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YJ1K 551.24.031:553.06(497.11-11) OpnrHHajiHH HayHHH pa«

IIAJIEOTEKTOHCKO-MArMATCKH nPOHECH KAO 
nPE^C JIO B H  MHHEPAJIH3AHHJE Y 

KAPnATO-BAJIKAHHAHMA HCTOHHE CPBHJE

ofl

O p e j ip a r a  HnKOJiHha* h C jio G o fla n a  l io p ^ e B H h a

M c t j y c o 6 n a  yc .,io B J b e n o c 'r  h  n 0 B e 3 a H 0 C T  t c k t o h c k m x  h  M arM aTC K H X  n p o n e c a  y  K a p n a T O -  

-S a jiK a H H ^ H M a  H C TO 'iH e C p 6 n j e  j i a j i a  j e  S p o jH e  M H H e p a jiH 3 a iiH je , K a o  h  3 H a n a jH a  j ie » < H m T a  M e T a -  
j i o t h h x  o p y ; ;H > e n ,a .  H a K O  e y  TeK T O H O —M arM aT C K H  n p o u c c H  y  o b o m  ; ( e j iy  C p S H je  3 a iio > ie j iH  j o r n  y  

n p e K a M 6 p H jy M y  h  K p o 3  B H m e  o ; i c j i h t h x  (} ja 3 a  T p a ja j iH  ; i o  c a B p e M e H o r  C T affaa y  p a 3 B o j y  jiH rr o c ( ( ) c p e ,  
H a jB e h n  3 H aH aj H M a a jm c K H  TeK TO H O —M arM aT C K H  H H K Jiyc. Y  o b o m  i(H K Jiy cy  c y  H a c r a j i a  6 p o j H a  J ie -  
* H H iT a  6aKpoHocHHX, o j i o n o  HHHKaHHX h  u p y rH X  M H H ep ajiH 3 aL iH ja  o ; i  eK O H O M C K or 3 H a > ia ja .

K .I .V 1 H C  p e i H  TeKTOHCKH HHKJiyCH, M arM 3TH3aM  H M H H e p a jIH 3 a iIH je , TH nO BH  JIO K H LH Ta, X H ;jp O T ep -

M aJiHH n p o i ;e c H ,  M eT a jiH H H e M H H e p a jiH 3 a iiH je .

reociiHKJimiaJiHH npocrop  KapnaTo-6ajiKaiiHfla HCTonne C p6nje, ’ihjh je  
pa3Boj 3anoneo y HpeKaM6pHjyMy, ojjBHjao ce Bpjio h h tchshbho : pa3HOBpcna 
ce/[HMeiirranHja, 'ic c th  iipeKHj(n h o6HaBJbaH>a, npoMeHe y najieoreorpacjjcKOM h 
6aTHMeTpHjcKOM CMHCJiy h jipvra 36nBan>a, npaheHa cy 'iccthm  h iio jaHHiiH 
pa3JIHHHTHM TeKTOIICKHM HpOHCCHMa H MarMaTCKHM 3KTHBHOCTHMa y Hlljoj Cy 
cJ)yHKHHjn h nojaBe 6pojHe MHHcpajiHsaiiHje h jjanac no3HaTa Jie>KHiiiTa MeTa- 
jihhhhx opyjiibeiha. IIopej( pa3HOBpcnHX JiHTOf{ianiijajiHHX npojiyKa'ra nacTaJinx y 
ycjioBHMa crajiHe HSMeiiJbHBOCTH ycjioBa h pe>KHMa cejiHMeiiTanHje, napajiejiHO 
hjih yjipy>KeHo ca iKHMa HacrrajajiH cy 6pojHH h jic6cjih BVJiKanoreno-cejiHMeiiTiin 
KOMnJieKCH, hjih, n a K  jacHO jincjicpcnnnpaiin ByjiKaHCKH iipojiyKTH, a 'ic c to  h 
M3H>H h Behn HHTpy3HBH, Kao iiaj'ieinhn iiocnonn MerrajiH'iHHX MHiiepajiH3aii;Hja. 
MaiMaTCKe HHTpy3Hje h ec})y3nje cy jiobcjic jio nojaBe MarMaTCKHX Tejia CKopo 
cbhx THnoBa M a i’MH -  ojj KpajH>e KHcejiHx, jio Kpajn>e 6a3H'iiiHX npejiCTaBiiHKa. 
MarMaTH3aM ce ojjiiiijao y cy6MopcKHM, cy6jiaKycipiijckhm, hjih KOHTHHeHTaji-

H h c t h t j t  3 a  p e rH O H a jiH y  r e o n o r H j y  h  i i a j i e o i i rr o J i o r H j y  P y a a p c K O - r e o J i o u i K o r  cjiaK V Ji’r e T a ,  
Y H H B e p 3 H T e T a  y  Beorpa^v, K a .M eiiH 'iK a  6, Beorpa;;,

T e x H H 'iK H  c jja K y jr r e T  y Bopy, Bop.



h h m  cpe^H H aM a , a jiH  y B e K  K ao  yBOfl y  TeKTOHCKa 36H B aK ba, h jih  K a o  npaTH Jia ii 

h c t h x , y 3  ' i e c T a  3 aK a cH e jia  3 6 iiB a iba  H a K p a jy  TeKTOHCKHX n p o n e ca . Y  H CTO 'iiio j 

C'p6iijii 3 H a 'ia jn a  npocTpaHCTBa 3axB aT ajy MarMaTCKe r jio p M a iin je  pa3HHX TH noBa, 

K o je  c y  H 3 B p n iH J ie  M erraM o p c} iH e  n p o M e H e  c e /^ H M c n a T a , n a h  M arM aTC K H X  CTeHa 
CTapiijnx K o iic o jiH jia n H ja , TaKo jia cy  ecj)eKTH MarMaTCKe aKTHBiiocTH y  obom  jiejiy 
3eM Ji> e  ' i e m h i i  n e r o  y  ,n p y r iiM  jie jio B H M a  e B p o n c K o r  K oiiT H H eH T a.

IIO B E 3A IIO C T  H M E T iyC O B H A  VC.IOK M ’HOCT TEK TO H H K E, 
M A I M A T H 3M A  H M H H E PA JIH 3A H H JE  K P 0 3  BPEM E H  n P O C T O P

I I p o v ' i a n a i b a  t c k t o i i c k h x  h  M arM aTC K H X  n p o n e c a ,  a  c  t h m  y  B e3H  h  M H H ep a- 

J iH s a m i je  H a  T e p e H H M a  h c t o ’i i i c  C p 6 n j e  n e jjB o c M H C jie n o  y K a 3 y jy  H a  M e I jy c o 6 i iy  

n o B e 3 a n o c T  h  y c j io B J L e i io c T , r j j e  n o  n p a B H Jiy  n a j n p e  j(O Jia3H  j io  t c k t o h c k h x  

n o K p e T a  h  H 3M eH a c r a i h a  y  K o p n ,  a  3aT H M , j jo  n p o j j o p a  M a rM e , K o ja  i i e i i o c p e j i i i o  

h j i h  i i o c p e j n i o  B p iiiH  MHHepajiH3aii;Hjy y  CTeHaMa c  KojHMa je y K O H TaK Ty h j i h  K p o 3  

K o je  c e  n p o 6 H j a .  f l p e M a  TO M e, CBa i p n  iiO M eH y T a n p o i j e c a  y  J iH T O c ^ e p n  HHHe 
jejJH IICTIiO  aKTHBIIOCTH K O jll Ce H3 M3HTJI3 n p e H o c e  n a  K o p y  H y  H>oj JIOBOJie JIO 
3HaHajHHX H3MeHa cTatba.

<J>opMHpaite e iijjo i ciiHX JioKHiirra MHHepajiHHX ciipoBHiia rraKolje je  ycJioB- 
JbeilO BpCTOM II HIITeH3HTCTOM TeKTOHCKe H MarMaTCKe aKTHBHOCTH. Mo)Ke ce 
CMaTpaTH jia  tc k to h c k h  pc>KHM nperrxoj(H nojaBaMa MarMaTH3Ma h opyj(ii>eH>a, 
je p  y npBOM pejiy oM oryhaBa npo jjnpan.e MarMaTCKHX pacTona h pyj(onociiHX 
pacTBopa Ka 3 eMJi>iinoj noBpniHHH jiv>k pa3JioMHHX jjef^opM annja pasjiH 'iirror th -  
na. P a 3MeuiTaj Jie>Kiiurra MHHepajiHHX cnpoBHiia e im o ren o r nopeKJia no;j'iHH>ana 
ce , npe CBera, TeKTOHCKoj h MamaTCKoj k o h tp o jih , Koja ce  MaiiH(j)ec'iyje Ha 
pasjiHHHTe n a 'im ie , a  y  3aBHCHOCTH o jj reHe3e JiOKHiirra. T o  y K a 3 y je  Ha noBe3a- 
h o c t  TeKToiiHKe, MarMaTH3Ma h opyjin>eifca y najuiHpiiM OKBHpHMa, y3HMajyhn y 
o 63Hp h (JjaKTop BpeMeHa.

I lp H M e p  y 3 ajaM H H X  o j jH o c a  h  n o B e 3 a i io c T H  T eK T o iiH K e , M a i M aTH 3M a h  o p y j ; -  

H>eH>a 6aKpa XHjipoTepMajmor i io p e K J ia  nocTojn y  THMOHKoj MarMaTCKoj o6acTH 
K a p n a T O - 6 a J iK a i iH j j a  h c t o h h c  C p 6 n j e .  I I o c T a H a K  X H j^poT epM ajiH H X  6 a K p o H o c iiH X  
jic>KHiirra y o B o j o 6 j ia c T H  Moryh j e  n p n  iiajii0B0Ji>iiHj0j K O M 5)H iiannjH  HH3a (j)aKrro- 
pa Kojn HMajy v/jejia n p n  npocTopnoj JioKaJiHsannjn o p y j(n > e n > a . Onjie, n p e  c B e r a ,  

j j o j i a s i i  jjo  H 3 p a > K a ja  y rr n n a j  T eK T O iicK iix  ( c rip y K T y p iiH x )  h  M arM aT C K H x (J )a K T o p a , 

n p n  'ie M y  npBH o T B a p a jy  n y T e B e  3 a  n p o j j o p  M arM aTC K H X  p a c T o n a  h H 3JiH B an>e 

JiaBHHiior h  i i i ip o K J ia c T H 'i i io r  M a T c p i i ja j ia .  P y j io n o c H H  X H jp o T e p M a J ii iH  paciBopn 
reHeTCKH cy y  Be3H ca j [H ( j ) e p e n n H ja n n jo M  ipaiiHTOHjiHe MarMe h  il c i io m  k o h c o - 
jinjianHjoM y b h jiv  nJiyTOHHTa h  jjajKoisa 3a BpeMe J ia p a M H jc K e  h  niipHiiejcKe ( j ) a s e  

a j in c K e  o p o r e H e 3 e .  K p e ' r a i t e  X H flpoT epM aJiH H X  p a c T B o p a  K a n o B p n iH H H  h o b o j^ h  
jjo  noc'raHKa 30He x H j( p o 'r e p M a jm o  H3MeH>eHHX B y jiK aH H T a h  B y jiK aH O K JiacT H T a h  

flo jjenonoBaifea pyjjH H X  M H H e p a jia , T j. (J)opM H paH > a J ie a c n u iT a  6 a K p a  M acH BH O — 

- c y j i ( j ) H j u i o r  h  i i r r o K B e p K i io —H M iip e m a n H O H o r  T H n a .

H3pa»ceHa f l y r o T p a j n o c T  j ;e j io B a ii> a  t 6 k t o h c k h x  n o K p e T a  y  T H M o n K o j Mar- 
M aTC K oj o 6 j ia c T H  y n y h y j e  n a  3 aK Ji> y 'iaK  j j a  o h h  iip e j(C T a n ji> a jy  o c h o b i i h  y 3 p o K  

n o j a B e  M a rM aT H 3 M a h  M H H c p a j i i r ia n H jc .  K o j j  o j / n o c a  H3MeI)y TeK TO H H K e h  M ai M a-, 

T H 3M a 'i a n a a c a  c e  j u i p e K 'n i a  n 0 B e 3 a H 0 C T  c a  p a3JioM H H M  n o p e M e h a jH M a ,  j e p  c e  jiv>k



h >h x  Bprne KaKo H3JiHBaH.a, TaKO h  yrHCKHBaiF,a MarMaTCKor MaTepnjajia. C j i h ' ih h  

oflHOCH n0Be3aH0CTH nocToje H3Me^y o p y f l i t e i b a  h  M a itH X  pace^a h j ih  pacejjHHx 
30Ha, Koje 0M0ryhaBajy K p e T a ih e  py^oHocHHX XHjipoTepMajniHX pacTBopa h  jieno- 
HOBaite py^HHx MHHepajia. B e 3 a  opyjpfceu>a h  MaraaTH3Ma nocpeflHO ce MaHH- 
ct)ec'iyje n p e K O  nocTojaifca x n n p o T c p M a j i i i ( )  H 3 M eiteH H X  30Ha ByjiK3HHTa h  ByjiKa- 
h o k j ia c T H T a  y KojHMa cy C M eu iT e H a  6 a K p o H o c n a  j i o K H i i r r a  h  py;ina Tejia.

