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YAK 549.08:549.618:552.321.3(497.11) OpHi HHajiHH Hay,niH paji

MArMATCKH i riMJOT )KEJbHHA (HEHTPAJIHA CPEHJA)

M iuieHKa ByKOBa*, HuiTBaHa Oopiim a** 
h M nxoBHJia J lo rap a *

y  pasy cy npHKa3aHH pe3yjiTaTH xeMHjcKor H MHHepaJiouiKor (DTA) npoyMaBaH>a eimnoTa H3 CTeHa 
rpaHHToHflHor njiyTOHa JKejbHHa. AHajiH3HpaHa je, npeMa caBpeMeHHM eKcnepHMeHTajihhm h eMnnpnjcKHM 
no^auHMa. M0ryhH0CT 06pa30BaH,a jeflHe reHepaunje »ejbHHcKor ennaoTa (mEp) y MarMaTCKHM yc.noBHMa. 3a 
pa3Ma'rpaH>a cy KopnmheHe yTBpf)eHe (Kao h ny6jiHKOBaHe) xeMHjcKO—MHHepajiouiKe oco^HHe Koer3HcreHTHHx 
MHHepa.ua: Ep, Bt h Hbl, Kao o;iroBapajyhe xeMHjcKe KapaKTepncTHKe creHa.

Kjbyinc peqn: MarMaTCKH emifloT, ceKyHflapHH ennjioT, xeMH3aM, (})H3H'iKO-xeMHjcKH ycJioBH.

Y B O ^

J],o cKopo iiiije Giijio 3iia'[ajiinx pa^OBa Kojn Tpe nipajy 06pa30Ban>e eiiHHirra y Mar- 
MaTCKHM ycjioBHMa. IIpo6jieM MarMaTCKor einmo’ra, y nocjiejin,e BpeMe, no6y^yje CBe Behy 
na>KH,y Te je noflaTaKa o H>eMy CBe Biiine h to  3a pa iJiH'iirre pernone cBeTa, imp. 3a EBpony 
(R eu sse r, 1989); Ac})pHKy (S tu ssi and M o rta ji , 1988; M o rta ji and S tu ss i, 1989), 
CeBepHy AMepHKy (Zen and  H am m ars tro m , 1984; Z en , 1985, 1988; M oench , 1986, 
O w en , 1991; Davves and E v an s , 1991; G hent et a l., 1991: V yhna l et al., 1991; 
B rew , 1992; C u lle rs  et a l„  1992; F arro w  and  B arr , 1992; H am m arstro m  and 
Z en . 1992), Jy>Kiiy AMepiiKy (A lm eida et a l., 1971; S aav ed ra  et a l., 1987; S ia l. 
1990, 1993), MHjmjy (R o g ers , 1988) 11 IIobh 3ejiaHji (T u llo ch , 1983, 1986).

Ca aKTyeJiH3aiinjoM 0B0r npo6jieMa sano'inn.v h eKciiupeMeirraJiHa npov'iaBHH.a Koja 
iio rhpbvjv M0ryhH0CT MarMaTCKe KpHCTajiH3an,Hje eiinjioTa npn ojiroBapajyhHM ycjioBHMa H3 
rpaHojiHopHTCKiix (N aney , 1983) n •ipoiijijeMirreKiix cncTeMa (Jo h n sto  and W y llie , 
1988; V an  d er L aan  et a l . ,  1992). Jl,e4)HHHUiy ce, TaKo^e, xeMiijcKe h CTpyKTypHe Ka- 
paKTepncTHKe MarMaTCKHx eimjiOTa (T u llo eh , 1979; Z en  and  H am m ars tro m , 1984).

CBa iiocajiainira iipoy'iai'>aH,a, MeHiV'niM, Hiicy jiajra jiiiCKpiiMiiiiaiiTHe KapaKTcpiicTHKe 
eimjjoTa (MHHepajioniKe, xeMiijcKe, KpncrajioipacjicKe), Koje 6h iienocpejiiio yKa3HBajie na
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iteroBO 06pa30BaH>e H3 MarMaTCKor pacTona, Kao nrro  je to cjiy'iaj ca hckiim reoTepMO- 
Me rapcKiiM h/hjih rrep m()6apomc'i'apckhm MHHepajiHMa h MHHepajiHHM napoBHMa.

Ha npocTopy JyrocjiaBHje ’-iafiejioKeiia je caMO jejina nojaBa MarMaTCKor ennjioTa 
Koja je BesaHa 3a cTeHe rpaHHTOHjjHor njiyTOHa 3CejbHHa (ByKOB, 1988, 1989; F o r isz  
et a l., 1989,1996; J lo ra p  h np ., 1996) h Koja je npejjMeT npoyHaBaH>a oBor pajja.

O bhm paflOM »cejiHMO Jia pa3MOTpHMO M0ryhH0CT 06pa30BaH>a >KejhiincKor eniijioTa 
(mEp) y MarMarrcKHM ycjioBHMa, na 0CH0By hobhx, Kao h paHHje ny6jiHKOBaHiix, aiiajnrnri- 
khx iiojun aKa h y CBeTJiy HajHOBHjiix eKcnepHMeHTajiHiix h eMnnpnjcKHX ca3HaH>a.

O chobhh HHJb namiix ynopHHX xeMHjcKO—MHHepajioiriKHX npoy'iaBan,a eimjio'ra h koii- 
i'3HCTeHTHKX MHiiepajia H3 >KejLiiHCKiix Kao h jtpyrnx CTena, je jieffimiHcaihc juicKpnMiiiiairr- 
hhx KpHTepHjyMa 3a pa3JiiiKOBaite MarMa rcKor oji, HeMarMaTCKor ennjioTa.

nE T P o.norajA

OreHe *eJbHHCKor njiyTona cy 3pnacTe cTpyKType h  cBeTJiocHBe jio TaMHocHBe 60- 
je. IlpoMenjbHBor cy KBaHTHTaTHBHor 11 yrjiaBHOM CTajmor KBaJiHTaTHBiioi' MHiiepaJiHor 
cac'raBa. MupaljeHH cy oj^: KBapu,a, iiJiarnoKJiaca (An3!)), opTOKJiaca (Orgo), MHpMeKHra, 
6HOTiira, xopiif)jieHjie, ennjio 'ra (mEp), ccjiena, anaTHTa, HHpKOHa, M anieTirra, ajiaHHTa, 
33THM ceKyHjiapHiix cepnHHTa, xjiopHrra, einij(OTa (sEp), KaJiH,Hra, MHHepajia rJiHHa, Kao 
h 40-aK aKnecopHiix Mimepajia (Ha^eHHX y uuiHxy).

