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Abstract. The most promising metal mineral resources in Slova-
kia are those that were previously subject to exploitation — ores
of Sb, Fe, Cu, Pb, Zn, Au, Ag. The further prospective minerals
appear even those which were the subject of ore reserves estima-
tion — ores of W, Ni, Co and Sn.

Antimony ores are still the most promising object either for
the recently exploited mining reserves or for further exploration.
We can state the presence of resources comparable to many coun-
tries of the world (outside China) and persistently prominent place
among the EU countries, despite their long-term exploitation.

For economic and other reasons we can positively evaluate
and reconsider the attitude to the resources of Co and W. The
most promising for cobalt (with Ni) are the sources in weather-
ing crusts of ultrabasic rocks. The prospective for tungsten seems
mainly porphyry type mineralisation type Ochtina I.

The source materials for metal magnesium in geological con-
ditions of the Western Carpathians are dolomites and magnesites.
The supplies of these raw materials in Slovakia are immense in
comparison to European countries. However, the raw material po-
tential is necessary to verify from the technological point of view.

Graphite — only areas with higher metamorphic grade are of
interest from the viewpoint of quantitative parameters. However,
we can expect only objects with very small resources.

Selected polymetallic 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, seeing that general genetic
model and the specific sy

Issues of Be-mineral resources of bertrandite type and chem-
ical elements of the platinum group is investigated within basic
research.

The created and continuously updated relevant base of data
enables permanent comparison of identified resources (Sb, W,
Co, graphite) with qualitative and quantitative parameters of re-
sources in other EU countries or with global deposits of various
genetic types.

Key words: Critical Raw Materials for EU, CRM — prices devel-
opment, Slovakia — CRM reserves and reserves potential

5.1 Introduction

Recently, the issue of availability of certain metals or
mineral resources in the world is a hot spot. Their current
extraction is concentrated in very few deposits and often
even in a few countries. This fact makes these metals and
materials “critical raw materials” (CRM). For these rea-
sons, the European institutions have adopted in recent
years several important documents that respond to this sit-
uation in the field of mineral resources. One of the most
important was the document in which there are defined
critical raw materials for EU countries in terms of their
economic importance and availability of these raw materi-
als on world markets (Fig. 5.1).
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Western Carpathians.
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Tab. 5.1 Concentration of production of critical raw materials and recycling rate.

> Main producing Main EU import | Import | Recy-
Raw : ) g
: countries sources depend- | cling
REpa % % | ence |rate (%)
China 97 | China 90
REE India 2 |[Russia 9 100% 1
Brazil 1 | Kazakhstan 1
s Brazil 92 | Brazil 84
Niobium Canada 7 [Canada 6 100% 11
China 91 | Bolivia 77
. Bolivia 2 [China 15
Antimony Russia > Peru 100% 11
South Africa | 2
USA 85 | USA,
Beryllium |China 14 | Canada, 100%
Mozambique | 1 [China, Brazil
PGE South Africa | 79 South Africa | 60 )
only Pt Russia 11 | Russia 321 100% 35
Zimbabwe 3 | Norway
China 72 | China 72
Germanium [Russia 4 |Hong Kong 7 | 100% 0
USA 3 |[USA 3
China 58 | China 81
: Japan 11 |Hong Kong 4 &
Indium o 9 [USA n 100% 0.3
Canada 9 |Singapore +
China 56 | China 82
Magnesium Turkc.:V = ls'rael ? 100% 14
G Russia 7 |Norway 3
Russia 3
Australia 48 | China 46
Tantalum g‘e‘;“‘:{ae 8 301 100% | 4
%P~ 1 9 |Kazakhstan | 14
Congo
Cohelt Canada 11 |Russia 19 0% 0
Zambia 9 | Tanzania >
China 72 | China 75
. India 13 | Brazil 8 5
Srapnie Brazil 7 |Madagascar 3 e .
Canada 3
China 78 | Rwanda 13
Tungsten |Russia 5 |Bolivia 7 73% 37
Canada 4 | Russia 5
China 59 [China 27
Fluorspar | Mexico 18 [South Africa | 25 [ 69% 0
Mongolia 6 |Mexico 24
Gallium [N.A. USA, Russia 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 knowledge 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 several deposits (in the
Malé Karpaty, Nizke Tatry Mts. and Gemeri-
cum) is Sb. According to Balance of Reserves
of Exclusive Deposits of the Slovak Republic
as of 01/01/2014 a summary of residual state
of individual deposits in SR is about 3,200 kt
of ore containing around 55 358 t of Sb (Balaz
& Kusik, 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), Lexa et al. (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
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Fig.5.2
Source: NERC, 2012, BGS 2012; modified.

(Lexa et al., 2007) with the Co presence as useful com-
ponent (Tab. 5.3).

A third metal from the group of critical metals is tung-
sten. It was not exploited, but the reserves are recorded,
about 2,800 kt of the scheelite (scheelite-wolframite) type
ore with around 6,500 tonnes of metal (Blaha et al., 1993;
Lorinc et al., 1993; Balaz & Kuasik, 2014).

The mined deposits, and especially smaller independ-
ent ore occurrences of these metals (Sb, Co, W) are quite
numerous, particularly in Tatricum, Veporicum and Ge-
mericum (Lexa et al. 2007).

These ores were studied in the scope of extensive de-
posit surveys financed from the state budget until the end

Distribution of monitored metals and minerals from the perspective of the final analyses.

be considered as the accom-
panying raw material.

From earmarked critical
metals in Fig. 5.1. the search survey for graphite was
conducted including estimation of prognostic resourc-
es. Its accumulations are bound to graphitic slates of
the Early Paleozoic and Carboniferous rock complexes.
From a technological point of view, these are the two
basic types (Oc¢enas, 1992): 1. Occurrences in which
carbon has a low degree of graphitization — microcrys-
talline and amorphous graphite, for example, deposit
occurrence Kadlub (Sombathy, 1949): 2. Occurrences
where the environment has been affected by medium
to high metamorphic grade. Carbon has a good crystal-
linity — flake graphite — deposit Kokava nad Rimavicou
(Petro et al., 1998).

Tab. 5.2: Classification of deposits, deposits occurrences and mineralogical occurrences, according to the amount of metal; Tréger in

Lexa et al. (2002)

Explanations:

Note:
REE - light REE (LREE): La, Ce, Pr, Nd, Pm, Sm, Eu, Gd + Sc
heavy REE (HREE): Tb, Dy, Ho, Er, Tm, Yb, Lu + Y

deposit of metals with eventual presence of PGE as accompanying metals

deposit of metals with eventual presence of REE as accompanying metals

PGE

deposits of metal possibly containing In, Ge, and Ga as accompanying metal

deposits of metal possibly containing Nb and Ta, rarely also REE as accompanying metal

| deposit of metals ( tetrahedrite type) with eventual presence of PGE as accompanying metal

Metal Unit of Mineralogical Deposit Deposit
measure occurrence occurrence small medium large
Sb kt < 0.1 0.1-1 1-10 10-100 > 100
W kt < 0.1 0.1-1 1-10 10-100 > 100
REE t < 1000 1,000 — 20,000 | 20,000 — 100,000 > 100,000
Cu kt <1 1-10 10-100 100 - 1,000 > 1,000
Pb kt <1 1-10 10-100 100 - 1,000 > 1,000
Zn kt <1 1-10 10-100 100 - 1,000 > 1,000

deposits of metal, where in conditions of the W. Carpathians Co is present as a main, or accompanying metal

light PGE (LPGE): Pd, Rh, Ru

—heavy PGE (HPGE): Pt, Ir, Os
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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: REE; PGE — explanations Tab. 5.2

All the above types
of mineralisation with

sl il Mineralogical [ Deposit occur- Deposit the presence of Nb and
occurrence rence small medium large Ta are rated as miner-
Antimony 51 20 18 6 alogical, or deposit oc-
Tungsten J 3 2 1 currences — a total of 13
Cobalt 1 1 ] 1 sites (Lexa et al., 2007).
Graphite 12 1 At the Gex_nerské
Rare earth " . Poloma-DIha doll.na site
elements — REE + Y, Sc 5 = there were estimated
Niobium 11 2 prognostic resources of
Tantalum 11 o these metals (Malacho-
Fluorite X0 unregistered deposits neither deposit occurrences vaky etal., 1992}:‘ |
Beryllium 3 unregistered deposits neither deposit occurrences merﬁsre— e;::l_: ?ni:
PI:’:::'gun:ls;?up not been Su.jdled of'v 1e\\. of pr.oductlon 0.1 magnesium metal cluding Y and S¢ ). o
clesments - FGCE unregistered deposits neither deposit occurrences among the most risky
Gallium solo unregistered, but present on Pb, Zn deposits ?;?T}?SIEES ;I:gollﬁzd
Germanium solo unregistered, but present on Pb, Zn deposits e ol cosiel. St r):
Indium solo unregistered, but present on Pb, Zn deposits tance for technologi-
Zine . l g 10| - l ! cal and manufacturing

Group of three metals — Ga, In and Ge has no tradition
in our mining history and no systematic research and prog-
nostic evaluation. In the world these metals are obtained
mostly as a by-product of mining of polymetallic epither-
mal ores (In, Ge and Ga, and also Te and Tl) or copper ores
(In), or bauxite (Ga — in the past it was obtained during the
processing of bauxite). Deposits or occurrences, for which
there would be stated their presence as utility metals are
not recorded in Slovakia, but there are recorded potential
deposits (13) and occurrences (49) (deposits of polymetal-
lic ores; Lexa et al., 2007), in which they might occur as
accompanying raw minerals.

