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TEHETCKE KAPAKTEPHCTHKE JIIOKHIIHA EOPATAY
JE3SEPCKOM MHOHEHCKOM EACEHY JAPAHTfIOJIA (CPEHJA)

°fl
HeflOMHpa MynpHHHha* h CTojaHa AHHHHha**

HcTpa*MBaiba h [ipoyMaBaita JioKHUira GopaTa oBor HHTepecaHTHor reHeTCKor H eKOHOMCKOr THna Jie-
»HUiTa, y jihmhh4kom 6aceHy MHOLicna JapaHflOJia, y aocauaiiHbCM ncpHojiV (1967-1995), noKa3ajia cy 'ina'iajne
pe3yjiTaTe. Ha 6a3H 6pojHHX pa3HOBpcHHX reojiouikKHX, reoxeMHjcKHX, cejiHMeiiTOJiOiiiKiix. MHHepaliouiKHx.
xeMiijckHX h npyrnx BHjiOBa HciiHTHBan>a h H3y'iaBaiba, ayTopn cy y obom pa;iy iioKvmajiH jiaTH TyMa'ieibe o
ycnoBHMa 06pa30BaH>a, BpeMeHy nocraHKa h reHe3H, OBor, y cbctckhm pa3MepaMa nia'iajiior reHeTCKor HHBoa
JieacHurra. 1To cxBaTaH>y ayTopa, a Ha 0CHOBY jioca;iai[iH>HX pejieBaHTHHX HCTpa*HnaH>a h nciiHTHBau>a, Kao h
Kopejiannje ca HY*HTii'iHHM reHeTCKHM THnoBHMa jie*Hiu'ra y CBeTy, npBeHCTBeHO y TypcKoj, a 33thm y KaliH-
(JiopHHjH, Jie>KHUiTa 6opaTa y je3epcKOM 6aceHy JapaiifloJia upHiia;iajy XHflp0TepMaJiHOM BVJiKaHoreno-ce'iH-
MeHTHOM reHeTCKOM THny.

llopcji cjihmhocth ca iiancjiciiHM CBeTCKHM, Jie>KHUiTa 6opaTa Japaii®oJia liocejivjv h cBoje reHeTCKe Ka-
paKTepHCTHKe, Koje cy nociejiHna JioKaliHe reojiouiKe CBOjivUHje. Mop<{)oc'rpyKTypne rpafje H pa3BHha MHHe-
pajiHe napareHe3e, ca hobhm MHHepajiHHM BpcTaMa.

Kjby«c pe«: JapamojicKH 6aceH, MHHepaliH 6opa, XHjipoTepMajiHa ByjiKanoreHo-ce;iHMeiiTHa jie*HuiTa.
YBO”

JapaHflOJicKH MHou,eHCKH jihmhhmkm 6aceH, noBpmHHe oko 22 kmz, 6ho je npejiMCT hh>k-
H>e 6pojHHX reojiora HCTpaaciiBana tokom obof BeKa (1907-1995), npBeHCTBeHo 360r yTBp-
~eHiK 6pojHHX Jie>Kiiiirra h nojaBa MHHepalJiHHX cnpoBHHa, Kao iiito cy KaMeHH yrjbeBH, Mar-
He3HTH H 6opaTH. JloKHni'ie KaMeHor yrjba je y CKCiuioaTannjH, Jie>KHiHTe MarHe3HTa je
OTKonaHo (BeJia CTeHa), a jie>KHiirra 6opaTa cy y cjiaHHeTajbiiHX HC'ipa>KnhuaH>a.

llpBH nojianH o nocTojaH>y MHHepajia 6opa y JapaHHOJicKOM 6aceHy noTHiiy o;i
Stojanovita (1967) OTKpnheM MHHepajia xayjiHTa y 11lo6p”~ckom noTOKy. Oh 1979.
3ano>iejia cy HHTeH3HBHHja reojioniKa HCTpa>KHBaii>a 6opaTa JapaHflojia Ha 6a3H MHHe-
pareneTCKe aHajiH3e h nporHose. Y npBoj c}ia3H H3pat)eiia je reojiomKa KapTa 6aceHa
(1:10000), a noTOM je ypat>ena nerali>Ha reoxeMiijcKa npocneKnnja Ha 6op y y>KCM npoc-
Topy rio6pf)CKor noTOKa. Ha 0CHOBy obhx pe3yjiTaTa npojeKTOBaHH cy HCTpa*Ha 6yuie-
H>a H py/(apCKH HCipa>KHH paflOBH. n03HTHBHH HC'ipaiKHH paflOBH HSBe/JCHH, Ca MalLHM
npeKHjiHMa, ofl 1979. j(o 1995. jioKasajiH cy fla nopeji JioKHnrra rioy6p”~cKH noTOK (3a-
naflHH j(eo 6aceHa), nocTojn h Jie>KHiHTe IIHCKaita, OTKpHBeHO HCTpa>KHHM 6ymeH>eM

*PvjiapcKO-reojiouiKH (jjaKyjiT6T, YiiHBep3HTeTay Beorpajiy, 'FjviuiiHa 7, Beorpajj.
reo:iaBoji, Hhcthtvt 3a HeMeTalie, Kapat)oj)l)CBa 48, Eeorpafl.
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1988. (jyroHCTOHHH fleo 6aceHa). 06a Jie>KHiiiTa jorn yBeK HHcy npocTOpHO OKOHTypeHa,
ajiH je 3HagajHo ca3Han,e "a kojj O6a nocroje "Ba py,HHa cjioja, npn geMy ce kojj
jioKHiirra nncKaifce ohh Hana3e Ha Behoj pty HHH h Behe cy fle6jtHHe (cji. 1, 2).

