SPRAWOZDANIA ARCHEOLOGICZNE 69, 2017
PLISSN 0081-3834
DOI: 10.23858/5A69.2017.008

Magdalena Natuniewicz-Sekuta*

THE CRAFT OF THE GOLDSMITH
IN WIELBARK CULTURE IN THE LIGHT OF THE FINDS
FROM THE CEMETERY AT WEKLICE,
ELBLAG COMMUNE AND OTHER NECROPOLIS
OF ROMAN PERIOD FROM ELBLAG HEIGHTS.
TECHNOLOGICAL STUDIES OF SELECTED ASPECTS

ABSTRACT

Natuniewicz-Sekuta M. 2017. The Craft of the Goldsmith in Wielbark Culture in the Light of the Finds from the
Cemetery at Weklice, Elblag Commune and Other Necropolis of Roman Period from Elblag Heights. Techno-
logical Studies of Selected Aspects. Sprawozdania Archeologiczne 69, 185-233.

The paper presents selected aspects the goldsmithery of Wielbark culture in Roman period. Based on ana-
lyzes of chemical composition of finds from the cemetery at Weklice, site 7, Elblag commune and finds from se-
lected cemeteries of Roman period located on the Elblag Heights, three main groups of raw materials were sepa-
rated: gold, silver and copper alloys. They were also discussed selected techniques of production of jewelry and
costume elements, most commonly used by Wielbark culture goldsmiths: casting, forging, filigree, granulation,
gilding, soldering. Based on the collected data it was found that the Wielbark culture goldsmith workshop was
one of the highest technology levels of ancient goldsmithery.

Keywords: Wielbark culture, Roman Period, goldsmithery, gold, silver and copper alloys, chemical compo-
sition analyzes
Received: 17.03.2016; Revised: 26.06.2017; Accepted: 01.07.2017

*Institute of Archaeology and Ethnology, Polish Academy of Sciences, Al. Solidarno$ci 105, 00-140 Warsaw,
Poland; m_ natuniewicz@yahoo.com



186 Magdalena Natuniewicz-Sekuta
INTRODUCTION

In Polish archaeological literature there is a shortage of writings on the specialized
craftsmanship in the period of Roman influences which would take into account the rich
portable source material from the Wielbark culture and, especially, one of the most popu-
lar crafts, namely goldworking. This is understood here as making ornaments and ele-
ments of dress out of colored metals, mainly alloys of copper and precious metals (gold
and silver) and, to a lesser extent, from iron with gold and silver ornamentation.

The predominant number of finds made from non-ferrous metals have been disco-
vered primarily in cemeteries, the fact that they had the appearance of being almost mass
produced suggests that in the Wielbark culture there existed a highly specialized, orga-
nized and probably strictly controlled craft production intended for both the local and
transregional markets. These are arguments evidencing the high level of intellectual and
economic development of the local Wielbark culture communities.

Already in ancient times the goldsmith’s craft was associated solely with the use of pre-
cious metals and surrounded by a special charm and mystery. The occupation of the gold-
smith always held a high place in the hierarchy of artisans. In the ancient world a goldsmith
determined the fineness of the gold and silver — he worked as needed, based on his own prac-
tice. However, it was often not so much the technology as dishonesty which led to de-
based gold content. With time, by the Late Middle Ages, European centres of goldworking
imposed strict standards on their artisans, who had to use alloys of determined fineness
which were stamped with town marks. But goldsmithery is only seemingly associated with
the use of precious metals (primarily gold) as the basic raw material for making orna-
ments. In the Wielbark culture, the term should refer to finds made from alloys of copper
and iron. Ornaments from other metals were made using the same goldsmithing tech-
niques (primarily hammering). They were also ornamented with precious metals using
goldsmith techniques — impressed foils, filigree and granulation. The Wielbark goldsmith’s
workshop produced both ornaments that played the double function of elements of dress
and jewelry (e.g. brooches, bracelets, globular and pear-shaped pendants, biconical beads,
s-shaped clasps, etc.) and other dress accessories such as buckles, belt-end fittings, belt
mounts and the like. The Wielbark goldsmith was in fact a general smith capable of making
various objects, both decorative and utilitarian, such as the iron tools needed for his work.
The terms goldworking or goldsmithery are used in this article in a sense that is subjective
because it is difficult to define precisely. They are in fact synonymous with the term metal-
lurgy of non-ferrous metals and iron and not with the usual definition of a manufacturer
working with precious metals. The basis for such an approach to the term goldsmithery
and applying it to elements of bronze-working and smithery were, firstly, treatises and tech-
nological formulas, antique codices from the third century AD. In the literature they are
generally referred to as the “Theban Papyri” (in particular the Leyden papyrus X), known
as such because of the material on which they were written and their place of origin (Upper
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Egypt). The papyri are a rich source of information concerning conservation and techno-
logy. The variety of technological matters dealt with in the text and the degree to which
they coincide with issues concerning the Wielbark artefacts are surprising. This source is
rarely made use of in archaeology of the Roman period (cf. Stawicki 1987). Another source
taken into account here is the treatise of the medieval monk Theophilus Presbyter (Diver-
sarum artium schedula — list of various arts), which includes an exhaustive account of the
techniques and tools used in goldsmithing (see Kobielus 1998). The use of this latter source
when discussing technology of production, despite the considerable time differences
between the treatise and the artefacts analyzed here, seemed highly justified. Also helpful
in building this definition was the saga of Wayland (V6lund/Volundr, the mythical Scan-
dinavian hero known to the Anglo-Saxons as Weland, later Wayland, Ger. Wiegand) a Ger-
manic smith skilled in making items both of iron and precious metals, ornaments, as well
as weapons (see Marold 2012, 234—240; Zaluska-Stromberg 1986, 187-196).

The present study aims to provide the readers with a general outline of goldsmithery
among Gothic culture communities, especially taking into account the material sources
from the Wielbark culture.

In Polish literature on the subject, a comprehensive approach to “...describing the cog-
nitive values of metal craftwork...” in the Wielbark culture is the work by Tadeusz Grabarczyk
(1983, 5). Grabarczyk focused exclusively on a typological, classifying and chronological
analysis, together with a description of the spread of the various categories of artefacts of
non-ferrous metals, without drawing further conclusions concerning technological and
sociological matters. Other Polish studies treat the topic in either piecemeal fashion or
concentrate on individual issues, mainly dealing with production techniques, as does, for
instance, Jarostaw Strobin (1995; 1998; 2000; 2007; 2015) in his immensely valuable
works, or else highlighting specific decorative styles as the manifestation of a cultural at-
tribute (Wolagiewicz 1974). These works, despite their enormous cognitive value, do not
give a full picture of the development of the goldsmith’s craft, treating it as being particu-
larly associated with the local social elites.

Below I discuss primarily the technological aspects, mainly with reference to macro-
scopic (comparison of fabricating techniques) and physicochemical (determination of the
chemical composition) analysis of objects made of copper, silver and gold alloys, from se-
lected cemeteries of the Wielbark culture on the Elblag Heights. The rationale for the
choice of the Wielbark settlement complex on the Elblag Heights is the fact that this area
has long been noted as being, from about the middle of the first to the beginnings of the
fourth century AD, one of the most important cultural centers of the peoples living in the
Baltic zone, located at the junction of intersecting trade routes (see Natuniewicz-Sekula
and Okulicz-Kozaryn 2007, fig. 2; 2008; fig. 2; Okulicz-Kozaryn 1992a, 1992b). This is indi-
cated by the density of cemeteries from the Roman period and the considerable richness of
the grave furnishings. Most of the archaeological research in this area was conducted be-
fore World War II, and most of the finds disappeared during the turmoil of war. For this
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reason, the research being done by the author at one of the largest cemeteries of the Wiel-
bark culture at Weklice, site 7, Elblag Comm., is of particular cognitive value.

The cemetery at Weklice has a unique place in the archeology of the Central European
Barbaricum because, apart from the typical Wielbark culture artefacts, excavations re-
vealed numerous Roman imports and Scandinavian style ornaments, as well as specific
features of burial with analogies in Scandinavia. The site is one of more than twenty regis-
tered points of dense settlement of Wielbark culture, stretching in an arc along the coast of
the Vistula Lagoon and today’s Lake Druzno depression, between the estuary of the river
Pasleka and the Dzierzgon river (cf. Natuniewicz-Sekula and Okulicz-Kozaryn 2007, fig. 2).
It is also known that the landscape of the area in the first centuries AD differed greatly
from today’s, because of huge changes in the hydrographic network of the depression of
Zutawy valley. Today Druzno is a declining lake but at that time it was a vast bay of the
Vistula Lagoon, reaching over 40 km south along the foot of the Elblag Heights (cf. Kasprzyc-
ka 1999). Such a configuration of waters and coast lines created a favorable situation for
the shipping lanes crossing here. Land routes leading to the nearby amber rich Sambia
Peninsula, to the south and west, also began here — following the famous wooden roads in
the valley of the river Dzierzgon. This situation, when the geopolitical conditions were fa-
vorable, made it possible for the population inhabiting the Elblag Heights to maintain
lively shipping contacts on the Baltic Sea and control the crisscrossing overland routes
along which long-distance trade was carried out and groups of people travelled from the
North to the Black Sea (see Natuniewicz -Sekula and Okulicz-Kozaryn 2011). As a result,
the material from the Weklice necropolis constitutes the base source for this work.

CHEMICAL COMPOSITION OF ANALYZED FINDS
AND THEIR INTERPRETATION

Chemical analysis was carried out primarily on artefacts made from alloys of precious
metals and copper alloys found at the Weklice site, as well as a small number of objects
discovered before World War II at cemeteries on the Elblag Heights, which are at pre-
sently kept at the Archaeological and Historical Museum in Elblag (see Natuniewicz 2000).
Moreover, a pair of rosette brooches (Rossetenfibeln) from grave 10 in the Oksywie and
Wielbark cemetery at Lubieszewo, Nowy Dwoér Gdanski Comm. (cf. M. Jonakowski 2001),
also in the collection of the Elblag museum. The main features of Wielbark goldsmithing
described below are supported by the experimental recreation of ornaments using past
techniques. In addition, the analyses have been supplemented by a comparative study of
Wielbark culture materials from sites in Pomerania and northern Greater Poland. More-
over, when discussing the background of goldsmithery, not only finds from Barbaricum
but also from the Roman provinces have been included.

For the purpose of determining the raw material groups of metal alloys used in the
Wielbark culture, the chemical composition of 147 artefacts, local and imported from
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the Roman Empire, was analyzed using an X-ray fluorescence spectrometer. The tests
were carried out at the Bio- and Archaeometric Laboratory of the Polish Academy of
Sciences in Warsaw. A total of 233 analyses were carried out, with one object often under-
going several measurements due to its composition and production technique combining
several groups of raw materials. The selection of artefacts chosen for analysis was made on
the basis of the raw material used. The objects were grouped according to function, distin-
guishing ornaments and elements of dress, and chronologically, in order to determine pos-
sible changes in the use of a given alloy in the production of concrete forms during all the
phases of the Weklice cemetery (for more on the chronology of the cemetery see: Natunie-
wicz-Sekula and Okulicz-Kozaryn 2011, 125—-133). As a result of these analyses, the tested
items could be divided into three groups of raw materials: alloys of gold, silver, and cop-
per, which were compared with other metallographic analyses performed for artefacts
from the Roman period. Finds decorated with tin coatings were described separately in the
third group — copper alloys.

GOLD, ITS ALLOYS, AND GOLD AND SILVER GILDED FOILS,
AND ELECTRUM

Gold (chemical symbol Au) is a precious metal, very soft and the most ductile of all
metals, but relatively rare in nature in a “pure” form, as it is almost always contaminated
in some way by different elements. Fineness is the expression used to denote the content
of the metallic element in the alloy, expressed in parts per thousand. For example, if the
alloy contains 90%, of a given element then the fineness is 900. In the case of gold, a fine-
ness of 1000 (otherwise known as 24-carat gold), only functions by definition, because, in
fact, in the laboratory only a fineness of 999 or 999.9. can be obtained. Thus, gold with
a fineness of 1000 does not really exist, either in nature or in gold articles. In goldsmithing
“pure” gold is too soft to be worked and it is therefore hardened by mixing, by means of
heat treatment, usually with silver and copper. The gold content in the alloy must be not
less than 10%. Today, other alloy components are used: nickel, platinum, palladium, man-
ganese and zinc, and, less often, cadmium, cobalt and beryllium (Knobloch 1977, 88—89).

For the purpose of this work, the chemical composition of 24 items (Fig. 1: 1—6; Table
1 — CD) was analyzed; some of the analyzed artefacts were solid gold, others decorated with
gold or silver gilded foils. Analyses show (cf. Table 1) that most of the solid gold artefacts,
i.e. s-shaped clasps, biconical beads and globular pendants (Fig. 1: 1—5) were made of gold
of a high (from c. 900-980) fineness. In this group of artefacts the globular pendant from
grave 45 at Weklice (Fig. 1: 6) is characterized by a lower gold content (c. 700—750), as is
the partly melted globular pendant discovered at Nadkole, site 2, Wegréw Comm. (An-
drzejowski 1998, 130). The group of finds from the barrow cemetery of the Wielbark cul-
ture at Le$no, Chojnice Comm., investigated by spectral analysis, also had a lower gold
content (c. 790—890). Among them were an s-shaped clasp and pear-shaped pendant from
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the princely grave no. I and two gold rings from princely grave no. IV. However, the results
of these analyses and, above all, their lack of interpretation and discussion of the method,
in my opinion, raise many reservations (cf. Walenta 2009, 12—13, 19, 214—215, pl. XCIX:
5—6; CIII:3).

The differences in the gold content of the alloys used are due to the heterogeneity of the
alloy and the location of the sample. The results of the analyses show that silver and copper
are the most common added elements in these alloys, respectively in proportions of up to
a maximum of 2%), with small parts of sulfur, chromium, manganese, iron, nickel and
zinc. Except for the sulfur and iron that are present here but do not always occur in gold
alloys and may be the result of contamination of the analyzed objects due to deposition
under different soil conditions, the other elements are usually constituents of native gold
ores. It should be assumed that, as is the case today, the addition of silver and copper was
intentional in order to improve the technological properties of the alloy.

There is also a very interesting instance of the use of electrum for two of the pendants,
a globular and a pear-shaped one (cf. Fig. 1: 7—8). Electrum is a natural alloy of gold and
silver in similar proportions, with a characteristic light yellow silvery, pale hue. In Polish
literature on the subject, this alloy is often incorrectly referred to as “elektron” (cf. Madyda-
-Legutko et al. 2010, 390—391). Wherein the proper “electron” has two basic definitions:
1. The electron is an elementary particle composition of the atom (proton or neutron); 2. The
electron is a magnesium alloy of aluminum and zinc with a low specific weight and high
strength mainly used in aircraft construction (cf. Czerni 1967, 110). While electrum (for
etymology cf. Stawicki 1987, 36, 60, footnote 165) is a native element mineral, a natural
alloy of silver and gold in almost identical proportions, of a pale yellow color. The lowest
admissible gold content in electrum is 20% (Lippmann 1919, 533; Neuburger 1919, 13). It
is worth noting that as early as Pliny in his Natural History, called gold rich in silver elec-
trum. From this source it is also known that in Roman times this alloy was artificially
produced: “An artificial electrum, too, is made, by mixing silver with gold” (Pliny XXXIII,
23 — translated by Bostock, Riley 1857, 105).

In antiquity, in Greece, Egypt and the ancient cultures of the Middle East, electrum
was a very popular material for making ornaments, and studies indicate that it was also
used as a solder for joining elements made from gold of a high fineness (Maryon 1971, 8;
Wolters 1975, 32).

Finds made from electrum in the Roman period from the territory of Poland are ex-
tremely rare. Globular pendants made of such an alloy were discovered i.a. at the cemetery
at Mod}a, Mtawa Comm., grave 96 (Grzymkowski 1986, 249, fig. 18: d); and at Oronsko,
Szydlowiec Comm. (Kokowski 1991, 117; cf. also Madyda-Legutko et al. 2010 390-391).
Based on the analysis of metallographic results, it can be presumed that such an alloy was
used to make a Roman amethyst ring from a settlement at Le$no, Chojnice Comm. (gold >
64.50%, silver 23.09% with other trace elements) and a pear-shaped pendant from grave
33 from the cemetery at Lesno, Chojnice Comm. (gold > 50.22%, silver 35.26%, with other
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Fig. 1. Gold and its alloy and electrum — selection of analyzed local finds: 1 — S-shape clasp (stray find,
Weklice, site 7) filigree, granulation; 2 — S-shape clasp (grave 208, Weklice, site 7) filigree, granulation;
3-4 - biconical beads (grave 208, Weklice, site 7) filigree; 5 - globular pendant (grave 360, Weklice, site
7) filigree; 6 — globular pendant (grave 45, Weklice, site 7) filigree, granulation; 7 — globular pendant (grave
26B, Weklice, site 7) filigree, granulation; 8 — pear shape pendant (grave 544, Weklice, site 7) filigree,
granulation (photo M. Natuniewicz-Sekuta, drawing by E. Pazyna, M. Natuniewicz-Sekuta)
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Fig. 2. Gold and gilded silver foils - selection of analyzed local finds: 1 - lunula pendant (grave 275, Weklice,

site 7) brass, silver gilded foil; 2 — brooch (grave 275, Weklice, site 7) silver, silver gilded foil, traces of

metallic solder; 3 — brooch (grave 26B, Weklice, site 7) iron alloy, silver and silver gilded foil, filigree, gra-

nulation; 4 — brooch (stray find, Weklice, site 7) silver; gold foil, filigree (photo M. Natuniewicz-Sekuta,
drawing by E. Pazyna, M. Natuniewicz-Sekuta)
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Fig. 3. Silver and its alloy, silver foils — selection of analyzed local finds: 1 — S- shape clasp (grave 524,

Weklice, site 7) filigree, granulation; 2 - Schlangenkopf bracelet (grave 26B, Weklice, site 7) forging;

3 — brooch (grave 252, Weklice, site 7) brass, silver foil, filigree, granulation; 4 — brooch (grave 432,
Weklice, site 7) filigree (photo M. Natuniewicz-Sekuta, drawing by E. Pazyna, M. Natuniewicz-Sekuta)



Fig. 4. Weklice, site 7, Elblag Comm. Selection of local silver finds finished by forging and modeling in dies

(traces of forging marked by arrow): 1 - brooch (grave 342); 2 - Schlangenkopf bracelet, bow fragment

(stray find); 3 — head of Schlangenkopf bracelet (stray find); 4-5 — Schlangenkopf bracelets (grave 208); 6 —up-

per part of brooch (grave 275) detail of forged knob and forged in die spring. In addition, visible traces cut
off filigree wire (photo M. Natuniewicz-Sekuta)
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Fig. 5. Copper and its alloys: selection of analyzed local finds: 1 — brooch (Rubno Wielkie, Elblag Comm.
without grave number) brass; 2 — brooch (grave 495, Weklice, site 7) brass; 3 — f brooch (grave 24,
Weklice, site 7) brass; 4 — bracelet (grave 492, Weklice, site 7) brass; 5 - strap end (grave 14, Weklice,
site 7) brass; 6 — spur (grave 521, Weklice, site 7) brass; 7 — capsule pendant (grave 278, Weklice, site 7)
brass; 8 — pear shape pendant (grave 519, Weklice, site 7) brass; 9 — bead (grave 150, Weklice, site 7)
brass; 10 - cylindrical box (grave 174, Weklice, site 7) brass (drawing by E. Pazyna, M. Natuniewicz-Sekuta)



Legend: @ == -copperand its alloys @ == -tin coatings
The symbols indicate part of finds to be analysed by the chemical composition

Fig. 6. Copper and its alloys: selection of analyzed imported from Roman Empire finds: 1 - brooch (grave

184, Weklice, site 7) tin-lead bronze, enamel; 2 - brooch (stray find, Weklice, site 7) tin-lead bronze;

3 - strainer in fragments (stray find, Weklice, site 7) tin bronze; 4 - coin denarius subaeratus (grave 379,

Weklice, site 7) tin-lead bronze, tin coating; 5-6 — coins denarii suaberatii (grave 141, Weklice, site 7)
tin-lead bronze, tin coating (drawing by E. Pazyna, M. Natuniewicz-Sekuta)
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Fig. 7. Weklice, site 7, Elblag Comm. Grave 208, imported belt fittings: 1 — buckle frame, tin-lead bronze,
buckle plate, brass; 2 - belt end fitting, tin-lead bronze (photo M. Natuniewicz-Sekuta, drawing by E. Pazyna,
M. Natuniewicz-Sekuta)
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Fig. 8. Weklice, site 7, Elblag Comm. Selection of finds with tin coatings: 1 - brooch (grave 386) brass, silver
impressed foil, tin coating; 2 — brooch (grave 386) brass, tin coating; 3 — brooch (stray find) brass, tin
coating (drawing by E. Pazyna, M. Natuniewicz-Sekuta)



Fig. 9. Reconstruction of casting clay mold with silver half-product of brooch bow A. VII, 1
(according to M. Sekuta, photo M. Natuniewicz-Sekuta)

Fig. 10. Frombork, Braniewo Comm., part of “caster” hoard. Fragment of cast the copper alloy brooch
foot attached to the next half-product of an identical brooch: 1 - (according to F. E. Peiser; H. Kemke
1914); 2 - original from the collection of former Prussia-Museum (photo M. Natuniewicz-Sekuta)



Fig. 11. Traces of the intermediate tool (marked by arrows), which bows of brooches were forged in the die:
1-2 brass brooches (Elblag. Pole Nowomiejskie or Moniuszki street — mixed finds) (drawing by E. Pazyna,
M. Natuniewicz-Sekuta)
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Fig. 12. An examples used in the analyzed find from Weklice composition of granulation:
1 - schemes according to Wolters (1983); 2 — modfication by the author




Fig. 13. An examples of soldering filigree and granulation with chemical solder: 1 - decorative elements of
filigree and granulation occurring on the analyzed finds; 2 - the porous surface of the silver plaque as the
result of a shallow diffusion chemical solder based on copper compounds; 3 — an example experimentally
made a silver pendant in filigree and granulation technique soldered with chemical solder
(according to M. Sekuta, photo M. Natuniewicz-Sekuta)



Fig. 14. Weklice, site 7, Elblag commune. Selected finds decorated with filigree and granulation with visible
(marked by arrows) places the solder joints to the substrate, so-called bridges: 1-2 - grave 208, gold filigree
biconical bead; 3-6 — grave 208, gold S-shape clasp (photo E. Pawlicka)
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trace elements) (Walenta 2009, 216). On the other hand, it should not be excluded that the
last two artefacts were made of low-gold alloys.

We need to discuss certain decorative elements (on brooches and, more rarely, pen-
dants) in the form of gold or silver gilded foils, both stamped and smooth, on a silver, iron
or copper alloy base separately (Figure 2: 1—4). The results of analyses indicate the use of
gold of varying fineness. This could only be determined as a result of the analytical method
used, which required mechanically rubbing off the surface of the examined object to deter-
mine whether gold or silver gilded foil had been used. The state of preservation of the ar-
tefact is also a factor. Silver fire-gilded foils exhibit significantly higher corrosion levels.
They are contaminated with corrosion products of tin, zinc, lead — solder residue — and
copper, if the core of the artefact was made of copper alloy. That is why the silver forming
the base of the foil is sometimes visible on the surface. In the case of gold foils — they have
a uniform golden color (cf. Fig. 2:4). Whereas the differences in chemical composition are
the result of sampling from the thin (c. 0.3—0.5 mm thick) parts of the complete artefact.

Despite these reservations, it must be said that, as in the case of solid metal artefacts,
the highest quality raw materials were used in the production of foils. To make gold foil or
gilt for silver foil, a high-quality gold is required. It must be soft enough to be sufficiently
malleable for plastic processing to make such thin foils or to gild silver foil. However, it
should not be excluded that foils with similar proportions of silver and gold, also charac-
terized by a uniformly pale, golden color, were also made of electrum (Strobin 2007, 675).

SILVER, ITS ALLOYS, AND SILVER FOILS

Silver (chemical symbol Ag) is a noble metal, in contrast to gold, and is found in nature
in its “pure” state, the so-called native silver, though very rare, is almost always contami-
nated. As in the case of gold, silver with a fineness of 1000 exists only theoretically and the
impurities in the known nuggets range from 0.1% to 1%. The highest laboratory value of
silver is currently 999.999. It is most often found and extracted in ore deposits (mainly in
ores of gold, copper, lead and zinc as well as platinum). Compared to gold, it is a slightly
harder and more brittle, but still very ductile and easy to work by cold forging. It has a sil-
very-white color, lustrous after polishing. Like gold, “pure” silver is too soft to be used in
further goldsmithing. Consequently, it is hardened (as in antiquity), by mixing with various
metallic elements. Mostly, the basic alloy component is copper in the metallic state. The
other most commonly found metals in silver alloys are zinc, cadmium, manganese, nickel
and palladium, and less often antimony, tin, chromium, magnesium and aluminum. Sul-
fur, arsenic and bismuth are harmful admixtures because they do not dissolve in the silver
when heated and make the alloy brittle and therefore unsuitable for further forging (Kno-
bloch 1977, 92—93). Silver, in contrast to gold, is more susceptible to corrosion and less
resistant to atmospheric influences; it blackens under the influence of sulfur compounds
(hydrogen sulphide).
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Silver alloys are alloys in which the basic metallic element is silver if its content is at
least 10%. The main component of silver alloys is copper, which forms a solid grain
boundary solution with silver, with their mutual solubility decreasing with the drop in
temperature. Consequently, in goldsmithing, heat treatment is used to improve alloys, by
saturation or tempering (Knobloch 1977, 78).

For the purpose of this work, 68 artefacts were examined, both made of solid silver and
decorated with filigree, granulation and stamped or smooth foils applied on substrates
made of other metals (Figure 2: 2—4; 3: 1—4; Table 2 — CD). Reviewing the results, we see
immediately that the alloys used in the ornaments had a high silver content, both for the
basic parts (e.g. bows of brooches, bracelets) and for structural parts (pins, springs). Fine-
ness oscillates between about 92% to 98% silver content in the alloy. The metal was of high
quality, technically pure, such as is even today rarely used in jewelry making. Currently in
Poland, according to the assay law, the highest fineness grade for silver, expressed in parts
per thousand is 925 or 92.5% pure silver in the alloy. The alloy of silver with such high
fineness values as in the analyzed artefacts was very forgeable and malleable and therefore
easy to work. In order to harden the alloy, copper was usually added (c. 2—7% of the con-
tent in the analyzed alloys). Aluminum, sulfur, chromium, manganese, iron, nickel, zinc,
gold and lead are also found in small proportions. With the exception of sulfur, iron,
zinc, gold and lead, which may have been, but did not have to be an admixture to improve
further treatment of the alloy, the rest were rather a component of the native ore. These
high grades of fineness are consistent with the technology of the analyzed finds, in particu-
lar the faceted and semi-circular in cross section bows of silver brooches from groups II
and V distinguished by O. Almgren, and the springs of brooches in Almgren’s groups VI
and VII, as well as the later forms of Schlangenkopf (snake-head) bracelets (groups II-V
with subtypes distinguished by T. Wojcik). These were usually forged in shape forms from
previously cast bars (Figure 4: 3— 5), so the material needed to make them had to be very
plastic and forgeable.

