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Summary :

Thisentry is devoted to the metal sources around the Black Seawith an emphasis on the results of archaeo-geological and metallurgical studies and
metallurgical and metalworking remains known in the Greek colonies around the Black Sea (Apolonnia, Mesembria, Histria, Olbiaand its chora,
Borysthenes, Chersonesos, Nymphaion, Pantikapaion, Phanagoria, Gorgippia, Tanais). Special attention is given to the tools of ancient
metalworkers: casting moulds, matrices and punches.

Date

Archaic, Classical, Hellenistic periods
Geographical Location

Black Sea

1. Sources of metals
1.1. Mines

In historical and archaeological literature various mines in the Balkans, Asia Minor and the Caucasus are usually
considered as the source of copper, lead, silver and gold used in metalworking by the Greeks settled around the Black
Sea. At the same time, iron sources were supposed to be of local origin. Most of these hypotheses are, however, based on
the modern geology of those areas or on speculations about the possibility of the exploitation of certain ore

sources.!Moreover, the geographic proximity of the mines does not necessarily mean that they were used in Antiquity.
Given the scope of the international trade in metals in Antiquity, as it is reflected in the finds of in shipwrecks,
one might suggest that it was influenced by political events, changing spheres of interest, or trade treaties. Therefore,
the sources of metals were not the same in various periods.2 This is also proved by analytical studies of metal objects.
For example, the investigation of lead samples from various sites in Thrace, including the Thasian in inner
Thrace, Pistiros, has shown that the source of lead could be anywhere in the Balkan Peninsula — from Laurion to
Chalkidiki to the Rhodope mountains. The results indicate that Thrace did not utilize one single lead source but lead

was provided according to availability from different production centers.3Archae0metallurgical studies reveal the

following picture: in the Central Strandzha mines, besides early material dating to the Eneolithic period and the Bronze

rd

Age, Thracian pottery of the 5t _ 3 centuries BC and Hellenistic material were found.* The settlements located near

the mines are dated either to the 4" — 2" millennia BC or to the Hellenistic or Early Medieval periods.® Also dated to
the Hellenistic period are the copper ingots found in the sea near Achtopolis.® The study of heaps near Koprivlen at
the foot of the Pirin Mountains in southwestern Bulgaria and the neighbouring settlements suggests the local mining of
iron ores and metallurgy from the 7th century BC to the Late Hellenistic period.7Other metal sources could have been
the mines of northwestern Anatolia, first of all on the Biga Peninsula, with the huge heaps of copper slag and fragments
of Hellenistic and Late Roman pottery.8 The richest lead-silver mine, Balya Maden, in the area of ancient Pericharaxis,
as well as some other lead-silver mines on the peninsula, such as Giire, yielded numerous archaeological remains dating

to the Hellenistic period and the first centuries AD.? The important gold mines at Astyra in the Troad, which were

already exhausted by the time of Strabo (13. 1, 23) were undoubtedly exploited in the Classical and Hellenistic periods,

given the finds of pottery and C-14 analysis of charcoal found in one of the mines.'?
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1.2. Evidence on sites
1.2.1. Iron

A. S. Ostroverkhov, analyzing the remains of smithies in the Dnieper-Bug estuaries, came to the following conclusion.
The iron ores found in the Yagorlyk settlement are magnetitic quartzite, deposits of which are located in the Krivoj Rog
basin and in Korsak-Mogila in northern Taurid. The finds are shaped as rectangular bars, which according to A. S.
Ostroverkhov, prove that raw materials were specially prepared for long-distance transportation.'! Ostroverkhov also
considers that the complexes associated with iron processing found on the island of Berezan were intended for the
enrichment of the hematite sands of the Dnieper and Bug rivers from the crystalline massif of the mainland.'? Later on,
A. S. Ostroverkhov's hypotheses came under criticism, so at present the question of whether iron ore was locally

extracted at the Yagorlyk settlement is still open.13

Mineralogical study of samples of iron ore and slag from excavations of the 6™- 5™ centuries BC layers at Thorikos

