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YfIK 553.91:552.4:551.73(497.13) OpHraHaJiira HaygHH pa”®

rPA<&HTOHAH H3 METAMOPOHTA ,TOII»EJLYBATE
(BOCHILTPAA)

ofl
MapKa Epii,eroBii;a* h PyfloJi(|)a ToMaHeija*

y pany ce npHKa3yjy npBH pe3yjiTaTH HcnHTHBaita MHKponeTporpacJjCKor cacTaBa n onTmioix ocodHHa
rpacfmTOHjia H3 MeTaMopc})HHx TBopeBHHa ~OH,e Jty6aTe (BocHibrpan). p,06HjeHH cy tbkbh nonat(H KojH omo-
ryhaBajy 6nH>Ky neTporpac})CKy KliacHc})HKaijHjy rpac|)HTCKHX HikpHJli>aL(a ca obot Npocropa. H3Bpmena je TaKO-
lie h Kopejia®Hja H3Mei)y cTeneHa TepMHHKHX npoMena pa3JiHMHTHX o6jiHKa yrjteHHKa (rpacj>HTH3aL(Hja) H CTe-
neHa MeTaMopc})H3Ma c})aunje 3ejieHHX HiKpHJbaLia. MeTojjaMa cfMOTaiinjcKe KOHi“eHTpai"Hje HcnHTaHa je Moryh-
hoct nobHjaH,a kKBajiHTeTHor KOHueHTpaTa "rpac})HTa".

Kji.y™e pera: rpac})HTOHjiH, MeT3Mopc})HTH, najie030HK, fl,OH>a JLy6aTa.

HcTpa"KHBaiha nojaBa "rpacjjHTa" H3 Hajia3HiHTa /(oite JLy6aTe, aanafliio o/i Bo-
cHJfcrpa’a, KaKO reojioniKa TaKo h TexHOJiOHiKa, o6aBJbaHa cy y BHine HaBpaTa npoTeK-
jihx ijeneimja (JejieHKOBHh, 1955/56 h jjp.). llojaBe "rpacjjirra" Be3aHe cy 3a rpacf)HTHe
mKpHJbii,e Jlon>e JLy6aTe Kojn cBaKaKo iipejiCTaBli:.ajy Hajciapnje cTeHe OBe o6jiacTH.

MeTaMopcjoiie TBopeBHiie y Bo>KHhKoj h Jty6oTCKoj pen,H (06jiacT BocHJbrpajja) ca
rpacjjHTIi'iHHM mKpiULHHMa npHiia/iajy OpilOBHijHjyMy. llpeMa I1. llaBJioBHhy (1975)
"... opflOBHi"njyMCKe TBopeBHiie y ,hoii>hm TOKOBHWa BoacnhKe h JLy6aTCKe peKe npejj-
CTanJbajv neKa;iamn>e reocHHKJiHHajnie cej(HMCirre h ByjiKaHHTe, perHoiiajino MeTaMop-
cjnicane y ycjioBHMa cjjannje 3elieHHX iiiKpnjbana”. 1lo hctom ayTopy "... npeKO /roibo-
-OpHOBHUIiHjyMCKHX C}OCHJIOHOCIHX H pyj(OHOCHHX KBapHHTa koHkopjjaHTHO JIOKC pa3He
BpcTe cjjHInrra h rpac)HTCKHX mKpHJban,a ca npocjiojn,HMa".

rpacjiHTOiiociia pvjnia Tejia HMajy >khhhh hjih coHHBacCT o6jihk, cajjp>Ke oji 3-20% C,
a jaBJbajy ce y ihijiv jejme 30He, npaBija npy>Kaiba CH-J3, jjyre oko 3 km h iiiHpoKe oko
500 m. Y JiesKHmiy cy iisjjiiojena TpH iHiia rpacjiHTiior opyjjibeH>a:

- HenyH>eHe nyKOTHHe (»ch'ihh ran);

- rpacj)HTHH rHajc (koMnakTHH TiiN) h

- rpacjiiiT nermaTHTCKe Cjjannje, koji Kojnx ce pa3JiHKyjy jjna iiojiTiina: H3pa3HTO
nerMaTHTCKH h Jieonapjjim.

PyAapcKO~reojiomKH c})aKyjiTeT, ByniHHa 7, Beorpa«.
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MHHepaJiouika HciiHTHBaiLa pvniiHX npenapaTa H3 floHte JLy6aTe noKa3yjy jjocTa
pa3HOBpcTaH MHHepajiHH cacTaB ca npoMeHJbHBHM caflp*ajeM CHIIHKATHHX MHiiepadia,
3aTHM pyTHJia, HJiMeHHTa, ccjDeiia, MarneTiri'a h JiiiMotiHTa—xnjjpoxeMaTiiTa. Ygemhe
“i pacJiiiTa” je 3na™ajno. Oh ce jaBJba Y KpimTOKpncTajiacTOM h aMopcjjnoM cTaH.y. | pa-
(pwr noKa3yje KapaKTepncTHiHe o0SjiHKe noBiijaiLa, flec}DopMai;Hje h TpaHCJiau;Hje (Jobo-
BHh, 1989). Hcth ayTop yKa3yje jja je CHJiHKaTHa ocHOBa Haj3acTynJbeHHja h fla ce of13iH-
Kyjy cpejjiiHM jjo bhcokhm KpiicTaJiHHHTeTOM. llaBefleHii MHHepajiHH cacTaB yKa3yje Ha
jejiHy HHCKOTeMnepaTypHy c}ianHjy th tb h o —-MarHeTHTCKor KapaK Tepa.

