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ПРЕДГОВОР 
 
Меѓународното стручно советување за подземната експлоатација на 
минералните суровини (ПОДЕКС), за првпат се одржа на 06.12.2007 год. во 
Пробиштип во организација на Сојузот на Рударските и Геолошките Инженери 
на Македонија (СРГИМ). 
Од 2012 година советувањето е проширено со трудови од површинската 
експлоатација на минерални суровини и е именувано како ПОДЕКС-ПОВЕКС. 
Стручното советување, на тема: технологија на подземна и површинска 
експлоатација на минерални суровини, традиционално се одржува секоја 
година во месец ноември. На ова советување земаат учество голем број на 
стручни лица од: рударската индустрија, универзитетите, научно-
истражувачките и проектантските организации, производителите на опрема и 
др. 
На досегашните единаесет советувања (2007, 2008, 2009, 2010, 2011, 2012, 
2014, 2015, 2016, 2017 и 2018 год.) учествуваа повеќе автори од 12 држави, кои 
презентираа 312 стручни трудови.  
За ова дванаесетто советување (ПОДЕКС - ПОВЕКС ’19) пријавени се 25 
труда, на автори од 2 држави. 
Големиот број на трудови од домашните автори произлезе како резултат на 
научно-истражувачката работа реализирана на високообразовните институции 
во Р. Македонија. Меѓутоа, посебно не радува учеството на автори од 
непосредното рударско производство, кои што презентираат постигнати 
резултати во рударската пракса. 
Се надеваме дека традицијата за собирање на сите специјалисти од областа 
на подземната и површинската експлоатација на минералните суровини, ќе 
продолжи и дека во идниот период ова советување ќе прерасне во 
меѓународен симпозиум. 
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FOREWORD 
 
The International expert conference on underground mining of mineral raw materials 
(PODEKS), organized by the Association of Mining and Geology Engineers of 
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip. 
Since 2012, in this counseling, surface exploitation of mineral resources is included 
too, and it is called PODEKS-POVEKS. 
This expert conference called: Technology of underground and surface mining of 
mineral raw materials, traditionally, has been organized annually during November. 
A number of experts from the mining industry, universities, research institutions, 
planning companies, and equipment manufacturing companies participate in this 
conference. 
Many authors from 12 countries participated in the previous eleven conferences 
(2007, 2008, 2009, 2010, 2011, 2012, 2014, 2015, 2016, 2017 and 2018) presenting 
312 expert papers.  
Twenty-five authors from 2 countries have registered their expert papers for the XIIth 
conference (PODEKS - POVEKS ’19). 
The large number of expert papers from the domestic authors has emerged as a 
result of the research work carried out at the higher education institutions in the 
Republic of Macedonia. We are particularly delighted by the participation of the 
authors involved in the immediate mining production who will be presenting the 
achieved results in the mining practice. 
We hope that the tradition of gathering of all specialists from the field of underground 
and surface mining of mineral raw materials will continue and that this conference 
will grow up to an international conference in the future. 
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ХЕМИСКИ СОСТАВ НА АЛАТКИТЕ КОИ СЕ КОРИСТЕНИ ПРИ 
ЕКСПЛОТАЦИЈАТА НА МЕРМЕРИТЕ ЗА ВРЕМЕ НА РИМСКИОТ ПЕРИОД НА 

ПРОСТОРОТ НА ПРИЛЕП, РЕПУБЛИКА СЕВЕРНА МАКЕДОНИЈА 

 
    Иван Боев1, Блажо Боев1 

1Универзитет „Гоце Делчев”, Факултет за природни и технички науки,  
Штип, Р. Северна Македонија 

 
Абстракт: Во трудот се прикажани резултатите од испитувањата на хемискиот состав на 
алатките кои се користеле при експлоатацијата на мермерите  во околината на Прилеп 
(Беловодица) за време на римската империја со примена на методата на електронската 
микроанализа (СЕМ-ЕДС). Од добиените резултати може да се заклучи дека алатките се 
изработени од железо во чиј состав има голема количина на јаглерод. 

 
Клучни зборови: железо, јаглерод, мермер, алатка. 

