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MPEJATOBOP

Yerptot Konrpec Ha I'eono3ure nHa Make-
JOHWja Tpebame 1a ce oapxu muHatata, 2020 ro-
IvHA, HO mopanu mnangemujata Ha KOBUWJI-19,
Konrpecor 6eme oanoxen 3a oBa 2021 roauHa, co
HaJeX JIeKa MaHAeMHjaTa Ke IIOMUHE U IeKa Ke Mo-
KeMe BO HOPMAIHU OKOJHOCTH Ja TO OJAPKUME
Konrpecor. Meryroa naniemujata Ha KOBUJI-19
MPOJIOJKU U BO TekoT Ha 2021 roguHa a co Toa u
olpxyBameTo Ha KoHrpecot Ha reosio3ute Ha Mak-
¢JI0HHUja CTaHa Heu3BeceH U Bo TekoBHara 2021 ro-
IIMHA, 3aT0A OPraHU3aLHMOHUOT 0A00P Ha KOHIPECOT
OJUTy4r COOpaHHUTE KOHTPECHU MaTepujainu na Ou-
naT o0jaBeHHu BO nocebno mzganue Ha 'EOQJIOI' M-
KA MAKEJOHUKA (2021) u co Toa na Oumar
3aTBOPEHU aKTUBHOCTUTE OKONy 4-oT KoHrpec Ha
I'eonosure Ha MakesoHuja.

4-ot Konrpec Ha ['eono3ure Ha Makenonuja
nNpeTCTaByBa KOHTUHYUTCT BO KOHI'PECHUTEC aKTHB-
HocTH Ha MakenoHckoto I'eonomko JpymrTBo u
OCHOBA TIpaBM MpeceK Ha JOCTHTHYyBamaTa Ha reo-
morujaTa BO MakenoHuja MoMery JBaTa KOHTpeca.

MakeIOHCKOTO T'€OJIOIIKO JAPYIITBO KaKo
acolyjalyja Ha CUTE Ie0j03U U MCTPaXyBaud OX
cdepaTa He Teo-HayKuTe BO MakeaoHHja yIiTe o
cBoeTo hopmupame Bo 1952 rouHa na ce 70 IeHecC
BO CBOJOT (JOKYC Ha MHTEPEC I'M UMa I'€0 HAyKHUTE
KaKO MHTETpajIeH A€ BO Pa3BOjOT Ha OMILUTECTBOTO
W BO pa3BOjOT Ha TUIaHeTaTa 3eMja BO IIeJIMHA.

I'eo-HaykuTe BO MIHUHATA KE€ C€ 3aHMMaBaat
CO U3yUYyBamkETO Ha TUHAMHUKATA HA caMaTa IJIaHe-
Ta 3eMja, OAHOCHO KIIyYHUTE JBUraTeIH U IIPOLecH
KOHM YIpaByBaaT CO €BOJNYIHjaTa W OJHECYBAmHETO
Ha MJIaHeTaTa, KaKo KIyYHU eJIEMEHTH 3a CTpaTell-
KHTE TUIaHMpama 3a pa3BojoT Ha [lnanerara u 3a-
YyBYBaE€TO HA HEj3MHHUTE MOCEOHOCTH KaKo IITO
CC: IMHaMHUKaTa Ha ABMXKCHCETO Ha nyfeTo, JUHa-
MHUKaTa Ha NPOMEHUTE BO JWBEP3UTETOT Ha (IIo-
pata u ¢ayHara (€KoJoruja), a moceOHO BHUMaHHE
Ke ce MIOCBETH Ha OHHME €KO-CUCTEMH KO 'l Hace-
JyBaaT HEKOJKYTE HajoJIaiecdeHd MecTa Ha oBaa
uaHera, 4uj paguyc e 6370 km, ke 3azemaar ueH-
TPaJHO MECTO BO MIHMHATA Ha 3eMjaTa, HAYHMHOT Ha
KOj pearupaar Ha (rjo0ajHHUTE) XUBOTHU U KIIHU-
MaTCKH MTPOMEHA.

