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FTEOXEMWMNICKE KAPAKTEPUCTMKE BOKCUTA
MAUYKATA (3NATUNBOP, CPBUNJIA)

oA
CnahaHa TumoTujesmha* n NamwaHa MpoTtuha*

BOKCMTOHOCHO noapydyje MaukaTa Hanasu ce Ha CEBEPOMCTOYHWM ob6poHuuma 3naTubopa (jyxHo of
Yxuua) u npunafa 30HM yHyTpawwnx [AuHapuga. OBo nojpyuje kapakTepully 6pojHe mojaBe U nexuwTa
KapcTHOr GoKcuTa KpefHe cTapocTU. BOKCUTU cy 6eMUTCKO-KAONMHUTCKOT TUNa ca NPOMeH/bUBUM yuyelhem
anyMuHuje. cunuumje n reoxha Kao rnaBHUX KOMMOHEHTU. Moped wUX y 60KCUTUMA Ce KOHLIEHTPULLY U MHOTW
MUKpPOENeMeHTH, KOju Nopej eKOHOMCKOT 3Hayaja MOry GUTK of U3BaHpPefHEe KOPUCTU MPU peluasaky MHOTUX
npobnemMa y uctpaxuBary. [EOXeMUjCKUM MCTpaxuBawuma pellaBa ce MOPEKNO efeMeHaTa M MaTU4HOr
maTtepujana Koju je fao 6okcuTe, 3aTUM caeTaB BOKCUTa, FreHe3e n Apyro.

K/byuHe peun: 60KCUT, reoxemuja, MUKpOenemMeHTH, nojasa, NeXxuL Te. Nog1Ha, NoBnaTa, yHyTpawwu AuHapu-
an. Maukart, 3natn6op, Cpbuja.

YBOJ,

VMHTEH3MBHA N CMCTEMATCKA UCTPaXXMBara 60KCUTa y 3anagHoj 1 UcTouHoj Cpbuju 3a-
noueta cy 1978. rogmHe. Pe3ynTaTu TOr nMoc/ia NoKasaau cy Aa Ha OBMM NpocTopMMa MocToje
60OKCMTK 0 KOjuMa ce paHuje Huje 3Hano. MNMpoHaheHe Ccy 3HavajHe MojaBe M NeXULLITa, ca pe-
3epBama 0Of CTOTMHAK XW/bafa [0 HEKOMMKO MWAMOHA TOHAa. BOKcUTKU npunagajy KapcTHOM
TMNY ca BeOMa MPOMEH/bUBUM KBa/MTETOM, Of BeOMa KBaIMTETHUX Ca HUCKUM cafpXKajem
cunMuuje 10 HeKBAIMTETHUX KOjU YMHE Npenas Ka rMuHOBUTUM GOKCUTHMA.

MaukaTcku 60KCUTKM Mpunagajy 30HM yHyTpawwux [uHapujaa, y Kojoj cy 3a caja
no3HaTa ABa 6OKCMTOHOCHA XOpM30HTa. MMo3HaTu cy fowokpeaHu 6okcuTn 3anagHe Cp-
6uje (MohyTa, Tapa, MaukaT) U ropwoKpegHn 60KcuTM MeToxuje, y nutepatypu onncu-
BaHM Kao pebHnYKN 60KCnTU. MHOrobpojHM nogaum o ocobmMHama u ctapocTu 6okcuTa
y Cpbunjn, NpuKyn/beHN HAPOUYUTO TOKOM MocCnedwUnX neTHaecTak roguHa, omoryhasajy
Ham fa gaHac roBopMMo ca 40CTa CUTYPHOCTM O KapakTepucTukama TUX 60KcuTa. Y cTpa-
TUrpagcKkom cmucny 6okcutn MaykaTa nexxe msMehy Tpujackux kKap6boHaTHUX cegume-
HaTa y NOAWHN 1 anb-LeHOMaHCKMX KnacTuTa y noBnaTtu.

BokcuTtu 3natmubopa Ha Maukaty cy npoHaheHu Tek 1981. rofuHe NPUIHKOM reo-
NOLKe NpocneKunje TepeHa jyxHo of Yxuua. VIHTeH3MBHUja MCTpaXKnBatkba BpLUEHA CY
oA 1987. rofguHe, Kafa cy OTKpMBEHE MoOjaBe U NexuwTa 60KCMTa 3a KOja Cce paHuje Huje

"leonHcTMTYT", PoBUKCKa 12,11 000 beorpag.



3Hano. Nako cy uctpaxupawa MMana penatuBmMo OrpaHWYeH 06MM OTKPUBEHO je HeKo-
NINKO NeXXuwTa 1 feceTak MojaBa, WTO YKadyje Ha 3HavyajHy NMepcnekKTUBHOCT OBOI 6OK-
CUTOHOCHOT nogpydja. I nopefg Tora nctpaxmaaka 'y 0BOM NOAPYYjy CY NPeKUHYTa, Tako
fa cy MHOTM upo6nemun ocTanu OTBOPEHU.

Y 0BOM pajy MnpuKasaHe Cy FeOXeMujcke KapakKTepucTuke 6okcuta. HapoumTa naxma
nocseheHa je cagpxajy v gucTpmbyumju MMKpoeneMmeHaTa, npatuoua rnaBHMX efemeHara y
60KCUTMMA, KAKO Ha LiesloM 60KCMTOHOCHOM MOAPYYjy Tako My caMmOM OGOKCMTHOM C/Ojy 0f
nosnarte ka noguHu. OBakaB NPUCTYN je BeOMa 3HayajaH, He CamMo ca eKOHOMCKOT acnekTa, Beh
Uy TyMauery CIOXEHNX jOLU YBEK HEJOBO/LHO pasjallikbeHUX YC/I0Ba NOCTaHKa 60KCUTa.

FEONOIrMJANOAPYYJIA, MOJABA N NEXXUHITA BOKCUTA

BokcuToHOCHO nofgpyuje MaukaTa Hanasnm ce OKO [AeceT KujomeTapa jy>XXHO 0f
Yxuua, Ha CeBEPOMCTOUYHMM 06poHLMMa 3naTnbopa u npunaga re0TEKTOHCKO] jeANHULM
YHyTpawWwmwmnx AuHapuga. Y 0BOj 30HW, Aeny Koju npunaga Cpbuju, no3Hatn cy 60KcMTH
pebHMKa 1 HoBOMpPOHaheHN 60KCU M Y BOKCUTOHOCHUM pyaHMM nosbuma MohyTte, Tape
n MaukaTa. BOKCMTU cy KpeaHe CTapoCTU, CAMYHUX OCOOGMHA M HayMHa NOjaB/bUBakA,
n3yseB pebHUYKNX 6BOKCKUTA KOjU NOKasyjy u neke ogpefeHe cneynpmnyHocTm.

Mogpyyje MaukaTa ce 04nuKyje focTa je4HOCTaBHOM reonoWKOM rpafjoM. MeonoLwKu
cTy6 je oBae m3rpaheH of Tpujackux cefmmeHarta, TBOpeBMHa Aujaba3-poxxHauke hopma-
uMje, KpegHWX M MUOLEHCKUX CefuMeHaTa. Y reonowkoj rpafy mMawer gena pygHoOr nosba
yuyecTByjy CEpPMEeHTUHUCAHN NePUAOTUTY U TPMjackn BynkaHuTU (cn. 1).