Lower grades of fineness, between 92—94%, occurred mainly in artefacts decorated
with silver foil. In this case, as with the above analyses of gold and gilded foils, it can be
concluded that due to the analytical method used, the result may be slightly falsified.

COPPER AND ITS ALLOYS

Copper (Cu) is a semi-precious metal, soft, with very good conductivity of heat and
electricity and a melting point of 1083°C. In nature, as a mineral, native copper rarely oc-
curs in a “pure” state, and is usually contaminated with lead, iron, nickel, tin and zinc —
about 0.01% to 1%, most often being found in ores. It is quite chemically resistant, is not
affected by acids under anaerobic conditions. Under moist conditions (both with and with-
out oxygen) it forms a layer of green patina, commonly referred to as “noble” (this is a com-
pound called hydroxide carbonate Cu (OH) 2C0O3), which prevents the corrosion of deeper
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layers. Exposed to air it corrodes, often becoming covered with a thin layer of copper oxide
(CuO) and as a result growing darker and turning a reddish brown. Copper can also cor-
rode if exposed to an environment containing sulfur compounds, especially sulfur dioxide
(SO2); then a black tarnish forms. The metal, in the form of pure copper, possesses consi-
derable forging qualities suitable for goldworking, but is very soft. It can be processed both
in its cold state and when heated. In jewelry production and in industry, both now and in
ancient times, copper mainly occurs in the form of alloys.

Archaeometalurgical researchers adopt various nomenclatures for “bronzes”, mostly
adapted to modern terminology. The expression “bronze” or made of “bronze” are used
here only in the common sense of the word, only as a description of the metal and its color.
As shown by the attached analyses of objects made of copper alloys, most of the artefacts
were made of other types, mainly brass.

Although metallographic research and the interpretation of the results of copper alloy
analyses have a long tradition (cf. Bayley, Butcher 2004; Bezzenberger 1904; Nieweglowski
1986; 1988; 1991 — with extensive literature), no uniform methods have been developed for
the interpretation of chemical composition, particularly in the classification of raw mate-
rial groups, alloys used in metal production. The basis for distinguishing specific groups is
the type of alloy, which is defined by taking into consideration the intentional components,
determined by the nature of the ore deposits. The latter method, however, is highly contro-
versial because of the limited information available about the primary ore deposits and the
frequent use of scrap metal in the alloy. Already in Roman times many varieties of copper
alloys were known. From Pliny we know that Roman craftsmen were aware of which cop-
per alloys could be used for forging and which for casting, and adapted them to the tech-
niques used for making vessels and other objects, and what follows, their physicochemical
properties were also exploited in the production of various categories of objects, depen-
ding on the technology of production and practical experience of individual manufacturers
(Niewegltowski 1986, 312; 1988, 191). In this article, three basic groups of copper alloys are
distinguished on the basis of analyses of their chemical composition (cf. Table 3 — CD).

Bronzes — are copper alloys containing various alloying metals, other than zinc (Zn)
and nickel (Ni). In antiquity the most widely used were tin bronzes, also commonly re-
ferred to in the archaeological literature as “classic bronzes”, defined as 90% copper and
10% tin. Tin bronze contains from 1% to 10% tin with an appropriate percentage of copper
and with other metallic elements (mostly lead) occurring in trace amounts. There were
also bronzes with a tin content of 10 to 13% which could be worked both by forging and
casting (Nieweglowski 1986, 312).

Lead-tin bronzes (red bronzes or gunmetals), often classified as tin bronzes, are copper
alloys containing approximately equal or greater tin content (= 13%) than tin bronze (from
10% to 13%), and, moreover, in which the basic component is zinc (in varying proportions
of about 2-9%) and lead (in varying proportions of 2-8%). The above proportions are based
on contemporary Polish tin bronze standards (Dobrzanski 1993). Analyses of finds show
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more diversified proportions. This is due to the applied method of chemical analyses and,
above all, to the recipe worked out by a given manufacturer.

The bronzes described here, usually of a copper, slightly silvery color, are difficult to cold
forge (they were often considered harder than iron) but can be hot forged (up to 600°C).
However, they have the best casting properties and are excellent for machining as they are
resistant to abrasion and corrosion. In the Roman Empire these types of bronzes was used
mainly for the manufacture of vessels, as evidenced by the vast number of analyses of Ro-
man bronze vessels (cf. i.a. den Boestred and Hoekstra 1965; Drescher 1958; Hammer and
Voss 1997; Laurenze and Riederer 1980; Nieweglowski 1988; Riederer 1984; Riederer
and Breise 1972). With this category of bronzes compound copper alloys with tin, zinc and
lead, numerous in antiquity are inseparably associated. Andrzej Nieweglowski as multi-
component alloys regards bronzes with an admixture of zinc or with a predominance of tin
over zinc. If zinc predominates over tin, then the alloy is classified as brass with a tin ad-
mixture (Niewegltowski 1986, 316; 1991, 300). However, the lack of a percentage determi-
nation of the predominance of particular elements in an alloy raises doubts about attribu-
tion to specific categories. The alloys were produced by combining zinc ore (galman) with
melted tin bronze, or by melting separately the bronze and brass obtained, or by melting
scrap metal made from the above mentioned alloys (Glazer and Okulicz 1955, 308). Due to
their strength, such three and four-component alloys had high technological properties.
They were suitable not only for casting at 800-1000°C but also for metalwork processing.
According to raw materials research, in the Roman Empire such alloys were most often
used for the manufacture of small ornaments and various accessories (Nieweglowski 19086,
316; 1991, 300).

Brasses are copper alloys, whose main alloying component (apart from other metallic
elements in different proportions like lead, aluminum, tin, manganese, iron, chromium
and silicon) is zinc in ratios of more than 2% to a maximum of 45%. In Europe, zinc as
a deliberate addition to copper appeared in pre-Roman times. Earlier it occurred as a na-
tural additive smelted from copper ores. However, in the times of the Roman Empire, in
view of the possible lack of expertise in smelting metallic zinc, it was necessary to use zinc
ore and zinc oxide to produce brass, which prevented metallurgists from fully controlling
the composition of the alloy (see Niewegltowski 1986, 313—318, and more on the possibili-
ties of obtaining metallic zinc by ancient metallurgists in Bochnak 1997 — with extensive
literature).

Classic brass is golden (its common use in antiquity was probably because it imitated
gold), but with smaller zinc content it approaches the natural color of copper. This alloy is
resistant to corrosion, ductile, easy to work — forgeable. It has very good casting proper-
ties. Ancient brasses may contain up to several and more percent lead; then they are re-
ferred to as leaded brass.

Written sources testify that two methods of producing brass were known. Zinc ore
(usually galman) or zinc oxide was added to the copper. Zinc oxide formed during the ore
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smelting process when the zinc vapor reacted with oxygen and accumulated in the upper
part of the furnace in the form of build-up, so-called cadmia. Hence, in ancient writings
two types of cadmia are mentioned: cadmia mineralis, that is zinc ore, specifically galman,
willemite, maybe also sphalerite, and furnace cadmia, also known as furnace accretion
(Krawczuk 1956, 20—21; 1957, 285). By adding zinc oxides to copper one can obtain brass
with a maximum content of between 30% to 40% zinc (Nieweglowski 1986, 315; Maréchal
1961, 266; Picon et al. 1966, 1969). Above this value, the zinc oxide molecules do not bind
with the copper molecules. These are so-called single-phase alloys of “a” structure. This
phase directly from the liquid state and the maximum zinc content does not exceed 39%.
(Dobrzanski 1993, 427). Single-phase brasses are characterized by high plasticity in cold
and hot processing and at the same time are relatively hard. With up to 20% zinc in the
alloy composition their technological properties are similar to tin bronzes, but their for-
geability is higher. Above 25% the plasticity and strength of the alloy increases. As the zinc
content increases, the alloy fusion temperature decreases. It is 1050°C for brass 20% and
just 950°C at 30%. The color also changes — with up to 10% zinc, the alloy retains its cop-
per color, between 15-20% it resembles gold, with about 25% it becomes a slightly greenish
gold color and when the zinc content is 40% it again becomes golden (Picon et al. 1966,
191) In Roman times, the zinc (in ore deposits) was relatively cheap. It was more common
than tin, which was extracted only in the Iberian Peninsula, Britain, and Asia Minor. Its
price was ten times lower than the price of tin and half the price of copper (Maréchal 1984,
22). Zinc ore was extracted from deposits lying between the Somme and the Meuse, in
Italy, Gaul and Germania (Glazer and Okulicz 1955, 308; Domergue 2008). In brasses
produced in the Roman Empire, as well as in coins, the zinc content sporadically exceeds
20—25% and is never more than 28% (Caley 1964, 69—76, Maréchal 1984, 21; Picon et al.
1966, 191).

The chemical composition of 52 finds made of the copper alloys described above
(Figure 5: 1—10; Table 3) were analyzed. These were primarily ornaments and dress acces-
sories: brooches, Schlangenkopf and rod bracelets, buckles, belt end fittings, pendants,
capsule and other, beads, rings, boxes, spurs. Most of them were typical of the Wielbark
culture. A collection of items imported from the Roman Empire was also analyzed here
and discussed in detail below.

The results of the analyses indicate that the copper alloys used varied greatly in the
proportions of component elements. This is the result of the physicochemical properties of
these alloys because, unlike noble metals, copper alloys, although created intentionally,
are very heterogeneous from a chemical point of view. The properties of such an alloy are
influenced primarily by the type of components used and their proportions. Adding a com-
ponent with a high melting temperature results in an increase in durability (creates a finer
grain structure), while the addition of an easily meltable ingredient is completely counter-
productive and may even prevent further working. Metal of a lower mass density affects
the mass density of the alloy by lowering it, while a heavier metal usually increases it.
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However, this is not always the case with copper alloys, as the density of the alloy varies in
proportion to its composition. Thus, depending on the composition of the alloy, it can have
a different structure even if it consists of the same elements. The effects of individual com-
ponents can vary, depending on their percentage content and the main alloy component
and other alloying additives (see more in Knobloch 1977, 85—86). Therefore, when using
the X-ray fluorescence method, analyzing at several points of the sample (e.g. of the brooch
bow) yields different results as to the content of the alloying elements, but within the defined
basic proportions of the discussed alloys, nevertheless attesting to their heterogeneity.

In general it should be noted that in all categories of analyzed local finds from Weklice
and cemeteries in the area, characteristic of inventories of the Wielbark culture, one group
of raw material was used. These are brasses (cf. Table 3), also leaded, where the basic zinc
alloy component varies between 4% and 23%. With a few exceptions, there are no high al-
loyed tin bronzes, in which the proportions of copper and tin would be consistent with the
one described earlier. The use of brass with similar proportions of components is noticeable
throughout the period of functioning of the cemetery at Weklice and testifies to a specific
craft tradition and the use of one developed technological process, determined by the se-
lection of the best raw material, with similar physicochemical properties.

These results do not differ significantly from other analyses of barbarian artefacts from
Poland from the same time as the Weklice cemetery. The chemical composition of copper
alloys in a large number of finds from various sites was analyzed. Among the sites of Prze-
worsk and Wielbark culture cemeteries were Nadkole, site 2, Wegrow Comm. and Modla,
Mlawa Comm., Oblin, Garwolin Comm., Kamienczyk, Wyszkéw Comm., Grzybnica, Ko-
szalin Comm., Krupice, Bielsk Podlaski Comm., Swiety Gaj, Elblag Comm. (Andrzejowski
1998, 125—-130; Czarnecka 2007, 128—130; Dabrowska 1997, 78—79; Hahula and Wolagie-
wicz 2001, 43—46; Hensel 1998, 141—147; Jaskanis 2005, 127). Similar results were obtained
for a series of dozens of objects from cemeteries of the Oksywie and Wielbark culture in
Pruszez Gdanski, site 10, Pruszcz Gdanski Comm. (Pietrzak 1997, 76—78), and Czarnéwko,
Nowa Wie$ Leborska Comm. (Gan 2015, 175—214). Recently a collection of artefacts from
the hoard discovered at Lubiana, Koécierzyna Comm. were analyzed. The results were
compared with the results from the just mentioned sites and from selected Roman castles
(cf. Maczynska 2011; Hammer and Vo8 2011, 210—229). In conclusion, it should be stated
that the results of the analyses from the above sites are quite consistent with the Weklice
material and from other sites of Wielbark culture on the Elblag Heights.

The metallographic spectral analyses of artefacts of the Wielbark culture carried out
earlier on material from the barrow cemetery at Odry, Chojnice Comm., require a separate
discussion. They were published without any comment, only in the form of tables (cf.
Kmiecinski 1968, 126—128) and showed that among the objects made of copper alloys, tin
bronzes were used with 86—90% copper and 7—10.5% tin. However, in each case that was
analyzed, zinc was found (1.5—4.5%), which by definition should not be a component of
such an alloy. While in the silver artifacts, the actual silver content was very low (73—-89%
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silver with 10-26% copper and small amounts of zinc and other trace elements). Assuming
these last results are credible, it should be emphasized that alloys of such proportions are
very brittle and not very malleable. Such a low silver content contradicts the technique
used to produce the artefacts being analyzed, since most of them were finished by ham-
mering, a method which requires very plastic and ductile material and therefore of high
fineness. It should be inferred that these analyses were performed incorrectly and that
they should therefore be repeated using more sophisticated X-ray spectrographic analysis
methods. Similarly, the Wielbark finds from Kowalewko, Oborniki Comm. (cf. Skorupka
2001), analyzed in recent years, require a second examination. The items from Kowalewko
were analyzed using two methods: non-destructive X-ray microanalysis (EDXS) and
atomic absorption spectroscopy (AAS). Only the content of the basic elements of the alloy,
known by definition, was determined, not taking into account others which may signifi-
cantly influence the determination of the original composition (cf. also Nosek and Kowal-
ska 2001, 437). The interpretation of these results is very cursory and very generalized as
far as defining the groups of raw materials used, and therefore cannot be the basis for
comparisons with the material being analyzed. The results of these analyses clearly indi-
cate that the selection of artifacts was quite accidental, with no specific research objectives.
The investigations also contain basic errors from the point of view of metallographic re-
search. For example, the curious interpretation of the chemical composition of brooch
A.V.124 from grave 227. In the catalog of grave inventories this fibula is described as silver.
There is further information that the crest-head of the brooch was adorned with a silver fili-
gree, without specifying whether the wire was beaded, twisted or smooth — this is also not
apparent from the drawing and the photograph of the find. In the further part of the de-
scription, it is stated that the bow was entirely cast from pure (sic!) copper (cf. Nosek and
Kowalska 2001, 438; Skorupka 2001, 66, tabl. 69:227/1).

A more extensive discussion is required in the case of a group of artefacts imported
from the Roman Empire and the provinces, discovered in the cemetery at Weklice. These
are primarily brooches, vessels and their fragments, belt fittings and coins (Figure 6: 1-6).
The purpose of these analyses was to compare, using the same method, local copper alloys
with Roman “bronzes”, discovered in a similar geological environment (at the same site)
and preserved using the same chemicals. However, above all, it was about identifying po-
tential regularities in the use of similar compositions and the type of raw material in the
technological processes of Roman and barbarian production. It must be stressed that the
selection of imported finds was based on the chronological context of the graves in which
they were discovered, so, as in the case of local artefacts, efforts were made to take into
account the different stadia when the cemetery was in use. It also had to be taken into con-
sideration that the time when imports arrived and circulated in the lands of Barbaricum
was completely different from the time of their production in the Empire and its provinces
(more Wielowiejski 1970, Wolagiewicz 1970a; 1970b), and that the same holds true for
Weklice.
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The results of these investigations have shown decisively that all the analyzed artefacts
differ significantly in chemical composition from local finds and, on the other hand, show
great similarity in the alloys used (in each category of imported finds). Copper alloys,
which can be described as tin-lead bronzes, were used to make imported brooches. Such
alloys are characteristic of the western provinces of the Roman Empire (Nieweglowski
1988; 1991; Stos-Gale 1993, 101-131), and also of the British Isles, where an enormous col-
lection of Roman fibulas has been analyzed (Bayley and Butcher 2004, 220—229).

Additional comment is required in the case of a set of belt fittings, found in grave 208
at Weklice (for more see Natuniewicz-Sekula and Okulicz-Kozaryn 2007, 54; 2008, 243).
From other “bronze” artifacts produced in the local workshops, the buckle frame and the
belt end (Figure 7: 1—2) are distinguished by their noble patina of a unique olive-green
color. In addition, their surface is perfectly polished, lustrous. Analyses showed that they
were made of tin-lead bronzes. However, it is worth noting the different composition of
the buckle plate, similar to the brass composition of which local artefacts were made. It
should also be taken into account that the buckle has evidently been repaired, probably
due to damage to the original plate. One knob on the pivot of the frame is original and the
other made later. In addition, it’s form is typical for knobs on the pivots of buckles and
ends of brooch springs found at Weklice. Here we clearly have a find which has been re-
paired in Barbaricum and probably locally. Likewise, the belt end was repaired as the ori-
ginal one was broken. The point of breakage was carefully filed and polished. This whole
set of belt fittings was probably repaired and continued to be used. Both of the finds de-
scribed here have no obvious analogies in Roman and provincial Roman materials; only
stylistic imitation can be traced. This fact seems to argue for an origin from a barbarian
workshop, but located closer to the limes (cf. more Natuniewicz-Sekula and Okulicz-Kozaryn
2007, 54).

The use of tin-lead bronze alloys was also noted in the composition of vessels. In all
cases, material for analyses was taken from the bodies of preserved fragments. However,
in contrast to the described brooches and belt fittings, they were found to have a signifi-
cantly lower lead content, not exceeding 1%. Such results of analyses of these Roman vessels
do not differ significantly from the numerous analyses of other “bronze” Roman vessels dis-
covered in Poland, which, both in the Empire and in the Roman provinces, were generally
made of tin-lead bronzes (Nieweglowski 1991, 281—286, table I).

Another interesting discovery were dozens of fragments of a unique pitcher in the
Egyptian style (cf. Natuniewicz-Sekula 2010, where a broad overview of the find and its
dating, origin and cultural background). Already on the basis of preliminary macroscopic
observations, it can be stated that the alloy of which the vessel was made differs from the
other “bronze” Roman imports discovered at the cemetery, and is similar in color to local
artefacts. In addition, most of the fragments were covered on the inside with a thick layer,
0.5—2 cm, of gray metal, which analyses confirmed to be lead. Chemical examination have
shown that the basic material for this vessel was a copper alloy (about 85%), zinc (about
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10%) and lead (about 5%). This chemical composition makes it possible to approximate
the alloy as a lead brass. Thus, it is the only Roman vessel with a composition similar to the
local artefacts.

Roman coins (subaeratii) from Weklice (cf. Fig. 6: 4—6) also require further comment.
The alloy of two coin cores, drilled in the central parts, was found to be composed of about
75% copper, between 0.1-3% zinc and varying amounts of tin, once about 4%, and then
about 20%, and lead about 4% and about 10%. The analysis of the cladding, obverse and
reverse, was interesting. In all cases, the coins were covered with tin-lead cladding with
a tin content of more than 40% and lead of about 20%, trace amounts of silver, and a small
amount of platinum, 0.82%. The alloy composition of these coins should be regarded as
close to red bronze, i.e. lead tin bronze alloy. The coating was probably intended to imitate
the silver plating common in denarii subaerati. Tin was used to replace silver as a more
economical metal for mass produced denarii (for more on denarii subaeratii see Bursche
et al. 2000, 112; Gitler and Ponting 2003, 33).

TIN COATINGS

A separate group of analyzed finds were brooches whose bows were made of brass and
covered with a coating of tin (Fig. 8: 1—3). All belonged to one type, similar to types A. 116-
117. They represent the so-called Bornholm series 11 of group V in Almgren’s classification,
or more precisely the Leonéw type distinguished by Rudolf Jamka (1963, 70-73).

The tin layer, where it has been preserved, is usually thick and characterized by a light
silver shiny hue over the whole surface of the item. In one case, 68.39% of tin, 1.36% of
lead, 0.78% of silver, and the remaining trace elements of copper alloys were recorded.
54.1% of tin, 36.47% of silver, with a low copper content of 7.14% was noted in the second.
Variations in copper content are due to the thickness of the tin coating, where it is thinner
the copper content rises and where thicker decreases. This is the result of the analytical
method used, as electrons passing through the thin coating measure the elements of the
base alloy from which the artefact was made. The bow of a brooch of Leonéw type from
grave 6 in the cemetery at Ulkowy, Gdaisk Comm., was covered with a thick tin coating?
(no chemical analysis was carried out) (Tuszyhska 2005, 13, pl. III: 6/1). The description
suggests that the brooch is silver plated. Taking into account the presence of a large amount
of silver in one of the samples from Weklice described above, in the case of Ulkowy we may
have an instance of tin plating with a high silver content, which is technologically possible.
Two further two tinned? brooches of the Leonéw type come from the cemetery at Kowa-
lewko — graves 375 and 386 (Skorupka 2001, 101, 104; pl. 118:375/1; 123:386/2). As in the
case of grave 6 at Ulkowy, the chemical composition of the coating was not investigated,
therefore one of the Kowalewko brooches (grave 375) is described as tinned and the other
(grave 386) as silver plated. Knowing all the described artefacts from personal observa-
tion, I rather favor the option of tin coatings in these cases. However, it is worth pointing
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out that at Weklice, Kowalewko and Ulkowy, as well as in other cemeteries from the Pruszcz
Gdanski region, west of the mouth of the Vistula, brooches of the Leonéw type have been
found sporadically which were made of copper alloys or iron and decorated with silver or
gilded foil. Consequently, the question arises as to whether the preserved layer is not simply
a residue of the solder binder used to apply the foil (analysis of the Weklice material has
shown tin-lead solders). As we know, tin dissolves silver (especially thin foil) and diffuses
into its structure, particularly when overheated. This situation can most probably be ruled
out because all the known to me remnants of solder binders in different categories of arte-
facts are preserved vestigially, in the form of irregular thin layers, concentric clusters, ef-
florescences on the surface of artefacts. Moreover, solder binders do not have a light silver
shiny, polished color and are generally strongly saturated with the green corrosion of cop-
per compounds whereas the preserved coatings are quite thick and very uniform, which
excludes the possibility that the bows of these brooches were decorated with foils.

As shown above, tinning is very rare in Wielbark material and is generally only re-
corded on a similar type of brooches that are not typical forms for the inventory of this
culture. It should therefore be assumed that the just described type of brooch is not con-
nected with local production and that its appearance should be associated with intensive
contacts of the Vistula estuary region with Scandinavia. Numerous brooches of the Almgren
116-117 types, considered as transitional to the Leonéw type, both “bronze” and iron, often
decorated with impressed gold and gilded foils were discovered in Scandinavia — Jutland,
Bornholm (Almgren 1923, 230—231), and their mostly plain iron counterparts occur as
frequently in assemblages of the Przeworsk culture in Greater Poland and sporadically in
Upper Silesia (Godlowski 1977, 22; Jamka 1963, 70—72). In the Wielbark culture they ap-
pear at Weklice — graves 267; 494 (Natuniewicz-Sekula and Okulicz-Kozaryn 2011, 78, pl.
CXIII: 1—2 and unpublished materials from Magdalena Natuniewicz-Sekula’s research in
season 2005), Kowalewko, grave 356 — here with granulated ornament on a silver plate
soldered to the head of the brooch, grave 375 — one of a pair, decorated with silver foil
impressed in geometric patterns (Skorupka 2001, 95, 101; pl. 109; 118), Ulkowy, grave 59 —
here without ornament and grave 70 with silver gilded foil impressed on a filigree die with
motif of plaited and beaded wire (Tuszyfiska 2005, 25, 28; pl. XXIII, XXVIII), Pruszcz
Gdanski, site 10, grave 64, in the catalogue incorrectly described as A.V.151, with preserved
silver impressed foil, and grave 287 also decorated with silver impressed foil (Pietrzak
1997, 19, 46, pl. XIV, C).

Considering the numerous tin coated artefacts whose origin can be traced to Rome and
its provinces, it can be surmised that the technique of tinning, which in the Wielbark cul-
ture was used only on brooches, originated in the lands of the Roman Empire, where its
first and foremost use was to coat vessels made of copper alloys. The tin coating was most
often applied on the inside of bronze vessels associated directly with the consumption of
wine — especially pans and cauldrons used to heat it. This was most probably done to pro-
tect against the toxic properties of copper compounds of which the Romans were already



The Craft of the Goldsmith in Wielbark Culture in the Light of the Finds... 201

aware. A set of wine drinking utensils (two glass cups, a copper alloy ladle, strainer and
tin-coated saucepan) were discovered in grave 495 in the Weklice cemetery (cf. Natunie-
wicz-Sekula and Okulicz-Kozaryn 2007, 2008). Roman mirrors, mass-produced in the
large centers of the Empire and the provinces, for instance in Nijmegen, Cologne or Northern
Italy, were also covered with thick layers of burnished tin coating (Lloyd-Morgan 1981;
Meeks 1995). The presence of tin coatings and copper alloys with increased tin content has
also been reported on brooches from sites in Roman Britain (Bayley and Butcher 1981, 32;
1989, 25—32; 1995, 113—119; 2004), that is from where, after the establishment of the new
province, tin deposits were exploited and imported to continental Europe. In general it is
believed that tinning was intended to imitate silver plating, thus imparting a more refined
and luxu-rious appearance (Strobin 2007, 675—676). However, it should be emphasized,
that there are no silver-plated items in the Wielbark culture, so here we are dealing exclu-
sively with imitation silver foil.

