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EIGHT THOUSAND YEARS OF LIFE

The emergence of mining and geology is linked to the efforts of man to subjugate nature to hitnesdthe
recourss offered by nature, to produteols for work and provide existence. A long pathlieen crossed from the
original surface gathering of minerals and one of the greatest human discoveries inthé&tbppened eight
thousand years ago, mialg metal from a eceof rock inthe fire. Mining andgeologyexist inseparably almost as
longas the humankind, they have been a pillar of economic, cultural, scientific, tetdutinalogical and general
social development. They have developedfamnated, brought wellbeing or suffering, affected the course of history.

Archeology points out thidhe roots of mininggeology and metalurgy could be traced back tbe Prehistory in the

area of Serbia. This is confirmed by numerous archeological sites, special representative monumentscof culture
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The old wisdom that history is the witness of times, the torch of truth and theetesfclife (testisemporum lux
veritatis et magistravitae) confirms its verity on the example of the history of mining and geology and teaches us
that neither development nor histaogginsfrom us, that we are only a linktime evetastingprocessTherefore, to
understand and value the achievements of contemporary miningydtéssaryo consider thdimeline of mining

and geology development and to establish a connection between the past and the present. \fithptsgtthis

chapter summarizethe overview of the history and development of mining and geology in the area of Serbia, from
the Prehistory, over the Roman era, Mediég to this day.



1. THE PREHISTORIC ERA

Hundreds of thousands of years had passiade the emergence of the first pdepusing tools from nature, made

of wood, bones and stone, to the original surface gathering of minerals. This assumption is stretchable, not only
due to very scarce archaeological evidence, but also du¢héodifferent and stretchable interpretation of
humankind evolution time. Research of the oldest mining in the area of Serbia started in Majdanpek and Bor in early
XXcentury.Looking for and gathering flint, obsidian and pigment are the sprouts of the mutual beginning of mining
and geology. The begimg of miningalsoincludes digging clay for making pottery, fishimgs, weavingtool and

heating tools (weights, wheel disks)d for construction purposes. The borrow pits from whighredhistoric man
obtained clay are present in all sites of Neoliflgittiements of the Central and Eastern Balkans, such as eponymous
settl e meBelblmdodm ¢ ¢ & t[&.TEebdlaoldhic Ageor Younger Stone Age mark the abandonment of
nomadic and the beginning of stationary lifestyle, then the emergence of thediimanentsettiements with

wood, mud and hay hutgnimal husbandry and agriculture, stone processing by buffering, making and decorating
baked clay objectdigural plastis and objecs of cult character appeared as well. Social organization wasis&dct

in classeshrotherhoodsand tribes.

The need for clay mad@rehistoric people raise their settlemerits placeswhere they could findclay. In a wider
sense, these locations are usudltickyards today, which confignthe fact that they knew hove tpick quality clay.
Unfortunately, manymicrolocationswhere clay was excavated the Prehistory cannot be determinedith
precision, but based on the comparative analyses of clay samples and archeological nitaienial@bly known
that it was exceated near settlements [9]

The Neolithic cultures of Europe, the late Ngolth ! 3S 65® W Ol y2@A33 ad Y

Legend: 1 - Vinta, 2- Kukuteni Tripolje, 3Dimini, 4- Danilo, 5 Butmir,
6 - Culture of striped ceramics,- Neolithicof Northern Europe, 8 Neolithic of Western Europe

The oldest known gathering and use of fimthie territory of Serbigs Kremenac near the villageRfijinik near Ni §.
The site is known for the discovery of artifacts from the Paleolithic pj&8ad
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BC) it was found that people used opa&halcedonyand jasper. Eruptive stone uséat tools and bladein the

Neolithic Age anthe early Neolithic Age was used with this aim even later after the discovery of-retaper



and gold The experience of making stone tools and weapons was transferred to the Metal Age, metaidool

weapons were made modeled by the madtvancedstone shapes.

Thea cheol ogically expl orideded theehighest aamevanienf thé Nedlithio Gubureiins con's
Europe. It was the center of the first urban European civilization, with a population that lived in harmony with

nature, to whom organizatiolknowledge and tolerance were the basic valuésh e mai n area of t he
covered the area of the Central Balkans with the core in SdjiaThe Danube with its tributaridbe Savathe

Drava,the Tisa,the T a mané the Moravawere crucial fothe emergence and the development of primarily the
Starc¢evo and then the Vindda culture. T h comvinientfoa thd ed e asi
development of huntingfishing and agricultureDi shes and ot her objnenttéenstracessound i n
This is considered to be the ol dest #Joyf6moyBibdaTher i pt C
inhabitants of Vinca excavated the mercury ore of cin
vermilion, and broght obsidian (volcanic glass) from the Carpathians, which they useblade Although there

are very few specified and detailed data on the everlasting process, by collecting scattered archeological proofs,

from seven to eight thousand years ago, we edmone of the greatest human discoveries in histoaypiece of

stone turns to metal at high temperatures (ire). It should be noted that man had known about metal as a
petrographic material before the discovery of melting. This was native coppet ifomature and used for making

jewelry.

With the lack okurfaceoresthat could be melted, man gradually left primary surface mining and descended into

the depth of the Earth where he discovered the world of hidden mineral wealth. The consequeness afréat

discoveries which laid the foundations of further technical and technological development and which were the
beginning of a mutual germ of mininggology and metallurgyhave not been completely understood even today.

Certainly, one should nokaggerate the revolutionary nature of the changes that took place during the period that
supposedly lasted for several hundreds of years. The changes were so slow and gradual that the partakers of the
process could not have been awareitsf significance dr humankind.If there is a sense in talking about the

incentive with no written traces, the changes were initiated by adapting to and surviving in a not always so friendly
environment.

We can notice some similarities of the time with the modern age.pFinmrily refers to: need for minerahw

materials and metal, accumulating mining, mineral (geological) and metallurgical experiences and knowledge,

i mproving the effectiveness of new met al tool sld and wee
also say establishing communication and trade with metal.
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Rudna glavaprehistoric mine shaff88].

One of the richest archeologiaaining areas of Europe is the territory of Serbia with the sites of the oldeistgmin
works:Rudnaglavanear Majdanpek, Belovode near PetrowadM| a v i Pl oC€ni k neaPrlovjPr okupl j
on Rudnik, Stojnik on Kosmaj, Jarmovac near Priboj, Deli Rujaiketc. These sites represent exceptional
monuments of the culture othe beginning of miningeology and metallurgy in the Neolithic Age atie early

Eneolithic Age.

Archeological finding Rudigdavawas discovered only after the contemporary surface exploitation of magnetite on

this site had damaged the central most intpat part of the site. Fortunately, in addition to being damaged, it

preserved enough archeological proofs for the reconstruction of the original copper mining. Discovered ceramics

and tools people used are made of local materaisi with the factthat there are no traces of other influences,

they are clear evidence of tleitochthony of knowledgeyork, and experience of the miners of Rudylava[39].

70 o3 Numerous archeological sites indicat
[e] . . . .
40 5 that the roots of mining iprehistory in
ol the territory of Serbia.

SIGNIFICANT ARCHAEOLOGICAL SITES:
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Reconstruction of work organizatift®)].

During the archeoldgal research in the shafts on Rudgkava (19861 9 8 9 ) , academician Bori
(Institute of Archeologys ASA) and 1 1lija Jankovi ¢,BorMutseglages cousmuidi ni ng a |
preserved ceramic dishes, amphorae, an altar wileexr head and original tools: stone hammers (hammers made

of pebbles), rakes made of aniebone awls and spears. They also found four storage rooms with stone hammers

(today we would say toolroosh It was found that Rudrmglavamining belongstothe a cul t ur e, the | a
of Vlionrédao s | | and t hRIl ®&Bakilles tipelramsants af firehstonicinaing, the site

revealed traces of extracting ores frdéine later, supposedly ancient perip43].

Rudnaglavac altar, dishesand toolg(1, 2, and 3); tf26yAlZ FTACZ
Zlotc tools male of bones and iron (4 and 5); copper vessel [41].
Eastern Séia ¢ copper axes (6, 7, and 8]



The archeological research &udnaglava makes it possible to understarttbw the earliest copper mining
emerged. Coppercarbonate minerals, malachite, azurite, and native copperdffshootscoatingsdiffer from the
surroundings in their emerald and red color. This certgrdyoked the curiosity of people who hunted game on

this location.

We assume that circumstantially a hunter lit a fire on the very offshoot afehesit or that he, for some reason

put a piece of ore into the firén both cases the result of the exposurehigh temperaturesvas the same, metal
melted — copper was obtained. This spontaneous finding and curiosity made man perceive the effect relationship
between theore and the fire and try to do the same again. The attempts Wersetimes successful, someties
unsuccessful, lasted long, probably hundreds of years, gaitiling necessary experience, skilend unified
knowledge on distinguishing and discovering minerals and ore melting.

This assumption is supported by the fact that ore was excavated nmarefical shafts (pits), i.@ertical channels

of mining lenses 1-3 m in diameterThe excavation of lenses starts with the preparation of the tearminnd the

future shaft. For this purpogeeople usedools offered by nature eventually they wereimproved, adjusted and
shaped. Stone hammers of different sizes and weights were used as the main tool for breaking and crushing ores,
pickaxes were made of the crown and frontal horns of antlers, shovels of blade bones of oxen, deer, pigs, or other
animask, and wedges of deer horns. Stone axes were used as well, while antlers with two horns were used as racks.

t f rikBsettlement reconstructiqdl]

By hitting with stone hammers hung on leather beite,was broken and exdcted to the level of groundwater and

in favorable conditions when themasno precipitations and water in shafts. Slight technical improvements were
also made and the greatest technological advancement in excavation was achieved by using fire androcisr f
destruction. By heating and sudden cooling (expansion and shrintdnl)falls apart. The application of this
technology on Rudnglavais confirmed by largeiceramicdishesfound inshaftsthat were used for bringingiater

for pouring on heatedocks Pieces of orevere takenin leather bagto the surface, fgked cleanedreminiscent of
mineral processing today?nd then taken to settlementsvhere they weremelted Melting took place ina
hearthstone, and later in small simgilenaces [43]. Orewasalsomelted inshaftsby lightinga strong fire Melted
metal was poured and caught in small shallow ceramic dishes on the bottom ofhié The EneolithicAge
spawnedstone and ceramic molds for metal casting.

The craftsmanship @ prehistoic mineris confirmed by the depth of shafthe deepest measuring approximately
20 m, and the number anidyoutof around 40 discovered shafts indicated that the exploitation of copper ore on
Rudnaglavawas intensive and loAgsting.



The archeologicaltsie o f Pl o¢ni k (1927, Niiomaldviusegrn Balgtagej 09008 cur at o
Dusan Sl jivaandlulkaiu ama h e vl @GguasoedNationaliMéseum of Toplica in Prokuplje)

is located neaProkuplje and belorsg 0 t haeultira.Pnl ¢o € n i k numerousobjécts dnd tools oramics

stong and copperAround thefurnaces made of dirt fomelting metalsthe archeologistdiscoveredoellows and

copper pieceswhich proves that the inhabitants & | o &mew kow to fird copper orehow to excavate jt

transfer, melt and make tools and weapor®esearctrevealed either immediate locatios where the ore was
excavatednor slag residues resultinigom melting It is assumed that the omsas obtainedrom an azurite and
malachitedeposit from the site aroun@loplicakKosanicand theBanjska River [41].

The achaeologicab i t e of Bel ovode (aln9 5a4ds,s oRri aft.e Mif k odrestad)keansatl i ¢Mu s €
Petrovacna Mlavi belongst ot h ecultié. he aemains ahe material culture in this locality testifp
developedcraft activities. Diversity and quglitf found dishes prove lsightechnologicalevel of pottery and tools

made of flint and stone indicate the selection of the matetledy were made ofThe most important for this site is

the primary coppermetallurgy as evidenced by the discovery ahearbymine ¢ he source part of
stream),then large stone hammers uséat breakng ore, a ceramicmoldfor casting chiselpendantsand beads of

malachite [41].

Archeological sites that emerged from the past in Ruglasa P | o ¢ Bdlekode as thel centers of the
beginnings of the skills of discovering, excavating and melting copper ore [36] have helped to solve dilemmas
regarding primary common mining, mineralogical (geolfgaced metallurgical knowledg€hese andather sites of

the Central and Eastern Balkans hawelamentallychanged the earlier understanding of the beginning of mining,
geology and metallurgy,moving the boundary fohalf a millennium back in the paahd proving that the
beginnings are way old¢han we thought. Theljavealsorefuted a common belief that original mining knowledge

spread from the Near East, over Greek caasngthe valley of the Vardar and the Morava to the upper course of

the DanubeThey have changed a chronological pictfrthe emergence of mining in the Prehistory.

alkfA ~0ddz2NF¥ O 2y wdzRyA]Z
prehistoriomine shaftandstone hammergs]



In addition to Rudnalava Pl o¢ni k and Bel ovode, al t hgngtphthe eallyr onol og

Bronze Agethe Ma | i $rlow) miaecon Rudnik is also significant for the history of prehistoric mining. At this
site, except for carbonate copper ore, rock crystal was located which was used for making jewelry. Found stone
hammerson Mal i Sturc confirm the existence of mining at t

The richness of the territory of today's Sertianineral raw matdals enabledhe establishmentof mining and
metallurgy centers at the beginning of the Iron Age. In somingéreas,such aghe Timd zone,copper mining
and metallurgyhave beemaintainedwithout interruption fromthe Prehistory through the Roman anidledieval
mining to the present day.

Since thebeginningof miningand copper ore melting, there &&een a problem ofhe dsposal ofslag resulting
from metal melting. Archaeological findings indicate that prehistoric miners solhat in a way that is
recommendedeven today, they used pits in which ore excavationwas completed. Theationality of prehistoric
miners is refleied in blending damaged metal objedisols, and weapons. Due to the importance and the valtie
copper and bronze, damaged items were not thrown away, the metal from which they were made was used as a
raw material for melting and creating new tools avehpons.

The emergence of the division of labor and the development of new skills spotteag and miningcreated the
conditions and trigged some brms of exchange or tradexé&hange variediepending on thalistance from the
place whereit wasperformed, or the length of the transport of goods. Foe exchange ofjoodssuch adlint,
obsidian, vermilion, copper and latieronze, itwas necessario havesome form 6 organizedexchangeWe are
not aware othe terms of exchange, nor how thexere determined however there is materiaévidencewhich can
determine that theycome fromcertain mines or mining areasWe donot even know whdhe participants in
exchange wereFor weapons and toolshéy may havédeen nomadic huntersand for metalsmaybe nomadc
herders, but that igust a guessAfter the appearanceof permanent settlements, latesities andstates special
expeditions were organized foede androbbery[21].

A more complete and reliabteconstructionof prehistoric minings not possite due to lack omore detaileddata
As a rule, a lot of histonfew saved traes Forthe lack of dataone of the culprits iime, people say it "destroys
the ravages of time'the longerthe period, the lower probabilityo preservefactography Andher aulprit is much
more devastatingtater civilizatiors that have destroyed the remains and traces of previous mining operations by
their activities

Tetradrahm Skordisk, coins of the Celtic tribe founc
by Belgrade Sngidunum, 3rd / 2nd century BC [47]

The nining of lllyrian, Thracian and Celfichabitantson the territory of Serbids indirectly testifi@ to only by
discoveredsilverand copper coins that were minted.



2. THE ROMAN EPOCH

TheRomanswere initially agricultural people, predominanttyinor farmers who respected the right of ownership.
During the strengthening anthe expansion their commitment to land remainedbut they wereincreasingly
turningto militaryand administrative affairsrdde wadeft to members of lowesocialclases foreigners and even
slaves, and hado high place in the Roman system of values. Miningdeaslopedin allore-formingareas ofthe
empire.

Archaeological sites of Roman minamgl metallurgy, mining shafts, melalgicalfurnaces, foundry pots, moldfor
casting,grime slagetc. are frequent traceson the territory of theBalkais. Miningmetallurgical activitiesvere
especiallyintensiveon the groundof Eastern Serbia. They begat the end ofll centuryand lasted to thefirst half

of V century AD The invasion of the Huns and the fi#llthe borderon the Danube in 441 suspendeatning
activitiesto the last quarter oV and earl\Icenturywhenthe fortifications cities and mining were renewed.
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The Roma epoch picking, cleaning and washing ores,
left ¢ an export shaft with a winch for manual moving, righbrsedrawn [26].

With the invasion of the Avars and Slavs in late VI or early VII century, mining died out. It is noted that the mining
centers fom the Roman period and the medieval Sedbiin the sameareas where miningelated activitiesdok

place at the end of the Neolithic and early Eneolitige

With the arrival of the Romans in tihegiors of today's Serbjahe technologyof ore exca&ation wassignificantly
improved.Theyno longer usd stone hammers and axdmit iron tools The importance of mining to the Roman
Empireis testified to by thestriking fact that the position of the migaffectedthe construction of roadsvhichhad

to pass through areas of mining acfié

Inthe territory oft o d &grbias during the Roman rutee most important mining centers weom Kosmaj (Bahe
Stojni k, Guber ekopamik RudmkyNovodrdo aldiRogopmeuatain neaBanjsk. In IV century
ADRudnaglavaalsobecamean important center. Insufficient exploration of most of these sltess not allovtheir
detailed discussignStojnik andGuberevac have preserved underground galleries and slag dumps, which gives a
slightly betterreconstructivepicture of the miimgactivities in this period.

