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241 copper coins of the Emperors Augustus, Tiberius, Caligula and Claudius from
the Rome mint were analysed for bulk chemical composition by electron probe
microanalysis (EPMA). The elemental pattern of the copper was used to identify
developments in its chemical composition. The analysis illuminated many aspects
of the coinage, and above all revealed that over the period the copper used became
increasingly pure chemically. Dated and official coinage from the Rome mint was
studied, and it was possible to relate undated coins of Tiberius (the DIVVS
AVGVSTVS PATER series) to dated Tiberian issues. The Agrippa asses were shown
to be linked to Caligulan rather than to Tiberian asses. Some Claudian imitations
may be recycled from late Tiberian asses.
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1 Introduction and aims

Up to now little attention has been paid to «pure» copper as a metal for Roman
Imperial coinage.! The discussion of copper in the most recent surveys of met-
als for coinage? has been very brief, and is an apposite reflection of the present
state of knowledge and of the low esteem in which the metal is held. This is
particularly surprising when one considers that the copper coins which Augus-
tus introduced (the units as and quadrans) proved to be extremely successful, and
that the mass of small change in circulation was, for a long time, characterised
by copper coins.

What is more, Roman bronze and brass, of which above all the former was used
for the production of a wide range of everyday products and for statues, were nor-
mally composed of some 70-90% copper. Thus a better understanding of the
characteristic properties of the copper used in coins has implications beyond the
coinage itself. Compared with the Imperial coinage, which provides an almost com-
plete documentation of the use of copper, few other objects of unalloyed copper
have survived.

As a single phase metal copper provides a particularly good basis for studying
the main and trace elemental patterns. The aim of this study is to analyse the cop-
per used in the minting of early Imperial asses and quadrantes during a politically
important period which was also of great significance for the coinage. For example,
the elements in the copper used in the moneyers' asses and quadrantes of Augustus
will be examined in order to see whether within their numismatic context they
remain uniform, or whether, and how, they change over a period of almost two
decades. Individual patterns of trace elements can either be the result of different
smelting or refining techniques being used for the raw copper, or of different
sources of ore.

Within the context of the early Imperial coinage there are also a number of
important numismatic questions to be considered, for example the arrangement
of undated coin types, and the relative chronology of particular issues. The work
of G.F. Carter has already shown that important information can be expected.
Since the 1960s he has published a series of articles on the early Imperial copper

1 Earlier scholars often used the term copper both for unalloyed copper and for the cop-
per alloys bronze and brass, for example H. WILLERS, Geschichte der Romischen Kupfer-
priagung vom Bundesgenossenkrieg bis auf Kaiser Claudius (Leipzig 1909). Although this
work is out of date, it is still important in many aspects.

2 H. MoEsTa/P.R. FRANKE, Antike Metallurgie und Miinzpriagung. Ein Beitrag zur Tech-
nikgeschichte (Basel/Boston/Berlin 1995), pp. 136-138; P. HAMMER, Metall und Munze
(Leipzig/Stuttgart 1993), pp. 104-108; C.H.V. SUTHERLAND, Procurement of Aes for
Coinage of the Early Empire, in: P. Kos/ 7. DEMO (eds.), Studia Numismatica Labacensia
Alexandro Jelo¢nik oblata (Ljubljana 1988), pp. 27-33; R.G. CARsON, Roman Coinage
Metal and Coin Production. NACQTic 10, 1981, pp. 301-313.
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and brass coinage,? but in numismatic circles these have not yet received the atten-
tion they deserve.

In order to counteract problems arising from the fact that finds of early Imperial
coins from the Rhineland often include various classes of imitations, it was decided
to sample material not from there, but from the centre of the Empire, Rome,
where the coins under study were minted. Thanks to the kind support of S. Balbi
de Caro, Rome, it was possible to take samples from a selection of some 500 aes
coins from the large coin collection in the Museo Nazionale Romano in Rome: 28
bronze coins of Octavian of the DIVOS IVLIVS type, as well as 241 copper and 236
brass coins from the Emperors Augustus to Claudius. They all come from the com-
plex of coins found mainly in the last two decades of the 19th century during the
construction work on the embankments of the River Tiber within the city of
Rome,* and which was inventoried at the beginning of this century by S.L. Cesano
in the Museo Nazionale Romano. The coins of the Emperors Caligula and Claudius
have already been published in the Bollettino di Numismatica,> the manuscripts
for the Emperors Augustus (including the DIVOS IVLIVS types)6 and Tiberius? are
completed, and will also appear in the same journal. The list of the «Greek» coins
has also been published.?