THE GOLDSMITH WORKSHOP AND TECHNIQUES
OF PRODUCTION

The greater part of the Wielbark culture inventory comprises ornaments made from
alloys of copper, also silver and gold, which underwent significant stylistic changes and
technological improvements as the culture evolved. The inventory of the Early Roman
period contains ornaments mostly made of copper alloys (mainly brass), a few decorated
and inlaid with silver, and with rare elements of gold, while towards the end of the Early
and beginning of the Late Roman periods came the greatest development of goldsmithery.
At this time we see the widespread use of advanced decorative techniques for ornaments
and dress accessories, such as gold and silver filigree and granulation, as well as decorative
foils, and in literature on the subject the period is referred to as the “Wielbark baroque”
(Wolagiewicz 1974). Apart from the few works by J. Strobin (1995; 1998; 2000; 2007;
2015), research concerning goldsmith production technology in the Wielbark culture has
to be viewed as inadequate considering the almost complete lack of information about re-
mains of workshops in the area, including smitheries and the tools used in them. A thorough
overview of European smith’s tools, from our period of interest, from graves and bog de-
posits, are given by A. S. Dobat (2008) and Andrzej Kokowski (1981). Many of these
implements could have been used also in goldsmithing. Much more is known about gold-
smithing and metallurgical workshops in the area of the Przeworsk culture, though here
too the data are insufficient. Finds include single crucibles, fragments of casting molds and
of semi-finished products, as well as and waste of raw materials are discovered. Bronze
and goldsmith workshops are also known from Barbaricum sites occupied by other Ger-
manic cultures (cf. Bochnak 2000, 89—90). Excellent comparative materials for the recon-
struction of goldsmith workshops are provided by Roman and Roman provincial materials,
in particular the descriptions of tools from Roman camps (cf. more Pietsch 1983) and a huge
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series of non-ferrous metalworking tools from Danish bog sites such as Illerup Adal and
Vimose from the period of the Roman Empire (for more see Dobat 2008 — with extensive
literature).

It is known that the goldsmiths instrumentarium included a broad spectrum of tools
such as casting molds, crucibles, casting spoons, bellows, pincers, hammers, scissors, anvils,
drawn-plates, dies, whetstones, punches, whetstones files and many more. Undoubtedly,
the makers of non-ferrous metal objects had a great deal of practical knowledge, which al-
lowed them to achieve the optimum conditions for melting alloys and the ability to produce
tools, also iron tools, as well as ornaments, dress accessories and items of everyday use.

CASTING

The most common method of casting was the lost wax method. In this case, a model of
the desired object was formed out of a soft mixture of beeswax with mutton tallow and oil
(Oldeberg 1966, 259). Probably already then various types of wax were used: soft for the
easier modeling of various shapes and hard wax for carving ornaments on the model. The
next step in the process was adding such elements as sprue and ventilation ducts. The model
was then carefully covered with clay leaving sprue and vents open. In the case of molds for
single items, the ventilation ducts were made directly in the wet clay mold by puncturing
several holes with thin wire. The resulting form was dried and fired in a forge hearth or
furnace. No high temperatures are required for this treatment, the wax runs out at 150—
200°C. After the wax melted, the negative of the object was imprinted inside the mold.
Then, the molten metal alloy was poured from a crucible into the empty clay mold cavity.
Experiments carried out as part of this study resulted in, statistically, slightly over half out
of ten castings being successful, with casts suitable for further working. Everything de-
pended on choosing the right composition of raw materials for the alloy, appropriate con-
ditions and controlled maintenance of the temperature in the forge hearth or furnace. As
demonstrated by the experiments, an extremely important step in the process of obtaining
a good cast was suitable preheating of the mold, before pouring the molten metal at 800°C.
This was necessary to balance the temperatures, as the hot metal in contact with the cold
form began to cool quickly, causing the cast to fail. Experiments showed that specialized
foundry workshops had to meet the relevant requirements. First of all, they were secluded,
roofed buildings, sheltered from strong winds but at the same time with good ventilation.
It was also important to use the best high-calorific charcoal or deciduous wood (oak, ash),
and the quality of the cast itself required a great deal of experience and skill from the
caster and his assistants.

Clay molds used in the lost wax casting method were disposable because to extract the
product, the cast had to be broken up (Fig. 9). However, reusable clay molds are known
from Roman times. Their reuse, even multiple times during casting, was possible with the
use of two-piece molds. Such molds, used for the casting of brooch plates, have been dis-
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covered in Britain (cf. Bayley and Butcher 2004, 27, fig. 9, pl. 1) and elsewhere. Mostly,
however, they were one-piece specimens. In the areas of Barbaricum, with particular re-
gard to the Wielbark culture, there are no finds of two or multi-part stone casting molds,
characteristic of early Slavic culture (cf. Szmoniewski 2005). The exception is a stone casting
mold (probably made of limestone or lake marl) dated to the Late Roman period, discove-
red at a cemetery of the Bogaczewska culture at Paprotki Kolonia, site 1, Gizycko Comm.,
in grave 29. The study does not include an illustration of the find, or a detailed description
telling us what elements were cast in this mold (Karczewski 2011, 133—-134).

However, already in ancient times, in the founding of non-ferrous metals, clay forms
were used to cast more than two semifinished artifacts at a time. The prepared wax models
of the same semifinished artifacts were combined into a Christmas-tree-like shape, joining
the individual infeed channels into one main one and making a suitable number of addi-
tional air vents. The basic rule is that the greater the number of well placed air vents, the
better the cast. Making an adequate number of venting channels helps to avoid bubbles of
oxygen getting caught inside the molds and leaving empty spaces, so-called pores within
the cast. A cast with pores becomes brittle and prone to cracking during further working.

The multi-element clay molds used for castings the brooch plates, together with the
preserved semi-finished products, come from, among others, the Celtic oppidum in Bi-
bracte, where fully-preserved foundry workshops were discovered. The foundries were
also active during the Roman domination in Gaul (Pernot 1998; Romero 2006, 78—79). In
the immediate vicinity of Bibracte, in Autun, Burgundy, a Roman deposit of 280 kilograms
of fragments of brooch casting molds were discovered. The brooches were Hull’s type 21
and 26, corresponding to the following types: Almgren 240, Riha 4.5, Ettlinger 24; Feugére
19 (Hull, Hawkes 1987). There were single and multi-part forms as well as multi-element
forms (Chardron-Picault and Pernot 1999, 159—162). From the areas of the Roman Empire
and continental provinces, the presence of clay molds, predominantly single-element, for
casting Roman brooches and semi-finished products, from the areas of the Roman Empire
and continental provinces, is fairly well documented (cf. continental findings in Bayley and
Butcher 2004, 3739, pl. 12). Quite a large collection of one and two part clay molds for
casts of brooch plates comes from Roman Britain (Bayley and Butcher 2004, 26—28).
From there we also have single and multi-element molds for casting silver and bronze
spoons (Bayley 1995, 105—-107).

The use of multi-element clay molds in the Germanic territories in Late Antiquity is
also confirmed by the find of a crossbow brooch with extended foot coming from a caster’s
hoard discovered in Frombork, Braniewo Comm., dated to the Migration period (cf. more
Godlowski 1972, 57—69). It was a semi-finished brooch bow with a sprue mark at the end
of the foot. At the other end of the sprue there is a broken off fragment (of rectangular
profile) of a second foot, probably of an analogous brooch (Fig. 10: 1-2).

In the Wielbark culture lost-wax casting was used mainly to produce semi-finished
brooch bows, belt end fittings, buckle frames or early forms of Schlangenkopf bracelets.
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Since there is little information about remains of Wielbark workshops of non-ferrous me-
tallurgy, we cannot say much about the development of this technique in the Wielbark
culture. Nevertheless, one confirmation that serial molds were in general use is the dis-
covery of a barbarian bronze casting workshop (dated to phase C1) in a settlement at
Pasohlavka, Bieclav district, located not far from a rich grave in Musov, in the Czech Re-
public. The excavated artefacts have evident ties to the Wielbark finds from around the
Vistula estuary, among which was a series of clay molds for casting brooch bows of series
1 of Almgren group VII, some with an upper chord which is considered a Sarmatian form,
and belt-end fittings type Raddatz J II 3—4 and J II 6—7 (Tejral 2006, 134—141). In the
north-eastern part of Hungary, inhabited by German and Sarmatian settlers, at the Ti-
szafoldvar settlement, in a feature interpreted as a foundry workshop (Vaday 2005), a ca-
sting mold was discovered of brooch type A.V.128 — an evidently Wielbark form, often
found in the inventory of that culture.

When the clay mold was broken, the rough cast needed further processing. Stubs of
sprues, the channels for pouring and venting, had to be cut away and seams and other ir-
regularities removed. Therefore, the cast needed more work such as filing, chasing, po-
lishing and hammering in order for the final effect to be achieved.

Among the well-known finds of semi-finished artefacts are the already mentioned pie-
ces from the Frombork hoard, dated to the migration of peoples, in which, besides the
initially worked ornaments and dress accessories, cut and whole coins, lumps of raw mate-
rial were also discovered (Ciolek 2007, 47—49; Godlowski 1972, 57—-69). Botched casts and
semi-finished brooches, as well as fragments of other objects come from a hoard found at
LEubiana, Ko$cierzyna Comm. (Mgczyniska 2003, 314—320, 2011; Maczyniska and Rudnicka
1998, 43, 45), which also included a large series of “Sarmatian” brooches with high catch-
plate and upper chord. Both hoards are interpreted as the property of bronze smiths.
Another find of a semi-finished brooch plate, series 1, Almgren group VII with upper chord,
with pouring and venting channels cut off, and similar to the specimens found at Weklice
(cf. eg. graves 43, 256 — Natuniewicz-Sekula and Okulicz-Kozaryn 2011, 34, 75—76; pl.
XIX, CVII-CVIII), come from Slovakia, from the Bratislava-Devinska Nova Ves site (El-
schek 2002, 2509, fig. 6:6).

It should be noted, however, that in the manufacture of certain categories of orna-
ments, mainly brooches, belt-end fittings and buckle frames permanent molds were used.
We know of single finds from Barbaricum and the Roman provinces of metal molds (pre-
dominantly of copper alloys) used for shaping the wax, from the artefact was then made,
employing the method described above. The nearest place where such a mold was found is
a cemetery of the Przeworsk culture at Prusiek, Sanok Comm., grave no. 24 (dated to the
beginning of the Younger Roman period), with furnishings indicating a male burial,
included a set of tools, evidently used for goldsmithery and consisting, among others,
of a small hammer, a punch and two copper alloy molds, most likely used to shape wax
models. One of them had a negative of a brooch with a high catchplate and upper chord
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Almgren group VII, referred to in the literature as a Sarmatian form. The other mold, ring-
shaped, probably served to cast wax models of rings used as connectors in a variety of ob-
jects, including casket handles, separators of chain links of horse bits, etc. It was found in
the humus, but its character indicates that it could be associated with the original fur-
nishings of this burial (Madyda-Legutko et al. 2007, 63, Fig. 6). Two other finds of copper
alloy molds serving to form wax models of brooches series 1 of group VII from the Younger
Roman period should be mentioned here. The first comes from the Germanic territories on
the Elbe, from Neunheilingen-Ost, Kr. Unstrut-Heinich (Walther 1996). The second is half
of a bronze mold for making two brooches discovered in Austria; the context of the find is
unknown (Maczynska 2011, 68).

A surprising find are models of brooches made of lead, instead of wax (e.g. the plate of
a trumpet brooch from the Poole’s Cavern site, Derbyshire, England), obtained from two-
piece metal molds (Bayley and Butcher 2004, 28-30, fig. 14). The use of lead for shaping
models is justified as the metal has a very low melting point. It can therefore also be used
to make a clay mold, after having been clad with clay and burned. Lead models for making
various small items have also been recorded at provincial Roman sites in continental Eu-
rope (Drescher 1973).

In order to make a cast, one first had to obtain metal in a liquid state. Small clay cru-
cibles and casting spoons were used to melt the metal. In Poland, an item interpreted as
a casting spoon was found at a settlement at Piwonice, Kalisz Comm., (Dgbrowski and
Slaska 1956, 213—215).

If only a small amount of material was needed (as was the case with precious metals),
up to 150 g, a hollow in a piece of charcoal could be used, directing the flame at it with
a wooden blowpipe. Larger clay crucibles had to be resistant to high temperatures (Gra-
dowski 1984, 55), and clay certainly has such properties. Whereas the melting point of the
metal depended on the components of the alloy. Crucibles were placed on the hearth or in
the furnace. In the absence of findings from the Polish territories confirming this method,
it should be assumed that the crucibles were covered with clay lids facilitating the main-
tenance of controlled temperature. The use of crucible covers is confirmed by such findings
as those from Xanten (the Roman settlements of Colonia Ulpia Trajana), where the cruci-
ble sets were used for brass smelting (Rehren 2003, 209—210).

Bellows were used to raise the temperature on the hearth or in the portable clay domed
furnace. The bellows nozzles were wooden tubes at one end thickly clad with clay (some-
times a separate clay nozzle was made closely fitted to the wooden tube) so as not to cause
singing as the temperature of the hearth rose. At the other end, the nozzles were connected
to a leather bag by a leather strap. Despite the lack of data on the species of wood from
which nozzles were made, experiments have shown that the best material for making the
nozzle tube is the black elder tree. In Poland archaeobotanical studies have found the
pollen of black elder at excavation sites from the Roman period (Lityiska-Zajac 1997,
80). The inner tissue of black elder wood is very soft and easy to remove in order to make
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a hollow tube and thus blowpipes could have been of elder wood or metal and their outlet
would have been covered with clay to prevent singing or overheating. The shape of a gold-
smith’s bellows made of one piece of sheepskin is accurately described by Theophilus Pres-
byter in Book III, Chapter 4 (Kobielus 1998, 59—60). We should also mention the remains
of clay casting crucibles, undoubtedly related to the described method of non-ferrous me-
tallurgy. In fact, there are no certain findings in areas of the Wielbark culture, maybe with
the exception of two clay crucibles discovered during recent excavations of a Roman
period settlement at Lipianki, site 3, Kwidzyn Comm. One was preserved in its entirety,
with a triangularly formed edge and clear traces of the vitrification of the internal walls
under the influence of temperature and fine fused residuals of copper alloy pellets. The
second was a fragment of a small bowl-shaped crucible with circular spout (Strobin 2015,
138, fig. 7:3; 41:3). In addition, numerous remains of various horn, bone and metal tools
(awls, borers, etc.), were found on the site. There were also tools which should un-
doubtedly be associated with goldsmithery, such as a small hammer and copper alloy half-
products such as wires, tapes, bars, probably for making various objects, as well as the
actual artefacts (cf. more Strobin 2015).

Unlike the Wielbark culture, well-proven crucibles come from areas of Przeworsk cul-
ture. Fragments of re-burned crucibles as well as whole specimens were found at Jakuszo-
wice, Kazimierza Wielka Comm. Traces of non-ferrous metallurgy were recorded at this
settlement throughout most of its existence, starting from A2 and A3 of the younger pre-
roman period to phase D — the beginning of the migration period. However, the most nu-
merous remains come from the younger and late Roman period — phase C1, C2 and C3
(Bochnak 2000, 90—91). The Jakuszowice crucibles show signs of having come into con-
tact with high temperatures — traces of vitrification on the surface of the inner walls, as
well as one case of a small lump of gold fused into the wall. The crucibles from the Jakuszo-
wice settlement are small cups with a conical or slightly rounded bottom and an irregular,
almost circular shaped spout. Some fragments of crucibles have polygonal and triangular
spouts to facilitate precise measuring out of the liquid metal. They were made of a homo-
geneous ceramic fabric, gray with a small admixture of mineral or chamotte. Some of them
carry traces of repair, that is, the crucible was covered with clay when its surface became
so porous as a result of burnout that, without a new layer, the vessel would be unsuitable
for further use. (cf. more Bochnak 2000, 84—90). Similar artefacts were also found at
a settlement of the Przeworsk culture from the Late Roman period at Igolomia, Krakéw
Comm. (cf. more Dobrzanska 1990, 72—73).

The casting technique described was in principle the most common in colored metal-
lurgy. But not very productive, as many castings failed, and the remelting of the raw mate-
rial resulted in considerable contamination of the alloy. In the course of several recastings,
not only the copper but also the precious metal alloys lost much due to the evaporation of
the individual elements, so their quality deteriorated and they were not reusable. During
the archaeological experiments conducted for this work (copper alloys and precious metals)
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it was found that many times the melt had to be replenished with the individual alloy com-
ponents, added in appropriate proportions. The proportions depended on many factors:
first and foremost, the craftsman’s experience, practice in combining the metals using the
correct proportions, and knowing the right conditions for melting (outdoor area, enclosed
area — inside the building). In the case of copper alloys, primarily tin and zinc were added
in order to improve the quality of the alloy. Therefore, I do not exclude the use of such
procedures by the Wielbark goldsmiths.

In addition, during the final processing of the semi-finished product, there was a lot of
waste, such as the metal-filled sprue and venting channels, metal scrap from the filing,
grinding and polishing. This represented a significant loss of valuable material. As a result,
casting began to be supplemented over time by forging, which, as shown by macroscopic
examination of the analyzed artefacts, during the peak period of the Wielbark gold-
smithing, equaled and, it would even seem, predominated over casting. This is particu-
larly visible in the case of the metalworking of precious metals such as gold and silver.

FORGING

Though the Wielbark culture inventory contains no finds which could be indisputably
associated with goldsmith workshops, on the basis of traces preserved on the analyzed
artefacts it is possible to say that most of the ornaments were made and finished by forging.
Forging is one of the oldest and most common techniques of producing ornaments and
tools for everyday use, primarily in the smith’s workshop. So far, in literature on the sub-
ject has prevailed the opinion that a general knowledge of casting provided greater scope
for differentiation of forms, and thus that it dominated forging during the Roman period,
placing the technique of forging solely in a supplementary role, used to finish objects (Gula
1981, 352). However, this theory is only seemingly true in fact, in the Wielbark culture.
This technique supplemented the basic technique of casting from the Early Roman period
and was used to finish jewelry, mostly silver and gold, less often of copper alloys. However,
starting from phase B2/C1, it even surpassed casting, mainly due to the small loss of raw
material which was significant in casting and working casts (cf. more Strobin 2000). It is
also worth noting that traces of forging have been observed in practically all categories of
ornaments and dress accessories (e.g. brooches, Schlangenkopf and rod bracelets, pen-
dants, buckles, belt-end fittings, etc.) examined in this work. They are also characteristic
of iron artefacts or for those in which the base is iron (cf. Fig. 2: 3), which, due to the type of
metal used, could not be made by another technique. Wrought artefacts (shaped on dies)
are less numerous in the Early Roman period, but dominate in the Late Roman period.

Forging is the method of forming metal by beating an object placed on an iron pad or
anvil with a hammer or tamper. There are two basic forging techniques: hot — the work-
piece is heated to high temperatures. This was the classic technique of working iron. The
second forging technique is cold forging workpiece where pre-cast ingots of, mostly precious
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metals, high alloys of gold, silver and copper, are used in metalwork. During cold forging,
the object underwent recrystallization, so it had to be warmed occasionally to change the
structure of the metal to a more plastic one and then to continue to work on it. In the Wiel-
bark culture cold forging was used to produce semi-finished/die forgings with regular pro-
files, usually round or edge-shaped constrictions, grooves, recesses. They were formed in
the basic forms of dies, i.e. point chisels and swages, which served to produce a wire, rod
or tape with the intended cross-section. Such dies consisted of two parts: the lower so-
called bottom fuller with cut profile (anvil variant) embedded in wood — stump and the top
called an anvil top, also profiled, which functioned as a hammer. After the two parts were
fitted, the intended shape was obtained. This work required two people. One held and
slowly shifted the rod while the other hammered the anvil top (Strobin 2000, 232, fig. 1:1-2).
However, as demonstrated by experiments, it is possible very simply to cold forge rods,
wires and tapes of non-ferrous and precious metals in one-piece dies (also used as an an-
vil) without using the top anvil, by directly hammering with an anka the equivalent of a die.
The anka is a metal cube with hollows of different diameters, used to forge sheet metal
into hemispheres, the nodes or empty balls of which served to produce ornaments. In ad-
dition, the anka can be used for the final modeling of solid objects, such as the roundness
of heads and ectractor rims of Schlagenkopf bracelets (cf. Gradowski 1984, 32; Strobin
2000, 233—234).

In previous studies of tools from goldsmith and forging workshops, objects interpreted
as iron anvils and dies are rare. This is primarily due to the condition of the artefacts, often
not preserved well, which are regarded as another tool or an unspecified partly processed
raw material. A survey of known iron dies from the Bronze Age to the Early Middle Ages is
presented by Strobin (2000, 233—234, fig. 3—4). To this list should be added dies found at
the Roman legionary camps on the Rhine, in Saalburg, Zugmantel and Feldberg (Dobat
2008, fig. 48; Pietsch 1983).

Based on the traces of forging preserved on the examined artefacts, it can be said that
the dies were used primarily to model specific types of ornaments. The earliest dated traces
of forging were recorded on the eye brooches of the Prussian series, Almgren group III,
where, probably with the aid of a die, a rod was profiled. The rod, coming out from the
head of the brooch, was cast together with the plate, and forged on a die of rectangular
profile into the tape-like shape of the wire of the spring. Evidence of forging also appears
on the bows of brooches, especially in the Almgren groups II, V, VI and VII. An excellent
example confirming forging on dies is the pair of brass brooches type A.IL.40-41 from
mixed finds from the Elblag cemetery, Elblag Comm.: Elblag Pole Nowomiejskie or Elblag.
Moniuszki street, having on the undersides of the brooch plates circular recesses, marks
left by the tamper used to hammer the model into the die, pushing the blank into the pat-
tern of the die (Fig. 11: 1—2). Analogous traces were found on a pair of silver Schlangenkopf
bracelets from grave no. 107 from the Wielbark cemetery in Pruszcz Gdanski, site 7 (Strobin
2000, fig. 10, 13). In the case of brooches of groups VI and VII, the springs were also forged
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and separately the ornamental knobs crowning the ends of the springs and the base of
the heads (cf. Strobin 2000, 235-236, fig. 21). Signs of forging were also recorded on the
frames and pivots of buckles and hafts of belt-ends. Shaping on dies was used in the pro-
duction of rod bracelets and most types of Schlangenkopf bracelets discovered at Weklice
(cf. Fig. 4: 2—5), which were finished after forging by filing, polishing and burnishing, and
then punches of various profiles were used to impress elaborate ornamental compositions.

Engraving is also a technique inseparably connected to forging and is the final step in
decorating ready-made products. Patterns are transferred from the die with a sunken re-
lief with a specific engraved shape (of the so-called plunger, stamp or punch). These were
certainly iron tools with a carburized, harder work piece, which was tamped by a hammer.
The way they were used resulted in rapid tool wear, so in the Wielbark materials in prin-
ciple we do not have such tools, although elaborate ornamentation of artefacts proves their
widespread use in goldsmithing workshops. Numerous punches, evidence of their fre-
quent use, were found in material from the Early Middle Ages (Ko¢ka-Krenz 1993, 29—30).
Engraving was used as a decorating technique for all kinds of ornaments (mostly brooches
and bracelets) and other dress accessories in the Wielbark culture, with the various groups
of motifs occurring with varying frequency in particular chronological phases. Typically,
motifs consisted of circle patterns with dots in the middle, triangles, crescents, straight
and wavy lines, and imitating beaded wire. Certain gold ornaments found at Weklice were
also made by forging, most of all spherical pendants, which were then decorated with fili-
gree and granulation. They were formed on dies with bowl-shaped sections, where the two
hemispheres were separately forged and then soldered at the base.

IMPRESSING FOILS

Directly associated with the technique of forging is impressing (also known as die
stamping), that is hammering of smooth or ornamented gold, silver and silver gilded foil
with minimum thicknesses of 0.02-0.05 mm. Thin plates of precious metal for making
foils were probably beaten on smooth pads, and some researchers believe that primitive
rolling and stretching methods were used (cf. Strobin 2007, 675). In the next step, the
foils, as needed, were pressed (Ger. Pressblechtechnik) on specially composed, filigree ma-
trix, forming mainly various arrangements of twisted, braided, slanting or herringbone
wire patterns and granulation compositions (cf. Figure 2: 1—4; 3: 3). Such foils served pri-
marily to decorate brooches. There are many ornamental convergences in the material
from Weklice (occurrence of the same ornamental motifs), and consequently also techni-
cal similarities, on the foils that decorate different types of brooches, but always coming
from the same chronological stadia. The second technique of impressing consists in placing
previously beaten smooth foils on a foundation of a thick layer of wax, and then manually
etching the intended pattern using a thin stylus. Lead may also have been used instead of
wax for this purpose.
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FILIGREE

It is one of the oldest and most popular and well-known goldsmithing techniques
(Duczko 1985, 16—22). It consists of creating ornamental components made from thin
gold, silver or copper alloy wires, with a maximum diameter of 2-3 mm. In ancient times
the filigree wire, mostly round in section, was produced by three methods. By forging
a pre-cast rod, twisting around its own axis a narrow strip of sheet metal and stretching by
rolling between wooden boards, or by drawing the wires through drawplates. Theophilus
Presbyter mentions such a drawplate in Book III, Chapter 8 (Kobielus 1998, 63). Iron bars
with holes of different diameters probably served as drawplates. Basically, finds of such
tools from the Barbaricum territories during the period we are interested in are rare. An
iron bar from the bog site at Illerup Adal is interpreted as being a drawplate and simulta-
neously a matrix for forging rivet heads. This tool is in the shape of an elongated trapezoid,
with a circular depression (matrix) at the shorter end and an approximately 2 mm hole at
the longer side, which was probably used for drawing wire (Dobat 2008, 25—-26, fig. 3).
A miniature drawplate and other miniature goldsmithing tools come from a gold necklace,
part of a hoard discovered at Szilagysomly6 (present day Romania) dated to 4/5% c¢. AD
(Capelle 1994, 2011, 23—24, fig. 10). A slightly later drawplate was found in the Gepid ce-
metery at Band, Mures district, Romania, grave no. 10. The furnishings of this grave com-
prised, apart from a triangular drawplate with five holes of varying diameters, also a large
collection of tools for metalworking (Dobat 2008, fig. 38; Ohlhaver 1939). Whereas, the
oldest artefacts interpreted with certainty as drawplates for wires appear no earlier than
the Viking period (cf. Duczko 1985, 17, fig. 1—2).

The wires were then used to composed decorative patterns and details. Two kinds of
wires were commonly used in Wielbark goldsmithery. The first was a smooth single, double,
or even triple thread wire, which was twisted into something resembling a rope, wicker-
work or braid pattern, or composed into patterns of different kinds (snail-like, circles,
wavy lines, swirls etc.). The second wire was a cut wire (beaded). It was formed by a lateral
incision with a special tool (in the shape of a knife) made of an iron rod with a groove en-
graved on the underside. This cut created a beaded effect. (Duczko 1985, 18; Foltz 1979,
213; Strobin 1998, 127). A knife from the Roman period used for incising wire comes from
the bog site at Illerup Adal, where it was preserved together with its wooden handle (von
Carnap Bornheim, Ilkjer 19964, 379; 1996b, 81; Dobat 2008, 33, fig. 6).

