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THE POLUMIR GRANITE ‡ ADDITITIONAL DATA ON ITS ORIGIN 

by 

Milenko Vukov* and Dragan Milovanovi}* 

The Polumir granite is exposed on several localities due to erosion, and its chemical and mineral 
composition is presented in this paper. It is built of K‡feldspar, plagioclase, myrmekite, metasomatic albite, 
biotite, muscovite and quartz, while apatite, magnetite, monazite, allanite and zircon are present as accessory 
minerals. 

According to its chemical and mineral composition and rock chemistry (trace and REE elements) the 
Polumir granite is leucocratic, sin‡collisional, with S‡type characteristics. It crystallized at temperature of 
about 650°C and under pressure of 2‡4 kbar. Results of isotope analyses (K‡Ar method on biotites) indi-
cate that the Polumir granite was formed during the Miocene (14‡19 Ma) and it has undergone subsequent 
weak remobilization afterwards. 

Key words: granite, chemistry, rock, mineral, plagioclase, K‡feldspar, muscovite, biotite, geobarometer, 
genesis. 

U radu je prikazan hemijski i mineralni sastav polumirskog granita koji je otkriven erozijom na 
vi{e lokaliteta. Izgra|en je od K‡feldspata, plagioklasa, mirmekita, metasomatskog albita, 
biotita, muskovita i kvarca. Od akcesornih minerala javqaju se apatit, magnetit, monacit, alanit i 
cirkon. 

Prema mineralnom i hemijskom sastavu polumirski granit pripada leukokratnom sinkolizionom 
S‡tipu granita koji je kristalisao na temperaturi od 650°C i pritisku od od 2‡4 kbar. Na osnovu 
izotopske starosti (K‡Ar metodom na biotitu) stvoren je u miocenu (14‡19 mil. godina) uz kasniju 
slabiju remobilizaciju. 

Kqu~ne re~i: granit, hemizam, stena, mineral, plagioklas, K‡feldspat, muskovit, biotit, geobaro-
metar, geneza. 

INTRODUCTION 

The Polumir granite is located in the southeastern part of the ^emerno Mt. (1200 m 
above the sea level) between Pade` and the river Ibar (Fig. 1). Due to erosion, it has 
been exposed on several localities: Duboki potok, Lu~ki potok, Mr{ave livade, Venac and 

                                   
* University of Belgrade, Faculty of Mining and Geology, Dju{ina 7, 11 000 Belgrade (e-mail: 

vukovmilenko@beotel.yu; milovdr@beotel.yu). 



M. Vukov and D. Milovanovi} 168 

Pade`. Fine‡grained granites, mainly of vein character, as well as pegmatites and aplites 
from the central part of the ^emerno Mt. (1300 m above the sea level), are not presented 
in this paper.  
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Fig. 1. Geological sketch map of Polumir region. Legend : Sbi = biotite schists, Sse‡ muscovite schists, 

M‡ marble, Se‡ serpentinite, Gr‡ granites, Q‡ deluvium; 23‡ Locations of sampling for chemical 
analyses. 

Sl. 1. Geolo{ka skica {ireg podru~ja Polumira. L e g e n d a : Sbi‡ biotitski {kriqci, Sse‡ sericitski 
{kriqci, M‡ mermeri, Se‡ serpentiniti, Gr‡ graniti, Q‡ deluvijum; 23‡ mesta hemijski 
analiziranih uzoraka. 

Chemistry and petrology of the Polumir granite has been poorly studied and thus 
poorly known until now. Before sixties, these acid igneous rocks were only mentioned in 
passing, or they were studied from a general point of view (Maksimovi} & Divl jan, 
1953; Simi} , 1956; Simi} , 1957). The first petrological data were given by Uro{evi} 
et al. (1966) and Brkovi} et al. (1977). A petrological description of the Polumir 
granite was given by Vukov (1980, 1981, and later in 1995). Panto et al. (1988), 
discussed chemical composition and origin of accessory minerals. Nikol i} & Po-
harc‡Logar (1984) investigated the NH4‡ion content in biotittes from the granitic rocks 
at some of the mentioned localities. Results of petrological and chemical research on 
granites from majority of the mentioned localities are presented in this paper. According 
to the obtained data, physical‡chemical conditions of crystallization of these granites, as 
well as their genetic‡geotectonic setting, are analysed. 

ANALYTICAL TECHNIQUES 

Major and trace element compositions of the Polumir granite were determined by 
X‡ray fluorescence spectrometry (XRF), while rare earth elements (REE) concentrations 
were measured by Inductive Coupled Plasma spectroscopy (ICP) at the Federal Institute 
for Geosciences and Natural resources in Hanover (Germany). 
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Table 1. Chemical composition of Polumir granite. 
Tabela 1. Hemijski sastav Polumirskog granita. 

major elements ‡ glavni elementi (wt%) trace elements ‡ mikroelementi (p.p.m.) 
 2m 23 71 84 91  2m 23 71 84 91 

SiO2 69.86 70.94 72.56 71.85 70.95 Rb 175.00 223.00 254.00 214.00 220.00 
TiO2 0.297 0.286 0.207 0.263 0.299 Sr 391.00 357.00 175.00 255.00 287.00 
Al2O3 15.28 15.27 14.87 15.27 15.02 Ba 592.00 435.00 382.00 471.00 476.00 
Fe2O3

& 2.34 2.04 1.69 1.72 2.42 Nb 7.51 8.500 9.15 9.960 9.69 
Fe2O3* 0.31 0.27 0.22 0.23 0.32 Zr 136.00 136.00 107.00 129.00 133.00 
FeO* 1.81 1.58 1.31 1.33 1.87 Yy 5.60 7.88 6.51 6.95 7.75 
MnO 0.040 0.051 0.022 0.017 0.039 Zn 50.00 67.00 36.00 30.00 78.00 
MgO 0.46 0.46 0.26 0.38 0.42 V <5.00 18.00 17.00 <5.00 10.00 
CaO 2.01 1.94 1.04 1.35 1.56 Sc 2.00 2.00 1.60 2.10 2.30 
Na2O 3.65 3.76 3.15 3.07 3.33 Cr 5.00 <3.00 <3.00 7.00 9.00 
K2O 3.98 3.70 4.57 4.05 4.08 Co 2.10 1.90 2.60 1.60 2.20 
P2O5 0.129 0.129 0.147 0.131 0.168 Hf 2.00 2.20 2.30 2.30 2.00 
SO3 0.26 0.09 <.01 <.01 <.01 Ta 1.02 1.28 1.45 1.70 1.68 
Cl 0.011 0.005 0.007 0.012 0.005 Th 10.70 13.40 12.80 14.00 14.70 
F 0.061 <.02 <.02 0.139 0.032 Ga 17.50 17.60 18.10 19.10 19.20 
LOI 1.29 0.98 1.16 1.48 1.34 Ni 16.00 <3.00 6.00 10.00 14.00 