OnKopaonikat the siteof Z a j akraekjnafietallurgical complekom the end oflll and earlylV centurywas
discovered The most numerous mining operations residues were found on the south sidesdétidth a number

of furnaces for melting. The most importanRomanmetallurgical centes includeKrakuLu JordamearK u doeatv



the confluence of th@rodicaRverin the Pek. It was built in latiél century and destroyed by fire in latécentury
AD The expansion and strengthening of the Roman Erapéneeflected in mits. One of the major mints in the first
half of 1l century wain Viminacim (near Kostolacyyhichinitially minted copper and later silver coins. Metal for
the needs of mints was obtained frdfnu Crrangs ores. Archaeological evidence suggests thamnttal from the
oresfrom the territoryof today's Serbiaastransported tothe center of theempire;only small quantities of mak
were intended for local use.

Avala

Babe, Stojnik, Guberevac
on Kosmaj
Kraka Lu Jordan near Kucevo
Pek
?—— Rudna Glava
Kudajna
Rudnik
Kopaonik, Zajaca-Kremnic
L Rogozna near Banjska
Novo Brdo ...

The most important mining and metallurgical centers in thddeyrof Serbia during the Roman rule

T

The &ploitation and processing ofayin the Roman periotlad special significance. With the arrival of the Romans

in our region in century AD, the construction activitgyook hold The mairconstruction materialsvere stone and

brick. The importance of the production of brick is best evidenced by the fact that the brick workshops were
primarily military,and then imperial,belonged to thecity, and finallybecameprivate. The ontrol of brick and
pottery producswas very strict. Alargermilitary camps hé theirworkshogs for the production of bricks, which, as

a rule,had tobe out of the settlementAs the settlemenspread, workshoplad to berelocated. They made bricks,
waterand sewage pipespnstruction eéments ceramic productsf broad purpose.

Coins of Roman money

In Viminaciuma pottery and crafts centawith larger furnaces fobricks and smakr furnacesefor ceramicswas
discovered As a rulefurnacesfrom that time were buried in the ground on three sides, and the side with the
firebox remainedpen. Craftsmewgenterin Viminacium was covered, and on the north side clasdgdasolid wall,

so that the loss ofhermal energywasreduced to a minimum. Bricks and ettproducts of clay in Viminacn
carried label LEG VII CL. This isstted of thelegionthat made bricksMore such centersvere discovered in the
territor vy, Sreinsk&Mitrobida,setc.). Manacture of brigkd theirqualitywere strictly controlled The
furnace wasot allowed tobe opered without the presence cdn officialwho separatedricks according to quality.
The most qualitpnesweretakenfor the needs of thestate, then for military purposes, and what remanas used

for free trade.Places o€layminingin Viminaciunwereslightly away from theraftscenter.



Most of the data were provided bythe archaeological researalf smeltess and slag dump$or leadzinc ore. In

addition to copper, lead;ing and iron, obtaining gold arsilver had the highest importanaadpriority.

Archeological research dfrakuL u Jor dan near Kucevo diiencfaunderwhichwas cr af t s
probably also a center for gold panning from the alluvial deposits of the surrounding riBecglich MaSka and
GornjiPek. At this site, a fortification and plants for kireg ceramics and metal processing fronan IV century

were discovered.

Viminaciuma ceramic furnace
and brick furnace tunng].

An importantRoman lead and zinc mine was on the mountdiRudnik. Acheological traeswere destroyed by
modern surface miningf leadand zinwre.

Roman mining on the grourmlf t o d a wassa p@verfulbndwstryit worked under the special regime and
enjoyedthe imperial exterritoriality. Everymajor shoot belongedto the state, i.e. the Emperor andhe imperial
treasury Thestate monopolized th€oundriesand leasedore excavéion. Asa substructure of altivilizatiors, the
mining of the Roman i@pire as wellwas overshadowedly the social upgradand was characterized lgertain
oppression |t left traces not only in niarial remains and written dcuments butand in achitecture fine arts, and
literature. Soset and organizethiningshared the fate of the Empir was at its peakluringthe greatest power,
fell during thecrisisof the epoch of militargmperors, andvasrebornunderDiocletian irlV century.



3. MIDDLE AGES

At the end of VI and VII centubeganthe Slovenian colonization of tHBalkanPeninsulaThe Slavs and Avars
penetrated andspreadover theentire Balkanso the Adriaticandthe Aegean Sedfterlooting and destructing, the
Avars mainly withdrew, and the Slavs stayed and by permanent settling took away the territories of the eastern part
of the Roman Empire which was later nanBs@antine The wholeBalkanPeninsula faced changisthe ethnidty

of the populationand the rule of theéSlovenian tribewas establishefB6].

On the earliest history of the Serbs in the new environmexdept forfragmentay and insufficientarchaeological
materials, there are no other @ved data. According to the testimongf ByzantineEmperor Constantine VII
Porphyrogenitus (91959), the Serbs moved to the Balkans at the toh&mperor Heraclius (6311) with his
consent By theoccupation ofland cultivatedway backin ancient times, the Serbs were engaged in agriculture,
livestockbreeding beekeeping hunting and fishing. Numerous archeologifaldings confirm that metalswere
widely used for making weapons and tools (hoes, shovels, plows, scythes), siokbte smelting furnaces and slag
were found butthere isno response tdhow in the early MiddleAge obtainednetal [35]. It is certain that from the
homelandthey brought some experiences on metal processiegpecially iron, which was important ftire
production of weapons and toolRossiblendicatorsof dealing with mining in the new countaye the Slovenian
mining terms such agrno, oknag ruda, rupa Some of the termsere taken over by thaeighboring nationse.g.
the Hungarias have theelements from Slovenian mining terminology [36].

During the r ei gni nefalurgyhokirorf, lead,scoppebhd maneyjorgidgwere developedput
there is no data on mining production. The earliest mention of the Serbiandedésfrom the period of the reign
of King Stefan the Fir§trovned (11961227). Silver and copper coinere forged also biing Stefan Radoslav
(12271233), his son and successorSamplesf the coinspoint to the fact that the metafrom which they were
forged came from Serbian m®{86]. A pause fronmdevelopedRanan miningto its renewal inthe Middle Ages
lastedfor several hundregears

Serbian state at the time of King YA y 3 { {ISN€ranja IV (N30
Stefan Ur@ and territories of 1276) with his son Bgutin,
district masters Sop® | Mdnastery



The launch of the mining production in medieval Serbia started iKHiadentury with the arrival of the Saxon

miners. They quickly restored mines in Serbia and Bosnifgratang locations known from the Ancient and the
Prehistoric age.

There are wo assumption®n wherethe Saxons came froand under what circumstances they settled in Serbia.

One is thathe Saxongame fromTransylvaniat the time of the Tartar invasion (124242), and the otheis that

theycame asdoniss at t he i nvil{ladBl2%b)iThey ardirstmagt Uo o é d

in the
with the site of action in Brskovo.
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Thanks to the Saxons, Brskovo quickly gained the organization modeled by what they brought from their homeland.

The Saxons, as Brskovo citizens, participated in the management of the city, enjoyed the autonomy, had their
prince, church, clergy and the autonomous judiciary. From Brskovo they moved when needed. They appeared on
Rudnik at the end of Xlll century, amdTr ep¢a and Novo Brdo at the beginni
introduced a more advanced production technology and the basics of mining figietg. embedded their

knowledge and culture in the Serbian environment, introduced mining terminologyatesjuhining centers and

the like.Manytoponymspreserved in Serbia are reminiscent of the SaXonsiedieval Serbigold, silver, copper,

l ead, zinc and iron ores wer e sake)tlcan be cendludedBhat the mipesst r eng
were rich and abundant. Mining was the outline of the weatmnomic, political and military power of medieval

Serbia. Travel writers of the time recorded the legend of the wealth of Serbian mines. Frenchman Bouchard in 1332
wrote: "At the moment, Seraihas hundreds of gold mines and as many silver mines. In addition, there are silver

mines that are just being discovered." Kratovil in 12885 wrote: "But what is most importarggardingSerbia is

that gold and silver can be found there as water isifoin springs, that along riveyou may find gravel in which

there is gold as much as in Ind&erbian golds, by the way, more beautifulkhown goldpanning siteon gold

bearing riversare: the Pekt h e B u k o vtahCek apoiokit Miepri KtheiteaC i ¢ a . I n the valley
next to Novakowstreamold shafts and galleriegere discoveredin Veliki Bubarin Jokinstream pyrite and gold

bearing quartavere discovered.

King Stefan Radoslav  King Milutin Brskov O9YLISNBNI ! 58aLkdG {dS¥
(12271233 (12821321) (1331-1355) (14021427)

Medieval Serbian coins

The development of mining and metallurgy caused the strengthening of trade and crafts, raised new cities. There
were numerous centers of medieval mining witlveleped urban life and colonies of traders from Dubrovnik.

Mining mechanization and equipment was functionally significantly improved or new was devised, made and
introduced. Forthe sake ofsafety, miners introduced supporting of underground rooms by weondsupporting

units, piston pumps made of hollowed trunks were used for removing water from pits, weagerting machinery
powered by water, maror domesticanimal was used foore extracting The use of fire and water for the
destruction ofrocksand the descenin the exploitation worko a greater depth caused theeed forpits ventilation
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e e
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Medieval mining
center [45]



For this purpose, miners constructed fans on the principle of bellows or water wheeltremgfort,they used

slope mines and carts, and for the transport of ore toghmelter,they used reinforced horseor ox- drawn carts.

The period also promoted the novelties in the preparation of mineral raw materials, introduced the use of
mechanical ad hydreseparators and stone wheels fare fragmenting. Innovations on the existing equipment and
machines, design of new structures and construction of equipment are only part of the creativity of medieval
miners.
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Medieval miningechniqueandtechnology,
G. Agricola On Mining and Metallurgy in XIl Chapters, 1556

These are the beginnings of the emergence of new technical fieéd$fianicsand mechanical engieeing, which
will be found in educational programs in engineering schools and the economy only in XIX century.

Written and ilustrative material omedieval mining lefby Georgius Agricola his workOn Mining and Mtallurgy

in Xl chaptes (De Re Metallica Libri XII) has an exceptional value for the historiography of European medieval
mining, but also fothe reconstructionof the picture ofSerbian mining industry in theddieval Age

It is interesting to compare contemporary and medieval mining maghifige analysis shows that there are no
significant differences in functioning, they differ in construction materials. In the Midgés, this was
predominantly wood, significantly less metal. Today we use metals, alloys, sintered and other contemporary
materials. Another difference is the sources of moving, medieval machines were moved by domestic animals or
man, and contemporary by electric enginesl anternal combustion engine$his confirms the old wisdom that
neither the worldnor the history startsvith us.

Due to the growing needs of crafts and trade control, "royal squares" were formed where it was only permissible to
trade in goods, and the ruler had a priority durseje or purchase.

Georgius Agricola (Glauchau, 1494Chemnitz, 1555), e# name Georg Bauer, a physician,

a philosopher, a diplomat, a writer, a theologian, (al)chemist, a mining expert, an
environmentalist, a mineralogist. He enrolkd_eipzig University in 1514, where he studied
philosophy philology and theology. He coimued his improvement and education studies in
1524 at University of Bologna and Padua, then Florevienice and Rome, where he
acquireddoctor's degreesn medicine and philosophy. During his stay in Italy, Agricola
showed particular interest in geolaggynineralogy, mining and metallurgy, met practical
mining and smelting. Upon his return from Italy in 1526 he worked as a doctor in Chemnitz,
and then Joachimsthal, where at the time deposits of silver, caoglper, and lead were
exploited. He ighe author of very important historical worlon Mining and Metallurgy in Xl Chaptéde Re
Metallica Libri X)I The work was printed in Basel in Latin in 1556. The following year atimarisk® German was
published.




Part of the tax on sales on "roya squares'belonged to the ruler. In Xl century the most important "royal

squares" were: Brskovku d ni k , Rogozna, Tr e p CRAaom XINto XVécen®iny, dummerausvr d  Tr e § |
mineswere openegherewe note onlya few: Brskovo, NovoBrdo Bel o Brlddnjey K@&piaé€ a X, Kuc¢ajn
Maj danpek, TrRpdmi k Rogroemkrewnmp amaj,, ZRgah@sat, g RNaviaMajdars nj i
(Gmat ca), BusovV aBélasica, Paplamina Z| Kt e eyoogkemavoivoa, (@Bl onhavica
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(preserved in several copies, the most important is the illustrated copy from Xk kept in SASA Archive

Mints in medieval Serbia could be found in Rudi8te, Sr
Zvecan, Prizren, Pe¢, Pristina, Miingveas tBerpdvilege oSthates) e, Ohr |
Mines were obliged to concede a part of the mined ore to the ruler. It was a tax that wasudalieand it was

collected byurburari

Mining production and trade with metal took place freely; it was allowed to acquire permanent ownership over
mine, theso-calledheritage.Nextto mines and mining centers, or squares, customs were placed that were leased
by the ruler. Mines could have multiple owners. Allowed division of ownership of a mine was into 2, 4, 8 or 16 parts
(deq pars par,pal). In proportion to the number of parts that they owned, the owners, as members of the mining
associations, were entitled to profits, but also had to bear an appropriate part of the costs. Miners are engaged in
mines in one of the three ways (nf@jaging Hora definite period; (2)loday, we would say servio®ntract or
payment by the length of excavated corridor or the quantity of extracted ore; ah8 B)XJ thé owner assigns the
minera part (percentage) of excavated ore. Besidesrimersdiggers, theravere O I Futhd\dlere experiential and
professional people who managed work in the mifkhe residents of Novo Brddiet most developed mining
centerat that time, askedromDe s pot St e ftoapassalaw aralhe dovried a body 024 good mernwho

drafted thelaw. Toavoid we would say, a conflict of interest, thespotformed abody of professional people who

were not from Novo Brdo.Codeon mines or Novobrdskaw is a set of laws th&@espot Stefan Lazarépublished

on 29 Januaryin 1412. It § a unique monument of thiegal sciencef medievalSerbia whichuy itslegal and
historical value exceeds ti@nal frames. In addition tthe law on mines, the textontainsthe provisions relating to

the organization antife in Novo Brdo. Codmnmineso f De s p ot S precisely definesthecownership Of
mines working conditions imines maintenance obligations, the duration of the interruptionaafrk, protective
measures, standardizediningtools and accessoriesReminiscent of modern stamads? In a broader sense, Code



on mines testifiego the economigower andorder of Serbiarcountry at the time. AcademiciarS i miar Ko v i ¢

regarding the Codé'When the Mining Code became known, it turned out thafreat numbeoof its Articleshad
alreadybeen translated into Turkish andv&din the Saxon law."

Novo Brdo, leftreconstruction XIV century,
right - view ofthe part of the restored fortress of the upp@vn [48]

Thankgo the mneral wealth of medieval Serbralers invested lge sums of money in spiritual and culturplift,
in the constructiorof magnificent monasteries archurches their arrangementand rich furnishing. If not for the
medieval mineral resourceSerbia today would not have so many monasteries ammbsterytreasuies TheNovo
Brdo mine was the leader ljftsthat helped monasteries witlargequantities of silver. In Novo Brdihe so-called
glamslo silverwas excavatedwhich contains a sigiméint amount of gold, which is witg value is higherVojislav
Jovanovi ¢ the sevedties oXI¥ceriuny, Serbian sourcesnroNovo Brdoare numerous and substantial.
Prince Lazagave(from NovoBrdo, a u t h o r)toRavanicdenastery 150 liters of silvennually ¢ne liter or
libra is 327.9 gram), andto Dr e rMorastery50 liters, which togetheramounts to appl,600 coins' By the
decisionof Despot Stefah a z a,Hiarndardwnastery also enjoyed inconfimm Novo Brdon about 100liters of
silver annuallyThe Despotdonated toother monasgriesfrom Sveta Gora as wefbr exampleVatoped with 60
liters, Lavra of StAtanasg with 20 liters of Novo Brdo silvannually D e s p oaddedta ltadranother 60
liters, and to SvimenMonastery he donated 50 liters per year.According to therecords of Broquiére and
Kapistrant the annual income of Novo Brduine wasmore than 120,00@oins Thisinformation althoughrefers
only to Novo Brdo and may not be completesliable clearlyhighlights the importance of mining fonedieval
Serbia.

TURKISH CONQUEST

Turkish conquest dhe territory of medievalSerbia ananinesdid not happen at onget took about hala century
The frst more significanmining center that fell into Turkish hands was Kratovo (1395). The real davgeithe

not es

Serbian mines from Turkish invadewgas feltduring the offensiveof Murad Il (14381439). ThenNov o Br do’' s

importance came to the fore, both in measurifmgces in battles with the Turks afmlthe attentionit drew in
contemporaries in Europe who followed tieents.



The Turkish conquest of the
territory of medieval Serbia and
the mines lasted about half a
century. The strength and
significance bNovo Brdo is
reflected in theletermination of
the power with the Turks and in
turning Europe's attention to
events.The conquest of Novo Brd
started in 1412 and the fall of
1441, the agony lasted until 1444
when the city was definitely
enslaved and killed. The golden
epoch of the mine and the city is
over and never returned.

