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YflK 552.321.1:551.242.3(497.11) OpnrHHajiim HayHHH pan

TEHETCKA H TEOTEKTOHCKA IIPMILVaHOCI 
rPAHHTOHflA 2KEJLHHA

ofl

MHJieHKa ByKOBa*

H a  6a3H MHHepajiHor h xeMHjcKor cacraBa creHa, a npeMa aKxyenHHM KpHTepnjyMHMa, H3BpmeHo je  
onpeH ejteH .e reHeTCKe h reoTeicroHCKe npnnaHHOCTH rpaHHTOHRHor njiyTOHa >KejbHHa. HjiyTOH, np eT e*H o  

KBapLmHopHTCKor h TOHajiHTCKor cacraB a, npeMa B ehH H H  KpHTepHjyMa yrjiaBHOM npnnaHa I-THny rpaHHTOHffa, 
(J)0pMHpaH0M, 3aBHCHO on TepM H H O Jioraje ayrop a , H3 Ay6HHCKe, ohh och o  noTKopHe MarMe. Mel>yTHM, creH e  

rpaHOHHopHTCKor h rpaHHTCKor cacraBa (ca  HaKHanHO 06pa30BaHHM K-i|)ejiHcnaTOM), nonpHMajy npeMa H3Bec- 

hhm oco6HHaMa, KapaKTepHcrHKe S-rpaHHTOHjia. Y  reoTeKTOHCKOM cMHCJiy npHnaffa rpaHHTOH^HMa ByjiKaH- 
CKHX JiyKOBa H nOCT—KOJIH3HOHHM 30HaMa.

K j t y i« c  p ev s: creH a, neTpoxeM H ja, reoxeMHja, reoTeicroHHKa, reH e3a, I-rpaHHTOHfl.

yB O H

FpaHHTOHj^HH njiyTOH >KejbHiia npnnana cnoJbaniH>eM j;ejiy YHyTpamH>HX j”J,H- 
napHjia (BapjjapcKoj 30hh). HsoToncKa CTapocT jio6iijeHa 3a OBaj njiyTOH on 17.54 #o  
24+3xl06 rofliiHa (V u k o v , 1989), fliipeKTHO noTBpi)yje onnrre yBepen3e  reojiora j(a h cth  
npHiiafla 30HH M jiafloajincoix rpainrroHjja, Kojn ce n p oT exy  oh BoraTHha, npeKO IJ,epa, 
CTpa>Kairnne, 3aTHM BopaiLe, T ojmje, )Keji,HHa h KonaoHHKa flo CypnyjiHi;e ( c j i .  1 ) .

H a 0CH0By CTapocTH, cynepii03Hi^H0HHx ojjnoca, Kao h Be3e ca cpofliiHM ByjiKaH- 
ckhm h iipyniM cTeHaMa, a y CBeTJiy rneMe pa3Boja reocHHKJiHHajia, rpaiiHTOjjiie cTeHe 
MJiafloajincKe 30He, CBpcTaBaHe cy y CHHoporeHH KHcejiH njiyTOHH3aM, KpncTanHcaJie H3 
MarMe Koje cy reHepncaHe najiHHreHHM cranaiLeM reocHHKJiHHaJiHHX cejiHMenaTa.

y OKBHpy hobhx reoTeKTOHCKHX KOHneimnja, ij .  TeKTOHHKe njiona, MHiiui»eiLa o 
nocTaHKy 30He MJiarjoaJincKHx rpaiiHTOHfla h ca H>HMa yjjpy>KenHX ByjiKaHHTa, Kojn cy  
CMeuiTeHH y, hjih HenocpejHio y3 30He ocjjHOJiHTCKOi’ MejianjKa, yHeKOJiHKO cy pa3- 
JIHHHTa.

HcxojjHa MarMa xejbHHCKor njiyTOHa, y CBeTJiy th x  cxBaTaita, Koja ce  3acHHBajy 
npBeHCTBeHo Ha perHOHajiHo-reojioniKHM nojiau;HMa, Morjia 6h 6 h th  reHepiicana H3:

PyAapcKO-reojioiHKH 4>aKyjiTeT, YHHBep3HTeTa y  B eorpajiy , ’ByniHHa 7 , B eorpan .
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rpaHHTOH/mn MacHBH i -  iv  -  reoreKTOHCKe jeflirm m e
granitic rocks gcotectonic unit

Cji. 1. IIperjieflH a KapTa pacnpocrpaH>eH>a rpaHHTOHHHHx creHa CpSnje (i^pHa non .a). FeoTeKTOHCKe jejiHHHqe 

( D i m i t r i j e v i ć ,  1974): I -  KapnaTO-SajiKaHCKH jiyK, I I -  CpncK0-M aKen0HCKa Maca, I l l a -  BapnapcKa  
30Ha, I I I 6 -  YHyTpaiHHjH HHHapHHH.

Fig. 1. Distribution of granitic rocks in Serbia (black fields). Geotectonic units (D im itr ij e v ić ,  1974): 
I -  Carpatho-Balkanic arc; II- Serbian-Macedonian M ssif, Illa - Vardar Zone; Illb - Inner Dinarides.
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1. cyf);iyK()iiaHe oKeaHCKe Kope, h t o  a) IleirrpaJine ocjbnojiHTCKC 30He, 6) BapjjapcKe 
0cJ)H0JiHTCKe 30He, 'rj. H3 ^peBHor MarMaTCKor JiyKa (y CMHCJiy cxBaTan,a D im it r i j e v ić ,  
1974; P a m ić . 1977 -87 ), iijih 2. nocjie cy6nyKnnje OKeaHCKe Kope, y <J>a3H K0JiH3Hje jjBa 
KOHTHHeHTajiHa 6jioKa (nc'i'oniie MHKponjiOHe h flH E ), hjih nocjie i l c  (y cmhcjiy cxBa- 

Taita K aram ata , 1974-83; K aram ata  and Đ o r đ e v ić ,  1980).
OBHM pa^OM >KCJIHMO na Ha OCIIOBy MHHepaJIOHIKHX, XeMIljCKHX H MHKpOXeMHjCKHX 

K a p aK T e p n cH T K a  CTena, xejtHHCKor njiyTOHa, onpefleJiHMO reHeTCKy iipHiia/mocT, Me- 
c to  h hcxojjhh MaTepnjaji renepncaEe MarMe Kao h reoTeKTOHCKy npiinai(iiocrr, a y 
OKBHpy Teopnje HOBe rjio6ajiHe TeKTOHHKe.

IIETPOJIOrHJA I P A H iirO H  lA

O rene acejbHHCKor nJiyTOiia cy CBeTJie, CBeTJiocHBe ;io TaMHOCHBe 6oje, npoMeiubH- 
Bor kbaHTHTaTHBHor h yrjiaBHOM cTaJiHor KBajiHTaTHBHor MHiiepajiiior cacTaBa. H3rpa- 
^ene cy o^: KBapija, iiJiarHOKJiaca (An39), opTOKJiaca (Or90), MHpMeKHTa, 6noTHTa, xopH- 
6jieH^e, ennflOTa, ccj)ena, anaTHTa, ipipKOHa, MaiueTHTa, Kajinirra, anaHHTa, 3aTHM ce- 
KyiirnapiiHX cepnnnTa, xjiopHTa, MHiiepajia rjiHHa, Kao h 40-aK  aKii;ecopHHX h peTKHX 
MHiiepajia (Ha^eHHX y HiJiHxy).

IIpeMa MHHepaJiHOM h xeMHjcKOM cacTaBy njiyTOH je npeflCTaBJben rpaHirron;iiiHM 
BpcTaMa CTeHa. cDopMnpaibe HJiyTOHa ce ojiBHjajio MOHO(j)a3HO ca jacHO ojjBojene jp e  
noji(J)a3e. y  npBoj MarMaTCKoj iiojicpasn 06pa30BaHH cy KBapnjjHopirm h TOHajiHTH 
(ociiobhh THn). OBe BpcTe KapaKTepHine HH3aK cajjp>Kaj K-cjDCjrjicnaTa h 03H aiene cy 
Kao 1. rpyna rpainrroH;jHiix cTena >Keji>Hiia. HaKiiajjHOM KacHOMarMaTCKOM jjo iioc t-  
MarMaTCKOM (MeTacoMaTCKOM) KpHCTajiH3an;HjoM K-c})ejijicna'ra y cTeHaMa ocnoBHor 
THiia, cj)opMHpane cy cTene rpaiiojjHopHTCKor jjo rpaHHTCKor (nojjpe^ciio) cacTaBa. Oisa 
nojicfiasa 03HaneHa je Kao 2. rpyna rpaHHTonna 3CeJbHHa (V u k o v , 1989).

KpHCTajiH3an;Hja MHHepaJia I -iioj(c{)a3e (Hb, B i, P1 h Ep) o 6aBHJia ce y cjiejiehiiM 
npH6jiH2CHHM cj)H3H'iKO-c})CMHjcKHM ycJioBHMa: Ps=7(8) Kbar, h = 24-25  km, T«700 °C, 
H20 = 1 3 -1 4 % , PH20 « 6 .6  Kbar h f 0 2<1048'5 bar, y3 jiejiiiMHHiiv xoMoreiiH3ai];Hjy npn P«5 
Kbar h T = 630-640  °C. y  II-noji(j)a';iH KpncTajiiicao je (naKnajjiio npHHeceHH) K-cjiejijj- 
cnaT npn T = 56 0 -6 0 4  °C h P > 4 -5  Kbar (V u k o v , 1990).