CIPW-norm Cu <10.00 <10.00 <10.00 <10 <10.00 
Q 28.16 29.86 34.22 35.27 31.81 Uy 1.69 1.79 1.87 2.09 1.80 
C 1.61 1.85 3.20 3.72 2.96 Li 65.90 117.00 41.10 92.70 90.50 
Or 24.06 22.24 27.48 24.46 24.61 Sn 6.60 14.70 6.10 6.90 6.60 
Ab 31.53 32.30 27.07 26.49 28.70 As 1.80 1.20 1.90 2.20 2.50 
An 9.43 9.01 4.37 6.06 6.89 In 0.031 0.024 0.032 0.027 0.042 
En 1.18 1.17 0.66 0.97 1.07 Tly 1.07 1.38 1.44 1.39 1.40 
Fs 2.70 2.32 1.94 1.89 2.80 W 0.50 0.69 0.82 1.01 0.57 
Mt 0.46 0.40 0.33 0.34 0.48 Be 5.80 7.10 5.12 7.06 6.22 
Il 0.58 0.56 0.40 0.51 0.58 Cs 6.23 13.30 5.88 11.2 7.74 
Ap 0.29 0.29 0.33 0.29 0.37 Cd 0.170 0.022 0.035 0.054 0.053 
Al 76.50 76.00 74.00 76.50 75.00 Pb 29.10 27.90 32.20 26.60 31.00 
ΣFe 28.00 24.00 19.00 20.00 29.00 Sb 0.14 0.12 0.18 0.19 0.15 
Al/Fe 2.73 3.17 3.89 3.80 2.59 Mo 0.20 0.21 0.15 0.18 0.24 
mg 0.31 0.35 0.28 0.34 0.30 Bi 0.30 0.45 0.12 0.81 0.58 
K:Na 0.71 0.64 0.94 0.86 0.80  REE elements 
K:/K+Na 0.42 0.39 0.48 0.46 0.44 La 15.20 20.30 15.20 20.80 21.40 
A.I. 0.67 0.67 0.68 0.62 0.66 Ce 33.20 42.10 37.30 44.00 45.70 
mg = Mg:(Mg+Fe2+) Pr 3.66 4.70 3.64 4.64 4.88 
A.I. = (Na2O+K2O):Al2O3 Nd 13.80 17.50 13.70 17.40 18.20 

Sm 2.59 3.30 2.84 3.34 3.45 
Eu 0.45 0.49 0.32 0.42 0.46 
Gd 2.03 2.59 2.23 2.63 2.73 
Tb 0.27 0.35 0.31 0.34 0.36 
Dy 1.33 1.73 1.50 1.60 1.74 
Ho 0.22 0.29 0.24 0.26 0.28 
Er 0.60 0.82 0.63 0.69 0.76 
Tm 0.077 0.110 0.089 0.093 0.100 
Yb 0.48 0.72 0.56 0.60 0.67 

 

Lu 0.076 0.110 0.083 0.089 0.099 

Localities (lokaliteti): 2m, 23‡ Duboki potok (≈300 m/nv), 71‡ Lu~ki potok (≈500 m/nv), 84‡ Mr{ave 
livade (≈950 m/nv), 91‡ Venac (≈1050 m/nv); &‡ total (ukupno) Fe as (kao) Fe2O3; *‡ calculated (pre-

ra~unato) FeO: Fe2O3= 0.15 (FeO+Fe2O3); Fe2O3=Fe2O3+FeO×1.11135. 
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Major and trace element compositions were determined in 5 granite samples (Table 
1) from Duboki potok, Lukovski potok, Pade` and Mr{ave livade (Fig. 1). 

Chemical composition of main/principal minerals in the same rock samples was de-
termined using the Electron Microprobe CAMECA at the Mineralogical‡Petrographical 
Institute in Hanover, under following conditions: 20 kV, 15 nA, for a 10 seconds. 61 mi-
croprobe analyses were performed (Tables 2‡5) for the following minerals: plagioclase 
(17), K‡feldspar (17), biotite (15) and muscovite (12). 

GEOLOGY 

The Polumir granite is a geological body which is, due to erosion, exposed et seven 
localities that cover the area of about 2.5 km2. It was considered to be a concordant in-
trusion in the "Mr{ave Livade Seriae" (Simi}, 1957), i.e. in the upper part of the Upper 
Paleozoic Lower Studenica Series (Simi} , 1956) which was primary composed of 
clayey, marly, sandy and carbonate sediments, with subordinated diabases and tuffs. En-
domorphic changes within granites are weak. Chilled margins, thermal metamorphism and 
contact‡metasomatism, as consequences of the temperature differences between granites 
and the surrounding rocks, were also noted. 

The reason for the different opinions concerning the age of the Polumir granite: the 
Paleozoic‡Late Hercynian (Uro{evi} et al., 1973; Brkovi} et al., 1977): the Carbonif-
erous (Maksimovi} & Divl jan, 1953) or the Permian (Simi}, 1957), resulted from 
the different dating of the Studenica Series. Isotope ratio (K/Ar‡analyses on biotites) 
yields the Miocene age, i.e. 14‡19.6 Ma (Vukov, 1980; Stajevi} , 1980; Delaloye et 
al., 1989), while according to the results obtained by the same method, the fine‡grained 
"monzonites" from the central part of the ^emerno Mt. are younger – about 9 Ma 
(Deleon, 1969). 

Observing the contact‡metamorphic changes and strongly sheared contacts between 
the Polumir granite and the surrounding rocks, variable degrees of K‡feldspar latice or-
dering, plastic deformations of micas and feldspars, the Polumir granite was intruded into 
this level as a crystallized mass for the most part, or as reomorphic, heated and uplifted 
granitic mass (Vukov, 1981). 

PETROGRAPHY 

The Polumir granite is medium‡grained (1‡3 mm) rock, light‡gray to palepink in 
colour, sometimes darker (with clearer schistosity), with hypidiomorphic granular texture. 
It has a schistose structure, usually well‡expressed, especially on margins, i.e. on the 
contacts with surrounding rocks. 

Main minerals are: orthoclase (‡2V=45‡64°, ∆=0.10‡0.12), microcline (‡2V=78‡86°, 
∆=0.75‡93), orthoclase‡microperthite, microcline‡microperthite, plagioclase (An12‡44, 2V=80‡98°), 
myrmekite, biotite (‡2V≈11°), muscovite (‡2V≈39°) and quartz. New formed minerals: 
biotite, muscovite and feldspar – albite, were also noted. Apatite, monazite, xenotime, 
allanite, zircon and magnetite were identified as accessory minerals (as the primary ones), 
while the secondary minerals are: sericite, chlorite and clay minerals (Vukov, 1981; 
Panto et al., 1988). 
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K‡fe ldspars occur as grains up to 3 mm in size, and they make about 28 to 42% 
vol. of rock. They contain perthite exsolutions. K‡feldspars are sometimes transformed 
into microcline or mirmekite. Large K‡feldspar grains (up to 2‡3 mmin size) often en-
close plagioclase, biotite and muscovite, and are almost always cataclased or deformed. 

Plagioclases make from 12 to 25% vol. of the Polumir granite. They occur as de-
formed and cataclased individual subhedral grains up to 5 mm in size (usually about 2 mm). 
They are associated either with orthoclase grains with often intergrown myrmekite, or they 
occur as individual grains in a fine‡grained quartz mass. 

Biot i te is presented by banded, parallel oriented, lath‡like grains with average size 
of about 1‡2 mm. It makes about 5‡8% vol. of rock. Biotite is sometimes slightly chlo-
ritized and limonitized with exsoluted dusty magnetite along the cleavage planes. 

Muscovi te is less abundant than biotite and makes from 0.5 to 4.5 % vol. of rock. 
Muscovite occurs as banded, lath‡shaped flakes up to 2 mm in size, usually associated 
with biotite, whereas post‡kinematic muscovite is rare. 

Quartz makes from 34 to 45% vol. of rock. It is present, either as individual 
grains up to 2 mm in size, which show undulatory extinction, or as fine‡grained aggre-
gates between large feldspar or mica grains. Fine‡grained, monomineral and lense shaped 
aggregates of quartz, up to few cm in length, were also observed. 

Among the accessories, apat i te , zi rcon and magnet i te occasionaly occur as in-
clusions in biotite, and they are rarely associated with muscovite. They were also observ-
ed in rock mass, and their grain size never exceeds 0.3 mm. 

Fine‡grained seric i te is the dominant secondary mineral which replaces mostly 
K‡feldspar, while less abundant chlor i te replaces biotite. 

