i i i Beorpafl, Heu;eM6ap 1995
reoit. aH. BaJiK. noji. 59 9 339-354 p p
Ann. Geol. Penins. Balk. Belgrade, Decembre 1995

y,0,K 549:551.311.22:552.321.3(497.11-16 OpnrHHajiHH iiay'iiiH pali

MHHI PA.1I0rHJA nOBPHIHHCKOTr I’ACITA/IAIhA
rPAHHTOH”A HEPA

off
Bn”ojKa JoBHha*, BecHe MaTOBHh* h CTeBaHa TD”pnha

Y pany cy npHKa3aHH pe3yjiTaTH jjeTalJBHor M HnepalioaiKor npoyiaBaFba Kope pacnaaaH.a Ha rpaHHTOH-
flHMa t[epa h 3eMJtHurra Ha H>HMa. HcnHTHBaHa cy TpH npo<J)HlJia noBpiHHHCKor pacnajafta: MOHqorpaHHTa
JiInnoBe BORe h Mprnnha I'p06«’:l h rpaHOAHopHTa BpaTaHKor BeHi(a (CTpar»<aHHua). MHHepajiHH cacraB tjihho-
bhthx (j}paKgnja (BepMHKyjiHT, XJiopHT, hjihnt H KaoJiHHHT) BeoMa je cjiman y npoygaBaHHM 3eMJbHUiTHMa H
MO>Ke ce 06jaCHHTH cjnpinhm cacraBOM MaTH>iHHX creHa h CJIHIHHM KJiHMaTCKHM ycjiOBHMa pacnanaifaa. "HCKy-
TOBaHC cy ceKBeHae noBpuiHHCKor pacnajiaH .a rjiaBHHX ctchckhx MHHepalia.

Kjbvimc pem' MHHepaliornja, noBpuiHHCKo pacnajiaH>e, MoiinoipannT, rpaiioiiHopH T, BepMHKYyjiHT, XjiopHT,
HJIHT, KaOJIHHHT, Eljep.

YBO/I

rpaHHTOHjjHH MacHB lJepa Hajia3H ce y HH3y TepnnjapnHX rpanHroHfIHiix MacHBa
jv>KHor o60j(a naHOHCKor 6acena KojH Ha HCTOKy no’mihe ca ByKyjbOM, na ce npeKO
Uepa iiacraBJha Ka 3anaj®y (MoTajHH,a, Ilpocapa h MocjiaBa”Ka ropa). HepcKH MacHB
cacTojn ce o~ flivd npocTOpHO ojiBojena Tejia. Behe Telio jecTe njiyTOH D,epa Koja HMa
06jihk HenpaBHJiHor coHHBa H3”y»ceHory npaBi;y H -3 h yKynHe noBpniHHe oko 60 km 2.
3pyro, Maite Tejio jecTe rpanojiHopHT Orpa>KaHHU,e Kojn HMa 06jihk H3jiy>KeHoi' coHHBa
npaBii;a npyacaH>a C C 3-JJH h 3ay3HMa noBpuiHHy oko 7 km2 (cji. 1).

BehHHa paHHjnx HciiHTHBan>a rpaHHTOHfla U,epa o”nociuia ce Ha MHHepaliomKO-
-neTpoipac”rcKe KapaKTepHCTHKe (Knezevi¢, 1959/60; M arkov i M ihailovi¢-V la-
ji¢, 1969; Divljan i dr., 1978), pacnoneny U, Th h K y rpaiiHTOHjjHMa IJepa (O m aljev,
1981), Kao h Ha VTBpijHBaibe cTapocTH ijepcKor MacHBa (K aramata i dr., 1991). Kne-
zevid i dr. (1992) 3aKJbyHHIJiH cy j*a je nepcKH iuiyTOH KO0iiC0JiHj(0Baii y BehHM ;jy6H-
HaMa npe 30 MHJiIHOHa roimna h jra MarMa, Koja je jjajia Te CTeHe, iiothhc oji pacTona
(3)opMHpaHHx y iopiheM oM 0Ta'iy h KOHTaMHHHpaHHX MaTepnjajioM H3 Kope.

*PyjiapcKO~reojiomKH (j)aKyjiTeT yHHBep3HTeTa y Beorpajiy, ByuiHHa 7, Beorpan.
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1loBpmHHCKO pacnaflaH>e rpaHHTa je BeoMa mhoto ripov'iaBano Y cBeTy (Collier,
1961; Harriss & Adams, 1966; Rice, 1973; Tardy et al., 1973; Murray, 1978;

JIE'EHAA (LEGEND)

[ Q 1 KpapTap (Quatemar») | 9T | AniHTOHHHH rpaHHTH
P11 1ljTHOneH (Pliocene) 5y | FpaHO"HopHTH (Grai]fxiiofjl.e)
M | Mi-ioijeH (Miocene) I KBapi®MOHI"OHHTH (Quartzmonconite)

K OHTaKTHO -MeTaM0p(3)He creHe )
(Contact-metamorphic rocks) P__I llepM (Permian)

AnjiHTCKe >KHE DC rieBOH-KapSoH JajiapcKe cl)ai*Hje
(AppJitic vein3) ! (Devonian-C'arbonian Jadar Facies)

A JloKairija npogMia
(Location of section)
Cji. 1. reojioniKa CKima rpaHHTOHfIHor MacHBa |"epa (KHeaceBHh, 1959/60).
1. npo™HJi JinnoBa BOjia; 2. npocJ)HJi Mpmnha rpo6; 3. npoc{)HJi BpaTaHKH BeHaii (Crpa”KaHHiia).
Fig. 1. Geologic sketch of the Cer granitoid massif (Knezevi¢, 1959/60).
1. Lipova Voda section; 2. Mrsiéa Grob section; 3. Vratacki Venac section (StraZzanica).

