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Abstract

Several thousands of osseous artefacts are stored in museum collections, yet older finds
often remain overlooked or dismissed as mere typological references with limited re-
search potential. Advances in analytical methods have improved the ability to study these
specimens, even when their contextual information is lost. This paper examines three
rediscovered antler axe/adze heads from the Historical Museum at Lund University, with-
out known morphological parallels in other Swedish collections. Through radiocarbon
dating, ZooMS analysis, and technological- and micro-wear studies, they contribute to our
understanding of manufacturing traditions, resource availability and movement in post-
glacial landscapes. The study brings into focus the interaction between osseous and lithic
axes/adzes in Preboreal Scania, Sweden, 9700–8500 BCE, focusing on raw material avail-
ability and tool morphology. Archeologically investigated sites from this period are scarce
in Scandinavia, and poor preservation of organic materials hinders detailed assessments
of chronologies and the relative importance and exploitation patterns of different species.
The Eurasian moose (Alces alces) has been proposed as one of the first postglacial species
to immigrate, and as a significant prey species for humans. It subsequently decreased
substantially in the archaeological record during the Mesolithic. Here we compile faunal
data to evaluate patterns of raw material choices. Although axes were typically crafted from
lithic materials, osseous implements resembling axes have been found at sites with good
preservation in northeastern Europe. The results suggest previously undocumented craft
influences among Preboreal forest dwellers of Scania, which may have been of relevance
for the continuous change of “becoming Mesolithic”.

Keywords: osseous craft; axes; adzes; Preboreal; Eurasian moose; Scandinavia; Sweden

1. Introduction
During the late 19th and early 20th century three antler objects from Scania (south-

ernmost Sweden) were incorporated into the large collections of the Historical Museum
at Lund University (LUHM). The objects were recently rediscovered during an inventory
of the museum’s collection in preparation for relocation to new storage facilities. To the
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best of the authors’ knowledge, no antler objects with this morphology have previously
been recognised in Swedish collections. Although the three objects slightly differ, they
share sufficient typological characteristics to be broadly classified as antler axe/adze heads,
forming the organic counterparts of lithic axe and adze types, e.g., [1,2]. Two of the finds
were recovered from peat bogs, in Hjärås and Hörby, Scania, Figure 1.

Figure 1. Map of Northern Europe and Western Russia, with mentioned sites in geographical context
and, on the bottom, an enlarged view of Scania with sites mentioned in the text as follows: 1, Hörby
(LUHM 24720); 2, Hjärås (LUHM 18213); 3, Harlösa; 4, Sjörup; 5, Mossby; 6, Östra Grevie; 7, Årup;
8, Lake Ringsjön; 9, Lake Finjasjön; 10, Segebro; 11, Dalköpinge; 12, Revinge Bog; A, River Rönneå
drainage basin; and B, River Kävlingeån drainage basin. Arrows indicates the direction of the
water [3]. Illustration: Björn Wallebom.

Sweden is one of the most peatland-rich countries in the world, with peatlands
covering up to 15% of its land area [4]. Although most of these peatlands have been
drained and used for cultivation, this abundance of former wetland environments attests
to Sweden’s diverse historical landscape. Low availability of other sources of fuel in
historical times led to the extraction of peat, including the underlying lake sediment [5].
Since these sediments, mainly made up of lime-rich gyttja, also called lefvertorv, provided
good preservation conditions for osseous remains, peat-cutting and cultivation frequently
unearthed bones. Many subfossils and osseous archaeological finds in Swedish museum
collections originate from these peat bogs, which likewise are crucial for reconstructing
the region’s environmental history [5]. Although less common here today, many subfossil
remains of the Eurasian moose (Alces alces) are known from southern Sweden [6].
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The landscape of the Baltic Sea Region was highly dynamic during the Late Glacial
and early Holocene periods (c. 10,000 BCE onwards). At times, the entire western Baltic Sea
was dry land [7,8], forming a land bridge facilitating the dispersal of terrestrial fauna from
Central Europe into southern Scandinavia [9,10]. Here, the animals initially encountered
an open landscape with vegetation consisting of occasional stands of willow, birch and
pine, e.g., [11,12]. Compilations of direct radiocarbon dates of osseous finds provide some
information on species representation. These data indicate that the Eurasian moose, like the
reindeer (Rangifer tarandus), migrated into southern Sweden during the Late Glacial period,
potentially from a glacial refugium in the northern Alps [13]. It remains uncertain whether
the moose persisted in Scandinavia during the colder Younger Dryas or re-immigrated
at the onset of the Holocene. By the beginning of the Atlantic period (c. 7000 BCE)
dense forests had developed, and, importantly, the land connection was broken due to a
significant rise in sea levels during the Littorina transgression (c. 6500–6000 BCE) [14]. The
consequence of this event was a fragmentation and reduction in the diversity of terrestrial
animal populations [10,15].

While the Boreal and Atlantic periods (c. 8000–4000 BCE) in Scania have been exten-
sively documented, e.g., [16–23], knowledge of the Late Glacial and Preboreal periods (c.
13,000–8000 BCE) remains limited. Archaeological excavations of sites from these peri-
ods, corresponding to Late Palaeolithic and Early Mesolithic cultures (referred to in south
Scandinavia as the early Maglemose culture, e.g., [24–26]; see Figure S1 for overview of
mentioned periods), are relatively scarce, resulting in a limited body of evidence [27,28].
The most famous excavated Late Palaeolithic site in Scania, is Segebro [29]. The lithic
assemblage and the spatial distribution closely resemble those at sites of the so-called
Bromme culture in Denmark, e.g., [30–32]. Smaller excavations have also been carried out
at locations in northern Scania, near Lake Finjasjön [33,34], where artefact compositions can
be attributed to the Bromme or Ahrensburg cultures, although artefacts with earlier dates
(i.e., Hamburg culture) may also be represented. Lärkasjöhult, in northwestern Scania, is
similarly attributed to the Ahrensburg culture [35]. In addition to these archaeologically
excavated contexts, stray finds of Late Palaeolithic artefacts have been recorded from more
than twenty sites across Scania, e.g., [36]. None of these sites have been securely dated, leav-
ing their chronological attribution uncertain. Stray finds attributed to the Preboreal period
have also been recorded across Scania, frequently associated with lakes and river systems,
e.g., [35,37–39]. The chronological interpretations of these sites have likewise generally
been based on typological dating of lithics. A recently excavated site at Dalköpinge, in
southernmost Scania, constitutes a notable exception. Here, radiocarbon dating supported
the typology, placing both dwelling structures and a specialised site for manufacturing
microliths in the Early Preboreal period [40]. Owing to the chronological uncertainties
outlined above, the transition between the Late Glacial and Preboreal periods remains
difficult to define archaeologically in this region. The debate has primarily centred on
artefact types that can be regarded as diagnostic, and on how hunter–gatherer groups
adapted their settlement organisation and subsistence strategies to the increasingly dense
forest environment [35,41].

The introduction of axes and adzes has traditionally been interpreted as one of the
principal markers of the transition to the Mesolithic, due to their presumed role in the
management of the forest and in enabling more localised and potentially more sedentary
lifeways, e.g., [42,43] and references therein. An instructive example is the site of Årup in
northeastern Scania, situated where the region’s large lakes drain into the Baltic Sea via the
river Skräbeån [44]. The excavated site spans the presumed transition from the Late Glacial
to the Preboreal period. Excavations have identified three distinct concentrations of lithic
artefacts, the oldest of which is technologically rooted in the traditions of the Ahrensburg
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culture. Notably, this concentration contained no formal axes or adzes. The other two flint
assemblages exhibit technological characteristics associated with the Maglemose culture.
Radiocarbon dating of pine charcoal has confirmed a Middle and Late Preboreal date,
respectively. Both of these assemblages did include formal flint axes and adzes. Although
axes/adzes are generally rare on Late Palaeolithic sites, they do occur, e.g., [26,45–47]. The
earliest examples are typologically classified as flake and core axes, but their actual function
remains uncertain. It is possible that some instead have served as handheld cutting or
scraping implements, cf., [48,49].

