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YftK 550.4:551.2(497.11) OpnrHHajiHH HayHHH pafl

rEOXEMHJCKO IIOJLE KAJiy*PE (J3 CPBHJA)
ofl

BouiKa CTajeBHha*

reoxeM HjcKo nojbe Kany«pe Hana3H ce y cKJliony HCTOHMeHor pyjiHOf non>a 3ananHor nejia KoriaoHH’iKe pvflHe
oGjiacrH. npnnaaa jtoKajmnM reonouiKo-MeTajtoreHeTCKHM jcHmiMilaMa rpann‘inor nojaca /Jjiiiapn;ia h BapnapcKe 30-
He. oc{jopMJbeHHM TepnHjapHOM MarMaTO—TeKTOHCKOM aKTHBHotuhy. XHHporepMajtHH H MarMaTCKH npoavKTH vnvrap
KOMtuteKca creHa ceHOHCKor 4)JiHuia H jypcK0O~ceHOHCKOr MejiatbKa HcnojbaBajy reoxeMHjcKO -MeTajtoreHeTCKV uieuM -
ja.nH3annjy npeMa nojiHMeTaliHMtioM HH3y xeM Hjctoix eJieMeHaTa H ibHxoBHM opynibeibHM a.

Y3 npﬂMeiinpaamiHOHajiHor ajiropHTMa 3a jinroreoxeM HjcKy npoaieKUH jy noreHUH jajino pynoHocHHX CpGJIHl'h.
Ypaiy ce;iaje ctiHTeTH30BaHH anKaSn aHajiH3a KapaKTepHcTH'iiie npocropHe pacnogejie MHKpoejieMeHaTa im;iHKaTo-
pa (Pb, Zn, Ag, Sbh) n H>iixoBor onHoca rtpeMajiok ajit oj reojiouiKoj cpefiHHH.

KjbjiHc pein: reoxeMHjcKO nojbe, ejieMeHTH HHjjHKaTopH. .HHToreoxeMHjcka npocneKUHja, noJiHMeTa.HH>iHo
opvjJHjCibe. opeoliH pacejaBaiba, reoxeMnjcKo MeTajioreneTCKa cncnnjajiH 3aunja.

yiu)/i

y jyro3aira/(H«j CpSnjH'y jiejiy KonaoHHHKe pvA||e ofiJiac ni Kojn ce HaJia3H ‘iauaiiiio oji peKe
M6pa no3HaT je HH3 HejioiioJi.no ncrpa»ceHHX eHjiorciiiix pyjnrnx nojba. Ona cy CTBopena y
CKnony npojiVKai‘'a TepujijapHe MarMa'mrene aK'niBiioc'm h, npeMa omirrHM KpHrepHjyMiiMa
MerajioreHeTCKe nporao3e noTeiiiuijajmn cy miiopn hobhx, iioceSno nojiHMeTajiH'HUK Jiesanirra
MHHepaliHHx ciiponniia. TakBHM MeTajioreHeTCKH ji0ii0Ji>HO peiipe'ieina’nii'jiiiM cpejiniiaMa.
cMeurreHHMy ipaiiH'inoM nojacy /limapiijia h p.apjiapcKe 30He, iipmiajia h pvjino noji.e Kadiy;ipe
Me'rojpnca mv'iaBaiba pvjjnoi' nojba Kajiyjipe o6yxBaTa KOMHJieKCHy h cyiai;ecHBHy npHMeny
pa3JIHHHTHX  BIIJJOBa KOHTaKTHHX  reQIIOHTKO-MITICpajIoIIKIIX H  reOXeMnjcKO-reOfHH3HHKHX
MC'Rijia iipociieKniije Ha HHBoy ochobhhx h /(e'rajhimx nc'ipa>KiiBaii>a, Ha ‘iiijoj KoinieiiHHjii h
pc?uiH3aHHjn je ayrop, sajejino ca iic'ipa>KHBa'iiiMa | eo'iaBojia 113 Beorpajja, VMecniOBao. ilpeMa

2,5 km, H3BpmeHa cy iipociieKHiijcKa reoxeMHjcKa iipoyiaBaii>a. LH}b I™ je 6ho of/ipcl)HBaii>e
ejieMenaTa HHjHncaTopa h reoxeMHjcKe acoiHijaujije nojiHMeTajmHHor pv/inor KOMiuieKca ca
H3jiBajaii>cM aHOMajiHiix reoxeMHjciaix opeojia. llpe3eHTHpami Mai‘epnjalJi ce o/hioch na ncKe
OIHUTHX KBaHTHT3THBHHX H KBaJIHTaTHBfflK o6eJie*ja CCKVIl/apllOr JIHTOreOXeMHjcKOr 110Jba
MHKpoeJieMeHaTa imjiHKa'i'opa noJiHMc'raJiH'mor KOMiuieKca K;uiy/ipe.