06pa30Ban>e iuiyTOHa, npe 17-24 mhji. roji., o6aBHJio ce MOHofjjasHO ca jacHO ojiiiojene jiiie 
no'iT|)a3e (V u k o v , 1990). Y  npBoj MarMaTCKoj iKmfjaiH 06pa30BaHH cy Ki?apiyinopirni h  'mna- 
jihth, Koje KapaKTepraue mnaK cajip>Kaj K-c})cJijicna'ra 11 KapaKTepHCTHKe I-THna. I IaKiiajniOM 
KacHOMamaTCKOM jio iiociMarMaTCKOM (Me'racoMa'i'CKOM) KpncTajiHsaiijijoM K-cjiejijicnara \ 
cTCHaMa ochobhoi' THna, c})opMupane cy creHe rpaiiojHiopnTCKor jjo ipaHHTCKor (nojipebeHo) 
cacraBa,ca iieKiiM o6ejie>KjHMa ipaiiHTOujia S-THna (ByKOB, 1995).

CTeHe KapaKTepnme npncycTBO j(Be reHepan,iije eimjiOTa, T3B. MarMaTCKor eimjio- 
Ta (mEp) II ceKViijiapnor eimjioTa (sEp).

IJpBa renepaniija eimjioTa (mEp) o6pasyjy njnioMopctie, pejiarniBHO Kpyime (jjo 2 mm) 
KpncTaJie, 6e3 3iia'iajnHX peaKHiioiHix ojfiioca ca jipvrnM MHHepajiHMa. ' lecro  je ii0TnyH0 
iiohkhjitckh 3axBahena 6hothtom, jiok caMa iioBpeMeno yKjiaua xopii6jiciijiy. Fcjiobho je 
npncvTiia y cbhm Bpc'raMa cTCHa h jieJiOBHMa MacHBa h rpajui j|o oko 4% boji. CTCiie.

(xKyiij|apiiH c iih jio t (sEp) HMa 6 h th o  jipvra 'iiije  oco6iiHe y ojinocv Ha MarMaTCKH. 
FpajjH cHTiia (j(o 30 pm) KcenoMopcJjna 3pHa y nyKOTimaMa cbiix npiiMapHHX Miniepajia 
(Hbl, Bt, Pl, mEp). IberoB o npucycTBo, Ha iiHjiiipeKTaii nannn, noMepa 06pa30Ban>a np- 
Bor (mEp) Ka Mai MaTCKOM cTajiiijyMy.

HJieja o MarMarcKoj KpiicTajiinaHiijii »cejbHHCKor eiinjiOTa (mEp) HpoH3iniuia je 
ynpaBo H3 ii>eroBiix crrpyKTypiinx oco6iiiia, Tj. F.ejiii'iiine, HjinoMopcj)ii3Ma, ojmociiMa 
npeMa Bt h Hbl, Kao h ojjcycTBa TpanccjoopManiije ii()cjiejiii>nx. OBe oco6 hhc eimjio'ra 
iijienTH'iiic cy cipyKTypHHM oco6nnaM a MaraaTCKi« eimjiOTa no3iiaTHX y cbctv ( I u I - 
lo ch , 1979; Z en and H am m arstrom , 1984).

AHAJimHMKH LIOCiyriAK
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noMohy MHKpocoii/ie MapKe JXA-5 y Jla6opaTOpHjH 3a reoxeMHjcKa ncipa>KHBaH>a AN 
(Laboratory for Geochemical Research Hungarian Acađemy of Sciences) y ByflHMneuiTH.

Ypa})eHa je h jiHfhepeinuijajiHo TepMH'iKa anajiH3a MarMaTCKor enn/ioTa >Keji.nna. 
Kao h eiiiijioTa H3 nerMaTHTa (J],yn>e, MaKenoHHja), y MHCTHriy ri'v 3a reojiornjy pyjTiinx 
Jie>KHiUTa, iieTpoi parjmjv, MiuiepaJioi Hjv h reoxeMHjy AN (Pycnja) y M ockbh.

I lanoMinheMO jia cy paimje auajiH3e einijiOTa vpatjeiic na hctiim h pasjiii'in'i'iiM 'ipiiHMa, 
Kao h H3 pa3Jin'iHTiix BpcTa cTeHa h jiejioBa MaciiBa. ripH  yTBp^HBaH>y cacTaBa KopHiuhciie 
cy pasjin 'iine aiiajiHTH'iKe mctojic, Hnp. KJiacii'ina xeMHjcKa, peHjireiicKa jjncfjpaKmija npaxa, 
Kao n ejieKTpoHCKa MHKpoaHaJiroa. Aiiajurie cy vpabcne y pecjDepeimiHM h peHOMiipaiiHM 
jiaGopaTopiijaMa (Mockbh, Bauuinrmny, BepHy, XaM6ypry, ByjiHMiieuiTii h Beorpaj|y). 
AHajiH3e aM(j)ii6ojia n 6 iiorniTa vpabenc cy KJiacii'iiiiiM xeMHjcKHM nyTeM h ejieKTponcKOM 
MHKpoanaJiH30M y hcthm Jia6opaTopnjaMa.

XEMH3AIV1 EIIHAOTA

M3BpmeHe aHaJiH3e xeMHjcKor cacTaBa MarMaTCKor ennjioTa (mEp) >Keji>HHa, KaKO 
HajHOBHje (Ta6eJia 1), TaKO h paHHje ny6jiHK0BaHH nojtaijH (ByKOB, 1988; F o r isz  et 
a l., 1989,1995; J lo ra p  h n p ., 1996) jierfiHiiiiTHBHo noTP.ptjvjv koHCTaxah,iijy jja hcth iio- 
cejivje vjejiiia'ien cacTaB, Pct=26-28% , kuko y  jejuioM 3pny TaKo n y pasjiH'iirniM 3pHii- 
Ma, BpcTaMa CTeHa h jiejioisiiMa MaciiBa. OBa 'ihn.em ina yKa3yje fla ce KpncTajiH3aiuija 
eirajioTa o6aBHJia y CTa6HJiHHM PT-ycjioBHMa, y KaKBHM ce , 3anpaBO, o6pa3yjy nJiyTOH- 
cKe MarMaTCKe CTeHe.

