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CHEMICAL ANALYSES ON ROMAN COINS AND SILVER 
OBJECTS FROM THE MĂLĂIEŞTII DE JOS HOARD, ROMANIA

STEFFEN KRAUS*, ERNST PERNICKA**

Keywords: XRF-analyses, silver, tin, zinc, copper
Abstract: The results of the analyses on the silver coins confirm the existing knowledge about the compositional 
changes of coinage during the first three centuries AD. Especially with the beginning of the second half of the 3rd 
century, more copper was added to the silver coinage. The tin contents in the coins of Philippus Arabs, Traianus Decius 
and Valerianus I show that the addition of copper was in form of tin bronze. The silver of the jewellery and the ingots 
was alloyed with zinc. The reasons of this addition are not clear. Also still unclear is the provenance of the silver. Lead 
isotope analysis is not suitable in this case, because the lead isotope signatures of the objects are by necessity a mixture 
of the lead in the silver and in the copper. Furthermore, it cannot be excluded that some metal was remelted and mixed 
which would erase any information on provenance.

Cuvinte-cheie: analize XRF (fluorescenţă de raze X), argint, staniu, zinc, cupru
Rezumat. Rezultatele analizelor efectuate asupra monedelor din argint confirmă cunoştinţele deja existente despre 
schimbările compoziţionale ale monetăriei romane din primele trei secole p. Chr. Un adaos semnificativ de cupru este 
caracteristic pentru monetăria romană de după începutul celei de a doua jumătăţi a secolului al III-lea p. Chr. În monedele 
emise de Filip Arabul, Traian Decius şi Valerianus I se poate recunoaşte adăugarea în aliaj a unui bronz compus din cupru 
şi staniu. Argintul din podoabe şi din lingouri prezintă un adaos semnificativ de zinc. Motivele acestui adaos nu pot fi 
precizate. Tot neclară rămâne şi originea metalului preţios. Analiza izotopilor de plumb nu este indicată în acest caz. Prin 
reciclare şi prin aliajul mai multor metale, orice informaţie despre provenienţa materiei prime este compromisă.

INTRODUCTION

This report presents the results of the chemical analyses on various silver objects from the hoard of 
Mălăieştii de Jos, Romania, which is currently preserved in the Museum of Ploiești. In total, 15 Roman coins, 
five bracelets, two ingots and one fibula were analysed as well as the bronze vessel, in which the hoard was 
found (see Table 1, where the sample numbers correspond to the catalogue numbers in the previous 
contribution of Spânu, Dima and Frînculeasa from the current volume). The aim of the study was to prove 
whether the silver objects (ingots and jewellery) and the coins are related based on their chemical composition. 
The question is whether the gold and silver smiths used only remelted Roman coins for the production of 
silver objects or used silver produced from local mines (e.g. Transylvania).

MATERIALS AND METHODS

The chemical compositions of the objects were determined on drilled samples using an energy-
dispersive X-ray fluorescence spectrometer (ED-XRF) type ARL Quant’X from Thermo Scientific at the 

* Goethe Universität Frankfurt am Main; r.krause@em.uni-frakfurt.de.
** Curt-Engelhorn-Zentrum Archäometrie GmbH, Mannheim; ernst.pernicka@cez-archaeometrie.de.
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Lab no. Sample no. Object Method of Analysis
MA-153873 Mal 2 Coin, Vespasian ED-XRF
MA-153874 Mal 12 Coin, Trajan ED-XRF
MA-153875 Mal 24 Coin, Hadrian ED-XRF
MA-153876 Mal 37 Coin, Hadrian: Sabina ED-XRF
MA-153877 Mal 40 Coin, Antonius Pius ED-XRF
MA-153878 Mal 49 Coin, Antonius Pius Faustina I ED-XRF
MA-153879 Mal 51 Coin, Antonius Pius: Diva Faustina ED-XRF
MA-153880 Mal 54 Coin, Antonius Pius: Marc Aurel ED-XRF
MA-153881 Mal 59 Coin, Marc Aurel ED-XRF
MA-153882 Mal 61 Coin, Marc Aurel: Faustina II ED-XRF
MA-153884 Mal 65 Coin, Commodus: Crispina ED-XRF
MA-153885 Mal 67 Coin, Septimius Severus: Caracalla ED-XRF
MA-153886 Mal 71 Coin, Philippus Arabs ED-XRF
MA-153887 Mal 72 Coin, Traianus Decius ED-XRF
MA-153888 Mal 73 Coin, Valerianus I ED-XRF
MA-153891 Mal 76a Fibula, body ED-XRF
MA-153892 Mal 76b Fibula, pin ED-XRF
MA-153893 Mal 77 Ingot ED-XRF
MA-153894 Mal 78 Ingot ED-XRF
MA-153895 Mal 79 Bracelet ED-XRF
MA-153896 Mal 80 Bracelet ED-XRF
MA-153897 Mal 81 Bracelet ED-XRF
MA-153898 Mal 82 Bracelet ED-XRF
MA-153899 Mal 83 Bracelet ED-XRF
MA-153901 Mal 84a Vessel, corpus ED-XRF
MA-153902 Mal 84b Vessel, handle ED-XRF

