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ABSTRACT

Luczkiewicz P., Gan P., Kleemann J. and Kuziota A. 2022. Research of Roman-period metallurgy: Remarks
based on the chemical composition analyses of the eye brooches of the Prussian series from the burial ground in
Malbork-Wielbark. Sprawozdania Archeologiczne 74/2, 249-288.

Analyses of the alloy composition of the 114 artefacts from 21 sites of the Wielbark and Przeworsk cultures indi-
cate that these brooches largely correspond to the Roman categories of alloys. The most numerous group of
brooches was made of an alloy type M — middle, that is the product of mixing new pure brass with scrap bronze.
Such finds are most often found in the cemeteries of the Wielbark culture. Other items were made of metal type
B, often found in Roman period artefacts. It is high in zinc content and created with the use of non-mixed brass.
This smallest group in the analysed data set appears both in cemeteries of the Wielbark and Przeworsk cultures.
Also quite prelevant were recycled alloys, obtained through melting together various raw materials (lower zinc
content metal — type A). Most of such brooches are from the Mazovian sites. This may indicate the functioning
of local workshops there, which worked using available, processed raw material.
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INTRODUCTION

The eponymous burial ground Fin Malbork-Wielbark, Pomeranian Voivodeship, is one
of the biggest cemeteries of the Wielbark culture and virtually the only one that provided
a continuous series of finds from the whole period of this culture. In the years 1927-1936,
German archaeologists conducted research in the burial ground, which, however, was
never fully published, most of the materials and documents perished at the end of World
War II (German excavations and the research history: Kleemann 2017, there also earlier
literature; also Andrzejowski and Martens 1996). Excavation work was renewed in 2008
and finished in 2021 (Kleemann 2010; Kleemann et al. 2013; 2017; Kleemann and Miin-
ster 2011; Chanko et al. 2018; Daszkiewicz et al. 2019; Luczkiewicz and Kuziola 2019;
Luczkiewicz et al. 2021). In total, over 2100 burials come from this site, dating from the
Younger Pre-Roman Period (phase A1 — end of the 3'/beginning of the 2™ century BC) up
until the early stage of the migration period (phase D1 — beginning of the 5" century AD). The
necropolis was mostly used in the Roman period, especially in the 3™ century AD; about
90% of the graves come from that time.

Some of the most numerous finds in Malbork-Wielbark are the ornaments and parts of
dress, including (so far at least) 48 eye brooches from 40 graves. Prussian series, compris-
ing types A.57-61 (Almgren 1923, 29-32, Pl. 3: 57-61; Pfeiffer-Frohnert 1998; see also
Twardo 2003; Chilinska-Friiboes 2017) and being the subject of this analysis, is repre-
sented by 25 specimens from 21 graves (645/1929, 661/1929, 820/1929, 922, 924 or
925/1929 (2012), 935/1929 [x2] (2009), 962/1929 (2017), 971/1929 (2017), 1034/1929,
1694c¢/1932, 1694d/1932, 2008/18 [x2], 2010/19 [x2], 2012/52, 2012/66, 2019/22 [x2],
2019/34, 2019/43, 2019/59, 2021/6, 2021/25, 2021/43: Kleemann 2017, 17-200, 344, Pl.
68; Kleemann et al. 2013, 182, fig. 10; 2017, 240, fig. 12: 4; Kleemann and Miinster 2011,
398, fig. 10; also unpublished materials from research in the years 2008-2021). The study
of the chemical composition was conducted in the Bio- and Archaeometry Laboratory of
the Institute of Archaeology and Ethnology of the Polish Academy of Sciences in Warsaw
and involved eight brooches from five graves (Figs 1-3): 2008/18 (A.57 and A.61), 2019/22
(A.58 and A.60), 2019/34 (A.60), 2019/59 (a fragment of A.59) and 2019/43 (A.57 and a
brooch of the main series A.53).

Brooches of the Prussian series constitute one of the elements of a stylistic community,
comprising the areas of the Wielbark and Przeworsk cultures in the early Roman period;
they are also abundant in the Balt cultures area. In recent years, more and more brooches
of this type are being noted in the Lublin region (Niezabitowska 2005), which until re-
cently had almost been a terra incognita on the map of heir distribution. Brooches of the
Prussian series can also be found, though in lower numbers, in Scandinavia, Finland and
Estonia (c¢f. Roxburgh and Olli 2019) to the north, to the west from the Oder river as well
as in the Czech Basin and Slovakia (Pfeiffer-Frohnert 1998, 127-132, fig. 1-5; Zeman
2017b, 185); in the south, they occasionally occur in the Roman areas up to the Balkans
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Fig. 2. Malbork-Wielbark, grave 2019/22 (Drawing by A. Kuziota)
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Fig. 3. Malbork-Wielbark. 1-2 — grave 2019/43; 3 — grave 2019/59; 4 - grave 2019/34
(Drawing by A. Kuziota)

and in the east, up to Belarus and Ukraine (Haralambieva 2002; Beliavets 2014, 161-172,
map 1, fig. 2).

Particular attention should be devoted to a very numerous group of the Prussian series
eye brooches from Augsburg (Augusta Vindelicorum), the capital of the province of Raetia
(Bakker 1993, 106; 2002, 263, 264, fig. 3; Voss 2008, 343-345, fig. 1). Altogether, 258 such
brooches were found there, including particularly numerous semi-finished items. The
spectrum of the types comprises forms ranging from A.57 to 61; apart from these, there are
also earlier types, ranging from A.45 to A.53, indicating a long tradition of local manufac-
turing of those items.
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The discussed brooches are one of the indicators of phase B2, especially its early stage
(B2a), though in both the Wielbark culture and the east area of the Przeworsk culture, ty-
pologically younger forms (A.60 and 61) often appear together with artefacts typical of
stage B2b (Pfeiffer-Frohnert 1998, 130-133; Andrzejowski 1998, 107; Ciedlinski 2010, 55;
Maczynska 2011, 25; Chilinska-Friiboes 2017, 57-59). The earliest type (A.57) appears al-
ready at the end of phase B1 (Pfeiffer-Frohnert 1998, 133; Cieélifiski 2010, 55).

METALLURGICAL ANALYSES — GENERAL COMMENTS

Material research, taking the form of technological (Strobin 1995, 51-55; 2000, 231-
252; 2018, 138-156; Natuniewicz-Sekula 2017, 185-233), isotopic (Stos-Gale 1993; Voss et al.
1998, 164-176; Roxburgh and Olli 2019) or chemical analyses (Andrzejowski 1998, 125-
130; Gan 2015; Gan and Hensel 2017), have been an integral part of the studies on the ar-
tefacts and manufacture from the Roman period for many years now. The published lists
of analyses often comprise series amounting up to several hundred results. They serve as
a basis for formulating both general and detailed conclusions on the manufacturing methods
and techniques in the various areas of European Barbaricum, its organisation, genesis,
external influences or raw material base (Nieweglowski 1986, 322, 323; Hammer et al.
1997; Hammer and Voss 1998; Voss 2008; 2016; Voss et al. 1998; Droberjar and Frana 2004;
Bayley and Butcher 2004; Fagner et al. 2015; Natuniewicz-Sekula 2017, 217-220; Rox-
burgh and Olli 2019).

In the literature on the subject, a prevailing view is that the addition of zinc played
a key role in the metallurgy of non-ferrous metals in the Roman Empire, as well as in the
Wielbark and Przeworsk cultures (Nieweglowski 1986, 319-323; Rehren and Martin6n-
Torres 2009, 170). In modern metallurgy, this alloy is referred to as brass; however, in
antiquity it was called aurichalcum (Craddock 1978, 5-9; see also Voss et al. 1998, 276-
286). In technological terms, it was an alloy of copper and zinc, which was absorbed into
the metal in a specialist metallurgical process called cementation (Szmoniewski 2009,
118). The essence of this process was to heat a mixture of metallic copper and crushed zinc
ore to the boiling point of zinc, that is 918°C in a closed crucible. The ore was added in the
form of zinc oxide, sphalerite, or the so-called furnace calamine, i.e. zinc oxides obtained
in the furnaces while smelting other metal ores. Modern experiments (Werner 1970; Hae-
decke 1973; cf. Voss et al. 1998, 118, 119) demonstrated that the cementation process takes
place in a precise temperature range from 900°C to 1000°C; in the lower temperatures,
zinc ore would not evaporate, while in the higher temperatures, the copper would begin to
melt, thus reducing the absorption surface. The brass obtained in the Roman workshops
could have contained from 22% to 28% of zinc (Hammer and Voss 2009, 202).

The upper limit of zinc content is a subject of discussion. The experiments conducted
by Werner and Haedecke determined the limit of zinc content obtained through the cemen-
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tation process as up to 28-32%. Nevertheless, it should be mentioned that there is a small
number of chemical analyses of artefacts in which higher levels of zinc were found.

If another metal was used as a matrix, e.g. copper mixed with tin or with lead, hence
obtained from scrap bronze, the absorption of zinc in the cementation process was re-
duced due to the lower melting point of copper. Therefore, the final content of zinc de-
pended to a large degree on the temperature reached, the length of the process, the quality
of the crucible, and even the thickness of the charcoal layer (Rehren 1999, 252).

Another significant characteristic of brass is related to oxidation, and its gradual re-
duction in the alloy by about 10% during further smelting. The zinc content in the ancient
alloys is usually considered in three ranges (Craddock 1978, 11, 12). The first group com-
prises objects containing below 4% Zn, indicating the use of scrap brass or even its unin-
tentional admixture related to the smelting of zinc oxide ore. The second group comprises
objects with zinc content between 4% to 22%. This group varies the most in terms of its
chemical composition, with significant admixtures of tin or lead; it is also the most fre-
quently found. In the third group, there is brass with over 22% zinc content, which is di-
rectly related to the cementation process; apart from the copper contamination, there
should not be other alloying additives.

Initially, brass was used in Rome for mostly military purposes and minting; only later
was it also used for manufacturing ornaments and objects of everyday use. In the light of
the description by Pliny the Elder (Hist. Nat. XXXIV: 4), the aurichalcum alloy was for
Romans one of many different types of copper and was characterised by its outstanding
technological properties, as well as its beautiful golden gloss. Its price was also relatively
high. Aurichalcum production depended to a high degree on access to the ore, which was
unfortunately limited; Pliny names a few already exploited deposits in Cyprus and Campa-
nia and mentions active mines providing similar ‘copper’ in Spain, Gaul and Germania.
Pliny characterises different alloys used by Roman manufacturers: campana — for manu-
facturing vessels and items of everyday use; tenerrima— for making casting forms; tempera-
tura statuaria— for casting statues; ollaria— for manufacturing vessels. For the purpose of
future discussion, it is crucial to emphasise that, while doing so, Pliny names — apart from
copper — three main ingredients of the alloys: plumbum argentarium, plumbum nigrum
and aes collectaneum. While the latter two are unambiguously interpreted as lead and
scrap bronze, the identification of plumbum argentarium is more tentative; it is under-
stood as tin, an alloy of tin and lead, or lead being a by-product of silver metallurgy (Healy
1999, 325). Given all of the above, the variance in the chemical composition of the alloys
used by Roman manufacturers must have been significant.

