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De—a lungul ultimelor decenii, specialistii din domeniul restaurarii obiectelor de patrimoniu au imbratisat rapid noile
tehnologii care le puteau furniza informatii referitoare la compozitia si structura operei de arta sau a obiectelor de
importanta istorica, etnografica, patrimoniala in genere.

De la software-ul de calculator care ofera imagini 3D ale obiectului, la instrumentele de analiza fizice si chimice, toate cumuleaza
date complete privitoare la compozitia si structura pieselor cercetate.

Fluorescenta de raze X este o tehnologie adesea folosita in studiul materialelor istorice si a operelor de arta, in scopul stabilirii
provenientei si tehnologiei de fabricatie, pentrua face distinctie intre materiale originale si replici, precum si pentru stabilirea tratamentelor
de conservare si restaurare adecvate. In anumite cazuri , singurul mod de a raspunde acestor intrebari interesante si importante, este
tocmai efectuarea analizelor chimice.

O metoda de analiza spectrala semicantitativa poate fi aplicata pentru a examina concentratiile anumitor elemente ale caror
raporturi comparative sunt suficient de distincte pentru a separa probele in functie de sursa materiei prime. Aceste informatii pot
completa cunostintele arheologice si pot ajuta arheologii sa afle mai multe despre rutele antice comerciale, schimburi culturale, si comert.

Lucrarea de fata este o exemplificare a modului in care tehnologia contribuie la solutionarea unei mari provocari in domeniul
conservarii patrimoniului, si anume identificarea corectd a materialelor , cu scopul de a studia, a intelege si a restaura obiectele de

patrimoniu, care au fost deteriorate sau degradate de-a lungul timpului.

Prof. Dr. Gheorghe Niculescu




Foreword

Bcmynne cnoeo

ver the last decades of the last century, the specialists in the restoration of heritage objects quickly embraced the new available
Otechnologies. The latter provided information on the composition and structure of the work of art or the objects with historical,
ethnographic and heritage importance.

From the computer software that provides 3D images of the object to the physical and chemical analysis tools all yield full data
on the composition and structure of the pieces under research.

The X-ray Fluorescence Analysis or XRF is often used in the study of historical materials and works of art. It establishes the origin
and manufacturing technology, the conservation and restoration treatments applied to objects and distinguishes between the original
and replica materials. For example, the origin of various pieces from an archaeological site can be tracked within the range of hundreds of
kilometers. In some cases, the only way to answer these interesting and important questions is by carrying out chemical analyses.

A method of semi-quantitative spectral analysis can be applied when examining the concentration of certain elements whose
comparative reports are different enough to separate the samples according to the source of the raw material. This information can
complement the existing archaeological knowledge and can help archacologists learn more about the ancient trade routes, cultural
exchanges and trade.

This paper is an example of how technology helps solve a great challenge in the field of heritage conservation. Therefore it

identifies correctly the materials under study, understands and restores the heritage material that was damaged and degraded in time.

Prof. Dr. Gheorghe Niculescu
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POTATOM OCTAHHIX JECATIUIITE MUHYIOTO CTOPIMHS CICIIAMICTI B 0OIACTi pecTaBpallii IPeIMETIB KYBTYPHOIL CIATIIMHIA IBHIKO
OBOJIOAIITT HOBHMH TEXHOOTIAMIL, AKI MOUIM HAKATH HGOPMALIIO CTOCOBHO CKJIALY Ta CTPYKTYPH BUTBOPIB MUCTCLTBA 4060
IPEMETIB 3 ICTOPUMHIIM, eTHOTPadIMHIM, TaTPHMOHIATBHIM SHAYCHHAM B3arajil.

TToMIHAYHM Bijl KOMIT FOTEPHOTO TPOTPAMHOLO 3a0¢3MEIeHH, AKE HATAE TPHPOSMIPHI MATIOHKI TPEAMETY, 10 IHCTPYMEHTIB
cbismﬁom Ta XIMIMHOT'O aHa/Ii3Y, BCI BOHT HAKOUMYYOTh HIOBHI JlAHI CTOCOBHO CKJIA/LY T4 CTPYKTYPH LOC/IIKEHUX IIPEUAMETIB.

DIIyopeCIeHTHICTD PEHTTCHIBCBKIX IPOMEHIB € TaCTO BHKOPUCTAHOK TEXHOMOTIEK Y JOCTDKEHHI ICTOPUMHNX apTedaKTiB Ta
BUTBOPIB MIUCTENTBA, 3 METOK BCTAHOBMCHHST TOXO[UKEHH Ta TEXHOMOTII BIPOOHUIITBA, PO3PISHEHHSA OPHUTIHATBHIX MATEPIAIB BijI KOIIT,
a TaKOXK 1A BUZHAYCHHS! KOHCCPBALIMHIIX ‘T pecTaBpaniiniix pobit. Hatpuwiaz, 10xXo1keHHA PisHUX PparmMeHTis 3 apxeoIoriuHmx
TIaM ATOK MOYKHaA BIICTCXKYBATH Y PAJLycl COTCHB KITOMETPIB. Y EAKUX BUTAIKAX €TUHIM CIocoOOM JATH BIIIOBIIL Ha IKABL Ta BaXK/IIBL
MUTAHHA, € AKPA3 IPOBEICHHA XIMITHIX AHATI3IB.

Meros CIIEKTPAJILHOIO aHA/1i3y MOKE 6y’rm 3aCTOCOBAHNIA JI/IA OLIHKM KOHUEH TPALT HIEBHUX ¢IEMEH TIB, BI3HAYCHH A, HACKIIBKA
MOPIBHA/BHI CIIBBIIHOIICHHA € JOCTATHBO YITKUMU 1A BLYIUIEHHA Hp06 B 3aJISKHOCTI Bl IKepema cipoBUHn. [lana iHcl)opMauiﬁ
MOJKE JIOIOBHIOBATH APXCOMIOMIYHI BIIOMOCTI Ta IOMOMATATH apXeoloraM Oiibiiie I3HATHES PO aBHI KOMEPUIMH] IIIAXH, KYABTYPHI Ta
TOPLOBE/IBHI OOMIHIL.

Y CBOEMY HOCIUUKCHHI ABTOP CHPOOYE MPOUTIOCTPYBATI BHECOK TeXHOMOTI Y BIPIMICHHA BeTIMMe3HOTO BUKAMKY y Talysi
KOHCEPBAMIL ICTOPIMHIX ITHHOCTENT, AKi OY/IIT SHUIIECH] a00 MOTIKOKEH] IPOTATOM Hacy.

Hama po6oTa € IPUKIIALOM TOTO, K TEXHOIOT LOIOMATAE BUPILIITH OCHOBHY HPOOIEMY 30epSKEHHA KY/ILIYPHOI CHIAIINHN, TOOTO

IPaBIIBHOL LIeHTHPIKAIIT MaTepIasliB I TOTO, 0O BIBIUTI, 3PO3YMITH I peCTaBPYBaTIH apTedakTIL.

Ipogpecop doxmop leopre Hixynecky




Introducere

Introduction

¢ multe decenii in cercetarea materialului arheologic si a operelor de arta sunt utilizate cele mai performante metode si mijloace de
D analizd a materialelor. Acest lucru este demonstrat prin producerea de instrumente portabile de mici dimensiuni, usor de manipulat,
avand performanta tot mai ridicata.

In prezent exista multe posibilititi de cercetare a compozitiei unui material utilizind tehnologie avansati. Numeroasele aplicatii
practice precum si articolele publicate dovedesc acest lucru. Informatiile astfel obtinute au aplicabilitate in multe domenii si subdomentii
legate de valorificarea stiintifica a patrimoniului cultural material, precum si in conservarea si restaurarea acestuia.

Una dintre metodele de determinare a compozitici unui material solid este florescenta de raze X (XRF abrevierea de la X-Ray
Fluorescence), o tehnicd de analiza nedistructiva, multi-elementald, rapida, ce se realizeaza cu costuri reduse. Avantajul major al acesteia in analiza
obiectelor de patrimoniu este acela ca poate fi aplicata direct pe proba, fara nici o pregatire prealabila si fara sa necesite mediu vidat.

In cadrul proiectului BREAKING THROUGH COOLture, proiect derulat de Muzeul Judetean Satu Mare si Muzeul de Arhitectura si
Civilizatie Populard a Regiunii Transcarpatia din orasul Ujgorod in perioada 2014-2015, (prin Programul de Cooperare Transfrontaliera ENPI
Ungaria-Slovacia-Romania-Ucraina) am folosit un sistem portabil de fluorescenta de raze X, model S1 'Titan Series.

Studiul de fata ilustreaza utilitatea dispozitivului de fluorescenta de raze X, S1 Titan Series in context arheologic, pentru analizarea
depozitului de bronzuri de la Domanesti.

Identificarea compozitiei unui metal este o aplicatie tipica pentru sistemul portabil de analiza XRE Este vorba despre piesele
din bronz descoperite in localitatea Domanesti judetul Satu Mare in urima sapaturilor din anul 1962. Masuratorile XRF efectuate, se
refera la artetacte (acoperite cu patina nobila) conservate si sunt masuratori de suprafata. Prin analizarea materialul selectat, cunostintele

arheologice existente despre acest depozit, sunt completate cu date concrete privind compozitia chimica a pieselor.

SR
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or many decades, the research of archacological material and works of art is made with the most advanced analytical methods and
materials. This is upheld by the small, high-performance portable tools that are now easy to handle.

Today, there are many possibilities for the composition of a material to be researched as many practical applications and
publications prove it. The information thus obtained is applicable in many domains and sub-domains related to the scientific harnessing
of the cultural heritage, its preservation and restoration.

One of the methods used for establishing the composition of a solid material is the XRE a non-destructive

technique of analysis that covers many elements at once; it is fast and low cost. This method has the advantage that when
analyzing the heritage objects it can be applied directly on the sample without any prior preparation or vacuum environment.

Within the BREAKING THROUGH COOLture project that is carried out by the Satu Mare County Museun and the Museum
of Folk Architecture, Art and Lite of Uzhhorod in 2014-2015 (through the ENPI Cross-border Cooperation Programme Hungary-
Slovakia-Romania-Ukraine) we used a portable XRF device, the S1 Titan Series model.

This study illustrates the usefulness of the XRF device, S1 Titan Series in archacology, in analyzing the bronze deposit from
Domdnesti. The identification of a metal composition is a typical application for the XRF system. We refer here to the bronze pieces
discovered at Domanesti, Satu Mare County during the excavations of 1962. 'There have been performed XRF analyses on preserved
artifacts (covered in noble patina) and XRF surface measurements. The analysis of the selected material complemented the existing

archaeological knowledge with data on the chemical composition of the pieces.

EULJUDETEAN
SATU MARE



3a0cTaHHi lecATUPINA y JIOCIDKEHH] apXeoTOTIHOT o MaTepiaay Ta TBOPiB MUCTEITBA BUKOPUCTOBYIOThCA HAMCYYACHIII METOI
Ta crocobu aHamizy Marepiais. [1po ne cBifunTh BUPOOHIITBO NOPTATHBHIIX HPIUIAIB MATUX PO3MIPIB, IPOCTHX Y BUKOPIICTAHHI T 3
Kpalnmn TEXHIYHUMU XAPaAKTEPUCTUKAMIL.

IHa cbOrofHINTHIT IeHb icHYE 6araTo cllocofiB TOCTDKeHH CKTa Iy MaTeplayly, 6araTo IPaK TUYHIX MeTOIB, IO MTTBePIKYEThCA
iy baxosii miteparypi. OTpUMAHY TAKIM THHOM IHGOPMAIIIO 3aCTOCOBYIOT Y 0AraThOX ramy3ax Ta MiAranyssx, AKi OB A3aHi 3 HAYKOBOI
OLIHKOIO KY/ILTYPHOI CHIAAIIMHIY, 4 TAKOYK Y HOI0 KOHCEPBALii Ta pecTapparil.