Kako pesynrat Ha IIpBroT 3aKk0H Ha TepMOAU-
HaMHKa KOj ce OJJHeCyBa Ha 3a4yByBame€ Ha eHep-
rujata BO CHCTEMOT, CUTE MOJU(PUKAIIUN HA OaaH-
COT Ha €HeprujaTa (M Macara) BO BHATPEITHOCTA Ha
IUTaHeTaTa MOpa Ja uMaaT e(eKkT Ha MOBpIIMHATA
Ha IJIaHeTaTa ¥ Hej3uHara Onocdepa, BKITyqIyBajKu
ro u ommTecTBOTO. [loceqyBameTo Ha COOJBETHO

PREFACE

The fourth Congress of the Macedonian geol-
ogists was supposed to take place last year, 2020,
but due to the COVID-19 pandemic, the Congress
was postponed for this year, 2021, hoping that the
pandemic will pass so that we could hold the Con-
gress under normal conditions. However, the
COVID-19 pandemic continued to spread in the
course of 2021 and as a result of it, the holding of
the Congress of the Macedonian geologists proved
to be uncertain in the current 2021. So, the Organ-
izing Committee of the Congress decided to publish
the collected Congress materials in a separate pub-
lication GEOLOGICA MACEDONICA (2021) and
with that, to close the activities around the fourth
Congress of the Macedonian geologists.

The fourth Congress of the Macedonian geol-
ogists presents a continuity in the Congress activi-
ties of the Macedonian Geological Society and ba-
sically shows the achievements of geology in Mac-
edonia between the two Congresses.

The Macedonian Geological Society, as an
Association of all the geologists and researchers in
the field of the geological sciences in Macedonia,
has had the geological sciences in their focus of
interest since its establishment in 1952 until today,
as an integral part in the development of the society
as well as within the development of our planet in
general.

In the future, the geological sciences will be
focused on studying the dynamics of the very planet
Earth, i.e. the key moving forces and processes that
govern the evolution and the behavior of the planet,
as crucial elements for the strategic planning of the
development of the Planet and preserving its parti-
cularity, such as the movement of the people, the
dynamics of the changes in the diversity of the flora
and fauna (ecology). A special attention will be paid
to those eco-systems that have been populated at the
most distant places on this Planet, whose radius is
6370 km. They will take the central place in the
future of the Earth, the way in which they react to
the (global) living and climatic changes.

As a result of the First Law of the thermody-
namics, which refers to preserving the energy within
the system, all the modifications of the energy
balance (and the mass) in the interior of the planet
must affect the surface of the planet and its bio-
sphere, including the society as well. Possessing the
appropriate knowledge and better understanding of
such processses at a higher level is a precondition
for comprehending the processes of the occurrence
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3Haeme ¥ N0J00p0 pazdupame Ha TAKBUTE MPOLIECH
Ha TOU1a00K0 HHBO € MPEIyCclIOB 3a pa3doupameTo
Ha TpOIECUTE 3a I0jaBaTa HAa YOBEUYKH U APYTH
(dhopmu Ha )XUBOT Ha ToBpmuHaTa. O cute chepu
BO 3eMjUHHUOT CUCTeM, eHa (reo cdepara) € oco-
OCHO TpeManKy 3acTareHa BO MPOTPaMUTE 32 HC-
TpaKyBame Ha IaHeTaTa 3emja Bo uaHuHaTa. Ce-
Koja ambuirja mogoopo ma ce pazdepar MexaHW3-
MUTE KOU TH IOKPEHYBaaT MPOMEHUTE BO )KUBOTHA-
Ta CpelluHa, IITO € OYUTIICTHO BAXKHO, € HEIIEIIOCHO
W HajBEPOjaTHO MOTPEIIHO aKo He ce BKIy4YaT Haj-
pelieBaHTHUTE JHUCUUILIHHU 07 cdepata Ha Treo-
HaykuTe OWICjKHM MPOMEHUTE BO reo cdepara ru
MOKPEHYBaaT MPOMEHHUTE BO KMBOTHATA CpPEIWHA
Ha OBaa IUIaHeTa.