On the basis of the modern technical terminology, archeometry developed its own clas-
sifications of historical alloys, which use correlations between main alloying elements, i.e.
tin, zinc and lead (Bayley 1991, 17, 18; Riederer 1998, 201, 202; Hammer et al. 1997, 102-
114; Voss et al. 1998, 158-178, 276-286; Fagner et al. 2015, 337, fig. 2-4). Using the trian-
gular graphs, the frequencies of occurrence of respective ingredients are distinguished
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rather clearly, while their position between the vertices of a triangle indicates the character
and homogeneity of the alloy, specifying whether it is bronze, brass or gunmetal. This divi-
sion can be subject to further classifications depending on the studied material or the re-
sults of chemical composition analysis, the studied series of products or chronology (Dung-
worth 1997, 906; Gan 2015, 179). Determining the chemical composition may also indicate
the performance properties of the alloy as well as the way in which the finished products
were manufactured. Tin bronze alloys are more resistant to stress and have higher durabil-
ity than copper; they are also easier in casting, especially with the addition of lead. On the
other hand, brass alloys were easier to forge than bronze. Due to their high fluidity and
malleability, they could also be cast and, most significantly, they had a colour reminiscent
of gold. The addition of lead lowered the melting point, thus increasing the casting proper-
ties, allowed better reproduction of the form, filled defects in the alloy and acted as a re-
placement for the less accessible tin. Simultaneously, due to the insolubility of copper, it
decreased the plasticity of the alloy, making it more difficult to forge.

METALLURGICAL ANALYSES
OF THE EYE BROOCHES FROM THE EASTERN PART
OF BARBARICUM AND MANUFACTURING ISSUES

The eye brooches of the Prussian series from the cemetery in Malbork-Wielbark were
incorporated into a database comprising the analyses of artefacts from burial grounds of
the Wielbark and Przeworsk culture (in total, 114 brooches from 21 sites; Fig. 4; Tab. 1).
Comparative material included the published analyses of analogous brooches from Mora-
via (Zeman 2017a, 306, tab. 1; 2017b, 185), from the eastern Baltic area (Estonia and
northern Latvia: Roxburgh and Olli 2019, 21, -216, fig. 3, 221-226: 24 specimens), as well
as parts of the materials (101 items) from the enormous group of Prussian series eye
brooches from Augsburg (Riederer 2001, 233-235; 2002, 118-120; Hammer and Voss
20009, 202, footnote 1177; cf. Voss et al.1998, 176).

The analyses of the material from Malbork-Wielbark were conducted in the Bio- and
Archaeometry Laboratory of the Institute of Archaeology and Ethnology PAN. The meth-
ods of X-ray spectroscopy were applied using the scanning electron microscope SEM-ECS
with the following parameters: vacuum, time measurement 100 s, accelerating voltage
20 keV, spot size 250 mm?. An Artax Brucker X-ray fluorescence spectrometer was also
used with the accelerating voltage of 50 keV and time measurement of 100 s. Each meas-
urement was taken on surfaces cleaned mechanically of corrosion products.

The chemical analyses (Tab. 2) indicated that the brooches from Wielbark were made
from alloys of copper (Cu —79.05-86.48%) with zinc (Zn — 7.90-16.63%) and tin (Sn —
2.12-4.62%). The lower level of zinc in the analysis CL20802 (grave 2019/59) may be re-
lated to the significant corrosion of the preserved piece of the brooch. It may be assumed
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1-2 specimens
3-5 specimens
6-10 specimens

< 10 specimens

Fig. 4. Eye brooches of the Prussian series from the area of Wielbark and Przeworsk cultures subjected to
metallographic study and included in Table 1 (also therein Augsburg). Asterisk: Malbork-Wielbark
(graphics by A. Kuziota)

that all brooches were manufactured with a similar brass alloy. In the analysis of the data-
base, we applied statistical methods based on the principal component analysis (PCA) and
the minimum spanning tree (MST) to rank spanning trees with the least distance — analy-
sis with most similar factors. In Kaiser’s methodology, the first two factors derived from
the analysis are the most significant to determine the similarity of the analysed set, while
the others are related to the level of internal differentiation. In the analyses was used free
software Past (Hammer et al. 2001).

In the case of the analysed eye brooches, we used the results obtained for nine ele-
ments: Cu, Fe, Ni, Zn, As, Ag, Sn, Sb, Pb, reflecting the applied metallurgical technology
and the profile of the deposit (Pernicka 2014, 253). All the data were normalised to reduce
the weight of the main alloy ingredients. None of the factors stood out in particular; two
factors with the highest correlation degree are responsible for 46% of all obtained varia-
tions. This result shows that most of the analyses point toward similar values, which are
probably related to the way/technology of production that took place in large manufactur-
ing centres. This suggests a significant centralisation of manufacturing. On the other hand,
the analyses testify to a different raw material base and metallurgical technology, hence



Remarks based on the chemical composition... 257

Research of Roman-period metallurgy

T AXXX 14 €21 “€T-TT “100T ZoIMAITEIOM pue ByEH 8€0S1 [ uowoads 65V €61 dAeI3 ©OIUQAZID) 7911
TIAX 14401 ‘81 “100T Zo1maIBEION PUB BNYEH | 00°968T1 LSY | saei :w mourq | MO | pITI
PiLE BY LSHS ‘1661 DISMOFSOIMIIN | L8/L60L 85V 19 oAIS urjomIen TE0L

"B 1LT BY P 1 “1661 DISMOFSIMIIN 19V Ly oAeI3 urjomIen LT0L

9:61 BY 1€-0€ ‘1661 DISMOBIMAIN | €4/L60LAL 09-LS'V 1€ 2AeI3 uomIen 020L

“(oanyeI0N] 30PIO THIM) 9 19 3G 90T ‘LTT ‘6T0T Yodnryd | s/zITd 09V 11 9Av13 ﬁ%ﬂ% 916
“(oanyeIoN] J0PJO YY) £ 19 “3Y 90T ‘LTI ‘6107 YodryD | Sy/110d 65’V 111 9Av13 wﬁmwo% £916
"9 :8L BY 861-L61 FS61 DISMIZISOY | L9L:6S61 09-85'V €8 oAeIZ Qorzperewod | LSLL

[ectlo1/4592 19V 01/¥8€1100[q0 | oymourez)y 6L981

[vzilo1/ss9t 09’V 01/48€1100[q0 | oymourez) | (L981

[1z1lo1/€592 09’V 01/F8€1100Mqo | oymourez)y | 89981

[861] 01/260T 09V 01/V801300[qo | oxmourez) | 9¢/81

[L61] 01/460T LSV 01/V#801 190[qo | oxmourez)y | G¢/81

[961] 01/€60C 09’V 01/V#801 100[qo | oxymourezy | 4¢/81

[or1lot/p1LY 09V 01/006 303[qo OYMOUIRZ)) S8981

[zL] 60/05T1 LSV 60/0€S 109[qo ONMOQUIEZ)) £7981

[¥L] 60/€¥11 09V 60/6TS 102[qo oxymouIez)) S7981

[eL] 60/5¥11 09’V 60/6TS 39[q0 oymourez) | 47981

[06] 60/798 09V 60/20t 109[q0 o)mouIez)) 981

(28] 60/£98 09’V 60/20t 193[qo0 oymourez) | 8¢981

PIT-L81 ‘STOT ueD | [9¢€] 88/01 09’V 887 199[q0 O)MOUIEZ)) 16581

‘01 8Y Th-1% ‘9L61 dvled yoe| 65/8S'V G oAeI3 Qozaz1g SS8L

(o101 2IJRION] IOI[IBD) 6 H96 1 BWES | HTI/II/MVIN M.M N%%.Mmm% 09V puy Kens ao1moNuAlg €1¢8

AIN)BINI] REYTiTe) SHUWWO)) adAy, peililie) EITIN ou D

S$1IS S9UMIND HIBG[IAA PUE YSIOMSZI Y1 WO.IJ S|[EISW PIsA[eue Jo IS '| d|qe]




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

258

65V

1 5S6T/AIXXT 14 01T L9 “S00T Stuedser | €19/V/dIN qn Loy S6C dARIS sordnry 1156
TIVIEI/IIAXXX 1A €41 ‘8€ “S00T stueyser | 68¢/V/dIN 09’V Vg1 oAeI8 sordnry 8TS6
TAL'TAObT ‘€T “S00T stuesser | 68¢/V/dN 19-LS'V G oAeIg dordnrsy 1256
AT ObT €T 'S00T Stuexsef | 68¢/V/dN 19V G oaeId 2o1dnrsy 6156
101 1D 8€T °TT “S00T stueyser | 68¢/V/HIN 19-LS'V € oAeIg Qordnry €756
"T°CI "0u 00T “€00T OpIEm], 09’V €61 oIS qezojoy] T89L
1T X1 18 80% “€0b “€L6T BYSMOIqe | LSSY/ATVIN 9V Q8 dAeIS 001MAZIIEY S0€6
0T X1 1d 1% 80% ‘€0t “€L61 BYSMOIq | LSSY/ATVIN 19V Q8 dAeI3 001MAZIIEY Y0€6
01 :XI1d 1% ‘80% ‘€0t “€L61 BASMOIqE | LSSY/ATVIN 19V Q8 dAeI3 091MaZ0IeY €0€6
“TUIA 1 S0b “00F “€L61T BISMOIGEA | LSSY/AIVINA 09V 9¢ oIS 201MAZIIEY 20€6
"01 :II1 '1d S6€ “68€ “€L61 BIsmoIqe | LSS9/ATVINA 19-09'V AN 001MAZIIE 10€6
TPLI/IIOX 14 €TT €Y “L661 Bsmoiqe 19-09'V L1 oAeId JAzoyorwey | 8689
"€ ILI/IOX 14 12T “€v-Th “L661 BsmoIqe( 1001 9V [L1 9AeI3 JAzoyorwey | 10°LS89
T :SS/IAXX 14 96T “12-0T “L661 esmoiqe $9C 09’V §G oneId JAzoyarwey | 10°9589
TTS/AXX 1A ST 0T “L661 BISmoIqE aq4 19V TS oAeIs JAzoydtwey | G689
CTTOT/XT Tda
TTOUXI 1A 6€1 b1 “L661 esmoiqed | 89¢L/Al UO UMOYS S3YI001q | 65/7S'V 91 oIS JAzoydtwey] | 089
0M] 31} JO dUO
T IIIA 1D 8€T €T “L66T BsmoIqeq 89€L/AL 09V 1 oAeId yAzoyarure sy 7589
TXTTX 14 LET *LT-9T “100T ZOIMAITLOA PuE efyeH ¥80ST 65’V 05 2AeIS ©OIUQAZIn 1L1T1
"TITX 1 621 YT “T00T ZOIMaISeop pue epteH 69051 T uowroads 09V 6T oAIS ©OIUQAZID 891¢1
TTX 1 621 YT “100T Zo1maISejop pue epnieH 0L0ST [ uowroads 09’V 6T 9ARIS ©OIUQAZID L91TT
TAXXX 1421 €T ‘1007 Zo1Md1Seopm pue emnyeq 6+0S1 09’V D61 2AeI8 ©OIUQAZID 99121
L . sIsA[eue puoods .
€ :AXXX 1d €21 “€T-TT ‘1007 Zo1mo1SEjoM pue efnyeH 0t0ST ‘¢ vowpoads Funds 65’V g61 oAeI3 eOIUQAZIn | Z0V91TI
¢ uowroads
"€ AXXX 14 €21 “€T-TT “100T ZOIMAITeop pue enyeH 0¥0S 1 04 3o yred 30ddn 65’V 461 9AeI3 vIIUQAZID | [0%91TI
“TAXXX 14 €T “€T-TT “100T ZO1MAITeoA pue efyeH 6£0ST T uowroads 65’V 461 oAeI3 ©OIUQAZIn €91C1
dInje.RI PYPO sjudwwo) o&%.ﬁ Xdjuo) IS ou D




