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Abstract: This article presents the first comprehensive study of metal casting moulds from the Bronze Age
and Early Iron Age discovered within present-day Poland. These artefacts, primarily made of tin bronze and
unalloyed copper, were used in the direct casting of socketed axes, ornaments, and weapons. Drawing on recent
discoveries, the study examines their technological characteristics, metal composition, and spatial distribution.
Particular attention is given to manufacturing techniques of metal casting moulds, including lost-wax and
ceramic mould-based methods. Comparative analysis places Polish finds within the broader Central Euro-
pean context, revealing shared technological traditions and regional variation. Experimental data support the
interpretation that metal moulds were used for repeated direct casting, contradicting earlier views that they
served only for model production. The concentration of finds in western Poland, often deposited in hoards
of metals and in aquatic contexts, suggests diverse depositional practices of the metal moulds. This study not
only expands the empirical base for understanding prehistoric metal casting in Poland but also contributes
to ongoing discussions on metallurgical activities in Bronze and Early Iron Age Europe.
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Abstrakt: Artykul jest pierwszym, kompleksowym opracowaniem metalowych form odlewniczych z epoki
brazu i wezesnej epoki zelaza, znalezionych na obszarze wspoélczesnej Polski. Zabytki te, wykonane gtéwnie
z brazu cynowego oraz miedzi niestopowej, stuzyty do odlewania siekierek z tulejka, 0zdéb i broni. Na pod-
stawie zebranych, najnowszych odkry¢ przeanalizowano ich cechy technologiczne, skfad chemiczny metalu,
z ktérego zostaly wykonane, oraz dystrybucje przedmiotéw. Oméwiono techniki wytwarzania form, w tym
metode traconego wosku i odlewania w formach ceramicznych. Dokonano analizy poréwnawczej polskich zna-
lezisk z zarejestrowanymi na terenie Europy Srodkowej, ukazujac podobiefistwa (w zakresie tradycji wytwor-
czych) i réznice (regionalne) miedzy nimi. W celu weryfikacji dotychczasowych interpretacji postuzono sie
danymi eksperymentalnymi. Swiadcza one, ze form metalowych uzywano wielokrotnie do bezposrednich
odlewow. To podwaza wczesniejsze hipotezy, ze stosowano je tylko do produkcji modeli. Koncentracja znale-
zisk w zachodniej Polsce, czesto w depozytach metali i w srodowiskach wodnych, wskazuje na zréznicowane
praktyki deponowania takich wyrobow. Prezentowane badania nie tylko poszerzajg zasob Zrédet materialnych
z zakresu pradziejowego odlewnictwa w Polsce, ale s3 tez istotnym wkladem w dyskusj¢ nad dzialalnoscia
metalurgiczng w Europie epoki brazu i wezesnej epoki zelaza.

Stowa kluczowe: epoka brazu, wczesna epoka zelaza, metalurgia, odlewnictwo metalu, forma odlewnicza
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INTRODUCTION

Metal casting is a technological process in which molten metal is poured into a cavity,
formed by a casting mould, that reflects the desired shape of the final object. The process of
obtaining a raw casting typically involves four successive stages: 1) pouring the molten metal
into the mould; 2) cooling of the liquid metal; 3) solidification of the cast; and 4) cooling
of the solidified casting (Szweycer, Nagolska 2002, p. 78). These stages leave characteristic
physical traces that can be identified through macroscopic and microscopic analyses of
archaeological artifacts (e.g. Gutiérrez Sdez, Lerma 2015; Nowak, Sych 2024).

Casting moulds can be categorized based on the durability of the material from which
they are made. This typological framework, adapted from studies of historical casting prac-
tices (Szweycer, Nagolska 2002, p. 96), is applicable to prehistoric contexts. It includes:

1) Permanent moulds - fabricated from durable materials that can withstand repeated
exposure to molten metal. These include stone and copper-based alloy moulds, which are
distinguished by their strength and resistance to thermal and mechanical stress.

2) Semi-permanent moulds - made of ceramic masses, they are useful for a limited
number of castings. They are not associated with the lost-wax method. Examples include
moulds from Legnica (Lower Silesia) and Ruda (Grudzigdz District, Kuyavia-Pomerania
province) (Nowak, Stolarczyk eds 2016; Rembisz, Markiewicz 2007).

3) Disposable moulds - used only once, they include sand moulds and precision moulds
employed in lost-wax casting. Although there is a lack of direct archaeological evidence for
the use of casting sand, its role in prehistoric copper-alloy metallurgy has often been sug-
gested (Goldmann 1981; Ottaway 1994, p. 117; Kuijpers 2008, p. 89).

This study focuses on the permanent casting moulds made of metal dating to the later
part of the Late Bronze Age and Early Iron Age (HaA-HaD; ca. 1200-450 BC) that were
found in present-day Poland. The number of such finds has increased in recent years, largely
due to the widespread use of metal detectors by non-professionals. Although metal casting
moulds are occasionally published as part of broader collaborative research projects, they
seldom form the primary focus of scholarly enquiry, with notable exceptions (e.g. Kowalski
et al. 2019; Baron et al. 2014). No comprehensive catalogue of metal casting moulds from
Poland has yet been compiled, nor has there been a systematic analysis of their depositional
contexts.

These moulds are a particularly intriguing aspect of prehistoric metallurgy. Discovered
in various contexts dating to specific phases of the Bronze and Early Iron Ages, these arti-
facts have long sparked scholarly debate about their purpose. Were they fully functional
tools designed for casting metal objects, or were they used exclusively to produce matrix
using materials with lower melting points, such as wax or lead? This article analyses various
aspects of this category of objects, based on a comprehensive list of all known examples of
such moulds in Poland. It specifically addresses manufacturing methods, usage patterns,
depositional contexts, and chronological and geographical distribution of these moulds in
central Europe. This research constitutes the first comprehensive investigation of metal-
casting moulds from Poland, contextualising the artifacts within broader regional and tech-
nological frameworks.
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The earliest finds, from the end of the 19th century, are poorly documented, so little is
known about the circumstances of their discovery. The majority, however, were unearthed
during the second half of the 20th century and the early 21st, in controlled and well-docu-
mented archaeological contexts. The analysis in this article is based on published data on
the discovery contexts, supplemented with the results of other analyses, such as elemental
composition, casting-mould structure and technology. The discussion is situated within the
broader context of central European Bronze Age finds, identifying certain similarities and
differences in the deposition patterns of these objects across the region.

