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barite and fluorite, respectiwelFrom primary accessory minerals chloritoid vagdectedBased on variable REE
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6DAHWDN

AXQH)WISLWHUPDOQR OHALAWH GLR MH /MXELMVNRJ UXGQRVQRJ ED]HQCL
SDOHR]JRMVNLP GRORPLWLPD NDR VWLMHQDPD GRPDULQLPD 'RORPLW M
ima masivnu, homogenu teksturu. Gewokjska analiza otkriva prignostv LaL K N R Q Fd@ {B0R4ER.B8M D

mass. %)MgO (1647 #47.35 ma. %) i LOI @4.6 4558 ma. %), ali isto tako i niske koncentracije %iQ.33+

3.65 mas. %), AbOsz (0.2798.74 mas.%) i BaO (0020.83 ma. %). Kontaktna zonal ] P H glolomita i
PLQHUDOL]DFLMH X O ptirdatxn dkBesobniiinriheralinha ti@oltom, magoklritoidom,

topazom (piknitom), epidotom, piritomW X W L O R P N R KempXr&tirézKad 300 Dtlakove oko 2 kbara,

kao uvjete formiranjaRudno tijdo, s baritom i fluoritom kao glavnim rudnim mineraim&E RPLQDQWQR MH ALO
teumanpjmjeri EUH p BpAWEHDIU LW L IOXRULW NULVWDOL]JLUDOL VX Shbydo X] NYDU
bi X Si¥ali nanjihovu gotovo istovremenu kristalizacijuzorci u kojima se javlja mineralizacija karakterizirani

su visokm koncentracijama CaO @ 566.03 mas. %)i BaO (392%50. PDV WH UHODWLYQR
koncentracijam&0; (2.0526.22 mas. %) fluora (20122.88 mass. %). Od elemenata rijetkih zemalja (ERZ)
dominiraju lake rijetke zemlje3 R Y la&kdh€entracijaSr (> 1 mas. %), Sm (do 118 ppm) i Eu (do 44 ppm) prati

SR Y HW D Q hiadifa M uzorcimadok su fluoritom bogati uzroci karakterizi@ L SRYLAHQLP NRQFHQWUD
(do 41 ppm)elemenataW H &ijtkiK zemaljate R V L U Ril®ddm@ntima lakih rijetkin zemaljaRD analiza
SURYHGHQD QD pHWaLj&drisitrjdstudelbmita Rbativau Buoé} dok je od primarnih akcesornih

minerala kloritoid detektranlD WHPHOM X Y DU L M D&ilnegatné C¢ Db ddnslfd &X-QH NDR
OHALAWH JHRNHPLMVNL SULSDGD W Yakathuatre lséirdadtad stijppheP D IOXRULWD YH

.OMXp Q HbartnMHOOXRULWQR OHALAWH 'LQDULGL PLQHUDORJLMD JHRNHPL
'LSORPVNL UDsBandathkdida,16 slika i 54 referene.

Jezik izvornika: Engleski

=DYUAGIRKDGQMHQ .Q M-LAHR FmihogEGKulictkRiBYottijieva 6, Zagreb

Voditelj: Dr.sc. 6LELOD % R U R Mdddviaiprddsdnd RGNE U

2FMHQBUYDL 6LELOD % Rriddowehprofesor@aREMFD U L O

Dr.sc.Jasn2 UHANRY L U aprp¥eBogd RENK)
'U VF $OHNVHM OLOR&HYLUO L]YDQUHGQL SURIHVRU 5) 81,%/

'DWXP REUDQH . VLMHpDQM



TABLE OF CONTENTS

O 1 oo [F o1 1 (o] o H TP PP PP PPPPP PPN 1
Y C1=ToTo [ =10 g o= U= 11 o T RSP 3
I 1= To] (oo [>T IS =3 1 1] o 4
3.1. Regional geological SEttNgG..........oeuuriuiiiiiire e e errera e e e e e e e 4
3.2. Local geologiCal SEHNG.........ooiiiiiiiiiieeee e 8
6XPPDU\ RI UHVHDUFK KLVWRU\ RI WKH axXQH.GHSRVLW DV
5. Analytical methods and SamPliNg..........ccccuuuiiiiiiiimeeiii s 11
B. RESUITS.....oeeiiiiiieee e ettt eeens bttt r e et e et e e e e ean 13
6.1. PetrographiC anliS...........oouiiiiiiiiiiiieeee e 13
6.1.1. The hoSt rOCHOIOSIONE ..o e 14
6.1.2. Contact ZoNe MINEIAlOGY........c.cciviiiieirieemre ettt eee e e 16
6.1.3. Hydrothermal BreCCIa.............oooiiiiiiiieeee e 18
6.1.4. BaF vein type mineraliZation.............c..cooviiiieeeiieecie e seeeee e 19
6.2. DEPOSItION SUCCESSIONL.....ceiiiiiiiiiiiiiiiimmreeeeeeaaatea e e e s e e s emmmssssaaa e e e e eeeeeeeeaesenans 21
6.3. X-ray diffraction on selected ore sample..........cccoeeeeiiiiiiceciiiiii e 22
6.4. The host rock and ore geoChemiStIy.......ccoeeeiii i e 24
6.4.1. MACIOCIEMENLS.......cuiiiiiiiiieie ettt em et 24
6.4.2. MICIOEIEMENTS ... ..ottt ettt reeme et 26
7 DISCUSSIO. ...ttt ettt ettt e e e e oot e eme e e e e e et e e e e e s e s e e nne s e e bbb b b e e e e e 30
7.1. Ore deposSition CONAITIONS........oooiiiiiiiiiirrer e eeenab bbb eeeeeeeeas 30
7.2. Hierarchical cluster analysis of the geochemical.data................cccooceeeeeeeiiiinnns 33
8. CONCIUSION. ...t 39
9. RETEIBNCES. ... e 41




LIST OF TABLES

Table 51. List of chosen representative samples and conducted analyses................. 11

Table 61. Oxide composition of analysed samples. All values given in mass..%........ 25

Table 62. Elemental composition of analysed sampMisvalues given in ppm............... 27

Table 63. Rare earth element composition of analysed samples. All values given in.28m.

Table 71. Correlation table between certain major oxides, trace elements and REESs39




LIST OF FIGURES

Figure 11. Position of the Paleozoic complex of Sdaha, MidBosnian Schist Mountains

Herzegovina (modifiedD IWHU -XUNRYLGO.HW..D.Q....ooccevvvnerrn 2

designates approximate location of study area; B) Detailegrgghical position of
WKH axQ I-'htfpﬂ;iéﬂﬂd.gdﬂvgle.com/webb/. ............................................... 4

3DPLU 3bPLU HW DO 6FKPLG HW DO
TRPOMHQRY.LU i 5

BT AL, 2005 ittt e e e e e e e e e e e et a e e e e e e 7

Figure 34. The cross section oftH @aXQH GHSRVLW 3 RMdri bR Qody |
(marked with light blue colour) within the Upper Paleozoic doloston€{Qrey in
colour) (INVESTRM dataSet)........ccoceeeeieieiiiiiiieeeii e eeeeeeeeeeme e 9|

Figure 6 +DQG VSHFLPHQVARIAAa 4 D Q-G sample. A) Dolostone, dafk
grey in colour is intersected with quarzD U LW H Y F2ls@@ld; \B)\DdloSto&
light grey in colour intersected withbhU\ WKLQ Y-HL @D PS\OAbLls@n@Eag

D

sample with baritdluorite veinlets intersecting; F) Barifeuorite-quartz thin vein
FXWWLQJ JUH\ FRORXdamHpe.GRQAQRVWRQH..LQ. .4..15

Figure 6 $ OLFURVFRSLF SX$famnpkJUN) SPuaRbaride veinlet hosted by
dolostone consisted out of relatively weathered dolomite grains; iBjostopic

N). Radiallyshaped aggregate of Munloritoid incorporated in quartz, alonds
fibrous aggregates of tremolite also included in quartz and on eflisotite contact

sample (+ N). Faishaped aggregates of barite surrounded withdnagned barite

Figure 21. A) Geographical position dfiestudy arean relationto other countries. Dashed lipe

Figure3 *HRORJLF PDS RI WikhHhbcatiogsiof @lleSdri¢anwiles and profile A

" OLFURVFRSLF SKORMRE W N)SHpidote,&xhibiting high interference
colours, on fluoritebaritedolomite contact; E)\OLFURVFRSLF SKBWRJUDS

(MBSM), Southeastern Bosnia (SEB) and Eastern Bosnia (EB) with Dinaride
ophiolite zone (DOZ) and Adriatic carbonate platform (ADCP) in Bosnia|and

Figure 31. A) Simplified geological descriptive map of the Pannonian basin system indigating
Dinarides position. B) Simplified geological map of major tectonostratigraphic|units

DQRG JRQHV LQ 'LQDULGHYV ZLWK PDUNHG SRVLWLRQ
L

Figure 32. Schematidithostratigraphic column of Sasn@ QD 3DOHR]JRLF PRGLILHG D

WKH

representing first of three hydrothermal breccia samples consisting out of flugrite in
KLIJKHVW DPRXQW DQG IROORZHG -FsanplUdoMstérlD QG G R
baritefluorite-quartz hydrothermal breccia( &RPSOHWHO\ DOW-BIlUHG GR

SKRWRJUZRSEMPE (& N). Fluorite veinlet hosted by dolostone consisted out
RI UHODWLYHO\ ZHDWKHUHG GRORPLWH-5kdbple(v & OLI

E



and quartz; FOLFURVFRSLF S KRVWdnpld.DASieulaR mideral grains |of
pyknite (topaz) incorporated in quartz mineral grain. Euhedral pyrite present with
limonitized dolomite. Abbreviations: Brt = barite, Cb = carbonate mineral, Dol =
dolomite, Ep = epidote, FI = fluorite, Lm = limonite, Mcld = magnesiochloritoid|, Py
= pyrite, Tpz = topaz (pyknite), Tr = tremolite, Qtz = quartz...............cccceunnne 18