MHory acrekTH MoBp3aHu co 3eMjaTa 4ecTo ce
riaBeH (oKyc 3a MUPOK CIEKTap Ha reo HayYHUIH
KOM CEKOJTHEBHO C€ 3aHMMAaBaaT CO HAyKHTE 3a
3emjara. 3a BpeMe Ha MUHATHTE JICKaJH, I'eo Ha-
YYHUIMTE MPOYYyBaJIe IIUPOK CIIEKTap HA TEOPET-
CKHU M IPUMEHETH acTieKTH Ha 3eMjaTa U U3rpaauie
orpoMHa 0asa Ha 3Haeme, Koja MOXe Ja 00e30emu
MHOT'Y OJITOBOPH Ha IMpallamaTa 32 UCTPaKyBarbe
KOHM Ce PEJICBaHTHH 3a re0 HAYKUTE BO WIHWHATA.
Jen o1 oBaa 0a3a Ha 3HACHE CE TEOJIOIIKUTE 3aMUCH
KOH CE OTKPUCHHU MPU UCTPAXKYBAHATA HA AHTAPK-
TUKOT BO HCKOJIKYTC MPETXOAHU ACKAAH, U KOj MO-
ke J]a ce KOPUCTAT KaKO COOJ[BETHA MPHUPOJIHA pe-
(bepeHua 3a UIHU KJIIMMATCKU IMTPOMEHHU BO OJHOC Ha
OTIOPHOCTA HA €KOCUCTEMHUTE U YOBEIITBOTO O]
rojieMa pa3HOBHJIHOCT Ha aTMOC(EPCKU U KIMMaT-
CKH YCIIOBH.

I'eo HayuHWIIMTE HANpaBUIIe 3HA4YaeH Harpe-
JIOK BO Pa3B0jOT HA OCOOCHO PENIEBAHTHUTE MOJICITU
3a [peJIBU/IyBambe Ha CITydyBambaTa BO JJuTochepara
u arMocdepaTta ¥ NPEeKy THE OTPOMHU JOCTHTHY-
Bamba BO UCTPAKYBAHETO Cera I'M pa3doupaaT Hajro-
JIEMHOT JIeJ OJ] MEXaHU3MHUTE U BPEMETO Ha CIy4y-
BamaTa Ha IOTOJEMHUTE, MOMAaJHWTE 10 OHHE Ha
HaHO-HMBO Tiporieck Ha 3emjata. Kora nuckyru-
pame 3a MIHUHATA Ha 3eMjara, Hej3uHaTa reocgepa,
atMocgepa, xuapochepa u 6rnochepa, He MOXKAT J1a
ce UTHOpHpaaT pe3yiTaTHTe Ha TaKBUTE 3HAYAjHU
HCTPaXKyBamba.

['eo-HayyHHMIIMTE MOXXKE 3HAYajHO Ja AONPHU-
Hecar Jia ce JIajie OCBPT HAa CUTE MPHOPUTETH TIOJ
temara: JluHamnyna manera. BeymHocT, He Moxke
Jla ce Jajie OCBPT Ha HajroJeMHUOT JeNl O]l OBHE
npuoputetd (>65%) mon temara [luHamuvHa ra-
HeTa, 0e3 BUTAIHUTE 3HACH¢ Ha 3a¢/IHUIIA HA Hayd-
HHUTE 01 00J1acTa Ha T€0 HAyKHTE.

3atoa u IV-or Konrpec Ha reono3ure Ha
MakxkenoHnuja Tpeba 1a Ouie MOCBETEH HA TEMH KOU
C€ UCKITYIHUTEITHO BaXKHU 32 €BOJTyIIHjaTa U Pa3BojoT
Ha camaTa IulaHeTa 3emja.

OpranuzanoHes 0160p

of human and other forms of life at the surface.
Considering all the spheres within the Earth system,
one of them (the geo-sphere) has been particularly
little represented in the programs for the exploration
of the Earth system in the future. Each ambition and
effort to better understand the mechanisms that are
moving forces for the changes in the environment,
which is obviously very significant, is incomplete
and most probably wrong if the most relevant
disciplines in the sphere of the geological sciences
are not included, because the changes within the
geo-sphere are moving the changes within the envi-
ronment of this planet.

Many aspects related to the Earth have been a
major interest for a wide spectrum of geo scientists
who are continually working on the sciences about
the Earth. In the course of the past decades the geo
scientists were studying a wide scope of theoretical
and applied aspects of the Earth and they have
established an enormous knowledge base which can
provide many answers to the questions considering
the exploration, answers that are relevant for the geo
sciences in the future. A part of this knowledge base
presents the geological records that were found out
in exploring the Antarctic during the last decades.
They can be used as an adequate natural reference
for the future climatic changes in relation to the
resistivity of the eco-systems and the humanity
under a great diversity of the atmospheric and
climatic conditions.

The geo scientists have achieved a significant
advancement in the development of the particular
relevant modules for predicting the occurrences
within the lithosphere and the atmosphere. Owing to
that vast achievement in exploring, they can now
understand the greatest part of the mechanisms and
the time of the occurrences of the greater, the small-
ler to those at the nano level processes of the Earth.
When we discuss about the future of the earth, its
geosphere, atmosphere, hydrosphere and biosphere,
we cannot ignore the results of such significant
exploration.