METAL CASTING MOULDS FROM POLAND - OVERVIEW

In 2014, Justyna Baron and her team (Baron et al. 2014) noted only five sites with metal-
casting moulds from the Bronze and Early Iron Ages in Poland. However, this number
has multiplied in recent years (Table 1; Fig. 1), leading to a better understanding of their
discovery contexts.
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Fig. 1. Discovery sites of metal casting moulds dated to the Late Bronze Age and Early Iron Age in present-
-day Poland. Map source: SRTM project data; modified and prepared by K. Nowak.
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Ryc. 1. Miejsca odkrycia metalowych form odlewniczych z péznej epoki brazu i wczesnej epoki zelaza na
terenie obecnej Polski. Zrédlo mapy: dane misji SRTM; modyfikacja i oprac. K. Nowak.
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CHARACTERISTICS OF METAL CASTING MOULDS

Currently, 28 parts of metal casting moulds are known from 12 archaeological sites (see
Table 1). These represent ten complete sets: eight are bivalve (two-part) moulds (nos. 2, 3,
6,7,9, 10 in Table 1), and two are three-part moulds (no. 1). Five additional moulds are
represented by single halves (nos. 4, 5, 8, 11, 12), and a specimen from Bieszkéw (no. 1)
constitutes a fragment of a two- or possibly three-part mould.

In terms of structure, metal casting moulds are not significantly different from their stone
counterparts. However, a key distinguishing feature is the presence of plastically formed
alignment elements, such as centring pegs that fit into corresponding recesses in the other
half of the mould. Some metal counterparts for socketed axes have special pegs in the
upper section of the cavity to stabilise the casting core. This solution, not seen in the stone
moulds, has been noted in finds from outside present-day Poland, for example, the hoard
from Karbow (district Ludwigslust-Parchim, Mecklenburg-Vorpommern) (Sprockhoft
1956, pl. 5:10; Hundt 1997, pl. 35:1-29) and the Schinna hoard (district Nienburg/Weser,
Lower Saxony) (Jacob-Friesen 1940, p. 113, fig. 2:a-b). Among the Polish finds, moulds for
socketed axes from Brzeg Glogowski (Fig. 2:d), Elgiszewo (Fig. 3:b), and Rosko (Fig. 3:a)
feature an all-around recess at the top of the cavity, designed to secure the casting core
(Fleury 1991, fig. 3:b). In other cases, such as Gaj Otawski (Fig. 2:a), the “Sieniocha” hoard
(Fig. 3:c), Pawlowiczki (Fig. 2:c), and Nowe Kramsko (Fig. 2:b), the core appears to have
been wedged between the two halves of the mould. This interpretation is supported by the
presence of pouring (or feeding) channels situated in the upper part of the mould. These
channels allowed molten metal introduced above the core to flow downwards through
lateral passages. The casting core itself was grooved or perforated to facilitate this flow. The
technique is also evident in a core from Kivutkalns in Lithuania (Podénas, Civilyté 2019,
fig. 2). Conversely, the absence of such channels in the moulds from Nowe Kramsko and
Brzeg Glogowski suggests that the metal was poured directly through an opening in the
casting core (Drescher 1957, pl. 4; Fleury 1991, fig. 3:a).

The moulds from Kielpino (Fig. 4:a-b) are technologically distinct. When assembled, the
two halves of the mould create distinctive trapezoidal recesses at the upper edge, designed
to hold the horizontal arm of a T-shaped casting core (Gedl 2004, p. 112). A comparable
core, which is sometimes referred to in literature as an anvil (Sprockhoff 1956, p. 66), was
found in the Witkowo hoard. Its function as a casting core has been discussed (Gedl 2004,
pp- 113-114, pl. 31:558; Maciejewski, Nowak 2022).

Another notable feature of metal casting moulds is the absence of negatives on more
than one side. This suggests that such moulds were not designed for multidirectional use.
Although metal moulds with multiple negatives (on only one side) are rare, they do exist,
as demonstrated by the Bieszkow find (Fig. 4:c-e) and the mould from “Oborniki” (Fig.
3:d). Many of these moulds also feature cast loops on the exterior. These likely served a dual
purpose: securing the mould halves during casting and facilitating separation afterwards
(Mohen 1978, p. 29; Armbruster 2000, p. 41). Often, these loops are broken, suggesting that
significant force was required to open the moulds, particularly if they had been thermally
stressed or baked. Similar loop features are also observed on stone moulds from northern
Germany, such as the socketed-axe mould from Medow (Vorpommern-Greifswald), as well
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0 10 cm

Fig. 2. Metal casting moulds found at the sites: a — Gaj Otawski (photo by L. Kapa; according to Baron et al.
2014, fig. 2); b - Nowe Kramsko (photo by M. Kusztelak; according to Orlicka-Jasnoch 2019, fig. 14); ¢ - copy
of a casting mould from Pawlowiczki (photo by K. Nowak); d - Brzeg Glogowski (photo by K. Nowak).
Prepared by K. Nowak.

Ryc. 2. Metalowe formy odlewnicze znalezione na stanowiskach: a — Gaj Otawski (fot. L. Kapa; wg Baron
iin. 2014, ryc. 2); b - Nowe Kramsko (fot. M. Kusztelak; wg Orlicka-Jasnoch 2019, ryc. 14); ¢ - kopia formy
odlewniczej z Pawlowiczek (fot. K. Nowak); d — Brzeg Glogowski (fot. K. Nowak). Oprac. K. Nowak.



METAL CASTING MOULDS IN BRONZE AGE AND EARLY IRON AGE POLAND 25

-
0 10 cm

Fig. 3. Metal casting moulds found at the sites: a — Rosko (photo by M. Maciejewski); b — Elgiszewo (accord-
ing to Kowalski et al. 2019, fig. 1); ¢ - “from the Sieniocha river area” (photo by S. Sadowski; according
to Klosinska, Sadowski 2017, fig. 5:5); d - “Oborniki” (photo by M. Frackowiak). Prepared by K. Nowak.

Ryc. 3. Metalowe formy odlewnicze znalezione na stanowiskach: a - Rosko (fot. M. Maciejewski); b — Elgi-
szewo (wg Kowalski i in. 2019, ryc. 1); ¢ - ,,znad Sieniochy” (fot. S. Sadowski; wg Ktosiniska, Sadowski 2017,
ryc. 5:5);); d - ,,Oborniki” (fot. M. Frackowiak). Oprac. K. Nowak.
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0 10 cm

Fig. 4. Metal casting moulds dated to the Early Iron Age: a, b - Kieltpino (according to Gedl 2004, pls 28:545-
546); c—e — Bieszkow (according to Orlicka-Jasnoch 2013, figs 22-23); f - Wicina (according to Michalak,
Jaszewska 2011, fig. 59.3). Prepared by K. Nowak.