Precious metals Nb and Ta (or their carriers — miner-
als) and their accompanying minerals (REE, Li, Rb, Cs,
Sn, etc., and partly it is also true vice versa) were identified
at several locations in Slovakia. Their presence is linked to
the occurrences of several genetic types:

1. For the time being their occurrences in granites and
pegmatites in the form of accessory minerals (in sum-
mary in Uher in Broska et al., 2012), are registered in
the mountain ranges of Povazsky Inovec, Ziar, Nizke
Tatry and Malé Karpaty — here also in secondary posi-
tions in the concentrate of heavy minerals in sediments
of the Limbach stream.
Occurrences in greisenised parts of the Permian Ge-
mericum granites in the wider area of Hnilec and Ge-
merska Poloma (Drnzik et al., 1982, Malachovsky et
al., 1992).
Occurrences of Nb and Ta were found in albititic metas-
omatites of some Gemericum granites (Li-F) in the wider
area of Podstl'ova — Cuéma (Malachovsky et al., 1992b).
4. The presence of Nb-Ta along with REE, Y, Zr minerali-
sation in a variegated volcanic complex of Gemericum.

The occurrences are linked to the Th-U anomaly of the

wider area of Rejdova, Rakovec and Hnil¢ik-Raztoky

(Malachovsky et al., 1987; Repciak et al., 1997).

[S9]

L)

processes in the Euro-
pean Union countries. In Slovakia there are known rela-
tively large number of occurrences of minerals, which are
their bearers and which were the subject of geological de-
posit survey (Hvozdara et al., 1994; Rep¢iak et al., 1997;
Zuberec et al., 2004: Duda & Ozdin, 2012).

In the Slovak part of the Western Carpathians the only
area with calculated reserves of rare earths is Cu¢ma. The
mineralisation is bound to the quartz veins in the rock en-
vironment of porphyroids. After the last survey (Donat,
1998), there were estimated reserves in the amount of
7.8 kt of rare earth ores containing 0.2% LREE and HREE.

In the Slovak part of the Western Carpathians condi-
tions could exist theoretically for further unconventional
mineralisation type. It is Be-carrier, bertrandite, volcano-
genic epithermal mineralisation. In 1992 it was completed
the first study dealing with the possibility of the presence
of this type of Be mineralisation (Knéslova et al., 1992)
in Slovakia. There were recorded elevated levels of Be,
however, the bertrandite mineralisation in acidic volcanic-
lastics could not be identified.

Fluorite is not a frequent accompanying vein min-
eral, but it is described in some deposits in the Western
Carpathians (Kodéra et al., 1989; Duda & Ozdin, 2012).
Abundant occurrence was recorded in deposits and occur-
rences of Sn mineralisation (Drnzik et al., 1982; Grecula
et al., 1995) and in connection with the occurrence of bo-
ron-containing rocks in tourmalinite deposits — Zlata Idka
(Kobulsky et al., 2000) in Gemericum.

The special status of the mentioned 14 elements and
minerals — “critical raw materials for the EU” in Fig. 5.1
has a magnesium metal. The Slovak Republic has great
reserves of raw minerals — magnesite and dolomite, which
are the initial source for the production of this metal. How-
ever, so far these material resources have not been broad-
er evaluated from this perspective. There are known only
experimental works on its production from raw magnesite
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(Tomasek et al., 1995). There were even deliberations on
running its production in the Slovak Magnesite Works in
Jelsava (Immer, 1998).

Information on the presence of platinum group metals
(PGE) in Slovakia are still very limited. Ambiguous is the
published information on the presence of Pt minerals in gold
ore deposit Banska Hodrusa (Krizani et al., 2003; Andras et
al., 2006). There is anticipated occurrence of Pt mineralisa-
tion on the Strieborna Vein at the deposit Maria in Roziava
(Sasvari et al., 2003). Ultrabasic bodies in terms of occur-
rence of these metals were not studied in more detail, or
they gave a negative result (Radvanec in Lexa et al., 2002).
Recent analyses of this issue provided the first unbiased in-
formation within the study of the mineral composition of the
ultramafic rocks and metagabbros with olivine for the need
of artificial carbonation and disposal of CO, — this was first
discovery of the presence of PGE and PGM in Slovakia.
The rocks contain small inclusions of metals and their alloys
(Radvanec in Baco et al., 2013).

5.3 Critical raw materials in Slovakia, the situ-
ation and the possibility of verifying the in-
dustrial accumulations of these raw materials

5.3.1 Sb — deposits and occurrences at the territory of
Slovakia

Slovakia was a major producer of this metal in
the 19" century. Currently, there are registered (Tab. 5.4)
about 70 mineralogical and deposit occurrences and about
20 deposit accumula-
tions, including deplet-
ed ones, with various

Tab. 5.4 Sb — occurrences and depos

5.4: Table 5.4) in the western part of the Nizke Tatry Mts.
(Dubrava, Magurka, Dolna Lehota — Lom and others) and
the Malé Karpaty Mts. (Pezinok). Major Sb mineral is
antimony. Historically, there were significant deposits in
Gemericum. They are present in the anticlinal axis of the
Gemericum structure in Early Paleozoic epizonal meta-
morphic rocks (Betliar, Cu¢ma, Popro¢, Zlata Idka). Here,
too, the main Sb mineral was stibnite. From the metallo-
genic point of view these deposits belong among the hypo-
to epizonal ones (Fig. 5.5), developed in an environment
of crystalline granitoid rocks and orogenic to postorogenic
development stage of ore field space.

In all Sb deposits in Spis-Gemer Ore Mountains the
mining was discontinued due to depletion of reserves.
However, an important role in the production of Sb in
the future can play a deposit of tetrahedrite in Roznava —
Strieborna Lode; Sb is supposed to become a by-product
of Ag-mining.

Small accumulations of antimony are known from
the occurrences in Veporicum (Chyzné-Kubejka) and the
neo-volcanic areas (their location is shown in Fig. 5.6),
which were partly exploited in the past (Kremnica, Zlata
Bana).

Accompanying metal of the antimony deposits in the
Western Carpathians is gold. In the case of Au-bond on
Sb-mineralisation, in the ore processing the gold passed
into the Sb concentrate and became a by-product (deposits
in Spis-Gemer Ore Mountains, Tatricum of the Nizke Ta-
try Mts.). A significant amount of gold, especially from the
Malé Karpaty deposits, is bound to other sulphide miner-

its in the Slovak Republic, source: Lexa et al. (2007) and Tréger in

Lexa et al. (2002); compiled and modified
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Fig. 5.4 Deposits and significant occurrences within individual geological units.
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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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Fig. 5.6 Genetic model of Sb type mineralisation with specific assignment of individual deposits from the Slovak part of the Western
Carpathians, modified and supplemented by Groves et al. (1998)
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Fig. 5.8 Sb price developments in world markets with consequences in different time frames. Data source: © Kitco USGS and Mineral
Commodity Summaries 1996-20135; supplemented, modified

the exclusive deposits of this metal there are registered The analysis of these developments on the timeline pointed
2,884,000 tonnes of ore with capacity of 55,358 tonnes Sb  out some interesting information. At the time of deposits clos-
so far within the individual deposit bodies (Fig. 5.7a, b)  ing, the price of 1 t Sb was around 1,800 USD (Fig. 5.8). Devel-
(Balaz & Kusik, 2014). opment of prices during the downturn of our Sb deposits was at

Within the EU the Slovak Republic has relatively large  historic lows. After the closure of the deposits (which were state
reserves of the antimony ores. Damping programmes in  subsidized) there was a slight increase in prices and subsequent
the 90s of the last century have caused the closure and  record fall. That resulted in the closing of a number of deposits
a not fully controlled disposal of mining operations in  across the world. At this time in our country there was re-evalu-

Dubrava and Pezinok. ated economic value of the closed (damped) deposits.
The Au price evolution source: MCS, USGS. 1996-2015
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Fig. 5.9 Development of prices on world markets in relation to the various important social and geological activities since deposits closure
in Slovakia until the present. Data source: © Kitco USGS and Mineral Commodity Summaries 1996-2015: supplemented, modified
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Fig. 5.10 Indicative calculated evolution of net asset value of residual metals — Sb and Au at the deposit Dibrava — Lubela after
damping in the 90s of the last century. We point out that this is the value of the measure of the balance of the metal therein, without

accounting for the cost of any physical extraction from the deposit. Source: Inventories and USGS ©

Summaries 1996-2012, supplemented, modified

For obvious reasons (provided the price was the main
factor) many deposits were evaluated as uneconomic. Of
course, the adverse price developments affected the ac-
companying metal at our Sb deposits, namely the gold
(Fig. 5.9). Gold price development is equivalent, which
ultimately may result in a significant reassessment of the
value of the metals (Fig. 5.10) within the individual depos-
its in Slovakia.