CTeHe cy npeTe>KHO KajiKO-ajiKajinor (1. rpyna), ffo KajinHjcKor (2. rpyna) KapaK- 
Tepa h npniiajiajv MeTaajiyMHHHjcKHM TiiuoiiHMa (1. rpyna) jjo cjia6o nepajiyMHHHjckhm 
(npeTeacno 2. rpyna).

AHAJIHTHHKH IIOCTMIAK

K ao ochobhh nojiaijH 3a OBaj paji iiocjiv>khjio je 36 aHaJiH3a Mojjajiiior MHHepajmor 
caciaBa, 36 KOMnJieTHHX CHJiHKaTHiix anajinsa (Ta6ejia 1), 8 MHKpoxeMHjcKHx aHajiH3a 
(Ta6ejia 2), h cth x  obhx CTeHa, Kao h 441 aHajiH3a ajiKajinja (ByKOB, 1986). 3 a  aHajiH3e 
cy n po6e oj^a6paHe TaKo jia 6yjjy 3acTynjtene ih to  pa3HOBpcHHje BpcTe cTeHa (ca MaK- 
cHMajiHHM Bapiijan,HjaMa y cacTaBy) h Kao TaKBe HHcy penpe3eHTaTHBHa nonyjiai;nja 
npeMa 3acTynjbeH0CTH. Mef>yTHM, TeacHiHTe sa  reHeTCKa pa3MaTpaita 6hjio je Ha
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T ađ en a  1. XeM njciai cacraB  rpaHHTOHjXHHX creHa Xen.H Ha h  A ycrpajiH je 
Table 1. Chemical composition of Zeljin granitic rocks and Australia.

1. rpyna (group) 2. rpyna (group) Lachland Fold Belt - Australia y
X______ a ______ X_______a ______I-type S-type______I-type______ S-type

S i0 2 59.40% ±1.34 64.07% ±1.81 67.98 69.08% (ppm)
T i02 .78 ±  .17 .59 ±  .12 .45 .55 Rb 132 180
A120 3 17.43 ±  .93 16.03 ±1.02 14.49 14.30 Sr 253 139
Fe20 3 3.36 ±  .91 2.24 ±  .89 1.27 .73 Ga 16 17
FeO 4.65 ±  .56 3.26 ±  .47 2.57 3.23 Zr 52 64
MnO .11 ±  .06 .07 ±  .03 .08 .06 Zn 149 170
MgO 2.83 ±  .95 2.36 ±  .74 1.75 1.82 Nb 9 11
CaO 5.73 ±  .89 4.65 ±  .97 3.78 2.49 Y 27 32
NazO 2.90 ±  .14 2.62 ± .28 2.95 2.20 Th 16 19
k 2o 1.95 ±  .33 3.13 + .56 3.05 3.63 Ba 250 480
h 2o + .57 .51 Ce 63 69
h 2o .37 .18
P20 5 .07 ±  .007 .009 ±  .02 .11 .13

X -  cp eflfta  BpejjHocr; cr -  craHjiapHHa jteBHjarjHja

y -  cpejiH .HcacraB (C h a p e l & W rite , 1984) I h S - type,H3 532,0jtH0CH0 316 aHaJiH3a 

X -  average value; cr- standard deviation
y -  average composition (C h a p e l & W r ite , 1984) o f I and S-type, from 532 and 316 

analyses, respectively.

Ta6eJia 2. XRF aHaJiH3e rpaHHTOHjiHHX creHa )KejbHHa 
Table 2. XRF an a ly ses  o f  Z eljin  granitic rock s.

44 52 86 93 206 601 664 Pr Z
S i0 2 66.268 65.095 59.743 64.197 61.994 58.774 60.988 59.683 62.093
A120 3 15.407 16.392 17.364 16.118 16.625 18.429 16.693 17.106 16.767
k 2o 5.464 3.750 1.806 2.943 2.631 1.436 2.489 1.982 2.813
Rb 153 140 93 121 110 107 118 87 116
Srx 386 393 382 391 431 465 408 398 407
Ga 13 17 20 17 19 19 15 18 17
Zn 37 41 77 118 67 64 61 77 68
Zr 107 165 217 162 168 185 171 219 174
Nb 9 8 12 9 9 9 8 10 9
Y 22 15 30 18 20 26 19 28 22
Th 17 13 22 26 16 7 23 8 16.5
Ba 761 791 304 567 590 391 478 509 549
Ce 57 74 70 27 37 30 31 23 43.6
K/Rb 357 268 194 243 239 134 211 228 204
Rb/Sr .3964 .3562 .2434 .3095 .2552 .2301 .2892 .2186 .2873

(111) -  03HaKe n p o6e; Z -  cpejjH>a BpejtHocr.

XRF-peHTreHO-(f)JiyopeciteHTHe aHaJiH3e ypaljeH e y  Jia6opaTopnjH 3a M HHepajionijy u  neTporpac{jHjy 
HHCTHTyTa YHHBep3HTeTa y  X aM 6ypry  

(1 1 1 ) -  sam p le num ber; Z -  verage value
XRF-ray fluorescent analysis in the laboratories of the Hamburg University Institute of Mineralogy 

and Petrology.
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1. i pvnn cTeHa, KBap^HopHTCKO-ToiiajiHTCKor cacTaBa, Koje cy npeMa CBojHM KapaKTe- 
pncTHKaMa najČJiHsce xeMH3My ncxop(He MarMe.

XeMHjcKe aHajiH3e cy ypat)ene cjiejjehHM nocrjynnHMa: raaBHH neTporeHH okch /jh - 
-mokphm  nyTeM; ajiKajinje (K20 ,  Na20 )  -  CTaHjjapjjHHM HOCTynKOM h HHTaHe Ha njiaMe- 
hom c |)O T O M eT p y  MapKe FLAP; MHKpoxeMHjcKe (K, Rb, Sr, Ga, Zn, Zr, Nb, Y , Ba, Th, 
C e) -p eiiT reH 0 ~ 4)Jiy0 pecii,eHTH0 M mctojjom.

K ao ocnoBa 3a onpe/iejijeite reHeTCKor ran a rpannTOHiia nocJiy>KHJiH cy KpHTepn- 
jyMH poflOHaneJiHHKa Teopnje (C h a p p el & W h ite , 1974), Kojn cy KacHHje flonyibaBaHH 
h ^ejiHMHHHO MeitaHH (W h ite  & C h a p p e ll, 1977; C h a p p e ll,  1979, 1984; B a c k in s e le ,  
1979; T a k a h a s i et a l . ,  1980; W h ite  et a l., 1982, 1986; C o ll in s  et a l., 1982; C hap - 
p e l l  & W h ite , 1984; B o w d e n  et a l . , 1984 h ftp.), Kao h ayTopa pycKe HiKOJie ( H e n a -  
eB a , 1976; C T aB poB , 1981; P y 6  h ^p ., 1983).

n PH ()iipe/ieji)Cnw reHeTCKe h reoTeKTOHCKe iipnHa/iHoc'iii, iiHcy y3HMaiiH y o63Hp, 
Kao iiHjiHKaTopH THna rpaiiHroH/ja, THnoBH JiejKHiiri’a h py/iiie napareHe3e, jep TaKBe, 
//OKasaiic h npoBepeHe, nojaBe Koje 6h 6iuie BC3ane 3a i'paHHTOH/iiiH njiyrroH 'M cJbima, 
He noToje.

MHHEPAJIOIIIKO-IIETPOJIOIIIKH CACTAB H TEHETCKH TIHI

IlpeMa MHHepajiiioM cacTaBy, yKJionu;HMa, aeon;Hjaii,HjH h ca/ip>Kajy REE, ^ejBHii- 
ckh njiyTOH, TOTOBO y norrayHocTH o/ii oisapa rpaiiH’i’OHj/HMa I-THna. JloKasn 6h 6hjih  
cjie/tehn:

1. O rene 0CH0BH0r THna, KBapu/jiiopHTCKor h TOHaJiHTCKor cacTaBa, Kao h MeTaco- 
MaTCKor THna a rpaiio/iHopirrcKor h rpaiiHTCKor cacTaBa, KapaKTepnme HH3aK caj/p>Kaj 
KBapn;a (cji. 2 .), nope/i K-c}jeJi/icuaTa, carjiacno rpannT’onj/HMa I-THna (W h ite  et a l . ,  
1 9 8 2 ;B o w d e n  et a l . ,  1984).

2. Pe/ioBiio npncycTBO y CTeHaMa xopH6jien/je, ctfjeHa h MHKpocKoncKH BHjiJbHBH 
MaraeTHT, Kao h necTO opTHT. Il0TnyH0 cy ojtcyTira: Al-CHJiHKaTH, KopjjnjepHT h Myc- 
KOBHT, JJOK cy aKH,eCOpiIH MOHai^HT H HJIMeHHT (CBH KapaKTepHCTHHHH 3a S-THn), 3aTHM 
HJiMeHOMameTHT h xeMaTHT, natjemi caMO y HiJiHxy Te ne Mopajy noTHiiaTH H3 rpaHH- 
TOHfla.

