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Au-porphyry mineralization in the mantle of the Stiavnica stratovolcano

(Western Carpathians)

FRANTISEK BAKOS', PETER FUCHS', ROMAN HANES', PETER ZITNAN' and VLASTIMIL
KONECNY?

'Eastern Mediterranean Resources — Slovakia, s. r. 0. (EMED),
Zelezniciarska 12, 969 01 Banska Stiavnica
fbakoss @yahoo.com
2State Geological Institute of Dionyz Stur, Mlynska dolina 1, 817 04 Bratislava

Abstract

Au-porphyry occurrences are bound to intrusions of andesite to diorite porphyry in the
mantle of the Stiavnica stratovolcano. The most important mineralized body was verified at the
locality Beluj. The overall potential of the low grade geological resource, of currently uneconomic
ores, reaches 0.5 Moz Au. The rest of localities, in the vicinity of Zupkov and Pila, represent
mineralogical occurrences of Au porphyry mineralization. Quartz stockwork is the typical
indicator of Au-porphyry mineralization. The correlation between quartz stockwork intensity and
Au grade in the ore does not exist. Mineralization is related to Na- and K-silicate alteration,
commonly overprinted by the intermediate argillic assemblages, especially in the uppermost
parts of the zones with quartz stockwork. Magmatic-hydrothermal breccias are rare within the
orebodies. The orebody is characteristic by the presence of Fe and Ti-oxides assemblage with
minor content of Cu, Zn, Pb sulphides and Bi-Te minerals. Mineralized zones with increased
Au grade over 0.1 ppm are accompanied by increased Cu and Zn grades. Au : Cu ratio is very
low 1 :0.08. Extremely low S and As values are probably caused by the lack of lithocap with
advanced argillization. Pervasive pyrite rich phyllic alteration rimming the ore bodies and causing
geophysical IP anomalies is barren. Au porphyry mineralization is accompanied by economically
insignificant manifestations of disseminated Mo mineralization, stockwork-disseminated Pb-Zn
mineralization, Bi-Te mineralization and fracture bound zeolite mineralization.

Key words: porphyry intrusions, geochemistry, metallogeny, Neogene volcanics, Beluj, Zupkov,

Western Carpathians

Introduction

There are several intrusive-hydrothermal centres in
the peripheral part of the Stiavnica stratovolcano (Fig. 1).
Though some of them were known in the past, they have
never been treated by a separate scientific work or studied
in detail. This study aims to be the summary of EMED
exploration of porphyry style mineralization in this area.
At Pila-Macaci vrch site the geochemical works were
repeated with similar results as previous exploration (Knésl
and Knéslova, 2004). Lithologically similar intrusions are
known in Prochot and Sasovské Podhradie areas. Up
to date results of stream sediment geochemistry were
negative that is why the exploration did not follow up.
The most important object with porphyry mineralization
was detected at Beluj, therefore there is the highest level
of knowledge. Another significant intrusive-hydrothermal
centre was discovered in the Zupkov area. There the results
of preliminary geochemical works were not satisfactory
enough for commencing the drilling exploration.

Methodology

Rock samples for mineralogical and geochemical study
were collected from natural outcrops, debris, rock floats and
drillcore. The drillcore was sampled by 2 meters intervals.
Soil samples were collected in the field from the B horizon.
Qualitative definition of Au content in selected samples
was made by AAS method (fire assay) with detection limit
0.01 ppm in ALS CHEMEX laboratory Rosia Montana,
Romania. The rest of elements were defined by ICP MS
method (four acid digestion) in ALS CHEMEX Perth,
Australia. Detection limits of used analytical method
are as follows: Ag — 0.5 ppm, Al — 0.01 %, As — 5 ppm,
Ba — 10 ppm, Be — 0.5 ppm, Ca — 0.01 %, Cd — 0.5 ppm,
Co—1ppm, Cr—1 ppm, Cu— 1 ppm, Fe — 0.01 %, Ga —
10 ppm, K—0.01 %, La—10 ppm, Li— 10 ppm, Mg —0.01 %,
Mn —5 ppm, Mo — 1 ppm, Na — 0.01 %, Ni—1 ppm, P - 10
ppm, Pb—2 ppm, Rb—10 ppm, S—0.01 %, Sb-5 ppm, Sc—
1 ppm, Sr—1 ppm, Th —20 ppm, Sr—1 ppm, Th —20 ppm,
Ti — 0.01 %, Tl — 10 ppm, U — 10 ppm, V — 1 ppm, W —
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Fig. 1. Schematic geological map
of the Stiavnica stratovolcano
with localization of Au-porphyry
mineralization occurrences (modified
after Konec¢ny et al., 1998). 1 —
Quaternary alluvial deposits; 2 —
Pannonian to Pliocene postvolcanic
sediments; 3. Pannonian to
Quaternary alkali basalts (a — beck,
b — lava flows, ¢ — cinder cone);
4 — Pannonian basaltic andesite lava
flows; 5 — Late Sarmatian rhyolites
(a — extrusive domes, b — dykes,
¢ — tuffs and epiclastic volcanic
rocks); 6 — Upper structural level
— post caldera stage (Sarmatian):
a — effusive complex of pyroxenic
andesites (+ amphibole, + biotite),
b — hyaloclastite breccias, ¢ — epi-
clastic volcanic breccias — conglo-
merates, d — epiclastic volcanic
conglomerates, e — extrusive domes,
f — welded tufs, ignimbrites, g —
pumice tufs, h — epiclastic volcanic
sandstones and reworked pumice
tufs, i — tuffitic sandstones and
siltstones; 7 — Subvolcanic intrusions:
a — quartz diorite porphyry dykes,
b — quartz diorite porphyry sills,
¢ — granodiorite porphyry stocks
and dyke clusters, d — granodiorite,
e — diorite; 8 — Middle structural level
— caldera stage (Late Badenian):
a — biotite-amphibole andesite
dome/flow complex, b — epiclastic
volcanic breccias, ¢ — caldera lake
sediments; 9 — Lower structural level
— pre-caldera stage (Early to Middle
Badenian): a — complex of undivided
propylitised andesite lava flows and
andesite porphyry sills and laccolites,
b — pyroxene and amphibole
pyroxene andesite effusive complex,
¢ — stratovolcanic complex, lava
flows, block and ash pyroclastic flows
and epiclastic volcanic breccias,
d — epiclastic volcanic breccias and
conglomerates, e — pumice tuffs,

b
Q
-]

f — epiclastic volcanic conglomerates
and sandstones, g — epiclastic

]

f

10 ppm, Zn —2 ppm and Zr — 5 ppm. Chemical composition
of minerals was randomly tested by EDX method by
CAMECA SX 100 device in the State Geological Institute of
Dionyz Stur in Bratislava. Photodocumentation of minerals
was done in backward dispersed electrons (BSE) at the
same device.

