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LATE BRONZE AGE SWORDS WITH LEADED HILTS FROM HUNGARY

Janos Gabor TarBAY, ® Boglarka MAROTI™

Late Bronze Age swords are associated with several technological innovations, one of the lesser-known examples
being the casting of lead on the hilt of bronze swords. There are many practical reasons for that, including chang-
ing the sword’s point of balance, repairing casting defects, and improving the fastening of metal hilts and hilt
plates. Some theorise that the addition of lead may even have a ritual explanation. In this study, handheld XRF
analyses of three Late Bronze Age (Br C-Br D) flange-hilted bronze swords from river and lake environments in
Hungary, Komdrom-Szény-Oil Refinery-River Danube (Komdrom-Esztergom County), Lake Balaton, and Gyo-
maendréd (Békés County), were carried out. The results of the measurements were used to determine whether
the thick, pale, grey residue on the handles of the swords could be identified as lead.

A késé bronzkori kardokhoz szdmos technoldgiai tijitds kothetd, ennek egyik kevésbé ismert példdja az dlom
raontése a bronzkardok markolatdra. A jelenségnek megannyi praktikus oka lehet, melyek kozott emlitheté a
kard sulypontjanak megvdltoztatdsa, az ontvényhibdk javitdsa, a féemmarkolatok és nyéllapok szorosabb rog-
zitése. Egyes elképzelések szerint az 6lom hozzdaddsa még ritudlis okokkal is magyardzhato. A tanulmdnyban
hédrom, Magyarorszdg teriiletérdl szarmazo késé bronzkori (Br C-Br D), folyami és tavi kornyezetben elSkeriilt
nyélnytijtvianyos bronzkard kézi XRF-vizsgalatat végeztiik el: Komdrom-Szdény-Olajfinomité-Duna folyé (Ko-
mdrom-Esztergom vdarmegye), Balaton, Gyomaendréd (Békés varmegye). A mérési eredményekkel arra kerestiik
a vdlaszt, hogy vajon a faké sziirke szinti, vastag lerakoddsnyomok a kardok markolatdin valoban élomként
azonosithatok-e.

Keywords: lead, handheld XRE swords, point of balance, metalwork and use-wear analysis, Late Bronze Age
Kulcsszavak: élom, kézi XRE, stilypont, készitéstechnologiai és haszndlatinyom-elemzés, késé bronzkor

Introduction perienced craftsman with advanced metallurgical

knowledge or the cooperation of specialists who

Bronze Age swords are the results of thousands of
years of technological development, accumulated
knowledge, innovation, and experimenting by met-
alsmiths starting with the end of the Late Neolith-
ic. They are the very first archaeologically tangible
weapons made solely to kill humans, and as such,
were perfected to the very end. A stronger and better
weapon is an obvious advantage on the battlefield,
and such objects have always been in great demand.
Great demand gives birth to even greater creativity
and technological progress. In the Late Bronze Age,
making a metal-hilted sword required a highly ex-

could cast in two-piece moulds and could master
the lost-wax casting technique with a core and dif-
ferent kinds of metal decoration techniques (chas-
ing, repoussé, engraving) and those of edge harden-
ing (cold hammering, annealing). All these efforts
went into making swords an even more effective and
lethal weapon and an object of prestige desired by
many who engaged in the lifestyle of a warrior. The
effectiveness of a sword can be improved in various
ways, like by adding different proportions of tin to
make the blade more resilient or flexible, enlarg-
ing or shortening the blade, applying post-casting
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treatment to the blade to make it more resilient,
and making the edge razor-sharp to cut through
anything that would stand in its way. In the present
study, we focus on one phenomenon only: swords
with leaded hilts. The analysed examples are three
flange-hilted swords from the Prehistoric Collec-
tion of the Hungarian National Museum, obtained
from sites including Komarom-Sz6ny-Oil Refinery-
River Danube (Komarom-Esztergom County, HU),
henceforth: Komarom-Szény (Fig. 1, 1), Lake Bala-
ton (without a more precise findspot, HU) (Fig. 1, 2),
and Gyomaendrdd (Békés County, HU) (Fig. 3, 1).

Catalogue

1. Sword (Koméarom-Sz6ény-Oil Refinery-River Danube,
1950.44): Long flange-hilted sword with four peg
holes and a straight, narrow blade. Length 861 mm;
length (hilt) 89.88 mm; width (hilt) 29.26 — 26.24
- 54.54 mm; thickness (hilt) 10.18 mm; thickness
(blade) 27.34 x 6.59 mm; weight 596.3 g (Fig. 1, I,
Fig. 2, 1A-1B, Fig. 4, D-F).