Jlpvra reiiepannja eiin jio i’a (sEp) HMa, y ojuiocv Ha npBy, i Bo>Kbe M 6oraTiijn h npo- 
MeHJbHB, Pct=34-40% , cacTaB (Ta6ejia 1), 33BHcaH oh cacraBa Mtuiepajia ojt Kojnx je 
06pa30Ban.

MarMaTCKH eiinj(OT (mEp) >Kcjbiina cajip>i<n, npeMa jinfjiepeiiiuijajiiio-TepMii'iKoj aHa- 
jih3h, oko 1.5% Bojte, ihto je mia'ie caraacHO cacTaBy VTBptjenoM jipvniM MCTojiaMa, 
DT-aHajiH3a noKa3yje, TaKo^e, jia ce KpHCTajiHa cTpyKTypa >Keji>iiHCKor eimjioTa pa3rpa^yje 
Ha bhuihm TeMiiepaTypaMa, T=985°C oji eiuijiOT nerMaTHTa (Jlyii>e, MaKe/ioiuija) Kojn ce 
pa'ii patjvje Ha T=965°C, (y3 ry6HTaK 1.7% bojjc). EIoihto cy cajtpacaj bojjc h TeMnepaTypa 
pasrpajui.c peiueTKe HecyMH>HBO y3p0K0BaHH (J3H3HHKO—xeMiijcKHM ycjionnMa 06pa30BaH>a, 
H>HMa y 6yjiyhe Tpe6a nocBeTHTH BHiue na>Kii>e.

PT-yCJIO BH  KPHCTA.HH3AHHJE AMO)HBOJIA H BH OI HTA

3a MarMaTCKy KpHCTaJiH3an,njy eiiiijiorra, cv/iehn no eKcnepHMeHTajiHHM nojiaiuiMa 
(N an ey . 1983; Johns t on and Wy Hi e .  1988; V an der Laan et al . ,  1992), neon-
XOJJHH cy BpjIO CnenHfjjHHHH 4)H3HHK0-XeMHjcKH yCJIOBH. ri03HaT0 je TaK()l)C Jia je 3a 06- 
pa30Ban>e eimjioTa Kao Fe-ciuiHKaTa, 3HaTiajHO npncycTBO jipyi’HX Fe(Mg)-cmiHKaTa (Hbl, 
Bt) ca KojiiMa Mopa 6hth y xeMiijcKoj pap.no'i'OKii. 36or Tora je cacBHM pa3yMJbHBo jia 3a 
o6jaiHH>eibe reHe3e >Keji>iiHCKor ciuijiOTa (mEp), npBopaspejniH sna'iaj HMa oiipciieji.en.c 
c{)H3HUKo-xeMHjcKHX ycjioBa KpncTajmsannje Koer3HCTeHTHHX 6 HOTHTa h aMc})H6oJia. Oupe- 
jicjbcibe c|m3h'iko—xcm11jckhx ycJioBa KpncTajiinauiije, H3Bpmeno npeMa pa3HOBpcHHM xe- 
MHjcKHM Koec'tnmnjeiiTHMa h napaMeTpHMa CTeHa (Ta6ejia 2) h MHHepajia (Ta6ena 3), mo>kc 
ce cyMHpaTH y cjiejieheM:



Ta6e.ua 1. XeMHjcKH caeraB  xopH6jieHfle, 6HOTHTa h ennjjoTa XejbHHa 
Table 1. Chemical compositions of homblende, biotite and epidote of Zeljin.

Hbl(22) Bt(33) MarMHTCKIl eim/IOT 
(igneous epidote)

ceKVH/iapnn eintjioT 
(metamorphic epidote)

S i0 2 42.40 36.75 38.18 38.18 38.09 37.67 36.87 36.78 37.62 37.22

TiO, 1.16 2.50 0.29 0.11 0.10 0.14 0.20 0.42 0.17 0.43

A i p 3 10.84 15.24 22.91 23.31 23.43 23.51 19.18 19.70 20.43 19.69

Cr20 3 0.01 0.01

Fe20 3' 13.17 13.67 13.38 13.32 19.73 17.80 16.67 16.63

FeO 17.76“ 18.53"

MnO 0.53 0.38 0.24 0.23 0.25 0.21 0.03 0.13 0.04 0.12

MgO 9.47 11.65 0.10 0.03 0.02 0.06 0.09 0.12 0.05 0.09

CaO 12.06 0.05 22.89 23.02 23.16 23.30 22.21 22.61 22.86 22.56

Na20 1.26 0.09 0.00 0.00 0.00 0.00 0.02 0.03 0.07 0.00

K20 1.35 9.54 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

I 96.84 97.74 97.79 98.85 98.44 98.21 98.32 97.61 97.91 96.75

0=23 0=22 0=12.5

Si 6.48 5.62 3.04 3.02 3.02 2.99 2.99 2.99 3.03 3.04

Ti 0.13 0.29 0.02 0.01 0.01 0.01 0.01 0.03 0.01 0.03

A1 1.95 2.75 2.15 2.17 2.19 2.20 1.83 1.89 1.94 1.90

Fe‘J$ 0.88 0.72 0.79 0.81 0.80 0.80 1.20 1.09 1.01 1.02

Fe2+J 1.39 1.65

Mn 0.07 0.05 0.02 0.02 0.02 0.01 0.00 0.01 0.00 0.01

Mg 2.16 2.66 0.01 0.00 0.00 0.01 0.01 0.02 0.01 0.01

Ca 1.98 0.01 1.95 1.95 1.97 1.98 1.93 1.97 1.97 1.97

Na 0.37 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00

K 0.26 1.86

Pst 26.85 27.24 26.72 26.56 39.66 36.60 34.25 35.04

XeMHjcKe aHa.TH3e: Hbl n Bt (ByK O B, 1988) npHKa3aHe cy Kao 3aoKpy>KeHe BpejjHocTH na Jtpyrn jteijHMaji, j i o k  

je  npep aw H  H3BpuieH npeMa He 3aoKpyaceHHM BpejjnocTHMa; aHaJiH3e ennjtOTa- ypai)eHe y Jfa6opaTopnjH 3a 
r e o x eM H jc K a  HCTpa>KHBaH>a AH y BvjtHMneuiTH; (n)- 6poj aH ajiH 3a; * -  yKymro r B o s c t j e  Kao Fe20 3; ** -  rBO*be 
K a o  Fe0+Fe,0,; s -pacnojjejia Fe2*; Fe3* (Bt h  Hbl) H 3 B p n ieH a  je  npeMa ojtHOCHMa t h x  KOMnoHeHaTa y aH a -  