Table 1. Analysed objects and methods applied.

Curt-Engelhorn-Centre for Archaeometry GmbH, Mannheim, Germany. This device uses a rhodium X-ray 
tube to excite the elements of the material. As a consequence, the excited atoms in the irradiated material 
emit electromagnetic radiation in the range of X-rays. This secondary X-ray fluorescence radiation (XRF) is 
highly specific for the elements present and is therefore used for element identification. By measuring 
samples with known compositions (reference materials) determination of elemental concentrations is possible. 
The analyses were performed with an energy-dispersive device after a slightly modified procedure described 
by Lutz and Pernicka1.

RESULTS

The composition of the coins and silver objects

The results of the chemical analyses of the coins and silver objects are summarized in Table 2. All 
investigated samples contain the common alloy components copper (Cu), lead (Pb) and gold (Au). The 
jewellery and the ingots as well as some coins also contain zinc (Zn), tin (Sn) and bismuth (Bi). For all 
investigated objects copper is the major alloying element. While most coins contain content from 8 to 24% 
copper, the three latest coins contain more than 30% (Fig. 1). The copper contents of the jewellery objects 
and the two ingots range between 31 and 56% except for one bracelet (sample Mal 81) which contains 
“only” 12.8% copper. The lead content varies from 0.5 to 3.5% in all analysed objects indicating cupelled 

1 Lutz, Pernicka 1996.
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silver. It is noteworthy that only the later coins contain up to 4.5% tin while the earlier coins do not contain 
tin. The tin content of the jewellery and ingots averages around 0.4%. Zinc frequently occurs in jewellery 
and ingots up to 7.3%.

According to the silver/copper ratios of the coins (Fig. 1) a significant deterioration in the quality of 
the coinage can be observed, which is in accordance with published knowledge about the decrease of the 

