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rBOiKBEBHTH OOH/JH - KAPAKTEPHCTHKE H TEHE3A - 
iia lipnMcpv TajMHiirra (3 . MaKefloimja) h necane  (H. ( ponja)

* *
JejieHe 06paflOBHh , H e6ojuie Bacnha ,
C T e B a H a  K a p a M a T e  h  H e H a j j a  r p y 6 H H a

I BO>Kl)eBHTH o o h h h  y jia 3 e  y  c a c ra B  o o j ih th h x  p y « a  i BO>Kt)a TB3. rBO*t)€BHTHX c r e n a  ( iro n s to n e ) h j ih  c e  
jaB Jbajy  Kao c k o h o m c k h  H eH H repecaH TH e nojaBe. B e3aH H  cy  npeTe*HO 3a ReBOH, jy p y , K penv  h  T e p u n ja p . y  
crapHjHM  nepH o/iaM a no3H aT e cy  n o ja B e  TpaK acrH X  p y jia  r a o s đ j a ,  Koje HHcy npejiM eT  H a u ie r  HHTepecoBaH>a. y  
p a j iy  cy  H criH TaH e n o ja B e  i BO *t)eBH THX o o m a  ,ieBOHCKC ( j i e a a u i r r e  T a jM H iirre ) h  jypcK e c r a p o c r H  ( jra ja c  
ceB epH or jje jia  H croM H e CpČHje). IIoce6Ha na*H>a nocseheHa j e  CKJiony h  cacraBy oonjja, HJixoBoj reHe3H h
C B aK aK o n o p e K J iy  r B O * t)a .

K jb y i* e  p e iH : oohjjh , uiaM 03H T, c n j je p m , jjc b o h , jy p a .

yBo;i

C e/tH M eiiT n e  p y ^ e  i'BO>Kt)a, eKOHOMCKH H H T epecaH T H e, o f l r o B a p a jy  T p aK ac T o j 

rB o ac^eB H T o j c j^o p M an n jn  iip eK aM 6 p H jcK e  cT ap o cT H  h  o o jih t h h m  p y jja M a  rB O JK ^a 
MHja C T ap o cT  B a p n p a  o ji n p 0 T e p 0 3 0 H K a  jjo  iu iH O H ena.

OojiHTHe pyfle rBO*^a (ironstone) oflJiH K yjy ce o o j ih t h o m  C TpyK T ypoM , c a -  
^pacajeM m aM 03H T a, CHflepHTa, oKciijja h  cyji(J)Hfla r B o x ^ a  ca M ajio  M arH eT H T a, 
rp H H ejiH T a  h j ih  M H HecoTaH Ta. M ei> y  oKCH^HMa H a jp a c n p o c T p a ib e H H jH  cy reTHT h  
xeM aTH T, M ag a  j e  M o ry h e  h  n p n cy cT B O  M em aHHX M arxeM H T —M arH eTH T  M H H epajia  

K ao  h  n o ja B a  F eO O H  K o jn  n p e jia 3 H  y reT H T  y pacT B o p H M a 6 o raT H M  xjiopH flH M a. 
C n ^ e p H T  j e  j e j tn im  K a p 6 o H a T  K o jn  c e  jaB Jb a  y 3HaTHHM KO Jin'iH H aM a, j jo k  c y  aH K e- 
pH T, flOJiOMHT h  KajiHHT peTK H. M e l? y  cyji(j)H jtH M a j e  H a jn e m h H  n n p H T , a  jaB JB a c e  
h  M apK acH T. C njiH K aTH  iB o ^ c t)a  c y  n o  npaB H Jiy  6 o ra T H  aJiyM H H H jym om . xI e c T  je  
u iaM 03H T  K ao  h  aM opcj)iia  cj)a3a H C Tor c ac T a B a . K oH C TaTO B aH o j e  h  n p n cy cT B O

* P v jiapcK O - re o j io n iK H  (f)aK y.m cT , 'B yu iH H a 7 ,1 1 0 0 0  B e o r p a j j .



HOHTpoHHTa Kao ii o n a jia  6 o ra T o r  rB O *^ e M  (P e t ru k  et a l .,  1 9 7 7 ) .

Y  Jie>Kiiiiny TajM H iuTe oojiHTHe py jje  rBo^c^a ja iu i,a jy  ce y  jieBoncKoj cep n -  

jn , HHja je  cT apocT  o ^ p e^ e H a  Kao ro p itH  fleo  j jo i t e r  h cpejptH fleBOH (P a g e ,  

1 9 5 8 ) ,  h it o  je  y carJiacH O cra ca  3 ana»caibH M a V a n  H o u t e n - a  ( 1 9 8 8 )  Kojn H3 flBa- 

ja  n o ja c  AeBOHCKHX o o jih th h x  py jja  h Be3y je  hx 3 a u ih p o k h  n p ocT op  y  KOMe ce  

pecJiJieK'iyjy eycTaTH 'iKe npoM eH e HHBoa M opa ;tp y ro r  p e jja , ca  saruiaBjhHBaiLCM  

K paT on a pasflBojeiiH M  H3pa>KeiiiiM p e rp ecH jaM a (y  jtoibeM  jje iion y ) h  T paH crpecn - 

jaM a  (cpejui>H h ro p ii,n  Jieiion). 3 a TpaHcrpecHBHe c})a3e B esane cy nojaBe "Iron- 

stone" py jja  y C 3  JlnGHjH, JM  A ji>kh pv , hctom hom  jje jiy  n e in p a jiH e  P ycn je  h JM  

Pycn jH , B e jirn jH  h C 3  IllnaHHjH.

OojiHTHe py/je rBO*^a jjeBoncKe cTapocTH y 3 . MaKejjoiinjh ca JieacHurreM 
TajMHuiTe, Kao naj3Ha'iajiiHjeM, fiiuie cy npejjMeT HHTepecoBaita BejiHKor 6poja  
reojiora  ojj Kojnx cy iiojejjnim ojipeliHBajiH cTpaTHrpacJ)CKy npnnajjnocT, jjpvrn 
neTpojiouiKe KapaKTepncTHKe cepHje, cacTaB pyjjoHocHHX xopH30HaTa, xeMH3aM 
pvjte, ihen KBaJiHTeT, TeKTOHHKy JioKHiu'ra htjj. O bo, ckoiiom ckh Bpjio HHTepe- 
caHTiio noflpyHje y 3anajuioj MaKejjoiinjn h caMO j io k h iu tc  TajMHUiTe npoy'iana- 
jih cy C issa r z  (1954), P age  (1958), K le u t (1965, 1966, 1968, 1973), P o p o v ić  
(1968), JJyM ypuaHOB (1977), K aram ata i O b ra d o v ić  J. (1979), K aram ata i 
dr. (1982), K aram ata  i dr. (1988), 0 6 p a j^ 0 B H h  JL. h C pehK O BH h (1988), h 
O b r a d o v ić  J. i V a s ić  (1990).

rBO>KheBHTe o on jje  jinjacKe CTapocTH y  McTO'iiioj C p 6 njH iipoy'iaBao je  B a -  

c n h  ( 1 9 8 9 /9 0 ).

O bh m  pa/joM >KejiejiH cmo jja np H K a*eM O  jjeTajiiHO HcimTaHe ooiijje Kojn 
y jia 3 e y  cacTaB  oojiHTHe py jje  riio>Kt)a, KaKO ii.Hxoiiy M opcjio jiorn jv , cacTaB h re -  

He3y  h ;ja HCTe K openH iueM o ca  no jaB aM a rBO>Kl)eBHTHX o o jih th h x  CTeHa jypcK e  

CTapocTH y  M cTO 'ino j C p 6 njn.

METOftOJIOIHJA

OnTHHKHM HcnHTHBaitHMa oflpe^eH je o 6 jihk , BejiHHHHa, cacTaB oonj^a h 

CTeHe jjoMahima Kao h jih to jio u ik h  cacTaB CTeHa y  ijejioj jjeBoiicKoj cepnjn T a j -  

MHUiTa h jypcKoj cepHja n ec a n e .
XeMHjcKe aHajiH3e M H H e p a j ia  oonjia I Ieca'ie, Koje cy KopejincaHe ca h c t h m

H3 TajMHniTa, y3eTe cy H3 pajia B a c n h a  (1989/90), a rBO*^eBHTH oohjih TajMH-
uiTa aHajiH 3 HpaHH cy eJieKTpoHCKOM MHKpocoiijjoM  y  j ia 6 o p aT o p n jn  3a ejieKTpoH - 
cKy MHKpocoHjjy HrEM , A H  P y cn je  y  M o c k b h , o j j  CTpaHe B . A .  BopoHHXHHa h 

C. n. KopiiKOBCKor Ha HeMy hm ce Hajcp^aMHHje 3axBajbyjeMo. Ilop eji aHaJiH3a
uiaM03HTa H3 oonjja ypahene cy h aHaJiH3e CHjjepHTa h C T H JinH O M enaH a H3 
B e3H B a.

