








































































Jurkovit: Minerali Ljubije 
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SI. (fig.) 16. Dijagram tennogravimctrijske analize Paljevine, B-80, 
20m (Thcnnobalance curve of ankerite; Paljevine, borehole, B-80) 

Ankerit je zahvacen procesiina oksidacije u raznim stadijima. Uz djc:­
lomifoo limonitizirane ankerite postoje potpuno limonitizirani tipovi, 
koji se sastoje od getita mikro-kriptokristalaste strukture intimno pro­
raslih sa kvarcom i mineralima glina. Mjestimice u masi getita 
kriptokristalastog psilomelana, te rjede kriptokristalastog piroluzita. 

Limonitska ruda Vukulje i · Drenovca sastoji se od ovih minerala: 
getita, psilomelana, kvarca, minerala glina, elementarnog srebra. · 

Getit je glavni rudni mineral, ostali su otkriveni mikrosJ.wpom. Getit 
ima tekstume i struktume oblike iste kao kod ranije opisanih lokaliteta; 
Zanimljivo je da smo u nekim uzorcima limonita tih pozicija uoeili 
prve stadije prekristalizacije prvobitno intimno smijefanog gela zelje­
znog hidroksida, silicijeve kiseline i gela amorfne glinovite supstance u 
kripto-mikrokristalaste fino prorasle mase getita, kvarca i . minerala 
·glina. Pod velikim uveeanjem mikroskopa mogu se pratiti svi prelazi od 
mikrokristalastog stanja u kriptokristalasto stanje. Po nekim _rombifoim 
oblicima celija poroznog getita zakljueujemo da je primama ruda bila 
karbonatna (siderit iii ankerit). Na fot. 61 vidi se kriptokristalinifoa 
masa psilomelana sa kapljicama i sferolitirna mladeg getita. U tabeli 
XX dajemo rezultate ispitivanja 8up1jikavosti, zapreminske i specifirne 
tdine: 
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U 1orak 

Sample of limonite 

1. Paljevine, B-68 

2. Paljevinc, B-80 

3. Vukulja-Drenovac 

Geololki v.iesnik 14 (1960) 

Tabela XX - Table XX 

Zapremin• 
aka tdina 

ic/cm1 

WeiJl'ht of 
tcm1 ing 

2,38 

2,24 

2,32 

Specififoa 
tefina 
ic/cm• 

Den1ity 
Jl'/cm1 

8,89 

S,19 

4,0S 

Supljikavost 
Porooity in 

prividna 

normalna 
normal 

I vakuum 
in vacuum. I 

27,S 

2S,l 

29,l 

31,7 

23,7 

32,6 

.,, .,, 
apaolutna 

total 

38,7 

29,S 

42,5 

Sa pozicije Gradina ispitani su primjerci limonita (getita' sa vrlo 
krupnim mladim kristalima kalcita (velicine 3 do 7 mm). Kalcit cemen­
tira i1i urasta angulame fragmente masa gctita. Struktura getita je 
mikro-kriptozmata, po rubovima fragmenata masica getita vidi se da 
su vlaknati individuumi getita dugi 5 do 10 mikrona i tvore listil:ave 
snopove radijalno-vlaknate strukture. Kalcit je vrlo fino blifaj en. 

Rentgenska analiza je utvrdila da su prisutni getit i kalcit s izomorf­
no primijefanim manganom i magnezijem u molekuli. 

Diferencijalno-termicka analiza utvrdila je endoefekt kod 280°, §to 
odgovara getitu, zatim slab endoef ekt kod 650°, koji potjece od glina, 
te vrlo jak endoefekt izmedu 850° i 950° C, koji potjece prvenstveno od 
k.,.Icjta (sl. 17). ,, · · · 

., 
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SI. (fig.) i7. Dijagram diferencijalno-tenni~ke analize getita a kalcitom; Gradina, 
I. etafa (D. T. A. of gocthite with calcite; Gradina, level I.) 

T ermogravimetrijska analiza pokazala je gubitak tdine od 6"/o izme­
du 150° do 350° C (dehidratacija .getita) i 27°/o izmedu 550° i 8500 C 
(dekarbonizacija kalcita) (sl. 18}. 
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:n. (fig.) 18. Dijagram termogravimetrijske analizc getita a kalcitom; Gradina, I. eta­
!a (Thcrmobalance curve of goethite with calcite; Gradina, level I.) 

DTA (sl. 19) i TG analiza (sl. 20) zemljastog limonita pokazuju pri­
sutnost getita i ilitne gline. 

N H ltr I I IT 
100 200 300 400 500 600 700 800 900 

I 
1000 

TEMP. oc 

SI. (fig.) 19. Dijagram diferencijalno-tcrmi~ke analize limonita (gctit + ilitna glina) 
aa II. eta!e Gradine (D.T. A. curve of limonitc [gocthite + illitic clay]; Gradina, 

level II.) 
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SI. (fig.) 20. Dijagram termogravimetrijskc analize limonita (getit + ilitna glina) sa 
11. eta!c Gradine (Thermobalance curve of limonite [goe~hite + illitic clay]; Gradina, 

level II.) 

8. PARAGENEZA R UDISTA TOMASICE 

Mikroskopski su ispitani uzorci sa pozicija Tofak, Gradina, Stojancifi 
i Klimenta. 

Vrlo su razliciti tekstumi tipovi limonita Tomasice: kompaktni, ~vr:­
sti, zatim manje iii vise fopljikavi, te zemljasti i praskasti tipovi. 

Te razlike se najbolje uofoju po rezultatima na tabeli XX.I. 

Tabcla XXI - Table XXI 

Zapremin- Specififoa Suplj ikavo•t .,. 
1ka tel[iia. telina Porosity i n .,. 

Usorak g/crn• g/cm1 priYidna 
ap1olutna 

Sample of limonite Weight of Density normalna I vakuum 1 cm• in 1" g/cm• normal in vacuum total 

1. Tofak 2,54 S,79 21,0 25,S ss,o 
2. Tofak 8,84 4,25 5,4 5,7 21,4 

S. Stojan~iti 8,14 4,00 14,2 14,7 21,4 

4. Stojanfiti R-6 2,11 2,44 nije odredivano 18,6 

5. Gradina 2,61 4,60 17,6 I 18,0 43,2 
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Uzorak limonita sa pozicije StojanciCi hr. 11 podvrgnut je granulo­
metrijskoj analizi: 

Tabela XXII - Table XXII 

Stojaneici No. ZI. 
Granulometrijska analiza limonita (Particle-Size-Analysis of limonite) 

F.rakcija u mikronima ' 

I 
Teiina u •/o Kumulativno u •/t 

Class limits in microns Weight percentage 
· Cumulative 

I percentage 

+60 I 0,71 0,71 

-60 +40 8,65 9,36 

-40 +20 19,90 29,26 

-20 t+ 10 68,25 ' 97,51 

-10 + 0 2,49 100,00 

Dvijc treCine sastava rude· po tdini ima velicine zma izmedu 10 i 
20 mikrona (mikrokristalasta struktura). , 

Mikroskopiranjem je utvrdena ova parageneza na rudistima Toma­
Jice: 

getit, ilit (minerali glina), kvarc, psilomelan, piroluzit, psilomelan 
komponenta 8, relikti pirita, pseudomorjoze po piritu, elementarno 
srebro. 

Getit je kao i kod ostalih lokaliteta glavni mineral parageneze, mi­
kro-kriptokristalaste strukture. intimno prorasao sa kvarcom i ilitom 
(fot. 66, 67). Lokalno je razvijen u formi caklovice (fot. 62, 64, 65). 

Uzorci limonita sa pozicije Tocak i StojanciCi podvrgnuti su rentgen­
skoj, DTA i TG analizama: 

_ d(A) I 

9,89 vvw 

4,95 vw 

4,447 vvw 

4,160 s 

3,343 vw 

2,678 ms 

Tabela XXIII - Table XXIII 
Rentgenska analiza Limonit Stojanlici br. 11 

(Debyeogramm of Limonite) 

I d(A) I I d(A) I I 
2,566 mw 2,lSO jv 

2,508 vvw 2,001 jv 

2,468 vw 1,915 vw 

2,435 s 1,814: jv 

2,240 mw l,791t w 

2,179 mm l,7U ms 

d(A) I 

1,687 mm 

1,658 jv 

1,560 m 
1,540 jv 
1,505 mm 
1,458 vvw 

1,452 mm 

Difrakcione linije pokazuju prisutnost getita i malo hematita, kvarca 
i muskovita. Diferencijalno-termicka analiza dala je jak endoterman 
efekfizmedu 200° i 350° C sa dva maksimuma. Jedan maksimum odgo-
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vara getitu, drugi »amorfnom limonitu«. lzmedu 500° i 6500 je vrlo 
slab endoterman efekt uzrokovan dehidratacijom malih kolicina ,..line 
(sl. 21). 

20 •00 200 lOO ~ !>00 61 700 800 1000 

SI. (fig.) 21. Dijagram difcrcncijalno-termicke analize limonita (getit + ,.amorfm li­
monit« + ilitna glina) sa pozicije Stojanlifi, Toma§ica (D. T. A. curve of Iimonite 

[goethite + ,.amorphous limonite« + illitic clay] ; position StojanCici, Toma§ica) 

100 200 JOO .. - 600 700 too too 
TEMPa•C 

SI. (fig. 22. Dijagram termogravimetrijske analize Jimonita {getit + ,.amorfni limonitc 
+ ilitna glina) sa pozicije StojanCiCi, Toma§ica (Thermobalance curve of limonite 

[goethite + ,.amorphous limonite« + illitic clay]; position Stojancici, Tomasica) 
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T ermogravimetrijska analiza pokazuje dva maksimurna gubitka te- · 
zine: jedan izrnedu 1009 i 400° c od 80/o (dehidratacija getit-lirnonita), 
drugi izrnedu 550° i 600° C od 49/o (gubitak vode u ilitnoj glini) (sl. 22). 

100 4, 700 
I 

TEMP. •C 

SI. (fig.) 28. Di iagram diferencijalno-tenni~ke ana.Jize netopivog ostatka (ilitne glinc) 
u limonitu Stojanfifa, Tomalica (D. T. A. curve of insoluble remmants [illitic clay] 

in limonite; Stojan~ici, Toma!ica) 

Lirnonit je otopljen u solnoj kiselini, ostatak je oswen kod 1050 C i 
podvrgnut DTA-i. Na krivulji se vidi (sl. 23). endoterman efekt kod 
300° C i drugi izrnedu 500° i 600° C, koji potjeee od ilitne gline. 

Limonit Stojancici hr. 11 izgraden je 700/o od getita, oi1tatak ie ilitna 
glina (amorfna), zatim malo hematita, muskovita i kvarca. 

d(A) I 

4,95 vw 
4,160 I 

8,!J4!J vw 

2,678 ms 

2,566 mw 

Tabela XX.IV - Table XXIV 
Rentgenska analiza limonita StojanliCi br. l!J 

(Debyeogramm of limonite, Stojanlici, No. l!J) 

I d(A) I I . d(A) I I I 
2,508 vvw 2,180 jv 
2,468 vw 2,001 jv 
2,485 s 1,915 vw 

2,240 mw 1,798 w 

2,179 mm 1,714: ms 

d(A) . I 

1,687 mm 

1,658 jv 
1,560 m 

1,506 mm 

1,452 mm 

Debyeogram pokazuje samo prisutnost gctita. 