Ryc. 4. Formy odlewnicze z wczesnej epoki zelaza: a-b — Kielpino (wg Gedl 2004, pl. 28:545-546); c-e -
Bieszkow (wg Orlicka-Jasnoch 2013, ryc. 22-23); £ — Wicina (wg Michalak, Jaszewska 2011, ryc. 59.3).
Oprac. K. Nowak.
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Fig. 5. Examples of decorated metal casting moulds: a — South Wiltshire palstave axe casting mould (accord-
ing to Webley, Adams 2016, fig. 3:56); b-c — Gladbach Neuwied and Erkrath casting moulds for winged and
socketed axes (according to Kibbert 1984, pl. 46:599; 71:a-b). Prepared by K. Nowak.

Ryc. 5. Przyktady dekorowanych metalowych form odlewniczych: a - forma odlewnicza do produkgji sie-
kier z pietka z South Wiltshire (wg Webley, Adams 2016, ryc. 3:56); b-c — formy odlewnicze do produkcji
siekier ze skrzydetkami érodkowymi oraz siekier z tulejka z Gladbach Neuwied i Erkrath (wg Kibbert 1984,
pl. 46:599; 71:a-b). Oprac. K. Nowak.

as in examples from Scandinavia, including those found “between Assens and Middelfart”
and at Gamtofte (currently Region Syddanmark) (Jantzen 2008, p. 141, pls. 33:163; 34:164;
see also Leube et al. 1967, p. 343, fig. 191:m; Schuldt 1968, pl. 25).

It is worth noting that, unlike the finds from Poland, some metal-casting moulds from
elsewhere in Europe are externally decorated. Examples of metal casting moulds from the
British Isles in particular, dating to a period analogous to that of the Polish discoveries,
frequently exhibit elaborate relief motifs formed during the casting process (e.g. South
Wiltshire; Webley, Adams 2016, p. 327) (Fig. 5:a). Decorated specimens are also known



28 KAMIL NOWAK

from France (e.g. Thiais, Val-de-Marne; Mohen 1978, figs. 5-6), Germany (e.g., Gladbach
Neuwied and Erkrath; Fig. 5:b-c; Kibbert 1984, pl. 46:599), Italy (Casaleccio di Reno; Le
Fevre-Lehoerff 1992, fig. 3), and the Czech Republic (hoard from Prague-Suchdol; Blazek
et al. 1998, pls. 24:113; 24:114; 25-26).

The most common decorative motifs consist of various types of plastic projections, as
well as point and linear elements. In finds from the British Isles, and to a lesser extent from
France, these motifs often form patterns, occasionally of a complex nature (e.g., the speci-
men from Rothley, Leicestershire; Webley, Adams 2016, fig. 5:34). Elaborate decoration is
also present on the only metal specimen discovered in Italy (Bietti Sestieri 1973, pl. 42). In
some cases, cord motifs can be seen, as demonstrated by the aforementioned specimens
from Thiais, Val-de-Marne, and South Wiltshire. An anthropomorphic motif appears in the
decoration of the mould from Erkrath (Kibbert 1984, pl. 46:599) (Fig. 5:c).

PRODUCTION OF METAL CASTING MOULDS

There are two principal methods of producing metal casting moulds, both of which
require careful planning and a high degree of craftsmanship. These are the lost-wax tech-
nique and producing in a ceramic casting mould.

Fig. 6. Reconstruction of the production process of a metal casting mould using a two-part ceramic cast-
ing mould: a - model for the object to be cast in the mould; b - clay forming the ceramic mould; ¢ - clay
encasing the ceramic mould during the casting process; d — metal.

Suggested production stages: 1 — creating a pattern for the mould matrix; 2 - applying clay to one side of the
pattern to form the first half of the mould; 3 - applying clay to the second side for the other half, aligning
it with the form and fixings of the first half; 4 — wrapping the joined parts of the clay mould in clay, leav-
ing an opening for the pouring basin; 5 — separating the two halves of the mould and removing one part;
6 - reassembling the two halves and pouring molten metal into the cavity; 7 — removing all clay components
and the sprue from the cast mould; 8-9 - reusing the clay mould or creating a new one; 10 — wrapping the
metal-and-clay mould assembly in another clay layer; 11 — removing the clay half of the mould, leaving
the outer casing; 12 - rejoining the outer casing and pouring molten metal into the cavity; 13 — removing the
outer clay casing, casting jet, and pattern from the second half of the mould; 14 - the finished metal casting
mould. According to Webley, Adams 2016, p. 331, fig. 8; Hodges 1960. Prepared by K. Nowak.

Ryc. 6. Rekonstrukeja procesu produkeji metalowej formy odlewniczej przy uzyciu dwuczesciowej cera-
micznej formy odlewniczej: a — model przedmiotu, ktory ma zosta¢ odlany w formie; b — glina tworzaca
ksztalt formy ceramicznej; ¢ — glina otaczajaca forme ceramiczna podczas odlewu; d - czes¢ metalowa.