Chesworth, 1979; Meunier & Velde, 1979; Law et al., 1991; Aoudjit et al,
1991). Kop; Hac ce pacnaflaiteM rpaHHTa SaBHJia caMO Nikoli¢ (1961,1978), npoyHHBiiiH
Kope pacnajiaiha Y HeKHM rpanHTOHflIHHM MacHBHMa CpGnje (lJep, ByKyjba, BecHa
KoGnjia, HepecHHi*a, Py;(iia FjiaBa, Taiifla). Kopa pacnaflama Ha lJepv HCHHTHBaHa je Ha
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jelaioM upoc{iHjiy r*e HMa jje6jbmiy oko 250 cm, a H3rpai)ena je oa KaojiHHHTa, HJiHTa nh
xajioj3HTa.

Jovié i dr. (1993) odjaBHJIH cy npBe pe3yjiTaTe MHHepajiouiKHX iipoyTai>,an,a
3eMJLnmmra Ha j paHHTOH,r(HMa Hepa.

Y30PIXHH METO03 E

llpoy TiaBafi>e noBpmHHCKor pacnajTaiha rpaHHTOHjja 3acHHBajio ce Ha aHajiH3Hpaity
V3opaKa chc>khx h pasjiirarro paciiajiHy-nx cTena, Kao h scMJBinirra HacTajinx ojj h>hx.
y 30piiH 3eMJbHmMTa (Mace 2-3 Kg) ocymeriH cy na Ba3jiyxy h QjicTpaH>eHO je Kopetbe, a
3aTHM je MCTOjjOM 'ie'i'BpTan«! irijfBojeno oko 0.5 kg seMJbiim'ra 3a aHajiH3e. PasJiHHHTe
cjDpaKirnje 3eM JtHm Ta H3j(BajaHe cy mokphm npocejaBaibeM (2000-250 fun, 250-100 ~m,
100-50 ~im) h fleKaHTaii;HjoM (50-20 fim, 20-2 fom h <2 |am). MniiepajiHH cacTaB CBe5Kiix
h Malio npoMeH>eHHX CTena ojjpepen je oirniTiKHM HciiHTHiiaH>HMa, a HHTeH3HBHO npoMe-
HbeHHX CTeHa h 3eMJi>iiFirra - peHnreHCKHM nciiHTHBaitHMa. 3a jio6njau>e peiijirencKHX
jinjai paMa npaxa KopHmheH je juicfipak TOMe'rap Philips +mi PW 1710 (6aKapHa aHTHKa-
erojia). MnHepajiH rjiHHa oj(pe{)HBaHB cy mctojjom opHjeirrHcaiiHX npenapaTa Kojn cy
3aTHM TpeTHpaHH rjiHii;epHHOM h 3arpeBaHH na 450 °C.

PE3YJITATH
npo{J)HJi JInnoBa Bojia

llpocliHJi noBpiHHHCKor pacnaj*aiLa MOHu;orpaHHTa JImioBe nojie Halia3H ce Ha najj-
MopcKoj bhchhh oj( 650 m. llpo4)HJi je OTKpHBeH Ha jiy>KHHH oji iiph6jih>kiio 25 m, a HMa
BHCHHy oji oko 10 m (cji. 2,1). llpeMa CTeneHy pacnajian,a H3jiBojeiie cy He'rnpii 30He:
MacHBHor H3rliej(a h cpejiito‘ipnacTe CTpyKType. Hsrpa~en je 0j( cjiej(ehnx 6hthhx mh-
Hepalia: KBapiia, opTOKJiaca (-2V = 64-70°), anjiesnna (43-48 %aH), 6noTHTa h xopn-
Gjichjic. Ojj ccKyiijjapHHX MHiiepalJia 3acTynibeHH cy xjiopHT h JieyKOKceH, a 0j( cno-
pej(Hiix - anaTHT, iiHpKoii, ccjien h opTHT. OpTOKJiac je yraaBHOM CBe>K h caMO peTKO ce

MeCTHMHHHO Cy no 060jiy XJIOpHTHCaHH.
Jipyra 30Ha je chbo—KyTH paciiajniv'ra MOHiiorpaiiH'r 'inja je j(e6ji>mia oko 5 m.
CTeHa je Tpoimia, j(e3HHTerpHcaHa y KOMajie BCJiHHiiiie jio 3 x 5 c¢cm. PeHnreHCKOM

jom H XJIOpHT, KaOJIHHHT H HHTepCTpaTHC*"HKOBaHH 6HOTHT-BepMHKYyjIHT.

Tpehy 30Hy hhiih >Kyrn rpycHpaHH MOHHoi paiiiiT (Bejmmma KOMaj(a najHemhe 1x3
cm) Kojn HMa cjiiiHaii cacTaB Kao h npeTXOJina 30Ha. Pa3JiHKa ce jejiimo HcnoJbaBay no-
jaBH HJiHTa h noBehaHOM ynemhy BepMHKYyjiHTa Y nHTepcTpa'nicjjHKOBaiioM 6noTHT-Bep-
MHKyjIHTy.

