
Slovak Geol. Mag.. 15. 2 (2015). 39 86 

4. Reinterpretation of Panned Concentrates Exploration 
at the Territory of Slovakia 

PAVEL BACO1, STEFAN DZURENDA2, IVAN HOLICKY3 PAVEI. HVOZDARA4, IVAN KRIZANI5, 
MARTIN RLPCIAK1, ZUZANA BACOVA1, FRANTISEK BAKOS6, HELENA ONDIKOVA2 

'State Geological Institute of Diony'z Slur, Regional Centre. Jesenskeho 8, 040 01 Kosice, Slovak Republic. pavel.bacoriTgeology.sk 
:State Geological Institute of Dionv'z Stur, Regional Centre, Markusovska cesta 1, 052 01 Spisska Nova Ves. Slovak Republic 

'State Geological Institute of Dionv'z Stur. Mlvnska dolina 1, 817 04 Bratislava II. Slovak Republic 
4Matiiskova 11. 831 01 Bratislava. Slovak Republic 

Vlagurska 9. 974 11 Banska Bystrica 
"Konopiska 43, 85110 Cunovo, Slovak Republic 

Abstract. About 70% of the Slovak Republic territory is ex­
plored bv panned concentrate survey. Implementation of re­
gional projects of panned concentrate prospection covered al­
most the 35 year period (years 1962-1992) divided into four 
separate stages. Only lowlands and the areas with intense and 
widespread regulation of water flows have remained untouched 
by sampling. From about 65 thousand samples originally col­
lected a database has been created keeping information on 
about 51,000 panned concentrates samples. The samples were 
located in JTSK coordinate system and displaved in the topo­
graphic groundwork at scale 1 : 50.000. Part of the panned con­
centrate samples was mineralogically re-evaluated using newer 
methods of identification, for example luminescence, dye trac­
ing tests which has resulted in the most uniform processing and 
assessment of the sample material. The database has allowed 
to prepare distribution maps of selected types of minerals for 
the whole territory of Slovakia covered bv the sampling. This 
relates to especially important mineral prospecting species or 
groups thereof, e.g.: cinnabar, scheelite. gold, barite. cassiterite. 
tungsten and others. There were also compiled distribution maps 
of potentially prospecting important accessory minerals such as 
monazite. xenotime. zircon, ilmenite. rutile. corundum, garnet 
and others. This way a digital database of panned concentrate 
samples was created, ideally with more than 60 variables lor the 
sample. This database enables to produce different distribution 
and interpretive maps according to defined objectives. There is 
also stored panned concentrate material documentation, which 
ideally consists of oversize, magnetic, diamagnetic and par­
amagnetic fractions. An Atlas of Selected Heavy Minerals is 
published on the website of the State Geological Institute of 
Dionyz Stur - Map Portal. Section Atlases. 

Key words: heavy minerals, panned concentrate prospecting, lo­
calization maps, distribution maps 

4.1 I n t r o d u c t i o n 

The modern application of the old prospecting method 
of panning started in our conditions in the early 60s of the 
last century. From then until 2000 there were carried out 
in four stages 12 separate regional projects of the panned 
concentrate prospecting. All previously realized work cov­
ered about 70% of the territory of Slovakia, and there were 
taken around 65,000 samples. Their evaluation was focused 
mainly on prospecting minerals and contributed significant­
ly to the knowledge of metallogeny in each regional geo­
logical unit. The panned concentrate prospection enabled 

to discover certain occurrences, or deposits (Ladomirov, 
Dubnik, Jasenie, Sn mineralisation in Gemericum, W and 
Au mineralisation in Veporieum. etc). During nearly 40 
years of the panned concentrate survey some methodologies 
were changing in assessing the panned concentrate samples 
and the number of monitored and assessed of minerals rose. 
Those archived samples which met the localization parame­
ters were included together with passportisation sheets in the 
database for comprehensiv e processing and interpretation of 
mineralogical analyses of the panned concentrate samples. 
The database contains approximately 51.000 samples with 
more than 60 variables. On this basis, there were compiled 
Distribution (1:50,000) and Interpretation (1:800.000) maps 
for the territory of Slovakia covered by sampling (Baco et 
al.. 2004b). 

4.2 S a m p l i n g a n d p rocess ing m e t h o d o l o g y 

The goal of the re-interpretation of the panned concen­
trate survey in Slovakia was to collect and evaluate the 
available sample material of individual regional projects 
(Fig. 4.2) in a comparable manner. The first stage of the re­
gional projects devoted to the panned concentrates survey 
began with prospecting work in the area of East-Slovakia 
Neovolcanites (Tab. 4.1, Fig. 4.1). The stage was aimed at 
a targeted search for prospecting significant minerals or 
group of such minerals. The initial stage brought a number 
of new knowledge, which resulted in the subsequent geo­
logical prospecting works. 

The samples were taken at 250-500 m spacing intervals 
from recent sediment hydrological pattern. The v olume of 
the sediment to be determined by panning was approxi­
mately 10 I after sieving through a sieve of 3 mm mesh. As 
a rule, the volume corresponded to that of a prospector's 
pan. This procedure and the volume were kept almost un­
changed during solution of all projects within each stage. 
The evaluation methods in the individual projects were 
different, according to the objectiv e pursued. From the first 
stage there has been preserved physically smallest number 
of samples (about 10.000). The passportisation sheets of 
individual samples refer to the location data, physical pa­
rameters of the sample, the results of mineralogical anal-

http://pavel.bacoriTgeology.sk


Tab. 4.2 Projects of regional panned concentrate prospecting- IInd stage. 
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GENERAL MAP OF THE TASKS OF REGIONAL PANNING PROSPECTION 
Fig. 4.1 
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Tab. 4.4 Projects of regional panned concentrate prospecting - IV'h stage. 

lab. 4.3 Projects of regional Danned concentrate Drosnectine III"1 stage. 

variables for each sam­
ple. The mineralogical 
analysis of the samples 
was consolidated into 
semi-quantitative classes: 
a (up to 10 grains of the 
panned concentrate or up 
to 1%), b (11 - 100, or up 
to 5%), c (101 - 500, or 
up to 10%), I (up to 25% 
of the nanned concentrate 
sample). II (up to 50%) and III (above 50%) 
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4.3.1 Anatase TiO, 

H (hardness) = 5.5 -6.0; System: Tetragonal 
SG (specific gravity) = 3.8 - 4.0 g.cm;; 
Magnetic properties: non-magnetic, and is concen­

trated in diamagnetic fraction. 

Colour in the panned concentrate samples 

Colour of anatase in the panned concentrate samples 
is mostly brown, cinnamon brown to reddish, in different 
grades and shades (Fig. 4.3a). This type of anatase is typi-

Lustre on smooth surfaces of translucent small crystals 
and small debris is distinct, diamond-like. On the darker 
coloured crystals of anatase the lustre is metallic. Rough­
ened surfaces ha\e a dull lustre. 

Morphology in the panned concentrate samples 

In the panned concentrate samples anatase is pres­
ent mostly in the form of tetragonal dipyramids (Fig. 
4.3b, 4.4a); the most common are base {111} and 
steeper {112} dipyramids and combination of them. 
The steeper one gradually passes into the prism plane 

Fig. 4.3a. b. c, d Typical shapes and colour of anatase in the panned concentrate samples. For individual source areas these two 
features are often characteristic. Site: a - Trihec. site Zlatno: d- Veporicum Kociisky potok Brook. Drawings: Rosier. J. //.. 1983. 
Photo: Z. Racova. 

Fig. 4.4a. h. c Typical shapes of accessory anatase from source areas made of prevailingly granitoid rocks, a. c Trihec. site Zlatno: 
h - Tatricum - site KruTova Lehota. Photo: SEM I. Holicky'. 

cal for the panned concentrates from the Tribec Mts. Metal­
lic-blue to black colour (Fig. 4.3b) dominates in the panned 
concentrates of the source areas in Veporicum consisting 
mainly of granitic rocks. Occasionally, in the panned con­
centrate samples also small colourless crystals occurred. 

(110). Part of small crystals of anatase may evolved 
secondary pyramid with reduced plane and the result­
ing shape is ditetragonal dipyramid (Fig. 4.4a). On the 
anatase of some sites there are developed pinacoidal 
planes {001} that can turn from the dipyramid shape 

Fig 4.5a. h. c Typical shapes of accessory anatase from the source areas made of metamorphic rocks of Veporicum. prevailingly 
a. c- Veporicum. site Hnust'a: b site Pohronskd Polhora Photo: SEM I. Holicky 



even into the tabular 
one (Fig. 4.3a and 
4.4c). 