Figure6 6LPSOLILHG SDUDJHQHWLF VHTXHQEH.RIL.RLQHUDOV 1
Figure6 5HVXOW RI1 ;5" DS3an(pkV(Dvl 4 Boldniite, Cal = calcite, Fl = fluorite,

Qtz = quartz, Cld = chloritoid)...........ooveiiiiiii e 23
Figure6 5HVXOW R ;5" DTxBnaple/ (Bt 3 BatikeaDol = dolomite, Fl = fluorite,
QtZ = qUAIZ, MIC = IMUCAS)tuuuuuuaeeeeeeeeeeeieeeeeiraer e e e e e e e et e eeeeeeseebannmmmreeeeeeeeeeennnnns 23
Figureé 5HVXOW R ;5" DIpBampleL(BrtlI=Rodrita, FI = fluorite, Qtz = qualftz).
....................................................................................................................... 23
Figure6 S5HVXOW R ;5' DB2) Ba@pM.L(Bit ERAite Dol = dolomite, Qtz = quatz,
(7ol o I ol g =1 (o0 )Y/ 1| (=) OO 24
Figure 68. Upper Continental Crust normalized (Taylor and McLennan, 1995) trace element
distribution in analysed SAMPIES........ccooeiiiiii i 26
Figure 69. Chondrite normalized (Anders and Grevesse, 1989) REE distribution in arjalysed
VDPSOHV RI WKH.AXQH.GHSRV.LW. ..., 28

Figure7 +LHUDUFKLFDO FOXVWHU D.Q.D.Q.\.V.L.\/...R..I....\Al.K.HBé]X QH VDI




1. Introduction

7KH aXQH RUH GHSRVLW -Wwastevin pariXdd Boshia abh@Ha&kzEddviaRithihK
the Central Dinaridest is part of Ljubija ore field thiaincludes four opepit PLQHY $GDPXaDbD
7RPDALFD 2PDUVND DQG 9LGHUQMDN #QICQLQONEB® RWIDSBUR
Exceptfor iron, other commaodities like zinc, lead, barite and fluorite were exploited in this area.
a X Q4Ha Ba-F epithermal type of deposit, implying neasurface forming conditions with
shallow depthsjower temperatures and pressures alongside hydrothermdd ftinculating
through the host rocklhe biggest barite ore deposits in the Dinarides are located in the Mid
Bosnian Schist Mountains (MBSM}X UNRY LU HYWMB$M is one of four Paleozoic
complexeskig. 1-1) whereas Soutkastern Bosnia (SEB), &a&rn Bosnia (EB) and Satmna

are remaining threevhere ED U LW H R F F X Worité deQoldit i DeatedViithin the Sana
Una river Paleozoic terrain, and represent a rare case of-thaoitiée mineralization within
Dinarides.Barite and fluoritearethe main ore minerals forminthe ore body in this deposit.
Barite 8aSQ) is industrial mineral with high specific gravity whichpsedominantlyused in
petroleum industry as a weighting matedalking drilling, in medical industry anttaswide
variety of other application:luorite (Cak), alsoknown as fluorspais animportant industrial
mineralused in the metallurgical, ceramic and chemical industries. Fluorite occurs in different
geological environments and deposipes and commonly occurs as secondary minhera
associated with the Early alzoiccontinental rift related deposifglany geothamal fields and
subterrestrial hydrothermal sideriv@rite polysulfide deposits were formed as@sequence

of incipient magmatism and a high heat flowring erly-intracontinental rifting of Pangea
Magotra et al. (2017 stated that fluorite associatedth sedimentary rocks and Mississipi
valley type (MVT) deposit is characterized with low formation temperatures usually ranging
between 10 &nd 1 U &nd variable salinities between 12 wt% eq NaCl to 22 wt% eq NaCl
implying epigenetic formation contbhs ,Q WKH & X BH GLHIBNRIZD 1 Whoirided

to ore forming fluids of NaCiCaCbk-H20 composition with highly variable salinity and
homogenization taperature between 100 and 310°C referringpithermal conditions



Figure 1-1. Position of thePaleozoic comple)of SanaUna, Mid-Bosnian Schist Mountains
(MBSM), Southeastern Bosnia (SEEBNndEastern Bosnia (EB)ith Dinaride ophiolite zone
(DOZ) and Adriatic carbonate platform (ADCR) Bosnia and Herzegovingnodified after
- X U N Rtval. ,ir0D).

7KH DLP RI WKLV P D Vathdustpetailattineralvgidaletrdgraphic X-ray

diffraction (XRD) and gedremical analyis on representative samplefsthe Upper Patozoic

URFNV IURP WKH aXQH RUH GHSRVLW Refogidphi¢ &nalysisUd WH D C
conducted on 14 representative samples in order to determine r&igiibetween mineral

phasesas between dolostone andneralization where primary accessory minesalccur in

the VR FDOOHG 3 kRiWdspasifi¢ Brédrning conditionsPetrographic analysis is

also the basis on whichafe samples weraselecté for further XRD analysigo confirm the

presence of certain minenathasesecognized irthethin sectionsOre-forming conditions and

genesis of this baritBuorite deposit have also been researched by the means of geochemical
analysis, trace and raearth elements and their enrichment in the host rock, baritiuamite.

Theseanalyses are carried out addta are collecteoh order to comprehensively understand



the composition of oréorming fluids and to determine the ei@ming epoch othis desit in
northrwestern Bosnia and Herzegovilesidesandysescarried outone ofthemain goals was

to forma local geological map dhe aXQH GHSRVLW ZKLOH FRQGXFWLQJ GF
mapping and finally, toontribute taabetter understanding of how this rare tgeposittormed

in framework of the Dinarides orogeny.

7KH UHVHDUFK HldépdsiH RAX QWK 124/D P D Way tohidfidted\ak & patt bf EIT
RawMaterials project no. 1750fivest RM. Invest RM: Multifactor model for investments in

the raw material sector.
2. Geographical setting

7KH aXQH GHSRVLW Ltdwo R uBajhHhE&n@pthvizesieviFad & &rpska region

in Bosnia and Herzegovind4.55M, 16.358; Fig. 2-1B) at an altitudef 250 to 300 m above

sea level.lt belong to municipality of PrijedorLarger PRUH SRSXODWHG WRZQV Q
Ljubija and PrijedorLjubija town is2.5 km away fronthe 8 X Q H G Hr®&IRrijeddVis about

14 km away..R]DUD PRXQWDLQ LV SRV Withlhigh@si Geak LidikbRaP9%BX Q H

m.a.s.l.,and Majdanske ountainon SWwith highest peak Glavica at 650a.s.l.

Hydrographic networlks relatively dense with biggest rivers Sana and UnaVhdtU UR X QG aXxXQF
deposit Sana Rver from NNE and Una Rer from NW. The Sana Rivembifurcatesinto few

smaller distributary channelthat passcloser tothe aXQH GH SR \RiVéY, athBrth,D U
bifurcatesfrom Sana River to Bijelo Vrelo, Stankovand 1H G AD N Fakd) jQijja-HRiver
thatbifurcatedrom Sana Riveeast from Volar channednd late WR & X Q V passihgiaaH D P

the deposit ofa X Q H



Figure 2-1. A) Geographical position dhe study arean relationto other countries. Dashed
line designates approximate location of study aBjaDetailed geographical position die
axXQH G i RAERITh.google.com/wgb/

3. Geological setting
3.1. Regionalgeological setting

As a part of th®inaric Variscan basement, Bakoic complexes occur in the Internal Dinarides
where they are included the nappe structurds/ southwestward directed thrusting aade
resting on the Adriatic carbonate platform uridgaric ophiolite zone is trusted onto Paleozoic
complexes and represent their neetstern bordeiP(D P latid J X U N R200iFig. 3-1). The
same complexes in the Internal Dinaridéso represerthe southeastern continuation of the

Pakozoic complex®of the Eastern Alps.



Figure 3-1. A) Simplified geological descriptivenap of thePannonian basin systandicating

Dinarides positionB) Simplified geological map of major tectonostratigraphic units and zones

LQ 'LQDULGHYV ZLWK PDUNHG SRVLWLRQ@RRLMKHBRRRQH HMSR
al., 1998 Schmid et al., 1998Willingshofer, 2000 7TRPOMHQR)Y LU

One of thoséakozoic complexewhere & XeQleposit occur is Satténa Pakozoic(Fig. 1-1).

It also belongs to the nortiestern part of the Dinaric Variscan basement units which are
palegeographically related to Apulia and AfriCehis complex is located east of tHeaRiver

ands HHWHQGHG RYHU WKH DUHD IURP 1RYL *UDG WKURXJK 3U
.OMXp DQG OUNRQMLUO *UDG ZKHUH WKH PRVW ZLGHVSUHD
formation(Fig. 3-2). The Una River also separates Sd&akozoicfrom Banija Croatiato the
northwest. The oundaries of the Sadadna Paleozoic are defined on the basis of anomalous
contact with younger strata (nomfastern and southestern boundary), and in parts where

tectonic elements are not expressed, the boundariedeinedon the basis of topographic



criteria (- XU L U ). The area featureminteresting geological phenomenon due to the known
and potential deposits of irpoccurrences of barite and other mineral raw materials.

The SandJna Patozoic consists mostly out dfarboniferous flysch sequences (sensu
Karamata et al., 1997, whereMajer (1964 determined low and very lowrade metamorphic
conditions (quartZeldgparsssericitexhlorite #nicasankerite assemblagd)jubija deposits are
set in its Carboniferous part belonging to the Javorik flysch formaiibith iswell exposed in
WKH $GDPXaD DQG 7RPD,ahérd the ébjQity DMMW nitne@IHAfces ae
emplaced within the Istostrome member Fg. 3-1). The olistostrome unit contains
metasomatic mineralization represented by siderite, ankemie, fellow carbonates, and
represent hostocks for the largest iron deposits in Dinarides, the Ljubija defdgsibija is
huge sideritebarite Pb-Zn sulphideore deposit situated witihthe SandJna Paleozoic terrain.
According to *UXELU KP@A5DHKe Javorikflysch formation is composed out of three
members, the P+ysch and Lower flysch, Olistostrome member and Upper flysch.