The coins of the four Emperors could therefore be chosen on the basis of a new
catalogue, and in full knowledge of the numismatic questions to be answered. Not
only could almost all coin types present be included, but also a number of numis-
matic peculiarities could be given appropriate consideration. However, in view of
the number of samples we were obviously restricted by the availability of financial
resources, as well as technical facilities. Although the number of analyses we could
carry out does not provide as broad a statistical basis as is desirable given the wide
range of coin types and the numismatic questions they raise, nevertheless we feel
that the fact that no comparable uniform series of analyses has been conducted to
date is justification of our programme.

Cf. the works listed in the abbreviations. For a recent survey of metal analysis of ancient

coins see M. AMANDRY, Bibliographie commentée des analyses de laboratoire appliquées

aux monnaies grecques et romaines de bronze (1972-1998). RBN 145, 1999, pp. 173-183.

4 C. MOCCHEGIANI CARPANO, Il Tevere: Archeologia e commercio. Boll. di Num. 2/3, 1984,
pp. 21-81; M.E. BARTOLDI, Antike Miinzfunde aus der Stadt Rom (1870-1902). Il problema
delle provenienze. Die Fundstellen. Studien zu Fundmiinzen der Antike 14 (Berlin 1997)
passim.

5 Caligula: F.E. KOENIG, Roma - Monete dal Tevere. L'imperatore Gaio (Caligola). Boll. di
Num. 10, 1988, pp. 21-186. Claudius: H.-M. von KAENEL, Roma — Monete dal Tevere. L'im-
peratore Claudio I. Boll. di Num. 2/3, 1984, pp. 85-325, with a summary of the entire
complex.

6 Catalogued by H.-M. vON KAENEL.

Catalogued by B. HEDINGER and H. BREM.

8 S. FREY-KUPPER, Monete dal Tevere — I rinvenimenti «greci». Boll. di Num. 25, 1995,

pp. 33-73.
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In order to be able to put the trace elemental pattern of the copper used in the
Rome mint into context, 50 aes coins struck at Lugdunum/Lyons during the reign
of Augustus were also analysed. G. Rupprecht, Mainz, provided the relevant coins
from the large complex of coin finds from Mogontiacum/Mainz. We are preparing
a separate publication on the copper from the Lyons altar issues.

2 Mineralogical background

Pliny the Elder (A.D. 23-79) is the main historical source for information about
important copper ore locations in Roman times. But his information is neither
complete, nor does he differentiate between the purposes for which the copper
was used. The Projektgruppe Plinius? has discussed the mineralogical composition of
Pliny's copper ore sources: Cyprus, Euboea, Italy, Spain, Gaul, the German
provinces and the Alps. As for metal for coins, Pliny mentions asses made of Cyp-
riot copper.!? In addition to these Roman copper ore sources, other locations
which are known to have been exploited in the ancient world, and might still have
been of some interest to the Romans, have to be taken into consideration:1! Britain
and the Balkans,!2 Syria, Palestine and the Sinai Peninsula,!3 the Persian Gulf, Asia
Minor, as well as Africa (Libya, Algeria, Mauretania, Ethiopia).

Practicable mining!* and smelting techniques!® for copper ores always depend
greatly on the ore composition, which differs from deposit to deposit. Copper
deposits comprise not only the major component copper, but also almost all other
elements, and these can occur in various concentrations from percent to trace ele-
ment range. Depending on the ore types and their particular geochemical condi-
tions and behaviour during formation, specific elements accompanying the cop-
per can dominate. This may produce typical minor and trace elemental patterns
which characterise individual ore deposits and ore types,16 but only to a limited

9 Projektgruppe Plinius 1984, pp. 23-64.

10 Plin. nat. 34,4.

11 RE XI, 2 (1922) 2194-2200 s.v. Kupfer (H. BLOMNER); C. GIARDINO, I metalli nel mondo
antico. Introduzione all'archaecometallurgia (Roma/Bari 1998), pp. 115-119.

