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CHEMISTRY OF AMPHIBOLES AND GEOBAROMETRY OF
INTERMEDIATE AND ACIDIC ROCKS OF SERBIA

by
Milenko Vukov* and Vladimir Pavlov**

Chemistry of Ca-araphiboles (Al) and geobarometer pair Ca—amphibole/plagiodase (Al:Si) are used
for determination of levels and pressures of consolidation of mainly young, Tertiary intermediate and acid
calc-alkaline plutons within Inner Dinarides, the Vardar zone, and the Serbo—Macedonian massif. Geo-
barometry of granitic rocks are calculated according to the basis of crystallochemical composition of amphi-
bole (Allv, Na+K, A) and on the basis of mineral pair Am—Bt (Xk2o). Other igneous rocks, plutonic (gab-
bro-diorite, olivine—gabbro, gabbro—pegmatite, ultramafite) and holocrystalline volcanic, as wel as meta-
morphosed igneous (metasyenite, amphibolite) rocks, and enclaves, for which are existing chemistry analyses
of amphiboles (plagioclases and/or biotites), are presented also, for comparation.

Key words: geobarometry, intermediate and acidic rocks, chemistry, Ca—ampbhibole, biotite, plagioclase, Ser-
bia.

Ha ocHOBy xcMH3Ma Ca-aMcjwGojia (Al) Kao h reoSapoMeTapcKor napa Ca-aM”HGoji/njiaritoKjiac
(Al:Si), onpejtejteHH cy hhboh/iipmthchm KOHCOJinnannje yrjiaBHOM MJiajtiix - TepuHjapmix HiiTcpMcniijapHHX h
khecjihx KajiKoa/iKaJtHHX njiyroHa YHyxpamftHX JfrntapHfla, Bap/iapcKc 30He h CpncKO-MaKejiOHCKe Mace.
AHajiH3HpaHa je h rcoSapoMeraja rpaHHTOHfIHHX ci'eHa npeKO KpHCTajioxeMitjcKor cacraiia a\lic|3n6ojia (All .
Na+K, A) h MHHcpajiHor napa Am-Bt (Xk20). 360or Kopejiaunje npnKa3aite cy h flpyre njiyTOHCKe (ra6p0flHO-
pHT, ojiHHHH-ra6po, raSpo-ncrMaTHT, yjrrpaMacj)HT), xojioKpHcrajiacre ByjtkaHCKe h MeTaMop4>ncatie (Mera-
cnjeHHT, aMcJjoSojiHx) MarMaxcKe creHe, Kao h aHKlJiaBe, 3a Koje nocToje xeMitjcKe aHajiH3e aM(J)H6ojia (nna-
moKJiaea h/hjih finoTHTa).

K.byrne pe>ni: reoSapoMeTpuja, HHTepMeflHjapHe a KHcejie creHe, xcMHiaM, Ca-aM(f>n6oji, 6hotht, njiarHO-
KJiac, Cpfiwja.

INTRODUCTION

Genetic types (origin) and geotectonic conditions of magma genesis, as well as phy-
sical-chemical conditions of crystallisation with the age of minerals, represent, besides
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Table 1. Chemical composition of amphibole and biotite from granitic rocks of Drenje, Kopaonik,
Golija, and Zeljin.
TaSejia 1. XeMHjcKii cacraB aMc})ii6ojia a SnoTHTa H3 rpaHHTOHHHHX crena fl,peita, KonaoHHKa, TojiHje h

/KejtHHa.
biotite (Siiotht amphibole (aMtimSoji)

Dr Kp Gl Ze Kp Gl Ze

z z Pi 8 s z z Pi 8 s
Si02 37.30 3555 36.90 37.70 36.90 36.50 47.70 4420 46.10 46.80 46.60
Ti0 2 2.78 2.65 3.32 2.48 386  2.38 1.80 1.83 1.16 1.52 1.30
aio, 15670 1855 1430 1225 1210 15.40 850 9.00 6.60 9.45 9.20
Fed, 3.85 2.23 4.04 5.61 270 853 205 578 4.48 5.78 4.98
FeO 15.46 1896 14.83 1424 1840 8.34 13.73 1123 1190 1100 9.24
FeO' 1890 20.97 1847 19.29 20.83 16.03 1557 16.43 1593 1620 13.72
MnO 0.37 043 042 071 035 0.22 043 051 0.71 0.38 0.42
MgO  11.18 8.34 1245 1323 1096 13.84 11.05 11.69 13.06 1025 12.86
CaO 056  0.72 148  2.66 123 061 9.67 1114 1183 1075 11.84
Na,0 020 0.26 023 032 018 0.4 1.84 1.39 1.56 134  0.92
k 20 9.41 8.57 8.00 6.60 8.95 7.31 1.40 175 0.84 119  0.67
PA 0.15 0.14 0.09 0.06 0.26 0.02 0.03 0.03 0.09 0.04 0.04
H,Of <01 <0.01 no <0.01 <0.01 no nr no <0.01 <0.01 0.07
H,0+ 257 3.42 3.37 3.78 290 6.64 1.98 1.57 119 211 1.32

crystallochemical formula (KpncTajioxeMnjcKa cjjopMyna)
(0=22, 14-CNK) (0=23, 13-CNK)
Si 5760 5.547 5.702 5835 5863 5.637 Si 6.973 6.546 6.800 6.896 6.775
Allv 2,240 2.453 2298 2165 2.137 2363 AT 1027 1454 1146 1104 1.225
Ti ; .054

z 8 8 8 8 8 8 z 8 8 8
AM .615 .956 .304 .068 127 438 Al6 437 116 536 351
Ti 323 311 .386 .289 461 276 Ti .198 .204 129 .168 142
Fel Fe$  .382 .665 .600 .230 517

Fext 2441 2736 2.387 2497 2768 2.070 Fe2~ 1522 1370 1311 1767 1151
Mg 2574 1940 2868 3.0563 2596 3.186 Mg 2.408 2581 2872 2252 2787

Mn .048 .057 .055 .093 .047 .029 Mn .053 .064 .089 .047 .052
Y 6.010 6 6 6 5.999 5.999 C 5 5 5 5 5
Ca .093 120 .245 441 .209 101 Ca 1515 1.768 1.870 1.697 1.844
Na .060 .079 .069 .096 055 .042 Na 485 232 130 .303 .156

K 1.854 1.706 1.577 1.303 1.814 1.440 B 2 2 2 2 2
X 2.070 1905 1.891 1.840 2.078 1583 Na .036 .167 316 .080 .104
K .261 331 .158 224 125

A 297 498 474 .304 .308



no = undermined; nr = not considered; FeO1= total iron as FeO (Fe0'=FeO+FeX %().89981); FeM, Fe™s = sto-

ichiometrically calculated.

