-10 610 BC) (Poz-14541),
that is, the transition from the Allerød interstadial
(GI-1c-a) to the Younger Dryas (GS-1).
In the description of the artefact, we used a convenient scheme, dividing the object into five sides/
surfaces, A-E (Fig. 1). Particular traces were located
by orienting the object according to theoretical cardinal points, assuming that its apex points south, and
its base points north. Thanks to this kind of scheme
the description of particular component parts of the
object became much easier and more transparent.

Methods
In the studies of the technology of manufacture and
function of the object from Rusinowo we employed
the use-wear analysis to examine macro – and microtraces resulting from manufacture and use.
This method was first developed by S.A. Semenov
(1964), and was later expanded upon – in the field
of analysis of artefacts made of osseous material –
by G.M. L
 eMoine (1994), F. d’Errico (1993b, 1994)
d’Errico, Villa (1997), Fritz (1999), H.J. Greenfield
(1999), A. van Gijn (2005, 2007), I. Sidéra and
A. Legrand (2006, 2007), Ch. Gates St-Pierre (2007),
Y. Maigrot (2003, 2008), R. Christidou (2008), N. Buc
(2011) and others. The microscopic examination of
the ornamented artefact was supplemented by experimental work contributing to a more comprehensive
and in-depth interpretation of the observed traces.
The use-wear method
The microscopic examination of the find from
Rusinowo was made in reflected light using optical
microscopes – Olympus ZSX9 stereomicroscope (6.357×) and Nikon ECLIPSE LV100 metallographic microscope (50-500×), at the Laboratory for Archaeological
Conservation and Archaeometry of the University of
Wrocław Institute of Archaeology. The studies included the recording and interpretation of different categories of traces. The largest group among them were
linear traces of different origin – striae, furrows and
longitudinal undulations. They had survived on the
surface of artefact and on fracture surfaces. In some
parts of the find, there were also some other forms of
mechanical breakage, polish and smoothing observed.

Prior to the microscopic examination, the surface
of the find had not been cleaned. Only the impurities
found inside the ornament had been removed. This
was done mechanically, using compressed air and
dental instruments with synthetic tips, after a preliminary inspection, photographic documentation
of the entire surface of the find at magnifications
of 6.3×, 12.5×, 25× and 40×, and making laboratory
analyses of the residue (see subchapter 3.3). During
the microscopic examination we used plain cotton
gloves.
The analysis of the manner of execution of the
ornament consisting of engraved lines forming patterns on both sides of the artefact necessitated the
use of scanning microscopy (d’Errico 1988a, 1988b,
1994; Fritz 1999). The surface of the artefact was recorded in detail at an optimal magnification and
high resolution obtaining its image in 3D. This was
done with Zeiss Evo LS15 scanning microscope at
the Laboratory of Electron Microscopy, Wrocław
University of Environmental and Life Sciences. To
obtain samples of a size required by this apparatus
an exact copy of the find was made and also some
casts of its surface and of its small fragments covered
by the ornament. Epoxy resin casts were made by
Jolanta Kosińska. The technology used in making
the copy not only enabled the faithful reproduction
of the artefact’s form but also of traces surviving
on its surface. The moulding material used when
making the artefact casts was two-component silicone RECKLI Si-Compound translucent. The resin
casts were made from epoxy resin RECKLI Epoxy
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LB. Samples were coated with gold using ScanCoat6
(Edwards) and viewed with a SE1 detector, at 10 kV
filament tension. Examination with the scanning
microscope included the analysis of cross-sections
of the engravings of the ornament, especially at the
starting and ending point of the stroke and in the
medial part of the line, checking the intersections
and studying the angles of inclination of the walls
of the engravings in relation to the surface of the
artefact.
The traces observed on the artefact provided
a basis for identifying individual technological and
utilitarian actions associated with different stages of
manufacture and use of the object. Interpretation of
the results of the use-wear studies was made primarily on the basis of these available reference materials:
1. models of technological breakage and usedamage developed by the authors of the present
chapter over a course of experimental studies involving the working of the antler of red deer and
reindeer and use-wear studies of bone artefacts
from the Stone Age (Diakowski, Płonka 2010;
Diakowski 2011; Kufel-Diakowska 2011),
2. results of experiments and analysis of use-wear
on bone artefacts worked with tools made from
silicate rock published by other authors (Averbouh, Provenzano 1999; David 1999; Lindemann
2000; d’Errico et al. 2003; Ramseyer 2004; Sidéra, Legrand 2006), including incisions and
the engravings (Greenfield 1999; d’Errico 1993b;
1994; d’Errico, Villa 1997; Fritz 1999; Bello, Soligo
2008).
Problems related to the technology and use
which came to light after the preliminary macroand microscopic examination of the Rusinowo find
turned out to be more complex than expected. Not
all the features of the traces observed on the surface
of the artefact could be identified by correlating them
with existing models and descriptions. M
 oreover,
previously no experimental work had focused on elk
antler (Alces alces), or at least, their results were not
known to us. The interpretation of some of the optic
images necessitated additional experimental studies
designed to assist the identification of the origin of
traces visible in these images. Observations made
during the experiments became a vital part of the
collection of comparative materials in the studies of
the ornamented object from Rusinowo.
Experiments
The purpose of the experimental programme addressed on the working and use of antler of elk (Alces

alces) was verification of assumptions made during
the preliminary macroscopic and microscopic examination of the find. They were related to variously
detailed conclusions made with regard to the raw
material and technology. The experimental process
was divided into three stages. The first of them involved an attempt to obtain antler replicas similar
in their shape to the Rusinowo find, not so much in
their dimensions as in the technological traces. The
replicas of the artefact were manufactured with care
taken to have a complete operation chain. In this
way, we identified the sequence of actions leading
to obtaining the preform of the analysed artefact.
Furthermore, an attempt was made to identify the
type of lithic tools which had been employed during these actions. A significant element in these experiments proved to be the method of raw material
preparation for working. The experiments were made
on variously prepared surfaces: dry antler, without
soaking, antler briefly soaked in water (two minutes),
and antler soaked for a longer time (a few hours).
Next to immersing the shed antler in clean water,
which causes a softening of the surface parts of this
material, the raw material was soaked in water with
an admixture of wood ash mixed with grease. Some
of these methods had been tested earlier on red deer
antler. The most effective method proved to be the
brief but repeated soaking in water (Osipowicz 2007).
The working of fresh antler was not tested because
no suitable raw material was available.
The second part of the experimental programme
was devoted to making the engraved ornament, in
which process less care was taken to exactly replicate
the patterns visible on the artefact, only to resolve
technical issues, possibly also related to the symbolism of some actions. We tested whether it is possible to detect differences in the engravings depending
on the direction of the work, continuity of motion
and breaks made between the consecutive engravings, the divergence between single – and multipleepisode engraving. We also tested the impact of the
type and condition of the antler surface (dehydration, resoaking), on the quality and technique of the
executed ornament. This is why the ornaments were
engraved at different time intervals, rather than at
a single sitting, on the dehydrated and soaked antler.
The engraving was done with flint tools – burins
on truncation and snapped flakes held directly in
the hand. Bone and antler working tools rarely have
traces of hafting, presumably because they rapidly
became damaged. The burin was worked in two
ways: engraving with its burin edge, or using the
lateral edge of the burin facet (similar to a snapped
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flake or blade). In this way we tested how the type of
the working edge of a flint tool and microchippings
affect the quality of the engravings.
Testing the function of the elk antler artefact using the finished replicas was the third, last part of the
planned experiment. This was the hardest part given
that the ornamented object unearthed at Rusinowo
could have remained in circulation for a long time,
or could have been used in a way which did not leave
evident traces of use on its surface. Several tests were
carried out, designed on the basis of the use-wear
observed on the artefact. The mechanical action involved ramming the replica into the sand and hitting with its flat surface against the ground. We also
studied the effect of dying embers of a fire on the
surface of the antler. Experiments were also carried
out to see what traces could be obtained by extended
action addressed at the surface of the object. In order
to do this, one of the replicas, wrapped in deerskin,
was carried with some pauses, for 48 hours, with the
deerskin being wrapped and unwrapped repeatedly.
Moreover, the zigzag ornament on the surface of the
replica was rubbed repeatedly with a finger.
As we were planning the experiments, the
greatest problem turned out to be choosing the right
raw material to be used in the experimental work. At
first, we tried working fossil antler of elk. However,
the antler turned out to be too weathered and fossilized to be of use in testing technological actions and
methods of softening the surface. In the end, three
shed antlers of elk were used in the experiments:
two of “cervine” (or pole-horn) type, similar to the
antlers of red deer, submitted by Jan Reklewski of
the Education and Environmental Monitoring Unit
of the Kampinos National Park (Fig. 2), and a pair of
palmate (shovel-horn) type originating from northeastern Poland (Fig. 3). The antlers weighed respectively 1.69 kg, 2.13 kg and 1.36 kg. The antler was
worked using artefacts made from erratic flint: burins, blades and flakes. These tools were used without hafting, held directly in the hand, to guarantee
precise control over the movement of the tools and
to administer the right amount of pressure.
The experiments were carried out mostly in
laboratory conditions, enabling direct documentation of the experiment results (documenting the usewear traces) and precise measurement of conditions
of the experiments, eg, water temperature, acidity
of substances used to soak the antler, work time
and morphometric traits of the flint tools. Most of
the experiments were carried out at Laboratory for
Archaeological Conservation and Archaeometry of
the University of Wrocław Institute of Archaeology.
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Fig. 2. Elk antler of cervina (or pole-horn) type used in
experiments. (Photo M. Diakowski)

Fig. 3. Elk antler of palmate (shovel-horn) type used in
experiments. (Photo M. Diakowski)

Furthermore, care was taken to have the scenarios
the closest as possible to those known to Late Palaeolithic hunters and gatherers, taking into account
techniques of working of that age, tool types and resources afforded by the natural environment. The experimental works were documented on experiment
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Experiment number

Artefact no.

Raw material
Type of tool
Working edge angle
Motion

Type of activity

Duration of work
Working material

Hafting
Usewear on flint tool
Technological traces on antler

Fig. 4. Experiment recording sheet

recording sheets (Fig. 4) and traces obtained on the
replicas were tested and recorded in a manner analogous to the traces observed on the artefact.
Since the experimental work was mostly in the
nature of a verification, meaning that it involved
testing assumptions formulated on the basis of observation of traces and engravings on the archaeological object from Rusinowo, the description of
experiments is not presented in a separate chapter.
The relevant experiments are presented here when
discussing individual phases of manufacture (see
below). It is there that the reader will find descriptions of particular forms of traces revealed within
the study of the ornamented object.

To see whether it is possible to correctly identify
the methods and the sequence of engraving the patterns on the artefact from Rusinowo a blind test was
conducted. First, one person executed an engraved
ornament on both sides of one of the replicas, using
different engraving techniques, in different directions. A total of nine rows of lines, each numbering
between 19 and 22 strokes, was engraved. During
this process, note was taken of all changes in the
work such as the change in the direction of engraving, touching up the engravings, changing tools,
the effect of the erosion of the working edge of the
tool, and the entire experiment was documented in
detail. After that, the other person tried to identify
the method of execution of individual strokes, using
an optical microscope. In 86% cases the execution
mode of individual strokes was identified correctly.
Without any problem, the directions of the execution
of the engravings and their intersections were identified. On the other hand, we found some divergence
in the determination of methods used in touching
up individual strokes, and in the attribution of some
engravings to one tool only when in fact they were
made using two different tools. Nevertheless, it may
be concluded that the blind test was successful and
that its results contributed to the adoption of the
models of execution of the engravings, the experiments were designed to confirm or to refute.

Preservation state of the artefact and its appearance
The artefact is made from the beam of the antler of
elk, partly cut out from its palm, with some of the
natural surface still in place, with the inner spongy
substance exposed on its sides (cf. sub-chapter 2.3.).
The artefact weighs 0.9 kg, has a length of 40 cm,
a width of 7.5 cm, and a thickness of 4.5 cm. Surfaces A and B are covered by engraved geometric
patterns of zigzag lines running approximately at
right angles to the longer axis of the artefact; individual groups comprise between 2 and 11 lines,
only on side A, next to 6 groups of zigzags, there is
additionally a solitary zigzag line. On side B there
are 8 groups of zigzag lines and additionally a figural motif composed of short lines creating a geometric representation of a human figure which is
accompanied by a short zigzag line. The artefact has
survived in a very good condition. Evidently, one of
the contributing factors were the conditions of its
context of deposition (cf. Chapter 1 and sub-chapter
2.1.). Surface erosion is minor, the antler itself exhibits signs of mineralization. The ornament was filled
everywhere with a calcareous sediment.

On side B there are some areas of black-coloured
staining. They have the form of multidirectional,
irregular patterns, penetrating the structure of
the antler. The extent of penetration of the staining into the antler varies. Black staining, variously
pronounced, was observed in the surfaces with the
ornament. Where the strokes of the ornament are
wider, and the factor responsible for producing the
staining must have occurred nearer the ornament,
the staining extends also to the sides and the floor
of some strokes. On the natural, rough antler surface which survives on the base of the artefact, the
black staining appears only on the raised areas of
pearls. An excellent example of this feature are also
engravings from group BVI of the ornament (see
sub-chapter 3.2.), with varying degree of staining inside their strokes (Fig. 5). Similar dark discolouration
was observed on a bone dagger from Niezabyszewo
(Sulgostowska 2012, 63, Fig. 6). Most likely, traces of
this kind occurred as a result of the decomposition
of plant matter which adhered to the surface of the
artefact. Unfortunately, the process of formation of
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Fig. 5. Stained areas near group VI ornaments (Photo
B. Kufel-Diakowska)

this type of alterations has not been recognized in
more detail. In literature concerned with taphonomy,
similar traces have been interpreted as the effect of
the action of humic acids, plant roots and fungi
(Binford 1981; Lyman 1994, 375–377). In contrast to
the traces observed on the find from Rusinowo, they
have the form of meandering grooves similar in appearance to engraved lines. According to Professor
Romuald Kosina of the Institute of Environmental
Biology of the University of Wrocław (consultation of
April 9, 2008), this kind of discolouration could have
formed as a result of chemical processes involving
fragments of wood found within the deposit close to
the artefact. Organic remains of this type have been
recorded within the gyttja around Rusinowo.
The surface of the artefact is smooth and polished, including the interior of the engraved lines of
the ornament. One factor contributing to this condition would be the extended deposition of the object
within the gyttja layer. On side A, no pronounced
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damage was observed. Only in the western part of
the blade, where the spongiosa starts to be visible, is
visible some microchipping and cracking.
Side B of the artefact is less well preserved. From
side C towards the blade, and on side D the antler
surface is eroded. These are microexfoliations which
occur in irregular clusters. They are present both
on the ornaments and between the groups of zigzag
lines and are the most in evidence between groups
BV-BVIII. Between groups BVII and BVIII they run
parallel to the pattern of the compact structure of
the antler, which had been exposed by earlier working. There is everything to indicate that the microexfoliations occurred as a result of weathering. In
this area, the ornament is less distinct, shallower,
its edges are eroded and chipped, which makes it
harder to detect the intersections and the correlation
between individual strokes. There are marks of erosion also on some of the dark discolourations on the
artefact surface. The microexfoliations observed here
are either the natural colour of the antler or pale
grey. The raised areas between the microexfoliations
are deep black. These traces suggest that the erosion of the antler surface occurred after the artefact
was discarded. Before passing into the palaeolake it
must have lain on the ground, with its sides B and
D exposed and this caused their partial erosion. The
absence of staining of the microexfoliations may be
due to several different causes. One of these has been
described earlier – the more recessed areas were not
affected when the agent responsible for staining was
at a greater distance from the antler and the microexfoliations were not too extensive. Alternately, some
of the microexfoliations could have developed when
the antler rested inside the deposit, already stained,
as a result of the pressure of the overlying deposit
on the eroded areas.

Fig. 6. Rusinowo. Traces of detachment on sides C, D and E. (Photo B. Kufel-Diakowska), 6.3×

60

M. Diakowski, B. Kufel-Diakowska

Next to the blade, there is a large cavity in the
antler spongiosa exposed at the stage when shaping
the blade. The surface of the cavity is not polished,

in contrast to the artefact surface. Secondary to this
damage of the antler spongiosa are natural traces in
the form of dark staining.

The manufacture of the artefact
The attempt at reconstructing the process of manufacturing the ornamented object from Rusinowo
described below draws on technological macro- and
microtraces observed on the artefact. Each trace is
related to some form of technological action combining with others into individual stages of manufacturing the object. On the basis of these signs it
is possible in our view to distinguish the following
manufacture stages: 1) division of the raw material
– obtaining the preform, 2) shaping – giving the preform its final shape, 3) incising the ornament. Microscopic examination suggests that not all actions
leading to the making of the object find a reflection
at present in the technological traces on its surface.
It is possible to indicate actions no longer recoverable from any traces because these were eliminated
by actions carried out during later stages of the
manufacturing process. Some traces which are observable in some areas of the artefact were effaced to
a varying extent as a result of later actions, but are
still identifiable and could be described by us here.
The raw material
At the early stage of the inquiry into the manner of
execution of the ornamented object from Rusinowo
it proved crucial, but challenging as well, to identify the species of animal the antler belongs to. The
morphology of the artefact provided no definitive
answer, only the closer ultrastructural analysis of
thin sections taken from the artefact revealed the
similarity of features observed in them to the structure of antler of the elk (Alces alces) (Płonka et al.
2011, cf also, sub-chapter 2.3.). The artefact was made
from a fragment of antler which included the beam
and a portion of the palm. What had guided this
choice of material? On the one hand, the shape of
the antler determined the size and the form of the
planned object, and also, the manner of obtaining
the preform of that object. On the other hand, the
large size of the elk antler offered a number of possible choices – the long tines of an intermediate diameter, the broad palm, the massive beam. The idea
of the object probably was earlier than making the
choice of the raw material. In confirmation, we can
invoke an analogous find from Wustermark 22 in
Brandenburg (Beran 2001; Gramsch, Beran 2010).
Evidently, the idea was to give the artefact the largest
dimensions possible, hence the choice of the beam

with a fragment of the palm rather than one of the
tines. Ornamented objects made from antler tines
are known from the period of the Late Glacial. However, in almost every case the antler came from reindeer. Nevertheless, in this particular case, with the
planned form of the artefact to be made in mind, its
maker looked about for a species of animal, and the
part of its antler, which would yield a piece of possibly the largest size. Presumably, the consequences
of such a choice were taken into consideration – the
inferior quality of the end product. To shape the
apex from the part of the antler with the burr, all
the pearls had to be removed, and sizable portions
of the antler compacta, which exposed the soft spongiosa. Even though in this part of the elk antler the
inner porous structure is more consolidated than in
the palm portion of the antler, the apex of the object
made from a tine would have been more durable.
Manufacturing stages
It is unclear whether the maker of the object had
outlined the contours of the future form on the palm
portion of the antler. Had this contour been drawn
with precision on both surfaces of the artefact (sides
A and B), its lines would have become the edges of
the present fracture planes on the base (side C), and
on fragments of the two side faces (sides D and E). If
this contour was outlined with less care, on surfaces
A and B, near to the boundary of the removals, we
could see fragments of engraved lines forming this
contour. However, we find no signs of this sort to
indicate this kind of action.
The first stage of manufacture of the object – division of the raw material – is reflected by longitudinal, parallel lines, visible on the surfaces where the
compacta was removed – on the base of the artefact
(side C), and on fragments of the two side faces (sides
D and E) (Fig. 6). These striations originate from
sawing the antler, an action which resulted in obtaining the preform. The lines are very even, there
is only a small number of steps, but on the same
surface, we can see individual planes. The morpho
logy of the lines attests to precision in cutting and
continuity of movement. During this process, the
raw material was probably softened successively.
It may be surmised that in this work the maker
was using a flint tool with a long edge – a blade
or a saw – not a burin. Otherwise, on the edges of
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the removals, there would be visible traces left by
slipping off the tip of the tool used in sawing. On
side B there is a single forking striation visible right
next to the edge of the removal. It originates from
the initial phase of dividing the antler. At this stage
it is difficult to sustain full precision of movement
because the surface of the antler is uneven, riddled
with vascular grooves and canals. The profile of
striae formed during sawing is roughly V-shaped,
with irregular, overlapping lines visible on the walls.
The blade which made these lines was straight and
was working towards and away from the artisan. In
the first part of the experiment meant to produce
the preform of the artefact, when an attempt was
made to obtain a beam together with a rectangular
fragment of the palm, without tines (Fig. 7), the left
segment of the palm was detached using a flint burin, carving around the beam in the compacta; the
right part of the palm and the fragment with the
tine was detached by sawing at the hard surface on
both sides with the edge of a flint blade (Fig. 8-10).
Analysis of traces on the fracture surfaces showed
that the traces left by carving and sawing are nearly
identical and hard to tell apart. However, after using a burin, the edges of the antler displayed traces
from the slipping tool tip, indicating these traces are
less regular (Fig. 11). On the other hand, some parts
of the artefact had to be cut off with a tool having
a shorter edge, especially those with a concave contour, as in side A and the medial part of the removals
on side faces D and E. However, here the traces of
detachment did not survive, obliterated as they were
by later work.
After sawing at the hard compact tissue on both
sides of the palm, the antler fragment was detached.
This is shown by the absence of linear traces from

Fig. 7. Experiment. Dividing the antler. (Photo
M. Diakowski)
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Fig. 8. Experiment. Dividing the antler – carving with
a flint burin. (Photo M. Diakowski)

Fig. 9. Experiment. Dividing the antler – sawing with
a flint blade. (Photo M. Diakowski)

Fig. 10. Experiment. Dividing the antler – sawing with
a flint blade. (Photo M. Diakowski)
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Fig. 11. Experiment. Traces of carving and sawing. (Photo M. Diakowski)

Fig. 12. Experiment. Controlled detachment over an anvil.
(Photo M. Diakowski)

sawing or carving in places where the spongiosa is
visible. On surface C, the spongiosa protrudes over
the fracture plane with only some microchippings

Fig. 13. Experiment. Failed detachment. (Photo
M. Diakowski)

visible in it. In this area, the maker of the object did
not even go to the trouble of grinding or scraping
the spongiosa off, unlike in the case of the two other
fracture planes. Recurrent experimentation focusing
on the method of dividing antler, not only from elk,
but also, and especially, from red deer and fallow
deer, have demonstrated that there was no need to
cut the spongiosa. It was enough to carefully saw
away and remove the compact tissue, and detach
the redundant part in a controlled manner, eg, over
an anvil (Fig. 12). The careless performance of these
two actions resulted in the formation of undesirable,
extensive areas of damages which could even have
caused the preform to become useless (Fig. 13).
Further traces originate from the stage of the
shaping of the artefact, with resulted in giving it
the desired form. Much of the artefact’s surface is
smooth, without vascular grooves, scraped off with
great care. There is no evidence of similar work done
on fragments of surfaces A and B from side C, that
is, on the part of the palm. They were left without
the engraved ornament. Moving towards the blade,
on the sides A and B and fragments of sides D and
E, two kinds of traces were recorded – shallow linear traces in the form of long striae (Fig. 14) and, at
roughly right angles to them, chattermarks (see Newcomer 1974, 149) in the form of ripples – so-called
carottage (Fig. 15). On some fragments of the artefact,
there are no traces from the shaping stage at all, even
though the antler surface had been scraped off. The
striae are the widest and the most pronounced near
the blade, where the burr had to be removed. On
the other hand, the ripples are best preserved on the
fracture surface of sides D and E, where the traces
of sawing had been removed by planing away. Both
types of traces occurred when the antler surface was
scraped. In the experiment targeted on shaping the
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Fig. 14. Rusinowo. Traces of shaping observed next to the
blade – shallow linear traces in the form of long striae.
(Photo B. Kufel-Diakowska), 6.3×

preform to the desired form its surface was scraped,
mostly to remove the vascular grooves causing irregularities, taking care all the while not to remove
too much of the surplus valuable antler compacta.
With this purpose in mind, flint blades were used
with a small angle of their working edges, and burins with angles of approximately of 90°, which do not
wear out as rapidly as the former. Traces of scraping,
in the form of shallow striae, were not visible when
we worked with a new, undamaged tool (Fig. 16). As
the microchippings of the flint tool edge increased,
the traces on the surface of the antler became visible
even macroscopically (Fig. 17). Very likely, given its
substantial size, the ancient object must have been
worked using tools with larger angles, otherwise, the
work would not have been effective, especially as it
was necessary to scrape heavily the entire surface
of the antler, except for the base. As the work progressed the tools suffered damage, producing deeper
striae, something that is visible near to the apex of
the artefact. The character of the two kinds of traces
depended not so much on the type of the tool, as
on the morphology of the surface being scrapped
off. The ripples occurred when there was a loss of
control over the tool, eg, on an uneven surface of the
antler, or when there was a change in the amount of
applied pressure.
As noted earlier, the striae and the ripples originating from the stage of shaping the preform appear only in some areas of the artefact and have
substantially rounded edges (Fig. 18). The characteristic rounding of their edges means that as
a next step the surface of the object was heavily
smoothed down. This probably happened as a result
of extended use of the object (see similar remarks
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Fig. 15. Rusinowo. Traces of shaping observed on the surface of truncation on sides D and E – so-called carottage.
(Photo B. Kufel-Diakowska), 6.3×

Fig. 16. Experiment. The surface scraped with a new tool
edge. (Photo M. Diakowski)

Fig. 17. Experiment. The surface scraped with a worn tool
edge. (Photo M. Diakowski)
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Fig. 18. Rusinowo. Rounded traces of scraping. (Photo
B. Kufel-Diakowska), 6.3×

Fig. 19. Experiment. Shaping the blade over a slab of sandstone. (Photo M. Diakowski)

oncerning the preservation status of the engravings
in sub-chapter 3.2.).
At this point, it is worth recalling that the traces
from the shaping stage, visible on the surfaces of the
antler object, originate from the final moments of
working its surface. Before the antler was given its final form, the maker first had to get rid of redundant
material from the part meant for the apex (blade).
Found on it was a thick layer of compact substance
and some large pearls of a burr. We do not know in
what way they were removed because the traces of
this process are not visible today. This work need not
have been performed with any special care because

as work progressed, the preform would have to be
scraped with great care anyway, to remove all the
irregularities. In our experiment, the blade was given
shape so as to make its bifacially bevelled blade. This
process, involving the removal of the burr and of
the compact tissue by scraping, was performed using
a fragment of sandstone (Fig. 19). No flint tools were
needed to perform these tasks.
The final stage in manufacturing the ornamen
ted artefact – engraving in the antler an ornament
of zigzag lines and the anthropomorphic representation – is described in detail in the next sub-chapter
(sub-chapter 3.2.).

Antlerworking in the Late Palaeolithic
Models of antlerworking during the Late Palaeo
lithic and the Mesolithic are mostly addressed on
the manner of sourcing and use of antler of red deer
or reindeer (David 1999; Pétillon 2006; Averbouh,
Pétillon 2011), and only exceptionally, of the elk (David 1999). The assumption made in them is that the
use of the raw material was optimized, and different types of artefacts were made from different fragments of antler: the beam, the tines or the palm. We
can distinguish three general models of operation,
which are clearly dependent on the end product:
1) division of the antler by chopping (eg, Averbouh,
Provenzano 1999; Averbouh, Pétillon 2011); 2) division of antler by detaching individual fragments by
sawing (David 1999; Averbouh, Pétillon 2011); 3) obtaining blank by scoring grooves along the length of
the antler and forcing out the intervening portions
(groove and splinter technique) (Clark, Thompson
1953; Pétillon 2006).
The small number of objects crafted from elk
antler prevents us from describing more fully to

what extent use was made of particular segments
of this raw material. Apparently the most attractive,
because of its thickest compact layer were some tines,
and the short beam with the burr, possibly also,
large fragments of the palm. The latter were used
to make the mattocks from Star Carr and Friesack
4 (David 1999) and the axes from Hohen Viecheln
and Friesack 4 (Pratsch 2006). Elk antler mattocks
similar to them now held by the Lund University
Historical Museum have a shaft hole and are made
from the part of the palm with the beam which had
been shaped into a unifacially bevelled blade. One of
these finds is provenanced only generally to Scania
(inv. no. 5037), the other was found at the locality
Harlösa (inv. no. 29126a). On the first of these finds
there are distinct marks of detachment of the blank
from the antler palm in the form of a wavy line, the
result of planing of the removed fragment. On both
mattocks from the Lund Museum there are characteristic traces of working the surface: to remove the
natural surface using the technique of whittling with
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the flint blade, worked as a knife would be worked
today. Additionally, identifiable on the mattock from
Harlösa is an area where the natural substance was
removed by means of deep grooves which were not
planed to make the surface more even. In any case,
this last artefact bears a much smaller number of
traces from the stage of working the surface, because here much of the natural topography of the
antler was left unmodified. The same fragment of
elk antler, ie, a part of the palm with the beam, was
used to make artefact which is currently the closest
parallel to the Rusinowo find, both in its chronology
and design. We mean here the object with a zigzag
ornament found at Wustermark 22, in Brandenburg,
dated to the period of the Younger Dryas (Beran
2001; Gramsch, Beran 2010).
The technology of manufacture of all these objects may have been similar. We can decipher it with
some precision from traces surviving on the artefact from north-western Poland. First, the redundant
fragments of the palm were removed with great precision. This was done with flint tools which had two
different kinds of working edge – the longer side of
a blade or a flake, and presumably, with a tool having a shorter working edge. After some sawing at the
tough, but thin layer of the compact tissue, the rest
of the antler was carefully broken off. Irregularities
in the spongy substance left by the removal on side
surfaces D and E were scraped off. This process was
not applied to side C, where the spongiosa remained
uneven, with no technological traces visible on it at
present. The surface of the antler was scraped with
great care, to give the object the desired shape and
to remove the natural irregularities of the raw material, such as pearls and vascular grooves. This work
was performed on softened antler. The surface of
the artefact obtained in this manner is smooth, in
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some places retaining longitudinal striae and transverse ripples from scraping with a flint tool. Roughly
a third of the object in its northern portion still retains its original, unworked surface. The part with
the burr had been scraped with much energy, and
the blade was formed in the process, similarly as in
Mesolithic mattocks and axes. On the other hand,
the surface of side C of the artefact was not subjected
to working at all. The last process was engraving the
designs on both sides of the finished object, in the
form of zigzag lines and anthropomorphic representation. As a result of subsequent use the traces from
the scraping of the surface were mostly obliterated.
In a similar process, the edges of the engravings
became rounded and smoothed down; additionally,
one of the surfaces is abraded, but this must have
happened much later.
There can be no doubt that the object was manufactured using flint tools. Its context of discovery
does not allow us to attribute it to any particular
cultural tradition. Taking into account its dating, we
may surmise that it was created and used by societies which we associate with the Arch-backed Point
complex or the Tanged Point complex. Assemblages
of these two complexes are marked by a high percentage of burins made on flakes or blades. The burin was the basic tool used in working hard organic
materials like bone and antler, in both complexes
(Cahen et al. 1979; Winiarska-Kabacińska 1996, 2009;
De Bie, Caspar 2000; Jacquier 2014; Donahue, Fischer 2015; Kufel-Diakowska 2015). Other tools used in
working bone and antler included endscrapers and
blades, or even truncated blades (eg Sano 2012). Very
likely, burins and various forms of retouched blades
were used by the maker of the ornamented artefact
from Rusinowo.

Uses of the object
Use traces
Assuming that the object could have been used as
a tool, at first we looked for use traces on the blade.
However, no damage produced by use was found
on it. On the edge of the blade in its medial part is
a chipped area with a length of 4 mm. Its edges were
smoothed down and polished (Fig. 20). Most likely,
this damage to the antler happened by accident.
In the apex part, on side B, where the antler
spongiosa is exposed, is visible an oval cavity with
an irregular interior. Its maximum external dimensions are 3.0 × 2.7 cm. The surface around the cavity is heavily polished, in contrast to the interior of
this feature. Moreover, neither near the cavity nor

anywhere else on the surface of the blade are there
any mechanical traces (Fig. 21).
The surface of the artefact is heavily polished,
with the intensity of the polished patches dependent on their location. On side A, the heaviest polish
extends from group IV (see sub-chapter 3.2.) of the
ornament to the blade. The technological traces of
forming the artefact were polished here so that they
were shallower (Fig. 22). In the apex part, they are
almost imperceptible, becoming more pronounced
only next to the side edges, where the working had
been much more intensive. The edges of engravings
belonging to groups IV through VII of the ornament
are visibly smoothed as well, their interior polished,
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differently than other groups of the engravings (IIII) which exhibit no equally heavy modifications.
The surface of the artefact in its northern, flat part
is polished to a lesser extent. A similar degree of
polishing as in the southern part of the artefact was

noted only in the areas near to the edges (outlying
strokes in the ornament groups AI and AII), and the
interior of vascular grooves was left without gloss.
Unfortunately, side B of the artefact is somewhat
less well preserved. In its southern part, similarly,
as on side A, it is more heavily polished. The edges of ornaments from groups III through VII are
smoothed and slightly rounded. However, even des
pite their being shallower and wider than the engravings on side A, their interior is not as heavily
polished. Technological traces had been smoothed
down to the greatest extent near the apex of the artefact and on its greatest convexity. In the northern part, the traces of polish, similarly as on side A,
are less pronounced – the interior of the vascular
grooves and of ornaments of groups no. I and II are
without polish (Fig. 23) apart from strokes next to
edges of the surface.

Fig. 20. Rusinowo. The chipped area on the edge of the
blade. (Photo M. Diakowski), 6.3×.

Fig. 22. Rusinowo. Side A. Southern part. Polished surface, smoothed over shallow technological traces. (Photo
M. Diakowski)

Fig. 21. Rusinowo. Oval-shaped cavity next to the blade.
(Photo M. Diakowski)

Fig. 23. Rusinowo. Side B. Northern part. Surface less
markedly polished, the matted interior of vascular grooves.
(Photo M. Diakowski)
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Experiments
The experiments had been planned to test the origin
of the traces observed on the artefact. A study was
made of the possible circumstances of occurrence of
the cavity on the blade, and of traces attributed to
the handling of the object and its storage. Additionally, experiments were run to confirm whether the
object could have been used as a digging tool.
To test the damage on the blade in one experiment the blade of the experimental tool was rammed
into the sand, in another, the flat surface struck repeatedly against a hard surface. In the first case, the
artefact replica was mounted with its flat surface
on a shaft using leather straps. Next, the blade was
rammed into the sand, during this action its entire
surface was embedded up to the part fastened to the
shaft. This process was sustained for a total of two
hours and resulted in the formation on the edge of
the blade of several areas of chipping and fissuring
perpendicular to the working edge, moreover, the
blade became slightly rounded. Longitudinal linear
traces were observed everywhere on the surface,
varying in length, width and depth, parallel and diagonal in relation to the direction of the work. The
process did not result in the formation of the cavity
on the tested surface (Fig. 24).
In another experiment, the flat surface of the
antler replica blade was struck against a sandy and
rocky surface. This process resulted in the formation
of many small indentations (1 mm in diameter) on
one of the sides of the object (Fig. 25). Even a power
ful blow force against a large, angular rock failed
to produce a cavity similar to the one seen on the
original artefact. Each blow produced new small
pits between 2 and 3 mm in the area. A similar hole
in the area was obtained only after 30 heavy blows.
However, even then, the morphology of the cavity
on the replica was different. Around the hole, there
were many overlapping punctate traces from the percussion (Fig. 26). The experimentation demonstrated
that this type of a cavity cannot be obtained by administering a number of blows.
Traces from hafting of the antler tool were tested
in the following manner. The replica of the artefact
was attached to a wooden shaft using leather straps.
The antler was made fast with the shaft with one of
the flat sides of its base, which prevented it from sliding. The ramming of the replica into a sandy surface
for two hours and the carrying of the hafted object
for several hours produced no marks on the replica.
Our experiments in which the replica was carried around wrapped in a deerskin, placed in a bag
(a total of 48 hours) similarly did not result in the

Fig. 24. Experiment. Traces from ramming the blade into
sand. (Photo M. Diakowski)

Fig. 25. Experiment. Traces from striking with the flat surface of the blade against a sandy and rocky surface. (Photo
M. Diakowski).

Fig. 26. Experiment. A cavity resulting from 30 heavy
blows with the flat surface of the blade against a sandy and
rocky surface. (Photo M. Diakowski)
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formation on its surface of any apparent polish
that would be visible macroscopically. Similar effects were produced by rubbing the zigzag line with
a finger (1270 times). Nevertheless, when examined
under the microscope the surface of the replica was
found to have become slightly polished and glossy
– its microphotograph is different from the image
of the replica right after its completion (Figs. 27, 28).
The ridges of the striae left by the scraping process
(the stage of shaping the surface) became rounded.
Various degrees of rounding were also observed on
the engravings. These traces are more pronounced
in the most protruding and exposed areas of the
replica. The factor responsible for the polishing and
smoothing down of the engravings on the original
artefact must have acted on the surface in a uniform
manner, with not too great force, such as touching,
rubbing with a hand, storing and carrying about in
a container made of an organic material.

On the function
The artefact displays no traces of use as a tool, but
the worn condition of the ornament and of other
parts of the surface indicate extended use. The
non-utilitarian function of this object is evidenced
mainly by the lack of traces of work on the edge of
the blade. Considering the method used in shaping
this object, it is legitimate to suppose that this place
would display marks of damage resulting from its
use. Despite this, on the edge of the blade, just a single chipped area was observed, probably the result of
some accident which befell the object at an unspecified time when it was in function. There is no other
damage in its neighbourhood.
Using supplementary evidence from the experiments the interpretation of the artefact as a digging
tool must be rejected as well. There are several alternative explanations for the presence of the cavity
near the blade. The damage could have occurred as

Fig. 27. Experiment. The surface of the replica shortly after its execution. (Photo M. Diakowski)

Fig. 28. Experiment. The surface of the replica after being carried about for 48 hours or rubbing the zigzag line with
a finger 1270 times. (Photo M. Diakowski), × 16

Manufacturing techniques and use

the object was being lifted from the gyttja deposit by
heavy machinery. However, in this case, the damage
would have been more serious, and there would be
no reason for the cavity to retain on its inside the
punctate marks from percussion. The other alternative would be damage inflicted by hitting the flat
surface of the blade against a hard object, like a rock.
We would have to assume that afterwards the object
was discarded since the cavity had no time to become polished. However, the experimental studies
have demonstrated that the number of blows and
the force needed to create such a large cavity would
have produced numerous punctate indentations
around the edge, not observed on the artefact. We
may accept as the most likely scenario the deliberate striking with the object, but only after a longer
period of its circulation, which would have caused
the structure of the exposed spongiosa to weaken.
In this case, the cavity would be more likely to be
produced by percussion, or from the removal of fragments of the spongy tissue than if the antler spongiosa was still fresh.
The variable, and at the same time considerable
intensity of the polish on the artefact proves that
this object continued functioning for a very long
time. The worn condition of the technological traces
and of the edges of ornaments, as well as the glossy
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condition of the surface in the mesial area of the
artefact and near the blade, must have been caused
by frequent touching of these parts of the object, carrying it around wrapped in skin or fur. At this time,
the opposite, unworked part of the artefact could
have been covered by a haft. The rough, undulating
surface was not exposed to intensive contact with
the material of the handle. And indeed, the surface
of this part, or rather, the bottom of the vascular
grooves, are almost without polish. Considering
the degree of polish and studies of the use-life of
bone objects, we may assume that the artefact from
Rusinowo was used over a very long period, possibly
even for dozen-odd generations (cf. Choyke 2009;
Choyke, Daróczi-Szabó 2010).
The artefacts from Rusinowo and Wustermark
22 are unique specimens. Tools closest to them in
their raw material (elk antler) and morphology were
found at Starr Carr (David 1999, Pl. 70). However,
the antler palm used in making the mattocks, as
interpreted by E. David, was perforated so that the
tool could be set at right angles onto the handle.
According to an earlier view proposed by R. Feustel,
objects of this type were used in ceremonies, too
fragile for chopping wood or to be used in warfare
(Feustel 1973, 145-146).