The geological sciences can significantly con-
tribute for providing a review to all the pri-orities of
the Subject: Dynamic planet. In fact, a review
cannot be provided to the greatest part of these
priorities (>65%) under the subject the Dynamic
planet, without taking into consideration the essen-
tial knowledge of the association of the scientists
from the field of the geo sciences.

Accordingly, the fourth Congress of the Mace-
donian geologists should be dedicated to subjects
that are exceptionally important for the evolution
and the development of the very planet Earth.

Organizing board
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CHEMICAL COMPOSITION OF ROMAN COINS FROM PELAGONIA
(NORTH MACEDONIA) DETERMINED BY THE SEM-EDS METHOD

lvan Boev

Faculty of Natural and Technical Sciences, “Goce Delcev” University in Stip,
Blvd. Krste Misirkov 10-A, P. O. Box 210, 2000 Stip, Republic of Macedonia
ivan.boev@ugd.edu.mk

Abstract: The paper presents the results of the tests on the chemical composition of coins from the Pelagonia
region (North Macedonia) dating from Roman times, using the SEM-EDS method. From the results obtained, it can be
concluded that there are two types of coins present: bronze and copper. In the case of bronze coins based on the chemical
composition of bronze, two types of coins can be distinguished: 1) bronze coins with the following composition: Cu-
45,81-46,31 %; Sn- 26,78-47,26%; Pb-6,37-9,37 %. In their composition these bronze coins are not similar to the
bronze coins from other regions of the world. 2) bronze coins with the following composition: Cu-65-85 %; Sn-12-31
%; Pb-3,49-11,59 %. The composition of bronze of these coins is similar to that from Egypt, Ancient Greece, Phoenicia,
Ceylon, Korea and the Celtic bronze coins in England. 3) copper coins with the following composition: Cu-97,53-98,12
%, Pb-1,11-1,50 %. The composition of these copper coins is very similar to the composition of coins from Mycenae
and Thebes.

Key words: Pelagonia; bronze; copper; SEM-EDS

XEMUCKHU COCTAB HA PUMCKHUTE MOHETH O/] IEJIATOHUJA
(CEBEPHA MAKEJIOHUJA) OAPEJEH CO METOJATA CEM-EJIC

AmnctpaxT: BoTpynoT ce mpuKakaH! pe3yNTaTUTE Of HCIIUTYBambaTa Ha XEMHUCKHOT COCTAaB HA MOHETHTE O]
obnacta [lemaronunja (CeBepHa MakenoHrja) KoM MOTEKHYBaaT OJl pUMCKO BpeMe co mpuMeHa Ha Metogata CEM-
EJIC. On mobGueHute pe3ynTaTd MOKE Jla ce 3aKIy4Yd JIeKa ce 10jaByBaar JBa THIIAa Ha MOHETH W TOa: OPOH3CHH U
Oakapau. Kaj OpoH3eHHTE MOHETH Ha OCHOBA Ha XEMHCKHOT COCTaB Ha OpOH3aTa MOXKe Jla ce M3/BOjaT JBa THUIIA Ha
MOHeTH U Toa:1) OponseHn MoHeTH co cocraB: Cu — 45,81-46,31 %; Sn — 26,78-47,26%; Pb — 6,37-9,37 %. OBue
OpOH3EHN MOHETH I10 CBOjOT COCTaB HE CE CIIMYHM CO OPOH3EHNUTE MOHETH OJ1 APYTH PETHOHH BO CBETOT. 2) OpOH3EHU
MoHeTd co cocra: Cu — 65-85 %; Sn — 12-31 %; Pb — 3,49-11,59 %. CocraBor Ha GpoH3aTa 0] OBUE MOHETH €
CJIMYEH CO COCTABOT Ha OpoH3ata ox Eruner, Antnuka I'punja, ®enukuja, Llejnon, Kopea kako 1 OpoH3eHHTE MOHETH
na Kenrure Bo Anriuja.3) 6akapuau Monetu co cocras: Cu — 97,53-98,12 %, Pb — 1,11-1,50 %. CocraBoT Ha oBue
OaKapHH MOHETH € MHOT'Y CIIMY€H CO COCTABOT Ha MOHeTHTe 0 MukeHa u Teba.

