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ABSTRACT

The iron ore of the Ljubija ore region for decadess a very great impact on the overall social
reproduction in the area of the city of Prijed®S, BiH, which is clearly connected with the
constant renewal and intensification of the prdidnc process. We have systematic geological
explorations last over 135 years and exploitatieith certain interruptions over 100 years.
Existing resources/reserves should be optimaliyaed in order to achieve the commercial viapitif
investment funds invested in them, but also thtbaé have yet to be invested, and a certain exgecte
national benefit, and at the same time an inteng®ological exploration of the potential space for
finding new reserves in terms of iron ore base.

The paper attempts to assess the real justifitafiofurther geological exploration and exploibatiin
this area and the strategy for further developro&énton ore mining.

Key words: Ljubija ore region, iron ore, ore resources/resesyegeological exploration,
exploitation, development

INTRODUCTION

The mining area of the Ljubija ore region, witha@nea of about 1500 Kmin the western part of the
Republic of Srpska, in the area between Novi GRrijedor, Bronzani Majdan, Sanski Most and
Budimli¢ Japra, has been a significant source of iron or stone for decades for the entire
socioeconomic development of Prijedor regions,uRéka Srpska and Bosnia and Herzegovina. In
this mining region, iron ore is being industrialxcavated since 1916, in a mine that is one of the
largest iron ore suppliers in the Balkans.

Therefore, it is important that the institutionstbé Republic of Srpska, the City of Prijedor and f
the iron ore mines operating on the territory @& Brijedor region to analyze the existing datagsss
the state of the raw material base, the econommoitance of the ore reserves, assess the real
justification of further geological exploration amdploitation of ore at this area, and consider the
strategy of further development of mining in thgioa.

MINING AND ECONOMIC STRENGTH OF THE REGION

In line with the projection of iron ore productidm the Ljubija ore region and the rational use of
available and potential resources/reserves witlradegy for the protection and improvement of the
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living and working environment [1], the overall iopance of mining can be expressed as:

* Realization of continuity in the production of irane for the needs of ferrous metallurgy in
this region;

o0 Making profits from production as a preconditiorr favesting their own resources in
development, growth of personal and general staisdaic.;

o
-Creation of profitable iron ore production creapgsconditions for the development of
other accompanying activities (transport, tertiang nonindustrial activities);

0 Analyzes show that one employee in the productioinoa ore, in the reproducing units,
infrastructure and other activities of the regiowl avider receives employment of 15 to 20
workers, and that each employee provides for thetence of another 3 to 4 members of
the immediate family;

-The production of iron ore creates real conditifarsfurther growth of living standards
and human and social development. Education ohareasing part of the population at
higher levels of education has a backward impadhergrowth of labor productivity and
the increase in the overall positive economic ¢ffeaf the region and the Republika
Srpska.

MINING RESOURCES/RESERVES IN THE LJUBIJA ORE REGION

In accordance with current knowledge, the resounEéise iron ore consist of [1,2]:
a. explorated deposits of iron ore areas in Omatgkhaija and Tomasica, Table 1,
b. discovered minerals (registered and partiabgaeched) and
c. defined prospective areas of different degrégetentiality.

The identified mining resources/reserves are thalr®f high productivity of the area. If the oviéra
productivity of the Ljubija ore region is fully ceidered, then the total resources/reserves shauld b
increased by 91,5 million tons of ore, which makgs about 180 million tons of exploitable
resources/reserves [3,4,5,6]. Based on detailetbgjeal analyzes, the conditions of the localizatio
of ore deposits and the legality of their locatidime great potential of the Ljubija ore region is
estimated to find new resources/reserves of catbamal oxide type.

Table 1. Condition of ore resources and ore vesenf Ljubija ore region (milions of tonnes)
Ore type Ore resources Ore reserves
Omarska oxide 80 16
carbonate 15 -
Ljubija oxide 32 13
carbonate 163 14
Tomasica oxide 6 -
oxide pelitoide 47 -
Total oxide 167 29
carbonate 178 14
total 345 43
Note: In Omarska, 39,5 mill tons of oxide ores hbeen produced so far, in Ljubija 23,7 millons ride
and carbonate ores, in TomaSica 24,5 million tdrexmle ores.
ConceptsOre resourcesre commercially nospecific due to insufficient research;
ore reserveare sufficiently explored resources with provechtécal efficiency, economic effectiveness
and ecological acceptability of exploitation.