*PynapcKO-reojiouiKH ({>akyjiTeT YHHBep3HTeTay Beorpa;iy. "BymHHa 7. Beorpafl.
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500m

Cji.1. KapTa reonomKor CKliona KajiyHpe.

KaanCTH) 2. cepneHTHHHTH BapjjapcKe 30He, 3. K]lacﬂ—|11—| nHJa6a3 po*Ha‘iKe (})opl\/kauHJe (raHHLiH, Jia-
nopijH Hnnja6a3H) /K23-J 3, 4. Kpe<iHaijH ycjiojeHH h 6aHKOBHTH/J23, 5. Ojihuihh cejjHMeHTH (apeHHTH,
aneBpojiHTH, Jianopifli h neuiHapH) /K23, 6. jjajkOBH TepgnjapHHX ByjiKaHHTa (KBapqjiaTHTa, jiaraTa, $e-
HoaHjie3HTa h aHjie3HTa), 7. XHjip0TepMaJiHO npoMeiteHe cTeHe (nnpHTHcaHe, KaojiHHHcaHe, chjih(})h-
KOBaHe, nponHJiHTHcaHe h jip.). 8. HeBe3aHH KliacTHTH aliyBHjoHa, 9. pvjine nojaBe H MHHepajiHiauHje Zn,
Pb. Sb 10. crapu pyjiapcKH pajioBH (nHHre, ciipTibeBii xa.Tie) 11 pyrrrype, 12, ciiojlhc koHType
Fig. 1. Geologic map of Kaludra.

Legend: 1. “Studenica Series” metamorphic rocks (calc-schist, greenschist, metadiabase and phyllite
micaschist); 2. Vardar zone serpentinites; 3. Diabase-chert formation clastics (shale, marlstone, dia-
base) /K23-J23; 4. Bedded and thick limestones (J23); 5. Flysch deposits (arenite, siltstone, marl-
stone, sandstone) /K23; 6. Tertiary volcanite dykes (quartz latite, latite phenoandesite, andesite);
7. Hydrothermally altered rocks (pyritized, kaolinized, silicified, propylitized, etc.); 8. Alluvial inco-
herent clastics; 9. Ore occurrences and Zn, Pb, Sb mineralizations; 10. Old mine workings (caved-in
shaft, dumps); 11. Fractures; 12. Outer contours of lithogeochemical prospect; 13. Topographic
contour lines.
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OINIUTA TEOJIOIIIKA OBE.IIE*JA

KoHi”pe reoxeMnjcKor nojba Kajiyjjpe Hajia3e ce y cKJiony HCTOHMeHor pyflHor
nojta Ha jyroHCTOHHHM o6poimHMa njiaiiHHCKor MacHBa TojiHje. Y okbhpv TaKCOHOMCKH
iHHpe MeTalioreHeTCKe i;ejiHHe npoc'rop npnnafla rpynn XHnpoTepMaliHHX nojba pyflHoi
pejoHa Fojnije Be3aimx 3a trepu,HjapHe KaliKO-ajiKajme cy6ByjiKaHCKo-ByjiKaHCKe nen r-
pe y cljjihivhom KOMnjieKcy i;opn>e Kpe”e y3 JiHHeapHe nnclioKanHoue pynType rpamri-
Hor nojaca JZpHHCKO-HBaH,HHKOr ejieMeHTa h MejiaH>Ka BapjjapcKe 30He (Stajevic.
1982.). I'eoxeMiijcKe ciichhc™h'ihocth OBe cpe/(Hiie, ini patjene y ochobh oji cchohckhx
neiHHapCKO—alieBpOJIHTH’IHHX, rJIHIIOBHTO-Jiail OpOBHTHX Ce/IHMCHaTa 1l jypCKO-KpejUIHX
ckhx MarMaToreHHX npo;iyKaTa. JJajKOBH KBapnJiarriiTCKo-c}>eHoaiijje<SHTCKor cacTaBa ca
npaTehHM Xxiij(poTepMajiHHM H3MeHaMa okojihhx CTeHa h iiojiHMermajiHMiiiiM MHHepaliH3a-
HiijaMa Zn, Pb, Sb, Ag HepaBHOMepHO cy jiHcjionnpaHii y3 cnperHyTe pynTypHe tcktoh-
cKe h MarMaTO TeKTOHCKe CTpyKrypHe ejieMeHTe (cji. 1). HMiipei’HaHHOHO->Kii'iHO cyji-
cJjhjjho opyjiii>eibe y ajrrepHcaiiHM i Bo>Kl)eBHTo—MaiiranoBirniM Kap6oHaTH3HpaHHM h

aHOMajiHy KOHcHI ypaniijy reoxeMHjcKor nojba Kajiyjipe.
METOfIE

r’eoxeMiijcKe Mcnijie cy iipHMen.ene y liapnjairni MeTajiOMe'ipnje ojhiocho JiHToreoxe-
MHjcKe npocneKii;Hje no ceKVHjiapiniM opeojiHMa pacejaBan>a ca npaBOyraOHOM Mpyc>KOM
100x40 m onpodaBaita ejiyBHjajiHO-jieJiyBnjajiHOr noKpiiBa'ia. OpHjeHTaipija rycraHe h aH-
H30TponHja Mpe>KC je ycarjiamena ca yo'ieiniM ejieMeiiTHMa reojiouiKe KOHTpojie jioKajiii-