PreFlysch and Lower Flysch membeaas the basal units of the formation, considtslark
argillaceous schists in alternation witrediumgrain sandstonelhis member was probably
formed in a deeper marine environmeht/ XELU HW).DO

Olistostrome member, with variabileicknessbetween 100 to 300 nprmed of flysch matrix
follows with embedded carbonate olistolithe segts, bbcks and their minerakd partsThis
member has a complex composition dominated by four groups of rocks: flysch matrix, carbonate
olistolytic blocks, autoclastic melange, and partially or completely mineralized bddies.
olistostrome member was formedder deefsea conditions that is found the core of the Sana

antiform

Pelitoid rocks of the Javorik flysch formation in the ore rediane been altede VR ZKDW IV OHI
of them (recognized as e.gericitechlorite-quartz argiloshistcarbonaceous sericitpartz

argiloshist etc.) belongs tothe metamorphic group or tehales ofthe low degree of
metamorphismThis points ughat the rocks of the Javorik formation were, during the tectonic

processing, brought into the conditions of epial regional metamorphism

Within the PermiasTriassic clastitesormation with maximum thicknesgoingup to 150 m,

five members can be distinguished: i) Bobovica breccias, ii) white sandstonehjti@ and red



sandstonesy) polygenous conglomerates angdred sandstones and siltston€se colourful
Werfen strata are tragressivelyoverlain by the limestones and doltes, followed by the
Ladinian volcanogenisedimentary porphyritehert formation. Of the younger segknts, only

lacustrine Neogen®Quaternary formations can be found.

Figure 4-2. Schematic lithostratigraphic column of Sddaa Pa¢ozoic (modifiedafter * U X EL U
et al., 2015.



3.2. Local geological setting

BaF veintypedeposW aXQH LV VLW Xén¥id Gldsin® &8 théir @d3écontact to
Lower Triassic sasts and sandstoneii. 3-3). Upper Patozoic dolostoneepresent the host
rock for this deposiBarite-fluorite ore body is imprinted into porous dolostone along fault zone
with general strike ESEVNW.

Figure5-3. *HRORJLF PDS RI WKH aXQH GCdiestRdvsampleslawmd oradl&® FD W L F
A 1B transverse to depoglhvestRM datasel.

It is positionedsubvertical(Fig. 3-4) with thickness usually ranging from 3 to 10 m, but in the
higher levels of the deposit it can go up to 20 m. Strike of the ore body d¢alholesd up to

50 m in length. Sharp contact is common between the host rock and mineralized joints, although
alterations and metasomatic repression have been nofited contact zone consists of
metasomatically recrystallized host dolomite with strioiggny barite veins and impregnations

The central part of vein consists of barite and fluorite. Barite is white in colour and occurs as

massive in SW part of the deposit while in the NE part it is mostly porous. As such, it is exposed
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in the middle parof the deposit. Within dolostonbarite is present in the shape of lenses and
irregular bodies. Fluorite is violet to colourless with octahedral habit. It oaslgases within

barite and dolostone but also as impregnation within dolostone itself. Accessory minerals
includecalcite, qartz, sulphides and sulfosalts (tetrahedrite, cinnabarite, pyrite, realgar) and Au
(-HUHPLU). Upper part of the ore body is enriched with limonite of descendant origin.
Depositis covered on SW and NE part by soil cover that contains dolostoneraedbalders.

Figure 6-4. 7TKH FURVV VHFWLRQ mbsithK bf theXh@riidu@riteSdreViotly
(marked with light blue colour) within the UppBakozoic dolstone (G2*3 grey in colour)
(InvestRM datasel).

Together with other sideriiearite deposits in the Satuma Paleozoic terraing XQH RUH GHSRYV
was formed in Permadriassic period of timeluring and early stage of intracontinental rifting

of Tethys.The source of heat and hydrothermal fluids were geplaiced thermal diapirs
(3SDOLe&HD2D16.

4. Summary ofresearch history R WKH &X Q H a@at®HR juhij/ore feld

The first reseatt on the Ljubija basin mineralaion came fronKatzer (1910 where he
determined the relationship between Carboniferous limestone and siderite mineralization as a

reaction contact.



Cissarz(1951) compareljubija ore depositso hydrothermal deposits of Paleozoic aggated
to deep magmatism.

No6th (1952 suggeststhat irregular, veintype Ljubija siderite ore bodiesre intrusive
hydrothermalorigin of younger Paleozoic agBloth concluded thatypper Paleozoic tectonic
movements followed the formation of the Ljubgaposit

- H U HR258)considerdormationof thebarite deposits of Sarldna Paleozoic (Ljubija basin)
via hydrothermal processes in Upper Paleozoic, as a consequence of batholith embedding.

-D Q NRMI411977 1982 1987 and Kubat (1982 while studying Triassic deposits in
central Bbsnia and NW Montenegreame to conclusionkVKDW PLQHUDOL]DWLRQ LQ
and SandJna Paleozoic isconnected with Alpindriassic metallogeny followed by
magmatism.- D Q N RI®84i considers deposits in Dinaridésxcludingthe iron deposits in

Macedmia) to be connected with intracontinental rifting and accompanied magmatic activity.

3DOLQNDE@L98BWIOZR A N90, 2010 2016 analysed sideritbaritesulphides deposits

hosted by Upper Paleozoic comptewf the Inner Dinarides with emphasis put on Ljubija ore
deposits. Genesis of the deposits was proposed to be hydrotimeetasglbmatic or volcaro
sedimentaryvith age of mineralizationonsidered to be Variscan or younger Trias&iX QH R UH
deposit, togetlr with other sideritdarite deposits in the Satuna Paleozoic terrains was
FRQVLGHUHG WR EHT7IRUPWHG LA QWBPHPRXULQJ DQ HDUO\ VW
rifting of Tethys.Dry land facies, evaporate ponds and a disturbed thermal regimeg ¢hitial

phase of rifting due to rifting magmatism, madevourable ore forming conditions for
hydrothermal deposits (SEDEX) with weleveloped feeder zone in the subterrestrial level.
3DOLQ9DEVXIIJHVWHG RULJLQ RI aXQ HreBithtof t&hgdrotherRfal D W Z R
convective cell, and Ljubija from its lower margin. The depth of formation was determined
between 200 and 500 m, depending on encountering lithostatic or hydrostatic pressure, based

on PTX parameters of boiling fluids. Thus, loog of ore forming fludswasHFRJQL]JHG LQ aX(
baritefluorite ore body.Based orfluid inclusion studiesl.aser Raman spectroscopy and bulk
crushleak analysizonducted irextensive study on Ljubija ore field3 D O L Q N D(a01W D O
presented renewe@th on ore genesisme of mineralizationtemperature and chemistry of ore

forming fluids.
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5. Analytical methods and sampling

A total of twentyfour & W R4psamples were collected frodifferent locations in theéda X Q H
deposit (se€igure 3-3) out of which neteen of them were examined microscopic#ity. the
SXUSRVHV RI WK lfourtedrépnestbtfitvVe Bampled Lchiosen outinéteerof them,
were selected for the further analy¢es 14 Table 5-1). The grain size was determined using

a standard calibration micrometre scale.

Table 5-1. List of chosernrepresentative samgandconducted analyses

Sample | Sample description | ICP-AAS | ICP-MS XRD Micropetrography

+

&1
&2
&4 Dolostone
&10
&17
&3

&11
&16
&19
&20
&5 +
&6

&7

&22

Ba-F vein type
mineralization

+ + + + + |+ + + + o+
+ + + + + |+ + + o+

Hydrothermal breccia

+
+ + + [+ + |+ + o+ o+

Detailed petrographic and geochemi@&lP-AAS and ICRMS) analyses were made, alongside
X-ray diffraction analys (XRD)and description of hand specimens, as sed&ialobe 5-1.

B3RODUL]HG OLJKW PLFURVFRS\ LV D IXQGDPHQWDO PHWKRG
andrelationship between certain mineral phases withirorder to classify the same rock but

also to get an insight in rodkrming conditions and its alterations proces3ésn sectionof

nineteen samples were examined microscopically, with special emploa®n representative
fourteenof them.All samples were cut in thin plates with diamond saw after which their size

was adjusted to the dimensions of cover gl@ssiadian balsam (refractive index n§37) was

used for making microscope slides. Firratkness of the samples is very thin, aboufi80Q so

polarized light can pass through the minerals in the thin section and their interference colours
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would be the same within the different thin sectidnigroscopic photographs were taken using

the LEICAMICROSYSTEMS 026522 101 DM/LSP polarization microscope in the Institute

of Mineralogy, Petrology and Mineral Resources at the Faculty of Mining, Geology and
Petroleum Engineering, University of Zagreb. The grain size was determined using a standard

calibration micrometre scale.

X-ray diffraction(XRD) is an instrumentaéchnique used to identify any crystalline substances,

most such as mineralX-raysare electromagnetic waves with wavelength ot or 1A.

When an Xray beam hits the sample and iffrdcted, we can measure the distances between
WKH SODQHV RI WKH DWRPV WKDW FRQVWLWXWH WKH VDPS

n 2dsina

Wherethe integem is the order of the diffracted beam,LV WKH ZDYHOHQJWK Rl WK
ray beam,d (d-spacings)is the distance between adjacent of atoms iandthe angle of

incidence of the Xay beam. The characteristic setds$pacings generated in typicatray

VFDQ FDQ SURYLGH D XQLTXH B3ILQJHUSULQW  RITHEKH PLQF
mineralogical composition ofour sample (n= 4; Table 5-1) was determined byXRD.
Micropetrographicalbind geochemicanalysis vereconducted prior t&XRD, based on which

samples werselectedor this analysisSamples werehomogenized in an agate giing set to

produce the powder fractioA.Malvern PanAnalytical vertical XUD\ JRQLRPHWHU W\SH
MPD) was used, equipped with Cu tube and graphite crystal monochromator with the following
experimental conditions: 45 kV, 40 mA, primary beam divergaentomatic, irradiated length

0.5 mm, continuous scan (stef®031303° 2Q/s). Obtait@ VSHFWUD ZHUH Pe@DO\VHG
HighScore plus 2.1 PANalytical B.V. software.