Remarks based on the chemical composition... 259

Research of Roman-period metallurgy

"1 :81 8Y €1 '9T ‘9007 PIsmolzIpuy | 0L01/V/ZZW 09'V (+92) ¥8/1 oneI3 BIPON T6L6
007 ¢ ot - p e V49

881 ‘600T MIsmolozIpuy g 4| "0u $OT ‘00T OPIBML | €08/V/ZZIN 09-LS'V 78/05 oAvIS BIPON L8L6

691 ‘600T DISMOfZIPUY 191 “OU €0T “€00T OPIEML | +LL/V/ZZIN 65-8S'V | (881) 78/¢ onwid BIPON 68L6
891 ‘600 Bismofozipuy | ¢LL/V/ZZIN 66585V | (981) 78/1 dARIS BIPON ¥8L6

"TEL 600T MismofozIpuy ¢y . ((499)
"0 €0T “€00T OPIEM P ] BY §ET 986 MSMONWAZID SCS/VIZZN v 08/L1 oAeI3 PO 18L6
ysmolozipuy 'f
"801-801 ‘600T Mismofozipuy <[4[ 0 SuIp1000E .
0l 207 €007 OPIEML 3 111 "B SET ‘9861 IISMONWAZID) 6SY/V/ZZIN soAeIS JO s1quINU LSV (SL) 8L/zg 9018 BIPON 6LL6
ot sesayjuared ur

ZOIMADZON'} J PUB UUBIAO[Y [ SUOTIBABOXD paysiqndun 65V 65/610C 9AeIS .V_VWMM_MW 080T
ZOIMADZON'} 'd PUB UUBWIAS[Y [ SUOTIBABOXS paysiqndun LSV €t/610C 2ALIS Hw%h“ﬂ\w 00802
ZOIMADZON'} J PUB UUBLIAI[Y [ SUONIEABOXS paysijqndun 09V $€/610C 2A®IS .v_hw%hﬂwwé 66L0C
ZOIMADZON'} J PUB UUBIAO[Y [ SUOTIBABOXA paysijqndun 09V 72/610T dAeI3 .V_VWMM_M\%H 86L0T
ZOIMIDZON'} ‘d PUB UUBWJ[Y] ‘[ SUONBARIXD paysijqndun 85V 7T7/610T 2AeIS HWM”M\M L6L0T
ZOIMADZON'} ‘] PUB UUBWAI[Y ‘[ SUONEBABIXD paysijqndun moq Jo yred 1oddn 19V 81/800C dAeI3 .VMWM%M_M 75661
ZOIMIDZON'} ‘] PUB UUBWIAI[Y ‘[ SUONBABIXD Paysijqndun moq Jo yred 1oddn LSV 81/8007 dA®IS HWMMM\WM 15661
"9°€1 "OU ZOT ‘€00T Oprem, 8L/76S 09V €1 oARIS Dysfey Or1L

‘PEL "OU 10T ‘€00T Oprem, 8L/76S 09-LS'V 1T1 2ARIS Dysley 80IL

o001
€€l "0 10T ‘€00T OpIem, 6L/8¢8 dues ay) woiy 09V €6 9ARIS Dysfey TLOTL
ojduies puooas ay)

"€°€1 "0U 10T ‘€00T OpIem, 8L/SOL 09V €6 9ARIS Dysfey I°L01L

"1:L9€/ADX 14 1€T ‘6L “S00T Sueser | S19/V/dN 19V L9€ daei3 aordnry ¥Ts6

T :8TE/AIXXXT 1d 0TT ‘€L “S00T StueNser | S19/V/dIN 09V 8¢ o3 Qordnry 01s6




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

260

T RILI/MAXTO 14 1€€ ‘8p-Lp ‘LOOT vyo2UIRZY 65V ®9/ | dARIS uqo 8SLT1
“THLI/IIAXTO 1d TEE ‘L *L00T Bjoourez) 19V pL1 oAeIS uqo LSLTI
T PLI/IIAXTO 1 TEE ‘L *L00T Bjoourez) 19V pL1 daeIS urqo 9$LT1
TEOLI/AIXTO 19 8T€ ‘L “LO0T BYoduIEZ) 19-LS'V 0L1 dAeI3 uqo SsLTl
TXXX T 6T ‘81 L00T eyoourez)y 09'V 1€ dAeIs urqQ ¥SLTI
TXXX 161 ‘81 L00T BYooUIRZ) 19V 1€ oAvIS uqo €SLTI
TUI-TIT U 6T1 16 8661 Msmolozipuy 19-09'V puy Aens o[OypEN 1/98sd
"€ I T/AXXXT 1d 9€T 05-67 ‘8661 Pismolozipuy 65/8S'V 11 oaeid o[O)PEN sersd
"6 PTI/IMAXXT 14 82T ‘9% ‘8661 Dismolozipuy 19V $T1 oaeIS 9[O)PEN 87C8
S 0TI/IXXT 14 22T ‘St ‘8661 Mismolozipuy 19V 0T 23 s[o3peN STes
9P 11/XXT 1 12T “€F ‘8661 Dismolozipuy 09V Y11 2R3 S[O)pEN ¢8Sd
SII/XXT 14 12T “eb-Th 8661 Dismolozipuy 09’V $11 oAeI3 o[O)PEN vTes
01 ETI/IIAXT 14 61T “Tr ‘8661 Dismolozipuy 09V €11 darId a[o3peN L1T8
6 €1/IIAXT 14 61T Th ‘8661 Msmolozipuy 09’V €11 oAeIs o[OypEN 91¢8
"8 1p6/XIT 14 01T “8€ ‘8661 Msmolozipuy 19-09'V 6 9ARIS o[O)PEN L0T8
"L :89/ATX 1A 961 ‘€€ 8661 Dismolozipuy 19V 89 oAeIS S[O)pEN Y0z8
'S 6S/AITX 14 S61 ‘1€ ‘8661 Dismolozipuy 19V 66 2ARIS s[o3peN L618
'S VS/IITX '1d ¥61 ‘0€ ‘8661 Dismolozipuy 19-09'V VS oIS o[o3peN S618
v IVSS/IITTX 14 #61 “0€ ‘8661 Pismolozipuy 19-09'V V8 oAeIs o[O)PEN Y618
"€ VSS/IIITX 1 v61 ‘0€ ‘8661 Msmolozipuy 19-09'V V8 oaeI3 o[O)PEN €618
v iLs/TX 1A 161 “0€ “8661 Msmolozipuy 19-09'V LS oIS o[OypEN 7618
"8 TTX 1A T61 “0€ ‘8661 Mismolozipuy 8S/LS'V 96 oIS 9[O)PEN L8Sd
"9:0¢/IIIXX Td HLT ‘€T ‘8661 Pismolozipuy 09’V 0¢ dABIS S[O)pEN 68Sd
"9 XX 1A €L1 7T 8661 Pismolozipuy 19-09'V 9T oIS s[o3peN 88Sd
v XX 1A TLT ‘TT-1T 8661 Mismolozipuy 19-09'V ¥ oneIs o[o3pEN 8LIS
'S CIIAX 1A 891 “1T 8661 Msmolozipuy LAY g-v¢e qoI8 o[O)PEN 9LI8
dInje.RIT PYPO Ssjudwmwo) OQ%H X9juo) IS oujpn




Remarks based on the chemical composition... 261

Research of Roman-period metallurgy

Y9v/95-6861

7 uowrdads

6.7 2ARI3

L ons
‘BIsyepn
AVAN N |

LOS8

€9¥/96-6861

1 uowroads

6LC oAeI3

L ons
‘BIsyepn
ZoZsniJ

9058

0€7/96:6861

7 uowroads

LSV

Q651 dAeI3

L ons
‘BIsyepn
FAVAOE |

0058

6CC/95-5861

1 uowoads

Q651 2AeIS

L ons
‘BIsyepn
PAVAOE |

6678

9C1/96-6861

09V

€61 dAeIS

L ons
‘TIsyepn
FAVASOE |

Y6¥78

6€1/95:6861

19V

BGY | 9ARIZ

L s
‘Disyepn
Zozsnig

€618

¥6/95:5861

09V

1271 2AeI3

L ons
‘TysuepD
zozsniJ

0618

91¢T/6€¥861

19/09'V

6 2ARI3

Lons
‘TsuepD
pAVARE |

6818

961/6€:¥861

19/09'V

68 9ARIZ

L o
‘T{suepD
FAVAN R |

88¥8

0S1/6€:¥861

19V

0L 2AeI3

L ous
‘BIsyepn
pAVANRE |

€818

‘NVd AVI 1D JO SOAIYdIe o) WO SoZATeue ‘eysuizsn]
‘N pue yeznold ‘JN Aq yoreasal wolij ‘paysiqndun

8/6€:¥861

19/09'V

7 2AeIg

Lons
‘BIsyepn
pAZA R |

18¥8




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

262

1 oAeI3

"TXIXXX 1d ©9961 Dsyroaruryy €L:6961 09/6S8'V ‘c] moxreq K1018d M TSL6
1 d ¢ D[SUIOAT : . | oaeis A101Sd
T IXIXXX 14 ‘9961 1ysuroanus €L:6961 09/6S'V ‘c] moureq IO 1SL6
'S IXIXXX 1d ‘9961 Dsyroaruryy €L:6961 09V  molreq K1018d M vL6
"L XTIXXX 1d ‘9961 Dsyrooruryy €L:6961 09V ¥ molreq K101SdD M €vL6
"€L 1€ 1d L 10T ZotmarumeN 002062 LSV puy Kexns 2IPIOM 61791
T :X1X00 1d )
SOY “0TT ‘10T UAIRZOY-ZINY(Q PUE BNYOS-ZOIMATUNIEN Lese Lev T a1 OIPM riol
€9:¢1d 10T .
ZommorunieN <1 :¢ 85 01 1d Y<T ‘0007 ZoMaumEN SL1/89 09V puy Kexns DIPPM 80791
"NV VI 1D Jo seArgaie oy woly sazAeue ‘paysiqndun | 61H/v/dJIN 19-09'V puy Kexns BIIUMOIAZI 90¥6
R o1
—— . e ) 16T/1D °1qE1 oyd ) .
YT 167/10 1 661 ‘L ‘L66T NeZWd | ¥LT/LT6961 | o', AM0YS S3GO00Iq 65V 16 oAIS éw QMN%O vLY8
9211} Y} JO duo d
0l
1SL/XX 1 811 0T L661 Hezuald | STI/1:L96] 65’V GL oARI3 IS ‘DisuepH 8IL
pAVA R |
01
"TIVSH/IIA 14901 ‘9T “L66T Jez1dld | 19/1:L961 65V VSp oAeId ous ‘Bysyepn | 10°081L
FAVARE |
AIN)LII] RE1IET) syudwumIo)) adAy, X3juo) NS ou )