Cji. 1. TeKroHCKa cKHi(a JapanncuicKor 6aceHa h Jie)KHiHTa MHiiepa;niHX cHpoBHHa (no B. MaKCHMOBHhhy 1984, h

C. AnHMHh - JL CeKe, 1994). Jleremia: 1. Jlesomrre 60opHHX MHHepana (ITo6pt)CKH noroK); 2. Jlesomrre
60pHHX MHHepana (IIHCKaH>a); 3. 3oHa HCJiy>K 60opHHX MHHepajia(PacnonoBHhH); 4. Yrji>oHocHH npocrop
Japannojia; 5. Jlesamrre Maineima (Bejia CreHa); 6. Pyjino Tejio Marae3HTa (EopaBaK); 7. PyjiHo Tejio Mar-
He3HTa (CriaHe Bojie); 8. llepcneKTHBaH npocrop 3a Marae3HTe; 9. llpeflpyHHH paceflH, HecHrypHO ;ionHpann;
10. ripe;ipyAHH pacejiH ca cnyiHTeHHM 6jiokom;'11. IlocrpyjiHH pacejiH ca cnyiiiTeHHM 6jiokom; 12. llepcneK-
thbhh npocrop 3a 6opHe MHHepalie; 13. KoHType 6aceHa.

Fig. 1. Tectonic map of Jarandol basin and mineral ore bodies (after B. Maksimovi¢, 1984; and S.

Anic¢i¢ and L. Seke, 1994). Legend: 1. Podbrdski Potok boron mineral deposit; 2. Piskanja boron
mineral deposit; 3. Haspanovic¢i boron niineial leaching zone; 4. Jarandol coal field; 5. Bela Stena mag-
nesite deposit; 6. Boravak magnesite ore body; 7. Slane Vode magnesite ore body; 8. Prospective magnesite
deposit; 9. Inferred pre-ore faults; 10. Pre-ore faults with down-thrown block; 11. Post-ore faults with
down-lhrown block; 12. Prospective boron mineral deposit 13. Basin contour.

McKasaHa cxBaTama o reHe3H obhx jie*Hnrra 6opaTa yonniTeHO ce CBOje "a

npHnajjajy ByjiKanoreHO—eejjHMeiiTHOM THny, 6e3 flerali>Hnje aHajiH3e ycjioBa, HaHHHa h
BpeMeHa nocTaHKa. AyTopn cy ynpaBO Ha 6a3H aHajiH3e h cHHTe3e }iocajjaiini>HX
peJieBaHTHHX reojiomKHX HCTpa>KHBaiba h npoy’iaBan>a noKyuiaJiH Gjihjkc flaTH TyMa-
Heite 0 reHeTCKHM KapaKTepHCTHKaMa, OBor, y chctckhm pa3MepaMa BeoMa 3Ha’iajnor
reHeTCKor h HHflyc'ipnjcKor THna Jie*HHiTa 6opaTa.

NnPHMEH>EHE METOfIE HAITAVKHBAH A,
HCIIHTHBAH.A H nPOyHABAH»A

Ha 6a3H ca3HaH>a 0 nocTojaH>y MHHepajia 6opa xayjiHTa y jihmhhhkom MHu;eHCKOM

6aceHy JapaHflojia h npOrHO3H) MHHepareHeTCKe aHajiH3e Moryher pa3Boja obhx ninoBa
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Jie>KHorra SopaTa, npBeHCTBeHo y HaiiniM HeoreHHM fiacennMa kojh ce Halia3e y OKBHpy
nojeflHHHX TepnnjapiiMX ByjiKaHCKHX o6jiacTH Cp6nje, aano'iejia cy HHTeH3HBHHja reojioniKa
HCTpa»CHBaH.a h npoy‘iaBan,a 6opaTa Japaimojia. J),eTaJoHa reojiouikKa KapTa 6mia je iioji-
Jiora 3a cBe ocTaJie BHflOBe iipocneKii,njcKKX MeTOjja (reojioniKa, reoxeMHjcKa, reocJinsn'iKa),
a pe3yjiTani HCTpaaaior 6ymeH>a (I1o6p~"cKH noTOK, | IHCKaiha), Kao h pyflapcKiix HCTpa*-
hhx pajjoBa y 1106pI}CKOM noTOKYy, npy*HJiH cy ycjioBe 3a nojejiHiia /icTajbHa iiciiH'nniaiha h
npoy‘iaBan,a Mopff»ocipyKriypne rpa”e Jie>KHiirra, ycjioBa 3aJieraH>a, paSBHha MHHepajiHor
HcnHTHBaita. Ochobho h 6htho casnaibe ohhoch ce Ha jioKa™ana jIBa pyjina cjioja, KaKo y
llo6p”cKOM noTOKYy, ‘inja je npoce'ina jie6ji,Hiia 1,0 m, ojhiociio 1,3 m, tbko h y nncKan,H,
jie6ji,HHe 4,6 m h 3,3 m. Jleaanirre y no6pijCKOM noTOKYy jiocajiamii,HM HcipaacHHM
paflOBHMa 0KOHiypeHO je Ha noBpuiHHH ojt 25 ha, a HncKaiba Ha oko 2,5 km , 3a Koja, jio-
nyHCKHM npojeKTOM  Hcipa>KHHX pajjoBa Tpe6a j(a ce y nejiHim OKOHType jiescHiirra y
npocTopy h jiecfiHHHMe 06 hm H>HxoBe cnpoBHHCKe 6a3e.

m
750
500
250
0
-250
500
750
KK
JlcrcHjia (Lehend)
TV e bropt(irgiir kLN
M (Tuffit ik reitooK aicfla aogant i) C.noicii /iv(Co4 saasi
lyy r)Jdanniue [hZ>—} OojcMBopwxMntpani (Bom rrincral bock)
\l *x | KepamiQukby Sc * | QopicHuMMeaHa acpMimm (krpenliaizd pidofcsi

HopvajM rpiikio iNonm! kundan)
fliipouiaciiinii(JieHDjianm (Pymclarticf sdpboocu ci - flgexepsBTH 3rpiHiiniluK onforri)lc boomkrj

