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FEOCTATUCTWYKUN MOJE/T MOBPLUMHCKO PACMALAHA
FANEHUTA, COATIEPUTA U XATKOMUPUTA Y JTIEXULLTY
BABE (KOCMAJ, LUYMAZWVJIA)

04
Mwuxosuna Norapa*, bumarHe 3pHuh* n AywaHa Cajuha**

Ha ocHoBY reoctaTtucTuuke aHanuse. Ph, 7.0 1 Cu 13 30He CeKyHAAapHOr Opeosia pacejaBatba NexuluTa
Ba6e Ha Kocmajy, Bosie NOpekno u3 Age nonynayuje MuHepana:

a) penvkaTa NpUMapHux MuHepana: raneHunTa, cpaseputa u Xankonupura u

6) CeKyHAapHUX MUHepana Hacraamx TpaHcthopMaLMjoM NpUMapHMUX, NPOLLECMAa NOBPLUMHCKOT pacnafatba.

Mogen reoctaTucTMUKe pacrnoesne oBUx Monysauuja caraacaH je ca npefukLmjama o NoHallawy raneHu-
Ta cthasepuTa M XanKonupuTa y ycnoBuma noBpLUMHCKOT pacnafatba.

Krby4yHe peumn: reoctaTMcTuKa, NOBPLUMHCKO pacnajake, raneHuT, cdanepuT, Xankonumput, nexuwTe Babe,
Kocmaj, LLymaauja.

YBO/

Nexwunrre onosa n LMHKa babe Hanasu ce ucnog Kocmaja, oko 35 KT jy>xHO of beorpa-
[a. PyaHa Tena cy npeTeXKHO XXUYHOT W C/I0jOJIMKO-COYMBACTOr 06/1MKa a OpyfHhere LTOK-
BEPKHO-MMMNperHayunoHor tuna. Pyga je ofnoxeHa y cnabo XuapoTepmasHO NPOMEHEHUM
roptOKPeAHUM (PAULLIHUM CefUMeHTVMAa (newyapy U aneBposIMTUYHOM Kpeyraky). Pefje,
HanasMMOo je Ha KOHTaKTy OBMX CTEHa Ca KBapLAaTUTCKUM [ajKoBMMa W epynTuBHWUM Gpe-
Yyama puonuTcKor cactasa (MrHUMOPUTK). NaBHU PYAHWU MUHEPASIN CY FTaIEHUT Ca BUCOKUM
cagpxajem cpebpa v chanepuT. MNopes bUX jaB/bajy ce XaIKONUPUT, apCEHONUPUT, TeTpaea-
puUT 1 Apyrn y 3HaTHO HWXMM cagpxajuma (Kakrtc, 1962; Kacluloyjc, 1987; /rnJc, 1997).
MupnT je pefloBHO NPUCYTaH U HAj3aCTYN/bEHU)WN je MUHEPAN Y NEXUNITY.

Mpema pyaHoj noTeHuwjanHocTu, "babe"™ npeacTaB/bajy HajnepcnekTUBHMjU Mnpoc-
TOp Yy OKBMpPY pygHOr nosba "Kocmaj" 3a npoHanaxewe 6unaHCHUX pe3epBu noaumera-
nuuHe Ph, /n. Cu, A8 pyge. Hajsehe konnuunHe o cafja yTepheHe pyae, Hanase ce Ha fy-
6uHama og 250-400 T of NOBPLUMHE TepeHa.

[eTtarbHa reoxemumjcka npocnekuyuja, obpaheHa y 0BOM pagy, u3BpLieHa je Ha IMnas-
YynHama, jefHOM Of LEeCT PyAHONEPCMNEKTUBHUX CTPYKTYpa Y OKBMPY nexuwita. TepeH je

*Pypnapcko-reonolwkmn hakynteT YHusepsuteTtay beorpagy, hywuHa 7,11 000 beorpag.
** TeonHcTUTYT", PoButbcka 12,11 000 beorpag,.



MOKPVBEH XYMYCOM KOjU NIeXW WPEKO cefumenarta KBapTapa, ropwer MUOLEHA U ropke
Kpese. Ca nospwuHe of 4,5 KT 2, cakyn/beHo je 428 y3opaka, No nNpaBoyrfioj Mpexu, ca
ysopoBmMa Ha 100 T y oba npaBua (cesep-jyr, UCTok-3anag). Mpobe cy ysumaHe u3 xy-
Myca, PeTKO 1 13 NpMMapHOr opeona pacejaBaka, Ha MecTUMa rie je cteHa 6una oTKpu-
BeHa. Mpo6a n3 npumapHor opeona uma 22. Ocum y OnwITemM NpukKasy nonynawluje oHe
HUCY fa/be KopuwheHe. AHann3a y3opaka Ha Tpu enemeHTa Ph, 2n n Cu ypaheHa je y na-
6opatopujn "leonHctutyTa" - Beorpag. Obpaga nogataka obas/beHa je Ha PC 486 padyHa-
py kopuwherem cnegehux copreepckmx naketa: 5P55, CEOEAS8, 0LUO01K, \Y>J81LXKP u
LpYruX, HEOMXO4HMX 3a NpUMpemy v popmaTn3oBarbe ynasHux nogataka (l.oSar & Cyc(-
Koyjc, 1991).

TEOPNICKA MNMPEABUDHAHA

Pacnagarwe MUHepana Ha NOBPLUMHM, Y OMLWTEeM CMUCAY, MUMa ABa BUAA: MEXAHWNYKO U
XeMUjCKO. MexaHUMYKOo Hema 3a nocfiefuuy NpoMeHy y CTPYKTYpU U XeMU3My MUHepana,
Beh ce ornega y npoMeHU JUMeH3Mja 3pHa - YCUTHaBawy a [LOHeKNe 1y NPoOMeHN 06nKa
- 3a06/baBawy KpucTana. XeMujCKO pacnafarbe Mma 3a nocnefuuy npoMeHy eHTUTeTa
MUHepana, Koja ce Ucnosbasa APYKUYUjUM XEMUjCKAM CACTaBOM M HAaCTAHKOM HOBUX MUHE-
pafHMX BpCTa. HbMXOB cacTaB 3aBMCK Of OMLITEr XxeMnsma cpefuHe, MUTPaTUBHOCTM efle-
MeHaTa M MexaHu3aMa Koju omoryhaBajy LMpKynauunjy Bofe, Koja HOCU rNaBHy ynory y
XeMUjCKUM TpaHcdopMaumjama. Pasyme ce, 0Ha MOXE MMaTU 1 BEINKK YTULA] HA MeXa-
HMYKO pacnagake. O6a HauMHa pacnajarwa MOry ce OABMjaTV jeJHOBPEMEHO, ann Mexa-
HWYKO 0BMYHO MPETXOAMN XEMUjCKOM.