Regional geological setting

The Stiavnica stratovolcano is the largest stratovolcano
in the Carpathian volcanic arc. Evolution of the strato-
volcano took place in five stages during the Middle
Badenian to Early Pannonian time (Konecny, 1971; Lexa

volcanic sandstones; 10 — Basement
outcrops; 11 — a — caldera fault, b —
marginal faults of the resurgent horst,
¢ — other faults.

et al., 1999). The 1st stage represents the construction of
an extensive andesitic stratovolcano. During this stage,
several stock-like intrusive bodies of andesite to diorite
porphyry were formed on the slopes of the stratovolcano.
Some of them show signs of porphyry mineralization,
accompanied by hydrothermal mineralization halo. The 2nd
stage is represented by interruption of volcanic activity and
massive denudation of the uppermost part of the volcanic
structure. During this stage, an extensive granodiorite
intrusion was emplaced in the subvolcanic level, being
accompanied by diorite stock-like body at the northern
side. The younger stage of intrusive activity is represented
by granodiorite porphyry stock-like intrusions and dykes
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Fig. 2. Map of Beluj intrusive-hydrothermal centre with soil geochemistry anomalies. A — Au, Cu; B — Pb, Zn (previous page); C — Bi, Te.

in the peripheral zone of the granodiorite body. Intrusion
activity was accompanied by Fe-skarn mineralizations
(Vyhne — Kloko€), Cu-Au skarn-porphyry mineralizations
(Zlatno, Sementlov, Sklené Teplice — Vydri¢na dolina,
Pukanec), as well as stockwork-disseminated base metal
mineralization. The 3rd stage represents the subsidence
of caldera of great dimensions (18 x 24 km), filled by
lava flows, extrusive bodies and pyroclastic rocks of total
thickness about 350 — 500 m. During the caldera formation
the precious metals veins of Rozalia style mineralization
were formed, followed by sills and dykes of quartz diorite
porphyry, emplaced in subvolcanic level and also within
the collapsed complex (Kodéra et al., 2002). During the
4th stage of renewed explosive and effusive activity of less
differentiated andesites, several small stratovolcanoes
were formed within the caldera and stratovolcanic slopes
(Sitno stratovolcano). The 5th stage represents the uplift
of the central block of caldera and formation of resurgent
horst structure. Uplifting of the horst was accompanied by
rhyolite volcanism and intermediate to low sulphidation
epithermal precious to base metal mineralization (Lexa
et al., 1999). The latest product of calc-alkaline volcanism
took place during the Pliocene and Quaternary and formed
small scoria cone Putikov vfSok with lava flows and two
lava necks near Banska Stiavnica (Koneény et al., 1995).
This paper is devoted to porphyry intrusions occurring
at a few locations within the stratovolcano slopes,

emplaced during the first stage of formation of the Stiavnica
stratovolcano (Konecny et al., 1998). The Beluj intrusive
centre represents a massive stock-laccolith andesite
porphyry body in the S part of the Stiavnica stratovolcano.
The Pila — Zupkov zone in the proximity of Nova Bana
— Klak volcano-tectonic zone represents the series of
andesite and diorite porphyry intrusions — sills, dykes and
small stocks. The Prochot intrusive centre is situated along
N — S tectonic zone at the western margin of the Ziarska
kotlina depression. Andesite and diorite porphyry intrusion
of stock shape was identified here by drillhole MEB-1 (Brlay
et al., 1980). Series of andesite to diorite porphyry dykes
also occur N of the caldera fault near Sa$ovské Podhradie.
The dykes follow the NNW — SSE fault system.

Beluj intrusive-hydrothermal centre
History of exploration of porphyry targets

Though the Beluj intrusion outcrops very poorly, on the
surface it typically forms a rugged topography accompa-
nied by a large area of alteration. In the late Middle Ages,
kaolinite clays were locally extracted at several spots in
the area for the so-called “Beluj” pottery. Beluj intrusive
centre was identified during regional geological mapping
of the Stiavnica stratovolcano (Koneény and Lexa, 1977).
The Belyj intrusion forms andesite porphyry body of stock
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Fig. 3. Section through Beluj Au
porphyry orebody with position of
scout drillholes and projection of soil
geochemistry anomalies to depth.

to laccolith shape. Host rocks represent effusive complex
of pyroxene andesites and the complex of extrusions and
pyroclastics of hornblende-pyroxene andesites. Both rock
types, intrusion itself and overlying unaltered volcano-
-sedimentary complex of the Sebechleby Formation
belong to 1st period of the Stiavnica stratovolcano
formation. The concentric aeromagnetic anomaly (Mag
high) was traced with diameter 500 to 800 m (Filo et al.,
1980). Historical vertical drillhole KB-1/330.3 m was set
in the very middle of intrusion and stopped within it. The
intrusion is reported to be the stock body of hornblende-
-hypersthene andesite porphyry with quartz and garnet
with quite high level of alteration. The drillhole KB-1 inter-
cepted incipient epithermal mineralization represented
by galena impregnations within quartz-carbonate veinlets
(Kone¢ny and Lexa, I. c.).

Results of exploration

The Beluj area was tested by the regional stream
sediment geochemistry sampling. The series of low grade
Au anomalies (around 5 ppb Au, maximum 15 ppb) in the
creeks draining the Beluj intrusive centre indicated some
metallogenic potential. Altered rock with porphyry style
veining was recognized in the road-cut in the central part
of the intrusive-hydrothermal centre. The central part was
covered by soil geochemistry survey in the grid 100 x 100 m
and the outer zone in the 200 x 200 m grid. On the basis
of one anomalous soil sample 149 ppb in the central zone,
8 additional infill soil samples were collected in the grid
50 x 50 m to refine the soil anomaly extent. The result was
200 ppb anomaly covering the area of 1 200 m? (Fig. 2)
with the maximum value 253 ppb. The coverage of 200 ppb
anomaly zone corresponds with the extent of porphyry style
quartz stockwork and Au positive rock-chips over 0.1 ppm.
Maximum grade in rock-chips samples collected from the

X
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anomaly reach up to 0.7 ppm Au. 100 ppb anomaly covers
the area 100 x 200 m approximately. Two new inclined
drillholes BVE-1/253.7 m and BVE-2/254.0 m were drilled
in the section oriented SW — NE (Fig. 3).

During the reconnaissance exploration one rock
sample of epithermal quartz vein was discovered from
the rock pile bordering agricultural fields at Beluj with rich
galena impregnations. The sample contained 5.45 ppm Au,
8.9 ppm Ag and 1 % Pb. In a rock sample (argillized silica
block) collected W from the intrusive centre Bi anomalous
content was detected (356 ppm). Increased Bi values
strongly correlating with Te were identified in the soil
geochemistry samples of the peripheral zone as well.

K- and Na silicate alteration overprinted by intermediate
argillization is typical for the ore body at Beluj. Total
biotitization, actinolitization and magnetitization of mafic
minerals are dominant. The alteration style is completed
by veinlets and nests of K-feldspar. Na-metasomatosis of
plagioclase is preserved in relics and the youngest growth
zones of inhomogenic plagioclase are enriched in Ba.
Plagioclase and the porphyry matrix are usually sericitized,
chloritized and smectitized. Intermediate argillic alteration
is widespread within the intrusive centre, affecting the
intrusion itself and the host rocks. Barren (up to 0.05 ppm
Au) post-mineralization advancedargillic altered rocks occur
in relics within the elongated NW — SE trending zones. The
thickness of zones varies from several meters to several
tens of meters. The very centre of these zones is locally
formed by argillized and silicified magmatic-hydrothermal
breccias with vuggy texture. Blocks of massive silica occur
sporadically as floating boulders but never in outcrops.
The phyllic alteration occurs in isolated spots only, on the
margins of the intrusive centre. The broad surrounding
of the intrusive centre is propylitized. The most common
accessory minerals in porphyry are monazite, apatite,
allanite, thorite, xenotime and zircon.
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The marginal zones of the andesite porphyry intrusion
are formed by magmatic-hydrothermal breccias. They are
probably post-mineralization breccias. In the drillholes
BVE-1 and BVE-2inter-mineralization to post-mineralization
breccias occur only locally, in the form of narrow dykes
and/or pipes 0.1 to 1 m thick. The brecciation occurred
in the initial stage only, or as initial breccia transitions
to fully developed breccias with a short transport of the
clasts keeping their angular shape. Locally, the post-
-mineralization breccias of “pebble dykes” type are present
(Fig. 4A), with rounded clasts and the rock flour as the matrix.