OpHIM 3 METOJIB BUSHAMCHH CKITATy TBEPLOTO MaTeplayy € (IyopeclieHTHICTD peHTTeHIBebKux npoMeHiB (XRFE ckopoueHHs Bif
arrnincekux Tepminis X-Ray Fluorescence). Ile fecTpyKTuBHMIT, GaraToeMeMeHTHUIL, MBUIKUIL METO/ AHAMISY; KM BUKOPUCTOBYETHCA
3 Ma/IUMIU Cl)iHaHCOBI/IMI/I 3arparami. ()C()6JII/[Ba liepeBara J[aHoro aHaJliS)’ ap'recbaK'riB HOJIATAE B TOMY, IO BIH MOXKE 6y'l'l/l 3aCTOCOBAHUIT
HesocepeiHbO Ha 3paskax, 6e3 KOAHOI HOMepeHbOI HIATOTOBKM T He BUMATd€ BAKYYMHOTO CePeOBMUIILA.

B pamkax npoexty BREAKING THROUGH COOLture, kit BukoHyerbes [lopiToBuM Myseem Cary Mape Ta 3akapmaTchKIM
My3eeM HAPOLHOI apXiTeKTypit Ta 1100y Ty B 2014-2015 pokax, (tepes [Tporpamy Tpanckopgoutoro Cuispoditanmrsa ENPI Yropuuma-
Cropawaiza-Pymynis- YkpaiHa) MU BUKOPHCTOBYBA/IN MEPEHOCHY MYOpeCIieHTHY PeHTICHIBCKY cHcTeMy Mofieni S1 Titan Series.

Jlate JOCTPKEHHS LTIOCTPYE BUKOPIICTAHHSA PEHTIEHIBCBKOTO dyopectentroro npuany, S1 Titan Series B apxeonoril, a1
LPOBEMEHHA AaHA/Ii3Y cr(ap6y €1LIoXn 6p0H3n 3 JlomeHenr o,

BusHaueHHS CKITafy MeTalTy € TUIIOBUM 3aCTOCYBAHHAM UL HOPTATHBHOIL CHCTEMI PeHTTeHO(IYopeclieHTHOro aHaisy. Mosa
Tifie TIPO NpeaMeTH 3 OpOH3H, AKi Oy BUABIeH] B ¢. [JoMereniTs mosity Cary Mape B pe3yabTati apXeomoriqHIX POSKOMOK, OTHHAIOMIH
3 1962 POKY. Hposeuem HOBEPXHEBI BUMIDIOBAHHS peH'rl‘eHocI)JIyopecueH'rHom aHA/l3y CTOCYITbCA KOHCEPBOBAHMX ap'recbal\"ris
(MOKPUTHX OIATOPOJHOK TATHHOW). 3aBIAKM AHAI3Y BITIOPAHOTO MaTepially, iCHYI0U1 apXeOIOIIMHI BLIOMOCTI CTOCOBHO JAHOTO CKapoy,

JOIOBHEH] KOHKPETHIMI JAHIIMIL 1010 XIMIYHOTO CKIAY IPEAMETIB.

Descrierea aparatului

Din punct de vedere constructiv, dispozitivul utilizat in efectuarea
analizelor XRE este format dintr-un tub cu anod de Rh, de 4W si o tensiune de 50kv
la o intensitate a curentului radiogen de 100yA.

Functionarea aparatului

Principiul pe care se bazeaza analiza XRF consti in tranzitia de electroni intre 2
straturi electronice ale atomului. Aceastd tranzitie poate cauza emisia unui foton, a carui
energie este in stransa legatura cu diferenta de energie dintre straturi. Pentru ca fiecare
element are o configuratie proprie a nivelelor de energie, acesta emite un set unic de
radiatii X, de aceea este posibila identificarea lui. Spectrul de fluorescenta se prezinta ca
o insiruire de linii. Energia sau lungimea de unda a liniilor este determinata de diferenta
energetica dintre nivelele de tranzitie implicate si permit identificarea elementului
chimic. Intensitatea liniilor este asociata cu concentratia elementului identificat.

Sistemul de analiza XRE este considerat un instrument indispensabil in
arheometrie, in investigarea patrimoniului cultural material datorita avantajelor pe
care il prezintd, in special faptul ca este 0 analiza nedestructiva si rapida. Trebuie avut in
vedere ca, determinarile cantitative sunt greu de efectuat din cauza limitarilor intrinsece.
Coeficientul de atenuare a materialelor este extrem de mare la energii de cateva zeci de
KeV si deaceea grosimea materialului analizat se reducela cateva zeci de pm sub suprafata
stratului care este analizat. In plus, rata de detectare a razelor X depinde nu numai de
abundenta elementului corespunzator, ci si de prezenta tuturor celorlalte elemente
componente ale mostrei. De aceea, in cele mai multe cazuri de interes practic, se poate
tine cont de sistemul de analiza XRE ca o tehnica analitica calitativa sau semicantitativa.

Pentru a lua aceste efecte in considerare, sistemul trebuie sa fie calibrat. Cu cat
standardul este mai apropiat de elementul de analizat cu atat creste acuratetea masuratorilor.

Dificultatea mare este aceea de a produce standarde cu aceleasi conditii ca si a artefactelor artistice (asperitate, coroziune, omogenitate),
acest lucru explica de ce masuratorile cantitative sunt atat de greu de efectuat. Cu toate acestea, metoda de analizare are foarte mare aplicabilitate
si este utilizata alaturi de alte metode complementare de investigare.

Obiectele arheologice si istorice sunt adesea unice si uneori dificil de transportat, de aceea un sistem portabil cu detector XRF care
permite analiza in situ este ideal pentru aplicatii in domeniul cercetérii si conservarii patrimoniului.

MUZEUL JUDETEAN
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Overview on the S1 Titan Series

The device used in carrying out XRF analysis features a tube with an Rh anode of 4W and operates at a voltage of 50kV and a
radiogenic current of 100pA.

How it works

The analysis of the XRF is based on the following principle: the transition of electrons between two electronic layers in an atom. This
transition may cause the emission of a photon, the energy of which is equal to the energy difference of the layers. Because each element has its own
configuration of energy levels, the photon releases a unique set of X-rays that makes possible its identification. The fluorescence spectrum is like
asequence of lines. The energy or wavelength of the lines is the energy difference of the levels of transition involved that yield the identification of
the chemical element. Lines intensity indicates the concentration of the identified element.

The XRF analysis system is a needful tool in archaeometry when investigating the cultural heritage because of the advantages it presents,
in particular because it provides non-destructive and fast analysis. We should keep in mind that quantitative determinations are dithicult to
perform because of intrinsic limitations. The attenuation coefficient of materials is extremely high when energies of tens of KeV are released and
consequently the thickness of the analyzed material is reduced to a few tens of pm under the surface layer. In addition, the X-ray detection rate
is influenced not only by the plentifulness of the corresponding element but also by all the other components of the sample. Therefore, in most
cases, we can refer to it as to a qualitative or semi-quantitative analytical technique.

These effects are reliable when the system is calibrated. The closer the standard is to the element under analysis, the more accurate the
measurements are.

The key difficulty is to produce standards in the same conditions as the artistic artifacts (roughness, corrosion, homogeneity). This
explains why quantitative measurements are so hard to do. However, the method of analysis is widely applicable and used together with other
complementary methods of investigation.

The archaeological and historical objects are often unique and sometimes difticult to transport, so a portable XRF detector system that
can perform the analyses insitu is ideal for research applications and heritage preservation.

MUZEUL JUDETEAN
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Ormmic nprtazy

3 KOHCTPYKIVMBHOI TOYKM 30py HpWIANL, SKi BUKOPUCTOBYETbCS I SICHEHHS —PEHITCHO(VIYOPECLICHTHOIO —aHaJI3y,
CKIATAETBCS 3 TyOyca 3 PEHTIEHIBCBKMM AHOIOM, MOTYKHicTI0 4 Bar ta mampyroio 50 kB npu cwi pagiorentoro crpymy B 100pA.

DyHKIOHYBaHHA HPUIALY

[pyHip, Ha AKOMY 0a3y€TbCst peHTTeHO(VIYOPeCLICHTHII AHA/TI3 TIO/IATAE Y HACTYITHOMY: [IePeXill e/IeKTPOHIB MK IBOMA €/IeKTPOHHIMI
1apamy atoma. JJaHnit mepexis MoKe BUK/IMKATH eMiciio JOTOHa, eHeprist sIKOro TiCHO MOBfI3aHa 3 pisHMLCI0 eHeprii MbK wmapamit. OCKUIbKN
KOXKHIIIT €TIEMEHT Ma€ BIACHY KOH(ITypariifo piBHIB eHeprii, TO BOHa BUIPOMIHIOEThCS B YHIKATBHOMY HAOOPi PEHTTEHIBCHKIX TIPOMEHIB, BIIacHe
TOMY i € MOK/TBUM iXHE Br3HaueHH:1. CriekTp (])nyopecueﬂui’l' IIPECTAB/IAETLCA Y BUIIAL NOCIIOBHOCTI /liHii. Enepris a00 JOBKMHA XBIJIi JIHIl
BU3HAYAETHCA EHEPreTYHOIO PISHMIIEI0 MUK 3aIiAHMMM PIBHAMM NIEPEXOJly Ta 03BO/IAE BUSHAYEHH XIMIYHOTO €/1eMeHTY. IHTeHCHBHICTD JIiHil
ACOLIOETHCA 3 KOHLEHTPALEIO BU3HAYEHOIO €/IEMEHTY.

PenTreHOyTyOpeCIieHTHIN METON BBKAETHCSA He3aMIHHIIM B ApXeOMeTpil TPy I0CpKeHH] MaTepia/IbHOI Ky/IBTYPH, 3aBAAKI lepeBaram
LIBMIKOTO aHamsy. [T0TpiOHO 3BepHYTH yBary Ha Te, 10 KUIbKICHI BUSHAYCHHS BOKKO 3IiIICHIOBATH Yepes BHYTPilHi oOMexenHs1. Koediuient
oc/mabeHHsA Marepia/liB € y>Ke BE/IMKUM Y JIeKi/IbKa JiecsITKis KeV i Tomy TOBIIMHA aHa/li30BAHOTO MaTepiary 06Me>1<y€rbc;1 JIeKi/TbKOMa JIeCATKaMM
MiKpOMETPIB I1iJi, TOBEPXHEI0 aHA/Ti30BaHOTO 1iapy. OKpiM TOTo, 11Ka/Ia BUSHAYECHHS! PEHTTEHIBCbKIX TTPOMEHIB 3a/1EKUTh HE TiTbKM Bijf KITbKOCTI
BiZITIOBIJJHOTO €/IEMEHTY, & i1 BiJJ IPYCY THOCTI BCIX IHIIVX CK/IAJOBIX 3PasKa. Tomy, y OUIBIIOCT] BUTIAIKIB, MOYKHA BPAXyBaTI JI0T0 B AKOCTI AHA/ITIYIHOL
KI/IbKICHOI 200 Ha HOTIOBUHY Ki/IbKICHOI TEXHIKIA.

st Toro, w06 B3sTH 10 yBary Jani edpektn, crcteMy HOTPIOHO Kambpysari. M Oiiblie HAOMVOKEHIIT CTAHAAPT 10 AHA/IZ0BAHOTO
©IEMEHTY, TUM OUIbLLIC 3pOCTAE TOUHICTD BUMIPIOBAHHSL.

HaitOu1b1ot0 CKIaIHICTIO € HAO/IKeHHs CTAaHAAPTIB /10 BJACTUBOCTEN XyJOKHIX apredaktiB (KOPCTKICTb IOBEpXHi, KOPO3is,
romorenHicTp). I Ty rnosicHioeTbes, YOMY KUIbKICHi BUMIPIOBAHH 3/11/ICHIOIOTHCS TAK BaKKO. Pa3oM 3 THM, METOJ1 aHa/i3y Mag J1y>Ke IMPOKII CIIEKTP
3aCTOCOBYBAHH | BUKOPUCTOBYEThCA PA3OM 3 IHIIMMI HETPAIALITHIMI METOIAMM IOC/TIIKEHHSL.

Apxeo/oriyHi Ta iCTopyHHi IIPEAMETH JOCUTH YaCTO € YHIK/IbHUMM Ta IHKO/IM X CKJ/Ia/JHO TPAHCIIOPTYBaTH, TOMY IIEPEHOCHA CUCTeMa 3
PEHTIeHO(YIYOPECLIeHTHIM JeTEKTOPOM, 5K I03BOJLIE AHA/II3 HA PO3KOIIKAX, € ilea/IbHIM JUL 3aCTOCYBAHHSL Y T/Ty31 JOC/IIKEHHS Ta KOHCEpBALLil
apreakris.