KAPAKTEPHCTHKE TBO *TiEBH TH X OOHHA 
ftEBOHCKE CTAPOCTH

Y  Jie>KHiiny TajMHUiTe irijjiiojeiiH cy: pyjjoHociiH, iio jjh iickh (hc iio jj pyjjiiH) h 

IIOBJiaTIIH X0pH30HT. Pyj(OIIOCHH X0pH30HT KOjH IipCJJCTaBJba X0pH30HT TeKTOH-



C K or MCJian>Ka o 6yxBaTa h  KJiacTHTe k o jh  ce ja B Jb a jy  H 3M ei)y py^e, a K a p a K ie p n -  
uie ce nojaBOM rBoxl)eBHTHX ooHjja. KjiacTHTH y o b o m  xopH30HTy ojjroBapajy 
Me-ranem’iapHMa, MeTaajieBpojiHTHMa, cjHiJinTHMa h  mKpiiJbipiMa. O jjhoc pyjje 
n p e M a  KJiacTHTHMa y o b o m  xopH30HTy j;ocrra B a p n p a  ( ojj 9 30  79 : 100) a n p n -  
MeTHO je h  Bapnpaite 3acTynjbeH O C TH  oflpe}}eHHX B pcT a  KJiacTHTa.

P y n a  rBoac^a cac'rojn ce 03 Fe-xjiopHTa (m aM 0 3 H T H 0 r KapaKTepa), C H /iep iiT a 
h  p e^ er MaraeTHTa ca m c c th m h h h h m  nojaBaMa cTHJinHOMejiaHa, anaTHTa, KBapna, 
aH K epH T a h  KajimiTa. CnopejiiiH cacTojnn pyjje cy cyji(J)HHH rao>Kl)a, h j im b h h t ,  
pet)e pyTHJi h  nnpKon. OpraHCKa MaTepnja je ’i c c t o  npncyTHa h  BehHHOM MeTa- 
M opcJ)HcaHa j;o  (J)h h h x  JiHCTHha rpac{)HTa ( K a r a m a t a  i d r . ,  1988).

Y  Jie>K H iiny rBOHclja TajMHUiTe KOHCTaTOBaHa c y  'i p n  ocHOBHa T iin a  oonjja:
1. UiaM03HTCKH OOHJIH Ca OnTHHKHM KpCTOM, 2. CHJ^epHTCKH OOHJJH H 3. OOHJ(H Ca 
je3rpoM o ji  o jjjio M aK a  M H K p o K p iic T a jia c ro r  m aM 0 3 H T a h  maM 03HTCKHM OBojHM a. 
I Ia j3 acT y n ji> eH iijn  c y  m a m o 3h t c k h  o o h j ih  c a  o h t h h k h m  k p c to m  M et)y KojHM a c e  
Moace H3jjBojiiTii HeKOJiHKO nojiTH iiO B a Ha o c h o b ^  K apaK TepH C TH K a j e 3 r p a  ( n e n -  
TpajiHor ^ejia) h j ih  cnojbam H >H X  oBoja: a). o o h j jh  c a  KpynHHM  cnj^epH TOM  y  j e 3 r p y  
h  maM 03HTCKHM a OBojHM a, 6 ) . maM 03HTCKH o o h j ( h  koj^ KojHX c y  cno jbam H > H  OBO- 
jH HM nperHHCaHH CHTHHM KpHCTaJIHMa n iip H T a , n ) . OOHJIH c a  MHKpOKpiICTajiaCTHM 
K apSoH aTO M  y  j e 3 r p y  h  maM03HTCKHM OBojHM a, jj) . m aM 03HTCKH o o h j jh  koj^ K o jn x  
c y  c n o jb a m ib H  o b o jh  o jj C H T iioK pH C T ajiacT or K a p 6 o H a T a . H ecyM ibH B O  j e  Jta  j e  j ie o  
OBaKO H 3 jiB o je iiiix  ii0 j(T H ii0B a n o c jie jjH ija  j;H jareneTC K H X  a  jjc jio m  h  MeTaMopcf)HHX 
n p o i ;e c a .

O chobhh h Haj3acTynjbeHHjn THn o o n j ja  j e c y  maM 03HTCKH oohjjh c a  o iith h -  
khm KpcTOM (KJiacHHHa cfjopM a nojaBJbHBaiba). M o r y  6 h th  T a H re im n ja J i i ie  h p a -  
j l i i ja jm e  r p a l j e .  JJok TaHrennnjajiHa r p a ^ a  c y r e p n m e  Jia c y  oohjui H acT ajiH  Mexa- 
hhhkom aKpennjoM j i e ' i p i r i i r a i o r  KaojiHHHTa h XHjjpaTHcaiiHX OKCHjja rBO>K})a 
( B h a t t a ć h a r y y a  &  K a k i m o t o ,  1982), paflnjajiHa y K a 3 y je  Ha JiaTepHTCKe oo H fle . 
0 6 jihhh ooHjia c y  ejiHHTH’iiiH h KpviKHH ( r j ie j ja n o  y  iieiporpacJicKOM n p enap aT y)  
oj^hocho 0jp'0Bapajy ejim icoH j^ajiH H M  h ccjjepoH jiajiH H M  o6jmnHMa. P e l j e  cy Hen- 
paBHJiHHx o6jiHKa. Oiij^e HHcy yKJbyiieiiH jjec jjopM H canH  o6jihijh HacTajiH y c jie jj  
npHTHcaKa tokom  MeTaM opcJ)H3M a Beh caMO ohh 3a Koje c e  C M aT pa j ja  H M ajy 
npHMapHO a'iniiHHan o6jihk. Obh oohjih M o ry  6 h th  ca je 3 rp 0 M -3 a M e T K 0 M  K o je  j e  
Hajnemhe TepareHO 3pH0 (KBapn, pel)e ijnpKOH, anaTHT hjih hjim chht), hjih Kpn- 
cT ajiH  C H jfep irra .

BejiHHHHa maM03HTCKHX o o H f la  j e  y  r p a H H i ; a M a  ofl 0.1 30 1 m m . Y  C T e H H — 

- p y j p r o h h  Mory 6h t h  j io 6 p o  copT H paH H  c a  flO M H H aipjoM  je /u i e  cjipaK H H je (H n p . 

0 .125 -0 .25  m m , 0 .5 0 -1 .0 0  m m , 0 .3 0 -0 .6 0  m m  h t a . )  h j ih  naK cpeflH>e h  cjia6o c o p -
THpaHH. IhHXOBa 3acTynjbeHocT y CTeiiH-pyflH Hjje ojj HHCke flo Bpjio bhcokc. 
H n c K a  3acTynjbeHOCT ce orjiejja y c iio p a flH 'iiio M  n o jaB Jb H B aib y  npe cBera y  Kap- 
60HaTH0M Be3HBy (cTpyKTypa m u d s to n e ) ,  cpejjiba 3acTynjbeHOCT y 3HaTHOM npo- 
i;enriy 20-50%  (cTpyKrrypa p a c k s to n e -g ra in s to n e ) ,  ajiH 6e3 jtojjnpHBaiba, a BHCOKa, 
flo  70% , c a  jtojinpHBaibeM rjte c e  pa/m o  rycTO M  n aK O B aiby  (c T p y K T y p a  g ra in s to n e ) .

B e3H B o j e  c j ie j je h e :  M H K poK pncT aJiacT H  CHjjepHT, K pynH O K pH C TajiacTH  c n ^ e -  
pHT, BHCOKOrBOX^eBHTH K a p 6 o H a T  (aH K ep H T ?), XJIOpHT (maM03HT?), KBapH H 
K ajin e j^o n  (K o jn  iio jj v n m a je M  M eTaM opcjH inx n p o n e c a  M ecTo r p a j i e  coH H B a) c b h



Kao h cm ch t 6a3ajiH or, kojj M a ib e r  ca/ip>Kaja oon jia , hjih  n o p H o r  K a p a K T e p a  kojj 

noB H iiie iio r cajjp>Kaja oon j/a . 1 Iaj3acriynjheHHjH cy  Kap6 oHaTHH h x jio p h tc k h  ii,e- 

MeHT. O h h  ce  M ory  jaBHTH Kao jej^min THn HCMeirra y crreHH-pyjiH hjih , ih to  je  
'ie m h e , sajejiHO ajiH no HenpaBHJiHHM 30HaM a. O cT ajiH  th h o b h  neM eirra  ce  0 6 a- 
BC3HO jaBJbajy y3  OBa jjBa ocnoBHa. (T a 6 j ia  I, C ji. 1, 2 , 3 , h  4).

Y  no je jiH H H M  y 3 o p n H M a  je  3 a n a > K e H a  J ia M H iia m ija  r j j e  c e  JiaM H H e H 3 j(B a ja jy  

H a  C J ie jje h H  naH H H : JiaM H H a c a  u iaM 03H TC K H M  o o H flH M a B e3aH H M  i^eM eH TO M  ( K p y n -  

H O K p n c T a J ia c T H  C H j(e p n 'r )  f le 6 jb H i ie  n a p  m m  -  J ia M H iia  H 'i r p a f j e i i e  o j j  M H K po- 
K pH C T aJiacT or C H jjep H T a  c a  h j i h  6 e3  oonjja. T aj C K Jion  y K a 3 y je  H a  c e j iH M e i r n io  

n o p e K J io .