Recent research has shifted the emphasis from individual artefact types to broader
chronological and environmental developments, viewing the cultural transition primarily in
relation to the shift from the Younger Dryas to the Preboreal (c. 9500 BCE) [28,45,50,51]. The
transition from the Late Palaeolithic to the earliest phase of the Early Mesolithic provides
little evidence for substantial changes. Although subsistence shifted from a reliance on
reindeer to increasing exploitation of woodland species, with the onset of the Preboreal,
cf. [52], settlement patterns and technological traditions remained broadly consistent. This
continuity suggests that the final Late Palaeolithic and the earliest Mesolithic represent
successive phases within a single, continuous cultural complex, e.g., [28,41,43–45,53,54].

Investigated sites from the Preboreal period in Scania have not yielded preserved
organic implements. Consequently, our understanding of artefacts manufactured from
organic materials remains limited, particularly in comparison with the abundant evidence
provided by lithics. Nevertheless, a few stray finds recovered from wetlands indicate
that such artefacts constituted an important component in the toolkit, including three
perforated elk mattock heads from Sjörup, Mossby, and Harlösa [28,55,56]. Radiocarbon
dating of these artefacts has established their chronology, providing important insights
into the emergence and duration of a specific tool type. Such chronological frameworks
are essential for understanding the development of material traditions characteristic of the
Preboreal, including formal antler axes and adzes, such as those examined in this paper,
cf. [28,52]. The investigated antler axe/adze heads bear a striking resemblance to stone
axes commonly occurring in southern Scandinavia during the Stone Age, but these objects
were evidently made from a very different raw material and within other craft traditions.
Although no precise parallels have been identified, antler axes/adzes of a somewhat similar
appearance are known from various regions and periods, often interpreted as axes, adzes,
gouges, debarking tools, etc., e.g., [57–61].

Recent years’ research into the Early Stone Age has put a lot of emphasis on lithic blade
technology, chaîne opératoire, and how technological tasks were carried out, e.g., [62–64].
Although lithic blades constitute a major part of the archaeological assemblages, they likely
represented only a limited part of the overall technological repertoire. Thousands of osseous
artefacts are housed in museum collections. All too often these finds, particularly stray finds
unearthed in earlier times, remain understudied and omitted from technological studies
and exhibitions. Generally, they are considered to have lost their research potential [65],
and may at best serve as typological references [66]. Recent methodological developments
have significantly enhanced the research potential of these artefacts, even when detailed
contextual information is lacking, e.g., [66,67].

The finds in focus in this study exemplify morphological similarities between osseous
and lithic implements. Two very different raw materials that require different working
techniques may, as demonstrated by the investigated antler heads, produce very similar
tools. The significance of the LUHM finds lies in their dual nature: on the one hand, they
represent a very common tool morphology, while on the other, they embody rarely docu-
mented artefacts of this raw material. This material holds the potential to contribute to the
understanding of environmental history and human raw material strategies, and provide
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direct dates. We explore how the dating of these antler heads relates to the chronology
of similar lithic morphologies. Of further importance is identifying which cervid species
the raw material derives from, as it relates to climate, landscape development and human
exploitation. Two of the objects, LUHM 24720 and LUHM 7507, were sampled for labora-
tory analysis (Radiocarbon dating and Zooarchaeology by Mass Spectrometry (ZooMS)).
The morphology, historical markings, and possible residues from earlier conservation treat-
ments on LUHM 18213 made sampling impossible without disfiguration, thus diminishing
the object’s future research value. Residues could risk skewing analytical results, and
preservation of the object’s current condition was therefore prioritised. Similar osseous
tools were identified in collections from the eastern Baltic; in order to investigate possible
chronological parallels, a find from the Pärnu River, Estonia, was sampled for radiocarbon
dating. The aim of this study is to integrate these osseous tools into the lithic discourse
and expand it further in order to explore the interplay of raw materials and technological
traditions during the Early Stone Age of southern Scandinavia.

2. Materials and Methods
Three antler objects from the collections at the Historical Museum at Lund University

were documented and investigated, shown in Figure 2 (for additional pictures, see also
Figures S2–S9). A comprehensive archival study of published materials was conducted
to gather information on similar tools in the neighbouring regions, as well as the faunal
history of the region.

Figure 2. The investigated antler axe/adze heads, from left to right; top row LUHM 24720, LUHM
18213, bottom row: LUHM 7507. Drawing: Björn Wallebom.
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2.1. Archival Research

To identify the origin and context of the objects, we have studied the museum’s
accession catalogue. This catalogue serves not only as a tool for organising the museum’s
collections but also for contextualising individual objects within a broader framework [68].
The entries typically include descriptions, information about the object’s provenance, and
details regarding the circumstances of their discovery.

2.2. Morphological Investigations

The objects were examined ocularly, weighed (g), and measured (mm), and their
morphological attributes were described. They were also 3D-scanned using a Shining
3D EinScan-SP V2 (SHINING 3D Tech. Co., Ltd., Hangzhou, China), and models were
generated usingEinScan-S series_v2.7.0.6, illustrated and photographed. Due to their
similarities to lithic counterparts, we employed the lithic terminology when describing
the objects. Most of these concepts are well established and accepted, requiring no further
explanation. Where explanations have been considered necessary, references are integrated
in the running text. The investigated objects can, generally, be described as antler axe or
adze heads. The principal distinction between an axe and an adze lies in the orientation
of the cutting edge relative to the haft, which largely also determines the tool’s mode of
use. An axe has a symmetrically positioned cutting edge aligned with the longitudinal axis
of the haft and is primarily designed for chopping, felling, splitting, and rough shaping
of wood. In contrast, an adze has an asymmetrically positioned cutting edge oriented
perpendicular to the haft, making it particularly well suited for controlled wood removal,
including planing, shaping, hollowing, and refining wooden surfaces, e.g., [1,69–71]. Both
axes and adzes could be hafted in a variety of ways, including direct hafting into a mortise
or mounting in a separate socket, depending on the tradition, e.g., [72,73]. Importantly, a
formal classification or typology does not correspond to a tool function and may obscure
specialised uses of the axe/adze heads, cf. [74]. In addition, axe/adze heads may have been
used both hafted and unhafted, the latter functioning as, e.g., handheld multifunctional
carving or scraping tools, wedges or chisels, cf. [75,76].

2.3. Microscopy

Microscopical examinations were carried out as a complement to the morphological
and technological analyses with the aim of investigating the presence of micro-wear traces
related to manufacture and function. As a template for documentation and workflow, the
microscopic investigations followed the low- and high-power approaches usually applied
on chipped stone tools, e.g., [77,78]. Identified micro-wear traces were compared with re
sults from experimental studies, as well as studies on natural wear on antlers, e.g., [59,79].
Wear traces were photographed and marked on schematic drawings of each tool; Figure S2.
A Zeiss Axio Scope.A1 microscope (Carl Zeiss Microscopy GmbH, Oberkochen, Germany)
with 50–500× magnification, mounted with a Zeiss Axiocam 212 colour camera, was used
for the analysis.