MexaHWUYKO pasnararwe 3aBMCKu Of TBPAUHE W LEN/bUBOCTU MUHepana 1 Ucnosbasa ce
Kao yCuUTHaBame. XeMUjCKO pacnajarkbe 3aBUCKU 0f pacTBOP/bLUBOCTU M Kao pesynTtar daje
CeKyHJapHe MUHepane Koju of cacTaBa NPUMapHOr cafpXXe rnaBHe efleMeHTe [OK Cy pa-
AMKanu OpyK4umju 1 3aBuce of cacTtasa Boge. OBaj npouec Morao 6u ce y naeann3oBaHoj
thopMu MpeAcTaBUTU peakuujama Ha Tabenu 1. OunrnefHo je fa cy cyndaTu LUHKa U
6akpa MHOro pacTBOp/bUBUjU 0f cyndarta ooBa. MUrpaTMBHOCT 0BUX (Pasa, npumapHe
YCUTHEHE U CEKyHAapHe, BEOMa Cy pas3nnumte. TpaHCnopT v AMcTpubyumja yCUTHEHOT
NPUMapHOr MWHepana 3HaTHO je Cnopuja v TeXa Of PacTBOPHOI CEKyHAApHOr, Koju ce
pacejaBa UMpKynauujom BOAe W pefernoHyje y Wwupoj okonuHu. CTora, y CeKyHAapHOM
opeony pacejaBara nexuwTa babe, 0n0BO, UMHK 1 6akap NOTWYY U3 [Be MUHEpanHe
cybnonynaumje:

a) CeKyHAapHUX MUHepasia HacTannx oKcuaauujom NpuMapHux cynguia, u

6) pennkaTa NpUMapHUX MUHepana.

Tabena 1 OCHOBHe peakLuje oKcuaaumje u pactBop/buBoCT cyngatay 81 (20° C) (Lobposoncku, 1969)
Tale 1. Eletenlary reaclonk an<l 8owblLly o! 8ullal:e8 T y/ (20° C) (Bohroyol6ky, 1969)

Ph8+202 -> Ph604 0,041
2n8+202 —2n804 5312
CnPe62+402 — Cn504+Pe504 172,0

Pacnogena y4yecTaHOCTM cajpxaja fBe cybnonynauuje Tpeba fa uma pasnuyuTta
CTaTUCTMYKa 06enexja:



1) Cpeftbe BpegHOCTV cybronynaumja CEKyHAapHUX MUHEpPana Cy HWKe of npumap-
HUX cybnonynaunja 360r cnOCO6HOCTM joHA fia MUTPUpPajy Y pacTBOPHOM 06/IMKY, a Mory
6WTV NaKo TPaHCNOPTOBaHW LMPKYNaLMjoM BOLe Y LUMPU Fe0N0LWKN MPOCTOop.

2) W3 ncTor pasnora XOMOreHOCT cafpXXaja CeKyHfapHe cybnonynaunje Tpeba ga
6yne Buwa. CTora, O4YeKyje ce cMMeTpuyaH 06/MK AUCTpUbyuMje M HUXKa CcTaHgapgHa
LeBunjaunja.

3) 360r Behe 6p3nHe pacTBapawa CMTHMX (hpakumja, npMMapHa cybnonynaunja uma
CY>KEH rpaHynoMeTpujcku oncer. Auctpubyuuja, 360r Tora, Moxe ga uma acMMeTpuyaH
06K.

4) leocTaTUCTUYKA TeOpMja pernoHanHe Bapujabne nHTepnpeTupa weHy pacnogeny
ca CTaHOBULITA CTPYKTYpPHE (CTauuMOHapHE) M HaCyMWYHe WAW ClydajHOCHe Bapujabne
(PeTxc, 1980). Yuewhe oBMX KOMNOHEHATa y YKYMNHOj pacnojenn y nocmMaTpaHoM reo-
NOLKOM NpOCTOpY 3Haum cnegehe:

- nojaea CTPYKTyupaHe KOMIMOHEHTE W kbeHa AOMUHaLMja Haf Cly4YajHOCHOM, Y 30HU
Kope pacnafata 04ekyje ce 3a cybnonynauunjy npumapHux MuHepana 360r mase nokper-
/bMBOCTM U cnabe pacTBOp/bMBOCTW. TO MOXe 6UTK ofpa3 pacrnofene y nNpumMapHoOM ope-
0/ly pacejaBatba, YKOJIMKO je Murpauyuja cefurmMeHata 6una orpaHuyeHa u cnaba. 36or
cBera Tora, mehjycobHa 3aBucHoCT npoba reonowke Bapujabne (aytokopenaymja no yaa-
JbeHocTN) Tpeba fa byae 3HauajHa;

- JOMMWHaumja CnyyajHOCHe KOMMOHEHTe 3HauM OACYCTBO KOpenauwuje ca pacToja-
Hem 1 MoXe 6UTK pe3ynTar yjefHauyaBaka pacrnofene pasHoLIEeHheM reosolKe sapujab-
Ne 'y Wupmn reonowwkn npoctop. Tume ce rybum Besa ca NpMMapHOM pacnogesnom y nogno-
3. OBakBy gucTpubyumjy Tpeba oyekmBaTy 3a enemMeHTe M3 cybrnonynaymje CeKyHaap-
HUX MUHEpana.

PESYNTATU N JNUCKYCWJA

XucTorpamm yyectaHOCTM cafipXxaja 0/10Ba, LUMHKA 1 6akpa npukasaHu cy Ha cn. 1
PacnoHun nsmehy MuHuUManHux (Tw) WM MakcumanHux (Tax) BpPefHOCTU KOHLeEeHTpauuja
BEOMa Cy LUMPOKU U TO Ce OApakaBa Ha Cpefty BpefHOCT (T) W CTaHZapHY AeBujauunjy
(X). To je nocebHO UCTAKHYTO KO 0/10Ba, AOK je KO LMHKa, a HapouuTo 6akpa, un3pa-
XXEeHO Yy Maw0j Mepu. Buamsumeo je, fa ce cagpXkaju Hajpehrx yyecTaHOCTU jaB/bajy Kop
0/10Ba U UMHKa y uHTepBany nsmehy 101 500 ppT, a 6akpa 10 1 60 ppT.

