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FTEOXEMWIA ®1OITONMMNTA W BNOTUTA N3
CEMUTAMMNOPODPNPCKO/MAMITIPO®PUNPCKUMX
CTWNIEHA BENTNMKOIr MAJAOAHA, CPBNJA

04
[Oejana Mpenesuha* n [Aparava MunosaHoBuha *

depomarHesnjckn TPMOKTaeAapcku NMCKyHU nsrpahyjy cemmnamnpodgumpcko/namnpodupcke gajkose Be-
nukor MajgaHa. 3ajefHUYKO NojaB/bMBakbe 6MOTUTA M (hioronuTa y 0OBUM CTMjeHaMa Heo6WYHO je ca MmeTpo-
reHeTCKOr acrekTa, a BeOMa TeLKO YOU/bUBO PYTUHCKUM NETPOrpaf)CKUM UCNUTUBAEM.

VicnuTusaHu gnoronuTy cy BUCOKOMArHesujcku ca M84#=:0,88-0,89 n Bucokum cagpxajem Crd, o 235%.
Cappxaj mukpoenemeHata (Kb, Ba, CH, Ne) kao n TepmobapoMeTpujcKu npopadyH ykasyje ga ¢noronut B.
MajaaHa noTtuye ca gy6uHe of oko 60 KT wTo ynyhyje Ha AMO NMTOCHEPCKOT ropkber oMoTava Koju ofrosapa
MeTacoMaTCKu U3MUjereHOM TUMy.

C apyre cTpaHe, 6UMOTWT KOju Koerauctupa ca (pioronuToMm y cemmnamnpodmpcko/namnpoupcknm
cTujeHama B. MajgaHa. yka3syje Ha NOTNYHO Apyraynjy reoxeMmnjcky cpeguHy u KpucTanusauuoHe ycnose. buo-
TMT uma Mj;»=0,40-0,46, Buwn my je cagpxaj ‘Tl n J1l n cagpxaj Cr 3HaTHO HUXUK of hnoronuta. Cagpxaj ocTa-
X MUKpOenemMeHarta ce Takofje 3HaTHO pa3finKyje, Tako Aa To, CKyna ca TepMob6apoMeTPMjCKUM npopavyHnmMa

KOju fajy gy6uHy KpucTanumsaunje of oko 32 KT, yKasyje ga 6UOTUTM HUCY KpUCTanmcanm y UCTOM MarmaTckom
pesepBoapy 1 13 UCTe Marme Kao (hIoronuTy.

KoersucTteHumja ABa cpofHa nMckyHa y o6nactu B. MajgaHa ynyhyje Ha npouec Mujellara 1 NpoXKumatba
[iBMje MarMe NOTNYHO PasNn4YMUTOr nNopujekna u reHese: namnpogupcke (ropwy omoTay) U kucene (3emmbuHa
Kopa).

Krby4He pcumn: 610TUT, (hOronuT, reoxemmnjcka TepMobapomeTpuja, namnpoupun, metacomaTusvpaHi ropkbu
oMOTau. 3eM/bUHa Kopa. MpoXuMare N Mujelliakbe marmu. Bennku MajgaH, Cpbuja.

YBO/

PepomarHesnjcku TpUOKTaeapCcKu NIUCKYHU ynase y cacTaB BEeNUKOr 6poja pasniu-
YUTMX BPCTA MarMaTCKUX CTUjeHa. Y thMMa Cy CBaKaK0 Haj3acTyM/beHUjU MUHepanu U3o-
Mop(He cepuje 6MOTMT-PIOTONNT, KOja je OrpaHMYeHa CacTaBOM YeTUPM Kpajia YiaHa:
(hI0ronuT, aHnUT, UCTOHNUT U cugepodunut (cn. 1). NMpema oBoj nogjenu, 6UOTUTK Cy Tpu-
OKTaefapCKu rBoxheBMTM IMCKYHU KOju Ce pasnuKyjy of pnoronuTa no ogHocy Mu:Pe
Koju je <2:1 (peer e! al, 1962). OBM MUHepanu cy BeoMa OCjeT/bUBM Ha MpoMjeHe (u-
3UYKOXEMUJCKUX YCNoBa KpMcTanmsaunje 1 cactaB MarMme u3 Koje cy Kpucranucanu. Hu-
X0B MaKpo- M MUKPOCACTAB Ofpaxasa TeMmepatypy KpucTtanusaumje, nputucak, napum-

*PynapcKo-reonowkun hakynteT YHusep3uteta y beorpagy, hywwnHa 7.11 000 Beorpag,.



janHu HpuTucak Bonatuna (BoAeHe nape, KUCEOHMKa, (hyopa W XNnopa), ankanuTeT, any-
MUHUYHOCT 1 6a3uLMTET pacTona ura,

AWT Cugepopunnt
K2Pe5A1(815A13020XOH)4
(AniCe) K2Pe6(816A120 20)(OH)4 ( ) (6igerophyHu)

¢ Mpku nuckyH (Barksro\yYn ruuica)

O MegHoxXyTu nnckyH (1n8h/bro\Yn ruuca)

Pe/l7e+M§*
Buotut
(BioLLk)
033
dnoronut
(Phlo8opke)
AL*
) NcToHut
o ioorfgp”:; K 2M86(816A12020)(OH)4 K2M85AL1(815A13020)(OH)y4  (EabLLInKe)

Cn. 1. KBagpunatepanHu KnacuukaLmMoHun gujarpam 3a TpuokTaegapcke nuckyHe (Beer el al, 1962) ca no-
NnoXajuma UCnUTUBaHuUX NUcKyHa B. MajgaHa. * - bpoj atoma no jeinHU4Hoj henujn.

piJ. 1. Ovaclnla(eral cla88llicaHon cWagrat 1'or 1rocl;ahe(lral nHca3 (Meer el al., 1962) m(h pomWon o “nye-
8HSalecl nucax. * - Mwuther ol alllnw ptr cry8lalocheriical lowuuiae.

3aje/HNYKO nojaB/bUBakwe Goronuta U 6GUOTUTA Y UCTOj CTUjEHU TELLKO Ce yo4yasa
PYTUHCKAM ONTUYKUM WUCMNUTUBAUMA KOja NMpPeTXofe CBakKOM FeOXeMMWjCKOM WCTPaXKu-
Baky, a Takohe npeacTaB/ba Kypuo3uTeT ca NeTPOreHeTCKOr M NETPONOLIKOr acnekTa.
Vmajyhn TOo y BuAy, OBUM pajoM CMO MNOKYLUAAM PUJELINTU Heke (yHAaMeHTasHe
npobneme reHese cemmnamnpoupcko/namMnpompcknx ctujeHa Bennkor MajgaHa npe-
KO xemu3ma paoronuta u 6MOTMTA KOjU KOEr3UCTUPajy Yy HUMa NPUMJEHOM HajHOBUjUX
TEePMOLMHAMUYKNX N EKCIEPUMEHTANHMX NojaTaka.

MEONOLWKE KAPAKTEPUCTUKE

JyroncTouHu o6opf rpaHogMopuTcKor Macusa bopake onuroueHcke ctapoctu (Oela-
loye el al, 1989), ncmpobujaH je 6pPOjHUM AajKOBMMA PasIMyMTOr cacTtaBa U KOMIMIEKCHE
rpahe. OBa Tujena cy rpynucaHa y AnHeapHe cybnapanesiHe CUCTEME KOjU UMajy Tpu reHe-
panHa npasua npyxawa: M -3 ca nagom ka cjesepy, C3-JV ca nagom ka jyrosanagy u
CWN-J3 ca nmagom Kka cjeBepo3anagy (8lajeVic | OwuloVic, 1994). [e6rbmHa fajkoBa
Bapvpa of HekonHko fo 200 w. AyTopu Koju cy npoydyaBanu oBe cTujeHe (Kapamara,

1955; 6lajeylc 1 Cu1oVic. 1994) cmaTtpajy fa Cy AajKOBM YTUCHYTU KpajeM Marmartcke
aKTMBHOCTU KOjOM je CTBOPEHO rpaHOAUOPUTCKO Tujeno bopakwe. HoBMjUM UCTpaXusambuma



Koja cy BohjeHa y Ph-7,n pygHuky Benuku MajaaH (Preleyjc, 1995), yTBpheHo je upucycrso
HajMarbe YeTupu, No cacTasy ¥ MOPMOIOrMjun, pasnnyunTe BpCTe Aajkosa. To cy:

1. faunTCKN JajKoBum,

2. [aLNTCKO-CEMUNAMMPOMPUPCKN KOMMO3UTHU [ajKOBU,

3. namnpoupckn Aajkosu u

4. rpaHoAMOopPUTIOPOUPUTCKU [ajKOBU.

