
Selected pol\ metallic and copper mineralisation of deposits 
with reserves of ore were tested for the presence of metals such as 
In, Ga, Ge. Results to date have not demonstrated their unequivo­
cal presence. However, we still consider polymetallic and copper 
mineralisation as a potential source, seeina that aeneral aenetic 
model and the specific 
deposit define them as 
one of the most impor­
tant sources. 

Fig. 5.1 The critical raw materials for the EUcountries as being determined by the Ad-Hoc Working Group chaired 
by EC (modifiedafter: http://ec.europa.eu/enterprise/policies raw-materials/files/docs/communication sk.pdf). 

http://ec.europa.eu/enterprise/policies


Slovak Geo! Mag. 15. 2 (2015). 87 - 120 

Tab. 5.1 Concentration of production of critical raw materials and recycling rate. 
Source: KOM (2011) 25 as of 2.2.2011; modified. 

Raw 
material 

REE 

Niobium 

Antimony 

Beryllium 

PGE 
only Pt 

Germanium 

Indium 

Magnesium 

Tantalum 

Cobalt 

Graphite 

Tungsten 

Fluorspar 

Gallium 

Main producing 
countries 

China 
India 
Brazil 
Brazil 
Canada 
China 
Boliv ia 
Russia 
South Africa 
USA 
China 
Mozambique 
South Africa 
Russia 
Zimbabwe 
China 
Russia 
I S A 
China 
Japan 
Korea 
Canada 
China 
Turkev 
Russia 

Australia 
Rwanda 
Dem. Rep. 
Con no 
Dem. Rep. 
Congo 
Canada 
Zambia 
China 
India 
Brazil 

China 
Russia 
Canada 
China 
Mexico 
Mongolia 
N.A. 

°0 

97 
2 
i 

92 
7 

91 
-i 

5 
-i 

85 
14 
1 

79 
11 
3 
72 
4 
3 

58 
11 
9 
9 

56 
12 
7 

48 
9 

9 

41 

11 
9 
72 
13 
7 

78 
5 
4 
59 
18 
6 

Main EU import 
sources 

China 
Russia 
Kazakhstan 
Brazil 
Canada 
Boliv ia 
China 
Peru 

USA, 
Canada, 
China, Brazil 
South Africa 
Russia 
Norway 
China 
Honii Kone 
USA 
China 
Hong Konsi 
USA 
Singapore 
China 
Israel 
Norway 
Russia 
China 
Japan 

Kazakhstan 

Dem. Rep. 
Congo 
Russia 
Tanzania 
China 
Brazil 
Madagascar 
Canada 
Rw anda 
Bolivia 
Russia 
China 
South Africa 
Mexico 
USA, Russia 

0 / 
/o 
90 
9 
1 

84 
16 
77 
15 
6 

60 
32 
4 
72 
-
T| 

81 
4 
4 
4 
82 
9 
3 
3 

46 
40 

14 

74 

19 
5 
75 
8 
3 
3 
13 
7 
5 

27 
25 
24 

Import 
depend­

ence 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

95% 

73% 

69% 

Recy­
cling 

rate(%) 

1 

11 

11 

35 

0 

0.3 

14 

4 

16 

0 

37 

0 

0 

Many countries of the world have become a major 
importer of metals and minerals which are necessary for 
technology and products and the sustainment of economic 
growth and development. The share of production, or cer­
tified, as well as anticipated sources of these raw materials 
in the EU countries is very small, possibly to none. For 

this reason, the European Union countries 
are dependent on their import (Tab. 5.1). 

The analysis shows a dominance of cer­
tain countries in production and often in 
registered reserves within their territories. 
Since 2010, this view of the raw materials 
is constantly changing (Fig. 5.2) depending 
on the demand for individual metals, which 
reflects the needs of the economy and its 
changes, as well as verification and start of 
producing some CRM in some EU countries 
or the so-called "import reliable" countries. 

Among the many suggestions and rec­
ommendations proposed in the area of min­
eral policy resonates need of know ledge of 
local resources and their subsequent protec­
tion against all possible blockades of their 
use. Therefore, large group of the states (or 
groupings, e.g. EU) is conducting various 
studies, in order to review and assess wheth­
er they have an access to the defined mineral 
resources. 

In Slovakia no deposit is currently ex­
ploited that would produce some of the met­
als from the Critical Raw Materials (CRM) 
group. Closed and to varying degrees con­
served are deposits of Sb ores as well as de­
posits on which part of the metals could act 
as an accompanying raw material. 

5.2 Present knowledge of deposits of 
accumulated critical mineral re­
sources in Slovakia. 

Most critical mineral raw materials, as 
referred to Fig. 5.1., do not create separate 
deposits in the Slovak part of the Western 
Carpathians (Fig. 5.3). The metal, which was 
exploited in the past on sev eral deposits (in the 
Male Karpaty. Nizke Tatry Mts. and Gemeri-
cum) is Sb. According to Balance of Reserves 
of Exclusive Deposits of the Slovak Republic 
as of (II 01 2014 a summary of residual state 
of individual deposits in SR is about 3,200 kt 
of ore containing around 55 3581 of Sb (Balaz 
& Ktisik, 2014). According to the metal con­
tent (amount of metal - Tab. 5.2), in the Slo­
vak part of the Western Carpathians there are 
registered 24 deposits and 71 deposits and 
mineralogical occurrences of the Sb-ore (Tab. 
5.3), Lexaetal. (2007). 

In the past there were exploited the 
Ni-Co deposits in the vicinity of Dobsina 

(Grecula et al., 1995). At present, the remaining reserves 
at the deposits in Dobsina equal to around 100 kt of Ni-
Co ores. On the residual type deposit at Hodkovce there 
are reported around 16,000 kt, but with a much lower 
content of Co (Zlocha et al., 1986). Registered are two 
deposits and two deposit and mineralogical occurrences 



of the 90s of the last centu­
ry (Cirecula el al., 1995; Zu-
berec et al., 2005; Lexa et al., 
2007). The deposits of Sb, 
Co and W ores are not bound 
to other accompanying "crit­
ical" metals (theoretically 
perhaps PGE elements of re­
sidual-type mineralisation at 
the ultramalie "Komárov sky" 
body), which are listed on 
Fig. 5.1. - red dotted polygon 
- at a rate at which it could 
be considered as the accom-

Fig.5.2 Distribution of monitored metals and minerals from the perspective of the final analyses._„_.,;_„ r „ , , mo ,„_;0i 
Source. XERC. 2012. BGS 2012: modified. P a " ^ l n g ™" mdXe™- . 