Comparison of the amount of ore and Sb metal re-
serves on SR deposits and in selected deposits throu-
ghout the world

From the comparison of the amount of metal reserves

on the Slovak and foreign deposits (Fig. 5.11 b; Fig. 5.12)

follows:

1. Based on the data available the Sb metal reserves in
the deposits of Slovakia are among the largest within
the EU. It confirms our continued dominance as in
the past.

Slovakia

Other countries

World antimony reserves
status as of January 2015

b

(9%

920 000
‘umum
“720“
620000 |
520 000
420 000
320000
220000
120000 1

20 000

O Kitco and Mineral Commodity

Among the European deposits there are (were) signifi-
cant deposits in France, but as in the case of our depos-
its, these are currently closed.

It is evident that the deposits in the EU countries had
been largely extracted and depleted already in the (dis-
tant) past, at the time of the industrial revolution on the
European continent.

The metallogenic evolution of the antimony as chalco-
phile element, occurs clearly in a rather low tempera-
ture hydrothermal conditions. Among other facts this
means that its development is concentrated in the high-
er horizons of hydrothermal systems. This fact, as well
as erosion, allowed its early discovery.

China has clearly the largest reserves with a relatively
large number of registered (Hu et al., 1996) and cur-
rently mined deposits.

Relatively low recycling rate (about 11% — Tab. 5.1)
makes this metal and its resources commodities of per-
manent interest.

Antimony reserves (1) stane as of January 2015

I — o]
Russia  South Africa Tajikistan  Slovakia ()th:r

Fig. 5.11a, b Comparison of the Sb (metal) reserves on deposits in individual countries as of January 2013, stated by USGS. The status
of reserves in Slovakia was grossed up on the basis of reserves of the metal on our deposits. Data source: USGS, MCS, 2015; Baldz &

Kusik, 2014; edited and compiled
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Fig. 5.12 The graph in the figure shows a selection of international deposits with the amount of ore and the calculated amount of metal in
the deposit. Sb amount was calculated on the basis of alleged metal content. The underlined names and stained symbols of deposits are the
deposits located in the EU. The deposits marked with a small red circle are deposits in China, of which the only available information is the
one about their size, divided into categories according to the amount of metal on small deposits to 10,000 t Sb, medium deposits 10.000 to
50.000 t Sb, and large deposits over 50.000 t Sh. The graph shows a position of the deposits Diibrava, Pezinok and Roznava — Strieborna
Lode. Data source: Berger, 1993; Hu et al., 1996; BalaZz & Kusik, 2014. www.bgrbund.de’DERA_Rohstoffinformationen-Antimon (2013):

modified and compiled
5.3.2 W - deposits and occurrences in Slovakia

In Slovakia, the tungsten ores were not previously
mined separately and W was not acquired as an accom-
panying metal within other ores mining. However, two
deposit locations were explored (Tab. 5.5; Fig. 5.13) with
calculated reserves. Smaller deposits and particularly min-
eralogical occurrences (preferably scheelite) are known at
numerous localities (Dud’a & Ozdin, 2012).

From the metallogenic point of view in Slovakia two
genetic types of W mineralisation are examined — the hy-
drothermal vein and the stockwork-impregnation scheelite
mineralisation with gold in the Tatricum crystalline — de-
posit Jasenie — Kysla (Blaha et al., 1993). Quartz veins with
scheelite of N-S direction and quartz veins and stockworks
within mylonitised zones of NE-SW direction are linked to
tectonic zone of NE-SW direction about 650 m wide and
1 km long. The host rocks are migmatites, gneisses and
amphibolites. Scheelite
1s in association with fer-
berite less with cassiter-

in multiple quartz vein sulphide mineralisations in Ta-
tricum, Veporicum and Gemericum (Pecho et al., 1981;
Duda & Ozdin, 2012).

The second genetic type of mineralisation is porphy-
ry-hydrothermal, represented by the explored deposit of
poor Mo-W ores Ochtina I (Rochovce, Lérincz et al.,
1993). The tungsten mineralisation is represented by
scheelite and to a lesser extent by wolframite (but larger
than at the Deposit Jasenie — Kysla). It is concentrated in
the outer, exocontact granite zone, within the environment
of silicified phyllites with metavolcanites positions of ba-
sal composition. In the inner zone of the granite body there
is developed extensive molybdenite mineralisation and the
Mo forms the main component of the utility deposit. The
porphyry system is also accompanied by subsequent hy-
drothermal mineralisation present mainly in more external
zones. At present, at this deposit, or in its immediate vicin-
ity, the deposit exploration is being carried out.

Tab. 5.5 Tungsten — occurrences and deposits in the Slovak Republic, source: Lexa et al. (2007) and
Tréger in Lexa et al. (2002); compiled and modified

?te, accomp_anied l'.yy var- Metal Unit of | Mineralogical Deposit Deposit

ious sulphide minerals measure occurrence occurrence small medium large
1 ., 1993).

tE Bk st al., 1959) kt < 0.1 0.1-1 1-10 | 10-100 | > 100
Scheelite as accom- W

panying mineral occurs number 3 2
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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 Rimavicou,
Rimavskd Bana 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 of SR — according to the inventory of the ex-
clusive deposits of this metal there are registered 2,846,000
tonnes of ore containing 6,546 t of W (Balaz & Kusik, 2014).

Metal content -W (%) on the deposits of tungsten in relation to
a3 the total content of the ore
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This concerns only the deposit Jasenie — Kysla. Along with
the deposit body Ochtina-I (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 Ochtina-I 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

$ medium deposit
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Fig. 5.14a, b The ore supplies for individual deposits in the Slovak part of the Western Carpathians, classified by size criteria. In the case
of the deposit Ochtina-I 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 tvpe (part c) this way of fading-out mineralisation is characteristic. However. the
volume of ore increases significantly, and thus the amount of the reported utility metal (part b) Data source: Lorinc et al., 1993; Lexa et
al., 2002; Tréger in Lexa et al., 2002; Baldz & Kusik, 2014.
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Fig. 5.15 W-prices development on the world market with consequences in different time frames. Data source: © Kitco USGS and Mineral
Commodity Summaries 1996-2015; supplemented, adjusted. Note: 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

Slovakia 0,.5%

Bolivia 1,6%

Australia 4.9%

World reserves of tungsten

status as of january 2015

Portugal
0.1%

(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).
The potential of finding and extending the reserves in
the territory of Slovakia 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).
The presence of minerals of tungsten — scheelite and
wolframite (hiibnerite and ferberite) in ore and other
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Fig. 5.16a, b Comparison of tungsten supplies (metal) on deposits in individual countries as of January 20
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metal structures in Slovakia does not reach the quan-
titative parameters of accompanying metal at possible
exploitation of the main metal, e.g. on Sn greisen min-
eralisation types.

4. The actual W-mineral (especially ferberite) can be
a bearer of the precious metals elements (Nb, Ta) in
some specific genetic types of mineralisation, for ex-
ample alkalized granite intrusions in the vicinity of Ge-
merska Poloma.

5. W shows substantially greater distribution of depos-
its as well as the increasing number of countries (Fig.
5.17), which exploit the metal from their deposits.

6. This metal is also dominated by China (Fig. 5.16 b),
both in terms of the reserves of ores and the W produc-
tion, as well.

Distinct is perhaps relatively high recycling rate of
metal (Tab. 5.1 — 37%) — the highest of the CRM Group.

5.3.3 Co — deposits and occurrences in Slovakia

In the Slovak part of the Western Carpathians the
Co-ores don’t create deposits. However, Co occurs com-
monly on the ore structures of other metals, especially Ni,
and it forms previously mined deposits — single vein struc-
tures and systems. We know several occurrences (Tab.
5.6), where Co represents one of the essential accompany-
ing metals (Lexa et al., 2007; Dud’a & Ozdin, 2012).

Based on geological and metallogenic evolution there
have been identified two more significant genetic types of

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

ore mineralisation with Co in the territory of Slovakia. The
first is the vein metamorphic-hydrothermal mineralisation
type, with Co-minerals (particularly cobaltite) occurring
in sulphide-siderite veins or metasomatic siderite lenses —
type Dobsina and several other occurrences in Gemericum
(Figs. 5.18 = 19).

The second type are the residual accumulations of
“Co-ores” in lateritic weathering crusts on serpentinised
peridotite body Hodkovce — Komarovee (Fig. 5.20). This
type of mineralisation is in quantitative terms the econom-
ically most promising at the territory of Slovakia. It is per-
spective due to a large extent (over 100 km?) of the body,
which was exposed to weathering in Paleogene and Ne-
ogene. Subsequently, in the Late Neogene the weathered
scree was partially relocated by denudation processes,
which led to further enrichment on Co content. The weath-
ering crust is the best preserved in the paleo-elevations in
the western part of the body.