Symbols for calc-alkaline Tertiary igneous rocks of Serbia (including enclaves and schlieren) which con-
tain Ca-amphibole: Dr = Drenje, quartz-diorite; Kp = Kopaonik (Josanicka Banja road-Kopaonik):
Kp—z — small—graind granodiorite vein, Kp-gd (unpublished) - gabbro-diorite vein, Kp-z - fine-
grained granodiorite, Kp—pi — porphyroid quartz-monzonite; G1 = Golija, quartz-monzonite (the Cr-
fia reka source); Ze = Zeljin: Ze-sr —average value for granitoid (Vukov, 1988), Ze-gd - gabbro-
—diorite (Vukov & Terzic, 1992), Ze—s — banded schlieren, Ze—a — enclave (Vukov, 1989),
Ze-ss - light scliere (Op.cit.), Ze-st - dark schliere (Op.cit.); Bg = Bogatic (unpublished): Bg-z - gra-
nular tonalite, Bg-p — porphyric tonalite; Cr = Cer (Knezevic, 1992; Knezevic et al., 1994):
Cr-gm - quartz-monzonite, Cr-a —enclave; Sr = Surdulica (Vaskovic, 1998): Sr-gnd/a - grano-
diorite (enclave), Sr-gnd - granodiorite, Sr-mg - quartz-monzonite, Sr-t/a - tonalite (enclave),
Sr-gd/a - gabbro-diorite (enclave).

Symbols for other igneous and metamorphosed igneous rocks of Serbia which contain amphibole: Lc =
Lovci, Lapovo—Jagodina (Nikolic, 1996): Lc-a - amphibolite (amphibolised ultramafite), Lc-G -
olivine—gabbro; Rs = Tara, Rastiste (Radivojevic, 1986): Rs—& - gabbro-pegmatite; Me = Mace-
donce, Medveda (Vukov & Milovanovic, 1993): Me—l - lamprophyre; Gr = Gora — Sar Mt.
(Ciric, 1994, Ciric & Milovanovic, 1996): Gr-pi - porphyroid metasyenite (with Ca-amphi-
bole); Gr—Na—Ca, Na—Am — pyroxene and amphibole metasyenites (with Na— and Na—Ca—amphi-
boles); Z1 = Zeleznik - Majdanpek (unpublished): Z1-u — metamorphosed ultrafmafite; Ts = Trstenik
— Majdanpek (unpublished): Ts—& — metamorphosed gabbros; Fg = Fruska Gora, holocrystalline la-
tite (M atovic, 1998).

no = Hiijc of/ipctjcHo; nr = hhjc pai)CHo; FeO1l= yKynHO n»»Ki)c Kao FeO (FeO=FeO+Fe2 3x0.89981); Fe2H,

Fe™8= CTCXHOMCTpHICKH M3pa>tyHaTO.
canpwe Ca-aMtJniSojie: Dr = JUpeite, KBapu-/tnopnT; Kp = KonaoHHK (nyr JomaHH'iKa Batta-KonaoHHK):
Kp-z - >KHna cnTHO3pHOr rpaHojtHopHxa, Kp-gd (Heny6jiHKOBaH0) - *Hi(a raSpoMHopHia, Kp-z - chtho-
3pHtl rpaHO/tHOPHT, K p-p - nopc|SHp<)M/(IIM KBapt}—MOHIJOHHT; G1 = TojrHja, KBaptt-MOHHOHHT (H3BOpHMITC
U,pHe peKe); Ze = X cjlhh: Ze-sr - cpeflH>a BpeflHocr 3a rpaHHTOHfl (V ukov, 1988), Ze-gd - rafipojiHO-
pHT (Vukov & Terzic, 1992), Ze-s - TpaKacre uumpc, Ze-a - aHKJtaBa (V ukov, 1989), Ze-ss - iiwh-
pa CBerjia (Op.cit.), Ze-st - iimnpa raMHa (Op.cit.); Bg = BoraxHh (HcnyfuiHKOiiaHO): Bg-z - 3pHacTH TOHa-
jint, Bg-p - nopcJmpcKH roHajiHx; Cr = L[cp (Knezevic, 1992; Knezevic et al., 1994): Cr-qm -
KBapu-MomjoHHT, Cr-a -aHKJiaBa; Sr = Cypfly*Htta (V askovic, 1998): Sr-gnd/a - rpaHO/(MOpni (aHKJia-
Ba), Sr-gnd - rpaHo;(HopHT, Sr-gm - KBapii—mohijohht, Sr-t/a - TOHajiHT (aHKjiaBa), Sr-gd/a - raépo-
;(HopHT (aHKJiaBa).

OiiiaKe ocrajinx .viarMarcKiix n MdaMopcJ)!!taiuix Mai'Maickiix creHa CpSiije Koje ca;ip»c aimjmSojie: Lc = Jlob-
Hh, JlanoBO-JarojtHHa (N ikolic, 1996): Lc-a - aMcjjHOQjiHT (aMc{)H60;iH3npaHH ympaMatJjHT), Lc-G -
0j!HBHH-ra6po; Rs = Tapa - Pacrmirre (Radivojevic, 1986): Rs-G - raSpo-nerMaTHT; Me = Mahe-
flOHite - MejtBea (Vukov & Milovanovic, 1993): Mc-1 - jiaMnpotdmp; Gr = Topa - IUap njtamiHa
(Ciric, 1994, Ciric & Milovanovic, 1996): Gr-pi - nopcjwpoHjtHH Mc'raciijchht (ca Ca-aMc|)H60-
jtom); Gr-Na-Ca, Na-Am - iiHpoKcencKH h aM4>ii6ojicKn MeTacHjeHHTH (ca Na- h Na-Ca-aM<J)H6o0-
jiHMa); ZI = /KejiesHHK - Maj/taitneK (Heny6jiHKOBaH0): Z1-u - MeTaMopcjjHcaHH yjn'paMa4)HT; Ts = Tpc-
TenHK-MajjtanncK (HenySjiHKOBaHo): Ts-G - MeTaMopclntcHH raSpoHfl; Fg = <t>pyniKa Topa, xojtoKpncra-
jiacrit jiaxHT (M atovic,!998).



petrographic, fundamental (logical and interrelated) characteristics of igneous rocks. The
knowledge of the physical and chemical conditions about crystallization of igneous rocks
in Serbia is relatively modest (Maksimovic & Jovanovic, 1984, 1988; Vukov, 1989,
1990; Vaskovic, 1998), mainly because modest knowledge about coexisteng minerals,
i.e. their chemistry (from which these inferences were deduced). More data and informa-
tion exist abaut genesis and geotectonic conditions of magma generation, especially for
those that gave young intermediate and acid calc-alkaline plutons, such as: Kosmaj (Va-
skovic, 1987), Polumir (Panto et al., 1988), Zeljin (Vukov, 1989, 1995), Cer (Stei-
ger et al., 1989, Karamata et al., 1990; Knezevic et ai.,, 1994), Boranja (Karamata
et al., 1990), and Surdulica (Vaskovic, 1998). Genetic and geotectonic characteristics
were deduced mostly according to mineral assemblages and chemical composition of
rocks (including isotope ratio).

The framework for genetic, geotectonic, and physical-chemical considerations of ig-
neous, including Tertiary, rocks of Serbia is based on the new conception of plate tec-
tonic, as products of the lithospheric plate (microplate) interactions (Karamata, 1975,
1977, 1982, 1983; Karamata & Djordjevic, 1980 etc.).

ANALYTICAL METHODS

Estimates of the crystallization pressure (Pnh,o), or depth of soliditication, for igenous
rocks of Serbia are based on the empirically and experimentally established relation be-
tween the crystallization pressure/depth and total alumina (Al) in Ca-amphiboles (Ham-
marstrom & Zen E-an, 1986; Hollister et al., 1987; Rutter et al., 1989; Johnson
& Rutherford, 1989), and the aluminium and silica distribution (and/or An% of plagio-
clase) among the coexisteng amphibole and plagioclase (Fershtater, 1990). The analy-
sis covers young Tertiary intermediate and acid calc-alkaline plutons of Bogatic, Cer,
Kopaonik, Zeljin, Golija, and Surdulica - those for which the chemistry of amphiboles
are available.