From earmarked critical 



Tab. 5.3 Critical metals (minerals) in the view of the presence of deposits and occurrences in the Slovak 
Republic, modified after Lexa et al. (2002). note: RFE: PGE - explanations Tab. 5.2 



Fig. 5.3 Structural scheme of the Western Carpathians in territory of the Slovak Republic 
Explanation (Compiled by Lexa el al., 2000, modified by Bacova N., 2007) 

Flysch zone: Krosno group of nappes 
s - Silesian 
Flysch zone Foremagura units 
d - Dukla, g - Grybow 

Flysch zone External Magura nappes 
r - VelXa Raca.b - Bystnca. k - Krynica / Oravska Magura 

Flysch zone Internal Magura nappes 
bk - Biele Karpaty. e - equivalents 

LjjjjIIIim Pieniny Khppen belt 

Neogene to Quaternary basins 

• 9 Alkaline basalts (Pannonian - Quaternary) 

I Andesite volcanites (Neogene) 

I Rhyolile volcanites (Neogene) 

Eocene to Lower Miocene sediments 
of the Budin Basin 

Inner Carpathian Paleogene sediments 

Upper Cretaceous to Eocene sediments 
of the Myjava and Hncov groups 

Tatncum: a) Crystalline basement; 
b) sedimentary cover 

Veponcum, Zemplmicum a) Crystalline basement 
b) sedimentary cover and KriJna nappe 

Hronicum 

Gemencum 

Meliaticum 

Turnaicum 

Sihcicum 

/ 

/ 

Normal and transform faults 

Nappe lines 

Wider space of area of interest involving deposits or more 
significant occurrences: 

\_) Wider space area involving deposits of polymctallic ores (+ Ga, Gc, In, Tc) 

{J Wider space area involving deposits of antimony ores 

^J Wider space area involving more significant occurrences of minerals of RLE + Y 
Wider space area involving more significant occurrences 
of minerals of Ta, Nb + REE 

\ * Wider space area with potentially possible occurence of minerals of Be 



Tab. 5.4 Sb - occurrences and deposits in the Slovak Republic, source: Lexa et al. (2007) and Tréger in 
Lexa et al. (2002); compiled and modified 
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NEOHERCYNIAN LATE­ TO POST­OROGENIC 
PHASE (340 ­ 250 Ma) 
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PALEO­ALPINE LATE­OROGENIC PHASE 
(90 ­ 70 Ma) 
Crystalline basement of the Tatricum and Veporicum 
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yf ­ in others regional geological units 

edited by Lexa et al. 12007) and 
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Fig. 5.5 The list of deposits and major occurrences (including the depleted ones) regarding their metallogenic attributes. Yellow high­

lighted pentagons indicate deposit objects with calculated reserves. 
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Andesite and rhyolite volcanism accompanied by subvolcanic 
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als (mainly arsenopyrite, less pyrite). When processing Sb 
ores by flotation the arsenopyrite was extruded from the 
concentrate and then deposited on the pond together with 
gold, which has therefore become a potential source of gold. 
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resent a by­product on the Sb deposits (probably As). 
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al in the deposits of SR ­ according to the inventory of 
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Fig. 5.6 Genetic model ofSb type mineralisation with specific assignment of individual deposits from the Slovak part of the Western 
Carpathians, modified and supplemented by Groves et al. (1998) 



Fig. 5.7a. b Reserves ofSb ores on individual deposits in the Slovak part of the Western Carpathians, classified by size criteria. Data 
source: Tréger in Lexa et al; 2002. Baláž <£ Kúšik. 2014 



Fig. 5.11a, b Comparison of the Sh (metal) reserves on deposits in individual countries as of January 2013. stated hv LSGS. The status 
of reserves in Slovakia was grossed up on the basis of reserves of the metal on our deposits. Data source: LSGS. \K'S. 2015; Baláž & 
Kúšik. 2014; edited and compiled 
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, vC\ Deposits and occurrences in the Slovak Republic. 

Tunustcn ­ W 

O ­deposits listed in Register of Reserves of Reserved Deposits o l t h e SR <a\ of 1.1 201 !i 

# • deposits excluded from Register of Reserves of Reserved Dcpositsof the SR (as of I I 2»15t 

other deposits and occurrences 

PRE­HERCYNIAN AND PALEOHERCYNIAN 
PlUSr I ■JKtlMj) 
Vtrtamorphic complexes of the Tamcum and 
Veponcum units 
PrwmtiamuiAit **Jtmnvary ami H>I..IIW. petxrw* 

Ssagtartk stratiform miacriliaatioas in 
black thalti 

NEOHERCYNIAN LATE­ TO POST­OROGENIC 
PHASE 1340­250 Mil 
Crystalline baicmcnt of the Tamcum ind Vgponcum units 
a——Ma to i — l i —J laxwajwai f j — i ■■a—sji <4 

I 

11 
11 

Kokava nod Rimavt 

Rimavik/i BuAa 
C'icmy Balog 

Htdrnlhermal <HR and sh.ii /i.nt type 
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< • * 

JmnW-kvtda 
Dubrava 

Granites of the Vcporicum unit 

numerous unall occurrences indicated by 
scheelite and gold m heavy mineral 
concentrates 

PALEO­ALPINE LATE­OROGENIC PHASE 
( 9 0 - 7 0 M a ) 

/ t\'pe granitic magmatism 

Magmato­hydrothermal (porphyry?) 
stockwork/disseminated mineralization 

Mo­W deposit Octuina (Rochovce) 

Fig. 5.13 Tungsten deposits and significant occurrences within individual geological units with their list and some metallogenic attributes. 
Pentagons show deposit objects with calculated reserves. Source: Lexa et al. 2007: modified 

Among the basic genetic types of W mineralisation in 
Slovakia there was defined also a stratiform type of scheel­

ite mineralisation. It is present in metamorphic black 
shales especially in Veporicum ­ Kokava nad Rimavieou, 
Rimavska Bafia and others (Fig. 5.13), and less in Tatri­

cum and Gemericum (Lexa et al., 2007). 
Tungsten ore reserves and the potential amount of metal 

in the deposits ofSR ­ according to the inventory of the ex­

clusive deposits of this metal there are registered 2,846,000 
tonnes of ore containing 6,5461 of W (Balaz & Ktisik, 2014). 