2.4. ZooMS/MSMS Analysis

In connection with sampling for radiocarbon dating (see below), 10 mg of antler
powder from each sampled object was also submitted for protein analysis using Mass
Spectrometry (ZooMS) at the BioArCh Centre, University of York. The protein collagen
was extracted using the acid-insoluble protocol [80]. The collagen extract was digested
overnight (~18 h) with the enzyme trypsin at 37 ◦C and the digestion stopped with the
addition of 5% v/v trifluoroacetic acid (TFA). The resulting peptides were purified and
eluted in 100 µL of conditioning solution (0.1% TFA in 50:50 ACN: water). 1 µL of sample
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was spotted onto a Bruker ground steel target plate (Bruker Corporation, Billerica, MA,
USA) and mixed with 1 µL of matrix (alpha-cyano-4-hydroxycinnamic acid). The sample
was spotted in triplicate alongside calibration standards, and the plate was run on a
Bruker MALDI ToF MS (Matrix-Assisted Laser Desorption Ionisation Time of Flight Mass
Spectrometry) (Bruker Corporation). The spectra were analysed using mMass [81]. The
three replicates were averaged, and the resulting averaged spectrum was cropped to
800–3500 m/z and peak-picked using a minimum signal/noise of 4. The peak list was
compared to a list of published markers to provide possible identifications [82,83].

This analysis allowed identification at the family level within Cervidae, with red deer
(Cervus elaphus), fallow deer (Dama dama) or Eurasian moose being the most-likely species;
Table S1. To achieve determinations to the species level, further analyses were carried out
using Liquid Chromatography–Tandem Mass Spectrometry (LC-MSMS). The resulting
MSMS data were compared against a database containing all known Cervidae collagen
sequences and common laboratory contaminants. The data analysis was performed us-
ing Mascot (Matrix Science), under the following conditions: 10 ppm peptide tolerance,
0.05 Da MSMS tolerance, a maximum of three missed cleavages, tryptic only, four variable
PTMS (Oxidation (HW), Oxidation (M), Oxidation (P) and Deamidation (NQ)) and a false
discovery rate set at 1%.

2.5. FTIR, AMS Radiocarbon Dating and Modelling

Two of the LUHM artefacts and one from Pärnu were sampled, beneath the mechani-
cally abraded (approximately 1 mm) antler surface, and submitted for radiocarbon dating
using accelerator mass spectrometry (AMS) at the 14Chrono Centre, Queens University
Belfast (Pärnu River, PäMu1/ A149) and the Lund University Radiocarbon Dating Labora-
tory (LUHM 24720 and LUHM 7507), according to the methods outlined by Longin [84]
and modified by Richards and Hedges [85]. Pretreatment protocols included sodium
hydroxide (NaOH) steps to remove potential contaminants, which may affect radiocar-
bon dating results, e.g., [86]. The dates were calibrated using the IntCal 20 curve [87]
in OxCal v.4.4.4 [88]. A few mg of powder from the samples was tested by ATR-FTIR
spectroscopy to detect potential contamination from consolidates. The powders were
analysed using an Thermo Scientific Nicolet iS10 FTIR (Waltham, MA, USA) equipped with
a diamond crystal ATR accessory with a resolution of 4 cm–1 in the mid-infrared range
(4000.12–525.03 cm−1), 64 scans were taken per sample, and background was collected
before and after each sample group. The aim was that each sample underwent three runs.
However, due to sample size this was not possible; LUHM 24720 was run twice and LUHM
7507 only once. Consolidates did not appear to have penetrated the antler in any of the
investigated samples; Document S2.

To assess changes in the cervid exploitation over time, radiocarbon dates from reindeer,
Eurasian moose, and red deer were summed within OxCal v4.4.4, utilising the KDE_Model
function [88], alongside atmospheric data for calibration [87]. This approach employs a
standard non-parametric statistical technique designed to mitigate noise within the data
and to reveal the underlying distribution of events [89]. The analysis was conducted using
OxCal’s default settings. Radiocarbon dates for subfossil reindeer were sourced from
Sommer et al. [90], while those for the predominantly archaeological remains of moose and
red deer were compiled from both published and unpublished sources, including the dates
of the investigated antler heads. The datasets for these latter two species are provided in
Tables S2 and S3.

To further evaluate the extent and influence of moose exploitation over time, we
employed taxonomic abundance data derived from 23 osteological assemblages across
14 archaeological sites. This dataset was primarily based on information from Magnell [91],
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supplemented with additional data from sites at Almeö [92], Balltorp Mölndal 110 [93],
Balltorp 182 [94], Norje Sunnansund [95] and Dagsmosse, Jussberg [96]. The relative
proportion of ungulate remains, specifically Eurasian moose, red deer, roe deer (Capreolus
capreolus), wild boar (Sus scrofa), and aurochs (Bos primigenius), were calculated based on
the Number of Identified Specimens (NISP). To establish a chronological framework of
the faunal assemblages, median dates were derived from archaeological radiocarbon data,
typological analysis, and pollen dating.

3. Results
3.1. Morphological Description of the Antler Heads

The three investigated antler heads, LUHM 24720, LUHM 18213 and LUHM 7507,
exhibit overall similarities while also displaying certain variations. Unfortunately, most
contextual information regarding the investigated objects has been lost (if it was ever
documented). Despite this, limited details, including information about the objects’ origins,
remain. LUHM 24720 was accessioned between 1920 and 1935, and is described as an
“axe of antler” recovered in a bog in Hörby parish, Frosta hundred, Scania; Figure 1.
According to the catalogue, LUHM 18213 was incorporated into the museum’s collections
in 1880. It is described as “a small, corroded axe of moose or deer antler”. An inscription
on the object further reveals that it was recovered from a peat bog in Hjärås, in Östraby
parish, Färs hundred, Scania, Figure 1. LUHM 7507 was accessioned in the museum’s
collections in 1869 and described as a “tool made of bone, shaped like a stone axe”. It also
originates from Scania, but more detailed information about the find location is missing. All
three antler heads exhibit one side with compact antler (with varying degree of original
surface) and one side with varying degree of spongious tissues preserved. The heads are
therefore most likely made from a split palmar portion of the antler, or the area where the
palmate surface transitions to the beam. It is unlikely that they are made from the beam
itself as the compact surface is relatively flat. Applying the analytical framework outlined
above, together with general typological attributes of flint axes, e.g., [97–99], cf. [[100],
Figure 2], the LUHM antler axe/adze heads can be described as follows.

LUHM 24720 measures 97.2 mm in length, 44.4 mm in width, and 16.7 mm in thickness,
with a weight of 59 g; Figures 2, S2, S3, S6 and S9. The object has an overall symmetrical
outline, tapering towards a narrower, relatively thin butt with slightly rounded corners.
Moreover, it has one gently convex face and one face with a convex profile along the narrow
sides and a concave central profile, while the narrow sides are flat. The concavity appears
to result from the weathering of the spongious antler tissue, which originally likely had a
more convex shape, similar to the opposing dorsal face. The cross-section can therefore be
regarded as essentially rectangular. The head is thickest at its centre and tapers gradually
towards both the cutting edge and the butt, giving it a slender, relatively symmetrical side
profile. The head exhibits traces of nicking on the butt, which may be indicative of hafting.
The cutting edge is symmetric, straight and oblique (angled), suggesting that the head has
been hafted like an axe. The edge area exhibits possible grinding facets, with longitudinal
macroscopic striations running transverse to the axis of the head. These striations are likely
related to manufacture and/or maintenance, cf. [101]. Superimposed on these marks are
additional striations running both parallel to the longitudinal axis and oblique across the
head. These may, in turn, be interpreted as related to use. A few indentations present on the
edge rim are also most likely impact damage from use. Apart from the spongious portion,
the surface of the head is quite well-preserved and exhibits intense polish and shine, with
no natural antler surface present. Morphologically, the object may be described as an
antler axe head, showing affinities with several types of Neolithic knapped or pecked stone
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axes, e.g., [101,102]. Its relatively slender proportions also resemble those of four-sided,
thin-bladed Neolithic flint axes, e.g., [97,98,103–105].

