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THE POLUMIR GRANITE — ADDITITIONAL DATA ON ITS ORIGIN
by

Milenko Vukov" and Dragan Milovanovié®

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.

Y pajy je mpuKa3aH XeMHjCKM I MIHEPAJTHN CacTaB MOMYMUPCKOT TPAaHNTa KOj! je OTKPUBEH €PO3UjOM Ha
Bumie JokanmmTeTa. M3srpaben je om K-denpcmara, mmarmokmaca, MHPMEKHTa, METacOMAaTCKOr aibuUTa,
GuorHuTa, MyCKOBUTa H KBapua. OJ aKIeCOPHAX MHHEpaJa jaBlbajy ce allaTHT, MAaTHETUT, MOHAIUT, allaHAT 1
IIMPKOH.

IIpema MEHEpaITHOM ¥ XEMHjCKOM CacTaBy MOJTYMHUPCKU IPAHUT IIPHNAa JEYKOKPATHOM CHHKOIH3HOHOM
S-Tuny rpaHuTa KOju je Kpucrammcao Ha Temmnepartypu of 650°C m mputucky on op 2—4 kbar. Ha ocHoBy
n3oroncke crapoctn (K—-Ar Meronom Ha 6MOTHTY) CTBOpeH je y muoneHy (14-19 mMun. ropuHa) y3 KacHHujy
cnabujy peMoOuIn3anyjy.

KibyuHe peunm: rpaHuT, XeMu3aMm, CT€Ha, MUHepal, marnokiac, K—denjgcnar, MyckoBur, 6HOTUT, reoGapo-
MeTap, reHesa.

INTRODUCTION

The Polumir granite is located in the southeastern part of the Cemerno Mt. (1200 m
above the sea level) between Padez and the river Ibar (Fig. 1). Due to erosion, it has
been exposed on several localities: Duboki potok, Lucki potok, MrSave livade, Venac and
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Padez. Fine—grained granites, mainly of vein character, as well as pegmatites and aplites
from the central part of the Cemerno 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.

Cn. 1. Teonomka ckuna muper noapydyja [onymupa. Jlerenpa: Sbi- GMOTUTCKM IIKPHIBIHM, SS€— CEPULUTCKH
mKkpuwblu, M- mepmepu, Se— cepnenTuHuTd, Gr— rpanutn, Q- penyBujym; @23— Mecra XeMHjCKU
aHaJIM3APAHAX y30paKa.

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¢ & Divljan,
1953; Simic, 1956; Simié, 1957). The first petrological data were given by UroSevic
et al. (1966) and Brkovic¢ 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. Nikoli¢ & Po-
harc-Logar (1984) investigated the NH,—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.
Ta6ena 1. Xemujcku cactas [TonmyMupcKor rpaHuTa.

major elements — rinasun exementn (Wt%) trace el ts — MHKpOe. Ta (p.p.m.)
2m 23 71 84 91 2m 23 71 84 91
Sio, 69.86 70.94 72.56 71.85 70.95 |Rb 175.00 | 223.00 | 254.00 | 214.00 | 220.00
TiO, 0.297 0.286 0.207 0.263 0299 |Sr 391.00 [357.00 [175.00 [255.00 |[287.00
ALO, 15.28 15.27 14.87 15.27 1502 |Ba 592.00 |435.00 |382.00 |471.00 |476.00
Fe,0,* 234 2.04 1.69 1.72 242 |Nb 751 8.500 9.15 9.960 9.69
Fe,0,* 031 0.27 0.22 0.23 0.32 |Zr 136.00 [ 136.00 |107.00 |129.00 |133.00
FeO* 1.81 1.58 131 133 1.87 Y 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 046 046 0.26 0.38 042 |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
Na,O 3.65 3.76 3.15 3.07 333 |Cr 5.00 | <3.00 | <3.00 7.00 9.00
K,0 3.98 3.70 457 4.05 4.08 [Co 2.10 1.90 2.60 1.60 2.20
P,0, 0.129 0.129 0.147 0.131 0.168 |Hf 2.00 2.20 2.30 2.30 2.00
SO, 0.26 0.09 <01 <01 <01 |[Ta 1.02 1.28 145 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 1.16 148 1.34 |Ni 1600 | <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 |U” 1.69 1.79 1.87 2.09 1.80
C 1.61 1.85 3.20 3.72 296 |Li 6590 | 117.00 41.10 92.70 90.50
Or 24.06 22.24 2748 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 943 9.01 437 6.06 6.89 |In 0.031 0.024 | 0.032 0.027 0.042
En 1.18 1.17 0.66 097 1.07 |TP 1.07 1.38 1.44 1.39 140
Fs 2.70 232 1.94 1.89 280 |W 0.50 0.69 0.82 1.01 0.57
Mt 046 040 033 0.34 048 |Be 5.80 7.10 5.12 7.06 6.22
) 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 0.29 037 |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
ZFe 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 0.30 045 0.12 0.81 0.58
K:Na 0.71 0.64 0.94 0.86 0.80 REE elements
K:/K+Na 042 0.39 048 046 044 |La 15.20 20.30 15.20 20.80 21.40
Al 0.67 0.67 0.68 0.62 0.66 [Ce 33.20 42.10 37.30 44.00 45.70
mg = Mg:(Mg+Fe™) Pr 3.66 4.70 3.64 4.64 4.88
Al = (Na,0+K,0):AL0, Nd 13.80 17.50 13.70 17.40 18.20
Sm 259 3.30 2.84 3.34 345
Eu 045 049 0.32 042 046
Gd 2.03 2.59 223 2.63 2.73
Th 0.27 0.35 031 0.34 0.36
Dy 133 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 048 0.72 0.56 0.60 0.67
Lu 0.076 0.110 0.083 0.089 0.099