These arrangements of wires were then applied to the ornaments and attached to the
substrate with solders. In the analyzed materials from the cemetery at Weklice (cf. Figs. 1-3),
filigree was mainly used to decorate brooches, s-shaped buckles, capsule and spherical
pendants, as well as Schlangenkopf bracelets, and in small decorative detailing on the
ruffs of heads of Schlangenkopf bracelets. In rare cases, incised wires were applied to
belt-end fittings made of copper alloy (cf. Natuniewicz-Sekula and Okulicz-Kozaryn 2011,
pl. IIl:15/2—-3; XXX1IV:82/3; CXC:434/5—6; CCXXXVIII:3; CCXXXIX:5).
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GRANULATION

This technique of composing decorative patterns out of small spheres from 0.3 to 3 mm
in diameter, and above, has been known since the middle of the 3¢ millennium BC, and
was especially popular among the Etruscans (Wolters 1983; Nestler and Formigli 1994).
The spheres were usually made of gold and silver alloys. There is no source data to confirm
that granulation was made from copper alloys, though in literature on the subject such
a claim has been made (Strobin 1998, 127). Today copper alloy granulation is possible with
the use of tin paste as solder, as shown by archaeological experiments (cf. more Cap et al.
2011, 113—115). However, in archaeological material over the course of history such finds
are very rare and, in principle, have not been fully researched as far as the technology is
concerned. In material from the Roman period I have not come across any such finds. The
few technological studies indicate that in these known cases we probably have to do with
the so-called pseudogranulation, that an artefact which has been cast with spherical gra-
nules. An exception is copper granulation gilded or silver plated (Wolters 1983, 13). It
seems that in antiquity this type of ornamentation, due to the physicochemical properties
of copper-based chemical solders used at that time, which were mostly used to solder gold
and silver filigree and granulation, was technically impossible to control.

Historical sources, as well as archaeological experiments, indicate two methods of
making spherical granules. The first was to prepare roughly the same size and weight
of metal scraps in the form of small plates or pieces of wire. Next, the scraps of metal are
placed in layers in a crucible, with finely ground (powdered) charcoal sprinkled between
each layer until the crucible is filled. Then the crucible is placed in a furnace, carefully raising
the temperature so that the metal starts to melt but does not turn to liquid. The surface
tension (like bubbles produced when cooking water) in the crucible causes the metal pieces
to melt into perfect spheres. The charcoal that is not subject to structural changes after
being reburnt at high temperatures is a kind of protective insulation preventing the melting
of the entire charge in the crucible.

After removing the crucible from the hearth and allowing to cool, its contents are
poured onto a clay or other type of organic or metal pad, usually shaped like a bowl. The
remaining charcoal powder is then removed by rinsing, blowing or sieving on a very fine
mesh sieve. (Cap et al. 2011, 54—58; Duczko 1985, 22—24). The scraps of molten metal take
the form of regular small balls of similar size. Achieving spheres of uniform size depends
on the skillful preparation of the metal charge in the crucible, scraps of metal cut into
pieces of similar size and weight, and proper arrangement of the metal and charcoal layers.
Insufficient protection of all the pieces of metal with charcoal may cause them to fuse to-
gether into balls of varying diameters.

The second known method is to melt metal in a crucible and then pour the molten
metal through a wooden or clay sieve onto a layer of powdered charcoal or directly into
water, mixing the resulting suspension with a brush. The resulting balls are usually large,
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irregular, and of varying sizes. This method is used in modern gold refineries (cf. Hessling
2006, 26—27).

The balls formed in the ways just described were grouped according to size and could
then be used for decorating. The segregated spheres were arranged into suitable ornamental
patterns on the decorated item, which had been spread with solder using a brush or other
implement, and then soldered to the surface. (Cap et al. 2011; Duczko 1985, 22—24; Wolters
1983, 45). In the examined artefacts, as in Wielbark goldsmithing generally, the balls were
applied singly or in concentric arrangements of three or four clusters of granules. They were
also set on the circular bases of filigree wire joined into clusters and bunches (Fig. 12: 1—2).

Granulation was very widespread in the Wielbark culture and was used primarily to
decorate brooches, fastening capsules of Wellenformige bracelets, more rarely heads of
Schlangenkopf bracelets, as well as small dress accessories such as s-shaped claps or glo-
bular, pear-shaped and capsule pendants (cf. Fig. 1-3).

SOLDERING

A technique inseparably associated with precious metal filigree, granulation and deco-
rating with foils was soldering. It is defined as a method of permanent bonding of metals
using a solder which has a lower melting point than that of the metal of the pieces being
joined. The soldering process is carried out at a temperature higher than that at which the
solder melts but lower than the melting point of the basic metal. As a consequence, the sol-
der melts while the elements connected with it remain in a solid state. During soldering the
bonded surface is not melted and permanent bonding occurs due to the phenomenon of
shallow diffusion. The solder should also dissolve in itself the metals it is bonding and
therefore have similar physicochemical properties. The liquid solder moistens the surfaces
of the bonded surfaces, thus penetrating into the resulting porosity of the structure and
connecting the basic elements. In order to moisten the soldered elements, the solder must
be excited, that is a flux has to be applied together with the solder or just before it is ap-
plied. In order to fulfill its functions, the solder must also flow easily and distribute evenly
over the places being soldered. It should have the same color as the bonded metals. When
working with precious metals, two kinds of solder are used: hard solders — with a high
melting point, which can be forged but are difficult to file, suitable for items to be forged or
stretched, and soft solders — with low melting point, brittle, difficult to forge but easy to
file, for instance when finishing items with filigree and granulation (Gradowski 1984, 95).

SOLDERING OF FOILS

Starting from the Middle Ages and continuing to this day, metallic solders are most
commonly used in the goldsmithing of precious metals. These are mostly silver and gold
alloys mixed with copper filings (Gradowski 1984, 95—97; Maryon 1971, 5—40; Wolters 1975;
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1986, 62—63; Zastawniak 1995, 212—221 — where a detailed overview of the types of solder
used in the old goldsmithery). Such solders were primarily used to join larger metal parts,
especially individual parts of vessels. Solders of this kind were generally ductile and resis-
tant to breaking and otherwise hard. Consequently, the further processing of the vessel
which was being forged did not cause damage to its components.

In Wielbark culture, metallic solders are associated with the above mentioned im-
pressed and smooth foils. Using these solders, foils were attached to the substrate. In seve-
ral of the analyzed cases their chemical composition were determined (cf. Table 4 — CD).
Analyzes showed that in the case of foils fixed to a substrate made mostly of copper alloys,
less often from silver and iron, tin-lead solders were used. The maximum values of the
contents elements of solder are: 35.64% — 80.16% tin and 6.41% — 41.37% lead, with the pre-
sence of other elements that have probably been measured from the alloy of the substrate.

The results of these analyzes do not differ significantly from other analyzes of the sol-
der binders for thin foils from the Wielbark culture territory. Similar results were obtained
after analyzes of the solders from the cemetery at Kowalewko, Oborniki Comm. (Nosek
and Kowalska 2001, 440), and from Pruszcz Gdanski, site 7, Pruszcz Gdanski Comm.
(Strobin 2007, 674). Regarding iron finds decorated with soldered precious metal foils, it
is worth emphasizing that the tin forms permanent mechanical and chemical bonds with
iron with poor technological properties. The monk Theophilus mentioned about soldering
iron only with a solution of copper and tin. He writes primarily about bleaching — the tin-
ning of various iron objects (Book 3, Chapter 92; Kobielus 1998, 160—-161). Also, neither
gold nor silver form permanent solder bonds with iron due to their physicochemical pro-
perties (Gradowski 1984). Therefore, the use of tin solder to join the silver and gilded foils
on the iron ornaments, which is observed in a large series of Weklice finds, meaning that
this binder was not stable enough, and the foils quickly became destroyed — loosening
during use. That why, the addition of lead would probably increase the mechanical proper-
ties of such a solder binder.

An excellent example of the use of soldered foil and filigree and granulation on an iron
find is the brooch from grave 26B discovered at Weklice (cf. Fig. 2: 3), which at the time of
discovery practically fell apart in the hands. It is also amazing example of experiments
a Wielbark culture goldsmiths on different kinds of metal raw material. Therefore, it is not
a surprising fact regarding the presence of the iron tinning brooches, where the tinning
had to imitate silvering. One should suppose that tinning has been used for practical rea-
sons, possibly due to insufficient knowledge of the mechanical and chemical resistance of
the soldered foils.

For a preparation of such solder, lead was melted with tin (in the form of filings or
scraps), then mixed with natural resin (a type of organic glue) and was applied to the sub-
strate in the form of a paste. The monk Theophilus (Book 3, Chapter 89, Kobielus 1998,
157) mentions fir resin, but it could certainly be other kinds of resinous coniferous and
deciduous trees. This resin probably protected the metal surface from oxidation during
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heating. The paste thus prepared was applied to the substrate using intermediate tools.
Archaeological sources indicate that at that time soldering tools were used only to apply
solder binder to the substrate. One good confirmed example of a soldering tool from the
Roman period is the find from the bog deposit at Illerup Adal on the Jutland peninsula.
The tool with a horn handle was made of an iron bar with a copper alloy faceted terminal.
On the terminal is a small recess, cut at the end, which, as the analytical studies showed,
was stained with tin (von Carnap Bornheim and Ilkjer 1996a, 379; 1996b, 23, 81; Dobat
2008, 29—30, 90; fig. 7). The recess in the terminal was used for placing solder. Before the
soldering, the tool was heated and when the terminal of the soldering tool was hot, the
melted solder (with a lower melting point than the base of the terminal) flowed and was
spread evenly for the soldering of the decorative elements. Probably these kinds of solde-
ring tools were also used for tinning the above described brooches. Subsequently, the foil
previously prepared was applied to the substrate and further secured with wire braid be-
fore being offset against the substrate, and then allowed to dry and bind. The soldering
process itself was based on the very slow and skillful heating of the complete composition,
not exceeding the melting point of the solder components — the so-called low temperature
technique (up to a maximum of 200—220°C). The melting point of the tin is about 190°C
and that of lead is about 330°C, depending on the percentage of the element in the solder
whose temperature is variable. At about 60% to 80% of the tin content of such solder melts
at 160°C. Exceeding this temperature would aggravate the solder elements (bring them to
the boil), and then a reaction with thin foil which could cause damage or even destroy it.
In addition, during a careful soldering, the components of solder penetrated the protube-
rances of the impressed foil, while at the same time stiffening and forming more resistant
mechanical damage (cf. more Strobin 2007, 674, 678—679, fig. 5-10).

In the written sources, Theophilus recommends the adhibition of charcoal to the sol-
dering of tin elements (Book 3, Chapter 89; Kobielus 1998, 157—158). It follows that the
soldering process itself was carried out in furnaces on charcoal slowly raising the tempera-
ture with a blowpipe, either directly or by blowing. The use of blowpipes for soldering was
confirmed by Saxo Gramaticus in his relation concerning Vikings goldsmiths. He identifies
them as blowers in coals, “... they had smelled of ash from the mouth, and their hands were
dirty with charcoal ...” (Strobin 1998, 128).

SOLDERING OF GRANULATION AND FILIGREE

In contrast to the foil soldering technique, in affixing filigree and granulation in the
Wielbark culture, metallic solders were of no use. Objects made with the use of tin-lead
solder, due to its density and high solubility, would significantly lose their expressiveness,
and would give the impression of being sunk in metal, whereas the effect of granulation
and filigree would be just the opposite. Despite this J. Strobin (2007, 675) emphasises the
popularity of tin soldering by pointing at the presence of these kinds of solders under rings
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made of cut wire in silver and brass fibulae from VI and VII Almgren group; however, he
does not refer to any published analyses.

Jewelry objects decorated with filigree and granulation attest, above all, to the use of
chemical solders (Table 4 — CD). This method was recreated for the first time in the inter-
war period for the technique of affixing Etruscan granulation (Gradowski 1984, 95). Its
main principle is the use of copper compounds obtained from naturally available minerals.
Ancient and medieval sources, i.e. the Leyden papyrus X or the relation of monk Theophi-
lus (Stawicki 1987, 72—75; Kobielus 1998), most often describe soldering gold and silver
with the so-called chrysocolla — copper silicate (formula (Cu, Al)s[(OH)IQ/SiQOS) 4]). The
name of the mineral comes from Greek chryzos — gold and kolla — glue. In fact, Theophilus
Presbyter describes the soldering of gold filigree elements with especially prepared paste
containing metallic copper (Volume 3, chapter 51; cf. Kobielus 1998, 94—100). The sol-
dering was about initiating, under the influence of temperature, a reaction between the
metallic copper and the base that fused the affixed elements with the base. Other minerals
containing copper used in these solders in Antiquity were: azurite, cuprite, blue stone
(common name) i.e. copper sulfate, and the most popular then — malachite, accessible also
in Barbaricum.

It should be noted that in Antiquity it was malachite — copper carbonate — that was
called chrysocolla. This is how literature presents the meaning of that term in its historical
and technological aspect. It was already Pliny (XXXIII 26—29) who wrote what this mi-
neral was for: “... The goldsmiths also employ a chrysocolla of their own, for the purpose of
soldering gold; and it is from chrysocolla, they say, that all the other substances which
present a similar green, have received their name. This preparation is made from verdigris
of Cyprian copper, the urine of a youth who has not arrived at puberty, and portion of
nitre. It is then pounded with a pestle of Cyprian copper, in a copper mortar and the name
given to the mixture is santerna...” (Pliny, Natural History XXXIII, 29 — translated by
Bostock and Riley 1857, 110).

Chemical solder was executed by mixing one of the minerals described above in pulve-
rized form with a natural resin dissolved in water, which was a kind of organic glue, and
adding borax — a natural mineral composed of hydrated sodium borate — as flux. The base
on which granules or filigree elements were arranged with a fine brush or an intermediary
tool had earlier been covered with such a mixture in paste or dense liquid form. Analogi-
cally to the foils described above, such a composition was placed in an oven and was slow-
ly, skillfully heated on charcoal in reducing atmosphere. At the first stage of the heating
(c. 200°C) copper crystals precipitated and deposited on the base, at the second (c. 250—
300°C) copper oxide was reduced, and at the final (c. 300°C and higher) metallic copper
precipitated, penetrating the surface by diffusion and making it porous (Fig. 13: 2), causing
permanent fuse through partial melting of soldered elements (Fig. 13: 1, 3). In relevant
literature the temperature limit required to reduce metallic copper from its components
has not been discussed until now. It was commonly believed to be 850—900°C (Duczko
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1985, 27; Wolters 1983, 57). Whereas, Helena Zoll-Adamikowa, Maria Dekéwna and El-
zbieta Nosek (1999, 92) pointed out that the solder temperature indispensable for metallic
copper reduction was c. 1064°C. It has to be noted that the melting temperature of pure
silver is 961°C, and of pure gold — 1063°C, thus, heating the solder up to the suggested
temperature would result in excessive melting of fused surfaces and, subsequently, da-
maging the ornament and deliquescing of filigree and granulation. Moreover, it has to be
emphasized that, depending on the admixture of precious metal alloy, the melting tem-
perature of the base was probably lower. The temperature indispensable for fusing the
solder was most probably lower than that mentioned in the above publications. Experi-
ments with soldering filigree and granulation carried out by measuring the temperature
required for metallic copper reduction have demonstrated that its optimal value was 780°C
(Cap et al. 2011, 34—35). Above this temperature, the procedure did not bring the desired
effect.

Thus the created solders were inconspicuous and invisible macroscopically; they created
the so-called bridges which were clearly visible only under an electron microscope (Fig. 14:
1-6). Whereas, the entire composition gave such ornaments expressiveness and three-
dimensionality.

FIRE GILDING

One of the better known techniques of Wielbark culture goldsmithery is the gilding of
silver foil. According to available sources, fire gilding was used at that time. From the mo-
dern times to the present, galvanic gilding is in use, consisting in general of an electrolytic
bath of gold. This latter method has replaced fire gilding, mainly due to the harmful health
effects of the latter which results from the release of poisonous mercury vapors. Theophi-
lus in his treatise warned that one starting fire gilding cannot be hungry, since mercury
vapors are very dangerous for an empty stomach. For this purpose, immediately before
gilding, he recommended the consumption of common barberry, pepper, garlic and wine.
This source informs us also that copper alloy objects were also gilded by the same tech-
nique, but such finds in Wielbark culture until now have not been recorded.

The fire gilding method is already described by “Theban Papyri”, especially Leyden
papyrus X (Stawicki 1987, 62—63). Overall, it was based on the preparation of an amalgam
of gold and mercury (in a ratio of c. 1 part of gold and 8 parts of mercury). Similarly, but
with the addition of salt, argol and water preparation of such amalgam can be found in
Theo-philus (Book 3, Chapter 38; Kobielus 1998, 85—86). The ingredients were mixed
while hot and it should be noted that the preparation of this amalgam requires a lot of ex-
perience, precaution and skill, which is clearly emphasized by written sources (cf. Grad-
owski 1984, 68). This procedure proved to be very difficult to control even for experienced
craftsmen. Because of the poisonous effect of mercury vapors that resulted in mysterious
deaths, the ability to master and control this technique placed contemporary goldsmiths at
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the higher top of the social hierarchy. Difficulties began when amalgam was applied to the
surface of non-precious metal, such as copper alloys. Gold amalgam well moisturizes pre-
cious metal surfaces and poorly surfaces non-precious metals. This may lead to significant
problems with adhesion of a thin layer of gold to the substrate. This was avoided by pre-
coating the surface to be gilded with a thin layer of mercury or silver. This layer was ob-
tained by means of dynamically rubbing of the object, for example with a brass brush,
moistened in solution of mercury or silver. After priming the “bronze” surface with a mer-
cury or silver layer, it was necessary to proceed as soon as possible to apply the amalgam
so that the gilding surface was not passivated. In the case of precious metals, the surface of
the object before gilding was thoroughly cleaned, most often under the influence of tem-
perature, removing surface fats. It was then etched in acid, heated in a charcoal furnace
and then the spreading with a brush (according to Theophilus by means of a hare paw) of
an amalgam on the surface of the gilded object. As a result of heating, the mercury oxi-
dized, leaving the gilding on a silver substrate. If it were necessary to obtain a thicker layer
of gilding, the whole action had to be repeated. After cooling, the object could be subjected
to additional treatments which improved the shine and, for this purpose, the object was
rubbed with wax and borax. In addition, the surface was wiped with a brush soaked in a solu-
tion of mallow root, and in the final stage of processing, polished in a solution with vinegar
to obtain an appropriate gloss (Duczko 1985, 29; Gradowski 1984, 68).

ORIGIN AND ACQUISITION OF RAW MATERIAL

Considering the total lack of discoveries of outcrops or mines of colored metallic ores,
and archaeologically attested traces of the acquisition of metallic elements directly from
ores on the Wielbark culture area as well as other cultural units of the Roman Period
from the territory of Poland, raw material for production of ornaments must have been
imported; most likely from the Roman Empire and its provinces. The significant number
of objects made of precious metals or copper alloys indicates quite a large influx of produc-
tion materials. Relevant literature is abundant and the main conclusion is that remelted
coins or scrap-metal from damaged vessels imported from the Roman Empire and its
provinces were used for the production of ornaments in the Roman Period (cf. i.a. Bezzen-
berger 1904, 18; Wielowiejski 1960, 52).

Utility functions of Roman imports, above all the coins, among barbaric people still
raise a lot of controversy. In most cases, depending on the quantity and intensity of the
import of coins in particular periods and on various territories, the function is considered
twofold: raw material for remelting, and money, including currency of precious metals, in
internal exchange (cf. i.a. Bursche 1983, 76—78; Kunisz 1969, 137; Wielowiejski 1960, 52).
Refraining from the total negation of the theory of the local remelting of coins to obtain
precious metals for further production, we should consider their percentage content in
these coins. The content of precious metals, first of all silver, in denarii appearing in con-
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siderable numbers in the Wielbark culture changed depending on political and economic
situation of the Roman Empire and reforms carried out by its rulers. The percentage of
silver was greatest in the times of Nero, with c. 92%. In the times of Antoninus Pius and
Marcus Aurelius it was c. 76% and during the reign of Septimius Severus it was only c. 46%.
The latter is related to the reform of 194 AD concerning the reduction of silver content
(Bursche 1988, 39; Gitler and Ponting 2003, 31; Wielowiejski 1969, 3). However, these
percentages are contradicted by results of the physical metallurgy analyses presented be-
low. They clearly show that from the very appearance of first solid silver and golden or-
naments — in the early stages of the B2 phase — high-quality ore was used for production,
with the fineness of silver oscillating between 900-980 for gold and 920-980 for silver.
Another premise against the discussed concept is the lack of any data that would confirm
the existence of precious metal refining skills among the barbarians. Refining, at that time
done with the use of concentrated solutions of acids — e.g. aqua regia for gold, sulphuric
and nitric acids for silver — was indispensable for improving the quality or obtaining metal
from ores; however, it required proper technological treatment (Zastawniak 1995, 134—
140). Traces of silver refining are well attested, e.g. in Roman Xanten (Rehren 2003, 211—
213). As mentioned before, melting together objects of different basic metallic elements
content results in the significantly lower quality of raw material. Metal evaporates during
smelting and loses its value. It has to be completed with proportionally added alloy com-
ponents, which was confirmed by experiments carried out for the purposes of the hereby
study during which fragments of silver objects of a different fineness were melted together.
Unfortunately, because of its heterogeneity, the cast made of such alloy was fragile and
porous in section with visible bubbles of air. It cracked during treatment and was suscep-
tible to damage which made further shaping impossible. Considering the huge practical
skills of goldsmiths in the Roman Period, it seems probable that accessible metals were
carefully selected for quality. Older, better quality coins used for the further production of
local ornaments were most likely also selected. It was already Tacitus who wrote that the
Germanic people preferred old coins and long-known serrati and bigati (cf. P. Cornelius
Tacitus, Germania, chapter 5, translation by Ptéciennik 2008, 67; cf. also Wielowiejski
1969, 5).

Considering the use of the best quality precious metals in local products, it cannot be
excluded that high quality pure gold and silver bars may have been imported to the Wiel-
bark culture territories. Such finds, bearing stamps, are well attested in the former Roman
Empire, both as single finds and hoards. The latter are dated mainly to 3'¢ and 4 c. AD.
They are also discovered by limes camps where trade exchange with barbarians was the
most intensive (cf. i.a. Iliescu 1965; Willers 1898). Besides metals, also mercury — obviously
in a liquid state — must have been imported in the Roman Period to the present territory
of Poland. It was indispensable for the production of gold amalgam in the process of fire
gilding. Mercury was obtained mostly from lead ores (cinnabar). The exploited deposits
from that time are well attested on the territory of Spain.
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The provenance of raw material for the local production of copper alloy objects needs
to be discussed separately. Most of them, which is confirmed by analyses, are made of
brass. Therefore, the concept of use of scrap-metal from vessels for the production of orna-
ments is controversial but cannot be excluded. To my knowledge, the prevailing number of
analyses of the composition of Roman vessels indicates that, depending on the workshop,
time and place of manufacture, varied raw material groups were used; they were mostly tin
and tin-lead bronzes of different proportions of alloy components. Aside from rare excep-
tions (cf. Natuniewicz-Sekula 2010), Roman brass vessels do not exist. It is known, how-
ever, that brass in the form of scrap-metal was added by the Romans as an alloy compo-
nent during vessel production to increase their forgeability and machining properties,
which is indicated by small amount of zinc in vessel analyses (Nieweglowski 1991, 287—292).

Despite the difficulties with obtaining metallic zinc, the Romans were able to obtain
brass. Remains of a large-scale production are well attested, e.g. in Roman Gallia and Ger-
mania Interior (Rehren 2003, 209—210). Physical metallurgy analyses indicate that brass
was known already among the Celts and it was used, among others, to make fibulae. Research
by Maréchal (1961) has proven that during the first two centuries of our era the content of
zinc in copper alloys decreased systematically, whereas the content of lead and tin increased.
Based on these findings, Nieweglowski (1986, 320) thinks that the mass production of
brass was reborn only after the breaking of the limes, when Romans settled in Gallia.

In the brass produced in the Roman Empire, the content of zinc rarely exceeds 2-25%
(Picon et al. 1966, 191), and is never higher than 28% (Maréchal 1984, 21). As the research
by E. R. Caley’a (1955, 1964) has demonstrated, it was the main alloy used for production
of sestertii and dupondii (cf. also Riederer 1984). From the times of the first emperors until
Vespasian they were made of brass with considerable content of zinc, sometimes exceeding
20%. Later, its content decreases, and after the reign of Antoninus Pius it undergoes a fur-
ther abrupt decrease (Condamin and Boucher 1973, 168; Riederer 1987, 119). Not only
were coins made of brass but also decorative parts of horse tack, small cultic figurines, and,
supposedly, thin plates adorning wreaths for actors (Nieweglowski 1986, 305).

Maréchal (1984, 22) divided Roman brass into three groups based on zinc content:
group 1 — below 4%; group 2 — between 4 and 20%, where the highest proportion is c. 13%;
group 3 — between 22 and 28% without other alloy additions. In the analyzed objects, the
zinc content fits within groups 1 and 2. However, I must emphasize that, just like in case of
precious metals, zinc evaporates during remelting of brass so each smelting results in
lowering its content in obtained alloy. Interestingly, the lower content of zinc in brass is
characteristic for the analyzed objects from the younger Roman Period, in contrast to ob-
jects from early Roman Period. Therefore, we can assume that previously selected older
coins were remelted more often due to the lack of influx of better quality material for re-use.
On the other hand, we do not have any source data confirming trade exchange in copper
alloy bars, although it should not be excluded. A find that can confirm this supposition is
a “bronze” plate from Ukraine (Zarichanka, Chemerovsty Comm.), not yet chemically ana-



220 Magdalena Natuniewicz-Sekuta

lyzed, bearing a Roman inscription of a military diploma — a guarantee of special privileges
for a deserving legionnaire from an auxiliary unit. On the basis of accompanying finds, in-
cluding denarii from 2" half of 2™ c. AD, this object is dated to the beginning of 3" c. AD and
is associated with the settlement of the Wielbark culture, and — as J. Kolendo suggests — it
could have been used as material for re-use (Kolendo 2010, 317-318).

