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

*

*
JejieHe 06paflOBHh , He6ojuie Bacnha
CTeBaHa KapaMaTe h HeHajja rpy6HHa

| BO>KI)eBHTH oohhh yjia3e y cacraB oojihthhx py«a i BO>Kt)a TB3. rBO*t)€BHTHX crena (ironstone) hjih ce
jaBJbajy Kao ckohomckh HeHHrepecaH THe nojaBe. Be3aHH cy npeTe*HO 3a ReBOH, jypy, Kpenv h Tepunjap. y
crapHjHM nepHo/iaMa no3HaTe cy nojaBe TpaKacrHX pyjia raosdja, Koje HHcy npejiMeT Hauier HHTepecoBaH>a. y
pajiy cy HcriHTaHe nojaBe iBO*t)eBHTHX ooma ,ieBOHCKC (jieaauirre TajMHiirre) h jypcKe crapocrH (jrajac

ceBepHor jjejia HcroMHe CpCHije). lloce6Ha na*H>a nocseheHa je CKJiony h cacraBy oonjja, HlixoBoj reHe3H h
CBaKaKonopeKlJiy rBO *t)a.

Kjbyi*e peiH: oohjjh,uiaM03HT, cnjjepm, jjcboh,jypa.
yBo;i

Ce/tHMeiiTne py~e i'BO>Kt)a, eEKOHOMCKH HHTepecaHTHe, oflroBapajy TpaKacToj
rBoac”eBHToj cj*opMannjn iipeKaM6pHjcKe cTapocTH h oojihthhm pyjjaMa rBOJK”"a
MHja CTapocT Bapnpa oji np0Tep030HKa jjo iuiHOHena.

O0jiHTHe pyfle rBO*”™a (ironstone) oflJiHKyjy ce oojihthom CTpyKTypoM, ca-
ApacajeM maM03HTa, CHflepHTa, oKciijja h cyji(J)Hfla rBox”~a ca Majio MarHeTHTa,
rpHHejiHTa hjih MHHecoTaHTa. Mei>y oKCH"HMa HajpacnpocTpaibeHHjH cy reTHT h
xeMaTHT, Maga je Moryhe h npncycTBO MemaHHX MarxeMHT—MarHeTHT MHHepajia
Kao h nojaBa FeOOH Kojn npejia3H y reTHT Yy pacTBopHMa 6oraTHM xjiopHfl[HMa.
Cn”epHT je jejtnim Kap6oHaT Kojn ce jaBJba Y 3HaTHHM KOlJin'iHHaMa, jjok cy aHKe-
pHT, flIOJIOMHT h KajiHHT peTKH. Mel?y cyji(j)HjtHMa je HajnemhH nnpHT, a jaBJBa ce
h MapKacHT. CnjiHKaTH iBo”ct)a cy no npaBHJiy 6oraTH aliyMHHHjymom. xlecT je
uiaM03HT Kao h aMopcj)iia cj)a3a HCTor cacTaBa. KoHCTaTOBaHo je h npncycTBO

*PvjiapcKO- reojioniKH (f)aKy.mcT, 'ByuiHHa 7,11000 Beorpajj.



HOHTpoHHTa Kao ii onajia 6oraTor rBO**eM (Petruk et al., 1977).

Y Jie>Kiiiiny TajMHiuTe oojiHTHe pyjje rBo~c”a jaiui,ajy ce y jieBoncKoj cepn-
jn, HHja je cTapocT o”~pe”eHa Kao ropitH fleo jjoiter h CpejptH fleBOH (Page,
1958), hito je y carJdiacHOcra ca 3anarcaibHMa Van Houten-a (1988) Kojn H3flBa-
ja nojac AeBOHCKHX oojihthhx pyjja h Be3yje hx 3a uihpokh npocTop y KOMe ce
pecJidieK'iyjy eycTaTH'iKe npoMeHe HHBoa Mopa ;tpyror pejja, ca saruiaBjhHBaiLCM
KpaTona pasflBojeiiHM H3pa>KeiiiiM perpecHjaMa (y jtoibeM jjeiiony) h TpaHcrpecn-
jaMa (cpejui>H h ropii,n Jieiion). 3 a TpaHcrpecHBHe c})a3e Besane cy nojaBe “lron-
stone” pyjja y C3 JInGHjH, JM Aji>khpv, hctomhom jjejiy neinpajiHe Pycnje h JM
PycnjH, BejirnjH h C3 IllnaHHjH.

00jiHTHe 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 KBalJiHTeT, TeKTOHHKYy JioKHiu'ra htjj. Obo, ckoiiomckh Bpjio HHTepe-
caHTiio noflpyHje y 3anajuioj MaKejjoiinjn h caMO jiokhiutc TajMHUIiTe npoy‘iana-
jih cy Cissarz (1954), Page (1958), Kleut (1965, 1966, 1968, 1973), Popovi¢
(1968), JJyMypuaHOB (1977), Karamata i Obradovi¢ J. (1979), Karamata i
dr. (1982), Karamata i dr. (1988), 06paj~0OBHh JL. h CpehKOBHh (1988), h
Obradovi¢ J. i Vasi¢ (1990).

rBO>KheBHTe oonjje jinjacKe CTapocTH y McTO'iiioj cp6njH iipoy'iaBao je B a-
cnh (1989/90).

Obhm pa/joM >KejiejiH cmo jja npHKa*eMO jjeTajiilHO HcimTaHe oo0iijje Kojn
yjia3e y cacTaB oojiHTHe pyjje riio>Kt)a, KaKO ii.Hxoiiy Mopcjiojiornjv, cacTaB h re-
He3y h ;ja HCTe KopenHiueMo ca nojaBaMa rBO>KIl)eBHTHX oojihthhx CTeHa jypcKe
CTapocTH y McTO'inoj Cp6njn.

METOftOJIOIHJA

ONTHHKHM HcnHTHBaitHMa oflpe”eH je o6jihk, BejiHHHHa, cacTaB oonj™a h
CTeHe jjoMahima Kao h jihtojiouikh cacTaB CTeHa y ijejioj jjeBoiicKoj cepnjn Taj-
MHUiTa h jypcKoj cepHja necane.

XeMHjcKe aHajiH3e mHHepajia oonjia lleca'ie, Koje cy KopejincaHe ca hcthm
H3 TajMHnNIiTa, y3eTe cy H3 pajia Bacnha (1989/90), a rBO**eBHTH oohjih TajMH-
uiTa aHajiH3HpaHH cy eJieKTpoHCKOM MHKpocoiijjoM y jia6opaTopnjn 3a ejieKTpoH-
cKy MHKpocoHjjy HFEM, AH Pycnje y Mockbh, ojj CTpaHe B. A. BopoHHXHHa h
Cn. KopiiKOBCKor Ha HeMy hm ce Hajcp~aMHHje 3axBajbyjeMo. llopeji aHaJiH3a
uiaM03HTa H3 oonjja ypahene cy h aHalJiH3e CHjjepHTa h CTHJinHOMenaHa H3
Be3HBa.

