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IT. J(pazoa, X . HeiiKo«- Kap6ouamua!l nempoAo?UR lfunpoacKou pyiJuou 30Hbl. l.JunposcKal! PYJlHal! 30Ha 
H3BecTHa CBOHMH IIOmiTeHHblMH H IIOJJHXpOHHb!MH py)lHb!MH MHHepaJIHJaUHl!MH, KOTOpbJe o6paJOBaJIHCb B 
O,UHOM CH,UepKT-KaJ!bUHTOBOM MpaMOpHOM DJiaCTe. 0H HMeeT paHHenaneOJOHCKHit BOJpacT, H B erO CTpoemm, 
TeKCTypax, CTpyxTypax H MHHepaJibHOM COCTaBe OTpaJHJIHCb CJie)ly!Olll:He COfibiTHll : 

I . 06pa30BaHHe XeMOTeHHOTO KaJlbUHTOBOTO H3BecTHl!Ka H CBl!JaHHbiX C OCHOBHbiM ByJIKaHHJMOM TH)l
pOTepMaJibHO-oca)lO'IHb!X CH)lepHTOBbiX CJIOeB B HeM. BepOl!THbtil: BOJpacT- KeM6pH1t. 

2. PernoHaJibHbJll JlHHaMOTepMaJibHbiH MeTaMop<jJHJM <jlauKH JeJieHhiX cnaRUeB. Kap6ouaTHbie nopOJlbi 
npespaTHJIHCb B MeJIKOJepHHCTbie MpaMOpbJ. CH.llepRT CO)lepJKHT 27 ± 5%, mol, MnC03, 6 ± 3% MgC03 H 
1...;-2% CaC03. 06a BH,Ua MpaMOpDB M03a'H'!Hbie B OTROmeHKH COCTaaa: npH MeTaMOp<jJH'!ecKO.I!' nepeKpHCTaJI
JIHJaUHH KaJK)lOe 3epuo npno6peTaeT cocTaB ero Japo)lhnna. 

3. 06pa30BaJ!Ile TH)lpoTepMaJibHO.I!' HH3KOTeMnepaTypHOH CyJlb<jJH,UHOH MHHepaJIH3aUKH (MO)leJibHbiH Pb
Pb B03pacT - 320-340 Ma). 0Ha paJBHTa MeTaCOMaTH'IecKH npeHMyWeCTBeHRO B cu.uepHTOBbiX Tenax. ru)l
pOTepMaJihHble paCTBOpb! 6bJJIH MarHHeHOCHbiMH, H B Ha'!ane o6paJoaancll llOJIOMHT Mg 0. 8Fe0. 1Mn 0. 1. Pacr
BOpbi o6orawaJIHCb IIOCTeDeHHO Fe H Mn, KOTOpbie IIOCTynaJIH H3 MeTacOMaTH3HpOBaHHbiX npOCTpaHCTB, 003-
TOMy llOJIOMHTOBb!e KpHCTaJIJ!bl o6paCTaJIH aHKepHTOM (llO FeD.7Mg0.3) H MapraHueBblM auKepHTOM (JlO 
Fe0 •• Mn 0.4Mg0,,) . B 6onee II03llHHe <jlaJbl npouecca nepeoTnaranucb CK)lepuT u KaJibUHT. OcHOBHal! OTJIH'iR
TenhHal! 'lepTa MeTaCOMaTH'IecKHX KapfioHaTHblX KpBCTaJIJIOB - H)lROMOp<jJBJM H JOHaJibHOCTb HX COCTaBa. 

4. 06paJOBaRHe CHH- H IIOCTMarMaTH'!ecKHX MHHepaJIHJaUR.I!', CBll3aHHbiX C rpaRHTOBO.I!' HHTpy3Reitt (MO
)leJibHbrH Pb-Pb BOJpacT 255 ± 17 Ma). Kap6oHaTHhie MHHepanbl o6pa30BaJIHCb R nocne)looaTeJlbHO npeo6-
paJOBbJBaJIHcb B CBli3H c: I} TepMH'IecKHM MeTaMop<jJH3MOM- CH)lepHTOBbie MpaMOpbi npespaTHJIHCb IIOJI
HOCTb!O HJIH 'laCTH'IHO B MarReTHTOBYIO PY.llY; 2) CKapHHpOBaH.HeM KaJibUHTOBb!X MpaMopoo; 3) o6pa30BaHHeM 
nOCTCKapROBOJ:i OKHCRG-CyJlb<jJR,UHO-apceHH)lHOJ:i BbJCOKO- )lO Cpe,UHeTeMDepaTypuOli. MRHepaJIHJaUHH. B CBli3H 
C o6paJOBauReM MarueTRTa B paCTBOpbl IIOCTynaJIH MapraHll.eBbie H MarReJHaJlbHbJe KOMIIOHeRTbJ : (Fe, Mn, 
Mg)C03+ H 20-+Fe30 4 + Mn2+ + Mg2+ +COl-. 06paJooaJIHch : BhiCOKOTeMnepaTypHblli JOHaJ!bHbJii. Ca-Mg
Fe-po)loxpOJHT, Fe-Mn-MaraeJHT H Mg-Mn-<:H)lepuT. Kpa.lbme 'IJieHhi : Mn 0.6 Fe0. 2Ca0.1Mg0. 1C 0 3 H 
Mg0. 5F e0.3Mn 0. 2C03. B HHTepsane pOllOXp03HT- MarHe3HT o<jlopMJllleTCll none HepacTBOpHMOCTH, KOTopoe 
npOliBJllleTCll )laJKe Ha DJIOWalll!K, MeHhllle I mm2• K KOHitY npouecca o6paJOBaJIHCb H aRKepHTbl, '!aCTb KO
TOpbiX HMeeT Bb!COKOO CO)leplKaHHe MapraHua (.UO KyTHaropHTa Mn 0 . ~Fe0 . 3Mg0 . 2) . 

5. 06paJooaune KBapu-6apHTosoJ:i MHHepaJIH3auKH (no3,UHHI,t Men?). lionee paRHue Kap6oHaTbi 'laCTH'IHO 
nepeOTJIOJKHJIUCb HJIH nepeKpHCTaJIJIH3Hp0BaJIHCb. 

Ahstract. The Ciprovci ore zone is known tor its polygenic and polychronous mineralizations formed 
in a siderite-calcite marble bed of Early Paleozoic age. Its general leatures as well as structures, textures 
and mineral composition record the following events . 

1. Deposition of chemogene calcite limestone with hydrothermal-sedimentary siderite interlayers asso
ciated with a basic volcanism . Presumable age: Cambrian. 

2. Greenschist regional dynamothermal metamorphism that transformed the carbonate rocks into fine
grained marbles. Siderite contains 27 ± 5 mol% MnC03, 6 ± 3 mol% MgC03 and 1-2 mol% CaC03. The two 
kinds of ma1ble are compositionally mosaic due to each grain growing with the composition of its seed car
bonate during the metamorphic recrystallization. 

3. Formation of a hydrothermal low-temperature silver-lead sulphide mineralization (Pb-Pb model age 
of 320-340 Ma). It developed metasomatically in the siderite bodies mainly. The hydrothermal fluids were 
magnesium-rich and their first product was dolomite Mg0• 8Fe0. 1Mn0 . 1. They gradually became richer in Fe 
and Mn supplied during the metasomatic replacement of earlier material, and the dolomite crystals were 
overgrown by ankerite (up to Fe0. 7Mg0.3) and manganian ankerite (up to Fe0,,Mn0.4Mg0. 1) . Siderite and cal-
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cite were redeposited during the later stages of the process. The main characteristics of these metasomatic·· 
ca rbonate crystals is that they are idiomorphic and compositionally zoned. 

4. Formation of syn- and postmagmatic mineralizations associated -with a granite intrusion (Pb-Pb mo
del age of 255 ± 17 Ma). Carbonate mineral s formed and were transformed during a succession of processes 
involving: I. Thermal metamorphism that converted the siderite marble partly or completely into magnetite 
ore; 2. Skarn formation in the calcite marbles; and 3. Deposition of a post-skarn oxide-sulphide-arsenide high
to medium-temperature mineralization. During the magnetite fo rmation, the fl uid s were enriched in manganese 
and magnesium solutes: (Fe, Mn. Mg)C03 + H 20-+Fe30 4 + Mn2 ++Mg2++CO/- . They deposited high-tem
perature zoned Ca-Mg-Fe-rhodochrosite, Fe-Mn-magnesite and Mg-Mn-sideritc with end members 
Mno.u Fe0 _2Ca0 _ 1 Mg 0 _1 and Mg 0 _,Fc 0 _3 Mn 0 _ 2 • The rhodochrosite-magnesite solid-solution interval shows a 
solubility gap observable even on areas smaller than 1 mm~. The end of the process produced also anke
rites part of which show high manganese contents (reaching kutnahorite compositions Mn 0 _5Fe 0 _3Mg 0 •2). 

Format ion of a quartz-bar ite mineralisat ion (Late Cretaceous?). The earlier carbonates were part
ly redeposited or recrystallized. 

Introduction 

The Ciprovci ore zone has been known for its polygenic and polychronous mineralizations 
deposited largely in a marble bed. Jts fabric, structures, textures and mineral composi
tion record the traces of a number of Phanerozoic events, including sedimentation, regio
nal dynamothermal metamorphism, local contact metamorphism around a granite intrusion, 
skarn formation, several hydrothermal mineralizations and several tectonic deformations. 
There is a considerable diversity of opinion among authors as to the origin and succes
sion of mineralization processes. So far, these problems have been studied by the methods 
of ore petrology and geochronology overlooking the infotmation which may be gained by 
studying the non-ore minerals . 

The main original purpose of thi~ study was to use carbonate petrology in solving 
genetic problems. In the course of work we have been led to define another important 
task consisting in characterization of a wide variety of compositions, zonings, transforma
tions, replacements and redepositions of carbonate minerals from the calcite and dolomite 
groups restricted to very &mall volumes and therefore quite exceptional. 

Methods 

The morphology, fabric and structures of the bodies of carbonate minerals (mostly cal
cite and siderite marbles) were studied by conventional geological methods and the results 
have been already published by L{paros&06peTeHOB, 1972, and Dragov& 
0 b rete nov, 1974. Here, we give some relevant new data and interpretations. Essen
tially, our study is based on microprobe methods with about 450 analyses made. 

We used an EG & C ORTEC "System-5000" energy dispersive spectrometer (EDS) 
attached to JEOL JCXA-733 electron probe microanalyzer (EPMA). The EDS system ope
rates with an ORTEC detector (resolution 155 eV FWHM, 0.3 mil Be window, active 
area 30 mm2) . 

Carbonate minerals are unstable under the electron beam (E s sene, 1983). That 
makes it necessary to use lower beam currents, shorter times for analysis or wider beams. 
Most mineral grains in this study were finely zoned and the minimum beam diameter had 
to be used ( < I Jlm). For analyses with our detector, this required beam currents 
of 0.5 --;- l.O nA on the Faraday cup at 15 kV and counting times of 50--;-100 s. 

The quantitative analyses were made with the aid of the standardless ZAP II program 
which is an extended commercial version of the ZAP program discussed by G e d k e et al., 
1982. The ZAP TJ program includes automatic background subtraction, peak overlap cor
rection escape peaks included, detector efficiency correction and the ZAF corrections pro
vided by the ZAP program as well. The method is insensitive to microscope beam cur
rent drifts thus permitting to eliminate one of the important factors influencing the accu
racy and reproducibility of quantitative analyses . Normally, the relative error in determining 
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the major constituents does not exceed 2%. We have checked the procedure against quan
titative analyses of reference ·· mean compositions" using the Sprint Ill digital filter program 
and the following reference samples: synthetic CaO for Ca, synthetic MgO for Mg, and 
a manganese-bearing ilmenite for Mn and Fe. The C0 3 contents were derived from stoi
chiometry. We did not find any systematic differences between analyses made by the two 
methods. 