Reconstration [47]

With the fall of Novo Brdo undée Turkish rule, itgolden epoch ended anglasnever restored, and Novo Brdo

a golden and silver towmyascompletelyforgotten. Ottomansbecame the lords of all mines in the Balkamthe
second half oKV centurybut for them, miningwas an activitgifficult to understand. In line wittheir tradition
andthe stateregulation they includedmining centers in the Sultarsas- a set of goods whose incorservedfor
state needs, to finance permanentdihired army formilitary campaigns. Likbe Sultan, civil servants as welnd
even deserving individuals and warribesltheir hases The organization of such a structure and its lack of interest
in investing in improvement and development led to dimappearancef medievamining.



4. XVIIIl CENTURY

With the fall of Serbiamedieval statdbegan the collapseof mining.Miner suspended work and resd mainly from

XVIito XIXcentury. Takinga part of Serbian early XVllicentury, the Austriamilitary administrabn, after the

concl us iarevac Pedce, I/ mier of the court wauncil, startedo open minesThe Austrians were well

aware ofour mines. In the vallegf the Pek thegtarted the worksin the villageof CrnajkaMajdarpek, andK u ¢ia j n

an d uinadijarSgion theyworked on Avala, Kosmand Rudnik They rstored the production andexpoited

copper inCrnajka copperand ironin Majdanpek, lead and iroon Rudnik andilverformingleadi n Ku ¢ aj n a, 0
Kosmaj, andAvalafor two decadesThey unsucessfuly attempted gold panning in the Morava River. Undee
Austriandespotism the population was leavinthe occupiedegions,causinghe lack of manpower to work in the
mineswhichwasprobably the reason why mining during the Austrian occupaigither advancedor succeeded



5. XIX CENTURY

After the First Serbian Uprising in 18@¥re wasthe need for lead, iron, copper, silver, gold and gunpowder, and

the leaders of the uprising, with Karadjordje at the hehiedtto renew mining in Serbia. But fogstoring the

complex activit of obtainingandprocessingre, therewere neitherprofessiona nor skilled labor Numerous data

suggest the efforts to bring professional peopled Austria thatzealouslyhindered and preventd that. Quasi

friendly Austria wasthoroughly interested in the situatiomin Serbiaand theefore flooded the border areaof

Serbia, and Serhiavith spies. The first news ofminingin SerbiaNovember26, 1807,from anAustrian sy from

Kovin reads: "InSerbiathere are many professiorsabnd even more will be recruite@heywill work onrich mines

whose main location is Rudnik. According to Rodofinikin, these will, as soon as the works are completed, mint their
own money. Two Germans haawived already, but nore knows where they come from."

TheFrst and $8cond SerbianpJising is not only the beginning of the restoration of Serbian statehoc
but also the beginning of thhe-emergence of Serbian minifgue to the need fdead, iron, copper, silver,
gold, and gunpowder, the insurrection tries to restore mining

The rebels anthe peoplehad to worksecretly which probablyesulted in a lackf records ormining activities at
that time. Mining coverup isspoken of in thdetter of Russian diplomat Rodofindated 02/11/1808, wlo says: I

will not talk about silver mindsecausel cannot tellanything specific about them." Rodofim, howeve, knew

everything, two days after he was with tRassiansprobably mining expert®n Rudnik

ProtaMateja Nenado¥iin hisMemoirsoften wrote aboutthe needs ofthe insurgentsfor gunpowder,he rarely
mentionedlead. Fronthis, we can conclude thahe supply of lead was secured from own mines.

One of the attributes of statehood is own mon€ppper and silver were then uska minting. According to A. i&i
with the report of Petrovaradin commander Hillesf 24 Januaryl811, PrinceMeternik was sat three coinsthat
Kar ador dreTopolainity greit abundance. [founidthe coinsin Viennaandstated this wasthe moneyof
Ottoman Sultan Selim 11l from 1789 only made in a more primitive manner.riintas bya Turkish artisan

Given thatthe lack of knowledge and expertise wasaj or pr ob |l e mjSowettedayiwe eduld say vuj us ¢
Government madea decisiorin 1806 to bring 3professional Saxaminersand one engineeit is not knowrhow

many of them camebut in 1806 mining ogerations began on Avaldwo yearsater (1808)iron and copper were

exploitedon Rudnik, as stated "feastingandforging war material The production of silver is alsoted, and they

probably obtained leads wel] although there is no recor®Dn Rudhik, two shafts wereactivated in Krasojevci

(today Bezda), andat the sitecalledP e ¢.iTheasmelter andhint were in Majdanskaeka Lead ore excepton
Rudnikwasexploitedint he Drina vall eyvaswebn Avala and Kucajn



Serbiarequested help from Napoleo@n August 16, 180%araljordje wrote to him: "Serbia hagreat wealthin its
bosom with ores of goldlead, saltpetre wood for galleysinnumerable cattlethat no provincein Europecan
compete This belief does not requir@nything but adew artisansfamiliar withmineralogical science and trade. "
Theproblemof the lackof professionals is sedrom the followingdataas well The first managesf insurrectionary
mines was Petar Novaké@ a r lgagakaiji, freikorp, and diplomat. As a member tfe diplomatic mission in 1807
in Bucharest he requesed from general Michelsotwo Russian officers "whwill train the Serbsin mining
operations"

Mining works on Rudnik wersanaged by Stafn  Z & Relknmakwho came to Serbia from Viennazestudent of

medicine. He wathe secretary of the Soviet L a z ar Batalakavrote pb®wt hid "He came to Serbia in
mdl1807. A native of Cer evfi ¢Fr uashingon Be®daaebeFosh hetvdssentiot her s
minesknown to havdead ore. Thisvasdone with himbecausehe, among other sciencesftended chemistry. "

Si ma Mi | ut imentionédidimislB826ag a distinguished expert although he nedig mining @gineer.

Having failed to develpminingwasoff with the collapse of the uprising in 1813 addition to the lack of expertise
and knowledge imre exploitation and processing, failure of the uprigimging could beexplained by the fact that
ore wasobtained from depositsvith complexores of lead, zinccopper, silver, arsenic and iromhich was an
unsolvable problem not only for the tinbeit evenmuchlater.

Leading Serbian people ofethime deserve respecand admiration for the efforts they mado revive Serbian
mining, and in particuldor the readiness to take into account knowledge argertise TheHRrst SerbiarJprising
was only the beginning tfie renewal ofthe Serbian state, but also the beginninghefv Serbian mining.

After the Seond SerbiatJprisingin 1815 and diplomatic effort® obtain as manyrivilegesas possible, until the
Edictin 1830 whichgranted Serbiathe autonomy with borders recognized in 1812, follovsdthe HElict in 1833
whichgaveSerbiasix morenahijss, andthe creaton of conditions forindependentdecisionmakingand openingo
the world, the economisteps offrince Mil&d O b r wearecaimediat the reconstruction of mining.

In the year othe Second Serbian Uprising Di
lamp (Humphry DaJywas designed, whose u:
significantly reduced theumber of accidents i
mines.

Prior to concrete decisions, the Prince in 1834 turned to renowned mining expert Baron Herder, the royal mining
manage in Freiberg to get an expert opinion and assistance to make "the mineral wealth useful for the Serbian
fatherland" and asked, through an unknown intermediary (it is assumed that Diwdgtsie Ra d o v i ¢ , a mer ch
from Vienna) to suggest a number of mining experts to assist in the opening of some mines in Serbia. Herder



answered the Prince in October 1834 with a suggestion "On the employment of mining experts and workers in
Serbian mining." Satif i ed wi t h t he iavitedhesder to céime itorSerleia aktl persofally see the
potential of mineral resourcesThrough Transylvania and Banderderarrivedin 1835, and from 24 August 31
October,while visiting Serbiahe studied the gedogical structure explorel the abandonedmines and sources of
thermal water.He submitted aeport upon returning toKragujeva¢o Jevrem Obrenogi Summarized, the report
waspublishedin Serbiarin 1845 titledMining trip to Serbisand in German iwholein Pesin 1846(HerderS A. W,
"Bagmansche Reisein Serbi@," Verlag vorK. A.Hartleben Pesth 1846). It was the first and for a long tenthe

only professional publicatiomn the deposits andhinesof Serbia. Orzeljinmountain, neaiRudnjak he discovered

a new mineral which he calledimt o SPNni"nbg Mi |l oS

Upon returning tdrreiberg Herder began to writaboutthe studyof Serbianmineralgoods, but fell ill and died in
1838. Herder wisit, review and repoifrom the trip toSerbia had decisivempact on the further course of mining
in renewed Serbia. This was the beginning of a new hist@grbiammining.

As muchasthe progection of abandoned mines and the proposal he gave in his report were significant for the

future of Serbian geology and mining, it was more important that Heder suggestedrasimcedP r i n ¢ @éhatMi | o §

he needed teeducatehis own mining personnel. Inlatter dated 26 April 183heproposedt o Mi | 0§ t o sen.
soon as possible, young Serbs to study minitigeaMining Academy Sobaldwie mdglich,einigejunge Serbenauf

die Bergakademieu senden um hier die Bergwerkmeisterschaftereu erlernen.. ') whoseeducation he would

take care ofvhen they ameto Freiberg.

Then there was aew Herder ketter dated 6 May 1837dedicated to the samsubject in whicthe detailed the
method ofeducation at the Mining Academy in Freiberg, and sugddhbat thePrinceshould sendht least three to
four young men who wouldperd five years irtraining, which wouldbe enough to master theoreticaind practical
knowledge. Annual maintenanemuld be 250 ducatfor each.

Herder's proposal on the education of mininggmeers was undoubtedly accepted and in early Jud83i,the

Prince sent a proposal to Soviet. At the solemn Assembly on Ascension Day in Kragujevac, a decree was issued "on
sending few students of ours to Saxony to study mining." Already oridithe Prince's command was published

"to send around twenty young men up to 15 years of age to study mining in Saxony," By the end of the month the
schools selected 25 young men that should be sent to study in Freiberg in the fall.

Sending young men to studly Freiberg was postponed by the disease and death of Baron Herder in 1838 and
Pr i nc edestent fimmd thesthrone

Sigmund August Wolfgang Baron Herder (Bikerburg, 1776 Dresden, 1838), a mining

and metal smelting engineem geognostician a lawyer, a son of famous German
philosopher and poet Johann Gottfried Herder. The love of young Herder towards
mineralogy and geology was inspired by his godfather Goethe, with whom he went for long
walks. He graduated in 18®®m the Mining Academy iRreibeg and obtaineda doctoral

degree in 1802 in Wittenberdde was oneof the leading mining experts of his time, he
worked in the mines of Saxony and in other German states and principalities, in the mines of
Austria, Transylvania, Hungafyorway, Pohnd, and Sweeén. He was a professor of the
Mining Academy in Freiberg.




'y SyGaN»yoS (2
the second half of XIX century

The first track on the education of young Sedrbthe field ofmining inXIXcentury ledsto V u k K adrha ih Z
1834 sent his soB8avao the Mining Academy in Petrograid study miing as an alumnus of the Russian Empress.
Savadied after three years as one of the best students. Wi, did not write about miningoy sending his son to
study mining shoed the understanding of the importance of mining for the future Serbian stdéawrote on

Pr i nc el dMnot kmé@wvwhether you know that my late son was in the cospf senior engineerswhere
officers are prepared to dig s@and manage quarries, and so | hap® welcomehim, to see himn his field(on
Rudnikor Kopaonik mounta) wherehe would serveo our homeland.

The regency ahinor Prince Mihaildogetherwith the Sovietlecided to senda few boys for schoolin@he number
dependal on the cost of education, and the intention was to send the besttleegoorer. They chosdour: lvan
Ma t (18¢7?)fromJadar Dj or d | E81B18&D)nforo Belgrade, Stevan Pavldit8201862)f r oabacS
and Va sé(1820p) bomBhe xillageo f  C WAsihe écholas of the Ministry of Educatiorgn 13 October
1839 they went to studyat the Mining Academy in Chemnitz (Austria). Chemwvaiz chosen instead éfreiberg
due to lower costs of schooling. Desgiteor previous academic preparation, poor initial knowledge of Gelanan
more than modest scholarships, Serbian studentsiatitthrd andcompleted their studies within the deadlinghe
first Serbian mining engineemsturned from studiesn December 1844 and January 1845 were immediatedgnt
to work in the Department of Trade of MinistryKihance led by Jovan Gar i | He Waweéver,failed to employ
them, and soon there was a conflict with hibjordje Brankowt during 1849 completed a year of service in the
State Geological Institute in Vienna, and thus officially became the first Serbian geologist.

This washe beginning of schoolingf Serbian mining engineers. By the endXéfcentury, mining studiesvere
completedby 18 Serbian engineers at prestigious European mining adesleand universitien Freiberg, St.
PetersburgPshibram Leoben, Clausthal, BerlParisYekaterinoslavZurichliege and Mons.

AmiBouécame to Serbiavith a French geologist aridpographer a Czech botanist and zoologifir the research
of the Balkanén the spring of 1836PrinceMi | welsomedthem and organizedll localauthoritiesto be at their

serviceduring thetrip. They began eplogical in other studiein Belgrade, on the way to Krguacthey visited

Avala and Kosmaj, after §rgevac thewisitedRudnik Kopaonik, Novi Paz&#e @ n d tirarandsthen continued
to explore Macedonia, northern Greeardwestern Bulgarig-romBulgariaover Pirotand Bela Palankze arrived

in SokobagwherePr i nce Mi |l 08 stayed



He researched Rtamjs well then via Kragujeva® a r aafid Jagodina hesturned to Belgrade andaveled to
ViennaBoué namely, crossed the Balkding times alone or witbompanions

Boué stayed in Serbéain in 1837 and 1838 to expldlmar eas of Maj danpek,lLedRavdcub ac, P
Vranje, Pgtina, PrizrenF r ka $ora, Krupanj, favo, Novi PazaRlaveand othe. He researched the sources of

thermal and mineral water iBr e s t oGamzigieshk a ka,RibarskaVrangka amis¢ka, Lukovska, B
Ving i cka Banja, Sdkkejagkanja and Pal anacki

During thefollowing two years he was arranging th@otes and collected documentation and prepared for
publishing a book on the Balkaritswas European Turkeylhe ntegralwork entitled[ I ¢ dzNEljrdgéwds R Q
published in Paris in 1840. In terms i contents, it included the geography, geology, stafist ethnology,
customs, archeology,ade religionof the Balkan Peninsula. That same y®&mépublishedthe second part of the
book dedicated onlfo geological research callédGeological Sketatf European TurkefEsqusse gologique dda

¢ dzNJj dglirépé. With this work,Bouébecame the founder of the geology of the Balkan Penindalarder to
create favorable and clearly defined legal conditions for the development of nitringe Mihailo passed the
Mining Lawin 1866which regulates the operation and administration of the Serbian mihgsuanto Article 2Q
the V section of the Ministry of Finance had to take cdm@ining Mining remained under its management until
1884, when Ministry of National Economgis establishedSince 1919Ministry of Forests and Mines had been in
charge of the minesnd after the Second World War, Ministry of Miniogk over the role

In liberated Serbiaviajdanpekwas the first mine in which the production started in 184ihds large for the time

were invested (over nine million) and much was expected. The idea was to create grounds for the industrialization
of Serbia by the production of iron and copper in Majdanptdidanpek thus became the center of all geological

and mning studies in Serbia. For a decade of work, the objective was not achieved, the attempt was unsuccessful
and expensive. It was a great material damage to Serbian mining and weak economy from which the country would
not recover for a long time.

Ku ¢ anjashopened in 1849, but the works were soon suspenflegsimilarthing happened with mines on Avala
and Kosmaj in 1854fter these experiences, for half a century every state initiative in connection with mining was
overshadowed by failure. Therefore, &cision on granting concessions to private investment in geological
exploration and ore exploitation was made.

Ami Boué (Hamburg, 1794- Vienna, 1881), a doctor by education, a geologist,
ethnologist, geographer, naturalist and archaeologist by ocaupatle grew up and was
educated in his native Hamburg, continued his education in EdinBerggvaand Paris.

During the studies of medicine iBdinburgh,he became interested in geology and
attended courses in mineralogy and crystallography. He begamgage in geological
research in Scotland. After finishing his medical studies in 1817, he settled in Paris, where
in 1820 he published &eological essay on Scotlg@dd a F A 3S2f 2 I A) k@ d dzNJ £ Q
he for the first time methodically described volearacks. He was one of the founders of

the French Geological Society in 1830 and its chairman in 18Farigjin 1840 he
published a scientific study titld&elropean Turken four volumesl(a Turquied'Européol.

I-IV) on 2,247 pages. This work waslighled in Germanje europaische T'lrken 1890.

He was a correspondent of the Serbian Learned Society. In 1849 he published the first ethnological map of the
Balkan Peninsula.