Other economically important genetic types of Co
mineralisation in the geological conditions of the Western
Carpathians in Slovakia are not anticipated.

Co-ores reserves and potential amount of metal in the
deposits of SR. In Slovakia there is currently not accounted
for reserves of this metal. However, there are registered
2 deposits and 2 deposit and mineralogical occurrences in-
volving Co as utility component (Lexa et al., 2007).

In the past there were calculated residual reserves on mul-
tiple veins in Dobsina, in particular the vein Martini, with
about 2,700 kt of ore containing 0.092 % Co. Later survey
of a wide area has not
confirmed Co-ores, or it
has been declared a high

Metal Unit of | Mineralogical Deposit Deposit rate of d_cplctioq of the

measure occurrence occurrence small medium large known Ni-Co vein struc-

kt 0.5 05—5 s _ 50 S0 — SO0 00 tures (Zlocha, et al., 1986;

(Ni) Co Mesarcik, et al., 1992;
Bbes 7 3 ! 1 Mesarcik, et al., 2000).
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Fig. 5.19 Co deposits and significant occurrences within individual geological units. Pentagons show deposit objects with calculated
reserves. Source: Lexa et al., 2000, 2007
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Fig. 5.20 Geological section through the deposit of Co-lateritic ores Hodkovce. 1. loam — Quaternary; 2. clays, gravel, sand: 3. alloch-
thonous decomposed serpentinite; 4. decomposed serpentinite in situ; 3. serpentinised peridotite; Compiled by J. Zlocha 1975; modified
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Fig. 5.21 Co price developments in world markets with consequences in different time frames. Data source:

Commodity Summaries 1996-2015; supplemented, modified.

The most important reserves (forecast resources) rep-
resent the weathering crust of the serpentinised peridotite
in the wider area of Hodkovce — Komarovce. After several
alternatives of reserves calculating (internal and extrapo-
lated area, marginal metal content and other parameters),
the calculation is stabilized at ca 17,000 kt of reserves with
an average metal content of 0.378 % Ni and 0.016 % Co
(Zlocha, 1975, 1982). In terms of Ni it presents a medium
deposit, with about 3 kt of Co.

Analysis of the evolution of prices at the global com-
modity markets (Fig. 5.21) points to the other factors such
as the price development of Sb, W, and also of other metals.
Its price shows the relative stagnation of the review period
compared to re-assessment of the reserves of ore resources
in Slovakia. However, our opinion is that the presence of
cobalt minerals, but also other potential metals (e.g. PGE)
within the weathering crusts on the serpentinised ultramaf-
ic body Hodkovce — Komarovee makes this genetic type
Ni and Co mineralisation significantly more attractive.

© KITCO and USGS Mineral

Comparison of the amount of Co ore reserves and
metal in the deposits in SR and 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. In the territory of Slovakia there are developed two
genetic types of cobalt mineralisation of industri-
al importance. The first one is the hydrothermal vein
(metamorphic-hydrothermal) type, which is essential-
ly worked-out — type Dobsina. The second type is the
residual lateritic type, which represents also globally
significant genetic type of Co mineralisation.
Residual accumulations of Co (along with Ni + PGE)
in the weathering crust of serpentinised peridotite in
the broader area of Hodkovce are the most important
and perspective Co deposits in Slovakia.
3. In a pan-European or global level, dominated by the
Democratic Republic of Congo (Fig. 5.22 b), the Slo-

(9]
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Fig. 5.22a, b Comparison of Co (metal) reserves on deposits in individual countries. Data source: USGS, MCS, 2015: Zlocha,

1975; mod(/zed
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vak Republic has very limited reserves of low-quality

cobalt ores.

For Slovakia promising sources of cobalt ores may be-
come nodules from the seabed. Our country is member of
the association Interoceanmetal, which carries out research
in the area of Pacific Ocean — this option is discussed in
subchapter dealing with polymetallic nodules.

5.3.4 Graphite — deposits and occurrences in the terri-
tory of Slovakia

Of the four basic genetic groups, the graphite occurrences
in Slovakia belong to a metamorphic type (Fig. 5.23). Mag-
matic and skarn types are not confirmed, even mineralogical-
ly. Rather common is the
presence of graphite (Tab.

a component of numerous graphitic schists in Tatricum,
Veporicum and Gemericum. It occurs often in the deposits
of magnesite in the form of fine impregnations. It is rela-
tively abundant also in metasomatic ankerite and siderite
at the locality Vlachovo.

Reserves of graphite and its potential amount at the
deposits in SR

The explored deposit of graphite is the site Kokava nad
Rimavicou on which, according to BZVL SR, 294 kt of
graphitic rocks are registered with average 3.4% graphite
content. The graphite is macrocrystalline, flaky (0.02 to
0.4 mm, on average 0.085 mm).

Tab. 5. 7: Graphite occurrences and deposits in the Slovak Republic, source: Lexa et al. (2007); compiled

3 3 and modified
5.7) in the veins of differ-
ent types of mineralisa- Metal Unit of | Mineralogical Deposit Deposit
tion, mainly the metamor- measure occurrence occurrence small medium large
phic-hydrothermal ones. kt
The depositof graphite | graphite
Kokava n;:io Rima%’lzl())u is number X-X0 3 !

hosted by metaquartzites,
which are characterized by a higher degree of metamorphism.
Graphite is technologically macrocrystalline (flakes up to 0.8
mm), of very easy technological processing. Similar type of
graphite is at the site Muranska DIha Lika. Macrocrystalline
graphite, but in mica schists and paragneisses, occurs at the
sites Cavoj — Gapel and Brezno — Kozlovo.
Microcrystalline (flakes 0.1-0.001 mm) and cryp-
tocrystalline (“amorphous”, flakes <0.001 mm) graphite is

The proven deposit is the best explored site and it is
also the deposit with the “highest quality” graphitic rock
— “ore”. The Cavoj — Gapel occurrence has maximum en-
riched positions containing 4.5 to 5.7% of graphite, but
their extent is minimal. At the site Brezno — Kozlovo the
macro- and micro-crystalline graphite is impregnated in
transitional rocks — hybrid granite and migmatite and con-
taining up to 3.5% of graphite. At the above sites it has not
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geological map after Lexa et al. (2000), (explanation Fig.1)
deposits and occurrences: Lexa et al. (2007)
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Metamorphic mineralizations 2 Kyijatice-Kadlub 4

Fig. 5.23 Deposits and significant occurrences of graphite in different geological formations and some of their geological and genetic
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 clear that there are deposits of a higher order than the reserves cal-
culated on the deposit Kokava nad Rimavicou. Source: USGS, MCS, 2010-2015; modified and compiled

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 Rimavicou is easy-to-process
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

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

The Mg price evolution
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Fig. 5.25 Development of Mg metal prices on world commodity exchanges, period of laboratory tests and the production of raw materials

based on Slovak magnesites in Jelsava.
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Production of magnesium metal (kt) in the period 1995-2014.
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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, 2013;

USGS, 2013.

of the real magnesium metal in a plant for its production
of the Italian company Societa 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 raw 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 Ge-
mericum. More specifically these deposits include: Podrec¢any,
Burda, Cinobana, Ruzina, Lubenik, JelSava— Dubrava Massif,
Ochtina, Ratkovska Sucha, Kosice-Bankov and Kosice-Med-
vedza. The largest deposit represents the JelSava — Dubrava
Massif. The magnesite deposits and occurrences in Veporicum
are located in Sinec shear zone around Hnust'a: Kokava, Si-
nec, Samo, Mutnik 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 Strazovské vrchy Mts. in the Cho¢
Nappe (l.c.).

Reserves of source raw materials for the production
of metallic Mg and its potential amount in the de-
posit of SR

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 & Kusik, 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 individual deposits.
However it may be limited from an environmental point
of view.
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Fig. 5.27 Deposits and significant occurrences of mineralisation with the presence of Nb and Ta minerals in different geological formations
and some geological and genetic attributes. The pentagon shows a deposit object with calculated Sn reserves. Source: Lexa et al., 2000

Broska et al., 2012.

5.3.6 Nb-Ta — 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
— DIha dolina, there were already identified Nb-Ta 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 Nb-Ta minerals with many occurrences (Broska,
in Uher et al., 2012), sig-

types of granite rock environment. 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 Nb-Ta mineralisation
may be accompanying by-product.

The potential amount of metal in the deposits of SR —
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" and Ta content reaches only
tens g.t'. The upper part of albitized granites (quartz-al-
bititives) contained up to 65 g.t' Nb and 120 g.t' Ta. The
metal content at the site of “Li-F granite” is 90 g.t' Nb

nificant occurrences are lab. 5.8: Sn (£Nb-Ta) occurrences and deposits in the Slovak Republic, source: Lexa et al. (2000) and
also earmarked on Fig. Tréger in Lexa et al. (2002); compiled and modified

S:27.