Remarks based on the chemical composition... 263

Research of Roman-period metallurgy

q 0T0'S 000 | 0T0 | 000 | 97T | 81°0 | 000 | OI'8T | ¥1°0 | TTO | ¥0°0 | 000 | 000 | 998L | eorUQAZID 911
dq 0€01S 000 | 0£0 | 000 | €£°0 | 80°0 | 000 | 6870 | 60°0 | 610 | 000 | 000 | 000 | I¥LL | eEOUQAZID 8Y1CI
v 000 | 000 | 000 | 800 | ¥0°0 | OT'T | 900 | ¥0'0 | 009 | 90°0 | OI'L | 100 | 000 | S80 | 8506 | ulomIeD (4373
v 000 | 000 | 000 | 91°0 | IT°0 | OLC | SO0 | 900 | 00'8 | SO0 | OS'T | 100 | 000 | SE0O | CO'L8 | uloOMIED LTOL
v 000 | 000 | 000 | SE0 | ¥0'0 | 0S'E€ | OT'0 | LOO | OTY | YOO | T90 | 000 | 000 | THO | 9906 | uromIe) 020L
W 000 | 000 | 000 | ST'0O | 800 | 0°C | 800 | 80°0 [ 00'LI | OO | 09°T | 100 | 910 | S¥'0 | LO'SL oﬂwﬁ“ﬁ& 916
ST SIOTO
W 000 | 100 | 000 | 910 | 600 | OS'T | 900 | 80°0 | 00'8T | €0°0 | OTC | 100 | €0 | 8€0 | STLL %v__maﬁmm £916
v 00°0 [ 000 | 000 | OL0 | 81°0 | 00°C | SO0 | 800 | 0S'6 | €00 | S90 | 000 | OI'0 | 890 | €0°S8 | ddizperewoq LSLL
W 000 | 000 | 000 | SO0 | 6T0 | ¥9°C | 000 | 91°0 | ¥I'LT | 00 | STO | 600 | 000 | 600 | 968L | OYMQUIEZD 9¢€L81
W 000 | 000 | 000 | 91°0 | 000 | L8T | LOO | 000 | I6°ET | 600 | OTO | OTO | SO0 | 600 | I1'T8 | OymQuIez) SELSI
W 000 | 000 | 000 | 900 | LOO | €0°C | 000 | 000 | 9TST | 000 | OCTO | 000 | 000 | LI'O | +0'T8 | OymQUIEZD PEL8T
W 000 | 000 | 000 | S60 | ST'0O | 909 | OI'0 | 8C°0 | ¥9°CI | 6€0 | 9€°0 | 000 | 000 | TO0 | S9'8L | OymouIRZ] 68981
W 000 | 000 | 000 | 81°0 | 8C'0 | 9T | €0°0 | €C0 | SS¥I | €1°0 | 00 | TO'0 | 100 | 900 | L¥'T8 | OymouIeZD 6L981
W 000 | 000 | 000 | 9T0 | CE0 | TET | 600 | SI'0 | ¥L'CT | LOO | 620 | 000 | 800 | TO0 | 99°T8 | OymouIezy 0L981
W 000 | 000 | 000 [ 000 | #T0 | SET | 000 [ 000 | 9091 | €00 | LI'0O | CTI'0 | 000 | 800 | 6808 | OymoUIEZ) 89981
W 000 | 000 | 000 | CO0 | OTO | €I'L | TI'O | 9¥°0 | 98°ST | L1'0 | 6T70 | 100 | ¥O'0O | 80°0 | 1918 | OymQUIEZD w981
A4 000 | 000 | 000 | 000 | SP'O [ 9L'S | 000 | 6€0 | €6 | LTO | TTO | 100 | 100 | ¥I'0 | L6T8 | OmQUIEZD 8¢981
W 000 | 000 | 000 | 61°0 | 000 | SO'C | 000 | 000 | I¥'+T | 100 | OI'0 | 90°0 | TO'0 | CO0 | 80'C8 | OyMQUIEZD G981
W 000 | 000 | 000 | 000 | 000 [ 9¥'T | €C0 | 000 | S8FI | €00 | 8€°0 | TO0O | 000 | II'0 | ¥L'T8 | OymQUIEZ) $2981
W 000 | 000 | 000 | LZTO | 000 | 0SO | ¥1°0 [ 000 | €€91 | LOO | 090 | OI'0 | SO0 | 910 | 09'18 | OymouUIRZ] €7981
W 000 | 000 | ¥1°0 | 8C0 | SE0 | S6T | €00 [ 000 | OTSI | 81°0 | 80 | 000 | OO0 | 8TO | SI'08 | OymouIRZD 16581
W 000 | 000 | 000 | S¥'0 | LOO | ¥SO | LOO | €00 | OO'ST | ¥O'0O | OEC | 000 | CCTO | SLO | ¥S08 90z3z1g Se8L
W 000 | 100 | 000 | SEO0 | LOO | OLC | T90 | 11°0 | O0O'OT | 800 | OT'I | 100 | 600 | 80°0 | 00°S8 | dIMOyalYg £1¢e8
syIew ‘ou £10})
|28 A oy q (e} ny qad qs us 3y sV uz IN BX | U D v np NS —e10qe]

sjeasw Jo sadA1 - g ‘v ‘I

'S9.INYJND Y[S.IOMIZ.IJ PUE SIBG|DIAA JO BA.IE B3I WO SBYD00.IG 94D SILISS UBISSN.IJ 93 JO SasA[eu. [Ed1WAYD 33 Jo Alewwng g d|qel




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

264

W 000 | 000 | 000 | STO | LOO | OI'C | ¥0°0 | 90°0 | OO'FI | 100 | OI'T | 000 | OI'0 | SO0 | €C'C8 Qordnry £CS6
W 000 | 100 | 000 | IT°0 | SO0 | OT'T | SO0 [ ¥0°0 | 0091 | CO0 | OS'T | €1'0 | STO | €I'0 | ¥S°08 oordnry 1256
W 000 | 000 | 000 | SI'0 | LOO | 08T | SO0 [ €00 | 00'%I | 100 | OE'T | 100 | OCTO | CTI'0 | LTT8 oordnuy 6156
W 000 | 000 | 000 | 9C°0 | 800 | 08°C | 90°0 | €0°0 | OS'ST | 10°0 | 09°T | 100 | CTTO | 0S0 | €6'8L sordnury 1156
W 000 | 100 | 000 | 810 | 90°0 | 08 | SO0 [ €00 | 00'%I | OO | O8] | 100 | STO | CEO0 | 6¥'18 oordnury 01s6
v 000 | 000 | 000 | OL0 | 810 | 09°C | TI'0 | LO'O | 00O | ¥0°0 | OC'C | 000 | 00 | 050 | 0€C8 qezopoyf 89L
q 000 | 100 | 000 | CEO | 110 [ OT'T | CTCTO | ¥0'0 | O0°SC | €00 | 00'F | 90°0 | 0S'0 | 060 | 19°L9 | d9ImozdIeH] S0¢6
v 000 | 000 | 000 | OCTO [ 900 | OSC | ¥0'0 | CO0 | 0S8 | 100 | OCT'L | 000 | LI'0O | 8F0 | 1898 | dImozdIed] y0€6
v 00°0 | 000 | 000 | 91°0 | LOO | 09T | SO0 | €00 | 0S8 | CO0 | OI'C | CO'0 | SE0 | 8E0 | CTL98 | d2ImazdIeD] £0€6
v 000 | 100 | 000 [ LOO | SO0 | OTCT | SO0 | €00 | 006 | €0°0 | 06'T | CO'0 | SE0 | 0TI | OI'SY | I9IMIZOIBH] 0¢6
v 000 | 000 | 000 [ CI'0 | SO0 | OI'CT | 900 | ¥0°0 | 0S6 | 10°0 | S6'0 | 100 | TI'0 | 0S'0 | SS'98 | O9IMIZOIBH] 10€6
W 000 | 000 | 000 | 810 | 80°0 | SL'0 | 90°0 | 90°0 | 0091 | €0°0 | 06°0 | 00°0 SI'T | 0808 | dAzouorwesy 8689
W 000 | 000 | 000 | S9°0 | #1°0 | SI'T | 60°0 | ¥0°0 | 00°0L | ¥0°0 | 06°0 | 00°0 790 | 8€°98 | MAzouotwey | 70'LS89
v 000 | 000 | 000 | ¥C0 | 900 | 080 | SO0 | ¥0'0 | 006 | €00 | 060 | 000 S0 | T'88 | dAzouorwey | 10°LS89
v 000 | 000 | 000 | SSO [ 900 | SI'T | 90°0 | €00 | 00'8 | CO'0 | 080 | 000 8T0 | 90°68 | MAzouotwey | 709589
v 000 | 000 | 000 [ €90 | LOO | STT | SO0 | SO0 | 006 | CO'0 | OF'1 | 000 €C0 | 0€'L8 | dAzoyorwey | 109589
W 00°0 | 000 | 000 | SE0 | 800 | S9°0 | 90°0 | 80°0 | 0091 | SO0 | S¥'1 | 000 G680 | €708 | NAzoyorwey] $689
v 000 | 000 | 000 [ OO0 | ¥0°0 | 870 | ¥0°0 | ¥0°0 | OO'IT | €0°0 | S9°0 | 00°0 vv0 | 8898 | NAzouorwey] 0589
v 000 | 000 | 000 | ¥¥°0 | LOO | SO'T | SO0 | €00 | OS'L | 90°0 | OI'T | 00°0 0¢T | 188 | MAzouorurey] 7589
dq 9C°0!S 000 | 820 | 000 | ¥I'T | TI'0 | 000 | #0°0T | #1°0 | 91°0 | TO'0 | 000 | 000 | S8'LL | ®oOUQAZID IL1ct
W ¥T01S 000 | €60 | 000 | 6€T | ¥1°0 | 000 | 6T°ST | €00 | 80°0 | 000 | 000 | 000 | 0S'I8 | ®OUQAZID 891CI
d €€'01S 000 | LI'0O | 000 | €T | 6070 | 000 | LV'LI | OT°0 | #1°0 | 000 | 000 | 000 | 9T6L | ®OUQAZID L91T1
q o 000 | 69°0 | 000 | I8T | 11°0 | 000 | 0T'ST | 81°0 | ¥€0 | 000 | 000 | 000 | S8 | ®OUQAZID 991¢C1
W LTOIS 000 | #1°0 | 000 | TI'T | SO0 | 000 | LT9L | T1°0 | IT°0 | 00°0 | 000 | 0000 |T6'08 | ®BOUQAZID | TOHIITI
d yTo1s 000 | 000 | 000 | IS'T | ¥£°0 | 000 | 1£°91 | 000 | SI'0 | 000 | 000 | 0000 |99°08 | ®EOWQAZID | [0+H91CI
d [4NRN 000 | ST'0 | 000 | CTET | #1°0 | 000 | 1T'8L | #1°0 | 1T0 | SO0 | 000 | 000 | L'8L | ®OQAZID €91¢1
syrew ‘ou A10)
eI . g 0D | ny | qd qs ug 3y | sv uz IN °d | UN | 1D v nj NS -e10qe]