MpBU KopaK y aHaiM3n OBMX pacnofenia cacToju ce y Tpaxewy KOHLEHTpaunoHor
oncera ca CUMeTpUYHOM pacnogenom. Cagpxaju nsHag 500 ppT 3a 0/10BO U LIMHK 1 U3HA[,
150 ppT 3a Bakap cy usyseTu, jep cnagajy y nogpyyje HUCKOr HMBOA BepoBaTHOhe UM Be-
hMHOM NoTUYYy M3 NpUMapPHOT Opeosia pacejaBawa. Ha Taj HauMH ofbadveHa je 51 npoba, a
npeoctano ux je 377. MNonynaunja onosa nofesbeHa je Ha knace of 30 ppT, a UMHKa U
6akpa og 10 ppT, a 3aTUM Cy (pMTOBaHe FaycOBOM MM NOTHOPMANHOM (YHKUMjoM. KOH-
LeHTpaumoHe obnacTu CekyHAapHuWx cybrnonynaumja u Kako je nmocTynvpaHo, Tpeba ga
MMajy MWHUMaNHY acuMeTpuyHOCT pacnogene. OHe Cy MPOLEHEHE U3 3aKPUB/bEHOCTHU
(3keurnem) (\7ealherfurn, 1961) meTofom npobe u rpewwke (cn. 2). Tako, cumeTpuyaH
06/1IMK “Ma fileo nonynaumje onosa nsmehy 15 un 110 ppT, unHka 15 go 100 pp1 1 6akpa 10
f0 30 ppT. bpoj npo6a o6yxBaheH oBUM MHTepBanuma je 200, 300 1 360 3a Tpu efleMeHTa
pecnekTuBHO (cn. 2), ykasyjyhu Ha pasnnumto ydewhe cekyHAapHux cybnonynayuja y
YKYMHUM nonynayujama 0noBa, LMHKa 1 6akpa. OBe o6nactu utoBaHe cy [aycoBOM
(hyHKUmnjom. MpeocTanu oncer KoHUeHTpaumja, ykbyuyjyhu n pesugyane cekKyHAapHUX
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200 - Ph 427 850,4 15 17000 2526,3
wTT 2n 427 528,5 15 30000 2157,7
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Cn. 1. Xuctorpam pacnogene Ph, 2n 1 Cuy 30HM Kope pacnafaka nexuiwTa babe.
p1J. 1. PH81o8rar8 o! Ph, 2n T& Cu cH6h/buMons T Jbe wea/bennd] rone o! Bahe aepo6.
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Cn. 2. MNpoueHa KOHUEeHTpaunoHe o6nactu cybrnonynauuja cekyHaapHux muHepana Ph, 2n n Cu. N je 6poj.

npo6a.
p1l. 2. Concenlxalwn ran8e5 esltaHon o! 6econgary PB, 2n an/l Cu TTerak 8uhpopulalon. N 18 Jbe

nuther ol 8atple8.



cybnonynaymja, oarosapa npumapHoj cyénonynaunju v (UTOBAH je NIOTHOPMaSHOM
(hyHKUnjom. KBanuteT (uTOBawa npouewnBaH je Ha 6a3u cTaHfapiHe %2 npoueaype.
Yyewhe cekyHAapHuX cybnonynaymja y yKynHum nonynaumjama padyHaTo je n3 ogHoca
MOBPLUMHA UCNOS, KPUBUX.

80 1 fpu

ToTtanHa nonynaunja A=100 %
(Tolal populanonmn)

60  Cp. Bp. cekyHaapHe cy6nonynaumnje O 31 %
(Mcan ol xeconcJary avhpopu”aLlon)

100 Moga upumapHc cybnonynaunje A-69 %
(M(x1e o! pnTary 8uhpopulallorl)

®  Cyma KpuBux ABe cybnonynaumje
(8ura ol Nyo .unl)populalion Mbhwjj cwnex)
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Cn. 3. Xuctorpam guctpubyumje Ph pa3gBojeH Ha ABe cybrnonynauuje. A je MOBPLUMHA UCNOL KPUBUX.
p18. 3. LLU6(:08ranl ol /be Ph JboImhuion, reSolyecl on Lo 8ulspopulaclon. A 15 Jbe area uncler cite6.

OnoBo. PesynTtaTtu (hutoBara npukasaHu cy Ha cn. 3. KeanuteT uToBara yKymnHe no-
nynauuje 108-HopMasHOM PYHKLMjOM MMa 3a0B0/baBajyhu HUBO 3HavajHocTu (0,01 <p < 0,05)
3a jefiHy reoxemMmjcky nonynauujy. 36mp cekyHAapHe 1 npumapHe cybnonynauuje y aobpoj je
carniacHoCcTu ca ToTasiHOM nonynauujom (p > 0,99). Cpegte BpefHOCTU cybronynaumja go-
BO/bHO CYy pa3fBojeHe fa MOXeMO M3BYhy 3ak/byyak fa KOHLUeHTpaumje ncnog 60 ppw Bofde
Nopekno u3 cybnonynauunje cekyHgapHux, a sehe og 105 ppT u3 cybnonynauuje npruMapHUX
MuHepana. Moctoju o6nact nsmehy 60 1 90 ppT y KOjoj ce ABe cybnonynaumje He MOry pas-
NIMKOBATK, Na je NMopekno onosa nogjeaHako moryhe ns obe. Cagpxaj cekyHfapHe cyoérony-
nauuje y YKynHoj noHynauuju naHocm 31 %.

LinHk. Behu a-u), 78 % ykyllle nonynaynje UnHKa, yknana ce spno goépo (0,3 <p < 0,5)
aycoBoMm thyHKumjom (cn. 4). Camo 22 % npeocTaje 3a cybnonynayunjy npuMapHuX MuHe-
pana. OBaKo Masn NPoLEHaT H1je Morao 6UTK Noy3aaHo PUTOBaH, rako Aa napameTpu npu-
mMapHe cybnonynaumje HUCy morau 6uTty ogpeheHn. MoXemo 3aK/by4nTH Aa LUHK BOAMW No-
PeKno yrnasHom u3 cybronynauuje ceKyHLapHWX MWUHepana, nrro je y ckiagy ca BUCOKOM
pacTeBop/buBOLWhY HEroBor cyngara.