Lab no. Sample no. Ag Ni Cu Zn Cd Sn Sb Au Hg Pb Bi
MA-153873 Mal 2 91 n.d. 8.2 n.d. n.d. n.d. n.d. 0.47 n.d. 0.46 0.05
MA-153874 Mal 12 81 n.d. 18.4 n.d. n.d. n.d. n.d. 0.06 n.d. 0.66 0.03
MA-153875 Mal 24 88 n.d. 10.9 n.d. n.d. n.d. n.d. 0.31 n.d. 1.03 0.09
MA-153876 Mal 37 84 n.d. 13.7 n.d. n.d. n.d. n.d. 0.08 n.d. 1.39 0.40
MA-153877 Mal 40 86 n.d. 11.8 0.44 n.d. n.d. n.d. 0.15 n.d. 0.94 0.18
MA-153878 Mal 49 88 n.d. 10.5 0.45 n.d. n.d. n.d. 0.07 n.d. 0.57 0.09
MA-153879 Mal 51 87 n.d. 10.5 n.d. n.d. n.d. 0.06 0.19 n.d. 1.95 0.24
MA-153880 Mal 54 79 0.02 18.6 n.d. n.d. n.d. 0.04 0.27 n.d. 1.42 0.36
MA-153881 Mal 59 76 0.08 19.5 1.00 n.d. n.d. 0.22 0.83 n.d. 2.03 n.d.
MA-153883 Mal 62 81 n.d. 16.2 n.d. n.d. n.d. 0.06 0.18 n.d. 2.05 0.50
MA-153884 Mal 65 88 n.d. 9.9 n.d. n.d. n.d. 0.09 0.66 n.d. 0.74 0.19
MA-153885 Mal 67 50 0.01 48 0.18 n.d. 0.15 0.07 0.57 n.d. 0.71 0.11
MA-153886 Mal 71 63 n.d. 33 1.28 n.d. 1.26 n.d. 0.21 n.d. 1.46 n.d.
MA-153887 Mal 72 70 n.d. 24 0.27 n.d. 1.67 0.08 0.51 n.d. 3.68 0.11
MA-153888 Mal 73 40 n.d. 54 n.d. n.d. 4.5 0.03 0.27 n.d. 1.56 n.d.
MA-153891 Mal 76a 48 0.08 44 4.93 n.d. 0.19 0.03 1.10 n.d. 1.29 0.06
MA-153892 Mal 76b 35 0.05 56 6.60 n.d. 0.54 0.05 0.48 n.d. 1.09 0.04
MA-153893 Mal 77 51 0.03 40 7.32 n.d. 0.23 0.03 0.47 n.d. 0.67 0.04
MA-153894 Mal 78 54 n.d. 39 5.61 n.d. 0.22 0.02 0.68 n.d. 0.75 0.05
MA-153895 Mal 79 61 0.01 33 3.19 n.d. 0.64 0.02 0.39 n.d. 1.33 0.10
MA-153896 Mal 80 64 n.d. 33 0.94 n.d. n.d. n.d. 0.44 n.d. 0.70 0.17
MA-153897 Mal 81 85 n.d. 12.8 0.89 n.d. n.d. n.d. 0.71 n.d. 0.76 0.17
MA-153898 Mal 82 47 n.d. 47 4.53 n.d. 0.33 0.02 0.58 n.d. 0.91 0.09
MA-153899 Mal 83 63 n.d. 31 2.32 n.d. 0.62 0.03 0.67 n.d. 2.65 0.13

Table 2. Chemical composition of the analysed coins and silver objects, measured with ED-XRF.  
All values are given in mass percent. Elements with “n.d.” were below detection limits.

Fig. 1. Silver/copper ratios in the analysed coins compared with the respective Roman emperor  
(with their years of reign)
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silver content over time in Roman coinage2. The high concentrations of tin in the later coins suggest an 
addition of tin bronze which may have been deliberate, because the resulting alloy is described as more 
ductile and resistant to tarnishing3.

The bivariate diagram of copper vs. zinc shows that zinc always occurs in jewellery and ingots in 
combination with a relatively high copper content (Fig. 2), which in turn allows inferences about the 
manufacturing technique. Following the corresponding phase diagram copper lowers the smelting point of 
silver4. Additions of up to 10% copper lead to alloys that can be deformed in the hot state without affecting 
the silvery colour of the metal. However, the investigated silver objects contain more copper which, on the 
one hand, lowers the melting point of the silver but, on the other hand, results in a yellowish colour. 

Fig. 2. Bivariate diagram of copper vs. zinc. Most jewellery objects as well as the ingots show significant 
higher concentrations of copper and zinc than the analysed coins.

The addition of zinc counteracts this colouring effect and additionally improves the properties of the 
melt5. It further lowers the melting point and acts as deoxidant preventing the formation of copper oxide 
during casting, which makes the alloy brittle. Such alloys are described as resistant to tarnishing and pliable. 
According to the zinc/copper ratios of the analysed silver objects their chemical composition suggests that 
brass was added to produce the alloy. It is, however, impossible to decide on the basis of the available data 
whether the silver used derives from remelted silver coins or was freshly produced.

The composition of the bronze vessel

The results of the chemical analyses of the bronze vessel using ED-XRF are given in Table 3. The 
corpus of the vessel contains 7% tin, which corresponds to the composition of a low tin bronze. Such tin 
bronzes are softer and more ductile than the optimal composition of tin bronzes with 10 to 15% of tin. In 
contrast, the handle was made of a leaded bronze, which suggests that the handle was separately cast.