Artefact biography
Through multi-dimensional technological, functional and taphonomic studies we tried to trace the biography of the object from Rusinowo. What interested
us were the choices made, actions and processes to
which it was subjected from the moment of the birth
of its idea, through it being given shape and utilisation, until the time of its discovery by a chance
finder at the beginning of the 21st century.
In the history of the artefact, the first important event was the selection of the raw material. The
material sought for had to be amenable to obtaining the conceived form. The elk antler of a large
size could be used in making an exceptional object, one offering much room for a larger number
of the engravings. Technological traces associated
with dividing the raw material and shaping the
artefact suggest great precision of its manufacturing process, and simultaneously, not a small outlay
of labour. The blank was manufactured, and the
ornament engraved using flint tools. The manner
of execution of the ornaments is described in the
chapter below.
A relatively long stage in the history of the ornamented object was the period when it was in use.

That being said, we need to emphasize that its character was not utilitarian – there are no traces of work
to show it was so. On the other hand, the edges of
the engravings on the artefact from Rusinowo are not
sharp, or distinct as they would be in a freshly executed ornament. They have been smoothed, polished
and rounded, suggesting repeated handling, touching
or rubbing, possibly over an extended period. The
duration of this period cannot be estimated more
closely. On the other hand, there is much to suggest that this object used to be hafted. The parts of
the artefact found inside the handle did not develop
an equally heavy and uniform polish as the rest of
its surface. This applies to the interior of vascular
grooves and of the engravings, groups I-III on side
A, and groups I-II on side B, except for areas bordering on the margins. The absence of use-wear, taken
together with the heavily polished surface and the
worn condition of the technological traces and the
engravings, and possible hafting, all combine to show
that the role served by the Rusinowo artefact was
non-utilitarian.
It may be safe to conclude that the cavity on side
B took form during the final phase of the functioning
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of the object, either by design or accident. It lacks
polish which would have taken form if the object had
continued in use. Perhaps, when after a very long
period of being carried about and used in rituals, the
structure of the spongiosa grew weak and the object
was “killed” symbolically by striking several times
against a sharp rock and next, discarded. Thus ended
the history of its relationship with the Palaeolithic
community. Traces of erosion visible on sides B and
D suggest that for a time the object lay exposed to
the elements.

The techno-functional studies of the artefact
from Rusinowo have brought in much significant
data concerning the method of execution and stages in the use-life of this object. Detailed biographic
studies prove that it had continued in use for a long
time, meaning that its significance for the community would have been considerable. Actions and processes to which it had been subjected, starting from
the moment of selecting its material, its manufacture, execution of the ornament, use, and the end of
its use-life, had all been well-thought and deliberate.

Rusinowo. The Symbolic Culture of Foragers in the Late Palaeolithic
and the Early Mesolithic. T. Płonka, K. Kowalski (eds.) Wrocław 2017, p. 71–116
10.23734/22.17.045

Marcin Diakowski, Tomasz Płonka

3.2. Execution of the ornament
Abstract: The engraved ornament on the artefact from Rusinowo covers its two sides
(A, B). On side A there is a single zigzag line and six groups of 2-11 densely engraved
parallel zigzag lines. The ornament on side B consists of eight groups of zigzag lines and,
accompanied by a short zigzag, an anthropomorphic figure likely to represent a woman
with legs spread out, perhaps about to give birth. Input from microscopic examination
and experiments was used to determine the biography of the ornament although not all
the phases of its creation could be recognized. The engravings on side A were made with
a steady hand, by 1-3 people, proficient technologically and artistically. Except for the
anthropomorphic design, the execution of ornaments on side B displays a much lower
proficiency and appears to be the effect of the work of 6-8 individuals. On both sides, the
zigzag lines were engraved mostly west to east, and within their respective groups, lines
were mostly engraved north to south. Next to the stroke by stroke technique, there is
evidence also of serial engraving. The strokes building the zigzag lines were touched up,
many of them more than once. The composition on both sides has a zonal arrangement
and evidently refers to a shamanistic view of the world.
Keywords: ornament, engraving, zigzag lines, anthropomorphic representation

Introduction
Ornamentation on antler and bone objects made
during the Palaeolithic and the Mesolithic age has
long raised the interest of researchers with interest in the Stone Age (Lartet, Christy 1864; Sarauw
1903; Breuil 1952; Leroi-Gourhan 1965; Moro Abadía,
González Morales 2004). Next to the formal recognition of patterns executed by engraving and drilling,
and the determination of anthropo-, zoomorphic
and geometric motifs, an obvious focus of discussion was the significance and the function of this
artwork. This discussion goes back to the time of the
discovery of the Palaeolithic art in the nineteenth
century and subsequent discoveries of ornamented
Mesolithic artefacts (Reinach 1903; Clark 1936, 1975;
Breuil 1952; Leroi-Gourhan 1958, 1965, 1982; Marshack 1983, 1991; Bahn, Vertut 1988; Conkey 1987,
1997; Lorblanchet 1995, 1997; Lewis-Williams 2002;
Płonka 2003, 2012; Guthrie 2005). However, only in
the late 1960s and early 70s Palaeolithic and Mesolithic ornaments on artefacts came under the focus

of a more detailed formal analysis of elements of
these patterns using the optical microscope. This line
of research was pioneered by Alexander Marshack
(1969, 1970, 1983, 1984, 1989, 1991) who, irrespective
of the various shortcomings of his method (d’Errico
1989, 1996), drew attention to the fact that the technological details of the execution of an ornament
afford a variety of information about the world of
the Palaeolithic and Mesolithic hunters – their skills,
way of thinking and symbolizing. The method of
observation and analysis of ornaments on objects
of portable art was developed by Francesco d’Errico
who introduced the wide-scale use of the scanning
electron microscope and resin casts (d’Errico 1988a,
1988b, 1992, 1994; d’Errico, Villa 1997). This method
was used with great success in analysing objects
made of bone, antler and stone (cf. Fritz 1999, Bosinski et al. 2001). Currently, it is frequently assisted
by Reflectance Transformation Imaging (RTI) and
mapping of ornaments in 3D (Bello, Soligo 2008,

* University of Wrocław Institute of Archaeology, ul. Szewska 48, 50-139 Wrocław, e-mail m.diakowski@gmail.com;
tomasz.plonka@uwr.edu.pl
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Joordens et al. 2015; Milner et al. 2016), nevertheless,
the primary tool in the analysis of ornaments continues to be an xamination under a scanning electron
microscope.
The complex system of ornamentation on the
Rusinowo object covers its side A and B (cf. fig. 1 in
sub-chapter 3.1.). On side A the ornament is formed
by zigzag lines motifs arranged transversely to the
axis of the object. Apart from a single upper line,
they form six groups of zigzag line, 2-11 to a group.
Side B is covered by eight analogous groups of zigzag lines in a similar arrangement, their number
within each group ranging from two to eight elements. Engraved between two of these groups is an
anthropomorphic motif built by straight strokes, and
an additional zigzag, understood to accompany the
human figure.

In analysing the ornamentation system of the
artefact our target was to determine the engraving
techniques, the sequence of the execution of individual zigzag lines and their groups. Also addressed
by us was the length of time needed to produce the
ornament and the number of individuals involved
in this process. A painstaking examination of patterns covering the surface of the object yielded evidence used subsequently to explore the meaning of
the ornamentation of the artefact, its purpose and
manner-of-use within the group. By bringing together the data obtained from our study with the
information about the raw material of the artefact,
and the traces of mechanical and chemical processes
surviving on its surface we were well equipped to
address in a comprehensive manner the history of
the object and its possible uses.

Methods
Our analysis focused on the engraved lines of the
ornament on sides A and B. In sub-chapter 3.1. we
reported on macroscopic and microscopic methods
of examination, resin casts and experimentation, and
also on the way of orienting the object according to
the points of the compass to ease its description. As
the last step, the antler object was examined with
a Hirox 3D Digital Microscope RH-2000 to measure
the find and the width of the strokes of the ornament (see Tables in sub-chapter 3.2.) and to make
a visualization of the depth of the anthropomorphic
ornament. Individual groups of the ornament on
sides and A and B were assigned Roman numerals,
moving from the north (AI-AVII, BI-BVIII), so that
the anthropomorphic representation (PA) and the
short zigzag line next to it (Z) are found between
groups BV and BVI. Individual zigzag lines within
each group were assigned lowercase letters of the
alphabet (once again moving from the north), and
each stroke building the motif has its own number
(Arabic numeral), with the numeration running
west-to-east. Thus, for example, AIIIb7 refers to
stroke no. 7 (counting from the west) within zigzag
line b in group III on side A of the object.
During the analytical work, the smallest observation module was an individual stroke within a zigzag line or within the anthropomorphic representation. Usually, this is a single stroke – more rarely, if
corrected by the engraver, it has the form of two or
three parallel marks. For every module we set out
to determine: i./ the cross-section of the stroke; ii./
interventions made to touch up the engraving, and
the number of such interventions; iii./ the direction
in which the stroke was engraved; iv./ the points of

contact with adjacent strokes. Not every touching up
intervention could be recovered because sometimes
the last stroke in a touching up sequence obliterated
older traces (Fritz 1999; Bosinski et al. 2001). The
preservation of the ornament and the uncharacteristic nature of the traces sometimes prevented
deciphering the direction of engraving the strokes.
Overall, the direction of engraving was determined
for 77 % of cases. On side A the direction of engraving was determined for 80.7 % of strokes, on side
B for 73.6%. Moreover, not all the points of contact
between adjacent strokes could be sequenced. For
one thing, a point of contact does not always take
the form of an intersection – two strokes may not
intersect, only end a small distance from each other.
Second, an intersection of strokes does not always
represent an unambiguous sequence – in some cases
the points of contact may be too worn or all but
undecipherable. The sequence of strokes in an intersection was determined for 68 % of cases. These
sequences have been determined in 77% of cases for
all zigzag vertices on side A, and in 60.1 % of cases
on side B. The disproportions in the determinations
of the direction of engraving and intersections of
strokes on the two sides would be explained on the
one hand by the superior level and precision of execution of the engravings, and on the other, the better preservation of patterns on side A.
In the present text, to simplify the descriptions
the symbol „/” has been used, corresponding to
the verb “cuts into” or “crosses”. Thus, the notation
AIIa21/a20 will mean that stroke a21 in group AII
cuts into stroke AIIa20. The sequencing of individual
strokes helped to recognize the general direction in

Execution of the ornament
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Fig. 1. Rusinowo. Technological traces in the ornament. 1: touching up in the same direction (a “comet” at a starting point);
2: touching up with the to-and-fro movement (cf. lateral striations); 3: bottom and lateral striations; 4: stopping points of
an engraving tool when the pressure of the tool is uneven; 5: microshavings; 6: oblique striations; 7: lateral striations 8:
ending points (touching up 3 ×); 9: touching up with a shift (an ending point cuts into a “comet”)
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Direction of even
strokes

5

I

–

31

NE–SW

6
SE–NW
NW–SE

a

30

SE–NW

b

26

a

30

b

30

c
d
a
b
c
d
e
f

28
28
25
25
26
25
25
25

a

35

b

34

c
d
e
f
g
h
i
j
k
a
b
c
d
e
f
g
h
i
j

II

III

IV

A

V

VI

VII

Comments

Direction of odd
strokes

4

Sequence of
engraving lines
in group

Number of
strokes

3

Direction of
engraving zigzag
line

Line

2

Serial method

Group

1

Linear method

Side

Table 1. Rusinowo. A complete list of zigzag ornaments (zigzag line next to human representation not included)

7

8

9

10

11

+

+

W→E

–

SW–NE

+

+

SE–NW

SW–NE

+

+

NE–SW

SE–NW

+

+

W→E
E→W (3)
W→E
W→E
E→W
(7) ?

a→b

–
–
–
–

SE–NW

+

–

W→E

SW–NE
NE–SW
SW–NE
NE–SW
NW–SE
NE–SW
NE–SW
NE–SW
SW–NE
NE–SW
SW–NE
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NW–SE
SE–NW
SE–NW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW
NE–SW

+
+
+
+
+
+
+
+

+
single
+
–
–
+
+
+

W→E
W→E
E→W
E→W
E→W
W→E
W→E
W→E

+

+

–

+

+

–

34
34
32
30
32
30
30
30
30
31
31
31
30
30
28
28
28
28
24

NE–SW
SW–NE
SE–NW
SE–NW
NW–SE
NW–SE
NE–SW
SE–NW
SE–NW
SE–NW
SE–NW
NW–SE
SE–NW
NW–SE
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
NE–SW
NE–SW
NE–SW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW
SE–NW

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

–
–
single
single
single
single
+
+
+
single
–
–
–
–
–
–
single
single
single

a

27

SW–NE

SE–NW

+

+

b
c
d

27
27
27

NE–SW
NE–SW
NE–SW

SE–NW
SE–NW
SE–NW

+
+
+

–
–
+

e

24

NE–SW

SE–NW

+

–

W→E

a→d

c→a
c→d
f→e?

a→k

–
–
–
–
–
–
–
–
–

–
–
–
f1 i f2 under e1–e4 and f3 under e5

rhythm like in line Vf

W→E

a→j

E–W,
W–E

W–E

–
–
–
–
–
f3 under e3–5, f4 under e6
–
–
–
j17 under i17–i19, j18 under i20
–

a→e

–
–
–
change of the ornamentation
rhythm: e2 under d4

Execution of the ornament
1

2

I

II

III

IV

V

B

VI

VII

VIII

3

4

5

6

7

8

a

40

SE–NW
NW–SE

b

40

NW–SE

a

26

SE–NW

SW–NE
NE–SW
SW–NE
NE–SW
SW–NE
NE–SW

+

+

+

+

+

–

b

26

SE–NW

SW–NE

+

–

a

24

NW–SE

NE–SW

+

+

b

24

SE–NW

SW–NE

+

+

c

24

SE–NW
NW–SE

NE–SW

+

+

d

9

SW–NE

SE–NW

+

single

e

7

NE–SW

SE–NW

+

–

a

28

SE–NW
NW–SE

SW–NE

+

+

b

31

SE–NW

SW–NE

+

+

9

10

E–W,
W–E
E–W,
W–E

?

W–E

a→b

W–E

a→b
b→d
d→c
e?

75

11

lines divided by vascular groove
–

strokes a20–24, b20–24, c20–24
and d5–9 were engraved with the
same point after incising: a1–19,
b1–19, c1–19 and d1–4

–
–
W–E

a→e

c

31

SE–NW

NE–SW

+

+

–

d

11

SE–NW

SW–NE

+

+?

stroke d11 was not engraved

e

31

NW–SE

SW–NE

+

+

stroke e11 was not engraved

NW–SE
SE–NW
SE–NW
NW–SE
SE–NW
NW–SE

NE–SW
SW–NE

+

single

SW–NE

+

single

SW–NE

+

+

a

34

b

34

c

34

d

34

NW–SE

SW–NE
NE–SW

+

single

–

a

24

NE–SW

NW–SE

+

?

–

b

26

NW–SE

NE–SW

+

single

c

29

NE–SW

NW–SE

?

+

d

25

NE–SW
SW–NE

SE–NW

+

+

e

22

NW–SE

NE–SW

+

+

a

28

NE–SW
SW–NE

NW–SE

+

single

b

28

NE–SW

+

single

c

28

SW–NE
NE–SE

NW–SE
SE–NW
NW–SE
SE–NW

+

single

W–E, ?

d

28

SW–NE

NW–SE

+

single

E–W, ?

e

28

SW–NE

SE–NW

+

–

W–E?

–
E–W

a→d

–
–

–

E–W
a→e

–
–

W–E

–

E–W,
W–E
E–W,
W–E
c→a
e→d
e→g

determination uncertain due to the
poor preservation of the ornament

f

26

SW–NE

SE–NW

+

+

E–W?

g

28

SW–NE

SE–NW

+

+

W–E?

a

20

NE–SW

NW–SE

+

+

–

b

22

NE–SW

NW–SE

+

+

–

c

22

NE–SW

NW–SE

+

+

–

d

22

NE–SW

NW–SW

+

+

W–E

f→h (?)
f→a

–

e

11

NW–SE

NE–SW

+

+

f

22

NE–SW

NW–SE

+

–

–
–

g

22

NE–SW

NW–SE

+

single

–

h

22

NE–SW

NW–SE

+

single

–
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which individual zigzag lines were engraved, and
additionally, more often as not, the order in which
they were made within the group. This helped us to
determine the main techniques used in making the
zigzag lines, described in this text as a linear and
a serial technique. In the linear technique, zigzag
lines are engraved one after another, stroke by stroke
(eg, a1, a2, a3, a4 and so on). In the serial technique,
the first to be engraved are the strokes with the same
orientation (eg, a1, a3, a5, a7), after which they are
connected by adding strokes directed the other way
(a2, a4, a6). However, what needs bearing in mind
is that the identification of these techniques rests on
the assumption that the execution of a given stroke
and its touching up were not spread out in time,
by which we mean that the stroke was engraved,
touched up and not revisited again. This is because
theoretically, it is feasible that the fragment was executed in a sequence, from a1 to a7, and next, strokes
a2, a4, a6 were touched up. This question must remain open. However, we find it more likely that the
serial method was the one used in making some
zigzag line fragments.
The results of the macroscopic and microscopic
examination were collected in database tables, using as additional assistance schematic drawings of
zigzag lines and their fragments. Additional comments were entered in a special observations and
comments notebook, where we also recorded assorted ad hoc interpretations and ideas which were
later re‑examined in more detail. In this chapter the
intersections between the strokes of the zigzag and
the direction in which they were engraved are shown
on schematic drawings. For better legibility, most of
the intersections of strokes belonging to neighbouring lines have been omitted. The figures with ornamentation are oriented to the north if not specified
otherwise.
When describing the technology of the engravings we did our best to use the terminology

commonly accepted in literature, (Fig. 1: 1-9). We
described the different techniques used in touching
up the ornament using three terms: i./ in the same
direction ii./ to-and-fro movement; iii./ with a shift.
In the first case the engraver, after making a stroke,
touches it up, applying the tool to the starting point
or near to it. In the to-and-fro technique, the engraver corrects a stroke after it has been made using
a reverse movement, from the ending point to the
starting point, without disengaging the engraving
tool from the surface. In the third technique, the
artist, after engraving a stroke, shifts the object being
ornamented and administers the touching up stroke,
taking as the starting point the vertex (ending point)
of the stroke now being corrected or an area near
this vertex. Touching up the engraving is evidenced
by the presence of lateral striations and by multiple
starting and ending points (Fig. 1).
Ornament on side A
Line AI
It runs transversely to the axis, its middle point is
found about 15.2 cm to the south of the base (Figs.
2, 3). The total length of this zigzag line is ca. 6 cm,
the height of the zigzag band – 0.35-0.55 cm. This line
consists of 31 strokes of a different length (0.3-0.55
cm each), made with the same cutting tool, roughly
V‑shaped in cross-section. The outlying strokes in
the zigzag line (nos. 1, 30 and 31) are visibly smoothed
down and worn, evidently the effect of rubbing. The
nature and circumstances of this action are hard to
specify but its impact must have had a uniform and
an extended duration, its effect on the surface of the
object not overly strong – like touching or rubbing
it with a hand, carrying it about wrapped in an organic material. Our replication experiments showed
that the replica of the object, wrapped in a red deer
skin, carried about and transported in a linen bag
(a total of 48 hours) developed no visible traces on its
surface; the same effect (or lack of it) was observed

Fig. 2. Rusinowo, line AI. General view of the ornament. (Photo T. Gąsior)

Fig. 3. Rusinowo, line AI. Diagram showing the process of engraving the ornament . (an arrow - direction of engraving;
a question mark - indeterminate intersection; AIa12 and 13 - no intersection)
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after repeatedly rubbing the zigzag lines with a finger (1270 times). The traces of polish and gloss were
visible only under a microscope (cf. sub-chapter 3.1.),
rather than with the naked eye, as in the case of the
original ornament.
The zigzag line fills almost entirely the space
between the sides of the object (sides D and E). It
passes across two vascular grooves which certainly
must have impeded the engraving process; the maker
apparently was a true expert and succeeded in negotiating these obstacles very well – the ornament has
not been disrupted in any way (Fig. 2). The skill and
experience of the engraver are confirmed further by
the regular, harmoniously rendered strokes of this
zigzag line, and also by the well aligned, arrangement of the lines.
Intersections of the strokes confirm that the ornament took form west-to-east (Fig. 3, Table 1). Individual strokes in this zigzag line were incised NEto-SW (odd strokes) and SE-to-NW (even strokes).
However, with a few exceptions from this rule
(Fig. 4), indicating that there was no strict rule of
a technological or an ideological nature to dictate the
direction of the engraving of strokes – it seems that
the artist was guided by his convenience. At the start
of the line, ie, in its western part, stroke no. 1 was
engraved SW-to-NE, similarly as no. 19. In the first
case, the decision about changing the direction may
have been prompted by the curvature of the antler.
The lack of consistency in engraving stroke no. 19 was
dictated by the properties of the antler surface – the
presence of the vascular groove; proceeding according to the scheme of the engraving of the other lines
in this zigzag, when negotiating the depression of
the vascular groove the engraver would have had to
move the engraving tool upwards. To cope with this
problem he chose an easier variant and to move the

tool from the top down towards the most depressed
part of the vascular groove. This choice confirms the
engraver’s experience in this type of work.
There is evidence that the strokes of this ornament were touched up – in a small number of cases
where this was confirmed the touching up followed
the same direction as originally used in engraving
the stroke. Some of the strokes (eg, nos. 5, 13, 18) were
touched up more than once (Fig. 4).
Most of the strokes of the ornament were engraved one after another (linear or stroke by stroke
technique), although there were some departures
from this rule, as may be seen eg, in the case of
strokes nos. 6-9 (Figs. 5, 6). In this case, consecutive elements of the zigzag line were created with
the serial method. This admittedly results in accelerating the process of engraving itself but with this
technique, there is less control over the direction of
the arrangement of the zigzag line as a whole. The
line grew west-to-east as indicated by the order of
the engraving of consecutive strokes. Some of them
have asymmetrical, V-shaped cross-sections (Fig. 7)
so that their maximum depth is shifted towards their
western wall. This shows that the hand engraving
the ornament rested on the eastern side (cf. Bosinski

Fig. 4. Rusinowo, line AI. Starting section of stroke no. 18,
evident traces of repeated touching up (arrows)

Fig. 6. Rusinowo, line AI. Stroke no. 7 cutting into no. 8.

Fig. 5. Rusinowo, line AI. Diagrams showing the serial process of engraving of strokes nos. 6-9
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Fig. 7. Rusinowo, line AI. Cross-section of stroke no. 18
– the variation in depth caused by the position of engraver’s
hand

et al. 2001). In this way, the engraver could see the
ornament made earlier. A right-handed individual
would have held the object with the point toward
himself, a left-handed one – with the base toward
himself.
Group AII
This group consists of two zigzag lines (Figs. 8, 9,
Table 2): the northern (IIa) and the southern (IIb).
Their arrangement is slightly curved, with the
highest lying fragment roughly midway, pointing
south. The distance from AI to AII is about 9.5 cm.
The distance between IIa and IIb ranges from 0.4 to
1.6 cm, and the two lines intersect at their ends (cf.
remarks below). Strokes a1 and 2, 29, 30, and b1 and
26 are worn away, which illustrates the particularly
intensive gloss of the object in this part. The crosssections of strokes are V-shaped. They were made

with the same cutting tool as the zigzag line AI.
A large number of intersecting strokes in these lines
shows that each of them was engraved west-to-east
(Fig. 9, Table 1), similarly as zigzag AI. Only a short
fragment, IIa28-30 was engraved east-to-west: first,
stroke a30 was made, followed by a29 and a28 – the
latter cut into the already existing a27. The strokes
were incised SW-to-NE, and SE-to-NW, only the
outlying strokes: a1, a23, b24, b26, were engraved reverse to this trend, that is, NE-to-SW (even strokes)
and NW-to-SE (odd strokes). This disruption in the
direction of engraving the motif would have been
dictated, at least in some cases, by the curvature of
the surface being ornamented. The strokes of the ornament were touched up, in many cases more than
once, as evidenced by distinct lateral striations which
suggest even a three- or a fourfold transit of the engraving tool (Figs. 10, 11). The touching up was mostly in the same direction but there is some evidence
for the use of the to-and-fro technique. Some of the
individual modules within this zigzag are doubled
(b25), ie, there are two strokes instead of one – most
likely, not a deliberate effect, rather an unsuccessful
attempt at touching up when the engraver missed
hitting the original stroke.
The strokes were engraved mostly one after another, although there are some rare places where
they were made using the serial method (eg, a17-19).
The sequence of intersections proves that this technique, with some modification, was used also on the
western extremity of line AIIa. The first three strokes
were engraved in sequence: a1, a2, a3. They were followed by a4 and a6, and next, by a5 (Fig. 12). After
this last activity, stroke a4 was touched up.
Line IIb took form after line IIa; this is shown
by a large number of intersections, whereby strokes
Table 2. Rusinowo, group AII. Parameters of zigzag lines
IIa and IIb
No. of
Number Height of zigzag
Length of
line
of strokes
line [cm]
strokes [cm]

Fig. 8. Rusinowo, group AII. General view of the ornament. (Photo T. Gąsior)

IIa
IIb

30
26

0.4–0.5
0.4–0.65

0.45–0.6
0.4–0.8

Fig. 9. Rusinowo, group AII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 10. Rusinowo, group AII. Traces of touching up the
ornament at stroke b24. The cross-section shows that the
stroke is deeper by its western wall

Fig. 11. Rusinowo, group AII. Traces of touching up of
stroke b10. The cross-section shows that the stroke is deeper
by its western wall

Fig. 12. Rusinowo, group AII. The intersection of strokes
a5 and a6 (a5/a6; arrow)

Fig. 13. Rusinowo, group AII. Stroke b7 cuts into stroke
a8 (arrow)

forming IIb cross elements belonging to IIa (b1/a2,
b7/a8, b8/a9, b22/a23, and b26/a30). Stroke b7, engraved SE-to-NW, cuts into stroke a8 (Fig. 13). The
intersections named earlier rule out a simultaneous
execution of these two zigzag lines, something that
we had assumed was theoretically possible. In this
process, the two lines would have been engraved
at once, for example, during phase I – a1 and b1,
followed by a2 and b2, next, by a3 and b3, and so
on. However, the sequence of stroke intersections
demonstrates clearly that line IIa was already in
existence when the strokes of line IIb were being
engraved, although theoretically, it is feasible that
first, a fragment of line IIa was executed, followed
by a fragment of IIb, then another fragment of IIa.

group AIII are rather crowded, and come into contact or intersect; the distance range between them
is 0.1-0.2 cm.
The thickness of the lines is not uniform. Three
northern lines (IIIa-IIIc) were engraved using the
same cutting tool as lines in groups AI and AII.
Line IIId was carved using a different engraving
point, probably made by snapping a flake or a blade
(Fig. 16). Line IIIc displays evident faults: some of
the strokes in the zigzag are thick and irregular; this
suggests that the tool change was made when the old
cutting tool became damaged. Thus, it appears that
line IIId was engraved right after IIIc – to complete
a full sequence of the engraving.
A large number of intersections indicates that
similarly as with groups described earlier lines
IIIa‑IIId were engraved mostly west-to-east (Table 1).
An anomaly is observed at the end of line IIIa, ie, in
the case of strokes a22-27. Unfortunately, not all the
intersections here are decipherable, but those that

Group AIII
Group AIII consists of 4 zigzag lines, running
roughly W-E (Figs. 14, 15, Table 3). The distance
between AII and AIII is 0.7 cm. The lines forming
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Table 3. Rusinowo, group AIII. Parameters of zigzag
lines IIIa-IIId
No. of
line
IIIa
IIIb
IIIc
IIId

Number
of strokes
30
30
28
28

Height of zigzag
line [cm]
0.3–0.55
0.3–0.6
0.35–0.7
0.3–0.65

Length of
strokes [cm]
0.25–0.7
0.35–1.25
0.25–0.65
0.25–0.75

Fig. 14. Rusinowo, group AIII. General view of the ornament. (Photo T. Gąsior)

Fig. 15. Rusinowo, group AIII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

could be examined show that this part of the zigzag
line may have been engraved in a reverse direction
– east-to-west (Figs. 15, 17). In most cases, the traces
of touching up the strokes are not visible but where
they could be recovered, the strokes of the ornament were mostly engraved a second time, in the
same direction, or using the to-and-fro technique.
The direction in which the strokes themselves were
engraved is a less easy to decipher. When it comes
to lines IIIa and IIIb, the strokes were engraved
mostly SE-to-NW, and NE-to-SW. In the outlying
fragments of these lines, the direction of engraving

of the odd strokes was sometimes reversed (SW-NE).
In the case of line IIIc there is an observable change
of the rhythm of the engraving: here, odd strokes are
engraved SE-to-NW, even strokes - SW-to-NE. This
order of working resembles the case of lines IIa and
IIb described earlier.
As a rule, the strokes in individual lines were
carved one after another, but there were three major
departures from this rule – one of them has been
described above (cf. Fig. 17). In line IIIa, strokes a9‑17 were executed using the serial method (cf. Fig. 5).
Odd strokes are crossed by even strokes, showing

Fig. 16. Rusinowo, group AIII. Fragment of the ornament,
line IIId at the bottom, from SE (10×). (Photo M. Diakowski)

Fig. 17. Rusinowo, group AIII. Intersections of strokes a22‑a24 (a23/24, a22/a23)
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that the latter took form only once the odd strokes
had been engraved. Perhaps, the same method was
used in making strokes a18-21, but this cannot be
established definitely because of the poorly recoverable unclear intersections. The other larger sequence made using the serial method is represented
by strokes c6-13, only in this case, the even strokes
were engraved first, after which the spaces in between them were filled in with odd strokes. The closing elements in this sequence reveal very clear traces
of severe wear of the cutting tool.
Intersections of strokes belonging to different
zigzag lines show that new lines were created moving from the north southward, thus: IIIa, b, c, d. In
this context, the making of line IIId with a new tool
and the technological convergence of strokes forming part of lines AI, AIIa, AIIb, AIIIa-c indicate that
the engraving of groups AI and AII preceded that of
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group AIII. Given the evidence of the gradual wear
of the cutting tool, it may also be suggested that AI
was made earlier than AII.
Group AIV
Group AIV consists of six zigzag lines (Figs. 18, 19,
Table 4); they run roughly W-E, sloping lightly towards SE. Each line is built by 25 strokes, except for
IVc, which is formed by 26 elements. Also belonging
to this group, some strokes are found next to it, on
both its sides: i./ a stroke to the west of it, right next
to line IVc; ii./ three longer and two shorter strokes
(the latter could be the result of a rapid engraving
action) to the east of line IVd-IVf, roughly parallel to the stroke c26. The distance between groups
AIII and AIV is about 1 cm. The lines are engraved
much more densely than in the previously discussed
groups, and the point of the engraving tool – finer,

Table 4. Rusinowo, group AIV. Parameters of zigzag lines
IVa-IVf
No. of
Number Height of zigzag
Length of
line
of strokes
line [cm]
strokes [cm]
IVa
IVb
IVc
IVd
IVe
IVf

25
25
26
25
25
25

0.35–0.45
0.35–0.55
0.4–0.5
0.35–0.6
0.35–0.5
0.4–0.55

0.4–0.6
0.4–0.65
0.4–0.65
0.45–0.7
0.35–0.8
0.45–1.0

Fig. 18. Rusinowo, group AIV. General view of the ornament. (Photo T. Gąsior)

Fig. 19. Rusinowo, group AIV. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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resembling the tool used in engraving IIId. Quite
a few strokes forming this zigzag line are dragged
out, they sometimes intrude on other strokes, and
some are doubled. The distance between parallel
strokes in adjacent lines tends to be less than 0.1 cm
or a little more, only rarely as much as 0.2 cm.
The quality of execution of this group diverges
visibly from the quality of execution of the lines described earlier, also, the manner of their execution
is less uniform (Fig. 19). Two subgroups may be differentiated here: i./ IVa-IVc; ii./ IVd-IVf.
Lines IVa-IVc were incised east-to-west, therefore in a direction reversed to that of most of the
zigzag lines described so far (Table 1). Strokes forming individual zigzag lines were engraved mostly one
after another, only in line IVa we found evidence, in
strokes a18-a9, for the use of the serial technique (cf.
above). Here, odd strokes (a17, a15, a13, a11 (?) and
a9) cut into even strokes, therefore the latter were
made earlier (Fig. 19). Odd strokes in zigzag lines
IVa and IVb were incised NW-to-SE, even strokes

Fig. 20. Rusinowo, group AIV. Microrelief at the bottom of
stroke c4 confirming the direction of its execution (NW-SE)

– SW-to-NE and NE-to-SW, and in line IVc, even
NW-to-SE, and odd strokes, NE-to-SW (Fig. 20).
Touching up was in the same direction, or in the toand-fro technique; touching up in the “with a shift”
technique is rare. Intersections of lines IVa, b, c, suggest, that the first to be made was zigzag line IVc,
followed by IVb, and next, IVa (Fig. 21). However,
this conclusion is based on only a small number of
observations (a3/b4, b3/c5 and b14/c14) as intersections of strokes belonging to adjacent zigzag lines
were very rare.
The direction of engraving of lines IIId-IIIf was
different – they were carved west-to-east (Fig. 19).
Some of the strokes retained a characteristic asymmetry of a cross‑section (Fig. 22), that is, in even
strokes (NE-SW) the deepest part is by the eastern
wall, in odd strokes (SE-NW) – by the western. Presumably, this phenomenon could have been caused
by the difference in the positioning of the engraver’s
hand; in the first case, it was positioned to the west
of the stroke as it was being engraved, in the other
cases – to the east of it. Strokes within individual lines were carved one after another, with some
evidence however, for some use of the serial technique as well. This is how strokes d1-11, e18-23, f11-15
were created – each time, first the even strokes were
engraved, which next were intersected by an odd
stroke. The strokes within individual zigzag lines
were engraved mostly NE-to-SW (even strokes) and
SE-to-NW (odd strokes). The traces of touching up
suggest that this process was mostly in the same direction, more rarely, using the to-and-fro and with
a shift techniques. Intersections of strokes belonging
to individual lines clearly show that line IVd took
form after IVc, after which IVf and IVe were engraved in succession. At the same time, the order
of engraving lines IVf and IVe is not fully certain

Fig. 21. Rusinowo, group AIV. Stroke a3 cutting into b4
(arrow)

Fig. 22. Rusinowo, group AIV. Cross-sections of strokes f2
and f3 showing their irregular depth

Execution of the ornament

because intersections of the two lines are not unambiguous. There is also the possibility that the lines
were engraved one after another, ie, first IVe, and
next IVf, after which some strokes within line IVe
were touched up – which would explain the intersections mentioned earlier.
The strokes to the west and to the east of the
group of zigzag lines are an integral part of this ornament. The stroke to the west of line IVc was intersected by f1, and the strokes on the east side are
parallel to c26. Therefore it may be concluded that
the stroke found to the west of AIV was engraved
only after the lines IVc, b and a were completed.
Group AV
Group AV consists of 11 zigzag lines (Va-k) running
W-E (Figs. 23, 24, Table 5). The maximum distance
between AIV and AV is about 1.5 cm, and between
individual zigzag lines – on average 0.1 or 0.15 cm.
The outlying strokes, found by the edges of the decorated surface, are worn away, which is evidence for
a long-lived use of the object after the ornament was
made. The lines in group AV are engraved deeply,
at a first glance it is apparent that their execution
was more fluid than in the lines within group AIV.
The strokes are executed with greater precision, have
a more uniform width, and the elements in individual zigzag lines do not intersect too often. The appearance of northern angles of the zigzag lines is often
peculiar (Figs. 23, 25): strokes engraved SE-to‑NW
do not cut into strokes engraved NE-to-SW exactly
at the apex but join them a little below the apex,
leaving a variously well-defined “hook”. There is no
doubt that this way of connecting the strokes has to
do with the position of the engraver and his manner of wielding the engraving tool – in the case of
lines AIVa-c described earlier, engraved in a reverse
direction, ie, east-to-west, the “hook” was present
in the S rather than the N angle of the zigzag lines.
The strokes of the zigzag were added west-to
‑east, as a rule, one after another (Table 1). Only
in a handful of cases, there is an evidence of a serial technique of execution of the ornament: a1-8,
a10-18 (?), b9-13, b21-24, g10-13, where the first strokes
to be engraved were either even (a10-18, g10-13) or
odd (a1-a8, b9-b13 and b21-24). Within line Vf we
observe a change of the rhythm: stroke f1 occupied
the whole distance below e1 and e2, and stroke f2
extends for the entire length of strokes e3 and e4 so
that f3 runs parallel to e5 (Fig. 26). It is unclear why
the rhythm changed, but this must have been rather
abrupt because all of a sudden in line Vf there is
an abandoned f2, a leftover from the earlier rhythm
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(Fig. 26). The other lines, Vg-k, are executed in a pattern identified for Vf. Four pairs of strokes examined
to identify the symmetry of their cross-section were
found to have an asymmetrical profile, similarly as
in group AIV. In even strokes (NE-SW) the deepest
part is by the eastern wall, in odd strokes (SE-NW)
– by the western. As was noted earlier, this was understood to reflect the position of the hand which
wielded the engraving tool.
The possibility, suggested by the similarity shown
by corresponding strokes belonging to different lines,
as eg a11-k11 (cf. the discussion under Group AII),
that all zigzag lines could have been engraved at the
same time was taken into consideration but ultimately discounted. We think this is unfeasible on the evidence of fragments of lines engraved using the serial
method, and intersections of strokes in adjacent lines
which are inconsistent with the use of the simultaneous method (b12/a13, b26/a25, f19/e22, g2/f3, k3/j4).
Strokes within zigzag lines were engraved mostly SE-to-NW (odd strokes) and NE-to-SW (even
strokes). Other directions (NW-SE and SW-NE) were
rare – in lines Va-c, often in the outlying fragments
of the line (Fig. 23). At the start of line Va, a pair
of even strokes was engraved SW-to-NE. Presumably, these changes were dictated by problems with
executing the ornament in areas of the surface lying
close to the edge of side A. This difficulty is sugges
ted also by the presence of oblique and transversal
striations (cf. Fritz 1999, 32, Fig. 15:1, 2), which were
observed in some of the outlying strokes (Fig. 27),
which take form when the position of the engraver’s
hand is wrong, or the inclination of the engraving
point is incorrect. The strokes of the ornament were
touched up, although quite a few of them do bear
some traces of this process. Nevertheless, we are confident it happened, given the depth and width of the
strokes; the absence of such traces is one more proof
of the high competence of the engraver who made
these patterns. Where traces of touching up are visible there is an evident tendency for the engraving
to be in the same direction, with only rare evidence
of the to-and-fro and the with a shift techniques,
occasionally it is also possible to identify traces of
repeated touching up in the form of lateral striations
(Fig. 28). On the other hand, traces associated with
the touching up of the ornament are pronounced
in the case of strokes k23-28, obviously engraved
with a damaged cutting tool (Fig. 23). The resulting
strokes are engraved wide, and their appearance is
irregular and visibly different from other zigzag lines
in this group. We shall return to this question under
the next heading.
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Intersections of zigzag lines identify the direction of their engraving as north-to-south, that is,
from Va to Vk. Apparently, the only exception would
be the closing strokes in lines Vb-d (nos. 33 and 34),
g (nos. 30-32) and h-k (no. 30). They differ from
the main strokes in the zigzag lines, ie, were made
with a different cutting tool, at a later time (Fig. 29).
This is especially clear in the case of strokes b32,
b33 vs. b34 (Fig. 29). Strokes h30-k30 were evidently

Fig. 23. Rusinowo, group AV. General view of the ornament. (Photo T. Gąsior)

engraved during the same phase (Figs. 27, 29, 30),
after all of the strokes in zigzag lines AVh-k had
been completed. This observation is confirmed by
an intersection in which stroke h30 cuts away the
apex of i29. What is also known is that once group
AV had been completed the surface of one side of
Table 5. Rusinowo, group AV. Parameters of zigzag lines
Va–Vk
No. of
line
Va
Vb
Vc
Vd
Ve
Vf
Vg
Vh
Vi
Vj
Vk