Jla6opaTopnjcKa anajiiiTH'iKa Mepeiba KoiincHTpanHja MHKpoejieMeHaTa y iiojejin-
HaHHHM npo6aMa Bpmena cy nocTynKOM ceMHKBaHTHTaTHBHe eMHCHOHe cneKTpoxeMHj-
CKe aHajiH3e Ha bhcoko flHcnep3HOM cneKTporpacfiy DFS-13, y Jia6opaTopnjii Teoia-
BOfla-HMC" y Beorpaj;y. AHajinsa je 06yxBaTHJia rpyny oj* 12 hhjjhk3tophhx pyj(imx n
npaTehnx ejieMeHaTa: Pb, Zn, Ag, Sh, As, Cd, Bi, Cu, Mo, W, Ba h Sry OKBHpy 648
reoxeMHjcKHX y3opaKa. llapaMeTpH reoxeMHjcKnx nojba jio6Hjeiin cy pa'iynapcKOM,
MaTeMaTHHKOM o6pajioM anajiHmi'iKHX nojiaTaKa y3 ynoTpe6y reocTaTiicTH'iKHX MeTona
(i;Hcnep3Hja h KpnroBaibe), a penaTHBHH oflHocn H3Mel>y h>hx cy aHajiH3Hpaim MeTO-
jjaMa KliacHcj>HKauHje (KJiacTep aiiajiH3a) h Kopejiai®nje KopnmheibeM anjiHKariiBHHX
paHyHapcKiix nporpaMa.

Fpacj)H'iKa iipeseiiTannja H3BpmeHa je y cjiopMH olieaTa reoxeMHjcKiix nojba h penpe-
3eHTaTHBHHX yiiopej(HHX reoxeMHjcKO-reojiouiKHX npocfiHlia. 3a Hiiepiiojiaii,Hjy j(HCKpeTiinx
aHgjiHTHHKHX nojia‘iaKa KopHinheH je nocTynaK KpnroBaiba npeKO JiimeapHor BapnoipaM-
CKor Mojiejia ca peiyjiaiyijoM Kaoiirfini'vpanHje ejiiuicoHjia aHH30TpOinije. Ca H3a6paHOM
opjeinannjoM jiy>Ke oce ejiHiicoiijia npaBii,eM CM-J3 (40°) h o/hiocom oca 100:40 y3eTH cy y

HHTepnpeTai®Hja pe3yjiTaTa je 3acHOBana Ha cHHTera30BaHOj KOMnapaniBHoj
aHajiH3H npHKynjbeHHX h o6pal>enHX reoxeMHjcKHX noj(arraKa h pejieBaHTHHX o6ejie>Kja
reojiomKor CKliona. lloce6Ho je aHajiH3HpaH h HHTepnpeTHpaH ojihoc yTBpi)eHHx
aHOMiajiHja reoxeMHjcKHX nojba ejieMeHaTa HHjjHKaTopa npeMa kohtpojihhm <t>aKTopiiMa
JioKaliH3au,Hje opyjjH>eH>a h opyjuben,y y pyj[HOM nojby Kajiy/ipe.
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IIPHKA3 PE3y.UTATA HHH II FMIPI lAUHJ V

AHaJIHTHHKH pe3yjlTaTH KojH ce OJIHOCe Ha 632 HCnHTHBaHa y30pKa, CTaTHCTHHKH
cy o6pareHH n rpac™HHKH npe3eHTHpaHH nNpeKO reoxeMHjcKHX ojieaTa ejieMeHaTa
HHAHKaTopa (Pb. Zn, Ag, Sb n /As/). Y TasejiaMa 1 h 2 cy npHKa3aHH noKa3aTejbH
reoxeMHjcKe pacuojiejie h Be3e cbhx 12 aHaliH3HpaHHX ejieMeHaTa Y no/ipv'ijv Kaliy,npe.

TaSejia 1 OraTHCTHMKH noKa3aTejbH pacnojjejie HHflHKaTopmK ejieMeHaTa Yy reoxeMHjcKOM nojty Kajiynpe-rojiHja.
Table 1 Statistical index elements distribution in Kaludra geochemical field, Golija.