LUHM 18213 is 92.1 mm long, 30.7 mm wide, and 14.3 mm thick, with a weight of
35 g; Figures 2, S2, S4 and S7. The object has a slender, elongated morphology with gently
tapering sides terminating in a narrow shape. The cross-section is best described as sub-
oval. The cutting edge is symmetrical to slightly asymmetrical, and has a generally straight
edge rim that is set at a slight oblique angle, with gently rounded edge corners. The small
size combined with the tapering of the sides may suggest former attachment into a socket,
and the oblique edge suggests that the head was placed axial to the shaft, like an axe.
The butt exhibits possible traces of flattening and micro-flake removals, which may have
resulted from pressure applied in a socket or, alternatively, from direct percussion with
some form of mallet. Despite the generally weathered condition of the surface, several
localised areas of the original axe surface remain preserved. These areas, however, do
not retain any unmodified antler surface. Instead, they exhibit clear traces of surface
modification, including scraping/whittling and/or grinding marks, together with surface
polish and predominantly fine, multidirectional striations. Moreover, large striations
running in a transverse direction to the edge are clearly visible on the dorsal face (i.e., the
upper face, opposite to the ventral spongious face of the object); these seem to cover a
negative flake scar and, thus, are indicative of reshaping. This would also account for the
slightly asymmetrical edge profile. The antler itself is light in colour, and only a small
portion of the spongious core of the antler remains. The ventral side, where the spongy
tissue is exposed, exhibits a circular band of darker yellow discoloration. This corresponds
to the area that makes contact when the object is placed on a flat surface, and is therefore
likely the result of storage or post-excavation conservation.

Regardless of a slightly asymmetrical profile, the object can be morphologically de-
scribed as a small antler axe head, bearing some resemblance to smaller Mesolithic flint core
axes with rhombic cross-section, see, e.g., [[105], Figure 142] as well as different types of
Mesolithic and Neolithic knapped or pecked stone axes, e.g., [30,101,102,106]. Similarities
can also be observed with various types of Neolithic point-butted axes, e.g., [[71,98], Figures
V.90–93].

LUHM 7507 measures 117.2 mm in length and 42.5 mm in width, with a thickness of
20.4 mm and a total weight of 80 g; Figures 2, S2, S5 and S8. The artefact has an elongated,
generally symmetrical outline with a broad cutting edge that tapers gradually towards
a narrow, pointed butt. Additionally, the artefact has a slightly convex dorsal face and a
distinctly flat ventral face, forming an almost D-shaped cross-section. The cutting edge
has a rounded, slightly irregular profile, with one edge corner more oblique than the other,
making the distance between the edge and the neck shorter on that side. Moreover, the
cutting edge exhibits several impact scars. Although the original surface is only partly
preserved, evidence of modification is visible wherever it remains. Furthermore, areas
of the natural antler surface are preserved, particularly on the convex dorsal face of the
object. The asymmetrical cutting edge suggests that the artefact was likely hafted as an
adze. Traces of scraping/whittling can be identified, as well as several different striations.
Weathering is also present along the full edge, except for a small patch of the original
surface. In this patch, there are axial striations, likely related to use.

LUHM 7507 displays morphological similarities to certain Early Mesolithic flake axe
types, for example, those associated with the Barmose Group in Denmark, e.g., [[107],
Figure 20:5]. It also shares similarities with other Early Mesolithic axe types, including
the Lerberg axe, which is commonly found at Hensbacka Culture sites of the west coast
of Sweden. Like the present specimen, Lerberg axes may exhibit a similar cross-section
and a characteristically rounded cutting edge produced by a specialised edge-shaping
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technology [47]. Comparable axe types are also known from other parts of southern
Scandinavia, although these are generally dated to the Late Mesolithic [[108]; Figure 58,
cf. [109]; Figure 45]. The object also shares several morphological features with artefact
types commonly referred to as flat adzes, which occur in southern Scandinavia during
the earlier part of the Late Mesolithic (c. 5300–4800 BCE) [110,111])). Flat adzes constitute
a relatively uncommon artefact category, and the few known examples are generally
interpreted either as direct imports from the southern Baltic coast or as locally produced
artefacts influenced by Continental axe traditions [18,71,110–112]. Like LUHM 7507, flat
adzes are often characterised by a D-shaped cross-section, a morphological feature that is
also present in some Limhamn axes and adzes, e.g., [[71], Figure V.64].

3.2. Microscopic Investigation

Taking into account the varying degrees of surface weathering, only a limited number
of traces on the antler axe/adze heads could be confidently attributed to use. Weathered
areas, brighter areas and dry breaks were excluded in the analysis. On two of the objects,
LUHM 24720 and LUHM 18213, most of the surface, particularly the topographically
elevated areas, is relatively shiny and exhibits a smooth, polished appearance. This is
interpreted as a result of scraping/whittling and abrasive shaping of the objects rather than
actual use. Within these smoothed areas, numerous fine, multidirectional striations can be
seen; Figure 3. A slight majority of the striations run transverse to the presumed active
edge, but horizontal and oblique striations are almost as common. To discern different uses
and/or use phases, we examined the internal stratigraphy of the direction of the striations.
No clear order was detected—the horizontal and transverse striations overlap each other
in a seemingly random manner. Given their irregularity and placement across the entire
head surfaces, the striations did not give the impression of stemming from use. Rather,
they too are interpreted as a result of shaping, handling, taphonomic processes or possibly
continuous resharpening of the heads. On LUHM 18213, two large, macroscopically visible
striations were observed running in a transverse direction to the edge on the dorsal face
(dorsal, as defined above). Unfortunately, it was not possible to determine whether they
originate from use or manufacture. Given their smooth and even highest topography, with
deeper running furrows, it seems likely to be scraping/whittling marks either from contact
during use or from shaping/reshaping the edge. Two small transverse striations are also
present on the dorsal side, potentially marking a transition to a fixation in a shaft/or handle.
Contact material could not be identified on either of the axe/adze edges, nor were any
traces of hafting identified microscopically.

Figure 3. Examples of striations and polished surfaces, in the centre, in the smooth surface areas of
LUHM 18213. To the left, a weathered area of the antler. The position of the photographed area is
indicated in Figure S4. Photo: Anne Jörgensen-Lindahl.
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Despite the overall similarities, a few differences between the objects were observed.
For example, on the dorsal side of LUHM 24720, close to the active edge, large, macroscopi-
cally visible striations running parallel and oblique to the edge are visible, one of which
seems to be related to an edge removal; Figures 4 and S9. The striations running parallel
to the edge are, due to their size and organised appearance, likely related to manufactur-
ing/shaping and/or resharpening, potentially in a way similar to that suggested for the
bevel-ended tools from Pulli, Estonia [[58]; Figure 6C]. Tentatively, some of the striations
running transverse to the edge may be related to use. While many of these transverse
striations are of a finer type, interpreted as a result of shaping and/or resharpening or
possibly from other taphonomic processes, others are broader and deeper and seem to
underlie a smoother surface; Figure 5. Although these transverse striations may stem from
manufacturing processes, it cannot be ruled out that they derive from use and have sur-
vived one or several shaping/resharpening events. On the ventral face of the object, there
are seemingly more transverse striations compared to the dorsal face. Striations running
transverse and/or oblique to the active edge suggest a scraping or planing motion of the
blade. If the tool was used so that its ventral face had the most contact with the worked
material, a larger number of striations would develop there, explaining the discrepancy
between the two sides of the tool. However, different densities of the contact material, e.g.,
wood and bark, on either side should perhaps not be discarded. Lastly, striations running
parallel to the length of the object are visible on the narrow sides of the tool. They have
a relatively uniform morphology and clear directionality, suggesting that they stem from
shaping of the tool. This has also been suggested for the Pulli tools [[59]; Figure 6D,E].