The Au-porphyry mineralization in the Beluj intrusive
centre is expressed, besides the typical alteration patterns,
by the presence of quartz stockwork (Figs. 4B, C). At least
3 generations of Qtz veinlets can be recognized on the
base of drillcore logging. Though the stockwork outcrops

,_‘.d

Fig. 4. Typical textures of Au porphyry ore from the BVE-1 drill hole,
Beluj. A — Chloritized rock with basement xenolith (X), cut by the
dyke of fine-grained breccia — pebble dyke (D). B — Biotitized and
chloritized rock cut by 3 generations of banded quartz veinlets (Q1,
Q2, Q3) with magnetite and by the youngest zeolite veinlet (2).
C — Inter-mineralization breccia dyke with fragments of earlier
quartz veinlets (Q1) in biotitized and chloritized rock cut by later
quartz veinlet (Q2). D — Chloritization and argillization (Chl + 1I)
following the crack.

on the surface in a small area only, it is quite widespread
in the drillholes, sometimes weak (1 — 2 veinlets/meter of
core), with transitions (3 — 5 veinlets/meter of core), to rich
stockwork (over 10 veinlets/meter of core) to hydrothermal
breccias (veinlets reaching over 30 % of rock volume).
Locally, spectacular examples of older A-type (hairlike
magnetite-quartz) and second generation of B-type
(banded quartz) veinlets were recognized. There is no
straight relation between the Au grade and the density of
quartz stockwork. Quartz stockwork is crosscut by the very
common younger calcite and zeolite (chabasite?) veinlets.
Typical are the clay and chlorite veinlets (Fig. 4D). Yet
undetermined clay minerals of illite-smectite order filling
cracks and small structures have sometimes pink or brown-
-green colour.

Within the altered rock some sulphides (Figs. 5A, C,
E, F, G) occur quite infrequently: chalcopyrite, Cu-S phase
(chalcotite, digenite?), Cu-Fe-S phase with different Cu/
Fe ratio than chalcopyrite (bornite?), molybdenite, galena,
sphalerite and pyrite. The largest grains form pyrite (up to
1 mm), but from the point of frequency chalcopyrite and
Cu-S phase are more abundant. Sphalerite is earlier and
replaced by chalcopyrite. Sulphides form isolated grains
up to 10 pym in size. Molybdenite is very common in the
form of micron size impregnations in the altered rock. It
locally contains increased Re concentrations. Separate
irregular grains of Te-Bi minerals occur locally, sometimes
abundantly. Their size reaches maximum 5 pm. Gold
forms isometric grains (up to 5 pm) or grains clusters (up
to 10 ym) in the altered rock (Fig. 5D). Quartz veinlets
contain very often magnetite, rarely chalcopyrite, pyrite
and pyrrhotite (Fig. 5H). Relatively common scheelite
(up to 10 pm) occurs on the rim of the quartz veinlets.
Similarly, monazite forms clusters of isometric rounded
grains alined in narrow 0.1 mm thick zones.

An indistinctive geochemical correlation was identified
between Au — Cu grades and Au — Zn grades. Cu and
Zn contents are constantly increased, reaching 200 ppm
Cu and 170 ppm Zn in average (Fig. 10). Mo content is
mostly negligible, on the edge of detection limit (1 ppm).
Only by the end of the BVE-2 drillhole the Mo content
reaches higher values in the range of first tens of ppm. An
exception is the sample from the KB-1 drillhole (interval
94.3 — 94.4 m) with 181 ppm Mo. Ag grade is constantly

Tab. 1
Results of scout drilling at Beluj prospect

Drillhole Interception Interval Average Au grade
BVE-1 Entire hole 254 m 0.32 ppm
20-142m 122 m 0.4 ppm
26 -50m 24 m 0.7 ppm
26-80 54 m 0.51 ppm
118 -132m 14 m 0.67 ppm
190 — 254 m 64 m 0.4 ppm
224 -240m 16 m 0.67 ppm
BVE-2 Entire hole 254 m 0.17 ppm
24-70m 46 m 0.3 ppm
142 — 156 m 14 m 0.38 ppm
228 -252 m 24 m 0.26 ppm
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Stream sediments
Au (ppb)

Fig. 6. Map of Zarnovica surroundings with localization of Au-porphyry mineralization occurrences: 1 — Zupkov-Badovci; 2 — Zupkov-Hricov
Stal; 3 — Zupkov-Jakalovci; 4 — Zupkov-Strbov §tél; 5 — Pila-Macaci vrch; 6 — Pila-Prekalovci; 7 — Mala Lehota-Hubacov stal; 8 — Nova Bana-

-Kajlovka.

under detection limit (0.5 ppm) except of an interval 122
to 130 m in BVE-1 where Ag grade is slightly increased
in the range 0.6 — 0.9 ppm. Pb grade was constantly low
(27 ppm) in average, maximum value was 224 ppm Pb.
Average K content is 1.1 %, average Na content 1.2 %.
Mineralization in Beluj drillholes BVE-1 and BVE-2
is of low and irregular grade. Maximum thickness of Au
0.4 ppm interception is 122 m. The average grade of
0.7 ppm Au would result in maximum intercept 24 m (Tab. 1,
Fig. 3). The grade varies from 0.01 ppm to 1.19 ppm Au.
Au grade from four re-assayed samples of the discarded
drillhole KB-1 achieved 0.2 ppm (330.2 — 330.3 m),
0.31 ppm (94.3 — 94.4 m), 0.22 ppm (73.3 — 73.4 m), and
2.55 ppm (57.7 — 57.8 m). Ag and Pb values in this sample
are not increased, which indicates that the porphyry was
not affected by epithermal overprint. There was identified
only minor volume of post-mineralization intrusive activity
(young porphyry dykes or breccias which could not act
as the Au mineralization depleting or disintegrating
factor. The grade irregularity in Au distribution is caused

by primary conditions, probably unequal propagation
of mineralizing fluids.

A section across the centre of 200 ppb soil anomaly
was tested by drilling exploration. 100 ppb anomaly
was the outline of the potential deposit presumed on
the bases of soil and rock geochemistry and geological
mapping. Given mineralization started in 20 m of BVE-1,
and BVE-2 did not reach out of the mineralization. We can
consider the 50 ppb soil line as more realistic to outline
the mineralized body. Four assayed samples from the
KB-1 vertical drillhole are all mineralized. As the sample
from the interval 330.2 — 330.3 m had still 0.2 ppm Au,
we can consider the mineralization opened to the depth
(minimum down to 350 m). Given the substantial part of
mineralization reach to the depth 350 m from the surface
and given the bulk density 2.5 t/m3, it would represent
58.4 Mt of 0.3 ppm Au ore, which means some 17.5 t
of Au as the very rough estimation. Mineralized zones
also contain increased but uneconomic Cu and Zn
concentrations.
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Fig. 7. Soil geochemistry map of the Zupkov-Hricov $tal intrusive-hydrothermal centre.