*HRFKHPLFDO ZKROH URFN PDMRU DQG WUDFH H,0dbleHQW DQ
5-1) were performed at the MSALabs Laboratory, Langley, Canada. Whole rock major elements
were analysed by inductively coupled plassatamic emission spectrometry (IGRES), while

trace elements including rare earth elements were determinedustivirely coupled plasma

mass spectrometry (IC®1S). Lithium metaborate/tetraborate fusion and dilute nitric digestion

was usedor decomposition of samples.?0g). Loss on ignition (LOI) was determined by

weight difference after ignition at 00°C. In adlition, a separate.B g split was digested in

Aqua Regia and analysed by KBFS to determine the contents of precious and base metals.
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Fluor and sulphide trioxide (SP(F* andSOs*; Table 6-1) contents of were stehiometrically
calculated based on the tents of other major oxides. Fluor content was determined based on
the calcium and magnesium contents. Both CaO and MgO were expressed as moles by dividing
their geochemical contents with their molecular mass and then subtracted. Excess of CaO moles
was a@in converted to mass. % and expressed as Ca. Fluor content wasedhloyldividing

excess Ca with.@55, which represents Ca to F ratio in fluorftofrenec, 200R Contents of

SOs were based on estimation oveneq2002) tha bariteminerals consist of 630 mass%

BaO and 380 mass.% SQ. From there the BaO/SQconversion factor equals.9il5.

Therefore, S@contents were derived by dividing BaO contents with conversion factor.

Microelements and REEs were analysed using the GCIkiTao R language fDQR XaHN HW
al., 2006. Their contents weraormalized to chondriteAfhders and Grevesse, 198Pand to

Upper Continental CrusfTaylor and McLennan, 1995 and further plotted on the suitable
diagrams.For more precise and distinguishiggochemical correlation of data, hierarchical
clustering method was implemented using joint tree diagrBais was presented in the form

of joint tree diagrams where the correlation of 29 variables is pldttiedarchical plotting of

data was conduetl using Statistica 12StatSoft Inc.,, 2012. As the main distance measure
between the geochemical variables, the Euclidean distance was chosen for this study. Sample
groups are connected with a linkage rule. The linkage process and gratgiegeated uriti

all variables are connected wherefore the variables sharéagessimilarity are grouped first.
6. Results
6.1. Petrographic analysis

Twenty IRXU VDPSOHV FROOHFWHG IURP W HKnkbd tAréediouBsH SRV LW
dependingon how mineralization occsri) the host roclkdolostone; ii) hydrothermal breccia
and iii) BaF vein type mineralizatiorContact zone between dolostone anel mineralization

is characterizeavith primary accessory minerals peat
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6.1.1.The host rockdolostone

Dolostone macroscopically has massive, homogeneous structure. It is mosthgregrkn

colour Fig. 6-1A) but in the minority of the sampleslour can vary to light grefFig. 6-1B).
Dolostone primary possess massive structhiayghit occursLQ WKUHH -VD&B,S30QHV a
D Q G22a as part of breccia alongside barite and fluorltemay also contain fluorite
impregnationDespite being fsh in most of the sampleékgdolostone is also partly weatheyred

with limonitization occurring. This alteration completely affee®t D P S © HIYQdB4,dresent

in form of orange to brownish layers. Veinlets present within dolostone are more common in
the proximity of the ore mineralization, occupying up to 15 vol. % of dolostonekiidss of

veinlets ranges from.Q0 to 575 mm.

Micropetrographical studyf the host rockrevealsthe presence of relatively weathered,
anhedral to subhedral n@ral graiis of dolomite Fig. 6-2A, 6-2B). Dolomite mineral grains
make up most of dolostone with negligible amount of muscdviamite mineral grainshow
distinctrelief changs and have poor to no visible cleavagstinction is parallel to cleavage
(if presen). Dimensions of dolomite grains range frond@8 to 120 mm.Due to being partly
weathered and crushed with cavities filled with fluorite, quartz or secondary carbdanagss
lower porosity valuesThe montact between dolomitnd theveinlets filled with fluorite, barite
and quartz, is long and regular.

Muscovite mineral grains havanhedral to subhedral grain foras they exhibit distinctive
changen relief andcleavage ipresentThe etinction is parallel tahe cleavageDimensions
of themuscovite mineral grains vary fron004 to 018 mm.Interference colourgo upto order

Il blue to pink.
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Figure 7-1. +DQG VSHFLPH&V RI & &4 DQ-G sample.A) Dolostone, dark

grey in colour is intersected with quarzD U L W H Y 2ls@pleR)YDNolas@né, light grey

LQ FRORXU LQWHUVHFW H G2Z sawpfeG) H6 Samplerepresenting s o¥ vV L Q &
three hydrothermal breccia samptsisting out of fluorite in highest amount and followed

by barite and doloston®) &5 sample, dolostorearitefluorite-quartz hydrothermal breccia;

E) &RPSOHWHO\ DOW H-O EaBple Rit RasfililR@dHvein@tsantersectingr)
Baritefluorite TXDUW] WKLQ YHLQ FXWWLQJL3ahtpe.FRORXUHG GROR
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6.1.2. Contact zone mineralogy

Contact zone between dolostone and ore mineralizeticdmaracterized with primary accessory
minerals that occur on contact, within or néarders of the veinlets and dolostofidese
primary accessory mineratégetremolite, magnesiochloritoid, topaz (pyknite), epidote, pyrite

and rutile.

Tremolite commonly occurs as fibrous aggregates on contact between quartz with fluorite and
secondary @rbonates but is also found included in quartz grétits 6-2C). Being colourless
to havinga pale green elementary colour, tremolite often exhibits pleochroism from pale green
to green and pale brown colour. High interference colofitsorder blue taed are observed

underanalyser(+ N). Tremolite occupies up to 1 vol. % of thin sections.

Magnesiochloritoid (Mg-chloritoid) is always found as radialghaped aggregates on contact
betweenguartz and fluorite with dolomite or is incorporated withirardg grains(Fig. 6-2C).

It shows pleochroism in light green colour and has white interference colour of | order with
grains exhibiting high relief. Mghloritoid occupies up to 2 vol. % of thin sections.

Pyknite is a variety of fine grainetbpaz, but al® occurs in dense aggregates of prismatic to
acanthine crystals. In this case pyknite is presenhapes of acicular mineral graink has
brown elementary colour with pleochroism going from light to dark brown. Pyknite mineral
grains have medium to highklief and are often fouhincluded in quartz mineral graiBig. 6-

2F). Dimensionsof pyknite mineral grains range from003 to 017 mm. It occupies up to 1

vol. % of thin sections.

Epidote is common on dolostoreeinlets border present as granular aggregates or individual
mineral grainavhich have acharacteristically high relief. It has pale green elementary colour
and high interference colour yellow to red of Il or(féig. 6-2D). Dimensions of epidote mineral
grains vay from 002 to Q16 mm. Epidote occupies up to 1 vol. % of thin sections.

Pyrite, opaque in thin sectiofas subhedral to euhedraybic and pyritohedralgrain form
(Fig. 6-2F) and is dten found on dolostoreeinlets contact. Dimension of pyrite minéigrains
range from 02 to 025 mm. Pyrite, besa&b present on dolostoweinlets contact, is found on

16



the edges of other mineral grains or as small accumulations within theften alters to
limonite. Pyrite occupiesip to 1 vol. % of thin sections.

Rutile, alongside pyrite, represents the heavy mineral assemblage of the deposit. Rutile mineral
grains are characterized with dark brown to green elementary colour and high relief. Dimensions
of rutile mineral grains vary from.@2 to Q18 mm. It is presnt in negligible amount occupying

less than 1 vol. % of thin sections.
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Figure 8-22.A) OLFURVFRSLF SKR3&AREUDN KQURHaarite veinlet hosted by
dolostone consisted out of relatively weathered dolomite grajngicroscopic photograph of

&22 sample (+ N). Fluorite veinlet hosted by dolostone consisted out of relatigatheved
dolomite grainsC) OLFURVFRSLF SKRs&aREUDN KR&RIiaKhaped aggregate

of Mg-chloritoid incorporated in quartz, alongside fibrous aggregates of tremolite also included
in quartz and on quarfiuorite contact;D) Microscopic phdN R J U D SKsaRpled(+ N).
Epidote, exhibiting high interference colours, on fluehtgitedolomite contact; E)
OLFURVFRSLF Sk&anplé(HINg Kashapad aggregates of barite surrounded with
fine-grained barite and quart#) Microscopic pK R W R J U B13 Kamiple.8Acicular mineral
grains of pyknite (topaz) incorporated in quartz mineral grain. Euhedral pyrite present with
limonitized dolomite. Abbreviations: Brt = barite, Cb = carbonate mineral, Dol = dolomite, Ep
= epidote, FI = fluoriteLm = limonite, Mcld = magnesiochloritoid, Py = pyrite, Tpz = topaz
(pyknite), Tr = tremolite, Qtz = quartz.

6.1.3 Hydrothermal breccia

+\GURWKHUPDO EUHFFLD-LVaUHKS D2 @ampld thdt Lappar an
proximity of the deposit. Thigype of breccia, consisg of fluorite, barite and dolostone, makes
approximately 20% of a deposi DP S OHV4éaaD Q @2 &onsist predominantly out of
fluorite and baritebesidesmaller amourstof dolostone. In these three breccia samples fluorite
and barite together, make 60 vol. % of them. On the dthed sample &5 consiss mostly out

of dolostone whereas fluorite, barite and quartz occupy minority of the sample. In this sample
alone, fluorite and barite make approximately 20 vol. % dflécroscopicallybariteis white

in colour,has pearljustreandis often present inrshape of thin tabular crystaBluorite goes

from colourless to intensively purple in colour and has vitréasise Dolostoneis dark grey

in colour and relatively weathered to fresh.