EjieMeHTH:

Elements: Pb Zn Cu Ag Cd As 9S> Bi Ba Sr Mo W
Bpoj y3opaKa

No. samples 648 648 648 648 648 648 643 6483 648 648 648 648
ApHT. cpeflHHa*

Arith. mean 143 268 69 06 19 49 20 01 680 152 11 0.2
MeflHjaHa*

Median 30 100 3 0.2 0 0 5 0 700 130 1 0
Monyc*#

Modus 10 100 3 0.1 0 0 0 0 1000 120 1 0
Ct3h. neBHjaiiHja

Stan. deviation 415 886 8 2 6 138 63 04 261 70 038 11
Koec}). BapnjaiiHje

Variation coef. 290 331 122 367 341 283 311 612 38 46 75 507
CTaHiji. rpeniKa

Stan. error 16 35 03 01 0.2 5 2 001 10 3 003 0.04
MHHHMyM *

Minimum 15 5 05 0.05 0 0 0 0 <3 50 0 0
MaKCHMyM *

Maximum 5000 >10000 60 35 >100 2100 850 7 >2500 500 5 10
KjiapK **

Clarke 16 83 47 007 013 17 05 001 650 340 11 13

* BpejiHocTH Yy ppm (H r4% )-Values in ppm (10~ %)
y ppm, no BHHorpanoBy, 1962 (h3 BojTKeBHI n np.. 1977).- In ppm, after Vinogradov, 1963 (in
Voitkevich et al., 1977)

HaKO ce iiojiann OjihOCC Ha iiojejiniia‘iiie pvjnie KOMnoHeirre, reoxeMHjcKe opeojie Kajiyjipe

opvjuiidha ihto ce 3anaasa H3 anaJiH3e noKa3aTejba pacnojjejie h yiup”~ciie Kopejiaunoiie Be3e.
reoxeMHjcka nojba obhx ejieMeHaTa Yy iiojcj(miiim cerMeirmMa HcnojbaBajy ofiejioK ja
aHOMajiHOCTH h iioBHiiiemix (J)ohckhx Kouneinpaiuija. Ha npiuio>KeiinM oJiearaMa ceKynj(apnnx
opeolJia pacejaiiaiha oBe rpyne elieMeHaTa iinjnika'nipa iipiika3ana je Konc})inypannja, cipyKiypa
h npocropHH nojio>Kaj h>hxobhx opeojia pacejaiiau.a. 063iipoM j(a ce pajjn o ceKyiij[apiniM
opeoJiHMa, npocropna paciiojtejia aHajiH3iipamix MHKpOKOMnOHeimi je nocjiejpma h eiijiorennx
mmiepajin i@ijhohiix ynmaja h er3oreHHX npeo6pa»caja. 360r oporpac}icK O-jieiiyjiannoiinx
cneiflicririHocTH noBpuiHHe ca Koje je MaTepnjaji npHKyiubeii, cMaipaMo j(a je najBehn jjeo
MiniepajiHe MaTepnjey opeojniM a Be3aH 3a Mexaiiii'ikH jie'inirreipiicaiie pejiaTHBHo Mano KpeTaHe
‘iecnnje, TaKO j[a cy ceKyiijiapiin opeoJiH 6jihckh iipiiMapmiM.

3a KBaHTHTaTHBHO jiec})iiiincaibc reoxeMHjcKHX noKasaTejba Kao ihto cy c})on h
npar aHOManHOCTH, ycjioBHo 6h ce Morjie npiixBaTHTii Bpejiiiocmn Mojivca h apHT-
MeTHHKe cpe”HHe, ojihocho H>HXOBa TpocTpyKa BpejiHOCT. O bo ce ojihoch caMO na OHe
ejieMeHTe 'iiijn je KliapK H3iiaj( jton.e ipaniine anajiHTH'iKor nocTynKa.
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OcHOBHe KapaKTepncTHKe nojej(HHX ejieMena'ra HH/iHKaTopa Y okbhpv reoxeMHj-
cKor nojba ca ceKyH"apHHM opeojiHMa pacejaBaita Kajiy*pe cy:

Ta6ejia 2. MaipHija napHHX Koc([)HHHjcnaTa KopenagHje ejieMeHaTa HHflHKaTopa y reoxeMHjcKOM noiby
Ka;iy;jpc-lojinja
Table 2. Matrix of even correlation coefficients of index elements in Kaludra geochemical field, Golija.