According to E s s e n e ( 1983), carbonate minerals ate unstable unde r the electron 
beam because of their thermal instability. Under the analytical conditions of this study, 
dolomite was the least stable carbonate, followed by calcite, whereas carbonates of more 
than 1% Mn and Fe practically did not decompose. Hence, thermal decomposition is not 
the cause of instability. A likely agent may be the ionizing action of electron beam which 
breaks the chemical bonds and provokes decomposition . 

Compositionally, the carbonate minerals in this study are mostly finely zoned or mo
saic thus rendering the X-ray methods ineffective. 

Geological environment 

The Ciprovci ore zone is located in the Western Balkan Mt. and occurs in the Paleozoic 
core of the Alpine Berkovica Anticlinorium. The host rocks belong to a voleanic-sedimen
tary complex (Fig. 1) commonly referred to as the diabase-phyllitoid complex. In the past, 
it had been defined as a typical eugeosynclinal formation produced during the initial sta
ge of a coupled Caledonian-Hercynian tectonomagmatic cycle (X a .H .n: y T o B & 11 B a H o B, 

1965; Eo H lf e a, 1971; X a .H .n: y To a, 1973; and other authors). In the more recent 
interpretations based on plate tectonics, the diabase-phyllitoid complex has been regarded 
as a spreading type of ocean crust (Bon c e v, 1978; X a H .n: y To B, 1980; etc.), as 
an allochthon (B a c H JI e B, I 982), a recumbent fold at the northern margin of the Pa
leotethys (11 a a H o a et al., I 987), or a composite structure of ophiolitic, island-arc and 
continental parts (X a .H .n: y To B, 1987). 

Considering the purposes of this study, we shall outline the relevant lithological-stra
tigraphic features and magmatic events in the area. 

According to the comparatively detailed stratigraphic scheme of X a Ji .n: y To B (1987), 
the base of the diabase-phyllitoid complex consists of an ophiolitic assemblage. Upwards 
follow the rocks of the so-called Berkovica Group represented by an island-arc suite of 
pelitic and carbonate deposits interbedded by basic (diabases, spilites) and medium.,acid 
to acid (keratophyres) volcanics and associated pyroclastics (basalt-rhyolite formation ac-
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Fig. 1. Schematic map of the southeastrn part or the Ciprovci ore zone (after 0 6 peTe HoB, 1988, and 
A p a r o s & 0 6 p e T e H o s, 1972) 
1- silicate greenschist metamorphic rocks; 2- calcite marble; 3- siderite marble with later metasomatic 
silver-lead, quartz-barite, fluorite and cinnabar mineralizations ; 4- granitoids; 5- magnetite ore with re
lict siderite and a later arsenide-sulphide minearlization; 6- skarns in calcite marbles; 7- faults 
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cording to .lJ: H M H T p o B a et al., 1974). The marble bed, the host and carrier of ore, 
lies at the base of Berkovica Group. X a i1 .u y T o B (1987) has referred the ophio
litic assemblage to the Late Precambrian, and the Berkovica group to the Cambrian. Tht: 
top series consists of the rocks of the so-called Dalgi Djal Group (terrigenous deposits 
formed in a continental basin and including olistoliths of basic magmatites) the age of which 
has been determined by K a I v a c h e v a (I 986) as Early Ordovician on the basis of ac
ritarch finds . 

The three rock series are regionally metamorphosed into greenschist facies. There are 
also alpine-type synmetamorphic quartz and quartz-calcite veins and lenses (.lJ: 11M 11 T
p 0 B a & K y H 0 B, 1974). 

The rocks of the diabase-phyllitoid complex were intruded by Paleozoic granitoids. 
X a if .u y To B (1987) has interpreted their formation as the result of continental colli
sion which led to obduction of the ophiolitic- island-arc assemblage over the Epi-Baika
lian Moesian Platform in the north. The U-Pb and the model Pb-Pb ages of granitoids 
and associated mineralizations fall in the range 380 7 260 Ma with maxima at about 360 
and 270 Ma (Am o v et a!. , 1981; Drago v et a!. , 1984). Fig. 1 shows a part of the 
so-called Sveti Nikola granite with which some of the Ciprovci ore zone mineralizations are 
associated. Its model age is 270 Ma. In addition , D i m i t r o v (1964) has reported the 
presence of postgranite rhyolitic and lamprophyric dikes. 

The Alpine stage of the Western Balkan evolution produced a number of fold and fault 
structures described by 1i o H 'I e B (1986) and other authors . 

Ore deposits and manifestations 

This paper concerns the mineralizations hosted in the southeastern part of the Ciprovci 
ore zone only since it is they that show an exceptional variety of carbonate minerals . The 
ore deposits and manifestations in that area (Fig. I) are concentrated in the marble bed. 
Outside it, the environment of phyllites, diabases and tuffs hosts only lean sulphide and 
other mineralization~. The granite body cuts across the marble bed but it extends far to 
the northwest into Yugoslavia where skarns with magnetite and uranium mineralizations 
have been described (C H p o c e K et al., 1963; .H H K o B 11 '1, 1987). On Bulgarian ter
ritory, the Gorni Lorn copper-pyrite deposit, genetically associated with the basic volca
nism (.LJ: par a HoB, 1973a), occurs on either side of the granite body . In Fig. I we show 
the series of mineralizations including, from the northwest to the southeast, the Marti
novo skarn ore manifestation with molybdenite and scheelite mineralizations, the Mar
tinovo magnetite deposit, the Ciprovci silver-lead deposit and the Lukina Padina fluorite 
(with some cinnabar) deposit. Along nearly its entire length, the calcite marble bed contains 
bodies (mostly bedded) of siderite marble. They do not outcrop on the surface in the south
eastern end but have been reached by boreholes. The siderite-bearing section of the bed is 
about 10 km long, its depth exceeding 2 km. 

Brief notes on mineral assemblages and their successiOns 

Sander (1925-1926) was the first to explore the Ciprovci ore zone studying the magne
tite, siderite and sulphide ores. He has defined them as metasomatic, associated with the 
granite, and has also raised the question if they are "pretectonic" or "posttectonic" for
mations noting that he was unable to resolve the alternative because he lacked a microscope. 

The studies of .H H H weB c K H (1942) introduced the idea of a genetic relationship 
between all ore mineralizations and the granite intrusion. In concordance with the classi
cal concept of zonal patterns around granites, that author believed that skarn, magnetite, 
siderite, polymetallic and fluorite-barite zones follow in that order away from the granite. 
H u K o JJ a e B & To He B (1962-1963) have introduced the idea of a pulsation nature of 
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the zonation and most of the later authors have accepted it. According to the detailed ore
petrological studies of Dim it r o v (1964), the mineralizations are products of the fol
lowing phases a nd stages of formation: post-granitic phase with skarn, iron ore (magne
tite and siderite) and scheelite-molibdenite stages; post-graniteporphyry phase with iron 
sulphide, first polymetallic a nd quartz stages; post-lamprophyre phase with ankerite-ba
rite, second polymetallic and cinnabar-fluorite stages. The same view bas been adopted 
by A T a H a c o B & II a B JI o B (I 983). The special mineralogical and geochemical stu
dies of A JI e K c 1-te B (1961), Be JI •-~e B (1973), M R JI e B a et al. (1964), Tap a co
B a (1987) and other authots as well as a number of metallogenic interpretations are also 
based on various modifications of the idea of a post-granite pulsation zonality. 

That idea was first challenged by Drago v & 0 b rete nov (1970) who showed 
that the bulk of magnetite was formed by local metamorphism of siderite adjacent to the 
granite intrusion . Thi s view has been developed into a concept treating the ores as poly
genic and partly polymetamorphic products ()l par o a , 1971, 1973a, 1973b; Drago v & 
Obretenov, 1974; Amov etal. , 1981 ; Dragov etal., 1984; Dragov&Ney
kov, 1988 ; 06pe T eHoB, 1988). A view apart is that of KaHypxoa (1988) who 
has referred the siderite, silver-lead, arsenide-sulphide and part of the magnetite and ba
rite mineralizations to a single ore formation called "sulphide-barite-magnetite-hematite
siderite formation". 

At present, the main points at issue are as follows . 
- Are the siderite bodies low temperature products (a southeastern extension) of 

a post-skarn magnetite mineralization associated with the granite or did they form before 
the granite. In the latter case, there is a problem of explaining their regional metamorphism 
and protogenesis. 

- Did the magnetite ore form by local metamorphism of siderite or is it an ordinary 
post-skarn metasomatic mineralization. 

- Did the silver-lead mineralization suffer the effects of metamorphic processes. 
The studies on carbonate mineral formation can contribute to the solution of these 

and some other problems as long as we succeed in grouping the carbonate minerals invol
ved with reference to the various mineral assemblages. Our basic scheme of successions, 
the validity of which we aim to prove, is as follows. 

1. Formation of syngenetic siderite layers in side the chemogene calcite limestone and , 
though le ss extensively, of small metasomatic siderite bodies in silicate rocks and in cal
cite limestone. The process was preceded by the formation of thin intercalation s of he
matite-bearing quartzite in the ' ilicate series. 

2. Regional dynamothermal metamorphism into greenschist facies. Its products are 
calcite and siderite marbles of fine-grained fabric mostly. We have called them the first age 
group of carbonate~. 

3. Formation of a hydrothermal metasomatic low-temperature sulphide silver-lead 
mineralization. The associated carbonate minerals (of the calcite and dolomite groups) 
are designated as the second age group of carbonates. 

4. lntru sion of the Sveti Nikola granite 
4a. Synmagmatic local metamorphism of the siderite bodies in the vicinity of the in

trusion and their partical to complete conversion into magnetite ore; 
4b. Formation of calcic skams in the calcite marbles; 
4c. Formation of post-skarn high- to medium-temperature scheelite-molybdenite and 

oxide-sulphide-arsenide mineralizations. 
The carbonate minerals (calcite and dolomite groups) formed during the processes 

4a, 4b and 4c we have referred to a third age group. 
5. Formation of hydrothermal low-temperature quartz-barite veins and meta somatic 

bodies containing sulphide and carbonate minerals , fluorite, etc. The carbonate minerals 
here we have referred to a fourth age group. 

The layer silicate!., chlorites and micas , accompanying the carbonates also carry in
formation about the conditions of carbonate formation because of which we have inclu
ded speci mem of them in our compositional study. 
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General notes on the carbonate minerals and part 
of the accompanying layer silicates 

Th_: carbonate minerals in this study belong to the groups of calcite (R3c) and dolomite 
(R3). Only calcite is characterized by low contents of FeC0 3, MgC0 3 and even MnC0 3 • 

The other minerals of the R3 c group are dominated by three even four (in rhodochrosite 
and siderite) components. The R3 group is largely three-component. Although a tetrahed
ral diagram would give a general idea of the analyzed compositions it lacks clarity. There
fore, in Fig. 2 we give a combined diagram reduced to a triangle where FeC0 3 and MnC0 3 
contents are represented by their sums reflecting their high mutual solubility. Although 
part of the information is lost in such a plot, it is wholly representative of the CaC0 3 

and MgC0 3 contents in the two groups. In the R3 group we have also singled out the 
compositions of less than 5 mol% MnC0 3 because they provide relevant evidence as to 
the stability and metastability of carbonates in the cases when dolomite and ankerite oc
cur as metacrystals in calcite marbles but not in siderite marbles which typically show 
a high manganese content. The diagram is not meant to give quantity ratios of the various 
carbonate compositions. For greater clarity, about 170 analyses falling into the most crowded 
fields in the diagram have not been plotted. 
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Fig. 2. Carbonate compositions (mol %) in the MgC03 - (Fe+ Mn)CO~- CaCO~ system. Dolomites and 
ankerites containing less than 5% MnC03 are shown by open circles . A total of 18 I compositions are plot
ted including 84 dolomites and ankerites, 80 siderites, rhodochrosites and magnesites and 17 calcites. For 
the sake of clarity 180 compositions have been omitted from the areas of densest clustering. The density of 
plotted analyses is not representative of any quantitative relations 
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Fig. 3. Carbonate compositions (mol %) in the system FeC03-MnC03-MgC03 containing some CaC03• 

The density of plotted analyses is not representative of any quantitative relations. 
1, 2, 3 and 4 - carbonate compositions of the first , second, third and fourth age group, respectively; 5, 
6 and 7 - field s of carbonate compositions of the first, second and third age group, respectively; 8- boun
dary of the solubility gap in the MnC03- MgC03 interval. Nos as in Table 2 

Calcite features are better grasped from Table I which shows two well-known trends: 
I. MgC0 3 contents are generally low; and 2. The higher the MnC0 3 contents the higher 
the FeC0 3 ones (exceeding 2.5% in our particular case). 

