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MMNHEPANOTWNIA, METPONOTIMIA, TEOXEMWIA
MLUEKALUCIME, PETKOEOC1E, OEOCHIMI1E

MHEPANOLWUKE KAPAKTEPUNCTUKE N NOPEKJTIO BOJE OTMANA
N3 NTOKAJIMTETA BAPE, LULYMAINJIA

oA
BecHe Moxapy-lorap* n Muxosuna Jlorapa*

MpoyyaBaHa Cy TPU penpeseHTaTUBHA, PasnMUMTO 060jeHa y30pKa onana (3eeHun, XyTU U LUPBEHN) 13
nokanuTeta Bape. Ha ocHOBY pe3ynTaTa: XeMMUjCKOT cacTaBa, PeHAreHcKe avdpakuymje, ML, cnekTpockonuje,
ONTUYKUX, TEPMUUKUX KapaKTepUCTMKa W ChnekTapa AudysHe pedieKkcuje 3ak/bydeHo je da cnagajy y rpyny

CT-onana, a aa je 60ja AMPEKTHO NoBe3aHa ca NMPUCYCTBOM U cagpyajem raoxha.

Krbyumne peun: onan-CT, 60ja, andysHa pednekcnja, reoxhe, bape, LUymagunja.
YBO/,

MojaBe onana 3abefiexxeHe cy Ha Bule mecTa y Cpbuju, anu cy geta/bHU nogaun o
FUXOBMM MUHEpaNoOWKUM KapaKTepucTMkama focTa OCKygHW, PagoBaHoBuh (1985)
hypuh nap. (1989/90), MaksiToY 1c el al. (1991,1994), Hukonuh n gp. (1993).

Y HenocpefHoj 6nu3nHU cena bape, y 3anagHoj LUymaauju, jyxHo og CTparapa,
KOHCTaTOBaHe Ccy nojaBe onana, KOju cy WHTEH3UBHO 0060jeHM y pasNn4YnMTUM HUjaHcama
3efeHe, LLpBeHe M kyTe 60je, WTO HAaC je MOACTAK/I0 Aa NPUCTYNUMO HUXOBOM Mpoy4vaBa-
wy. Y nojacy Ctparapu-[ipava Hanase ce Mace CepneHTUHUTA, KOjU Cy Ha BuLIe MecTa
MHTEH3WBHO TeKTOHU3MpaHu. CmaTpa ce fa cy cepneHTuHuTH Llymagmje kpajem jype 6u-
NN OTKPWBEHW Ha MOBPLUMHW, Ma Cy MPOLECOM natepuTusaumnje nopes NMMMOHUTUCAHOT U
KapboHaTUCaHOT CEPNeHTMHUTA CTBOPEHE M 00/IUTHe pyfe reoxha. JefMHO Cy KOA cena
Pamahe (ceBepHo o Bapa) cauyBaHe Ha MeCTy rae cy u ctBopeHe. CeaUMeEHTUN A0HkE Kpe-
[e uMajy y HaBefeHoj ob6iacTu Be/IMKO pacnpocTpakere, NOrnaBuTo Kpedwauu, Koju y
CTparapuma nexe AUPEKTHO MPeKO ceprneHTWHa. [opwokpesHn dauw ce npema AH-
henkoBmhy n Mapkosuhy (1960) npyxa oa CTparapa Ha cesepy, npeko Pamahknx
BMCOBaA Ha jyr y atap cena KameHuue, bapa v Jby/baka. Y cacTtasy nuiwHe gopmasunje
n3aBaja ce TepureHn Gauw (NpeTeXHO jako AMCKYHOBWUTWU newyapu, FAWHUM U MecKo-
BUTU Nanopumn) n kap6oHaTHU haunw (NanopoBUTU KpedtbaliM, nanopuu U NecKoBuTH na-
Nopumn YAPYXXEHW ca rauHymma). Kao cTtanHu ynaH y oBOM Gpauwy jaB/bajy ce 6peye u

*PyfapcKo-reonowkmn akyntet YHuBep3uTetay beorpagy. hywuHa 7,11 000 Beorpag,.



bpevacT Kpeuwauu. Y atapy cena bape jaB/ba ce Buwe counmBa 6Gpeya M 6GpevacTux
Kpeuraka.

Onan ce jaB/ba y HenpaBW/IHUM HaromunawbuMa M Xuuama Koje npobujajy kKpeu-
take. MykoTUHe u3Melly oAgnoMaka onana MeCTUMUYHO Cy UcnyreHe Cr-No cMeKTUTOM
(Bannh->KyHuh wu gp., 1987).

Oonnmc y30rPAKA

Y3o0pumn onana NpuKyn/beHn cy U3 packona, Koju cy ypaheHn npuanKom recfiolKux
NCTPaXHUX pafoBa, BPWEHUX Y Lu/by ucnutusawa MoryhHocTu kopuwhewa onana Kao
yKpacHor kameHa. Onan ce jaB/ba Yy KOMNakTHUM OA/10MLMMa, MECTUMUYHO Ca U3paxe-
HVAM L KO/bKACTUM MPEeNoOMOM, KOjU Cy pa3nMuUTUX HUjaHCK 3e1eHE, XXYTe Unu LpBeHe 60-
je. CTaknacTor cy, 4eCTO MacHOr Cjaja, 06MYHO Mpo3payHn. 3HATHO cy Yewhu ysopuu
KOJ KOjux ce HaBejeHe 60je M HMjaHCe CMeHYjy Y MnaszeBuma unm 6e3 HapoumnTe 3aKOHU-
TOCTU, LWUTO faje n3BaHpedaH BU3YyeNHU yTUCaK.