Tpujackn ceguMeHTU MMajy Hajehe pacnpocTpakwere. VI34B0OjeHN cy AOHN, Cpeatm
W ropwu Tpujac. Jowun Tpujac MMa BpJ0 Mano pacnpocTpamweke, a jaB/ba ce camo y3 Behe
CTPYKType. MNpeacTaB/beH je KBAPUHUM KiacTuTMa U KapboHaTHUM cegumMmeHTuma, Cno-
jeBUTU, GAHKOBUTU, MaCMBHU Kpedrwaun U noapefeHo JONOMUTUYHW Kpeudkauun cpegter
Tpujaca Ce KOHTUMYUPAHO pas3Bujajy Npeko KapboHaTHe jeauHuue Aower Tpujaca. MoguHy
60KCUMTUMA YMHE MaCMBHW N GAHKOBUTUW KpeydtbaLyn NajMHCKO-KapHWjCKOT KaTta, Koju ce noc-
TYMHO pa3Bujajy 13 CpefmOoTPMjacKnMx Kpeyraka.

Jypcke TBOpeBMHe NnpefcTaB/beHe cy Aujabas3-poxxHavykom opmMaynjom, Koja je u3-
rpafeHa of pa3HO6GOjHMX pOXHaua, aneBponuMTa, FAMHaua, newdvapa, a nogpeheHo of
Kpeurwaka u 6a3nyHux marmarta. CepneHTUHUCAHU NEPUAOTUTH Cy OTKPUBEHMW Ha CeBEPO-
3anafiHoOM feny TepeHa y 06/IMKy Make Mace.

KpefHa cepHja neXxu rpaHCrpecMBHO MPEKO TPUjaCKUX CeaMMeHaTa U Npeko Auja-
6a3- poXKHayke opmaumnje, a MECTUMUYHO W NPEKO LpBeHUX BoKcuTa. KnactuuHu cegu-
MEHTN 4YMHE HajcTapuje cnojeBe W nNpefcTaB/bajy HenocpefgHy nosnaty 6okcuta. Mpeko
KNacTUYHUX cefuMeHaTa anb-LeHoMaHa fexe CfojeBuTu, 6aHKOBUTU M MacUBHU Kpeu-
kbalu LeHoMaHa, ca KojuMa ce 3aBpluaBa KpefHa cepuja.

CnaTKoBOAHW je3epCKU CeAUMEHTU MUOLLEHA jaB/bajy ce ceBepHO oa Mojcunosuha n
Kangpme. Ha ocHoBy nuTonowkor cactaBa T T1oMjeY1c (1988) nsgeaja Komnaekc 3ene-
HMX KNacTuTa v MayKaTCKe LUI.YHKOBE.

BokcHTM y noapyyjy Maukata npunagajy KapCTHOM, OJHOCHO MeAMUTEpPaHCKOM Tuny.
Y cTpaturpaCkom CMUCY OUM feXe MPeKo NnafeokapcTUPUKOBAHUX TPMjacKUX Kpeu-
HbaKa, a NPeKpUBEHMN Cy KpeaHUM cegumeHTuma. CTBapare 60KCMTa Be3aHO je 3a NocT-
JYPCKMN nepuog, Kaja je HacTynunaa AyroTpajHa KOHTUHeHTanHa (asa. Y ToM AYrom Bpe-
MEHCKOM Mepuofy LOLI/O je [O CTBapaka /laTepuTCKMX KOpa pacnajakba Ha OKOMHUM
cTeHaMma, a y UCTO BpeMe Jonasn A0 KapcTuduKalumje Tpujacknux Kpeumwaka. KacHuje, yc-
nef MOBO/BHUX KAMMATCKUX WM APYrMX yCNOBa, A0Na3n A0 pasapawa Kopa pacnafamwa,



Cn. 1. Feonowka KapTa GOKCUTOHOCHOT nogpyyja MaukaTa. JlereHpfga: 1. MaykaTCKW LI/bYHKOBU MUOLEHA.
2. KoHrnomepatu, newyvapu 1 Neckosmn ca Npocnojumnma fonomMmuTa - MuoueH, 3. CnojeBntn n 6aHKOBUTH
Kpeuwauu LeHomaHa, 4. KoHrnomepartu, newyapu v ranHe anb-ueHomaxa, 5. Mepngotut. 6. Aunjabas-
-poxHauka opmaumja, 7. Kpeuwalm u JONOMUTH NagNHUK-KapHa, 8. CNojeBUTN U MacuBHU KpeyraLn
cpeater Tpujaca, 9. KoHrnomepatu, newyapu, ravMHe n Kpedtwaumn gower Tpujaca, 10. Pacegm, 11. OTkpu-
BeHe nojase 6okcuTa, 12. lexnwTe 60kcuta "TpadocTaHnua’.

p1> 1. Oeolo”cal Tap ol /be haumxke hearT§ Macka! </18(ncl. Tregeng: 1. Muwcene 8rayel o! Mackal,
2. Mlocene con8loTerale8, 8ancl8lone5 ancl 3an/b \yWh <lolorl(:e jnlerhecl6, 3. CenoTaTan he<kle<l anc!
TabeYe heaclec! 11te6lone8, 4. Alhlan-CenoTtatan con8loTerale8, 6awl6Cone6 anc! clay6, 5. PengoCle,
6. 0lahabe-Chell: Cortalon, 7. Facltlan-Caltoan 1Jte8lone6 ang cMoTWe6, 8. Mclclle Tna66k heclclecl
ancl Ta661Ye 1tle6lone8, 9. MNower Tna63k con”oTera”e6, 6an/bl:one8, clays ancl NTe6lone6, 10. Panl6,
11. BauxWe occwTence6, 12. Tralo6lanlca hanxWe Jbpobii.



bUX0BOr Kpaher TpancnopTa W fenonoBawa y Beh CTBOPEHUM KapCTHUM 06auMumMma.
Cypnehn no reoxeMmjckoj MUrpauuju eneMeHarta y nexuwTuma narnefa LOCTa BEPOBATHO
fa ce bokcMTM3aLMja BpLIMAa y HenocpeaHoj 6M3UHU Kopa pacnafawa Wan nocne Kpa-
her TpaHcnopTa. Mo M To0! WC\ucm (1995) nexuwTa 60KCUTA CYy COYMBACTOr A0 Hemnpa-
BUMHO-CN0jeBUTOr 06/1MKa U MOTY 6UTU BEIMKUX AUMEH3M]a, ca pe3epBaMa 04 HEeKONKO
MWU/IMOHA TOHA, Kao WTO je cny4vaj ca nexuwTem "TpadocTtaHnuya”.