A geological map
of Felix Hoffmann, 1892
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Among the first were the concessionairgsre Felix Hoffmann (1830 9 1 4 ) , a mining
Kolarac (180a878), a merchant andonor, andMilanP i r o ¢ a n-EH87),alalvgBand politian. Hofmam in
1862boughtc o n c e s s i o nminefnd the dthar dwathahsame year took concessions for the exploration of
oresin thevalley of theDr i na . |habuiKan &amptagmine andfoundry forlead and zinc, but after ten
yearshe facedbusiness problems armlispended th@roduction.

engineer,

Coal as an energy source s significant with theinvention of the steam engine (JameattW1764) and its
applicationfor movingships (the first steamboaRobert Fulton, 180/&ur part of the @Bnube was crossed 1834
by the first steamship "Agrb52 horsepower, 242 toraf capacity; FrencBerbiarsteamboatcompany, established
in 1856, with foursteamboatsoperated until1864 on the Danubdhe Savaandthe Morava), railway (the first
stean locomotive, George Stevenson, 1818)machine in mines and industrial plants(the beginning of
industrialization). This affectedgreat increase in iragonsumption.

On t he nort heka Gorashke firgt exgloitatidn oféal in Serbiatarted. There were small mines from

which coal was periodicallyextractedfrom the shootsassuninglynearSr e ms k i

Kar | .cCoatnine and Cer

Vrdni k, on t hekaS&aa théldestSerbian caaf minBvaswpened in 1804Jntil 1894 1 belonged
to Ravanica Monastery in Vrdnik. Subsequently, the mine changed its owner several times, Mareesedoch of
the deposits began in 1871 resulted in the construction of the main shaft in 885, by the expansion of the
exploitation shaft and more organized and mass production.

In 1846, coal was excavated in shoots near Smederevo, in the village obBdbeaDanube, and in Ripanj near
Belgradeit was explored in 1850. This was not accidental, steamboats had already sailed on the Danube and coal

was needed for their driving.
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In Miliva near Despotovac, coal began to be taken out in 1837, irSélgemi ne i n 1853 and in N
Arandjelovaafew years later, and so on.

The story of the discovery obal deposits in th&enjemine is interesting. In the vicinity of the villag&Sehje while

pig herding, Lazar -Bokimdtane and acCidetfitadlyupaotdt in the fset TThe stogeeturned into

flames and embers, Lazar called it "uritigastone." Being curious, he took a few pieces of "unhealthy stone" and

took them to Cuprija to determine what kind of stone t|

The opening of th&enjecoal mine started in 1853 by building a foundry in Kragujevac which had to be supplied

with high in quality fuel. Ministry of Finance- Mining Department made a decifon on the opening ad coalming,

and with this assignments e n t engineer Vasilije Bozi ¢ to the fiel.d
Aleksandrovac after Prince Aleksandar Karadjg e v i-£8 §51)8.0 6Af t er Al eksandar’'s de:
(1858), the mine got a new namé/lajdan atSenje and current namé&enjemine is from recent timedfter the

preparatory work in the field;learing and cutting of woods, surface mining waarted in the shoot of the coal

seam. The first 26.326kas or 33.7 tons of coal were shipped to the foundry on 12 May 1854, tcai®8 We

should note that in the first decades of XIX century coal, copper, iron, lead, etc. were measured as akhegat in

The metric cent was introduced in 1870, and since 1910, coal has been measured in tons.

In the Senjemine, coal was firstly seasonally exploited, only in favorable weather conditions from spring to autumn.
Except for a short period (188874) the mine has so far always been in the hands of the state. The construction of

mining facilities and buildings folhe accommodation of miners begadn 1861 years. d the decision on the
construction ofrailwayBelgradeNi #inistry of Finance, in charge of tlmine, reacted byinviting Felix Hoffman to

investigate and determine the boundaries of abgbosits Hofmam did his work from June to Auguist1874 and

submitted the findings to the MinistryBy releasing(1884) railway BelgradeN i, he need for brow coal

significantly increased due &team traction. To facilitatthe delivery of coal,a narrowg a u g e  rupria-way C
Seng mine was builand put into operation in 1892. The railway was extended in 198&voareka The control

over theSeng minein 1894was taken over by the Directorate of State Railways. With the aim of selling fine coal, a
briquettingplantwas constructed n 1897 in Cuprij a, and two years | ater
addition to works in mines Aleksandar, Reavac a and Svet.i Sava, the constructio
works in Buljindarabegan in 1898.



TheSenjemine,a minerin front of
the entrance to the Aleksandar
mine, the second half of XIX centt
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TheSenjev Ay S5 SELJR NI &K Acomposition on railwa§enjemine¢ 0 dzLINArr@w+
the end of XIX centur gauge railway of a width of 0.75 m, 21.3 km long

Work technologyvas primitive, and the miners cartework in their owrclothes. They wore a codd,dzo (aMdpe

of winter hat), orO | 2 {($etbian national hatnd opanci (traditional peasant shoesWi t h bul lonck’ s ¢
caravans the coal was shippedto the railway and foundry in Kragujevac. By all accounts, the omak not

interesting for the general consumption in then underdeveloped Serbia rich in forests

Besidegshe railwayand foundry, the gradual increase in interest in coal in Sesdsaffected by the enstruction of
the firstindustrial steanplants (mills, sawmills, breweriegljstillery etc.), and in particularby the appearanceof
steamboat®on the Danube.

Based on the publicationf JevremGu d q thé Chief of the Mining Department, Ministry of Finance of the
Principality of Serbiag"permit tovarious pare s t o f r e el y aewagcbuotyand Ranskd tounfyim P o 2
Pozar ev 4 was sssuedtinr 187€I'his document does not mgon Kostola¢ but the "Registerof places in
Serbiawith various ore and minesstates thatin 1872the approval forthe exploration of coal in KostolaR,e € i ¢ a
and Poljaa was grantedFrom the Overview ofactivitiesin mining,from 20 June 186%o0 the end of May 1872
showsthai n PoZ ar e v aMay I802uomly one frea rigla thé exploration of coalvas issuedand it was

in KostolacThe SerbianNewspapenf November 3, 1873ublished the news that Ministry of Financellgaven
privileges to dig coal in Kostolathe pivilege ¢oncessiopwas issued on 50 yedrso Fr anj a \spaee e € k i f
of the Kostolac coahine, which occupies 3dre fields, 100,000 M each Coal production in the pitf Stari Kostolac
officially began in 1873, hven 15.050 charcoalcents, or 301 tonswere produced The following year, the
productionwastripled, and coalvasexported to Vojvodina and Romania.

Felix Hoffmann (Mo | d o v a 18306 Befa Crkva, 1914), a mining engineer, the most
respected mining eert of Serbia in the nineteenth century, came from a prominent mining

family. He studied mining i€hemnitz He first stayed Serbia in 1856 when he visited
Majdanpek Rudnaglava Ku ¢ aj na, Al eksinac, Paraci n, Po
Mihajlo, Hof f mann moved to Serbia in 1862. Af t
worked in the civil service as a geologist. Duringg@ogicakxamination of the route of

railway line Belgradlli S , he discover ed Raljeandecoalldpositsinon depo
the area of the PCinja and the South Morava.
auriferous sediments on the P&dver deposits of mercury on Avala, copper in Bor. He

opened the gold mines of Blagojgamenand Deli Jovan, coal mings Resavica nad

Melnica In theSenjemine he stayed on several occasions and contributed to its development.
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GeorgWeifert purchased a part of concessions and became-@wa®r of the mine, and later on May 20, 188&,
paid off his pbacamernhe sole\d8nertofetlie lcaal midewas an important event for the mine

and Serbian mininyVeifertrapidly upgraded the mine inthe most prominent one thus taking a significant role in
restoring Serbian minin@ince the minevith five undermines of acrosssectionof 6 m? and a total length of 1,900

m had problems "abouarranging the mining distritand extrading coal inhorsedrawn wagonsWeifertin 1883
hired experienced mining exper WithFconaultgtiemswith iFalit ldokmag o0 be t
Si sim aeskort time reorganized and stabilizi production in the minehe did itso well thatWeifertin 1885

filed a requesfor the extension of benefits for 10 new mining fielddince theébeginningof the work of coal mine

in Kostolac, thee had been thayuestionof fine coalsale.Weifert solved theproblem bybuilding "a brick factory

with two furnaces and machines for the production of 500,000 bricks or tiles" in 1885 in Kastddtated in a
written document. A joints t o ¢ k ¢ 0 mp arevac irf 1888 mperked & new coal miramed Klenovnikn
Kostolac. With the advent of steamships on the Danube, the construction of the railway with steam traction, the
beginning of industrializatiowith steam machines,Weifert, as a shrewd businessmamealized the upcoming
importanceand value of an energy soursech as coain time

Old Kostolac, entered the mine and transported coal in a pit, at the end of the XIX century

Georg Weifert ( P &vo,1850- Belgrade, 1937), an industrialist, a banker, a major
investor and a pioneer of Serbian mining construction at the end of the nineteenth and
early twentieth century, a patriot, a soldier and a warrior, one of leading Freemasons in
Serbia and Ywglavia of his time. From 1883 to 1889, the \Gaowernor, and since 1890,

for about three decades, the Governor of the National Bank of Serbia, after the First World
War the Governor of the National Bank of the Kingdom of Yugoslavia. He was also the
honorary President of money institute "Beogradska zadruga." During the withdrawal of the
Serbian forces over Montenegro and Albania in 1915, he successfully organized the
evacuation of the gold backing requirements of tliear (bars and objects of gold) over
Durrésto Marseille. Throughout the war, the National Bank of Serbia was functioning, thus
providing the existence of Serbian statehood even outside its territory. He is also known as
the creator of the modern brewery in Serbia. He owned the coal minék8&iolacBogovineand Dobr a Sr ec¢ a.
invested the money obtained from beer and coal production irettpgorationof gold and other mineral resources
throughout Serbia. Thanks to his business intuition, understanungjstenceand investments that led him to the

brink of bankruptcy, in 1902 the mostportant polymetallic copper ores mines in Serbia were discovered at the
si t e DulkanDolkarhill) near Bor




This was the immediate cause of his interest in aodl investment irmines Stari KostolaBogovinaand Dobra
s r e Realizinghe profitability of work with coalWeifert patiently investedthe profit generated from coal in
geologicakxplorationof goldin eastern Serbia.

Kostolac, transport and loading of coal
a ship on the Danubeté XIXcentury

The search fogold-bearing depositsvas | ed by t upstreaSiialeng ¢h& Bos Rivietech discovered
the location ofC o KDalkan(Dulkanhill), Tilvamika (Mala steng andTilvar o Grvefiasteng. Experienced mining
experts Héfmam, Si s @&k o satraknewkawdo interpregellow tored "iron hats"that covered thehills,
or to understand the messages that natle& in this way. Under the operational texship of engineer Jaroslav
K ueta, who was entrusted the tasthe researchwas continued in 1898 in the belief that the goal (golBs
closest to the sitef Tilvar o §

After four years of researity, theresults were not satisfactory, the gold content was on averag8d.0dgramsper

ton of quartz.The diration d research and large investmen¢si Weifertto the brink of bankruptcy, bute did not

give up.In consultatiorwi t h  Ho f f ma nd the Spatialt tasgetindekcavatgda the village, on the right

bank of the BoRiverb e | o w DulkankThisyielded aresult- at 120" meter in the excavatiorf the ore body

instead of "yellow" they found a rich cradle of "red gelddpperin October 1902. This was a great event foasll

this found the most preciouslepositin Serlia. ThusWeifert, Hofmam,and Si st ek entered per ma
history ofSerbiarmining leaving an indelible mark.

Franja Sistek (Plzen, 1854 Bor, 1907), a prominent mining expert. He came to Serbia at

the invitation of GWeifert at beginning dthe ninth decade of XIX century, for whom he

wor ked until 1904. That year the Bor mine c¢hé
the French shareholding company. Under his administration, the coal mine in Kostolac

shortly became the most organizedine in Serbia. BWe i f erdet, atghe end of XIX

century, with the technical support of F. Hoffmann, he conducted research in eastern
Serbi a. Expl oring the g dukhpin 1902, he discovenedrme of o
rich copper deposit. It @ssumed he was award#éite Order of theCross of Takovior the

results of work irKostolac (see the photograph).




The eturn ofyoungeducated professionalslthough insufficient by numbeim the second half oXIXcentury, was
remarkablyreflected inthe opening and development afines the planningand guidanceof the exploration of
mineral resources, the establishmeaitgeoengineeringtandards in facilitiesonstruction(railways roads, bridges
and other structures), the modernization of miniagvs and normative regulatory regime, the modernization and
establishment of an operational organization of the state administration for miningwhatl is particulaty
significant- in laying the foundations of the educational and scientific developmfetite mining, geological and
total Serbian engineering and the establishment of the Serbian Learned Society, and tigsrhbia@ Royal
Academy

Lyceum, which was established in Kragujevac in, 1#&88transformednto Higher School on September 24, 1863.

The teachingstaff educatedat leading European academies, institutes and universigeethe school a high

reputation of European scal@he staff include@dur most eminent scientists of the time: Ljuboril er i ¢ , Joval
Zujovi ¢, and Jovan Cviijié6é.

A rmultidisciplinary approachthe breadth of research, engindeg, innovative, inventive, educational, thretical

and experimental work, as well as the breadth of general knowkdgellishthe work of LjubomirlKe.r i ¢

T B o Ljubomir  Klerié  (Subotica,
1844 - Bebrade, 1910),a
mining engineera scientist,

a university professor,an
academician, was born ia
family of German immigrants

in Subotta After moving to
Belgrade the family changed

its name Klert o  Klamr i ¢
his name Juliu® Ljubomir.

He was edudad in Subotica
and BelgradeHe enrolled in
Technical Faculty oHigher
School in Belgraden 1862.
After two years of studgg
as "a statealumnus' he was
sent to study mining at the
Mining Academy in FreibertylAF).In the winter semesterof 1867/68 he switchedto the Zurich Polytechnic to
study mechanical engineeringhe followingyear, he completedthe mining studies at theMAF and went to
specializeat the Mining Academy in Berlimhile gaining sompractical experience in German mines\iestphaia,
Saxonyand Upper Silesia, andhf i hirrtlee i@zech Republic.

He returned taBelgraden 1870 where he worked as a clerk in the Mining Department of Ministry of Finance of the
Principality of Serbia.He stayedrn Germany and France in 1872 andepétd the construction of drilling
equipment with a rope, which quickbecamewidely used. The following yearnyith Rafael Hdfmam (the dder

brother of Felix Hoffman)he cameo Serbia and geologidalexploredv e n ¢ a ¢ , R u. ©nAivdtg,he fdumds ma |
mercury depositsHe was engaged mgeologicakurvey of the route of a i | w auprijalAleksirac afid many

similar tasks. In Oran iAfrica he successfully conducted the exploration of iron deposlesconstructed a

telemeter, a polar pantographa tractoriographand tools for drawing curves of the second ordé¢.l er i ¢ was
electedregular Professor of Mechanics aftlence ofMachines irHigher 8hool in 1875In 1880, he mursewas



divided into heoreticalMechanics andscience of Mchines,with KI er i ¢ t a ki n gHeavashighly t
engaged inmprovingand pronoting higher education, he wetke Dean of the Faculty of Engineerihg,founded
the Department ofDescriptive Geometry with Pojective Geanetry and Graphostatis, he was the Miniter of
Education and Religious Affaithe Minister of National Economya member of the State Council,of the
Commission fothe transformation of Higherc8oolinto University in 1905He was electedegular member of the
Serbian Learned Society in 28@nd by a decree of King Milan Obrenianc1887he wasappointed a member of
the Serbian Royal AcademRg$togetherwith fifteen colleaguedn March 1888, he held thaaugural speectOn
the theory of compensatidn He was elected Secretary of the Commifigenatural sciencesf SRA in1891. He
proposed Nikola Tesla farcorresponding member &R in 1894.

K| eigthed@uthor of numerous scientific papers, books and a university textidledkT heoretical Mechaniddll.
He participatedand stood apart by hisourage in the SerhiaTurkishand the SerbiaBulgarian war. & was
awarded theMedal of Braverand the Cross of Takovo; Belgiamg Leopold Iawarded hinthe Order of Leopold.

To showrespect and remembrander the name and worlof LjubomirKlerg, the Department ofMining, Geology
and gstemiencesof the Academy of Engineering Sciences of Sedt@blished in 2012 @harter with his name
for lifetime achievement in the field mining, geological and systestiences and engineering.

The outset ofgeological schoah Serbia is associated withsJo f ,Ravaahéld tite first lecture in geology on
Natural and &chnicalDepartment of the Lyceunin 1853. he first scientific worlof Serbian geologistaas
published in 1854 iWienna. Mis conceived modergeological science and schaolSerbia, bubur firsteducated
geologist andhe founder of Serbiageologicalscho@ind sci ence is Jovan Zujovi

Jovan Zujovié (Brusnica 1856 - Belgrade 1936),a geologist,a university
professor, a scientist, an academic, a politicieadiplomat anda statesnan.

at the Polytechnic in 1878 Zurich returned to Serbia in 1873 and contiue
the studiesat the Natural MathematicalDepartmentof HigherSchool, from
which he graduated in8I77. In the autumn of the samyear, he went to Paris
to continue his education at the Sorbonirethe field ofnatural sciences and
anthropology. Fronfarisin 1880he brought thefirst polarization microscope
and introduced microscopic test®f rocksin our region That same year he
was electedsecondary school teacher at the DepartmefhtMineralogy with
Ceologyin HigherSchool in Belgrade. He taudgktineralogy,Geology and
Paleontology.He became a full rpfessor of Higher Schoolin 1883. His

. following years wereextremely fruitfulin the creative senséhe wrote the
basic gealgy textbooks, founded the Gegical Institute oHigherSchool (1889);reatedthe geologicamap of
Serbia (188@900).