3a HapeaHa geTa/bHa npoyyaBaka ofabpaHu cy pparMeHTU XOMOreHo 060jeHnX
onana 3eneHe, OKep->XyTe WU TaMHO UpBeHe 6oje. CBa ucnutMBa/ba M3BpLIEHa cy Y fla-
6opaTtopmujama 3a MUHepanorujy, Kpucranorpapujy, cefMMeHTONOrnjy 1 reoxemujy, V-
cTnTyTa 3a MKTII, Pygapcko-reonowkor gpakyntetay beorpagy.

PESYJITATU NCTTINTUBAHKA
OnTnYKe KapaKTCPHCTHKE

Mpernefom HU3a hparMeHaTa onana y nonapM3auMoOHOM MUKPOCKOMY 3amaxka ce ja cy
MPOBUAHU, XOMOTeHO 060jeHu, 6e3 M3paXKeHOr NOANXPOoU3Ma, MaxoM n3oTponHu. Camo Me-
CTMMMYHO 3anaxa ce cfaba aHW30Tponuja y cheponnTUUHOj CTPYKTypu. WHaekcu npena-
Maka M3MepeHn MeToaoM bekeoBe NMHMje NpuKasaHu cy Ha Tabenn 1. [lobujeHe BpefHOCTU
Kpehy ce y rpaHuuama KapaktepucTuiyHum 3a onan-CT, kako HaBoge P16rke e( al. (1991).

Tabena 1. MHaekcy npenamama u ryctuHa onana (bape)
TaMe 1. KeCrac(;Ye wllicek anJ <lerBlLy ol opala (Bare)

rjcnovn (preen) >xyTH (yeEon') upBeHn (recj)
MHpaeKen npenamama
KehacMye Tclice6 1,441 1,448 1,455
FyctnHa §/cT3
2,06 2,23 2,08

BeTky §/cT3
OppehunBatrbe ryctmHe

l'ycTvHa onana je ogpeheHa MeTOA4OM MUKHOMETPA, a KA0 MMEeP3N0oHA TEYHOCT KOpULLI-
heH je Kcunon. Pe3ynTtaTtu npukasaHu Ha Tabenmn 1 carnacHu cy ca intepaTypHUM nogauuma.

PeHareHcka Hpoy4daBawa
PeHAreHCKM AndpakTorpamMu cy CHMM/bEHU Ha AMdpakTomeTpy 3a npax PhLLpS,

mogen P\\'-1051 Kao n3Bop 3paverwa KopuwheHa je 6akapHa aHTUKaTo4a U rpauTHM
MOHOXpOMaTop.



Onan je pemHucaH kao amopHy 3j02ca NPOMEH/BMBUM CagpXajeM BOAe 3HATHO
npe oTkpuha X 3paka U NpUMeHe peHAreHcke Audpakuunje Npu UCNUTUBAY MUHepana.
CaBpemeHa npoy4vaBaka Mokasana Cy Aa Mo OMWTMM MMEHOM Ofan eraucTupa Bulle
thasa ca pa3nMuuTUM cTeneHom ypefeHocTu. Mpema HOMEHKNaTypu onana Kojy cy ganu
Jonek & 8e8T11 (1971) n P1l6rke el al (1991) jegmHo je onan-A y NOTNYHOCTU amop-
thaH 1 KapakTepuwe ra agudysaH gudpakrorpam ca jefHUM BeoMa pa3By4YeHUM MaKCu-
mymom oko 4,10A. 3HaTHO ypeheHunje cy pase onan-CT n onan-C uunju gugpakrorpamm
UMajy CANYHOCTU ca KpucTobanntoMm u Tpuaumutom. CTpPYyKTypHa HeypeljeHOCT npoys-
poKyje nomepare pedaekcuja y3 cMarere MHTEH3UTETa M noBehake MONyWMPUHA Y
nopefewy ca Augpaktorpammma ypeheHor kpuctobanuta uam TpugnmMuta. Hekonuko
jaunx pethnekcuja onana-CT mory ce npunucaTu OCHOBHOj TPUAMMMTCKOj CTPYKTYpM,
anu cy MHTeH3UTeTu cacBum apyraumju. Onan-C nokasyje pediekcuje HucKoTemne-
paTypHOr Kpucto6anuTa, ca 4ofaTHUM ANPY3HUM MakKCMMyMOM Ha 4,4A, KOju ce npunu-
cyje TPMAMMUTCKUM CeKBeHLaMa y CTPYKTYpu, Kako HaBoau Plérke (1967). CnmyHocT
KpUCTanHMX CTpPyKTypa Kpuctobanuta v TpuaMmuTa LOBOAM [0 Npeknanaka Hajjaumx
pedpnekcuja 4,1 n 2,5A. Pethnekcuja Ha 4,04A HucKoTeMnepaTypHOr KpucTobanuTa ce
nomepa fo 4,05-4,06A kog onana-C, ogHocHo 4,07-401A 3a onan-CT, fOK ce Koj
HUCKOTeMNepaTypHOTr TpuagnummTa Hanasm Ha 4,10A.

Cn. 1. PeHpreHckun gudgpaktorpamu onana bape.
1. X-ray pow/br JllracHon paHern6 o! opal6
1roT Bare.

Ha cn. 1 npukasaHu cy peHAreHCKM AupakTorpaMu UCNMTMBAHUX OMana U3 noKa-
nuteta bape. MNpema HaBeAeHOj KnacudpukaLmju cen ncnutaHu ysopum cy onanm-CT, ca
MUHUMaNHUM NpucycTBOM KBapua (3,34A). Pednekcuje cnabor nHTeH3mTeTa ca c!-Bpea-
HocTuMa 2,85A n 3,16A koa LpPBEHOr onana MoOry ce npunucaTu MUHUMaNHOM NPUCYCTBY
thasze onan-C nnm 6narom ypehewy CTpykType oHana-CT.