Zupkov intrusive-hydrothermal centre
History of exploration of porphyry targets

Sills, laccoliths and dykes of pyroxene andesite
porphyry were reported from the proximity of Nova
Bana — Klak tectonic line, for example Nova Bana-Kajlovka,
Malé Lehota and Pila (Konecny et al., 1998). The geological
prospection works carried out by Geotechnic Consulting
in 2002 confirmed the presence of Au mineralization
bound to the andesite porphyry intrusion at Macaci vrch
hill (Knésl et al., 2006). 100 ppb 100 x 50 m anomaly with
maximum around 400 ppb was identified and verified by 19
shallow drillholes. The mineralization, which appeared to
be related to the weak quartz stockwork, started from the
surface and quickly died out with depth. The best intercepts
from the drillholes include: PLV-1B 31.4 m @ 0.58 ppm
Au, 11 m @ 1.29 ppm Au; PLV-1C 20.6 m @ 0.7 ppm Au,
10.6 @ 1 ppm Au. On the basis of J. Lexa information,
the andesite porphyry bodies discovered during geological
mapping in the Hubacov $tél and Prekélovci area S from
Pila were verified in the field. Any traces of Au porphyry
mineralization were noticed.

Results of exploration
In 2008, the whole Velké Pole exploration area was

tested by the stream sediments geochemistry. Up to
50 ppb Au anomaly was identified near Pila and three

10 — 20 ppb Au anomalies in the Zupkov area. During
the reconnaissance exploration, several Au-porphyry
mineralization occurrences were discovered in this zone
(Fig. 6).

In the area delimited by the triangle Nova Bara
- Zupkov — Pila, a few intrusive centres were identified.
The most important intrusive — hydrothermal centre with
signs of Au-porphyry mineralization is located in the
Zupkov vicinity (Hricov §tél). Two types of intrusive rocks
were macroscopically recognized at the locality. Fine
grained andesite to diorite porphyry forms the E part of the
mineralized area with the most intense quartz stockwork.
Porphyric diorite forms W part of the locality. It contains
weak quartz stockwork and is characteristic by the weak
alteration. The intrusive centre is traceable in the area of
about 400 x 200 m (Fig. 7). Intrusive breccias are developed
on the margins of the intrusion. Host rock is represented by
the contact metamorphosed andesites set on Permian to
Lower Triassic sediments. Strong contact metamorphism
is distinctive as far as 200 to 500 m from the intrusion.
Garnet, amphibole and carbonate veinlets, locally pyrite
impregnations are very common in the affected rocks.
Quartz stockwork (Fig. 8), the typical feature of Au
porphyry mineralization, is identified on the surface of
entire intrusive centre. It extends locally to surrounding
rocks, mainly to andesite. Quartz veinlets have never been
identified within the diorite intrusive body.

K- and Na-silicate alteration is typical for Zupkov-Hricov
§tal intrusive—hydrothermal centre. Typical alterations are
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Fig. 8. Typical sample of strongly altered rock with quartz stockwork
(3 generations of quartz — Q1, Q2, Q3) from the locality Zupkov-
-Hricov §tal locality.

represented by the dominant biotitization, actinolitization
and magnetitization, less by K-feldspar nests and veinlets
(Figs. 9A, C, F). Chloritization, scarce sericitization and
intermediate argillic alteration represent younger overprint
(Fig. 9E). Monazite and thorite were detected as common
accessory minerals, scheelite is more rare (Fig. 9B).
Sulphides, such as chalcopyrite, galena and pyrite, occur
rarely within the altered rocks, forming isolated grains up to
10 pm in diameter (Figs. 9C, F). Gold was not identified in
the studied samples. Magnetite and ilmenite are common
within quartz veinlets, chalcopyrite and pyrite are rare.
Fluorite occurs locally in the form of clusters up to 0.5 mm
big in quartz veinlets (Fig. 9D). The mineralization typically
shows increased Au, Cu and Zn grades. Au grade in rock
chips samples from Zupkov-Hricov §tél locality is very low,
while only some 15 % of the samples had Au grade higher
than 0.1 ppm. Average Au grade in 42 samples reach
0.05 ppm Au, max. 0.4 ppm. Cu grade varies in the range
from a few ppm up to 807 ppm, 140 ppm in average. Zn
grade ranges between a few ppm and 577 ppm, 105 ppm
in average. Pb is typically low, mostly tens of ppm, max.
571 ppm. Maximum Mo grade reaches 13 ppm, Bi 3 ppm,
and Ag 0.6 ppm. K average concentration reaches 1.19 %,
max. 4.4 %, Na average concentration reaches 1.65 %.
Other elements do not reach increased concentrations.

If we would estimate the potential of Au resource taking
as a base 200 x 400 m 50 ppb Au anomaly up to the depth
of 200 m and specific weight set 2.5 t/m® and considering
15 % of the volume having grade 0.1 ppm Au we would
come to conclusion of 6 Mt of 0.1 ppm ore, which means
0.6 t Au. These numbers are far from being economic and
thus the locality Zupkov-Hricov $tal represents a small
mineralogical occurrence only and its potential is none.

Two other smaller intrusive centres occur in the sur-
roundings of the Hricov &tal locality, between Abrahamov
$tal and Jakalovci settlements and near Strbov §tal. Host
rocks and the character of alteration are similar to Hricov
§tal occurrence. The size of both objects reach max.
100 x 100 m. Au grade reaches only 0.0X ppm and from
the point of view of geological prospecting these objects
represent only mineralogical occurrences of Au-porphyry
mineralization.

The Au-porphyry mineralization manifestations and
characteristic alterations were detected at the locality
Nova Bana-Kajlovka as well. On the surface of almost
1 km?, intermediate argillic alteration, magnetitization and
pyritization are developed in the environment of andesite.
Scarce quartz stockwork was identified in the rock floats.
Strong argillization, character of topography and scarcity
of the floats disable a more detailed description of the
locality. Au grade in lithogeochemical samples reached only
0.0X ppm.

Erosive remnants of upper parts of the porphyry system
were identified in the material of Pleistocene gravels from
the small basin between Hrabi&ov and Zupkov. Gravels
represent paleoplacer with clasts of argillites, vuggy silica
and intermediate argillic altered rocks with quartz stock-
work. Au grade in channel samples in gravel outcrops
reached 0.0X ppm Au, max. 0.1 ppm Au in selected clasts.

Discussion

Though the Beluj intrusive centre was verified only
by one line of drillholes, it runs across the centre of the
highest soil anomaly. There are evident signs of the ore
body continuation to depth. Though a further drilling
might enlarge the extent of Au porphyry mineralized body,
verified grades are too low from being economic. One
sample of 2.55 ppm Au from KB-1/57.7 — 57.8 m indicates
the possibility of higher grade zones within the mineralized
body. One float rock sample at Beluj was the sample of
epithermal quartz vein with visible galena impregnations.
It raises the question of possible unknown epithermal
mineralization occurrence in Beluj intrusive centre and its
surroundings.

Signs of geochemical zonation can be traced in the
Beluj intrusive centre. Whilst Au and Cu anomalies form the
central zone, Mo anomaly forms the proximal and Zn and Pb
anomalies form the distal zone. This is in coincidence with
the geochemical model of Au-porphyry deposits (Sillitoe,
2000). One of the typical geochemical features of the Belu;j
intrusive centre is Bi-Te mineralization occurrence, which
is located in the distal zone. Its presence is confirmed by
correlation of BiTe contents in soil samples, Bi anomalous
value in the argillized vuggy silica rock sample as well as by
the presence of common Bi-Te minerals in the drillcore.

