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XEMUW3AM BUOTUTA MW TEHETCKW TUT
r<PAHNTONAA CPBUNJIE

OA
Mwunenka BykoBa* n Bupgojka Josuha*

Ha ocHOBY XeMujcKor cactaBa NeTporeHnx 6MOTUTa U3BPLUEHA je aHann3a reHeTCKe U reoTEKTOHCKe npu-
nagHoCTV rpaHMTOMAHMX cTeHa Cpbuje. AHanm3a ce 3acHMBana Ha Kopuwhewy kKputepujyma (AhAel - Pallah,
1994) pobumjeHMX npoyvaBaweM 6MOTUTA M3 pethepeHTHUX FPaHUTOMAHWX MacuBa y CBeTYy. KOju 06yxBaTajy:
oporeHc KankoankanHe (1-tun) n nepanymnHnjcke (ykmbydyjyhu 8-tun), kao n aaoporeme ankanHc (A twvn)
rpaHuTonge. Y TBpheHo je fa ce xemusam 6MOTMTA U3 FPaHUTOUAHUX cTeHa Cpburje MoXe KOPUCTUTU Kao pena-
TUBHO NOY3/JaH JOMYHCKM U Kao NPeMMUHAPHU KPUTEPUjyM 3a ONpejerbetbe reHeTCKe Npupoje rpaHuTonsa.

KrbyuHe peun: 6MOTUT, XeMUjCKM cacTaB. NMepanyMUHUJCKU TPaHUTOWUS, KankKoankanHW FPaHWTOUA. ankanHu
rpaHnTong. 1-tun, 8-tun, A-tun, Cpbuja.

YBO/,

[aHac ce y CBeTYy MpuMapHa reHeTCKO-reoTeKTOHCKA Npupoaa rpaHuTonaa CBoau
Ha pas3fMKoBatbe (NpPemMa XeMUjCKO-MUHEePanoWKNM KapaKTepucTukama CTeHa) Tpu re-

HeTcke rpyne: 8-, I- (Chappell & \YhHe, 1974; AYhle & Chappell, 1977) n A-rpa-
HuTompa (CollMn8 e! al, 1982), koju cy 06pa3oBaHN y OPOreHOM, OAHOCHO aHOPOreHOM
TEKTOHCKOM pexumy (Pearce e! al, 1984). MpBO6UTHO MNOCTaB/LEHWN KPUTEPUjYMM
BPEMEHOM CYy 3HATHO [LONYyHaBaHW U aenMMUYHO MewaHu (Heuaesa, 1976; | h thara el
al,, 1979; Ctaspos, 1981; Chappell, 1979; Back1l8ele, 1979; Takahaxh! d al, 1980;
\Yh/le e} al, 1982,1986; Py6 u ap,, 1983; Chappell & \*hWe, 1984; Bolyclen el al,,
1984; Balchelor & Bo”clen, 1985; Harnk € al, 1986), a Bpsiio ynowheHn Kputepu-
jymu(Blaln & Tracy, 1996) gatu cy y Tabenu 1

[Jocagawwa npoyyaBawa FeHETCKO-re0TEKTOHCKe MNpUNagHoOCTW TPaHUTOUAHMX
cTeHa Cpbuje BpLleHa cy ca permoHasHo-reonowkor acnekra (Hnp. Karatala, 1980;
KarataCa & HjorcljeY1c5, 1980; KHexeBuh, 1985), pefje npema bUXOBUM XeMUjCKO-
-MUHepasoWwKuM Kapaktepnctukama (Hnp. PaTtic, 1987; Kapamata u ap,, 1990, 1992
Bykos, 1989,1995; KHexesnh v ap,, 1997; u gpyru).

*Pypaapcko-reonowkmn hakynteT YHuBepsuteta y beorpagy, hywunHa 7.11 000 Beorpag.



Y pagy je M3BpLIEHO AehUHMCAbE TEHETCKO-Te0TEKTOHCKOT KapaKTepa pasnunyu-
TUX FPaHUTOMAHMX cTeHa Cpbuje Ha OCHOBY XeMM3Ma GMOTUTA M MPOLEHA NOY3AaHoCTU
Jo6ujeHNX nogataka KOpenaymjom ca bUX0BUM MO3MNaTUM KapakTepucTukKama.

Tabena 1. Kapaktepuctuke |-, 8- u A-Tuna rpadutonga (Blam & Tracy, 1996)
TaMe 1. Chaxaclen8(acs 05 |-, 8-, aw! A-lype ol (rrankok! rock« (Blall & Tracy, 1996)

T TEKTOHCKMN pexum XCMHJCKMN KapakTcp
Wype). ({ecllunk re~nae) (chcnnca) characuT)
1 oporeHu Mcraanym KHujckul
(oro{>eTc) (we(a ahTnuon,") Ne 20 +K20 +Ca0>Al20 ™ a D +KD)
8 oporeHun MeTaanyMUHUJCKM 40 BP0 MePaTyMHHUjCKK
(oro{;eTc) (Te(a-amT110nu8 1o high peralununon*2) (A10,>"ad +K2D+Ca0)
A aHOpOreHun, pUPTHU MeTaanyMUHUjCKM 40 €nabo nepankanHH'
(anoro8eTc, nry (Tela-amTlonmn5 1o loly peralkalwes (A1,0,<MaD+K2D)

Xemujckn kapakTep (8hancl, 1947)13: 1- HopmanHu = 3acuheH anymuHujom (3aBapuukuj, 1935) = Kanko-
anka.lin; 2- NAymasnTcky = npecuheHun anymunujom (3aBapuukuj); 3 =arnautcku (1J881n~ . 1911) = npecuheH
ankanmjama (3aBapuukmj).

Chetlcal characler (8han(l, 1947)'~: 1- notral = alutTta-6almrale(l (2ayarll5kly, 1935) = calc-alka-
1te; 2- pkunamWc = alutTa-8alllral.ecl (2ayanl8lay); 3-a813alhc (XJ8.4lmj5, 1911) = alkaH-oyerealuralecl