OBj^e y Be3ii ca thm Tpe6 a HarnacHTH Harne MHiiiJBCiiiC jia MaKpocKoncKH biij/jbhbo 
npHcycTBO MaraeTHTa inije /ioboji,ho noy3jjaii KpiiTepHjvM 3a pa3JiHKOBaH>e I h S-THno- 
Ba, jep  je h>hxobo npHcycTB0 /0 ji;cycTB0 ojtpari h hhbo K0 HC0JiH//annje. IIpHcycTBO Marae- 
THTa, Ti-MarHeraTa h xeMaTHTa KapaKTepHine ipainrroHjie MajiHX h cpejin>nx j/y6 mia 
(M aH yn jioB a  h j ip ., 1975), jiok je rao>Ki)e rpaHHTOHji;a bcjihkik  j/y6 niia (KaKaB je ace- 
jhhhckh nJiyTon) n0TnyH0 hjih HajBehHM jiejioM Be3aHO 3a Fe-Mg-CHJiHKaTe.

3. IlpHcycTBO y cTeHaMa Ma({)HTCKiix yKJionaKa, npeTe>Kiio jinopirrcKor h  r a 6 p o -  
—jtHopHTCKor cacTaBa, Kao h  o h h x  6 o ra T H X  6 h o t h t o m  a HOBpeMeHO h  xopn6jieHj:(OM, j j o k  

cy oflcyTHii yKJionn;H rHajceBa h  MeTanejiHTa.
4. )KejtHHCKe cT ene HMajy <1% aKii,ecopHHX MHHepaJia, m ro KapaKTepnme S -t h -  

noBe, ajiH Komi;eHTpai;Hja REE niije y MonaniiTV (jep je iipaKTHHHO ojTcv'raii) Beh y 
npHMapHOM ajiaiiHTy (enHjioTy) h c4>eiiy, mTO je KapaKTepncTHHHO 3a 1 -th h .
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I IojaBJijMBaibe anaHHTa Hajnemhe je Be3aHO 3a neirrpajme jicjiobc enn,norra. Ta 30- 
HapHocT enn;iorr- ajianhtckhx 3pHa ManiKjjeci’vje ce y noBehaHoj KOHneirrpauiijH REE y
u,eHTpajiHOM jjenv (Ce>La, Nd h Y), aok npeMa iiepiicjjepiijH nocTeneHO npejia3H y TiHC'r 
enHflOT(Panto et a l.,  1987).

C ji . 2. Kom6hhob3hh jinjarpaMH Q -A -P  h (Q )-(A +P)-(M ) (S tr e c k e is e n , 1976) h non.a rpaHHTOHna I, S h 
A -T H na (B o w d en  e t  a l . ,  1984). TpaHHTOHjiHe CTeHe 2CejbHHa: •  - l .r p y n a ,  o -2. rpyna.

Fig. 2. Combined Q -A -P  and (Q) -(A +P) -(M ) diagrams ( S tr e c k e is e n , 1976) and granitoid fields of I, 
S, and A types (B o w d en  e t  a l ., 1984). Granitic rocks of Željin: •  -  group 1, o -  group 2.

Ccjien, Kao h ajiaHHT h ciihjjot, y noniejjy pacnojjejie REE, TaKoi)e noKa3yjy 30Hap- 
Hy rpaljy (Ce>La, Nd h Y, Th), ca KomjeHTpaijnjoM REE y ii;eHTpajiHHM jjejioBHMa 3pHa.

XEMHJCKH CACTAB H TEHETCKH THn

IlpeMa xeMHjcKOM eacTaBy, iioccGho npeMa cajjp»cajy S i0 2, A120 3. CaO, Na20 ,  
K20 ,  ojjHocy K:Na, Kao h ojjiiocv cJjepircjjepo, »cejbHHCKe cTeHe y ii;ejiHHH, a noceČHO 
ocHOBHe rpyne (1.) HMajy npeTOKiio hjih HCKJi>yiiHBO KapaKTepHCTHKe I-rpaiiHTOHjja. 
JloKa3H 3a to  cy cjiejjehn:

1. HMajy HirrepMejjHjapHH KapaKTep, Tj. cajjp>Kaj ciiJimjHje, noce6no cTeHe 1. rpyne 
/X (S i0 2)=59.40%/, npHMepeH I-THny, «60% (W hite & C h ap p ell, 1977). K>hxob 
HHTepMejjnjapHH KapaKTep bhjjh ce h Ha Q -L -M  jjnjarpaMy (Ta6ejia 3, cji. 3a).

MeTacoMaTCKe CTeHe, mcIjvthm, 36or npHHOca Si, HMajy KHcejinjn cacTaB 
X (S i02)=64.07% (Ta6. 1) h caMO no TOMe ce npii6jin>KaHajy S-THny.
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Ta6ejia 3. IlapaMeTpH xeMHjcKor cacraBa rpaHHTOHjiHHX creHa 3CeJbHHa 
Table 3. Chemical parameters of Zeljin granitic rock consistuens.

Q L M A C F k k' f a C Di al

1. 53.18 36.34 10.40 35.27 24.89 39.84 .43 .76 .23 1.17 2.27 .00 5.65

2. 53.86 36.06 8.07 43.52 32.31 24.17 .47 .89 .07 1.19 2.91 .00 6.96
3. 50.98 34.11 14.90 31.31 23.06 45.63 .44 .81 .48 1.16 2.13 .00 3.93
4. 50.33 34.92 14.65 35.74 20.59 43.67 .55 1.20 .43 1.29 3.70 .00 4.56
5. 48.12 37.73 14.14 25.69 33.42 40.89 .38 .61 .44 .87 .00 4.30 3.69
6. 47.97 37.08 14.94 26.34 37.18 36.48 .41 .71 .40 .83 .00 6.94 2.92

7. 47.46 42.93 9.61 32.76 36.57 30.67 .58 1.38 .40 .94 .00 2.21 5.62

8. 47.84 39.61 12.55 32.15 29.88 37.97 .37 .58 .37 1.04 .68 .00 3.92
9. 46.24 39.80 13.97 27.64 30.12 42.23 .38 .61 .39 .96 .00 1.65 4.03

10. 49.58 34.64 15.77 42.00 21.49 36.50 .27 .37 .36 1.43 5.66 .00 4.79

11. 46.44 38.54 15.02 26.34 32.06 41.61 .46 .85 .42 .90 .00 3.74 3.61

12. 45.89 39.77 14.34 26.72 32.08 41.20 .48 .91 .36 .91 .00 3.55 3.67
13. 46.36 39.90 13.73 30.01 28.82 41.17 .39 .63 .42 1.02 .36 .00 3.91

14. 43.74 39.21 17.05 24.41 35.31 40.27 .38 .62 .56 .83 .00 6.91 3.46

15. 46.01 38.55 15.44 31.87 26.08 42.04 .35 .53 .27 1.12 1.94 .00 3.94

16. 46.27 36.42 17.31 32.02 27.44 40.54 .30 .44 .55 1.09 1.42 .00 2.82

17. 44.65 39.53 15.82 28.78 36.28 34.94 .37 .58 .45 .87 .00 5.63 3.74
18. 43.44 41.92 14.63 30.00 30.10 39.90 .32 .47 .37 1.00 .00 .03 3.13
19. 45.64 41.22 13.14 33.79 31.47 34.74 .27 .37 .30 1.04 .78 .00 3.56
20. 45.20 41.47 13.33 35.05 31.80 33.14 .33 .49 .39 1.06 1.02 .00 3.06
21. 44.24 36.74 19.02 29.79 22.84 47.37 .33 .50 .35 1.16 2.37 .00 3.19
22. 46.15 40.89 12.95 37.78 32.63 29.58 .26 .35 .32 1.10 1.77 .00 3.60
23. 43.58 42.04 14.38 30.51 31.45 38.04 .32 .48 .31 .98 .00 .71 3.75
24. 44.64 39.74 15.62 33.09 28.77 38.13 .33 .50 .40 1.09 1.45 .00 3.38
25. 43.12 38.36 18.52 28.07 30.47 41.46 .26 .35 .52 .95 .00 1.78 2.79
26. 43.11 41.20 15.69 30.41 29.76 39.83 .29 .41 .35 1.01 .23 .00 2.97
27. 43.43 36.85 19.71 27.12 29.35 43.53 .25 .33 .48 .95 .00 1.66 2.34
28. 42.21 41.40 16.69 29.17 28.60 42.23 .32 .48 .40 1.01 .20 .00 3.12
29. 42.32 39.34 18.34 28.02 28.02 43.77 .29 .40 .39 1.00 .00 .16 3.08
30. 42.21 41.74 16.04 29.12 30.66 40.21 .36 .57 .34 .97 .00 1.18 3.09
31. 44.11 43.04 12.84 34.23 33.11 32.66 .32 .46 .31 1.02 .43 .00 3.46
32. 41.93 39.66 18.41 27.35 30.53 42.12 .20 .24 .29 .93 .00 3.01 4.16
33. 41.00 38.23 20.76 25.26 28.62 46.12 .30 .44 .43 .93 .00 2.84 2.65
34. 42.15 40.11 17.74 29.23 27.24 43.53 .31 .44 .32 1.04 .75 .00 3.13
35. 40.42 39.38 20.19 24.42 34.86 40.72 .35 .53 .42 .81 .00 8.40 2.62
36. 39.82 39.32 20.86 24.77 33.59 41.64 .31 .44 .47 .83 .00 7.30 2.73

A=AL-Na-K (mol.); C=Ca (mol.); F= Fe2+Mg (mol.); k=K/(Na+K) (atom.); k'=K/Na (atom.); 
f=Fe3/(Fe3+Fe2) (atom.); a= Al/(Na+K+Ca) (mol.);
C=KopyHH (corundum) (norm.); Di= RHoncHB (diopside) (norm.); al= Al/Fe (atom.)
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A 
m o 1. 