This concerns only the deposit Jasenie ­ Kysla. Along with 
the deposit body Ochtina­I (deposit exempted from regis­

tered reserves) it should, however, equal to about 10,251 kt 
of ore and a metal content of 14,691 t of W. Only because of 
an alternative view of the calculated reserves (Fig. 5.14a, b) 
we can say that in the case of variant calculations of reserves 
at the deposit Ochtina­I the ore supplies at both deposits 
could reach the value of 103,273 kt and 41,093 t of W at the 
most extreme alternative calculation of reserves (of course, 
with very low levels for marginal sample). 

Metal content -W (".) on the deposits of tungsten in relation to 
the total content of the ore 

O Jasenie - Kysla 

O Ochtinal 

< * * I I « J 
Mdrrwaivo 11V 

m M O W 
Otoe foment (kt) 

• Metal conient­W on the deposits of tungsten 
loonon t - i . _ 

medium deposit 

I Ochtusa I Ocnlina I 
(Mlc tna l i i a l l ) I Mlemalisa llll I Mlrnul is . i IV > 

Fig. 5.14a. b The ore supplies for individual deposits in the Slovak part of the Western Carpathians, classified by si:e criteria. In the case 
of the deposit Ochtind­1 the chart includes data from alternative ­ variant calculations of the deposit (gradual reduction of the metal con­

tent of the peripheral specimen ­ part a). For porphyry type (part c) this way of fading­out mineralisation is characteristic. However, the 
volume of ore increases significantly, and thus the amount of the reported utility metal (part b) Data source: l.drinc et al. 1993: Lexa et 
al. 2002: Treger in Lexa et al. 2002: Balct & Kusik, 2014. 



98 

Slovak Geol. Mag. 15. 2 (2015). 87 - 120 

The W price evolution a i<m -'<.'< 

Period of appreciation of deposits 
"antf prognostic sources 

"Metalloaenv of deposits in sK " 

The reserves were computed 
j yt. SUftUlSSHL. 

Jascnic-Kssla (Khtina I 

Hioo 

ISO 

nrinnnnnnnilnnn 
I i i I I 1 I i I I ? i I i i 

Fig. 5.15 W-prices development on the world market with consequences in different timeframes. Data source: © Kitco USGS and Mineral 
Commodity Summaries 1996-2015: supplemented, adjusted. Xote: Price per mtu WO, = 10 kg WO} or 7.93 kg W 

The overview shows that within the EU the Slovak 
Republic has non-negligible reserves of tungsten, mainly 
scheelite ores. 

The damping programme in the 90s of last century, of 
course, had no influence on W ores mining, because the 
ores were not mined at all. The analysis of price develop­
ments W (or, WO.) on world commodity markets again re­
fers to similar matters of interest such as the development 
of Sb prices, but also other metals. 

At the time of alternative calculations of the two de­
posits, the price of 1 mtu of WO. was around 38 USD, 
which has been historical low for tungsten (Fig. 5.15). 
Similar situation was also in the case when the economic 
value of some deposits was reassessed. 

Significant multiple increase in the price of metals on 
world markets (especially recently) justifies reassessment 
of particularly variant calculations of the two deposits, but 
especially of the deposit Ochtina-I, which in view of the 
genetic type of mineralisation has a greater potential to ex­
pand the reserves for economic reasons. 

The first one, hydrothermal vein scheelite mineralisa­
tion genetic type is accompanied by gold (Fig. 5.9). Again, 
the synergy of deposit value is the same as in the case of 
accumulation of antimony. The presence of other metals 

(from CRM Group - Fig. 5.1) at the both deposits is not 
sufficiently important from the viewpoint of industrial 
by-product. 

Comparison of the amount of ore reserves and me­
tal in the tungsten deposits in SR and in selected 
deposits world-wide 

Based on the evaluation of deposits of this metal in our 
country and in the world, we can conclude that: 
1. To date, calculated reserves on two deposits at the ter­

ritory rank Slovakia to the small circle of EU countries 
(Portugal, Czech Republic, Austria and others) which 
have roughly comparable reserves of this metal ores 
(Fig. 5.16, b). 

2. The potential of finding and extending the reserves in 
the territory of Slov akia is mainly in the existing de­
posit genetic types - mainly the porphyry type. For the 
time being remains the potential of tungsten minerali­
sation (scheelite - ferberite) of the occurrence of Ge-
merska Poloma - Dlha dolina under-evaluated (Mala­
chovsky et al., 1983). 

3. The presence of minerals of tungsten - scheelite and 
wolframite (hiibnerite and ferberite) in ore and other 

Fig. 5.16a. b Comparison of tungsten supplies (metal) on deposits in individual countries as of January 2015. Data source: USGS. MCS. 
2015: Bake & Kusik. 2014: modified and compiled 



Tab. 5.6 Ni, Co - occurrences and deposits in the Slovak Republic, source: Lexa et al. (2007) and Tréger 
in Lexa et al. (2002); compiled and modified 



Fig. 5.18 Deposits and significant occurrences within individual geological units. 

