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Early Paleozoic Manganese Ores in the Gemericum Superunit
Western Carpathians, Slovakia
Igor ROJKOVIÈ
Faculty of Natural Sciences, Comenius University, Bratislava, Slovakia

ABSTRACT: Stratiform manganese ores are bound to the metamorphosed Early Paleozoic black shale of the Gemericum Supe-
runit. Sedimentary – diagenetic manganese accumulation is overlapped by the association of the metamorphic minerals due to
the Hercynian metamorphism. Rhodonite, rhodochrosite, anthophyllite, chlorite, quartz, Mn-rich calcite, magnetite, pyroxmang-
ite, pyrophanite, spessartite and tephroite represent metamorphosed manganese carbonate-silicate rock (queluzite). Pyrite, chal-
copyrite, cobaltite, pyrrhotite, galena, pentlandite, sphalerite, ullmannite, calcite and quartz represent the younger hydrothermal
phase of mineralization. Pyrolusite, todorokite, cryptomelane and iron hydroxides were formed in the oxidation zone.

KEY WORDS: manganese ore, mineral associations, metamorphism, Slovakia.
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Introduction
Occurrences of the manganese ore are bound to the Early Pale-
ozoic black phyllites and lydites of the Gemericum Superunit,
2 km NNE from Èuèma village on the western slope of Stredná
Hora hill and 4 km to NW from Smolník in Bystrý Potok valley
on NW slope of  Malá Hekerová hill (Fig. 1). Lenses of manga-

nese ore from 50 to 100 m long and up to 4 m thick are con-
formable to wall rocks (Fig. 2). Several thousands tons of oxi-
dized ore were mined at the deposit (Papp 1915 in Grecula et
al. 1995). Rhodonite accompanied by rhodochrosite, quartz,
magnetite, garnet, tremolite, pyrite and accessory chalcopyrite,
arsenopyrite, alabandite, galena and barite were known during
the time of exploitation (between 19th and 20th century). Man-
ganese ore was replaced by the mixture of pyrolusite, “psilomela-
ne”, manganite and “wad” with “limonite” in oxidation zone
(Maderspach 1880; Papp 1915). Mn-rich calcite, calcite, Mn-
-rich tremolite, spessartite, accessory pyrrhotite, marcasite,
sphalerite, hematite, muscovite, chlorite-group mineral, bemen-
tite (?) and apatite group mineral were identified later by Kan-
tor (1954). Mn-rich fayalite (“knebelite”), manganpyrosmalite,
pyrophanite, biotite-like mica, “phengite”, and “caryopilite” and
Mn-rich actinolite instead of bementite and Mn-rich tremolite
(Kantor 1954), were identified by Faryad (1994).

Kantor (1954) presumed syngenetic origin of manganese
mineralization related to basic volcanism of the Gelnica Group
accompanied by metasomatic replacement of limestone. Origin
of ore was related to volcano-sedimentary activity as well as to
reduction environment of black shale, accompanied by forma-
tion of limestone, Mn and Fe-bearing carbonates, sulphides and
silica gel according to Grecula et al. (1995).

Methods
A wave-dispersion X-ray microanalysis (WDX) by JEOL-733
SUPERPROBE and an energy-dispersion X-ray microanalysis
(EDX) by KEVEX were used for analysis of chemical com-
position of minerals. The accelerating voltage for WDX analy-
sis was 15 kV, the beam current 11–12 nA or 15–18 nA and
the counting time 20 sec. Natural and synthetic standards were
used for calibration, and a ZAF correction procedure was em-
ployed. Al2O3, BaSO4, wollastonite, CeO2, NaCl, chromite, he-
matite, orthoclase, LaB6, MgO, rhodonite, albite, Nd2O3, PrPO4,
SiO2, SrTiO3 and TiO2 were used as standards for analysing of
oxide and silicate minerals. Arsenopyrite, native Co, chalcopy-
rite, native Ni, Sb and Zn were used for sulphides. Chemical
composition was calculated according to the Minfile programme.