2. Sword (Lake Balaton, 52.32.75): Flange-hilted sword
with six peg holes on its shoulders. It has an oval
cross-section emphasised by two outline grooves.
The object was welded from three fragments. Length
684 mm; length (hilt) 95.10 mm; width (hilt) 24.26
- 57.40 mm; thickness (hilt) 11.64 mm; thickness
(blade) 31.67 x 7.59 mm; weight 554.2 g (soldered)
(Fig. 2, 2, Fig. 2, 2A-2B, Fig. 4, A-C).

3. Sword (Gyomaendréd, 35.1888): Long, flange-hilted
sword with four peg holes and two preserved pegs. The
blade has an emphasised central ridge and two outline
grooves. Length 556.18 mm; length (hilt) 97.55 mm;
width (hilt) 62.69 — 24.44-34.81 mm; thickness (hilt)
9.51 mm; thickness (blade) 34.63 x 7.85 mm; weight
666.8 g (Fig. 3, 1, 2A-2B, Fig. 4, G-).

The three swords

The sword from Komdrom-Szény (Fig. I, 1) was
purchased in 1950 from Lészl6 Barkdczi, who alleg-
edly found it in front of the Oil Refinery in the River
Danube (Mozsolics 1973, 181, Pl. 14, 1; Kemenczei
1988, 45, Pl. 18, 189; Szathmari 2005, 157, No. 22).
The sword was associated with Type Ia by Amalia
Mozsolics (Mozsolics 1973, 27) after Ernst Sprock-
hoft (Sprockhoft 1931, 1-8). Most related finds were
classified similarly (Cowen 1956, 56, 58-60; Novak
1975, 16-18; Wiistemann 2004, 20-22; Laux 2009,
101) or as Traun-type (Schauer 1971, 199-121). Lat-
er it was reclassified into Tibor Kemenczei’s Group

Al and dated to the Br C/Br D (Ha A1) period of the
Late Bronze Age (Kemenczei 1988, 44-46). The find
was included in the series of the SAM project, which
revealed a 9.7 mass percent (m%) Sn content of the
weapon, along with As (0.05 m%), Sb (0.05 m%), Ag
(in traces), Ni (0.35 m%), and Fe (++) as accompa-
nying elements (Junghans, Sangmeister, Schroder
1974, 294-295, SAM 19687). The Komarom-Szény
sword has analogies among Hungarian swords re-
covered from a wetland context. A sword was found
in the line of the ferry port, approximately 100 me-
tres from the shore of the Lake Balaton at Zamardi-
Szantdéd puszta (Mozsolics 1975, 9, fn. 30, Fig. 1, 3;
Kemenczei 1988, 45, PI. 18, 191). There are also two
stray finds from the western and eastern parts of the
country that can be associated with the specimen
under study, from Acsteszér and Malyi (Mozsolics
1973, 28, Pl. 14, 3; M. Hellebrandt 1985, Fig. 1, 1;
Kemenczei 1988, 44, 48, Pl. 16, 181, Pl. 18, 187).
Only the sword from Nagykanizsa-Alséerdd (‘Br
C2-Br D’) was found in a grave (No. 1) with uncer-
tain find context (Patek 1968, 60, 132, Pl. 93, 1; Ke-
menczei 1988, 44-45, Pl. 17, 188). The stray swords
from Sommersdorf, Germany, and Praha-Modfany,
Czech Republic, can also be related to this weapon
(Novak 1975, 16, Pl. 8, 56; Wiistemann 2004, 20, Pl.
6, 36). The sword from Streufdorf was found in a
‘double burial” and dated to the Traisbach-Bessunger
Wald horizon (Br C/Br C2) (Wiistemann 2004, 22,
Pl. 6, 37). There are also a handful of Sprockhoff Ia-
type swords from Northern Germany, which may
be distant typological relatives of the piece from
Komarom-Sz6ny, such as the ones from Period II (Br
B1/Br C2) burial mounds from Westerwanna and
Regesbostel, the stray sword from Harsefeld, and the
moor find from ‘“Templin Kr. Burgwall’ (Sprockhoft
1930, 66, No. 53, PL 1, 3; Laux 2009, 101, Pl. 38, 245-
247). It should be noted that lead was also cast on
the handle of three specimens (Laux 2009, 101). The
sword from a burial mound in Binesminde Kloster-
hede, Denmark, also represents Period II (Br B1/Br
BC2) (Sprockhoff 1931, 5, 60, No. 50, PL. 3, 1). Two
swords from burial contexts in Sonnerup (Period II)
(Aner, Kersten 1973, 72-74, Pl. 39, 228.F) and Ger-
drup (dltere Bronzezeit) (Aner, Kersten 1973, 173, PL.
100, 475B) can be mentioned as further analogies
from Northern Europe. The Traun-type stray sword
from Uffenheim may also be related to this specimen
(Schauer 1971, 121, PL 55, 374). The dating of the
Komarom-Sz6ny sword is not certain because it is an
uncontexted individual find. The datable analogies
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Fig. 1 1: sword from Komarom-Sz6ny; 2: sword from Lake Balaton (Hungarian National Museum, Budapest,
photos by J. G. Tarbay)
1. kép 1: a komarom-sz6nyi kard; 2: a balatoni kard (Magyar Nemzeti Mzeum, Budapest, fényképek: Tarbay J. G.)
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5 cm