Figure 4. LUHM 24270: (a) Edge with both parallel and oblique striations, the latter in association
with an edge removal. Photo: Per Lagerås. (b) Magnification of striations running parallel and
oblique to the edge of LUHM 24720. The position of the photographed area is indicated in Figure S3.
Photo: Anne Jörgensen-Lindahl.

The third head, LUHM 7507, differs from the other two in several aspects. The edge
rim is rounded, rather than straight; it is heavily worn, with edge removals primarily
on the dorsal face, and transverse striations macroscopically visible on its ventral face;
Figure 6. The surface does not have the same smoothed appearance as the other two.
Rather, it appears rougher and more weathered. Furthermore, the edge removals are more
step-like (cf. stepped bone fractures, e.g., [113]). Smoothed areas are restricted to patches
on the elevated topography rather than covering the entire surface. The striations are
considerably fewer compared with the other two objects. Additionally, the morphology of
the striations exhibits variation and can be tentatively categorised into two groups based
on width. Potentially, as has been suggested for the other two objects, the finer striations
visible on the smoothed surface originate from shaping/resharpening, while the broader,
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macroscopically visible transverse striations stem from use. Collectively, the less smoothed
surface, higher frequency of edge removals, and rounded edge rim, relative to the other
heads, would potentially suggest that the artefact was either awaiting resharpening or
considered too damaged for further use, ultimately leading to it being discarded. The
presence of stepped micro-fractures of the edge removals indicates that they occurred when
the edge was becoming dry. It is possible that the relatively heavy wear and the different
shape of the edge result from a different use than the other two objects, possibly from a
more heavy-duty function, most likely by transverse chopping of wood.

Figure 5. Magnification of finer (indicated by solid white lines) and broader (indicated by dashed
white line) striations (indicated by solid white lines) running parallel and oblique to the edge of
LUHM 24720. The position of the photographed area is indicated in Figure S3. Photo: Anne
Jörgensen-Lindahl.

Figure 6. LUHM 7507 with a rounded edge rim: (a) Dorsal view with edge removals with step-like
fracture morphology; (b) ventral view with edge removals with step-like fracture morphology. Photo:
Per Lagerås.

3.3. ZooMS/LCMSMS

Based on a visual examination, the initial identification determined the raw material
to be antler. For two of the objects, LUHM 24720 and LUHM 7507, this cervid identification
was subsequently confirmed by ZooMS analysis; Table S1. From the LC-MSMS data,
both sampled objects were identified as having been manufactured from Eurasian moose;
Document S3.
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3.4. AMS Radiocarbon Dating and Modelling

The two sampled antler heads from Scania were both dated to the Preboreal period
(Table 1), older than or contemporaneous with the Ancylus Lake regression (c. 8700 BCE).
By this time, Scania was connected to mainland Europe and present-day Denmark by a
land bridge [114]. The antler head from Pärnu River is dated to the end of the Boreal Period
(c. 8000–7000 BCE).

Table 1. Radiocarbon dates of the sampled antler heads.

Sample ID BP BCE (95.4% Prob.)

LUHM 24720 [LuS 21026] 9585 ± 70 9226–8762
LUHM 7507 [LuS 21027] 9515 ± 55 9141–8640

PäMu1/ A149 [UBA-58634] 8032 ± 50 7130–6701

The modelled radiocarbon frequency distribution indicates that the Eurasian moose
became common in the region during the early postglacial period and had a continuous
presence into the Atlantic period; Figure 7. Reindeer and moose exhibited sympatric
occurrence during the Allerød and Early Preboreal periods, after which the former seem-
ingly disappeared from Scania, with the youngest find dating to 8300 BCE [88]. Around
7000 BCE, the number of red deer dates increased significantly. This increase is mirrored
in the abundance data in contemporaneous archaeological assemblages. Based on both
radiocarbon dates and abundance data, moose remains were represented in numerous
Scanian archaeological assemblages, albeit in reduced numbers.

Figure 7. Top row: Kernel Density Estimate Models [88] of radiocarbon dates of reindeer, Eurasian
moose and red deer specimens from southern Sweden and eastern Denmark. Highlighted in grey is
the span of dated artefacts from Scandinavia manufactured from moose. The dates of the two Scanian
antler axes/adzes (diamonds) and the antler head from Pärnu (triangle) are shown. Bottom row:
comparison of the relative proportion (% NISP) of ungulates across various Mesolithic settlement
assemblages from southern Sweden and eastern Denmark. The sites are arranged in chronological
order from left to right, with the earliest on the left.
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4. Discussion
4.1. Eurasian Moose in Southern Sweden

Sørensen [43] convincingly argues that geological periods should not be used when
discussing material culture and cultural context in the period of “becoming Mesolithic”.
We find this assertion to be valid; however, the climate and geological periods become
important when considering the availability of osseous raw materials and human utilisation
of available resources.

The modelled radiocarbon dates indicate that Eurasian moose became common in
the region during the Preboreal period. Ultimately, as the radiocarbon-dated specimens
predominantly originate from human activities, they reflect human hunting and resource
utilisation. Among Late Preboreal/Boreal groups, wild boar appears to have formed the
basis of the (food) economy; still, moose constituted a significant proportion (20–30%) of
the identified specimens (NISP) within the assemblages, partly contemporaneous with
the moose antler heads (see Figure 7, also see [115]). Over time, the proportion of moose
declined and the importance of red deer increased, with the latter accounting for nearly 50%
of specimens in assemblages from the Atlantic period. It is of importance to note that the
significant morphological similarities exhibited by moose and red deer make it unlikely that
differences in NISP can be attributed to differential fragmentation or preservation, e.g., [116].
Instead, the reduction in moose NISP and dates may reflect either a change in hunting
strategies or differences in butchering/transport practices, e.g., [117,118]. However, the
observed decrease in moose remains coincides with significant environmental changes and
landscape development, whereby rising temperatures resulted in a reduction in coniferous
forests and an expansion of deciduous woodlands, likely contributing to a decline in moose
populations. A deliberate selection of specific raw materials (for different purposes) by
human groups should also be considered.

It has been suggested that, because moose tend to be more geographically stationary,
they may have been a more reliable resource than reindeer for Late Glacial and early
postglacial groups [119,120]. Danish bog deposits with moose bones from this period,
located far from known contemporary human settlements, have also been interpreted as
evidence of the species’ significant role [51,121–123]. It has been proposed to have carried
symbolic importance, particularly during the Preboreal, e.g., [124]. These moose bone
deposits are characterised by the representation of skeletal elements often absent from
habitation sites. For instance, elements specifically used for tool production are often
missing (e.g., at Lundby Mose [125]). On the other hand, depositions of raw material
intended for the manufacture of osseous tools, often consisting of metapodials, have been
identified from several periods. These served for the production of, for instance, fine-barbed
bone points, characteristic of the Preboreal/Boreal (c. 9200–8200 BCE) periods in southern
Scandinavia [17,22,51,67,119,120,126,127]. Of special interest here is a deposit recovered in
Östra Grevie, Scania, which contained moose long bones (radius, metacarpus, metatarsus),
dating to 8386–7968 BCE [128]. Thus, the antler heads of this study represent a broader
group of contemporary objects fashioned from Eurasian moose.