TeK TO H C K H  iiponecii cy C B o je  aKTHBHOCTH HcnojtaBaJiH y  o^peijeiiHM Bpe- 
MeHCKHM H H T ep B a jiH M a, Kojn cy ce cMeibHBajiH ca HHTepBajiHMa cjia6HX n o K p e T a  
hjih (J)asaMa pejiaTHBHor Miiponaiha. Y p a 3 B o jy  JiHTOccJ)epe iisjiBajajv ce 'ieTiipii 
K p y n H e  o p o r e H e 3 e  (TeK TO H C K a n n K J iv c a ) ,  'in ja  je  aKTHBHOCT H M a jia  p a i 'H O iia j iH O -  

-njiaHeTapHH KapaKTep. MHTCiriHTCT iiponeca, uiHpHHa 3 a x B a T a  h  C T e n e H  jiecjiop- 
MaijHja paiinjHX crpyKTypa y  J i i r r o c c f ie p n  imcy HCTOBeTim kojj cbhx niiKJivca. 
HnaK, CMaTpa ce j(a je  n a jM Jia ljH  tcktohckh HHKJiyc, n o 3 H a T  K a o  ajincKa opore- 
ne3a, H ajH H TeH 3H B H H jH , HiHpoKO paciipocripaifceii h ca HajBehHM CTeneHOM j j e -  

cJ)opMannja y paHHje HacTajiHM CTpyKTypaMa, imje jiejioBaite jjobojjh jio KpymiHX 
npoMeHa y pacnopejiv K o n n a  h Mopa, K a o  h y n p c K p a j a i i ,y  crrapnx h c T B a p a ifc y  

iiobhx c T p y K i y p a  y  3eMJfcHiioj K o p H . OBe K o n c T a T a H H je  cy jjoopiiM jjcjiom peJie- 
BaHTHe, H 3 M e ^ y  o c T a j i o r  h 36or HHifcciinne jia cy ec})eKrrri CTapnx tcktohckhx 
oporene3a jiectiopMHcaiin h iipecTpvK-ivpiipaini, ajni h 36or MHibeiiiiHe jja cy 
HOCJiejiHiie TaKBHX ji;e jiO B aH ,a  iiaj'ieinhe M a c K iip a n e  M Jia^H M  i io K p i in a 'i e M  h 
MJia^HM CTpyKTypaMa. C Te crrpaHe iiajHeH3BecHHja je  TeKTOHCKa aKTHBHOCT 
iiajcTapnje TeKTOiicKe oporeHe3e, no3iiaTe Kao 6ajKajicKa oporene3a. K a K O  OBa 
o p o re n e3a najia  y npenajie030jcK0 BpeMe, 'iHjii ce  npojiyKTii cejuiM eirrannje hjih  
ne im jje, h jih  cy caMO jiejiHMH'iiio npncyTHH na noBpmHHH 3eMJbe, a iipn TOMe 
n a j'ieu ih e  ’ipaiic(t)opMHcaiin y MerraMopcJ)He CTeHe (niKpHJbHe) y KojuMa je  MaTe- 
pnja K pajite H3Meii,eiia, a cJiochjihh c b c t  (aKO ra  je  h 6 h jio ) n0TnyH0 yHHUiTeH, ro 
je  cxBarjbHBO Jia cy iipoyHaBaiba najcTapHjHX ^e jioB a  JiHTOCcJ)epe (cac'TaB h 
CTpyKType) Jio cra  iieiiovsjiana. ( ) iy jia  h miioio npo6jieMa h pa3HHX o 6 jam ib eib a  
o;(pet)eniix eJieMeHaTa pa3Boja jiHToc4)epe y  npenaJie030jcK0M flo6y, n a h 
noHeTKOM caM or najie030HKa.

IlpB a h iiajcTapnja oporeHe3a sano 'ie jia  je , npeMa MHiujbeiby BehHHe HCTpa- 
»<HBa'ia, Her^e noneTKOM hjih cpejjHHOM npoTeposoHKa, a Tpajajia je  jjo Kpaja 
iipcKaM6pHjyMa ca MoryhHM HacTaBKOM y cTapnjeM najie030HKy, ojuiocho KaM- 
6pnjyMy. Ihoj ce npHiiHcyje y jio ia  CTBapaiba npBHX KoniieiiHX M a c a  y cacTaBy 
jiHTOccJ)epe, Kao h nojic'i'Hiiaj 3a CHa>Kiia MaraaTCKa KpeTaiba na iimpeM npo- 
cTpaHCTBy HOBOHacTajiHX reocHHKHHHajia. THMe cy TeKTOHCKa KpeTaiba jjoBejia 
jio cTBapaiba npBHX cTpyKiypa y JiHrro c (J )e p H , npoMeHa cra iba  h ojuioca y iboj, 
K a o  h CTBapaiby pa3JioMimx nyTeBa 3 a  MaraaTCKy 3kthbhoct Ha iunpeM npo- 
crropy y thm cTpyKrrypaMa. KaKO cy (Jiasv cejiHMeirrannje n p a ra jia  h ojiroiiapa- 
jyha TeKTOHCKa KpeTaiba h nojaBa iiojibojhihx pa3JioMa, to je  pa3yMJbHBO jia cy ce 
y ;iy>KCM TOKy BpeMeHa sajejuio ca cejjHMeirrHMa jjeiioiioiiajie 3 iia 'iajne Mace 
MarMaTCKHX iipoj(yKa-ra, y HOHeTKy iipcroK iio e(J)y3HBHor KapaKTepa. K ao nocjie- 
juma t 3kbhx •s6)HisaH>a jaBJbajy ce iiairiMCHH'iiia Tajioaceita cejuiMenTiior h Byji- 
K a n c K o r  M a T e p n ja j i a ,  ojjiiocho 6pojne cepnje h ( ^ o p M a n n j c  BVJiKanoreno-ccjiH- 
MeHTiior cacraBa. M iiT p y 3 H B H ii i i p o j i o p n  M arae, KojH c y  M o r jm  jia c e  jaBe y  tom 
pa3j^o6jby pa3Boja JiH T O C (J)epe, 3ajip>Kajm c y  c e  h K o iic o J ii i j io B a jin  y  jiv6ji>hm jie-



jioBHMa, hjih cy, aKO hx je  6hjio 6jiH *e noBpniHHH 3eMJbe, BpeMeHOM epoj^oBaim. 
TeKTOHCKH npOH,eCH KojH cy H jjajbc 6HJIH aKTHBHH, Kao H CaM  MarM3TH3aM, y3 
ycjioBe jjejioB aita j^Ba HajsHanajHHja cjjaKTopa MeTaMopcJ)H3Ma (pernoHaJiHH h 
^HHaMH'iKH) 3axBaTHJiH cy ByjiKaH0reH0—cej^HMeHTHe cJjopMai^nje h ciia>KHO hx 
TpaHcc})opMHcajiH y uiHpy Jiene3y uiKpHJbacTHx cTeHa, npe CBera y raajceBe h 
aM4)H6ojiHTe. KpeTaibe M arae, jjncj^epeHijHjauHja ejieMeHaTa y iboj, Kao h iben 
KOHTaKT ca HajcTapnjHM CTeHaMa H3 np0Tep030HKa, y3 nojaBy npo^opa XHflpo- 
TepMajiHHX pacTBopa H3 njiyTOHHTCKHX h cy6ByjiKaHCKHX acapHiiiTa, ^cjiobhjih cy 
MHfiepajiHsanHjv y CTeHOBHTOj cpe/iHHH, 'ihmc je  0CTBapeH0 je/imicTBO jiejiOBaiba 
eHnoreHHX npoi^eca.

r io M e H y T H  i i e j i o c T a n n  h  HeMoryhiiocT n p o y 'i a B a n , a  c b h x  nocjiejjHija TaKBor 
je j(H H C T B a npoijeca y J i i iT o c c j ie p n ,  p a s j i o r  cy u it o  je  TeniKO ca B H iu e  npeniriiioc'rn 
paiUHJiaHHTH CBe napaMCTpe TaKBor je j im iC T B a  h  H S jiB ojiiT H  c c jje K T e  t 6 k t o h c k h x , 

M arM aTC K H X  h  M H H ep aJiH 3 aT o p cK H X  j j e j i o B a i r a ,  K a o  h  u>HXOBe H H T eH 3H T eT e, 

BpeMe aKTHBHOCTH, uiHpHHy npoijeca h  M e i)y c o 6 H y  ycJiOBJbeHOCT h  pejjocjiejj 
j j o r a ^ a j a .

J e j j H H C T B O  n o M e n y T H X  n p o i j e c a  ^ c j i o b h j i o  j e  m j i B a j a n . e  3 a j e j i i i n ' i K H X  

HHJiKyca: a) HajcTapiijn-SajKajicKH, 6 )  CTaponajieo3ojcKH-KaM6pHjcKH, n ) MJiajjo- 
I i a j i e « 3 0 j C K H - X C p i I H I I C K I I  H  J J )  H a j M J i a ^ H  a J i n C K H  T e T K O H O — M a r M a T C K H  HHKJiyc K O j H  

n o ' i H i b e  K p a j e M  j y p e  ( n o  H e K H M a  h  n p e  T o r a )  h  T p a j e  C B e  j ; o  K p a j a  T e p i j n j a p a .

HecnrypHocT y peKOHCTpyKunj h  36nBaiba 3 a  BpeMe j j p y r o r ,  C T a p o n a j i e o -  

3ojcKor ijHKJivca, Be3aHa je  yrJiaBHOM 3a no'ieTaK n a j ie 0 3 0 H K a ,  tb k o  jja ce noHe- 
K afl roBopn o  K O H T H iiyH T eT y npoijeca npeHeTHX H3 np0Tep030HKa y  KaM6pnjyM. 
Mel)yTHM, y  peKOHCTpyKi;HjH npoi;eca ca y f la jb a B a ib e M  ojj C T a p n je r  najie030HKa 
o j^h o c h  cy CBe jacmijH, a peK O H C T pyK H H ja n o c j i e j iH i ja  cBa TpH npoijeca K o je  

o 6 y x B a T a jy  xepnimcKH, a noce6Ho ajincKH niiKJiyc, cBe cnrypiiHja h  i io y 3 j(a i iH ja .

M in e p B a j iH  p e j ia T H B H o r  M H p o B a ib a  TeKTOHO—M arM aTC K H X  n p o n e c a  Kojn c e  

ja B J b a jy  H3M ef>y n oM eH yT H X  ijHKJivca, T p a ja j iH  cy  p e jiaT H B H O  jiyro h  6e3  jacH H X  

T p a r o B a  CB a T p n  jp iH a M H 'iK a  n p o n ;e c a .
M 3 y 'ia B a i i .e M  noMeHyTHX n p o i j e c a  y K o p n  h c t o ' i h c  C p6nje 6aB H JiH  c y  ce 

6pojlIH H CTpa>K H B a'IH  H Ĵ aJIH C B o je  J^OIipHHOCe peK O H C TpyK I^H jH  Jiy6HHCKHX n p o -  
i j e c a  H a  o b o m  n p o c T o p y .  J],o6pHM j jc j io m  TaKBa r j i e j i m i i T a  h  riy M a 'ie n > a  y r p a ^ e i i a  

c y  y o b o m  npHKa3y. O b j j c  ce noce6HO m h c j ih  Ha p a j io B e  rpyne a y T o p a ,  o 6 ja B J b e H e  
y o K B H p y  ej^HijHje "TeojiorHja C p6nje" (AH ^ejiK O BH h, 1975; A nJjejiKOBHh h  

CTeBaHOBHh, 1975; neTKOBHh, 1976; CTeBaHOBHh, 1977; A jie K c n h , 1977; 
A jieK C H h h  K ajieH H h , 1981), K a o  h  M0H0rpa4)CK0r jjejia C . JaHKOBHha 
n o c B e h e H o r  pyj^HHM Jie^cniuTHMa C p6nje (1990) h  n .  H H K O J i n h a  y  Be3H ca 
r e o J i o r a j o M  h  M H H ep ajiiiH M  C H p o B H iiaM a th m o m k c  3 0 H e  H C T O 'in e  C p6nje (1993).

Y  j ja jb e M  TeKCTy H3HeTH cy o c h o b h h  n o j ja i jH  3 a  peKOHCripyKHHjy je j jn n c T B a  

TeKTOHCKHX, MarMaTCKHX h  npoi;eca MHiicpajiH^annje h  opyjuben>a Ha npocTopy 
HCTO'iHe C p6nje, ca noce6HHM aKneiiTOM Ha a jin c K H  t b k t o h o —MarMaTCKH ii,HKJiyc 
h  MHHepajiH3aunje y Be3H c h>hm .



OCIIOBHE OflJIHKE TEKTOHO-MArMATCKHX HHKJIYCA 
y  KAPnATO-BAJIKAHHHHMA HCTOHHE CPBHJE

I IpojiyKTH MarMaTCKe aKTHBHOCTH rpynHcaHH cy y MarMaTCKC c|)opMau;Hje h 
Be3aHH cy 3a o jjp e lje n e  BpeMeHCKe n ep nojje  y p a3Bojy Kope K ap n a 'ro - 6 a jiK ah n jja , 
o j;h och o  3a reoTeK'roHCKe je ju iiin n c y obom jje jiy  h c to tihc ("pGnje. Y  to m  noi'Jiej(y 
Ha TepeHHMa C p 6 n je  H3jjBajajy c e  HCTiipii rpyne cfjopManiija:

<DopMaiuijc oajKa.icKoi TeKTono-MarMaTCKor i(HK.iyca

IInKJiyc je  Tpajao oj( cpej(H,er pncjieja jjo rpannne  ca najie030HK0M. Y  okbh- 
py oBor niiKJivca sna'iajHnje m ccto iipimajja: a) BVJiKanoreHO-cejuiMeiiTHoj cf>op- 
Mai^njH, Koja o6yxBaTa pa3He niKpnji>ne v/(py>KeHe ca j(nja6a3HMa, Keparrocj)H- 
piiMa, cnHJiHTHMa h KBapijKepaTocjmpHMa, pa3BHjene Ha npocTopy J]|yHaBa (O ca- 
inma, TeKHja, Chii) -  aMcJ)H6ojiHrrcKO-niajcHH KOMnjieKCH, Kao h rpaniiTOHjui 
Kojii cy ripancc[)opMHcaHii y rnajceBe.

n o c e 6 n o  ce  hcth ’ic npHcycTBO B yjiK anoreiio-cejiH M enrn ie  c|)opMannje 

niK pnjbana h M eTajjHja6a3a c a  KepaTocJiHpHMa y npejjejiy C T ap e njiaHHHe, Kao h y 
c a c rraBy n op e'iK O -6ejiop c'iK C  cTpyKrry p e y oKBHpy BajiKannj^a h B eji>an nn e y  x o -  
MOJbCKO—Ky*iajcKOM n p o cT o p y , y KojnMa c e  H ajia3e n ojaB e rBO>Kl)eBHTHX MHHe- 
p ajiirian n ja  (MarHeTHT, xeMaTHT). O bom  n,HKJiycy, TaKoije iipniiajjajv h ByjiKa- 
HoreHO—cejjHMeHTHe c^opM annjc c a  CHjjepirrcKOM MHHepajiH3an;HjoM Ha n p o cT o p y  
ce B e p iio r Ky>raja, 3arHM, HHTpy3Hje ra 6 p o -n jiarH o rp aH H T a, TaKofje Ha K y iiajy  h 
na npocT opy B ejb aH im e, o jp o c n o  ra6po-nepHflOTHTCKH kom hjickc  y  ropibeM  
TOKy peKe lip irn n e  J 3  ojj ,II,o6pe, Kao h rpaHHTH (rH a jc -rp a H H ra ) B Jia ro je B o r  
KaMeHa, BojbeTHHCKC peKe h O ra p e  iiJiaiiHHe.