jiH3aMa rjie je  Kjiacu'inoM MeTojjoM yTBpijeH o j jh o c  Fe2 : Fe3.
Chemical analvses: Hbl and Bt (V u k o v , 1988) are given in quantities rounded to second dicimal, and cal- 
culations are mae using unroundeđ quantities; epidote is analysed in the Laboratory for Geoehemical 
Research of tlie AS, Budapest; (n)- is number of analyses; * -  total iron as F e ,0 3; **- iron as 
Fe0+F e,03; Fe2*/Fe‘* (Bt and Hbl) distribution relative to the components ratio in analyses where
Fe'VFe" was found by the conventional method.



Cji. 1. JlHjarpaM 3a o i je H y  TepMojiHHaMHMKHX napaM eTapa KpHCTajiH3aqHje 6H0THT-aM(})H60JicKHX rpaHHTOHjta 
n p e M a  cpejtH >H M  B p e f lH o c T H M a  napaM eTapa cacraB a K oer3H C T eH T H H X  6HOTHTa h  x o p H 6 j i e H n e  (riep M y K  h  

O ejjK H H , 1976). '* -  TeM nepaTypa jiHKBHAyca Ho6njeHa no  t£>opMyjiH T(°C)=-273+12900/17.18-ln(Zr) 
(W a tso n , 1987).

Fig. 1. A diagram to determine the themiodynamic conditions of biotite-amfibole granitoids crystaUization, 
according to tlie average composition of coexisting Bt and Hbl (P e rc h u k  an d  F e d k in , 1976). '* -  
temiJerature liqudus calculated using fomiula T(°C)=-273+12900/17.18-ln(Zr) (W atso n . 1987).



TeMiiepaTypa JiHKBiiflyca >KcjbiiiicKc MarMe onp ejicjijcn a  npeMa ca/ip>i<ajv Zr y 
c'reHaMa (Ta6ejia 2) h o jiro iiap ajvh c c(jopMyjic (W aIson , 1987) hshoch oko 800°C, v 
iiofipoj je cau iacH ocT ii ca jipvi'HM iiapaM e rpnMa K piic'rajunam ije M im epajia (cji. \ ).

TaGejia 2. TeMneparype ,iiHKBH3yca Xe.ibHHCKe MarMe npeMa 3acnheH>y ca Zr.
Table 2. Liquids of Željin magma by Zr saturation.

Zr (ppm) 107 165 217 162 168 185 171 219 1=174

T (°C) 758 795 820 794 797 805 798 821 800
IlpepaivHTeMiiepaTvpe npeMa cJjopMyjin T°C=-273+12900/17.18-In(Zr) (W a tso n , 1987).
Temperature calculateđ using formula T°C=-273+12900/17.18-In(Zr) (W a tso n . 1987).

Mai MaTCKa xoMoreiiinannja (3aBpmeTaK KpiicTajiHJriannje) aMcjHifKuia h GnoTHTa o6a- 
BHJia ce y Bpjio bcjihkhm jiy6imaMa h=24-25 krn, n bhcokhm iipin'iicuiiMa Ps=7.7-6.5 kbar, na 
T=690-705°C. ii npn Pii2o=6-7.2 kbar h / o2< 1 0 "l8‘ bar (V u k o v , 1990). O bh cfn nn 'ik o-  
-xeMiijcKH napaMeTpn jio6iijeiiii cy KopmnheiheM xeMiijcKor cacTaBa K oei3HCTehthiix 
Hc'rporeHHx Mimepajia (Ta6ejia 3; cji. 1); Tj. TepMo6apoMeTapcKor MimepajiHor napa 
Hbl-Bt (I lep 'iV K  H $ej(K H H , 1976).

TaOejia 3. Koec})HUHjeHTH h napaM eTpn xeMHjcKor cacTaBa 6tioTHTa (Bt) h aMcfm6o.ua (Hbl)(no l l e p 'i v K  n 
O ejiK ini. 1976).

lable 3. Coefficient and parameters of biotite (Bt) and amphibole (Hbl) chemical cotnpositions (afetcr 
P e rc h u k  and  F e d k in , 1976)

^Mn KdMn -lgKdMn v A1 KdAK6) XK X k2o

Bt 0.0096 0.0064 0.9849

Hbl 0.0153 0.0869 0.4316

Bt/Hb 0.6256 0.204 0.741 0.699

XM, =Mn: (Mn+Fe+Mg) KdMn=[ XMn: (1 -XMn) ] B,x | (1 -XMn) :XMll],,bl

XA1<0,=A1(6):(A1(6)+Fe+Mg+Mn+Ti) KdA1(6)=XA1Bt:XA1Hbl

XK=K:(Na+K) XK2O=0.5x(XKBt+XKHbl)

BjincKe BpejmocTH npHTHCKa, Ps=7.2±l kbar, jio6njeiic cy (F o risz  et a l., 1989,
1995) npiiMeHOM xopH6jieHjie Kao reo6apoMe'rpa (npejiJio>KHJiH H am m arstro m  ancl 
Z en, 1986, ycBpunuiH H o llis te r  et a l., 1987, a Kajni6pncajiH R u tte r  and W y llie , 
1988) Tj. na 6a3H cajtp>Kaja ajiyMHimjyMa.

Cajip>Kaj BpejiHOci’ii y M a rM ii, X<h20)=13-14 %, 3 a  BpeMe KpncTajiinannjc Hbl h Bt 
ojipel)eH je, npeMa Pn2o (H am ilto n  et a l., 1964; B urn h am  and D a v is . 1971).

KPHCIAJIH3 AHMJA EnH/lOTA

E K c n e p H M e H T a jiH H  h  e M iii ip n jc K ii  i i o j i a n n  n o K a 3 y jy  j ia  j e  y  M arM aTC K H M  ycjioBHMa 
M oryha npiiMapna KpHCTaJiH3aniija emijiOTa (cji. 2-4 ) yjejiHaqeHe h  y M e p e H e  rBO»:l)e- 
b h t o c t h  (Pct20_30) n p n  Bpjio b h c o k h m  n p iiT H c u ,H M a (Ps ii Ph2o) h  c a jip > K a jy  BOJie (Xh2o), 
K a o  h  Ha yMepeHHM T M n e p a rr y p a M a  (T) h  noTeHHHjaJiy KiiceoHHKa ( /o 2).