MojaBe u nexuwwTa 60KcMTa Ha MaukaTy npunagajy rpynu ca NpoOMeH/bUBUM XeMUj-
CKUM ¥ MWHepanHuUM cacTaBoM. Ta NPOMEH/bUBOCT je M3paxeHa Kako Mehy nojeAMHUM pya-
HUM TennMa, Tako U y OKBUPY UCTOT PyAHOr Tefa. Y OKBMPY GOKCMTHOF Cfoja jaB/bajy ce
60KcUTU 6o/ber KBanuTeTa M TO Hajuyewhe y cpeguwtbem fgeny, AOK Cy npema NOAVHU U
nosnatu cnabujer kanuteta. OBO je y TECHOj Be3n ca 06/MKOM MojaB/bMBaka 60KCMTa. Y
nexunwTy "TpadocTaHnua" Hajuyewhn cy KOMNaKTHU BOKCUTK, Maja ce YeCcTO MOFY CPecTu n
TPOLWHNW. INHOBUTM BOKCUTHK Cy TaKohe KapaKTEPUCTUYHMN M 06MYHO Ce jaB/bajy Y HajHUXUM
HMBOMMa CN0ja WX Ha Nepudepmnju nexumTa.

FTEOXEMWMNICKE KAPAKTEPUCTUKE BOKCUTA

3a ncTpaxusawe nexuwTa 60KCMTa, Kao M 0CTanMX MUHEepasHUX CMPOBMHA Ca Ha-
YUYHOT U NPaKTUYHOT acnekTa y BE/IMKOj MEpU ce KOPUCTEe U FeOXeMUjcKa UCTPaXKMBakma.
PewaBatke mopekna efemMeHaTa u neXxunrra, MaTU4HOr MaTepujana, reHese, cacTaBa py-
fe H apyrux npobnema je npakTU4HO Hemoryhe 6e3 reoxeMujckux McTpaxupara. Mpu
UCTpaXuBakwy 60KCMTA OHa Ce KOPUCTE 3a pellaBakbe MHOrMX NpobneMa, a HApoOUMUTO 3a
npoy4aBake CMOXEHWX yCnoBa reHese 6oKcuTa.

BokcuTtn nogpydyja Maukarta npunagajy KapctTHom Tuny. MuHepanolwKo-XxemMumjcka
cBOjcTBa 6OKCUTA, CajpXaj MUKpOenemMeHaTa U reHe3a 60KcuTa pasmaTpaHu cy y Bullle
pagoBa (TToMjeyjc, 1986, 1988, 1995; TJtollJeYic | Bojjc, 1986; MitoMjeylc \
Poclnnayac. 1994). b okcuru Cy OemMMUTCKOr Tuna ca noBehaHum cagpxajem rsoxha,
TaKo fJa ce MOXe roBopuTtun o reoxheBnTumM 6okcntmMa. Ocum Tora, y 60KCUTMMA Ce jaB-
/ba YMWTaB HWU3 MUKpOeseMeHaTa M TEPUTeHUX MUHepana 4umju je cagpxaj 3HaTHO no-
BehaH. MpoyyaBawe MUKpOeneMeHaTa M TEPUTEHUX MUHepana y 60KCMTMMa yKasana cy
fa MaTM4YHU MaTepujan, of Kora Cy HacTanu 6GOKCMTM, MOTMYE 0f PasNUUMTUX CTeHa:
6asnyHUX 1 yntpabasmuyHux, Kncenux n metamoppHux crteHa. Cygehu no nogaymma o
BEPTUKANNO] AMCTpUOYUMjU MUKpoenemMeHaTa, Kao M oborahewy y HMWKUM [efoBuMa
6okcuTa, 6okecMTM3aLmja ce oABuMjana y KapcTHUM genpecujama nocfe 4e@UHUTUBHOT 04-
narawa mMatepujana u3 naTeputckux kKopa pacnagamwa (TiToHjeY LC, 1995).

CuUCTEMATCKUM W KOMMNAEKCHUM XEMUJCKUM, F€0XEMUjCKUM I MUHEPANOWKUM Mpoy-
yaBawmma 60kcura MaukaTta noTBpfheHO je da Cy nojaBe M fieXunwTa y LenoM nogpydjy
YHU(HOPMHOT OCHOBHOI MWHEPAaNHOT U XEMWUJCKOT cacTaBa, Kao M CANYHUX FeOXeMUjCKUX
KapakTepucTuka. MuHepanHu cactaB GUTHO KapakKTepully 6eMuT, XeMaTUT, KAOJIMHUT 1
'TI-oKCMAW, a Kao FNaBHW XEMUjCKWN eneMeHTH jaBrbajy ce Al, Pe, 8j n Tr Y nexuwtnma
60KCMTa Kao KOpMCHA KOMMOHEHTA yriaBHOM ce y3uma cagpxaj AlD 3aok ce 5102cmart-
pa WTEeTHOM KOMMNOHEHTOM Y TeXHONOLWKOM npouecy npepaje. KoNNYMHCKM ogHoOC, 0a-
HOCHO CUANLMjCKM MOAYN, OBUX KOMMNOHEHTU ofpefyjy KBanuTeT 60KcuTa M MoryhHoct
HUXOBOT Kopulhera 3a MPOM3BOAHY FUHULE.

McnnTuBakeM MUHepPanHOr cactaBa 60kcuTa yTBphHEHO je Aa ce Kao rnaBHU MUHepanu
jaB/bajy: 6emMuT, XemaTuT, KaonMHUT n 'TI-mnHepanun. OgHocyn 6eMmnTa Kao rnaBHOr Hocuoua
.VI1/), n kKaonnHuTa Kao rnasnor Hocuoua 8jO 2unHe rnaBHO obenexje kKBanuTeta 6okcmTa y



nornefy MUHepanHor cactaBa. KapakTepucTuyHO je Aa BUCOKOKBANMTETHU BOKCUTU cafpxe
BMCOK NpoLeHaT 6eMumTa 1 HM3aK NPOLEHAT KaonuHUTa, Aok ce ca nosehawem 5102noBehaBa
N cagpxaj KaonmHuta. KonMUMHCKM OLHOCKM OBa ABa MUHepana cy jako BapujabunHu. 3a
pas3fnnMKy 0 XOPWU30HTaHe AMCTPUOYLMje, KOA KOje He NOCTOje BENUKE pas3fiMKe, BepTUKanHa
anctpmnbyunja, o4 noenate Ka NOANHM GOKCUTHOT C/oja NOCE6HO je n3paxeHa. OCHOBHa Ka-
pakTepucTuKa BepTUKanHe AMCTpUbyUMje 6GemuTa M KaONMHWTA je Aa Ce MaKCUMalHu ca-
OpXaju 6eMuTa Hanase y cpefilibemM fieny cnoja, f0K ce cajpxaj KaonuHuTa nosehasa of
nosnarte Ka noauHu (cn. 2).