Sugerowane etapy produkgji: 1 - wykonanie modelu tworzacego wneke przysztej formy; 2 — oklejenie jed-
nej strony modelu gling, w celu uformowania pierwszej poléwki formy; 3 — oklejenie drugiej strony gling,
dopasowujac ja do ksztaltu i mocowan pierwszej potéwki; 4 — oklejenie ztozonych glinianych potéwek
formy dodatkowa warstwa gliny, pozostawiajac otwér, ktory utworzy kanal wlewowy; 5 - rozdzielenie
potéwek formy i usunigcie jednej czesci glinianej formy; 6 — ponowne polaczenie dwdch potdwek i wlanie
roztopionego metalu do wneki; 7 — usuniecie wszystkich czesci glinianych oraz nadlewu kanatu wlewowego
od odlanej potowy metalowej formy; 8-9 — ponowne zastosowanie wczesniej uzytej formy glinianej lub
wykonanie nowej; 10 — oklejenie calego zestawu (poléwki formy metalowej oraz potéwki ceramicznej) nowa
warstwa gliny; 11 - usuniecie glinianej poléwki formy, pozostawiajac zewnetrzng warstwe; 12 — ponowne
polaczenie zewnetrznych warstw i wlanie roztopionego metalu do wneki; 13 - usuniecie zewnetrznej war-
stwy gliny, nadlewu kanatu wlewowego oraz modelu z drugiej potéwki formy; 14 - gotowa metalowa forma
odlewnicza. Wg Webley, Adams 2016, s. 331, ryc. 8; Hodges 1960. Oprac. K. Nowak.
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The lost-wax (cire perdue) casting technique involves the creating of a wax model rep-
resenting one half of the mould using a pattern which can be either a raw or unfinished
axe or sickle, or a specially fabricated model. These models can be made of wood, metal,
or clay (O Faolain 2004, p- 192, fig. 3). It was also possible, but difficult to identify, to carve
such a model in wax. The wax half-mould with the negative of the intended object is then
coated with a clay slurry. Once this has dried and been fired, the wax is burned out, leaving
a cavity into which molten metal is poured to produce one half of the final metal mould. To
create the second half, the model (or original object) is placed in the newly cast half, and
a corresponding wax model is shaped against it. This second wax half is then encased in clay,
fired, and cast in metal. Special care is taken to ensure a precise fit between the two halves of
the mould, particularly at the contact surfaces, to prevent misalignment or leakage during
casting. External features such as loops, knobs, decorative elements, and the mould align-
ment system, including pegs and recesses, are added at the wax modelling stage. Therefore,
all technical details and features of the final metal mould should be planned and executed
in wax before casting.

Production using a ceramic casting mould, as proposed by Henry Hodges (Hodges
1960; cited in: Wirth 2003, pp. 87-89, fig. 4:2; Webley, Adams 2016, fig. 8), employs ceramic
moulds as intermediaries in the production of metal casting moulds (Fig. 6). This technique
involves forming a two-part ceramic mould around an original object or model. Once the
ceramic halves have dried and been joined, a second layer of the clay mass is applied to the
outside, producing a new outer shell. A pouring channel is then shaped into one side of the
mould. Next, the outer shell is gently separated, and one of the ceramic halves, specifically
the one on the side of the pouring channel, is removed, exposing the original model. The
model remains embedded in the other half. The outer ceramic layers are then rejoined (one
half now contains the model, while the other half is empty), and metal is poured through
the channel to create the first half of the metal mould. This process is then repeated to create
the second half. A new ceramic layer is formed on the completed half-metal mould with the
original object still in place. Then is followed by the application of another external ceramic
shell. The inner shell is then removed, the shells are reassembled, and the cavity is filled with
molten metal. Once cooled, all ceramic residues are removed to create a complete two-part
metal casting mould.

As the above illustrates, producing metal casting moulds was a complex, technically
demanding, and time-consuming process. Specialised knowledge and refined manual skills
were required. However, Monika Wirth observed through experimental archaeology that
creating a metal casting mould would have been a standard workshop task for a skilled
craftsman (Wirth 2003, p. 113). A notable feature is the high level of precision with which
the internal cavity, which is the negative of the intended casting, was crafted, in contrast
to the typically rough and porous outer surface of the mould (Wirth 2003, p. 90, fig. 4.3).
In this case, utility was prioritized over aesthetics: as the external appearance of the mould
was irrelevant to its function, it was not refined. Importantly, failed castings could easily
be recycled and reattempted without significant material loss, thereby making the process
more efficient over time. This was not the case with stone moulds, which could not be eas-
ily corrected, and any mistakes often resulted in the total loss of the raw material, making
reproduction costly and impractical.
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As Wirth argues (Wirth 2003, p. 113), the development of metal casting moulds should
primarily be seen as a technical advancement that simplified the production process and
reflected broader socio-technical progress. However, this transition was not necessarily
driven by the higher material value of metal casting moulds. Instead, it highlights a shift in
workshop practices and the organisation of metallurgical production.

RAW MATERIALS FOR PRODUCING METAL CASTING MOULDS

To date, metallurgical analyses have been carried out on 16 of the 28 metal casting mould
artifacts discovered in Poland. Various analytical methods" were used to determine alloy
composition. The results offer valuable insight into the diversity of raw materials selected
for mould production in different regions and at different times.

Elemental composition analyses were conducted on a representative sample, inclu-
ding half-moulds from Gaj Otawski (Baron et al. 2014, table 1), and “Oborniki” (Garbacz-
-Klempka 2018, pp. 51-52, tab. 5.1), two mould parts from Nowe Kramsko (Kowalski,
Garbacz-Klempka 2019, tab. 2), Rosko (Safat et al. 2006, tab. 1) and Elgiszewo (Kowal-
ski et al. 2019, tab. 1), as well as two complete three-part moulds and one fragment from
Bieszkow, and a half-mould from Wicina (Kucypera, Rybka 2013).

The ED-XRF (energy-dispersive X-ray fluorescence) method” was used for most of the
analyses, with the exception of artifacts from Rosko, which were tested using an emission
spectrometer. The results, summarised in Table 2, show that tin bronze was the most com-
monly used alloy for casting moulds in Poland. For Late Bronze Age artifacts, such as those
from Gaj Otawski, Oborniki, and Rosko, the tin content ranged from 5.25% to 11.61%, which
is consistent with widespread European practices (Webley, Adams 2016, supplementary
material S4; Overbeck 2018). By contrast, moulds from the Early Iron Age, such as those
from Bieszkéw and Wicina, exhibited a wider range of tin concentrations, from as low as
1.28% to as high as 24.28% (Fig. 7). This variation suggests evolving metallurgical strategies
and possibly differing functional considerations.

Two of the moulds from the Late Bronze Age stand out for their use of unalloyed copper:
the mould from Nowe Kramsko (specimens NK16A and B) and the complete mould from
Elgiszewo. Trace elements such as silver (0.9-1.4%), arsenic (1.4-1.8%), and antimony (up
to 5%) were identified in both cases, likely as natural impurities. The absence of deliberate

! The analyses were conducted by several research teams from different institutions. The mould from Gaj
Otawski was examined by Beata Miazga at the Institute of Archaeology, University of Wroctaw; the moulds
from Elgiszewo, Nowe Kramsko, and Oborniki were analysed by Aldona Garbacz-Klempka at the Faculty
of Foundry Engineering, University of Science and Technology in Krakéw; the artefacts from Bieszkow
and Wicina were examined by Pawel Kucypera and Krzysztof Rybka; and the casting mould from Rosko
was analysed by a team comprising Robert Salat, Malgorzata Warmuzek, Stanistaw Kozakowski, and Jacek
Krokosz from the Foundry Research Institute in Krakow.