(2 ayaniskly).
BNOTUTU N ANCKPUMUWHALNOUWN OANIATPAMN

Mpeno3HaBawe pPasHUNTUX FEUETCKUX TUMOBA FPAHUTOMA 3aCHMBA Ce Ha XEMU3MY
KOerscTeHTHUX 6uotuta ((hepomarHesnjcKor AMCKyHa), OLHOCHO Ha MeTPOreHeTCKUM
3aKOHUTOCTMMA W30BANEHTHE W XeTepoBaJIeHTHe CYNCTUTYuUMje KaTjoHa (M8x<=>Te2t
Pe <=>Al'+ 2ALM<=>3e2+, 3(M§,'e)r+<=>2A"4) yCNOB/bEHUX (U3NUYKO-XEMUJCKHM YCIIO-
BMMa ob6bpasoBara 6uoTuta (Kockok!«, 1947; Po$ler, 1960); Ha xemMu3my 6uoTuTa M3
reHeTCKO-re0TEKTOHCKUX peepeHTHUX MarmMaTckmx komnnekca (ll1a8larn, 1968; OocJ-
8e el al, 1969; A/bu”ueruue, 1973; Lalsh, 1975; Oe Pien & Joh8lralhl2er, 1977,
Parkonk, 1981; PhlMMpe e! al, 1981; Palllkon e! al, 1982; Palon(3e & Marlin, 1983;
6peer, 1984; Kinnalrcl e! al, 1985; Pla!l & \\“oolley, 1986; Pichayan! el al., 1988;
6chnejclertan, 1991); ka0 H Ha NOCTaB/bEHUM AUCKPUMWUHAHTaMa Yy AujarpaMuma:
M§0-Te()*- AID ,, Me0*-AlD,, Ma()AlY), NeO*-M§() (Ahclel-PaKah, 1994).

MocTaBmbeHe guckpumnHaHTe (Ahclel-Pallah, 1994) xemujckor cactaBa 6uotuta y
anjarpamuma M80-Ie()*-Al2.,, le()*-AldD.,, Mu0-AldD,, TeO* Mu() (cn. 1-4)
omoryhyjy npenosHaBawe ofpefleHUX TrpaHUTOUOHUX KOMMNeKca, Tj. TPU Marmartcke
rpyne creHa:

P - nepanymuHumjcke ykbydyjyhu konusmoHe u 8-tun (Chappel & \Y1te, 1974)
rpaHuTounge.

C - KasikoasikasiHe oporeHe, npeTexHo 1-tuna (LWhHe & Chappell, 1977) o6pa-
30BaHe Npu cyoayKumnju.

A - aHoporeHe ankasnHe Komnnekce, MpetexHo A-Tuna (Collnk el al, 1982) o06-
pa3oBave Npu reKTOMCKOj EKCTEH3U]U.

Y gujarpammma ce Kao KOMWOHEHTE KOPUCTE OKCUAM XeMMWjCKUX enemeHarta u3pa-
XEeHUY Wak.%, oK ce yKynHo reoxhe (PeO*) uspauymasa u3s gpopmyne: reO* = reO +
<8981 x e%),,



M”~o

Cn. 1. PeO* - M"0O - Al120j AUCKPUMUHALMOHN Anjarpam 6MoTUTa M3 rpaHuTOMAHUX cTeHa (Ah(lel-Pallah,
1994). KoopanHaTe AMCKPUMMUHAHTK nosba 3a PeO*, M 80 n Al120 3 cy: AP (58,5/11,5/30; 62/0,0/38); AC
(58.5/11.5/30; 0,0/83,5/16,5) n PC (58,5/11,5/30; 0,0/45,5/54,5). BUOTUT n3: A - aHoporeHux (A-Tun); P -
nepanymMuHujckux (8-tun) u C - KankonkanHwx oporeHunx (1-tun) rpaHntonsa. O3Hake rpaHUTOUAHUX
macua Cpbuje kao y Tabenu 2.

K8. 1. reO* - M”O - A1 3 W6crwHnallon cWaprat {or HoW'e Tlronr “~ranWoll rockk (Ahclel-Pamuah,
1994). CoorcMna(e8 oJ J/be MeM ch8cnnunani5 lor PeO*, M”O anc! A120 3 are: AP (58.5/11.5/30;
62/0.0/38); AC (58.5/11.5/30; 0.0/83.5/16.5) ang PC (58.5/11.5/30; 0.0/45.5/54.5). Bm/be 1l'roT A -
anoro”etc (A-Ype); P - peraluttwm8 (8~1lype) anc! C - calco-alkalte oroSenic (1-lype) «rani[01ci8

8yTho18 Cor §tarlold T a 8316 ol 6erMa a8 T Table 2.

PeO* (wab.%)

Cn. 2. PeO* - Al20j aMCKpUMWUHALMOHKN Aunjarpam 6uoTuTa U3 rpaHuTongHux cteHa (Ahpel-Pallah, 1994),
KoopaunHaTe guCKpUMMHaHTK nosba 3a PeO* n A120 3cy: A/C (5/5; 25,8/14,1), A/IP (25,8/14,1; 45/19.5) n
C/P (25,8/14,1; 5/24,7). O3HaKe rpaHnTongHnx macusa Cpbuje kao y tabenun 2 n cn. 1.

Puj. 2. PeO* - A1,03 cU3cwwutalon cWajrrat lor Blollke8 1rot “ranloll rock8 (Ahclel-Pallah, 1994).
Cootchnale6 o5 (he MeM LW 6enTTanl6 lor peO* anc! Al20 3are: A/C (5/5; 25.8/14.1), A/P (25.8/14.1;
45/19.5) anc! C/P (25.8/14.1; 5/24.7). 8yThol6 lor.granVoac! Ta66/16 o! 8erhla a6 T TaMe 2 ancl p1§. 1.



Cn. 3. M 80 - AlLD, AMCKPUMMUHALMWOHW fujarpam 6MOTMTa M3 rpaHUTOMAHUX cTeHa (ABclel-Pallah, 1994).
Cumbonmn noma A. C n P uctu cy kao Ha cn. 1. KoopanHate gnckpumuHaHTn 3a M 80 n A1,03 cy: A/P

(0,0/16.3; 5,5/13,5), A/C (5,5/13,5; 20/9.5) n C/P (5,5/13,5; 19,2/30). O3HaKe rpaHMToOMAHUX MacuBa Cpbuje
Kao y Tabenu 2 ncn.l.

P1;j. 3. M~"O - A120, cWMkcwnwalon LWaerat lor hwllles 5roT jJrar10lc) rock8 (Ahclel-Pamuah, 1994).
8yThol8 o! [elcl« A, C ancl P are /be 5aTte aB T P18. 1. Coorcltale8 ol (Jbcwwnan”® lor \'1«0 anc!
Al120 3 are: A/P (0.0/16.3; 5.5/13.5), A/C (5.5/135; 20/9.5) anc! C/P (5.5/13.5; 19.2/30). 8yTthol6 [lor
~ranlorc! Ta66M6 a8 T Tahle 2 anc! Px™. 1.

