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Zusammenfassung: Im Jahr 2014 wurde im Dorf Elgiszewo
in Nordzentralpolen beim illegalen Einsatz einer Metall-
sonde am torfigen Seeufer ein vielgestaltiger Hort aus
Bronzeschmuck entdeckt und ausgegraben. Der Hort enthielt
Pferdegeschiry, Korper- und Kleidungsschmuck und andere
Metallgegenstdnde aus der spdten Bronzezeit sowie eine
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Gussform und einen Kannelurenstein, der zur Ausriistung
eines Metallarbeiters gehort haben konnte. Im vorliegen-
den Artikel werden die Ergebnisse der archédologischen und
metallographischen Untersuchungen des Hortes vorgestellt
und diskutiert, unterstiitzt durch paldockologische, petro-
graphische und spurenbiologische Untersuchungen von
Kannelurensteinen aus der Region. Die Ergebnisse werden
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anschliefiend in Verbindung zum breiteren soziookonomi-
schen Kontext der nordeuropéischen Bronzezeit gesetzt, ein-
schlieflich der Geographie der Metallhortung und der Ver-
wendung von Metall im Rahmen wirtschaftlicher, sozialer
und ritueller Aktivititen wahrend der Lausitzer Zeit in Polen.

Schlusselworte: Spate Bronzezeit, Lausitzer Kultur, Mittel-
europa, Metallhortung, Pferdezaumzeug, Bronzeschmiede,
Wanderschmied, Archdometallurgie, Spurenforschung, Pet-
rographie

Abstract: In 2014, a multi-type hoard of bronze metalwork
was unearthed as a result of illegal metal detection on the
peaty lakeshore in the village of Elgiszewo, north-central
Poland. The hoard contains horse gear items, body and
dress ornaments and other metal objects dating back to
the Late Bronze Age, accompanied by casting mould and a
Kannelurenstein that could have once formed part of a met-
alworker’s toolkit. This article presents and discusses the
results of archaeological and metallographic examinations
of the hoard, aided by paleoenvironmental, petrographic
and traceological investigations of Kannelurensteine from
the region. The results are then combined with the wider
socio-economic context of the North European Bronze Age,
including the geography of metal hoarding and the use of
metal in the economic, social and ritual activities of the
Lusatian period in Poland.

Keywords: Late Bronze Age, Lusatian culture, Central
Europe, metal hoards, horse bridle, bronzesmithing, itiner-
ant smith, archaeometallurgy, traceology, petrography

Introduction

Until recently, there has been little evidence of the prom-
inent role of metal in the social and ritual activities of the
Lusatian period in the region of Chelmno land (Kulmer-
land), north-central Poland. This region has yielded thir-
teen metal hoards dating to the later Bronze and Early Iron
Age that are clustered near the local major settlements and
mostly comprise up to ten metals’. However, the recent
discoveries at Cierpice* and Papowo Biskupie® near Torun
have challenged this picture and shed some new light on
the absorption of metal by the Lusatian people of Chelmno
land. A multi-type hoard discovered in 2014 in the village
of Elgiszewo on the Drweca River (Fig. 1), which marks the

1 See, e. g. Gackowski/Kowalski 2019; Kowalski et al. 2020.
2 Gackowski et al. 2023.
3 Gackowski et al. 2024.
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southern border of the Chelmno group territory, provides
evidence of a significant increase in metal consumption
in the region. The same hoard follows hoarding patterns
observed in other Lusatian regions that gravitated towards
the Nordic zone. In these regions, female-gendered orna-
ments and horse bridle elements from the later Bronze Age
to the Early Iron age were found to be frequently deposited
together*. The choice of location for the Elgiszewo deposit
also adheres to the overall topography of other North Euro-
pean Bronze Age metal hoards, which were often sunk or
buried at the interface between wet and dry landscapes.

This paper considers a bronze hoard from Elgiszewo
to be the materialisation of the complex interplay between
bronzesmithing, metal hoarding and local identity. We
present and discuss the results of archaeological and met-
allographic examinations of the hoard, which are aided by
paleoenvironmental, petrographic and traceological inves-
tigations of Kannelurensteine from the region. An examina-
tion of bronze and stone artefacts from the hoard addresses
the question of metalwork production during the Lusatian
period in Poland and touches upon issues of metal commod-
itisation and weight standardisation in the North European
Bronze Age. The contextual and paleoenvironmental evi-
dence raises additional questions regarding both the geog-
raphy of metal hoarding, and the use of metal in economic,
social and ritual activities of the era.

The Elgiszewo hoard

The history and context of discovery

The hoard was unearthed in 2014 in the village of Elgiszewo
near Torun (Kuyavian-Pomeranian province) as a result
of amateur and illicit metal detecting of the peaty shore of
Lake Okonin (Fig. 2), although it was not initially reported.
A few months later, the hoard’s finders informed the Pro-
vincial Office for the Protection of Monuments in Torun
of the discovery. Soon after, a rescue dig was conducted by
professional archaeologists at the find spot indicated by the
finders; this dig revealed no additional metal objects or other
archaeological material. A metal detector survey along the
lake shore also revealed no signals relative to non-ferrous
metal objects. During the exploration, soil samples for ped-
ological analyses were taken from the trench. The finders
claimed that the metal objects were located several dozen
centimetres below the surface and were closely adjacent to

4 See, e. g. Kristiansen 1998; Sarauw 2015.
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Fig. 1: The hoard from Elgiszewo (photographs: W. Ochotny; edited by . Kowalski).

each other, suggesting that they may have originally been
placed in an organic bag that had since decayed.

Visual examinations revealed that a substantial portion
of the artefacts were badly damaged and firmly covered
with a mixture of soluble corrosion products and soil
particles from a well-aerated burial context (Fig. 3A). The
metal artefacts were exposed to various types of corrosion,
including pitting (Fig. 3C), cracking (Fig. 3D and 3E) and
intergranular corrosion (Fig. 3F), which ultimately led to
the failure of their structures, resulting in the occurrence
of multiple perforations and ragged edges. Features of me-
chanical damage were also evident in some of the artefacts,
possibly due to their use in the past. Six artefacts, including
the casting mould and body ornaments, suffered further
deterioration following the illegal excavation, as they were
unprofessionally cleaned by the finders before being re-
turned to archaeological officers. A detailed record of the
treatment was kept, including photographs and written
descriptions of the objects. Loose corrosion products and
organic and mineral contaminants were carefully removed
from the artefacts. Thereafter, actively corroding artefacts
were exposed to a solution of 1.5% w/v sodium hydroxide,

15% w/v sodium potassium tartrate (Rochelle salt), and
83.5% w/v water. Due to the porous structure of the metal
objects, aqueous ultrasonic cleaning was carried out using
cavitation bubbles and repeated to ensure the removal of
salts and corrosion products. The artefacts were then dried
with hot air and immersed in an ethanol bath to remove
moisture before consolidation with acrylate resin. After
gentle brushing, the artefacts were coated with 10 % w/v
Paraloid B-72 in xylene and preserved with microcrystalline
wax Cosmoloid H80 in xylene.

Geographical setting

The hoard is located in the Drweca River Valley, which was
formed during the last stage of the Pleistocene glaciation (the
Weichselian glaciation) and the beginning of the Holocene®
(Fig. 4A). The Drweca River Valley cuts through the moraine
plateau that covered predominantly of lessive soils formed

5 Kondracki 1998.
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Fig. 2: A - Location map of Elgiszewo;

B - general view of Lake Okonin from the
find spot side; C - view of the find spot
(photographs: M. Sosnowski; map back-
ground: P. Molewski).
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Fig. 3: Corrosion products and mechanical damage of the metal artefacts (photographs: W. Ochotny, M. Perek-Nowak, A. Garbacz-Klempka). See text

for further details.

on till (Fig. 4B). With the recession of the ice sheet, sand and
gravel ice-marginal and river terraces were formed that
are now covered with forested rusty and podzolic soils. The
floodplain occupies organic soil and winding and mean-
dering main channel of the Drweca River®. Tunnel valleys
intersect the moraine plateau and terraces’.

The hoard was buried in the forested shoreline zone of
Lake Okonin, ca. 550 m north of the Drweca River meander
(Fig. 4B). Lake Okonin is in a kettle hole; the water level in
the lake is 60.6 m a.s. 1., the surface area is 35.0 ha and the
average and maximum depth are 7.5 m and 11.5 m, respec-
tively®. The findspot is located in a denudational trough
valley with a depth of 6-7 m, stretching over a length of
100 m with an average width of 65 m (Fig. 4C). In the north-
ern and southern parts of the lake basin are peat bogs
located at 61.0 m a.s.l. - approximately 0.5 m above the
current water level of Lake Okonin. A simulated increase
in the water level of Lake Okonin by 0.5 m would result in
flooding of the peat bogs, whereas an increase of 1-1.5 m
would spread flooding to the beaches and exposed shore-
line shallows (Fig. 4C). The climatic events at the turn of the
Subboreal and Subatlantic periods in the Polish Lowland

6 Szuminska 2002, 515-525.
7 Niewiarowski 1968, 59.
8 Atlas jezior Polski 1997; Mapa hydrograficzna 2015.

led to a gradual rise in lake water levels®. These fluctuations
in Lake Okonin could have created a small wetland in the
trough where the Elgiszewo hoard was located. Further
to our recent study of the Cierpice hoard"®, this adds to a
growing body of evidence that metal hoards of the North
European Bronze Age were often buried at the interface
between wet and dry environments.

Archaeological setting

Over the last few decades, the Elgiszewo region remained
a blank spot on the map of Late Bronze Age settlement in
Chelmno land, and the only evidence of Lusatian activity
in the region was found at in nearby cemetery at Ciecho-
cin, on the south side of the Drweca River'?, Subsequent
prospections have revealed archaeological records that add
more detail to the picture of the Lusatian settlement in the
region (Fig. 5). A clear concentration of Lusatian dwellings
on both sides of the Drweca River was identified, indicating
neighbourhood communities in the local settlement struc-
ture, as evidenced by the numerous open settlements in the

9 See, e. g. Niewiarowski 1995, 215-234; Kowalewski 2014, 71-76.
10 Gackowski et al. 2023.

11 Chudziakowa 1974, 83-88 mapy II-IV.

12 Zielonka 1959, 21; Chudziakowa 1974, 135.
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Fig. 4: Geographical setting for the Elgiszewo hoard. A - Hypsometry and geomorphology of the area surrounding the find spot (Niewiarowski 1965;

Wysota 2007; Weckwerth et al. 2013, with changes); B - orthophotomap of the area surrounding the find spot; C - terrain model around the find spot
with a simulated increase in the water level of Lake Okonin by 1.5 m and the location of drilling core for pollen analysis (figure by P. Molewski; ortho-

photomap and DTM data source: Head Office of Geodesy and Cartography (GUGIK); Lake Okonin bathymetric plan source: The Stanislaw Sakowicz

Inland Fisheries Institute).

vicinity of Lake Okonin (e. g. sites at Elgiszewo and Ciecho-
cin and bends of the Drweca River); further west, along the
Drweca valley near the villages of Lubicz Dolny, Jedwabno,
Mlyniec Dolny and Miyniec Gorny; and settlement traces in
areas slightly further north-west, for example at Kamionki
Male near Eysomice™. In addition, the cremation cemeteries

13 Gackowski 2012, 170-171.

of Ha B3/Ha C are located south and southwest of Elgiszewo,
including burial sites at Ciechocin, Jedwabno, Mlyniec Dolny,
and Mlyniec Gorny**. The cartography of ceramic finds and
other archaeological records from the Drweca Valley and
adjacent areas offers evidence of stable Lusatian settlement

14 Chudziakowa 1974, 148-149, 156-157; Dabrowski 1997, 160-163
mapa 4.
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Fig. 5: The Elgiszewo hoard in the settlement landscape of the Chetmno group and the adjacent area in the later Bronze Age and Early Iron Age. The
cartography includes the distribution of metal deposits, and identifies an important regional communication hub near the present-day Elgiszewo
(map background: maps-for-free.com; edited by ). Gackowski, £. Kowalski). # cremation cemeteries; 4 open settlements; ® settlement traces;

& metal deposits. For more details see “List of sites from the studied area.”

in the region as early as the Later Bronze Age that smoothly
continued into the subsequent Early Iron Age — a period that
saw the peaceful coexistence of the local Lusatian folks of
the Chelmno group with migrating individuals and families
of the Pomeranian culture. Archaeological evidence also
points to existence of inter-tribal communication between
the Lusatian settlers from the Elgiszewo region and their
southern kinsmen from the Dobrzyn land (Dobriner Land),
as exemplified by open settlements and cemeteries near the
villages of Miliszew, Rudaw, Plebanka and Nowogrdd. This
local settlement network was most likely extended through
the Konstancjewo Basin to the Lusatian settlers from
the areas adjacent to the edge of the Drweca Valley near
Bialkowo, Plonka and Szafarnia®®, so it would be difficult
to argue that the Drweca River was a natural and cultural
barrier separating these neighbouring Lusatian regions, as
suggested by previous studies on this area'®.

15 Gackowski 2012, 172.
16 Chudziakowa 1974, 100; Dabrowski 1997, 98.

This cultural landscape is complemented by a number of
metals, demonstrating that local Lusatian power elites
were parties to the widespread metal trade network con-
necting the Drweca Valley with other regions of the Euro-
pean Late Bronze Age. The plate fibula from the cemetery
of Jedwabno, which seems to originate from workshops
operating in northern Germany is an example of this".
Similarly, the site of Glogéw, on the southern bank of the
Drweca River and about 30 km east of Elgiszewo, had an
antenna sword with all the characteristics of the Flérsheim
type of the South European sword industry dating to the
Ha B2 period'®. Another example comes from Glowinsk,
near Rypin, where a decorated bronze cauldron with cross
attachments was discovered in 1940 connection with peat
draining in Koscielny Las (Kirchwalde)'®. The Glowinsk

17 Chudziakowa 1974, 59-60; Fogiel 1988, 44; Dabrowski 1997, 62; Bu-
kowski 1998, 229-230; Gedl 2004, 42-43; 47, 153 Taf. 23,87.

18 Miiller-Karpe 1961, 55-56 Taf. 52,1-5; Bugaj 2005; Kucharski 2005,
168-169; Gackowski 2016, 14; 30; 36.

19 Heym 1942, 19-22; Gedl 2001, 31-32; 2003, 43-47.
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cauldron is often cited as a luxury product of the Gava-Hol-
igrady culture workshops of the Carpathian region®, and
the discovery of a damaged but very similar cauldron at
Elgiszewo attests to this pattern of metal movement and
consumption in the region.