Pb Zn Cu Sh As Ag Cd Bi Ba Sr Mo W

Pb 1 075 008 078 050 068 031 030 -0.05 0.00 0.10 0.00
Zn 1 011 081 038 063 035 0.00 -0.09 -0.06 0.15 0.02
Cu 1 008 0.05 007 008 005 -0.29 -0.21 051 0.16
Sh 1 054 078 046 0.09 -0.04 -0.01 014 -0.01
As 1 047 024 032 -0.07 -0.04 0.06 0.02
\Vii 1 035 016 -0.01 003 0.12 001
cq 1 0.02 -0.06 -0.04 0.09 0.01
Bi 1 0.00 0.00 0.00 0.03
Ba 1 059 -031 -0.10
Sr 1 -0.28 -Oo

Mo 1 013
w 1

O jiobo je 'ninH'ian Hii/iHKa'mpiiH ejieMeHT bhcokc KOHTpacHocra h aHOMajiHOCTH.
ffcerona nonyjiau;Hja HMa pejiaTHBiio bhcoky cpejin>y Bpe/niocT h BapiijanHjv. Tonorpacl)Hja
H>eroBor nojba je H3y3eTHO peji,e(})iia (cji. 2). OpeojiHMa pacejaBaita ojiobo MapKHpa v>h
npocpop oko H()JIHMCTajiHTIHiix MHHepajiH3aii,Hja h KOHTaMHHau,Hja o/i cTapnx py/iapcKiix
pal/ioiia aJiH h unipH apeaji 0K0JiOpy/jJHHX ajiTepannja y /[omciiv r})Jiniime cepnje ca /lajkOBHMa
ByjiKaHHTa h ipaH H'iiior nojaca npeMa KOMiuieKcy CTeHa Bap/[apcKe 30He.

Uhhk Kao 6jihckh cpo/nniK ojioBa, nope/i eBii/icHTHe KopejiaTHBHocTH ca ojiobom
HMa noBHmeH onuiTH (J)oh ca o6ejie>KjHMa KoirrpacHocTH h aHOMalinocTH. reoxeMHjcKH
opeolJiH pacejaBaita ijHHKa, TaKo”e, Jiou;Hpajy y»:e MHiiepajiH3aii;HOHe h opyfliheHe
cpefl[HHe nojiHMeTajiHHHe cneii,HjaJiH3aijHje (cji. 3).

CpeSpo je Bpjio HH/iIHKarnBna MHKpOKOMnOHeHTa nojinejieMeHTHor reoxeMiijcKor
nojba Kajiyape. HaKO 36o0or HHCKe nonyjiaijHje y reoxeMHjcKH HcmiTHBaHoj cpe/(HHH,
n.eroB onuiTH &)oh HHje noBHiueH, HMa KOHTpacHy aHOMajiHOCT y pejiaTHBHO ycKHM
opeojiHM a pacejaBaH>a j[o6po KopeliHcaHHM ca ojiobom h iihhkom (cji.4).

A hthmoh je cacTaBHa KOMnoHeHTa aHOMaliHor nojinejieM eirrnor reoxeMHjcKor
nojba. IdMa BHCOKy Kopejiau,Hony Be3y Ca KOMnneKcoM Pb-Zn-Ag n ‘'inaTajnv ripocTopnv
noaniannjv noBHiueHHX KoiiuenTpannja TiHMe ce HcnojbaBa H3BecTaH bhji MeTalioreHeT-
cKe cnennjajiiriauH je cpejimie y ojinocy Ha Taj eJieMeHT (cji. 5).

Apcen h Kal/iMirjyM ce y ojipeljenoj Mepn, TaKolje, Mory CMaipaTii iiH/iHKa'nnsmiM
KOMnoHeHTaMa jep HMajy KOHTpacHe aHOMajiHe opeojie, ajiH He HcnojbaBajy BHcoKy
KopeliaTHBHOCT npeMa ochobhhm nojiHMe'rajiH'iHHM KOMnoHeHTaMa. Opeojui apcena
3axBaTajy iunpe noBpuiHHe, jtok CY KajiMiijyMa 3HaTHO cy>KeHHjn h noKlianajy koh-
u,eHTpau,HOHe MakCHMyMe ZNn-Pb-AS reoxeM HjcKor nojba.

Pacnojjejia npeocTajinx MHKpoejieMeHaTa (Cu, Bi, Mo, Ba n Sr) y ceKVHjiapniim
reoxeMHjcKHM opeolJiHMa Kajiy/ipe je Y ochobh Ha HHBoy KliapKa, 6e3 KOHTpacHOCTH h
noBiiuieHe aHOManHOCTH, a h KopejiaTHBHocTH npeMa aHajiH3HpaHHM KOMHOHeiiTaMa.
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Cji. 2. Taiiorpafjinja h crpyKTypa reoxeMHjcKor nojba onoBa
Fig. 2 Topography and lead geochemical field structure.

Cji. 3. Tonorpa<t>Mja h crpyK Typa reoxeMHjcKor nojba nmikKa
Fig. 3 Topography and zinc geochemical field structure.
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c.n.4.TonorpacfiHja h crpyKTypa reoxeMHjcKor nojba cpe6pa.
Fig. 4 Topography and silver geochemical field structure.