Remarks based on the chemical composition... 265

Research of Roman-period metallurgy

v 000 | 000 [ 000 [ 910 [ 210 | 0T | 900 | #10 | 006 | S000 | 091 | 1000 | 10 | s£0 | 998 | olowpeN | 9Li8
v 000 | 100 | 000 | S£0 | 900 | 00T | %00 | #0°0 | 0001 | 200 | 06T | 200 | Lz0 | 80 | csv8 | wpow 2616
W 000 | 000 | 000 | ¥20 | S0°0 | 01 | 11°0 | 800 | 0511 | €00 | 0T | 100 | €20 | 080 | 95%8 |  wpow 63L6
v 000 | 100 | 000 | €00 | 900 | 08T | 5000 | S0°0 | 0001 | 100 | 05T | 2000 | 050 | €0 | 988 | o 136
W 000 | 100 | 000 | ST0 | $00 | 0rT | S000 | 000 | 05T | 100 | 07T | 000 | 220 | S€0 | 1628 | oW v8L6
W 000 | 000 | 000 | €10 | #0°0 | 0T | S000 | 000 | 0011 | 100 | 09T | 100 | 220 | S0 | 81s8| epow 1326
W 000 | 000 | 000 | 080 | 900 | 0T | 5000 | 600 | 0S'€1 | 100 | 00T | 200 | 220 | 2v0 | 2518 |  epom 6LL6
v | o €10 | Lo | 2% | 000 | 00 | 062 | 100 | ¥1°0 | 00 gpog | PUARIM - pn0ng
o HoqreN
170
W |sizo 010 | oro | ore | v00 | 100 | w111 | 000 | ¥1°0 | g00 te0 |eges | HRIRM D o000z
o SpoqEN
v €10 | v20 | zzv | €00 | v00 | 9111 | 200 | 820 | €00 pgeg | EUARIM 0
SpHoqreN
W 010 | 900 | e8¢ | 700 | €00 | vo11 | v00 | 9£0 | 00 620 |zrps | REURM 1o 0z
Sp0qrey
W |zzots 600 | 020 | 7€ | 000 | 200 | szTr | o0 | 1€0 | g00 810 | 19zg | R 10 0e
Sp0qreN
W 000 | v60 | 850 | 21z | 800 | 000 | €991 | g0 | 2o | Lo | w00 | oo | soer | PRI reee
Sp0qrey
00 I IR R RN (N U I U . o] g
W »mo 000 | 650 | 200 | psT | 210 | 170 | so'st | €00 | €60 | 200 | 100 | 00 | 9018 | AEHAL | ise61
v 000 | 000 | 000 | 01T | 810 | 0% | 900 | 610 | 058 | ¥0'0 | 060 | 000 | 020 | 00 | c0v8 |  pisfex 0t1L
v 000 | 000 | 000 | 950 | ST'0 | 08 | 010 | 810 | 008 | $00 | $90 | 000 | 210 | $90 | pc98 | visfex 801L
v 000 | 000 | 000 | ST0 | 600 | 0871 | $000 | 600 | 059 | €00 | 01 | 000 | 800 | 090 | €168 | visfex TL01L
v 000 | 000 | 000 | 090 | 900 | 061 | #000 | 900 | 00Z | €00 | 01 | 000 | 500 | $90 | ccss |  viskex 1L01L
a 000 | 000 | 000 | ST0 | 600 | 00T | 900 | $0°0 | 000 | 1000 | 560 | 000 | 010 | $0'0 | €592 | oowdnny 8256
W 000 | 10°0 | 000 | 80°0 | 900 | 060 | ¥0°0 | £0'0 | 00°€T | 1000 | 01 | 1000 | €20 | €10 | civg | oowdnny bzs6




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

266

dq 000 000 | 6€0 | 000 | €70 | SO0 | 000 | CTE6L | LOO | €C0 | SO0 | 000 | 000 | CI'6L uqo 8SLTI
q 000 000 | 950 | 000 | L6'T | 000 | 000 | LS'LT | ¥1°0 | CC0 | 10°0 | 000 | 000 | IS'6L ulqo LSLTI
g 000 000 | LTO | 000 | 61°€ | 80°0 | 000 | S89T | 80°0 | I1°0 [ 000 | 000 | I€0 | 8LBL ulqo 9SLT1
W 000 000 | LOO | 000 | 6¥°E | 000 [ 000 | OTTI | CTTO | LTO | €0°0 | 000 | 60 | +0°€8 ulqo SSLTI
q 000 000 | 620 | 000 | ST | 000 | 000 | ¥I'LT | 61°0 | I€0 [ 000 | 000 | 000 | T¥'6L uqo ySLTI
W 000 000 | 850 | 000 | LOE | ¥0°0 | 000 | I8FI | CTI'0 | 8€'0 | 00°0 | 000 [ 000 | 8L08 uqo €SLTI
dq 000 | €1°0 | ¥0°0 | 09T | OI'0 | €00 | 00'8T | 60°0 | 00 000 | C¢00 | LL6L 9[03peN 68sd
dq 100 | 100 | 000 | €C°0 | CI'0 | OF'C | 60°0 | SO0 | 00°ST | ITO | 8€'0 200 | 8CTO | L9IL 9[03peN. ggsd
dq 000 000 | 20 | ¥0°0 | €00 | ST'O | ¥0'0 | 00°LT | 90°0 | 0€°0 €r'o | €00 | SI'CL 9[03peN, Lgsd
q 000 [ 000 | 000 | €C0 | LOO | 08°C | CTCO | ¥0'0 | 00°SE | CO0 | 8CO 200 | SO0 | 0019 S[0¥peN 798sd
g 000 | 000 | 000 | 8€0 [ 80°0 | OF'0 | I1°0 | CO'0 | 00°'SE | TOO | 060 | 000 | €00 | TI'0 | 00°€9 S[0peEN 198sd
g 000 | 000 | 000 | 00T | 81°0 | 0S¥ | SI'0 | SO0 | 00°SE | €00 | SO0 | 000 | 100 | ¥I'0 | 00°8S S[0¥peEN ¢gsd
W 000 | 000 | 000 | 8C0 | II'0 | OF'L | 90°0 | LO'O | 0081 | ¥0°0 | O¥'0 | 000 | TO0 | 100 | T96L 9[03peN sersd
W 000 | 000 | 000 | SI'O | SI'O | OI'T | 600 | €00 | 00CL | ¥0°0 | OL'T | 100 | TTO | TS0 | 00°¢8 9[03peN 00°8CC8
W 000 | 000 | 000 | 0C0 | ¥I'0O | 09T | 800 | ¥0°0 | O0O'IT | 90°0 | SI'T | 10°0 | 600 [ T9°0 | 00'¥8 9[03peEN ST
W 000 | 000 | 000 | 0E0 | IT0 | 00°S | SO0 | €00 | OO'IT | SO0 | SO'T | 100 | LOO | 0€0 | 00°C8 S[03peN T8
v 000 | 000 | 000 | TEO | IT°0 | OLC | 900 | ¥0'0 | 0T8 | SO0 | SO'T | 100 | OI'0 | 8I'0 | 6I'L8 9[03peN L1T8
v 000 | TO0 | 000 | €20 | €170 | OS'€ | OI'0 | IT°0 | 00'8 | SO0 | 081 | ¥0°0 | 91’0 | KO | 9¥'S8 S10¥peN 9128
v 000 | 000 | 000 | 8C0 | TI'0O | 00°C | SO0 | 90°0 | 00°OT | 90°0 | OL'T | 100 | 91'0 | LTO | 6T¥8 S[0¥peN L0T8
W 000 | 000 | 000 | 91°0 | TI'0 | 00'C | 800 | €0°0 | 00'OT | 90°0 | S9'1 | TO'0O | STO | CE0O | 00°S8 S[0peEN 0T8
v 000 | 100 | 000 | ¥C0 | 11°0 | T9°0 | CTI'0 | 900 | 0S8 | 800 | 0E€C | €00 | LTO | TSO | SI'L8 9[03peN L618
v 000 | 000 | 000 | ¥TO | SI'O | 00 | 90°0 | 90°0 | 0T6 | LOO | 060 | 100 | 600 [ 910 | 80°S8 9[03peN S618
W 000 | 000 | 000 | 600 | €10 | 00€ | 600 | SO0 | OO'TT | 90°0 | OF'L | 100 | LI'O | TSO | 0S°€E8 9[03peN 618
v 000 | 000 | 000 | €C0 | SI'0O | 0ES | 600 | 900 | 08°L | 900 | OC'T | 100 | IT°0 | 91°0 | ¥8¥8 9[03peN €618
v 000 | 100 | 000 | OCTO | CTTO | 08T | 11°0 | OI'0 | 00°OL | 80°0 | OI'C | TO0 | 9T0 | 9TO | S8%8 9[03peN, 618
v 000 | 000 | 000 | CC0O | €1°0 | OI'C | LOO | ¥1°0 | 0001 | SO0 | SE€T | 100 | I1T°0 | L¥O | SES8 Sl0¥peN 8L18
Sy e ‘ou A10)
BRI . 1d e} ny | qd qs us 3y sV uz IN 8 | UN | ID v nj NS —e10qer]




Remarks based on the chemical composition... 267

Research of Roman-period metallurgy

0070 | 000 | 000 | TEO | 01°0 | 9¥°0 | 90°0 | ¥0°0 | 00°TT | €00 | 0TT | 10°0 | ¥1°0 | 0L'0 | b6EL | BOIUMOIAZIG 90176
. . . . . . . . . . . . . . . L Bisueph

000 | 100 | 000 | II'0O [ CE0 | 081 | OI'0 | ¥0°0 | OO'CI | SO0 | OCCT | €00 | OL0 | CI'0O | 00°¢8 zozsnig LOS8
. . . . . . . . . . . . . . . L BisuepH

000 | 100 | 000 | C¥'0 | 8C0 | 00'C | 8C'0 [ 90°0 | 00°CT | 90°0 | 06'T | €00 | 0S'0 | OI'0 | 00°I8 Zozsnig 9058
. . . . . . . . . . . . . . . L Bisueph

000 | 100 | 000 | CC0O | OCTO | OS'T | ¥0°0 | 90°0 | OO'FI | SO0 | OLT | €00 | OL0 | CI'0O | 00°I8 zozsnig 0058
. . . . . . . . . . . . . . . L BsuepH

000 | 100 | 000 | 810 | €10 | OS'T | #0°0 [ 90°0 | 00°CT | ¥0°0 | O8] | €00 | OL'0 | €I'0 | 00°C8 Zozsnig 66v8
. . . . . . . . . . . . . . . L Bisueph