Number
of strokes

Height of zigzag
line [cm]

Length of
strokes [cm]

35
34
34
34
32
30
32
30
30
30
30

0.35–0.5
0.3–0.45
0.3–0.4
0.3–0.45
0.3–0.4
0.25–0.3
0.3–0.35
0.3–0.35
0.3–0.35
0.3–0.35
0.3–0.35

0.35–0.7
0.35–0.6
0.4–0.6
0.3–0.65
0.4–0.55
0.4–0.6
0.4–0.6
0.3–0.55
0.3–0.6
0.35–0.8
0.35–0.85

Fig. 24. Rusinowo, group AV. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 25. Rusinowo, group AV. NE “hooks” of the strokes
(arrows), not to scale. (Photo T. Gąsior)

Fig. 28. Rusinowo, group AV. The intersection of strokes
h19 and h18. Stroke h19 retains traces of repeated touching up (at least 5 times) in the form of lateral striations
(arrow)

Fig. 26. Rusinowo, group AV. Change of rhythm of engraving the ornament at line Vf (photo from W); arrows
indicate strokes f1 and 2, the dot mark the stroke which
adheres to the hitherto direction of the zigzag (6.3×). (Photo
M. Diakowski)

Fig. 29. Rusinowo, group AV. Group of strokes at the end
of lines Vb, c, d, h, i, j, k (h30, i30, j30, k30 – arrows) and
strokes b32 and b33 (dots) (8×); photo from W

Fig. 27. Rusinowo, group AV. Intersections of strokes
i30/i29, j30/j29 and k30/k29 (moving downwards). In strokes
i29 and j29, pronounced oblique striations (arrows)

Fig. 30. Rusinowo, group AV. Group of strokes at the end
of lines Vh, i, j, k (h30, i30, j30, k30), engraved as a single
episode (photo from W). At centre, most discernible i30
and j30

86

M. Diakowski, T. Płonka

Fig. 31. Rusinowo, group AV. Lines of working the surface
in the north-eastern section of stroke k30 (arrows, 57×).
(Photo M. Diakowski)

the object (side E) was subjected to working. This is
evidenced by distinct lines from working (scraping
with a blade) visible in the NE angle of stroke k30
(Fig. 31).
Group AVI
Group AVI consists of 10 zigzag lines (AVIa-j) running W-E, with the distance between AV and AVI at
2.2-2.3 cm (Figs. 32, 33, Tables 1, 6). The lines of this
group are engraved densely and in terms of the level
of craftsmanship they resemble the lines in group
AV. There is no mistaking that the strokes in this
group were incised with the same cutting tool as
zigzag lines in group AV, only the ten closing strokes
of line VIj have a different appearance. The distance
between individual zigzag lines is 0.1-0.15 cm or
slightly less. There is a very characteristic dragging
out of strokes of the zigzag on its N apexes (except
for VIa), which has been described at more length
under the preceding heading. Some strokes, found
by the edges (a31) are worn away from an extended
use of the object.
Individual zigzag lines took a form west-to-east,
the strokes within the lines engraved one after another (Table 1). Differently than in the earlier described groups, no use was made here on a wider
scale of the serial method – we identified individual strokes engraved in this manner in lines VIa,
VIh‑VIj. We ruled out the simultaneous engraving
of more than one line on the evidence of intersections of adjacent strokes of the zigzag line (i5/h6,
i11/h12). Moreover, group AVI is characterized by at
least a triple change of the rhythm of execution of
the ornament (Fig. 34). In the first three lines (VIa-c)
the opening strokes (a1, b1 and c1) are engraved NEto-SW and SW-to-NE. In all the other lines, strokes

opening the ornament (d1-j1) were made SE-to-NW.
The second change of the rhythm is observed in the
arrangement of line VIf namely, below VIe3-5 only
a single element of line VIf (f3) was engraved so that
stroke e6 is parallel to f4 (Fig. 34). The third change
of the rhythm of the ornament is visible in the sequence of line VIj, in a section engraved by repeatedly touching up the line (Figs. 35-38). The sequence
of engraving is reconstructed as follows: first, stroke
j17 was made, followed by j17a, j18a, and at the very
end – j18 (Figs. 36-38). However, it was not fully clear
which pattern of the strokes was significant for the
engraver – j17, j17a and j18a, or whether the engraving of stroke j18 – which cuts into both j18a, and
j17 – may be understood to have cancelled out in
some way the engraving of strokes j17a and j18a. Ultimately, a closer analysis has shown that this latter
pattern was more important, because both stroke j17
and j18 were touched up repeatedly, so as to stress
their importance in this way – stroke j18, at least
six times, as evidenced by the characteristic “comet”
(Fig. 36). Additionally, the direction of touching up
j20 (SW-NE) was inconsistent with the prevailing
manner of execution of strokes in this group, ie, NEto-SW. Furthermore, the touching up of stroke j17
took place after j17a was engraved, as evidenced by
the ending point which is visible in the SW apex of
the latter stroke (Fig. 38).
Moreover, above the intersection of fragments of
VIa5 and 6 a solitary stroke was identified, engraved
NE-to-SW (evident ending point), resembling by its
length and shape the elements within the zigzag lines
(Fig. 34). The presence of this stroke is definitely not
random but its significance is unclear – perhaps it
indicates a specific point (intersection a6/a5) within
the sequence of the zigzag line.
Analysis of strokes forming individual zigzag
lines helped distinguish two variants of the direction
of engraving. The first variant includes line VIa, with
odd strokes engraved NE-to-SW, and even strokes
engraved NW-to-SE, moving from the west to the
east (Figs. 33, 39). There are no characteristic “hooks”
observed in northern angles of other lines forming
group AVI. Elements of other lines were engraved
NE-to-SW and SE-to-NW, therefore in a manner
which predominates among the already described
lines. Only the strokes opening the lines were engraved in a reverse direction – NW-to-SE (f1, h1, j1)
and SW-to-NE (b1), among the remainder the state
of preservation does not permit a conclusive assessment of the direction. This anomaly most likely had
technical grounds and was associated with the inconvenience of engraving the first stroke towards the
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edge of the object, ie, side D. Sometimes also stroke
no. 1 was engraved after stroke no. 2 – this was the
case of i1 and i2, as well as j1 and j2 (Fig. 40). The
change of the direction in engraving the strokes was
also associated with the change of the rhythm of the
ornament, as in the case of group j17-20 where stroke
j20 was engraved SW-to-NE (Fig. 36)
Table 6. Rusinowo, group AVI. Parameters of zigzag lines
VIa-VIj
No. of
Number
Height of zigzag Length of
line
of strokes line [cm]
strokes [cm]
VIa
VIb
VIc
VId
VIe
VIf
VIg
VIh
VIi
VIj

31
31
31
30
30
28
28
28
28
24

0.4–0.6
0.4–0.7
0.35–0.75
0.3–0.7
0.35–0.8
0.3–0.8
0.45–0.85
0.4–0.85
0.5–0.8
0.45–0.95

0.3–0.6
0.35–0.6
0.25–0.6
0.25–0.7
0.25–0.6
0.35–0.6
0.4–0.7
0.3–0.6
0.35–0.5
0.3–0.9
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The strokes of the ornament were touched up at
least twice, mostly in the same direction (Fig. 39).
A pair of sections forming line VIj was engraved
more than once, eg, j20 was touched up at least
six times (Fig. 36). In this case also visible was
a change in the direction of engraving combined
with a change in pressure. In many cases traces of
repeated touching up were observed.

Fig. 32. Rusinowo, group AVI. General view of the ornament. (Photo T. Gąsior)

Fig. 33. Rusinowo, group AVI. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 34. Rusinowo, group AVI. Starting sections of lines VIah with two changes of the rhythm of engraving and with
a stroke engraved above the intersection of strokes a5 and
a6 (arrows), (8.0×); photo from W. (Photo M. Diakowski)

Fig. 37. Rusinowo, group AVI. Intersections of strokes j17,
17a, 18a and 18. Evident traces of repeated touching up

Fig. 35. Rusinowo, group AVI. Change of rhythm of engraving within line VIj, strokes j17-j20 (arrow), not to scale.
(Photo T. Gąsior)

Fig. 38. Rusinowo, group AVI. The intersection of strokes
j17a and 17 (photo from E); j17a cuts into j17 but the final
touching up of stroke j17, evidenced by the ending point
(arrow), is later than the intersection

Fig. 36. Rusinowo, group AVI. Intersections of strokes j17
and17a, j17 and 18. The “comet” resulting from the multiple
engraving of j20 (arrow)

Fig. 39. Rusinowo, group AVI. Stroke a4 cuts into a3. The
“comet” at the NE top of stroke a3 confirms at least three
touching up episodes (arrows); the microrelief of stroke a4
identified the direction of engraving was from NW to SE
(arrows)
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Fig. 40. Rusinowo, group AVI. Stroke i1 cuts into i2

Fig. 41. Rusinowo, group AVI. Intersections of strokes h6
and h5, g6 and g5, and strokes i6 and i5 (no point of contact). Stroke g6 evidently cuts into g5 and h5 (arrow)

The larger number of intersections (28) proves
that consecutive zigzag lines were engraved
north‑to‑south, thus, beginning with VIa and ending
in VIj. The only inconsistency in this scheme was
shown by two strokes belonging to lines VIg and h
(Fig. 41). This type of anomaly could result from the
touching up of strokes in upper lines already after
engraving fragments of the lower line (touching up
g6 already after engraving h5). Evidence of a process
in which the engraver returns to older strokes now
found to be insufficiently well-defined has been observed on many occasions in Magdalenian engravings on bone (Fritz 1999).
At the very end we need to mention similar irregularities in the arrangement of the closing lines in
groups AV and AVI (Vk23-28 and VIj17-20). In both,
the strokes within the zigzag differ in their appearance from the rest – they are visibly wider and were
repeatedly touched up. They may have been made
with a different cutting tool, or with the same cutting tool – and be the result of repeated touching up,
perhaps made at a different angle. It is difficult to resolve this question, even if the rest of the zigzag lines
in group AVI were engraved, it would seem, with the
same cutting tool as the lines in group AV. To sum
up, the emphasis placed on the strokes mentioned
earlier did not have technological causes but must
have been an element of ritual, similarly as the addition of the last strokes to lines Vb, d, h-k (cf. above).

The lines have been engraved quite densely. In the
style of their execution they resemble groups V-VI,
although a fragment of line VIIa differs in its level
of execution from other ornaments in this group.
Every line in VIIa-d is built by 27 strokes, only zigzag AVIIe has been engraved according to a different
rhythm. It is built by 24 strokes, with the change of
the rhythm made right at the beginning – stroke e2
is found under d4, and moreover, there is no closing
stroke engraved under the final strokes in the other
lines (a27-d27).
The analysis of the execution of successive
strokes forming the zigzag lines shows that we can
make out two groups: i./ line VIIa; ii./ lines VIIb-e.
The method of execution of VIIa was reconstructed
using a limited number of intersections, first, because
there were no strokes intersecting in their apex part,
second, because of the damage to this line (Fig. 43).
The technological level of execution of the lines is
markedly different: strokes a1-20 were engraved with
a level of skill similar to that of the rest of the lines
in the group – sometimes they are crooked, their
junctions at the angles are irregular, and striations
observed at the bottom of the strokes and the considerable width of some of them are evidence that the
maker had to struggle to keep the appropriate angle
of the engraving point and had insufficient control
over the pressure exerted by the tool (Figs. 44-46).
Strokes a21-26 were made by applying limited pressure, with a broad engraving point; alternately this
could be the effect of work in unsoftened antler.
The analysis of the strokes in the ornament has
shown that in the fragment a1-16, a17 or a18, the direction was generally west-to-east (Table 1). With
some irregularities, however (Fig. 43): stroke a2
took form before stroke a1 (a1 cuts into a2), and in

Group AVII
Group AVII consists of 5 zigzag lines which run
diagonally to the axis of the object, that is, NWWto-SEE (Figs. 42, 43, Table 7). The distance between
groups VI and VII is 1.3 cm, and the distance between group VII and the object’s apex is 7.4 cm.
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engraving strokes a9-14 the serial method had been
used to some extent. Analysis of intersections of
strokes a18-a20 and a25 with a26 shows that this part
of the line was engraved east-to-west. If so, the two
fragments of the line must have met at a16-18. None

of the other intersections of strokes within subgroup
a16-27 can be deciphered, or these strokes do not
join to form an angle. Given that the point used in
carving the strokes a21-27 is broad and had been
changed/repaired after engraving a21, and moreover
that strokes a16-20 do not differ from a1-15, it may be
surmised that the eastern fragment of the line was
Table 7. Rusinowo, group AVI. Parameters of zigzag lines
VIIa-VIIe
No. of
Number Height of zigzag
Length of
line
of strokes
line [cm]
strokes [cm]

Fig. 42. Rusinowo, group AVII. General view of the ornament. (Photo T. Gąsior)

VIIa
VIIb
VIIc
VIId
VIIe

27
27
27
27
24

0.4-0.8
0.4-0.8
0.35-0.8
0.3-0.9
0.55-0.9

0.4-0.7
0.35-0.6
0.3-0.6
0.3-0.7
0.3-0.75

Fig. 43. Rusinowo, group AVII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

Fig. 44. Rusinowo, group AVII. Irregular strokes in line
VIIa, a18-a20 (arrows), (10.0×) photo from SW. (Photo M.
Diakowski)

Fig. 45. Rusinowo, group AVII. Irregular intersection of
strokes a14 and 13 (a14/a13) (arrow)
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the first to take form. However, this hypothesis cannot be proven on the evidence of the intersections
alone so that in theory it is possible that the western
fragment was engraved first.
These observations suggest that the two fragments of the zigzag line AVIIa were made by two different individuals: a “master”, who had engraved also
all the other lines, and an “amateur”, who carved
strokes a21-27. However, it is not fully unfeasible either that a single individual had used two different
engraving points or/and had worked in unsoftened
antler.
The remainder of the lines, VIIb-e, were engraved west-to-east with strokes forming individual
zigzag lines executed one after another. Only some
of the strokes building line VIId (d8-13) were carved
using the serial method (Fig. 47) – starting with the
even strokes (d8, d10, d12), and followed by odd
strokes. One intersection is not consistent with this

scheme – stroke d12 cuts across d13. The cause of
this inconsistency must have been the touching up of
stroke d12 when the whole group d8-13 was already
complete.
Strokes building individual zigzag lines were
engraved largely according to the most frequently
observed scheme, SE-to-NW and NE-to-SW. However, some departures from this rule were identified. In line VIIa, which diverges from other zigzag
lines in its group, even strokes were engraved mostly
SW-to-NE. Moreover, the opening strokes of lines
VIIb and d (b1, d1) were executed SW-to-NE, to
avoid the inconvenience of engraving them towards
the edge of the object (side D). Strokes building the
zigzag lines were touched up, often three or four
times, as is evidenced by multiple starting points
and lateral striations (Figs. 47, 48). The prevailing
method of touching up the strokes was in the same
direction. Except for the fragment of line VIIa, the

Fig. 46. Rusinowo, group AVII. Flat and broad, repeatedly touched up strokes a21-24 (arrows), (× 10.0). (Photo
M. Diakowski)

Fig. 48. Rusinowo, group AVII. Traces of touching up
stroke e16 in the form of lateral striations (arrows)

Fig. 47. Rusinowo, group AVII. Intersection within line
VIId, d11/d10 and d11/d12 (arrows)

Fig. 49. Rusinowo, group AVII. Strokes e18-e23 (arrows) of
a different width, with imprecise joins, not to scale. (Photo
T. Gąsior)
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Fig. 50. Rusinowo, group AVII. The ending point of the of
stroke e10 with evident mark of lifting the engraving tool
(arrow)

Fig. 51. Rusinowo, group AVII. Vicinity of strokes b23, c23
and d23 with traces of pecking (arrow), (10.0×); photo from
SW (Photo M. Diakowski)

level of execution of the ornament indicates an expert engraver who only occasionally made mistakes.
These are evidenced by the presence of striations,
an irregular arrangement of individual strokes, and
their imprecise joins (Fig. 49), and also, by traces
developed when the engraving tool was lifted from
a stroke (Fig. 50).
Intersections of strokes forming individual lines
demonstrate that they were engraved north-to-south,
ie, starting with VIIa, and ending in VIIe. When
the ornament was complete some of its area was
stippled, these short strokes more reminiscent of
percussion marks produced with a blunt tool than
regular engraving. These remains of pecking were
observed in the region of strokes c23, c24, d23 and
d24; their preservation proves that they took form
long ago, most likely, soon after the ornament was
made (Fig. 51). Since they lack any practical explanation they may be identified with some confidence as
traces of ritual behaviour.

Ornament on side B
Group BI
This group consists of two zigzag lines running
lightly diagonally to the vascular groove which divides the decorated surface of the object (Figs. 52,
53, Table 8). The orientation of this groove is parallel
to the N-S axis of the artefact. Zigzag lines (Ia and
Ib) are discontinuous, they stop short of the groove;
each of these two lines are divided by the vascular groove into an eastern and a western fragment.
The lines themselves are irregular, with evidence of
weathering, preventing a closer examination of the
sequence of execution of the ornament.
Each line consists of 40 strokes, evenly spaced,
20 within the western and 20 within the eastern
fragments (Table 8). These strokes are quite small
- the shortest and the narrowest of all the zigzag
lines on the artefact, similarly, the width of Ia and
Ib is the smallest of all the zigzag lines. The impression is that their small dimensions were dictated by
Table 8. Rusinowo, group BI. Parameters of zigzag lines
Ia-Ib
No. of
Number Height of zigzag
Length of
line
of strokes
line [cm]
strokes [cm]

Fig. 52. Rusinowo, group BI. General view of the ornament.
(Photo T. Gąsior)

Ia
Ib

40
40

0.2–0.4
0.2–0.4

0.18–0.45
0.18–0.5

Fig. 53. Rusinowo, group BI. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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the need to fit a specific number of strokes (20 each
time) on both sides of the vascular groove. They were
executed using a fine cutting tool, one which was not
used while engraving the ornament on side A. These
lines were carved by an individual with little experience in the art of engraving: the apexes are dragged
out, the arrangement of the strokes is far from regular. Near to the edges of the object, strokes a1, a40,
b1 are worn, due to the extended use of the object.
As was noted earlier, in the area of the vascular groove these two zigzag lines were interrupted
– the maker did not continue engraving the ornament here. However, 1.75 cm above line Ia, within
the vascular groove, there is an oblique 0.8 cm long
stroke (see Fig. 1 in sub-chapter 3.1.). It was engraved
deeper than the strokes of zigzag lines in group BI.
If the gaps in the two zigzag lines are not there for
a technological reason, they may represent a space
left empty within the ornament for symbolical reasons. This stroke might mark the boundary of the
space left between the eastern and western sections
of the zigzag, but added over it. The significance of
this pattern will be addressed in the later discussion.
Other than the solitary stroke engraved inside the
vascular groove, over a fragment of lines a2-a5 we
observe another engraved stroke, with a length of
0.35 cm. The significance of this stroke is unclear.
It was definitely engraved after working the surface
of the object, most likely, at the same time as group
BI. On the other hand, it is shallower and more delicate than the strokes forming the zigzag lines of this
group.
The sequence in which zigzag lines in group B
were engraved appears more complex than in the
case of side A. The western fragment of line Ia (a1-20)
was engraved east-to-west, although the intersections

show some outsiders in this sequence: strokes a18-20:
i./ stroke a18 was crossed by a17, next, stroke a15 was
engraved; ii./ stroke a15 was crossed by strokes a14
and a16, and stroke a14 by a13; iii./ the serial method
was used – odd strokes a13-1 were engraved, followed
by even strokes a12-2 (Fig. 54).
In the eastern fragment of Ia the sequence of
engraving the ornament was reversed –away from
the vascular groove, eastward. There is evidence (at
least for a31-36) for the extensive use of the serial
method: odd strokes (a31, a33, a35) were engraved
first, followed by even strokes (Fig. 55). It is possible
that the serial method was applied here on an even
wider scale.
Strokes forming the western fragment of line Ib
(b1-20) were engraved similarly as fragment a1-20,
from the vascular groove towards the edge of the
object (Fig. 54). In contrast to a1-20 in engraving this
fragment the serial method played only a minor role
– it was used only intermittently. The time of engraving stroke b20 is unclear, because it does not form
an intersection with b19; presumably, it took form
at the very beginning of the process of carving this
fragment, but we have no direct evidence for this.
Not less problematic is reconstruction of the
sequence of engraving the ornament in the eastern
fragment of the zigzag line Ib (b21-40). Two methods were used here: the serial and the linear (stroke
by stroke) method, only the participation of the two
cannot be recognized conclusively owing to the damaged condition of the ornament and the absence of
intersections. Strokes b21-26 were engraved using the
serial method, with odd modules executed first, followed by even strokes. A little farther on, evidence
was found for the use of the serial method (b34-36),
but here even strokes were engraved first (Fig. 55).

Fig. 54. Rusinowo, group BI. Intersections in western sections of zigzag lines Ia (a8/a7) and Ib (b8/b9) (arrows)

Fig. 55. Rusinowo, group BI. Intersections in eastern sections of zigzag lines Ia (a34/a33 and a34/a35) and b (b35/
b34) (arrows)
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Fig. 56. Rusinowo, group BI. Traces of touching up in
strokes b11 and 12 (arrows)

Fig. 57. Rusinowo, group BI, strokes. Change of direction
of stroke b36 (arrows)

Some sequences in the fragment b21-40 where strokes
were engraved one after another prove that it took
form, similarly as a21-40, west-to-east – from the vascular groove towards the edge of the object.
Basing on the available observations it may be
concluded that within individual fragments of the
line the strokes were engraved in different directions. Within fragment a1-20 odd strokes were engraved mostly SE-to-NW, while even strokes were
engraved SW-to-NE. Within a21-40 and b1-20 odd
strokes were mostly engraved NW-to-SE, and even
strokes – mostly SW-to-NE. Strokes forming part
of fragment b21-40 as a rule were engraved NE-toSW (even strokes) and NW-to-SE (odd strokes). The
traces of the touching up of the strokes are quite
often worn away. The touching up was performed
mostly in the same direction, its remains have survived in the form of multiple lateral striations and
multiple starting points (Figs. 56), sometimes it results in a small change of stroke direction (Fig. 57).

Evidence to identify the sequence of engraving
lines Ia and Ib is limited; this is because strokes
within these two zigzag lines rarely come into contact with each other. Worse still, the data at hand is
apparently contradictory. In the case of the western
fragments of both lines b15/a15 it suggests that the
fragment b1-20 was probably engraved after a1-20,
although it is feasible that these two fragments were
engraved simultaneously. For eastern fragments, we
have just one piece of solid evidence – a32 cuts into
b32. A single intersection, given the data presented
above, tells us little about the sequence of engraving
these fragments (a21-40 and b21-40).
Group BII
Group BII is found 1.5 cm to the south of the previously described. It consists of two zigzag lines (IIa
and IIb), running parallel to the east-west axis (Figs.
58, 59, Table 9). The lines cut into the vascular groove
at right angles, but differently than group BI, the
Table 9. Rusinowo, group BII. Parameters of zigzag lines
IIa-IIb

Fig. 58. Rusinowo, group BII. General view of the ornament. (Photo T. Gąsior)

No. of
line
IIa
IIb

Number
of strokes
26
26

Height of zigzag
line [cm]
0.3–0.6
0.25–0.55

Length of
strokes [cm]
0.3–0.5
0.25–0.55

Fig. 59. Rusinowo, group BII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 60. Rusinowo, group BII. The intersection of strokes
b23 and b24 (b24/b23), evident ending point b24; striations
and microchips in both strokes (arrows)

Fig. 61. Rusinowo, group BII. The intersection of strokes
a22 and 23, evident multiple starting points in a22, and ending points in a23 (arrows)

ornament does not lose its continuity at this point,
it is seen on the walls and the bottom of the vascular groove, shallow at this point and its depression
– barely visible. The surface of the artefact in the
area featuring group BII is damaged by erosion. The
lines of the ornament have either been affected by
this damage – their bottom and edges are smoothed
down and have a characteristically cracked structure. This process is most apparent in the depression
of the vascular groove. Each line is formed by 26
strokes which range in length from 0.25 to 0.6 cm
(Table 9). Both of them were engraved with a broad
cutting tool, evidently different from the one used
in incising BI.
Both zigzag lines, IIa and IIb, were executed
west-to-east (Table 1). The strokes were engraved one
after another, none of the available intersections confirm the use of the serial method. However, this does
not mean that it was not used at all, only that its remains were no longer recoverable due to the erosion
of the ornament and the fact that a large number of
strokes forming the zigzag lines do not intersect at
the angles. On the other hand, many strokes opening
and closing the zigzag lines display a peculiarity of
direction and a sequence of execution because the
maker had to cope with the curvature of the surface
being decorated.
Strokes in both zigzag lines were engraved
SE‑to‑NW (odd strokes) and SW-to-NE (even
strokes) (Fig. 60). Only a handful of elements were
executed in the reverse order (a1, a26, b24). After engraving, the strokes were touched up, mostly in the
same direction, moreover, often this was done more
than once. This is evidenced primarily by several
starting points, observed in many strokes, and also

by cases where the touching up stroke does not fully
coincide with the original stroke (Figs. 60, 61). At the
same time, quite a few of the strokes exhibit no such
traces – the touching up is evidenced by the stroke
width and depth, and the traces of touching up have
been fully removed by the last engraving episode.
Intersections of strokes within lines IIa and IIb
confirm the sequence in which they were engraved
– first, line IIA, and only then, line IIb.
Group BIII
Group BIII is found 1.9 cm to the south of BII and
runs parallel to the east-west axis (Figs. 62, 63, T
 able
10). It is much less regular than the groups of zigzag
lines described so far, since next to three full lines
(IIIa-c), each consisting of 24 strokes, there are two
short zigzag lines built by nine (IIId) and seven (IIIe)
strokes (Table 10). Both short zigzags are found in
the eastern part of the group, between IIIb and IIIc
(IIId1-9), and to the south of IIIc (IIIe1-7). Right below this group – under its SE angle – is a simple
engraved mark which may be described as half of
an arrow.
In the light of current studies line IIIa, at least
in its fragment a1-19 was engraved west-to-east using the stroke by stroke technique (Fig. 64, Table 1).
Unfortunately, in the fragment a19-24 there were no
intersections, or they are poorly preserved so that we
do not know for certain whether this fragment of
the line was engraved following the system outlined
earlier. Thus, presumably, a part of the strokes was
executed using the serial method (a23 was probably
engraved after a22 and a24).
Line IIIb presumably took a form west-to-east,
and the use of the serial method prevails here (Figs.
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63, 65, 66). However, the significance of this method
cannot be determined more accurately due to the absence of intersecting strokes or where readable, their
damaged condition. What is known however is that
in the fragment b10-b15 the first to be engraved were
strokes b10, b12, b14, and only after them, strokes b11,
b13 and b15 (Fig. 63).
Line IIIc took form west-to-east with a varying
involvement of the serial method (Fig. 67). In lines
IIId and IIIe, the order was west-to-east as well. The
strokes were engraved one after another, except for
d4-6, where their sequence is d4, d6, d5.
The rhythm of engraving the strokes of the ornament was not always the same. In line BIIIa odd
strokes were engraved NW-to-SE, and even strokes,
NE-to-SW. At the eastern end, the rhythm is disrupted since we observe here fragments engraved
in the reverse direction (SE-NW, SW-NE). In line
IIIb, the strokes were engraved mostly SE-to-NW,
and SW-to-NE, similarly as the modules in line IIId.
Within line IIIc the directions were SE-to-NW and
NE-to-SW, the same in line IIIe – the movement

was NE-to-SW and SE-to-NW. After engraving, the
strokes were touched up, very likely, mostly in the
same direction. Sometimes this touching up lacked
accuracy and did not fully coincide with the originally engraved stroke – in which case there were two
strokes instead of one (eg, a16, c6, c12, c16). Strokes
a20-24, in any case, similarly as b20-24 and c20-24,
and d5-d9 as well, were executed with the same cutting tool, apparently not the same as the tool used in
engraving all the other strokes in all the lines. Furthermore, the fragments named here were executed
with greater skill (expert!) and the strokes display
a regular direction of engraving (Table 11).
The sequence of the engraving of individual lines
is documented by intersections of their constituent
strokes. On the evidence of numerous intersections,
it would appear that the first zigzag lines engraved
were IIIa and IIIb (Fig. 66). The sequence of the engraving of IIIc-d is confirmed by a smaller number
of intersections (eg, stroke c17/ d3, c21/d7, c23 cuts
into d9, and c18 crosses e1). Based on that, it may be
Table 10. Rusinowo, group BIII. Parameters of zigzag
lines IIIa-IIIe
No. of
Number Height of zigzag Length of
line
of strokes line [cm]
strokes [cm]

Fig. 62. Rusinowo, group BIII. General view of the ornament. (Photo T. Gąsior)

IIIa
IIIb
IIIc
IIId
IIIe

24
24
24
9
7

0.3-0.6
0.35-0.55
0.4-0.5
0.35-0.5
0.35-0.55

0.25-0.5
0.3-0.45
0.3-0.55
0.4-0.5
0.25-0.5

Fig. 63. Rusinowo, group BIII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 64. Rusinowo, group BIII. The intersection of strokes
a4 and a3 (a3/a4, arrow) and their cross-sections. Evident
asymmetry of the profile of stroke a3, deeper by W wall

Fig. 66. Rusinowo, group BIII. The intersection of strokes
b21 and b22 – b22/b21 (arrow)

Fig. 65. Rusinowo, group BIII. The intersection of strokes
a2, a3, b2, b3, c2: b2/b3; b2/a3; b3/a2; c2/a3, c2/b3 (arrows)

Fig. 67. Rusinowo, group BIII. The intersection of strokes
c12 and c11 (photo from SW); c12 is composed of two strokes:
upper and lower (arrows); the upper stroke was cut by c11,
the lower one cut into c11 (16×). (Photo M. Diakowski)

Table 11. Rusinowo, group BIII. Direction of engraving
strokes a20-24, b20-24, c20-24, d5-d9

already mentioned by us earlier: the deepest part of
the stroke groove is by its western wall, suggesting
that the hand of the engraver rested on the eastern
side of the engraved strokes (Fig. 64).

Strokes
20 (d5)
Lines
IIIa
IIIb
IIIc
IIId
?

21 (d6)

22 (d7)

23 (d8)

24 (d9)

?
?
?
?

surmised that line IIId was engraved after IIIb but
before zigzag line BIIIc, which was executed at the
very end. The chronological position of IIIe is not
fully clear, it was completed before line IIIc. The final
sections of lines IIIa-IIId were engraved in a similar sequence, ie, IIIa20 to 24, moving downwards,
presumably only when the rest of the ornament had
been executed by a less skilled engraver (c23/d9).
Cross-sections of the strokes of the ornament
revealed, in some lines, a characteristic asymmetry,

Group BIV
Group BIV consists of five zigzag lines running parallel to the east-west axis. It is found 2.1 cm to the
south of group BIII. The lines forming group BIV
consist of a different number of strokes (Figs. 68, 69,
Table 12), with the engraving of line IVd abandoned
at an early phase. Line IVa, consisting of 28 elements,
ends in stroke (a28) after which there are three short
strokes, partly intruding on each another. In zigzag
line IVe on the other hand, stroke e11 was nowhere
to be seen, but it is not fully clear whether deliberately or through oversight. In line IVd there are 11
strokes, with d10 followed by d12, thus, stroke no. 11
is missing here too.
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Table 12. Rusinowo, group BIV. Parameters of zigzag
lines IVa-IVe

Fig. 68. Rusinowo, group BIV. General view of the ornament. (Photo T. Gąsior)

No. of
line
IVa
IVb
IVc
IVd
IVe

Number
of strokes
28
31
31
11
31

Height of zigzag
line [cm]
0.3–0.5
0.3–0.5
0.3–0.45
0.3–0.5
0.3–0.55

Length of
strokes [cm]
0.2–0.45
0.25–0.4
0.2–0.4
0.25–0.4
0.3–0.65

Fig. 69. Rusinowo, group BIV. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

Elements building the zigzag lines in group BIV
were incised with little skill; they are uneven, irregular, intrude on one another. It is possible they were
made with the same tool as the one used in engraving most of the lines in group BIII (strokes incised
by an “amateur”).
On its eastern side, the group extends to the
plane with the exposed spongiosa; on its surface is
visible a deep, 1.0 cm long cut, running obliquely
towards strokes b31 and c31, forming something like
an extension of the two lines named here IVb and
IVc. This extension line was engraved from NE, and
its SW apex evidently removes the apexes in strokes
b31 and c31.
Other zigzag lines in the same group have also
some other, additional strokes around them (Fig. 68),
which have only a partly understood relationship
with the rest of the composition. Most of them are
associated with line IVe. At the extension of stroke
e12 to the south-west, there is a shallow stroke, more
eroded than other elements in this group, possibly
a leftover from a group of zigzag lines predating the
engraving of BIV, or an attempt at engraving such
a group. At e14 and angles e27 and 28, line IVe crosses, at right angles to the group, a number of linear

traces – possibly associated with the working of the
object; on the other hand, they could indicate some
orientation points used while making the ornament.
Finally, stroke e20 is intersected midway by a perpendicular stroke – possibly associated with a failed
attempt at giving the zigzag a slightly different route.
The zigzag lines tend to be engraved west-toeast, with strokes executed one after another, or
using the serial technique (Table 1). The absence of
intersections and the damage to the ornament sometimes prevent identifying the extent to which the latter technique was used, thus, for example, barring
one exception we were unable to sequence the intersections in the long fragment of line IVb (b22-31).
The serial technique was used in engraving strokes
a21-a23, as well as a26-28: first, the even strokes were
engraved, and after them, the odd strokes. The shape
of strokes a24 and a25 shows that they could have
been engraved in such a way that the entire fragment
a21-28 was made in the serial fashion. This too was
the method used in engraving strokes b3-7 (first, b3,
b5, b7, and next, b4 and b6), b15-20 (b15, b17, b19,
followed by b18 and b20), at least c1-6 (c2, c4, c6
followed by c1, c3, c5), d1-5 (d1, d3, d5, followed by
d2, d4), e1-8 (e2, e4, e6, e8, followed by e1, e3, e5,
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Fig. 70. Rusinowo, group BIV. Strokes a and b15, a-c 16
and 17: a16/a15, b16/b17, c17/c16, for more intersections see
Fig. 71 (arrows). Repeated touching up of the strokes, evidently ragged stroke edges

Fig. 71. Rusinowo, group BIV. Schema of strokes b15-b17
and c15-c17. Strokes b15, b16a and b17 were engraved first,
followed by c15, c16a and b and c17a-c (c17c cuts into b16a).
The last to be engraved was b16b

e7). In the case of the closing fragment of line IVc
(c21-31), we may also assume a wider scale use of the
serial technique. Unfortunately, in this part of the
ornament, the strokes often do not intersect at the
angles and their state of preservation is not too good;
however, it is understood that stroke c21 was crossed
by c20, that c24/c25, and c30/31. Thus, presumably,
in this part of line IVc the odd elements were made
first, and only then, the even strokes. The strokes
in the eastern part of line IVe (e20-32) were mostly
engraved using the serial technique (Fig. 69).
Recognizing the direction of engraving the
strokes is hindered by their repeated touching up
and poor preservation. The strokes in the western
fragment of line IVa were incised SE-to-NW (odd
strokes) and SW-to-NE (even strokes); in a later fragment of IVa odd strokes were mostly engraved NWto-SE. Lines IVb and d are definitely dominated by
strokes made in a SE-to-NW rhythm (odd strokes)
and SW-to-NE (even strokes) although there were
some which were made the other way round. In line
BIVe strokes were engraved NW-to-SE and SW-to‑NE. They had been touched up more than once, as
a rule in the same direction, and sometimes in the
to-and-fro technique. The repeated touching up is
confirmed by the profiles of the strokes which do not
exhibit any more obvious asymmetry. On the other
hand, there is ample evidence that while touching up,
the individual who made the engraving missed hitting the original stroke, so that some of the strokes
came out doubled or trebled (Fig. 70). This appears
to be due to the limited experience of the person
who executed this part of the ornament and would
be confirmed by a large percentage of strokes with
ragged edges (Fig. 70). They suggest problems with

sustaining the right angle of attack of the engraving
tool (Fritz 1999). On occasion the process of touching
up is very comprehensive, as with b16, c16 and c17
– ultimately stroke b16 was touched up after the engraving and touching up of c16 and c17 (Figs. 70, 71).
Strokes d1-8 were engraved very tentatively – they
merely outline the arrangement of the ornament.
The sequence of the engraving of individual lines
is documented by intersections between them. On
their evidence it is safe to say that lines IVa-c took
form in succession, moving from the north, ie, first
IVa, next b, and at last, c. After this, the work on line
IVd started but its strokes tend to be very delicately
engraved – and not touched up. Stroke d9 clearly
intruded on c9 and uses its course, d10 has the form
of an overly short stroke. In the closing fragment of
this unfinished line is a solitary stroke – d12 – but
it is unclear whether it is an example of the use of
the serial technique or a deliberate skipping of stroke
d11 (cf. e11). It seems that this unfortunate meeting
point of the two lines may have persuaded the maker
to abandon line IVd and engrave IVe, the last to be
completed within this particular sequence.
Group BV
Group BV consists of four zigzag lines, running SWto-NE (Figs. 72, 73). In the western part, the distance
between groups BIV and BV is 2.1 cm. Each of the
four lines consists of 34 strokes. The height of individual zigzag lines is in the range of 0.3-0.8 cm,
and the length of strokes in lines of this group is
0.25-0.75 cm (Table 13). Line Va is not uniform in
the quality of its execution: next to strokes engraved
ineptly and touched up with little skill, there are
fragments similar to lines Vb-d, showing a superior
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Table 13. Rusinowo, group BV. Parameters of zigzag lines
Va-Vd
No. of line

Fig. 72. Rusinowo, group BV. General view of the ornament. (Photo T. Gąsior)

Va
Vb
Vc
Vd

Number
of strokes
34
34
34
34

Height of zigzag
line [cm]
0.45–0.7
0.4–0.75
0.4–0.8
0.3–0.8

Length of
strokes [cm]
0.25–0.7
0.3–0.7
0.3–0.7
0.3–0.75

Fig. 73. Rusinowo, group BV. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

craftsmanship (Fig. 74). To the north of the eastern
part of the group we observed a single chevron, its
strokes engraved in a direction opposite to other zigzags in the group (Fig. 75). It is hard to say whether
this mark represents a separate “commentary”, or is
associated with an older attempt at making a different ornament. The first interpretation appears to be
the more likely because nowhere else on the artefact
are there similar unfinished elements, therefore we
may suppose that if they existed at all, they had been
rubbed out with care.