Apart fromLetopis Maticesrpskethat appearedasa literary and scientific journal in 182dur andsoutheastern
Europe's oldest scientific journ@eologicalAnnalsof the Balkan Peninsulawas initiated byZ uj ov i ¢
associatedn 1888to publishthe results ofscientific researchThejournal has been publishedvithout major
interruptions from 1889 until today. In order to be accessible to a wide circle of scientists, the first sixveooks
printed in their entirety in French, German and SerbiBg.gathering thenembers of theaditorial staffand other
geologistsin 1891the Serbian Geological Society i@sedbeingone of our oldest scientific associations.

He was one of the founders Museum & the Serbian Lan(today Museum of Natural Historin Belgrade). He
introduced the teachingf agrogeologat Faculty of Agriculturejoing a creditable jobor its establishment. At the
TechnicaUnivesity, he taught Applied Geology.

he

¢ .

and

f or

He received his educatiann Ne me ni k u ¢ dle lzegad hisBstudieg r a d e .

hi



During the establisment of the Serbian Royal Aealy (according to the Basic Law of the R8gabianAcademy of

Novemberl , 1886) , Ki nwith dvdedrez date@®prit5e188F appainted the firsi6 members of the

Academy: Kif Pag i Bimitrije N& iJéo v amv iZd j a midK | Lejmaiusébsciencs); Stojan Novakaogi Milan

Kujundi¢, SvetislavVuloava nd Svet omir Ni kol aj eavd &@mi(lpjhi Miojsatpdhie@,i ¢ Micli
Lj ubomir ardPanta Srévoiv@odal sciences);ujomirNenal ov i ¢ , Matl paVvabhhr oWMii &at
DavorinJenko (a8t . As the youngest amo nie Strétaynof theAcademy, and dosifo vi ¢ b
Pat i ¢ wa sresideneFeomd®l5tB 1927 uj o v theéResidars of the Serbian Royal Aead).
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of the Kingdom of Serhi2886 Geology of Serbia

When preparing the establishment of the Belgrathéversity in 1905, he was appointeaifull professor, one of the
eight, who then chose other teacheo$ the University From thatposition he withdrew immediately after the
establishment of the klversity On behalf of the Serbian Royalademyhe spokeat the opening ceremongf the
university.

His most significant scientific and professional papeiside:Geologische tiersicht des @higreichesSerben, 1886
Vienna Petrographidineralogy 1887;Petrogaphyl- 11, 1889 1895;Fundamentals for th€eology of the Kingdom
of Serbia 188; Surlesrocheséruptives de la Serhi@893, ParisSurlesterrains gdimentaires de la Serbi&893,
Paris;Geology of Serbidll 1893, 1900TheGeologicalSructure of theSurroundings of the Village Béjetin, 1921;
Lessons ieology 1922;General Geologyl1923;Lesrocheseruptives de la Serbi@924;Genesis of th&arthand
ourHomeland-1l, 1927, 1929Supplying/illages withWater Sources andVells,1931.

Jovan Zuj opoliicallyastimesHe wasa nyember of theSenate(1901),an MP, the Minister of Education
and Religious Affairen two occasions (1905 and 190910) and theMinister of reign Affairs of Serbi§l1905).
During World War |he worled as a special envoy of the Serbian government iniRdhie Mission of organizing



Serbian schools for refugetudentsand collecting aidZuj ovi ¢ as a voluntedurkisharti ci f
war,in the Drina Region Brigade. He was awartleelOrder ofSveti Sava of the first and third degréee Order of

the White Eaglef the fourthdegree,the Crossof Mercy, and he was also an officer of the French Legidtoobr

and anofficer of the Education@icademy.

Svetolik Radovanovi¢ ( P r ¢ i, 1863v Betgmde, 1928)a geologist,a scientist,a
university professoran academician.He was ducated in K&evo, Gradgte, and
Kragujevac, and then in Belgrade, where he finighgdnasium He studied at the
Natural Mathematic Departmertdf Faculty & Philosophy in Belgradd8811985).He
continued his educatioim paleontology and geology in Vienna at Faculty of Philosophy,
where in 1891 he passed with the highgsade"a two-hour doctoral examinatiorin
geology, paleontology with chemistry, andresd the title of"PhD.in philosophy and
became our fst PhD.in geology and paleontology.

Upon returning to Serbia in 1891 he got a mh"a state geologistin the Mining

Department of Ministry ofNational Eonomy.He participated in the formatiorof the
SerbianGeological &iety, wasits secretary andwith J . Zuj ov isée winokd189%he méinber of the

editorial board of theGeologicaAnnals of thBalkanPeninsulaAt t he suggest i oRaddv ano\Viug o
was elected profesor of Higher School, where he enthustislly beganto work. Together wittZ u j ohe did

muchto reorganize theseological Instituteo moderniz teaching and build the foundations of modern education

at the University of BelgraddBesides hiprofessorial dutiessince 1902 fotwo yearshe astonishinglysuccessfly

tenured asthe Chief of Ministry of National Economy.

During that timehe reorganized the admirtimtion of the Mining androrestry Departmeni conductedrorests Act
through the parliarantary procedure, contributetb the adoption of theRegulatiorof the brotherly safe ofminers
(for miners' insurance) and printetie Mining mapof Serbia. At the invitation dfaculty of Philosophyn 1905 he
returned to the Geologicahstitute of the newly established University of Belgrade esmhained atthe helm until
his retirement. From 1906 to 1909 he wthe Dean, and the year after that)e \ice-Dean ofFaculty of Philosophy.
He achievedoutstanding scientific results, his works on the stafiyhe Jurassic sediments of eastern Sednéa
famous he hasbegun the development of theletailed geologicahap of Serbiahe studied the seismicity of our
regionsand t oget her hemadhthelSerbiiEartaqudake Gaialod 8ir1-1907. Thanks to this wark
Serbian Seismologicar8ice was included in the ordef modernservicesn Europe.

He was thefounder of the Serbian hydrogeology, hisost impatant work in this domainis monograph
UndergroundWater, one of the first systematizedytirogeologies in the worldHe published over 80 scientific
papers in the fielsl hedealt with. In World Wali, he suffereda severe tragedy, his son died of injuriBg the end
of 1916, he stayed withhis familyin Athens and then in Paris, &fe he served as a senioommissioner for
refugees. After the war, at thpeaceconference, as an expert mining he was a member of the Yugoslav
delegation.

After returningto desolate and destroyed Belgrades got down towork on rebuildingthe Universily and the
GeologicaPalaeontological InstituteHereceived numerous awards for scientific, academic and professional work.
He waselectedcorrespondingmember of the Sdrian Royal Academy on February 5, 189 hdahe became full
member on 31 January 1902e was lie holder of the Kadhj o r Har, #heé Qrder ofSveti Savahe Order of the
Romanian Star and tt@rosof the Red Cross.



J o v a n (L&nida,j1868Belgrade 1927),a geographera geomorphologistan
ethnographer, an anthropologist, a scientist, a university professoran
academician.He received his education in Lozni&pac and Belgrade He
finished First Belgradeigh School, in the famous generatiovith Milorad

Mi tr,Mvhaéail o P ardrotbevrénéwnedmarson which anovelwas
written and subsequently they even gotrevie named"Professor Kosta Vdp
Hat" He completed his studies in 1888 at the Natiathematical Department of
Higher 8hool in Belgrade. A year later, as a st@temnus, he begastudying
physical geography and geology at the University of Vienna, Whéefended his
doctoral dissertation in 1892 on the results of the study oftkphenomena in
eastern Serbidstria and the Adriatic coasfhedoctoral dissertation titledarst
\. phenomengDas Karstpfinomen) brought him fame in the international scientific
community. Thanksotthis work, the world conside@v i j i ¢ as t he fToeuwork was trandlatedk ar st ol
into severalanguagesnd wasublished in Serbia in 189%&lpon his return from Vienna in March 1893, he became
a full professorat Faculty ofPhilosophy in Higheschoolof Belgrade. Afirst, he taught physical geography and
ethnography then just geographyin the first ten years of hisareer he mainly dealwith geologywith great
successAfter the cancdlation of Higler School  Cwaisgné df the first eightgppointed full professos at the

newly formed University of Belgrade (founded ii1021905). A the Sorbonne in 1917 antP19 he lectured on
the Balkan countries and peoples.
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Jovan Cviji ¢ pl atheereformaofeducaton;ihdhalpediorestablishotie ®epartment of Ethnology
and decisivelyinfluencel the opening of MedicalAgriculturaland Theological Faculty in Belgradde was twice
electedRector of University of Belgrade (1906/07, and 1919/P@)was also electamrrespondingnember of the
Serbian Royal AcademyliB96 and becamadts full member in 1899. He wdke President of the Serbian Royal
Academy from 1921 to 192He is he founder of the Serbian Geographical Soctetyyhich he bequathed his
estate. After World Warl Cv i j i ¢to deermines tbepolitical boundaries of new Yugoslstate usinghis
scientific understanding of demographic arthropologygeographic research as arguments in the negotiations. In
late 1918, the Serbmgovernment appointed hitte first expertfor ethnographic boundaries, and in early 1919 he
was appointed Predent of the territorial sectionf the state delegatioat the Peace Conference in Paris. Thanks to
the professional ethnographic argumentse fnade ethnicgeographic mapsf Yugoslav countriesf 19181919)
andthe advocacyf Mihajlo Pupinthen already politically influentiaand worldrenowned scientistthe boundaries

of newstateKingdom of Serbs, Croats and Slovenere established

Cvij ¢ d e adsdarchwarkt for 38 yearshe tooknumerous research expeditions dhe Balkan Peninsulthe

Southen Carpathiansand Asia Minonvhichyieldedsignificant scientific woskHeis consideredo bethe founding

father of Serbian geographyn addition to dealing with geographie dealt withgeomorptology, tectonics,
paleogeography, neotectonics, ethnography, anthropology, history, etc. Theotwne Geomorphologwf Jovan

C v igjvasageomorphological presentation of the Balkaeninsulaand today is the starting point landscape

research Hehaspublished hundreds of scientific papers. One of the most impowaritsis The Balkan Peninsula

As aworld-renownedscientist he wasthe holder of humerous awards. He was a member of dghtienies of

Sciences, 1@eographical andhature societies,an honorary doctor of the Sorbonne and Chardsversily in

Prague,an honorary member of many geographical, ethnographic, natamal other societies throughouthe

world, hereceived 10 medalToday, a kind of saffron and a peak on Rudnik mountain (1,132 Tthegari ¢ . s n a me

At the turn ofXIXcentury, a significant contribution to the development of Serbian mining and gealagymade by
Dimitrije Antula(Belgrade 1870-1924).He complekd his studies in geologp 1891
at the Natural Sciences and Mathematics Departmétatculty ofHigherSchool in
Belgrade.

He worked as a secondary school teacher and professbhaihird Male High
Shool in Belgrade. Durirtge specialization at the tiversity of Vienna from 1894 to
1896, he explored the large b i dolletionof Cretaceous fossils from the Caucasus
and defended his doctbrs  toh thestopgof Uberdie Cephalopodeder unteren
Kreidedes Kaukasu3896 With its piblicationin 1899 in Vienna, the thesis has
entered the order of worldclassicson Lower Cretaceousephalopods. He was a
state geologist in thévlining Department of Ministy of National Economy 1897
1919andthe Directorof GeneralMining Directorate in Belgrade from 19191924,

At TechnicaFaculty in Belgrade, he taugtgchnicalGeologywith Mineralogy from 1907 to 1922. He organized the
mining section of the Kingdom of Serbia at the World Exhibition in Paris in 1900, arad e¢kéibitions in Liege
(1905), Milan (196), London (1907) and Turin (1911). After World W led the renewal of the mining economy
of the Kingdomof Serbs,Croats and Slovenes until hisudden death. He was involved in regional geology,
biostratigraphythe explorationand exploitation ofmineral resources in Serbia. In the book about mineral deposits
in Serbiahe synthesized everything that was known about them until the beginniXglaéntury.He is the athor

of the miningmap of theKingdom of Serbia, (1900), bowlning Legislationin Neighboring andoreignCountries
(1909), and bok Geological &earch imimok AdesiteMassif(1909).
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CARTE DES GITES MINERAUX DU RONMIME DE SeRBik

DimitrijeAntula The mining map of th€ingdom of Serbia, 1900

To show respect and remembrance for the name and wbEkroitrije Antulg the Department of Mining, Geology
and System Sciences of the Academy of Engineering Sciences of Serbia established in 2012 a Charter with his hame
for supreme engineering achievements in the field of minieglogical and system sciesc

With the growth of demand for coal in the second halKbfcentury, new mines were beingpened. Coal mine
+ NJB]dkt Avramica the first written document othe research and quality of r § k acoaf,wakcampiled by S.
L o z a M 88¢&. Thamkso Lozant andthe research ofl . Z (13821886) the first undergrounchiningworks
started in 1884 on the sitef Prlita In additiont o L o z aZruij&olater researchof geological structure,
tectonics and energy resourcesf V r &k uakwvas paticipated by a pleiad of prominent Serbian geologssg.
Popos i \E€ Petkov, M. Paviov,¢ K. Pet kéo vainéd, oN.eimmsnn dB relosatasMiadenovac was
opered inthe 70sof XIX century, andtone coalmine Aliksimear BrzaPalankavas opened in888. Geological
research of coah the Aleksinac basstarted inthe 80s and the productionin 90sof XIXcentury, for example in
1899 5,172 tons of coal weneroduced.



Antimony, nor-ferrous and precious metalre mines are being opene8urfaceexploitationof richerdeposits of

antimony in Bare, Zgjaavasconducted from 1895 t4937whenit was suspended due to the large influx of water.

Nikola Milano\, a Belgrade traderin 1884got privilegesfor miningantimonyore in depositBrasina Zaj ac¢a. At |
end of XIXcentury begn the exploitation of quartz veins with antimony in the aref Bujanowag, the village of

Trnovac.

At the site of Babe Kosmaj in the Roman and Medieval p¢hiedjlverbearinglead was excavated and melted.
The remains of slag formed by melting the ore, particularly aimbeth of streamsPrutenand Zminjak, were
mined from 1872 to 1889. The material processed was some 270,000 tons of slatpadtbontent of 45% and a
high content of silver in a smelter erected by the Austrians on the site.

Standardsising in the cortsuction of facilities entailed the need for appropriate building materials. In 1RSH,

Cik got concessi ommrlafnodr stthaer texdp |poiotdautcii onng bakédmadina i n  Be c
water mill . By mod er nfounded g fagiorymamed 'tThe dinSremfactoryl & Bddtlan€ i k
cement anchydratedlimeof JosifCi k i n, with th@ahnual prodetion o around 40,000 tons of cemerfthe

exploitation of marble on Véac be@nin 1881.

Cement Factoripn

S i, dhe end of
XIX and beginning
of XX century.

The avelopment of Serbian mining and geologyXliXcentury, between the two milestones, the First Serbian
Uprising and the discovery tfe rich deposits of'red gold" in Bor, has two stages. Thietfstage in the first half of
XIXcentury is the stage ofinitial daggeringand efforts toactivate collapsedSerbian mining. e second stage
begins byrealizingthe necessity othe education of professionals and the beginning of sending young pepple
study at reputable European academies and universities., Tihisconjunction with the beginnisg of
industrialization, the constructioaf the railwayand the advent of steamships on the Danufe|dedsignificant
results in the last decades ¥ifXcertury. New mines were being opengetthe foundations were being la@hd a
professional, scientific and academige started when geology made a step forward in relation to minimge
beginning of the education ofiining engineers in Serbia and the forimatof mininginstituteswaited for the end

of the Second World War.



6. THE FIRST HALF OF XX CENTURY

At the beginning and during the first half XXcenturythe trends started in the last decade XfXcenturywere
continued Serbia with modest economy sted no intent to adequately valorizés mineratraw material wealth
There was interest ithe exploitation ofnonferrous and precious metals, gold, silver, copper, lead, zinc and
antimony. All majomineswere in the hands of foreign capitathosebast businesgrincipleswere contained in
the rule b derive great benefits withmall investmentsThe then mining operated suchcircumstances

At the beginning oKXcentury, an eventof importancefar-reachingfor the development of Serbian scienaeda
university educatiomook place. Namely, Universitawwas passedA Decree of thd.awwassigned on 27 February
1905 byKing P¢ar I. The dw grantedthe autonomy of the Universitglaimingthat "teachers are free to expose
their teachings' Insteadof Higher School, University of Belgrade feamnded,and theFaculiesof Higher Schoot
Faculty ofPhilosophy, Law and TechniEalculty weredeclared the university faculties. According to the Law, the
teaching staff of Higir School was disbanded arlde selection ofnew teaching staffwas entrusted toeight
appointed professors]l o v a n , &imgj oLvoizéani ¢, WMiokajpl €v P gaiSeamw v,Dagolul s |
Par | q Mii I&Radovanod LjubomirJovanow. By the end of 1905, University foBelgradehad 16 full and 18
associate professors and 778 studeBtslgradeUniversitywas the center of scientifieducationabnd cultual life.