AMeTBpTa 30Ha jecTe 3eMlJi>niirre HacTajio pacnajiaiteM Momi;orpaHHTa, j(e6ji>mie 70
cm. Oho npHnaji;a rany CMe”~er KHcejior 3eMJbHmTa h HMa pa3BHjeHe A, AC h C xopn-
30HTe. JI"oibH, AC —xopH30HT HMa jie6jbiiiiy oji 55 cm h ca;ip>KH CKeiieT >Kyro-CMeJ)C 60je
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MeHTHMa cTeHe. SeMJi*nmre y noBpmHHCKOM jjejiy npocjDHJia (A-X0pH30HT, 0-15 cm)
caj(p>KH Man>e CKejieTa (nejiHMHHe jjo 0.7 X 1 cm). llpeMa rpaHyjioMeTpHjcKOM cacTaBy
oBa aeMJbHiina Mory ce yBpcTHTH y KpynHOnecK0BHTy HJioBany (0-15 cm), ojjiiocho
HJioBany (15-70 cm).

0.15m

0.15m
0.55 m 035m 0.30m
020 m 0.30
10m >0 m
0.30m
0.30m
0.60m
50m 010 m
t’:\f id T 1.30m
3.0m id 1M
P:?2b
f
]
1 v 10 m
3.0m

0.80m
1:100

Cji. 2. lpo<J)HJiHnoBpuiHHCKor pacnanaita rpaHHTOHNa L(epa.
1. JInnoBa Bosa; 2. MpuiHha rpo6; 3. BpaTaHKH BeHau (CTpaacaHHiia).

Fig.,2. Section through weathering of granitoid rocks of Cer.
1. Lipova Voda; 2. MrSi¢a Grob; 3. Vratacki Venac (Strazanica).

MHHepajiHH cacTaB seMjnnmTa Ha KOHTaKTy ca pacnajjnyTHM M oiiijorpaiiH moM npo-
ynaBaH je noMohy peiijjreHCKe jjHcjjpaKijnje. y HajkpynHHjoj cjjpaKijnjH (2000-250 (i.m)
MHHepajiHH cacTaB je cjienehn: KBapn, cjjejijiciiaTH, aMcjni€oji, hjiht, xJiopHT h BepMH-
KyjiHT-6HOTHT. y cjipaKijHjH 50-20 |j.m npeoBlia{jyje KBapn, Kao iiajoTiiopiinjH MHHepaji
Ha pacnajjaine, a nojaBJtyjy ce jom cjgjijjcnaTH, pejiHKTH aM(})H6ojia, hjiht, xjiopHT,
BepMHKyJiHT h KaojiHHHT. y cjjpaKijHjn chthot npaxa (20-2 |xm) h jjajbe je HajBHine

3aCTynJbeHH: BepMHKyJIHT, XJIOpHT, HIHT H KaQIIHHHT. r JIHHOBHTa cjopaKIlJHja 3eMIHHI111Ta
(<2 (om) /(ei'ajinio je npoy'ieiia cTaimapjjiiHM nocTynKOM. mel>y tjihhobhthm MHHepa-
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jiHMa npeoBJial)yje BepMHKYyjiHT (pecljjieKCHja Ha 1.4 nm Koja ce noclie acapeita noMe-
pHJia Ha 1.08 nm), jjok cy k3ojihhht, hjiht h Hapo'iHTo xjiopHT noflpeljeHH (cji. 3).

3 5 10 15

Cji. 3. J*Ht|)paKTorpaM rjiHHOBHTe (JjpaKiiHje 3eMJbHiirra (15-70 cm) Ha MoiigorpaHHTY JInnoBe Bojje.
N - HeTpeTHpaH; Gl - 3acnheH rjiHi"epHHOM; 450 °C - >kapeH; d-BpejjHOCTHy nra,

Fig. 3. Diffractogram of soil clay fraction (15-70 cm) over monzogranite at Lipova Voda.
N - Untreated; G1 - Glycerine saturated; 450 °C - heating; d- values in nm.

SeMJLHurre ca /iy6inie 0-15 ¢m noKa3yje cjiHTlan MHHepajiHH cacTaB Yy neckOBHTOj h
npauiKacToj r}jpaKitHjn. KBapn; h (J)ejiflcnaTH npeoBJial)yjy, /toK cy aM(J)H60JiH Man>e 3ac-
ryiiJbeHH Hero y /iy6jbeM jjejiy 3eMJIbHHiHor npoc|)HJia. icjihiio ce BepMHKYyjiHT nojaBJbyje
y siia'iajnoj kojihhhhh jorn y neckOBHTOj cj)paKii,njH. PjiHHOBHTa c[)paKmija 3eMJbHiHTa
CaflpiHH HajBHHie BepMHKyJIHTa, JOK cy XJIOpHT, KaoJIHHHT H HIHT Maibe 3aCTyHJbeHH.
riojaBJbyje ce joui h Malia KOJiiraHiia CMeKTHTa Kojn BepoBaTHO npejjCTaBJba npo/jyKT
TpanccjjopManHje BepMHKYyjiHTa (cji. 4).

npocjiHJi Mpumha rpo6a

Kopa pacna/jaiba KOHCTaTOBaHa je Ha MOHii;orpaHHTY MpniHha rpo6a Ha HajjMop-
cKoj bhchhh ofl 370 m. llpocjjiur je oTKpHBeH Ha /ty>KniiH oko 50 m h raa BHCHHy o/t 4 m.
llpeMa cTeneHy pacnajtaaa H3/jB0jeHO je cejjaM 30Ha (cji. 2,2).