Individual zigzag lines were engraved east-towest, the strokes executed in different ways – one
after another, or in the serial technique (Table 1).
For the large fragments of a line, the sequence of engraving the strokes cannot be resolved because they
do not form intersections, or the points at which
they cut into one another are now eroded. Line Va
has a documented stroke by stroke rhythm from
a12 through to a10 (a10 cuts into a11 which cuts into
a12) and from a20 to a17 (a19/20, a18/19 and a17/18).
In the case of strokes a27-34 we may suspect the
use of the serial technique: first, odd strokes were

Fig. 74. Rusinowo, group BV. Differences in the level of
execution of line BVa (arrows), (10×); photo from SW. (Photo M. Diakowski)

Fig. 75. Rusinowo, group BV. A chevron to the north of the
eastern section of the group, (10×). (Photo M. Diakowski)
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Fig. 76. Rusinowo, group BV. Stroke a23 cuts into a24, a24
intersects b24 (arrows)

engraved, and only after them, even strokes; at the
same time, it is hard to resolve whether a21-26 were
engraved one after another, or in the serial technique
(Fig. 76). The latter was used in making strokes a1317. First, a16 and a14 were engraved, and only after
them, the odd strokes. Moreover, there is some serious evidence that the serial technique was also used
in engraving strokes a6-a9. On the other hand, it is
hard to reconstruct more closely the sequence of engraving a1-5, we only know that a1 was crossed by a2.
Other lines, Vb-Vd, were produced in a similar
manner. Within Vb, fragments b22-25 and b14-19
were engraved using the linear (stroke by stroke)
technique whereas in b28-31 and b4-19 the serial
technique was used – first odd strokes, and only
then, even strokes. In line Vc one long fragment
was engraved using the linear technique (c21-30)
and some short fragments engraved in the serial
technique (eg, c31-33). The western fragment of line
Vd (d1-12) was engraved using the serial technique:
at first, even strokes were engraved, and next, the
gaps were filled in with odd elements. The only inconsistency (stroke d4 cuts across d3) is the effect of
touching up the former after engraving d3. Other
than that, there is evidence that in engraving line
BVd the stroke by stroke technique was used as well
(d33-21), (Figs. 77, 78).
Strokes forming lines Va-Vd were engraved in
a number of different rhythms. In line Va they were
executed NW-to-SE (odd strokes) and NE-to-SW
(even strokes) (Fig. 76), except for the western fragment, at least the fragment a3-7, where odd strokes
were engraved SE-to-NW, and stroke a4, SW-to-NE.
Very likely, this change was caused by the difficulty
in engraving the ornament in an area marked by
a more pronounced curvature of the object. These
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Fig. 77. Rusinowo, group BV. Stroke d23 cuts into d24. Evident striations inside stroke d23 and ending point (arrows)
visible at the end of this stroke identify the direction of
engraving was from NW to SE

Fig. 78. Rusinowo, group BV. Stroke d31 cuts into d32. Ending point (arrow) at the end of stroke d31 identifies the direction of engraving was from NW to SE

difficulties could have been aggravated by the lack of
experience of the maker engraving line Va. Within
line Vb the evidently prevailing direction is SE-to
‑NW and SW-to-NE, whereas in its closing fragment (b29-34) odd strokes were executed NW-to-SE.
Within line Vc the western fragment was engraved
for the most part NW-to-SE (odd strokes) and SWto-NE (even strokes), whereas farther on, the prevalent direction was SW-to-NE and SE-to-NW. Within
line Vd the strokes of the opening fragment were
engraved NW-to-SE and NE-to-SW (d1-7), whereas
the later parts of the same zigzag line had a rhythm
of NW-to-SE (odd strokes) and SW-to-NE (even
strokes) (Fig. 78).
Strokes in the ornamentation group BV had been
touched up. In one part of the line BVa this touching
up had a very inept form, so that individual modules
are doubled, and trebled even (Fig. 79). Other parts
of the ornament were touched up with more skill so
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Fig. 79. Rusinowo, group BV. Fragment of the ornament
with inaccurate touching up of line BVa (arr0ws); photo
from SE, (10×). (Photo M. Diakowski)

Fig. 82. Rusinowo, group BV. Cross-section of strokes b11
and b12. Asymmetry of depth is especially pronounced in
stroke b11 (to the left)

Fig. 83. Rusinowo, anthropomorphic representation and
zigzag. General view
Fig. 80. Rusinowo, group BV. The intersection of strokes
c32 and c31 (c32/c31). At the end of stroke c32, starting points
(arrows) and ending point (thick arrow), confirm the touching up of this stroke with a shift technique: the stroke was
engraved from SW to NE and touched up finaly from NE
to SW. Lateral striations (arrows) document at least two
touching up episodes

Fig. 81. Rusinowo, group BV. Strokes b33 and c33 with
characteristic striations and microrelief inside the strokes,
identifying the direction of engraving was from NW to SE

that often this process may only be guessed at, from
the depth and the width of the stroke. The surviving technological traces suggest that the dominant
touching up technique was in the same direction,
although some evidence for the use of the to-andfro movement and with a shift were found as well
(Fig. 80). Some of the more successful strokes within
line Va cut into the modules forming part of lines
Vb and Vc, while elements of Va engraved with little
skill are intersected by the latter. These observations
allow us to suppose that some strokes within Va were
touched up one more time, when the other lines
had been completed by the maker of lines Vb-Vd
(Fig. 76). Generally, the level of execution of lines in
this group is mediocre – the engraver sometimes had
trouble sustaining the right angle of attack, as is evidenced by irregular edges of some strokes, and much
more often, by the characteristic striations (Fig. 81).
The strokes of the ornament exhibit a characteristic asymmetry – the deepest part of a stroke is
either by the western (NW-SE) or by the eastern wall
(NE-SW) (Fig. 82).
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Fig. 84. Rusinowo. Diagram showing the process of engraving the zigzag and the anthropomorphic representation

The sequence of the engraving of individual
lines is hard to establish because except within Va
and Vb the number of intersections of individual
zigzag lines is small. In the light of the data presented above, line Va was given a form at first,
but some of its strokes were touched up later, only
after the other lines had been completed. This is
understandable because the strokes within line Va
in some places were only outlined, the maker must
have thought it necessary to touch up some of them
once all four lines had been engraved (Fig. 76). On
the evidence of the small number of intersections
is may be suggested that Vc was engraved after Vb.
The time of engraving of line Vd is hard to establish, especially given the intersections – c4/d4, and
c10/d9 – which suggest that line BVc was engraved
at the very end. This, however, seems unfeasible to
us because of some major technological difficulties
such a procedure would have posed, and the intersections are, in our view, evidence of touching up
of some strokes within Vc at the time of engraving
Vd or when it was complete. To summarize these
observations it may be assumed as likely that the
lines within this group were engraved north-tosouth, thus in this order: Va-Vd.

The anthropomorphic representation with a zigzag
It is found to the south of group BV and to the
north of the group of zigzag lines BVI. It includes
an engraved human figure and a short, single zigzag
line found to the west of the anthropomorphic image (Figs. 83, 84). The zigzag line consists of eleven
strokes (Z1-11). The anthropomorphic representation has been engraved in a geometric convention:
the torso, limbs and other parts of the body are
depicted using short lines and strokes. The style of
this engraving is such that we cannot state clearly whether this is a man with arms upraised and
a long penis, or an added on tail forming an integral part of the trunk (Fig. 85), or rather, a woman,
in a supine position, legs spread out, arm used for
support (Fig. 86). Assuming that the maker of the
engraving reproduced the basic proportions of the
limbs, the latter interpretation appears the more
likely (Płonka et al. 2011, 726). The proportion reflecting the ratio (S) of the distance between the
ends of arms/legs (a) to the distance between the
elbows/knees (b) is 1.3-1.4, depending on small differences in the measurement points. Measurements
of models showed that for a woman with spread
out legs the ratio was ca. 1.2-1.4 (Fig. 86), while for
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Fig. 85. Rusinowo, anthropomorphic representation.
“Male” interpretation (a, b – sections used in calculating
the S-ratio, see text)

Fig. 87. Rusinowo, the zigzag next to the anthropomorphic
engraving. Intersections: Z3 cuts into Z2 and Z4 (arrows)

Fig. 86. Rusinowo, anthropomorphic representation. “Female” interpretation (a, b – sections used in calculating the
S-ratio, see text)

a man with raised arms, bent at the elbows, it was
more than 1.5-1.6 (Fig. 85). Also, the length of the
strokes representing limbs (0.6 cm) corresponds to
the proportions of the arms on which the woman
supports herself in a half-reclining position, rather
than to the proportions of the legs of a standing
man. The picture was made with a creative perspective, which is characteristic of the Palaeolithic art:
the torso and upper limbs are seen from above, the
spread out legs – in front view. During more indepth technological studies we found additional
supporting evidence for the interpretation of this
engraving proposed here.
The zigzag line consists of strokes with a length
of 0.3-0.5 cm, the height of the zigzag band at 0.5 cm.
Intersections clearly show that the zigzag was engraved west-to-east. The technique used was stroke
by stroke, but for the fragment Z2-5, there is evidence for the serial method – first, Z2 and Z4, and
only later, Z3 and Z5 (Fig. 87). Even strokes were
engraved SE-to-NW, odd strokes – NE-to-SW. All
strokes have traces of touching up, mostly in the
same direction (Fig. 88) but also, using the method

Fig. 88. Rusinowo, the zigzag next to the anthropomorphic
engraving. Traces of touching up stroke Z2 (arrows)

Fig. 89. Rusinowo, anthropomorphic representation. Section CG, southern fragment: evident striations on the bottom of the line (arrows)

with a shift. Some of them, for example Z5, were
engraved more than once.
The human figure was rendered using lines and
strokes were touched up repeatedly (Fig. 83). Strokes
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Fig. 92. Rusinowo, anthropomorphic representation.
Deepened section GJ
Fig. 90. Rusinowo, anthropomorphic representation. View
of point C with fragments of sections AC, BC, CD and CG:
evident traces of repeated touching up

Fig. 93. Rusinowo, anthropomorphic representation. Crosssection of the lower part of the torso with the deepened
section GJ
Fig. 91. Rusinowo, anthropomorphic representation. Multiple starting points at the end of section GJ, which is deeper
than other sections of the engraving (arrows)

and lines building the figure have a width of 0.070.27 cm, not observed in the zigzag lines covering
the artefact. This is evidenced amply also by the large
number of striations inside the strokes (Figs. 89, 90),
leftovers from the passage of engraving points, the
multiple starting and ending points of the engraving tool (Figs. 91, 94), and multiple strokes formed
when the engraver failed to make contact exactly
with the line being touched up (Figs. 90, 92, 94, 95).
Nevertheless, the level of execution of the engraving is superior – the representation comes across as
harmonious, even if the touching up strokes at times
occur ‑next to the touched up ones, and in some
of the lines oblique striations are seen, evidence
of problems in sustaining the appropriate angle of
carving (Figs. 89, 96). Nevertheless, in most cases,
the engraver succeeded in making the touching up
so that they resulted in a relatively uniform stroke
with a flat bottom. This is evidenced by the results

Fig. 94. Rusinowo, anthropomorphic representation. Apex
A of section AC: evident multiple strokes and their ending
points (arrows).

of SEM examination of cross-sections of these lines
which revealed fluctuation in depth (Fig. 97). On side
B there are no engravings to match the skill of execution of the anthropomorphic figure.
Intersections of strokes and lines building the anthropomorphic representation were used to recover
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Fig. 95. Rusinowo, anthropomorphic representation. The
intersection of strokes GH and HI (HI/GH). Stroke HI
touched up repeatedly (arrows)

Fig. 96. Rusinowo, anthropomorphic representation. Section BC, evident striations (arrows)

the sequence of engraving successive elements of
the representation, although it needs recalling that
strokes building the figure were touched up so many
times. The intersections show that the first to be
created was the fragment AJ, forming the torso, it
was engraved S-to-N, as evidenced by many technological traits (Figs. 89, 91, 94). The southern part
of this fragment, in the region of point J, was additionally deepened (Fig. 91-93). In the light of the
interpretation adopted by us here, this depression
would be symbolic of the woman’s vulva. The upper
and lower limbs were engraved after the torso. The
strokes meant to represent the arms (BC, CD) were
engraved from the outside, towards the torso. The
stroke which represents the left arm (CD) evidently
intersects the torso (Fig. 90), whereas the right arm
does not form an apparent intersection – perhaps it
was erased when the torso was being touched up.
The lower limbs were engraved in a reverse direction,
ie, first the thighs, engraved moving outward, followed by calves, engraved from the knee downwards

Fig. 97. Rusinowo, anthropomorphic representation. Crosssection of stroke CG (torso) – several touching up episodes

(Fig. 95). On the evidence from intersections, it is also
clear that within the lines of the torso the stroke of
the left thigh (GH) intersects the stroke of the right
thigh (FG).
Group BVI
Group BVI includes five zigzag lines running NWW
– SEE (Figs. 98, 99, Table 14), consisting of 22 to 29
strokes. Its distance from group BV is not uniform,
about 0.8 cm in the west and 2.9 cm in the east.
Between these two groups is the anthropomorphic
representation with the single zigzag. The surface
of the artefact here is weathered, particularly in the
most convex part, so that in places the strokes of
zigzag lines are barely visible, but the course of the
ornament is still decipherable. Zigzag lines of this
group are rather irregular at both ends, the fragments of the zigzag run in directions different than
in the main arrangement of the lines and consist of
a different number of strokes (Figs. 100, 101); moreover, in the eastern part, beyond c29, is an additional
stroke not attached to the other strokes of this zigzag line (Figs. 101, 102). The point with which all the
lines were executed was broad and uneven and left
a characteristic pattern of striations on the bottom
of the strokes building the zigzag.
Analysis of the sequence of execution of strokes
within individual zigzag lines is hindered by the
damage to the ornament and the method of engraving – many strokes form no intersections with
their neighbours (Table 1). Consequently, there is
only a small number of longer sequences to use in
tracing the stroke order, step by step (Fig. 99). This
situation is illustrated well by line VIa, where intersections were observed in S angles whereas in their
northern counterparts the strokes, as a rule, do not
connect. A sequence at the eastern end of this line
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Table 14. Rusinowo, group BVI. Parameters of zigzag
lines VIa-VIe

Fig. 98. Rusinowo, group BVI. General view of the ornament. (Photo M. Diakowski)

No. of
line
VIa
VIb
VIc
VId
VIe

Number Height of zigzag
of strokes
line [cm]
24
0.5-0.8
26
0.55-0.8
29
0.45-0.8
25
0.5-0.8
22
0.5-0.75

Length of
strokes [cm]
0.35-0.8
0.3-0.7
0.35-0.9
0.35-0.95
0.5-1.15

Fig. 99. Rusinowo, group BVI. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

(a23/a24, a22/a23) suggests that the zigzag was engraved east-to-west. Less easily determined on the
other hand is the role played in its execution by the
serial method. Line VIb was produced in a similar
manner, and here two intersections document the
use of the serial method.

Line VIc was probably engraved east-to-west
(Fig. 102), this is indicated by a similar manner of
execution of the strokes and similar intersections (c1/
c2, c2/c3, c4/c5). The significance of the serial technique is better documented here: in sequence c17-23
odd strokes c17, c19, c21, c23 were engraved first, and
only then, even strokes c18, c20 and c22.

Fig. 100. Rusinowo, group BVI. The western part of the
ornament; photo from SW (8×). (Photo M. Diakowski)

Fig. 101. Rusinowo, group BVI. Eastern part of the ornament; photo from SW (8×). (Photo M. Diakowski)
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Fig. 102. Rusinowo, group BVI. Stroke c28 cuts into c29
(arrow)

Fig. 103. Rusinowo, group BVI. Cross-section of strokes
c27 and c29

The two other lines, BVId and e, are similar
in terms of their execution. Both were engraved
west‑to‑east, using in tandem the stroke by stroke
and the serial techniques, with the latter playing the
leading role. In line BVId one of the sequences identified as produced using the serial technique is the
fragment d13-21. The first to be engraved were the
odd strokes, followed by even elements.
In lines VIa-c and VIe the strokes of the ornament were engraved NE-to-SW and NW-to-SE.
Individual elements retain traces of tool movement
made in the opposite direction (SW-NE and SENW). Within line VIc this was observed eg, for a sequence of four strokes (c22-25), within line BVIe, for
three consecutive odd strokes – e11, e13 and e15. Line
VId is more complicated in this regard. Here, even
strokes were engraved SE-to-NW, and odd strokes
NE-to-SW and SW-to-NE. At the same time, on the
evidence of stroke width and characteristic traces
it is clear that the strokes were touched up – some
of them many times, although not on every occasion the technological traits characteristic of this

Fig. 104. Rusinowo, group BVI. Stroke d18 cuts into d17
and c17 (arrows)

procedure were identified. Therefore it would seem
that different directions of touching up the strokes
have resulted in a rather mixed picture.
Cross-sections made through the strokes reveal
their asymmetry – in almost all of the zigzag lines
(VIa-e) their deepest part is by the western wall, or
there are two troughs, one by each wall (Fig. 103).
Thus, presumably, in the first case, the hand of the
engraver had rested to the east of the strokes being
engraved. The other profile would be the effect of
a repeated touching up of the strokes.
A large number of intersections (Fig. 104) proves
that within group BVI the lines were engraved starting from VIa and ending in VIe. In the case of eastern fragments of lines VIb and VIc we may surmise
that they were engraved and/or touched up alternately, given that stroke b25 cuts across c26, and b26
intersects c27.
Group BVII
Group BVII consists of seven zigzag lines (Figs. 105,
106, Table 15) which run roughly parallel to group
BVI, about 0.9 cm to the south of it. Each line is built
by 28 strokes, except for the zigzag VIIf, which is
built by 26 elements. Everywhere in group BVII the
surface of the artefact is weathered in places, especially in the central and western part (Fig. 107), hindering the analysis of the ornament. Dark traces on
a part of the surface covered by the ornament could
have developed within the deposition context. These
dark traces are not present inside the strokes of the
ornament where then are deep, but in the shallow
ones they cover the walls and the bottom of the engraved marks (cf. sub-chapter 3.1.).
The execution of the lines belonging to this
group is far from uniform (Table 1). In engraving the
zigzag lines VIIa and VIIb the work proceeded from
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Table 15. Rusinowo, group BVII. Parameters of zigzag
lines VIIa-VIIg

Fig. 105. Rusinowo, group BVII. General view of the ornament . (Photo M. Diakowski)

No. of
line
VIIa
VIIb
VIIc
VIId
VIIe
VIIf
VIIg

Number
of strokes
28
28
28
28
28
26
28

Height of zigzag
line [cm]
0.4–0.9
0.5–0.8
0.4–0.65
0.4–0.7
0.4–0.7
0.45–0.65
0.45–0.7

Length of
strokes [cm]
0.3–1.0
0.35–0.85
0.5–0.7
0.4–0.7
0.6–0.95
0.4–0.75
0.4–0.65

Fig. 106. Rusinowo, group BVII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)

the centre of the surface being ornamented. Within
line VIIa the first stroke to be engraved was a16. Afterwards the direction of the work progressed eastward (strokes a17-18) and westward (strokes a15-a1),
however, it is unclear which fragment of the line was
the first to be engraved once stroke 16 had been accomplished – the eastern or the western. The main
technique used in this work was the stroke by stroke
technique, and only in short fragments, to the west,
we find evidence for the use of the serial technique
(a9-11, a5-7). In the case of line VIIb, the first to be
made were, presumably, strokes b15 and b17, given
that they are intersected by stroke b16. As work

proceeded, the western and the eastern fragment of
the ornament was engraved, using mostly the stroke
by stroke technique, and only exceptionally, the serial technique.
Directions of the execution of the other lines in
this group can be identified only to a limited extent
(Figs. 108; 109): using the data obtained it may be
concluded that the eastern fragment of line VIIc was
made west-to-east, but the direction of the engraving of strokes c1-14 is much less certain. Within VIId,
the direction for the fragment d1-8 was presumably
east-to‑west. Here, the most affected by the damage
to the ornament is line VIIe, so affected that details of
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Fig. 107. Rusinowo, group BVII. Eroded surface of the object and the ornament in the central and western part of
the group; photo from SW (6.3×). (Photo M. Diakowski)

Fig. 109. Rusinowo, group BVII. Intersections of lines
VIId-f: e25/e26, f25/f26, f26/e25 and d25. The evident ending point of stroke f 26 (in the centre) and damage caused
by the intrusion of stroke f25 on f26

Fig. 108. Rusinowo, group BVII. Stroke g26 cuts into g25
(arrow). Evident ending point and traces of touching up
stroke g26, engraved from SE to NW (arrows)

Fig. 110. Rusinowo, group BVII. Eastern part of the group
with different processs of touching up the strokes; photo
from SE (8×). (Photo M. Diakowski)

execution of this zigzag are hard to recover, although
we may assume that fragment e1-7 was engraved
west-to-east. In the case of lines VIIf and g, there is
evidence for an extensive use of the serial method.
Some fragments of these two lines, retaining a series
of intersections suggest that zigzag line VIIf was engraved east-to-west, and VIIg in the reverse direction
(Fig. 109).
The rhythm of stroke execution within individual lines differed. In lines VIIa and b strokes were
engraved mostly NE-to-SW (odd strokes) and NWto-SE (even strokes). Only in a limited number of
cases reverse orientation (SW-NE and SE-NW) is
encountered – perhaps the effect of the touching up
of strokes of the ornament in a different direction.
Strokes within lines VIIe, f and g, were incised in
a rhythm opposite to the rhythm used in VIIa and
b. The strokes were engraved here SE-to-NW and
SW-to-NE (Figs. 108; 109), with some rare departures

from this rule. Within lines VIIc and d, odd strokes
were engraved also SW-to-NE, and even NW-SE,
nevertheless, with some strokes engraved in the opposite direction: NE-to-SW (eg, c21, c23, c25 and c27)
and SE-to-NW (c18, c22).
The width of some strokes of the ornament,
their overlapping and the doubling and trebling of
the same stroke, prove that the rule was to touch up
individual fragments (Figs. 108; 110). Where touching up was confirmed, it was mostly in the same
direction, with some solitary instances of the two
other techniques namely, to-and-fro and with a shift.
However, it would appear that the two latter actually
played a greater role since the direction of engraving
the strokes within lines VIIc-e is quite varied. The
shape of the strokes indicates that groups BVI and
BVII were engraved with the same tool. The level
of execution of these two groups is similar – their
maker/makers had only mediocre skills.
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A large number of intersections of strokes forming part of different lines do not provide an explicit
answer as to their sequence. Strokes belonging to
line VIIb cut into strokes of VIIa and VIIc, hence
the conclusion that VIIb postdates line VIIc and was
the last to be touched up in its final form. Since lines
VIIc and d do not form any intersections the order
of their execution is unknown. On the other hand,
it was found that VIId cut into VIIe more often than
the other way round therefore, VIId assumed its final form after line VIIe. Finally, the large number
of intersections demonstrates that the southern zigzag lines took form in the order: VIIe, f and g. To

Fig. 111. Rusinowo, group BVIII. General view of the ornament. (Photo M. Diakowski)
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summarize the above observations it needs noting
that it is unlikely that line VIIb was engraved after
line VIIa and before line VIIc. It is more likely that
VIIb was touched up after VIIa was completed. The
same may be true of lines VIId and e.
Group BVIII
Group BVIII consists of seven zigzag lines (Figs. 111,
112, Table 16). Each of the lines VIIIb-d, and VIIIf-h
is built by 22 strokes, while VIIIa has only 20. The

Table 16. Rusinowo, group BVIII. Parameters of zigzag
lines VIIIa-VIIIh
No. of
line
VIIIa
VIIIb
VIIIc
VIIId
VIIIe
VIIIf
VIIIg
VIIIh

Number
of strokes
20
22
22
22
11
22
22
22

Height of zigzag
line [cm]
0.45–1.05
0.4–0.85
0.5–1.0
0.6–0.75
0.55–0.8
0.55–0.85
0.55–0.75
0.6–0.9

Length of
strokes [cm]
0.3–1.05
0.3–0.7
0.3–0.8
0.35–0.8
0.35–0.7
0.45–0.75
0.3–0.7
0.35–0.75

Fig. 112. Rusinowo, group BVIII. Diagram showing the process of engraving the ornament. (symbols – see Fig. 3)
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Fig. 113. Rusinowo, group BVIII. The western section of the
group (8×). (Photo M. Diakowski)

Fig. 114. Rusinowo, group BVIII. Intersections of strokes
a11 and 12, b11 and 12: a12/a11, b12/b11 – arrows (16×). (Photo
M. Diakowski)

most original of them all, line VIIIe consists of only
11 strokes and lacks a stroke we could describe as
e1. Group BVIII runs lightly diagonally in relation
to BVII at a distance of about 1.8 away. Individual
zigzag lines increase in width towards the north,
this is the most apparent in the case of VIIIc-VIIIa
(Fig. 113). The distance between BVIII and the blade
of the artefact is 8.1 cm.
Lines BVIIIa-d show a marked similarity in the
rhythm of execution of the ornament (Table 1). In all
four of them strokes nos. 1-12 were engraved using
the serial method: at first the odd elements, and next
the even ones (Fig. 114). Successive strokes in individual lines were engraved west-to-east, definitely using the stroke by stroke technique, while the extent
of the use of the serial method is not fully known.
Zigzag line VIIIe was engraved west-to-east using the stroke by stroke and the serial techniques.
Line VIIIf has well-documented intersections
(Fig. 112). They confirm that the ornament took form
west-to-east, and that the strokes of the zigzag were
engraved in linear technique. Most likely, lines VIIIg
and VIIIh were engraved west-to-east. Within fragments where the intersections could be deciphered
we found some limited evidence for the use of the
serial method.
All the zigzag lines were engraved in a similar
rhythm, ie, odd strokes were engraved NE-to-SW,
even strokes – NW-to-SE (in line VIIIe, even strokes
– NE-to-SW, odd strokes – NW-to-SE). Strokes incised from the southern direction occur singly, most
often at the western and the eastern end, owing to the
need for a better control over the tool in places with

a more prominent curvature. Many strokes within
group BVIII have traces of touching up, mostly in
the same direction, although quite a few were reengraved in the with a shift technique.
The few dozen intersections of individual lines
within group BVIII were mostly identified within
lines VIIIa-f. On the other hand, there are few intersections within lines VIIIf-h. Based on that, it may be
argued with some confidence that lines VIIIa-f were
engraved starting with VIIIf an ending in VIIIa.
The few intersections which are not consistent with
this reconstruction (b21, b22/a20; e3/d3) show that at
the time when new lines were being engraved, some
strokes belonging to earlier made lines were touched
up. As the ornament was being engraved, the strokes
within the line steadily grew wider northwards. This
was the result of the gradual exhaustion of the engraving point which steadily grew thicker as the
work on the ornament progressed.
A small number of intersections suggests that
lines VIIIg and h took form in succession after the
completion of line VIIIf. However, we have only
a small number of observations to confirm this fact.
Nevertheless, we may conclude that they are likely to
have been engraved prior to the execution of VIIIa-e,
given that VIIIg and h were engraved with a less exhausted cutting tool, and moreover, are intersected
by some of the strokes forming part of lines found
higher up (d13/g12).
A large number of intersections and the rather
irregular arrangement of strokes testify to the lack
of proficiency of the individual who engraved this
fragment of the ornament.
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Ornament execution phases and dynamics
The detailed analysis of the rich ornament on the
object of elk antler brought in sufficient evidence to
justify a tentative reconstruction of the technological and social realities of the manufacture and use
of this unique artefact. The identified traces permit
resolution of at least some issues related to the execution of this object and its use. To organise our
discourse we expressed the problems in need of resolution in the form of questions:
i./ was the ornament executed by one, or more
than one individual?
ii./ did the ornament take form at a single sitting, or did it build up in stages over several ornamentation episodes?
iii./ can we claim that the execution of the ornament was an element of some ritual?
iv./ was the object used over a longer period?
v./ why was the object discarded?
In solving the first of the presented problems
we may turn for assistance to the formal analysis of
individual elements of the ornament. However, already at the outset we have the make the reservation
that the question of the number of ornament makers
involved does not fully coincide with the use of more
than one engraving tool – the same individual could
have used one or more of such tools, or a single tool
could have been used by many people. Therefore,
meaning to resolve this problem we need to examine
all the elements of a personal style, dependent on
technological and artistic proficiency and the pressure with which the designs were engraved. More
over, not without impact on the style was the quality
of the engraving tool, the method used in preparing
the surface (softened or not) and other local conditions at the time of the execution of the engraving.
Examination of the two decorated sides of the object
showed clearly that side A as a whole was made by
a person/persons high in technological and artistic
ability. The technological attributes of the engravings on side A suggest that they were made with two
different cutting tools. It is not clear from the style
of the execution of the strokes whether they were
made by one or two engravers; if the latter is true,
then one of them engraved groups AI-AIIIa-c, the
other – groups AIIId, AIV-AVII. The only hesitation
is caused by line VIIa the execution of which could
have involved a third person. On the other hand, it
is possible that the inept execution of some of the
strokes may have been caused by the unsoftened surface, or other reasons. Two facts convince us that on
side A, line AI and groups AII-AVII, were engraved

north-to-south: i./ traces, moving southward, of an
evident progressing deterioration of the cutting tool
during the execution of AI-AIII, brought to a head
when it broke at the eastern end of line AIIIc; ii./ the
use, in engraving AIV, of a cutting tool used in making AIIId. These findings convince us that the ornamentation of side A was completed over a fairly brief
period. It gives the impression of a planned whole so
that its maker/makers had an awareness of the plan
of the composition or followed guidelines of someone who controlled the process of ornamentation.
Within the groups, the lines were created in succession, north-to-south. The use of the simultaneous
method is unlikely, only the use of the linear and the
serial techniques, and consecutive elements of the
zigzag lines took form mostly west-to-east. A definite exception from this rule was within group AIV.
Here, the first to be engraved was IVc, and zigzag
lines IVa-IVc were executed east-to-west (Table 1). In
other groups, this direction (east-to-west) was confirmed only in lines AIIa an AIIIa – and only within
a short fragment of these zigzag lines.
The direction of engraving individual strokes
within the zigzag lines is far from uniform, but here
also it is possible to formulate some rules of execution. The most frequent variant is the alternating
one, NE-to-SW and SE-to-NW is the most prevalent pattern. What this means is that if one stroke
was engraved NE-to-SW, its neighbours were executed SE-to-NW. Among the unidirectional patterns
within groups AI-AIII the more frequent variant is
SE-NW and SW-NE, whereas within AIV‑AVII – it
is NW-SE and NE-SW. It is worth noting also that
within AIV-AV II, the line the first to be engraved
within the group had a unidirectional pattern (Table
1), (IVc, Va, VIa and VIIa).
The ornamentation of side B departs from the
fairly regular pattern presented above. Here, the
highest technological and manual competence were
those of the maker of the human figure and the accompanying zigzag. A special skill is exhibited by
lines and strokes forming the anthropomorphic representation: the lines, repeatedly touched up, have
been engraved with confidence and ease, the drawing has the marks of excellence within the adopted
representational convention.
Groups of zigzag lines display a variety of stylistic traits, and evidence for the use of at least five cutting tools: i./ BI; ii./ BII; iii./BIII-BV; iv./ BVI, BVII;
v./ BVIII. The process of engraving the groups of
lines and individual zigzag lines appears as much
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more complex than is the case of side A. The reason
for this would be the larger number of individuals
involved in this work (although, as noted earlier, not
all the tool changes have to be associated with a new
engraver) and possibly, questions associated with
ritual, addressed at more length below. Within four
groups (BII, BIV-BVI) the lines, starting with the
northern, were evidently executed in a regular manner. On side B many more lines were engraved moving from the east-to-west (Table 1) – this is how the
entire group BV was executed. Also noted on side B
is a specific engraving method in which a fragment
of a line is executed west-to-east, but its other fragment is engraved in the reverse direction. Within
lines BIa and BIb fragments of zigzag engraved in
this manner were separated by the vascular groove.
Lines VIIa and VIIb also started at the centre and
carried on to the west and east.
The direction of engraving the strokes within
individual lines is much less uniform than on side
A. What is striking at the same time is the high
proportion of unidirectional variants, with an evident domination to the north of the anthropomorphic representation of directions SE-to-NW and
SW-to‑NE, and to the south of the human figure,
of directions NW-SE and NE-SW. It is also worth
noting that changes in the direction of engraving the
strokes are observed more often on this side than on
side A (Table 1).
It is hard to decide, based on an analysis of the
available evidence, whether the engravings on side B
were completed over a short period, or in the course
of several ornamentation episodes. On the one hand,
a larger number of cutting tools was used here, on
the other hand, with a larger number of individuals
involved in making the ornament there must have
been someone who coordinated these activities because the complete ornament on this side is an orderly whole. This is evidenced by: i./ the ordering of
the zigzag lines into groups; ii./ careful positioning
of the human figure roughly at the centre of the ornamented field; iii./ sealing the decorated zone with
an oblique stroke, which is found within the vascular
groove, above group BI. On the other hand, there is
no denying that zigzag lines on this side have been
executed by persons less skilled in the art of engraving. At the same time, the whole process was overseen by someone well versed in symbolic principles
of composition of the representation. In our opinion,
all ornaments on side B were incised by 6-8 persons.
Can we say that the act of engraving the ornament was an element of a ritual? There is a number
of reasons to answer this question in the affirmative,

other than the fact known from ethnological sources
that this form of behaviour, ie, the making of a complicated decoration, tends to have at its source rich
symbolic motivation inherent in religious and cosmological beliefs (Reinach 1903; Breuil 1952; LeroiGourhan 1965; 1982; Richard 1993; Lewis-Williams
2002; Palacio-Pérez 2013). First, the ornamentation
of the object was an effect of the labour of many
individuals, even if there was someone to oversee
the overall composition of the whole. Individual
groups of zigzag lines have been engraved differently, using slightly different techniques, rhythms
and sequence of the lines, moreover, zigzag lines
within a group are often built by a different number of strokes. These questions have been discussed
above at some length, here we will address some of
the changes in the rhythm. Within group AV, after
the main ornament was completed, it was extended
at its eastern end with a few more strokes (c33, 34;
d33, 34; g30-32; h-k30), so as to “properly” close the
surface covered by the ornament. Within group BIII
we observe a similar treatment applied at the end
of lines IIIa-d. Furthermore, in different groups on
side B we observe the occurrence of extremely short
zigzag lines. These practices have no technological
justification, rather they seem to express an order of
a different sort – a symbolic one, companion to every
ritual. It seems that the number of strokes within
a line was not significant – it is variable (Table 1). In
our view, from the perspective of the object’s m
 akers
it was more important to properly arrange the zigzag
lines : i./ their groups or an individual zigzag line
(AI) had to fill the entire width of plane A and B;
ii./ within the groups the zigzag lines had to be approximately parallel.
The symbolic meaning of the groups is confirmed by different types of engraved marks and
actions observed within the groups of zigzag lines
and next to them. Below is a list of their traces: i./
group AIV: additional strokes next to lines IVc-IVf;
ii./ the vigorous touching up of the strokes within
the fragments of the closing zigzag lines in groups
AV and AVI (Vk23-28, VIj17-20); iii./ group AVI: diagonal stroke above a5 and a6; iv./ group AVII: traces
of pecking on strokes c23, 24; d23 and d24; v./ group
BI: a break in lines I and II, a diagonal stroke above
the break; vi./ group BIII: an engraving resembling
half of an arrow underneath SE angle of this group;
vii./ group BIV: three short strokes at the extension
of a28, unengraved strokes d11 and e11, the diagonal
cut to the east of strokes IVb31 and c31, already in
the spongiosa, a shallow stroke to SW of e12; viii./
group BV: a chevron engraved to the north of the
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eastern fragment of this group; ix./ group BVI: an
additional stroke to the east of c29. These engravings
and actions do not appear to be random, neither do
they represent the remnants of earlier decoration;
rather, they are a form of a “commentary” to the
main ornament and/or they are meant to emphasise
the meaning of some of its part. What is striking is
their large number on side B. Obviously, the literal
meaning of these practices is unclear to us. Nevertheless, the composition on side B evidently refers
to the multilevel structure of the world, such as is
known in many traditional cosmologies inspired eg,
by shamanism (Eliade 1951 [1994]; Winkelman 1990;
Vitebsky 1995 [1996]; Price 2001): we have here a zone
of zigzag lines at bottom, a figural representation,
and upper zigzag lines, their last group interrupted,
and the break covered by the diagonal stroke, representing a sort of a symbolic seal of a passageway
to another world.
Even earlier, we drew attention to several pieces
of evidence confirming long-term use of the object
– the worn condition of the lines of the ornament,
visible especially at the E and W boundary of individual decorated zones. This apparently extended
use of the decorated antler is an indirect evidence
moreover for its ritual and religious significance,
given the absence on this object of traces of its use
as a tool.
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All things considered, we think that the ornaments on the object are the effect of the work of
more than one individual. The engravings on side
A were made by between one and three individuals,
who (barring minor exceptions) were masters of the
art of engraving. On side B, a similarly high level of
craftsmanship is demonstrated by the anthropomorphic representation. All the other zigzag lines are the
effect of the work of at least five people – and the
level of execution is mediocre or quite poor. This is
demonstrated by the measurements of the width of
the zigzag lines and of the length of strokes building them, listed in tables 2-10 and 12-16. The data
obtained for zigzag lines on side A is much more
uniform, attesting the high technical skill of their
maker. The order of engraving the designs on side A
has been described earlier, only their time relationship to ornaments on side B is unknown. The regular appearance of the decoration on side A and the
engraving of the zigzag lines decorating with a rapid
episode suggest their canonical character – they and
the anthropomorphic representation represent a narrative of a myth or doctrine explaining the world, its
structure and operation. This narrative was created
by a master engraver. The other engravings which set
the female figure within a structure of space are the
work of amateurs, the uninitiated – engraved within
a cycle of recurring rituals.

On the meaning of the ornamentation motifs
The complex ornamentation of the Rusinowo object
consists of two elementary motifs: a zigzag line and
an anthropomorphic representation. In the light of
observations presented so far the latter is an image of
a woman, with her legs spread out, her vulva emphasized. Woman representations with spread legs are
known not only in Palaeolithic art but also in many
traditional cultures across the world (Guthrie 2005,
353, 360). Some of them, for example an engraving
on one of the pillars from Göbekli Tepe (Pre-Pottery Neolithic B) (Schmidt 2006 [2010, Fig. 30]), are
thought to represent a scene of childbirth.
Deciphering the literal meaning of the zigzag
patterns was a more complicated matter. Worth invoking at this point is the observation in Barton et
al. (1994, 186) that we would have to have recourse to
H.G. Wells’ time machine to grasp the true content
of a representation from such a distant age. We are
not as sceptical, however, and propose to delineate
the context of these patterns in order to decipher
their possible significance. In our studies, we drew
on resources available in the Human Relations Area
Files (eHRAF) published online. Obviously, it does

happen that simple geometric patterns are used as if
automatically, without any special meaning. A good
example is how calabashes are ornamented by the
indigenous Miskito and Sumu in present day Nicaragua and Honduras (Conzemius 1932, 53), with
geometric patterns, zigzag lines included. These are
impromptu inventions, lacking in a deeper meaning,
meant only to assist identification of one’s own calabash. On the other hand, in the case of the Rusinowo
object, this type of a relationship is improbable since
it has no utilitarian significance.
Additionally, it should also be taken into account that the zigzag patterns on the object are not
uniform. There is the solitary, short zigzag line, apparently companion to the anthropomorphic representation. The patterns on sides A and B are arranged in groups of 2-11 zigzag lines – except for the
idiosyncratic, solitary line AI. Furthermore, group
BI differs from the rest because the lines forming it
have a break midway. Over this break is a diagonal
stroke, a form of a symbolic seal. A review of the
abundant literature concerned with the symbolism of zigzag lines among forager peoples brings
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in a rich and complicated meaning of this motif.
In many societies, a single zigzag is a symbol of
the thunderbolt or lightning. This meaning of the
motif is encountered eg, among the Assiniboine,
Black Feet, Comanche, Crow, Gros Ventre, Omaha,
Apache and many other peoples. In the iconography of the Semang of Malaysia, a stick figure of
a human being with a vertical zigzag is Kiei, the
god of thunder with his attribute (Schebesta 2000,
157, Fig. 1). In some societies, the zigzag mark has
a wider use. Among the Western Apache, a zigzag
line symbolises lightning, but may also have a different meaning within different groups, and even
within the same group (Roberts 1929, 200). Among
the Black Feet a zigzag may also denote a snake,
animal tracks, a power-giving symbol; on the shields
of the Crow, a zigzag above the head of a bison represents its breath (Lowie 1922, 404). Among the
Omaha, this symbol was used as a mark of tears.
In some situations, the meaning of zigzags could
be more complex. Among the Aranda of central
Australia, zigzags on ceremonial shields associated
with the witchetty grub totem represented trails left
by this insect (Spencer, Gillen 1927, 566); among the
Maori, a zigzag on a fighting staff representing the
god Tangaroa signifies sea waves (Buck 1952, 467).
In the context of the solitary zigzag represented
next to the human figure on the antler find from
Rusinowo of most interest are the meanings we
found among the Yokuts of central California and
the Northern Paiute. Among the former, the zigzag
pattern on a cradle is a mark of a baby’s gender,
with some difference of opinion as to whether it was
used for girls (Kroeber 1953, 536), or of boys (Gayton
1948, 188). Among the Northern Paiute, the shade
of a cradle was given a pattern of zigzags or diamonds – to mark cradles for girls (Kelly 1934, 133;
Fowler, Liljeblad 1986, 449, Fig. 14). Themes related
to fertility and birthing have been recorded in the

culture of the Western Apache. Painted zigzag lines,
symbols of lightning, were used by them to decorate
the poles of tepees where the initiation ceremony for
girls was held (Goodwin 1939, 17, note no. 1). On the
other hand, among the Cuna, horticulturalists living
on the border of Panama and Columbia, a zigzag
signifying the umbilical cord appears in songs telling about the creation by God of the first woman,
Olotililisop (Nordenskiöld, Kantule 1938, 374).
The above list illustrates the rich symbolic meaning of the zigzag ornament. In reference to the representation of a woman on the object from Rusinowo,
possibly in a birthing scene, the most likely meanings would be those associated with that event, and
with fertility. At the same time it must remain unclear whether the zigzag is a symbol of the umbilical
cord, or perhaps, it marks the child’s gender, not to
mention that other interpretations of this motif are
also admissible. The other zigzag lines, arranged in
groups – except for line AI, most likely have a different significance – if we accept the argument that the
ornamentation of the Rusinowo object is a reference
to the concept of a zonal structure of the world, popular among the forager peoples. It is conceivable that
the zigzags separate different levels of this world. We
may assume that these boundaries have an “aquatic”
character. This could correspond to the dramatic
landscape changes at the end of the glacial period
in Northern Europe, the time of the emergence of
a dense network of water bodies formed as a result
of melting blocks of ice. We return to this issue in
the next chapter.
Studies on the psychological significance of zigzag patterns show that the zigzag is often seen in
conjunction with the eye ornament, it has accompanied a range of sexual representations and was used
to ward off danger (Uher 1991). All of which suggests
that the significance of this motif on the Rusinowo
object is complex and multilayer.
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3.3.1. The surface of the artefact
Abstract: Samples extracted from the surface of the Late Palaeolithic object made of elk
antler with a surface featuring dark grey and black streaks and stains were submitted
for SEM/EDS analysis. The non-invasive method of Raman spectroscopy was used to
preserve the integrity of the artefact. The aim of the studies was identifying the substance
responsible for the stains and elucidating their origin. Substances and processes taken
into account included surface treatment of the object’s surface with organic acids and
tannins, staining by organic pigments, an organic material holder (sheath), decomposing
organic remains, or ashes from fires. The dark grey and black stains were identified by
analysis as concentrations of framboidal pyrite. No evidence was found that the origin
of these concentrations is other than natural.
Keywords: SEM/EDS, Raman micro-spectroscopy, framboidal pyrite, Late Palaeolithic,
elk antler, archaeology

Introduction
The Late Palaeolithic object from Rusinowo decor
ated with zigzag designs and a schematic human figure was manufactured from the elk antler (Płonka
et al. 2011). During our study we looked for answers
to the following questions: are the modifications
to the surface of the object the effect of diagenetic
processes? Was it exposed to deliberate action other
than those involved in making and ornamenting
the object? What are the possible effects of either of
these two factors? Of particular interest to us was

the origin of the dark grey stains and their nature.
Was the antler subjected to a thermal treatment, or
exposed to higher temperatures for other reasons?
Was it worked in some other way, eg, by being immersed in organic substances? Was its surface coated
with some substance for protective and/or aesthetic
reasons? Had the object been kept safe in a sheath of
some sort, made from a material of animal (skin) or
plant origin? Do the diagenetic changes mask some
significant information?