X-ray diffraction analysis (XRD) was made on a Philips
PW 1710 diffractometer. Samples with high content of Fe were
analysed by Co Kα radiation (λα 1 = 1.78896 m-10, λα 2 =
= 1.79285 m-10) and Cu Ka radiation (λα 1 = 1.54060 m-10, λα 2 =
= 1.54439 m-10) was used in case of other samples. Accelerating
voltage of 35 kV and beam current of 20 mA were used in the
range 4-60 ° 2Θ with shift 0.02 ° 2Θ.

Results
Dominant minerals of manganese ore are rhodonite, Ca-rich
rhodochrosite and Mn-rich calcite. Frequent are tephroite, an-
tophyllite, pyroxmangite, quartz, todorokite and Fe-hydroxides
(the last two mostly on the surface of samples). Less abundant
are chlorite group mineral, magnetite, pyrolusite, pyrite, pyr-
rhotite, pyrophanite (Fe-rich) and goethite. Rare are Mangan-
pyrosmalite, bementite, muscovite, chalcopyrite, galena, spha-
lerite, pentlandite, albite, rutile, cryptomelane and fluorapatite.
Accessory minerals are ullmannite, cobaltite and allanite-(Ce).

Rhodonite (Mn2+,Fe2+,Mg,Ca)SiO3 is dominant mineral of
the fresh samples. Elongated grains from 0.5 to 1 mm long (rarely
up to 2 cm long crystals) can be observed, locally with distinct
cleavage parallel to elongation of grains (Fig. 3). Quartz, car-

Fig. 1. Localization of the Èuèma and Malá Hekerová deposits
in the  Gemericum Superunit.

Fig. 3. Small tephroite grains (te) and spessartite (sp) crys-
tals in rhodonite with distinct cleavage (white). Èu 2,
transmitted light, parallel polar.Fig. 2. Geological cross-section of the Èuèma deposit.
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(Faryad 1994). Studied hornblende shows Fe-Mn-Mg
composition and X-ray diffraction peaks correspond to
antophyllite (Tab. 2, Fig. 7). Manganpyrosmalite
(Mn2+,Fe2+)8Si6O15(OH,Cl)10 forms rare disseminated grains (up
to 0,02 mm in size). It was found in association with rhodonite,
tephroite, pyrophanite and magnetite. Bementite
Mn8Si6O15(OH)10  forms veinlets (up to 0.5 mm thick) and rims

Fig. 4. Spessartite crystals (sp) replaced and cut by chamosite
(ch). Èu 21, transmitted light, parallel polar.

rhodonite pyrox- tephroite bementite mangan-
-mangite pyrosmalite

Weight %
SiO2 46.250 46.180 30.770 33.830 33.880
Al2O3 0.420 0.290 1.430
FeO 3.910 8.270 10.580 27.560 3.010
MnO 44.770 41.240 59.400 25.390 49.130
MgO 0.680 1.120 0.800
CaO 3.600 3.400
Cl 2.800
Total 99.630 100.480 100.750 89.010 88.820

Atomic proportion
Si 0.996 0.990 1.020 5.837 6.056
Al 0.010 0.007 0.288
Fe+2 0.071 0.148 0.293 3.974 0.450
Mn+2 0.817 0.748 1.667 3.712 7.439
Mg 0.022 0.036 0.206
Ca 0.083 0.078
Total 1.999 2.007 2.980 14.018 13.944
Cl 0.847
O 3.000 3.000 4.000 20.000 20.000

Tab. 1. Chemical composition of Mn-silicate minerals from
Èuèma and Malá Hekerová deposits.

bonates and chlorite veinlets fill grains along the cleavage and
crossing fissures. Pyroxmangite (Mn2+,Fe2+)SiO3 shows twin-
ning lamellae. Elongated columnar crystals with less distinct
cleavage are disseminated and form aggregates up to 2.5 mm
across. It is overgrown and cut by carbonate veinlets. It is more
frequent in carbonate rich parts. Spessartite Mn2+

3Al2(SiO4)3

euhedral grains (0.1 to 0.5 mm in size) form clusters and aggre-
gates in rhodonite and Ca-rich rhodochrosite (up to 5 mm
across). Small relics of Ca-rich rhodochrosite can be observed
in their cores. They are replaced and cut by veinlets of younger
carbonate and chlorite (Fig. 4). Tephroite Mn2