IlpBa 30Ha je CBesc MonnorpaiiHT (jje6jbHiie npeKO 3 m), CBeTlJiocHBe 60je, MacHB-
Hor Hsrjiejja, cpejjibospiiac're CTpyKType, a Hsrpal”eii je oj( KBapn;a, njiarHOKJiaca, Kajinj-
hh cy anaTHT h MarHeTHT, a Kao ceKynj/apiiH MHHepanH jaBJbajy ce eimjtoT h cepnii;HT
(cepni®HTHcaHH c})ejijjcnaTH).

flpyry 30Hy npejjcTaBJba npoMeibeHH MOHH,orpaHHT (jjebwbHHe oko 0.5 m), chbo-
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pajiHH cacTaB je hcth Kao koj® cbokct MonnorpaiiHTa, a jeflIHHO ce shotht jaiiJLa y
jiHCKaMa CMeije 60je Koja yKa3yje Ha H3BecHe noBpniHHCKe npoMeHe.

Cji. 4. /1,nc})paKTorpaM rjiHHOBHTe (JipaKunje aeMJbHLUTa (0-15 cm) Ha MOHL(orpaHHTY JInnoBe Bojie.
03 HaKe HCTe Kao Ha cji. 3.

Fig. 4. Diffractogram of soil clay fraction (0-15 cm) over monzogranite at Lipova Voda.
Symbols same as in Fig. 3.

3ejieHKacT0-MpKoacyTH rpycHcf>HiiHpaHii MOHii;orpaHHT, jjesHHTerpHcaii y KOMgj” e
BejiHHHHe Hajnemhe 0.5 X 1.5 cm, npejjcTaBllba Tpehy 30Hy. MHHepajiHH cacTaB je cjih-
naH, a cTeneH ajiTepannje je Behn.

HeTBpTa 30Ha je MpKO-acyTH rpvencljHijHpaHH MOimorpaiiHT (jje6jbime 1.5-2 m) vy
HHjn cacTaB yjia3e KBapn, HHTeiisHBHO npoMeibeiiH c}DejijjcnaTH, 6hotht h naroM HlJiaita
Fe-M HHepajia.

1leTy h uiecTy 30Hy npej*CTaBJta pacTpecHTa Maca rpycHc{)HHHpaiior MouijorpaiiHTa
(jie6jbHHe jjo 0.5 m) Koja je H3rpal)eHa ojj KBapija h n0TnyHO ajiTepncaHHX ocTajiax
MHHepajia.

CejjMa 30Ha je 3eMJbHurre j”~e6jtnne 70 cm ca pa3BHjeHHM A h AC xopH30HTHMa, a
MOHirorpaHHTOM (AC2) HMa j(e6jbHiiy ojj 20 cm, CMelje je 60je h caflpacn CKejieT ojj
KBapna, c|)ejij(ciiaTa h Man,e kojihhhiic c{)parMeHaTa CTeHe. M3iiaj( ce Hajia3H 3eMJbHmTe
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(ACi) >Kyro-CMelpe 60je, jiefijhHiic 35 cm, ca Man.e 3acTyiiJbeHHM cKejieTOM. SeMJLHiirre
y noBpmHHCKOM ,uejiy npocf)iuia HMa ne6ji>iniy 0ji 15 ¢cm (A-xopH30HT) h cueTJiocMelje je
6oje. CKejieTa hmz Majio h iipejiCTaBJhenje 3pHHMa KBapija.

MnHepajiHH cacTaB seMJhimrra je cjiejjehn: KBapij, c})ejijicnaTH, BepMHKYyjiHT,
XjiopHT, KaojiHHHT H hjiht. FjiHHOBHTa cfpaKiinja seMlJijHiiiTa ca jiyémie 50-70 cm
cajjp>KH BepMHKYyjiHT, xjiopHT, hjiht h KaojiHHHT. Y 3eMJbHinTy ca jjy6Hiie 15-50 cm
cacTaB rjiHHOBHTe 4>paKii;Hje je cjni‘'ian: b€pmnicyjiht je HajBHme 3acTynJbeH, noBehano
je V'iemhe KaojiHHHTa, a hjiht HOKa3yje Henrro Behn creneH KpncTajiHHHTeTa. Y
noBpiiiHHCKOM jisejiy scMJBiinmor npocliHJia (jy6iuia 0-15 c¢cm) BepMHKYyjiHT h jrajte
npeoBJia”yje, ajiH ce Ha ocnoBy H3ilJiejia pecj>JieKcnje Haoko 1.4 nm M oxe 3aKJtyHHTH jra
je BepMHKYyjiHT ,nejiHMH'imo iipoMeiBeii y cjia6o HCKpncTajmcajie cjjase (niHpoKe
pe(|>JieKCHje y nojrpyHjy 1.4 - 1.0 nm) Koje ce ne Mory Hj(eirnic})HKOBaTH 6e3 jjo,usamiiHX
TpeTMaHa h ojiroBapajyhnx MCTOjja (cji. 5).

450"

F , 1 20
3 5 10 15

Cji. 5. J];Hc})paKTorpaM rjimHOBHTe (JipaKijHje 3eM Jbmirra (0-15 cm) Ha MOHiiorpaHHTy Mprnnharpo6a.
03HaKe HCTe Kao Ha cji. 3.