'Al-Na-K/

Cn. 3. T p 0K0Mn0HeHTHH H HjarpaM H : a )  Q -L -M  ( B u r r i i  & N ig g l i ,  1945); 6) A -C -F  c a  jjHCKpHMHHaHTHOM 

KpHBOM rpaHHTOHna I h  S-TH na (T a k a h a sh i e t  al., 1980). 03HaKe 5KejMHCKHX creHa Kaona cji. 2.
Fig. 3. Three-component diagrams: (a) Q -L -M  (B u rrii & N ig g l i ,  1945); (b) A -C -F  with discrimi- 

nation curve for I -  and S-type granitoids (T a k a h a sh i et a l., 1980). Željin rock symbols same as 
in Fig. 2.

2
' H r .

c  6-

2-

I  1 -6 2-

F p a h h toH^He creH e >KejbHHa 
Granitic rocks of Željin

•  — 1 rpyne (gruop) 0 — 2 rpyne (gruop)

64  
~"1--

66  
- "■>...

I-Tnn (type)

68
i ■ -—‘- f SiO,

S-ran (type)

Cji. 4. J^HjarpaM S i 0 2-KopyHfl (jjHoncHfl) ca hhckphm hh3hthhm  caHpxajeM  C =1%  3a rpaHHTOHjje I h  S-THna  

( C h a p p e l l  &  W h i t e ,  1974) h  rpaHHTOHHHHX CTeHa XejbHHa: • -  1. rpyne h  o -  2. rpyne.

Fig. 4. S i0 2-corundum (diopside) diagram with discrimination rate C=l% for I -  and S-type granitoids 
(C h a p p ell & W h ite , 1974) and Željin granitic rocks: • -  group 1 and O - group 2.
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2. KapaKTepHiue hx pejiaTHBHO Majio BapnpaiLe xeMHjcKor cacTaBa, npH neMy je 
iieiHTo Behe Bapnpaiie caMO ca^pacaja S i02 h K20  (Ta6ejia 1).

3. HMajy peJiaTHBHO HH3aK cajip>Kaj ajiyMHHHje, TaKO jja npeMa per})epeirniHM na- 
paMCTpHMa (C happel & W hite , 1974; T ak ah asi et al., 1980), y KojnMa (J)HrypHpa 
A120 3, nocej(yjy rrpeTOKHO (70-80% cjiyqajeBa), KapaKTepiicTHKe I-THna, Hnp:

а) npeMa cajjpxajy HopMaTHBHor jjHonncHjia h Kopvjina (cji. 4).
б) ojihocv Al20 3:(Na20+K 20+C a0), a carjiacHO j^HCKpHMHiianHonoj BpejinocTH ojj 

1.1 (C h ap p e ll & W hite , 1974);
u;) cjipeKiiennHjn Al/(Ma+K+Ca) (cji. 5 h).

f
20

10

E
o

.5 -ra
nt>

A  u.
+

D

. 2

Cji. 5. KoMSHHOBaHH HHjarpaMH: a) Kopejiaiflije Al:(Na+K+Ca)-Fe3:(Fe2+Fe3); 6, q) cJjpeKBeHiiHje:
6) Fe3:(Fe2+Fe3), t() Al:(Na+K+Ca); rpaHHTOHjiHHX creHa I n  S -rana AycTpajmje (T a k a h a si et a l . ,  
1980) h  rpaHHTOHjjHHX c r e H a  X eJb H H a : •  - 1. rpyne h o - 2 . rpyne.

Fig. 5. Combined diagrams: (a) correlations of Al:(Na+K+Ca)-Fe3:(Fe2+Fe3); b, c) frequency:
(b) Fe3:(Fe2+Fe3), (c) Al:(Na+K+Ca), granitic I- and S- type rocks of AustraEa (T a k a h a si e t a l . ,  
1980) and granitic rocks of Željin: •  - group 1 and o  - group 2.

Jt) napaMeTapHMa: A l-(N a-K ), Ca h (Fe+Mg), Tj. A -C -F  (cji. 36).
4. KapaKTepHiue hx bhcok cajtpacaj Kajiiinje, KaKO nojejiHiiaHiie npo6e , TaKO h 

H3jiBojeHe rpyne (1. -5.73% ; 2. -4.655% ), TaKO j(a y n0TynH0CTH 0jjB0Bapajy I-THny, a 
carjiacHo:

rpaHHTOHflHe cren e  (granitic rocks) 

A - XexbHHa (Željin) (Ž)

• - 1. rpyne(group) 0 — 2. rpyne Cgroup) 
XHcrorpaM ć[)peKBeHi];Hje 
liistogram frequeucy

B -iicrroHHe AycrpajiHje (East Australia)

(«1 I-THn (type) (*) S-tha (type) (Pz) 
KpnBa (JjpeKBeHiznje „  

^  v  curve frequency W  
RiijarpaMH (diagranis): 

a - Kopenannje (correlations): 
b, c - c{peKBeHii,Hje (frequency):

---------- , .......... r---------- t----------- 1---------- i-----------i---------- 1----------- 1----------

C

I-THn (type) S-THn (type)

m
h ■
w  .. e

i  L / 1
H --- -----——

.

------- --- ----- 1---------------- '

O

a
•
•

• °  
o» •

•

. c •
► . ■ , '  a o

A 1 /N a + K 4 C a m o 1. 

-----------1---------- 1----------- ‘---------- 1----------- u --------- 1---  1______ 1..—,f 2 0 10 .7 .9 1.| 13
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а) cpe^iieM ca^p^{ajy CaO (3.78% h  2.49%), 3a I - h S-THn (C happell & W hite , 
1984), h

б) xncTorpaMy cfjpeKBeHiiHje C/A+C+F ( c j i .  6u,).

rpaHHTOHjiiie CTeHe (granitic rocks)

A - Xe.T>HHa (Željin) (Ž)

•  -1. rpyne (group) o '2. rpyne (group)
■ XHcrorpaM (JjpeivBeHiiHje 

liistograin frcqucncy

B - HcroHHe AycrpaJinje (East Australia)

( •  ) I-Tun (type) (a) S-thh (type) (Pz) 
/V KpHBa cJjpeKBeHUHje

cun'e frequency ' '

RHjarpaMH (diagrams): 

a - Kope/iai^uje (corrcl ations) 
b, c - cJjpeKBeimnje (frequency)

'• :■ * . - r- --- -------  --------■

c

T-xiin (type)

S-mn (type)

) k

a ■
&C N. H I

C. / /I

b

* .  0
» * .

o  . .

V . . V ° o

•  ^ . o ’•  ••
•  •  V  • v «•  . 

a& ;•
0& •

^AA »
* *
^  « ’

A *  A-A

C /  A +  C + F m o l .

» J J 1 ---- 1

3 0

f

2 0

1 0

E
o

.5 -«
(04)
U .

«*
M»
u.

cK
4>

U_

.2

,1

.4

3

f  20  1 0  .1 3 5

3 2 3 3 2 3
Cji. 6 K om 6hhob3hh AnjarpaMH: a ) KopeJiai(Hje C:(A+C+F)-Fe :(Fe +Fe ); 6 , t() cJ)peKBeHi(Hje: 6 ) Fe :(Fe +Fe ),

q) C:(A+C+F); rpaHHTOHnmix creHa I h  S -THna AycTpaJiHje (T a k a h a si e t  a l . ,  1980) h  rpaHHTOHjj-
h h x  CTeHa 3CejbHHa: •  - 1. rp yn e  a o  - 2. rpyne.

Fig. 6. Combined diagrams: (a) correlations of C:(A+C+F)-Fe3:(Fe2+Fe3); b, c) frequency: (b)
Fe3:(Fe2+Fe3), (c) C:(A+C+F); granitic I- and S- type rocks of Australia (T a k a h a si et a l . ,  1980)
and granitic rocks o f Zeljin: •  - group 1 and o  - group 2.

3. B h c o k  caflpasaj H aTpnje h  HiracH K ajm je, K ao h  o flro B a p a jy h n  napaM eT pn y  k o -  

jHMa h c t h  c}m rypH pajy, a  carjiacH O  p ec|)ep eirrnn M  THHOBHMa, j[ajy H^BojeHHM rpynaM a  
CTeHa c j ie ^ e h e  KapaKTepncTHKe:
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A  - C 'r e n e  ocnoBHor TH i:a H M ajy K ap aK T ep n ci'U K C  I - r p a H ii 'r o n jia ,  Ha:

а ) /iiijarpaMV cfipeKiieiinnje K / N a + K  ( c j i .  7 q );
3 2 3

б ) ji;H jarpaM y K o p e jia ip ije  K / N a + K  -  F e  /F e  + F e  (cji. 7 a ) ,  r j ie  y  n0TnyH 0CTH  o / jro B a - 

p a jy  I-THny h  t o t o b o  H /jeajrao c e  o f lB a ja jy  o j j  M eT acoM aT C K e rpyne;

f

2 0

10

E
o.5

n  
.4 u.

+
<l)

U.
.3 \  coN

Ll.

.2

C j i .  7 .  K 0 M 6 H H 0 B a H H  AHjarpaMH: a )  K o p e j i a q H j e  K : ( N a + K ) - F e 3 : ( F e 2 + F e 3) ;  6 , q )  ( j)p e K B e H L (H je :  6 )  F e 3 : ( F e 2 + F e 3) ,  

n ) K : ( N a + K ) ;  rp a H H T O H flH H x  C T e n a  I  h  S -THna A y c T p a j i H j e  ( T a k a h a s i  e t  a l . ,  1 9 8 0 )  h  rpaHHTOHflHHX 
C T e n a  2 C e jh H H a :  •  - 1 .  r p y n e  h o - 2 .  r p y n e .