— ———Pacgn (Paulli
\ nTipoLnaciim iiaixe3vni (Pymch<Uxt aad atdc&ite)

Cji. 2. reojioniKH npo4)HJi Kpo3 JapaHAOJicKH 6aceH (no C. AHH'iH hv, 1994)
Fig. 2. Geologic section through Jarandol basin (after S. Anic¢ié¢, 1994).

llapajiejiHO ca H3Bot>eH,eM Hcipa*HHX paj(OBa BprneHa cy pa3HOBpcHa HciiHTHBaif,a
h npoyiaBaH>a, npBeHCTBeHO MHHepajiHor h xeMHjcKor cacTaBa 6opaTa, a 33thm, ccjih-
MeHTOJiouiKa h cTpaTHrpacJjcKa HenHTHBaH,a jiHMIiiH'iKe ByjiKaiioreno-cejiHMeHTHe ce-
pnje 6aceHa. XeMHjcKe aHajiH3e noKa3ajie cy jia cpej[ibH cajip>Kaj B20 3h3hoch 37,7% 3a
0O6a pyjiHa cjioja y Jie>KHimy I1o6pl)cKH noroK h 36,39% 3a o06a cjioja y Jie>SKHmMTy Ilhc-
Kan,a. Flopeji CTaHjiapjtiio aHaJiH3HpaHHX KOMnoHeHTH 3a OBe MHHepaliHe cnpoBHHEe, jjo-
Ka3aHO je h npHcycTBO Li, Sr, Ba, a 3aTHM h He3HaTHO npncycTBO y pyjiH 6HTyMHje.
Hopejj MHHepajiomKHX HcnnTHBaii,a (MHKpocKoncKa, peHTreHCKa, JT,TA h jip.), BpmeHe
cy MHKpo aHajiH3e h H30TOncKa HciiH rHBan,a.

CBa OBa TepeHCKa h Jia6opaTopHjcKa ncnimiBaif.a h npoy'iaBaiLa, sna'iajHO cy
yniii,aJia Ha Hama ca3Haita h cxBaTaita o reHe3H JieacnmTa, eBojiynnjH h rpa®H 6aceHa,
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cacTaBy h cehmcmojiouikhm KapaK'repncTHKaMa jihmhhhkhx ce/inMenaTa, ByjiKaHHTa,
MHHepalJiHOM cacTaBy pyfla SopaTa h SopocHJiHKaTa, Kao h oTKpnhe hobhx MHHepajia
6opa. OTBapaH>eM Jie*HiUTa pyjjapcKHM pajjoBHMa npy>Knhe ce MOryhHOCT hobhx h jio-
nyHCKHX BHjioBa HcnHTHBaiba h npoygaBaita Yy iiHIJby noTnyHHjer o 6jaimi>eH>a ycjioBa 06-
pa30BaH,a, 0BOr necyMH>HBO reHeTCKH h eKOHOMCKH 3HanajHor rana JieacHurra 6opaTa.

EBOJIYUHJA H TEOJIOFfIKA IPATIA
MHOHEHCKOr BACEHA JAPAHJIOJIA

MarMaTCKO-TeKTOHCKH noKpeTH Yy o6jiacTH KonaoHHKa h mnpe, no cBeMy cyjjehn
3anoTeJiH cy KpajeM ojinronena h HacTaBHJiH ce tokom HeoreHa, a noce6HO 3a BpeMe
MHoneHa. Ca nponecHMa aKTHBH3aijHje, juK”epeiiHHjaiinje h KoiicojnijianHje ByjiKaHO-
reHo—HHTpy3HBHor KOMnjieKca KajiKO aliKaliHe MarMe Yy cy6ByjiKaHCKOM h ByjiKaHCKOM
HHBoy, 3anajiiio ojj jiojiniie H6pa (Yiuhe-PauiKa) H3jiHmyrmr je 6jiok Pojinje, a hctohho,
KonaoHHKa. M3jiH3aH>e obhx 6jiOKOBa y HHjHM cy je3rpHMa HHTpy3HBHa Tejia rpaHojiHo-
pHTCKor cacTaBa ca npo6ojHMa, jjajKOBHMa h H3JiHBHMa jianHTo-anjiesH'ra, KBapuJiaTH-
Ta, JiaTHTa h h>hxobhx nnpokjiacTHTa, npaheHO je cnyuiTaH>eM 6jioKa jiy>K jiojiHHe M6pa
(C-J) y KOMe je (})opMHpaHa Jiciipecnja. Y Toj jjeiipecHjn-iioTOJimiH (hjih tbktohckom
poBy) noneTKOM MHoiieHa (})opMHpaH je jihmhhhkh 6aceH. Ha OBaKBy eBOJiyu,Hjy, Y no-
HeTHOM cTajjHjyMy, JapanjiojicKor jihmhh'ikoi® MiioiiencKor 6aceHa (sajejuio ca 6aceHH-
Ma Yuiha, Tajien>a, PBara) yKa3aJdio je BHiue ayTopa, KojH cy OBe h cycejine o6jiacra
H3ynaBaJiH (11i¢, 1952; Stajevi¢, 1991; Obradovi¢ i dr., 1992, 1995; Joksimovic i
dr., 1995; VukaSinovi¢ i dr., 1995; Jankovi¢, 1995, h Jip.). Ha KapaKTep H3jiH3aH>a h
cnyurraH>a obhx 6jiOKOBa, a Ha 6a3H Mopc{iocipyK'iypne aHaJiH3e caTejiHTCKHX h aepo
cHHMaKa, Stajevi¢ (1991) Hcrane jja 6h M6apcKa jienpecnja ojirouapajia cnymTeHHM
anHKajiHHM jiejioBHMa MeracBojja Kojn cy HacTalJiH npa>KU>eH>eM 1l jjerasannjoM neinpaji-
Hor MarMaTCKor oru>HiiiTa. Joksimovié¢ i dr. (1995) Hcra'iy jia je JapaHjiojicKH 6aceH
cjiopMiipaii pacejjaibCM 6jiOKOBa cepneHTHHHTa h cirapnjHX jjan,HTO-anjie3HTa y cpejjHiiH
ca H3y3erao *hbom nojiH(})a3HOM ByjiKaHCKOM aKTHBHomhy. VukaSinovi¢ i dr. (1995)
hcth’iv Ha OCHOBY Hinxipiiperau,Hje aepoMarHeTCKHX HecnHTHBaH>a na cy y obom 6aceHy H3pa-
»ceHe HeraraBHe aHOMajinje. Jankovi¢ (1995) iraBojui j(a JapaHjioJicKH 6aceH BepoBarao
npejicTaBJba jejjny pa3openy Kajijiepv, Koja je tokom Miionena 3anyu>aBaHa jihmhhhkhm
cejiiiMeiiTHMa. CBa HaBejjena, Kao h HeKa paHHje HCKa3aHa TyMaHeH>a h nirrcpiipeTanHje o
y3ponHMa c})opMHpaH>a, eBOjiynnjn h reojiouncoj ipaf)H JapanjiojicKor JIHMHHHKor MiioiieH-
CKor 6aceHa, y KpajibeM cy Yy carjiacHocra. TaKBa cxBaTaH.a h TyMaHeiba, cMaipaMo jia cy
KopeKTHa HayHHa ocHOBa ycJioBa 06pa30Bau>a h eBOJiyiiHje JapaHjiojicKor jihmiih’ikoi mho-
iieHCKor 6aceHa, y KOMe cy npocTOpHO pa3MeurreHa Jie>KHiiiTa KaMeHor yrjba, MarHe3HTa h
6opaTa. Tokom cBoje eBOJiyn,Hje Kpo3 jioibii h cpcjiibH mhohch y BHme BpeMeHCKHX HHTep-
Bajia, a h no3HHje, BpmeHO je TeKTOHCKO npojiy6jbaBaibe 6aceHa, npaheno H3JiHBaH>eM h
npo6ojHMa ByjiKaHHTa, TaKo jia jiy6niia 6aceHa npeMa iiojianiiMa 6ymeu>a H3HOCH oko
1000 m, a npeMa reoc})H3HHKHM HcnHTHBaibHMa Hajjiy6jbH jieJiOBH h jto 1500 m.