Diferencijalno-termiCka analiza pokazuje jak endoterman efekt kod 
300° c, sto potvrduje prisutnost getita (sl. 24) .. 
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71 1000 

Sl. (fig-.) 24. Dijagram diferencijalno-ten'lricke analize getita sa i'"zicijc l)tojanfo:I, 
Toma!ica (D. T. A. curve of gQcth.itc; position , Stojanciti, TomaAica} 

. I ' 

T ermogravimetrijska analiza pokazuje gubitak te!ine od 12,50/o iz~ 
medu 100° i 300° c ~to se odnosi na getit i 5,5°/o iZmedu 400° i 70o0·c, a 
odnosi se na alofanoidnu glinu (sl. 25). 

u 

" 
" 
tS 

.. 
I) 

t2 

,, 

•• 
' ''• 

204 

I I 

\tlO 100 JOO 400- SCIO .00 - 100 

,, 

... 900 
TU11".•C. 

SI. (fig.) 25. Dijagram termogravime­
trijske analizc limonita (getit + amorf­
na alofanoidna glina) sa pozicijc Sto­
janciti, TomaAica (Thermobalance curve 
of limonite [gocthitc + amorphous clay 
=- allophanitc]; position Stojan~il:i, To-

ma!ica} 



Jurkovic: Minerali Ljubije 

Uzorak limonita Stojancici br. 13 saddi najvise getita, a uz njega 
vjerojatno alofanoidnu glinu, koja ne daje reflekse na Debyeogramu, 

. kao niti termicki ef ekt na DTA, ali je uzrok gubitka tdine na TG ana­
lizi izmedu 450° i 7006 C. 

Uzorak limonita Stojancici br. 13 ispitali smo mikroskopski u odbije­
noj polariziranoj svjetlosti. Ruda je pra.Skasta (brant) te su zbog toga 
izradeni specijalno pripremljeni rudni preparati u plexi~lasu. 

U vidnom polju mikroskopa taj limonit iii »brant« otkriva vrlo inte­
resantnu strukturu. Ruda je .izgradena od pizolita promjera od 30 do 
300 mikrona, u prosjeku pizoliti mjere 100 do 200 mikrona. Struktura 
je pretefoo sitnozrnata. Pizoliti su gotovo okrugli, rjede malo ovalni. 
Pizoliti su manje iii vise kompaktno pakovani (fot. 68). Gotovo svaki 
pizolit je obavijen nekoliko mikrona debelim filmom getita. Pod veli­
kim uveean.iem vidi se da je taj getitski film zrnate strukture na granici 
vidljivosti mikroskopa (zrnca getita su od 1 mikrona promjera ili ma­
nja). Pizoliti su slijepljeni tim filmovima getita. Mnogi intersticijalni 
prostori su takoder izgradeni od kdptokristalastog getita u kojem mje­
stimice ima mikrokristalastih zrnaca getita. Vrlo rijetko su cijeli inter­
sticijalni prostori ispunjeni mikrokristalastim getitom u kojem katkad 
vidimo poput srebra sjajna zmca. Pizoliti su u odbijenoj svjetlosti sive 
boje, sjaj im je znatno nizi od sjaja getita, ne5to visi nego sjaj jalovin­
skih minerala. lzotropni su, a u ukrstenim nikolima vidimo brojne di­
fuzno rasprsene smede unutamje reflekse. lz ranije navedenih rentgen­
skih, DTA i TG analiza mozemo zakljuciti da su pizoliti izgradeni od 
smjese kriptokristalastog dijelom amorfnog getita i alofanoidne amorf­
ne gline. Takva intimna prorastanja zadavat ce velike potclkoce kod 
procesa oplemenjivanja branta. 

U tvrdim limonitima, kompaktnim iii 8upljikavim, getit, koji je glav­
ni rudoi mineral, intimno je prorasao sa listieavim ilitom i kvarcom. 
Prorastanja su fas gusea i finozmatija, eas rjeda i krupnijih zma. Ca­
klovica ne saddi ilita i kvarca. 

llit je listicav, listici dosifo duzine od 30 mikrona, rijetko su duZi. 
Pretefoo su listiCi kraci od IO mikrona duiine. 

Kvarc jc iii idiomorfno razvijen kao bipiramidalno-prizmatski krista­
lici iii kao alotriomorfnozrnate masice. Ponegdje ima i zilica kvarca. 
Dimenzije kristaliea kvarca mjere od 50 do 300 mikrona. 

Piroluzit je kriptokristalast i ispunjava mikroskopski fine zilice u f{C­

. titu iii jc mikrokristalast te ispunjava iupljine i pukotine u caklovici. 

Psilomelan je kriptokristalast iii vlaknate strukture. Potiskuie ··etit. 
Psilomelan se pomalo pretvara u piroluzit. · 

U masi geti ta vide se relikti oksidiranog pirita. Uz njega ima malo 
lepidokrokita. · 

Elementarno srebro se nalazi po 8upljinicama getita. 
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II. D I S KU S I J A 

1. Rezultati mikroskopskih i fiziCko-kemijskih ispitivanja 

Mikroskopskim ispitivanjem uzoraka siderita sa pozicija Brdo, Nova 
Litica Gornja, Trefojica, Kozin i Bjeljevac utvrdili smo niz strukturno­
teksturnih tipova sideritske rude: gustozrnati, mikrokristalast, sitnozr­
nat, saharoidno-sferulitski, prelazni fino-sitnozrnati, nehomogeno zrnati 
(rebrasti, zabrasti, leopard) strukturni tip te kompaktni, mikroporozni i 
supljikavi (druzovit) teksturni tip siderita. 

Kod razmatranja struktura i tekstu~a narocito smo naglasili vainost 
gustih, crnosivih siderita, koje smo zapazili na rudistu Brdo i Novoj Li­
tici Gomjoj. Po vanjskom izgledu ti sideriti lice na guste vapnence od 
kojih se razlikuju samo po veeoj specifienoj tdini. Dimenzije zrna tih 
siderita variraju od 15 do 70 mikrona, struktura im je gustozrnata iii 
mikrokristalasta i prema tome odgovaraju pelitima iii »siltstone« stije­
nama. Mi smo te siderite definirali kao sideritske »mudstone« odnosno 
sideritske »muljevite« stijene. Cmosiva boja tih siderita potjece od fino 
dispergiranog mineralnog praha u zrnima siderita kao i od smede ili 
cmosmede ugljevito-glinovite supstance u intersticijama zmja siderita. 
Intergranularni filmovi su takoder od glinovite supstance. U matriksu 
se uz glinovito-ugljevitu supstancu opafa prah sulfida, mikrokristalaste 
nakupine kvarca i nemalita, mjestimice ilit (hidromuskovit) kao i mi­
kroskopski sitne kuglice gel-pirita. U masi siderita nalaze se rasijana 
zrna · detritarnog kvarca, po koj i listic muskovita, te mikrokristalaste do 
kriptokristalaste kuglice gel-pirita, koji imaju unutamju strukturu iden­
tienu strukturama orudnjenih bakterija. 

u crnosivom gustom sideritu opafaju se zilice i gnijezda siderita 
krupnijeg zrna, mnogo svjetlijeg, bez glinovito-ugljevitog i sulfidnog 
praha, ali sa druzama ispunjenim krupnijezrnatom sulfidnom paragene­
zom ili sa zilicama i gnijezdima kvarca te sulfida i sulfosoli. Posto.ii ci­
jeli niz prelaza od uzoraka koji su pretefoo izgradeni od gustog siderita 
s malo krupnozrnatog siderita pa do uzoraka u kojima pretde svijetao 
siderit sitnozrnate do grubozrnate strukture. Tako nastaju rebrasti, ze­
brasti i raznovrsni mijefani razlicitozrnati strukturni tipovi. Karakteri­
stifoo je, da dok gusti sideriti imaju gotovo potpuno kompaktnu tek­
sturu, to svjetliji, krupnijezmati tipovi imaju cesto poroznu, 5upljikavu, 
druzovitu teksturu. Pojedine partije ldista sastoje se samo od svijetli­
jeg krupnijezrnatog tipa siderita. Kvantitativne kemijske analize su po­
kazale da porastom veliNne zma siderita i jafanjem svijetlijeg tona 
boje sideriti sadr!e sve manje glinovite i ugljevite supstance iii je uopce 
nemaju; sideriti se ciste. Kao vrlo vafou utvrdenu cinjenku smatramo i 
to sto je veliCina zma siderita, te kvarca, sulfida i sulfosoli medusobno 
funkcionalno vezana. Krupnozmatiji sideriti imaju i krupnijezrnatije 
sulfidne minerale i sulfosoli. Uocili smo i pojave idioblasteze, narocito 
kod kristala sfalerita. Mnogi individuumi sfalerita su sistasto prorasli 
uklopcima siderita. 
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Po na5em misljenju mikrol,cristalaste strukture crnosivog, gustog si­
derita s relativno obiJnim prahom i kripto-mikrokristalastim masama 
minerala glina, te ugljevito-glineno-sulfidne supstance, u matriksu, kao 
i prisutnost gel-pirita mozemo najlakse objasniti ako pretpostavimo da 
jc siderit naglo obaran iz viskoznih koloidni:h otopina kao sideritsko­
ugljevito-glineno-sulfidni mulj iii kriptokristalaste intimno smijefane 
mase. Dana5nj i strukturno-tekstumi tipovi i njihove intimne izmjene 
bili bi rezultat epigenih preobrazbi i prekristalizacija. Prva faza meta­
morfoze sastojala se u prekristalizaciji prvohitnih mijefanih gelova (u 
kojima je bilo manje iii vise detritarnih partikula, osobito kvarca) usli­
jed statickih pritisaka iii pritisaka opterecenja (tzv. »Statische oder Be­
lastungsmetamorphose«) u mikrokristalaste strukture. Pri toj prekrista­
lizaciji doslo je do premjdtanja (»Umlagenmg«-a) gel-supstance, do 
raspada mijesanih gelova i do formiranja mikrokristalastog siderita s 
parcijalno okludiranim prahom biv8e gel-supstance, ali i do premje5ta­
nja glinovito-ugljevite i sulfidne supstance u intersticijalne i intergra­
nularne prostore, pri cemu je ta supstanca ostala dijelom amorfna, di­
jelom kriptokristalasta, dijelom mikrokristalasta (nemalit, kvarc, ilit). 
Siderit kao mineral koji brzo i lako podlijeze prekristalizaciji bde se 
prekristalizirao i relativno je ki"upnije zrnat nego glinena supstanca, 
odnosno minerali glina. I sulfidni gel je lak<> podlofan prekristalizaciji 
{izuzev piritskog gela), tako da se u intersticijalnim prostorima vide i 
prvi zameci kristaliziranih sulfida jednostavnog mineralnog sastava (ga­
lenit i sfalerit). 1Pri tome dolazi i do izvjesnog potiskivanja mikrokrista­
lastih masa siderita po sulfidima, kvarcu i ne~alitu. 

1Pri prekristalizaciji prvobitnih koloidnih taloga iii kriptokristalastih 
taloga oslobadaju se znatne kolicine vode. Obzirom na povezanost sta­
tickih pritisaka s porastom temperature takve vode imaju znatno vi§u 
temperaturu od normalne i postaju kemijski aktivnije otapajuci nesta­
bilnije minerale iii nedovoljno stabilizirane minerale ili gelove u raspa­
danju i postaju pseudohidrotermalne otopine. Na mjestima gdje staticki 
pritisak naglo opada, kao sto je to slueaj u pukotinama i rasjednim zo­
nama iii suplj inama nastalim kod orogenetskih pokreta {ubiranja) iz 
tih termi se izlueuju pseudohidrotermalne parageneze, koje nalice pot­
puno normalnim hidrotermalnim paragenezama. Tako nastaju zilicc, 
gnjezdaka i manje nepravilne zice kvarca sa sulfidima i sulfosolima. 
Rani.ii istrdivaci kao na pr. F. Katzer {1910, 1925), L. Noth {1952) 
i A.Ci s s a r z {1956), smatrali su da se radi o novim juvenilnim hidro­
termalnim paragenezama, ne8to mladim, ali istog genetskog ciklusa kao 
i sideriti. U stvari to su po na5em shvaeanju pseudohidrotermalne para­
geneze, ciji je rudni materijal metamorfno m.obiliziran iz sideritskih le­
zista za vrijeme epigenetskih .metamorfnih ciklusa. 