Cji. 5. TonorpacJjHja h crpyKTypa reoxeMHjcKor nojba aHTHMOHa
Fig. 5 Topography and antimony geochemical field structure.
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cji. 6. Kjiacrep anjarpaM - KliacH(}>HKalL0ioHO-KopeliauHOHH o”hoch H3Mel)y MHKpoeneMeHaTa Y reoxeMHjcKOM Nojty
Kajiy;ipe
Fig. 6 Cluster digram - classification/correlation ielationship between microelements in Kaludra geochemical field.
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Cji. 7. Ynope,7HH reojiouiK O-reoxeM HjcKH npoc})HJi Kajiynpe - o«hoc KonucHTpauHje ejieMeHaTa Hii;uikaTopa
npeMa reojiouiKoj rpal)H cpeaHHe

Fig. 7. Comparative geological-geochemical Kaludra section - relation of index element concentrations to
the geologic feature.
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AHajiH30M 0fl[HOca npHKa3aHHX KapaKTcpnc’i'HKa, napaMeTapa h noKa3aTelba pac-
rioflejie H3M ey reoxeMHjcKHX iiojba MHKpoelieMeHaTa, 3ana>Ka ce jia je HcnHTHBaHH hh3
oji 12 KOMnoHeHTH—elJieMeHaTa, npeMa HHTeH3HTeTy Be3e h cTeneHy npocTopHe koh-
HeHTpncaHocTH HHTerpHcaH npeKO TpH rpyne elieMeHaTa (cji. 6). IlpBy h, ca cTaHo-
BHniTa npocneKii,Hje MHHepalJiHHX cnpoiinna, iiajsiia‘iajinijv. rpyny 'innc ojiobo, hhiik,
aHTHMOH h cpe6po (ycji0OBHO apceH h Ka”MHjyM) ca, y ochobh TecHOM KopejiaHHOHOM
Be30M, bhcokhm KlJliapKOM KOHU,eHTpaHHje h aHOMalJiHHM opeojiHMa pacejaBaita. OBa
rpyna elJieMeHaTa HMa Bpjio jacHa o6elie*ja Moiiocjiasne aconnjannje ejieMeHaTa hhjjh-
KaTopa iiojinmerajih'ihnNX cyjic[iii/iHHX opyj[11,611.3 pv/inor nojba Kajiy/ipe (cji. 7). Ilpyry
rpyny, 3Hanio Maibe inpa>Keiiy, iipe;iCTaBJbajy i(iia cKyna ejieMeHaTa, 6aKap - MOJinGjien
h 6apnjyM - CTpoHU,HjyM. To cy ejieMeHTH ‘inje cy KoimeHTpau,Hje Ha HHBoy HopMaliHor
reoxeMHjcKor nojba 63 aHOMajiHHX KOlJie6an>a ca He3H3THOM n03HTHBHOM Kopejia-
HHOHOM Be30M. Y yclioBiio pe'ieno Tpehy rpyny yjia3e ayTOHOMHe MHKpOKOMNOHeHTe,
Bi n W, ca pacejaHHM h npocTopno JioKajiHHM BapHjau,njaMa cajipacaja 6e3 H3pa»ceHHje
Teiijieminjc Be3HBaH>a ca ji,pyniM KOMnoHeHTaMa.

3AK.Ity*IAK

Y oKBiipy CKyna oj( 12 aHajiH3HpaHHX MHKpoejieMeHaTa JiHToreoxeMHjcKor nojba
Kajiyjipe, ceKVHjjapne opeojie pacejaBaiba H3rpal)yje acou,Hjau,Hja Pb-Zn-Ag-Sb (As, Cd).

Y3ajaMHO jio6po KopejincaHe reoxeMHjcKe anoMajinje obhx KOMHOHeHTH iioKpiiBajy
OHe npocTope Y jioMeHy rpaHH'iHOr nojaca ceHOHCKor (JtJiHina h BapjiapcKe 30He ca jiaj-
kobckhm npo6ojiiMa HiiTepMej(njapiinx Tepu,HjapHHX ByjiKaHHTa, 17le CYy npHcyTiie no3Ha-
hhx ajiTepannja, iiapo'iirro y3 jiajKOBe ByjiKaHHTa h TparoBa cTapnx pyjiapcKHX pajiona.
IlocTHrHYTH pe3yjiTaTH reoxeMHjcKe npocneKHHje Y hcjihiih onpaBjiaBajy ibeHy jiajby
npHMeHy an jjeTaJdbiiiiM KOMnNJieKciiHM npocneKU,njcKHM HcnHTHBaibHMa niHpHX iiotch-
HHjajiHO pyjiOHOCHiix cpejjHHa TojiHje.
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GEOCHEMICAL FIELD OF KALUDRA (SW SERBIA)
by
BosSko Stajevic

The geoehemical field of Kaludra is located in the orefield of the same name, in the vvestem part of
Kopaonik ore province. It belongs to local geologic-metallogenic units in the border belt betvveen the Di-
narides and the Vardar zone, formed by Tertiary magmatic and tectonic events. Hydrothermal and mag-
matic products wvithin a complex of Senonian flysch and Jurassic-Senonian melange express a geoche-
mical-metallogenic specialization to a polymetallic series of chemical elements and their mineral emplace-
ments. Using the traditional algorithm for lithogeochemical prospecting of potential ore-bearing media.
this work presents a synthetized description and analysis of the typical spatial distribution of index micro-
elements (Pb, Zn, Ag, Sb) and their relations to the local geological environment.