Fig. 5.20 Geological section through the deposit of Co-lateritic ores Hodkovce. 1. loam - Quaternary: 2. clays, gravel, sand: 3. alloch-
thonous decomposedserpentinite: 4. decomposedserpentinite in situ: 5. serpentinisedperidotite: Compiled bv J. Zlochu 1975: modified 



Fig. 5.22a. b Comparison of Co (metal) reserves on deposits in individual countries. Data source: USGS. MCS. 2015: Zlochu. 
1975: modified 



Fig. 5.23 Deposits and significant occurrences of graphite in different geological formations and some of their geological and geneti 
attributes. The pentagon shows a deposit object with calculated reserves. 
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Fig. 5.24a. b Production of graphite world-wide. From the chart it is 
dilated on the deposit Kokava nad Rimavicou. Source: USGS. MCS. 

been implemented processing potential (yield) of graphit­

ic rocks as it was in the case of the deposit Kokava nad 
Rimavicou. 

Based on current knowledge and achievements we can 
state that the deposit locations in Slovakia are among small 
to very small deposits of low to very low quality. The ge­

netic type of Kokava nad Rimav icou is easy­to­process 
with high yield of graphite concentrate without impurities 
(mainly sulphides). 

Comparison of graphite reserves in the deposits in 
SR and in selected deposits world-wide 

In the Slovak territory the graphite deposit accumu­

lations are not comparable in quantitative and qualitative 
terms with other world deposits. The largest reserves are 
in the territory of China (Fig. 5.24) and China is also its 

clear that there are deposits of a higher order than the reserves cal-

2010-2015: modified and compiled 

largest producer. Other countries contribute to the world 
production to a much lesser extent (Fig. 5.24b). 

The overview shows the relative size of our deposit ac­

cumulations. 
Graphite deposits are not accompanied by other types 

of raw materials. 

5.3.5 Metal Mg ­ deposits and occurrences of source 
raw materials in Slovakia 

In Slovakia, magnesium has not been industrially pro­

duced yet. The first laboratory to pilot plant trials of its 
production using silicothermic reduction were carried out 
in the 90s of the last century (Blahut et al., 1994; Tomasek, 
1994). The source raw materials were the products ob­

tained from the processing of magnesite deposits Jelsava 
­ Dubrava Massif. The result of the test was acquisition 

Fig. 5.25 Development ofMg metal prices on world commodity exchanges, period of laboratory tests and the production of raw materials 
based on Slovak magnesites in Jelsava. 

http://t-.il
file:///-jstI
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Fig. 5.26 Countries that have mastered the technology of production of magnesium metal and its production in the defined period. Gradual 
development of China's dominance of production is recorded since the beginning of the millennium. Source figures: T.G. Brown. 201 i: 
LSGS.2013. 

of the real magnesium metal in a plant for its production 
of the Italian company Soeieta Italiana per il Magne-
sio Bolzano. In 1997, its production in the plant Jelsava 
should have been launched with a relatively high initial 
financial investment. Due to sudden drop in metal prices 
on commodity exchanges (Fig. 5.25) and its subsequent 
long-term stagnation the idea of the production of magne­
sium metal has been abandoned (Immer, 1998). 

The Slovak Republic has on its territory large reserves 
of suitable rau minerals containing the magnesium com­
ponents, which are the starting raw material ("ore") for the 
production of magnesium metal. They are dolomites and 
magnesites and partly serpentinites, which are used in the 
countries, producing magnesium metal (Fig. 5.26). 

Although they are relatively simple input raw materials 
- dolomites (CaMg(CO,),) and magnesites (Mg,CO.), the 
technology of its production is rather difficult and high­
lights the technological maturity of the country. 

The deposits of crystalline magnesite in the Western 
Carpathians belong to the largest and the most important in 
Europe. They are located mainly in the Early Carboniferous 
sequences of the Ochtina Group in the northern rim of Cic-
mericum. More specifically these deposits include: Podrecany, 
Burda, Cinobana, Ruzina, Lubenik, Jelsava- Diibrav a Massif, 
Ochtina. Ratkovska Sucha, Kosice-Bankov and Kosice-Med-
vedza. The largest deposit represents the Jelsava - Diibrava 
Massif. The magnesite deposits and occurrences in Veporicum 
are located in Since shear zone around Hniisfa: Kokava, Si-
nec, Samo, Miitnik and Polom (Zuberec et al., 2005). 

The dolomites in Slovakia constitute separate forma­
tions in the Middle and Late Triassic, up to several hun­
dred meters thick, or they are present as intercalations, 
horizons, lenses, or bodies irregularly overlapping with 
surrounding limestones. They are represented in all the ge­
ological formations, the Tatricum envelope sequences and 
the tectonic nappes. The most abundant are the Middle- to 
Late Triassic dolomites of Hronicum. Significant depos­
its are located in the Strazovske vrchy Mts. in the Choc 
Nappe (I.e.). 

Resen'es of source raw materials for the production 
of metallic Mg and its potential amount in the de­
posit ofSR 

The Slovak Republic has great reserves of raw ma­
terials - magnesite and dolomite, which are the initial 
source of the metallic Mg. So far, however, our raw ma­
terial resources have not been studied and evaluated in 
detail from the technological point of view of the produc­
tion of this metal. 

According to recent data (Balaz & Kiisik, 2014), 10 
magnesite deposits are registered in Slovakia represent­
ing a total of 1,158,515 kt of geological reserves and 21 
dolomite deposits with 670,398 kt of geological reserves. 
The potential for dolomite raw materials in Slovakia is 
quite large also out of the reserves on indiv idual deposits. 
However it may be limited from an environmental point 
of view. 
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Deposits and occurrences in the Slovak Republic. 

Tin ­ Sn 
Niobium. Tantalum 
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deposits and occurrences: Lexa et at. (200?) 

O - deposits excluded from Register of Rescues of Reserved Deposits of the SR las of I I 2015) 
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NEOHERCYNIAN LATE­ TO POST­OROGENIC 
PHASE (340 ­ 250 Ma) 
Crystalline basement of the Tatricum unit 
Late orogenic S-type granitic magmatism 

Pegmatitic mineralization 

Ta-Nb occurrence Bratislava­Devin, Kamzik 
Moravany nad Vahom ■ f r ' 

NEOHERCYNIAN LATE­ TO POST­OROGENIC 
PHASE (340 ­ 250 Ma) 
Granitic rocks of the Gemericum unit 
Late orogenic S-hpe grannie magmatism 

Plutonic­hydrothcrmal (greisen type) 
stink"ink disseminated mineralization 

Sn deposit and 
occurrence 
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SuTova •&•: 
Gemerska Poloma­Dlha dolina,. 