Sideritska lezista Ljubije zahvacena su sa dva orogenetska ciklusa: 
variscickim i alpinskim te su prema tome osim boranja prozivjela i ra­
sjednu tektoniku. Pri orogenetskim pokretima sideriti su bili izlozeni 
kinetskoj i mehanickoj metamorfozi. Na mjestima, gdje su te metamor­
foze kombinirane sa staticki jacim pritiscima, zbili su se za vrijeme 
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orogeneze i dislokacionQ-metamorfni procesi, koji su uslovili da su neka 
rudista u znatnijoj mjeri prekristalizirala (Kozin, Bjeljevac, dijelovi 
Brda) te se reliktne mikrokristalaste strukture vise ne vide . . 

Da su se stvarno u epigenetskoj fazi zbivali procesi prekristalizacije 
i premje8tanja materije dokazuju nam osim povefanja zrna u prekri­
staliziranim strukturama i procesi samoocisfavanja siderita, kao i izla­
zak jednog dijela SUpStance, jer SU krupnozrnatije strukture cesto dru­
zovite i supljikave. Smanjenje volumena odgovaralo bi gubitku veceg 
dijela prvobitne glinovito-ugljevite supstance, a vjerojatno da se i dio 
sulfidne supstance izgubio kod pseudohidrotermalnog transporta. 

lnteresantno je napomenuti da su se pri procesima prekristalizacije 
iz mijdanih sulfidnih gelova izd vojili najprije jednostavni sulfidni mi­
nerali, ali kasnije i kompliciraniji reakcioni produkti kao burnonit i 
tetraedrit. Porastom iiltenziteta metamorfoze sfaleriti postaju sve vise 
slieni marmatitu iz kojeg se nalmadnim izdvajanjima izlueuju halko­
pirit i pirotin. 

Stupanj metamorfoze sideritskih leiista Ljubije nije bio .i ednako­
mjeran u tazlicitim ldistima, a eak niti u jednom istom ldistu. To se 
najbolje vidi po razlicitoj raspodjeli strukturnih tipova siderita, a tako­
der po izvjesnim mineralima, cij e karakteristike sluze kao geoloski ter­
mometar: a) ugljevita supstanca je u nekim uzorcima presla u grafitit, 
b) idioblasteza sitastog sfalerita sa zonarnom raspodj elom sideritskih 
inkluzija, c) idioblasteza albita, d) izdvajanja malih kolicina halkopirita 
u. obliku lamela i ·tieldaca u nekim smedim, zelenkastosmedim i smede­
cmim sfaleritima Nove Litice Gornje i Brda, e) izdvajan.ie pirotina i 
halkopirita u cmim krupnozmatim sfaleritima pojedinih pozicij a Brda, 
f) stvaranje reakcionih produkata pojedinih sulfida u obliku sulfosoli 
(bumonit, tetraedrit) i g) hematitizacija nekih dijelova sideritskih lezi­
sta, osobito na Kozinu, Bjeljevcu i u manjoj mjeri na Brdu. 

Procesi rekristalizacije, koji bi ukazivali na vise stupnjeve metamor­
foze, prakticki nisu uoceni, jedino se na krupnim idioblastienim indivi­
duima barita Brda i Trefojice uocilo prve rekristaliizate du! prslina i 
pukotina kalavosti. 

Okolne stijene u kojima se nalaze sideritska ldista pripadaju epime­
tamorfnonm stadiju preobrazbe. 

Iz svega gorjeg mozemo ustvrditi da su metamorfoze sideritskih leZi­
sta, ciji je prvobitni mineralni sastav imao koloidni iii kriptokristalasti 
karakter; doZivio metamorfoze jedino u formi prekristalizacije i lokal­
nog premjestanja supstance. Te metamorfoze su epitermalnog (epimeta­
morfnog) karaktera s lokalnim utjecajima koji ukazuju na pocetak 
prelaza u mezometamorfni stadij. 

2. Problemi geneze 

F. Katzer (1910) pise da se u paleozojskim sedimentima okolice 
Ljubije nalaze iii Zice iii lefaji (Lager} siderita. Pretefan dio leZista na­
Jazi se u karbonskim sedimentima, manji dio u permskim, a mnoga su 
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vezana na karbonske vapnenjake. Obzirom na n·edovoljnu istrazenost 
rudnih ldista F. Katzer (1. c. p. 46) smatra da nema. dovoljno eleme­
nata .za ocjenu radi li se o zicama ili lefajima. Dok neke pojave uka­
zuju na zieni lcarakter orudnjenja ili na metasomatska ldi~ta epigenet­
skog postanka, to druge pojave (rjede) ukazuju na primarne singenet­
ske ldaje (skl adove). Siderit je kristaliziran i saddi gnjezdaka, slire i 
impregnacije galenita, pirita, halkopirita, lokalno bulan2erita, te od ja­
lovine kvarca i katkad barita. 

F. Katzer (1925) se u novijem radu detaljnije izjafojava o genezi. 
Smatra da SU sideritska lezista, stokovi i zice nastale metasomatozom 
vapnenjaka. Terme iz dubine noseci zelje.zni bikarbon~t odlagale SU 

siderit u pukotine skriljavaca i pjescenjaka kao zice siderita s ndto 
sulfida i kvarca. Te pojave nisu bile vezane za bilo kakve pojave po­
tiskivanja i tvame izmjene sa stijenama. Otopine, koje su prolazile kroz 
vapnenjake sistemom pukotina, ispunile su te pukotine sideritom, ali su 
istodobno izvr~ile metasomatozu bokova u siderit, a dalje od pukotina u 
ankerit. Kasnijim jakim tektonskim poremetajima rudista su rastrgana 
u blokove, ko.i i su k tome i kretani. Jedino za rudnu pojavu Krivaju u 
podrucju To1ma8ice pretpostavlja F. Katz er da bi mogla biti singe­
netskog postanka. 

A. Ci s s a r z (1951) smatra da su ljubijska ldista hidrotermalnog 
postanka i ve.zana na paleozojske prodore unutamje glavne dinarske 
zone. Smatra ih paleozojskim lezistima vezanim na jedan do sada ne­
poznati dubinski magmatizam. Da Ii se radi o istom magmatizmu i mag­
matskom ognjistu. koje je dalo izljeve kvarcporfira u Srednjobosan­
skom Rudogorju, nije sigumo, ali nije niti nevjerojatno. 

L. Noth (1952) pise da su ljubijska sideritska lezista nepravilnih 
oblika. Podredeno SU to zice, katkad vrlo debele kao na pr. povor zica 
Jazavac na Brdu iii pak ploeasta tijela (Adamu8a). NajceSCi SU stokovi 
iJi nepravilna lecasta tijela, bilo vise njih na okupu ili pojedinafoa. 
Najva!nija i najvefa rudna tijela Ide u skriljavcima s kojima SU danas 
uvijek u tekt<>nskom kontaktu, jedino u juznim rudistima ima i meta­
somatskih poj ava u jednoj Sirokoj ankeritsko-dolomitifooj zoni. Za 
zifoa i nepravilna tijeJa smatra da SU intruzivno-hidrotermalnog po­
stanka. Ascedcntne otopine su izlucile najprije siderit, a zatim u istom 
genetskom ciklusu galenit i sfalerit. Mjestimifoo znaeajno sideritizira­
nje skriljavaca objafojava velikom aktivnosti otopina. Vrijeme postan­
ka je mladi pa}eozoik, pojave SU mlade nego gornjokarbonski skriljavci 
u kojima Ide. Orudnjenje je u uskoj vezi sa boranjem, mozda eak sin­
orogeno, na sto ukazuje jako prozimanje skriljavaca zilicama i prosloj­
cima siderita, iznenadna odebljanja, kao i valjkasto odebljanje »wal­
zenformige Verdickung«) sideritskih tijela. Rudna su tijela vjerojatno 
odmah nakon stvaranja djelomice zahvacena tektonskim pokretima mla­
dopaleozojske faze boranja i rastrgana, .ier se pokazalo da se prostomi 
raspored rudn.ih tijela ne dade dovesti u vezu s mladim dinarskim tek­
tonskim pokretima. Hidrotermalno-metasomatska ldista su nastala sa· 
mo tada, ukol iko su otopine naiSle na vapnenjake, no intenzitet takvog 
orudnjenja je slab. U jednoj kopnenoj fazi starijeg tercijara bila su 
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zeljezna rudista ogoljena, zahvacena oksidacijom i trosenjem, pri cemu 
su dijelovi ldista razoreni. Djelovanjem humusnih kiselina i otE1.panjem 
doSlo je do migracije zeljeznog iona iz tih ogoljelih i oksidiranili ldista 
i ponovnog izlucivanja kao leZiSta kontinentalnog tipa raspaclanja na 
vapnenjacima i skriljavcima . . I primarna i sekundarna ldista zahvacena 
SU dinarskom tektonikom i rastrgana. Kao poseban tip zelje:.t:nili ldista 
izdvaja' tankoploeaste, tamne siderite, koji alterniraju s proslojcima 
skriljavaca. Sadde 270/o Fe i 33°/o Si02 i netopivog. To bi bila prava 
marinsko-sedimentna ldista siderita, cije porijeklo zeljeza nij e razja­
snjeno. Ta SU leZista beznaeajna u ekonomskom pogledu. 

A. Ci s s a r z (1956) se potpuno priklanja shvatanjima L. N o th - a 
(I. c.) 0 nacinu pojavljivanja i genezi ljubijskih sideritskih ldista. 

M. Ramo vi c (1957) dijeli zeljezna rudista Ljubije u tri g-rupe: I. 
sideritska ziena tijela u paleozojskim skriljavcima i pjdcenjacirna, koja 
SU mozda nastala metasomatozom interkalacija vapnenjaka, 2. metaso­
matska tij~la u pale0zojskim vapnenjacima, te 3. sekundarna lezista na­
stala trosenjem primarnih ldista. 

I. Ju r k o vi c (1959) iznosi u svojem predavanju na II. ICongresu 
geologa Jugoslavije u Budvi da rezultati novijih mineraloskih, tekton­
&kih i stratigrafskih istraZivanja ukazuju da se bipoteza L. N o th a 
(1. c.) ne moze primiti u cijelosti, vec da prevladavaju elementi koji go­
vore da postoje ozbiljni razlozi da se otvori diskusija o primaro.om sin­
genetskom nacinu postanka rudnih ldista. Elementi koji govore danas 
za hidrotermalan epigeni postanak u stvari bi mogli biti rezultat epige­
netskih metamorfnih proccsa i promjena. 

