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Yj1,K 553.04:553.43(497.11-11 ) OpnrHHajiHH HayHHH paj(

EPECTOBAU, KOfl EOPA Yy HCTOHHOJ CPEHJH - nEPCNnEKTHBHO
NOAPYHJE 3A HCTPAJKHBAIbBE EAKPOBHX Py#A

ofl
Mnoflpara Bopl)eBHha* h Mnojipara BaifcenieBHha*

y no;(pyijy BpecToBqa jyx<no on Eopa (B ordevi¢ i dr., 1987-1989) np« H"spa;jH reojiouiKe KapTe CP
JyrocjiaBHje 1:50.000 Ha bcjimkom npocropy npBH nyT cy H3ABojeHe ceHOHCKe enHKlJiacTH'ine Hacjiare h o;i
TypoHCKHX ByjiKaHHTa paiABojene. riope;i BajiyTaKa TypoHCKHX ByjiKaHoreHHX npojivKara ca;ip>Ke BajiyTKe Ma-
cHBHe Cu py;;e SopcKor THna, nop(|)HpcKHX Cu pvna h BajiyTKe ceKyHjapHHX KisapuH-ra. Y BVliKaiiorenoM Typo-
Hy, npeKO 'rera cy enHKJiacTHHHe Hacjiare ;incKop;ianTno naralio>Kene, Ha ymhy noTOKa BpecroBan aTKpiiBcne

cy *hijc MacHBHe (iopcKe Cu pyfle. y pany ce npeMa TOMe roBopn o npo;iyKTHBIioM oaKpoM 0[)y;iif.cHOM TypoHy
h enHKJiacTH'iIHOM ceHOHy ca pypiiHM BajivijHMa nopeKJioM H3 TypoHa.
riope;i naBe;ienor yKpaTKo ce ;iajy ochobhh rioaaiiH 0 cchohckom ByjiKaHH3My. O ji paHHje no3HaTa nojaBa

Zn-Cu pvjie npeMa MHiiui>eity ayTopa nepoBaTiio je KaMnaHCKe cTapocTH.

Kjby«e pein: GopcKa TypoHCKa ByjiKaHCKa crpyKTypa, 6aKpoM opyjlii>enH TypoH, pyjHH BalivnH y enHKJiacTH-
THMea, ceHOHCKH ByjiKaHH3aM, kamnaHcka Zn-Cu MHiiepajiirsairHja.

YBO~”

llo/ipy'ije BpecTOBu;a HCTpa)KHBaHO y BHiue naBpaTa, Hapo’iHTO y rojiHiraMa nocjie
Apyi or cBeTCKor paTa, nocefino oji 1957. ro/(iine, Kalia cy ypai)ene npBe /(eTajbiie reo-
jioniKe KapTe, npeMa chhtcth'ikhm npHKa3HMa thx pajjoBa Drovenika (1960, 1968),
Drovenika i dr. (1962) h reojioniKoj Kapra, Antonijevi¢ i dr. (1974), ByjiKaHorene
TBopeBHHe HajBeher pachpocTpan.eii>a y obhm npocTopHMa cy TypOHCKO—eeHOHCKH cy6-
MapHHCKH npojiyKTH npBe ByjiKaHCKe cj)a3e, a xiijipoTepMajino npoMeibene cTeHe Koje
Hoce pyjjny MHiiep;uiH3aii,Hjy cy JiapaMHjcKe CTapocTH. llojaBe 6aKpa koji noTOKa Bpec-
TOBan Drovenik (1966) cMaTpa H3 jiyf)Hiie eKciiiosiiBiioM ByjiKaHCKOM aKTHBHOIiihy H3He-
nieHHVIKJiacTHMa nopeKJioM H3 MBHHX Heno3HaTHX ropii>OKpej(iinx Hajiasnurra.

Ha nocTojehHM reojiouiKHM KapTaMa H3jjBojeira cy jorn cchohckh iiHpoKcen anjie-
3hth h nnpokceH xopH6jieHjia aHjie3HTH ca nHpokJiacTHTHMa, NpeMa Droveniku (1960)
jjpyra ByjiKaHCKa cfjasa h "60pcKH nejiHTH (y(3>OBH—Fyc|)HTH n Jianopun)" ca 6opcKHM
KOHrjioMepaTHMa h neiii‘iapiiMa CTBapaHH y nepnojjy ByjiKaHCKor MHpoBaii>a H3Mehy
npBe h jjpyre ByjiKaHCKe (fiase. Aji6htckh 'ipaxHT Ili¢ (1957), Drovenik i dr. (1962)
H3jjBojHJiH cy Kao Tpehy ByjiKaHCKYy cf>a3y, TaKotje ceHOHCKYy.

*reojiouikKH 3aBoji TeMHHH", Kapal)opl)eBa 48,11000 Eeorpajj.
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rEO.HOIUKH CACTAB noaPYHJA BPECTOBUA

lloflpyHje cejia BpecTOBi®a jy*HO ofl Bopa, y reojiouiKOM noraeny je je*aH ojj
3aHHMIbHBHjHX “eJioBa THMOHKe epynTHBHe o6jiacTH. M3y3eB cej.[HMenaTa Kap6oHaTHe
jype h floite Kpej*e H3 nofljiore thmohkc epynTHBHe o6jiacTH kao h ce"HMeHaTa ijeHO-
HaMa, OBjje cy Ha npocTopy jej"Ba BeheM o/( 10 km pa3BHjeHH totobo cbh jjejioBH
ByjiKaHoreHe h ce/uiMeHTiie ropite kpejie: ByjiK3HoreHH ripo/iyKTH TypoHa\ enHKJiac-
THHHe H acjiare ceHoHa, ByjiKaHoreHH h cejiHMeiiTHH npojjyKTH ceHOHa.