Hopef)eH>eM xeMH3Ma, rj. (|)H3HHKO-xeMHjcKH ycjioBH KpHCTajiH3aHHje (H3pa^yHa- 
th  na 6a3H  xeMHjcKor cacTaBa) Koer3HCTeHTHHX neTporeHHX MHHepaJia >KCJhHHCKHx 
CTeHa: eimjiOTa (rnEp), GnoTirra h aMc|)n6 ojra, ca OMiOBapajvhnM jiHTepaTypHHM nojja- 
HHMa, vo'iaisa ce it>HXOBa Bpjio BeJiHKa S jih ck oct h/hjih H iie irn i 'i iio c -! . 3aKJi>yliaK o Mory- 
hoj KpHCTajiH3amijii ennjioTa (niEp) y MarMaTCKHM ycjioBHMa jiofinjeiin cy npeMa: 1. cac- 
rraBy eiiiij(orra (cji. 2), 2. cacTaBy eiinjioTa h c}jh3h'ik o- xemiijckirm BpejnrocTHMa ( / o2, T) 
KpHCTaJiH3aHHje 6noTHTa h aMc}ni6ojia (cji. 3), Kao h 3. cjjrr iH'rKo—xeMirjcKiiM ycjioBHMa 
(T , X h2o ) KpncTajiinannje 6 h o t h t 3  h aMcjni6 ojia (cji. 4).
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Cji. 2. JHHjarpaM cacraBa ennjjoTa (Pct, mol. %) 06pa30BaHHx: MarMaTCKOM KpHCTajiH3aitHjoM (J o h a n s o n  an d  
W y llie . 1988) H ajiTepairnjoM njiaraoKJiaca H 6noTHTa ( T u l lo c h ,  1979). CacTaBH enHflOTa )Ke.ibHHa 
MarMaTCKor (mEp) h ceKyHflapHor (sEp) jjo6HjeHH: PAA- peHjtreHCKOM HHcJjpaKijHjoM npaxa (J lo r a p  H 
flp.. 1996); KXA- KJiaCH^HOM XeMHjcKOM aHa.TIH30M (HCTo), EMC-1- ejleKTpOHCKOM MHKpOCOHJCOM 
(By k o b . 1988,Ta6e.na 1) h EMC-2- h cto  (Ta6ejia 2).

Fig. 2. Coinposition diagram of epidotes (Pct, niol. %) fomied by: igneous cristallization (Jo h an so n  and 
W y llie , 1988) or alteration of plagioclase and biotite (T u llo c h , 1979). Compositions of Zeljin 
epidotes, igneous (mEp) and metamoiphic (sEp), are obtained using: X-ray pcnvder diffration 
(E o g ar e t a l . ,  1996); CCA- conventional chemical analysis (ibid.); EMP-1- electron microproben 
(V u ko v ,  1988); and EMP-2- ibid. (Tab. 1).

1. XeMiijcKii cacTaBii >KejbirncKHX cnrrjioTa, MarMaTCKor (mEp) h ccKyiijiapiior (sEp), y 
HejiHitH ce jio6po cjra>Ky ca ojiroBapajyhiiM eriiijioTHMa H3 JiiiTepa'iype (cji. 2). MarMaTCKH 
(mEp) HMa cacrraB, Pct=24-28, h Hajia3H ce y HHTepBajiy cacTaBa ojirop»apajyher H3 JiHTepa- 
rrype, Pct=20-30, jiok cacraB ceKviijiapnor, Pct=34-40, ojuoBapa hctom 06pa30BaH0M ajrre- 
pannjoM 6noTHTa, Pct>36. Tpe6a, Mei)yTHM, pehn jia Hcrra xeMHjcKH cacTaB Kao MarMaTCKH 
einijioTii Mory HMaTH h MeTaMopcjmii ciiiijioth, rre ce 3aTO cacTaB emijioTa He Moace y3eTH 
Kao iiHCKpiiMitiiaina 3a novsjiano VTP.pljniiaibe reHe3e.

2. Y ycjiOBHMa Kpticiajirrsaiuije »ceJtimcKor 6iroTiiTa h aMcjiii6 o jia  (cji. 3), Tj. ira 
T=700°C, Ph2o>6.6 kbar h iipn /o 2=10-18’5 bar (Kojn ojiroBapajy ycjioBHMa MarMaTCKor 
cri’aj|rrjyM a), a caraacHO JiHTepaTypHHM iio jia m iM a , Moryhe je  o6pa3oiian.e eiiii/ioTa 
cacraBa Pct=25+3, rrj. a n a jio r H o r  cacTaBa eniijioriy (rnEp) >KejBHHa (Pct=24-28).

PflA ^
(X-ray)

KXA 
(CCA)

aJiT epau^ ijoM  riJiarnoK .Tiaca 

(alteration of plagioclase)
A

mEp 
Xe.n,ini (Željin) EMC-1 

(EMP-1)
MarMaTCKii eroiĵ oT 

(igneous epidote)

a.nTepaicnjoM onoTMTa 
EMC-2 (alteration of biotite) 
(EMP-2) sEp

XejtiiH (Željin)
1/

ieTaMop43Hn ennjjoT (̂metaniorphic epidote) ~



C.n. 3. T-/b, im jarpaM  craOn.nHocTH ennnoTa y eKcnepHMeHTaHJiHM CHCTeMHMa npH Ph2o=3 h 5 k h a r (Liou.  
1973). KpHBa Ph,o=7 kb ar floGHjeHa je  eKCTpanojiaiiHjoM npeMa KpHBaMa o « 3 » 5  kbar; cacraB  M arne 
iipHKa'saH je  npeMa .HHTepaTvpHHM noflaiiHMa (n e p M y K  H O e j i k h h , 1976). riojio>Kaj emifloTa JKeJtHHa 
flofinieH npeMa: T. /o . Pn,o 3a 6 h o t h t  h  xopH6.ueHny ( I le p H y K  h  O e a K H ii, 1976).