L. Mari c i B. c r n k 0 vi c (1960, u stampi) SU izvr5ili petroloska 
ispitivanja sideritskog glinenog skriljavca sa pozicije Litica na. Brdu i 
utvrdili da je to pelitska stijena izgradena od guste mase kvarca, tinjca, 
ilita, siderita, organske supstance i zeljeznog hidroksida. Stijen a saddi 
14,080/o FeO i 3,750/o Fe20 3• U modalnom sastavu karbonati cine oko 
250/o. Taj skriljavac je znaeajan facijelan clan u Seri.ii pale<>zojskih 
sedimenata, u alternaciji je sa kvarcnim pjdcenjacima ili subg-rauvak­
nim pjdcenjacima, a saddi u sebi mjestimice anklave pravog glinovi­
tog skriljavca. Kemijska ispitivanja u laboratoriju Ljubije SU pokazala 
da su ti sideritizirani skriljavci vrlo varijabilnog kemijskog sastava: 
Fe varira od 22,790/o do 56,560/o, Mn varira od 0,820/o do 4,02°/e>, a Si02 
od 3,810/o do 43,560/o. M. ju r i c (manuskript) je uocio na Brdu da 
izmedu limonita (nastalog od siderita) te limonitiziranog (sideritizira­
nog) skriljavca nema ostrih granica niti u vertikali niti u horizontali. 
Mi smo mikroskopiranjem jednog uzorka sideritskog glinenog slcriljavca 
sa III. eta.le Brda opazili da siderit u tom skriljavcu cesto ima oblike 
oolita (pizolita) zonarno gradenih, unutarnje zone su obieno .i ace za­
mucene mineralnim prahom. 

A.Ci s s a r z (1957) opisujuci siderite Varda, koje smatra submarin­
skim, ekshalativnim ldistima vezanim na trijaski inicijalni m.agmati­
zam kaze: siderit je gust i finozrnat i tek tamo ·gdje su bili jaci tekton­
ski pokreti, doSlo je do stvaranja grubljezrnatog siderita. U interstici-
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jalnim prostorima zmja siderita nalazi se izvanredno fina i gusta gli­
neno-kvarcovita supstanca. Tako je fina da se ne moze mikroskopski 
odrediti; mjestimice se iz nje izlueuje individualizirani kvarc. Stvaranje 
sericita je rijeiko, lokalno ima malo kloritske supstance. Stalan pratilac 
siderita je barit, dijelom fino razdijeljen, dijelom kao zilice u sideritu 
ili kao idioblasti. Pirit je svagdje prisutan u maloj kolicini. Najce8ce 
se pojavljuje kao fine okrugle tvorbe, koje katkad imaju strukturu orud­
njenih bakterija. Siderit je Varda finozrnati sivi sedimentni siderit, za 
razliku od ljul>ijskog siderita za koga A. C is s a r z (1. c. p. 503) kde 
da je tipiean krupnozrnati, svijetli siderit. 

Reliktne strukture gustozrnatog, crnosivog siderita Brda i Nove Li• 
tice sa klasticnim matriksom (glinena, bituminozna supstanca i detri­
iami kvarc) i fino razdijeljenim sulfidnim prahom te orudnjenim bak­
terijama uvel ikoj se mjeri_podudaraju s opisanim karakteristikama va­
re5kog sivog siderita, za koji A. Ci s s a r z (I. c.) smatra da je subma­
rinskog sedimentnog postanka. Razlika izmedu ljubijskih i vare5kih le­
zista je u tome, sto je opisani strukturni tip u Vare5u opcc rasireni tip. 
a gustozrnati ljubijski tip je reliktan tip, vezan samo na odredene dije­
love pojedinih. ldista. Prekristalizirani, krupnijezrnati tipovi su u Va­
re8u vezani samo na jace tektonski poremecene partije, a u Ljubiji su 
dominantan s1:rukturni tip. To je dosadanje istrazivace navodilo na 
tvrdnju da su ljubijski sideriti normalni hidrotermalni sideriti. Ja sam 
ranije iznio da su dana8nji strukturno-teksturni tipovi ljubijskih siderit­
skih ldista rezultaf metamorfnih procesa: prekristalizacije i lokalnog­
pseudohidrotermalnog premje5tanja materije. Da su ljubijska ldi§ta 
iace metamorfozirana nije neobifoo obzirom na njihovu gornjokarbonsku 
starost za razl:iku od znatno mladih srednjotrijaskih vareskih ldista. 

Po nasem shvaeanju ljubijska ldista siderita nastala ~i'u kao marinski 
sediment zajedno s manje iii vise klastifoog materijala. Sideritski ta­
lozi su bili kriptokristalasti iii amorfni, . koloidni. Epigenim procesima 
prekristalizirali su u danafoje strukturno-teksturne tipove. Sedimenta­
cija (obaranje) se izvrsilo za vrijeme jedne brze izmjene facijelnih l:la­
nova sedimentnog ciklusa, najvjerojatnije u jednoj orogenoj fazi. Obzi:­
rom na utvrd enu gornjokarbonsku starost auerniskih okolnih sedime­
nata mineralizacija je gornjokarbonske starosti. Problem porijekla ze­
ljeznog iona closada nismo detaljno studirali. Postoje dvije alternativne 
mogufoosti: zeljezo je detritarnog porijekla i dospjelo je kao fini su­
spendirani mu1j u more zajedno sa ostalim produktima trosenja iz kop­
na. Oksidacij<>m organske materije, koja se talozi istodobno sa tim mu­
ljem, nastaje C02, koji moze otopiti evrste cestice zeljeza u mulju ka<> 
Fe-bikarbonat iz kojeg ~e uz pogodne uslove (pH i ,0-7 ,8 i Eh je nega­
tivan) obara s iderit, odnosno uz Eh pozitivan limonit (H. B o r c h e r t. 
1952). Druga alternativa je juvenilno porijeklo zeljeznog iona. U lju­
bijskom podrucju do sada nisu nadeni magmatske stijene za koje bi 
mogli vezati e>rudnjenje sideritom. Ukoliko je orudnjenje magmatskog 
porijekla tada. je magma okultna. Sideritska leZista Ljubije prelaze u 
pravcu iPrijedvra u le!ista barita sa varijabilnim kolicinama siderita, at 
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jo§ dalje u gotovo monomineralna baritna lezista. Ta pojava z:onalnog 
rasporeda rudnih pojava (uocena vee i u Petrovoj gori, I. Ju r k o vi c, 
1958) vise govori za juvenilno porijeklo zeljeznog iona. 

Sedimenti u kojima se javljaju sideritska ldista su pretefoo terige­
nog porijekla (glineni skriljavci i pjdcenjaci), a u manjoj mjeri orga­
nogenog porijekla (vapnenjaci i dolomiti). To znaci da- je u vrijeme 
sedimentacije tih sedimenata bilo znaeajnih uzvisenja reljef a, cijim 
ogoljavanjem je stvaran materijal za sedimentaciju glineno-pje-.Scenjac­
ke serije. Uzvisenj_a u reljefu su rezultat prethodne orogene faze her­
cinske orogeneze. Da je prije gomjeg karbona bila jedna orogena faza 
dokaz nam je nalaz fragmenata pravog glinenog skriljavca u siderit­
skim glinenim skriljavcima Ljubije, kao i nalazi bazalne reg-resivno­
transgresivne serije u bazi subgrauvaka Petrove gore (. Ju r le o vi c, 
1958). Prema tome bila bi orogena 'faza za vrijeme u koje su nastala 
sideritska ldista Ljubije »druga faza boranja u smislu Ju. A. Bi 1 i­
b in a (1955)«. Treea faza u smislu tog autora bila bi ona koja je u 
srednjem permu dovela do potpunog izdizanja geosinklinale i zavrfa­
vanja boranja ,ali ta je mlada od sideritskih ldista Ljubije, jer su ona 
tim boranjem vet zahvacena. Za vrijeme druge faze boranja_ Ju. A. 
Bi 1 i bin (l. c.) veze intruzije batolita ili malih intruzija gabro -plagio­
nitskog ili gabro-granosijenitskog magmatskog kompleksa, a za treeu 
fazu (terigenu) ~edimentacije male intruzije kvarcmonconit-porfira, 
granodiorit-porfira, granit-porfira i kvarc-albit-porfira. Po n~em rni­
Ujeju navedeni magrnatski kompleksi dolaze u obzir za razja.Snjenje po­
stanka rudista ukoliko se prihvati juvenilna hipoteza porijekla zelje­
.znog iona. 

Primljeno 24. 06. 1960. Zavod za mineralogiju, petrologiju i rudista 
'I ehnoloski fakultet, Zagreb, Kalice-va ul. 26. 
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IVAN JURKOVI(; 

MINBRALOGICAL INVESTIGATIONS OF IRON-ORE DEPOSITS LJUBIJA 

' NEAR PRIJEDOR IN BOSNIA 

Results of ~ine~alogical l~t1estigations 

. 
By microscopic examinations of siderite samples from the ·positions of Brdo, Nova 

Li.tica Gomja, Tre§njica, Kozin .and Bjeljevac it was possible for us to establish ll 
series of structural-textural types of siderite ore: dense-grained, microcrystallinc; 
small-grained, . saccharoidal-spherolitic, transitional ..finc-g.rained, nonhomogeneoust 
grained (ribbed, zebra, leopard) structural types aa well as compact, microporous and 
porous (drusy} textural types of siderite. 

When studying the structures and textures we especially stressed the importance 
of dense, black-grey siderites, which were observed at Brdo and Nova Litica Gomja. 
From the outside these siderites resemble dense limestones, from which they differ 
only by their greater specific gravity. Dimensions of the grains of these siderites vary 
from 15 to 70 microns, their structure is either dense-grained or microcrystalline, and 
accordingly they correspond to pelites or »silt-stone« rocks. We have defined these 
siderites ·as sideritic »mudstoncs« or sideritic »muddy« rocks. The black-grey colout 
of these sidcrites comes from the finely dispersed mineral dust in the sidcrite grains 
as ·well as from the brown or black-brown carbonaceous-clayey substance to be found 
in the interstices of the sideritc-grains. The intcrgranular films arc likewise of a 
clayey substance. In the matrix it is possible to observe besides the clayey~car• 
bonaceous substance also suJphide dust, microcrystalline agglomerations of quartz and 
nemalite, in pla.ces illitc (hydromuscovite} as well as microscopically tiny balls of 
gel-pyrite. In th c sideritc mass arc to be found scaterrcd grains of detrital quartz; 
here and there a leaf of muscovite, as well as rnicrocrystalline to cryptocrystallint 
balls of gel-pyri tc, whose internal structure is identical with the structures of pyri~ 
tized bacteria. 

In the black-grey dense siderik it is possible to observe veinlets and nests of larger 
-grained siderite, much lighter, without th1: clayey-carbonaceous and sulphide dust, 
but with druses filled with a larger-granular sulphide paragenesis or with veinlets 
and nests of qua.rtz as well as sulphides and sulphosalts. There exists a whole series 
.of transitions from samples that arc in the main made up of a dense sidcrite with 
small amounts o f a larger-grained sideritc up to samples in which a light-coloured 
siderite of fine-grained to large-grained structure is predominant. Thus there origi• · 
nate ribbed, zebralike and various mixed hetcro-grained structural types. It is charac-
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teristic that the dense siderites possess an almost wholly compact texture 'While the 
lighter-coloured, larger-grained types oftentimes possess a porous, cav~mous and 
drusy texture. Individual parts of the bed are composed of only a lighter an.d Iarger­
grained type of 9iderite. Quantitative chemical analyses have shown that by the 
increase in the size of the siderite grains and strengthening of the lighter tone of 
the colour the siderites contain ever smaller quantities of clayey and carbonaceous 
aubstance, or they do not contain them at all, the siderites are undergoing a process 
of purification. 

As a very important established fact is that the size of the grains of sideritc, 
quartz. sulphide and sulphosalts is mutually functionally connected. The larger-grain­
ed siderites possess also larger-grained sulphide minerals and sulphosalts. We were 
also able to observe occurrences of idioblasts, especially of sphalerite crystals. Many 
individuals of sphalerite are sieve-like intcrgrown by inclusions of siderite. 

