THE COMPOSITIONAL ANALYSIS OF COPPER AND BRONZE GREEK COINS
FOUND AT HISTRIA (ACROPOLIS CENTRE-SOUTH SECTOR)
USING A PORTABLE X-RAY FLUORESCENCE SPECTROMETER

Alexandra TARLEA?, Migdonia GEORGESCU®, Aurel ViLCU®

@ Department of Ancient History, Archaeology and Art History, Faculty of History, University of Bucharest; e-mail: alexandra.tarlea@istorie.unibuc.ro
b National Museum of Romanian History, Bucharest; e-mail: gmigdonia@yahoo.com
¢ “Vasile Pdrvan” Institute of Archaeology of the Romanian Academy, Bucharest; e-mail: aurelvilcu@yahoo.com

Keywords: Histria, Acropolis Centre-South Sector, Greek coins, XRF analysis

Abstract: A number of 42 Greek coins (most of them issued and/or circulated at Histria during the autonomous period of the city and several issued by
Histria during Roman times) were found during the 2013-2016 archaeological campaigns conducted in the Acropolis Centre-South Sector. The coins,
made of copper and copper-based alloys, were subject to a non-invasive compositional analysis using a portable X-Ray Fluorescence (XRF)
spectrometer, in order to determine trends and technological choices in the coinage production. The composition of these items was compared to that
characterising a batch of coins found at Histria during older excavations.

Cuvinte-cheie: Histria, Sector Acropold Centru-Sud, monede grecesti, analizd XRF

Rezumat: Un numdr de 42 de monede grecesti (cele mai multe emise si/sau in circulatie la Histria de-a lungul perioadei autonome, precum si cGteva
emise de Histria de-a lungul perioadei romane) au fost descoperite in cursul campaniilor arheologice 2013-2016 din Sectorul Acropold Centru-Sud de
la Histria. Monedele, realizate din cupru si aliaje ale cuprului, au constituit subiectul unei analize compozitionale non-destructive utilizdénd un
spectrometru cu fluorescentd de raze X (XRF) portabil, cu scopul de a determina trenduri si alegeri tehnologice in producerea monedelor. Compozitia

acestor piese a fost comparatd cu cea a unui lot de monede provenind din sdpdturi mai vechi efectuate la Histria.

The excavations on the Acropolis Centre-South (ACS)
Sector at Histria/Istros (Istria commune, Constanta County)
began in 2013, based on a four-year archaeological
research program financed by the University of Bucharest.
The sector covers a surface of approximately 50 x 40 m
(2000 m?) just south of the centre of the acropolis of Histria
and of street c. The research brought to light the last Late
Roman dwelling level (6™ c. AD), covered by massive layers
of debris. There were identified a large structure, with two
phases, conventionally named Roman building no.1 (CR01),
as well as other walls belonging to previous and
contemporary structures. The building CRO1 was flanked
east and west by two streets, which formed crossroads with
street c.

The research occasioned the recovery of a rich and
varied archaeological material, of which coinage
represents an important and interesting category. During
the first two archaeological campaigns 22 coins were
found (seven in 2013 and 15 in 2014, including a passim
coin from outside the sector), and already published?. The
following two archaeological campaigns (2015-2016)

* For more details see Bottez et alii 2015.
2 Vilcu, Tarlea 2016.

brought to light a larger number of representatives of this
category. During the 2015 campaign 73 coins and coin-
shaped items were recovered, their preliminary
identification resulting in a final number of 68 coins
(including one passim from outside the sector) and five
coin-shaped items (possibly but not certainly coins).
During the 2016 campaign 54 coins and coin-shaped items
were also recovered and went through preliminary
identification.

In an attempt to learn more about the Greek and
Roman coinage made of copper and copper-based alloys,
the team decided to conduct a compositional non-
destructive analysis on the coins found during the 2013—
2016 campaigns, using a portable X-Ray fluorescence
spectrometer Innov-X Systems Alpha Series, with W
anticathode tube, SiPIN diode, Peltier cooling effect, and
work parameters 40 kV tension, 35 pA intensity,
acquisition time 2 min. The analysis was conducted on this
batch both before and after their patina was removed?3.
The results from the second set of analyses (on cleaned
coins) were taken into consideration for publication.