M niiepajiirianHje y cTenaMa npoTeposoHKa hjih ce peF>e jaBJbajy, hjih cy 
MJia!)er j(arryMa. CaMHM thm  nojaBe Merrajin 'innx MHiicpajiirianiija y obom jjejiy 
Cp6nje iieMajy noce6ny ckoiiomckv BpcjuiocT -  iiaj'iem he iipej(CTaBJi,ajy cnopa- 
jin 'ine nojaBe Koje ce yrjiaBHOM Be3yjy 3a Beha MarMaTCKa Tejia.

Y C T ap iiM  c rr p y K T y p a M a , ojihociio y /y 3  CTape M a rM aT C K e ({)opMannje jaBJbajy 
c e  p a 3 H e  MeTajiii'iiie M H iic p a j i i r i a n H je  pa3H H X  reHeTCKHX T H n o B a  3 a  K o je  ce He 
M o*e c a  c H r y p H o m h y  p e h n  j j a  c y  H3 c a c T a B a  n p B o r  U H K Jiyca  -  H eK e  c y  B e 3 a H e  3 a  

np0Tep030HK, J i p y r e  3 a  np0Tep030HK-cTapnjH n a j ie 0 3 0 H K , a  HeKe MO>Kjja h 3 a  

M J ia ^ e  aKTHBHOCTH, TaK O  j(a ce y c ji0 B H 0  Be3yjy 3 a  oB aj nnKJiyc. M el)y OBH M a cy:
-  MarMaTCKa Jie>KHiiiTa h M HHepajnriannje jjHctiepeHnnjajiHor r a n a ,  ycjiOB- 

jbeHa 6a3HHHOM MarMOM;
-  ByjiKaHO—cej^HMdiTHe MHHepaJiH3ai;Hje Be3aHe 3a 6a3HHHe H3JiHBe ByjiKa- 

HHTa h 3ejieHe uiKpHJhne Ha npocTopy BejbaHHue (MarHeTHTO—xaMaTHTCKa MHHe- 
pajiiriannja), ojjhocho na npocrropy K v'iaja, rjje ce jaBJbajy CHjjepHTCKO-xeMaTHrr- 
CKe MHHepajnrianHje.

O cT aje  uHibeHHna j^a ce  y cacTany cTapux T ep en a c  K paja n p0T ep 030H K a h 
noneTKOM iiaJieosoH Ka cp e h y  p a3iioB p cn e MC’raJiH 'ine M HiiepaJiirianHje 6ajKaji- 
CKor h K ajiejjoncK or UHKj’iv ca , ajni 6 e 3  M0ryhH0CTH ja c n o r  p a'iip aiiH 'ieib a  y  cbhm  
JiOKajiHTeTHMa nojaBJbHBau>a. M el)y rraM , n e cn o p n o  je  jia c e  y  CTapHM TepeHHMa 
HCTO'ine C p6nje cp eh y  h M imepajiH3anHje BpeMencKH Be3ane 3a M Jia^e h h k jiv cc ,



kojh ce jaiiJhajy Kao nocjie/uma naKiiajmor jjejioBaiba y cTapnM h jjefjjopMiicaiiHM 
cTpyKTypaMa. O b o  ce iioccGho ojjhoch na xepnimcKy, a jom BHiue na Mimepajm- 
3ai;Hjy H3 ajincKor HHKJiyca.

O opM aiiiijc Ka.icjioni'Kor TCKTOiio-MarMaTCKor niiK.ivca

BpeMe aKTHBiiocTH ijHKJiyca naj^a H3Mel>y cpejjmer KaM6pnjyMa h K p a ja  
CHJiypa, ojjiiociio j io n > e r  j i c i s o n a .  I I p c T O K i io  cy irii p a l j e i i c  ojj BVJiKaiioreno-ccjiH- 
MeHTHHx cpopMaimja j[iija6a3 cj)iuiHTOHjuior cacTaBa, Koje cy rpaiiccjiopMHcaiie y 
ct)aniijy 3 e jieH H X  niKpnji>ana. Obom HHKJiycy HeKH iipiiKJi>y'iyjy h c j i e j j e h e  c joopM a- 

HHje: a) j^Hja6a3-Kepa'rocJ)HpcKy cJ)opMaijHjy MnoBa (C’rapa iuiaiiHHa) h PyflHe 
raaBe, 6) ra6po-iicpiijioTHTCKy ct)opMan,iijy JI,cjih JoBaHa h 3arjiaBKa (CTapa 
njtaHHHa), n) r p a i io j iH o p i iT - r p a i iH T C K y  cJ)opMaimjy y n p e j j e j i y  CTape n jia H H H e  

(PaBiio Bynje) h ropmana, ojjiiocho Ha npocTopy X 0M0Jba (Hepecimija, Bpii>H- 
na). MarMaTH3aM 0B0r u;HKJiyca, Koj 11 ce oj(BHjao y MopcKoj cpejniiiH, jjo6piiM 
jjcjiom ca ejieMeHTHMa npeTxojnior MarM3TH3Ma, saBpiuno ce y c p e j p t e M  jjcboiiv, 
K a jia  cjiejjH cj)a3a H 3flH 3aH >a n p o c T o p a  hctohhb Cp6nje, K a o  h n p e c T a n a K  hiitch- 
3HTeTa MarMaTCKe aKTHBHOCTii, CBe jjo cTHmaBaiba nponeca, ’inje ce BpeMe npo-
Teace j i o  rop iber jieiiona. y  TaKBHM ycnoBHMa aKO je  h 6hjio MarMaTCKHX KpeTa- 
iba, OHa cy Morna ga ce jaBe y je3epcKoj cpejiHHH hjih Ha KonHy, ann 6e3 bhjihot 
V’iemha y rpat)H Kope, a jom  M a n ,c  h y n o ja B H  MiiiiepajnrsanHja.

<I)opManiijc \cpuHHCKor TCKTono-MarMaTCKor niiK.ivca

0 6 yxBaTa nepnoji pa3Boja Kope oji ro p ib e r jieBOHa jio Kpaja MJiaI>er najie- 
030HKa. I IpeTe>Kiio o6yxBaTa KHcejie h 6a3HTnie njiyTOHHTe, Mel)y KojHMa cy no- 
ce6no 3ana>KciiH cTapnjii KOMiuieKCH ra 6po-nepnjioTHTCKor cacTaBa Ha npocTO- 
py JÎ ejiH JoBaHa h CTape njiaimne (SarjiaBaK), a 3hthm h HHrrpy3Hje rpaHHTa H3 
MJial)e c})a3e xepu,HHCKor ijHKJiyca h to  Ha npocTopy BpibHi^e, Hepecmme, Top- 
maiia, njiaBiie, CTape njiaHHHe, ojjhocho Jame, PajmneBiia, PaBiior Bynja h 
CyBor /Jojia. Objjc cy h MiiiiepajiHsannje MaraeTHTa Pyjme raaBe, HpHajKe, Kao h 
(?) ypaHa kojj KaJiHe.

Oji noMeHyTHX T B o p e B H iia  n o c e 6 H y  n a * i b y  n p H B J ia n e  ra 6ponjum MacHBH 
/ I c j i h  JoBaHa h  3 arjiaBKa, K o jn  i ip c j jc T a B J b a jy  nJiyTOHHTe i i i u i n H j a J i n o r  6a3Hlnior 
MarMaTH3Ma, H3rpal)eHe y ochobh oji ra 6poBa h 6jihckhx 6a3H'[iiHX MarMaTHTa. 

HjHXOBa noBpmHiia 3axBaTa 255 km . OBa njiyTOHHTCKa Tejia Jie>Kc y pa3HOBpc- 
h h m  KpncTajiacTHM iiiKpHJbniiMa h  'icc to  cy npahena Mau>HM TejiHMa yjiTpa- 
6a3H'iHHX C T eH a (vJrrpama c { ) ir rn m a ), y ' i i i jc M  c a c T a B y  i ip e o B J ia l> y jy  j j y i n r r i i  h  cpo/i- 
He TBopeBHiie, Koje cy HHTeH3HBHO npco6pa>Keiie y cepneHTHHHTe. Y  obhm ctc- 
n a M a  HaJia3e ce h n o ja B e  xpoMHTa.

y  xepimHCKOM nnKJiycy Kojn ce BpeMeiicKH Be3yje 3a MJiai)H najie030HK, 
ByjiKaHH3aM je  c j ia 6 o  HciiojbeH. A k o  h HMa ecJ)y3Hja OHe cy  Ji0KaJiH 30Bane na  
Man>e n p o cT o p e  h yrjiaBHOM 3a  je3ep cK e 6aceH e, tb k o  jja c e  npojiyKTii ByjiKaH- 
ck h x  36H Baiba yrJiaim oM  MaHHcJ)ecTyjy npeKo Tyc})03H 0r M arep n jajia  Kojn ce  
ciio p a/iii'u io  c p e h e  y noMeHyTHM je3epcKHM cpejinnaM a. CaMHM th m , xepnm icKH  
MarMaTH3aM je  nJiyT0HHTCK0r K apaKTepa, 3acTynjbeH  Ha iimpeM n p ocT op y



HCTo^He C pfjnje h y BHUie reoTeKTOHCKHX cTpyKTypa.
n o c e 6 Hy 0 C0 6 eH0CT y h cto h h o] C p 6 njn npejjcTaBJbajy iipo^vKTH ByjiKa- 

HH3Ma Ha Kpajy najie030H K a (nepMCKH n 0CTTeKT0HCKH ByjiKaiiH3aM). T o  cy h3jih - 
bh pnojiHTa, jjanHTa, anj(C3HTa, 6a3aJiT a h rrpaxH Ta M3HjHX jjHMaii3Hoja h n p o - 
c to p h o  H30Ji0 BaHH y jio jih iih  BojbeTHHCKe h I lopeH Ke p eK e, Ha jy r o 3anajuioM  
0 6 0 jjy /Ic jih  Jo B a n a  h y jjejioiiHMa C T ap e njiaHHHe (B p n iK a liyKa, I Ip irieiian ;, 
TonjiH j(o ji, JIojK im a'iK a peK a). HaBejieHH ByjiK3HCKH npojiyKTH iipHriajjajy T3B. 
c y 6 ceKBeHTHOM ByjiKaHH3My xep nm icK e o p oreH e3e.

3 a  xepu;HHCKH iiHKJiyc B e3an a je c jia 6 a MHnepaJiHsanHja, npn hcmv cy HeuiTo 
inaM ajiinje no jaB e MHHepajiH3an;Hja y cTpyKTypaMa 0 B0 r  p a3j jo 6)Jba, Koje cy  B pe- 
MeHCKH Be3aHe 3a ajincKH t c k t o h o —MarMaTCKH n,HKJiyc, i iito  je  yocTajioM  n ecT a  
nojaB a. OBjie c e , npe CBera, mhcjih Ha MimepajiH3aiiHjy rBO>Kt)a, Kao h 6 aKpa, 
o jih o ch o  ypaHa y nepMCKHM iipBemiM neiiinapHMa. O Boj rpynn MeTajiHHHHX no- 
jaB a y CTapHM xepiuiHCKHM c rrpyKTypaMa npmiaj[a|y h nojaB e MOJiH6 jjen a , 3JiaTa, 
cp e 6pa h BOJicf)paMa, 'in jn  cy  XHjjpo-repMajniH n p o iiecn  Be3aHH 3 a  ajincKH n;HKJiyc.

(DopM aijiije aJiucKor TCKTono-MarMaTCKor uiiK .iyca

IIpojjVKTH 0B0r HHKJiyca CTBapaira cy yrjiaBHOM oj( ro p ib e  Kpejjc jjo  Kpaja 
Tepnnjapa. n o c j ie  3aKacH ejior nepMCKor ByjiKaHH3Ma iinpoKJiacTH'iHor THna, 
cjiejiH uepiio jj pejiaTHBiior Miipoiiaiba, KaKO t 6k to h ck h x , TaKO h MarMaTCKHX 
aKTHBHOcTH. Mau>e TeKTOHO—MarMaTCKe aKTHBHOCTH y Tpnjacy h jy p n  (jioKajiHa 
K peraiba y HCTO'inoj Cpfinj h) KpajeM jy p e  ce  aKTHBHpajy Ha npocTopy KapnaTO- 
-fiajiK am ijia , Koje i ip a ra  ByjiKaHH3aM 6a iH'mor cacTaBa orpamiHciior npoc'ipan- 
CTBa. Te aKTHBiiocTH na n p e jia3y H3 jy p e  y Kpejjy cy KpaTKOTpajHe h orpaiiHMCHe 
11a MaibH npocTop, j;a  6 h ce  TeK y ro p ib oj KpejiH, Kajia n acriy iia jy  cH a*H a t c k t o h -  
CKa KpeTaiba, nojaBiio h cHa>KaH MarMaTH3aM, Hajnpe ncnojbeH  npeKO ByjiKaH- 
ckhx epymiHja y mopckhm cpejinnaM a, a  3aTHM, h npeKO njiyTOHH3Ma h t o  Maibe 
iipn Kpajy MacTpnxTa, a 3iiaTiio Biime y n e jio ren y  3a BpeMe impHHejcKe cj)a3e.