000 | CO0 | 000 | $90 | LTO | OTE | ¥O'0 | LOO | OO'CI | 800 | 00T | €00 | 080 | II'0 | 0018 zozsnig Y6178
. . . . . . . . . . . . . . . L BsuepH

000 | 100 | 000 | SSO | ST'0 | 0S°€ | #0°0 [ LOO | 00°0T | LOO | OLT | CO'0 | 0S'0 | 91'0 | 00°¢8 Zozsnig €618
. . . . . . . . . . . . . . . L Bisueph

000 | TO0 | 000 | 8€0 | II'0O | S9°0 | SO0 | 800 | OO°ET | SO0 | 081 | CO0O | 090 | CI'0O | 00°¢8 zozsnig 06¥78
. . . . . . . . . . . . . . . L BsuepH

000 | 100 | 000 | CI'0 | €20 | 0€'C | SO0 [ 600 | 00CI | 900 | 09°T | €00 | 0S0 | ¥I'0 | 00°¢8 Zozsnig 68Y8
. . . . . . . . . . . . . . . L Bisueph

000 | TO0 | 000 | 0SO | II'0 | 0EC | ¥O°0 | 800 | OO'ST | 900 | OSC | €00 | 080 | 910 | 00°8L zozsnig 88¥8
. . . . . . . . . . . . . . . L BsuepH

000 | 100 | 000 | 8C°0 | CI'0 | O¥'C | 600 [ 800 | 00'CI | 90°0 | 00'C | CO'0 | 0SO | 8I'0 | 00°C8 zozsnig €818
. . . . . . . . . . . . . . . L Bisueph

000 | TO0 | 000 | OFO | ¥1°0 | OS'T | LOO | LOO | OO'ST | 900 | 00C | CO'0 | 090 | ITO | 0008 zozsnig 1818
. . . . . . . . . . . . . . . 01 BisuepH

000 | 100 | 000 | STO | 110 | 08°C | LO'O | LOO | 00'CT | 800 | OT'C | €00 | O8°0 | CTO | 0008 zozsnig YLY8
. . . . . . . . . . . . . . . 0l PisuepH

000 | 000 | 000 | 9€0 | €1°0 | 0EC | ¥O'O | OI'0 | OO'LT | ¥0°0 | OS'T | 000 | IT°0 | L8O | 95°¢8 zozsnig C8IL
. . . . . . . . . . . . . . . 0l BisuepH .

000 | 000 | 000 | SE0 | €10 | SO0 | 90°0 [ OI'0 | 00'CI | CO0 | OF'L | 000 | OI'0 | S80 | S6'¥8 Zozsnug 0°081L
. . . . . . . . . . . . . . . 0l PisuepH .

000 | 000 | 000 | 8€0 | €10 | SO0 | 90°0 | LOO | OS'IT | CO'0 | OI'T | 000 | 800 | 060 | CTL'S8 10°081L

Zozsnig




Piotr kuczkiewicz, Pawet Gan, J6rg Kleemann, Aneta Kuziofa

268

W 000 | 000 | 000 | CFO | SO0 | 00F | €00 | €00 | OSCI | 100 | OET | 000 | 8I'0 | 8I'0 | 6¢€°18 A1o1sdp SL6
W 000 | 000 | 000 | 9€°0 | ¥0'0 | 09°C | €0°0 [ €00 | OS'IT | 100 [ OF'L | 100 | STO | €I'0 | S9°¢€8 A1o1sdp 1SL6
W 000 | 100 | 000 | 0T'O | SO0 | 090 | #0°0 [ ¥0°0 | 00'ST | 10°0 | OS'T | 100 | €0°0 | CTTO | 0£CY A1o1sdp Y¥L6
W 000 | TOO | 000 | 8C0 | OI'0 | OS'T | SO0 | 800 | OS'IT | 100 | 06T | 100 | CI'0O | SE€0 | OI'V8 A1o1sdp VL6
L00S
L0°0
dq L 000 | 000 | 1€0 | €00 | 99°0 | 000 | ¥T0 | TSTT | LOO | LEO | OI'0 | €00 | ¥0°0 | I¥'SL 9OIPPM 61291
L0°0
IS
200S
dq ‘L0°0 000 [ 91°0 | 000 | 000 | LEO | 000 [ 000 | 90°0C | €00 | 91°0 | ¥O'0O | CO0 | €I'0 | €6'8L OIPPIM 80¢91
IS
d 200S 000 | 000 | €50 | 000 | SSO [ 000 | O€0 | 8C'IT | 000 | CCO | CO0 | 800 | SI'O | S89L OIPPPM Pr191
©)9 SHed 0 n u 3 S u 1 £} u 1 n A ou 4103
BRI . 'd J vV | ad qas S v v V4 IN k| 10\ o) v D NS —e10qery




Research of Roman-period metallurgy: Remarks based on the chemical composition... 269

they may indicate local manufacturing. The series of strong correlations between resources
allow to indicate similar raw materials, show their regional nature as well as possible con-
nections.

The first distinguished factor has the strongest correlation with Cu, Sn, Pb, As and Sb,
and a highly negative correlation with Zn (Fig. 5). This confirms that brass was obtained in
the cementation process, by adding a separate zinc oxide ore to copper. The closeness be-
tween Sb and As indicates a common nature of the material, which is probably related to
the contamination of copper. A similar contamination profile also characterises common-
ly occurring tennantite-tetrahedrite sulphide copper ore, which was already in use in the
Bronze Age. The second factor emphasises the relevance of Ni and As and strengthens the
correlation between Sn, Sb, and Pb. The third factor has the strongest correlation with Fe.
Iron may contaminate zinc oxide ore, which would indicate that it originated from car-
bonate ore. They do not require initial processing in the metallurgical works, hence the
contaminations may migrate to brass. Brass production in Roman metallurgy was based
on such ore deposits located in Western Europe (Ponting 1999, 1317, 1318).

In order to distinguish groups with the most similar specimens, we used an additional
statistical method of a minimum spanning tree, which connects points of similar weight.
The emerging sequences were verified through the observation of further factors; in the
end, the distinguished artefacts were required to display distinctiveness in terms of the
manufacturing location or chemical composition in several generated diagrams. For clar-
ity and to highlight the potential differences, a group of analyses was dedicated to the
range -1/1 of the x-axis, where more than a half of the analysed brooches were assigned
(Fig. 6). Such a high number indicates an existing strong relationship in both metallurgical
and chronological terms. This particular type of metal was identified in material from
nearly all of the researched burial grounds. The average content of the elements amounted
to: 82.0% for Cu (reference range 77.3-86.4%); 1.1% for Fe (reference range 0.1-2.5%);
13.6% for Zn (reference range 10.0-18.0%); 2.1% for Sn (reference range 0.1-6.1%); 0.3%
for Pb (reference range 0-1%); 0.1% for As (reference range 0-0.5%); 0.1% for Sb (reference
range 0-0.4%). These values are virtually identical with the average references for the
whole analysed data set. Hence, it may be assumed that they reflect the prevailing mode of
manufacturing, indicating a particular type of metal, which could be related to the com-
mon raw materials inflow or the same manufacturing centre. The zinc content amounting
to 13% was the most frequent in Roman metallurgy; according to Craddock (1979, 12), it is
the result of mixing new pure brass with scrap bronze. This somewhat classical alloy was
named type M (middle).

There is no visible correlation between the type M metal and specific types of brooches
(cf. Table 3). However, it should be emphasised that 69% of the analysed brooches type
A.57 and around 50% of type A.60 and A.61 were made of this metal. This alloy also pre-
vails in the analysed artefacts from the burial grounds in Czarnéwko (92% brooches out of
13 samples) and Krupice (86% out of 7 brooches). In Pruszcz Gdanski (site 7), Malbork-
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Fig. 5. The results of statistical analysis for the chemical profiles.
Correlations between factors 1-3 and elements
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Wielbark and Modla, it was found in 70% of the artefacts. In some sites (Wesiory, Drawsko
Pomorskie, Pruszcz Gdanski, site 10, BrzeZce), this metal was found in even up to 100% of
eye brooches; nevertheless, this score is relativised by a low number of the studied arte-
facts from these burial grounds.

The remaining 58 standing out analyses indicate a significantly higher zinc content,
which may testify to the use of non-mixed brass (metal high in zinc — type B), or quite the
opposite, they are characterised by a lower zinc content, which may imply further metal-
lurgical works being conducted, perhaps related to the local manufacturing. This mixed
alloy with lower zinc content was named type A. Detailed inspection of group A allows us
to distinguish several raw material sequences, which show a tin content increasing from
0.6% to 5%, with an average zinc content not exceeding 9.6%. However, generally speak-
ing, the chemical composition is very similar and any attempts of further categorisation do
not provide significant information.

Most of the brooches made from metal A (28 out of 35 analysed) are from Mazovian
sites. In Garwolin, Lajski and Karczewiec, all or nearly all of the investigated brooches
were made from this metal. On the other hand, in Kamienczyk, Nadkole and Modla, it was
found in 63%, 43% and 33% of the brooches respectively. The mixed metal occurred defi-
nitely less often in the Pomeranian sites: in Pruszcz Gdanski, site 7, and Malbork-Wiel-
bark, it was found in only 30% of the artefacts. Considering the typology, the discussed set
comprises only a few examples of types A.57 (Pruszcz Gdanski, site 7, grave 279, CL8507),
A.58 (Garwolin, grave 61, CL;7032) and A.59 (Malbork-Wielbark, grave 2019/59, CL20802
— in this case the low amount of zinc could also be the result of the strong corrosion of this
object); the percentage share of the types A.60 and A.61 amounts to circa 30%. Therefore,
it can be assumed that the chronologically more recent types of eye brooches could have
been manufactured in the local workshops on the basis of earlier stylistic patterns and
made from an available, processed raw material — scrap. However, earlier local production
may be indicated by hybrid brooch A.52/59 from Kamienczyk, grave 16 (CL6850 analysis)
which was also made from such processed raw material.

At least two groups/accumulations of raw material emerge within the brooches with
a high amount of zinc (type B metal), in which the minimal zinc content exceeds 15%. The
most prominent is a two-element CuZn compound and it comprises two brooches from
Nadkole (grave 56, analysis PS87 and a loose artefact PS86/1) as well as one artefact from
Oblin (grave 176a, analysis CL12758) and Przyrownica and all three analysed items from
Weklice and its surrounding. However, a pair of A.57 brooches from Weklice (grave 492),
accompanied by an A.53 brooch, would actually have to be described as a main series of
the eye brooches in regard of their springs made of wire with a round section.

The group CuZnSn, characterised by a higher admixture of tin (reference range 1.14-
4.50%), is undoubtedly bigger. It involves items from Grzybnica (graves 19B, 19C, 29, 50),
Krupice (grave 131A), Karczewiec (grave 48b), Nadkole (graves 26, 30, 114), Oblin (graves
31, 174). Grave 19B in Grzybnica contained two A.59 brooches and one A.58; one of the
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A.59 brooches was made from both type B metal (its bow) and type M metal (its spring),
which means that the proportion of components could vary even within one object. Both
of the brooches were covered by the same barrow as grave 19C with an A.60 brooch; grave
29 contained two brooches A.58 made from different brass and containing an average or
high ratio of zinc, which might have been a secondary composed pair of brooches.