The worldwide practice of assessing the qualityrari ores is very different. The general tenderscy i
the application of extremely rich and pure ores &hd is conditioned by:

Technical Institute Bijeljinarchives for Technical Sciences. Year X%48l 2



Cviji¢, R. et al: Geolopgical and ...... Archives for Technical Sciences 20181),8(-8

e strict economic standards in the production of jnwhich are most important for the overall
economy of ironworks;

« very high requirements for the cleanliness of ifbom the point of view of harmful
components, because this is a prerequisite foringetite eveffirmer demands of consumers
of quality steel products.

In the world, mainly (over 90%), ore mines of heiteadand magnetite are exploited, which yield high
quality concentrates from 62% to 68% Fe. The or¢hefLjubija ore region are different types of
limonite, siderite and other carbonates, with lowentent of iron. Limonite ore are exploited in
Omarska, with a iron content of 46.5% Fe. In Ljabit is planned to exploit the remaining limonite
ores of 40% Fe and carbonate ore with 25% Fe, wbaseentrates will have lower iron content than
usual on the world market [7]. The use of thesecentrates should be confirmed in the conditions of
individual ironworks- Zeljezare [1].

The common characteristic of the qualitative chiznsstics of the explored mineral resources/reserve
in the area of the Ljubija ore region are [1]:

e the quality does not reach the top world indicatashich limits the wider quality of
processing based on quality
» all kinds of ores have not reached the maximumlityupossibilities, and the realization
should go in the direction of:
0 introduction of new technologies of mineral proogsi
o0 the use of various forms of selective exploitation
0 geological research for finding new deposits witiie available potentials
0  avery tight connection with the processors ofdreeis necessary

TECHNOLOGY OF MINERAL PROCESING

Ores without prior preparation can no longer beduseironworks. The basic characteristic of the
mineral procesing process is the physical separatforon ore from impurities, thus obtaining the
appropriate concentrates of iron ore [4,5,6]. Comabi washing, grading and magnetic separation
technology was applied to limonite ore in "Omarsk&ashing and grading technology was applied in
the "Ljubija" mines, and in the "TomaSica" mine ttigying and grading technology of limonite-
branded ores.

Future works in seeking a solution must go in tik¥ing directions

» the exploitation of known reserves of ore requires optimization of the existing condition,
which implies the maximum utilization of the quatite depository facilities and the available
mining facilities, as well as in the ironworks

e valorisation of solutions obtained from the preddechnological research into the mineral
procesing of the ore

An example of this is the valorization of carbodaézicne ore from Ljubija, carried out in
cooperation with the institutes in Zenica and Pfnisronworks ArcelorMittal Zenic§8,9].

TIME DURABILITY RESERVES

Reserves of the Omarska Mine, open pit Buya,4], can be completed by the end of 2025 adngrd

to the projected production. Therefore, the prjoniéed to include the remaining mining reservemfro
the Central mines of Ljubija in the production pss is imposed [5]. Carbonate ores are problematic
due to the low content of iron. The largest depofsiixide ores in Ljubija - Vidrenjak (approximatel

13 million of tonns reserves) is problematic dud¢ht® contents of the barite, where the technicdl an
technological conditions for separation and enriehtrof this type of ore should be addressed. Timely
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involvement of the mining potential from the Cehtranes of Ljubija, mining production could take
place according to the dynamics given in Table 2.

Table 2. Planed production per years (millionasfrts) concetrate

Minesiore | o 1 o1 2 |2 | (231818158218 |2|8

type SIQ|Q|I8|Q|IQ|Q|S|R|Q|R|Q|8|R|&| E
(_)mar_ska 15| 15| 15 15 14 15 15 15 12,08
limonite

Ljubija 15| 1,5 15| 15 1§ 15 15 1030
limonite

Ljubija 04| 04| 04| 04 04 04 04 04 04 44 04 D4 0@4| 04| 56
karbonate

Total 15| 19| 19/ 19 19 19 1p 19 19 19 19 L9 [1B9| 17| 27,98
concrecate

Note: According to world standards, to start witbquction on a open pit deposit of 517
years is required, and a mine with mineral proogsplants is 12-15 years is required;
Carbonate ore can be used only in the mix with fit@oores from Omarska and Ljubijg,
up to 30%.