3 The coins were cleaned and restored by Mrs. Georgiana Muresan
(Institute of Archaeology “Vasile Parvan” Bucharest), to whom we
express our thanks for her contribution to this research.
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THE ANALYSED ITEMS

The analysed coins fall into the following categories:

1. coins issued by Histria/Istros and other West-
Pontic Greek cities during the autonomous
period: seven wheel type coins; five River god
type coins; two Helios type coins; one Helios or
River god type coin; six Apollon type coins; two
Demeter type coins; 12 Greek autonomous coins
which are too deteriorated to offer more
information, of which two are countermarked
(Table 1);

2. coins issued by other centres of the Greek world
and circulating at Histria during the autonomous
period: three coins struck in Macedonia for Philip
II; one coin struck in Macedonia for Alexander
the Great (Table 2);

3. coins issued by Histria during Roman times: one
pseudo-autonomous Apollon on omphalos type
coin; two coins struck by the city for Commodus
(Table 3).

From the chronological point of view, these 42 coins
cover a large time span, from the 5""-4% c. BC to the 2"-
3" ¢. AD and represent a variety of types. The oldest ones
are seven coins with the wheel on the obverse and the
legend IZT on the reverse, issued by Histria between 450—
350 BC* in large numbers®. The River god type is
represented by five (possibly six) coins, and the Helios
type is represented by two (possibly three) coins, being
issued by Histria during the 4t—3" c. BC (one of the coins
being too damaged to allow a more precise determination
of the monetary type). The four coins struck in Macedonia
for Philip Il and Alexander the Great belong also to the 4t
c. BC. Other six coins were attributed to the Apollon type
(two of them countermarked — struck with the bust of
Hermes over the representation of Apollon®), being issued
by Histria during the 32" ¢. BC. The two coins of
Demeter type (one of them found passim near Poarta
Mare/Great Gate), issued by Histria, are also dated to the
342" ¢, BC. To the 2™ c. AD belong two coins issued by
Histria for Commodus. Also, one rarer coin of the type
Apollon on omphalos issued by Histria (from the category
of the pseudo-autonomous coins) could possibly be dated
to the 2" c. AD’. In the case of 12 coins belonging to the
autonomous period of the Greek cities, their poor
preservation state did not allow so far to determine more
details regarding their type and chronological frame,
which can be loosely proposed as 4'—15 c. BC. As it can be
noticed, from the point of view of the issuing authority,
the group of Greek coins is clearly dominated by Histria,

* Poenaru Bordea 2001, p. 15. For the Istrian bronze coins, see also
Talmatchi 2011.

® Preda 1973, p. 89-103, Cat. Nos. 1-231, to which numerous more
recent finds should be added.

Alexandra TARLEA, Migdonia GEORGESCU, Aurel ViLCU

with at least 26 items from the total, followed by the four
items issued in Macedonia.

The composition of the coins found on the ACS
Sector was compared to the composition analysed using
the same XRF device of 28 coins found at Histria during
older excavations on various sectors (eight wheel type
coins; three River god type coins; two pseudo-
autonomous Apollon on omphalos type coins; 15 coins
issued by Histria, Tomis and Callatis during Roman times),
belonging to the numismatic collection of the “Vasile
Parvan” Institute of Archaeology.

THE RESULTS OF THE XRF ANALYSIS

The results of the analysis indicate the use of either
copper or copper-based alloys for casting or minting these
coins, but in both cases their composition is consistent
with the exploitation of polymetallic ores for extracting
the copper, which is accompanied by several trace
elements in various combinations: Ni 0.001-0.12%; Zn 0—
1.02% (with one notable exception — the pseudo-
autonomous coin of Apollon on omphalos type contains
13.15% Zn); Sb 0-0.77%; Au 0-0.14%; As 0-0.31%; Bi,
when determined, as very faint traces (0.001%); Ag,
frequently present, but usually only as very faint traces
(0.001%). The presence of tin could be noticed in all the
cases, but within a wide range of values, between 0.001-
16.74% Sn. The same is the situation of lead, which is
present either as trace element in some cases, or with
high values indicating intentional alloying for a notable
number of items (Tables 1-3).

Although it is probable that at least in some cases the
present values of tin are quite different from the original
ones, due to the surface enrichment effect (even after
patina has been removed through cleaning from the
surface of the bronze objects), the degree of variation in
the Sn percentage, even for such a small batch, is clear
enough to indicate that further investigations, on larger
numbers of coins of the same types, might be rewarding.