Both groups may be linked to the primary cementation process. In the first group, con-
taminated copper was used, whereas in the second — scrap bronze. It should be noted that
artefacts high in zinc content constitute the smallest group in the whole analysed data set
of eye brooches, amounting to only 19% of all items. In regard to the specific types of eye
brooches, they constitute 23% of type A.57 and 42% of type A.59; their share did not ex-
ceed 20% in the case of the younger types A.60 and A.61.

It is worth mentioning the diversified distribution of the metal found in larger and
more thoroughly researched burial grounds. All discussed metal types were identified only
at the site in Nadkole. There were no items high in zinc (type B metal) found in Kamienczyk,
Modla, Czarnéwko, Malbork-Wielbark and Pruszcz Gdanski, site 7. On the other hand, in
Oblin, Krupice and Grzybnica, both metal types M and B were found. The diversification
in the findings may result from the access to the raw material as well as reflect the chrono-
logical differentiation of sites and the varying frequency of brooch types.

The juxtaposition of the results from the analyses of findings from eastern Barbaricum
with the analyses of eye brooches from Augsburg, the eastern Baltic area and Moravia (see
Riederer 2001, 233-235; 2002, 118-120; Roxburgh and Olli 2019; Zeman 2017a, 305-308,
tab. 1; 2017b, 185) shows symptomatic differences. In Augsburg, there were virtually no
artefacts low in zinc content. The reference range for Zn obtained from 59 artefacts was
11.04% to 30.95%; moreover, there were 12 brooches made of bronze with the admixture
of tin and with the zinc content not exceeding 1%. Finally, one brooch was made of copper
and one of tenerrima, an alloy of CuSnZnPb. Thus, that production was based on unlim-
ited access to high-quality raw material and it was not necessary to use remelted metal
(metal scrap). On the other hand, such recycling can be observed in the case of metal A
findings from the burial grounds in Mazovia. A small group of the Prussian series eye
brooches from Moravia is similar in this regard to the Mazovian findings. They are lower
in zinc content, tin is present in the alloy, and for the first time, there is a significant ad-
mixture of lead (>2%) in one brooch type A.61 from Vesela (it must be noted that this data
set must be viewed with caution due to the fact that the measurements were taken on the
uncleaned surface of the objects and, therefore, contain up to 35% of silicon; the absolute
percent values of the components are not recalculated concerning the metal, but including
all corrosion products as well as the surrounding soil). This may testify to the existence of
local workshops in the area of Mazovia and Moravia. However, there is no basis for the
assumption that a proportionally high share of brooches made from metal types M or B
found in Oblin and Krupice means their local manufacturing and the existence of special-
ised workshops in the area. The artefacts from these cemeteries were probably imported
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from other workshops. Other sites with lone items made from metal types M or B could be
subject to a similar interpretation.

The results of the analyses of the eye brooches from Latvia and Estonia should be treated
with caution too. As the authors of the analyses indicate themselves, the surface analysis is
not a proper method of classification; it might only signal what the prevailing trends were
regarding the selected alloys (Roxburgh and Olli 2019, 218). The results are distorted due to
patina, corrosion, decuprification and dezincification. It should be emphasised that the cor-
rosion phenomena include also surface enrichment/pushing the compounds of tin and lead
to the surface of the manufactured item (Janowski et al. 2019, 389-395). Hence, a direct
comparative analysis of the received results is not possible and the suggested differences
in the selection of gunmetal alloy for the brooches type A.60 and the brass alloy for the
brooches type A.61 found among Estonian artefacts require further verification, especially
considering that different types of metal were identified in both typological groups. Brooches
A.61 (11 specimens in total) were mostly made from a metal designated by the authors as
“brass,” which seems to be similar to the metal type A — an alloy that was probably common
in local workshops located in Barbaricum. There is only one brooch that is related to the M
metal, with no addition of tin or lead. Another brooch was made of an alloy with high content
of tin (18%) and the addition of zinc (3%) and lead (4%), which would indicate a different
tradition or raw material. Such alloys are virtually non-existent in Roman metallurgy.

The similar metal was also noted among of brooches type A.60 (13 analyses in total).
The remaining brooches were mostly manufactured with the quadruple alloy CuZnSnPb,
containing an equal amount of Zn and Sn. Such metal, characterised by no visible ex-
tremes, was typical for some elements of Roman military equipment in the 2°¢ and 3™ centu-
ries AD (Dungworth 1997, 906); hence, it should be linked to the reuse of raw material.
Moreover, the group of type A.60 brooches from Latvia and Estonia include one specimen
each corresponding to the metals types M and A distinguished here. Hence, we can assume
that there are some links, yet there are significantly more differences, which are the result
of geographical distance, slightly later chronological dating, but mostly different methods
of analytical research, influencing the accuracy of measurements.

A stepping stone towards the identification of manufacturing centres in Barbaricum
may undoubtedly be the presence of brooches made from raw material low in zinc with the
simultaneous occurrence of brooches characterised by average and high zinc content. This
was the case in the burial grounds in Malbork-Wielbark, Czarn6wko, Pruszcz Gdanski, site
7, Kamienczyk, Modla, and Nadkole. Surely, this does not provide sufficient evidence that
there was a local workshop near each of these cemeteries. These communities could have
used the services of the same, larger centre. However, one should not exclude the existence
of smaller, local workshops, such as Garwolin or Lajski, in the burial grounds at which
only artefacts low in zinc content (metal A) were identified.

The material (chemical composition) differentiation visible in the analysed materials
from the eastern part of Barbaricum corresponds with the morphological differentiation.
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Even though the typological unification is quite considerable, ‘hybrid’ forms that blend the
properties of several types are not that rare. Hence, the ‘morphological’ arguments might
support the suppositions of dispersed manufacturing in many local centres, performed by
artisans possessing various skills. The inventory of grave 34 from the burial ground in
Kolacz (Dabrowska 2002, 226, 234, 252, tab. 10: 1-4) might be a good example thereof.
Two brooches, only small parts of which were preserved, must be classified as belonging to
the Prussian series. The shape of one of the other brooches is reminiscent of the Prussian
series; and so are the cord and the spring made of wire with rectangular cross-section, as
well as a ladder ornamenton on the frontal part of the bow. However, the middle and the
lower parts of the bow show highly unusual ornamentation with vertical grooves, which
are bounded by horizontal grooves. There were probably two brooches constituting a pair,
made in one workshop (or by one artisan). The second, poorly preserved specimen is also
decorated with vertical grooves, which are bounded by horizontal grooves; however, it has
a more fan-like shape. The horizontal grooves placed between the bow and the foot on both
specimens, can be considered an imitation of a crest. The lack of a crest, as well as the nar-
rowing of the upper part of the bow are characteristic for type A.61 brooches, which are the
latest specimens of the Prussian series. By contrast, the non-decorated and plain foot is
reminiscent of the main series of brooches, especially types A.52 and 53, which were not
characterised by a widened foot as type A.61 and these examples. Both brooches from
Kotlacz should be considered as local products, which could have been inspired not only by
eye brooches but also by the bow ornamentation of crest brooches from the area of the
Bogaczewo culture.

In theory, grave 16 in Kamienczyk (Dabrowska 1997, 14, 139, tab. IX/16: 1-3) seems to
confirm similar experiments. There were three eye brooches. On the basis of the eyes on
the bow, two of them should be determined as type A.52; however, the bow ornamentation
is reminiscent of type A.59. The third brooch blends the properties of types A.53 and few
properties of A.57 (bow ornamentation) as well as A.52 (foot). The blending of types proba-
bly excludes a specialised workshop (e.g., similar to the Augsburg manufacture) and points
towards a smaller, local manufacturer who possessed only general knowledge regarding
the features of this type of brooches. More so, one of these A.52/59 hybrids (analysis CL6850)
was made of processed alloy with low zinc content (type A metal).

Both mentioned inventories (Kotacz and Kamieniczyk) are from the eastern part of Ma-
zovia, which could suggest—along with the chemical analyses—the existence of some local
workshop (or workshops). This particular mix of types and unusual ornamentation could
have been the result of following the local tastes or independent experiments of the crafts-
man (or craftsmen).

Dispersed manufacturing, taking place in various local centres, might also be evidenced
by a brooch from Husynne in Eastern Poland (Hrubieszéw Basin). This loose artefact is
most similar to the types A.62-63; however, the ornamentation of the bow and the foot is
more reminiscent of the brooches from Almgren Group II (so-called spring-cover brooches/
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Rollenkappenfibeln). The manner in which the cord of the spring is fastened is also quite
unusual: with two cord-hooks made of thin metal strips and placed near the outer edges of
the bow, which probably was not the result of a non-professional attachment (Niezabi-
towska 2005, 490-492, fig. 1: 1).

MANUFACTURING RESOURCES

Metallurgical analyses indicate that, in terms of the alloy composition, the artefacts
found in the eastern areas of Barbaricum largely correspond to the Roman categories of
alloys known, for example, from Augsburg. Is also confirmed that in the 1% century, a sig-
nificant part of sestertii was made of fresh brass obtained through the cementation process
(Craddock 1979, 13). Freely mixed (i.e. recycled) alloys were also quite relevant; they were
obtained through melting together various raw materials. It is assumed that Germanic
artisans used mostly Roman vessels and ‘bronze’/aes coins as the main source of the raw
materials in manufacturing (see Voss et al. 1998, 290, 291; Voss 2016, 141-145; also Fagner
et al. 2015, 339). The same conclusions can be drawn from the data set of Moravian metal
vessels (Zeman 2017a, 306, tab. 1). In Germania, there is no evidence from the Roman
period that would confirm independent copper extraction and smelting. In this context, it
is worth mentioning the calculations by E. Droberjar and J. Frana (2004, 457-459) that
use the weight of the artefacts from the burial ground in Dobfichov-Pichora. These indi-
cate that from one Ostland bucket (E.38 — 1.150 kg; E.39 — 1.518 kg), it was possible to
make from 40 to 52 so-called spring-cover brooches (medium weight: 29 g), whereas from
a situla (E.18b from grave II; 1.871 kg) — even up to 65 such brooches. Nevertheless, the
composition of the alloys used for the manufacturing of metal vessels is unclear; the same
is true for the mentioned group of the brooches. However, the question arises of how this
can be related to the situation in the eastern areas of Barbaricum. In this area, bronze ves-
sels occur essentially only in graves such as in Lubieszewo/Liibsow (cf. Schuster 2010),
whose exceptionality and elitism is defined precisely based on the presence of such vessels.
Therefore, local elites surely had access to imported goods. However, a further question
should be posed as to whether the import was a scale large (and stable) enough for the
elites to redistribute a part of these social status markers or to use them as a source of raw
material for the production of significantly less prestigious ornaments. Moreover, east of
the Odra river, aes coins do not occur in any considerable number. Hence, these two ca-
tegories of sources should be excluded at least in relation to the Wielbark and Przeworsk
culture.