KAPAKTEPHCTHKE TBO*TIEBHTHX OOHHA
ftEBOHCKE CTAPOCTH

Y Jie>KHiiny TajMHUiTe irijjiiojeiiH cy: pyjjoHociiH, iiojjhiickh (hciiojj pyjjiiH) h
1IOBJiaTIIH XO0pH30HT. Pyj(OIIOCHH XO0pH30HT KOjH 1lipCJJCTaBJba XOpH30HT TeKTOH-



CKor MClian>Ka 06yxBaTa h KliacTHTe kojh ce jaBJbajy H3Mei)y py”~e, a KapaKiepn-
uie ce nojaBOM rBoxl)eBHTHX ooHjja. KjiacTHTH y obom xopH30HTy ojjroBapajy
Me-ranem’iapHMa, MeTaajieBpojiHTHMa, cjHiJinTHMa n mKpiiJbipiMa. Ojjhoc pyjje
npeMa KliacTHTHMa y obom xopH30HTYy j;ocra Bapnpa (ojj 9 30 79 : 100) a npn-
MeTHO je h Bapnpaite 3acTynjoeHOCTH oflpe}}eHHX BpcTa KliacTHTa.

Pyna rBoac”a cac'rojn ce 03 Fe-xjiopHTa (maM03HTHOr KapaKTepa), CH/iepiiTa
h pe~er MaraeTHTa ca mccthmhhhhm nojaBaMa cTHJinHOMejiaHa, anaTHTa, KBapna,
aHKepHTa h KajimiTa. CnopejiiiH cacTojnn pyjje cy cyji(J)JHHH rao>Kl)a, hjimbhht,
pet)e pyTHJi h nnpKon. OpraHCKa MaTepnja je ’iccto npncyTHa h BehHHOM MeTa-
Mopcl)HcaHa j;o (J)hhhx JiIHCTHha rpac{)HTa (Karamata i dr., 1988).

Y Jie>KHiiny rBOHclja TajMHUiITe KOHCTaTOBaHa cy 'ipn ocHOBHa Tiina oonjja:
1. UiaMO3HTCKH OOHJIH Ca OnTHHKHM KpCTOM, 2. CHJ*pHTCKH OOHJJH H 3. OOHJ(H Ca
je3rpoM oji ojjjioMaKa MHKpoKpiicTajiacror maM03HTa h maM03HTCKHM OBojHMa.
I laj3acTynji>eHiijn cy mamo3htckh oohjih ca ohthhkhm kpctom Met)y KojHMa ce
TpajiHor "ejia) hjih cnojpamH>HX 0Boja: @). oohjjh ca KpynHHM cnj*epHTOM y je3rpy
h maM03HTCKHMa OBojHMa, 6). maM03HTCKH oohj(h koj* KojHX cy cnojbamH>H OBO-
jH HMnperHHCaHH CHTHHM KpHCTalJl[HMa niipHTa, n). OOHJIH ca MHKpOKpilCTajiaCTHM
KapSoHaTOM vy je3rpy h maM03HTCKHM OBojHMa, jj). maM03HTCKH oohjjh koj® Kojnx
cy cnojbamibH obojh o0jj CHTiioKpHCTajiacTor Kap6oHaTa. HecyMibHBO je Jta je jieo
npoi;eca.

Ochobhh n Haj3acTynjbeHHjn THn oonjja jecy maMO3HTCKH oohjjh ca oiithh-
khm KpcTOM (KJiacHHHa cfjopMa nojaBJbHBaiba). M ory 6hth TaHreimnjaliiie h pa-
jliijjajme rpalje. JJok TaHrennnjajiHa rpa~a cyrepnme Jia cy oohjui HacTajiH Mexa-
hhhkom aKpennjoM jie'ipiriiraior KaojiHHHTa h XHjjpaTHcaiiHX OKCHjja rBO>K})a
(Bhattacharyya & Kakimoto, 1982), pafinjajiHa yKa3yje Ha JiaTepHTCKe ooHfle.
0 6 jihhh ooHjia cy ejiHHTH’iiiH h KpviKHH (rjiejjano y iieiporpacJicKOM npenapaTy)
oj~hocho 0jp‘'OBapajy ejimicoHj*ajiHHM h ccjjepoHjiajiHHM o6jmnHMa. Pelje cy Hen-
paBHJiHHx o06jiHKa. Oiij*e HHcy yKJbyiieiiH jjecjjopMHcanH o6jihijh HacTajiH ycjiejj
npHTHcaKa tokom MeTaMopcl)H3Ma Beh caMO ohh 3a Koje ce CMaTpa jja HMajy
npHMapHO a‘iniiHHan 06jihk. Obh oohjih Mory 6hth ca je3rpOM-3aMeTKOM Koje je
Hajnemhe TepareHO 3pHO (KBapn, pel)e ijnpKOH, anaTHT hjih hjimchht), hjih Kpn-
cTajiH CHjfepirra.

BejiHHHHa maMO3HTCKHX ooH fla je y rpaHHi;aMa ofl 0.1 30 1 mm. Y CTeHH—
-pyjprohh Mory 6hth jio6po copTHpaHH ca fIOMHHaipjoM je/uie cjipaKHHje (Hnp.
0.125-0.25 mm, 0.50-1.00 mm, 0.30-0.60 mm hta.) hjih naK cpeflH>e h cjia6o cop-
THpaHH. ThHXOBa 3acTynjbeHocT y CTeiiH-pyflH Hijje ojj HHCke flo Bpjio bhcokec.
HncKa 3acTynjbeHOCT ce orjiejja y ciiopaflH'iiioM nojaBJbHBaiby npe cBera y Kap-
60HaTHOM Be3HBy (cTpyKTypa mudstone), cpejjiba 3acTynjbeHOCT y 3HaTHOM npo-
i;eniy 20-50% (cTpyKrrypa packstone-grainstone), ajiH 6e3 jtojjnpHBaiba, a BHCOKa,
flo 70%, ca jtojinpHBaibeM rjte ce pa/m o rycTOM naKOBaiby (cTpyKTypa grainstone).