KAPAKTEPHCTHKE .IIHJACKHX I IU>>KT)E15HTHX OOHT V

C e f lH M e H T H  c a  T B o a c ^ e B H T H M  o o H /n iM a  y  I l e c a ' i H ,  o j j p e ^ e i iH  K a o  n e c K O B H T O —K a j i -  

U H T c k o —aH K epH T C K O —cH flepH T C K e C T eH e c a  u i a M 0 3 HTCKHM  o o H ju iM a ,  r p a ^ e  n a K e T  

j (e 6 jh H H e  7 m K o jh  n p H i i a j ( a  r o p i b e M  j ; e j iy  n j i e H c 6 a x a  i i e n o c p e j ( H o  H 3 iia jj 

I ’p H C jie jcK 0 -6 e jieM H H T C K C  3 0 I ie .  l  BO>Kl)eBHTH OOHJJH (u iaM 0 3 H T C K H ) Ce ja B J b a jy  y  
KJiaCHHHHM ejlH IIC O H JiajIIIH M  c j)O pM H M a (CJI. 1 ) H C a OIITH'IKHM  KpCTOM. H a j-

C jl. 1. MHKpOCKOnCKH CHHM3K H iaM 03H TCK 0r OOHfia c a  OriTH'IKMM KpCTOM -  r i c c a ' i a ;  T34KC 1 H 2 cy
Mecra aHajiH3e ejieKTpoHCKOM mhkpocohaom (Ta6ejia 2 aHajiH3e 4 h 4a), Ta'iKa 3 TepnrenH 
K B ap u , (H  + , x l0 0 ) .

Fig. 1. Microscopic of chamositic ooid with optic cross - Pesača: points 1 and 2 are the places of 
electronic microprobe analyses (Table 2, analyses 4 and 4a), point 3 terrigenous quartz, (N+, 
xl00).

n e u ih e  cy 6 e 3  je 3 r p a  a  aK o r a  HMajy OH^a je  t o  T epnreH H  KBapn;, o c T a u n  cfiocHJia 
h j ih  n e j in  MHKpocj)ocHJiH, aH K epH T h  cf)parM enT H  arperaTa CHTH0JbycnacT0r x j io -  

p H T a . floM H H aiiT H a BejiHHHHa ooH/ia j e  y rp a H H i;aM a  0.50 jjo 1.00 m m  (B a c n h ,  
1989/90,1992).



XEMH3AM ;U1U)IK KHX H JIHJACKHX 
rBO)KBEBHTHX OOH^A

I lp e  np«K a3a xeMH3Ma i BO>K^eiin-rnx oonjja  iieo iix o jtiio  je  ocBpHyTH c e  Ha 
xeMH3aM CTena Hnjn cy  oiih cacT ojun (Ta6. 1). C n o K en  xeMH33M pyjje rBO>Ki)a 
TajMHuiTa je  HecyMH>HBO nocjiejjHija MHiiepajiHor cacTaBa ojjhocho npncycTBa 
CHJiHKaTiie, Kap6oHaTHe h peTKe OKCHjjHe cj)a3e (uiaMOSHT, cnj^epHT, T ep n ren a  
KOMnoHeHTa, xnj[poKcnj(ii h okchjui Fe, KajinnT) Koje cy HajBehHM jjcjiom npn- 
MapHO cejjiiM eirnie. Me'raMopc})H3aM je  TaKoIje HMao CBoj ojjpas Ha MHHepajio- 
i Hjy obhx CTeHa (cTHJinHOMejiaH, cyjic})Hj]:H h okchjjh Fe) ih to  je  jjojiarrno komhjih- 
KOBaJIO HOH3KO CJIOJKeH CaCTaB. XeMH33M CTeHa ca HiaM03HTCKHM OOHJJHMa y r ie -  
caHH je  TaKol)e ycjiOBJben npncycTiiOM c H J iH K a T iie ,  Kap6onaTiie h  y M aH > oj M e p n  

okchjjhc c})a3e (uiaM03HT, Tepiireiia KOMHOnenTa, KaJiHHT, aiiKepHT, cnjicp irr, jih- 
mohht). Oho u ito  6HTHHje ojiiiaja CTene ca  Fe oonjiHMa IlecaH C  h TajMHUiTa 
jecTe MHoro Behn cajip>Kaj KaJiu,HTa y  cTeHaMa I le c a 'ie .

Pa3JiHKe y xeMHjcKOM cacTaBy rBO>Kt)eBHTHX CTeHa TajMHUiTa h I le ca 'ie  or- 
Jiejjajy ce y Mau>eM cajip>Kajy FeO, a noBHiueHOM cajjp»cajy KaJinnje y rieca'iH. 
OcTajiH OKCiiflH noKa3yjy Mau>a Bapnpaiba, u ito  je h pa3yMJbHBO nouiTO ce y Taj- 
MHurry pajjH o pyj?H rao>Kl)a a y IIecaxiH o  nojaBaMa rBO*l)eBHTHX CTeHa (Ta6. 1).

TaSeJia 1. XeMHjcKe anajiHse rBO>Kl)eBHTHX creHa 
Table 1. Cheraical analyses of ironstones

TajMHiiiTe 
T ajrnište 

1

TajMHiirre 
T ajrnište 

2

IIecaqa
Pesača

1

neca>ia
Pesača

2
S i0 2 31.60 36.65 33.14 24.49

T i02 1.42 0.83 0.32 0.22

A120 3 11.57 16.35 15.12 12.02

Fe20 3 9.13 5.68 11.15 12.02

FeO 28.17 31.66 7.08 2.64

MnO 0.19 0.11

MgO 2.18 2.10 5.44 3.49

CaO 4.21 0.75 10.72 24.03

Na20 0.18 0.12 0.27 0.14

K20 0.35 0.15 0.70 0.32

p 2o 5 6.43 1.00

H20 + 4.80 4.62 0.53 0.46

H20 ' 0.16 0.20 15.60 22.98

3 6 hp (Total) 100.39 100.22 100.07 99.61

X eM H 3aM  CHJIHKaTHHX M H H epaJia J(eBOIICKHX H JIHjaCKHX I’IiO>Kl)eilHTHX O O H fla 

v p a l j e n  je ejieKTpoHCKOM  MHKpoconjtoM (Ta6ejie 2 h  3). A t o m c k c  BpejjHocTH 3a 
Fe, Mg, Si c y  H aH eceH e Ha H e y -O B  (1954) juijarpaM ( c j i .  2) Ha KOM e c y  H S jjB o jen a  
n o j b a  3 a  oonjje Ilecane (II) h  T ajM H u iT a  (T). H  je ju iH  h  jjpyrn o o h j^ h  najjajy y 
nojbe iuaM03HTa TaMHiijc 6pyiicBiirHTa. Ca j i n j a r p a M a  c e  j a c n o  M O * e  b h j ( c t h  jja j e



nojbe Fe oon/ja H3 TajMHurra noMepeHO y /(ecno o h h o c h o ,  yica3yje na n en iT O  
noBHiiieHH caj[p>Kaj rBO>Kba. Y  oKBHpy HcnHTHBaHHX oon/(a TajMHHiTa noce6H o ce  
Mory H3/iBojHri'H o o h /u i  4, 5 h  6 (Ta6. 3) Kojn 6h  ce MorjiH OKapaKTepncaTH Kao

Tađena 2. XeMHjcKe aHajiH3e Fe o o h j o  -  Ileca'ia, 
Table 2. Cheraical analuses of Fe ooides -  Pesača.

1 la 2 2a 3 3a 4 4a
SlO; 26.24 25.27 27.97 27.03 25.38 25.93 25.72 25.32
a i2o 3 18.67 17.98 19.68 19.10 19.28 19.62 19.64 18.95

n *-! O ji 0.06 0.01 0.06 0.03 0.06 0.01 0.05 0.05

H O o 0.56 0.22 0.22 0.15 0.34 0.04 0.44 0.49
FeO 40.85 42.20 41.34 41.70 39.88 40.56 38.51 39.28
MnO 0.01 0.00 0.00 0.01 0.00 0.02 0.00 0.03
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 4.20 3.73 4.52 4.33 4.01 4.59 4.62 4.12
CaO 0.38 0.19 0.31 0.03 2.17 0.47 0.33 0.50
N a,0 0.06 0.04 0.05 0.06 0.04 0.00 0.07 0.02
K ,0 0.07 0.08 0.20 0.16 0.17 0.13 0.23 0.22

36np
(Total) 91.07 89.71 94.30 92.60 91.33 91.37 89.61 88.97

Ta6ena 3. XeMHjcKe aHajiH3e Fe ooHjja -  TajMHiirre 
Table 3. Chemical analyses of Fe ooides -  Tajraište.

