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Abstract
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This paper addresses shifting techniques between manufacturing two types of raw materials. On the one hand, 

they are copper-based alloys that were processed in the Early Bronze Age (c. 2300-1600 BCE) only by a few 

craftspersons, and, on the other hand, well-known and commonly processed animal hard tissues. At least one 

technique we observed on the metal objects originates from those of working with animal hard tissues, while the 

other one can be found in already published evidence. Application of techniques known from bone and antler 

processing in metallurgy indicates cross-craft communication and learning processes.
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1. Introduction

The first metal objects in today’s Poland were made primarily of copper and are dated 

to the 5th millennium BCE (recently Mozgała-Swach 2019, with further references therein). 

In the Central European Bronze Age, starting around 2300 BCE, we observe increased 

evidence of metallurgy, primarily based on processing copper-based alloy. Although in the 

Early Bronze Age (the EBA), the applied technology seems to have continued Neolithic 

and Eneolithic traditions (e.g., Kienlin 2013, 415, 516), after that period, the copper-based 

metallurgy became commonly known in many communities, in particular in today’s west-

ern Poland. To process mostly imported raw materials used in metallurgy, a specific toolkit, 

knowledge, and designed devices were necessary, and they were operated by individuals, 

some of whom may be called specialists (e.g., Costin 1991). Manufacturing similar objects 

was based on successful communication and efficient knowledge transmission among 

makers (Jordan 2015, 4) about technological requirements and choices (Hosler 1994, 3). 

Similar shapes and patterns also occurred in multiple types of raw materials (e.g., Biehl 

and Rassamakin 2008). Danish flint swords and daggers imitating the metal weapons or 

formally matching ceramic and wooden vessels from the Alpine lake sites can illustrate the 

shifting of shapes and functions between available and/or desirable raw materials. That, 

however, required knowledge of both of them or communication between specialists in 

various crafts. This phenomenon – the inter-craft communication (e.g., Choyke 2008) – 

occurred locally and globally. 

This paper addresses shifting techniques between manufacturing two types of raw ma-

terials. On the one hand, they are copper-based alloys that were processed in the EBA 

(c. 2300-1600 BCE) only by a few craftpersons, and, on the other hand, well-known and 

commonly processed animal osseous tissues. We argue these two types of raw material 

were processed by makers familiar with working hard materials, and when needed, they 

applied already-known techniques to the new material. In this case, learning was based on 

their own experience or as a result of inter-craft, intra-site communication. For the sake of 

the study, we focused on only one technique, perforating.

A perforation is a hole in a solid material made by various techniques, such as scraping 

and grooving, drilling, piercing, or punching (Gwinnett and Gorelick 1998). Such artefacts 

have been common in archaeological evidence since the Palaeolithic (e.g., Wilczyński et al. 

2014). Objects of various raw materials have been perforated to be hung, hafted, or at-

tached. Perforations enable the manufacturing of composed items or musical instruments. 

Perforated ceramic strainers were used in cheese manufacturing. Depending on the hard-

ness of the processed material, the holes were made with different tools and techniques at 

various operational chain stages, from punching holes in soft clay vessels to drilling 

through nearly finished stone axes. 
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2. Materials and methods

To analyse perforating techniques, we examined seven objects: three made of metal 

and four made of animal teeth. They come from EBA contexts in Western Poland: a metal 

hoard from Muszkowo, a settlement pit from Bytomin (today Bytnik), and two graves from 

Grębocice and Milejowice (Fig. 1).

Two objects made of wild boar tusks were found in a grave of six individuals (three 

adults, three children) furnished with four vessels of the EBA chronology (Łesiuk 2013). 

One specimen was complete, and the other was broken at both ends (Fig. 2: a). The perfo-

rated object is 88 mm long, 20 mm wide, and 2 mm thick. 

A plate made of a wild boar tusk comes from an EBA settlement pit at Bytomin (Markie-

wicz 2016). The specimen is 63 mm long and 19 mm wide (Fig. 2: c) and, according to the 

results of use-wear analysis, was attached to a leather object: a costume or a helmet 

(Markiewicz and Diakowski 2016).

Fig. 1. Map showing locations mentioned in the text. 
Source: GUGiK https://www.gov.pl/ and https://dane.gov.pl/
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Fig. 2. Perforated objects made of animal teeth; 
a, b – Grębocice; c, d – Bytomin (today’s Bytnik); e-g – Milejowice. Source: a – Łesiuk 2013, c – Markiewicz, 

Diakowski 2016, e – Kopiasz 2004, with modifications. All microscopic photos by J. Baron
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In an adult woman’s grave at Milejowice in SW Poland, a necklace of 14 dog canines 

was found. It was the only grave good, so no direct indicators of chronology are present, 

but the burial was situated in an EBA cemetery, so we may assume a similar chronology 

(Kopiasz 2004, 40, 41). The necklace was placed on her neck; today, 12 teeth are preserved 

enough to be analyzed (Fig. 2: e). 