Several observations can be made by correlating the
amount of tin to the coin type (Fig. 1). The wheel type coins
prove to be so far an interesting group. While all seven
items have tin in their composition, for one of them (Table
1, No. 33) this element amounts to only 0.5%, four of them
(Table 1, Nos. 30-32, 35) are strongly clustered by their
percentage of tin (3.22-5.58%), while the last two items
jump to values of 15.62% and 16.62% Sn, respectively
(Table 1, Nos. 29 and 34). The probability of this situation
not being just coincidence is enhanced by the presence of
relatively high percentages of lead in the composition of the

% For more details see Dima 2014, p. 15.
7 For more details regarding the difficulties surrounding the dating of
this coin type see the discussion in Vilcu, Tarlea 2016, p. 162.
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four items with medium values of tin (3.53-6.41% Pb). The
use of a naturally lead-rich copper ore in the case of these
four coins cannot be completely ruled out as an
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explanation, more so when one of the River god type coins
(Table 1, No. 25) is taken into consideration, with 3.71% Pb
and no tin at all in its composition.
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Figure 1. The Cu-Sn diagram for the Greek coins.
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An alternative explanation, based on the repetitive
combination of relatively low percentages of tin with high
percentages of lead (Fig. 2), could be the intentional use
of a ternary alloy, both tin and lead being added to copper,
for reasons which are more difficult to ascertain at this
point. A shortage of tin would come to mind as a possible
reason, but a technological choice cannot be completely
ruled out, as long as adding lead to the alloy would have
eased the casting, by lowering the melting temperatures,
and would have increased the bulk of the casting®. Recent
analyses conducted on a large batch of Scythian-type
arrowheads, arrowhead-shaped monetary signs and
wheel type coins issued by Histria show that lead is
frequently present as part of a ternary alloy in the case of
arrowheads and arrowhead-shaped monetary signs.
Based on the fact that antimony was also found present
both in the case of monetary signs and wheel type coins,
the authors consider that the latter were partly obtained
after melting monetary signs®. Although in the case of our
wheel type coins antimony (Sb) is conspicuously absent,
the presence of lead in their composition could possibly
mark a connection between this type of coins and the
monetary signs. Very interesting is the situation of the two
wheel type coins characterised by the highest amounts of
tin: while one of them (No. 29) can be safely described as
a binary alloy copper-tin, since lead in its composition has
avalue of 0.05%, the other one (No. 34) is clearly a ternary
alloy, copper-lead-tin, with 16.62% Sn and 21.52% Pb. In
the same time, the first item mentioned above (No. 33)
could be considered rather as an example of binary alloy,
this time a combination copper-lead, since it has only 0.5%
Sn, but 22.42% Pb. A comparison with the composition of
two wheel type coins from the lon Donoiu Collection
sustains, so far, the observations made here, both being
characterised by ternary alloys (copper-tin-lead), with
values probably originally slightly different, since the coins
from this collection are in general in an oxidised state®°,

The River god type coins show a tendency, if this
term can be allowed for such a small sample, to be made
of copper (three of five items); in one case, already
mentioned above, with a higher percentage of lead (either
naturally present or intentionally added to create a binary
alloy copper-lead). A fourth coin (Table 1, No. 26) can be
described as made of tin bronze (8.39% Sn), although the
presence of lead in a percentage higher than the average
for the Greek coins group (1.42% Pb) cannot rule out the
presence of a ternary alloy. The fifth coin belonging to the
group (No. 28) has 1.68% Sn in composition, such a low
amount making unclear if the alloy is intentional or not.

A rather similar behaviour seems to characterise the
Helios type coins from the perspective of using low
percentages of tin, although the even smaller number of

8 Scott 2002, p. 3.
9 Vasilescu et alii 2017, p. 3-4, 7.
10 Marin 2013-2014, p. 31, Table 1 (Nos. 4-5).
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representatives makes any conclusions uncertain. The two
items belonging without doubt to this type could both be
described as binary alloys, but one is a copper-tin
combination (No. 22) and the other a copper-lead
combination (No. 21). The third item (No. 23), tentatively
attributed at this point to either Helios type or River god
type due to its extremely poor state of preservation, can be
best described as made of copper (98.62%) with a high
amount of trace elements. So far, its composition draws this
item nearer to the River god type coins made of copper
discussed above.

From the six Apollon type coins issued during the
autonomous period (Table 1, Nos. 1-6), four form a
consistent group, having in common a composition based
on bronze with a high percentage of tin (9.41-14.56% Sn),
the two coins with the bust of Hermes superimposed on the
image of Apollo being the richest in tin. At the other end of
the spectrum are situated the remaining two coins: one of
them can be included in the category of coins made of
copper (No. 3), while the other (No. 4) has a composition
situated at the limit between copper with a high amount of
trace elements and a very weak ternary alloy copper-lead-
tin. It should be mentioned that these last two items are late
small nominal Apollon type coins, situation which could be
either just coincidence or an indicator (if sustained by a
larger number of similar results) of possible changes in time
in the monetary activity of the city regarding at least this
type of coins. Other coins of the Apollon type, belonging to
the lon Donoiu Collection, seem to point in an opposite
direction: two of the three coins dated by Steluta Marin!! to
the 3 ¢. BC are made of alloys with high amounts of copper
(95.7% and 98% Cu, respectively), while six coins dated by
the same author to the 1% c. BC present between 67.5% and
84% Cu?2. Even allowing for their oxidised condition, which
normally comes with the enrichment of the surface in tin,
these values could indicate that rather being a question of
chronology we deal with a variation connected to the
subtype, variant or nominal of these coins.