Probably of typo­
logical importance arc 
the anatases \\ ith irreg­
ular, hypidiomorphic 
development (various 
types ot" intergrowlhs 
e\en with cyclical nat-

Tab. 4.5 Presence of anatase in the panned concentrate samples according to content classes. 
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4.3.2 Apatites 

Chlorapatite Ca,(P04).Cl; Fluorapatite Ca,(P04),F; 
Hydroxylapatite Ca,(P04).(OH) 

H = 4.5 (CI) - 5.0 (F, CI); SG = 3.16 - 3.22 g.cm ;; 
System: Hexagonal 

For the purposes of panned concentrate prospecting 
for minerals of apatite group (fluorapatite, chlorapatite, 
hydroxyapatite and other varieties) it was used customary 
common name apatite. 

Magnetic properties: non-magnetic, and is concen­
trated in diamagnetie fraction. 

Luminescence: greenish and orange, in some grains 
luminescence is indistinguishable. 

Colour in the panned concentrate samples 

Colour of apatite in the 
panned concentrate sam­
ples is most often white, 
grey-white, less often or­
ange or brownish in differ­
ent grades and shades (Fig. 
4.8b). Smoke-coloured 
apatites originate from the 
environment of Neogene 
volcanic rocks. In some 
types of granitic rocks the 
apatites are translucent. 
Lustre on flat surfaces is 
glassy, on fracture planes or 
on corroded small crystals 
and izrains it is dull. 

are prismatic planes (Fig. 4.9). During transport they are 
trimmed, rounded up and in the env ironment of sedimenta­
ry rocks (Flysch Zone) the apatites consist of fully rounded 
grains. 

Epitaxial coalescence with other minerals of apatite in 
the panned concentrate samples doesn't occur, in gener­
al (e.g. with monazite). More often, in clear crystals dark 
cores can be observed Size of small crystals, their frag­
ments or grains in the panned concentrate samples is up to 
0.5 mm, rarely up to 1.0 mm. 

General distribution characteristics: 

As accessory mineral, the apatite is present mainly in 
magmatic (Broska et al., 2012) and metamorphic rocks. 
Quite often it is also associated with various types of hy-
drothermal mineralisation. Its presence was recorded in 
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Fig. 4.8a. b. c Typical shapes and colour of apatite in the panned concentrate samples. On small 
crystals of apatite prismatic planes dominate with regular and identical habit (a) or irregular (c) 
one. The crystal termination can be characterised by dominant pinacoid shape (a) or the pyramid (c). 
Drawings: Rosier. J. H.. 1983. Photo (b): P. Raco. 

Fig. 4.9a. b. c The most frequent and typical shapes of small crys­
tals of apatite from panned concentrate samples of individual ge­
ological environs. Typical and perfect shapes - combination of 
planes of prisms, pyramid and pinacoid (a). Characteristic are 
planes' surfaces with different manifestations of disintegration 
(b. c). Sites: Pukanec (a): Zamutov (b): Hodrusa (c). Photo: SEM 
I. Holicky: 

Morphology in the panned concentrate samples 

In the panned concentrate samples the apatites are pres­
ent mostly in the form of hexagonal columnar, coarse-pris­
matic to small isometric crystals, on which dominating 

Fig. 4.10a. b. c Distribution of panned concentrate samples ac­
cording to apatite presence a. Concentration of apatite is main-
Iv in the first and the second quantitative classes - b. c. 
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more than one third of the 
all evaluated panned con­
centrate samples (Tab. 4.6; 
Fig. 4.10a). The concentra­
tions of apatite in the panned 
concentrate samples were 
observed almost evenly in 
the first content classes: a; b; 
c (Tab. 4.6; Fig. 4.10b, c). 

lab. 4.6 Presence of apatite in the panned concentrate samples according to content classes. 



presence of sulphide miner­
alisation (concentration in 
classes b and c) and not the 
rock - the lithological envi­
ronment within the source 
areas. Regional extension is 
recorded in Veporicum, Ge-
mericum and crystalline of 
the Malé Karpaty Mts., the 
Ďumbier part of the Nízke 
Tatry Mts. and the Žiar Mts. 
(Fig. 4.18). 

In the other geological formations its presence is re­

ported sporadically and its concentrations in the positive 
panned concentrate samples are within first quantitative 
classes (a, less b). Noteworthy is its distribution in the 
western parts of the Inner­Carpathian Paleogene and the 
()ra\a section of the KJippen Belt (Fig. 4.18). 



lab. 4.7 Presence o f araenonvrite in the mnneH ctmeantrat* <amnlpQ nernrHina to enntent rlí isip*; 

Only a slight amount of stibnite was ob­
served in the panned concentrate samples 
(Tab. 4.8). The concentration ranged mainly 
in the lowest semi-quantitative content class 
(a) and only rarely is in a greater amount 
(Fig. 4.17a, b). It was found in the area of Sb 
deposits in the Nízke Tatry Mts. (Dúbrava, 

Vyšná Boca), but mainly in the area of the Sb deposits in 
the Spiš-(iemer rudohorie Mts. (Poproč, Zlatá Idka, wider 
area oťČučma). It was also identified in the area of the Sb 
deposits in the Malé Karpaty Mts. (Fig. 4.18). 

lab. 4.8 Presence of stibnite in the panned concentrate samples accordinu to content classes. 



tabular or coarse-prismatic habit, usually with clea\ ability 
planes (Fig. 4.19d). Perfect small tabular crystals are pres­sman lanuiar crystals are preb-

ent only sporadically; they 
have not overcome longer 
transport (Fig. 4.19c). There­
fore, they indicate the prox­
imity of primary resources. 
After longer transport barite 
gets partly rounded, howev­
er, cleavability is well seen in 
stepwise morphology even on 
the finest grains (Fig. 4.19d). 
During transport, due to the 
hardness of barite and very 
good cleavability its grain 
share is significantly increas­
ing without adequate volume 
changes. 



lab. 4.9 Presence of'barite in the panned concentrate samples according to content classes. 
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Application of specific methods of identification: 
dye test, in which barite grains are covered with yellow 
coating of barium chromate. 

General distribution characteristics: 

Barite was identified in almost 50% of the collected 
panned concentrate samples (Tab. 4.9). Its concentration is 
confirmed in all semi-quantitative classes (Fig. 4.20) with 
the predominance of classes a - c , which greatly reflects its 
cleav ability. Presence of such samples is even more pro­
nounced outside of primary accumulation. Concentrations 
I-III are characteristic for barite deposits areas and occur­
rences, and such samples constitute about 3% of the total 
panned concentrate samples (Tabs. 4.9, 4.10). 

Barite is typical epigenetic mineral associated with 
metallogenic processes of various types of deposits (bar­
ite, but also siderite), especially in Gemericum. Coinci­
dence of maximum lev els in samples with deposit areas 
is evident (Fig. 4.21). The higher content classes are also 

confirmed in areas of Central and Eastern Slovakia Neo-
volcanites with deposits of polymetallic and precious-met­
al low-sulphidation types. 

Distribution of barite also points out to another fun­
damental genetic type of barite - sedimentary origin 
(Fig. 4.21). This is manifested in higher content classes 
for certain sedimentary rocks (some sections of Klippen 
Belt, Raca lithofacies unit of Magura Flysch). Part of these 
zones also coincides with sedimentary Mn mineralisation. 

4.3.6 Cinnabari te HgS 

H = 2.0 - 2.5; SG = 8.09 g.cm'"; System: Trigonal 
Magnetic properties: non-magnetic, and is concen­

trated in diamagnetie fraction 

Colour in the panned concentrate samples 

Colour of cinnabarite grains is rich-red, in earthy vari­
eties brown-red (Fig. 4.22b, c; 4.23a, b). 

'MflMr 
Fig. 4.22a. h. c Crystal shapes and colour of cinnabarite in the panned concentrate samples. Due to its cleavability in the panned 
concentrate samples it occurs almost exclusively in fissile fragments and well-rounded grains. Sites: Malachov (b): Tribec - Zlatno (c). 
Drawing: Rosier. J. H. 1983. Photo: P. Baco. 