According to the content of ferromagnesian minerals (M=7‡10%) the granite is leu-
cocratic, i.e. it belongs to two‡mica syeno‡ to monzo‡granites with S‡type characteris-
tics (Fig. 3). The A=Al‡(K+N+2Ca)≈50 and B=(Fe+Mg+Ti)<50 ratios correspond to the 
two‡micas mineral association, muscovite>biotite and biotite>muscovite (Debon & Le 
Fort , 1988). These data are in agreement with earlier conclusions that the Polumir gran-
ite belongs to S‡type granites. 

CHEMICAL COMPOSITION 

After microscopic investigation, 5 samples of granites from four localities were 
chemically analyzed (Fig. 1). Chosen samples contain less than 3% vol. of sericite and 
chlorite. According to the major element content (Table 1), the Polumir granite corre-
sponds to acid ‡ SiO2=69.9‡72.6%, low alkaline (Σalk=7.1‡7.8%), peraluminous rock 
(Fig. 2) with Al2O3‡(Na2O+K2O)>1. It shows high content of Al2O3 (with normative co-
rundum from 1.6 to 3.7%), very low agpaitic coefficieent ‡A.I.<0.6‡0.7 and relatively 
low Na2O content. 

CHEMICAL COMPOSITION OF MINERALS 

Chemical composition of minerals was determined on samples from the mentioned 
localities, which were selected after a detailed microscopic study. Special attention was 
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payed to representative samples, chosen according to the content and size of main/prin-
cipal minerals, fabric and alteration degree. As it has been already mentioned, chemical 
composition of K‡feldspar, plagioclase, biotite and muscovite was determined. 
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Fig. 2. The ACNK‡ANK diagram (Mania r  & P icco l i , 1989) for the Polumir granites. 

Explanations: ANK = Al2O3‡(Na2O+K2O), ACNK = Al2O3‡(CaO+Na2O+K2O). 
Sl. 2. ACNK‡ANK dijagram (Mania r  & P icco l i , 1989) stena Polumirskog granita. 

Obja{wewe: ANK = Al2O3‡(Na2O+K2O), ACNK = Al2O3‡(CaO+Na2O+K2O). 
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Fig. 3. QAP diagram (Le Ma i t r e , 1989) for the Polumir granites (Vukov, 1981) with marked positions 

of I‡, S‡ and A‡type of granite (Bowden et al., 1984). 
Sl. 3. QAP dijagram (Le Ma i t r e , 1989) stena polumirskog granita (Vukov, 1981) sa polo`ajem 

granitoida I‡S‡ i A‡tipa (Bowden et al., 1984). 

K‡fe ldspar . Chemistry of this mineral was determined (Or82.5‡92.9Ab7.1‡17.3An0.0‡0.3) 
on fresh or slightly altered (replaced by sericite or clay minerals) grains, over 1 mm or 
smaller in size. Chemical composition of K‡feldspar with plagioclase, biotite, muscovite 
and quartz inclusions was also determined, but it didn't show any regularity. 

Because the K‡feldspars are transformed to a different extent, either in microcline 
(from 0.10‡0.12 to 0.75‡0.93) or in perthite, they are of very variable composition. The 
largest amount of sodium, from 1.4‡1.93, was noted in the hypsometrically highest part 
of the granite body, i.e. at Mr{ave livade and at Pade` (Table 2, analyses 13‡17, Fig. 4). 
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In granites from "deeper" level (Duboki potok, Lu~ki potok) the sodium content is lower 
and equalized, from 0.77 to 1.24 (Table 2, analyses 1‡12, Fig. 4). 

Table 2. Chemical composition K‡fepdspar. 
Tabela 2. Hemijski sastav K‡feldspata. 

Duboki potok 
Lukovski 
potok 

Mr{ave 
livade Pade` 

 

2 23 71 84 91 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

SiO2 64.53 64.25 62.37 63.96 63.82 64.35 64.52 64.11 63.04 64.77 64.22 63.59 64.22 64.26 64.60 64.12 63.98
TiO2 0.01  0.01 0.01 0.02 0.01 0.01 0.01  0.02 0.02 0.01 0.01
Al2O3 18.45 18.54 18.41 19.09 19.09 18.57 18.99 18.89 18.95 19.05 19.08 19.05 18.97 18.89 19.21 19.07 18.92
Cr2O3 0.01  0.01 0.02 0.02 0.02   
FeO  0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.03 0.01 0.04 0.01 0.02 0.02 0.02 0.02 0.02
NiO   0.01 0.02 0.03  0.01 0.01 0.03
MnO 0.01 0.02 0.01 0.02 0.02 0.01  0.02  0.01
MgO 0.01  0.01 0.01 0.01    
CaO 0.02 0.01 0.04 0.02 0.03 0.05 0.06 0.02 0.06 0.03 0.02 0.01 0.03 0.04 0.06 0.05 0.04
Na2O 0.77 1.02 0.99 1.00 0.99 1.21 1.09 1.10 1.24 0.98 0.94 0.79 1.06 1.93 1.78 1.79 1.41
K2O 15.25 15.41 14.79 15.14 15.16 15.02 14.79 15.09 14.76 15.20 15.40 15.70 15.11 13.95 14.18 14.16 14.62
 99.05 99.28 96.64 99.25 99.16 99.25 99.50 99.18 99.13 100.06 99.74 99.17 99.45 99.13 99.87 99.21 99.04
 O=8 
Si 2.977 2.986 2.974 2.969 2.967 2.986 2.980 2.975 2.960 2.979 2.970 2.963 2.974 2.975 2.969 2.968 2.973
AlIV 1.009 1.015 1.034 1.043 1.045 1.015 1.033 1.032 1.048 1.032 1.039 1.045 1.035 1.030 1.040 1.040 1.035
Fe  0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001
Ca 0.001  0.002 0.001 0.001 0.002 0.003 0.001 0.003 0.001 0.001 0.001 0.002 0.003 0.002 0.002
Na 0.069 0.092 0.092 0.090 0.089 0.109 0.098 0.099 0.113 0.087 0.084 0.071 0.095 0.173 0.159 0.161 0.127
K 0.904 0.914 0.900 0.989 0.899 0.889 0.871 0.893 0.884 0.892 0.909 0.933 0.893 0.824 0.831 0.836 0.867
Ab 7.1 9.1 9.3 9.1 9.0 10.9 10.1 10.0 11.3 8.9 8.5 7.1 9.6 17.3 16.0 16.1 12.8
An 0.1 0.0 0.2 0.1 0.1 0.2 0.3 0.1 0.3 0.1 0.1 0.0 0.1 0.2 0.3 0.2 0.2
Or 92.8 90.9 90.5 90.8 90.9 88.9 89.6 89.9 88.4 91 91.4 92.9 90.3 82.5 83.7 83.8 87.0
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Plagioclase . Chemistry of plagioclase was determined using fresh, both fine and 
coarser grains, with or without other mineral inclusions. According to their chemical 
composition (Table 3), plagioclases correspond to oligoclase (Fig. 4). They are zoned, 
with up to An30 in central parts and with about An16 in more sodic marginal parts. The 
most basic plagioclases were distinguished in granites of Pade`, with 30.2% of anorthite 
component (Table 3, analysis 15). This could be explained by its "chilling", which would 
confirm that this exposure represents the apical part (?) of the granite body. 

Fig. 4. Or‡Ab‡An diagram for feldspars (Deea r et
al., 1962) from the Polumir granite. 

Sl. 4. Or‡Ab‡An dijagram (Deea r  et al., 1962)
feldspata polumirskog granita (albite = al-
bit; oligoclase = oligoklas; andesine = andezin;
labradorite = labrador; bytownite = bitovnit;
anorthite = anortit. 
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Myrmekite occurs in marginal parts of plagioclase grains which are intergrown 
with K‡feldspar. Concerning its chemical composition, mirmekite corresponds to oligo-
clase or albite (An1.6‡22.8Ab75.4‡96.5Or1.1‡1.9) i.e., it is more acid than the coarser, individual 
plagioclase grains. Metasomatic myrmekite which is present in a very small amount, cor-
responds to albite with An1,6 (Mr{ave livade). Within the granites of Pade`, plagioclase 
from mirmekite contains about 20% An (Table 3, analyses 16 and 17). 