PeO*(Ta5. %)

Cn. 4. PeO* - M”™O guckpuMmuHayumoHu gujarpam 6uotuta (Ahclel-Pallah, 1994). Cumbonun nomwa A, C u P
MCTK cy Kao Ha cn. 1. KoopanHaTe AUCKPUMUHAHTK nosba 3a peO* n MO cy: A/P (25/0,0; 27,9/5,6), AIC
(27,9/5,6; 11,7/20) n C/P (27,9/5,6; 5/17). O3Hake rpaHnTonagHnx macusa Cpbuje kao y tabenu 2 u cn.l.

p1§. 4. PeO* - M§0 J/benTwalon cWa8rar lor hwilles (Ahclel-Paunah, 1994). 8ythol6 o! Aels A, C
ancl P are /be 8anre a8 111 p1§. 1. Coorcltal:e8 o! cM6enTTanl8 o! Melck lor peO* anc! M 80 are: A/P
(25/0.0; 27.9/5.6), A/C (27.9/5.6; 11.7/20) anc! C/P (27.9/5.6; 5/17). 8yTthols lor 6rankoM Taa6/b a3
T Tahle 2 anc! Puj. 1-



Y 0BOM pafy Cy 3a ornpefe/betbe reHeTCKO-re0TEKTOHCKE NPUpoLe rpaHuTomaa Ko-
puwheHe cBe 06jaB/beHe XeMujcKe aHanuse 6UOTUTa M3 rpaHUTOMAHUX cTeHa Cpbuje
(Papykuh, 1978; Pagykuh u gp., 1983; Pagykunh n KemeHuu, 1988; Bykos, 1988;
KHexeBuh un gp., 1992, 1997). Penpe3eHTaTUBHOCT aHanu3a, MehyTum, Bpno je Hey-
jefHayeHa. Heka marmartcka Tena 3acTyn/beHa Cy conmgHum 6pojem aHanusa (Llep, XKe-
JbuH, ToprwaHe, KnkuHaa), a aHanuse cy yrnasHom ypaheHe nomohy efleKTPOHCKe MUK-
pocoHze (Llep, XXemuH). BehnHa, yak v Beha Tena, npeAcraB/beHa je, naxanocT, caMmo ca
Mo jefHOM K1acM4yHOM XEMMjCKOM aHanM30M MOHOMUHEPA/THOT KOHLeHTpara.

Y pagy cy obyxsaheHe (NocpefHO MPeKko 6MOTMTA) Yy LUMPEM CMUCIY FPaHUTOUAHE
CTeHe, ann 1 CTeHe feUHMCaHe Kao MUTMaTUTK, THAjC-TPaHUTU, rPaHNTU3ALUOHU U Me-
TacomaTCKW FpaHnTW, Kao v e aHknase (Tabena 2). O6paheHu cy cnegehn macmeu: Llep
(kBapumonuoHuTK - Crl, aHknaBe - Cr2, CUTHO3PHU NeyKOKpaTHWU rpaHntu - Cr3 u
MYCKOBUTCKW anauTonfHu rpaHutu - Cr4), CtpaxaHuua (8r), boratuh (Bp), bopamwa
(Br), bykyma (Bk), XemnuH (2), KonaoHuk (Kp), Nopwaxe (Cr), bpwuua (Bn), Ctanah
(8a), Kykasuua (Kk), Jactpebay, (J3), Kukunga (Kn), ®eketnh (I'k), Munoweso (Ml) u

Bpwauka 6pga (VI1}).
XEMWN3AM BNOTUTA N TEHETCKUN TUMN TPAHNTOWNAA

JedmHncaHn KapakTep rpaHuTougHUX cTeHa Cpbuje Ha OCHOBY XeMMjCKOr cacTasa
6uotTuTa M AUCKPUMUHaHTHUX aujarpama (Ahclel-1'aMal|, 1994): Mj»0-Ie0* - A0 ,,
re0*-A1roO,, \1,0 M), re0*-M80 (cn. 1-4) yrnaBHOM nokasyje Beoma A06po
cnarakbe ca KapakTepoM TWUX CTEHA OMpeferbeHUM Apyrum Metofama (reofiowkKumM n/mnm
MerponowKo-MMHEPaNoOWKUM MeTogama). HenornuHu pesyntatu cy JobujeHn 3a cTeHe
CTBOPEHE U3 3HATHO KOHTaMuUuMpaHe mMarme, Kao W 3a UHTEH3VBHUje METACOMAaTCKMU Mpo-
MeHEeHe UM MeTacomMaTCKu obpa3oBaHe CTeHe (HNP. rHajc-rpaHuTe).

AnkanHu rpaHutTonam (A-tun). MNpema cactaBy 6UOTUTA afiKalHU KapakTep noce-
Jyjy camo mnagu (anncku) rpaHutonau bopawe u rpaHuT Jactpenua. Hbuxosom ankan-
HOM KapakTepy (Tabena 2, cn. 1-4), MeljyTum, NpoTnBypeye CBE reo/10LKO-NeTPOIOoL -
KO-MUHepasnowWwKke KapakTepucTuke cteHa (Hnp. 3a bopawy, KapamaTta u gp., 1992).
AnNKanHu KapakTtep [ajy UM npema HalleM MULL/bewy, HepeanHo BMCOKK caapxajH PeO*
(25,08 n 24,15%), noce6Ho Ped 3 (10,56 n 12,76%) n HUcku cagpxaju ALD? (9,95 H
9,98%), BepoBaTHO 360r NpUCyCcTBa MarHeTUTa y KOHUEHTpaty 6uoTtuTa (No jedHa Kna-
CUYHa XeMMjCKa aHann3a).

KankoanikanHH rpaHutongn (1-tun). KankoankanHuM rpaHuToupvMma npunagajy
Miagu anncku (HeoreHuw) macmsm [AuHapupa (M Bappapcke 30He) 3a Koje je [OKasaH
1-kapakTtep, Tj. rpaHuTomng XXemunHa (Bykos, 1995), rpaHogmoput CtpaxaHuue (KHe-
xesuh u gp., 1997) n ksapuyMoHuoHUT Llepa (Crl), 3aTum reofioWwKo-neTpoaoLwKo-Mu-
Hepasiiowku 6nucku: ToHanut boraTtuha, rpaHuTong KomaoHWKa W XepuuHCKW TrpaHu-
TongHn macus Kapnato-6ankaHuga -FopwaHe. OBaj nocnegbn nokasyje KaJkoanKanHu
KapakTep u Behe Bapupare cactasa (Noce6HO nepudepHU LeN0BU Macuea, HMp. Kog Pya-
He rnaee), WTO je U I0TUYHO € 063MPOM Ha HEF0BY A0OKa3aHy KOHTaMUHaLujy.