Fig. 5. Diffractogram of soil clay fraction (0-15 cm) over monzogranite at Mrsi¢a Grob.
Symbols same as in Fig. 3.

llpo«g)HJi BpntHKR Bdiai( (t>p a>Kanniia)

ripo4>HJi Kope pacnajjaiha rpaHOjjnopHTa BpaTaHKor BeHii;a Hajia3H ce Ha najjMop-
cKoj bhchhh 0jj 260 m. OTKpHBeH je Ha jjy>kKHHH oko 40 m h HMa BHCHHy 0ji 5 m. Ha
npocj)HJiy ce Moace pa3JiHKOBaTH cejiaM 30Ha (cji. 2/3).
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IlpBa 30Ha je cise* rpaHOfIHopirr (oTKpHBeHe jje6jbniie oko 0.8 m), CBeTJiocHBe
60je, MacHBHe TeKCType, cpe~ftospnacTe cTpyKType h Hsrpafjen o~ cjiej(ehHX 6hthhx
MHHepajia: aiiflesHiia (31% aH), KBapija, opTOKJiaca (-2V = 80-84°) h 6noTHTa. Chope#-
hh MHHepajiH cy h,hpkoh, anaraT h MariieTHT, a ceKviijjapHH - ciihjjot, xjiopht, cepii*HT
h MHHepanH rjiHHa.

3 5 10 15

Cji. 6. /jHc paKTorpaM rjiHHOBHTe (JipaKiiHje 3eMJbHiHTa (0-30 ¢m) Ha rpaHORHOpHTY OrpascaH Hue (BpaTaMKH
BeHaij). 03HaKe Kao Ha cn. 3.

Fig. 6. Diffractogram of soil clay fraction (0-30 cm) over granodiorite at Strazanica (Vratacki Venac).
Symbols same as in Fig. 3.

flpyra 30Ha je 6c¢jih pacriajpiyTH rpaHOfIHopiiT (jje6jbHiie oko 1 m), TpomaH, mTO
yKa3yje Ha HHTeH3HBHe npoijece 43BHHKor h xeMHjcKor pacnajiaiba KojHMa je 6ho
H3Jio>KeH. CacTaB je y ochobh hcth, Kao y npBoj 3ohh, a pa3JiHKe ce orjie/iajv y 3ac-
TynibeHOCTH ceKynjjapiiHX MHHepajia. Oejiflcnara cy HHTeH3HBHHje cepHHHTHcaim, a CTe-
neH rjiHHOBHTe ajiTepaijHje je TaKoije BehH. Bhotht je BHine xjiopHTHcaH h oKciijiHcan
y3 Behe H3jpjajaibe MarHeTirra.

Tpeha 30Ha je 6ejiH rpycHc}jHi"KpaHH rpanojiHopHT (jje6jbHiie oko 1.3 m) y KOMe cy
c[jejij(cnarH n0TnyHO ajrrepHcaiiH, a xjiopHTH3aijnja 6noTHTa je HHTeH3HBHHja Hero y
Hpei*OJJHOj 30HH.
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HeTBpTa 30Ha je MpKOnpBeiiH xopH30HT (ne6jbHHe oko 0.1 m) iipeflCTaBJLeii noT-
nyHO TjesHHTei pncaiinM rpaiiojjnopHTOM y hhjh cacTaB yjia3e HHTeH3HBHO npoMeii>eiiH

lleTa 30Ha je mpko* vth rpycH(j)HijHpaHH rpanojiHopHT (jje6jbHiie 0.6-1.0 m), HHja
60ja yKa3yje Ha HHTeH3HBHHje paciiajjaibe.

IllecTa 30Ha je noTnyHo paciiajjnyTH rpanojjHopHT (ije6jbHiie oko 0.3 M) Ha koh-
TaKTy ca 3eMJbHurreM Kojh npejjcTaBJba 3pHaciy pacTpecHTy Macy H3rpal)eHy ojj KBapija
h n0TnyHO anTepHcaHHX cjjejijjciiaTa h 6noTHTa.

CejjMa 30Ha je 3eMJbHUITe, HacTajio noBpuiHHCKHM paciiajjaibeM rpaiiojjnopHTa,
jje6jbnne 90 cm. Oho iipnnajja Tiiriy CMelje KHcejior 3eMJbHiHTa h HMa pa3BHjeHe A h AC
xopH30HTe. HajiiH>Ke seMJijHiirre (AC?2), jje6jpbHHe 30 cm, xyTO-CMe”e je 60oje h 0jjjih-

JjHHa*IHHX 3pHa Kiiapija h (})CJijjcnaTa h Maibe KOJiH'rniie c|)pai Meiiara cTeHa (jjHMeiisHja
0.4x 0.6nolx 1lcm). ropH,H jjeo AC-xopH30HTa (jje6jbHiie 0ko 30 cm) CBeTlinje je 60-
je h cajjp)kH Maibe cKejieTa (BejiHHHNne 0.3 x 0.4 jjo 0.5 x 1 cm). 3eMJbHniTe y HajBHUieM
jjejiy iipocjiHJia (A xopH30HT) jje6jbiine je oko 30 cm h HMa CBeTJiy »cyTO-CMe”*y 60jy.
OcejieTa HMa BeoMa Majio, a HpejicraBJbeH je 3pHHMa KBapn;a 'inje jjHMeH3iije He npe-
Jia3e 0.2 x 0.4 cm. 3eMJbHurre A h AC, xopH30HTa ojjronapa npauiKacToj HlJioBa'iH, a
3eMIbHIHTe A C2 X0pH30HTa - HJIOBa'lH.