? In this article, the author draws on published results. For descriptions of analyses conducted on
this material see: Gaj Olwski (Baron et al. 2014, pp. 333-334), and “Oborniki” (Garbacz-Klempka 2018,
pp- 79-80), bivalve moulds from Nowe Kramsko (Kowalski, Garbacz-Klempka 2019, pp. 140-141), Rosko
(Satat et al. 2006, p. 147) and Elgiszewo (Kowalski et al. 2019, p. 49), as well as two complete three-part
moulds and one fragment from Bieszkow, and a half-mould from Wicina (Kucypera, Rybka 2013, pp. 547-
548).
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Fig. 7. Copper and tin content in the analysed metal casting moulds, based on published data (numbering
from Table 2). Prepared by K. Nowak.

Ryc. 7. Zawarto$¢ miedzi i cyny w analizowanych metalowych formach odlewniczych, na podstawie pub-
likowanych danych (numeracja wg tab. 2). Oprac. K. Nowak.

tin alloying in these examples appears to have been intentional. As Lukasz Kowalski and
Aldona Garbacz-Klempka (Kowalski, Garbacz-Klempka 2019, p. 142) and Kowalski and his
team (Kowalski ef al. 2019, p. 51) have noted, this choice may have been intended to enhance
the thermal resistance of the material from which the mould was made and raise its melting
point, thereby improving its performance during repeated metal casting processes.

Noteworthy findings emerged from the analysis of casting moulds from Bieszkéw and
Wicina (Kucypera, Rybka 2013). The mould from Wicina contained over 24% tin, com-
bined with approximately 71% copper and minor impurities (e.g. 0.32% silver), indicating
a high-tin bronze alloy. Seven of the Bieszkéw mould elements were analysed: a pinhead
mould (inv. no. MASN 247) with a tin content of 6.27%, a three-part mould for four buttons
(no. 248) with a consistent tin content of ~10%, a three-part mould for three buttons (no.
249), made of bronze demonstrating a similar composition, but with a significantly lower
tin content ranging from 1.86% to 2.24%. Despite their structural similarity and identical
use for casting buttons, the different tin contents suggest that these moulds were likely pro-
duced during separate casting events using distinct crucible charges. Notably, all Bieszkow
artifacts exhibited low levels of metallurgical impurities, such as antimony, nickel, silver,
arsenic, and lead, indicating the use of relatively refined raw materials.

These variations raise some crucial questions: Why were moulds for the same casting
purpose made from alloys with such different properties? Since alloys with low tin content
(~2%) have inferior casting properties compared to those with ~10% tin, it is puzzling that
suboptimal alloys were used for some moulds. Given the complexity and precision required
when making metal casting moulds, it seems logical that more suitable alloys would have
been preferred.
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USING METAL CASTING MOULDS IN THE DIRECT METAL CASTING PROCESS

In earlier literature, researchers have commonly assumed that metal casting moulds
were used solely to produce wax or lead models for the fabrication of ceramic moulds. It
was believed that these moulds were too susceptible to thermal damage, deformation, or
metal adhesion when molten bronze was cast (Kostrzewski 1953, p. 193; Dobrzanska 1959,
p. 90; Tylecote 1986). This interpretation was reinforced by the frequent discovery of casting
moulds alongside finished products made from nearly identical copper-tin alloys, seemingly
excluding their use in direct casting processes (Machajewski, Maciejewski 2006, p. 145).

Experimental archaeology has substantially revised this view. Studies conducted
in Germany and Great Britain (Drescher 1957; Wirth 2003; Wang, Ottaway 2004) have
demonstrated that direct casting in metal moulds is not only feasible but also repeatable.
These experiments confirmed that the structural integrity of bronze moulds could be pre-
served during casting, provided that the following conditions were met: 1) preheating the
moulds to avoid thermal shock; 2) ensuring proper positioning during pouring; 3) control-
ling the temperature of the molten metal; 4) coating the interior of the mould with protective
layers, such as soot, powdered charcoal, clay, or mixtures of charcoal with animal fat and
ash (Armbruster 2000, p. 42; Webley, Adams 2016, p. 332; Kowalski et al. 2019, p. 57). These
protective measures helped prevent alloy adhesion and mould degradation, enabling the
same alloy to be used for both the mould and the cast object. One example is the CuSn;,
alloy from Wirth'’s experimental series (Wirth 2003).

Subsequent research has confirmed that metal casting moulds were indeed used for the
direct production of artifacts made from copper and its alloys, rather than just producing
the wax models. Furthermore, Leo Webley and Sophia Adams (Webley, Adams 2016, p. 332)
note that some moulds from the Late Bronze Age contain traces of lead residues, suggesting
the use of a broader range of casting materials. Additionally, Justyna Baron and her team
(Baron et al. 2014; Baron et al. 2015) traced beeswax residues inside a casting mould from
Gaj Otfawski, suggesting that the moulds may have been used for non-metallic casting pro-
cesses or that they had a dual purpose.

Metal and stone moulds are classified as permanent casting moulds that can withstand
multiple casting cycles. Their durability and reusability make them especially effective for
mass production, particularly of standardised tools and weapons, such as axes. While the
exact number of castings that can be achieved per mould is uncertain, experimental data
suggest that a single mould could sustain at least a dozen castings without significant dam-
age (Drescher 1957, p. 59; Webley, Adams 2016, p. 332). Evidence of repeated use is visible
on several artifacts. For instance, the casting mould from Rosko (Fig. 8:a-b) exhibits pro-
nounced abrasions on its exterior, likely resulting from repeated placement in sand during
casting cycles. Similarly, broken loops, which were used to fasten or stabilise the mould
halves, have been observed on artifacts from Elgiszewo and Gaj Ofawski. This may indicate
long-term or intensive use. The Elgiszewo mould also bears fractures within the mould
cavity, which is suggestive of thermal shock or mechanical stress sustained during repeated
metal pourings (Fig. 8:c-d) (Kowalski et al. 2019, p. 60).
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Fig. 8. Traces of wear on the analysed metal casting moulds: a-b — microscopic images showing abrasion on
the outer surface of the casting mould from Rosko (photo by K. Nowak); c—d - thermal fatigue cracks result-
ing from high-temperature exposure (according to Kowalski et al. 2019, fig. 8:a-b). Prepared by K. Nowak.