TeKTOHCKH noKpeTH c Kpaja ro p ib e Kpejie HacTaBHJiH cy ce h Kpo3 Tepnnjap , 
ycjiOBJbaBajyhH nojaBy 6 pojiuix p a cc jja  h p a3JioMa KpynHHX pa3Mepa, Kao h n o ja - 
By x 0 pH30HTajiHHx KpcTan.a cBe jjo  iiaBJia'ieiba. Y  TaKBHM ycjioBHMa jaB Jba ce Ha 
rpaimiiH OBa flBa p a3jio 6 jba  cna»:aH MarMaTH3aM, KojH je  npaheH bhjjhhm MHiie- 
pajiH3annjaM a. Y  tom  norJiejiy  oBaj u,HKJiyc ce ojiJiHKyje HajmnpHM cneKTpoM 
MHHepajnriannja, CBe j^o cTBapaiba mhoi hx JioK m ina MeTajia, He caMO y rpaHH- 
HaMa th m o 'ik c  MarMaTCKe o 6 jiacTH Koja 3axBaTa npocTop jjb c  TeKTOHCKe jejjm iH - 
He (THMOHKa h jio 6 pojiojicKO -rpjiH fflKa), Beh h iunpe y K ap n aT O -6 ajiKaHHjiHMa, 
11a h y jipyi HM reoreKTOHCKHM jejiHHHiiaMa.

y a jm cK O M  TeK TO H O —M arM aTC K O M  m iK J iy c y  3 n a ' i a j n o  M ecTO  H M ajy  n o ja B e  

y rjia B H O M  n e y T p a jiH H X  M a rM aT H T a  H3Mel)y JI,yHaBa h M ajjjaH iieKa, 3aTHM y t h -  
MOHKoj e p y n T H B iio j  o 6 jiacTH ( ii3 M e I)y  M ajjjann cK a h  Kn>a>KeBna), K a o  h  H3Me^y 
B y 'ija  (k o jj Kn>a>KCBna) h jyrocjiOBeHCKO-6 y rap cK e rpaiiH iie ( o 6 jiacT  /I,hm htpob- 
rp ajia ).

IIInpoKo pacn p o cT p aih eib e obiix TBopeBim a ycTaH0 BJbeH0 je  y th m o'iko] 
epyiiTHBHoj o 6 jiacTH, r jje  MaKCHMaHa jie6 jbHHa ByjiKaHoreiio-ccjjHMeiiTHHx 
TBopeBHiia H3HOCH npeKO 1500 m , y  HHjeM cacTaBy npeoBJial)y je ByjiKaHoiaia-



CTHHHH M a T C p n ja jI  H a/J JiaB H 'IIIH M  IipOJIVKTHM a.

I I p e M a  B p e M e H y  c f )o p M n p a n ,a  H 'i jp ia ja  c e :

1) i^cnoMaiicKH ByjiKaHH3aM -  ByjiKaHCKH arjioM epara h TycJ)OBH, Kao h 
h3jihbh xc)pn6jieHjia-anjje3HTa, xopn6jieHjia-jianHTa, iiHpc)Kceii-6HOTHT-anjie- 
3HTa -  yrjiaBHOM y hctohhom jjcjiv ByjiK3HCKe o6jiacTH (MajjjaiineK, By'ije kojj 
B opa, 3anajjHa najjHHa Tynn»CHHii;e);

2 ) TVpOHCKO—CCIIOIICKH ByjIK3HH3aM HJIH T3B. THMOIJHTCKa aCOHHjaiJHja 
(x o p ii6 jie ii jia -a H jje 3HTH, X0 pii6 jie H jja -6 H0 T H T-an jje3HTH, th m o ijh th  h nnpoKJia- 
c th h h h  npojiyKTH) y iiajBeheM  jje jiy  o 6 jiaCTH;

3 )  r 0 p i i> 0 M a c T p H X T C K 0 -n a J ic 0 r c i i> i  B v . iK a iu o a M  -  y r j ia B H O M  y  3 a n a jiH O M  

jjejiy o 6 jiacTH p a cn p o crp a ib e H a  je  ts b . anjje3H T-6a3ajiTC K a h JiaTHTCKa a co n n -  
ja ijn ja  -  y  'injeM cacT aB y  cy  npeTOKiio iinpoKJiacTH'ine TBopeBHHe, Man>H h3jihbh  
jje6)Ji>HHe 5 - 1 0  m  i iH p o K c e i i - a i i j je s H T a ,  n H poK ceii-xop H 6 jieim a a n j i e s i i T a  h aji6 HT- 
c k h x  TpaxHTa. JlaTHTCKa a co n n ja n n ja  ByjiKaiiHTa yTBp}jeiia je  yrJiaB H O M  y jy»ciiHM 
j^ejioBHMa THMOHKe epynTHBHe o 6 jiacTH (n p ocT op  3 jio T -E o jb e B a H -E y H je ), y 
ok ojih h h  Kn>a>KCBna h JIiiM inpoBi pajja ( J Io n > e  HeBJi>e).

I lo c J ie  n oM eH yT H X  BVJiKancKHX cf)asa H3 ropH >e Kpe/ie (n o c T o jn  MoryhHocT 
H>HXOBe aKTHBHOCTH h y KonHeHHM ycjiOBHMa n0MeTK0M najieoreHa) cjiejjH c})a3a 
j ia p a M H jc K o -H H p iin e jc K o r  iuiyTO H H 3 M a K ojH  ce MaHH(|)ecTyje H3Mei)y 3jiOTa H 

JacHKOBa, H3 M e ^ y  B . K p H B e jb a  h B j ia o j ia ,  y  u iH p o j o k o j ih i ih  M a jfla H n eK a , jy * H O  

o j j  E o jb e B ija ,  K a o  h k o j i  JJnM H TpoB rpajja . I Io ja B J b y je  c e  y  BHj^y anocJ)H3 a h 

anHKajiHHX jje jiO B a  n jiyTO H H Ta K H c e jio r  c a c T a B a . Y  'iH M O 'iK o j e p y n T H B H o j o 6 j ia -  

c t h  n a jB eh n  n jiyTO H H TH  c y  B a jb a  c rrp>K, C y c y j ia  h  J Io 6 p o  I l o jb e .  R > h x o b  cacTaB  

HHHe KBapHJ(HOpHTH, JJHOpHTH, ipailOJIHOpHTH, MOHHOHHTH H CHjeHHTH, K ao  H 

o j jr o B a p a jy h e  > k h 'iiic  cTeH e.

y pn jjaH C K o—K pen ojbH H C K oj 3 o h h  HCTOMHe C’p 6 n je  n o 3 HaTH c y  ro p ib O K p e jj-  

H O -n a jie o re H H  h  HeoreHH M arM aTH TH  iipejiC TaB Jbeiin  jjanH TCK O -aiijje 'iH TCKH M  h  

6 a 3ajiTOHjjiiHM cTeH aM a  y n p e j je j iy  F o jiy 6 a'iKHX h X oM ojbC K H X  njiaHHHa, B e jb a -  

HHHe, K v 'i a j a ,  0 3 p eH a  h  CBpjbH iHKHX nJiaHHHa, a jaB Jba jy  c e  y  BHjjy H3JiHBa, a a n ja  

h c y 6 ByjiKaHCKHX Tejia HeiipaBHJine c})opMe.
K a o  n o c e 6 Hy o c o 6 c h o c t  T p e 6 a H arnacH TH  nojaBy n n poK J iacTH Ta h  ByjiKaHH- 

T a  y ro p ib oj K p ejp  (neHOMaH, Typ0 H -ceH 0H h ropibH  M a cT p n x T ) h H e o reH y  

HCTOHHe C p 6 n j e  (riycj)OBH h  TycJ)HTH y paK0 B0 6 apcK 0 M, 3anjiaH>cKOM, c o k o -  

6 aH>cKOM, th m o h k o m  h jeJiaiHHHHKOM 6 aceH y), 6 e 3  b h jjh h x  M H iiep a jiH 'ian n ja .

M unepajiu3aifuje ajiucK oi ifUKJiyca

A j i t c k h  TeKTOHO—MarMaTCKH n,H K Jiyc HMa iip ccvjjan  'iiia'iaj 3a  M H H ep a jiH - 

sa n n je  h  opyjjii>en>a y  pa3H H M  C T p y K T y p a M a  K a p n a T O -6 ajiKaiiHjia HCTOHiie C p 6 n -  

je . TjiaBHa c})a3a 0 6 p a 3 0 B a ib a  pa3HHX THnoBa MHHepajiH3aiiHje najja y BpeMe oj; 
K p a ja  K p e j je ,  CBe j io  K p a ja  n a j i e o r e H a .  C 'p e j iH i i r r e  M H H ep a jiH 3 au ;H je  o j(  c k o h o m -  

cK o r 3H anaja Be3aHO je  3a  THMOHKy MarMaTCKy o 6 jiacT  y cpejpm ibeM  Jiejiy 
K ap iiaT C )-6 ajiKaiiHjja, T j. y jjBCMa cycejuuiM  30HaMa: THMOHKoj Ha 3anajiy  h  

j(0 6 p0 j(0JicK0 -rp jiH iuK 0j Ha HCTOKy, HHje je  np0 CTpaHCTB0  o j j  J J y i i a i i a  h  PyMyiiHje 
Ha ceBepy, jjo jyroncTOHHHX rp a iu m a  C p 6 n j e  c a  ByrapcKOM .

H a  n p o c T o p y  h c t o h h c  C p 6 n j e  C .  JaH K O B H h  ( 1 9 9 0 )  H3jjBaja ( o j ;  3an ajja  na



hctok) 'icrnpH 30He Miiiicpajin'iannje: 1) pn;iaHCK0 -Kpeii0Ji,HHCKy MeTajioreHeT- 
cKy 30Hy, y Kojoj je nocTaHaK CHj(oreHiix JioKHiirra KoflTpojiHcaH ropihOKpejjHO- 
-jiapaMHjcKHM MarMaTCKHM HHrrpy3HjaMa, 3aTHM, 2) xoMOJhCKO-6ejhann>iKy 
MeTajioreHeTCKy 30Hy ca no3H3THM ByjiKanoreno-cej(HMeirrHHM JioKHiiiTHMa 
Koja c y  noBe3aHa ca 6a3H>niiiM KOMnjieKCHMa h >KHHiio-XHjjpoTepMajiiiHM MHHe- 
pajiiriannjaMa, reHeTCKH Be3aHe ca rpaiiH'roiijinnM KOMnjieKCHMa, 3) 6opcKy Me- 
TaJioreHeTCKy 'ionv ca 6aKp0H0CHHM MHHepaJiH3aiiiHjaMa npenacxojiHO xiijjpoTep- 
MaJiHor nopeKJia h 4) nopeHKO—CTaponjiaHHHCKy M eTajioreneTCKy 30Hy ca cjia6n- 
jnM MHHepajiH3ai^HjaMa pa3HHX THnoBa.

I Iopej( noMeHyTHX MHHepajiH30BaHHX 30Ha, cpehy ce h MHHcpaJiH'iannje y 
Poj(oncKoj MacH, y rpaiiHHiioM jjejiy ca K apnaTo-6ajiKaHHj(HMa.

O cH O B H e M e T a jio re H e T C K e  KapaK'repHCTHKe noMeHyTHX 3 0 H a  c y :

1 . l 'p a i i i iM i in  j j e o  K a p n a T O -o a .T K a ii i i j ta  n  P o j^ o i i c k c  M a c e  -  na B H ru e  MecTa 
ja B J b a jy  c e  M aite MHiiepajiH3aHHje, Kao, i i a  npHMep, koji K aoH e, MaHacTHpHii,e, 
Kao h koj; BocH Jbrpaj^a, rjie cy  n ojaB e Be3aHe 3a  c{iannjy B yjiK aH 0reH 0- 
—cej^HMeHTHor 6a3H»iHor KOMnjieKca CTapor je 3 rp a  BajiKaHCKor nojiyocT pB a. Y  
obhm rpaiiHHHHM jjcjioBHMa j(Bejy KpymiHX reocT p yK T yp a, TaKotje y jiejiy k ojh  
npnnaj(a CTapoM je 3 rp y , n ecT e cy  BVJiKanoreHO-ccjjHMeHTHe cTeHe y KojHMa c e  
cp eijv  n ojaB e Cu-M iiH epajiii’.iannje, c a  nojaBOM 3JiaTa h mejiHTa (P a n o B a n ;-  
-K a o H a ) , Kao h Maiba MacHBHa Jie>KHmTa impHTa c a  BehHM MacaMa KBapHHTa c  
KojHMa cy  MniiepajiH’ian n je noBe3aH e. Y  cpejm .eM  J(ejiy j(oj(Hpiior n p o cT o p a  j(Bejy 
noMeHyTHX CTpyKTypa Ha npocTopy ByKOBHKa h Pa>Kii.a, ’ra K o ^e  c y  3ana>Keiie 

Marne nojaB e Cu-MHHepajiH3ai(Hje y ByjiK anoreH o—cej(HMeHTHHM CTeHaMa.
2. PH^aiicKO-KpciiojbHiicKa 30iia -  Ojj BHiue enj(oreiiHX nojaBa Heiirro Behii 

’iiia'iaj HMajy cKapHOBCKe MHHepaJiH3ai(Hje MarHeTHTa (Pnjian), 3aTHM, nojiHMe- 
rajiH'ina jioKHiirra h nojaBe (PemKOBHi(a), MeTacoMaTCKa (ByjiKaHoreno- 
-XHj(poTepMajiHa) JioKiiiirra, npe CBera Pb-Z n, Koje npaTe MHiiepajiH'iamije 
3JiaTa h cpe6pa (Ky'iajna), Man.a jioKHiirra h nojaBe aHTHMOHHTa (Ocamma) Koje 
cy y reHeTCKoj Be3H ca j(ai(HTO-anj(e3H'rHMa, Kao h 6aKpoHocHe MHiiepajiH3ar(Hje 
y  PeiiiK O B im ir Pnj(ii>y h na BHrne MecTa y  nepMCKHM hpbchhm iieiii'iapiiMa. Y  
nepM C K H M  iiipBeHHM iicm'iapiiMa iipiicyTHe cy h ypaH O H O C H e MimcpajiH’iannje.