Localities (srokanuretn): 2m, 23— Duboki potok (=300 m/nv), 71— Lucki potok (®500 m/nv), 84— MrSave
livade (®950 m/nv), 91- Venac (*1050 m/nv); &— total (ykymHo) Fe as (xao) Fe,O,; *- calculated (mpe-
pauynaro) FeO: Fe,0,= 0.15 (FeO+Fe,0,); Fe,0,=Fe,0,+FeOx1.11135.
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Major and trace element compositions were determined in 5 granite samples (Table
1) from Duboki potok, Lukovski potok, PadeZ and MrSave 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 km®. It was considered to be a concordant in-
trusion in the "MrSave Livade Seriae" (Simié, 1957), i.e. in the upper part of the Upper
Paleozoic Lower Studenica Series (Simié¢, 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 (UroSevi¢ et al., 1973; Brkovic et al., 1977): the Carbonif-
erous (Maksimovi¢ & Divljan, 1953) or the Permian (Simic¢, 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; Stajevic¢, 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 Cemerno 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°, A=0.10-0.12), microcline (-2V=78-86°,
A=0.75-93), orthoclase—microperthite, microcline—microperthite, plagioclase (An,,_,,, 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-feldspars 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.

Biotite 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.

Muscovite 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, apatite, zircon and magnetite 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 sericite is the dominant secondary mineral which replaces mostly
K-feldspar, while less abundant chlorite 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 — Si0,=69.9-72.6%, low alkaline (Xalk=7.1-7.8%), peraluminous rock
(Fig. 2) with AL,O,—(Na,0+K,0)>1. It shows high content of Al,O, (with normative co-
rundum from 1.6 to 3.7%), very low agpaitic coefficieent —A.1.<0.6—0.7 and relatively
low Na,O 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 (Maniar & Piccoli, 1989) for the Polumir granites.
Explanations: ANK = Al,0,-(Na,0+K,0), ACNK = ALO,-(CaO+Na,0+K,0).
Cn.2. ACNK-ANK pujarpam (Maniar & Piccoli, 1989) crena ITomymupckor rpaHuTa.
OGjammeme: ANK = Al,O,—(Na,0+K,0), ACNK = Al,0,—(CaO+Na,0+K,0).

£ ; ,. . P

Fig. 3. QAP diagram (Le Maitre, 1989) for the Polumir granites (Vukov, 1981) with marked positions
of I-, S— and A-type of granite (Bowden et al., 1984).

Cn. 3. QAP pujarpam (Le Maitre, 1989) crena monymmpckor rpanuta (Vukov, 1981) ca nomoxkajem
rpanutonpia [-S—u A—tuma (Bowden et al., 1984).

K-feldspar. Chemistry of this mineral was determined (Ory, s g, ,Ab;,_1;5AN,, (5)
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 MrSave livade and at Padez (Table 2, analyses 13-17, Fig. 4).
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In granites from "deeper" level (Duboki potok, Lucki 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.
Tab6ena 2. Xemujcku cacraB K—denpcnara.

Lukovski Mrsave
potok livade

2 23 71 84 91

1 2 3 4 5 6 7 8 9 10 11 12 [ 13114 ]15]16 | 17

Si0, |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

Duboki potok Padez

TiO, | 0.01 0.01| 001 0.02 001] 001 0.01 0.02| 0.02] 001] 001
ALO, [1845|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
Cr,0,| 001 001| 0.02] 0.02 0.02

FeO 002| 0.02] 0.02| 001] 002 0.02] 0.03| 003| 001] 004 001] 0.02] 0.02] 002 0.02] 0.02
NiO 0.01 0.02 0.03 001] 001 0.03
MnO | 001| 0.02| 001 0.02 0.02 001 0.02 001
MgO | 001 001] 001 001

Ca0O | 0.02| 001| 0.04| 0.02| 0.03] 0.05] 0.06] 0.02] 0.06] 0.03| 002] 001] 0.03] 004 006] 005 004
Na,O | 0.77| 1.02| 0.99| 1.00] 0.99| 1.21| 1.09] 1.10] 1.24| 098] 094| 0.79] 1.06] 193] 1.78] 1.79| 141
K,0 [15.25]1541|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[99.16/99.2599.50/99.18|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
A1V [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| 93| 9.1| 90| 109] 10.1] 10.0] 11.3] 89| 85| 7.1 9.6] 17.3] 16.0[ 16.1] 12.8
An 0.1/ 00/ 02| 0.1] 0.1] 02| 03] 0.1 03] 0.1 0.If 0.0] 0.1] 02| 03] 02| 02
Or 92.8] 90.9] 90.5] 90.8] 90.9| 88.9| 89.6| 89.9| 884 91] 91.4] 92.9] 90.3] 82.5| 83.7) 83.8] 87.0

Fig. 4. Or—Ab-An diagram for feldspars (Deear et
al., 1962) from the Polumir granite.

Cn. 4. Or-Ab-An pujarpam (Deear et al., 1962)
¢emncnara nomymupekor rpanura (albite = ai-
6uT; oligoclase = onurokiac; andesine = aHye3uH;
labradorite = maGpagop; bytownite = OGUTOBHHT;
anorthite = aHOPTUT.
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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 An,, in central parts and with about Anin more sodic marginal parts. The
most basic plagioclases were distinguished in granites of Padez, 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.
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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 (An, g ,, Ab;s, 46501, ;) i.€., 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 An,, (MrSave livade). Within the granites of Padez, plagioclase
from mirmekite contains about 20% An (Table 3, analyses 16 and 17).

Table 3. Chemical composition of plagioclase.
TaGena 3. Xemujcku cacTaB IIarnokaca.