The micropetrographical study illustrates the presehbarite, fuorite, dolomite and quartz in

thin sections of all four samples of hydrothermal breccia. Barite and fluorite as main ore
minerals.Barite is fine to coarsgrained, but also present as elongatet occurring as fan
VKDSHG DJJUHJ® W82 §&npde, barite occurs mostly as-&maped aggregates

and is present in minority as figgained with anhedral to subhedral grain form Q5 gample
barite is dominantly present as fine to coagsmned with mineral grains exhibitinglaedral to
subhelral grain form It can be also found included in quartz or fluorite grains. Dimensions of

barite mineral grains range from0Q to 450 mm They have perfect to poor visibtéeavage
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with extinction parallel or symmetrical to cleavage. Interference colany from white to grey
of | order.Barite mineral grains are fresbftenwith sharp contact to other grajtit can show

signs ofalterations on the edgeBariteoccupies8L5 vol. % offour thin sections.

Fluorite is dominantly coarsgrained, isotropic and has anhedral grain f@fng. 6-2C) in all
four samplesDimensions ofluorite mineral grains range from@® to 550 mm. It has perfect
to poor visible cleavagd.he fuorite grains are sometimes intersectethwin veinlets ifled
with secondary carbonateBhe contact ofltiorite with other mineral grains is mostly sharp to

irregular. Fluoriteoccupiedrom 2 to 70 vol. % ofour thin sections.

Dolomite is present as fingrained with anhedral grain form. @mite mineral grainshow
distinct change of relief and have poor to no visible cleavage. Extinction is parallel to cleavage
(if presen}. Dimensions of dolomite grains vary from0@ to 036 mm.Dolomite occupies

approximately 10 vol. % of four thin semts.

Quartz grains are fresh anldave anhe@l grain fom with undulose extinctioFig. 6-2C).
Dimensions of quartz mineral grains range fld@2 to 650 mm Interference colour is white
of | order. They can include smaller grains of barite with mostly sharp but also irregular contact

with other mineral phases. Quartz occugiresn 1 to 10 vol. % of four thin sections.

6.1.4 Ba-F vein type mineralization

Ba) YHLQ W\SH PLQHUDOL]DWLRQ LV GRPLQDQWraseriH RI PLQ
PRVW RI WKH VDPSOHYV aH PRIP2R@dnPlé. ¥einlets containing barite and

fluorite as main ore minerals are hosted in dolostdhese two minel phases are dominant
components followedvith smaller amount of quartZ hin limonite layer is chacteristic on
dolostoneveinlets contact. Thickness of these veinlets varies fra@0 o 575 mm. In few

observed hand specimens it could be seen thekethveinlets show linear to sublinear
alignment while in most of the other samples they do not show preferred orientation. Barite and
fluorite show similar physical properties in this sample types as in those of hydrothermal

breccia.
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The micropetrograpbal study illustrates the preseneeinlets in various shape, size and
mineral association controlled by hydrothermal fluids. They can be subdivided into three types

based on different mineral associations and thickness:

Type 1. Secondary carbondimonite veinlets: this type of veinlets is the thinnest of the
three veitet types. Their dimension is@¥ mm or less and they are intersected by type

2 and type Jeinlets

Type 2. Secondary carbonajaartz/fluoritelimonite veinlets: this type of veinlets
appear similar to type 1 veinletontainingnegligible amounts of quartz or fluorite.
Thickness of veinlets ranges from08 to 0.35 mm, and are intersected by type 3

veinlets

Type 3. Baritefluorite-quartzpyrite veinlets: this type of veinlets @ecurring in mos
of the thin sections (e.g&g 4 44, etc.) They vary in thickness from3¥b6 to 575
mm. Contact between veinlets and dolomite is marked by presence of sulpyrities

that commonly alters to limonite.

Barite occursfine to coarsegrainedor is present asan-shaped aggregaté€sig. 6-2E). Barite
mineral grains have anhedral to subhedral grain feitm its dimensions varying from.@1 to

6.64 mm.Theyshowperfect to poor visible cleavage with extinction parallel or symmetrical to
cleavagelnterference colours vary from white to grey of | ord&wme barite grains can contain
fluorite, quartz and muscovite inclusions. Their contact to other mineral phases like fluorite and
quartz is sharp, irregular. Signs of barite mineral grawesthering are observed. Barite
occupies from 1 to 40 vol. %f thin sectionn this samples type.

Fluorite is fine to coars@rainedisotropic and has anhedral grain foldimensions of fluorite

mineral grains range from@B to 496 mm. It hasperfect to poor visible cleavage. Thin veinlets

filled with secondary carbonates commonly intersect fluorite grains. On their edges weathering
consequences are seen with irregular contact to other mineral grains present. Fluorite occupies

from 3 to75 vol % of thin sectionn this samples type.
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Quartz grains are freskvith anhedal to subhedragrain formand haveundulose extinction.
Dimensions of quaztmineral grains range from@l to 2.50 mm. Interference colour is white
of |1 order.They are also faud included within barite mineral grains with common irregular

contact between them. Quartz occupies from 1wol 5% of thin section irthis samples type.

6.2. Deposition succession

7KH PLQHUDORJ\ RI WKH aXQH GHSRVLW oteVnikekald bavig. Y HO\ V
fluorite and bariteOther membersdhe aXQH PLQHUD O DamoMHePNEgidaditeid) U H

topaz (pyknite)epidote rutile and limonite. These remaining minerals have not been recognized

in hand specine but only in the thirsectionsVein type mineralization is the dominant type

of mineralization in the deposit with special emphasis put on determination of veinlet
generations and mineral phasksrein Based on microscopic analysis it was determihed

veinlets type 1 aréhe oldest of three due to being intersected by type 2 and type 3 veinlets.

Type 1 veinlets predominantly consist of secondary carbonates with limonite occurring on their
edges.Type 1 and type 2 veinletonsistof similar mineral phases but those of setdype

belong to younger generation containing negligible amount of quartz or fluorite. Furthermore,

type 3 veinlets are the youngest of three typestifiedas they crosscut first two veinlet types.

The veinlets of the youngest generation are composgaf barite and fluorite igreatest

amount followed by quartz and pyrite in smaller quantiti€bus barite and fluorite in type 3

veinlets are deposited first, with quartz following. Pyrite, in concerned veinlet type, is occurring

on dolomiteveinlet border.Alongside pyrite, chalcopyrite was detected by XRD, though not
recognized in thin sectiof.he relationship between sulphide minerélisorite and/or barite

and gquartzindicate nea-simultaneous crystallizatiorA simplified paragenetic sequencd
PLQHUDO SKDVHV LQ WKH arKguie 68HSRVLW LV SUHVHQWHG LC
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Figure 9-3. 6LPSOLILHG SDUDJHQHWLF VHTXHQFH RI PLQHUDOV L
6.3. X-ray diffraction on selected ore sample

;5" DQDO\VLV ZDV FR @ G XF WHE0® samplselecteased omrevious
micropetrographial and geochemical analyseDominant mineral phasek Q-5asample
recognized on XRBmage are dolomite, calcite and fluorite. Occasionally, quartz and chloritoid
mineral phases a@bservedig. 6-4). The quantities of mscovit, barite, tremolite, pyknite,
pyrite and limonite mineral phasesH U H Q T W g keyldtdf brHa(pwder patteré7 (Fig.

6-5) d6(Fig.6-6) D Q @0&Fig. 6-7) samplesare consisted out of baritdidrite and quartz

and occasional dolomite.Q -2D samplesmall peaks ofhalcopyriteweredetected
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Figure 104. 5SHVXOW R1 ;5" D cbDs@ampid. YDdIR-UWlolamite, Cal = calcite, Fl =
fluorite, Qtz = quartz, Cld shloritoid).

Figure 11:5. 5 HVXOW R ;5' D-Q &a@pNBN =Idarie, Dol = dolomite, FI = fluorite,
Qtz = quartzMic = micas).

Figure 126. 5 HV XOW R ;5" D-Q@sanmpld. \Brt Bauitej FI = fluorite, Qtz = quartz).

23



Figure 137. 5HVXOW RI ;5' D QD €ampleBrtl R bharite, Dol = dolomiteQtz =
quartz, Ccp = chalcopyrite).

6.4. The host rock and ore geochemistry
6.4.1. Macroelements

Geochemical analysis of the major element oxides, expressedss percentage, is shown in
Table6-1 7KH R[LGH FRPSRVLWLRQ RI DQDO\WWHG GRORVWRQH
calcium oxide (CaO) and magnesium oxide (MgO). CaO varies frog#306 32.38 mass. %
while the content of MgO ranges from.@8 to 1735 mass. %wvith highloss of ignition (LOI)
(43.61#558 mass. %). Except for SiQL.33 B.65mass. %) and F (&5 8.65 mass. %) present

in significant contents, other major element oxides egegnt in the dolostone samples in trace
amounts.The samples of B& vein type mineralization are composed predominantly of CaO
(6.3066.03 mass. %)and barium oxide, BaO & $£0.23 mass. %) with appreciable
concentrations of SO(2.0526.22 mass. %)and fluor (2012288 mass. %). Positive
correlation between BaO and §@s well as for CaO and fluor, is present. From other major
element oxidesnly SiGyis present in significant values ranging betwed&? 2nd 5/7 mass.

% with LOI varying from (30 to 3.12 mass. %.
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Table 6-2. Oxide composition of analysed samplad values given in mass. %.
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6.4.2. Microelenents

Samples shownicroelement concentrations mostly lower than the average composition of the

upper crustKig. 6-8). Elemental composition of analysed samples expressed in ppm is shown

in Table 6-2. The exceptioms %D WKDW LV HOHYDWHG LQ DOCOWRQDO\VHC

KLIKHVW FRQFRHGANPIOMBBARMPMLOUELQ &4 SSP-16 303010 ppm)

DQ&042771 SSP DQG < WKDW LV VO A1KMgest eodddntrBtidntec LQ &
SSP DIYGardple. There is strong positive correlatietwieen elevated concentrations

of Ba and Sr with barite quantitiestime sampledncreased concentration of Y could be linked

with occurrence of fluorite in the samples.