2 E.g. Klockenkämper, Hasler 1978, p. 350.
3 Brepohl 1992, p. 53.
4 Tafel, Wagenmann 1951, p. 85, fig. 55.
5 Brepohl 1992, p. 54; Moesta, Franke 1995, p. 154.
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CONCLUSION

The results of the analyses on the silver coins confirm the existing knowledge about the compositional 
changes of coinage during the first three centuries AD. Especially with the beginning of the second half of 
the 2nd century, more copper was added to the silver coinage. The tin contents in the coins of Philippus Arabs, 
Traianus Decius and Valerianus I show that the addition of copper was in form of tin bronze. The silver of 
the jewellery and the ingots was alloyed with brass, maybe because the zinc ensures the silvery colour of the 
metal. The question whether the used silver comes from remelted silver coins or was freshly produced could 
not be answered. Still unclear is also the provenance of the silver. Lead isotope analysis is not suitable in this 
case, because the lead isotope signatures of the objects are by necessity a mixture of the lead in the silver 
and in the copper. Furthermore, it cannot be excluded that some metal was remelted and mixed which would 
erase any information on provenance.
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Labor-Nr. Original-Nr. Cu Mn Fe Co Ni Zn As Se Ag

MA-153901 Mal 84a 92 < 0.01 0.15 0.02 0.06 < 0.1 0.10 0.01 0.055

MA-153902 Mal 84b 71 < 0.01 0.48 0.01 0.02 0.3 < 0.01 < 0.01 0.036

Labor-Nr. Original-Nr. Cd Sn Sb Te Pb Bi

MA-153901 Mal 84a < 0.005 7.0 0.156 < 0.005 0.33 < 0.01

MA-153902 Mal 84b < 0.005 5.0 0.096 < 0.005 22.6 < 0.01

Table 3. Quantitative composition of the bronze vessel and the handle determined by ED-XRF.  
All values are given in mass percent. Values preceded by “<” are below detection limits.
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RMD – Roman Military Diplomas, London, I (M.M. Roxan, 1978), II (M.M. Roxan, 1985), III (M.M. Roxan, 

1993), IV (M.M. Roxan, P.A. Holder, 2003), V (P.A. Holder, 2006)
RMM-MIA – Revista muzeelor şi monumentelor. Monumente istorice şi de artă, Bucureşti
RPC I – A. Burnett, M. Amandry, P.P. Ripollès, Roman Provincial Coinage, I. From the death of Caesar to 

the death of Vitellius (44 BC-AD 69), London – Paris, 1992.
RPC II – A. Burnett, M. Amandry, I. Carradice, Roman Provincial Coinage, II. From Vespasian to Domitian 

(AD 69-96), London – Paris, 1999.
SAA – Studia Antiqua et Archaeologica. Universitatea „Al. I. Cuza”, Iaşi
SAI – Studii şi Articole de Istorie, Bucureşti
Sargetia – Sargetia. Acta Musei Devensis. Muzeul Civilizatiei Dacice şi Romane, Deva
SchwNumRu – Schweizerische Numismatische Rundschau, Bern
Science – Science, American Association for the Advancement of Science, Washington DC
SCIV(A) – Studii şi cercetări de istorie veche (şi arheologie). Academia Română, Institutul de Arheologie 

„Vasile Pârvan”, Bucureşti
SCN – Studii şi Cercetări de Numismatică. Academia Română, Institutul de Arheologie „Vasile Pârvan”, 

Bucureşti
Scripta Valachica – Scripta Valachica, Studii şi materiale de istorie şi istorie a culturii, Târgovişte
SEG – Supplementum Epigraphicum Graecum, Leiden 1923‑1971, Alphen aan den Rijn 1979‑1980, 

Amsterdam 1979‑2005, Boston 2006-
Semitica et Classica – Semitica et Classica. Revue internationale d’études orientales et méditerranéennes. 

International Journal of Oriental and Mediterranean Studies, Paris – Turnhout
SlovArch – Slovenská Archeológia, Nitra
SMA – Studies in Mediterranean Archaeology Series
SNG Copenhagen 2 – Sylloge Nummorum Graecorum Copenhagen. The Royal Collection of Coins and 

Medals. Danish National Museum, Volume 2. Macedonia and Thrace, reprint of original edition, New 
Jersey, 1981.