For the aim of assessment of the method applicability, geobarometry was considered
on the basis of empirical amphibole-biotite pair and amphibole geobarometer. Other
fresh, or metamorphosed igneous rocks also were studied, as well as enclaves in the
same Tertiary igeneous rocks.

Geobarometry (and geothermomotry) of amphibole-biotite pair is based on the distribu-
tion of alkalies /(X k,0) =0.5x(b'Xk,0+a"X k,0), XK,0=K:(K+Na)/, alumina content in coordian-
tion six - AIM /BArKtAM=BXAiv: AlXAi, XANEAIM:(ALM+Fe'+Mg+Ti)/, and manganese
IMKd-IXMn:(1 =X M n)/'V (I -XMn):XMn/Am, XMn=Mn:;(Mn+Fe+Mg)/ between the coexistent bi-
otite and amphibole (Perchuk & Fedkin, 1976). The amphibole geobarometer is based
on the crystallochemical composition of amphibole, or discriminants: AllV, K+Na, and va-
cancy inthe A-site, by which granitoids are distinguished as subvolcanic (and subsur-
face), hypabyssal, abyssal (and ultra-abyssal) consolidated (Manujlova et al., 1975).

For the purpose of this work, eleven samples of amphiboles and biotites from granitic
rocks of Kopaonik, Golija, and Zeljin were analysed by the conventional wet method in GI
RAS Laboratories of Moscow (Table 1). Also were considered all available (published, or
not) electron microprobe/classic chemical analyses of amphibole (and associated biotite



and plagioclase) of intermediate and acid calc-alkaline plutons (Tables 2 and 3): granitic
rocks of Zeljin (Vukov, 1988), quartz-monzonite of Cer (Knezevic et al.,, 1994),
granular and porphyritic granitoids of Surdulica (Vaskovic, 1998), granular and porphy-
ritic tonalites of Bogatic (unpublished). For an indirect confirmation of the solidification
level, were considered also enclaves in the same plutons: Zeljin (Vukov, 1989), Cer
(Knezevic, 1992; Knezevic et al.,, 1994), and Surdulica (Vaskovic, 1998). The con-
sideraton included positions of mafic, ultramafic and vein rocks of: Kopaonik gabbro-
-diorite (unpublished), Zeljin gabbro-diorite (Vukov & Terzic, 1992), Rastiste on Tara
Mt. gabbro-pegmatite (Radivojevic, 1986); metamorphosed olivine-gabbro of the Lov-
ci village, Lapovo-Jagodina (Nikolic, 1996); metamorphosed ultramafite and gabbros
rocks of Majdanpek (unpublished); porphyroid metasyenite of Gora on Sara Mt. (Ciric,
1994; Ciric & Milovanovic, 1996); lamprophyre of the Macedonce, on Medvedja
(Vukov & Milovanovic, 1993), and holocrystalline volcanic latite of Fruska Gora
(Matovic, 1998).

Calculated chemical analyses of minerals are uniformly using computer software
(Richard, 1995) into crystallochemical formulas: amphibole on 0=23 (13-CNK), biotite
on 0=22 (14-CNK), and plagioclase to 0=32. The scarcly of biotite analyses and conse-
quent low reliability of Am-Bt geobarometry did not allow precise definition of its
crystallochemical formula. Total iron (FeO"), in analyses where Fe,03is given, is recal-
culated from the following relation: FeO=FeO+Fe903X0.89981, whereas depths are cal-

culated using h(km)=3.5XPs (Ph,o).

AMPHIBOLE AND PLAGIOCLASE CRYSTALLOCHEMISTRY
AND DEPTHS OF SOLIDIFICATION

The depth level of the granitoid rocks formation in Serbia, calculated using crystallo-
chemical aluminium (A1) content in Ca-amphibole (Table 2, Fig. 1) and empirical criteria
(Hammarstrom & Zen E-an, 1986; Hollister et al.,, 1987; Johnson & Ruther-
ford, 1989), is in fair agreement with the results obtained using alumina and silica distri-
butions between the coexisting amphibole and plagioclase (Table 2, Fig. 2) and respective
criteria (Fershtater, 1990); whereas the last best agrees with P(0.5 kbar)=4.23xAl'-3.46
(Johnson & Rutherford, 1989), especially for high pressures (Table 3).

Through often based on a modest number of analyses, the study of the depth level
of formation, or the general internal pressure of solidification, principally for young
granitic rocks of Serbia, allows numerous inferences consistent with the geological and
petrological facts.

Among the studied plutons, at the deepest levels of about 17.5 km and P=5 kbar
(Table 3), were formed quartz-monzonite of Cer (Cr-gm), the older rheomorphic intru-
sion phase, and quartz-diorite-tonalite rocks of Zeljin (Ze-sr). The latter rocks, judging
by the varieties of schlieren (ss -light, st -dark, s - streaked), underwent long and poly-
phase late- and post-magmatic transformations (probably affected by retarded or supplied
fluids) during ascending to moderate depths of 10-11 km and at P=3.2 kbar. In reaction
with the same fluids, at P=3.7 kbar, were formed metasomatic gabbro-diorites (gd) as a



pargasite
ultra-abyssal (napracHT)
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- (af>Hcajmn) —
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P(+3kbar)=5.03XA1 -3.92

P(+Ikbar)=5.64X Al -4.76
P(£0.5kbar)=4.23X A11-3.46

Fig. 1 AI+-AILl diagram of amphibole for igneous rocks of Serbia. Explanation: graphical representations of
pressure, in relation to All are derived from relations: P(+3 kbar)=5.03xAl“-3.92 (Hammarstrom &
Zen, 1986), P(xl kbar)=5.64xAl'-4.76 (Hollister et al., 1987), P(+0.5 kbar)=4.23xAl-3.46 (John-
son & Rutherford, 1989); solidification levels, in function of Allv (Manujlova et al., 1975) are
felt-tip penciled: subvolcanic (and subsurface), hypabyssal, and abyssal (and ultra—abyssal); Tr = tre-
molite, G1 = glaucophane, Ha = hastingsite.

Ciji, 1. AI'-Al1 AnjarpaM aMc})n6ojia H3 MarMaTCKHX cxeHa Cp6nje. 06jauiH>eHx»e: rpacjjHMKH npHKa3H tipnxncKa,
y 3aBHCHOCXH ofl All H3Be«eHH cy H3 H3pa3a: P(+3 kbar)=5.03xAl-3.92 (Hammarstrom & Zen,
1986), P(+l kbar)=5.64XA1-4.76 (Hollister et al.,, 1987), P(£0.5 kbar)=4.23xAl“3.46 (Johnson &
Rutherford, 1989); hhboh KOHCojiimauHje, y (JjymeniijH Al'v (Manujlova, et al.,, 1975), flaxH cy Kao
occhmchh Ha3HBH: cySByjiKaHCKH (h npHnoBpmHHCKH), xrnioaSHcajiHH h a6ncajimi (h yjixpaaSiicajmii);
Tr = xpcMOJiHX, G1 = rjiayKocjjaH, Ha = xacTHHrcm'.
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Table 2. Crystallochemical composition parameters for plagioclase, amphibole,
and biotite from igneous rocks of Serbia.
Ta6ena 2. FlapaMeTpH KpHcraJioxeMHjcKor cacraisa ititarHOKJiaca, aMiJwOolia
h f>HOTHTa H3 MarMaTCKHX d 'CHa Cpfinje.
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Table 2. (continued) - TaSejia 2. (HacxaisaK).