The two Demeter type coins are similar in that they
are made of ternary alloys but vary in details. One of the
coins (No. 19) is characterised by a combination copper-
tin-lead with very close values for tin and lead (2.81% Sn
and 2.51% Pb), and the other (No. 20) by a combination
copper-lead-tin where lead not only clearly outruns tin,
but also is present in a high amount (10.45% Pb and 3.25%
Sn). The metal composition is not the only sign of
eccentricity of this last item, which displays a less usual
reverse with the eagle placed to the left on the dolphin
but with its head turned to the right and interrupting the
legend. A comparison with Demeter type coins from the
lon Donoiu Collection indicates that there are chances to
be a compositional evolution between earlier and later

' Marin 2013-2014, p. 31, Nos. 23-25.
2 Marin 2013-2014, p. 31-32, Table 1 (Nos. 26-30).
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coins of this type, towards higher values of the alloying
materials (tin and lead). The Demeter type coins dated by
Steluta Marin to the 3™ c. BC tend to be made of an alloy
with a high amount of copper (95.6—-97% Cu), while those
dated by the same author to the 1% c. BC have values of
copper between 72.7% and 83%3.

The four coins issued in Macedonia (Table 2, Nos.
36—39) for Philip Il and Alexander the Great form a rather
homogeneous group, all being made of quality tin bronze.
In fact, the highest values of tin of the entire analysed
batch belong to this group, two of the coins displaying
values over 16% Sn. Only one of the coins issued for Philip
Il (No. 37) contains a smaller amount of tin (6.67%), but
otherwise blends well with the rest of the group. The
general aspect of their composition, with no visible
addition of lead and high amounts of tin, brings them
nearer to a part of the Apollon type coins (Nos. 1-2, 5-6)
and one of the wheel type coins (No. 29).

The coins from the analysed group issued by Histria
during Roman times consist of two items issued for
Commodus and one item of the so-called pseudo-
autonomous Apollon on omphalos type (Table 3, Nos. 40—
42). The coins issued for Commodus are made of quality
tin bronze, with quite similar values for the addition of tin
(9.17% and 12.05%).

The coin issued by Histria and belonging to the
Apollon on omphalos type coin proved to be made of
brass. To be more precise, this item can be described as
made of a ternary alloy (83.93% Cu; 13.15% Zn; 2.71% Sn).
The only other item made of brass which belongs so far to
the numismatic finds from the ACS Sector is a coin issued
by Tomis for Gordian Ill, although the coin from Tomis is
characterised by a binary alloy (79.1% Cu; 19.99% Zn), all
the other elements being in such low percentages as to
raise serious doubts regarding any intentional addition in
their case. Brass as such is an alloy frequently used during
Roman times for the production of various objects. The
golden appearance given to the alloy by the presence of
zinc made it especially suitable to be used for ornaments,
possibly as a substitute for the more noble and expensive
metal. Still, the presence of zinc in such high amounts in
the composition of these two coins is intriguing at least
from two perspectives. First, it creates a compositional
“gap” between the Apollon on omphalos type coin, which
was tentatively attributed to the 2" c. AD, and the other
two coins from our batch issued by Histria during the same
century, both for Commodus, which are made of tin
bronze. Secondly, it establishes a link, even if superficial,
between Histria and Tomis, and between a coin with
problematic chronological framing and a coin with
indubitable dating. Of course, there is no rule to say that

13 Marin 2013-2014, p. 31-32, Table 1 (Nos. 8-22).

1 Inv. Nos. 292/252-255; 320/282; 337/2; 357/3; 1272/2.
15 Inv. Nos. 338/4; 338/8; 1272/3.

16 Inv. Nos. 405/2; 445/6.
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different types of coins issued by the same city during a
certain period of time must be made of the same alloy.
Even coins of the same type can present important
compositional variations, as the wheel type coins
discussed above clearly show. As such, the use of zinc for
the coin issued by Histria and the coin issued by Tomis
could prove to be their only common trait, with no deeper
implications. Yet this situation certainly needs further
investigations and more analyses on coins issued by
Histria (both pseudo-autonomous and for the Roman
emperors) and other Greek cities from this area should be
conducted in order to determine if any trends shape
themselves.