Be3HBo je cjiejjehe: MHKpoKpncTaliacTH CHjjepHT, KpynHOKpHCTajiacTH cn”e-
pHT, BHCOKOrBOX"eBHTH Kap6oHaT (aHKepHT?), XJIOpHT (maMO03HT?), KBapH H
Kajinej*on (Kojn iiojj vhmajeM MeTaMopcjHinx nponeca MecTo rpajie coHHBa) chh



Kao hcmcht 6a3ajiHor, kojj Maiber cal/ip>Kaja oonjia, hjih nopHor KapaKTepa kojj
noBHiiieiior cajjp>Kaja oonj/a. llaj3aciynjheHHjH cy Kap6oHaTHH h xjiophtckh ii,e-
MeHT. Ohh ce Mory jaBHTH Kao jej*min THn HCMeirra y creHH-pyjiH hjih, ihto je
‘iemhe, sajejiHO ajiH no HenpaBHJiHHM 30HaMa. OcTajiH thhobh neMeirra ce 0O6a-
BC3HO jaBJbajy y3 OBa jjBa ocnoBHa. (Ta6jia I, Cji. 1, 2, 3, h 4).
Y nojejiHHHM y3opnHMa je 3ana>KeHa JiaM Hiiamija rjje ce JiaMHHe H3j(Bajajy

Ha CliejjehH naHHH: JiaMHHa ca uiaMO3HTCKHM ooHfl[HMa Be3aHHM i"eMeHTOM (Kpyn-
HOKpncTaliacTH CHj(epn'r) fle6jbHiie nap mm - JiaMHiia H'irpafjeiie ojj MHKpo-
KpHCTaliacTor CHjjepHTa ca hjih 6e3 oonjja. Taj CKlion yKa3yje Ha cejiHMeirnio

nopeKlJio.
KAPAKTEPHCTHKE .INHJACKHX I IU>>KT)EI5SHTHX OOHT V

Cefl[HMeHTH ca TBoac”"eBHTHM ooH/niMa y lleca'iH, ojjpe”eiiH Kao necKOBHTO—Kaji-
UHTcko—aHKepHTCKO—¢HflepHTCKe CTeHe ca uiaM 03HTCKHM ooHjuiMa, rpa”e naKeT
j(e6jhHHe 7 M Kojh npHiiaj(a ropibeM j;ejiy njieHc6axa iienocpej(Ho H3iiajj
I’'pHCjiejcK0-6ejieMHHTCKC 30lie. | BO>KI)eBHTH OOHJJH (uiaM03HTCKH) Ce jaBJlbajy y
KJiaCHHHHM ejIHIICOHJiajlIIHM cj)OpMHMa (CJl. 1) H Ca OITH'IKHM KpCTOM. Haj-

Cjl. 1. MHKpOCKONCKH CHHM3K HiaM03HTCKOr OOHfia ca OrTHIKMM KpCTOM - ricca'ia; T34KC 1 H 2 cy
Mecra aHajiH3e ejieKTpoHCKOM mhkpocohaom (Ta6ejia 2 aHajiH3e 4 h 4a), Ta'iKa 3 TepnrenH
KBapu, (H +,x100).

Fig. 1. Microscopic of chamositic ooid with optic cross - Pesata: points 1 and 2 are the places of
electronic microprobe analyses (Table 2, analyses 4 and 4a), point 3 terrigenous quartz, (N+,
x100).

neuihe cy 6e3 je3rpa a aKo ra HMajy OH™a je to TepnreHH KBapn;, ocTaun cfiocHJia
hjih nejin MHKpocj)ocHJiH, aHKepHT h cf)parMenTH arperaTa CHTHOJbycnacTOr xjio-
pHTa. floMHHaiiTHa BejiHHHHa ooH/ia je y rpaHHi;aMa 0.50 jjo 1.00 mm (Bacnh,
1989/90,1992).



XEMH3AM ;U1U)IK KHX H JIHJIACKHX
rBO)KBEBHTHX OOH"NA

llpe np«Ka3a xeMH3Ma i BO>K”eiin-rnx oonjja iieoiixojtiio je ocBpHyTH ce Ha
xeMH3aM CTena Hnjn cy oiih cacTojun (Ta6. 1). CnoKen xeMH33M pyjje rBO>Ki)a
TajMHuiTa je HecyMH>HBO nocjiejjHija MHiiepajiHor cacTaBa ojjhocho npncycTBa
CHJiHKaTiie, Kap6oHaTHe h peTKe OKCHjjHe cj)a3e (uiaMOSHT, cnj*epHT, Tepnrena
KOMnoHeHTa, xnj[poKcnj(ii h okchjui Fe, KajinnT) Koje cy HajBehHM jjcjiom npn-
MapHO cejjiiMeirnie. Me'raMopc})H3aM je TaKolje HMao CBoj ojjpas Ha MHHepajio-
i Hjy obhx CTeHa (cTHJinHOMejiaH, cyjichHjl:H h okchjjh Fe) ihto je jjojiamrno komhjih-
KOBaJIO HOH3KO CJIOJKeH CaCTaB. XeMH33M CTeHa ca HiaMO3HTCKHM OOHJJHMa y rie-
caHH je TaKol)e ycjiOBJben npncycTiiOM cHiiHKaTiie, KapBonaTiie h Yy MaH>o0j Mepn
okchjjhc c})a3e (UiaMO3HT, Tepiireiia KOMHOnenTa, KalJiHHT, aiiKepHT, cnjicpirr, jih-
jecTe MHoro Behn cajip>Kaj Kaliu,HTay cTeHaMa lleca’ie.

Pa3JiHKe y xeMHjcKOM cacTaBy rBO>Kt)eBHTHX CTeHa TajMHUiTa h lleca‘ie or-
Jiejjajy ce y Mau>eM cajip>Kajy FeO, a noBHiueHOM cajjp»cajy Kadinnje y rieca'iH.
OcTajiH OKCiifl[H noKa3yjy Mau>a Bapnpaiba, uito je h pa3yMJbHBO nouiTO ce y Taj-
MHurry pajjH o pyj?H rao>Kl)a a y IlecaxH o nojaBaMa rBO*l)eBHTHX CTeHa (Ta6. 1).

TaSelia 1. XeMHjcKe anajiHse rBOK)eBHTHX creHa

Table 1. Cheraical analyses of ironstones

TajMHiiiTe  TajMHiirre llecaga neca>ia
Tajrniste Tajrniste Pesaca Pesaca
1 2 1 2
Si02 31.60 36.65 33.14 24.49
Ti02 1.42 0.83 0.32 0.22
AL 3 11.57 16.35 15.12 12.02
FeX 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
Ca0 421 0.75 10.72 24.03
Na20 0.18 0.12 0.27 0.14
K20 0.35 0.15 0.70 0.32
p205 6.43 1.00
H20 + 4.80 4.62 0.53 0.46
H2' 0.16 0.20 15.60 22.98
36hp (Total) 100.39 100.22 100.07 99.61