1. JlaunTcKmM AajKoBU Cy HAjOPOjHUjU Yy UCMUTMBAHOM MNoApydjy. debbnHa um je go
100 T ¥ MHTEH3MBHO Cy K-meTacoMaTu30BaHU M NPOMNUINTUCAHWN UCTUM UHTEH3UTETOM
Mo YMTABOj LUMPUHWU.

2. [aunTtcko-cemunamnpodupcka KOMMNO3NTHa Tujena cy 6pojHa. Hbuxos LeHTpaiHu
Ano wupuHe og 5 go 50 T m3rpahyjy gauuTu, oK ycKy 0604HY 30HY (HMKaja LWwmpy of 2 T)
n3rpafyjy cemmnamnpoupcko/namnpodupcke ctujeHe. MefycobaH ofHOC OBe fBUWje BPCTE
CTujeHa (ourrpa rpaHuua UM NPUCYCTBO 30HE MpenasHor cactasa, WTOo ynyhyje Ha KOHTaKT
mMarmMa-marma) HaBOAM Ha 3aK/byyak fa Cy CTBOPEHe Hau3MjeHUUYHUM W/UK CUMYTaHUM
YTUCKMBaEM MarMy JauuTcKor 1 naMnpompcko/ceMmiaMmnpomMpeKor cacTasa,

3. NlaMnpogmpcKy [ajKOBM Cy HajMare 3aCTyM/beHU Y UCMUTUBAHOM nogpydjy. Osa
Tujena umajy 4ecto HenpasunaH 06/1vK, HenapanesnHe 3U40Be, NPOMjeHbUBY Ae6/bUHY [0
O0KO 4-5 T ca HarnMMm UCK/NHbaBaHEM.

4. ['paHOANOPUTNOPPUPUTCKN LajKOBU CY MaSI0 3aCTYMN/beHN Y UCMIUTUBAHOM MOAPYYjY.
MoHergje vx npobujajy JaunUTCKM U OaLUTCKO-CEMUIAMMIPOPUPCKA KOMMO3UTHU [ajKOBW.
[Jajkosu rpaHoguopuTnopgmpnTta cy, 3a pasnnky of 0cTanux, NoCTAajKOBCKM TEKTOHU3MPa-
HU 1 Behux gyMeH3nja (MOHeKa AOCTMXKY LWMPUHY o4 500 T Lo oAroeapa MawemM Marmar-
CKOM Tujeny). M3ocTaHak opyamera y 0Boj 061acTy, YMHbeHULA [a OBE CTUjeHEe He MoKasyjy
3HayYajHMje 3HaKOBe KalnjyMCKe HUTK NPOMUIUTCKe antepauuje n HhUxXoB Apyradynju TeKTOH-
CKM cTu/, Hamehe 3ak/byyak fia OHe npunagajy nocebHoj asm marmMatcke akTMBHOCTU. Mu-
HepasHW cacTas rpaHoguoputnopumpuTa B. MajgaHa ugeHTYaH je MUHepanHOM cacTaBy
rpaHoguoputa bopake, anu ce reoxeMmmnjcke KapakTepucTUKe OBUX CTUjeHa Y U3BjeCHO] Mje-
pu pa3nukyjy (Prcleyjc, 1995). I'paHoguoputnopgmputy B. MajaaHa cy HuKer maguTcKor
MHAEKCca*®, WTOo y3 BuLIe cagpxaje Tp Cr, V, a HuXe I'p Ph 1 7,1, Kao 1 BULIW yanO proronnT-
CKe KOMMOHeHTe y 6moTntuMma, ynyhyje Ha 3ak/byyak fAa Cy oBe CTUjeHe 6asnyHunjn gudepen-
umjaTu Marme Koja je fana naytoH bopawe a no xemMusmy cy Hajbnvxe "3aMp3HYTUM py-
6osuma” (KapamaTta, 1955).

Y30rPUN N METOQAE

OfpehuBate MakKpo- M MUKpocacTaBa CTMjeHa BPLUEHO je METOAOM pPEHAreHCKe
(hyopecLeHTHe crnekTpoMeTpuje y MeouUHCTUTYTY Yy XaHoBepy y Hbemaukoj. TauHocT
MeTOje je KOHTpOonuncaHa NPeko MHTepHaLMOHaNHUX CTaHapaa n 6ormba je og 5 %.

MakpocacTaB MCKYyHa oApeheH je Ha efleKTPOHCKOj MUKpocoHAM Tuna “Careca"” Ha
YHuBep3uTeTy y Xambypry. PagHu ycnosu 6unm cy: 15 KY y6psake enektpoHa, 15 nA
CTpyja Ha y3opky u 10 8 - Bpujeme 6pojarba. KopuwheHn cy NpUpogHN MUHEpann Kao
pethepeHTHW CTaHapaMm.

M3aBajate MOHOMUHEpPASTHUX cenapata 6uoTuTa 1 PaoronuTa BPLUEHO je U3 (hpak-
umje 100-260 L, T nomohy TeLKWX TEYHOCTU, MarHeTHOM cenapauujom U uHanHo npe-
ynwhaBaH py4yHO, Nog 6MHOKynapHoOM niynom. Yuctoha je puHanHo nposjepaBaHa MeTo-
[lOM peHAreHcke angpakymje npaxa n 6osma je og 98 %.

*M1=Pe0*/Pe0*+M80, rajeje PeO* ykynHo Pe nspaxeHokao PeO.



CagpxXaj MUKpPO- U Mojefunnx MakpoefremMeHaTta y NIMCKYHCKUM cenapatumMa ofpe-
AuBaH je y Jlabopatopujn 3a reoxemnjy Pyaapcko-reonowkor gakynteta y beorpagy,
mMeTofoM AAS5 Ha MHCTpYMeHTY PerkT Elter 373, ca npeunsHowhy n TauHowhy of 10 %.
KBanuteT aHann3e KOHTPOMMUCAH je MPeKO WMHTepHaumoHanHux cTaHgapfa BHYO-1 u
86C-1 (npema Coytclaraju, 1989). MocTurHyTo je 3afoBo/baBajyhe cnarawe pesysn-
Tata fo6MjeHNnX MUKPOCOHAOM ¥ MeTogoMm AAD.

OppehuBatbe Pe2ty NMCKYHUMa BPLLEHO je KNacU4YHOM METOLOM TUTpaLuje Kanunjym
nepmMaHraHaToM y KOHTponucaHoj atmoctepu C02

Cagpxaj Py nuckyHuma je ogpehusaH noTeHUMOMeTpUjcKkU Kopulherem dnyop-
-cefiekTuUBHe enekTpoge (Troll e( al., 1977).

METPOrPA®NIA N TEOXEMWNIA CTUNIEHA

MicnuTnBaHM NNCKYHCKM MUHEpPann WUCK/bYUMBO W3rpafyjy namnpogupcke u cemu-
namnpogupcke ctujeHe (Preleluc, 1995). 360r Tora he Ha 0BOM MjecTy 6UTK NpuKasaHe
neTporpa)cke n reoxeMmjcke KapakTepUCcTUKe 0BUX CTUjeHa.

Cemunamnpompu cy nopmpcke CTPYKType ca Makpokpuctanuma goronura, Kce-
HOKpucTaniuma 6noTuTa, nNnarmokniaca u Keapua, 1 OCHOBHOM MacoM TPaxMTCKe CTPYKType
n3rpahleHom of MUKponuTa hnoronuTa, caHUAMHA U KBapua. Y cemunamnpoduprma ce pe-
[OBHO nojaBsbyjy rnobynapHe opme pasnnumTor 06amMKa, AMMEH3Mja U cacTasa, Koje uc-
nytasa napareHesa anTepauuoHMx MuHepana (X10puT+MarHeTUT+KanumT+MnoronuT; enu-
[l0T), Tako Ja UM BULLIe oArosapa Hasue cerperaunje (Kock, 1991). OBa ucta antepaumnoHa
napareHesa Ha WAeHTU4YaH HauumH usrpafyje nceyfomopgo3e N0 ONWBMHY, NMUPOKCEHY
n/vnn ampubony.

OBe cTujeHe nokasyjy 3HayajHy NpoMjeH/bUBOCT Y 3aCTYN/bEHOCTU KCEHOKPUCTaNa u
(noronuta. CTujeHe Koje cy ofpefeHe Kao namnpomupu UCK/bYYMBO Ce MojaB/byjy Yy
WHAVBUAYAIHUM [ajKOBUMa, C/IMYHOT CY MUHEPASTHOT cacTasBa M CTPYKType cemuiamnpo-
(hmpuma, y3 peflyKoBaHO NPUCYCTBO KCeHOKpucTana (6MoTUT, nnarmoknac u Kkeapu).