XemMunjcku cactas

Y OKBUpPY MpoyyaBawa XeMUjCKOr cacTaBa ypaheHe cy KOMUNETHe CU/INKaTHE aHa-
NN3e KNaCMYHUM NOCTYNKOM, npu yYemy cy 5102, U2D 3u HD oppeheHn rpaBuMeTpujcku,

Pe20 3 PeO BonymeTpujckun, a Kad mn KD nnamenooTOMeTPUjCKN.
MukpoenemeHTn cy ofpeheHn eMNCMOHOM CMEeKTPOXEMMjCKOM METOLOM, Ha Chek-

Tporpady mogen 6TE-1. Kao yHyTpawmu cTaHgapa KopuwheH je Oe. Pe3yntatu Xemuj-
CKMX UCMNUTMBaa NPUKa3aHu Cy Ha Tabenu 2.

Tabena 2. Xemujcke n cnekTpoxemumjcke aHanunse onana (bape)
Table 2. Chenuca! anc! 6pechrochenuca! analy8e6 o™ opak (Bare)

3eneHu (preenm)  XyTu (yelkny) LpBeHn (rec!)

8102 94,28 88,30 87,06
A1D 3 0,02 0,08 0,03
Ped 3 0,75 2,66 5,61
PeO 0,14 0,29 0,29
N3,0

KD 0,05 0,02
HD 4,89 9,00 730
Cyma (Tolal) % 100,13 10033 10031

EnemeHTH y Tparopuma (Trace eletenl6 |X§/8)

cr 36 54 145
\% * 17 21
Ne 9 1 46
Co * 11 15
Cu 9 1 1
Mn 13 6 23
T1 * 18 30

Behe Bapujaumje y XeMnjcKOM cacTaBy OMana 3amaxajy ce y cagpxajy rsoxha, ca
ynjum nopactom og 3eneHor (0,75%) po uypseHor (5,61%) cpasmMepHO OMmaga CajpXaj
cunmunje, a pacte npoueHTyanHo ydewhe Bofe, NOWTO ce reoxMhe jaB/ba Kao hMHO AnC-
neproBaHn XUApPOKCUA Y XXYTOM W LPBEHOM onany.

CafpXaj MUKpoefieMeHaTa je penaTMBHO HM3aK. 3anaxajy ce HeNrro Buille BpefHOC-
TW 32 HUK U XPOM, HAPOUYUTO KOJ LiPBEHOT Y30pKa.

NudpauypseHn (ML) cnekTpu

ML, cnekTpun cy cHuUM/beHn metogom nactune (KBr), Ha cnekTpohoTomMeTpy PerkT-
-ElTter, mogen 597, y oncery 4 000-200 c¢T *. Jo6ujeHn cnekTpu onana, NpuMKasaHu Ha
CN. 2, NPaKTUYHO Cy UCTOBETHU MO 6pPOjy ¥ NO3MLUMjU ancopnLUUOHUX Tpaka W KapakTe-
puctnyHm cy 3a onan-CT. Moenke (1974) HaBoau Aa cy Tpake y o6nactm oko 1100 cnrl
nocneamnua BaneHTHUx 81-0-81 Bubpaynja, 4ok cy Tpake Ha 470 cnrlnocnegmua gegop-
MauynoHux 81-0-81 subpaynja. CnmyHe cnekTpe umajy cee noammopHe mMogndukaunje
8102, anu ¢uHKN feTabn omoryhasajy naeHTUduMKaLujy nojeAMHNUX YnaHoBa. JegHa Tpaka



Ha 780 cw *, Koja ce jaB/ba Kao nocnefuua nonmMmepusaumnje CTpyKType, KapakTepuctuny-
Ha je 3a cBe HeypeheHe nonumopgHe moaudmkaymje 5102 3a pasnnMky Of KBapua Koju nma
jacHo m3paxkeH gy6net. Mania acCMUMeTPUYHOCT OB Tpake y CNeKTpuMa UCMUTUBAHMX onana
yKa3syje Ha MUHMMAaTHO MPUCYCTBO KBapLa, Nrro je U Ha PeHAreHCKUM AudpakTorpammma yo-
yeHo. OpfcycTBo Tpaka Ha 620 crrr' 1 380 ¢ T 1Koje ce jaB/bajy Kog ypeheHor kpuctobanuta u
onana-C uCK/by4yje HUXOBO NpucycTBo. Beoma cnmuaH cnektap onany-CT uma onan-A,
anu cy UHTEH3UTETM HeynopeauBo cnabumju, a Tpake Cy BeOMa pa3ByueHe.

Cn. 2. L cnekTpwu onana bape.
p18. 2 .1K 3pechra ol opalx JroT Bare.

TanacHu 6poj - \Yaye nuwher

TcpMnyka npoyyaBana

OuhepeHuynjanHo Tepmunuke aHanmnse (A TA) cy cHUM/beHe Ha anapaTy mapke Oen-
yalo™ral” C, pupme MOM, Ha 40 matepujana u 6p3HOM cHUMawa 20 °C/TT.

Ha ceum BT gujarpamuma onana u3 nokanuteta bape (cn. 3) jacHO cy n3paxKeHu eH-
[JOTEPMHM MWKOBKU Ha TemnepaTypama 85°-93°C, Koju ce jaB/bajy Kao nocneguua gexu-
ApaTaumje. Oasbe 3arpeBatbe Hema yTulaja Ha y3opak 3e/1eHOr onana, AOK Ce KofA XyTor
W LPBEHOT jaB/bajy ABa pa3By4veHa eHAo ehekTa Ha 254-269 °C n 324-378 °C Koju cy noc-
nefguua npucycTBa xmgpokcuga reoxha, kako Hasoge Vi BaHosa u gp. (1974).