XeMH3aM CHJIHKaTHHX MHHepalia J(eBOIICKHX H JIHjaCKHX I'liO>KI)eilHTHX OOHfla
vpaljen je ejiekTpoHCKOM MHKpoconjtoM (Ta6ejie 2 h 3). Atom ckc BpejjHocTH 3a
Fe, Mg, Sicy HaHeceHe Ha Hey-OB (1954) juijarpaM (cji. 2) Ha KOMe cy HSjjBojena
nojba 3a oonjje llecane (I1) h TajMHuiTa (T). H jejuiH h jjpyrn oohjrh najjajy y
nojbe iuaM03HTa TaMHiijc 6pyiicBiirHTa. Ca jinjarpaM a ce jacno Mo=*e bhj(cth jja je



nojbe Fe oon/ja H3 TajMHurra noMepeHO y /(ecno ohhocho, yica3yje na neniTO
noBHiiieHH caj[p>Kaj rBO>Kba. Y oKBHpy HcnHTHBaHHX oon/(a TajMHHiTa noce6Ho ce
Mory H3/iBojHii'H ooh/ui 4, 5 h 6 (Ta6. 3) Kojn 6h ce MorjiH OKapaKTepncaTH Kao

Tadena 2. XeMHjcKe aHajiH3e Fe oohjo - lleca'ia,
Table 2. Cheraical analuses of Fe ooides - Pesaca.

1 la 2 2a 3 3a 4 4a

SIO; 26.24 2527 2797 27.03 25.38 2593 2572 2532
ai2o 3 18.67 17.98 19.68 19.10 19.28 19.62 19.64 18.95
g O 0.06 0.01 0.06 0.03 0.06 0.01 0.05 0.05
I 0.56 0.22 0.22 0.15 0.34 0.04 0.44 0.49
FeO 40.85 4220 4134 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 4.62 412
CaO 0.38 0.19 0.31 0.03 2.17 0.47 0.33 0.50
Na,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 9430 92,60 91.33 91.37 89.61 88.97

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

1 la 2 2a 3 4 5 6

Sio, 26.12 2597 2522 2486 2494 2452 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 1835 18.65 1756 1856 1566 1579 16.20
FeO 4251 42.84 4323 4313 4232 4500 4476 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
CaOo 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 8941 89,57 87.63 89.18 88.90

BHCOKO TBOMC"eBHTH H IIH>Ke aJiyMHHH]CKH H MarHe3HjCKH. OoH/IH H3 TajMHIHTa Cy
iipoce’iiio ca hh*hm cal/ip>KajHMa ciuiHHHje, ajivMHimje h MarHe3Hje o/i oojiHTa
llecane. Ooh/ih H3 Ilecane HMajy 3HaTHO bhuih ca/ip>Kaj KajniHje oji oon/ja H3 Taj-
MHUiTa iuto je o6jaruibHBO HHH>eiiHi;oM na je MaTHHHa CTeHa 00113a necane najie-
ko 6oraTHja KajinnjoM h jih acon;Hpajy h ca Kap6oHaTHHM CTeHaMa.



tlexnpn ooHfla H3 IlecaTie Kao n flIBa H3 TajMHiirra, HMajy ypa”eii xeMH3aM
i;einpajiHor jjejia h py6a ooana. Ko/( cbhx, Tako HchnHTHBaHHX, oonjia 3ana>Kajy ce
H3BecHe 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>HOM
cajip>Kajy ciuinnHje h ajiyMHHHje. Y oonjinMa TajMHiiiTa Te cy pa3JiHKe MHHHMan-
He, a y oonjiHMa LlecaMe cy Heurro npHMeTHHje.

Cji. 2. JlHjarpaM XxjiopHTa h OKCHjjHcjiHX xjiopHTa (Hey M. H., 1954): Il- iuaM03HTH lleca'ie n
T - UI3BMO3HTH TajMHIUTa.

Fig. 2. The diagram of chlorite and oxidized chlorite (Hey M. H., 1954): P- Pesata chamosites and
T - Tajmiste chamosites.

CnjiepnT, Koja npejicTaBJba HajnemhH thii Be3HBa Mef>y oonjiitMa TajMHiirra,
noKa3yje H3BecHO Bapnpaibe y canp>Kajy FeO oji 53 jio 58%, CaO oji 0.43 jio
2.03%, a MgO ofl 1.54 flo 3.53%.

CTHjmHOMejiaH, Kojn ce jaBJba y nyKOTHHaMa njin nak y Be3HBy rBO>KI)eBH-
thx cTeHa TajMHiirra, caj;p>KH 43.46% Si02, 5.94% Al12 3, 35.57% FeO, 2.99%
K20, 0.76% Na2 n 1.63% MgO.

TMCKy(MJA

Oo0jiHTHe pyjje rBO*ha yrlJiaBHOM ojiroBapajy pyjinoM THny MHHeTa, pel)e
eKCxaJiaTHBHOM THny (Harder, 1964). OHe ce no npaBHlJiy cacToje H3 ooHjja maMO-
3HTa Be3aHHX MHKpOKpHCTaliaCTHM CHJiepHTOM HJIH maMO03HTOM, aJlH no3HaTH cy
cjiy'iajeBii Kajia cy oonj(ii H3rpai)CHH ofl reTHTa h xeM3THTa, a Be3aHH KajmHTOM.

Y EBponn CTapocT oojinthhx pyna rao>Kl)a je opjioBHiinjcKa n jypcKa, ajiH
jaBJbajy ce n y jieBony (iipHMepii y BedirnjH, C3 IlllnaHHjH Kao h y C3 JIn6HjH, J3



Aji>KHpy, HCi'O'iHOM nejiy neirrpajiiie Pycnje, J3 PycHjH; Van Houten, 1988).

Py~a rBO>Kl)a y Jie*HirtTy TajMHiUTa jaBJba ce y hckojihko hhkjivcb h CMe-
uiTena je y KJiacrn'iiioj cepnjH H3rpal)eHoj oji rjiimana, ajieBpoliHTa h iieni‘iapa
MeTaMopcj3HcaiiHX ;i0o Me'racTena, apiHJiocj)HJiHTa, (j)HJiirra h niKpnjbana. CaMO y
ropiLHM /jejioBHMa CTy6oBa KOHCTaTOBaHO je iipncycTBO Kap6oHaTHHX cTena jaKkO
peKpncTajiHcaJiHX hjih MeTaMopcJ)HcaHHx ;io KajmHTCKnx iiiKpHJi.nna.