1 la 2 2a 3 4 5 6
SiO, 26.12 25.97 25.22 24.86 24.94 24.52 26.36 25.64
TiO, 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.01
A1,0, 18.14 18.35 18.65 17.56 18.56 15.66 15.79 16.20
FeO 42.51 42.84 43.23 43.13 42.32 45.00 44.76 43.96
MnO 0.06 0.08 0.04 0.09 0.06 0.00 0.00 0.08
MgO 3.55 3.61 3.76 3.73 3.65 2.18 2.11 2.38
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.03 0.04 0.04 0.04 0.04 0.11 0.07 0.12
Na70 0.07 0.00 0.00 0.00 0.00 0.13 0.00 0.44
K.O 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.07

36np
(Total) 90.51 90.89 90.94 89.41 89.57 87.63 89.18 88.90

BHCOKO TBOMC^eBHTH H IIH>Ke aJiyMHHHjCKH H MarHe3HjCKH. OoH/IH H3 TajMHIHTa Cy 
i ip o c e ’i i io  ca h h * h m  ca/ip>K ajH M a ciu iH H H je, a jiv M H im je  h  M arH e3H je  o /i o o jiH T a  
I I e c a n e .  O o h / ih  H3 I l e c a n e  HMajy 3HaTHO b h u ih  ca/ip>K aj K a jn iH je  o ji o o n / ja  H3 Taj- 
MHUiTa i u t o  je o6jaruibHBo HHH>eiiHi;oM na je MaTHHHa CTeHa 00113a n e c a n e  n a jie -  
k o  6oraTHja K a jin n jo M  h  jih a co n ;H p a jy  h  c a  K a p 6oHaTHHM CTeHaM a.



t Iexnpn ooHfla H3 IIecaTie Kao h  flBa H3 TajMHiirra, HMajy ypa^eii xeMH3aM 
i;e inpa jiH or jjejia h py6a ooana. Ko/( cbhx, TaKO HcnHTHBaHHX, oonjia 3ana>Kajy ce  
H 3B ecH e pa3JiHKe y xeMH3My H3Mel)y py6a  h iien'rpajiHor jjejia ooH^a. Te pa3JiHKe 
y xeMH3My orJienajy ce  yrjiaBHOM y cjia6o noBHiiieHOM caflp *ajy  FeO h CMan>eHOM 
cajip>Kajy ciuinnHje h ajiyMHHHje. Y  oonjinMa TajMHiiiTa Te cy pa3JiHKe MHHHMan- 
He, a y oonjiHMa LlecaMe cy Heurro npHMeTHHje.

C ji. 2. JlHjarpaM xjiopHTa h  OKCHjjHcajiHX xjiopHTa (H ey M. H ., 1954): I I -  iuaM 03H TH  Ileca'ie h  

T - UI3M03HTH TajMHIUTa.
Fig. 2. The diagram of chlorite and oxidized chlorite (H ey M. H., 1954): P - Pesača chamosites and 

T - Tajmište chamosites.

CnjiepnT, Koja npejicTaBJba H a jn e m h H  t h i i  Be3HBa Mef>y oonjiitMa TajMHiirra, 
noKa3yje H3BecHO Bapnpaibe y canp>Kajy FeO o ji 53 j io  58% , CaO o ji 0.43 jio  

2.03% , a MgO ofl 1.54 flo 3.53% .
CTHjmHOMejiaH, K o jn  ce ja B J b a  y nyKOTHHaMa h jih  n a K  y Be3HBy rBO >K l)eBH - 

t h x  cTeHa TajMHiirra, caj;p>KH 43.46%  S i0 2, 5.94%  A120 3, 35.57%  FeO, 2 .99%  
K20 ,  0.76%  Na20  h  1.63%  MgO.

T M C K y(M JA

O o jiH T H e  p y j j e  r B O * h a  y rJiaB H O M  o j i r o B a p a j y  p y j in o M  T H n y  MHHeTa, p e l ) e  

eKCxaJiaTHBHOM T H n y  (Harder, 1964). OHe ce  n o  n p a B H J iy  c a c T o j e  H3 o o H jja  maMO- 
3H T a B e3aH H X  M H K pO K pH CTaJiaCTH M  CHJiepHTOM  HJIH m a M 0 3 H T 0 M , aJIH  n o 3 H a T H  c y  

c j i y 'i a j e B i i  K a j ia  cy o o n j ( i i  H3rpai)CHH o f l  reTHTa h  xeM3THTa, a Be3aHH KajmHTOM.
y  EBponn C T a p o c T  o o j ih t h h x  pyna rao>Kl)a je  opjioBHiinjcKa h  jypcKa, ajiH 

jaBJbajy ce h  y j i e B o n y  (iipHMepii y  BeJirnjH, C 3  IIInaHHjH K a o  h  y C 3  JIn6HjH, J 3



Aji>KHpy, HCi'O'iHOM nejiy  n eirrpajiiie  P ycn je , J 3  PycHjH; V a n  H o u t e n ,  1988).
P y ^ a  rBO>Kl)a y  J ie * H ir tT y  TajMHiUTa jaB Jb a  c e  y  h c k o j ih k o  h h k j iv c b  h  CMe- 

uiT ena je  y KJiacrn'iiioj cepnjH H3rpaI)eHoj oji rjiimana, a jieB p o JiH T a  h  iieni'iapa  
M eTaM opcj3HcaiiHX ;io M e 'ra c T e n a , apiH Jiocj)H JiH Ta, (j)H Jiirra  h  n iK p n jb a n a .  CaMO y 
rop iL H M  /jejioBHMa CTy6oBa KOHCTaTOBaHO je  iipncycTBO Kap6oHaTHHX cT ena jaKO 
peKpncTajiHcaJiHX h j ih  M eTaM opcJ)HcaHHx ;io KajmHTCKnx iiiKpHJi.nna.

Il03HaT0 je  jia ce o o j ih th c  pvjie rBoa<t)a n p e T e m io  jaBjbajy y KJiacrH'iniiM 
cepnjaMa Be3aHHM 3a o6aJicKy JiHHHjy, HeKaj  ̂ naK h y 6paKHtmoj cpejjmm. IIpH- 
MepH t3k b h x  JieacHiiiTa cy jypcKe MimeTe OpannycKe, 3araM pyne "Clinton" cJ)op- 
M annje cnjiypcKe CTapocTH y hctom hhm  jjejiomiMa C’AJl,, Kao h "Wabana” jic>kh- 
uiTe Ihyc})aynjjjicnjia opjjoBmrnjcKe cTapocTH. Pyjje "Clinton" cj)opMannje cy 0 6 - 
pa30BaHe y iuiirrKOBOjinoj cvfi'rajjtajiiioj cpejniHH (Hunter, 1970), a Wabana py^e 
(R anger, 1979) B e3ane cy cjih h h o , 3a iijih tk ob oju i^  MapHiicKy cpcjinnv 6 apH jepim x  
rp e 6eHa h ■iajjuiJiHHX paBim. I Iopeji obh x reHeTCKHx o 6jamibeH>a nocToje h cxBa- 
Taiba o rrajio»(eiby na iiiBejioBHMa yjjajbeiiHM oj? o 6 aJie, Tajio>KeibeM y jjy60K0 - 
BOflHoj cpejjHHH h jtp. (B rook fie ld , 1974; G ygi, 1981 h Jtp.). H a llam  et a l. (1979) 
CMa rpa jja je 06pa30Baibe OBe BpcTe pvjta ycjioBJbeno CTeneHOM noKpeTJbHBOcrH 
nojja y iu ih tk ob ojih h m  MapHHCKHM cpejmHaMa h npHH0 C0 M TepnreHor MaTCpii- 
jajia peKaMa.

H 3 iieT O  noK a3yje jja He n o c T o jn  jejjHHCTBeH M ojjeji cj)°PMH paiba o o jih th h x  
pyjja rB o a c l)a . K a o  n p o 6jieM  n p n  npaBJbeiby M o jje jia  H 3flB aja ce  naHHii 06p a30B a- 
iba o o jiH T H o r CKJiona pyfle , cac T a B  oonjja  Kao h n o p e K J io  rBO>Kl)a. <I>opMHpaibe 
o o n j ja  c e  y  BehHHH c j iy Tia je B a  B e3yje 3a boj(c BHCOKe e n c p n ij e  jiok 06pa30B aibe  
c} )ep o -M H H e p a jia  Kojn hx H3rpat)yjy, npeTe>KHO je  y c ji0BJbeH0 cpejtHHOM  m hphhx 
BOfla ca  hhckhm  c a jtp ^ c a je M  KHceoiniKa. K im b e r ly  (1979 ) je  aKTHBiipao cra p y  
Hjjejy S o r b i-a  h  C a y eu x -a  jja cy  oohjjh  npB0 6 HTH0  6 hjih Kap6oHaTHor -  a p aro -  
H H T C K or cacTaBa, a jja cy  K acim je 3aMeH>eHH maM03HT0M h reTHTOM. IIopeKJio  
rBO>Kl)a koji oBaKBor 'iVMa'ten.a je  H3 c{)jiyB H O -j[e jrriinx  cej(HMenarra 6oraTHX 
opraHCKOM Ma-repiijoM  Kojn jie>Ke npeKO rBO>Kt)eBHTHX cejiiiM enaTa.