Fig. 4.23a. b Shapes of grains, colour and cleavability of cinnabarite in the panned concentrate samples. Site: Tribec - Zlatno (a. b). 
Photo: P. Baco. 

Fig. 4.24a. b. c Typical shapes of cinnabarite morphology of rhombohedral small crystals and intergrowths. These forms are known 
mainly from Flysch Zone — its East-Slovakia section. Surface of these small crystals is smooth. Site: Nova Kelca (a. b) Malachov (c). 
Photo: SEM 1. Holicky'. 
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Lustre is dull, but on the diamond-like fresh fracture 
surfaces. Thin leaf-like and flaky forms are translucent. 

Morphology in the panned concentrate samples 

In the panned concentrate samples the most common 
are irregular rounded grains with rough, but more often 
with a smooth surface. On the larger grains good cleav­
ability is sometimes distinct along the (lOlO) plane or ir-

whose distribution in selected areas in Slovakia was iden­
tified by panned concentrate prospecting (Slavik, 1969; 
Knesl et al., 1972; Tozser, 1972). The results that were 
achieved by this method have shown the appropriateness 
of its use both in the metallogenetically unpromising areas 
(Vihorlatske vrchy Mts.) or in the areas of historic mining 
(Malachov area). Cinnabar concentrations are common in 
the lower content classes. 

Fig. 4.25a. b. c Typical shapes of granular cinnabarite Porous, "mushroom-like" form is known from the locality Malachov (h. c). 
From the locality Zlatno Tribec Mts. (a) transitional type of cinnabarite is known. Photo: SEM I. Holicky: 

regular fracturing. Near the primary sources there are ob­
served rhombohedral or tabular crystal forms (Fig. 4.24a, 
b, c). During transport due to the brittleness and good 
cleavability it disintegrates into very fine particles, and it 
often concentrates in the lowest granularity classes. It is 
often gritty and crumbly, easily sliceable (Fig. 4.25a, b, c). 
Size of small crystals or grains of cinnabarite in the panned 
concentrate samples is typically up to 0.5 mm. Close to 
some autochthonous occurrences (e.g. Zlatno 
in the Tribec Mts.), the size of grains achieves 
centimetre magnitude. In source areas of Flysch 
the size of grains is only 0.X mm. 

Identification attributes in the panned 
concentrate samples: intense red colour, very 
good cleavability. 

General distribution characteristics 

In particular, cinnabarite exploitation itself and the cre­
ation of deposits and anthropogenic sources - heaps, con­
ditioned the presence of content in II and III concentration 
classes (Tab. 4.12). This is particularly valid in the histor­
ically mined deposits such as Cervenica - Dubnik, or in 
the recent past, for example. Malachov, Rudnany, but also 
in primary occurrences without deposit accumulations, for 
example, Uderina (Fig. 4.27). 
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Cinnabarite is a typical epigenetic mineral 
and occurs mainly in the panned concentrate 
samples in source areas with cinnabarite miner­
alisation presence. Its content in positive panned 
concentrate samples is dominantly within the 
first quantitative class (Tab. 4.11, Fig. 4.26a). 

Near the cinnabarite primary sources there 
are present panned concentrate samples having 
higher degree of concentration (Fig. 4.26 b, c), 
and the content can amount to sev eral thousands 
grains - e.g. Malachov, Dubnik (Cervenica), 
Ladomirov. Cinnabarite was the first mineral, 

lab. 4.11 Presence of cinnabarite in the panned concentrate samples according to content classes 

Number of samples 

Negative Positive 

® 
Negative 

Content (semiquantitative classes) 

Fig. 4.26a. h. c Distribution of panned concentrate samples according to 
cinnabarite presence (a). Presence of cinnabarite is dominantly in the first 
semi-quantitative content class (b. c). 
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Tab. 4.12 Presence of cinnabarite in the panned concentrate samples according to content classes. Selected map sheets at scale I : 50,000 
illustrate the areas with deposits and significant occurrences of cinnabarite. which is present in the panned concentrate samples in higher 
content classes. 
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The implemented projects of regional panned con­
centrate prospecting have found a number of indicia and 
deposit manifestations. Presence of cinnabarite and its 
regional distribution has allowed also important tectonic 
interpretations particularly in the Flysch Zone - the Outer 
and Inner ones (Krizani 1971; Krizani et al., 1979). 

4.3.7 Galena PbS 

H = 2.0 - 3.0; SG = 7.4 - 7.6 g.cm ;; System: Cubic-
Magnetic properties: non-magnetic, and is concen­

trated in diamagnetie fraction 

Colour in the panned concentrate samples 

Colour of galena in the panned concentrate samples is a 
lead-grey colour with setting-up hues. Lustre on flat surfac­
es (nearly always the fission planes) is metallic. It is usually 
covered with a thin layer of secondary minerals of white, yel­
lowish, grey (anglesite, cerrusite) or to red (cerrusite) colour. 
Planes on small crystals can have up to metallic lustre. 

Morphology in the panned concentrate samples 

In the panned concentrate samples galena is v cry rare­
ly present. On grain surfaces there are developed main-



Tab. 4.13 Presence of galena in the panned concentrate samples according to content classes. 



Tab. 4.14 Presence of sphalerite in the panned concentrate samples according to content classes. 

Fig. 4.31a. b Distribution of panned concentrate samples according to sphalerite 
presence (a). Presence of sphalerite is dominantly in the first semi-quantitative 
content class (c). 

During transport occurs slow diminution a; 
in the case of galena and sphalerite, it is quickly 
covered w ith a thin coating of Cu oxides. Sizí 
of small crystals, their fragments or grains in tht 
panned concentrate samples is normally withir 
range of 1.0 mm, and in the case of a source 
proximity there may occur even larger grains. 



The occurrence of chalcopyrite, like most of sulphide 
minerals in the panned concentrate samples indicates the 
presence of a close primary source. In the case of chal­
copyrite it is often an anthropogenic source - heap after 
mining operations. Its content in positive 
panned concentrate samples (Tab. 4.15) is 
strongly conditioned by its properties in 
the supergene environment and it is only 
in the first-a (less b, and rarely c) content 
classes. 

Tab. 4.15 Presence of chalcopyrite in the panned concentrate samples according to content classes. 
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4.3.10 Garnets (A2+ ,)(B ,+ ,)(C,)On 

A = Ca, Mg, Fe: , Mn: , Na, Y; 
B = Mg, Al, Si, Sc, Ti, V, Cr, Fe; , Fe2 , Mn" Cr, Zr, Sn 
C=ALSi ,Fe* 
Garnet crystal lattice is capable to take quite a lot of 

different cations and there are recorded around 20 vari­
eties of silicate garnets (Broska et al., 2012). In practice 
of" panned concentrate prospecting, the maps show the 
distribution of these minerals as a whole. In the scope of 
indiv idual projects there were identified the most common 
varieties of garnets. 

"Al garnets" 
Pyrope Mg,Al,(Si04). Almandine F e ^ A U S i O ^ 

Spessartine Mn:*3Al,(Si04)3 

"Ca garnets" 
Andradite Ca,Fe'\(Si04), Grossular Ca ALfSiO^ 

Uvarovite Ca3CH*2(Si04)3 
H = 7.0 - 7.5; SG = 3.58 (pyrope) - 4.25 (almandine) 

g.cm'"'; System: Cubic 

Magnetic properties: most commonly concentrated in 
paramagnetic (pure non-ferric varieties in diamagnetie) 
fraction 

Colour in the panned concentrate samples 

Colour of garnets in the panned concentrate samples is 
very diverse and depends on the predominant species (the 
proportion of its components) and clarity. The most common­
ly present almandine garnets are predominant species (Figs. 
4.34a, b, c) and in this case the colour is light pink-red in var­
ious hues and shades, or brownish. With the growing pyrope 
species proportion the colour is bright red. 

Grossular dominates in greenish garnets. In rare cases 
there have been also reported colourless and yellow, very 
small, but perfect rhombic dodecahedron garnets. Lustre 
on flat surfaces of the crystals is glassy, heavily corroded 
grains and granular masses arc dull. 