It is our opinion that the microcrystallinc structures of the black-grey, dense side­
rltc with a relatively abundant dust and crypto-microcrystalline masses of clayey 
minerals, the carbon-clayey-sulphide substance in the matrix as well as the presence 
of gel-pyrite can best be explained if we presume that the siderite was rapidly being 
deposited from viscous colloid solutions as a siderite-carbon-clayey-sulphide mud or 
cryptocrystalline intimately mixed mass. Today's structural-textural types as well as 
their intimate interchanges would be the result of epigenic transformations and re­
crystallization. The first phase of the metamorphosis consisted in the recrystallization 
of originally mixed gels (in which there were smaller or larger amounts of detrital 
particles, especially quartz) owing to static pressures or loading pressures (the so-called 
•Statische oder Belastungsmetamorphose) into microcrystalline structures. In tbis recry­
atallization there occurred a displacement (»Umlagerungc) of the gel-substance, disinte­
gration of the mixed gels, formation of a microcrystalline siderite with a partially oc­
cluded dust of the former gel-substance, and lastly displacement of the clayey-carbona­
ceous and sulphide substances into interstitial and intergranular spaces, during which 
process these substances had remained partly amorphous, partly cryptocrystalline (ne­
malite, quartz, illite). Siderite as a mineral which easily undergoes recrystallization had 
been recrystallized more rapidly and is relatively larger-grained than the clayey sub·· 
ctance or the clayey minerals. Also the sulphide gel easily undergoes recrystallization 
(with the exception of the pyrite gel), so that in the interstitial spaces also the first 
tigns of crystallized sulphides of a simple mineral composition (galena and sphalerite) 
can be seen. In this process there occurs a certain replacement of the microcrystalline 
masses of siderite by the sulphides, quartz and nemalite, 

In the recrystallization of the original colloid deposits or cryptocrystalline depo­
tits considerable quantities of water are liberated. In view of the connectie>n of the 
static pressures . with the increase in temperature these waters have a much higher 
temperature than normal and become chemically more active by dissolving the less 
1table minerals or insufficiently stabilized minerals or gels in deterioration .and thus 
become pseudohydrothermal solutions. Where the static pressure rapidly decreases, 
es is the case in fissures and fault zones or in caverns produced by orogenetic mo­
\'ements (faulting), these thermae yield pseudohydrothermal para'l'eneses that resemble 
the quite normal hydrothermal parageneses. Thus are formed veinlets, nests and 
smaller irregular weins of quartz with sulphides and sulphosalts. Earlier investiga­
tors, as for example F. Katzer (1910, 1925), L. Noth (1952) and A. C i s s a r z 
(1956) were of the opinion that here we arc concerned with new juvenile hydrother­
mal parageneses, somewhat younger, but <>f the same genetic cycle as the siderites. 
These are in our opinion actually pseudohydrothermal parageneses, whose ore ma­
terial waa metamorphically mobilized from the existing siderite beds during the epi­
genetic metamorphic cycles. 

The .siderite beds of L.iubija are embraced by two orogenetic cycles: varis citic and 
alpine, so that besides shrinkage they had lived through a fault tectonics. During the 
orogenetic displacements the siderites were exposed to a kynetic and mechanical me­
tamorphosis. Where these metamorphoses a re combined with stronger static -pressures 
there were produced during the orogenesis also dislocation-metamorphic processes, 
which conditioned that some of the deposits were recrystalli7:ed to a great e:dent 
(Kozin, Bicl.ievac, parts of Brdo), so that no relict microcristalline structures are any 
more visible. 
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That in the e pigenctic phase there actually occurred processes of recrystallization 
and displaccmen1 of material is proved besides the increase in the grains in the re­
crystallized structures also by the processes of self-purification of the sideritc, as well 
a1 by the exit 0£ a part of the substance, for the larger-grained structures arc often­
times drusy and cavernous. The decrease in the volume would correspond to the loss 
of the ma_jor part of the original clayey-carbonaceous substance, and it is likely that 
also a part of the sulphide substance was lost during the pseudohydrothcrmal trans­
port. 

It is intcrestimg to note that during the processes of recrystallization there sepa­
rated from the mixed sulphide gels first the simple sulphide minerals, but later also 
the more complicated reaction products such as bournonite and tctrahedrite. With the 
increase in the intensity of the metamorphosis the sphalerites are resembling ever 
more marmatitc, from which by subsequent separation chalcopyritc and pyrrbotitc 
arc exsoluted. 

The degree o~ the metamorphosis of the sidcritc beds at Ljubija was not uniform 
in the various beds, even not in one and the same bed. This is best seen from the 
different distribution of the structural types of th.e siderite, and also from certain mi­
nerals whose cbtaracteristics serve as a geologic thermometer: a) the carbonaceous 
substance had gc>ne over in some samples into graphitite, b} idioblasts of the sieve­
like sphalerite with zonary distribution of sideri tc inclusions, · c) idioblasts of albitc, 
d) exsolution of small quantities of chalcopyrite in the form of lamellae and ~mall 
bodies in some brown, greenish-brown and brown-black spbalerites of Nova Litica 
Gornja and Brcl.o, e} cxsolution of pyrrhotitc and chalcopyritc in black large-grained 
spbalerites of individual positions of Brdo, f) creation of reaction products of indivi­
dual sulphides in the form of sulphosalts (boumonitc, tetrahedritc), g) hematitization 
of some parts of the sideritc beds, most particularly at Kozin, Bjcljcvac, and also in 
smaller measure at Brdo. 

The recrystallization processes, which would point to higher degress of metamor­
phosis, were practically not encountered, only on large idioblastic individuals of the 
barite of Brdo and Trdnjica it was possible to observe the first rccrystalisatcs along 
the fissures and crevices of cleavability. · 

The surrounding rocks, in which siderite beds arc to be found, belong to the epi­
mctamorpbic stage of the transformation. 

From all that has been said above it is possible to establish that the metamor­
phoses of siderite beds whose original mineral composition had a colloid or crypto­
crystallinc character were only in the form of a recrystallization and local displa­
<cmcnt of the substance. These metamorphoses are epithcrmal (epimctamorphic) in 
character with local influences which point to the beginning of a transition into the 
mesometamorphic stage. 

Problems of Gt'nesis 

F. Katzer (1910) states that in the Palaeozoic sediments of the environs of Lju­
bi.ia arc to be £ound either veins or beds (Lager) of sidcrite. The major part of the 
beds is to be ft>und in Carboniferous sediments, a smaller part in Permian, while many 
arc connected -with Carboniferous limestones. In view of the insufficient exploration 
of the ore beds F. K a t z er (I. c. p. 46) is of the opinion that there are no sufficient 
elements to estimate whether we are concerned with veins or with beds. While a 
number of occurrences bed9 of an -epigenetic origin, other occurrences (rarer) point 
to primary singcnetic beds. The sideritc is crystallized and contains small nests and 
impregnations of galena, pyrite, chalcopyrite, locally boulangerite, as well as gouges 
of quartz and sometimes baritc. 

F. Katz er (1925) contributes in his more recent work a more detailed expla­
nation. He holds that the siderite beds, ore bodies and veins originated through the 
metasomatosis of limestones. Carrying the iron bicarbonate from the depths the thcr­
mae were dept>siting sidcrite into the crevices of schists and limestones in the form 
of veins of siderite with some sulphide and quartz. These phenomena were not con­
nected with amy phenomena of displacement and material changes with the rocks. 
The solutions t:hat were passing through the limestones by a system of fissures bad 
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filled these fissures with sidcritc, but at. the same time they carried out meta somatosis 
ot the blocks into sidcrite and farther away from the fissures into ankerite- By sub" 
s.~uent strong tectonic dist_urbances the ore deposits were torn into blocks, · which at 
the same time were being displaced .. It is only .for the ore occurrence Krivaja in the 
region of T-0ma§ica that F. Katzer presumes that it might be of syngenct ic origin. 
' A. Ci s s a r z {1951) is of the opinion that the Ljubija beds arc of hydrothermal 
origin and· that ·they are connected with Palaeozoic intrusions of the intcr:nal main 
dinaric zone. He considers them to be Palaeozoic beds connected with one thus . far 
unknown depth ~agmatism. ~t is. not certai.n, but it is not improbable, that here we 
JI.re concerned with .the s~e ~agmatism . and .. m~gmatic: -hcart~ that h_ad -yielded ~ffu-
110ns of . quartz-porphyry m the Central Bosnian Ore Mountains. . : 
-. L. Noth (1952) states that the Ljubija . siderite beds arc of irregular sbapes. At 
times they ·are very strons- veins, as for example the plexuses of veins Jazavac at 
Brdo or plate-like bodies (Adamu§a). Most frequent are ore bodies or irrcg-ular len­
ticulla,r bodies .ei~her several of them in one place or individually situated. The most 
important and largest ore bodies lie in the · schists with which today they are always 
in tectonic contact, only in the .southern ore deposits there are also metasornatic oc· 
curences spread over a :wide ankerite-dolomite zone. The same a,uthor holds for the 
vcinou~ and irregular bodies that they are of intrusive-hydrothermal o·rigi0t.. Ascen· 
dent solutions first deposited sidcritc, then, in the same genetic cycle galena and 
sphalerite. The sporadic conspicuous sideritization of the schists is explained by him 
as due to the great ac.tivity of the -~olutions . The time of origin is the Y o~ger Pa• 
laeozoic, the occurrences are younger than the tlpper Carboniferous schists in which 
they lie. The ore deposition is in close connection with faulting, maybe even syno­
rogenically, to which point the strong protrusions of the schists by veinlets and intcr­
laycrs of _sidcritc, sudden thickenings . as well as the so-called iowalzenform.ige Ver­
dickungc of the sidcrite bodies. The ore bodies arc likely to have been ipv-olvcd in 
part immediately after their formation by tectonic movements of the Young Palaeo­
zoic phase of f11ulting and tom apart, for it has been shown that the spatial distri­
bution of the ore b"odics cannot be . brought info connection with llic younger dinaric 
tectonic displacements. The hydrothcrmal-metasomatic beds originated only in so far 
as the solutions encountered limestones, but the intensity of such ore deposi t:ion was 
weak. In a certain continental phase of the Older Tertiary the ircin deposits were 
laid bare, involved as they were in oxidation ·and weathering, so that parts of 
the beds were destroyed. By the action of humic acids and through dissoluti<m there 
occurred a migration of the · iron ion from these denuded and oxidated beds and a 
new deposition in the form of beds of the continental type of disintegration on the 
limestones and schists. Both the primary and secondary beds were iavolvcd in the 
dinaric tectonics and tom apart. As a special type of -iron deposits arc thin-bedded, 
dark sidcritcs, which alternate with intcrlaycrs of schists. They contain 27°/• Fe and 
ggo/, Si01. These would be real marine-sedimentary beds of sidcrite, whose iron 
origin has not yet been clarified. These beds arc insignificant from the economic 
aspect. · 

_A. Ci s s a r z (1956) agrees completely with L. Noth's views about the manner of 
.occurrence and genesis of the Ljubija sidcritc beds. · 
· M. Ramo ·V iC (1957) separates the iron ore deposits of L.iubija into three groups: 
L sidcrite vcinous bodies in Palaeozoic schists and limestones, which may · have ori­
ginated by the metasomatosis of the intcrcalations of the limestones, 2. mctasomatic 
bodies in Palaeozoic limestones, and 3. secondary beds that were formed by t:hc wea-
thering of primary deposits. . 
· I. Ju r k o vi t. (1959) states in his lecture at the Second Congress of Yugoslav 

gelogists at Budva that the results of more recent mineralogic, tectonic ancl strati­
graphic investigations point that the hypothesis by L. Noth (1. c.) cannot be accepted 
in . its entirety, but that there predominate clements that show that the major part of 
the ore deposition is pre-orogcnic and that there exist serious reasons that a discus­
sion should be opened up about the primary syngenetic manner of origin of the ore 
.deposits. Those present clements .that speak in favour of the hydrothermal epi.~cnic 
origin could actually be the result of epigenetic metamorphic processes and changes. 