,H,pyra Hj^eja je  jja cy  oohjjh  jteTpirrH'inor nopeKJia h jta cy  nacTajin epojjoBa- 
H>eM JiaTepHTCKHX TepeHa ca  oonjjHMa h nH30JiHTHMa. OBa Hj^eja HaKO je  iipn- 
BJiamia (im je  n o rrp e 6 aH n p im o c Si h  A l) HMa jiocra  HejjocTaTaKa, n p e  cB era oohjih  
H3 Jia'repHTa neM ajy je3 rp a , pajinjajm c cy rpal)e  a H irp a^ eim  cy oji reTHTa 6o ra -  
Tor ajiyMHHHjyMOM, Kojn ce  He cp e h e  y  oonjiHMa rBo»:l)eBHTHX pyjta. Ilpn  to m c  
He rrp e 6 a HCKJbyiiHTH MoryhHocT npeKOHHeHTpaHHje rBO»c^a H3 JiaTepHTCKe Kope 
pacnajtaiba.

OoHflH Mory jja c e  cj)opMHpajy oko HyKJieyca y cy6Tajjjajmoj cp ejp im  6ora-
Toj O praH C K O M  MaTepHjoM MCXaiIIl'IKOM aKpeHIljoM JIC rp iIT H 'IH C  rJIH H e KaOJIHHHT- 

CKor c a c T a B a  h XHflpaTiicaimx OKCHjia rBO>Kl)a (B h a tta c h a r y y a  & K a k im o to ,
1982).

Jejjno oji M o ry h n x  h  iipnxB aTJbH B H x o 6jam ib eib a  nopeKJia ooiijja  jjao je  
K n o x  (1970) K o jh CM a-rpa jia  cy maM 03HTCKH ooh jih  cj)opM H paim  y p e jiaT H B iio  
njiHTKHM h  MHpHHM cpejiHHaMa H3 K o jn x  cy  o o H jf i i  M o rjin  6h th  noK peH yT H  H 
rpancnopTO Baim  (o n y ja M a )  jjo  o o jih tc k h x  6peroB a rj(c cy oju iara im . C jihhho  
MHUiJbeibe H3HOce Curray (1964), T albot (1973) n L eeđ er  (1982), c  th m  ĵ a CM aTpa-



jy fla cy oonjm nac rajin ofl rejia aJiyMHHHje o6oraJieHor i'BOJK^eM y jiaryHaMa ca  
TajiacaiheM. Maynard (1983), iiito  je HHTepecaHTHO, yKa3yje Ha M0ryhH0CT peaK- 
Hnje MHHepajia rjiHHa (KaoJiHHHr) h npHHeceHor flBOBaJieTiior i'BO>Kt)a, TaKo^e y 
njiHTKoj JiaryHCKoj cpe;(niin.

IlopeKJio rBO>Ki)a je  jejp io  o^  nHTaita Koje je  jjHCKyTOBaHO yBeK npa HCTpa- 
* H B a ity  ob h x  CTeHa. IlpeM a MHoro6pojiiHM ayTopHMa nopeKJio rBoac^a M O *e 
6 h th  ByjiKaHCKo; 33thm  B e3ano 3a noflseM iie Bojie Koje c e  K pehy ojj r o p e  Ha jjojie
-  n o jia3eh n  oji; MyjbeBa 6 o ra T H X  opraHCKOM MaTepnjoM, hjih ce  H3jpi>Ky oji jjojic 
Ha r o p e  iiOTH'iyhH H3 cy6MapHiicKHX H3Bopa; Be3aHO 3a peK e (rBoacije y pacTBO- 
py, kojio iijjho i'BO»:}/e y  o6jiHKy o p raH C K H X  KOMHJieKca); Be3aHO 3a MopcKy Boj;y 
(y3jjH3aii>e j(y6ji>nx, aiioKCH’imra 6aceiicKHX Bojja y  o6 jiacT  m ejic^a rj(e je  Bojja 
6oraTa KHceoHHKOM); hjih Be3aHO 3a nopH e Bojje ca  j^Hc})y3HjoM rBO>Kl)a naBHme 
H3 cejuiM eiiaTa 6 o ra T H X  oprancKOM MaTepnjoM. CBaKa ojj ob h x  npeniocTaBK H  
HMa apryMeHTe 3a h npoTHB.

CyMHpajyhH CBe Haiiejieiie XHHOTe3e Maynard (1983) CMaTpa fla nopeKJio 
oonjja h rBoac^a y H>HMa mo>kc 6 h th  nojmreHO.

K O P E JIA im JA  H 3 A K JbyH A K

C j ih h h o c t h  h  p a 3 J iH K e  j ic b o iic k h x  h  Jin jacK H X  rB O * i)eB H T H X  o o i i j j a  h  C T eH a y  

K o jH M a c e  H a J ia 3 e  c y  c j i e j j e h e :
1. McnHTHBaiiH i BO>Kl)eBHTH ooHjui H3 o6e JioKajiHOCTH npeMa CBHM MOpcfK)- 

j i o i i i k h m  KapaKTepncTHKaMa h  xeMHjcKOM cacTaBy Mory ce CMaTpaTH B p j io  c j i h ' i - 

HHM aKO He H HJjeHTH'IHHM.
2 . M H H e p a J i im  c a c T a B  rBO>Kl)eBHTHX C T eH a ( H e c a n a )  h  p y j j e  ( T a jM H m T e )  j e  

cjiH’ian (cHJiHKaTHa, K a p 6 o n a T H a  h  p e l ) a  O K C iijjn a  c f i a s a ) ,  o jj h o c iio  6 p y H C B H rH T  H3 
r p y n e  m a M 0 3 H T a  -  B H c o K o i BOJKljeBHTH x j io p H T , c n j ( e p n T ,  M a m e T H T  h  j ip .

3. y 3  jjeBOHCKe h y3 JinjacKe rBO>Kl)eBHTe CTeHe ca  ooH^HMa, y noBJiaTH a  y 
iiojjhhh cy  npncyTHe CTeHe 6oraT e opraHCKOM MaTepnjoM (y  TajMHmTy MecTH- 
m hhho MeTaMopc[)HcaiioM jto rpacj)HTa).

4 . y CKO c y  B e 3 a H e  y 3  h  c a  KJiacTH^HHM cejjHMeHTHMa, a  j;ejioM h  c a  K a p 6 o -  

HaTHHM (necana).
5. I lo c T a H a K  h j e j p n x  h A p y r n x  je B e 3 aH  3 a  n jiH TK O B O jjH e M apH H C K e cpej^HHe, 

3a cj)a3e TpaHcrpecHja.
6. MspasHTa pa3JiHKa je y H3pa>KennjeM Kap6oHaTHOM KapaKTepy (KajinH'i’- 

ckom) cTeHa nocnoija tbo>k1)Cbhthx oonjja Ileca'ie a y TajMHmTy KJiacTH'iHOM 
KapaKTepy CTeHa nociiona.

3naqajH a pa3JiHKa H3Mel)y jjeBOHCKHX h jrajacKHX cTeHa ca rBO*eBHTHM ooh- 
jpiMa je caMO y TOMe iiito  ce  y TajMHuny pajjn o pyjjnoM JieacHurry jjok je y Ileca- 
hh t o  caMO nojaBa 6e3 eK0H0MCK0r 3Hanaja.

I l a B e j j e n e  K ap aK T ep H C T H K e 3 a  o 6 e  JioK aJiH O C TH  y K a 3 y jy  H a  c j i h h h o c t  c p e j m -  
H a h  M e x aH H 3 M a n o c T a m c a  -  n o c M a ri p a jy h H  h x  K a o  n p H M ap H O  c e j iH M e i r n ie  C T eH e.

Ha 0C H 0B y C B e ra  H3Jio>Keiior M o a c e  c e  3aK Ji> y iH T H  c j i e j j e h e :

I. 1. Cicjion pyj;e y TajMHmTy h nojaBa y IlecaHH je oo jih th h , pel)e hh30jihthh. 
Oohjjh ejiHnTHim or hjih ccJ)epoHjiHor pel)e cc^epnm ior o6jiHKa cy npeTeacHo Ma- 
h>h oj; 0.5 mm. H 3rpa^eim  cy ojj maM03HTa 6e3 hjih ca je3rpoM (KBapu, K a p 6 o -



HaTHO 3pHO, H /(p .), CHflepHTa KO jH 3aM 6ILyjc IU3M03HT IICKa/^ y  nOTnyHOCTH HJIH 
flejiHMHHHo. Petje ce y  oon/iHM a cpehe MarHeTHT (H acT ao MeTaMopcjHiiiM n p o ije -  
CHMa), a  n o  060jiy  im p H T , K o jn  c e  i ie K a / i  j a B J t a  h  yH yTap o o H jja .

y  p y « H  T a jM H H iT a  c e  ja B J b a jy  h f l p y r n  F e -x J io p H T H , y  M ajiH M  KOJiHHHHaM a 
C T H JinH O M ejiaH , p e j / a K  M H H eco T aH T , aH K ep H T , K a j u p T ,  K B a p n , a n a T H T , cyji(}>HjiH h  

o k c h j j h  Fe, j ip v i 'H  c v J ic jiH jin , opraHCKa MaTepnja n e c T O  M C T a M o p fjiH c a iia  / io  rp a f} m -  

rr a  (K aram ata i dr.,1988).
2. I IIaM 0 3 H T H H  o o h jih  f j io p M iip a i iH  c y  y  H JiH TK O B ojiH oj M apH H C K oj p e j iy K i i i io -  

Hoj c p e / iH in i  y c j io B J b e H o j  iipncycTBOM o p r a n c K e  M a r e p n j e  h  t o  H a rpaHHii;H c e /m -  

M e H T -B O fla  ( 6 a K T e p n jc K a  OKCHflaunja opraH C K e M a T e p n je ) .  O B aK B H  n p i iM e p H  cy 
n o 3H3TH j^aiiac y  EpHTaHCKoj K ojiyM 6njH, 6aceH y C aH Ta Bap6ape, KaJiHtJjopiiHj- 
CKOM 3aJIHBy II y  I1,PH0M M O py. IIIaM03HT je  npHTOM (})O pM H paH  H3 KaOJIHHHTa y 
c p e j i i i i iH  6o ra T o j cycneii/(OBaiiiiM  x H jip a T H c a n iiM  o K c ii ju iM a  riio> K l)a .