MUZEUL JUDETEAN
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Prezentare generala

Obiectivul acestui studiu este analizarea compozitiei depozitului de obiecte din bronz, descoperite la Doménesti (T. Bader, 1969,
p- 73-82) in anul 1962, depozit compus din 73 de obiecte,
facand parte din colectia Muzeului Judetean Satu Mare, cu
scopul de aaduce informatii suplimentare celor arheologice
existente.

In acceasi localitate, Domanesti, la sfarsitul

Distributia pe tipuri de obiecte

tutuli

secolului XIX a mai fost descoperit un prim depozit 4% topoare

compus din 357 de obiecte din bronz. Depozitul analizat in “ 5%

aceastd lucrare este deci al doilea descoperit la Domaénesti. bratoari pandantiv dil/ta
Din punct de vedere tipologic si cronologic 20% 1% ’

depozitul are o compozitie unitara, datat la sfarsitul epocii nasturi

bronzului, apartinand seriei de bronzuri Uriu-Domanesti, 5%

din Bronz D (T. Bader, 1969, p. 79). Cele mai multe piese butoni

sunt podoabe si piese de harnasament. Pe langa acestea verigi 19

mai exista arme (4 topoare de lupta cu disc si spin) si unelte 7%
(o dalta). Analiza statistica a depozitului, ne permite o
ierarhizare a obiectelor dupa frecventa lor, pe categorii:
bratari, 50% din totalul de obiecte; falere reprezentand
16% ; aplici reprezentand 10%; alte categorii de obiecte
reprezentate sub 10% (verigi, nasturi, topoare, tutuli, o dalta
si un pandantiv).

Fig. 1 Componenta depozitului de la Doménesti, pe tipuri de obiecte/
The ratio of the objects in the deposit of Doméanesti/ Cxian ckap0y 3
JloMeHeIITh 32 TUNIAMU NPeMeTiB

Overview

This study aims to analyze the composition of some bronze objects in order to bring complementary information to the existing
archaeological information. These objects were discovered in Domanesti in 1962, they number 73 items that are part of the collection of
the Satu Mare County Museum. In Domanesti has also been discovered the first deposit of 357 bronze objects in the late 19th century. The
deposit under study here is therefore the second to be discovered in Domanesti.

UZEUL JUDETEAN
SATU MARE

In terms of typology and chronology, the deposit has a unitary composition dated to the Late Bronze Age and belongs to the
series of Uriu-Domanesti bronzes, of the Bronze D period. Most pieces are ornaments and pieces of harness. Among these there are
weapons (4 butted battle axes) and tools (a chisel). The statistical analysis allows for building a hierarchy based on their frequency, on
categories of pieces (bracelets - 50% of the total of objects; phalerae - 16%; appliques - 10%) and categories of objects that amount less than
10% (rings, axes, buttons, a chisel and a pendant).

3arajibHe NpeJCcTaB/IeHHsA

[TpenmMeToM JaHOTO OCTIIKEHHS € TPOBEICHHS aHATTI3y CKapOy eroxu OpoHsi, sikuit OB BrsiBienniTy 1962 poriy c. lomMenenits
(T:Bader, 1969, p.73-82) i ckmaaerbest 3 73 mpeMeTiB, 10 HaeKaTh 10 Konekiiii [ToBitoBoro myseto Caty Mape, 3 MeTOIO0 OTpUMaHHSA
JOTATKOBOL iH(l)opMauﬁ 710 ICHYIOUMX apPXEOIOTIYHNX BiJOMOCTEIL.

Y romy x Hacenenomy myHkTi [fomenemrs nHanpukinni XIX-ro cronirra 6yB 3HAVJJEHUIT TIEPILINT cr<ap6 ernoxmu 6p0H3M, AKUIN
CKTafaBCst 3 357 GpOoH30BUX MpeMeTiB. [Tpoanani3oBaniil y JaHOMY JOCTILKEHHI CKap0 € IPYriM BYSBICHUM Y JJOMEHEIITh.

3 TUIO/IONYHOI Ta XPOHOIOITYHOI TOUKM 30py CKapO ONHOPINHMIT 32 CKIALOM, JATOBAHMIL KiHIIEM er1oXu OPOH3M, HaJIeKaun
110 KynsTypu Ypiy-Jomenenrrs, nepiony 6ponsu D (T.Bader, 1969, p.79). bibiiicTb mpenMeTis 1ie mpukpacu Ta mpeaMeTi ynpsoki. Kpim
TOI'O IPeJCTaB/IeHa 36p0}1 (4 yeKkaHO-MOJIOTH) T 3HAPAIA Npali (monoto). CratucTuaHMil aHaII3 3a KaTeropissMu MpeiMeTiB 103BOJIAE
HAM BY3HAYNTI HACTYITHY i€papxiio: OpacmeTy ckmaaaoTb 50% Bil CYKYITHOCTI IpeMETiB; anapy mpeacTassioTs 16%; ammikariii - 10%;
pelTa npeIMeTiB pefcTasieHi MeHie, Hix 10% (Kinbug, IYJIBUKI, COKUPH, OJIHE I0/IOTO Ta OfIMH KyHOH).

Tipuri de obiecte si analize XRF « Types of objects and XRF analysis
Tunm ipeaMeTiB Ta peHTreHOTyOpecIieHTHUIT aHa i3

Primul tip de bratari

Din totalul pieselor de bronz analizate, bratérile reprezinta 50%. Acestea pot fi clasificate dupa forma in 4 tipuri.
Un prim tip de bratari, de forma ovala, sunt lucrate dintr-o bard, cu capete deschise subtiate spre varf si cu sectiune rotunda.
Unele prezinta ornamente din benzi de linii verticale si oblice. Patina este de culoare verde inchis.
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Ckap6 enoxu 6ponsu y /lomenewims

Britari ovale, lucrate dintr-o bari, cu capete deschise subtiate spre varf si cu sectiune rotunda.
Oval bracelets made of one small metal stick with open and thinned ends and round section
OsaubHi OpacJieTu, BUTOTOBJIeH] 31 3JIMTKIB 3 BIIKPHTHMH, 3BY’KeHUMH KiHISIMHU, KPYLJi y po3pisi

Cu-Zn

*Cu-zn

Fig. 3 Raportul compozitiei de Zn functie de Cu
The ratio of Zn to Cu in composition
ChiBBiTHOIIEeHHS CKJIaAy HUHKY (Zn) Ta miai (Cu)

Cu-Sn

@ Cusn

oo

Fig. 4 Raportul compozitiei de Sn functie de Cu
The ratio of Sn to Cu in composition
CuiBBiTHOIIEHHSI CKJIaAy ceseny (Sn) Ta mixi (Cu)

Ckapb enoxu o6ponsu y /[

In diagrama din fig. 3 se observa o compozitie unitard a acestor bratdri, cantitatea de zinc se situeaza in intervalul 0 - 2,48 % iar cea de cupru
58,03 - 90,52 %, 0 compoxzitie unitara a acestor bratari, in timp ce staniul (fig4) variaza intr-un interval mare de valori cuprinse intre 6,05 % - 33,13 %, cuo
valoare medie de 18,8095 %, exceptie face bratara cu nrinv. 4849 care are 60,42 % Sn.
In tabelul 1. se observa prezenta elementelor minore Fe, Ni, Pb, in concentratii aproximativ apropiate, cu exceptia a doud piese (nr. inv. 6088 si
nr. inv. 6070) care au continut mai ridicat de fier, restul se incadreaza intre urmatoarele valori medii: Fe 2,31 %; Ni 0,48 % si Pb 0,73 %.
The diagram in figure 3 shows that zinc ranges from 0 to 0.4816% and copper ranges from 58.0302 to 90.5198% and that there is a unitary
composition of these bracelets. Figure 4 shows that tin varies in the wide range of 6.048 % - 33.136 %, with an average value of 18.8095 %.
Table 1. lays out the presence of minor elements like Fe, Ni, Pb in similar concentrations, except for two pieces (no. of inv. 6088 and 6070) with
high iron content, unlike the rest that fall between these averages: Fe 2.313 %; Ni0.481 % and Pb 0.731 %.
Y piarpami Ha pyc. 3 MOKHA TIOMITUTH, 100 BMICT UMHKY 3HaXOIUThcA B MexKax 0-0,4816 %, a mini B Mexxax 58,0302-90,5198 %, cxmaj ranmx

OpacrieTis  OTHOPITHNIL,
B TOIl Yac KO/ HA PIC.
4  O/I0OBO  KO/IMBAETHCS
B OUmbmioMy  iHtepsat
TOKA3HVIKIB, SIKUI
MICTUTBCI  MDK 6,048
% - 33,136 % 3 cepesHim
sHaueHHAM Y 18,8095 %.

T a x o X
nokasHuk  Taommg L
CBITYaTb TIPO TPHCYTHICTH
HesHayHoi yacTku e, Ni, Pb,
y TpUOTBHO  OTHAKOBIX
KOHLIEHTpALIAX, 3a
BUHATKOM [IBOX IIPEIMETIB
(irB. No 6088 Ta irB. No 6070),
SKI MarOTb BUILAI BMICT
sajmisa. Perura Brvicyerbcs y
HACTYTIHI CEPEHi SHAYECHHS:
Fe-2313%;Ni-0481%1aPb
-0,731%.

File # [nr.inv.|DenumiiTi% |[V% Cr% |Mn% |Fe% [Co% |Ni% |[Cu% [Zn% |As% |Se% [Ag% |Sn% |Sb% |Au% [Pb% |Bi%
201| 6064 |Bratara 0 0 0 0f 3.351 0f 0.648| 63.58| 0.335 0 0 0f 31.05 0 0[ 0.693 0
200| 6065|Bratara 0 0 0 0[ 1.903 0f 0.312]| 83.88 0 0 0 0f 13.48 0 0[ 0.387 0
199| 6068|Bratara 0 0 0 0 1.406 0f 0.965| 75.57| 0.208 0 0 0f 20.81 0[ 0.263| 0.749| 0.078
197| 6069|Bratara 0 0 0 0f 1.601 0f 0.263] 89.9] 0.134 0 0f 0.163] 7.73 0 0f 0.361 0
196| 6070|Bratara 0 0 0[ 0.107( 4.892 0f 2.008| 58.03| 0.422 0 0f 0.143( 33.14 0[ 0.316( 1.144 0
210| 6071|Bratara | 0.349 0 0 0[ 0.671f 0.037f 0.765| 73.84| 0.201 0 0f 0.175[ 22.67| 0.261 0f 1.238 0
206| 6072|Bratara 0 0 0 0 2.657 0f 0.731] 71.62| 0.191 0 0 0| 23.54 0[ 0.256| 1.09 0
204| 6073|Bratara 0 0 0[ 0.163| 3.322 0f 0.128| 82.81| 0.141 0 0f 0.122] 12.72 0 0[ 0.709 0
203| 6074|Bratara | 0.481 0 0 0[ 2.056| 0.046| 1.14| 71.23| 0.244 0 0 0| 23.26 0 0f 1.615 0
221| 6075|Bratara 0 0 0f 0.101 3.026 0f 0.343| 74.48| 0.199 0 0 0] 20.52| 0.2]| 0.098| 1.06 0
220| 6077|Bratara | 0.24 0] 0.064 0f 3.785 0f 0.157f 79.68| 0.188 0 0 0f 15.49{ 0.155 0[ 0.285 0
219| 6079(Bratara | 1.037 0 0| 0.104| 2.795 0f 0.277| 74.58| 2.482 0 0f 0.056( 18.18 0 o[ 0.59 0
186| 6082 |Bratara 0 0 0 0| 1.474 0 0| 90.52| 0.16| 0.775 0 0| 6.048 0 0[ 0.927| 0.085
226| 6084 |Bratara 0 0 0[ 0.091| 2.123 0f 0.235| 80.49| 0.179 0 0f 0.382| 16.31| 0.247 0[ 0.371 0
211| 6085|Bratara 0 0 0[ 0.098[ 2.915 0 0.23| 85.73| 0.075| 0.227 0 0] 10.09 0 0] 0.632 0
225| 6086 |Bratara 0 0 0 0f 0.172 0| 0.22f 83.29| 0.103] 0.191 0 0f 15.58 0 0[ 0.434 0
224| 6087(Bratara | 0.167 0| 0.071 0] 1.346 0f 0.445[ 75.74| 0.207 0 0 0f 21.13 0[ 0.128[ 0.808 0
223| 6088|Bratara 0 0[ 0.02] 0.08| 3.175 0f 0.123]| 81.89| 0.175 0 0 0| 13.64 0 0[ 0.889 0