Fig. 7. Combined diagrams: (a) correlations K:(Na+K)-Fe3:(Fe‘+Fe3); (b, c) frequency: (b) Fe3:(Fe2+Fe3),
(c) K:(Na+K); granitic I- and S-type rocks of Australia (T a k a h a sh i et a l ., 1980) and granitic 
rocks of Zeljin: ® - group 1 and O - group 2.

H) jp ija r p a M y  K 20 - N a 20  (c ji. 8 ) ,  npeMa KOMe o ji;ro B a p a jy  MacjjHTCKHM HJiaHOBHMa 

I-THna, a  c a r j ia c n o  pec|)epeHTHHM BpejjHOCTHMa 2 .2 % < N a 20 < 3 .2 % ,  n p n  K zO < 2 .2 %  

( C h a p e l  &  W h i t e , 1 9 7 4 ).

fl) j^ njarpaM V K / N a  -  A l/ F e  (c ji. 9 ) ,  r^ e  y  n0TnyH 0CTH  0/u’0 B a p a jy  i io t k o p h h m  Mar- 
MaM a h  HfleajiHO c e  o f lB a ja jv  o ^  M eT acoM arcK H X  c r e H a  eMnHpHjCKOM KpHBOM ( H e n a -  

e s a ,  1 9 7 6 ).

I lo j i o s c a j  ocnoBHe rpyne ( 1 .) , y  oo jb .y  M am a noTKopnor nopeKJia (cji. 9 , Kao h cji. 
1 0 ) , Morao 6 h  ce npe o 6 jacHHTH TaKO ^ a  cf)JiyHflH (Moryhe h K )  Bo^e nopeKJio H3 o m o -

rpaniiToimHC creH e (granitic rocks)

A  - SKejtHHa (Željin) (Ž)

•  -1 . rp y n e  (group) o - 2. rp v n e  (group) 
B XHcrorpaM (JjpeKBeHHHje 

histogram  frequency

B - HcroHHe A y c rp a jn ije  (East Australia) 

( • )  I-Tim (type) {*) S-Tim  (type) (Pz)
y \  KpiiBa cfcpeKBeHLiHje ^

curve frequency 
HujarpaMii (diagram s): 

a) KopejiaHiije (correlations) 
b , c) cJ)peKBeHi!,nje (frequency)

c

S-Tim  (tjp e )
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rpaHHTOHRHe creHe ̂ &ejbiiHa
Granitic rocks of Zcljin

— 1. rpyna (group)—h— *—2. rpyna (group)
I-c|)eji3HTCKH t iu i  ( fe ls itić  ty p e] "  |

i'

. u .i "

I-MacJ)iiTCKH THn (m afilic  ty p e) • -*-*

I^S -T iin  ( type)

1

S-thii (type)

K ,0
y.

C ji . 8. flH jarpaM  K20  - Na20  rpaHHTOHjiHHX crreHa Xeji>HHa ca MHBojeHHM noibHMa rpaHHTOHjia I h S -T im a 
(C h a p p ell et a l . ,  1974).

Fig. 8. K20  to Na20  diagram for granitic rocks of Željin showing separate fields of I- and S-type grani- 
toids (C h a p p ell et a l . ,  1974).

A1 /  Fe

\
I - MarMe m  Kope (crastal m agm as)

\
\

.  ^
\

II - noTKopHe MarMe \
(siibcnistaj magmas) #

• •  A»* .  \
\

\
rpaHHTOH^He creH e )KejtHHa 

Granitic rocks o f  Željin
•  - 1 .  rpyne (group) 0 - 2. rpyne (group)

K / Na
1 1T"* 11 ! —" T   I ■ I I I------ 1 I " > I r
2 4 «  a 10 12 14

C ji. 9. flH jarpaM  (K:Na)-(Al:Fe) 3a oueH y (}>opMauHOHe npnna^HOCTH MarMe ( H e ^ a e B a ,  1976). 03H aK e
*ejbHHCKHx cTeHa Kao n a  cji. 3.

Fig. 9. (K:Na)-(Al:Fe) diagram for assessment of the formational type of magma (Nechaeva, 1976). Željin 
rock symbols same as in Fig. 3.
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Ta^a h fla je nop; h.hxobiim yTHii,ajeM H3BpmeHO reHepHcaibe MarMe y 3y 6jLHM jjejioBHMa 
KoiiTHHeHTajiiie Kope, nero jja je MarMa nacTajia napii;HjajiHHM CTanaa.eM iiHpojnrra (na 
h OKeaHCKe Kope), jep 6h TaKBe MarMe Tpe6aJio, 36or npojiacKa Kpo3 nepnflOTHTCKH 
oMOTan, ca^p)«aBaTH yjnpaMac})HTCKe aHKJiaBe, Kojnx y >Kejr.HiicKOM MacHBy neMa.

B -MeTacoMaTCKe CTeHe, 36or HaKHaflHor npnHoca K (h S i), Ha npHKa3aHHM jpija- 
rpaMHMa ( c j i .  7a, h c j i .  9) caMO nonpHMajy HeKe o co 6HHe S-THna, Tj. Kopirax M arM H , 

HaKO cy y cyniTHHH HfleiiTHlm e 1. rpynn (I-THn).
Ihiixono jejiHHCTBO, HaKO ce noBpeMeHO TiaK h Hjieajnio (eMiiiipnjcKOM kphbom) 

Met)Vco6iio pa3flBajajy Ha pasjin'iirre reHeTCKe THnoBe Ha jiiijarpaMHMa: K /N a-A l/F e h 
K/Na+K, ce orjiej^a y nocTenenoM npejia3y iipn reojioniKHM ona>Kaii.iiMa, Kao n Ha jiiija- 
rpaMHMa:

a) K20 - N a 20 ,  T e* . ( c ji  8) h 6) K/Na+K -  Fe3/Fe2+Fe3 ( c j i . 7a).
6 . B hcok c|>epH:d[3epo ojjhoc (Fe3/Fe2+Fe3= 0 .07 -0 .55 ), nnja je cpejjiia  Bpej^HocT 

Hj êHTH îHa 3a o 6e rpyne (0.382), acejfcHHCKHM CTeHaMa jjaje H3pa3HTe KapaKTepncTHKe 
I-rpaHHTOHj^a, h t o  npeMa:

а) pecJiepeHTHoj BpenHOCTH, 0.315, 3a I-THn (C h a p p e ll & W h ite , 1984);
3 2 3

б) xncTorpaMy (JjpcKiieiiiiHje Fe /(Fe +Fe ) (cji. 56, 66 h 76);
3 2 3h;) K0pejian,H0H0M j;HjarpaMy Al/(Na+K+Ca) -  Fe /(Fe +Fe ) (cji. 5a),

3 2 3Jt) KopejiaitHOHOM jtnjarpaMy C/(A+C+F) -  Fe :(Fe +Fe ) (cji. 6a) h
e) K0peJiaii;H0H0M jpijarpaMy K/(Na+K) -  Fe3/(Fe2+Fe3) ( c j i . 7a).
y licin ca bhockhm ojjhocom c))epn:c})epo, Tpe6a HCTahn fla >Keji,iiiicKe creHe 

caH p*e n p H M ap H H  MarMaTCKH eniiflOT (ByKOB, 1 9 8 8 ;F o r iz s  et a l . ,  1989).
7. H ii3aK cajjpjKaj NH4 joHa, 90 g/t (N ik o lić  & P o h a r c , 1984) y 6HOTHTHMa >Ke- 

jbhhckhx CTeHa Morao 6h, npeMa HaraeM Miiiiubeii,y, TaKol)e ĵ a yKaace Ha mojio yHemhe 
cejjHMeHTHor MaTepnjajia y ncxojtHoj MarMH.

CAftPMAJ MHKP OEJIEMEHATA H TEHETCKH TH n

IIpeMa ca^p>Kajy: Rb, Sr, Ga, Zn, Ce h Y , Nb, Ce, Kao h h,hxobom ojtHocy npeMa: 
A120 3, S i0 2 ii K, a npeMa 6pojHHM jtHCKpHMHHaHTHHM KpHTepnjyMHMa (C T aB poB , 1981; 
C o lin s  et a l., 1982; P y 6 h jtp ., 1983), acejbHiicKa MarMa HMa KapaKTepncTHKe h 
Tpenj^ MarMH jty6nHCKor, 0jtH0CH0, 1-ra n a .

1. FIpeMa oĵ HOCHMa Rb, Sr, npnnajtajy MarMH j ŷ6HHCKor THna ( P y 6 h jjp., 1983), 
h najtajy y nojbe I, iia jpjarpaMHMa:

a, 6) Sr-R b h Sr-Rb/Sr (cji. 10a, 6), ca pejiaTHBiio MajiHM pacnnaibeM 'ra'iaKa. C 06- 
3HpoM Ha pa3HOJiHKOCT >Keji.HiicKHX cTeHa, Ta o c o 6HHa ce MOJKe CMaTpaTH KapaKTe- 
Phcthkom  H>HX0B0r npHMapHor ojinoca h cajip>Kaja y ncxoj(iioj Marnn, 6e3 o63Hpa jia jih 
cy y niiTaif,y MarMaTCKH hjiii MeTacoMaTCKH thh obh  CTeHa.

u;) K /R b-R b (cji. lOiij, npn 'icmv Maii.H jieo n po6a najja y iiojipv'ije neonpejiejLeiior 
h npejia3Hor Tirna.