1103HaTO je jia ce oojihthc pvjie rBoa<t)a npeTemio jaBjbajy y KJiacrH'iniiM
cepnjaMa Be3aHHM 3a o6alicKy JiHHHjy, HeKaj® naK h y 6pakKHtmoj cpejjmm. IlpH-
MepH t3kbhx JieacHiiiTa cy jypcKe MimeTe OpannycKe, 3araM pyne "Clinton" cJ)op-
Mannje cnjiypcKe CTapocTH y hctomhhm jjejiomiMa CAJl,, Kao h "Wabana” jic>kh-
uiTe lhyc}Haynjjjicnjia opjjoBmrnjcKe cTapocTH. Pyjje "Clinton™ cj)opMannje cy 06-
(Ranger, 1979) Be3ane cy cjihhho, 3a iijihtkobojui™ MapHiicKy cpcjinnv 6apHjepimx
rpe6eHa h miajjuiJiHHX paBim. Ilopeji obhx reHeTCKHx o6jamibeH>a nocToje h cxBa-
Taiba o rmrajio»(eiby na iiiBejioBHMa yjjajbeiiHM 0j? o6aldie, Tajio>KeibeM y jjy60KO0-
BOflHoj cpejjHHH h jtp. (Brookfield, 1974; Gygi, 1981 h Jtp.). Hallam et al. (1979)
CMarpa jja je 06pa30Baibe OBe BpcTe pvjta ycjioBJbeno CTeneHOM noKpeTJbHBOcrH
nojja y iuihtkobojihhm MapHHCKHM cpejmHaMa h npHHOQOM TepnreHor MaTCpii-
jajia peKaMa.

H3iieTO noKa3yje jja He nocTojn jejjHHCTBeH Mojjeji cj)°PMHpaiba oojihthhx
pyjja rBoacl)a. Kao npo6jieM npn npaBJbeiby Mojjejia H3flBaja ce naHHii 06pa30Ba-
iba oojiHTHor CKJiona pyfle, cacTaB oonjja Kao h nopeKlio rBO>Kl)a. <I>opMHpaibe
oonjja ce y BehHHH cjiyTiajeBa Be3yje 3a boj(c BHCOKe encpnije jiok 06pa30Baibe
c})epo-MHHepajia Kojn hx H3rpat)yjy, npeTe>KHO je ycjiOBJbeHO cpejtHHOM mhphhx
BOfla ca hhckhm cajtp~cajeM KHceoiniKa. Kimberly (1979) je aKTHBiipao crapy
Hjjejy Sorbi-a h Cayeux-a jja cy oohjjh npBO6HTHO 6hjih Kap6oHaTHor - aparo-
HHTCKor cacTaBa, a jja cy Kacimje 3aMeH>eHH maMO3HTOM h reTHTOM. llopeKJio
rBO>Kl)a koji oBaKBor ‘iVMa'ten.a je H3 c{)jiyBHO-j[ejrriinx cej(HMenamra 6oraTHX
opraHCKOM Ma+epiijoM Kojn jie>Ke npeKO rBO>Kt)eBHTHX cejiiiMenaTa.

,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 (imje norpe6aH npimoc Si h Al) HMa jiocra HejjocTaTaKa, npe cBera oohjih
H3 Jia'repHTa neMajy je3rpa, pajinjajmc cy rpal)e a Hirpa~eim cy oji reTHTa 6ora-
Tor ajiyMHHHjyMOM, Kojn ce He cpehe y oonjiHMa rBo»:I)eBHTHX pyjta. llpn tomc
He rpe6a HCKJbyiiHTH MoryhHocT npeKOHHeHTpaHHje rBO»c”™a H3 JiaTepHTCKe Kope
pacnajtaiba.

OoHflH Mory jja ce cj)opMHpajy oko HyKJieyca y cy6Tajjjajmoj cpejpim 6o0ra-
Toj OpraHCKOM MaTepHjoM MCXailll'lkOM aKpeHIljoM JICrpil TH'IHC rilHHe KaOJIHHHT-
CKor cacTaBa h XHflpaTiicaimx OKCHjia rBO>Kl)a (Bhattacharyya & Kakimoto,
1982).

Jejjno oji Moryhnx h iipnxBaTJbHBHx o6jamibeiba nopeKJia ooiijja jjao je
Knox (1970) Kojh CMa-rpa jia cy maMO3HTCKH oohjih cj)opMHpaim y pejiaTHBiio
njiHTKHM h MHpHHM cpejiHHaMa H3 Kojnx cy ooHjfii Morjin 6hth noKpeHyTH H
rpancnopTOBaim (onyjaMa) jjo oojihtckhx 6peroBa rj(c cy ojuiaraim. Cjihhho
MHUiJbeibe H3HOce Curray (1964), Talbot (1973) nLeeder (1982), c thm j%a CMaTpa-



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

llopeKJio rBO>Ki)a je jejpio 0~ nHTaita Koje je jjHCKyTOBaHO yBeK npa HCTpa-
*HBaity obhx CTeHa. llpeMa MHoro6pojiiHM ayTopHMa nopeKJio rBoac”a MO*e
6hth ByjiKaHCKo; 33thm Be3ano 3a noflseMiie Bojie Koje ce Kpehy ojj rope Ha jjojie
- nojia3ehn oji; MyjbeBa 6oraTHX opraHCKOM MaTepnjoM, hjih ce H3jpi>Ky oji jjojic
Ha rope iiOTH'iyhH H3 cy6MapHiicKHX H3Bopa; Be3aHO 3a peKe (rBoacije y pacTBO-

(y3jjH3aii>e j(y6ji>nx, aiioKCH’imra 6aceiicKHX Bojja y o6jiacT mejic®a rj(e je Bojja
6oraTa KHceoHHKOM); hjih Be3aHO 3a nopHe Bojje ca j~Hc})y3HjoM rBO>Kl)a naBHme
H3 cejuiMeiiaTa 6oraTHX oprancKOM MaTepnjoM. CBaKa ojj obhx npeniocTaBKH
HMa apryMeHTe 3a h npoTHB.

CyMHpajyhH CBe Haiiejieiie XHHOTe3e Maynard (1983) CMaTpa fla nopeKJio
oonjja h rBoac™a y H>HMa mo>c 6hth nojmreHO.

KOPEJIAIimJA H 3AKJbyHAK

Cjihhhocth h pa3JiHKe jicboiickhx h JinjacKHX rBO*i)eBHTHX ooiijja h CTeHa y
KojHMa ce Halia3e cy cjiejjehe:

1. McnHTHBaiiH i BO>Kl)eBHTH ooHjui H3 06e JioKajiHOCTH npeMa CBHM MOpcfK)-
jioiiikhm KapaKTepncTHKaMa n xeMHjcKOM cacTaBy Mory ce CMaTpaTH Bpjio cjin'i-
HHM aKO He H HJjeHTHIHHM.

2. MHHepaliim cacTaB rBO>KI)eBHTHX CTeHa (Hecana) h pyjje (TajMHmTe) je
cjiH’ian (cHJiIHKaTHa, K ap6onaTHa h pel)a OKCiijjna cfiasa), ojjhociio 6pyHCBHIHT H3
rpyne maMO03HTa - BHcoKoi BOJKIjeBHTH xjiopHT, cnj(epnT, MameTHT h jip.