An utterly surprising find from Augusta Vindelicum (Augsburg), the capital of the Rae-
tia province, is a discovery in a metallurgic workshop of a deposit composed of over two
hundred “bronze” — but made most probably of brass — eye fibulae of the Prussian series,
including springs and needles forged from metal bands, which is characteristic for this
type (Bakker 1985, 101-104; 2003, 262, fig. 3). This find is dated to the end of 1% c. AD,
which is generally in accordance with the first appearance of these fibulae in barbarian
territories, most numerous in former East Prussia, especially at the mouth of the Vistula
from where they originate. The very fact of the discovery of these fibulae in a Roman envi-
ronment is interpreted as the remains of a Germanic workshop functioning in Augsburg.
On the other hand, which I favor more considering the original center of provenance of
these fibulae, we may be dealing with the export from Germanic territories of raw material
which was then hardly accessible for the Romans and may have been used as scrap-metal
for further production. Regarding the location of the province on the border with Ger-
mania, this theory seems quite probable.

Full explanation of the issue of the provenance and acquisition of raw material remains
within the sphere of speculation. It should be noted, however, that in the Wielbark culture
coins are unearthed on burial grounds in the context of ornaments and grave goods or hoards
(Ciolek 2007, 291, map 3). Analysis of settlement finds, above all coins bearing traces of
treatment suggesting the presence of goldsmith workshops, would be the most helpful in
explaining this issue. Such examples are silver, gold, and copper-alloy coins from the so-
called “caster” hoard from Frombork, Braniewo Comm., some of which were cut and broken.
The hoard contained 24 denarti, a solidus of Theodosius 11, a sestertius of Antoninus Pius for
Faustina I, and a halved assarius (Ciolek 2007, 47-49, No 67). Analogous traces of splitting
or notches were discovered in a series of discoveries of denarii from the Przeworsk culture
settlement at Jakuszowice, Kazimierza Wielka Comm., and these coins are interpreted as
material for further processing in metallurgic workshops (Bursche et al. 2000, 111—-112).

Roman denominations known from the Wielbark culture territories are characterized
by a smaller proportion of copper alloy coins as compared to precious metal coins (cf.
more Zapolska 2012). Most of them were not chemically analyzed, which is why, without
excluding the re-use of coins or even destroyed vessels for the further production of Wiel-
bark ornaments, I very much support the theory of the import of pure metal bars. In the
case of copper alloys, mostly brass imitating the colour of gold, it may even have been the
import of Roman utility and cult brass objects (votive figurines, parts of horse tack, bells,
military diplomas etc.), which in the Wielbark culture territories did not have the function
of grave goods.
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CONCLUSIONS

The main technological aspects of Wielbark culture goldsmithery described above can
be boldly classified as the most interesting trends in manufacturing ornaments and metal
outfit parts in European Barbaricum. Its uniqueness has been determined by the combina-
tion of a variety of techniques and technologies, both derived from the local tradition as
well as undoubtedly being the creative impulse of the Mediterranean world. Thanks to the
skill and creativity of contemporary goldsmiths, original jewelry was created, in which the
elements of Roman style and local designs were professionally combined. The changing
fashion, social transformation and trans-regional contacts influenced the work of Gothic
goldsmiths, which became a reflection of these phenomena. The goldsmith’s workshop
constantly evolved, using new and modifying already known technologies. Therefore, jewelry
became one of the main determinants of cultural identification of discoveries connected
with the presence of the Goths in the present day territory of Poland. In addition, it should
be noted that the Wielbark Culture goldsmith’s workshop is characterized by dynamic de-
velopment of design and technology, and this change would have been accompanied with
transformation of the workshop itself.

It most likely did not occur simultaneously in all workshops throughout the Wielbark
Culture.

Presumably, there were leading workshops forming style in fashion, concentrated at
centers of power, and smaller workshops assimilating and incorporating new techniques
and technologies. It is not always possible to precisely identify the recipients of manufac-
tured jewelry in terms of their social position. Assuming that luxury items were created for
the aristocracy, it may be supposed that it was in the aristocratic environment that fashion
which designated trends in craft was evolving. Furthermore, nor do we know whether (and
if so, to what extent) there were any social norms concerning the wearing of jewelry, both
luxurious items and more common ones. It is known, however, that precious jewelry was
a sign of prestige and power for the Germans (cf. more Bursche 1998), and this in fact is
reflected in the distribution of jewelry inter-regionally and over-regionally. The goldsmith’s
workshop of the Wielbark Culture incorporated a broad spectrum of available metal alloys
and the most advanced techniques and technologies.

As rightly pointed out by Michat Gradowski (1984, 8) in his book “Past Goldsmiths”,
leading goldsmiths from classical antiquity reached a level of mastery that modern ones
are still attempting to attain.
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Table 1. Results of the chemical composition analyzes, Group 1 - gold and its alloys, silver gilded and gold foils, electrum (prepared by M. Natuniewicz-Sekuta)

. . Graveno./
No. Description of thg_ef_md/theanajyzed inventory no. |Sampleno®| Au Si Cr Mn Fe Ni Cu Zn As Ag Sn Sb Pt Literature/figure no.
part of find/Additional comments' >
/Chronology
Silver, decorated gilded silver foil shield
brooch. The central foil with a portraits 208 Lo
of Mark Aurelius and Lucius Verus from (803) Natuniewicz-Sekula,

1 . e ue . 15530 | 83,75 | 0,74 | 0,01 | 0,07 | 02 0 | 039 | 001 0 |1484] 0 0 0 |Okulicz-Kozaryn 2011,
attire under the neck of character on the stadium 65-66. vl LXXXIII:1
right. The results of analysis other parts, IIIA/IIIB - Pl )
see Table 2:10-13.

Silver, decorated gilded silver foil shield 208 _
b h. The foil with laurel th motif (803) Natuniewicz-Sekuta,

2 rooct. e DI WILY aurel wheat ot : 15530,01 | 4926 | 04 | 016 | 0,11 | 0,18 | 0,1 | 087 | © 0 | 4894 | 0 0 0  |Okulicz-Kozaryn 2011,
surrounding the central foil. The results stadium 65-66. pl. LXXXIII:1
of analysis other parts, see Table 2:10-13. TITA/IIIB P )
Gold biconical bead. Beaded wire at the (igg) gitliplevxlz(lcz-Sekuzig,l |

3 |base of the cone. The lead content was . 15532 | 98,79 | 0,51 | 0,09 | 0,04 | 0,16 | 0,01 | 0,19 | 0,01 0 | 001 0 0 0 wiez-rozatyn 29
detected Pb=0.18 stadium 66, pl. LXXXIII:12. Fig.

etecte e IIA/IIIB 1:3
Gold biconical bead. Beaded wire on one (igg) gitliplevxlz(lcz-Sekuzig,l |

4 |ofthe hole of the cone. The lead content . 15533 | 98,06 | 0,54 0 0,06 | 02 | 003 | 028 | 003 0 0,3 0 0 0 wiez-ozatyn ~49

was detected Pb=0.5 stadium 66, pl. LXXXIII:13. Fig.
as defecte - TIA/ITIB 1:4; 14:1-2
Gold biconical bead. A smooth wire from (igg) giﬁ?;;ﬁzzz'aseiugg’l |

5 the cone. The lead content was detected . 15533,01 | 97,59 | 0,82 0,01 0,01 0,36 0,03 0,65 0 0 0,14 0 0 0 ry. 2

Pb=0 41 stadium 66, pl. LXXXIII:13. Fig.
T 1IA/IIIB 1.4, 14:1-2

Gold S-shape clasp. Type von Miiller B. 208 Natuniewicz-Sekuta,

The central granule from the composition (798) Okulicz-Kozaryn 2011,

6 at the base narrowness. The lead content stadium 15534 96,76 | 082 0,04 0,05 0,23 0,04 0,09 0,09 0 149 0 0 0 66, pl. LXXXIII:11. Fig.
was detected Pb=0,38. IITA/IIIB 1:2; 14:3-6
Gold S-shape clasp. Type von Miiller B. (igg) gitliplevxlz(lcz-Sekuzig,l |

7 |Beaded wire from the base. The lead . 15534,01 | 9586 | 0,88 | 0,05 | 0,02 | 0,28 0 0,19 | 0,07 0 1,9 0 0 0 wiez-hozaryn 280
content was detected Pb=0.75 stadium 66, pl. LXXXIII:11. Fig.

> 11IA/IIIB 1.2, 14:3-6




Gold globular pendant. The body of

45

INatuniewicz-Sekuta,

8 dant (222) 15537 70,34 | 0,48 0,03 0,05 0,12 0,1 0,43 0,05 28,41 Okulicz-Kozaryn 2011,
pendant. stadium I1B 35, pl. XX:4. 4a. Fig. 1:6
Gold globular pendant. The central 45 Natuniewicz-Sekuta,

9 granule from the composition of the body (222) 15537,01 75,48 | 0,43 0,02 0,03 0,16 0 0,19 0 23,7 Okulicz-Kozaryn 2011,
bottom. stadium 1B 35, pl. XX:4. 4a. Fig. 1:6
Tron brooch, decorated silver, gilded
silver foil and filigree and granulation.

Type close to A. V, series 1. The foil 26B Natuniewicz-Sekuta,

10 from a central part of the bow. The lead (122) 15540 88,98 | 0,53 0,39 0,02 0,48 0 0,08 0,07 9,08 Okulicz-Kozaryn 2011,
content was detected Pb=0,35. The stadium IIB/IIC 30, pl. X:1. la. Fig. 2:3
results of analysis other parts, see Table
2:17.

Brass lunula pendant decorated silver
gilded foil. The foil from central part. 275 Natuniewicz-Sekuta,

11 The lead content was detected Pb=0,54. (1222) 15551 90,13 0,5 0,11 0 0,56 0 0,86 0,11 7,19 Okulicz-Kozaryn 2011,
The results of analysis other parts, see stadium V 80, pl. CXVIL:9. Fig. 2:1
Table 2:29.

Silver crossbow brooch with closed
catchplate, decorated silver gilded foil. 275 Natuniewicz-Sekuta,

12 Type c.lose to A. VI. 170. The foil from (1247 15552 7556 | 041 0.1 0.01 0.13 0.02 023 0 23.02 Okulicz-Koziaryn _201 l_, _
the spring arm. . The lead content was stadium V 80, pl. CXVI:3. Fig. 2:2;
detected Pb=0,51. The results of analysis 4.6
other parts, see Table 2:31; 4:2.

Silver crossbow tendril brooch, decorated 150 Natunicwicz-Sekuta

13 [Silver gilded foil. Type A. VI. 162. The (605) 15554 | 83,52 | 034 | 005 | 0,03 | 03 | 002 | 098 | 0,1 14,67 Okulicz-Kozaryn 2011,
foil from the bow. The results of analysis stadium 55, pl. LVIIL1
other parts, see Table 2:32-33. IVA/IVB *ET )

Silver crossbow brooch with high

catchplate, so called Rosettenfibeln,

decorated gold foil, knobs made of brass. 150 _

Type close to A. VII, series 4. Group 6 (606) Natuniewicz-Sekuda,

14 yp SR ) P . 15555 94,21 0,3 0,14 0,11 0,18 0 0,02 0,12 4,92 Okulicz-Kozaryn 2011,
after Lund Hansen, Przybyta. The foil stadium 55_56. ol LX:3
from the foot. The lead content was IVA/IVB > PL LA
detected Pb=0,01. The results of analysis
other parts, see Table 2:34-35.

Silver crossbow brooch with high
catchplate, so called Rosettenfibeln,
decorated gold foil, knobs made of brass. 150
Type close to A. VII, series 4. Group 6 (606) (Natuniewicz-Sekuta,
15 after Lund Hansen, Przybyta. The rosette . 15555,01 83,38 | 0,57 0,05 0,12 0,24 0,08 0,4 0,07 14,48 Okulicz-Kozaryn 2011,
. stadium
foil from the central knob on the bow. IVAIVB 55-56, pl. LX:3

The lead content was detected Pb=0,62.
The results of analysis other parts, see
Table 2:34-35.




Silver crossbow brooch with high
catchplate, so called Rosettenfibeln,

decorated gold foil, knobs made of brass. 150 L
Type close to A. VII, series 4. Group 6 (607) Natumewwz-Sekuia,

16 > . . 15556 83,62 | 0,54 0,12 0 0,25 0 0,27 0,21 14,67 Okulicz-Kozaryn 2011,
after Lund Hansen, Przybyta. The foil stadium 5556, pl. LX:4
from the foot. The lead content was IVA/IVB » L EA
detected Pb=0,32. The results of analysis
other parts, see Table 2:36-38; 3:10.

Silver crossbow brooch with high
catchplate, so called Rosettenfibeln,
decorated gold foil, knobs made of brass. 150
Type close to A. VII, series 4. Group 6 (607) INatuniewicz-Sekuta,
17 after Lund Hansen, Przybyta. The roseate . 15556,01 | 82,55 | 0,46 0,1 0,03 0,21 0 0,73 0,12 14,64 Okulicz-Kozaryn 2011,
. stadium
foil from the central knob on the bow. IVA/IVB 55-56, pl. LX:4
The lead content was detected Pb=1,15.
The results of analysis other parts, see
Table 2:36-38; 3:10.
Silver crossbow tendril brooch, decorated _
old foil. Type A. VI. 162. The foil from 229 Natuniewicz-Sekula,

18 e | Ype A VA 105 Ah 912) 15560 91,49 | 0,23 0,02 0,04 0,28 0 0,8 0 7,12 Okulicz-Kozaryn 2011,
the bow. The results of analysis other stadium TVA 70. pl. XCIV-229/1
parts, see Table 2:44. » Pl )

Electrum globular pendant. The central 26B Natuniewicz-Sekuta,

19 granule at the bottom of the body. The (121) 15563 49,08 | 0,42 0 0,06 0,25 0,09 0,3 0,01 49,5 Okulicz-Kozaryn 2011,
lead content was detected Pb=0,29 stadium IIB/IIC 31, pl. XI:9. 9a. Fig. 1.7
Electrum globular pendant. The body of 26B Natuniewicz-Sekuta,

20 pendant. The lead content was detected (121) 15563,01 48,2 0,43 0 0,07 0,21 0 0,79 0,03 49,53 Okulicz-Kozaryn 2011,
Pb=0,75. stadium [I1B/IIC 31, pl. XI:9. 9a. Fig. 1.7
Electrum globular pendant. Smooth wire 26B Natuniewicz-Sekuta,

21 at the bottom of the body. The lead (121) 15563,02 | 48,95 | 0,37 0,07 0 0,26 0 0,36 0 49,69 Okulicz-Kozaryn 2011,
content was detected Pb=0,29 stadium IIB/IIC 31, pl. XI:9. 9a. Fig. 1.7
Brass brooch with high catchplate and
cylinder for the spring, decorated silver
gllded foil. Type with feature§ A. V. 184 Natuniewicz-Sekula,

2p  [feries2and8 and A. VI, series |. The (677) 15569 | 6133 | 057 | 005 | 004 | 017 | 0 | 069 | 0 36,98 Okulicz-Kozaryn 2011,
foil from the comb on the head. The lead tadium IVB 62, pl. LXXVIL:2
content was detected Pb=0,17. The stadium » Pl :
results of analysis other parts, see Table
3:12.

Gold globular pendant. The body of 360 INatuniewicz-Sekuta,

23 pendant. The lead content was detected (1751) 15574 93,07 0 0,11 0 0,3 0,03 0,15 0 5,23 Okulicz-Kozaryn 2011,
Pb=1,11. stadium ITA 96, pl. CLVIII:4. Fig. 1:5
Gold globular pendant. Smooth wire 360 Natuniewicz-Sekuta,

24 from the suspension loop. The lead (1751) 15574,01 94,27 0 0,06 0,01 0,28 0,03 0,12 0 4,59 Okulicz-Kozaryn 2011,
content was detected Pb=0,65. stadium ITA 96, pl. CLVIII:4. Fig. 1:5




Iron brooch, decorated silver gilded foil.

434

INatuniewicz-Sekuta,

25 |Typecloseto A. V. 132. The foil from (2230) 15578 | 87,16 | 042 | 0,12 | 0,07 | 1,17 | 0,09 | 036 | 0,09 0 | 1048 Okulicz-Kozaryn 2011,
the comb on the head. The lead content stadium 110. pl. CLXXXIX:434/3
was detected Pb=0,04. TIA/IIIB P '
Silver and brass (tongue on the 10
catchplate) brooch with high catchplate, (collections of
so called Rosettenfibeln, decorated silver

. . . A the Museum of
gilded foil. Lubieszewo, Nowy Dwor Archacology and

2 Gd.anskl district. Type close to A. VII, History in Elblag,| 15590 75 0.59 0.01 0.01 031 0 0.61 0 0 23.05 Jonakiowskl 2001, 187,
series 4. Group 6 after Lund Hansen, . . fig. 2:7

. without inventory
Przybyta. The foil from the tongue on the no. ) phase C1b
foot. The lead content was detected to t.hepbe canin
Pb=0,43. The results of analysis other Cé’y g
parts, see Table 2:78-79; 3:16; 4:3.
Silver and brass (tongue on the 10
catchplate) brooch with high catchplate, | (collections of
so called Rosettenfibeln, decorated silver | the Museum of
gilded foil. Lubieszewo, Nowy Dwor Archaeology and .
27 |Gdanski district. Type close to A. VII,  |History in Elblag,| 15590,01 | 73,88 | 0,33 | 0 | 001 | 025 | 001 | 041 | 0 | 005 | 2471 Jonakowski 2001, 187,
: . . fig. 2:7
series 4. Group 6 after Lund Hansen, without inventory
Przybyta. The rosette foil from the bigger| no. ) phase Clb
knob on the bow. The lead content was | to the beginning
detected Pb=35. 2:78-79; 3:16; 4:3. C2
Silver and brass (tongue on the
catchplate) brooch with high catchplate, 10
so called Rosettenfibeln, decorated silver | (collections of
gilded foil. Lubieszewo, Nowy Dwor the Museum of
Gdanski district. Type close to A. VII, Archaeology and .

28 [series 4. Group 6 after Lund Hansen,  |History in Elblag,| 15590,02 | 55,98 | 0,45 | 0,13 0 0,28 0 1,25 0 0,18 | 36,47 Jﬁ"m‘zk_‘;WSk‘ 2001, 187,
Przybyta. The rosette foil from the without inventory &<
smaller knob on the bow. The lead no. ) phase Clb
content was detected Pb=5,27. The to the beginning
results of analysis other parts, see Table C2
2:78-79; 3:16; 4:3.

Silver and brass (tongue on the 10
catchplate) brooch with high catchplate, (collections of
so called Rosettenfibeln, decorated silver
. . . A the Museum of
gilded foil. Lubieszewo, Nowy Dwor Archacology and
29 Gdanski district. Type close to A. VII, History in Elblag, 15591 5518 | 026 0.09 0.04 0.39 0 175 0 0 3838 Jonakowski 2001, 187,

series 4. Group 6 after Lund Hansen,
Przybyta. The foil from the tongue on the
foot. The lead content was detected
Pb=3,91. The results of analysis other
parts, see Table 2:80.

without inventory
no. ) phase Clb
to the beginning
C2

fig. 2:8




Description of thefind/the | Graveno./ Literature/
No. analyzed part of inventory no. | Sample no. Au Si Al Cr Mn Fe Ni Cu Zn As Ag Sn Sb Pt Pb fi
) e igureno.
find/Additional comments | /chronology
30 [Silver crossbow brooch with
high catchplate, so called
Rosettenfibeln, decorated gold
foil. Type close to A. VII stray -
L 5 Natuniewicz-
series 4. Group 6 after Lund |find(2466)phas| ¢, 39 92,37 0 0 0,07 0 065 | 005 | 092 | 022 | 009 | 533 | 0,11 0 0,19 0 |Sekuta 2010, 414,
Hansen, Przybyta. The rosette eClbto fie 9:11
foil from the central knob on | beginning C2 &7
the bow. The results of
analysis other parts, see Table
2:81.
31 [Silver crossbow tendril
brooch, decorated gold foil. stray find N .
Type A. VL. 162. Foil from | (2445)phase atuniewicz-
ype A. V.. ’ 16146 94,89 0 0 0 0 0,68 0,16 0,41 0,48 0 2,78 0,38 0,23 0 0  |[Sekuta 2010, 414,
the bow. The results of Clb to fie. 99, Fig. 2:4
analysis other parts, see Table | beginning C2 g 9:9.719. 2
2:84.
32 |Fragment of silver crossbow
brooch with closed catchplate, stray .
decorated gold foil. Type A. |find(2718)phas Natuniewicz-
e ) 16168 88,64 0 0 0,07 0 0,94 0 1,57 0,33 0 7,12 0,3 0 0 1,03 |Sekuta 2010, 414,
VL. 170. The foil from the end e Clbto fie. 9:10
of foot. The results of analysis | beginning C2 &7
other parts, see Table 2:96.
33 |Brass capsule pendant,
decorated silver gilded foil. Natuniewicz-
Foil in the central part of the 278(1313) Sekuta, Okulicz-
stadium 16197 66,52 0 0 0,13 0,28 0,17 0,04 9,55 0 0,14 22,8 0,01 0 0,37 0 >
pendant. The results of HB/IIC Kozaryn 2011, 81,
analysis other parts, see Table pl. CXXII1:278/2
3:48.
34 Electrum pear shape
pendantThe pendant bod S44(2798)
20ey- stadium 16224 39,84 0 0 0,13 0,08 0,29 0 6,87 0,23 0,27 | 51,21 | 0,73 0,35 0 0 |Fig. 18
The results of analysis other B/IC
parts, see Table 4:1.
35 |Gold S-shape clasp. Type von stray Natuniewicz-
Miiller B. Beaded wire from  |find(2913)phas| 1675 9034 | 076 | © 0,06 0 039 | 0,19 | 023 0 0 6 0 0,01 | 2,03 0 |Sekuta 2010, 414,
the base. e B2/C1 Cla

fig. 11:36. Fig. 1:1




! If not stated otherwise the analyzed finds come from the cemetery at Weklice. Finds were classified according to the following typologies: brooches — Almgren 1923, Dabrowska 1995, Jamka 1963; Jobst 1975, Lund Hansen,
Przybyta 2010; Riha 1979; Schlangenkopf bracelets — Wojcik 1982; rod bracelets — Natuniewicz 2000; buckles — Madyda-Legutko 1987; strap end fittings — Raddatz 1957; S-shape clasps — von Miiller 1957; rings — Beckmann 1969;
metal beads — Tempelmann-Maczynska 1985; spurs — Ginalski 1991; metal pins — Beckmann 1966; metal vessels — Eggers 1951.

2 For full grave assemblages from Weklice chronology was based on a system created for a part of the materials from the cemetery (cf. Natuniewicz-Sekuta, Okulicz-Kozaryn 2011, 123-126, table 1); for other finds (stray and out of
context) and other items from cemeteries of Roman Period on Elblag Heights, used the interregional chronology according systems of Eggers 1951; Godtowski 1970; Wolagiewicz 1968.

* Analyzes were performed in two stages. The first series of finds were analyzed in April and May 2007 (samples nos 15523-15591), the second in May and June 2009 (samples nos 16139-16226). The database for alloys of gold,
silver and copper existed in the Bio- and Archeometry Laboratory of IAE PAN was used (cf. Tables 1-4). However, when in the first stage of research in the analyzed group in traces, but often, the element not recorded in the basic
composition of the group was detected (e. g. Pb for gold alloys), in the second stage this element to the analyzed group was included. Similarly, if an element did not occur in trace quantities (e. g. Mg for copper alloys), in the second
stage of analysis was excluded from a group of analyzed elements. The individual values of the constituent elements are given in weight percentages, while 0 is the result below of method detection.