2. Pacnojiejia Rb h K, noKa3yje CKopo JiHHeapHy 3aBHCHOCT (cji. 11) h Tpeiijj cjiin an  
'ipenjiv jiy6iiiicKHX MarMH (C T a B p o b , 1981).
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C ji . 10. JJnjarpaM M : Sr-(Rb:Sr); Sr-Rb n  (K:Rb)-Rb, 3a pa3JiHKOBaH,e cJjopM aunoH e npHnanHOCTH rpaHHTOHfla 

( H e ' i a e B a ,  1976). Ilojba CTeHa Be3aHa 3a M arM e: I- jiy6HHCKor THna, II- H3 K ope (noTKopHor THna) H 

III-npejia3Hor, HeoflpeljeHor ra n a  (P y 6  h n p .,  1983). TpaHHTOHflHe creHe )KejbHHa - •
Fig. 10. Diagrams: Sr-(Rb:Sr); Sr-Rb, and (K:Rb)-Rb for differentiation of formational granitic type 

(N e c h a e v a , 1976). Magma-related rock fields: I- deep, II- crustal (subcrustal type), and III- tran- 
sitional, indetemiined type (Rub et a l., 1983). Granitic rocks of Željin: (•).



TeH eTCK a n  repTSKTOHCKa n p m affH O C T  rpaH H TO H aa ŽKejbHHa 3 1 3

OBaj TpeHfl, Kao h  nojio^cajn MeTacoMaTCKHX CTeHa Ha jipyrHM jnijarpaMHMa y 
KojnMa c})Hrypnpa K, Morao 6 h  fla yKaxce }i;a je K iipHHeTa, BepoBaTHO noTKopHHM 
cj)jiyHjjiiMa. 

H a jiyđHHCKH hhbo reH epncaiia acejtHHCKe MarMe, h>30 km, TaKoije yKa3yjy h 
cajipacajH Rb h Sr (C onndie, 1973), HHane caraacaH ca fly6mioM KpHCTaJiH3an;Hje, oj( 
24-25 km, j(o6njene npeKO Am h B t-A m  TepMo6apoMeTpa (V u k o v , 1990).

Cji. 11, J^HjarpaM K-Rb, ca TpemiOBHMa hh6hhckhx h kop ho—najiHreHHX ranoB a creHa (C T a B p o B , 1981) h 
rpaHHTOHflHe CTeHe SKejbHHa (•).

Fig. 11. K -Rb diagrara showing trends of deep and crustal-paligenetic rock types (S ta v r o v , 1981). 
Granitic rocks of Željin : (•).

3. IIpeMa cajip:>KajHMa: Ga, Nb, Zr, Y, Ce h Zn h h>hxobom ojiHocy npeMa MaKpo- 
ejieMeHHTMa, a carjiacHO ojiroBapajyhHM pecjoepeiiTHHM BpejiHOCTHMa (C o llo in s  et al. ,  
1982), >KejbHHCKe cTeHe H M ajy  y rjiaB H O M  hjih H3pa3HTO KapaKTepHCTHKe I—rpaHHTOHjia.

C pejiaa aHajiH3a, Kao h Behnna nojejjiiHa'iHHx npo6a, najjajy nenocpejjHO y nojba 
najBehe rycTHHe nojaBJbHBaiba I—rpaHHTOHjia (Bera 6aTOJiHT, Ayc'rpajinja) hjih cy y 
H>HX0B0j HenocpejiHoj 6jiH3HHH, h ito  ce bhjih Ha jjnjaipaMHMa (cji. 12): Al20 3-G a (a), 
SiOz-G a (6), S i02-Z n (h;), S i02-C e (ji), S i02-Y  (e), S i02-N b (4)) h S i0 2-Z r (r).

HanoMHtbeMo jia S—rpaHHTOHjiH Ha ropiLHM jiiijarpaMHMa HMajy 3HaTHO BHiue ca- 
jjp>Kaje cnjiHi(nje (>70%), ojihocho Ga.
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Cji. 12. BapnjaijHOHH flHjarpaMH: : a ) Al20 3-Ga, 6 ) S i0 2-Ga, h ) S i0 2-Nb, jQ S i0 2-Zn, e) S i0 2-Zr, (J>) S i0 2- 
Ce, r) S i0 2-Y ca nojbHMa nojaB JbH Baita rpaHHTOHffa I-THna (C o llin s  e t  a l . ,  1982). TpaHHToHjjHe 

creH e )KejbHHa 03HaMeHe cy  Ta^KaMa ( • ) ,  cpe^H>a BpeflHOCT Kpy>KHheM (o).
Fig. 12. Variation diagrams: (a) Al20 3-Ga, (b) S i0 2-Ga, (c) SiOz-Nb, (d) S i0 2-Zn, (e) S i0 2-Zr, (f) S i0 2- 

Ce, (g) S i0 2-Y with fields of I-type granitoid frequency (C o llin s  et a l., 1982). Granitic rocks of 
Zeljin markd by point (•) , average value by circle (o)
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Cji. 13. flHjarpaM H0pMajiH30BaH0r  (npeM a ORG) ca«p»caja K20 ,  Rb, Ba, Th, Ce, Zr, Y (6 e3  Ta, Hf, Sm h 

Yb) 3a rpaHHTOHfle: a )  ByjiKaHCKHX jiyKOBa (VAG); 6 )  nocT-KOJiH3HOHe (post-COLG) ( P e a r c e  e t  a l ., 
1984).

Fig. 13. Diagram of normalized (after ORG) K20 ,  Rb, Ba, Th, Ce, Zr, Y (without Ta, Hf, Sm, Yb) for 
granitoids of: (a) volcanic arcs (VAG); (b) post-collision (post-COLG), (P ea rce  et a l., 1984).
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TEOTEKTOHCKA nPHHA^HOCT rPAHHTOHAA

3 a  o/jpci(6y reoTeKTOHCKe ripnuajjHOCTH, ojujocho nopeKJia MarMe, KopiicTHJiii cmo 
KpHTepnjyMe P eace  et al. (1984), 3acHOBaHe Ha ca/tpxajHMa: Rb, Ba, Th, Nb, Ce, Zr h 
Y, Tj. o/tHocy hcth x  npeMa "H0pMajiH30BaH0M" canp3Kajy (cji. 13a, 6); o/tHocy Nb~Y, 
Rb-(Y+Nb) (cji. 14a, 6), h Y, Nb, Rb npeMa S i02 (cji. 14 h;-cJ)), Kao /tpyrHM: M H iie- 

pajioniKHM, xeMHjcKHM, neTpojiouiKHM h reneTCKHM oco6nnaMa.

ORG- rp a H H T H  oKoaHCKHX rpečcHa (occau ridge granites)
VAG- rpaHHTH By.TKaHckhx rpe6eHa (volcanic arc granitcs)
\VPG- HJiaT(|x)pMHH rpaHHTH (within plate granites)
COLG- k o j i h 3h o h h  rp a H H T H  ( c o l i i s i o n  g r a n i t e s )  

syu-COLG- CHHKOJ1H 3HOHH lp a H H T H  ( s > n - c o l l i s i o n  g r a n i t e s )

C j i . 14. J^njarpaMH: a) Y -N b, 6) (Y+Nb)-Rb, L() S i0 2-Y , n )  S i0 2-N b, e ) S i0 2-Rb, 3a rpaHHTOHfle pa3JiHqHTe 
re0TeKT0HCKe npHnaHHOCTH ( P e a r e e  e t  a l . ,1 9 8 4 ) .

Fig. 14. Diagrams: a) Y -N b , b) (Y+Nb)-Rb, c) S i0 2-Y , d) S i0 2-N b , e) S i0 2-R b, for granitoids of 
different geotectonic types (P earce  et a l.,1 9 8 4 ) .

FeoTeKToncča npHna/tnocT acejbHHCKor rpaiiHToiijia obhm ncnHTHBaibHMa, HHje 
HajjacHHje oripejiejbeiia. IlpeM a neTp0Ji0iHK0-MHHepaji0uiK0-xeMHjcKHM KapaKTepnc-
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THKaMa h cajjp>KajiiMa MHKpoejieMeHaTa, oj];roBapajy nojjjejjHaKO ipaHHTOHjjHMa Byji- 
KaHCKHX jivKOBa (noce6no rpaHHTOHjiHMa T-Iiuiea), h nocT-KOJiH3HOHHM rpaHHTHMa 
(riHpnneja h hctohh hx Ajnia). C o63HpoM Ha perHOHajiHO reoJiouiKH nojioacaj, obh 
rpaHHTH, BepoBaTHO, npHnajjajv hoct-kojih3hohhm  ipaHHTOHjjHMa.

3AKJLYHAK

IIjiyTOH XejbHHa npnnajja I-THny rpamrroHj^a, cjjopMiipanoM, 3aBHCHO ojj TepMH- 
noJioriije ayTopa, H3 jiy6HHCKe ojjhociio noTKopHe Marae. IIpBo6HTHa MarMa je, jjaKJie 
HacTaJia napnnj ajiHHM cTanaiheM nnpoJiHTa (ropn,Hx rjejioisa oMOTana), Moryhe h oKeaH- 
cKe Kope, y3 jjejiHMHHHo 3axBai'aiLe h CBapHBaibe 6a3HHHor MaTepnjajia H3 jjoii,hx jjejio- 
Ba KOHTHHeHTajine Kope, Kpo3 Kojy ce MarMa KpeTajia, hjih je naK npoBo6HTHa M am a  
HacTana napijHjajiiiHM CTanaiteM jjv6okhx jiejioisa KOHTHHeHTajiHe Kope, iiojj jjejci’BOM 
noTKopHHX cjwiyHjia, h/hjih y3 cjia6nje OKHineJbaBaibe Mace CTeHa aM4)ii6 ojicKor 
cacTaBa, Te je HMana KBapiijjnopHTCKH xeMH3aM.