3. y3 jjeBOHCKe h y3 JinjacKe rBO>Kl)eBHTe CTeHe ca ooH"HMa, y noBliaTH a y
ilojjhhh cy npncyTHe CTeHe 6oraTe opraHCKOM MaTepnjoM (y TajMHmMTy MecTH-
mhhho MeTaMopc[)HcaiioM jto rpacj)HTa).

4.y KOcy Be3aHe y3 h ca KliacTH"HHM cejjHMeHTHMa, a j;ejioM h ca Kap6o-
HaTHHM (necana).

5. IlocTaHaK hjejpnx h Apyrnx je Be3aH 3a njiHTKOBOjjHe MapHHCKe cpej*HHe,
3a cj)a3e TpaHcrpecHja.

6. MspasHTa pa3JiHKa je y H3pa>KennjeM Kap6oHaTHOM KapaKTepy (KajinH'i*
ckom) cTeHa nocnoija tbo>k1)Cbhthx oonjja llecaie a 'y TajMHmTy KJiacTH™iHOM
KapaKTepy CTeHa nociiona.-

3nagajHa pa3JiHKa H3Mel)y jjeBOHCKHX h jrajacKHX cTeHa ca rBO*¢BHTHM ooh-
jpiMa je caMO y TOMe iiito ce y TajMHuny pajjno pyjjnoM JieacHurry jjok jey lleca-
hh to caMO nojaBa 6e3 eKOHOMCKOr 3Hanaja.

llaBejjene KapaKTepHCTHKe 3a 06e JioKaJiIHOCTH yKa3yjy Ha cjihhhoct cpejm -
Ha h MexaHH3Ma nocTamca - nocMaripajyhH hx Kao npHMapHO cejiHM eirnie CTeHe.

Ha ocHOBy CBera H3Jio>Keiior Moace ce 3aKJi>yiHTH cjiejjehe:

l. 1. Cicjion pyj;e y TajMHmMTy h nojaBa y llecaHH je oojihthh, pel)e hh30jihthh.
Oohjjh ejiHNTHimor hjih ccJ)epoHjiHor pel)e cc~epnmior o6jiHKa cy npeTeacHo Ma-
h>h oj; 0.5 mm. H3rpa~eim cy ojj maMO03HTa 6e3 hjih ca je3rpoM (KBapu, Kap6o-



HaTHO 3pHO, H /(p.), CHflepHTa KOjH 3aM6ILyjc IU3MO3HT lICKa/* y nOTnyHOCTH HJIH
flejiHMHHHo. Petje ce y oon/iHMa cpehe MarHeTHT (HacTao MeTaMopcjHiiiM npoije-
CHMa), a no 060jiy impHT, Kojn ce iieKa/i jaBJta h yHyTap ooH jja.

Y py«H TajMHHIiTa ce jaBJbajy h flpyrn Fe-xJiopHTH, y MajiHM KOJiHHHHaMa
CTHJinHOMejiaH, pej/laK MHHecoTaHT, aHKepHT, KajupT, KBapn, anaTHT, cyji(}>HjiH h
okchjjh Fe, jipvi'H cviicjiHjin, opraHCKa MaTepnja necTO MCTaMopfjiHcaiia /io rpaf}m-
ra (Karamata i dr.,1988).

2. 111aM03HTHH oohjih fjiopMiipaiiH cy y HJIHTKOBojiHoj MapHHCKoj pejiyKiiiio-
Hoj cpe/iHini ycjioBJbeHoj iipncycTBOM opranckKe Marepnje h to Ha rpaHHii;H ce/m -
MeHT-BOfla (6aKTepnjcKa OKCHflaunja opraHCKe MaTepnje). OBaKBH npiiMepH cy
no3H3TH jraiiac y EpHTaHCKoj KojiyM6njH, 6aceHy CaHTa Bap6ape, KaliHtJjopiiHj-
CKOM 3aJIHBy Il y 11,PHOM MOpy. I11aMO3HT je npHTOM (})OpMHpaH H3 KaOJIHHHTa y

~OBOJbHO BHCOKa jia 6h Moraa /ja pacTBopn HCTajio>KCHH cjjepo Kap6onaT, npene-
uieHH oohjih ce Be3yjy MHKpoKpncTajiacTHM cnjiepirroM, Kojn je y KacHHjoj <)a3H
jinjarenese Morao 6hth 3aMeH>eH KpynHOKpHCTajiacTHM cn/~epirroM hjih iuaM 03H -
tom, a KOMe cy iio”™ yrnnajcM MeraMopc}iinix nponeca npnflOflaTH h ;ipyrn, paHHje
noMeHyTH, MHiiepajiH.

Il. 1 1lopeKJio rBO>Ki)a npeflCTaBJba noce6aH npo6jieM. PaiiHjn ncTpaaciiBaHH
Jic>KHiirra TajMHUi'ra, nopeKJio rao>K{)a Be3HBaliH cy 3a ByjiKaiiH3aM HaKO cy 6a-
3H'iiie ByjiKaHCKe CTeHe yjiajbdie ojt Jie>KHiirra h npeKpHBeHe, npe 06pa30Baiba
pyfla, fle6ejiHM nacJiaraM a najieo3ojcKHX CTena. Harder (1965) cTora CMaTpa /ja
He noc'i'ojli reHeTCKa Be3a H3Mei)y py;inor xopH30HTa h ByjiKaHCKHX CTeHa h jia cy
py/je TajMHuiTa no ¢cBojHM xeMHjcKHM h reoxeMHjcKHM KapaKTepncTiiKaMa 6jiH>Ke
py/taMa THna MHHeTa nero eKcxajiaTHBHHM THnoBHMa JlaxH /liuia.

2. 1’Bo>KljeBHTc pyjie TajMHuiTa He noKa3yjy noTnyHy noj;yj(apnocT ca MHHe-
TaMa no cbom MHHepajiHOM cacTaBy h KapaKTepHCTHKaMa aoa/ja (eraiireiinnjajina
rpatja). Y uinpoj okojihiih nncy iih KOHCTaTOBaHe Kope pacnajjaiLa jiaTepHTCKor
THna, o”aKlie 6h rBO*l)e Morjio 6hth flOHeiueiio, YKOJIHKO nncy y noTnyHocTH
epojioiiaiie, iuto je Majio BepoBaTHO.

3. llpeTnocTaBJbaM O @ je nopeKlJio rBO>KIl)a nojmreHO, /ja MO>Ke boahth no-
peKJio ofl MyjbeBa 6oraTHx opraHCKOM MaTepnjoM H3 Kora je rBO*"e Mexa-
Koje /ipennpajy 3eMJoHmTe, a jia Mo*e 6hth h /loiiemeiio y3/iii3aiLCM /iy6ji)iix
aHOKCIiiHHHX 6aceHCKHX BOfla y iiJiHTKOBOniiy 6pakKH'iHy cpeflHiiy. 3a cajja to iih-
Taibe ocTaje 0TBOpeHO.