The FeC0 3-MnC03-MgC0 3 system ( + CaC0 3 if it exceeds 5 mol%) is shown in 
Fig. 3 where the carbonates are divided into age groups as well. It also shows a well defi
ned insolubility field in the rhodochrosite-magnesite interval. 

The R3 group compositions are represented in Fig. 4 as a ternary system in which 
cations are given in the form Ca1(Mg, Fe, Mn)1. The figure provides also evidence needed 
for interpreting the differences between two of the age groups. 

Tables 1 -:- 3 are reference summaries of the end and some intet mediate com positions 
of carbonates from the various age groups. 

Repeated recrystallizations have created problems in their distinction. Recrystallized 
carbonate minerals of compositions corresponding to the original ones have not been in
cluded in Figs. 2 -:- 4 and Tables I -:- 3. Those showing differences caused by supply and/or 
removal of components have been referred to the respective later age group. 

Many of the carbonate minerals are compositionally zoned ("polycrystals"). The con
trast between even neighbouring zones is often so large that they can be defined as dif
ferent minerals. That, along with their polycomponent nature, creates terminological dif_ 
ficultie s. For instance, if the intermediate members of the R3c group are given with their 
already obsolete names they would require adjectives as well (e. g. "manganian breunne-
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Fig. 4. Carbonate compositions (mol %) in the CaMg(C0:1) 2-CaFe(C03) 2-CaMn(C03) 2 system. The densi. 
ty of plotted analyses is not representative of quantitative relationships 
1. 3 and 4- carbonates of the second, third and fourth age group, respectively; 2- ankerite in va rying 
stages of dolomitization : a- boundary contents of CaMn(C03)? in the second age group of carbonates; b
field of the third age group of carbonate compositions. Nos as in Table 3 

rite", "magnesian oligonite", etc.). The nomenclature proposed by M H H q e sa-C T e cpa
H o sa & r o p o B a (1967) for the R3 group is also applicable mostly to individual zones. 
Therefore we shall use end member names only, combining them in two if necessary (e. g. 
dolomite-ankerite, or siderite-rhodochrosite etc. crystal) or adding adjectives based on che
mical element names (e. g. magnesian-manganoan siderite, ferroan kutnahorite, etc.). 

We have also obtained interesting new, though still preliminary, results for the com
positions of layer silicate minerals (Table 4) associated with the carbonates. For the pre
sent, the available evidence includes microprobe analyses only. 

The chlorite group is represented by chamosites (Nos 2 -:- 6 in Table 4). Nomencla
ture discord requires some comment here, too. In the Fo s ter' s scheme (1962), Nos 2 
and 3 belong to the thuringite field, No 5 is intermediate between ripidolite and brunsvi
gite, and No 6 is brunsvigite. According to the recommendations of Bay I iss (1975) 
and AIPEA (B a i I y, 1982), Nos 2, 3 and 4 are magnesium-bearing chamosites and Nos 5 
and 6 are magnesian chamosites . The most general regularity observed here is as follows: 
the magnesium content is lower in chamosites coexisting with siderite; it rises (up 
to 13.66 wt. % MgO) in chamosites coexisting with dolomite formed metasomatically in 
siderite. 
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Tab I e I 

End and some other calcite compositions (mol %) 

CaC03 I MnC03 1 FeC03 I_ _ MgC~- Deposit, locality 

99.15 
95.80 
91.50 

96.30 
94.70 
88.75 
86.35 

94.45 
91.65 
77.40 

025 
2.75 
4.40 

2.25 
1.40 
7.10 
7.00 

Jst age group (marbles) 

0.·15 0.15 Ciprovci, Sinja Voda 
l.-15 0.00 Ciprovci, Javorov Dol 
2.45 1.70 Ciprovci, Sinja Voda 

2nd age group ( Ag-Pb 

0.55 0.85 
2.15 1.75 
4.10 0.10 
5.40 1.30 

mineralization) 

Ciprovci, Sinja Voda 
Ciprovcl, Rupski Dol 
Ciprovci, Sinja Voda 

as above 

3rd age group (syn- and postgranitic mineralization) 

4.05 
7.40 

17.55 

1.50 
0.95 
3.85 

0.00 
0.00 
1.20 

Martinovo, Zazkov Dol 
as above 

Martinovo, Mali Dol 

4th age group (quartz-barite mineraltzation) 

97.85 1.00 0.95 0,25 Ciprovci, Sinja Voda 
94.50 2.90 2.55 0.00 as above 

Greenalite is also formed metasomatically in siderite environment (siderite + Si0 2-

greenalite+ C02). It contains some alumina (Table 4). Go 1 e (1980) has found that AI 20 3-

rich (I .9-2.8 wt.%) greenalite is enriched in MgO, too (up to 6.14%). The Ciprovci green
alite is of similar composition though it is richer in MnO (4.17 wt.%) due to the high 
manganese and magnesium concentrations in the fluids as evidenced by the coexisting rho-

;:;SW 
a 

1
1 

NNE ssw 
b 

NNE 

1- + + 
+ + ' 

+ + + + t-
+ + + 
+ + 

+ + + 
+++ 
+ + + 

+ + + 
+ + + 

++ + 
+ + + + 
+++ 

+ + + + 

Fig. 5. Schematized profiles: a - Ciprovci deposit , b- Martinovo deposit (based on unpublished data of 
0 b rete nov) 
1 - Silicate greenschist metamorphic rocks; 2- calcite marble; 3- siderite marble (containing metasomatic 
silver-lead mineralization) ; 4- quartz-diorite facies of the Sveti Nikola granite; 5- magnetite ore (with si
derite relics); 6- calcic skarns; 7 -taults 
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Table 2 

End and some other compositions in the FeC03 - MnC03 - MgC0a=CaC03 system (mol % ) 

.N! in 
Fig. 3 

1 
2 
0 
4 

5 
6 
7 
8 
9 

to 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

FeC03 

67.75 
63.90 
59.55 
59.40 

90.40 
87.00 
83.40 
65.10 
65.10 
57.25 
56.15 

MgC03 CaC03 Deposit, locality 

Jst age group carbonates (siderite marbles) 

25.45 5.70 1.15 Liprovci, Sinja Voda 
28.60 6.30 1.20 as above 
32.05 3.95 4.15 Ciprovci, Javorov Dol 
28.35 10.05 2.20 Liprovci, Sinja Voda 

2nd age group carbonates ( Ag-Pb mineralization) 

2.50 6.20 0.90 Martinovo, Zazkov Dol 
0.85 10.60 1.55 Ciprovci, Rupski Dol 

12.70 3.20 0.70 C:iprovci, Sinja Voda 
12.05 21.20 1.65 as above 
25.85 7 60 1.45 as above 
25.60 14.75 2.45 as above 
33.00 9.80 1.05 as above 

3rd age group carbonates (syn- and postgranite mineralization) 

98.75 
87.40 
86.15 
83.10 
81.30 
72.25 
70.05 
66.65 
63.25 
55.35 
49.70 
46.80 
38.65 
36.75 
32.90 
22.90 
21.60 
20.70 
14.70 

1.15 
8.50 
1.95 
4.75 
5.85 

22.05 
5.45 

13.40 
19.05 
10.80 
17.05 
34.50 
40.10 
15.40 
14.65 
68.85 
52.15 
59.35 
58.30 

1.00 
9.70 
6.70 
7.00 
4.50 

16.75 
12.00 
15.55 
31.00 
29.30 
14.60 
15.55 
47.30 
51 95 
3.90 

18.30 
6.80 

20.60 

0.10 
3.10 
2.20 
5.45 
5.85 
1.20 
7.75 
7.95 
2.15 
2.85 
3.95 
4.10 
5.65 
0.55 
0.50 
4.35 
7.95 

13.15 
6.40 

Martinovo, Bogov Dol 
Ciprovci, Javorov Dol 
Martinovo, Mali Dol 

as above 
Martinovo, Bogov Dol 
Ciprovci, Javorov Dol 
Martinovo, Mali Dol 
Ciprovci, Javorov Dol 
Martinovo, Mali Dol 
Martinovo, Bogov Dol 

as above 
as above 
as above 
as above 
as above 

Martinovo, Mali Dol 
Martinovo. Bogov Dol 
Martinovo, Mali Dol 

as above 

4th age group carbonates (quartz-barite mineralization) 

31 85.70 4.65 6.45 3.20 Liprovci, Slnja Voda 
32 84.65 6.50 7.95 0.90 as above 

dochrosite and magnesite (of the third age group). The same fluids have deposited ferroan 
biotite as well (annite- No 9 in Table 4). It shows reproducible compositions so that 
its comparatively low K 20 . content may be regarded as reliable. 

The calcite and siderite marbles also host silicate layers of varying thickness. They 
are of sedimentary, volcanic-sedimentary and volcanic origin. The data given here concern 
only individual inclusions of silicate minerals in the marbles. They consist of chamosite 
in the siderite marbles,. and of "sericite" (No I in Table 4) in the calcite ones. 
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Table 3 
End and some other compositions in the dolomite-group carbonates 

No Carbonate component (mol %) 
in Formula coefficient of the respective cation Deposit, locality 

Fig. 4 CaC03 I Mg~03 I Fec4o~~ Mn~~~ Zn~~~ PbC03 

l 2 7 8 

Unaltered carbonates of the :tnd age group ( Ag·Pb mineralisation) 
5.3.60 42.00 3.95 0.45 0.00 0.00 Ciprovci, Sinja Voda 

1.072 0.840 0.079 0.009 
2 52.90 40.05 6.60 0.30 0.15 o.co as above 

1.058 0.801 0.132 0.006 0.003 
3 55.55 37.40 3.20 3.90 0 .00 0.00 Lukina Padina 

1.111 0.748 0.064 O.u78 
4 49.40 33.30 10.50 6.80 0.00 0.00 Ciprovci, Sinja Voda 

0.988 0.666 0.210 0.136 
5 53.70 23.15 21.45 1.7~ 0.00 0.00 Lukina Padina 

1.074 0.463 0.429 0.035 
6 56.10 :23.00 11.55 9.55 0.00 0.00 Ciprovci, Si11ja V~da 

1.1 22 0.460 0.231 0.187 
7 51.55 19.45 25 .55 3.45 o.oo 0.00 Lukina Padina 

1.031 0 .389 0.511 0.069 
~ 51.50 15.40 29.15 3.90 0.00 0.00 Ciprovci, Javorov Dol 

1.030 0.308 0.~3 0.078 
9 52.75 13.50 23.20 9.85 0.65 0.00 Ciprovci, Sinja Voda 

1055 0.270 0.464 0.197 0.013 
10 53.95 13.20 17.85 15.00 0.00 0.00 Lukina Padina 

1.079 0.264 .0.357 0.300 
11 50.30 11 .85 34.QS 2.90 0.00 0.00 as above 

1.006 0.237 Q.699 0 058 
12 53.10 9.45 36.05 1.45 0.00 0.00 as above 

1.062 o.l89 0.7,2 1 0.029 
13 49.10 5.85 24.f5 20~0 0.00 Q.OO Ciwovci, Sinja Voda 

0.982 0.117 0.489 0.412 
14 50.10 4.60 24.45 20.85 0.00 0.00 as above 

1.002 0.092 0.489 0.417 

Partly hematitized carbonates of the 2nd age group 
15 56.1.0 38.15 1.~5 4.60 0.00 0.00 L11kina P;1d.ina 