MeTporpagunja n reoxemmja cemunammpompa ykasyje fa cy oBe CTUjeHe HacTane
MUjeLlabeM 1 NPOXMMaweM naMnpogupcke MarmMe v MarMe AaLuMTCKOr cacTaBa, Koje ce
0flBMjano y NpeTnocTaB/beHOM MarmMaTtCKom ormuwTty. Ha To ykasyje npucycTtBo 6umo-
TWUTa, Nnarvoksiaca n Keapua cemMmnamnpopupcko/namnponupcKnX CTujeHa Koju pesos-
HO MOKa3syjy KapakTepuCTUKe MUHepana Koju Cy y HEPABHOTEXW Ca OKOJIHUM PacTonom
(peakymoHy py60BM, KOPOAOBAHOCT) LUTO je U yNyTW/O Ha 3aK/by4yak Aa Cy OHW KCEHO-
KpucTanu.

leoxemunjcke KapakTepuctTuke (Tabena 1) Takohe cyrepuwly mujellarbe namnpo-
(hvpcke un gaunTcke marme. Hajnpuje naga y oun n3pasuto npomjeH/sus cagpxaj 8K)2
AlD 3 Mjjo, KD, Cr, Ne, 2r, n 3aKOHOMjepHOCT Tor Bapupawa. Haume, y3opum 6e3
kceHokpuctana (VI, n ¥YT2 nokasyjy HajHMXe KoHuUeHTpaunje $K)2u A1D 3 a HajBuLue
cagpxxaje K2, M§O0, 2r, Cr n Ne. OBa uubeHMLa objallkbnBa je pasIMuuTUM CTENEHOM
Mujellara fauuTcKe U namnpogupcke mMarme, a cTujeHe 6e3 KCEHOKpuUcTana Mory ce
cMaTpaTu CYLWTUHCKM "HajnpuMUTUBHMjUM" CTUjeHama JOCTUXYhu cacTaB 4uCTOr nam-
npogupa (Preleyjc, 1996).

WcnnutrneaHe cemnnamnpodupcko/namnpogmpecke CTMjeHe cy npema xemmnsmy 6namc-
Ke cpeamwoj muHeTn (Kock, 1991).



Tabena 1. AHanusa Mmakpo- (%) u mukpoeneMeHata (ppT) y cemuiaMnpoqupcko/namMmnpodupckum crujeHama B. MajaaHa
TaHe 1 Major (%) ang 8ate lrace eletenl6 (ppT) amaly8s8 ol 6etAaTprophyreflatpasphyre« Jrot V. Maj/bn

YR X114 177 VI2 96 V11 Muukrra; (Muwen:)*

8jo, 6133 59,04 57,12 52,56 49,97 5130
'no. 1,15 0,83 1,08 133 1,16 130
ALD 3 13,95 13,70 12,19 10,20 11,00 12,80
TPe,0, 4,46 3,99 339 4,28 12,82 730
Pe,03 2,84 2,12 2,21 2,49 3,58 >
PeO 1,72 1,94 1,47 2,01 7,95

MnO 0,13 0,13 0,19 0,26 0,09 0,12
M 8o 4,74 4,81 5,17 7,74 8,98 7,10
Ca0 2,15 4,63 5,08 9,79 1,68 6,70
N3,0 0,98 137 0,29 0,45 0,29 2,00
K;0 4,58 3,66 6,74 5,88 6,00 5,60
pd5 0,52 0,48 0,74 0,73 036 0,95
HX- 0,80 0,14 0,08 0,26 0,50 2,10
1.01 4,82 7,10 7,44 6,25 6,80 2,00
YKynHo (8uT) 99,91 99,95 99,80 99,95 10032 99,47
2n 118 73 181 90 95 120
Cr 213 239 329 396 434 360
N1 43 85 95 111 252 200
\% 86 42 60 43 79 165
1 42 44 42 27 40 34
Ba 1124 1280 1527 1116 2 069 1800
Kh 263 183 204 314 291 -
C» 14 10 12 14 14

8r 170 290 400 340 286 950
2r 365 241 432 434 465 300
\% 15 15 14 17 32

* Cpeptou cactaB MuHeTe (Kock. 1991)
* Lorll oyer ayera”e nnneMe (Kock. 1991)

JINCKY MU

MicnuTmBaHU NUCKYHW u3rpafyjy cemunamnpoupcko/namnpoupcke cTujeHe wu
HUXO0B cafpXaj je NpoMjeH/bMB. CeMunamnpodpumpu ce KapakTepuLly npucycTBOM Makpo-
KpucTana ¢aoronuTta u nogpujefheHnM NpMcycTBOM KCEHOKpUCTana 6uotmTa, JOK ce KOA
namMnpogupa y3 cMamwere KonnmymHe KceHokpucTana nosehasa cagpxaj ioronuTa WTo
YMHU fa ce OBe CTMjeHe MOJaNHNM CacTaBOM MpubanXaeajy TUMCKUM MUHETama.

dnoronuT (cn. 2) ce nNojaesbyje Ha YeTUPU MOPGONOLLIKNA Pa3NUYNTa HAUNHA:



1y Buay MukpohenokpumcTana,

2.y OCHOBHOj Macu;

3. mo pybosmma rnobyna u cerperayunja (rnobyne nmajy marneg HenpasuaHUX NyKo-
TUHa UK cy Nceyfomopgo3e No ONIMBUHY, MUPOKCEHY 1 am(ubony, a NCnyreHe cy X/o-
PUTOM, Ka/iLMTOM U METaIMYHUM MUHEPanom);

4. y Bugy nceygomopgosa no MarmaTtckom 61oTuTY.

Cn. 2. ArperaT 1 MUKpO(eHOKpUCTanu oronuta n3 cemmunanMpogupa.
pi;r. 2. AB{reSale ol plio”opKex (upper-lefl pall ol nucrophok”aphy) al nucrophenocryxk ol phloSoplle
T xeTWartprophyre.

1 ®noronut Y MUKPOPENOKPUCTANINMA jaB/ba Ce Y NINCKaMa TaMHO 060jeHuX py-
60Ba.

2. Y OCHOBHOj Macu inckKe paoronuTa cy pasnuuntnx ammeHsunja (He npenase 0,2 X
0,37T1). OBaj MUHepan NnoHekan rpagu CUTHO/bYCNMYACTe arperare.

3. dnoronnT Koju ce jaB/ba No pyboBuma rnobyna u nceygomopdosa no 60jeHNM
MWHEPANUMa UCNYHEHNX XNOPUTOM, KaiuMTOM U OMaknuM MUHEPANoOM UCTUX je ONTUYKMX
0co6MHa Kao v ocTasie MOp(osoLLIKe BPCTe, CAMO je MarbuX AUMEH3Mja.

4. PnjeTke nucke 6rotuTa MMajy pyboBe Koju ce jacHO pasnukyjy no 6oju u nonm-
XpOu3My 0f YHYTpawWMX gjenosa 3pHa. OBU peakuuMoHW py6oBM Cy ONTUYKM BeoMma
CNUYHKU hioronuTmMa.

KceHokpuctanu 6uotuta (cn. 3 u 4) nogpujefieHo ce jaBrbajy y cemmnamnpogupu-
Ma. Jlucke ¢y 1,5 X 1,5 T T, jako cy NONUXPOUYHM Y TaMHO 6paoH 60ju. YrnaBHOM ce Mo-
jaB/byje y KpynHujum niMckama [oK je y OCHOBHOj Macu oacyTaH. [ocTojakbe peakLMoHUX
py6oBa koA 6M0TUTa, UHTEH3NBHE M3MjeHe U CeKYHJAPHO HapacTawe KOJ nnaaruoknaca u
CHaXKHe KOpOJ0BaHOCTW KBapua, Moc/befuua Cy HeYyCrnocTaB/beHe PAaBHOTEXE OBUX KpU-
cTana ca MarmaTCKum pacTonom y cemunamnpodmpuma. KapaktepucTuyHa ocobuHa
6uoTuTa je fa je cBjex (M3y3aumajyhu peakuuoHe pybose - horonutusaymja) U ga He
nokasyje HujeaaH BUA HUCKOTEMMepaTypHe antepauuje (HNp. xnoputmsayuja). MNojegunHa
3pHa MHTEH3WBHO Cy pecop6oBaHa NO CpefuHM U CMeXypaHa WTo Takohe MOXe ga ce
npuHULWLE horonnuTusaunju.



Cn. 3. KceHokpucTanu 6notuTa, Anjenom pecopbosaH, U3 cemmnanMpodupa.
Pjj;. 3. BioiVe xenocryk! w setaprophyre, parlly reaorfe”.