FeHepiicaiLe acejbHHCKe MarMe, c o63HpoM Ha pejieBaHTHe reojioniKe HiiibeHime, 
OTnoiejio je, HajBepoBaTHHje 3HaTHO nocne 3aBpmeTKa cy6jjyijHje oKeaHCKe Kope (140 
MHJI. roj^.) y HeKOj nOCT-KOJIH3HOHOj (J)a3H, H HaKOH KOMnpeCHje JJBa KOHTHHeHTaJIHa 
6jioKa h nojjBJiaHeii.a sanajjno noJioaceHe KOHTHHeHTajrae Kope (JJHE h jip.) y jjy6ji,e 
HHBoe hciioji iicTOHiie iuiOHe. y tom  CMHCJiy rpanHTOHjj >KeJi>Hiia noKa3yje HajBehy 
cjih hh oct ca rpaiiHTOiijiHMa ByjiKaHCKHX JiyKOBa, noce6HO ca rpaiiHTOHjjHMa T-IiiJiea, Kao 
h ca nocT—kojih3hohhm rpaHHTHMa IlHpHHeja h h ctohhhx Ajina.

MeTacoMaTCKe CTeHe, 36or HaKHajjiior npHHOca K (h Rb), Kojn TaKo^e BOjje no- 
peKJio H3 6a3HHHor "MarMaTCKor" MaTepnjajia (Moryhe nnpojiHTa), caMO HOBpeMeHO 
nonpHMajy o6jiejiexcja S-rpaHHTOHjja, naKO H>HMa He npHiiajja.
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GENETIC AND GEOTECTONIC TYPES OF 
ŽELJIN GRANITOIDS (YUGOSLAVIA)

by

M ilenko  V ukov

On the basis of mineral and chemical rock compositions, applying current criteria, genetic and geo- 
tectonic types are determined for the granitoid pluton of Željin (Yugoslavia). The pluton, dominantly 
determined of quartz diorite and tonalite, generally falls by most criteria into type I granitoids, formed, 
depending on author's terminology, from deep, or subcrustal magma. Hovvever, rocks of granodiorite and 
granite composition (with secondary K-feldspar) acquire, according to certain properties, the character of 
S-granitoids. Geotectonically, the pluton belongs to granitoids of volcanic arcs and post-collision zones.

Key words: rock, petrochemistry, geochemistry, geotectonics, genesis, I-granitoid.

INTRODUCTION

The granitoid pluton of Željin belongs to the extemal part of the Inner Dinarides 
(Vardar Zone). Isotopic age 17.54 to 24±3 x 106 years obtained for this pluton (V ukov, 
1989) directly substantiates the common notion of geologists that it belonged to the late 
Alpine granitoid zone, which is extending from Bogatić to Cer, Stražanica, Boranja, Go- 
lija, Željin, and Kopaonik to Surdulica (Fig. 1).

Granitic rocks of late Alpine zone were classified on age, superposition and correla- 
tion with similar volcanic and other rocks, in the light of the geosyncline development 
scheme, as synorogenic acidic plutonism, crystallized from magma generated by palinge- 
netic fusion of geosynclinal sediments.

The opinions of the origin of late Alpine granitoid zone and the associated volcanic 
rocks, emplaced in or directly by the ophiolitic melange, are somewhat controversial 
within new geotectonic, or the plate tectonics, concept.

The parent magma of Željin pluton, in the light of these opinions, which are based 
primarily on regional-geologic data, could has been generated from: (1) subduced oceanic

* University of Belgrade, Faculty of Mining and Geology, Djušina 7, Belgrade.
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crust, viz.: (a) Central ophiolite zone, (b) Vardar ophiolite zone, i.e. an ancient volcanic 
arc (in terms defmed by D im itr ije v ić , 1974; Pam ić, 1977-87), or (2) after the oceanic 
crust subduction, in the stage of two continental blocks collision (eastem microplate and 
DIE), or after it (in terms defined by K aram ata , 1974-83; K aram ata  & D jo rd jev ić , 
1980).

This paper attempts to define the genetic type, place, and source material of gene- 
rated magma, and the geotectonic type, based on mineralogical, chemical and micro- 
chemical rock properties, in the light of the new global tectonics concept.

PETROLOGY OF GRANITOIDS

Rocks of Zeljin pluton are light-coloured, light gray to dark gray, of variable quan- 
titative and mainly constant qualitative mineral composition: quartz, plagioclase (An39), 
orthoclase (Or90), myrmekite, biotite, hornblende, epidote, sphene, apatite, zircon, magne- 
tite, calcite, allanite, secondary sericite, ehlorite, clay minerals. and 40 accessory and rare 
minerals (found by panning).

The pluton is represented, in mineral and chemical compositions, by granitic rock 
species. Pluton formation was monophase in two distinetly separate subphases. In the ear- 
lier magmatic subphase, quartz diorites and tonalites (basic type) were formed. These 
species are characterized by low K-feldspar, and are designated as Željin granitic rocks 
or group 1. Subsequent late-magmatic to post-magmatic (metasomatic) K-feldspar crys- 
tallization in basic type rocks produced rocks of granodiorite to granite (subordinate) com- 
position. This subphase is desingnated as Željin granitic rocks of group 2 (V ukov, 1989).

Mineral (Hb, Bt, Pl, Ep) crystallization of the first subphase operated under the fol- 
lowing physical and chemical conditions: Ps=7(8) kbar, h=24-25 km, T«700 °C,

1 o c
H20=13-14% , PH20~6.6 kbar, and f0 2<10 ' bar, whit a partial homogenization at P«5
kbar and T=630-640 °C. In the second subphase, (superhene) K-feldspar crystallized at 
T=560-640 °C and P>4-5 kbar (V ukov, 1990).

The rocks are dominantly of calc-alkali (group 1) to calcic (group 2) eharacter and 
belong to metaaluminous (group 10 to peraluminous (prevailing group 2) types.

ANALYTICAL PROCEDURE

The data-base for paper were 36 analyses of modal mineral composition, 36 com- 
plete silicate analyses (Tab. 1), 8 microchemical analyses (Tab. 2), of the same rocks, 
and 441 analyses of alkalis (V ukov, 1986). Samples were assayed to provide as diverse 
rock species as possible, and are not a representative population by rates. However, ge- 
netic considerations are centered on group 1 rocks, quartz diorites, which have properties 
most related to the parent magma.

The techniques used in chemical analyses are: wet for main petrogenic oxides; stan-
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dard and readings on flame photometer FLAP for alkalis (K20 ,  Na20); X -ray fluorescent 
for microchemical analyses (K, Rb, Sr, Ga, Zn, Zr, Nb, Y, Ba, Th, Ce).

Grounds for detennination of the granitoid genetic type were the criteria set up by 
the theory promoters (C happell & W hite , 1974), which were later amended or partly 
revised (W hite & C h ap p e ll, 1977; C h ap p e ll, 1979, 1984; B a ck in se le , 1979; T aka- 
h ash i et a l., 1980; W hite  et al., 1982, 1986; C o llin s  et a l., 1982; C h ap p e ll & 
W h ite , 1984; B ow den et a l., 1984, etc.), and by Russian school authors (N echaeva, 
1976; S tav ro v , 1981; Rub et a l., 1983).

For genetic and geotectonic types, granitoid type, types of deposits and ore pa- 
rageneses, were not used as indications, because such occurrences, proved and verified, 
associated with Željin granitoid pluton, are nonexistent.

MINERAL/PETROGRAPHIC COMPOSITION 
AND GENETIC TYPE

The pluton of Željin has mineral composition, inclusions, REE association and con- 
tent, almost identical whit those of I type granitoids. The arguments are the following:

1. Rocks of the basic type, quartz diorite and tonalite in composition, and of meta- 
somatic type and granodiorite and granite in composition, are characterized by low quartz 
(Fig. 2), in addition to K-feldspar, like granitoids of I type (B ow den et a l., 1984; 
W hite  et a l„  1982).

2. Always present are homblende, sphene and microscopic magnetite, and common 
orthite. Always absent are: Al-silicates, cordierite, and muscovite, and accessories mona- 
zite and ilmenite (all typical of S-sype), and ilmenomagnetite and hematite, found only 
in panned samples which must not necessarily derive from granitoids.

In the opinion of this author, megascopically visible magnetite is not sufficiently re- 
liable criterion for differentiation between I -  and S-types, because its presence/absence is 
relative to the consolidation level. The presence of magnetite, Ti-magnetite and hematite 
is characteristic of granitoids at small to medium depths (M anuilova et a l., 1975), 
whereas iron from deep granitoids (as Željin pluton) is entirely or largely associated with 
Fe-M g-silicates.

3. The presence of mafic inclusions, dominantly diorite and gabbro-diorite in com- 
position, and those rich in biotite and occasionally homblende, whereas gneiss and 
metapelite inclusions are lacking.