Typo-chronology of the hoard®'
Body ornaments

The hoard comprises fragments of spiral bracelets (Plate
1,1-3) and armbands decorated with a zigzag motif (Arm-
spiralen mit Zickzackverzierung) (Plate 1,4-9), made of sheet
bronze and provided with narrowed endings. These pieces
could originally have formed five different ornaments (see
section “Elemental composition”). Each of the two catego-
ries has similar dimensions and shapes. Spiral bracelets and
armbands are typical products of Lusatian workshops that
operated over a wide geographical range from the lower
Vistula westwards through the middle Warta and Oder
regions, to the Saale basin throughout the later Bronze Age.
A corpus of spiral hand ornaments also continued to be
used in this zone at the beginning of the Iron Age®*.

There is also an undecorated bronze bracelet made
of U-shaped sheet metal (Plate 1,10). Until now, such body
ornaments had not been found and reported in Chelmno
land. However, they are common in the Nordic zone and
Pomerania®®, which appears to have been the metallurgical
centre handling these types of bracelets and serving their
clients in Greater Poland, the southern parts of East Prussia
and Scandinavia®*. This group of metals also includes three
solid and undecorated bracelets made of round bronze
rods (Plate 1,11.14.15). These artefacts appear to be related
to the metal inventories of the later Bronze Age in Greater
Poland® and their origins can be traced to either the region
of Silesia or to Western Pomerania®®.

20 Gedl 2003, 45-47.

21 Typo-chronology of the hoard has already been analysed and dis-
cussed in Gackowski et al. 2021. For typo-chronological information
of the hoard see also Gackowski 2016, Gackowski/Kowalski 2019 and
Kowalski et al. 2019.

22 Kossina 1917, 51-57; Sprockhoff 1956a, 172-177; 1956b, 83-84 Karte
34, Taf. 36; Kostrzewski 1958, 134; Kostrzewski et al. 1965, 152-153;
Bukowski 1998, 233; 345; Skrzypek 1999, 116-117; 2001, 170; Blajer 2001,
189-190, 194; 2013, 67-68; Gackowski/Rosotowski 2020, 88-89.

23 Sprockhoff 1956a, 206-208; 1956b, 141.

24 Szafranski 1955, 63-64.

25 Dabrowski 1997, 67.

26 Szafranski 1955, 65-66.
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The two necklaces, both made of bronze rods, display
similar diameters and no decorations (Plate 1, 16-17). One
of these is provided with narrowed endings and a clasp
(Plate 1,17), which has counterparts in Greater Poland?” and
appears to be related to necklaces from Mecklenburg-Vor-
pommern®,

Dress ornaments

This group comprises a fragment of sheet bronze decorated
with dotted circles and arches that can be added as a Spin-
dlersfeld-type®® fibula (Fig. 6A), more precisely the western
Greater Poland variant Chlopowo® (Plate 1,13). This is the
first archaeological evidence of a Spindlersfeld fibula from
the Chelmno region. However, there is a reasonable basis
for the conclusion that variants Chtopowo, Wierzchowo,
Kopaniewo and Piaszczyna, known from the southern coast
of the Baltic Sea®, are local remakes of Spindlersfeld fibulae
originating from Bohemia, Moravia and Lower Silesia, and
continued to be used in the region of Pomerania at the
beginning of the Iron Age®.

The hoard contains a spiral coil that is likely to have
formed the part of the Spindlersfeld fibula (Plate 1,12).

Phalerae

This is the largest group of metalwork from the hoard,
containing nine bronze phalerae provided with one or two
loops, which further proves that phalerae were frequently
chosen by the Chelmno group to hoard®. Three phalerae
are identifiable by their domed centre with flattened knob
and a single loop (Plate 2,1-3), which places them within
the Kalisz typological group**. One metal object from the

27 Ibid. 69-70; Sprockhoff 1956a, 89-91; 154; 1956b, 135 Taf. 31,2-5;
Kaczmarek 2002, 171-173 ryc. 67,6-7.

28 Sprockhoff 1956a, 155; 1956b, 135 Taf. 33,3.

29 Sprockhoff 1938, 205-233; Blajer 2001, 209.

30 Sprockhoff 1956a, 59; Skrzypek 1999, 110; Blajer 2001, 342; 344; 350;
Gedl 2001, 28-30 tabl. 13.

31 Podgorski 1993, 305-311; Skrzypek 1999, 95-129; 2001, 169-184; Bla-
jer 2001, 209-210, 350; 353; Rzaska 2017, 38-39.

32 Bukowski 1998, 341-342.

33 Until now, more than twenty phalerae are known from Chelmno
land, most of which are yielded by multi-type hoards from the begin-
ning of the Iron Age in the region (Delekta 1935; Zielonka 1955; Chud-
ziakowa 1974; Jedrzejewski 2009; Kowalski et al. 2020; Gackowski et
al. 2023).

34 Sprockhoff 1956a, 263-269; Bukowski 1998, 295-297; Blajer 2001, 60;
Kaczmarek 2005, 142; 2012, 318-319.



DE GRUYTER Jacek Gackowski et al., A Late Bronze Age hoard from Elgiszewo =—— 895

Plate 1: Metal hoard from Elgiszewo. 1-11, 14-17 body ornaments, 12-13 dress ornaments (drawings: M. Nowak).
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Fig. 6: Map of Poland showing distribution of the metal(work) from the Elgiszewo hoard. A - Spindlersfeld type fibulae; B - bronze cauldrons;

C - antenna knives; D - Przedmiescie type socketed axes and metal casting moulds; E - bronze waste; F - metal hoards of Ha B2-Ha B3. Large spots
stand for three or more axes found together, blue spots stand for metal casting moulds, red spot stands for the Elgiszewo hoard (after Blajer 2001;
Gedl 1984; 2001; 2004; Kaczmarek et al. 2021; Kowalski et al. 2019; Kusnierz 1998; Szczurek/Kaczmarek 2022).
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Plate 2: Metal hoard from Elgiszewo. 1-3 Kalisz type phalerae, 5 Morgenitz type phalera, 4, 6-9 other phalerae (drawings: M. Nowak).
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hoard contains a flat rim and single loop endings and is flat
hammered at the outer side of a dome (Plate 2,5) — this can
considered a Morgenitz-type phalera. This type of phalerae
is generally associated with the later stages of the North
European Bronze Age**. Two additional phalerae are pro-
vided with two cast loops (Plate 2,8, 9) and have parallels in
the Lusatian cemetery at Torun-Kaszczorek®® in Chelmno
land. However, horse gear items of this type are much
more prominent in the metal assemblages of Ha B2-Ha B3
in Greater Poland®’. Two other phalerae with two loops of
almost identical shape and dimensions (Plate 2,6, 7) appear
to be related to examples produced by the Lusatian work-
shops of the Silesia region during the Ha B2-Ha B3 period*®.
Finally, this typological group contains a phalera that was
originally provided with a single loop (Plate 2,4) and deco-
rated at the base of the loop with a zig-zag motif.

Cauldron

Two similar twisted handles with looped and decorated
cross attachments were originally riveted to a bronze
cauldron (Plate 3,1, 2). Comparisons of the handles from
Elgiszewo provide a very good match with the bronze caul-
dron from the Late Bronze Age hoard from Glowinsk near
Rypin (Fig. 6B), which is presumed to represent a product
of the Gava-Holigrady culture workshops of the Ha B2-Ha
B3 period®.

Tools

The hoard includes a decorated knife (Plate 3,3) which has
preserved a handle with a damaged blade part and a hilt
ending in a pair of broken antennae. The Elgiszewo knife
represents a significant expansion of Szymocin-type knives
in Poland (Fig. 6C), extending its distribution beyond the
previously limited range within the Silesian region*’ to
encompass northern Poland.

The bipartite bronze casting mould included in the
hoard (Plate 3,4) is characteristic of the socketed axes of
the Przedmiescie type, variant G*', which are associated

35 Sprockhoff 1956b Taf. 62,4.5.8; Bukowski 1998, 296.

36 Delekta 1935; Chudziakowa 1974, 204 tabl. XXIL,3.

37 Kaczmarek 2005, 142 tabl. XXV,7; XXVI,17.20.24.

38 Kaczmarek 2002, 137-138; 2012, 386; see also Blajer 2001, 54-57; 2013,
74-175.

39 Heym 1942, 19-22; Gedl 2001, 31-32; 2003, 43-47.

40 Gedl 1984; 1985; Bugaj 2005.

41 Kus$nierz 1998, 8-9.
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chiefly with the Late Bronze Age and the beginning of the
Early Iron Age in southern and western Lusatian regions in
Poland*? (Fig. 6D). They are also found in the metal invento-
ries of Pomerania, which may push the Elgiszewo hoard to
the Ha B3/Ha C period, roughly corresponding to 800-700
BC. Metal casting moulds for socketed axes were relatively
scarce in Late Bronze Age Poland. At the time of writing, ten
examples have been reported, with the main distribution in
western Poland*®.

The assemblage also comprised a lenticular-shaped
stone artefact (Plate 4,1) with circular indentations on the
upper and lower faces and an artificially flattened surface
on the diameter (see section “Kannelurensteine”).

Semi-products and waste

These comprise a fragment of sheet metal (Plate 3,5) and
bronze wire coils (Plate 3,6-9). In Poland, bronze waste and
semi-products have been identified in metal deposits of the
later Bronze Age (Ha B2-Ha B3), but they more frequently
featured in the final Bronze Age and the beginning of the
Iron Age (Ha C)** (Fig. 6E). Similar artefacts can be traced
to Chelmno land, where a hoard consisting of a socketed
chisel, an armband and bronze wire spirals was found in
1891 in Chelmno*’, or to deposits of bronze semi-products
found in Kaldus*® and Lipienek"’.

Analytical methods

Initially, the metal artefacts were examined for casting
defects and technological and use-wear traces using a Nikon
SMZ 745Z stereoscopic microscope (OM) equipped with a
Nikon Digital Sight DsFil microscope camera (magnification
x0.67). Then, the freshly exposed and cleaned surfaces of the
metal artefacts were analysed for elemental concentrations
using a Spectro Midex ED XRF spectrometer equipped with
amolybdenum X-ray tube and a silicon Drift Detector (SDD),
with a standardless mode using the fundamental parame-
ters program (FP+) for correction of matrix effects, and a
Hitachi S-3400N scanning electron microscope coupled with
a BSE detector and an EDS NORAN 986B-1SPS spectrometer

42 Ku$nierz 1998, 33-53; Kaczmarek 2002, 98-99.

43 Baron et al. 2014; Kowalski et al. 2019; Orlicka-Jasnoch 2019.

44 Blajer 2001, 234-235.

45 Dabrowski 1997, 71 ryc. 52,n; Gackowski/Kowalski 2019, 226-227.
46 Gackowski/Kowalski 2019, 228.

47 Kowalski et al. 2020.
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Plate 3: Metal hoard from Elgiszewo. 1-2 cauldron, 3-4 tools, 5-9 semi-products and waste (drawings: M. Nowak).
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Plate 4: Kannelurensteine from the studied area (and the East Prussia). 1 - Elgiszewo, 2 - Gtazewo, 3 - Gniewkowo-Zajezierze, 4 - Katdus, 5 - Kijewo
Szlacheckie, 6 - Ruda (site 3-6F), 7 - Ruda (site 3-6D), 8 - “Chetmno land”, 9, 10 - Mottajny, 11 - Ogrédki, 12 - Szczecinowo (drawings: Z. Pankowska-
Gajek; 9-12 adapted from Hoffmann 1999).
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(Thermo Noran) operating at 20 kV accelerating voltage and
chamber pressure of 50Pa. The analytical conditions used
for ED XRF were 44.6 KV, 5.9 mA, 180 s of live time, and a
spot size of 0.5 mm. The detection limits were established
at 0.01% for Ni, Cu, As and Bi; 0.02 % for Fe, Co, Ag, and Pb;
and 0.05 % for Sn and Sh. The analytical error of ED XRF for
trace elements in copper-based alloys is usually 10-15 %*%,
and the accuracy of fundamental parameter methods is
hampered when undetectable low-Z elements are present
in the sample*’. Five measurements were taken in differ-
ent areas to optimise the ED XRF data reliability for each
copper-based object. Selected metal objects were addition-
ally examined using X-ray radiography using an industrial
X-ray radioscopy Y.MU2000-D (YXLON) system, comprising
an X-ray tube (160 kV) coupled with a digital panel detector
and the YXLON Image 2500/3500 system for data imaging.
Archaeometallurgical data are summarised in Tables 1 and
2 and in Figs. 7-11.

For the pollen analysis, a core was taken from the peat
bog at the northern part of Lake Okonin (Fig. 4C) using an
Instorf probe. The drilling depth was up to 7.0 m, and 550
centimetres of sediment were taken (from 1.5 m to 7.0 m).
Samples of 1 cm® were taken at 2 cm intervals. In the sedi-
ment related to the Lusatian period in the region, samples
were analysed at intervals of 2-4 cm, and the other periods
were analysed at 2-40 cm intervals. A total of 76 samples
(including 29 for the Lusatian period) were prepared follow-
ing the standard pollen treatment (10 % KOH, 10 % HCl, 40 %
HF) and Erdtman’s acetolysis*’. The glycerin-mounted slides
were examined using a Zeiss Axioskop 2 Plus microscope
equipped with a Jenoptik camera. For each sample, approxi-
mately 1000 AP grains were counted. Pollen and spore iden-
tification followed the method described by Hans-Jirgen
Beug®' and the Northwest European Pollen Flora®. A per-
centage pollen diagram was drawn using PolPal, which was
then divided into four local pollen assemblage zones (LPAZ)
and four assemblage subzones (LPASZ) using CONISS. The
palynological data are summarised in Fig. 12.

A soil sample was taken from the find spot at a depth of
20 cm and analysed to quantify key soil properties: the pH
of soil-to-solution ratio of 1: 2.5 using 1 M KCl and distilled
H,0 as the suspension medium. The contents of total carbon
(TC) and nitrogen (TN) were also measured by dry combus-
tion using the macro elemental analyser Vario Macro Cube.