near Novorossiisk in the north Pontic region has shown that the ores belong to sedimentary layers of a Cimmerian date
and that their chemical composition is close to that of the Kerch iron ores, although their texture is different. This may

argue in favour of considering the western coast of the Caucasus as the source of ore found in Thorikos.'* Examples of

th

local Kerch ore have been found several times during excavations of the late 6h -5 century B.C. metalworking shops

at Pantikapaion.'® Special studies of slag from the 15 century AD debris in Pantikapaion testify that iron smiths used

local Kerch ores.®

Metallographic study of iron bars and objects from the ond_grd century Gorgippia suggests that the local iron-working
was based not on the supplies of local ore, but rather on imported semi-manufatured bars ready for further procession.
L. S. Rozanova and N. N. Terekhova maintain that this feature may be applied in general to the iron-working in the

north Pontic area in Antiqui’cy.17

1.2.2. Copper

It has been suggested that the source of copper for the metalworking in the northwestern Pontic area were the ores of
the Carpat Mountains and the Balkans.® However, recent studies of bronze slag from different layers in Olbia has
shown that most probably the local bronze-working was based on the polymetallic ores from north Anatolia.'® The
study of the metal composition of Olbian coins allows us to pinpoint the metal's source for the various chronological
periods. The high admixtures of nickel and cobalt in the metal of Archaic arrow-shaped coins suggest the use of copper
and polymetallic ores of west Pontic origin, exploited in the Strandzha mines in the proximity of Apollonia Pontica.?

The same admixtures characterize the metal of a copper ingot found in the earliest copper-smelting furnaces of

Borysthenes on the island of Berezen.?! The variations of admixtures in the coins' metal allow us to suggest a change of

ore sources during the early 5th century BC, perhaps to the sources in western or nothern Thrace.?? Finally, unusualy
high admixtures of zinc, which may reflect a characteristic of local ores, are detected in the metal of coins struck in the

early gth century BC.>> T. N. Smekalova and Yu. L. Dyukov maintain that possible sources for this coinage could be
the ores of the north Thracian and Strandzha mines, although they do not exclude the possibility that they could have

been also the rich in zinc ores of Baluya Maden in the northwest Asia Minor.?* Thus, in course of one and a half
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century the sources of copper for the Olbian coinage has changed four times and a similar picture can be also seen in

later periods of Olbian Coinage.25

1.2.3. Silver

The study of the metal composition of Bosporan silver coins reflects a change of silver sources about 480-470 BC.?® High

admixtures of gold may indicate Thraco-Macedonian, Siphnian or Asian Minor silver sources for the earliest silver coins

of the Cimmerian Bosporus, while a rather low content of gold for coins minted since the second quarter of the 5t

century BC may indicate the Laurion mines as being the source of silver.?

2. Metallurgy and Metallworking
2.1. Archaic
2.1.1. Remains of metallurgical and metalworking shops

Early workshops and production remains, including iron and bronze smelting furnaces, were unearthed in the Greek
settlements of the Lower Dnestr area (Nikonion? and the settlement of its : Belyaevka N> at Borysthenes on the
island of Berezan,®at Olbia®! and in the settlements of the Olbian chora (Bol’shaya Chernomorka 2; Kozyrka XV),* in

the Yagorlyk se’ttlemen’t,33 at Mirmekiom,34 Pantikapaion,35 Phanagoria,36 and Thorikos.®’

6th 5th

One of the most important metallurgical and metalworking regions was established in the late 6 —early 5 century
BC in the Lower Bug area® — it is noteworthy that in the Yagorlyk settlement the processing of iron and copper ores
and manufacture of bronze arrowheads and ornaments went side by side with glass manufacture.® Two copper-
smelting workshops with the remains of ovens, pits and reservoirs cut in the bedrock, as well as thick layers of waste,
copper splashs and ingots of arsenical bronze and pure copper were unearthed in the dug-outs of Borysthenes, dated to
the late 7' - first half of the 6 century BC.% It is believed that the volume of metal production in these workshops