Fig. 2 1A-1B: lead traces on the hilt of the sword from Komarom-Szény; Danube; 2A-2B: lead traces on the hilt
of the sword from Lake Balaton (Hungarian National Museum, Budapest, photos by J. G. Tarbay)
2. kép 1A-1B: dlomnyomok a komarom-sz8nyi kardon; 2A-2B: 6lomnyomok a balatoni kard markolatan
(Magyar Nemzeti Muzeum, Budapest, fényképek: Tarbay, J. G.)
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of the sword represent the Period II (Br B1/Br C2)
and Br C periods. It likely represents the Br C period,
or possibly the Br D, as Tibor Kemenczei has sug-
gested (Kemenczei 1988, 44-46).

The archaeological collection of the Hungarian Na-
tional Museum includes a bronze flange-hilted sword
discovered in Lake Balaton (Fig. 1, 2) around 1841.
This object was classified into the same Type Al and
dated similarly (Br C2/Br D /Ha A1) as the one from
Komarom-Sz6ny by Tibor Kemenczei (Marton 1930,
15, Fig. 8; Kemenczei 1988, 44, Pl. 16, 182; Szathmari
2005, 158, no. 27; Ilon 2011, 236, Tab. 1, 2, Fig. 2, 2).
Among Hungarian finds, perhaps the sword from
the Zalkod hoard (Br D) is the closest analogy to this
specimen (Mozsolics 1985, 216, PL. 7, 1; Kemenczei
1988, 48-49, PI. 21, 217). We are also aware of two
analogies to this sword without datable archaeologi-
cal context from Bohemia, the Houska graveyard and
Svaty Tomas (Novak 1975, 16-17, P 8, 55, P1. 10, 67).
One Anneheim-type sword from Davoser See is also
a distant relative of the Lake Balaton sword. The dif-
ference between the two is in the shape of their han-
dles (Schauer 1971, 126, PI. 56, 382). Another sword
of the same type from ‘Jasmund Peninsula’ may also
be related to the piece from Lake Balaton (Wiistemann
2004, 23, PL. 6, 40). The sword from the canal of the
Thielle/Zihl at Briigg, Switzerland, has a build-up like
the Hungarian specimen (Cowen 1956, 58, 121, PL
3, 7). The Lake Balaton sword can be dated to the Br
D phase based on the chronological position of the
Zalkod hoard. Two swords from Northern European
Period II (Br B1/Br C2) burials in Bakkebjerg (Aner,
Kersten 1973, 6, P. 2, 14A) and Seborg (Aner, Kersten
1973, 23, PL. 15,91) can also be related to the find from
Lake Balaton.

The sword from Gyomaendrdd (Endréd) (Fig.
3, I) was mentioned in the literature as a stray find
(Hampel 1888, 379; Kemenczei 1988, 44, Pl 17,
184). The find circumstances are described in the
inventory book of the Hungarian National Muse-
um. The sword was found during dredging works
under Endréd [Gyomaendréd] at the 29™ incision
[of the River Koros], in a depth of ca. 7 metres. This
findspot can easily be localised on the 19"-century
Cadastral Map of the Habsburg Empire. The ex-
act findspot was located in the northern part of
Gyomaendrdd, near Hidf§ Street, under the bridge
that crosses the Koros River. The circumstances of
the discovery of the sword raised the possibility
that this weapon was either deposited in the Koros
River or placed in a surrounding marshland area in

