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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 P R HISTORIC 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
aS0dt SYSBElobido |+ X K 6 { (i[8]. Nifie Redlahic 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 Néolih ! 3S 65® WF Ol y2@A06ZI ad

Legend: 1 - Vinda, 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 fiintHe territory of Serbiis Kremenac near the villageRfijnik y S NJ b A O o

The site is known for the discovery of artifacts from the Paleolithic pj&8ad

In Krivopoliey’ S I NJ  w | theloldelr Nedlitfiic Aged { G I NB S @2 -VDaladl ihelfisBaE of YIArRlennium
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 ofqretaper
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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.

The NDOKS2t 23A 01 f f & SELIX 2 Nifiefed theShigliest ScYi@ghient tha Nealithiy éultureind O2 y &
Europe. It was the center of the first urban European civilization, with a population that lived in harmony with

nature, to whom organizatioknowledge and tolerance were the basic valuésk S Y I Ay | NS 2F GKS
covered the area of the Central Balkans with the core in SdjiaThe Danube with its tributaridbe Savathe

Drava,the Tisa,the ¢ | Y &n@the Moravawere crucial fothe emergence and the development of primarily the
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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 histpaypiece 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,
AYLINROGAY3 (G(KS STFSOGAQPSySaa 2F ySe¢ YSGrt G22tadlyR 4SI
also say establishing communication and trade with metal.
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Vinda, Neolithic figure of terracotta and symbols of the Id#dt
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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 Petrovaa f | @A X tf 26y A1 Y SIPNOV)t NB | dzLJE
on Rudnik, Stojnik on Kosmaj, Jarmovac near Priboj, Deli Rujaiketc. These sites represent exceptional
monuments of the culture otk beginning of mininggeology and metallurgy in the Neolithic Age athe 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:
©2 1. Krivo Polieneaw I Y'I, 0 |
Rujniky S+ NJ b A O
Rudnaglavanear Majdanpek
al t A ProdzddRGdNik
Belovode near Petrovaa Mlavi,
tf26yAl YSIFNItI
Stojnik on Kosmaj
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Reconstruction of work organizatift®)].

During the archeoldgal research in the shafts on Rudgkava (1986mM by p0 = | OF RSYAOA LY . 2 NA
(Institute of Archeology{ ! { ! 0 I yR LftA2F WFy]2J3A0,Bormutiepldrés ofuswuadh y Ay 3 |
preserved ceramic dishes, amphorae, an altar wileer 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 Rudrglavamining belongs to the M6 I Odzf G dzZNB > G KS f I
2F xANSR20 LL | yR (kiSt 546 pabities thakdmaaBts & Faekistoyioinining, 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 archeological 5iS 2F tf 26y A1l OmMdHT I NatibralRNdedrin Belghadei 1032008, O dzNJ { 2
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is located neaProkuplje and belorsgi 2 (i KaSultureit Vi 62 6 y A | nu@atisSobjécS Bnd tools oéramics

stong and copperAround thefurnaces made of dirt fomelting metalsthe archeologistdiscoveredoellows and

copper pieceswhich proves that the inhabitants of f 2 &néwk how 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 achaeologicah A 1S 2F . St 202 RS 4 whp sk 2tOME TUd RAF| AsleMad)nedy® & A da dza S
Petrovacna Mlavi belongs(i 2 K Scultdré\ fh lremains 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 (1 KS &2 dzZNDS LI NI 2 7F
stream),then large stone hammers uséat breakng ore, a ceramicmoldfor casting chiselpendantsand beads of

malachite [41].

Archeological sites that emerged from the past in Ruglaa& t f 2 6 Peleyole a$ #ficRcenters 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 Rudnalav& t f 26y A1 FyYR .St 2@2RS> | f (i KgndgKhe aNB y 2 2 3

Bronze Agethea | f A  PribdzMine®n 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
hammer2y al fA ~GdzND O2yFANY (KS SEAaGSYOS 2F YAyAy3a |
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.
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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.

y ‘:‘ '
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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 ofi 2 R ISéladuring the Roman ruthe most important mining centers weosn Kosmaj (Bahe
{G22y A1 I Ddzo SNBKdpadik RudiikgNotolBiEio avidiRbgoBnglintain neaBanjsia. 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 %I 2 I YONJ] ) addefallurgical complefrom 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 JordamearY dzé &td



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 frovhdzdmin&s 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

0 SNNR G 2 NB , SRefskd Mithalica,letc.)) Makhuacture of brimkd 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 dtraku[l dz W2 NRIFYy Yy SI NJ Ydz6 S@2 R Arandaustity NaBieh was ONJI F (i 3
probably also a center for gold panning from the alluvial deposits of the surrounding riBecsliclE  al O1 I I y R
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 grourdl ¥ (i 2 R && & pdwrNGnilustryit 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].

