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PRODUCTION OF BRONZE AGE GOLD ORIECTS

The paper presents study of composition and production methods of gold obh-
jects eollection dated 10 Bronze Age. The objects, mosily jewsls, were found in ar-
chaeologic excavations in Bronze Apge settlement near village Mizna Mysla at the
outskirts of Kosice, Eastern Slovakia, Important protohistoric site near Nizna Mysln
wat discovered more than one bundred vears agn in Historie Hungnry, The village is
situatid on elevation called Varhegy near confluence of three rivers: Homad, Torysa,
aiidd (Msava, Sysiematic archasologic research of the site covering 7 ha ig realised
snce 1977,

Ty szparate fortified scttlements were sxcavated at the site. Both wers sl
thenmsents of Comani Culture people dated to | T00-1400 B.C. Besides homes amd
fortifications also graves in spacious cemetery were excavatiod and studied. Total 535
graves wen: excavated, all of them are dated to 1T00-1600 B.C, ie o the Early
Broime Age,

From termaine situation and hundreds of various archasological finds follows
the locality near Mizna Mysla was early civilisation centre of Kosics basin, In Eron-
g, settlement with cumulsted property and power thare were alss craftsmen potivi-
isrs concendrnted,

In Early Bronze Age first boom of non-ferrous metals metallurgy in the Car-
puthians basin was recorded. Specialised craftamen were concendrated in ssitlements
itmted near org deposits and neor trading paths. Early bronze metallurgy develop-
ment wits connectod with Otomani Culture people and reached contemporary Furo-
puean level,

The setilement near Nizna Mysla was one of the most important centres of
Hiromze Age metallurgy in the Carpathisns region, Collections of metallic objects,
spoils, working roquisites are sufficient evidence it was metallurgy thet secured
prusperity and economic independence of settlement's inhabitants. In remnants of
hames, seftlement's Inyers and waste holes both intncr objects and fragments from
coppet, bromee and gold were found together with moulds made of sione or clay, chay
caating cructbles (Fig.1), massive ore crushers made of slone, clay boyeres for con-
neeting of belbows, ete, Characier of finds from the serdement enables o Alppose
that final warking of metals was concentrated ina few lomes and around e,

Mearly all grves contained copper and bronee jewels, instruments and weup-
ong. Gobd jewels were in minority but, when compared with some other parullels
datid sites in the Carpathions basin, their occurrence in Mizna Mysla site was very
high. Collections of gobd jewels wene mainly found in graves of individuals repae-
penting privileged society level. Total information about production of gold jewsls in
tn betilesment is distoried by the fact about one fourth of graves of adulis was plun-
ereal, Giold objects from Nizna Mysla settlement are similar in tvpology with bocal
vopper and bronee ones, which is an evidence on their local production.




Long term archealogic research resulted alsa | a few rarities that are unigue n
Central Europe in comext with metallurgy. Among them are two excavated praves of
adult men belonging to group of crafismen-metallusgists, One of them iz in Fig2
Tagether with skeletons there were [ound sandstone mould, massive stone hammer
fiar ore crushing, clay luyere, and bronze pin with moild o which i1 was cast, Fig.3,
The tther inventory of both graves showed both individuals helonged to rich, privi=
leged Imyer of settlement’s inhahitants,

Compesition of gold jewels

Callection of gold jewels from Nimma Mysia settlement condmned temple rings,
sewn-on roundels, decorative hits placed at the ends of strings, jeswel o Form of spix
ral ond bitle gold wube, All of them belong to treasure of Slovak Mation, many of
them are placed in Slovak Nationad Treasury af Braticlava castle, Collection of geld
jewels from one grave fno, 386 is in Figd, types of temple rings are in Fig.5, gold
mpiral is i Fig 6.

42 phiects from more than one humdred anes were selected for anuiysis of
compasition. Selected objects represented all graves anel Fnedimg umits where gold
jewels were found and ail kinds of gold jewels. Oiwing to character of objects only
m-destructive analysis was sccepled.

All anabysed obsjects had small dimensions enabling o place them in working
chamber of electron microscepe, 1 was the rensen encrzy dispersivir elccron micro-
analysis was used for analysis of ohjecis composition, Analyser Edax warking with
electron microscope Tesla BS 300 was used, Limitation of the methid Lays in fts I
senaitivity pot allowing identification aid analysis of trace elements,

Hesubts of energy dispersive microanalysis are in Table 1. Firsl analyses
showed very high background caused by surbace contaminaticer. The contaminaliod
wis elimingied by fine-grained metallogmphic paper prinding, Three analyses wene
made in different spods 61 every object, the resulis in Table | ane mican values of twa
sirmilar ones.