The first eight full professors at
University of Belgrade, 1905
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These events had an impact on scientifiarses and highexducation ingeolayyand left a positive mark iniming.
Studies of geology werend-aculty oPhilosophy, in two groups and two corresponding institstidéorgeology and
paleontology andfor mineralogyand petragraphy. Over timethe managrs of the Istitute of Geology and
Paleontology were Svetolik RadovarpMiadaPetkovi aknods t a P e tofkhe Institftite of Minedalogy and
Petrography aSav al olraSirnceThefodndation of Technical Facultgeological courses were
taught by JovaZ wijv i ¢, Antukmand MilanLukovE. There washe idea ofstartingthe studies of miningat
Universityof Belgrade. Coincidentallyne realization othe idea had tavait for the end of the Second World War.
After World War ,lin 1919 Faculty of MedicineTheology and Agriculture and Forestryere established and in
1936 Facultyof Veterinaryas well Universityof Belgradefrom the beginning of the twentieg® SecondNorld War
I, includedFaculty of Law in Subotidaaculty ofPhilosophy in Skopje arthculty ofAgroforestryin Sarajevo. All

And



these changes in the structure of tertia@gucationwere reflected in the education ofeglogists and mining
engineers.

After World War Jlall faculties seated in Belgrade, and new Faculty of Phafvegay to work within the renewed
university. Faculty foPhilosophy waslivided in 1947 into two faculties Philosophy and Natural Sciences and
Mathematics and Economic€ommercial Vocation&choolbecameFaculty of Economic$he following yearhe
universitywasdivided into three independerdrganizatios. University, Great MedicalSchool, and Great Technical
Shool. In the same yeaDental Faculty was foundedind Great &chnicalSchool was divided into siXaculties:
Architectue, ConstructionElectrical Engineeriny)echanicaEngineeringTechnolagical and Mining.In 1949 they
were joined bynewly formedFaculty of Geologyaich was inl956 fusedwith Faculty ofMining irto Faculty of
Mining and GeologyAgriculturaforestry Rcultyin 1949 was divided into Faculty of Agriculture and Faculty of
Forestry.Orthodox Theological Faculiyas in 1952 by & o v e r n acéseparated from Universityn Belgrade.
Great Medical and Technical Schaagiain merged with the Universiip 1954. BelgraddJniversity spawned
University of Skopje (194%pvi Sad1(960), N§ (1965), Pétina (1970), Sulitica(1974)and Kragujevac (1976).

Exploratory drilling In the vicinity of Bord mechanized excavation of
gold-bearingsediments In the river Pdly abucket excavator, early XX camntu

More significanexploratiors and exploitation of gold frorthe deposit oBrodicanear Majdanpek, witthe help of
foreign capital, were carried out from 1900 to 1908 most intensivexploitation exclusively of gold in this
deposittook placefrom 1933 to 1941. When more than 4#@cavationsndthree shaftswere doneand55,856 tons
of ore excavated, thegbtained 585.6 kilogramaf gold For the exploitation of alluvial deposits frafeliki Pek,
GeorgWaifert in 1902 granted the concessiarf Blagjev kamen Neresnica. Good revenuenabled further
research of gold in the nearby area, which resulted in the opening of theofrtinggsten and gold Sveta Varvama
1933 with underground &ploitation and a modern facility for gravity and flotation cardration of gold-bearing
minerals andhe amalgamatiorof golf of a capacitgf 100 tons per hour. In the first yearih oreveinswith about
2000 gram®f wolframite and gold per toof orewere minedabout 12 kilograms afold was produced per month
Realized revenuesgere so largethat in three yearghey paid offfunds invested in geologicasearch the opening
of the mine andhe construction oflotation. Withshort interruptionsmining activities at the site continued until
1966 when the minef goldand tungsten Blagojekamenwasofficially closed due ta drop in tke content of useful
componentsn the ore and an increase miningcostsand ore transporfrom scatteredore veinsto the flotation.
However, miningvorks were carried odater under the auspicesf geological research.

Mechanized excavation gbld-bearingsedimens in the Pelby abucket excavatowas initiatedn 1903 andluring
the first dayof work82 grams of golevere obtained. That business was very profitaidesconfirmed by the fact
that near Neresnicén 1906three bucket excavators were employe€lihe exploitation of goldvas expandeth the



sediments othe Pekthe Mlava, the Timok, theP o r &R¥/ée and their tributaries. The wholgold-bearing area of

the Pekafter World Warwas controlled by the Yugoslav Royal Hous@d the representatives ofarge foreign
capital.

In mid-1903, detectedreserves of copper or@ the Bor minep r  (Dalkaadeposit amounted to 255,390 tons,
with an average copper content of maten 8%.The sameear, Weifertwas grantecconcessionSveti Djordjdor

50 years,of a spatial reach d240 mining fields. The following year joint stockcompany named Compagnie
Francoise des Mines de Bor was formed with a registeredrs®atris. fie companywasformed by Weiffert, bank
Mirabeaufrom Paris Pierari& Comp and the French Association fesearch and taking over works from Paris.
Surfaceexploitation of oré n  d e p oDsikanbeg@roitk 1004. Sevengight workers dug 5,500 temf ore with

an average content afopper ofabout 9%. Orevasminedmanuallyand transportedy bullock carstoVr a Z o,gr nac
and fromthere by railwayto Radujevac on the Danubfyrther by water to the buyers.The poblem of ore
transport, delivery of equipment, consumablesal andfood lasted untill911 when the construction of railway
BorMetovnicawas completed The following year, 180 workers dug 12,000 tons. Scarcity offrdatathe first
years of the minavork isexplaired bythe test run,howeverthe real reason was probabilie interest of mine
ownersin conceahng realinformation about the volume of production, the quality of the oretha quantity of
copper, gold, and silver thatwastaken away from Serbia, while the government was satisfied with the regular
payment of taxes andustomduties

Bor,beginning of the exploitation of the copper ore
deposits o 2 PDuilkanandmined K | idtdk, early XX century

The first smeltern Borwas erectedin 1905. By 193&xcavatedore did not have to beenriched. Since the
productionwasconstantly increasingarts of the depositvith the poorercontent ofore were mined as wellndin
1929 atest flotation was erectedSince thaests were successfully completed1®33the first flotation in Bor was
built and put into operationOre reserves increased significantly in 1B¢2xploring thedepositsof Tilvamika
Tilvaros$, asa deposit ofgold-beaing pyrite with relatively low copp@&ontent, wasexploredduring World War 11.
From 19330 1940Borannually produce 40,000 tons of blistaropperor a million tons ohigh-qualityore.

Duringthe withdrawal of the Yugoslav army in 1941, minimggallations, export facility, compressor station and
slope minesn the pit of theBormine weredemolished In the second year of the occupation, the Germéatsng
great problems started the production and concludedhat it would be more convenierto switch to surface
mining. Thusin 1942surfacemine Tilvamikawas openedDuring the warl.37 million tons of ore were excavated
in Bor, from which 55 tons of blister copper, 2.2 tons of golth dozertons of silvemwere produced.



The Germans usdtie Bormine as a concentratiocamp It kept about ten thousand camp inmates (Serbs, Jews,
Gypsies and Hungarians) who workethaamine.

In bismuth, copper and goldre depositAljindol, in 1907the first explorations were don®uring the First World
War, the Germansexploited this siteinderground After theliberation the exploitation wasuspended. From 1956
to 1958, RTB Bdlid geological exploratiaat the site.About 1,000 meter®f undermineand corridors were done
The eploitationwasnot run because of low reserves.

The production of pyritemiMajdanpek began it908and lastedo the first years after World War II. XiX century,
Majdanpek startedts historyasan ironmine, then for a short time it was an iron and copper mine, @mally, it
became a copper mine.

Copper mine Ljubijvas openedri 1916 onJavorikhill near Ljubijafor the war needs ofustroHungary For the
transport of ore narrow gauge railwaljubijaPrijedor was built in #ength of 19 kilometersa gravel road pad
onl2.5 kilometers and plant for ore transshipmentvas erectedn Prijedorfor further transportby standard gauge
railway built in 1873Underinhumane conditionsmining and other heavy physical activitiegere carried out by
several thousands of caped Russiangtalians and Serbs.

British company Selection Trust1924began to examine the mineral and raw matepatentials ofpolymetallic
deposia(eatrziag silver, goldismuth germanium, gallium, indium, seleniuemd tellurium). $ce the
initial results already gave a clear indication of the hugepotential, the company signed in 19a&oncession
contract wi ¢($ondkidikbla Bsi i ) P a § ia mo umalfehsancesSnvenaftey imbecemb&927
Tr epc¢a Midoompanylwiasiioundetieadquartered in Londoand withthe Directorate Generah Zvean,
with 2,400 employees, 55 engineeand the initial capital of about 300,000 pounds.h e ¢ o nigadership' s
consisted of 20 foreignerat the place of the old Mieval mine, in 1938taritrg minewas opened and fotation
wasbuilt. During the probation periodhey extractedsome 500 tons of ore per day, two years latiee, production
wasquadrupled. Until the Secondorld War, around 5.7 million tons of orer 25,000 tos of leadconcentrate
685,000 tons of zinc concentragmd 444,000 tos of pyrite concentratevere producedThere are no ata onthe
production ofprecious metalsThe concentratevasexported through the port of Thessaloniki. To rationatiee
production a lead smelter was built iiveganin 1940. Te pa¢thanks to very favorable concentratioofores and
metals, has developed into the largest zamd leadmine in Europe. The owneobtained enormous grain from
T r e dat example in 198 the profit amountedo half a billion dinarsOther mines of lead, zinc and precious
metals were being opene@helecemine wasopened in 193Dy British Pacifiand the Bor apper mine. Until the
Second World Waabout 590,000 tons of oreere produce, of the averagecontent oflead 3.6%zinc6.5% and
gold 4.7 to 9.4 gramger ton The poduction stopped in 1941,na the mine was during the warused as a
warehouse.

The Belo Brdo me (initially named Kopaonik) was opened in 1936) a high contenibf metals in orelead 9
10%, zinc, 67% andsilver80-100 gramgper ton Mining operations were performed at several horiz&@s000-
120,000 tons of ore were mineghnualy. That same year, lead and zinc mine Veliki Majdzs openedon the
slopes oflagodnjanountainnear Ljubovija.

Before the Second World War Serbia was producing 40% of the European antimony. The bulk of this psaduction
from DrinaminesKrupanjZ a j , 8t6lieaand Dobropotok. The managemenbf Drinaminesformed forthe purpose

of exploitation of leaghroposedto the State ashe owner in 1889 to try t@ssimilateantimony ore, as the price of
antimony- metal was much more favorable than theécprof lead. Preparations in the mines and the smelter were
quickly completed, andlreadyin January 1890 antimony productibegan The results were excellent: rich oxide
ore was put directly into the flash smelting furnaaeiplénjantimony mine and sniier worked intermittently until
1944. TheStolicemine was opened in 191duringthe Austran occupationand yieldedmore than 90%of ore for
the Krupanjgmelter.The exccavatedore in Zaj& a  muntil &3®1wasdirectly sold andexported. Since 1901 the
situation had changedby commissioninghe smelterwhich consisted of thre&urnacesfor the oxidationand two
flashfurnaces for the reduction of oreThe snelting plant inZ a j a ¢Kaupagj warked itermittently. After World



War Ithes me | t e r wasout & aperatidnantil 1936, when the preparations for the war of the concession for
the production of antimonyvere taken over byGerman capitaMontanijaAD. Two years later the mostodern
antimonysmelterin Europevas put into operation in Zajaca

Industrial consumption of coal graduaithgreasedIn early XXentury, the Senjemine wasthe greatest and the
most important coal mine. Engineer M. Blagdjetie Chief ofthe then Mining Department, toldor the Seng mine

that it was "the only stateompanythat workswith succesand thathas brought the countrg r e at b Bueef i t s ..."
to coaltransport, narrow gauge railwauprijathe Seng minewas extended i1907by 10 kilometergo the Ravna
reka The following year, the exploitation of comRavnaekamine beganThe mine is buitb the highest technical
standards of the time. From thmower plant in Ravnaeka the Seng mine got electricity for lightingn 1908 The
openingof the Ravnarekamine significantly increased coal production. On the eve of the Balkain\Wait2, it
amounted to over 136,000 tons. During World Wahe Seng mineand the Ravneekamine were under Bulgarian
occupationminesmanagement wam the hands of the Germans.

Coal mine
Ravna reka, 1908.

Thanks to thenvestmens of Ni kol a Joci ¢, Quaija betweenHhddahd 1907 coainmineswere
discovered and ope in the districts of the villages &ftenjevacStrnostena n d  ZThel Relavegineswent

into a financial crisis 1910,s0Joc€ t r a n s dorcessian dghthi@tte von Steinbeisa German industrialist. A
year later Joé¢ Was grantecconcessiotior surfacecoalexploitation of a newly discovered degibof Bareandfrom

1912 to 1914constructedcable caBare— Ravnareka The cable car was built on wooden pillars, used rope was
purchased fronthe Aleksinac minét wasdriven byalocomotive of 50 hp.

After World War, receiving a large amount indmame ofwar reparation Jooi | aunched the produc
Resavanines,Stenjewac, StrmostenPanjewac, and Resavicdn C u p ini192@ a power plant, aseparationand a

briquette plant werebuilt, and the Resavica mine wesnnected witha cable cato the railwaystation in he Senje

mine. Thanks to the adernizationResaa minesreached a production of 190,000 tons of doeflore World Wail.

Kostolac miningentered XX century witkignificant technologicaldvancementsFor the purpose of lighting the
town andthe mine, forstarting thefan and theengine in the pibf Stai Kostolac in 190they built a power plant of
45 kW.Thanks to theelectrical enegy, coal production in a short timacreased by250% in 1909the mine
produced 52.581 tons. Near thmine, a glass facty was built in 1906, whickpeaks ofan effort to rationally
managethe available mineral resourcéghefactory was destroyed by the Austrians in 184th anartillery fire. On
the eve of World Wat, the mine was equipped with twosteam boilers of the heating area ofLl20 m?, a steam



engine of 60hp, with two pumps,a 40 kWgenerator, two electrienginesof 2 kW eachand two excavation
hammers.

In order to expand production by opening three mpits, Weifert in November 1913 brought togethtre existng
privileges. The war, howevatisabled therealization of this idea. With the announcement of the ,wainers,

1 2 Y 2 NEnesitizaSgo with horses or vehicles loaded in a chamblagksmiths and other skilled workevere
mobilized from the minewhich caused great problenia production.With the subsequentobilization of all men,
the mine ceasedo work on 11 May 1918y he occupation of Serbia in 191 Bulgarians managed the mine
first, then the Austrians, whiacreased annual production t@ 200 tons of coal bgaily shipment of the workforce
from the camp irKovinand Bela Crkva.
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After World Warl, with the construction of power plants and industrial plantsnisor towns along the Danube
Kostolac coal as an energy source @gim importance, so the annual coal production in 1922 amtexl to
107,500 tons.Often fires and huge pressures in tipét, or heavy exploitation conditions, influenced the 1928
decision on the opening @ new undermine (started production in 1930) and the suspension of work in 1933 in
Sveti Djordje pjtwhich wa the symbol oKostolac mining.

Commissioning d30,000 kWplant power "Snaga svetlost in 1930 in Belgrade influencéde construction oR.5
kilometers of amarrow gauge railwalgetween the mine and the port on the Danube ¢oaldeliverysafety.

Ore of the most important moments between the two wars in Klastooal basinwasthe construction ofa
transmission lindetween the "City Central" in Barevac and Klenovnik 1934. In addition tgrovidingelectricity
supply, the same yeavelcomed a cde carfor the transportof Klenowik coal toP cafevac, with a capacity of 25
tonsper hour.

To opent h ériko@c mine in Kostolac coal basin in 1928@ joint stock company for electricityransport and
industrial enterprisefrom Zemunwas given therivilege The mine was put into operatidhe followingyear, but
could not withstand theompetitionof KostolaandKlenovnik, and in 1935 suspendtdproduction.

Instantly upon the capitulation of Yugoslaviadhe occupying forces invaded and startdte production inthe
Kostolac and Klennik mines. The German plan wias the Kostolac tbecome one of the powerful energy centers



in the Danube region. Electricity, resulting frors toal would power the mine in Bor and industrial facilities in
Belgade. In accordance with the plang intensify production in early 1942, they brought in Kostolacsfigam
excavatos and startedworks a detectingcoal or opering the surfacemine. After almost two years of wodn
exploration, coal miningtarted inlate 1943. Along with the opening sd@irfacemine Novi Kostolacjn mid-1942
they beganthe constructionof thermal power planand power lineKostolaeBor and KostolaBdgrade.

The poduction atthe minesof Kostolaovasfollowed by the bloody terror a special unifor the armed control of
work in the minesvas broughtThe workforcewas broughtdaily, in 1943 there were 2,508,000 workers, forcibly
brought peopleinternees and mobilized youth.

Manual excavation of small amounts of coal in Kolubasim limconnected to the end BiXandthe beginning oXX
century,or for 1896whenthe Zvizdampit wasopered. In addition tahe Zvizdampit, coalwasdug in numerousther

pits: Sokolovac, Prkog@Rudov ci , Skobalj, Kol ubar dunkowde | $ dRadljedr,l j eni ,

and others. The construction of tid MW power plant in Vreodn 1937, divided and poorly organized production
grew into a serious undergroungikploitationof lignite, whichwas the beginningf the birth of themining basirof
Kolubarawvhich afterWorld Warll grewinto the largest mining and energy system of Yugoslah@onstruction of
the plant and its demand for coal resulted in the openinguokova@it in 1936,0f adaily capacity of 400 t of coal.
The minewas well equippedhad cutters electric drills, ané 5 km cable car fahipping of coal téhe thermal
power plantWorkin the pit was suspended in 1943.