Y30PIXH H METOfIOJIOrHJA HCIIHTHBAIfcA

MiiKponeTporpacficKa h oirni'‘iKa HcnHTHBaiLa H3BpmeHa cy Ha y3opiiHMa pa3HHX
rpa(J)HTCKHX niKpHJban;a (Tpn KOMn03HTa 3aBHCHO oji THna opyjjiLeiLa) h Ha KOimeinpa-
THMa "'rpacjiHTa" (jjBa KOMHO3HTa). Y Ta6ejiH 1.npHKa3aHO je nopeKJio y3opaKa h cacTaB
KOMnO3HTa H3 Jie*:HmTa /(oiLe JLy6aTe\ AHajiH3HpaHH y3opn,H H3 JiejKHUITa rpacjnrra
floH>e Jby6amre najHemhe ce Hajia3e y acoii;HjaH,HjH ca aM4)H60jiHTHMa.

TaSena 1. 03Haice h nopemio y3opaKa H3nesamiTa floH.e JLy6aTe.
Table 1. Numbers and origins of samples from Donja Ljubata deposit.

Y3opaK 03naKa npo6e Tnn op?/nitel-.l.a .
Sample Sample number Type of mineralization
Epa3j(a 1-4, noTKon 14

furrovvs 1-4, adit 14
Y30paK 1 (KOMnO3HT I1) Bpa3~a 5, noTKon 11 JleonapnHH (llaHHiiiTe)

1 (composition 1) furrow 5, adit 11 leopard (Padiste)
Bpa3na 6-11, noTKon 14
furrows 6-11, adit 14

Bpa3Ha 1-3, noTKon 7 HMnperHaiiHOHH
Y30paK 2 (KO!\/!nO3HT 1) furrows 1-3, adit 7 (ByKOBa naffHHa)
2 (COmpOSItIOn “I) Epa3na 9, noTKon 11 impregna[ed
furrow 9, adit 11 (Bukova padina)
Y30paK 3 (KOMNO3HT 1) Epa3na 1-8, noTKon 11 X othh (J*oiba JBy6aTa)
3 (composition 1) furrows 1-8, adit 11 veined (Donja Ljubata)
y3opaK 4 (KOHlieHTpaT) KoMno3HT I, K/5 X h¥hh
4 (concentrate) composition 1, K/5 veined
Y3opakK 5 (KOHgeHTpaT) KOMNOSHT I, 11, 111, K /11 JKhmhh, jieonapsHH, HMnperHaiiHOHH
5 (concentrate) compositions I, 11, 111, K/II veined, leopard, impregnated

Ha cbhm y3opi*HMa patjeHa je h KBajiHTaTHBHO—KBaHTHTaTHBHa aHajiH3a "‘rpacjiHTo-
Hfla" h MHHepajiHHX MarepHja y CTeHH h KOHHeiripaTHMa. Oj<pei)HBaii.c cTeneHa (cjiy-
‘iajne h MaKCHMajiHe) pecj)jieK Ciije H3BpmeHO je npeMa cTaHflapjjHMa ICCP (1963; 1971).

1locTynKOM cjiJioTamijcKe KOHneHTpaniije BpmeHa cy BHme nyTa HcnHTHBaiLa mo-
ryhHOCTH jio6HjaiLa KBajiHTeTHHX KOHHeirrpaTa. HcnHTHBaHO je ocjio6atpaiLe rpacJ)HTHe

1Y3opaK 3a aHajiH3y flocraBHO je M. Kparyji>aii, nnnji. hh»c reon., Ha WMy ce 3axBajbyjeMO.
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Ma'itpnjc ojj npa'rchiix MHHepajia Ha cBaKOM 03 ‘rpii HsjiBojeiia Tinra MHHepajiH3aii;Hje,
Kao h Ha penpe3eHTaTHBHOM komho3hthom y3opKy pvjje. C 063HpoM na KBajiHTer
Pobhhx y3opaKa jio6iijaHii cy KOHneirrpaTii 30 60% C. Ilpn npiiMCiteHHM ycjiOBHMa koh-
iieirrpannje ipacjiiiTOHjia j(o6Hjeii je cnpoMamaH KOHHenTpaT rpac|)HTa 36o0r iteroBe
ciiTHO3pHe MHHepajiH3au;Hje, nOp03HOCTH h iiH>Kei cajip>Kaja rpa(j)HTay pvjjn.

PE3yjITATH MCnnniBAIbA
MHKpocKoncKa nciiHTHitaH.a i pa(|)n+on;(iin\" imgp®j£,aip

llpeMa paHHjHM MHKpOCKONCKHM HCnHTHBaibHMa, "rpa(j)HTlie" CHpOBHHe (Jobo-
BHh M., 1988 h JoBOBHh H., 1989) y ofl[Hocy Ha ran MHHepajiH3ai(Hje, H3ji;BojeHa cy
HeTHpn THiia opvjnijCiija:

1. Xhhhh THn (HcnyibeHe nyKOTHHe), rpa({)iiTOHj(n ce jaBJbajy y 06jiHKy arperaTa
cacTaBJbeHHX 0/1 chthhx Hildiiina (jbycnHii;a "rpa4)HTa") necTO neMeiiTOBaHHX aMop(})HHM
yrjbeiiHKOM.