CBe noMeHyTe MHiiepajiH3aii,Hje ajmcKor ii,HKJiyca y 0B0j 30HH yrJiaBHOM ce 
jaBJbajy Kao cnpoMamHa jieacHmra y KojHMa ce y nponuiocTH noBpeMeHo oj(BH- 
ja jia  eK ciu ioa'ran n ja M e'rajin'iiiiix MHHepajiH3at(Hja, npe CBera, 0Ji0Ba h umiKa.

3. X0M 0JbcK0-6ejbaiiHH Ka 3011a -  Y  ceBepHOM flejiy  30He, Ha n p ocT op y  o j( 

JJ,yHaBa j(o  B e jb a im ije , y cTaponajieo3ojcKH M  ByjiKaH0reH 0—cej(HMeHTHHM kom - 
njieKCHMa 6a3H 'iiio r cacTaBa, cp eh y  ce 6pojHe MeTajni'iiie MimepajiH3ai(Hje M c{jy  

KojHMa je  Hajno3HaTHjH py j(o iioc iin  np ocT op  B jia ro je B o r  KaMeHa y  KOMe cy  y 

nocjie j(ibe  BpeM e o6iioBJbeiia HCTpa>KHBaiba 3JiaTa h c p e6 p a  y JieacnmTHMa C B eT a  

B a p 6 a p a  h Tpa6oBCK a peKa. O o p e j (  3JiaTa h c p e 6 p a  OBj(e ce cp eh e  h mejiHTCKa 

MHHepajiH3ai(Hja. H M a  M H m jbeiba j(a  cy HeKe MHiiepaJiH3aHHje Ha obom  n p ocT op y  

h npeajm cK e
4. TnMOHKa MeTajioreHeTCKa 30Ha. OcHOBHe KapaKTepHCTHKe yKynHe MHHe- 

pajiii'iannje y oBoj 30hh, noce6HO 6aKp0H0CHHX, orjiej(ajy ce y cJiej(eheM:
P jia B H a  c j j a s a  MHiiepajiH3ai(nje B e 3 a H a  je 3 a  no'ierraK naJieoreHa. Xnj(po'rep- 

MajiHH p a c T B o p n  K p e T a jiH  c y  c e  j(y>K 6 p o jH H X  p a c e /( iiH X  c T p y K T y p a  h  y  B e h  k o h c o -



jiHflOBaHHM ByjiKaiic)KJiacTHTHMa H3BpmHJiH HH3 npoM eHa, c  KojHMa c e  noB e3yjy  h 
6aKp0H0CHe M n n e p a j iH s a n H je  y npeKO 50 H3Men>eHHX 30H a, noce6H O  pa3M eniTe- 
hhx H3Mei)y M ajjjaniieK a, B o p a  h J I o 6 p o r  H oji,a .

I Ia js iia ’iajiiHje M n n c p a j iH 'i a n n je  y TH M O 'iK oj M e T a J io re H e T C K o j 30 HH cp e h y  ce  
y THMOHKOj 30H H  (y  HCTO’IHOM) H JI0 6 p 0J(0JICK0 -rpjIHIHK0j 30H H  -  y 3a iia jIIIO M  jje- 
J iy  THMOHKe MarMaTCKe o6jiacTH. K o H i^ e H T p a i^ n je  MHiiepajiHHX n a p a r e H e 3 a  y  t h -  

MOHKoj 3 0 H H  y rjia B H O M  c e  ja B J b a jy  y n p e j i c j i y  B o p a , 3aT H M , y i im p e M  jjejiy  
M ajjjaim eK a, Ha n p ocT op y H3Melpy B o p a  h M ajjjainieK a, Kao h y u in p e M  n p ocT op y  
H p n o i’ Bpxa. Y  j(0 6 p0 ji0JicK0 -rp jim iiK 0j 3ohh o p y j i iL e i i ) a  cy  y rjia B H O M  Be3aH a 3a  
njiyTOHHTCKO—HHTpy3HBHa Tejia 'F o jiop oB or noTOKa, rjie c e  Hajia3H jio k h iii tc  
BejiHKH KpHBejb.

y n o M e H y T H M  3onaMa o p y j i i L e n ,a  c p e h y  c e  p a3 H H  t h h o b h  M H iie p a jiH 3 a n H je , 
M el>y K o jH M a c y  i ia j3 H a H a ji i i i je :

а) 6 opcKa 30 iia Henocpefliio ycjiOBJbeHa h noBe3aHa ca 6opckom jjHCJiOKaim- 
joM y Kojoj npeoB Jiai)yje

-  MaciiitHo-cyji(|)Hjuin thii MHiiepajnriannje KOMe npmiajia bhiiic JioKinirra h
pyjunix Tejia, Mel)y KojHMa cy "HoKa j^yjiKan", pvjina Tejia "TnjiBa MHKa" (A, B, 
U,, 1), saniM, pyj;na Tejia M, J, X, JI, B (Hobo okho), Kao h pyfliia Tejia "UIhc-
TeK" h "Kpne". FjiaBHH MHHepajiH cy kobcjihh, xajiK03HH, eHaprHT, 6opHHT h 
x ajiKoimpHT;

-  u iT 0K B epK ii0-iiM npcn iai(H 0H H  th h  KOMe npnnajjajy  pyj^Ha T ejia  THJiBa 
p oin , K aM eib ap , Bpe3aHHK, Tejio <!> h Tejio U,, c a  rjiaBHHM MHHepajiHMa -  KOBe- 
jihh, eHaprHT, xaJiK03HH, p el)e  h xajiKonHpHT, Jiy30HHT h TeTpaejjpHTH; h

-  ii«tp(|)npcKii thii -  Be3aH 3a  jjy6jbe jjejioBe B o p cK e peKe h B o p cK o r noTOKa 
c a  nojaBaM a impHTa, xajiKoiiHpiiTa, 6opHHTa, MOjiH6jieiiirra h MarHeTHTa.

б ) Miij iam ic'iK a 3011a Koja ce  Be3y je  3a Majj^amieHK0 -M aJi0 KpHBejbCKy jihc- 
jic )K a H iijy , o6yxBaTa BHme THnoBa M H H ep ajiH 3 an ;H je :

-  iiop(|)HpcKii thh M iuicpajiH3auHjc -  Kao rJiaBHH thii opyflibeiba Ha 
npocTopy M ajjjain icK a, yrjiaBHOM c e  MaiiHcjiccTyje Kao mTOKBepKHO—HMnperHa- 
ijhoiih bhjj, n pn  ticmv je  y cpejiimiTV 30H e iipiicyTaii mTOKBepK, a  n o c)6ojiHMa 
30H e HMnpeniau,Hje. y  caM oj 30hh MHHepajiH3aimje H3jjBajajy ce  jjBa pyjjonoeiia 
HHBoa: y ropibeM  (oKCHjjanHonoM) HHBoy jic)MHiiiipajy jihmoiiht h MajiaxHT, a  y 
jioii.cm (neM ciiTaniioiioM ) HHBoy -  xajiK03HH h KOBejiHH. n a p a re H e 3 a  Majjjan- 
n c'iK o r jioK H inra o6y xB aT a xajiKonHpHT, mipHT, MOjni6jjeiiHT h MarHeTHT Kao 
raaB H e M Hiiepajie, c a  cjia6njHM  v'iem heM  nHpxoTHHa, 6opHHTa h, nopejj ocT ajm x, 
3JiaTa;

-  MacuBiio-cyji(|)Hj;iiii THn -  c a  nnpiiTOM Kao rjiaBHHM MHiiepaJiOM K ora n p a-  
Te xajiKonHpiiT, napxoTHH, 6opHHT, MarHeTHT, xeMaTHT, ccJ>ajiepHT h, n op ej; flpy- 
rn x , caM opojjno 3JiaTO. IlHpHTiia Tejia cajjp>Ke M imepaJie 6aK p a, 3JiaTO h c p e 6 p o ;

-  cKapiioBCKii thii -  n p i ic y T a H  y o 6 o j u i h m  jjejioniiMa p y f l o n o c n e  3 0 H e  n a k o h -  
ra K T y  M a rM a T a  h  M e 3 0 3 0 jcK H X  K a p 6 o n a T a ,  r j i e  c e  M a rn e T H T  ja B J b a  K a o  i  JiaBH H  
M H H e p a n , y 3  n o ja B y  iipaTehiix 6aK p0H 0C H H X  h j j p y r n x  M i i i i e p a j iH s a n H ja ,

-  ojioBiio-iiHHKaiiH THn -  iiajHeuihe npaTH nopcJ)HpcKH thh C u-M o Mimepa- 
Jiirianiije c a  nojaBOM raJieiiHTa h ccjjajiepirra Kao rjiaBimx MHHepaJia.

HoM enyTH THnoBH MHHepajiH3aii;Hje cp e h y  c e  KaKO y caMOM M ajjjam ieK y, Ta- 
k o h ceBepHO Kao h jy»CHO, CBe jjo l JoK a MapHHa h U ,epoBe Ha jy ry .



H) M a .io K p i iB e jb e K o - i ie p o B a H K a  3 0 H a  -  y  n p o c T o p y  c e B e p H O  o f l  B o p a ,  a  j y * -  

h o  o ^  K pajH )H X  jjeJiO B a M a jjja H n e H K e  3 0 H e , H a jia 3 H  c e  B H in e  M H iie p a jiH 3 0 B aH H X  3 0 - 

H a ( ' I o K a  q y p y j i n ,  K n p n j i jn jc K H  n o T O K , K p a K y  6 y r a p e c K y ,  M a j iH  K p H B e jb )  y  K o jn -  

M a c y  p e r n c T p o B a H H  jk iim iiii  t h i i  M H H e p a jiH 3 a i(H je  c a  n n p H T O M  h  x a jiK 0 3 H H 0 M  K a o  
rJiaB H H M  M H iie p a jiH M a , 3aTHM, M a c i i is i io - i in p i r r c K ii  t h i i  c a  nnpHTOM h  eHaprHTOM 
K a o  rjiaB H H M  M H iie p a jiH M a , K a o  h  u e M e i iT a n i io i i i i  t i i i i ,  K a o  c e K y i i j ia p n H  b h j i  M H H e- 

p a j iH 3 a n n je  (o K C H jia n n ja  h  n e M e i r r a n H ja ) ,  y 3  m b i l c  n p n c y c T B O  C K a p iio ite K e  h  

u iT O K B c p K H O -iiM iip e n ia u H O H e  M i i i i e p a .n n a i i i i j e .
jj) I l p n o i tp u iK C  M i i i i e p a . i i i3 a i ( i i j e  -  n a j6 p o jH H je  M H iie p a j iH s a u n je  y  T H M O 'iK oj 

3 0 HH, yrjiaBHOM c y  y  Be3H c a  aK T H B iiocT H M a B e JiH K o r n jiy T 0 H H T C K 0 r T e j ia  BaJba 
c T p * .  y obom j(ejiy 30He M H H ep a jiH 3 aH H je  c y  yrjiaBHOM n o p c J )H p c K o r  T H n a , c a  
MaH>HM n o ja B a M a  CKapHOBCKe M H H ep aJiH 3 a i(H je  y 3  o 6 o j (  thm ohkc 3 0 H e  npeMa 
K a p 6 o n a T H M a  x 0 M 0 JL C K 0 r M e 3 0 3 0 H K a . C B e  c e  o n e  M o r y  rpynncaTH y  Tpn n o B e -  

3 a H e  M H iie p a jiH 3 0 B a H e  3 o n e - i ( e j i H i i c :
-  M i i i i e p a .T i n a n n j e  j ; y *  3 j i o t c k o i '  p a c e j ( a  (rpaH H i;a  t h m o m k c  3 0 H e  c a  3 a n a j ( -  

h h m  o 6 o jc o m )  r j j e  n p e o B J ia f> y je  cK apH O BCK H  THn. T jiaB H H  M H iie p a JiH  c y ,  n o p e j (  

6 a K p a ,  M a ra e T H T , rajieH H T h  ccJ)aJiepHT. y  O B oj 3 0 HH Hajia3H c e  7  Jieacnn iT a 
P b-Z n-C u  M H iie p a jiH 3 a i(H je .