2+(SiO4) grains
(mostly 0.1 to 0.2 mm in size) and hypidiomorphic aggregates
are closely associated with rhodonite. Faryad (1994) found “kneb-
elite” (Mn-rich fayalite). Chemical composition with dominant
Mn confirms tephroite member of fayalite-tephroite series (Red-
fern et al. 1998, Tab. 1, Fig. 5). Anthophyllite  Mg7Si8O22(OH)2

forms prismatic crystals with rhombic sections (up to 4 mm
long) in rhodonite and carbonate (Fig. 6). Previous studies have
found Mn-rich tremolite (Kantor 1954), “tirodite” and actinolite

spessartite antophyllite chamosite muscovite
Weight %

SiO2 36.12 SiO2 50.49 SiO2 31.63 SiO2 46.03
TiO2 0.18 TiO2 0.37
Al2O3 16.32 Al2O3 0.29 Al2O3 15.90 Al2O3 32.43
Cr2O3 0.14
Fe2O3 5.93 FeO 23.55 FeO 26.57 FeO 2.00
MnO 36.78 MnO 14.93 MnO 2.57 K2O 10.23
MgO 0.11 MgO 7.56 MgO 8.70 MgO 1.87
CaO 4.89 CaO 0.56 CaO 0.33 Na2O 0.47

H2O* 1.09 H2O* 11.43 H2O* 4.50
Total 100.45 Total 99.27 Total 97.12 Total 97.89

Atomic proportion
Si IV 5. 988 Si IV 7. 968 Si IV 3. 417 Si IV 6. 273
Al IV 0. 012 Al IV 0. 021 Al IV 0. 583 Al IV 1. 727
T site 6. 000 T site 7. 989 T site 4. 000 T site 8. 000
Al VI 3. 177 Al VI 0. 033 Al VI 1. 453 Al VI 3. 483
Ti VI 0. 022
Cr 0. 018 Fe+2 3. 108 Fe+2 2. 413 Fe+2 0. 230
Fe+3 0. 739 Mn 0. 081 Mn 0. 237 Ti VI 0. 040

Mg 1. 776 Mg 1. 417 Mg 0. 380
Ca 0. 040

O site 3. 956 M123 5. 000 O site 5. 560 O site 4. 133
Mn+2 5. 165 Mn 1. 914 Na 0. 127
Mg 0. 028 Ca 0. 065 K 1. 780
Ca 0. 868 M4 site 1. 980

Ca 0. 031
A site 6. 061 A site 0. 031 A site 1. 907
O 24. 000 O 22. 000 O 9. 727 O 19. 910

OH 2. 000 OH 8. 273 OH 4. 090
*- calculated according to the Minfile programme

Tab. 2. Chemical composition of silicate minerals from Èuè-
ma and Malá Hekerová deposits.

Fig. 5. Mn-Fe-Si composition of minerals from Èuèma and
Malá Hekerová deposits.
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on spessartite. Chemical composition with low Al content ex-
cludes a chlorite-group mineral and may correspond to
“caryopilite” identified by Faryad (1994). Chamosite
(Fe,Al,Mg)4-6(Si,Al)4O10(OH)8, forms veinlets (up to 0.5 mm
thick) with sulphides, cutting rhodonite, spessartite as well as
carbonate veinlets. Chemical composition corresponds to cha-
mosite. Muscovite KAl2 ?AlSi3O10 (OH)2 – crystals (0.5 to 1 mm
in size) are disseminated in rhodochrosite or form veinlets in
rhodochrosite. Albite Na[AlSi3O8] – grains with twinning la-
mellae (up to 0.5 mm in size) overgrow rhodonite. Allanite–
(Ce)  (Ce,Ca,Y)2(Al,Fe2+,Fe3+)3(SiO4)3(OH) – small crystals
(up to 0.01 mm across) were found associated with Mn-silicates.
Quartz SiO2 – anhedral grains (mostly 0.1 to 2 mm in size) form
aggregates of mosaic texture and thin strips (up to 5 mm thick).
Part of grains is recrystallized and oriented. Younger veinlets
of quartz (0.02 to 1 mm thick) with anhedral grains cut aggre-

gates of older recrystallized quartz with elongated oriented
grains. It cuts rhodonite, Ca-rich rhodochrosite and spessartite.
Thin quartz veinlets cut also older veinlets of quartz.