Table 3. Chemical composition of plagioclase. 
Tabela 3. Hemijski sastav plagioklasa. 

Duboki potok 
Lukovski 
potok Mr{ave livade Pade`  

2 23 71 84 91 
 1M 2C 3 4 5 6M 7C 8 9 10M 11C 12 13Ab 14C 15M 16My 17My 

SiO2 63.30 63.29 62.44 63.92 61.98 62.61 62.31 63.89 63.06 63.91 62.92 63.81 63.16 62.94 59.60 63.14 63.04 
Al2O3 21.99 22.04 23.14 22.38 23.94 23.01 23.56 22.94 23.71 22.40 23.38 23.4 23.16 23.27 25.04 23.01 23.17 
FeO  0.03 0.01   0.01  0.01 0.03 0.02 0.02 0.01 0.02 0.01 
MnO    0.02 0.05  0.02 0.02 0.01 0.02 0.02 0.02  
CaO 4.37 4.47 4.77 3.09 4.86 4.08 4.30 3.44 4.09 3.41 4.18 3,73 0.29 4.12 6.38 4.07 4.07 
Na2O 9.43 9.39 8.80 10.01 8.90 9.16 9.07 9.86 9.47 9.65 9.04 9.65 9.88 9.32 7.95 9.40 9.48 
K2O 0.29 0.35 0.30 0.27 0.33 0.28 0.22 0.21 0.21 0.31 0.32 0.22 0.29 0.39 0.33 0.20 0.32 
 99.40 99.6 99.48 99.72 100.09 99.17 99.5 100.38 100.61 99.76 99.93 100.83 100.15 100.09 99.38 99.84 100.14 
 O=8 
Si 2.821 2.817 2.780 2.831 2.749 2.793 2.772 2.812 2.775 2.830 2.786 2.797 2.849 2.785 2.674 2.797 2.789 
AlIV 1.154 1.155 1.213 1.167 1.250 1.209 1.234 1.189 1.229 1.168 1.219 1.208 1.230 1.213 1.323 1.200 1.207 
Ca 0.209 0.213 0.228 1.147 0.231 0.195 0.205 0.162 0.193 0.162 0.198 0.175 0.014 0.195 0.307 0.193 0.193 
Na 0.815 0.810 0.760 0.860 0.765 0.792 0.782 0.842 0.808 0.828 0.776 0.820 0.864 0.800 0.692 0.807 0.813 
K 0.016 0.020 0.017 0.015 0.019 0.016 0.012 0.012 0.012 0.018 0.018 0.012 0.017 0.022 0.019 0.011 0.018 
Ab 78.4 77.7 75.6 84.1 75.4 79.0 78.3 82.9 79.8 82.1 78.2 81.4 96.5 78.7 68.0 79.8 79.4 
An 20.1 20.4 22.7 14.4 22.8 19.4 20.5 15.9 19.1 16.1 20.0 17.4 1.6 19.2 30.2 19.1 18.8 
Or 1.5 1.9 1.7 1.5 1.9 1.6 1.2 1.2 1.2 1.8 1.8 1.2 1.9 2.2 1.9 1.1 1.8 

M = Marginal (obod zrna), C = Centar (centar zrna); Ab = Metasomatic albite (metasomatski albit); 
My = Myrmekite (mirmekit). 

Biot i te is usually partly chloritized. Chemical composition of biotite was deter-
mined either on a lath‡like grains without dusty magnetite along the cleavages, or on 
finer laths included in plagioclase and on laths intergrown with muscovite. Neo‡biotite 
was also analyzed. 
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According to its chemical composition (Table 4, Fig. 5), biotite 

(Na.02‡,04K1.84‡1.88Ca.00‡.03Mg1.18‡1.51Mn.02‡.09Fe
2+

2.21‡3.22Al.69‡1.01,Ti.07‡.41Si5.35‡5.44Al2.54‡2.65) corresponds to 

Fig. 5. Composition of biotite from the Polumir
granite. (AlVI+Ti)‡Mg2+‡(Fet+Mn2+) (Fos t e r ,
1960, cit. Wernick & Teuppenhayn ,
1999). 

Sl. 5. Dijagrami sastava biotita iz polumirskog
granita. (AlVI+Ti)‡Mg2+‡(Fet+Mn2+) (Fos t e r ,
1960, po Wern ick & Teuppenhayn ,
1999). 
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lepidomelan with uniform composition within the whole Polumir granite. The exception 
is neo‡biotite, which contains lesser amount of titanium (Table 4, Duboki potok). 

Table 4. Chemical composition of biotite. 
Tabela 4. Hemijski sastav biotita. 

Duboki potok Lukovski potok Mr{ave 
livade Pade`  

2 23 71 84 91 
 1 2 3 4n 5pk 6 7 8n 9n 10 11 12n 13n 14 15 
SiO2 33.97 34.38 34.77 34.73 34.27 34.56 34.56 35.55 35.01 35.22 34.82 34.43 35.31 34.76 34.94
TiO2 3.32 3.33 3.12 0.62 3.00 3.21 3.12 2.53 3.25 3.55 3.49 3.13 3.01 3.55 3.21
Al2O3 18.04 18.14 18.85 19.37 18.37 18.30 18.82 19.06 18.88 18.83 18.92 18.98 18.93 18.25 18.76
FeO 22.79 22.73 22.37 21.60 24.63 21.79 22.02 24.29 23.80 24.48 24.24 23.14 23.65 23.76 23.36
NiO 0.02 0.01 0.01 0.03 0.02 0.01 0.02 0.01    
MnO 0.39 0.38 0.33 0.37 0.68 0.55 0.60 0.33 0.41 0.39 0.49 0.33 0.18 0.50 0.46
MgO 6.34 6.32 6.82 7.74 5.42 6.10 6.56 5.60 5.51 5.08 5.15 5.39 5.96 5.92 5.79
CaO  0.20 0.01 0.02 0.01 0.02 0.02 0.02  0.03  
Na2O 0.11 0.14 0.07 0.06 0.10 0.07 0.08 0.08 0.11 0.09 0.10 0.10 0.01 0.14 0.14
K2O 9.25 9.37 9.16 9.31 9.30 9.32 9.41 9.52 9.59 9.58 9.54 9.22 9.44 9.40 9.45
 94.24 94.85 95.70 93.84 95.81 93.93 95.19 97.00 96.57 97.26 96.76 94.74 96.61 96.30 96.13
 O=22 
Si 5.350 5.373 5.355 5.436 5.353 5.426 5.358 5.441 5.387 5.393 5.361 5.380 5.410 5.370 5.390
AlIV 2.650 2.627 2.645 2.564 2.647 2.574 2.642 2.559 2.613 2.607 2.639 2.620 2.590 2.630 2.610
AlVI