48 Lutz/Pernicka 1996.

49 Elam et al. 2004; Sitko 2007; 2008.

50 Berglund/Ralska-Jasiewiczowa 1986.

51 Beug 2004.

52 Punt 1976; Punt/Clarke 1980; Punt/Clarke 1981; 1984; Punt et al. 1988;
1995; 2003; Punt/Blackmore 1991.
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A group of Kannelurensteine was analysed for petrogra-
phy using a stereoscopic microscope, SteREO DiscoveryV20
(Zeiss), with an Axiocam 305 Color camera and following
the protocol for igneous (QAPF)*® and sedimentary/clastic
rocks®®. The petrographic results are listed in Table 3 and
Fig. 15. The selected stone artefacts were examined for
technological and use-wear traces to reveal the manufac-
turing techniques and to identify their possible functions.
A Nikon SMZ-745T optical microscope (magnification up to
x50) coupled with a Delta Pix Invenio 6EIII camera was first
used to investigate the artefacts for technological traces as
well as general characteristics of their surface and condi-
tion. The analysis of polish then used a metallographic mi-
croscope Zeiss Axioscope 5 Vario (magnification up to x500)
with an Axiocam 208 camera. Residues present on the stone
artefacts were screened for elemental compositions using
a low-vacuum (50 Pa) scanning electron microscope LEO
1430VP (Zeiss) coupled with the EDS spectrometer Quantax
200 with the XFlash 4010 detector (Bruker AXS). The results
of the traceological analyses are shown in Figs. 16 and 18.
The petrographic and traceological results were used to rep-
licate several Kannelurensteine in full scale and with respect
to the original raw material. The replicas were then tested
for their possible use in metalworking. The experimental
replicas were used against two different contact materials,
and the resulting use-wear traces were documented with a
metallographic microscope Zeiss Axioscope 5 Vario (magni-
fication up to x500) with an Axiocam 208 camera and then
compared with the wear records of the original Kanneluren-
steine. The experimental data are presented in Table 4 and
Figs. 17 and 18.

Results and discussion

Archaeometallurgy
Elemental composition

The results of the ED XRF analyses show that the artefacts
represent three different alloy types (Table 1). The first
group, which includes spiral armbands decorated with
zig-zag motifs or their fragments, can be identified as rel-
atively pure copper with a tin content between 8.5% and
13 %, indicating the use of standard tin bronze. Five of the
analysed fragments (El-2, 11, 12, 13 and 14) had identical

53 Streckeisen 1974.
54 Wentworth 1922.
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Tab. 1: Elemental composition of bronze artefacts from the Elgiszewo hoard. The ED XRF data are mean values of five measurements given as a
percentage.

SampleID Plate Artefact Microarea Fe Co Ni Cu Zn As Ag Sn Sh Pb Bi
El-1 Pl.1:1 Spiral bracelet ... <0.02 0.09 033 88 013  0.31 028 7.1 1.1 2.7 0.03
El-2 Pl.1:4 Spiral bracelet ... 0.07 0.06 0.09 90 013 0.00 0.01 8.5 006 1.2 0.06
El-3 Pl.L1:3 Spiral bracelet ... 017 014 026 83 013 055 020 13 1.2 0.41 0.04
El-4 PI.1:5 Spiral bracelet ... 028 0.06 009 89 013 0.1 038 85 010 14 0.04
El-5 Pl.3:6-9 Wire links 015 0.1 019 88 015 026 019 9.5 074 1.0 0.04
El-6 Pl.1:12  Spiral fragment ... 0.07 0.07 029 94 017 0.07 007 46 034 019 0.02
El-7 PI.1:10  Bracelet 026 0.07 031 86 014 0.85 069 9.0 1.5 0.86  0.06
EI-8 Pl.1:11  Solid bracelet 063 0.08 012 92 015 014 029 47 069 1.3 0.08
El-9 Pl.1:14  Solid bracelet 026 0.06 0.10 96 0.12 <0.00 0.12 2.7 036 019 0.01
EI-10 PI.1:15  Solid bracelet 070 0.08 014 92 014 018 032 4.2 0.87 0.85 0.09
El-11 Pl.L1:6 Spiral bracelet ... 016 0.06 0.08 89 015 0.04 002 9.2 003 1.3 0.03
El-12 Pl.1:9 Spiral bracelet ... 012 0.06 007 89 013 0.02 003 9.0 005 1.2 <0.00
El-13 Pl.1:8 Spiral bracelet ... 016 0.06 009 89 0.14 0.04 0.01 8.7 0.05 1.2 0.03
El-14 Pl.L1:7 Spiral bracelet ... 027 0.08 0.10 86 015 0.07 002 11 0.06 1.8 0.09
El-15 PI.3:3 Knife 027 0.09 007 77 0.11 1.1 1.8 13 4.8 1.3 0.09
El-16 Dome 0.11 0.09 023 86 013  0.21 017 10 030 21 0.05
Pl. 2:1 Phalera
El-16 Knob 0.46 0.08 019 89 013 048 038 6.1 082 27 0.14
El-17 Dome 003 0.09 026 90 013 022 020 73 047 1.2 0.04
Pl.2:2 Phalera
El-17 Loop 0.03 0.09 030 90 013 029 022 6.2 067 1.9 0.04
El-18 Dome 0.04 0.06 012 88 012 0.06 013 11 017 023 0.04
Pl.2:9 Phalera
EI-18 Loop 0.05 0.06 0.11 85 012 010 0.21 13 018 0.23 0.05
EI-19 Dome 062 0.07 012 75 027 5.1 2.8 33 5.9 6.2 0.27
PI.2:8 Phalera
El-19 Loop 0.40 0.08 0.15 81 025 3.1 1.6 2.1 4.6 6.4 0.12
EI-20 PL2: 3 Phalera Dome 0.07 0.09 024 89 013 019 022 88 050 1.1 0.04
El-20 o Loop 0.03 0.07 029 92 013 029 024 4.2 069 1.7 0.04
El-21 Dome 0.16  0.07 031 84 012 015 009 14 028 1.0 0.03
Pl.2:4 Phalera
El-21 Loop 0.11 0.07 028 86 012 0.09 008 13 029 0.58 0.02
El-22 Dome 0.02 0.08 043 82 0.11 035 042 1N 1.5 4.6 0.04
PI.2:5 Phalera
El-22 Loop 039 0.07 0.0 87 0.11 0.21 069 7.8 2.8 0.41 0.04
El-23 Dome 0.09 0.08 027 80 012 012 010 13 076 5.4 0.04
Pl.2:6 Phalera
El-23 Loop 0.09 0.08 026 80 012 014 0.1 13 076 5.8 0.04
El-24 Dome 016 0.08 025 78 0.11 0.11 0.11 15 083 6.0 0.03
PI.2:7 Phalera
El-24 Loop 022 0.08 025 72 012 029 016 18 1.0 6.9 0.04
El-25 Handle 037 012 021 84 012 040 005 12 022 22 0.13
El-25 PI.3:2 Cauldron Attachment  0.14 025 042 84 013 072 035 91 1.2 3.5 0.15
El-25 Rivet 0.14  0.21 0.71 86 017 0.88 055 6.9 2.8 1.7 0.08
El-26 Handle 062 0.4 0.24 83 012 070 012 12 020 23 0.25
El-26 Pl.3:1 Cauldron Attachment 045 0.09 032 88 014 049 048 7.0 1.4 1.3 0.09
El-26 Rivet 006 022 074 87 014 077 054 6.5 2.3 1.4 0.07
El-27 Pl.1:16  Necklace 0.05 0.07 036 89 012 0.83 073 49 1.9 2.2 0.06
El-28 PI.1:17  Necklace 1.0 0.07 019 85 012 060 1.1 9.1 2.0 092 0.07
El-29 PI.3:5 Bronze destruct ... 024 012 032 85 013 027 005 12 020 21 0.04
EI-30 PI.1:13  Fibula 062 0.08 022 89 015 026 0.10 8.0 049 0.75 0.06
El-31M Male part 0.04 0.06 059 93 012 083 14 036 3.1 0.55  0.04

PL3:4  Casti Id
E1-31F BUNGMOUIe ol part 006 006 058 93 013 081 14 036 34 052 004

El-32 PlL1:2 Spiral bracelet ... 031 0.08 009 84 0.16  0.02 0.01 13 <0.05 2.0 0.04
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Tab. 2: Results of the SEM-EDS analyses of bronze artefacts from the Elgiszewo hoard. The SEM-EDS data are normalised to 100 wt.%.

— 903

SampleID Artefact Microarea S Fe Ni Cu As Ag Sn Sb Pb
0.40 89.07 7.32 3.20
82.14 13.42 4.44
74.08 7.96 13.59 436
El-1 Spiral bracelet 73.02 3.90 16.28 6.80
3.23 6728 .. 29.49
0.21 5094 072 38.29 9.84
23.38 3031 19.11 27.20
91.55 8.45
| ol bracel 87.42 9.05 2.29
El4 Spiral bracelet 7.75 80.46 9.96
74.30 19.05 291
100
8.04 0.56 68.02 19.83 354
| | 1002 .. 65.55 212 230
El-8 Bracelet 494 347 55.91 991 2076 5.30
17.57 53.95 28.48
16.96 39.98 43.06
100
El-9 Bracelet 100
100
98.27 1.73
91.85 8.15
E-10 Bracelet 7638 2019 3.42
61.11 3.15 1225 2348 ..
57.15 15.31 27.53
100
1.31 9869 ..
1.53 %62 116 2.69
1.36 93.98 1.28 338
Male part 93.21 2.59 419
7135 28.65
62.88 37.12
9.02 56.33 34.65
El-31 Casting mould
100
9551 .. 4.49
1.52 9536  1.54 1.59
Femalepart 1.36 9330 .. 1.55 378
1.52 9066  2.98 1.18 3.66
17.93 82.07
72.87 27.13
8.20 55.32 36.47




DE GRUYTER

Jacek Gackowski et al., A Late Bronze Age hoard from Elgiszewo

904

451 *b14 93s ueu Xi3ew edljis
-lwejuod |euopisodap-ysod Kysosod mo| Aian ‘sjesauiw anbedo
2Je YdIym ‘sanpisal yde|q Ell[ON (onsep)  ‘parios |jam ‘pues 9edspla) % S
'sjeshin zuenb yum Ained 8 d S9A 02¢ -pues zuend Aeyuawipas  pauleb wnipap S'0-€0 ‘z1ienb o 66 umoug «puej ouway),
Xljew e
Kysosod mo| Aian 9auueb ‘sjesauiw (sunwwod
351 b4 ElON (onsep)  ‘panios [|am ‘pues anbedo 97 zpbizpnin)
995 !s|e1sA1 zuenb yum Ained L°1d ON 987 -pues zuend Aeyuawipas  paulelb auy A1 1'0-50°0 ‘z1ienb o 86 AUYM (@9-¢ aus) epny
ast by
995 ![ela)ew »20. Jua.ed
9Y3 03 pale|al 9 Ued YIIYM paLIOS |[9M X11yew edl|is (aUnwwod
‘S90e.3 JeaUl| YIM Sanpisal 2U03S (onsep) ‘pues pauielb Jedsp|a) 9% S Zpkizpnio)
an|q yJep “auseb Alossaddy 9y °|d S9A 65¢ -pues zyend Aeuawipas  auly 03 auly AIsp Z0-10 ‘Zuenb 9 66 UYM (49-¢€ a¥s) epny
ANISSEW BUl| zuenb o G| (aunwwod
(Qoy  -jeaski wnipaw 911019 % G| 3D{SM3| QY OmaI1y)
Siv|d S9A 02 ajueln -njd) snoaub] 01 auly InLBUEYY 7-10 9edsplaj 9% 02 YSIPPRL/yshiuld  3ppP3YIR[ZS omaliy
X113ew edl|is
Aysosod Jedsp)ay (sunwwod
(onsep) moj Kian Aep ‘sjesauiw Aepd ouwyay)d)
b IARGIFEE]S viv°|ld ove 3U0ISpNiN Keyuawipas 01 3|IS 3SJe0) 1'0-100°0 ‘z1end mo|j2A-3yb snpjey
aAISSeW 211010 % § (UNWWod 020))
g61 ‘b4 99s (o1ues ‘Quijjeishin ‘asejpoibeld o G EYAE]]
‘9yAp asepoibe|d Y1y ww g0 €|d " 20¢€ aseqelq  -|oAgqns) snoaub] auly anLsueyd 1-10 ‘QuaxoJAd 0505  dUYM pue jde|g -za[ez-0MOYM3IUD
ol3eJ UMoUNUN
AAISSeW uj asepoibeld (unwwiod mejsiun)
KjjenJed paniasald Zvid OoN 09 jjeseg snoaubi “nueydy " ‘QuaxoJhd yaelg 0MazZRID
vs1 b
9935 '1DJ31Ie BUOIS AU} Y)IM Xi3ew edljis
paysodap ylom|elaw azuoug Jo Kysosod mo| Aian 9)DLIBS ‘sjesauiw (sunwwod
s1Npo.d UoIS01I0d e YdIym auolspues ) (onsep)  99Mos ||am ‘pues anbedo 9§ upoYd3ID)
‘sanpisaJ ayunze pue aydeje L Id S9A lGz  -zuenbyziend Aeyuawipas  pauieb wnipap S0 ‘ziienb o566 UMOIG/YSIPPaY omazsib|3
(ww) s930Welp uonis
uoIeWLIOMUI [eUOIIPPY aed Jeam (6) adA 3204 Jualed aun)xay ujesbyjeiskiy  -odwod jesauiy inojo) uone’o]
-asn  wybiam
|elialew mey

's|ieyap Jayuny Joy G| *B14 pue 1xa1 335 *dnolb ouwpy) dY3 01 Payul| 9 UL SUSWIAAS JBYIO ||e ‘9ZJ31Za(eZ-0MO)MBIUD WO} UjaISUdINnjauuDy
9Y1 40} 3d3IX3 *(ZZ61 YIMOMIUBAN) Y20 D13Se|2/AIRIUBWIPAS PUE (17/6] USSISNIRIS HdYD) SNoaubi 10j uonedifisse|d buimo)|o) ‘eae palpnis ay) WoJj auiaisualnjauuby Jo dnsiuapeleyd diydeiboad :€ qel



DE GRUYTER

Jacek Gackowski et al., A Late Bronze Age hoard from Elgiszewo =—— 905

Tab. 4: Experimental data for bronze pins and replicas of Kannelurensteine from the studied area. The weight loss of the objects was quantified at

the beginning and end of each step. Specimen No. 4 is made of the same
experiment.

raw material (granite) as specimen No. 2 and was thus excluded in the

Experimental Experimental Pin Step 1 Step 2 Step 3 Step 4 Weight Average weight
bronze pin Kanelurenstein weight (g) lost (g) lost per step (g)
(sample ID) (raw material)

1A Quartz sandstone 72.95 72.84 72.65 7247 72.27 0.68 0.17

1B Quartz sandstone 49.35 49.14 48.91 48.73 48.58 0.77 0.19

2 Granite 55.00 54.83 54.68 57.49 54.33 0.67 0.16

3 Quartz sandstone 73.40 73.18 72.95 72.78 72.60 0.80 0.20

5 Basalt 52.08 52.05 52.02 51.99 51.96 0.12 0.03

6 Mudstone 60.90 60.94 60.71 60.48 60.24 0.66 0.16

7 Basalt 55.83 55.77 55.75 55.72 55.68 0.09 0.02

8 Diabase 63.00 62.88 62.78 62.66 62.57 0.43 0.11

chemical compositions within the analytical errors, sug-
gesting that they may have originated from the same object.