reojioiHKH pa3Boj oBor noflpynja noBe3aHo ce Mo*e npaTHTH 0j( TypoHa jjo cpeji-
n>er ceHOHa, jiok cy MJiatje TBopeBHHe MaxoM y TeKTOHCKH cjio>kchhm ojinociiMa. TaKo
cJioaceHH ojjiioch jacHO ce Mory pa3yMeTii aKO ce hmb y BHijjy jja ce obh TepeHH Hajia3e y3
poBaTHO npn Kpajy ropiter TypoHa jja 6h npej(Bojnjie ‘fhmo'ikv epynTHBHy 06jiacT Ha 3a-
najniH jjeo, Kojn he oji jjon,er ceHOHa nocTani nojipv'ije cna>KHe ByjiKaHCKe akKTHBHOCTH,
ofl 6ji0Ka Ha HCTOKy i'j(e ce jjo Kpaja ceHOHa Ha BeliHKOM npocTopy Tajioace MopcKH
ce™HMeHTH. IInje TeniKo pa3yMeni jja ce y3 rpannne thx jiejioBa jio Kpaja ceHOHa yc-
je ByjikaHCKH 6aceH oTBopeH h hctohhhm Koje je 3a ByjikaHCKe npotiece 3aTB0OpeHO h jia
he CBeto nocjie ceHOHa, Kajia ce cna>Kiia TeKTOHCKa KpeTan.a 06HaBJbajy, 6hth jorn bh-
uie npeo6jiHKOBaHO.

y y>KeM nojipy’ijy jiHCJioKaiirrje npeKo npojiyKaTa ByjiKaHoreHor TypoHa, Kojn objic
npeflCTaBJta HajcTapnje reojioniKe TBopoBHHe, j(HCKopjiariTtro jie*ii ropH>0TypoHCKo-
-AOH>0ceHOHCKH hhbo €liHKjiaCTHIHHX H acjiara CTBapaHHX y MopcKoj CpejtHHH osi MaTe-
pnjajia nojiJiore ca peTKHM nojaBaMa HHTepKajincaHHX Jianopair;a. flajbe ce kohthh”h-
paHO MO>Ke npaTHTH NOBJiaTa obhx TBopeBHHa Kij 'Imie jtoiroceiioiicKii, BepoBaTHO ko-
HHjaHKH, aiijie3HT-6a3ajrrcKH HHpokJiacTHTH h >khhc, na jjajbe JianopoBHTH alieBpojiHT-
ckh cejjHMeHTH ropiber caHTOHa - jroiber KaMnaHa (Mihajlovi¢, 1987, 1989; Ljubo-
vi¢-Obradovié¢, 1987,1989). IloTnyHo je jacHa noBliaTa Tora ojj enHKJiacTHHHHX cejpi-
MeHaTa Kojh Beh yBejiHKO iipmiajtajy KaMnaHy.

3anajtiio oji jnicJioKannje, y ByjikKaHCKOM 6aceHy, y jion.eM ceHOHy, HajBehHM j"eJiOM
HajBepoBaTHHje caHTOHy, anjie3HT-6a3ajiTCKa ByjiKaHCKa aKTHBHOCT Bpjio je nirreii'ntB-
Ha. (PopMiipajv ce jte6ejie Hacjiare nnpoKJiac'rn'ra ca pet)iiM »cnnaMa. Y KaMnaHy HacTajy
MopcKH xopH6jienjta-nHpoKcen aitjie3HT-6a3aliTCKit trpojivkKTH jtOK ce Ha 060jiy 6aceHa
Tajio>Ke Ty(J)CKH cejjHMeHTH no3HaTH Kao "6opcKH nejiHTH" rjje je y TaHKHM HHTepKajia-
HHjaMa Jianopana M ihajlovi¢ (1989) HjieirriicjjHKOBao HaHonJiaHKTOH cpejiH>er KaMnaHa
- MacTpHXTa. Oji cBera Tora Mlia®H cy nHpoKJiacTHTH h >Ktme KalinaHCKHX xoprr6jieHj(a
aHjtesHTa, 'iacajta NGMliaJ)HX no3Hanix ByjiKaHorehhx npojtyKara KaMnaHa (B ordevic¢ i
dr., 1990).

MacTpHXTCKH ByjiKaHoreHH rrpojiyK'iH npeMa noj(aiiiiMa HauiHX ttc'ipa>KHBaH>a Ha
obhm TepeHHMa HHcy pa3BHjeHH. y o60jihhm “ejioBHMa 6aceHa h y hctohhom flejiy, 6jio-
Ky, y MacTpHXTy ce Hajnpe jaBJbajy cJhihh KliacTHTH Kojn nycTynHo npejia3e y 6opcKe
KOHrlJioMepaTe h iiem'iape y KojHMa je vy iieiiocpejtiioj 6jiH3HHH obhx TepeHa VTBpbeHO
nocTojaibe floiber,-cpefliber MacTpnxTa (Dordevi¢ i dr., 1994).

riocjie MacrpHXTa, pacejiaibCM jjy>K 6opcKor pacejja Koje he nocTaTH peBepcHO,
hcto'ihh 6jiok, rj(e he ce ca'iyBaTit 6opcKH KOHrJioMepaTH h ireni‘'iaprt ca irojrjroroM ojt
0eHOHCKHX enHKJiacTHTa h rieBttjJi>rtBitM jicjiom ByjiKaHoreHor TypoHa, 6tthe rioj(By'ierr

1ByjncaHH3aM ce odaBHo npe ropH>er TypoHa. y Hcrpa*HBaHHM TepeHHMa jy*Hoi jie.ia THMo>iKe epyn-
THBHe 0SjiacTH HeMa jioKasa 3a rro'ieTaK ByjiKaHH3Ma y neHOMaHy, Majia ce TaKBa MoryhHocr He HCKJby'iyje.
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nofl sanaHHH 6jiok Ha MHTaBOM npocTopy o~ Bopa npeMa BpecTOBi;y. CBE to he jorn bh-
me 6hth HCKOMnjiHKOBaHO rpaHCKypeHTHHM pacejiaH»HMa npaBHa 3anaji jvrosanaii - hc-
tok ceBepoHCTOK npn ricMy cy jy>KHa KpHJia KpeTaHa npeM a 3analiy.