L. M a r i t. and -B. C r n k o v it. (1960, in the press) carried out petrologic inve­
stigations of the sideritc clayey schi8t from the position Litica at Brdo and establish-
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cd this to be a pcllitic rock built up . of a dense mass of quartz, mica, illite, siderite, 
qrganic substance and iron hydroxide. The rock contains 14,081/o FcO and 8,75'1• 
F~03• In. the modal composition the carbonatt:s make up about 25'/•.· This schist is a 
conspicuous facial member in the series of Palaeozoic sediments, and it is alternating 
with the . quartz sandstones or s.ubgreywackian sandstones, and contains sporadic eri• 
clayes of true clayey schists. Chemical examinations in the laboratory of Ljubija sho• 
wed that these sicleriti;i;ed schists are of a very variable chemical composition: Fe va~ 
ries from 22,790/o to ·56,56°/o. Mn varies from 0,82°/1 to 4,02"/o, while Si02 varies from 
8,810/o to .48,560/o_ M. Ju r i c (ready to be printed) observed at Brdo that between 
limonite (formed from / siderite) arid limonitized ( sideritized) schist t)lere exist no 
sharp boundaries either verti~ally or horizontally. We observed by micro,copic exa; 
mination 6f a specimen ·of siderite clayey schist from the third level of 13rdo that the 
siderite in this scliist oftentimes possesses · the forms. of oolite (pizolite) zonary built, 
where the internc.l zone's are usually more intensively rendered opaque by mineral 
dust. -

A. Ci s s a r z (1957), whe~ describing .the siderites of Vard, which he consider~ 
to be submarine . exhalative deposits bound t() Triassic initial magmatism, states ·as 
follows: The siderite is dense and fine·gra~necl, and only where there had bec:n 
stronger te~tonic displacement! there was formed a coarser.grai~ed siderlte. : In 
tho -ihterstitial spaces of the siderite grains is to be found an extraordinarily finct 
and dense clayey-quartzy substance. It is · so fine that even microscopically· it is im• 
possible t.o define it, and jn places an individualized quartz is deposited from 1t. F1>r­
mation of sericite 'is rare, while locally there are but small Quantities of _chlorite sub­
stance. A steady companion of the siderite is barite, which 1s partly finely dispersed, 
and partly it occurs in the form of veinlets in the siderite, or in the form of idio­
blasts. ·Pyrite is everywhere present in small amounts. Most frequently it occurs as 
fine globular grains. which at times posses the structure of pyritized backria. The 
Vara siderite is c. fine-grained grey sedimentary siderite, as comp.tred with the Lju­
bija siderite, for -which A. Ci s s a r z (l. c. p. 50S) says that it is a typical, <.uarsc­
grained and light-coloured siderite. 

The relict structures of the dense-grained, black-grey siderite at Brdo and Nova 
Litica with a elastic matrix (clayey, bituminous substance and detrital 4ua1tz) and a 
finely distributed sulphide dust and pyritized bacteria conform to a great e:rtc:nt with 
the described characteristics of the Varel grey sideritc for which A. Cissarz (l. c.) 
holds that it is of submarine sediJ!lel'l.tary origin._ The difference between the Ljubija 
and Varel deposits is in that the described structural type at Varel is a widely distri­
buted type, while the dense-grained Ljubija type is a relict one bound to but dt.finite 
parts of individual deposits. The recrystallized coarse-grained types in Varel are bound 
only to the tectonically more strongly disturbed parts, while at Ljubija uu•y repre­
sent the predomin.ant structural type. This prompted previous invc:stigators to asstrt 
that the Ljubija siderites are normal hydrothermal siderites. Already cc:rlier we 
stated that the present-day structural-textural types of the Ljubija sidc1ite beds are 
the result of cpigenic metamorphic processes: recrystallization and local pseudoh')ldro­
thermal displacem.ent of matter. That the Ljubija beds are more strongly metamor­
phosed is not unusual in view of their Upper Carboniferous age as compared with 
the considerably younger middle-Triassic Varel beds. 

We feel that the L.iubija siderite beds probably took origin as a marine •ediment 
together with smaller or larger quantities of elastic material. The siderite deposits 
were cryptocrystalline or amorphous, colloidal. Through epigenic processes they were 
recrystallized int<> the present-day existing structural-textural types. ~edimcntation 
was carried out cluring a rapid exchange of the facial members of the sedimentary 
cycle, most probably in one of the orogcnic phases. In view of the established Upper 
Carboniferous age of the surrounding sediments, the mineralization is of Upper Car­
boniferous age. The problem of the origin of the iron ion has not so far been studied 
by us in detail. There exist two alternative possibilities: the iron is of detrital origin 
and had arrived in the form of a finely suspended mud into the sea t•>gether with 
other products of weathering from the mainland. 'By oxidation of organic matter 
which is deposited simultaneously with this mud C02 is formed, which can dissolve 
the firm iron particles in the mud as Fe-bicarbonate, from which under favourable 
conditions (PR · 7 ,!>-7 ,8 and Eh is negative) siderite is precipitated, or positive limo-
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nitc with E11 present. H. Borchert (1952). Another alternative' is the ju-venile ori­
gin of the iron ion. In the Ljubija region so far no magmatic rocks have l>een disco­
vered which could be linked with siderite deposition. In so far the ore deposition is 
of magmatic origin, such magma is occult. The siderite beds of Ljubija go over in 
the direction of Prijedor into beds of barite with variable quantities of siderite, and 
t1till further on into almost monomineral barite beds. This phenomenon of zonary 
distribution of the ore occurrences (observed already in Petrova Gora Mountain, 
I. Ju r k o vi t , 1957) speaks more in favour of the juvenile origin of the iron ion. 

The sediments in which are appearing the siderite beds arc prcdom inantly of 
terrigenous origin (clayey schists and sandstones), to a lesser extent of organogenic 
origin {limestones and dolomites). Which. would mean that in the period o• sedimen­
tation of these sediments there were conspicuous prominences of relief1, by whose 
denudation material for the sedimentati()n of the clayey-sandstone series was formed. 
The prominences in the relief are the result of the foregoing orogenic phase of her­
cynitic orogenesis. That before the Upper Carboniferous there existed and orogcnic 
phase is proved by the finds of fragments of true clayey schists in the sidcritc clayey 
schists of Ljubi_ja as well as the find of a basal regressive-transgressive series in the 
base of the subgreywackes of Petrova Gora Mountain (I. J u r k o v i ~. 19!> 7). Conse­
quently, the orogcnic phase during which were formed the siderite beds e>( Ljubija 
would be the »second phase of faulting« in the sense of Ju. A. Bili b in (1955). 
The third phase after this author would be that which in the Middle Per1nian led to 
a complete raising of the geosyncline and end of faulting, but this one is younger 
than the siderite beds of Ljubija, for they arc involved in this faulting. To the second 
phase of faulting l u. A. Bili bin (1. c.) connects the intrusions of bat:holiths or 
small intrusions o gabbro-plagioclasc or gabbro-granosyenitic magmatic complex, 
and to the third phase (terrigenous) of the sedimentation the small intrusions of 
quartz-monconite-porphyry, granite-porphyry and quartz-albite-porphyry. In our 
opinion the mentioned magmatic complexes come into consideration for the expla­
nation of the origin of the ore deposits in so far as the juvenile hypothesis of the 
origin of the iron ion is accepted. 

Received 24. 06. 1960. 

Institute <Jf Mineralogy, Petrology and Ore Deposits. 
Technological Faculty, Zagreb, Kaciceua 26. 
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TABLA - PLATE I 

1. Brdo, Bosna eta!a, poveeanje 120 X, Nie + gustozmata, panalotriomorfna struk­
tura siderita. 
Brdo, Bosna level, magnitude 120 X, dense-grained, pan-allotriomorphic texture 
of siderite. 

2. Brdo, III. eta!a, poveean_je 55 X, Panalotriomorfna, gustozmata struktura siderita; 
u gomjem desnom uglu slike mikrolilica kvarca. 
Brdo, Ill. level, pan-allotriomorphic, dense-grained texture of siderite; in the 
upper right corner of the microphotograph a veinlet of quartz. 

3. Brdo, V. eta!a, poveeanje 55 X, nic. +, •radijalno lcpezastac iii ,.sferuliuka atruk­
ttira« siderita s nepravilnim potamnjenjem zrna siderita. 
Brdo, V. level, mag. 55 X. + nic., siderite with undulatory extinction, or some­
times with spherulitic structure. 

4. Brdo, V. eta!a, povceanje 55 X, + nic., nepravilno i valovito potaminjenje si-
derita. · 
Brdo, V. level, mag. 55 X, + nic., undulatory or irregularly extinction of siderite 
grains. 
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TABLA - PLATE II 

5. Brdo, V. eta.fa, poveeanje 120 X . Kug-lice gel-pirita (crno) u sideritu. Mikrokri­
stalast kvarc (q) potiskuje siderit. 
Brdo, V. level, mag. 120 X , melnicovite-pyrite (gel-pyrite) as cryptocrystalline 
spherical grains (black) in siderite. Microcrystalline quartz (q) replaces sidcrite. 

6. Brdo, III. eta.fa, poveeanje 55 X , finozrnata iii sitnozrnata struktura si derita sa 
zrnima sfalerita (crno) i agregatima mikrokristalastog kvarca (q). 
Brdo, III. level, mag. 55 X , fine-grained or medium-grained structure of siderite 
with grains of sphalerite (blatk) and with microcrystalline aggregatei: of quartz 
(q) . 

7. Brdo, I. etafa, povec. 30 X, + nic ., panalotriomorfno zrnata struktura siderita. 
Brdo, I. level, mag. 30 X, + nic., pan-allotriomorphic texture of siderite. 

8 . Brdo, I. etafa, pov. 55 X, + nic., finozrnati kvarc (q) potiskuje srednje.unati si­
derit (s) po obodima zrnja iii po prslinama. L'z kvarc ima ne5to galenita (g). Zrna 
siderita nepravilno potamnjuju. · 
Brdo, I. level, mag. 55 X, + nic., fine-grained quartz (q) replaces medium-grained 
siderite (s) along borders of grains or along cracks. There is some galena (g) . The 
grains of siderite shows unrlulatory extinction. 
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TABLA - PLATE III 

9. Brdo, II . etafa, povec. 55 X, + nic. Dva strukturna tipa siderita: u gornjem di­
jelu slike finozrnati siderit mutnih z:rna od mineralnog okludiranog praba. Zrna 
imaju intergranularne filmove od tamne glinovito-ugljevite supstance. U donjem 
dijelu slike srednjezrnati siderit izornetrijskih iii izduzenih zrna, znatno prozir­
nijih i cistijih. 
Brdo, II. level, mag. 55 X, + nic. Two types of texture of siderite. In upper part 
of microphot. is fine-grained siderite with inclusions of opaque substance and 
therefore semiopaque. lntergranular films are of the same substance. In the lower 
part of the microphot. medium-grained siderite, equigranular or elongated grains, 
more clearer. 