2. Fpa()HT nerMaTHTCKe (j)anHje ca jina nojrnina- n3pa3hto nerMaTHTCKH h jico-
napjiini THn, MaiiHc})eciyjc ce Kao HaroMHJiaiba MHKpoKpiiCTalia y aMc}H60jiHMa jiajvhii
yTHcaK cTpyKType Jieonapjjnor THna.

3. KoHTaKTHO OpVJIIbCHH ipa(j)HTCKH FHajc—KOMnaKTHH HJIH HMnperHaii;HOHH THn
“rpacj)HTOHj(H" HMnperHHiiiy jajioBHHy y 06jiHKy MJia3eBa hjih je JiOKajiHo rpynncaH vy
rana npaheH je nnpirroM, iihpxothhom, xajikOnHpHTOM, iiein'JiaiijiH'roM Kao h aMc})H-
60JiHMa, KBapijoM, cj”cjijicnaTOM, pyTHJioM h cc})eHOM).

4. Fpac})HTHH mKpiiJbHH; MHHepajiHsaimja ce jaBJba y chthhm 3pHHMa opHjeHTHca-

hhm napajiejiHO y 30He h MJia3eBe hjih >hjihhc Koje ce CMeii,yjy.
JLy6aTe, upejic'raBJbajv CHTiioKpiic'rajiacTH (jicjiom KpHii'roKpHciajiacTH h aMop(})HH)
rpad)HT, KojH je cpacTao ca KBapu;oM, (}ejijl;cnaTOM, petje ca aM(})H60JioM hjih je
jliiciicproBaH y HXHVR liccto je rpvniican y arperaTe Kojn jjajy py;ni thiiihihv Jicoiiapj(ny
CTpyKTypy hjih cy jbVCUHiie (06jiHKa njioHHija h JIHCTHha) opHjciiTHcaiie y napajiejiHe
30He h MJia3eBe ojihociio >KHJiiine Kajia je pen o iiMiipeiiiannjaMa h »cnjiH'iacToj cTpyK-
TypH. JaBJba ce h y ROJioMopcjjHHM CTpyKTypaMa Kaj( je peT O aMOp(})HOM yrJbeHHKYy hjih
KpnnTOKpHCTajiacTOM 06jiHKYy.

HajpacnpocTpaibeHHjH biiji jaBJbaiba rpac})HTa cy TaiiKonjioiiacTH arperaTH Kojn ce
MeH3Hja HiijHiBH/ivajinor Kpnc-rajia 2 x 15 |[am). HaroMHJiaiba obhx MHKpoKpncTajia ije-
MeHTOB3HHX CHJIHKaTHMa HJIIH aMOpc}H)HHM yrJbeHHKOM jjajv yTHCBK "“jieOliapH CTpyK-
Type", hjih aKO cy HaroMHJiarba opiijeirracaiia jiy>K 30Ha, 'rpana >KiuiHna yTHcaK je
">KHHHe CTpyK'rype". KpiiirroKpHCTajiac'iH arperaTH rpac})HTa cy pe*H h Be3aHH cy 3a
HMnperHairnoHH a peije jkhihh THn, iipeMjja ce cpehy hy jipyriiM THnoBHMa.

MHiiepalJiioanHja rpac})HTa je npaheHa h /ipvriiM MHHepajiHMa, HHijii je pejjocjieji; no
3acTynjbenocTH cjiejichii: pyTHJi, hjimbhht, irapHT, xiijjpoxeMaTHT, jihmohht, cc})eH, xaji-
KonnpHT, iieHTJiaiiniiT, a sana>Keii je h MarneTH'r Kao h H3BecHH bhihh okchjhi MaHraHa.
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Pe3yjiTaTH KBaliHTaTHBHO—KBaHTHTaTHBHe aHajiH3e H3flBojeimx THnoBa "rpacjjHTa"
npHKa3aHH cy y TaceJiH 2. IlpeMa MHKponeTporpa()CKHM (cTeneH xoMoreHocTH, 06jihk h
MHKpoTeKCType) h onTHHKHM ocoSHHaMa (cTeneH pecJjjieKcnje y o0jiGnjenoj cbctjiocth)
H3«BojeHe cy ojjpeipene KareropHje 3pHa Koje cy ii0CJiy>KHJie 3a yTBpi)HBaH>e cjihhiiocth
h pa3JiHKa H3Me”y y3opaKa "rpacjoHTa" H3 pa3JiH’iIHTHX THnoBa opynaeita, Kao h ro-
6Hjeimx KOHii;eHTpaTa. OcHOBHe Kaieropnje 3pHa cy:

Tab6ena 2. KoMnoHeHTHH cacraB HenHTHBaHHX y3opaKa.
Table 2. Componental composition of analysed samples.