-  M i n i e p a  iM j a u i i j e  y /y 3  n j iy T o ii i iT  B a . i . a  C T p *  -  n o jiH M eT aJiH M H e M H H ep a jiH - 

san iije  xHj(poTepM ajiHor Tnna rj(e /(OMHimpajv P b-Z n-C u  MHHepajiH c a  n o ja B O M  

3JiaTa h  c p e 6 p a  H cnocpej(iio cy  noBe3aH e c a  o b h m  nJiyTOHHTHMa.
-  Miiiicpa.Tii3ai(iijc y  ity.iKaHoreiio-cejiiiMeimioj cpejinim j(y>K ijpnoBpniKO- 

—caBHHanKe j(HCJioKai(Hje -  30Ha ca HajBehHM 6pojeM MCTajiH'iHnx Jie>KHiirra (15), 
Koja ce jaBJhajy oj( JacHKOBa h J(yMirrpy noTOKa Ha ceBepy, jjo THJiBa n ,arpe  h 
3 jio ra  11a jyry. y oBoj 30HH jjoMHHHpajy 6aKpoHocHH MHiiepajiH, 33thm , xeMaTHT, 
MarHeTHT, m ojih6jjchht, ecjiajiepn’r, rajieHHT h jjpyrn MCTajiH'iHH MHHepajiH, TaKo 
jja ce y hcjihiih M oxe H3j(BojirrH Kao nojiHMCTajiH'iiiH 'ran  Cu, P b-Z n MHiiepajiH- 
3aijnje.

e )  M iu ic p a j iH 3 a i jH jc  j y * H O  o j j  U p n o r  T iiM O K a -  M a i t e  3 H a n a jH e  n o ja B e  y  
C a B H iii jy , M apK O B O M  K aM eH y h  o k o  /_ ( o 6 p o r  I l o j h a  h  B a H e B H ije , H a c T a j ie  c y  y  

B e3H  c a  X H jjp o T ep M ajiH H M  n p o i je c H M a , r j j e  c e  6 aK p 0 H 0 C H H  M H H epaJiH  j a B J b a jy  y  

H e3iiaT H H M  cajjp> K ajH M a.

cj>) Be.niKOKpiiBC.bCKa M H iicpa.m  ta iu ija  -  oB a 3011a M HiiepaJiH3aijHje najia3H  
ce  h c to h h o  o jj noMeHyTHX 30H a, a  CBojHM noJio>KajeM je  Be3aHa 3a  jjo 6 p o - 
jj0 JicK 0-rp jiH n iK y  cTpyK 'rypH O -c|)arjH jajm y 30Hy. PjiaBHH bh jj MHHepajiH3aijHje je  
nopcjm pcK ii THn, 'm je  cy  xnjjpoTepMe Be3aHe 3 a  njiyTOHHTCKO—HHTpy3HBiia T e j ia ,  

Koja cy y nepii(f)epHHM  jjejioBHMa ycjioBHJia h no jaB y  CKapHOBCKor THna MHHepa- 
jiH3aijH je. IlpH cyT H e cy  h  30H e OKCHjjaijHje (y  b h iu h m ) h  30H e ijeM eH TaijH je y 
h h * h m  j je jio B H M a  Jie*H iU Ta. F jiaB iia  je  Cu-M H H epaJiH 3aijH ja Kojy n p a r a  P b-Z n 
M HHepaJiH3aijnja, a  oj( M H iiepaJia H a j'ie m h c  ce  c p e h y  M anieTH T, pyTHJi, nHpxoTHH, 
xajiK onnpH T , im piiT , xeMaTHT, m o jih 6 jjc h h t , 6opiiH T, k o b c jih h , xajiK03HH, a3ypH T, 
eH aprH T  h  j(p., Kojh cy  H aeraJiH  y rp n  ojjejiH Te cjiase n a p a re H e 3 a .

C B O jje h n  H 3H eT e n o j ja T K e  H a y o n u i T e n e  K O H C T aT aijH je o  M H iie p a jiH 3 a ijH ja M a  

y  T H M ()'iK oj o 6 j ia c T H , MO>Ke c e  3aK Ji> y 'm T H  j j a  c y :

-  noptjmpcKa jioKimiTa: M a j j j a n n e K ,  I J e p o B O , Bcjihkh KpiiBeJb, M a j m  K pn-



B e jb ,  B o p c K a  p e K a  n  B a j b a  C T p *  n a  D ,p h o m  B p x y ;

-  M a c iiB iio  c y .i ( j )H iu ia  . i o K i n i n a  c a  Pb-Z n M H H epaJiH 3a i^H jaM a: B o p  h  H o K a  
M a p H H ;

-  C K a p iio B C K a J i o K i i i i n a  -  B a j b a  c a K a ;  h

-  i>yjiKaiiCKa Jic>KHUixa Cu ca 3JiaTO M : Bop, M aj^anneK h BejiHKH KpHBejb.
5 . I I o p c 'iK o - S e j io p c M K a  3 0 H a  B a jiK a H H K y M a o 6 y x B a T a  B H in e  n o jiH M e T a -  

j i h h h h x  M H H e p a jiH 3 a i;H ja  o j i  M n p o M a ,  n p e K O  J3,eJiH J o B a H a ,  CBe 3 0  C T a p e  n jia i iH H e  

n a  j y r y .  M a i b e  F e  M H H ep a jiH 3 au ;H je  y rjia B H O M  c y  B e 3 a n e  3 a  C T a p n je  h h k j i v c c ,  K a o  

n p o f ly K T H  ^ H C ^ e p e n n H ja n H je  y  njiyTOH HTCKHM  T e jiH M a, h j i h ,  n a K , K a o  C K apnoB C K H  
n p o jjy K T H . H e r n T o  B H in e  M H H ep ajiH 3 0 B aH H x  n o j a B a  j e  H3 c a c T a B a  a j i n c K o r  (M O »cj(a 
h  n p e a j i n c K o r )  ijH K Jiy c a , a jiH  h h  O H e n n c y  o j i  B e h e r  3 H a 'i a ja .  O B e  n o ja B e  c y  

y r j ia B i io M  X H jip o T e p M a ju io r  n o p e K J ia ,  a  B e h n  j j e o  h .h x  j e  y  B e3H  c a  n o ja B a M a  
3 Jia T O H O c im x  K B ap n iiH X  >KHna o k o  J J c j i h  J o B a n a  ( I J p n a j K a ,  P j io r o B H n a )  11 C T a p e  

n jia H H H e . O b j j c  c e  c p e h y  h  ypaH O H O C H e M H H e p a J in s a n n je  y  K a jiH H , K o je  c e  ja B J b a -  

j y  y 3  rp a H H T  J a i b e .

* * *

y m c c t o  taK.i.v'iKa -  MeTHpH H3j(Bo jena TeKTOHO—MamaTCKa ijHKJiyca Ha 
TepeHHMa HCTO'rne C p 6n je  ncnojbHJia cy ce Kao BpeMeHCKH noBe3aHH nponecii, 
Koje cy HCTOBpeMeiio npaTHJie o jirou ap ajvhe MHiiepaJiHiaiiHje. TeKToiiCKe aKTHB- 
h o c th  CTapnjnx niiKJiyca cy ( iu to  36o r  MJiai)nx CTpyKTypa Koje hx npeKpHBajy, 
iu to  36o r  npeK pajaiba o jj CTpaHe a jincK or UHKJiyca, y3 3HaHajHa e p o 3Hona 
pa3apaiba) HeflOBOJbHO HcnojbeHe h jjecJiHHHcaHe. HnaK, M o *e  ce pehn jja je  cBe 
jjo  jieB ona npeoBJiai)HBao 6 a 3n'iHH th ii  MarMari’H3Ma ecjivsiiBHor KapaKTepa, Kojn 
je  3ajeflHO ca  MeTaMopcJ)iiTHMa «ao  HH3 jtn ja6 a3-M e jia4 )HpcKHX (JiopM annja, TaKO 
Jia cy h MHiiepajiHsaniije H3 T or 306a yraaBHOM cnopaj(H 'iiior sn a 'ia ja . y  MJiaijeM 
najie030HKy xepnniicK a oporeH e3a iio6yjiiuia je  CHaxHa MarMaTCKa KpeTaiba Koja 
cy y jibc BpeMeHCKe cjiase ycjioBHJie HOCTaHaK r a 6po-rpaiiHTOHjiiiHX iuiyTOHHTa, 
y3 n o ja B y  MHHepajiH3ai^Hje jpicJiepeiinH jaim jajiH or, cKapHOBCKor h xnj;poTepM aji- 
Hor ra n a . CBe OBe MHHepajinsannje, TaKo^e HeMajy Behy eKOHOMCKy BpejjHOCT.

Ilo c jie jiib ii  niiKJiyc, Kojn je  ycjie ju io  n o c j i e  jiy>Ke cjoase pejiaTHBHor MHpo- 
naiba TeKTOHCKHX h  M arM aTC K H X  aKTHBHOCTH ( n e p M - K p e j ( a ) ,  cna>KHO je 3a x B arao  
n p o c T o p  T e T H c a  h  y  ib e M y , n o c e 6 n o  y  j<ejiy Ka p na rr o - 6 a j i k a  11 h j i a , j j o b c o  jjo  

KpyiiHHX HecjiopMamija y Kopn, craapajyhH cjiokciic njiHKaraBHe CTpyK’iype, 
i n a ' i a j n e  j i n c j i o K a n n j e  h  p a c e j jH e  3 0 H e , 'ihmc cy C T B o p e iiH  ycjiOBH 3 a  n o j a ' i a n a  

M a rM aT C K a K p e T a ib a .  n o M e H y r a  i i p o n e c n  c y  c e  u a p o 'tH T o  H cn o Jb H JiH  K p a je M  

Kpej^e h iio'ictkom Tepn,Hjapa. M a rM a T H 3 a M  j e  iipeTOKHO H c n o J b e n  npeKO anjje- 
3 h t c k h x  epvnnH ja, a  MHHepajiH'iaiuije Koje c y  ycjie jiiu ie  y najieoreH y, a  ycjioBJbe- 
ne X H jip o 'rcp M a jiH H M  p a c r B o p H M a  H3 njiyTOHHTa npejia3iie MarMe, 3a x B a ra jie  cy 
n iH p H  n p o c T o p  C T a p n x  h  h o b h x  r c o c T p v K i v p a .  I i a j B e h H  'i i i a ' i a j  o b h x  3 6 H B a ib a  
B e 3 a n  j e  3 a  j ib c  cTpyK 'iypiio-cj)anH jajiiic s o i i e  (THMOiiKy h  jio6pojiojicKo-rpjiHin- 
Ky) Koje cy o6jejinibeHe Kao THMO'iKa MarMaTCKa, o j i h o c i i o  THMOHKa Cu-MeTa- 
J io re H e T C K a  3011a .
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PALEO TECTO NIC-M AG M ATIC PRO CESSES  
AIDING M INERALISATIO N IN THE C ARPATH O -B ALK ANIDES  

OF EASTERN SERBIA

by
* * *

P re d ra g  N ik o lić  and  S lo b o d a n  Đ o rd e v ić

The interrelation and association of tectonic and magmatic processes in the Carpatho-Balkanides 
of eastem Serbia are responsible for numerous mineralisations, and significant metallic ore deposits. 
Tectono-magmatic processes in this part of Serbia began as early as in the Precambrian and continued 
through several divisions to the present state of the lithospheric evolution. The most important was the 
Alpine tectono-magmatic cycle, lead-zinc and other minerals were foimed.

Kcy w o r d s :  Tectonic cycles, magmatism and mineralisation, type of deposits, hydrothermal processes, 
metallic mineralisations.

The geosynclinal domain of the eastem Serbian Carpatho-Balkanides had its be- 
ginning in the Precambrian and an eventful evolution: diverse sedimentation, frequent 
breaks and resurrections, changes in paleogeographic and bathimetric terms, and other 
events, associated vvit frequent and different in intensity tectonic processes and mag- 
matic activities that resulted in numerous mineralisations and presently known metallic 
ore deposits. The formation of diverse lithofacial products under the continuously 
varying conditions of sedimentation was paralleled or associated with the formation of 
numerous and thick volcanic products, and often smaller or larger intrusions as the 
commonest bearers of metallic mineralisations. Magma, intrusions and effusions led to 
the development of magmatic bodies of almost any magmatic type, from extremely 
acidic to extremely basic. Magmatism evolved in submarine, sublacustrine, or conti- 
nental environments, always preceding, or accompanying, or often as a delayed event 
et the end of a tectonic process. Magmatic formations of different types, which af-
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fected the metamorphic change of sediments and even igneous rocks of older consoli- 
dations, have a large distribution in eastem Serbia. The resulting magmatic activity ef- 
fects in this part o f the Earth are commoner than elsewhere on the European conti- 
nent.

ASSOCIATION AND INTERRELATION OF TECTONICS, MAGMATISM 
AND MINERALISATION THROUGH TIME AND SPACE

The studied tectonic and magmatic processes, and the related mineralisations, in 
eastem Serbia, indubitably indicate their association and interrelation. First in the tec- 
tonic movements and change in the crust, and then magma intrusion, which directly 
or indirectly mineralised the adjacent or intruding rocks. Ilence, the three mentioned 
processes in the lithosphere are unified and progress from the mantle into the crust 
resulting in significant changes.

The formation of endogenic deposits of mineral ores is also affected by the type 
and intensity of tectonic and magmatic processes. The tectonic situation can be con- 
sidered precedent to the magmatism and mineralisation, because it primarily provides 
ways to the ascending molten magma and ore-bearing solutions towards the Earth 
surface along fracture deformations of various types. The distribution of mineral de- 
posits of endogenic origin is primarily subject to tectonic and magmatic control, 
which has various manifestations relative to the origin of the deposit. This also indi- 
cates the association of tectonics, magmatism and mineralisation on a large scale, in- 
cluding the time factor.

An example of the interrelation and association of tectonics, magmatism and 
copper mineralisation of hydrothermal derivation is found in Timok magmatic domain 
of the eastem Serbian Carpatho-Balkanides. Formation of hydrothermal copper- 
-bearing dcposits in this region was provided by a favourable combination of many 
factors involved in spatial mineral localisation. This primarily refers to structural and 
magmatic factors, the former opening ways for intrusion of melts and effusion of lava 
and pyroclastic material. Ore-bearing hydrothermal solutions are genetically associated 
with granitoid magma differentiation and solidification into plutonite and dikes during 
the Laramian and Pyreneean phases of the Alpine orogeny. IIydrothermal solutions 
ascending to the surface affect volcanic rocks and volcanoclastics, alter them and lead 
to deposition of ore minerals, that is the formation of copper deposits of 
massive-sulphide or stockwork-impregnation type.