Lukovski
Duboki potok potok Mrsave livade Padez
2 23 71 84 91

IM | 2C 3 4 5 6M | 7C 8 9 |IOM | 1I1C| 12 |13Ab| 14C | I5M |16My| 17My
SiO, [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
ALO, [21.99)22.04/23.14/22.38] 23.94/23.01|23.56] 22.94| 23.71|2240(23.38| 234 23.16[ 23.27{25.04|23.01| 23.17
FeO 003] 001 0.01 001] 0.03]| 002| 002 001] 0.02 001
MnO 0.02] 005 0.02 0.02 001 002| 002 002
CaO | 437 447 477 309] 486 408 430 344 409| 341 4.18] 3,73] 029 4.12| 638 407 407
Na,O | 943] 939 8.80/1001] 890| 9.16] 907| 9.86| 947| 9.65| 904 9.65 9.88[ 932| 795 940] 948
K, O | 029 035 030 027 033 028 022] 021 021] 031] 032] 022 029 039| 033] 020] 032
99.40] 99.6/99.48199.72/100.09/99.17] 99.5(100.38/100.61]99.76/99.93/100.83/100.15{100.09/ 99.38| 99.84/100.14
0=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
AV |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 |0.209/0.213/0.2281.147| 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| 0018
Ab 784| 77.7| 756| 84.1| 754| 790| 783 829 798| 82.1) 782 814| 965| 787 680 79.8| 794
An 20.1] 204| 22.7| 144| 228| 194] 205 159| 19.1] 16.1| 200] 174 16| 192) 302] 19.1] 188
Or 15 19] 1.7] 15 19| 16] 12 12 12] 18] 18 12 19] 22 19 11 1.8

M = Marginal (o6on 3pua), C = Centar (ueHtap 3pHa); Ab = Metasomatic albite (MeTacomMaTcKu anGur);
My = Myrmekite (MupmeKur).

Biotite 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.

R*3(AIY! Ti)

Fig. 5. Composition of biotite from the Polumir
granite. (AI"'+Ti)-Mg*—(Fe+Mn™) (Foster,
1960, cit. Wernick & Teuppenhayn,
1999).
Cn. 5. [lujarpamu cacTaBa GHOTUTA U3 MONYMHPCKOT
rpanuta. (AlY4+Ti)-Mg™*—(Fe+Mn™) (Foster,
: 1960, mo Wernick & Teuppenhayn,
e 1999).
\

Fe:z Mn+2 M g+2

lepidomelan
(memmupomernan)

meroxen
(MepokceH)

According to its chemical composition (Table 4, Fig. 5), biotite
2. . .
(Nag, oK, g4 58Ca0 M) 151 5iMN g ooFe™ 51 5 AL 1015 T g7 4151535 548l 54 2 65) COTTESPONS tO
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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.
TaGena 4. Xemujcku cacraB OMOTHTA.

Mrsave .
livade I e
2 23 71 84 91

1 2 3 4n  |5pk |6 7 8n  [9n |10 |11 12n |13n |14 |15

SiO, |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
TiO, 3.32) 3.33| 3.12] 062 300 321| 3.12| 2.53| 3.25| 3.55| 349| 3.13] 301f 3.55] 321
ALO, |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 002| 001| 0.01] 0.03| 0.02 0.01 0.02| 001
MnO | 039 038 0.33| 0.37| 0.68] 055 0.60[ 0.33] 041] 0.39| 049| 0.33] 0.18] 0.50, 046
MgO | 634| 632| 682 7.74| 542| 6.10] 656 5.60| 5.51| 5.08| 5.15| 539 596| 592| 5.79
Ca0 0.20{ 0.01| 0.02| 0.01] 0.02 0.02 0.02 0.03
Na,0 | 0.11] 0.14] 0.07| 0.06| 0.10| 0.07| 0.08[ 0.08| 0.11| 0.09| 0.10[ 0.10] 001| 0.14] 0.14
K,0 9.25| 9.37| 9.16] 9.31| 9.30| 932 941| 9.52| 9.59| 9.58| 9.54| 9.22| 944| 940| 945
94.24194.85/95.70/93.84/95.81/93.93/95.19]97.00| 96.57|97.26| 96.76] 94.74| 96.61] 96.30| 96.13
0=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
Al 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
Al" 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 0.39310.391]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 0.05210.050/0.043/0.049/0.090/0.073/0.079|0.043/0.053/0.0510.064| 0.044| 0.023]0.065| 0.060
Mg 1.488|1473|1.566/1.806/ 1.262|1.428|1.516]|1.278(1.264|1.160|1.182(1.256| 1361 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| 1.8591.853|1.867|1.861|1.859(1.882|1.871|1.874|1.838|1.845[1.853|1.860

Duboki potok Lukovski potok

f 0.67| 067| 0.65| 061 0.72| 0.67| 0.65[ 0.71] 0.71] 0.73| 0.73| 0.71] 0.69] 0.69| 0.69
1 0.25| 025| 026 026 026 026 0.26[ 0.26] 0.26] 0.26| 0.26 0.27| 0.26] 0.25| 0.26
a' 134 133 1.30] 1.30] 1.32| 1.27) 1.27] 128 126] 1.26] 1.25| 1.22| 128 1.33| 127
b' 1.60] 161 1.57| 1.52| 1.58| 1.60) 155 1.58 1.57) 159 1.56] 1.54] 1.58] 1.62| 1.58

Fe** = Fe/123; £ Fe'(Fe+Mg); 1 = Al'(Si+Al+Fe'+Mg); a' = (Mg+Fe'):Al, b'= Si/Al";
n= neo (#eo), pk = poikilitic (moukunuTCKM).

Muscovite. 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
(K 71-183N 15-0.10AL 573 66 T10.08-0.12ME0.14-0.17506.10-6.15A]1 851 91)-  Muscovite s characterized
by rather high TiO,: Fe,O, ratio and low MgO content (Fig. 6a). The muscovite in
granites from MrSave livade and PadeZ has lower content of sodium (Na,0=0.48-0.49)
than the muscovite in granite from Duboki and Lucki potok (Na,O 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.
Tabena 5. XeMHjcKH cacTaB MyCKOBHTA.

q . Mrsave .
Duboki potok Lukovski potok livade Padez
2 23 71 84 91

1 2 3 4 5 6 7 8 9 10 11 12

SiO, | 46.89 | 46.14 | 45.89 | 46.31| 45.77 | 46.05 | 46.30 | 46.03 [ 4545 | 45.89 | 45.37 | 46.09
TiO, 100| 083 094| 079 107| 117| 086| 097| 112| 1.13[ 133 128
ALO, | 3540 | 35.19 | 34.51 | 35.58 | 35.02 | 35.34 | 35.09 | 35.69 [ 34.12 | 34.67 | 34.14 | 35.00