<I>yHjiaMeHT, ojihociio noj(Hny h 060ji Japanj;ojicKor neoreHor 6aceHa HHHe jypcKH
cepneHTHHHTO, jicjiom h cTapnjir aiijiesiira. IloHeTKOM jioiber Mironena 06pa30BaHa je
jjenpecnja y Kojoj cy HaKOH rraJio>Keiba iiojihhckhx cejiiiMenaTa yrjba (10-30 m), npn
ycjroBHMa Toiure xyMHjiHe KJiHMe y rurHTKOBojiHoj cpejiHHH MOHBape craapaHa Jie>KHiriTa
yrjba, npeTe>KHO y ceBepHOM jjejiy 6aceHa. AHajiH30M npojiyKTHBiior yrjpOHOCHOr xopH-
30HTa (60-120 m) ca 6 yrjbeHHX cjiojeBa (JeJieHKOBHh, 1975), MO*e ce 3aKJbyHHTH jia
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npofly6jfeHBaH>a 6aceHa H3a3Bana pajnijaJiiioM TeKTOHHKOM h MarMaTCKOM aKTHBHomhy.
Beh y to BpeMe, a h no3HHje na cjiojeBe yrjba h OKOJiHe ceflHMeHTe BpuieH je eHopMHH
yi'Hnaj reoTepMCKor cJ)JiyKca, npH neMy je 3HaTajiio noBHiueH cTeneH Kap6oiiH(jiHKanHje,
TaKO fla cy 06pa30BaHH KaMeim yrJbeBH, Kao CBojeBpcHH npHpojjHH cJ)eHOMeH, kbko to
HCTHHe Panti¢ (1995). TaKaB tohjiothh yTHi”aj ca npaTehHM XHjjpoTepMajiHHM raco-
bhto—TeHHHM (J)JiyHjtHMa, HMao je HecyMH>HBO 6HTHor yTHi®aja h Ha 06pa30Ban>e Jie-
acHiirra 6opaTa.

HaKOH cejtHMeirranHjc iiojihiickc cepnje h npojjyKTHBHor yrjtOHOCHOr XOpH30HTa,
ihto ce npeMa HcnHTHBaH>HMa cjiociijme (Jjjiope (Panti¢, 1961) ojinrpaBajio tokom jio-
H>er MHoneHa, najjajbe, tokom cpej(ii>er MHonena KOHTHHyHpaHO je BprneHa cej(HMeii ra-
ijnja THNHHHX je3epcKiix cjtannja. Obh cejiHMeiiTii, nairmeiiHHiio cipaTiicfnikoBaiiH, H3-
rpa”eHH cy oji chtho3phhx Tyc|JoreHHX KJiacTHTa, rjiHiiaua, jianopan,a, apk03a h ji;ojio-
mhthhhhx Kap6oHaTa. V jy*HOM jtejiy 6aceHa, npaKTHHHO y3 0603 cepneHTHHHTa y ce-
pHjn cFiHHO3piiHX KJiacTHTa ca Kap6oHaTHHM h TycJ>oreHHM cejjHMeiiTHMa 06pa30BaHa cy
JieJKHiHTa Marae3HTa (Bejia OreHa, BopaBaK h jip.). Y ropH>HM HHBOHMa cepnje cpej(-
H>er Miionena H3BpuieHa je jieno3Hunja 6opaTa y c})opMH cjiojeBHTHX Tejia. Tokom HajBe-
her jejia cpejtiter MHOueHa, npeMa HcnHTHBaH>HMa Obradovi¢ i dr. (1992, 1995) Blia-
jjajiH cy ycjioBH iipeTe>Kiio apnjjne KJiHMe, a cejiHMeiiTH cy Tajio>KeHH y aJiKaJiHoj cpe-
j~hhh ca najieoTeMnepaTypaMa ojj 0-50°C. Jl,e6ji>HHa jihmhhhkhhx ccjjHMenaTa cpej(ii>er
MHOijeHa h3hoch 500-700 m y ’injnM ce ropn>HM HHBOHMa npocTOpHO Hajia3e jioKHiirra
6opaTa Yy cJ)opMH jjBa cjioja.

