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ПРЕДГОВОР 
 

PREFACE 

Четвртиот Конгрес на Геолозите на Маке-
донија требаше да се одржи минатата, 2020 го-
дина, но поради пандемијата на КОВИД-19, 
Конгресот беше одложен за ова 2021 година, со 
надеж дека пандемијата ќе помине и дека ќе мо-
жеме во нормални околности да го одржиме 
Конгресот. Меѓутоа пандемијата на КОВИД-19 
продолжи и во текот на 2021 година а со тоа и 
одржувањето на Конгресот на геолозите на Мак-
едонија стана неизвесен и во тековната 2021 го-
дина, затоа организациониот одбор на конгресот 
одлучи собраните конгресни материјали да би-
дат објавени во посебно издание на ГЕОЛОГИ-
КА МАКЕДОНИКА (2021) и со тоа да бидат 
затворени активностите околу 4-от Конгрес на 
Геолозите на Македонија. 

4-от Конгрес на Геолозите на Македонија 
претставува континуитет во конгресните актив-
ности на Македонското Геолошко Друштво и 
основа прави пресек на достигнувањата на гео-
логијата во Македонија помеѓу двата конгреса. 

Македонското геолошко друштво како 
асоцијација на сите геолози и истражувачи од 
сферата не гео-науките во Македонија уште од 
своето формирање во 1952 година па се до денес 
во својот фокус на интерес ги има гео науките 
како интегрален дел во развојот на општеството 
и во развојот на планетата Земја во целина. 

Гео-науките во иднината ќе се занимаваат 
со изучувањето на динамиката на самата плане-
та Земја, односно клучните двигатели и процеси 
кои управуваат со еволуцијата и однесувањето 
на планетата, како клучни елементи за стратеш-
ките планирања за развојот на Планетата и за-
чувувањето на нејзините посебности како што 
се: динамиката на движењето на луѓето, дина-
миката на промените во диверзитетот на фло-
рата и фауната (екологија), а посебно внимание 
ќе се посвети на оние еко-системи кои ги насе-
луваат неколкуте најоддалечени места на оваа 
планета, чиј радиус е 6370 km, ќе заземаат цен-
трално место во иднината на Земјата, начинот на 
кој реагираат на (глобалните) животни и кли-
матски промена. 

Како резултат на Првиот Закон на термоди-
намика кој се однесува на зачувување на енер-
гијата во системот, сите модификации на балан-
сот на енергијата (и масата) во внатрешноста на 
планетата мора да имаат ефект на површината 
на планетата и нејзината биосфера, вклучувајќи 
го и општеството. Поседувањето на соодветно 

 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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знаење и подобро разбирање на таквите процеси 
на подлабоко ниво е предуслов за разбирањето 
на процесите за појавата на човечки и други 
форми на живот на површината. Од сите сфери 
во Земјиниот систем, една (гео сферата) е осо-
бено премалку застапена во програмите за ис-
тражување на планетата Земја во иднината. Се-
која амбиција подобро да се разберат механиз-
мите кои ги покренуваат промените во животна-
та средина, што е очигледно важно, е нецелосно 
и најверојатно погрешно ако не се вклучат нај-
релевантните дисциплини од сферата на гео-
науките бидејќи промените во гео сферата ги 
покренуваат промените во животната средина 
на оваа планета. 

Многу аспекти поврзани со Земјата често се 
главен фокус за широк спектар на гео научници 
кои секојдневно се занимаваат со науките за 
Земјата. За време на минатите декади, гео на-
учниците проучувале широк спектар на теорет-
ски и применети аспекти на Земјата и изградиле 
огромна база на знаење, која може да обезбеди 
многу одговори на прашањата за истражување 
кои се релевантни за гео науките во иднината. 
Дел од оваа база на знаење се геолошките записи 
кои се откриени при истражувањата на Антарк-
тикот во неколкуте претходни декади, и кој мо-
же да се користат како соодветна природна ре-
ференца за идни климатски промени во однос на 
отпорноста на екосистемите и човештвото под 
голема разновидност на атмосферски и климат-
ски услови. 

Гео научниците направиле значаен напре-
док во развојот на особено релевантните модели 
за предвидување на случувањата во литосферата 
и атмосферата и преку тие огромни достигну-
вања во истражувањето сега ги разбираат најго-
лемиот дел од механизмите и времето на случу-
вањата на поголемите, помалите до оние на 
нано-ниво процеси на Земјата. Кога дискути-
раме за иднината на Земјата, нејзината геосфера, 
атмосфера, хидросфера и биосфера, не можат да 
се игнорираат резултатите на таквите значајни 
истражувања. 

Гео-научниците може значајно да допри-
несат да се даде осврт на сите приоритети под 
темата: Динамична планета. Всушност, не може 
да се даде осврт на најголемиот дел од овие 
приоритети (>65%) под темата Динамична пла-
нета, без виталните знаење на заедница на науч-
ните од областа на гео науките. 

Затоа и IV-от Конгрес на геолозите на 
Македонија треба да биде посветен на теми кои 
се исклучително важни за еволуцијата и развојот 
на самата планета Земја. 

Организационен одбор 

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. 

Оrganizing board 
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A b s t r a c t: 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 

ХЕМИСКИ СОСТАВ НА РИМСКИТЕ МОНЕТИ ОД ПЕЛАГОНИЈА  

(СЕВЕРНА МАКЕДОНИЈА) ОДРЕДЕН СО МЕТОДАТА СЕМ-ЕДС 

А п с т р а к т: Во трудот се прикажани резултатите од испитувањата на хемискиот состав на монетите од 

областа Пелагонија (Северна Македонија) кои потекнуваат од римско време со примена на методата СЕМ-

ЕДС. Од добиените резултати може да се заклучи дека се појавуваат два типа на монети и тоа: бронзени и 

бакарни. Кај бронзените монети на основа на хемискиот состав на бронзата може да се издвојат два типа на 

монети и тоа:1) бронзени монети со состав: Cu – 45,81–46,31 %; Sn – 26,78–47,26%; Pb – 6,37–9,37 %. Овие 

бронзени монети по својот состав не се слични со бронзените монети од други региони во светот. 2) бронзени 

монети со  состав: Cu – 65–85 %; Sn – 12–31 %; Pb – 3,49–11,59 %. Составот на бронзата од овие монети е 

сличен со составот на бронзата од Египет, Античка Грција, Феникија, Цејлон, Кореа како и бронзените монети 

на Келтите во Англија.3) бакарни монети со состав: Cu – 97,53–98,12 %, Pb – 1,11–1,50 %. Составот на овие 

бакарни монети е многу сличен со составот на монетите од Микена и Теба. 

Клучни зборови: Пелагонија, бронза, бакар, СЕМ-ЕДС 

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 

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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T a b l e  1 

Chemical composition of bronze coins from Pelagonia (by SEM-EDS) 

Elements (%) M-1 M-2 M-3 M-4 M-5 M-6 M-7 M-8 M-9 M-10 M-11 M-12 M-13 

Copper 68.92 67.05 71.13 81.51 46.31 78.89 65.66 66.63 78.24 45.81 86.83 98.12 97.53 

Tin 16.11 25.53 15.09 10.89 26.78 17.01 31.10 28.88 18.30 47.26 12.27 – – 

Lead 11.59 6.43 10.28 5.40 9.33 3.15 – 3.49 – 6.37 – 1.11 1.50 

Iron 3.38 0.99 2.33 2.26 1.22 0.95 1.44 0.99 0.84 – 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,  

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

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

T a b l e  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 – 

T a b l e  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 – – – – 

T a b l e  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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