4.2. Interpretation of Functionality of the Antler Heads

Although most of the lithic axe/adze types mentioned above (Section 3.1) are neither
chronologically contemporary with nor culturally related to the Eurasian moose antler
axe/adze heads examined here, their striking morphological similarities may instead reflect
shared functional requirements and/or convergent technological solutions.

While the precise functions of the antler axes/adzes discussed remain uncertain,
evidence from experimental archaeology, ethnographic comparisons, and micro-wear
analysis suggests that these tool types were most likely multifunctional, serving a range
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of purposes. Nevertheless, these studies consistently indicate that woodworking was
their primary function, e.g., [1,75,100,129]. In this context, antler axes and adzes, like their
lithic counterparts, likely formed part of a broad woodworking tradition and were used
in a range of everyday activities, including: felling, debarking, delimbing, and processing
firewood; rough shaping and splitting of logs; and finer woodworking tasks such as
planing, hollowing, and the manufacture and repair of wooden tools, handles, vessels,
structural elements, sledges, and boats, e.g., [1,59,76,130–132]. Recent micro-wear studies
on contemporaneous flake axes from southern Norway further emphasise that these were
used as a multifunctional tool, involving different motions on different materials, wood
being the dominating contact material (contradicting their previous interpretations as
primarily skin scrapers) [49]. Although contact material could not be identified on the
investigated antler heads, it seems likely that they were used for different kinds (motions)
of woodworking.

Based on the micro-wear analysis and general morphology (Table S4) as well as
parallels from other regions (see below), we suggest that two of the antler heads represent
similar hafted tools (LUHM 24720 and LUHM 18213), while the third (LUHM 7507) may
be considered a separate type. The micro-wear traces identified on the heads, mostly
fine, multidirectional striations within a smoothed surface, are interpreted as the result
of resharpening of the edge. However, some striations, mainly running in a transverse
direction to the active edge, appeared larger and possibly situated beneath the smoothed
surface. The oblique macroscopically visible striations associated with edge removals as
well as the oblique edges suggest that LUHM 24720 may morphologically be interpreted
as an axe head. Although the use wear is inconclusive, the transverse striations may
tentatively be interpreted as a result of the tool having been used for planing and/or
scraping, although use as a debarking tool in an axing motion should perhaps also be
considered. LUHM 7507 seems to have been used differently. Life cycles of tools must
also be considered, and LUHM 7507 may represent an earlier stage of use than the other
investigated heads, i.e., prior to the reshaping of the edge. This would account for it being
longer, drier, having a more heavily worn edge (as it has not been resharpened yet), and a
less smoothed appearance (due to handling). The difference in the overall shape of the edge
could be viewed as a consequence of less use and the retention of a more convex-shaped
morphology. We consider this less likely, as morphological differences are also present on
the body (corpus) of the head. Instead, it seems likely that LUHM 7507 was crafted as a
slightly different tool. Given the general morphological differences, as well as the presence
of broad ventral striations and macroscopically visible stepped fractures on the edge, we
propose that it has been used as an adze. Thus, while the directly dated and proteomically
identified LUHM 24720 and LUHM 7507 are contemporaneous and manufactured from
the same raw material, they likely represent different tasks within the Preboreal forest.

Raw material choices as a result of the functionality of edge efficiency have been
studied in the Swedish context for much smaller lithic tools [133,134]. For younger osseous
finds from the eastern Baltic area, raw material choice has been discussed as a consequence
of a limited supply of suitable lithics; see, e.g., [135]. This is not the case for Scania as flint
resources are abundant [136]. Based on the limited knowledge of how these axe/adze
heads were used and functioned, it remains to carefully evaluate the functional aspects of
the raw material choice. In general, antler is tough, elastic and shock-absorbing, differing
markedly from the brittle fracture behaviour of lithic materials [137]. It is also relatively
easy to shape, repair, and modify. These properties could have made the use of antler
advantageous for tasks involving repeated impact, bending or torsional loads, e.g., for finer
woodworking, suggesting that raw material choice may have reflected functional consider-
ations rather than limitations in lithic availability, e.g., [138–140]. From this perspective,
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antler axes and adzes should not be regarded as a peripheral technological specialisation,
but rather understood as elements of a wider technological tradition that contributed to
the development of axe and adze technologies in southern Scandinavia. Although some
forms display notable similarities to later stone artefacts, the nature of this relationship
remains difficult to determine and may reflect factors such as technological transmission,
shared conceptual frameworks, or convergent development. As environmental (including
economic) conditions changed, growing demands for large-scale woodworking, forest
clearance, and tree felling may have favoured the adoption of stone, whose mechanical
properties were better suited for these tasks.

4.3. Parallels to Other Antler Heads

While different types of axes and heavy-duty tools made from antler are known
from several Preboreal sites in Western Europe, e.g., Star Carr, Friesack 4,1 and Lundby
Mose, they generally consist of different types than the antler heads examined in this
study, including elk mattock heads with perforations and perforated axes made from red
deer antler [51,141–143] (also see [144], and references therein). In Britain, only six of the
77 recorded mattock heads were made from Eurasian moose antler; all six originate from
Star Carr [145]. These six heads do not have a similar morphology to the heads examined in
this study but are comparable to the mentioned finds from Lundby Mose, Harlösa, Mossby,
and Sjörup, as well as two significantly younger finds from northern Sweden, Singån and
Grundsjön [51,56].

More comparable antler heads have been recorded from eastern Baltic and Russian
sites, such as Zvejnieki II and Sūl,agals in Latvia, Kunda Lammasmägi in Estonia, as well
as Veretye 1, Ozerki 5, Zamostje 2, Ivanovskoye 2 and 7, Okayomovo 5, Chernetskoye 8
and Stanovoye 4 in Russia [57,58]. The Russian finds have been interpreted as tools for
transverse and longitudinal cutting (axes) and for chopping and removing material (adzes),
mainly related to woodworking. The attachments vary, but flat, oval or sub-rectangular
heads with symmetrical profiles were designed to be secured in a socket. Flat heads were
generally made from Eurasian moose antler. The axe surfaces were completed by grinding
with a fine abrasive, which removed other production traces, whereas adzes were refined
using chisels or scrapers [57]. The macroscopic and microscopic traces on the investigated
antler heads suggest that they were manufactured in a similar manner. The use of grinding
techniques has been seen as a northeastern technological trait, manifested in Norway at c.
8000 BCE for lithic adzes and later on in osseous materials [146].

In recent years, population migration on the Scandinavian Peninsula has been doc-
umented and linked to technological changes in, among other things, blade and osseous
technology around 8300 BCE, e.g., [62,147]. Our results point to elements of similar north-
eastern traditions relating to raw material choice, craftsmanship and the application of
grinding techniques. These expressions have not been previously recognised in Preboreal
Scania and, moreover, predate this transition elsewhere. This could suggest that the direc-
tion of craft influences changed over time, possibly in connection with landscape changes
and shifting habitats for both animals and humans.