21 Ts Gora Tara Lovci
pi (porphyroid) px (pyroxene) Rs-G G am
® o (€ @
Al 1.063 1.042 .983 .963
PI Si 2.910 2.447 3.032 3.003
Al/Si 365 425 0.324 321
An% 114 114 0.00 3.50

mn ® (1 (5) "n @ (€N “m @O @
Caz Na-Caz Naz Caz Na-Caz Naz

Al 1935 982 1090  .433 .382 325 406 719 2.278 1.883 2971
A1V 1.682 .950 1.071 .308 147 223 .357 110 1494 1.601 2.036
D/N A S H S S S S S A A A

Am Si 6.318 7.050 6.929 7.692 7.853 7.777 7.643 7.890 6.506 6.399 5.964
Al/Si 306  .139 157 .056 .049  .042 .053 091 350 .294 498
Na+K 744 537 643 1220 1804 1.062 1323 1.498 .319 .650 .753
D/N A A A A A A A A S A A
A 359 285 431 .250 258 .940 .089 114 056 425 571
D/IN A H A H H A S S S A A
XK,0 163 .169 .035

BI @ (6 4
Xk,0 721 982 974

Bt (Xk2) .442 575 504

Am P/kbar = « <1 «

(mn) = number of analyses; x = optically determined plagioclase composition; y = Mg—eummingtonite

(Fe—Mg—Mn—amphibole); z (Ca, Na-Ca, Na): Caz = Ca-amphibole, Na—Caz = Na—Ca-amphibole,
Naz = alkalic amphibole; G = gabbro; am = ampbhibolite. Other symbols same as in Table 1. Forma-
tion depth levels by crystallochemical composition of amphibole —§=40—60% (Manujlova et al.,
1975): S = subvolcanic (ALN<1, Na+K<0.44 A<0.24); H = hipabyssal (Aln=1—1.3, Na+K=0.44-0.53,
A=0.24-9.33); A = abyssal (Al% 1.3, Na+K>0.53, A>0.33); D/N = depth. P/kbar (general inner pres-
sure) = H,0 presure (from Perchuk & Fed'kin, 1976).

(mn) = 6poj aHajtH3a; ' = onTH'IKH ojipetjeH cacTaB iuiaraoKlJiaca; y = Mg-KyMHHiroHHX (Fe-Mg-Mn-aM(|>n60ji);
z (Ca, Na-Ca, Na): Caz = Ca-aMcf)H60", Na-Caz = Na-Ca-aMc})H60ji, Naz = ajiKajtHH aM<J)H6o;i; G = ra-
5po; am = aMt})ii6ojiHX. Ocxane 03HaKe Kao Ha xa6enn 1. ,ElLy6HHCKH hhboh 06pa30BaH>a npeMa Kpttcxa-
jioxeMHjckom cacxaBy aMcfmGojia -f=40-60% (Manujlova et al.,, 1975): S = cySByjiKaitcKH (Al'<I,
Na+K<0.44 A<0.24); H = XHnoaSHcajiHH (ALN=1-1.3, Na+K=0.44-0.53, A=0.24-0.33); A = aOiicajiHH
(Al1>1.3, Na+K>0.53, A>0.33); D/N = hhbo. P/kbar (onmxa yHyxpaimtH npHXHcaK) = npaxHcaK H2
(no Perchuk & Fed'kin, 1976).

lens in the highest endocontact part of the pluton (Vukov & Terzic, 1992). The
composition of the enclave from Zeljin rocks (Ze-a) indicates its homogenisation at
P=4.9 kbar, and that it is a likely residual remain of the Zeljin magma formation, unlike
the enclaves from quartz-monzonite of Cer (P=Il kbar, h=3.5 km) for which we have not
a plausible explanation.

Solidified at depth levels shallower than the former, are polyphase and polytype vol-
canic-plutonic complexes of Surdulica, Kopaonik, Bogatic, and Golija, which is principally
and indirectly confirmed by their geologic-petrologic and metallogenitic properties.

Rocks of Kopaonik complex, excluding gabbro-diorite, which formed at greatest
depths at P=3.2 kbar, are granular granitic rocks (Kp-z); at P=2.7 kbar, vein rocks
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(Kp-%); and porphyroid rocks (Kp-pi) at shallovvest levels and P=1.4 kbar, compatible
with the model of their metasomatic origin (Dimitrijevi¢ & Dragi¢, 1957; Ste-
fanovi¢ & Pavlovié¢, 1960, Dimitrijevi¢ & Karamata, 1969). Gabbro-diorite veins
of Kopaonik (Kp-gd) were solidified at greater depths, at P=3.6 kbar, then other Kopa-
onik phases. These depths are similar to those vvhere gabbro-diorite of Zeljin (Ze-gd)
and Surdulica (Sr-gd) were formed.

Table 3. Solidification (in kbar) depth levels of igneous rocks of Serbia by different criteria and sources.
TaGejia 3. BYBHHCKHhhboh KOHCojiHflaijHje (Y kbar) MarmaTckHx ci'ena CpBHjC npeM a pa'jjiH 'iH i HM
KpH icpnjyMHMa h ayropHM a.

Hbl  HbI-PI HbI-Bt Hbl  HbI-PI  HbI-Bt Hbl  HbI-PI HbI-Bt

1 2 3 1 2 3 1 2 3
Bg-z 2.6 <3-4 <1 Gl 35 (3-4) <7(?) Fg 6.8 » 6 7
Bg-p 01 05-15 « Kp-gd 3.6 2—3-4) — Gr—pi 11Q (3-4)¢
Cr-gm 49 5 7.5 Kp-z 3.2 (3-4) »(?) Gr-px «Q «" «
Cr-a 1 <15 <6 Kp-2 27 2 3 4 7 Gr-alk « Q « 1 —
Ze-a 4.9 5 <75  Kp-pi 14 <2 <5 Lc-am 91 (?)z
Ze—sr 47 <5 75  Sr-t/a 36 >3-4 <6 Lc-G 45 (f
Ze—%s 44 <5 7 Sr—gd/a 35 2—3-4) 5 Me-1 6.2 >6
Ze-§t 41 >(3-4) 7 Sr-gm 21 2—3-4) 45 Rs-G 6.2 v -
Ze-3§ 3.2 <(3-4) 6 Sr-gnd 11 <15 >15  Zl-u 47 »6X «
Ze-gd 3.7 2349 >15 Sr-gnd/a 05 >05 >1.5 Ts-G 0.7 =2X <1
1= Johnson & Rutherford, 1989; 2 = Fershtater, 1990; 3 = Perchuk & Fed'kin, 1976. x = pre-

sent metasomatic plagioclase; ' = plagioclase not analysed; z = plagioclase lacking; " = present meta-
morphic plagioclase; Q = rocks metamorphosed at P=7 kbar (Ciri¢, 1994) according to AlI" and
Na(M4) contents in alkalic amphiboles (Brown, 1977). Symbols same as in Tables 1 and 2.