 0.696 0.712 0.774 1.006 0.732 0.810 0.794 0.876 0.808 0.789 0.791 0.873 0.826 0.691 0.798
Ti 0.393 0.391 0.361 0.073 0.352 0.379 0.364 0.291 0.376 0.409 0.404 0.368 0.347 0.413 0.372
Fe 3.002 2.971 2.881 2.827 3.217 2.861 2.855 3.109 3.062 3.135 3.121 3.024 3.030 3.070 3.014
Mn 0.052 0.050 0.043 0.049 0.090 0.073 0.079 0.043 0.053 0.051 0.064 0.044 0.023 0.065 0.060
Mg 1.488 1.473 1.566 1.806 1.262 1.428 1.516 1.278 1.264 1.160 1.182 1.256 1.361 1.364 1.332
Ca  0.033 0.002 0.003 0.002 0.003 0.03 0.003  0.005  
Na 0.034 0.042 0.021 0.018 0.030 0.021 0.024 0.024 0.033 0.027 0.030 0.030 0.030 0.042 0.042
K 1.858 1.868 1.800 1.859 1.853 1.867 1.861 1.859 1.882 1.871 1.874 1.838 1.845 1.853 1.860
f 0.67 0.67 0.65 0.61 0.72 0.67 0.65 0.71 0.71 0.73 0.73 0.71 0.69 0.69 0.69
l 0.25 0.25 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.27 0.26 0.25 0.26
a' 1.34 1.33 1.30 1.30 1.32 1.27 1.27 1.28 1.26 1.26 1.25 1.22 1.28 1.33 1.27
b' 1.60 1.61 1.57 1.52 1.58 1.60 1.55 1.58 1.57 1.59 1.56 1.54 1.58 1.62 1.58

Fe2+& = Fet/1.23; f= Fet:(Fet+Mg); l = Alt:(Si+Al+Fet+Mg); a' = (Mg+Fet):Alt, b'= Si/Alt.;  
n= neo (neo), pk = poikilitic (poikilitski). 

Muscovi te . Chemistry of muscovite (Table 5) from all localities was determined 
by using either individual large (over 2 mm) deformed and undeformed laths, or the laths 
intergrown with biotite. The obtained data show its uniform chemical composition 
(K1.71‡1.83Na0.12‡0.19Al3.57‡3.66Ti0.08‡0.12Mg0.14‡0.17Si6.10‡6.15Al1.85‡1.91). Muscovite is characterized 
by rather high TiO2: Fe2O3 ratio and low MgO content (Fig. 6a). The muscovite in 
granites from Mr{ave livade and Pade` has lower content of sodium (Na2O=0.48‡0.49) 
than the muscovite in granite from Duboki and Lu~ki potok (Na2O is 0.63 to 0.74 %) 
(Fig. 6b). 

CRYSTALLISATION CONDITIONS AND GENETIC‡GEOTECTONIC 
SETTING OF THE POLUMIR GRANITE 

Chemistry of biotite, muscovite and feldspar from the Polumir granite enabled de-
termination of P‡T conditions of the magma crystallization. 
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Table 5 Chemical composition of muscovite. 

Tabela 5. Hemijski sastav muskovita. 

Duboki potok Lukovski potok Mr{ave 
livade Pade`  

2 23 71 84 91 
 1 2 3 4 5 6 7 8 9 10 11 12 

SiO2 46.89 46.14 45.89 46.31 45.77 46.05 46.30 46.03 45.45 45.89 45.37 46.09
TiO2 1.00 0.83 0.94 0.79 1.07 1.17 0.86 0.97 1.12 1.13 1.33 1.28
Al2O3 35.40 35.19 34.51 35.58 35.02 35.34 35.09 35.69 34.12 34.67 34.14 35.00
Cr2O3 0.01 0.02 0.01 0.03 0.01 0.01 0.01
FeO 1.51 1.53 1.66 1.57 1.73 1.60 1.62 1.55 1.64 1.63 1.56 1.56
MnO  0.03 0.02 0.03 0.02 0.04 0.03 0.01 0.03 0.03 0.03
MgO 0.82 0.80 0.84 0.77 0.78 0.76 0.75 0.70 0.80 0.77 0.76 0.76
CaO 0.03  0.01  0.01 0.03 0.01
Na2O 0.63 0.63 0.70 0.72 0.71 0.74 0.74 0.66 0.48 0.49 0.48 0.48
K2O 10.33 10.34 10.27 10.17 10.39 10.41 10.27 10.48 10.61 10.71 10.47 10.64
 96.62 95.52 94.84 95.99 95.49 96.13 95.68 96.09 94.28 95.33 94.17 95.86
 O=22 
Si 6.155 6.134 6.151 6.122 6.102 6.095 6.146 6.089 6.144 6.132 6.133 6.120
AlIV 1.845 1.866 1.849 1.878 1.898 1.905 1.854 1.911 1.856 1.868 1.867 1.880
AlVI

 3.627 3.644 3.599 3.661 3.600 3.603 3.632 3.649 3.576 3.588 3.568 3.593
Ti 0.099 0.083 0.095 0.079 0.107 0.116 0.086 0.097 0.114 0.114 0.135 0.128
Cr 0.001 0.002 0.001 0.003 0.001 0.001 0.001
Fe2+ 0.166 0.170 0.186 0.174 0.193 0.177 0.180 0.171 0.185 0.182 0.176
Mn  0.003 0.002 0.003 0.002 0.004 0.003 0.001 0.003 0.003 0.003
Mg 0.160 0.159 0.168 0.152 0.155 0.150 0.148 0.138 0.161 0.153 0.153 0.150
Ca 0.004  0.001  0.001 0.004 0.001
Na 0.160 0.162 0.182 0.185 0.184 0.190 0.190 0.169 0.126 0.127 0.126 0.124
K 1.730 1.754 1.756 1.715 1.767 1.758 1.739 1.769 1.830 1.826 1.806 1.802
XNa 8.47 8.45 9.39 9.74 9.43 9.75 9.85 8.72 6.44 6.50 6.52 6.44

XNa = Na:(Na+K). 
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Fig. 6. Discrimination diagram (Monie r  et al., 1984) for muscovite from the Polumir granite:  

a) TiO2‡Fe2O3‡MgO diagram and b) frequency distribution histogram Na:(Na+K). Muscovite from the 
leucogranite (massif Millevaches ‡ French Massif Central): I‡ magmatic, II‡ late to post‡magmatic, 
III = hidrothermal. 

Sl. 6. Diskriminacioni dijagrami (Monie r  et al., 1984) muskovita iz polumirskog granita:  
a) TiO2‡Fe2O3‡MgO dijagram i b) histogram frekvencije Na:(Na+K). Muskovit iz leukogranita 
(massif Millevaches ‡ French Massif Central): I‡ magmatski, II‡ kasno do postmagmatski,  
III‡ hidrotermalni. 
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Biot i te crystallized, according to its chemical composition, in stable P‡T condi-
tions, at relatively shallow depth and at moderate‡to‡low temperature (Fig. 7). High 
/f=Fe:(Fe+Mg)/ ratio, within the range 65‡73%, suggests a crystallization temperature for 
biotite of about 650°C (Ivanov, 1970). 
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Chemical composition of biotite, including neo‡biotite (MgO‡FeOt‡Al2O3, Nock-

olds , 1947), is analogous with that of biotite associated with muscovite which occur in 
two‡mica granites and gneisses, (Si:Al)‡(Mg+Fe):Al, Maraku{ev & Tararin, 1965; 
Fig. 8), pointing indirectly to an equilibrium with muscovite. 
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High content of NH4‡ions (254 ppm) in biotite (Nikol i} & Poharc‡Logar , 1984) 
is typical for the S‡type granite. 

Concerning the ratio between TiO2, Fe2O3 and MgO, muscovite most likely crystal-
lized directly from the melt (together with biotite), rather than by a post‡magmatic rins-
ing (MgO etc.), although some muscovite from the upper part of the Polumir granite 
pluton (Mr{ave livade, Pade`) contain smaller amount of sodium (XNa=6.44‡6.52), 
which makes them close with post‡magmatic muscovite (Monier et al., 1984, Fig. 6b). 
The existence of the primary muscovite is in accordance with the literature data (Ander-
son & Rowley, 1981; Monier et al., 1984). 

Fig. 7. I‡f diagram for biotite composition from the
Polumir granite as a function of chemical
potential of K and water (Ivanov , 1970).
f=Fet/(Fet+Mg); l=Al/(Si+Alt+Fet+Mg). 