Rhodochrosite  Mn2+CO3, is dominant in some samples.
Aggregates of xenomorphic grains (0.1 to 0.2 mm, rarely up to
4 mm across) are overgrown and cut by coarser grained and
more transparent Mn-rich calcite. It is often accompanied by
quartz intergrowns. Chemical composition of rhodochrosite
shows increased Ca content (up to 10 wt.% of CaO, Tab. 3).
Mn-rich calcite CaCO3  forms  veinlets (0.1 to 0.2 mm thick)
which cut older carbonates, rhodonite, spessartite and tephroite
(Fig. 8). It is accompanied with quartz and pyrite. Several ge-
nerations of carbonate veinlets can be observed, cutting each
other and cut by younger quartz veinlets. MnO content in Mn-
-rich calcite ranges from 8 to 17 wt. %.

Magnetite Fe+2Fe+3
2O4 forms isometric grains (0.02 to

0.1 mm across), which are disseminated in Mn-silicates and car-
bonates, and they often fill their intergranular space. Pyrophan-
ite and pyrite enclose them. Magnetite aggregates (several cm
in size), are cut by carbonate veinlets. Chemical composition
of magnetite shows increased content of MnO ranging from 4.4
to 5.3 wt.%. Pyrophanite Mn2+TiO3 forms tabular crystals (up

rhodochrosite calcite
Weight %

FeO 1. 10 2. 20
MnO 51. 25 11. 60
MgO 0. 55 0. 66
CaO 5. 40 41. 35
CO2* 37. 40 41. 68
Total 95. 70 97. 49

Atomic proportion
Fe 0. 018 0. 033
Mn 0. 849 0. 174
Mg 0. 016 0. 017
Ca 0. 117 0. 776
CO3 1. 000 1. 000
*- calculated according to the Minfile programme

Tab. 3. Chemical composition of carbonates from Èuèma and
Malá Hekerová deposits.

Fig. 6. Antophyllite crystals (white) in rhodonite (grey). Èu 12,
transmitted light, parallel polar.

Fig. 7. X-ray diffraction analyses of minerals from Èuèma and
Malá Hekerová deposits.

Fig. 8. Mn-rich calcite veinlets (ca) cut rhodonite (rh) and
rhodochrosite (rc). Èu 5, transmitted light, parallel
polar.
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to 0.5 mm in size), brownish-grey in reflected light with dis-
tinct bireflection, anisotropy and red internal reflection (Fig. 9).
It encloses older magnetite grains and it is enclosed by younger
pyrite. Fe-rich pyrophanite (Fe2+,Mn2+)TiO3 occurs as tabular
crystals (up to 0.1 mm in size), associated with iron hydroxides.
Fe-pyrophanite  shows increased FeO content (close to 17 wt.%)
in comparison to pyrophanite (Tab. 4). Stable atomic Mn/Fe
ratio in analysed grains does not suggest a mixture of iron hydro-
xides and pyrophanite. Rutile TiO2 forms prismatic crystals (up
to 0.1 mm long) are oriented in parallel strips.

Todorokite ?(Mn+2,Ca,Mg)Mn+4
3O7. H2O,  forms crusts and

fissure fillings in manganese rocks, consisting of irregular and
elongated grains (0.01 to 0.1 mm in size). Total of oxides (up to
90%) confirms manganese hydroxide. Absence of Ba excludes
romanechite (Tab. 5). Presence of Ca and less distinct peaks of
XDA indicate the presence of todorokite. Cryptomelane ?
K<2(Mn+4,Mn+2)8O16, forms irregular and rounded grains in todo-
rokite (0.02 to 0.05 mm across) and colloform aggregates. It
shows higher relief, increased content of K and higher total of
oxides comparing to todorokite. Pyrolusite Mn4+O2, elongated

grains (0.02 to 0.04 mm long) form aggregates (up to 0.7 mm
in size) and veinlets (0.02 to 0.1 mm thick). It replaces and cuts
todorokite aggregates with synaeresis cracks. XDA of weather-
ed manganese rocks confirmed less distinct peaks of pyrolu-
site. Goethite α-Fe+3O(OH) form crusts of colloform zonal ag-
gregates as well as fissure and intrergranular fillings. Chemical
composition shows up to 1.5 wt.% of MnO2.