Mcnntmneamwe nopekna 6oje

EkcnepymeHTannHW paf. Y3opuu onana HUCY MOroAuun 3a Mepewe TPaHCMUCUOHOM
TEXHUKOM 360r ONTUYKMX HefjocTaTaka (MHKNY3nje, MUKPONYKOTUHE, UTL.). CTora je Ko-
puwheHa metopa audysHe petnekcuje (WenclManc!! & HechC, 1966). Mepewa 3ene-
HOT, XXYTOr ¥ UpBeHOr onana, o6ae/beHa cy Ha cnekTpooTtomeTpy BECKMAH 1)1' ca
MHTerpaynoHom cthepom y oncery og 380 go 1 100 n1 (26 300 go 9 000 cnl). Y3opuu cy
NpPeTxo4HO crpalleHn 1 npocejaHn Kpo3 cuto og 0,060 rwn. PedhepeHTHK cTaHAapa 6uo je
M§0 (p.a.).

Cn. 3. Aujarpamu A TA onana Bape.
p18. 3. BTA clla™rat6 ol opal« I'roT Bare.

Pesyntatn n guckycuja. Cnektpu gudysHe pegnekcnje (Ka) npukasaHu cy Ha cn. 4.
HeKoNnKo ancopnuuoHUX Tpaka, Koje ce Ha KpMBama Mcnosbasajy y Buagy MUHUMYMa, Mo
CBOjUM MONOXajuma Nno3HaTe Cy M3 ChnekTapa Apyrux MuHepana ca Pe3+joHom y okTa-
efapckoj koopguHauunju (Manwn”, 1973; Eo8ar & PayloY1C, 1979; K6hler & Aw-
[hawner, 1979).

Mpema Teopuju KPNCTanHOr Mosba, Y CHeKTpMMa MpenasHux efeMeHaTa KoOH(Ury-
pauuje y OKTaefapcKoj KoOpAMHaLmnju, MOry ce nojaBUTU CEKCTET-KBApTETHU eflek-
TPOHCKM npenasn (6Aj —4A, 4E n 4T) Kako je 03Ha4yeHO Ha cn. 4. OHW cy cnabor UHTeH-
3uTeTa jepcy 3abpaweHun no cnuHy (MapdyHuH, 1974), anu ancopnumoHa Tpaka y 06-
nactum 600 go 650 N T uMa 3Ha4vajaH ytuuaj Ha 60jy.

[pyra KapakTepucTuMkKa OBMX CMeKTapa jecTe WMHTEH3WBHA KOHTWMHyMpaHa amncopn-
LUMja Koja ce jaB/ba Kao nos3aguHa (McnpekngaHe nuHuje Ha cn. 4). OHa je mocneguua
eIeKTPOHCKOT npenasa (Mnn npeHoca HaenekTpucawa) Ee3==02‘(beyer, 1968). IHTeH-
3UTeT ancoprnuuje oBe Tpake, ca ancopnuMoOHUM MakCUMyMOM Aaneko y ynTpambybuyac-



TOM nogpyujy, 3a 2 o 3 pega senuunHe je sehu og (1-g npenasa. Ctora geo Tpake Koju
3axBaTa BUA/bUBM Je0 CMeKTpa MMa BeNnKW yTuuaj Ha 60jy MuHepana.

X(wm)

Cn. 4. CnekTpu gydy3He pednekcuje (K.J onana, bape. CTpenuvue nokasyjy ancopruuoHe Tpake eneKTPOoH-

CKMX Mpenasa Ha eHeprujcke HMWBOE AaTWMX TepmoBa atoma KoHpurypaumje 315 (Pe3) y okTaefapckom
KPUCTATHOM MOJbY.

4. Bpanbe releclance 3peclra (K.J o!' opalk JroT Bare. Arrolyx akm™nec! ahsorplon hanJs ol eleclron'8
hran6LUons 1o leyel6 ol” §1¥en 1leTT6 lor 315 1016 (Pe3*) w an oclaheclral cry6lal Kelll.

PasMoTpMMO MPBO carnacHOCT MOJioXaja ancopnuymMoHnx Tpaka cl-cl npenasa ca Teopu-
jom KpuctanHor nosba. Cenapauunja TepmoBa CI0604HOT jOHA Y OKTae4apCKOM Nosby mM3pady-
HaTa je n3 matpuua Koje cy ganu Tanahe & 5n8ano (1954). MoyeTHe BpeaHOCTM Napame-
Tapa B n C npoueweHe cy 13 Tpake Ha 450 wn (22 300 cw ') a 3aTMM nogewaBaHe [0
ycarfawlaBawa TEOPMjCKMX W €eKcnepumeHTanHMX nogaTtaka 3a GAj—(~(0), ~(C)) n
6Aj—T20). CarnacHocT CrekTpa 1 Teopuje nNpukKasaHa je Ha cn. 5. JleBa cTpaHa upTexa je
Avjarpam eHepreTckux HMBoa 3a XISKOHGMIypaumnjy nspadyHar 3a napametpe B=646 cnl1ln
C=3 198 cT1 ! (C/B=4,95). [lecHa cTpaHa Cy CMeKTpK onana rge je pacnogena ancopnuuje,
1(K.00)=K/6, laTa y OAHOCY Ha TanacHu 6poj (cT ‘). CnekTpu cBa TpM onana MOry ce YK/IOMHTH
Ha ucTom gujarpamy. EHepruja cenapaumnje c opbutana (10 ") nma Menrro HUXy Bpea-
HOCT KopA 3eneHor onana (12 700 cnY) Hero Kog XyTor u upseHor (14 100 cw ). MowTo
ce y CBa TpW cnyvaja pagu 0 UCTOM KaTjoHY pa3nnKa MOXKe nMoTuuaTu OA: BPCTe NMraHaa,

HbUXOBOT eDeKTUBHOT HaenekTpucamwa (C)) n pactojatba Pe3+- nuraHg (K) npema mspasy:
Dy = con8l CKnEK\ dakne, BP0 Mano NpoOMeHa y pactojakby MOXe 3HavajHo npomeHnTm Ocl.