3eMJbHuiTe Ha KOHTaKTy ca pacnaj(iiyTHM rpaHojjHopirroM HMa cjiejjehn MHHepajiHH
CaCTaB: KBapii:, ({jejlddCriaTH, KaOJIHHHT, HJIHT, XJIOpHT H HIITCpCTpaTHCjjHKOBaHH BepMHKYy-
cjiedlJICliaTHMa, XJIOpHT, BepMHKYjIHT, HIHT H KaOJIHHHT. Y nOBpillHHCKOM jjejiy 3eM-
jbHiuTa (jjy6Hiia 0-30 cm) cacTaB je cjiH'ian, a BepMHKYyjiHT npeoBlia*yje y ojjHocy Ha
HJIIHT H K30JIHHHT (CJI. 6).

3HCKyCHJA H JAKIhMMAK

Hpoy'iaBaiiH rpamrroHjjH 1"epa noKa3yjy cjiH'iaH MHHepajiHH cacTaB: KBapij, dcjijj-
cnaTH (opTOKlJiac h njiarHOKJiacn) h 6hotht, MOHii;orpaHHT Jlhiiobc bojjc cajjp>KH jorn h
xopH6jieH)D(y, a MoinjorpaiiHT Mpmnha rpo6a yMecTO xopii6jienjje MycKOBHT. TaKaB
MHHepajiHH cacTaB cTencKe nojjjiore ycjioBHO je cTBapaibe cjihtiihx ceKyHjjapiiHX npo-
TaJiH cy hjiht h KaoJiHHHT, jjok je jjeo HliHTa TaKo”e HacTao h pacnajjaibeM MycKOBHTa.
y HajmDKHM jjenoBHMa 3eMIbHiuHHX npocj)HJia 3acTynjbeH je xjiopHT Kojn je HacjietjeH H3
MaTHHHor MaTepnjajia, a y bhihhm jjejiOBHMa npocjjHJia xjiopHT je npojjyKT pacnajjaiba
xopir6)JieHjje h BepoBaTHO jjejioM 6noTHTa. CeKBemja noBpuiHHCKor pacnajjaiba 6noTHTa
Moace ce npejjcTaBHTH Ha cjiejjehn Ha'iHH:

6HOTHT -» 6HOTHT-BepMHKyjIHT -» BepMHKYJIHT-6HOTHT -> BepMHKyjIHT ~ CMeKTHT 2
A A N A

CBC*a CTeHa C-XOpH30HT A C—XO0pH30HTA C—XO0pH30HT  A-XOpH30HT

CjiHHHy ceKBeHH;y pacnajjaiba 6hotht3 H3 6 HOTHTCKO-aMcj)n60JicKOr rpaHHTa oiih-
cao je Wilson (1970).
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Ilpo~naiiana TpH npoc|)HJia noBpiiiHHCKor pacnanaHba ipaHH'roiijia I1"epa noKa3ajia
cy fla cy jiHTonomKH h KJHMaTCKH cjjaK'jop ojj HajBehe BaamocTH 3a BpcTy HOBOHac-
TaJiHX npojivKa'ra. Mako ce npoc”HJiii Hajia3e na pasjiHHHTHM iiajiMopcKHM BHcmiaMa, a
3eMJi)HiiiTa MO>Ke ce o6jaciiHTH cjih'ihhm MHiiepalJiHHM cacTaBOM rpanH'j'OHjja Kojh cy ce
paciiajiajrn y cjihhhhm KJiHMaTCKHM yclJioBHMa.
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MINERALQGY OF WEATHERING OF GRAMTOID ROCKS
OF MOUNT CER
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Vidojko Jovi¢* , Vesna Matovic* and Stevan Djuric*

This work is presenting results of a detail mineralogical study of weathering granitoid rocks and the
overlying soils of Mount Cer. Three sections through the weathering crust were examined: monzogranite at
Lipova Voda and Mrsi¢a Grob and granodiorite at Vratacki Venac (StraZzanica). Mineral compositions of
clay fractions (vermiculite, chlorite, illite and kaolinite) are very similar in the studied soils and can be
explained by the similar compositions of parent rocks and similar climatic conditions of weathering. Sequ-
ences of principal rock mineral weathering are discussed.

Key words: Mineralogy, weathering, monzogranite, granodiorite, vermiculite, chlorite, illite, kaolinite,
Mount Cer.

INTRODUCTION

Mount Cer is one in the Tertiary granitoid massifs on the southem margin of the
Pannonian Basin, which begins with Bukulja in the east and extends to Cer and farther
westward (Motajica, Prosara, Moslavacka Gora). Cer massif is composed of two separate
bodies: larger, Cer pluton, has the form of an irregular lens, elongated in E-W direction
and about 60 km2 in surface area; and smaller, StraZanica granodiorite, a NNW-SSE
elongated lens over an area of about 7 km2 (Fig. 1).

Most of earlier investigations in Cer granitoids were concemed with mineralogical
and petrographic aspects (Knezevi¢, 1959/60; Markov & Mihailovi¢-Vlaji¢, 1969;
Divljan et al., 1978), distribution of U, Th, and K in Cer granitoids (Omaljev,
1981), and establishing the age of Cer massif (Karamata et al., 1991). KneZevi¢ et
al. (1992) inferred that Cer pluton got consolidated at greater depths before 30 million
years, and that the parent magma originated from melts in the upper mantle and the crus-
tal contaminated material.

