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

EPECTOBAU, KOfl EOPA y  HCTOHHOJ CPEHJH -  nEPCnEKTHBHO 
nOAPyHJE 3A HCTPAJKHBAIbE EAKPOBHX P y#A

ofl

M noflpara  Bopl)eBHha* h M n o jip a ra  BaifcenieBHha*

y  no;(pyijy BpecToBqa jyx<no on Eopa ( Đ o r đ e v ić  i d r ., 1987-1989) np« H"spa;jH reojiouiKe KapTe CP 
JyrocjiaBHje 1:50.000 Ha bcjimkom npocropy npBH nyT cy H3ABojeHe ceHOHCKe enHKJiacTH'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 BVJiKaiiorenoM Typo- 
Hy, npeKO 'rera cy enHKJiacTHHHe Hacjiare ;incKop;ianTno narraJio>Kene, Ha ym hy noTOKa BpecroBan aTKpiiBcne 
cy * h i|c  MacHBHe (iopcKe Cu pyfle. y  pany ce npeMa TOMe roBopn o npo;iyKTHBiioM oaKpoM 0[)y;iif.cH0M TypoHy 
h  enHKJiacTH’iHOM ceHOHy ca pypiiHM BajivijHMa nopeKJioM H3 TypoHa.

riope;i naBe;ienor yKpaTKo ce ;iajy ochobhh rioaaiiH o cchohckom ByjiKaHH3My. O ji paHHje no3HaTa nojaBa 
Z n -C u  pvjie npeMa MHiiui>eity ayTopa nepoBaTiio je KaMnaHCKe cTapocTH.

K jb y « e  pein: GopcKa TypoHCKa ByjiKaHCKa crpyKTypa, 6aKpoM opyj|ii>enH TypoH, pyjHH BaJivnH y enHKJiacTH-
THMa, ceHOHCKH ByjiKaHH3aM, K aM n aH C K a Z n -C u  MHiiepajiirsairHja.

Y B O ^

IIo/ipy'ije BpecTOBu;a HCTpa)KHBaHO y BHiue naBpaTa, Hapo’iHTO y rojiHiraMa nocjie 
^pyi or cBeTCKor paTa, nocefino oji 1957. ro/(iine, Ka/ia cy ypai)ene npBe /(eTajbiie reo- 
jioniKe KapTe, npeMa chhtcth'ikhm npHKa3HMa thx pajjoBa D rovenika (1960, 1968), 
D rovenika i dr. (1962) h reojioniKoj Kapra, A n ton ijev ić  i dr. (1974), ByjiKaHorene 
TBopeBHHe HajBeher pacnpocTpan.eii>a y obhm npocTopHMa cy Typ0HCK0—ceHOHCKH cy6- 
MapHHCKH npojiyKTH npBe ByjiKaHCKe cj)a3e, a xiijipoTepMajino npoMeibene cTeHe Koje 
Hoce pyjjny MHiiep;uiH3aii,Hjy cy JiapaMHjcKe CTapocTH. IlojaBe 6aK pa koji noTOKa Bpec- 
TOBan D rovenik  (1966) cMaTpa H3 jiyf)Hiie eKciiJiosiiBiioM ByjiKaHCKOM aKTHBHOiiihy H3He- 
nieHHM KJiacTHMa nopeKJioM H3 MaH>HX Heno3HaTHX ropii>OKpej(iinx Hajiasnurra.

Ha nocTojehHM reojiouiKHM KapTaMa H3jjBojeira cy jorn cchohckh iiHpoKcen anjie- 
3hth h n n p o K c e H  xopH6jieHjia aHjie3HTH ca n H p o K J ia c T H T H M a , npeMa D roveniku (1960) 
jjpyra ByjiKaHCKa cfjasa h "6opcKH nejiHTH (rry(J>OBH—Tyc|)HTH h  Jianopun)" ca 6opcKHM 
KOHrjioMepaTHMa h neiii'iapiiMa CTBapaHH y nepnojjy ByjiKaHCKor MHpoBaii>a H3Mehy 
npBe h jjpyre ByjiKaHCKe (fiase. Aji6htckh 'ipaxHT Ilić  (1957), D rovenik  i dr. (1962) 
H3jjBojHJiH cy Kao Tpehy ByjiKaHCKy cf>a3y, TaKotje ceHOHCKy.

* reojiouiKH 3aBoji TeMHHH”, Kapal)opl)eBa 48,11000 Eeorpajj.
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rEO.HOIUKH CACTAB n oaP Y H JA  BPECTOBUA

IloflpyHje cejia BpecTOBi^a jy*HO ofl Bopa, y reojiouiKOM noraeny je je^aH ojj 
3aHHMJbHBHjHX ^eJioBa THMOHKe epynTHBHe o6jiacTH. M3y3eB cej.[HMenaTa Kap6oHaTHe 
jype h floite Kpej^e H3 nofljiore thmohkc epynTHBHe o6jiacTH K a o  h ce^HMeHaTa ijeHO- 
HaMa, OBjje cy Ha npocTopy jej^Ba BeheM o/( 10 km pa3BHjeHH to tobo  cbh jjejioBH 
ByjiKaHoreHe h ce/uiMeHTiie ropite K p e jie :  ByjiK3HoreHH ripo/iyKTH TypoHa\ enHKJiac- 
THHHe H a c j i a r e  c eH O H a, ByjiKaHoreHH h cejiHMeiiTHH npojjyKTH ceHOHa.