Methods of research
In the present study we applied the following methods of research:
• Raman micro-spectroscopy. This method is virtually non-destructive: selected fragments of the
object were placed under the lens of a microscope
and irradiated with an argon laser beam, using
a wavelength of 514.5 nm (Spectra-Physics Ar+
laser). The laser beam had a diameter of 1‒2 micrometres (1 micrometre = 1·10‒6 m). The obtained
results were documented in the form of spectra.

The studies were made with Renishaw InVia Raman micro-spectrometer coupled with a Leica
microscope. Raman spectroscopy has been used
both in studies of bone and antler (to identify
their mineral composition, the crystallinity of
bioapatite, the presence of the carbonate component, collagen characteristics) and of archaeological objects made of various raw materials, and
the products of their transformation induced by
various factors;
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• scanning electron microscopy with an X-ray microanalyser (SEM/EDS), enabling chemical point
analysis of relevant microstructure areas. These
studies were made using a FEI Nano Nova scanning electron microscope coupled with an EDAX
microanalyser. Not coated with graphite the samples were examined under low vacuum conditions.
Samples were in the form of a small number of
grains, extracted from the surface of the object
with a needle, using binocular magnifying glasses.
The sampling areas were documented (Tables 1, 2).
This method enabled the assessment of the degree
of diagenetic changes of antler apatite by analysing
its micromorphology;

• X-ray diffraction (XRD) as a method supplementary to the Raman spectroscopy. Analyses were
made with a Philips X’Pert PW 3020 diffractometer, using CuKα radiation. To eliminate interference from the apparatus on the intensity of
analytical lines, prior to examining every sample
we regulated the intensity using quartz standard
reference material. Samples were in the form of
several grains, extracted from the surface of the
object with a scalpel, using binocular magnifying
glasses. Sampling areas were documented (Tables
1, 2). The assessed stage of transformation of the
bone apatite is expressed as the measured full
width at half maximum (FWHM).

Table 1. Rusinowo. Samples investigated with SEM/EDS and XRD. Raman measurement codes
are in bold and marked in italics. Areas from which samples were obtained are marked using
the terminology given in sub-chapters 3.1. and 3.2.
Area number

Raman spectroscopy

SEM/EDS

XRD

PP1

PP1

–

PP2

–

–

PP3

–

–

PP4

PP4

–

PP5

PP5

PP5

PP6

–

PP6

PP7

PP7

PP7

PP8

–

PP8

PP9

–

–

PP10

–

–

–

–

–

–

CZ1

–

–

CZ2

–

–

CZ3

–

–

6a – S of BVId4, 50×

CZ4

CZ4

–

6b – N of BVb30, 50×

CZ5

CZ5

–

CZ6

CZ6

–

CZ7

–

8 – white, between BVI and BVII, near BVII, 50×

–

–

9 – white, between BIV and BV, 50×

–

–

10 – black, on side A, SE of AVII, 50×

–

–

12 – black, SW of AIII, on the rim, 50×

(+)

(+)

PP11

CZ7

1 – white, smooth, side A, above AII, 20×
1a – q.v.
50×
2 – dark, below BVIII, 50×
3 – white, above BIV, 50×
4 – black, next to the anthropomorphic image, 50×
5 – grey, side B, near the apex, NE of cavity, 50×
6 – grey, side B, N of cavity, 50×

7 – black, between BVII and BVIII, 50×

Outer face, 50×
Outer face, 20×

Antler of modern elk

Outer face, 20×
Outer face, 50×

Silicone

–

–

Silicone

The surface of the artefact
Table 2. Rusinowo. Areas analysed with XRD and SEM/EDS. Approximate areas from which samples were
obtained are marked with arrows. (Photo M. Diakowski)
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The material
The analysed samples were extracted from the whitish-grey, dark grey and black areas on the artefact’s
surface. Samples for XRD and SEM/EDS analysis
– a minute quantity of the material – were removed
by scratching with a sterile needle. The Raman analyses were non-invasive.
A fragment of a section of a raw elk antler (sample provided by T. Płonka) was examined. The surface of the antler was analysed using the method of
Raman spectroscopy. A sample of some bulk volume
(thus, representing both the surface and the interior)
was extracted for XRD analysis. Additionally, studies
were made of silicone used previously (prior to the
making of analyses made within the present study)
in making a cast of the artefact, to eliminate possible
signals deriving from contamination with resin.
Information about the type of the tested samples
is given in Table 1. The spots studied via spectroscopy analyses and via SEM/EDS are not the same
due to the restricted possibility of placing and immobilizing the object under the laser beam. Information about microscope magnifications (× 20 and

× 50) used when scanning with the laser beam is
included in the table.

Fig. 1. Rusinowo. Diffractogram obtained for modern elk
antler sample

Fig. 3. Rusinowo. Diffractogram obtained for sample PP8
from area BIV of the object, white fragment

Fig. 2. Rusinowo. Diffractogram obtained for sample PP4
from side A of the artefact, white fragment

Fig. 4. Rusinowo. Diffractogram obtained for sample PP5
from area BVIII of the object, dark fragment

XRD study results
The results of the study of the phase composition
and crystallite size of apatite in the modern antler
and in the artefact are given in Table 3. The FWHM
measurement of the reflex of 2.8 Å of apatite for samples PP4-PP8 extracted from the ancient object may
be weighed with error due to the extremely small
sample size.
The sample analysed via XRD was very small,
making interpretation difficult. Nevertheless, the
results obtained were satisfactory. The samples are
composed chiefly of apatite (hydroxyapatite and
fluoroapatite), except for the modern antler which
contained a small amount of quartz, and sample PP4,
which contained calcite. The FWHM measurement
of the reflex of apatite suggests a very low crystallinity, but still a little higher than the crystallinity
in the modern antler.

The surface of the artefact

Fig. 5. Rusinowo. Diffractogram obtained for sample PP6
from area BVIII of the object, dark fragment
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Fig. 6. Rusinowo. Diffractogram obtained for sample PP8
from area BIV of the object, dark fragment

Table 3. Rusinowo. Results of phase studies and apatite crystallite size measurement. Numbers in
brackets correspond to data from ICDD database (International Centre for Diffraction Data, 2005)
Sample
Elk antler
PP4
PP7
PP5
PP6
PP8

Phase composition
Apatite (35‒496), (9‒432) – weakly crystalline, quartz
(33‒1161) – a trace.
White and light grey area
Apatite (35‒496), (9‒432) – weakly crystalline, calcite (5‒586).
Apatite (35‒496), (9‒432) – weakly crystalline.
Black and dark grey area
Apatite (35‒496), (9‒432) – weakly crystalline.
Apatite (35‒496), (9‒432) – weakly crystalline.
Apatite (35‒496), (9‒432) – weakly crystalline.

Spectroscopy study results
The spectra collected from the surface of the object
are presented in Figs. 7‒18, for modern elk antler in
Figs. 19‒21, for silicone in Fig. 22. The list of the recorded bands is given in Table 4.
The two main components of the antler and of
the archaeological object are bioapatite (biogenic
apatite with carbonate group substitutions) and collagen. The bands from apatite of the phosphate group

Fig. 7. Rusinowo. Spectrum for point 1 (dark blue and
black) and 1a (red). Smooth, white area

Full width at half
maximum (FWHM)
of reflex 2.8Å [2θ]
ca. 1.1o
ca. 1.7o
ca. 2.12o
ca. 1.9o
ca. 1.9o
ca. 1.8o

were identified at 432, 449 (vibrations ν2), 581, 592,
608 and 617 (vibrations ν4), 965 (vibration ν1), 1034,
1042, 1053, 1061 and 1081 cm-1 (vibrations ν3) (Penel
et al. 1997). The shape of the spectra can be viewed
in the cited study and eg, in the database of the
RRUFF Project (http://rruff.info). The range of vibrational variation is shown in Table 6. Sharp bands

Fig. 8. Rusinowo. Spectrum for point 2. Dark area
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characterise a mineral with an ordered crystalline
structure. The bands from collagen are at 1664, 1460,
1302, 1266, 1246, 1163, 1129, 1030, 1004, 937, 918, 873,
856, 815, 667 and 646 cm-1. The interpretation of the
vibrations and their variation range dependent on

the origin of the collagen were collected in Table 7.
The shape of the spectra is in agreement with the
literature cited in Table 7. Bands from other identified phases were collected in tables given in the
“Discussion” section.

Fig. 9. Rusinowo. Spectrum for point 2a, magnified 50×

Fig. 11. Rusinowo. Spectrum for point 3, white area

Fig. 10. Rusinowo. Spectrum for point 2a, magnified 50×,
Raman shift range 2800‒3100 cm-1

Fig. 12. Rusinowo. Spectrum for point 5, grey area

The surface of the artefact

Fig. 13. Rusinowo. Spectrum for point 6, grey area
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Fig. 15. Rusinowo. Spectrum for point 9, white area next
to ornament groove

Fig. 14. Rusinowo. Spectrum for point 8, white area

Fig. 16. Rusinowo. Spectrum for point 10, black area next
to ornament groove
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Fig. 17. Rusinowo. Spectrum for point 12, black area

Fig. 20. Spectrum for modern elk antler. Outer face

Fig. 18. Spectrum for modern elk antler. Outer face

Fig. 21. Spectrum for silicone

Fig. 19. Spectrum for modern elk antler. Outer face. Magnified 20×

–

–

–

334

–

–

–

430

–

451

–

–

–

590

–

–

–

–

–

–

–

–

–

–

–

–

–

–

608

–

–

–

–

–

–

856

–

–

–

–

–

–

–

–

–

2

1

856

–

–

–

–

–

–

591

–

–

–

–

–

449

429

421

–

–

338

–

–

–

2a

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

325

–

–

3

856

755

–

692

–

–

–

613

586

–

520

–

455

–

434

–

–

–

–

–

–

–

5

–

–

–

–

–

–

619

–

–

–

–

–

493

–

–

–

–

415

–

–

–

–

–

6

Samples from the artefact

869

–

710

–

–

–

–

–

–

–

546

526

–

–

–

–

–

–

–

–

–

–

289

8

–

–

–

–

685

–

–

609

586

–

529

–

–

444

–

–

–

382

–

324

–

–

9

858

–

–

–

–

–

–

606

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

10

–

–

–

–

–

–

614

–

–

–

–

–

–

–

–

–

–

–

–

–

312

–

12

–

–

–

–

687

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

674

–

–

–

–

528

–

–

–

–

–

–

–

–

–

–

–

Antler,
Antler,
outer
outer
face,
face top
top

860

–

–

–

–

–

–

–

–

586

–

–

–

–

–

432

–

–

–

–

–

–

–

Antler
outer
face 1

Antler of modern elk

–

–

710

–

–

–

610

–

–

–

–

–

497

–

–

–

–

–

–

–

–

–

–

Silicone

HA, collagen

Collagen

Secondary calcium phosphates?
Silicone

Secondary calcium phosphates?

Secondary calcium phosphates?

Collagen

Gypsum, silicone

Collagen

HA, collagen

HA

Secondary calcium phosphates?

Secondary calcium phosphates

Gypsum, silicone

HA

HA

Pyrite, HA

Greigite

Gypsum

Pyrite, Fe(III) compounds containing
mackinawite

Pyrite, possibly greigite

Pyrite, Fe(III) compounds containing
mackinawite

Fe(III) compounds containing mackinawite

Moderately crystalline mackinawite

Interpretation

Table 4. Rusinowo. Raman vibrations from investigated samples [cm-1]. HA – hydroxyapatite. Most of the source literature used during interpretation is listed in tables 6–8
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2

–

–

963

–

–

1044

1070

–

–

–

–

1311

–

–

1446

–

–

1670

–

–

–

–

–

–

1

–

–

959

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

2937

2881

2862

–

–

–

–

–

1451

–

–

–

–

–

–

–

–

1073

1042

–

–

962

–

–

2a

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

962

–

–

3

–

–

–

1671

–

–

1449

–

–

1264

1239

–

1072

1040

–

1001

962

–

–

5

–

–

–

–

–

–

–

–

–

–

–

1329

–

–

–

–

1137

–

–

1008

–

958

–

–

6

Samples from the artefact

–

–

–

–

–

–

–

–

–

–

–

–

–

–

1255

–

–

–

–

–

–

970

–

–

8

–

–

–

–

–

–

–

–

–

1445

–

–

–

–

–

–

–

–

1047

–

–

963

–

–

9

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–
–

–

–

–

–

–

–

–

1156

1072

–

–

–

964

–

–

12

–

–

–

–

–

–

–

1141

–

–

–

–

973

918

10

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

961

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

962

–

–

Antler,
Antler,
outer
outer
face,
face top
top

2935

–

–

2785

–

–

1668

–

–

1447

–

–

–

–

1250

1156

–

1047

–

–

960

–

–

Antler
outer
face 1

Antler of modern elk

–

–

–

–

2115

1693

–

1606

–

–

1387

–

–

–

1257

–

–

–

–

–

–

–

–

885

Silicone

Organic substance, C–H vibrations

Organic substance, C–H vibrations

Organic substance, C–H vibrations

Collagen

Silicone

Silicone

Collagen

Silicone

Collagen?

Collagen

Silicone

Organic substance (acetates?) (Ito, Bernstein
1956)

Collagen

Collagen

Collagen, silicone

Collagen

HA, gypsum

HA, ν3CO3 2– (type B) vibration

HA

Gypsum

Gypsum?

HA

Organic substance (acetates?) (Ito, Bernstein
1956)

Silicone

Interpretation
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SEM/EDS study results
Samples subjected to the study were extracted from
the pale, whitish-grey and black areas on the surface
of the antler find. Raw antler samples were also tested. The observed results were collected in table form
(Table 5) and recorded in micrographs (Figs. 22–38).
The apatite in modern antler is characterized by
cryptocrystalline and having a large specific surface
area (Figs. 22, 23, 32). Figure 23 shows fibrillous clusters of collagen. A section through the antler reveals
differences in morphology and chemical composition
(Figs. 26‒28). Heterogeneous clusters (points 1 and
3 in Fig. 26) are concentrations of tricalcium phosphate with subsidiary silicon, aluminium, sodium,
magnesium, sulphur and iron. In the heterogeneous
part (point 2 in Fig. 26) the concentration of silicon,
aluminium and iron is decidedly greater.
Modern elk antler
As may be seen in the SEM image, the structure
of the raw antler surface is needle-like and chaotic
(Figs. 22, 23). The bioapatite and collagen form fine
fibrils (Fig. 23). Visible in the section are homogenous zones almost purely made up of apatite (Figs.
24, 25, 27), and others additionally containing silica,
visible as a more grainy aggregate (Figs. 24, 25). The
Ca/P ratio is approximately 1. Carbon is present
everywhere, which is the result of the presence of
collagen.

The antler object; white and light grey areas
The examination was made of the white and whitishgrey areas on the artefact. As shown in the SEM
image, the white areas are built of fibrillous bioapatite and collagen fibrils (Figs. 31, 32). The presence of
apatite is manifested in EDS spectra as signals from
calcium and phosphorus, the presence of collagen
is revealed by the characteristic morphology of the
compliant fibrils and an EDS signal from carbon.
Pyrite is present here, in the form of individual fine
framboidal clusters (Figs. 28, 29, 33‒35) filling the
cavities in the antler object, and of octahedral crystals of pyrite which fill micrometre-sized fissures in
the bioapatite. Several micrometres in diameter, the
framboids are built of octa- and tetrahedral crystals
of pyrite with a size of about 2 micrometres. The
Ca/P ratio is variable: it ranges between 1.4 and 7. In
sample PP1 its value is 1.4, in sample PP4 – 1.4, 2.3
and 7. Carbon is present everywhere, in a quantity
larger than could be the result of coating the samples
with graphite.
The antler object, black and dark grey areas
In the black and dark grey areas, macroscopically
having the form of maculae and smudges, we observed a large number of occurrences of framboidal
pyrite (Figs. 36‒45) and isolated euhedral crystals of

Table 5. Rusinowo. Results of SEM/EDS observation of samples obtained from different parts of the antler
Sample

Observations

Raw antler – surface

On surface of modern antler, needle-like crystals consisting of calcium phosphate, under greater magnification found to contain very fine, individual crystals of apatite and collagen fibrils.

Raw antler – interior Here only the chemical composition was recovered – typical for an osseous substance.
Raw antler – section
PP1
PP4
PP5
PP7
CZ4

Seen in a section, dark clusters (visible at to of the photograph): they consist of a mixture of apatite
and silica, and iron compounds.
The apatite is very finely-crystalline, in this image nearly amorphous, with flaky crystals measuring
a few micrometres.
The white sample contained individual clustery, framboidal concentrations of pyrite (FeS2) crystals.
As above, the white powder was found to contain concentrations of framboidal pyrite. Apatite crystals
were very small, in the order of 10 micrometres. The fibrous structures are identified as collagen.
The sample contains very small, fibrous structures: of collagen or other organic component of the
antler (cf. esp. p.1 on photographic image 12 000×).
Here we identified (lumpy) concentrations of silica and iron compounds and calcium carbonate. Also
present were amorphous (globular) concentrations of organic compounds and concentrations of pyrite.

CZ5

The main substance observed here was pyrite.

CZ6

Here we identified the presence of an amorphous organic substance and amorphous silica.

CZ7

The sample contains fibrous crystals of calcium carbonate, several hundred micrometres in size,
concentrations of silica, cubic pyrite crystals scattered within the apatite and very finely crystalline
apatite. Also present is an encrustation of manganese compounds.
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the mineral (Fig. 44). The pyrite is found in cavities,
crevasses and on the surface of the artefact. In size
the framboids reach several micrometres, the size of
individual crystals ranges from 1 to 3 micrometres.
Also present are some individual octahedral euhed
ral crystals of pyrite between 1 and 3 micrometres in
size. Concentrations of framboids may be accompanied by cryptocrystalline calcium carbonate, manganese compounds and an organic substance (Fig. 46).
The Ca/P ratio for all the samples ranges between 0.5
and 6. In sample PP5 it is 1.2, in PP6 – 1, 1.2; and1,4,
in PP7 – 1.2, 1.4, 2, 2.1, in CZ4 – 2, in CZ5 – 1.1, in
CZ7 – 0.5, 1.4, 1.5, 3, 6.

Fig. 24. Raw antler, cross-section. Differences in chemical
composition observed at individual points (EDS spectra in
Figs 25–27)

Fig. 22. Raw antler – surface. The needle-like and chaotic
structure of bioapatite is visible
Fig. 25. EDS spectrum for point 1. Area of main concentrations of bioapatite

Fig. 23. Raw antler – fragment of surface. Fine fibrils of Fig. 26. EDS spectrum for point 2. Area of main concentration of bioapatite and SiO2
collagen are visible

The surface of the artefact
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Fig. 27. EDS spectrum for point 3. Area of main concentration of bioapatite

Fig. 30. Rusinowo. EDS spectrum obtained for areas
around pyrite

Fig. 28. Rusinowo. Sample PP1. Microcrystals of pyrite
fi lling the fissures in the bioapatite (arrow)

Fig. 31. Rusinowo. Fragment of white surface of the object
with fibrillous bioapatite and collagen

Fig. 29. Rusinowo. EDS spectrum obtained for area in
Fig. 28 area indicated by arrow

Fig. 32. Rusinowo. Sample PP1. Fragment of fibrillous bioapatite and collagen
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Fig. 33. Rusinowo. Sample PP1. Concentrations of framboidal pyrite (arrow) within the white fragment of the object

Fig. 36. Rusinowo. Sample PP5, for point 1: microstructure of
the dark area, for point 2: concentration of framboidal pyrite

Fig. 34. Rusinowo. EDS spectrum obtained for pyrite
framboids

Fig. 37. Rusinowo. EDS spectrum obtained for point 1.
Concentration of bioapatite, and possibly calcium carbonate

Fig. 35. Rusinowo. EDS spectrum obtained for fine, irregular concentrations between the framboids. There is an
observable high concentration of calcium and negligible
concentration of phosphorus

Fig. 38. Rusinowo. EDS spectrum obtained for point 2.
Concentration of iron sulphide(s), bioapatite, and possibly
calcium carbonate
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Fig. 42. Rusinowo. EDS spectrum obtained for point 2.
Concentration of bioapatite and calcium carbonate
Fig. 39. Rusinowo. Sample PP5, close up of microstructure
of dark area of the object and framboid built by tetrahedral
(presumably, also octahedral) pyrite crystals (arrow)

Fig. 43. Rusinowo. EDS spectrum obtained for point 3.
Concentration of bioapatite and calcium carbonate

Fig. 40. Rusinowo. Sample CZ7. Framboidal pyrite scattered inside caverns of the object

Fig. 41. Rusinowo. EDS spectrum obtained for point 1.
Concentration of iron sulphide(s), bioapatite, and possibly
calcium carbonate

Fig. 44. Rusinowo. Sample CZ7. Crystalline pyrite scattered
in the form of individual octahedral crystals. The same
sample contained also framboidal pyrite
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Fig. 45. Rusinowo. Sample CZ7. Encrustation of manganese
compounds (marked as point 1). At point 2 next to calcium
carbonate, a minor concentration of pyrite and bioapatite

Fig. 46. Rusinowo. Sample CZ4. A concentration of organic
compounds

Fig. 47. Rusinowo. EDS spectrum obtained for point 1 (Fig. 45)

Discussion
Bioapatite and other phosphate phases
A characteristic of bioapatite
Bone and antler are built by inorganic and organic
substances; the former include bioapatite: carbonated
hydroxyapatite, characterized by a very low crystallinity (ie, crystals of a very small size and a defective
structure); organic substances include collagen, fats,
etc. (Rogóż et al. 2009). Some researchers (Pasteris
et al. 2001) have claimed that bioapatite (studied
in mice bone) is almost invariably carbonated apatite. However, this does not apply to all bioapatites:
the same researchers have detected a marked concentration of OH groups in the tooth enamel. For
bioapatites analysed using the method of Raman
spectroscopy, two types of carbonated apatite have

been identified, type A and type B, depending on the
position of carbonate substitutions and as such, the
presence of specific vibrational bands corresponding to the CO3 group (Li, Pasteris 2014, with a list
of literature). Bioapatites predominantly represent
type B, where the carbonate group replaces the phosphate tetrahedron. In the Raman spectrum, this is
manifested by the presence of a band at 1073 cm-1.
The chemical composition of a bone, antler and
elephant ivory is not essentially different in the type
and the number of the main chemical elements (except for dentin, containing a greater concentration
of magnesium). Some differences are observed in the
microstructure. Apatite in modern antler of reindeer
(data on the microstructure of elk antler in given this
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study) is better crystallized (has a higher crystallinity index) than in modern bone (Chadefaux et al.
2008). The shape of the apatite crystallites is dissimilar: in antler it is needle-like, in ivory and ordinary
bone it forms amorphous clusters, all of the above
remarks refer to modern, unmodified materials.
A characteristic of the effects of diagenesis of antler
and bone
The two main components of bone and antler: bioapatite and collagen, may be altered by factors associated with diagenesis (pH, temperature, moisture, microbiological processes, fluctuation of these factors),
intentional action (exposure to high heat, chemical
processes, eg, softening with organic acids), the age
and condition of the animal (Li et al. 2015). Studied
for a long time and documented in the subject literature these alterations are largely understood at present to be quite complex (Lee-Thorp 2008). Diagenetic processes are thought to contribute to an increase
in the crystallinity of bioapatite, its recrystallization
and introduction of other ions into the structure of
the bone apatite. However, this is not always the
rule. The crystallinity index of bioapatite has come
to be regarded as a poor indicator of the diagenetic
processes, as suggested by a study of apatites in organisms from different geological epochs (Pucéat et
al. 2004). Biogenic apatite is very finely crystalline
and may recrystallize to larger crystals, especially
when collagen and other organic components have
been forced out (eg, Nudelman et al. 2010), eg, by
high temperatures. This finds reflection in the shape
of infrared spectra and diffraction peaks, and also
in features of micromorphology observed under the
scanning microscope. In the presence of collagen,
the process of recrystallization may be inhibited.
Another method of identification of the diagenetic processes and analysis of their intensity is
to study the phase composition of the artefact. Out
of all the apatites, biological apatite has the highest
content of CO3 groups and the lowest of fluoride. In
fossil and magmatic apatites these proportions are
reversed (Thompson et al. 2011). Among minerals
of diagenetic origin the most frequently occurring
are calcite, minerals of SiO2 group, pyrite, oxides
of iron and manganese, various phosphate minerals. Organic compounds may also occur. These are
present on the surface of a bone, filling also the
voids (Rogóż et al. 2009, 80). Sometimes they are
hard to tell apart from intentionally applied layers
or fillings. Natural encrustations and fillings built
by iron compounds may take form as a result of the
degradation of the organic substance surrounding
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the bone or the object, taking place under conditions
of low and moderate oxygen access. The minerals
formed in this process include dark grey and black
pyrite, amorphous or framboidal (Sawłowicz 2000).
Another source of iron may be erythrocyte decay
(Rogóż et al. 2009, 80). Iron may circulate within
the matrix around the bone or an artefact and precipitate on their surface as an effect of changes in
pH within an extremely fine subsurface layer, deceptively similar to a layer of paint (Trąbska, Trybalska 2014, 248). There is some contribution to the
formation of these mixed, cryptocrystalline phases
from microorganisms: one analogue would be the
formation of moon milk on cave walls (Gradziński
et al. 1997). Microorganisms may leave traces of
their presence in the form of carboxylic acids or
other organic compounds, identifiable via the Raman spectroscopy. In the presence of various cations
and anions (Ca2+, Mg2+, Na+, NH3+, H+, PO43-, CO32-,
SO42-) complex phases may form, known from cave
sediments (eg, monetite, ardealite, struvite, stercorite
and many other). A phase which is often seen in this
environment is brushite (CaHPO4·2H2O).
Analysis of the Ca/P atomic ratio can also
bring in information about diagenesis. In antler of
modern elk and in modern human bone this ratio
is 1.65. A higher value is regarded as the result of the
diagenetic substitution of phosphate minerals with
calcium, or the effect of the ageing of bone (Li, Pasteris 2014, with a list of literature).
When heated to temperatures of around 100°C in
an oxidising atmosphere, apatite loses the carbonate
component, this is visible in spectra recorded using
the method of infrared spectroscopy (eg, Sukhodub
et al. 2003)1. Low temperature, around 80°C, and an
oxidising atmosphere do not alter the shape of the
Raman spectrum – the crystallinity of apatite does
not change. There is only a decrease in the intensity
of some bands from collagen (amide I, amide III,
CH2). Furthermore, there is a decrease in the intensity ratio of vibrations ν1PO4/CO3 (increase in the
carbonate component) (Yamamoto et al. 2012). Thus,
under conditions of low temperature, thermal alteration of bioapatite may remain undetected. Studies
of thermal alterations of bioapatite, derived at temperatures of 100‒900°C from a highly mineralized
dolphin ear bone, have shown that up to the temperature of 200°C the mineral crystals are preserved.
At temperatures 300–600°C their steady (non-stop)
disorganization takes place, at 700°C a new phase
As a component of living organisms the carbonate
component plays an essential role, influencing certain biological processes (Sukhodub et al. 2003, 55).
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Table 6. Rusinowo. Bands obtained for bioapatites (HA), synthetic hydroxyapatites (HA), fluoroapatite and carbonated apatites type A (ACarbAp) and type B (BCarbAp), and
other phosphate: monetite, brushite and phase β-TCP in cm-1. Symbols “s”, “sh”, “m”, “w” correspond, respectively to: “strong”, “shoulder”, „medium” and „weak” (where this
data was available in the cited source)
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appears: pure hydroxyapatite. Its crystallinity increases with temperature. At 500°C, the carbonate
component is seen no longer (Li et al. 2015). In bioapatite from mice bone heated for two hours up to
800–1000°C a very high concentration of OH groups
was detected, much higher than in raw bone (Pasteris et al. 2001).
A parameter frequently analysed in apatite is
its level of crystallinity. This may be estimated by
examining bands detected through spectroscopic
studies and reflexes obtained from XRD studies (eg,
Shift et al. 2005). However, their shape does not depend solely on the height of the temperature applied,
but also on the duration of this process. The latter
factor is practically unidentifiable in the archaeological material. Furthermore, an obvious “sharpening” of bands of XRD reflexes is seen only at around
500°C (for a process lasting 1 hour, Shi et al. 2005).
The heating of bone apatite, with an ongoing
recording of temperature ranges in which this process could have taken place, can be documented also
through analysis of the phase composition of burnt
bone or antler (the presence of calcium pyrophosphate, beta and alpha calcium phosphate, Gibson et
al. 2000).
Characteristic of studied samples
Diffractograms (Figs. 1–6, Table 3) reveal in the phase
composition of samples from the archaeological object the presence of poorly crystalline hydroxyapatite
and chloro-fluoroapatite. In one case (in the white
part) calcite was present as well. Other than this,
there were no differences between the white and
the black (dark grey) parts of the artefact. In the
modern antler, we recorded the presence of lowcrystalline hydroxyapatite and of a minor amount
of quartz (Fig. 1, Table 3). The latter, responsible for
providing the antler with strength and rigidity, is
visible also on SEM micrographs and in EDS spectra
(Figs. 22–27). Clusters of silica and finely crystalline
quartz, as well as clusters of hydroxyapatite, are arranged in an alternating pattern (Figs. 24–27). SiO2
was not detected in the ancient artefact because the
study was limited to its surface, and sections were
not examined. Low-crystalline chloro-fluoroapatite,
present in the artefact is diagenetic in origin.
The crystallinity estimated in the hydroxyapatite from the archaeological object as the width of
the maxima is slightly lower (broader FWHM of
the reflex) than in the antler of modern Eurasian
elk (Fig. 48). There may be several reasons for this
situation, starting with natural differences between
modern and Late Palaeolithic elk. As to whether

this difference is statistically significant – this question may be answered only with comparative data
for a larger number individuals representing each
group. We have no similar data at our disposal.
Even if there had been a recrystallization, and formation of secondary apatite, it still continues to be
a mineral with fine crystallites and a disorganized
structure. The most likely reason for the situation
observed here, namely the presence of cryptocrystalline apatite, is survival of collagen in a good condition, something that is visible also in the SEM image
(Table 4, Figs. 23, 31, 32).
Also in the SEM image, the bioapatite reveals its
cryptocrystalline, homogenous form (Figs. 22–45).
The Ca/P ratio is variable, ranging between 1.4 and
7, even within a single sample (PP4). In the modern
antler it equals 1 (Figs. 25–27). The variation of this
parameter in the apatite sampled from the archaeological object is presumably the effect of the presence
of other cryptocrystalline phases: phosphate, carbonate and sulphate phases (cf. below).
On the Raman spectra (Tables 4 and 6, Figs.
7–20, except Fig. 13) was identified moreover the
presence of hydroxyapatite, both in the measurement points on the surface of the artefact and in
the modern elk antler. The band indicating the
presence of carbonate substitutions occurred only
at 1070 cm-1 which suggests the presence of carbonated hydroxyapatite, type B (samples 2, 2a, 5 and 12),
characteristic for bioapatites (cf. above). This band
was detected only within the black and dark grey
areas, suggesting its association with an organic
substance co-occurring with pyrite (see discussion
below). The nature of this compound is difficult to
explain. Possibly, the substitutions of the carbonate
group are secondary, resulting from the proximity of
an organic substance. The shape of Raman spectra
2,5
2
1,5

1
0,5
0
0

2

4

6

8

Fig. 48. Rusinowo. The degree of crystallinity of hydroxyapatite is based on FWHM measured for 2.8Å reflex
(vertical axis, unit 2θ /degree/). Red dot – modern elk antler; asterisks – white fragments of the artefact. other symbols – black surfaces of the prehistoric artefact
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does not give a conclusive answer as to whether the
bioapatite had been exposed to higher temperatures
(eg, around 100°C). Perhaps, this question could be
answered through experimental studies.
On the Raman spectrum, the most intensive
band for hydroxyapatite occurs around 965 cm-1
(vibrations ν1PO43- cm-1). Observations of its exact
location and width offer insight into the structure
of the hydroxyapatite, and thereby, into its alteration
induced by diagenetic processes (Thompson et al.
2011), and into possible processes of thermal treatment (Sukhodub et al. 2003). In the investigated samples, including the modern elk antler, most values of
the position of bands from vibrations ν1PO43- cm-1 in
the tested samples correspond to the values recorded
for modern organisms (Thomas et al. 2011). Slightly
974

972
970

968
966

964
962
960

958
956

Fig. 49. Position of vibrations ν1PO43- cm-1 in the analysed
samples. Red dots – bioapatite in modern elk antler. Vibrations ν1PO43- cm-1 values are marked on the vertical axis.
Asterisks indicate samples which represent white areas on
the artefact; dark dots – black and blackish-grey areas. The
black line at bottom left of the graph represents the position
of vibrations ν1PO43- cm-1 from geologic apatites obtained
from magmatite and fossils (Cretaceous – Oligocene), red
line – the position of these vibrations for modern bioapatites
from different organisms, blue – the position of analysed
bands in fluoride-rich apatites (acc. to Thomas et al. 2011)

lower values were observed for samples 1 and 6b,
with a slightly raised value in sample 9 (Fig. 49). On
the other hand, in samples 8 and 10 these values are
decidedly higher (Figs. 14, 16, Table 4). The presence
of fluoroapatite is not responsible for this increment
(Table 6). What is more likely is the presence of secondary phosphate minerals other than hydroxyapatite. They could include monetite (CaHPO4, Frost
et al. 2013) and/or brushite (CaHPO4·2H2O, Grossin et al. 2009) (cf. Table 6). We must be aware that
under conditions of low pH many other secondary
phosphate phases may take form, but these cannot
be identified conclusively in the recorded spectra.
Alternately, the high values of the vibrations could
result from the presence of vibrations ν1SO42- (983
cm-1) (Borzęcka-Prokop et al. 2007) which are possible given the presence of pyrite (cf. below). There
is no recognizable relationship between the colour
of the archaeological object and the position of the
vibrational band ν1PO43- cm-1.
In conclusion, the antler may be said to display
some minor diagenetic alteration, as suggested by
the presence of secondary phosphate minerals, and
even more so, by the transformed structure of the
bioapatite.
The full width at half maximum parameter
from vibrational bands ν1PO43- cm-1 corresponds
to the values measured in the modern antler. The
lower the FWHM value, the larger the crystallites
of the mineral (the “sharper” the band). The only
divergent sample is no. 2, where the bioapatite has
a lower FWHM of the band (Fig. 50), consequently,
a slightly more ordered structure. But, this is only
a minor divergence, one that does not permit any
more far-reaching conclusions. There is no apparent
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Fig. 50. FWHM of band ν1PO43-cm-1 (vertical axis). Red dots
– hydroxyapatite from modern elk antler; asterisks – samples corresponding to white areas on the artefact; dark dots
– dark grey and black areas
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Fig. 51. Position of band ν1PO4 cm (vertical axis) relative
to the FWHM value of this band (horizontal axis). Red dots
– bioapatite from modern antler elk; asterisks – samples
corresponding to white areas on the artefact; dark dots
– dark grey and black areas; red circle – identical result
obtained for hydroxyapatite from the artefact and modern
elk antler
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correlation between the FWHM values and the colour of the surface of the artefact. All of the observed
hydroxyapatites are cryptocrystalline, both those
from the interior of the antler (as indicated by SEM
and XRD studies) and from its surface (Raman studies). The surface of antler had not been exposed to
any factors which could have significantly increased
or decreased the crystallinity of the hydroxyapatite.
No relationship has been observed between the
value of the vibrational bands ν1PO43-cm-1 and the
FWHM parameter (Fig. 51). High values of the vibrations with an attendant low ordering of the hydroxyapatite in samples 8 and 9 suggest coincidence
of bands from other phosphate minerals.
The measurements of crystallinity of the hydroxyapatite in XRD analysis and in Raman spectroscopy produced slightly different results (Fig. 48
vs. 50). In the first case greater divergence was observed in the difference in crystallinity of this mineral in the artefact and in modern antler. This is
caused by the difference in the size of the area studied via these two methods, and different elements
in the structure of this mineral, possibly also by the
presence of secondary apatite. In the case of XRD,
the analysed area ranges in size between several
to a few thousand ångströms of recurring (parallel) elements of the crystalline lattice. In the Raman
spectroscopy, the analysed area is in the order of
micrometres, and the Raman signal comes from vibrations generated by particular molecules building
the structure (Bolewski, Żabiński 1988), (for example,
the P-O complex, vibrating differently depending on
the energy of its neighbours). In a “local-range” arrangement structure the hydroxyapatite in the artefact and in the modern antler are similar, in the
“long range” ordering there are marked differences.
Presumably, this is due to the presence of secondary
fluoro-chloroapatites. Nevertheless, it is important
to note that these differences are minor and may
be within the range of error (this is something that
might be explained by testing a larger number of
samples).
None of the research methods used revealed the
presence of phases which appear at a temperature of
around 100°C (eg, calcium pyrophosphate Ca2P2O7),
and in particular, phases β-TCP2 (700‒800°C) and
α-TCP (1200°C) (Gibson et al. 2000), or structural
changes suggesting such an episode.
Within the range, ν4 of 580–620 cm-1 were detected distinct bands from the so-called non-apatite
groups PO43-, very poorly crystallized nonstoichiometric apatites which on their surface adsorb water,
2