Morphology in the panned concentrate samples 

In the panned concentrate samples the garnets are 
present mostly in the form of various preserved typical 

* • * # 

Fig. 4.34a. b. c. d Colour varieties of the most common types of garnets, which are present in the panned concentrate samples. The 
most frequent are red and pink colours with various hues and shades. Sites: a - Jasenie: b - Luhietovd: c Juskova Void: d Ruskd 
Bvstrd. Photo: P Baco 

Fig. 4.35a. b. c Crystal shapes of garnets. Basic shape of garnets is rhombic dodecahedron {110}. Other crystal shapes are combi­
nations of further basic habits - hexaoctahedrons of the cubic system. These shapes are typical and commonly present in the panned 
concentrate samples. Planes are often preserved even on fragments. Drawings: Rosier. J. H.. 1983. 

Fig. 4.36a. b. c In the panned concentrate samples the garnets are the most common mineral species with idiomorphic crystals. They 
are often present in perfect crystals representing basic shapes of hexaoctahedron and their combinations with variously developed 
planes Sites: a - Male Ozorovce. h - Zamutov. c - Juskova VoTa. d - Slanskd Huta. Photo: SEMI. Holicky: 



on the type of source rocks. Generally, in the Crystal­
line complexes oťTatricum and Veporicum garnets 
are present in all grain­size classes and often even 
reach the size of 1 cm. 

In the source areas made of mostly intermediary 
and above all acidic volcanic rocks, the size of gar­

nets attains typically 0.5 to 1.0 mm, less often up to 
5 mm. In the environment of sedimentary rocks their 
size reaches up to 2 mm, greater grains are rather 
rare. In the vicinity of the Ruská Bystrá the source 
rock is Strihovce Member of the Krynica unit and 
garnets in the panned concentrate samples can reach 
over 5 mm (Fia. 4.34d). 

Garnets are the most common minerals of heavy 
fraction of panned concentrate samples. Their con­

centration in the panned concentrate samples are in 
all semi­quantitative classes, a ­ III (Tab. 4.16). The 

Fig. 4.38a. b Distribution of panned concentrate samples according to 
garnets presence (a). Garnet is almost proportionally present in all indi­

vidual semi­quantitative content classes (b). 

fab. 4.16 Presence of garnets in the panned concentrate samples according to content classes 
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Fig. 4.39 

4.3.11 Ilmenite Fe2 TiO, 

H = 5.0 - 6.0; SG = 4.5 - 5.0 g.cm ?; System: Trigonal 
Magnetic properties: weakly magnetic, and is con­

centrated in paramagnetic fraction 

Colour in the panned concentrate samples 

Colour of ilmenite in the panned concentrate samples 
is mostly black. Lustre on flat planes is semi-metallic and 
metallic, sometimes dull. On the surface of small crystals 
and fragments leucoxenisation can be often seen - a greyish 

white to light-grey fine-grained material (a mixture of rutile, 
anatase and brookite). 

Morphology in the panned concentrate samples 

In the panned concentrate samples ilmenite is present 
in the form of small tabular crystals (Figs. 4.40a, 4.41a, b, 
d) as a combination of dominant planes (00011 of pinacoid 
and rhombohedrons | lOTl j , {10l21 and other surfaces (Fig. 
4.40b), but mainly thin plates with prevailing flat pinacoid 
(0001). In most cases, however, it creates to varying degrees 
rounded almost isometric iirains \v ith tabular habit. 

0001 

10f1 J2*82&t 

1120 

Fig. 4.40a. h. c Colour and lustre of ilmenite from panned concentrate samples. White coatings are made ofleucoxene (a). Small crys­
tals of ilmenite in tabular pyroxene (b). Sites: Porn ba pod Mhorlatom - a: L'ubietovd c. Drawing: Rosier. J. H.. 1983. Photo: P. Baco. 

Fig. 4.41a. b. c. d In the panned concentrate samples ilmenite forms small crystals with tabular habit with very extensive range of 
combinations of individual crystal planes. Sites: a Skdros. b - Nova Baha. c - Slanskd Huta. d Banske. Photo: SEM I. Holicky: 



Mze ol small crystals or fragments 
of ilmenite in the panned concentrate Pig- 4.43a, bDistri 
samples is 0.5 to 2 mm, in some lo- fa) and according t 
cations in Central and Eastern Neo-
volcanites (Poruba pod Vihorlatom) its size reaches up to 
0.5 cm. In Flysch source areas the size of small crystals 
and their fragments attains 1 mm, typically up to 0.5 mm. 

On crystals of ilmenite there are often seen a number 
of planes, and, often stepwise or skeletal habit and gen­
erally the dominating, increasingly diminishing pinacoid 
(0001) plane - Fig. 4.41a, b. Small crystals rich in varie­
gated forms are mainly from the source areas of Neogene 
volcanic rocks of andesite composition. In other geolog­
ical environments dominate isometric 
and small tabular crystals. Locally, 
in the panned concentrate samples il­
menite can be seen closed in younger 
minerals. Typical examples are the in­
clusions in pyroxenes of the Neogene 
volcanic rocks (Fig. 4.40c). 

Tab. 4.17 Presence of ilmenite in the panned concentrate samples according to content classes 

Database 
of samples 

50,939 

Negative 
Positive 
21,188 

41.6 
29,75 1 

58.4 

Content (semi-quantitative classes) 
a 

3.256 
6.39 
3,256 
10.9 

b 
5.598 
11.0 

5,598 
18.8 

c 
6,669 
13.1 

6.669 
22.4 

1 
5,738 
11.3 

5,738 
19.3 

II 
5,612 
11.0 

5,612 
18.9 

I I I 
2.878 
5.65 

2.878 
9.67 
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Fig. 4.44 

DISTRIBUTION MAP I L M E N I T E 

Comfit 
(scrrv-quanuMve OHMS) 

4.3.12 Corundum A120, 

H = 9.0; SG = 4.0 ­ 4.1 g.cm ■; System: Trigonal 
Magnetic properties: non­magnetic, and is concen­

trated in diamagnctic fraction 

Colour in the panned concentrate samples 

Colour of corundum in the panned concentrate samples 
is mostly blue, of different grades and shades. It can be 
also blue­grey, dark grey to black, as well as white and in 
thin tabular forms corundum is colourless and clear (Fig. 
4.45a. b, c). Lustre on flat planes is glassy to diamond­like. 

the heavily corroded grains are dull. Corundum with in­

tense blue colour is assessed as a sapphire (Fig. 4.45b, c). 

Morphology in the punned concentrate samples 

In the panned concentrate samples corundum is most of­

ten present in the form of coarse, but especially thin plates 
with prevailing (0001) planes highlighted by trigonal prism 
(Fig. 4.46a). It's a characteristic, unmistakable shape of 
small crystals of accessory corundum in different types of 
rock environment, but mainly in volcanic rocks. Common 
are also columnar and spherical shapes (Fig. 4.47b. c) which 
are couplers of prisms and steep pyramids. These shapes 

Fig. 4.45a. b. c Coloured varieties and lustre of corundum from panned concentrate samples from various types of source rocks. Sites: 
a ­ Remetske Hdmre-Kapka. b - Juskova Vol'a. c - Hajndcka. Photo: P. Baco. 

0001 0001 

Mf+23­3 (f 
69 15KU 

f 
^

Z
^ 

A ^ " ^ " %J X238 ieev« 

Fig. 4.46a. b. c In the punned concentrate samples corundum is mostly present in the form of a couple of very short trigonal prisms 
and basal pinacoids (a. b. e). Less frequent are shapes with preferred habit of ditrigonal prism and basal pinacoid - barrel-shaped (c. d). 
Sites: a-Juskova Vol'a. e - Nova Baha. Drawings: Rosier. J. H.. 1983. Photo: P. Baco. SEMI Holicky: 
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Fig. 4.47a. b. c Typical shapes of accessory corundum (a) and corundum from the environ of hydro-
thermal alterations. The minerals have preferred habit of 'ditrigonal prism and basal pinacoid - bar­
rel-shaped habit (h.c). Sites: a - Hrabicov. b. c - Remetske Hdmre-Kapka. Photo: SEMI. Holicky: 

Division according to semi-quantitative classes 

b 

LUn 

Number of samples 

Negative Positive 

Content (semi-quantitative classes) 

are characteristic of corun­
dum, which originated from 
high-sulphidation types of al­
terations in the environment 
of volcanic rocks (Remetske 
Hamre-Kapka). Planes of such 
small crystals are strongly re-
sorbed - roughened. 