reojioiHKH pa3Boj oBor noflpynja noBe3aHo ce Mo*e npaTHTH oj( 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 BHjjy jja ce obh TepeHH Hajia3e y3 
6pecT0Ba'iK0-'iyim>Knn'iKy h 6pecTOBaHKO-6opcKy jjiicjioKaiiHjv Koje ce nojaBJbyjy Be- 
poBaTHO npn Kpajy rop ite r TypoHa jja 6 h  npej(B ojnjie 'fhmo'ikv epynTHBHy o6jiacT Ha 3a- 
najniH jjeo, Kojn he oji jjon,er ceHOHa nocTani nojipv'ije cna>KHe ByjiKaHCKe aKTHBHOCTH, 
ofl 6ji0Ka Ha HCTOKy i'j(e ce jjo Kpaja ceHOHa Ha BeJiHKOM npocTopy Tajioace MopcKH 
ce^HMeHTH. I Inje TeniKo pa3yMeni jja ce y3 rpannne t h x  jiejioBa jio K paja ceHOHa yc- 
jiobh cejiHMeii'ranHje h ByjiKaHH3Ma pa3JiHKyjy y nopel)eiby ca 3anajiiiiiM riojrpv'ijeM, rjre 
je ByjiKaHCKH 6aceH oTBopeH h hctohhhm Koje je 3a ByjiKaHCKe npotiece 3aTB0peH0 h jia 
he CBe t o  nocjie ceHOHa, Kajia ce cna>Kiia TeKTOHCKa KpeTan.a o6HaBJbajy, 6hth jo rn  bh- 
uie npeo6jiHKOBaHO.

y y>KeM nojipy’ijy jiHCJioKaiirrje npeKo npojiyKaTa ByjiKaHoreHor TypoHa, Kojn o b jic  

npeflCTaBJta HajcTapnje reojioniKe TBopoBHHe, j(HCKopjiariTtro jie*ii ropH>oTypoHCKo- 
-A 0H > 0ceH 0H C K H  h h b o  eiiHKjiacTH'iHHX H a c j i a r a  CTBapaHHX y MopcKoj CpejtHHH OJI MaTe- 
pnjajia nojiJiore ca peTKHM nojaBaMa HHTepKajincaHHX Jianopair;a. flajbe ce kohthh^h- 
p aH O  MO>Ke n p a T H T H  noBJiaTa o b h x  T B o p e B H H a  Kojy 'imie j t o i r o c e i i o i i c K i i ,  B e p o B a T H O  k o - 

HHjaHKH, aiijie3HT-6a3ajrrcKH H H poK JiacT H T H  h >khhc, na j j a j b e  J ia n o p o B H T H  a J ie B p o j iH T -  

ckh cejjHMeHTH r o p i b e r  caHTOHa -  j ^ o ib e r  KaMnaHa (M ihajlov ić , 1987, 1989; Ljubo- 
v ić -O b rad o v ić , 1987,1989). IloTnyHo je jacHa noBJiaTa Tora o jj  enHKJiacTHHHHX cejpi- 
MeHaTa Kojh B e h  yBejiHKO iipmiajtajy KaMnaHy.

3anajtiio oji jnicJioKannje, y ByjiKaHCKOM 6aceHy, y jion.eM ceHOHy, HajBehHM ĵ eJiOM 
HajBepoBaTHHje caHTOHy, anjie3HT-6a3ajiTCKa ByjiKaHCKa aKTHBHOCT Bpjio je nirreii'ntB- 
Ha. (PopMiipajv ce jte6ejie H a c j i a r e  nnpoKJiac'rn'ra ca pet)iiM »cnnaMa. Y KaMnaHy HacTajy 
MopcKH xopH6jienjta-nHpoKcen aitjie3HT-6a3aJiTCKit trpojivKTH jtOK ce Ha o6ojiy 6aceHa 
Tajio>Ke Ty(J)CKH cejjHMeHTH no3HaTH Kao "6opcKH nejiHTH" rjje je y TaHKHM HHTepKajia- 
HHjaMa Jianopana M ihajlov ić  (1989) HjieirriicjjHKOBao HaHonJiaHKTOH cpejiH>er KaMnaHa 
-  MacTpHXTa. Oji cBera Tora MJia^H cy nHpoKJiacTHTH h >Ktme KaMnaHCKHX xoprr6jieHj(a 
a H jte s H T a , 'i a c a j t a  najMJiaJ)HX no3Hanix ByjiKaHorehhx npojtyKarra KaMnaHa (Đ orđević i 
dr., 1990).

MacTpHXTCKH ByjiKaHoreHH rrpojiyK'i’H npeMa noj(aiiiiMa HauiHX ttc'ipa>KHBaH>a Ha 
obhm TepeHHMa HHcy pa3BHjeHH. y  o6ojihhm ^ejioBHMa 6aceHa h y hctohhom flejiy, 6jio- 
Ky, y MacTpHXTy ce Hajnpe jaBJbajy cJhihh KJiacTHTH Kojn nycTynHo npejia3e y 6opcKe 
KOHrJioMepaTe h iiem'iape y KojHMa je y iieiiocpejtiioj 6jiH3HHH obhx TepeHa VTBpbeHO 
nocTojaibe floiber,-cpefliber MacTpnxTa (Đ orđević 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 
ceHOHCKHX enHKJiacTHTa h rieBttj(Ji>rtBitM jicjiom ByjiKaHoreHor TypoHa, 6tthe rioj(By'ierr

1ByjncaHH3aM ce ođaBHo n p e  ropH>er TypoHa. y  Hcrpa*HBaHHM TepeHHMa jy*H oi jie.ia THMo>iKe epyn- 
THBHe oSjiacTH HeMa jioKasa 3a rro'ieTaK ByjiKaHH3Ma y neHOMaHy, Majia ce TaKBa MoryhHocr He HCKJby'iyje.
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nofl 3 an aH H H  6 j i o k  H a  MHTaBOM n p o c T o p y  o ^  B o p a  n p e M a  B p e c T O B i;y . CBe t o  h e  j o r n  b h - 

m e  6 h t h  HCKOMnjiHKOBaHO rrpaH C K ypeH T H H M  p a c e jia H » H M a  n p a B H a  3anaji j v r o s a n a i i  -  h c - 

t o k  c eB ep o H C T O K  n p n  ric M y  c y  jy>KHa K p H Jia  K p e T a H a  n p e M a  3 a n a / iy .