MpeTeXXHO Ka/iKoanKanHn KapakTep, noHekas 6113ak ankanHoM uav nepanymuHuj-
CKOM, uMajy: "rHajc-rpaHuTt" CTanaha (KanefoHCKM) M "rpaHuT" HepecHuue (XepuuH-
CKU), BOK "rpaHuT" Bpkuie (reosioWKo-NeTposioWw Ko-MUHEPanoWwKN 61n3aK roptbaH-
CKOM U HEPEeCHWYKOM rpaHUTOUAY) nMa MpeTeXxKHo nepanyMuUHUjCKU KapakTtep (61v3ak
KankoankanHom). KapakTtep oBe Tpu nojase Tpeba nNpuxBaTUTU ca pe3epBOM, jep ce



Tabena 2. MapynjanHu XeMnjcKu cacTaBu, napamMeTpu 1 AUCKPUMUHAHTE XeMU3Ma GHOTUTA U3 FPAHUTONHUX
cTeHa Cpbuje

Tahle 2. Parlal chetlcal cornpo&LUonk, paraTelere, anc! cLikcntran!« ol chenu8lry ol (nollek 1'roT §rat[old
rocks o5 8erMa

2elyT (2)
1 2 3 4 5 6 7 8 9 10
A1,0; 16.08 15.11 15.49 15.43 15.32 15.30 14.83 15.34 15.01 14.52
PeO* 17.54 18.17 17 85 18.12 18.46 20.92 18 84 19.49 r 35 19.70
MpO 12.45 12.00 12.06 12.01 12.19 11.16 11.59 11.60 11.47 1141
A1,0, 34.90 33.37 34.12 33.87 33.33 32.29 32.77 33.04 34.24 31.82
peO* (100%) 38.07 40.13 39.32 39.77 40.16  44.15 41.63 41.98 39.58 43.17
MzO 27.02 26.50 26.56 26.36 26.52 23.55 25.61 24.98 26.17 25.00
Pe0*-Mp0-A1,0, C C c C c C c c c C
Pe*-A1,0. C c C c .C C C C c c
Mp0-A1,0, c c C c c c C c c c
PeO*-M}rO c c C c c c c c c c
2ej1 (2) BopaHc (Bg) Kp Br
11 12 13 14 15 16 17 18 19 20
A1,0, 16.03 15.16 15.07 14.91 15.00 13.72 14.82 14.76 12.59 9.95
PeO* 19.76 17.56 18.05 16.12  20.08 18.97 20.50 20.10 19.54 25.08
MzO 11.47 1141 11.50 11.57 11.60 11.24 12.13 12.57 12.85 12.25
A1,0, 33.90 34.23 33.70 35.01 32.82 31.23 31.23 31.12 27.99 21.04
PeO* (100%) 41.78 39.65 40.36 3785 4394 43.18 43.20 42.38 43.44 53.05
MkO 24.32 26.12 25.94 27.14 23.24 2559 2556 26.50 28.57 25.91
Pe0*-Mp0-A1,0, C C C C C C Cc C C A
Pe*-A1,0, C C C C c Cc [ C C A
MpO-ALl, c C c c c c c c c A
PeO*-Mp0 c C c c c c c c c A
8(ra2atca (8r)
21 22 23 24 25 26 27 28 29 30
A1,0, 16.74 16.44 17.21 16.13 16.68 16.86 16.67 16.99 16.67 16.61
PeO* 19.38 20.15 19.96 19.68 19.52 19.35 19.73 19.53 19 64 19.29
MpO 9.97 9.65 10.16 9.96 9.83 9.93 10.15 9.76 9.71 9.79
A1,0, 36.32 35.55 36.36 35.24 36.24 36.54 35.81 36.71 36.28 36.08
PeO* (100%) 42.05 43.58 42.17 43.00 42.41 41.94 42.38 42.20 42.59 42.66
MpO 2163 20.87 2147 21.76 21.35 2152 21.81 21.09 21.13 21.26
Pe0*-MBO-A1,0, c C C C C C C Cc C C
Pe*-A1,0, c C C c c C C c C C
MpO-A1,0, C c c c c c c C C C
PeO* MpO C c c c c c c c c C
Cer (Crl) Cer (Cr2)
31 32 33 34 35 36 37 38 39 40
A1,0, 16.69 16.53 16.34 16.37 16.32 16.25 15.92 16.10 14.52 14.56
PeO* 19.29 19.45 18.89 19.38 18.76 18.90 18.80 18.78 16.71 16.53

MpO 9.61 9.61 11.20 1152  11.26 1096 1132 11.30 14.38 14.88



AL,
peO*
MpO
Pe0*-Mp0-A1,0,
Pe*-A1,0,
Mp0-A1,0-.
PeO*-MpaO

(100%)

A1,0,
PeO*
M 7?0
A1,0,
PeO*
MnO
PeO* Mp0-A1,0,
Pe*-A1,0,
Muy0-A1,0,

PeO* MpO

(100%)

A1,0,
PeO*
M*0
A0,
peO*
MpO
Pe0*-M p0-A1,0,
Pe*-A1,0;
Mp0-A1,0,
PeO*-MaO

(100%)

A1,0,
PeO*
M,.,
A1,0,
PeO* (100%)
PeO*
Pe*-A1,0,
M80 A1,0,
1eO* MgO

M-O 11.0.

36.61
42.31
21.08

O O o0

36.26 35.19  34.63
42.66 40.68 41.00
21.08 2412  24.37

C C C

C C C

C C C

C c c

Cer (C3)

42 43 44
20.12 20.25 21.00
25.35 25.46 24.23
2.75 2.65 2.50
41.72 41.87 44.00
52.57 52.65 50.76
5.70 5.48 5.24

P P P

P P P

P P P

P P P

Bukunlja (Bk)

52 53 54
19.24 1544  16.45
2291  26.73  23.87
4.09 2.60 5.95
4161 34.49 35.55
4955 59.70 51.59
8.84 5.81 12.86

P P P

P P P

P P P

p P/IA P

Cowijane (Cn)

62 63 64
13.71 13.99  16.47
19.33  20.14 19.67
1162 1161 10.39
30.70 30.59  35.40
43.27  44.03  42.27
26.02  25.38  22.33

C C C

Cc C C

Cc C [

c C c

35.22
40.48
24.30

0O o0 00

18.87
23.90
5.63
38.99
49.38
11.63

U © U U

16.40
2191
4.64

38.18
51.01
10.80

W U U ©

15.64
20.03
10.15
34.13
43.71
22.15

35.24
41.00
23.77

0O o0 00
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8a Bj Kjkjncja (K1) Pk M1 Yh