Irregular, often angular 
fragments of corundum origi­
nate from source areas formed 
by metamorphic rocks and 
also basaltic rocks - Hajnacka 

(Fig. 4.45c). During transport due to their hardness 
and very weak to absent cleavability they are very sta­
ble and rarely their morphologic change occurs. 

Fpitaxial intergrowths of corundum were not ob­
served in the panned concentrate samples. In the trans­
lucent crystals it is possible to observe the inclusions 
of opaque minerals (Fig. 4.45b). In the corundum from 
Remetske Hamre-Kapka area there are often present 
inclusions of rutile. Size of small crystals, their frag­
ments or grains in the panned concentrate samples is 

Fig. 4.48a. h. c Distribution of panned concentrate sam­
ples according to corundum presence (a) and according 
to proportion of individual semi-quantitative content 
classes (b. c). 

Tab. 4.18 Presence of corundum in the panned concen­
trate samples according to content classes. 

Database 
of samples 

50,939 

Negative 
Positive 
44.400 

87.2 
6,539 
12.8 

Content (semi-quantitative classes) 
a 

5,005 
9.S 

5.005 
76.5 

b 
1.351 
2.65 
1.351 
20.7 

c 
142 

0.28 
142 
2.17 

I 
26 

0.05 
26 

0.40 

II 
12 

0.02 
12 

0.18 

III 
3 

0.01 
3 

0.06 

Fig. 4.49 

m *#> terrtory of SOvJk.j 

DISTRIBUTION MAP- CORUNDUM 
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normally within 0.5 to 1.0 mm. In the Hajnacka area reach 
corundum of sapphire type several mm. 

Identification attributes: Morphology, hardness, in 
some cases (especially gem varieties), luminescence - red­
dish colour. 

General distribution characteristics 

Panned concentrate samples containing corundum, 
represent a relatively small percentage of evaluated sam­
ples (Tab. 4.18). It is mainly present in the lowest concen­
tration classes (a) - Fig. 4.48a. 

Near the primary sources of hydrothermal alterations 
(Remetske Hamre-Kapka) its content may be characteris­
tic in heavy mineral concentrates and it can achieve even 
semi-quantitative classes I and II. 

Corundum is a relativ ely rare accessory mineral. How­
ever, it is characteristic for source areas dominated by Ne­
ogene volcanic rocks of andesite composition, less basalts 
(Fig. 4.49). Corundum, as the residual resistant mineral, 
can be an indicator of the presence of the original volcanic 
rocks, which due to denudation processes have been re­
moved. As an example of such an area is the area of the 
Outer Flysch Zone near the Vihorlat Mts., and wider area 
of Tisovec and Klenovsky Vepor. 

4.3.13 Monazite Ce, La, T h P 0 4 

Varieties of monazites: Monazite-Ce (Ce,La,Nd.Th)P04; 
Monazite-La (La,Ce,Nd)P04; Monazite-Nd (Nd,Ce,La)P04 

End members of monazites are as follows (Broska et al., 
2012): Monazite (Ce,La,Th)P04; cheralite Ca0Jh0 ,PO4; 
huttonite (Th,U, Pb)Si04. 

H = 5.0 - 5.5; SG = 4.6 - 5.4 g.cm '; System: Monoclinic 

Magnetic properties: concentrated in paramagnetic 
fraction 

Luminescence: in general it is indistinguishable, occa­
sionally orange colour 

Colour in the punned concentrate samples 

Monazites in the panned concentrate samples are high­
ly variable in colour, but the most common are various 
shades of tan, and orange honey-yellow colours (Fig. 4.50a, 
b, c). Rarer colours are emerald green, greenish, reddish, 
brownish red and grey. Lustre on rarely preserved crystal 
surfaces is glassy, but on the present roughened surface of 
grains it is dull, mostly. Sometimes the surface of monazite 
grains from panned concentrate samples is coated with a 
layer of white granular masses of rabdofanite(?). 

Morphology in the panned concentrate samples 

In the panned concentrate samples monazites are present 
in the form of tabular isometric (Tab. 4.51b), less prismatic-
shapes which are rounded-up to different lev els (Figs. 4.50a, 
b, c, 4.5 la, c; 4.52a, b, c). The tabular shape is characterized 
by the development of pinacoidal and prismatic planes. On 
the isometrically dev eloped grains the shapes are determined 
by almost the same development of pinacoids and prisms. 

Elongated, prismatic small crystals are rare, outside 
the dominant pinacoidal planes there are more strongly 
represented prismatic planes. Size of the planes ultimately 
determines the appearance of small crystals (Fig. 4.52b). 

In general, in the panned concentrate samples mona­
zite is dominated by small crystals and their fragments, 
which are rounded-up to varying degrees. In the clasto-
genic sediments the fragments and small crystals have 
significantly rounded edges. The surface of small crystals 

" 'V 

Fig. 4.50a. b. c Coloured varieties and lustre of monazite in the panned concentrate samples: source areas are made of granitic rocks, 
prevailingly. Sites: a - Kociha. b - Ipel'sky- Potok. c - Krnd. Photo: P. Baco. 

© xile leefn u 
Fig. 4.51a. b. c In the panned concentrate samples monazite is present in the form of tabular (a) and isometric small crystals (b). 
Frequently the smooth surface of planes (a) has not been preserved. Sites: a - Pohronskd Polhora. c - Krnd. Drawing: J. H. Rosier. 
1983. SEMI. Holicky: 
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Fig. 4.52a. b. c Monazite in the panned concentrate samples mostly creates small crystals with tabular habit with very wide scale of 
couples of individual crystal planes, which ultimately determine resulting habit. Sites: a. c - Krnd. b - Kociha - Kocizski- potok Brook. 
Photo: P. Baco (b). SEMI. Holicki: 

and fragments is often rough and dull. Perfectly limited 
morphological shapes in the panned concentrate samples 
are curiosities - for example. Fig. 4.51a and Fig. 4.52b. 

In the panned concentrate samples from different geo­
logical environments there can be observed intergrowths 
of two, as well as several single crystals of monazite. 
Random intergrowths with other types of minerals have 
been reported mainly from the South Veporicum - wider 
area of Krna, Kociha and Podrecany. The most common 
are intergrowths with zircon - with prismatic habit with 
different coefficient of elongation. Most of them are vari­
ously oriented intergrowths, on which the preferential ori-

of some autochthonous source rocks (e.g. localities Krna, 
Podrecany, Pezinok) size of different crystals or their 
mutual intergrowths may achieve up to several mm. In 
source areas of the Flysch Zone the size of grains reaches 
only O.X mm. 

General distribution characteristics: 

Monazite was observed in approximately one third of 
the panned concentrate samples (Tab. 4.19, Fig. 4.55a). It 
is present in the lowest (a) up to the highest concentration 
classes (III). Its content in the panned concentrate samples 
is quite variable and is strongly conditioned by the type of 

Fig. 4.53a. b. c. d Intergrowths of monazite with zircon. Site: a d Krnd. Photo: SEM I. Holicki: 

Fig. 4.54a. b. c Integrowths of monazite with zircon (a. c) andxenotime (b). Site: a. c - Krnd. h - Kociha. Photo: P. Baco. SEMI. Holicki-

entation was not observed, or any coupling parallel to the 
plane - which could mean epitaxy (Fig. 4.53c, d). 

The amount of individuals zircon overgrown with 
monazite is variable. They occur either alone (Fig. 4.54c) 
or in large clusters (Fig. 4.54a). Rarely there were also re­
corded separate intergrowths of zircons (Fig. 4.54b). 

Size of small crystals or fragments, and to varying 
degrees rounded grains is 0.5 to 1 mm. Near-occurrence 

source rocks in source areas (Fig. 4.56). In positive sam­
ples it is typically present in the first quantitative classes 
(Fig. 4.55b, c). 

Monazite is a typical accessory mineral and is present 
in the panned concentrate samples from source areas of 
almost all regional geological units. Fxceptions are areas 
made of Neogene v oleanism products, and some Tertiary 
sedimentary areas. 
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Tab. 4.19 Presence of monazite in the panned concentrate samples according to content classes. 