Cr,0,| 001| 0.02| 001| 003 001 | 0.01 001

FeO 151 153 166| 157 1.73] 160| 162 1.55]| 164| 163| 156 1.56
MnO 003| 0.02| 003] 002 0.04| 003 001| 0.03| 003] 003

MgO | 082| 080| 0.84| 0.77| 0.78| 0.76| 0.75| 0.70 0.80| 0.77| 0.76| 0.76
CaO | 003 001 001] 003| 001

Na,O [ 063| 063| 0.70| 0.72] 071| 0.74| 0.74] 066| 048 | 049]| 048| 048
K,O 1033|1034 |10.27|10.17] 1039 | 1041 | 1027 | 1048 | 10.61 | 10.71 | 1047 | 10.64
96.62 | 9552 94.84| 959919549 | 96.13 | 95.68 | 96.09 [ 94.28 | 9533 | 94.17 | 95.86
0=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
AV | 1.845[1.866| 1.849 | 1.878 | 1.898 | 1.905 | 1.854 | 1.911| 1.856 | 1.868 | 1.867 | 1.880
Al | 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 | 0079 [ 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

Fe* [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 847 | 845| 939| 9.74| 943| 9.75| 9.85| 872| 644| 650| 652 644

XNa = Na:(Na+K).

A
a) b)
>
k2
2 B Polumir
o8
oL
— I
o -4
—T T T T T T T
Fe-O MecO 2 4 8 12
€2 & Na:(Na+K)

Fig. 6. Discrimination diagram (Monier et al., 1984) for muscovite from the Polumir granite:
a) TiO,-Fe,0,-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.

Cn. 6. JuckpumuHanuoHu pujarpamu (Monier et al, 1984) MyckoBHTa U3 TONYMUPCKOT TIpaHUTA:
a) TiO,~Fe,0,-MgO pujarpam u b) xucrorpam dpeksernuje Na:(Na+K). MyckoBuT U3 JeyKorpaHuTa
(massif Millevaches — French Massif Central): - wmarmarckum, II- kacHO 1O mocTMarmaTck,
III- xupporepmanHu.
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Biotite 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).

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=Fe'/(Fe'+Mg); 1=Al/(Si+Al'4+Fe'+Mg).

Cn. 7. I-f pujarpam cacraBa OMOTUTAa M3 CTEHa
MOJYMUPCKOT I'PaHUTa y (OYHKIMjH XEMHjCKOT
noreHnymjana kanuje u Boge (Ivanov, 1970).
f=Fe'/(Fe'+Mg); 1=Al/(Si+Al'4+Fe'+Mg).

Temperature (TemmnepaTypa)

Alkalinity (amkamHOCT)

Chemical composition of biotite, including neo—biotite (MgO-FeO'-Al,0,, 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, MarakuSev & Tararin, 1965;
Fig. 8), pointing indirectly to an equilibrium with muscovite.

f

)\ Fig. 8. (Si:Al)-(Mg+Fe)/Al diagram (Maraku-
S/AL v VI §ev & Tararin, 1965) for biotite from the
25| Polumir granite. I- twomica granite (gneis-
v ses), II- pegmatites, III- biotite granite,
IV- granodiorite, V- acid efusive rocks,

2l 11 VI- charnockite.
Cn. 8. (Si:Al)-(Mg+Fe)/Al pujarpam (Maraku-
II Sev & Tararin, 1965) Guorura u3 creHa
3 MOJIyMHUPCKOT IpaHuTa. [— JBOJMCKYHCKM rpa-
i Huti (THajceBu), II- rpaHWTCKM TerMartuTH,

II- 6uoturcku rpanutd, IV— rpaHopmopury,
V- kucenu edpy3usn, VI- 4apHOKHTH.

I
10 1‘0 1‘5 2 (Mg+Fe")/Al —3@»

High content of NH,—ions (254 ppm) in biotite (Nikoli¢ & Poharc-Logar, 1984)
is typical for the S—type granite.

Concerning the ratio between TiO,, Fe,0, 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 (MrSave livade, Padez) 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).
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The eutectic minimum for the Polumir granite, calculated on the basis of normative
QADbOr, 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.

Fig. 9. Q-Ab-Or diagram of normative
composition of the Polumir granites with
melting temperatures for pressures from

Fo =2 Kr 2, 4 and 10 kbar (Vinkler, 1979).

Ps = 4 kbl Cin. 9. Hopmatuan Q—Ab-Or pujarpam creHa
Ps = 10 Kbar rpaHuTa MOJYMHpa ca TeMIepaTypama
Ab/ANC20 CTa.naH)a 3a nputucke ox: 2, 4 u 10 kbar
(Vinkler, 1979).
AVA AYA Y AYA
Ab Or

The two—feldspars geothermometer of Stormer (1975) applied to the Polumir gran-
ite gave temperatures of about 400 to 550°C for perthite exsolution. Formation of
perthite within K—feldspar (with Ab,_ ;) in the highest part of the Polumir granite
(Padez, Mrsave livade) where the plagioclase is the most basic (with up to Abg), 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 Lucki 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).

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

Cn. 10. (K:Rb)—Rb pmjarpaM reHeTCKHX THIOBa Marmu
(Rub et al., 1983) ca monoxkajeM MONyMHPCKOTL rpa-
Huta. O6jammeme: - nybunHcKke (MOTKOpHE) Mar-
Me, II- marme u3 kope (nanunrene) u IlI- weoppebeno
MIOPEKIIO.

300

100

100 300 500 700 900 1200 1400

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; Necaeva, 1976; White & Chappell, 1977; Pearce &
Gale, 1977; Takahasi et al., 1980; White et al., 1982, 1986; Collins et al., 1982;
Rub et al., 1983; Chappell, 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
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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.