3axBaJdinocT - Hajcpfla'iiiHje ce 3axBajbyjeMO reojiosHMa PyfliiHKa h ")Ke-
jbesapiiHne CKonje” ca KojHMa cmo capaijHBajin npii TepeHCKHM ncTpaacHBaibHMa
h Kojn cy HaM OMOryhHJiH o6pa/jy OBe c'iy/uije h to: Mp. T. HoBaKOBCKOM, hiizk. /.
JoBanoBHhy, hh>. B. JIHMHhy h iih>. K. Jop/;aiioBy. noce6HO ce 3axBajbyjeMo /(p.
B. A. BopoiiHXHHy h flp. C. N. Kophkobckom Ha ypal)eHHM aHajiH3aMa ooH”a
eJieKTpOHCKOM MHKpOCOII/(OM.
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IRONSTONES - CHARACTERISTICS AND GENESIS
by

Jelena Obradovi¢ , NebojSa Vasic¢ ,
Stevan Karamata and Nenad Grubin

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 (Tajmiste 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 al., 1977).

In the TajmiSte deposit oolitic iron ore appears in Devonian serie, the age of is
determined as upper part of low, and middle Devonian (Page, 1958), wvhich is in ac-
cordance with observations of Van Houten (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 TajmiSte 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 TajmiSte deposit
were studied by: Cissarz (1954), Page (1958), Kleut (1965, 1966, 1968, 1973),
Popovi¢ (1968), DomurdZanov (1977), Karamata & Obradovi¢ 1. (1979),
Karamata et al. (1982), Novakovski & Dimi¢ (1984), Karamata et al.
(1988), Obradovi¢ Lj. & Sreckovi¢ (1988) et al.

Iron deposits of the Lias age in east Serbia were studied by Vasi¢ (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 TajmiSte and in
the Jurassic serie of Pesaca.

Chemical analyses of PesaCa ooides, which are correlated to the same from Taj-
miSte, were taken over from Vasi¢ (1989/90). TajmiSte 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 TajmiSte 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 TajmiSte 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 hydrated Fe oxides (Bhattaeharyya & Kakimoto, 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-sorted, 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 (wvhich 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 PesaCa, 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 (Vasi¢, 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
Tajmiste 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 PesaCa was also caused by the presence of silicate, carbonate and oxide phases
(chamosite, terriginous components, calcite, siderite, ankerite, limonite). rhe main
difference between PesaCa and Tajmiste hosted-rocks is much higher calcite content
in rocks from Pesaca.

The differences between the chemical compositions of iron rocks from PesaCa
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
TajmiSte and PesaCa (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 Pesaca (P) and
TajmiSte (T) ooides. Both the ooides belong to the chamosite, or more precisely,
brunsvigite field.

It is visible from the diagram that the TajmiSte 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
A12 3 and MgO. In general, ooides from TajmiSte have less average contents of Si02,
A120 3 and MgO then those from PesaCa. Also the content of CaO is much higher in
Pesaca ooides, which is explicable by the high CaO content in their hosted-rocks.

On four ooides samples from Tajmistc and lwo from PesaCa (fig. 2) the chemi-
cal composition of central and margine part of ooid was determined. Some differences
exist in PesaCa ooides which have a bit lower Si02 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-
Ste ooides shows certain variations in FeO content - from 53 t058%, 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% Si02, 5.54% AI203, 35.57% FeO, 2.99% K2, 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 liouten, 1988).

The iron ore from TajmiSte 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 (Brookfield, 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. Kimberly (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 Al 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 (Bhattacharyya & 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 Al 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 (Pesaca) and iron ore (TajmiSte) 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 Tajmiste).

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

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 Pesaca hosted-rocks.

The basic difference between Devonian and Liassic ironstones is in their hosted-
-rocks character: TajmiSte is orc deposit, while Pesafa 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:

l. 1. The fabric of ore from TajmiSte and occurence in PesaCa 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 TajmiSte 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 HCO03 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.
Il. 1. The origin of iron presents a special problem. The earlier investigaters of Taj-
miSte 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 TajmiSte, 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 TajmiSte 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 wvhere 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 shallow brackish environment. So far, this rcmains an open problem.

ACKNOWLEDGEMENTS

We are very grateful to the geologists from Mine and Ironworks "Skopje" for



their cooperation during field works: T. Novakovski, M. Sc. D. Jovanovi¢, V.Dimié
and K. Jordanov. Special thanks to Dr Boronihin V. A. and Dr Korikovski S.P. for
their microprobe ooides analyses.

Translated by the authors

JIHTEPATYPA - REFERENCES

Berner R. A., 1971: Principles of Chemical Sedimentology- Mc Grow-Hill, New York.

Berner R. A., 1981: A now geochemical classification of sedimentaiy environments. - Jour. Sed. Petrol. 5
(51), 359-365.

Bhattacharyya P. D. & Kakimoto K. P., 1982: Origin of feniousooids: an SEM study of iron-
stone ooids and bauxite pisoids. Ibid., 52, 849-859.

Brookfield M., 1973. The paleoenvironment of the Abbotsbuiy Ironstone (Upper Jurassic) of
Dorset.-Paleontology, 16, 261-274.

Cissarz A., 1954: O petrografiji i genezi lezista silikatnih ruda gvozda u jugozapadnoj Makedoniji.- Vesnik
Zavoda za geoloska i geofizicka istiaZivanja, NRS, XI, 261-335, Beogiad.

Cuirey J. R., 1964: Transgiessions and iegiessions, In: R. L. Miller (ed.) Papers in maiine geology.-
Shepard commemoiative Volume, Mackmillan Co, 175-203 New York.

NlyMypi;ahob H. (=DumurdZanov), 1977: HjBeurraj aa peaM6yjiannjya h reojiouiKoro Kaprnpaibe
HanoumpoKaTa oKcuiHHaHa jie*mireTO TajMmirrebo 1977 r - Ooha I'eoji. 3aB0a, OOYP Hhct.
3aHcrp*. Ha MHHep. cnp., CKonje.

Gygi R. A., 1981: Oolitic iron formations: marine or nonmarine?- Eclogae Geol. Helv., 74, 223-254.

Hallam A., and Biadshaw M. J., 1979: Bituminous shales and oolitic ironstones as indicators of tras-
giessions and regiessions.- Jour. Geol. Soc., 136, 157-164.

Harder H., 1964. Zur Frage nach der Entstehung gewisser devonischer Roteisen.- Beitr. z. Mineral. u
Petrogr. 9, 379—422.

Harder H., 1965: The use of trace elements in distinguishing diffeient genetic types of marine sedimentaiy
iron ores- XXII Inter. Geol. Congr., 1964, New Dellii.