DdzNR y3 G KS NIBA 3Iyi, nellurgykoSiror leadEcdppeans Mongy@riitg were developedbut
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 asdonist. | G G KS Ay @A @P481RBYThey it X FAG A REFOR A Y

G§KS OKI NJ
with the site of action in Brskovo.
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The archeological sites of the Prehistoric mining and more
important centers from thRoman Age and the Medieval Age



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 XIIl century, amd¢ NELI6 I YR b2@2 . NR2 |G GKS 0S3IAYyYyA:
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,
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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 Pek,iit KS . dz] 2 @ilK6S| | poidBNAGEBND Y hensSI6 A OF @ Ly GKS @I ff Se
next to Novakowstreamold shafts and galleriegere discoveredin Veliki Bubarin Jokinstream pyrite and gold

bearing quartavere discovered.
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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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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: BrskovaydzRy A 1 Z w2321 y I ¥ ¢ NB LIGAram XIht@ X2centuty Rutnerduy’ R ¢ NB O
mineswere openegdherewe note onlya few: Brskovo, NovoBrHo . St 2 . NIRpef YRHR AR G> Ydz6 | 2y
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(preserved in several copies, the most important is the illustrated copy from Xk kept in SASA Archive
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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 ongaging ffora definite period; (2) oday, we would say servioentractor
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, askedrom DS & LJ2 (i { ( S Td p¢ssa[laiv bridiéXo@ed a body 024 good menwho

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 andife in Novo Brdo. Codmnmines2 ¥ 5 S & LJ2 (i { pr&iSely ylefifjes thelondgrehip df
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 tre time. Academiciar{ A YA NJO2 @A 6
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
W2 @I y2 @A O tha sekeRti¥s oI Zas®ulg, Serbian sourcesroNovo Brdoare numerous and substantial.
Prince Lazagave(from NovoBrdo, | dzii K 2 NI &Ravghicdilénastery 150 liters of silvemnually ¢ne liter or
librais 327.9 gram), andto 5 NJB yWénastery50 liters, which togetheramounts to app1,600 coing' By the
decisionof Despot Stefafi I T I, Mifatiardbnastery also enjoyed inconfimm Novo Brdan about 100liters of
silver annuallyThe Despotdonated toother monasgriesfrom Sveta Gora as wefbr exampleVatoped with 60
liters, Lavra of StAtanas# with 20 liters of Novo Brdo silvannuallyp 5 S & LJ2aidded’ oM @nother 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
Serbiam mines from Turkish invadevgas feltduring the offensiveof Murad 11 (14381439). Thenb 2 @ 2
importance came to the fore, both in measurifmgces in battles with the Turks afmlthe attentionit drew in
contemporaries in Europe who followed tieents.
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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 Sult@iias- 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

02y Of dzi mrdwic PRaEe, by diOer of the court wauncil, startedo open minesTheAustrians were well

aware ofour mines. In the valleyf the Pek thegtarted the worksin the villageof CrnajkaMajdarpek andY dz6i} 2y

Iy R urhadijaregion theyworked on Avala, Kosmaind Rudnik They retored the production andexpoited

copper inCrnajka copperand ironin Majdanpek, lead and iroon Rudnik andilverformingleadA y Y dz6 | 2y | £ 2
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 in 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
with the report of Petrovaradin commander Hillesf 24 Januaryl811, PrinceMeternik was sat three coinsthat
Y I NI S 2 NBnSTopbla iNiF gieat abundance.  fodhti the coinsin Viennaandstated ths 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 wag b 2 2 NJ LINR 0 f S Y ESovieNdd@yivé $dulg sayi @ dze dzO 6
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 sitecalledt S §.ATelsmelter andhint were in Majdanskaeka Lead ore excepton
Rudnikwasexploitedini KS 5 NA Y| @It SieagweRy ! gL f1 | yR Ydzl ay



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 Novakod | NIa)-ahajji, 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 Stefy” ¢ & T@lgn2awho came to Serbia from Viennazestudent of

medicine. He wathe secretary of the Soviét [ | T | NJ Bathldk&vyote a5 hid "He came to Serbia in
mdMy nT® ! yIGAGBS 2T 2SNBRAFA SCNIzOyid ant ieliDahGoerRsy he wasSentt® K SNJ & A

minesknown to havdead ore. Thisvasdone with himbecausehe, among other sciencesftended chemistry. "
{ AYl aAf dzi ingrdicdiedidim i 1826lasaf dist@duished expert although he nas mining egineer.

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 ofPrince Mildd h 6 NXBefe2aithkdsat 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 Diwdisje wl R2 A 3> | Y SNIOK
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 A SR ¢ A G K GKS ihvifedHeRI&Fo camdRoySeriSia aadipergoBally 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 Obreno@ii 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 called Anf 2 O Ny 08 aAf 20

Upon returning tdrreiberg Herder began to writaboutthe studyof Serbianmineralgoods, but fell ill and died in
1838. Herde® visit, 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 suggestedramdced NJ&A y O $hata A £ 2 O
a

he needed teeducatehis own mining personnel. Inletter dated 26 April 183heproposedii 2 aAt 20 (2
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 Herdef) Better 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

Sy

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
t NJ& y O Sdescant @ @eithrone

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.
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the second half of XIX century

The first track on the education of young Serbthe field ofmining inXIXcentury ledsto + dz]  YALakab iR O
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

t N&A y OS'l da iot kKh@vwhether you know that my late son was in the cespf 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
a | ((a8a7?)fromJadaE 5 2 2 NR 2 @8191Ra9)yfrbr2 Belgrade, Stevan Paklqi8201862)F N2 abac ~
'y R + | &5K18202) Som.the Gllage2 T 2. dwdfhle 8cholas 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 MinistryKihiance led by Jovan @NJ fHe Boweéver,failed to employ
them, and soon there was a conflict with hibjordje Brankowd 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 andpographer a Czech botanist and zoologi&ir the research
of the Balkangn the spring of 1836Princea A fw&l€medthem and organizedll localauthoritiesto be at their

serviceduring thetrip. They began eplogical in other studieim Belgrade, on the way to Kr@uacthey visited

Avala and Kosmaj, after kjtgevac thewisitedRudnik Kopaonik, Novi Paz&@S & y R tirtaNahdQhen continued
to explore Macedonia, northern Greeardwestern Bulgarig-romBulgariaover Pirotand Bela Palankze arrived

in Sokobamjwheret NAy OS aAft 20 aidl &SR