M

H

X Cn. 2. BepTukanHa gucrpubyumja rnaBHUX MuHe-
Fé pana y nexwuorry 6okcuta “TpadocraHuya”.
Q Bw - 6eMut.H T - Xematut. K1 - KaonuHuTt.
u \\ Pj”. 2. YerWcal cUsh/bullon ol e88enclal nweral«
X W 1he Tralo8larca hauxjre clepo8ll BT -
” BoehTKe, HT - Hetal/be, K1 - Kaolj|nle.
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Bapujauuje y cagp>xajuma rnasBuux MmuHepana u rnaBHMX efieMeHaTta, Koja KapakTe-
puly He camo pa3nnuuTa fiexuwTa Beh n pasnnunTe 4eN10Be UCTOT IEXULITA Be3aHU cy
HajBepoBaTHUje, KaK0 3a pasinymnT cTeneH 60KcUTMU3aLmMje, TaKo M 3a passiMkKe y cacTaBy
TOr mMaTepujana. Ha OCHOBY Hanpej U3HETOr, Ka0 M UCMUTUBAA HEKOIMKO CTOTMHA Y30-
paka 6okcuta cagpxaj AlD 3je Hajsehun y cpeanlueM geny 60KcUTHOr cTyba, oK 8K)2
pacTe of noBnaTe Ka noAgvHWU. ¥ BehuHu cnyvajeBa u cagpxaj Pe 3onaga npema noguHm,
MefyTUM, KO Make KBaMTETHUX GOKCMTa U BOKCMTUUYHUX FAMHA OH pacTe npema noau-
HM Y3 He3HaTHa ofcTynawa. CBe MojaBe ¥ NeXuwTa MMajy A0CTa HeyjeAHauyeH cafpaj
TWTaHa. YTBpheHa je no3uTusHa Kopenaywuja 'T102u J11/3,, npn yemy ca noseharwem cagp-
Xaja anymumHujyma pacte v cagpXKaj TuTaHa.



Mpouecu pasgBajata cuanLmMje N anymuHuUje Kog nojaea u nexuiwta 6okcuTa y nog-
pyyjy MaukaTa cy, y NOBO/bHUM NafieOKAMMAaTCKUM yCnoBMMa, GUAN BeOMa PasinyunTy.
OfHowewe cuanumnje n3 6OKCU rHor matepujana, 4eNOHOBAHOr Ha KapCTHOj NoANo3w, 3a-
BMCWJIO je Mpe cBera of KonuumHe noHupajyhux soga, Koje cy LupKynucane Kpos oBaj Ma-
Tepujan y ycnoBuma fobpe gpeHaxe. T ycnosu Hucy 6unu ceyfa jejHaky na caja umamo
Nno KBanuTeTy pasinynr XeMUjCKM N MUHepanHu cactaB 60KCUTa KOju ce oBAe jaB/bajy. Y
TOKy 6oKcuTOoreHese, ycnef NnoBO/bHUX YC/N0Ba KOjuU cy Bnajanu y 1o foba, BPLIEHO je
WHTEH3NUBHO OfHOLLEee CUNMLMje U3 MaTepujana 4enoHOBAaHOr Y KapCTHUM Jenpecujama.
Mo MakmToyjcu (1976) TAm npouecom cy 6unm 3axsaheHn M MUTPaTUBHU MUKpoOene-
MeHTH, 360r Yera ux caga Hanasumo y nosehaHuWM KOHLeHTpauujama y HUXUM HUBOUMA
60KCUTHOT Coja U NOAUHCKUM FNIMHaMa.

BokcuTM nopes OCHOBHMX KOMMOHEHTWU Koje ynase y wuxoB cacTaB (Al 2 5102
Ped 3,'M 02 Ca0), cagpxe v ogpeheHy acoumnjaumjy mukpoenemeHata (Oa, V, N>, Be, Cu,
PR, 2n, Mo, Mn, Ne, Co, 8c, 2r, Cr, ba, 5r, ¥, Ba). ¥YTBpheHo je fa ce y 60KCuTMMa MOry ga
nojaBe Kao MWUKPOENIEMEHTW YMUTaB HU3 PeTKUX U SPYruX eneMeHaTa, Koju y HeKum ne-
XUWTUMAE UK AeNoBMMa NeXuLira Mory fa AOCTUIHY U 3HayajHe KoHLUeHTpauuje. Ocum
eKOHOMCKOI 3Hayaja OBW efleMeHTW NnpejcTaB/bajy W 3HayajHe MeTanoreHeTcke nokasa-
Te/be U UHAMKatope. Hanme, npoyyaBawa cagpxaja v guctpubyumje MukpoenemeHarta
MOXe YyTuuaTu Ha LOHOWee 3aK/byyaKa O MOpPeKay MaTUYHOr maTepujana Koju je noc-
NYXNO 3a cTBapake 60KcuTa. McwrruBaweM MuUKpoenemeHata yTBpfheHO je nosehawe
cagpxaja Cr, Ne, Co, V, ba n 5c. lNMopepg Tora, oBM 6OKCUTM Cy NO3HATW M MO BUCOKUM Ca-
Ap>Xajuma reoxha. MoeehaHu cagpxaju Pe, Ne, Cr n Co yka3syjy Aa 4eMMWUYHO NOTWUYYy 1
04 mMaTepujana yntpabasmuHor v 6a3uyHOr nopekna.

Tab6ena 1 (yppT) - Tahle 1 (w ppT)

EnemeHar B-1 B-2 B-6 B-8
Elewenl (11-4) (n=5) (n=9) (n-n)
Oa 11-30 11-30 14-40 11-40
\% 100-250 100-200 100-280 100-500
Cun 10-90 30-140 38-100 25-160
PR 15-25 15-30 14-60 25-100
2n 25-40 25-48 23-60 15-58
Mo 1r.-2,5 ir.-3 ir.-7 ir.-7
Mn 400-2 000 425-1 000 800-8 500 1 100-3 000
Ne 300-3 500 1000-2 500 1800-4 000 1000-3 200
Co 35-250 80-160 62-520 60-400
3c 26-34 ir,-14 18-50 1r.-14
2r 160-450 250-370 140-310 160-370
Cr 2 000-45 000 2 100-5 000 2 100-5 600 2 000-6 500
la 45-110 45-70 40-150 45-140
8r 10-40 10-18 12-120 30-120
\ 23 170 35-200 36-200 40-200
Ba 1r.-14 Li-.-10 20-90 10-30

1r. - y Tparosuma (w (Taces)

Moce6aH reoXxeMujckn 3Havaj Mma npoyyvaBare U gucTpubyymnja MMKpoenemeHarta y
NeXuwTmma 60KcnTa. YONLWTEHO Y3€B, Y CBUM NEXMULITMMA U3paXeHa je TeHA4eHLMnja no-
Behara cajp)Kaja MMKpoeneMeHaTa Ka MOAMHM Y3 U3BECHA Makba 0AcTynawa. Y Tabenm 1



npuKasaHa je Bapujayuja cagpxxaja MUKpoeneMeHata U3 HEKONMKO 6YLIOTUHA Y NeXULL -
Ty "TpadoctaHuuya".