Fig. 5.27 Deposits and significant occurrences of mineralisation with the presence ofSb and Ta minerals in different geological formations 
and some geological and genetic attributes. The pentagon shows a deposit object with calculated Sn resen'es. Source: Lexa et al. 2000: 
Broska et al.. 2012. 

5.3.6 Nb­Ta ­ as accompanying, secondary metals in de­

posits and occurrences of other metals in Slovakia 

In Slovakia there are neither separate Nb and Ta depos­

its nor the deposits on which within the processing of the 
ore (or other major commercial species) the metals Nb and 
Ta have been registered as accompanying raw materials. 
In the scope of exploration for cassiterite mineralisation at 
the deposit Hnilec ­ Medvedi potok there were found con­

tents of Nb and Ta, and later identified the single minerals 
of these elements (Drnzikova et al., 1975). On the occur­

rence of greisens in the wider area of Gemerska Poloma 
Dlha dolina, there were already identified Nb­Ta min­

erals (Malachovsky et al., 1983) at several locations (Tab. 
5.8). Detailed and systematic study of accessory minerals 
in granitoid rocks has identified in the current period a va­

riety of Nb­Ta minerals with many occurrences (Broska, 
inUheretal., 2012), sig­

nificant occurrences are Tab­ 5 8 : S n (±Nb­Ta) occurrences 
also earmarked on Fig. Treger in Lexa et al. (2002); compi 
5.27. 

Based on the genetic 
model, the Nb­Ta miner­

alisation is mainly bound 
to carbonatite or special 

types of granite rock env ironment. From this point of view, 
of special interest to us, are the occurrences of Ta and Nb 
minerals, which are linked to greisenised granitic rocks. 
For these types we can expect exploitable accumulations 
of key element Sn ­ cassiterite and Nb­Ta mineralisation 
may be accompanying by­product. 

The potential amount of metal in the deposits ofSR -

analytical results are the most comprehensive in the area 
of Gemerska Poloma ­ Dlha dolina (Malachovsky et al., 
1992). Systematic study of the Ta and Nb content was car­

ried out in exogenous greisen and at the top of albititised 
granites (Fig. 5.28). 

In the greisen (on the surface, Fig. 5.28), the Nb con­

tent ranged from 50 ­ 450 g.t"1 and Ta content reaches only 
tens g.t'. The upper part of albitized granites (quartz­al­

bititives) contained up to 65 g.t"1 Nb and 120 g.t"1 Ta. The 
metal content at the site of "Li­F granite" is 90 g.t"1 Nb 

and deposits in the Slovak Republic, source: Lexa et al. (2000) and 
ed and modified 
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Fig. 5.28 Cross­section depicting interpreted geological setting in the area of deposit occurrence Gemerska Poloma ­ Dlha dolina with 
position of cassiterite. magnetite and talc mineralisation as well as albitized Li­F granites with the rare­element mineralisation. The 
cross­section visualizes the muscovite­quartz greisen with Sn+Nb»Ta. position of upper ­ intensively albitized part with Sn ± Nb, Ta 
mineralisation, as well as apical albitized part of granite with element association Li. F ­ Ta> >\b. Rb. (In the middle right is the ideal­

ized position of Elizabeth Adit). Compiled by Malachovsky­11992a): modified, completed and digitized by Bacovd in Baco et al. 12013). 

5 
a b 

' 2 ^ \ ' 13 VDD 

/ ­ m. psammites: 2 ­ mp. rhyolite: 3 mp. dacite and trachyte; 4 
7' ­ skarn: 8 ­ greisen; 9­ albitized granite: 10 ­ Li­Fgranite with Xb. 
thrust; 13 ­ borehole; m. ­ meta; mp. ­ metapyroclastics. 

a 73 g.t"' Ta. There were estimated prognostic resources 
PI of 1,200 kt at 0.37% Sn content and then variants of 
3,893 kt at 0.139% Sn and 18,762 kt at 0.059% Sn. For 
all estimates, it is necessary to count on the presence of 
Ta­Nb mineralisation. Based on the above estimated (cal­

culated) prognostic resources, we can assume the presence 
of adequate sources of Ta and Nb on the deposit. Based 
on individual ore amounts variations of prognostic sources 

­ m. basalt; 5 ­ phyllite; 6 ­ steatitized magnesite and dolomite: 
Ta. Li. Rb mineralisation: 11 ­ coarse­grained porphyry: 12­over­

estimates and metal content 90 g.t' Nb a 73 g.t"1 Ta the 
site can be hypothetically depicted among some of world 
deposits of Nb­Ta ores (Fig. 5.29). From the position of the 
site it is clear that even based on the historical exploration 
of the occurrence the object can be regarded as potentially 
interesting. 

The other, quite numerous occurrences of the Ta­Nb 
mineralisation in pegmatites will not be of other than min­
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Fig. 5.29 Reserves and metal content of individual Ta deposits world­wide. In the displayed deposits dominate genetic types with dissem­
inated mineralisation. It points out a trend, when the amount of metal increases the amount of reserves without changes in metal content, 
or metal content also decreases. An example is deposit Khaldzan Buregtey in Mongolia, with metal content almost the same as in the case 
of the deposit Gemerska Poloma ­ Dlha dolina. However it is a mountain massif ofperalkaline granites, with widely dispersed minerali­
sation. Relevant data (or at least approximate) of pegmatite occurrences in Slovakia are not yet available. 
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Tab. 5.10 REE and Y, Sc occurrences and deposits in the Slovak Republic, source: Lexa et al. (2000) and Tréger in l.exa et al. (2002); 
compiled and modified 
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Fig. 5.3/ 77?e map displays markedly increased occurrence ofmonazite in the sediments of the river network. Increased concentration is 
in Veporicum. Anomalous concentrations are in parts of Gemericum. where source areas provide granitoid rocks of the type Gemerska 
Poloma Dlha dolina (leucogranite of S­type - Broska et al.. 2012). 