The level of impurities is significant among the met-
alwork from the other alloy group, which is mainly con-
trolled by antimony (1.5-5.9 %), arsenic (0.35-5.1%) and
silver (0.42-2.8 %). This indicates the use of copper smelted
from fahlores, which adds to a growing body of evidence
supporting a substantial influx of fahlore copper during the
Lusatian period in northern Poland®®. To some extent, this
is confirmed by the SEM-EDS data (Table 2), which show
a significant amount of sulphur in the spiral bracelet El-1
(3.2%), the bracelet EI-8 (4.9-17.6 %) and the casting mould
(1.5-17.9 %), which can be taken as the remnants of the
roasting (oxidation) of fahlores®®. The considerable quan-
tity of sulphur present in the spiral armband El-4, amount-
ing to up to 7.7%, may be indicative of the use of chalco-
pyrite. The tin content in this group is not homogeneous,
with values ranging from 0.36 % to 13 %. The tin content is
markedly lower in both parts of the casting mould, making
a mere 0.36 % — and is much lower than the content ob-
served in the metalworking of the North European Bronze
Age. However, the chemistry of the Elgiszewo mould is
comparable to other metal moulds known from Bronze Age
Poland - casting moulds from Rosko®’, Gaj Olawski®® and

55 See, e. g. Hensel 1996; Garbacz-Klempka et al. 2016; 2017; Kowalski/
Garbacz-Klempka 2019a; Kowalski/Niedzielski 2021; 2022; Kowalski et
al. 2019; 2020; 2021; Gackowski et al. 2023; Nowak/Gan 2023.

56 Tylecote et al. 1977; Pernicka 2014.

57 Machajewski/Maciejewski 2006.

58 Baron et al. 2014; 2016.

Nowe Kramsko®® also exhibit low tin content, and there are
strong archaeometallurgical indications that these tools
were used for direct casting®.

Some of the metal objects show a diluted fahlore copper
pattern. For instance, phalerae El-17 and E1-20 have an anti-
mony (0.47-0.69 %) and silver (0.20-0.24 %) content that is
much higher than expected for chalcopyrite but clearly too
low to have been derived from copper smelted from fahl-
ores. It is assumed that fahlore copper is disadvantageous
due to its high arsenic and antimony content, and therefore
it was often mixed with copper smelted from chalcopyrite®.
The archaeometallurgical data from the region indicats
that the use of diluted fahlores was commonplace during
the Lusatian period in Poland. This can be evidenced, for
example, by a metal hoard from Kaliska in Pomerania®.
Moreover, there are many archaeological indications that
a large portion of metal went to northern Lusatian regions
through the trading route (Handelskorridor) that powered
the flow of Tyrolean copper fahlores to Scandinavia®. The
ongoing lead isotope analysis of the Elgiszewo hoard and
other bronzes from the Chelmno land will help to deter-
mine the origin of the metal used for their production and
identify the trading network that safeguarded the metal
supply to Lusatian clients in northern Poland.

59 Kowalski/Garbacz-Klempka 2019b.

60 Kowalski et al. 2019.

61 Lutz/Pernicka 2013; Melheim et al. 2018; Grutsch et al. 2019.
62 Kowalski/Niedzielski 2021.

63 Kaczmarek 2012; Ling et al. 2014; O’Brien 2015.
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Except for phalera EI-18 (a phalera with a damaged
dome), the signals for lead are significantly high for the
other phalerae with two cast loops, i. e. E1-19 (6.2-6.4 %),
El-23 (5.4-5.8 %) and E1-24 (6.0-6.9 %), suggesting a deliber-
ate addition of lead® to improve the castability of the alloy.
There are some differences in the lead (and tin) content in
the domes and loops of these phalerae, although this can be
taken as a compositional variation resulting from surface
enrichment, sample geometry or intergranular corrosion
that may limit the accuracy of the ED XRF®®. The pair of
phalerae E1-23 and E1-24, which display very similar shapes
and dimensions, and their chemical compositions are iden-
tical within the analytical errors. This may indicate that the
two objects were cast from the same alloy and used similar
wax models (see section “Technological characterisation”).
The ED XRF results also suggest the manipulation of lead
content in the elements of the Morgenitz type phalera
(E1-22) to control the castability of the alloy, as evidenced
by the different lead content in the dome and loop parts,
averaging at 4.6 % and 0.41%, respectively. The bronzes
from Elgiszewo contain much higher amounts of lead than
bronzes produced in more northern regions of the Euro-
pean Bronze Age, for example metals from Sweden and
Denmark, which have lead concentrations mostly below
0.5%°.

It is notable that the two twisted handles of a bronze
cauldron are separated from the other parts of the cauldron
by significantly lower amounts of antimony, arsenic, silver
and nickel. The rationale behind the diluted copper fahlore
and increased tin content in the alloy used for the handles
is evident — this was done to improve the modulus of elas-
ticity of a bronze rod that was cast and twisted to form the
handles. Here, it is also interesting to see that the antenna
knife and the casting mould have very similar ratios of Sh/
As (4.4 and 4.0), Sb/Ag (2.7 and 2.4) and Ag/As (1.6 and 1.7),
indicating the possibility that the copper smelted for their
production comes from the same batch of fahlores and
perhaps the same workshop. Finally, three solid bracelets
made of a bronze rod (EI-8, 9 and 10) are separated from
the other metalwork by their relatively low amount of tin,
ranging between 2.7 % and 4.7 %, accompanied by a signifi-
cantly low lead amount of 0.19-1.3 %. There is no clear tech-
nological rationale for the tin depletion observed in these
objects. However, their chemistry and shape align well
with a group of ring ornaments from the region that may
have served as semi-products (Barrenringe) or commodity

64 Liversage 2000.
65 Pollard/Heron 1996.
66 Liversage 2000; Ling et al. 2014.
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money (Geridtegeld)®’. The discovery of a Kannelurenstein
in the Elgiszewo hoard adds further dimension to the study,
as these stone items are now widely accepted as balance
weights characteristic of continental Europe during the

Urnfield era®® (see section “Kannelurensteine”).

Technological characterisation

Photomacrographs suggest that the solid bracelets were cast
using the lost-wax technique, yet the fact that bracelets E1-9
and E1-10 were formed from a cast bronze rod cannot be
denied, as evidenced by the irregularities in their diameters
(Fig. 71 and 7K). On Fig. 7E and 7F it is clearly visible that
the closed bracelet El-7 involved the lost-wax casting. This
iswell evidenced by the presence of casting jets on the inner
and outer sides that were not completely removed and
trimmed. Porosity near the feeding channel (Fig. 7F), which
is due to the gaseous melt that was used for casting, was
also identified. A closer examination of the spiral armband
fragment El-13 shows that a decorative zig-zag motif could
have been carved on the wax model using a comb (Fig. 84).

As can be seen in Fig. 7C and 7D, bronze wire coils with
twisted or recurrent endings went through a chaine opéra-
toire that involved plastic forming, plaiting and hammering.
The geometry of the antenna knife and the visible drafts on
both sides suggest the use of split-mould casting with four
cores centred within the mould to produce holes in the
tang part of the knife. A decorative herringbone notching
is present on the antenna knife (Fig. 8D and 8F), and very
similar traces can be observed in the broken loop base of
the phalera El-21 (Fig. 9K). The notching on these two objects
was made on the final castings through the use of the same
tool and probably by the same craftsperson. The chemical
composition of the knife and phalera El-21 indicates that
the presumed workshop operated with both fahlores and
diluted fahlore copper.

Macroscopic observations confirm that similar tech-
nology was to produce three Kalisz-type phalerae: El-16,
El-17 and El-20. A loop was formed from a bronze wire
(Fig. 9D) and was then welded to a dome (Fig. 9A) that was
cut from sheet metal and provided with profiled edges by
plastic forming (Fig. 9C). As Fig. 9B clearly shows, the flat-
tened knob crowning the dome is an imitation rivet that
was formed on a wax model. The Morgenitz-type phalera is
notable for having a loop that was riveted on the outer side

67 Blajer 1992; 2001; Garbacz-Klempka et al. 2016; see also Gar-
bacz-Klempka et al. 2017; Kowalski et al. 2020.
68 Ialongo/Rahmsdorf 2019; 2021.
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Fig. 7: Photomacrographs of the artefacts showing the macrostructures typical of casting and plastic forming. A-B - spiral bracelet EI-1; C-D - wire
coils EI-5; E-F - bracelet EI-7; G-H - solid bracelet EI-8; I-] - solid bracelet EI-9; K-L - solid bracelet EI-10 (photographs: P. Jurecki). See text for further
details.

of the dome (Fig. 10D-F). The photomacrographs demon-
strate that the E1-21 phalera featuring a single loop (not pre-
served) was cast in a reusable mould®, as evident from the

69 Reusable casting moulds for phalerae are known from the Lusatian
assemblages, for example the site of Lojewo in the Kuyavia region (Cof-
ta-Broniewska 1996, 10 ryc. 4,1).

casting flash in the middle of the loop base. Furthermore,
the notching discernible in Fig. 9K indicates that during the
finishing of the cast object, the flash was chiselled smoothly.

Further macroscopic observations confirm that re-
usable mould and one-piece casting were employed for
phalerae El-18 and EI-19. This is clearly demonstrated by the
presence of casting flashes on the loop’s base (Fig. 9I) and
the regular shape of the domes (Fig. 9E and 9G). In contrast,
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Fig. 8: Photomacrographs of the artefacts showing the macrostructures typical of casting and plastic forming. A-B - spiral armband EI-13;
C-F - antenna knife EI-15; G-I - cauldron handle EI-26; ]-K - necklace EI-28; L - fibula EI-30 (photographs: P. Jurecki). See text for further details.

the pair of phalerae El-23 and EI-24, which have two loops,
went through a chain of production involving lost-wax and
one-piece casting. It can be seen from Fig. 10G-H and 10J-K
that the loops have different shapes and thicknesses; there-
fore, it is unlikely that they came from the same mould. The
flashes preserved between the loops (Fig. 10] and 10L) may
point to the lost-wax casting technique. The supporting evi-
dence from the chemical data shows that the objects contain
significant lead concentrations between 5.4 % and 6.9 % (see

section “Elemental composition”), which would increase the
castability of the alloy used for these decorative elements.
The photomacrographs provide support for the assump-
tion that the mould could be used for direct metal casting.
In Fig. 11B, a split is discernible in the feeding channel of the
mould, and it is possible (as seen in Fig. 11F) that a broken
knob is also a mechanical defect produced the mould was
exposured to molten metal. Evidence in support of this
finding is provided by the presence of slight cracks on the
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Fig. 9: Photomacrographs of the phalerae. A-D - phalera El-16; E-F - phalera EI-18; G-J - phalera EI-19; K-L - phalera EI-21 (photographs: P. Jurecki).
See text for further details.

inner side of the blade and socket part (Fig. 11K), which are
the most probable locations for higher thermal stress con-
centrations during direct casting’®. The experimental data
indicate that a metal mould for socketed axes will last for
fifteen cycles without any apparent damage to the mould”.

70 Kowalski et al. 2019.
71 Drescher 1957; Kuijpers 2008, 89; Baron et al. 2016, 188.

The 3D visualisations and reverse engineering of the El-
giszewo mould revealed that a socketed axe that could have
been cast in the mould was 10.8 cm long, 3.2 cm wide and
had a socket diameter of ca. 3 cm (Fig. 11L)7%. However, a
compatible socketed axe of the Przedmiescie type has not yet
been reported from the Chelmno land.

72 Kowalski et al. 2019.
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Fig. 10: Photomacrographs of the phalerae. A-F - phalera EI-22; G-I - phalera EI-23; J-L - phalera EI-24 (photographs: P. Jurecki). See text for further
details.

Palynology

The pollen diagram (Fig. 12A) demonstrates local vegeta-
tion development and human activity in the vicinity of the
hoard findspot over an extended timescale, spanning the
Neolithic to the late medieval period”®. The pollen diagram

73 A detailed description of full pollen profile can be found in Norysk-
iewicz/Kaminski 2022.

has been divided into five phases of human activity, based
on the AP/NAP’* ratio and anthropogenic indicators devel-
oped by Karl-Ernst Behre’.

A phase related to the Lusatian period (420-316 cm) is
well evidenced by the anthropogenic indicator curves in the

74 AP/NAP value is the ratio of total counts of Arboreal Pollen grains
(AP) to Non-Arboreal Pollen grains (NAP).
75 Behre 1981.
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Fig. 11: Photomacrographs and X-ray images of the casting mould, with the 3D visualization of a compatible socketed axe. A - feeding channel; B - split
in the feeding channel; C-D - peg; E - peg hole; F - broken knob; G - casting porosity; H - loop negative; I - orante motif negative; J - X-ray recordings
showing the presence of a split in the feeding channel; K - thermal fatigue cracks on the inner side of the mould; L - 3D visualization of a socketed axe
compatible with the mould (photographs: P. Jurecki, A. Garbacz-Klempka, W. Ochotny; 3D visualisation by D. Scibior). See text for further details.

pollen diagram, suggesting that there are four different sub-
phases (3A-3D) of human activity in the Elgiszewo region.
The substantial decline of hornbeam (Carpinus betulus), oak
(Quercus), linden (Tilia), elm (Ulmus) and hazel (Corylus)
throughout this phase, accompanied by rising values of pine
(Pinus sylvestris) and birch (Betula), indicates woodland
clearance in the vicinity of Lake Okonin. Following an initial

decline, Pinus sylvestris has been observed to increase in
the pollen record for the final two subphases (3C and 3D).
This is not, however, the result of woodland regeneration at
this time; rather, this indicates that local growing conditions
were favourable for the high production and long-distance
transport of pine pollen.
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Subphase 3A (420-404 cm). In general, anthropogenic indi-
cator taxa demonstrate minimal fluctuation during this
subphase, as evidenced by an increase in mugwort (Artemi-
sia) and sorrel (Rumex). This subphase also saw the increase
of Corylus, coeval with the single appearance of pollen from
the goosefoot family (Chenopodiaceae) and plantain (Plan-
tago lanceolata, Plantago major/media). The increasing
values of Artemisia and Rumex may suggest the appearance
of routes and tracts connecting the Lusatian hamlets in the
region and beyond.