Pyrite FeS2 forms cubic crystals (0.01 to 0.3 mm across) are
disseminated in rock. Subhedral and anhedral grains fill inter-
granular space of rock-forming minerals. Pyrite encloses, cuts and
rims Mn–silicates, magnetite and pyrophanite. It is replaced,
enclosed and cut by veinlets of pyrrhotite, sphalerite and chalcop-
yrite. Pentlandite (Fe,Ni)9S8 – forms admixtures in pyrrhotite (up
to 0.06 mm long). Pyrrhotite Fe1-xS – forms veinlets and
aggregates (up to 1 mm in size). It encloses, overgrows and cuts
pentlandite, sphalerite, antophyllite and carbonate veinlets (Fig.

10). It intergrows with chalcopyrite, bementite and it forms
inclusions in pyrite. Ullmannite NiSbS, euhedral grains (0,01 to
0,4 mm across) are enclosed in pyrrhotite. Galena PbS, occurs as
grains (up to 0.4 mm across) in quartz veinlets. They are
accompanied by chalcopyrite, sphalerite and pyrite. Cobaltite
CoAsS forms euhedral grains (0.05 mm in size) which are over-

pyrolusite Todorokite Cryptomelane
Weight %

SiO2 0. 450 0. 860 0. 300
MnO2 97. 650 84. 590 96. 300
Fe2O3 1. 050 3. 200
CaO 0. 490 1. 150 0. 170
K2O 0. 870
Total 99. 640 89. 800 97. 640

Atomic proportion
Si 0. 011 0. 014 0. 005
Mn 0. 978 0. 944 0. 990
Fe 0. 011 0. 039
Ca 0. 011 0. 020 0. 002
K 0. 016
Total 1. 011 1. 017 1. 013
O 2. 000 2. 000 2. 000

Tab. 5. Chemical composition of secondary Mn-oxides from
Èuèma and Malá Hekerová deposits.

pyrophanite Fe- rich magnetite
pyrophanite
Weight %

SiO2 0. 160 0. 430 0. 050
TiO2 52. 290 52. 140 0. 200
Fe2O3* 69. 640
FeO 3. 530 16. 800 26. 910
MnO 43. 740 30. 120 4. 870
Total 99. 720 99. 490 101. 670
Atomic proportion
Si 0. 003 0. 011 0. 002
Ti 0. 992 0. 990 0. 006
Fe+3 1. 985
Fe+2 0. 074 0. 354 0. 849
Mn 0. 934 0. 644 0. 156
Mn,Fe+2 1. 008 0. 998 1. 005
Total 2. 003 1. 999 2. 998
O 3. 000 3. 000 4. 000
*- calculated according to the Minfile programme

Tab. 4. Chemical composition of oxides from Èuèma and Malá
Hekerová deposits.

Fig. 9. Pyrophanite crystals (pp) and magnetite grains (ma)
in the manganese-rich rock. Èu 1, reflected light, par-
allel polar.

Fig. 10. Cobaltite (co) and pentlandite (pn) in pyrrhotite (po).
Èu 1, reflected light, parallel polar.
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grown and enclosed in pyrrhotite and chalcopyrite. Results of
chemical composition show increased contents of Fe (up to
13.3 wt.%) and Ni (up to 7.6 wt.%, Tab. 6). Chalcopyrite CuFeS2,
forms aggregates of anhedral grains (up to 0.5 mm across) and
thin veinlets. It intergrows with pyrrhotite, encloses and overgrows
cobaltite and sphalerite. Sphalerite (Zn,Fe)S occurs as dissemi-
nated grains (0.01 to 0.3 mm in size) and thin veinlets in associa-
tion with quartz, pyrrhotite, galena, pyrite and chalcopyrite. It has
increased Fe content (over 6 wt. % of Fe).