Cn. 4. KceHokpucTan 6M0TUTa, FOTOBO MOTNYHO pecop6oBaH, U3 cemunanMpodupa.
pl8- 4. WTTec! axl resorhec! Mollle pherocry$l T keTMatprophyre.
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XEMU3AM BNOTUTA U ®JIOTOMUTA

Pesyntatu ucnutmawa ioronuTa 1 6MOTUTA NOKa3yjy 4a 0BU MUHepanu cnagajy y
rpyny TpUOKTaefapCKMX UCKYHa y npocjeky ca 5,75 aToma y 0KTaefapckoj nosnumnju Ha
jeanHMYHY hennjy. AHanuse Makpo- U MUKpPOCACTaBa, CTPYKTYpHE POpMysie U NON0Xaj
Ha aHUT-CUAEPOPUANT-PNOTONHT-UCTOHUTCKOM KnacuukaunmoHom aujarpamy (cn. 1)
yKasyjy fa u3mehy kbuX NOCTOjU KOMMO3UUMOHK ja3 360r 4yera he xemusam oBe [Buje
rpyne MckyHa 6uTN 04BOjEHO KOMEHTApPMCaH.

dnoronntun

Pe3ynTtaTu aHanm3e oronuta npukasaHe cy y tabenu 2.

MarHe3njcku TPMOKTae[apCcKmn NCKYHN Cy BEOMA YeCTM KOHCTUTYEHTU namnpogu-
pa. Mafa reHesa 0BUX CTMjeHa jol YBWjeK HUje Yy NOTNYHOCTU pacBujeT/beHa, BpojHU cy
NuUTepaTypHU Mojaum Koju yKiby4yjy Xemusam NMCKyHa KOje OHe Hoce.

JNnckyHn ceux BpcTa namnpogupa Hajuewwhe cy (hNOronMTCKOr cacTasa, Ca cajpxa-
jem A0 3=12-16% un TJ02= 3-5%. HepujeTko nx KapakTepuwly BUCOKU cadpxaju P,
Mn, Ne, Cr n Ba. Bucoke koHueHTpaumje Cr n Ne 06u4HO Cy npaheHe BHCOKUM cagp-
Xajuma M80 (BachTkkn & JHTpxon, 1984; Kock, 1991, MWchell & Ber”ran.
1991). ®dnoronnTU YecTo MOKa3syjy OUCKOHTNHYMpPaHY 30HApHOCT Koja ce orfefa y Tome
[la je UeHTap 3pHa csjeTnunje, a 0604 MpKe 60je WITO je MOC/beAMLA XEMUjCKE XeTepore-
HOCTM rfe je ueHTap 6oratuju M§, K, Cr, Ne, P n cupomatuHuju T, a o6og 6oratuju Pe, T,
Xa, n Ba, a 6e3 Cr n No. Takohe, nocToje 3HayajHe pasnuke y cactaBy oronuta u3
OCHOBHE Mace W MaKpoKpucTana: (GhaoronuT U3 OCHOBHE Mace CIMYHOI Cy XeMWU3Ma Kao
py6HU fjenoBu 30HapHUX eHokprcTana (Bachilgkl & 6jTp6on, 1984; Hunler el al.
1984; M kchel,1985;Ber8tan e( al, 1988; Pock, 1991).

Ha cn. 2 npukasaHu cy BapujaunoHu gujarpamMmv HEKOJIMKO MakpOKOMMOHEHTU Y UC-
NUTUBAHUM PIIOTONMUTMUMA Ca anNpoOKCUMAaTMBHO YUPTAHUM NOAPYYjUMa Yy Kojuma ce Hana-
31 BehnHa aHanusa poronuTa U3 naMmnpogupa pasiMunTUX N0KaJHOCTU a Koju cy yLnm
y 6a3y nogataka BAMPP)A ¢opmupaHy of ctpaHe Pock (1991)*. OBu gujarpamm yka-
3yjy fa gpnoronutu B. MajaaHa oarosapajy TUNCKUM NaMnpo@UPCKUM TUCKYHUMA.

Xemusam ¢noronuta Beoma Aobpo pedrekTyje YUNUKOXeMUjCKe YCNOBe KpUCTa-
nusaumje. bUX0B MaKpo- U MUKpOCacTaB Ofpaxasa: TemnepaTypy Kpucrtanusauuje, yky-
MaH npuTucak, MapumjanHu nputucak sonatuna (BoJeHe nape, KUCeOHWKa, dayopa u
Xfopa), ankanuret, anyMUHUYHOCT 1 6a3nuMTeT pacTona.

BachT.ukj & 51tp$on (1984) cmaTtpanu cy ga Makpokpuctanu aoronuTa us
MuHeTe ca cafgpxajem TJ022-11,3 % n M8# 0,74-0,90**, noTuuy n3 ropwer omoraya.
MoTBpAy OBe MPeTnocTaBKe, ayToOpu Cy UManu y ekcriepumeHTanHum nogauvma (Ecl8ar
e[ al, 1976; Barlon & Hatllon, 1982; Tronne6 e! aP, 1985) gobujeHnm y ycnosmma
nputucaka 10-35 khara, Temnepatypama 825-1300 °C, y cuctemuma pasiMunTor cacrasa,
cagpxaja sonatuna (HD n C02 H cTeneHa okcugaumje. OBUM je eKCriepUMeHTUMA YTBP-
heHo faje gpnoronut unju je M8# y oncery 0,82-0,90 u cagpxaj T1021,8-8,1% nuksugyc
(hasa uam paHo uckpuctanucana asa y CMCTEMMMaA KOju ofrosapajy namnpomupckom
cacTaBy.

*OBa 6a3a nogataka cagpxu 987 aHannsa ANCKyHa 13 CBUX TUNOBA NaMNpPOUPCKMX CTUjeHa.
MN//[=Mu0 'M«0+'TTeO (TPeO = ykynaH cagpxaj Pe nspaxeH kao peO)



HoBuju TepmogumaMmnykm n ekcnepmmMmeHTanHu nogaum (KlojfMer & Canwchael,
1996) ykasyjy fa pacnogjena T1 u3mehy cnoronurta u octaTka pactona 3aBuUCU 0f TEM-
nepaType, a fa je HesaBUCHa Of MpuUTUCKa u Bapujaumje 102. NcTum ucnutusamwmma je
yTBpheHo fa pacnogjeny Ba KoHTponuwe Temnepartypa, YKYnHM nputucak u aH20.
ExkcrnepymeHTV 0BUX ayTopa Koju cy BofjeHU y ycnosmma 3acuheHUM BOLEHOM MapoM v ca
OpUPOAHUM MaTepujanmumMa (ayrMTCKUM Y ONUBUHCKUM MUHeTaMa)* NMoTBPAWUAMN CYy paHuje
NpeTnocTaBKe fa ce XeMu3aM (PoronuTa MoxXxe yCnjellHo KOPUCTUTU Kao reoXemMujcKu
TepmobapomeTap (Hnp. Ekperanca & Hollogaay, 1987).

Tabena 3. Cagpxaj Pe +P(%) n mukpoenemeHata (ppT) MOTUTUBAHUM NIUCKYHMUMA
Tahle 3. Conlenl ol Pe2*, p(%) ard” 30Te lrace-eletenl5 (ppT) w Jbe wyeslM*alec! T1ca5

\'2¢p1 YM-2/IM XIN'2ep\ N7T'o/*/ \IH¢ ¥Y-3Ma W W X1Mbb vl '~ XIV M XIV Wo
PeA 202 1n) 142 1,10 005 005 005 005 005 005 005 005
PeO 540  4)33 5,75 446 2083 1764 1761 1903 2041 1939 1830 17,7

P 150 - w - - <02 - - - - -
thnoronurun (pMoeoplBK) oucrotrn (MolLks)
Mn 544 395 453 519 r3a4 2242 2189 2268 2434 2236 2297 1991
2n 95 61 70 109 390 362 299 315 311 327 337 337
Cr 6976 6648 9560 4574 160 269 201 179 184 187 210 283
Neo 411 512 570 487 90 62 71 51 53 52 36 76
Yy 35 22 39 46 68 73 55 64 70 84 65 110
Ba 641 568 771 363 1771 1971 1849 1793 1812 1685 1824 1819
Kh 819 833 781 755 438 399 427 384 358 327 324 377

Kopuctehu oBe nogatke, ogpeheHe cy TemnepaType v npuTUcLM KOju cy Bnaganu 3a
BpMjeMe KpucTanusaluje UCNUTUBAHUX MaKpoKpucTana noronuTa. PesynTtatu cy npu-
KasaHu y Tabenu 4.