KaTeropnje 3pHa y 3an. % Y30paK 1 Y30paK2 Y30paK 3 Y30paK4 Y3opaK 5
Grain class in Vol. % Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Chbb nopo3Ha
(AMOpP(J)HH THn)

40.0 56.5 36.0 40.0 48.0
Gray porous
(amorphous type)
CBeTlJia xoMoreHa
CnojeBHT-npHTKacT
(Cnoj P ) 11.0 155 6.0 52,0 410
Light homogeneous
(layered-columnar)
Bejia HexoMoreHa
(KpHcrajiHH THn)
White non-homogen. 80 5 55 80 110
(crystal type)
MHHepalJiHe MaTepnje
A - 41.0 20.5 52.5 - -
Mineral material
KomMno3HT Il komnosHT 11 KOMNO3HT | KOHUeHTpaT | KOHgeHTpaT
jieonapnHH ~ HMnperHaiiHOHH ~ *H1HH K/5 I, KA
Comp. Il Comp. I Comp. | Conc. | K/5 Conc. I, 11,
leopard impregn. veined i, K/

HanoMena: npOL(eHTyaliHO ygeinhe KaTeropnje 3pHa y KOHi(eHTpaTy je HCKa3aHO 6e3 MHHepajiHHX MaTepnja.
Note: The rate of grain class in concentrate is not including mineral material.

- CHBa nopo3Ha H30TponHa 3pHa npoMeiuLHBor 06jiHKa h BediHHHiie (aMopcjjim Tirn)
(Cji. 1A h B);

- XoMoreHa H30TponHa 3pHa cBeTJie 60je Hajnemhe H3jjy>keHor o6jiHka (jbycnacT h
npHTKacT tHn) (Cji. 1B, D, h J],);

- xoMoreHa aHH30TponHa 3pHa Ca bhcokhm peji>ecjDOM 6 ejie 60je (Kpnc'rajiHH THn)
(Cji. 1<D).
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Cji. 1. KapaK'repHCTH"aH H3rjiejj rpacjjHTOHga H3 floKbe JBy6aTe.
Oft6HjeHa cBeTJiocT, noBehaH.e 250 x, yjbHa HMep3Hja (4)oto M. EpgeroBaqg). A. Ilopo3Ha H30TpOrma
3pHa (jieBo); B. llopo3Ha h npHTKacra 3pHa; u,. h R. CjiojeBHTa-JiaMHHapHa 3pHa ca jakom aHH30TponHjoM;
. llpeJia3 xoMoreHe nopo3He ka cjiojebhthm TeKCTypaMa; <i> KpHcrajiHH o6jink (6ejio, rpacjjHT).

Fig. 1. Typical view of grafitoids from Donja Ljubata.
Reflected light, magn. x 250, oil imersion (photo by M. Ercegovac). A. Porous isotropic grains
(left); B. Porous and columnar grains; C. and D. Layered-laminar grains with high anisotropy;
E. Transition of homogeneous porous to layer structure; F. Crystal form (white, graphite).
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OnTHHKe ocofinnc H3fIBojeHHX KaTeropnja (3a npHTKacT h KpHCTajiHH THn) npH-
Ka3aHe cy y TaGejia 3.

TaSejia 3. PecljjieKcnoHa Mepeita rpacjjiiTOHfla h rpacl)HTa
Table 3. Measured reflections of graphitoids and graphites

Pegd)jie KcHja % Rr

KaTeropnja 3pHa Reflecta nce % Rr

Grain class min-max X SD N

Y3opaK (Sample) 1 568 041 18
1,80- 4,00 , +0,

& anTKa.L.cra (Columnar) 6,00 - 12,40 8,64 +1,84 20

6. KpHCTajiHa (Crvstal)

Y3opaK (Sample) 2. - 046 6
2,10- 4,00 , +0,

& anTKac.Ta (Columnar) 5,00-13,50 10.74 +2,43 29

6. KpHCTaliHa (Crvstal)

Y3opaK (Sample) 3.

a. npnTKacra (Columnar) 1,50- 4,00 2,43 *+2,43 82
5,00 - 11,40 8,05 +1,67 1

6. KpHCTanHa (Crvstal)

Y3opaK (Sample) 4. s 120 166
2,00- 420 AT +1,

& anTKaC_Ta (Columnar) 5,00 - 13,40 8,97 +2,10 50

6. KpHcralJina (Crvstal)

Y3opaK (Sample) 5. 335 062 7
2,00- 4,15 +

a. npHTKacra (Columnar ' ' ' '

P (Colu ) 5,00 - 14,00 9,05 +2,83 25

6. KpHCTaliHa (Crystal)

H3 Tabejie 2 yo'iaBa ce pasjiH'iiiTO npoii,eHTyaJiHO v'iemhe iioje/.(HHHX KaTeropnja
3pHa. Y cbhm y3opn,HMa je bhcok yDeo aMopcHviink 3pHa, Maile hjih BHiue nopo3HHX; ihto
ce Moace CMaTpara /(ocra nenonoJhHHM (iiocefino y3opaK 2 ca oko 56,5% obhx 3pHa).
OBa KaTeropnja 3pHa ce TaKo”e najia3H y KOHii;eHTpaTHMa (y3opn,H 4 h 5) y bhcokhm
npoi"eHTHMa (40%, oflnociio 48% 6e3 MHHepaliHHX Marepnja). Tpe6a noce6HO Haraa-
chth jia ce oBa Kaieropnja 3pHa op(JiHKyje pasjni'iHTiiM o6jihkom h jiHMensHjaMa, Kao h
pa3JiHHHTHM nopo3HTeTOM. OBa 3pHa noKa3yjy necTe nojaBe arjioMepaii;Hje h npejia3e
Ka KaTeropnjH BHine xoMoreHHX 3pHa.