Bor

Cji. 1. CKHga h reojiouiKa KapTa HcrpaaKHor nonp”ija.
1. KBapTap. 2. MnogeH. 3. EopcKH KOHrjioMepaTH, 4. "BopcKH Tyc})OBH H neJiHTH". 5. CenHMeHTH ceHOHa.
6. fl,0H>e ceHOHCKH nnpoKceH aHne3HT 6a3aliTH, 7. EnHKjiacTHTH (a), hcto, XHjjp0TepMajiHO H3MeiteHH (6),
8. TypoHCKH cy6 ByjiKaHCKH /jaiiHTH, 9. TypoHCKH nHpoKJiacTHTH, 10. PacejjH, 11. BymoTHHe, 12. OayHa.
Fig. 1. Schematic geological map of study area.
1. Quatemary; 2. Miocene; 3. Bor conglomerates; 4. "Bor tuffs and pelites"; 5. Senonian deposits; 6. Lower
Senonian pyroxene andesite basalts; 7. Epiclastics (a), same, (b) hydrothermally altered; 8. Turonian
subvolcanic dacites; 9. Turonian pyroclastics; 10. Faults; 11. Boreholes; 12. Fauna.

Y ByjiKaHOreHOM TypoHy nocToje cacBHM jacHe xnjipomrepMajnic npoMeHe h npn-
MapHa pyflHa MHHepajiHSaHHja 6aKpoM. Y ceHOHy Y obom nonpynjy cy TaKo”e npHcypae
XH;ipoTepMaline npoMeHe h pv/ma MHHepajiH3aHiija Zn-Cu.

Jy>KHe h jvrosaiiajine flejione iiojipyija BpecTOBIi;a 3anjiaBJbyjy ceiiiiMeiiTH mho-
u.ena. KBapTapHe Hacjiare npejTrcTaBibeiie cy t3hkhm ajiyBHjOHOM BpecToiiaiike peKe.
Tepnnjap h KBapTap Hehe 6htii npe/iMCT namHX jjajBHX H3JiaraH>a.
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typoh
TypoHCKH ByjiKanoreiin iipo/iyKTH

Biifrji»HBH /jejionn ByjiKaHoreHor TypoHa Hajia3e ce Ha HeKojiHKO Man,nx Hi/ianaKa

yKynHe nonnniHe oko 15 ha. Hpe/icTaBJbeiiH CYy cy6aepcKkHM 6pe’iacmiM JianmiHTHMa
6HOTHT-xopH6j[en/j(a aHfle3HTCKor cacTaBa Ha Majioj NOBPUNiHH yoHeiiimM na ymhy iioTOKa

HieiiTHiHHM arjioMepaTCKHM JianHIIHTHVR Y Hajriyejbem figjiy 6ymoTHHe B-9, cy6ByjikaHCKH
KOHCOJIH/IOBaHHM 6HOTHT-XOpil6)Jlell/ia aH/ie3HMNX)M y HCTOj 6yiHOTHHH, 6yiUOTHHH B-10 Hy
noTOKy HpecTOBai/n Kao HajBehoM nojaBOM cyGByjiKchioi KoiicojiHj;0oBaiiHM 6hotht-xoph -
6jien/ia /ian;HTOM hctohho Ofi yuiha noTOKa BpecTOBaij. Y cbhm obhm TBopeBHHaMa, H3y3eB
/jai"HTHMa, 6 hotht je no/ipe~ciio iipncvTan.

Cji. 2 .1Ipo())HJi 6ymoTHHa. Cchoh: A 1. tiiiHKjiacTH'ine Gpcic o;i BajiyTaKa xopH6jienna anac'raTa; A2. hcto, jom

h Ba.ivnH flaijHTa h XHflp0TepMajiHO H3MeH>eHHX CTeHa; A3. hcto, XHjp0TepMajiHO npoMeH>enc, A4. hcto,
ca iinpnToM, XaliKOliHpHTOM h c¢(})aliepHTOM; A 5. ByjiKaHOKJiacTHTH y ropiLe.M aejiy o3l xopH6jieii;ia
aH"e'sHTa, a y floii>eM oy xopH6jieH"a ayrHT an;ie3HT 6a3ajiTa; BI1. Chbh h hpbciih JianopiiH; B2.
jianopoBHTH 6homhkphth; D, rinpoKJiacTHTH o;\ xopn6jieHfla ayrHT an, TC3HT 6a3ajiTa; U,l. hcto, jorn h
MaH"ojiacTH (jipai MeiiTH h npocjiojuH Ty(})oBancror cacraBa; U2. ByjiKaHOKJiacrH'iiiH Tyc|) y ropH>eM aejiy
oji xopn6jieHaa ayrHT aiife 3HT 6a3anTa, a y ,TOH>M o;i xopii6jienfla anjiesiiTa. TypoH: /1. Cy6ByjiKaHCKH

Fig. 2. Borehole sections. Senonian: Al. Epiclastic breccia of homblende andesite pebbles; A2. Same, plus

dacite and hydrothermally altered rock pebbles; A3. Same, hydrothermally altered; A4. Same, with
pyrite, chalcopyrite and sphalerite; A5. Volcanoclastics: homblende andesite in upper, and
homblende augite andesite basalt in lower parts; BI. Grey and red marlstones; B2. Marly biomicrite;
C. Pyroclastics of homblende augite andesite basalt; Cl. Same, plus amygdaloidal fragments and
interbeds of tuffs of the same composition; C2. Volcanoclastic tuff: homblende augite andesite basalt
in upper, and homblende andesite in lower parts. Turonian: D. Subvolcanic consolidated andesite; E.
Pyroclastics of homblende andesite.

H3 iiosHHHje Ha reoJiouiKoj KapTH ivh/ih ce /ia ce OBe TBopeBHHe najia3e h saiiajuio h

hcto”ho o/i 6opcKO-TyrackHHHKe /iHcjioKannje ihto HaM jiaje 3a npaBO /ja npeTnocTa-
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bhmo jia je rpannna ByjiKaHoreHor mypona hCiini ceHOHCKHX enHKJiacTHTa h im po-
KJiacTHTa npeM a sanajiv oTBopeHa.