Fig. 3. 1 /6  diagram of epidote stability in experimental systems at Ph,o=3 and 5 kbar (L iou ,  19~3j. 
C une Ph,o=7 kbar is extrapolated on cui^ves of 3 and 5 kbar; magma coniposition is based • : 
referenee data (P e r ch u k  and F e d k in ,  1976). The point of Zeljin according to T, /b, Ph,o foi 
biotite and homblende ( P e r chu k  and  F e d k in .  1976).

Cji. 4. T-H-,0 nnjarpaM  cradiiJiHocTH eriHjio'ra h aM(f)H6ojia y cnneTH'uioM rpanojiiiopHTV. npn Ps=8 k bar 
(Nanev .  1983). Morvhn iio.no>i<aj MarMaTCKor emijioTa /Kejbima (niEp) noonjeH npeMa vc.noBHMa 
K|)HcTa,’iH3annje 6noTHTa h aM(t)H6oJia. Tj. TeMnepaTypn ( I l e f ) liy  k h <I>ejiKHH. 1976) h canp>Kajy bojic v 
MarMH ( H a m i l t on  et a l . .  1964; B u r n h a m  a n d  D evis.1971).

Fig. 4. 1-11-0 diagram of epidote and amphibole stability in syntlietic granodiorite at Ps=8 kbar (N anev ,  
1983). Likely locus of Željin igneous epidote (mEp) aecording to crystallization conditions of biotite 
and amphibole. i.e. temperature (Per cl iuk  and F e d k in .  1976) and water contcnt in magma 
(Hami l l or i  et, a l . ,  1964; B u rn h a m  and D av i s ,  1971).



3. CaraacH O  eKcnepiiMeHTajiHHM nojiau,HMa o KpncTaJiH3an,HjH rpaHojjHopHTCKHX 
oHCTeMa Ha bhcokhm  npiri ncnHMa h npii biicokhm  ca/ip>i<ajiiMa no/ie (cji. 4), Kojn cy p.pjio 
6 jihckh  h cth m  3a BpeMe KpiicrrajiH3an,iije >Keji»niicKe MarMe (Bt, Hbl), mo>kc ce 3aKJby- 
'ih tii /ia je  H3 >KejBHHCKe MarMe Morao KpncTajiHcaTH npiiMapHH c iih /io t .

CKpeheMO na>Kiby Ha je /|iiy , 3a reHe3y eiiii/(oTa Kao rpoiiajienTHHM i bo>k1)cm 6o- 
raTor Mimepajia, 3HauajHy TniifceniiH,y. To je jja »cejbHHCKH enn/toT (mEp) ca/tp>Kii t o t o -  
bo HCKJbyHHBO Fe3+ (J lo ra p  h flp., 1996), h  /ta je o/m oc c|>epH:cJ)epo y »ejbHHCKHM CTe- 
HaMa neo6HTiiio b h cok , Fe3*:(Fe3++Fe:*)=0.382 (ByKOB,  1995), bh h ih  uaK o/i BehHHe rpa- 
HHTOHfla (0.315) I-THna (C h ap p e ll and W h ite , 1984). B h o t h t  h aMc})ii6oji >Kejbtma, 
TaKo^e HMajy Bpjio b h cok  o/tnoc c}iepH:(j3epo, 0.302, o /jh och o  0.293.

3 A K .)tyH A K

Y CTenaMa rpaiiHTOii/iHor njiyTOHa >Kejbiina VTBp^eno je  npHcycTBO, nopeji npn- 
MapiiHN neiporeHHX MHHepajia: njiarHOKiiaca, KBapua, xopH 6 jien /ie , 6noTHTa h flBe reHe- 
pau,iije eiiH/toTa, T3B. MarMaTCKor enHflOTa (mEp) n ceKyHflapnor enn/toTa (sEp).

Ha ocn oB y H3BpmeHHX neTp0Ji0inK0-MHHepaji0uiK0-xeMHjcKiix n p o y TiaBaiba CTe- 
Ha h Miinepajia i paHiiToii/fiior nJiyTOHa >KeJbiiiia MO>Ke ce saKJbv'itrrn:

1. Ha cy M0pcj>0ji0iiiK0-CTpyKTypHe oco6n n e enn/toTa -  mEp (BeJiHHHHa, H/tnoMop- 
(|)H3aM, o/uioc npeMa n p H M ap H H M  MHHepajiHMa) eKBHBajieHTHe MHHepajiHMa 06pa30Ba- 
hhm y MarMaTCKHM ycjioBHMa, Kao h /ia je eiiii/ioT ianpiiino KpiicTajiH3auiijy npe 6h oth -  
Ta h, BepoBaTHO, 3aje/tHO ca aMcj5ii6ojioM.

2. ,Q,a ce KpHCTajui3auHja 6uoTHTa h aM(j)n6 ojia o 6 aBHJia y Bpjio bcjihkhm  jiy6 h- 

HaMa, h=24-25 km , bhcokhm  iipirnicHHMa Ps>7 kbar, Ha T=700°C n u p n , Ph,o=6.6 kbar n 
upH Xh2o=13-14%  h /o 2= l ( r 18'5 bar.

3. ,Q,a je cacTaB MarMaTCKor enn/toTa XejbHHa (Pct=24-28%) eKBHBajieHTaH enn- 
AOTHMa 06pa30BaHHM y eKcnepiiMenTajiHHM h npnpo/tHHM cucTeMHMa, iipn Bpjio 6jiiic- 
KIIM cjlHSHHKO—XeMHjcKHM yCJIOBHMa (Ps, T, Xh20 H /o 2) y KojHMa cy 06pa30BaiIII 1'JiaBHH 
neTporeHii MHiiepajiH (Hbl. Bt) H3 >KeJbHHCKHX CTeHa.
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IGNEOUS EPIDOTE OF ŽELJIN (CENTRAL SERBIA)

by

M ilen k o  V ukov*, Is tv an  Forizs** 
and  M ih o v il L o g a r’

This paper discusses the results of a chemical and mineralogical (DTA) study of epidote from the 
granitoid pluton of Zeljin. The available experimental and empurical data are analysed to study the possi- 
ble fomiation of a Zeljin epidote generation (mEp) under igneous conditions. The established (and pub- 
lished) chemical and mineralogical properties of coexistent minerals: Ep, Bt, and Hbl, and respective 
chemical attributes of rocks, are used in the consideration.

Kev vvords: Igneous epidote, metamorphic epidote, chemistry, physical and chemical conditions.