, Metal Unit of | Mineralogical Deposit Deposit
Based on the gel.]cnc measure occurrence occurrence small medium [arge
model, the Nb-Ta miner-
alisation is mainly bound (Sn) kt < 0.1 0.1-1 1-10 10— 100 > 100
to carbonatite or special Nb-Ta number 11-X0 2
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Fig. 5.28 Cross-section depicting interpreted geological setting in the area of deposit occurrence Gemerskda Poloma — Dlha dolina with
position of cassiterite, magnetite and talc mineralisation as well as albitized Li-F granites with the rare-element mineralisation. The
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Fig. 5.29 Reserves and metal content of individual Ta deposits world-wide. 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 Khald=an 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 of peralkaline 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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eralogical importance in the foreseeable future. The rea-
son is, out of a very low metal content (low, respectively
accessory presence), the small size of pegmatite bodies.
High concentrations are characteristic for this type, as seen
also from Fig. 5.29.

Occurrences in Slovakia are particularly evident from
Fig. 5.29. We have no significant assumptions of a deposit
finding with similar qualitative and quantitative param-
eters typical for deposits in alkaline massifs and peralu-
minous granites. However there is the possibility of ex-
tending the existing “reserves” in the deposit occurrence
Gemerska Poloma. It is one of the areas with the widest
representation of prognostic criteria.

© KITCO and

described (Uher, et al., 2007) a number of Nb-Ta minerals
with the expected link to pegmatites. In the association of
Nb and Ta minerals the Ta minerals slightly dominated,
which was confirmed by the analysis of the heavy fraction
of the panned concentrate samples. Such a high content
of Ta in the panned concentrate samples indicates, among
other factors, that it is likely a quantitatively substantial
incidence of Ta-Nb mineralisation with a predominance of
Ta. This differs the occurrence from the sites with different
genetic types of mineralisation. The greisen type minerali-
sation is dominated by Nb> Ta content as can be seen from
locations in Gemerska Poloma (Tab. 5.9), from which also
lithogeochemical panned concentrate sample analysis with

Tab. 5.9 Ta and Nb content in some recent panned concentrate samples from the Limbach stream sediments in the Malé Karpaty Mts. and Dih-
odolinsky stream at Gemerska Poloma. The trial sample is from the natural exposure of greisen with cassiterite mineralisation in Dlhd dolina

Ta Nb Ta Nb
Sample Sample type Sample Sample type
mg.kg”’ mg.kg' mg.kg' mg.kg'
Mal¢ Karpaty Mts. — Limbassky potok Brook Gemerska Poloma — Dlha dolina
MK - . 771 766 GP-1 panning 141 604
panning = 3
MK -4 5,281 4,878 GP-3 fragment 433 1,087

The reason for the positive assessment of the area are
also constantly rising prices of Ta and Nb metals (Fig.
5.30), which in the future will certainly still increase due
to the increased consumption and the need for this metal in
the electronics and information industry.

Quantitative chemical analysis of the Nb and Ta from
panned concentrate samples have not yet been carried out
and the content of the bearers of these elements in panned
concentrate samples has not been studied. Relatively high
amounts of Nb and Ta have been detected in the samples
from the panned concentrate samples from the Limbach
stream near Bratislava (Tab. 5.9). There was previously

rich greisen cassiterite mineralisation has a significantly
higher content of Nb.

5.3.7 REE +Y, Sc as accompanying, secondary metals in
deposits and occurrences of other metals in Slovakia

Ore deposits and mineral resources from which the
rare earth elements are extracted (the Explanatory Notes
to Table 5.2) have not been recorded in Slovakia. Single
occurrence is known — Cu¢ma, in which after the imple-
mentation of geological exploration works the LREE re-
serves were calculated, but especially the HREE contents,

Tab. 5.10 REE and Y, Sc occurrences and deposits in the Slovak Republic, source: Lexa et al. (2000) and Tréger in Lexa et al. (2002);

compiled and modified

Metal Unit of Mineralogical Deposit Deposit
measure occurrence occurrence small medium large
REE kt < 1,000 1,000 — 20,000 | 20,000 — 100,000 > 100,000
and Y, Sc number X0 1
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Fig. 5.31 The map displays markedly increased occurrence of monazite 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 S -type — Broska et al., 2012).
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Fig. 5.32 Deposits and significant occurrences of mineralisation with the presence of REE and Y 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 & O=din, 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 rare-earth metals. They are
bound like precious metals especially to intrusive carbon-
atite bodies of so-called bistnesite 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 wider 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 REE in some
altered rocks of high-sulphidation systems — Remetské Hamre
— 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.
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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 of SR

In some deposits and deposit occurrences it had been
found the presence of REE minerals — deposit Hnilec, de-
posit occurrence Gemerska Poloma — DIlha dolina. A sin-
gle object on which reserves of rare earth elements were
calculated, is the site Cu¢ma (Donat, 1998). The mineral-
isation is present on a quartz vein, which is developed in
porphyroids at the contact with Gemericum granites. The
vein 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 uraninite, autunite,
torbernite. Subsequently there was identified also REE
mineralisation represented by the association of apatite,
xenotime-Y, monazite-Ce. 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 Cuéma depos-
it among the selected deposits world-wide is displayed in
Fig. 5.33.

Content of REO (t) in relation to the total content of ore on the selected deposits

2000 000 - — — e
D Carbonatite -associated { ! LJ
C ot > 43 { Bayan Obo—
1 800 000 . tlkaline igneous rock -associated ! RS e e e R
’ Hvdrothermal deposits | 38§ e 5
1 600 000 B Lateriticdepostis ' "> - Raia o ils G BN Pt e
Mount Weld - .
1400 000 +*
------- Kvanefjeld
§| 200 000 Mountain Pass i
s O
§ 1 000 000
Q
& 300000 @ Nolas Bore
600 000 Zandkopsdrift
Dong Pao a
400 000 + @ Strange Lake
Bear Lodge Kringlerne o
200 000 O .
Cutma” Zeus (Kipawa) orra Krr
& @ Hoidas Lake@ @ Kutessi¥ 11
0 10 20 50 60

30
Total content of ore M1t

Fig. 5.33 Reserves and metal content of selected world REE deposits, indicating the position of the deposit Cu¢ma. 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 non-significant REE reserves in the
pegmatite deposits but also in placers (sea-beach monazite sands). Source: USGS Mineral Commodity Summaries 2015, Paspaliaris (2013)

Comparison of reserves of REE ores in the deposits  exploitation at the deposit Mountain Pass in the USA at
of SR and selected deposits world-wide the beginning of the millennium (Fig. 5.36). However, real
“unavailability” at the market has caused the reopening of
Almost half of sources are recorded in the deposits in Chi- mining in the USA and intensive search for REE resources
na, with dominating deposit Bayan Obo in Inner Mongolia in other parts of the world including Europe. One result is
province. A similar genetic type, with the major minerals the discovery and pre-mining of the deposit Kvanefjeld in
bastnisite, is the deposit Mountain Pass in the USA. This  Greenland (Paspaliaris, 2013).

The main REE ore source allocation displays Fig. 5.34.

Production of REO (t) in the period 1994 - 2014 starus as of January 2015 J
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l120000 | MUSA = Australia 2 Brazil

® China ® India o Malaysia
100 000
| & Thailand o Russia 2 Vietnam
| som00 | @ Other countries
i
| 60000
1
P
|
|
| 20 000
i 0
! 199 1995 19% 1999 2000 2001 2002 2009 2010 2011 2012 2013 mt‘

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-
gemony 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 HREE 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
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for the surrounding environment. And this was
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5.3.8 In, Ga, Ge as accompanying, secondary metals
in the deposits and occurrences of other metals in
Slovakia

The In, Ge and Ga minerals don’t form separate de-
posits and single metals are obtained during the extrac-
tion of other raw minerals. Polymetallic mineralisations
are often a source of these elements. Therefore, these
types of deposits are also referred to as metal deposits.
In Slovakia there is a relatively large number of deposits
and occurrences of polymetallic ores (Tab. 5.11). They

Tab. 5.11 Zn (Ga, Ge, In) deposits and occurrences in the Slovak Republic, source: Lexa et al. (2007) and

Tréger in Lexa et al. (2002); compiled and modified

| 1

sphalerite increases; likewise, in the case of isomorphic
presence in the chalcopyrite.

For the time being, in the present state of knowledge
and based on own analyses we are unable to objectively
demonstrate immediate bond of In to Zn ore on our base
metal deposits. The presence of single accessory In miner-
als (roquesite — C ulnS,) was observed in quartz sulphide
veins by a borehole-proven “skarn” mineralisation at Ge-
merska Poloma (Fig. 5.28; Malachovsky et al. 1997). This
is a very promising metallogenic area with several critical
metals in the broader area of Gemerska Poloma.