Cn. 4. Yknanawe guctpubyumje 2n MaycoBom (yHKLMjoM paconogene. T - cpeftba BpegHOCT, 8 - cTaHapAHa
fieBujaumja, A - NOBPLUMHA UCMIOA KPWUBE Y OAHOCY Ha MOBPLUUHY YKYMHe nonynauuje.

p18. 4. Oawaan LW 1o e 2n Jb6lr/buMon. T - Tean, 8 - 8langarcl <leYlallon, A - area wncler /be curye re-
lalye 1o 1he area ol Llle lolal populalion.
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Cn. 5, Yknanate guctpubyunje 6akpa Maycosom yHkuujom. O3Hake Kao Ha cn. 4.
M§. 5. Oawmssian LU 1o Le Cu cUBlnhuiion. ahel8 are Lk 3aTe a8 T 4.



Bakap. Kao ny cnyyajy umHka, FaycoBa yHKUMja yknana Bp/io 4obpo nonynauujy
6akpa (0,3 < p < 0,5), 3axBaTajyhu 93 % nospLuvHe ToTanHe nonynayuje (cn. 5). To 3Ha-
um fia ce roToBo cas 6akap Hanasu y cacTaBy CEKYHapHUX MUHepana. BeposaTHoha fga
MocToje penuKTy NpUMapHMX MuHepana je ucnog 7 %. Lakne, cybnonynaunja penukarta
NPakTM4YHO He MOCTOju, WTO OAroBapa cnaboj OTMNOPHOCTM Xa/IKoNMMpuTa Npema AejcTBy
KMUCEOHMKA M penaTMBHO BUCOKOj PacTBOP/bMBOCTM BakapHOr cyngaTa.

Ha cn. 6, npukasaHu cy 3ajegHO 06/mMum gucTpubyunja cybnonynaymja ceKyHaapHNUX
MUHepana 0110Ba, UMHKa 1 6akpa v HhuxoBu napametpu. Cagpxaju cybnonynaymja ceKkyH-
JapHUX MUHepana y CKnagy Cy ca CTENneHoM antepauuje raneHuTta, cthanepura u xanko-
nupuTa. JacHo je, fa cy canepuT v raneHuT yrnasHoM uwyesnn. Camo y Cry4vajy 0N10Ba,
n3[BOjeHa je cybnonynauuja pennkara rafeHmTa U oHa je JOMUHaHTHU feo (69 %) ToTanHe
nonynauuje. OBO je carnacHo ca oTnopHowhy rafeHnTa u HepacTBOP/bMBOLLRY aHrNesnTa.

ppuw

Cn. 6. Kpuse pacnogene KoHueHTpauuja Ph, 2nu Cu n3 cybnonynaunje ceKyHAapHUX MUHepana.
pif> 6. Prevency </b(nfu(gon curyek o Ph, 2n ang Cu 'roT Lle whpopnlallon8 ol Secon<laly nrrerals.

Obnnum guctpubyumja cybnonynauHja ceKyHhapHux muHepana (cn. 6), nocnegvua cy
Murpaumoune cnocobHocTn ogrosapajyhmx joHa. Kako oHa 3aBUCK 0f pacTBOP/bUBOCTU MUHE-
pana, npeaBua/bMBO je Aa he cTaHfapfHa feBujauunja aucTpmbyumje onosa umaTtu Hajsehy
BpegHoCT. AncTpnbyumje LumMHKa 1 6akpa umajy onrrpe npogune, WTO yKasyje Ha penaTnBHO
BMCOK HMBO XOMoreHu3auuje. CyngaTtu uuHKa u 6akpa nako npenase y pactsop, 6msajy pas-
HECeHW LMpKynaunjom Boje 1 peflenoHOBaHN y CYLUHOM nepuogy. Ha Taj HauMH noctuke ce
n3jefHavaBare cafpxaja. Y cTaTUCTUUKOM CMUCY, TO 3HAYU Mawy CTaHAapHy fLesujauujy
anctpmnbyuumje. Pasyme ce, gucnepsunja UMHKa U 6akpa 3aBUCY Of MHOTUX OKO/IHOCTM Kao HITOo
CY: KMMATCKW YC0BM, BOAOMPONYCT/bUBOCT cpeauHe uta. MNoTpebHo je, 3ato, uctahu ga cy
CBa TPV MMHepana nNpoLuna Kpo3 UCTU CKYM AejcTasa, Y UCTOM MPOCTOPY U KPO3 UCTO BPeMe.
W3HeceHn pesynTaTu nocnefuua cy, fakne, penaTuBHE OCET/bUBOCTU OBUX MUHepana Ha CKyn
NCTax AejcTaBa M KpPO3 UCTO BpeMe. My HUCMO Y CTamwby [a PEKOHCTPYMLLEMO CBE aKTUBHOCTM
KOje cy foBene 0 anTepaumje. JeaHy of bux unak Tpeba nctahu, a 1o je 4ejcTBO BoAe Koja ce
jaB/ba Kao CpefCTBO XEMUjCKE U MeXaHWUKe AeCTpyKLMje, anu 1 Kao TPaHCMOPTHO CPeaCcTBo.



MpocTopHa pacnojgena 0/0Ba, UMHKa 1 6akpa. PasmoTpuhemo caga pacnogeny no-
nynauuja Tpu efiemMeHTa y onpo6aHom [BOJMMEH3NOHATHOM NPOCTOPY Ha MOBPLUNHM fe-
XunwTa babe. CylWITUHCKO NuTake je, fa M je MOBPLWIMHCKA pacnogena Ph, /m n Cu og-
rosapajyha 3ak/byuky 0 XOMOT€HOCTU U3BEAEeHOM W3 NPETXOAHE CTAaTUCTUUKE aHanm3e.

h(w)

Cn. 7. PenatuBHu cemmBapuorpamm Ph. 2n n Cuy Kopu pacnagarwa nexuiuta babe.
pj~. 7. Kela[1Ye selll\'ano8rarng ol Ph, 2n anc! Cu hoT Lle \Yeal;henn§ 2one o! Bahe ore /bpo8il.