Database 
of samples 

50,939 

Negative 
Positiv e 
34,107 

68 
16,832 

55 

Content (semi-quantitative classes) 
a 

11,355 
- i - i 

11.355 
67.46 

b 
4.220 
8.28 

4.220 
25.07 

c 
726 
1.43 
726 
4.31 

I 
411 
0.81 
411 
2.44 

11 
108 

0.21 
108 
0.64 

I I I 
12 

0.02 
12 

0.11 

Division according to semi-quantitative classes 

35 000 

30 000 

" 25 000 

2CGC3 

15 000 

10 000 

5 000 

Namber of samples 
34107 

H 
Negative Positive 

4220 

rocks of type S (Broska, et al., 2012) - e.g. 
Bratislava Massif, SW part of the Tribec 
Mts., etc.). From the source areas made of 
some types of granitic rocks there are know n 
contents of the class II - Ipel'sky Potok, Ko­
ciha, Pezinok. Elevated concentrations are 
also from the areas with the occurrence of 
paleoplacers - e.g. Poltar Formation in the 
Southern Slovakia Basin - Podrecany (Zu-
berec et al., 2004). It is fairly widely repre­
sented in source areas formed of metamor-
phic rock types such as Krna area. 

4.3.14 Pvrite FeS, 
108 12 

Negative 

© 
H = 6.0 - 6.5: 

System: Cubic 
SG = 4.9 - 5.2 iz.cm 

Content (semi-quantitative classes) 

Fig. 4.55a. h. c Distribution of panned concentrate samples according to monazite 
presence (a) and according to proportion of individual semi-quantitative content 
classes (b. c). 

Because of its relatively good resistant properties it en­
ters sedimentary basins as part of clastogenic sediments. 
In such an env ironment it can often create more significant 
accumulations (Baco et al., 2004a). In recent aluvial sedi­
ments of the river network, however, it is the most widely 
present in the source areas, which are formed by granitic 

Magnetic properties: non-magnetic, 
and is concentrated in diamagnetic fraction, 
the intense limonitised one transits into par-
amaimetic fraction 

Colour in the panned concentrate samples 

Colour of pvrite in the panned concentrate samples de­
pends on the genetic type and the way it has entered into 
the supergene env ironment. The original brass-yellow col­
our is kept close to the autochthonous occurrence - natural 

Fig. 4.56 

DISTRIBUTION MAP MONAZITE 

ConMnt 
(»<TlMJuinMttv« ctMMS) 



In the panned coneentrate samples pyrite is present in 
the most diverse forms (Fig. 4.57a, b, c, d). Morphology 
of these shapes is character­
istic and unique to the py­
rite. There are often present 
perfect hexahedron 1100 J 
small crystals characteris­
tic for accessory type, but 
also for epithermal miner­
alisation. Octahedron {111 J 
small crystals (Fig. 4.58a, b, 
c, d) are present in the sam­
ples from the Flysch areas, 
mainly. Pentagonal dodecahedron {210} crystal shapes 
are mainly from the areas of epigenetic sulphide mineral­
isation. More common in the panned concentrate samples 



Pyrite is the fixed component of the heavy fraction 
(Tab. 4.20) and is one of the most stable sulphides in the 
panned concentrate samples. A significant proportion is 
observed primarily in the areas of epigenetic sulphide 

mineralisation, in which it is a stable accompa­
nying mineral of almost all genetic types of ore 
mineralisations of deposit significance or their 
manifestations. In such areas the concentrations 
are within the highest classes. 

^ 

In the panned concentrate samples from 
sedimentary environment there are present py-
ritised tests of primarily foraminifera, molluscs 
and shellfish, various concretions and aggre­
gates. In these types of source areas this form 
of pyrite appearance is often the dominant one. 

Tab. 4.20 Presence of p\ rite in the panned concentrate samples according to content classes. 

Fig. 4.61a. b. c Distribution of panned concentrate samples according to pyritt 
presence t a) and according to proportion of individual semi-quantitative con­
tent r'/zveci'c th rl 



lab. 4.21 Presence of pyroxene in the panned concentrate samples according to content classes. 
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Division according to semi-quantitative classes 
40 000 

| 20 000 

1 
E 

10 000 

30 099 

Number of samples 

this size. Their average size from the other 
source areas is smaller. 

General distribution characteristics: 

Negative Positive 

2 572 

JZL 
2 074 

Negative 

® Content (semi-quantitative classes) 

Fig. 4.65a. b Distribution of panned concentrate samples according to py­
roxenes presence (a) and according to proportion of individual semi-quantita­
tive content clusses (b). 

During transport pyroxenes are quite intensively pro­
cessed and disintegrated due to good cleavability. Irreg­
ular grains, however, maintain the original habit, or the 
habit along the cleavability planes. Quite common are 

Pyroxenes were recorded in more than one 
third of all evaluated panned concentrate sam­
ples (Tab. 4.21; Fig. 4.65a). Their concentration 
in positiv e panned concentrate samples is from 
the lowest (a) to the highest content classes (III) 
with a slight predominance of the first ones 
(a - c) - Fig. 4.65b. The concentration of py­
roxenes is strongly dependent on the prevailing 
rock env ironment source areas. They are mostly 
the intermediary volcanic rocks and their con­
tents are stable above 50% of heavy minerals 
(Fig. 4.66). In other areas the contents are in the 
first concentration classes (a - c). 

Pyroxenes can be included to the discrimi­
natory minerals that uniquely identify the type 
of geological environment in source areas. 
These are Neogene v oleanic rocks of andesite 

composition. They are deposited by hydrological network 
present in the env ironment. The deficient source areas are 
those made of mostly carbonatic rocks and older clasto-
genic sedimentary rocks. 

2 297 

JZL 

J 

Fig. 4.66 

DISTRIBUTION MAP- PYROXENE MINERALS 

Comtnt 

intergrowths of two or several small crystals often with a 
distinct crystal shape typical for pyroxenes (Fig. 4.63d). 
Epitaxial intergrowths of ilmenite (differently oriented, 
often magmatic-corroded) are quite commonly observed 
mainly from volcanic regions. The occurrence of the in­
clusions of ilmenite in the plane of the dominant prism is 
typical (Fig. 4.40c). 

Size of small crystals in the panned concentrate sam­
ples from the environment of Neovolcanic rocks of ande­
site composition is typically up to 2.0 mm, or even above 

4.3.16 Rut i leTiO, 

H = 6.0 - 6.5; SG = 4.18 - 4.25 g.cm5; System: Tetragonal 
Magnetic properties: concentrated in diamagnetic 

and partially in paramagnetic (variety nigrine) fraction 

Colour in the panned concentrate samples 

Colour of small crystals is deep reddish brown and 
brown (Fig. 4.67b) with a metallic to diamond-like lustre. 
It is also often dark brown to black in colour - nigrine 
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Fig. 4.67a, b. c Charucteristic colour and shine of small crystals ofrutile (b) with preservedcolumnar habit. On crystal planes of tetrag­
onal prisms characteristic 'grooving'' is visible. Site: Sinec Massif- Kokcnxi nadRimuvicou. Photo: P. Baco. Photo: SEMI Holicki: 

(variety containing Fe ' \ Fe: ) and rare yellow to tan (sa-
genite). On the fresh and fracture or cleavage surfaces it 
has the metal to diamond-like shine. 

Morphology in the panned concentrate samples 

In the panned concentrate samples from areas of granit­
ic and metamorphic rocks rutile is present in the form of 
small crystals of columnar habit with strong longitudinal 
"grooving". 

In most cases, fragments of small crystals are present, 
rarely terminated with the pyramid planes. Characteristic 
are tw in intergrovv ths on (101) plane in which the c-ax-
is angle is 114° - "knee-shaped" intergrowth or on (301) 
- c-axis angle of 54° - "heart-shaped" intergrovv th (Fig. 
4.68a, b, c, d). Due to destruction during transport the 
small crystals are reshaped in varying degrees (Fig. 4.69a, 

c), preferably along cleav ability (110) planes. In the source 
areas formed by sediments the fragments are reworked and 
well-rounded (Fig. 4.69b), but the original habit is often 
maintained as a result of high mechanical and chemical 
resistance. 

Size of small crystals or fragments of rutile in the 
panned concentrate samples is from 0.5 to 2 mm, in some 
sites of the western part of the Slov enske rudohorie Mts. 
(mainly in the wider area of the Sinec Massif) the size can 
reach over 1 cm. In the Flysch source areas the fragments 
reach the size of 1 mm, exceptionally 5 mm. 