FURTHER INVESTIGATIONS

One of the main drawbacks in the case of
compositional analyses on reduced numbers of similar
items is the uncertainty regarding their degree of
statistical relevance for the entire category they
represent. Taking this into account, the team decided to
conduct an XRF analysis using the same device on a series
of coins brought to light during older excavations in Histria
and belonging to the Numismatic collection of the “Vasile
Parvan” Institute of Archaeology in Bucharest, and to
compare the results with those already obtained on the
coins excavated in the ACS Sector.

The coins which have been analysed so far constitute
also a rather small batch, and this enterprise should be
regarded as being rather an experiment which hopefully
will offer a result encouraging enough for the team to
continue on the same line — trying to determine the place
of the numismatic finds from the ACS Sector in the larger
context of the city of Histria also from the perspective of
their metal composition.

Based on what was available during this stage of our
research, the following coins from older excavations were
analysed: eight wheel type coins!4; three River god type
coins®®; two pseudo-autonomous Apollon on omphalos
type coins'®; 15 coins issued by Histria, Tomis and Callatis
for various emperors'’. All these coins went through
cleaning and conservation processes after their recovery,
so the XRF analysis was made on items with a comparable
state of preservation with the items discussed above.

1. Wheel type coins

The metal composition for all the wheel type coins
analysed by our team is presented below (Table 4), where
the seven items found so far on the ACS Sector are

7 |nv. Nos. T94/15; 391/7; 786/2; 910/2; 1289/4; 1408/14; 1408/18;
1674/134; 1674/151; 1674/153; 1674/159; 1700/183; 1700/186;
1700/190; 1774/143.
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compared with eight coins of the same time found during
older excavations. It can be easily noticed that the values
of the trace elements in the case of the items used for
comparison match well those already discussed for the
coins found on the ACS Sector. The main difference that
could be noticed regards the values for zinc, conspicuously
absent in the metal composition of the ACS Sector coins,
and clearly present in the case of the coins coming from
older excavations. This situation needs further enquiries,
but an explanation regarding the presence of zinc as a
result of using zinc-based solutions during the restoration
and conservation processes cannot be at this moment
completely overruled.

The presence of tin is noticed in all the cases, with
quite a large range of values (Fig. 3). Despite this fact, a

18
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diagram copper-tin allows to notice the formation of a
main cluster (12 items) which leaves few items in eccentric
positions. Although it is possible that the analysis of a
larger number of items will bring the emergence of new
clusters, so far, the results for our small batch indicate a
preference for using tin in the alloy of this category of
coins between certain percentages: 12 of 15 coins (80%)
contain tin between 3—10%; 10 of 15 coins (66.6%) contain
tin between 4-8%. In the same time, it is interesting to
notice that although the results tend to cluster they
overlap only partially. Also, all the eccentric items come so
far from the ACS Sector, the metal composition of the
coins from older excavations being far more homogenous
from this perspective.
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Figure 3. The Cu-Sn diagram for the wheel type coins presenting in comparison the items found on the ACS Sector and the items

found during older excavations at Histria/Istros.

The presence of lead with values which clearly
indicate intentional alloying made necessary a diagram
tin-lead, in order to determine how these two alloying
materials behave towards one another (Fig. 4). The
resulting image confirms and refines the previous
diagram. First of all, the cluster noticed in the copper-tin
diagram is confirmed in main: 10 items preserve their
closeness, while two items which were already a little bit
separated in the previous cluster are drawn further away
by their higher amount of lead. The result is that 10 of 15
coins (66.6%) have values of tin between 4-10% and lead
between 4-12%, the most consistent grouping with 4—6%
Sn and 4-8% Pb. Again, the possible existence of a
preference or even recipe for the production of this type

of coins comes to mind and should be verified with the
help of future analyses on larger samples.

The results obtained so far indicate that at least in
the case of this small batch of wheel type coins some
trends or even norms evidence themselves. The first clear
fact is that these coins are all made of alloyed copper, and
the second that for the majority of the items a ternary
alloy (copper-tin-lead or copper-lead-tin) represents the
norm, 13 of the total of 15 coins being in this situation. It
is less clear at this point if this is the result of an intentional
combination at the moment when the metal charge was
prepared or, how it was suggested in the literature, the
more or less unintentional effect of re-using metal objects
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withdrawn from circulation, such as pre-monetary signs.
The cluster emerging in the diagrams would suggest that,
no matter the method involved, it is not impossible for a
certain degree of control to have existed. The small

number of analysed items does not allow for more
certainty at this point, as long as the possibility of at least
some of the items to have come from the same charge of
metal cannot be completely ruled out.
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Figure 4. The Sn-Pb diagram for the wheel type coins presenting in comparison the items found on the ACS Sector and the items

found during older excavations at Histria/Istros.