Bapujauunje cagpxaja MukpoenemeHata y 60KCUTY Be3aHe Cy KaKo 3a pasnimke Y ca-
CTaBy MaTM4YHOI MaTepujana Of KOra cy HacTa/iu, Tako M 3a pasfnke y cTeneHy 60KcUTH-
3aumje. YKONMKO je 6oKCcMTM3aLMja MHTEH3MBHA OHA J0BOAM A0 oborahewa enemeHara y
NMOAMHCKUM [eNnoBMMa GOKCUMTHOT XOpWU30HTa. MefyTum, nopen u3paxeHe TeHAeHUWje
ob6orahera 0BUX enemMeHaTa Ka MoAWHM B6OKCUTa, 3anaxa ce v 06pHyTa BEpTMKaIHa Auc-
Tpnbyunja ann y 3HaTHO Mmakem o0bumy. OBa nojaBa ce HAPOUYUTO youaBa KOJ Make KBa-
NNTETHUX NEXWLTa UK enoBa nexuwiTa 60KcMTa y Lenom 60KCUTOHOCHOM MOApYYjY
MaukaTta. Ocuunauuje cagpxaja MUKpoeneMeHaTa y kbma Cy BeoMa uspaxeHe (cn. 3).
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Kof KBaNHTeTHHX 60KcuTa y nexuwTy "TpadocTaHuua" ocuunaumnje y cagpxajy
MUKpOeneMeHaTa Cy 3HaTHO Make uspaxeHe. Kop oBux 6okcuTa 3anaxa ce nosehawe
cafpXxaja MMmKpoenemeHata Ka MOAWHKU, TaKO fa Cy kbUXOBE KOHLUeHTpauuje Hajsehe He-
nocpefHO M3HaL MOAUHCKUX TPMjacKUX Kpeudwaka. Y OBOM Cayyajy Tpujackum Kpeukaum
Cy HajBepoBaTHUje Urpanu ynory reoxemmnjcke 6asnyHe 6apunjepe. HeKM MUKpPOENEMEHTM
Kao wTto cy: Ne, Co, Cu, VY, n ap., cy 6unn mobunHuju n oborahneanm cy ce Hagone,



poctmxyhu najpehe KoHUeHTpaumje usHag KapboHaTHe NoAnore. Y HeKMM cny4vajeBmma
LOCTUXY TakBe KOHLUeHTpaumnje ga obpasyjy u conctseHe muHepane (cn. 4).
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Cn. 4. BeprukanHa guctpubyumnja HeKMX MmkpoenemeHaTta y 60kcuTuma 60/ber kBanuTeTa 3a nexuwTte “Tpa-
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Y 60KCUMTOHOCHOM NoAapydjy MaukaTa, y a3 uctpakuearwa 60kcuTa ogpeheHun cy
(pagmomeTpujcKn) u cagpxaju rrpupogHmx paguonyknmga 1J, Th n K. Mctpaxusawa cy
o6aB/beHa Ha BenMKOM 6pojy npoba (151) Koje cy y3eTe U3 60KcuTa, 60KCUTUYHUX TNHA
U FNHa Koje upate 60KcUT. Ha OCHOBY rux pesyntaTa MOXe Ce 3aK/byuuTu [a je cafpxaj



ypaHa v TopujyMa HajHUXKN Yy rinHama, bnxoBe KoHueLwpaymje cy nopehaHe y 60KCUTaYHUM
rnmHama, a Hajsehe cy y 6okcutuma. Cagpxkaju 1J, Thn K gatun cy y Tabenn 2.

Tabena 2 - Tale 2

EnemeHar (o]} o Cpcamu
WeTew Prow To MkMc
1 (ppT) 0,31 11.70 3.58
Th (ppT) 3,67 34,55 20.42
0,05 2.59 0,61

O cagpxajy pagnoakTUBHUX enemMeHaTa y O60KCMTMMa MMa penaTUBHO Mano nopa-
Taka y nutepatypu. MogaTke o cagpxajuma ypaHa y HEKUM KapCTHUM 60KCUTUMa MpPeT-
xogHe Jyrocnasuje n Cpbuje Hanasumo y pagoBmma Mak«lTtoyxc 1 MMan§8lc (1988),
MakmToY 1c & Plrc (1990), ban”jc \ OorclanJc (1994), Oorclanlc 1 TitonjeY lc
(1995) n gp. Mak$1ToY 1IC & Wrc (1990), cy aHanm3upanu cagpxaj ypaHa y 60kcutmma
13 12 nexxuwTa Fpuke n npeTxogHe Jyrocnaeuje n gobunu cy Kao cpegku cagpxaj (117
npo6a) BpegHocT of 8,85 ppT. 3a 60kcuTe BnaceHuue cpefmwm cagpxaj 1J nsHocu 7,26, a
3a pebHUK 7,64 ppT. 3a 60KcMTe MaukaTa cpeawun cagpxkaj 1) 3a 151 aHanusnpany
npoby, je ganeko HUXn n nsHock 3,58 ppT.

MosehaHn cagpxaju 1J u Th, Kao 1 nojaum o0 HWUXOBOj AUCTPUOYUMjU YKa3yjy Ha
MOryhHOCT jacHOrI pa3nukKoBawa G60KCUTA Of rMMHa U OKONHWUX cTeHa. OBO [aje Befinke
MOTYRHOCTU Y UCTpaXuBaky NPUMEHOM pajuoMeTPUjCKUX MeToaa.

3AK/bYYAK

BokcuToHOCHO nogpyyje MaukaTa, Koje ce Hana3u Ha CeBEPOUCTOUYHUM 06pOHLMMA
3natnbopa y 3anagHoj Cpbuju, KapakTepuwy OpOjHe MNojaBe M AeXuwTa KapCTHOT
6oKcuTa KpefHe cTapocTu. BokcuTh cy 6eMUTCKO-KaONUHUTCKOT TUMa ca NPOMEH/bUBUM
yyewhem anymuHuje n cunuymje, kao u reoxha. OHM cy NPOMEH/bUBOT KBaUTETa, 0f Be-
O0Ma KBaNMTETHUX Ca HUCKUM cafp)XajemM cuiuumnje, 40 HEKBAIMTETHUX KOjU YMHe npenas
Ka rMMHOBUTUM BoKCcMTMMA. BOKCUTH, Nopes OCHOBHUX KOMMOHEHTM KOje ynase y HhUXoB
cacTaB, CagpXxe u ogpeheHy acoumnjaunjy MmKpoenemeHara.

Pe3yntaTu npoy4yaBara reoXeMUjCKUX KapaKTepucTuka 60KcuTa cy BeoMa KOPUCHU
ca Hay4yHOr M MpaKTWYHOr 3Hayaja. CaBpeMeHWM NpUCTYNOM y WCTpaXKmBawy MnojaBa u
NeXulTa MOTy ce yCMewWwHo pewnTn npobnemy nopekna eseMmeHara M MaTUYHOr MaTe-
pujana, Kao U CNOXeHMX yCcnoBa NOCTaHKa KapCcTHUX 6okcuTa. Cagpxaju nojeauHux ene-
MeHaTa U MUKpoe/seMeHaTa Cy 3HaTHO noBehaHu Tako fa y W3BECHWUM CllyvyajeBUMa UMajy
N eKOHOMCKMW 3Hauaj.

3a 60okcuTe MaukaTa KapaKTepucTUYHa je BepTuKasHa AucTpubyumja 6emuta u
KaonnHuTta. OCHOBHa KapaKTepuUCcTUKa je fa Ce MaKCUManHuW cagpXxaju 6emuta Hanase y
cpeAvlleM fAeny cfnoja, AOK ce cajpXaj KaonuHuTa noeehaBa Of NoBfaTe Ka MOAUMHM.
AHanorHo Tome u cagpxaj Ald 3je HajBuWN Y cpeanbeM geny 60KCUTHOT CTy6a, LOK
8j0 2 pacTe of voBnaTe npema NoguvHW. YTBpheHa je M nNo3uTMBHa Kopenauuja TK)2 u
Al1D 3 npu yemy ca noeehateM cafpxkaja anyMuHujyma pacTe U cafpxaj TuTaHa.