Tabel 1. Analiza de compozitia a primului tip de bratiri/ The composition of the first type of bracelets / Anauni3 ckiiaxy
opacJeriB Tumy L.
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‘ | Fig. 6 Bratara nr. inv. 6076 / Bracelet Fig. 7 spectrul XRF/ XRF spectrum / nextp XRF
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Fig. 5 Valorile procentuale ale elementelor minore Fe, Ni, Pb, Sb, Zn Zn / Percentages of 3040.0
minor elements Fe, Ni, Pb, Sb, Zn / IIpouenTtni noka3nuxu Bmicty Fe, Ni, Pb, Sb, Zn oo
Al doilea tip de bratari
Fewen ||| |
760.0 CulKp1] sn a1
Unal doilea tip de brétari este alcatuit din bratari de forma circulard, neornamentate, cu sectiune rotunda, spre capete usor subtiate si suprapuse. | \ s
Bratarﬂe suntacoperite CUOPaUnade culoare verde inchis. - J e s e e ema e e e .uff;"":;lf"‘.z"i.,*”,3;;""::3 See s wwas s s
The second type of bracelets comprises circular bracelets that lack decoration, with round section. Their ends are slightly thinned and —  eTwaw cowsewmn e
overlapped. The bracelets have a dark green patina. Fig. 8 Britari nr. inv. 6094 / Bracelet no. Fig. 9 spectrul XRF / XRF spectrum/ nextp XRF
T I cxmapaerses 3 GpacieTis okpywIoi hopmyt, 663 OPHAMEHTY, y PO3pisi KpyIL, KIHII] 3/erka 3By»KeHi, HAK/IAJIeHi OIVH Ha oHOro. bpacietn R e
‘ - CKIafiae 30p PyD pMIL, P! HIY, Y POSPISL KDY, KIHIIL SEYIREEL, ICHL O[IAH Ha O/IHOIO. DP; :
TIOKPUTI ITATHOKO TEMHO-3ETIEHOr0 KOTIbOPY. as
.
35
3
File # nr.inv. Denumirea | Ti% Mn% Fe% Co% Ni% Cu% Zn% As% Se% Ag% Sn% Sh% Au% Pb% Bi% 25 m bratara 6076
177 6094 |Bratara 0.8943 0 1.7525 0 0.8591] 72.2225 0.4673 0.0472 0 0.3823] 21.2373 1.2342 0| 1.3688 0 2 W bratara 6094
189 6076|Bratara 0 0 3.2844 0 0.5319]| 63.7484 0.407 0 0 1.4357| 31.2528 0| 0| 0.4497 0 15
1
Tabel 2. Analiza de compozitie celui de-al doilea tip de britari / The composition of the second type of bracelets / Anauni3 ckiaxy 6pacieris Tumy I1. 05 .l I I .
0
%Fe %Ni %Pb %Sb %Zn

Fig. 10 Valorile procentuale ale elementelor minore / Chart of minor
/ TpouenTni BMicTY
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Al treilea tip de bratari
Al treilea tip este reprezentat de bratari ovale ingrosate la mijloc, cu sectiune rotunda iar capetele subtiate si deschise.
The third type of bracelets is represented by the oval bracelets, bolded in the middle, with round section, thinned and open ends.
Tum I mpefcTaBeH T OBATbHIMI OPACTIETaMI, TOTOBIIEHNMI ITOCEPENHI, B PO3Pi3i KPYII, KiHITi 3By>KeHi Ta BiKPHTI

File # nr.inv. Denumirea | Ti% Mn% Fe% Co% Ni% Cu% n% As% Se% Ag% Sn% Sb% Au% Pb% Bi%
180 6062 Bratara 0 of 1.3662 0| 04979 82.1521] 0.1733 0 0 0| 14.3274 0 of 1.4239] 0.0284 Fig. 16 Bratara nr. inv. 6080 / Bracelet Fi
P > Ml ig. 17 spectrul XRF/ XRF spectrum/ cnektp XRF
181 6092 Bratara 0 of 7.1368 0| 04904 73.929] 0.2255 0 0 0| 16.6611( 0.4474] 0.4375| 0.7401 0 no. 6080/ Bpacuer ins. Ne 6080
182 6080|Bratara 0 of 2.8954 0| 0.0735| 83.0539 0 0 0 0.108|  13.637 0 of 03222 0
183 6063 Bratara of 01419 4.4093] 0.0292 0.191) 78.1959| 0.1238]  0.2358 0 0| 6.1548 0 of 0.9182 0 TSRS

Tabelul 3. Analiza de compozitie celui de-al treilea tip de britari/ The composition analysis of the third type
of bracelets / Anaui3s ckiaxy opacieris Tamy 11T

® bratara 6089

% o

® bratara 6083

! e 6 Fig. 18 Britara nr. inv. 6063 / Bracelet Fig. 19 spectrul XRF/ XRF spectrum/ cnekrp

W bratara 6091
05 I I . no. 6063/ Bpaciier inB. Ne 6063

T e e Al patrulea tip de bratari

Fig. 11 Valorile procentuale ale elementelor

/F[l;g,:alci ll:trillf)argl()lﬁllz'./l]l;l;.a i?](;i Fig. 13 spectrul XRF/ XRF spectrum/ ciektp XRF e e T R e, e ——
inB. Ne 6062 L g Al patrulea tip de bratari sunt circulare, lucrate dintr-o bara cu sectiune rotunda. Capetele sunt subtiate si apropiate. Doua dintre

. aceste bratari sunt ornamentate. Bratarile sunt acoperite cu patina nobila de culoare verde inchis.

The fourth type of bracelets comprises circular bracelets, made of a metal stick with round section. The ends are thinned and
close to each other. Two of these bracelets have decorations. The bracelets are covered with noble dark green patina.

Tun IV. Kpyri 6paciietis, BUTOTOB/IeH] 3 KpyIIOro B pospisi npoty. Kini sBy)xeni Maybke 10Ti4Hi. [[Ba 3 Tak1X Opac/ieTiB IpUKparieHi
OpHaMeHTOM. bpac/ieTyt okpTi 671aropoiHOI0 IATHHOKO TEMHO-3€/IEHOTO KOMIbOPY.

) File # nr.inv. | Denumirea Ti% Mn% Fe% Co% Ni% Cu% n% As% Se% Ag% Sn% Sb% Au% Pb% Bi%
Fig. 14 Bratara nr. inv. 6092 Fig. 15 spectrul XRF/ XRF spectrum/ ciekrp 171 6089 | Bratarm 0 0 1.3955 | 0.0225 | 0.4404 | 76.3167 | 0.1925 0 0 0.068 | 20.8345 | 0.293 0 0.4905 0
/ Bracelet no. 6092/ Bpacier 172 6083 | Bratera 0 01104 | 23375 0 0322_| 767003 | 0.1413 0 0 00454 | 19.9798 | 0 0 0.4547 0
imB. Ne 6092 XRF 173 6093 | Bratera 0 0 1.7904 | 00146 | 02357 | 809952 | 01922 | 0.7201 0 01304 | 154298 | 0 0 0.6219 0
174 6091 | Bratera 0 0.7581 0 0.1981 | 84.9467 | 0.1844 0 0 115208 0 0 2.0871 | 0.0099

Tabelul 4. Analiza de compozitie a celui de-al patrulea tip de britéri/ The composition of the fourth type of bracelets / Anaui3 ckiiajmy ycix 4oTMpbOX THITIB OpacJieTiB
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Fig. 23 Bratara nr. inv. 6083/ Bracelet .
Fig. 24 spectrul XRF/ XRF spectrum/ cnextp XRF

%Fe %Ni %Pb %Zn n06089/ Bpacier inB. Ne 6089

Fig. 20 Valorile procentuale ale elementelor minore/ Chart of minor elements/
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no6093/ bpacaer inB. Ne 6093

Fig. 26 spectrul XRF/ XRF spectrum/ cnextp XRF

Fig. 21 Bratara nr. inv. 6089/ Bracelet Fig. 22 spectrul XRF/ XRF spectrum/ cnextp XRF
no6089/ bpac.er inB. Ne 6089
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Fig. 27 Britara nr. inv. 6091 / Bracelet

106091 / Bpacaer ins. No 6091 Fig. 28 spectrul XRF / XRF spectrum / cnexktp XRF

Topoarele de lupta cu disc si spin

Topoarele de lupta cu disc si spin, din bronz sunt acoperite cu patina de culoare verde inchis. Numérul mare de topoare de acest
tip, descoperite in Transilvania, in regiuni bogate in zacaminte de cupru, denota faptul ci acestea sunt produse locale. Dupa o statistica a
lui Mircea Rusu, acest tip de topoare au fost gasite in 130 de localitati dintre care 80 in Transilvania, iar dintre acestea mai mult de doua
treimi in bazinul Somesului si cursul superior al Tisei. Zacamintele din zona Baii Mari, valvele gasite la Domaénesti si la Ciumesti, turtele
de bronz de la Prilog (T. Bader, 1969, p. 78) sunt argumente in sprijinul acestei afirmatii.

The butted battle axes are made of bronze and covered with dark green patina. Their presence in a large number in the regions
of Transylvania that are rich in copper deposits shows that they are local products. According to Mircea Rusu's statistics, this type of axes
has been found in 130 localities of which 80 are in Transylvania and more than two thirds are in the basin of the Somes River and in the
upper course of the Tisza River. The ores from around Baia Mare, the moulds that have been found both in Domanesti and Ciumesti, the
bronze ingots from Prilog (T. Bader, 1969, p. 78) are proofs to this assertion.

YekaHO-MONIOTH 3 OPOH3M, HMOKPUTI IATHHOK TEMHO-3€IeHOr0 Koabopy. KimbkicTb manoro Tumy 30poi, BusBleHA y
TpaHcinbBanii, y perionax, OaraTux Ha IMOKIAAM Mifji, BKa3y€ Ha Te, 10 BOHM € MiCLEBUMU Bmp06aM1/1. 3a CTaTUCTUKOI, AKY CK/IaB
Mipust Pycy, ganuit T yekaHo-Mo/oTiB OyB sHarennit y 130 HaceseHnx nyHkTax, 3 akux 80 y Tpancinbsanii, a Oiiblie 1BOX TPeTHH
- y Gacertni piku Comenr Ta Bepxuboi teuii Trcu. Pogosuina y 3oui M. bas Mape, ¢pparmenty, 3Haijeni y Jomenemts ta UymenTs,
6ponsosi wrocki gyickn 3 [pinor (T. Bader, 1969, p. 78) € aprymenTamy Ha HiITPUMKY JAHOTO TBEPIKCHHSL.
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Fig. 36 spectrul XRF/ XRF spectrum/ cniektp XRF

Ckap6 enoxu bponsu y /lomeneuimo

nr.inv. Ti% V% Cr% Mn% Fe% Co% Ni% Cu% Zn% As% Se% Ag%
6117/a 4.7465 1.386 0.1401 0.0661 2.8196 0| 0.0616 30.8766 0.4372 0 0.0317 0|
6117/b 0.654 1.236 0.0521 0.1591 3.9653 0| 0.0213 28.1258 0.2547 0 0.0896 0|
6118/a 0.6671 0.2067 0.0671 0.0427 14.1105 0.0978) 0.8494 81.5399 0.4749 0 0 0|
6118/b 1.1551 0.3162 0 0 18.041 0.0766 0.3152 75.9048 0.5242 0 0 0|
6119/a 0 0| 0.0524 0.088| 0.288 0.0215 0.2481 82.6777 0.1314 0.4823 0 0|
6119/b 0 0| 0 0.0922 0.3168 0| 0.0972 82.3751 0.4328] 0.4239 0 0|
6120/a 1.8482 0.4423 0 0 6.8332 0| 0.1545 71.072 0.384 0 0 0|
6120/b 0.0454 OA5698| 0 0 2.8569 0 0.2548 74.1258 0.0893 0 0 0|

Tabelul 5. Compozitia celor 4 topoare, analize efectuate in cite doua puncte (a, b) The composition of the four axes; the analysis has been made on samples
taken from two parts of each object /Anaui3 ckiany 4-x 4eKaH0-M0JIOTIB, 31ilicHeHnii 3a JBOMa TouKkamHu (a,b)

In tabelul 5. sunt prezentate rezultatele analizelor de compozitie ale celor 4 topoare. Am efectuat analize in puncte diferite ale
aceluiasi obiect, pentru a putea observa variatiile compozitiei datorate neomogenitatii in aliaj, insd rezultatele analizelor nu evidentiaza
diferente majore. Mai trebuie mentionat faptul ca analizele sunt semicantitative, iar compozitia la suprafata artefactului de cele mai multe
ori difera de compoztia miezului metalic datorita prezentei patinei.