Subphase 3B (404-396 cm). A decline in human activity in
the vicinity of Lake Okonin is observable in this subphase.
Woodland regeneration appears to have occurred at that
time, as evidenced by the expansion of Carpinus and Ulmus.

Subphase 3C (396-358 cm). This subphase saw the greatest
development of Lusatian settlements in the study area. The
substantial decline of components of a mixed deciduous
forest (Carpinus betulus, Tilia, Ulmus and Corylus), accom-
panied by rising values for ruderals (Artemisia, Rumex,
Urtica, Chenopodiaceae) and taxa typical of meadows and
pastures (Calluna vulgaris, Plantago lanceolata, Plantago
major/media and Ranunculaceae) and crops (Cerealia-type),
implies a great level of human impact on vegetation in the
vicinity of Lake Okonin, including both pastoral and arable
farming. The low but constant presence of Common bracken
(Pteridium aquilinum) may suggest that forest burning was
still used in the study area to obtain land for cultivation.
An increasing participation of ferns (Filicales monolete)
and the appearance of pollen from the aquatic floating-leaf
plants in the diagram, suggest a lowering of water levels
in Lake Okonin and a transition to drier conditions in the
region.

Subphase 3D (358-316 cm): Economic activity was reduced
in this subphase, as evidenced by a drop in anthropogenic
indicators. However, some level of cereal-based agriculture
was evident in the region, which is inferable from the pres-
ence of Cerealia-type pollen in the diagram.

The pollen evidence from this study provides a broader
context for understanding the Elgiszewo hoard within a
wider framework of anthropogenic interventions in the
natural landscape and cultural change that accompanied
the end of the Bronze Age in the region. The pollen record
indicates that the hoard was buried at a time of increased
human activity in the area surrounding Lake Okonin and
the increasing inter-group and inter-tribal communication
in the region, as evidenced in the appearance of routes and
the expansion of the Lusatian settlement network, accom-
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panied by forest burning and the introduction of pastoral
and arable farming and a pronounced pick-up in metal
movement and consumption in the region.

Pedology

The results reveal a significant content of organic matter
in the sample exceeding 25 % (TC=13.9 %) and a pH(H,0) of
5.2, which indicates that the soil bulk sampled in the find-
spot was acidic. These observations are strongly correlated
with processes of peat formation (humification processes
are dominant over mineralization) in the northern and
southern parts of the denudation basin of Lake Okonin in
waterlogged conditions.

The prevailing environmental conditions in Lake
Okonin currently favour a reduction in the water level in
the reservoir. The associated peat decomposition and min-
eralisation, which result in depletion of soil organic matter
content, are closely link to the stoichiometric changes
between carbon and nitrogen and the C/N ratio, which de-
creased in the analysed sample to a value of 21.

Kannelurensteine
Archaeological background

Alenticular-shaped stone with circular indentations and an
artificially flattened surface on the diameter (Plate 4,1) was
part of the Elgiszewo hoard. Similar stone objects, labelled
Kannelurensteine (sometimes also referred to as Rillen-
steine), are typically provided with a groove or flattened
surface on the diameter (circular indentations on the upper
and lower faces have also been frequently observed) and
are well attested in the settlement contexts of many Urn-
field regions across Europe’® (Fig. 13), as demonstrated by
Fritz Horst””. In Poland, these objects are dated to the Mon-
telius period IV and V (and VI)”® of the Northern Bronze Age,
with a distribution between Pomerania, Greater Poland
and Silesia. They have also been found in Kuyavia, region

76 Kostrzewska 1953, 249; Kostrzewski 1958, 153-156; Dabrowski 2009,
206; Wozny 2011, 43-45; 2014, 220-227; Rembisz-Lubiejewska 2017, 54;
Ialongo/Rahmsdorf 2021, 146-147.

77 Horst 1982.

78 Two examples of Kannelurensteine from the lake settlement of
the West Baltic Barrow culture at Moltajny near Ketrzyn are dated to
550-120 BC, roughly corresponding to the Ha D2-La Tene C2 period
(Hoffmann 1999, 101; Gackowski 2000, 43-48; Krapiec 2000, 71-73; see
“List of Kannelurensteine from the studied area (and the East Prussia)”.
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Fig. 12: A - Palynological diagram of selected taxa identified in the peat bog in the northern part of Lake Okonin, with selected pollen grains
identified in pollen spectra of the Okonin peat bog related to the Lusatian period in the region. B - oak (Quercus); C - linden (Tilia); D - hornbeam
(Carpinus betulus); E - elm (Ulmus); F - hazel (Corylus); G - birch (Betula); H - alder (Alnus); I - Scots pine (Pinus sylvestris); | - plantain (Plantago
lanceolatay); K - sorrel (Rumex); L - mugwort (Artemisia); M - heather (Calluna vulgaris) (photographs and figure by A. M. Noryskiewicz). Scale bars
equal 20pum. See text for further details.

of Swiecie and the adjacent Chelmno land (Elgiszewo, (Plate 4; see “List of Kannelurensteine from the studied area

Glazewo, Kaldus, Kijewo Szlacheckie and Ruda; Table 3). (and the East Prussia)”) can be included as the easternmost
Four further examples from the Masurian Lake District’® points in the distribution of Kannelurensteine.

The literature has extensively discussed the function

of Kanneleurensteine, resulting in a range of proposed in-

79 Dabrowski 1997, 77; 164; Hoffmann 1999, 270; 285; Gackowski 2012, terpretations. These include their use as fixed pulleys or,
205; 2016, 168-171; Rembisz-Lubiejewska 2017, 54. more generally, as working tools. This latter interpreta-
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Fig. 13: Map of Europe showing the possible overall spread of distribution of Kannelurensteine in Europe. Red spot stands for the Elgiszewo hoard
(adapted from Horst 1982, with changes; map background: brichuas/Shutterstock.com).

tion encompasses their application in cold forging®’. Some
interpretations viewed these objects as symbolic food®,
fishing net weights®, slingshot stones®, or door holders®.
The extensive European Research Council (ERC) grant
“WEIGHTANDVALUE: Weight metrology and its economic
and social impact on Bronze Age Europe, West and South
Asia” (2015-2022) has produced the most convincing and
coherent interpretation of Kannelurensteine to date®. A
broad consensus has now emerged that Kannelurensteine
were used as balance weights in the Urnfield weight system

80 Horst 1982, 54 and refs; 1986, 82—91; Dabrowski 1997, 77; 2009, 206;
Bukowski 1998, 347-348; see also Wozny 2011; 2014.

81 Kostrzewska 1953, 251-252; Kaczmarek 2002,121.

82 Horst 1982; Dabrowski 2009, 206;.

83 Kostrzewski 1958, 153-156; Horst 1982.

84 Talongo/Rahmsdorf 2021, 148, and refs.

85 Ialongo 2018; Ialongo/Rahmsdorf 2019; 2021; see also Bouzek 2007,
23-25.

and that these objects were regulated based on a quantum
of ca. 450 g*.

Kannelurensteine are known only from grave contexts
in the geohistorical range of the Lusatian culture in eastern
Germany and western Poland®’. To date, only two hoards
have been discovered that contain these types of artefacts:
Potsdam-Krampnitz®*® in Brandenburg and the Elgiszewo
hoard. Moreover, the association of Kannelurensteine with
metalworking recurred in different parts of Europe®. In
Poland, two such objects were found at the Lusatian set-
tlement of Ruda near Grudziadz, which also yielded ovens,
clay moulds, bronze ready- and semi-products, and other

86 Ialongo/Rahmsdorf 2021, 154-155.

87 Horst 1982, 33-83; 1986; 82-91; Bukowski 1998, 347-348; Kaczmarek
2002, 121-122; Wozny 2014, 222, 227; Nowak 2016; Alagierski 2018;
Krzyszowski/Kowalski 2019, 80-82; Ialongo/Rahmsdorf 2021, 147-149.
88 Horst 1982, 53.

89 Ialongo/Rahmsdorf 2021, 155.
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Fig. 14: Kannelurenstein from Stupia, Greater Poland. Note that the molten bronze was originally poured into two circular indentations on the upper
and lower faces of the stone object (photograph: T. Skorupka; courtesy of Archaeological Museum in Poznan).

artefacts related to bronzesmithing®. In the cemetery of
Legnica® in Lower Silesia, a Kannelurenstein was part of
the furnishing of a smith’s burial dating to 1100-750/700
BC. A similar pattern can be traced to the Lusatian necrop-
olis at Wartostaw in Greater Poland, which yielded several
Kannelurensteine®. One of these was placed with a stone
casting mould in a cremation grave (1100-1000 BC) that
could have been the burial place of members of a lineage

90 Gackowski 2005; 2012.
91 Nowak 2016.
92 Krzyszowski 2019.

or clan associated with metal production and/or metal-
working®. A Kannelurenstein from the Lusatian cemetery
at Shupia®* in Greater Poland (Fig. 14) represents a particu-
larly eloquent example of the association of Kanneluren-
steine with metalworking. The stone object is made of pol-
ished quartzite and has a flattened surface on its diameter.
However, the most distinctive feature of the object is its two
circular indentations on the upper and lower faces, into
which a small portion of molten bronze was poured.

93 Krzyszowski/Kowalski 2019; Kowalski et al. 2021.
94 Kostrzewski 1923, 77 ryc. 250; Kostrzewska 1953, 229-254 ryc. 19.
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Fig. 15: Microphotographs of Kannelurensteine from the studied area (photographs: M. Cwiek). See text and Table 3 for further details.

Petrography

Table 3 lists the petrographic characteristics of the Kanne-
lurensteine from the studied area. Microscopic observations
of the analysed stone artefacts indicate that the starting
material used for their production represents a variety of
igneous and sedimentary rocks, consisting of generally hard
minerals (5-7 on the Mohs hardness scale). The identified
sedimentary rocks have a hard matrix composed mainly
of silica (Fig. 15). This fact can be taken as evidence of the
deliberate selection of rock material that was not related to
the general accessibility of rocks but rather their physical
properties. The petrography of the Kannelurensteine indi-
cates that their lithology roughly corresponds to the erratic
structure of the Polish Lowland region, suggesting that the
rock material used to produce the artefacts was sourced
from the studied area.

For example, the Kannelurenstein from Kijewo Szla-
checkie has a similar texture and crystal composition to
Smaland granite®®, while the Kinne diabas is a likely candi-
date for the starting material used for the artefact found at
Gniewkowo-Zajezierze®®. The specimen from the Elgiszewo
hoard is composed of rock material that was most likely

95 Czubla et al. 2006.
96 Ibid.

chipped from Jotnian sandstones®’. Half of the examined
artefacts are made of quartz/quartzite sandstone, which
appears to be a frequently selected raw material for the Eu-
ropean Kannelurensteine®®,

Traceology

Traceology reveals that three manufacturing techniques
were used for the analysed Kannelurensteine. The flat sur-
faces of the artefacts were formed by grinding (Fig. 16A).
There is also evidence of surface polishing visible on the
artefact from Kijewo Szlacheckie (Fig. 16B). The final
shaping of the circular indentations on the upper and lower
faces was done by nicking, which is a percussion technique
that involves the use of a sharp-edged tool (Fig. 16C-F). It
may be assumed that the same technique was used to flatten
the surface on the diameter. A nicking technique could also
have been employed to form the grooves running around
the diameter of the artefacts (at least to some extent).
However, manufacturing traces were largely obliterated by
use and post-depositional alteration. The geometry of the
artefact from Glazewo, with its central hourglass perfora-
tion created using a core drill bit and abrasive sand mate-

97 Gérska-Zabielska 2008.
98 Ialongo/Rahmdtorf 2021, 146.
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Fig. 16: A-F - Technological traces on the Kannelurensteine from the studied area; G-L - wear traces; M-0O - residues (photographs: G. Osipowicz).
Lens magnification x0.67-5. See text for further details.
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rial, suggests that it may perhaps have been later custom-
ised to serve as a stone mace head.

Wear traces identified on the analysed stone objects
vary from piece to piece. The polish and parallel linear traces
visible on the flattened surfaces on the objects’ diameters are
the result of wear from use. The circular indentations on the
upper and lower faces display polished surfaces (Fig. 161),
which may be evidence that the items were made for hand-
held use or that they were in long-term contact with soft ma-
terials such as leather. The items’ flattened surfaces are abra-
sive and contain multiple chipping marks (Fig. 16] and 16C).
The occurrence of these traces does not necessarily indicate
the use of the objects (e. g. as pounders); they may instead
be the result of wear from surface forming. Finally, clear
evidence of smoothing (Fig. 15K) and linear polish (Fig. 16L)
is visible in the groove of the Kannelurenstein from Kijewo
Szlacheckie, and similar use-wear can be observed on one of
the specimens found at Ruda (Fig. 15G and 15H).

Microscopic observations also revealed the presence of
numerous green-blue spots (Fig. 16M) and dispersed green
precipitates (Fig. 16N) on the surface of the artefact from
Elgiszewo. The SEM-EDS investigation identified these res-
idues as azurite and malachite, which are corrosion prod-
ucts of bronze metalwork deposited with this stone artefact.
Furthermore, signals from zinc and copper, alongside no-
ticeable amounts of sulphur and calcium, were detected in
the EDS spectra for the dark blue residues with linear traces
on the specimen from Ruda (Fig. 16G and 16H), which can
be related to the parent rock material. Similarly, the black
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Fig. 17: Experimental Kanne-
lurensteine used in this study
(photograph: A. Sokét).

substance preserved on the artefact from “Chelmno land”
(Fig. 160) appears to be unrelated to the stage of use of the
object and may be a contaminant from the burial conditions.