1=Johnson & Rutherford, 1989; 2 = Fershtater, 1990; 3 = Perchuk & Fed'kin, 1976. x = npHcyTaH
Me racoMaTCKH iuiarnoKjiac; v = hhjc pa”eH njiarHOKJiac; z = njiarHOKJiac je OflcyraH; " = npHcy raH Mera-
MopcjjHH nnarHOKJiac; Q= creHe cy MCTaMopcjjncaiic npn P=7 kbar (Cirié, 1994) Ha ocHoily caAp>Kaja
Allv h Na(M4) y ajiKajiHHM aMcjiHdonHMa (Brown, 1977). O3HaK0 Kao Ha Ta6ejiaMa 1 h 2.

Igneous rocks of Surdulca complex formed similarly to those of Kopaonik, only in
a wider range od depth (and age). The deepest formed are more basic pre-existent rocks,
present in enclaves (Vaskovi¢, 1998), first tonalite (Sr-t/a) and later gabbro-diorite
(Sr-gd/a) at P=3.6 kbar, and P=3.3 kbar, respectively. Formed at the shallowest levels are
granodiorite (Sr-gnd) at P=I.1 kbar, and present in "enclaves" (Sr-gnd/a) at P=0.5 kbar.
The calculated depth of quartz-monzonite (Sr-qm) solidification at P=2.1 kbar is partly
contradicted by the geological facts, because this rock is believed the youngest phase
(Vaskovié, 1998) and thus should be the shallowest.

Tonalites of Bogati¢ formed: granular types (Bg-z) at P=2.6 kbar, and porphyric
types (Bg-Z) much later in shallower levels at P=0.1 kbar probably as veins, because the
former is penetrated by drilling at 1416 m and the latter on the former at 1500 m (Vu-
kov & Milivojevi¢, 1993).



Quartz-monzonte of Golija (Gl) formed at P=3.5 kbar, however, for a comprehen-
sive interpretation of the whole complex, quartz-monzonite and minerals of other rock
phases and types ought to be analysed in detail.

Crystallisation of metamorphosed igneous rocks which contain secondary Ca-amphi-
boles (and/or plagioclases), then mafic and ultramafic, and holocrystalline porphyritic rocks
are beyond the scope of this work. A piece of information is mentioned, however, or
porphyroid metasyenite of Gora (Gr-pi), metamorphosed at P=7 kbara (Ciric, 1994).
According to crystallochemical composition of Ca-amphibole and Allrelics (Table 2), the
rocks solidified at a small depth and P=1.1 kbar (Fig. 1, Table 3). A similar pressure value
is derived from the AI:Si ratio for amphibole and plagioclase (Fig. 2) assuming An=50 for
the primary plagioclase.

Fig. 2. Empirical diagram of (Al:Si)“?AnH- (Al:Si)An and pressure relationship in plagioclases and amphi-
boles from igneous rocks (Fershtater, 1990).

Cn. 2. EmuHpujcKii /jiijarpaM ojiHoca (Al:Si)"/Ann - (AlL:Si)An h npm'HCKa y nnarHOKJiacHMa h aMc(3H60jiHMa
MB MarMaTCKMX creHa (Fershtater, 1990).

Amphibole-biotite geobarometer. The pressures (depths) of igneous rocks solidifi-
cation in Serbia based on potassium potential (Fig. 3, Tables 2 and 3), or on the reduced
empirical amphibole-biotite geobarometer (Perchuk & Fed'kin, 1976), are generally
(excluding Bogatic tonalite) much higher than those determined using AMAl* (Johnson &



Rutherford, 1989) or BAMAI/SIi geobarometer (Fershtater, 1990), but the formation
sequence of the rock types is consistent with the former. This geobarometer requires a
very precise definition of the crystallochemical formula and a careful interpretation on
account of the often present potassium metasomatism and amphibole biotitisation in
granitic rocks of Serbia. An error is not excluded in our analyses, because the analysed
mineral concentrates, particularly from the rocks of Golija and Kopaonik (Kp-z), were
not sufficiently pure.

X k20 =0 ,5X(BtXK2D + AmXK2)

Fig. 3. Empirical diagram of the general pressure relation to the (Xk2o) coefficient distribution between biotite and
amphibole from granitoids (Perchuk & Fed'kin, 1976). Explanation: (XK20)=0.5X(HIXK,O+ii'XK:0),
XK,0=K:(K+Na).

Cji.3. EMnnpHjcKH flHjarpaM 3aBHCHOCTH ofl onurrer npimicKa KoecJamajeHTa pacnoflejie (Xk20) H3Met)y CHornra h
aM4>H6ojia H3rpaHHTOHjta (Perchuk & Fed'kin, 1976). OSjamH>eH,e: (XK?0)=0.5X(HIXK,0+"XK,0O),
XK,0=K:(K+Na).

Amphibole geobarometer. Relative solidification levels of granitic rocks, determined
on different parameters, i.e. on AllV content (Fig. 1, Table 2), sum of Na+K and cations
in A-site (Table 2), and amphibole geobarometer (Manujlova et al.,, 1975), are princi-
pally in agreement. Explanations of individual differences have not any specific impor-
tance at present, because the available analyses are not representative (except those for
Zeljin) in neither quantity or quality.



CONCLUSION

The congruity of the calculated solidification depths/pressures for granitic rocks of
Serbia by the amphibole geobarometer, or of the total aluminium (Al) content and the
relation P(x0.5 kbar)=4.23xAl'-3.46 (Johnson & Rutherford, 1989), and of amphi-
bole-plagioclase geobarometer and silica and alumina distribution BAT(AI:Si) between the
coexisteng minerals (Fershtater, 1990), is quite satisfactory. The sequence of phase solidi-
fication within different igneous rock complexes, determined on amphibole-biotite geo-
barometer (Perchuk & Fed'kin, 1976) and potassium potential (BAMXK2), is congruent
with the former, only the calculated pressures are much higher.

By the above mentioned criteria, quartz-monzonites of Cer (older rheomorphic
phase) and granitic rocks of Zeljin formed at the deepest levels (h>17 km). Rocks of
Surdulica, from the early phase of tonalitic (h~13 km) and gabbro-dioritic (h~11.5 km)
composition to quartz-monzonite rocks (h~7 km), formed at moderate levels, where also
formed quartz-monzonites of Golija (h=12 km), granular tonalites of Bogatic (h=9 km),
and granitic rocks of Kopaonik sequentially from granular (h~I1 km) to vein (h=9 km)
to porphyroid (h=5 km) types. Porphyric tonalites of Bogatic and the youngest granodio-
ritic rocks of Surdulica solidified at the shallowest depth levels (h<2 km).
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PE3VNME