71 72 73 74 75 76 77 78 79 80
A1-0. 17.31  19.02 1719 1656 16.40 1695 1596 17.49 1815  16.17
PeO* 2388 1945 1973 2322 2215 2301 23.26 21.04 21.08 23.89
MgO 9.20 9.40 8.72 8.52 8.00 8.25 8.62 8.39 5.13 7.83
A1-0, 3435 3973 37.66 3429 3523 3516 33.36 37.28 4091  33.76
PeO* (100%) 47.39  40.63 4323 48.07 47.58 47.72 48.62 4482 47.52  49.88
MgO 1826 1964 1911 1764 1719 1711 18.02 1788 1156  16.35
Pe0*-M>r0-A1..0, C P P P P P C P P Plc
Pe*-A1,0. P P P/C P P P P P P P
Mp0-A1-0, c P c c PIC PIC C P P Plc
PeO*-MpO CIA P p C P C C P P c

* yKynHo reoxhe kao PeO (PeO + Pe,03 x 0.89981);

1 16 - Xemun (K); 1 15 * kBapuguoputu-rpaHnTn (Bykos, 1988), 16 - rpaHut (Pagykunh, 1978); 17,18 -
Borarunh (Bjj), ToHanuT (Heny6aunkosaHo); 19 - KonaoHuk (Kp), cuTHo3pHu rpaHut (Pagykunh, 1978); 20 -
Bopata (Br). rpaHnt (Papgykuh, 1978); 21-32 - CtpaxaHuua (5r), rpaHoguoputn (KHexesuh u gp.. 1997);
33-38 - Llep (Crl) - mesokpaTHu rpaHoguoputn (KHexesuh u gp., 1992); 39, 40 - Llep (CT2), aHKnase y
Me3oKpaTHUM rpaHoguoputuma (KHexesuh u gp., 1992); 41-44 - Llep (Cr3), CUTHO3PHM /IeyKOKPaTHM
rpaHnTn (KHexesuh u gp., 1992); 45-50 - Liep (Cr4), MyCKOBUTCKM ananTouaHun rpaHntu (KHexesuh u
ap.. 1992); 51-55 - bykyma (Bk):, 51 - rpaHuT, 52 - rpaHuT, 53 - CBETNOCMBU rPaHnT, 54 - TAMHOCWUBM FPaHMUT,
mane napTuje y cBeTnocueom, 55 - wkpumasu rpaHnt (51-55 - Pagykuh, 1978); 56-66 - [opwaHe (OT),
rpaHoguopuTu: 56. 57 - cpeguwTe macusa (Jbybosa peka), 58-65 - neputepHu genosu macmea, 58 - ?, 59 -
TaHpa. 60 - ?. 61 63 - PyaHa rnaBa. 64 - bnusHa peka, 65 - PaBHa peka, 66 - rpaHuT, PygHa rnaea (56-65 -
Pagykunh. 1983; 66 - Pagykuh, 1978); 67 - Hepecnuya (Ne), nopdumponaHu rpaHut (Pagykuh, 1978); 68 -
Bpwuua (Bn), upsenn rpaHnt (Pagy kuh . 1978); 69 - JacTpebal, (J»). KpynHO3pHU rpaHuT (Pagy kuh . 1978);
70 - KykaBuuya (Kk), rpaHut (Pagykwuh. 1978); 71 - Crtanah (8a), rHajc-rpauut (Pagykuh, 1978); 72 -
BbyjaHoBay, (Bj). rpaHut (Pagykuh, 1978); 73-77 - KukuHga (Kj), 73-76 - murmatutu, 77 - rpaHogunopuTt
(73-77 - Papyknh, 1988); 78 - deketunh (Pk), rpaHut (Pagykwnh, 1988); 79 - Mwunoweso (M1), rpaHut
(cpepta n3 aBe aHanuse, Pagykunh, 1988); 80 - Bpwauka 6paa (VI)), okuacTtu rHajc (Pagykunh, 1978).

* Tolal Pe a» PeO (PeO + Ped, x 0.89981);
1 16 7eljln (2): 1-15 - “uma/bcUorUe-pranHe (Y wnkoy, 1988), 16 - jrranKe (Kacluklc, 1978); 17,18 -
Bopahc' (B»), lomallfe (nnpuMckhec!); 19 - Kopaowk (Kp), Mne-pratec! praraCe (Kacluklc, 1978); 20 -
Boranja (Br), pranke (Kaclwuklc, 1978); 21-32 - 5lrararaca (8r), pranocorlle (Kmereuuc el al., 1997);
33 38 Cer (Crl) - Te&ocralc "lanocHon[e (Kne?,eVlc e( al, 1992); 39, 40 - Cer (Cr2), enclaye6 T
raegocra(lc pranoclon(e (KnereY1c e( al., 1992); 41-44 - Cer (Cr3), Wne-prajnec! lemucocra(lc jrrara(e
(Kneleyjc e( al, 1992); 45-50 - Cer (Cr4), tuxcoyllc aph(olcl pranKe (Knereyjc e( al, 1992); 51-55
Bukulja (Bk):, 51 - «ranl(e 52 - &rauw(e, 53 -H8h( prey 8ranj(e, 54 - <lark prey prara(e a3 nnall par(8 1n
pale §ley one; 55 - 8ch18(o6e §rat(e (51-55 - Kacluklc, 1978); 56-66 - OoTjane (Cr), pranocHorKe: 56, 57
(he cen(ral paJl o( TaxxH (Pjuhoya reka), 58-65 - Tar§tal par(8 o( Ta88J1, 58 - ?, 59 - Tan/b, 60 - ?,
61-63 - Kwuclna Olaya, 64 - BHrna reka, 65 - Kal\'na reka, 66 - "ranKe, Kuclna 0la\'a (56-65 - Kaclwuklc,
1983; 66 Kacluklc, 1978); 67 - Nere8tca (Ne), Jsorphyrojc! prara(e (Kacluklc, 1978); 68 - Brnpca
(Bn), recl jrranHe (Kagwklc, 1978); 69 - Ja8(xebac (J6), coar8e-Sratec! §rat(e (Kacluklc, 1978); 70 -
Kukayka (Kk), pranke (Kacluklc, 1978); 71 - 8(alac (8a), §me1ss-§rat(e (Kacluklc, 1978); 72 -
Bujanoyac (Bj), pranKe (Kacluklc, 1978); 73-77 - KWanpa (W), 73-76 - rTpTtalle, 77 - pranocHorKe
(73-7"7 Kacluklc, 1988); 78 - Pekefc (Pk), praw(e (Kaclmklc, 1988); 79 - MIMobeyo (M1), 8rat(e
(ayerajre (rot (\yo anmaly8e8, Kagukjc, 1988); 80 - ¥Yrxacka hrcla (Yh), anpen-§nel88 (Kaclwukrc, 1978).