Deposits and occurrences in the Slovak Republic 

Rare earth 
elements - REE 
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Late orogenic S­type granitic magmatism 
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Fig. 5.32 Deposits and significant occurrences of mineralisation with the presence of REE and V minerals, in different geological forma­

tions and some geological and genetic attributes. The pentagon shows a deposit object with calculated reserves. Source: Lexa et al.. 2000; 
2007; Duda <& Ozdin. 2012. 
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including Y. Occurrences of mineralogical importance are 
fairly numerous (tab. 5.10 and Figs. 5.31 and 5.32.), and 
they are found mainly in the area of the granite bodies, in 
which they regularly create an accessory component (Bro­

ska, et al., 2012). 
The implementation of works in the scope of the re­

gional project of panned concentrate prospecting (Baco et 
al., 2004) indicated a relatively high prevalence of mona­

zite in recent fluvial network sediments (Fig. 5.31). 
Geological structure and metallogenic evolution of 

Slovakia have not provided favourable conditions for large 
accumulations and deposits of rare­earth metals. They are 
bound like precious metals especially to intrusive carbon­

atite bodies of so­called bastnesite type of mineralisation 
­ Mt. Pass in the USA or Bayan Obo in Inner Mongolia 
in China. 

The second genetic group is associated with alkaline 
granitoid rocks. The occurrence of accessory rare earth 
minerals in these rocks forms a large part of the secondary 
dispersion aureoles with a higher content of monazite and 
xenotime, in particular. Associate with them zirconia and 
less, apatites. We know a number of areas where monazite 
is an essential part of the heavy concentrate of the panned 
concentrate samples, as evident from the map on Fig. 5.31. 
This is a territory in the wider area of Gemericum granites 
from Gemerska Poloma to the south to a w ider area of Hni­

lec to the north. The most interesting and most promising at 
the same time is the area around Gemerska Poloma where 
there is a concentration of several types of mineralisation. 

Interesting are increased concentrations of RLE in some 
altered rocks of high­sulphidation systems ­ Remetske I lamre 
­ Kapka and Poruba pod Vihorlatom ­ Porubsky potok stream 
(Baco in Lexa et al., 2000). Spaces for this type of mineralisa­

tion are mainly in central zones of the stratovolcano. 

Secondary accumulations in placers are most preva­

lent genetic types of deposit objects that could be poten­

tially located in Slovakia (Fig. 5.31). So far, the greatest 
concentration in secondary dispersion aureoles of mona­

zite (and REE and other minerals ­ xenotime, apatite and 
others) were found in the southern region of Veporicum. 
The source area is formed by the periphery of leucocratic 
granite body and increased accumulations are known from 
several locations ­ Krna, Kociha, Selce, Podrecany (see 
also the previous article). 

Reserves of REE ores and potential amount of me­

tal in the deposits ofSR 

In some deposits and deposit occurrences it had been 
found the presence of REE minerals deposit Hnilec, de­

posit occurrence Gemerska Poloma Dlha dolina. A sin­

gle object on which reserves of rare earth elements were 
calculated, is the site Cucma (Donat, 1998). The mineral­

isation is present on a quartz vein, which is developed in 
porphyroids at the contact with Gemericum granites. The 
veto has irregular development both in lateral and vertical 
directions and its thickness is highly variable from 0.5 to 
3.0 meters. From the beginning the ore structure was ver­

ified for uranium ­ with detection of uraninitc, autunite. 
torbernite. Subsequently there was identified also REE 
mineralisation represented by the association of apatite, 
xenotime­Y, monazite­Ce. At the site reserves have been 
verified and calculated equalling to 7.8 kt of rare earth ore 
with average quality of 0.2% of HREE and LREE (Fig. 
5.33). Locally, however, there were sections containing 
more than 1% of the metals. Position of the Cucma depos­

it among the selected deposits world­wide is displayed in 
Fig. 5.33. 
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Fig. 5.33 Reserves and metal content of selected world REE deposits, indicating the position of the deposit Cucma Modified after Walters 
& Lusty (2010). Gunn ed. (2014). Paspaliaris (2013) 
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Fig. 5.34 Comparison of REE (metal) reserves in the deposits in individual countries. Many countries have non­significant REE reserves in the 
pegmatite deposits but also in placers (sea­beach monazite sands). Source: LSGS Mineral Commodity Summaries 2015. Paspaliaris (2013) 

Comparison of reserves of REE ores in the deposits 
ofSR and selected deposits world­wide 

The main REE ore source allocation displays Fig. 5.34. 
Almost half of sources are recorded in the deposits in Chi­

na, with dominating deposit Bayan Obo in Inner Mongolia 
province. A similar genetic type, with the major minerals 
bastnasite, is the deposit Mountain Pass in the USA. This 

exploitation at the deposit Mountain Pass in the USA at 
the beginning of the millennium (Fig. 5.36). However, real 
"unavailability" at the market has caused the reopening of 
mining in the USA and intensiv e search for REE resources 
in other parts of the world including Europe. One result is 
the discovery and pre­mining of the deposit Kvanefjeld in 
Greenland (Paspaliaris, 2013). 