2T T T T T T T T T T T T T T
rock
continental crust

o

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

Cn. 11. Cappxaju mukpoenemenata PEE nomymup-

. CKOT TpaHHTa HOPMAalHM30BaH Ha IIPOCEYHU

3 E cacraB KoHTuHeHTamHe kope (Taylor &

McLennan, 1985; rock = crena, continental

crust = KOHTWHEHTAIIHA KODA).

T T

Lo

) T T T Y Y Y Y Y
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

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; Harris et al., 1986), peraluminous granite, i.e. leucogranite (Batchelor &
Bowden, 1985) which is in agreement with its overall chemical features.

Rb

b

sin-COLG
post-COLG

Hf Tax3

2000F
R2=6Ca+2Mg+Al
1500

1000

o " Ri=4Si-11(Na+K)-2(Fe+Ti) 7,
0 500 1000 1500 2000 2500 3000

500

Fig. 12. Diagrams for granite geotectonic setting determination: a) Ta-Yb (Pearce et al., 1984.), b)
Rb-Hf-Tax3 (Harris et al., 1986), c) R,-R, (Batchelor & 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; ¢) 1- Mantle—Fractionates, 2—
Pre-Plate Collision, 3— Post—Collision Uplif, 4- Late—Orogenic, 5- Anorogenic, 6— Sin—Collision, 7—-
Post-Orogenic.

Cn. 12. [Tujarpamu 3a OIEHY F€OTEKTOHCKE NMpUIafHOCTH rpanutonaa: a) Ta—Yb (Pearce et al., 1984.), b)
Rb-Hf-Tax3 (Harris et al., 1986), ¢) R,-R, (Batchelor & Bowden, 1985) ca monoxajuma crena
nonymupckor rpaiuta. O6jammeme: a—b) rpanutu: WPG- ynyrap nnoua, ORG- okeaHckux rpeGeHa,
VAG- BynkaHckux nykoBa, sin—-COLG- cuakommsuony, post—-COLG- mnoctkonusmonu; ¢) 1-—
(ppakimoHNCalkeM MaHTIIA, 2— TIpe KOJH3Hje Ioua, 3— IMOCTKOIM3HOHA y3[u3ama, 4— KaCHOOPOTeHH,
5— aHoporeHu, 6— CMHKONU3UOHU, 7— MOCTOPOTEHHU.
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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
Cemerno Mt. were probably formed.
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PE3MUME
INOJYMUPCKU TPAHNT-HOBU ITOJAIIN O TEHE3U

ITonyMupcKku TpaHUT Hajla3W ce y jyrOMCTOYHOM feny IuaHuHe YemepHa (mcmop
1200 muB) mameby Ilageska u Mo6pa (ca. 1) rae je epo3ujoM OTKpHMBEH Ha BHUIIIE MeCTa
(mokamuretn Jly6oku notok, Jlyuku nmotok, Mpitase nuBajne, Benain u [Tagex). CutHo-
3pHH TPaHUTH, NMPETEXKHO KUYHOI KapakTepa, MerMaTHTH W alIUTH U3 IEeHTPaHOT
Yemepna (u3uag 1300 MHB) HUCY Y OBOM pajly pa3MaTpaHu.

ITomymupckn TpaHMT je [0 cajja CKPOMHO XEMHjCKHU U METPOJIOMIKH IpoydeH. OBe
KHCEJle MarMaTcKe CTeHe y MOYETKY Cy caMo y3rpef| NOMHIbaHe WM Cy MpoydyaBaHe Y
omuruM nprama (Maksimovié & Divljan, 1953; Simié, 1956; Simic, 1957). I1pse
neTposolike nogatke aanu cy UroSevié et al. (1966), Brkovié et al. (1968), Vukov
(1980, 1981, 1995) u Panto et al. (1988). O xeMHjCKOM cacTaBy MHHEpaJa ca I10jeAUHIX
nokanurera mmcamu ¢y Vukov (1980, 1981), Nikoli¢ & Poharc-Logar (1984) n
Panto et al. (1988). ¥ oBOM pajly npuKa3aHu Cy pe3yJTaT NETPOJOIMIKUX W XEMHU]jCKUX
ncnuTHBama BehmHe mojaBa rpaHuTa. Ha OCHOBY JOOHMjeHMX pe3ylTaTa M3BpIICHA je
aHanm3a (U3NIKO—XEMHUjCKUX YCJIOBa KpHCTalW3alyje CTeHa W MHUHepaja, Kao U Tre-
HETCKO—TEOTEKTOHCKE CPEJIMHE CTBApama.

TEOJONKA TPABA IIUPET TIOJAPYYJA

ITonyMupCKH TPaHUT je jeAMHCTBEHO I'eO0JIOIKO TEJO, €PO3MjOM OTKPUBEHO y ceflaM
MamHUX MojaBa, MOBpIIMHE OKO 2,5 km’. CmaTpa ce fla je KOHKOPJAHTHO YTHCHYT Y
"cepujy Mpmage Jluage" (Simié, 1957), ofHOCHO TOPHU 0 "[OE CTYJEeHUIKE Ce-
puje" —mmabu maneo3ouk (Simié, 1956) koja je mpumapHO Ouia u3rpabeHa of rIMHO-
BUTHX, JIATIOPOBATHX, IIECKOBUTHX U KapOOHATHUX CEIMEHAaTa, ca noppehennM ydenthem
mujaba3za u TydoBa. EHfoMOppHe mnpomeHe y rpaHuTHMa cy ciabe. 3amaxkeHu cy
3aMp3HYTH py6oBH, TepMoMeTaMop(o3a U KOHTaKTHa METacoMaro3a YCIOBJbEHE pa-
3JIMKOM Yy TeMIepaTypy I'PaHUTa ¥ OKOJHUX CTEHA.