2. River god type coins

The metal composition of the group of coins of this
type found on the ACS Sector was compared with the
composition of three River god type coins from older
excavations (Table 5). As in the case of the wheel type
coins, the results for the coins used as comparison match
well those characterising the items found on the ACS
Sector.

The diagram copper-tin shows, with one notable
exception (No. 26), that these coins have the tendency to
form a loose cluster (Fig. 5), based on their shared
characteristic of being made of copper with very low
amounts of tin. Leaving aside the above-mentioned
exception, all these coins have more than 95% Cu in
combination with less than 2% Sn. In fact, six of the total
of seven coins present values for tin lower than 1%.

A verification of the relation between tin and lead in
the composition of these coins shows that five of the eight
coins have less than 2% Sn and 0.5% Pb, forming a small

18 Vasilescu et alii 2017, p. 3-4, 7.

cluster, and seven out of eight coins have less than 2% Sn
and 4% Pb (Fig. 6). Given the small values for both tin and
lead in the majority of cases, it is almost impossible to say
at the present if this situation is intentional or not, and if
the metal could be described as intentional alloy or not.

As a result of these observations, the safest thing
that can be said so far for the analysed group of River god
type coins is that in main they seem to have a very
different behaviour than the analysed group of wheel type
coins, being in general made either of copper with a high
amount of trace elements or of very weak binary or
ternary alloys. Another aspect to be taken in
consideration is the absence of antimony in the case of the
wheel type coins and its presence in the case of seven of
the eight River type coins, situation which could hint
towards the use of a different source of copper. It is
interesting to notice that the only composition where
antimony is not present belongs to the coin which has an
eccentric position due to the use of tin as alloying
material.
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Figure 5. The Cu-Sn diagram for the River god type coins presenting in comparison the items found on the ACS Sector and the items
found during older excavations at Histria/lstros.
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Figure 6. The Sn-Pb diagram for the River god type coins presenting in comparison the items found on the ACS Sector and the items
found during older excavations at Histria/Istros.
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3. The pseudo-autonomous Apollon on omphalos
type coins

It was already mentioned that a coin of a rare type,
issued by Histria with the representation of Apollon on
omphalos during Roman times, offered a surprise from the
compositional point of view as it turned out to be made of
brass. The only two other coins issued for Commodus by
Histria during that period of time which were found on the
ACS Sector are made of tin bronze, so this coin tends to
stand out. The closest parallel found in the beginning was
in a coin, also found on the ACS Sector, issued for Gordian
Il by Tomis. This situation raised some questions and the
team decided to compare these items with a number of
older finds, including two other pseudo-autonomous
Apollon on omphalos type coins and several other coins
issued for the Roman emperors by Histria, Tomis and
Callatis, in an attempt to determine possible trends.

The results of the XRF analysis are presented in the
following table (Table 6).

The 21 analysed coins are: three coins of pseudo-
autonomous Apollon on omphalos type issued by Histria;
five coins issued for Commodus by Histria; three coins
issued for Gordian Ill, one each by Histria, Tomis and
Callatis; three coins issued for Gordian and Tranquillina,
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two by Histria and one by Tomis; two coins issued for

Severus Alexander, one by Callatis and one by Histria; one

for Elagabal, one for lulia Mamaea, one for Caracalla,

issued by Histria; one for Philip Jr. and one for Philip the

Arab issued by Tomis?®®.

Although the situation is far from balanced from the
point of view of either the degree of representation of the
emitting authority (16 coins were issued by Histria, three
by Tomis, and two by Callatis) or the number of coins for
each type, the results of the XRF analysis are quite
interesting, as a diagram zinc-tin shows (Fig. 7).

In general lines, the batch of coins analysed so far has
the tendency to split into three groups:

1. coins made of copper: Gordian Il (Histria) — 1;
Caracalla (Histria) — 1;

2. coins made of alloys based on tin (tin bronze or
copper-tin-lead/copper-lead-tin alloy): lulia Mamaea
(Histria) — 1; Gordian and Tranquillina (Histria) — 2;
Severus Alexander (Histria) — 1; Commodus (Histria) —
5; Elagabal (Histria) —1;

3. coins made of brass (as binary alloy or ternary alloy
with tin): Apollon on omphalos (Histria) — 3; Gordian Il
(Tomis) — 1; Gordian Il (Callatis) — 1; Gordian and
Tranquillina (Tomis) — 1; Severus Alexander (Callatis) —
1; Philip Jr. (Tomis) — 1; Philip the Arab (Tomis) — 1.