The metal specimens we examined are two daggers and one halberd blade from an 

EBA deposit found in 2022. The collection is the subject of a detailed study that has not yet 

been published, and we decided not to share the full images. The first item (inventory no. 

4) is a decorated dagger that is 236 mm long and 59 mm wide at the butt (Fig. 3: a). Its 

weight is 203.1 g. The second object (inventory no. 5) is a blade with an oblique terminated 

butt initially part of a halberd (Fig. 3: b). The extent and shape of the halberd’s original hilt 

is represented by a different patina and reaches 17 mm from the blade base. The object is 

214 mm long and 64 mm wide and weighs 200.6 g. The last specimen (inventory no. 6) is 

a fragment of a dagger decorated with grooves along the edges (Fig. 3: c). This part is 81 mm 

long and 59 mm wide and weighs 110.7 g. 

All the artefacts studied here come from contexts representing the Únětice tradition, 

supported by the style of pottery and metalwork (Muszkowo, Grębocice, and Milejowice), 

supplemented in one case by the 14C dating (Bytomin: Markiewicz and Diakowski 2016).

Microscopic observations and documentation were made using a Nikon ShuttlePix 

P-400R digital microscope at the Laboratory of Conservation and Archaeometry, Institute 

of Archaeology, University of Wrocław in Poland. The surfaces of metal objects were not 

subject to any conservation work or cleaning before analysis. 

3. Results

The tusk from the grave at Grębocice was 2 mm thick and perforated with a flint tool, 

leaving deep, semi-spiral marks (Fig. 2: b). They are not parallel to the surface, so the per-

foration was made with short rotational movements, suggesting free-hand drilling.

The plate from Bytomin was also drilled with a flint tool from both sides, making an 

hourglass-like cross-cut (Markiewicz and Diakowski 2016, fig. 9). Most of the drilling was 

Fig. 3. Perforated metal objects from the hoard at Muszkowo; 
a, c – daggers (inv. no. 4 and 6), b – halberd blade (inv. no. 5). Drawn by J. Baron
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Fig. 4. Perforated metal objects from the hoard at Muszkowo;
a – a keyhole-shaped miscast in dagger no. 4; b – traces of polishing on halberd blade no. 5; c-f – abraded 

spots around the perforations on dagger no. 6. Photos and drawings by J. Baron



621Shifting techniques in perforating animal teeth and metal objects…

done from the ventral side (Fig. 2: c). The perforation mouth is much wider on that side 

and has characteristic steps, although most were smoothed by intense use (Fig. 2: d). 

Among all 12 teeth from the necklace, we focused on two teeth representing different 

techniques of perforation. One tooth was perforated with a drilling tool and sand, which 

left deep spiral traces on the cylindrical hole’s walls (Fig. 2: f). The other specimen was 

prepared before perforation (Fig. 2: g). Its surface was first abraded to less than 1 mm and 

then polished. The perforation wall is, therefore, less than 1 mm high, and no traces of 

drilling techniques were observed. 

Dagger no. 4 has one central rivet hole and two side holes spaced evenly at two edges 

(Fig. 3: a). The central opening is fully preserved (i.e., closed) and has the shape of a 5 mm 

wide and 12 mm long keyhole. Most likely, it was initially designed to be a round perfora-

tion with a diameter of c. 5 mm, and the long elongated shape is a miscast. The two side 

holes were round, partially open, with original diameters of c. 5 mm. Most of the surface 

was covered with a thick patina, and only some traces at the central hole were visible (Fig. 

4: a). There are traces of polishing along the object’s longer axis. The miscast of the central 

rivet hole shows the openings were cast. 

The next object (no. 5) has two rivet holes placed at the two sides of the blade base, 6 mm 

from the edge (Fig. 3: b). Both are of a regular round shape of c. 5 mm in diameter, and 

a metal rivet is still present in one of them. The shape and smooth edges of both openings 

suggest they were cast. The multidirectional striations prove the surface around the hole 

was carefully polished, probably to remove casting defects such as flashes (Fig. 4: b). The 

upper left part of the opening bears traces of modification with a small and sharp tool. 

In object no. 6, five holes were made in two groups of two and three located at both 

edges of the dagger base (Fig. 3: c). They are broken off, and we assume that initially, there 

were three holes in each group. Their shapes and surface treatment suggest a different 

perforation technique than in objects 4 and 5. Two holes on the left side were oval-shaped, 

4 mm wide and 5 mm long (Fig. 4: c-d). The openings are situated in centres of lentil-

shaped spots abraded with a stone tool, leaving a series of parallel striations. They suggest 

deliberate thinning of the object before perforation by punching, proved by a thin protru-

sion of extruded metal forming a lip along the hole edge (Fig. 4: d). In the second group, 

one of the holes is of quadrilateral shape with a protrusion on the edge, also suggesting 

a punching technique (Fig. 4: e). 