1.122 0.763 0.0~3 0.092 
16 54 .10 35.85 0.80 9.20 0.00 0.00 as above 

1.082 0.717 0.016 0.184 
17 52.15 26.75 15.35 4.55 0.45 0.75 as above 

1.043 0.5.35 0.307 0.091 0.009 O.Ql5 
18 51.55 21.90 18.35 8.25 0.00 0.00 as abov.e 

1.03 1 0.438 0.368 0.155 
19 54.20 20.9.5 23.05 1.85 0.00 0.00 as above 

1.084 0.419 0.461 0.037 

Carbonates of the 3rd age group (syn- and postmagmatic mineralizations) 

20 51.50 30.45 14.80 3.25 0.00 0.00 Martinovo, Zaikov Dol 
1.030 o.609 0.296 0.065 

21 51.40 26.15 12.45 10.00 0.00 0.00 as above 
1.028 0.523 0.249 0 .200 

22 55.25 15.15 19.30 10.30 0.00 0.00 as above 
1.105 0.303 0.386 0.206 

23 55.15 15.00 27.60 2.25 0.00 0.00 Martinovo, Mali Dol 
1.103 0.300 0.552 0.045 

24 49.00 13.60 13.85 23.55 0.00 0.00 Martinovo, Bogov Dol 
0.980 0.272 0.277 0.471 

25 ·19.20 10.50 30.45 9.90 0.00 0.00 Martinovo, Mali Dol 
0.98. 0~10 0.609 0.198 

26 51.00 .8.65 15.30 23.05 0 .00 0.00 Martinovo, Bo,gov Dol 
1.000 0.173 0.300 0.461 
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T a b I e 3 (continuation) 

2 3 4 5 6 7 8 

Carbonates of the 4th age group (q uartz-barite mineralization) 

27 

28 

29 

30 

52.65 
1.05J 

51.00 
1.020 

54.45 
1.089 

53. 15 
1.063 

Table 4 

41.15 
0.829 

24.20 
0.484 

21.50 
0.430 

16.35 
0.327 

4.55 
0.091 

16.05 
0.321 

22.15 
0.413 

27.85 
0.557 

1.35 
0.027 
15.75 
0.175 
1.85 
0.037 
2.65 
0.053 

Compositions of some layer silicates (weight %) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Ciprovci, Sinia Voda 

as abun· 

Ciproi'Ci, Rup ski Dol 

Lukina Padi na 

3rd age g roup I st age group I 2nd age group 1 

_ 2 _ _,_ _ 3 _ _:1~=4-· - ---~--5 - - - ~--6----c----7----;----8 
------ - - -

Si02 
TiO ., 
Al 203 
feO* 
MnO 
MgO 
CaO 
Na20 
K20 
Cl 
H20 ** 

I( 

Na 
Ca 
Mg 
Mn 
Fe 
Ti 
AI VI 

:wcr 
Si 
A !IV 
:ETET 
Cl 

49.52 
0.00 

33.25 
1.20 
o.oo 
2.05 
0.19 
0.52 
8.26 
0.00 
5.00 

0.69 
0.07 
0.01 
0.20 

0.07 

1.81 
2.85 
3.24 
0.76 
4.00 

* Total Fe 

24.59 
o.oo 

23.22 
35.66 

0.35 
5.58 
0.22 
0.00 
0.37 
0.00 

10.00 

o.os 

0.02 
0.90 
0.0:3 
3.23 

1.64 
S.87 
2.67 
1.33 
4.00 

*·~ Assumed content 

23.52 
0.00 

21.92 
38.49 

0.51 
5. 19 
0.33 
0.00 
0 .00 
0.00 

10.00 

0.04 
0.86 
o.os 
3.56 

1.46 
.5.97 
2.60 
1.40 
4,00 

24.21 
0.00 

20.49 
38.51 

0.60 
6.12 
0.07 
0.00 
o.oo 
0.00 

10.00 

26.48 
0.00 

20.51 
28.57 

0.32 
1366 
0.42 
0.00 
0.03 
0.00 

!0.00 

Formula coefficients 

0.00 

0.01 0.05 
1.01 2.12 
0.06 0.03 
3 . .56 2.50 

J..3S 1.28 
.5. 99 .5.98 
2.68 2. 76 
1.32 1.24 
~.00 4.0(1 

26.61 
0.00 

18.98 
31.86 

0.49 
11.98 
0.02 
0.00 
0.05 
0.00 

10.00 

0.00 

o.oo 
1.90 
0.04 
2.83 

1.2 1 
s.<Js 
2.83 
1.17 
4.00 

3S .S5 
0.00 
2.16 

42.53 
3.3? 
6.14 
0.00 
0.00 
0.00 
0,00 

10.00 

1.04 
0.32 
4.05 

0.29 
5.70 
4.08 

4.08 

36.23 
0.00 
2.5o 

41.76 
4.17 
4.93 
0.00 
0.00 
0.00 
o.::Ss 

10.00 

O.R4 
0.40 
3.98 

0.34 
5 . .56 
4.1-J 

4.1.3 
0.07 

-

34.38 
O.S1 

1-3.76 
30.89 

0.11 
8.46 
o.os 
0.47 
4.87 
0.00 
6 . .50 

o.so 
0.08 

1.02 
0.01 
2. 09 
0.03 
0.09 
3.82 
2.78 
1.22 
4.00 

I - Illite from Ciprovci, Sinja Vocla; 2, 3 and 4 - s h ~1mos ite from Ciprovci , Si nja Voda; .) -
shamosite from Ciprovci, Javorov Dol ; 6 - shamosite from Martinovo, Bogov Dol ; 7 and 8 - grecna
lite from Martinovo, Bogov Dol ; 9 - annite from Marlinovo, Nlali Dol. 

Carbonates of the first age group (calcite and siderite marbles) 

Morphology and structure 

The marble bed suffered intense deformation mostly during the stre ss metamorphi sm and 
was broken, bent , locally thickened or pinched (Figs 1, 5 and 7). Its thickness varies from 
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Fig. li. Relationships between siderite and 
diabase bodies : a - a diabase sheet partly 
replaced by siderite. Ciprovci, the Sinja 
Voda section, horizon 570 m ; b- a bed 
ot siderite and calcite mat ble cut through 
by a diabase dike. Ciprovci, the Javorov 
Dol section, horizon 570 m (after .Up a
r 0 B & 0 6 peTe H 0 B, J 972). 
1 - phyllites; 2- calcite ma1ble; 3 - si
derite ma rble; 4- diabase; 5 - fine con
tact-metamorphic magnetite inclusions in 
siderite 

0.1 to 80 m. The post-metamorphic tectonic processes caused mainly brittle deformation s 
a nd orientation cha nges. Generally, the bed strikes 100-200c plunging steeply to the SSW 
becoming vertical at places. Jt contains interbeds of chlorite schists, diabases and tuffs. 
Diabase dikes cutting ac ross the marbles have also been observed (Fig. 6). 

Most likely, the marble bed steep d ip had formed before the granite intrusion. The 
latter is ol the fissure type, almost vertical (11 BaH o B et al. , 1987). Its southeastern end 
along with the associated contact-metamorphic mantle, magnetite ore and skarns dip at an 
angle of 45°. Nea r the granite SSW contact and the ma rble NNE contact, an interformatio
nal type of fault was formed which later se rved as a conduit of ore-bea ring fluids. 

The siderite bodies hosted in the marble bed are dom inated by numerous concordant 
siderite layers and lenses of thicknesses ranging between several m illimeters and 15 to 
20 m, lengths reaching several dozen meters . Their contact surfaces with the calcite marble 
are almost perfectly smooth but the hardness and brittleness differences have played their 
role during deformation and small mechanical displacements have opened the contacts to 
the action of later mineraliza tion s (No I in Plate 1). Boudinage structures are common in 
the laye rs and lenses (Fig. 7). Across the bed section, the siderite laye r s and lenses show 
no preferential location and are equally common both along the contacts with silicate rocks 
and at the inner levels. 

There are also concordant and disco rdant ribbon-shaped (frequently bent) and colum
na r siderite bodies Cll, par o B & 0 6 peTe HoB, 1 972). They are typical of the central 
pa rt of the Ciprovci deposit. In terms of the hydrothe rmal-sedimentary protogenetic sche
me proposed in a following section, these ribbon-shaped a nd columna r bodies may be in
terpreted a!> primary features formed along mi neralizing faults. Such fo rms, however, may 
have been produced by deformat ional processes, too (Fig. 8). In the central pa rt of th e 
Ciprovci deposit , the siderite bodies arc of the most complex morphologies , yet they ge
nerally resemble the carbonate bed morphology as seen from the parallelism between their 
outlines and the isolongs of the bed contact (Fig. 9). As a rule, columnar bodies are absent 
from the places where the marble bed is le ss deformed . They appear a t the sites of bending 
and their form ation may be interpreted as the result of deformational processes . 

The marble bed has a banded and schistose structure. Bandi ng is of sedimentary ori
gin and is defined by the distribution of silicate minerals (largely quartz and some chlorite 
or "se ricite"'). Schistosity is commonly parallel to the banding. Another notable feature 
of the siderite bodies is thei r brittle defo1 mation manifested in an ubiquitous cataclasis 
produced by postmetamorphic tectonic processes . With the slight di splacements and ro
tation s involved, catacla sis has blurred the banding and schistosity of siderite marble but 
has prepared them as a favourable host environment for the later hydrothermal metaso-
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Fig. 7. Various relationships between calcite and siderite marbles (drawings of hand specimens) 
1- calcite marble; 2- siderite marble (the hatched area shows silicate inclusions of planar orientation); 3-
a silicate band; 4- coarser redeposited siderite; 5- coarser redeposited calcite; 6 - metasomatic sulphide 
mineralization 

Fig. 8. Schematic illustration of the transformation of concordant ribbon-like siderite bodies (a) into pseudo
discordant (b) ribbon-like ones of wedge-shaped sections and into pipe-shaped bodies under stress 
1 -calcite limestone (a) and marble (b); 2- siderite bodies 

WNW 

650 

500 

350 

ESE ..-

Fig. 9. Topography of the northeastern contact of the marble bed and location of the siderite bodies inside 
it. Central part of the Ciprovci deposit, longitudinal projection (after Obretenov in .n p a r o a & 0 6 p e
T e H 0 B, 1972) 

matic deposition. The calcite marbles show also drag and flow folds beside the silicate rocks 
and part of the siderite bodies (Fig. 7). 

Some of the sid~rite bodies were formed metasomatically inside and beside diabase 
layers (Fig. 6) which partly screened otf the iron-bearing fluids (0 6 peTe HoB, 1971; 
,[( p a r o B & 0 6 p e T e H o B, 1972). 

The calcite and siderite marbles are largely tine- to small-grained, of granoblastic to 
heterogranoblastic texture (Nos I and 2 in Plate I) . Synmetamorphic lateral-secretion Al
pine-type formations are also common. In the siderite bodies they occur mostly as small 
veins and lenses (Fig. 7) of coarser-grained redeposited sidetite. In the calcite marble, coar
ser-grained calcite free of silicate admixtures occurs along the boudinaged siderite (Fig. 7) 
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and at the axes of fold1>. The Alpine-type foJmations are very hard to distinguish from the 
phenomena associated with the later mineralization processes. 

In the Martinovo deposit (the Bogov Dol section), spherosiderite ooids have been found 
to occur (.ll: par o B, 1973b). They are diagenetic products flattened under stress con
ditions and altered by later processes (Nos 3 and 4 in Plate Ill). Therefore, compositio
nally they cannot be referred to the first age group. 

Mineral compositions 

In mineralogically characterizing the marble bed we omit data concerned with the interlayers 
consisting entirely of silicates (chlorite schists, phyllites, diabases and tuffs). The carbonate 
rocks consist of about 90% of calcite marble, and the rest is siderite marble and later me
tasomatic mineralizations. 