H3j(i50jena KaTeropnja xoMoreHHX 3pHa, naj'iemhe H3jjy>KeHor—piiTKacTor, a pei)e
cjiojeBHTor THna ca HspaaceHOM JiaMimaijHjoM, iipiicvTiia cy y vsopniiMa 1, 2 h 3 y pe-
jiaTHBHO hhckhm nponeHTHMa (6-15%). MeljvTHM, y KonnenTpaTHMa (y3opnn 4 h 5;
Tabejia 2) OBa 3pHa cy npHcyTiia ca 52%, oj/iiociio 40%. Y nope!}en,y ca vsopijHMa 1, 2 h
3y obom cjiy>iajy je jjouuio jjo HHXCBe 3Ha'igjiiHje KOiin;eHTpaii;Hje y vsopijHMa 4 h 5.

lloce6HO HsjiBojena Ka'reropnja Cd bhcokom pec}jjieKcnjoM h KpncTajiHHM o6jihkom
3acryiui>eHa je y hhckhm nponenTHMa (cBera 55-11%) h to paBiioMepno y cbhm y3op-
thmh. Ako ce pe3yjiTaTH aHajiH3e noMeHYTHX Kareropnja 3pHa nocMarrpajy y ojjnocy Ha
thh opvfliLCHja Moace ce 3akJi>yhhth jja Me~y h>hm3 He nocToje 6hthc pa3liHKe, uito je
oji nocebHor 3iia'iaja 3a 'ryMa'ieibe H.HXOBe retiese.

Ha 0CHOBy Jia6opaTopnjcKHX HCHHTHBAaii,a penpe3eHTaTHBHor KOMno3HTHor y3opKa
caHHiteHor 0jj jejjnakHX jiejioBa 'rpn noMeHyTa THna (xhhhh, jieonapjjHH, HMnpernami-
ohh), Kao h KQMno3HTHHX y3opaKa CBaKor o// 'rpn H3/j;BojeHa THna opyj?ibeH>a, ca ca/?p-
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xajeM yrjbeiiHKa y pyjjH ofr 3 /jo 12,57% (MaKCHMgjiHo oko 20%), AofinjeHH cy kohi’ch-
Tpara, c})JioTiipaibeM, ca oko 40%, MaKCHMgjiHO 60% C.

Y KoiineinpaTy "rpa4)HTa" npeoBliayje MHKpoKpncTaliacTH JbycnacTH rpa™HT,
i"eMeHTOBaH aMopc})HHM yrjbeiiHKOM (rpacHiTOH/(OM).

H hckh KBaJIHTET n HCKopnmhetbe y npon;ecy KOHu;eHTpaii;Hje CBaKaKO ce MO*e os-
jacHHTH r» nojaBOM aMopc})Hor rpac})HTa Kojn cjia6Hje c}JioTHpa (py/ja oBora cacTaBa 6n
Tpe6ajio ~a HMa 70-80% C) 3a pa3liHKy ofl KpncTajiacTor rpac})HTa Kojn jiaKO c})jioTHpa
n /jaje KOHi"eHTpaTe ca bhcoknm cal/p*ajHMa C (jjo 60% C).

PecljjieKciija rpac])HTOima

Y HHIi>y o//pe}jHBaiba cTenena repMHHKe npoMeHe (MeTaMopc{)H3Ma) rpac})HTOH//a y
HenHTHBaHHM y3opu;HMa H3BpuieHa cy Mepeita pec})JieKCHje H3//Bojennx Kaieiopnja 3pHa
npeMa CTan//ap//HMa ICCP-a. JloGHjeiiH pe3yjiTaTH Mepeiba npHK33aHH cy y Ta6ejiH 3 h
Ha cjihhh 2 (pec})jieKToipaMii).

y y3opniiMa 1, 2 h 3 xoMoreHa h //ejiHMirnio nopo3Ha 3pHa (ca 3pHacTOM MHKpo-
TeKCTypoM) HMajy pec})JieKCHjy Koja ce Kpehe H3MeMy 1,80 jjo 4,00% R; cpe//ii,e Bpe/inoc-
th ce Kpehy H3Mey 2,43-2,92% R. Obh no/iann yKa3yjy j/a ce pa//H o KaTeropnjH 3pHa
Koja ce of/jiHKyjy cjihhhhm Bpe//nocTHMa pec})JieKCHje ihto sna'iii /ia ce y riorjie/iy renese
HenHTHBaHH y3opijH Me})ycoéno He pa3liHKyjy.

KaTeropnja 3pna ca KpHCTgjiHHM o6jihkom (iiajHemhe BejiHHHHe ncno/i 0,3 mm)
HVi pe(})JieKCHjy Koja ce Kpehe Hamei)y 5,0-14,0% Rmax, ihto 3iiaHH //a npnnal//ajy rpa-
CPHTHVR. Ohh ce olyiHKyjy pa3jihhhthm HHTeH3HTeTOM rpac})HTH3ai"Hje. Cpe//ibH CTeneH
pecj)JieKCHje OBe KaTeropnje 3pHa HMa 9,0% R.

rio/iami pec})JieKTOMeTpHjcKHx HcmiTHBaiba noka3yjy fla ce rpacy)HTCKH iUKpHJbnn
pa3JiHHHTor rana opy//iben,a ca JioKnuiTa J3,oita Jty6aTa o/liiiKyjy CTenenoM MeTaMop-

MeTaMopc})H3Ma pa3JiH'iHTiix 06jiHKa yrJbeHHKa Kopejincan ja ca MeTaMopc})HHM c}ai;n-
jaMa y KojHMa ce HaJiazH. H3fIBajajy ce cjie//et)e nonyjiaipije npeMa MakCHMajiHoj Pec})-
JieKCHjn:

- ceMHaHTpai™HT h airrpaijHT (1,80-4,00% R), KapaKTepncTHHHH 3a CTa/pijyM MeTa-
reHe3e h

- MeTaaHTpau;HTH, ceMHrpachHTH h rpac})HTH (4,0-14,00% R) H3 CTa/HjyMa aHXH
MeTaMopc}HH3Mg, a fleJiHMii'iHO h H3 enn 30He ca TeMnepaTypoM npeKO 350 °C.