the Late Bronze Age. The flange-hilted sword from
Gyomaendrdd (Endréd) is a stray find that was as-
signed to the first variant of Tibor Kemenczei’s Type
A like the Komarom-Sz6ny sword (Kemenczei 1988,
Pl. 17, 184). The overall shape of this sword is not
unique at all, as it has many analogies throughout
Europe. Despite the similar build-up, the double
outline grooves make it somewhat different from
other swords of the type. The Budapest-Nagytétény-
River Danube sword (Kemenczei 1988, 44, Pl. 17,
183) features similar design. The swords from the
Province of Treviso and ‘Southern Germany’ have
identical blade constructions and outline grooves.
However, these specimens have six peg holes, and
are somewhat more advanced constructions (Bianco
Peroni 1970, 59, PL. 17, 126; Schauer 1971, Pl. 56,
383). Thus, this sword cannot be dated based on its
close analogies; it is most likely dated to the Br C/Br
D periods, as Tibor Kemenczei has suggested for his
first variant of Group A (Kemenczei 1988, 44-46).

Metalwork wear analysis

The three swords were investigated using a Toolcraft
microscope camera (Model No. UMO039) to iden-
tify production-related technological and use-wear
traces. To identify modern and prehistoric damage,
we relied on experimental archaeological works and
use-wear studies focusing on sword combat (Bridg-
ford 2000; Bell 2019; Gentile, van Gijn 2019; Her-
mann et al. 2020).

The Komdrom-Szény sword showed hammering
traces along its hilt. The object’s cutting edge was not
only heavily damaged by taphonomic processes but
also showed characteristic traces of modern combat
damage in the form of patina breaks. A fine exam-
ple is of these is a large V-shaped notch (Fig. 4, E).
Under a microscope, the tip of the weapon seems to
have also been filed (Fig. 4, F). Prehistoric use-wear
traces could only be observed along the hilt shoul-
ders (Fig. 2, 1A-1B). Here, the peg holes showed
wear caused by the friction of the pegs. Based on the
analysis, the object could be identified as a finished,
used product.

The condition of the Lake Balaton sword was far
from ideal. According to the analysis, it was soldered
from three parts as an old attempt of ‘restoration.
Only one production-related technological mark,
a hammered cutting edge, could be observed. Mi-
croscope images have revealed characteristic traces,
such as U- and V-shaped notches (Fig. 4, A) and
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Fig. 3 1: the sword from Gyomaendrdd; 2A-2B: lead traces on the hilt of the sword from Gyomaendréd
(Hungarian National Museum, Budapest, photos: J. G. Tarbay)
3. kép 1: a gyomaendrddi kard; 2A-2B: 6lomnyomok a gyomaendrédi kard pengéjén
(Magyar Nemzeti Muzeum, Budapest, fényképek: Tarbay J. G.)
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Fig. 4 A-C: sword from Lake Balaton; A: modern V- and U-shaped notches, B: modern chipping, C: modern tip
damage; D-F: Sword from Komarom-Sz8ny; D: notches, E: modern V-shaped notch, F: modern tip damage;
G-J: sword from Gyomaendrdd; G: dents, H: curling, I: modern damage caused by dredger vessel, J: peg hole

with wear mark (Hungarian National Museum, Budapest, micrographs by J. G. Tarbay)
4. kép A-C: a balatoni kard; A: modern V és U alaku csorbuldsok, B: modern élforgacsolddas, C: modern hegysériilés;
D-F: a komarom-sz6nyi kard; D: csorbulasok, E: modern V alaku csorbuldsok; F: modern hegysériilés;
G-J: A gyomaendrddi kard; G: élhorpadas; H: élhajlas; I: kotrohajo altal okozott modern sériilés; J: kopott szegecslyuk
(Magyar Nemzeti Muzeum, Budapest, mikroszkopfelvételek: Tarbay J. G.)
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Fig. 5 XRF spectra of the sword from Komdarom-Sz6ny. Elevated amounts of lead can be observed where pale, grey-
coloured residue covers the surface of the handle (Tab. 1; Nos. 8-10) compared to the cleaned area (Tab. 1, No. 5)
(the counts in the spectra are normalised to the 8-keV copper peak)

5. kép A Komarom-Szdny lel8helyrél szarmazé kardrol késziilt XRE-spektrumok. Nagy 6lomtartalom figyelheté meg a
halvanysziirke lerakédasnyomokkal boritott részeken (1. tdbldzat, 8-10. mérések) a megtisztitott fémfeliiletekkel
(1. tablazat; 5. mérés) dsszehasonlitva (a spektrumokban a betitésszamok a 8 keV energiaju rézcsticsra vannak normélva)

chipping related to edge-on-edge contact (Fig. 4, B).
Tip damage (Fig. 4, C) was also observed on the
blade. The damages are not covered with patina and
were most likely caused by modern fencing.