Produc t ion of R E O (t) in the period 1994 ­ 2014 status as of January 2015 

■ I S A ■ Austral ia 3 Brazil 
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Fig. 5.35 REE production in different time periods. End of 80s and beginning of the 90s marked the turning point in the production of REE. 
The Bayan Obo deposit discovery, but especially learning the technology of obtaining metals from ore has resulted in taking production he­

gemonv by China to the extent that they have become almost a monopoly producer. Increased demand for the rapidly developing automotive 
technology and "scientific " industry made from REE metals, especially the HREF ones, a strategic resource. Demand for it is not outweighed 
by offer and the price does not play a decisive role. It is crucial to finalize their production, which is not very acceptable for countries with 
advanced technologies to valuation of the already mined and processed metals. Source: USGS. MCS. 2015: modified and compiled 

genetic type binds the largest REE reserves in 
the world (Fig. 5.35). Extraction of the ores 
of this genetic type and especially the subse­

quent processing is ecologically very difficult 
for the surrounding environment. And this was 
the original reason for waiving the bastnasite 

Fig. 5.36 Historical development of mining of two main 
genetic types of source materials monazite and bast­

nasite. The monazite is extracted from sea­beach sands, 
this means placer genetic type. The bastnasite origi­

nates from the carbonatite rock environment and a large 
volume of surrounding rocks has to be extracted, www. 
usgs.gov 

World production of the REE (oxide form) 
IfJ*ln ixiu - u i 11.>n Hi', j : . rw.1 

2000 2006 2012 
source H­H­H usgs gov 2010 NWJ 

http://usgs.gov


ther the presence of Ga 
in our deposits has been 
systematically studied. 
The presence of galli­
um was recorded in the 
polymetallic mineralisa­
tion at the Breho\ depos­
it in the Ľastern Neo\ol-

canites in secondary quartzite of the Morské oko Lake in 
Vihorlat mountains. A quite systematic study was devoted 
to contents in the boreholes of'Au porphyry deposit Det\a 
- Biely vrch. The contents are within the range of 10 ppm. 
Nevertheless, these values indicate the presence of metals 
in hydrothermal processes at monitored sites. 
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Fig. 5.38 Selection of deposits and major occurrences of polymetallic mineralisation and their metallogenic attributes. 

Reserves ofZn ore and the potential amount of metal in 
the deposits of SR - currently we cannot assess the status 
of In, Ge and Ga reserves. However, the main base met­

als at the deposits could be potential source of these crit­

ical metals. In the balance of reserv ed deposits there are 
registered 4 deposits with calculated reserves (Fig. 5.40). 
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According to their current volume (in case of Zn) they be­

long to two medium and two small deposits in terms of 
the amount of metal. In the deposit Brehov the potential 
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not been explored yet. The classification of the reserves as 
non­economic was valid in the mid­90s of the last century. 
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Fig. 5.39 Genetic model of polymetallic mineralisation types with specific assignment of individual deposits from the Slovak part of the 
Western Carpathians. According to Schwarz-Schamper. 2002. supplemented and modified. 



Fig. 5.42 Development of In price in world markets followed the trend of the main metals. Data source: © K1TCO and USGS Mineral 
Commodity Summaries 1996-2015: supplemented, modified 
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Fig. 5.43 Development of Pb prices on the world markets. The collapse of prices in 2000­2002 was very significant. As mentioned 
earlier, it was the period of the last reassessment of remaining reserves at the attenuated deposits (Lexa et al.. 2002). There were also 
reconsidered prognostic sources of several areas that have been treated in early 90s In hindsight, it was the period of very low prices 
of many metals on world markets with consequences in different time frames. Data source: C KITCO and LSGS Mineral Commodity 
Summaries 1996­2015: supplemented, modified. 

5.3.9 Fluorite ­ accompanying mineral in the deposits 
of other mineralisation types 

In Slovakia, the fluorite is present as accompanying 
mineral with a relatively large number of occurrences 
(Dud'a & Ozdin, 2012), but mostly of only mineralogical 

occur at all. According to current knowledge, we do not 
assume potential possibility of a separate occurrence or 
sufficient contents for the by­product from the aforemen­

tioned deposits or deposit occurrences. The identification 
of fluorite, however, is an important sign of the possible 
presence of other types of mineral resources. In our par­

Significant mineralogical occurrences in the Slovak Republic. 

Fluorite 

geological map after I exa et al (2000). (explanations Fig 4 3) 

■£f ­ significant mineralogical occurrences 

Fig. 5.44 Deposit occurrences and mineralogical occurrences of significant mineralisation with fluorite in different geological forma­

tions and some of their geological and genetic attributes. Source: Lexa et al.. 2000: Dud'a & Ozdin. 2012. 

significance. Its greater concentrations were registered in 
the deposit of cassiterite Hnilec ­ Medvedi potok and the 
tourmalinite deposit Zlata Idka (Figs. 5.44; 5.45). 

Basic genetic types of fluorite deposit accumulations 
(Bide et al., 2011) in the conditions of the Western Car­

pathians have neither significant extent or they didn't 

ticular geological conditions it is mainly the presence of 
Sn (Ta­Nb) mineralisation types. Fluorite in the acidic en­

vironment of volcaniclastic and extrusive bodies is also an 
important type indicating Be­bertrandite mineralisation. 
From this perspective, the study of its presence in specific 
geological conditions is up to date issue. 
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Fig. 5.45 Deposit occurrences and mineralogical occurrences of significant mineralisation of fluorite in different geological formations 
and some of their geological and genetic attributes. Source: Lexa et at.. 2007. Dud'a & Ozdin 2012. 

World production of fluorite (Fig. 5.46) is concentrated 
mainly in China. Interesting is the fact that China is not a 
country w ith the greatest potential of calculated reserves 
of fluorite (Fig. 5.47). 

Its extensive extraction (Fig. 5.46) is probably related 
to metallurgy activities in the country demanding the fluo­

rite as an additive raw material. 

5.3.10 Be minerals based on bertrandi te , possible oc­

currences in rhyolitic vulcanic last ic rocks 

In Slovakia there is no tradition in acquiring this metal 
and only in recent decades the first description of the occur­

rence of beryl was published (Pitonak and Janak, 1983: Dud'a 
& Ozdin, 2012). All findings originated from pegmatites of 
Core Mountains (Male Karpaty, Povazsky Inovec, Ziar and 
Nizke Tatry) and they have only mineralogical significance. 

A relatively large amount of genetic types of Be miner­

alisation (Tab. 5.12) largely reflects the sources of beryl, or 
hclv ite and phenakite that were prev iously the main source of 
beryllium. Currently, the dominant industrial sources of beryl­

lium bertrandite ­ Be4Si,(),(OH). mineralisation is bound to 
acidic young volcaniclastic rocks. Pliocene in age, with type 
deposits in the area Spor Mt., Utah, USA (Tab. 5.12, Fig. 5.48). 