For the same reasons, a theoretically sound example of the late Roman hoards from the
Rhine such as in Neupotz should probably be discarded. This deposit (Kiinzl 1993) com-
prising over 10 kg of silver, nearly 200 kg of aes, nearly 1.5 kg of tin as well as almost 220
kg of iron; there is also a deposit of late Roman bronze vessels from the Elbe in the village
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of Grieben (Voss 2016, 141, fig. 1, see earlier literature there). However, no examples of
such deposits are present in the area of the Wielbark and Przeworsk culture in the 1%t and
2nd century AD.

There is also another alternative possibility, namely a type of recycling, which is indi-
cated by the hoard from Eubiana (Maczyniska 2011), containing nearly 14 kg of bronze ar-
tefacts robbed from numerous burial grounds of the Przeworsk and Wielbark culture. The
deposit probably functioned as storage for raw materials designated for further remelting.
It is also dated much later, i.e. to the beginning of the 5% century.

Perhaps vessels and coins were not the only sources of raw material in Barbaricum.
There is a find from the grave 202 at the burial ground in Ttebusice, Czechia (Droberjar
and Frana 2004, 457-459, figs 6, 7), dated to the regional phase B1b on the basis of two
brooches type A.45b and A.19all, which might serve as a hint. A rectangular piece of brass
sheet (4.6 x 2.2 cm; weight: 13.04 g; gauge: 2 mm) was found in the cinerary urn. It was
very high in zinc content (31.3%), meaning it was of very high quality. This sheet, which
had visible signs of cutting on three of its edges, was definitely not a part of a vessel or fit-
ting but rather a supply of material for further manufacturing. Unless it was produced in
the area or generally in Barbaricum, which would be contradicted by the zinc content being
so high, this could be a hint regarding the influx (perhaps export or trade) of raw brass
material (half-products) into Barbaricum that was not limited to ready-made dress acces-
sories, vessels and coins. However, this example comes from a period that is slightly ear-
lier than the one when the discussed eye brooches of the Prussian series were used.

SUMMARY AND CONCLUSION

The issue of whether eye brooches are the product of Germanic or Roman workshops
is being constantly raised in the literature (lately: Steidl 2013, in relation to the earlier
brooches A.45-46). The series of Prussian series eye brooches from Augsburg (Augusta
Vindelicum) plays a particular role here. Their interpretations in terms of manufacturing,
trade and use are widely different. Some presume that the brooches were manufactured by
Provincial Roman artisans to be exported to the ‘amber coast’ (e.g., Voss 2008, 343-345,
fig. 1), similarly to the glass beads that served as the subject of exchange (cf. Euczkiewicz et al.
2021). Others speculate that they were manufactured for export to Germania by Germanic
specialists located in Augsburg (e.g., Maczynska 2011, 27) who were perhaps coming from
the eastern part of the Elbian Circle (Bakker 1993, 106; 2002, 263, 264, fig. 3), though the
latter supposition seems to be discredited by the fact that the Prussian series occurred
mostly in the areas of the Wielbark and Przeworsk culture, which are located much further
to the east.

As shown by M. Pauli’s research, these brooches were certainly manufactured in Augs-
burg and decorated using identical stamps. At least one workshop, or many workshops,
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since the discussed brooches were also found in other places and not only in one centre,
functioned in the artisan district located in the south-western part of the vicus, while the
manufacturing process was perhaps conducted by Germanic artisans. A relatively high
percentage of repaired specimens as well as those showing evidence of having been used
indicates that they were also worn by the local population. However, brooches found in
one basement of a house that was destroyed in 69/70 AD show that late eye brooches of
the main series, as well as early ones of the so-called Prussian series, were only a minority
in the stock of wares at that time.

This case may not be proof of a presumed presence of Germanic traders in Augsburg;
perhaps a minority of the brooches were worn by the presumed local Germanic popula-
tion. They could have been the second or third generation (as indicated by the local occur-
rence of older and younger forms of eye brooches from the main series) of the descendants
of Germanic auxilia stationed in the castellum, which was destroyed during the civil war
in 69/70 AD. However, another possibility cannot be definitively ruled out, that the non-
Roman inhumation graves with horse burials in the south-western part of the necropolis
belong to Thracians rather than Germans in the auxilia (Bakker 2000, 89, 90).

There is also another (though quite similar) interpretation. Admittedly, there is no
epigraphic evidence confirming that the Germanic — or, all the more, ‘East-Germanic’ —
auxilia were stationed in Augsburg, or in the province of Raetia, or on the Danubian Limes
in the 2" century; neither there is evidence of tribal contingents. However, the discovered
fittings of drinking horns, which are not that rare in Raetia, may be connected with the
presence of ‘Germanic’ warriors. Such fittings are also found in grave inventories contain-
ing militaria, for instance, grave 17 in Wehringen with a ring pommel sword, lance point
and conical shield boss (Maier 1985, 54, 55; Nuber 1985, 52, 53; see also Steidl 2013, 162-
165, regarding the so-called Germanic discoveries from the phase B1). In this context, it
also seems important to mention the so-called ring pommel swords from this and another
grave in Wehringen, which are dated in the late 2" century; nevertheless, this type of
swords, though not foreign to the Roman military tradition, may not be linked solely to the
‘Germanic’ people (Miks 2007, 177-187, 758, pl. 47, A775). Perhaps the entire manufactur-
ing of the eye brooches in Augsburg was not meant to partly satisfy the local needs and
partly be distributed into the Barbaricum, including its east ends; instead, they were made
for the ‘Germanic’ auxilia, since at least some of them were found in the area of the de-
stroyed former castellum. The connection with the provincial burials in Wehringen that
took place nearly a hundred years later seems very curious. Moreover, the eye brooches
were never found in graves that could be in any sense connected with ‘Germanic’ auxilia.
It does not appear to be provable that the ‘Germanic’ artisans had been living in Augsburg
due to their kinsmen stationed in the province. However, the mass scale of this production,
far exceeding the needs of auxilia, should be mentioned here as a counter-argument.

In the literature, it is also hypothesised (Roxburgh and Olli 2019, 226) that the brooches
were manufactured for the Germanic soldiers serving in the Roman army, who would take
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them back home after finishing military service. It should be remembered, however, that
the eye brooches of the Prussian series were used by men (e.g., Nadkole, graves 38, 57, 86:
Andrzejowski 1998; Kamienczyk, graves 92, 352: Dabrowska 1997; Oblin, grave 176a:
Czarnecka 2007), but were also commonly found in Barbaricum in female graves (e.g.,
Nadkole, graves 36, 80A, 94: Andrzejowski 1998; Kamienczyk, graves 55, 111, 174, 272:
Dabrowska 1997).

The models of production that emerge from the chemical analyses of the Prussian se-
ries eye brooches from the eastern part of Barbaricum, are highly diversified. More than
half of the artefacts probably came from large centres, as they were made of a chemically
homogeneous Roman raw material. This naturally evokes an analogy with Augsburg; it
may be suspected that such a workshop (or workshops) was located outside of Barbari-
cum, in the Empire (c¢f. similar comments by Roxburgh and Olli 2019, 225-227, on the
basis of the results of the alloys analysis of the typologically late eye brooches of the Prus-
sian series, mostly A.61, found in Latvia and Estonia). However, high-quality raw material
in the form of coins and vessels (and perhaps brooches too) was transported into Barbari-
cum; thus the possibility that there were large manufacturing centres operating also in
Barbaricum cannot be fully excluded (this may also refer to late eye brooches of the Prus-
sian series from Latvia and Estonia: Roxburgh and Olli 2019, 225-227). Nonetheless, this
statement is relativised by a general lack of bronze coins as well as the fact that metal ves-
sels occur in the researched area only in the elite graves from the older Roman Period.
These potentially existing supra-regional workshops would have required the functioning
of a wide network for the distribution by ware-exchange since these chemically homoge-
neous products were found in the burial grounds of both the Wielbark and Przeworsk
cultures. Moreover, the fact that, so far, such a centre in these areas has not been disco-
vered is not a strong argument in favour of this notion, regarding the present low state of
research on the settlements, especially on the Wielbark culture.

The lack of a clear correlation between the typological classification of the analysed
group of brooches and the type of the alloy, as well as the observed wide array of alloying
additives, lead us to the conclusion that a significant number of the brooches was manu-
factured from a raw material that was accessible at the given time through mixing or recy-
cling. Surely, some of the demand was also satisfied by small workshops that manufactured
goods for a narrow circle of local consumers. An excellent example thereof is an increased
presence of brooches made of mixed metal (type A) in the burial grounds of Mazovia. In
Kamienczyk and Modla (8 and 6 analyses respectively), no products with high zinc content
(type B metal) were found; however, in the necropolis of Nadkole, which is the source for
the most analyses from Mazovian burial grounds, both original Roman alloys (type M and
type B) occur in considerable numbers of samples analysed.

A low number of brooches made from the mixed alloy (type A) or a complete absence
of items with high zinc content (type B) in large Pomeranian burial grounds (Pruszcz
Gdanski, site 7, Malbork-Wielbark and, first and foremost, Czarnéwko), where the original
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Roman alloy (type M) prevails, poses the question regarding the possible differences in the
patterns of distribution (and influx) of the brooches between the Przeworsk and the Wiel-
bark culture. The communities of the Wielbark culture, or at least their part living in the
bustling settlement microregions where the analysed cemeteries were located may have
mostly received the products from large, supra-regional manufacturing centres, whose lo-
cation cannot be clearly determined. Hypothetically, these might have been workshops in
the Empire; it is not completely excluded that they could have functioned in Barbaricum,
though they would have needed constant access to large quantities of high-quality raw
material. For the most part, the population from the eastern Mazovian area of the Prze-
worsk culture might have supplied themselves through local workshops, yet the brooches
made of the Roman alloy (type M) were also not rare there. This implies slightly different
networks of (possibly external) relations existing in the two cultures. These hypotheses
are, however, relativised by the partial nature of the resource base at our disposal (cf. Fig.
4 and Tab. 1).

In the light of the conducted chemical composition analyses of the artefacts from Bar-
baricum, it is not possible to unanimously answer the question of whether the eye brooch-
es of the Prussian series were manufactured by Germanic or Roman workshops. However,
a different question should be posed instead: how many of the analysed brooches were
made in large, supra-regional workshops? And where were those workshops located? It
has been proven that some of the workshops were located in Augsburg. However, our con-
siderations should include the regions of Barbaricum which had close contact with the
Empire and, above all, were able to secure a steady influx of Roman resources. On the
other hand, it has also been demonstrated that there were smaller workshops using scrap
metal as the source of their raw material,which could have been located anywhere in the
Barbaricum. As evidenced by the occurrence in Kamienczyk grave 16, these local or re-
gional workshops in Barbaricum started their production along with the production of
younger eye brooches of the main series such as A.52-53 at the latest. Therefore, in further
research, the metal composition of the eye brooches of the main series in both the Empire
and Barbaricum should be comparatively examined in order to investigate the beginning
of this local production more closely. Afterwards, an investigation should be conducted of
the metal composition of the spring-cover brooches simultaneously competing on the
‘market’ with the eye brooches of the Prussian series, in the Wielbark culture especially
A.38 and A.42, as well as the secondary brooches from Almgren group V such as A.110,
A.120 or A.148/150. This could broaden our understanding of the production structures at
that time. Therefore, the analyses presented here can only be viewed as a contribution to
further research.
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