Tabena 4. KpuctanusauunoHe TemnepaTtype u nputucum dnoronuta B. MajgaHa
TaMe 4. Eshtalec! yalne$ or letperalure ang prexsure ol cry6lahrafon on phlojlople8 I'rot V. Maj/bn

yyopak (.4nTnpk) Www = \T2 X1V 2 XrT
'MO- (%) y CTeHW (111 FOCcK) 1,15 1,33 0,84 1,05
MO: (%) y gnoronuty (mn phloJropj(e) 1,14 2,06 2,63 1,87
T °C kpuctanusaumje (Cry&raHrallon) 1144 1135 1,56 1115
BaO (%) y ctenun (:MN rock) 0,1254 0,1246 0,1129 0,1621
Bao (%) y dnoronuty i pMojJopke) 0,0714 0,0634 0,0860 0,04053
P (khard kpuctanusauuje (ol cryklahrallon) 18 19 16 26

Beoma je Mano nuTepaTypHNX Mojataka O cafgp)ajy MUKpoenemeHarta y ¢hioronu-
TMMa, a HapoYUTO Kafga MoTu4y M3 NamnpoupcKux ctujeHa. OCHOBHM pas3nor ToMe je
XEeTeporeHn cactas OBOI MMHepana M YMkbeHuUa fa Huje Moryha aHanusa cajpkaja Mu-
KpoenemeHata y (hnoronuTuma HOCeOHO M3 OCHOBHE Mace M MaKpPOKpWUCTasnHe nony-
nauumje.

*CacTaB CTujeHa Koje cy KopulheHe y eKCnepMMeHTMMa roToBO fia je UAeHTWYaH cacTaBy namnpogupa
B. MajpaHa.



[Jocagawmwy nctpaxmsaum hioronnta n3 muHete (Bachtokl & 8ltp$on, 1984)
n namnpouta (MWchell, 1985) yka3yjy ga cy Hajuewhe ucNnMTMBaAHN MUKPOEIEMEHTUN Y
0BMM MuHepanuma Ba u Cr (Koju cy y OBUM MUHEpaMMa YeCTO MAKPOKOHCTUTYeHTH, na
ux je moryhe aHanusaupatu MUKPOCOHAOM). BachTKkkj & 6TTpkon (1984) cmaTpajy ga
ce No u Cr Hajuewhe KOHLEHTPULLY Y LEHTPaASIHUM fjenoBMMa MUKpOGeHoKpucTana, oK
Cy pyoHM AjenoBu M NNCKE OCHOBHe Mace 6oratuju ca BaO. OBu ayTopu Cy Ma OCHOBY
NUTepaTypHUX nojaTaka YTBPAMAN CPeftbe cafp)Kaje 0BUX efNeMeHaTa y MuHeTama. 3a
MO (n=76) usHocu 0,02%, 3a CrD, (n=82) nsHocu 0,30% u 3a BaO (n=86) nsHocu 0,48%.

KomeHTapuwyhu cagpxaj MukpoenemeHartay gpnoronntuma namnpouta, Mcherll

(1985) je yTBpAMO Aa (hnoronuTU ca HUCKUM cagpxkajeMm Cr HUCY CTBOPeHW y ycnoBuma
BMCOKOI HPUTUCKA ropwer omotada. OBaj ayTop ykasyje ga hfioronute namnpomTa Ka-

pakTepuwy cagpxaju Ph =2-8 ppT, 6r =135-273 ppT n/r = 122-164 ppT.

Cagpxaju MukpoenemeHara UcnutuBaHux noronuta B. MajgaHa npukasaHu cy y
Tabenu 3. Kapaktepuwy ux nosehaHun cagpxaju Cr, Ne, Ba, Ph, Ck, Co 1 V y3 HuCKe ca-
apxxaje 1n, 6r n 2n.

Tpeba uctahu ga n cagpxaj MUKpoOenemeHaTa y UCMUTMBAHUM (hnoronutuma no-
TBphyje hLMXOBO NOPUjeKNo 13 ropwer omoTaya. Havme, pegoBHO BUCOKK cagpxaju Cr un
Ne y dhioronmtuma KumbepauTa HeflBOCMUCIEHO YKa3yje Ha reHesy y yCcroB/Ma BUCOKOT
npuTUCKa 1 TeMnepaType ropwer omotava (MWchell, 1985).

BuotuTn

Pe3ynTtatu aHanmse 6noTuTa npukasaHe cy y tabenm 2.

McnutusaHn 6MOTUTK MMajy YjeLHauyeH Xemum3am 3a BehuHy Makpo- U MUKpOenemMe-
HaTa. BMOTWT, y 0HOCY Ha (1IOroNuT, KapakTepuiue Buwn cagpxaj h, Al n Pe2+ n HUXu
caapxaj 51 n M8§.

Tabena 5. KpuctanusaymoHe Temnepatype n nputucym 6uotuta B. MajgaHa
Tahle 5. Exutalecl yalne8 lor letperalure anc! pressure ol mys(al/lza(wn l'or Mo/be.u

y3apnk («;)Tple) \Y \Y| Xl
T102 (%) y cTeHn (jn rock)* 0,55 0,69 0.5”
Tj02 (%) y 6uotuty (1 hio((e) 3,27 3,44 2.17
T °C kpuctanusauuje (ol crys(aHra(ion) 995 1011 1001
BaO (%) ycreHu (T rock) 0,112 0,141 0,177
BaO (%) y 6uotuty (T Mollle) 0209 0,206 0201
P (khar) kpuctanusauuje (o!7crys(aHzallon) 8 10 12

*y npefpayyHy KopuwheHn cy cagpxaju T102u BaO 13 gauuTa ca Kojuma cemMunam-
npoupcko/namnpo@upCcKe CTUjeHe YMHe KOMMO3UTHE AajKoBe M 3a Koje ce npertnoc-
TaB/ba fia NpefcTaB/bajy MaTUYHy Marmy u3 Koje cy 6UOTUTU KpucTanucanu. PUMCKU
6pojeBu cy 03HaKe [ajKoBa.

* W (u e6&naHon, \\e mn3e conlenl o hOr axl BaO 6071 acljacen( /bcMc rock, I'rot
\yMch \ye propoae (ha( Ho(i(e on8ta(ecl. 80, (he rotan nuthere /bno(e8 gjke«.

N3 xemusma 6ruoTuTa ce Takohe npeko pacnogjene T1u Ba 'y KpucTtany u octatky
pacToHa (Kao v uU3 Xemu3ma hioronuTa) Mory gobuTtu Hojauu O Temneparypu v npu-
TUCKY Ha KOjuma cy 0BM MuHepanu kKpuctanucanm (Kt8hler & CartJchae!, 1996). ¥



cnyyajy ucnutmBaHux 6MOTUTa OCHOBHM Mpobnem MpefcTaB/ba YMHEHULA Aa OHU HUCY
Kpuctanucannm u3 cemmnamnpodupcko/namnpodupcke marme (rgje ce nojasmbyjy Kao
KCeHOKpucTanu), seh n3 KucenHje, JaunTcke mMarmMe ca Kojom cemunamnpoupu 3ajeHo
n3rpahyjy KOMMo3uMTHe AajkoBe. Y3 MPeTnocTaBKy Ja Ce Mujellare OAUrpano y mar-
MaTCKOM OrtbULLUTY, OHAA Ce Y reoTepMo6apoMeTpujCKUM NpepavyyHuma Mory fa Kopuc-
Te, Mopef Hojataka o cactaBy 6uoTuTa, M cagpxaju TK)2u BaO y gaumMtuma ca Kojuma
cemmnamnpodupmn (Hocmoum Tux 6moTmTa) mMarpahyjy KOMMo3uTHe fajkose. [obujeHe
BpUWjeLHOCTM 3a TeMMepaTypy v NnpuTucak garte cy y Tabenu 5.

nofpyyje kpuctanusauuje 6uotuta
(hiolLle crys(al2acioi area)

Temnepatypa - Tenrperallre (°C)

Cn. 5. Monoxaj ncnutmBaHnx 6uoTuTa Ha Aujarpamy 6asmpaHoOM Ha eKcnepuMeHTanHUM nofauuma (/1Yones
& Ewnli8(er, 1965) ctabunHocTn 6MOTUTA Ca pasnMunTumM BpujegHocTuma Ee/Ee+M§ (6poj atoma Ha je-
OUHWYHY henunjy), Kao (yHKUMja napumjanHor NpUTUCKa KUCeOHUKa M TemnepaType Ha YKYNHOM npu-
Tucky 2 070 6apa.

Ejjj. 5. PoxLon ol 6eTHapwrophync hmlLe on cWa8rar hasec! on experjten(al <la@ (\Yone5 & Ewu8k(er,
1965) lor coltela(lon ol Ee/Ee+M§ (nurnher o! a(ow5 per cry8(allochenucal Monuulae), (eTpera(ure o!
crys(ahz2a(ict anc! 108 1(02) on (o(al pre88ure 2070 har.