SNG BM Black Sea – Sylloge Nummorum Graecorum, Great Britain, Volume IX, British Museum, Part 1: 
The Black Sea, London, 1993.

SNG Stancomb – Sylloge Nummorum Graecorum, Great Britain, Volume XI, The William Stancomb 
Collection of Coins of the Black Sea Region, Oxford, 2000.

Southwestern Journal of Anthropology – Southwestern Journal of Anthropology, University of Chicago, 
Chicago

SP – Studii de Preistorie, Bucureşti
Starinar – Starinar,  Arheologskog Instituta, Belgrade
StCl – Studii Clasice, Bucureşti
StComPiteşti – Studii şi Comunicǎri, Piteşti
StComBrukenthal – Studii şi Comunicări, Muzeul Naţional Brukenthal, Sibiu
StComSatuMare – Studii şi Comunicări. Muzeul Judeţean Satu Mare, Satu Mare
Stratum plus – Stratum, Vysshaya Antropologicheskaya Shkola, Chişinău
Studia Palmyreńskie – Studia Palmyreńskie, Polish Centre of Mediterranean Archaeology, University of 

Warsaw, Warshaw
Studia Troica – Studia Troica, Universität Tübingen, University of Cincinnati, Mainz am Rhein
Südost-Forschungen – Südost-Institut München, Deutsches Auslandswissenschaftliches Institut (Berlin, 

Germany), Leipzig
Symbolae Osloenses – Symbolae Osloenses. Norwegian Journal of Greek and Latin Studies, Oslo
SympThrac 1 – Symposia Thracologica, I, Institutul de Tracologie, Craiova, 1983
SympThrac 2 – Symposia Thracologica, II, Institutul de Tracologie, Drobeta‑Turnu Severin, 1984
SympThrac 5 – Symposia Thracologica, V, Institutul de Tracologie, Miercurea Ciuc, 1987



356	 Abréviations	 8

SympThrac 7 – Symposia Thracologica, VII, Institutul de Tracologie, Tulcea, 1989
Terra Sebus – Terra Sebus. Acta Musei Sabesiensis, Muzeul Municipal „Ioan Raica” Sebeș
The Antiquaries Journal – The Antiquaries Journal, Society of Antiquaries of London
Theory, Culture and Society – Theory, Culture and Society, Universitz of London, London
ThesCRA – Thesaurus Cultus et Rituum Antiquorum, Los Angeles, The J. Paul Getty Museum: I-II (2004), 

III-V (2005), VI (2011), VII-VIII (2012), Index (2014)
The Numismatist – The Numismatist, The American Numismatic association
Thracia – Thracia, Bŭlgarska akademiia na naukite, Institut po trakologiia, Serdica
Thracia Pontica 4 – M. Lazarov et alii (eds.), Thracia Pontica. Quatrieme Symposium International, Sozopol 

6-12 Octobre 1988, Sofia, 1991.
Thraco-Dacica – Thraco-Dacica. Academia Română, Institutul de Arheologie „Vasile Pârvan”, Bucureşti
TIR – Tabula Imperii Romani, Romula-Durostorum-Tomis, Bucarest, 1969.
TPAPhS – Transactions and Proceedings of the American Philological Society. Johns Hopkins University 

Press, Baltimore
TÜBA-AR – Türkiye Bilimler Akademisi Arkeoloji Dergisi
Tyche – Tyche. Beiträge zur Alten Geschichte Papyrologie und Epigraphik, Wien
Tyragetia – Tyragetia. Anuarul Muzeului Naţional de Istorie a Moldovei, Chişinău
Tyragetia International – Tyragetia International, Muzeul Naţional de Istorie a Moldovei, Chişinău
UPA – Universitätsforschungen zur prähistorischen Archäologie, Bonn
Valachica – Studii şi cercetări de istorie şi istoria culturii, Târgovişte
VDI – Vestnik Drevnej Istorii, Moskva
World Archaeology – World Archaeology, Taylor & Francis
ZfE – Zeitschrift für Ethnologie, Berlin
ZfN – Zeitschrift für Numismatik, Berlin
ZPE – Zeitschrift für Papyrologie und Epigraphik, Bonn
ZSav – Zeitschrift der Savigny-Stiftung für Rechtsgeschichte. Romanistische Abteilung, Wien
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