Experimental study

The experimental copies of Kannelurensteine from the
studied area (Fig. 17) were first tested for their use in met-
alworking as tools for removing casting seams, flashes and
debris on replica bronze pins, and surface smoothing or
polishing. The raw materials used for the stone replicas
were sourced from the local geologic reservoir and corre-
sponded to the petrography of the original artefacts. The
grooves running along the diameter of the replicas were
used against bronze pins to remove excess metal with an
oscillatory motion in four steps of 5 minutes each. The
weight loss of the experimental pins was monitored at the
beginning and at the end of each step (Table 4). Initially, one
of the experimental stones was tested against two bronze
pins to eliminate any possible influence of casting seam
or flash topography on experimental work efficiency. The
results were comparable in both cases.

A difference in the abrasive properties of rock material
used against the bronze replicas was observed. However,
the evidence produced by the experiment was inconclu-
sive with regard to the potential usefulness of Kanneluren-
steine for metalworking. This assumption is supported by
the petrographic characteristics of Kannelurensteine, which
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indicate that the raw material used for their production
is disadvantageous for metal smoothing or polishing. Ad-
ditionally, the geometry of the working edges of the inves-
tigated objects limits their use for metalwork of a specific
shape, such as rods or wires. The circular indentations on
the upper and lower faces of the experimental tools provide
a reliable grip but do not facilitate grinding, which is dif-
ficult due to the unstable workpiece. Burnishes made of
medium- to coarse-grained sandstone are a much better
choice for metal rubbing to obtain a smooth surface on a
final product, which is well attested to in stone assemblages
from the Lusatian period in Poland®®.

The second stage of the experiment was set up to
test the experimental grooved Kannelurensteine (made of
quartz sandstone) against two different contact materials
(leather and cord) and to determine whether the findings
can be linked to the obtained traceological evidence. Ini-
tially, wear traces that formed on the inner surfaces of the
stone replicas during their production and handling were
removed by grinding with fine-grained sandstone. One of
the experimental products was exposed to an oscillatory
motion of a lime tree bark cord in a groove for a period of
20 minutes, while other replica was used against a vegeta-
ble-tanned cowhide under the same conditions.

Wear traces obtained during the experiment were docu-
mented (Fig. 18) and compared with the wear records of the
original Kannelurensteine. A lab detergent-water solution
was used to clean the two experimental replicas. In both
examples, the wear record was poorly developed. Wear
was observed on only very small fragments of the grooves,
measuring approximately 0.5-1 cm, and it was character-
ised mainly by the darkening of the surface and the gentle
smoothing of raw-material crystals. Wear records of this
type on the original Kannelurensteine would probably be
unidentifiable and impossible to interpret. The organic res-
idues resulting from the use of the leather strap and cord as
experimental contact materials are well-preserved within
the grooves.

A matt polish observed on the stone replica tested
against the leather strap has a homogeneous and domed to-
pography (Fig. 18B-D). The microrelief in this case was quite
irregular, with a smooth texture and no linear traces. Gentle
linear smoothing of the microrelief was only found locally,
with a pale polish covering its higher parts, which are
rounded. As can be seen in Fig. 18B-D, the motion of the cord
produced a polish with characteristics generally comparable
to those observed for the leather contact material, although
the former is far brighter and has high points that are much

99 See, e. g. Kowalski et al. 2021.
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more smoothened. Overall, the polish of the product is far
from linear (Fig. 18H), yet linearity can be observed in some
mineral crystals (Fig. 18F and 18G). However, the traceolog-
ical evidence is not conclusive enough to confirm whether
these are the result of wear from use, surface forming, or
perhaps the crystal structure of the raw material used.

A comparison of the wear records produced by the two
experimental contact materials revealed some differences
that could not be adequately discerned in the original arte-
facts. Future experimental work and statistical validations
of microscopic data are required to accurately determine
the character of wear traces observed on the Kanneluren-
steine from the studied area. Despite the limitations of this
experiment and the consequently poor reference traceolog-
ical data for further comparisons, our findings may address
the previous results reported in the literature. In fact, in
contrast to previous thinking, we found that the distinct use
wear characteristics observed in the groove of the artefacts
from Kijewo Szlacheckie and Ruda cannot be explained
by the frequent use of a cord or strap to keep the grooved
Kannelurenstein weight hanging from one extremity of an

equal-arm balance®.

Discussion

The Kannelurensteine from the Chelmno group have a
remarkable unimodal weight distribution, with a peak
value of 220-250 g (Fig. 19). The groove and the indentations
are not present on all objects from the studied area and it
seems likely that they may have been carved to obtain the
desired mass of ca. 250g'°". One of the stones from Ruda
(Plate 4,7) is much heavier (286 g) than other examples
from Chelmno land, but its proportions suggest that it
may have been intended for further carving. Remarkably,
the Elgiszewo Kannelurenstein is exactly the same weight
as one of the accompanying waste handles of the bronze
cauldron, which lends support to the hypothesis that Kanne-
lurensteine were most often used as single weights to weigh
amounts of material of similar magnitude'®* (Fig. 20). The
traceological evidence from this study is important in this
context by demonstrating that the Kannelurenstein from the
Elgiszewo hoard displays polish that may be suggestive of
prolonged contact with leather, which may have been uti-
lised as a material for pouches holding the stone weight
hanging on the balance scale.

100 Ialongo/Rahmstorf 2021, 154-155.
101 Ibid. 155.
102 Ibid. 155-156.
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Fig. 18: Wear traces observed in the grooves of the experimental Kannelurensteine. B-D - product of experimental surface treatment using
a leather strap; A - shows an area with no wear traces; E-H - product of experimental surface treatment using a cord (photographs: G. Osipowicz).
Lens magnification x5-20. See text for further details.
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Fig. 19: Kannelurensteine from the Chetmno land and the selected metalwork from the Elgiszewo hoard that may have served as semi-products or
commodity money. The Kannelurensteine from the studied area exhibit remarkable unimodal weight distribution with a peak value of 220-250 g

(photographs: W. Ochotny, K. Deczynski). See text for further details.
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A closer examination of the weight of the Kannelurenstein
and the metalwork from the Elgiszewo hoard reveals that
some of the ring ornaments and cauldron handles can be
organised along a sequence of multiples of ca. 50 g. This
sequence can be roughly arranged as 2:3: 4.5 : 5 (Fig. 19).
It is interesting to see these figures in relation to a multiple
cremation burial from the Lusatian cemetery at Wartostaw,
which yielded metalworking tools and more than 30 lithic
artefacts dating to 1100-1000 BC'®. The stone assemblage
included a Kannelurenstein with two circular indentations,
an ovoid artefact with crossing grooves and other stone
objects that could have once formed a scale weight set.
Here, two weight peaks of 120-100 g and 50-40 g can be
observed, which can also be expressed as multiples of 50 g
(Fig. 21). Other examples of Kannelurensteine from the cem-
etery at Wartostaw have weights between 72-120 g'**, which

103 Krzyszowski/Kowalski 2019; Kowalski et al. 2021.
104 Krzyszowski 2019.
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Fig. 20: Suspended replica antler
balance scale with flax strings

and leather pouches, holding the
original Kannelurenstein (251 g) and
the waste handle (250 g) of the
bronze cauldron from the Elgiszewo
hoard in equilibrium (photograph:
S. Rosotowski).

alligns well with the cluster of Kannelurensteine around ca.
100-130 g and coincide with the cluster of Kannelurensteine
around 100 to 130 grams that has been distinguished mainly
from German finds'®. This geohistorical association is not
unexpected given that the pottery from the Wartostaw
grave perfectly matches the late Urad ceramic style that
developed in the region of Brandenburg and Lubusz Land
(Land Lebus) during the Montelius IV period.

These figures are encouraging and may have exciting
implications for further investigation into the use of weigh-
ing equipment in Lusatian regions. However, the analysed
assemblage is far too small to merit a priori assumptions,
and it would therefore be beneficial to have more compa-
rable data for Kannelurensteine from the southern Baltic
region to reinforce the interpretation of the weight system
in that region during the later Bronze Age.

105 Ialongo/Rahmstorf 2021, 152.
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Fig. 21: Stone assemblage from a cremation grave at the Lusatian cemetery of Wartostaw that could have once formed a scale weights set. Two
weight peaks of 120-100 g and 50-40 g are evident that can be expressed as multiples of 50 g (photographs: K. Kucharska; courtesy of Archaeological
Museum in Poznan). Below are the Barrenringe and Halsringe mit Vogelkopfenden from northern Poland, which may give a hint of weight regulation in
the Early Iron Age of the southern Baltic region (adapted from Gackowski/Dabrowski 2020; Nowak/Gan 2023; https://poznan.wuoz.gov.pl/skarb-z-
grabionnej). See text for further details.
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Combining content and context:
possible interpretations of the
Elgiszewo hoard

Much effort has been put into discussing whether hoards
containing metalworking tools and scrap metal should be
seen as the materialisation of economic, social or ritual
events'®®. This polarised perspective has been widely con-
tested and many prehistorians now agree that such an
approach is unproductive for developing a better under-
standing of the contexts, motivations and meanings of metal
hoarding. We must assume that metal hoarding permeated
not only the economic sphere, but also the social and ritual
realms, which are in fact inseparable in primitive mentali-
ties. Lene Melheim grasps this, claiming that “(...) hoarding
was a flexible method for handling objects with particular
histories or values which would apply to a number of differ-
ent aims, ranging from conspicuous consumption, storage,
sacrifice, memory practice and the removal of valuables or
objects with powerful life-stories from circulation”’.

Economic context and meanings

Economic models often explain metal hoards through the-
saurisation by merchants or itinerant smiths'°®. This concurs
with the hypothesis that the number of metal objects could
have served as commodity money'® in the metal trading
networks of Bronze Age Europe. The deposits of bronze
sickles'™ or bronze ingots with D-shaped cross-sections,
which are known chiefly from the Lusatian metal industry
in northern Poland'"!, may serve to illustrate this, and three
solid bracelets from the Elgiszewo hoard, accompanied by
Kannelurenstein, seem to fit this pattern as well. The eco-
nomic interpretations of metal hoards are typically based
on the assumption that the items were hidden for safekeep-
ing in response to danger or fears with the intention of later
retrieval. The widespread metal hoarding seen in the Euro-
pean Bronze Age has led some scholars to speculate about
the controlled distribution of metal goods and hypothesise
that hoarding was used to regulate wealth accumulation and
prevent metal prestige capital outflow to commoners'*?,

106 See, e. g. Torbrugge 1971; Bradley 1990; 2005.

107 Melheim 2015, 85.

108 Cf. Hansen 2013, 372.

109 Briard 1997; Hansen 2002, 93; see also Pare 2013.

110 Sommerfeld 1994.

111 Kossinna 1919; La Baume 1930; Kostrzewski 1953; Kowalski et
al. 2020.

112 Pennors 2000, 205-206; Kowalski et al. 2019.
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The Elgiszewo hoard — comprising a mix of items related
to bronzesmithing and metal goods from Silesia and Pomer-
ania — may also be interpreted as a deposit by a travelling
smith and/or trader'*®. The hoard contents may represent
the metal trade route connecting the Lusatian power elites
from Chelmno land with other Lusatian regions of Poland.
This scenario resonates with the pollen record, which in-
dicates that the hoard was buried at a time of increased
human activity in the area surrounding Lake Okonin and
the increasing inter-group and inter-tribal communication
in the region (see section “Palynology”). However, this inter-
pretation is less convincing when set against the deposition
context of the Elgiszewo hoard, which is located in a boggy
and waterlogged area. Such a location is not a reasonable
place to hide valuable metalworking or trade stock, as it
would be extremely difficult to retrieve these materials in
the future.

Social context and meanings

The social (institutional) interpretations of events that led
to metal hoarding often relate to non-domestic rituals that
were aimed at exercising power and prestige through a
public display or consumption of bronze metalwork. The
display of status by power elites was a prominent feature of
public space throughout the later Bronze Age. This included
water places, which frequently hosted ostentatious displays
of valuable metal goods. A potential social agenda for such
a form of potlatch could be the balancing of the extensive
accumulation of bronze wealth, as described by Georges
Bataille, who defined the disposal of the accursed share (la
partie maudite)'**. Upon further examination of pre-cap-
italist societies, it becomes evident that the circulation of
bronze surpluses was problematic. Consequently, a form of
destruction of a portion of metal wealth was exercised to
regulate social relations within the group and to balance
internal conflicts. In contrast to modern economies, the
economy of the European Bronze Age was not character-
ised by significant avenues for the accumulation of wealth.
The disposal of wealth in pre-industrial societies can be
better approached by gift-giving obligations, as defined by
Marcel Mauss'"® or Karl Polanyi’s account of substantiv-

ism''®, which postulates that in non-market societies, the

113 For the concept of itinerant smiths in the Lusatian culture see
Maciejewski 2016; Nowak 2016; 2022; Kowalski et al. 2021; Strozyk et
al. 2023; see also Kristiansen 2019.

114 Bataille 2014.

115 Mauss 2001.

116 Polanyi 2001.
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consumption of goods and services is embedded in non-eco-
nomic kinship and captured in social relations and religious
beliefs.

The display of social status and the valorisation of
spaces for public rituals appear to be closely interrelated
in the Urnfield period'"’. Historical sources have demon-
strated that aquatic deposits required the sacralisation of
watery places that were selected for deposition. For in-
stance, Strabo in Geographica (IV,1,13) notes that the Gauls
deposited metals in sacred lakes (limnais hierais). Addition-
ally, the possibility exists that a body of water may have
been a duplicate of a burial furnished with weapons, or-
naments and tools. The deliberate sinking of the parapher-
nalia would thus have been the result of an eschatological
reform that was extended throughout Urnfield culture: The
souls of the household communities continued to exist in
the grave, while the souls of the chosen few would only go
to the afterlife through a metonymic chain linking their per-
sonal belongings with water'®,

The points raised thus far demonstrate that the social
motivations behind the accumulation of metal in watery lo-
cations are intertwined with religious beliefs'*®. The legacy
of Oscar Montelius has long set the course for the interpre-
tation of aquatic deposits from the Bronze Age as a votive
offering'®’, although it may be equally argued that these
same deposits could also reflect water animisation and fer-
tility rites. Moreover, farming communities could have de-
posited metal goods into the water as part of a contract with
their gods; in return, they could have expected good health,
a successful harvest and the promise of crossing the water
to the world of the dead'*. The argument here is less per-
suasive because the Elgiszewo hoard contains damaged and
fragmented metalwork, whereas objects dedicated to deities
were typically required to be undefiled, without any signs
of use or violence'??. This is well attested in the religions of
the ancient world and Barbaricum. For example, linguistic
evidence comes from the Germanic word heilagaz meaning
both something sacred and healthy, and the related Polish
word caty, which also derives from the Indo-European root
koilo-'?3, refers to something healthy, complete and intact.