Sl. 7. I‡f dijagram sastava biotita iz stena
polumirskog granita u funkciji hemijskog
potencijala kalije i vode (Ivanov , 1970).
f=Fet/(Fet+Mg); l=Al/(Si+Alt+Fet+Mg). 

Fig. 8. (Si:Al)‡(Mg+Fe)/Al diagram (Maraku-
{ev & Tara r in , 1965) for biotite from the
Polumir granite. I‡ twomica granite (gneis-
ses), II‡ pegmatites, III‡ biotite granite,
IV‡ granodiorite, V‡ acid efusive rocks,
VI‡ charnockite. 

Sl. 8. (Si:Al)‡(Mg+Fe)/Al dijagram (Maraku-
{ev & Ta ra r in , 1965) biotita iz stena
polumirskog granita. I‡ dvoliskunski gra-
niti (gnajsevi), II‡ granitski pegmatiti,
III‡ biotitski graniti, IV‡ granodioriti,
V‡ kiseli efuzivi, VI‡ ~arnokiti. 
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The eutectic minimum for the Polumir granite, calculated on the basis of normative 
QAbOr, was at T=670‡655°C under P=2‡4 kbar (Fig. 9). Similar or identical crystalliza-
tion conditions are suggested for the crystallization of muscovite. 
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The two‡feldspars geothermometer of Stormer (1975) applied to the Polumir gran-

ite gave temperatures of about 400 to 550°C for per thi te exsolut ion. Formation of 
perthite within K‡feldspar (with Ab16‡17) in the highest part of the Polumir granite 
(Pade`, Mr{ave livade) where the plagioclase is the most basic (with up to Ab68), ceased 
at the temperature of about 550°C. More intense transformation of K‡feldspar (Ab 
7‡10%) associated with plagioclase (nearly 80% of Ab) into perthite occured in the 
lower parts of the pluton (Duboki and Lu~ki potok), at temperature of about 400°C. This 
was probably connected to subsequent metamorphism ‡ remobilization (together with 
shearing, microclinisation and, probably weak Si‡Na‡metasomatism). Calculated tem-
perature using the supposed pressure of 2 kbar, corresponds to the eutectic minimum of 
P=2‡4 kbar (Fig. 9). 
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According to the mineral and chemical composition, the Polumir granite originated 
by melting of continental crust and, according to various criteria, it has the S‡character 
(Chappel & White , 1974; Ne~aeva, 1976; White & Chappel l , 1977; Pearce & 
Gale , 1977; Takahasi et al., 1980; White et al., 1982, 1986; Coll ins et al., 1982; 
Rub et al., 1983; Chappel l , 1984; Bowden et al., 1984, etc.). 

Distribution of K and Rb (Fig. 10), as well as identical content of light rare earth 
elements in the Polumir granite to that in an average composition of continental crust, 
favours this hypothesis (Taylor & McLennan, 1985, Fig. 11). Eu anomaly points to 

Fig. 9. Q‡Ab‡Or diagram of normative
composition of the Polumir granites with
melting temperatures for pressures from
2, 4 and 10 kbar (Vink le r , 1979). 

Sl. 9. Normativni Q‡Ab‡Or dijagram stena
granita polumira sa temperaturama
stapawa za pritiske od: 2, 4 i 10 kbar
(Vink le r , 1979). 

Fig. 10. (K:Rb)‡Rb diagram of different genetic magma
types (Rub et al., 1983) with marked position of
the Polumir granite. Exp lana t ion : I‡ plutonic
(under crustal) magmas, II‡ crustal magmas
(palingenic) and III‡ of non‡determined origin. 

Sl. 10. (K:Rb)‡Rb dijagram genetskih tipova magmi
(Rub et al., 1983) sa polo`ajem polumirskog gra-
nita. O bj a { we we : I‡ dubinske (potkorne) mag-
me, II‡ magme iz kore (palingene) i III‡ neodre|eno
poreklo. 
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the fractionation of plagioclase from the melt, while lower values of heavy REE, com-
pared with an average composition of continental crust could be explained by lesser 
amount of ferromagnesian mineral. 
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On the basis of certain trace elements content (Table 1; Fig. 12a‡c), as well as on 
the basis of relations in the field, the Polumir granite represent a sin‡collisional (Pearce 
et al., 1984; Harr is et al., 1986), peraluminous granite, i.e. leucogranite (Batchelor & 
Bowden, 1985) which is in agreement with its overall chemical features. 

10

1.0

0.1

0.1 1.0 10

2000
R =6Ca+2Mg+Al2

R =4Si-11(Na+K)-2(Fe+Ti)1

1500

1000

500

0
0 500 1000 1500 2000 2500 3000

1

2
3

4

5 6
7

Ta
(ppm)

Yb (ppm)

Rb

Hf Ta 3×

a b

c

VAG

VAG

sin-COLG

sin-COLG
post-COLG

WP

WPG

ORG

 
Fig. 12. Diagrams for granite geotectonic setting determination: a) Ta‡Yb (Pea rce  et al., 1984.), b) 

Rb‡Hf‡Tax3 (Ha r r i s  et al., 1986), c) R1‡R1 (Ba tche lor  & Bowden , 1985) with marked positions 
of the Polumir granites. Explanation: a‡b) granites; WPG‡Within Plates, ORG‡ Ocean Ridges, VAG‡ 
Volcanic arc, Sin‡COLG‡ Sin‡Collision, Post‡COLG‡ Post‡Collision; c) 1‡ Mantle‡Fractionates, 2‡ 
Pre‡Plate Collision, 3‡ Post‡Collision Uplif, 4‡ Late‡Orogenic, 5‡ Anorogenic, 6‡ Sin‡Collision, 7‡ 
Post‡Orogenic. 

Sl. 12. Dijagrami za ocenu geotektonske pripadnosti granitoida: a) Ta‡Yb (Pea r ce et al., 1984.), b) 
Rb‡Hf‡Tax3 (Ha r r i s  et al., 1986), c) R1‡R1 (Ba tche lor  & Bowden , 1985) sa polo`ajima stena 
polumirskog granita. Obja{wewe: a‡b) graniti: WPG‡ unutar plo~a, ORG‡ okeanskih grebena, 
VAG‡ vulkanskih lukova, sin‡COLG‡ sinkolizioni, post‡COLG‡ postkolizioni; c) 1‡ 
frakcionisawem mantla, 2‡ pre kolizije plo~a, 3‡ postkoliziona uzdizawa, 4‡ kasnoorogeni, 
5‡ anorogeni, 6‡ sinkolizioni, 7‡ postorogeni. 

Fig. 11. The rare earth elements content within the
Polumir granite normalised to average compo-
stiion of continental crust (Taylo r  &
McLennan , 1985). 

Sl. 11. Sadr`aji mikroelemenata REE polumir-
skog granita normalizovan na prose~ni
sastav kontinentalne kore (Tay lo r &
McLennan , 1985; rock = stena, continental
crust = kontinentalna kora).
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CONCLUSION 

According to its mineral and chemical composition, the Polumir granite belongs to 
S‡type granites. It crystallized from the magma which had been generated by partial 
melting in the upper levels of continental crust. During the Paleogene, in the Vardar 
Zone, i.e. in the collisional zone between two continental blocks, the Eastern microplate 
and the Drina‡Ivanjica Element granitic rocks were intruded. Afterwards, under the ex-
tensional conditions during the Miocene, partial melting occurred and new magma was 
generated. These melts, analogous to S‡type magmas, were intruded into higher level, 
and the Polumir granite originated by their crystallization. The granite was remobilized 
several times when the fine‡grained granites and pegmatites from the central part of the 
^emerno Mt. were probably formed. 
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REZIME 

POLUMIRSKI GRANIT‡NOVI PODACI O GENEZI 

Polumirski granit nalazi se u jugoisto~nom delu planine ^emerna (ispod 
1200 mnv) izme|u Pade`a i Ibra (sl. 1) gde je erozijom otkriven na vi{e mesta 
(lokaliteti Duboki potok, Lu~ki potok, Mr{ave livade, Venac i Pade`). Sitno-
zrni graniti, prete`no `i~nog karaktera, pegmatiti i apliti iz centralnog 
^emerna (iznad 1300 mnv) nisu u ovom radu razmatrani. 