Cyjjehn Ha 6a3H cynepn03Hii,HOHHX o0j~Hoca, ycjioBa jjeriosHHHjc h opyjjii>aBaH»a,
nopeji cjiojeBHTe Mop4)ocipyKTypHe rpaf)e, vo’iJhHBe cy opyjui>eHe jkhjihhc, 6pojaHHnNe
h Myrjie y HaBejieiiHM cejuiMeiiTHMa, noce6HO y iienocpej(iioj hojihhh h kpobhhh pyj(HHX
cjiojeBa. Ha ocHoBy TaKBHX oj(iioca c'i'H'ie ce yTHcaK jja je HajMaH>e y Jisa BpeMeHCKa hh-
TepBadia tokom ropn>er jjejia cpejjH>er MHOijena, a Moryhe h no3HHje, H3BpmeHa hh-
TeH3HBHa neno3Hi;itja 6opHHX MHHepaldia H3 racOBHTO-Te'iiinx XHjipoTepMajniHX cjuivnjja.

Ha 0CHOBy aHajiH3e c'ipaTHipacf)CKor h ceji,HMeiiTOJiomKor cTy6a, Kao h cynepno3H-
i;hohhx ojinoca ByjiKaHHTa nojjiine, o6ojia h ohhx Kojn npo6Hjajy mhohciiv ccjniMeirniy
cepnjy, HecyMH>HBO npoHCTHHe i\n je eBOJiyi;Hja 6aceHa h TaJio>KeH>e je3epcKHX ceflHMe-
HaTa tokom MHOijena npaheHa HHTeH3HBHOM h BpeMencKii BHmecJ>a3HOM ByjiKaHCKOM
aKTHBHomhy h pajjnjaJinoM tcktohhkom. KapaKTep TakKBHX nponeca h 36HBaH>a y noji-
pynjy Japanj(ojia h nmpe okojihhc KonaoiiHKa ojip>KaBa ce h y caBpeMeHHM ycjioBHMa
npeKO HeoTeKTOHCKHX iioMepaira, ceiriMHHKe aKTHBHOCTH h yTHii,aja TepMaJiHor cf)JivKca.

yCJIOBH 0BPA30BAIbA, BPEME IIOCTAHKA
H TEHE3A BOPATA JAPAHHOJIA

06pa30BaH>e JiOKHiirra 6opaTa y jihmhhhkom mhohchom 6aceHy Japatijjtuia, HecyM-
h>hbo je npocTOpHO h reHeTCKH noBe3aHo ca tieorenoM MarMaTCKo—tcktohckom aKTHB-
TeKTOHCKH poB 3anyH>eH je3epcKHM cejtHMeiiTHMa, y KOMe cy ce HSJiHBalJiH hjih hx
npob6itjajy ByjiKaHHTH miTepMejtHjaptior cacTaBa. Ha OCHOBy npocTopnor nojioacaja, /tBa
ocHOBHa pyj(iia cjioja Mehycjiojno 3ajie>Ky y ropn.HM HHBOHMa cpejpher MHonena y ok-
BHpy cepitje rjiimana, Jianopaita, neui'iapa, Tycf)oreHtix h KapéoHaTHHX cejiKMenaTa. no-
pejt ocHOBIie cJiojeBHTe Mopcj)oc rpyKTypiie rpaf)e, MHitepaliH 6opa y [renocpejiHoj iiojinh-
hh h noBJtaTH riojaBjr>yjy ce y bhjiv »HJiHija 6pojaHHti;a it MyrJiH. Y pyjiapcKHM Hcipa>K-
hhm pajiOBHMa (no6phcKH noTOK) yonaBa ce j(a 6opaTH jiejioM MeTacoMaTCKH HOTHCKyjy
noce6HO Kap6oHaTHy MaTepitjv, a Kao noBOJbHa JiHTOJioniKa cpejjniia cy CTeHe hobh-



454 H. My;()HHHh n C. AnHHHh

iueHe nOp03HOCTH. OcHOBHe eKpaHH3Hpajyhe CTeHe cy rJIHHOBHTOT, alieBpojiHTCKor h
Tycf)oreHor cacTaBa.

Ha O0CHOBy cyriepii03HHHOHHX ojinoca h HOBe3aHOCTH ByjTKaHHTa HHTepMejiHjapiior
cacTaBa ca Jie>KHiiiTHMa 6opaTa Japanjiojia, MO*e ce 3aKJhy'inth ya cy pvflonocim xhnjj-
poTepMalJiHH cj)jiyHjjH oSoraheHH SopoM H3BpniHJiH Aeno3Hi;Hjy y HajMaite jjBa Bpe-
MeHCKa HHTepBaldia tokom ropH.er j*ejia cpejiir,er Miionena, a Moryhe h no3HHje. llpo-
JlyKTHBHH ;ieo cepnje y Kojoj ce Hadia3e Jie>Kiiiirra 6opaTa npocTopHo cy y bh/(V 6jiare
CHH(J)opMe. 06a Jie*HuiTa cy pacejiHMa flecJ)opMHcaHa h no cBeMy cyjiehn, pa3jiBojeHa cy
noc'rpyj(HOM TeKTOHHKOM, noce6Ho UBapcKHM pacejjoM, TaKO jia ce cajja jie*HiiiTe llhc-
Kaiba naJia3H Ha 3HaTHo Behoj j*y6HHH 3ajieraita y ojiHocy Ha flo6p~cKH noTOK.