Similarly to In, nei-
ther the presence of Ga

in our deposits has been

Metal Unit of | Mineralogical Deposit Deposit systematically  studied.

measure occurrence | occurrence small medium large The presence of galli-

(Zn) Ga kt < | 1-10 10-100 | 100 - 1,000 | > 1,000 | Y™ Was rgcordc?d in _thc
Ge. I 3 - polymetallic mineralisa-

it munber 38 1 - I tion at the Brehov depos-

are concentrated in the Eastern Slovakia area (Zlata
Bana, Brehov), but especially in the Central Neovolcan-
ites (Figs. 5.37; 5.38). Smaller occurrences of polyme-
tallic ores were mined in the past also in Gemericum and
recorded are smaller occurrences in Veporicum. During
the prospecting and mining the ore was usually not an-
alysed for these metals, or point samples were analysed
for mineralogical studies (e.g. Ko3uth, 2009). Rock cut-
ting samples based on which the reserves were calculat-
ed, were not analysed for these metals.

Based on general models (Fig. 5.39) these ores are
present as the identical genetic types of polymetallic ores
in the neovolcanic areas. Indium is often in the isomorphic
position in the Fe-sphalerite — marmatite, Ge is more com-
mon in the galenite. With increasing depth, thus increasing
thermal grade of the solutions the isomorphism of In in the

Lead - Pb
Zinc - Zn
(In, Ge, Ga)

V%

/
o

it in the Eastern Neovol-
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 Detva
— 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.

In the past, Ga was extracted partially from the pro-
cessing of Al — bauxite ores in the aluminum plant in Ziar
nad Hronom.

Very occasionally, the minerals of the ores mined in
the past were examined on the Ge presence. The higher
contents (over X0 ppm) have not been observed (Kosuth,
2009, Baco, et al., 2013). The presence of single Ge miner-
als has so far been detected (mineral argyrodite - Ag GeS o)
in the deposit of polymetallic ores Zlata Bana (Kosarkova
and Dud'a, 1999).

Deposits and occurrences in the Slovak Republic.

ja - deposits listed in Register of Reserves of Reserved Deposits of the SR (as of 1.1.2015)

@ - deposits excluded from Register of Reserves of Reserved Deposits of the SR (as of 1.1 2015)
Yr - other deposits and occurrences

Fig. 5.37 Deposits and significant occurrences of base metals (Pb, Zn + Cu + Au, Ag) in different geological units of the Slovak part

of the Western Carpathians.



Slovak Geol. Mag., 15, 2 (2015), 87 — 120

112 |
PRE-HERCYNIAN AND PALEOHERCYNIAN PHASE | [Granites of the Veporicum unit
(>380 Ma) l(\pr‘ g"ﬂ"l"(' magmanxm
- - Hydrothermal vein/stockwork + metasomatic mineralization
Metamorphosed volcanosedimentary formations of the 2 ¥ 8
4 ; 5 base metal |Rochovce
Gemericum unit occurrences |Ochtina-Dubrava,0.-Lasanka, O.-Margita Y 9
Pre-metamorphic sedimentary and volcanic processes Limestones and dolomites of higher nappes
Synge“eﬂc volcanic massive Sulﬂlide mineralizations Erosion, extension and thermal reactivation
= % |MniSek nad Hnilcom ! Hydrothermal vein type and metasomatic mineralizations
2 ::: Prakovce > e Ardovo Y710
£ E Bystry potok p2d occurrences |Loniky-Dricilok il
£ 2 [Slovinky-Lacemberska dolina 2 Vel'ké Pole - Pila 312
e :
Gemerska Poloma 703 | [NEQ-ALPINE OROGENIC PHASE (24-10 Ma)
NEOHERCYNIAN LATE- TO POST-OROGENIC PHASE| [Neogene voleanites
(340 - 250 Ma) Andesite and rhyolite rol(‘fmi.sm u‘r('umpanit’d b\ .vubml(v anic intrusive
. g . complexes and the evolution of volcanotectonic depressions
Crystalline basement of the Tatricum unit Trten Tl Sbeatuiotione
Transtension to extension and late-orogenic granitic magmatism of the Stockwork/dissemi 4 |[Hodruga Q 1
I. S and 4 type base metal deposits and | Pukanec . 5
Hydrothermal vein and shear-zone type mineralizations occurrences Bretiov @2
Pb-Zn-Ag Cavoj ®3 Volcanic hosted low sulphidation epithermal mineralizations
occurrences Chvu_!mca - 4 Banska Stiavnica @ 3
Jasenie-Soviansko ®4| | Basemetal+Ag Au |Zlata Bana 04
PALEO-ALPINE LATE-OROGENIC PHASE (90 - 70 Ma) deposits and occurrences | Morské oko 13
Crystalline basement of the and Veporicum units Zemplin Ye 14
Thermal reactivation in the transtension and extension regime, sporadic granitic Ag-Au-base metal %
magmatism deposits and occurrences Hodrusa ﬁ 15

Metamorphic-hydrothermal vein and stockwork/disseminated
mineralizations of shear zones

. sl Hnust'a-Ostra %5

ase MetA pohorelska Masa %6
occurrences |—

Tisovec-Duhovo w7

@- deposits listed in Register of Reserves of Reserved Deposits of the SR (as of 1.1.2015)
@ - deposits excluded from Register of Reserves of RD of the SR ras of 1.1.2015)
Y -other deposits and occurrences

edited by Lexa et al. (2007) and
Register of Reserves of Reserved Deposits of the SR (as of 1.1.2015)

Fig. 5.38 Selection of deposits and major occurrences of polymetallic mineralisation and their metallogenic attributes.

Reserves of Zn 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 reserved deposits there are
registered 4 deposits with calculated reserves (Fig. 5.40).

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
may be even greater (or maybe smaller); the deposit has
not been explored yet. The classification of the reserves as
non-economic was valid in the mid-90s of the last century.

exhalative massive sulfide

Slovinky

subvolcanic
subvolcanic intrusion
intrusion
porphyry
stock

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.
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Fig. 5.40 Reserves of base metal ores in individual deposits in the Slovak part of the Western Carpathians, classified by size criteria.

Even in the case of the prices of these metals (Figs. 5.41 — At the current prices the value of deposits would be
43) the findings apply, which were explicitly mentioned at  disproportionately higher. Even in the case of In prices
the Sb subchapter. (Fig. 5.42) similar consequences are valid.
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Fig. 5.41 Development of Zn prices on the world markets. Displaved are the important implications for our ore mining. The evalua-
tion of deposits was also impacted and mainly the re-evaluation of earlier estimated prognostic resources (Lexa et al., 2002) in the
ore deposits fields and several newly discovered deposits or more significant occurrences. Data source: © KITCO and USGS Mineral
Commodity Summaries 1996-20135; supplemented, modified
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Fig. 5.42 Development of In price in world markets followed the trend of the main metals. Data source: © KITCO 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 2000-2002 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: © KITCO and USGS Mineral Commodity

Summaries 1996-20135; 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
(Duda & 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 by-product 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-

Fluorite
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Significant mineralogical ccurrences in the Slova“lﬁ{epublic.
s\
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e
J .
\ } ﬁ- significant mineralogical occurrences

» g
"EEEw

geological map after Lexa et al. (2000). (explanations Fig. 4.3)

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;: Duda & 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 (Ta-Nb) mineralisation types. Fluorite in the acidic en-
vironment of volcaniclastic and extrusive bodies is also an
important type indicating Be-bertrandite 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 al., 2007, Duda & Ozdin 2012.

World production of fluorite (Fig. 5.46) is concentrated  rence of beryl was published (Pitofiak and Janak, 1983; Dud’a
mainly in China. Interesting is the fact that Chinais nota & Ozdin, 2012). All findings originated from pegmatites of
country with the greatest potential of calculated reserves ~ Core Mountains (Malé Karpaty, Povazsky Inovec, Ziar and

of fluorite (Fig. 5.47). Nizke Tatry) and they have only mineralogical significance.
Its extensive extraction (Fig. 5.46) is probably related A relatively large amount of genetic types of Be miner-

to metallurgy activities in the country demanding the fluo-  alisation (Tab. 5.12) largely reflects the sources of beryl, or

rite as an additive raw material. helvite and phenakite that were previously the main source of

beryllium. Currently, the dominant industrial sources of beryl-
lium bertrandite — Be,Si,0,(OH), mineralisation is bound to
acidic young volcaniclastic rocks, Pliocene in age, with type

In Slovakia there is no tradition in acquiring this metal  deposits in the area Spor Mt., Utah, USA (Tab. 5.12, Fig. 5.48).
and only in recent decades the first description of the occur- Deposits in this area are the major Be producers and
worldwide the search is focused
o s e in this genetic type for industrial
countries extraction (Fig. 5.49), although
still the other genetic types are
registered.