Bor

Cji. 1. CKHqa h reojiouiK a KapTa HcrpaaKHor n o n p ^ ija .
1. KBapTap. 2. M noqeH. 3. EopcKH KOHrjioMepaTH, 4. "BopcKH Tyc})OBH H neJiHTH". 5. CenHMeHTH ceHOHa. 
6. fl,0H>e ceHOHCKH nnpoKceH aHne3HT 6a3aJiTH, 7. EnHKjiacTHTH (a), h c to ,  XHjjp0TepMajiH0 H3MeiteHH (6), 
8 . TypoHCKH cy6ByjiKaHCKH /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  B y jiK a H 0 re H 0 M  T y p o H y  n o c T o j e  cacB H M  ja c H e  x n j i p o rr e p M a j n i c  n p o M e H e  h n p n -  

MapHa p y f lH a  MHHepajiH3aHHja 6 a K p o M . Y  ceH O H y  y o b o m  n o n p y n j y  c y  T a K o ^ e  n p H c y pr a e  

XH;ipoTepMaJine npoM eHe h pv/ma MHHepajiH3aHiija Zn-Cu.
Jy>KHe h jvrosaiiajine flejione iiojipyija BpecTOBii;a 3 a n j ia B J b y jy  ceiiiiMeiiTH mho- 

u ,e n a .  K B a p T a p H e  Hacjiare n p e jT C T a B Jb e iie  c y  t3hkhm ajiyBHj0H0M B p e c T o i i a 'i K e  peKe. 
Tepnnjap h KBapTap Hehe 6htii npe/iMCT namHX jjajBHX H3JiaraH>a.
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t y p o h

TypoHCKH ByjiK anoreiin iipo/iyKTH

Bii/rji»HBH /jejionn ByjiKaHoreHor TypoHa Hajia3e ce Ha HeKojiHKO Man,nx Hri/ianaKa 
y K y n H e noBpnniHe o k o  15 h a . Hpe/icTaBJbeiiH cy cy 6 a e p c K H M  6 p e ’i a c rn iM  Jian m iH T H M a 

6 H O T H T -x o p H 6 j[en /j(a  aH fle3H T C K or c a c T a B a  H a  M a jio j noBpuniHH yoH eiiH M  n a  ymhy iioT O K a 

B p e c T O B a n  h H e u r r o  ce B e p H H je  H a J ieB o j o 6 a J iH  B p e c T O B a ’iK e p e K e , 3 3 t t im  M a -re p i i ja j i i io  

H /ieiiTH'iHHM  arjioMepaTCKHM JianHJiHTHMa y H a j/iy 6 jb e M  /iejiy 6ymoTHHe B-9, cy6B yjiK aH C K H  
KOHCOJIH/IOBaHHM 6H O T H T -X O pil6)JlelI/ia  aH /ie3H rIX)M y  HCTOj 6yiHOTHHH, 6yiUOTHHH B-10 H y  

noT O K y HpecTOBai/ h  K a o  H ajB eh o M  no jaB O M  cy6ByjiKaHcioi K oiico jiH j;o B aiiH M  6 h o t h t - x o p h -  

6 j i e n / i a  /ian;HTOM h c t o h h o  o/i yuiha n o T O K a BpecTOBaij. y  c b h m  o b h m  T B opeB H H aM a, H 3y3eB  

/jai^HTHM a, 6 h o t h t  j e  n o / i p e ^ c i i o  i ip n c v T a n .

C ji. 2 . 1 Ipo())HJi 6ymoTHHa. Cchoh: A l .  tiiiHKjiacTH'ine G p cic  o;i BajiyTaKa xopH6jienna anac'raT a; A 2 . h c t o ,  jom  
h  Ba.ivnH flaijHTa h  XHflp0TepMajiH0 H3MeH>eHHX CTeHa; A 3 . h c to , XHjp0TepMajiH0 npoMeH>enc, A 4 . h c to , 
ca i in p n T O M , xaJiKO!iHpHTOM h  c(})aJiepHTOM; A 5 . ByjiKaHOKJiacTHTH y  ropiLe.M aejiy  OJI x o p H 6 j i e i i ; i a  

aH^e'sHTa, a  y floii>e.M  o y  xopH6jieH^a ayrHT an ;ie3HT 6a3ajiTa; B l .  C hbh h  h p b c i i h  JianopiiH; B 2 . 
jianopoBHTH 6hom hkph th ; D,. rinpoKJiacTHTH o ;\ xopn6jieHfla ay rH T  an,TC3HT 6a3ajiTa; U ,l .  h c to ,  jo rn  h 
MaH^ojiacTH (jipai MeiiTH h  n p o c j i o j u H  Ty(})O Ba n c ro r  cacraB a; U 2 . ByjiKaHOKJiacrH'iiiH Tyc|) y  ropH>eM aejiy  
oji xopn6jieHaa a y rH T  aii(i e 3HT 6 a 3 a n T a ,  a  y  ,TOH>eM o;i xopii6jienfla anjiesiiTa. TypoH: /!,. C y6ByjiKaHCKH 
K0HC0JiHH0BaH aiiaesHT; E. n n p o K J ia c T H T H  xopH6jieiijia anjie iHTa.

Fig. 2. Borehole sections. Senonian: Al. Epiclastic breccia of hom blende andesite pebbles; A2. Sam e, plus 
dacite and hydrothermally altered rock pebbles; A3. Sam e, hydrothermally altered; A4. Sam e, with 
pyrite, chalcopyrite and sphalerite; A5. Volcanoclastics: hom blende andesite in upper, and 
hom blende augite andesite basalt in lower parts; B l .  Grey and red m arlstones; B2. M arly biomicrite; 
C. Pyroclastics o f hom blende augite andesite basalt; C l .  Sam e, plus amygdaloidal fragm ents and 
interbeds of tuffs of the same composition; C2. Volcanoclastic tuff: hom blende augite andesite basalt 
in upper, and hom blende andesite in lower parts. Turonian: D. Subvolcanic consolidated andesite; E. 
Pyroclastics of hom blende andesite.

H 3  iio sH H H je  H a  r e o J io u iK o j  K ap T H  ivh/ih c e  / i a  c e  O B e T B o p eB H H e n a j i a 3 e  h  s a i i a j u i o  h  

h c t o ^ h o  o / i  6 o p c K O -T y ra c « H H H K e  / iH c j io K a n n je  ih t o  H aM  j i a j e  3 a  n p a B O  / j a  n p e T n o c T a -
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bhmo j i a  j e  r p a n n n a  B y j iK a H o re H o r  rr y p o n a  hciioji ceHOHCKHX e n H K J ia c T H T a  h i m p o -  

K JiacT H T a n p e M a  s a n a j i v  o T B o p e H a .