Deposits in this area are the major Be producers and 
worldwide the search is focused 
in this genetic type for industrial 
extraction (Fig. 5.49), although 
still the other genetic types are 
registered. 

In the Slovak part of the 
Western Carpathians conditions 
could theoretically exist for vol­

canogenic epithermal type of ber­

trandite mineralisation. In 1992 
it was completed the first study 
dealing with the possibility of the 
presence of this type of Be miner­

alisation (Kneslova et al., 1992) 

_. . . , _ , , „ in Slovakia. There was sampled a 
big. 5.46 Production of fluorite world-wide. Dominance of China and its stable high pro- ,. , . . . 
auction in 2011 are obvious. Source: USGS. Mineral Commodity Summaries, years 2010- P o r t l o n o t t n e a c l d , c environment 
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Fig. 5.47 Fluorite reserves world-wide. China is not a country with the 
greatest potential of calculated reserves of fluorite although it is the great­
est producer. Source: USGS. Mineral Commodity Summaries 2015: modi­
fied and compiled 

Central Slovakia Neovolcanites, and later Eastern Slova­
kia volcaniclastic rocks (Baco et al., 2013). In both cases, 
however, manifestations of bertrandite mineralisation, or 
increased lev els of Be (10 ppm - as prognostic occurrence, 
or other prognostic criteria) in the rock environment have 
not been recorded yet. Genetic attributes (Fig. 5.48), how­
ever, could be met in some paleorhyolites. 

area (Fig. 5.50 - location of MD-1). Size of 
nodules was 4 cm on average. They are formed 
by a porous material with an irregular nodular 
shape of pale-grey colour (Fig. 5.51). On the 
cross-section a concentric structure is distinct 
reflecting mineral composition of individual 
zones (Fig. 5.51b). 

The test results (Tab. 5.13) confirmed the 
anticipated state of the content of the metal 
main - Mn, Cu, Ni (Mackovych et al., 2013; 
Balaz & Franzen, 2014). Alongside them in­
teresting are contents of the group of critical 
metals and REE, mainly Co. They are com­
parable to the Co-content of the nodules with 
enriched crust (Gunn, 2014). The contents of 
rare earth elements at the moment show that 

the analysed samples don't contain significant proportion 
of these elements. 

5.4 Conclusions 

Based on the assessment of the Slovak Republic terri­
tory in terms of the presence of critical raw materials we 
can conclude that: 

Tab. 5.12 Basic characteristics and examples of the types of beryllium deposits, modified according Barton & Young (2002) 

Type 

Granite pegmatites 

Hydrothermal 
subvolcanic 

Be-albitites 

Greisens with Be 

Skarns with Be 

Brief description 
Crystals in block zone 
and metasomatite zone 

Dissemination in rhyolite 
tuffs 

Stripes of fenites and 
linear albitites 

Veins and stockworks Sn-
W-Mo paragenesis 

Nests and lentils in con­
tact zones 

Minerals 
beryl, 

bertrandite 

bertrandite 

helvite 

beryl 

helvite, 
bertrandite 

Grade 

0.1% BeO 

0.1-0.5% BeO 

0.01-1% BeO 

0.01-0.5% BeO 

0.01-1% BeO 

Major examples 
Bernic Lake (Manitoba. 
Canada). Mozambique 

Spor Mountain (Utah. USA) 

Seal Lake (Labrador. Canada) 

Shizhuyuan (Dongpo. China), 
Aqshatau (Kazakhstan) 

Iron Mountain 
(New Mexico, USA) 

5.3.11 Polymetallic nodules - concretions 
from the oceanic floor of the Pacific 
Ocean 

Slov akia deliberates a source of non-tra­
ditional mineral resources - "polymetallic" 
concentrations from the ocean floor (Fig. 
5.50). The Slovak Republic participates in 
geosubaquatic exploration activ ities of In-
teroceanmetal (IOM), of which Slovakia 
is a member (Balaz & Franzen, 2014). The 
territory stretches between Mexico and the 
Hawaiian Islands in the Clarion and Clip-
perton tectonic zones. 

The analysed samples of nodules are 
from the space of the southern exploration 

Fig. 5.48 Genetic type model of Be minerali­
sation of metaluminous and poorly petal urn i-
nous systems. According to Barton and Young. 
(2002). modified. 

Be-cnrichcd magma 
(Thomas range. USA) 

Gas cavity & cooling joint 
red beryl & Sn (Wah Wah, Utah) 

Replacement in tuff 
(Spur Mountain. I tan, USA) 

Source: BartnnA Young. 
Urcisen sn( Ta. Nb. Zn) 
(Younger granites. Nigeria and Niger) 



1. The territory of the Slovak Republic has the potential 
for occurrence of some critical mineral resources -
these are mainly Sb and W sources, which form sepa­
rate deposits with calculated reserves of metallic ores. 
When considering Sb re-evaluation of antimony, min­

eralisation is currently possible in Gemericum, especially 
in the area between the eastern and western branch of Sb 
stripe - wider area of Zlatý stôl. In the case of tungsten 
it is necessary to pay attention especially to the porphyry 
type, type Ochtina I 
with accompanying 
Mo-mineralisation 
(possibly accompa­
nying the scheelite 
mineralisation in a 
given Mo-deposit). 

The develop­
ment of prices of 
these metals has 
increased several 
times since the last 
assessment of re­
maining reserves 
and is steadily high, 
which increases the 
price of the metal 
deposits. Accom­
panying metal at 
the Sb-deposits and 
partly at the W-de-

Fig. 5.50 The geographical position of exploration areas of oceanic floor between the Clarion and Clip-
perton tectonic zone in the Pacific Ocean. Two irregular polygons of pink colour are the exploration areas 
of Interoceanmetal. The place of Mn nodules sampling is indicated identification of the analysis XÍD-1. 



Tab. 5.13 Contents of selected elements from the nodules from the ocean floor. 
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