JenumuuHo ypeheHa cTpykTypa onana usrpaheHa je og 8104 teTpaegapa. Maga reoxhe
TEOPUjCKN MOXe 3aMeHWUTU 51, oBAe TO Huje cnyyaj. HavmMe, KpUCTanHO Nosbe TeTpaefapcke
KoopauHaymje npounssogu Oc)(N) = 4/9Muy(o), Te Gumopano 6utn Ou(() ~ 6 000 cnn .
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Y CTpYKTypu onana uma Mano MoryhHocTu 3a MHTepcTuLmMjanHe oKTaefapcke noso-
)Kaje y Kojuma 6un ce cmectuno reoxhe. To je no3HaTo M 3a ypeheHe 8102 cTpyKType, Ha
npumep KBapl, rae ynasak Masne KonumuuHe reoxha y TeTpaegapcke mofioxaje npeg-
cTaB/ba KypuosnTeT (ameTucT) ca npatehum ehekToM Ha 60jy MuHepana.

CTora, reoXhe Huje cacTaBHM 4e0 CTPYKType onana Beh je yK/by4Y4eHO Yy NOCEBHY MuU-
HepanHy BPCTY KOja genyje Kkao nUrmMeHT. CnekTap 3e/eHOr onana je UHAMKaTuBaH 3601
CBOje CIMYHOCTKM ca aumo n hkJroxo komnnekcuma Pe3+(Jor8enken, 1954).

Benukun ytnuaj Ha 60jy onana 4ynHu Beh NOMeHyTW ancopnuuMoHu HOH 0f npeHoca
HaenekTpucakwa Pe3+ > O  Heros KoeguymjeHT ancopnyuje mMHoro je sehu og clc!
npenasa na nosehake KOHUEHTpauuje reoXkha y y30pKy npoy3pokyje Harno ancopbo-
Batbe y NaaBoOM, a 3aTUM U 3e/IeHOM NOAPYYjy BUA/BUBOT cnekTpa Aajyhu XyTy, 0f4HOCHO
LpBeHy 60jy onany.



Kapga je kKoHueHTpaynja reoxha HUCKa, DOH je HM3aK, Ma 40nasn A0 m3paxaja an-
copboBawe A-a npenasom 4T, (C) u 60ja nocTaje 3eneHa. VismeRy oBa ABa epekTa Huje
mMoryhe ycnocTaBuTU KBaHTUTATMBHY Be3y 360r eKCMepuMeHTaNHUX Tewkoha npu mepe-
by Y YNTpPaBMoneTHoj o6nacTu, a Koje Hamehe npupoga y3opka.

‘Tabena 3. Cneundukaymja 6oje onana bape
Tahle 3. Color 3pecllcallon ol opal3 &oT Bare

X T IX (nw) ; PN1%) K (%)
3enenn (Oreen) 0,3117 03253 559 2,9 773
XKyTtn (Yelloy 03717 03628 582 29,0 47,6
LipseHn (Eecl) 0,4084 03540 591 36,5 22,9

MeToAOM TPUCTUMYYCHE KONOpUMETPUje nspavyHaTta je cneyndukaynja 6oje ona-
na. OHa cagpXun neT napameTapa Koju cy npukasaHu Ha Tabenn 3. HeonxogHo je o6jac-
HUTWN HUXOBY Be3y ca PU3NONOLWKOM nepuenuujom 6oje. Tako, JOMMWHAHTHA TanacHa ay-
xuHa (Oc) oagrosapa ocehatby HujaHce 60je, ynctoha 60je (pc) ogrosapa ocehawy 3acu-
heHocTu a cpearba pedpnektnsHocT (K) onaxary cjaja. Konop koopguHate (X, y) oape-
fyjy penpe3eHTaTUBHY TauyKy Ha Aujarpamy xpomatuyHocTu (cn. 6).

Cn. 6. Aunjarpam xpomatuyHocTn (X, y) omana. CnektpanHa kpusa je y nT, C je ctaHgapgHu (C1E) mnssop
cBeTna (6ena Tauka) a TPOYrnav cy penpeseHTaTMBHE Tauke Tpy onana.

P18. 6. ChTtotalicy clla”rat (x, y) ol {hree opal6. 3peclral curye 18 T nT, C 15 Jbe Slaclarcl CIE V8hC
6omrce anc! opal6 are presenlecl \yLlh 1nan§le8

Tauka C nma oBOM Aujarpamy ofpefyje nonoxaj ctaHgapAHoOr n3sopa ceetna (6ena
Tauka). [yxu, nosyyeHe og C Kpo3 penpe3eHTaTMBHE TayKe onana, Ha NPeceKky ca cnek-



TpanHOM KpuBOM fajy BpegHocTu b,, (nT). YucTtoha ogrosapajyhe 6oje, p. (%) y Taykm
C je 0 % a Ha cnekTpanHoj KpmBoj nsHocu 100 %. Unctoha 60je onana ogpeheHa je no-
noxajem HbUXOBUX pernpe3eHTAaTMBHUX Tayaka Ha OArosapajyhum fyxuma a 3aBuCK 0f
KOHLEeHTpaLumje NUrmeHTa.