Cbhm ByjiKaHHTHMa nejiocTajv HajBHimi hhboh ca HHTpy3HBHOM kpobhhom H3y3HMajyhH 
aHj(e3HT najjiy6jber jicjia r)yinorniiie E -9  (376 m). Jl,HCKopjiairnio npeKo ByjiKaHHTa Jie»ce 
e iiiiKJiacTiriHe HacJiare. Bpjio c[)iiii()3piiacTa XHHHj(H0 M0pcjiiia rp a^a  ocHOBHe Mace h mccth- 
mhhho BHjiJbHBa y MarHeTHT cJia6o onam ri’Hcaiia xopii6jienj(a, yKa3yjy Ha cacBHM iuiHTKe 
HHBoe KoiicojiiijiaiiHjc. CTeHe cy cjia6o nponiuiHTHcaHe. IljiarHOKJiacHa 3pHa cy Majio Kap6o- 
HaTHcaHa h apriuincaHa, xopH6jieHji:a h  6h o th t  xjiopHTHcaHH h Kap6oHaTHcaHH. Y aHjie3H- 
THMa ce bhjjh h cacBHM cJia6a HMiipcriianHjcKa iiiipHTH3aniija. ArjioMepaTCKH JiamuiHTH 
6ymoTHHe B -9  HajBepoBaTHHje iipcjjcTaBJi»ajy npojeiai,HOHH MaTepnjaji irncKor epviiTHiiiior 
CTy6a jiok reHe3a 6pe 'iacrax  jiamuiHTa HHje cacBHM jacHa. ITibcciio cy cy6aepcioi. nocTojn 
M0ryhH0CT jja cy HacTajiH H3 iiHpoKJiacrra ’iiior TOKa Ha u rra  ynyhyje noiierjie bhjui>hbo 
rix;'ieii>e y chthom  MaTpHKcy H3Me()y yrjiacTHX KJiacTa bcjih'ihiic jjo 5 cm h jacHe jiecfjopMa- 
mijc MHHep3Jihhx 3pHa BepoBanio nacTajie ycjieji Tpema npn rre'ien,y. AraoMepaTCKH Jiann- 
jih th  noKa3yjy cacBHM cjia6y HMnperHau,HjcKy iiHpiiTH3au,Hjy 6am  Kao h cy6ByjiKaHCKH anjie- 
3h t  Tiiija cy KpoBHHa, jjok ce nnpiiTir'.amija y 6pe'iacrniM JiamuiHTHMa bhjih caMO y3 5-10 cm 
Jie6ejm ()6oj( pyjniHX >Kima Ha ymhy noTOKa BpecTOBai^. Y  KJiacTHMa 6pe'iacrrax jiamuiHTa h 
MaTpHKcy iuiarHOKJiacHa 3pna cy aji6HTHcaHa h  3eojiHTHcaHa, MecraMH'iiio ja 'ie , xopH6jieHjia 
ja 'ie  hjih cjia6 iije xjiopHTHcaHa. Y  ctchckhm  c})paiMeiiTHMa jiam uiirra noncrjic je jio6po 
o'rvBaiio cTaKJio.

T y p o n c K a  p v jii ia  n o ja is a

Jenima B H jjJbH Ba T y p o n c K a  p y j m a  n o j a B a  c y  >KHije 6 o p c K e  M acH B H e 6 a K a p n e  t i a p a -  

r e H e 3 e  j i e 6 e j i e  o k o  0,3 m y JiaiiHJiHTCKHM  6 p c i a M a  K a M e H o n o M a  H a  y m h y  n o T O K a  Bpec- 
TOBan; y  J ip e c T O B a 'iK V  p e K y . Y 3  n p a rr e h i i  im p i iT  h  i i p i i c y rn iH  K y j io p a j io i iT  (HgTe) iJiaB H H  

pyj^H H  M H H ep ajiH  c y ,  n p e M a  O bradović (1987, 1989) x a J iK o n i ip H T  h  6 o p H H T . Y3 o 6 o j m e  

j i e j i o i i e  a c n i^ a , o n r r p o  o r p a n i i ' i e n e  h  n p e M a  C B e x o j  CTenn h  n p e M a  p v j u i o j  > kh h ,h , pa.3B H - 

J ia  c e  HeKOJiHKO c m  j i e 6 e j i a  iiH pH T H 3an ;H ja . Y  JiariH JiH TC K oj 6 p c i H  i i o n e r j j c  c e  BH jie H3y- 
3 e T H o  p e T K e  n p c J iH H e  n c n y i h e n e  n iipH T O M . r in p tiT C K e  H M i i p c n ia n n je  HHcy y o ' i e n e .  H o j a -  
B e c y  M a jio  i i p o y 'i e i i e .

Y  o c h  r p a B H M e T p n jc k h x  M aK CH M yM a B p e c r o B a 'i K e  p e K e ,  n p H K a 3 a H o j  n p e M a  K a p  r n  

1;200.000 (B ilibajk ić  i dr., 1971/72) MaKCHM yM  H a y m h y  n o T O K a  B p e c T O B a i j  y  H e n o -  

c p e j p i o j  6 j i h 3 h h h  > k iiu c  c a  6 o p c k o m  pvjuioM n a p a r e H e 3 0 M  cB aK aK O  j e  H 3 a3 B aH  T y p o H -  

c k o m  cyjicj3Hj^HOM M H H ep ajiH 3 au ;H jo M . /I ,a  j i h  j e  M H iie p a j i i r i a iu i jo M , K o ja  6 h  T a K o i)e  M o r a a  

6 h t h  T y p o H C K a, H 3 a3 B aH  r p a b h m c T p h j c k h  M aKCHM yM  o k o  200 m  jy>KH() y  B p e c T O B a 'iK o j  

p e i jH  H H je p e m n j i a  6 y m o T H H a  B -4 n o iu T O , n p e M a  H a m e M  MHmjterbHMa, h h  n o c j i e  694 m  

HHje H3anuia H3 enHKJiacTHTa (Đ orđević i dr., 1989).