exceeded the needs of the relatively small colony and was therefore partly exported.** Two reservoirs for primary
processing of iron ore excavated at the settlement are dated to the same pelriod.4“2 Noteworthy are also the recent finds
of late 61 - early 5th century BC iron workshops, including one with a furnace and a pit with production debris in the
sacral area of the Berezan settlement.*> Remains of a bronze-casting or jewellery workshop were also unearthed

there.** Besides these, a hoard was also found which contained gold items and electrum coins of Erythrae or Miletus

and was probably hidden by a jeweller in the early 6h century BC.*® In Olbia the earliest remains of bronze-working

are dated already to the third quarter of the 6th century BC.* One of the debris layers, dated to the last quarter of the
6th

for casting arrowheads.*’

century BC, contained slag, crucibles, bellow nozzles, semi-finished coins, arrowheads, as well as a mould fragment

Especially well studied are the remains of four metal workshops in Pantikapaion, where they were concentrated in the
two areas: on the northern slope of the Mithridates Mound and on the Western plateau. Objects of iron, bronze and
lead were produced and furnished with ivory and bone parts. All artefacts were completely manufactured at one place.
On the northern slope of the Mithridates mount the three excavated workshops were located close to each other in
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rather small houses on both sides of a narrow by-street, forming a metalworking qu.aurter.48

Remains of the production of bronze sculpture (probably a crucible-furnace) were found in Phanagoria in a late 6th-

early 5th century BC context: house No. 6 yielded remains of an oven with bronze slag, crucibles and bronze ingots, as

well as a fragmentary clay mould for the hand of a statue.*®

2.1.2 Casting moulds, matrices, punches

3

Casting moulds are numerous and well represented by the finds from Histria %Y Berezan,”! Olbia® and its chora,”
and Pantikapaion.>* Many of the casting moulds from the northwestern and north Pontic areas were also used for
casting lead spindle whorls shaped as truncated cones and decorated with vertical ridges (e.g. moulds from Histria,*
Kozyrka XV, Olbia,> Kerkinitis® and Pantikapaion).>® Identical objects were made in a mould found at the acropolis
of Camiros on Rhodes.®

A unique schist mould from Olbia®® with such a design was reworked from a matrix with the inscription IKEZIOEIMI,
which undoubtedly belonged to a crafstman called Hikesios. The name Hikesios was spread mainly in the western
coast of Asia Minor, primarily in lonia, as well as more rarely in Lycia, Phrygia, Lydia and Pontos. The Olbian find is
the only example of a metalworker’s tool with his signature and self-portrait, not only in the Archaic north Pontic area,
but also in the Greek world, suggesting that Olbia was visited by prominent metal artists. Whether they stayed there

for a long period or went to work for a certain commission is a matter of discussion, however, the fact, that the broken
matrix was not simply thrown away, but reused by a bronzeworker rather presupposes: 1) a tradition in metalworking,
when a prominent master, who came to the North Pontic area and founded a workshop, which was inherited by a
craftsmen working for the simple local needs; 2) a general character of the workshop — manufacture of items both
hammered in precious metals and cast in bronze and lead. These suggestions correlate well with our conclusions
concerning the local Olbian creation of specific types of Late Archaic bronze mirrors and give the ground to consider
Olbia as one of the regional centres of metalworking, the creation and development of which was probably affected by
itinerant metalworkers from the Greek Mainland and Western Asia Minor, one of which, Hikesios by name, left us his

self—portrait.62

A limestone matrix for stamping small plaques in the shape of heads of a bird of prey, have been found in an early 5th

century BC layer in Olbia.® A comparable motif could have been hammered with a 5th century BC bronze punch
found at Pirjoaia in the Lower Danube.®*

Separate finds of bronze punches in a late 6h century BC context originate from the island of Berezan.®® It is quite
possible that one of the stamps from Berezan was used for the manufacture of objects made of precious metals, possibly
appliqués attached to the walls of phialaimesomphaloi or the terminals of necklaces, while another — for a pendant and a
necklace bead in one piece.The punches show that the traditions of jewellery production in Lydia and northern Ionia
had been developed further in North Pontic (Berezan)® and Thracian®” toreutics.