Ha ocHOBY cynepno3uioHnX OfHOCa MPETHOCTaBIbANIO CE Jia je Male030jcKe — Mo-
snoxepuuHcke crapoctu (UroSevié et al., 1973; Brkovié et al., 1977): kapGoncke
(Maksimovi¢ & Divljan, 1953) unm nepmcke (Simié, 1957). Ha ocHoBy cappxkaja
usorona (K/Ar-MeTonom Ha 6uOTHTY) foOujeHa je crapoct off 14-19,6x10° rog. (Vukov,
1980; Stajevié, 1980; Delaloye et al.,, 1989) mro onroBapa muoueHy. CUTHO3pHU
"MOHIIOHMTH" LEeHTpajHor YeMepHa, HA OCHOBY HCTE€ MeTOfle, cy muabu — 9x10° rop.
(Deleon, 1969).

Ha ocHOBy KapakTepa KOHTAKTHHX IIPOMEHa ca OKOJHHMM CTEHaMa, IIKPUIbaBe
TeKcType no obopy, crenena ypehenoctn K—enucnara, nnacruunnx aecdopmanyja Ha
JIUCKYHUMA ¥ (pesjicnaTuMa MOIYMHUPCKU TPAHUT je MHTPYAOBaH y OBOj HUBO HajBehum
JeoM Kao HCKpHCTajmcajga Maca, WId peoMOopdHO, Kao 3arpejaHa W Ha BHIIE HH-
TpynoBaHa rpanutcka maca (Vukov, 1981).

XEMMNJCKHA CACTAB

Y3opuu rpaHuTa 3a ofpenly XEeMHjCKOr cacTaBa ofabpaHM cy HaKOH MHKpO-
CKOIICKHX IIpOyuYaBama OBUX CT€HA. YpabeHo je 5 XeMHjcKHUX aHajmu3a TpaHuTa ca 4 Jlo-

kanureTa (ci. 1) y KojuMa je cafpkaj cepunuta u xjaopura 6mo ucrnop 3% vol. crere.
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IIpema cagpxkajy MakpoesjeMeHara (Tadena 1) IONYMHUPCKH TPaHUT OAroBapa Ku-
cemaM — Si0,=09,86-72,56 %, HuckoankamuuM (Zalk=7,12-7,77 %) 1 nepasyMuHIjCKEM
crenama (ci. 2) ca Al,0,—(Na,0+K,0)>1. Kapakrepuiire ux Bucok caapsxkaj Al,O, (Hop-
MaTUBOr KopyHpa uMmajy 1,61-3,72 %), Bpno Hucka armamtHocT — A1.<0,62-0,67 u
pesaTUBHO HU3aK caapskaj Na,O.

IIpema canp:kajy 6ojenux muuepana (M=7-10 %) npumnajajy JIeyKOKpAaTHUM T'pa-
HHUTHMA, Tj. NBONMCKYHCKAM CHjeHO— IO MOHIO-TpaHuTmMa S—tuma (ci. 3). OmHOocH
A=Al-(K+N+2Ca)~50 u B=(Fe+Mg+Ti)<50, noTBpbyjy ABONINCKYHCKY acolMjalujy MUHE-
pana u to: [=myckoBur>6uorut u [I=6uorur>myckosur (Debon & Le Fort, 1988).

XEMMJICKHN CACTAB MUHEPAJIA

HakoH feTa/bHIX MEPKOCKOIICKHX MCIUTHBAaKA MOTYMUAPCKOT TPAHUTA Ca TIOMEHYTUX
JIOKaJINTEeTa M3ABOjEHH CY 1 Y30pIH 3a Of[pefi0y XeMHjCKOr cacTaBa MuHepana. [Toce6HO ce
BOAWIO payyHa O pPENpe3eHTATHBHOCTH IpUMEpaKa, Cafp:Kajy ¥ BEJIWYMHU TJIaBHHUX
MUHepaa, CTPYKTypH, TEKCTYPH U CTENIEHY alTepPUCAHOCTH CTEHe. Y pabeHe cy, Kao IITO je
MIOMEHYTO, XeMujcKke ananmse K—denacnara, miarnokiaca, MyCKOBUTA 1 OHOTHTA.

K-dengcnatu. Xemujcku cacrap opux munepana (Org, s 4, ,Ab,  155An,, ;) paben
je Ha cBeXXHMM WM cnabo CEepULUUTHCAHUM W TIIMHOBUTO aJTEPHCAHVM 3pHHMA BEIIMUMHE
npeko 1 mm, mo curHmjux. Takobe je pabern m K—emmcnar Koju cagpsku mirarmoxJac,
OGMOTHUT, MyCKOBHT 1 KBapIl, aJIi FlbeTOB XEMHjCKH CacTaB HE TIOKa3yje 3aKOHUTY IPOMEHY.

K-denucmat cy y paszmmumroj mepu MukpokimHu3upanun (om 0,10-0,12 po
0,75-0,93) u nepruTu3upanu, 360r yera cy BapujabmiHOr cacraBa. Hajsumm cappxkaju
HaTpuje y K-denpcnatuma, ox 1,4-1,93, je y XUIICOMETpPHjCKH HajBHUIINM AEIIOBIMA
rpaHuTa, y y3opuuma ca Mpiuase nuBajie u [1afgexka (taGena 2, ananuze 13-17, ci. 4). Y
rpanutuMa "ayosbux" HuBOA ([lyO6oKu mOTOK, JIyuky MOTOK) cajip>kaj HATpHje je HUXKH U
yjennauen, o 0,77-1,24 (tabena 2, ananuze 1-12, ci. 4).

I[Inarunokaacu. XeMHjCKHU cacTaB IUIaruokiiaca pabeH je Ha CBEKMM CUTHHUjUM alli
U KpYIHUM 3pHUMA, ca Wi Oe3 yKIIoNaka Jpyrux MuHepaia. IIpeMa XxeMujckoMm cacTaBy
(Tabena 3) opromapajy omurokiacy (ci. 4). ITokasyjy 3oHapHy rpaby. ¥Y ueHTpamHum
JleJI0OBMMa 3pHA cafipsKaj aHOPTHTCKE KOMIIOHEHTE je 10 OKO Ans,, TOK Cy OOOIHH [AEJIOBA
KHCEeJWju, UMajy A0 An,, KOMIIOHeHTe. Y rpaHuTmMa [lajieska 3pHa IUTarmokmiaca cy
HajOa3uyHuja, nMajy 30,2 aHopTUTCKe KOMIOHeHTe (Tabena 3, ananuza 15), Moryhe ycnen
"3aMp3aBama’ IUIarmoOKIIaca MTO OM MOTBPAWIO [a Te IOjaBe NPECTaBIbajy alnKaylHe
(?) menoBe TPaHUTCKOT Tea.