CEHOH

E n iiK J ia c T H iiie  n a c j i a r e

I JpejjcTaiiJijeHe cy y MopcKoj cpejimin TajioaceHHM eiiHKJiacrH'iiiHM 6pciaMa oji Bajiy- 
TaKa TypoHCKor ByjiKaHoreHor MaTepHjajia h 3ana>Keno npHcyrniHM eiiHKjiacTii'niHM apeHH- 
THMa. y cTeHaMa j e  npHcynia c i p a rra c j in K a m ija ,  M e c r a M ir i i io  Bpjio j(o6po H 3pa> K ena . HajBe- 
h n  j i e o  o H o r a  i i i t o  j e  H a  n o c T o je h H M  K a p T a M a  ii3j(Bojeno K a o  npBa ByjiKaHCKa cj>a3a Drove- 
n i k a  (1960) ycTBapn cy e m iK J ia c T H T H  (Đ orđev ić , 1994).
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rO pH >O TypO H C K O -^O H .O C eH O H C K H  H KHMIiaHCKH HHBOH e n H K J ia c T H T a  npB eH C T B eH O  c y  

H 3 rp a ^ e H H  o j j  B a jiy T a K a  c B e * n x  TypoH CK H X  B yjiK aH H T a c b h x  <t>a3a p a 3 B o ja  B y jiK a H a  ( i i h - 

p oK JiacT H H H O , B y jiK a H o re H e , c y 6 B y jiK a H C K O -X H n o a 6 H c a jiH e )  n p n  ’ie M y  H a HeKHM  H 3 fla ii-  

i^HMa n o c T o j n  H e y o 6 n Ti a j e n o  b h c o k  c a ^ p a c a j  B a jiy T a K a  H3 c y 6 B y jiK a H C K o r  H H B oa.

Cn. 3. TeKTOHCKa c k h h h  um per noapyHja Bpec'roBija. 1. EopcKo - t v ih d k h h m k m  paceji; 2. BopcKH pacejj; 3. Kpn- 
BejbCKH paceji; 4. 3oHa 6opcKor TpaHCKypeHTHor pacejia; 5. ByjiKancKa cTpyKTypa; 6. IlepcneKTHBHO 
pvjiiio nojipy>ije; 7. JTe*Hiirre 6aKpa Be3aHO 3a TypoHCKH ByjiKaHH3aM; 8. I lojaBe 6aKpa Be3aHe 3a TypoH- 
c k h  ByjiKaHH3aM; 9. IIojaBe MeTajia Be3aHe 3a ceHOHciffl ByjiKaHH3aM; 10. Pyj(HH KJiacTH y enHKJiacTHTHMa; 
11. BopcKo-jieiioBa'iKH 6 j io k ;  12. IJpHopeMKH 6 j io k ;  13. Oca rpaBHMeTpnjcKor MaKCHMyMa; 14. EymoTHHe.

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

H ajB H U IH  HHBOH ropH >O TypO H CK O -flO H .O CeH O H C K H X  en H K JiaC T H T a 6 y iH T O H e B-19, 
h c h o h  180 m, c a n p a c e  p y flH e  BaJiyTK e nHpHTHcaHHX h  cHJiH(f)HKOBaiiHX cy6B yjiK aH H T a c a  
M a jio  x a J iK o n H p H T a . Y  h c t h m  h h b o h m 3  H 3H afl 6 p e n a c T H X  jia n H J iH T a  H a J ie B o j o 6 a J iH
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B p e c T O B a ^ K e  p e K e  y  y c e K y  n y T a  B p e c T O B a ii, M e T O B H H iia  ( k o ji  C T a p o r  n o T K o n a )  BH jje c e  

p a c n a /jH V T H  B a jiy n H  M acH B H e 6 o p c K e  6 a K a p n e  n a p a r e H e 3 e  H3 K ojH X  H a c T a jy  M a jia x H T  h 

a 3 y p H T .
Y  H a jc 'ra p n jH M  HHBOHMa K aM naHCKH X e n H K J ia c T H T a  n e n o c p e j u i o  H s iia /i  a jie B p o J iH T -  

c k h x  J i a n o p a i i a  caH T O H —K a M n a H a , H a J ie B o j o 6 a j i n  n o T O K a  E p e c T O B a n ,  H a i)eH  je .  B a jiy T a K  
H S M e ib e n o r  a n j je 'iH T a  o p y j i i b e n  i in p n 'r o M , x aJ iK o n H p H T O M  h  K O B ej i h h o m , i 'f le  j e  M H K po- 

C K oncK H  v 'i 'B p ^ e n a  h  H H C K O T eM n ep aT y p H a  K - M e T a c o M a T O 3 a .
Y  en H K JiacT H T H M a j j e c n e  ^o jiH H C K e C T p aH e  j j o i h e r  TO K a n o T O K a  B p e c T O B a n  T a K O ^ e  

c y  i ia t jc i iH  B aJiyu,H  c e K y n j j a p n n x  K B apu ,H T a 3 a  K o je  3 H 3 m o  j i a  c y  y  B o p c k o m  p v jn iH K v  

n p a T i io i iH  6 o p c K e  p y j jH e  n a p a r e H e 3 e  ra n a  T r a B a  Porn (K aram ata  i dr., 1983).