Tricalcium phosphate, Ca3(PO4)2 (calcium phosphate).

which element plays an important biological role in
bioapatites. The presence of this form of apatite is
indicated also by the shoulder of the band at 960
extending towards 950 cm-1 (Grossin et al. 2009).
Collagen and other organic substances
Collagen (or, more precisely, its different types) is
a group of the most widespread mammalian proteins. It is the main component of connective tissue
(Hames, Hooper 2009, 52‒58), and occurs in abundance in the skin, bones, tendons, and cartilage as
well as in antler (Buckley et al. 2012). The basic structural units of collagen are three polypeptide strands
twisted into a helix stabilized by hydrogen bonds.
The polypeptides are composed mainly of glycine,
proline, hydroxyproline and hydroxylysine (Hames,
Hooper 2009, 54). Many types of collagen exist, at
least five have been distinguished (Hames, Hooper
2009, 53), depending on where they form and their
role within the organism. The most common, type I,
occurs in the connective tissue of bone, skin and tendons (Hames, Hooper 2009, 53). Collagen is subject
to denaturation by heating, at temperatures of 40 and
85‒95°C (Dong et al. 2004, with a list of literature).
The protein also becomes degraded by moisture and
changes in pH. Some impact on the crystallization
of collagen comes from water molecules (Sukhodub
et al. 2004). In the antler of reindeer the amount of
collagen is greater than in bone (ca. 35% vs. 20‒30%)
(Chadefaux et al. 2008).
As a result of diagenetic processes, collagen may,
or may not survive (it was not present in samples of
microfragments of Palaeolithic antler from the paintings at Lascaux, (Chadefaux et al. 2008) and in the
bone of Palaeocene bear from Cave Biśnik (Rogóż et
al. 2009). Its survival is more likely in environments
with a moderate and low oxygen access, first of all,
at low temperatures (eg, Holmes et al. 2005). Under
favourable conditions, collagen may survive for even
100 000 years (Lee-Thorp 2008).
Archaeological objects containing collagen can
be studied using the method of Raman spectroscopy,
and also, mass spectrometry (MS), and in a complementary manner, with other methods as well
(eg, SEM/EDS). MS studies proved useful both for
identifying and distinguishing between the skin of
cattle, sheep and goat found in Danish bog finds of
different date (Brandt et al. 2014).
The position, intensity and shape of Raman
bands from collagen of different animals differ
slightly, depending on: i./ the type of animal, and
therefore, the composition and the concentration of
various amino- and imino acids (Ikoma et al. 2003);
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ii./ type of collagen in the anatomically and functionally different parts of the animal’s body (Buckley
et al. 2003); iii./ pathological change (Cheng et al.
2005); iv./ postdepositional change, such as the presence of molecular water within the collagen (Sukhodub et al. 2004); v./ temperature (minor, hard to
observe changes were recorded in the collagen of
cattle, between -100 and +100°C (Dong et al. 2004);
vi./ beam laser orientation in relation to the collagen
fibrils (Bonifacio et al. 2010). Currently, there is no
data enabling us to trace the earlier named alterations in the collagen from antler of modern and Late
Palaeolithic elk.
The archaeological material and the modern antler subjected to analysis were both found to contain
collagen. It is visible in the Raman spectra and in
SEM images, in the latter case, as fine fibrils (Figs.
24, 32, 33). Table 4 presents a list and interpretation
of vibrations from collagen; Table 7 gives values of
Raman vibrations from different kinds of collagen.
In the investigated samples collagen was detected only on the Raman spectra from the antler
of modern elk, and in samples 2, 2a and 5. Its presence in sample 9 is not certain. The spectra from
modern collagen and from the object from Rusinowo
are similar. As was mentioned earlier, the fluctuation
of the position of bands from collagen may be due
to various reasons. Without reference spectra from
elk antler of different ages and condition, and from
archaeological antler, it is not possible to conclude
as to the causes of this variation in the bands from
collagen. It is hard to say if it is due to measurement
uncertainty or to some statistically significant cause.
In sample 6b (a dark grey fragment on the surface of the antler) next to gypsum (cf. below) we
obtained a very indistinct band at 1329 cm-1. Unfortunately, no other bands are visible in the spectrum
that could be tied in with this band and in this way
to identify the substance which generated the band.
It cannot be attributed to silicone (Fig. 21). A substance that may be taken into account would be
a simple organic compound, aliphatic in character,
or soot (Sadezky et al. 2005), or one of the acetates
(Ito, Bernstein 1956). This could be a bacterial product (metabolite and/or natural pigment, cf. Jorge‑Villar et al. 2011). Sample 10 yielded a band which
may be ascribed to acetate compounds (919 cm-1).
It is tempting to look for evidence confirming the
presence of an organic sheath inside which the object
would have been kept, or of an organic substance
used to preserve (decorate) the object. Unfortunately,
with the very modest data at hand, we cannot hope
to draw any definitive conclusions.
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The SEM images also document the presence of
clusters of organic compounds, together with iron
sulphides. They are characterized either by an irregular, amorphous morphology or take the form
of ellipsoidal clusters (Figs. 46, 47). Their nature is
unknown.
Iron sulphides, gypsum, carbonate minerals and
manganese compounds
Inorganic phases, other than the earlier discussed
apatite and other phosphate minerals registered in
the Raman spectra of the investigated samples from
the artefact, include iron sulphides (samples from
the Rusinowo artefact, 2, 2a, 3 and 9) and gypsum
(sample 6b) (Tables 4 and 8). In the modern antler,
these substances were not observed. Clusters of iron
sulphides were detected, sometimes jointly with an
organic substance, also during the SEM/EDS studies.
Pyrite is the most frequently encountered iron
sulphide mineral, eg, in hypergenic conditions. In
sedimentary rocks and in the diagenetic zone pyrite forms by way of intermediate, unstable phases:
mackinawite (initially, nanocrystalline FeS, and
greigite – Fe3S4). Often, the formation of these phases is stimulated by microorganisms. These phases
are regarded as precursors to framboidal pyrite
(Sawłowicz 2000). They have been detected on the
surface of corroded iron artefacts (Remazeilles et al.
2010). Framboidal pyrite, present on the surface of
the archaeological object, visible also in SEM images,
formed thanks to the presence of iron ions, mobile in
a reduced-oxygen or oxygen deficient environment.
The source of these ions could have been the natural
environment – lacustrine or terrestrial. Concentrations of pyrite presumably appeared thanks to the
action of bacteria, something that is possible even
in a harsh climate (Wolicka et al. 2014).
The tested samples are a mixture of iron sulph
ides: pyrite, mackinawite with a moderately ordered structure, and iron oxide-hydroxides with
mackinawite. Not to be discounted is the presence
of greigite. Iron sulphides (chiefly pyrite) occur in
the form of framboids (Figs. 28, 29, 33, 34, 36‒43).
More rarely, they form isolated, scattered crystals
(Figs. 44, 45). They are present both in the white
and in the black and dark grey areas on the object
as streaks and stains, and within the intentionally
made grooves (cf. section 3.3.2. in the present subcharter). The framboids of pyrite are accompanied
by calcium carbonate (Figs. 36, 37, bands at ca. 1070
cm-1 in Raman spectra, Table 4). The agent responsible for the formation of these clusters is anaerobic

Human collagen (skin)
(Cheng et al.
2005)

1665 s

–

–

–

1460 s

–

–

1398 sh

–

–

–

1265 sh

1246 s

–

Collagen
(type I)
laboratory
synthesized
(Cheng et al.
2005)

1664 s

–

–

–

1460 s

–

–

–

–

–

1302 s

1266 sh

1246 m

–

–

–

1256 s

–

–

–

1392 m

1418 sh

1443 sh

1460 s

–

–

–

1684 s

Collagen
from rat
tendon
(Wang et al.
2000)

–

1234

–

–

–

–

–

1408

–

1451

1559

–

–

1663

–

1243

–

–

–

–

–

1411

–

1459

1561

–

–

1658

1206 m, sh

1247 n

1269 m

–

1319 m

1340 w, sh

1387–1393 w

1421 sh

–

1451 s

1586 m

1605 m

1640 sh

1670 s

1208 w, sh

1247 s

1268 s

–

1316 m

1340 w, sh

1387 w

1421 m, sh

–

1450 s

1585 m

1605 m

1642 sh

1670 s

–

–

–

1299

–

–

–

–

–

1443

–

–

–

1655

Collagen,
Collagen, 0%
Bovine (calf)
Collagen, 76%
Collagen
from fish
RH,
collagen,
RH,
from pig skin
scales of
rat tendon
rat tail (Wang (Ikoma et al. Pagrus major (20°C) (Dong
(Wang et al.
et al. 2004)
et al. 2000)
2003)
(Ikoma et al.
2000)
2003)

–

–

1268

–

–

–

–

10041

–

1450

–

–

–

1665

Bovine collagen, (bull
tendon)
(Bonifacio,
Sergo 2010)

–

–

d(NH2)
amide II
Amide III

Tyrosine

–

d(NH2)
amide III
Amide III

δ(CH2)

–

CH 2/CH3

–

–

–

–

–

γt(CH2)

γw(CH2)

d(CH2)

νs(COO–)

–

δ(CH3–CH2)

–

–

CH2

–

–

d(CH2)

–

Phenylalanine
Tyrosine

CH2
CH2/CH3

–

ν(C=O)
amide I

–

Amide I

ν(C=O)
amide I

Proline

Assignement
(Dong et al.
2004)

Assignement
(Ikoma et al.
2003)

–

–

–

Amide I

Assignement
(Cheng et al.
2005)

Table 7. Raman bands [cm-1] corresponding to collagen recorded in different organisms. Symbols “s”, “sh”, “m”, “w” correspond, respectively to: “strong”, “shoulder”, “medium”
and “weak” (where this data was available in the cited source)
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1174 sh

1126 sh

1099 w

–

1032 m

1002 s

–

–

937 s

918 w

873 sh

856 s

815 m

753 w

–

–

1163 sh

1129 sh

–

–

1030 w

1004 w

–

–

937 sh

918 sh

873 w

856 sh

815 w

–

667 sh

646 w

–

–

–
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–
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–

952 s

–

–

–

–

–

–

–
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–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–
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1093 m

1126 w, sh

1164 w

–

–

–

817 s

855 s

879 m

921 s

936 m, sh

957 w, sh

971 w, sh

1003 s

1033 s

1063 m

1097 m

1124 w, sh

1163 w

–

–

–
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–

–

917

–

–

–

1003

–

1063

–

1123

–

–

–

–

–

–

–

922

938

–

–

–

–

–

–

–

–

Tyrosine

Cystine

Tryptophan

Proline, Hydroxyproline,
ν(C–C)
Proline, Hydroxyproline,
ν(C–C)
Hydroxyproline
Tryptophan
Proline, Hydroxyproline,
Tyrosine
Proline, Hydroxyproline,
Tyrosine
νPO2–

–

–

–

–

–

ν(C–C)

ν(C–C) of hydroxyproline
rings
ν(C–C) of hydroxyproline
rings
ν(C–C) hydroxyproline
rings

ν(C–C)

ν(C–C)

–

–

–

–

ν(CC)

–

–

ν(C–N)
Proline

–

–

–

ν(C–C)
Phenylalanine

Phenylalanine Phenylalanine

ν(C–N)

OH carboxylic group

–

–

ν(CCC)

–

ν(C–N)

–

NH3+

Phenylalanine Phenylalanine

–

ν(C–N)

ν(C–C)

Tyrosine
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3406 w

1136 m

–

1008 s

671 w

620 m

484 m

–

415 m

–

–

–

–

–

–

–

–

–

–

–

3401

1143

1124

1008

672

619

495

–

416

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

ν2 (SO4)

–

ν2 (SO4)

ν4 (SO4)

ν4 (SO4)

ν1(SO4)

ν3(SO4)

ν3(SO4)

ν3(H2O)

ν1(H2O)

–

–

–

–

–

–

344

350

–

379

–

–

430

–

–

–

–

–

–

–

–

Pyrite
(Kleppe,
Jephcoat
2004)

–

–

–

–

–

–

343 w

–

–

379 s

–

–

430 s

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Eg, S2

Tg(1)

–

Ag S–S

–

–

Tg(3)

–

–

–

–

–

–

–

–

–

–

–

–

–

323 w

–

–

–

–

386 s

–

–

–

–

–

–

–

–

–

–

Pyrite – inPyrite
terpretation
Marcasite
(White 2009) of vibrations (White 2009)
(White 2009)

Gypsum, pyrite and marcasite from hydrothermal veins and natural methane vents (White 2009).

3494 w

3489

1

Gypsum
(White 2009)

Gypsum
(Prasad et al.
2001)

Assignement
(Prasad et al.
2001; White
2009)

–

–

–

–

–

–

340 s

–

–

376 m

–

–

425 v.w.

–

–

–

–

–

–

–

–

Greigite
(Remazeilles
et al. 2010)

–

250 w

–

–

–

–

–

350 s

365 s

–

–

–

–

–

–

–

–

–

–

–

–

Greigite
(Remazeilles
et al. 2010)

208 s

–

282 m

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Nanocrystalline
mackinawite
(Remazeilles
et al. 2010)

208 m

260 m

–

298 s

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Crystalline
mackinawite
(Remazeilles
et al. 2010)

–

256 m

–

–

312 s

322 s

–

355 m

–

–

–

–

–

–

–

–

–

–

–

–

–

Fe(III)
compounds
containing
mackinawite
(Remazeilles
et al. 2010)

Table 8. Raman vibrations [cm-1] corresponding to iron sulphates (pyrite, marcasite, mackinawite and greigite) and gypsum Symbols “s”, “sh”, “m”, “w” correspond, respectively
to: “strong”, “shoulder”, “medium” and “weak” (where this data was available in the cited source).

144
J. Trąbska et al.

The surface of the artefact

bacteria which derive energy from the reduction of
sulphide minerals, Fe(III) compounds, reduction of
organic compounds (presumably supplied by other
bacteria, possibly, organic acids, alcohols, acetates,
oxalates and others), reduction of nitrates. Products
of this activity include carbonate minerals (calcite,
aragonite and dolomite), phosphate minerals (apatite) and metal sulphides, sometimes, native sulphur.
This bacterial activity has been encountered even in
a harsh, Antarctic climate (Wolicka et al. 2014).
The joint presence of sulphide phases (pyrite,
mackinawite, possibly greigite as well) suggests an
almost contemporary formation of framboids responsible for the dark grey hue of the entire object
and areas inside the zigzag grooves (cf. section 3.3.2.
in the present sub-chapter). The question remains
whether the source of the organic substance was
natural, or whether it comes from a sheath, or from
a staining agent used on the surface of the object.
Many organic pigments may survive under waterlogged conditions, and may be present as a result of
intentional action or natural processes. The effect of
one or the other of these groups (eg, the staining by
tannins in the presence of iron) may be undistinguishable, even to sensitive chromatographic methods (Vanden Berghe et al. 2009). As noted earlier, the
presence of only a single band, at 1329 cm-1 (sample
6b) and 919 cm-1 (sample 10) is insufficient to draw
conclusions about any intentional treatments which
could be responsible for the pyrite concentration.
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The present studies revealed no evidence to postulate
the presence of substances of this sort.
Gypsum (CaSO4·2H2O) formed in the process of
oxidation of sulphide phases in the presence of calcium ions. This mineral shows no evidence of exposure to high heat, at least not over 90°C. Calcination
which could have taken place at lower temperatures
is not visible in the Raman spectra (Prasad et al.
2001). On the surface of the artefact, gypsum forms
irregular white deposits with a yellowish lustre.
It is likely that the vibrational bands approximately at 1070 cm-1 mentioned earlier are from
calcium carbonate, calcite or aragonite. No other
bands from these minerals were observed to assist
our diagnosis. It is interesting that these bands were
observed only in the black and dark grey areas. Consequently, the presence of these carbonate minerals is
related genetically to the presence of pyrite (Wolicka
et al. 2014). Also present on the surface of the object
are encrustations deriving from lake chalk (Płonka
et al. 2011), but the calcium carbonate recorded by
us probably has nothing in common with these formations. Manganese compounds were detected in
the SEM image in a small number of cases within
the areas of black concentrations. They form irregular, cryptocrystalline clusters (Fig. 46). No iron
sulphides, gypsum or manganese compounds were
detected in the diffractograms: their concentration
was too low.

Conclusions
Studies of raw antler of modern elk helped identify the microstructure and chemical composition of
an unmodified modern raw material and treat it as
reference material. Antler is built of bioapatite and
collagen. Apatite contains a minor quantity of quartz
and iron compounds. Bioapatite is very poorly crystalline. The position of its main Raman band is at
960–962 cm-1. Collagen forms fibrils, clearly identifiable in the SEM image. Quartz, perhaps also other
forms of SiO2, imparts mechanical strength to the
antler. Iron compounds give it a yellowish hue.
Samples extracted from the ancient artefact are
characterized by the presence of cryptocrystalline
apatite. Its crystallinity is slightly higher than the
crystallinity of apatite in modern antler, possibly the
result of an error in determination (extremely small
sample size!) but also of the level (poor!) of recrystallization of the apatite in the course of the diagenesis.
This definitely cannot be the effect of calcination of
the artefact – firstly, the disorganization of the apatite is too great, and additionally, the samples were

found to contain collagen. The collagen in the modern antler and in the ancient object do not differ.
Samples extracted from the black and dark grey
areas on the artefact have very similar characteristics – except for the greater quantity of pyrite in
the former; moreover, manganese compounds were
detected and lumpy organic compounds (the latter
in a small amount), their composition unknown. The
pyrite occurred in the form of framboids. Framboids
in this part of the object and those observed in the
light-coloured part are not the same. Note: when exposed continuously to oxidising conditions the dark
areas on the artefact could turn yellow in the presence of oxide-hydroxide compounds of iron. This is
something to consider while planning the conditions
of a museum display of the object.
Referring to the present studies it cannot be
validated that the clusters of framboidal pyrite had
formed on the surface of the object due to causes
other than natural.
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Diagenetic processes affecting the artefact are
manifested not only by the presence of framboidal
pyrite but also by the occurrence of fluoroapatite,
phosphate minerals other than apatite, gypsum and
calcite.

No evidence was found of intentional treatment
(burning, chemical softening). The same goes for the
presence of a sheath made of an organic material.
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3.3.2. The residue filling the lines of the ornament
Abstract: Surfaces of Palaeolithic objects made of flint, bone and antler are sometimes
covered by irregular stains from organic substances: resins, wood tar, waxes, etc. Some
of these substances result from deliberate action, others are traces of deposition in ashes
of a hearth. The most likely to be affected in this way are depressed features on the surface of an object. The surface of the artefact from Rusinowo is covered by intentionally
executed patterns, filled by a dark grey and a black substance partly, and in an irregular
manner. This black and grey substance was sampled from the grooves and studied via
FTIR, μFTIR (Fourier Transform Infrared Spectroscopy and micro-Fourier Transform
Infrared Spectroscopy respectively) and SEM/EDS (Scanning Electron Microscopy/Energy
Dispersive X-ray Spectroscopy). FTIR was used to make a comparative study of reference
substances: charcoal, soot, burnt spruce needles and raw antler of modern elk. The black
colour in the grooves of the Rusinowo find is caused by the presence of a residue of ash
from a hearth, or hearths, presumably in a natural mixture with fulvic acids. To a minor
extent, the black colour may be attributed to the presence of a Fe-S phase. No evidence
was found to validate a deliberate origin of the staining.
Keywords: FTIR, μFTIR, SEM/EDS, bioapatite, collagen, black substance, elk antler,
Late Palaeolithic, archaeology

Introduction
The ornament grooves on the Late Palaeolithic artefact from Rusinowo are partly and in an irregular
manner filled with a black substance. The aim of the
present study was identifying their origin and nature
– whether some form of an organic (eg, wood tar or
soot) or inorganic colouring agent (eg, bone char),
trace of some intentional activity other than painting
(practices concerned with the artefact’s surface) or
the result of diagenetic processes.
Traces of black organic substances in the form
of irregular, usually very fine clusters, have been

detected on the surface of Palaeolithic objects, including Late Palaeolithic ones. Spectroscopic studies have disclosed the presence of a mixture of resins and wood tars (Vahur et al. 2011; Trąbska et al.
2016), used mostly as adhesive, although the array of
uses, at least during younger ages, is wider (Pietrzak
2010). On the other hand, the studies of the origin of
the black stains on the surface of the artefact from
Rusinowo (cf. section 3.3.1., in this sub-chapter) have
disclosed the presence mostly of FeS2 phases, chiefly
pyrite, most likely having a natural origin.

The material and methods
The black substance subjected to the studies was
extracted with a sterile needle from three neighbouring grooves (AVf22, AVg23 and h23). It was
investigated via the method of scanning electron
microscopy with x-ray microanalysis (SEM/EDS).

The instrument used was a FEI Nano Nova scanning electron microscope coupled with an Oxford
Link ISIS x-ray detector. Samples were analysed in
a low vacuum technique, in two stages: first, without
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coating with graphite, next, with the surface coated
to obtain high-quality images.
Phase analysis of samples from the artefact was
made with the analytical technique of reflected micro-infrared spectroscopy (μFTIR). The instrument
used was FTS 40 Pro f-y Lab coupled with a UMA 500
Digilab microscope. The spectra were collected by M.
Pomianowska of the Institute of Forensic Research
in Cracow, whom the authors wish to thank for her
contribution. Sample 1 represents what macroscopically is a whitish-grey substance, sample 2 – a grey
substance, sample 3 – a black substance.
The original depositional environment of the
artefact is unknown, and it is unclear by what substances it had been surrounded. Given the presence
on the surface of the object of dark grey, irregular
staining, one of the possible identification of the
substance inside the grooves was ash and/or peat.
Therefore, the decision was taken to report in the
present study on a series of infrared spectra collec
ted from selected black substances associated with
hearths, and on black components of peat. Reference
substances include the black component of ashes
excavated from the archaeological site Targowisko
near Cracow (sampled during motorway construction led fieldwork when the chronology was still only
approximate), black ash from a modern fire, a black
cluster from the Neumarkt peatbog (Germany), soot
particles lifted from the surface of a vessel where
they had developed over an open fire, and spruce
needles burnt in a modern fire. Another reference
was a FTIR spectrum collected from modern raw
antler of elk.

Fig. 1. Rusinowo. General view of sample extracted from
the ornament groove showing oblong crystals of bioapatite.
EDS analysis was made for points 1 and 2

For the reference substances infrared spectra
were obtained by M. Jakus on a Bruker Equinox
55 spectrometer using the KBr pellet transmission
technique and W. Góralik on a Thermo Scientific
Nicolet IR-200 spectrometer using the attenuated total reflectance technique (ATR), both at the Faculty
of Chemistry of the Jagiellonian University; we are
very grateful for their assistance. The spectra were
interpreted with reference to the RRUFF database
(http://WWW.rruff.com) and data published in the
cited literature.
SEM/EDS study results
Samples of the dark grey and the black substance
reveal the presence of needle-like clusters consisting mainly of calcium phosphate(s) and, in a smaller
quantity, of silica. There are subsidiary amounts of
sodium, potassium, sulphur and iron (Figs. 1, 2).
However, it is notable also that iron concentrates in
specific clusters with sulphur and silicon. In the SEM
image, these clusters appear amorphous (Figs. 3, 4),
or take the form of oval clusters, with discernible
crystalline walls. All clusters concentrating iron and
sulphur are very small and isolated (Figs. 5, 6).
The results of FTIR study of the substance from
the grooves and reference substances
Substances identified in spectra collected from the
whitish-grey sample (Fig. 7) include: apatite and/or
bioapatite (bands 606, 964, 1053 and 1050 cm-1), collagen (bands at 1230, 1645‒55 cm-1), calcite (bands at
875, 1425‒31 and 1796 cm-1, band at 2510 cm-1 – vibrations from components of limewater), organic
compounds other than collagen (1594, 2853 and 2925
cm-1); additionally, a band was attributed to vibrations from OH groups (at around 3400 cm-1). Not to
be discounted is the presence of calcium sulphate
minerals (most likely, gypsum), suggested by the

Fig. 2. Rusinowo. EDS spectrum identifying the chemical
composition of areas sampled from points 1 and 2. Next to
calcium phosphate, an organic substance was detected, and
negligible amounts of silica, aluminium, sodium, sulphur,
potassium and iron

The residue filling the lines of the ornament
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Fig. 4. Rusinowo. EDS spectrum representing the chemical
composition of cluster marked as 1 (Fig. 3). Next to iron and
sulphur there is a high concentration of silica

Fig. 3. Rusinowo. Antler fragment. The small cluster
marked with a number and its immediate vicinity represents a concentration of iron, sulphur and silica

band at 680 cm-1 and the thickening of the band
around 1100 cm-1). The collagen spectrum is depleted:
there are no bands at 1550 cm-1 from the vibrations
of amide II. As a result of the presence of carbonate
phases (mainly calcite) it is not possible to indicate
bands from the vibrations of CO3 groups built into
the structure of the apatite (both type A: bands at
880, 1450 and 1545 cm-1 and type B: bands at 875, 1410
and 1544 cm-1) which according to some researchers
assist identification of thermal alteration of the mineral (Moencke 1963‒66; Jones et al. 1995; Böke et al.
2004; Belbachir et al. 2009; Chadefaux et al. 2009;
Berzina-Cimdina, Borodajenko 2012; Thompson et
al. 2013; Tables 2 and 3).

Fig. 5. Rusinowo. Globular clusters found in points 1, 2, 3
are concentrations of iron and sulphur

The FTIR spectra collected from the grey
substance filling the grooves of the zigzag ornament revealed the presence of several substances
(Figs. 8‒11). The presence of bioapatite, possibly also
of mineral apatite, is suggested by bands at 1099‒1111,
1080, 1057‒1062, 1041‒1050, 950‒964 and 606 cm-1
(Moencke 1963‒66; Berzina-Cimdina, Borodajenko
2012; Thompson et al. 2013; Table 2).
An evident component in the grey samples is
calcite with a dissimilar level of crystallization. In
the investigated samples it is manifested by the
presence of bands at 1780‒1799, 1734‒1750, 1422‒1450,
875‒878, 713‒730 and 690‒694 cm-1 (Figs. 7‒11, possibly, also Fig. 12). The broad range of the wavenumber
values may result from the co-occurrence of different
Ca-CO3 phases, differing in the size of crystallites.
The most diagnostic for detection of calcium carbonate in the spectra collected from the investigated
samples is a narrow band at 875‒878 and an intensive
band at around 1430 cm-1. In some spectra (Fig. 9, to
a smaller extent Fig. 7), which by their shape indicate
the presence of calcium carbonate in the form of
crystalline calcite, appears to be the band at 2513‒2517
cm-1, recorded by one of the authors (JT) on the spectrum collected from limewater (Moencke 1963‒66).
Samples of the grey residue filling the grooves of
the artefact may contain a minor quantity of sulphate

Fig. 6. Rusinowo. EDS spectrum identifying the chemical
composition in points 1 – 3 (Fig. 5)
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Table 1. Rusinowo. Infrared vibrations from samples of black substance extracted from grooves of the ornament. Assignement and interpretation is based on source data cited in Tables 2 and 3
Whitishgray
samples
(Fig. 7)

Gray
sample

Gray
sample

Gray
sample

Gray
sample

Black
sample

(Fig. 8)

(Fig. 9)

(Fig. 10)

(Fig. 11)

(Fig. 12)

3380

3340

3340

3340

3340

3340

2960

2960

2960

–

2960

2960

2925

2923

2921

2922

2923

2939

–

–

–

–

–

2874

2853

2852

2853

2853

2852

–

–

–

2517

–

2517

–

Limewater

–

–

–

1880

–

–

Vibration from C=O groups

1785

–

1797

1790

1790

–

Calcite
Aragonite
Limewater

1740

–

1740

1740

–

1737

Calcite

1645–1655

1680

1680

–

–

1680

Vibrations from C–O groups
Collagen – Amide I

1594

1601

1590

1610

1585

1570

Vibrations from C–O groups

–

–

–

–

–

–

Collagen – Amide II

–

–

1500

–

–

–

Vibrations from rings of aromatic compounds

Assignement/ Interpretation

Vibrations from OH group

Vibrations from C–H group

1425 –1431

1430

1431

1426+1450

1439

1450

Vibrations from C–O groups:
Limewater
Calcite
Poorly crystallized apatite
Collagen – Amide II

1280–1310

–

–

–

–

1310

Vibrations from C=O, C=N, C=C groups

–

–

–

1200+1250

1280

1244

Collagen – Amide III

–

–

–

–

–

1164

Calcite

–

–

1111

–

1099

–

Poorly crystallized apatite

1080

1080

–

–

–

–

Vibrations from sulphate groups

–

–

–

1062

–

1057

1035

1049

1041

1041

1043

–

Vibrations from C–O groups in alcohols, from
C–N groups in amines

964

960

–

950

–

–

Apatite

875

875

877

878

876

876

800

800

800

773+800

800
780

–

Quartz

–

–

713

–

713

–

Calcite

Poorly crystallized apatite
Vibrations from C–O groups in alcohols
Limewater

Calcite
Limewater

–

–

–

694

–

–

Limewater
Calcite
Quartz
Apatite

–

–

–

680

–

–

Gypsum

–

606

–

–

–

–

Gypsum
Albite
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Fig. 7. Rusinowo. Infrared spectrum of whitish-gray substance sampled from ornament grooves. On the horizontal
axis – wavenumber value expressed in cm-1, on the vertical
axis – absorption

Fig. 10. Rusinowo. Infrared spectrum of gray substance
sampled from ornament grooves. On the horizontal axis
– wavenumber value expressed in cm-1, on the vertical axis
– absorption

Fig. 8. Rusinowo. Infrared spectrum of whitish-gray substance sampled from ornament grooves. On the horizontal
axis – wavenumber value expressed in cm-1, on the vertical
axis – absorption

Fig. 11. Rusinowo. Infrared spectrum of gray substance
sampled from ornament grooves. On the horizontal axis
– wavenumber value expressed in cm-1, on the vertical axis
– absorption

Fig. 9. Rusinowo. Infrared spectrum of gray substance
sampled from ornament grooves. On the horizontal axis
– wavenumber value expressed in cm-1, on the vertical axis
– absorption

Fig. 12. Rusinowo. Infrared spectrum of black substance
sampled from ornament grooves. On the horizontal axis
– wavenumber value expressed in cm-1, on the vertical axis
– absorption

–

–

–

–

–

–

–

–

–

–

–

1680 s

1660 s

1640 s

–

–

1550 m

1500 w

–

1470 m

–

1450 m

1420 s

–

3281 m

3073 w

2965 w

2920 w

–

–

–

–

–

–

–

1641 m

–

–

–

–

1531 m

–

–

1444 m

1413 m

–

–

1456 m

–

–

–

1557 s

–

–

1636 s

1661 s

–

–

–

–

–

–

–

–

–

–

–

–

Collagen I
Modern bovine
from human
bone (Chadetissue
faux et al.
(Jackson et al.
2009)
1995)

–

Modern elk
antler (current
research)

–

–

1454 w

–

–

–

1555 s

–

–

–

1659 s

–

–

–

–

–

–

–

–

–

–

–

–

Collagen I
from human
tissue
(Belbachir et
al. 2009)

–

1450

1455

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Bioapatite
(Thompson et
al. 2013)

1435 s

–

–

–

–

–

1545

–

–

–

–

–

1795 w

–

–

–

–

–

–

–

–

–

–

Calcite
(Moencke
1963–6)

1435 s

–

–

–

–

–

–

–

–

–

–

–

1780 w

–

–

2500 w

2800 w

2920 w

–

–

–

3400 m

–

Limewater
(unpublished
individual
research)

–

–

–

–

–

–

–
–

–

–

–

–

–

–

–

–

–

1980 w

2160 w

–

–

–

–

–

–

–

–

Pyrite
(www.rruff;
ID R0500190)

–

–

–

1610 w

1690 w

–

–

–

–

–

–

–

–

–

–

–

–

3430 m

3580 m

Gypsum
(Boke et al.
2004)

–

–

–

–

–

–

–

–

–

–

–

–

–

1980

2180

–

–

–

–

–

–

–

–

Pyrite
(www.rruff;
ID R050070)

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Mackinawite
(Lennie et al.
1995)

Table 2. Bands from vibrations generated by apatite, calcite and limewater, gypsum, pyrite, mackinawite and of bovine and human collagen in cm-1. Band intensity: “s” (strong),
“m” (medium), “w” (weak).
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–

1340 w

1270 w

1240 w

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

1235 w

–

–

–

–

–

–

–

–

–

1018 s

958 m

–

872 w

–

–

–

–

–

600 m

–

560 m

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

1031 w

1081 w

1082 w

–

–

–

–

1174 w

1204 w

1236 m

1282 w

1337 w

1405 m

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

565

–

605

632–650

–

–

–

–

875

880

960

–

1028–1100

1035 w
–

–

–

–

–

–

–

–

–

–

–

–

1410

–

1079 w

–

–

–

–

1160 w

1203 w

–

–

1340 w

1403 w

–

–

–

–

–

–

–

–

712 m

–

–

877 m

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–
–

–

602 m

669 m

–

–

–

–

–

–

–

–

–

–

–

–

1116 s

1146 s

–

–

–

–

–

–

–

–

–

–

700 w

–

–

865 m

–

–

–

–

–

–

1040 w

–

–

–

–

–

–

–

–

–

–

–

470 s

–

–

–

–

–

–

–

–

–

880 m

–

–

–

–

–

–

–

–

–

–

–

1230 m

–

–

–

–

450

–

–

570

–

–

680

–

–

830

–

–

–

–

–

–

–

–

–

–

1150

–

–

1210

–

–

–

300 s

–

–

–

560 m

–

–

–

–

790 m

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–
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Fig. 13. Infrared spectrum of modern elk antler. On the
horizontal axis – wavenumber value expressed in cm-1, on
the vertical axis – transmittance

Fig. 16. Infrared spectrum of a reference substance – black
ash (charcoal) from a prehistoric fire from archaeological
site Targowisko. On the horizontal axis – wavenumber value
expressed in cm-1, on the vertical axis – absorption

Fig. 14. Infrared spectrum of a reference substance – burnt
spruce needles. On the horizontal axis – wavenumber value
expressed in cm-1, on the vertical axis – transmittance

Fig. 17. Infrared spectrum of a reference substance – soot
collected from the surface of a sooty vessel. On the horizontal axis – wavenumber value expressed in cm-1, on the
vertical axis – absorption

Fig. 15. Infrared spectrum of a reference substance – black
ash (charcoal) from a modern fire. On the horizontal axis
– wavenumber value expressed in cm-1, on the vertical axis
– absorption

3
3698

3621

3455

–

–

2922
–
2852

–

–
–

–

1631

–
–
–

Ash from modern “tourist”
campfire
(Fig. 15)

2
–

–

3429

–

–

2934
2890
–

–

–
–

–

–

–
1584
–

Ash from Neolithic firepit
(Fig. 16)

1
–

–

3429

–

–

2921
2885
–

–

–
–

–

–

–
–
1568

Soot from a vessel surface
(modern)
(Fig. 17)

–
–
–

1638

–

–
–

–

2920
–
2851

–

–

3430

–

4
–

Burnt spruce needles
(Fig. 14)

1607
–
–

1634

–

–
–

1730

2922
–
2852

–

3331

–

–

5
–

Prehistoric charcoal from Kebara
(Cohen–Ofri et al. 2006)
–
1593
–

–

–

1719
–

–

–
–
–

–

–

–

–

6
–

Modern charcoal, incompletely
combusted (Guo, Bustin 1998)
–
–
–

–

–

–
1708

–

2920
–
2850

–

–

3400

–

7
–

Modern charcoal, completely
combusted (Guo, Bustin 1998)
1600
–
–

1650

–

–
–

–

–
–
–

–

–

–

–

8
–

Experimetal birch wood tar
(Pietrzak 2010)
1608
–
–

1640

1653

–
1709

1734

2927
–
2854

3069

3371

–

–

9
–

Vibrations from organic
compounds (Kęcki 2016)
Vibrations from aromatic rings

–

–

Vibrations from C=C groups in
alkenes

–
–

Aromatic esters

Vibrations from C=C groups in alkenes

Vibrations from C=O groups in esters,
aldehydes, ketones, carboxylic acids

Vibrations from =C–H, C=C, O–H groups
(carboxylic acids)
–
–
–
Vibrations from C=C and C–C groups in
aromatic compound

Vibrations from N–H groups in amines

–

Vibrations from N–H groups in amines

Vibrations from O–H groups in alcohols

11
–

Vibrations from N–H groups

–
–
Vibrations from C=C, O–H
groups

Vibrations from C=O– groups

Vibrations from C–H groups

10
Vibrations from O–H groups
Vibrations from O–H groups
in alcohols, phenols, carboxylic
acids
Vibrations from O–H groups
Vibrations from C–H groups in
alkenes
Vibrations from C–H in vinyl
and aryl groups

Vibrations from organic
compounds (McMurry 2007)

Peat from site at Neumarkt

Table 3. Infrared vibrations originating from reference substances and interpretation/assignement of vibrations from organic and inorganic compounds.
Vibrations from inorganic
compounds (Moencke 1963–6;
Ewing 1985; Błaszczak et al. 1993)
–

Vibrations from
O–H groups
–

–

–
–

–

–
–
–

–

–

–

–

12
–
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2

–

–

–

–

1430

–

–

1381

–

–

–

–

–

1184

–

–

–

–

–

–

–

1

1550

–

–

1464

–

–

–

1381

–

–

–

–

–

–

–

–

1116

1100

–

–

–

1032

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

3

1030

1056

–

1107

–

1158

–

–

1204

–

–

1280

1317

1382

–

–

1425

–

–

–

–

4

1035

–

–

–

–

–

1168

–

–

1240

–

–

1313

–

–

1416

–

1458

–

–

–

5

–

–

1088

–

–

–

–

–

–

–

1252

–

1317

–

1400

–

1430

–

1511

–

–

6

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

1430

–

1508

–

–

7

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

8

1034

–

–

1107

–

–

–

1178

–

1239

–

–

–

1377

–

–

–

1456

1515

1539

–

9

–

–

–

–

–

Vibrations from NO2 groups

11

Vibrations from O–H groups in
alcohols

Vibrations from C–N groups in amines

–

–

–

–

Vibrations from C–N groups in amines

Vibrations from C–H groups in
–
aliphatic compounds
Vibrations from C–N groups
–
Vibrations from C–N and C–O
Vibrations from C–C groups in alkanes
groups
–
Vibrations from C–C, C–H
groups in aliphatic and aro–
matic compounds
Vibrations from C–O groups
Vibrations from C–N groups in amines
Vibrations from C–O groups
and from C–H in aromatic
hydrocarbon
–
Vibrations from O–H groups in
alcohols
–
Vibrations from O–H groups in alcohols

Vibrations from C–C groups in
aliphatic compounds

Vibrations from N–H groups
Vibrations from rings of aromatic compounds

10
Vibrations from N–H groups in
amide II

Vibrations from
phosphate groups
Quartz
Apatite
Albite
Vibrations from
phosphate groups