3AKJLYHAK

Pe3yjiTaTH HcnirniBaiba rpac})HTHIHHX iiiKpHJiZana H3 JioKiimTa /(oiba JLy6aTa
(pa3JiHHHTH THnoBH opy//n,eiba) h KoimempaTa "rpac[)HTa" Mory ce pe3HMHpaTH:

H3BpraeHa je 6)iHKa Hi/eHTiic})HKanHja rpac})HTOHjia npeMa Mopc}orpach)CKHM h on-
thhkhm oco6nHaMa. Ohh oj/i oBapajy pasliHiiiTHM cTajjHjyMHMa MeTaMopc})H3Ma yrjbe-
HHKa (ceMnaiiTpanHTH, airtpamiTH, MeTaairipanHTH, ceMHrpacj)HTH h rpacy)HTH). Pe3yji-
thth obhx iiciiHTHBaiba pa3peraaBajy neKa ocHOBHa nHTaiba Be3aHa 3a HOMeHKJiaTypy
rpacj)HTH'iirax rriKpnjbana J(oibe JLy6aTe.
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Cn. 2. Pet})jiekCHOHa Mepeifca rpa(J)HTOHfla h rpacj)HTa H3 MeTaMop<J)HTa JJoite lby6aTe: 1. JleonapjiHH thh
cTeHa; 2. HMnpernaaHOHH THn CTeHe; 3. 5Khhhh THn CTeHe; 4. KoHueHTpaT I/K-5; 5. KoHiieHTpaTH I, 1,
/K 11

Fig. 2. Reflection measurments of graphitoids and graphites from Donja Ljubata metamorphic rocks:
1. Leopard type rock; 2. Impregnated type rock; 3. Veined type rock; 4. Concentrate 1/K-5; 5. Con-
centrates I, I, HI/K-11.
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CacTaB h KBajiHTeT flo6njeiiHX KOimenTpaTa "rpac}DHra"™ y n0TnyHOCTH noTBp~yjy
pe3yjiTaTe obhx HcnHTHBaita. HbjiBojeHe KaTeropnje 3pHa ce o;yiHKyjy pa3jihmhthm
(jpjioTai®njckhm oco6HHaMa Y npoii,ecy KOHneHTpanH je.

PecjjjreKTOMeTpnjcKa HcnHTHBaita flajy npBe, Majja HenoTnyHe nonaTKe o CTeneHy
rpac|)JHTH3ai],Hje iiito je NOCEB6HO sHa'iajno 3a onpehjHuaite cTeneHa MeTaMopc[)H3Ma (J)a-
Hnje 3ejieHHX inKpHJban;a h HHTeH3HTeTa peraoHaliHor Me'raMopc})H3Ma.

ripeTxo,niia MHKpocKoncKa h 0iiTH'iKa HcnHTHBaH>a npejia3HHX CTyniteBa y H3MeHH
yrilbeHHKa 113 MeraMop(|iHTa ~oite JLy6aTe Tpf6a flonyiiHTH h npyniM aHajiHTH'IKHM me-

TpocKoimja h fl[H”epeHHHjajnio-TepMH'iKa aHaliH3a) KaKO 6h ce iipeanno yTBpjpuio
npHcycTBO npaBor rpa())HTa. llpHMeHOM obhx Merojja pa3peniHO 6h ce h npo6jieM jje-
(H)HHHcaH>a noje;iHiiHx CTajjHjvMa h rpamma ‘'repMH'iKe eBOJiyn;Hje yrjbeHHKa y hciih-
THBaHHM Cefl[HMeilTHMa.
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GRAPHITOIDS FROM METAMORP{fIC ROCKS OF
DONJA LJUBATA (BOSILJGRAD)

by
Marko Ercegovac and Rudolf Tomanec

Initial analytical results of micropetrographic composition and optical properties of graphitoids from
metamorphic rocks of Donja Ljubata (Bosiljgrad) are presented in this paper. The obtained data permit a
precise petrographic classification of graphitic schists from the study area. Also a correlation is given be-
tween the degrees of thermal changes in various carbon forms (graphitization) and metamorphism of green
schist facies. The method of concentration by flotation is used to test the production of a grade "graphite"
concentrate.

Key words: Graphitoids, metamorphic rocks, Paleozoic, Donja Ljubata.

Investigations of "graphite" occurrence in Donja Ljubata deposit, west of Bosiljgrad,
both geological and technological, were repeatedly carried out in the last few decades
(Jelenkovi¢ J., 1955/56; etc.). "Graphite” occurrences are associated with graphitic
schists of Donja Ljubata which are certainly the oldest rocks in the area.