3aCHMBA CaMO Ha Mo jefiHOj KNacu4yHOj XeMWjCKOj aHanu3u MOHOMUHepasHOr KOHLEeHTpa-
Ta 6uoTuta (Moryhe HefoBO/bHO uucTor). OBe CTEHe KapakTepully, Takohe n meTaco-
matcku (Ctanah) ¥ KOHTaMMHALWOHW YyTULIAjL.

MepanyMUHHjCKH rpaHuToMan (8-tum). [lepanyMUHUJCKM KapakTep U Marbe
Bapujauunje cagpxaja umajy "CUTHO3PHW NEYKOKPATHU FPaHUTM™ U "MYCKOBUTCKU aniu-
TOWAHH rpaHuTn" Llepa (HeoreH), Kojuma je W paHuje UETPOXeMUjCKM [oKa3aH 8-Ka-
paktep (KHexesuh u gp., 1997).

paHuTK Bykysbe (xepuuHcku/anncku), byjaHoBua (xepuuHcku), Kykasuue (kane-
[LOHCKW), KOjN cajp>ke MYCKOBUT U MECTUMUYHO FpaHaT, 1 rpaHuTn BojsoauHe, Tj. Muno-
wesa n ®exketrha MMajy pefoBno nepanyMMHUjCKM KapakTep, a “"oKuacTn rHajcesun” Bp-
Wwaykor 6pga v "Murmatutn” Kukunge vmajy npetexxHo nepanymuHujckn (6amsak Kan-
KOanKanHOM) WM KasiKoanKanHu Kapaktep. lMepanyMUHUWjCKM KapakKTep OBMX CTEHa je
noruyaH ¢ 063MpoM Ha 3Hayaj MeTacoMaTCKMX npoLeca nNpu bUxoBoM obpasosawy. [o-
ce6HO je 3HayajaH nonoxaj meracomatckux rpaHuta bykyme (1)jy]jan, 1991) u mwur-
maTuTa KUKuHAe, jep 3a wux noctoju Behu 6poj aHanusa, a Kapaktepulle ux sehe Ba-
puvpame cactasa, WTO 6M MOro fa NOTBPAM YyNOry MeTacoMaTCKuX npoueca npyu Hbuxo-
BOM CTBapamwy.

ONCKYCUWIA N 3AK/bYYAK

OppchuBare KapakTepa NpHMapue marmMe BeoMa je CrioXKeH rnpobnem jep marma To-
KOM eBonyuuje (Kpuctanusaumje, gudepenymjaunje, acumunaunje, KOHTamuHaLmje, xmo-
pugunsaunje unu Lpyrux npoueca) MoXe npeTpnetu 3HaTHe, NPBEHCTBEHO XEMUjCKe U3-
MeHe. 360r Tora MarmaTCcKe CTEHe, Kao NPOAYKTW KpUcTanusauunje UCXOAHe Marme, Mory
HOCUTW CamMo Marbun 6p0j NPUMaApPHUX OJJINKa.

XeMUjCKH cacTaB MarMe v (U3NYKN napameTpy tbeHe KpuUcTanusalmje ycnos/basajy
ofrosapajyhy acouujauujy KOersucTeHTHUX NEeTPOreHUX MUHepana, Kao U kUXOB XeMu-
3aM. 3a Onpefe/bere reHeTCKe U re0TEKTOHCKe NpUMagHoOCTV rPaHUTOULHUX CTema KO-
puctu ce Behn 6poj PasHOBPCHUX TEOOWKUX, MeTPONOLWKNX, MUHEPATIOWKUX U XeMuj-
CKUX KpUTEpujyma.

3a ogpehuBarbe HPUMAPHOr KapakTepa Marme MOXe MOCAYXUTU U XeMU3am Ko-
er3aucTeHTHOr 6uotuta Kopuwhewem oaroeapajyhux [AUCKPUMUHAHTHUX Aujarpama:
M 80-Ie0*—A120j, Ne0*-A120,, M{*0-A120 3 Kc()* MpgO TllocTaB/beHU KpUTepUjymu
pasnukyjy: oporeHe Kankoaskannc (1-tun) u nepanymMuHunjcke (ykbydyjyhu 8-tun), Kao
1 aHoporeHe ankanHe (A-Tun) rpaHUTOUzE.

Pesyntaty foGujeHV aHaNM30M XeMU3Ma KOEraucTeHTHUX 6MoTuTa n Kopuwhemwem
OVUCKPUMUHAHTHUX [ujarpama BeoMa A06pPO ce cnaxy ca No3HaTUM (Ha Jpyre HauuHe
onpefe/beHUM) KapakKTepoM rpaHuTougHux cteHa Cpouje. OHe umajy:

1. kankoankanHu kapakTep (1-tun). KankoankanHUM KapakTepoM OL/MKYjy ce rpa-
HUTOMAHe cTeHe: XerbuHa, CTpaxaHuue, Llepa (kBapuMoHUoHUTK), boratnha, KonaoHvka
n I'opraHa; cee pefoBHO najajy y nosbe C 1 T0 Aasbe Of AUCKPUMUHAHTHUX NHWjA.

paHuTOMANM HepecHuue n Ctanaha (rHajc-rpaHUT) MMajy NpeTeXHOo Kankoaskan-
HW KapakTep, 6/1M3aK nepanyMuUHUjcKoM, pefjie nepayMUHUCKU (M ankanHu) KapakTep.
3agobujarbe nepankanHor (M ankaaHoOr) KapakTepa n3a3BaHO je BepOBaTHO KOHTaMuHa-
LIMOHMM, OJLHOCHO METACOMAaTCKMM MPOLLeCMMa, KOjU CY KO WX U JOKa3aHW.

2. Nepa/lyMLULjCKH KapakTcp (5-tun). MepanyMUHMjCKM KapakTep pefoBHO uMajy
CUTHO3PHU /IeYKOKPATHN FPaHUTU U MYCKOBUTCKW anMTOMAHM rpaHuTu Llepa u cTeHe



KOje Cy Marbe unu Bulle Mmetamop@ucaHe (perMoHanHoO UM MetacoMaTcku), a To cy rpa-
nutn bykyre, byjaHoBua, Kykasuue, kao u rpaHut Munowesa n ®eketuha (nocnegmwa
[lBa 13 HOLNOTEe HeOoreHa).

MpeTeXxHO HepanyMUHUJCKMN U 6IU3aK KanKOaJIKaHOM WM KankoasiKanHu Kapak-
rep nuMajy, Takohe KOHTamuMHUpaHe, MeTaMopdrcaHe UNM MeTaMOpP(HE CTEHE, HNp. rpa-
HUT Bprbuue, MUrMaTUTU KUKMHAE U rHajc-rpaHuT (OKLacTu rHajc) Bpuaukmx opaa.