Analizand compozitia acestor 4 topoare, se constatd o structurd mai putin unitara decat in cazul bratarilor. Piesa cu nr. inv. 6117
are in compozitie ca element majoritar plumbul, in procent de 51,55 % si doar 30,87 % cupru , probabil a fost initial turnata gresit, (pe
marginea corpului si pe manson se observa ciotul de turnare) apoi piesa a fost retopita cand s-a adaugat plumbul pentru imbunatatirea
fluiditatii aliajului de turnare.

Toporul cunr. inv. 6118 contine o cantitate foarte mare de fier iar staniul este in proportie foarte mica. Prezenta procentului mare
de Fe (14,11-18,04 %) din piesa 6118, poate fi accidentala, sau se poate datora introducerii deliberate a agentilor de formare a zgurilor
metalice (Craddock, Meeks 1987, p.188), o tehnica de producere a aramei mult mai avansate.

Table 5. lays out the composition resulted from the analyses of the 4 axes. The analysis has been carried out on samples taken
from two parts of the same object in order to see the variations in composition. The results of the analysis are mainly qualitative or semi-
quantitative due to the presence of the patina that influences the composition on the surface of the artifact as it is different from the metal
core most of the time.

Looking at the composition of these axes we observed a less unitary structure than the one in the bracelets. The piece no. 6117 hasin its
composition 51.55 % lead and 30.87 % copper as we assume the object was originally cast in the wrong way (the edge of the body and the sleeve
have traces from the stump casting). The object was then re-melted and lead was added to improve the fluidity of the casting alloy.

The ax no. 6118 has in its composition: copper alloyed with iron and tin in a small amount. This high percentage of iron (14.11
- 18.04 %) may be random, probably due to the contact with other pieces or soil components.
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Y Tabmuwi 5. HpeJICTaB/IeHi pe3y/IbTaTH IPOBEJECHNX aHa/li3iB CKIajy 4-X YeKaHO-MOJIOTiB. AHajlisu 6ym/1 3[IIJICHEH] y IBOX Pi3HIX
TOUKAX Yepe3 HeOTHOPIHICTD CIUTABY. Pe3y/ibraTi aHa Ti3iB €, B OCHOBHOMY, SIKICHUMI 400 MAKCHMYM HATTIBKITbKICHIMY 3aBIAKI PUCY THOCTI Tutuh = plese de harnasament
LATVIHY, Yepe3 K HOBepXHs apTeakTy y OUIbIIOCT] BULIAIKIB BiIPI3HAETBCS Bifl CKIa/ly METa/IIYHOI CePeIyHIL

AHAT3YIOUN CK/Taj] YeKaHO-MOTOTIB, MOSKEMO KOHCTATYBATI MEHIII OHOPITHY CTPYKTYPY, HUK Y BUITAAKY Opacretis. [Tpemmer 3 iHB.
Ne6117 Mae y citajii, B AKOCTI IIepeBaKalouoro efieMeHTy, 51,55 % ceumiiio ta e 30,87 % Mini. Mos/Bo npennmeT 6YB IIOMIIKOBO BIIUTHM

(110 Kpasix Ti/Ia Ta Ha pyKasi MOYKHA OMITUTH BiIpOCTOK Biji INTT:), HOTIM 3aHOBO CIVIAB/ICHUIT, KO/ JIOIABABCS CBUHELLb JIs1 [IOKPAILCHHs e
TEKYYOCTI CIUIABY IIPY JIUTTI.

83200

Y BumajiKy yeKaHo-mMonotra 3 iHB. Ne 6118 y cruiaBi 3 Mijjj1io IIPUCY THE 3a/1i30, OI0BO HasABHE Y lysKe Masiiit mpontopuii. [TpucythicTb
Be/ikoro npouenty Fe (14,11-18,04 %) y mpenmeri ins. Ne 6118, moxxe Oyt umnagkosum (Craddock, Meeks 1987, p.188), mosx/mBo uepes
KOHTAKT 3 IHIIMMI TIpeiMeTaMu a00 CK/Ia[IOBIMI YaCTHHAMMU IPYHTY.
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Fig. 40 Tutul nr. inv. 6099/ Tutul no. 6099/ Bopsopka Fig. 41 spectrul XRF/ XRF spectrum/ cnextp XRF
inB. Ne 6099

File # nr.inv. Denumirea Ti% Mn% Fe% Co% Ni% Cu% Zn% As% Se% Ag% Sn%
156 6128 Buton 0 0.0577 2.1061 0 0.488 71.6896 | 0.1463 0 0 0 23.7809

Tabelul 6. Compozitia opritorului-buton/ Composition of the button stop/ Ckiag nerii-oomesxyBaua
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Fig. 34 spectrul XRF/ XRF spectrum/ cnektp XRF
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File # nr.inv. | Denumirea % Ti %V % Cr % Mn % Fe % Co % Ni % Cu % Zn % As % Se % Sn % Sh % Au % Pb % Bi
e 137 6096 Tutul 0 0 0 0 1.6813 0 0.7191 | 52.1941 | 0.2432 0 0 43.2732 | 05507 | 0.3027 | 1.1322 | 0.0728
138 6099 Tutul 0 0.093 0 0 1.4474 0 0.8174 | 79.2046 | 0.0965 | 0.0039 0 16.5563 | 0.806 | 0.225 | 0.8074 0

139 6097 Tutul 0 0 0 0 0.646 0 0.4425 | 72.9782 | 0.2729 | 0.0016 0 217717 | 0.4836 | 0.1208 | 3.1054 | 0.2413
Tabelul 7. Analiza de compozitie a tutulilor/ / The composition analysis of the tutuli/ . Anaui3 ckjanxy BopBopok

6540.0

5450.0

4360.0

Aplici in forma de opturi

1090.0

o e | Aplici in forma de opturi, cu una din fete bombata iar cealalta plata. Compozitia lor este omogena, fac parte din acelasi atelier, posibil

464.4 5418 6192  696.6 7740  85L4 9208 10062 1083.6 11610 1238.4 13158 1393.2 1470.6 15
¥ 0134 2

chiar din aceeasi sarja de turnare.

[eV/Channel = 20.0000 _Counts/Sec = 15194.36 _ RawCounts = 546063 |

0.0

c 1548 2322
KeV:0.000 1.548  3.096 4644

Fig.44 Tutul nr. inv. 6097/ Tz't):;l no. 6097/ Bopsopka ins. Fig, 45 spectrul XRF/ XRF spectrum/ criexrp XRE . . . . e .
Ne 6097 The eight-shaped appliques have one flat side and the other convex. Their composition is homogeneous as they were made in the same

workshop and possibly in the same batch of castings.

30 In Fig, 46 observam ca cele 3 piese Arprixawii . - 6 L ~ . C . _ -
o o TTKALil y BUrsii imdpu BiciM, 3 0HOT0 60Ky OITYK/I0], a iHIoro — mrockoi popmn. CKta iXHil OTHOPIIHMNI, HATIEKATh 10 OfHI€T
75 au o compozitie asemanatoare, . . . L. - i . . . i
. . ) MarICTepHi, MOK/IIBO 3 0HOTO X BimBKYy. Tabelul 8. Analiza de compozitie a aplicilor / Composition of appliques/ Ananis ckragy arrikaniit
e elementele minore Fe, Ni, Zn, Sb,
60 Au, Pb au valori apropiate.
55 Fig. 46 shows that the three parts
50 have similar composition and
45 . . .
% 40 W Tutul 6069 minor elements like Fe, Ni, Zn, Sb, File # nr.inv. | Denumirea Ti% Mn% Fe% Co% Ni% Cu% n% As% Se% Ag% Sn% Sb% Au% Pb% Bi%
(J
161 6101 Aplici 0 0 2 0 0.5566 74.1894 0.1229 0 0 0 18.0173 0.3178 0.1301 4.7311 0

35 W Tutul 6099 Au, Pb have close Valu'es. 163 6102 aplici 0.198 0 2.7064 0 0.3964 | 76.9854 | 0.2657 0 0 0 15.6224 | 0.2892 0 35141 0
30 Tutul 6097 A cBiguanTb pyc. 46, 11i 3npeameT 164 6103 Aplici 0 0.0688 | 2.8012 0 03151 | 79.3462 | 0.1191 0 0 0.0559 | 14.9831 0 0 2.2846 0
25 s 3 . 166 6105 Aplici 8.1466 0 8.1189 0 0.1739 60.4698 0.048 0.0146 0 0 15.9967 0.3056 0 2.947 0
20 HO'H16H1 Ja CKHa'HOM) HESHATHL 167 6106 Aplici 3.2486 0.0517 3.4566 0 0.441 70.8918 0.4081 0.0125 0 0 16.5329 0.2529 0 3.6444 0
15 enementn Fe, Ni, Zn, Sb, Au, Pb 168 6107 | Al 0 0 1.7793 0 0.6433 | 71.1424 | 0.1241 0 0 0 | 198783 | 02814 | 01491 | 6.0651 0
10 6 . 169 6108 Aplici 0 0.0584 1.578 0 0.2384 83.1433 0.0767 0 0 0.0698 12.4552 0 0 2.4354 0.0067

5 MalOTb HAU/IVDKEH] SHAYCHH . 170 6109 Aplici 0 0 2.7069 0 0.5202 74.5669 0.1038 0 0 0 17.4791 0.2662 0.1185 4.2963 0

0 - - - - Tabelul 8. Analiza de compozitie a aplicilor / Composition of appliques/ Anai3 ckiaany anutikaniit

%TI%V%Cr % % % %Ni % % % % % % % % %Bi
Mn Fe Co Cu Zn As Se Sn Sb Au Pb

Fig. 46 Reprezentarea grafica a compozitiei celor 3 Tutuli / Graphic representation of composition
of the three Tutuli/ I'padiune 300paskenns ckiaay 3-x BOpBOPOK
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Fig. 48 spectrul XRF / XRF spectrum / cnektp XRF
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Fig. 51 Aplica nr. inv. 6102/ Applique no. 6102/
Antikauis inB. Ne 6102

=20.0000  Counts/Sec = 11808.47  RawCounts = 422755

Fig. 52 spectrul XRF/ XRF spectrum/ cnektp XRF
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Fig. 53 Aplica nr. inv. 6105 / Applique no. 6105 /
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Fig. 54 spectrul XRF / XRF spectrum/ cnekrp XRF
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Fig. 55 Aplici nr. inv. 6108/ Applique no. 6108/
Anrikanis inB. Ne 6108

Fig. 56 spectrul XRF/ XRF spectrum/ cnektp XRF
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Fig. 57 Aplica nr. inv. 6103/ Applique no. 6103/
Anurikanis inB. Ne 6103

Fig. 58 spectrul XRF/ XRF spectrum/ cniektp XRF
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Fig. 59 Aplica nr. inv. 6106/ Applique no. 6106/
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Fig. 60 spectrul XRF/ XRF spectrum/ cnexkrp XRF
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Fig. 61 Aplica nr. inv. 619/ Applique no. 6109/
Anutikanist inB. Ne 6109
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Fig. 62 spectrul XRF/ XRF spectrum/ cnextp XRF
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Falerele
Anlici
10 nF LLAS] |
9 Falerele, sunt cele mai frecvente piese de harnasament fiind folosite la impodobirea fruntalului ori a curelelor laterale ale
3 m aplica 6101 capetelei, uneori insa sunt prinse si pe pieptar, sau chiar la incrucisarea curelelor (T. Bader 1969, p. 79). Patina este de culoare verde inchis.
; m aplica 6102 The phalerae are the most common pieces of harness and are used to decorating the browband or the side straps of the the part of
. u aplica 6103 the bridle that goes over the horses head (T. Bader 1969, p. 79). They are sometimes attached to the collar or even at the crossing of straps.
) = aplica 6105 The patina is dark green.
aplica 6106 Dajrapi € HATIACTIIIMI €TeMEHTAMM YIPSDKL. BOHN BUKOPHMCTOBYIOTBCS /IS TPUKPAIIECHHS TTePeIHiX 400 GOKOBUX peMeHiB
4 lica 6107 BY3JICUKH, a/I¢ IHKO/II BOHM HPUKPIIUIeH] i Ha IPyIHUX peMeHsIX, a00 HaBiTh Ha Micix nepexpemenns pemenis (T. Bader 1969, p. 79).
M aplica 1
3 P BKpiTi IaTHHOIO TEMHO-3€/IEHOTO KOTLOPY.
2 aplica 6108
1 aplica 6109
0
%Fe %Ni %Zn %Sb %Pb