ButHo je YTBpPAWUTHU, Aa nu ce Ph, /n 1 Cu nonawajy ctauuoHapHO U Y K0joj Mepu.
YKONWKO Hema CTauuMOHApHOCTW, pacnojena OBMX MeTana je NOTMYHO cly4yajHa u noj-
nexke 3aKOHWMa BepoBaTHOhe. PenaTMBHM cemuBapuorpaMu Tpy eneMeHTa 4aTu cy Ha cn. 7.
PauyHaTu cy 3a YKynaH y3opak, npasal, CeBep-jyr u ucTok-3anag, ca kopakom (h) og 100 1
Kako je mpexa npojekToBaHa. Bapuorpamu 010Ba U LUMHKA YKNanaHu cy chepuyHuM Moge-
nom, a 6akpa nMHeapHoM perpecujom. KopuwheHu cy nogauy 3a Lieo y30pak Tako Aa je pac-
Typatbe Tayaka OpujeHTUCaHUX Bapmorpama OKo KpyUBHX, NOCneauLa aHM3oTponuje.



Bapuorpam 6akpa naj6éosbe ce yknama numeapHom yHkumjom o6nuka y(h) = ah+h.
KoeuumnjeHT npasua perpecuje je Manu, Te je theH yrao npema x-ocu csera 13°, nHgu-
umnpajyhu cnaby Besy ca pactojarbeM. NMpecek ca opanHaToM 6/113aK je YKYNHOj BapujaH-
cu. Monoxaj yHKuMje BOAM 3aK/byuKy, fa je CayyajHOCHA KOMMOHEeHTa AOMWHAHTHA Y
pacriogenn 6akpa. BapujaHca je y CTaJIHOM NOPacTy ca pacTojaweMm, Te Ce He MOXe W3-
BECTU 3aK/byyakK O HEHOj KOHAYHOj BPeLHOCTH, a TUMe U CTPOroj CTalMOHapHOCTHU.

Bapuorpam umHka cthepuyHOr TMMa, aCMMNTOTCKK Ce Npubaunkasa YKYMHOj Bapu-
jaHcu. omet je 600 W, a aHU30TpONuUja je yousrbmea. YTuLaj HacyMUyHe KomnoHeHTe CO
BMCOK je, C/Cc = 1 Y npaBuy ceBepa Bapuorpam UMHKa je NMHeapaH, a y npasLy UCTOKa
cthepmyHor Tvna. MNpoceyaH Bapnorpam LMHKa je npenas usmehy 4ncTo IMHeapHor Tuna,
Kao Kof 6akpa u cpepuyHor.
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Cn. 8. PenatuBHu cemuBapuorpamu PB u3 cybnonynauuje npumapHux muHepana (100-500 ppT) u cy6nony-
nauuje cekyHgapHux muHepana (15-85 ppT).
8. Kelallye .agnnyano”rats o! Ph 'roT xuhpopulahon o! pntary (100-500 ppT) ancl $uhpopula(lon oC
8ecoriclal-y TTetals (15-85 ppnr).

Kog onosa, Bapuorpam je cgepuyHor tuna. [JONPMHOC HAcyMWUHE KOMMOHEHTE
3HATHO je MawW, jep je C/CO= 0,4. AHM30TPONKja je Marbe M3pPaxXeHa Hero Koj LMHKa.
AKO ce nonynauuja o510Ba pasfBoju Ha fABe cybnonynauuje u nspadyHajy Bapuorpamu,
pobuja ce pesyntaT npukasaH Ha ci. 8. Kako je paHuje ogpeheHo, KOHLUeHTpaLmje onosa
y uHTepBany 15 go 85 ppw Bofe nopekno u3 cybnonynaumje CeKyHLAPHUX MUHepana.
360r BUCOKE MOKPET/LMBOCTH, OBU CaapXKaju Cy BepoBaTHM y BeheM geny npocTopa. CTo-
ra, BapuorpaM npefcTas/ba npaea roToBO MapasiesiHa X-0Cu, ca JOMWUHATHUM HacyMuu-
HUM edheKTOM. KoHUeHTpaunje onosa y uHtepsany 100 4o 500 ppT Koje NoTMYUy K3 penu-
Kata raneHuta, Mofenupajy ce cepMyHUM Bapuorpamom ca AOMeToM of oko 300 L.
HacymunuHu ehekaTt 1 0BJe je NpUCYTaH, aun je cTauMoHapHOCT Bapujabne ogpxaHa.

KapakTepuctuka cybnonynaumje ceKyHAapHUX MUHepana jecTe HeHa Benmka auc-
nepcHocT. Opfatne v yjefHa4eHOCT KOHLUEHTpaLuMja (XOMOreHoCT), WTO Ce UCKasyje ma-



NIOM KOBapujaHCOM ca pacTojatem. JaCHO je, fa HaCyMWYHM eheKaT pacTe ca NopacTom
cagpxaja cybnonynaumje ceKyHAapHMX MWHepana y TOTasHOj nonyfiauuju, WTo je npu-
Ka3aHo Ha Tabenu 2.

Tabena 2. Mopehewe HacyMUYHOT ehekTa ca cagpxajem (A) cekyHaapHux cybnonynauuja (58) y TotanHum
nonynaumjama (TP). rje KoeduumnjeHT Kopenauuje
Tale 2. Conela(lon hellyeen ranjorn e(Tecl anc! kecon/bry kuhpopulallon8 (88) conlenl8 (A) 1n lolal
populallon8 (TP) o" eletenl6. r 18 1he coelliclenl ol correlaliin

Col/lC n {ym)
Ph (TP) 0,4 3L
2n (TP) 10 78
Cu (TP) 2,0 93
Ph (88) 2,4 100
r=20092

Cnuka o NpoCTOPHOj reocTaTUCTUYKOj pacrnojenn carnacHa je, fjakne, ca ctaTucTuu-
KHM MapameTprnma nomnynauuja 0/108a, LMHKa 1 6akpa. Ha 0CHOBY Bapuorpama HaupTaHu
Cy METOJOM KpUroBaka KapTe KOHTYpHe pacrnojesie KOHUeHTpaumja rpy enemedTa. Mpu-
KasaHu cy Ha cn. 9, 10 n 11. bena noBplIMHA je Hey30pKOBaHO nogpyyje. Ha cBuMm kap-
Tama y jyrosanagHom fefy 3anaxa ce nofpyyje Hajsuile KOHuUeHTpauunje. OHa ce reHe-
panvo cMawyje y npasLy CeBepa U CEBEPOUCTOKA.
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Cn. 9. KoHTypHa KapTa cafpXaja 6akpa y Kopu pacnajara nexuiwTa babe.
Pljj. 9. CorHour Tap ol cooper conlenC w Jbe \Yea/berw§ 2one o” Bahe ore /bpoall.