The calcite marble contains varying amounts of quartz and consists of 60-90% of cal
cite, 10-30% of quartz, up to 5% of "sericite" and chamosite, some apatite and other mi
nerals . 

Calcite is fine- to small-grained showing no twins , allotriomorphic, of planar-granoblas
tic polygonal texture (No 2 in Plate I). Coarser calcite aggregates along joints are very 
common. 

Calcite compositions (Table I) are characterized by up to 4.5% MnC0 3 , up to 2.5% 
FeC0 3 and up to 1.7% MgC0 3 • These contents are up to two orders of magnitude higher 
than the average concentrations in carbonate rocks as given by V e i z e r (1983). This means 
that the depositional environment of chemogene limestone contained increased amounts 
of manganese, iron and magnesium components. The likely source is a contemporaneous 
submarine basic volcanism and the associated hydrothermal activity. Calcite masses local
ly include chamosite flakes which suggests that FeC0 3 concentrations reached the limits 
of solubility. According to the data of R o sen berg (1963) and Go I d s mit h (1983) 
and to the extrapolations of An o vi t z & Essen e (1987), the maximum FeC0 3 con
tent found in our calcites indicates temperatu.es of formation below 350°C in agreement 
with the above interpretaton. 

Calcite aggregates are compositionally mosaic (No 2 in Plate I), each grain containing 
the same amounts of dissolved manganese, iron and magnesium carbonates as its seed crys
tal at the beginning of metamorphic recrystallization. Compositions of two adjacent grains 
frequently differ with about 1% MnC0 3 and fo ;: FeCO ~ . Some of the coarser calcite recrys
tallized in situ show com positionally mosaic cores. 

No regular increase of FeC0 3 and MnC0 3 contents has been observed in calcites next 
to the siderite marble. This means that the low-temperature regional metamorphism did 
not cause exchange of cations between calcite and siderite. 

Silicate minerals in the calcite marble occur as small isolated inclusions arranged in 
bands mostly. Quartz forms fine rounded allotriomorphic grains, and "sericite" and cha
mosite occur as fine flakes . Chamosite is by far the less common and is found near the si
derite marbles. Apatite is rare, also rounded, free of F and Cl (detection limit 0.1 %). 

The siderite marble is dominated by magnesian-manganoan siderite. Quartz contents 
reach 20-30% , chamosite is up to 5%, apatite and other minerals are present as accessories . 
Almost everywhere the siderite bodies show the effects of later processes of replacements 
and recrystallizations. 

In the relics unaffected by post-metamorphic proce :- ses, siderite morphologically re
sembles the calcite showing fine- to small-grained structure and plana r-granoblastic poly
gonal texture with local foliations marked by chamosite flakes in parallel orientation. The 
siderite aggregates are characterized by a variety of postmetamorphic brittle deformations 
and first of all by an ubiquitous dense cataclasis . Many of the numerous fine and microsco
pic cracks have been obliterated by redeposited and recrystallized products of later fluids. 
Recrystallized siderite is coarser, partly idiomorphic (No 3 in Plate I), forming patches 
of secondary heterogranular or granoporphyroblastic texture. 
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In the western corner of the studied section of the Ciprovci ore zone (as far as the 
Javorov Dol locality inclusive), siderite of the first age group is partly to completely al
tered by syn- and post-magmatic processes associated with the granite intrusion. Unaltered 
siderite masses are preserved in the central and southeastern parts of the ore zone. Siderite 
compositions in them vary in a comparatively narrow range (U'able 2): 27±5 mol% MnC0 3 , 

6±3% MnC0 3 and 1-2% CaC0 3 ("magnesian oligonite"). Like the calcite aggregates, the: 
siderite ones are compositionally mosaic (No 3 in Plate I). The differences between two 
adjacent grains reach 2% MnCO 3 and 1% MgCO 3 • Z e m a n n (1983) has interpreted 
the fine-grained nature (grain diameters of several tenths of a millimeter) and the varying 
MgC0 3 content of the siderite from Erzberg as evidence of syngenetic origin. 

Part of the larger crystals formed during the later recrystallizations also show a mo
saic inner structure. Crystals of millimeter diameters, partly idiomorphic, include "spots" 
the size of which is characteristic of the primary fine-grained crystals, i. e. these are ghost 
c1ystals of former primary grains probably slightly rotated (No 3 in Plate I). In contrast 
to the observations of Be ran (1983), the Ciprovci siderites and calcites from marbles 
which had not suffered later transofmations show no grain size differences, i. e. for a gi
ven grade of metamorphism siderite is not more susceptible to recrystallization than cal
cite. Other differences include the degree of jointing and effects of later fluids which pe
netrated much more ea:.ily the siderite masses. The postmetamorphic metasomatic and re
deposited siderites are compositionaUy zoned but not mosaic. 

The CaC0 3 content of siderite has not been found to inc1ease near the contacts with 
the calcite marbles. This indicates a low temperature of metamorphism ( < 400°C). 

According to 0 6 peTe BoB (1988), "ferrodolomite" instead of siderite has been 
deposited in the eastern part of the Ciprovci ore zone (the Lukina Padina deposit). Ac
tually, these are small metasomatic dolomite-ankerite mineralizations having no metamor
phic structures and textures, and we describe them in the section of the next age group. 
In that area, however, there are again siderite layers in depth. 

As compared to siderite compositions from other stratiform deposits, the Ciprovci 
siderite of the first age group is characterized by the highest manganese contents. MgC0 3 
contents show values similar to those in other deposits, e. g. Kremikovci (PaT 11 e B, 1987) 
and Erzberg (Beran, 1975). 

Genesis of the siderite bodies 

The view of a premetamorphic formation of the siderite bodies has its alternative in the 
concept of metasomatic conversion of the calcite marble which also requires perfect inhe
ritance of marble structures. The new evidence gained in this study includes many examples 
of well-defined differences between metamorphic and postmetamorphic metasomatic car
bonate minerals. 

The aggregates of metamorphic siderite unaffected by recrystalization are fine-grained, 
allotriomorphic-granular, compositionally mosaic and free of calcite marble relics. As may 
be seen from the following sections, the crystals of postmetamorphic siderite hosted in the 
calcite marble are larger, idiomorphic to hypidiomorphic, compositionally zoned with high-
ly varying zone compositions and coexist with carbonates of the R3 group. 

A more essential problem is that of the siderite bodies protogenesis and first of all 
the alternative of syn- or epigenetic origin. 

A fact of primary importance here is that, with few exceptions, the bed, ribbon and 
pipe-shaped bodies have perfectly smooth contacts with the calcite marbles. In the field, 
minor faults very often create an illusion of crosscutting relationships especially when 
later metasomatic carbonates have been deposited along them. In such cases, only careful 
observations may prevent misinterpretation. In the less deformed parts of the marbles, 
the smooth contacts are always parallel to the marble bedding. In the more deformed sec
tions, calcite marble flowage streamlines the siderite bodies (Figs 7 and 8). These are 
strong arguments in favour of the thesis of a syngenetic origin of most siderite bodies. 
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The antithesis of K a R y p K o B (1988) ignores that evidence. The finds of diagenetic sphe
rosiderite ooid~ (.ll: par o B, 1973b) are also significant arguments. 

,[{ p a r o B & 0 6 p e T e R o a (1972) have shown that, although much less common, 
there is also metasomatic siderite, again of premetamorphic origin . It occurs mostly in
side or along diabase and spilite sheets within or immediately above the marble bed. In such 
cases, the silicate rock is partly replaced by siderite the process involving the calcite marb
les alongside the sheets, and the siderite aggregates are found to contain relics of the si
licate rocks and the calcite marbles. These comparatively rare phenomena indicate screen
ing of hydrothermal fluids which produced sideritization restricted to the carbonate en
vironment only. As already mentioned, there are also inverse relationships involving, how
ever, cross diabase dikes which cut through siderite and calcite marbles causing mag
netitization of siderite as well (Fig. 6). This means that iron-bearing fluids were active both 
before and after the end of volcanism. 

Another significant fact is the occurrence of thin layers of hematite-bearing quartzi
tes several dozen meters below the carbonate horizon. They have been traced along an in
terval of five kilometers between the Bogov Dol and Sinja Voda sections. The borehole 
No I 022 at Bogov Dol has passed a breccia containing fragments of calcite marble, he
matite quartzite and siderite transformed into magnetite. Hematite quartzites are evidently 
syngenetic but are formed in a silicate environment. The syngenetic siderite, however, is 
deposited in a reducing environment saturated in carbonate ions. 

Although there are always uncertainties in reconstructing the protogenesis of meta
morphic deposits, the above evidence has made it possible to draw some definite conclu
sions and to construct the model in Fig. 10. 

A group of facts of primary significance are also those indicating that siderite was 
formed by hydrothermal fluids associated with the manifestations of a "geosynclinal" (pro
bably island-arc) volcanism. They acted mainly at about the time of the limestone bed de
position (from "some time" before till "some time" after its sedimentation) pouring out 
over the sea floor. They had supplied iron and some manganese and even magnesium com
ponents as demonstrated by calcite compositions. From the data of ran H }{ & )K y K o s 
(1989, and unpublished data) it may be seen that the fluids had also supplied carbonate 
ions. Thus, o13C valued vary from -1.3 to -1.6 in the calcite marbles and from -7.8 
to -18.2 in the siderite indicating that the former are typical marine sediments whereas 
the latter are products of abyssal fluids formed in an alkaline environment taking up some 
of its carbon from the sea water. If siderite had been of metasomatic origin, it would have 
taken up its carbon from the calcite. All carbonate minerals formed later have extracted 
their carbon either from the calcite or from the siderite. 

Siderite of the first age group is practically non-existent outside the marble bed. This 
means that iron has been able to pass into a mineral form mainly in an environment of 
high carbonate ion activity. Apparently the iron-bearing fluids were an acid- to neutral 
environment. The occasional deposition of minor layers of hematite-bearing quartzite in 
the silicate deposits may be explained by short abrupt rises of iron activity in the depo
sitional environment of chemogene silica. 

Further information may be gained from the location of the less deformed bed and 
ribbon-shaped siderite bodies in the calcite marble sequence. They are of irregular distribu
tion and if this fact is combined with the non-uniform but increased iron content in cal
cite and with the presence of chamosite in the calcite marble, the conclusion follows that 
carbonate sedimentation took place in an environment of pronounced local fluctuations 
of iron activity. That would mean iron-bearing fluids pouring irregularly or in a pulsation 
manner out of a system of fissures obliterated later, however, by the plastic flows caused 
by dynamothermal metamorphism. Locally, these sea-floor springs had been overlaid by 
diabase and spilite lavas and the barred fluids caused then metasomatic formation of si
derite (Fig. 10). 
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Fig. 10. Scheme illustrating the formation of syngenetic and epigenetic si
derite bodies in an environment of limestone sedimentation. The carbonate 
ion in siderite has a dual origin (endo- and exogene) 
1 -volcanic-sedimentary silicate rocks; 2- calcite limestone; 3 - dia
base; 4- syngenetic siderite layer; 5 -- metasomatic siderite body 

Carbonates of the second age group (silver-lead mineralization) 

General notes 

The main minerals in the assemblage of the silver-lead mineralization are galena, the car
bonates of the second age group and quartz, and subordinate to rare minerals are (in 
the order of diminishing quantites) : sphalerite, tetrahedrite (silver and silver-bearing), 
chamosite, arsenopyrite, chalcopyrite, marcasite, bournonite, boulangerite, polybasite, pyr
rhotite, owyheeite, pyrargyrite, stephanite, polystilpnite, native silver and other minerals 
(Dimitrov, 1964; )l,paros, 1971; ATaHacos&Tiasnos, 1983; and other 
authors). Sphalerite and part of quartz and pyrite have been deposited at the beginning of 
the process ; the other minerals show variable time relationships. Carbonate minerals for
med continuously all the time, before, during and at the end of mineralization . The mi
neral assemblage is a low-temperature one. 

There are no detailed studies of wallrock alterations which are dominated by anke
ritization and silicification of the marbles and the silicate rocks. 