XEMN3AM AM®PUNBOJTA U TEOBEAPOMETPUJIA
MHTEPMEANJAPHUX N KNCEJTMX CTEHA CPBEUNJE

YBO/,

FeHeTcKM TUN (MOPEKI0) U Fe0TEKTOHCKM YCNoBKM 06pa3oBarwa Marmu, Kao u ¢u-
3MYKO-XeMUJCKIN YCNIOBU KpUCTanm3alumje n CTapocT MUHepana npeacrasrbajy, nopes ne-
Tporpadckux, hyHaameHTanHe (normyHe U mehycobHO 3aBMCHE) KapaKTepUCTUKe Mar-
MaTCKMX CTeHa. NMpoyyeHOCT (PU3NYKO-XEMUjCKMX YCI0Ba KpuUcTanusaumje MarMaTckux
cTeHa Cpbuje je penaTueBHo ckpomHa (Mak51toY1lc & Joyanoyxc, 1984,1988, Yukoy,
1989, 1990; Y axkoy!c, 1998), yrnaBHom 360r cnabe MpPOy4eHOCTU KOEr3UCTEHTHUX MUHe-
pana, Tj. kBUXOBOI XeMu3Ma (Ha OCHOBY KOjWX Ce W M3BOAe OBM 3ak/byduu). HewTo je Behe
Mo3HaBakbe reHese U reoTeTKOHCKMX ycnoBa 06pa3oBarba Marmu, NocebHO OHUX U3 KOjUX Cy
06pa3oBaHn Mnafy MHTEPMeAMjapHM U KACENU KaKoanKaaHu nayToHu, Ha npumep: Kocma-
ja (YabkoYic, 1987), Monymupa (Panlo e( al, 1988), XemuHa (Yukoy, 1989, 1995),
Llepa (5lel8er e( al, 1989; Karawala el al, 1990; KnereY1C el al., 1994), bopame
(Karawala e( al, 1990) n Cypgynmue (Y abkoyjc, 1998). [eHeTCKe 1 FeOTEKTOHCKE Ka-
PaKTEPUCTUKE Cy U3BEAEHE NPBEHCTBEHO M3 acouumjaumje NeTporeHnxX MyuHepana u XeMujckor
cactaBa CTeHa (YK/by4yjyhu cagpxaj usotona).

OKBMP 32 TEHETCKA, Fe0TEeKTOHCKa M (PU3NYKO-XEMUjCKa pasmaTpama MarmaTcKux
cTeHa Cpbuje, ykbyuyjyhn v TepumjapHe, NOCTaB/bEH je HA OCHOBaMa HOBE KOHLeMuuje,
T3B. TEKTOHMKE NNo4Ya, Kao Npojykata MHTepakuuje nnova (MuMkKponaoda) nurtocepe
(Karartala, 1975,1977,1982,1983; KaraTta(a & Ojorcljeylc, 1980 u gp.).

AHAJTMTUYKIN MOCTYMAK

N3pauyHaBawe nputucka (PHD), Tj. gybuHe KOHconuaaumnje marmaTckux cteHa Cp-
6uje 3acHUBA Ce Ha eMMUPUJCKUM U eKCnepuMeHTanHUM nyTeM yTBpheHoj Be3u u3sMehy
npuTucka/gybuHe Kpuctanusauuje n yKynHor cagpxaja anymuuujyma (Al9) y Ca-amum-
6onvva (Hattar6lror & 2en E-an, 1986; Holll6ler el al, 1987; Kuler el al,
1989; John3on & K.uCher/brc!, 1989) n pacnogenu anymununje n cunuumje (n/vnn An%
nnarunoknaca) nsMehy KoersucteHTHUX amdumbona u nnarvoknaca (Perkhlaler, 1990).
AHanunsa obyxsaTa mnage - TepuujapHe UHTEPMeSMjapHE U KUCene KankoafkanHe nny-
ToHe boratuha, Llepa, KonaoHuka, Xe/mwnHa, Monnje n Cypaynuue, Tj. OHe 3a Koje no-
CTOje xemujcke aHanmse amgpubona.

Y unmby NpoueHe NPUMEH/BUBOCTM METOAA aHann3MpaHa je n reobapomeTnja 3acHo-
BaHa Ha eMnupujckom aMm@pu60n-6MOTUTCKOM Mapy M ampubonckom reobapometpy.



MpoyuyeHe cy Takce M Apyre CBeXe WM MeTamMOp(ucaHe MarmaTCKe CTeHe, Kao M
aHKnaBe y UCTUM TepuujapHUM MarmatuTuma.

FeobapomeTtpuja (M reotepmomeTpurja) ampnb0o1-6MOTUTCKOr Napa Ce 3acHMBA Ha
pacnogenu ankanuja /(Xk)=0,5x(BXK,0+AIXK,0), Xk,0=K:(K+W1a)/, anymuHunje y Koop-
AnHaumjn wect - AIM /B-ATK (JA"=B, XA XATA' 1 XAT"=A1YL(ALY+Pe'+M8+T1)/ 1 maHraHa
IMKj=Xmn: (1-Xmn)BX(1-XMn):XmMn)AYy Xmn=Mn:(Mn+Pe+M8§)/ un3mehy KOersmcTeHTHuUX
6notuta n ampuobona (Perchnk & Peclknn, 1976). Am¢unbonckn reobapomerap ce 3ac-
HMBA Ha KPUCTa/IOXEMU|CKOM cacTaBy am(pmnbona, Tj. AMCKpuMUHaHTama: AlLlY, K+Xa u ca-

OpXKajy KaTjoHa y nonoxajy A, npema Kojuma ce pasfuKyjy rpaHuTongmn cy6BynKaHCKUX
(W NpMNOBPLUMHCKUX), XnnoabucanHux, abucanHux (U yntpaabucanHux) ycnosa KOHCO-
nmgumnje (Manunjloya €l al., 1975).

3a noTpebe oBor paga ypaheHo je jefaHaecT aHanm3a amgpubona n 6uotuta K3 rpa-
HUTOMAHMX cTeHa KonaoHuka, Ionnje 1 XKerbuHa, KnacuyHUM MOKPUM nyTem y nabopa-
Topujama ' PAH y Mocksu (Tabena 1). 3a pasmatpatra cy kopuwheHe v cBe LOCTYMHe
(ny6nmkoBaHe Ay He) MUKPOXEMMjCKe/XeMMjCKe aHannse amgpubona (kao u 6uoTuTa u
naarnokiaca Koju ca kUM acoumpajy) u3 uHTepMeanjapaHuX U KUCENUX KankaoanKanHux
nnytoHa (tabene 2 u 3): rpaHuToug XemuHa (Yukoy, 1988), kBapu-moHLUOHUT Llepa

(Knexeyjc el al, 1994), spHacTu u nopgupckn rpaHuTonam Cypaynuue (Y askoyjc,
1998), 3pHacTh u nopdumpcku ToHanutn boratuha (Heny6aukoBaHo). PasmarpaHe cy,

360r MHAMPEKTHe MOTBPAe HMBOA KOHCOMMZauwuje, aHKnase U3 nayToHa: XemuHa (Yu-
Koy, 1989), Llepa (Knereyjc, 1992; KnereYic el al, 1994) n Cypaynuue (Y akkoyjc,
1998). AHanusupaHe cy 1 nosuuuje 6asnyHUX, ynTpabasuuyHUX U XUYHUX CTeHa U3 ra-
6pogmopmTta KonaoHuka (Hemy6nvMkoBaHo), rabpoguoputa XemnHa (Yukoy & Ter-
21¢, 1992), rabpo-nermaTtuta PactuwTa Ha Tapu (KacWyojeYic, 1986); metamopduca-
HUX 0NMBUH-TabpoBa - ceno Jloeuyw, Jlanoso-JarogunHa (141kollc, 1996); metamopguca-
HUX ynTpamagura u rabpouga kog MajaaHneka (Heny6/aMKOBaHO); NOPPUPOMIHUX Me-

TacujeHuta Nope - Lap nnaHuHa (C 1¢, 1994;C1c & MTMoyanoyjc, 1996); namnpo-
(mpa MahegoHua - Megseha (¥Yukoy & MTMoyanoylc, 1993) n xonokpucranactmx
BY/nKaHuUTa - natuta ®pywke Nope (MaioYic, 1998).