14
# Apollon on omphalos type coins (Histria)
B Commodus (Histria)
by
A Gordian Il (Tomis)
10 A Gordian IIl (Histria)
E A Gordian Il (Callatis)
8 ® Gordian and Tranquillina (Histria)
c
wv @ Gordian and Tranquillina (Tomis)
6
X Severus Alexander (Callatis)
X Severus Alexander (Histria)
4
X o Elagabal (Histria)
2 %i @ lulia Mamaea (Histria)
‘ O Caracalla (Histria)
o A ‘ OO—A—@ A | o Philip Jr. (Tomis)
0 5 10 15 20 25
Zn O Philip the Arab (Tomis)

Figure 7. The diagram Zn-Sn for coins issued by Histria, Tomis and Callatis during the Roman period (for each type the issuing centre

being indicated between parentheses).

9 For the coins issued by Istros, Tomis and Callatis in the first half of the
3 century AD, see Dima 2005 and Dima 2011.
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From the point of view of the emitting authority,
Histria shows a clear preference to use binary alloys
copper-tin and especially ternary alloys copper-tin-lead or
copper-lead-tin. Also, in two cases the percentage of
copper in composition is so high as to be possible to talk
about coins made of copper. In this perspective, it would
be tempting to consider this situation as representing
either the preservation or the renewal of an older
tradition in the casting and minting of coinage, if we
compare the compositional choices for these items with
those made for the coinage of the autonomous period of
the city. The only real novelty seems to be the presence of
zinc as alloying material for the coins of Apollon on
omphalos type, which are all three made of brass. In the
same time, all the analysed coins issued by Tomis and
Callatis have zinc in their composition, being also made of
brass. As such, the emerging image is that there is a sort
of divergence between the technological choices of Histria
and the two other Greek cities, which in their turn seem
to be closer to each other in this respect. It is surely risky
to draw such a conclusion based only on the comparison
between such small numbers of coins, but the fact that
coins issued for the same ruler(s), as is the case with
Gordian Ill, Gordian and Tranquillina or Severus
Alexander, are made of brass in Tomis or Callatis and of
copper/bronze in Histria lends some weight to this
supposition. Even in the only case indicating, so far, the
use of zinc for coins in Histria, the composition of the
three coins of Apollon on omphalos type varies when
compared to that of the coins made of brass from Tomis
and Callatis. While the last-mentioned represent a binary
alloy copper-zinc, the Apollon on omphalos type coins are
made of a ternary alloy, copper-zinc-tin, either
intentionally or by adding zinc to tin bronze (Fig. 7). In the
same time, in general lines and allowing for local choices
and possibilities, all these West-Pontic Greek cities do
nothing more than to align themselves to the
metallurgical trends of the Roman world, where the use
of brass both for minting coinage and for other categories
of objects is already frequent during this chronological
framework.

CONCLUSIONS
Comparing the behaviour of the coins taken into

discussion, certain patterns tend to be established more
or less clearly. In the case of the earliest coinage issued by

Alexandra TARLEA, Migdonia GEORGESCU, Aurel ViLCU

Histria, the wheel type coins, binary (copper-tin or copper-
lead) and especially ternary (copper-tin-lead or copper-
lead-tin) alloys seem to be greatly in favour. On the
contrary, the River god type coins tend to be made either
of copper or very weak copper-based alloys. Tin bronze is
rather the norm for the Apollon type coins of the
autonomous period, while for the Demeter type coins a
ternary alloy with tin and lead seems to be preferred. The
coins issued by Histria for the Roman emperors tend to
follow what could be described as already existing
traditions from the compositional point of view, the only
clear exception so far being the pseudo-autonomous
Apollon on omphalos type coins, made of brass.

It is to be hoped that future analyses will help
completing and clarifying the image offered by the copper
and copper-based coinage issued by Histria, from the
compositional and technological perspective.
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296 Abréviations / Abbreviations / Abrevieri

KSIA (Kiiv) — Kratkije Soobscenija Instituta Arheologij Akademij Nauk SSSR, Kiiv

KSIA (Moskva) — Kratkije Soobscéenija Instituta Arheologij Akademij Nauk SSSR, Moskva

Ktema — Civilisations de I'Orient, de la Gréce et de Rome antiques, Strasbourg

MCA — Materiale si Cercetari Arheologice, Bucuresti

MemAnt — Memoria Antiquitatis, Piatra Neamt

MIAR — Materialy i issledovanija po arheologii Rossii

MIBE — W. Hahn, M.A. Metlich, Money of the Incipient Byzantine Empire (Anastasius | — lustinian I, 491-565), Viena,
2000