In the Slovak part of the
®Namibia = Kazakhstan Western Carpathians conditions
wSouth Africa[ll ®Russia could theoretically exist for vol-
® United ® Mexico canogenic epithermal type of ber-

e trandite mineralisation. In 1992
it was completed the first study
dealing with the possibility of the
presence of this type of Be miner-
alisation (Knéslova et al., 1992)

" : , ol , ) in Slovakia. There was sampled a
Fig. 5.46 Production of fluorite world-wide. Dominance of China and its stable high pro-

il : 3 i : 5 & . ortion of the acidic environment
duction in 2011 are obvious. Source: USGS, Mineral Commodity Summaries, yvears 2010- P & | iclasti g h
2015; modified and compiled. of volcaniclastic rocks in the

5.3.10 Be minerals based on bertrandite, possible oc-
currences in rhyolitic volcaniclastic rocks

® lran ® Germany

a Kenya ® Spain

® Mongoha 8 Morocco
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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,

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.

however, manifestations of bertrandite mineralisation, or

increased levels 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.

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 Brief description Minerals Grade Major examples
5 : Crystals in block zone beryl, 3 Bernic Lake (Manitoba,
A 4 o and metasomatite zone bertrandite O.1% HeO Canada), Mozambique
Hydrotherrpal Dissemination in thyafste bertrandite 0.1-0.5% BeO Spor Mountain (Utah, USA)
subvolcanic tuffs
Be-albitites SyioR of Tomtes helvite 0.01-1%BeO | Seal Lake (Labrador, Canada)
linear albitites
: 2 Veins and stockworks Sn- o Shizhuyuan (Dongpo, China),
Greisens with Be WMo parageniesis beryl 0.01-0.5% BeO Agshaten (Kazskhstan)
s S ik Nests and lentils in con- helvite, g Iron Mountain
SRS Yin Re tact zones bertrandite e e (New Mexico, USA)

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

Slovakia 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 activities 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 peralumi-
nous systems. According to Barton and Young,
(2002), modified.

Gas cavity & cooling joint

red beryl & Sn (Wah Wah, Utah)
Replacement in tuft

(Spor Mountain, Utah, USA)

Be-enriched magma
(Thomas range, USA!/

Fe-rich skarns and replacements
+ porphyry-style Mo(W)

(Iron Mountain, USA,

Oslo Graben, Norway)

Miarolitic pcgmatites and
greisen quartz veins
(Mount Antero,
Sheeprock, USA )

. ‘Greisen Sn(Ta, Nb, Zn)

Source: Barton& Young, (2002) (Younger granites, Nigeria and Niger)
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Fig. 5.49 Be production world-wide. Dominance of the USA is
obvious along with high production in 2013 and 2014. Source:
USGS. Mineral Commodity Summaries 2015; modified and
compiled

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 Zlaty stol. In the case of tungsten
it is necessary to pay attention especially to the porphyry
type, type Ochtinal
with accompanying [
Mo-mineralisation i
}

vrw T e ovTw

(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-
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they are interesting to us and Slovakia participates in
their survey under umbrella of Interoceanmetal activi-
ties.

. The source materials for magnesium metal in geolog-

ical conditions of the Western Carpathians are mainly
magnesite and dolomite. Supplies of these raw materi-
als in Slovakia are of European importance. However,
the raw material potential must be verified from the
technological point of view (which is currently being
addressed by the project of geological works), in order
to provide the starting material for the national produc-
tion of magnesium metal.

. Graphite — accounting for quantitative parameters of

potential accumulations in the conditions of the West-
ern Carpathians, of interest can be only areas with
higher metamorphic grade. However, we can expect
only objects with very small resources (up to several
X00 kt) of relatively low quality (5-10%). Interesting,
however, makes them easy treatability and good to
very good yield (85%).

. Deposits of polymetallic ores may become a source of

accompanying metals In, Ge, but also Te and Bi and
others (out of the traditional Au and Ag). Although
quantitative parameters do not reach higher levels, their
comprehensive utilization with accompanying metals,

arvew arerw urzew wrrew v v

panying metal at Fig. 5.50 The geographical position of exploration areas of oceanic floor between the Clarion and C. lip-
the Sb-deposits and perton tectonic zone in the Pacific Ocean. Two irregular polygons of pink colour are the exploration areas
partly at the W-de- of Interoceanmetal. The place of Mn nodules sampling is indicated — identification of the analysis MD-1.

posits is the gold, its value has increased several times, and
this metal in the deposit increases its value and hence the
potential of economic viability of a deposit mining.

2. To date cobalt is critical metal. Its vein type miner-
alisation in Slovakia had been mined out in the past
along with Ni (they had common occurrence within
the ore structures) and later prospecting works were
unsuccessful. Interesting, however, is its occurrence
in lateritic weathering crusts of peridotite body Hod-
kovce — Komarovcee. Also in this genetic type it occurs
with Ni. It is necessary to return to the revision of the
object in which last work was done more than 40 years
ago. When considering cobalt nodules from the seabed,

which is enabled by the current technologies, ranks
them also among prospective objects. Based on the
assessment of the general genetic models there were
tested selected polymetallic mineralisation sites of
deposits with ore reserves on the possible presence of
metals: In, Ga, Ge. The to-date results have not demon-
strated their unequivocal presence. However, this type
of mineralisation is still considered as potential source,
as the general genetic models and the specific deposits
defined them as one of the most important sources.

. A comparison of raw material resources for REE +

Sc and Y and Nb-Ta in the world with the geological
conditions of Slovakia has confirmed, on the one hand,
the absence of the host rocks for the genetic type of
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the largest source — carbonatite rock environment. On
the other hand, the areas of specific granites containing
precious elements in Gemericum, appear promising.
From this perspective, among the most promising min-
eralisation there can be classified the “Gemerska Poloma
type”. Designation of this type has no genetic meaning,
but rather denotes the concentration of a broad spectrum
of mineralisation in this area. Of these, a large proportion
is associated with granite containing precious elements.
Hidden, very rich greisen cassiterite mineralisation (tec-
tonically exposed at the current surface) is associated with
the Nb-Ta and W (scheelite) mineralisation. Apical part
of the granite body consists of Li-rich albitic metasoma-
tite (which can be an important resource of Li and also
Rb) and is a very promising deposit object. In the altered

point of the presence of Be — bertrandite mineralisation
within volcaniclastic rocks of rhyolite composition.
Since this issue is only at the beginning of the solution,
it should be further continued and the study of genetic
type has to be extended to Paleozoic rock environment.

8. Fluorite is among the critical raw materials with plen-
ty of mineralogical occurrences, but it is not promising
raw material for the Western Carpathians space.

9. The database of relevant data has been created, allow-
ing continuous comparison of identified resources (Sb,
W, Co, graphite) with known qualitative and quantita-
tive parameters, with the resources in other EU coun-
tries or with global deposits of various genetic types.
This has formed a platform for an objective view of the
raw material possibilities of the territory of Slovakia.

Fig. 5.51 Deposit of polymetallic nodules — Pacific Ocean. Samples (a) come from the ocean floor defined by coordinates of the

W longitude 120° and N latitude 10°; depth is about 4.5 km. Analy.

sis designation MD-1; Photo: Baco

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

La Ce Dy Er Eu Gd Ho Lu
Sample : i . T = T T T T &
[mg/kg] [mg/kg] [mg/kg] [mg/kg [mg/kg] [mg/kg] [mg/kg] [mg/kg]
83 297 81.2 9.81 5.39 29.4 43 1.92
Nd Pr Sm Tb Tm Yb Y Sc
[mghkg] [mgke] [mgke] [mgke] [mgke]l [mghkg]  [mgkg]  [mgkg]
912 | 271 201 549 209 95 100 9
MD-1 Zn In Ga » Ge | Te Sb Pb , Cu
[mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
1300 <50 25 <10 10 46 210 12,150
Ni Co Cr A% Mn
[mgke]  [mgkgl [mgkgl [mgkg]l  [mgkg]
12220 1,440 7 | 39 | 301
granite, often in contact with the talc, REE (Nb) + fluorite  Acknowledgements:

mineralisation was found on separate quartz veins. Their
spatial extent remains still unknown. The immediate sur-
rounding of Fe—mineralisation of the “skarn” type with In,
and in particular, the talc deposit itself and accompanying
magnesite makes this area one of the most promising in
Gemericum.
7. So far, the evaluation has remained insufficient, or
rather negative assessment of the area from the view-

This work was supported by the Ministry of Environ-
ment, Division of Geology and Natural Resources through
the project no. 07 11: Critical Raw Materials. The authors
express their gratitude to peer reviewer for his constructive
criticism and suggestions which have contributed to the
improvement of the content of the work. We are thankful
to RNDr. Jozef Franzen, PhD. for providing samples of the
nodules from oceanic floor.



5. Potential Occurrence of Selected, Mainly Critical Raw Minerals...

References

Andras P., Krizani I. & Jelen S., 2006: First occurrence of Pt-mi-
neralisation in Western Carpathians. In Stanley, Ch. (editor).
Mineral Deposits Studies Group Annual Meeting, 4-6 Janu-
ary 2006. London: Natural History Museum and Imperial
College, 2006 p. 44-46.