Cbhm ByjiKaHHTHMa nejiocTajv HajBHimi hhboh ca HHTpy3HBHOM kpobhhom H3y3HMajyhH
aHj(e3HT najjiy6jber jicjia r)yinomiiie E-9 (376 m). JI,HCKopjiairnio npeKo ByjiKaHHTa Jie»ce
eiiiikJiacTiriHe Hacliare. Bpjio c]iiii()3piiacTa XHHHj(HO M pcjiiia rpa”a ocHOBHe Mace h mccth-
mhhho BHjiJbHBa y MarHeTHT clia6o onamriHcaiia xopii6jienj(a, yKa3yjy Ha cacBHM iuiHTKe
HaTHcaHa h apriuincaHa, xopH6jieHji:a h 6hotht xjiopHTHcaHH h Kap6oHaTHcaHH. Y aHjie3H
THMa ce bhjjh h cacBHM clia6a HMiipcriianHjcKa iiiipHTH3aniija. ArjioMepaTCKH JiamuiHTH
6ymoTHHe B-9 HajBepoBaTHHje iipcjjcTaBli»ajy npojeiai,HOHH MaTepnjaji irncKor epviiTHiiiior
CTy6a jiok reHe3a 6pe'iacrax jiamuiHTa HHje cacBHM jacHa. ITibcciio cy cy6aepcioi. hocTojn
MOryhHOCT jja cy HacTajiH H3 iiHpoKlJiacra’iiior TOKa Ha urra ynyhyje noiierjie bhjui>hbo
fix;'ieii>e y chthom MaTpHKcy H3Me()y yrjiacTHX KliacTa bcjih'ihiic jjo 5 cm h jacHe jiecfjopMa-
mijc MHHep3Jihhx 3pHa BepoBanio nacTajie ycjieji Tpema npn re'ien,y. AraoMepaTCKH Jiann-
jihth noKa3yjy cacBHM cjiaby HMnperHau,HjcKy iiHpiiTH3au,Hjy 6am Kao h cy6ByjiKaHCKH anjie-
3ht Tiija cy KpoBHHa, jjok ce nnpiiTir'.amija y 6pe‘iacmiM JiamuiHTHMa bhjih caMO y3 5-10 cm
Jie6ejm ()60j( pyjniHX >Kima Ha ymhy noTOKa BpecTOBai”. Y KliacTHMa 6pe'iacrax jiamuiHTa h
MaTpHKcy iuiarHOKJiacHa 3pna cy aji6HTHcaHa h 3eojiHTHcaHa, MecraMHeiiio ja'ie, xopH6jieHjia
ja'ie hjih cjia6iije xjiopHTHcaHa. Y ctchckhm c})paiMeiiTHMa jiamuiirra noncrjic je jio6po
o'rvBaiio cTaKlJio.

TyponcKa pvjiiia nojaisa

Jenima BHjjJbHBa TyponcKa pyjma nojaBa cy >KHije 6opcKe MacHBHe 6aKapne tiapa-
reHe3e jie6ejie oko 0,3 M Yy JiaiiHJIHTCKHM 6pciaM a KaMeHonoMa Ha ymhy noTOKa Bpec-
TOBan; y JipecTOBa'iKV peKy. Y3 nparehii impiiT h iipiicymiH KyjiopajioiiT (HgTe) iJiaBHH
pyj*HH MHHepajiH cy, npeMa Obradovié (1987, 1989) xaliKoniipHT h 60pHHT. Y3 o6ojme
jiejioiie acni®a, onrrpo orpanii'iene h npeMa CBexoj CTenn h npeMa pvjuioj >khh,h, pa.3BH-
Jia ce HeKOJIHKO cm jie6ejia iiHpHTH3an;Hja. Y JiariHJIHTCKoj 6pciH iionerjjc ce BHjie H3y-
3eTHo peTKe npclJiHHe ncnyihene niipHTOM. rinptiTCKe H M iipcniannje HHcy yo'iene. Hoja-
Be cy Majio iipoy'ieiie.

Y och rpaBHMeTpnjckhx MaKCHMyMa BpecroBa'iKe peKe, npHKa3aHoj npeMa Kap rn
1;200.000 (Bilibajki¢ i dr., 1971/72) MakCHMyM Ha ymhy noTOKa BpecTOBaij y Heno-
cpejpioj 6jih3hhh >kiiuc ca 6opckom pvjuioM napareHe30M cBaKaKO je H3a3BaH TypoH-
ckom cyjicj3Hj*HOM MHHepajiH3au;HjoM. /l,a jih je MHiiepajiiriaiuijoM, Koja 6h TaKoi)e M oraa
6hth TypoHCKa, H3a3BaH rpabhmcTphjckh MaKCHMyM oko 200 m jy>KH() y BpecTOBa'iKoj
peijH HHje pem njia 6ymoTHHa B-4 noiuTO, npeMa HameM MHmjterbHMa, hh nocjie 694 m
HHje H3anuia H3 enHKJiacTHTa (D ordevi¢ i dr., 1989).

CEHOH
EniiKJiacTHiiie nacjiare

IJpejjcTaiidijeHe cy y MopcKoj cpejimin TajioaceHHM eiiHKJiacrHiiiHM 6pciaMa oji Bajiy-
TaKa TypoHCKor ByjiKaHoreHor MaTepHjajia h 3ana>Keno npHcyniHM eiiHKjiacTii'niHM apeHH-
THMa. Y cTeHaMaje npHcynia ciparacjinkamija, M ecraM iriiio Bpjio j(06po H3pa>Kena. HajBe-
hn jieo oHora iiito je Ha nocTojehHM KapTaMa ii3j(Bojeno kao npBa ByjiKaHCKa cj>a3a Drove-
nika (1960) ycTBapn cy emikJiacTHTH (D ordevié, 1994).
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rOpH>0TypOHCKO-"OH.0OCeHOHCKH H KHMIliaHCKH HHBOH enHKJiacTHTa npBeHCTBeHO cy
H3rpa”reHH ojj BajiyTaKa cBe*nx TypoHCKHX ByjiKaHHTa cbhx <t>a3a pa3Boja ByjiKaHa (iih-
poKJiacTHHHO, ByjiKaHoreHe, cy6ByjiKaHCKO-XHnoa6HcajiHe) npn ’ieMy Ha HeKHM H3flaii-
i"HMa nocTojn Heyo6nTajeno bhcok ca”pacaj BajiyTaKa H3 cy6ByjiKaHCKor HHBoa.

Cn. 3. TeKTOHCKa ckhhh umper noapyHja Bpec'roBija. 1. EopcKo -tvihdkhhm km paceji; 2. BopcKH pacejj; 3. Kpn-
BejbCKH paceji; 4. 3o0Ha 6opcKor TpaHCKypeHTHor pacejia; 5. ByjiKancKa cTpyKTypa; 6. llepcneKTHBHO
pvjiiio nojipy>ije; 7. JTe*Hiirre 6aKpa Be3aHO 3a TypoHCKH ByjiKaHH3aM; 8. IlojaBe 6aKpa Be3aHe 3a TypoH-
ckh ByjiKaHH3aM; 9. llojaBe MeTajia Be3aHe 3a ceHOHCciffl ByjiKaHH3aM; 10. Pyj(HH KliacTH y enHKJiacTHTHMa;
11. BopcKo-jieiioBa'iKH sjiok; 12. IJpHopeMKH 6jiok; 13. Oca rpaBHMeTpnjcKor MeKCHMyMg; 14. EymoTHHe.