2.2 Classical



IAPYMA MEIZONOX EAAHNIZMOY

Authoring : , (21/1/2008)
For citation :

<http://www.ehw.gr/l.aspx?id=10784>

2.2.1. Remains of metallurgical and metalworking shops

In Mesembria Pontica remains of a 5t century BC workshop were found with two bronze-smelting furnaces.®®

sth_ 4th

Excavations of layers, dating to the centuries BC in Nikonion, yielded separate finds of slag, crucibles and

casting moulds.®” Rather numerous remains of bronze and iron workshops, dating to the 5th century BC, primarily to
its first half, were unearthed in different quarters of Olbia, mainly in the central part of the Upper town and in the area
of the Central Temenos. These include furnaces, hearths, and production debris with iron and bronze slag, and

crucibles. One of the workshops excavated in the Upper town had at least four furnaces.”® Another workshop, dated

from the late 5 to the third quarter of the 4th century BC, in the south-eastern part of the city, and located in a house
with two rooms, was most probably specialized in the manufacture of small lead votives given the finds of numerous
lead plates and a mould for casting votive figurines of Hermes and Aphrodite; This suggests that the workshop was

located nearby the sanctuary of Aphrodite.71

Pantikapaion yielded remains of debris from a metal workshop, dating to the first — second third of the 4th century BC
and including both finished objects and waste material, among them numerous pumice stones and horns, showing

traces of contact with corroded iron and bronze,” and remains of a bronze life-size statue production including
fragments of a mould, a fragmentary conical funnel, slag, and an inlaid stone eye, all dated to the second half of the 4th
century BC.”? In Phanagoria, slag and cuirass plates were found in the debris from a metal workshop dated to the

second quarter of the 5th century BC.”* Remains of workshops are unknown from the settlements of the Bosporan

chora except for the workshop on the South Churubash settlement on the chora of Nymphaion, dated to the second

half of the 41 century BC, with a room of ca. 40 square meters, where a furnace and an iron anvil were found.”

2.2.2. Casting moulds, matrices, punches

Casting moulds for jewellery, nails, and arrowheads were found in Olbia,”® while moulds for jewellery in

Histria,”’Nikonion,”® and Nymphaion.79 It is worth noting, that similar spiral-shaped pendants were cast in the
moulds from Histria and Nymphaion, while lyra-shaped pendants in the moulds found in Histria and Nikonion,
suggesting common trends in North Pontic bronze working.

Another group of matrices, made of stone, and with hollow designs, includes a piece for embossing plaques in the shape
of a wild boar’s head and , found at the Kosharskoe settlement.It has parallels with plaques from the 5t century

BC Scythian burials.® Designs for similar plaques are seen on a casting mould from excavations on the island of
Berezan - the craftsmen only marked the surface, but did not carve the openings for the plaques in the shape of wild

boar mauls.®! Remarkable is a matrix found by chance in Nymphaion, representing a winged, horned lioness (or

"lioness-griffin").52
2.3. Hellenistic

2.3.1. Remains of metallurgical and metalworking shops
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Remains of a metal workshop, dating to the grd.pnd century BC, were unearthed in the extra mural metalworking
centre east of the Thasian emporion of Pistiros in Bulgaria: finds include a jeweller's hammer,® a gold nugget, various
moulds, and two punches. Only one working edge from one of the tools is preserved. It is rectangular with an incised

pattern in the shape of a Iyre.84 The tools were published as matrices, however their shape and the position of the device
suggest they are punches.85 Other areas of Pistiros yielded finds of emimanufactured fibulae and large quantities of

iron slag.86 In the cities of the North Pontic area, scarse remains of metal workshops were found. Tyras, yielded
crucibles and bronzesmelting slag;®” Olbia very fragmentary finds of production remains in the north-western and
central parts of the Upper town;® Tanais some crucibles and bronzesmelting slag.89 In the central part of Gorgippia, in