The sword from Gyomaendréd has been pre-
served in fine condition. It shows characteristic trac-
es of a finished product. Hammering impacts were
visible on its hilt and along the well-sharpened cut-
ting edge. The peg holes were made by perforation
and showed abrasion damage due to use (Fig. 4, ]).
Traces of additional material and the imprint of the
organic hilt plates were visible on the hilt (Fig. 3, 2A-
2B). Micro edge damage (Fig. 4, G), curling (Fig. 4, H),
and a blunt tip were also present, but they were hard
to date due to the object having been restored. Their
modern origin should not be excluded since the
lower part of the blade was heavily damaged by the
dredger (Fig. 3, 1, Fig. 4, I).

Applied method

Based on the notes in the inventory book of the
Hungarian National Museum and visual inspection,
no significant chemical treatment was done to the
objects. In our study, we aimed to verify the pres-
ence of lead in the pale grey substance on the object’s
surface. Our method of choice was handheld XRF

spectrometry as the related device is easy to handle
and provides surface compositional results within a
minute. The XRF technique is an excellent method
for detecting the presence of lead on the surface of
bronze objects because its sensitivity increases with
the atomic number (for the XRF spectra, see Fig. 5).

XREF results

In the case of the weapon from Komdarom-Szoény, a
Pb content between 38.6 m% and 52.8 m% was de-
tected at various parts of the hilt with pale grey resi-
due (Tab. 1, 8-10, Fig. 5), while lead was below the
detection limit or only detectable in small amounts
(0.06 m%) on other parts of the sword (Tab. I, 1-7).
The Sn content was relatively high in the patina:
11.2-11.6 m% and 8.8-14.8 m% Sn were deter-
mined in the cleaned surfaces of the blade and the
hilt, respectively (Tab. 1, 1-7). The result provided by
the SAM project, determining a 9.7 m% tin content
of the sword’s material, is more reliable (Junghans,
Sangmeister, Schroder 1974, 294-295, SAM 19687).
Accompanying elements like Ni and Fe were also
detected in the sword. It must be noted that previ-
ous measurements also revealed the presence of As,
Ag, and Sb in the sword (Junghans, Sangmeister,
Schroder 1974, 294-295, SAM 19687). The sword
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from Lake Balaton has Pb content between 33.5 and
43.4 m% in the areas covered with pale grey resi-
due (Tab. 1, 17-19). On the parts not covered with
lead residue, Pb was detected in significantly lower
amounts, around 0.1 m%. The XRF analysis also
revealed the presence of Sn (13.9-17.6 m%) in the
patina and accompanying elements like Ni and Fe
(Tab. 1, 11-16).

Our measurements on the Gyomaendréd sword’s
pale-grey residue-covered parts support the 1909 ob-
servations of Sophus Miiller, who proposed, based on
a photograph, that this sword has a leaded hilt (Miiller
1909, 50-51, Fig. 51-52). The lead traces have almost
completely disappeared from this sword. XRF meas-
urements were made on those parts where they were
preserved in a better condition. The residue traces
were so small that the measuring points also included
the hilt (Tab. 1, 21). High lead content, about 22 m%,
was observed on one part of the hilt (Tab. 1, 22-23).
The Sn content of the sword varied between 9.6 and
11.7 m%. Considering the weapon’s bulk Sn content,
we find those results (9.6-9.8 m%) more reliable
where the sample area was at major modern damage
caused by the dredger ship (Tab. 1, 20). The accom-
panying elements detected in this sword’s blade were
Ni, Fe, and Pb. The XRF analysis has revealed that the
two pegs were also made of bronze with an Sn content
between 6.9 and 7.8 m%. One contained Co (0.0209
m%), and both had an additional accompanying ele-
ment, Sb (0.33 and 0.29 m%, respectively). It is pos-
sible that the pegs were made of a different material
than the sword (Tab. 1, 24-25).

In summary, the XRF analysis supported the
macroscopic observations that the pale grey residue
on the sword’s hilt can be identified as lead. It also
revealed the alloying element (Sn) and additional ac-
companying elements such as Sb, Ni, Fe, and Co.