Koh Jie*HiHTa Flo6pt)CKH noTOK ochobhh pyj"HH MHHepalJi je KOJieMaHHT (npeKo
85% cacTaBa), ca npaTehHM xayjiHTOM. Y Jie>KHirny rincKaiba ochobhh pyjjiin MHHepajiH
6opa cy KOJieMaiiHT h yjieKCHT. Kao cnopejiiiH h peTKor nojaBJbHBaiia perncTpoBaHH cy
HH>oJHT, KajlHH6 opaHHT, BHHHT, Ho6eJIHT, a 33THM npo6epTHT, THHK3JI, THHKaJI—KOHHT,
XHjipogopai;HT. Kao hobh MHHepajiH 6opa perncTponaiiH cy paniHT h c'iyjieiumnT.
llopeji KajmHTa, 3aHHMJbHBa je nojaBa 6 HTyMHje y Biijjy cmoji3cthx rpvj(Bnna h KaiiJbHija
Koje 3anyibaBajy uiynjpHHe y arperaTy pyjie. OBa nojaBa ce TVMaHH hhtch3hbhhm Tep-
mhhkhm yTimajeM Ha opraHCKy cyncTaimy Koja je /(HCHMHiinpaiia y cejiHMeirriiMa. Y
nojejiHHHM aHaJiH3HpaHHM y 3opHHMa, nopefl 6opa, j9Ka3aHO je npncycTBo Li, Sr, Ba, Kao
reoxeMHjcKH HHj(HKaTopiinx koMnoHeHTH 3a OBaj THn JiOKHiirra.

Ha 0CHDBy jjocajiamH>HX cbhx pejieBaHTHHX HCTpa>KHBaH>a h npoyHaBaH>a MO*e ce
H3BecTH 3aKJbynaK jja Jie>KHiirra 6opaTa Yy JapaHjjoJicKOM jihmiih'ikom mhouchckom 6a-
ceHy iipnnajiajy XHjipoTepMajinoM ByjiKaHoreHo cejiHMeiiTHOM THny. OHa cy HecyMH>HBO
reHeTCKH noBe3aHa ca KajiKo—aliKaJiHHM MarMaTH3MOM, ‘iiijn cy jiH(f)cpeiinHja'ni kohco-
JiHjioBaHH Yy cy6ByjiKaHCKOM h ByJiKaHCKOM HHBoy Ha obhm npocTopHMa. MS xnjipoTep-
MajiHHX racoBHTO TeHHHX c}>JiyHjia o6oraheHHX 6opoM H3Bpiuena je jieno3HijHja Mimepa-
Jia 6opa y eKpaHH3Hpajyhoj cpejinnn je3epcKHX cejiHMeiiaTa y c})opMH cjiojeBa 3a BpeMe
ropiber jjejia cpejiiber MiioneHa, a Moryhe h no3imje.
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GENETIC TYPE OF BORATE DEPOSITS IN JARANDOL
MIOCENE LAKE BASIN, SERBIA

by
Cedomir Mudrini¢ and Stojan Anigic

Prospectings and studies of borate deposits in the Miocene limnic basin of Jarandol from 1967 to
1995 were quite successful in identifying the genetic type and estimating the economic value of the de-
posits. On the basis of many diverse geological, geochemical, sedimentological, mineralogical, chemical,
and some other studies, this is an attempt to interpret the formation conditions, time and origin of this
type of deposit of a general significance. In the opinion of the authors, and on the basis of relevant inves-
tigations and studies, and correlations with similar genetic types of deposits over the world, primarily in
Turkey and in Califomia, borate deposits in the lake basin of Jarandol are of the hydrothermal volcanic-
-sedimentary type.

Though similar to other borate deposits, the Jarandol borate deposits have some specific genetic cha-
racteristics as a result of the local geologic evolution, morphostructure and development of mineral para-
genesis, and include new mineral species.

Key words: Jarandol basin, Boron minerals, hydrothermal volcanic-sedimentary deposits.

INTRODUCTION

The Miocene limnic basin of Jarandol, about 22 km2 in surface area, was much
studied in this century (1907-1995), primarily for the numerous proved mineral deposits
and occurrences of bituminous coal, magnesite and borate. The coal deposit is worked,
magnesite is excavated (Bela Stena), and borate deposits are explored.

The first mention of boron mineral in Jarandol basin is made by Stojanovi¢ (1967)
when haulite mineral was found in the Podbrdski Potok. More detailed geological investigation
for Jarandol borate was carried out from 1979, on the basis of mineral genetic analysis and
forecast. The first stage of investigation included preparation of a geological map of the basin
(1:10.000) and detailed geochemical prospecting for boron in the Podbrdski Potok proper. The
acquired information was used in planning exploratory drilling and mine workings. These
works were carried out with short breaks from 1979 to 1995. Besides the Podbrdski Potok de-
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posit (vvestem pait of the basin), drilling of 1988 discovered Piskanja deposit (southeastem pait
of the basin). Neither deposit has been outlined. but it was leamed that each consisted of two
ore beds, deeper and thicker at Piskanja than the other (Figs. 1,2).

Published explanations of the origin of these borate deposits can be generally sum-
marized as being the volcanic-sedimentary type, without an analysis of the conditions,
manner and time of formation. It is on the basis of both analysis and synthesis of rele-
vant geological information that the authors try to interpret the genetic type of this inter-
nationally significant borate deposit.

METHODS OF INVESTIGATION, TESTING AND STUDY

The knowledge of the presence of boron mineral haulite in Jarandol limnic Miocene
basin and the estimate of its reserves, primarily in Neogene basins within some Tertiary
volcanic regions of Serbia, led to intensified geologic prospecting and study of Jarandol
borates. A detail geological map was the base for all other investigation (geological, geo-
physical) methods, and the drilling (Podbrdski Potok, Piskanja) and mine explorations
provided information for further detailed study of the morphostructure of deposits, strike
and dip, mineral ore distribution and paragenesis, chemical composition of ore, sedimento-
logical, stratigraphical and other studies.