Metamorphic rocks in the Bozi¢ka Reka and the Ljubotska Reka (Bosiljgrad district)
including graphitic schists are Ordovician. P. Pavlovi¢ (1975) writes "...Ordovician for-
mations in lower courses of the BozZi¢ka Reka and the ljubatska Reka are sediments of a
pre-existing geosyncline and volcanic rocks, regionally metamorphosed under the green
schist facies conditions”. The same author states "...Lower Ordovician fossiliferous and
ore-bearing quartzites are conformably overlain with various intercalated phyllites and
graphitic schists”.

Graphite-bearing ore bodies have the form of veins or lenses that contain 3-20% C,
and occur as a single zone extending NE-SW, about 3 km long and about 300 m wide.
Three types of graphite mineralization are distinguished in the deposit, viz.:

- filling fractures (veined type),

Faculty of Mining and Geology, Djusina 7, Belgrade.
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- graphitic gneiss (compact type), and

- graphite of pegmatitic facies, in two subtypes: clearly pegmatitic and leopard.

Mineralogical study of polished sections from Donja Ljubata has shown quite diverse
mineral composition and varying proportions of silicate minerals: rutile, ilmenite, sphene,
magnetite, and limonite-hydrohematite. The rate of “graphite” is significant. It occurs as
cryptocrystalline or amorphous. Graphite exhibits typical bending deformation or transla-
tion forms (Jovovi¢, 1989). The same author indicates at the highest proportion of sili-
cate matrix characterized by high crystallinity. the mentioned mineral composition sug-
gests a low-temperature facies of titano-magnetite variety.

SAMPLES AND METHOD OF STUDY

Micropetrographic and optical studies were made on samples of different graphitic
schists (three compositions depending on mineralization type) and on "graphite” concen-
trates (two compositions). Table 1 gives origin of samples and composition of composites
from Donja Ljubata depositl. The analysed samples from Donja Ljubata graphite deposit
were mostly associated with amphibolite.

Each sample was studied in the qualitative-quntitative analysis of "graphitoid" and
mineral material in rock and concentrate. Determination of the carbonification degree of
graphitopids were carried out according to ICCP (1963, 1971) and I1SO (7404) standards
respectively. Liberation of graphitic material from accessory minerals was tested on each
of the three separated types of mineralization, and on the representative composite sample
of ore. Relative to the quality of mine samples, up to 60% C concentrates were obtained.
The reasons for low grade and recovery from the concentration process certainly were
partly the very fine-grained mineralization of graphitoids, thus porosity, and partly the
low rate of graphite.

TEST RESULTS

Microscopy of graphitoid Schists

On the basis of earlier microscopy of “graphite” ores (Jovovi¢ M., 1988: Jovovic
N., 1989), four types of mineralization were separated:

1 Veined (filling fractures) graphitoid occurs in aggregates of small needles
("graphite” flakes) often cemented with amorphous carbon.

2. Graphite of pegmatitic facies in two subtypes: pegmatitic and leopard, manifested
as microcrystal aggregates in amphibole giving the impression of leopard texture.

3. Contact mineralized graphitic gneiss - compact or impregnated "graphitoids” in
gangue in the form of streaks or locally aggregated in fine individual needles, whereas
large forms are rarer (accessory to "graphite" of this type are pyrite, pirrhotite, pentlan-
dite, and amphibole, quartz, feldspar, rutile, and sphene).

10ur gratitude is due to M. Kraguljac, geologist, who deliverred the samples for analysis.
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4. Graphitic schist mineralization occurs in small grains oriented parallel in zones
and streaks or succession of veins.

Considered as a raw material for production of graphite, "graphitic" schists of Donja
Ljubata contain microcrystalline (partly cryptocrystalline or amorphous) graphite, inti-
mately associated with quartz, feldspar, subordinately amphibole or dispersed in them. It
often forms aggregates giving the ore a typical leopard texture, or scale (tabular and
flaky) oriented in parallel zones and streaks or veins where impregnated and of veined
texture, or colloform where amorphous carbon or cryptocrystalline.

The commonest mode of graphite occurrence are laminar aggregates which show in
sections as acicular oriented aggregates (average size of individual crystal 2x15 |im). Ag-
gregates of these microcrystals cemented by silicates or amorphous carbon look like
"leopard textures”, or, if oriented along zones, bands, veins, like "veined texture". Cryp-
tocrystalline aggregates of graphite are fewer and are associated with impregnated rather
than veined type, although found in other types.

Accessory to graphite mineralization are other minerals in the descending order of
occurrence: rutile, ilmenite, pyrite, hydrohematite, limonite, sphene, chalcopyrite, pentlan-
dite, and magnetite and certain higher manganese oxides.

Microscopy of Grphitoids

The qualitative-quantitative analysis of separated "graphite” types are summarized in
Tab. 2. Grains are classified by micropetrographic (homogeneity, shape, microtexture) and
optical (reflectance in reflected light) properties which were used in comparing the simi-
larities and differences between "graphite” samples from various mineralization types or
obtained concentrates. Principal grain classes are the following:

- gray porous isotropic grains variable in shape and size (amorphous type) (Fig.
1A and 1B);

- light-coloured homogeneous isotropic grains, mostly long-shaped (foliated or co-
lumnar) (Fig. 1A, 1C and 1D); and

- white homogeneous anisotropic grains with high relief (crystal type) (Fig. 1F).

Optical properties of these classes (for columnar and crystal types) are given inTab. 3.