Table 2. Results of the chemical composition analyzes, Group 2 - silver and its alloys and silver foils (prepared by M. Natuniewicz-Sekuta)

Description of the

. Graveno./ .
No. f'”d’t.hea”a'ﬂ’?d part inventory no./ | Sample no. Ag Cu Al S Cr Mn Fe Ni Zn As Au Pb L|_terature/
of find/Additional figureno.
chronology
comments
Silver wellenférmige 208 Natuniewicz-
bracelet with decorative (809) Sekuta, Okulicz-
1 capsule fastening, The stadium 15523 98,21 0,89 0,33 0,14 0,06 0,03 0,15 0,04 0 0 0,15 0 Kozaryn 2011, 66,
lateral part of capsule. 1IA/IIIB pl. LXXXIV:7
Silver wellenférmige 208 Natuniewicz-
bracelet with decorative (809) Sekuta, Okulicz-
2 capsule fastening, Wire stadium 15523,01 97,47 1,76 0,32 0,06 0,02 0,03 0,13 0 0,02 0 0 0,18 Kozaryn 2011, 66,
from the hoop. 1IA/IIIB pl. LXXXIV:7
Silver spring-cover 208 Natuniewicz-
brooch. Type A.I1.40-41. (800) Sekuta, Okulicz-
3 The underside of the bow stadium 15524 94,6 4,31 0,34 0,06 0,01 0 0,14 0 0 0,11 0 0,43 Kozaryn 2011, 66,
by the catchplate. 1IA/IIIB pl. LXXXIII:3
Silver spring-cover 208 Natuniewicz-
brooch. Type A.I1.40-41. (802) Sekuta, Okulicz-
4 The underside of the bow stadium 15525 94,65 4,25 0.88 0 0,01 0,07 0,07 0 0,07 0 0 0 Kozaryn 2011, 66,
by the catchplate. 1IA/IIIB pl. LXXXIII:2
Silver crossbow brooch Natuniewicz-
with high catchplate 208(801) Sekuta, Okulicz-
5 g prate. stadium 15526 97,43 1,57 0,34 0,07 0,1 0,11 0,2 0,01 0,03 0 0,04 0,11 i
Type A.VII, series 1. HIA/ITB Kozaryn 2011, 66,
From the foot. pl. LXXXIII:4
. Natuniewicz-
Ellverl Sth' ange'l‘k"p‘: (égg) Sekuta, Okulicz-
g [oracelet. Type close to . 15527 96,9 2,53 0,25 0,11 0,07 0,01 0,1 0 0 0 0,03 0 Kozaryn 2011, 66,
Wojcik IITA. From the stadium
pl. LXXXIV:5.
bow narrowness. IIA/IIIB S
Fig. 4:5
. Natuniewicz-
lver Schlangenkopf 208 .
ls)‘ia‘cl:zrlet Typg closet3 to (804) Sekula, Okulicz-
7 U . 15528 97,14 2,19 0,32 0,08 0,04 0,03 0,16 0 0 0 0 0,05 Kozaryn 2011, 66,
Wojcik IIIA. From the stadium .
pl. LXXXIV:6.
bow narrowness. IIIA/IIIB S
Fig. 4.4
Silver wellenférmige 208 Natuniewicz-
bracelet with decorative (805) Sekuta, Okulicz-
8 capsule fastening. Wire stadium 15529 96,79 2,41 0,23 0,04 0,01 0,08 0,04 0,03 0,03 0 0,12 0,2 Kozaryn 2011, 66,
from the hoop. 1TIA/IIIB pl. LXXXIV:8
Silver wellenférmige 208 Natuniewicz-
bracelet with decorative (805) Sekuta, Okulicz-
9 capsule fastening. The stadium 15529,01 97,84 1,19 0,18 0,45 ,04 0,07 0,14 0 0 0 0,09 0 Kozaryn 2011, 66,
lateral part of capsule. 1TIA/IIIB pl. LXXXIV:8




Silver, decorated gilded

silver foil shield brooch. 208 Natuniewicz-
The pin of the brooch. (803) Sekula, Okulicz-
10 . . 15530 95,14 2,73 0,29 0,02 0,01 0,09 0,2 0,02 1,35 0 0 0,15 Kozaryn 2011,
The results of analysis stadium 65-66, pl
(l)flllf:;parts, see Table IIIA/IIIB LXXXIT 1
Silver, decorated gilded Natuniewicz-
silver foil shield brooch. 208 .
The underside of the (803) Sekula, Okulicz-
11 . . 15530,01 95,11 2,98 0,24 0,05 0 0 0,14 0 1,05 0 0,08 0,34 Kozaryn 2011,
shield. The results of stadium 65-66. ol
analysis other parts, see IIIA/IIIB LXXX’III)I:1
Table 1:1-2. :
Silver, decorated gilded 208 Natuniewicz-
silver foil shield brooch. (803) Sekuta, Okulicz-
12 |The brooch foot. The stadium 15530,02 96,82 2,14 0,23 0 0 0,03 0,14 0,04 0,46 0 0 0,13 Kozaryn 2011,
results of analysis other TIA/IIB 65-66, pl.
parts, see Table 1:1-2. LXXXIII:1
Silver, decorated gilded
silver foil shield brooch. 208 Natuniewicz-
The foil with laurel (803) Sekuta, Okulicz-
13 |wreath motif (under . 15530,03 97,28 0,32 0,65 0,35 0,38 0,08 0,19 0,1 0,12 0 0,35 0,18 Kozaryn 2011,
stadium
layer). The results of IA/IIIB 65-66, pl.
analysis other parts, see LXXXIII: 1
Table 1:1-2.
Iron crest-headed brooch, 467 Natuniewicz-
decorated silver foil. (2377) Sekuta, Okulicz-
14 Type A.V.126. The foil stadium 15538 98,6 0,28 0,21 0,06 0 0,06 0,33 0,06 0,1 0,06 0,24 0 Kozaryn 2011,
from lower part of bow. 1IA/IIIB 116, pl. CCVIL:3
Iron crest-headed brooch,
decorated silver foil. 29 Natuniewicz-
15 |Typecloseto A.V.126 (102) 15530 | 94,19 | 424 | 017 | 006 | 012 | 005 | 04 | 008 | 028 0 0 04 Sekuta, Okulicz-
with features A.V.130. tadium TIB/IIC Kozaryn 2011, 29,
Foil from the crest on the | $2¢™"™ pl. VII:22/1
head.
Iron crest-headed brooch, Lo
. . Natuniewicz-
decorated silver foil. 22 Sekuta. Okulicz-
16 |Type close to A.V.126 (102) 15539,01 97,31 1,6 0,29 0,08 0,01 0,04 0,24 0 0 0,02 0,36 0,05 Kozar};n 2011. 29
and A.V.130. The foil stadium IIB/IIC T

from the bow.

pl. VII:22/1




Iron brooch, decorated
silver, gilded silver foil
and filigree and

Natuniewicz-

granulation. Type close 26B Sekuta, Okulicz-
17 |to A.V, series 1. The foil (122) 15540 97,38 0,37 0,24 0,13 0,09 0,06 0,32 0,09 0,11 0,04 0,86 0,26 0,07 |Kozaryn 2011, 30,
strip on crest of the bow. | stadium IIB/IIC pl. X:1.1a.
The results of analysis Fig. 2:3
other parts, see Table
1:10.
Silver Schlangenkopf Natuniewicz-
bracelet. Type close to 210 stadium IIIB Sekuta, Okulicz-
18 Wojcik IVB. From the (832) 15541 91,93 6,48 0,41 0,05 0,04 0,17 0,2 0,03 0 0,08 0 0,6 0 Kozaryn 2011, 67,
bow. pl. LXXXVI:4
Silver Schlangenkopf 452 IS\I:&ECV(;LC;;CZ-
19 |bracelet. Type Wojcik V. (2278) 15542 97,25 1,56 0,41 0,1 0,03 0,03 0,16 0 0 0 0,16 0,3 0 Kozar}in 2011
From the bow. stadium I1IB 113, pl. CXCIX:5
Silver Schlangenkopf 452 IS\I:&ECV(;LC;;CZ-
20 |bracelet. Type Wojcik V. (2281) 15543 97,33 1,69 0,58 0,17 0 0,05 0,11 0,01 0,05 0 0 0 0 Kozar}in 2011
From the head. stadium I1IB 113, pl. CXCIX:6
Brass crest-headed
brooch with cylinder for L
. Natuniewicz-
the spring, decorated .
. ) . Sekuta, Okulicz-
silver foil. Type with 386 Kozarvn 2011
21 |features to A.V.126 and (1943) 15545 95,66 1,16 0,3 0,12 0,02 0,03 0,19 0 0 0 0,43 2,09 0 101 g ?
A.V.130. The foil from | stadium IIB/IIC CLXVIII:386/1.
the crest on the head. The Fig. 81
results of analysis other 9.
parts, see Table 3:7-8.
Silver spring-cover Natuniewicz-
prng 452 Sekula, Okulicz-
brooch. Type A.11.40-41.
22 . (2276) 15546 97,29 1,94 0,2 0,12 0,03 0,11 0,16 0,01 0 0 0,14 0 0  |Kozaryn 2011,
The underside of the bow .
by the catchplat stadium I1IB 112, pl.
Y the catchplate. CXCVIIL:2
Silver spring-cover Natuniewicz-
Ver spring-cov 452 Sekuta, Okulicz-
brooch. Type A.11.40-41.
23 - (2286) 15547 97,36 2,14 0,2 0,03 0,02 0,04 0,14 0 0 0 0,07 0 0 |Kozaryn 2011,
The underside of the bow .
by the catchplate stadium I1IB 112, pl.
y : CXCVIIL:1
Silver Schlangenkopf 210 sli punenicr
24  |bracelet. Type Wojcik (833) 15548 97,83 1,17 0,38 0,18 0,01 0,08 0,17 0 0,08 0 0,11 0 0 Kozar ,n 2011. 67
IVB. From the bow. stadium I1IB Y D

pl. LXXXVI:3




Silver Schlangenkopf 210 Natuniewicz-
bracelet. Type Wojcik Sekuta, Okulicz-

25 (833) 15548,01 95,55 2,46 0,39 0,27 0 0 0,38 0 0 0 0,2 0,25
IVB. From the gorget of stadium TITB Kozaryn 2011, 67,
the head. pl. LXXXVI:3

Silver S-shape clasp. 210 Natuniewicz-

26 |Lype von Miller B. The (817) 15549 96,87 | 127 | 033 024 | 0,09 | 007 | 0,16 0 0,02 0 0,34 0,1 Sekuta, Okulicz-
beaded wire from the stadium TITB Kozaryn 2011, 67,
base. pl. LXXXVIL:7

. . Natuniewicz-
Silver crossbow tendril K
brooch, with triple rings 389 Sekuta, Okulicz-

27 of beaded wire. Type (1945) 15550 95,07 4,01 0,29 0,05 0 0,01 0,21 0 0,13 0 0 0,22 Kozaryn 2011,

) stadium IVB 102, pl.
A.VI.167. From the foot. CLXXIIT:3
Silver crossbow tendril Natunicwicz-
E;‘L‘gge‘glﬁg‘f’f e 389 Sekuta, Okulicz-

28 AVL16T Bea('iedy\r:vire (1945) 15550,01 95,31 2,81 0,23 0,07 0 0,09 0,27 0,09 0,23 0,01 0,19 0,7 Kozaryn 2011,
from the central ring on stadium IVB é(ff(g(lmg
the head knob. )

Brass lunula pendant Natuniewicz-
decorated silver gilded 275 Sekuta. Okulicz-
foil. The bottom layer of ?

29 the foil. The results of (1222) 15551 94,77 1,33 0,27 0,1 0 0,07 0,2 0,11 0,05 0 2,8 0,27 Kozaryn 2011, 80,
analysis other parts, see stadium V gll CXVIL:9. Fig.
Table 1:11. )

Silver crossbow tendril 275 Natuniewicz-
brooch with false spring. Sekuta, Okulicz-

30 (1227) 15552A 95,95 2,22 0,41 0,16 0,02 0,11 0,15 0 0,47 0 0,5 0,01
Type A.V1.168. From the stadium V Kozaryn 2011, 80,
foot. pl. CXVI:1

Silver crossbow brooch

with closed catchplate, Natuniewicz-
decorated silver gilded .
foil. Type close to 275 Sekuta, Okulicz-

31 A \}I 170 From the foot (1247) 15552 93,87 4,46 0,57 0,15 0,03 0,15 0,15 0,01 0,37 0 0 0,23 Kozaryn 2011, 80,
The results of analysis stadium V g?.ZCi%/IB. Fig.
other parts, see Table T
1:12; 4:2.

Silver crossbow tendril
gﬁi(;ijhhiefc%;agzd silver 150 Natuniewicz-

32 |A.VL162. The lower part 565).5) 15554 | 9786 | 131 | 038 | 004 | 008 | 008 | 0,18 0 0,06 0 0 0 Isfk“*a’ Ozli)“ll‘lczs' s

of the bow. The results of] stadim ozaryn T
IVA/IVB pl. LVIIL:1

analysis other parts, see

Table 1:13.




33

Silver crossbow tendril
brooch, decorated silver
gilded foil. Type
A.V1.162. From the
chord of the spring. The
results of analysis other
parts, see Table 1:13.

150
(605)
stadium
IVA/IVB

15554,01

96,49

1,78

0,36

0,23

0,07

0,14

0,8

Natuniewicz-
Sekuta, Okulicz-
Kozaryn 2011, 55,
pl. LVIIIL:1

Silver crossbow brooch
with high catchplate, so
called Rosettenfibeln,
decorated gold foil,
knobs made of brass.
Type close to A. VII,
series 4. Group 6 after
Lund Hansen, Przybyta.
The pin of a brooch. The
results of analysis other
parts, see Table 1:14-15.

150
(606)
stadium
IVA/IVB

15555

94,95

1,88

0,19

0,08

0,01

0,04

0,14

0,02

1,79

0,89

Natuniewicz-
Sekuta, Okulicz-
Kozaryn 2011,
55-56, pl. LX:3

35

Silver crossbow brooch
with high catchplate, so
called Rosettenfibeln,
decorated gold foil,
knobs made of brass.
Type close to A. VII,
series 4. Group 6 after
Lund Hansen, Przybyta.
The bottom part of the
foot. The results of
analysis other parts, see
Table 1:14-15

150
(606)
stadium
IVA/IVB

15555,01

95,06

2,71

0,26

0,16

0,08

1,26

0,09

0,26

Natuniewicz-
Sekuta, Okulicz-
Kozaryn 2011,
55-56, pl. LX:3

36

Silver crossbow brooch
with high catchplate, so
called Rosettenfibeln,
decorated gold foil,
knobs made of brass.
Type close to A. VII,
series 4. Group 6 after
Lund Hansen, Przybyta.
The bow of a brooch.
The results of analysis
other parts, see Table
1:16-17; 3:10.

150
(607)
stadium
IVA/IVB

15556

95,6

0,12

0,05

0,1

0,04

0,15

0,69

1,27

0,82

Natuniewicz-
Sekuta, Okulicz-
Kozaryn 2011,
55-56, pl. LX:4




Silver crossbow brooch
with high catchplate, so

called Rosettenfibeln,

decorated gold foil,

knobs made of brass. 150 Natuniewicz-

Type close to A. VII, (607) Sekuta, Okulicz-
37 series 4. Group 6 after stadium 15556,01 95,96 1,99 0,32 0,28 0 0 0,1 0,01 0,69 0,02 0 0,62 Kozaryn 2011,

Lund Hansen, Przybyta. IVA/IVB 55-56, pl. LX:4

The bottom part of the

foot. The results of

analysis other parts, see

Table 1:16-17; 3:10.

Silver crossbow brooch

with high catchplate, so

called Rosettenfibeln,

decorated gold foil,

knobs made of brass. 150 Natuniewicz-

Type close to A. VII, (607) Sekuta, Okulicz-
38 series 4. Group 6 after stadium 15556,02 95,47 1,3 0,24 0,03 0,18 0,03 0,09 0,01 0,67 0 1,81 0,18 Kozaryn 2011,

Lund Hansen, Przybyta. IVA/IVB 55-56, pl. LX:4

The pin of a brooch. The

results of analysis other

parts, see Table 1:16-17,

3:10.

Silver crossbow tendril 288 Natuniewicz-

brooch with false spring. Sekuta, Okulicz-
39 (1360) 15557 97,02 1,92 0,27 0 0,03 0,09 0,21 0,03 0,07 0 0 0,37

Type A.VI.168. From the stadium V Kozaryn 2011, 83,

foot. pl. CXXVIII:2

Silver crossbow tendril 288 Natuniewicz-

brooch with false spring. Sekuta, Okulicz-
40 (1360) 15557,01 97,18 1,39 0,35 0,17 0 0,01 0,11 0 0,04 0 0,39 0,36

Type A.VI.168. From the stadium V Kozaryn 2011, 83,

chord of the spring. pl. CXXVIII:2

Silver crossbow tendril 288 Natuniewicz-

brooch with false spring. Sekuta, Okulicz-
41 (1358) 15558 94,27 2,78 0,28 0,12 0,06 0,04 0,28 0 0,48 0,11 0,66 0,91

Type A.VI.168. From the stadium V Kozaryn 2011, 83,

bow. pl. CXXVIIL:3

Silver crossbow tendril 288 Natuniewicz-

brooch with false spring. Sekuta, Okulicz-
42 (1358) 15558,01 96,87 1,24 0,34 0,33 0,05 0,01 0,2 0 0,48 0,01 0,2 0,27

Type A.VI.168. From the stadium V Kozaryn 2011, 83,

spring pl. CXXVIII:3

Silver crossbow tendril 188 Natuniewicz-

brooch with closed Sekuta, Okulicz-
43 (1351) 15559 97,08 2,24 0,35 0,12 0 0,05 0,16 0 0 0 0 0

catchplate. Type stadium V Kozaryn 2011, 83,

A.VIL.170. From the bow.

pl. CXXVIII:1




Silver crossbow tendril
brooch, decorated gold

Natuniewicz-

foil. Type A.VI.162. 229 Sekuta. Okulicz-
44  |From the bottom of the (912) 15560 96,4 2,35 0,37 0,12 0 0,12 0,16 0,05 0 0 0,07 0,36 i
) Kozaryn 2011, 70,
foot. The results of stadium IVA
. pl. XCIV:229/1
analysis other parts, see
Table 1:18
Natuniewicz-
Silver capsule pendant. 413 Sekuta, Okulicz-
45 |The underside shield of a (2070) 15561 96,25 2,21 0,29 0,11 0,17 0,02 0,14 0 0 0,21 0,16 0,43 Kozaryn 2011,
pendant. stadium IIB/IIC 107, pl.
CLXXXVI:413/6
Natuniewicz-
Silver capsule pendant. 413 Sekuta, Okulicz-
46 |Beaded wire from the top (2070) 15561,01 98,4 0,33 0,33 0,13 0,14 0,06 0,15 0,03 0,02 0 0 0,42 Kozaryn 2011,
shield of pendant. stadium IIB/IIC 107, pl.
CLXXXVI:413/6
Natuniewicz-
Silver capsule pendant. 413 Sekuta, Okulicz-
47 |The central granule on (2070) 15561,02 97,61 0,32 0,37 0,23 0,33 0,06 0,25 0,09 0,15 0 0 0,59 Kozaryn 2011,
the top shield. stadium IIB/IIC 107, pl.
CLXXXVI:413/6
Brass triple-crest brooch
and cylinder for the
spring, with traces of S
silver foil on the 25 amiemier:
48 |cylinder. Type A.V.96. (72) 15562 83,42 | 0,61 0,25 017 | 0,06 | 003 0,21 0,05 0,06 0 15,16 0 Ke Z“ - 20“1 lc 20
The foil from the stadium IIB/IIC 10\?1?7 1 T
cylinder. The results of Pl VL
analysis other parts, see
Table 3:9.
Silver wellenformige 26B SI\; it’gegliiﬁcz_
49 |bracelet. From the wire (120) 15564 98,34 0,86 0,29 0,11 0,03 0,09 0,15 0,08 0,04 0 0 0 i
. Kozaryn 2011, 31,
of the hoop. stadium IIB/IIC
pl. XI:6
Silver wellenférmige 26B SI\; it’gegliiﬁcz_
50 [bracelet. From the wire (125) 15565 98,37 0,87 0,41 0,06 0,01 0 0,19 0,03 0,06 0 0 0 i
. Kozaryn 2011, 31,
of the hoop. stadium IIB/IIC
pl. XI:7
Silver Schlangenkopf Natuniewicz-
bracelet. Type Wojcik 268 Sekuta, Okulic:
51 - 1YPe WO) (124) 15566 9628 | 1,58 0,46 0 0,12 0,1 0,24 0,04 0,5 0 0 0,69 1A, L ez
IITA. From the bow . Kozaryn 2011, 31,
stadium IIB/IIC

narrowness.

pl. XI:4. Fig. 3:2




Silver Schlangenkopf

Natuniewicz-

bracelet. Type Wojcik 26B Sekuta. Okulicz-
52 [LIIA. From the plaque (119) 15567 96,75 1,96 0,4 0,05 0,09 0 0,21 0,02 0,05 0 0 0,04 0,44 0 ?
. Kozaryn 2011, 31,
soldered on the head stadium IIB/IIC
pl. XI:5
gorget.
Silver Schlangenkopf 26B in pmewer.
53 |bracelet. Type Wojcik (119) 15567,01 93,55 5,26 0,29 0,08 0,07 0,1 0,19 0,02 0,36 0 0 0,03 0,06 0 K i 2011. 31
IITA. From the bow. stadium IIB/IIC ozaryn T
pl. XI:5
Silver Schlangenkopf 26B Natuniewicz-
bracelet. Type Wojcik 6 Sekuta, Okulicz-
54 ) (119) 15567,02 91,48 7,2 0,38 0,12 0,02 0,08 0,16 0 0,34 0 0 0,04 0,18 0 i
IITA. From the bow . Kozaryn 2011, 31,
stadium IIB/IIC
narrowness. pl. XI:5
Brass triple-crest
brooch, decorated silver Natuniewicz-
foil. Type A.V.96. The 26B Sekuta. Okulicz-
55 |foil from the head crest. (123) 15568 96,82 1,78 0,36 0,28 0,12 0 0,31 0 0,02 0 0 0,31 0 0 K ?
. . ozaryn 2011, 31,
The results of analysis stadium IIB/IIC | XI3-3a
other parts, see Table Pl AL
3:11.
Brass brooch with
cylinder for the spring
and crest on the head and Natuniewicz-
foot terminal, decorated 402 umewicz:
silver foil. Type with (2009) Sekuia, Okulicz-
56 ’ . . 15571 96,46 0,81 0,41 0,44 0 0,08 0,21 0,11 0,08 0 0 1,22 0,18 0 Kozaryn 2011,
features A.V, series 1 stadium 104, pl
and A.V, series 8. The IIA/ITIB -
foil from bow. The CLXXXI:3
results of analysis other
parts, see Table 3:14.
. Natuniewicz-
| hl kopf 402 .
bsr;ZSIrt‘,tSC Ty?agg\?vnéjc;?k (20(; 7 Sekua, Okulicz-
57 ’ . 15572 96,4 2,8 0,24 0,01 0,01 0,01 0,16 0,09 0,29 0 0 0 0 0 Kozaryn 2011,
IITA. From the bow stadium
narrown TIIA/ITIB 104, pl.
Arowness. CLXXXI:4
. Natuniewicz-
bsrlalZ:fefc ? l ar;g\?vqgﬂ (;ﬁé) Sekuta, Okulicz-
58 - YP ) . 15573 96,1 2,59 0,27 0,07 0,02 0,08 0,16 0,03 0,28 0,04 0 0,17 0,18 0 Kozaryn 2011,
IITA. From the bow stadium
narrowness IIA/IIIB 104, pl.
’ CLXXXI:5
. Natuniewicz-
Silver crest-headed Sekuta, Okulicz-
brooch, decorated 432 Kozarvn 2011
59 [composition of filigree. (2206) 15575 90,87 2,17 0,57 0,92 0,06 0,04 0,3 0,01 0,35 0 4,66 0 0 0,07 zary ’
Type A.V.126. From the | stadium IIIA 109, pl.
ype A-V.15. u CXCIIL:432/1.

bow.

Fig. 3:4




Silver crest-headed

Natuniewicz-
Sekuta, Okulicz-

brooch, decorated 432 Kozarvn 2011
60 |composition of filigree. (2206) 15575,01 90,87 2,17 0,57 0,92 0,06 0,04 0,3 0,01 0,35 0 4,65 0 0,08 0 Y ?
Type A.V.126. From the | stadium IIIA 109, pl.
bow o ’ C.XCHI:432/1‘
) Fig. 3:4
. Natuniewicz-
Silver crest-headed .
Sekuta, Okulicz-
brooch, decorated 432 Kozaryn 2011
61 |composition of filigree. (2206) 15575,02 90,63 2,73 0,25 0,18 0 0,05 0,27 0 0,4 0 5,36 0,13 0 0 109, pl ?
l"l;g\;;,e A.V.126. From the | stadium IITA CXCIH: 43271
) Fig. 3:4
Silver crest-headed Natunlercz;
Sekuta, Okulicz-
brooch, decorated 432 Kozarvn 2011
62 |composition of filigree. (2206) 15575,03 96,13 1,62 0,37 0,22 0,02 0,05 0,21 0 0,03 0,16 0 0,37 0,36 0,46 Ty ’
Type A.V.126. From the | stadium IITA 109, pl.
chord of a spring C.XCHI:432/1'
’ Fig. 3:4
. Natuniewicz-
Silver crest-headed Sekuta, Okulicz-
brooch, decorated 432 Kozarvn 2011
63 |composition of filigree. (2206) 15575,04 94,89 3,25 0,27 0,09 0 0,03 0,26 0 0,49 0 0,72 0 0 0 109 p{ ’
fTO};[;e A.V.126. From the stadium IIIA C_XCHI:432/1‘
) Fig. 3:4
Silver crest-headed Natunlew1czj
Sekuta, Okulicz-
brooch, decorated 432 Kozaryn 2011
64 |composition of filigree. (2206) 15575,05 98,13 0,67 0,33 0,17 0,08 0 0,21 0,02 0,02 0 0 0,35 0,02 0 109, pl ?
Ei/gr:e/:g;. 1aZC6r.el:trom the | stadium IIIA CX CIII-432/1.
) Fig. 3:4
Brass brooch with
cylinder for the spring,
crest on the head and
circular disc on the foot, .
decorated silver foil Natuniewicz-
filigree and granulat’ion 252 Sekuta, Okulicz-
65 T ith features A V. (1059) 15576 95,04 1,63 0,36 0,58 0,04 0,08 0,15 0 0 0 0,9 0,43 0,72 0,06 |Kozaryn 2011, 75,
ypewi Vo | stadium ITIB pl. CI:252/3. Fig.

series 1 and A.V, series
8. The central granule
from the bow bend. The
results of analysis other
parts, see Table 3:15.

33




Brass brooch with
cylinder for the spring,
crest on the head and
circular disc on the foot,
decorated silver foil,

Natuniewicz-

filigree and granulation. 252 Sekuta, Okulicz-

66 |Type with features to (1059) 15576,01 97,69 0,98 0,35 0,25 0,02 0,01 0,2 0,03 0,01 0 0,34 0,1 0  |Kozaryn2011, 75,
A.V, series 1 and A.V, stadium I1IB pl. CI:252/3. Fig.
series 8. The foil from 33
the lower part of a bow.

The results of analysis

other parts, see Table

3:15.

Silver crossbow tendril Natuniewicz-
brooch with triple rings 34 Sekuta. Okulicz-

67 |of beaded wire. Type (128) 15577 95,77 3,63 0,22 0,06 0,05 0,05 0,21 0 0 0 0 0 0 Kozar 7n 201133
close to A.VI.167. From stadium V 1 ;\/}/3 T
the top side of the foot. Pl )

Silver crossbow tendril
brooch with triple rings 34 Natuniewicz-
of beaded wire. Type Sekuta, Okulicz-

68 (128) 15577,01 94,61 2,59 0,31 0,15 0,1 0,01 0,21 0,01 0 0 0,03 1,55 0,43
close to A.VIL.167. stadium V Kozaryn 2011, 33,
Beaded wire from central pl. XV:3
ring from the head.

Silver spri Natuniewicz-
1verspring-cover 342 Sekuta, Okulicz-
brooch. Type A.I1.40-41.