Fig. 3. Tectonic sketch map of the general Brestovac area. 1. Bor-Tupiznica fault; 2. Bor fault; 3. Krivelj
fault; 4. Bor transcurrent fault zone; 5. Volcanic structure; 6. Ore prospect; 7. Copper deposit associ-
ated wvith Turonian volcanism; 8. Copper occurrences associated with Tuionian volcanism; 9. Metal
occurrences associated wvith Senonian volcanism; 10. Ore clasts in epiclastics; 11. Bor-Lenovac
block; 12. Cma Reka block; 13. Gravimetric maxium axis; 14. Boreholes.

HajBHUIH HHBOH ropH>0TypOHCKO-flIOH.OCeHOHCKHX enHKJiaCTHTa 6yiHTOHe B-19,
hchoh 180 M, canpace pyflHe BaliyTKe nHpHTHcaHHX h cHJiH(f)HKOBaiiHX cy6ByjiKaHHTa ca
Majio xalJiKonHpHTa. Y hcthm hhbohm3 H3Hafl 6penacTHX jianHJiHTa Ha JieBoj o6aliH
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BpecTOBa"Ke peKe y yceKy nyTa BpecTOBaii, MeTOBHHiia (koji CTapor noTKona) BHjje ce
pacna/jHVTH BajiynH MacHBHe 6opcKe 6aKapne napareHe3e H3 KojHX HacTajy MajiaxHT h
a3ypHT.

Y Hajc'rapnjHM HHBOHMa KaMnaHCKHX enHKJiacTHTa nenocpejuio Hsiia/i ajieBpoJiHT-
ckhx Jianopaiia caHTOH—KaMnaHa, Ha JieBoj o6ajin noTOKa EpecTOBan, Hai)eH je. BajiyTaK
HSMeibenor anjje'iHTa opyjiiben iinpn'roM, xalJiKonHpHTOM h KOBejihhom, i'fle je MHKpo-
CKoncKH v'i'Bp~ena h HHCKOTeMnepaTypHa K-MeTacoMaTO 3a.

Y enHKlJiacTHTHMa jjecne ”“ojiHHCKe CTpaHe jjoiher TOKa noTOKa BpecTOBan TaKO"e
cy liatjciiH Baliyu,H ceKynjjapnnx KBapu,HTa 3a Koje 3H3mo jia cy ¥y Bopckom pvjniHKv
npaTiioiiH 6opcKe pyjjHe napareHe3e rana TraBa Porn (Karamata i dr., 1983).

CeHOHCKH ByjiKaiioreHH npojjyKTH
J],OH.OCeHOHCKH, BepOBaTHO KOlInja'lKIl ayrHT aHJie3HT-6a3aJITCKH nHpOKJiaCTHTH H

060jjhhm jiejioiiHMa ceHOHCKor ByjikaHCKor 6aceHa y BpecTOBaHKoj peu;H. 3anajiHO, Ka
YHyTpamibocTH 6aceHa, TeKTOHCKH ojinojene j(e6ejie Hacjiare j(oiboceHoncKHX MaTepnjaliHO
njjeHTHTHHX aHjie3HT-6a3ajiTCKHX nHpoKJiacTHTa h ByjikaHHTa, HajBehHM j(ejioM BepoBaTHO
caHTOHCKe, He v'iecTBvjv Ha bhjijohb na'iHii y npoiiecHMa y3 6pecToi>>a'iKy riHcjioKamijv.

JJoiboceHOHCKH ByjiKaHH3aM HHcy npaTHJiH H3pa>KeiiHjH XHjipoTepMajiHH nponecH.
IllpoMeHe y CTeHaMa ceBepHO o0jj noTOKa Hv'ihiih Ha HHipoKOM npocTopy pa3BHjeHe Kao
clia6o jio cpejin.e H3pa>Keii XHj(poTcpMajniH npeo6pa>Kaj (eiiHjjomi3annja, KapéoHaTH3aHHja,
HeBHjiJoHBOM MarMaTCKOM aKTHBHOiuhy. OHe cy 3axBaTHJie jom rOpib0OTypOHCKO0-ji0OibOce-
HOHCKe enHKJiacTHTe H3 6a3e anjje3HT-6a3ajn"a, cjiojeBe caHTOH—KaMnaHCKiix Jianopana Kao
h KaMnancKe enHKJiacnrrc iuto ce cBe bhji;h jorn h Ha jiecrioj jiojiHHCKoj CTpaHH BpecTOBa'iKe
peKe, a HHcy ce ojjpasiuic Ha MacTpHXTCKHM alieBpojiHTHMa ca nenriapHM a h peTKHM HHTep-
Kajiau,HjaMa Jianopau;a H3 Kojnx ce pa3BHjajy 6opcioi Koiii JKJMcpaTH h neunapH .

ripoMeHe cy HacTajie y KaMnaHy, Kaj(a ce y THMO'iKoj epynTHBHo0j o6jiacTH BaH obhx
TepeHa mnpoKO pa3BHjajy XHjipoTepMaliHe npoMeHe (THJiBa ftarpa, 3jiot, CaBHHau,
MapKOB KaMeH h j(p.). ByjiKaHCKH eKBHBalieHTH HOCHJiaiia thx npoMeHa cy nnpoKlJiac-
thth h >KHHe xopHG6jieHj(a aHjie3HTa ceBepno 11 3anajiHoO oji cejia rjie, npeMa HauiHM
cxBaTaibHMa, cnajia h "aJifHTCKH TpaxHT" BpecTOBaHKe Bame onncaH oji Ili¢a (1957).