Vibrations from
sulphate groups
Vibrations from
sulphate groups

Vibrations from
sulphate groups

–

Vibrations from
sulphate groups

–

–

Vibrations from PO2
groups
–

–
Vibrations from
nitrate groups

Vibrations from
carbonate groups
Vibrations from
carbonate groups
–

–

12
Vibrations from
carbonate groups
–
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2

–

873

812

–

–

751
–
–
–

–

–

–

–

–

–
–

1

–

870

–

–

–

–
–
–
–

–

617

–

–

–

–
–

467
428

–

529

–

–

–

–
–
–
693

777

796

–

–

–

3

–
–

–

–

559

–

–

–
–
–
–

–

–

–

–

897

4

–
–

517

–

–

602

661

–
–
716
–

778

–

–

874

–

5

–
–

–

–

–

–

–

–
–
–
–

–

796

–

–

–

6

–
–

–

–

–

–

–

–
–
–
–

780

–

–

–

–

7

–
–

–

–

–

–

–

–
–
–
–

700–900

–

–

–

–

8

–
–

–

–

564

–

668

757
730
–
–

–

–

–

884

–

9

–
–

–
Vibrations from C–C groups in
aromatic compounds

–

–

–

Vibrations from C–H groups
in alkenes and aromatic
compounds

10

–
Vibrations from sulphate groups in pyrite

–

–

–

–

–

Vibrations from C–H groups in aromatic
compounds
–
Vibrations from C–H groups in aromatic
compounds
–
–
–
–

Vibrations from C–H groups in alkenes

–

11

–
–
–

Quartz

Pyrite
Smectite

–

–

Quartz
Vibrations from
phosphate groups

Quartz
Vibrations from
sulphate groups
Vibrations from
phosphate groups

Albite

Quartz

Smectite

12
Vibrations from
carbonate group
Vibrations from
carbonate groups
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minerals. Most likely, this is gypsum, but the bands
that may be ascribed to this mineral are characterized by a weak intensity and it is hard to say which
of the Ca-SO4 phases is found here. The presence of
gypsum is suspected from the presence of bands at
1150, 1111, 680 and 606 cm-1. It is likely that there is
some coincidence of bands originating from different
substances (Figs. 8, 9, Table 2). In one sample (Fig. 10)
quartz was detected, also likely is the presence of
feldspar (albite) (bands at 694, 773 and expansion of
the band at 1062 cm-1) (Moencke 1963‒66; Table 2).
The amount of these phases is very small.
An organic substance identifiable on the infrared spectra collected from the whitish-grey and grey
samples is collagen, a component of antler. In spectra collected from samples submitted for analysis,
collagen may be attributed to bands from the range
of 1641‒1680, 1531‒1557 and 1236‒1250 cm-1. The quite
broad range of the wavenumber is given here to illustrate the existence of evident differences in the
structure of collagen from different organisms (cf.
Table 3). Furthermore, these differences intensify
depending on temperature (Thompson et al. 2013)
and diagenetic processes (Chadefaux et al. 2009).
Bands originating from vibrations of pure bioapatite
and collagen in the antler of elk are visible also in
the reference spectrum (Fig. 13). In the whitish-grey
and grey samples, the shape of the collagen spectrum
diverges somewhat from the curve of the reference
collagen spectrum.
In the spectra under discussion there are identifiable bands from the vibrations of an organic
substance other than collagen. These are bands at
1585–1610 cm-1, and bands at 2852–2925 cm-1. In the
spectrum shown in Fig. 10 there is a band at 1880 cm-1,
and bands at 2852 and 2925 cm-1 have an observably
smaller intensity (McMurry 2007; Kęcki 2016).
The spectrum from the black sample is characterized by the presence of bands which may be
ascribed to vibrations from functional groups of organic compounds (1057, 1164, 1244, 1450, 1570, 1737,
2874 and 2939 cm-1), although some of them may coincide with bands representing apatite (1057 cm-1),
clay minerals (1164 cm-1) and carbonate minerals
(1450 cm-1) (McMurry 2007; Kęcki 2016).
In the reference spectrum collected from modern
elk antler (Fig. 13) there are discernible bands originating from bioapatite (560, 600, 872, 958, 1018, 1413
and 1444 cm-1) and collagen (1235 cm-1 – amide III,
1531 cm-1 – amide II, 1641 cm-1 – amide I), and a group
of bands of a low intensity associated with the vibrations of groups CH2 and CH3 (2873, 2920, 2965, 3073
and 3281 cm-1). The spectrum reveals the presence

of CO3 groups built into the structure of the apatite
(bands at 872, 1413 and 1444 cm-1) (Chadefaux et al.
2009; Thompson et al. 2013).
Analysis of the reference samples for black,
burnt substances (Figs. 14–17) revealed the presence
of mostly organic substances, with a smaller number
corresponding to inorganic substances. In the latter, we identified sulphate minerals (probably, gypsum), carbonate minerals, and possibly, phosphate
minerals, quartz, albite and smectite. Quartz (as the
spectra show – well crystallized) is of detrital origin,
similarly as albite and smectite. The sulphate and
the phosphate minerals identified in the samples are
most likely to be contaminations from plant ash. The
amount of the latter in the investigated samples is
minor. This is nothing to wonder at – after all, the
study was made of black charcoal, that is, a variously
carbonized organic substance. The peat sample (despite its macroscopically black colour) is dominated
by inorganic compounds (smectite, quartz and albite) (Table 3).
An organic substance detected on the spectra
collected from modern charcoal from an open fire
and from an archaeological site (Figs. 15, 16) is structurally similar to charcoal burnt at low temperatures
(around 300°C – charcoal from a modern open fire)
and at a slightly higher temperature (around 400°C
– charcoal from the site Targowisko). The evidently
burnt condition of the tested reference samples is
indicated by the depleted structure of OH groups
(the flattening of the spectrum at approximately
3000–4000 cm-1) and the decided domination of aromatic components over aliphatic ones (the shape of
the spectrum at approximately 500‒1800 cm-1). In the
soot sample (Fig. 17) there is a slightly greater amount
of aliphatic components, as indicated by the presence
of distinct bands at 2851 and 2920 cm-1. Experimental
data suggest that the duration of exposure to high
heat has an impact on the shape of spectra (Guo,
Bustin 1998). Not to be discounted either is a certain
variation which results from the use of different tree
species and their different elements. However, we are
unable to isolate the effect of particular components
of the process on the shape of the obtained spectra.
The spectrum shown in Fig. 14 represents carbonized spruce needles which have not completely lost
their shape. They had been exposed to the heat of an
open fire by being placed close to the central embers
and left there for about 3 hours. The obtained spectrum displays a sharp band at 1730 cm-1 and a band at
1607 cm-1. Some bands (eg, at 1240 cm-1) coincide with
bands in the spectrum collected from the antler of
elk (eg, 1236 cm-1), which may obstruct interpretation.

The residue filling the lines of the ornament
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Discussion
The ornament grooves in the ancient antler object
retain a residue of whitish-grey, grey and black
substances. All of them were investigated. The
first is the result of the presence in the sample of
the components of the antler – bioapatite and collagen, the occurrence of inorganic compounds,
formed on the surface of the object as a result of
diagenetic processes or settled on it as a result of
contamination from lake chalk and detrital minerals (quartz, feldspar, clay minerals). On spectra
collected from the whitish-grey samples extracted
from the grooves, next to bands originating from
bioapatite and collagen, there are also bands resulting from the presence of an organic substances other
than collagen. These are bands at 1594‒1608 cm-1 and
bands at 2853‒2925 cm-1. The first group appears in
the reference spectra collected from charcoal (particularly the low-temperature charcoal, Fig. 15) and
burnt spruce needles (Fig. 14). The bands from the
range of 2853‒2925 cm-1, also present in the reference
spectrum collected from spruce needles, correspond
to the presence of CH3 and CH2 groups associated
with open-chain organic compounds. This suggests
exposure to low-impact, ie, low-value temperatures,
(below ca. 300°C) and/or the brief duration of this
impact.
On the spectrum collected from the grey substance (Fig. 10), next to calcite, bioapatite and quartz
there is a band at 1426 cm-1 and the earlier mentioned
band at 1610 cm-1. The band at 1426 cm-1 could result both from the presence of organic compounds
(cf. Fig. 14) and from the occurrence of carbonate
minerals originating from the ashes. The band at
1880 cm-1 is most likely to correspond to the presence
of overtones. The low intensity of bands originating
from CH3 andCH2 groups, and from OH groups (in
the range 2800‒3600 cm-1) indicates the impact of
temperature higher than in the case of other samples. Nevertheless, it need not have exceeded 400°C
(Guo, Bustin 1998).
Special interest is raised by the black substance,
because it may have been applied intentionally inside
the grooves as a pigment, or represents a trace of
some other type of sort deliberate treatment. The
questions to be answered are whether the origin of
the substance is inorganic (carbonized bioapatite),
organic (collagen) or mixed? Its presence on the artefact, is it the result of deliberate action, or does it
represent a residue from its depositional environment? Was it subjected to thermal transformation?
Did it originate from the ashes of an open fire?

The SEM image of the grey and the black substance disclosed the presence, among the oblong
crystals of bioapatite (Figs. 1, 2) of very fine, isolated clusters combining iron, sulphur and silicon
(Figs. 3, 4), or globular clusters concentrating iron
and sulphur (Figs. 5, 6). There is a striking similarity to the composition of Fe-S phases, chiefly pyrite
which has been identified in the dark areas on the
antler outside the grooves (cf. section 3.3.1., in this
sub‑chapter). However, some differences are visible.
Here, the clusters of iron sulphide are quite scattered
and much smaller. The reasons for this may be of
two types: “technical”, due to the much smaller volume of the extracted sample, or – natural. Perhaps,
the substance which contributed to the formation
of the Fe-S phases penetrated into the grooves to
a much smaller extent than on the more exposed
surface.
On the spectrum collected from the black substance filling the grooves on the antler object (Fig. 12)
there is a distinct band at 1570 cm-1 originating from
the vibrations of aromatic compounds. This band
is characteristic for charcoal, which contains these
compounds in quantity (Francioso et al. 2011). Also
distinct are bands at 1450 cm-1 and 1730 cm-1, respectively, from the vibrations of aromatic rings and carbonyl groups of ester compounds (McMurry 2007).
Although these bands originate from vibrations of
C=O groups of organic compounds, they may be
related at least partly to C=O groups vibrating in
limewater (Trąbska 1995). The spectrum resembles,
at the same time, the spectra collected from charcoal
and burnt spruce needles (Figs. 14‒16). Furthermore,
it is similar to spectra collected from “mature” fulvic acids extracted from fluvial sediments (De Paolis, Kukkonen 1997). The shape of spectra collected
from samples removed from the grooves in the antler artefact is divergent from spectra collected from
natural, thermally unmodified lignins (Bykov 2008).
Furthermore, the investigated spectrum is similar
to some spectra collected from wood tar (Pietrzak
2010). However, we are definitely inclined to interpret the black substance not as wood tar, deliberately obtained and introduced into the grooves, but
as a mixture of ashes naturally resulting from a fire,
perhaps as an element of a natural mixture with fulvic acids. This is suggested mainly by the irregular
arrangement of the black and dark grey stains on
the surface of the artefact, and by the lack of traces
of continuous blackening of the residue filling the
grooves.
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Table 4. Rusinowo. Bands from vibrations generated by amide groups of collagen from
samples taken from the grooves of the ornament and from a reference sample (Fig. 13).
Band intensity: “s” (strong), “m” (medium), “w”, “v.w.” (weak, very weak).
Sample

Amide I

White sample (Fig. 7)

1645–1655 m

Gray sample (Fig. 8)

1645–1655 m

Gray sample (Fig. 9)

–

Gray sample (Fig. 10)

1641 w

Gray sample (Fig. 11)

–
1640, shoulder of
adjacent band, m
1641 s

Black sample (Fig. 12)
Elk antler (Fig. 13)

The presence of pyrite is suggested by bands at
2180, 1980, 1210‒1230, 1150, 790, 830, 680 and 560‒570,
and most of all, the most intensive bands at 450 and
300 cm-1 (http://www.rruff.com). Unfortunately, the
main band does not appear in the recorded spectra. Another “suspect”, mackinawite, is very poorly
marked on the infrared spectrum, in an area around
300, 600 and 780 cm-1 (Lennie et al. 1995). Therefore,
its presence cannot be confirmed either. In sum, the
phases predominantly consisting of iron and sulphur
are not visible in the recorded spectra. This is due
both to their weak signal in infrared spectroscopy
and their minuscule quantity (Figs. 1‒6).
There have been numerous attempts to apply
the analysis of the shape of spectra collected from
bioapatite to evaluate anthropogenic and diagenetic
alteration of substances. Analysis has been made of
the crystallinity of the apatite based on the width
and intensity ratios of the bands, making a study
of carbonate group substitutions, thought to indicate exposure of bone to high heat (Chadefaux et al.
2009; Thompson et al. 2013, with further literature).
In our case analysis of this sort is unfeasible, owing to the multiple-phase character of the studied
samples, and the presence of a high concentration
of calcium carbonate. Nevertheless, it is possible to
note the evident difference in the position of bands
from bioapatite in antler of modern elk in relation
to the position of the bands from apatite in samples
subjected to analysis (Figs. 7‒11 vs. Fig. 13). The shift
towards a higher wavenumber of the main band collected from apatite in the substance sampled from
the ornament grooves of the Rusinowo artefact (1018
vs. 1041‒1049 cm-1) would be the result of the presence of secondary apatite, or of other secondary
phosphate phases.
Three main bands from collagen corresponding
to vibrations from amide groups I, II and III are

Amide II
Very weak shoulder
of adjacent band
1530 m
Very weak shoulder
of adjacent band
Very weak shoulder
of adjacent band
–

Amide III
Ca. 1255 v.w.
Ca. 1260 w
–
1230–1260 v.w.
Ca. 1260 v.w.

1550–1570 s

1244 w

1531 m

1235 w

clearly visible in the reference spectrum (respectively:
1641, 1531 and 1235 cm-1, Fig. 13). The distinct appearance of these bands in a similar position in relation
to collagen of a different origin has been observed
in other studies (eg, Sionkowska et al. 2004; Chadefaux et al. 2009). However, the collagen is a protein
susceptible to diagenetic and thermal alteration, presumably induced by anthropogenic factors. The direction of these alterations is not unambiguous and
makes it impossible to construct a model (Chadefaux
et al. 2009). Bands from collagen change intensity
and position when exposed to moisture (Zhang et
al. 2004) and, obviously, temperature. In an oxidising atmosphere their intensity is decreased, they increase in width and finally disappear (Thompson et
al. 2013). Table 4 presents the collected data on the
behaviour of bands from collagen in samples from
the artefact and in the reference sample.
In relation to the reference sample, the bands
have shifted in the direction of higher wavenumber
value, their intensity has changed, and some have
disappeared. However, the reasons for these changes
are hard to specify. They do not seem to be associated with the colouring of the samples. The field of
diagenetic and thermal alterations of collagen is still
insufficiently studied.
The question arises whether the blackening of
the grooves could result from the presence of black
bone ash. Ash of this sort is easily obtainable, as may
be seen from analyses of bone materials excavated
from hearth features on Palaeolithic sites (Schiegl
et al. 2003), it is also easy to observe in microscopic
studies of sediments. On the other hand, it is harder
to identify the burning of bone materials or antler
using FTIR, with its much smaller intrusion into the
analysed object. As noted earlier, the diagnostic parameters proposed for some time now (Chadefaux et
al. 2008; Thompson et al. 2013), despite their outward
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simplicity, are not unambiguous and are dependent
on many factors. Moreover, they have been applied
to “pure” osseous material, faunal or human. Consequently, in our case, we have to resort to the analysis
of the microstructure of bioapatite from antler as
seen in the SEM image, and this does not indicate
any processes of burning. This becomes apparent
once we compare the spectra collected from samples removed from the artefact with spectra from
the modern antler of elk (Figs. 7, 8, 9, 11 vs. Fig. 13).
The difference between the spectra from the substance extracted from grooves in the artefact and
reference spectra from ash consists in the presence
of secondary carbonate and sulphate minerals in
the former. In the modern black ash they are not
present. Calcium carbonates in the reference samples are from plant ash, they are present also in
samples removed from the grooves in the artefact,
where they also may be interpreted as a residue of
plant ashes, but alternately, also as the effect of diagenetic processes. There are more of them here than
in the modern ashes, they form a richer group in
terms of their phase composition. The presence of
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hydrocarbon phases suggests the effect of modernperiod processes of dissolution and crystallization
of CaCO3. Most likely, these were promoted by the
acidic environment generated by the oxidising pyrite.
Gypsum (or other calcium sulphate minerals) is
present in the samples from the grooves in a small
amount. It has taken form at the cost of the weathering of iron sulphides in the presence of carbonate
ions.
Apatite occurs only in samples from the artefact and is most likely a “relic” of the antler surface.
Although it could be a component of plant ash (in
particular, from burnt oak or beech, Trąbska 1995)
it did not occur in the reference samples. The shape
of the spectrum obtained from the modern antler of
elk displays a similarity with spectra obtained from
the white and whitish-grey samples taken from the
grooves.
Quartz and feldspar (most likely, albite) are presumably detrital minerals, a small amount contaminating the material filling the grooves. Authigenic
quartz is also possible here, it would have taken form
as a result of diagenetic processes.

Conclusions
The black substance filling the grooves of the antler
artefact from Rusinowo comes from burnt, black
plant ash. It found its way into the grooves when
the object was placed in ashes of a hearth or hearths.
This substance is composed of charcoal, other burnt
remains (eg, conifer needles) and isolated, small clusters of Fe-S phases, also imparting a black colour.
No evidence was found to prove that wood tar, soot
or bone char had been applied deliberately to the

interior of the grooves to colour them. It is important to note that on the surface of the object, outside
the grooves, the presence of similar substances was
not detected (cf., section 3.3.1., in this sub-chapter).
They could be the result of a temporary contact of
the artefact with ashes of a hearth, and subsequent
cleaning of its surface from accretions. These accretions had a chance to survive only in the depressed
features of the antler object.
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Chapter 4. Symbolic artefacts in the Late Palaeolithic and
the early Mesolithic in Northern and Central Europe
Abstract: The symbolic culture at the end of the Palaeolithic and the beginning of the
Mesolithic is still poorly investigated. In our study, we looked for new perspectives on
the execution of symbolic objects and their manner-of-use. In Northern and Central
Europe Late Palaeolithic societies one finds carefully crafted bone and antler artefacts
covered with painstakingly engraved ornaments, and also, figurines of animals made of
amber. These objects were not used as tools, were held onto for many years, and apparently played a central role in the social and religious life of the forager groups. A symbol
more significant than others appears to be the pattern of densely engraved zigzag lines.
Its literal meaning is no longer available to us at present, nevertheless, it is likely to be
related to the aquatic element, the reflection of the growing role of the aquatic environment in everyday life and in the symbolic culture. The wide distribution of densely engraved zigzag motif noted across Northern Europe suggests a free flow of information,
ideas and beliefs within an open relationship network connecting different groups. In the
early Mesolithic finds decorated with densely engraved zigzag lines concentrate in two
regions: in what today is Denmark, and in central and south-western Finland, with some
rare finds recorded in the British Isles and in the eastern Baltic region. Simple anthropomorphic motifs in the stroke style are known mostly from the islands of Denmark. This
geographically confined distribution of this distinctive style is related presumably to the
emergence of socio-cultural borders which separated societies with different traditions,
organization and culture system.
Keywords: Late Palaeolithic, early Mesolithic, symbolic culture, engraved ornaments,
zoo- and anthropomorphic representations

Introduction
Objects of Late Palaeolithic art from Northern and
Central Europe are exceedingly rare. Most of them
are stray finds, dated only by their style and raw material. This significant reduction in the number of
art objects, evident especially if we compare their
number to the assemblage from Magdalenian sites,
has been attributed mostly to two factors: i./ substantial mobility of the Late Palaeolithic groups which
supposedly discouraged the making of art objects;
ii./ perishable nature of materials used in making
symbolic objects, responsible for their decomposition. In attempting to interpret this phenomenon
different researchers have placed more emphasis on
either of these two factors or on a combination of

the two (Rust 1943; Bosinski 1982; Kozłowski 1992;
Floss 1994; Baales, Street 1996; Jochim 1998, 2008;
Gamble et al. 2004).
Our studies afford a new perspective on the
manufacture, manner-or-use and typical archaeological context of symbolic artefacts at the end of
the Palaeolithic. We propose to elucidate these issues by drawing on our studies of the ornamented
object from Rusinowo and inquiry into symbolic
artefacts from past research recovered in northern
and central Europe. Moreover, in our discussion we
reach back to the early Mesolithic age of this region, to draw attention to the continuity and evolving meaning of the symbolic artefacts. By so doing
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we hope to specify some of their features and trace
the evolution of symbolic culture during the period

spanning the end of the Magdalenian and the early
Mesolithic age.

The symbolic culture at the end of the Palaeolithic
At the end of the Palaeolithic, following the decline
of the Magdalenian complex, there is a major reduction of the number of symbolic objects recovered
from archaeological sites of western and central
Europe. This process, described in subject literature
several decades ago (Breuil 1952; Leroi-Gourhan
1965; Bosinski 1982), is observed both as the reduction of the number of artefacts of this type and the
decline of figural representations. The number of the
latter is negligible when compared to artefacts decorated with geometric designs. This change is particularly apparent in the European Lowland where
Late Palaeolithic figural representations are exceedingly rare; in this region, we find objects covered
with geometric patterns, and their number is not
impressive either. Neither have the Late Palaeolithic
sites yielded a larger number of ornaments executed
on fragments of bone and antler, so characteristic for
the Magdalenian complex.
When present, the rare anthropomorphic representations known from the Late Palaeolithic art
have been be mostly in the geometric style. Built by
short strokes which represent in a synthetic manner
an image of a woman with legs spread out, the human figure on the Rusinowo artefact is characteristic for this particular style. A similar execution, in
a synthetic style, is seen in an image placed centrally
on one side of the pendant from Weitsche: a figure
which consists of a short line with strokes issuing
from it, flanked by engraved chevrons (Fig. 1). In
our interpretation this is a highly geometricised anthropomorphic motif, even more abstract than the

representation from Rusinowo. In the art of the Late
Palaeolithic this type of geometricization of anthropomorphic patterns is known, and takes the form of
hyper-anthropomorphic representations, recorded in
Southern and South-Western Europe (Barbaza 1999).
They consist of vertical line or lines, with chevrons
issuing from the outer lines or short zigzags consisting of three strokes each, symbolic of spread out
limbs (Figs. 2, 3). It is reasonable to consider motifs
of this type as a multiplied version of the figure on
the Rusinowo object. Hyper-anthropomorphic representations have been identified on a stone from
the site Riparo Villabruna A (Fig. 2), in the Venetian
Prealps (Aimar et al. 1994, 250-252, Fig. 23), and on
stone walls (Fig. 3), eg, in Abrigo de Los Chaparros
in the valley of río Martín, Aragon (Beltrán Martínez
1998, Fig. 4). The stone was found, its larger side facing up, resting over the burial of a 25-year old man,
near to his left hip. The radiocarbon date obtained
for this burial, attributed to the Epigravettien, was
12 140 ± 70 BP (KIA-27004), ie 12 240-11 830 BC
(Broglio 2000; Vercelotti et al. 2008). Both sides of
this flat pebble were covered with hyper-anthropomorphic motifs (Fig. 2). Their interpretation as anthropomorphic is confirmed by the figure painted
with red ochre identified on pebble RD82 recovered
nearby, from the Riparo Dalmeri site (Dalmeri et al.
2005, 168, Fig. 2; 2009, Fig. 10), and a fragment of
an unfinished human figure in a similar style recognized on rock RD1 from the same site (Dalmeri
et al. 2002, Fig. 26; 2009, Fig. 10). The figure painted

Fig. 1. Weitsche, Lower Saxony. An amber pendant (after
Veil, Breest 2006)

Fig. 2. Riparo Villabruna A, Trentino. A hyper-anthropomorphic representation on a stone (after Aimar et al. 1994)
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Fig. 3. Abrigo de Los Chaparros, Aragon. Parietal art (after Beltrán Martínez 1998)

on pebble RD82 has a linear torso, the head (marked
with a stroke) tilted to the side, and limbs which issue from the trunk as zigzags consisting of three
strokes (Fig. 4). Although the dating obtained for
the Riparo Dalmeri site is younger (ca 11 450––11 250
BC), the representational idea used in the human
figure refers to a similar stylistic tradition. Riparo

Villabruna A and Riparo Dalmeri produced further
painted pebbles interpreted as objects used during
complex rituals (Broglio 2000; Dalmeri et al. 2006;
2009). In Riparo Villabruna A they were associated
with a symbolic act of marking the burial; at Riparo
Dalmeri they were an element of a habitation space
and were associated with its ritual valorisation.
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Fig. 4. Riparo Dalmeri, Trentino. Pebble RD82. An anthropomorphic representation (image
courtesy of MUSE-Museum of Sciences, Trento)

In the Late Palaeolithic art from the northern
regions of Europe anthropomorphic representations are exceedingly rare. From site Geldrop in the
Netherlands, we have an engraved image of a wo
man depicted en face, wearing a loincloth (Bohmers, Wouters 1962; Verhart 2008; Verhart, d’Errico
2012), legs spread slightly, the style realistic, different
from the line and stroke figure seen on the Rusinowo
object. The figure from Wanssum (Verhart 2008) is
similar in its portrayal, although this image lacks
realistic features, nevertheless, it is more dynamic
– with arms raised and legs farther apart. It is probably a right-handed human in a throwing or striking motion (Verhart, d’Errico 2012). A stone arrow
shaft polisher from the site Niederbieber in North
Rhine-Westphalia comes is decorated with a row of
simplified human figures (Loftus 1982).
It is legitimate to trace the beginnings of the
concept of simplifying the human silhouette in
a geometric manner to the cultural milieu of the
Magdalenian complex. The style itself of representing
the human figure using strokes is well documented
by very rudimentary anthropomorphic representations (type “e” of Bosinski and Fischer) known from
different Magdalenian sites of central and western
Europe, especially from Gönnersdorf (Bosinski,
Fischer 1974; Bosinski et al. 2001). However, differently than in the figure on the Rusinowo object, the

Magdalenian stroke figures were in profile. This tradition was apparently continued within the cultural
milieu of the Arch-backed Point complex, where on
the arrow shaft smoother from Niederbieber II the
row of the decidedly geometricised figures is shown
in profile. Nevertheless, this tradition cannot have
been too apparent, and more likely was rooted in
a bygone age given that within the cultural milieu of
the Arch-backed Point complex this particular form
of portrayal of women is unique.
On the other hand, the material attributed to
the Magdalenian complex from central Europe includes two representations reminiscent in their style
of the figure from Rusinowo – their style is synthetic.
Both these engravings (one surviving incomplete)
were identified on bone points with a single bevelled
base found at Petersfels (Mauser 1970, 58, Plate 72:6)
and Kniegrotte (Richter 1955, Fig. 6; Feustel 1974,
104, Fig. 74:6). Although in them the human figure
is shown en face, the portrayal of the limbs is different (Fig. 5). Both figures are heavily geometricised
so their interpretation as representations of a human
silhouette is doubtful. Nevertheless, the stylistic tendency to synthesize (reduce) the human figure to
only a few strokes has been confirmed by the study
of the representations from Gönnersdorf (Bosinski,
Fischer 1974). We can find there a whole range of representational types: from forms with marked limbs,
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Fig. 5. Anthropomorphic (?) figures built of strokes in the
Magdalenian of Central Europe. 1: Kniegrotte, Thuringia;
2: Petersfels, Baden-Württemberg (after Feustel 1974; Mauser
1970)

well-defined buttocks and breasts, to engravings in
which the human silhouette is signalled by means of
two-three strokes. Moreover, in the Magdalenian art
from other regions, we find synthetic representations
of the human figure, built by strokes, even if they are
not very frequent (Guthrie 2005, 232).
In the figural art at the end of the Late Palaeolithic, much more frequent than anthropomorphic
are zoomorphic representations. In the European
Lowland zone, some of them are figurines of animals made of amber like the horse from Dobiegniew, the elk from Weitsche, and an obscure animal
from Næsby Strand on Zealand. The object from
Weitsche surfaced on the site of the Federmesser
Culture and is likely to date to a period around
12000-11750 BC (Veil et al. 2012). The figurine from
Dobiegniew is a stray find, dated to the Late Palaeolithic (Federmesser Culture?) based on its stylistic convergence with the image of the elk from
Weitsche (Virchow 1884; Veil, Breest 1997). The recently discovered amber figurine from Næsby Strand
resembles the described specimens, with additionally on its body, on both its sides, an ornament of
densely engraved zigzag lines (Petersen 2016). The
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modelling of this figurine’s torso is very careful,
but the rendering of the head and the limbs is less
realistic. Also notable in this context are two representations of animals, identified with some confidence as elk cows, engraved on a retoucher from
Windeck in Rhineland-Palatinate (Heuschen et al.
2006). Despite the realistic treatment of both figures
they are marked by a certain stiffness of execution,
expressed by the limited fluidity of its line. Perhaps,
this is due to the low level of skill of the engraver
who had only little-limited experience in making
this type of representation.
The representations discussed above are to some
extent similar to Late Palaeolithic engravings discovered in France (Lorblanchet 1989; Roussot 1990;
Guy 1993, 1997). These occur on bones and stones,
and on the walls of caves, dating to the very end
of the Pleistocene, and the first half of the Preboreal period. The most characteristic are small finds
from caves La Borie del Rey (layer 7) and Rochereil,
rock shelters Pont d’Ambon (layer 2), Morin (level
AI and “Azilian-Magdalenian layer”), and cave art
at Gouy, Normandy (Coulonges 1963; Deffarge et al.
1975; Célérier 1998; Paillet, Man-Estier 2014). The
figures of animals are characterized by a geometric
portrayal of the torso and the head, the latter disproportionately small, and with a frequent disregard
for anatomical detail. Usually, the torso and the head
are covered by geometric ornaments (cross-hatching,
parallel lines, strokes, zigzags) and the limbs are represented schematically. The origins of this style may
be traced to a small number of zoomorphic images
attributed to the Azilian (Murat, Gouy). However,
the most characteristic representations of this type
are known from sites attributed to the Laborian, dating to the Younger Dryas and the Preboreal period.
They have been described as “style Pont d’Ambon”
(Paillet, Man-Estier 2014). Some features of this
convention have been identified moreover in Late
Palaeolithic zoomorphic images known from the
Iberian Peninsula, both in rock art and portable
art (Bueno Ramírez et al. 2007; García-Diez, Cacho
Quesada 2015).
A distinct feature of the amber animal figurines
from Weitsche, Dobiegniew and Næsby Strand is
their torso which has the form of a trapeze (in outline) and geometric patterns used more for a symbolic or/and decorative than a representational
purpose, even if the style of sculpture is closer to
realism. There is no denying after all that other elements of these representations refer more to Magdalenian models: the realistic modelling of the head
and the torso, the portrayal of anatomical details of
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the head. Geometric patterns were used for a decorative purpose also in a figurine of a cervid found in
a grave at Bonn-Oberkassel (Bosinski 1982, 42, Plate
71:1) dated to the last phase of the Magdalenian complex, or possibly, the inception phase of the Archbacked Point complex (Baales, Street 1998; Street et
al. 2006, 568). The atrophy of legs observed in the
Late Palaeolithic engravings in France is seen at the
most in the representation from Bonn-Oberkassel.
In the images from Dobiegniew and Weitsche, the
legs have lost their importance, which they have in
the Magdalenian art – they have become more of
a structural element, supporting the emphasized
torso and head. Veil et al. (2012, 669) have argued
that at the end of the Palaeolithic animal figurines
may have been mounted atop wooden (?) staffs, as
a new form of display of symbolic artefacts. This tradition could have appeared even earlier, within social
groups of the Magdalenian complex – if we agree
that the burial from Bonn-Oberkassel represents the
late Magdalenian tradition.
Recently, the much-discussed representation
of an elk’s head from Egemarke on Zealand has
been interpreted as a Late Palaeolithic object and
attributed to the Brommian (Mortensen et al. 2014;
Petersen 2015), instead of its previous interpretation as a Mesolithic artefact (Mathiassen 1953).
The Egemarke find has the form of a plaque with
holes, possibly for sewing onto clothing, textile or
hide, although originally it could have formed part
of a larger figurine (Petersen 2015). Peter Vang Petersen pointed out the similarity of the heads of the
figurines from Weitsche and Egemarke, and the use
of the multiple zigzags in decorating the latter, the
motif widespread in the Palaeolithic art of the Lowland zone. In our view the elk’s head from Egemarke
is stylistically different: rather than being three-dimensional it is flat, summarily drawn and lacking
anatomical details other than the fold below the chin
and the hole-eye. In contrast to it, the head of the elk
figurine from Weitsche is three-dimensional and was
shaped realistically, complete with delineating the
muscles and details of the head. Equally importantly,
some of the zigzags used in decorating the head of
the elk from Egemarke consist of four strokes and
form a motif resembling a bird in flight. This pattern
is well confirmed in the art of the early Mesolithic
on Zealand; it is seen in different configurations on
mattocks from Mullerup and Ringsted å, on daggers
from Mullerup and Sværdborg I, on a knife from
Øgårde, and on an amber pendant from Lundby I
(Płonka 2003, Figs. 40:2, 42:3, 45:1, 47:1, 88:2), even
if on none of them its form is the same as in the

Egemarke find. Moreover, the strokes forming the
zigzag lines on the Egemarke object are very short,
in which they recall the Maglemosian motifs. On
the other hand, the geological position of the site
suggests an earlier chronology. The artefact was
excavated from layers found roughly 2.0 m underneath the peat. A test excavation made in the area
of the find spot confirmed the presence of lacustrine
deposits below the peat. According to preliminary
pollen analyses, these deposits were dated to the late
Pleistocene (Petersen 2015, 228). In the light of these
findings, it is reasonable to conclude that the elk representation from Egemarke has a Late Palaeolithic
dating. The presentation of the animal’s silhouette
and its ornamentation reflect stylistic change occurring at the end of the Palaeolithic which resulted in
the birth of Mesolithic art. Late Palaeolithic engravings from the European Lowland and the adjacent
upland belt usually consist of simple geometric motifs: parallel lines, strokes, cross-hatching, zigzags
and chevrons. They appear on pebbles and stone
plaques, on antler and bone tools: knives, Lyngby
axes, harpoon-heads. Characteristic among these
patterns are zigzag motifs, which become widespread
in the Late Palaeolithic art of north-western and central Europe. They often assume the form of densely
engraved, parallel zigzag lines, covering some parts
of an object, as in artefacts from Rusinowo, Wustermark 22 (Fig. 6) and others (Table 1). In the Magdalenian art of Central Europe, zigzag motifs are
extremely rare and are never seen in an arrangement known from the Rusinowo object (Płonka et
al. 2011, 730).
The motif of densely engraved zigzags appears in
the Lowland at the time of its reoccupation during
the Bølling interstadial. Its earliest use is documented
on the antler sleeve of a flint knife (Riemenschneider), found in a pond on the Hamburgian site at
Meiendorf (Table 1). One end of this object ends in
what appears to be the head of an aquatic bird. On
this “head” and “beak” are short, densely engraved
linear designs, intermediate in form b
 etween a zigzag
and a wavy line. In the Allerød interstadial (GI-1ca) the motif of densely engraved zigzags is seen on
all manner of artefacts from the European Lowland
region and the adjacent upland areas. In Western
and Central Europe the motif of multiple zigzag lines
has been recorded in sites attributed to the Archbacked Point complex. It covers the surface of a red
deer beam from Conty in the site le Marais, where
it runs crosswise or parallel to the longer axis of the
object (Fig. 7:1). Many zigzag lines are observed on
the stone plaque from Trémaouézan, site Lann-Gazel

campsite

campsite

stray find

red deer
antler shaft

slate plate

amber
pendant

amber figurine of an
animal

Conty, stan. Le
Marais, lower
level

Trémaouézan,
stan. Lann-Gazel

Weitsche

Egemarke

?
?

stray find

next to the
campsite

elk antler
artefact with
the blade

?

stray find

stray find

„

horse
mandible

harpoonhead

harpoonhead

Wustermark 22

Llandudno, Kendrick’s Cave

Jeglin

Złotów

Rusinowo

?

Swiderian (?)

?

?

stray find

bone rod

?

Fogens Enge

stray find

“

?

Federmesser

Azilian

Federmesser

Hamburgian

Cultural
context

Næsby Strand

campsite

pond next to the
campsite

antler sleeve

Meiendorf, pond

Find context

Artefact

Site

Younger Dryas (?)

Younger Dryas (?)

10 000 ± 200 (OxA-111)

10 005 ± 70 (Ua-20962)

10 700 ± 60 (Poz-14541)

Allerød/Younger Dryas

Allerød/Younger Dryas (?)

Allerød/Younger Dryas (?)

11 980 ± 120 (KIA-26439)
11 755 ± 50 (KIA-35664)

-

-

10 440-8930

9820-9300

10 780-10 610

-

-

-

12 180-11 610
11 770-11 520

-

12 030-11 540
11 760-11 320
11 620-11 270
11 470-11 150

11 890 ± 90 (OxA-6151 Ly-260);
11 620 ± 90 (OxA-6148 Ly-257) 11
560 ± 90 (OxA-6149 Ly-258) 11 410 ±
80 (OxA-6150 Ly-259)
Allerød (?)

13 060-12 290
13 030-12 100

Calibrated date
BC

12 460 ± 60 (GrN-11254)
12 360 ± 110 (K-4329)

Radiocarbon date BP
or chronology according to context

Table 1. Late Palaeolithic artefacts with dense zigzag line ornament in NW Europe

-

-

+

+

+

+

-

-

-

-

-

-

Date on
ornamented
artefact

Kleemann 1938; Galiński 1990

Gross 1940; Galiński 1990

Sieveking 1971; Gillespie et al.
1985

Beran 2001 ; Gramsch and
Beran 2010

Płonka et al. 2011

Petersen 2015; Michaelsen,
Petersen 2016

Petersen 2016

Mathiassen 1953 ; Petersen 2015

Veil and Breest 2006; Veil et al.
2012

Le Goffic 2001

Fagnart 1997

Rust 1937

Reference
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Fig. 6. Wustermark 22, Brandenburg. An ornamented artefact made from elk antler (after Beran 2001)

in Brittany, found on a site with Azilian artefacts
(Fig. 7:4). The lines of the ornament are heavily worn.
We may recognize as an elaborate form the amber
pendant from Weitsche, both its sides covered by
a complex geometric ornament executed using different techniques. On the obverse the design is built
by strokes ending in pits; the strokes are arranged
into chevron motifs, their apexes not always in contact, and into short zigzags (Fig. 1). Densely engraved
zigzags have been identified on finds dating to the
Allerød-Younger Dryas transition, and to individual
stages of the latter. The find from Rusinowo and Fogens Enge (Fig. 8) dated precisely to this transition
while the layer containing the elk antler artefact from
Wustermark 22 originates from the close of Younger
Dryas. The horse jaw decorated with groups of zigzags from Kendrick’s Cave in Wales (Fig. 7:3) was
dated with some confidence to the close of the same
stadial on the evidence from a direct radiocarbon
date (Gillespie et al. 1985). Covered with a dense
pattern of zigzags, the figurine of an obscure animal
from Næsby Strand may be assigned equally well
to the Allerød and to the Younger Dryas (Petersen
2016).
On the horse jaw, the zigzags are arranged in
four groups. On the artefact from Wustermark 22,

the zigzag lines were engraved in very much the
same way as on the Rusinowo objects. These two
finds represent the same type of object and only differ in their size. Unfortunately, due to the damaged
surface of the Wustermark object the extent of the
ornament on its decorated face cannot be specified.
An arrangement of zigzag motifs identical to the
one on the Rusinowo object appears on a rod of elk
or giant elk bone, found at Fogens Enge on Funen
(Fig. 8). The complex ornamentation of this object
consists of six panels of densely engraved, parallel
zigzag lines and a band built by two double zigzag
lines. The zigzags run transversely to the axis of the
object in five groups, with the sixth group parallel to the same axis. The described object with this
complex ornament apparently served no utilitarian
purpose.
Patterns of multiple zigzags have been identified
on a few hunting weapons – harpoon-heads from
Złotów, Pomerania (Fig. 7:2), and Jeglin, Mazuria,
stray finds previously attributed mostly to the Swiderian or the Ahrensburgian cultures (Kozłowski 1977),
but now some new discoveries and radiocarbon dating may support their earlier age (Cziesla, Masojć
2007). In Western Europe, the motif of densely engraved zigzag lines is observed in the art attributed
to the Laborian (Célérier 1998, 258, Fig. 21; Pasty et al.
2002, 22, Fig. 59). Densely engraved zigzags were one
of the several geometric motifs observed on the body
of a horse depicted in the rock shelter Pont d’Ambon
at Bourdeilles, Dordogne (Fig. 9). On one of the sides
of a limestone pebble found on site Champ Chalatras at Martres-d’Artière (Massif Central), there are
stroke motifs similar to parallel zigzags (Fig. 10). The
deposit at Pont d’Ambon which contained the artefact has radiocarbon dates of 9640 ± 120 (Gif-3740)
and 10 730 ± 100 (GifA-99102), the latter regarded
as more reliable (Célerier et al. 1999, 164). On the
other hand, the date obtained from Champ Chalatras is one of 10 000 ± 100 BP (AA-43085). Thus, we
may conclude that dense zigzag patterns, or similar arrangements, occur in the Laborian during the
Younger Dryas, and most likely, at the onset or even
during the first half of the Preboreal period.
Summing up the earlier observations, it may
be safe to claim that the motif of densely engraved
parallel zigzag lines started to spread within the cultural milieu of the Arch-backed Point complex and
occurs in the Late Palaeolithic across much of the
European Lowland and the adjacent upland zone,
from Wales to Mazuria. Radiocarbon dates have
confirmed its occurrence as late as the beginning
or the first half of the Preboreal period. Much rarer
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Fig. 7. Densely spaced zigzag lines in the Late Palaeolithic art of NW Europe. 1: Conty, Picardy; 2: Złotów, Pomerania;
3: Kendrick’s Cave, Wales; 4: Trémaouézan, Brittany (after Fagnart 1997; Kleemann 1938; Barton 1999; Le Goffic 2001)

in the Late Palaeolithic art of Northern Europe are
figural representations; they include engravings and
figurines of animals (horse, elk) made of amber, and
images of humans in a realistic or a synthetic style.