3. aTKaNHN KapakTtep (A-Tun). ANKanHUM KapakTepoM OANMKYjy Ce rpaHuTougHe
cTeHe bopake nJacTpenua.

AnKanHu KapakTep CTeHa 0Ba [jBa MacuBa, OnpefesbeH npema xemusmy 6uotuta (no
jefHa avann3a MOHOMMWHepPanHUX KOHLUeHTparta), MefyTum, NpoTUBYpPEUYN CBUM Te0J0LL-
KO-MeTPOIOWKO-MUNEPaNOWKO-XEMUJCKUM YMbEHMLAMA U BEPOBATHO je nocneauua,

MO HalleM MULL/LEHY NPUCYCTBA HeuncToha y aHanM3npaHom GUoTUTY.

lMpema n3BpLUEHO] aHaNM3W, NOCTaB/bEHN KPUTEPUjyMU 3a AehnHUCAEe KapaKTepa
rpaHMTOMAa Ha OCHOBY XeMM3Ma 6MOTMTA MOry Ce KOPUCTUTM Kao Moy3daH NpenvmMu-
HapHU W JOMYHCKN KPUTEepMjym 3a onpeje/bere reHeTCKO-re0TeKTOHCKe Nnpupoge rpa-
HUTOMAA.
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CHEMISTRY OF BIOTITES AND GENETIC TYPES OF
GRANITIC ROCKS OF SERBIA

by
Milenko Vukov* and Vidojko Jovic*

Chemical composition of petrogenic biotites was used in an analysis of genetic and geotectonic classi-
fications of granitic rocks in Serbia. The analysis was based on criteria (Abdel-Fattah, 1994) developed
from the study of biotites from reference granite massifs over the world, which included: orogenic
calc-alkaline (lI-type) and peraluminous (including S-type), and anorogenic alkaline (A-type) granitic
rocks. 'llie chemistry of biotite from granitic rocks of Serbia was found useful as a relatively reliable additi-
onal and a preliminary criterion for discrimination of genetic nature of granitic rocks.

Key words: biotite, chemical composition, peraluminous granitic rocks, calc-alkaline graniic rocks, alkaline
graniic rocks, I-type, S-type, A-type, Serbia.

INTRODUCTION

The primary genetic-geotectonic nature of granitic rocks is at present internation-
ally reduced to three genetic groups (distinguished by chemical and mineralogical proper-
ties of rocks): S-, I- (Chappell & White, 1974; White & Chappell, 1977) and
A-granites (Collins et al.,, 1982). formed in orogenic or anorogenic tectonic regime
(Pearce et al., 1984). The initially set criteria have been significantly amended and
partly revised with the time (Nechaeva, 1976; Ishihara et al.,, 1979; Stavrov, 1981;
Chappell, 1979; Backinsele, 1979; Takahashi et al.,, 1980; White el al.. 1982.
1986; Rub et al.. 1983; Chappell & White, 1984; Bowden et al., 1984; Batchelor
& Bowden. 1985; Harris et al., 1986). and much simplified criteria (Blatt & Tracy,
1996) are given in Table 1

The genetic-geotectonic classification of granitic rocks of Serbia has been made so far
at lhe regional-geology level (e.g. Karamata, 1980; Karamata & Djordjevic, 1980;
Knezevic, 1985). sometimes on their chemical-mineral properties (e.g. Pamic. 1987:
Karamata et al.. 1990, 1992; Vukov. 1989, 1995: Knezevic et al.. 1997: and others).

University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.



This work discriminates genetic-geotectonic character of varied granitic rocks of
Serbia on the basis of biotite chemistry and reliability estimates of data obtained by cor-
relations with their known characteristics.

BIOTITES AND DISCRIMINATION DIAGRAMS

Recognition of different genetic types of granitic rocks is based on the chemistry of co-
existent biotites (ferromagnesian micas), or on petrogenetic regularities in isovalent and hete-
rovalent cationic substitution (Mg2<=>Fe2+; FeH<=>AIN, 2AIIM<=>3Fe2; 3(Mg, Fe)2x<2A™*)
controlled by physical and chemical biotite fomiational conditions (Nockolds, 1947; Fos-
ter. 1960); on chemistry of biotites from the genetic-geotectonic standard complexes
(Haslam, 1968; Dodge et al., 1969; Albuquerque, 1973; Walsh, 1975; De Pieri
& Jobstraibizer. 1977; Parsons. 1981; Phillips et al., 1981; Pattison et al., 1982;
Lalonde & Martin, 1983; Speer, 1984; Kinnaird et al.,, 1985; Platt & Wooley,
1986; Pichavant et al.,, 1988; Schneiderman, 1991); and on discriminants set in
diagrams: MgO-FeO*-AlX), Fe0*-Al2D, Mg0-AlD, FeO*-MgO (Abdel-Fattah,
1994).

The set discriminants (Abdel-Fattah. 1994) of biotite chemical composition in
diagrams MgO-FeO*- AlX),, Fe0*-AlD,, Mg0-AlD,, FeO*-MgO (Figs. 1-4) allow
recognition of particular granitic complexes, i.e. three groups of igneous rocks:

P - peraluminous including collision and S-type (Chappell & White, 1974)
granitic rocks;

C - calc-alkaline orogens, dominantly I-type (White & Chappell, 1977)
formed by subduction;

A - anorogenic alkaline complexes, dominantly A-type (Collins et al., 1982)
formed by extension.

The components used in the diagrams are oxides of chemical elements expressed in
\vt.%. whereas total iron (FeO*) is calculated from the relation: FeC)*=FeO+0.89981xFe2),.

For discrimination of the genetic-geotectonic nature of granitic rocks in this work,
ail published chemical analyses of biotites from granitic rocks of Serbia were used (Ra-
dukic, 1978: Radukic et al.. 1983; Radukic & Kemenci. 1988; Vukov. 1988;
Knezevic et al.. 1992, 1997). These analyses, however, are not equally representative.
Some magmatic bodies are represented by many analyses (Cer, 2eljin, Gomjane, Kikin-
da) mostly using electronic microprobes (Cer, Teijin). A majority, even of large bodies,
are represented, unfortunately, by a single conventional chemical analysis of monomineral
concentrate.

This work embraces (indirectly by means of biotites) both granitic rocks from the
broad definition and the rocks designated as migmatites. gneiss-granites, granitization and
metasomatic granites, and two enclaves (Table 2). The massifs considered are: Cer
(quartz monzonites - Crl, enclaves - Cr2. finegrained leucocratic granites - Cr3, and
muscovitic aplitoid granites - Cr4). Strazanica (Sr), Bogatic (Bg), Boranja (Br). Bukulja
(Bk). Teijin (Z). Kopaonik (Kp), Gomjane (Gr), Bmjica (Bn). Stalac (Sa). Kukavica
(KKk). Jastrebac (Js), Kikinda (Ki), Feketic (Fk). Milosevo (M), and Vrsacka Brda (Vb).