Key words: Geochemical field, index elements, lithogeochemical prospecting, polvmetallic mineral empla-
cement, halos of dissemination, geochemical-metallogenic specialization.

INTRODUCTION

A number of endogenic ore fields, known about but not well explored. are located in the
Kopaonik ore province vvest of tlic Ibar products of Tertiary magniatogenic activity and. by the
general metallogenic forecast criteria, are potential sources of new, especially polymetallic,
mineral ore deposits. One of the similarly representative metallogenic environments. in the
border belt between the Dinarides and the Vardar zone, is the Kaludra orefield. The metho-
dology of the Kaludra orefteld study includes complex and successive application of differenl
contact geological-minerallogical and geochemical-geophysical methods of prospecting at the
general and detailed investigation levels, developed and applied by the author and researchers
of Geozavod, Belgrade. The geochemical prospecting studies were carried out. on the deftned
geological prediction criteria and observed mineral indications, in the potentially most signi-
ficant area of about 2.5 km . The purpose was to determine index elements and geochemical
prospecting results in the context of a synthetized consideration of the general quantitative and
qualitative characters of the secondary lithogeochemical field of microelements, the indications
of Kaludra polymettalic complex.

University of Belgrade, Faculty of Mining and Geology, Busina 7, Belgrade
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GENERAL GEOLOGY

The geochemical field of Kaludra is located within the Kaludra orebody on southeastem
slopes of Golija mountain massif. As a part of a taxonomically broader metallogenic unit,
Kaludra belongs to the group of hydrothemial orefields of Golija associated with Tertiary
calc-alkalic subvolcanic/volcanic centres in Upper Cretaceous flysch complex along linear dis-
location faults of the boundary zone between the Drina-lvanjica element and the Vardar zone
melange (Stajevié, 1982; Dangi¢ and Stajevi¢, 1994). Specific geochemistry of this
environment, made up basically of Senonian sand-silty, clay-marly deposits and Juras-
sic-Cretaceous clastic melange, how-ever, results from the presence of Tertiary epigene-
tic magmatogenic products. Quartz latite and phenoandesite dykes and hydrothermally
altered adjacent rocks with polymetallic mineralizations of Zn, Pb, Sb. Ag are nonuni-
formly dislocated by conjugate tectonic and magmato-tectonic structural elements (Rg. 1).
The impregnated-vein sulphide ore in altered ferro-manganese carbonated and silicified
rocks is a geochemical-metallogenic element which affected the anomalous configuration
of the Kaludra geochemical field.

METHODS

Geochemical methods are applied in the variants of metallometry or lithogeochemical
prospecting by secondary halos of dissemination in a rectangular sampling network 100x40 m
in the eluvial-diluvial cover. Orientation, density and anisotropy of the network is coordinated
with the observed geological control elements of mineral localization and supposed dimensions
of possible anomalies.

For analytical measurements of microelement concentrations in samples, the semi-
quantitative emission spectrochemical technique was used on high-dispersion spectrograph
DFS-13, in Geozavod-IMS laboratory, Belgrade. A group of twelve index essential and
accessory elements were analysed: Pb. Zn, Ag, As, Cd, Bi. Cu, Mo, W. Ba, Sr, on 648
geochemical specimens. The geochemical field parameters wereobtained by computation,
mathematical processing of analytical data using geostatistical methods (dispersion and
krigging), and their relative ratios by classification methods (cluster analysis) andcor-
relation by means of applied computer programmes.

Graphical presentations are oleates of geochemical fields and representative comparative
geochemical-geological sections. For interpretation of discrete analytical data, krigging techni-
que was used on a linear variogram model with controlled anisotropy ellipsoid configuration.
The selected orientation of the ellipsoid larger axis NE-SW (40°) and axes ratio 100:40 take
into consideration effects of the sampling net anisotropy, denudation directions of aluvial-
-diluvial materials. and geologic features. which makes the interpolation results and geoche-
mical field graphical representations geologically more real.