The model Pb-Pb age has been determined from analyses of 11 galena samples (A m o v 
et al., 1981) as 315-330 Ma (uranogene age) and 330-350 Ma (thorogene age) . Such mo
del ages of intrusive bodies in the Western Balkan Mt. have not been found so far. 

The silver-lead mineralization occurs in the interval between the Mali Dol section of 
the Martinovo deposit and the Lukina Padina deposit. It is of economic value in the Cip
rovci deposit between the sections of Javorov Dol and Rupski Dol (Fig. 1). The ore appears 
to the eye as a mass of galena with gangue siderite. Galena comprises about 95% of the 
ore. The siderite marbles have provided the most favourable environment for ore deposi
tion. The ore commonly concetrates in the siderite bodies along their contacts with the 
calcite marble. Microscopic examinations show that the contacts are ubiquitously minera
lized at least by dolomite and ankerite (No I in Plate I). The mineralization can be de
fined as strata-bound but not as time-bound. 
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The carbonate minerals belong to the groups R3 and R3c and include dolomite, an
kerite, siderite and calcite. 

Group R3 

The carbonate minerals of this group are scattered in the marble and among the sulphide 
aggregates as isolated impregnations and small nests, lenses and veinlets which may con
tain other minerals as well . In the SE end of the ore zone (the Lukina Padina deposit) the
re are several ankerite-dolomite, mostly concordant lenticular bodies up to 1.5 m thick and 
up to 20 m long. They are often called "red ankerites" because of their typical colour. 

The isolated impregnations are fine- to small-grained aggregates. Compared to the first 
age group of carbonates, the constituent ctystals are always idiomorphic and zoned (Nos 4 
and 5 in Plate I). Those found in calcite marbles commonly have cores of fairly pure do
lomite (No 1 in Table 3 and Fig. 4; Fig. 11). The impregnations in siderite marbles also 
show the highest magnesium contents in their cores (Fig. II). The intermediate zones as a 
rule are characterized by increasing iron contents {up to 36 mol% FeC0 3 , No 12 in Tab
le 3 and Fig. 4) whereas in the rims the manganese content also increases. The sum FeC0 3+ 
MnC0 3 reaches "record" values in the outermost zones (Nos 13 and 14 in Table 3 and 
Fig. 4). Generally, the FeCO 3 :MnCO 3 ratio varies between_.o and _.J (Fig. 4). The pre
dominant varieties are ankerite, manganoan ankerite, ferroan dolomite and manganoan
ferroan dolomite which may be observed even in a single zonal metacrystal. The abrupt 
changes of the FeC0 3 and MnC0 3 contents from a zone to the next one reach 10%. The 
matter of the outer zones has often indented metasomatically the matter of the inner zones 
and in this respect the dolomite cores have been the least resistant (No 5 in Plate 1). 

In the metasomatic nests and veinlets, the dolomite crystals are small, partly idiomor
phic grains. They contain fine inclusions of ore minerals some of which are replacement 
relics and the others are entrapped by the growing crystal (No 6 in Plate I). The crys
tals here are zoned again though the compositional variations are less pronounced. An
kerite and manganoan ankerite predominate. 

According to 0 6 peTe HoB (1988), the "red ankerite" bodies in the Lukina Padina 
deposit are southeastern ("ferrodolomite") extensions of the siderite bodies, i . e. they belong 
to the first age group. We cannot agree with that view for ~everal reasons. The carbonate 
minerals in the "red ankerites" do not show metamorphic textures and structures. They 

Fig. ll. Scheme illustrating the origin and zoning 
of dolomite-ankerite metacrystals inside the calci-
te and siderite marbles. In different carbonate en
vironments, the original magnesium-bearing fluids 
become oversaturated in calcium, iron and man- > 

ganese ions ot varying activities. I fMg 
1- greenschists; 2- calcite marble; 3- siderite 
marble; 4- zoned dolomite-ankerite metacrystals 



are fine- to medium-grained and the crystals are hypidiomorphic to idiomorphic (No 1 
in Plate II). They coexist with the minerals of the silver-lead mineralization though the Iat:: 
ter is not in minable quantities in that area. The "red ankerites" form metasomatic con
tacts with the calcite marbles characterized by idiomorphic dolomite-ankerite crystals gro
wing in the calcite (No 1 in Plate II). 

The "red ankerites" consist primarily of ferroan dolomite. Ankerite and manganoan 
ankerite have been formed chiefly in the periphery of some crystals (Nos I and 2 in Pla
te II). The original colour of these carbonates is pale yellow but an uneven hematitization 
is almost ubiquitous. Hematite forms fine blades irregularly scattered and clustering along 
cleavage surfaces and zonal interfaces. Hematitization has been accompanied by an inte
resting phenomenon- dolomitization of ankerite and ferroan dolomite (No 2 in Plate II). 
At the sites of densest hematitization, the dolomite formed have reached the lowest iron 
contents (::;1% FeC0 3); since the manganese content has remained almost unchanged, 
the FeC0 3:MnC0 3 ratio is reduced to I :11 (Nos 15 and 16 in Table 3 and Fig. 4). 

The hematitization can be explained with its closeness to the later mercury minerali
zation. The hematitized areas do not contain mercury minerals but contain marcasite, an
hydrite and barite which means that the fluids were of high oxidation potential and oxi
dized part of the carbonate iron . 

Group R3c 

Siderite of the second age group is of ubiquitous occurrence. It is found in a variety of forms 
in the mineral aggregates: overgrowing dolomite-ankerite crystals, filling cracks, along with 
other minerals, in ore aggregates and in the marbles, growing as small, largely idiomor· 
phic crystals with fine sulphide inclusions in the ore aggregates, etc. In quantity, however, 
this siderite should be rated as subordinate if recrystallizations in the siderite marbles are 
disregarded. 

This siderite shows a more varied composition than the earlier one. It may be seen from 
Fig. 3 and Table 2 that its analyses plot over the entire field of the first age group of si
derite extending, however, towards lower manganese and slightly higher magnesium con
tents, too. Its crystals are zoned showing a poorly defined trend of decreasing manganese 
and magnesium contents toward the rim. Zone compositions differ less than in the anke
rites. Some siderite also occurs in the "red ankerite" bodies. It forms oriented growths over 
ankerite (No 1 in Plate II) and fills in cracks and interstices. It has been also affected by 
the already discussed hematitization . 

Generally, siderite of the second age group deposited during the second half of the 
mineralizing process. 

Calcite has come late in the assemblage of the silver-lead mineralization. It occurs in
side or alongside cracks in the sulphide aggregates and in the marbles, forms small meta
somatic crystals with relics of sulphide and other carbonate minerals amid the ore aggre
gates and replaces earlier carbonates of the same age group retaining the original orienta
tions. Its composition (Table I) is characterized by somewhat variable MnC0 3 (up to 7%) 
and FeC0 3 (up to 5.4%) contents. Temperature has apparently been a limiting factor in 
MgC0 3 (up to 1.7%) and FeC0 3 concentrations. 

Character and origin of the sequence of mineralization 

In the following, we have accepted that recrystallizations as well as short-distance redepo
sitions of carbonates of the first age group occurred during the entire mineralization pro
cess. These phenomena are excluded from interpretations. 

During the formation of metasomatic dolomite-ankerite crystals in the environment 
of calcite and siderite marbles, the metasomatized material released into solution a large 
portion of its constituents, i. e. Fe and Ca, ~orne Mn and even less Mg. Therefore, in try
ing to determine the original composition of metasomatizing fluids we should consider the 
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composition of the cores of zoned crystals. They, as already mentioned, consist of dolomi
te with the lowest Fe and Mn contents. This means that originally the fluids were mag
nesium-bearing, taking up increasing amounts of Ca, Fe and Mn with the advancing me
tasomato sis of the two kinds of marble. Thus, the most general features or mineral suc
cesion in the impregnations are readily explained. It is dolomite~ferroan dolomite-+an
kerite + manganoan ankerite, the process being illustrated in Fig. I 1. 

Although of similar nature, the metasomatic process involving the formation of ore 
nests, lenses and other aggregates in siderite marbles shows a much larger scope. During 
the metasomatosis , the magnesium-bearing fluids gradually evolved to solutions saturated 
and oversaturated in iron and less so in manganese. A major part of these components 
were extracted from the marble bed to be redeposited in the silicate environment in the form 
of veinlets of carbonate minerals (along with some ore minerals and quartz). The other por
tion deposited in the later stages of the mineralization process as zonal ankerites, siderite 
and calcite in and beside the ore aggregates . They penetrated fine and microscopic joints 
along which they formed metacrystals . The general succession is: ankerite+manganoan 
ankerite-+siderite+manganoan siderite-+siderite+calcite. Rhodochrosite and manganocal
cite were not formed because all manganese was taken up by ankerite and siderite. 

The succession in the "red ankerites" is: ferroan dolomite-+ankerite+manganoan 
ankerite-+siderite + calcite. The ferroan dolomite predominates in quantity, i. e. 
the process involved less iron and manganese than in the Ciprovci deposit. This may be 
explained with the greater distance to the siderite marble bodies occurring deeper or further 
to the northwest. 

The low-temperature character of the mineral assemblage and the polycomponent 
composition of carbonate minerals do not permit to use a carbonate geothermobarometer. 

With its carbonate suite the silver-lead mineralization differs from all its analogues 
worldwide. The original fluids responsible for carbonate deposition were magnesium-rich 
and in this respect the silver-lead mineralization resembles the stratiform epigenetic low
temperature base-metal mineralizations formed in limestones and accompanied by do
lomitization. This kind of dolomitization has been studied in detail by Minceva-Stefanova 
(1984). That author has also reported zoned dolomites but of low iron and manganese con
tents. In Ciprovci, however, components released from the siderite marbles during the me
tasomatosis were also involved for which reason the accompanying process was dolomi
tization+ankeritization. A somewhat similar process has been described by Beran (1977) 
for the Erzberg deposit which, however, does not contain any sulphide mineralization and 
the ankerite there is of low manganese content. 

Carbonates of the third age group (syn- and post-granite mineralizations) 

General notes 

Since the studies of Dim it r o v (1964) and .D: H M H T p o B a et al. (1964) it has been 
khown that the syn- and postmagmatic processes during and after the emplacement of the 
granite intrusion took place in the following sequence: local thermal metamorphism-+skarn 
formation-+postskarn ore formation. Each of these processes has produced specific mi
neral parageneses and bas created specific physicochemical environments responsible for 
the formation and transformation of carbonate minerals. The processes has commonly 
developed within one and the same space leading to partial to complete replacements and 
redistribution of components. 

The syn- and postmagmatic processes are of diminishing intensity and decreasing tem
perature to the southeast reaching the Javorov Dol section (Fig. 1). The bulk of the sil
ver-lead mineralization occurs further to the southeast. The relationships between the se
cond and third age group of carbonates in the rare places of parallel development can be 
determined by studying the compositions of the accompanying ore mineral assemblages and 
lead isotope ratios. 
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Detailed geochronological studies of the granite and associated ores have been made 
by Amov et al. (1981). They have reported 254 ± 16 Ma and 255±17 Ma respectively' 
for the apparent 206Pb/238U and 207Pb /236U ages (7 analyses of accessory minerals), and 
260-265 Ma (uranogene) and 275-300 Ma (thorogene) for the model Pb-Pb ages (two ana
lyses of silicate lead inK-feldspars). The model Pb-Pb ages of galena (13 analyses) are 260-
300 Ma (uranogene) and 300-340 Ma (thorogene). The age difference between galenas o 
the two mineralizations is evident; the dispersions of lead-isotope ratios can be explained 
with the younger galenas taking up some of the older lead. 

The phenomenon of widest occurrence and greatest interest is the formation and trans
formation of carbonate minerals in the (Fe-Mn-Mg)C0 3 system which commonly in
volves CaC0 3 as a fourth component. The dolomite group of minerals is of minor occur
rence, and calcite forms mostly veins of its own. 