Based on detailed mineralogical study, the following three
association of minerals were distinguished:
1) metamorphic,
2) hydrothermal,
3) supergene.
The first association of minerals was formed during metamor-
phism of the original sedimentary – diagenetic manganese ore,
consisting most probably of  Mn-rich carbonates, clay minerals
and quartz. Disseminated sulphides are characteristic for
the younger hydrothermal association. Weathering processes
have resulted in the formation of manganese and iron oxides
and hydroxides. The associations are following:
(1) metamorphic association: rhodonite, rhodochrosite, teph-

roite, spessartite, anthophyllite, pyroxmangite, magnetite,
pyrophanite, muscovite, manganpyrosmalite, albite, rutile,
allanite-(Ce),

(2) hydrothermal association: Mn-rich calcite, pyrite, pentlan-
dite, sphalerite, chalcopyrite, pyrrhotite, cobaltite, ullman-
nite, galena, chamosite, bementite, quartz,

(3) supergene association: todorokite, pyrolusite, cryptomela-
ne, goethite and “limonite”.

Discussion
The Early Palaeozoic black phyllites and lydites of the Gemeri-
cum Superunit are rich in organic matter and represent meta-
morphosed black shales. The metamorphosed black sediments
with the highest content of Corg (up to 20 wt. %) are accompa-
nied by increased content of Au, Cu, Mo, S, Sb, U and V indi-
cating euxinic environment of sedimentation (Rojkoviè and
Khun 1997). However, manganese is concentrated in the black
phyllites with lower content of Corg and increased contents of

K, Al, Th, La, Ti, Ba, Cr and B present in clastic or clay miner-
als (Rojkoviè et al. 1995). Manganese was transported by ocean
currents from the deep anoxic part of the stratified ocean into
the margins of black shale facies where it mixed with shallower
oxygen-bearing water with low manganese solubility and Mn
oxides/hydroxides precipitated (Force and Cannon 1988).
The manganese deposits may have formed by diagenetic proc-
esses analogous to deposits in the Black Sea (Roy 1992) and
the Baltic Sea (Huckriede and Meischner 1996). Mn carbon-
ates were formed from pore water system due to reduction of
precipitated MnO2 coupled with organic matter oxidation and
microbial suboxic diagenesis (Okita 1992; Öztürk and Frakes
1995; Öztürk and Hein 1997; Gutzmer and Beukes 1998; Tang
and Liu 1999). Other authors relate the origin of these deposits
to volcanic activity (Fan et al.1992 in Öztürk and Hein 1997;
Polgári 1993 in Öztürk and Hein 1997, Tang and Liu 1999).
Manganese accumulations can be superimposed on the global
geochemical record of sea-level changes reflecting the changes
in global climates, the main transgressive phases and periods of
increasing subsidence rate (Corbin et al. 2000). The manganese
deposits modified by diagenesis occur in continental-margin
areas of the oceans in shallow parts of the seas or the lakes.
They generally show much higher Mn/Fe, Mn/Co, Mn/Ni,
Mn/Cu and Mn/Pb ratios compared to the deposits in open
oceans (Roy 1980).

Primary calcite may have been replaced by rhodochrosite
during diagenesis of the Early Paleozoic manganese deposits in
the Gemericum Superunit in the same way as in the Eocene
deposits of Black Sea (Öztürk and Frakes 1995). High Mn/Fe
ratio indicates diagenetic modification involving active role of
organic matter in reduction environment. Metamorphosed man-
ganese carbonate-silicate rock (queluzite), is characterized by
the presence of Mn-carbonate and tephroite and general absence
of lower oxides, particularly bixbyite. Queluzite originally con-
sisted mainly of manganese carbonate, clay and silica (Roy
1980). The studied carbonate-silicate rocks of the Gemericum
Superunit correspond to the queluzite type of metamorphosed
manganese rock.

Association of metamorphic minerals overlaps sedimenta-
ry – diagenetic manganese accumulation formed in reduction
environment. Relics of rhodochrosite can be locally seen in cores
of some spessartites.  Metamorphosed manganese rocks are rep-
resented mainly by rhodonite, tephroite, spessartite, rhodo-
chrosite and Mn-rich magnetite. Such association of minerals
is known in SW Spain (Jiménez-Millán and Velilla 1998), in
the Eastern Carpathians of Romania (Hirtopanu and Scott 1999),
in Chvaletice deposit in Czech republic (Žák 1972), in Ural in
Russia (Gerasimov et al. 1999) and in China (Zeng and Liu
1999).