Mousaios — Mousaios. Buletinul Stiintific al Muzeului Judetean Buzdu

MuzNat — Muzeul National, Bucuresti

NZ — Numismatische Zeitschrift, Viena

Peuce — Peuce, Studii si cercetari de istorie si arheologie, Institutul de Cercetari Eco-Muzeale, Tulcea

Pick, Regling — B. Pick, K. Regling, Die antiken Miinzen Nord-Griechenlands, |, Die antiken Miinzen von Dacien und
Moesien, Berlin, 1, 1898 (B. Pick), 2, 1910 (B. Pick, K. Regling)

Pink, NZ — K. Pink, Der Aufbau der Rémischen Miinzprdgung in der Kaiserzeit. VI/1, Probus, NZ, 71, 1946, p. 13-74

Pontica — Pontica. Studii si materiale de istorie, arheologie si muzeografie, Muzeul de Istorie Nationala si Arheologie
Constanta

PZ — Préhistorische Zeitschrift, Berlin-Mainz

RA — Revue Archéologique, Paris

Radiocarbon — An International Journal of Cosmogenic Isotope Research, Cambridge

REA — Revue des Etudes Anciennes, Bordeaux

RevBistr — Revista Bistritei. Complexul Muzeal Bistrita-Ndsaud, Bistrita

RevMuz — Revista Muzeelor, Bucuresti

RIC Il — H. Mattingly, E.A. Sydenham, The Roman Imperial Coinage, lll, Antoninus Pius to Commodus, London, 1930

RIC IV, 1 — H. Mattingly, E.A. Sydenham, The Roman Imperial Coinage, IV, 1, Pertinax to Geta, London, 1968

RIC IV, 2 — H. Mattingly, E.A. Sydenham, C.H.V. Sutherland, The Roman Imperial Coinage, IV, 2, Macrinus to Pupienus,
London, 1938

RIC 1V, 3 — H. Mattingly, E.A. Sydenham, C.H.V. Sutherland, The Roman Imperial Coinage, \V, 3, Gordian Ill — Uranius
Antoninus, London, 1949

RICV, 1—P.H. Webb, The Roman Imperial Coinage, V, 1, London, 1927 (retiparit 1968)

RICV, 2 — P.H. Webb, The Roman Imperial Coinage, V, 2, London, 1933 (retiparit 1968)

RIC VI - C.H.V. Sutherland, The Roman Imperial Coinage, VI, From Diocletian’s reform (A.D. 294) to the death of
Maximinus (A.D. 313), London, 1967

RIC VII = P.M. Bruun, The Roman Imperial Coinage, VII, Constantine and Licinius A.D. 313-337), London, 1966

RIC IX —J.W.E. Pearce, The Roman Imperial Coinage, 1X, Valentinian I-Theodosius I, London, 1933 (retiparit 1968)

Ruzicka, Inedita — L. Ruzicka, Inedita aus Moesia Inferior, NZ, 50, 1917, p. 73-173

Quaternary International — Quaternary International. The Journal of the International Union for Quaternary Research

SAA — Studia Antiqua et Archaeologica, lasi

SCA — Studii si Cercetari de Antropologie, Bucuresti

SCIV(A) — Studii si Cercetari de Istorie Veche (si Arheologie), Bucuresti

SCN — Studii si Cercetari de Numismaticd, Bucuresti

SNG IX, BM —Silloge Nummorum Graecorum, IX, The British Museum, |, Black Sea, London, 1993

SNG XI, Stancomb — Silloge Nummorum Graecorum, Xl, The William Stancomb Collection of coins of the Black Sea
Region, Oxford, 2000

SovArh — Sovetskaja Arheologija, Moskva

SP — Studii de Preistorie, Bucuresti

Stratum(Plus) — Stratum (Plus), Scoala Superioara de Antropologie, Chisinau, Sankt Petersburg, Bucuresti

StudCom Satu Mare — Studii si comunicari Satu Mare

StudCom Sibiu — Studii si Comunicari, Sibiu

Th-D — Thraco-Dacica, Bucuresti

Tyragetia — Tyragetia. Anuarul Muzeului National de Istorie a Moldovei, Chisinau

Varbanov — I. Varbanov, Greek Imperial Coins and their Values (The Local Coinage of the Roman Empire), |, Dacia,
Moesia Superior, Moesia Inferior, Burgas, 2005

Verh.Naturforsch.Ver. — Verhandlungen des naturforschenden Vereines in Brlinn, Briinn (Brno)
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