All interpreted regional faults in the Beluj intrusive
centre are oriented NW — SE to NNW — SSE. Field
observations, such as magmatic —hydrothermal brecciation
and zones of argillic alteration along these structures, are
supported by the soil geochemistry showing increased
Au grade (up to 32 ppb). NW — SE orientation of local
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Fig. 9. Typical alteration minerals assemblages from the locality Zupkov-Hricov $tél locality: A — Quartz (Qtz), plagioclase (Plg), actinolite
(Act), biotite (Bt), accompanied by magnetite (Mag) impregnations. B — Scheelite (Sch), actinolite (Act) and biotite (Bt) on the rim of quartz
veinlet (Qtz) in altered rock with plagioclase phenocrysts (Plg). C — Galena (Gal) in magnetite (Mag) and ilmenite (llm) cluster. D — Nest of
fluorite (FI), magnetite (Mag), Fe-oxide/hydroxide and rare chalcopyrite (Ccp) in the quartz veinlet (black). E — Centre of quartz veinlet with
nest of magnetite (Mag), actinolite (Act) and unspecified clay mineral (ll) crosscut by veinlets of chlorite (Chl) and K-feldspar (Kfs) in the
cluster. F — Impregnations of chalcopyrite (Ccp) in altered rock composed mainly of quartz (Qtz), plagioclase (Plg) and actinolite (Act).
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tectonics corresponds to pre-Tertiary tectonics trend of the
basement. This fault system was juvenilized by radial fault
tectonics, perpendicular to the central zone of the Stiavnica
stratovolcano (Konecny et al., 1998).

Considering the facts that the only remnants of
advanced argillic alteration zone are preserved, the erosion
level at Beluj intrusive centre could be estimated as deeper
than the erosion level in the central zone of the Javorie
stratovolcano, but shallower than in the Zupkov intrusive
centre. Within the Pila — Zupkov zone the erosion level
can be considered as very deep. This theory is supported
by the fact of very low volume percentage of the rocks
affected by advanced argillization in paleoplacers between
Zupkov and Hrabi¢ov. Another option is a possibility that
intrusions did not preserved communication with their
magmatic chamber. The hydrothermal systems were small
and short living, which corresponds to the minor extent of
alterations. This theory is supported by several times lower
volume of magmatic-hydrothermal breccias on studied ore
bodies in the mantle of Stiavnica stratovolcano in respect
to Au porphyry mineralization occurrences in the Javorie
stratovolcano.

Geochemical works at Pila-Macaci vrch prospect
provided similar results as presented by Knésl et al. (I. c.).
If comparing logging and Au grades, it becomes clear, that
the mineralization does not correlate with the degree of
porphyry style alteration. Mineralized body at Pila locality is
characteristic by 5 times lower average Cu grade (22 ppm)
than the rest of occurrences of porphyry mineralization
in the Central Slovakian Volcanic Field (>100 ppm). That
is why we came to conclusion, that the Pila-Macaci vrch
prospect probably does not represent a typical Au-porphyry
mineralization.

Increased Au grades over 0.1 ppm within Beluj
and Zupkov porphyry ore bodies in the Stiavnica
stratovolcano are always accompanied by increased Cu
and Zn grades. This fact corresponds with the results of
porphyry mineralization lithogeochemistry in the Javorie

Fig. 10. Relationships between Au

1.5 vs. Cu and Au vs. Zn in the drillcore
assays from the Beluj intrusive-
-hydrothermal centre.

stratovolcano (Hanes et al., 2010). There is no correlation
between Au vs. Cu or Au vs. Zn grades. Au/Cu ratio is
very low (1 : 0.08). Increased Zn grade correlates with Cd
grade. Ag, Bi, Sb, Ni, Co, Cr, W, REE grades are typically
low, mostly below their detection limits.

Au porphyry ore bodies at Beluj and Zupkov are typical
by very low sulphides content (average S 0.06 %, As
7 ppm), and the lowest Ba, P and V contents compared
to porphyry mineralization occurrences in the Javorie
stratovolcano (Hanes et al., I. ¢.). Low sulphide content
within the orebody in the South American Au porphyry
deposits is in relation with the lithocap absence, which
distal parts are usually pervasively pyritized (Vila et al.,
1991; Sillitoe, 2000). Increased Na content in comparison
with depletion in K indicates slight dominance of Na-silicate
alteration over K-silicate alteration, especially at Zupkov
intrusive-hydrothermal centre.

Correlation of Bi and Te values in soil geochemistry at
Beluj witnesses the presence of Bi-Te mineralization within
the distal zone of the intrusion. Mineralization is related
to the zones of argillization and magmatic-hydrothermal
brecciation in the distance 0.1 — 1.5 km from the intrusion.
Bi-Te minerals, not studied in detail, were detected in the
orebody itself. Bi-Te mineralization at the Zupkov-Angletovci
locality (Sejkora et al., 2004) was described in argillized
zone within the andesites about 1 km from the Zupkov-
-Hricov §tél intrusive centre. On the basis of an analogy
with Beluj locality we consider Bi-Te mineralization in
Zupkov genetically related to Au-porphyry mineralization.

Comparing the geochemical features of porphyry
mineralization occurrences of the Stiavnica stratovolcano,
porphyry mineralization within the stratovolcanic mantle is
bound to andesite to diorite porphyry intrusions yielding
typical Au-porphyry type with Au/Cu ratio about 1 : 0.08,
while mineralizations bound to more acid granodiorite
porphyry intrusions in the central zone of the stratovolcano
represent transitional Au-Cu (Mo) porphyry type of
mineralization with Au/Cu ratio between 1 : 0.4 and 1 : 1
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in the sense of Sillitoe (1979). Typical alteration zonation
within Au-porphyry bodies is from inner Na- and K-silicate
zone through retrocedent intermediate argillic altered
zone to outer propylitic zone with local phyllic altered
spots. Au-Cu porphyry zonation starts as Na-Ca and
K-silicate alteration zone in the depth overprinted by albite
and epidote alteration. Outer well pronounced phyllic zone
transits to external propylitic zone (Marsina et al., 1995).

Conclusion

Results of systematic exploration of porphyry
mineralization in the mantle of the Stiavnica stratovolcano
can be summarized as follows:

e Au-porphyry mineralization occurs in the mantle
of the stratovolcano bound to intrusions of andesite to
diorite porphyry. Central stratovolcanic zone contains
Au-Cu skarn-porphyry deposits and occurrences bound
to intrusions of granodiorite porphyry.

* There were not identified any economic and currently
exploitable ore bodies. The locality Beluj can be classified
in the category of subeconomic deposit occurrences.
The rest of the localities represents only mineralogical
occurrences of Au porphyry mineralization.

¢ Au-porphyry mineralizations are expressed in stream
sediments by weak anomalies in the range of 5 — 20 ppb.

e Porphyry objects are present in various levels of
erosion cut. Barren lithocap with advanced argillization is
preserved only at Prochot locality. Advanced argillic root
zones are present at Beluj locality, while at Zupkov locality
it is only present in form of clasts in paleoplacers.

* Mineralization is associated with Na- and K-silicate
alteration overprinted by intermediate argillic assemblages,
especially in the uppermost parts of quartz stockwork
zones.

» Qtz stockwork is the typical indicator of Au-porphyry
mineralization. There is no correlation between Qtz
stockwork intensity and Au grade in the ore.