University of Belgrade, Faculty of Mining and Geology, Djusina 7, Belgrade.
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Granitic rock weathering has been much studied over the world (Collier, 1961;
Harriss & Adams, 1966; Rice, 1973; Tardy et al., 1973; Murray, 1978; Ches-
worth, 1979; Meunier & Velde, 179; Law et al., 1991; Aoudjit et al., 1991). In
this country, granite weathering was studied only by Nikoli¢ (1961, 1978) on some
granitoid massifs of Serbia (Cer, Bukulja, Besna Kobila, Neresnica, Rudna Glava, Tanda).
The weathering crust on Cer was studied in a section, where its thickness is about 250
cm, composed of kaolinite, illite and halloysite.

Jovié¢ et al. (1993) published the initial results of the mineralogical study of soils
over the Cer granitic rocks.

SAMPLES AND METHODS

Our study of granitic rock weathering is based on samples of fresh and variously
weathered rocks and the soil products. Soil samples (mass 2-3 kg) were dried in air to
remove roots, and then about 0.5 kg was separated for analysis by wet sieving (2000-250
[im, 250-100 jjm, 100-50 )Jm) and decantation (50-20 |Lim 20-2 [im, <2 (irn). Mineral
compositions of fresh and slightly altered rocks were optically determined, and those of
much weathered rocks and soils by X-ray diffraction. For X-ray powder pattems, a Phi-
lips PW 1710 (copper anticathode) diffractometer was used. Clay minerals were identified
by the method of oriented sampies, subsequently treated with glycerol and heated at
450°C.

RESULTS
Lipova Voda Section

The section through weathering monzogranite at Lipova Voda is located at the alti-
tude of 650 m. The exposure has some 25 m in length and about 10 m in depth (Fig.
2.1). Relative to the degree of weathering, four zones have been divided:

The lowest zone (3 m thick) is fresh, gray monzogranite, massive and medium-gra-
ined. It consists of essential minerals: quartz, orthoclase (-2V = 64°-70°), andesine
(43-48% an), biotite, and homblende, secondary chlorite and leucoxene, and accessory
apatite, zircon, sphene and orthite. Orthoclase is fresh with sporadic slight sericitisation.
Plagioclase is unaltered, and biotite and homblende are chloritised on rims.

Second lowest zone is gray-yellow weathered monzogranite about 5 m thick. The
rock is friable, disintegrated into fragments of 3 x 5 cm. X-ray diffraction detected chlo-
rite, kaolinite and interstratified biotite-vermiculite, in addition to quartz, feldspar and
amphibole.

Third zone is yellow monzogranite gruss (common fragment size 1 x 3 cm), similar
in composition with the preceding zone. The only differences are the occurrence of illite
and increased vermiculite in the interstratified biotite-vermiculite.
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Fourth zone is the soil produced by monzogranite weathering, 70 cm thick. It is soil
of brown acidic type developed in A, AC and C horizons. The lower, AC horizon is 55
cm thick and contains yellow-brown skeleton (fragment size 0.5 x 1.5 em). represented
by quartz and feldspar grains and rock fragments. Surface soil (A horizon, 0-15 cm) is
less skeletal (size 0.7 x 1 cm). This soil can be elassified on grain size as coarse-sandy
(0-15 cm) loam, or loam (15-70 cm).

Mineral composition of soil at contact with the weathered monzogranite was studied
using X-ray diffraction. Mineral content in the coarsest fraction includes: quartz, feldspar,
amphibole. illite, chlorite, and vermiculite-biotite. Prevailing in fraction 20-50 |am is
quartz, the component most resistant to disintegration, over feldspar, relict amphibole, illi-
te, chlorite, vermiculite, and kaolinite. Fine dust fraction (20-2 (.m) consists of high qu-
artz and low feldspar. Clay minerals are higher: vermiculite, ehlorite, illite and kaolinite.
Soil clay fraction (<2 jim) was well studied by standard technique. Prevailing among clay
minerals is vermiculite (refraction at 1.4 nm which shifted to 1.08 nm after heating) over
kaolinite, illite and particularly chlorite (Fig. 3).

To the depth of 15 cm, sand and silt fractions are similar in mineral compositions.
Quartz and feldspars are prevailing over amphibole which is higher in deep part of the
soil section. Only vermiculite is significant in the sand fraction. The soil clay fraction
contains the highest vermiculite and lower chlorite, kaolinite and illite. A small amount of
smectite is likely produet of vermieulite tansformation (Fig. 4).

Mrsiéa Grob Section

Weathering crust on monzogranite was recognized at MrSi¢a Grob, altitude 370 m.
The exposure is about 50 m long and 4 m deep. It is divided on weathering degree into
seven zones (Fig. 2.2).

First zone is fresh monzogranite (over 3 m thick) light gray in colour, massive,
medium-grained, composed of quartz, plagioclase, alkali feldspar (orthoclase, microcline),
muscovite and biotite. Accessory constituents are apatite and magnetite, and secondary
minerals are epidote and sericite (sericitised feldspars).

Second zone is formed by altered monzogranite (about 0.5 m thick). gray-green in
colour, disintegrated into varisized, mostly 3 x 5 cm, fragments. The mineral composition
is similar with that of fresh monzogranite, only this includes brown biotite flakes which
indicate some surfical change.

Greenish brown-yellow monzogranite gruss, disintegrated into fragments of 0.5 x 1.5
cm, forms the third zone. The mineral composition is similar with the former two, and
alteration is more advanced.