Hey M. H., 1954: A new ieview of the chlorites- Min. Mag. 30, 277p.

Hunter R. E., 1970. Facies of ironsedimentation in the Clinton Group. In: G. W. Fisher (ed.) Studies
in Appalachian Geology, Central and Southem- Wiley-Interscience, New York, 101-121.

Karamata S. i Obradovi¢, J., 1979: Studija razrade kriterijuma za istrazivanje luda gvozdau Zapadnoj
Makedoniji polaze¢i od rczultata u mdnom lezistu Tajmiste, | Faza, Beogiad.

Karamata S., Obradovi¢ J. iNikoli¢, D., 1982: Studija razrade kriterijuma za istiaZivanje nida
gvozda u Zapadnoj Makedoniji polazeci od rezultata ispitivanja u iudnom LeZistu Tajmiste, Il Faza,
Beogiad.

Karamata S., Obradovi¢ J. iNikoli¢ D., 1988: Studija raziade kriterijuma za istraZivanje ruda
gvozda u Zapadnoj Makedoniji polaze¢i od rezultata ispitivanja u nidnom LeZistu Tajmiste, Il Faza,
Beograd

Kimberley M. M., 1979: Origin of oolitic iron foimations- Jour. Sed. Petr., 49, 111-132.

Kleut D., 1965. Mineralodka studija ruda gvozda Zapadne Makedonije (Tajmiste).- Magistarski rad, Fond
RGF, Beograd.

Kleut D., 1966: Mineralni sastav rudiSta TajmiSte sa osvrtom na njegovu genezu - VI Savetovanje geologa
Jugoslavije, 11, Ohrid, 506-518.

Kleut D., 1968: Fosfor u lezistu gvozda Tajmiste.- Radovi Ins. za geol.-iudar. istiZ. i ispitivanja nukleamih
i dr. min. sirovina, 4, 125-139, Beograd.

Kleut D., 1973: Pojave fosfora u sedimentnim lezistima gvoZzda Zapadne Makedonije.- Ibid., 8, 129-141,
Beogiad.



Knox R. W.. 1970: Chamosite oolites from the Winter Gill ironstone (jurassic) of Yorkshire, England-
Jour. Sed. Petrol. 40, 1216-1225.

Leeder M. R., 1982: Sedymentology- Process and Product, George Allen, London.

Maynard J. B., 1983: Geochemistiy of Sedimentary oie Deposits- Springer, New York.

Obradovi¢ J. and Vasi¢ N., 1990: Mineral deposits in Miocene lacustrine and Devonian
shallow-maiine facies in Yugoslavia- Spec. publs int. Ass. Sediment., 11, 147-156.

OdpaflOBHh Jt. H CpeHKOBHh (=Obradovi¢ & Sreckovic¢), 1988: HeKH hobh nojjagH o
reHe3H jie>KHiirra TajMHurra - 3anHCHHt(H CF” 3a 1985-1986,231-236, Beorpajj.

Page B. M., 1958: Shamositic ironoie deposits near Tajmiste, Westem Macedonia, Yugoslavia.- Economic
geology, 53, 1, 1-21.

Petruk W., Farell D. M., Laufer E. E., Tremblay R. J. & Manning P. G., 1977:
Nontronite and ferruginous opal fro the Peace River iron deposit in Alberta, Canada- Canadian
Min., 15, 14-21.

Popovi¢ R., 1968: Prilog poznavanju sedimenih metamoifisanih leZiSta ruda gvozda zapadne Makedonije-
Radovi Inst. za geol. -rudar. istrazivania i ispitivanje nukleamih i dr. miner. sirovina, 4, 4156,
Beograd.

Ranger M. R., 1979: The Sedimentology of a Lower Paleozoic Peritidal Sequence and Associated Iron
Formation, Bell Island, Conception Bay, Newfounland.- Unpubl. MSc. Thesis, Memorial Univ. of
Newfounland, 125 pp.

Talbot M. R., 1980: Mojor sedimentaiy cycles in the Corallian Beds.- Paleogeogr., Paleoclim., Paleoecol.,
14, 293-317.

Van Houten F. B., 1988: Pattems of Paleozoic oolitic ironstones, Noith America, Europe, Africa, South
Arrerica.- IAS Inter. Symp. on Sedim. lelated to Mineral Deposits, July 30 - august 4, 1988, Abs.,
China, 261-262.

Bacnh H.(=Vasi¢), 1989/90: KapOoHaTHH h KnacTi«™ ceflHMeHTH ca maM 03HTCKHM o0jiHTHMa Y JiHjacy
lleca'ie - ljiacii. npiipo. My3.y Eeorpa,iy, A 44/45,75-85, Bcorpa™.

Vasi¢ N., 1992. Siedine i uslovi stvaranja jurskih sedimenata podtucja Pesata - Miro¢- Doktorska
diseitacija, 225,. RGF, Beograd.



TAEJIA | PLATE

Cjl. 1. MHKpOCKOnCKH CHHMaK npHMapHO Ae(J)OpMHCaHHX UiaM03HTCKHX OOHfla KOjH ce Hajia3e
Yy MHKpoKpHcrajiacTOM CHjiepHTCKOM Be3HBy - TajMHurre, (N I, X25).

Fig. 1. Microscopic photo of primarilly deformated chamositic ooides in microcrystalline
sideritic ground-mass - Tajmiste, (N II, + 25).

Cji. 2. MHKpocKoncKH CHHMaK 00jiHTHe pyjie rBO*h>a - TajMHiHTe: 1). inaM0O3HTCKH oohjih ca
OlITHHKHM KpCTOM H 2). 1I8M03HTCKH OOHfIH 33MeibeHH CHfICpHTOM, (N +, X50).

Fig. 2. Microscopic photo of ironstones - Tajmiste: a). chamositic ooides with optic cross and
b) chamositic ooides replaced by siderite, (N +, + 50).

Cji. 3. MHKpocKoncKH CHHMaK o00JiHTHe pyjje :BO>Kt)a - TajMHurre: 1) rycro naKOBaHH
IH8MO3HTCKH OOHfIH Ca OIITH’IKHM KpCTOM H 2). XJIOpHTCKH HemclT, (N +, X50).

Fig. 3. Microscopic photo of ironstones - Tajmiste: a) hard packed chamositic ooides with
optic cross and b) chloritic ground-mass, (N +, + 50).

Cjl. 4. MHKpOCKONCKH CHHM3K OOJIHTHe pyj(e rBO*l)a - TajMHIHTe. IHaMO3HTCKH oohjih y
MHKpOKpHCTaliaCTOM CHJJICpHTCKOM BesHBy, (N 11, x 50).

Fig. 4. Microscopic photo of ironstones - TajmiSte: a) chamositic ooides and b) microcrys-
talline sideritic ground-mass.
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