* Magmatic-hydrothermal breccias are rare within the
orebodies and small in size, forming maximum 1 vol. %
of rock.

* Mineralization in the orebodies is characteristic by the
presence of Fe, Ti-oxide assemblage (5 — 10 vol. %) with
minor content of Fe, Cu, Zn, Pb sulphides (totally up to
0.05 vol. %).

e Increased Au grade over 0.1 ppm within the
mineralized zones is always accompanied by increased
Cu and Zn grades. There is no correlation between Au vs.
Cu or Au vs. Zn. Au/Cu ratio is very low (1 : 0.08). Ag grade
is typically low, mostly under the detection limit.

* Pervasive pyrite-rich phyllic alteration rims on the
side of the ore bodies are barren, causing geophysical
IP anomalies.

e Au porphyry mineralization is accompanied by
economically insignificant manifestations of disseminated
Mo mineralization, stockwork — disseminated Pb-Zn
mineralization, Bi-Te mineralization and crack-filling zeolite
mineralization.
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Au porfyrova mineralizacia v plasti stiavnického stratovulkanu

Oblast Stiavnického stratovulkanu bola v rokoch
2006 — 2009 predmetom systematického geologického
prieskumu spolo¢nosti EMED. Pomocou geochémie
aluvialnych sedimentov sa zistili doteraz nezname
anomalie Au (5 — 20 ppb). Pri terénnej rekognoskacii
sa overilo, ze tieto anomalie su spdsobené vyskytmi
Au porfyrovej mineralizacie. Au porfyrova mineralizacia
v Studovanej oblasti bola znama len na lokalite Pila-Macaci
vrch (Knésl et al., 2006). Nove vyskyty sa zistili v Beluji,
na viacerych lokalitach v okoli Zupkova (Hricov $tal, Strbov
stal, Jakalovci atd.) a mineralogické indicie v Prochote
a Sasovskom Podhradi (obr. 1, 6). Predmetom podrob-
nejsieho prieskumu boli lokality Beluj a Zupkov-Hricov &tél,
kde sa v litogeochemickych vzorkach potvrdil systematicky
zvySeny obsah Au vys&i ako 0,1 ppm. Na obidvoch
vyskytoch sa urobila pédna metalometria. Pozitivne
vysledky na lokalite Beluj umoznili aj realizaciu 2 vrtov.

Mineralizacia sa viaze na Stokové intruzie andezitovych
az dioritovych porfyrov v plasti stratovulkanu. Typickym
indikatorom je kremenny Zzilnik (obr. 2A), porfyrové alteracie
(Na metasomatdza, K metasomatdza, stredna argilitizacia
a v malej miere vyvinuta pokrogila argilitizacia). Dal$ou
¢rtou mineralizacie je multiStadialna brekciacia. Asociaciu
primarnych vysokoteplotnych alteraénych mineralov tvoria
aktinolit, biotit, K zivec, kremen a Fe-Ti oxidy. Hornina

je Casto postihnuta retrogradnou strednou argilitizaciou
reprezentovanou chloritom, kremeriom a ilovymi mineralmi.
Rudnu mineralizaciu tvoria mikroskopické impregnacie,
zriedkavo aj hniezda chalkopyritu, blizSie neuréeného
Cu-S mineralu, molybdenitu, sfaleritu, galenitu, pyritu,
pyrotitu, zlata a ojedinele aj blizSie neuréenych Bi-Te
mineralov. Zony pokrocilej argilitizacie, ktorej relikty lemuju
rudné teleso na lokalite Beluj, sprevadzala intenzivna
brekcidcia. Lokalita Zupkov sa nachadza v hlb$om
erozivnom zreze. Ulomky hornin s pokrogilou argilitizaciou
vystupuju v materiali pleistocénnych Strkov v lokalnej
panvicke medzi Zupkovom a Hrabi¢ovom.

Au porfyrova mineralizacia v pddach sa geochemicky
prejavuje zvySenou Cu, Zn a Pb anomaliou (obr. 2B,
7). ZvySeny obsah Bi a Te viazany na zény argilitizacie
je typicky pre okrajové Casti porfyrovych systémov
(obr. 2C). Charakteristickym znakom je velmi nizky pomer
Au : Cu (1:0,08). Obsah Au v rudnych telesach na dvoch
najvyznamnejsich lokalitach (Beluj a Zupkov-Hricov &tal)
dosahuje priemerne spodné desatiny ppm. Obsah Au
na ostatnych lokalitach len ojedinele dosahuje 0,1 ppm.
Najvaési potencial mé lokalita Beluj. Je tam mozné do hibky
350 m odhadnut priblizne 58,4 Mt progn6znych zdrojov
Au porfyrovej rudy s priemernym obsahom 0,3 ppm Au,
¢o predstavuje 17,5 t Au.
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Abstract

Au-porphyry mineralization occurrences in the Javorie stratovolcano are related to intrusions
of andesite to diorite porphyry. Overall potential of low grade (0.5 ppm Au) geological resources
are estimated to 100 tons of Au. The most important mineralized orebody was verified in the
northeastern part of the stratovolcano at Detva-Biely vrch locality. The other localities represent
only mineralogical occurrences of Au porphyry mineralization. Quartz stockwork is the typical
indicator of Au-porphyry mineralization. Mineralization is associated with Na- and K-silicate
alteration, commonly overprinted by intermediate and advanced argillic assemblages. Multistage
brecciation is a characteristic feature of the orebodies. The porphyry system at Kralova is
characteristic by the presence of Na- and K-silicate alteration overprinted by intermediate
argillic alteration and Fe-oxide assemblage with minor content of Fe, Cu, Zn and Pb sulphides.
Advanced argillic alteration has remobilization character. Pervasive pyrite—pyrrhotite rich
phyllic alteration rimming the ore bodies and causing the geophysical IP anomalies is barren.
Mineralized zones with increased Au grade over 0.1 ppm are accompanied by the increased
Cu and Zn grades. The Au : Cu ratio is very low 1 : 0.02 to 0.09. Au porphyry mineralization
is accompanied by economically insignificant occurrences of disseminated Mo mineralization,
stockwork-disseminated Pb-Zn mineralization, Bi-Te mineralization and fracture-related zeolite
mineralization.

Key words: Au porphyries, porphyry style alterations, porphyry intrusions, geochemistry,
metallogeny, Detva-Biely vrch deposit, Central Slovakian Neogene Volcanic Field, Western

Carpathians

Introduction

In the beginning of the 1990s the Javorie stratovolcano
(Fig. 1) was considered to be insignificant metallogenetic
province in terms of ore deposits. The discovery of epi-
thermal high sulphidation Au mineralization in Podpolom
quarry started a new exploration period which continues
until today with a short break after gold price has plunged.
This paper represents a summary of exploration results
of EMED Mining Ltd. carried out in 2006 — 2009. The
central zone of Javorie was covered by the stream and soil
geochemical sampling (Fig. 2) using 200 by 200 m grid,
hydrothermal-intrusive centres in 100 by 100 m grid. A new
map with alteration and mineralization occurrences was
compiled in 1 : 5 000 scale. Detailed petrology of rocks,
mineralogical studies of alterations and genetical aspects
of different breccia types were not subject of the study
because the exploration nature of the works. Therefore
we cannot make reasonable conclusions regarding the
character of intrusions. References to the various types of
alterations are only informative and all types of breccias
are hereafter referred only as “breccias” Advanced
exploration and drilling were realized at Detva-Biely vrch
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(total 44 drillholes), Zvolen-Kréalova (total 6 drillholes),
Slatinské Lazy-VybosSkovo (total 8 drillholes) and Pstrusa-
-Garaty (total 3 drillholes). Only one hydrothermal-intrusive
centre at the Biely vrch locality represents an economic
accumulation of gold. The resource estimation made in
2009 stands at 140.2 Mt geological resources (JORC
inferred category) of porphyry ore with the average grade
0.57 ppm Au using 0.3 ppm cut off. That represents 80 tons
of gold (Chapman, 2009). Petrology, style of alterations
and metallogeny of the mineralization at Biely vrch were
studied in detail by Lexa et al. (2007).