Polumirski granit je do sada skromno hemijski i petrolo{ki prou~en. Ove 
kisele magmatske stene u po~etku su samo uzgred pomiwane ili su prou~avane u 
op{tim crtama (Maksimovi} & Divl jan, 1953; Simi}, 1956; Simi} , 1957). Prve 
petrolo{ke podatke dali su Uro{evi} et al. (1966), Brkovi} et al. (1968), Vukov 
(1980, 1981, 1995) i Panto et al. (1988). O hemijskom sastavu minerala sa pojedinih 
lokaliteta pisali su Vukov (1980, 1981), Nikol i} & Poharc‡Logar (1984) i 
Panto et al. (1988). U ovom radu prikazani su rezultati petrolo{kih i hemijskih 
ispitivawa ve}ine pojava granita. Na osnovu dobijenih rezultata izvr{ena je 
analiza fizi~ko‡hemijskih uslova kristalizacije stena i minerala, kao i ge-
netsko‡geotektonske sredine stvarawa. 

GEOLO[KA GRA\A [IREG PODRU^JA 

Polumirski granit je jedinstveno geolo{ko telo, erozijom otkriveno u sedam 
mawih pojava, povr{ine oko 2,5 km2. Smatra se da je konkordantno utisnut u 
"seriju Mr{ave Livade" (Simi}, 1957), odnosno gorwi deo "dowe studeni~ke se-
rije" ‡mla|i paleozoik (Simi}, 1956) koja je primarno bila izgra|ena od glino-
vitih, laporovitih, peskovitih i karbonatnih sedimenata, sa podre|enim u~e{}em 
dijabaza i tufova. Endomorfne promene u granitima su slabe. Zapa`eni su 
zamrznuti rubovi, termometamorfoza i kontaktna metasomatoza uslovqene ra-
zlikom u temperaturi granita i okolnih stena. 

Na osnovu superpozicionih odnosa pretpostavqalo se da je paleozojske ‡ po-
znohercinske starosti (Uro{evi} et al., 1973; Brkovi} et al., 1977): karbonske 
(Maksimovi} & Divl jan, 1953) ili permske (Simi} , 1957). Na osnovu sadr`aja 
izotopa (K/Ar‡metodom na biotitu) dobijena je starost od 14‡19,6×106 god. (Vukov, 
1980; Stajevi} , 1980; Dela loye et al., 1989) {to odgovara miocenu. Sitnozrni 
"monconiti" centralnog ^emerna, na osnovu iste metode, su mla|i ‡ 9×106 god. 
(Deleon , 1969). 

Na osnovu karaktera kontaktnih promena sa okolnim stenama, {kriqave 
teksture po obodu, stepena ure|enosti K‡feldspata, plasti~nih deformacija na 
liskunima i feldspatima polumirski granit je intrudovan u ovoj nivo najve}im 
delom kao iskristalisala masa, ili reomorfno, kao zagrejana i na vi{e in-
trudovana granitska masa (Vukov , 1981). 

HEMIJSKI SASTAV 

Uzorci granita za odredbu hemijskog sastava odabrani su nakon mikro-
skopskih prou~avawa ovih stena. Ura|eno je 5 hemijskih analiza granita sa 4 lo-
kaliteta (sl. 1) u kojima je sadr`aj sericita i hlorita bio ispod 3% vol. stene. 
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Prema sadr`aju makroelemenata (tabela 1) polumirski granit odgovara ki-
selim ‡ SiO2=69,86‡72,56 %, niskoalkalnim (Σalk=7,12‡7,77 %) i peraluminijskim 
stenama (sl. 2) sa Al2O3‡(Na2O+K2O)>1. Karakteri{e ih visok sadr`aj Al2O3 (nor-
mativog korunda imaju 1,61‡3,72 %), vrlo niska agpaitnost ‡ A.I.<0,62‡0,67 i 
relativno nizak sadr`aj Na2O. 

Prema sadr`aju bojenih minerala (M=7‡10 %) pripadaju leukokratnim gra-
nitima, tj. dvoliskunskim sijeno‡ do monco‡granitima S‡tipa (sl. 3). Odnosi 
A=Al‡(K+N+2Ca)≈50 i B=(Fe+Mg+Ti)<50, potvr|uju dvoliskunsku asocijaciju mine-
rala i to: I=muskovit>biotit i II=biotit>muskovit (Debon & Le Fort , 1988). 

HEMIJSKI SASTAV MINERALA 

Nakon detaqnih mirkoskopskih ispitivawa polumirskog granita sa pomenutih 
lokaliteta izdvojeni su i uzorci za odredbu hemijskog sastava minerala. Posebno se 
vodilo ra~una o reprezentativnosti primeraka, sadr`aju i veli~ini glavnih 
minerala, strukturi, teksturi i stepenu alterisanosti stene. Ura|ene su, kao {to je 
pomenuto, hemijske analize K‡feldspata, plagioklasa, muskovita i biotita. 

K‡feldspati. Hemijski sastav ovih minerala (Or82,5‡92,9Ab7,1‡17,3An0,0‡0,3) ra|en 
je na sve`im ili slabo sericitisanim i glinovito alterisanim zrnima veli~ine 
preko 1 mm, do sitnijih. Tako|e je ra|en i K‡feldspat koji sadr`i plagioklas, 
biotit, muskovit i kvarc, ali wegov hemijski sastav ne pokazuje zakonitu promenu. 

K‡feldspati su u razli~itoj meri mikroklinizirani (od 0,10‡0,12 do 
0,75‡0,93) i pertitizirani, zbog ~ega su varijabilnog sastava. Najvi{i sadr`aji 
natrije u K‡feldspatima, od 1,4‡1,93, je u hipsometrijski najvi{im delovima 
granita, u uzorcima sa Mr{ave livade i Pade`a (tabela 2, analize 13‡17, sl. 4). U 
granitima "dubqih" nivoa (Duboki potok, Lu~ki potok) sadr`aj natrije je ni`i i 
ujedna~en, od 0,77‡1,24 (tabela 2, analize 1‡12, sl. 4). 

Plagioklasi.  Hemijski sastav plagioklasa ra|en je na sve`im sitnijim ali 
i krupnim zrnima, sa ili bez uklopaka drugih minerala. Prema hemijskom sastavu 
(tabela 3) odgovaraju oligoklasu (sl. 4). Pokazuju zonarnu gra|u. U centralnim 
delovima zrna sadr`aj anortitske komponente je do oko An30, dok su obodni delovi 
kiseliji, imaju do An16 komponente. U granitima Pade`a zrna plagioklasa su 
najbazi~nija, imaju 30,2 anortitske komponente (tabela 3, analiza 15), mogu}e usled 
"zamrzavawa" plagioklasa {to bi potvrdilo da te pojave predstavqaju apikalne 
(?) delove granitskog tela. 

Mirmekiti se javqaju u obodnim delovima zrna plagioklasa koja prorastaju sa 
K‡feldspatom. Po sastavu odgovaraju oligoklasu do albitu (An1,6‡22,8Ab75,4‡96,5Or1,1‡1,9), tj. 
kiseliji su od krupnijih individualisanih zrna plagioklasa. Metasomatski pla-
gioklas, prisutan u vrlo malim koli~inama, pripada albitu sa An1,6 (Mr{ave li-
vade). U granitima Pade`a plagioklasi u mirmekitima sadr`e oko 20% An kom-
ponente (tabela 3, analize 16 i 17). 