Local thermal metamorphism 

The zone of hornfels development around the granite intrusion ranges from 200 to 500 m 
as determined by.[( H M H T p o B a et al. (I 964). This is the highest temperature zone which 
includes the sections of PerCinki, Bacevica and Mali Dol (Fig. I). Lower temperature ef
fects have been observed only in siderite marbles as far as the Javorov Dol section. 

In the highest-temperature zone, 90 to 100% of the siderite bodies have been turned 
into fine-grained ("powder-like") magnetite ore (No 3 in Plate II). To the southeast, side
rite magnetitization becomes less and less pronounced (No 4 in Plate II) with the side
rite marble texture remaining generally undisturbed. 

The conversion of siderite into magnetite involves volume changes which produced 
microscopic to submicroscopic vacant spaces around the fine cubic to tabular magnetite 
crystals. Most commonly, they are filled with interstitial Mg-Fe-rhodochrosite and Mn
Mg-siderite which occasionally show compositional zoning in the (Fe-Mn-Mg)C0 3 sys
tem acquired during the partial siderite-to-magnetite conversion. In most general terms, 
the following zones are present: magnetite- siderite- Mg-Fe-rhodochrosite- Mn-Mg
siderite- Mn-Fe-rhodochrosite- siderite- magnetite (No 5 in Plate II). The successions 
in time are as follows: 

l. Magnetite formation and successive oversaturation of the interstitial fluids in car
bonate, manganese and magnesium ions: 5Fe0 . 6M 0.aMgo. 1C0 3 + H 20 --+Fe 304+1.5 Mn~+ + 
0.5Mg2 + + 5CO~- (the manganese content in magnetite does not exceed 1-2%). 

2. Transformation of the magnesian-manganoan siderite from the first age group into 
magnesian-ferroan rhodochrosite: Fe 0 .6Mn0 .3Mg0 .1C03 + Mn2 + --+Mn 0 .6Fe0 .3Mg0 .1 CO a· 

3. A relative increase of the magnesium activity after the partial depletion of manga
nese components: Fe0 .6Mn 0 .3Mg0 .1C0:1+ Mg2 +--+Fcn .5Mgn.4Mn 0 . 1C0:1• 

4. Siderite formation around the rims and along cracks in the magnetite grains due 
to the supply of carbonate ions in the fluids (see item 1): Fc 304+ CO~---+FeC0 :1 • 

A scheme of these phenomena is given in Fig. 12-a. 
The thermal field around the intrusion caused convective flow of the interstitial fluids 

toward the lower-temperature zones because of which siderite of the first age group has 
suffered their action outside the magnetitization area as well. 

Thermal metamorphism of siderite masses has been reported from the Siegerland de
posit (G i e s et al., 1985). Its magnetite is also fine-grained , deposited occasionally along 
the cleavage of siderite. There, however, the thermal action was caused by small magmatic 
bodies and was not powerful enough to form dense magnetite masses . It may well be that 
the future studies in that deposi t will discover interesting carbonate transformations caused 
by iron passing to magnetite. 
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Fig. 12. Scheme illustrating the formation and 
transformation of part of the carbonate mine
rals caused by thermal metamorphism (a) and 
by skarn and postskarn mineral formation (b) 
1- calcite marble; 2- quartz-diorite facies of 
the Sveti Nikola granite; 3- hornfels; 4 - mag
netite ore formed in a former siderite body; 
5- Mn-Mg-siderite, Ca-Fe-rhodochrosite, Mn
Fe-magnesite and magnetite in a former sideri
te of the first age group; 6- skarn and post
skarn mineralizations; 7- veinlets and nests 
of quartz, redeposited magnetite and carbona
tes; 8- veinlets and nests of ankerite, quartz, 
siderite, calcite and ore minerals; 9 - quartz 
veinlets with or without carbonate and sulphi
de minerals; 10 - redeposited Mg-Fe-rhodo
chrosite and Mn-Mg-siderite; f- fine-grained 
carbonate mineral; r- recrystallized carbonate 
mineral 
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Skarn-forming fluids have caused metasomatic transformations in the calcite marbles and 
in the magnetite ore containing some Mg-Mn-Fe-carbonates. Garnet-pyroxene skarns have 
formed in the calcite marbles, whereas the effect on iron ore has been very slight including 
the formation of impregnations and veinlets of garnets and pyroxenes. According to T a
p a coB & Tap a coB a (1988), the garnets are of grossular (up to 72.3 mol %)- andra
dite (up to 90.7%) composition, and the pyroxenes contain diopside (45.6-48.9%), heden
bergite (38.0-39.7%) and johannsenite (10.4-14.8%) constituents. Part of the iron had come 
from the iron ore. 

The skarns, magnetite ore and the siderite and calcite marbles further to the southeast 
(as far as the Javorov Dol section of the Ciprovci deposit) have been affected by a post
skarn metasomatic mineralization. The skams, and part of the greenschist metamorphic 
rocks too, are replaced by plagioclases, K-feldspar, hornblende, ferroan biotite (annite), 
greenalite, chamosite, epidote, ilvaite, quartz, sulphide and other minerals (D i m i t r o v, 
1964; T a p a coB & Tap a coB a, 1988; our data). Southeast of the skarn zone the 
replacement involves primarily quartz, ore minerals, carbonates and chamosite. In the 
higher-temperature zone, the main ore minerals include pyrrhotite, magnetite, pyrite and 
arsenopyrite, and there is a separate molybdenite mineralization with some scheelite. The 
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lower-temperature portion of the mineral assemblage has pyrite and arsenopyrite as major 
minerals. Subordinate and rare minerals are (in the order of diminishing quantities): chal
copyrite, sphalerite, galena, loellingite, rutile, pentlandite, cobaltite, bismuthinite, native 
bismuth, joseite, Te-ikunolite, rezbanyite (.[(par o B, 1971: and new data) . 

During these metasomatic processes again the skarn-forming and postskarn fluids 
have been gradually saturated and oversaturated in components extracted from the replaced 
material and including CO~-, Ca2 +, Fe2 +, Mn2 + and Mg2 + . Part of the metals was fi xed 
in silicate and oxide minerals, and the other part in new carbonate minerals. The widest 
range of carbonate compositions has been formed in the tFe-Mn-Mg-± Ca)CO 3 and 
Ca(Mg-Fe-Mn)(C0 ~) 2 systems, partly in calcite, too (Fig. 3). 

The most interesting phenomena have been observed in and aroundmetas omatic nests of 
silicate and other minerals formed in the former siderite marbles already transformed into 
aggregates of Mg-Fe-rhodochrosite, Mn-Mg-siderite and magnetite "powder". As compared 
with the already discussed examples, the carbonates which had been replaced here contained 
more manganese and magnesium; since at the same time the adjacent calcite marbles were 
also being replaced, the fluids became oversaturated in Ca2 +, too, and calcium may be ob
served as a fourth component. Another result is the formation of end carbonate composi
tions (Fig. 2) in which crystallochemical factors limit the number of part of the cation cons
tituents: Ca and Mg in Ca-Mg-Fe-rhodochrosite, Ca in siderite and Mn in Mo-Pe-mag
nesite. The incorporation of part of the iron in iron silicates and in a new magnetite ge
neration (now small- to medium-grained) had also increased the relative Mn and Mg con
centrations in the fluids. 

A typical example, representative of the mineral succession too, is shown under No I 
in Plate liJ and , reduced to a three-component system, in Fig. 13 (see also Fig. 12-b). The 
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Fig. 13. Scheme of a metasomatic nest of carbonates of the (Fe-Mn-Mg)CO~ system with other minerals 
in an aggregate of a former siderite marble (idealized drawing of No l in Plate Ill) with data on carbonate 
compositions 
1 - rhodochrosite showing the relict texture of s ith:ri te marble; 2 - rhodochrosite from the metasomatic front; 
3- inner zones of Mg-Fe-rhodochrosite and Mg-Mn-sidcrite crystals; 4 - outer zones of the same crystals; 
5 -late siderite; 6- Fe-biotite (annite?) ; 7- magnetite; 8- trends of compositional changes in time (I
earlier carbonates around the solubility gap at 600°C, :! -later carbonates) 
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fixing of part of the iron in magnetite and iron silicates is accompanied by the following 
sequence of processes: 

I. Formation of a band of microgranula r Ca-Mg-Fe-rhodochrositc at the meta somatic 
front ; occasionally rhodochrosite forms microscopic veinlets in front of the band, too. 
The low MgC0 3 solubility in rhodochro site leads to a relative enrichment of the fluids in 
Mg2+. 

2. Formation of Ca-Mn-Mg-siderite and Mn-Fe-magnesite (not shown in the figure) 
as fine to small zoned crystals behind the metasomatic front. Ankerite and calcite, how
ever, had formed later, in other places and under lower-temperature conditions. 

3. Part of C03
2 - reacts with the magnetite and iron silicates producing siderite of the 

lowest Mn and Mg contents. It occurs along cracks and around the rims of magnetite crys
tals and forms the outermost zones of the zoned crystals produced by metasomatosis of 
iron silicates. 

At low MnC0 3 contents in the siderite (Nos 16 and 18 in Table 2 and Fig. 3) balanced 
by increased MgC0 3 contents, the CaC0 3 concentrations (5.85 and 7.75 mol%, respec
tively) indicate temperatures of formation of 500°C (the Bogov Dol section) and 600°C 
(the Mali Dol section, Fig. 1). In the Zazkov Dol section lying between the above two sec
tions, K e p e c T e .n )!( 11 ~ H (1989) has determined 500-550°C using the arsenopyrite gee
thermometer. Thus, it follows that the replacement of part of the MnC0 3 by MgC0 3 does 
not invalidate the siderite-calcite geothermometer based on experiments in a two-compo
nent system (Go 1 d s m i t h, 1983). 

The example under consideration provides new evidence on the solubilities in the in
terval rhodochrosite- magnesite of the four-component system (Fe-Mg-Mn-Ca)C0 3 
which has not been experimentally studied so far. II a B n HIll II H & C JI II B K o (1967) 
have interpreted the absence of intermediate compositions of the type shown in Fig. 3 as 
crystallochemically limited solubility whereas E s s e n e (I 983) has argued that it may 
be caused by genetic factors so far as manganese is generally deficient in magnesite depo
sits, and magnesium in manganese deposits enters preferably other minerals. Our example 
shows that at 500-600°C there is a solubility gap between Ca-Mg-Fe-rhodochrosite with 
30 mol% MgC0 3 and Mn-Fe-magnesite with 20% MnC0 3• The extent ofCaC0 3 and FeC0 3 
substitution plays also a role in the formation of that gap but it cannot be quantitatively 
evaluated. 

The solubility gap is observed even in volumes smaller than I mm3 (Fig. 13). Zonal 
compositions in zoned crystals also obey the solubility restrictions. Therefore, it cannot 
be assumed that intermediate compositions formed at at least 500-600°C to decompose 
later at lower temperatures. 

Other phenomena associated with the supply of fresh solutions have been also observed 
at lower temperatures. The most common effect involves recrystallization of Mg-Mn-side
rite and magnetite alongside veinlets of quartz, sulphide and other minerals (e. g. No 2 
in Plate lll). More detailed descriptions of such phenomena have been given by D r a
go v & 0 b rete nov (1970) and ,1J, par o B (1973b) . The recrystallized minerals may 
be found as crystals of millimeter size, their compositions are averaged throughout and 
zoning is vague. 

Quartz veins with sulphides and arsenides may additionally contain a late Mg-Mn
siderite. It is idiomorphic with respect to quartz and the other minerals. Its crystals are 
also zoned, the inner zones containing as a rule the lowest amounts of MgC0 3 (No 2 in 
Plate III). This is the general trend in the cases when Mg-Mn-siderite bas not been formed 
by metasomatosis of earlier carbonates. It may be assumed that at high and approxima
tely equal contents of Mg2 +, Mn2 + and Fe2 + in hydrothermal high- and medium-tempe
rature fluids, the highest activity at the beginning of the process is that of Mg2 + . 