KaMnaHCKe pvjine nojaite

Halia3e ce y cchohckhm cejiHMeiri’'HMa Kao co'iHBa jje6ji,Hiie oji HeEKOJTHKO j(o npeKO
20 m (Jankovié, 1990), a npeMa HauiHM nojiaiiHMa Kao XHjipoTepMaliHe, napajiejiHO
cjiojeBHTOCcTH KaMnancKHX enHKJiacniTa 11 ccjiHMeiia-ra ojuio>Kene pence cacBHM TaHKe,
noiierjie jejjBa bhjijphbc >KHjmne, @ Y 6ymoTHHH B -1l HHTepBaji jie6joHHe Behe oji 20 m.
MHHepajiH3au;Hjy 'iniie iinpiiT, xajiKoiinpirr 1L cc})ajiepirr ca He3HaTHHM vj’cjiom rajieHHTa.

CTapocT MHHepaliH3aHHje npeMa HamHM cxBaTaTibHMa je KaMnaHCKa, Kao h XHjipo-
TepMaliHe npoMeHe Ha jjoh,occiiohckiim BylJiKaHHTHMa h enHKJiacTHTHMa o ‘icmv je vy
npeTXO0jiHOM H3JiaraH>y roBopeno.

3AK.ThyrlAK

BnjiJlbHBe TBopeBHHe ByjiKaHoreHor TypoHa 1la noBpmHHH h y 6ymoTHHaMa noKa-
3yjy j(a nojjpv'ije BpecTOBHa npHnajia y>KeM Jiejiy ByjiKaHCKor neirrpa, cpejiHHH rjje je
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Mopana nocTojara /iyroipajna npojjy>KeHa ByjiKaHCKa aKTHBHOCT. Y t3kbhm ycjioBHMa
HacTajy MaKCHMajiHe fly6oKe npoMeHe ByjiKaHoreHor MaTepnjaJia ¥ cbhm HHBOHMa
ByjiKaHCKor anapaTa yKJby’[yjyhn h c'i'Bapan,e py“ne MimepajiH'rsannje.

Jom npe ropmer TypoHa epojioBaiia 30 Pa3jihhhthx ByjiKaHCKiix HHBoa, jiy>K 6pec-
TOBaHKe h 6pecTOBa'iKk0O- 60pcKe "HCJliOKaijHje tcktoiickh jakO nopeMeheHa, OBa Ha Haj-
Behoj noBpmHHH eiiHKJiacTHTHMa mccthmh’iho BejiHKe /ie6)JtHHe noKpHBeHa cTpyKTypa,
3acjiyacyje nyHO HHTepecoBan.e Kao nojaBa BHCOKor npnopHTeTa ajin h Bpjio cjio>Kene
reojionike rpa”e.

ripHcycTBO npHMapHe MacHBHe 6opcKe pyjine napareHe3e Y >KHii;aMa noTOKa Bpec-
TOBan, pyjiiiHX BajiyTaKa ca MacHBHOM 6opckom napareHe30M, nopclJjnpcKOM napare-
He30M h BajiyTaKa npoMeH>eHHX CTeHa KaKBe CY ceKyHjjapHH KBapnHTii, ynyhyje jia cy y
Toj CTpyKTypH Mopajie HacTajaTH nojaBe 6aKpoBHX pyj(a THna MacHBHe 6opcKe pyjie,
nopclinpcKHX pyj?a 6aKpa L napareHe3a «<iHiia TiuiBa POM KakBe nocToje h Yy y*eM pvijj-
hom npocTopy Bopa.

Oce rpaBHMeTpHjcKHX MaKCHMyMa npHKa3aHe npeMa i[ojiai;iiMa Bnjin6ajKHh h j[p.
(1971/72) BepoBanio pa'ijiBojeim jicjiobh hctof MaKCHMyMa c”opMiipaHor TypOHCKOM
cyjiJ)Hj5HOM MHHepaliH3anHjoM ynyhyjy TaKot)e Ha Moryhe jejiHiici'BO nojipy’[ja BpecTOB-
ip cano3pynjeM Bopa.

KaMnaHCKa Zn-Cu MHHepaliH3ai;Hja BpecTOBHa hhhh aKTyejiHHM h nHTaite HMa jih
y npoj(y>KeTKy 6pecTOBa'ik0- 60pcKe jiHcjioKannje npeMa ceBepy, Ha rpaHHHH ca 60p-
ckhm pyj*HHM npocTopoM h jjalhe, nopeji H3BecHo TypoHCKe MHiiepajiH3au,Hje jom h Mlia-
I)e, KaMnaHCKe. Hctomho oji 6pecTOBaHKO-TynH>KHHHKe jiHCJioKannje y jyacHOM j[ejiy
THMOHKe epynTHBHe o6jiacTH, KaKO je Beh pe'ieiio, nocjie ropH.er TypoHa nocTojao je
MopcKH pe*HM Kajja ce Tajioace cejiHMeiiTH.
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BRESTOVAC NEAR BOR, EASTERN SERBIA
- A COPPER ORE PROSPECT

by

Miodrag Pordevi¢ and Miodrag BanjeSevié

While raapping for the Geological Map of the F.R. of Vugoslavia, at 1:50,000, extensive epiclastic deposits
were recognized (B ordevi¢ et al., 1987-1989) in Brestovac area south of Bor and separated from Turonian
volcanic rocks. In addition to pebbles of Turonian volcanic products, the deposits included pebbles of massive
copper ore of Bor type, porphyric copper ore and pebbles of secondary quartzite; in volcanic Turonian rocks, un-
der the unconformable epiclastic deposits, veins of massive copper ore were found at the mouth of the Brestovac
stream. This work considers a Turonian productive copper ore emplacement and Senonian epiclastics witli Turoni-
an ore pebbles.

Also, a general information is given about Senonian volcanism. The earlier known occurrence of
Zn-Cu ore is Campanian in age, in the opinion of these authors.

Key words: Turonian Bor volcanic structure, copper-mineralized Turonian, ore pebbles in epiclastics,
Senonian volcanism, Campanian Zn—€u mineralization.

INTRODUCTION

Brestovac terrain was repeatedly explored after the second world war, more intensi-
vely from 1957 for preparation fif the first detail geological map. Synthetic presentations
of the explorations by Drovenik (1960, 1968), Drovenik et al. (1962), geological
map, Antonijevi¢ et al. (1974) describe volcanic rocks of the greatest extent in the
region as Turonian Senonian submarine products of the first volcanic phase, and hydro-
thermally altered rocks which bear mineral ore as Laramian. Copper occurrences at the
Brestovac stream are explained by Drovenik (1966) as clastics ejected by volcanic ex-
plosion from small unidentified Upper Cretaceous deposits.