4. Discussion

The four tooth items we studied are made of similar raw materials but represent differ-

ent perforation techniques observed even in the items composing the same necklace from 

Milejowice.

The perforations of two teeth of various thicknesses, 2 mm (Grębocice, Fig. 2: b) and 

5 mm (Milejowice, Fig. 2: f), have cylindrical walls. Objects with tubular openings have 
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been evidenced since the Stone Age (e.g., Gál 2011; Pratsch 2011; Orłowska and Osipowicz 

2021), and experiments show that such shapes do not necessarily indicate the use of metal 

drills, as sometimes suggested (Diakowski 2019, 365). Metal drill bits are absent in EBA 

assemblages, and similar openings can be made by bone, wooden, and flint drill bits 

(Orłowska 2015; Gurova and Bonsall 2017, fig. 12.7). The circular striations on the walls of 

the holes are made by sand applied to make the drilling more efficient (Orłowska 2015, 3). 

Irregularly spaced short traces on the tusk from Grębocice also suggest using a hand tool 

instead of a bow drill (Venditti et al. 2023, 13, 14). 

The plate from Bytomin represents a typical example of cross-drilling with a flint borer 

known from many prehistoric sites of various chronologies (e.g., Diakowski 2019, fig. 6; 

Osipowicz et al. 2019, fig. 5: g; Gál and Bondár 2022). The perforation has an hourglass 

cross-section and a wide opening on the ventral side. That may reflect the shape of the 

drilling bit and/or the operating angles. It also can suggest deliberately widening the 

mouth from one side to make operating a drilling tool easier. Widening of openings by 

scraping off part of the compacta layer, although originated from the Stone Age, is also 

standard in the EBA evidence (e.g., Kneisel 2010, Taf. 4: 22; Przybyła and Jędrysik 2018, 

fig. 8; Diakowski 2019, ryc. 6: a, b; Baron et al. 2024).

The last tooth was thinned before the perforation to obtain a flat, thin surface before 

making the hole. Perforating thin and flat surfaces enabled more significant control over 

a drilling tool and increased the risk of breaking the whole object if the pressure was too 

heavy. This mixed technique of scraping and drilling is considered typical for the Stone 

Age (e.g., Wilczyński et al. 2014, fig. 4; Fontana et al. 2020; Osipowicz et al. 2020, fig. 3).

Making rivet holes in daggers and swords was done in different ways. As pointed out 

by Schwenzer, they were either manufactured during casting or in the post-cast process 

(Schwenzer 2004, 172). Interestingly, in the case of dagger casting moulds (e.g., from 

Skočice, Czech Republic: Novák 2011, 132, Taf. 407: 706), the rivets’ location is not marked, 

and the upper part of the blade is smooth. In casting rivet holes, the metallurgists used 

small ceramic cores carefully mounted in the casting mould (Armbruster 2000, 108). 

When pouring the mould with metal, they limited the metal flow and allowed the hole to 

form. Finds of this type of casting moulds with the cores are scarce; however, the use of 

this method may be evidenced by holes preserved in the negatives of sword casting moulds 

(e.g., Wennungen, Germany: Jarecki and Volker 2000, Abb. 7), in which the ends of the 

cores were stabilized in an appropriate position.

As indicated by observations of sword-casting moulds and specimens preserved in 

their raw state without traces of further processing, the manufacturing of rivet holes could 

also have taken place differently. One possibility was to cast a full sword tang without 

marked holes. Holes were then made in the solid metal in the post-production process. In 

this case, the casting moulds do not have marked spots for future rivet holes (e.g., Heil-

bronn-Nekckargartach, Germany; Piverone, Italy: Overbeck 2018, 104, 105, Taf. 11-13; 

Bianco Peroni 1970, 72, Taf. 25), and raw casts are characterized by a solid handle without 
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holes (e.g., Bingen, Germany: Schauer 1971, 215, Taf. 106: 659, 660). This solution is analo-

gous to the early bronze daggers discussed above.

Another method of producing rivet holes was to mark the rivet holes’ location in the 

casting mould’s negative. The casting moulds are characterized by protrusions in place of 

the handles, corresponding to later rivet holes.

During casting, bulges in the mould’s negative resulted in corresponding recesses in the 

handle. This technological solution allowed for obtaining places of smaller thickness – 

dimples, which could then be drilled or punched out more quickly. This technique was 

most likely used in the case of most Late Bronze Age swords from Ireland and is identified, 

for example, on raw sword casts from Ballycroghan, Ireland (Ó Faoláin 2004, 86; fig. 5: 7A).