Kiyunu 36opoBu: [lenaronuja, 6ponsa, 6axap, CEM-EJIC

INTRODUCTION

Metals have played an important role in the
development of society over the centuries, their use
having a strong influence on the development of
civilization and human history. Getting to know the
properties of metals, the people from earlier ages
concluded that they could significantly improve
their properties by mixing them with one another.
When mixing these metals, their melting point low-
ers and the final product gets better characteristics
such as strength, and resistance to corrosion
(Goffer, 1980).

Scientific studies concerning ancient metal
objects (coins, weapons, tools, or jewelry) are of

particular importance from a historical and archaeo-
logical point of view. Composition analysis provi-
des information on the metals from which these
items are made and on how metals were processed
(bronze, copper, silver, gold) (Constantinescu et al,
2010, 2012).

COMPOSITION OF A PART
OF ANTIQUE BRONZE AT THE BEGINNINGS
OF METALLURGICAL ART

The age of bronze is still in question. In Baby-

lon, the metal spear dates back to probably 4000
BC, and on Enhegal’s plate of (King of Lagosh,
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3100 BC) there are records of "so many bronze ma-
nas" paid for some land, but "bronze" may have
been just copper. In Egypt, red bronze from Medun
dates back to 3700 BC, and the metal statue of Pepe
I, Dynasty VI, from compacted plates shows a pro-
found knowledge of metal art. Ancient China claims
that during the Shang Dynasty, 1783 BC, bronze
work reached an advanced stage. Since southern
China began producing large quantities of bronze
and tin and the possibility for experimenting was
good, China's claim can be considered acceptable.
The Egyptian plates have records of expeditions to
Sinai, sent by their early kings, to take bronze from
the local mines, while, no doubt, the tin was taken
from the Phoenician merchants who bought it from
the British Isles, where it was excavated 3,000 years
ago, and exchanged it for Egyptian products. The
ancient Assyrians took copper from Arabia and Cy-
prus, and tin from India and Spain, and it is highly
likely that the old metallurgists mixed these two
metals in certain proportions to obtain alloys,
though in some cases the ores themselves may have
been melted together, giving different compositions
of bronze. Some conclusions can be drawn from
these analyses of the bronze.

Egyptian bronze shows differences in compo-
sition. Where there was no need for hard edge, tin
was replaced by lead, a small amount of tin was
used where rigidity was required and for cast bronze
where sharp impression was needed (Table 1, 2, 3).
The arsenic and antimony found in certain bronzes
may have had a hardening effect and are likely to be
accidental impurities in copper ores. The lead pre-
sent in some of the Egyptian bronze may have come
from lead mines near Laurium on the east coast of
Greece and was no doubt a substitute for tin for eco-
nomic reasons. The Egyptians, who had copper, tin
and lead, were able to experiment with these metals
in order to obtain the best proportions for various
purposes. The Greek "bronze", where no special
quality was required, was found to be almost pure
copper, while in samples of real bronze, the addition
of tin indicates that metallurgists knew of its im-
portance and used it for certain purposes. The
bronze from Carthage contained a rather excessive
amount of tin, probably to obtain the best results in
casting, and since the Phoenicians worked with tin,
they had large amounts of that metal. The Russian
alloy of copper was not bronze, but a copper and
iron alloy, which indicates that the use of tin was not
known, or tin was very difficult to obtain; the pres-
ence of iron probably had a firming effect, which
was required for a sickle blade. The Celts from Eng-
land used bronze in this early period, metal workers
probably procured copper and tin from Cornwoll
and discovered the best proportions for use in the

276

manufacture of their tools and weapons. The Korean
bronze appears to have been a deliberate alloy of
copper and tin, and the production of teaspoons
demonstrates the knowledge of metallurgical art.
Japanese and Chinese bronze mirrors show some
similarity in composition: the Chinese were older
bronze workers than the Japanese, who probably
imitated their proportions. The Etruscan bronze
shows knowledge of the true composition of bronze,
and the Etruscans must have been very good metal
workers, judging by the vast quantity of bronze or-
naments, accessories and other items now on dis-
play at the Florence Museum.

Probably neither North America nor Central
America had a Bronze Age; the metal objects found
in antiquity are made of domestic copper, obtained
from mines in the north and northwest.

WORK METHODOLOGY

The chemical composition of the bronze coins
originating from our museums and collected from
the Pelagonia area is determined by applying the
method of electron microscopy using an EDS
detector. The analyses were performed with a
TESCAN SEM VEGA3 LMU scanning electron
microscope with an Oxford EDS detector, within
the AMBICON lab at UGD - Stip.