The starting point was the proved ore beds of average thicknesses 1.0 m and 1.3 m
at the Podbrdski Potok. and 4.6 m and 3.3 m at Piskanja. The outlined extent of ore beds
in the Podbrdski Potok has 25 ha in surface area, and about 2.5 km at Piskanja which is
yet to be additionally explored for the extent and economic estimate.

The explorations in field were paralleled with various tests and studies, foremostly
mineral and chemical compositions, and sedimentological and stratigraphical studies of the
limnic volcanic-sedimentary series in the basin. Chemical analyses shovved the average
B3 content of 37.7% for both ore beds at the Podbrdski Potok, and 36.39% for both
beds at Piskanja. Besides the standard components in this type of mineral ore, it contains
Li, Sr, Ba, and negligent bitumies. Microscopic and isotopic analyses were performed in
addition to mineralogical ones (microscopy, X-ray, DTA, etc.).

All the mentioned investigations resulted in a much better knowledge of the deposit
origin, evolution and structure of the basin, composition and sedimentary character of the
limnic deposits, igneous rocks, mineral composition of borate and borosilicate ores, and
identification of new boron minerals. With the development of the deposits by mine
workings, new investigations and studies will be possible for explanation of the formation
of the certainly significant, genetically and economically, borate deposits.

EVOLUTION AND GEOLOGY OF THE JARANDOL MIOCENE BASIN

Magmatic and tectonic movements in lhe general region of Kopaonik seem to had
begun in the late Oligocene, continued during the Neogene, and were notable particularly
in the Miocene. The processes of activation, differentiation, and consolidation of the vol-
canic intrusive complex of calc-alkalic magma at subvolcanic and volcanic levels, west
of the Ibar valley (US¢e-RaSka), elevated the Golija and Kopaonik blocks. The uplifting
of the blocks, which included bodies of granodioritic composition with intrusions. dykes
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and extrusions of dacite-andesite, quartz latite, latite and their pyroclastics, was paralleled
with the down-throw of a block along the Ibar valley (N-S) and formation of a depres-
sion. The limnic basin formed in this depression (or tectonic trough) in the early Mio-
eene. This evolution, its early stage, of the Jarandol limnic Miocene basin (and U3ce, Ta-
denje, Rvati basins) is mentioned by authors who studied this and adjoining regions
(Ii¢, 1952; Stajevic¢, 1991; Obradovi¢ et al., 1992, 1995; Joksimovi¢ et al.,
1995; VukaSinovi¢ et al., 1995; Jankovi¢, 1995; etc.). Referring to the nature of the
up- and down-throwing of blocks, and on a morphostructural analysis of satellite and
aerial photographs, Stajevi¢ (1991) states that the Ibar depression could have been the
subsided apical parts of a megaarch, formed by emptying and degasation of the central
vent. Joksimovic¢ et al. (1995) describe the formation of Jarandol basin by faulting of
blocks of serpentinite and old dacite andesite in the middle and very strong multiphase
volcanism. VukaSinovi¢ et al. (1995) state, on the basis of aeromagnetic survey inter-
pretations, negative anomalies in the basin. Jankovi¢ (1995) interprets the Jarandol basin
as a likely collapse caldera which was filled during the Miocene with limnic deposits. All
the mentioned, and some earlier published explanations and interpretations of the forma-
tion, evolution, and geology of Jarandol limnic basin, are essentially consistent, and we
take them for a correct scientific background. Through several intervals of its Lower and
Middle Miocene history, and later, the basin deepened in tectonic events and received ex-
trusions and intrusions of igneous rocks; the measured depth of the basin is about 1000
metres (drilling) or to 1500 metres (geophysical survey).

Rocks lying under and around the Jarandol basin are Jurassic serpentinites, and
partly pre-existing andesites. In the depression formed in the earlv Lower Miocene, pre-
vailingly in its northem part, a coal measures unit was deposited composed of the lowest
sediments (10-30 m) and coal seams formed in a shallow-water marsh environment dur-
ing the warm and humid climate. The analysed productive coal measures (60-120 m)
with six coal seams (Jelenkovi¢, 1975) suggest possible breaks in coal deposition as a
consequence of the basin deepening caused by radial faults and magmatism. At the time
of deposition, and later, coal beds were much affected by geothermal heat flows which
led to increased carbonification and bitumenization, a specific natural phenomenon, as
stated by Panti¢ (1995). This thermal effect of the gaseous and liquid fluids llow was
certainly essential for the formation of borate deposits.

The deposition of coal measures, which occurred, according to fossil flora identifica-
tion (Panti¢, 1961), during the Lower Miocene, was succeeded by a continuous deposi-
tion of typically lake facies. These deposits are composed of a sequence of fine-grained
tuffaceous clastics, shales, marlstones, arkoses, and dolomitic carbonate rocks. In the
south of the basin, by the serpentinite margin, in a series of finegrained clastics and car-
bonate and tuffaceous sediments, magnesite deposits were formed (Bela Stena. Boravak, etc.).
Borate was deposited in stratified bodies at upper levels of the Middle Miocene series. Arid
climate prevailed through most of the Middle Miocene, when sediments deposited in an alka-
line environment at temperatures between OO0 and 50° C. Limnic deposits of the Middle Mio-
cene vaiy in thickness from 500 to 700 metres and bcar borate beds in the upper levels.

In addition to layered bodies, notable are mineral veins, strings and nodules in the
deposits, more numerous under and over the ore bodies. These formations suggest fast
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deposition of boron minerals from gaseous or liquid hydrothermal fluids during two inter-
vals of the upper Middle Mioeene, and later.

It was deduced from the stratigraphic and sedimentological column, and from the su-
perposition of volcanic rocks underlying, marginal or intruding the Miocene sedimentary
series, that the deposition of lake sediments during the Miocene was accompanied by
strong widespread volcanism and radial faulting. The nature of these processes and events
in Jarandol and general Kopaonik region is reflected on the recent situation: neotectonic
displacements, seismic activity and thermal heat flow effects.