The results show that all ohjects were made of gold contaiting variahle con-
tent of siiver, Temple ring from grave 184 was different in composition from the
ather objects, it was mode of alloy gold-silver with high sibver contend,

Gewn-on roundels from graves 92 and 123 analyses sherwed also low conlenls
of fron, copper and zine. 1§ is necessary o noe theat analyses of all gold objects oo
tnined close over background very weak lines of those elements but only Tines. e
anulyses of sewn-on roundels from graves 92 amd 123 were quamtitatively measur-
able. In annlysed of the other ehjects the anabyses of iran, copper amd zinc are ex-—
pressid 6 frece Ones,

beihods of gold objects production

Methads of gold objects production were estimated by macrosiructure obser
vation with the help of eleciron microscape. The objects were observed bn secondiry
electron image vnder electron microscopes Tesln ELMI BS340 and BE343. Both
polished ond son-polished surfaces of the objects were ohserved. The structure was
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vhserved ina of flaws enabling to i 3 i i
" nmmnﬁp:;ﬂﬂmﬂmgl i to penetrate into sub-surface layen aving orpi-
Fig.? shw_.vs i arms of emple ring. Tt con be seen from the figure thal sur-
fnee of temple ring wasn cotively smaath, there were many roagh, inperfoctly pol-
|~:hl:u'f pﬂucr:s. State of pelished surface of temple ring is in Fig.8 showing marks of
r-n_llshl_ng h:!r_nnru:nl material, probably local wiffite, Identificstion of natuml material
mll_1 h_lg.h silics condent used for polishing was ennbled by the fact tal in course aff
|-_n|:=]un5 tuffite remained among coarse metallio grains, This non-conduciive muite-
rinl was charged by electron beam and became lumincus, ns ean be seen from Fig.7
.":lthu'Fm structure of material in spoi of flaw is m Fig.9. As can be seen from Ii-he
lgure, there was coarse grained stroctune of as-cast stabe under the surface
_ Only. front surface of the femple crg wis polished, side and rca' L0 TEe
mazined conrse, U_.rl]:iﬂliﬁtrl:ﬂ. Fig 10 shows transition between polished frond surfice
and unpished side one, Here is also depicted conrse grained unpoelished material in
as-cost sinke
From macrostructuie observation follows that m
of little hml,_ afier then fromt susfaces of hars were p;?aﬁmmﬁ:f;:gm
preparation final forn of temple n wits prepared ammering
leating of semifinished pieces xmm.“ et i
Drecaorative bits were made of litie sheets. Final form o
wis |!u|1: _I:u;.-' folding. Decoration bils hndgfl:il-ruumm in form of p;fjfu:ﬂm
Alza in 1I1_t5 case front surface of the sheet was polished by nataral tuffite. Fig. | :II
:-hl':'U-H polished surfsce together with groove. As can be seen from the Figure pol-
isliing was macde on surfave with already. prepared omament grooves. Ohwing to form
ol decoration bits inner unpolished surface wasn't observed by electron microscope.
{Hscrvation in Naw near place of folding showed coarse grained wndeformed strse-
Iun-lund-ur the surface. 1t means gold sheets wene made only by casting, not by ham-
TR,
Very similer conclusions resulied from study of little gold tube simiciune, Also
i this case inner surfnce structune was® obsereed. Crosswise gromees mr:me;de an
il surface, Fig. 12, It can be seen in Fig.12 polishing of the surface wasn't perfiscl.
Girmoves wene made by sharp and hard object, probably hard mineral. This operation
dumaged the surfacs of the tube. After finishing grooves preparation the surface wis
repirlished what was ovidenced by the fact thes polishing marks were found inside
shallaw gromes.
Surfpce of pold spival k= in Fig 13, There i i
I this case whole surface of gold ulE:m-m, ;mprﬁgﬁi$$M$:fct
-d‘u:ll._lt means only place for structure of spiral ehscevations were faws, Ew,-hp:b.
servation is depicied in Fig.14 showing coarse prained as-cast state stractune, From
olservations f-nll-_:w gelden wire was made by casting of molten gold ot the |I:n.;|u|d
.-"-Ilr.jr than the wire was polished 2nd wound to final form of spiral. barks of Emm—
miering weren't found.
Sewn-on reundsls prevailed in collection of i i
piie. Bmooth surface afier polishing was found mﬂﬂﬁiﬂmﬁm T:;:::lum
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[nside of the roundel §s in Fig.15, Tt shows shightly deformed coarse grained structare
suggesting not very irtensive mechanic working of the object. Fig.16 shows surface
of rounsdel in place of anificinlly prepared opening enabling to sewn-on the roundel.
smoot and well formed walls of the opening evidence aboist heating the roundel be-
fore breaking the opening,

From maceastruciure of roundels folbows they were produced in coarse stais
by easting into small moulds. After then opening were mode and final form was pre-
pared by Joss intensive beating on suitable forning plate. During such working, some
fiaws on the surface resubied, Fig 17, To prepare pesfect pound form of ihe rounded
some of them could be cut on sides and folded o inside, Fig. 18,

Mescussion of mesukis

Fnergy disperaive annlyses showed the gold objects were produced from gold-
gibver alloy with gold a3 a major constituent, Many possible sources of gold bearing
pries are in the region of Central Carpathisns but the one in Telkybarya in Hungary
pnly 15 km far from Mizna Mysla setibement is the most probable. Morcover, the ore
comtains also silver as minor component. Mo evidence was found on preparation of
gl in Mizna Mysla settlement. 1t can be assumed the gold was produced on site
pear aovrce From where it was imported.