Biotit je redovno slabo hloritisan. Analizirane su liske ovog minerala, 
bez sadr`aja pra{kastog magnetita du` ravni cepqivosti, zatim sitnije liske 
uklopqene u plagioklasu  i liske srasle sa muskoviotom, kao i neobiotit. 

Prema hemijskom sastavu (tabela 4, sl. 5) biotit odgovara lepidomelanu 
(Na,02‡,04K1,84‡1,88Ca,00‡,03Mg1,18‡1,51Mn,02‡,09Fe

2+
2,21‡3,22Al,69‡1,01,Ti,07‡,41Si5,35‡5,44Al2,54‡2,65). Ujed-

na~enog je hemijskog sastava u svim delovima polumirskog granita osim neo-
biotita koji ima ni`i sadr`aj titana (tabela 4, Duboki potok). 
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Muskovit. Hemijski sastav muskovita (tabela 5) odre|en je na samostalnim 
i sa biotitom sraslim, krupnim deformisanim i nedeformisanim liskama 
veli~ine preko 2 milimetra. Ovaj mineral ima ujedna~en sastav 
(K1,71‡1,83Na0,12‡0,19Al3,57‡3,66Ti0,08‡0,12Mg0,14‡0,17Si6,10‡6,15Al1,85‡1,91). Karakteri{e ga dosta 
visok odnos sadr`aja TiO2:Fe2O3 i ujedna~en i nizak sadr`aj MgO (sl. 6a). 
Muskoviti iz granita Mr{avih livada i Pade`a imaju ni`e sadr`aje natrije 
(Na2O=0,48‡0,49) od muskovita iz granita Dubokog i Lu~kog potoka (Na2O od 0,63 
do 0,74 %; sl. 6b). 

USLOVI KRISTALIZACIJE I GENETSKO‡GEOTEKTONSKA 
PRIPADNOST POLUMIRSKOG GRANITA 

Temperatura i pitisak kristalizacije magme iz koje je polumirski granit 
stvaran dobijeni su analizom hemijskog sastava biotita, muskovita i feldspata. 

Na osnovu hemijskog sastava biotit je kristalisao u stabilnim PT‡uslovima, 
na relativno malim dubinama i na umerenim do niskim temperaturma (sl. 7). 
Visoka gvo`|evitost /f=Fe:(Fe+Mg)/, koja se kre}e u intervalu 65‡73 %, ukazuje da 
je ovaj mineral najverovatnije kristalisao na temperaturama od oko 650°C (Iva-
nov, 1970). 

Hemizam biotita, ukqu~uju}i i neobiotit, analogan je istim iz asocijacije sa 
muskovitom (MgO‡FeOt‡Al2O3, Nockolds , 1947), odnosno biotitima iz dvoliskun-
skih granita i gnajseva (Si:Al)‡(Mg+Fe):Al, Maraku{ev & Tarar in , 1965; sl. 8), 
indirektno ukazuju}i na ravnote`no stawe sa muskovitom. 

Visok sadr`aj NH4‡jona (254 ppm) u biotitima (Nikol i} & Poharc‡Logar , 
1984), karakteristi~an je za S‡tip granitoida. 

Prema odnosu TiO2, Fe2O3 i MgO muskovit je najverovatnije kristalisao 
primarno iz rastopa zajedno sa biotitom, a ne wegovim postmagmatskim ispirawem 
(MgO i dr.), mada muskoviti iz vi{ih delova polumirskog plutona (Mr{ave Li-
vade, Pade`) imaju ne{to ni`e sadr`aje Na (XNa=6,44‡6,52) {to ih pribli`ava 
postamagmatskim muskovitima (Monier et al., 1984, sl. 6b). Postojawe primarnog 
muskovita saglasno je literaturnim podacima (Anderson & Rowley, 1981; Mo-
nier et al., 1984).  

Na bazi normativnog QAbOr eutetki~ki minimum polumirskog granita je bio 
na T=670‡655°C i pritisku od P=2‡4 kbar (sl. 9). Pretpostavqa se da su iden-
ti~ni uslovi kristalizacije bili i za muskovit. 

Eksoluciono izlu~ivawe pertita, na osnovu dvofeldspatskog geotermometra 
(Stormer, 1975), obavqalo se na temperaturama do oko 400 do 550°C. Pertitiza-
cija K‡feldspata (sa Ab16‡17) u najvi{im delovima polumirskog granita (Pade`, 
Mr{ave livade), gde je i najbazi~niji plagioklas (sa do Ab68), "zamrznuta" je na 
temperaturma od oko 550°C. Intenzivnija pertitizacija K‡feldspata (Ab 7‡10%) 
koji asociraju sa plagioklasom (Ab od oko 80 %), u dubqim delovima plutona 
(Duboki i Lu~ki potok) obavila se na temperaturama od oko 400°C, verovatno pri 
kasnijoj metamorfozi ‡ remobilizaciji (uz u{kriqavawe, mikroklinizaciju i 
slabiju Si‡Na‡metasomatozu). Izra~unata temperatura dobijena je uz pretposta-
vqeni pritisak od 2 kbar, saglasno eutekti~kom minimumu od P=2‡4 kbar (sl. 9). 
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Prema mineralnom i hemijskom sastavu, polumirski granit je obrazovan 
stapawem kontinentalne kore i ima S‡karakter saglasno brojnim kriterijumima 
(Chappel & White , 1974; Ne~aeva, 1976; White & Chappel l , 1977; Pearce & 
Gale , 1977; Takahasi et al., 1980; White et al., 1982, 1986; Coll ins et al., 1982; 
Rub et al., 1983; Chappel l , 1984; Bowden et al., 1984 i dr.). 

U prilog pomenutoj pretpostavci govori raspodela K i Rb (sl. 10) i iden-
ti~an sadr`aj lakih REE polumirskog granita i sredwi sastav kontinentalne ko-
re (Taylor & McLennan, 1985, sl. 11). Anomalija Eu ukazuje na frakcionisawe 
plagioklasa iz rastopa, a ni`i sadr`aji te{kih elemenata REE u odnosu na sred-
wi sastav kontinentalne kore je verovatno zbog male koli~ine bojenih minerala. 

Prema sadr`aju pojednih mikroelemenata (tabela 1; sl. 12a‡c) polumirski 
granit pripada sinkolizionom tipu granita (Pearce et al., 1984; Harr is et al., 
1986), {to je saglasno sa wegovim ukupnim sastavom kao i sa geolo{kom gra|om 
{ireg podru~ja u kome je polumirski granit sme{ten. Ove stene pripadaju pera-
luminijskom, odnosno leukokratnom tipu granita (Batchelor & Bowden, 1985). 

ZAKQU^AK 

Polumirski granit, prema hemijskom i mineralnom sastavu, pripada S‡tipu 
granita koji je kristalisao iz magme obrazovane parcijalnim stapawem gorwih 
delova kontinentalne kore. U vreme paleogena u Vardarskoj zoni, tj. u kolizionoj 
zoni izme|u dva kontinentalna bloka, Isto~ne mikroplo~e i Drinsko‡ivawi~kog 
elementa, intrudovane su granitoidne stene. Zatim, u vreme miocena, pri eksten-
ziji dolazi do wihovog parcijalnog stapawa i generisawa nove magme. Ove, ana-
logne S‡tipu magme, intrudovane u pli}e nivoe kristalizacijom daju polumirski 
granit. Nakon sme{taja u relativno plitke nivoe granit je vi{ekratno remobi-
lisan kada su verovatno obrazovani sitnozrni graniti i pegmatiti koji se javqaju 
u centralnom ^emernu. 