Most of the Latvian finds have not been published and have therefore received limited
attention. In Zvejnieki II, which dates to the 8th–6th millennium BCE [148], we have
registered three objects with similar morphology. Also, from the Osa collection there are
five examples of a similar type of antler heads. This site, however, is somewhat younger,
dated to the 7th–5th millennium BCE [149]. All of these heads appear to have been made
from Eurasian moose antler, which is also the dominant species in the Zvejnieki II faunal
assemblage [150]. At both sites, lithic axes that share morphological similarities with the
antler heads have also been found. In addition, parallel antler implements, although not
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made of the same split portion of the antler, were identified in the Rambach collection,
Pärnu Museum, Estonia. The collection comprises finds from the Pärnu River, collected
during the early 20th century. One of the antler heads, morphologically identified as a
Eurasian moose, was dated to 7130–6701 BCE, as shown in Table 1, Figure S7 and Table S4.
In western Lithuania, a similar antler head has been found at the Palanga site, dating to the
5th millennium BCE [151].

The closest parallel, however, was recovered together with the famous Antrea net [152].
The net and associated artefacts constitute a bog find from the Karelian Isthmus, represent-
ing one of the most remarkable assemblages in northern Europe [152]. The preservation
conditions of the wetland environment allowed the survival of organic materials rarely
encountered in archaeological contexts, most notably the remains of a fishing net with bark
floats and net sinkers. The find collection includes 108 items: 33 osseous artefacts, 55 lithic
artefacts (including, among others, an axe, adzes, whetstones, a hammerstone and a fire-
striking stone) and 20 different plant materials, as well as net cord and tinder. The osseous
assemblage includes tools manufactured from Eurasian moose and swan (Cygnus cygnus)
bones, a unilateral slotted dagger designed for lithic inserts, gouges, awls and possible
flutes, alongside animal bones interpreted as raw material and food refuse [150]. Finally,
an antler axe/adze head was found, measuring 114.9 × 51.6 × 12.3 mm and weighing
46.48 g, made from a split palmate portion of an antler that is characterised by two trans-
verse edges, a flat and narrow profile, a broader and rounded working edge and a narrower
neck; Figure S8. This find shows the most similarities to the investigated antler heads from
Scania. The net belongs to the Ancylus Lake phase and is dated to c. 8400–8300 BCE [153].

Notably, in the Antrea find, there are similar items fashioned in both osseous and
lithic materials. As mentioned, a bone gouge was recovered together with the antler
axe/adze head. Similarly, one transverse lithic axe (Figure S12), one small adze of green
slate (possibly a reshaped gouge), and a small adze of fine-grained olivine diabase were
also recovered [152]. Unfortunately, none of these were recovered in situ during the
archaeological excavations. Both axes (antler and stone), as well as the bone gouge, were
recovered by the locals upon the initial recovery of the find. The two lithic adzes were
recovered in spoil heaps of soil from the original ditch by the excavating archaeologist.
Therefore, we know little of the spatial relation between these objects, but they were
found (and deposited) in a limited area and submerged at a depth of 15 m during the
maximum of the Ancylus transgression (8300–8000 BCE), in the connection between Lake
Ladoga with the Baltic Sea. At this time the boreal forest was established on the Karelian
Isthmus [153]. The find serves to exemplify how different wooden materials were used,
including floats, shield bark of pine, birch bark, net cord made from willow bast, and
bindings for sinker stones fashioned from wood shavings taken from beneath the bast of a
willow. The extraction of raw material for all these items would have been facilitated by
different kinds of tools manufactured for specific woodworking tasks.

4.4. Find and Depositional Circumstances

The Antrea finds have been described as the result of a possibly catastrophic single
event, an accident, and lost packed equipment [152]. Most of the antler axe/adze heads,
though, e.g., Osa and Zamostje 2, have been recovered in submerged, or at one time sub-
merged, wetland environments connected to forested landscapes and human occupation.
This is likely also true of the Scanian finds.

The two investigated antler heads LUHM 24720 (dated and proteomically identified)
and LUHM 18213 were both recovered from peat bogs. LUHM 24720 was found near
Hörby, southeast of the Lake Ringsjö site complex, including the well-known Ageröd-
sites, e.g., [16,154,155] and approximately 10 km northwest of Hjärås, where LUHM 18213
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was recovered. Although there are no detailed descriptions of their recovery, it is still
possible to gain some insight into how the surrounding landscape was utilised. In this
context, however, it is important to recognise that the sites, despite their relative proximity,
are located within different water systems. As waterways were important, not least for
communication, their routes probably had an impact on the mobility of groups and which
areas they used for livelihoods, e.g., [64].

Hörby, the find location of LUHM 24720, borders Lake Ringsjön, which is part of
the River Rönneå water system, one of Scania’s largest watercourses. It flows from Lake
Ringsjön in a northwesterly direction and enters the Kattegat Sea in Skälder Bay, on
the northwestern coast of Scania. Lake Ringsjön’s two largest tributaries are Höörsån
and Hörbyån, both of which flow from the ridge Linderödsåsen in the north and east,
respectively [3].

The area around Lake Ringsjön is one of the most investigated Mesolithic inland
site complexes in Sweden. Of interest among these sites is Henninge Boställe, on a small
promontory by a river, connected to the Ageröd Bog. Since the site lacked preserved
organic material, precluding absolute dating, its attribution to the Preboreal period rests
on the morphological and typological analysis of the lithics (microliths, core axes, borers,
scrapers, burins, and blade knives), cf., [15,26]. A large osseous assemblage, by contrast,
was recovered from the extensively investigated site of Ageröd I, dated to the Boreal/Early
Atlantic period, e.g., [16,17,155–157]. During this period, the area was a dynamic lake and
wetland environment where water levels fluctuated over time. Sediment was deposited
from shorelines and in open water, causing parts of the lake to gradually silt up. Through
this process, islands and other topographical elevations formed within the lake system [127].
The combination of waterside environments, access to islands and beaches enabled flexible
use of the resource rich landscape, in accordance with seasonal conditions and resource
availability [127,154]. Sedimentation processes also provided oxygen-poor conditions
in silt and peat favourable for the preservation of organic and osteological material at,
e.g., Ageröd [155]. A detailed investigation of the osseous tool collection from Ageröd
I was carried out by David [143,157], who attributed the osseous industry of this site to
different technocomplexes. That could possibly be related to different stratigraphy and
chronology, with an eastern technology being succeeding by traditions more similar to the
north European (Maglemose) assemblages. These finds include perforated antler axes and
sockets made of red deer, similar to finds from, e.g., Star Carr.

Hjärås, the find location of LUHM 18213, is associated with the water system of the
River Kävlingeån, which mainly extends within the so-called Vombsänkan (eng. Vomb
Trough) [158]. Vombsänkan is a narrow, asymmetrical rift basin and one of the largest
groundwater aquifers in southern Sweden, whose central parts consist of the Vomb
Plain, a flat area characterised by glacifluvial deposits, with Lake Vombsjön and Lake
Krankesjön [159]. The River Kävlingeån has its outflow into the sea in Lomma Bay, sit-
uated along the eastern coast of the Öresund strait. In the other direction, the water
system extends, southeast, towards the rolling landscape around Lake Sövdesjön, Lake
Snogeholmssjön and Lake Ellestadssjön, not far from Scania’s southern coastline [160].
Quaternary studies of the landscape development in the Vombsänkan demonstrate a dy-
namic environment with occasionally strong fluctuations in water levels and an extensive
network of lakes and streams with attractive biotopes for hunters and gatherers, e.g., [161].
Today the area is completely drained, e.g., [158,159,162]. Calculations from the 1950s (based
on old maps) show a historic 88% decrease in surface water [163].