3. y  c'rajpijvMV paHe jin jareiie^ e y ycjioBHMa HirrepMerjHjapiior OKcnjiaiiHO- 
Hor iioT en nnjajia  h  Bpjio iiJiiiTK0B0/(ne cp ejiim e , rjie KoimeiiTpanHja 1IC03 im je  
^OBOJbHO BHCOKa jia 6h  M oraa /ja pacTBopn HCTajio>KCHH cjjepo K ap6onaT, n p en e -  
uieHH ooh jih  ce  Be3yjy MHKpoKpncTajiacTHM c n j i e p i r r o M ,  K o jn  j e  y K acH H jo j <j)a3H 
j i n j a r e n e s e  M o r a o  6 h th  3aM eH >eH  KpynHOKpHCTajiacTHM c n /^ e p i r r o M  hjih iu a M 0 3 H - 

t o m ,  a KOMe c y  iio^  yrnnajcM MerraMopc}iinix n p o n e c a  npnflOflaTH h ; i p y r n ,  p a H H je  

n o M e H y T H , M H iie p a jiH .

II. 1. I l o p e K J i o  rBO>Ki)a n p e f lC T a B J b a  n o c e 6 a H  n p o 6 j ie M .  P a i iH jn  n c T p a a c iiB a H H  

Jic > K H iirra  T a jM H U i'r a ,  n o p e K J io  rao> K {)a  B e3H B aJiH  c y  3 a  B y jiK a iiH 3 aM  HaKO c y  6 a -  

3 H 'i i ie  B yjiK aH C K e C T eH e y j i a j b d i e  o j t  J ie > K H iirra  h  n p e K p H B e H e , n p e  0 6 p a 3 0 B a i b a  

p y f l a ,  f le 6 e jiH M  n a c J i a r a M a  n a j ie o 3 o jc K H X  CTena. H arder (1965) C T o ra  C M aT p a  / ja  
H e  n o c 'i 'o j  11 re H e T C K a  B e 3 a  H 3M ei)y  p y ; i n o r  x o p H 3 0 H T a  h  ByjiKaHCKHX C T eH a h  j i a  c y  

p y / j e  T a jM H u iT a  n o  cB ojH M  xeM H jcK H M  h  re o x e M H jc K H M  K a p a K T e p n c T iiK a M a  6jiH>Ke 
p y / ta M a  T H n a  M H H eT a n e r o  eK cx a jiaT H B H H M  T H noB H M a JIaxH /liuia.

2. I ’B o>K ljeB H Tc p y j i e  T a jM H u iT a  H e n o K a 3 y jy  n o T n y H y  n o j ;y j ( a p n o c T  c a  M H H e- 

TaM a n o  cbom  MHHepajiHOM c a c T a B y  h  KapaKTepHCTHKaMa a o a / j a  ( • r a i i r e i i n n j a j i n a  

r p a t j a ) .  y  u i n p o j  o k o j i h i i h  n n c y  i i h  K O H C TaTO BaH e K o p e  p a c n a j j a i L a  j ia T e p H T C K o r  

T H n a , o ^ a K J ie  6 h  r B O * l ) e  M orjio  6 h t h  f lO H e iu e i io ,  yKOJiHKO n n c y  y  n o T n y H o c T H  

e p o j i o i i a i i e ,  i u t o  j e  M a jio  B ep o B aT H O .

3. I lp e T n o c T a B J b a M O  ^a j e  n o p e K J io  rBO>Kl)a n o jm r e H O ,  / j a  MO>Ke b o a h t h  n o -  

peKJio ofl MyjbeBa 6 o r a T H x  o p raH C K O M  M a T e p n jo M  H3 K o r a  j e  r B O * ^ e  Mexa- 
hh3mom noBpaTHor n p iu B e iB a  / ( o i i e i i i e n o  y  6 a c e H ,  / j a  j e  n p H H e T o  T eK y h H M  B o jja M a  
Koje /ip en n p ajy  3 e M Jb H m T e , a  jia M o * e  6 h th  h / l o i i e m e i i o  y3/iii3aiLCM / iy 6 j i ) i ix

aHOKCiiHHHX 6aceHCKHX BOfla y  iiJiHTK0B0n iiy  6paKH'iHy cpeflH iiy. 3 a  ca jja  t o  iih-
Taibe ocT aje 0TB0peH0.

3 a x B a J in o c T  -  H ajcpfla'iiiH je ce  3axBajbyjeMO reojiosH M a PyfliiHKa h ")Ke- 
jbesap iiH ne CKonje” ca  KojHMa cmo capaijHBajin npii TepeHCKHM ncTpaacHBaibHMa 
h Kojn cy  HaM 0M0ryhHJiH o6p a /jy  OBe c'iy /u ije h to : Mp. T. HoBaKOBCKOM, hii>k . /I. 
JoBanoBH hy, hh>k . B. JlHMHhy h iih>k . K. Jop/;aiioBy. n oce6H O  ce  3axBajbyjeM o /(p. 
B. A. BopoiiHXHHy h flp. C. n. K ophkobckom  Ha ypal)eHHM aHajiH3aMa ooH^a
eJieKTpOHCKOM MHKpOCOII/(OM.
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IRONSTONES - CHARACTERISTICS AND GENESIS

by

Je lena  O bradović  , N ebo jša  V asić  ,
S tevan  K aram ata and N enad G rubin

Iron ooides are constituents of iron oolitic ores so called ironstones, or they appear as economi- 
cally uninteresting occurrences. They are connected mostly to Devonian, Jurassic, Cretaceous and Terti- 
ary. It is already known that in older periods there are appereances of banded iron formation but they 
are not the subject of our interest. The results of investigated iron ooides of Devonian (Tajmište deposit) 
and Jurassic age (Lias of northem part of East Serbia) are presented in this paper. Special attention is 
devoted to fabric and composition of ooides, their genesis and of course, the origin of iron.

Key words: ooides, chamosite, siderite, Devonian, Jurassic.

INTRODUCTION

Economically interesting sedimentary iron ores, correspond to Precambrian 
Banded iron formation and to oolitic iron ores which vary in age from Proterozoic to 
Pliocene.

Oolitic structure, presence of chamosite, siderite, iron oxides and sulphides with 
small amounts of magnetite, grinelite and minnesotatite are characteristic for oolitic 
iron ores (ironstones). Among oxides mostly spread are goethite and haematite, al- 
though the presence of maghemite-magnetite mineral mixture is possible as well as 
the occurrence of FeOOH which transites to goethite in solutions rich with chlorides.

Siderite is the only carbonate that appears in considerable amounts, while 
ankerite, dolomite and calcite are rare. Among sulphides pyrite is most common, but 
marcasite appears also. Iron silicates are very often rich in aluminia. Chamosite is fre- 
quent as well as the amorphous phase with the same composition. Nontronite and
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opal rich in iron vvere also found (Petruk et a l., 1977).
In the Tajmište deposit oolitic iron ore appears in Devonian serie, the age of is 

determined as upper part of lovv, and middle Devonian (Page, 1958), vvhich is in ac- 
cordance with observations of Van H outen (1988). He distinguished the Devonian 
iron oolitic belt and connected it with the wide area in which eustatic changes of se- 
cond degree sea level reflect, with floodation of cratons separated with clear regres- 
sions (in lower Devonian) and transgressions (middle and upper Devonian). Appear- 
ances of ironstone ore are connected to the transgressive phase in NW Libya, SE Al- 
geria, eastem part of central Russia, Belgium and NW Spain.

Oolite iron ores of the Devonian age in west Macedonia with the Tajmište de- 
posit, were the object of interest of a large number of geologists. Some of them de- 
termined the age and others petrological characteristics of the series, composition of 
ore-bearing horizon, chemism of ore, its quality, as well as tectonics of deposit etc. 
This economically very interesting area in west Macedonia and the Tajmište deposit 
were studied by: C issarz  (1954), Page (1958), Kleut  (1965, 1966, 1968, 1973), 
Popov ić  (1968), D om ur dž anov  (1977), Ka ramata  & Obradov ić  I.  (1979), 
Ka ramata  et al. (1982), Nov akovsk i  & Dimić (1984), Karamata  et al. 
(1988), O bra dov ić  Lj.  & S rećković  (1988) et al.