Rutile is present in the form of inclusions in corundum 
and topaz. Fragments of quartz with rutile (sagenite) have 
not been recorded in the panned concentrate samples. Sub-
microscopic rutile is also a component of "leucoxene" -
breakdown product of ilmenite. 

3951 15KU 4t — © X198 leena WD53 | 
Fig. 4.68u. b. c. d Crystal ofrutile with basal crystal planes, ditetragonal prism and ditetragonal dipyrumid (b). These plunes and shupes 
ure present on very frequent, typical and characteristic intergrowths ofrutile. Characteristic morphological sign ofrutile in the punned 
concentrute sumples ure intergrowths on (101) plane, "knee-shaped" intergrowth (u. b) and on (301/ plane, "heart-like " intergrowth (c. 
d). Sites: a - Sinec Massif- Kokava nad Rimavicou. d Pohronsku Polhoru. Drawings: b. c - Rosier. J. H. 1983. Photo: SEM I. Holicki: 

Fig. 4.69a. b. c Morphology of fragments ami small crystals of rutile from various types of source areas. Fragments ofrutile crystals pre­
serve columnar habit. It is a frequent and typical shape of clustogenic type. Sites: o - Inner-Carpathian Puleogene - Nizne Repase: Outer 
Flysch Zone: b — Ruskd Bvstrd. c Kolonica. Photo: P. Baco - b. SEM I. Holicki- a. b. 
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General distribution characteristics: 

Rutile was detected in more than half of assessed 
panned concentrate samples (Tab. 4.22). Its content is 
common within the first quantitative classes (a - c) (Fig. 
4.70b). In these classes it is present in almost all regional 
geological formations (Fig. 4.71). In the Crystalline areas 
its contents can locally reach the highest class, for exam­
ple, wider area of the Sinec Massif. 

Division according to semiquantitative classes 

18 507 

Rutile is significantly present in the heavy fraction of 
sedimentary complexes of the Outer Flysch Zone, its east­
ern and western parts, and Inner-Carpathian Paleogene. 
Together with garnet they form the bulk of heavy fraction. 
Compared to the original association in other geological 
conditions a selective enrichment is typical (Fig. 4.71). 
From this point of view interesting significant enrichment 
is known from the source area formed by the Dukla unit in 
the vicinity of Smilno. 

Negative Positive 

I 11 n -
Negative 

Content (semi-quantitative classes) 

Fig. 4. 70a. b Distribution of panned concentrate samples according to 
rutile presence (a) and according to proportion of individual semi-quanti­
tative content classes (b). 
Tab. 4.22 Presence ofrutile in the panned concentrate samples according to content classes 

4.3.17 Scheelite CaYV04 

H = 4.5 - 5.0; SG = 6.10 - 5.5 g.cm'; System: 
Tetragonal 

Magnetic properties: concentrated in diamag-
netic fraction, the intergrowths with wolframite 
(ferberite) can pass into paramagnetic fraction 

Luminescence (shortwave spectrum of ultravi­
olet radiation, monochromatic, /. = 254 nm): pure 
blue-white colour (Fig. 4.72b, c), white - at the 
content 0.5 % Mo, yellow - at > 0.5 % Mo 

Colour in the panned concentrate samples 

The most common colours are various shades 
of white - grey white, yellowish or colourless (Fig. 
4.73a, b). In the panned concentrate samples there 
were rarely identified other colours of scheelite. It has 
a greasy to glassy lustre, small grains are translucent. 

Database 
of samples 

50,939 

Negative 
Positive 
18,507 
36.3 

32.432 
63.7 

Content (semi-quantitative classes) 
a 

8.334 
16.4 

8.334 
25.7 

b 
11,865 
23.3 

11.865 
36.6 

c 
8,476 
16.6 

8.476 
26.1 

I 
3,256 

6.4 
3.256 
10.0 

II 
466 
0.91 
466 
1.4 

III 
35 

0.07 
35 

0.11 

Fig. 4.71 

* b c l I III 

Content 
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Fig. 4.72u. b. c. d For its colour und visual similarity to quartz in the punned concentrute samples it was disregurded in the first stages of 
regional prospecting. In Figs, a-b andc-dare examples of scheelite colours under daylight (a undo und under ultruviolet light (b undd). 
In the sumple (c) a larger wolfrumite gruin is present intergrown with scheelite with very distinct luminescence effect. Under UVlight quite 
distinguishable are liny grains of quartz. Sites: a - Sopotnickd dolinu. c - Kokava nud Rimuvicou - Bohute. Photo: P. Buco. 

Fig. 4.73a. b Scheelite from panned concentrate samples intergrown with quartz. The grains ure irregular with sharp edges. Characteristic-
colour is white with brownish parts. Sites: a Jasenie - Kyslu. b Kokava nud Rimuvicou Bohute Photo: P. Baco. 

Morphology in the panned concentrate samples. 

In the panned concentrate samples scheelite is only 
rarely present in the form of crystals or their fragments. 
Mostly they consist of irregular grains with an uneven 
rough surface (Fig. 4.74a, d). Under destruction and during 
transport the fragments of small crystals are reworked to 
varying degree and they create isomorphic grains without 
any dominant shape. Surface of fragments of irregularly 
sharp-edged small crystals and isometric grains is glossy, 
but often rough and dull. 

Epitaxial coalescence is rare, with the exception of 
mutual intergrowth with wolframite (Fig. 4.72c). Size of 
fragments of small crystals, but mostly of well-rounded 

grains, is up to 0.5 mm. In the areas with greater epigenet-
ic accumulation (Core mountains - Tatricum with a varie­
ty of occurrences mainly in the Nizke Tatry Mts. and the 
Male Karpaty Mts., further in Veporicum and Gemericum) 
or deposit occurrences (locality of the Nizke Tatry Mts. 
- Jasenie, Sopotnica Valley, Gemericum - Rochovce, Ge-
merska Poloma) the size of grains reaches several mm in 
mutual intergrowths with quartz. 

General distribution characteristics 
Scheelite has been identified in approximately 20% of 

the panned concentrate samples collected from all over 
Slovakia (Tab. 4.23, Fig. 4.75a). Scheelite content is main­
ly in the first semi-quantitative classes (a - c), this is valid 



ľah. 4.23 Presence of scheelite in the panned concentrate samples according to content classes. 



Tab. 4.24 Presence of scheelite in the panned concentrate samples according to content classes. Selected map sheets at scale 1 : 50,000 
illustrate areas with deposit accumulations and significant occurrences of scheelite, which is present in the panned concentrate samples in 
hmher content classes. 
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*m 
Fig. 4.77a, b, c. d Colour. lustre and crystal shapes of spinel in the panned concentrate samples. Characteristic colour of spinels is black­

brown to black. Sites: a Hahgovce. h ­ Duhovica, c ­ Ruskd Bystrd. d­ Vyhne. Drawings: b. c ­ Rosier. J. H.. 1983. Photo: P. Baco. 
SEM I. Holichi: 

Fig. 4.78a. h. c. d Basic crystal shapes and couples of spinel, which are mostly present 
of spinel crystals is octahedron {111} (a.). These shapes are typical for Cr­spinels in 
shapes have not been recorded. Frequent are intergrowths on (111) plane Spinel Law 
d­Filakovo. Drawings: J. H. Rosier. 1983. Photo: SEMI. Holicky: 

—-
D i v i s i o n a c c o r d i n g t o s e m i - q u a n t i t a t i v e c l a s s e s 
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Number of sample* 

JL 
Negative Positive 

2 2Z6 2794 

JZL 
2 334 

JZL 662 263 

Negative 

© Content (semi-quantitative classes) 

Fig. 4. 79a. b Distribution of panned concentrate samples according to spinel 
presence (a) and according to proportion of individual semi­quantitative con­

tent classes (h. c). 

Tab. 4.25 Presence of spinel in the panned concentrate samples 
according to content classes. 

in the panned concentrate samples. The base shape 
the panned concentrate samples and other crystal 
(c. d and also Fig. 4.77a. b. d). Sites: b ­ Tvaroznd. 

(Fig. 4.77b; Fig. 4.78c, d). Although spinels 
are known primarily from ffysch strata of 
clastogenic origin, they retain distinct octa­

hedron habit. Only occasionally fragments 
of small crystals are found. 

During transport due to their hardness 
and lack of cleavability they are very stable 
and only rarely morphologically changed. 