INTRODUCTON

There was not until recently any significant publication treating epidote formation 
under igneous conditions. The increasing interest lately in igneous epidote has produced 
relevant information for different regions of the vorld. e.g. for Europe (R eu sse r, 1989); 
Africa (S tussi and M o rta ji ,  1988; M o rta ji and S tu s s i ,  1989); North America (Zen 
and H a m m ars tro m . 1984: Z en , 1985, 1988; M o en ch , 1986. O w en . 1991; D aw es 
and E v an s , 1991; G hen t et a l . ,  1991; V yhna l et a l., 1991; B rew , 1992; C u lle rs  
et a l„  1992; F arro w  and B a rr . 1992; H am m ars tro m  and  Z en . 1992); South 
America (A lm eida et a l . ,  1971: S aav ed ra  et a l . ,  1987; S ia l. 1990. 1993); India 
(R o g ers , 1988); New Zealand (T u llo ch , 1983, 1986).

The growing interest has involved experimental study which confirms that igneous 
crystallization of epidote is possible under certain conditions from granodiorite (Naney, 
1983) and trondhjemite (lo h n s to n  and  W y llie , 1988; V an  den L aane et a l . ,  1992) 
systems. Also, chemical and structural features of igneous epidote are defined (T u llo ch , 
1979; Z en  and H a m m ars tro m , 1984).

Univeiisty of Belgrade, Faculty of Mining and Geology, Djušina 7, Belgrade.
Laboratory for Geochemical Research of the Hungarian Academy of Sciences, 1112, Budapest, 

Budaorsi ut 45, Hugary.



All studies up to date, however, have not given discriminant caracteristics (mine- 
ralogical, chemical. crystallographic) of epidote, vvhich would directly indicate its forma- 
(ion from igneous melt. as in (he case of some geothermometric anđ/or thermobarometric 
minerals and mineral pairs.

A single occurrence of igneous epidote has been registered in Yugoslav-ia. associated 
with rocks of the Željin granitoid pluton (V ukov. 1988, 1989; F o riz s  et a l . .  1989. 
1996; L o g ar e( al ., 1996), which is considered in this paper.

This work considers possibilities of Željin epidote (mEp) formation under igneous 
conditions, on the basis of new, and the earlier published, analytical data and in the light 
of the latest experimental and empirical attainments.

The principal goal of our persistent chemical and mineralogical studies of epidote 
and coexistent minerals from Željin and other rocks. is to defme discriminant criteria for 
distinguishing igneous t'rom non-igneous epidote.

PETROLOGY

Rocks of the Željin pluton are granular, light grey to dark grey in colour. They vary in 
quantitative and are mostly consistent in qualitative mineral composition. The rocks are compo- 
sed of: quartz, plagioclase (An39), orthoclase (Or()()). myrmekite, biotite. homblende. epidote 
(mEp). sphene. apatite. zircon. magnetite, allanite, and secondary sericite, clilorite. epidote 
(sFp). calcite. clay minerals. and some foity accessory minerals (found in the pan).

The pluton formation, before 17-24 m.y., was a single-stage process of two distinct 
substages (V ukov . 1990). Products of the earlier substage are quartz diorite and tonalite. of 
lovv K-feldspar and I-granitic characteristics. Subseqent late-igneous to post-igneous (meta- 
somatic) K-lcldspar crystallization in primary rocks resulted in formalion of granodiortic to 
granitic (subordinately) rocks with some S-granitic characteristics (V ukov, 1995).

There are two generations of epidote in these rocks: igneous epidote (mEp) and 
metamorphic epidote (sEp).

The flrst-generation epidote (mEp) forms idiomorphic, relatively lage (to 2 mm) 
crystals. without significant reaction vvith other minerals, often poikilitic in biotite. vvhilst 
it sometimes encloses homblende. It is always contained in all types of rocks and parts 
of the massif by about 4 % vol. or rocks.

Metamorpliic epidote (sEp) is essentially dilferent from the igneous epidote. It lorms 
small (to 30 |im) xenomorphic grains in fissures of all primary minerals (Hbl. Bt. Pl, mEp). 
Its presence indirectly suggests the primary epidote (mEp) formalion nearer the igneous stage.

The notion of igneous crystallization of Željn epidote (mEp) was suggested by ils 
lextural properties: size. idiomorphism. relation to Bt and Hbl. and non-transformation of 
the latter. These epidote attributes are identical vvith the textural properties of igneous 
epidote elsevvhere in the world (T u llo ch . 1979; Z en  and  H a m m ars tro m , 1984).

ANALYSIS

For identification of the epidote fomiation conditions from Željin granitoid pluton 
rocks. igneous and metamorphic epidotes were chemically analysed, using JX A -5 micro-



probe. in the Laboratory for Geochemieal Research of the Hungarian Academy of Sci- 
ences, Budapest.

Also, Željin igneous epidote, and epidote from pegmatite (Dunje, Macedonia), were sub- 
jected to differential thermal analysis in the Institute for Geology of Mineral Ore Deposits, Pe- 
trography, Mineralogv, and Geochemistry of the Russian Academy of Sciences, Moscow.

Note that earlier analyses of epidote were made on the same and different grains, 
and from different types of rocks and parts of the massif. For composition, various ana- 
lytical methods were used. such as classical ehemical, X -ray powder diffraction, and 
electrone microanalysis. The analyses were conducted in renown laboratories (Moscow, 
Washington, Bem, Hamburg, Budapest, and Blgrade). Analyses of amphibole and biotite 
were conventional ehemical and electron microanalysis in the laboratories.

CHEMISTY OF EPIDOTE

Chemieal analyses of igneous epidote (mEp) from Željin. according to the latest 
(Tab. 1) and earlier data (V ukov, 1988; F o riz s  et a l., 1989, 1995; L ogar et a l ..
1996), definitly substantiate the statement that this epidote is uniform in composition. 
Pct=24-28% , both in one and different grains, types of rocks and parts of the massif. It 
suggests epidote crystallization under stable PT conditions, as those in whieh the plutonic 
igneous rocks were fomied.

The second epidote (sEp) generation is iron-richer and variable, compared with the tirst, 
with the Pct=34-40 % composition (Tab. 1) depending on the prmary mineral composition.