The long duration of tectonic processes, and their effects, lead to the conclusions 
that they were principal cause of magmatism and mineralisation in the Timok mag- 
matic domain. In the relationship of tectonic pattem and magmatism, a direct associa- 
tion is noted with the fault deformations, because extrusions and inclusions of mag- 
matic material occur along the faults. Similar associations are present between miner- 
alisation and minor faults or fault zones, which allow flow of ore-bearing hydrother- 
mal solutions and deposition of minerals. The association of mineralisation and mag- 
matism is indirectly manifested in the presence of hydrothermally altered volcanic 
rocks and clastics emplacing copper deposits and ore bodies.



Tectonic processes were active in some intervals of time, which altemated with 
the intervals of weak movements or relative quiescence. Four large-scale regional or 
planetary orogenies (tectonic cycles) are distinguished in the evolution of the Litho- 
sphere. Intensity of processes, extent of events, and deformation degree of the older 
lithospheric structures were not uniform for each cycle. The newest tectonic cycle, 
known as Alpine orogeny, is considered the strongest, extensive and of the highest 
degree of deformation in the earlier formed structures which led to significant changes 
in land and sea configuration and remodelling old into new structures of the Earth’s 
crust. These statements are relevant, among others for the fact that the effects of old 
orogenies were deformed and reconstructed, and also because the results of such 
events are generally masked by a newer cover and younger structures. The most un- 
certain in this aspect is the tectonic activity of the oldest orogeny, known as Baikalian 
orogeny. As this orogeny falls into the pre-Palaeozoic time, with the sedimentation 
products either invisible or only partly at the surface, and even then mainly trans- 
formed into metamorphic rocks (schists) of extremely altered material, and fossil life 
(if any) completely destroyed, the studies of the oldest parts of the lithosphere 
(composition and structure) are quite unreliable. Hence the many problems and vari- 
ous explanations of some of the lithosphere evolution elements during the 
pre-Palaeozoic and the early Palaeozoic.

The first and oldest orogeny began, in the opinion of many investigators, some 
time in the early or middle Proterozoic, and lasted to the late Precambrian or possibly 
into the early Palaeozoic, the Cambrian. It is ascribed the role of creating first land 
masses in the lithosphere and triggering strong magmatic movements in the general 
area of the newly formed geosynclines. Thus, tectonic movements led to the forma- 
tion of first structures in the lithosphere, a change in the state and relationships in it, 
and formation of fault paths for magmatic activity in a large areas of these structures. 
Since a sedimentation has was followed by respective tectonic movements and subma- 
rine faulting, significant amounts of magmatic products, at first dominantly effusive, 
were altemating deposits of sedimentary and volcanic materials, or numerous series 
and formations of volcanogenic-sedimentary compositions. Intrusions of magma, 
which could occur at that stage of the lithospheric evolution, penetrated and solidified 
at depth or, if near the surface, got eroded with the time. Tectonic processes that con- 
tinued to operate, and the magmatism itself, aided by two major metamorphic factors 
(regional and dynamic), affected volcanogenic-sedimentary formations and signifi- 
cantly transformed them into a broad variety of schistose rocks, primarily gneisses 
and amphibolites. Magma ascent, differentiation of its elements, its contact with the 
oldest Proterozoic rocks, and flood of hydrothermal solution from plutonic and sub- 
volcanic sources, all are responsible for mineralisation in rocks, in a unified action of 
endogenic processes.

The mentioned drawbacks and the impossibility to study all consequences of this 
unity of processes in the lithosphere are the reasons why it is difficult to identify 
more accurately all parameters of this unity ant to individualise effects o f tectonic, 
magmatic and mineralisation factors, their intensities, time of operation, scale of proc- 
esses, and relationships ad sequence of events.



Common cycles are distinguished on the basis of the unity of the mentioned 
processes, viz.: (a) the earliest Baikalian, (b) Early Palaeozoic, Cambrian, (c) Late Pa- 
laeozoic, Hercynian, and (d) the latest Alpine tectono-magmatic cycle which began in 
the late Jurassic (some think earlier) and ended in the late Tertiary.

The uncertainty in reconstructing the second, early Palaeozoic cycle refers to the 
enginning of the Palaeozoic; the continuity of the processes from the Proterozoic into 
the Cambrian is sometimes mentioned. However, the relationships become clearer, and 
reconstruction of three processes’ effects, which include Hercynian and particularly
Alpine cycles, are more certain and reliable.

Intervals of relative quiescence of tectono-magmatic processes between the men- 
tioned cycles had relatively long durations without visible traces of the three dynamic 
processes.

The mentioned processes in the crust of eastem Serbia have been studied by 
many geologists who gave their contribution to the reconstruction of deep processes 
in this region. Most of their views and interpretations are observed in this review. 
This particularly refers to the papers written in coautorship and published in The Ge- 
ology of Serbia (A n d je lk o v ić , 1975; A n d j e l k o v i ć  and  S t e v a n o v i ć ,  1975; 
P e t k o v i ć ,  1976; S t e v a n o v i ć ,  1977; A l e k s i ć ,  1977; A le k s ić  and  K a l e n i ć ,
1981), a monograph by J a n k o v i ć  (1990) on the ore deposits of Serbia, and
N i k o l i ć  (1993) on the geology and mineral ores of Timok Zone, eastem Serbia.

A general information will be given in this paper for the reconstruction of the 
united tectonic, magn}atic and mineralisation processes in eastem Serbia, with the par- 
ticular reference to the Alpine tectono-magmatic cycle and the associated mineralisa- 
tions.

GENERAL CHARACTER OF TECTONO-MAGMATIC CYCLES 
IN THE CARI’ATHO-BALKANIDES OF EASTERN SERBIA

Products of magmatic activities are divided into magmatic formations relative to 
historic periods of the Carpatho-Balkanides evolution, i.e. geotectonic units in this 
part of eastem Serbia. There are four groups of these formations in Serbia.

Formations of Baikalian Tcctono-Magmatic Cycle

The Baikalian tectono-magmatic cycle lasted from the Middle Riphean to the 
Palaeozoic. Significant formations of the cycle are: (a) Volcanogenic-sedimentary 
formation, which includes varied schists associated with diabases, keratophyres, 
spilites, and quartz-keratophyres, developed in the Danubian area (Osanica, Tekija, 
Sip); (b) Amphibolite-gneiss complex, and (c) Granitoids transformed into gneisses.

Particularly notable is the presence of a volcanogenic-sedimentary formation of 
schists and metadiabases with keratophyres in Stara Planina region, and in the 
Porečka-Bela Reka structure of the Balkanides and Beljanica in Homolje-Kučaj area, 
which contain iron mineralisations (magnetite, hematite). Products of this cycle are 
also volcanogenic-sedimentary formations with siderite mineralisation in northem



Kučaj, gabbro-plagiogranite intrusions in Kučaj and Beljaniea areas, gabbro-peridotite 
complex in the upper reaches of the Bmjica SW of Dobro, and granites 
(gneiss-granites of Blagojev Kamen, Boljetinska Reka and Stara Planina.

Mineralisations in Proterozoic rocks are less common, or are more recent and as 
such have not an economic value; there are mostly sporadic occurrences mainly asso- 
ciated with magmatic bodies.

Varied metallic mineralisations of different genetic types are developed in old 
structures, in/at old magmatic formations, which certainly seem to be products of first 
cycle, some associated with Proterozoic and others with Proterozoic-early Palaeozoic, 
and some even with younger events provisionally associated with this cycle. These in- 
clude:

-  Magmatic deposits and mineralisations of differential type, derived from basic 
magma;

-  Volcanogenic-sedimentary mineralisations associated with basic volcanic ex- 
trusions and green schists in Beljanica area (magnetite-hematite mineralisation), and 
siderite-hematite mineralisations in Kučaj area.

There remains the fact that old formations of the late Proterozoic and early Pa- 
laeozoic include diverse metallic mineralisations of the Baikalian and Caledonian cy- 
cles, but their origin is not identifiable in all localities. It is indisputable, however, that 
mineralisation of younger cycles, the results of subsequent activities in old and de- 
formed structures, are present in eastem Serbia. This particularly refers to the mine- 
ralisaions of the Hercynian and, even more, the Alpine orogenies.

Formations of Caledonian Tectono-Magmaic Cycle

The events of this cycle are placed between the Middle Cambrian and late Silu- 
rian, Lower Devonian. Formations produced by this orogeny are dominantly volcano- 
genic-sedimentary, composed of diabase-phyllitoids, transformed into the green schist 
facies. The formations ascribed to this cycle are: (a) diabase-keratophyre Inovo (Stara 
Planina and Rudna Glava Formations, (b) gabbro-peridotite Deli Jovan and Zaglavak 
(Stara Planina) Formations, (c) granodiorite-granite formation in Stara Planina (Ravno 
Bučje) and Gomjani region, i.e. Mt. Homolje area (Neresnica, Bmjica). Magmatism of 
this cycle, which evolved in marine environment with elements of the preceding 
magmatism, ended in the Middle Devonian, before the rising of eastem Serbian land 
and slackening of magmatic activity until the abatement of the process which pro- 
traced into the Upper Devonian. Under the prevailing conditions, magmatic move- 
ments, if any, could occur in the lacustrine environment or on land, but without a 
visible part in the crustal stmcture, or even less in mineralisation.

Formations of Hercynian Tectono-Magmatic Cycle

The period of crustal evolution from the Upper Devonian to the end of the Late 
Palaeozoic includes dominantiy acid and basic plutonites, among which are notable 
old complexes of gabbro-peridotites in Deli Jovan and Stara Planina (Zaglavak)



mountains, then also granite intrusions from a a late phase of the Hercynian cycle in 
the areas of Bmjica, Neresnica, Gomjani, Plavna, Stara Planina, and Janja, Radičevac 
and Suvi Do. There are magnetite mineralisations of Rudna Glava, Cmajka, and 
?uranium at Kalna.

O f the mentioned formations, particularly conspicuous are gabbroid massif of 
Deli Jovan and Zaglavak, which are plutonic rocks of the initial basic magmatism, 
formed basicall^ of gabbros and related basic magmatites, extending over a surface 
area of 255 km . These plutonic rocks are emplaced in varied crystalline schists, often 
with satellite smaller bodies of ultrabasic rocks (ultramafites), dominantiy composed of 
dunite and related rocks, highly converted into serpentinites. These rocks include 
chromite occurrences.

The manifestations of volcanism are few in the Hercynian cycle, which is plaeed 
in the Late Palaeozoic. The extrusions, if any, are localised in small areas mostly of 
lake basins, so that products of volcanic events are mainly manifested in tuffaceous 
materials sporadically found in lacustrine environments. This indicates the plutonic 
character of Hercynian magmatism, widespread in eastem Serbia within several 
geotectonic structures.

Particularly characteristic is eastem Serbia are products of the late Palaeozoic 
volcanism (Permian post-tectonic volcanism). These are minor and isolated extrusions 
of rhyolite, dacite, andesite, basalt, and trachyte in the Boljetinske and Porečka River 
valleys, on the southwestem margin of Deli Jovan and parts of Stara Planina (Vrška 
Čuka, Pričevac, Topli Dol, Dojkinačka Reka) mountains. The mentioned volcanic 
products originate from the so-called subsequent volcanism of the Hercynian 
orogeny.

Mineralisations associated with the Hercynian cycle are weak, of some signifi- 
cance being only those in structures of this interval, which are associated with Alpine 
tectono-magmatic cycle, as usually is the case. It is meant here primarily the iron 
mineralisation, and that of copper, or uranium in Permian red sandstones. The group 
of metallic minerals in old Hercynian structures includes molybdenum, gold, silver 
and wolfram occurrences, originating from hydrothermal processes of the Alpine cy- 
cle.

Formations of Alpine Tectono-Magmatic Cycle

Products of this cycle range from the Upper Cretaceous to the end of the Terti- 
ary. The delayed Permian volcanism of pyroclastic type was succeeded by a relatively 
calm period of tectonic and magmatic events. Minor tectono-magmatic activities in 
the Triassic and the Jurassic (local movements in eastem Serbia) revived in the late 
Jurassic in the Carpatho-Balkanides, and were associated with basic volcanism over a 
limited area. At the turn from the Jurassic into the Cretaceous, these activities were 
short and limited, preceding strong tectonic events in the Upper Cretaceous, and 
magmatism, first expressed in volcanic cruptions in marine environments and then 
plutonism in late Maastrichtian and more energetic in the Paleogene during the Py- 
reneean orogeny.



Tectonic movements o f the late Upper Cretaceous continued through the Tertiary 
and resulted in numerous large-scale faults and fractures, and horizontal displacement 
up to nappes. At the boundary of the two periods, strong magmatism developed and 
the associated visible mineralisations. In this respect, this cycle is characterised by the 
widest variety mineralisation, formation of many mineral deposits in the Timok mag- 
matic area proper which includes two tectonic units (Timok and Dobri Dol-Grlište), 
and even a larger region of the Carpatho-Balkanides including other geotectonic 
units.

A significant place in the Alpine teetono-magmatic eycle is taken by occur- 
rences of natural magmatic rocks between the Danube and Majdanpek, in Timok 
eruptive area (between Majdanpek and Knjaževac), and between Bučje (near 
Knajževac) and Yugoslav-Bulgarian border (Dimotrovgrad area).

A large extent o f these products is recognised in Timok eruptive area, where 
volcanogenic-sedimentary formations have the greatest thickness of more than 1500 
metres and are composed of volcanoclastic materials prevailing over lava products.