The point of balance

Otto Olshausen was among the very first to identify
lead on sword hilts in 1883. He analysed the sword
from Rumohrshof aus Alsen. He proposed that lead
may have contributed to the better fitting of the hilt
into the flanges or originally lead covered the hilt of
the bronze sword. Both solutions served to counter-
weight the blade of the sword, i.e., change its point of
balance (Olshausen 1883, 105-107; Olshausen 1884,
535-536). In 1909, Sophus Miiller observed the pres-
ence of lead on Late Bronze Age Nordic swords. So-
phus Miiller also reached out to Lajos Marton, and

requested a photograph of the Gyomaendréd (former
Endréd, Békés County, Hungary) sword, which he ty-
pologically related to the Scandinavian specimens and
called attention to the lead traces on its hilt (Miiller
1909, 50-51, Figs 51-52; Marton 1930, 14-16, Fig. 7;
Kemenczei 1988, 44, P1. 17, 184). Another specimen,
the sword from Lake Balaton, was added to the list
of Hungarian specimens by Lajos Marton some dec-
ades later (Marton 1930, 14, Fig. 8). At that time, XRF
was not available for checking the macroscopic ob-
servations; thus, these observations remained uncon-
firmed. The new XRF analysis revealed the presence of
a significant amount of lead on the studied Hungarian
swords in specific areas of the hilts covered in pale res-
idue. The composition of these areas on both weapons
differs completely from other parts of the metal hilts.
Thus, we can support previous observations on these
weapons and enrich the list of known specimens from
our research area with new finds.

Swords with traces of lead were observed in dif-
ferent European regions. The best-researched area
is undoubtedly Northern Europe. Jens Winther Jo-
hannsen mentions a total of 30 bronze swords with
leaded hilts from Denmark and Sweden. They were
dated between Period II and Period III of the Mon-
telian system, corresponding with the Br B1/Br C2
(Period II) and Br D/Ha A1 (Period III) periods, re-
spectively. This is roughly the same time to which
the Hungarian leaded swords can be dated. It should
also be noted that the Scandinavian specimens are
also mainly Sprockhoft Ia-types (Johannsen 2016,
154, Tab. 1). Swords with a leaded hilt were also re-
ported from Niedersachsen, Germany, mainly from
Period II (Laux 2009, 91, 99-102). The filling of the
cavity of a metal-hilted sword hilt is also known
from a variety of sources. Michat Bugaj and Kamil
Kajkowski reported the latest specimen belonging to
this phenomenon from Bitéw (Bugaj, Kajowski 2019,
358). Harry Wiistemann summarised the specimens
known at the time from Austria, the Czech Republic,
Denmark, Germany, Italy, Slovakia, and Switzerland
in 2004 (Wistemann 2004, 149, fn. 161).

According to the XRF results, Late Bronze Age
Carpathian metalsmiths intentionally cast lead on
the hilts of these swords (Marton 1930, 14-16). Con-
sidering the regional techno-historical trends, this is
an important observation because it means that the
presence of lead on swords predates the arrival of the
high-leaded bronzes around the Ha A2/Ha Bl and
Ha B1 periods (see Liversage, Pernicka 2002; Czajlik
2012, 94-96, 97-98; Tarbay et al. 2021). Craftsmen
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were aware of this material around the Br C2-Br D not
only in Northern Europe (Olshausen 1883, 107) but
also in the Carpathian Basin, and used it consciously
to enhance swords. It is also possible that lead was
extracted and manufactured into ingots even at this
relatively early stage of the Late Bronze Age.

What was the advantage of adding lead to the
swords’ hilts? Authors involved in the discussion
of lead on the hilts of flange-hilted swords with or-
ganic hilt plates (Germ. Griffzungenschwerter) or
swords with metal hilts (Germ. Vollgriffschwerter)
explained the phenomenon in different ways. Ac-
cording to Harry Wiistemann, who mainly dis-
cussed metal-hilted swords, the presence of lead in
the cavity of this sword type can be explained by
four reasons: 1. enhancing the point of balance; 2.
improving the attachment of the hilt and blade; 3.
repairing; and 4. ‘magical meaning’ (Wiistemann
2004, 149, fn. 161; Bugaj, Kajowski 2019, 358-360).
Also, high lead content measured on sword hilts can
hint at modern forgeries, as has been well illustrated
by the elemental composition and archaeological
analysis of the sword from ’Obisovce’ (see Novontd
2014, PL 35, F6; Ozdin 2014, 98-103, Tab. 1; Sicherl
2014, 120-121;).