The metal items we studied were perforated to be hafted: objects 4 and 6 as daggers 

and object no. 5 as a halberd. Based on the archaeological and iconographic evidence (e.g., 

Horn 2014), there were two different types of hafts for daggers and halberds, but the 

number and distribution of rivets varied considerably even within objects of similar sizes 

and morphology (Branigan 1967, graph B). The daggers were hafted with their long axes 

parallel to the usually short handles. The halberd blades were usually hafted to a much 

longer handle at a right angle. To ensure durable hafting, the rivet holes must have been 

placed at some distance from the blade butts; otherwise, they would easily break off even 

at moderate pressure. This distance can also be estimated by the extent of variant patina 

as in object no. 5 or from examples cited in the literature (e.g., Horn 2014, Abb. 132: f). 

Breaking off the rivets is the typical damage observed on bronze tools and weapons that 

could not be easily repaired (e.g., Jones and Quinnell 2013; Horn 2014, 182-184, Abb. 111; 

2017; Horn and von Holstein 2017). Even in this small collection, the rivet holes were pre-

served on the daggers and the halberd blade in different ways, indicating different pres-

sure directions during the use. 

Although obtained from the same context of the exact same chronology, the metal 

blades represent different perforation techniques. They vary in distribution, number, 

shape, and size of rivet holes. In objects 4 and 5, the holes have regular circular shapes and 

similar sizes of c. 5 mm in diameter. At least in the case of object 4, we know the rivet hole 

was cast, proved by the miscast. They occur frequently at rivet holes in many types of tools 

and weapons (e.g., Baron et al. 2019, Pl. 13, 17; Petriščáková et al. 2020, fig. 3/3; Mitter-

mair 2022, fig. 5: a).

The distribution and morphology of the openings were, therefore, designed before 

casting. Some recent experiments showed that both copper and bronze objects could have 

been drilled probably with a pump- or bow-drill and with a flint-tipped drill-bit (Bell 2016, 

27). Both strategies reflect the makers’ knowledge about and skills in hafting finished ob-

jects, even if this was not done by metallurgists but other craftspersons, as evidenced in 

ethnography (Rowlands 1971, 211).

In the case of dagger no. 6, the holes vary in shape and distribution. All the perfora-

tions are located right at the dagger base and prove that the rivets were broken off. One 
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group consists of oval and the other one of possibly rectangular holes. Protrusions along 

the openings’ edges suggest they were punched out of the already cast object. The surface 

was prepared by abrasion, probably done by a stone tool to improve perforation control. 

Punching the rivet holes instead of casting indicates repair and secondary riveting, as can 

be noticed elsewhere (e.g., Horn 2014, Abb. 127; Perucchetti et al. 2020, fig. 3). The new 

holes were punched probably too close to the base edge, and during the use, the rivets 

broke off again.

After the rivet holes were ready, the next stage was attaching a perforated haft. The 

main impact in this case would be directed to a rivet head and a metal or organic haft (e.g., 

Nowak 2020, fig. 4). Traces of hammering or imprints of the rivet heads would not be 

observed on the blades because they had no direct contact with rivet heads. We argue, 

therefore, that widened mouths of openings noted in the literature are not rivet-derived 

wear (e.g., Tarbay 2019, fig. 18.1) but a post-cast treatment of the cast holes or traces of 

drilling (Bell 2016). Some extra material, casting seams, or irregular edges must have been 

removed to fit the blade with rivets. The technique of widening the opening (e.g., Tarbay 

2019, fig. 10.1; Mittermair 2022, 7b) would, therefore, be similar to what we observe on the 

plate from Bytomin and on other published items made of bone and antler (e.g., Dia-

kowski 2019, fig. 6). 

At least one technique we observed on the metal objects originates from working ani-

mal hard tissues. The widening of the openings by rotational movements to finish the rivet 

holes was not observed in our collection of metal objects. However, in the literature, there 

are many analogies of application similar technique to what we observed on the plate from 

Bytomin. Scrape-and-drill techniques have been standard in manufacturing tooth pen-

dants since the Stone Age and were applied as a secondary riveting of repaired blade no 6. 

The metal dagger need not necessarily have been renewed by the metallurgist. It could 

have been manufactured elsewhere and brought to the place of use. It seems that it was 

fixed by someone skilled in working with other materials, and his/her knowledge was ap-

plied to repair a broken metal item. 

Conclusions

This short study shows that the manufacturing of objects that we consider similar can 

involve a variety of technical solutions. If they were composite items and hafting was re-

quired, it could have been done in different ways depending on the craftsperson’s skills, 

experience, and knowledge of processing other raw materials. Making the rivet holes in 

metal objects could have been both planned before casting and performed in already cast 

or broken items. 
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