The interpretation is based on a synthetic comparative analysis of collected and pro-
cessed geochemical data and relevant characteristics of the geologic features. The relation-
ship between the established anomalies in the geochemical field of index elements and
the control factors of mineral localization and mineral emplacement of Kaludra orefield is
given particular consideration.
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RESULTS AND INTERPRETATION

Analytical results for 632 observed samples are statistically processed and graphi-
cally represented on geochemical index element (Pb, Zn, Ag, Sbh, and /As/) oleates.
Tables 1 and 2 summarize geochemical distribution indices and ratios of all twelve
analysed elements in Kaludra area.

Though the information is given for ore components, the geochemical halos of Kaludra
consist of the polyelement Pb-Zn-Sb-Ag- (As, Cd) association typomorphic for polymetallic
ore emplacements, as can be noted in the distribution analysis and the established correlations.
The geochemical field of these elements shows in some segments the signs of anomaly and
increased phonic concentrations. The figures of secondary dissemination halos for the given
group of index elements show configurations, structures and spatial positions of respective
dispersion halos. Because these are secondary halos, the spatial distributions of the analysed
microcomponents are also the result of endogenic mineralization effects and exogenic transfor-
mations. In view of the specific orographic-denudation surface firom which the material was
collected, we believe that most of the mineral matter in the halos is related to mechanically
disintegrated, relatively shoit-moved paiticles, because secondary halos are very near the
primaiy ones.

For a quantitative definition of geochemical parameters, such as background and
threshold of anomaly, the modus and arithmetical mean values could be accepted. or their
triple values. This refers only to the elements which have clarke above the lower limit of
the assay.

Principal characteristics of individual index elements in the geochemical field of
secondary dissemination halos of Kaludra are the following:

Lead is typical index element of high contrast and anomaly. Its population has a
relatively high mean value and variation. The topography of its field is extremely diver-
sified (Fig. 2). By its dispersion halos, lead marks the proper area around polymetallic
mineralizations and concentrations by old mine workings and also the general area of
adjacent alterations in the flysch series domain including volcanic dykes and the boundary
belt of the Vardar zone rock complex.

Zinc as a close relative has, besides evident correlation with lead, increased general
background of notable contrast and anomaly. Geochemical halos of zinc dispersion also
locate mineralization and ore emplacements of polymetallic specialization (Fig. 4)

Silver is a highly indicative microcomponent of Kaludra polyelement geochemical
field. Though its general background is not increased due to low population in the
geochemical environment, it has contrasting anomalies and relatively narrow dissemination
halos well correlated with lead and zinc (Fig. 4).

Antimony is a constituent of the anomalous polyelement geochemical field. It is
highly correlative with Pb-Zn-Ag complex and has a significant spatial population of
increased concentrations, thus expresing a kind of environmental metallogenic specializa-
tion in this element (Fig. 5).

Arsenic and cadmium in a way can also be considered indicative components, because
they have contrasting anomalous halos, but are not highly correlative with the principal poly-
metallic constituents. Arsenic halos are larger in area than those of cadmium which are narrow
and cover concentration maxima of Zn-Pb-As geochemical field.
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The distribution of the rest of microelements (Cu. Bi, Mo, W. Ba. Sr) in secondary
geochemical halos of Kaludra is basically at the clarke level, vvithout eontrast and incre-
ased anomaly, or corelation to the analysed components, consequently wvvithout characte-
ristics of index elements.

The relations of the presented characteristics, parameters and distribution indice bet-
ween microelement geochemical fields showw that the studied system of tvvelve ele-
ments/components, by the bond intensity and spatial concentration degree, is integrated in
three groups of elements (Fig. 6). First and, from the mineral ore prospecting aspect. the
most important group consists of lead. zinc, antimony and silver (provisionally arsenie
and cadmium) in basically close correlation, high concentration and anomalous dispersion
halos. This group of elements has distinct characteristics of a monophase association of
elements indicating the polymetallic sulphide mineralization in Kaludra orefield (Fig. 7).
Second group, far less notable, is represented by the element sets, copper-molybdenum
and barium-strontium. These are the elements in concentrations at the normal geochemi-
cal field level without anomalous variations and wvith insignificant positive correlative
bond. Conditionally, the third group includes autonomic microcomponents wvith dissemina-
tion and spatially local content variations without a notable binding tendency with other
components.

CONCLUSION

In a set of twelve analysed microelements of Kaludra lithogeochemieal field, secon-
dary halos of dissemination are formed by the association Pb-Zn-Ag-Sb (As, Cd).

The well intercorrelated geochemical anomalies of these components cover these spe-
cies in the boundary belt of Senonian flysch and Vardar zone wvith dyke intrusions of
intermediate Tertiary volcanites, vvhere polymetallic impregnated ores are knovvn to occur.
but also outside them, hydrothermal alterations, especially by volcanite dykes and traces
of old mine workings. The results of the geochemical prospecting on the whole justify its
use in detailed complex prospecting explorations of potential ore-bearing environments of
Golija.
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