Ryc. 8. Slady zuzycia na analizowanych metalowych formach odlewniczych: a-b - obrazy mikroskopowe
pokazujace $cieranie powierzchni zewnetrznej formy z Roska (fot. K. Nowak); c-d - pekniecia termiczne
spowodowane dziataniem wysokiej temperatury (wg Kowalski i in. 2019, ryc. 8:a-b). Oprac. K. Nowak.

CONTEXTUALIZING THE METAL CASTING MOULD DISTRIBUTION
AND DEPOSITION PATTERNS IN POLAND WITHIN CENTRAL EUROPE

The majority of metal casting moulds discovered in Poland and in adjacent regions date
to the Late Bronze Age, particularly within the cultural horizon associated with the Urnfield
tradition (Figs 9-10). The spatial distribution of these moulds reveals a clear imbalance
between western and eastern Poland. While most finds are concentrated in the west of the
country, only isolated examples have been identified in the east, such as the specimen “from
Sieniocha river area” near the present-day border with Ukraine. A notable outlier is the
casting mould from Elgiszewo, located in the Kuyavian-Pomeranian province.

In terms of depositional context, the most of casting moulds in Poland are associated
with hoard inventories (Table 1). However, many examples are isolated finds or originate
from contexts with unclear provenance. Some hoards, such as those from Elgiszewo and
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Fig. 9. Distribution of Bronze Age metal casting moulds found in Central Europe (numbering from Table
3); finds Nos 3 and 47 - approximately indicated (according to publications) because their exact location is
unknown. Map source: SRTM project data; modified and prepared by K. Nowak.

Ryc. 9. Rozmieszczenie form odlewniczych z epoki brazu znalezionych w $§rodkowej Europie (numeracja
wg tab. 3); zabytki nr 3 i nr 47 — oznaczone orientacyjnie (wg publikacji), poniewaz ich doktadna lokalizacja
jest nieznana. Zrédlo mapy: dane misji SRTM; modyfikacja i oprac. K. Nowak.

Kietpino, were found in wetland or peatland environments, which suggests that they were
intentionally deposited in liminal landscapes. In contrast, others, such as the Rosko hoard,
were discovered in association with structural remains, possibly indicating ritual or utilitar-
ian deposition within settlement contexts.

This diversity of deposition types is consistent with the patterns observed across central
Europe (Table 3). In Germany and the Czech Republic, the majority of metal moulds also
originate from hoard contexts. Pure mould hoards, albeit rare, are known from the Czech
Republic, as evidenced by three sets from Prague-Suchdol (Blazek et al. 1998, pp. 171-172).
Another unique example is the hoard from Velim, containing three mould sets, eight gold
spirals, an anvil, and a palstave (Blazek et al. 1998, pp. 178-179). An intriguing find comes
from Brzeg Glogowski, where a casting mould was reportedly deposited alongside a matching
axe, likely in a burial context, although this is uncertain (Seger 1936, p. 150). If confirmed, this
would be the only known example of a metal casting mould found in a grave in central Europe.

Finds of Bronze Age metal moulds from Poland include six sets and three half-moulds,
totalling 15 parts, which were discovered at eight sites. In contrast, metal moulds have
been found at 30 sites in Germany, comprising 26 sets and eight half-moulds. In the Czech
Republig, ten sites (including “Bohemia”) have yielded eight sets and four halves. When these
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Fig. 10. Chronological distribution of metal casting moulds found in Central Europe: a - Bronze Age I;
b - Bronze Age II; ¢ - Bronze Age ITI-V (Urnfields); d - Early Iron Age; e — Bronze Age in general. Map
source: SRTM project data; modified and prepared by K. Nowak.

Ryc. 10. Rozmieszczenie metalowych form odlewniczych znalezionych w §rodkowej Europie wedtug chro-
nologii zabytkow: a — I okres epoki brazu; b — II okres epoki brazu; ¢ — III-V okres epoki brazu (kultura
pol popielnicowych); d - wezesna epoka zelaza; e — ogélnie epoka brazu. Zrédlo mapy: dane misji SRTM;
modyfikacja i oprac. K. Nowak.

numbers are compared to larger collections, such as those from France (over 60 moulds;
Mohen 1990, p. 129; Fleury 1991, p. 274) or Britain (55-57 moulds; Webley, Adams 2016,
p- 324), an evident decline in the number of metal moulds towards the southeast of Europe
emerges. Two metal casting moulds are known from Austria and possibly two from Hun-
gary (Table 3). Most of these finds come from hoards; in one notable case, a hoard was
discovered within a settlement context (Gladbach; Kibbert 1984, p. 62, pl. 71:167). Stray
finds typically comprise mould halves, while complete sets are less common (e.g., Erkrath,
Werne; Kibbert 1980, pp. 216-217, pl. 35:526; Nessel 2019, p. 615). Metal casting moulds
deposited in hoards are generally complete and unfragmented. A rare exception includes
a mould fragment from Brandgraben (Kainischtal; Nessel 2019, p. 633). Most finds outside of
Poland date to the Late Bronze Age, mirroring the chronology of similar discoveries within
Poland. However, the use of metal casting moulds predates this period: such moulds appear
as early as the Bronze Age II (BrC in Reinecke’s scheme), particularly in Denmark and Ger-
many. These earlier moulds were used to cast palstave-type axes. Notably, no examples of
this mould type have been found in Poland. The complete absence of metal casting moulds
in the southeastern region of Europe, the western Balkans for example (Gavranovi¢ 2013),
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raises important questions. This may be due to regional technological traditions, the use
of alternative casting technologies (e.g. ceramic or stone moulds), the availability of raw
materials, or perhaps the historical practice of remelting metal moulds in later periods. The
latter must obviously remain a speculative theory for now.

REPERTOIRE OF OBJECTS PRODUCED IN METAL CASTING MOULDS

The typological range of objects produced using metal casting moulds appears to be
more limited than that cast in stone moulds. In Poland, the most common moulds are those
used for socketed axes, of which there are eight complete sets and two half-moulds (Table 1;
Fig. 11). Moulds for ornaments are less frequently encountered, as seen in finds from Biesz-
kéw, Wicina, and Stara Lubianka. The only known Polish example of a mould for weaponry
is a half-mould for a spearhead from the Oborniki region. A similar prevalence of (palstave,
winged, socketed) axe production is also observed outside of Poland, in France, Germany,
the British Isles, and the Iberian Peninsula. Moulds for other tools, ornaments, or weapons

/~é

Fig. 11. Typological distribution of metal casting moulds found in Central Europe: a — socketed axe; b — win-
ged axe; ¢ — palstave axe; d — weaponry; e — ornament; f - sickle; g — unknown type of axe/unknown item.
Map source: SRTM project data; modified and prepared by K. Nowak.