Epitaxial intergrowths in the panned con­

centrate samples have not been observ ed. Mi­

croscopically, however, inclusions were found 
(pyrite) and non­uniformity (chrommagnetite 
rim) of Cr spinel (Spisiak et al., 2001). Size of 
small crystals of Cr­spinels, their fragments or 
grains in the panned concentrate samples is up 
to 0.5 and only occasionally up to l .0 mm ­

usually of the cyclic intergrowths. 
Identification attributes: octahedron 

habit and intergrowths according to the Spi­

nel Law, black colour and glassy lustre, high 
hardness, non­magnetic behaviour. 

General distribution characteristics 

Panned concentrate samples containing 
spinel (Cr spinel) make up only about 30% 

Database 
of samples 

50,939 

Negative 
Positive 

36.405 
72 

14,534 
29 

Content (semi­quantitative classes) 

a 

4.705 
9 

4,705 
32.37 

b 

3.776 
7 

3.776 
25.98 

c 

2,794 
5 

2."94 
19.22 

I 

2.334 
5.00 

2.354 
16.06 

II 

662 
1.00 
662 
4.55 

III 

263 
1.00 
263 
1.81 



Tab. 4.26 Presence of spinel (chromspinel) in the panned concentrate samples according to content classes. Selected map sheets at 
scale 1 : 50,000 illustrate areas of the Eastern sector of the Outer Flysch Zone with spinel present in the panned concentrate samples 
in higher content classes. 



Tab. 4.27 Presence of titanite in the panned concentrate samples according to content classes. 



Fig. 4. H3a, h. c Distribution of punned concentrate samples according to 
titanite presence (a) and according proportion of individual semi-quanti­
tative content classes (b. c). 
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Fig. 4.85a. b. c Colour, lustre and crystal shapes of zircon in the punned concentrate samples. Zircons with colour and shapes typical for 
neovolcanic areas. Sites: a - Pukanec. b - Home Plachtince. c - Juskova Void. Photo: a. c - P. Baco. SEM b-l. Holicky. 

Fig. 4.86a. b. c. d Crystal shapes of zircon in the panned concentrate samples. Sites: a - Zemberovce. d - Vyhne. Drawings: b.c- Rosier. 
J. H.. 1983. Photo: SEM I. Holicki: 

Fig. 4.8 7a. b. c Crystal shapes of zircon and intergrowths with monazite in the panned concentrate samples. Sites: a - Haligovce. Vepori­
cum: b - Krnd. c - Kociha. Photo: c - P. Baco. SEM a. b-l. Holicky. 

Fig. 4.88a. b. c Oriented interpenetration of xenotime with zircon. Site: b - Veporicum - Kociha. Drawings: a - Lukdc. 1968. c - Z. 
Bacovd. Photo: b - Z. Bacovd. 



lab. 4.28 Presence of zircon in the panned concentrate samples according to content classes. 



Fig. 4.91a. b. c Colour and lustre of gold in the panned concentrate samples. Colour and shades are dependent on impurities, mainly 
Ag. At its high content it has dark-yellow colour, at Cu-content it turns to reddish-yellow hue. Part of gold flakes can he coated by Mn-
and Fe- oxides. Site: a c Ruská Bystrú. Photo: P. Bačo. 

Fig. 4.92a. b. c. d Crystal shapes of gold in the panned concentrate samples Rare octahedron and hexahedron shapes create by mutual 
combinations simple and complex couples. The gold in the panned concentrate samples occurs typically in the form of gold flakes, 
without preserved crystal planes. Site: a. c. d - Pukanec. Drawing: b J. H. Rosier. 1983. Photo: a. c P Bačo: SEM d- I. Holicky: 

Fig. 4.9 Ja. b. c Crystal shapes of gold close to the source tb): after short transport (a, c) in the panned concentrate samples. Alluvial 
void flakes, examples of morphology- from various geological environs Sites: a Ruskú Bystrú, b - Pukanec, c - Selce. Photo: P Bačo 



Fig. 4.94a. b. c Crystal shapes of alluvial gold which underwent short transport. Site: a-c Pukanec. Photo: SEM I. Holičtí: 

Gold was recorded mainly in the first 
and only exceptionally in the higher con­

tent classes (Fig. 4.95b, c). Due to the 
characteristics of gold, each occurrence 
creates a secondary aureoles, which 
have been recognized in the Slovak part 
of the Western Carpathians (Fig. 4.97, 
Tab. 4.30) ­ Bakos, Chován et al., 2004. 

In addition to well­known occur­

rences (with gold mining in the past) the 
panned concentrate prospecting detect­

ed gold appearance mainly in the Outer 

Fig. 4.96a. h. c Distribution of panned concentrate samples according to gold 
presence (a) and according to proportion of individual semi-quantitative content 
classes (b. c). 

Fig. 4.95a. b. c Shapes of gold in the panned concentrate samples. Site: a-c Pukanec. Photo: SE.\f 1. Holický: 
Tab. 4.29 Presence of gold in the panned concentrate samples according to content classes. 



Tab. 4.30 Presence of gold (flakes) in the panned concentrate samples according to content classes. Selected map sheets at scale 
1:50.000 illustrate areas with deposits and significant occurrences of gold, which is present in higher content classes in the panned 
concentrate samples. 
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4.4 Conc lus ion 

Panned concentrate prospection is a w ide-spread search 
method of ore mineralisation types, dominantly. This high­
ly effective method is used mainly in poorly-explored are­
as. However, its use has been justified even in regions with 
rich mining activ ities, which experienced some parts of the 
territory of Slovakia. 

Within the "Re-interpretation Project" a large part of 
the panned concentrate samples were again mineralogi-
cally assessed using current methods (identification under 
UV light, dye tracing tests), and approximately 70% of the 
sample material uniformly processed and evaluated. The 
major part of the more than 50,000 records database has 
over 60 variables. The database has been created w ith sam­
ple documentation localised in the coordinate system and 
displayed in the topographic documents at scale 1:50,000. 
This has enabled to compile the distribution maps of se­
lected types of minerals for the whole sampled territory of 
Slovakia. The database allows to construct similar maps 
from mineral species which have not been depicted in the 
last map works. The map outputs can be compiled not only 
for the whole territory of Slovakia, but also for the arbitrar­
ily selected area. The database is publicly available. 

The assembled distribution and interpretive maps of 
various types of minerals characterise various regional 
geological units throughout the Slovak part of the West­
ern Carpathians. These minerals are Cr-spinel, corundum, 
pyroxenes, garnets and many other minerals. Some min­
eral types have a discriminatory character up to lithologi-
cal level (monazites) and across regional geological units. 
Their applicability in the context of cross-correlation of 
the lithological types is a v alue added. 

The results are crucial for raw materials appreciation of 
Slovakia. Secondary dispersion aureoles have contributed 
to characterisation of almost all deposits of ore resources. 
Based on their characteristics the regional units as well as lo­
cal areas can be ev aluated from their potential point of view. 
The database allows very detailed view into the arbitrarily 
selected area within the sampled territory. This is obvious 
in the scales 1:50,000 and possibly the greater scales for 
those types of materials, w hich are represented by e.g. cin-
nabarite, cassiterite, gold, scheelite or accompanying base 
metal deposits, for example, barite. cerrusite and wulfenite. 
Even a singular registered presence of certain rare minerals, 
for example, topaz, corundum, andalusite points to the pres­
ence of specific alteration processes associated with specific 
types of mineralisation. The presence of sulphide minerals, 
e.g. galena, sphalerite, stibnite almost always refers to the 
closeness of anthropogenic sources - heaps, which ultimate­
ly are also indication of mineralisation. 

The panned concentrate prospection in the Slovak part 
of the Western Carpathians has become the basis for prog­
nostic evaluation of gold. A large number of anomalies 
in various regional geological units has previously been 
subjected to a higher stage of geological research and ex­
ploration, but some of the secondary anomalies were still 
unverified and their sources have not been identified. The 
distribution map, prepared in the framework of the "Re-in­
terpretation Project" provided also the basis for map sup­

plement of the representative publication Gold in Slovakia 
(Bakos and Chovan et al., 2004). 

To date, the panned concentrate prospecting shall find 
its particular importance in the environmental field. In 
fact, a panned concentrate sample contains a large portion 
of various anthropogenic substances, often with polluting 
action. Its distribution is recorded and studies of possible 
impacts on biotic aquatic env ironment may follow up. 
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