69 . (1703) 15579 96,93 2,02 0,36 0,09 0,03 0,03 0,15 0 0,08 0 0,25 0,05 0  |Kozaryn 2011, 93,
The underside of the bow . :

stadium I1IB pl. CXLIX:1. Fig.
by the catchplate. a1
Silver spring-cover 342 Natuniewicz-

70 |Prooch. Type A.IL40-41. (1704) 15580 969 | 202 | 0290 | 011 | 003 | 004 | 015 0 004 | 011 0,19 | 0,14 o |Sekula, Okulicz-
The underside of the bow stadium 111B Kozaryn 2011, 93,
by the catchplate. pl. CXLIX:2

Silver capsule pendant 250 Natuniewicz-

71 |The underside shield of (1050) 15581 | 96,14 | 1,17 | 083 | 029 0 016 | 025 | 011 | 021 0 0,08 | 075 o |Sckula, Okulicz-

the capsule stadium Kozaryn 2011, 74,
psulc. HIA/IIB pl. C:250/7
Silver capsule pendant. 25 SI:I: in'l;leglici-c :

72 |The underside shield of 81) 15582 96,33 2,37 0,32 0,09 0,09 0,04 0,13 0 0,07 0,11 0,19 0,25 0 Ko l; ’n 20u11 230

the capsule. stadium IIB/IIC z ry T
pl. VIL:9
Silver capsule pendant. 25 SI:I: iﬂzle(\))vliﬁi-cz—

73 |beaded wire on top shield 81) 15582,01 98,23 0,34 0,36 0,08 0,1 0 0,16 0,12 0,09 0 0 0,51 0 Koza ’n 2011, 30

of the capsule. stadium IIB/IIC zary T

pl. VII:9




Natuniewicz-

Silver lunula pendant. 256 Sekuta, Okulicz-
74 (1076) 15584 96,05 1,83 0,44 0,18 0 0,08 0,23 0,04 0,03 0 0,17 0,97 0
From the central part. . Kozaryn 2011, 76,
stadium I1IB
pl. CVIL:5
256 Natuniewicz-
Silver lunula pendant. Sekuta, Okulicz-
75 (1075) 15585 96,45 1,46 0,41 0,03 0,06 0,04 0,14 0 0 0 0,27 1,14 0
From the central part. . Kozaryn 2011, 76,
stadium I1IB
pl. CVIL:7
Silver brooch with high 256 Natuniewicz-
76 |catchplate and upper (1077) 15586 9635 | 1,56 | 044 | 0,59 0 007 | 0,17 0 0,04 0 0,35 0,43 o |Sekula, Okulicz-
chord. Type A.VII, series stadium TITB Kozaryn 2011, 76,
1. From the bow. pl. CVII:3
Silver brooch with high 256 Natuniewicz-
77 |catchplate and upper (1077) 15586,01 | 96,08 | 2,15 0,41 0,12 0 0,08 | 0,11 0,05 0,15 0,04 0,23 0,58 o |Sekula, Okulicz-
chord. Type A.VII, series stadium TITB Kozaryn 2011, 76,
1. The pin of a brooch. pl. CVII:3
Silver and brass (tongue
on the catchplate) brooch
with high catchplate, so 10
called Rosettenfibeln, (collections of
decorated silver gilded o lections o
. . the Museum of
foil. Lubieszewo, Nowy
Dwor Gdatski district, | Arehacology and Jonakowski 2001
78 ’ History in 15590 94,61 3,08 0,61 0,23 0,11 0 0,51 0 0,86 0 0 0 0 B i
Type close to A. VII, Elblae. without 187, fig. 2:7
series 4. Group 6 after inv?r%or no.)
Lund Hansen, Przybyta. hase Clg " t.he
The pin of the brooch. p beinnin %2
The results of analysis 8 &
other parts, see Table
1:26-28; 3:16; 4:3.
Silver and brass (tongue
on the catchplate) brooch
with high catchplate, so 10
called Rosettenfibeln, (collections of
decorated silver gilded
. . the Museum of
foil. Lubieszewo, Nowy
Dwor Gdanski district Archacology and Jonakowski 2001
79 Type close to A. VII, History in 15590,01 97,16 0,43 0,37 0,1 0,23 0,07 0,2 0 0,37 0,16 0,07 0 0,82 187, fig, 2:7

series 4. Group 6 after
Lund Hansen, Przybyta.
From the catchplate of
the brooch. The results of
analysis other parts, see
Table 1:26-28; 3:16; 4:3.

Elblag, without
inventory no.)
phase C1b to the
beginning C2




Silver and brass (tongue
on the catchplate) brooch
with high catchplate, so
called Rosettenfibeln,
decorated silver gilded
foil. Lubieszewo, Nowy

10
(collections of
the Museum of

A e Archaeology and .

go |Dwor Gdaiski district History in 15591 | 96,09 | 1,05 | 044 | 016 | 039 | 002 [ 022 | 001 | 064 0 03 0,69 o |onakowski2001,

Type close to A. VII, Elblag, without 187, fig. 2:8

series 4. Group 6 after inven t70 no.)

Lund Hansen, Przybyta. hase Clrg to t'he

From the catchplate of p beginning C2

the brooch. The results of| S8

analysis other parts, see

Table 1:29.

Silver crossbow brooch

with high catchplate, so

called Rosettenfibeln,

decorated gold foil. Type

close to A. VII, series 4. find

Group 6 after Lund str;}‘%én Natuniewicz-
81 |Hansen, Przybyta. The hase(Clb 20 the 16139 84,91 6,71 0,17 0,07 0,27 0 0,41 0 1,56 3,67 0 1,73 0  |Sekuta 2010, 414,

upper part of the bow. pb nine C2 fig. 9:11

The magnesium content cgmnng

was detected Mg=0,52.

The results of analysis

other parts, see Table

1:30.

The fragment of

catchplate silver

crossbow brooch with

high catchplate, so called

Rosettenfibeln. Type str2az6f;nd Natuniewicz-
82 |close to A. VII, series 4. phase( Clb)to the 16140 82,19 13,51 0,06 0,15 0,03 0 0,24 0,24 0 1,62 0 1,28 0,05 |Sekuta 2010, 414,

Group 6 after Lund beginnine C2 fig. 9:12

Hansen, Przybyta. From cgimnning

the catchplate. The

magnesium content was

detected Mg=0,62.

Silver crossbow tendril

brooch with single rings Natunicwicz-

of beaded wire. Type 478 Sekuta. Okulicz-
83 |close to A.VL.162. The (2403) 16145 91,08 3,89 0,33 0,04 0 0,07 0,52 0 0 1,83 0 1,47 0 Kozar 7n 2011

top side of the foot. The | stadium IVB/V Y ?

magnesium content was
detected Mg=0,78.

118, pl. CCXI:3




Silver crossbow tendril
brooch, decorated gold
foil. Type A.VL.162.

stray find N
From upper part of the (2445) Natuniewicz-
84 |bow. The magnesium 16146 94,36 1,58 0,1 0,13 0,05 0 0,25 0,17 0 0 1,67 0,79 0,04 0,16 |Sekuta 2010, 414,
phase C1b to the S
content was detected beginning C2 fig. 9:9. Fig. 2:4
Mg=0,7. The results of & &
analysis other parts, see
Table 1:31.
Silver crossbow tendril stray find
brooch. Type A.VI.162. (2167)
85 |From the foot. The hase C1b to the 16147 93,12 2,93 0 0,08 0,17 0 0,53 0,14 0,13 0,05 1,72 0,39 0,13 0 unpublished
magnesium content was pbe oning C2
detected Mg=0,6. & g
Silver S-shape clasp. Natuniewicz-
Type von Miiller C. The 485 Sekuta, Okulicz-
86 |wire from a base. The (2474) 16149 93,33 2,64 0,27 0,04 0,02 0 0,34 0 0,03 0 1,51 0,26 0,69 0  |Kozaryn 2011,
magnesium content was | stadium IIB/IIC 119, pl.
detected Mg=0,88. CCXVI1:485/4
Fragment of silver
Schlangenkopf bracelet. stray find .
Type Wéjcik V. From (2521) Natuniewicz-
g7 [P ’ 16152 90,8 3,32 0 0,05 0 0 0,28 0,19 0,23 0 2,99 0,47 0,98 0 Sekuta 2010, 414,
the bow fragment. The phase B2/C1 to ] S
. fig. 10:16. Fig. 4:3
magnesium content was Cla
detected Mg=0,69.
Fragment of silver
Schlangenkopf bracelet. stray find L
Type Wéjcik V. From (2521A) Natuniewicz-
gg | P ’ 16153 89,85 5,41 0,06 0,02 0,04 0 0,23 0,23 0 0 2,43 0,4 0,56 0 Sekuta 2010, 414,
the bow fragment. The phase B2/C1 to fie 10:17
magnesium content was Cla &1
detected Mg=0,78.
Fragment of silver
Schlangenkopf bracelet. stray find L
Type Wojcik V. From (2521B) Natuniewicz-
g9 [P ’ 16154 92,75 3,02 0,08 0,13 0 0,22 0,37 0,07 0,13 0 2,27 0,14 0 0,08 |Sekuta 2010, 414,
the bow fragment. The phase B2/C1 to .
. fig. 10:17
magnesium content was Cla

detected Mg=0,76.




Brass spring-covered
brooch, decorated with
beaded wire on the bow
crest. Type A.I1.38/40-

41. Beaded wire from the 302
90 : (2586) 16156 94,46 1,52 0 0,03 0 0,06 0,4 0 0,18 0 1,32 0 1,15 0,1 | unpublished

bow crest. The .

. stadium IIB/IIC

magnesium content was

detected Mg=0,78. The

results of analysis other

parts, see Table 3:25.

Fragment of silver S-

shape clasp. Type von 505

Miiller B. Beaded wire (2628)
91 |surviving by a finial arm tadium 16160 92,45 3,19 0,03 0,01 0 0 0,2 0,08 0,55 0 2,24 0,45 0,13 0 unpublished

of base. The magnesium I?I A /IL;IB

content was detected

Mg=0,67.

Silver S-shape clasp.

Type von Miiller B. The 524 Natuniewicz-

central granule on the (2676) Sekuta. Skéra
92 |shield form base . 16163 94,11 1,52 0 0,27 0,13 0 0,94 0,14 0 0 1,53 0,31 0 0,25 uia,

narrown Th stadium 2016, 63, fig. 2:2

AITOWNESs. * e IIA/IIB Fig.3:1

magnesium content was

detected Mg=0,8.

Bow of silver crossbow

ol o, T | S
I A 16165 | 89,55 | 523 | 0,17 | 034 | 021 | 009 | 128 0 0 023 | 062 | 0,13 | 149 0 |Sekuta 2010, 414,

the foot. The magnesium | phase C1b to the fig 9:7

content was detected beginning C2 &

Mg=0,68.

Togmanotihrtg | sy o
94 © ring : 16166 89,52 5,68 0,21 0,3 0 0 0,17 0,05 0,75 0 1,22 0,71 0,67 0 Sekuta 2010, 415,

magnesium content was | phase C1b to the fie. 12:50

detected Mg=0,72. beginning C2 S

Silver strap end fitting.

Type R JIIS. From the st(r2a7y lg;ld Natuniewicz-
95 |lower part. The 16167 93,99 1.4 0 0,09 0,04 0 0,1 0,05 0 0,04 2,28 0,75 0,46 0,28 |Sekuta 2010, 415,

. phase Cl1b to the .
magnesium content was L fig. 11:47
beginning C2

detected Mg=0,51.




Fragment of silver
crossbow brooch with
closed catchplate,

decorated gold foil. stray find Natuniewicz-

g6 |1Ype A-VLIT0. From the (2718) 16168 84,11 | 532 | 021 025 | 008 | 0,12 1,21 0,16 0 379 | 041 3,61 0 |Sekuta 2010, 414,
foot. The magnesium phase Cl1b to the fie 9:10
content was detected beginning C2 &7
Mg=0,74. The results of
analysis other parts, see
Table 1:32.

Fragment of silver ring.
Type Beckmann 15. st(r2a7y3f;1;1d Natuniewicz-
97 |From ring fragment. The 16169 94,71 1,89 0,23 0,36 0 0 0,15 0 0,14 0,94 0,32 0,27 0,25 |Sekuta 2010, 415,
. phase Cl1b to the .
magnesium content was beeinnine C2 fig. 12:51
detected Mg=0,76. g g
Frame of silver belt 82?7}’32;1(1 Natuniewicz-
98 |buckle. Type ML D29. 16170 92,8 1,22 0,25 0,41 0 0,06 0,44 0 0,14 1,74 0,26 1,44 1,25 |Sekuta 2010, 415,
: phase Cl1b to the .
from top side of a frame. L fig. 11:46
beginning C2
Silver pin. Type
Beckmann group X. st(r2a7y3t;1;1d Natuniewicz-

99 |From pin shaft. The hase C1b to the 16171 87,26 6,28 0,27 0,19 0 0 0,46 0 0 3,35 0,49 0,42 0,55 |Sekuta 2010, 415,
magnesium content was pbe iomin 0C2 fig. 12:53
detected Mg=0,74. g g

Fragment of silver
wellenférmige bracelet. stray find Lo
Wire from the crossbar (2921) Natuniewicz-

100 . 16172 88,83 5,36 0,25 0,5 0 0 1,06 0,06 0 1,9 0,21 1,04 0  |Sekuta 2010, 414,

for fastening a capsule. | phase B2/C1 to )

. fig. 11:32

The magnesium content Cla

was detected Mg=0,79.

Silver brooch with high

catchplate and upper N

chord. Type A.VII, 28 Sl\i iﬁﬁle&iﬁi—c}
101 |series 1. From upper part (106) 16192 90,12 7,05 0,06 0,04 0 0 0 0,15 0,16 1,21 0 0,43 0 >

. Kozaryn 2011, 31,
of abow. The stadium I1IB

magnesium content was
detected Mg=0,76.

pl. X11:28/1




Brass brooch decorated
silver foil. Type A.V,
series 11 or type Leonow

after Jamka. From the 267 Natuniewicz-

foil on the upper part of Sekuta, Okulicz-
102 (1161) 16205 93,94 0,87 0,11 0,14 0,07 0,01 0,42 0,01 0,16 0 1,95 0,15 1,4

the bow. The stadium TIB/IIC Kozaryn 2011, 78,

magnesium content was pl. CXIII:1

detected Mg=0,78. The

results of analysis other

parts, see Table 3:60.

Brass brooch decorated

silver foil. Type A.V,

series 11 or type Leonow

after Jamka. From the 267 Natuniewicz-

foil on the lower part of Sekuta, Okulicz-
103 (1165) 16206 92,33 2,87 0,24 0,08 0,1 0 0 0 0 0,39 1,91 0,32 1,1

the bow. The stadium TIB/IIC Kozaryn 2011, 78,

magnesium content was pl. CXIII:2

detected Mg=0,67. The

results of analysis other

parts, see Table 3:61.

Brass bow of the

crossbow brooch

(melted), preserved with 10 erave number

melted on it a lump of ( fllec tions of

silver. Elblag, Pole the Museum of

Nowomiejskie, Elblag Archacol d Natuniewi
104 |district. Type A.VL167. |2TC12S008Y 0% 4609 | 7235 | 19,08 | 002 | 006 | 025 0 0,34 0 055 | 027 | 543 | 017 | 086 atuniewicz:

From lump of silver. Hlstpry in 2000, 143, pl. 1I:7

. Elblag, inventory

The magnesium content no. 181/478)

was detected Mg=0,62. h o

The results of analysis phaset.-a

other parts, see Table

3:64.

Fragment of silver no grave _number

Schlangenkopf bracelet. (collections of L

Weklice or My§lecin, the Museum of Natunlercz;

Elblag district. Type Archaeology and Sekuta, Okulicz-
105 Wojcik V Fro.m the bow History in 16217 93,93 2,87 0 0,02 0,1 0 0,05 0 0,29 0 1,61 0,2 0,13 Kozaryn 2011,

fragment .The Elblag, inventory 121, pl. CCXX:2.

) no. 124/336) Fig. 4:2

magnesium content was
detected Mg=0,81.

phase B2/C1 to
Cla




Fragment of silver

no grave number
(collections of

S arlgenkOpf !ora(felet. the Museum of Natuniewicz-
Weklice or Myslecin, .
Elblag district. Type Archgeology and Sekuta, Okulicz-
106 L : History in 16217,01 93,91 1,58 0 0,35 0,16 0,07 0,29 0,21 0,51 0 1,68 0,13 0,32 0  |Kozaryn 2011,
Wojcik V. From the . )
orget on the head. The Elblag, inventory 121, pl. CCXX:2.
& ) ; no. 124/336) Fig. 4:2
magnesium content was hase B2/C1 to
detected Mg=0,79. P
Cla
Silver S-shape claps.
Type von Miiller B. 542
107 |Beaded wire from a base. (2939) 16223 92,76 2,73 0,04 0,32 0,03 0 0,27 0,22 0 0,14 2,04 0,61 0,16 0,05 | unpublished
The magnesium content stadium I1IB
was detected Mg=63.
Fragment silver
fastening capsule of
wellenférmige bracelet. st(rzag 921;1(1 Natuniewicz-
108 |The central part of the 16227 89,34 3,7 1,17 0 0,11 0 0,24 0 0,1 0 3,97 0,1 0,52 0  |Sekuta 2010, 414,
. phase B2/C1 to .
capsule top shield. The Cla fig. 11:28a
magnesium content was
detected Mg=0,75.
Fragment of hoop silver
wellenférmige bracelet. st(rzasy 42;1(1 Natuniewicz-
109 |The wire from a hoop. 16228 82,4 10,21 0,63 0 0,04 0 0,91 0,12 0,1 0 3,57 0,15 1,17 0  |Sekuta 2010, 414,
. phase B2/Clto .
The magnesium content Cla fig. 11:34
was detected Mg=0,71.
Fragment of head silver
Tope Waiet v, brom | G808y Natunivicz-
110 | YPe WojeIt b O 16229 | 9245 | 243 | 061 | 001 0 0,09 0,9 0 0.4 0 147 | 008 | 074 | 01 |[Sekula2010,414,
central part of the head. | phase B2/C1 to )
. fig. 10:23
The magnesium content Cla
was detected Mg=0,73.
Silver S-shape claps.
Type von Miiller C. The stray find
111 |wire from a base. The (2784) 16230 94,96 0,96 0,06 0,16 0,17 0,04 0,22 0 0 0 2 0,27 0,23 0,09 | unpublished

magnesium content was
detected Mg=0,85.

phase B2b-B2¢




Fragment silver
fastening capsule of

wellenférmige bracelet. St(r;glztg;ld Natuniewicz-
112 |The lateral part of 16231 92,92 2,09 0,15 0,13 0,07 0,32 0,61 0 0,49 1,61 0,43 0,32 0,03 |Sekuta 2010, 414,
. phase B2/C1 to .
capsule. The magnesium Cla fig. 11:28b
content was detected
Mg=0,83.
Fragment silver
fastening capsule of
wellenférmige bracelet. st(rzagy lg;ld Natuniewicz-
113 |The lateral part of 16232 93,08 1,74 0,72 0,24 0 0 0,36 0,34 0,19 1,84 0,34 0,43 0 Sekuta 2010, 414,
. phase B2/C1 to .
capsule. The magnesium Cla fig. 11:29
content was detected
Mg=0,71.
Silver S-shape claps. N
Type von Miiller B. The 342 sli pnewer.
114 |beaded wire from a base. (1702) 16233 94,45 3,27 0,25 0 0 0,14 0,23 0,15 0 0,26 0,47 0 0,07 Lia, T CUez
. . Kozaryn 2011, 93,
The magnesium content stadium I1IB

was detected Mg=0,73.

pl. CL:9




Table 3. Results of the chemical composition analyzes, Group 3 - copper and its alloys, tin coatings (prepared by M. Natuniewicz-Sekuta)

- ) Graveno./
Description of thefind/the - .
No. analyzed part of inventory Sample cu Mg Al S Ti cr Mn Fe Ni zn As Ag Sn sb Pb P s Au Literature/
find/Additional comments no/ no. figureno.
chronology
Bipartite buckle. Frame of tin- 208 Natuniewicz-Sekula,
lead bronze, buckle plate of (807) Okulicz-Kozaryn 2011
1 brass. . 15531 62,06 0 0,26 0,69 0 0 0 0,32 0 0 0 0 33,27 0 2,62 0 0 0,79 ’
stadium 66, pl. LXXXIII:9.
Type close to ML E29. [IA/IIB Fig. 7:1
The buckle frame. -
Bipartite buckle. Frame of tin- Natuniewicz-Sekula,
lead bronze, buckle plate of 208 Okulicz-Kozaryn 2011
2 brass. (807) stadium | 15531,01 84,91 0 04 1,18 0,02 0,14 0,05 0,47 0 8,63 0,03 0,38 127 0,61 1,63 0 0,25 0,03 P
Type close to ML E29. IA/IIB o "71 I i
The buckle plate. g-f
Tin-lead bronze strap end fitting. 208 giﬁ?é;mz;srciu;g’l 1
3 Type close to R JII3. (808) stadium 15535 79,27 0 0,1 0,51 0 0 0 1,15 0 4,42 0 0 9,44 0 5,06 0 0 0,05 1 LXXXIlyI'IO >
The upper part of shaft. IIA/IIB 66, pl. 10.
Fig. 7:2
Iel]:{ll;ad bronze slant grooved 208 . Nalul?iewicz-Sekula,
4 (812) stadium 15536 86,36 0 03 0,34 0 0 0 0,4 0 0,41 0 0 11,71 0 0,22 0 0 0,26 Okulicz-Kozaryn 2011,
Type Eggers 48. IIIA/IIIB 66, pl. LXXXIV:15
From the fragment of body. CE :
fg:fisnz_”’“h with traces of tin 386 Natuniewicz-Sekula,
5 Type A.V, series 11, typ S(t;?i?‘i; 15544 91,24 0 0,23 0,25 0,03 0 0 0,18 0,03 4,89 0 0,11 1,91 0,06 0,79 0 0,24 0,02 ?&“lﬁzgf@ﬂyﬁ é?;ls;é.
Leonow after Jamka. B/IC Fig. 8:2
The bottom side of the bow. "
fg:fisnz_”’“h with traces of tin 386 Natuniewicz-Sekula,
6 Type A.V, series 11, typ S(t;?i?‘i; 15544,01 7,14 0 0,54 0,59 0 0 0 0,29 0 0,52 0 36,47 54,1 0 0 0 0,19 0,16 ?&“lﬁzgf@ﬂyﬁ é?;ls;é.
Leonow after Jamka. B/IC Fig. 8:2
Tin coating on the bow. -
Brass crest-headed brooch with
cylinder for the spring,
decorated silver foil. 386 Natuniewicz-Sekuta,
Type with features to A.V.126 (1943) Okulicz-Kozaryn 2011,
7 and AV.130. stadium 15545 78,38 0 0,13 0,3 0 0 0 0,38 0,02 13,11 0 0,09 4,23 0 3,13 0 0 0,24 101, pl. CLXVIIL:386/1.
The bottom side of the bow. 1IB/1IC Fig. 8:1
The results of analysis other
parts, see Table 2:21.
Brass crest-headed brooch with
cylinder for the spring,
decorated silver foil. 386 Natuniewicz-Sekuta,
Type with features to A.V.126 (1943) Okulicz-Kozaryn 2011,
8 and AV.130. stadium 15545,01 14,15 0 0,28 0,52 0 0 0 0,33 0 1,04 0 4,39 76,84 0 2,12 0,25 0 0,08 101, pl. CLXVIIL:386/1.
Tin coating on the bow. 1IB/1IC Fig.8:1
The results of analysis other
parts, see Table 2:21.
Brass triple-crest brooch and
cylinder for the spring, with
::rallcl;:::l ::rf silver foil on the (?];) Natuniewicz-Sekuta,
9 4 . - 15562 85,95 0 1,24 0,41 0 0,02 0 0,79 0 5,24 0 0 434 0 1,85 0 0,16 0 Okulicz-Kozaryn 2011,
Type A.V.96. stadium 30, pl. VILI
The bottom side of the bow. TB/IC PR
The results of analysis other
parts, see Table 2:48.




Silver crossbow brooch with
high catchplate, so called
Rosettenfibeln, decorated gold
foil, knobs made of brass.

Type close to A. VII, series 4. 150 Natuniewicz-Sekuta.
10 | Group 6after Lund Hansen, (607) 15556 83,94 1,31 1,18 0 0,08 0 0,43 0 10,02 0 2,13 0,24 0,07 0,48 0 0,12 | Okulicz-Kozaryn 2011,

Przybyta. stadium 55-56, pl. LX:4

The brass knob with rosette gold IVA/IVB TR

foil from central part of the bow.

The results of analysis other

parts, see Table 1:16-17; 2:37-

38.

Brass triple-crest brooch,

%eciriies/ sgléver foil. (213133) Nalul?iewicz-Sekula,
11 ype A.VZ0. X 15568 88,44 0,1 0,26 0,06 0 0,03 0,76 0 7,33 0 0 2,06 0 0,7 0,25 0,01 Okulicz-Kozaryn 2011,

The bottom side of the bow. stadium 31 pl. XI:3-3a

The results of analysis other 1IB/IIC > PL AL

parts, see Table 2:55.

Brass brooch with high

catchplate and cylinder for the

spring, decorated silver gilded

foil. 184 Natuniewicz-Sekuta,
12 Type with features A.V. series 2 (677) 15569 87,21 0,18 0,37 0 0,05 0 0,43 0,09 5,58 0 0,35 1,77 0,45 2,96 0,49 0,08 . } ‘

. 3 Okulicz-Kozaryn 2011,

and 8 and A.VII, series 1. stadium IVB 62, pl. LXXVIL:2

The bottom side of the bow. T :

The results of analysis other

parts, see Table 1:22.

Tin-lead disc brooch with Natuniewicz-Sekuta,
13 | cnamel 676 15570 73,25 0,09 02 0 0 0 0,37 0 41 0 0 11,95 0 10,04 0 o | Okulicz-Kozaryn 2011,

Type Riha 7.14. ‘tad(' m)lVB ’ ’ > > ’ ’ ’ 62, pl. LXXVIL:1.

The upper part of a disc. stadiu Fig. 6:1

Brass brooch with cylinder for

the spring and crest on the head

and foot terminal, decorated 402

silver foil. (2009) Natuniewicz-Sekuta,
14 Type with features A.V, series 1 . 15571 88,31 0,19 0,33 0 0,09 0 0,46 0 8,18 0 0,27 1 0,25 0,78 0,15 0 Okulicz-Kozaryn 2011,

. stadium

and A.V, series 8. TIA/IIB 104, pl. CLXXXI:3

The bottom side of the bow.

The results of analysis other

parts, see Table 2:56.

Brass brooch with cylinder for

the spring, crest on the head and

circular disc on the foot,

decorated silver foil, filigree and Natuniewicz-Sekuta,
15 | granulation. 1205529 15576 91,52 1,14 0,32 0 0 0 0,52 0 0,96 0 0,09 4,86 0 0,27 0,31 0 Okulicz-Kozaryn 2011,

Type with features A.V, series 1 (, ) ’ ’ ’ > ’ ’ ’ > ’ 75, pl. CL:252/3.

and A.V, series 8. stadium II1B Fig. 3:3

The catchplate of a brooch.

The results of analysis other

parts, see Table 2:65-66.

Silver and brass (tongue on the

catchplate) brooch with high 10

catchplate, so called (collections

Rosettenfibeln, decorated silver of the

gilded foil. Museum of

Lubieszewo, Nowy Dwor Archaeology

Gdanski district. and History Jonakowski 2001, 187,
16 Type close to A. VII, series 4. in Elblag, 15590 94,84 0,17 0,57 0 0 0 0,45 0 0,76 0,92 0,21 1,83 0 0,24 0 0 fig. 2:7

Group 6 after Lund Hansen, without

Przybyta. inventory no.)

From tongue on the catchplate. phase C1b to

The results of analysis other the beginning

parts, see Table 1:26-28; 2:78- C2

79; 4:3.