Ryc. 11. Rozmieszczenie metalowych form odlewniczych znalezionych w srodkowej Europie wedlug typow
odlewanych przedmiotow: a — siekierka z tulejka; b — siekierka ze skrzydetkami §rodkowymi; ¢ - siekiera
z pietka; d - bron; e — ozdoba; f - sierp; g — nieokreslony typ siekiery/nieznany przedmiot. Zrédlo mapy:
dane misji SRTM; modyfikacja i oprac. K. Nowak.
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are considerably rarer. The Schinna hoard (Nienburg/Weser, Lower Saxony) is exceptional
for its precisely modelled mould for a knobbed sickle found alongside moulds for a socketed
axe (Jacob-Friesen 1940, p. 113, fig. 2:a-b). This sickle mould differs substantially from the
object described as a “mould” for sickles from Nowe Kramsko. Another extraordinary find
is a multi-part metal mould for casting the hilt of a Morigen-type sword from Erlingshofen
(district Eichstitt, Bavaria). This is a rare example of high-quality mould-making for weap-
onry (Pola et al. 2015, pp. 1637-1638; Overbeck 2018, pp. 81-82). A comparable find from
East Pennard in Somerset (Great Britain) comprises a metal casting mould for a basal-
looped spearhead (Knight et al. 2015, p. 65, fig. 9, pl. 27:389). A metal casting mould for
pins with a head profiled with discs was discovered in the hoard from Berlin-Spindlersfeld
(Friedel 1893, unnumbered plate; Helmbrecht 1997, p. 205). A metal mould for three pins
was found in Hungary (the context and place of discovery are unknown; Hampel 1886,
pl. IV.7-8; Tarbay 2018, p. 116, fig. 67), and a unique casting mould for producing a chain
of rings was discovered in Slovakia (Hrddok nad Vahom, Tren¢in Region; Ondrkal 2024,
fig. 2:3-4).

Despite the variety of objects represented by the moulds, the surviving collection prob-
ably does not reflect the full extent of past metallurgical activity. As Jean-Pierre Mohen
(Mohen 1978, p. 30) notes, many metal moulds were probably remelted after periods of
use, particularly during times of metal scarcity or technological transition. The potential
recycling of these artefacts could mean that the original prevalence and typological diversity
of metal casting moulds in prehistoric Europe is significantly underrepresented.

CONCLUSION

The study of metal casting moulds from the Bronze Age and Early Iron Age found in
Poland provides insights into the technological practices of prehistoric metalworking com-
munities. The proliferation of such finds, particularly in recent decades, has significantly
broadened our understanding of these artifacts, which were once considered rare and mar-
ginal within the wider field of metallurgical studies.

The evidence presented in this study demonstrates that metal casting moulds in Poland
were primarily used in the production of socketed axes, although moulds for ornaments and
weapons have also been attested. The prevalence of bivalve and three-part moulds, coupled
with features such as alignment pegs, core stabilisation systems, and feed channels, indicates
a high level of technical expertise.

Compositional analyses confirm that both tin bronze and unalloyed copper were used
for mould production. The choice of alloy appears to have been driven by functional con-
siderations, such as thermal resistance and casting precision. However, variations in alloy
content, even among moulds used for casting similar types of objects, suggest a lack of single
raw material standards, likely reflecting decisions made at the workshop level rather than
adhering to standard protocols.

The contextual and spatial distribution of the moulds, which are most commonly found
in hoards but also as individual finds, suggests a variety of deposition patterns. This vari-
ability likely reflects the diverse approaches to these artifacts. While they certainly played
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a utilitarian role, it is highly possible that they may have been imbued with additional
meanings. The presence of moulds in liminal landscapes, such as wetlands, also suggests
a connection with votive practices.

Experimental and analytical research supports the conclusion that metal casting moulds
were used in direct metal casting processes and not just for producing wax or lead models.
Their construction, the fact that they show evidence of repeated use, and the technological
parallels that can be seen across Europe all affirm their role as durable, reusable components
of metallurgical toolkits.

Despite the growing number of discoveries, the collection of metal casting moulds
known from Poland is modest compared to regions such as France and the British Isles. This
disparity could be due to differential preservation, recovery practices, or recycling patterns.
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STRESZCZENIE

Metalowe formy odlewnicze odkrywane na obszarze obecnej Polski stanowia unikalng kategorie
zabytkow. Dostarczaja cennych informacji o technologii odlewniczej stosowanej przez spotecznosci
zamieszkujace teren $rodkowej Europy w poznej epoce brazu i we wczesnej epoce zelaza (czyli ok.
1200-450 p.n.e.). W Polsce odnotowano dotychczas tacznie 28 takich znalezisk, na 12 stanowiskach
archeologicznych (ryc. 1; tab. 1). Celem niniejszego artykutu jest kompleksowe zaprezentowanie
tych przedmiotéw, a takze analiza technologii ich produkcji, funkcji, jaka pelnily, oraz kontekstow,
w ktdrych je deponowano.

Omawiane formy odlewnicze znaleziono w postaci dwu- lub trzyczesciowych, petnych zesta-
wow albo osobnych poléwek (ryc. 2-4). Ich konstrukgja jest podobna do form kamiennych, lecz
ich wyréznikiem sg specjalne elementy pozycjonujace, takie jak wymodelowane kotki centrujace
i odpowiednie zaglebienia w przeciwleglych czesciach form. W wielu przypadkach stosowano row-
niez stabilizacje rdzenia odlewniczego, co umozliwialo precyzyjne uksztaltowanie pustych przestrzeni
wewnatrz odlewu, tak jak w formach pozyskanych w Brzegu Glogowskim, Elgiszewie i Rosku. Cze$¢
egzemplarzy miala zewnetrzne uchwyty, ktére pelnily dwojaka funkcje: stabilizowaly zlozona forme
podczas procesu odlewania oraz ulatwialy jej rozdzielenie po wystygnieciu metalu. Powierzchnia
zewnetrzna form odkrytych w Polsce jest niezdobiona. Egzemplarze dekorowane znane s3 natomiast
z innych krajow europejskich: z Wysp Brytyjskich, Francji, Niemiec, Wtoch, a takze z Czech (ryc. 5).