Shifting the weapon’s point of balance. Several schol-
ars have raised the possibility that the main reason
for adding lead to a flange-hilted sword is to shift the
weapon’s point of balance from the blade towards the
hilt. Thus, by providing a more secure grip on the han-
dle, the swords’ manoeuvrability was improved (Drie-
haus 1961, 28; Thrane 1968, 179; Schauer 1971, 123;
Wiistemann 1992, 47; Rihovsk)'r 2000, 155; Johannsen
2016, 155-156; Bugaj, Kajkowski 2019, 358-360).
Among the different explanations formulated on the
subject, we find this scenario to be the most probable,
particularly for the specimens under study. In the case
of the Komarom-Sz8ny sword, this can be satisfacto-
rily explained by the dimensions of the object: it has
a relatively long and heavy blade and, in contrast, a
short and, without lead filling, quite light handle. Add-
ing lead may have been necessary to make this object
a functional weapon.

Better fastening. Adding lead to the handle may
contribute to the better fastening of the hilt plates or
metal hilts and the sword blades. This recognition
comes from the X-ray analysis of Bronze Age swords
(Olshausen 1883, 106; Bader 1991, 3; Wiistemann
1992, 47; Rihovsk)'r 2000, 159; Wiistemann 2004,
149, fn. 161).

Repair. Among numerous studies (e.g., Horst

1989, 100; Wiistemann 2004, 149, fn. 161), Michatl
Bugaj and Kamil Kajkowski recently argued that in
addition to making the weapons more effective by
manipulating the point of balance, filling the cavi-
ties of metal-hilted swords with lead could also re-
fer to repairing (Bugaj, Kajkowski 2019, 360). In our
opinion, this is a plausible scenario if the handle was
cast incompletely during manufacturing or damaged
during its use-life. However, in most cases, it seems
that this practice mainly served to shift the point of
balance and stabilise the metal hilt with the blade, as
generally, these parts were fastened only by two pegs
and hammering.

‘Ritual weapons and magic’. Harry Wiistemann
proposed in 1992 that magical meaning can be at-
tributed to the casting of lead into metal-hilted
swords because lead was a metal with assumed mag-
ical potential in ancient societies, and he did not ob-
serve combat damages on the Morigen-type swords
he studied (Wiistemann 1992, 47-48; Wiistemann
2004, 149). Bernhard Sicherl further developed this
idea by adding, based on antique analogies, that
those swords on which practical reasons cannot ex-
plain the additional lead may have been associated
with the chthonic connotations of lead (Sicherl 2014,
109, fn. 31). Since metalworking and probably all
craft activities in prehistory were intertwined with
ritual activities, this has always been a possibility.
Nonetheless, this is hard to prove by means of ar-
chaeology, and even if ‘magic’ was involved, for in-
stance, in repairing a sword, it served the simple goal
of making the sword usable.

The studied Late Bronze Age swords from Hun-
gary fall into the first explanation group, particularly
swords like Komarom-Szény and Gyomaendrdd,
which have relatively long blades. Shifting the point
of balance near the handle is essential to control
such a long weapon in a combat situation.

Conclusions

The three swords can be dated around the Br C/
Br D period, and two of them (Komarom-Szény,
Lake Balaton) have connections to Northern Eu-
ropean Period II (Br B1/Br C2) weapons. The
Gyomaendrdd sword has individual features with a
handful of analogies from Hungary, Italy, and Ger-
many. The other two weapons share morphological
characteristics with finds from Hungary, Germany,
the Czech Republic, Switzerland, and Denmark. The
results of the metalwork production and use-wear
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analysis suggest that the three studied swords were
finished products suitable for use as weapons. The
microscopic damages along their blade were caused
by modern combat or dredging (Gyomaendréd),
while prehistoric use-wear marks caused by abra-
sion were only present along the peg holes. The XRF
measurements confirmed Sophus Miiller’s and Lajos
Marton’s observation that the grey residue on the
sword hilt from Gyomaendréd and Lake Balaton is
lead (Miiller 1909, 50-51, Figs 51-52; Marton 1930,
14, Fig. 8). We also enriched the number of known
Hungarian examples by one, as the Komarom-Szény
sword had high lead content in the areas covered by
pale grey residue. We believe that the addition of

lead manipulated the point of balance in the case of
the examined swords, especially the relatively long
ones like Komarom-Szény or Gyomaendréd.
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OLMOS MARKOLATU KESO BRONZKORI KARDOK MAGYARORSZAGROL

Osszefoglalds

A tanulmany a késé bronzkori nyélnyujtvanyos
kardok markolatan megfigyelheté sziirkés elszine-
z0désti ,lerakédasokkal” és hasznalati nyomokkal
foglalkozik harom a Magyar Nemzeti Mizeum gyj-
teményébe tartozd bronzkard példdjan, melyek lel6-
helyei: Komarom-Sz6ny-Olajfinomité-Duna folyo
(Komérom-Esztergom varmegye); Balaton; Gyoma-
endréd (Békés varmegye) (Kemenczei 1988, 44-45,
Pl. 16,182, PL. 17, 184, PI. 18, 189).