Iron deposits of the Lias age in east Serbia were studied by Vasić (1989/90, 
1992).

With this paper we wanted to present in detail the investigated ooides which are 
constituents of iron oolitic ores, their morphology and their composition and to corre- 
late results with appearances of Jurassic iron oolitic rocks in east Serbia.

METHODOLOGY

Shape, size and composition of ooides and hosted-rock was determined as well 
as the lithological composition of rock in the whole Devonian serie in Tajmište and in 
the Jurassic serie of Pesača.

Chemical analyses of Pesača ooides, which are correlated to the same from Taj- 
mište, were taken over from Vasić  (1989/90). Tajmište iron ooides were analyzed 
with electronic microprobe in IGEM, AS of Russia in Moscow, by V. A. Boronhin 
and by S. K. Korikovski, for which we most greatefully thank them. Besides analyz- 
ing of ooides, analyses of siderite and stilpnomelan were done.

CHARACTERISTICS OF DEVONIAN IRON OOIDES

In the Tajmište deposit the following were distinguished: ore-bearing, underlying 
(beneath ore) and overlying horizon. Ore-bearing horizon which is a horizon of tec- 
tonic melange, includes clastics which appear between the ore, and it is characterized 
by appearance of iron ooides. Clastics in this horizon correspond to metasandstones, 
phyllites, chests and metaalevrolites. Ore to clastite ratio in this horizon varies a lot 
(from 9 to 79 : 100) and also the varying is noticable in content of some types of 
clastites.



Iron ores consist of Fe-chlorites (chamositic character), siderite and rare magne- 
tite with scattered appearances of stilpnomelan, apatite, quartz, ancerite and calcite. 
The accessory ore particals are sulphides, ilmenite, rarely rutil and zircon. Organic 
matter is often present, and is mostly metamorphized upto fine graphite sheets (Kara- 
mata et al . ,  1988).

In the Tajmište iron deposit, three main types of ooides are found: 1. chamositic 
ooides with the optical cross, 2. sideritic ooides and 3. ooides with microcrysall 
chamositic nucleous and with chamositic envelope. Most common are chamositic 
oolites with the optical cross, among which several subtypes can be distinguished on 
the bases either of the nucleous character (central part) or outer envelopes: a). ooides 
with large siderite in nucleous with and chamositic envelopes, b). chamositic ooides 
where the outer envelopes are impregnated with small crystalls of pyrite, c). ooides 
with microcrystal carbonate in nucleous and with chamositic envelopes, d). chamositic 
ooides where the outer envelopes are of microcrystal carbonate. Some of the subtypes 
distinguished in this way are undoubted a consequence of diagenetic and some of me- 
temorphic proceses.

The basic and most common types of ooides are chamosite ooides with the opti- 
cal cross (standard appearance form). Tangential and radial structures of chamosite 
ooides were observed. While the tangential structure indicates the mechanical aceretion 
of detritial kaolinite and hyđrated Fe oxides (Bhat taeharyya & Kak im oto ,  1982) 
as a way of ooides genesis, radial structure indicates the origin from lateritic ooides. 
Chamosite ooides appear in eliptical and spherical forms (as seen in petrographical 
slides), as well as in ellipsoidal and spheroidal, and rarely in irregular forms. Defor- 
mation forms, influenced by high pressure during metamorphism, are excluded from 
the above mentioned which are primary atypical. Ooides can contain nucleous- 
-embryo, most often terrigenous grain (quatrz, rarely zircon, apatite or ilmenite) or 
siderite and calcite crystals.

The size of chamosite ooides varies from 0.1 to 1 mm. In hosted-rock/ore they 
can be well-sorteđ, with one fraction dimension (0.125-0.25 mm, 0.50-1.00 mm.
0.30-0.60 mm etc.), or medium and poorly sorted. Their content in hosted-rock/ore 
can vary from low to very high. Low eontent means only sporadic appearance in car- 
bonate mat.rix (mudstone structures), medium 20-50% (packstone-grainstone strue- 
ture), but not grain-supported, and high -  up to 70%, grain-supported (grainstone).

The follovving ground-masses were observed: microcrystalline siderite, as matrix, 
coarseerystalline siderite, highly Fe-rich carbonate (ankerite?), chlorite (chamosite?), 
quartz, calcedone (vvhich often build lances, under the influence ol' metamorphic pro- 
cesses), all as cement, either basal (less ooides content), or pore. The most often are 
carbonates and chlorite cement, which can appear single, as the only cement type in 
hosted-rock/ore, or more often together, but irregularly. The other cement-t.ypes 
never appear single, only beside the two basic types.

In some samples the lamination was observed, appearing by the following no- 
ticed rule: Laminae with chamosite ooides cemented by coarsecryctalline siderite (as 
cement), few mm thick -  laminae built-up of micrite with or without ooides, which 
all indicate the sedimentary origin.



CHARACTERISTICS OF LIASSIC IRONSTONES

Sediments with iron ooides in Pesača, determined as sandy-calcite-ankerite- 
-siderite rocks with chamositic ooides, form the serie 7 m thick, which belongs to the 
upper Pliensbachian just above the Grifeic-belemnite zone. Ironstones (chamositic) 
appear in standard ellipsoidal forms (fig. 5) with an optic cross. In most cases, they 
have no nucleus and if they do, they are terrigenous quartz, fossil remmains, whole 
microfossils, ankerite and fragments of chlorite agregates with sheeted structure. The 
dominant size of ooides is between 0.50 and 1.00 mm (Vasić,  1989/1990).

CHEMICAL CHARACTERISTICS OF 
DEVONIAN AND LIASSC IRONSTONES

To understand the chemistry of ironstones it is necessary to introduce the chemi- 
cal characteristics of hosted-rocks (Tab. 1). The complex chemical composition of 
Tajmište iron ores is undoubted the consequence of it's mineral composition -  or mo- 
re precisely, the presence of silicate, carbonate and oxide phases (chamosite, siderite, 
terrigenous components, Fe hydroxed and oxides, calcite) which are all mostiy of pri- 
mary sedimentary origin. The metamorphysm also influenced the mineralogy of these 
rocks (occurences of stilpnomelane, Fe suphides and oxides) and complicated the al- 
ready complex composition. The chemical composition of rocks with chamosite ooides 
from Pesača was also caused by the presence of silicate, carbonate and oxide phases 
(chamosite, terriginous components, calcite, siderite, ankerite, limonite). rrhe main 
difference between Pesača and Tajmiste hosted-rocks is much higher calcite content 
in rocks from Pesača.

The differences between the chemical compositions of iron rocks from Pesača 
and Tajmiste are the lower FeO and higher CaO content in the first. Other oxides 
contents vary less, which can be expected considering the similarities between 
Tajmište and Pesača (iron ore -  iron rocks).

The chemical composition of Devonian and Liassic ironstones was determined 
using microprobe analyses (table 2 and 3). Atomic values of Fe, Mg and Si were put 
on Hey's (1954) diagram (fig. 2 ) with already separated fields for Pesača (P) and 
Tajmište (T) ooides. Both the ooides belong to the chamosite, or more precisely, 
brunsvigite field.

It is visible from the diagram that the Tajmište Fe ooides field is moved to the 
right side indicating a slightly higher content of iron. Among these ooides, the sam- 
ples 4, 5 and 6 (Tab. 3) can be separated as those with very high Fe content, but low 
A120 3 and MgO. In general, ooides from Tajmište have less average contents of S i02, 
A120 3 and MgO then those from Pesača. Also the content of CaO is much higher in 
Pesača ooides, which is explicable by the high CaO content in their hosted-rocks.

On four ooides samples from Tajmistc and lwo from Pesača (fig. 2) the chemi- 
cal composition of central and margine part of ooid was determined. Some differences 
exist in Pesača ooides which have a bit lower S i02 and A120 3 contents and a bit 
higher FeO in the margine part. In Tajmiste ooides the differences are minimal.



The siderite representing the most common ground-mass cement type in Tajmi- 
šte ooides shows certain variations in FeO content -  from 53 to58%, in CaO from
0.43 to 2.03% and MgO from 1.54 to 3.53%.

Stilpnomelane, occuring in the cavities or in the ground-mass of iron rocks from 
Tajmiste contain 43.46% S i02, 5.54% Al203 , 35.57% FeO, 2.99% K20 ,  0.76% NazO 
and 1.63% MgO.

DISCUSSION

Ironstones mostly correspond to the Minette ore type (and rarely to the exchala- 
tive type, Harder ,  1964), which almost always consist of chamosite ooides cemented 
by chamosite clay or microcrystalline siderite. The cases of ooides built-up of 
gothetite and haematite and cemented by calcite are also known. The age of Europian 
ironstones is Ordovician and Jurassic, but they also appear in Devonian (in Belgium, 
NW Spain, and also: NW Lybia, SW Algeria, eastem part of central Russia, SW Rus- 
sia; Van I iou ten ,  1988).

The iron ore from Tajmište deposit occurs in several cycles, set in the clastic se- 
ries built-up of clays, siltstones and sandstones metamorphosed into meta-rocks, ar- 
gillophyllites, phyllites and schists. Only on the upper parts of geologic columns the 
presence of carbonate rocks, strongly recrystalised and metamorphosed into calcite 
schists was observed.