4. Željin rocks contain <1% of accessory minerals, characterizing S-type; REE con- 
centration is not in monazite (as it is practically lacking) but in primary allanite (epidote) 
and sphene, characterizing I-type.

Allanite usually occurs centrally in epidote. The zonation of epidote-allanite grains 
is manifested in a central increased REE concentration (Ce>La, Nd and Y), gradually 
passing to the periphery into pure epidote (Panto et a l . ,  1987).
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Sphene, like allanite and epidote, as the REE distribution is concemed, have a zonal 
structure (Ce>La, Nd and Y, Th), with a central REE concentration in the grain.

CHEMICAL COMPOSITION AND GENETIC TYPE

Zeljin rocks in general, and basic groups (1) in particular, have characteristics, by 
chemical composition, especially S i02, A120 3, CaO, Na20 , K20  contents, K/Na and fer- 
ric/ferrous ratios, dominantly or only of I-granitoids. The arguments are the following:

1. Intermediate character, i.e. silica-content., possessed by rocks (1) of group 
/X (Si02)=59.40%/, appropriate to I-type. about 60% (W hite & C h ap p e ll, 1977). The 
intermediate character is visible on Q -L -M  diagram (Tab. 3, Fig. 3a).

Metasomatic rocks, however, resulting from Si supply have and acidic composition 
X (S i02)=64.07% (Tab. 1), the only thing that relates them to S-type.

2. The rocks are characterized by relatively low chemical variation, with only S i02 
and K20  slightly more variable (Tab. 1).

3. Relatively low alumina, according to reference parameters (C happell & W hite , 
1974; T ak ah ash i et a l., 1980), figuring A120 3, the rocks have dominantly (70-80% of 
cases) I-type properties, viz.:

a) by normative diopside and corundum eontents (Fig. 4);
b) by Al20 3/(Na20+K 20+C a0) ratio, to discrimination value of 1:1 (C happell 

& W h ite , 1974); and
c) by Al/(Na+K+Ca) frequency (Fig. 5c);
d) by parameters: Al-(Na+K), Ca, and (Fe2+Mg), i.e. A -C -F  (Fig. 3b).

4. Rocks are characterized by high calk, both in single specimens and separated 
groups (-5.73% and -4.65%, respectively), fitting I-type, and in agreement with:

a) mean content of CaO (3.78% and 2.49%), for I -  and S-types (C happell & 
W h ite , 1984); and

b) histogram of C/A+C+F frequency (Fig. 6c).
5. High natron and lower kali, and corresponding parameters including these, in 

agreement with reference types, give the separated rock groups the following properties:
A. Basic type rocks have properties of I-granitoids, in:

a) diagram of K/(Na+K) frequency (Fig. 7c);
b) diagram of K/(Na+K)-Fe3/(Fe2+Fe3) correlation (Fig. 7a), where they fully fit 

I-type and almost ideally separate from the metasomatic group;
c) K20 -N a 20  diagram (Fig. 8), in which the rocks correspond to mafic members 

of I-type, and agree with reference values 2.2%<Na20<3.2%, at K20<2.2% 
(C happe ll & W h ite , 1974);

d) K/Na-Al/Fe diagram (Fig. 9), where the rocks correspond to subcrustal mag- 
mas and are ideally separated from metasomatic rocks by empirical curve 
(N ech aev a , 1976).

The position of the basic group (1) in the field of subcrustal magma (Fig. 9 and 
Fig. 10) can be explained that fluids (and possibly K) originated from the mantle and
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controlled magma generation deep in continental crust, rather then the magma generation 
by partial fusion of pyrolite (and oceanic crust), because such magmas should, by passing 
through peridotite mantle, have contained ultramafic enclaves, which are laeing in Željin 
massif.

B. Metasomatic rocks, as a result of subsequent K (and Si) supply, have on the 
given diagrams (Fig. 7a and Fig. 9) only some properties of the S-type, i.e. crustal 
magma, while being essentially identical with group 1 (I-type).

Their unity, although sometimes even ideally (empirical eurve) separating into dif- 
ferent genetic types on diagrams: K/Na-Al/Fe and K/(Na+K), is expressed in a gradual 
transition, by geological observations, as in diagrams:

a) K20 -N a 20  by weight (Fig. 8) and
b) K/(Na+K)-Fe3/(Fe2+Fe3) (Fig. 7a).

6. High ferris/ferrous ratio (Fe3/Fe3+Fe2=0.07-0.55), with the mean value equal for 
both groups (0.382), gives Željin rocks properties typical of I-granitoids, viz.:

a) reference value, 0.315, for I-type (C happell & W h ite , 1984)
b) Fe3/(Fe2+Fe3) frequency histogram (Fig. 5b, 6b, 7b);
c) Al/(Na+K+Ca)-Fe3/(Fe2+Fe3) correlation diagram (Fig. 5a);
d) C/(A+C+F)-Fe3/(Fe2+Fe3) correlation diagram (Fig. 6a); and
e) K/(Na+K)-Fe3/(Fe2+Fe3) correlation diagram (Fig. 7a).

As for the high ferric/ferrous ratio, Željin rocks contain primary magmatic epidote 
(V ukov, 1988; F o rizs  et a l., 1989).

7. Low NH4 ion, 90 g/t (N iko lić  & P o h arc , 1984), in Željin rock biotites also 
can, in my opinion, indicate a low rate of sedimentary material in the parent magma.

MICROELEMENT CONSTITUENTS AND GENETIC TYPES

By its constituents: Rb, Sr, Ga, Zn, Ce, Y, Nb, Zr, and their relationship with 
A120 3, S i0 2 and K, in conformity with numerous discrimination criteria (S tav rov , 1981; 
C o llin s  et a l., 1982; and R ub et a l . ,  1983), Željin magma has characteristics and a 
trend of deep, I-type, magma.

1. By Rb and Sr rates, it is a deep magma (Rub et a l., 1983) that falls in field I 
of diagrams:

a and b) Sr-Rb and Sr-Rb/Sr (Fig. 10a, b) with relatively small point dissipation. 
Relative to the diversity of Željin rocks, this property can be considered characteristic of 
their primary rates in the parent magma, in either magmatic or metasomatic rock type.

c) K/Rb-Rb (Fig. 10c) with a smaller number of samples falling into the region of 
undeflned or transitional type.

2. Rb and K distribution shows a nearly linear relation (Fig. 11) and a trend similar 
to the of deep magma (S tavrov , 1981)

This trend, and positions of metasomatic rocks in other diagrams including K, may 
be indicative of K supply by subcrustal fluids.
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A deep level of Željin magma generation, h>30 km, is also indicated by Rb and Sr 
rates (C onnd ie , 1973), equivalent to the crystallization depth, from 24 to 25 km, as ob- 
tained by Am and B t-A m  termobarometers (V ukov, 1990).

3. By the contents of: Ga, Nb, Zr, Y, Ce, Zn, and their relationship with macroele- 
ments, in agreement with reference types (C ollins et a l., 1982), Željin rocks have 
dominantly or only characteristics I-granitoids.

The average analysis, and most of individual samples, fall directly in fields of the 
highest frequency density for I-granitoids (Bega batolith, Australia) or in their close prox- 
imity, as shown in diagrams (Fig. 12): Al20 3-G a (a), S i02-G a (b), S i02-Z n  (c), 
S i02-C e (d), S i02-Y  (e), S i02-N b (f), and S i02-Z r (g).

S-granitoids in the above diagrams have much higher silica rates (>70%), or Ga.

GEOTECTONIC TYPE OF GRANITOIDS

The criteria used in determining the geotectonic type, or magma source, are those of 
P ea rce  et al. (1984), based on consistuents: Rb, Ba, Th, Nb, Ce, Zr, and Y, their rates 
to "normalized" contents (Fig. 13 a-b); Nb-Y , Rb-(Y+Nb) ratios (Fig. 14 a-b), and Y, 
Nb, Rb to S i0 2 ratios (Fig. 14 c-f), and on other: mineralogical, chemical, petrological, 
and genetic properties.

The geotectonic type of the Željin granitoid has not been clearly defined. Granitic 
rocks, by pctrologic-mineral hemical properies and microelement constituents, equally 
correspond to granitic rocks of volcanic arcs (granitoids of Chile in particular) and 
post-collision granites (of Pyrenees and eastem Alps). These granites, for their regional 
geologic position, probably belong to the post-collision granitoids.

CONCLUSION

The pluton of Željin belongs to I-type granitoids, formed, depending on author's 
therminology, from deep, subcrustal magma. The parent magma was generated either by a 
partial fusion of pyrolite (upper mantle), and possibly oceanic crust, with partial inclusion 
and welding of basic material from lower continental crust, thorough which magma mo- 
ved, or by partial fusion of deep continental crust, under the effect of subcrustal fluids, 
and/or a weak acidification of amphibole rock mass so that it had quartz diorite chemis- 
try.

The generation of Željin magma, in respect of the relevant geologic facts, began 
quite possibly long after the completion of the oceanic crust subduction (140 mil. years) 
in a post-collision stage, and after the compression of two continental blocks and the 
subduction of the west-lying continental crust (DIE, etc.) to deeper levels under the east- 
em plate. In this respect, Željin granitoid resembles the most the granitoids of volcanic 
arcs, particularly Chile granitoids, and the post-collision granites of the Pyrenees and the 
eastem Alps.

Metasomatic rocks, as a result of subsequent K (and Rb) supply, also originating
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from the basic "magmatic" material (possibly pyrolites), only occasionally obtain proper-
ties of S-granitoid, but do not belong to it.
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