Geological setting

The Javorie stratovolcano, situated in the eastern part
of the Central Slovakian Volcanic Field is a relatively large
compound volcano involving a volcano-tectonic graben and
subvolcanic intrusive complex, formed by several stages of
volcanic activity during Badenian to Sarmatian (Fig. 1).

The lower structural level (Starda Huta Complex)
represents remnants of a large andesite stratovolcano of
assumed Early to Middle Badenian age. The central zone
contains a stratovolcanic complex of alternating lava flows
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Fig. 1. Structural scheme of the Javorie stratovolcano (modified after Konec¢ny et al., 1998). 1 — Quaternary: a — alluvial, b — proluvial
deposits; 2 — Pliocene sediments (gravels, sands and silts); 3 — Upper structural level — Javorie Formation (Sarmatian): a — andesite
dykes, b — effusive complex of proximal zone lava flows of pyroxene and amphibole-pyroxene andesites, ¢ — hyaloclastite breccias,
d — stratovolcanic complex of proximal zone (lava flows, block and pyroclastic flows), e — coarse to blocky epiclastic volcanic breccias,
f — epiclastic volcanic breccias, conglomerates and sandstones of distal volcanic zone. Middle structural level (Upper Badenian):
4 — Kalinka and Kréalova intrusive complexes (diorite, quartz diorite and andesite porphyry stocks); 5 — Lohyna intrusive-extrusive complex:
a — amphibole-biotite-hypersthene dacite extrusion, b — hypersthene-amphibole andesite dyke, ¢ — rhyodacite extrusion; 6 — Siron
Formation: a — extrusive domes (pyroxene-amphibole and amphibole pyroxene andesites), b — coarse epiclastic volcanic breccias;
7 — Blyskavica Formation: a — pyroxene andesite and basaltic andesite lava flows and hyaloclastite breccias, b — reworked hyaloclastites.
Lower structural level (Middle Badenian): 8 — Stard Huta Formation: a — stratovolcanic complex (lava flows, pyroclastic and epiclastic
volcanic breccias), b — block and ash pyroclastic flows, ¢ — epiclastic volcanic breccias, conglomerates and sandstones of distal volcanic
zone; 9 — Lysec volcano: a — pyroxene-amphibole andesite tholoids, b — pyroclastic and epiclastic cone complex of proximal zone;
10 — a — advanced argillic alteration, b — intermediate argillic alteration; 11 — Pre-Tertiary basement: a — Mesozoic rocks, b — crystalline
rocks; 12 — Faults: a — faults limiting volcanotectonic depression, b — faults.
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and subordinate pyroclastic rocks subsided downward at
the base of the graben. It is exposed along the eastern
margin of the volcano, where it is formed by pyroxene and
hornblende-pyroxene andesite lava flows alternating with
epiclastic breccias. The middle structural level represents
filling of the volcanotectonic graben in the central and
northern sectors of the volcano. Early stage of the graben
subsidence was accompanied by activity of differentiated
pyroxene-hornblende andesites to dacites, forming
extrusive domes with related coarse breccias and epiclastic
volcanic breccias/conglomerates in the distal zone (Siron
Formation). The late stage of the graben subsidence during
the Upper Badenian was accompanied by effusive activity
of olivine-bearing basalts, basaltic andesites and pyroxene
andesites that due to a limnic environment formed a com-
plex of lava flows and hyaloclastite breccias (Blyskavica
Formation). The late stage of the graben subsidence during
the Middle Badenian was accompanied by the activity of
differentiated pyroxene-hornblende andesites to dacites,
forming extrusive domes accompanied by proximal coarse
reworked breccias and by distal epiclastic breccias and
conglomerates (Rohy Formation). The subsided complexes
of the graben filling were subsequently intruded by stocks
of quartz-diorite porphyry that grade downward into
diorites and monsodiorites. The emplacement of intrusions
resulted in generation of hydrothermal systems and related
alteration at Kralova, Zajezova, Banisko, Skalka, Podpolom,
Stozok and Biely vrch localities. Rare rhyodacite dykes
postdate subvolcanic intrusions. The Sarmatian upper
structural level is represented by a stratovolcanic complex
of pyroxene to hornblende-pyroxene andesites (Javorie
Formation), accumulated especially along former valleys
on the volcanic slopes. In the proximal zone the lava
flows alternate with pyroclastic flow deposits and coarse
epiclastic volcanic breccias (Konecny et al., 1995).
Prevolcanic basement in north-eastern part of the
Javorie stratovolcano is formed by crystalline rocks (grano-
diorites, tonalites, migmatites and gneisses) and south-
western part is formed also by the envelope Mesozoic
sediments of the Veporic tectonic unit (Kone¢ny et al., 1998).

Metallogeny and history of exploration

The Javorie region belongs among the most explored
areas in Slovakia. The history of exploration activities can
be split into several exploration periods. First exploration
and research is connected with sulphur mines at Kalinka,
exploited in the 18th century. The exploitation of native
sulphur dates back to 1810. During the peak of sulphur
mining in 1840 — 1860 about 300 tons of native sulphur
was extracted. Data and information about mining works,
location and structure of sulphur bodies and geological
setting in close proximity can be found in works of Adler
(1873), Zipser (1847) and Szontagh (1885).

After the second world war the exploration works were
renewed on the locality Sirna bara (Sulphur Mine) Kalinka
by Geologicky prieskum, n. p. during 1952 — 1954 (Klubert,
1955), but without positive results. Kuthan (1956) in his
study of sulphur deposits in Kalinka assumed the origin

of sulphur from solfatara, related to a one of the lateral
craters of the Javorie volcano. During prospections for raw
materials accompanied with mappingin 1:10 000 scale the
small intrusions of variable petrographic composition were
discovered in the vicinity of Vigla§ska Huta-Kalinka village
(Valach, 1966). Geochemical anomalies with increased
content of Pb, Zn, Cu, Sn, Mo and Bi were detected and
their relationship to the position of intrusive bodies was
established too.

Structural drillhole KON-1 near Kalinka village in
the whole profile down to 2 020 m confirmed a stock-
-like intrusive body of variable composition from diorite
porphyry and quartz-diorite porphyry in the upper part
and diorite to monzodiorite in the deeper part. The upper
part of intrusion is strongly affected by advanced argillic
alteration with abundant pyrite down to 370 m depth. The
deeper part of the intrusion is characterized by prevailing
actinolitization and biotitization. Zones of alterations show
telescoping pattern. The weak porphyry type mineralization
was confirmed in the form of veinlets and impregnations of
galena, sphalerite, chalcopyrite, covellite and molybdenite
(Konecny et al., 1977; Kone¢ny and Mihalikova, 1981).
The discovery of porphyry style mineralization initiated
metallogenetic research project in the central volcanic
zone of the Javorie stratovolcano (1977 — 1980). The
project included geological mapping of the central volcanic
zone in broader areas of Vigladska Huta-Kalinka, Kloko¢,
StoZok localities at a scale 1 : 10 000, application of
various geophysical methods, number of shallow drillholes
to 30 — 50 m depth and some deep drillholes to 650 m
depth. As a result 5 centres of hydrothermal activity have
been discovered. These are related to the emplacement
of the stock-like intrusive bodies of diorite to quartz-diorite
porphyry as confirmed by drilling. Intrusive bodies are
accompanied by the zones of advanced argillic alteration
with scarce silica bodies (Stohl and Koneé&ny, 1981).
Two stages of mineralization were defined: first stage
— high temperature porphyry type with Pb, Zn, Cu and Mo
mineralization and the second stage — lower temperature
mineralization with enargite, pyrite and sphalerite (Stohl
et al., 1985).