MupMeKUTH ce jaBibajy y OOOHIM JIEJIOBMMA 3pHA IUIAarkMoKiIaca Koja Ipopacrajy ca
K-denncnarom. IMo cacraBy ogrosapajy oJuroknacy 1o anouty (An, ¢ ,, ¢Abys, o 01, | o), Tj.
KHUCENUjU Cy O KPYNHHjUX WHAWBUAYAINCAHUX 3PHA INIarmoKiIaca. MeTacoMaTCKH IuIa-
THOKJIAC, IPUCYTaH Y BP0 MaluM KONMYMHAMA, IIpunafa anoury ca An,, (Mpiase nu-
Bajie). Y rpanutuMma Ilafieka miiarokjiacu y MUpMeKuTuma caipxe oko 20% An Kom-
noneHre (taGena 3, ananuze 16 u 17).

BruotuT je penoBHO ciabo XJIOPUTHCAH. AHAIM3WpaHE Cy JIMCKE OBOT MHUHEPAJA,
6e3 cajipkaja IpaIIKacTOr MarHeTUTa AYK PaBHU LEIUbHBOCTH, 3aTUM CHTHHjE JINCKE
YKJIOIUbEHE y IUIaTMOKIIACy M JINCKE Cpaciie ca MyCKOBHOTOM, KaO 1 HEOOMOTHT.

IIpema xemwmjckoM cacraBy (TaGena 4, ci. 5) OHOTUT OfroBapa JeHnHUiOMEJaHy
(Na gy 04K 541 55C00- 3ME 151 Mgy 00Fe™ 51 3 0ALgo 01 T gy 41Sis 355 44 Ly sg265)- - Yien-
HAYEHOT je XEeMHjCKOI' cacTaBa y CBUM JI€JIOBHMa IOJYMHPCKOI TpaHUTa OCAM HEO-
OGMOTHUTA KOj! MM HIKU cafipskaj Tutana (tabdena 4, [[y60Ku MOTOK).
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MyckoBuT. XeMHjcKu cacTaB MyckoBuTa (Tabena 5) ogpebeH je Ha caMOCTaTHUM
n ca OMOTHTOM cpaciuM, KpyImHHM JedopMucaHUM ¥ HeaeOPMHUCAHUM JMcKama
BenuuuHe TIpeko 2 wmmimMmerpa. OBaj MHHepal ®WMa  yjefHaUeH cacTaB
(Kl,71—1,83Na(),|2—0,19A13,57—3,66Ti04,08—0,12Mg0,l4—0,17Si6,10—6,15A1|,85—14,91)- Kapakrepuiie ra pocra
BUCOK opiHOC caapxkaja TiO,:Fe,0, u yjeqHaueH W Hu3aK caapxkaj MgO (cn. 6a).
MyckoBuTi M3 rpanura Mpmasux nuBaga u [lajgexxa mMmajy HumXe cajipkaje HaTpuje
(Na,0=0,48-0.49) ox myckoBuTa u3 rpamuta JyGokor u Jlyukor noroka (Na,0 ox 0,63

mo 0,74 %; cu. 6b).

YCIOBU KPUCTAIIMSAIIUIE U TEHETCKO-TEOTEKTOHCKA
MNPUITAJHOCT IOJOYMUPCKOI TPAHUTA

TemnepaTypa ¥ NHTHCAK KpHCTAIU3aldje MarMe M3 KOje je MOIYMHUPCKH T'DaHHT
CTBapaH JOOMjeHN Cy aHAJIN30M XeMUjCKOT cacTaBa OMOTHTa, MyCKOBHTA U (pesjicnaTa.

Ha ocHOBY XeMujcKoOr cacTaBa OMOTHT je KpHcTanucao y crabmnanM PT—ycnosuma,
Ha pEeJaTUBHO MajiuM AyOMHAMa W HAa YMEpPEHMM [0 HHUCKAM Temmepatypma (ci. 7).
Bucoka reoxbesurtoct /f=Fe:(Fe+Mg)/, koja ce kpehe y unrepBany 65-73 %, yka3syje fa
je oBaj MHHepall HajBepoBaTHHj€ KPUCTAINCAO Ha TeMmepaTypama of oko 650°C (Iva-
nov, 1970).

XemmuzaMm OUOTHUTA, YKIbYUyjyhy 1 HEOOMOTHUT, aHAJIOTaH je UCTUM U3 acolujanyje ca
MYCKOBUTOM (MgO—FeO‘—A1203, Nockolds, 1947), ofHOCHO GMOTUTHMA W3 JBOJUCKYH-

CKHX rpaHuTa U ruajceBa (Si:Al)-(Mg+Fe):Al, MarakuSev & Tararin, 1965; cu. 8),
UHANPEKTHO yKa3yjyhu Ha paBHOTEXXHO CTalke ca MyYCKOBHUTOM.

Bucok capgpxaj NH,—jona (254 ppm) y 6mortutuma (Nikoli¢ & Poharc-Logar,
1984), xapakTeprcTHYaH je 32 S—THIl FPaHUTONAA.