 
 

CHEMICAL COMPOSITION OF THE TOOL USED IN THE EXPLOITATION OF 
MARBLE DURING THE ROMAN PERIOD ON THE TERRITORY OF PRILEP-  

REPUBLIC OF NORTH MACEDONIA 

 
    Ivan Boev1, Blazo Boev1  

1University “Goce Delcev”, Faculty of Natural and Technical Sciences, Stip,  
R. of North Macedonia 

 
Apstract: This paper presents the results of the chemical composition of the tool used in the exploitation 
of marble in the vicinity of Prilep (Belovodica) during the period of the Roman Empire obtained by 
applying the method of electronic microanalysis (SEM-EDS). From the results obtained it can be 
concluded that it is a tool made of iron, which in its composition has a large amount of carbon, i.e. it is 
cast iron that was not subjected to further processing to reduce the amount of carbon and improve the 
properties of the iron. 

 
Key words: iron, carbon, marble, tool. 

 
1. INTRODUCTION 

 
In the vicinity of Prilep, a large amount of white, dolomite marbles can be found, which 
were subject to exploitationfrom the earliest times. These marbles have been used as 
an architectural-decorative and building stone since the time of the Roman Empire to 
this day. 
The marbles of the marble mass Sivec are part of the precambrian Pelagonian marble 
series, which is preserved along the east peripheral part of the Pelagonian cristal 

 
ЗРГИМ 

Здружение на 
рударски и  

геолошки инженери 
на Р. Македонија 

XII ТО СТРУЧНО СОВЕТУВАЊЕ НА ТЕМА: 

Технологија на подземна и површинска експлоатација на 
минерални суровини 

ПОДЕКС – ПОВЕКС ’19 

Струмица 
01 – 03. 11. 2019 год. 



170 
 

mass. It enters into the tectonically segmented marble zone Belovodica-Pletvar-
Kozjak-Sivec-Nebregovo. The digging of marble from the marble mass Sivec has a 
long history which is best documented with the numerous art and architectonic arts 
made by the marble of the marble mass Sivec (the large number of arts in Heraklea, 
Stibera, Stobi and other archeological localities in Macedonia). But, the more serious 
exploitation of the marble of the marble mass Sivec is linked to the period of formation 
of the “Marble Company”-Prilep (immediately after the WW2). So, it could be said that 
the organized mine production of marbles from the marble mass Sivec exists for the 
last 65 years, where the quantity of the dug blocks continuously increased, and today 
it is around 25 000 м3. In this period, a number of geological and mine researches are 
financed by the ‘Marble Company” (in 1969 by the Industroprojekt-Zagreb complete 
systematic geological researches for the larger part of the marble mass Sivec are 
made; than structural research of the Sivec marbles in the period from 1986 to 1995 
by N. Dumurganov, et al, 1994). Also, it should be mentioned that based on the 
extraordinary petrographic- mineralogy, physical- mechanical and esthetic 
characteristics, the marble from the marble mass Sivec are used in the industry as 
architectonically decorative stone, and on a world level they are known under the 
name “SIVEC”. Detailed mineralogy research of the marbles of the marble mass Sivec 
are made by Jovanovski, Boev and Makreski, 2013.  
 
2. GEOLOGICAL AND TECTONICAL FEATURES  
 
The marbles of the marble mass “Sivec” are spread in NW-SW direction, with a length 
of 3-4 km and width of 0.5 до 1.5 km and general descent to NE with a descent of 
foliation of marbles from 25 to 400. To SW, with the layer zone, the gneises-
mickashistes is separated from the Prilep anticlinalic. To the NE over the marbles there 
lay members of the mixed series (gneisess, cipolines, micashistes) and here the 
contact is presented with an old, reverse layer, closed and masked with the pre-
cambric metamorphic processes, weheras towards NW and SE it is tectonically sunk 
under the layers of the Pelagon neo-tectonic ravine. (pelagon ravine) (Fig.1).(Arsovski 
et all, 1984). 
From the regional tectonic survey, the marble mass of “Sivec” enters in the system of 
long and relatively narrow anticlinal and synclinal structures, with sinking axis towards 
SE and inversion of the strcutres towards SW, developed to SW in the space between 
the Mukos mountain to east and the Pilep anticlinal to west (Fig. 1 and 2).   
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FIgure1. Geotectonic location of the localty Sivec in the space  

of the marble mass Sivec- Pletvar- Kozjak 
1. Neogene and quarter layers: 2. Rifey cambric metamorphic complex (phylitoides, 
metadiabases, amphibolic shists and marbles); 3.  Granites; 4. Marble series); 5. Mixed 
series (albitic gneisess, micashistes, marbles and cipolines); 6. Gneisess-micashistes 
series; 7. Fault; 8. Surface dig of marble Sivec 