Figure 14-8. Upper ContinenteCrust normalizedfaylor and McLennan, 1999 trace element
distributionin analysed samples

The REE spectra, normalized to theerage values for ohdrites @nders and Grevesse
1989, are shown ifrigure 6-9. Rare earth element concentrations are showialote 6-3. The
"5(( YDULHVW731d RG®01 ppm in analysed sampléhe enrichment of light REEs in
regard to heavy REEs is visible in most of the samples. ReR&EE/ HREE is highly uneven
with LREE going up to 5983 ppm while HREE up to 242 ppm. As obseerd inFig. 6-9,
higher concentratiaof LREEsaredetected, with strong positive europium (Eu) and samarium

(Sm) anomalies.
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Table 6-3. Elemental composition of analysed samples. All values given in ppm.

00T> 00T> 00T> 00T> 00T> 00T> 00T> 00T> 00T> 00T> 00T> 00T> 39S
900 200 c00> ¢00> c00> c00> €00 ¢00> €00 S00 [#4¢} 620 IL
800 900 €00 200 c00 c00 200 c00 €00 S00 900 170 by
200 800 100> 100> 100 100 T00 100> ¢00 200 T00 T00 'd
029 08T 00¢C 050> 080 080 060 0] 4 08¢ 09T ove ov'L as
S00 200 c00> ¢00> €00 c00 200 c00> 00 ¢00> €00 c00> PD
0LST 0Ssv oce 0L¢ 0S¢ ove 088 ov'o 00'S 09’6 0C9ST 0L7T6 SY
8599 oTee 00ve 0LV 0c'LS 09'se 08¢€E 08v¢€ 06201 0€T8 0268 0699 IN
00, 00¢ 00¢> 00¢> 00¢> 00¢> 00€ 00'S 00’2 00'S 009 009 uz
089 02's ov'8 0.9 0L¢ or'y 0S€ 06'€ 0L¢ 0€¢ 00¢ 0€¢ ad
0.8 092 ov'9 0S'T 09¢ oTv or'e ov'e 0Lv 00€T 008 08<¢T no
8T0 900 S00 600 800 S00> 600 600 600 100 €T0 oTo O
089T 0S€ 0S's 09'LE 06'S 09Ty 08v¢ 09¢ 0L¢ 06'€ 06°¢ oT'. A
00¢> 00¢> 00¢> 00¢T 00¢> 00¢€L 00¢€L 00¢> 00¢> 00¢> 00T 009 1z
00¢ 00T 00¢ 00¢ 00¢C 00¢C oov 00T 00¢ 00¢ 00T> 00T M
00TT 000T> 000T> 00¢€e 000T> 0099 00¢cct 000¢ 000T> 0096 000T> 000T> N
v€0 LT0 L00 100 S0'0> LTO [440¢) 0€0 190 ¥6'0 €90 6€0 n
600 S0'0> S0'0> 0€0 S0°'0> 9’0 890 €€0 v10 910 140} 190 yL
or'o oTo 010> oTo> 010> 0oTo 0€0 090 050 ov'o 050 080 JS
060 020 050 06T 080 0ce 00€ 0¢0 010> 0oT’0> 010> 0T’0> el
91TV 0000T< 058126 7666 0000T< 095€9 062981 0966 ovoct 0.T9 0cTTT 0879 IS
050 050 0co> 0co> 0co> 0co> 0c¢o> 0¢0 0co> 0co> 0co> 0€0 us
06T ove 08T 0S¢ 0cT (015%4 0L¢ 0L7T 06T 09¢ 09¢ 0T9 a4
0co 0co 0T’0> oT'0> 010> 0oTo 0oTo ov'o 020 020 0€0 090 aN
0.0 060 080 060 00T 0€¢ 092 020 0c0> 0co> 08T 0cT iH
0.0 0.0 0€0 or'o 020 050 0.0 080 oTT oTT 0cT 08T L=19)
oT0 800 S00 L00 ¥00 0oTo 600 L00 L00 vT0 0oTo ce0 SO
0L€ ore 00T 0c0 0S50 0ST 060 0S50 060 090 ov'o (0140] 0D
Ge0 S00> 900 6.0 €T0 0oTo v10 €e€0 120 LT0 v10 820 od
€56 688T 0v0c 108 6ELT T6€8 9¢vT L0TE 8ecy 781 9¢T19 0TTZ ed
dwod-e L® oce 6T® 9T® 1T® ce LT® oT® e ce 1€ s|dwes
BI02310'H uonezijelauiw adA uidA 4-eg auoisojog adA ‘s

27



& & D Q@0 gamples show the most deviating positive Eu and Sm anomalies with Eu
concentrations ranging betweenZ®and 432 ppm and Sm beeen 11012 and 1188 ppm.

The Eu/Eu* ration for these three samples i2242028 and 289, respectivelyThe Eu
DQRPDO\ ZDV FDOFXODWHG DV (X Oxer sfohific#mn dhPrialies Gl @
observed inFigure 6-9 are negative cerium (Ce) antteybium (Yb) anomalies. REEs and
PLFURHOHPHQWY VKRZ VLPLODU EHKDYLRXU SDWNHdUQV LQ
&4 samples as they exhibit no distinctive anomalies or trends, but equal and slightly increased

concentrations of all REEs.

Figure 15-9. Chondrite normalized¥nders and Grevesse, 1980REE distribution in analysed
VDPSOHV RI WKH aXQH GHSRVLW

Hierarchical cluster analysis (HCA) was conducted in order to establish the correlation between
geochemical contents of major element oxides and microelements. The visual observation of
constructed dendrogram is main principle based on which samplesraidesawere classified

in HCA. This analysis resulted in one dendrogram of analysed samples where three
geochemically different cluster can be recogni@ed. 7-1). First cluster isAl.Os and FeOs
together with MgO and certain REEs (La, Ce and Pr). BaDSiQ make second cluster with
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Sr, Sm and Eu while third cluster is CaO and@ane, grouped with F, Y and other RERs.
detailed examination reveals linkage of second and third cluster at an elevated distance where

they are further connected with first cluster.

Table 6-4. Rare earth elemebmpositionof analysed sampleall values given in ppm.
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7. Discussion
7.1. Oredeposition conditions

Contact zone mineralogy

Particular importance in this chapter is put on tremolite, magnesiochloritoid, pyknite (topaz) and
epidote among other primary accessory minerals in the mineral assemblage, as they indicate

specific forming conditions of the deposit.

Tremolite [CaeMgsSisO22(OH)] LV SUHVHQW LQ WKH PLQRULWposkl WKH V
a 4 4 DQ-@9)aoccurring predominantly on the fluoritpiartzsecondary carbonate

contact. The quartz presence in assemblage indicates that treforolileg reactiondid na

went to completionSeveral studiesS{aughter et al., 1975Eggert and Kerrick, 1981; Cook

and Bowman, 2000 suggesthat, accordinglyo & X @niheral paragessis, tremolite wamost

likely formed by the reaction:

5CaMg(CQ)z + 8SiQ + H0 = CaMgsSisOzo(OH)2 + 3CaCQ + 7CQ, (7-1)

(dolomite) (quartz) (tremolite) (calcite)

with pressure of 2 kbars, temperaturd@°C +/- 15°C and Xo>= 0.85, as theorrespading

equilibrium conditionsSlaughter et al. (1975 provided these data as starting psiiorr the
thermodynamic calculation of phase equilibria in @4@O-SiO,-H>0O-CO, system.Reaction

involving talc, mentioned in previous studi€dlgughter et al.,1975 Cook and Bowman,

2000 FDQ EH H[FOXGHG VR IDU VLQFH QR WDOF ZOM IRXQG |
rare assemblage d@molite + Dolomite reflects either local mineralogical (and hence
compositional) zoning on a larger scale than of a thetien, or local metasomatisrcgok

and Bowman, 2000. In a zone with tremolitdearing dolomites, the low temperature limit for

tremolite matches with the upper limit for talc at approximately’@58ccording tdBucher

and Frey (2002.

Chloritoid group ha the general formula (FeMg,Mn?")(Al,Fe*,Cré* Ga)AkO[(Si,
Ge)Q]2(OH)s with monoclinic and triclinic polytypesGhopin et al, 1992and reference
therein).Magnesiochloritoid [MgAI2(SiOs)O(OH)] is an Mgendmember ofchloritoid that
characteristically occurs in high pressure terrad€Q G LV RIWHQ FDOOHG 3VWUH
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according tdeer et al.(1997 it is also found in quartizarbonate veins and other hydrothermal
HQYLURQPHQW ,Q WKH 4XQH GHSR&/ LW LD\Q-BYagarporated W LQ W
within quartz. Mgchloritoid forming reactioms suggested b&hent et al.(1989:

(Mg,Fe)sAl(SizAl)O10(OH)s + 4CaCQ + 4CG, = 4CaMg(CQ)2 + 2SiGy +
(chlorite) (calcite) (dolomite)  (quartz)
MgAl2(SiOs)O(OH). (7-2)
(Mg-chloritoid)

Reaction was proceedeudth chlorite componentlinochlore that involves in reaction with
calciteand resultsn formation of Mgchloritoid, dolomite and quartz. The presence of chlorite
lacks in the mineral assemblage, similar a&hent et al. (1989, with strongpossibility of
occurring in minor quantities but, due to smaller number of thin seaioserved it was not
detected. Forming conditions for reacti@r2) were, constant total pressure of 5 kbars for part

of the K2O-NaO-FeO-MgO-CaO-Al03-SiO-H20-CO;, system and ¥o2 exceeding8 .01 at
35C°C. In a saes of mineral forming reactiohjvi et al. (2002 stated that mineral assemblage
Calcite + Dolomite + Chloritoid is present at pressure of 2 kbars with temperature range from
320°C to 400°C.

Pyknite [Al2(SiOs)(F,OHy] RFFXUV LQ WKUHH VDS GHY WKH aXQH GHS
commonly included in quartz mineral graifs low Ca*/H* activity ratios topaz is stable phase

whereas fluorite is deposited at high?@id* ion activity ratios (as referendén Srivastavaand

Sukhchain, 2005. Wright and Kwak (1989 stated that under conditions of very high F

activity topaz can be formed as a result ofittetability of muscovite in the presence of HF.