In the Kosovo coal basin, with over 1Hidn tons of geological reserves of lignitegnualexcavation of coahoots

at the siteof Dobroselobeganin 1922. In the thirties oKXcentury, Kosovopit was openedand a cable car was

builtto transportcoaltad ai | way s AfertWoddwar Dbbwd i tew pits Kr uSopenedc and
Mining excavation of co@ Boljevadeganin early XXentury. The concession fooal exploitatiorin 1903was

granted toMi h aj | o astbeebuitter from Kraljevo

The first exploration and nimy operations irBogovim coal basin were carried out at the beginningkecentury.
The deelopment of the Bor copper miraffectedthe intensification of prduction in theBogovinacoal mine so
that in 1920anannual rate of 76,000 tons of brown ceals achievedAt that time Bogovina participated with 43%
in the prodiction of brown coal in Serbia.

To ensure easr trangportation of coal from Ugljevikn 19161918 narrow gaugeailway Ugljevik- Bijeljina—
BosinskaR a dwas constructed AustriaHungary hird Russian and Serbian prisonarsl the local population
under dures®n the construction of the railroad\fterWorld War Ithe country investd heavily in the coal mine in
Ugljevik.

Mine directorate building walsuilt in 1921, the construction of a mining village was encouraged and supported in

1929. On the Sava near Bosanska Rat¢a, in 1934 a bridge

by a cable car, which was functioning until World Wdbdk to the needs of the mine, in 1939, the narrow gauge
railway was extended to Mezgrayehere a new pit was opened.

The first half of XX century facadgrowing importanceand the expansion of the exploitation of rowtallic

mineral raw materials. lahsive research of magnesite ore in the territoryCoh ¢ ak and Gor nj i Mi
conducted in 1927, and at the sarime, Italian stock companieSalvarand Emilkastarted mining this ore. Large
scale exploitation of c¢lay and industri al praé@egctinon

1904, and near Sabac in 1938.

The exploitation of trachyte in the Rakovac quarry st

of this surface pit, thetonewas mined on several smaller quarries owned by individuals ossjotkcompanies
(Bazaltand Paragovo). As the needs for technical stone grew and realizing the economic importance of the quarry
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on FruSka Gora, the Technical Department of the Govern



of dropping high prigs of stone by opening a state quarry near Rakovac that would be compatitélation to
private quarries.

Ugljevikopen pitcoal mingthe administration
building of the mine and the loading station, 1921

The «ploitaton of trachytein the Rakovaquarry started n 19 3 7 R d&alGoraevenbaiore fhe apgning
of this surfacepit, the stonewas mined orseveral smaller quaesowned by individuals or joirstock companies
(Bazalt and Paragovo)Asthe needs fortechnical stone grew ancbalizing theeconomicimportance of the quarry
o n KarGerathe Technical Department of the Governor's Administration of Danube Banovina stertadtion

of droppinghigh pricesof stone byopening a statejuarry near Rakowc that would be competitiven relation to

private quarries.

Based orthe geological map k. Keh, geological exploration was carried aitsites Gradad, i $ @l KivS nj ev a
glava Selamizvoraand B$ k iugljarao n  KarQor&Obtained results wereeviewed inJanuary 1931 bthe
Commissiorcomprised ofthe eminent geologist of Universityin Belgrade, ML u k ovi ¢ .and. KTo Ried ko vi
which gavea positive finding of the presence of large quantitiehigfrquality volcanicstone. They also tested

technical properties dfachyte which confirmed the excellent quality of the stone.

Based orthese findhgs BanAdministration prepared project documentatidar openinga quarry facilities and
equipment. From 1932 to 193Ban Administratiorgatheredforeign firms o ffof the deliveryof required
equipment and its installation (for mining operatiofts, milling plant and an air cable car to transport stone from
the quarryof Ki § ndglaeato ahe coast of the Danube in Novi Ledinij.companies from Europe and America
applied. Agreements were made wittngersolRand from New York for a compressanplandrotary hammers,
with Humboldt fromCologne foa crushing planandscreeningAEG fronBerlin for eletrical running with Blajhert
from Leipzig for the cable car, and so on. Prelimimamks onopening asurfacemine at the siteof K i Svaglaa
near StariRakowc started in 1934 with the construction of access roadsrehousesand related facilitiesThe
construction of the crushinglant started in 1936the test run was initiatedin September 1937and after four
months regular production began Soby investingthe capital of Danube Banovingne exploitation of trachyte
beganat the siteof Ki § nglaeavtze poductionwasquicklyraised so that in 1939t reached an annual level of
200,000 t of stoneThe onstruction of the5,900 mcale car wasa bravetechnical and financialndertaking The
port on the Danube neaXovilLedinci provedo be veryconvenient foloading stone in barges awagh inexpensive
transportby water They hiilt alarge capacity hopper for loading stonéimagors and trucksenablingtransport
byt rucks and r ai | wanpvarddn)a This risotextbookBexamplé of deliberatand excellent
professional managemenf aprocessrom geological researdio opening and exploitation of deposits.



Kostolacsteam shovel working incggen pit coamine and railway transport of coal, 1945

At the beginning oKXcentury continuedhe modernizabn of t he cement f awdrkens'y i n Be
housing colony wabuild, rai | wa y -PBtmwaradinnvas put into operation in 1908 for shipping cepmievi

years laterwith the construction of the cable cahe delivery of limestone from surface mine Transylvania was
modernized The facilities of old cement factory Filijalapended the work in 1915. By 19¢ik production was

repeatedly modernizedn 1920the factory was nationalized and named 2 6 Xayfrkdcémental Be o €i n Cemen't
factory) in 1922 the majority adhares was taken over Bementia Holdinom Zurich. Dung World War Jlsome

plantswere minedso thecement factory was not working.

The exploitation of marl and the productionagiment in Popovac (launched in 1869 L a z a,hak&clmler i ¢
in a pit furnace 2 m in diameteand gound into cement in aspring mil) reachedan annual rate of 700 tons of
cement on1903.

With the takeover of the cement plant, Beogradska g o \bankakBelgrade Trade Bankgegan production

modernization put irto operationtwo vertical furnaces and new mills driveng¥50 hp steam enginend raised

the productionto 25 tonsof Roman and éttland cement daily. Before the First World Wamewly established

joint stock companyFrancuskesrpska industrija cementaa.d. becamethe new owner of the cement plant in

Popovaanith the capital of Frenclnd Czechorigin. The rew owners continug the modernization ofthe cement

plant,in 1913they put into operationa rotary furnace and raised tipgoduction to 60 tons of cement per day. For

the transport ofcement they built a narrow gauge railway to Patra n and a c delivergof coa fromf or t h e
the mine in Siseva®uring World War |[ithe cement plant workedafter the war (1956) a new factovyas built

whichwas named Novi Popovac,asymbol of time

The developmendf mining industry could not be possible without the appropriate geological support. An important

function in this regard belonged to the Geological Institute of the Kingdom of Yugoslavia, founded on 29 December

1930, with a clearly defined task Article1l of the Law on Establishment, which states: acording to the

determined plan and modern scientific methods, research of soil (topsoil) and deeper layers the Earth, mineral
resourcesand groundwat erThd alvisaryabodyiokthe Gealotjitastitue was the Geological

Committee, whose first president was VIadimir Petkovi ¢. Sinc
the Geological Institute published 11 sheets of a geological map in 1: 100,000 and 14 sheets in 1: @5000. Ei
numbers of+ S& Yy A | DridtRuta X@ljev@nd Jugoslavij&eological Institute of the Kingdom of Yugoslavia

Journal), five discussions, and two numberB &f R A Qrga8Hodk) were published. During World War 11, under the
administration of the Genan occupiers, the Geological Institute had no publishing activity.
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With the beginning of World War 1l and the Gernwtupation,the phase of ecoomic free development of
Serbianminingended During World War ,Ilthe Germansxploited and irrationally used alignificant deposits of
coal, copper, lead, zinc, antimony, silver and gbfek Blagojekamenmine is a typical example of this ruthless

plundering. Mines were turned intooncentrationcamps, people were interned and forcibly brought to work, and
all thatwasfollowedby the bloody terror.



7. THE SECOND HALF OF XX CENTURY

After World War llin the devastated and ravageduntry, minesvere nationalized. In such an environment, large
investment and professionafforts were maddo revitalize and revive mining production. The lack of experts was
highly pronouncedAware of this factthe state responeld quickly and wiselget off to creat educational and
scientific institutios, with a mission to provide engineering and scientific support to the develop®eirntifie
Research Institute was established on 1 December tB8% Mining Departmenbf the National Comntite of
Liberation ofYugoslaviaieologicaResearch Institute was forméd 1946in Ministry of Minesof NR Serbia. That
same year, Ministry of Educationtbe Republicof Serbia decidion beginning the study of mining and opening
the MiningDepartment at Technical Faculty Belgrade, wher@é addition to mining, geological experts would be
educated as wellMining segmentwould soon turn intoFaculty ofMining and Geology, and then into a single
Faculty of Mining-Geology in Belgrade. Dét about the deelopment of scierfic, educationaland other
institutions of importance for our miningnd geologyin the second half of the twentieth centuare given in
section 2.2.1 Monographs,Serbian mining and gexy in the second half of the >2éntury Ac@demy of
Engineering @ences of Serbia, Matica Srpska, Mining Institutgr8gde, Belgrade, 2014).

As thisMonographcontains detailedactography for the purpose ofrationality and chronological continujtthis
section covers only the key events lie Serbian miningnd geology in the second half &8X century, osince the
Second World War to the early years of the second decadXlatentury.

In Kostolac, as miningagin with the longest traditignafter the liberation it was impossible to continuthe
construction ofthe thermal power plant startedy the Germans. They took with them or destroyed technical
documentationand part ofthe equipment. Thereforan 1948 it was decidetd dismantle and transfetio Kostolac
the equipmentof the firstthermal power plant ilBdgrade and build8 MW thermal power planMali Kostolac. A
year later the first of the fourturbo generators of Veliki Kostolpower plant ofthe total power of 44 MV was put
into operation.

MiningcombineKolubara,
undergrounccoalmineJurkovag
wagons were horsdrawn

The future of coal exploitation in Kostolac basin was not in the urtderd exploitation, so Klenovnpkt was
closed in 1959, Star Ko st ol ac i nvadWofkéd omynfrom 1955tto 1657.rSurface pit Kleikowas
opened in 196 8 jkovacind973,and toatimumus pechholo@yiifingwas applied. Thermal power



plant Kostolac Al, of the power of 100MW, wakipto operation in 1967, and thermal power plant Kostolac 2, 210
Mw in power, was launched in 1980. Both power plants are still working.

On surface pit Kostolac, the production wsaspended in 1980, arsiirfacepits K | e n o irikovaéin 2608.d C
The akcision to open pit min®rmnoand thermal power plant Kostolac B (publicly known as thepuoeler plant
Drmng wasmade in 1976. Preservation and servation ofparts of the archaeological sit# Viminacium and
emerged financial problems slowed the pregtoryminingworks andhe construction ofthe thermal power plant

In October 197The openingof surface piDrmnobegan and it was ready for tipeoduction ofcoalmine aftersixth
years (1983).

The dundanceof investors and thealiversity of equipmenon whichthey inssted during the construction of
thermal power plant Kostolac B caused constant changes in design solutions.

The first testof the installation was carried out on 15 September 1985 wieehnical issueseappearecbut were
not discussegbublicly, so the block Bif the thermal power planif the power of 348.5 MW ,wascommissioned
on 30 Decemberl987. The second block B the same power, started working in Janyamly to facelamage to
the turbinea few months laterSoon aracctent occurred on the block Bbipe systenexploded, and one worker
was killed. lwas estimated that repairs to the piping systemould last long, and it was decided thatove the
turbo generatorof the block B to block B2. Due to certain circumstances, pumarily due to mistakes in the
choice of investors and equipmesuppliersthe construction of thermal power plant Kostolac B was burdened with
numerous problems aniwok a long time.

From 1870 and produced 15,0%Barcoalcents (752.5 tons) of cqahore than 212 million tons of coal were
excavated Kostolac basin to da@3%by surface and7% byunderground miningThe annual volume of coal
productionwasincreased about 12 thousand times. Energy and technologikakiyolac has made an enormous
contribution to the irdustrial development of Serbia.

MiningcombineKolubara,
""\"{i the opening of surfacepal
,g mineField D, 1961

-t }’6\'\ o ~
After World Walll, Kolubara coal basgrew intothe largest mining and energy system of Yugoslavia. Expendive a
low productive underground coeakploitationwas replaced by surface minirfurface excavation dignite beganin
1952with the opening ofsurfacepit PoljeA in the eatern part of the basin. In the sarpart of the basinsurface
minesPoljeB and Plje D were openedn 1952and 1961, respectively. Inhe western part of Kolubara baginew
surface mines: Tamnavas t @dljain 1979 TamnavaZapadnopolje in 1994 andVeliki Crljeni irR008. Coal



cleaning plant witlwet separation was put into operation in 1956, coal drying plant started operating in 1957, the
first phase of dry coal separation was completed®9]a new drye was putinto operation in 1986.
Coalwastransported from the crusher plant by railwayth@rmal power plants Nikola Tesla (A and B)hrenovac
Kolubara in Veliki Crljeni and MoravaSwilajnac Feweramouns of coal (about 10%jvere intended for the
consumer market.

Electric power industry of Serbiketails fromopen pitscoal mines in Kolubara and Kostpotaday



Since the beginning of coal mining in 1896iluntay, in Kolubaraninesaround a billion tons of coal, and about
two billion cubic meters of tailindsave been excavateth surface mine€98.33 % and in pits 1.67%f coalwas
excavated Todaymining basin Kolubara annually produces about 30omitbns of coal, dgout 80 millioncubic
meters oftailings achieves 70% of coal production in Serbiafeord coalenergy produces 52% of electricity in the
country. It annuallyproduces about 450,000 tons of raw coplecesand about 600,000 tons ofridd coalfor
industry and the consumenarket

In the Kosow coal basin after World Wérp i t sevakandS#ovaavere opened. Undergrouneiploitationwas
suspended in 1966 by closing the Kospito Surfacepit Dobro selowas opened in 1956, and D68 people
obtained the first quantities of coflom surfaceminBe | a¢ev ac . S u rwithalignite thprinal mowes u pp | i e c
plantsKosovo A and Bf the totalinstalledpowerof 1,478 MW.

After the liberationthe undergroundexploitationof brown andstone coak in the Ibar minesBaljevacRembas
Resavica, AleksinaBogovinaSokg etc. was revived and increased.

In the early seventiegnergypolicy of the country and the pricd oil on the world marketpn the one hand, and
low productvity of undergrounccoal mining, on the other hdn affeced the suspensionfgroduction and the
cloaure of many pits. In Vrdniln the oldest coal mine in Serbiexploitation works were suspended1968,in the
browncoal mine inAleksinac i1989 aftera great accident etc.

Bor,open pitcoppermine, 1952

During the withdrawal the Germans dismantled and destredtor broughtthe equipmentwith them, which
complicated and aggrawd the revitalization of mingeandthe start of theproduction in BorThe Bor opper mine
wasnationalized in 1950. In early 1958was dewled, andin 1957 began the first phase thfe construction and
reconstruction of the mine, including the smeltére production of sulfuric acid and theonstructionof railway

Vr a z o-PBoriyavbich is connected to theailwaynetwork of the country. The second phase of development of
RTB Bor, which included tMajdanpek oppermine, started in 1965.

Thecapacities oRTBBor, miningfacilities and undergroundxeloitatiors, flotation anda smeltingplant were built
and expanded in stageBrom 1958 to 196deposit Lipe near Crirh was excavated othe surface Near the
village of Mali Krivelj, from 1960 to 1969, rich wasminedin a pit In the vicinity ometallurgical plants anchine
flotation, ore body H wasdiscoveredand excavatedon the surfacefrom 1978 to 1984. Near the minirstpaft ore
body Novo okno wasdiscovered, whichvasalso excavateéh a pit Surfacemine with flotation Veliki Krivelyas
openedin 1982, withthe annual production of about 12 million tons of ore, and in 1€@3aller surface pit Cerovo |
wasopened



TheBor copper minehas so far produced about 2 million tons of coppethe market value (at today's prices)
about $ 16 bilon, 137 tons of gold, worth about $ 6.3 billion, 410 t of silver worth ab80# million.There islata
on producedjuantitiesandvalues of otherusefulcomponents

After the liberationthe construction of theMiajdanpek opper mine was launched byhe decision of the Federal
Government in 1954nd granting thanitial funding in 1957The onstruction of the mine lasted less than four
years, from 1957 to 1961. Warkn the openingf surface pit) u zevii started in 1958. The first tons of copper
ore concentratewere sent tothe smelter on June 251961, and this yeampassedin the adjustment of the
production.Regular productiorwas establisheth 1962by an ambitious plan to excavasi million tons of tailings
andthree million tons obre or to obtain 100 thousand tons of concentrate witlsoppercontent of 20%. The quh
was exceeded by 400,000 ®of excavation. In those years, ore productias stabilized at 3.583.6 million tors
annually, andn 1967 excavatedock strippingvolumes increaskfrom 6.5 to 22 million tons. That yeds0,000
tons of concentrate werproduced

Panorama of
town mine
Majdanpek
andopenpits:
South(in the
center of the
picture and
Northern Field
(right).
Electronic
Journa) 2014;
Photo Stock.