HwnjaHca 60je, MefyTuM, 3aBUCU 0Of cacTaBa NUrMeHTa. AHanusmpakwem Beher 6poja
onana HaheHO je Aa NpoMeHa HujaHce 60je 0 3e/leHe NMpema LPBEHOj HWje MPonopuUnoHanHa
cagpxajy rsoxha, Beh 3aBucu og monapHor ogHoca Pe2 3: HXD. Ha cn. 7 npukasaH je guja-
rpam oBe 3aBMCHOCTUW. Tauyka npeAcTaB/beHa TPOYr10M OAroBapa XMNoTeTUYKOM XUAPOKCUZY
rsoxfa ca ogHocom Pe 3: HD =1:1 koju gaje 60jy ca Bc= 615 nT. Boja onana, gakne,
nocneguua je pacTBopeHor reoxha y KanwnapHo Be3aHOj Boau. lMopacT KOHUeHTpauuja
reoxha y Boau nomepa 60jy onana npema UpBeHOj. OBaj NMUrMeHT He MOXe ce Y OnwTeM
CMUC/Y Ha3BaTW IMMOHUTOM jep MMa MUCTY MPUPOAY M KO 3e/IeHUX U KOZ LpPBEHWX onana.
Mpwu HUCKMM BpefHOCTMMa oAHoca Pe) 3: HD 0H je BULIE TEYHOCT HEro YBpcTo Teno. Mo-
pacTom cagpxaja reoxha y UcToj 3anpeMuHu Bofe, arperaTHo cTake cBakako ce Mewa. Koj
ofHoca 1:1 pocTuXe ce TEOPMjCKM cacTaB retuta M MOrfio 6u ce ovyekmBatu ypehewe pe-
weTke. ANy 0BaKaB BMCOK OHOC HUMje NpoHaheH y onanuma nokanuteTta bape.

Cn. 7. 3aBUcHoOCT HujaHce 6oje ¢ ¢ 04 MOMHOr
ofgHoca Pe203HY . KBagpaTom je o3HauyeH
XMNoTeTnyku cactas PeD 3HD = 1:1 koju
6upgaobc= 615 wn.

p1§ 7. Bonunan!. \yayelen|>1|| clepen(lence ol
Pe20 3HD rao T Tole. Hypo(hencal
rallo ol 1:1, a8818necl Lle »"umare,
\youM proJbce B¢ = 615 nT.

Oc (nT)
ANCKYCWJA PE3YJIITATA N 3AK/bYUAK
PesyntaTu npoyyaBawa 3efleHOr, XXYTOr 1 LPBEHOr onana M3 nokanuteta bape no-

Kasyjy fa ce CBM MOTy okapakTepucatu Kao onanu-CT, a faje 60ja ycnoB/beHa pasnmyu-
TMM ogHocom PeX) 3: HA.



Beoma nojge/beHa MMLW/bewa NOCTOje O FeHe3n onana. JegHa rpyna ayTopa cmatpa
[a je oman TMNM4YaH MUHepan Kope pacnajawa, 40K APYrvM cTBapake onana Besyjy Mc-
K/bY4YMBO 3a AEjCTBO XMAPOTEpMaiHMX pacTBOpa U Mpouec ceprneHTMHM3auuje. Hawe je
MU beHE Aa Cy 06a npoleca AoNpUHena cTBapaky onanay nokanuTteTy bape. Mpouec
naTepuTun3auMje ofBMjao ce Kpajem jype Kafda cy cepneHTMHuTM Lymaanje 6unm oTkpu-
BEHW Ha MOBPLUMHKW, NITO je A0BENO A0 CTBapatba NIMMOHUTUCAHOT CePNeHTUHUTA M
00/IMTHMX pypfa reoxha. HakHagHa xmapoTepManHa akuuja TepuujapHe rpaHUTOMAHE
mMarme, Ynju cy HeMmoCpeaHu U3gaHUM KOHCTaTOBaHW Ha NnaHWHKM PyfgHWK, 1 KOja je ycno-
BMNa obpa3oBawe XpM3oTun-azbectHor nexunwTta CTparapu (Bakawal, 1968/69), mo-
pana je MMaTW yTulaja Ha AeMOHOBake onana ca 40CTa BUCOKMM cafgpxajem rsoxha y
nokanuteTty bape.
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MINERALOGY AND COLOR ORIGIN OF OPALS
FROM THE LOCALITY BARE, SUMADIJA

by
Vesna Poharc-Logar’ and Mihovil Logar’

Three representative samples of opals, intensively colored (green, yellow and red) from the locality Bare
were investigated. The study of opals was carried out by means of the chemical, x—ay powder diffraction,
thermal analysis as well as by infrared and optical absorption spectra. All data allowed identification of opals as
opal-CT and proved that color is directly connected with the presence and concentration of iron.

Key words: Opal-CT, color, diffuse reflection, iron, Bare, Sumadija.

INTRODUCTION

According to geological literature opal is widespread mineral in Serbia, but detail
mineralogical data are rather rare (Radovanovic, 1985; Djuric et al., 1989/90; Mak-
simovic et al., 1991, 1994; Nikolic et al., 1993).

Different shades of green, yellow and red color of opals nearbye village Bare, situ-
ated in western Sumadija, on the south of Stragari asbestos deposit, called our attention.

The occurrence of opals is connected with masses of serpentinites, often intensively tec-
tonized in the Stragari-Draca zone. During the Jurrasic period serpentinites were exposed on
the surface to the lateritisation process producing limonitisation and carbonatisation of serpen-
tinite as well as oolithic ironstones, which are preserved in situ only near village Ramaca.

Lower Cretaceous sediments - limestone is widespread in this area, lying directly
over the serpentinites in the locality Stragari. Upper Cretaceous flysch according to
Andjelkovic & Markovic (1960) reaches up to the Stragari on the north and area of
the villages Bare and Ljuljak on the south.