CeHOHCKH B y jiK a iio re H H  n p o jjy K T H

J],OH.OCeHOHCKH, BepOBaTHO K O IInja 'IK II a y rH T  aH Jie3H T -6a3aJIT C K H  nHpOKJiaCTHTH H 

>KHije (M a iijio jia c T H , c a  cacB H M  peTK O M  x o p H 6 jie H jio M ) jaBJbajy c e  H a  M aJioM  np0C T paH C T B y y 
o6ojjhhm jie jio iiH M a ceH O H C K or B yjiK aH C K or 6aceHa y  B p e cT O B aH K o j peu;H . 3 a n a jiH O , Ka 
yH y T p a m ib o c T H  6aceHa, TeKTOHCKH o j in o j e n e  j ( e 6 e j i e  H a c j i a r e  j(o ib o c e H o n c K H X  M aT ep n jaJ iH O  

n jjeH T H TiHHX aH jie3H T -6a3ajiT C K H X  n H p o K JiacT H T a h  B yjiK aH H Ta, H ajB ehH M  j(e jio M  B epoB aT H O  
caHTOHCKe, He v 'ie c T B v jv  Ha b h j i jb h b  n a 'iH i i  y  n p o i ie c H M a  y 3  6pecT oi>>a'iK y riH c jio K am ijv .

JJo iboceH O H C K H  B yjiK aH H 3aM  H H cy npaT H JiH  H 3pa>K eiiH jH  X H jipoT epM ajiH H  n p o n e c H . 

I lp o M e H e  y  C T eH aM a ceB epH O  o jj  no T O K a H v 'ih i ih  H a HHipoK O M  n p o c T o p y  p a3 B H jeH e  K ao  

c J ia 6 o  j io  c p e j in .e  H 3pa>K eii X H j(p o T cp M ajn iH  n p e o 6 p a > K a j  ( e i iH jjo rn i 3 a n n j a ,  K ap 6 o H aT H 3 aH H ja , 
x jio p H T H 3 a iiH ja , aji6)H,rH 3 an H ja  h  j ip .)  c y  c r so M o p c j 'i i ie ,  n p 0 y 3 p 0 K 0 B a H e  HeKOM H a n o B p u n iH H  

HeBHjiJbHBOM M arM aTCKOM  aK T H B H 0iuhy . O H e  c y  3 ax B aT H Jie  j o m  r 0 p ib 0 T y p 0 H C K 0 - j i0 ib 0 c e -  
HOHCKe enH K JiacT H T e H3 6 a 3 e  a n j j e 3 H T - 6 a 3 a jn ’a ,  c j io je B e  caH TO H —K aM naH C K iix  J i a n o p a n a  Kao 
h  K a M n a n c K e  e nHKJ i a c n r r c  i u t o  c e  cB e  bh ji;h  j o r n  h  H a j ie c r io j  jiojiH H C K oj CTpaH H  B p e c T O B a 'iK e  

p e K e , a  H H cy c e  o j j p a s i u i c  H a  MacTpHXTCKHM aJieB po jiH T H M a c a  n e n r i a p H M a  h  peTK H M  H H Tep- 

K ajiau ,H jaM a J ia n o p a u ;a  H3 K o jn x  c e  p a 3 B H ja jy  6 o p c i o i  K o iii JK JM cpaTH  h  n e u n a p H .

r ip o M e H e  c y  H a c T a j ie  y  K a M n a H y , K a j(a  c e  y  T H M O 'iK oj e p y n T H B H o j o 6 j ia c T H  B aH  o b h x  

T e p e H a  m n p o K O  p a 3 B H ja jy  X H jip o T e p M a J iH e  n p o M e H e  (T H J iB a  f t a r p a ,  3 j i o t ,  C a B H H a u , 

M a p K O B  K aM eH  h  j ( p .) .  B y jiK aH C K H  eK B H B aJieH TH  H O C H Jiaiia  t h x  n p o M e H a  c y  n n p o K J ia c -  
t h t h  h  >KHHe x o p H 6 j ie H j( a  a H jie 3 H T a  c e B e p n o  11 3anajiHo o j i  c e j i a  r j i e ,  npeM a HauiHM 
c x B a T a ib H M a , c n a j i a  h  "aJi6H TC K H  T p a x H T "  BpecTOBaHKe B a m e  o n n c a H  o j i  I l ić a  (1957).

K aM naH C K e p v j in e  n o j a i t e

H a J i a 3 e  c e  y  c c h o h c k h m  c e j iH M e ir i’HM a K a o  c o 'iH B a  j j e 6 j i ,H i ie  o ji  HeKOJTHKO j(o  n p e K O  

20 m  (Jan k o v ić , 1990), a n p e M a  H au iH M  n o j ia i iH M a  K a o  X H jip o T e p M a J iH e , n a p a j ie j iH O  
cjio jeB H T O cT H  K aM nancK H X  e n H K J ia c n iT a  11 c c jiH M e iia -r a  o ju io > K e n e  p e n c e  cacB H M  T aH K e, 

n o i i e r j i e  je j jB a  b h jijb h b c  >K H jm ne, a y 6ym o T H H H  B - l l  H H T epB aji j ie 6 jb H H e  B e h e  o ji 20 m . 

M H H ep ajiH 3 au ;H jy  ' i n i i e  i in p iiT , x a j iK o i in p i r r  11 c c } )a j ie p ir r  c a  He3HaTHHM  vj ĉ jio m  ra jie H H T a .

C T a p o c T  M H H ep aJiH 3 a H H je  n p e M a  H am H M  c x B a T a T ib H M a  j e  K aM n aH C K a , K a o  h  X H jip o - 

T e p M a J iH e  n p o M e H e  H a  j jo h ,o c c iio h c k iim  B yJiK aH H TH M a h  en H K JiacT H T H M a o  ' ic m v  j e  y  

n p e T X 0 jiH 0 M  H 3 Jia raH > y  r o B o p e n o .

3AK.TbyrIAK

B n jiJb H B e  T B o p eB H H e B y j iK a H o re H o r  T y p o H a  11a  n o B p m H H H  h  y  6 y m o T H H a M a  n o K a -  

3 y jy  j(a  n o j j p v ' i j e  B p e c T O B H a  n p H n a j i a  y>KeM  J ie jiy  B y jiK a H C K o r n e i r r p a ,  cp e jiH H H  r j j e  j e
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M o p a n a  n o c T o j a r a  / i y r o i p a j n a  n p o jjy > K e H a  B yjiK aH C K a aKTHBHOCT. Y  t 3 k b h m  y c jio B H M a  

HacTajy MaKCHMajiHe fly6oKe npoMeHe ByjiKaHoreHor MaTepnjaJia y c b h m  HHBOHMa 
B y jiK aH C K o r a n a p a T a  y K Jb y ’[ y jy h n  h  c 'i 'B a p a n ,e  p y ^ n e  M im e p a jiH 'r s a n n je .