A komarom-sz6nyi kard helyi parhuzamokon ki-
viil stilisztikai kapcsolatot apol németorszagi, cseh-
orszagi és daniai fegyverekkel. A parhuzamok je-
lentds része a II. periddusra (Bz B1/Bz C2) tehetd, a
Karpat-medencei darabok valészintileg a Bz C-re és
bizonytalanul még a Bz D-re datalhatok. A Balaton-
ban 1841 kornyékén talalt kardhoz hasonlo darabo-
kat Magyarorszag, Szlovakia, Németorszag, Svajc és
Dania teriiletén lathatunk. A parhuzamok keltezése
hasonld szdérast mutat a komarom-szényi példany-
hoz, ezek a kardok a II. periédustol a Bz D-ig data-
lédnak. A zalkodi fegyverlelet alapjan a széban forgo
kard Bz D keltezését tartjuk a legvaldszintibbnek. A
lel6hely jol azonosithato topografiai helyzete alapjan a
gyomaendrddi kard valészintileg szintén folyami vagy
a Koros folyo mocsaras, artéri kornyezetébol szarmaz-
hatott. Ez a fegyver a nagytétényi kardon kiviil délné-
met és olasz szorvanyokra hasonlit. Kemenczei Tibor
munkaja alapjan valoszintleg a Bz C/Bz D periddussal
hozhatjuk 6sszefiiggésbe (Kemenczei 1988, 44-46).

A harom kardlelet mikroszképkameras vizsgala-
ta alapjan elsésorban modern, masodsorban dskori
hasznalati nyomokat lehetett elkiiloniteni a targyak
felszinén. A modern sériilések féképpen pengék
okozta élcsorbulasok, forgacsolodas, horpadasok és
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hajlasok formajaban jelentkeztek. Egyiket sem borit-
ja patina, ezért jelenlétiik arra utal, hogy ezek a sé-
riillések a megtalalast kovetden keletkeztek, modern
wvivas” eredményeként. Oskori hasznalati nyomként
minddssze a szegecslyukak kopasat azonosithat-
juk. Ez a sériiléstipus két esetben (Komarom-Szény
és Gyomaendrdéd) volt megfigyelhetd. A kézi XRF-
vizsgalat eredményei alapjan a kardok markolatan
lathaté kiilonbozé vastagsagu sziirkés lerakddasok
raontott 6lomként azonosithaték. A vizsgélat ered-
ményei igazoljak Sophus Miiller és Marton Lajos
korabbi, makroszképos megfigyeléseken alapuld
hipotézisét, miszerint a gyomaendrddi és a balatoni
darab (Miiller 1909, 50-51, Fig. 51-52; Marton 1910,
14-16, Fig. 7-8) az 6lmos markolatu kardok korébe
tartozik. Eredményeink egy targgyal gazdagitjak en-
nek a technologiai jelenségkornek az ismert magyar-
orszagi példait Komarom-Szényrél. Olmos markolatt
kardok a vizsgalt fegyverekkel durvan egy idében a
Bz B1/Bz C2-t6l (II. periédus) a Br D/Ha A1l-ig (III.
periddus) jelennek meg a skandindv leletanyagban,
illetve feltinnek Kozép-Eurépa mas pontjain is. Har-
ry Wiistemann Osszegzése alapjan az 6lom jelenlétét
a nyélnyujtvanyos és fémmarkolatos kardok marko-
latan a kutatas négyféleképp értelmezi: a stulypont
manipuldcidja; szorosabb nyelezés; javitas; ritualé
(Wiistemann 2004, 149, 161. jegyzet). A vizsgalt ha-
rom kard esetében véleménytiink szerint a fegyverek
sulypontjat manipulalhattdk, ami kiilonosen a hosz-
szabb pengéjt darabok esetében (Komarom-Szény;
Gyomaendrdd) valdszini, mivel nehezitett markolat
hianyaban a fegyver sulypontja tulzottan a hegy ira-
nyaba tolédna el, megnehezitve a fegyver forgatasat.
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