The deposition of metal in aquatic environments is
frequently explicable by reference to the concept of ouk
ekphora rule, which refers to the taboo against removing

117 Bradley 1990.

118 Roymans/Kortlang 1999, 55-57; Pennors 2000, 206.
119 Hansen 1997.

120 Hansen 2002, 91-92.

121 Stjernquist 1998, 172-176.

122 For different opinion, see e. g. Sommerfeld 1994.
123 Kroonen 2013, 200.
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certain objects'**, Diodorus Sicilus touched upon this in Bib-

liotheca historica (5.27), noting that the Gauls were prohib-
ited from retrieving gold from offering places once it had
been dedicated to the gods (anatetheimenos tois theois).
The deposition of the casting mould in the Elgiszewo hoard,
along with all the metal objects, adds a new dimension to
the interpretation of the hoard in terms of ouk ekphora.
Evidence of the ecumenical treatment of metal accessories
used for casting and smithing can be found throughout the
Lusatian period in Poland. These items were excluded from
settlement and funeral realms and deposited in watery
places without any intention of future retrieval'*. This
social strategy of engaging metal depositions may be to
some extent representative of a form of inalienable posses-
sion, which functions as an instrument of keeping, securing
objects that are symbolically identified with a social group
and preventing them from entering into gift-giving obliga-
tions and exchange*.

The Elgiszewo hoard can also be approached from a
different social angle. There are good reasons to believe
that metal became significant in political negotiations
during the Late Bronze Age in Poland, and thus may have
influenced interactions between the Lusatian power elites
from the Chelmno land and nearby regions'*’. The distri-
bution pattern of metal hoards in the geopolitical range
of Chelmno group may provide insight. These hoards are
clustered near major settlements and are deposited along
the Vistula, Drweca and Osa, which were the border rivers
of Chelmno folks’ territory**®. The Elgiszewo hoard would
thus mark an important regional communication hub in the
southern border of Chelmno group (see Fig. 5). The hoard
may also demonstrate how social groups constituted and
represented their local identities by ordering the landscape
that shaped their existence. Metal hoarding was, after all,
an act in and upon the landscape'?’. This spatial patterning
of metal hoards and settlement also indicates the increasing
external tensions and atomisation of the Lusatian societies
in the region at the dawn of the Hallstatt period. This was
followed by the appearance of fortified settlements in the
local landscape and the consolidation of local power elites

that shifted towards more territorial strategies'*.

124 Hansen 2012, 27.

125 Baron et al. 2014; Kowalski et al. 2021; cf. Fontijn 2008, 12.

126 Kristiansen 2012, 383.

127 Kowalski et al. 2020.

128 Gackowski/Kowalski 2019; Kowalski et al. 2020; Gackowski et
al. 2023.

129 Melheim 2015, 85; see also Fontijn 2002; Bradley 2017.

130 Kowalski et al. 2020.
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Ritual context and meanings

The Elgiszewo hoard contains female ornaments, a fragment
of a cauldron, a knife and horse-related elements, which
makes it challenging to determine with certainty whether
it can be classified as a votive offering. Luxury objects were
deposited in watery places as part of a devotio hostium
dedicated to chthonic deities. According to Livius, Decius
devoted both himself and the opposing enemy forces to the
gods of the Underworld in return for saving the Romans by
addressing the words deis Manibus Tellurique devoveo'®".
The same spell appears in the Gaulish inscription from the
tablet of Chamalieres as briytia anderon, which has been
translated as “magic of the underworld”***. In accordance
with traditional narratives, aquatic spirits, such as the pro-
to-Germanic nikwas, have occasionally been associated
with a water horse'*?, which could potentially shed light on
the horse harness fittings present in the Elgiszewo hoard
and other similar metal deposits from watery places. One
noteworthy aspect of the Nordic and Baltic regions is the
frequent occurrence of horse-related accessories accom-
panied by female-gendered items'**, which has led to the
hypothesis that the North European Bronze Age saw the
ecumenical ritual events and ceremonies led by priestesses
using two-horse team wagons'*,

The fragmentation of metals and the destruction of other
artefacts from the Elgiszewo hoard may be viewed as a ma-
terialising transformation. It is possible that the image we
observe here is the result of ritual violence directed towards
the metal object, which mirrors the destructive disposition
of a dead body through the cremating inferno'®. Indeed, the
hoarding of damaged metals parallels the cremation rite in
terms of its structural composition'*” and may therefore be
deemed a variant of a burial of the objects belonging to the
deceased. Anthropology recognises such a pattern as the ex-
clusion not of the objects themselves but of their non-spatial
associations, meanings and functions, etc. The Gundestrup
cauldron offers a remarkable illustration of this pattern.
Moreover, such objects are not typically external symbolic
storage'®. 1t is likely that these objects were not symbolic
agents — their users could have considered them real em-
bodiments of the true meanings and functions associated

131 Livius 2008, 140.

132 Koch 2003, 2.

133 Lithr 2017, 956-959.

134 See, e. g. Sarauw 2015; Kaczmarek et al. 2021; Szczurek/Kaczmarek
2022; Gackowski et al. 2023.

135 Kristiansen 2012; Varberg 2013.

136 Nebelsick 1997; 2016, 75-85.

137 Ibid, 75-85.

138 Renfrew 1998.
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with these objects, supporting the idea of parallelism in the
biographies of objects and humans. This is not a novel argu-
ment. Indeed, Richard Thurnwald’s account of the Zubehér
demonstrates this, as do the non-spatial relations that
Lucien Lévy-Bruhl calls appurtenances*®. It would there-
fore be reasonable to define aquatic deposits as les depdts
des appurtenances**. The primitive mentality holds that the
physical elimination of such objects cancels all their associ-
ations. However, it is evident that this process was highly
structured™' and required the appropriate method and
place to succeed. Furthermore, the ritual killing of objects
might be seen to echo the triad of punishment for an offence
against the three functions of Indo-European society. The
punishments for crimes against rulers were death from
strangulation and hanging, crimes against the heroic code
were punished by beating, mutilation and burning, and
crimes against the rules of commoners were punished by
drowning. These punishment methods were used either se-
lectively or in combination'*?. This line of reasoning may
suggest that cremation of bronzes would not be sufficient to
erase their attributes, as splitting, bending and burning is,
after all, part of the transformation of metal that heralds its
new form, or rebirth. Accordingly, the only way to break the
chain of possible incarnations of metal and annihilate its ap-
purtenances is to sink a metal deposit in a watery place that
would prevent the future retrieval of the deposit and ensure
its ultimate consumption by an animated body of water or
aquatic spirits. This modus operandi presents a promising
avenue for understanding a vast array of metal hoards from
the European Urnfield period through to the Early Iron Age.

List of finds

Body ornaments

1. Spiral bronze bracelet with narrowed endings, coiled
(3.5 coils) from sheet metal, undecorated. Size: coil & 6.5 cm,
coil width 0.8 cm, coil height 2.8 cm, sheet metal thickness
0.20 cm, weight 53 g. Inv. No. WKZ/T/1/2015. Plate 1,1.

2. Spiral bronze bracelet with narrowed endings, frag-
ment. Preserved one coil with narrowed ending, made of
sheet metal, undecorated. Size: coil & 6.0 cm, coil width
0.80 cm, sheet metal thickness 0.20 cm, weight 10 g. Inv. No.
WKZ/T/32/2015. Plate 1,2.

139 Lévy-Bruhl 1963.

140 Kowalski 2001, 20-21.
141 Cf. Fontijn 2002; 2008.
142 Ward 1970.
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3. Spiral bronze bracelet with narrowed endings, coiled
(2.5 coils) from sheet metal, undecorated. Size: coil & 6.5 cm,
coil width 1.0 cm, coil height 3.0 cm, sheet metal thickness
0.20 cm, weight 51 g. Inv. No. WKZ/T/3/2015. Plate 1,3.

4. Spiral bronze armband with narrowed endings, fragment.
Preserved 1.5 coil, made of sheet metal, decorated with a
zig-zag motif. Size: coil @ 6.5 cm, coil width 1.2 cm, sheet
metal thickness 0.20 cm, weight 19 g. Inv. No. WKZ/T/2/2015.
Plate 1,4.

5. Spiral bronze armband with narrowed endings, fragment.
Preserved 2.5 coils with narrowed ending, made of sheet
metal, decorated with a zig-zag motif. Size: coil @ 5.5 cm,
coil width 1.2 cm, sheet metal thickness 0.20 cm, weight 32 g.
Inv. No. WKZ/T/4/2015. Plate 1,5.

6. Spiral bronze armband with narrowed endings, fragment.
Preserved one coil, made of sheet metal, decorated with a
zig-zag motif. Size: coil & 6.2 cm, coil width 1.2 cm, sheet
metal thickness 0.20 cm, weight 6 g. Inv. No. WKZ/T/11/2015.
Plate 1,6.

7. Spiral bronze armband with narrowed endings, fragment.
Preserved half of coil, made of sheet metal, decorated with a
zig-zag motif. Size: coil length 6.0 cm, coil width 1.1 cm, sheet
metal thickness 0.20 cm, weight 3 g. Inv. No. WKZ/T/14/2015.
Plate 1,7.

8. Spiral bronze armband with narrowed endings, fragment.
Preserved half of coil, made of sheet metal, decorated with a
zig-zag motif. Size: coil length 6.5 cm, coil width 1.3 cm, sheet
metal thickness 0.20 cm, weight 5 g. Inv. No. WKZ/T/13/2015.
Plate 1,8.

9. Spiral bronze armband with narrowed endings, frag-
ment. Preserved half of coil, made of sheet metal, decorated
with a zig-zag motif. Size: coil length 11.5 cm, coil width
1.2 cm, sheet metal thickness 0.20 cm, weight 7 g. Inv. No.
WKZ/T/12/2015. Plate 1,9.

10. Bronze bracelet, closed, made of U-shaped sheet metal,
undecorated. Size: hoop & 7.8 cm, width 1.0 cm, height
1.0 cm, sheet metal thickness 0.20 cm, weight 50 g. Inv. No.
WKZ/T/7/2015. Plate 1,10.

11. Bronze bracelet with bevelled endings, open, made of
round rod, undecorated. Size: hoop & 9.0 cm, rod & 1.0 cm,
weight 155 g. Inv. No. WKZ/T/8/2015. Plate 1,11.

12. Bronze bracelet with straight endings, open, made of
round rod, undecorated. Size: hoop @ 7.8 cm, rod & 0.70 cm,
weight 92 g. Inv. No. WKZ/T/9/2015. Plate 1,14.

13. Bronze bracelet with straight endings, open, made of
round rod, undecorated. Size: hoop & 7.8 cm, rod & 0.90 cm,
weight 144 g. Inv. No. WKZ/T/10/2015. Plate 1,15.

14. Bronze necklace, closed, made of round rod, undeco-
rated. Size: hoop & 18 cm, rod & 0.75 cm, weight 247 g. Inv.
No. WKZ/T/27/2015. Plate 1,16.
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15. Bronze necklace with narrowed endings and a clasp,
made of round rod, undecorated. Size: hoop & 18 cm, rod &
0.70 cm, clasp @ 0.90 cm, clasp length 3.3 cm, weight 232 g.
Inv. No. WKZ/T/28/2015. Plate 1,17.

Dress ornaments

16. Spiral fragment, presumably the part of the Spindlersfeld
fibula; see below. Preserved spiral coil made of rod square
in cross section. Size: & 3.5 cm, rod width 0.20 cm, weight
11 g. Inv. No. WKZ/T/6/2015. Plate 1,12.

17. Bronze fibula, type Spindlersfeld, fragment. Preserved
central part of lenticular plate (bow) made of sheet metal,
decorated with dotted circles and arches. Size: length 9.2 cm,
width 6.3 cm, weight 14 g. Inv. No. WKZ/T/30/2015. Plate 1,13.

Phalerae

18. Bronze phalera with a domed centre and a single loop,
type Kalisz, damaged. Provided with a flattened knob and
profiled edges, undecorated. Size: & 9.0 cm, knob & 1.2 cm,
height 2.0 cm, loop width 3.3 cm, weight 32 g. Inv. No.
WKZ/T/16/2015. Plate 2,1.

19. Bronze phalera with a domed centre and a single loop,
type Kalisz, damaged. Provided with a flattened knob and
profiled edges, undecorated. Size: & 9.0 cm, knob & 1.2 cm,
height 2.0 cm, loop width 3.5 cm, weight 33 g. Inv. No.
WKZ/T/17/2015. Plate 2,2.

20. Bronze phalera with a domed centre and a single loop,
type Kalisz, damaged. Provided with a flattened knob and
profiled edges, undecorated. Size: & 8.3 cm, knob & 1.2 cm,
height 1.8 cm, loop width 2.5 cm, weight 30 g. Inv. No.
WKZ/T/20/2015. Plate 2,3.

21. Bronze phalera with a single loop (broken off), notching
around the loop base, damaged. Size: & 11.5 cm, weight 63 g.
Inv. No. WKZ/T/21/2015. Plate 2,4.

22. Bronze phalera with a domed centre and a single loop,
type Morgenitz, damaged. Provided with a knob and pro-
filed edges, undecorated. Loop endings flat hammered at
the outer side of the dome. Size: & 7.5 cm, height 1.8 cm, loop
width 2.8 cm, weight 24 g. Inv. No. WKZ/T/22/2015. Plate 2,5.

23. Bronze phalera with two cast loops, undecorated. Size:
@ 5.5 cm, height 2.0 cm, loop width 3.0 cm, loop span 1.5 cm,
weight 30 g. Inv. No. WKZ/T/23/2015. Plate 2,6.

24. Bronze phalera with two cast loops, undecorated,
damaged. Size: @ 5.5 cm, height 1.8 cm, loop width 3.0 cm,
loop span 1.5 cm, weight 30 g. Inv. No. WKZ/T/24/2015. Plate
2,7.
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25. Bronze phalera with a domed centre and two cast
loops, undecorated, damaged. Size: & 9.0 cm, height 2.0 cm,
loop width 2.5 cm, loop span 2.0 cm, weight 43 g. Inv. No.
WKZ/T/19, 33/2015. Plate 2,8.

26. Bronze phalera with two cast loops, undecorated,
damaged. Size: @ 11 cm, loop width 3.5 cm, loop span 2.0 cm,
weight 59 g. Inv. No. WKZ/T/18/2015. Plate 2,9.