M0 monoTonocTu pacnofene Ha NPBoM MecTy je 6akap (cn. 9) 3aTum uuHK (cn. 10),
[loK ce Kof onosa (cn. 11) Beh 3anaxajy KOHTpacTHe HpoMeHe. Ha kapTu 0/10Ba, Koja je



2n
(PPT)

200

90

50

0 500 1000 1500 2000 w

Cn. 10. KoHTypHa KapTa cafp)aja U/HKa y Kopu pacnajawa nexuluta babe.
p1r. 10. Contour Tap o! rtc conlenlT (he \Yealhenn§ 2one ol Bahe ore gepo$y(.

P1)
(ppT)

2000

200

80

15

0 500 1000 1500 2000 T

Cn. 11. KoHTypHa KapTa cajp>)aja 0/10Ba y KOpu pacnajawa nexuwta babe.
p10. 11. Conlow' nrap ol leacl conCenC 1n the X”ealllert 2one ol Bahe ore JfleposW.



noce6GHO MHTEpecaHTHa, leno ce UCTWYe TPeHA Nafa KoHLeHTpauuje oh 6oraTe 30He Ha
jyroucToky npema cesepy ¥ UCTOKY. Maja 3HaTHO Matbe YNaf/brnB, OH NOCTOjU U KOJ LyH-
Ka a KOoA 6akpa ce He 3anaxa. HberoBo Mopeksio Moxe GUTU NpeaMeT Aa/bUX UCTPaXKW-
Batba.

3AK/bYYAK

VcTpaxusare CTPYKTYpe reoxemujcke nonynauuje oTKpuBa rpaHuue cybnonyna-
Luja Koje MOry ykasaTu na nopekno enemeHara. CTpykTypa nonynauuja 0/10Ba, LUHKa U
6akpa u3 Kope pacnagawa Ph-2n nexuwTta babe pasnoxeHa je Ha J4Be KOMMOHEHTE,
cybnonynauuje UCTOr efieMeHTa anun pasnuyunMTor MUHepPanHor cacrtasa. Hbuxos mehycob-
HW OJHOC je KBAHTWTaTMBHMW M3pa3 OTMNOPHOCTM raneHwuTa, caneputa U Xankonuputa
npema MoBPLUMHCKOM pacnagawy. MpocTopHa BapnjabunHoOCTTpK enemeHTa, npoLereHa
13 cemMmuBapuorpama, carjacHa je pasimuymTum MUrpaLnoHUM CrocobHOCTUMa efieMenaTa
13 cybnonynayuja ceKyHAapHUX U NpuMapHnX MuHepana. CTeneH XOMOreHOCTH, U3BeseH
M3 CTAaTUCTUYKMX HapameTapa AHCTpMOyumMja, CpasMepaH je 04HOCY HAaCyMUYHe W CTPYK-
TYpHe KOMMOHEHTE Y YKYHHOj BapujaHCU 0/10Ba, UMHKa U 6akpa, Kao PermoHann3oBHUX
reofnoWKnX Bapujabnu.

Maga cy cTaTUCTUYKKN U reocTaTUCTUYKN napaMeTpu Mogena y Bpnio gobpoj carnac-
HOCTM ca TeOpMjCKUM Mnpeaukuujama, NPUMEHEHN MOCTYNaK je npsa anpokcumaumja v
TpaXwu fasbe ycaBpluaBamwe. EKkcnepuMeHTanHo ogpehuBarkbe MUHEPATHOT cacTaBa y3opa-
Ka 13 KPUTUYHUX pernoHa 6uno 6w of BeNuKe KOPUCTW, ain Cy HUCKE KOHLEeHTpauumje
BE/INKA CMETHba.
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THE GEOSTATISTICAL MODEL OF GALENA, SPHALERITE AND
CHALCOPYRITE WEATHERING IN THE POLYMETALIC DEPOSIT
BABE, KOSMAJ MOUNTAIN (SERBIA, YUGOSLAVIA)

by
Mihovil Logar*, Biljana Zrnic* and Dusan Sajic"

The origin of the Pb, Zn and Cu distribution in the weathering zone of the polymetalic deposit Babe
is from two population of minerals:

a) secondary minerals, formed by the transformation of primary minerals during the weathering proc-
ess,

b) relics of primary minerals: galena, sphalerite and chalcopyrite.

The relationship between the distributions of these population suggest a model for galena sphalerite
and dialcopyrite behavior in the weathering process.
Key words: geostatistic, weathering, galena, sphalerite, chalcopyrite, ore—deposit Babe, Kosmaj, Serbia,

Yugoslavia.

INTRODUCTION

The Pb. Zn deposit Babe is situated in the northern part of the Sumadija province
(Serbia) and about 35 km south from Belgrade. The ore bodies are dominantly of the
vein-type and lenticular shape. The mineralization is of the stokwork-impregnation type.
The ore is deposited into hydrothermaly changed Upper Cretaceous flysch sediments
(sandstone and silty limestone). Seldom, it appears within the contact zone between these
rocks and quartz latite dykes or breccias of rhyolitic composition (ignimbrites). Prominent
minerals are galena with remarkable silver content and sphalerite. In addition, chalcopy-
rite, arsenopyrite, tetrahedrite and the other minerals appear in a considerably lower con-
centration (Rakic 1962; Radulovic 1987; Zrnic, 1997). Pyrite is always present as the
most extent mineral in the deposit.

According to the mining potential, the Babe deposit is one of the most perspective
spaces within the ore-bearing field Kosmaj for the polymetalic Pb, Zn, Cu, Ag ore dis-
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coveries. Until now. a major pari of the proved ore is found at the depth of 250-400 m
from the surface.

During the geochemical prospecting in the Glavcine district. 427 samples were col-
lected from the area of 4.5km2 using the rectangular network with the sample points
distance of 100 m in the both directions (north-south and east-west). Because the area is
covered with a thick humic  soil, samples were taken from the Miocene and the other
beds which lay above the Upper Cretaceous sediments at the depthof 0.5 m. Rarely,
samples were taken from the primary halo where the rocks exposures appeared on the
sampling points. There are 22 samples from the primary halo. They were excluded from
the data analysis except in the general population review.