Opal occurs in irregular masses and veins penetrating limestone. Fissures between opal
fragments are sporadically filled up with Cr-Ni smectite (Balic-~unic et al., 1987).

University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.



SAMPLE DESCRIPTION

Fragments of opal are glassy, translucent, usually showing conchoidal fracture and
very variable in color. All shades of green, yellow or red colors were observed. Colorati-
on is rarely uniform. More often, mixtures of mentioned hues and colors are giving the
samples extraordinary visual effect.

Three opal samples showing uniform green, yellow and red colors were chosen for
further detail study.

All investigations were carried out at Faculty of Mining and Geology, in Laboratori-
es of Mineralogy, Crystallography, Sedimentology and Geochemistry.

RESULTS OF INVESTIGATION
Optical properties

Optical properties were characterized by microscopy. Most of the grains are trans-
parent, homogeneously colored and isotropic. Rarely, weak anisotropy, with spherulitic
structure was observed.

Refractive indices measured using immersion method (Table 1) are in a good accor-
dance with the data for opal-CT (Florke et al., 1991).

Density measurements
Density was measured by means of pycnometer method (Table 1).
X-ray diffraction data

X-ray diffraction (XRD) patterns were obtained with a Philips PW-1051 diffracto-
meter, using CuKa radiation and graphite monochromator.

Opal was defined as amorphous long before x-ray diffraction was invented. Now-days
it is known, since the work of Jones & Segint (1971) and Florke et al. (1991), that
under general term opal exists a few phases having various degrees of order.

Only opal-A is non-crystalline, completely amorphous showing diffuse, broad x-ray
diffractogram with one maximum centered at about 4.10 A. With increasing structural order
gradual change from opal-CT to opal-C can be observed. These microcrystalline opals very
abundantly contain stacking faults. In opal-CT the amount of cristobalitic and tridymitic
stacking are approximately equal or tridymitic stacking slightly predominates, while in opal-C
cristobalite-like stacking predominates. Due to structural disorder diffractograms of opal-CT
and opal-C compared with ordered cristobalite and tridymite show reduction of the intensity
of the reflection, increased diffuse intensity, large half width and shift of the reflections.

The few stronger reflections of opal-CT can be assigned to the basic structure of
tridymite, but intensities are entirely different. Opal-C shows the reflections of low-
-cristobalite and additional diffuse intensity maximum at 4.4 A, which is assigned to tri-
dymitic stacking sequences (Florke, 1967).



The similarities of the crystal structures of cristobalite and tridymite lead to overlap
strongest reflections at about 4.10 and 2.5 A. The d-spacing of the strongest peak is
shifted from 4.04 A for low cristobalite to 4.05-4.06 A for opal-C and to 4.07-4.11 A
for opal-CT. This reflection lies at 4.10 A for low tridymite.

In Fig. 1 XRD patterns of opals from the locality Bare are presented. According to
the given classification all studied samples can be assigned as opal-CT, showing slightly
presence of quartz (3.34 A). Only in the XRD pattern of red opal additional low inten-
sity reflections at 2.85 A and 3.18 A appear, which can be attributed to the presence of
opal-C phase or to the slightly slructural ordering of the opal-CT.

Chemical composition

Specimens of opals from the locality Bare were chemically analyzed for the contents
of main and trace elements (Table 2).

Content of main elements was obtained by use of standard wet chemical analysis.
Trace elements were determined by the emission spectroscopy. Spectra were recorded in
a spectrograph with cross-dispersion STE-1. As an internal standard Ge was used.

Main variations in chemical composition of opals are observed in the amounts of Fed ?,
[1/) and Si02 The lowest content of Fe 3 (0,75 %) is observed in green opal rising up to
the 5.61 % in the red one, Increase of iron is simultaneously followed with increase of HD
and decrease of Si02 content, as iron appeared to be hydroxide in the yellow and red opal.

All analyzed samples are poor in trace elements, except Ni and Cr showing higher
values especially in red opal.

Infrared spectra

The spectra of opals were recorded using a Perkin-Elmer 597 double beam grating
infrared (IR) spectrophotometer, over a working range 4000-200 cm4. Pressed pellet
technique (KBr) was used.

Absorption spectra of opals show a general similarity in number and positions of
main absorption bands, characteristic for Si02 polymorphs (Fig. 2).

The strongest absorption bands lying in the 1200-1100 cm 1region are characterized
as antisymelric Si-O-Si stretching vibrations. The second region of intensive absorption
lies among 550 and 450 cm-1 and can be characterized as O-Si-O bending vibrations.
Bands of medium intensity lie among 830 and 750 cm land are, according to Moenke
(1974), a consequence of their polymerized structure. Besides described similarities, most
of the minerals of this group can be identified by the fine details in specific speclra.

While quartz shows a doublet around 780 cm'] the disordered silica polymorphs show
only a single band in this region. In the spectra of investigated opals this band is asymmetric,
indicating presence of quartz. Similar conclusion was already reached based on XRD data.
Absorption bands at 620 cnrland 380 cm”l are characteristic for well-ordered cristobalite
and opal-C. These bands are absent in opal-CT as can be seen on Fig. 2.

As the spectrum of opal-A shows much weaker and broader absorption bands IR
spectra confirmed presence of opal-CT in all investigated samples.



Thermal data

Differential thermal (DTA) analyses of opals have been made using a Derivatograph
C. MOM, with controlled rate of temperature increase of 20°C/min and with samples of
40 mg in weight.

All DT diagrams of opals (Fig. 3) from the locality Bare show endothermic peaks
between 85r and 93°C that reflect dehydration. When heated to higher temperatures green
opal yields a fairly flat DTA pattern, while yellow and red opal show two broad
endotherms at 254-269°C and 324-378°C. According to Ivanova et al. (1974) they
belong to iron hydroxides.