Cappxaj TpoBasieHTHOr reoxha y 6uoTUTUMa AUMPEKTUO ped/ieKTyje OKCupo-pe-
OyKuuoHe ycnose (102 LU u T) Koju cy Bnafanu y MarMv y Bpujeme Kpuctanusauuje.
OfHOC [BOBaNEHTHOr U TpPOBaneHTHOr reoxha u cagpxaj GpNOronuUTCKe KOMMOHEHTE Y
6roTUTMMa y Hajsehoj Mjepu KOHTPONMLLIY, OCMM cacTaBa pacToua, M Temnepatypa v npu-
Tacak. EkcnepumeHTanHa ucnuTmBara ykasyjy Aa je moryhe yTBpautu TeMneparypy Kpucra-
nusaumje v napumjanHy npuTUcak KuceoHrka y marmum (02 yKonvko je nosHat cagpxaj Pe2+



n ogHoc 100xPe/Pe+M§ (\Yonek & Ewuner, 1965) y 6UOTUTHMA KOjU CYy KOEr3UCTEUTHMU
ca CaHUAMHOM M MarHeTUTOM (LITO je 1 Hajuelhu ciyyaj y MarmMaTCKUM CTUjeHama Yy Kojuma
ce Mnojas/byje 6BUOTUT), a KOjU Cy KpuUcTanucanm Ha nputucymma og 2 070 Hara (cn. 5).

Cemunamnpogmpcke 6MoTUTE KapakTepulle BP0 HM3aK HMBO Pe3+y ofHOCY Ha
YKynaH cafpxxaj OBOr eneMmeHTa. [ujarpam Ha cn. 5 nokasyje fa nogpydjy cacrasa
6noTuTa U3 cemmnamnpo@npa ogrosapa temnepaTypHu oncer 920-950 °C wTo je Beoma
CIMYHO TeMMepaTypama Jo6MnjeHHM Npeko ancTpubyumje Tr

Cagpxaju MUKpoenemMeHaTa y UCMMTUBAHUM GMOTUTHMA MPUKa3aHW cy CKyna ca pe-
3ynTatuma napumujanHux Xemujckux aHanusay Tabenm 3.

BrvoTnTK Nokasyjy NOTNYHO Apyrayuju MmkKpocacTas Y ofHOCY Ha pnoronute. Caap-
Xaju Mn, /ni, V, IJ n Ba BuwwecTpyko cy nosehaHu y 6uotutuma, gok cy cagpxaju N\, Cr,
Co un Kiy Heynopeavso suwn y dioronutuma. OBakaB MukpocacTtas 6uotuTta notephyje
LApyrayvjy reoxeMujcKy cpeaunHy y Kojoj je Kpuctanucao oBaj Muuepan.

ONCKYCUIA N 3AK/bYYAK

MprKasaHu pe3ynTaTit UCNUTUBabA (PIOronuTa U 6UMOTUTA HEABOCMUCIIEHO YKa3yjy Ha
pa3INuUTY reHesy OBa ABa MUHepana. HbUxoB xemMu3am NoTephyje NPeTNocTaBKy Aa Cy KOM-
Mo3UTHM AajkoBu Benmkor MajaaHa pe3yntaT HaM3MjeHUYHOT W/WU NCTOBPEMEHOT YTUCKM-
Barba Marmy fauuTcKor 1 namnpodmpcko/ceMmnaMnponpcKor cacTaea, a fia cy CeMuiam-
npodmMpu HacTanu MujeLlarbeM 1 NPOXUMareM N1amMnpoUPCKe 1 AaLMTCKe Marme.

T:02

Cn. 6. 'MO: A1,0, AMCKPUMMHALMOHM AMnjarpam 3a INCKYHe 13 KumbepnuTa, namnpouta u muHeta (Muchell
& BerjJran, 1991) ca nonoxajuMa UCNUTUBAHMX hioronuTa.

KjJ. 6. The LUkcnnnnallon (Haara 'T02 ¥8. Al1D 3 /br nucax Jrow Wn/berllle, laTpknle anc! nnneKe
(MWchell & Ber”~tan, 1991) \yLih poxllon oJ Tye5lu>alecl phloSopHe8.

Xemu3aM MCUWUTHBAHWX piioronuTa OArosapa AUTepaTypHUMM Mojauuma 3a amnpo-
(hmpcke noronute. OBaKaB 3ak/byyak Moxe ce ussyhu n nocmarpajyhu gujarpam (cn. 6)



KOjW MoKasyje eBOMyLMOHe TpeHAoBe oronuta U3 pasnuuuTux rpyna ctujeHa (MWcherll
& Ber8ran, 1991) Ha KOMe Cy pe3ynTaTh 3a UCMUTUBAHE (NIOrONMUTE KOHLEHTPUCAHU
Ha MOYeTKY CBMX €BONMYLMOHMX TPEHAOBA, a Y No/by MUHeTCKMX hroronuta. OBa pasma-
Tpaka [0Kasyjy fa ucnutuBaHu dnoronutn (Man GapeMm HUKXOBa MaKpoKpucTanHa
nonynauuja) npeacTas/bajy MMKBUAYC a3y y pactony HacTanom napuujaHUM cTanawem
4jenosa ropkwer omoTaya. Ha 1o Takohe ykasyje n Bucoku cagpxaj Ne n Cry oBUM Mu-
Hepanuma. Y noTnyHOM CKfagy ca Tume cy U TepMob6apoMeTapCKu pesyntatu Koju npo-
ncTnyy u3 pacnogjene Tx n Ba y ucnutveaHuMm qoronutuma uU cTUjeHama U3 Kojux cy
KpucTtanucanu. OHU yKa3yjy Aa Cy OBW MWUHepanu KpucTanucanu y Beoma YCKOM Temne-
patypHoM oncery 1105 £ 25°C, 1 HewTo Wwupem oncery nputucka 17 = 2 khara. Ha mogu-
(hukoBaHoM aunjarpamy Balley (1985) (cn. 7), npukasaH je HOMOXaj ioronuta u 6uoTK-
Ta Yy 3aBUCHOCTM of T u P, ofHOCHO AybuHe KpucTanusauunje. Oujarpam nokasyje ga cy
0BW MUHepanu Kpuctanucanu Ha gybuHama of 50 go 60 KT. Nmajyhu y Buay auctpuby-
LMOHe KoeuLimjeHTe 3a NojedunHe efeMeHTe, MOXEe Ce 3aK/byUuUTU Ja cagpykaj Mukpoene-
MeHaTa ykasyje fa je pacrton, ocum Cr u Ne, 3HauajHo 6uo o6oraheH u ca Kh n Ba. Cse
0Be YnMmeHuue ynyhyjy Ha 3ak/byyak fa pacTton W3 Kojer je kpuctanucao aoronut (U
Koju je gocnuo y nnuhe HMBOE 3eM/bMHE KOpPe) BOAM MOPUjEKNI0 U3 NUTOCKepcKor gujena
ropwer omoTaya yuju cactas OArosapa MeTacoMaTCKu U3MUjereHOM Tumny. Tome y npu-
NOr WAe W YMkbeHMLA Ja Cy Y30pLM KOA KOjUX HUje YOUYeHO MpUCYCTBO KCeHOKpucTana
HajnpYMUTMBUNJN & HWUXOB XEMM3aM MOKasyje TpeHZ npumbnukasawa NaMnpouMTCKOM
cacTasy.

T (1C)
400 600 800 1000 1200 1400 1600
0 T
20 O ®norcwmt (PMo”opke)
O Buotut (Bio(Me) 0
0] 10
@)
o:D 60 -
20 *
X
<« 80 -
30

100 -

120

Cn. 7. Monoxaj ncnutuBaHWX NMCKyHa Ha anjarpamy ogHoca P/T gybuHa (Balley .1985).
p13> 7. PoxLllon ol 1ye8hiralecl nncau on P/T (leplh cha8rat (Baley, 1985).

C fpyre cTpaHe, reOXeMMjCKe KapakTepuCTUKe UCMUTMBAHMX 6MOTMTA K0 U HauuH
HNXOBOI NOjaB/buUBaka, HEABOCMUCIEHO YKa3yjy fja HACY KpucTanucanu y UCTom marmar-
CKOM pe3epBoapy Kao ¥ (pioroMmTn U fa je cemmnamnpopupcka mMarmMa camo HUXOB



Hocunay,. VcnmtuBaHyu 6MOTUTM MO CBOM cacTaBy OArosapajy niyTOHCKMM TUNOBMMA KO-
jn BOZE MOPWUjEKNO W3 KankoasiKanHe rpaHUToufHe Marme, LOK TepMo6apoOMETPUjCcKu
npopayvyHu ynyhyjy Ha 3HayajHO nnuhe HMBOe (32 + 6 KT) 0f OHMX 3a (noronute. N Ha
Kpajy, cagpxaj MukpoenemeHata ynyhyje Ha cpefiMHy Koja je ocupomalueHa Cr n Ne, a
oboraheHa 15, Ba n Kiy y cTeneHy Koju ogroeapa rpaHuToMaHuUM pactonnma. Kao 3akmy-
yak ce Moxe pehu ga 6MoTUTK BOZE MOPMjeKno 13 Ay6bnx gjenosa 3eM/bMHE KOpe.