House 68, dated to the mid-4™ — mid-3" centuries BC, debris of bronzeworking was found, including numerous
90

bronze plates, pieces of wire, cramps etc.
At Vani (Colchis) we have evidence for local bronze statue casting of the Late Hellenistic period, including an oval pit,
probably associated with its casting.%* The fact that Greek sculptors were commissioning bronze statues also in the

capital of the Late Scythian Kingdom in the Crimea is proved by the finds of inscribed statue bases with holes for fixing

the bronze statues.92

The scarse remains of metal workshops in the Hellenistic period, sometimes provoking conclusions of the decline of
production contrast with the much more numerous, than in the previous period, finds of casting moulds and matrices
(see below). At the same time, it is suggested that due to the specialisation of the craft and certain anti-fire regulations,
metalworkers settled in quarters outside the centre of the cities and close to the city walls,% which seems to be
confirmed by the remains of extra mural metalworking at Pistiros, or that the metalworking in that period could have

had a household Chamc‘cer.g4

2.3.2. Casting moulds, punches and matrices

In contrast to the moulds of the previous periods, the Hellenistic casting moulds were often carved not in stone — but in
the handles or tiles: especially big quantity of casting moulds, dated to the period discussed, primarily for
jewellery, originate from Olbia,® for instance, those for casting of earrings in ring shape with the terminals in the form
of animal heads® or those with the shields in the form of a five-column temple fagade, with pendalrlts.97 Casting moulds

101 102

for jewellery were found also in Chersonesos,* Pan’cikapaion,99 Myrmekion,'® Phanagoria,'% and Tanais.

A punch from Ruen, Burgas in Thrace with an amphora design used for embossing halves of amphora-shaped

pendants is dated to the High Hellenistic period.losA punch from Tyritake, dated to the 3
for hammering plaques with Aphrodite and Erotes.’% Four punches for embossing small circular plaques originate

rd_pnd century BC, was used

from Pantikapaion. One was probably used for stamping plaques with acanthus flowers, another for appliqués with

shell design.105

3rd

In Chersonesos a 3"~ century BC clay mould was found for casting matrices used for hammering mirror reliefs with

images of Herakles and Omphale.106A limestone matrix (not a mould as it is published) with a male head in profile was

found in a 374 - 2nd century BC house in Chersonesos.%’A ond century BC stone matrix with a negative design from
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108

Pantikapaion™" was probably used to manufacture gold foil overlays of the calathos type.

2.4. First Centuries AD
2.4.1. Remains of metallurgical and metalworking shops

Two iron smelting furnaces close one to another were unearthed in Tyras.'® In Olbia remains of iron and bronze

workshops, dated to the 18t = Srd

part of the citadel (they are represented by the small houses with furnaces built between the terrace and defensive walls)
4th

centuries AD were unearthed in two areas: on the lower terrace in the south-eastern

and in the Lower town, also with small one-room houses.?? Most of the metal workshop remains of the late 3" and
century AD, including a workshop with furnace remains, concentrate in the territory of the former citadel. 1!t Separate
finds of production remains originate also from the settlements of the Olbian chora (Kozyrka, Petuchovka).'*? In

Chersonesos there are separate finds of iron blooms and slag, bronze slag, ingots and crucibles; remains of a smith's

workshop were excavated in the north-western part of the town.!3 The finds associated with iron and bronze

metallurgy and metalworking were found in separate areas suggesting a specialisation of workshops.114 Two
metalworking debris concentrations were found in the first centuries AD layers in Pantikapaion. There are also known
finds of crucibles and nozzles of bellows. Bronze and iron smelting slag, crucibles, fragmentary bronze and iron
objects, including nails and rings for chain-armour, as well as animal bones and horns with signs of sawing were found

in the debris dated to the first half of the 3% century AD.™ A crucible for melting bronze originates from Iluraton, 116

whereas a spoon for pouring metal comes from the rural settlement of Andreevka South.'*’