GEOLOGICAL RESEARCHES

The iron ore in the Ljubija ore region is being exjed for a continuous period of more than 100
years. At that time over 90 million tons of ore waxtracted. Now there is a serious issue of furthe
perspective. Is everything what nature has credigzbvered and excavated, or has still hidden iron
ores bodies [10]. This question is attempted tgoed with the help of metalogenic research,
metalogenic analysis and the accompanying assetssinne potentialities of the regions. The carried
out metalogenenic and other analyzes within thenésork of the Ljubija ore region undoubtedly

point to the significant possibilities of extenditige existing mineral and raw material base in both
gquantitative and qualitative terms [7,10,11,12,13].

On the basis of all the studied materials and fiekts, it is reliably established that the areghef
Ljubijaore ore region and its frame had a complesol@&ion in the carbons, permus and
triads. The geological pillar of the Ljubija ore gien consists of: carbon javoric flysch,
permo-triassic clastite, triassic tergene-carbgnatelcanogeno-clastic terigens and carbonate
formations, and neogen-quaternary lake crevicegirgil.

Exploration on field, before development of a maganetic study,was found that the primary iron ore
is bound to an olistostromic member of the carbenas javorik flych formation, for carbonate
olistolitic blocks that are "fall into" in the aledlitic-sandstone matrix. In order to solve thausof

the genesis of primary deposits of iron, it was ant@nt to determine the origin - the source of the
material for their formation. The carbonate block® transformed into the ore hydrothermaly,
metasomaticaly and represent the primary sidenkeydte ore bodies or their parts, what was proven
by detailed geochemical tests [16,17,18,19,20].

Experimental geophysical and other exploratory waslere performed according to the program of
geological explorations [12,13]. All the researehrizd out in the past five goidins were done ia th
organization and under the supervision of the Ambdittal Prijedor mine.

In addition with that, further geological exploais are planned, Figure 2, as follows:

* detailed geological research to move resourcesas@rves

» basic geological explorations for indicating ansicdivering new ore bodies (until 2019) [10],

» detailed geological explorations of the indicatee lbodies and mineralization based on basic
geological expolaration (roughly until 2024).
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Figure 1. Schematic representation of the geolbgiase for metallogenic map of Ljubija area

There is neccesary for permanent geological relgéoc the purpose of deeper knowledge of the
geological characteristics of the region, betteowdedge of the iron ore, due to the efiemer
demands of the market, and the emergence of neosiigp

LEGEND:

Perspective areas of the
Liubijpa ore region E Border of ore nodes
E Border of ore zones E Border of ore fields

Figure 2. Prognosis map for iron ores of Ljubija cegion
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STRATEGIC PLANS

In the strategy of valorizing the available orégan from the Ljubija ore region, it is necessary
e Creating a favorable socioeconomic environment at the level of the RepubficSgpska
(legal frameworks, mineral strategies and policé® necessary measures).
« Maximum professional engagement in order to provideditions for achieving optimal
quality parameters, which satisfy iron ore consuan@y .

POSSIBLE RISKS

In the system of exploration and exploitation af tfon ore there is a greater number of risksIfi].
mining, in general, geological (natural), miningdaexploitation, ecological and market/economic
risks are of the highest importance. However, ftbmpoint of view of investments in the exploration
and exploitation of iron ore of the Ljubija ore &g the present conditions are especially current
political risks, which also stand in a certain etation with the profesional risk. Political riskaslate

to certain specificities of the social, economid @olitical factors of the environment.

The size of the political risk is determined batststability, relations between political partéesl the
character of the party in power, state (constitaipregulation, quality of governance, foreignipgpl
foreign policy characteristics, possible crisisgoivernment, instability and unprincipled tax policy
concession policy, level of corruption, etc.