12 7 A. STOS-GALE, The Origin of Metals from the Roman-Period Levels of a Site in South-

ern Poland. Journal of European Archaeology 1.2, 1993, pp. 101-130.

Other regions which might have produced copper during Roman times are Fenan,

Timna, and Abu Kusheiba.

14 Metallurgical summaries by CRADDOCK 1995; SHEPHERD 1993; DOMERGUE 1990; DOMERGUE
1987; HEALY 1978; Davies 1935. For a recent historical survey on Roman mining see J.
ANDREAU, Recherches récentes sur les mines a I'époque Romaine, I. Propriété et mode
d'exploitation. RN 1989, pp. 86-112 and II. Nature de la main d'ceuvre; Histoire des Tech-
niques et de la Production. RN 1990, pp. 85-108.

15 H.-G. BACHMANN, Vom Erz zum Metall (Kupfer, Silber, Eisen) — Die chemischen Prozesse
im Schaubild, in: H. STEUER/U. ZIMMERMANN (eds.), Alter Bergbau in Deutschland
(Stuttgart 1993), pp. 35-40.

16 The assignment of copper metal to ore source is discussed by R. BOwMAN/A.M. FRIED-
MAN/]. LERNER/J. MILSTED, A Statistical Study of the Impurity Occurrences in Copper

13
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extent because the levels of these elements can vary even within the area of a
deposit.

Native copper as a source of very pure copper metal has been the subject of
often controversial discussion, and the deposition of copper metal on metallic iron
out of aqueous solutions was already known to Pliny the Elder, although it prob-
ably did not play an important role in the production of copper in the Roman
period.!7 If the ore is of oxide character!8 it is easy to obtain metallic copper by a
single-stage reduction smelting in which the charge contains ore, fuel, and a low-
melting flux. The products are metallic copper and slag.19 If of sulphide charac-
ter?0 the ore has to be pre-treated by partial roasting to remove some of the sul-
phur and to oxidise the copper. A subsequent multi-stage matte smelting
procedure?! has to be applied to this pre-roasted sulphide ore, producing a matte,
slag and some metallic copper. During smelting charcoal and fluxing agents are
added, the latter improving the formation of slag. If polymetallic mixed sulphide
ores are smelted the «pyritic» smelting process?? by-passes the preliminary roast-
ing, but the multiple matte smelting process is still necessary to obtain a satisfac-
tory yield of copper metal.

The multitude of influences arising from all of these smelting processes signifi-
cantly alter the primary elemental pattern of the ore.2?> The smelting additions
(fuel, fluxes) also introduce unknown contaminations to the ore, and the smelt-
ing process greatly influences the volatile elements. Various trace elements parti-

Ores and their Relationship to Ore Types. Archaeometry 17, 2, 1975, pp. 157-163; D.
ScHuLz, Zuordnung von Kupfer-Metall zum Ausgangserz. Prahistorische Zeitschrift 58,
1983, pp. 1-14.

17 A useful survey of historical copper production was published by B. NEUMANN, Die Me-

talle. Geschichte, Vorkommen und Gewinnung nebst ausfihrlicher Produktions- und

Preis-Statistik (Halle 1904).

E.g. oxide, carbonate, hydrocarbonate, sulphate, or silicate copper minerals.

Intensive studies on archaeometallurgical slags have been presented by H.-G. Bachmann,

e.g. H.-G. BACHMANN, Schlacken: Indikatoren archaologischer Prozesse, in: H.W. HEN-

NICKE (ed.), Mineralische Rohstoffe als kulturhistorische Quelle (Hagen 1978), pp. 66-

103.