Fourth zone is brown-yellow monzogranite gruss (1.5-2 m thick) containing quartz,
much altered feldspars, biotite and Fe-mineral segregations.

Fifth and sixth zones are loose monzogranite gruss (to 0.5 m thick) composed of
quartz and completely altered other minerals.
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Seventh zone, 70 m thick, is brown acidic soil with developed A and AC horizons.
At the contact with weathered monzogranite (AC2, the soil is 20 cm thick, brown in co-
lour and contains skeleton quartz, feldspar and some rock fragments. This horizon is over-
lain with 35 cm of yellow-brown, less skeletal, soil ACj). At the surface, 15 cm of soil
(A horizon) are light brown in colour. Skeleton is low, representea by quartz grains.

The mineral composition of soil is the following: quartz, feldspars, vermiculite, chlo-
rite, kaolinite and illite. Clay fraction at depths from 50 cm to 70 cm contains vermicu-
lite, chlorite, illite and kaolinite. Between 15 cm and 50 cm, the clay composition is
similar: vermiculite is the highest, kaolinite increased, and iliite is somewhat higher rate
of crystallinity. At the surface (0-15 cm), vermiculite is again prevailing, but reflection at
about 1.4 nm indicates partly altered vermiculite into slightly crystallised phases (broad
reflection within 1.4-1.0 nm) which can not be identified without additional treatment and
respective methods (Fig. 5).

VrataCki Venac Section (Strazanica)

An exposed section of granodiorite weathering rocks is located at Vratatki Venac at
the altitude of 260 m, about 40 m long and 5 m deep. Seven zones are distinguished in
the section (Fig. 2.3).

First zone is fresh granodiorite (exposed thickness 0.8 m), light gray in colour, mas-
sive in structure, and composed of essential minerals: andesine (31% an), quartz, orthocla-
se (-2V =80°-84°) and biotite, accessory zircon, apatite and magnetite, and secondary
epidote, chlorite, sericite and clay minerals.

Second zone is white disintegrated (about 1 m thick) granodiorite, friable, indicating
advanced processes of disintegration and decomposition affecting the rock. The composi-
tion is basically the same as in the first zone, the only difference being in secondary
minerals. Feldspars are more sericitised, and clay alteration is higher. Biotite is more
chloritised and oxidised, and magnetite is higher.

Third zone is white granodiorite gruss (about 1.3 m thick) in which feldspars are
completely altered, and biotite chloritisation higher than in the preceding zone.

Fourth zone is a dark red horizon (about 0.1 m thick) represented by completely
weathered granodiorite which includes heavily altered feldspars, biotite, quartz, and
Fe-minerals.

Fifth zone is dark yellow granodiorite gruss (0.6 to 1.0 m thick), whose colour indi-
cates a high degree of weathering.

Sixth zone is completely weathered granodiorite (about 0.3 m thick) at contact with
the soil of loose granular mass composed of quartz and completely altered feldspars and
biotite.

Seventh zone is soil, the product of granodiorite weathering, 90 cm thick. This soil
is classified as brown acidic soil with developed A and AC horizons. Lowest horizon
(AC2), 30 cm thick, is yellow-brown in colour, characterized by the presence of abundant



Mineralogy of Weathering of Granitoid Rocks of Mount Cer 353

skeleton which consists dominantly of single quartz and feldspar grains and rock frag-
ments (sizes 0.4x0.6 to 1x1 cm). The upper part of AC horizon (about 30 cm thick) is
lighter in colour and less skeletal (sizes 0.3x0.4 to 0.5x1 cm). At the top of the section
(A horizon), the soil is about 30 cm thick and light yelow-brown in colour. Skeleton
content is very low, represented by quartz grains of no more than 0.2x0.4 cm. Soils of A
and AC horizons correspond to dusty loam, and tliat of AC2to loam.

At contact with weathered granodiorite, the mineral content of soil is the following:
quartz, feldspars, kaolinite, illite, chlorite, and interstratified vermiculite-biotite. At depths
from 40 cm to 60 cm the composition is similar: quartz is dominant over feldspars,
chlorite, vermculite, iliite and kaolinite. At the surface (depth 0-30 cm), the composition
is similar, only vermiculite prevails over illite and kaolinite (Fig. 6).

DISCUSSION AND CONCLUSION

The studied granitoid rocks of Cer are similar in mineral composition: quartz, feld-
spars (orthoclase and plagioclase) and biotite; monzogranite of Lipova Voda also contains
homblende, and monzogranite of MrSica Grob contains muscovite instead of homblende.
This mineral composition of rocks gal\'e similar secondary products in the weathering
crust and soil. Weathering of feldspars has produced illite and kaolinite; illite has partly
derived from muscovite. Lowermost in soil sections, chlorite is still contained from the
parent material, and upward, chlorite is an alteration product of homblende and partly
probably of biotite as well. The sequence of biotite weathering can be represented as
follows:

biotite —» biotite-vermiculite — vermiculite-biotite—>vermiculite — smectite?
N N N N

fresh rock C horizon AC horizon AC horizon A horizon

A similar sequence of biotite weathering from biotite-amphibole granite is described
by Wilson (1970).

The three studied sections through the weathering granitoid rocks of Cer have shown
that lithologic and climatic factors are most responsible for the new products. Although at
different altitudes, and in rocks of similar geologic ages, the simiiar compositions of clay
soil fraction can be explained by the similar mineral compositions of granitoid rocks
which weathered under similar climatic conditions.
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