Vombsänkan was likely colonised soon after deglaciation between 13,000 and
12,000 BCE, e.g., [164]. Evidence of Late Glacial/Early Preboreal hunter-gatherers in-
clude several find locations of lithic assemblages, e.g., [36,38,55,120,165,166]. It has been
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suggested that it probably houses one of the richest Late Glacial/Early Preboreal settlement
environments in southern Scandinavia, with great potential for preserved osseous materi-
als [38,167]. This is exemplified by the mentioned Harlösa perforated elk mattock head,
dated to 9264–8647 BCE [56], accompanied by a Late Palaeolithic Lyngby type tanged point
recovered in the vicinity together with blades, blade fragments and a blade scraper, as well
as a reindeer antler mattock [36,55,167]. Another example is a pair of bodkins made from
telemetacarpalia of Eurasian moose found in the Revinge bog, with a proposed Preboreal
date [168]. Although dating must be considered uncertain, e.g., [55], it should be noted
that from the southernmost part of the of River Kävlingeån, the distance to the locations
of the other two other mentioned perforated elk mattock heads, Sjörup and Mossby, by
the Baltic Sea coast, is only 6,5–8,5 km respectively. Even though the Preboreal coastline
was further out than in the present day [14,115], the locations of the Sjörup find, dated to
8621–8246 BCE, and the Mossby find, dated to 8778–8296 BCE [56], would have been
accessible via the waterways (present-day Lake Krageholmssjön and the River Svartån). In
this way, the finds are all interconnected within the Preboreal landscape.

The depositional circumstances of the investigated antler axe/adze heads are not
known, but it seems reasonable, in parallel with other finds, that they originate from a
domestic context. They are undoubtedly associated with the Preboreal forest, in both raw
material choice and function.

5. Conclusions
The investigated antler axe/adze heads may be framed within a wider archaeological

context. Yet, they have remained silent and unnoticed in museum storage since the late 19th
century. This may in part be due to the generally poor preservation of prehistoric osseous
material but also to a historical research bias. Osseous tool types from well-preserved and
documented sites from Northwestern Europe, e.g., Maglemose, Star Carr, etc., have received
more attention. Unlike the lithics of the region, which is mainly associated with North
European traditions, the use of Eurasian moose antler as a raw material for axe and adze
heads instead appears to connect technological traditions and interaction networks among
Preboreal and Boreal groups from around the Baltic Sea, extending into Russia. The osseous
axes and adzes constitute a tool type associated with forest living and woodworking,
fashioned from a forest-dwelling species. Importantly, they represent a specific type of
implement that regionally has not previously received the recognition it deserves.

These finds also agree with recent years’ discussion concerning the transition of
“becoming Mesolithic”, as they date to the first half of the Preboreal, thus being “older”
than many typologically contextualised lithic counterparts. As such, it is possible that they
formed part of the broader technological background from which some of these lithic forms
later emerged. The utilisation of the forest begins with the forest itself; consequently, it
cannot be discussed from the perspective of later Mesolithic traditions. Rather, the transition
must be understood as an interplay between environment, landscape development, choices
of resource utilisation, traditions and interaction networks.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/heritage9100407/s1, Document S1: additional figures and pictures
of investigated axe/adze heads; Document S2: FT-IR-analysis; Document S3: ZooMS, MS/MS results;
Table S1: ZooMS results; Table S2: Dataset, published and unpublished sources, radiocarbon dates for
Alces alces; Table S3: Dataset, published and unpublished sources, radiocarbon dates for Cervus elaphus;
Table S4: Table of the investigated heads, conducted analyses and results. References [169–203] are
cited in the Supplementary Materials.

https://doi.org/10.3390/heritage9100407

https://www.mdpi.com/article/10.3390/heritage9100407/s1
https://www.mdpi.com/article/10.3390/heritage9100407/s1
https://doi.org/10.3390/heritage9100407


Heritage 2026, 9, 407 20 of 27

Author Contributions: Conceptualisation, S.G. and A.M.; methodology, S.G., A.J.-L. and E.R.;
validation, E.R., B.W., C.W. and S.G.; formal analysis, E.R. and C.W.; investigation, A.J.-L., C.W., B.W.,
S.G. and A.M.; resources, A.J.-L., E.R. and J.L.; data curation, E.R. and S.G.; writing—original draft
preparation, B.W., E.R., J.L., A.M. and S.G.; writing—review and editing; S.G.; visualisation, B.W. and
E.R.; project administration, S.G.; funding acquisition, A.M., E.R. and S.G. All authors have read and
agreed to the published version of the manuscript.

Funding: Erika Rosengren received financing for radiocarbon dating by the Ingrid Nord Foundation
(Svenska fornminnesföreningen), 22 April 2026. This research was made possible through the project
Retrieving Osseous Biographies, financed by the Swedish Research council, 2023-00755.

Data Availability Statement: 3D models of the artefacts will be available published in Lund Univer-
sity Dynamic Collections.

Acknowledgments: The authors gratefully acknowledge the support provided by the Lund Uni-
versity Radiocarbon Dating Laboratory and the national infrastructure ArchLab, of which they
are members. We extend our sincere thanks for their assistance with radiocarbon dating analyses,
which were integral to this study. We further thank the anonymous reviewers, whose insightful and
constructive comments significantly improved the quality of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Semenov, S.A. Prehistoric Technology: An Experimental Study of the Oldest Tools and Artefacts from Traces of Manufacture and Wear;

Cory, Adams & Mackay: London, UK, 1964.
2. Elliott, B. Facing the Chop: Redefining British Antler Mattocks to Consider Larger-scale Maritime Networks in the Early Fifth

Millennium Cal BC. Eur. J. Archaeol. 2015, 18, 1–23. [CrossRef]
3. VattenAtlas. Vattenförekomster i Skåne [Cartographic Material]. VattenAtlas. Available online: https://vattenatlas.se/ (accessed

on 22 June 2026).
4. Tanneberger, F.; Tegetmeyer, C.; Busse, S.; Barthelmes, A.; Shumka, S.; Moles Mariné, A.; Jenderedjian, K.; Steiner, G.M.; Essl, F.;

Etzold, J.; et al. The peatland map of Europe. Mires Peat 2017, 19, 1–17. [CrossRef]
5. Lagerås, P. Approaches and Methods for Archaeology in Wetlands. Eur. J. Archaeol. 2003, 6, 231–249. [CrossRef]
6. Liljegren, R. Subfossila Vertebratfynd Från Skåne; Report 8; Department of Quaternary Geology, Lund University: Lund,

Sweden, 1975.
7. Andrén, T.; Björck, S.; Andrén, E.; Conley, D.; Zillén, L.; Anjar, J. The development of the Baltic Sea Basin during the last 130 ka.

In The Baltic Sea Basin; Harff, J., Björck, S., Hoth, P., Eds.; Springer: Berlin, Germany, 2011; pp. 75–97. [CrossRef]
8. Bennike, O.; Andreasen, M.S.; Jensen, J.B.; Moros, M.; Noe-Nygaard, N. Early Holocene sea-level changes in Øresund, southern

Scandinavia. GEUS Bull. 2012, 26, 29–32. [CrossRef]
9. Lepiksaar, J. The Holocene history of Theriofauna in Fennoscandia and Baltic countries. Striae 1986, 24, 51–70.
10. Aaris-Sørensen, K. Diversity and Dynamics of the Mammalian Fauna in Denmark Throughout the Last Glacial-Interglacial Cycle, 115–0kyr

BP; Fossils and Strata 57; Wiley: Oslo, Norway, 2009; pp. 1–59. [CrossRef]
11. Kolstrup, E. The puzzle of Weichselian vegetation types poor in trees. Neth. J. Geosci. 1990, 69, 253–262.
12. Berglund, B.E.; Persson, T.; Björkman, L. Late Quaternary landscape and vegetation diversity in a North European perspective.

Quat. Int. 2008, 184, 187–194. [CrossRef]
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