As noted earlier in the discussion of the decline
in the number of symbolic artefacts at the end of the
Palaeolithic this process used to be addressed from
the perspective of the mobility of Late Palaeolithic
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Fig. 8. Fogens Enge, Fionia. An ornamented rod made of bone (after Vang Petersen 2015)

Fig. 9. Pont d’Ambon, Dordogne. A zoomorphic representation on a bone artefact (after Paillet, Man-Estier 2014)

Fig. 10. Martres-d’Artière, Champ Chalatras, Massif Central. An engraved pebble (after Pasty et al. 2002)

groups on the one hand, but with some argument
made in favour of the existence of some forms of
symbolism which have not survived to our time.
These forms may have been made of perishable materials such as wood, bark, grasses, sedges, flowers,
animal sinew or plant fibre, animal skins, etc. or
were impermanent, as for example, sand art. In our
view, the argument which assumes a shift towards
impermanent media used in symbolism is not fully
convincing. A rigorous study of sites in the Ahrensburg Tunnel Valley and elsewhere in the European
Lowland zone, eg, at Wustermark 22, with its assemblage of well-preserved organic remains, produced
almost no evidence for the existence of symbolic
forms made of less durable materials (Rust 1937; 1943;
1958a; 1958b; Gramsch, Beran 2010).
The model of Late Palaeolithic settlement which
assumes a substantial mobility of small human
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groups, with a seasonal change of camps, only partly explains the small number of symbolic artefacts
found on sites from this period. Because we have to
assume that during some seasons the societies operating in small groups came together, forming a larger
group. Presumably, this took place in a period with
food security for the group, and when mobility was
hindered by natural factors – as for instance, during
the winter season. An additional piece of evidence
would be the remains of archaeological sites with
a larger number of flint concentrations – working
and habitation areas, possibly used contemporaneously over a longer, or a shorter, period of time, eg,
Niederbieber, Kettig, Weitsche, Rekem (Bolus 1992;
De Bie, Caspar 2000; Veil, Breest 2001; Baales 2002;
Gelhausen 2007, 2011). Based on surface surveys we
know also that similar concentrations could have
functioned on the terrace promontory in the valley
of the Mołstowa river, in the immediate vicinity of
the site of the discovery of the Rusinowo artefact.
On the terrace promontory, we found Ahrensburgian
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and/or Swiderian, and possibly Federmesser, flint
artefacts when we made a surface survey in 2016
(Fig. 11). Although in this case, it is quite hard to
prove the simultaneous formation of adjacent concentrations of worked flint within the same period
of time, this is quite likely given the social life dynamics confirmed by ethnological sources (Mauss,
Beuchat 1906; Yellen 1977; Conkey 1980; Gamble
1998; Whallon 2006). Cyclical gatherings of social
groups of foragers serve many purposes: exchange of
marriage partners, information, goods, performance
of appropriate rituals serving the well-being of individuals and of the group.
In accordance with the concept of the function
of aggregations of this sort, their remains may be
expected to harbour the remains of ritual activities.
In most Late Palaeolithic sites of Northern Europe,
ritual objects had little chance to survive in the sandy
ground on which the camps had been set up. Unless
they happened to be made of a more durable material (stone, amber) or found their way into a nearby

Fig. 11. Late Palaeolithic sites in the neighbourhood of the Rusinowo antler artefact find (triangle)
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waterbody. These rare survivors include the baguette
demi-ronde from Meiendorf (Rust 1958b; Bosinski
1978), the antler-sleeve from the same site, antler
objects from Wustermark 22 and Conty, the shaft
polisher from Niederbieber, the horse jaw from Kendrick’s Cave and the figurine from Weitsche. Stray
finds include the decorated artefact from Rusinowo,
the bone rod from Fogens Enge and the horse figurine from Dobiegniew. These artefacts do occur but
each of them is unique. They tend to be rather elaborate in form, evidently resulting from labour and
time-consuming effort requiring no mean skill. The
history of the engravings on the Rusinowo object
and the “unfinished” form of an analogous artefact
found at Wustermark prove that in some cases the
geometric ornaments took form cumulatively, over
a longer time interval. Presumably, each new zigzag
line sequence was engraved as part of a different ritual. However, the evidence from studies made so far
is insufficient to determine the time lapse between
the engraving of individual groups of patterns. The
gloss on the surface of these objects suggests that
they functioned within the community for a longer
period of time, preserved with care. Apparently, they
were a focus of the religious life of the group, at the

core of rituals performed periodically by members
of that community.
In the Late Palaeolithic age, there is an observable shift of symbolic accents as compared to the
Magdalenian age. As noted earlier, by the end of
the Palaeolithic small ornaments on fragments of
antler and bones, so typical for sites attributed to
the Magdalenian complex, disappear from the archaeological record. Absent from Late Palaeolithic
camps of western and south-western Germany are
shell and fossil finds sourced locally and in remote
regions, so characteristic for the Magdalenian age
(Eriksen 2002).
We believe that the wide distribution of the zigzag band motif across the northern region of Europe points to the existence of a stylistic unit spread
across much of the continent (Fig. 12). This unity
was assisted by the high mobility of the Late Palaeolithic groups and the existence of a network of
exchange within the frames of long-distance social
ties. Their existence assisted the spread of information and ideas over broad reaches of the continent.
These exchange networks enabled the spread of information and artefacts and involved some movement of individuals belonging to particular groups

Fig. 12. Distribution of Late Palaeolithic artefacts with dense zigzag lines in NW Europe. 1: Jeglin, Mazuria; 2: Złotów,
Pomerania; 3: Rusinowo, Pomerania; 4: Wustermark 22, Brandenburg; 5: Meiendorf, Schleswig-Holstein; 6: Conty, Picardy;
7: Trémaouézan, Brittany; 8: Llandudno, Kendrick’s Cave, Wales; 9. Weitsche, Lower Saxony; 10. Egemarke, Zealand;
11. Næsby Strand, Zealand; 12. Fogens Enge, Funen. Triangle – the Hamburgian; rectangles – the Azilian and Federmesser;
circles – undetermined, Allerød/Younger Dryas, Younger Dryas
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in different directions, mostly associated with marriage (Gamble 1982; Whallon 2006). This was the basis of long-term alliances between different forager
groups which contributed to increasing the safety
of individual members of the group – particularly
during times of crisis. The dissemination of ideas
and representational styles additionally must have
been assisted by the sourcing and exchange of raw
materials, eg, red pigment and various types of lithic
resources. The flint from the Meuse spread across
a broad region not only during the Magdalenian age
(Bosinski 1979; Floss 1994; Terberger 1997) but also
at the time of the development of the Arch – backed
Points complex as documented by abundant finds
of this lithic resource recorded in archaeological
sites in Rhineland (Baales, Street 1996; Baales 2001;
2002, 2006). Similarly wide-ranging in importance
at the end of the of the glacial period was the extraction and distribution of chocolate flint (Schild
1977, 1984; Sulgostowska 1997, 2005), and the wide
distribution range of the red pigment exploited at
Rydno (Schild, Królik 1981; Królik, Schild 1999; Sulgostowska 2005, 2007; Schild et al. 2011). According
to the rules governing the transmission of stylistic
messages through symbolic objects, the message encoded in them is not likely to refer to the more intimate circle of individuals (closest kin) because their
symbolism is common knowledge to them (Douglas
1970; Wobst 1977). The stylistic information is more
likely to be addressed to the people from outside the
intimate circle which Gamble (1998) describes with
the term effective and expanded networks made up
of eg, members of a band or a group of bands. In
such a case, the ritual behaviour involving the use
of exceptional objects like those discussed here must
have taken place during annual gatherings of social
groups scattered for the rest of the year, presumably
in a period autumn to early spring.
It remains a matter of debate whether the patterns of densely engraved zigzag lines, noted across
such a broad territory over a long period of time,
had a similar underlying content, or perhaps, they
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referred to dissimilar meanings having a regional or
a local range. This problem depends on the answer
to the question as to the type of ties which linked
the societies living in the Lowland and the in the adjacent upland belt. The answer to whether this type
of identity could have existed in an unchanged form
is negative in our view - zigzag patterns must have
had different meanings and local points of reference.
On the other hand, it may be concluded that the
dissemination of zigzag patterns went hand in hand
with the growing role of the aquatic environment in
the life of the foragers of that age. A symbolism associated with water, a key element of everyday existence (Woźny 1996), during that age took on a special
meaning now that water was becoming an extremely active element of the natural environment. One
might say that the inland waterbodies took form before the very eyes of the people of the Lowland, from
melting blocks of ice left behind by the Scandinavian
ice-sheet – in some places, the rate of their formation
could have been very rapid, several years to several
decades (Błaszkiewicz 2005, 2007, 2008). Parallel to
this process the level in the seas and oceans raised
as they were fed copiously by the waters of the melting ice-sheet (Björck 1995; Tikkanen, Oksanen 2002).
Water had become an ever changing feature of the
landscape; the members of Late Palaeolithic groups
were forced to record its fluctuations on their mental
maps of the surrounding land and migration routes.
At the same time, water played an increasing role
in the hunting strategies: it offered new areas for
fishing, influenced the movement of reindeer herds
which had to negotiate the newly formed water bodies, drew elk to lakeshore areas to supplement their
diet with calcium-rich foods (Geist 1998). Water was
the natural environment of aquatic mammals (seals)
which could colonise the shores of the nascent lakes
(Cziesla 2007, in press). Water could have served as
a store of food, and be used as a deliberate place for
depositing various objects – for practical and ritual
reasons (Rust 1937, 1943; Bratlund 1990, 1996; Larsson 1990).

Mesolithic symbols
Early Mesolithic ornamented artefacts known to us
are much more numerous than their Late Palaeolithic counterparts. Their material is mostly bone, antler, amber and stone. However, it is possible that the
larger number of early Mesolithic finds reflects the
improved chances for survival and the greater potential of their discovery, rather than the more frequent
practice of ornamenting objects. The geometric style
continues to prevail, with ornaments produced by

engraving, drilling and by ornamentation pointillé,
and in the figural representations – in the geometric
and synthetic styles. At the same time, the ornamentation styles are more restricted geographically and
differ one from another in motifs and ornamented
artefact types (Płonka 2003). Known from Late Palaeolithic finds, the motifs of multiple zigzag lines,
engraved close together, have been recorded mostly
in the north-western province of early Mesolithic
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Fig. 13. Dense zigzag lines in the early Mesolithic (1, 3-5) and Late Palaeolithic (2) art of NW Europe. 1: Mullerup, Zealand;
2: Egemarke, Zealand.; 3: Ejsing, Jutland; 4, 5: Øgårde, Zealand
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Date on
artefact

–

–

–

Edgren 1977

Bolków 1

bone piece

campsite Duvensian (?)

9320 ± 40
(MKL–1877)

8710–8460

–

Galiński 2014

Denmark,
unknown site

slotted point

stray find

Maglemosian
(?)

–

–

–

Ejsing

amber pendant stray find Maglemosian

–

–

–

stray find Maglemosian

8505 ± 45
(OxA–17128)

7600–7510

+

campsite Suomusjärvi

–

–

–

Edgren 1977

Site

Hammersmith,
mattock–head
London
Kasurila, site
club
Kaletonlampi

Reference

Calibrated
date BC

stray find Suomusjärvi

Cultural
context

club

Find context

Alajärvi

Artefact

Radiocarbon
date BP

Table 2. Early Mesolithic artefacts with dense zigzag line ornament in N Europe

Płonka 2003;
NM A 10554
Müller 1918;
NM A 26163
Smith 1934;
Milner et al. 2016

Kiuruvesi

club

stray find Suomusjärvi

–

–

–

Luho 1967

Lubanas Lake

slotted point

stray find Kunda

–

–

–

Šturms 1970

Lundby I

bone fragment campsite Maglemosian

–

–

–

Lundby I

bone fragment campsite Maglemosian

–

–

–

Lundby I

bone fragment campsite Maglemosian

–

–

–

Lundby II

long bone

campsite Maglemosian

–

–

–

Bille Henriksen 1980

Mouhijärvi,
site Ryömä lä

club

stray find Suomusjärvi

–

–

–

Edgren 1977

8200–7520
8160–7180
7960–7180
7580–7080

–

Sarauw 1903;
NM A 18269, M 1085

Bille Henriksen 1980;
NM A 39996
Bille Henriksen 1980;
NM A 34330, L 142
Płonka 2003; A 18269,
M 1086

Mullerup

mattock–head

campsite Maglemosian

8660 ± 120 (K–1609)
8520 ± 140 (K–1611)
8500 ± 140 (K–1610)
8330 ± 110 (K–1608)

Mullerup

dagger

campsite Maglemosian

“

“

–

Mullerup

long bone

campsite Maglemosian

“

“

–

Øgårde

mattock–head

campsite Maglemosian

–

–

–

Øgårde

dagger

campsite Maglemosian

–

–

–

Øgårde

knife

campsite Maglemosian

–

–

–

Øgårde

bone fragment campsite Maglemosian

–

–

–

Øgårde

bone fragment campsite Maglemosian

–

–

–

Ringsted å

mattock head

stray find Maglemosian

–

–

–

Rymarksgårds
Mose

long bone

stray find Maglemosian

–

–

–

stray find Suomusjärvi

–

–

–

Edgren 1977

campsite Maglemosian

–

–

–

Płonka 2003;
NM A 49858

campsite Maglemosian

–

–

–

Broholm 1924

Säynäinen,
club
site Meltonsaari
Skellingsted
long bone
Bro
Sværdborg I

dagger

Sarauw 1903;
NM A 18269, M 756
Sarauw 1903;
NM A 18269, M 1175
Mathiassen 1943;
NM A 38444, ØI 4006
Mathiassen 1943;
NM A 38444, ØI 3968
Mathiassen 1943;
NM A 38444, ØI 1200
Mathiassen 1943;
NM A 38444, ØI 4?23
Mathiassen 1943;
NM A 38444, ØI 4012
Müller 1918; NM A
23252
Brøndsted 1940;
Mathiassen 1941;
NM A 38557
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Table 3. Early Mesolithic artefacts with anthropomorphic representations built of strokes in NW Europe
Site

Artefact

pierced
antler
amber
Hjørring (vicinity)
pendant
Groß Rönnau

Find
context

Cultural
context

Radiocarbon date BP

Calibrated
date BC

Date on
artefact

stray find

Maglemosian
or Duvensian

–

–

–

stray find Maglemosian

–

–

–

Maglemosian

–

–

–

–

–

–

9320 ± 40
(MKL–1877)

8710–8460

–

Galiński 2014

–

–

–

Müller 1918;
NM A 17368

Holmegård V

flint nodule campsite

Refsvindinge Mose

antler (?)
sleeve

stray find Maglemosian

Bolków 1

bone piece

campsite

Stensby

bone knife

stray find ?

Duvensian (?)

art (Fig. 13). They were executed both in the form of
longer and shorter zigzags, on mattocks and daggers
made of bone and on amber pendants, more rarely
on other items (Table 2). The motif is never seen on
perforated red deer antler beams. Objects decorated
with densely spaced zigzags have surfaced mainly
on sites in present-day Denmark, with isolated examples known from Hammersmith, London (Milner
et al. 2015, Fig. 35:1, Table 1) and Bolków, site 1 in
Pomerania (Galiński 2014, Fig. 13b). The bone mattock recovered from the Thames at Hammersmith
has a radiocarbon date of 7600-7500 BC. It is worth
noting also that a larger number of bands of parallel
zigzag lines is represented only in some sites from
the early Mesolithic, like Øgårde or Mullerup, while
in others they are generally rare – eg, at Sværdborg I.
The other region where use of densely engraved zigzag lines is observed is present-day Finland (Edgren
1977; Płonka 2003). Bands of zigzag lines have been
identified there, next to chevrons patterns, on stone
clubs dating to the Mesolithic. Individual densely
engraved zigzag lines are noted during the early
Mesolithic on artefacts from the eastern Baltic Sea
region (Tab 2).
During the middle Mesolithic, the use of dense
zigzag lines is noted also in the Scandinavian Peninsula and the eastern Baltic Sea region. In this age
belongs the heavily decorated find from Tågerup in
Scania (Karsten, Knarrström 2003), and very likely,
also the much-discussed stone pick from Bråttkärr
(Montelius 1874, 9, Fig. 6; Marshack 1983, 113, 115,
Figs. 67, 68).
In the art of the early Mesolithic, we find also
the representational style of a human figure with
strokes we are familiar with from the Rusinowo object (Table 3), a synthetic rendition of the human
silhouette. Images of this type are seen on eg, the
amber pendant found near Hjørring on Jutland

Reference
Schwantes
1939
Madsen 1868;
NM 1488
Fischer 1974;
1975
Müller 1918;
NM A 24289

(Fig. 14:1), the antler beam with a hole from Groß
Rönnau in northern Germany (Fig. 14:3), and a flint
concretion recovered at Holmegård V on Zealand.
The latter was subsequently formed into a number
of cores, which next were reduced; consequently,
the engraving phase preceded the utilitarian and/
or ritual use of the flint to make cores and blanks.
On the bone (?antler) haft found at Refsvindinge
Mose on Funen (Fig. 14:2) a figure executed in the
stroke technique is accompanied by a single zigzag,
similarly, as in the representation on the Rusinowo
find. However, the position of these two images is
different, and the zigzag symbol may have a different
meaning. In the figure from Refsvindinge Mose, the
zigzag is an extension of one of the upper limbs, giving the impression that the figure is holding an object, symbolised by the zigzag. A figure with spread
out legs is seen on the much-quoted knife from
Stensby, only the rendering of the human silhouette
is different, the torso and limbs depicted with double lines (Fig. 14:4). Recently, a representation in the
stroke style was identified on a bone find recovered
from site 1 at Bolków in NW Poland (Galiński 2014,
Fig. 13b) (Fig. 15). Stylistically it resembles the simple
stroke figures on the pendant from Hjørring.
In the middle and the younger Mesolithic of
North-Western Europe stroke representations of
humans are rare. One was identified on the dagger found at Køge Sønakke on Zealand (Mathiassen
1943, 134, Fig. 72; NM A 39219). Two others, on an
antler axe found at Bökeberg III, in Scania (Karsten
2001) and on an amber pendant from Ringkloster
(Andersen 1981, 41, 43-45, Figs. 26, 28), recovered
from camps of the Ertebølle culture, are only partly
in the stroke technique (lower limbs). In these cases
the portrayal of the figure is dissimilar; the representation from Køge Sønakke is presented in profile,
the head depicted using a few strokes. The two other
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Fig. 15. Bolków 1. Anthropomorphic representation (after
Galiński 2014)

in the pointillé technique – as on the dagger from
Copenhagen (Müller 1918, 8, Figs. 23, 28). During the
late Mesolithic, this style finds continuity in human
Fig. 14. Stroke anthropomorphic motives in the early silhouettes delineated with lines composed of drilled
Mesolithic art of NW Europe. 1: Hjørring vicinity, Jutland; pits. It is important to note nevertheless that the de2: Refsvindinge Mose, Funen; 3: Groß Rönnau, Schleswig‑ scribed way of building the human silhouette using
‑Holstein; 4: Stensby, Funen.
strokes is just one representational convention – in
the case of the early, the middle and the late Mesoimages were depicted en face, or from the back, the lithic alike (cf. Płonka 2003). Next to them, we enhead and the torso represented by a geometrical fig- counter conventions in which different parts of the
ure. Also seen for the first time during this age is body were represented as simple geometric figures
a convention in which different parts of the body and/or fine lines engraved densely side by side or in
are portrayed using a line made up of dots executed the form of bands.
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Fig. 16. Distribution of early Mesolithic finds with dense zigzag lines and stroke anthropomorphic motives in NW Europe.
1: Sværdborg I, Zealand; 2: Lundby I and II, Zealand; 3: Rymarksgård Mose, Zealand; 4: Øgårde, Zealand; 5: Holmegård
V, Zealand; 6: Mullerup, Zealand; 7: Refsvindinge Mose, Funen; 8: Stensby, Funen; 9: Ringsted Å, Jutland; 10: Ejsing,
Jutland; 11: Hjørring vicinity, Jutland; 12. Groß Rönnau, Schleswig-Holstein; 13. Denmark, unknown site; 14. Skellingsted
Bro, Zealand; 15. Bolków 1, Pomerania; 16. Hammersmith, London

During the early Mesolithic, the distribution of
ornaments built by bands of zigzag has an evident
cluster in present-day Denmark (fig. 16). A less explicit centre of the dissemination of the same ornament may be located in present-day Finland. In
both these clusters, we find objects in a similar style
distributed on the periphery. In the southern Scandinavian cluster, individual artefacts with an ornament
of dense zigzags range as far as the British Isles and
Pomerania. At the other extreme, a few rare objects
of the same type are recorded in the eastern Baltic
Sea region. This type of arrangement of the zigzag
motif has not yet to be recorded in northern Germany or elsewhere in the Polish Lowland, apart from
Bolków 1 in Pomerania. Engraved stroke figures are
known for the most part from present-day Denmark, with some rare images of this type recovered
in north-western Germany and Pomerania.
The observed pattern confirms the existence of
different cultural norms associated with the use of
this ornamentation in two different regions, norms
that may be suspected of having a social as well
as a religious meaning. In Denmark, the design of

densely engraved zigzag lines never appears on antler
beams but is noted on several categories of objects
eg, daggers, mattocks, amber pendants, mammal
long bones. In Finland, this type of ornament is
closely associated with stone clubs, although from
this region we have little data on ornaments on objects of organic materials.
The above observations demonstrate clearly that
in the case of the ornaments under discussion we
may speak of a distinct representational style – restricted geographically and chronologically. One of
the functions of style is cohesion – to cement the
social group of which we are members and, at the
same time, to demonstrate display to others our
group identity (Wobst 1977; Wiessner 1983, 1984).
The concentration of the aforesaid motifs (in presentday Denmark and Finland) attests the existence of
small‑scale, local social groups which cultivated local
ornamental styles. These styles, next to other attributes, were one of the markers of the group (a tribe
or an alliance of tribes). At the same time, isolated
objects decorated in a similar style have surfaced
on sites distant from the main concentrations. This
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phenomenon cannot be interpreted conclusively. In
our view, this could be evidence of the existence of
far-reaching alliances between distant groups. This
type of relationships are widely known in traditional
societies and are a strategy used in forging a broad
network of social relations benefitting both individuals and whole groups (Mauss 1925; Braun, Plog 1982;
Gamble 1982, 1983, 1993, 1998; Kelly 1995; Whallon
2006). A good example of the existence of relations
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of this type during the Mesolithic is the spread of
shells from the Mediterranean Sea, the Atlantic and
eastern reaches of Central Europe to Mesolithic
sites in the Swabian Jura (Eriksen 2002; Whallon
2006). Alliances cemented using exotic and prestige
goods promote searching for allies – individuals and
groups, whose support may be relied on in times of
hardship of food crises, in exchange of raw materials,
information and marriage partners.

Closing remarks
The appearance and spread of the distinctive pattern
of the densely engraved parallel zigzag lines and the
synthetic representations of the human figure coincide with the Late Palaeolithic, after the decline
of the Magdalenian complex. This phenomenon is
very much in evidence during the Allerød interstadial and the Younger Dryas, sweeping across the European Lowland. During the same age, in the Late
Palaeolithic art of Southern Europe, we note the
presence of characteristic, hyper-anthropomorphic
figures. The wide dissemination of these stylistic
ideas confirms the existence of open exchange networks, assisted by the mobility human groups and
the movement of people between groups. The spread
of the pattern of densely engraved zigzag lines may
be related to the increase in the importance of water
in subsistence, social and religious life of Late Palaeolithic societies. At the same time, it is doubtful
that the symbolic meaning of this ornament was the
same everywhere across this vast territory and over
such a long time interval. We may assume that it
differed from one region to the next, and may have
changed depending on the context of occurrence
and on the manner-of-use. Similar differences of
meaning were inherent in the representations of the
human silhouette executed in the stroke style. We
may speculate that the meaning was entirely different in the case of the figure from Riparo Villabruna
A, painted on a stone plaque and forming part of
the grave furniture, and in the case of the Rusinowo
object. On the latter, there is probably a depiction of
a birth scene, and the accompanying solitary zigzag
line is likely to be associated with water and fertility
symbolism.

In comparison to the Late Palaeolithic age, in
the early Mesolithic, the distribution of zigzag patterns was more restricted geographically. We were
able to identify two territories with a more frequent
occurrence of the pattern of densely engraved zigzag lines: in southern Scandinavia, and in central
and south-western Finland. Isolated occurrences of
dense zigzags have been noted in the British Isles,
in Pomerania and in the eastern Baltic region. Simultaneously, in the territory of Denmark, we encountered depictions of figures executed in the
stroke technique. Rare engravings in this style are
known also from northern Germany and Pomerania.
The restricted distribution of the pattern of dense
zigzags and of anthropomorphic representations
in the stroke style suggests the emergence of local
styles which were a distinguishing mark of human
groups, bound by a symbolic unity. The rare objects
found far from these territories could be a result of
alliances forged and consolidated by exchange of
various types of gifts. During the middle and the
late Mesolithic patterns of this type occur singly in
Scandinavia and northern Russia.
The meaning of zigzags and anthropomorphic
designs evolved over time and across space. Only
occasionally, we can propose a very general interpretation of these meanings, but lacking the numerous
nuances and shades which definitely accompanied
the functioning of the decorated artefacts in the
life of the group. This reservation notwithstanding,
a closer study of these finds has helped shed light on
various details of the social life and symbolic culture
of the hunters of the Late Palaeolithic and the early
Mesolithic.
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Closing remarks
The multi-faceted study of the decorated object from
Rusinowo enabled us to trace the major events in
its life history associated with production, use and
discarding in the context of late Pleistocene natural environment. The object biography approach
furnished many details, helping to improve our understanding of the social and symbolic life of the
artefact. Basing on the input from our studies more
general observations could be made concerning the
execution and use of various types of decorated objects by hunter-gatherers of the Late Palaeolithic and
early Mesolithic. New forms of symbolic behaviour
during this particular time were part of the overall
change in symbolic culture following the decline of
the Magdalenian complex.
At the time – the transition from the Allerød to
the Younger Dryas – when the object under analysis
was created in the upper reaches of the Mołstowa
river there was a depression surrounded by moraine
hills with a maximum elevation of 50 m. The body of
water which used to exist on the site of the discovery of the artefact had an irregular shoreline. This
shoreline - jointly with sandy islands and peninsulas – offered prime conditions for settlement and
fishing. Some hindrance would have been posed by
blocks of dead ice buried under the sandy deposit
which as they melted contributed to intensive geodynamic processes – the sliding and the slumping
of the shores of the water bodies. Thanks to the input from the archaeological field surveys it may be
concluded that the terrace promontory found to the
west of the lake, between it and the Mołstowa river,
was under heavy human settlement at the close of
the Palaeolithic. Surface finds of worked flint were
recorded in different locations on the promontory,
attesting the existence of a larger number of settlement concentrations, some of them possibly contemporary. Artefacts recovered to date have been
identified with some confidence with occupation by

groups attributed to the late Tanged Point complex
(the Swiderian and/or Ahrensburgian). Not to be discounted either is the occupation of the promontory
by hunter-gatherer groups representing the cultural
traditions of the Arched-backed Point complex. Naturally, we are aware that the decorated object from
Rusinowo could have originated in a different area
of the ecumene of that age, nevertheless, the community of its users must have paid frequent visits to
the terrace promontory on the Mołstowa river.
At the time when the object entered the deposit
the area around the find-site was under a relatively
open pine-birch forest with an admixture of juniper.
The relatively large proportion of non-arboreal plants
and the presence of many heliophytes suggest that
the forest communities were not very dense. Open
land was vegetated by communities of light-loving
plants, with Salix, Juniperus, Artemisia, Helianthemum, Rumex and Chenopodiaceae. Wet sites were
dominated by Salix, Juniperus and Betula nana, and
by non-arboreal species from family Cyperaceae,
Asteraceae, Apiaceae, Ranunculaceae, Rosaceae, as
well as by Galium and Thalictrum. This plant cover
is characteristic of a cool climate.
Elk, which yielded the antler material of the
artefact, was a mammal species of a major significance for the hunters of northern Europe living in
the late Allerød and at the onset of Younger Dryas.
Depictions of elk have surfaced on sites dating to
this period attributed to the Arched-backed Point
complex. The antler of the decorated object from
Rusinowo came from an animal with an estimated
age of 10‑15 years. According to the modern classification, the antler may be assessed as large, which
suggests deliberate selection, with the craftsman
looking for a raw material of imposing dimensions.
Basing on microstructural studies we may conclude
that at the time of sourcing the antler was in its
growth stage, therefore the death of the elk took
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place in spring or summer. It is unclear whether the
elk was taken by hunters or had died a natural death,
and only then was discovered by the foragers who
used its handsome antler. Geological, palynological
data and the radiocarbon date consistently indicate
as the date of this event the time of transition from
the Allerød to the Younger Dryas (10 700 ± 60 BP,
ie, 10 780–10 610 BC). In our view it is quite unlikely
that fossil antler was used in making the artefact
because of its inferior mechanical properties which
would have hindered surface working and the execution of the ornament.
Shaping was with flint tools – burins, blades and
flakes. During the first phase of the working, the
object was given its general form – the redundant
fragment of the antler palm and the burr were removed using various cutting, fracturing and scraping techniques. During the next phase the edges of
the object were evened out, scraping its surface with
care and given its final shape by forming the cutting
edge in the proximal part (where the burr used to
be). The technological traces show clearly that the
shaping of the object necessitated a major outlay of
labour and time and called for precision.
The event central in the object’s history was the
execution of the engraved ornament composed by
zigzag lines and an anthropomorphic representation.
Zigzag lines were arranged in 14 groups of 2-11 lines,
with additionally one of them occurring on its own
(AI), and another, very short, accompanying the human figure. Tools use in making the ornament included burins and other flint artefacts such as broken
flakes or blades. Zigzag lines were mostly engraved
starting from the west, moving eastward, although
with some departures from this rule – more frequent
on side B. The techniques used in executing zigzag
lines was linear (stroke by stroke) and so‑called
serial, which involved engraving strokes of the zigzag
having the same direction, and subsequently adding
strokes having a different orientation. The strokes of
the ornament were touched up, sometimes multiple
times, which often prevents deciphering the direction of the original engraving. The assemblage of
lines on side A (AI-AVII) is marked by a generally
higher quality of execution than zigzag lines on side
B. Groups AI, AII, and almost the entire group AIII
were engraved using the same cutting tool. On the
basis of the style of execution of the strokes, it may
be said that they were engraved by the same individual. Line AIIId was made with a different tool,
the same that was used to engrave group AIV. The
substantial proficiency displayed by the engravings
and their stylistic traits suggest execution of groups

AIV-AVII and AIIId by the same maker, very likely
using several different blades. Only line AVIIa was
probably engraved by another individual – it evid
ently diverges in its technique and level of execution from other lines in this group. Were the makers
of lines AI-AIIIc and AIIId-AVI AVIIb-j different
people? In our view, this issue cannot be decided
conclusively because quite different working blades
had been used, and the engraving process may have
been carried out at different stages of softening the
antler surface. However, it is certain that there must
have been one individual who coordinated the desired arrangement of the lines given that they form
a deliberately planned composition. The lines within
individual groups were engraved in succession moving from the north of the object – except for group
AIV in which the a succession of the zigzags is more
complicated. Given the order of engraving the zigzag
lines, different blades identified within group AIII
and the use of the same blade in engraving AIIId
and AIV we may conclude that groups of zigzag lines
took form in succession north-to-south, thus, moving from the base towards the apex of the object.
On side B the level of execution of the engravings
is less uniform. The human figure was engraved with
a sure hand and resembles the engravings seen on
side A, the lines used in delineating it retain marks
of repeated touching up. The temporal relationship of
this engraving to its neighbouring zigzag, less carefully rendered than the figure, and to 8 groups of
lines, remains not fully clear. The temporal relationship of the short zigzag line and the anthropomorphic figure is unmistakable, but what is less clear is
whether other groups of zigzag lines were engrave
earlier or later than the anthropomorphic figure. The
zigzag next to the figure was probably engraved with
the same blade as groups AVI and AVII. Thus, it is
possible that the designs were created in succession
– first, the part of the geometric ornaments, followed
by the figure and the short zigzag, and then, all the
other groups of zigzag lines.
The zigzag lines on side B are much less regular,
the strokes building them were executed with less
skill. Zigzag lines were engraved mostly west-to-east
but with some departures from this rule (BV). The
same may be said about the direction of engraving
the lines within individual groups: they were mostly
engraved north-to-south, only in group BVIII they
took form in the opposite direction. Imaginably, the
number of individuals involved in engraving the
ornament was larger, but their number cannot be
specified with any confidence. Groups BI and BIII
and BIV are stylistically similar; the two latter were

Closing remarks

engraved by the same individual, but is not certain whether this is the person who engraved BI.
Group II definitely stands out, and like group BV,
was presumably executed by some other individual.
Groups BVI and BVII were executed by the same
hand whereas group BVIII displays dissimilarities of
technique and style. In summary, the ornamentation
on side B was created most likely by 6-8 individuals.
The time span of engraving the ornaments on side B
and their sequence cannot be determined, similarly,
it is hard to say which were the first to be created,
the engravings on side A or side B? – there are arguments in favour of both interpretations.
It goes without saying however that the execution of the composition on side B must have been
coordinated by some individual. Definitely, on side
B the ornaments form a deeper structure expressed
in different zones. Moving from the bottom up they
are i./ three bands of zigzag (BVI-VIII); ii./ the image
of a woman and the zigzag; iii./ five bands of zigzag
(BI-V), of which the upper (BI) has an empty space
at centre – with a solitary diagonal stroke found
higher up, over the band; iv./ a zone to the north of
that stroke with an unworked, natural surface of the
antler. On the evidence of the above observations it
may be legitimate to view the composition as a reference to the concept of the zonal structure of the
world characteristic for the shamanic worldview. The
figural scene with the woman with legs spread out
and an emphasized vulva could represent the childbirth, and the short zigzag could be associated with
life symbolism. The meaning of the other groups of
zigzag lines building distinct zones on both sides
may vary but is most likely to be related to water,
life, success, a passage of time, etc.
Analysis of traces on the surface of the object
and inside the grooves of the ornament shows that
it was not used for work. On the other hand, the observed smoothing and polish, and also the rounding
of the edges of the engravings could have originated
as a result of handling, rubbing, wrapping the object
in a piece of animal skin, and unwrapping it. Their
intensity suggests that they took form over a longer
period of time, thus the object must have been in use
within the community for several generations. Heavy
smoothing of the edge in the northern part shows that
the object was hafted, presumably only for a time, although no chemical traces confirming this treatment
have survived to our day. The good preservation of the
surface suggests that for longer periods of the year the
artefact was not displayed and remained concealed.
All these observations attest the non-utilitarian
function of the object, its association with symbolic
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culture and periodical, possibly cyclical rituals during which it would have been on public display. No
traces of inlay survived inside the ornament, used
occasionally in some Stone Age engravings. Its purpose was to improve the visibility of the engraved
patterns, poorly visible in freshly worked, whitecoloured antler. The dark substance discovered inside the engraved lines of the ornament on the object from Rusinowo is not a residue of inlay, which
typica lly would be resin-based. It entered some of
the grooves of the ornament with ashes from a fire.
This substance is composed of charcoal, other burnt
remains (eg, conifer needles) and isolated, small clusters of Fe-S phases, also imparting a black colour.
Nevertheless, no traces of burning were found on
the surface of the object to confirm that it had been
in the fire. It may be concluded therefore that the
charcoal-based substance was used to improve the
visibility of the ornament – the ash and charcoal
introduced into the grooves were dark in colour,
contrasting against the white surface of the antler.
Obviously, it may not be discounted that in the initial phase of existence of the object the grooves of the
ornament had contained inlay of which no chemical
traces have survived. With time, when it crumbled
and fell out, to make the ornament visible during
the rituals, charcoal and ashes started to be used.
As the object continued in use the structure of
the antler spongiosa on side B gradually became
weaker. During the final phase of use, this part of the
object was struck with a stone a few times. In this
way, the object was “killed” after it had lost its r itual
power. It is hard to reconstruct more closely the
causal relationship between these events – whether
the loss of ritual power had to do with the erosion
of the spongy matter, or whether these were unrelated events and the weakened surface had been used
to inflict death to the form. In this case, it may be
safe to assume that the no longer needed object was
deliberately thrown next to the water body near the
camp. For a time it must have remained lying on the
surface of the land, its side B exposed to the elements
as suggested by its weathering. It is also possible that
the artefact was partly submerged for a time given
that only some parts of the ornament (BVI-BVIII)
show heavier weathering. In the end, having settled
on the bottom of the reservoir, it sank into the marl
which had a jelly-like consistency. The chemical
properties of this sediment: high alkalinity of pH
7.7, an environment hostile to bacteria and oxygenpoor, favoured the survival of the osseous tissue of
the antler, complete with the morphology of its surface. With time, fragments of twigs found within
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this deposit imparted a black colour to some parts of
the antler surface. After many millennia the artefact
was discovered thanks to a combination of happy
circumstances, but also through the effort of many
people who showed interest and determination.
The ornamented object from Rusinowo is one
of a small number of richly ornamented Late Palaeolithic artefacts found in Northern and Central
Europe. They had been manufactured with substantial labour outlay, using time-consuming techniques
requiring technical proficiency and imagination.
Simila rly, as other non-utilitarian objects of that
period, the artefact from Rusinowo served a symbolic and a ritual role, functioning over a longer period
within the hunter-gatherer community. The symbolism of the zigzag line used in its ornamentation is
widespread in the Late Palaeolithic art of Northern
Europe. It is most likely to be associated with the
growing role of the aquatic environment in everyday

life of the people of that age and in the world of their
religious symbols, ideas and concepts. What is more
exceptional is the use of the ornament of a human
figure, rarely encountered in the Late Palaeolithic
art. The structure of the ornament makes it attributable to the shamanist concept of world structure; the
combination of the image of a woman and aquatic
motifs refers to symbolism associated with life, success and the passage of time.
The multidisciplinary study of the object from
Rusinowo has definitely contributed to a closer reconstruction of many events in its life – from the
time of its manufacture until its discarding. The biographical approach targeted on comprehensive re
cognition of the biography of this artefact had made
it possible to plan many types of research which en
abled the tracing of the history of its use within the
community of Late Palaeolithic foragers.
Editors
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