Cse kopuwheHe XeMUjcKe aHanm3e MUHepana cy, 6e3 063upa Ha U3BOPHY nuTepaTy-
py, jefHO0Opa3Ho nmpepavyHarte ynotpe6om padyHapckor cogteepa (Kncharc!, 1995) Ha

KpucTanoxemujcke gopmyne: amgpuéon Ha 0=23 (13-CUK), 6uotnt Ha 0=22 (14-C1YK)
nnnarnoknac Ha 0=32. 360r ocKyfgHor 6poja aHanusa 6MOTUTA 1 CaMUM TUM Mane noys-

faHoctn AT-Bl-reo6apomeTpuje, HUICMO MOCEBHO yTauyraBanu KpUCTanoxXemMujcky gop-
Myfly 0BOI MuUHepana. YkynHo reoxhe (PeOJ) y aHanu3ama rge je pato PeX 3 npepayyHa-
TO je npeko m3pasza pe0=pe0+ped X0,89981, foK cy AybuHE M3payvyHaTe NMPeKo M3pasa
h(kT)=3,5xP$ (PH,0).

KPUCTANTOXEMWNICKN CACTABU AMPUNBOJIA N TINTATNNOKNACA U
AYBUHCKWN HNBO KOHCOJIMOALWMIE

[y6uHCKM HMBO 0bOpas3oBamwa rpaHMTOMgHUX cTeHa Cpbuje m3padvyHaT npema Kpu-
CTa/IOXEMMJCKOM cagpxajy anymuHumje (Al9) y Ca-amcunbonmnma (tabena 2, cn. 1) n emnu-
pujckmx kputepmjyma (Hatrtar51rotr & 2en E-an, 1986; Hollller el al, 1987;
Johnkon & Pwulherlorcl, 1989) conugHo je carnacaH ca pesyntatuma LOOWjeHUM Ha



OCHOBY pacnofene aflyMUHHje 1 cunmumje namehy KoersmcTeHTHUX amubona u niarvo-
knaca (Tabena 2, cn. 2) n ogrosapajyhux kputepujyma (Perxhiazer, 1990), npu yemy je
Hajseha carnacHocT nocnegwer ca mspasom P(0,5 khar)=4,23xAl'-3,46 (Johnkon &
Ku'lher(or(1.1989), a noce6Ho 3a Behe nputucke (tTabena 3).

M3BpLeHOM aHannm3oM fy6MHCKOr HMBOa 06pa3oBama, O4HOCHO OMWTEr YHYTpaL-
Her NPUTUCKa NPy KOHCONMAaumju, NpoyyaBaHnx yrnaBHOM MAaanX rpaHUTOUAHMX CTeHa
Cpbuje, a nopep Hajuewhe CKpOMHOr 6poja aHanusa, Mory ce fOHeTU BPOjHU 3aK/byuLu
YrNaBHOM CarfacHu ca reo/owKo-neTPooWw KUM YnNbeHnLama.

Op npoy4yaBaHMX MAYTOHA Y Hajay6/bMM HUBOMMA, HA fy6uHM of 0Ko 17,5 ki 1 P=5 khar
(tabena 3), obpasoBaHu cy kBapL-MOHLOHUTK Llepa (Cr—n) - cTapuja peoMopHO - WH-
Tpy3uBHa (pasza, Kao M KBapLgMOpPUTCKO-TOHaNUTCKe cteHe XKembunHa (2e-6r). MNocnegwe
Cy TOKOM u3fu3aka, cygehu no pasnnmyutum Tunosmma wavpa (88 - cesetnux, 8§l - Tam-
HWX, § - TpakacTux), Tpnene AyroTpajHe v BuweasHe KacHOMarmMarcke v noctmarmar-
CKe TpaHcopmaLuuje (BepoBaTHO NOJA YyTULAjeM 3a0CTauX M NPUHETUX Gaynaa) cse Jo
ofrosapajyhux ymepeHux aybuHa of oko 10-11 kT u npu P=3,2 khar. MNog yTtuuajem
nctnx hnymga obpasosaHm cy, npu P=3,7 Khar, u metacomartcku raépogmoputy (8cl) Koju
rpafe CoYMBO Y HajBMLUEM €HAOKOHTaKTHOM [enoBy nayToHa (Yukoy & Terzic, 1992).
CacTaB aHK/1aBa U3 XXe/bMHCKNX CTeHa yKa3syje fla Cy OHe XOMoreHu3oBaHe npu P=4,9 khar, Te
[la BepOBATHO NpeACTaB/bajy pe3ngyaiHn ocTaTak 3a0cTao npy 06pasoBarby Xe/bMHCKe Mmar-
Me, 3a pasfMKy Off aHKnaea W3 KBapu-moHuoHuTa Liepa (P=1 khar, h=3,5 KT) 3a Koje
HemMaMo JIOFMYHO reo0/IOWKO 06jalltberbe.

Y nanhum fy6UMHCKUM HWBOMA, Of NPBMX, KOHCONMAOBAHM Cy MOAM®Ma3HW W NOAu-
TUHHUW BYNKAHCKO-NNYTOHCKM Komnnekcn Cypaynuue, KonaoHuka, boratuha u Nonuje,
KOje YyrnaBHOM 1 MHAWPEKTHO NOTBPRYjY U HUXOBE reo/IOWKO—AETPOIOWKE U MeTano-
FeHeTKe KapaKTepUCTUKe.

Of cTeHa KONMaoHWYKOr KOMMeKca, nsysumajyhu rabpognoput, y Hajsehum fybuHa-
ma npu P=3[ khar, o6pa3oBaHu cy 3pgactu rpaHmtongm (Kp-r); 3atum npu P=2,7 Khar
Xun4yHe cteHe (Kp-/); gok cy nopdupounaHun tunosun (Kp-pj) obpasosaHun y Hajnnnhum
HuBOMMA M TO npu P=1,4 Khar, carfiacHoO MULL/beY O HUXOBOM METACOMATCKOM MOpPeKny
(Olrwirljeylc & Ora8lc, 1957; 6”elanoyjc & Payloylc, 1960, OwlllnjeYlc &
KarataCa, 1969). 3HauajHo je ga cy xuue rabpogmnoputa KonaoHunka (Kp-«cl) KoHco-
nngoBaHe Ha Behum fybuHama, npu P=3,6 Khar, y ofgHOCY Ha Apyre konaoHuyke thase. Te
Ly6uHe cy nHave 6nucke gybuHama Ha Kojuma cy obpasoBaHu rabpoguooputu XKembunHa
C2e-8c1) n Cypaynuue (6r-§cl).

Marmarcke CTeHe CypLy/IMYKOr KOMMeKkca 06pa3oBaHe Cy CAMYHO KOMAOHWUUKUM,
anu ca WMpUM UHTepBanom aybuHa (v ctapoctu). Y Hajsehum fybrHama o6pa3oBaHu cy
6a3nMyHMj NPeTXOLHMLM, MPUCYTHM Kao aHknaee (Y askoyjc, 1998), npBo ToHanuTu
($r-1/a) a notom u rabpoguoput (5>r-8cl/a), n To npu P=3,6 Khar, ogHocHo P=3,3 khar. ¥
Hajnmhum HMBOMMa 06pa3oBaHm cy rpaHoguopuTy npu P=1,1 khar (8r-8ncl), a npucyTHM
Kao "aHknaee" (6r-8nc!/a) npn P=0,5 khar. Vi3pauyHaToj AyO6uUHM KOHCONMAaLMje KBapL -
-MOHUOHMTA (8r-uT) - P=2,1 Khar, JOHEKNe NPOTMBYpPeYe reo/oLKe YNbEHULIE, jep ce
cmatpajy Hajmnahom ¢asom (YaSkoylc 1998) koja 6u 360r Tora Tpebana 6UTU U Haj-
nnuha.