Jom  n p e  ropm er T y p o H a  e p o j i o B a i i a  3 0  p a 3 j i h h h t h x  B yjiK aH C K iix  H H B o a, jiy>K 6 p e c -  

TO BaH K e h  6p e c T 0B a 'iK 0- 60p c K e  ^H C JiO K aijH je  t c k t o i i c k h  jaK O  n o p e M e h e H a ,  O B a H a  H a j-  
B e h o j  n o B p m H H H  eiiH K JiacT H T H M a m c c t h m h ’i h o  B ejiH K e / i e 6)J tH H e  n o K p H B e H a  c T p y K T y p a ,  

3acjiyacyje n yH O  H H T e p e c o B a n .e  K a o  n o j a B a  B H C O K or n p n o p H T e T a  ajin h  B p j io  c j io > K e n e  

r e o j i o n iK e  rpa^e.
ripHcycTBO npHMapHe M acH B H e 6 o p c K e  p y j i n e  n a p a r e H e 3 e  y >KHii;aMa n o T O K a  Bpec- 

T O B an , py jiiiH X  B a jiy T a K a  c a  M acHBHOM  6 o p c k o m  n a p a r e H e 3 0 M ,  n o p c J jn p c K O M  n a p a r e -  

H e3 0 M  h  B a jiy T a K a  npoM eH >eH H X  C T eH a K aK B e cy c e K y H jja p H H  K B a p n H T ii, ynyhyje jia cy y 
T o j C T pyK T ypH  M o p a j ie  H a c T a ja T H  n o j a B e  6 aK poB H X  p y j ( a  THna M acH B H e 6 o p c K e  p y j i e ,  

n o p c |in p c K H X  p y j? a  6 a K p a  11 n a p a r e H e 3 a  •i H iia  T iu iB a  Pom K aK B e n o c T o j e  h  y y*eM pvjj- 
h o m  npocTopy Bopa.

Oce rp aB H M eT p H jcK H X  M aK CH M yM a n p H K a 3 a H e  n p e M a  i [ o jia i ; i iM a  B n j in 6 a jK H h  h  j[p . 

( 1 9 7 1 /7 2 )  B e p o B a n i o  p a 'i j i B o j e i m  j ic j io b h  h c t o f  M aK CH M yM a c ^ o p M i ip a H o r  T y p 0 H C K 0 M  
cyji(J)H j5H 0M  M H H e p a JiH 3 a n H jo M  y n y h y j y  T a K o t)e  H a M o r y h e  je jiH iic i 'B O  n o j i p y ’[ j a  B p e c T O B -  

i p  c a  n o 3 p y n je M  B o p a .

K aM n a H C K a  Zn-C u M H H e p a J iH 3 a i;H ja  B p e c T O B H a  h h h h  aK T yejiH H M  h  n H T a i t e  H M a j i h  
y npoj(y>KeTKy 6p e c T 0B a 'iK 0 - 60p c K e  j iH c j io K a n n je  n p e M a  ceBepy, H a rp a H H H H  c a  6op- 
c k h m  pyj^HHM  n p o c T o p o M  h  j j a J h e ,  n o p e j i  H 3 B e cH o  T y p o H C K e M H iie p a jiH 3 a u ,H je  j o m  h  M Jia- 

l)e, K aM naH C K e. H c t o m h o  o j i  6 pecT O B aH K O -T ynH > K H H H K e jiH C J io K a n n je  y  jyacH O M  j[ e j iy  

THMOHKe e p y n T H B H e  o 6 j ia c T H , KaKO j e  Beh p e ' i e i i o ,  n o c j i e  r o p H . e r  T y p o H a  n o c T o j a o  j e  

M opcK H  p e * H M  K a jja  c e  T a j io a c e  ce jiH M eiiT H .
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BRESTOVAC NEAR BOR, EASTERN SERBIA 
-  A COPPER ORE PROSPECT

by
* *

M io d rag  Đ o rd ev ić  and  M io d rag  B a n je še v ić

While raapping for the Geological Map of the F.R. of Vugoslavia, at 1:50,000, extensive epiclastic deposits 
were recognized (Đ o rđ ev ić  e t a l., 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 
Z n-C u 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—Cu 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 D ro v en ik  (1960, 1968), D ro v e n ik  e t a l. (1962), geological 
map, A n to n ije v ić  et a l. (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 D ro v e n ik  (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 D ro v en ik  (1960), and "Bor pelites (tuffs, tuffites and marlstones)" with Bor conglo- 
merates and sandstones formed between the first and second volcanic phases. Albite

*
Geological Institute "Gemini", Karađorđeva 48, 11000 Belgrade.
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trachyte of I lić  (1957), D ro v en ik  et a l. (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

2
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-Tupižnica 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 ih a jlo v ić , 1987, 1989; L ju b o v ić -O b ra d o v ić , 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 M ih a jlo v ić , 1989). Younger rocks are Campanian homblende andesite pyroclastics and 
veins -  the latest Campanian products (Đ ordev ić  et a l., 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 (Đ orđev ić  et a l., 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 W SW -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-C u 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 Brestovačka 
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 Brestovačka 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-Tupižnica 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 
Brestovačka river. The essential ore minerals, besides accessory pyrite and present (Hg Te), 
are, according to O b rad o v ić  (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 Brestovačka river gravimetric maxima, shown after a map at 
1:200,000 (B ilib a jk ić  et a l . ,  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 Brestovačka 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 (Đ o rđ ev ić  et a l . ,  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 
(D roven ik , 1960) are actually epiclastics (Đ o rđ ev ić , 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 Brestovačka 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 Roš type (K aram ata  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 anđesite-basalt pyroclastics and veins 
(amygdaloidal, with very scarce homblende) occur in the Brestovačka 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 Vučini 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 Brestovačka 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 Brestovačka Banja described by I l ić (1957).