The concentrations of lead, zinc and copper were determined in the laboratory of
Geoinstitute - Belgrade. The geostatistic data analysis was performed by using the soft-
ware packages implemented on PC 486 such as: GEOEAS. STATISTICA. WINSURF
and other available for data preparing and manipulation (Logar & Cvetkovic, 1991).

THEORETICAL PREDICTIONS

Leaching of the elements from the primary minerals in the weathering zone occurs
through the following processes: the oxidation of primary minerals into the sulfates, their
subsequent dissolution, transportation by the water circulation and finally, the secondary
precipitation. These processes, naturally, are synchronized by the parent rock weathering.
The first step can be expressed with the reactions presented at the Table 1. Although, the
products of these reactions are not definitive, and depend of the water composition, the
point is that the degree of the primary sulfides stability is proportional to the solubility
of their sulfates.

1 is obvious that the fine grains of minerals are more liable to the alteration then
the coarse ones. During the process of alteration, the fine grained part of the primary sul-
fide population will be completely dissolved and removed. However, under the same
conditions, the coarse grains will not be altered entirely, the central parts will remain as
a relics.

Therefore, in the secondary dispersion halo of the Babe ore-deposit, Pb, Zn and Cu
originated from two subpopulations: a) secondary minerals formed of the leached ele-
ments from the primary minerals: sphalerite, galena and chalcopyrite and b) of primary
minerals relics.

The frequency distributions of these two subpopulations should have different statis-
tical parameters:

1) The mean of the secondary subpopulation should be lower than the primary one.
because the ions are able to migrate in a soluble form and can be easily removed by the
water circulation in a wider geological environment.

2) For a similar reason the homogeneity of the secondary subpopulation must be
higher then the primary subpopulation. Hence, the symmetrical distribution and a lower
standard deviation would be expected.

3) As mentioned above, the primary subpopulation consists of a narrower grain-size
range because the fine grains are dissolved. The distribution should be asymmetric.



4) The geostatistical theory consider regionalized variables as stationary or random
(Perisic, 1980). The participation of these two components in the total population of
regionalized variables in the geological space can be interpreted in the following way:

- Domination of the stationary part over the random one is expected for the subpo-
pulation of primary minerals because of their low movability and low solubility. Therefo-
re, the correlation between the geological variable and the distance need to be significant.
Spatial distribution of variable can reflect the distribution in the primary halo if the mi-
gration of sediments in the secondary halo have been small enough.

- Prevalence of the random part means that the values of geologicalvariable is uni-
form, without correlation with distance, and the connection with primary distribution in
the parent rock should be lost. This type of distribution is expected for the elements from
the secondary minerals subpopulation.

RESULTS AND DISCUSSION

The histograms of frequency distribution of Pb, Zn and Cu are shown in the Fig. 1
It is obvious that concentrations of the highest frequency for Pb and Zn are in the inter-
val of 0 to 500 ppm and 10 to 40 ppm for Cu. The differences between theminimum
and maximum values of concentration are scattered widely and that is reflected on the
mean and produce the enormous standard deviation of these elements. That ismarkedly
expressed for Pb, less for Zn and the least for Cu.

The relationship between two subpopulations of Pb. Zn and Cu is indicative for the
degree of weathering of galena, sphalerite and chalcopyrite in the supergene zone of the
Babe ore-deposit. To find this relationship it was necessary to resolve the total populati-
on of a particular element on two subpopulations. The first step was to find the concen-
tration range of the symmetric subpopulation. Concentrations over 500 ppm of Pb and Zn
and 150 ppm of Cu were rejected, because this region couldn’t be considered as a part
of a continual distribution. The number of samplesin the total populations becomes
slightly smaller as shown in Fig. 1

The populations were divided into classes of 30 ppm for Pb and 10 ppm for Zn and
Cu. Then, distributions of the total populations were fitted. The range of secondary sub-
populations, having a symmetrical distribution, were estimated from the skewness (Wet-
herburn. 1961). Thus, the symmetrical form has parts (Fig. 2) of Pb total population
between 15-110 ppm. Zn 15-100 ppm and Cu 10-30 ppm. The frequencies in these
ranges are 200, 300 and 360 for the three elements respectively, indicating a different
participation of the secondary subpopulations in the total populations. The Gauss distribu-
tion functions were fitted to these ranges. The lognormal function was fitted to the re-
maining concentration range, including residuals of the secondary subpopulations, as they
are covered' by the primary subpopulation. The quality of fitting was estimated using
usual goodness of fit, %2 procedure. The participation of secondary populations in the to-
tal population has been calculated from the areas ratio. The results are summarized in
Figs. 3 to 6.

Lead. The results of fitting are presented in the Fig. 3. The goodness of fit of the
lognormal function to the total population (0.01 < p < 0.05) is acceptable for a geoche-



mical population. The sum of the secondary and the primary subpopulations is in a good
agreement with the distribution of the total population (p > 99 %). Means of the two
subpopulations are resolved enough and we can draw the conclusion that a concentration
smaller than 60 ppm belongs to the secondary and greater then 105 ppm to the primary
subpopulation. However, there is a range between 60 and 90 ppm where the two subpo-
pulations can't be distinguished. The content of the secondary subpopulation is 31 % (Table
in Fig. 6).

Zinc. The Gauss function fits very well (0.3 < p < 0.5) the data enclosing 78 % of
the total area (Fig. 4). Only 22 % of the total population left for the primary subpopula-
tion. The 22 % residuals couldn’t be fitted reliably, so the parameters of the primary
subpopulation (if it exists) were not determined. The difference between the means of the
total population and the secondary subpopulation (Table in Fig. 6) comes from the rare
samples with a high Zn concentration. We can infer that according to the high solubility
of ZnS04, the population of Zn almost originates from the secondary minerals.

Copper. As in the case of Zn the Gauss function (Fig. 5) fits the distribution of the
Cu population (0.3 < p < 0.5), including almost all of the area (93 %). The means of the
total population and the secondary subpopulation differ slightly as can be seen in Fig. 6.
The primary subpopulation, practically doesn't exist.