KomMmnosuTHa Tujena CBOjUM jeJMHCTBEHWM CacTaBOM W KOMIMJEKCHOM TFEHE30M, He-
norpewunso ynyhyjy Ha HU3 npoueca uuje nocneguue nHave Huje MoryHe npenosHaTu:

1. jejHOBpPEMEHOCT YTUCKMBaHA [BMje MarmMe BeOMa pas3MymnTor cacTasa,

2. CPOAHOCT MarmMu Koje ux usrpahyyjy, Kkao v

3. Mujellare 1 NpoXumare MarmMmy pasnnumMTor cacrasa.

OBa CpoAHOCT, M0 HeKMM ayTopuma, Huje cnydajHa (Penn8 & Kock, 1991). Han-
Me, cMaTpa ce [a ynpaso Marme naMmnpo@upckKo/naMnpouTCKOr cacTtaBa Koje HacTajy
napuujaiHum ctanawem MeTacoMaTU30BaHOr ropker omoTaya, y "peakumju™ ca 3emsu-
HOM KOPOM, UMajy CMOCO6HOCT fia TeHepULLY HeHo cTanakwe (Kpo3 aHatekcuc) gajyhu ma-
Tepujan Koju ce mujella ca CTON/bEHOM KOPOM WM camo Aajyhu TONAOTHU UMNYAC U Ha
Taj HauMH cTBapajyhu Kucenmje marme.
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MICAS OF THE SEMILAMPROPHYRE/LAMPROPHYRIC ROCKS
FROM VELIKI MAJDAN, SERBIA

by
Dejan Prelevic* and Dragan Milovanovic*

Fero—magnesian trioctahedral micas occurs in semilamprophyre/lamprophyric dykes from V. Majdan
area. The jointly occurrence of phlogopites and biotites in the same rock (magma) is peculiar from petroge-
netic and geochemical point of view and is hardly noticeable by routine petrographic examination.

The phlogopite from V. Majdan area is highly magnesium with Mg#=0.88-0.89, and with high con-
tent of Cr,03up to 2.35 %. Trace elements chemistry and thermobarometer calculation suggests crystalliza-
tion from metasomatized upper-mantle source.

Relative to phlogopite, geochemical features of biotites from V. Majdan area are very different with
much lower Mg# (0.40-0.46), lower content of Cr 3 and higher content of A120 3 and TiO,. Content of
trace-elements and thermobarometer calculation suggests crystallization from the lower parts of the crust.

This specific coexistence of two consanguine micas cannot be paragenetic suggesting mingling and
mixing of two different types of magma: lamprophyric (upper mantle origin) and acid one (crustal origin).

Key words: biotite, phlogopite, geochemical themiobarometry, lamprophyre, metasomatized upper-mantle.
crust, magma mixing and mingling, Veliki Majdan, Serbia.

INTRODUCTION

Fero-magnesian trioctahedral micas are important constituents in various magmatic
rocks. The most widespread are the members of isomorphic series biotite-phlogopite,
which is confined by composition of the four end-members: phlogopite, annite, eastonite
and siderophylite (Fig. 1). According to this classification (Deer at al, 1962), the differ-
ence between biotites and phlogopites is emphasized by molecular ratio Mg/Fe that is
less then 2/1 for biotites. These minerals are very sensitive geochemical indicators and
their chemistry reflects composition, temperature and pressure of crystallization, fugacity,
alkalinity and basicity of the magma.

The jointly occurrence of phlogopites and biotites in the same rock (magma) is
hardly noticeable by routine petrographic examination. This mineral association is pecu-
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liar from petrogenetic and geochemical point of view. Assuming that, this paper presents
new data for biotites and phlogopites that occur together in semilamprophyre/lamprophy-
ric rocks in the V. Majdan area, NW Serbia, with aim of solving some genetical prob-
lems of this association applying new thermodynamical and experimental data.

GEOLOGICAL SETTING

The South-eastern rim of the Boranja granodioritic massif of the Oligocene age
(Delaloye et al., 1989), is penetrated by numerous complex and heterogeneous linear
dyke swarms. They are defined by the structures generated in the Mesozoic age (Staje-
vic & Gutovic, 1994). Early investigators of this area (Kararnata, 1955; Stajevic &
Gutovie, 1994) considered the dykes as products of Tertiary magmatism that generated
granodioritic pluton of Boranja. Recent investigations (Prelevic, 1995) indicated the ex-
istence of four main types of dykes:

1. dacitic;

2. dacito-semilamprophyric composite dykes,

3. lamprophyric and

4. granodioritporphyritic;

Dacitic dykes are the most frequent in the investigated area. They range in thickness
up to 100 meters and they show intensive K-metasomatose and propilitization with inva-
riable intensity through the dykes.

Dacito-semylamprophyric composite dykes range in thickness from few meters up
to 100 meters and sometimes show changes in a single body. They have heterogeneous
composition. Their marginal zone (max. 1.5 m) are composed of lamprophyre/semilam-
prophyre. whereas dacitic rocks form much thicker central parts. The contact between
felsic (dacite) and mafic (lamprophyre/semilamprophyre) components of the dykes is
sometimes sharp but sometimes with transitional zone. Chilling along these contacts is
not apparent and there are no other signs (e.g. cracking) of contact between magmas with
considerable temperature differences. This implies that two (mafic and felsic) magmas
actually coexisted, as it has been inferred in similar composite dykes all over the World
(Rock. 1991). The most investigated micas are from these dykes.

Lamprophyre (minette) is rare and occur in veins and dykes up to 5 m in diameter.

Granodiorite-porphyrites are also rare occuring in dykes and small bodies up to 200 m
in diameter.

MATERIAL AND METODS

Whole rock chemistry were analyzed using X-ray fluorescence. Analytical precision
was tested on international standards and is better than 5%. The analyses were performed
at the Federal Institute for Geosciences and Natural Resources, Hannover, Germany.

Content of major elements in the micas was analyzed by the CAMECA electron mi-
croprobe at the University of Hamburg. Operating conditions were: 20 kV, acceleration
voltage. 10 nA absorbed sample current, 10 sec counting time. Natural and synthetic ox-
ide and minerals were used as standard.



Trace-elements analyses of micas were performed by Atomic Absorption Spectro-
photometry using Perkin-Elmer 373 in the Department of Geochemistry of the Faculty of
Mining and Geology at the University of Belgrade. Accuracy of (he method was checked
using standard rock samples: ZGI-BM and GSP-1 and was within 10 %.

The micas were studied using twelve mineral separates from diferent samples that
were recovered by followed separation technique. A rough concentrate was separated
from washed rock powder which had been crushed to >0.300 <1 mm. This material was
then fractionated with Frantz isodynamic separator, and further purified using ethylene
iodide and bromofom. The purity of this concentrate exceeded 98 per cent and was con-
trolled using X-ray powder diffraction method and binocular microscope.

WHOLE ROCK PETROGRAPHY AND GEOCHEMISTRY

The semilamprophyres/lamprophyres are darkgray porphyritic rocks with dominant
macrocrysts of golden-yellow and black grains of phlogopite and biotite, and variable
content of quartz and plagioclase in a microcrystalline quartzo-feldspathic groundmass.

Phlogopite is a dominant mineral and its content is highly variable, ranging from 15
to over 30 percent of the rock volume. Biotite occurs only as idiomorfic macro- to
megacrystal (up to 1.5X1.5 mm), while absent in the groundmass, and makes up to 10
percent in the semilamprophyres whereas is absent in the lamprophyres. Macrocrysts of
quartz (up to 3x3 mm) are rounded, embayed, intensively resorbed and sometimes rimed
with alkali feldspar, which suggests its xenocrystic origin. In the lamprophyre samples, it
is totally absent. Plagioclase macrocrysts are rare and they are also rimed by alkali feld-
spar. Its origin is xenocrystic, too. Investigated semilamprophyric/lamprophyric rocks cha-
racterizes apparent presence of globular structures. Two types of these structures were
recognized with different shape and mineralogy:

- Large (up to 2 mm in diameter), wellrounded, filled with radial aggregate of
greenish-yellow epidote crystals;

- lIrregular globules (up to 1x0.5 mm) with heterogeneous mineralogy: tiny border
is traced by phlogopite flakes, the interior is filed by chlorite (bluegray interference col-
ors), calcite and opagque mineral. Pseudomorphs on olivine, amphibole and/or pyroxene
macrocrysts have identical composition.