ESULTS OBTAINED AND COMMENTS

The results are shown in Table 1 (Figures.1, 2
and 3). From the data shown in the table it can be
concluded that there are three groups of coins in the
research samples: two types of bronze coins and one
type of copper coins. Bronze coins are classified
into two groups: 1) a group of coins having the fol-
lowing composition Cu- 45,81-46,31 %; Sn- 26,78-
47,26%; Pb-6,37-9,37 %. The composition of this
group of coins is not similar to that of bronze from
other localities (Table 2, 3, 4) and most probably
these coins are not from the time of the bronze
objects whose composition is depicted in (Table 2,
3, 4); 2) second group of coins having in their
composition Cu-65-85 %; Sn-12-31 %; Pb-3,49-
11,59 %.The composition of the bronze of these
coins is similar to that of Egypt, Ancient Greece,
Phoenicia, Ceylon, Korea and the Celtic bronze
coins in England (Table 2, 3, 4); 3) the third group
of coins are copper coins with the following com-
position: Cu-97,53-98,12 %, Pb-1,11-1,50 %. The
composition of these copper coins is very similar to
those from Mycenae and Thebes (Tables 2 and 3).
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Table 1l
Chemical composition of bronze coins from Pelagonia (by SEM-EDS)

Elements (%) M1 M2 M3 M4 M5 M6 M7 M8 M9 M-10 M-11 M-12 M-13
Copper 6892 67.05 71.13 8151 4631 7889 6566 66.63 78.24 4581 86.83 98.12 97.53
Tin 16.11 2553 1509 10.89 26.78 17.01 31.10 28.88 1830 4726 1227  — -
Lead 1159 6.43 1028 540 933 315 - 3.49 - 6.37 - 111 150
Iron 338 099 233 226 122 095 144 099 084 - 0.91 - -
Cobalt - - - - - - - - - - - - -
Zink - - - - 1.90 - 1.80 - 2.31 - - - -
Silver - - - - 14.46 - - - - - - - -
Antimony - - - - - - - - - - - -
Arsenic - - 1.17  0.06 - - - - - 0.56 - - -

M-1 ..... M-13, coins from Pelagonia,

SEM HV: 20 kV SEM MAG: 14 x VEGA3 TESCAN
WD: 15.00 mm Det: SE 2 mm
View field: 13.1 mm |Date(m/d/y): 10/17/19

Fig. 1. Image of Roman Coins form Pelagonia (North Macedonia)

i
Spectrum 3

P
Full Scale 2787 cts Cursor: 0.000 ke

700pm

Electron Image 1

Spectrum 3

Fig. 2. SEM-EDS image of Roman Coins From Pelagonia
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Spectrum 2
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Fig. 3. SEM-EDS image of Roman Coins From Pelagonia

Table 2
Ancient Egyptian Bronze (George Brinton Phillips, 1992)
Elements (%) Old Memphis Palace of Apries Pyramid of Illahun Thebes Luxor
Copper 74,62 92,00 73,66 89,95 85,83
Tin 0,88 6,52 4,78 0,16 3,51
Lead 21,32 0,82 19,25 0,65 8,50
Iron 0,34 0,28 0,19 0,32 0,24
Cobalt - - 0,81 - _
Antimony - - - 0,68 -
Arsenic - - — 5,60 —
Table 3
Ancient Greek Bronze (George Brinton Phillips, 1992)
Elements (%) Mycenae Greek Acropolis Mycenae Taormina
Copper 99,38 99,37 88,07 95,63 90,28
Tin - 0,10 9,66 0,07 7,31
Lead 0,18 - 0,30 - 0,19
Iron - - - 0,87 0,48
Cobalt - - - - -
Antimony - - - - -
Arsenic 0,19 - - — -
Table 4
Ancient Bronze (George Brinton Phillips, 1992)
Elements (%) Phoenician Ceylon Russian Celt from England Korean
Copper 82,00 77,46 91,55 83,80 77,25
Tin 14,36 19,63 6,22 10,18 21,54
Lead - 0,19 - 5,31 0,02
Iron 0,63 - - 0,41 0,70
Cobalt - 0,43 0,30 - -
Antimony - - - - -
Arsenic - - - - -
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CONCLUSION

Bronze coins are widespread in the archaeolo-
gical sites of Pelagonia and, with their composition,
they reflect the level of development of mining and
metallurgy at that time. The bronze and copper
coins found in the localities of Pelagonia originate

from the same forges of coins as in the other regions
of the Roman Empire, which is indicated by the
chemical composition of the bronze used for their
manufacture.
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