Also separated on the available geological maps are Senonian pyroxene andesite and
pyroxene homblende andesites with pyroclastics of the second volcanic phase, according
to Drovenik (1960), and "Bor pelites (tuffs, tuffites and marlstones)" with Bor conglo-
merates and sandstones formed between the first and second volcanic phases. Albite
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trachyte of Ili¢ (1957), Drovenik et al. (1962) separate as the third volcanic phase,
also Senonian.

GEOLOGY OF BRESTOVAC AREA

The geology of Brestovac area south of Bor is notable in the Timok volcanic erupti-
on zone. In addition to Jurassic and Lower Cretaceous carbonate sedimentary rocks from
under the Timok eruption zone and Cenomanian deposits, this village area of some 10
km® is made up of almost all volcanogenic and sedimentation products of the Upper Cre-
taceous: Turonian volcanogenic products, Senonian epiclastic deposits, Senonian volcano-
genic and sedimentation products.

The local geologic histoiy can be continuously traced from the Turonian to the Middle
Senonian, whereas newer formations are in complex tectonic relations. The geological complex-
ity of this terrain is understandible, because it extends along the Brestovac-Tupiznica and
Brestovac-Bor dislocations which appeared probably in the late Upper Turonian and halved the
Timok eruption zone into its westem part, which was to become an area of strong volcanism
firom the Lower Senonian, and eastem part where marine sediments were deposited through the
Senonian. At the boundary of these two parts, the conditions of sedimentation and volcanism
differred to the end of the Senonian from those in the westem area, where a volcanic basin
opened, and the eastem area closed for volcanic processes. New tectonic movements after the
Senonian reshaped the terrain, adding to its complexity.

In the dislocation zone proper, Turonian volcanogenic products, which are the oldest
rocks, are discordantly overlain by a level of Upper Turonian/Lower Senonian epiclastic
deposits formed in a marine environment of underlying rocks and occasional intercalated
marlstones. Upward, a continuous sequence can be traced of Lower Senonian, likely Co-
niacian, andesite-basalt pyroclastics and veins, then Upper Santonian/Lower Campanian
marly siltstone deposits (M ihajlovié, 1987, 1989; Ljubovié-Obradovi¢, 1987, 1989),
and epiclastic deposits of the Campanian.

Andesite-basalt volcanism in the volcanic basin west of the dislocation prevailed through
most of the Lower Santonian, when thick deposits of pyroclastics were formed with occasional
vein. Rocks of the Campanian are marine homblende pyroxene and andesite basalt products,
and, on the basin's margin, tuffaceous deposits generally referred to as "Bor pelites" which are
intercalated with marlstone bearing Middle Canipanian/.\'laastrichtian nannoplankton (identified
by Mihajlovié, 1989). Younger rocks are Campanian homblende andesite pyroclastics and
veins - the latest Campanian products (Bordevi¢ et al., 1990).

Maastrichtian volcanogenic products are not reported in the study area. Maastrichtian
deposits on the margin of the basin and in the eastem part/block are fine clastics gradu-
ally passing upward into Bor conglomerates and sandstones in which Lower/Middle
Maastrichtian products are recognized (Pordevi¢ et al., 1994).

Faulting along the Bor fault, after the Maastrichtian, which was to become reverse,
subduced the eastem block, which would preserve Bor conglomerates and sandstones on a
basement of Senonian epiclastics and invisible part of volcanogenic Turonian, under the
westem block all over the area from Bor to Brestovac. This was additionally complicated
by transcurrent faults in WSW-ENE direction and displacement of southem limbs to the
west.
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Hydrothermal alterations and primary copper mineralizaiion are distinct in Turonian
volcanogenic rocks. Senonian rocks in the area also include hydrothermal alterations and
Zn-Cu mineral emplacements.

The southem and southwestem parts of Brestovac area are covered with Miocene
deposits. Quatemary deposits are represented by a thin alluvion from the Brestovacka
river. Tertiary and Quatemary deposits will not be considered in this work.

TURONIAN
Turonian Volcanogenic Products

Visible parts of the volcanogenic Turonian unit crop out in several places in a total
surface area of about 15 ha. These rocks are represented by brecciated lapilli of biotite-
-homblende andesite in composition, in a small area noted at the Brestovac stream mouth
and more northward upstream the Brestovacka river, by identical lapilli deepest in bore-
hole B-9, subvolcanic consolidated biotite-homblende andesite in the same borehole,
B-10 in Brestovac stream, and, the largest occurrence, subvolcanic consolidated biotite-
-homblende dacite east of the Brestovac stream mouth. Except in dacites, biotite is a
subordinate component in all the mentioned rocks.

The geological map in Fig. 1 shows Turonian volcanic rocks on either side of the
Bor-Tupiznica dislocation, on which it may be supposed that their boundary under Se-
nonian epiclastics and pyroclastics is open to the west.

Volcanic rocks everywhere lack the highest levels with intrusive overlayers, excluding an-
desite deepest in B-9 (376 m). Epiclastic deposits unconformably lie over the volcanic rocks.
Very fmegrained hypidiomorphic texture of the groundmass and locally visible slightly opaci-
tized homblende, indicate quite shallow consolidation levels. The rocks are slightly propilitized.
Plagioclase grains are low carbonated and argillated, homblende and biotite chloritized and
carbonated. Andesites show very weak impregnation pyritization. Agglomeratic lapilli in hole
B-9 are most likely the material projected from a low eruption column, whereas the derivation
of brecciated lapilli is not quite clear, except that they are subareal. These rocks, hypotheti-
cally, formed from a pyroclastic flow, as suggested by sporadically visible flow in the fine
matrix between angular clasts up to 5 cm in size and clearly deformed mineral grains as a
likely result of flow friction. Agglomeratic lapilli show quite slight impregnation pyritization,
same as the underlying subvolcanic andesite, while pyritization in brecciated lapilli is observed
by the 5-10 cm thick ore vain margin at the Brestovac stream mouth. Plagioclase grains in
brecciated lapilli clasts and the matrix are albitized and zeolitized, notably in places; homblen-
de is more or less chloritized. Lapilli rock fragments contain well preserved glass in places.