In Fig. 6, the distributions of secondary populations of Pb, Zn and Cu and their
features, are presented. The contents of the secondary subpopulations is in the accordance
with degree of galena, sphalerite and chalcopyrite alteration. It seems obvious that
sphalerite and chalcopyrite have mainly disappeared. Only in the case of Pb the subpo-
pulation of galena relics can be resolved and it is a dominant part (69 %) of the total
population. This is in agreement with galena and anglesite insolubility.

The distributions shape of the secondary subpopulations (Fig. 6) is the consequence of
the migration ability of the corresponding ions. As it depends on minerals solubility, it was
predictable that the standard deviation of Pb distribution would have the highest value.

The Cu and Zn distributions have the sharp profiles, with the small standard devia-
tion. indicating relatively high level of homogeneity. The sulfates of copper and zinc are
soluble and. hence, they are spread by the water circulation and redeposited during dry
climate period.

Since the ion's dispersion depends of many factors (climate, rock permeability...) it
is necessary to emphasize that three minerals were suffered to the same set of actions
during the same time. Presented results express the different resistance of galena, spha-
lerite and chalcopyrite under the same conditions.

SPATIAL DISTRIBUTION OF LEAD, ZINC AND COPPER

Considering the distribution of three elements over two-dimensional space, the fun-
damental question is: Do the spatial distributions of Pb. Zn and Cu correspond to the
conclusion drawn from the former statistical analysis? First, it is necessary to establish do
lead, zinc and copper behave stationary. The relative semivariograms of three elements
are presented at Fig. 7. They were calculated for the total population in two directions,
north-south and east-west, with the step (h) of 100 m as the network was projected.



The best fitting of copper semivariogram is to linear regression: y(h)=ah+b. The an-
gle between regression line is 13° indicating a weak connection with distance. The vari-
ance has a constant growth with increasing distance. So, it is not possible to asses a fi-
nite value of variance. This lead to the conclusion that the random component is domi-
nant in the copper distribution.

Semivariogram of zinc is of the spherical type. The curve asymptotically approach
to the value of variance. Range is 600 m and the anisotropy is obvious. In the direction
of north semivariogram fits to linear function, but in the east fits to the spherical functi-
on. The contribution of random component is moderate, CDC = 1.

In the case of lead, semivariogram is of the spherical type. The participation of the
random component is low, CdC=0.4. Anisotropy is less distinctive than in the case of
zinc. We can resolve the total lead population on two subpopulation and semivariograms
calculate separately. Obtained results are shown on the Fig. 8. As determined before, Pb
concentrations between 15 and 85 ppm are of the secondary sub-population. Because of
high movability this concentrations are plausible in the most part of the explored area.
Hence, semivariogram is represented by the straight line nearly parallel to the x-axis.
with a dominant random effect. Pb concentration between 100 ppm and 500 ppm, originates
from galena relics, is represented by the spherical semivariogram with the range of 300 m.
The random effect is low, so the variable is maintain as stationary.

The feature of secondary subpopulation is the high degree of dispersion. Conse-
quently, the unification of concentrations appears (homogeneity), which is expressed by
small covariance with the distance. It is clear that the random effect grows up with an
increasing content of secondary minerals subpopulation in the total population as can be
seen from the Table 2. Thus, spatial geostatistic distribution is in the accordance with
statistic parameters of lead, zinc and copper populations.

Using data from semivariograms and Kriging method, the contour maps of three
element concentrations were plotted (Figs. 9, 10 and 11). White areas on the maps repre-
sent the areas where the sampling was not performed. On all maps, a concentration
maximum in the south-west part is noticeable. Generally, the concentration decreases in
the north and north-east direction. On the scale of concentration monotony, the first
place belongs to copper, second to zinc, while in the case of lead (Fig. 11) a contrast
variation can be observed. The contour map of lead concentration express a trend of de-
creasing concentration from the rich territory on the south-east toward north and east.
This trend is not recognizable on the maps of copper and zinc. Its origin could be the
subject of a further investigation.

CONCLUSION

The investigation of the structure of the geochemical population reveals the limits of
the subpopulation which can indicate the origin of the elements. The structure of the
particular Pb, Zn and Cu populations from the weathering zone of the Pb-Zn Babe
ore-deposit, were resolved to two components, subpopulations of the same element, but
of distinctive origin. The relationship between them is a quantitative parameter of galena,
sphalerite and chalcopyrite resistance within the weathering zone.
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The spatial fluctuation of three elements concentrations estimated from semivario-
grams is in the accordance wvith a different movability between secondary and primary
mineral subpopulations. Degree of homogeneity, derived from the statistical parameters of
distributions. is proportional to the relationship between random and structural part in the
total variance of particular element.

In spite of a good agreement with theoretical predictions. the model is the first ap-
proximation wvvhich needs further improvement. Experimental determination of mineral's
concentrations would be of great importance, but as they are lovv, the analysis becomes
extremely cumbersome.

Translated by the authors

JIHTEPATYPA - REFERENCES

Dobrovolsky V. V', 1969: Geography and paleogeogiaphy of weathering crust in the USSR.-- "Mysl",
1-257, Moskva (In Rusian).

Logar M. & Cvetkovié¢ Lj., 1991: Application of the QDF database system for ore minerals identifi-
cation based on optical constants.- Il Inter. Symp. Application of the mathematical methods and
computers in geology, mining and metallurgy, 83-93, Beograd (In Serbian).

IlepHtuHh M. (=PeriSi¢), 1980: HpHMeiieHa reocTaTHKa, Kit. 1.- Pyji. hhcty1-534, Beorpan.

Radulovi¢ P., 1987: Polymetalic Pb-Zn deposit Babe-Kosmaj.- Radovi "Geoinstituta", 20, 115-127,
Beograd (In Serbian).

Raki¢ S., 1962: Klasifikacija genetskih tipova Pb-Zn leZista tercijemog magmatizma Dinarida na osnovu
karakteristika mineralnih parageneza.- Referati V savetovanja geologa Jugoslavije, 189-195.

Weatherburn C. E., 1961: A first coarse in mathematical statistics.- Cambridge University Press, 1-277.

Zrni¢ B., 1997: Mineral paragenesis in the polyrnetalic Pb-Zn deposits of the ore field Kosmaj - Babe.-
Doc. tliesis, Faculty of Min. and Geol., 1-133, Belgrade (In Serbian, nepublikovano-unpublished).