CONCLUSION

Iron ore deposits with a relatively large minerasaurce exploration base and the potential to be
expanded remain the focus of attention on thetdéeyriof the city of Prijedor, the region and
Republika Srpska, but on the basis of the conckptistainable balanced development and portfolio
effects. The contemporary social and economic &gieed to treat available iron ore resources in
accordance with long-term and strategically setggy@and on the principles of modern management as
a specific form of the most widely-defined managetnef resources, people and capital, was
imminent.

The social problems posed by this and the existangrete resources of the iron ore of the Ljubim o
region represent one of the most important comparaidvantages of the city of Prijedor, the region
and Republika Srpska.

Here, the comparative advantage is particularliecedd in cooperation with the world leader in the
development and production aspect of the iron dedl ©re, Arcelor Mittal, which is the strategic
partner of the Government of the Republic of Srpska

Therefore, these resources should be optimallyatetil in order to achieve the commercial viability
of invested investment funds in them, but also ¢htsat have yet to be invested, and a certain
expected national benefit. This requires the ratibn of the listed geological and other accompaayi
research, which should not be a limiting factogaaese without it there is no reproduction of mihera
ores, iron ore, continuity of production and depahent.

This is understood, that the precise elaboraticthefstrategy and the establishment of a lastinigjest
policy within the Republic of Srpska as a wholerétation to the resources of the iron ore of the
Ljubija ore region are assumed, in other worddeargosition of the emphasized national respedt an
respect for those resources is needed.

From the presented material, the following candmectuded:

« exploitation of iron ore in Omarska mine ends i220
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by timely inclusion of the remaining reserves oé drom the Central Mines Ljubija, the
mining activity can be extended until 2032,

the requirement for the achievement of the previobigctive is to start production in the
Central Mines in 2018,

in order to be realized beforehand, an urgent ageeeis needed between the subjects of RZR
Ljubija a.d. Prijedor, the Republika Srpska Goveentrand the City of Prijedor,

that the mining production will continue after 2032 is necessary to conduct intensive
geological research in order to find new deposits

If the previous activities are not realized, it da expected that by the year 2025 the production o
iron ore in the Ljubjevski Rudni region will cease.

(Received March 2018, accepted Afril®)

LITERATURA

(1]
(2]
(3]

(4]

(5]
(6]
[7]
(8]

9]

(10]

(11]

(12]

(13]

(14]
(15]
(16]

(17]

Cviji¢, R. (2004). Geomenadzment u funkciji ké@gja i razvoja mineralnih resursa Ljubijske
metalogenetske oblasti, RZR Ljubija i Rudarsktitute Prijedor, str. 1-350.
Juri, M. (1971). Geologija podija Sanskog paleozoika u sjeverozapadnoj Bosni.tiPasizdanja
GeoloSkog glasnika Sarajevo, knj. XI, str. 1-146.
Grubljest, Z., Rakow, N. (2016). Elaborat o klasifikaciji, kategorizgdi proracunu rezervi Zeljezne
rude rudnog tijela BuvaleziSta Omarska sa stanjem na dan 1.1.2014.gdéamel strdne dokumentacije
privrednog drustva Arcelor Mittal Prijedor.

Kolonja, B., Malba%i, V. (2007). Glavni rudarski projekat eksploatadgZiSta Omarska — lokalitet
Buvat, RGF Beograd i Rudarski institut Prijedor, Fonaigte dokumentacije privredog drustva Arcelor
Mittal Prijedor.
Cviji¢, R., Milo3evé, A., Malbast, V., Celebik, M. (2014). Geoloska studija leZista ruda gtaRudne
zone Centralnih rudista u Ljubiji
Proti, Lj., Selman, F. (1986). Elaborat o istrazivamjierpretaciji i obr&nu rudnih rezervi toma&kog
rudnog polja. Elaborat u fondu strin dokumenata RZR Ljubija, Prijedor.
Grubi, A., Cviji¢, R., MiloSeve, A. (2006) Rude gvaia u Ljubijskom regionu, Zbornik radova, I
savjetovanje geologa B i H sadmearodnim de&em, Tesk, strana 32-35.
Gotelip Barbosa, M., Siboni,G., Guiamares VascloszeF., Correa de Araujo, A., Sylow, T., &
Venturini, M.J. (2016). Overview of Arcelormittal ining operations and research & development
function. Zbornik radova Il Rudarsko — geolosSkogufoa odrZzanog u Prijedoru. Savez inZenjera rudara i
geologa Republike Srpske. str.8-14.