ToHanntn Boratnha o6pasoBaHu cy npn P=2,6 khar - 3pHacTy Tunosu (B§-r), fok
cy nopgupckn Tunosu (B8-r) o6pa3oBaHM 3HATHO KacHuje y navhuM AYyOUHCKUM



HuBovMa npu P=0[, khar, BepoBaTHO Kao >uue, jep je npeu (r) HabyweH Ha 1.416-om
MeTpy, a apyru (2) y npsom Ha 1.500-om meTpy aybuHe (Yukoy & MJIHyojeyxc, 1993).

KBapumoHuoHTH Monuje (C1) o6pasosaHu cy npu P=3,5 khar, anu 6u 3a uenosuTnje
carnefaBarme LUenor Kommnnekca ob6aBe3HO Tpebaso [eTa/bHO aHanu3upaTu MuHepane
KBapL-MOHLOHMTA Ka0 U MUHepasne Apyrux hasa u TUnosa CTeHa.

KpucTtanusaymja metamop@ucaHux marmMarCKuMx CTeHa Koje cajp)Xe CeKyHAapHe
Ca-ammnbone (W/vnmn nnarnoknace), 3aTum 6asnyHnX 1 ynTpadbasmyHux, Kao n XooKpu-
cTanactmx NopUPCKUX CTeHa, 360r CreunMYHNX KapakTepucTuKa W OrpaHUYeHoCTH
npocTopa HWCy npefgMeT MpoyyaBawa OBOr paja. M3gBajamo, MefyTuM, Kao WMHTepe-
CaHTHe nojaTtke fobujeHe 3a nopgumpongHe metacujHuTe Fope (Cr-pj), meTamopgucaHe
npu P=7 khara (C Te, 1994). NMpemMa KpUcTanoxemmjckom cacTtasy penukara Ca-amgu-
6ona n Al (Tabena 2) KOHCONMAOBaHMW Cy BPA0 NANTKO, npu P=11 kBar (cn. 1, Tabena 3).
CnuyHa BpefHOCT npousnnasn u u3 ogHoca AL51 amdubona n nnarnoknaca (cn. 2) y3
npeTnocTaBky fa je npumapHu nnaruoknac An=50.

AMPpnN601-6MOTUTCKN reobapomeTtap. M3padyHatu nputucuy (gy6uHe) npu KOHCo-
nujaunju marmaTckmx cteHa Cpbuje, fobujeHM Ha OCHOBY MoTeHuwnjana kKanuje (cn. 3;
Tabene 2 n 3), Tj. pefyKOBaHOr emnupujckor ampunoon-6uoTUTCKOr reobapomeTpa
(Perchuk & Pecl kT, 1976), yrnaBHom cy (u3y3mmajyhu ToHanute boratuha) 3HaTHO
BuLWIKN (M npeko 3 Khara) of UCTUX onpefe/bHUX nNpema reobapometpy ATAI (Johnson &
Knlherlorcl, 1989) n RAALSL (Perkhll er, 1990), anu je pegocnes o6pa3oBawa TUMOBA
YHyTap Komnekca carnacaH npsum. OBaj reobapomeTtap W3WCKyje BPAO NPELU3HO yTa-
YraBatbe Kpuctanoxemujcke opmyne u onNpesHy UHTepnpetauujy 360r 4ecTo MPUCYTHe
Ka/JiMjcke MeTacomaTose u 6uotuTuU3auunje ammnobona y Hawmm rpaHMTonHUM cTeHama. Y
HallMM aHanM3aMa BepOBATHO je NPUCYTHA W rpelka 360r HefO0BO/bHO YMCTUX KOHLEH-
TpaTta aHanM3npaHux MuHepana, Nnoce6Ho n3 cteHa ca Fonnje n KonaoHka (Kp-r).

AmMdubonckm reobapomeTap. PenaTMBHU HUBOWU KOHCONMAALM]jE TPAHUTOUAHUX CTe-
Ha OMopejerbeHN npeMa pasnMuUTUM napaMmeTpuma, Tj. npema cagpxajy ALY (cn. 1,
Tabena 2), cymu Ne+K u KatjoHa y nosuvumju A (tabena 2) n amdpumbonckom reobapo-
meTpy (Manujloya €l al, 1975), yrnasHoM cy meljyco6Ho carnacHu. Ob6jalltberwa noje-
[LMHAYHMX OACTYMawa Yy OBOM TPeHYTKY HeMajy Behy cneunduyHy Texuny, jep noctojehe
aHann3e Mo KBaHTWUTETY WM KBANMTETY Hajuellhe HUCY penpe3eHTaTMBHe (U3y3umajyhu
YKE/bUHCKe).

3AK/bYYAK

Mpema M3BPLLEHOj aHaNM3M NOCTOjU COMIMAHA CarnacHOCT u3padyyHaTux gyouHa/mpu-
TUCKa KOHco/MUauwnje rpaHUToMAHMX cTeHa Cpbuje npema am@ubonckom reobapo-
MeTpy, Tj. cagpxajy ykynHe anymuHuje (A1) v irrara P(x0,5 khar)=4,23XN\I"-3,46 (John-
50N & Pulherlorcl, 1989) kao u amgunb6on-nnaruoknacHor reobapomerpa u pacnogene

cunuumje n anymmHunje LLAU(A1:81) nmehy koeramcteHTux MuHepana (Per8hlaler, 1990).
Pepocnes KoHconugauuje nojeAMHNX asa yHyTap pasnuyuuTuX MarmMarckux KOMMIekca,
onpegesbeH npema amuoon-6noTutckom reobapometpy (Perchuk & Pecl kT, 1976)
n noteHumjanyrkanvje (BLAIXKD), carfacaH je NpeTxofHOM, anu Cy mM3padyyHaTu npu-
TUCLM YTIaBHOM 3HATHO BULLN.

Mpema npsuM KpuTepujymmma y Hajay6/eum Husouma (h>17 k1) ob6pasoBaHu cy
KBapL-MoHUOHUTK Llepa (cTapunja peomopdHa ¢hasza) u rpaHuToMaHe cTeHe XKebuHa. Y



YMepPeHNM HMBOMMA 06pa3oBaHe Cy cTeHe Cypaynuue, nMoyeB 0f paHUX (haza TOHaNIUTCKOTr
(h=13 kw) un rabpogunoputckor (h=115 kW) cacrasa, MNOTOM KBapL-MOHLOHUTCKe CTEHe
(h=7 Kw). ¥ uctum H1BoMMa 06pa3oBaHu cy 1 KBapL-MOHLOHWUTK Tonunje (h=12 Kkuw), 3p-
HacTu ToHanuTu boratuha (h=9 KT) u rpaHuToMaHe cTeHe KonaoHuka, no cnegy og 3p-
Hactux (h=11 KT), npeko xuyHux (h=9 KT) go nopdpupongHux (h=5 KT) TMnNosa. Y Haj-

navnhum gy6uHckum HuBommMa (h<2 KT) 0o4BpCAM Cy MOPMPCKM TOHaNUT bBoratuha v Haj-
mnahe rpaHognMopuTcKe cTeHe Cypaynuue.