Fig. 64 Graficul compozitiei aplicilor. Elementele minore %Fe, %Ni,% Zn,%Sb, %Pb
Chart of appliques composition. Minor elements: %Fe, %Ni,% Zn,%Sb, %Pb
I'padix ckaany anutikauiii. He3nauni enementn %Fe, %Ni,% Zn,%Sb, %Pb

=
Fig. 67 Falere nr. inv. 6098 Fig. 68 Falere nr. inv. 6100 Fig. 69 Falere nr. inv. 6109
| File#  [nrinv.  [penumirea |Ti% Mn% _ [Fe% Co% Ni% Cu% % As% Se% Ag% sn% sb¥% Au% Pb% Bi%
B 130 6098|Falere mari | 0.0917| 0.0304] 1.5819] 0.0119 063 79.9063] 0.1337 o] 00098] 0.0512] 16.1084] 0.2966] 0.0358] 1.9662] 0.0308
131 6100|Falere mari | 0.4659]  0.0428] 5.3769] 0.0195] 03038 79.8004] 0.2426 o] 00208] 00998 126139 0.0979] 0053 0.2398] 0.0464
S “ 132 6109|Falere mijocil o] 00204] 1.3756] 0.0096] 0.2072] 85.9636] 0.0989 0 0 o 11.9913 0 o] 1.0349] 0.0043
ﬁ‘ \ /f‘ 133 6119 Falere mijocil o] 00282] 09492] 00091] o0.2621] 86.3625] 0.1567| 0.0951 0 o[ 11.9074 0 o] 0925 0.0042
i ‘ w] 134 6121[Falere mijoci] _ 0.2889]  0.0777] _3.4908] 0.0139] 0579 78.0897] 0.2697 o] 00103 00607] 167115] 02542 0.1076] 0.8735] 0.0285
I \ }\ H——= 135 6112|Falere mijoci] _ 0.2766] _ 0.1447] _4.6245] 0.0181]  0.217] 72.6913] 0.0961 o] 0.008 o 21.6968] 02638] 0.0311] 0.7829] 0.0245
N e VL LJ N A, S W A 1| 136 6111(Falere mijoci] _ 0.5217|  0.0367]  2.4451] 0.0492] 0.7362| 64.6949] 0.3035 o] 00107] 01431 29.4971[ 04783 0.1371] 1.7115] 0.1001
Saes. iBA W oWE o ooh ke, o, N9, M3, WAL M b mmoin it e utmn oy im2 niex 140 6130|Falere mari ci 0 0| 04788 0| 03473| 81.5128| 0.0645| 0.4657 0 0| 12.8283 0 0 4298 0
e 141 6131 |Falere mari ci 0 o] 05645] 0.0334] 03872] 81.5411] 0.0943[ 0.4534 0 o 12.4592 0 o] 4.4492[ 0.0177
Fig. 65 Dalti nr. inv. 6129 Chisel no. 6129/ Jlo;1010 inB. Ne 6129 Fig. 66 spectrul XRF/ XRF spectrum cnektp XRF 142 6132]Falere mari i 0 o] 0.7915 o] 03149] 833292 0.0634] 0.2965 0 o] 113162 0 o] 3.8729] 0.0087
143 6133 |Falere mari ci 0 o] 06173 o] 03333 842111 00732 0 0 o[ 10.6965 0 o] 4.0406] 0.0115
144 6134|Falere maric| __0.4762 o] 19794 o] 06312] 451599 0.2076 0 o 01035 388934 0.572] 0.3914] 11.6398] 0.1097

Tabelul 10. Analiza de compozitie a falerelor/ Composition of phalerae / Anai3 ckiaany danap
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Falere nr.inv Nasturi

m 6098
14
m 6100 12 i
12 ¢ Nasturi
m 6109 10 [
10 ¥ B —
| 61 19 8 M nr.inv. 6115
L < 6 — nr.inv. 6113
o\o 8 f . 6121 W nr.nv. 6114
4 W nr.inv. 6116
2
m6l11
4 0
. 6130 %Fe %Ni %Zn %Sh %Pb
2 Fig. 72 Graficul reprezinti concentratia de elemente minore din compozitia nasturilor / Chart of
613 1 buttons composition / He3naunmii BmicT
0 Elementele minore %Fe, %Ni,% Zn,%Sb, %Pb sunt prezente in toate
Fe% Ni% 7n% Sb% PbY% m 6132 piesele in proportii uniforme, exceptand piesa cu nr. inv. 6114 care are un
continut mai mare de Pb (11.5899%), adaugat in aliaj pentru imbunatatirea
m 6133 proprietatilor acestuia. In piesa cu nr.inv. 6115 plumbul provine doar din
minereu, in timp ce in restul pieselor plumbul a fost adaugat deliberat.
Fig. 70 Graficul compozitiei falerelor / Chart of phalerae composition / T'pagik ckuiany danap All the pieces contain minor elements % Fe,% Ni,% Zn,% Sb, Pb% in
equal quantities apart from the piece no. 6114 that contains more Pb (11.5899%)
Elementele minore %Fe, %Ni,% Zn,%Sb, %Pb sunt prezente in toate piesele in proportii uniforme, exceptand %Fe, %Ni,% Zn,%Sb, %Pb € npucyTniMu y Beix npesiMeTax B OJHAKOBUX IIPOTIOPIIAX, 32 BUHATKOM IIPE/METY 3 iHB. N
piesa cu nr.inv. 6134 care are un continut mai mare de Pb (11.6398%)/ . All the pieces contain minor elements % Fe,% 6114, sixuit Mae Byt BmicT Pb (11.5899%), no6as/iennit y Cruias /s IOKpalLeHHs J10ro BacTeBocTeil. Y mpenMeri 3 Ne ins. 6115,
Ni,% Zn,% Sb, Pb% in equal quantities apart from the piece no. 6134 that contains more Pb (11.6398%)/ Hesnaunni CBUIIEHb IIOXOIUTD TITLKN 3 PY/IN, @ B iHIIMX ITPeJIMETaX BiH OB J06aBIeHNIT HABMECHO
sMmicT enemenTis %Fe, %Ni,% Zn,%Sb, %Pb Y BCIX IpeIMETaX B OIHAKOBUX IIPONOPIIAX, 32 BUHATKOM IIPEAMETY 3 iHB. Pandantiv
No 6134, saxnit mae Byt smict Pb (11.6398%)
File # nr.inv. Denumirea Ti% Mn% Fe% Co% Ni% Cu% n% As% Se% Ag% Sn% Sh% Au% Pb% Bi%
152 6115 Nasturi 0 0.0572 3.1171 0 0.2371 77.9698 | 0.1114 0 0 0 17.9266 0 0 0.621 0
153 6113 Nasturi 0 0.0668 4.5984 0 0.1271 75.6315 0.1053 0 0 0 13.4382 0 0 6.0095 0
154 6114 Nasturi 0 0.0751 2.4467 0 0.3365 68.8742 0.056 0 0 0 16.3186 0.1653 0.079 11.5899 0
155 6116 Nasturi 0.2186 0.0505 3.4083 0 0.4313 71 0.1782 0 0 0.094 19.7934 0.3508 0.1019 4.2967 0.0424

Tabelul 11. Analiza de compozitie a nasturilor/ Composition of buttons /
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Concluzii

Analizand compozitia pieselor de bronz din depozitul de la Domanesti, incadrate cronologic la sfarsitul epocii bronzului si
File# | nrinv. | Denumiea | _%Ti %V %Cr | %Mn | %Fe | %Co | %Ni_ | %cCu | %zn | %As | %se | %Ag | %sn | %sb | %Au | %Pb | %Bi inceputul Hallstattului in nord-vestul tarii (Bader 1964, p.78), am incercat sa stabilesc cateva trasaturi SpeCiﬁCC acestor piese.
157 6122 rigi 0 0 0 0 2.7138 0 0.2966 79.1966 0.0988 0 0 0 16.7041 0 0 1.0349 . . . v oA . . A . . .
oo Gruparea artefactelor este evident diferentiata in functie de continutul in elemente minore As, Ag, Sb, si Ni. Alte elemente

158 6123 Verigi 0 0 0 0 0.6267 0 1.222 70.4554 | 0.1684 0.0078 0 0 24.4643 | 0.3887 0.2575 2.4792
159 | 6125 Il vasgm(Wo:a1o5H| Mo:ts4 2l | MG G RN BCRECLRRN IETIRTIN MTETCCTI M XS chimice care aduc informatii suplimentare privind tehnica de extractie din minereu, tehnica de prelucrare sau o anumita apartenenta a
surselor de minereuri sunt Fe, Pb, Zn si Co.

160 6124 Verigi 0 0 0.0929 0.8967 0.3225 68.9942 0.1455 0 0.0701 26.0015 0.3731 0.152 3.0601
Tabelul 13. Analiza de compozitie a verigilor / Rings composition / AnaJi3 ckiaaay kizenn Zacamintele de aramadin depresiunea Baii Mari, valveledela Doméne§i piesa

si Ciumesti, turtele de bronz descoperite la Prilog indica faptul ca in judetul Satu lpiesa | 51.5%Pb
Mare au fost centre importante de prelucrare a bronzului (Bader 1964, p. 78) 17%po
Zacamintele cuprifere din nordul Transilvaniei (zona Maramuresului)
sunt caracterizate prin continuturi semnificative de zin, stibiu si plumb, iar cele
din estul Transilvaniei (Balan) prezinta concentratii mari de cupru, fier si sulf
dar lipsesc impuritatile de arsen si stibiu. Zacamintele din sudul tarii (Dognecea)
contin cantitati remarcabile de bismut dar lipseste arsenul si plumbul (Kadar

2007, p. 50).
In piesele analizate plumbul este prezent in majoritatea artefactelor si
r W veriga 6122 se incadreaza intre 0,02% - 6%, cu exceptia toporului cu nr.inv. 6117 care are o

 veriga 6123 cantitate mare de Pb (51,58%), fiind probabil rezultatul unei posibile retopiri.