Y 6OKCMTUMa Ce, KA0 MUKPOENEMEHTU jaB/ba YMTAB HWU3 PETKUX W LPYrnx eneme-
HaTa, KOju y HEKMM NeXUWTMMa MOTy Aa AOCTMUIHY M 3HayajHe KOHUeHTpauuje. Ocum
€KOHOMCKOT, OBW €1eMeHTUW NpefCcTaB/bajy 3HayajHe MeTanoreHeTcKe NMokKasaTe/be U HH-



AnkaTtope. YTBpheHe cy nosehaHe KoHueHTpayuje Cr, Ne, Co, Mnu, V, ba, 6r n gp. Mose-
haun cagpxaju Pe, Cr, Noe n Co ykasyjy fa 4eo matepujana notuye og yntpabasmuyHux u
6asnyHMX creHa. 3a 60kcuTe Maukata KapakTepucTU4YHa je BepTUKanHa Auctpubyuuja
MuKpoenemeHaTa. KOHCTaTOBaHO je fa ce wMX0Ba KOHUEHTpaumja nosehasa o4 noenare
Ka NoAvHW W Aa je HajBeha KOHUeHTpauuja MojeAMHUX enemeHaTa HenoCpPefHO MW3Haj
nofuHe.

Bapujauuje cagpxaja MMkpoeneMmeHatay 60KCUTY Be3aHe Cy Kako 3a pasfinke y cac-
TaBy MaTUYHOI MaTepujana Tako M 3a pasfinke y cteneHy 6okcmtusaumnje. Ocumnaynje y
BEPTUKAMHOj AUCTPUOBYLMjU MUKPOENEMeHaTa Cy M3paXeHuje Koj Make KBaNUTETHUX
6okcuTa. Kop KBanuTeTHUX GOKCMTA 3amaxa ce nosehake MUKpOeNeMeHaTa Ka NogUHN
rge cy u Hajsehu cagpxaju. MukpoeneMmeHTu, Kao nrro cy Ne, Co, Cu, ¥, Pa u ap. cy 6unm
MO6UNHMjKU 1 ob6orahueanu cy ce Hagone gocTuxyhu Hajsehe KOHUEHTpaumnje Henocpes-
HO U3Haj Kapb6oHaTHe noanore.

BokcnTn MaukaTa cagpxxe nosehaHe KOHUEHTpaLmje pagnoakTUBHUX efeMeHaTa u
T0: 1Tgo 11,70 ppT 1 Th go 34,55 ppT. MoBehaHn cagpxaju 0BMX efiemeHaTa yKasyjy Ha
MOryhHOCT jacHOT pa3fiMKoBaka OOKCMTA Of OKOMHWX CTeHa W MOryhHOCT npumeHe
pafMoOMEeTPUjCKMX MeTofa y UCTPaXMBakYy.
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GEOCHEMICAL CHARACTERISTICS OF MACKAT BAUXITES
IN ZLATIBOR (SERBIA)

by
Sladjan Timotijevic’ and Damnjan Protic*

The Mackat bauxite—bearing distiict occurs on northeastern slopes of Zlatibor (south of Uzice) and is
restricted to the zone of Internal Dinarides. This district is characterized by numerous occurrences and depo-
sits of karstic bauxites Cretaceous in age. Bauxites are of boehmite—kaolinite type, with variable alumina,
silica and iron as chief constituents, which might be, beside economical value, extremely useful in solving
numerous researching problems. The geochemical investigations have yielded data on origin of elements and
source material generating bauxites, then on composition, genesis of bauxites and others.

Key words: bauxite, geochemistry, microelements, occurrences, deposits, floor, roof. Internal Dinarids, Mac-
kat. Zlatibor, Serbia.

INTRODUCTION

Intensive and systematic researches of bauxites in western and eastern Serbia begin
in 1978. Results of that work have indicated the existence of bauxites formerly not
known in these areas. Here have been discovered considerable occurrences and deposits,
with reserves of several hundreds thousand to several million tons. Bauxites are of karstic
type, exhibiting very variable quality, from very valuable ones with low silica to these of
low quality, representing transition to clayey bauxites.

The Mackat bauxites are confined to the zone of Internal Dinarids, in which on the
territory of Serbia are known two bauxite-bearing horizons. These are Lower Cretaceous
bauxites in western Serbia (Pocuta, Tara, Mackat) and Upper Cretaceous bauxites in Me-
tohija. reported as Grebnik bauxites. Numerous data on properties and age of bauxites in
Serbia, especially gathered during last about fifteen years, offer opportunity at the present
time to speak with enough certitude about features of these bauxites. The Mackat bauxi-
tes are stratigraphically embeds between Triassic calcareous sediments in the floor and
Albian-Cenomanian clastites in the roof.

* Geoinstitute, Rovinjska 12, 11000 Belgrade.



The Mackat bauxites at Zlalibor were discovered not until 1981, during geological
prospecting of the field south of Uzice. The more intensive explorations were executed
until 1987. when were discovered formerly not known bauxite occurrences and deposits.
Several deposits and around ten ore occurrences were discovered by relatively limited
quantity of investigations, pointing out the important outlook of this bauxite-bearing dis-
trict. lThus numerous problems have remined open.

In this paper the geochemical features of bauxites have been presented. Special at-
(enlion has been paid to content and distribution of trace elements accompanying the
main elements in bauxites, either in the whole bauxite-bearing district or in the bauxite
layer itself, going from the floor to the roof. Such an access is very important, not only
from the economical aspect, but in deciphering the complex and still insufficiently ex-
plained conditions of bauxite origin as well.

GEOLOGY OF DISTRICT, BAUXITE OCCURRENCES AND DEPOSITS

The Mackat bauxite-bearing district is situated around ten kilometres south of Uzi-
ce. at north-eastern flanks of Zlatibor, and is restricted to geotectonical unit of Internal
Dinarids. In this zone, actually in the part belonging to Serbia, are present already known
Grebnik Bauxites, as well as newly discovered bauxites in the Pocuta, Tara and Mackat
bauxite ore fields. Bauxites are Cretaceous in age. of similar features and appearance fi-
gure. except the Grebnik bauxites, which exhibit someone specifies.

The Mackat district is characterised by pretty uniform geological setting. The geological
column is here built up of Triassic sediments, products of Diabase-Chert Formation, then of
Cretaceous and Miocene sediments. Lesser intrusions of serpentinized peridotites and Triassic
volcanites are incorporated in the geological setting of this ore field (Fig. 1).

Triassic sediments are of the largest distribution. Lower, Middle and Upper Triassic
rock units are here distinguished. Lower Triassic units are of very limited distribution,
occurring only along the larger structures, represented by quartzes clasytites and calcare-
ous sediments. Middle Triassic well-bedded, thick-bedded and subordinated dolomitic
limestones continuously overlie the lower Triassic rock units. In the bauxite footwall oc-
cur massive and thick-bedded limestones of Ladinian-Camian stage, gradually developed
from the Middle Triassic limestones.

Jurassic products are represented by Diabase-Chert Formation, composed of varigated
cherts, sandstones, claystones, sildstones and subordinated limestones and basic magmatites. A
lesser mass of serpentinized peridotite is discovered in the north-western part of the field.