One of thebasic principles of mining that ontpnstant deelopment and modernization can provide tbest
effectiveness oproductionandthe survival othe Majdanpekcopper mine waswell acceptedso alreadywith the
completion of the first construction phatieey wereseeking opportunities to further modergizhe mine. Material
baseof this approach in planning consisted of 220 million tordetérminedore reservesvith the average copper
content of 0.75%. The most significant achievements of the second phiéeedevelopment were: an increase in
the annual volume of orproduction to 2.7 million tos1and the construction of a new flotatiethe largest facility
of thiskind in Europe. With numerodi®tation equipment and installationgour mills wee mouwnted in acapacity
of 170 tons per hour, 260 flotatiaells 48 pumps.

Along with the ming Majdanpek was beinguilt and developed. For example, during the second phase of the
development about one thousand apartments, numerous infrastructarel other &cilities necessary for the
function of the town were builtAt the end of the second developmental phase, in 1971 began the construction of
a jewelry wokshop and copper pipes factory.

Nonferrous metal price fluctuations on the world market that almalstays occur periodically, deterioration in
exploitationconditions with operations at greater depths and fall of copper content in thefoilee Majdanpek
copper minewas sucessfullyovercome byconstant technologicamprovements increasinghe produdion and
productivity, better use of resources and reducing operatiogts Average annual productiomas staklized at



about 12 million tos of ore in 1984 a transport system with belts wastroduced a new generation of capital
mining machinery, exwators of bucketsvolume of18 m®, dump trucksof carrying capacity of over 200 tongre
used a closed systerof fragmentationwas constructedcand similarly. Along with the developmenf surface pit
J u Zewin in 1986, a new surface pit namBdvernirevirwas opened.

The MajdanpekCopper Mine was among the largest nsinéits kind in the world, has produced approximately 1.8
million tons of coppeof the market value (at today's pricesf about $ 14.4 billion, 168 tons of gadd avalue of
$7.73 bllion, 780 tons of silvesf avalue of$578 million

Flotation of theCopper Mine Majdanpek, 1986

The youngest area &erbianmineratraw material complexs oil mining The first steps in this field of mining are
related to the creation anthe history of the development diaftnaindustrijaSrbije (Petroleunndustryof Serbia.
Looking for oil ath gas in Vojvodinatructural drilling began in 194ihd gravimetric tests in 1948.

Mining andsmeltingcombineBor, Flotation of theCopper Mine Veliki Kriveipday



Mining andsmeltingcombineBa, open pitmineVeliki Krivefind undergroundoppemine Boy today

The enbryo of Petroleumindustry of Serbia is the compafor the researchof oil and gasestablishedby the
Government's decisioin ZrenjaninFNRJin 1949. At the establishing the company s  tvas 90k beginthe
exploration and produe oil and gas in th@ortheastern part ofSerbia. The company in 1953 receivesv name
Naftagas.

The first stagef developmentasted from 1949 to 1956 on the areBanat. The first gas field wamihd on July
13,1949 by theeruption o borehole Ve at Vek a Gr e d a . T he fepdnevogas frelgith yhe ar
presence of carbon dioxide was discovered

n



The initialphaseof the first stage was completed in 19%%, the discovey of the first oil fielchear the villagef
Jer menov cdc.,ThenBkl avas ndt targe, but it was very important from a professional point of itgew,
discovery denied the opinion that in the eastern part of the Pannonian tBasinis nooil. From 19521956, efforts
were made and alhvailableresourcesconcentratedin order to commissiorthe first oil field The fieldwasto be
fully explored, project documentaticl be compiledand exploitation wellso be made installationswere to be
built in order to enable the exploitation of the depo3ihiswasall completedin 1956when the fieldof Jermenovci
produced 6,500 tons of oil.
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Oil Industry of Serbia Naftagadrilling and exploitation of oil, 1989

In the following yeatsesearch of oil and gas witensifiedand improvedandnewly discovered oil, oil anég and

gas fields weractivated: Lokve(1957) Elemir (1959)P | a n (196R8)f Kakinda (1963), Mokrin (1963Xkirda -

VarosS (a8%bk)(196a6), spdinci(l969), Tivall®D@&@B Mranak@l®70), Begejci (1971), all

the wayto the field of Mar t onos (1987) . Oi | fgreatdstail d€positd,wjasaputSneov e r on
operation in 19910il and gas exploratisrwere performed in otherregionsin Serbiain the Moravaregion the



Danube area, the Danube kdlie Timokregion, h e K r basie,theaVeanje basinandt t he staket ch of
Kraljevo. From 1949 to 198, Serbiaabout 1,700 wells were drilled, or about 2 million and 700 thousaridrme

of exploitation boreholesSince 1969, along with oil and gas exploration, Naftagas began systematic research on
thermal mineral water. Between 1969 and 1979, 17 wells were drilled and tested to obtain thermal mineral water
andgeothermale ner gy . The first system to use underground geo
Karadjordjevo, fal newed Apptidumnalkawnijdé¢ Zapspa, geother mal
At the turn of XX century, the average annual production of NIS Naftagas was about 750 thousand tons of oil and

450 billion formal) of cubic meters of gas.

Reflection uporthe duration of mining on the territory of Serbia leads us to prehistoric miwirgppper ore on

Rudnaglava but thinking about the original collection of quartz, pigments, obsidian anof aks/takes us to even

more distant past. AfteiVorld War Il, with the construction and industrializatiaf the country the long tradition

of exploitation and use of nemetallic mineralswas revived by the improvement ofthe existing and the

construction of numerous new capaegifor the production of cement, bricksiles, ceramics, glass, lime, plaster,

technical and architecturatone etc. The ementfactory in Bedin, Novi Popovac Koj ean d , Dj ener all Jan
upgradedthe technology andaised production capaciésto the total annual level close to ttieur milion tons of

cement.

On the exploitation of clay, brickiles, and ceramics industry was expanded and built, with greatest plants in

Ki ki nda, Kanji za, No VI Becej, Leskovac, Sabac, Ml aden
reached wo billion pieces of brick, ceiling and wall blocks, about 270 million pieces of tile and equivalently around

one million tons of ceramic tiles, sanitary and decorative ceramics. The scope and quality of production of mineral
non-metal industry opened thimternational markets and ensured the placement of a part of the production.

In the middle of the second half of ¥ehtury,the world faced a breakthrough of major research and discovery of

new scientific areas in geology and mining, in which our expetiteely participated. Scientific results in sprang

areas of mathematical modeling, simulations, system sciences and operations research, applied computer science
and computer integrated technology y mining and geology realized the contributions thed ramk scientists in

the world’'s top. This had aducdtibpnofentning andngealagical experts,iten o v a't i
improvement of engineering thought, the introduction of new courses and study programs at undergraduate and
postgraduate stdies, and encouraged the interest of foreign students and experts to émmeducation and
improvement.

In a long time walk through history, Serbian mining and geology achieved their greatest economic and scientific
climb in the second half of XX centudystoricalrule that mining with geology assabstructureof all civilizations

shares the fate of mankind and has its ups and downs is confirmed by the events in our mining and geology in the
last decade of the XX century and the first decade of XXirgent

Before the breakup of Yugoslavia in the early nineties of the past century, Serbia as its largest republic had
developed themineral economy. This claim is based on reserves of mineral resources, the achieved level of
exploitation of the most importanmineral resources, the share of tlmineral economy in foreign trade, the
participation of themineralraw material complex in the country's industry and #eonomievalueassessment of

the mineral wealth of the country. Annually, about 100 miltimms of various ores were exploited, which is, in
proportion to the size of Serbia, relatively lasgpale production. Noferrous, precious metals and concentrates of
non-ferrous metals occupied a high position in the foreign trade balance of the counting. &yd of the eighties of

the last century, investment in geological exploration,dbeelopmentand the improvement of production of the
existing and the opening of new mines faced an upward trend.



PotisB YI y2A Ol = 2ad$obmmadidicented oBtiielcompuripported system
with satellite GPS technolo@yr monitoring and managing clay exploitation and transport, 2000

With the breakupof Yugoslavia and the introduction of economic sanctimp®sed by Western countridéiscame
to astagnation, decline and numerous problems indbantry's economyand consequently mineral econoriiye
production of many mines wagduced or suspendednvestment in geological exploration decreased-fold,
investmentsin the construction and opening of newvapacities were suspendeihvestments in the modernization
of existing mining technologiesdnew equipment and machinedjsappeared.

In terms of sanctions and discontinued payment transactions wigligiocountries, thesupply of spare parts for

imported machinerywas very aggravateaind only possible through a nier of intermediaries, which increased
costs associated with the businegveral times

Insufficient quantities of domestic and lack infported oil, as the main energy source in mines with cyclic

exploitation technoloigs causé delays, reductionin production andosses, and the oftom the "black" market
considerably made mining productierpensive



War conflicts caused iformer Yugoavia orientedthe domestic industry for the production of commercial
explosives tahe production for military purposes, leading to a lack of explosives for minitfyg tmpedment of
production losses in the muHiold increase in costs.

Social turmdj economic hardship inthe country and outside constantly encouraged politicalirbulence
complicatal social relations and adversely affect the staff structure of many mines. A large drop in earnings in the
mines caued a brain drain, especiallpf highly educated experienced professionals. This additipgaimplicated

the existing problems, younger, unprepared aedhnologicallyinsufficienty coordinatedstaff assumd the
leadership positions in producti@md often causd seriousfailures mistakesanddamage.

In these conditions, weakened mining industry, in the attempt to maintain production funct@s®l to invest in

developmentandlog absorption capacity to accept new sdifia andtechnicalachievementswhichwasreflected

in the declir in the need for researcdndengineering desidng services. Lack of research atebigning taskand

collapsed general economic situation in the country catlsedepletion of the material base, redian of earnings
and staff leaving theuniversities,institutes anddesigning housesThe consequencewere improvisations in
designinglow quality of projectandloss of scientifiand professionatouth.

The problems caused by the economi politicalblockadegrew by"merciful” NATO bombingf the cauntry in
1999 whose strategic gaaleretaking overa part of theterritory of the Republic of Serbid&osovo and Metohija,
the destruction of infrastructurandthe creationof conditions for privatizatioby whichthe country will become
dependent.

Thecollapse of the economgf the country and miningvith the privatization bythe modellicensed andmposed
from the West, whose objective notto modernizeand translatehe economy inta more efficientand productive
state but primarily to grab resouces, get rich quickly and desty the production in order to gain markehas
negativeeffects the hardest of which are the closinginélustrial production, a large increase in the unemployment
and hwge indebtedness of the country.

This is a brief picterof the devastating consequences for Serbian mining, gendrgitecbnomic blockade, bestial
NATO bombing (24 March to 10 June 1999) shamelessly participat®dwWestern countries led by the Al&nd
then transitionand privatization.

RTB Bor shared tHate of these eventsso forfactographiaeasors we presentspecific data from this periodnd
the imageprovided by the data for RTB Bor is similar to the overall picture of events in the ecombmining of
the country.

Before the introduction of emomic sanctions against Serbia, RTB Bor was one of the major world producers of
copperand preciousnetak famousin the worldfor the high qualityof cathode copper. FdBerbianeconomy RTB

Bor isan especially important companit annually brings theountry hundreds of millions of dollars. The company
with its producton andmineratraw material resourcess strategically important for the development of Serbian
economy, but play an important role also for the economic prosperity of neighboringiesuntr

Changes in the econom@onditions with the introduction of the economic blockage had a powerful effect on
working conditions and productions outputs. In the Majdanpek copper mine operating in the system of RTB Bor ore
production was decreased by 51#ailings production by’1%or total excavated mass by 65%, the number of
employees was decreased by 16%, and the produttyoan employedworker by 58%. Annuare production
dropped from 23 to 15.7 millions of tons the following figureshowsthe trends of production in Majdanpek
copper mine, similar in trends to the prodwctiof mining economy in Serbia.
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Disproportionate ratio of downsizing employees anddpobtion per employee is explained by the drop in
production due to difficulties in the supply of oil as a fuel for trucks and utility machines, the reduction of machine
availability due to lack of spare parts, the impossibility of buying new machinese andet extent due to staff
turnover.To illustrate Majdanpek oppermine in 1991 disposed of 14 bulldozers ready to work, and in the®d

were onlyeightof them. Or another example, between 1984 and 199&jdanpek oppermine averagly had38

47 trucls with the capacjt of 150, 170, 190 and 200 tgnn 1992there were 32 trucksjn 199319, and in 1994 only

13 trucks ready to worlMachinerywasmaintained bydismantlingthe parts from one machine and insiad) them

on another.Lack of spare partsnaintenanceof so established machineand mechanizationrenewal inability
resulted in misaligng the execution of worksrosurface pits, laggingith tailings excavatigrintensifying the
excavatiorin depth andon surface pitl u Zewitin drainage suspensierwhich createcan accumulation of about

15 million cubic meters of water. Despite thikind of works execution, copper content in the ore wasot
significantly disrupted, which speaks of the effort to achieve a postieaomic balance of productioby
excavaihg smaller quantities but richer oregr ore with higher copper content. For exampien sur f ace pi't
revir, the greatest surfaceit in RTB Boby the end of 1994, according to theanneddynamicsthe works should

have gonealown to thelevel of+215m. Howeverthey went dowrsignificantly lowerto the levelof +140m. By this
method of work beingthe struggle for survivathe surface pits oRTB Bor were brought into a state that further
developmentwas impossiblewithout significant investmestinto equipment,works on tailings excavation, and
especially on the surface pit 8buthern fieldn Majdanpek, on the removal of large quantities of accumulated
water.

The financial situation in this period Isacacterized by the erosion of material substance, liquidity problem, limited
crediting and development opportunities. To raise and normalize the production after the blockage it took around
160 million dollars. And isauch conditions the company found tl&ength to invest around 55 million dollars
during the sanctions in the opening of new surfaceGQ#tovg in the expansion and reconstruction of Jama
(underground exploitation) and surface pit Veliki Krivelj.



NATO bombing amplifiefurther destructionof production. In Bor, they destroyed a transformer statiahich
caused the suspension of production at the smelter, and oil tanks, which interfered with the production in open pits
and inJama.

Turmoil inthe transitionafter 2000 with twofailedprivatzatiorsled to a drop in production tonly two million tos

of ore, which iproduction lower by21 million tons compared to the nominal production before the introduction of
economic blockadén 1991. This is the result ¢fie exhaustion of alkompanys resources andhe misguided
privatization policy. Changing the strategic relationship of the state towards RTiB2BO8,an investment cycle of
systemrevitalization, normalization and technical and technological stabilization of produetmitated, and by
building anew smelterenvironmental problems created by the technologically obsolgant in Bor were
eliminated.

In this brief sequential view dhe history of Serbianmining and geologyfrom perhaps the greateshuman
discovery that a pice ofrock turns to metain fire to contemporary omputerintegrated mining techologes it is
evident that mining and geologggether represented and represent not ondysupportto economic cultural,
scientific, technological and overall social depment, but also laid the foundations arsgpawned classical
engineeringdisciplines, metallurgy, mechanical engineering, civil engineering, mining measuregasissy,
organization andystem @gineering, mehanics material engineering, and have sigmwifitly contributed to the
birth and affirm@ion of electrical engineering.

Many factsconfirm this, the key is that thdirst technological facultiesacademiesand universities established
hundreds of years ago (in Pagrad FreibergChemnitz AachenPrbram...) educated mining engineers withe
integratedknowledge ofmining, geology chemistry mechanics mechanical engineering, civil engineering, mining
measurements geodesy, organization and protection.

A little-known fact supporting the aboves that our great scientig¥lihajlo Pupin graduated with honorsaé the
best) in 1883 from School of Mineat Columbia University (founded in 1754) in
America. He then spent several years at Cambridge University in England and four
years in Berlinwhere wth Helmholtz he obtained adoctoral degreein
mathematical physics more specifically in the field of physical chemisttiye
science that was in its infandyen, on the topic of Osmotic pressureand free
energy.In 1899 e returnedto School of Mineat Columbia Universitgs a physics
teacher Then Columbia Universigt the suggestion of Thomas Edistounded
two-year postgraduate studies of electrical engineerindor students who have
previously completed fourth yesof School of MinesThere wergwo teachers:
Francis Bacon Crockawne of the first Presidesitof the American Instite of
Electrical and Electroniéngineers, IEEE today, and Mihajlo Pupimg wasalso
the Rresident of this associatiohe schooin 1896 changed its name to Schobl
Mines, Engineering and Chemisaryd to date twice changed the name, fitstSchool of Erigeering and Applied
Scienceas it is often called today, although the official nasfeu Foundation School &ngineering andpplied
Scienceén thehonorof Chinese Z. U. Fu who donateé university $ 24 million.

There is aesemblance td. ] u b o mi who &6 la einimg &ngineer @dhiversityof Belgrade founded the teaching
of Mechanics andcgence oMachines.
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