Origin of the color

Experimental work. Optical imperfections of opal grains (inclusions or micro fis-
sures) prevent transmission measurements. Therefore, diffuse reflectance method was ap-
plied (Wendlandt & Hecht, 1966). Spectra of green, yellow and red opals were obtai-
ned using spectrophotometer Beckman DU, with integrating sphere, over the range 380 to
1100 nrn (26.300 to 9000 cnrl). Samples were previously crushed and sieved on 0.06 mm
sieve. A pressed MgO was applied as a reference standard.

Results and discussion. In the diffuse reflectance (Rd spectra of opals (Fig. 4) a
few absorption bands appear showing minimums characteristic for minerals having Fe3+
ion in octahedral coordination (Manning, 1974; Logar & Pavlovic, 1979; Kohler &
Amthauer, 1979).

According to crystal field theory in the spectra of transition elements with 3d3 con-
figuration in octahedral coordination 6A, — 4A, 4 and 4T transitions can occur, as mar-
ked on Fig. 4. They are forbidden, low intensity (Marfunin, 1974), but absorption band
in range 600 to 650 cnrlhas significant influence on the color.

Another characteristic of these spectra is intensive continual absorption that appears as a
background (marked with broken line on Fig. 4). It is a consequence of the charge transfer
Fe"—02 (Lever. 1968). Intensity of (he absorption of the quoted band with the maximum
far in the ultraviolet region is two to three magnitudes higher, comparing with the d-d transi-
tions. Just a part of this band is appearing in visible region strongly contributes the color.

Let us consider the agreement of the positions of d-d transition absorption bands with
the crystal field theory. Term separation of the free ion in octahedral field was calculated
according to Tanabe & Sugano (1954). Initial values for B and C parameters were
estimated using band at 450 nm (22.300 cm4) and than adjusted until theoretical and experi-
mental data for 6A, — 4 {C), /T_(G) and €A, —4T2AD) were brought inlo accordance, as
can be seen on Fig. 5. On the left side on Fig. 5 there is energy level diagram for 3d5 confi-
guration. calculated for parameters B = 646 cm-1 and C = 3198 cm4 (C/B = 4.95).

The spectra of investigated opals showing distribution of absorption, f(R,,)=k/s rela-
ted to wavenumber (cnr) are on the right side on Fig. 5. Energy separations of d-orbi-
tals (I0ODq) appear to be lower for green opal (12.700 cm-1) than for yellow and red opal
(14.100 cm"]). As the cation is the same (iron) in all samples, observed differences could



be the consequence of: ligand type, effective charge (Q) and distance Fe3+ - ligand (R)
according to expression Dg = const Q(r)@R\ It means that rather small change in dis-
tance involves significant change of Dq.

Structure of opal is built of random network of SiO4 tetrahedra. Iron can rarely substitute
Si. Such substitution is rare even in ordered structures, like quartz, when products well-known
color of amethyst. Crystal field of tetrahedral coordination produces Dq(t) = 4/9 Dq(o) and than
it should be for Fe3+ Dg(t) ~ 6KX cm-1, what was not observed in investigated opals. Very
slight possibility exists in opal structure for interstice octahedral positions where iron could be
found. Hence, in the case of investigated opals iron is not incorporated in structure, but occurs
as a finely dispersed separate mineral, acting as a pigment.

Previously mentioned charge transfer Fe3 O2- having absorption coefficient much
higher than d-d transition considerably influences the color. Increase of iron content in
sample cause rapidly absorption in blue, than in green part of visible spectra, giving ob-
served yellow and red color. When concentration of iron is low absorption of d-d transi-
tion 4T j(G) becomes outstanding causing green color. Similarity between spectra of green
opal and aquo or hidroxo complexes of Fe3+(Jorgensen. 1954) is indicative.

By applying method of tristimulus colorimetry color of investigated opals was speci-
fied numerically. Determined parameters (Table 3) are: chromaticity coordinates (X, y). d,
- dominant wavelength, purity of the color (pg and mean reflectivity (R) (Fig. 6).

While purity of the color (po in opals depends upon the pigment concentration,
composition of the pigment influences the hue. We concluded, according to results of
analysis of opals from the locality Bare, that change in hue from green to red is not pro-
portional to the concentration of iron but depends upon the molar ratio FeD ?2HXD. as
can be seen on Fig. 7. Triangle on the diagram is hypothetical iron hydroxide having ra-
tio Fe.,;HD = 11 giving the color with dc~ 615 nm. Color of opals is the consequen-
ce of dissolved iron in capillary bounded water. This pigment can not be defined as li-
monite. because it s nature is the same in green, yellow and red opals. When the ratio of
FeD:HD is low this pigment is more liquid than crystal phase. Higher concentration of
iron, in the same volume of water, changes the state of aggregation and when ratio
reaches 1:1 it approaches to theoretical getite composition when lattice ordering could be
expected. So high value was not found in opals from the locality Bare.

DISCUSSION AND CONCLUSION

Results of investigation of green, yellow and red opal from the locality Bare al-
lowed identification of opals as opal-CT. Observed variations in color are influenced by
the different ratio of Fed 3HD.

Different opinions exist about opal genesis. First group of authors consider opal a
typical product of weathering crust, while others connect their genesis with hydrothermal
activity and serpentinisation process. Our opinion is that both processes contribute genesis
of opals in the locality Bare.

During the Jurassic period serpentinites were exposed on the surface to the lateriti-
sation process producing limonitisation of serpentine and ironstone formation. Later, hy-
drothermal activity of Tertiary granitoid magma, which lead to formation of clirysotile



asbestos deposit Stragari (Vakanjac, 1968/69) must exert influence on deposition of
opal with rather high concentration of iron in the locality Bare.

Translated by the authors
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