10. Brdo, II. etafa, povec. 55 X, izrazito zonarno gradeni kristali siderita. J edne zone 
su providnije, druge neprovidnije. 
Brdo, II. level, mag. 55 X, zonary developed crystals of siderite. 

11. Brdo, II. etafa, poveeanje 55 X. Finozrnati, dosta neprovidan siderit parcijalno 
prekristalizirao u siderit krupnijeg zrna, koji je znatno providniji. Galenit (crno) 
potiskuje siderit. 
Brdo, . II . level, mag. 55 X, fine-grained sidcrite, {interstices with brown clayely 
substance) partially prccrystallized in coarser grained siderite. Galena {black) re­
places siderite. 

12. Brdo, III. etaZa, povec., 55 X, + nic., »zilica« sitnozrnatog providnijeg siderita 
u gustozrnatom sideritu. 
Brdo, III. level, mag. 5!\ X, + nic. »Veinlet« of medium-grained, translucent si­
derite in dense-grained siderite. 
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TABLA - PLATE IV 

13. Brdo, Ill. etaia, povec. 120 X . Masice i kristalici pirita (py) potiskivani galenitorn 
(g) i halkopiritom (h) . Kvarc i siderit su na slici cmosive boje. 
Brdo, III. level, mag. 120 X. Masses and microcrystals of pyrite (py) replaced by 
galena (g) and chalcopyrite (h) . Gangue (quartz and siderite) are darkgrey on the 
rnicrophot. 

14. Brdo, III. etafa, povecanje 120 X. K uglice rnelnikovit-pirita irnaju unutarnju 
strukturu, koja potsjeea na strukture orudnjenih bakterija. Jalovina je siderit. 
Brdo, III. level, mag. 120 X, globular masses of gel-pyrite. Inner texture very 
similar to mineralized bacteria. Gangue is siderite (black). 

15. Brdo, hr. 50, povec. 120 X. Orijentirana izdvajanja lamela i tjele§aca pirotina ; 
halkopirita (bijelo) u sfaleritu (tamnosivo). lzdvajanja su duz (111) sfalerita. 
Brdo, No 50, mag. 120 X. Orientated exsolution of lamellae and corpuscules of 
pyrrhotyte and chalcopyrite along (ill) of sphalerite. 

16. Brdo, II. etaia, povec. 120 X. Pukotine kalavosti duz kojih se galenit tro§i u 
anglezit. 
Brdo, II. lrvel, mag. 120 X . Cleavage along (100) of galena. Galena weathers to 
anglesite. 

j 
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TABLA - Pl.ATE V 

17. Brdo , IV. eta!a, povec. 55 X. Porozna tekstura getita (iglii'aste zeljezne rude). 
Pore (tamnosivo) su nepravilnih oblika i razliCitih dimenzija. U getitu (gt) sc 
vide mikroskopski fine masice kvarca (neSto svjetlije sivi ton). 
Brdo, IV. lev!!I, mag. 55 X, porous texture of goethite (acicular iron hydroxide) 
(gt). Pores (dark-grey) are irregular and of different dimensions. In goethite there 
are minute masses of quartz (q) light-grey)_ 

18. Brdo, IV. etafa, povec 55 X. Prilifoo kompaktan, mikroporozan getit. U gctitu 
(bijelo) ima sitnih masica kvarca i listifa rninerala glina. 
Brdo, IV. level, mag. 55 X. Compact. microporous goethite. In goethitc (white) 
there arc minute masses of quartz and (olliae of clay minerals . 

19. Brdo, IV. etafa, povec. 55 X. U poroznom mikrokristalastom getitu (gt) vide se 
zilice psilomelana s djelomifoom pretvorborn u piroluzit (p). 
Brdo, IV. level, mag. 5:1 X. In porous microcrvstalline goethite there are veinlet5 
of psilomelane with some pyrolusite (p). 

20. Brdo, I. ctafa, povec. 55 X . Vrlo fina mrefa niti hcmatita debelih 5 do IO mikro­
na. Okca koju tvore te niti ispunjena su getitom (gt). Promjeri okaca iznose ocl 
IO do JOO mikrona. Dimenzijc kristalita hem'1tita u nitima su ispod 5 mikrona. 
Getit je mikro do kriptokristalast, zrna i vlakanca su manja od 5 mikrona . Poj c­
dina okca ispunjcna su kvarcom (crnosivo) . 
Brdo, I. level, mag. 55 X. Very fine network composed of threads of hemati te 
(he) . Each thread is built of microcrystals of hematite (from I to 5 microns). Net­
work is filled with goethite (grey) or quartz (q) (hlack). Gocthite is microcrystal ­
line and fibrous. 





TABLA - PLATE VI 

21. Brdo, br. 50, povec. 55 X . Mrefolika struktura hematita (he). Pojedini dijelovi 
mrde imaju rombifoe presjeke (pseudomorfoza po sideritu). Tekstura je porozna. 
Zidovi mrde izgradeni su od mikrokristalastog hematita. 
Brdo, No 50, mag. 55 X. Network texture of hematite (he). Locally pseudorombo­
hedral texture (earlier siderite). Texture is porous. Hematite is microcrystalline. 

22. Brdo, IV. eta!a, povec 55 X. Mikrocelularna grada hematita s ne!to kvarca. 
Brdo, IV. level, mag. 55 X. Microcellular texture of hematite with some quartz. 

23. Brdo, I. etafa, povec 55 X . Ritmicke alternacije poroznog hematita s kompaktni­
jom getitsko-hematitskom rudom. 
Brdo, I. level, mag. 55 X . Rhytmic alteration of porous hematite with geothitic­
hematitic masses. 

24. Nova Litica Gornja, nulta etafa, povec. 120 X, + nik. Kvarc (q) i ncmalit (n) 
potiskuju siderit (s). 
Nova Litica Gomja, 0 . level, mag. 120 X, + nic. Quartz (q) and nemalite (n) 
replace siderite (s) . 
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TABLA - PLATE VII 

25. Nova Litica Gornja, povec. 55 X. Sfalerit {crno) i kvarc {q) potiskuju zrnati si ­
derit (s) .. 
Nova Litica Gornja, mag. 55 X. Sphalerite (black; and quartz (q) replace grained 
siderite {s) . 

26. Nova Litica Gornja, povecanje 120 )< . Okrugla zrnca gel-pirita (crno) u sideritu 
(s) . Kvarc (bijelo) potiskuje siderit. U kvarcu malo galenita {crno) . Kvarc ima 
sitna zrnca (bijele boje) po sideritu. 
Nova Litica Gornja, mag. 120 X . G lobular grains of gel-pyrite (black) in siderik 
(s) . Quartz (white) replaces siderite. In the quartz some galena (black). Dispersed 
quartz grains (whi te) in siderite. 

27. Trdnjica, XII . etafa, poveeanje 55 X, + nik. Krupnozrnat barit, opticki ano­
malan i s pojavama rekristalizacije po granicama zrnj a iii po prslinama. Rekri ·­
stalizat ima velicine zrna od 30 do 70 mikrona. 
Trefojica, XII. level, mag .. 55 X. + nic. Coarse-grained barite, optically ano­
malous with recrystallysation along cracks and horders of g rains (grains of the 
recrystallisate from 30-70 microns). 

28. Nova Litica Gornja. II . etafa, poveeanje 120 X. Galenit (g) uklapa ostatke poti ­
skivanja burnonila (bu). Sfalerit (sf) je korodiran, potiskuju ga galenit i burnonit. 
Nova Litica Gornja, II. level , mag. 120 X . Bournonite as remnants of replace­
ment in galena (g) . Galena and bournonite replace sphalcritc (sf) . 
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TABLA - PLATE VIII 

29. Trcfojica, XII. etafa, povceanje 120 X. ldioblasti sfalerita (sf) sitasto ispunjeni 
inkluzijama siderita. 
Trcbiica, XII. level, mag. 120 X. ldioblastic crystals of sphalede (sf) with 
sieve-like inclusions of siderite. 

30. Trdnjica, XII. dafa, poveeanje 320 X. u cedrovom ulju. lzdvajanja lamela hal­
kopirita u sfaleritu lsf) . 
Trefojica, XII . level , mag. 320 X, cedar oil. Exsolution of lamellac of chalco­
pyrite in sphalerite (sf) . 

31. Nova Litica Gomja, IL etafa, poveeanje 120 X, + nik. Sfalerit (sf) sa gafenitom 
(g) , halkopiritom (h) i tctraedritom (t). 
Nova Litica Gornja, II. level, mag. 120 X , + nic. Sphalerite (sf) with galena (g) , 
chalcopyrite (h) and tetrahcdrite (t). 

32. Nova Litica Gornja, III. et.Ua, pove l:anje 55 X . Pseudomorfoza getita i hematita 
po piritu. Okolo mrefolika tekstura hematita s malo getita. • 
Nova Litica Gornja, III. level, mag. 55 X. Pseu<lomorphosis of goethite and he- . j 
matite after pyrite. Around net-work texture of hematite with some goe thite. ' 

_ _J 



:;: <
 

,.J 
~
 

<
 

E-< 

:;: 
c "" 

IN
 

"" 
i;.;: 
E-< 
<

 ,.J 
i:i... 



TABLA - PLATE IX 

33. Nova Litica Gornja, III. etafa, povecanje 120 X . Manganit (?) ploeasta habita, 
jasne kalavosti. Krvavocrvcni unutarnji refleksi. 
Nova Litica Gornja, III. level, mag. 120 X. Manganite (?), crystals with distinct 
cleavage, in crossed nicols red internal reflections. 

34. Nova Litica Gornja. IV. ctafa, povefanje 55 X. Mikrokristalast getit s brojnim 
sitnim, idiomorfno razvijenim kristalitinia kvarca (tamnosivo) i listicima minerala 
glina. Korodirani kristali (relikti) pirita (bijelo) u getitu. 
Nova Litica Gornja, IV. level, mag. 55 X. Microcrystalline goethite with minute 
idiomorphically developed crystals of quartz (darkgrey) and folliae of clay mine­
rals. Corroded grains of pyrite (white) in goethite (gt) . 

35. Nova Litica Gornja, III. eta:Za, pove/'anje 55 X. Pscudomorfoza mikrokristalastog 
hematita po side1itu. Oka.Sea (crno) su rombienih iii nepravilnih presj eka. 
Nova Litica Gornja, III. level, mag . .55 X. Pseudomorphosis of micro-crystalline 
hematite after siderite. Holes (black) are of rhombohedral or irregular shape. 

36. Nova Litica Gomja, poveeanje 55 X. Mrefolika tekstura hematita. Celul e su ra­
znih oblika i dimenzija. Vrlo malo getita (sivo). 
Nova Litica Gornja, mag. 55 X . Network texture of hematite (white) irregular 
holes. Very little of goethite (grey) . 
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TABLA - PLATE X 

57. Nova Litica Gornja, III. ctafa, poveeanje 55 X. Celularna grada hematita (bi­
jelo). Po sredini slike prslina oko koje je dosta getita (sivo). Porozitet rude zna­
eajno razvijen. 
Nova Litica Gornja, III. level, mag. 55 X. Network of hematite (white). In the 
middle of the microphotopgraph a crack around which is to be seen goethitc 
(grey). Porosity distinct. 

38. Kozin, nulta etafa, poveeanje 55 X, + nik. Lepezasta struktura siderita, zrna va­
lovito potamnjuju. 
Kozin, 0. level, mag. 55 X, + nic. Fan-like texture of siderite. The grains of 
siderite with undulatory extinction. 

39. Kozin, V. etafa, poveeanje, 55 X. Mikrobreeasta struktura siderita (s) i pi.-ita (py). 
Kozin, V. level, mag. 55 X. Microbrecciated texture of siderite (s) and pyrite (py). 