Another group of interesting interactions has been observed between siderite, that of 
the first age group inclusive, and fluids containing silica components. FeC0 3 , MnC0 3 and 
minor amounts of MgC0 3 have been extracted from the peripheral zones of the deformed 
siderite ooids shown under Nos 3 and 4 in Plate III and in Fig. 14. They have reacted to 
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produce a mixture of Mn-Mg-bearing greenalite (No 7 in Table 4) and Mn-bearing side
rite, Fig. 14. In contrast to the zonings formed during crystal growth, this kind of zoning 
is smooth, reflecting a secondary gradual depletion of FeCO 3 and MnCO 3 and a corres
ponding gradual enrichment in MgC0 3 towards the periphery. 

Carbonates of this system are of minor occurrence in the third age group. They arc compa
ratively late products and the major quantities of Mg, Fe and Mn had already been fixed 
in minerals of the (Fe-Mn- Mg)C0 3 system. They form metacrystals in quartz, sulphide 
and ar::.enide aggregates, or fill late veins with or without calcite. Their compositions, in
cluding ankerite, Mn-ankerite, Fe- or Mn-Fe-dolomite and Mg-Fe-kutnahorite (Fig. 4), 
reflect approximately equal Fe2 + and Mn2 + activities and highly variable Mg2 + activities 
in the solutions. The crystals are zoned but show no regular sequence of zonal composi
tions in contrast to the dolomites and ankerites from the second age group. 

Calcite 

Calcite is widespread as veins and veinlets in the ore masses and host rocks. It is a late 
mineral in the postskarn succession and is the lowest-temperature product there. lts aggre
gates are small- to coarse-grained, the crystals are slightly zoned with respect to manga
nese mostly. Although the low Mg and Fe contents (Tables l and Fig. 2) may find an 
alternative interpretation in the temperature control , the low manganese contents (MnC0 3 

rarely reaches 17.5 mol%) as well as our failure to find late rhodochrosite indicate that 
dUiing the calcite formation the major quantities of the above cations had already been fi
xed in other carbonate and silicate minerals. 
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Carbonates of the fourth age group (quartz-barite mineralization) 

Low-temperature quartz-barite veins occur over extensive areas in the Western Balkan Mt. 
and in SW Bulgaria (the Krai stid zone). In the most general case, they contain subordinate 
calcite and locally hematite, pyrite, fluorite, cinnabar, etc. Part of the quartz-barite veins 
occur in areas of older mineralizations (Ciprovci ore zone, Berkovica gold-bearing district, 
Tran gold-bearing district, lskar ore zone, etc.). It is only in those areas that additional 
minerals occur in the veins, and they are typical of the older mineralizations. This justifies 
an assumption that the ore minerals (mostly sulphides) in the quartz-barite veins are of 
secondary hydrothermal origin. The idea was developed by )J, par o B (1971) into a con
cept referring the quartz-barite veins to an integral hydrothermal low-temperature forma
tion of presumable Cretaceous age. Isotope data of Am o v et al. (1981) has shown that 
the lead in those veins was extracted from the older deposits in the respective areas. 

In the Ciprovci ore zone, the quartz-barite mineralizations occurs along its entire length 
but is most common in the middle and SE sections. lt forms cross and bedded veins in 
the marbles as well as metasomatic nests and lenses. Its mineral aggregates are largely coar
se-grained and are least deformed compared to the aggregates of the earlier mineralizations . 
In the carbonate environment, they branch off into numerous fine veinlets which often are 
of microscopic thickness. Compositionally, the veins and the other bodies may be charac
terized as follows: away from the older ore bodies, the cross veins contain calcite (coarse
grained, the latest product) of the carbonate minerals and almost no sulphide minerals; 
in and beside the older ore bodies the carbonate minerals are represented mainly by an
kerite and ferroan dolomite (again largely coarse-grained), and sulphide minerals (about 
the same found in the older mineralizations) occur in varying quantities locally reaching 
economic grades ; the thin veinlets consist of the same minerals as founds in theit environ
ment; the minerals at the walls of the thin veinlets are recrystallized or redeposited in situ; 
calcite among the other minerals is in closer association with fluorite ; cinnabar preferably 
associates with quartz, barite, marcasite, other sulphides and gypsum whereas carbonate 
minerals are absent from the assemblages. 

Barite is commonly absent from the thin veinlets and the small metasomatic nests which 
are quartz-carbonate-sulphide formations with common fluorite . The recrystallized carbo
nates around them show almost the same compositions as the original ones. The carbo
nates redeposited in situ are of idiomorphic shapes and zoned structure (No 5 in Plate Ill) . 

Ankerite and ferroan dolomite in the veins and metasomatic bodies are late formations 
xenomorphic with respect to quartz and barite. They show comparatively poor zoning. 
Their compositions are characterized by the absence of the highest Fe and Mn contents 
(Fig. 5). 

Siderite has been formed in the thin veinlets only (if the recrystallizations of older si
derite are disregarded). lt is characterized by relatively low Fe, Mn and Ca contents (Fig. 4 
and Table 2). 

Calcite also shows low Mn, Fe and Mg contents (Table 1). A notable feature is that 
the fluorite formation is associated with a well defined recrystallization of the calcite mar
bles. It is most pronounced in the Lukina Padina deposit where part of the marbles has 
been converted to coarse-grained calcite masses with crystals up to 7 or 8 em in diameter. 

There is every reason to assume that the carbonate matter has come from the older 
formations, the compositions of carbonate minerals have mixed a little to become closer 
to the average, and their mutual solubilities have been restricted due to the low tempera
ture of formation . 

Summary 

I. The siderite bodies are largely syngenetic, concordant or secondary discordant bodies 
prevailing in the marble bed. They bad suffered a regional dynamothermal metamorphism 
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into greenschist facies, and those in contact with the intrusive body were later affected 
by a local thermal metamorphism which turned them partly or completely into magnetite ore. 

2. As the result of regional metamorphism, the siderite bodies have acquired the fo
liation and the planar-granoblastic polygonal texture so typical of marbles. Like the cal
cite marbles, they are fine- to small-grained and form a compositional mosaic because each 
grain has acquired the composition of its seed crystal during the metamorphic recrystalli
zation. Siderite is of the magnesian-manganoan variety with 27 ± 5 mol% of MnC0 3 , 6± 3% 
of MgC0 3 and 1-2% of CaCOa. _ 

3. The carbonate minerals formed by metasomatism (groups R3c and R3) are charac
terized by idiomorphic crystals and compositional zoning. 

4. The silver-lead ore is a postmetamorphic mineralization of the strata-bound but 
not time-bound type. It was accompanied by a supply of magnesium reflected in an early 
dolomite. The metasomatized material in the siderite bodies released iron and manganese 
components into the fluids and the dolomite crystals were overgrown by Fe- and Mn
dolomite, ankerite and Mn-ankerite zones. Siderite was redeposited and commonly shows 
lower Mn and Mg contents than the original siderite. 

5. Magnetite formation at the expense of Mg-Mn-siderite in the thermomctamorphic 
field of the intrusion as well as skarn formation in the calcite marbles introduced Mn2 + , 

Mg2 + , Ca2 + and Co~- into the solutions. The process produced the highest-temperature 
carbonates including Ca-Mg-Fe-rhodochrosite, Mn-Fe-magnesite, Mn-Mg- and Mg-Mn
siderite, Mg-Mn-ankerite and Mg-Fe-kutnahorite. The interval rhodochrosite-magnesite 
shows a solubility gap determined by crystallochemical differences. 

Tran slated by I. Vesselinov 
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PLATE I 

I . Back-scattered electron (BSE) microphotograph of zoned dolomite-ankerite crystals (dark- to light
grey) formed at the contact between calcite (grey, top) and siderite (white, bottom) marble. Black - quartz 
and " sericite". Ciprovci, Sinja Voda. Scale bar = 100 1-1m 

2. BSE image of calcite marble showing compositional mosaic. In the veinlet- calcite of higher Mn 
and Fe contents . Ciprovci, Sinja Voda. Scale bar= 100 1-1m 

3. BSE image of siderite marble showing compositional mosaic (lower left) and partial rectystallization 
(upper right). Dark-grey- apatite, black- quartz. Ciprovci, Sinja Voda. Scale bar = 100 J.lm 

4. BSE image of zoned dolomite-ankerite metacrystals tdark- to light-grey) in calcite marble (grey). Cip
rovci , Sinja Voda. Scale bar= lO 1-1m 

5. Detail ot No 4. The zoned dolomite-ankerite metacrystal has a core of dolomite (Mg 0 _ 9Feo.~o black) 
surrounded and partly corroded by ankerite (up to Fe0.7Mn 0 .?. Mg0_ l> light grey) ; the outer zones consist 
of manganoan ankerite (up to Fe 0. , Mn0. 4 Mgu_1, grey). Scale bar = 10 1-1m 

6. BSE image of ankerite metacrystals (grey, zoned) in calcite marble (grey) and partly in galena (white) 
containing galena and chamosite (white laths) inclusions. Ciprovci, Javorov Dol. Scale bar = 100 1-1m 

PLATE II 

I . BSE image of zoned dolomite-ankerite metacrystals (black- to light-grey) overgrown by siderite (white) 
and emb~dded in calcite marble (grey). The white spots are hematite flakes . Black-quartz. Lukina Padina. 
Scale bar= 100 1-1m 

2. Detail of No I. In the areas of hematitization, ankerite is dolomitized (hematite flakes are tormed 
in the siderite, too, but they cannot be distinguished on the photograph). Scale bar= 10 1-1m 

3. Microphotograph ot thermometamorphic magnetite (grey) in siderite (dark grey). The veinlet consists 
of siderite and sulphides (white; unresolvable pyrite, arsenopyrite and chalcopyrite). Martinovo, Mali Dol. 
Reflected light, parallel polarizers; magnification I 00 x 

4. BSE image of partly recrystallized and redeposited siderite (grey) along a veinlet of calcite (dark-grey) 
and quartz (black) formed in siderite marble containing thermometamorphic magnetite inclusions (white). Mag
netite has also undergone some cumulative recrystallization. Ciprovci, Javorov Dol. Scale bar = 10 1-1m 

5. BSE image of crystals of the (Fe--Mn-Mg)C03 system arranged in zones around magnetite (white) 
crystals.Metasomatic siderite (light-grey) is formed in and beside the magnetite crystals. Outwards follow 
zones of Mg-Fe-rhodochrosite (grey) and Mn-Mg-siderite (dark-grey). Martinovo, Bogov Dol. Scale bar= 10 J.im 

PLATE lTI 

I . BSE image of a metasomatic nest of carbonates of the (Fe-Mn-Mg)COa system (idiomorphic, dark
grey with light-grey rims), ferroan biotite (annite?) and magnetite (white) in siderite marble turned into rho
dochrosite. For details see Fig. 13. Martinovo, Bogov Dol. Scale bar = IO 1-1m 

2. BSE image of an aggregate of zoned siderite metacrystals (grey- to light-grey) in a quartz vein (black). 
The cores are richest in Mg. Martinovo, Mali Dol. Scale bar = 10 J.lm 

3. Microphotograph of redeposited magnetite (black) and siderite (grainy, light-grey to white) in a mass 
of spherosiderite (dark-grey). The ooid cores consist of quartz (white). Martinovo, Bogov Dol. Transmitted 
light, single polarizer; magnification 30 x 

4. Zoned siderite ooids (light- to dark-grey) in a mass of quartz (black); the ooids are overgrown by 
siderite of the lowest Mn and Mg contents (white) and greenalite (indistinguishable from the siderite). For 
compositional details see Fig. 14. Martinovo, Bogov Dol. Scale bar = IOO 1-1m 

5. BSE image of zoned ankerite (dark-grey to grey) formed by cumulative recrystallization associated 
with the quartz-barite mineralization in ankerite (grey) associated with the silver-lead mineralization. Prior 
to the formation of the late ankerite, the older one had been partly changed into hematite (the light-grey spots 
and streaks) and dolomite (dark-grey). White--galena. Lukina Padina. Scale bar= 100 1-1m 
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