The Cretaceous series transgresivelly overlies both Triassic sediments and Diabase-
-Chefl Formation and locally the red bauxites. Clastic sediments are the oldest layers repres-
enting the direct roof of bauxites. The Albian-Cenomanian clastic sediments are overlain by
bedded, thick-bedded and massive Cenomanian limestones ending the Cretaceous sequence.

The Miocene fresh-water lacustrine sediments occur northerly of Mojsilovici and
Kaldrma. According to lithological composition the complex of green clastites and gravel
of Mackat has been distinguished (Timotijevic, 1988).

Bauxites in the Mackat district are of karstic or Mediterranean type respectively.
They stratigraphically rest upon the paleokarstified Triassic limestone and are covered by



Cretaceous sediments. Origin of bauxites is related to the post-Jurassic time, character-
ized by a long-lasting continental period. In that period formation of lateritic crust of
weathering took place on country rocks, and in the same time Triassic limestones were
affected by karstification. Later, under favorable climatic and other conditions, the crust
of weathering had been destructed and transported at short distances, being deposited in
the already created karstic relief. Judging by geochemical migration of elements in depo-
sits. il looks very' probable that bauxitization took place in the direct vicinity of weath-
ering crust or after shorter transport. After Timotijevic (1995) the bauxite deposits are
of lense-like to irregular-bedded shape and may be voluminous, exhibiting reserves of
several million tons, as it is the case with the Trafostanica deposit.

The Mackat bauxite occurrences and deposits are confined to the group of variable
chemical and mineralogical composition. That variability is present either among individ-
ual ore bodies, or in frames of the same ore body. In the bauxite layer occur bauxites of
better quality and so most commonly in the central part, whereas in both foot and roof
parts are of poorer quality. This is in close relation to the shape of bauxite appearance.
In the Trafostanica deposit the most common are compact bauxites, although they may
be loose as well. The clayey bauxites are also characteristical and usually occur in the
lowest levels of the layer or at the periphery of the deposit.

GEOCHEMICAL FEATURES OF BAUXITES

In exploration of bauxite deposits, as well as in other mineral raw materials, from
the scientific and practical point of view the geochemical methods are considerably used
as well. Solutions of problem of element's origin in deposits, than source material, gene-
sis, ore composition and other questions are practically impossible without geochemical
investigations. They are used in bauxite researches for solving numerous problems and
especially in studies of complex conditions of bauxite genesis.

Bauxites of Mackat district are of the karstic lype. Mineralogical-chemical features
of bauxites, contents of trace elements and genesis of bauxite have been reported in nu-
merous works (Timotijevic, 1986, 1988, 1995; Timotijevic & Bojic. 1986; Timo-
tijevic & Podunavac, 1994). Bauxites are of boehmite type with increased iron, thus
could be considered as ferruginous bauxites. Besides, in bauxites occur numerous micro-
elements and terrigenous minerals in considerably augmented quantities. Studies of trace
elements in bauxites have indicated that the source material, generating bauxites, derives
from various rocks: basic and ultrabasic, acidic and metamorphic ones. Judging from data
on vertical distribution of microelements, as well as their enrichment in lower parts of
bauxites, the bauxitization took place in karstic depressions after final deposition of
material from the lateritic crusts of weathering (Timotijevic, 1995).

By systematic and complex chemical, geochemical and mineralogical investigations of
Mackat bauxites il has been established that the occurrences and deposits in the whole area
are of uniform basic mineral and chemical composition, and are of similar geochemical cha-
racteristics. Mineral composition is essentially featured by boehmite, hematite, kaolinite and
Ti-oxides. and the chief chemical elements are Al, Fe. Si and Ti. For bauxite deposits the
useful constituent is generally Al/.),. whereas Si02 is considered as detrimental component



for Ihe extractional technology. The quantitative ratio or silica modulus respectively of these
constituents have indicated the bauxite quality and possibility of its use for alumina pro-
duction.

In the bauxite mineral composition the boehmite, hematite, kaolinite and Ti-minerals
are found as chief constituents. The ratio of boehmite as chief A1D 3 bearer and kaolinite
as main Si(), bearer is the essential bauxite quality indicator considering mineral compo-
sition. It is characteristical that the high quality bauxites exhibit high boehmite percentage
and low kaolinite percentage, whereas high Si02 is an indicator for augmented kaolinite.
The quantitative relations of these two minerals are highly variable. In contrast to hori-
zontal distribution, where high differences are not remarkable, the vertical distribution
from the roof to the floor of the bauxite-bearing layer is particularly expressed. The ver-
tical boehmite and kaolinite distribution is essentially characterized by maximum boeh-
mite grades in the central part of the layer, whereas the kaolinite grade becomes higher
going from the roof to the floor (Fig. 2).

Variations of contents of chief minerals and elements, characterizing not only the
various deposits but also different parts of the same deposit, are most probably related
either to various bauxitization degree or to differences in composition of that material.
On the base of the above, as well as of examination of several hundreds bauxite samples,
the A10. grade is the highest in the central part of the bauxite column, whereas Si02 in-
creases from the roof to the floor. In most of cases the Fe 3 grade decreases going to
the floor as well, but the however, by the lesser quality bauxites it increases going to the
floor, with minor exceptions. All occurrences and deposits exhibit rather unequal titanium
content. A positive Ti02and AIl/X correlation is established, thus the aluminium increase
being positively correlated with titanium.

The process of silica and alumina separation in the Mackat bauxite occurrences and
deposits were, in favourable paleoclimatic conditions, very favourable. Carrying away the
silica from bauxite material, deposited on the karstic basement, depended first of all from
amounts of sinking waters, which had circulated throughout this material in conditions of
the good drainage system. These conditions were not everywhere equal, producing baux-
ites of variable chemical and mineral composition. In the bauxite genesis, favourable con-
ditions in that time promoted intensive extraction of silica from material deposited in
karstic depressions. After Maksimovic (1976) by these processes were affected migrate
microelements as well, thus the augmented concentrations of these occurring in lower
levels of the bauxitic bed and in footwall clays.

The bauxite, beside basic constituente (such as A1 3, Si02 Fe0 3, Ti02 and CaO),
include a distinct microelement's association (Ga, V. Nb, Be, Cu, Pb. Zn, Mo. Mn. Ni.
Co. Zr. Cr. La. Sr. Y and Ba). It has been established that bauxites may bear numerous
trace and other elements, which may attain it some deposits or parts of deposits consid-
erable concentrations. Beside economical importance these elements are prominent meta-
logenic indicators. Namely, investigations of microelements contents and distribution may
influence the conclusions on origin of materials which served for creation of bauxites.
Some microelements, such as Cr. Ni. Co. V. La and Sc show increased grades. Besides,
these bauxites are characterized by high iron. Augmented Fe. Ni. Cr and Co contents
point out that this material derives from ultrabasic and basic rocks.



Study of distribution of microelements are of particular geochemical importance for
bauxite deposits. In contrast of horizontal distribution not showing remarkable differences,
in vertical distribution from the roof to the floor variations are considerable. In all depo-
sits is generally expressed tendency of the microelements increase going to the floor,
with some lesser exceptions. In Table 1 is shown variation of microelements grades in
several drill holes in the Trafostanica deposit.