40. Bjeljevac, XV. et:Ua, poveeanje 120 X. Romboedrij ska strukturna mreZ;a hema­
tita, kao pseudomorfoza po sideritu. Ruda je porozna. Hematit je mikrokristalast. 
Bjeljevac, XV. level, mag. 120 X. Rhombohedral network texture of hematite, as 
pseudomorphosis after siderite. Texture is porous. Hematite is microcrystalline. 
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TABLA - PLATE XI 

41. Bjeljevac, XV. etafa, poveeanje 200 X. Niti i gran(ice hcmatita (he) izgradenc su 
od mikrokristalastog hem atita velicina individuuma od 5 do 10 mikrona. 
Bjeljevac, X V. level, mag. 200 X. Threads and >-branchlet« of miuocrystalline 
hematite (he) with grains from 5 till JO microns. 

42. Kozin, V. etafa, poveeanje 120 X . Intimno prorasle strukture hematita (bijelo) i 
kvarca (sivo) . Hemati t je mikrokristalast. P ore su na slici crnc. 
Kozin, V. level, mag. 120 X. Intimate inter growth of hematite (white) and quartL 
(grey). Hematite is microcrystalline. Black are pores. 

43. Kozin, V. eta2a, poveeanje 55 X. Pseudomorfoze kriptokristalastog hematita po 
sideritu. Sredifoji dijelovi ranijih kristala siderita su izluzeni . 
Kozin, V. level, mag. 55 X. Pseudomorphosis of cryptocrystalline hematite after 
siderite. The inner parts of siderite crystals are dissolved. 

44. Bregovi, hr. 1, poveeanje 55 X. Vrlo fine mikroporozne teksture getita s lokalno 
krupnijim porama. U getitu masice i kristalici kvarca. 
Bregovi, No. I , mag. 55 X. Very fine microporous texture of goethitc, locally 
more spacious pores (black). In goethite (white) minute masses and microcrystals 
of quartz (grey). 
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TABLA - PLATE XII ' 

45. Bregovi, hr. 1, povecanje 55 X . Porozna tekstura ~etjta. Pore (crno) su raznih 
~bi~&L • 
Bregovi, No. I , mag. 55 X. Porous texture of goethite. Pores (black) are of irre­
gular form and shape. 

46. Bregovi, hr. 1, poveeanje 5.S X. Vrlo porozna tekstura getita. 
Bregovi, No. 1, mag. 55 X . Very porous texture of goethite. 

47. Redak, hr. 1, povecanje 450 X. Mikrokristalasta struktura poroznog piroluzita. 
Redak, No. 1, mag. 450 X . Microcrystallin~ .. texture of porous pyrolusite. 

48. Redak, hr. 3, poveeanje 120 X. U gornjern dijelu slike porozan mikrokristalast 
getit iz kojeg izrasta caklovica radijalnovlaknate strukture (sredina slike), izgra­
dujuCi snopove poput palminih listova. Crno na slici su pore i fopljine. 
Redak, No. 3, mag. I 20 X . In the upper part porous microcrystalline go ethite. In 
the middle part of the microphotograph is to be seen radi'ally-fibrous structure 
of goethite. 



-~
 -=t:: 

...... 

~ E-< 

--~
 

C
D

 
0

0
 

""' 
""' 

~
 

E-< 
-=t:: 
...... 
0.. 

I_ 
--



TABLA - PLATE XIII 

49. Jerkovafa, br. 6, povecanje 55 X , + nik. Radijalno-vlaknata struktura caklovicc 
(getita) s izrazenim anizotropnim efektima. 
Jerkovafa No. 6. , mag. 55 X , crossed nicols. Radially-fibrous structure of goethitc. 
Anisotropism distinct. 

50. Jakarina kosa, br. 9, poveeanje 55 X . :lilica kvarca presijeca gctit (gt). Getit j c 
porozan (crno) i intimno prorasao sa kvarcom (sivo) i listieavim mineralirna glina. 
Jakarina kosa, No. 9, mag. 55 X . Veinlet of quartz (q) crosscuts goethite (gt) , 
which is intimately intcrgrown with quartz (grey) and foliated minerals of day 
group. 

51. .Jakarina kosa, br. 9, povecanje 120 X. ldiomorfno razvij eni kristalici kvarca 
(sivo} i vrlo sitni listici minerala glina u getitu (svijetlosivo) . Oko ne1<!11 pora. 
(crno) radijalnovlaknati getit. 
Jakarina kosa, No. 9, mag. 120 X. ldiomorphically developed ci;ystals of quartz 
(grey) and foliated clay minerals in microcrystalline goethite {light-grey) . Around 
pores (black} radially-fibrous goethite. 

52 . .T akarina kosa, br. 9, poveeanje 230 X. Listici minerala glina, raznih duzina, neki 
savijani, ponegdje u gustim spletovima, te ksenomorfne masice kvarca (<1) u ge­
titu (gt). 
Jakarina kosa, N . 9, mag. 230 X. Foliated clay minerals, folliae of <liffcrent 
length, a certain number curved. Xenomorphic masses of quartz (q) in goethite 
(gt). 
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TABLA - PLATE XIV 

53. Ba8l:ine, R-2, povel:anje 55 X. Radijalno-vlaknata struktura getita (caklovice). 
Ba8l:ine, R-2., mag. 55 X . Radially fibrous structure of goethite. 

54. Ba8l:ine, hr. 7, povel:anje 200 X . Hematit (bijelo) i getit (svijetlosivo) fagraduju 
mrefoliku teksturu. Getit i hematit su mikrokristalasti. Crnosivo su §upljine u rudi. 
Basl:ine, No. 7, mag. 200 X. Microcrystalline hematite (white) and goethite (light­
grey) build net-like texture. 

55. Ba!cine, br. 7, poveeanje 120 X. Romboedrijska mrefa hematita (bijelo) s getitom 
(sivo) u celularnim prostorima. Crno SU s1.1pljine. 
Ba8l:ine, No. 7, mag. 120 X. Rhombohedral network of hematite (white) -with goe­
thite (grey) in the cellulae. 

56. Ba!cine, hr. 7, poveeanje 430 X, u cedrovom ulju. Poveeana struktura sa slike Fot. 
55. Vrlo jasna razlika izmedu mase mikrokristalastog getita (gt) i hematitskih niti 
(he). Hematit je takoder mikrokristalast. Po sredini niti hematita kanalil:i ispu­
njeni getitom. Crno su fopljine. 
BaSCine, No. 7, mag. 430 X , in cedar oil. Magnified position from the m1cro­
photograph No. 55. Very distinct difference between microcrystalline gocthite 
(gt) and microcrystalline hematite (he). In the hematitic threads is te> be seen 
microchannels filled with goethite. Pores are black. 
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TABLA - PLATE XV 

57. B~cine, R-2, poveeanje 120 X. Radijalno-koncentrifoe tvorbc piroluzita u foplji ­
nama getitskih masa. Piroluzit (p) je prutieast i porozan. Crno ~u 5upl_jine. 
BaUine, R-2, mag. 120 X. Radially-concentrical texture of pyrolusitc (p) in holes 
of goethite (gt). Pyrolus ite is columnar and porous. 

:SS. B~cine, R-2, poveeanj e 120 X. Radijalno-konrent rii:'na grada prutieastog pirolu­
zita (p) . Crno su fopljine, geti t je siv (gt) . 
B~cine , R-2, mag. 120 X . Radially-concentriral texture of columnar p yrolusite 
(p). Pores (black) in goethite (gt). 

59. Ba!Cine, R-2, poveeanje 120 X. Grozdaste (pg) , vlaknate (pv) i ritmicki-konccn­
trifoe strukture piroluzita. 
BaWne, R-2, mag. 120 X, botriodal (pg), fibrous (pv) and rhytmic texture of py­
rolusite. 

60. Ba§Cine, R-7, poveeanje 120 X. Masice e lementarnog srebra u 5upljinarna getita 
(gt) . 
Bascine, R-7 , mag. 120 X . Masses of silver (white) in goethite (gt). Black are 
holes. 

.-





TABLA - PLATE XVI 

61. Vukulja, hr. 2, poveeanje 55 X. Mikrokristalast psilomelan (ps) sa sfcrolitima 
getita {gt). Crno su fopljine. 
Vukulja, No. 2, mag. 55 X . Microcrystalline psilomelane (ps) with spherulites of 
goethite (gt). Pores are black. 

62. Toma.Sica, Tofak hr. 7, poveeanje 120 X. Caklovica sa vlaknatim getitom (gt) . 
Vlakna izgraduju snopove poput listova palme. U gornjem desnom uglu slike 
mikrokristalast gctit, jako porozan. U sredini slike kriptokristalaste mase getita 
{g-kr). ·U getitu fine prsline. 
Tomasica, Toeak, No. 7, mag. 120 X. Botriodal masses of fibrous goethite (gt), in 
the centre cryptocrystalline goethite (g-kr). In the right upper part microcry­
stalline, porous goethite. 

63. Tomasica, Tofak, hr. 7, povecanjc 55 X . Celularna grada getita. 
Toma5ica, Tocak, No. 7. mag. 55 X. Cellular texture of goethite. 

64. Tomasica, Tofak hr. 7, poveeanje 55 X . U mikrokristalastim masama poroznog 
getita nalaze se ritmicki-koncentriene ovojnice vlaknatog getita. 
Tomasica, Toeak, No. 7, mag. 55 X . Rhytmically-concentric alteration of fibrous 
goethite in microcrystallinc porous goethite. 
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TABLA - PLATE XVII 

65 . Toma.Sica, Stojancici br. 10, poveC:anje 55 X. Ritmicke strukture getita (gt). Poje­
dine ovojnice su razne tvrdoce i manje iii vise porozne. U gornjem lijevom uglu 
zemljast limonit s infiltracijama getita. 
Tomasica, Stojancici, No. 10, mag. b5 ><. Rhytmically-alterations of less or more 
porous microcrystalline goethite (gt). In the left upper part earthy limonite. 

66. Toma.Sica, Gradina, br. 29, poveC:anje 55 X. Mikroporozan getit (sivobij do) pro­
rasao s kvarcem i listiC:avim mineralima glina (sivo). Supljine su crne. 
Toma5ica, Gradina, No. 19, mag. 55 X. Microporous goethite (white-grey) inter­
grown with quartz and clay minerals (grey). Pores are black. 

67 . Tomasica, Gradina, br. 19, povefanje 120 X. Ista slika kao 66, ali povefana. 
ldiomorfno razvi jeni kristalici kvarca ( crnosivo) i listici minerala glina u mikro­
kristalastom i mikroporoznom getitu (gt) . 
Toma5ica, Gradina, No. 19, mag. 120 X. The same as above, but magnified. Jdio­
morphic crystals of goethite and foliated clay minerals in microcrystalline and 
microporous goethite (gt). 

68. Toma.Sica, Stojancici, R-6, poveC:anje 55 X. Okrugla i malo ovalna zrnca (pizoliti) 
»bran!a«. Brant je kriptokristalasta smjesa getita i dijelom amorfne alofanoidnc 
gline. Zrnca su obavijena filmom kripto do mikrokristalastog getita (bije lo). Crno 
su 8upljine. 
Tomasica, Stojancici, R-6, mag. 55 X. Rounded and oval grains (pizolites) of so 
called »bran!«. »Brant« is intimate mixture of cryptocrystalline goethite and 
amorph (or cryptocrystalline) masses of clay. lntergranular films are of crypto­
microcrystalline goethite (white). Black is hole. 
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