Turonian Ore Occurrence

The only visible Turonian ore occurrence are veins of Bor massive copper paragenesis,
about 0.3 m thick, in lapilli breccia of a quarry where the Brestovac stream flows into the
BrestovaCka river. The essential ore minerals, besides accessory pyrite and present (Hg Te),
are, according to Obradovi¢ (1987, 1989), chalcopyrite and bomite. Marginally on the
veins, with sharp borders to both the fresh rock and the ore vein, the rock pyritization is
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a few cm deep. Lapilli breccia shows few sporadic pyrite-filled fissures. Pyrite impregna-
tions have not been noted. The occurrences have been little studied.

In the axis of the Brestovacka river gravimetric maxima, shown after a map at
1:200,000 (Bilibajki¢ et al., 1971-72). the maximum at the Brestovac stream mouth
near the vein of Bor ore paragenesis is certainly caused by Turonian sulphide mineraliza-
tion. Has the mineralization, which also could be Turonian, caused the gravimetric maxi-
mum about 200 m to the south, in the Brestovacka river, is the question to which hole
B-4 did not provide the answer, because, in our opinion, it did not exit from epiclastics
even below the depth of 694 m (Pordevi¢ et al., 1989).

SENONIAN
Epiclastic Deposits

These deposits are epiclastic breccias laid in a marine environment, composed of
Turonian volcanic pebbles and notable epiclastic arenites. The rocks are stratified, locally
well stratified. Most of what is denoted on the available maps as the first volcanic phase
(Drovenik, 1960) are actually epiclastics (Dordevi¢, 1994).

Upper Turonian/Lower Senonian and Campanian epiclastic levels are composed
dominantly of fresh Turonian volcanite pebbles of all phases of volcanism (pyroclastic,
volcanogenic, subvolcanic-hypabyssal); the rate of pebbles from the subvolcanic level is
extraordinarily high in some outcrops.

Highest levels of Upper Turonian/Lower Senonian epiclastics in B-19, below 180 m,
contain ore pebbles of pyritized and silicified subvolcanites with some chalcopyrite. The
same levels above the brecciated lapilli on the left side of the Brestovacka river, in a
Brestovac-Metovnica road cutting (at the old adit), show disintegrated pebbles of massive
Bor copper paragensis from which derive malachite and azurite.

A pebble of potassium metasomatically altered andesite, mineralized by pyrite, chalcopy-
rite and covellite, was found in the earliest levels of Campanian epiclastics directly over San-
tonian/Campanian aleuritic marlstones, on the left bank of the Brestovac stream.

Pebbles of secondary quartzite, which we know to be an accessory of the Bor ore
paragenesis of Tilva RoS type (Karamata et al., 1983), were found in epiclastics on
the right side of the lower part of the Brestovac stream.

Senonian V'olcanogenic Products

Lower Senonian, probably Coniacian, augite andesite-basalt pyroclastics and veins
(amygdaloidal, with very scarce homblende) occur in the Brestovacka river in a small
area on the margin of the Senonian volcanic basin. Westward into the basin, tectonically
separated thick Lower Senonian deposits, identical in material with andesite-basalt pyro-
clastics and volcanites, mainly likely Santonian, are not visibly involved in the processes
along the Brestovac dislocation.

The Lower Senonian volcanism was not followed by notable hydrothermal processes.
Rock alterations north of the Vucini stream, as extensive low to medium hydrothermal
transformations (epidotization, carbonatization, chloritization, albitization, etc.), are exo-
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morphic, caused by some magmatic activity unobserved on the surface. Alterations also
affected Upper Turonian/Lower Senonian epiclastics from under andesite basalt. beds of
Santonian/Campanian marlstones, and Campanian epiclastics, as has been observed on the
right side of the Brestovacka river, but not Maastrichtian aleurites and sandstones in few
marlstone intercalations from which Bor conglomerates and sandstones have developed.

These transformations occurred in the Campanian, when beyond this terrain, in the
Timok eruption region, hydrothermal alterations were widespread (Tilva Njagra, Zlot. Sa-
vinac, Markov Kamen, etc.). The volcanic equivalents of the altered rocks are pyroclastics
and homblende andesite veins north and west of the village where also. in our knowled-
ge, belongs "albite trachyte" of Brestovacka Banja described by Ili¢ (1957).

Campanian ore occurrences are found in Senonian deposits as lenses, from a few to
20 m in size (Jankovi¢, 1990); our data indicate these occurrences as hydrothermal,
parallel with bedding of Campanian epiclastics and deposits of few very thin, sporadicallv
barely visible, veinlets. or an interval in B-11 exceeding 20 m in thickness. Mineral em-
placements are those of pyrite, chalcopyrite and sphalerite and negligible galena.

We date the mineral emplacements Campanian, same as the hydrothermal alterations
on Lower Senonian volcanites and epiclastics described earlier in this text.

CONCLUSION

Visible products of Turonian volcanism at the surface and in boreholes suggest that
Brestovac area belongs to the volcanic centre proper, an environment of a prolonged vol-
canic activity which provided for deep alteration of volcanogenic materials at each level
of the volcanic system including the formation of mineral ores.

This structuie, largely covered with epiclastics. locally veiy thick, eioded to different volcanic
levels before the Upper Turonian and much deformed along the Brestovac and Brestovac-Bor
dislocations, deserves full consideration as a phenomenon of high priority and complex geology.

Primary massive Bor ore parageneses in the Brestovac stream veins, a quarry of pebbles
bearing massive Bor paragenesis, porphyry paragenesis, and altered rock pebbles such as
quartzites suggest that copper ore of massive Bor type, porphyric copper ore and the Tilva Ro$
type paragenesis such as in the Bor copper province must have formed in this structure.

The axes of gravimetric maxima presented after Bilibajki¢ et al. (1971-72).
probably divided segments of one maximum from the Turonian sulphide mineralization.
also indicate a likely unity of Brestovac and Bor provinces.

The Campanian Zn-Cu mineralization raises the question: Is there, besides Turonian,
a newer, Campanian mineralization extending northward beyond the Brestovac-Bor dislo-
cation, at the border of the Bor ore province? East of the Brestovac-TupiZnica dislocati-
on, south in the Timok eruption region, as has been mentioned, a depositional environ-
ment prevailed after the Upper Turonian.
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