The following reaction may be responsible for the pigkifdorming, according toVright and

Kwak (1989:

K2Al 2(SisAl 2020)(OH)s + 3HF + 2H = 3Alx(SiOs)(OH,F) + 3SiQy + 2K* + 4H0.  (7-3)

(muscovite) (topaz) (quartz)

Thomas (1994 studied different types of topaz in Erzgebirge area, Germany, where he reported
IRUPLQJ WHPSHUDWXUHYV RI K\GURWKHUPDO WRSD] DW ” “
PRODU UDMLRQ "
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Epidote [Ca(Al2,Fe3)(Sir0O7)(Si0s)O(OH)] is mostly present in granular aggregates,
RFFXUULQJ LQ IRXW VADPBQBVALAQ WKH 4XQH GH@sve W
hydrothermal environmentspidote is common mineral in skarns, in propylitic altered volcanic
rocks and in latstage vais related to silicic intrusion8i{rd and Spieler, 2004and reference
therein). Same authors described formation of epidote by precipitatiocavities and by
replacements of silicates, carbonates and@es.Arnason et al. (1993 presented epidote

forming reaction:

6CaFeAlSiz012(OH) + 4CQ = 4CaAl 3Siz012(OH) + 3Fe0s +4CaCQ +6SiC; +H20, (7-4)
(epidotess) (epidotess) (hemaite) (calcite) (quartz)

under low temperature (26@00°C) and low pressure (< 5 kbars) conditionisnonite is
recognized is analysed samples but it is possiblé#magtite occurs is small amounts matching
the FeOs contentin Table 6-1. The reaction 7-4) with concerned assemblaga, vein

assemblage in Salton Sea geothermal systsnexothermicwith AlI®* content of epidote

decreasing with increasing temperature. Epidote + Hematite + Calcite + Quartz assésnblage

common inSalton Sea geothermal systasireportedby Caruso et al.(1988. Quantitative
evaluation of physical and chemical variables based on emdotmmposition may be
unreliabledue to sensitivity of epidote solid solutions to ktighanges in fluid chemistry as

stated inArnason et al. (1993. Thus, it must be taken into consideration that under

, Q

hydrothermal conditions, epidote is stable over a range of temperature and pressure (as

referenced iBird and Spieler, 2004.

Previousp/T estimation

C

As a part of the Ljubija ore field, forming condi®@V RI WKH 4XQH GHSRVLW ZH

VXEMHFWYV §DRDL\VQW HED1G e Beories have been proposed alhquibija ore
deposits formationvith 3 D O L Q N D(20119) \Waridyidg complex vievs on the origin of the

mineralization. Same authorsaged that thermal events in the Alpine Wilson cycle stage of the

Permian early intr@ontinental rifting were in response to the high heat flow caused by thermal

doming and thinning of the continental crust. Thus generating numerous hydrothermal cells in

the thick piles of the postariscan overstep successions. Téiigge of the cycle produced

hydrothermal deosits, including Ljubija ones dsci typici of the sideritebarite-polysulfide
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deposits within Inner Dinarides, Gemerides and Eastern Alps. OW¢WiRVH GHSRYLWV ZD
where boiling of the ore forming fluids was recogniseti U H 8258 reported elements of
hydraulic fracturing that structure and texture of the vein bear as important prerequisite for
boiling of the hydrothermal fluid. Microthermometric measurements, Laser Raman
spectroscopy and bulk crugkak analysis by ionic chromat@ghy were performed by
SDOLOQNDEOHWRQOIOXRULWH DQG EDULWH VD R$GHMoOIURP W
investigate and confirm forming conditions mentioned ab@&tady of fluid inclusions in

fluorite from fluorite EDULWH YHLQ R révéatédaediffe@nt &pey af Wclusions.

The method was performed on liquid rich and vapour rich inclusions with or without daughter
minerals Investigation resulted with homogenization temperatures in range frontdl285C

for liquid rich inclusionof high salinityand vapour rich inclusions with very low salinity.
Finding of numerous inclusions in one single crystal proved a requirement for multistage
episodes of boiling under changeable pressure. Laser Raman spectroscopy was also performed
on fluid inclusions from fluorite characterized as aqueous, lgualdcontaining halite daughter
minerals with high salinity. As a resudtqueous liquid and aqueous gas and/or traces phACO

room temperaturevere detected with no other volatiles pres@lk-crushleach analysis
revealed maximum values of $Oup to 3 wt. % (or 3000 ppm)that were detected within

single fluorite sample, explained as a consequence of contamination due to presence of barite
solid inclusionsResearch by3 D O L Q N D(@01)Wwesited in concluding that ore forming
NaCFCaCb-H20 fluids were highly variable in salinity with boiling phenomena contributed to

the variabiliyy. The homogenization temperaturé@s)(were estimated between 100° and 310°C.

The homogenization temperature of fluid inclusions is known to be the minimum temperature

of the mineral formationSafina et al., 202land reference thereirhlydrothermalfluids were
recognized as a mixture of high temperathigh salinity Permian evaporitsea waterdiluted

by low-temperaturdow-salinity sea or meteoric watefithe boiling temperature was controlled

by hydrostatic pressure, same as variable depths of formation arou20d@9below the land

surface.

7.2. Hierarchical cluster analysis ®the geochemical data

Distribution patterns of macorDQG PLFURHOHPHQWY DV ZHOO DV 5((V ZH

samplesg 4 4 4 4 4 4a 4 4 4 DQ-04avithaimtodetermine
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geochemical and genetic connection among tH2etermination of the relationship between
macrae, micro- and REEs was based on two main approaches: plotting of the- mndoare
earth elements, and hierarchical clustering analyeis HCA ig. 7-1) was performed in order

to observe how major oxidemre correlated with selected microelements and REEs in the

analysed samples.

Figure 161. + LHUDUFKLFDO FOXVWHU DQDO\VLV RI WKH aXQH VD

Dolostone

As far as dolostone geochemistsyconcerned, Mn and Ni exhiltite most deviating behaviour
patternscomparedo the other elements. When compared Mn as MnO, alongside Ni, and Mg
as MgO,a positive correlation appears between those two elements (Mn and Ni) with MgO.
Though, stronger correlation is pees between M@ and MgO (926% Table 7-1) than
between Ni and MgO (582%), there is a clear indication that substitution of ions in dolomite

crystal structurdnasoccurred. Mn substitutions are the most favourable at Mg site in crystal
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lattice of dolomite with pref@nce for this kind of substitution (Mvg) as stated iusten et

al. (2005. The authors also presented Cd substitutions, alongside Mn ones, in dolomite but Cd
was not detected so it is not important for this stidythermore, due to their similar ioradii

Austen et al.(2005 demonstrated there is a stabilization for substitution of iblgd radius of

0.72 A) sites for Ni (ionic radius of 69 A). Though, an MgVin substitution is more likely to

have occurred as confirméy their stronger correlatioihmust be taken into consideration that

Ni occupied some Mg sites in dolomite structure as impurhg. constructed dendrografFidg.

7-1) shows MgO and MnO clustering together and further connecting with other majos oxide
and REEs. To confirm mentioned above, a positive correlation is present between the content

of dolomite with Mn and Ni concentrations in the sampégticularly LQ & &4 D Q-G0.4
Barite impact

Comparatie analysis of the trace elemertncentrations revealetthat there isan obvious
relatiorship betweenthe Sr concentrations arttie barite mineral phase in the sampl€bus,
the highestconcentrations of Sr occur in the samples containindattggestamountof barite

H J ad D Q-G0 aample). /so, astrong positive correlation amid strontium and barite
is presentimplying that Sr is enriched in barite. This enrichment can belaaxed by the
substitutionof B&Z* with Sr* in the barite crystal latticeas they have relatively similar ionic
radii (Ba= 142 A; Sr= 126 A), and expressed as SrSe@mponentBarite is usually rich in
strontium and poor in rubidiunZu et al., 2016. Strontianite (SrCg) as an individual phase
was not detected Q EDULWH ZKLFK ZDV FRQILUPHG E\ ;5'-DQDO\VL\
& D Q@0.8Similar case was noticdry J X U N ReY &l.0(2010 where Xray analysis of
barites demonstrated that strontianite did not exist as an individual phase within, though also
having high content of Sr present in concerned mineral phasél N R Y L (2000/¢taed that
sucharelatively high Sr content igpicalfor an ascending hydrothermal type of mineralization,
whereas a low content characterizes the volsatbmentary type of barite deposit addition,
-XUNRY L @Hd0\exbiliked the relationship between the Sy8@mponentsn barites of
Bosna to other worldwide known barite depasiThey found that, asBrixlegg deposit in
Austria and the Rudnany deposit in Slovakibe barites of Bosnia are characterized by

significantly higher SrS@ contents typical for hydrothermapigenetic depositsThis was
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explained as eonsequencef thepartial remobilization processdaring Hercyniarand Alpine
orogeny.