CONDITIONS AND TIME OF JARANDOL BORATE FORMATION

The formation of borate deposits in the limnic Miocene Jarandol basin is certainly
spatially and genetically related to Neogene magmatic and tectonic activities in the regi-
on. Jarandol basin is basically a depression or tectonic trough filled with lake sediments,
into which intermediate igneous rocks were extruded or intruded. Two main ore beds are
interstratified in the upper Middle Miocene levels of a series of shales, marlstones, sand-
stones, tuffaceous and carbonate rocks. Both over and under the ore beds, boron minerals
occur in veins, strings or nodes. Borates are noted in mine workings (Podbrdski Potok) as
a metasomatic replacement of carbonate rocks of increased porosity. Principal crusting
rocks contain high percents of clay, silt or tuff.

From the superposition and the relation of intermediate igneous rocks with borate
deposits of Jarandol, it has been inferred that boron-high ore-bearing hydrothermal fluids
deposited in at least two intervals of the upper Middle Miocene, and possibly later as
well. The productive part of the series including borate deposits is a gentle synform. Both
deposits are deformed by faults and seem to have been separated by a post-ore tectonic
event, most likely the lbar fault. The Piskanja deposit lies at present at a much greater
depth than that of the Podbrdski Potok.

The essential ore mineral in the Podbrdski Potok is colemanite (over 85%), and the
accessory is haulite. Essential minerals in Piskanja are colemanite and ulexite, and the
rare accessories are inyoite, calciborite, vichite, nobleite, and probertite, tincal, tincalconi-
te, hydroboracite. New boron minerals are rashite and studenicite. Besides calcite, the oc-
currence is notable of bitumies in the form of resinous nodules or drops filling voids in
ore aggregates. This occurrence is explained by a high thermal effect on the organic mat-
ter disseminated in the deposits. Some of analysed samples contained, additionally to bo-
ron, Li, Sr, Ba which are geochemical index components of this type of deposit.

On the basis of all relevant investigations and studies, the borate deposits of the
Jarandol limnic Miocene basin belong to the hydrothermal volcanic-sedimentary type. The
deposits are certainly related to the calc-alkalic magmatism, whose differentiates consoli-
dated in subvolcanic or volcanic level of this region. Boron mineral deposited in layers
from the boron-high hydrothermal gaseous-liquid fluids in crusted lake shore sediments
during the upper Middle Miocene, or possibly later as well.

JIHTEPATYPA - REFERENCES

Ili¢ M., 1952: Magnezitsko leZiste Bela Stena - Zbomik radova Rudarsko-geoloskog fakulteta, 1., 15-52, Beograd.



Genetic Type of Borate Deposit in Jarandol Miocene Lake Basin, Serbia 459

Jankovi¢ S., 1995: Opste metalogenetske karakteristike Kopaoni¢ke oblasti— Simpozijum: Ge.ologija i
metalogenija Kopaonika, 79-101, Beograd-Kopaonik.

JejieHKOBHh J. (=Jelenkovic¢), 1975: H6apcioi 6aceH. Y: IleTKOBHh K (yp.) Feojiornja Cp6Hje - Kayc-
tobhojihth, kh> VI, 1.- 3aBoa 3a perHOHajiHy reojiornjy h najieoHTojiorHjy, 58-64, Beorpafl.

Joksimovi¢ D., Anic¢i¢ S., Stefanovska D. i Seke L., 1995: Mineralno-sirovinska potencijal-
nost Jarandolskog basena.- Simpozijum: Geologija i metalogenija Kopaonika, 350-368, Beograd-
-Kopaonik.

Malinko S. V., Anici¢ S., Joksimovi¢ D., Liscin A. E., Dorokova G. I|., Jaumova M.

A., Vlasov V. V. i Ozol A. A., 1995: Studenicit NaCa2B% 140H)4.2H20, novij borat iz
Serbii, Jugoslavija.- Zapiski vserossijsogo mineralogi¢eskogo obséestva, ¢. CXXIV, No. 3., Moskva.

Obradovi¢ J., Stamatakis G. M., Ani¢i¢ S. and Economou S. G., 1992: Borate and boro-
silicate deposits in the miocene Jarandol basin, Serbia, Yugoslavia.- Economic Geology, vol. 87.,
number 8, 2169-2174.

Obradovi¢ J., Karamata S., Vasi¢ N. i Grubin N., 1995: Karakteristike lakustrinskih sedime-
nata Jarandolskog basena.- Simpozijum: Geologija i metalogenija Kopaonika., 147—155, Beograd-
—Kopaonik.

Panti¢ N., 1961: O starosti ugljonosne sedimentne serije kod Jarandola (dolina lbra) na osnovu novih
paleofloristiCkih podataka.- Vesnik Zavoda za geol. i geof. istr., XIX, 287-299, Beograd.

Panti¢ N., 1995: O jednom geoloskom fenomenu, miocenskim kamenim ugljevima Kopaonitke oblasti.-
Simpozijum: Geologija i metalogenija Kopaonika, 398-401., Beograd-Kopaonik.

Stajevi¢ B., 1991: Tercijame tektono-magmatske strukture Kopaonitke oblasti i njihov metalogenetski
znaCaj.- Tehnika, rudarstvo, geologija, metalurgija, XLII, br. 11—12, 738-740, Beograd.

Stojanovi¢ D., 1967: Haulit iz Jarandolskog tercijamog basena.- VI Savetovanje geologa Jugoslavije,
Ohrid, knj. 3, 35-42, Skopje.

Vukas$inovi¢ S., Banovi¢ Z. i Nikoli¢ D., 1995: Osnovne geoloSke implikacije aeromagnetskih
podataka Kopaonika i Sireg prostora.- Simpozijum: Geologija i metalogenija Kopaonika, 229-234,
Beograd-Kopaonik.