2.5 . Plumbul in procent de pana la 1% provine din minereu (prezent in 49%
2 veriga 6124 din totalul pieselor analizate), iar acolo unde plumbul este mai mult de 1%, acesta
M veriga 6125 este adaugat deliberat pentru fluidizarea masei metalice, in vederea unei mai
bune turnari in forme (prezent in 45% din totalul pieselor analizate). Tehnica a
1 fost cunoscuta abia in perioada bronzului tarziu (Kadar 2007, p. 105). Adaosul de Fig. 83 Repartitia obiectelor in functie de continutul de plumb

plumb contribuie la imbunatatirea proprietatilor de antifrictiune si la cresterea Object ratio according to lead content
rezistentei pieselor. Posznoxin npeaMeTiB B 3a1€KHOCTI BiZl BMICTY CBHHIIIO.

olo|o|e

4.5

3.5

NN N N N

1.5

0.5

0 Continutul de fier in artefactele analizate este cuprins intre 0,17 - 8,11%,
%Fe %Ni %Zn %Sh %Pb cu o valoare medie de 0,2%, cu exceptia toporului cu nr. inv. 6118 cu 14,11% fier. Prezenta fierului este un element de identificare si de
diferentiere intre arama nativa si cea obtinuta din topirea diferitelor minereuri cuprifere. In baza cercetirilor experimentale efectuate
Fig. 82 Graficul compozitiei verigilor. Elementele minore %Fe, %Ni,% Zn,%Sb, %Pb sunt prezente in toate piesele in proportii uniforme. (]unghans s.a.1974; Tylecote, Boydell, 1978; Cradock, Meeks 1987; Merkel 1990) se poate face observatia ca pr ocentul de fier tinde sd creasca
/ Chart of rings composition. The pieces contain equal amounts of minor elements like %Fe, %Ni,% Zn,%Sb, %Pb ./ [pagi cicrazy kiteu. in piese odata cu cresterea nivelului de dezvoltare tehnica. Procentul mare de fier din obiectele de bronzapare odata cu dezvoltarea tehnicilor
Hesmasua pHcyTHicT: eneenie vofe ZaNbreZis e i cERIES ST U A de reducere a minereului prin introducerea deliberata a agentilor de formare a zgurilor metalice (Craddock, Meeks 1987, p.188) tehnici

MUZEUL JUDETEAN MUZEUL JUDETEAN
SATU MAR SATU MAR



Depozitul de bronzuri de la Domanesti * The bronze deposit from Domanesti

Ckap6 enoxu 6ponsu y /lomenewims

45 de producere a aramei mult mai
40 avansate. .
Absenta mercurului poate fi

> un bun indicator privind tehnica
30 de  prelucrare a  minereului,
23 cunoscut fiind faptul ca prin topirea
20 minereului, mercurul este eliminat
15 in intregime, fiind un element volatil.
10 Pentru o caracterizare mai exacta
5 este necesara coroborarea acestui

— studiu cu rezultatele obtinute la

Numar de piese

1-1.99  1,99-10  10-20 20-30 30-40 40-50 60 examinarea pieselor cu microscopul
% Sn metalografic, in vederea determinarii

structurii granulare

Repartitia procentuald a staniului
in piesele analizate este prezentata in
Fig 84., observam ca staniul se gaseste
in proportie de 10-30% in majoritatea pieselor analizate. O schimbare relativ micd a continutului de staniu, poate determina o schimbare radicala
a proprietatilor metalului. Astfel, desi staniul este un metal moale, prin aliere cu cuprul duritatea lui poate creste continuu, pana la un continut de
15%, cand aliajul devine foarte dur si fragil. Aceste bronzuri cu continut mare de staniu erau utilizate la confectionarea indeosebi a monedelor sau
obiectelor supuse uzurii. Cresterea cantitatii de staniu este caracteristica perioadei bronzului tarziu.

Un continut ridicat de staniu, la unele piese, in stratul de suprafata (patina), poate fi rezultatul fenomenului de decuprificare care aavutloc de-a
lungul timpului, reprezentand in fapt gradul de corodare a piesei. Componentele solului (in principal alumino-silicatii si fosfatii) nu par sa aiba un efect
direct in procesul de dizolvare selectiva a cuprului si relativa imbogatire cu staniu a stratului subtire care formeaza patina. Problema coroziunii bronzului
este foarte complexa si nu exista la ora actuala, un model matematic care s permitd calculul compozitiei miezului metalic pe baza datelor obtinute prin
masuratori nedistructive de suprafata (Vlad, Niculescu 2013, p. 156).

Argintul, este ceamai comund impuritate, apare in concentratii dela 0,04% panala 1,4%. Stibiul se gaseste in cantitati foarte mici de panila 1,2%. Minereuri
bogate in stibiu sunt semnalate in vestul Transilvaniei si in Muntii Apuseni (Kadar 2007, p.105).
Majoritatea artefactelor analizate nu contin arsen (75% din totalul artefactelor), acesta gasindu-se doar in 25% dintre piese, cu o valoare medie de 0,2%.

Zincul se gaseste in proportie de 0 — 2,4% in piesele analizate. Analiza chimica a unor minereuri cuprifere din Transilvania (Radulescu-
Dumitrescu, 1966) prezinta pentru zona Maramures urmétoarele valori pentru zinc:

Fig. 84 Repartitia obiectelor in functie de continutul de staniu
Object ratio according to tin content
Po3mozin npenMeTiB B 3aJI€KHOCTI Bijl BMICTY OJIOBa.
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Nr. Crt/ Nen/m. Localitatea /Hacenennit mynkr % Zn
1 Baia Sprie, Maramures /bas Cripie, Mapamopiyna 0,00
2 Cavnicl, Maramures / KasHik 1, Mapamopiinna 0,00
3 Baia Mare, Maramures / bas Mape, MapamopuiiHa 2,80
4 Baia Sprie, Maramures / bas Cripie, MapamopiiyHa 2,40
5 Cavnic 2, Maramures / Kasnik 2, Mapamopuina 7,25
6 Cavnic 3, Maramures / Kasnik 3, Mapamopuina 6,16

Urmele de cobalt si nichel (0-0,09% Co si 0-2% Ni in piesele analizate) se gasesc intr-o cantitate mai mare in cuprul obtinut din minereu,
decatin cel nativ, aceste doua elemente pot fi folosite ca indicatori siguri atunci cand se doreste distinctia intre cele doua posibilitati (Pernicka s.a.
1997, p.121). Analizele de compozitie ale cuprului nativ din Romania (Pernicka s.a. 1997, p.160) aratd valori medii de 0,4 ppm Co si 6 ppm Ni.

Artefactele analizate, au fost obtinute din minereu cuprifer prin topire si turnate in formele, suntacoperite cu o patina nobild, de culoare
verde inchis, compacta si aderenta, ceea ce denota o perioada indelungata de formare. Analiza s-a efectuat prin metode nedistructive, iar patina
nua fost indepartata. Grosimea stratului analizat este de ordinul zecilor de microni, in consecinta, la interpretarea rezultatelor obtinute trebuie s
se tina cont de aceste considerente.

In final facem precizarea ca studiul de fata constituie o ilustrare a utilitatii investigatiei prin XRF cu aparatura portabild, un argument
in favoarea analizarii structurii materiale pentru a completa volumul de informatii cu privire la patrimoniu. Rezultatele obtinute trebuie insa
verificate, completate si detaliate prin alte tipuri de investigatii, pentru ca nici o metoda nu asigura analizarea exhaustivaa patrimoniului. Metodele
instrumentale de analizare aduc informatii noi sau complementare, precizari ce permit un dialog si o argumentare stiintifica absolut necesare in
spatiul valorificarii patrimoniului material national si a dialogului stiintific international.

Conclusions

I have analyzed the composition of the pieces that were found in the bronze deposit from Domanesti dating from the Late
Bronze Age and early Hallstatt in northwest Romania (Bader, 1964, p.78) and I have tried to establish some characteristics of these pieces.

The minor elements like As, Ag, Sb and Ni make this group of artifacts particular. Other chemicals like: Fe, Pb, Zn and Co
provide additional information on the technique of extracting from ore, the processing technique or the origin of mineral resources.

The copper deposits from the Valley of Baia Mare, the valves from Domanesi and Ciumesti and the bronze ingots discovered in
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Prilog indicate the fact that Satu Mare was an important center in bronze processing (Bader, 1964, p. 78)

The copper ores from the northern Transylvania (the Maramures region) are characterized by significant contents of zinc, antimony
and lead, and the ones from the eastern Transylvania (Balan) are rich in copper, iron and sulfur, but they lack impurities of arsenic and antimony.
The ores from the southern country (Dognecea) are rich in bismuth, but they lack arsenic and lead. (Kadar, 2007, p. 50).

Most of the artifacts that have been analyzed contain lead from 0.02% to 6% except for the ax no. 6117 that has a large amount
of Pb (51.58%), probably as a result of re-melting. The lead that is present in amounts of up to 1% comes from ore (49% present in all the
analyzed pieces) and where lead exceeds 1% it means it was added deliberately in order to streamline the metal mass for better molding
(found in 45% of the analyzed components). The technique was hardly discovered during the Late Bronze Age (Kadar, 2007, p. 105). The
addition of lead contributes to improving the anti-friction properties and increasing the reliability of pieces.

The iron content in the analyzed artifacts is between 0.17 to 8.11% and an average of 0.2%, except for the ax no. 6118 with 14.11%
content of Fe. The iron here is an identifier and makes the difference between native copper and the copper obtained from melting ores.
Based on the experimental researches (Junghans et al, 1974; Tylecote, Boydell, 1978; Cradock, Meeks, 1987; Merkel, 1990), we can observe
that the amount of iron increases in pieces with the level of technical development. The high amount of iron in bronze objects comes with
the development of ore reducing techniques by deliberately introducing agents that produce metal slag (Craddock, Meeks, 1987, p. 188)
and advanced techniques that produce copper.

The absence of mercury may be a good indicator for the ore processing technique as we know that when melting ore, mercury
evaporates entirely. In order to get a more accurate description, we need to corroborate this study with the results of the examination made
with the metallographic microscope in order to establish the granular structure of the pieces.

The distribution of tin is shown in Figure 84. where one can see that there is tin in an amount of 10-30% in most artifacts.
A relatively small change of tin content may cause a dramatic change in metal properties. However, although tin is a soft metal, when
alloying it with copper, its resistance can increase continuously up to an amount of 15% and objects become very hard and brittle. These
bronze pieces with a large content of tin were especially used to making coins or items subjected to an intense use. Increasing the amount
of tin in artifacts is a characteristic of the Late Bronze Age period.

A high tin content in some pieces in the surface layer (patina) may be the result of the decopperification phenomenon that
has been occurring over time and is in fact the degree of corrosion of a piece. The soil components (mainly aluminum silicates and
phosphates) do not appear to have a direct effect either in the process of the selective dissolution of copper or in the relative enrichment
with tin of the patina (Robbiola et al. — Characterisation of Passive Layers of Bronze Patinas, p. q153). The bronze corrosion problem is
very complex and there is no mathematical model to calculate the composition of the metallic core based on the data obtained through
non-destructive surface measurements yet (Vlad Niculescu 2013, p. 156).

Silver is the most common impurity and it occurs in amounts that vary from 0.04% to 1.4%. Antimony is to be found in small
amounts of up to 1.2%. Antimony-rich ores are reported in western Transylvania and in the Apuseni Mountains (Kadar, 2007, p.105).
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Most of the artifacts analyzed do not contain arsenic (75% of all artifacts) as it is present in only 25% of the pieces in an average
amount of 0.2%.

Zinc is found in an amount of 0 to 2.4%. The chemical analysis of some copper ores in Transylvania (Radulescu-Dumitrescu,
1966) presents the following values of zinc in the objects from the Maramures area:

Cobalt and nickel traces (0 to 0.09% Co and 0-2% Ni in the analyzed pieces) are to be found in a larger amount in the copper
obtained from ore than in the native copper. The two elements may be used as indicators when making a clear distinction between the
two possibilities (Pernicka et al, 1997, p.121). The composition analyses of native copper in Romania (Pernicka et al, 1997, p.160) indicate
average values of 0,4ppm Co and 6 ppm Ni.

Te artifacts that have been obtained from melting and molding the copper ore are now covered in noble, dark green, compact
and adherent patina that indicates a long period of formation. The analysis has been performed with non-destructive methods and the
patina has not been removed. The thickness of the layer under analysis measures tens of microns, so the interpretation of results should
take into account this data.

Finally, this study aims to illustrate the usefulness of XRF analysis made with portable equipment. It contributes to bringing more
information about the objects of patrimony through analyzing their material composition. The results should however be checked and
added further investigations because no method can solely provide an exhaustive analysis of the patrimony. The instrumental methods of
analysis provide new or additional information that is absolutely necessary to harness the national heritage and enhance the international
scientific dialogue.

BucHoBKI

AHasti3y104y CK/1az; OPOH30BIX IIpeMeTiB cKapOy eroxu 6porsn y [loMeHenITs, siki JaToBaHi KiHIleM eroXu OPOH3I Ta IOYATKY
[apiar y niBHivHO-3axi/iHiil YyacTUHI KpaiHu (Baﬂep 1964, ¢.78), Mu cnp06yBa}m BCTAHOBUTMU JIeKi/IbKa cneumcbim—mx XapaKTePUCTUK
JAHIX TIPEIMETIB.

IpynyBanHs apredakTiB 4iTKO AvepeHIiiioBaHe B 3aI©KHOCT] Bifj BMICTY He3HAYHMX eeMeHTiB As, Ag, Sb ta Ni. Inmi
XiMi4Hi eJIeMEHTI, AKi IPUHOCATD JOJATKOBY iHPOPMALIiIO CTOCOBHO TeXHIKM BUTOOYBAaHHs 3 IIOPOJIM, TEXHIKI IIepepOOKM 200 I1eBHOL
NpUHANEKHOCTI [Keper nopif, € Fe, Pb, Zn ta Co.