CHEMISTRY OF BIOTITES AND GENETIC TYPES OF GRANITOIDS

The character of granitic rocks of Serbia defined on chemical composition of biotites
and discrimination diagrams (Abdel-Fattah, 1994): Mg0-Fe0*-Al2, FeO*-AlXQ,,
Mg0-Al20, FeO*-Mgo (Figs. 1-4) is mostly in very good agreement with the charac-
ter of these rocks distinguished by other methods (geological and/or petrologic-mineralo-
gical methods). Illogical results were obtained for rocks formed from much contaminated
magma, and for metasomatically much altered or metasomatically formed rocks (e.g.
gneiss-granite).

Alkaline granitic rocks (A-type). Alkaline character according to biotite compositi-
on. is possessed only by young (Alpine) granitic rocks of Boranja and granites of Jastre-
bac. Their alkaline character (Table 2, Figs. 1-4), however, is contradicted by all geolo-
gic-petrologic-mineralogic characteristics of the rocks (e.g. for Boranja, Karamata et
al., 1992). The alkaline character, in our opinion, is given to the rocks by the unreasona-
bly high FeO* contents (25.08 and 24.15%), especially Fe3® 3 (10.56 and 12.76%) and
low A1 3 (9.95 and 9.98%), a likely consequence of magnetite presence in biotite con-
centrate (one conventional chemical analysis for each).

Calc-alkaline granitic rocks (I-type) are young Alpine (Neogene) massifs of the
Dinarides (and the Vardar Zone) of proved I-character, i.e. granitic rocks of Zeljin (Vu-
kov, 1995). granodiorites of Strazanica (Knezevic et al., 1997) and quartz monzonite
of Cer (Crl), then geologic-petrologic-mineralogically related: tonalite of Bogatic, grani-
tic rocks of Kopaonik, and Gomjane, a Hercynian granitoid massif of the Carpatho-Bal-
kanides. The last one exhibits calc-alkaline character and a greater variation in compo-
sition (marginal parts of the massif in particular, e.g. at Rudna Glava), which is only
natural for its proved contamination.

Prevailingly calc-alkaline character, sometimes almost alkaline or peraluminous. is that
of: "gneiss-granite” of Stalac (Caledonian) and "granite" of Neresnica (Hercynian), while
"granite” of Bmyjica (geologic-petrologic-mineralogically close to Gomjane and Neresnica
granitoids) is dominantly peraluminous (close to calc-alkaline) in character. The character of
this occurrence should be accepted with a reservation, because it is based only on one chemi-
cal analysis of the biotite (possibly not quite pure) monomineral concentrate. The rocks are
also characterized by metasomatic (Stalac) and contamination effects.

Peraluminous granitic rocks (S-type). "Finegrained leucocratic granites" and "mus-
covitic aplitoid granites” of Cer (Neogene), of petrochemically proved S-type (Kne-
zevic et al.,, 1997), are peraluminous rocks.

Granites of Bukulja (Hercynian/Alpine), Bujanovac (Hercynian), Kukavica (Caledo-
nian), which contain muscovite and sporadically garnet, and granites of Milosevo and
Feketic, Vojvodina, are always peraluminous, and "augen gneisses" of Vrsacko Brdo and
"migmatites" of Kikinda are dominantly peraluminous (closely related to calc-alkaline) or
calc-alkaline in character. The peraluminous of these rocks is a logical result of signifi-
cant metasomatic processes in their formation. Metasomatic granites of Bukulja (Div-
ljan, 1991) and migmatites of Kikinda are particularly important, because they are ade-
qutely analysed and vary in composition, which may testify the role of metasomatic
processes in their formation.



DISCUSSION AND CONCLUSION

The character of primary magma is very difficult to determine, because in the
course of evolution (crystallization, differentiation, assimilization, contamination, hybridi-
zation. or some other processes) magma may have undergone significant, primarily
chemical transformation. Consequently, igneous rocks, as products of magma crystallizati-
on, can bear only minor primary characters.

Chemical composition of magma and physical parameters of its crystallization control
the respective association of coexistent petrogenic minerals, and their chemistry. For disc-
rimination of genetic and geotectonic types of granitic rocks, many different geological, pet-
rological, mineralogical and chemical criteria are used. Chemistry of the coexistent biotite can
also be useful in establishing the primary character of magma, by employing relevant discri-
mination diagrams: M g0-Fe0*-AlD,, FeO*-Al20v M g0-AlD 3, FeO*-MgO. The set cri-
teria distinguish: orogenic calc-alkaline (I-type) and peraluminous (including S-type), and
anorogenic alkaline (A-type) granitic rocks.

The results of coexistent biotite chemistry and of discrimination diagrams are consistent
with the known (established by other methods) characters of granitic rocks of Serbia, which are:

1 Calc-alkaline character (I-type) characterizes granitic rocks of: 2eljin, Strazani-
ca. Cer (quartz monzonite), Bogatic, Kopaonik, Gomjane; all fall into field C far from
discriminant lines.

Granitic rocks of Neresnica and Stalac (gneiss granite) are dominantly calc-alkaline,
related to peraluminous, less to peraluminous (and alkaline) character. Acquiring peralka-
line (and alkaline) character is probably caused by contamination, or metasomatic proces-
ses, which have been proved.

2. Peraluminous character (S-type). Rocks of peraluminous character are finegrain-
ed leucocratic granites and muscovitic aplitoid granites of Cer, and more or less meta-
morphosed (regionally or metasomatically), viz.: granites of Bukulja, Bujanovac, Kukavi-
ca, and granites of Milosevo and Feketic (the latter two from Neogene basement).

Dominantly peraluminous and close to calc-alkaline or calc-alkaline in character
are, also contaminated, metamorphosed or metamorphic rocks, e.g. granite of Bmjica,
migmatite of Kikinda, and gneiss granite (augen gneiss) of Vrsacka Brda.

3. Alkaline character (A-type) characterizes granitic rocks of Boranja and Jastrebac.

Alkaline character of these two massifs, distinguished by chemistry of biotites (one
monomineral concentrate for each), is contradicting any geologic-petrologic-mineralogic-che-
mical fact, and is a likely consequence, in our opinion, of impurities in analysed biotite.

The criteria set for defining the character of granitic rocks on biotite chemistry basis
can be used as a reliable and additional criterion for discrimination of the genetic-geo-
tectonic nature of granitoids.

Translated by D. Mijovie-Pilie
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