Table 2. indicates various rates of individual grain classes. The proportion of amor-
phous grains, more or less porous, is high in each sample, which may be considered un-
favourable (particularly sample 2 with abouth 56.6% of these grains). This grain class is
also high (40%, or 48% without mineral material) in concentrates (samples 4 and 5).
Note that grains of this class typically differ in shape and size, and in porosity. These
grains often occur in aggregates and pass to the class of more homogeneous grains.

The separated class of homogeneous grains, mostly long-columnar, and subordinately
layered in marked laminae, was found in samples 1, 2 and 3 in relatively low percents
(6-15 %). However, concentrates (samples 4 and 5, tab. 2) contain these grains by 52%
and 40%, respectively. Compared with samples 1, 2 and 3, these grains are significantly
concentrated in samples 4 and 5.
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A class separated for high reflection and crystal form is contained in low percent-
ages (only 5.5% to 11%) uniformly in all samples. This group of grains is classified by
the applied method as graphite. Were the analytical results of the mineralization, no sig-
nificant difference between them could be inferred, which is particularly important for in-
terpretation of their genesis.

On the basis of laboratory tests with a representative composite sample of the three
mentioned types (veined, leopard, impregnated) in equal proportions, and with composite
sample of the three mineralization types, with the ore-contained carbon from 3% to
12,57% (maximum about 20%), concentrates produced by flotation had about 40% C, or
maximum 60% C.

Prevailing in "graphite" concentrate by concentration can certainly be explained by
the occurrence of amorphous graphite, which was less flotable (or of this composition
should contain 70-80% C) than crystalline graphite which is better flotated and gives
concentrates with high C concentration (up to 60% C).

Reflectance of Graphitoid

For determination of the degree of ggraphitoid thermal adjustment (metamorphism) in
the studied samples, reflectance were measured of the separated grain classes by ICCP
standards. The obtained results are given in Tab. 3 and Fig. 2 (reflectograms).

Homogeneous and partly porous grains (granular microtexture) in samples 1, 2 and 3
have reflectance varying from 1.80 to 4.00% Rr; or mean values between 2.43 and 2.92%
Rr. These data indicate a grain class characterized by similar reflectance values, that is
genetic homogeneity of the examined samples.

Grain class of crystal forms (mainly less than 0.3 mm in size) has reflectance be-
tween 5.0 and 14.0% Rmax, or belonging to graphites of different graphitization intensity.
The mean degree of reflectance for this grain class is 9.0% Rr.

Reflectometric data indicate that graphitic schists of different mineralization type
from Donja Ljubata deposit are metamorphosed to various grades within a wide range,
from anthracite to graphite. The metamorphic grade of various carbon forms is correlative
with metamorphic facies containing it. Divided by maximum reflectance, the following
populations are disithguished:

- semianthracite and anthracite (1.80-4.00% R), typical of the metagenetic stage,
and

- meta-anthracite, semigraphite, and graphite (4.0-14.0% R) from antimetamorphic
stage and partly from epi-zone with temperatures over 350°C.

CONCLUSION

Analytical data for graphitic schists from Donja Ljubata deposit (various mineraliza-
tion types) and "graphite” concentrates can be summarized as follows:
Graphitoids were classified on morphographic and optical properties as rocks at vari-
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ous stages of carbon metamorphism (semi-anthracite, anthracite, meta-anthracite, meta-
graphite, and graphite). The obtained data solve some of problems of Donja Ljubata
graphitic schists nomenclature.

Both composition and quality of the obtained "graphite” concentrate fully verify the
test results. The separated grain classes differ in flotability for concentrate production.

Reflectance measurements gave initial, though incomplete, data on graphitization in-
tensity, which is important in establishing the metamorphic grade of green schist facies
and the intensity of regional metamorphism.

The preliminary microscopic and optical studies of transitional stages in carbon
transformations from Donja Ljubata metamorphic rocks should be complemented by other
analytical methods (electronic microscopy, TEM; X-ray analysis; infra-red spectroscopy;
and differential-thermal analysis) for accurate identification of true graphite. The use of
these methods will solve the problem of defining individual stanges and boundaries on the
thennal carbon evolution in studied sediments.

JIHTEPATYPA - REFERENCES

Intemational Commitee for Coal Petrology (ICCP): Intemational handbook of coal petrology. Centre nat-
Rech. Sci. (Paris), 2nd ed. 1963, 165 p; Ist suppl. 1971, 400 p.

Jelenkovié¢ J., 1955/1956: Grafitska leziSta Donje Ljubate. GeoloSki prikaz i procena rezervi.- Fond
stm¢éne dokumentacije Zavoda za geolo3ka i geofizicka istrazivanja NR Srbije, Beograd.

Jovovi¢ M., 1988: lzveStaj o rudnomikroskopskom ispitivanju uzoraka iz raskopa lokalnosti Donja
Ljubata.- Fond stm¢ne dokumentacije Geozavoda, Beograd.

Jovovié N., 1989: IzveStaj o mineraloSkom sastavu mdnih preparata lokalnosti Donja Ljubata- Fond
stm¢éne dokumentacije Geozavoda, Beograd.

1laBJioBHh 1l. (=Pavlovi¢), 1975: OpffOBHUHjyM JyroHcrogHe Cp6nje. Y: K. 1leTKOBHh (yp.) reojiomja
CpSaje Il, npeKaM6pnjyM n najie030HK, HHCTHTYT 3a per. reoji. n naji., 50-52, Eeorpaa.