Grubljest, Z., Rajl¢, 1. (2016). l1zvod iz studije ,,Metalogenija ljutkjog rudnog rejona“ s osvrtom na
perspektivnost rejona i na &ajpza budda geoloSka istrazivanja. Zbornik radova Il Rudarsko
geoloSkog foruma odrzanog u Prijedoru. Savez ietanjudara i geologa Republike Srpske. str.8-14.
str.15 -22.
Grubki, A., Cviji¢, R., MiloSevt, A., Celebk, M. (2016). Metalogenija Ljubijskog rudnog rejorgtudija

— Rudarski institut Prijedor, Fond stma dokumentacije privredog druStva ArcelorMittaijéttor.
Cviji¢, R., Grubt, A., MiloSevi, A., Celebk, M., (2017). Program osnovnih geolo$kih istraZjgamida
gvoda u Ljubijskom rudnom rejonu Rudni subrejon Gongant faza |, Fond sténe dokumentacije
privrednog drustva ArcelorMittal Prijedo
Stakevi¢, M., Stojanow, A. (2016) Ponovna interpretacija gravimetrijskigeomagnetskih ispitivanja
na Sirem podrgju Ljubije i Omarske kod Prijedora, Studija — Beadyr Fond stréne dokumentacije
Arcelor Mittal Prijedor .
Stagevi¢, M., Milojevi¢, M. (2017). lzveStaj o gravimetrijskim i geomaggi@m ispitivanjima za
pronalazenje Zeljezne rude na terenu Omarska kftl®ra, Fond stiine dokumentacije Arcelor Mittal
Prijedor.

Grubt, A., Prott, Lj. (2003). Studija strukturnih i genetskih karatistika Tomasikog rudnog polja. U:
Novi prilozi za geologiju i metaloganijudnika gvo#a Ljubija, Rudarski institut Prijedor, str. 63.37.
Grubg, A., Cviji¢, R., MiloSevé A., Celebi, M. (2015). Zné#aj olistostromskoglana za metalogeniju
Ljubijskog rudnog rejona. Arhiv za tétle nauke. Bijeljina, str.1-8.

Palinkas, L. A. (1985). Lead Isotope Paitein Galenas from some Selected Ore Depositsaati@ and
N.W. Bosnia. Geoloski vjesnik, vol. Z&agreb, str. 175-189.

Palinkas, L. A. (1990). Siderite-baritelpsulfide deposits and early continental riftingDimarides.
Geoloski vjesnik, vol. 43. Zagreb, 4181-185.

Technical Institute Bijeljinarchives for Technical Sciences. Year X%48l 7



Cviji¢, R. et al: Geolopgical and ...... Archives for Technical Sciences 20181),8(-8

[18] Palinkas, L. A., Boroje¥j S., Strmt, S., Prochaska, W. & Spangenberg, J. E. (2008¢ri&-hematite-
barite-polysulfide mineral depositdated to the Early intra-continental Tethyan rigtinnner Dinarides.
U Eliopoulos i dr. editori: Mineral gloration and Sustainable Development. Millprégstterdam p.
1221-224.
[19] Strmé-Palinkas, S., Spangenberg, J. E. & Palinkas, A2009). Organic and inorganic geochemistry of
Ljubija siderite deposits, NW Bosnia dherzegovina. Min.Deposita, vol.44, No.8, Springerlag,
p. 893-913.
[20] Garasi, V. & Jurkovi, |. (2012). Geochemical characteristic of diffarian ore types from the Southern
Tomasica deposit, Ljubija, NW Bosnia. Geologia Giczg vol. 65, No. 2, Zagreb, p. 255-270.

Technical Institute Bijeljinarchives for Technical Sciences. Year X%48l 8