In Tanais remains of metal workshops with finds of crucibles, slag, chisels, tongs, whetstones, as well as semifinished

3rd

bronze fibulae of various types were found in layers dated to the 2" _ 37 centuries AD. The workshops are located in

various parts of the city; in its western part debris of a 4th century workshop was also found .11

In Gorgippia, in House 5, which was destroyed in ca. 240 AD, 16 rectangular iron bars were found.'"? It is worth
noting that the metal had underwent processing by a craftsman of not high skill. The house, where the bars were
found, is identified as a merchant's house. The metallographical analysis of some iron artefacts from Gorgippia has
shown that their metal was identical to that of the aforementioned bars, supposedly manufactured not on site, but
imported from elsewhere as the local manufacture of iron objects in Gorgippia may be characterized as a developed

branch of production using advanced technological patterns, such as welding-in and welding-on for fixing steel

working edges upon iron base of the artefacts.' 20

2.4.2. Casting moulds, punches and matrices

Stone and clay casting moulds for ornaments and vessel attachments were found in Augusta Traiana and in the mound

no. 1 near Chatalka.’? Casting moulds for jewellery were found at Tylras.122 Five casting moulds used for the
manufacture of pendants, parts of buckles and mirror-pendants were found in Tanais in layers dated to the ond _grd

centuries AD.1%

A punch from Gorgippia was used for hammering plaques with the busts of Aphrodite and Eros and a sceptre in high
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relief.1* Its style dates it to the 158274 centuries AD, when numerous gold and silver plaques with similar motifs were
in use in Gorgippia and elsewhere in the North Pontic area.

A bronze rectangular matrix with hollow design for embossing cuirass pteryges is said to be from Kerch. 1% Clay
moulds for casting bronze matrices, dated to the ond _ grd

Chersonesos. According to L. Ognenova-Marinova, the Montana finds belonged to a workshop situated by the

centuries AD, were found in Montana (Moesia) and

sanctuary, though not wholly depended on it, because its activity was not limited to the manufacture of votives.'?

Moulds for casting matrices for bronze mirrors of Provincial-Roman types, dated to the first half or the middle of the
ond century AD, were found in Chersonesos, most probably in the context of a sanctuary.?” A bronze matrix with the

figure of Dionysos in in relief, found in the necropolis of Chersonesos has close parallels among the finds from

Thrace or Moesia, dated to the 2" - 3™ centuries AD and was probably brought to Chersonesos by a craftsman of
Danubian or Asia Minor origin. 8 The tools of the bronzeworkers and toreutes were found in the hinterland not only in
the West Pontic area, but also in Crimea, where a bronze matrix in secondary use was found in a late Scythian burial of

Ust-Alma necropolis.129
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Glossary :
1. talent, the, 2. ingot, the

1. Numismatic weight measurement. A silver talent was equal to 60 mnai or 6000 drachmas.
2. A block of metal that is cast in a standard shape for convenient storage or shipment.

aedicula
Small pedimental naiskos, either afree-standing construction or integrated into alarger building's facade.
amphora, the

from the greek words " apoi"(on both sides) and " pépw" (carry): vessel with long ovoid body and a considerably narrower neck madein various sizes
from the smaller perfume oil container to the large storage receivers of liquids and solids. It stands on asmall foot and it bears two invariable vertical
handles on either side. Some of the distinguished types of the amphorae are these whose lower part is tapering to the point (narrow bottomed), the
neck type, the Nicosthenian, the Nola, the Panathenaic, the Tyrrhenian, the SOS type.

chora, the

The agricultural land (including villages and land-plots) belonging to a polis. It was bounded with the polis on an administrative and
economic basis.

emporion, the

Places where trade was conducted, usually small settlements of urban character on the borders or along the coasts and the commercial routes. With
the same term are characterized the trade districts, the markets outside the walls of acity and/or settlements being themselves trade centers.

rosette, the
An ornament with agenerally circular combination of parts resembling aflower or plant.
sag, the

The vitreous mass |eft as aresidue by the smelting of metallic ore.