Campanian ore occurrences are found in Senonian deposits as lenses, from a few to 
20 m in size (Janković ,  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 - l l  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 Roš 
type paragenesis such as in the Bor copper province must have formed in this structure.

The axes of gravimetric maxima presented after B i l i b a j k i ć  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-C u 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-Tupižnica dislocati- 
on, south in the Timok eruption region, as has been mentioned, a depositional environ- 
ment prevailed after the Upper Turonian.

JIHTEPATyPA -  REFERENCES

A nt o n i j e v i ć  I . ,  K a l e n i ć  M . ,  Đ o r đ e v i ć  M . ,  L o n č a r e v i ć  Č . ,  Č i č u l i ć  M.  i Š k u l e t i ć  T. ,  
1974: Osnovna geološka karta (1:100.000) list "Bor'1 sa tumačem.- Savezni geološki zavod, 65 str., 
Beograd.



490 M. Đorđević and M. Banješević

B i l i b a j k i ć  P . ,  M l a d e n o v i ć  M .M .  i A le k s i ć  D . ,  1971-1972: Rezultati gravimetrijskih ispitivanja 
u timočkoj eruptivnoj oblasti.- III Savetovanje o istraživanju Bakrove mineralizacije na teritoriji 
SFRJ Beograd.

D ro v e n ik  M . ,  1960: Geološko petrološka studija šire okoline rudnika Bor (istočna Srbija).- Doktorska 
disertacija, Fond stručnih dokumentacija RTB Bor, 107 st, Bor (nepublikovano/unpublished).

D ro v e n ik  M. ,  1966: Mineralni sastav i geneza odlomaka sa bakamim sulfidima iz piroklastičnih stena 
šire okoline rudnika Bor.— Rudarsko metalurški zbomik, 4, 409—426, Ljubljana.

D r o v e n ik  M. ,  1968: Razvoj magmatskih in piroklastičnih kamenih v okolici bakrovega rudišča Bor.— 
Geologija razprave in poročila, 11, 5 -113 , Ljubljana.

D r o v e n ik  M . ,  A n t o n i j e v i ć  I .  i M i ć i ć  I . ,  1962: Novi pogledi na magmatizam i geološku građu ti- 
močke emptivne oblasti.- Vesnik Geozavoda, A, 20, 67—92, Beograd.

Đ o rđ e v i ć  M. ,  1994: Piroklastično i epiklastično u "prvoj vulkanskoj fazi" timočke emptivne oblasti juž- 
no od Borskog mdnika -  istočna Srbija.- Vesnik, A, B-Geologija, 46, 291-312, Beograd.

Đ o rđ ev i ć  M.  i J an j i ć  M . ,  1987: Završni izveštaj o radovima na projektu A3—A "Mezozoiske sedimentne 
tvoievine istočne Srbije (neflišne) -  gomja kreda i vulkaniti, za podmčje Brestovca u 1986. god -  Fond 
stmčnih dokumentacija Geološkog zavoda, Beograd (nepublikovano/unpublished).

D o rđ e v i ć  M.  i J a n j i ć  M. ,  1990: Proučavanje vulkanizma timočke emptivne oblasti u okvim geološke 
karte SFRJ 1:50.000.- XII Kongres geologa Jugoslavije, 2, 241-251 Ohrid.

Đ o rđ e v i ć  M . ,  J a n j i ć  M.  i B a n j e š e v i ć  M . ,  1989: Izveštaj o geološkom kartiranju u razmeri 1:5.000 i 
geološkom istraživanju u području Brestovca južno od Bora u 1988. god.- Fond str. dokum. Geološkog 
zavoda, Beograd (nepublikovano/unpublished).

Đ o rđ e v i ć  M . ,  M i h a j l o v i ć  Đ . ,  L j u b o v i ć - O b r a d o v i ć  D . ,  D a j i ć  S . ,  B a n j e š e v i ć  M.  & Zu-  
pa n č i ć  N . ,  1994: New detailes of the age and location of Bor conglomerates and sandstones 
southwardly from Bor (east Serbia).- Vesnik, serija A, B-Geologija, 46, 169-181, Beograd.

I l ić  M. .  1957: O pojavama albitskih trahida u okolini Brestovačke B anje.- Vesnik zavoda za geološka i 
geofizička istraživanja NR Srbije, 13, 283-298, Beograd.

J a nk ov i ć  S . ,  1990: Rudna ležišta Srbije: regionalni metalogenetski položaj, sredine stvaranja i tipovi 
ležišta.— Rep. dr. Fond geol. istr. i R ud.-geol. fak., 320-321, Beograd.

K a r a m a t a  S . ,  K n e ž e v i ć  V . ,  Đ o r đ e v i ć  P.  & M i l o v a n o v i ć  D . ,  1983: Alterations in the Bor 
copper deposit and their significance for explanation of the ore genesis.- Geol. zbomik Geol. 
Carpathica, 34/1, 45—52, Bratislava.

L j u b o v i ć - O b r a d o v i ć  D . ,  1987: Izveštaj o mikropaleontološkim ispitivanjima krednih sedimenata u 
podmčju Brestovca u 1986. god .- Fond stmčnih dokumentacija Geološkog zavoda, Beograd 
(nepublikovano/unpublished).

L j u b o v i ć - O b r a d o v i ć  D . ,  1989: Izveštaj o mikropaleontološkim ispitivanjima krednih sedimenata u 
podmčju Brestovca u 1988. god .- Ibid., Beograd.

M i h a j l o v i ć  D . ,  1987: Izveštaj o istraživanju krečnjačkog nanoplanktona iz gomjokrednih sedimenata 
istočne Srbije u 1986.— Ibid, Beograd.

M i h a j l o v i ć  Đ . ,  1989: Izveštaj o istraživanju krečnjačkog nanoplanktona iz gomjokrednih sedimenata 
istočne Srbije u 1988.— Ibid, Beograd.

O br ad ov i ć  L j . ,  1987. i 1989: Izveštaj o mdnomikroskopskom pregledu preparata mda i stena timočke 
emptivne oblasti u 1986. i 1989. god. Ibid., Beograd.