Divided by the time of formations, there are:
1. Cenomanian volcanism, volcanic agglomerates and tuffs, and flows of hom- 

blende-andesite, homblende-dacite, pyroxene-biotite-andesite, chiefly in the east of 
the volcanic terrain (Majdanpek, Bučje near Bor, Mt. Tupižnica westem slope);

2. l’uronian-Senonian volcanism, or timozite association (homblende-andesite, 
homblende-biotite, andesite, timozite, and pyroclastic products) in the most o f the re- 
gion;

3. Upper Maastrichtian-Paleogene volcanism. mainly in the west of the region, 
the andesite-basalt and latite association, composed dominantly of pyroclastic rocks 
and some small flows (5 -10  m) of pyroxene-hom blende-andesite, and albite 
trachyte. A latite association of volcanic rocks is identified in the southem part of 
Timok eruptive region (Zlot-Boljevac-Bučje area), near Knjaževac and Dimitrovgrad 
(Donje Nevlje).

After the mentioned volcanic phases of the Lower Cretaceous (their presence 
under continental conditions is likely in the early Paleogene), there followed the phase 
of Laramian-Pyreneean plutonism, manifested between Zlot and Jasikovo, between 
Veliki Krivelj and Vlaole, in the general Majdanpek area, south of Boljevac, and near 
Dimitrovgrad. The manifestations have the form of tongues or apical parts of acid 
plutons. The biggest plutonic bodies in Timok region are those of Valja Strž, Susula 
and Dobro Polje. They consist of quartz diorites, diorites, granodiorites, monzonites, 
syenites, and accessory vein rocks.

In Ridanj-Krepoljin region of eastem Serbia, the known Upper Cretace- 
ous-Paleogene and Neogene magmatic rocks are represented by dacite-andesite and 
basaltoid rocks in the Golubačke and Homoljske Mountains, Beljanica, Kučaj, Ozren, 
and Svrljiške Mountains, in the form of flows, veins and irregular subvolcanic rock 
bodies.

Characteristically, pyroclastic and volcanic rocks occur in Upper Cretaceous 
(Cenomanian, Turonian-Senonian, and Upper Maastrichtian) and Neogene formations



of eastera Serbia (tuffs and tuffites in Rakove Bare, Zaplanje, Sokobanja, Timok, and 
Jelešnica basins),'without visible mineralisations.

Mineralisations oi' Aipine Cycle

The Alpine tectono-magmatic cycle has the main significance for mineralisations 
and ore deposits in various structures of the eastem-Serbian Carpatho-Balkandes. The 
principal phase of various types of mineralisation was from the end of the Cretaceous 
through the Paleogene. The centre of mineralisation of economic value is in Timok 
magmatic domain in the central Carpatho-Balkanides, that is in two adjoining zones: 
Timok in the west and Dobri Dol-Grlište in the east, which extend from the Danube 
and Romania in the north to the southeastem Serbian-Bulgarian border.

In eastem Scrbia, J a n k o v i ć  (1990) separates (from west to east) four zones of 
mineralisation: (1) Ridanj-Krepoljin metallogenetic zone, where the formation of en- 
dogenic deposits is controlled by Upper Cretaceous Laramian magmatic intrusions; (2) 
Homolje-Beljanica metallogenetic zone with known volcanogenic-sedimentary depo- 
sits associated with basic complexes and vein-hydrothermal mineralisations genetically 
related with granitoid complexes; (3) Bor metallogenetic zone with copper mineralisa- 
tions primarily of hydrothermal derivation; and (4) Porečka-Stara Planina metalloge- 
netic zone with varied mineralisations.

Additionally to the mentioned zones, mineralisations are present in the Rhodope 
Mass, at its border with the Carpatho-Balkanides.

Principal metallogenetic characteristics of the mentioned zones are:
1. Border area betwcen the Carpatho-Balkanides and the Khodope Mass. 

Small mineralisations in places, such as those at Kaona, Manastirica, and near Bosile- 
grad, where the occurrenees are associated with the volcanogenic-sedimentary facies 
of the basic complex in the old core of Balkan peninsula. This border area of two 
large structures, also the part of the old core, includes volcanogenic-sedimentary 
rocks which bear Cu-mineralisation and some gold scheelite (Ranovac-Kaona), and 
aecessory small massive pyrite deposits with quartzite masses. In the middle of the 
contact area, at Bukovik and Ražanj, minor Cu-mineralisations in volcano- 
genic-sedimentary rocks have also been noted.

2. Ridanj-Krepoljin zone. The endogenic occurrences of some significance are 
skam mineralisation of magnetite (Ridanj), then multiphase ore deposits and occur- 
rences (Reškovica), metasomatic (volcangenie-hydrothermal) deposits primarily of 
P b-Z n  accessory to gold and silver mineralisations (Kučajna), minor deposits and oc- 
currences of antimonite (Osanica) m genetic association with dacite-andesites, and 
cupriferous mineralisations at Reškovica, Ridanj and several places in Permian red 
sandstones also bear some uraniferous mineralisations.

All the mentioned mineralisations of Alpine cycle are poor deposits, some of 
which, primarily lead and zinc, were worked in the past.

3. Homolje-Beljanica zone. North in the zone, from the Danube to Mt. Be- 
ljanica, old Palaeozoic volcanogenic-sedimentary complexes of basic rocks bear many



metallic mineralisations. The best knovvn is the area of Blagojev Kamen, where explo- 
rations have been resumed for gold and silver in the deposits o f Sveta Barbara and 
Grabovska Reka, where also scheelite mineralisations are present. Some of mineralisa- 
tions in the zone are believed pre-Alpine.

4. Timok metallogenetic zone. General characteristics of mineralisation in the 
zone, those of copper in particular, are the following:

The main phase of mineralisation is placed in the early Paleogene. Hydrothermal 
solutions moved along the numerous faults and altered the solidified volcanoclastics. 
Cupriferous mineralisation in more than fifty altered zones, between Majdanpek, Bor 
and Dobro Polje, are associated with this hydrothermal process.

Most significant mineralisations in the Timok metallogenetic zone are located in 
the Timok zone (east) and the Dobri Dol-Grlište zone (west). Concentrations of mi- 
neral parageneses in the Timok zone are mainly in Bor and the general Majdanpek 
areas, between Bor and Majdanpek, and in general Cmi Vrh area. In the Dobri 
Dol-Grlište zone, mineralisations are associated with plutonic-intrusive bodies o f To- 
dorov Potok, where Veliki Krivelj deposit is located.

Mineralisation types in the mentioned mineralisation zones are various, to men- 
tion the most significant ones:

(a) Bor zone, directly controlled and connected with the Bor dislocation, where 
the prevailing types are:

-  massive-sulphide -  deposits and ore bodies including Čoka Dulan, ore bodies 
of Tilva Mika (A, B, C, D, 1), ore bodies I, J, H, L, B (new gallery), and ore bodies 
of Šistek and Krpe. Essential minerals are covellite, chalcosine, enargite, bomite, an 
chalcopyrite;

-  stockwork-impregnation -  ore bodies of Tilva Roš, Kamenjar, Brezanik, body 
F and body C, with the essential minerals: covellite, enargite, chalcosine, rarer chal- 
copyrite, luzonite, and tetrahedrite; and

-  porphyric -  deep parts of Borska Reka and Borski Potok with occurrences of 
pyrite, chalcopyrite, bomite, molybdenite, and magnetite.

(b) Majdanpek zone, connected with M ajdanpek-M ali Krivelj dislocation, where 
several types of mineralisation are developed.

-  porphyric type, as the prevailing mineralisation in Mjadanpek area, is found 
in stockwork-impregnations; a stockwork is centrally situated in the zone with satel- 
lite impregnations on its margin. In the mineralisation zone itself, two ore levels are 
present: upper (oxidation) level of dominantly limonite and malachite, and lower 
(cementation) level of chalcosine and covellite. The paragenesis of Majdanpek deposit 
includes chalcopyrite, pyrite, molybdenite and magnetite as essential minerals, and 
lower amounts of pyrrhotite, bomite, and gold;

-  massive-sulphidc type, with pyrite as the essential mineral and accessory chal- 
copyrite, pyrrhotite, bomite, magnetite, hematite, sphalerite and, among other, native 
gold. Pyrite bodies contain copper minerals, gold and silver;

-  skarn type is present on the margin of mineralisation zone, at contact of 
magmatic and Mesozoic carbonate rocks, where magnetite is essential mineral and ac-



cessories are cupriferous and other mineralisations;
-  lead-zinc type is a common accessory to the porphyric type of C u-M o miner- 

alisation with galena and sphalerite as the essential minerals.
Mineralisations of the above types are found in Majdanpek, and north and south 

of it to Čoka Marina and Cerova.
(c) Mali Krivelj-Cerova zone. North of Bor and south of the Majdanpek zone, 

there are several mineralisation zones (Čoka Čuruli, Kiridžijski Potok, Kraku Buga- 
rescu, Mali Krivelj) where vein type mineralisation is registered with pyrite and chal- 
cosine as essential minerals, massive-pyrite type with pyrite and enargite as essential 
minerals, and ccmcntation typc as secondary mineralisation (oxidation and cementa- 
tion), and some skarn and stockwork-imprcgnation mineralisations.

(d) Crni Vrh mincralisations are the commonest in Timok zone, largely affected 
by the Valja Strž plutonic body. Mineralisations are mainly of the porphyric type, 
with minor occurrences of skam marginally on the Timok zone to the adjacent Meso- 
zoic carbonate rocks of Homolje. All these can be divided into three mineralisation 
zones/units:

-  Mincralisations along Zlot fault (Timok zone boundary with westem margin) 
where skam is prevailing. Apart from copper, essential minerals are magnetite, galena, 
ad sphalerite. There are seven P b -Z n -C u  deposits.

-  Mineralisation in/at Valja Strž plutonic body are multiphase mineralisations 
of hydrothermal type, with dominant P b -Z n-C u  minerals and gold and copper occur- 
rences in direct contact with plutonic rocks.

-  Mincralisations in volcanogenic-sedimentary rocks along Cmi Vrh-Savinac 
dislocation form fifteen metallic mineral deposits from Jasikovo and Damitru stream 
in the north to Tilva Njagra and Zlot in the south. Cupriferous minerals are prevail- 
ing, followed by hematite, magnetite, molybdenite, sphalerite, galena, and other metal- 
lic minerals, thus accounting for multiphase Cu, Pb-Z n minerals.

(e) Mincralisations south of Crni Timok River. Less significant occurrences at 
Savinac, Markov Kamen and near Dobro Polje and Bačevica, resulted from hydro- 
thermal processes, with copper-bearing minerals in uneconomical eoncentrations.

(f) Veliki Krivelj mineralisation is a zone eastemmost of the mentioned zones, 
connected with Dobri Dol-Grlište structural-facial zone. The prevailing type of mi- 
neralisation is porphyric, hydrothermally associated with plutonic-intrusive bodies 
which peripherally introduced skam mineralisation. The presence is registered also of 
oxidation zones (in higher) and cementation in lower parts of deposits. The essential 
mineral is Cu, and P b-Z n , with accessory magnetite, rutile, pyrrhotite, chalcopyrite, 
pyrite, hematite, molybdenite, bomite, covellite, chalcosine, azurite, enargite, etc., 
formed in three separate paragenetic stages.

Summarising the given information into a general statement of mineralisations in 
imok region, the following can be inferred:

-  Porphyry deposits are: Majdanpek, Cerovo, Veliki Krivelj, Mali Krivelj, Bor- 
ska reka, and Valja Strž on Mt. Cmi Vrh;

-  Massive sulphide dcposits with Pb-Z n mineralisations are Bor and Čoka



Marin;
-  Skarn deposits is Valja Ska; and
-  Volcanic deposits of Cu with gold are Bor, Majdanpek, and Veliki Krivelj.
5. Porečka-Bela Reka zone of the Balkanicum includes several multiphase mi- 

neralisations from Miroč to Deli Jovan to Stara Planina in the south. Minor Fe miner- 
alisations are generally associated with the old cycles, as differentiation products in 
plutonic bodies, or as skam products. There are more occurrences from Alpine 
(possibly also pre-Alpine) cycle, but without significance. These occurrences are 
mostly of hydrothermal origin, and many of them are associated with the auriferous 
quartz veins near Deli Jovan (Cmajka, Glogovica) and Stara Planina. There are few 
uraniferous mineralisations at Kalna, adjacent to Janja Granites.

*
* *

Instead of Conclusion. The four tectono-magmatic cycles identified in eastem 
Serbia are manifested as continuous processes, accompanied by respective mineralisa- 
tions. Tectonic events of the older cycles are inadequately expressed and defined (due 
to coverage by younger stmctures or reshaping in Alpine orogeny, aided by signifi- 
cant erosion). It may be stated, however, that extmsive basic magmatism prevailed un- 
til the Devonian, and produced metamorphic rocks and many diabase-melanic forma- 
tions; hence the sporadic significance of mineralisations of that time. In the late Pa- 
leozoic, Hercynian orogeny initiated massive magmatic movements which, in two in- 
tervals, resulted in the formation of gabbro-granitoid plutonic rocks and differential, 
skam and hydrothermal, mineralisations. Neither of these mineralisations has the eco- 
nomic value.

The last cycle, after a long period of relative quiescence in tectonic and mag- 
matic events (Permian-Cretaceous), strongly affected the Tethyan realm and led, in 
the Carpatho-Balkanides in particular, to large-scale deformations in the crust, forma- 
tion of cpmplex folding stmctures, significant dislocations, and fault zones, providing 
thus conditions for magmatic movements. These processes were particularly operative 
in the late Cretaceous and early Tertiary. Magmatism was expressed in the Paleogene 
by hydrothermal solutions from plutonite of transitional magma, affected a large area 
of both old and new geostructures. The greatest importance of these events is associ- 
ated with two stmctural-facial zones (Timok and Dobri Dol-Grlište), united into the 
Timok magmatic, or Timok Cu-metallogenetic zone.
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