 Mn-silicates (rhodonite, pyroxmangite, anthophyllite), py-
rophanite and magnetite are enclosed and cut by veinlets of
distinctly younger sulphides (pyrite, chalcopyrite and pyrrho-
tite). Presence of Ni, Co, and Cu minerals like pentlandite, chal-
copyrite and cobaltite may reflect adsorption of these elements
in the former sedimentary – diagenetic manganese minerals.
Mn-rich calcite and quartz accompany the hydrothermal phase.

The volcanic-sedimentary manganese ores with the shale –
– chert spilite formation and high content of Fe are closely re-
lated to residual fluids of juvenile basalt provenance (Borchert
1980). Relatively high contents of iron reflect presence of iron
hydroxides and Mn-rich magnetite in the studied samples. How-
ever, Mn contents are dominant and chert spilite formation is
absent at Èuèma and Malá Hekerová deposits. The volcanic-

Tab. 6. Chemical composition of Co-Ni-Fe-(Sb) sulphides
from Èuèma and Malá Hekerová deposits.

cobaltite pentlandite pyrrhotite ullmannite
Weight %

Co 29. 880 2. 430 0. 590
Ni 3. 270 33. 360 0. 400 27. 300
Fe 2. 440 30. 810 59. 910 0. 750
As 45. 070 1. 030
Sb 56. 000
S 19. 160 33. 480 39. 690 14. 080
Total 99. 820 100. 070 100. 000 99. 750

Atomic proportion
Co 0. 843 0. 317 0. 022
Ni 0. 092 4. 380 0. 006 0. 996
Fe 0. 072 4. 252 0. 926 0. 029
As 1. 000 0. 030
Sb 0. 985
S 0. 993 8. 050 1. 068 0. 940
Total 3. 000 17. 000 2. 000 3. 000
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sedimentary sedex sulphide deposits occur in the Gemericum
Superunit (Smolník, Mníšek and Bystrý Potok) and they are
accompanied by insignificant accumulation of iron oxides. Vol-
canic source of manganese can not be excluded but recent data
suggest that diagenetic processes with active involvement of
organic matter took more important part in the precipitation of
manganese in the studied area.

Characteristic feature of deposits is metamorphic associa-
tion of manganese minerals. Rhodonite-pyroxmangite geother-
mometer of Mn-ore from Èuèma gives 375 °C (Faryad 1991)
and 390 °C (Rojkoviè 1999; according Schultz-Güttler and Pe-
ters 1987). P-T-XCO2 conditions of metamorphism, according
recent data of Faryad (1994), correspond to 400-420 °C for
350 MPa and XCO2 0.05-0.06. Metamorphosed silicate-carbon-
ate manganese rocks were replaced by Mn oxides and hydro-
xides (mainly todorokite and pyrolusite) during supergene pro-
cesses in oxidation zone.

Conclusions
1. The Early Palaeozoic black phyllites of the Gemericum

Superunit represent metamorphosed black shales rich in or-
ganic matter. Microbial suboxic diagenesis and reduction
of precipitated MnO2 formed Mn carbonates in sediments
with clay minerals and quartz.

2. Manganese carbonate-silicate rock were metamorphosed
into queluzite with the association: rhodonite, rhodochrosite,
tephroite, spessartite, anthophyllite, pyroxmangite, Mn-rich
magnetite, pyrophanite, muscovite, manganpyrosmalite , al-
bite, rutile and allanite-(Ce).

3. Subsequent hydrothermal association is represented by Mn-
rich calcite, pyrite, pentlandite, sphalerite, chalcopyrite,
pyrrhotite, cobaltite, ullmannite, galena, chlorite, bement-
ite and quartz.

4. Todorokite, pyrolusite, cryptomelane, goethite and “li-
monite” have been formed during supergene processes
through oxidation of the previous association of minerals.
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