Igneous epidote (mEp) of Željin contains, aeeording to diferential-thermal analysis, 
about 1.5 % of water, which is congruous with the content found by other methods. The 
DT analysis also shovvs that the crystal structure of Željin epidote disintegrates at higher 
temperatures, T=885 °C, that epidote from pegmatite (Dunje, Macedonia) which disinte- 
grates at T=965 °C (at 1.7 % water loss). As the water content and temperature of lattice 
disintegration are certainly caused by physieal and chemical formation conditions, they 
should be given more consideration in the future.

PT-CONDITIONS OF AMPIIIBOLE AND BIOTITE CRYSTALLIZATION

Igneous epidote crystallization. accordin to experimental data (N aney , 1983; John- 
ston  and  W y llie . 1988; V an der Laan et a l., 1992). requires special physical and 
chemical conditions. Also. the formation of epidote as Fe-silicate needs the presence of 
other ferro-magnesian silicates (Hbl. Bt) with which it is in chemical equilibrium. That is 
why the determination of physical and chemical crystallization eonditions of coexistent 
biotite and amphibole has the primary importance for the explanation of the Željin epidote 
(mEp) genesis. Determination of the physical and chemical crystallization conditions. by 
various chemical coeflicients and parameters of rocks (Tab. 2) and minerals (Tab. 3). is 
summarized in the table below.

- The liquidus of Željin magma. determined by Zr content in rocks (Tab. 2) and res- 
pective formula (W a!son . 1987). is about 800 °C. in good agreemenl with other parame- 
ters of mineral cryst.allization (Fig. 1).



Magma homogenized (completed crystallization of amphibole and biotite) at geat depths, 
24 tu 25 km, and liigh pressures, 7.7 to 6.5 kbar, at temperatures from 690 to 705 °C and 
Ph:o of 6 to 7.2 kbar and jO,<KrlfL' bar (V ukov, 1990). These physical and chemical pa- 
rameters are obtained using chemical compostions of essential geoexistent petrogenic mi- 
nerals (Tab. 3; Fig. 1), or the thermobarometric mineral pair H bl-B t (P erchuk  and 
F ed k in . 1976).

The approximating pressure values, Ps=7.2+1 kbar, are obtained (F o rizs et a l„  
1989. 1995) using homblende as a geobarometer (proposed by H a m m a r s t r o m  and 
Z en .  1986; revised by H o l l i s t e r  et a l „  1987; and calibrated by R u t t e r  and W y l l i e ,  
1988), that is, on the aluminium-content basis.

Water content in magma, X(H;())=13-14 %, during Hbl and Bt crystallization, is 
determined on Ph ,o (H a m il ton  et a l . ,  1964; B u r n h a m  and D a v is ,  1971).

EPIDOTE CRYSTALLIZATION

According to experimental and empirical data, primary epidote of uniform and mod- 
erate iron content (Pct20_30) can crystallize under igneous conditions. at high pressures (Ps 
and Ph.o ) and vvater (H20 )  content, at moderate temperatures (T) and oxygen potential
(A )-

The chemistry. i.e. physical and chemical crystallization conditlons (calculated on chemi- 
cal composition) of coexistent petrogenic minerals of Željin rocks; epidote (mEp). biotite and 
arnphibole. compared with the published reference data, is very similar or identical. The likeK 
epidote (mEp) crystallization under igneous conditions are inferred on the basis of: (1) com- 
position of epidote (Fig. 2); (2) composition of epidote and physical and chemical data (A’):, T) 
of biotite and ampliibole crystallization (Fig. 3), and (3) physical and chemial conditions (T, 
Xh2o) of biotite and amphibole crystallization (Fig. 4).

1. Chemical compositions of Željin epidotes, igneous (mEp) and metamorphic (sEp), are 
well comparable with respective epidotes in reference literature (Fig. 2). Igneous epidote (iEp) 
has composition Pct=24-28. vvliich is within the range of the reference Pct=20-30; metamor- 
phic epidote has Pct=34-4<) and corresponds to reference epidote from alteration of biotite, 
Pct>36. It should be mentioned, however. that the ehemieal composition of igneous epidotes 
can be identical in metamorphic epidote; that is why the composition of epidote can not be 
taken for a discriminant in a reliable identification of its genesis.

2. Under the conditions of Zeljin biotite and amphibole crystallization (Fig. 3). i.e. at the
temperature of about 700 °C. Ph:o>6.6 kbar. and at /).=  ' bar (equivalent to igneous stage
conditions). and consistent vvith reference data, epidote formation is possible of Ihe composition 
Pct=25±3. i.e. analogous in composition to epidote (mEp) of Željin (Pct=24-28).

3. Consistent vvith experimental data for crystallization of granodiorite systems at 
high pressures and high water contents (Fig. 4), which are approximated by those of Že- 
ljin magma crystallization (Bt, Hbl), it is inferred that primary epidote could have crystal- 
lized from Željin magma.

The reader’s attention is called to a fact significant for the origin of epidote as a tri- 
valnt iron-rich mineral: the Zeljin epidote (mEp) contains almost only Fe,+ (Logar  et



al . .  1996). and ferri/ferro ratio is Željin rocks is extremely high, Fe3+:(Fe3++Fe2+)=0.382 
(Vukov.  1995), higher even than in the most of granites (0.315) of I-type (Chappell  
and W h i t e ,  1984). The Željin biotite and amphibole also possess a high ferri/ferro ratio. 
0.302 and 0.293. respectively.

CONCLUSION

In addition to primary petrogenic minerals: plagioclase, quartz. homblende, biotite. 
rocks of the Željin granitoid pluton contain two generations of epidote, igneous epidote 
(mFp) and metamorphic epidote (sEp).

From the petrologic-mineralogic-chemical study of rocks and minerals from the 
Željin granitoid pluton. the following has been inferred:

1. Morphologic-textural properties of igneous epidote (size, idiomorphism, relaton to 
primarv minerals) are equivalent to those of minerals formed under igneous conditions; 
and epidote comleted crystallization before biotite and, probably, simultaneously with am- 
phibole.

2. Biotite and amphibole crystallized at great depths, 24 to 25 km. high pressures of 
Ps>7 kbar. temperature about 700 °C. and at P h ;o  of 6.6 kbar, X h ,o  of 13-14 %. and

of K)-18- bar.
3. Composition of Željin igneous epidote (Fct=24-26 % )  is equivalent to that of 

epidotes formed in experimental and natural systems. under verv similar physical and 
chemical conditions (Ps. T, Xh2o. K)2) with those in which the essential petrogenic min- 
erals (Hbl. Bt) were fomied from Željin rocks.
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