IIpema opgnocy TiO,, Fe,0; m MgO MycKOBUT je HajBepOBaTHHje KPHCTATHCAO
MIPUMapHO U3 PacTola 3ajeJHO ca GMOTUTOM, a HE HeT'OBUM ITOCTMAarMaTCKUM UCTIUPAHEM
(MgO wu fip.), Majja MyCKOBUTH U3 BHIIMX JIEIOBa IOJyMUPCKOT I1yToHa (Mpmase Ju-
Bajie, [lafek) umajy HemnTo HuKe campkaje Na (XNa=6,44—6,52) mTo ux npubimKapa
moctamarmMaTckuM myckosutuma (Monier et al., 1984, ci. 6b). ITocTojame npuMapHOT
MYCKOBHTA CarjiacHo je jJurepaTypHuM nopgamuma (Anderson & Rowley, 1981; Mo-
nier et al., 1984).

Ha 6a3u HopmaTuBHOT QAbOr eyTeTKHYKH MUHUMYM HOJYMHUPCKOT TpaHHUTa je 6uo
Ha T=670-655°C u npurucky op P=2-4 kbar (ci. 9). IlpeTnocraBiba ce ma cy mpeH-
THYHM YCIIOBY KpUCTaNN3anyje OWiIn 1 32 MyCKOBUT.

ExconynyoHo m3nyunBame MEepTUTA, HA OCHOBY ABOGEINICIATCKOr T€0TEpPMOMETpPa
(Stormer, 1975), oGaBmaino ce Ha Temneparypama a0 oko 400 mo 550°C. Tlepruru3sa-
mja K—¢enpcnara (ca Ab,,_,;) y HajBUIIAM [leT0BHMa NoJyMupckor rpanura (Ilapex,
MpiuaBe nuBaze), Iie je W HajOa3WYHHUjH IUTarmokiac (ca mo Abgg), "3amp3HyTa' je Ha
Temnepatypma of oko 550°C. Muren3uBuuja nepruruzanuja K—dengcnara (Ab 7-10%)
KOju acolupajy ca ruraruokmnacoM (Ab opg oko 80 %), y AyObMM JIeJIOBMMAa IUTyTOHA
(Oy6oku u Jlyuku moToK) 06aBmia ce Ha TemiepaTtypama of oko 400°C, BepoBaTHO npu
KacHujo] MeTamopdo3n — pemobunmzanyju (y3 YIIKpUIbaBamkbe, MUKPOKIMHU3AUM]Y U
cnabujy Si—-Na—mertacomartosy). M3pauynata Temmeparypa gobujeHa je y3 mpeTIocTa-
BIJbEHM TIpHUTHCAK Off 2 kbar, cariiacHO eyTeKTHYKOM MUHIUMYMY off P=2—4 kbar (ci. 9).
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IIpema MHUHEpaTHOM M XEMHjCKOM CcacTaBy, IOIYMUPCKH TPAaHHUT je 0oOpa3oBaH
cTanamkeM KOHTHHEHTAJHE KOpe U MMa S—KapakTep cariacHo GpOjHAM KpUTEpHjyMuMa
(Chappel & White, 1974; Necaeva, 1976; White & Chappell, 1977; Pearce &
Gale, 1977, Takahasi et al., 1980; White et al., 1982, 1986; Collins et al., 1982;
Rub et al., 1983; Chappell, 1984; Bowden et al., 1984 u ip.).

Y mpunor nmoMeHyToj mpeTnocrasiu ropopu pacmnogena K u Rb (cn. 10) u ugen-
TH4aH cafgpxkaj nakux REE momymmpcKor rpaHuTa n CpefibH cacTaB KOHTHHEHTAJHE KO-
pe (Taylor & McLennan, 1985, ci. 11). Anomanuja Eu yka3syje Ha (ppakiumoHUCame
IUTarMoKJIaca W3 pacTomna, a HIXKH cajipxkaju temkux enxemeHata REE y ogHocy Ha cpen-
Y cacTaB KOHTHHEHTAIHE KOpe je BepOBaTHO 300T Malle KonnunHe 60jeHnX MIHepaa.

IIpema cappxkajy mojeaHMX MuKpoeideMmenata (tabema 1; ci. 12a—c) momymupcku
IPaHUT TpUNajia CUHKOJIM3MOHOM Tumy rpanuta (Pearce et al., 1984; Harris et al.,
1986), mTO je caracHO ca HErOBUM YKYIHUM CACTaBOM Kao U Ca TeoJIOKOM rpabhom
IIIper Mofipydja y KoMe je HOIYMHUPCKU T'paHuT cMelTeH. OBe CTeHe NpHnajgajy mnepa-
JIYMVHHjCKOM, OTHOCHO JIEyKOKpaTHOM THIy rpanuTta (Batchelor & Bowden, 1985).

3AK/BYYAK

ITonyMupcKy TpaHUT, IpeMa XeMHjCKOM M MUHEPAJIHOM CacTaBy, NpHIafa S—THUITY
rpaHATa KOjU je KPHUCTAIWCA0 W3 Marme oOpa3oBaHE MAPIWjaTHAM CTalameM TOPHHIX
IeoBa KOHTUHEHTATHE Kope. Y BpeMe najeoreHa y Bapmapckoj 30HH, Tj. Y KOJTU3UOHO]
30HU M3Mehy 1Ba KOHTHHEHTaTHa 6J10Ka, MicTouHe MUKpoIuiode U [piHHCKO—NBAEBIIKOT
eJIeMeHTa, MHTPYAOBaHEe Cy TPaHUTOWHE CTeHE. 3aTWM, Y BpeMe MHUOIIEHA, IPH €KCTeH-
3WjU JIOJIa3u IO KUXOBOT MapIHjaIHOT CcTalama W reHeprcama HoBe Marme. OBe, aHa-
JOoTHE S—THITy MarMe, MHTPYAOBaHe y Iumhe HABOE KPHUCTATN3AIjOM ajy MOJIYMHPCKA
rpaHuT. HakoH cMmemiTaja y pelaTHBHO IJINTKE HUBOE TPAHMT j€ BHUIIEKPATHO peMoOHU-
JMCaH Kajja Cy BEpOBaTHO O0pa30BaHM CATHO3PHH TPAHHUTHU U IIETMATUTH KOjU Ce jaBIbajy
y IeHTpajHOM YemepHy.