The groundmass is predominantly composed of microcrystaline quartz, alkali feld-
spar and phlogopite, with accessory apatite, epidote and calcite.

Major and some trace elements analyses of semilamprophyre/lamprophyre rocks are gi-
ven in the Table 1. Semilamprophyre/lamprophyric rocks are characterized with: a) variable
content of Si02 b) high content of K2 and high K/Na ratio (mean value K/Na=7.18), c)
high contents of MgO, predominance over Fe and, hence, high mafic index (mean value
Mg/Mg+Fe2=0.85), d) mean value of peralkaline index Al/K+Na=1.83; mean value of peralu-
minium index Al K+Na+2Ca=0.85, e) mean value of ratio K/A1=0.46. Trace element chemis-
try characteristics are: a) high level of Cr and Ni that is typical of mafic-ultramafic rocks; b)
high level of LILE, especially Rb, Ba and Sr c) high content of incompatible elements Zr, Y
and Ti. Major and trace elements chemistry corresponds very much with Rock's (1991)



world over minettes (Table 2). It is noticeable that all variations of Si, K. Mg, Ti. Cr,
Ni. Zr. Y. Rb, Li, Ba very correlate with changes of xenocrystic abundance.

MICAS

The investigated micas are constituents of semilamprophyre/lamprophyre rocks and
they vary considerably in abundance. Whereas in the semilamprophyre two micas show
approximately equal abundance, in the lamprophyres phlogopite is the only mica and that
is related with total absence of xenocrystal population in these rocks. For this reason
these rocks approach to worldwide minettes (Rock, 1991).

Phlogopite (Fig. 1) occurs in two main distinctive sizes: as (micro)phenocrysts and
groundmass. As phenocrysts, it is represented by idiomorfic flakes (average size of
0.7x0.2 mm) usually slightly zoned from light cores to darker rims, and some have thin
outer darkbrown rim. Examples of deformed, fragmented, kinked and tectonized flakes
are not uncommon; some basal ones show a low pleochroism and specific wrinkling due
to recrystalization. Groundmass phlogopite invariably occurs as tiny, irregular, almost
colorless, lath-shaped crystals showing preferred orientation wich reflects flowing in the
hosl magma during intrusion.

Biotite (Fig. 2) occurs only as idiomorfic darkbrown macro- to megacrysts (up to
1.5x1.5 mm), while absent in the groundmass. It is noteworthy that some crystals show
narrow reaction rim with optical properties of the groundmass phlogopite (Figs. 3 and 4).

CHEMISTRY OF MICAS

Investigated micas of semilamprophyre/lamprophyre rocks are trioctachedar. They
fall within two narrow and discrete regions in the quadrilateral diagram annite. sidero-
phylite, eastonite. phlogopite (Deer et al.,, 1962) showing clear compositional gap be-
tween them (Fig. 5).

Phlogopites

Representative microprobe analyses of phlogopite are presented in the Table 2. The
content of Fe2+, F and some trace-elements are presented in the Table 3.

It is noticeable that the phlogopites vary little in respect to macroelement chemistry.
They have moderate alumina and moderate to low titania, moderate silicia and very high
chromium. These results show that the investigated phlogopites are in accordance with
the chemistry of micas in calc-alkaline lamprophyres worldwide (Rock, 1991).

Recent thermodynamic and experimental data (Richter & Carmichael, 1996)
show that the partition of Ti between phlogopite and melt is dependent on temperature
and independent on pressure and oxygen fugacity. The same authors considered that the
partition of Ba is controlled by pressure and water activity. These experiments were gov-
erned in water saturated condition and with augite and olivine minettes of similar compo-
sition as investigated semilamprophyre/lamprophyre rocks. This investigation confirmed
the earlier presumption of phlogopite as a geochemical thermobarometer.



Using these data, we estimated the temperature and pressure of crystallization of the
investigated phlogopite. The results are presented in the Table 4.

There are few investigations of content of trace elements in phlogopites. The reason
for that is the analytical problem and heterogeneity of these minerals.

In our study we analyzed only microphenocrystal population (> 0.3 mm). The re-
sults show that phlogopites have very high Cr, Ni, Rb but low and moderate Ba. Mn. Zn
and Li. High content of Cr, Ni, Co and V indicates and confirms very deep level (upper
mantle) for crystallization of these mineral, whereas high level of Rb and Cs suggests
metasomatic events in the upper mantle.

Biotites

Representative microprobe analyses of the biotite are presented in the Table 2. The
contents of Fe2+ F and some trace-elements are displayed in the Table 3.

On the contrary to phlogopite. chemistry of biotites is not so variable. They fall
within the region of typical biotites on the quadrilateral classification diagram (Fig. 5)
(Deer et al,, 1962) for trioctahedral micas. Comparing to phlogopite, biotite has higher
content of Ti, Al and Fe2+ and lower of Si and Mg. Their trace-elements chemistry is
also entirely different, and biotites are poor in Cr, Ni and Rb but much abundant in Ba.
Zn, Li and Mn. Extremely different chemistry of the coexisted micas is the strongest
evidence for their non-equilibrium assemblage, which suggests that mica population has
not crystallized entirely from the magma that was parental to the current rock, of which
they are now constituents.

If we assume that biotite originates from the acid magma that generated dacitic rocks in
composite dykes, we can estimate temperature and pressure of their crystallization using
content of Ti and Ba from semilamprophyre/lamprophyre biotites together with content of
these elements from "coexisted" dacite that constitutes particular composite dyke. Table 5
shows estimated values for temperature and pressure of crystallization for biotites.

Another (older but much wider accepted in literature) way of estimation of tempe-
rature of crystallization of biotites is based on experimental work of Wones & Eug-
ster (1968). On their diagram (Fig. 7) investigated biotite shows the temperature of
crystallization that is very close to previous results based on distribution of Ti between
crystal and liquid.

DISCUSSION AND CONCLUSION

Presented results of investigations of biotite and phlogopite certainly points out their
very different genesis. Their composition is main evidence for presumption that compos-
ite dykes of the V. Majdan area are result of contemporate invading of two different
magmas. Furthermore, they suggest mixing and mingling of these magmas in the (shal-
lower) magma chamber producing third, semilamprophyre/lamprophyre magma with very
variable composition.

In common with micas from other calc-alkaline lamprophyres (Mitchell & Berg-
man, 1991), the phlogopites from V. Majdan exhibit compositional trend of constant and



moderate increase in Al2 3 with moderate increasing FeOT and Ti02 This trend and
position on the discrimination diagram for micas from kimberlites, lamproites and minet-
tes (Mitchell, 1985), show that the phlogopites from V. Majdan are typical, very pri-
mitive. minette micas (Fig. 6).

Thermobarometer calculations exhibit very narrow temperature range (1105+25 °C)
and much wider range for pressure (20+4 kbar) of crystallization. Wider range of pres-
sure is the consequence of very variable mode specially of xenocryst population. It is
clear from petrographic point that samples without xenocrysts show the highest values for
pressure of crystallization.

Another characteristic of phlogopites is extremely high content of Cr and Ni, to-
gether with high Rb, Cs, Ba and Sr. Considering distribution coefficients for investigated
trace elements, former refers to very primitive (mantle) nature of liquid from which
phlogopite crystallized, but latter implies a source which is enriched by HFSE.

Relative to phlogopite, geochemical characteristics of biotite from the V. Majdan semi-
lamprophyre/lamprophyres and the way of appearance are very different. It's appear exclu-
sively in macrocryst population, and show much lower ratios Mg/Mg+Fe and Fe2/Fe3% it is
without any considerable content of F, and its content of trace elements is considerably dif-
ferent with much lower content of Rb. Cs, Cr and Ni. Considering its chemistry and thermo-
barometer results for temperature (1002 °C) and pressure (10 kbar) of crystallization, we con-
clude that biotite originated from lower part of the crust (32+6 km) (Fig. 7).

This report tends to focus specific coexistence of two consanguine micas that cannot
be paragenetic. Because of lack of isotopic information from these rocks, we can extract
no more information about their possible mantle source (of lamprophyric component, of
course). But we can borrow from the consensus of recent geochemical research on ultra-
potassic rock-types (together with chemistry of phlogopite) and assert that the mantle
source of lamprophyric component from composite-dykes was almost certainly within
metasomatized lithospheric mantle.

Existence of composite dykes with their unique composition and complex genesis,
indicate contemporate invading of two magmas of very diferent composition and they
suggest consanguinity of magmas which are involved in their genesis. The presented data
indicate the important influence of primitive component from upper mantle in origin of
Tertiary volcanic rocks of the Veliki Majdan area.

Translated by D. Prelevic
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