Analizowane formy wykonane zostaly dwiema metodami: traconego wosku oraz odlewania przy
uzyciu ceramicznych form odlewniczych (ryc. 6). Oba procesy wymagaty fachowej wiedzy i do$wiad-
czenia, w tym precyzyjnego przygotowania modeli, wieloetapowego formowania glinianych warstw
oraz starannej kontroli parametréw podczas odlewania. Formy metalowe produkowane byly praw-
dopodobnie przez wyspecjalizowanych metalurgéw, ktorzy przede wszystkim umieli skorygowac
bledy technologiczne spowodowane przetapianiem wadliwych odlewdw. W przeciwienstwie do form
z kamienia, metalowe egzemplarze mogly by¢ przetwarzane wielokrotnie (przez przetapianie), co
pozwalalo ograniczy¢ zuzycie surowcow.
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W wyniku analiz skladu chemicznego, ktdre przeprowadzono dla 16 wybranych egzemplarzy (spis
zabytkéw poddanych analizom w tab. 2), wykazano, ze do ich wyrobu zastosowano gléwnie brazy
cynowe, a tylko w niektérych przypadkach réwniez czysta miedz (Cu) z domieszkami naturalnymi:
srebra (Ag), arsenu (As) i antymonu (Sb). W skfadzie metalu, z ktorego zrobiono formy datowane na
pdzna epoke brazu, zawarto$¢ cyny (Sn) miesci sie w granicach 5,25-11,61%, natomiast w tych z wezes-
nej epoki zelaza zawarto$¢ tego pierwiastka wykazuje znacznie wigksze wahania — od 1,28% do 24,28%
(ryc. 7). W metalu, jakiego uzyto do odlania zabytkéw z Elgiszewa i Nowego Kramska, celowo zasto-
sowano miedz (Cu), bez dodatku cyny (Sn). Zabieg ten zapewne mial na celu zwiekszenie odpornosci
termicznej wykonywanych form. Zréznicowany udzial procentowy stwierdzono nawet w przypadku
form przeznaczonych do odlewania przedmiotéw tego samego typu. Swiadczy to o odmiennych prak-
tykach warsztatowych i modyfikacji przez wytwércow parametréw sporzadzanych stopow.

W wielu publikacjach, przede wszystkim wczesniejszych, twierdzono, ze metalowe formy stuzyly
jedynie do wytwarzania modeli z wosku lub z olowiu. Wspoélczesne eksperymenty archeologiczne
wykazaly jednak, ze za ich pomocg mozliwe bylo odlewanie stopionego brazu, pod warunkiem uprzed-
niego nagrzania form, kontrolowania temperatury metalu oraz stosowania odpowiednich powlok
ochronnych we wnetrzu formy (z sadzy, gliny, wegla drzewnego). Uzyskane w ten sposob odlewy
charakteryzowaly sie duzg precyzja wykonania. A same formy metalowe mogly by¢ stosowane nawet
kilkanascie razy. Slady eksploatacyjne, takie jak przetarcia powierzchni zewnetrznych, pekniecia lub
uszkodzenia uchwytéw, §wiadcza o intensywnym uzytkowaniu niektérych badanych egzemplarzy, np.
form z Roska, Elgiszewa i Gaju Otawskiego (ryc. 8).

Metalowe formy odlewnicze zostaly odkryte gtéwnie w zachodniej czesci kraju, przy czym domi-
nujg wéréd nich znaleziska wchodzace w sktad skarbow. Niektdre z nich pozyskano na terenach
podmoktych (zabytki z miejscowosci Elgiszewo i Kielpino), co moze wskazywa¢ na ich intencjonalne
zdeponowanie w rejonie przygranicznym, by¢ moze w kontekscie rytualnym. Nieliczne okazy odno-
towano zas w centralnej i wschodniej Polsce (,,znad Sieniochy”).

Liczba krajowych znalezisk, w poréwnaniu z tymi z innych regionéw srodkowej Europy (ryc. 9;
tab. 3), jest zblizona do zarejestrowanej w Niemczech (gdzie znanych jest 30 stanowisk). W Czechach
odnotowano ich znacznie mniej (10), za$ na terenie Francji, Wielkiej Brytanii i Hiszpanii - znacznie
wigcej. Tej kategorii wyrobéw nie stwierdzono natomiast w potudniowo-wschodniej czeéci konty-
nentu. Przypuszczalnie jest to spowodowane odmiennymi tradycjami technologicznymi, jak réwniez
wtérnym przetapianiem form metalowych. Zabytki z obszaru dzisiejszej Polski pochodza z konca
epoki brazu i z wczesnej epoki Zelaza. Na terenach sgsiednich wytwarzano je znacznie wczeéniej
(ryc. 10).

Wiekszo$¢ analizowanych form przeznaczona byla do odlewania siekier z tulejka; do wykonania
takich przedmiotéw stuzylo osiem pelnych zestawéw i dwie poléwki. Rzadziej mialy one zastoso-
wanie do produkcji 0zdoéb (zabytki z Bieszkowa, Starej Lubianki, Wiciny) lub broni (potéwka formy
do odlewania grotu wldczni pochodzaca z okolicy Obornik). Przy uzyciu form metalowych wyko-
nywano podobny asortyment wyrobéw w calej srodkowej i zachodniej Europie, w badanym okresie.
Ustalono, ze najczeéciej stuzyly do odlewania siekier zaopatrzonych w pietke, w skrzydetka srodkowe
oraz w tulejke. Znacznie rzadziej uzywano ich do wytwarzania innych przedmiotéw metalowych:
narzedzi (sierpow), czedci broni recznej (rekojesci mieczy), a takze szpil oraz fancuchéw ztozonych
z kotek (ryc. 11).

Omawiane w artykule formy metalowe stanowily wazny element wyposazenia warsztatu odlew-
niczego w epoce brazu i wczesnej epoce zelaza w miedzyrzeczu Odry i Wisly. Zrobione zostaty przy
zastosowaniu zaawansowanej technologii. Ich zaleta byla mozliwo$¢ wielokrotnego uzycia. Stano-
wily tez zasob cennego surowca, ktéry mozna bylo przetopi¢ i ponownie wykorzystaé. Chociaz zbior
opisywanych przedmiotéw z ziem polskich jest skromny w stosunku do liczby znalezisk zachodnio-
europejskich, niewatpliwie jest on waznym zroédlem wiedzy na temat pradziejowego odlewnictwa
i metalurgii w érodkowej Europie.

Kamil Nowak
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