 
In cross-section, from SW to NE, in the lower levels of the marble table "Sivec" there 
are developed homogenized, dolomitic, white with sugar structure, fine grain marbles, 
with a tendency to transition to middle grain in depth, the width of the zone of about 
250- 300 meters. This area in the work of the marble Company in the direction of the 
development of the mine "Sivec" is partly revealed in the working lot No.1 and 2, to a 
greater extent in the working lot number 5 and mostly in working lot number 6. This 
zone, towards NE incorrectly merges into partial strip gray-white dolomitic marble with 
jets, nests and tracks of calcite with locally stored foliation and traces of micro layers 
in higher parts of the series to the east the marbles of marble mass "Sivec" cross the 
strip calcite and calcite-dolomitic marbles (Dumurganov et all, 1994, Arsovski et al, 
1977, Arsovski et al, 1984). 
 

 
Figure 2. Schematic geological profile of the space of the marble mass Sivec 

1. Granites; 2. Calcite marble; 3. Dolomitic marble; 4. Mixed series; 5. Micashistes 
series; 6. Gneisess series 

 
General appearance of the marble mass "Sivec" is castification, which is 
predominantly expressed along the main rupture direction (NW-SE and NE-SW) and 
relative surface damage on the marble mass (somewhere more, somewhere less) as 
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a consequence of processes of surface decomposition which is more intense fissure 
systems and the crushing. This neo- tectonic damage on the blockage of the marble 
mass "Sivec" in the western part of the mass reaches depths of up to about 4-5 meters 
(rarely more along the main rupture), while in direction NE and N, where the terrain 
morphology rises to 800 to 1200 m, the damage grows and reaches a thickness of 
several dozen meters. Such phenomena of surface decomposition of the marble mass 
is primarily due to the abrasive activity of the former Pliocene-Pleistocene Pelagon 
lake, which is most intense in the western part, where most of the old carstification is 
practically eroded (Stojanov, 1968). 
The main damage of the blockage of the marble table in vertical and lateral direction 
is a consequence of rupture tectonics represented by faults and fissure systems (most 
of the major fault zones cut the marble mass). 
Probably within the marble table there are remains of older tectonics, but the main 
rupture tectonics that adversely affects the blockage of the marble mass "Sivec" is 
young and is linked to the processes of formation of the raven neo-tectonic Pelagon 
valley in Pliocene (newly established and reactivated old tectonics). Pelagonian 
depression is its part is formed by gravitational faults from two directions, NW-SE and 
NE-SW with elements of angling to N-S and E-W. The first system of faults with gravity 
fall towards the SW corner of the Land of 60-800 is known as neo-tectonic fault along 
which there are registered lower seismic tremors, and this limits the marble mass of 
the southwestern side. The second very important structure which limits the mass to 
the south east along the river to the village Prisad and Prilep lake with the stretching 
direction NE-SW and is subvertical to vertical descent. 
The such expressed tectonics of this part of the pelagon metamorfic complex very 
clearly tectonically defines the marble mass "Sivec" where the space is defined 
between the already mentioned main ruptures (Fig.1). 
 