20 E.g. chalcocite (CuoS), covellite (CuS), bornite (CusFeS,), chalcopyrite (CuFeSy), tetra-
hedrite (Cu;9SbsS;3), tennantite (Cu;9As,S;3), and enargite (CugAsS,). Ancient
literary sources mention the use of «chalcitis», presumably a mixture of various copper
and iron sulphide minerals (chalcocite, chalcopyrite, pyrite and markasite).

2l See e.g. CRADDOCK 1995, pp. 156-202.

22 We are grateful to H.-G. Bachmann, Hanau, for information on the «pyritic smelting
process», as well as for various references. He found this process being applied in the
German Harz Region during medieval times (H.-G. BACHMANN, forthcoming publica-
tion).

23 For example manganese in Cypriot Bronze Age copper slags, see N.H. GALE/Z.A. STOS-
GALE/G. MALIOTIS/N. ANNETTS, Lead Isotope Data from the Isotrace Laboratory, Oxford:
Archaeometry Data Base 4, Ores from Cyprus. Archaeometry 39, 1, 1997, pp. 237-246;
also S. STOS-GALE/G. MALIOTIS/N. GALE, A Preliminary Survey of the Cypriot Slag Heaps
and their Contribution to the Reconstruction of Copper Production on Cyprus, in: TH.
REHREN/A. HAUPTMANN/].D. MUHLY (eds.), Metallurgica Antiqua. Der Anschnitt, Beiheft
8 (Bochum 1998), pp. 235-262.

18
19
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tion between copper metal, matte, and slag.24 The metallic copper produced from
the ore is still very impure and contains only 94-96% copper.2> It therefore needs
to be refined, usually by re-melting.26 The more often this re-melting is repeated,
the purer the metallic copper becomes.

For all these reasons it is extremely difficult to reconstruct ancient smelting and
melting processes based on the character of the metal produced. Studies of the
provenance of metals based on chemical composition alone only yield satisfying
results if used in combination with additional analytical methods, e.g. lead-isotope
studies.2’ The consequence is that in order to retrieve information about raw mate-
rials from such complex products, we must have sufficient knowledge of the indi-
vidual stages of the processes and their influence on the chemical behaviour of the
material.

The usefulness of chemical investigations for numismatics lies in retrieving
information about the character of the coins, for example chemical trends during
a defined time period, the quality of the metal produced, the application and qual-
ity of refinement techniques, and more practically the assignment of undated coins
to dated ones, the identification of imitations, etc.

3 Analytical procedure

Most of the Roman Imperial copper coins investigated to date were subjected to
non-destructive surface analysis,?® sometimes only semi-quantitatively. Traditional
analytical methods applied to coins are Atomic Absorption Spectrometry (AAS)29
and X-Ray Fluorescence Analysis (XRF).30 Large sets of coin analyses of Roman

24 R.F. TvLECOTE/H.A. GHAzNAVI/PJ. BOYDELL, Partitioning of Trace Elements Between the
Ores, Fluxes, Slags and Metal During the Smelting of Copper. Journal of Archaeological
Science 4, 1977, pp. 305-333. Also ScHULZ, op. cit. note 16; A. Yazawa, Distribution of
Various Elements between Copper, Matte and Slag. Erzmetall 33, Nr. 7/8, 1980, pp. 377-
382.

25 So-called «black» or «blister» copper.

26 For refining and alloying of copper and copper alloys in Roman times see U. ZWICKER/H.
GREINER/K.-H. HOFMANN/M. REITHINGER, Smelting, Refining and Alloying of Copper and
Copper Alloys in Crucible Furnaces during Prehistoric up to Roman Times, in: P.T. CRAD-
DOCK/M.]. HUGHES (eds.), Furnaces and Smelting Technology in Antiquity. British Mu-
seum Occasional Paper 48 (London 1985), pp. 103-115.

27 The most important study is N.H. GALE/W. GENTNER/G.A. WAGNER, Mineralogical and
Geographical Silver Sources of Archaic Greek Coinage, in: METCALF/ COWELL (eds.) 1980,
pp. 3-49. Recent survey: Z.A. STOS-GALE, Lead Isotope Analysis of Coins — A Review, in:
OppY/COWELL (eds.) 1998, pp. 348-366.