Description of thefind/the

Graveno./

No. analyzed part of nventory Sar’]gp'e cu Al S Ti cr Mn Fe Ni Zn As Ag sn E Pb s Au Literature/ figureno.
find/Additional comments . :
chronology
Bra.ss triple-crest bI:OOCh -Wlth 480 Natuniewicz-Sekuta,
cylinder for the spring with (2448) Okulicz-K 2011
17 | traces of silver foil. ; 16141 80,2 0,1 0 0 0 0 0,7 02 1347 0,44 0,08 1,95 0,13 2,54 0,01 0,17 whez-ozayn 2015
stadium 118, pl. CCXIV:1
Type A.V.96. HB/IIC
From lower part of the bow.
Brass eye brooch. 489 Natuniewicz-Sekuta,
18 Type close to A.II1.50-53. (2506) 16142 78,46 0,19 0,06 0,03 0,02 0 0,3 0 18,52 0 0,23 1.4 0 0,8 0 0 Okulicz-Kozaryn 2011,
From the bow. stadium IA 120, pl. CCXVIII:489/1
Brass rod bracelet. 492 Natul.u»ewm?-Seku{a,
S Okulicz-Kozaryn 2011,
19 Type Natuniewicz 2. (2525) 16143 78,17 0,08 0 0,14 0 0 0,28 0,02 19,52 0,19 0,09 0,81 0,15 0,54 0 0
, 120, pl. CCXIX:4.
From the hoop of bracelet. stadium TA -
Fig. 5:4
Brass eye brooch. 492 Natuniewicz-Sekuta,
20 Type A.IIL57. (2527) 16144 76,85 0,15 0 0 0,08 0,02 0,22 0 21,28 03 0 0,55 0 0,53 0,02 0 Okulicz-Kozaryn 2011,
From the bow. stadium TA 120, pl. CCXIX:1
Tin-lead bronze strap end fitting
with traces of silver rivet. Type stray find
RO15. (2469) R
21 | From the top side of the phase Clb to 16148 77,89 0,11 0 0 0 0 03 0,07 025 0 0,12 8,59 0 12,37 0 0,3 Natuniewicz-Sekuta
L 2010, 415, fig. 11:48
attachment end. the beginning
The results of analysis other Cc2
parts, see Table 4:4-5.
Brass crossbow brooch with
high catchplate. 24 Natuniewicz-Sekuta,
Type A VII, series 1. Okulicz-Kozaryn 2011,
22 From the catchplate. . 5?4:15[)[13 16150 92,68 0,02 0,08 0 0 0,11 0,18 0 2,17 0,17 0,05 1,48 0,01 2,94 0,1 0 30, pLVIIL24/1.
The results of analysis other stadi Fig.5:3
parts, see Table 4:6.
Brass spring-cover brooch. Sl:;i;;l;d
23 Type close to A.I1.28-29. s B2 16151 81,1 0,16 0 0,07 0 0 0,25 0,19 16,1 0,03 0 12 0,03 0,74 0,03 0,11 unpublished
From the foot. phase B2a-
B2b
. tray find
Brass spring-cover brooch. S s
24 | Type AlL40-41. (2523) 16155 8395 | o1 03 0 0,04 0 0,86 021 11,7 0 0,15 147 0,06 0,12 022 082 | Natunmicwicz-Sckula
phase B2/C1- 2010, 413, fig. 9:3
From the bow.
Cla
Brass spring-covered brooch,
decorated with beaded wire on
502
the bow crest. (2586)
25 Type A.IL38/40-41. st 16156 84,32 0,01 0,01 0,04 0 0 1,44 0,07 733 0,41 0,55 3,88 0,21 1,63 0,08 0 unpublished
From the bow. iIB JTIC
The results of analysis other
parts, see Table 2:90.
Tin-lead bronze lunula mounting 498A
26 (from wooden bucket or casket). (2594) 16157 85,86 0,02 0,04 0 0 0 0,24 0,12 0,3 0,37 0,21 10,89 0,31 1,41 0,01 0,22 unpublished
From the central part. stadium V
Tin-lead bronze lunula mounting
( den bucket or casket 4984
27 fom wooden bucket or casket). (2594) 16157,01 83,26 0,24 0 0 0 0,06 0,5 0,14 1,85 0,05 0,32 721 041 5,85 0 0,13 unpublished
From the ring (handle) of stadium V

mounting.




Brass brooch, with tin coating

on the bow. stray find
28 | Type AV, series 11, type e 16158 8543 | o1 0,29 0 0,07 0,04 0,32 0 1031 0 023 192 0,04 126 0 0 Fig. 8:3
Leonéw after Jamka. p B2
The bottom side of the bow. ¢
Brass brooch, with tin coatin
on the bow. ¢ stray find
20 | Type ALV, series 11, type e | 1esson | 272 0,24 0,55 048 0,06 0,01 0,34 0,19 042 0 078 | 6839 0 136 0 0 Fig. 8:3
Leonéw after Jamka. p B2
The tin coating on the bow. ¢
Brass brooch. 505
Type close to A.V.118. (2627) .
30 From the catchplate soldered stadium 16159 84,52 0,11 0,02 0 0 0 0,6 0,16 10,34 0 0,11 2,44 0 1,62 0,07 0 unpublished
separate to the bow. IITA/IIIB
Copper fragment of vessels? 499
31 n (2632) 16161 99,6 0,09 0 0 0,08 0 0 0 0,12 0,05 0 0 0 0,05 0,02 0 unpublished
From the central part. .
stadium IITA
519
Brass pear shape pendant. (2641) -
32 From the body of the pendant. stadium 16162 90,02 0,15 0 0 0 0 0,26 0,08 2,82 0 0,06 3,17 0,41 3,03 0 0 Fig.5:8
IVB/V
. . stray find owi
Tin bronze fragments of strainer. 2702 Natuniewicz-Sekuta
33 | Type Eggers 160/161. ) 16164 86,83 022 0 0,02 0,03 0,04 0,15 0,15 0,32 0 0,08 10,96 021 0,98 0 0 2010, 415, fig. 12:56-57.
- . phase B2/C1- o 6
From the fragment of the body. Cla Fig. 6:3
Brass heel band spur. 15 Natuniewicz-Sekuta,
34 | Type Ginalski subgroup F3a. (@7) 16184 86,11 0,05 0 0,09 0 0 0,38 0,07 9 0 0,16 1,73 0,25 2,15 0 0,01 Okulicz-Kozaryn 2011,
From the prick. stadium IVA 28, pl. III:8
Brass heel band spur. 82 Natuniewicz-Sekuta,
35 Type Ginalski subgroup F3/F4. (325) 16185 87,17 0,01 0 0 0,07 0,04 0,7 0,11 6,07 0,02 0,09 2,58 0,42 2,49 0,1 0,12 Okulicz-Kozaryn 2011,
From the prick. stadium IVA 42, pl. XXXIV:4
Brass cylindrical box with lid 34 Natuniewicz-Sekuta,
36 rass cyncrical box with fid. (131) 16186 86,69 0,03 0,15 0,06 0 0 0,56 0,16 7,35 0,12 0,19 1,97 0,06 2,63 0,02 0 Okulicz-Kozaryn 2011,
From side of the box. N
stadium V 33, pl. XV:4
Brass cylindrical box with lid 34 Natuniewicz-Sekuta,
37 ass cylmdrical box w (131) 16186,01 88,38 0,07 0,21 0,14 0 0 0,29 0,17 4,05 0,34 0,35 2,87 0,12 3,02 0 0 Okulicz-Kozaryn 2011,
The outside of the lid. X
stadium V/ 33, pl. XV:4
Brass cylindrical box with 174 Naluljuewlcz-Seku{a,
. Okulicz-Kozaryn 2011,
38 | recessed lid. (747) 16187 74,84 0 0,05 0 0 0,07 023 0 2229 0 0 143 0,15 0,94 0 0 !
. . . 60, pl. LXXI:6.
From side of the box. stadium V D
Fig. 5:10
Brass cylindrical box with 174 g;‘j‘f“e"ﬁ"bsek”ﬁg’“
39 | recessed lid. (747) 16187,01 77,02 0,12 0,08 0,14 0,33 0 0,2 0 17,29 0,04 0 32 0,27 1,04 0,14 0,13 whcz-Bozaryn 2015,
, . . . 60, pl. LXXI:6.
The inner side of the lid. stadium V

Fig. 5:10




Natuniewicz-Sekuta,

Brass cylindrical box with 379 Okulicz-Kozaryn 2011
40 comprising lid. (2156) 16188 87,04 0,06 0 0,1 0 0,04 0,36 0,05 0,85 0 0,06 334 0 7,62 0,47 0 % v | LCLXLVI){' P
The inner side of the lid. stadium V > Pl .
Brass barrel solid bead. 379 Ig;lull?levﬁcz-Sekuzlg,“
41 | Type close to T-M 520. (1929) 16189 95,22 0,04 0,01 0 0 0,04 0 0,15 0,33 0,11 0,07 0,06 0 2,94 1,03 0 T
. 99, pl. CLXVIII:379/7
From the bead body. stadium V
Brass barrel bead, hollqw inside, 150 Natuniewicz-Sckuta,
ornamented engraved lines. (588) Okulicz-Kozaryn 2011
42 Type close to 520. . 16190 88,65 0,02 0 0 0,04 0,01 0,49 0,2 4,99 0,16 0 3,11 0,14 2,2 0 0 lryn ’
From the bead bod stadium 56, pl. LVIIL:25.
om the bead body- IVA/IVB Fig. 5:9
) Natuniewicz-Sekuta,
Brass strap end fitting. 14 Okulicz-Kozaryn 2011,
43 Type close to R O3. (13) 16191 79,86 0,15 0,2 0,06 0 0 0,79 0 14,48 0 0,01 3,81 0 0,62 0,01 0 Ny
X . 27, pl. I1:14/1.
From the fitting shaft. stadium IB o
Fig. 5:5
Brass triple-crest brooch with 25 Natuniewicz-Sekuta,
traces of silver foil. (70) Okulicz-Kozaryn 2011,
44 Type A.V.96. stadium 16193 80,68 0,16 0,14 0,11 0 0,06 0,85 0,1 8,26 0,33 0,92 532 0,3 2,65 0,12 0 30, pl. VII:25/1
The middle crest on the bow. TIB/IIC
Brass crest-headed brooch. (32) Natuniewicz-Sekuta,
45 Type A.V.128. stadiom 16194 86,77 0,09 0,03 0,13 0,02 0 0,62 0 8,11 0,38 0,07 1,68 0,19 1,85 0,07 0 Okulicz-Kozaryn 2011,
The bottom side of the bow. p 30, pl. VII:25/3
1IB/IIC
Brass knee brooch. 33 Natuniewicz-Sekuta,
Type with features A.V.132 and Okulicz-Kozaryn 2011,
46 AV.137. . é}69)HB 16195 86,52 0,15 0 0 0,05 0,04 0,73 0 7,73 0 0 3,32 0 1,47 0 0 42, pl. XXX:85/1
From the catchplate of a brooch. stadium
Brass cz_ipsulc _pcndan? with 278 Natuniewicz-Sekuta,
traces silver gilded foil. (1305) Okulicz-Kozaryn 2011
47 The blollom shield of the stadion 16196 93,6 0,1 0 0,09 0,02 0 0,2 0,01 0 0 0,11 4,99 0 0,87 0 0 81, pl. CXXIL2TR/L.
capsuie. TIB/IIC Fig. 5:7
Brass capsule pendant, 278
decorated silver gilded foil. 1313) Natuniewicz-Sekuta,
48 The top shield of the capsule. stadinm 16197 92,93 0,01 0 0 0,03 0 0,12 0,07 0,31 0,14 0,07 5,56 0,5 0,26 0 0,01 Okulicz-Kozaryn 2011,
The results of analysis other iIB/IIC 81, pl. CXXII:278/2
parts, see Table 1:33.
Tin-lead bronze brooch 364
derivative of strongly profiled (1760) Natuniewicz-Sekuta,
49 forms. stadium 16198 79,98 0,22 0,01 0,08 0 0,07 0,25 0 0,27 0 1,13 9,65 0,26 7,84 0 0,23 Okulicz-Kozaryn 2011,
Type close to A.IV.84. 1IB/IIC 97, pl. CLIV:364/2
The catchplate of the brooch.
Tin-lead bronze coin (denarius 379 Natuniewicz-Sekuta,
5o | Subaerateof Trajan). (2156) 16199 27,18 0,55 1,26 0,57 0 0,25 0,33 0,03 0,06 0,5 1,1 47,09 0,47 20,05 0,55 0 Okulicz-Kozaryn 2011,
Tin coating on the observe of tadium V 99, pl. CLXVIL:6.
the coin. stadiu Fig. 6:4
Tin-lead bronze coin (denarius 379 Natuniewicz-Sekuta,
subaerate of Trajan). Okulicz-Kozaryn 2011,
51 The borehole in the center of the qt;(iiilli?v 16199,01 74,91 0,53 0,14 0,01 0,02 0,07 0,13 0,23 0,09 0,16 0,04 19,86 0 3,82 0 0 99, pl. CLXVIL6.

coin.

Fig. 6:4




Tin-lead bronze coin (denarius

Natuniewicz-Sekuta,

X 379 .
subaerate of Trajan). Okulicz-Kozaryn 2011,
52 The borehole the side of the (2.156) 16199,02 68,84 0,87 0,05 0,11 0 0,08 0,41 0 0,11 0,12 0,29 19,15 0 9,67 0 0,3 99, pl. CLXV?I’:“G.
R stadium V i B
coin. Fig. 6:4
Tin-lead bronze coin (denarius
subaerate of Trajan). 379 Natuniewicz-Sekuta,
53 | Thebottom layer of tin coating @156) 16199,03 | 69,85 0 02 0 0 0,01 0,13 0 0 0 021 | 2317 1,02 441 0 018 | Okulicz-Kozaryn 2011,
on the observe. stadium V 99, pl. CLXVIL6.
The platinum content was N Fig. 6:4
detected Pt=0,82.
Tin-lead bronze coin (denarius
subaerate of Antoninus Pius for Natuniewicz-Sekut
Faustina L, with ring for 141 Oi“;‘?‘eWKlC" e ”2?)’1 '
54 | suspension. (566) 16200 58,45 0,09 0,21 0,27 0,07 0 0,17 0,03 2,44 0,45 0,04 20,94 1,4 15,44 0 0 5 v Ilczin(/)?fms ,
The bottom layer of tin coating stadium V Fi > %,’5 . .
on the observe. g.6:
Tin-lead bronze coin (denarius Natuniewicz-Sekula
subaerate of Antoninus Pius for 141 Okulicz-Kozaryn 20'11
55 Mark Aurelius. (566) 16201 74,89 1,28 2,89 0,11 0,02 0 22 0,69 3,34 0,43 0,41 3,77 0 9,73 0,25 0 53 pl LIV'14)1//4 ’
The borehole in the center of stadium V Fi N %"6 ) :
the coin. 9.6
Tin-lead bronze coin (denarius Natunicwicz-Sekuta
subaerate of Antoninus Pius for 141 Okulicz-Koza 20’1 |
56 Mark Aurelius. (566) 16201,01 49,55 0,32 0,65 0,5 0 0,14 0,73 0,1 0,44 0,11 0,39 41,58 0,36 5,12 0 0 53 pl LIV*lz?l,?4 i
The tin coating on the observe. stadium V > P N . :
Fig. 6:6
Brass ring of 1'/, coils, with 141 I(\)Iit\.;l}levl/(lcz-Sekuzig,l |
57 | turned out ends. (566) 16202 89,2 0,08 0,05 0,14 0,23 0,01 0,23 0 341 0,26 0 3,75 0,67 1,97 0 0 5 v Ilczin(/)?fm7 ,
From the wire of the ring. stadium V » PL . :
308 Natuniewicz-Sekuta,
Brass brooch. (1987) Okulicz-Kozaryn 2011,
58 Type A.V.148. stadium 16203 81,38 0,08 0,01 0,09 0 0,24 0,56 0,08 12,21 0,02 0,04 4,85 0 0,45 0 0 103, pl.
From the bow. CLXXVIIL:398/3
IIB/IIC
Brass crest-headed brooch. (]216679) Natuniewicz-Sekuta,
59 Type close to A.V.120. stadium 16204 80,67 0,11 0,01 0 0,07 0 0,27 0,05 17,09 0 0,25 1,09 0,06 0,09 0,08 0,17 Okulicz-Kozaryn 2011,
From the bow. HB/IC 78, pl. CXIIL:3
Brass brooch decorated silver
foil. 267
Type A.V, series 11 or type (161) Natuniewicz-Sekuta,
60 | Leonow after Jamka. stadinm 16205 86,73 0,1 0,09 0,01 0 0,03 1,13 0,06 528 0 1,01 491 0,17 0,47 0 0 Okulicz-Kozaryn 2011,
From the bow. iIB/IIC 78, pl. CXIIL:1
The results of analysis other
parts, see Table 2:102.
Brass brooch decorated silver
foil. 267
Type A.V, series 11 or type (1165) Natuniewicz-Sekuta,
61 Leonow after Jamka. stadium 16206 89,64 0,06 0 0 0 0,07 1,43 0 6,01 0 0,16 237 0,05 0,2 0 0 Okulicz-Kozaryn 2011,
From lower part of the bow. 1IB/IIC 78, pl. CXIIL:2

The results of analysis other
parts, see Table 2:103.




no grave

number
Brass brooch with crests on head (CO(|)|;:)}:ISOHS
and foot. Museum of
62 ggig (ﬁ;’:ﬁy"w"m‘q“‘e’ Archaeology 16207 80,96 0,05 0,18 0 0 0 0,39 0,13 15 0,58 0 2,29 0,11 0,17 0 0,14 ylatlulf‘z’ewm 2000, 143,
Type close to A.V.110. aTEl-lllljsltory
From the bow. . a2,
inventory no.
36/79) phase
B2b
no grave
number
(collections
Brass eye brooch. of the I
Rubno Wiclkic, Elblag district Museum of Natuniewicz 2000, 154,
63 Type ALIL60. : Archaeology 16208 78,93 0,13 0,07 0 0,02 0,04 0,16 0,03 20,06 0 0 037 0 0 0,02 0,16 pl. 1IL:10.
From lh-e b-ow. and History Fig. 5:1
: in Elblag,
inventory no.
68/175)
phase B2a
no grave
number
Brass bow of the crossbow (collfetclilons
brooch (melted), preserved with M N :1 .
melted on it a lump of silver. useum o
L Archaeology
Elblag, Pole Nowomicjskic, and Histor, Natuniewicz 2000, 143
64 | Elblag district. ! Y 16209 88,59 0 0,05 0,07 0 0 0,25 0,1 9,04 0,14 0,24 0,63 0,13 0,67 0,09 0 umewiez S0P, 149,
Type A.VL167 in Elblag, pLIL7
s inventory no.
From upper part of the bow. 181/478)
The results of analysis other hase Clb to
parts, see Table 2:104. P L
the beginning
C2
no grave
number
(collections
Brass brooch with cylinder for ML?S?::] of
the spring. Archacolo Natuniewicz 2000, 154,
65 Rubno Wielkie, Elblag district. ~ology 16210 80,61 0,1 0 0 0 0 0,5 0 14,07 0 0,17 2,69 0 1,85 0 0 pl. III:9.
Type A.V.114. and History
From the bow. m Elblag,
inventory no.
239/655)
phase B2b
no grave
number
(collections
Brass spring-cover brooch. of the
Elblag. Pole Nowomiejskie or Museum of I
Elblag. Moniuszki street, Elblag Archaeology Natu?ICWICZ 2000, 148,
66 - . 16211 87,2 0,07 0,07 0 0 0 0,59 0,06 10,95 0 0,11 0,35 0,47 0 0,13 0 pl. V:11.
district. and History
Type A.IL40-41. in Elblag,
From the bow. inventory no.
1/3)

phase B2/C1-
Cla.




no grave

number
Fragment of brass spring-cover (collections
brooch. of the
Elblag. Pole Nowomiejskie or Museum of Natuniewicz 2000, 148,
67 Elblag. Moniuszki street, Elblag Archaeology 16212 83,73 0,03 0,03 0 0 0 0,59 0,2 10,56 0,43 0,17 3,33 0,31 0,57 0,05 pl. VI:2.
district. and History Fig. 11:1
Type A.IL40-41. in Elblag,
The outer side of the bow. inventory no.
40/101) phase
B2/C1-Cla.
no grave
number
Fragment of brass spring-cover (collections
of the
brooch. Museum of
Elblag. Pole Nowomigjskie or Archacolog Natuniewicz 2000, 148,
68 Elblag. Moniuszki street, Elblag 0108y 16213 81,89 0 0,03 0,01 0,01 0,09 0,29 0 14,59 0 0 226 03 04 0,13 pl. VE:1.
district. and History Fig. 11:2
in Elblag,
Type A.IL40-41. inventory no.
The inner side of the bow. 40/102)
phase B2/C1-
Cla.
no grave
number
Brass brooch with massive crest (collections
on the head. of the
Elblag. Pole Nowomiejskie or Museum of Natuniewicz 2000, 149,
69 Elblag. Moniuszki street, Elblag Archaeology 16214 83,82 0,13 0,02 0,08 0 0 0,72 0 3,69 0 0 8,21 0 333 0 pl. VI:9.
district. and History
Type A.V.126. in Elblag,
From the bow. inventory no.
36/68). phase
B2/C1-Cla
no grave
number
Fragment of brass spring-cover (collections
brooch. of the
Elblag. Pole Nowomigjskie or Museum of Natuniewicz 2000, 148,
70 Elblag. Moniuszki street, Elblag Archaeology 16215 84,95 0,13 0,11 0,09 0,06 0 0,45 0,16 4,64 0 027 3,15 0,03 5,96 0 pl. V:6.
district. and History
Type A.I1.40-41. in Elblag,
From crest on the bow. inventory no.
39/98) phase
B2/Cl1-Cla.
no grave
number
Brass brooch with half cylinder (collections
for the spring. of the
Elblag. Pole Nowomigjskie or Museum of Natuniewicz 2000, 149,
71 Elblag. Moniuszki street, Elblag Archaeology 16216 82,47 0,05 0,07 0,02 0,2 0,09 0,29 0,2 10,8 0,03 0,26 52 0 0,02 0,3 pl. VIL:2.
district. and History
Type A.I142. in Elblag,
From the bow. inventory no.
39/92) phase
B2/C1-Cla
Brass heel-band spur. 521 Kontny, Natuniewicz-
72 Type Ginalski subgroup E2. (2669) 16218 88,23 0,08 0,12 0,05 0 0,09 0,3 0,01 9.4 0 0,08 0,55 0 0,8 0,3 Sekuta 2010, 342, fig.
From the prick. stadium 1:521/2. Fig. 5:6




Brass eye brooch. stray find
73 Type A.IIL57. (2902) phase 16219 75,41 0,04 0,07 0,07 0,03 0,1 0,37 0,07 22,52 0,24 0 0,66 0,03 0,31 0,07 unpublished
From the bow. B2a
Tin-lead bronze knee brooch stray find
with a distinct crest on the head. (2959) A
74 Type close to Jobst 13C/D. phase B2/C1- 16220 86,52 0,15 0,03 0 0,03 0 0,07 0,11 0,42 0,06 0,01 5,11 0 7,49 0 Fig.6:2
From the catchplate of a brooch. Cla
Brass brooch derivative of
strongly profiled forms. stray find
75 Type A.IV, series 2, or 1A(a) (2767) 16221 86,37 0,01 0,12 0 0 0,1 0,2 0,27 9,39 0,45 0,05 1,7 0 1,33 0 unpublished
after Dabrowska phase B2b
From the catchplate.
Brass massive bead, hollow, 536
made of two domes ornamented (2829) Natuniewicz-Sekuta
76 with geometric patterns. Type stadium 16222 82,33 0 0,04 0,01 0,04 0 0,47 0,11 14,86 0,24 0 1,23 0 0,66 0 2017, 464, 467; fig. 2:7,
close to T-M 521. [ITA/IIIB 5:7
From the dome.
Brass heel-band spur. 521 Kontny, Natuniewicz-
7 Type Ginalski subgroup ES. (2668) 16226 86,94 0,03 0 0 0,12 0 0,78 0,18 10,24 0 0,14 0,43 0,06 0,97 0,12 Sekuta 2010, 342, fig.
From the prick. stadium IIIB 1:521/1




Table 4. Results of the chemical composition analyzes the solder binders (prepared by M. Natuniewicz-Sekuta)

Description of thefind/the Graveno./ Sample Literature/
analyzed part of inventory no./ Au Si Al Cr Mn Fe Ni Cu Zn As Ag Sn Sb Pt Pb ’
find/Additional comments chronology no. figureno.
Electrum pear shape pendant. TP
The chemical solder by the (2574‘;48) Fig. 1.8
filigree wires in form as a stadium TIIA/IIB
sediment of red coulor.
The titanium content was 16224,01 42,59 7,74 334 0 0,01 2,55 0,08 6,64 0,27 0,69 35,93 0 0 0 0,04
detected Ti=0,13.
The results of analysis other
parts, see Table 1:34.
Description of thefind/the Graveno./ .
analyzed part of inventoryno/ | SAMPIe | ¢y Mg Al s Ti cr Mn Fe Ni Zn As Ag sn s Pb P s Au Lierature/
find/Additional comments chronology - 9 -
Silver crossbow brooch with
closed catchplate, decorated Natuniewicz-
silver gilded foil. Sekuta,
Type close to A.VI.170. 275 Okulicz-
The tin-lead solder under the (1247) 15552 6,31 0,06 1,97 0 0 0 0 0,56 0 0,72 0 0,17 83,03 0 7,18 0 0 0 Kozaryn 2011,
foil from spring arm. stadium V 80, pl.
The results of analysis other CXVIL3.
parts, see Table 1:12; 2:31. Fig. 2:2, 4:6
Silver and brass (tongue on
the catchplate) brooch with
high catchplate, so called
Rosettenfibeln, decorated 10
silver gilded foil. (collections of
Lubieszewo, Nowy Dwor the Museum of
Gdanski district. Archaeology and .
Type close to A. VIL series History in 15590,01 711 0 021 1,58 0 0 0 0,33 0 0,09 0,15 0 80,16 0 9,12 125 0 0 zégrllakl(;;‘;,s?
4. Group 6 after Lund Elblag, without ’ ’ > > ’ ’ ? ’ ’ > ’2'7 - g
Hansen, Przybyta. inventory no.) !
The tin-lead solder on the phase C1b to the
tongue of the catchplate. beginning C2
The results of analysis other
parts, see Table 1:26-28;
2:78-79; 3:16.
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