Variations in microelements grades in bauxites are related to both difference in com-
position of the source material and difference in bauxitization degree. As much the baux-
itization is intensive, it leads to enrichment of elements in the floor parts of the bauxite
horizon. But however, beside the expressed tendency of enrichment of these elements in
the floor part of bauxites, it has been observed the inverse vertical distribution as well,
but much seldom than usual. This appearance is especially observable in deposits or parts
of deposits of lower quality in the whole Mackat bauxite-bearing district. Oscillations in
microelements grades in these are very expressive (Fig. 3).

Oscillations in microelement grades are much lesser in high quality bauxites of the
Trafostanica deposit. In these bauxites increasing of microelements toward the floor is
observable, in that way the highest concentrations occur directly above the footwall Tri-
assic limestones. In this case the Triassic limestones most probably played the role of
geochemical basic barrier. Some microelements, such as Ni, Co, Cu. Y. La and others
were more mobile enriching themselves downward, attaining the highest concentrations
above the carbonate basement. In some cases such concentrations are sufficiently high to
form own visible minerals (Fig. 4).

In the Mackat bauxite-bearing district, during investigations of bauxites (radiometrically)
were determined grades of natural radionuclides such as U, Th and K. Examinations included
151 samples of bauxites, bauxitic clays and clays accompanying bauxites. On the basis of
these results it could be concluded that the lowest uranium and thorium grades are in clays,
higher in bauxitic clays and the highest in bauxites. Results are presented in Table 2.

Little information’s is available in literature on contents of radioactive elements in
bauxites. The data on uranium grades in some karstic bauxites in former Yugoslavia and
in Serbia have been found in papers of Maksimovic & Dangic (1988); Maksimo-
vie & Pirc (1990); Dangic & Gordanic (1994). Gordanic & Timotijevic (1995)
and others. Maksimovic & Pirc (1990) analyzed uranium contents in bauxite from 12
deposits of Greece and former Yugoslavia averaging (from 117 samples) 8.85 ppm. The
uranium average values for Vlasenica bauxites are 7.26 ppm. for Grebnik 7.64 ppm. For
Mackat bauxites the mean uranium grade in 151 samples is much lower, showing 3.58 ppm .

Augmented uranium and thorium grades, as well as data on their distribution indi-
cate the possibility the bauxites to be clearly distinguished from clays in country rocks,
giving a powerful tool for search them by use of radiometric methods.

CONCLUSION

The Mackat bauxite-bearing district, occurring at northern flanks of Zlatibor in
western Serbia, is characterized by numerous karstic bauxite occurrences and deposits,
Cretaceous in age. Bauxites are of boehmlte-kaolinite type with variable alumina, silica



and iron quantities. They are of variable quality, ranging from the high grade bauxites
with low silica contents, to the very low quality ones, passing into clayey bauxites. Be-
side the basic components featuring their composition, bauxites include a distinct associ-
ation of trace elements.

The results of studies of geochemical characteristics of bauxites are very useful from
both scientific and practical points of view. Problems of origin of elements and primary
material, as well as the complex conditions of origin of karstic bauxites can be success-
fully solved by modem approaches to explorations of their occurrences and deposits.
Contents of individual major and trace elements are considerably augmented exhibiting in
some cases economical importance.

The Mackat bauxites are essentially characterized by vertical distribution of boeh-
mite and kaolinite. showing maximum boehmite contents in the medial part of the layer,
while the kaolinite grade increases going from the hanging wall to the footwall. Analo-
gous to this situation the A1 3 content is the highest in the medial part of the bauxite
column, and the Si02 content increases from top to bottom. The positive Ti02A 12 3 cor-
relation was established, showing that the high aluminium is accompanied by high tita-
nium.

In bauxites occur numerous rare and others elements as trace elements, which in
some deposits reach considerable concentrations, such as Cr, Ni. Co, Mn, V, La, Sr and
others. Beside the economical importance these elements represent remarkable metaloge-
nical indicators. In that way the augmented Fe, Cr, Ni and Co grades indicate that a part
of material derives from ultrabasic and basic rocks. The Mackat bauxites are character-
ized by changes in vertical distribution of trace elements exhibiting increases going from
top lo bottom, so that the highest concentration of some elements are found directly
above the footwall.

Variations in the trace elements contents in bauxite are related either to differences
in composition of original material or to differences in the degree of bauxitization. Os-
cillations in vertical distribution of trace elements are more remarkable in the lower
quality bauxites, but high quality bauxites show augmentation of contents toward the
depth, reaching maximum at the footwall. The trace elements, such as Ni, Co, Cu, Y, La
and others are more mobile, being enriched downward, evidencing the highest concentra-
tions directly above the carbonate basement.

The Mackat bauxites show increased contents of radioactive elements, as follows: U
lo 11.70 ppm and Th to 34.55 ppm. This fact point out the possibility bauxites to be
clearly distinguished from the country rocks and also the possibility the radioactive meth-
ods to be used in explorations.

Translated by A. Antonovic

JIHTEPATYPA - REFERENCES

Dangic A. i Gordanic V., 1994: Geohemija boksita Pocute (z. Srbija): Pojavljivanje i sadrzaji radio-
aktivnih elemenata i kalijuma - Radovi Geoinstituta, 29, 207-214, Beograd.

Gordanic V. i Timotijevic S., 1995: Radioaktivnost boksita zapadne Srbije.- Monografija "Jonizu-
juca zracenja iz prirode”, Insdtut za nukleame nauke "Vinca", 83-91, Beograd.



Maksimovic Z., 1976: Mikroelementi u nekim nasim lezistima boksita i njihov znacaj.- IV Jugosloven-
ski simpozijum o istrazivanju i eksploataciji boksita, 29-33, Herceg Novi.

Maksimovic Z. i Dangic A., 1988: Nacin pojavljivanja mikroelemenata u nasim boksitima u vezi
problema njiliovog iskoriscenja.- VI Jugoslovenski simpozijum o istrazivanju i eksploataciji bok-
sita, 61-65, Herceg Novi.

Maksimovic Z. & Pirc S., 1990: Uranium in Mesozoic karstic bauxites of Yugoslavia and Greece.-
2"d Meeting of IGCP-287, Oct. 1990. Delphi Greece, Abstracts of the IGCP Project 287: Tetliyan
Bauxites, N° 3, p. 16, Beograd.

Timotijevic S., 1986: O genezi boksita zapadne Srbije.- Radovi Geoinstituta, 19, 61-71, Beograd.

Timotijevic S., 1988: Nova saznanja o geologiji boksitonosnog podrucja Mackata.- Radovi Geoinstituta,
21, 7-25, Beograd.

Timotijevic S., 1995: Metalogenetsko prognoziranje lezista boksita zapadne Srbije - Posebna izdanja
Geoinstituta, 14, 1-102, Beograd.

Timotijevic S. i Bojic M., 1986: Boksiti Zlatibora- Radovi Geoinstituta, 19, 151-172, Beograd.

Timotijevic S. i Podunavac D., 1994: Geologija lezista boksita zapadne Srbije.- Radovi Geo-
instituta, 29, 271-291, Beograd.