3. PETROGRAPHIC- MINEROLOGY FEATURES 

 
Marbles from the marble mass "Sivec" have exceptional, unique petrographic, 
mineralogical characteristics in terms of their structure and present mineral association 
that is a consequence of the specific genesis of this section of marbles pelagon 
metamorphic complex. Marbles have extraordinary freestone grainy structure which 
merges to secondary structure transitions to mosaic, and in places there appears 
porfiroblastic structure (Fig.3). In the crushed zones there appears catechistical 
structures and places and the appearance of milonitic structures. Dolomite grain size 
ranges from 0.1 to 0.5 mm. Dolomite grains are partly rounded and they have 
expressed crushing. The places have elliptical cross sections and poorly elongated in 
the direction of crushing. The dolomite grains rarely have an irregular polygonal shape. 
Despite the dolomite grains there are also calcite grains as well as unique variety of 
exotic minerals (corundum, fluorite, paragonit, fengit, titanite, rutile, epidotic minerals, 
chlorite, cosmatite, quartz, calcite, phlogopite, diaspore, almandine, etc.). The 
mineralogy of marbles from Sivec is very well represented in the monograph minerals 
from Macedonia (Jovanovski, Boev, Makreski, 2013), as well as works of 
Erdmannsdorffer (1925, Baric (1960, 1969), Stojanov, 1968,1977, Jersek et all, 1999. 
This specific mineral association is a result only in the space of the marble mass 
"Sivec" the granite rocks are in closest contact with the marbles from the marble mass 
Pelagonia and only here the metamorphic transformations are highlight. 
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4. RESEARCHED LOCALITY BELOVODICA 
 
In the vicinity of the village Belovodica, there are several old quarries where white 
marble was exploited during the Roman Empire (Fig.3). In these quarries there are 
still traces of marble excavation with using old tools made of iron (Fig.4). 
 

 
Figure 3. Mine for exploitation of white marbles Belovodica 

 

 
Figure 4. Traces of exploitation of marble in the old quarries from Roman times 
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5. APPLIED WORK METHODOLOGY AND THE TESTING MATERIAL  
 
The analyses were made with a scanning electron microscope TESCAN SEM VEGA3 
LMU with an Oxford EDS detector, within the laboratory of AMBIKON at UGD-Stip. 
The test material is part of a metal tool used for working in the ancient quarries from 
the Roman period (Fig. 5). 
 

 
Figure 5. Old tools made of iron I old quarries of Belovodica 

 
6. OBTAINED RESULTS AND COMMENT 

 
The results that were obtained by examining the tool using the CEM-EDS method are 
shown in the Table 1. From the results obtained, it can be concluded that the tool is 
raw iron with a large amount of carbon in its composition. The amount of carbon ranges 
from 8.38% to 11.43% (Table 1). The amount of silicon (Si) that ranges within the limits 
of 1.28% should also be mentioned (Table 1). 
 
Table 1. Chemical composition of the tool from the Roman period for the production 

of marble  

Element 1 2 3 4 5 

C 11.43 8.38 9.82 10.96 9.32 

Fe 88.57 91.62 90.18 87.76 90.68 

Si    1.28  

 
From the conducted research it is interesting to mention the composition of the carbon 
as well as the transitions from pure iron to raw iron (Fig 6, Fig 7, Fig 8, Fig, 9,).  
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 Element Weight% Atomic%  

    

C K 68.46 79.07  

O K 20.69 17.94  

Si K 1.22 0.61  

Fe K 9.63 2.39  

    

Totals 100.00   
 

Figure 6. Chemical composition of carbon and transitions from pure Fe to raw Fe 

 

 

Element Weight% Atomic%  

    

Fe K 100.00 100.00  

    

Totals 100.00   
 

Figure 7. Chemical composition of pure Fe 
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Element Weight% Atomic%  

    

C K 9.32 32.34  

Fe K 90.68 67.66  

    

Totals 100.00   
 

Figure 8. Chemical composition of transitions phase from pure Fe to raw Fe 
 

 

Elemen
t 

Weight
% 

Atomic
% 

 

    

C K 48.65 58.09  

O K 42.71 38.29  

Al K 1.23 0.65  

Si K 3.67 1.87  

Ca K 1.39 0.50  

Fe K 2.35 0.60  

    

Totals 100.00   
 

Figure 9. Chemical composition of carbon and transitions from pure Fe to raw Fe 

 
The results obtained by the examination of the chemical composition of the tool for the 
production of marble indicate the conclusion that it is raw iron which by its composition 
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is no different from the composition of the other tools of that time (Muhly et al, 2003, 
Miller et all, 1994). 
 
7. CONCLUSION 

 
In the vicinity of Prilep, on the locality for the production of white marble Belovodica 
there are old quarries from the time of the Roman Empire in which there are traces of 
this mining, as well as some remains of tools used in the excavation of marble. 
Examination of the composition of these metal tools using the CEM-EDS method 
shows that these tools are made of raw iron in which there is a significant amount of 
carbon and silicon. 
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