Cauldron

28.Bronze cauldron, fragment. Preserved a handle with two
looped cross attachments that were originally riveted to the
metal body. A handle made of a twisted bronze rod with
hammered and looped endings. Attachments decorated
with vertical grooves and concentric circles. Preserved frag-
ments of metal body. Size: handle height 10 cm, handle span
30 cm, handle thickness 0.30—0.80 cm, attachments height
9.0 cm, attachments width 7 cm, attachments loop & 3.0 cm,
weight 250 g. Inv. No. WKZ/T/25/2015. Plate 3,2.

27. Bronze cauldron, fragment. Preserved a handle with one
looped cross attachment that was originally riveted to the
metal body. A handle made of a twisted bronze rod with
hammered and looped endings. Attachment decorated with
vertical grooves. Preserved fragments of metal body. Size:
handle height 9 cm, handle span 31 cm, handle thickness
0.30-0.80 cm, attachment height 8.5 cm, attachment width
8.2 cm, attachment loop & 2.5 cm, weight 209 g. Inv. No.
WKZ/T/26/2015. Plate 3,1.

Tools

29. Bronze antenna knife, type Szymocin, fragment. Pre-
served a handle with a damaged blade part and hilt ending
in a pair of damaged antennae. The back part decorated
with incised double herringbone motif interspersed with
triple grooves. The tang has four rivet holes, one bronze
rivet preserved. Size: length 20 cm, blade part length 9 cm,
blade part width 2.5 cm, back part width 1.2 cm, blade width
0.2 cm, handle part length 11 cm, grip length 9 cm, grip
width 1.3 cm, grip thickness 0.7-1.0 cm, weight 77 g. Inv. No.
WKZ/T/25/2015. Plate 3,3.

30.1-2. Bipartite bronze casting mould for socketed axes,
type Przedmiescie. Male part provided with four pegs fitting
into holes in the female part. Two damaged knobs visible
on the outer side. The split with a total length of 2.5 cm is
discernible on the feeding channel. Size: male part: length
13.9 cm, width 4.2, weight 298 g. Inv. No. WKZ/T/31.1/2015;
female part: length 13.8 cm, width 4.3, weight 314 g. Inv. No.
WKZ/T/31.1/2015. Plate 3,4.
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31. Lenticular-shaped stone object with circular inden-
tations on the upper and lower faces and flattened sur-
faces on the diameter. Size: & 7 cm, height 3.7 cm, flatten-
ing on the diameter width 1.2 cm, weight 251 g. Inv. No.
WUOZ/T/34/2015. Plate 4,1.

Semi-products and waste

33. Bronze wire joined coils with twisted or recurrent
endings. Size: coil @ 3.5 cm, wire & 0.15 cm, weight 36 g. Inv.
No. WUOZ/T/5/2015. Plate 3,6-9.

32. Bronze destruct, originally made of metal sheet.
Size: length 8.0 cm, width 7.8 cm, weight 16 g. Inv. No.
WUOZ/T/29/2015. Plate 3,5.

All artefacts are held in the Archaeological Museum in
Biskupin, Poland.

List of Kannelurensteine from the
studied area (and the East
Prussia)'® (see Fig. 13 and Plate 4):

1. Elgiszewo, Ciechocin commune. Context: metal hoard, Ha
B3/Ha C. Size: & 7.1 cm, height 3.8 cm, weight 251 g. Archae-
ological Museum in Biskupin, Inv. No. WUOZ/T/34/2015.
Plate 4,1.

2. Glazewo, Unistaw commune. Context: stray find, Ha B2—
Ha B3/Ha C. Size: & 7.1 cm, height 3.3 cm, weight 60 g, pre-
served partially with a central hourglass perforation. Dis-
trict Museum in Torun, Inv. No. MT/A/240. Plate 4,2.

3. Gniewkowo-Zajezierze, loco commune. Context: defen-
sive settlement, Lusatian culture, Ha B2-Ha B3/Ha C. Size:
@ 6.9 cm, height 3.5 cm, weight 302 g. Provincial Office for
the Protection of Monuments in Torun. Plate 4,3.

4. Kaldus, Chelmno commune. Context: defensive settle-
ment, Lusatian culture, Ha B2-Ha B3/Ha C. Size: @ 7.6 cm,
height 2.8 cm, weight 240 g. Museum of Chelmno land, Inv.
No. MZCH/A/26. Plate 4,4.

5. Kijewo Szlacheckie, Kijewo Krélewskie commune.
Context: stray find, Ha B2-Ha B3/Ha C. Size: @ 7.2 cm, height
3.9 cm, weight 230 g. District Museum in Torun, Inv. No.
MT/A/519. Plate 4,5.

143 Prinke/Skoczylas 1980; Dabrowski 1997; Hoffmann 1999; Gack-
owski 2012; Bielinska-Majewska 2015; Rembisz-Lubiejewska 2017; Oli-
wkowski 2021; Wyrzykowski 2021.
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6-7. Ruda, Grudzigdz commune. Context: open settlement,
Lusatian culture, Ha B2-Ha B3. Site 3-6 D: size: & 7.7 cm,
height 3.9 cm, weight 286 g. Institute of Archaeology, NCU in
Torun, Inv. No. 15/01; Site 3—6 F: size: @ 7.0 cm, height 3.4 cm,
weight 259 g. Institute of Archaeology, NCU in Torun, Inv.
No. 123/02. Plate 4,6, 7.

8. “Chelmno land”. Context: stray find, Ha B2-Ha B3/Ha
C. Size: & 6.0 cm, height 3.8 cm, weight 220 g. Institute of
Archaeology, NCU in Torun. Plate 4,8.

9-10. Moltajny, Barciany commune. Context: lake settle-
ment, West Baltic Barrow culture, Ha D — La Téne C. Archi-
val. Size: @ ca. 5.1 cm, height ca. 3.4 cm. Archival. Size: & ca.
6.3 cm, height ca. 4.9 cm. Formerly Kénigsberg City Museum.
Plate 4,9.10.

11. Ogrodki, Mitki commune. Context: stray find, Ha B2-
B3. Archival. Size: & ca. 5.7 cm. Formerly Konigsberg City
Museum. Plate 4,11.

12. Szczecinowo, Stare Juchy commune. Context: lake set-
tlement, West Baltic Barrow culture, Ha C — Ha D. Archival.
Size: @ 7.5 cm. Formerly Konigsberg City Museum. Plate 4,12.

List of sites from the studied area’*
(see Fig. 5):

Cremation cemeteries of Ha B3-Ha D

1. Ciechocin, loco commune, Ha C-Ha D

2. Jedwabno (site 110), Lubicz commune, Ha B3/Ha C

3. Mlyniec Dolny"*® (site 4), Lubicz commune, Ha B3/Ha C
4. Mlyniec Dolny (site 12), Lubicz commune, Ha C-Ha D
5. Mlyniec Gorny (site 98), Lubicz commune, Ha B3/Ha C
6. Rudaw (site 10), Ciechocin commune, Ha B3/Ha C

Open settlements of Ha B-Ha D

7. Chelmonie (site 6), Kowalewo Pomorskie commune, Ha
C-HaD

8. Ciechocin (site 3), loco commune, Ha C-Ha D

9. Ciechocin (site 5), loco commune, Ha C-Ha D

10. Ciechocin (site 7), loco commune, Ha C~Ha D

144 Jakimowicz 1925; Heym 1942; Zielonka 1959; Chudziakowa 1974;
Fogel 1979; Dabrowski 1997; Blajer 2001; Gedl 2001; 2003; Gackowski
2012; 2016; Kucharski 2015; Gackowski/Rosotowski 2022. Archaeological
Record Survey data: The Provincial Office for the Protection of Monu-
ments in Torun (WUOQZ).

145 The identified site may be the cemetery at Jedwabno (site 110),
Lubicz commune.
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11. Ciechocin (site 9), loco commune, Ha C~Ha D

12. Ciechocin (site 11), loco commune, Ha C-Ha D

13. Ciechocin (site 14), loco commune, Ha C-Ha D

14. Ciechocin (site 16), loco commune, Ha C-Ha D

15. Ciechocin (site 17), loco commune, Ha C-Ha D

16. Ciechocin (site 21), loco commune, Ha C-Ha D

17. Ciechocin (site 27), loco commune, Ha C-Ha D

18. Ciechocin (site 30), loco commune, Ha C-Ha D

19. Ciechocin (site 31), loco commune, Ha C-Ha D

20. Ciechocin (site 32), loco commune, Ha C-Ha D

21. Ciechocin (site 34), loco commune, Ha C-Ha D

22. Ciechocin (site 37), loco commune, Ha C-Ha D

23. Ciechocin (site 38), loco commune, Ha C~Ha D

24. Ciechocin (site 39), loco commune, Ha C-Ha D

25. Ciechocin (site 40), loco commune, Ha C-Ha D

26. Ciechocin (site 46), loco commune, Ha C-Ha D

27. Ciechocin (site 47), loco commune, Ha C-Ha D

28. Elgiszewo (site 7), Ciechocin commune, Ha C-Ha D

29. Elgiszewo (site 9), Ciechocin commune, Ha C-Ha D

30. Jedwabno (site 4), Lubicz commune, Ha C-Ha D

31. Kamionki Duze (site 15), Lysomice commune, Ha C-Ha D
32. Kamionki Male (site 1), Lysomice commune, Ha B3/Ha C
33. Kamionki Male (site 4), Lysomice commune, Ha B3/Ha C
34. Lubicz Dolny (site 1), loco commune, Ha B

35. Lubicz Dolny (site 2), loco commune, Ha B3/Ha C

36. Mlyniec Dolny (site 2), Lubicz commune, Ha C-Ha D

37. Mlyniec Dolny (site 6), Lubicz commune, Ha C-Ha D

38. Mlyniec Dolny (site 10), Lubicz commune, Ha C-Ha D
39. Mlyniec Gorny (site 8), Lubicz commune, Ha C-Ha D

40. Nowogrod (site 1), Golub-Dobrzyn commune, Ha C~-Ha D
41. Nowogrod (site 5), Golub-Dobrzyn commune, Ha C~-Ha D
42. Nowogrdd (site 6), Golub-Dobrzyn commune, Ha C-Ha D
43. Nowogrdd (site 7), Golub-Dobrzyn commune, Ha C-Ha D
44. Nowogrod (site 10), Golub-Dobrzyn commune, Ha
C-HaD

45. Nowogréd (site 13), Golub-Dobrzyn commune, Ha
C-HaD

46. Nowogrod (site 18), Golub-Dobrzyn commune, Ha
C-HaD

47. Rudaw (site 9), Ciechocin commune, Ha C-Ha D

48. Rudaw (site 18), Ciechocin commune, Ha B3/Ha C

49, Szewa (site 4), Kowalewo Pomorskie commune, Ha C-Ha
D

50. Szewa (site 7), Kowalewo Pomorskie commune, Ha
C-HaD

Settlement traces of Ha B-Ha D

51. Chelmonie (site 9), Kowalewo Pomorskie commune, Ha
C-HaD
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52. Chelmonie (site 61), Kowalewo Pomorskie commune, Ha
B3/Ha C

53. Elgiszewo (site 8), Ciechocin commune, Ha C-Ha D

54. Elgiszewo (site 12), Ciechocin commune, Ha C-Ha D

55. Elgiszewo (site 13), Ciechocin commune, Ha C-Ha D

56. Jedwabno'*® (site 115), Lubicz commune, Ha B3/Ha C

57. Jedwabno, Lubicz commune, Ha B3/Ha C

58. Kamionki Male (site 2), Lysomice commune, Ha B3/Ha C
59. Kamionki Male (site 3), Lysomice commune, Ha B3/Ha C
60. Kamionki Mate (site 5), Lysomice commune, Ha B3/Ha C
61. Kamionki Male (site 8), Lysomice commune, Ha B3/Ha C
62. Lubicz Dolny (site 14), loco commune, Ha C-Ha D

63. Lubicz Dolny (site 15), loco commune, Ha C-Ha D

64. Lubicz Gorny (site 1), loco commune, Ha B3/Ha C

65. Lubicz Gorny (site 2), loco commune, Ha B3/Ha C

66. Miliszewy (site 3), Ciechocin commune, Ha B3/Ha C

67. Mlyniec Dolny (site 20), Lubicz commune, Ha C-Ha D
68. Mlyniec Dolny (site 101), Lubicz commune, Ha C-Ha D
69. Mlyniec Gérny"*’ (site 106), Lubicz commune, Ha C-Ha D
70. Mlyniec Gérny™*® (site 108), Lubicz commune, Ha C-Ha D
71. Nowogr6d**®, Golub-Dobrzyn commune, Ha B

72. Plebanka, Golub-Dobrzyn commune, Ha C~-Ha D

73. Szewa (site 2), Kowalewo Pomorskie commune, Ha
C-HaD

74. Szewa (site 9), Kowalewo Pomorskie commune, Ha
C-HaD

75. Szewa (site 10), Kowalewo Pomorskie commune, Ha B

Metal deposits of Ha B2-Ha D

76. Elgiszewo, Ciechocin commune (hoard), Ha B3/Ha C

77. Glogowo, Obrowo commune (bronze antenna sword,
type Florsheim), Ha B2

78. Glowinsk, Rypin commune (bronze cauldron), Ha B2-Ha
B3

79. Jedwabno™*° (site 118), Lubicz commune (bronze eyelet
pin, plate fibula), Ha B

146 The identified ceramic urn may originally come from the crema-
tion cemetery at Jedwabno (site 110), Lubicz commune.

147 The Bronze/Early Iron Age chronology of an antler cheekpiece
from Mlyniec Gérny near Torun (Sulimirski 1948, 80-89 ryc. 2) has been
contested by some authors (e. g. Bukowski 1977, 94).

148 The identified ceramic urn may originally come from the crema-
tion cemetery at Mlyniec Gorny (site 98), Lubicz commune.

149 The identified site may be the open settlement at Mlyniec Gérny
(site 98), Lubicz commune.

150 The identified bronze eyelet pin and plate fibula may originally
come from the cremation cemetery at Jedwabno (site 110), Lubicz com-
mune.
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80. Jedwabno'®", (site 117) Lubicz commune (bronze spear-
head), Ha B3/Ha C

81. Kamionki, Lysomice commune (bronze necklace), Ha B3/
HaC

82. Lubin, Kik6l commune (hoard), Ha D
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