7KH 5(( VSHFWUD RI1 HSLWXKrosty BlondiidieHwiB dalRW Isidpes,
however, a disorder from that distribution pattern lsarseenn Sm and Eu anomalies that are
PLOGO\ SRVLWLYH IRU PRVW RI -WK&H DQR2S &xkpleDQRED)GHY LD W |
It was also observed that higher concentrations of Sm and Eu follow higher quantities of barite
in the samples which directs us to enrichment of these two light REEs in barite. This can be
confirmed by the negative correlation of Sm and Eu with CaOvig@ (Table 7-1) meaning

there is no SAkEu enrichment g@sent in dolostone nor fluorite. This trend is most probably
causedy ore-forming hydrothermal fluidsich in Sm and Epuwhich presumably embedded in
barite Severaktudies(Hajalilou et al, 2014 Volkov et al., 2021and reference there in) stated

that Eu, alongside Ce, anomaly is consideceble themarker of oxidatiorreduction potential

of the ore formation environment. Hence, the positive Eu anomaly can be caused due to
reductive conditions thathange€Eu** valent state to Efi(Hajalilou et al, 2014). The authors
(Hajalilou et al, 2014 also presentethat if the oreforming fluid is the final stage of the
magmatic differentiation, the late fluid is enriched in Eu, K, Ba and Sr, whéte& Sf* are

similar to B&" that leads to their involvement in barite structV@reover,Bau & M dller

(1992 (as referenced iBafina et al., 2021 suggested that positive Eu anomaly could indicate
high temperature of mineral formation, >250°C, witHueing conditions and presence of the
Eu?* in mineralizing fluid.On the other handyviorgan et al. (1980 presented an opinion that

the positive Eu anomaly is related to the large radius 8f&tions The incorporation of REE

ions in the barite structarwill be more easily the bigger they are, as a consequdnaege

B&?* ionic radius (150 A stated byl organ et al., 1980 but 142 A by renewed data). The £u

ion is very similar in sizand chargeéo SF* (1.33 A in VIII co-ordinatior) and is less difficult

to accommodate in the barite structtinan the smaller trivalent REEs. Additionally, the?Eu
requires no charge compensation unliké'EBased on renewed dattze ionic radius of the

Ew’ is 125 and St is 126 in VIII co-ordination So according toMorgan et al. (1980,
mineralsthat havelarge major ions like B4 favour the replacement by the largest, hence
lightest, REE ions such & and Sm. In the constructed dendrogramabserved that Sm and

Eu make one small clusténat is connected to BaO and $SDarite) to confirm statements

above.BaO-SG:-Eu-Sm clusterinks to SrO atan elevated distance, implying the secondary
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connection to it. This could indicate that REEs {En) enrichment occurred firandfollowed
by the Sr one The depletion of rare earth elements, prevalence of the light lanthanides over
heavy lanthanides, and the positive europium anomaly, are typical of the epithermal ore

formation system\(olkov et al., 202).
Fluorite impact

6DPSOHV FRQWDLQLQJ KLJKHU-TX® QWQ @)abry alBd shawihg U L W H
higher yttrium (Y) concentration&lthough, barite often occurs in sample paragenesis along

with fluorite, there is a negative correlation between barite and Yeakdluorite and Y exhibit

positive correlatior{Table 7-1). Furthermorethe light REEs showa negative correlation and

heavy REEs show strong positive correlation with fluorite.

Fluorite is typically associated with several critical elements, amonghwREES, Y and Nb,

are included. Yttriunis considered to be a psedi@dmthanide due to its similar size and slaene
charge as the lanthanidéss referenced iMagyarosi and Conliffe, 2021). Theyemphasizé

thatY behaves anomalously inrieh systemard positive Y anomaly is a common feature of
hydrothermal fluorites& & D Q-G9 &ample show slightly positive Y anomabhid. 6-

8), in contrary to other samples in the deposit. This mild enrichment could be explained by
substitution of C& (ionic radius of 100 A) and ¥** (ionic radius of 102 A), andyttrium
forming complex with fluorineAs there is a differenda charges betwee@a and Y Mdller

et al. (1998 suggested that in order &chieve electrical neutrality, following types efctions
should be considered: (2C&* < 5( ¢+ Na'; (2)3Ca*< 5(¥ 4 (3)Ca*<5((*+

F. Reaction (3) woulde suitable for the previously mentioned substitution, where instead
REE*the Y3" would stand. Except for yttrium, a positive correlation is also observed between
HREEs and N#D with fluorite. This correlation points us to slightly enrichment of HREEs in
fluorites.Mdller et al. (1998 stated thapartial dissolution due to tectonicests and subsequent
recrystallization leads to preferred separation of LREE from fludkiteordingly, light REEs

are predominantly present in a separate phase that has different solubility than fluorite and
therefore, due to remobilization, teebsequetty precipitated fluorite is considerably depleted

in LREE. Also, fractionation of light REEs occurs during precipitation of fluorite HREE

forming more stable fluorcomplexes and staying in therieh fluid. At the end, Na (N£ in
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Table 7-1) positivecorrelation with HREEs and fluorite can be explained in a thay Nd
forms complexes with REE while substituting C& according to previously mentioned
reaction (1)Moaller et al. (1998 (as referenced iMagyarosi and Conliffe, 2021 noted that

the positive correlation of Na with the total REfEcontent observed in some phases suggests
that the C& atom in the structure of fluorite is replaced by REE, with Na" preserving
electrical neutral charge in these phases.

An interesting fact was bught up bySafina et al. (2021) when investigating the chemical
composition of fluorite. Yttrium, as important trace element in fluorite, is responsible for colour

and luminescence of it. The dependence of the colour of fluorite on the Y content was
estabished at fluorite deposits in Tajikistan where deeply coloured fluorites have high Y
concentrations whereas colourless transparent varieties have the lowest Y concentrations
(Safina et al., 2021and reference therginvith green fluorite richer in Y thanupple. In the
VDPSOHV IURP WKH aXQH GHSRVLW WKLV WKHRU\ FDQ EH
FRQFHQWUDW L D@9 dgample) have deep purple colour, while those with low
concentrations of Y are usually colourless. In fluorite frondég@osits in Tajikistan, the highest
concentration of Y was measured {400 ppm, average 163 ppnas(referenceth Safina et

al., 2021 ,Q IOXRULWH IURP WKH aXQH GHSR\WOW 4E®R Quri QW U D W
average 180 ppm. These conceiWLRQV Rl < PHDVXUHG LQ DQDO\VHG a>
to those at the North America, Great Britain and Spain deposits where the Y cofiiemite

ranges from 5 to 31 ppn%4fina et al., 2021and reference thergin
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Table 7-5. Correlation tabldetweercertain major oxides, trace elements and REEs

BaO CaO MgO MnO NaO SrO Fluor SOz Sm Eu Y
BaO 1.00
CaO -0.71  1.00
MgO -0.67 -0.03 100
MnO -0.67 -0.03 099 1.00
NaO | -0.34 090 -045 -045 1.00
SrO 099 -074 -064 -063 -038 1.00
Fluor | -030 088 -050 -050 099 -034 100
SO 1.00 -0.71 -068 -0.67 -034 099 -030 100
Sm 099 -073 -066 -066 -036 099 -032 099 1.00
Eu 099 -073 -066 -066 -036 099 -032 0.99 0.99 1.00
Y -021 083 -056 -055 098 -025 098 -021 -024 -024 100

8. Conclusion

,Q WKLV PDVWHUTV WKHVLYV VSHFLDO & MMoHtReWjubdjaoré DV S X W
deposits It is hosted by Upper Paleozoic dolostone withifault zone in contact with Lower
Triassic schists and sandston@slostone is considered to belong to the Blagaj formation, an
olistostromatic unit of Devonian, Lower Middle Carboniferous age. Dolostone is dark to light
grey in colour ands characterized by massive, homogenous strucilrkough dolostone is
mosty fresh, limonitization occurs proximal to mineralization. It is composed predominantly of
dolomite mineal grains with negligible amount of muscovite. When it comes to geochemical
composition, dolostone shows high CgD.24 82.38 mass. %), MgO (162 47.35 mass. %)

LOI (43.61#5.58 mass. %and lowSiO, (1.338.65mass. %), AlOs (0.27 .74 mass. %) and
BaO (0.029.83 mass. %gontents Sum of REESs in dolostone ranges from®to 1875 ppm
with low Sr (61702040 ppm) Sm (Q322.02 ppm) and Eu (089.64 ppm). On the
contrary, there is an enrichment in Mn.QB82600 ppm) and Ni (71021090 ppm)in

minority, with strong indication of Mn substituting Mg in dolomite crystal lattice.

Contact zone is characterized with presence of primary accessory minerals like tremolite,
magnesiochloritoid, pyknite and epidote implying higher forming temperatuatgo above

300°C with pressure up to 2 kbars. Data obtained through this study matches to previously
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reported high temperatureletermined by fluid inclusion studies-rdy analysis confirmed

presence of dolomite, calcite, fluorite with quartz and ctdmtiin minority.

Two types of mineralization are present in the deposH; Bain type as the dominant one, and
hydrothermal breccia. BB vein type mineralization is represented by three veinlet subtypes:
baritefluorite-quartzpyrite, carbonatequartZfluorite-limonite and carbonatémonite
veinlets. Hydrothermal breccia is composed mostly out of cegresaed barite and fluorite,
alongside dolostone fragments, pointing to hydraulic fracturing. Breccia occupies about 20 %
of the deposit. Quartz, carbates and pyrite are accessory minerals in both ore types. Ore
samples show low content of 28): (0.090.38 mass. %) anslightly elevated content of SO
(2.925.77 mass. %romparedo barrensamples with high BaO (up to 5@ mass. %), CaO

(up to 6603 mass. %) and low MgO (down to02 mass. %)and LOI (030 8.10 mass%).

The sum of REEs rangérom 1950 to 16601 ppm in mineralized samples with high Sr (> 1
mass. %), Sm (8841828 ppm) and Eu (29 #3.53 ppm) concentrations. Most of the samples
VKRZ SRVLWLYH (X DQG 6P D Q RiP DIDQ-0D BamleksiZoM ldekatiag
trend that the rest. Biseanomalies correspond andrrelatepositively with amounof barite

in the samples and indieaEu-Sm enrichment in barite. Elevated concetidres of Srare
typical for epigenetic barite hydrothermal deposittheDinarides as B&r substitution occur

in barite crystal latticeSamples containing higher fluorite content are characterized by
enrichment iny (5.50+41.60 ppm) andHREESs and defetion on LREES.

The Mn and Ni substitutions in dolomite are confirmed by hierarchical cluster analysis due to
establishment of positive correlation between Mg with Mn and Ni. MgO is further clustered
with Al20s FeOs and certain REE (La, Ce, and FBprite indicating cluster is the one where
BaO and Si@are forming cluster with SrO, S@nd LREEsSm and Eu. CaO and b oxides

are clustered together with F, Y and other REEs that refer to fluorite cluster.

a X Q HF #pithermal deposihavingvariable REE concentration and low to moderate negative
cerium and ytterbium anomaly correspond to the fluorite depassgisciated with carbonate

sedimentary rocks according tlassification scheme.
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