Minni porosuiua 3 ynorosuny bas Mape, krananu 3 Jomenerrs Ta Uymerts, 6poH30Bi 3/mTKY, sHaitueHi y [1pinor, Bkasyors
Ha ToI (axT, wo y nositi Cary Mape Oy Baxxmusi nenTpu nepepobku 6pousu (bagep 1964, ¢.78).
Minni poposuia niBuiuHoi Tpancinbpauil (30Ha MapaMOpILIMHM) XapaKTepU3YIOThCs 3HAYHUMY BMICTaMU LIMHKY, CTUXIIO Ta CBUHLIIO,
a CXiJIHOI TpchianaHi'l' (benman) aBnAI0OTL CO60I0 BE/IMKY KOHIIEHTPALIiI0 Mifi, 3a/1i3a, CIpKH, ajie € BiJCyTHIMMU 3a6py,U,H€HHH apceHoM
ta ctubiem. [Tokmaam 3 niBIEeHHOL YaCTVHM Kpaiiu (Jorneus) MicTaTh 3HAYHY KIIbKICTb BICMYTY, aJle € BIICYTHIMM apCEH Ta CBUHELb
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(Kapap 2007, c. 50).

B ananisoBaHuX [pegMeTax CBUHELb € IPUCYTHIM Y Olibmocti apredaktis Ta Biycyersest B Mexi 0,02% - 6%, 3a BUHATKOM
cokupu 3 inBeHTapHIM Ne 6117, sika Mae 6itbmry Kinbkictb Pb (51,58%), 110 MOXK/THBO 6Y/10 HACTIKOM MOBTOPHOTO TTEPEIUTAB/ICHHSI.

CsuHelb y IPOLEHTHOMY CIiBBijHOIIEHH] 10 1% moXoauTh Bif nopojpu (HpmcyTHiﬁl y 49% Bin 3arajabHOI KiIbKOCTI
aHA/II30BAHNMX IIPEIMETIB), 4 y TUX BUITA/IKAX, /Ie CBUHEI[b CTAHOBUTD 6ibie 1%, BiH JogaHNiT HABMYUCHE 1A PO3PiIKEHHA METAIIYHOI
MacH 3 METOIO IIOKpaLleHHs UTTs Y popmax (mpucyTHin y 45% 3i Bciel KiibKocTi aHa/3oBaHux mpexmMeris). Texuika Oyia BioMoio
mue y nepiop misHboi 6pousnu (Kamap 2007, ¢. 105). [IoMilIOK CBMHIO CIIPHUAE MOKPAIIEHHIO aHTU(PUKIIHIX BIACTHBOCTEN Ta
3POCTAHHIO BUTPUBA/IOCTI IPEMETIB.

Bumicr 3anisa y mpoaHamizoBaunx apredakrax cTaHoBuTh B Mexax 0,17 - 8,11%, 3 cepentim 3HaUeHHAM B Mexkax 0,2%, 3a
BUHATKOM COKMPM 3 iHBeHTapusaniinum Ne 6118 3 14,11% Fe. [lpucyTHicTb 3a/i3a € BUSHa4Ya/IbHUM Ta ﬂM(bepeHuiﬂHMM e/1IeMEHTOM
MDK PiZIHOIO MIJJI0 Ta Ti€l, AKa 3uo6yTa LULAXOM CIUIAB/IEHHSA pisHMX MigHux nopin. Ha ocHoBi 3pilicHeHMX eKcliepuMeHTalbHIX
pocmimkenb (IOuranc ta iH. 1974; Taiikot, boiinenn, 1978; Kpenok, Mikc 1987; Mepkenn 1990) MoKHA 3pOOUTH BUCHOBOK, 1110
IPOLIEHTHE CIIiBBiIHOLIEHH S 3a/1i3a y IIpeMeTax MPAMYE [0 3pOCTaHHA PasoM 3i 3pOCTAHHAM PiBHA TEXHIYHOIO pO3BUTKY. Bibimii
IPOLICHT 3/1i3a Y OPOH30BUX IIPEIMETaX 3'AB/IAETLCS PA3OM 3 PO3BUTKOM TEXHOJIOTIN BiTHOB/ICHHS IIOPLJ LJIAXOM 10OPOBUIBHOIO
BHECCHHSI areHTiB, hopMyBaHHs MeTaneBux uakis, (Kperok, Mike 1987, ¢.188) 6ibIr pOCYHYTOI TEXHOMOTIT BUPOOHNIITBA TATYHI.

BigcyTHicTb pTyTi MOXE OYTH XOPOLIMM ITOKa3HUKOM CTOCOBHO TEXHOJIOTIT IepepoOKu HOpi, OCKIIbKY BilOMO, L0 Yepes
IUIAB/ICHHA TIOPOAM, PTYTb BUJA/IAETbCA MOBHICTIO. OCKIIbKM BOHA € JIETYYMM €/IeMEHTOM, Ui OUIbII TOYHOI XapaKTepUCTHKN
HeoOXiIHe T0€IHAHHSA JAHOTO JOC/ILIKEHHS 3 pe3y/IbTaTaMy OTPUMaHMX IPU 00CTeKeHH] MeTatorpadiaHuM MiKpOCKOIIOM IIPEAMETiB,
3 METOI0 BUSHAYEHH S TPAHY/IAPHOL CTPYKTYPMI.

[IpouenTHWiT pO3NOiT 0/10BAa HA KiIbKICTh IpeAMETIB npeacTapaennii Ha man. 84. I[lomivyaemo, 10 0/10BO 3HAXOAUTHCA
y mporopuii 10-30% y 6iapmocti mpoananisoBanux mpeaMeTiB. HesHauna 3MiHa BMICTY 07I0Ba MOXKe BU3HAYATH PafIMKaTbHY 3MiHY
BJIaCTUBOCTeI MeTajTy. TaKMM UMHOM, He3BaXKAI0UN HA Te, 110 OJIOBO € M SIKIM METa/IOM, Yepe3 CIUIAB/ICHHs 3 MifIII0 J10r0 TBEpHiCTb
MO’KE IOCTIITHO 3POCTATH, 10 OTPUMAHHS BMICTY 110 15%, KON cTae Ty)Ke TBEPAUM Ta KPUXKMM. JJaHi OpOH3M 3 BEMMKIM BMICTOM 0/10Ba
Oy/11 BUKOPUCTAHI ULl BUTOTOB/ICHHS 0COOIMBO MOHET a00 IpeaMeTiB, sAKi HifjIaBa/ics 3HOIEHHIO. 3pOCTaHHs KIIBKOCTI 0/10Ba €
XapaKTEePUCTUKOIO TIEPIOAY Mi3HBOI OPOHBIL

Bricokui1 BMICT 0/10Ba y JesAKUX IIpeaMeTiB Ha OBEPXHEBOMY LIapi (IIaTHA), MOKe OyTH pe3y/IbraToM (eHOMEHy JeMiisauii,
sIKa BiOY/Iacst IPOTATOM TPOXOMKEHHS Yacy, MPEACTAB/IIIONN HACIPAB/i CTYIHb KOposil mpeamety. KoMmoseHTH IpyHTY (B OCHOBHOMY
anoMiHieBo-cutikary Ta pocarit) He MAIOTh IPSMOTO BIVIMBY B IIPOLIEC BUOIPKOBOIO PO3UMHEHHS Mifli Ta BITHOCHOIO 30aradeHHs 0/I0BOM
TOHKOTO 1apy, skuit popmye marnny (Robbiola et al. — Characterisation of Passive Layers of Bronze Patinas, p.153,). [Tpo6rema Kopo3ii GpoH3u
€ Jly’Ke KOMIUICKCHOIO 1 Ha JAHMI1 4ac He iCHY€ MaTeMaTHYHOI MOJE/I, KA 6 MOI/IA IO3BO/LATH 00paXyBaHHsI CK/Iajly MeTa/IiMHOI CepelHIL Ha
OCHOBI OTPUMAHIX IAHNX Yepes3 He JIeCTPYKTHBHIX BUMiproaHb Ha rosepxHi (Braz, Hikyrecky 2013, c. 156).
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Cpi6no, 11e HalO/IbLI CITi/IbHE 3a6pngeHHﬂ, TNOAB/IAETbCA Y KOHI[EHTpaliAX B Mexkax Biff 0,04% 10 1,4%. OnoBo 3HaxXoauThCA
y J1y’Ke Ma/nX Kibkoctax 1o 1,2%. barari na cTu6ii nopoan 6y)11/[ nosHaveHi Ha saxoyi Tpancinbpanii Ta y 3axigHux ropax (AnyceHb)
(Kapap 2007, c. 105).

BibiicTs npoanajisoBanux apredaxris He MicTATD apcet (75% 3 3araibHOI KibKocTi apredakTis), 110ro 3HailIeHO JLe y
25% npejmMeTis, 3 cepeHiv sHadeHHAM Y 0,2%.

[Inuk sHaxoauTbes y mponopuii 0 — 2,4% npoananisosanux npeaMeris. XiMiuHuil ananis geakux MigHux nopin 3 Tpancinbsanii
(Penynecky-/lymiTpecky, 1966) mis 301 MapaMOpIIMHN BKa3y€e HACTYIIHI HOKA3HMUKM JIA LJHKY:

Chnipn K06aany ta nikemo (0-0,09% Co ta 0-2% Ni y IIPOaHa/Ii30BaHMX HpejMeTax) 3HaXO/AThCS y 6111l KiNIBKOCTI B
MiJli, IKa ;106yBanac;1 3 MIOPOAM, HDK Y PIIHOMY, i JBA €IEMEHTH MOKYTb CIY)KUTH TOYHUMM IHAMKATOPAMIU TOJL, KON OaXKaerbcs
BinpisHeHHs MK TiMu 1BoMa MoxkmBocTsimu (Ileprika tain. 1997, ¢.121). Ananisu CKIay pigHoi migi B Pymynii (IMepnika Tain. 1997,
¢.160) nmokasywotb cepenHi 3HadenHs:A y 0,4 ppm Co ta 6 ppm Ni.

[Tpoananizosani apreaktu 6ym/1 OTpUMaHIi 3 MiJHOT IOPOIM LLJIIXOM IUIAB/ICHHS Ta JINTTS Y pOpMax, IIOKPUTI 6/1ar0pOIHOI0
IIATMHOIO TEMHO-3€/IEHOTO KO/IbOPY, KOMIIAKTHOIO Ta LI/ILHO IIPU/IATAIOUOI0, MO CBiIYMTD IIPO HOBIUIL Iepiof yTBOpeHHsA. AHaisn
6ym/1 IIPOBEJICH] He 1eCTPYKTUBHIMY METOIAM, A IaTUHA He Oy1a BujaieHa. ToBIHa IPOaHa/li30BAHOTO LIAPY € HOPALKOM IeCATKIB
MiKPOHIB, BIINIOBIJHO, TPV IHTEpIpPEeTALil OTPUMAHNUX PE3Y/IbTaTiB n0Tpi6H0 BpaxyBaTy i JaHi MipKyBaHHA.

Hapemiri yTo4HI0€MO, 1110 JaHa IIPaLls CTAHOBUTD Bi0OpaKeHHs KOPUCHOCT HOC/IbKeHHs 3a tortoMorolo XRF 3 nepenocHum
o0/1aIHAHHAM, € apryMeHTOM Ha KOPUCTD aHa/li3y MaTepia/IbHOI CTPYKTYPY /I JOIIOBHEHH S 06CHFy iHcl)opmaui'l' CTOCOBHO CITQII/HU.
Orpumani pesy/nbTaTy IOTPIOHO BCe-TaKM HepeBIipUTH, JONOBHIOBATY Ta AeTa/lisyBaTy {HIIMMI METONAMU JOC/LIKEHHS, OCKIIbKIL
JKOJHUM METOJI, He 3a6esneqye PO3LIMPEHNIt aHa/li3 cnajyHy. IncTpymMenTaabHi METOAM aHajli3y MPUHOCATD HOBI iH(])opmaui'l' a60
IOIOBHEHHs, Yy TOYHEHHS, AKI JO3BO/IAIOTH BEJEHHS [ia/lory Ta HAyKOBOI apryMeHTaLil A0COMOTHO HEOOXiTHNMI y OPOCTOPI OLHKM
MaTepia/bHOI Ta HAL[iOHAIbHOI CIIA/IIMHM Ta MIKHAPOZHOIO HAyKOBOTO Jia/Iory.
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