Baco P., Bacova N., Bakos F., Fodorova V., Derco J., Dzurenda S.,
Hricova M., Hvozd'ara P., Kovanicova L. Krizani 1., Luc¢ivjan-
sky P., Ondikova H., Rep¢iak M. & Smolka J., 2004: Reinter-
pretacia Slichového prieskumu na izemi Slovenska (Re-inter-
petation of panned concentrate prospecting at the territory of
Slovakia), Final report, SGIDS, MoE SR, 119 p. (In Slovak).

Baco P., Bacova Z., Németh Z., Radvanec M. & Repciak M.,
2013: Kritické nerastné suroviny. (Critical Raw Materials).
Final report, SGIDS, MoE SR, 123 p. (In Slovak).

Balaz P. & Kusik D., 2014: Slovak Minerals Yearbook
2014. SGIDS, Vydavatel'stvo D. Stara, 150 p., ISBN
978-80-8174-004-6.

Berger V. L., Singer D. A., Orris G. J., 2009: Carbonatites of the
world, Explored deposits of Nb and REE — Database and
Grade and Tonage models: US Geological Survey, Open-File
Report 2009-1139, 20 p.

Bide T., Gunn G., Brown T. & Rayner D., 2011: Fluorspar, Com-
modity profile, British Geological Survey, 18 p.

Bldha M., et al., 1993: ZS a vypocet zasob — Jasenie, W a Au rudy.
Final report and reserves calculation — Jasenie, W and Au
ores). Manuscript, Geofond Archive, Bratislava. (In Slovak).

Blahut 1., Rabatin L., Tomasek K. & Kocur J. 1994: Moznosti
vyroby kovového hor¢ika z dolomitov a odpadovych mag-
nezitovych surovin. (Possibilities of production of magne-
sium metal from dolomite and magnesite raw materials).
Uhli-Rudy-Geolog. Prizkum, Nr. 6, p. 207-210. (In Slovak).

Broska ., Petrik I. & Uher P., 2012: Akcesorické mineraly gra-
nitickych hornin Zapadnych Karpat. (Accessory minerals of
granitic rocks of the Western Carpathians). VEDA — SAV,
Bratislava, 236 p., ISBN 978-80-224-1255-1. (In Slovak).

Donat A., 1998: Ocenenie vyskytov anomalii prvkov vzacnych
zemin v perme gelnickejskupiny SGR. (Valuation of ano-
malies occurrences of rare earth elements in Permian of the
Gelnica Group of SGR). Uranpres, Manuscript, Geofond, Ar-
chive number 83224, 319 p. (In Slovak).

Drnzik E., Drnzikova L., Valko, P. & Mandakova K., 1982: ZS
— VZ Hnilec -~ Medvedi potok — VP, Sn-W-Mo rudy, I. — I
Cast’ VP, stav k 30.6. 1982. Manuscript, Geofond Archive,
Bratislava. (In Slovak).

Drnzikova L., Mandakova K., Drnzik E. & Baran J., 1975: Cri-
teria of tin-bearing and metallogenetic specialisation of se-
lected granites of SGR Mts. Miner. Slov., 7, p. 53-59. (In
Slovak).

Duda R. & Ozdin D., 2012: Mineraly Slovenska. (Minerals of
Slovakia). Vydavatel'stvo Granit, s.r.o., Praha, First edition,
480 p. (In Slovak).

Grecula P., Abonyi A., Abonyiova M., Antas J., Bartalsky B.,
Bartalsky J., Dianiska I., Dmzik E., Dud'a R., Gargulak M.,
Gazdacko L., Hudacek J., Kobulsky J., Lérincz L., Macko
J., Navesnak D., Németh Z., Novotny L., Radvanec M., Roj-
kovi¢ 1., Rozloznik L., Rozloznik O., Varéek C. & Zlocha
J., 1995: Loziska nerastnych surovin Slovenského rudohoria
zvizok 1. (Deposits of the Slovenské rudohorie Mts. Volume
1). Geocomplex, Bratislava, 829 p. (In Slovak).

Groves D. I, Goldfrap D. J., Gerbe — Mariam N., Hagemann S.G.
& Robert F., 1998: Orogenic gold deposits: A proposed cla-
sification in the context of their crustal distribution and rela-
tionship to other gold deposit types, Ore Geology Reviews,
Volume 13, p. 7-27.

| 119

Gunn G. ed., 2014: Critical Metals Handbook, John Wiley &
Sons Ltd., 439 p.

Hu X., Murao S., Shi M. & LI B.,1996: Classification and Distri-
bution of Antimony deposits in China, Resource Geology,46,
volume 5, p. 287-297.

Hvozd'ara P., Fejdi P., Zenis P., Kristin J.. Baco P., Pankuch K.,
Vdenska N., Prcich J. & Ir6 S., 1994: Vzacne zeminy v krys-
taliniku Zapadnych Karpat — Veporikum. (Rare earths in the
crystalline basement of the Western Carpathians — Vepori-
cum). Final report, Manuscript, Geofond Archive, Bratislava,
84 p. (In Slovak).

Immer J., 1998: Slovenské magnezitové zavody JelSava zvySuju
export svojich vyrobkov. (Slovak Magnesite Works Jelsa-
va increase the export of their products). Tyzdennik Trend,
17.06.1998. (In Slovak).

Knéslova A., Knésl J. & Havelka J., 1992: Stredoslovenské
neovulkanity — Bertrandit, VP, GP SNV. (Central Slovakia
Neovolcanites — Bertrandite). Manuscript, Geofond Archive
number 78967. (In Slovak).

Kobulsky J., Kovani¢ova L. & Rep¢iak M., 2000: Turmalinovce
(Tourmalinites). Final report, Manuscript, Geofond Archive,
Bratislava, 97 p. (In Slovak).

Kodéra M., Andrusovova-Vicekova G., Belesova O., Brietkova
D., Davidova S., Fejdiova V., Huraj V., Chovan M., Nelisero-
va E. & Zenis P., 1989: Topograficka mineralogia Slovenska.
(Topographical mineralogy of Slovakia). Veda, Vydavatel-
stvo SAV, Bratislava, 1., I1., a I1l. volume. (In Slovak).

Kosarkova M. & Dud'a R., 1999: Argyrodite — the first finding in
Slovakia. Bull. Mineral.-petrolog. Odd. Nar. Muz., Praha, 7,
p. 163-164. (In Slovak).

Kosuth M., 2009: Drahé kovy a vzacne prvky v sulfidickych
rudach SR, Habilitacna praca. (Precious metals and rare
elements in sulphide ores SR Habilitation thesis). Faculty
BERG TU, Kosice, 112 p. (In Slovak).

Kiister D., 2009: Granitoid-hosted Ta mineralisation in the Ara-
bian-Nubian Shield: Ore deposite types, tectono-metallo-
genetic setting and petrogenetic framework, Ore geology
Rewievs 35, Elsevier, p. 68-86.

Lexa J.. Baco P., Bahna B., Bakos F., Balaz P., Bezdk V., Bys-
trickd G., Cicmanova S., Ferenc S., Gazdacko L., Grecula
P., Haber M., Helma J., Hojstricova V., Hrasko L., Hurai V.,
Huraiova M., Chovan M., Jelen S., Kobulsky J., Kodéra P.,
Kohat M., Kollarova V., Kone¢ny P., Koneény V., Kovacik
M., Kral J., Kyselica M., Luptakova J., Marsina K., Macko-
vych D., Mato L., Michalko J., Mikus T., Moravansky D.,
Németh Z., Ozdin D., Petro M., Priek J., Radvanec M., Roj-
kovi¢ 1., Rojkovicova L., Tréger M., Smirnov A., Smolka J.,
Sestik P., Zak K., Zakova E. & Zec B., 2002: Metalogenetic-
ké hodnotenie Uuzemia Slovenskej republiky. (Metallogenic
evaluation of the Slovak Republic). Final report. Manuscript.
Bratislava, Geofond Archive. (In Slovak).

Lexa J., Baco P., Hurai V., Chovan M., Kodéra P., Petro M., Roj-
kovi¢ I. & Tréger M., 2007: Vysvetlivky k metalogenetickej
mape Slovenskej republiky (Explanatory notes to the metal-
logenic map of the Slovak Republic). SGIDS, Bratislava, 178
p. (In Slovak).

Lérincz L., Svantnerova E., Bachidak M., Jelen M., Filo M., So-
vicek S., Radvanec M. & Pramuka S., 1993: ZS a VZ Och-
tina — Rochovce, Mo-W. Manuscript. Bratislava, Geofond
Archive. (In Slovak).

Mackovych D., Majchrak A., Novakova J. & Uhrinova K., 2013:
Kvalitativne zlozenie polymetalickych konkrécii. (Qualitative
composition of polymetallic nodules). In Zbornik vedeckych
prispevkov z konferencie Analytika v geologii a v Zivotnom
prostredi 2013, Spisska Nova Ves 13.-15. 11. 2013. Statny ge-
ologicky ustav Dionyza Stiira. p. 119-122. (In Slovak).