Very important fact following from analyses results is, that main production
methiod was casting, not hammesing or beating. Even very thin sheets were produced
only by casting. This fact is supported by find of mould for casting of thin sheets
used for production of decoration bits, Fig. 19, As can be seen from the Figure, sheots
were cast in form with decoration grooves. Very finy objects, gold reundols, were
produced also by casting, Only in this case roundels were finished by light beating. It
was dlorse in forming plabe found among finds in the site, Fig.20. As casting of bronze
ghjects 1o nearly final shape was common technigque of crafismen- metallurgists in
the setthenent it is probable the same technique was used also for production of gold
objects.

Coisclusions

The paper describes research of gold jewels production found in Brome Ags
setilement of Otemani culture people in Mizna Mysln. Besalis ane as follows:

s Giold jewels were made of gold-silver alloy with gold as a majoe constituent. It is
probable, the gold bearing ore was mined in Telkybanya in Humgary only 15 km
Ear from Miznn Mysla settlement. Gobd-silver nlloy was imported 1o the settbement.

# Only production method of gold ohjects was casting. Even litthe and thin objects

were cast. This fact was confirmed by finds of sandstone moulds for casting of

wery thin objees.

# Surface of gold jewels was finished by polishing. Local tuffite was used ns pol-
izhing material.

# Only in case of finy sewn-on roundels final shape was made by light beating.
Forming plate for such working was also found at the site.
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Table T

Results of encrgy dispersive electron microanalysis of gabd jewels, wita,

grave 2 moungde] -
grave | 23; rowndel

No. et Ag Au
1 object 186: gold lube 2,72 128
. grave 353: roundel 335 5 RS
3 grave 356: decorative bit 1 1587 B33
4 gruve 386; decoraiive bit 2 15467 #4.33
4 grove 386; decorative bid 3 05,56 4 44
& grove 386; decorative bid 4 12,88 gz
T grave 386; decorative bil 3 DR 24 91,74
B grave 386; roumdel 1 1545 54,35
] grave 386; poundel 2 15,08 54,32
14 grave 386; tample ring 1 £2,54 BT 46
i grave JB6: temple ring 2 1647 8353
Iz aruvie 440 child's temple ring 09,27 an,73
13 prave 404 decorative bit | 04, 1% 95,61
14 grave dik: decorative bt 2 (15, 2 o8k
L5 wrave dikb: decorarive bit 3 07, 6% 9tr.M
b4 grave Ad4: decorative bit 4 05,15 24,83
17 grave 4048: rounde] | 03,73 95,25
] grave d{k: poundel 2 16,73 8325
i grave dM: tempbe misg | 5,28 T2
i grave 404: temple fng 2 14,48 95 52
) grave 92; roundel 10,83 B2.44
23 grave 123 rounde] 14,63 T9.52
I3 grave 33 roundel | 1202 B8
.t} grave 33 rounde] 2 06,79 43,21
15 grave 76: gold spiral 115,60 0440
I grivve 3: temple ring 12,54 B7.A6
7 grave 115 tenple ring 3.0 b, 1nd
18 grave 277 wemple ring 1061 39
9 grove 153 temple ring 1347 a6.53
30 grove 197; temple ring [r7, 8 o
31 grove 184 temple ring 4,17 33,83
iz grave 11: bemple ring e 67 23,33

,72% Fey 234% Cu; 247% Zn
0.82% Fe; 2448 Cu; 2,57% £

KX

Fig. L. Clay crucible for costing of
madten bromes or gold

i3, Clay tovere, sapdsione mould Figd, Collection of pold jewels from
and bronze pin found in gave arve Mo, BHA,
of cruftaman-nmetallurgtss
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Fre 5. Types of godd tonple rings. Fig, &. Gold spiral, grave Mo 78,
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lemple ring, grave mo. 154,
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Fig4. Structure of metal in place of Maw, temple ring, grave na. | 1.

Fig. 10, Transition between polished front surface and unpolished zide of
temple ring, grave no. 184,
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Fig. 14, Coarse-grained siructure in place of flaw on the surfice
ErEve 1. Th.

Fig 12. Crosswise grooves on palished surfoce of gild b, object oo A6 ]
of gold spiral,
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P 1 7. Flwws om polished surface of the Fig 19, hMould for castimg of gold
ronznded, grave no 386, shies,

shuset inside the mou Fig. M. Forming plate for
grave no ] 23 finishing the shape of the rouamsbels,

Fig-16. Surfice of roumdel nround opening, grave no 386,
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