It is well known that ironstones appear in clastic series connected with the shore 
line and sometimes even in a brackish environment. The examples of such deposits 
are Jurassic minettes in France, Clinton formation ores of Silurian age, in the eastern 
part of U.S.A., Wabana deposit of Ordovician age, in New Founland. The Clinton 
formation ores were developed in shallow subtidal environment (Hunter ,  1970). 
Wabana ores (Ranger,  1974) are also connected with the shallow marine environ- 
ment -  barrier reefs and tidal flats. There's also an opinnion that such ores might 
have been formed by deposition on swells distant from coasts or in the deepwater 
environment (Brookf ie ld ,  1974, Gygi ,  1981 and others). According to Hallam 
et.al.  (1974) the formation of ores is influenced by water mobillity and inflow of 
terrigenous material by rivers.

The above mentioned shows there is no unique formation model for ironstones. 
Problems regarding oolitic fabric of ore, are composition of ooides and iron origin. 
The formation of ooides is in most cases connected to high-energy water, while the 
siderite and chamosite, ooid-forming iron minerals mainly form in quiet water envi- 
ronments with a low oxigen content. Kimber ly (1979) initiated the pre-existing idea 
of Sorbi and Cayeux that ooides originally consisted of carbonate -  aragonite which 
was later replaced by goethite and chamosite. According to this hyphothesis, iron 
originates from fluvial-delta sediments, rich in organic matter, lying above the iron 
sediments.

The other idea is that ooides are of detrital origin and were formed by erosion 
of ooides and pisolites-rich laterite terrains. This idea, although attractive (the inflow 
of Si and A1 not necessary) has its defects: ooides from laterites have no nucleus,



they are radial and built-up of Al-rich goethite, which can not be found in iron ore 
ooides. However, the possibillity of recomposing of iron from laterite weathering crust 
is not to be excluded.

Ooides can form arround the nucleus in subtidal environment rich in organic 
matter by mechanical accretion of detrital clay (caolinite composition) and hydrated 
Fe-ooides (Bhat tacharyya & Kakimoto ,  1982).

One of the possible and acceptable explanations of ooides origin was given by 
Knox  (1970), who thought that chamositic ooides were formed in relatively shallow 
and quiet environments from which ooides might have been moved and transported 
(by storms) to the oolitic bars and there deposited. Similar opinions were given by 
Curray  (1964), Talbot  (1973) and Leeder  (1982), who, however, believed that 
ooides were formed from iron-enriched A1 gels in wavey lagoons. In shallow lagoon 
evironment there is a reaction possibility of clay minerals (caolinite) and inflowed 
Fe2+ (Maynard,  1983).

The origin of iron is always discussed when ironstones are investigated. Accord- 
ing to numerous authors, Fe origin might be volcanic; connected to the subsurface 
water flowing downwards -  from organic matter-rich muds or upwards -  from sub- 
marine springs; connected to the rivers (iron in solution, coloid iron in organic com- 
plex forms); connected to the sea water (lifting of deeper, anoxic basin water on the 
shelf area with oxigen richer water). Each of these hypothesis has its defects and 
therefore, according to Maynard  (1983) can be polygenetic.

CORRELATION AND CONCLUSION

The similarities and differences betvveen Devonian and Liassic iron ooides and 
their hosted-rocks are the following:

1. Investigated iron ooides from both localities according to all characteristics 
can be considered as very similar or even identical.

2. Mineral composition of iron rocks (Pesača) and iron ore (Tajmište) is very si- 
milar (silicate, carbonate and oxide phase): brunsvigite from chamosite group -  chlo- 
rite highly enriched with iron, siderite, magnetite and others.

3. Beside the Devonian and Liassic iron oxide rocks, as overlying and underly- 
ing sediments appear rocks rich in organic matter (partly metamorphosed to graphite, 
in Tajmište).

4. They are closely connected to clastic sediments, and partly carbonate (in 
Pesača).

5. The formation of both is connected to shallow marine environments and trans- 
gression phases.

6. The significant difference between them is in the outstanding carbonate char- 
acter (calcite) of Pesača hosted-rocks.

The basic difference between Devonian and Liassic ironstones is in their hosted- 
-rocks character: Tajmište is orc deposit, while Pesača is an economically insi- 
gnificant occurence.

The mentioned characteristics of both localities indicate tlie similar formation en-



vironments and processes.
According to all investigations, the following conclusions can be made:

I. 1. The fabric of ore from Tajmište and occurence in Pesača is oolitic, rarely pi- 
solitic. Eliptical, spheroidal and rarely spherical ooides are mainly less than 0.5 mm in 
diameter. They are built-up of chamosite with or with out nucleus (quartz, carbonate 
grain, etc.), siderite, partiy (sometimes completely) replacing the chamosite. The con- 
stituents of ooides are magnetite (but rarely) formed in metamorphic rocks and pyrite
-  appearing on the margine, or sometimes inside ooides.

In Tajmište ore other Fe -  chlorites, stilpnomelane (in very small ammounts), 
rarelu minessotaite, ankerite, calcite, quartz, apatite, Fe sulphides and oxides, other 
sulphides, organic matter, frequendy metamorphosed in graphite often appear (Ka- 
ramata et al., 1988).

2. Chamositic ooides were formed in shallow marine reduction environment 
caused by the presence of organic matter on the very border between sediments and 
water (bacterial oxidation of organic mattcr). Such examples are known in British Co- 
lumbia, Santa Barbara basin, Califomia bay and in the Black Sea. Chamosite was 
formed from caolinite during the early diagenetic stadium, in environment rich in sus- 
pended hydrated Fe oxides.

3. During the stadium of early diagenesis in shallow water environments with in- 
termediate oxidation potential, and H C03 contetration not high enough to dissolve 
precipitated Fe carbonate, transmited ooides connect to microcrystalline siderite which 
might have been, during the later phases of diagenesis replaced by coarsecrystalline 
siderite or chamosite and other minerals mentioned before, added to chamosite under 
the influence of metamorphic processes. Earlier investigators noticed such poly-phase 
occurences of siderite and chamosite, which is not discussed in this paper.
II. 1. The origin of iron presents a special problem. The earlier investigaters of Taj- 
mište deposit connected the origin of iron with volcanic processes, although the 
nearest volcanic rocks occur 47 km far from the deposit and are covered by big strata 
of Paleozoic rocks. Therefore, Harder  (1965) thought there was no genetic relation 
between ore horizon and volcanic rocks and that the ores from Tajmište, according to 
their chemical and geochemical characteristics, are closer to the Minette ore type then 
the Lahn Dil exchalative ore type.

2. The iron ores from Tajmište are not completely identical to Minette in their 
mineral composition and ooides characteristics (tangential structure). There were no 
observed occurences of vveathering crusts of the laterite type (unless they were com- 
pletely eroded) from vvhere the iron might have been brought.

3. We believe that the origin of iron is polygenetic: iron can originate from or- 
ganic matter-rich muds from which the iron was brought into the basin by: seepage 
refluction; running water draining weathering crust; lifting of deeper anoxic basin wa- 
ter in shal!ow brackish environment. So far, this rcmains an open problem.
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TAEJIA I PLATE

C jl. 1. MHKpOCKOnCKH CHHMaK npH M apH O  Ae(J)OpMHCaHHX UiaM03HTCKHX OOHfla KOjH c e  H a jia 3 e  

y M H K poK pH crajiacTO M  CHjiepHTCKOM Be3HBy -  T ajM H urre , (N II, x25).
Fig. 1. Microscopic photo of primarilly deformated chamositic ooides in microcrystalline 

sideritic ground-mass -  Tajmište, (N II, + 25).
C ji. 2 . MHKpocKoncKH CHHMaK oojiHTHe p y jie  rBO *h>a -  TajMHiHTe: 1). inaM03HTCKH o o h jih  ca 

OIITHHKHM KpCTOM H 2). III8M03HTCKH OOHflH 33M eibeH H  CHflCpHTOM, (N + , x50).
Fig. 2. Microscopic photo of ironstones -  Tajmište: a). chamositic ooides with optic cross and 

b) chamositic ooides replaced by siderite, (N +, + 50).
C ji. 3 . M HKpocKoncKH CHHMaK ooJiHTHe p y jje  :BO>Kt)a -  TajM H urre: 1 )  r y c r o  naKOBaHH 

IH8M03HTCKH OOHflH Ca OIITH’IKHM KpCTOM H 2). XJIOpHTCKH HeMCIIT, (N + , x50).
Fig. 3. Microscopic photo of ironstones -  Tajmište: a) hard packed chamositic ooides with 

optic cross and b) chloritic ground-mass, (N +, + 50).
Cjl. 4. MHKpOCKOnCKH CHHM3K OOJIHTHe p y j(e  rB O *I)a  -  TajMHIHTe. IHaM03HTCKH o o h jih  y  

MHKpOKpHCTaJiaCTOM CHJJCpHTCKOM B e 3 H B y ,  (N II, X 50).
Fig. 4. Microscopic photo of ironstones -  Tajmište: a) chamositic ooides and b) microcrys- 

talline sideritic ground-mass.
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