28 A bibliography on coin analysis until 1998 is given by AMANDRY, op. cit. note 3.

29 M.]. HUGHES, Atomic Absorption Spectrometry in numismatics, in: OpbpY/ COWELL 1998,
pp. 223-236.

30 G.F. CARTER, Coin Analyses by Wavelength Dispersive X-Ray Fluorescence (WDXRF), in:
ObppY/COWELL (eds.) 1998, pp. 425-442; T. PADFIELD, Analysis of Byzantine Copper Coins
by X-ray Methods, in: HALL/METCALF (eds.) 1972, pp. 219-236.
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copper-based material were first introduced by Carter and his co-authors, who
applied quantitative XRF to the coin surfaces.

Because surface analysis31 is known to be subject to diverse problems,32 it was a
great advantage for the project presented here, that we were allowed to sample
«destructively»,33 taking uncorroded material from the interior of the object. We
sampled 241 copper coins from the Museo Nazionale in Rome by drilling with steel
drill bits of 1.0-0.5 mm diameter. This yielded about 50 g Of metal turnings, which
were mounted and polished for metallography in the usual manner, and coated
with carbon for better conductivity. Coating has the welcome side-effect on metallic

samples Of protecting them against corrosion.

The analyses were performed at the Institut fir Mineralogie, J.W. Goethe-Universitat

Frankfurt, Germany, applying Electron Probe Microanalysis (EPMA; Jeol
Superprobe JXA-8900 RL) 34 For the bulk chemical composition Of the samples
copper, tin, lead, zinc, iron, manganese, cadmium, cobalt, nickel, arsenic,
antimony, Silver, gold, bismuth and sulphur were analysed quantitatively With an
accelerating voltage Of 20 kV and a beam current of 30 nA.35 The selection of
elements followed the practice commonly used in reports on metal analyses Of
copper-based archaeological objects. Because of the very small size of the turnings
It was impossible to scan over a large area, and instead we acquired by point analysis

with a beam size 0f 6 pm_ The analysis Of each sample was repeated Six times on
different locations.36 In this yway a total area Of 170 pm2 was analysed. The results
presented here correspond to the statistical qyerage Of these acquisitions.

In order to monitor the accuracy Of our analyses, we regularly ran certified copper

metal standards and several multi-analysed copper-based samples, the latter
kindly put at our disposal by Haldis Bollingberg, Copenhagen, and Peter
Northover, Oxford.

The correction method used for weight percent calculations was ZAF. Due to

decreasing total accumulated counts the analytical precision decreases from major

% Surface polishing or streaking: G.F. Carter/M.H. Kimiatek, Comparison Of Surface with

Interior Compositions Of Eight Roman Copper Based Coins. Archaeo-Physika 10, 1979,
. 82-96; A.A. Gordus, Streak Analyses, in: Hall/Metcalf (eds.) 1972, pp, 127-148.

32 G.F. Carter, Preparation Of Ancient Coins for Accurate X-Ray Fluorescence Analysis.
Archaeometry 7, 1964, pp. 106-113; C.E. King/J.P. Northover, Ashmolean, British
wsan and Neftenbach Hoard Analyses, in: L.H. Cope f/C.E. King/J.P. Northover/T.
Clay (eds.), Metal Analyses Of Roman Coins Minted under the Empire. British Museum
Occasional Paper 120 (London 1997), pp. 69-72; 3.p. Northover, Analysis in the eecton
o 11I\3/Iicropr0be and Scanning Electron Microscope, in: Oddy/Cowell (eds.) 1998, pp.

% As King/Northover, op. cit. note 32, mention, L.H. Cope already maintained many
ears ago that destructive examination is the best way to obtain accurate analysis results.

34 %’he application of EPMA to coins is discussed by Northover, op. Cit. note 32, pp. 69-80.

% L.H. Cope/R. Warren, A Comparison Of Electron-Probe Microanalysis with other

Methods for Determining the Bulk Alloy of Coins, in: Hall/Metcalf (eds.) 1972, pp.
238-247.

36 We ysually increase the number of repetitions to ten or more if the material is very het-
erogeneous Of has a multi-phase composition.
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