The presence of several genetic types of magmatic-
-hydrothermal and hydrothermal-explosive breccias
was discovered by drilling (Koneény and Stohl, 1991).
The native sulphur deposit near Kalinka represents an
accumulation within breccia fill in a hydrothermal-explosive
breccia pipe. Breccias with limonite cement represent the
youngest stage of hydrothermal-explosive activity. Material
after explosive destruction of breccia pipe was after a short
transport deposited in a local limnic basins around Stozok
intrusive center (Kone¢ny et al., 1998). The ferruginous
breccias were subjected to local mining in the past.

New insight into metallogeny of the Javorie strato-
volcano was brought by exploration of Rhodes Mining
NL with gold discovery in Kloko¢-Podpolom silica quarry
(Stohl et al., 1999). Au mineralization was described from
limonitized zones in advanced argillic altered rocks. The
epithermal high sulphidation style of Au-mineralization is
hosted by massive, locally friable sacharoidal silica and
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Fig. 2. Alteration and soil geochemistry map of the Javorie central zone.



R. Hanes et al.: Exploration results of Au porphyry mineralization in the Javorie stratovolcano 19

- ) DV TN
v DVE-32" DVE:28XDVE30 S moEmp—
+—~ f DU S s A

N\ /] /. YDVE:07: " DVEZ01 “DVE:04 -
/|~ /| BVE=33; DVE-42 DV E=29IDVE27:5%
C 05===00 O-0 : ::
\ RVEE Vel DVE0SIDVER A

LA o"’é DVE:AAL DVE-ASECised
= A\ | DVE 11 /DVETA0RBVE:8 by /Eas:

= = MevEe sV T g

Legend
B 1 ~_ 5
2 ~— 6
‘ 3 ~— 7
DVEA52, / | i‘/\)EZOQZ "DYE-%\ \

DVE-05A |

| ," |
100

| Tmeters )
| | N R

Fig. 3. 1 — Zones of the most intensive advanced argillic alteration, 2 — quartz stockwork, 3 — interpreted fault, 4 — drillhole, 5 — magnetic
high anomaly, 6 — resistivity anomaly >300 Om at 350 m elevation (modified after Onescu et al., 2006), 7 — IP anomaly >40 mV/V

at 350 m elevation (modified after Onescu et al., 2006).

hydrothermal-explosive breccias with impregnations of
limonitized pyrite and pyrrhotite. Locally the zones with
intensive advanced argillic alteration with kaolinite, illite,
diaspore, alunite and pyrophyllite are present. Galena,
sphalerite, enargite, luzonite, covellite, realgar, cinnabarite
and stibnite occur rarely in association with pyrite and
pyrrhotite. Au grades depend on the oxidation level.
Maximum grades up to 22 ppm were identified in oxidized
supergene enriched rocks; however, grades in non-oxidized
parts of the deposit vary from 0.1 to 1 ppm. Preliminary
resource estimates are around 1 — 1.5 Mt at 1.5 -2 ppm Au.
Au mineralization is related to stock-type diorite intrusion
with features of Cu porphyry and related generation of
large amount of hydrothermal-explosive breccias that
allowed ascent of hydrothermal fluids (Stohl et al., 1999).

The local occurrence of Au mineralization with Au
content up to 0.2 ppm was recorded in silicified, argillized
and pyritized diorite porphyry north from Banisko intrusive-
-hydrothermal centre in road cut between Kalinka and
Zajezova. The drillhole (R-25/46.3 m) drilled by Rhodes
Mining intersected mineralization with average Au grade
0.09 ppm only (Stohl — verbal communication).

Another Au porphyry mineralization is located in
Slatinské Lazy-Vyboskovo south from Kloko¢-Podpolom
hydrothermal centre, discovered in drillhole R-27 with
average grade in entire hole (50.3 m) 0.52 ppm Au (Rojkovi¢
and Rojkovi¢ova, 1999). Maximum Au grade 2.02 g/t Au
was identified at 15.5 m depth. Cu and Zn concentrations

reached anomalous values as well (up to 549 ppm Cu and
Zn —1 097 ppm).

Another independent centre of intrusive and hydro-
thermal activity — Kralova was discovered by geological
mapping on the western slopes of the Javorie stratovolcano
(Konecny et al., 1985). The exploration focused on Cu-
-porphyry mineralization recognized the presence of tetra-
dymite, gold and base metal mineralization. Canadian
company Keylock Resources explored Kralova in the period
1997 — 2000. Geochemical soil sampling revealed 300 by
600 m wide and 1 km long N-S trending altered zone with
soil anomaly up to 440 ppb Au in the Poziar area (692 m).
The tenement was abandoned due to unsatisfactory results
(Pastor, 2000).

The data on geological structure of the Javorie
stratovolcano and its evolution were summarized in
the geological map of Javorie at scale 1 : 50 000 and in
explanations to the map (Konecny et al., 1998).

Based on geological mapping by Dublan et al. (1997)
the Biely vrch area was considered to be older stratovol-
cano in the basement of the Polana stratovolcano. The
presence of the Biely vrch intrusive-hydrothermal centre
was not published yet. The first exploration results in the
vicinity of Detva are mentioned by the Canadian company
SloGold Resources Ltd. (Pomorsky et al., 1999). The Au
assays from stream sediment samples vary from 20 to
28 ppb and rock-chip samples contained up to 29 ppb
of Au. The source of Au anomalies was considered to be
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the propylitized and silicified andesite
of the Rohy Formation. Potential of
the Biely vrch prospect (as possible
high sulphidation type epithermal gold
occurrence similarto Kloko¢-Podpolom)
has been recognized by Konecny et al.
(2002) and referred to by Lexa et al.
(2002) in evaluation of the ore potential
of Slovakia. The mapping of area north
of Rohy (657 m) and west of Detva at
a 1:10 000 scale during 2000 — 2001
confirmed the continuation of the
Javorie volcanic structures to the north
up to southern slopes of the Polana
stratovolcano. This mapping outlined
at Biely vrch a centre of hydrothermal
activity with zones of advanced argillic
alteration. Detailed petrographic study
and reinterpretation of DV-24 drillhole
resulted in identification of apophysis
of diorite porphyry intrusion. Rock
chip assays from the Biely vrch area
returned Au grades up to 1.11 ppm.
Subsequently in the framework of
consultations provided by the State
Geological Institute of Dionyz Stur to
Mediterranean Minerals Ltd., Lexa
(2005) has recommended the Biely vrch
prospect as well as Au porphyry type
mineralization for further exploration.

Since 1986 the hydrothermal-
-intrusive centres with advanced argillic
alteration were explored for industrial
minerals (pyrophyllite, alunite), however,
their accumulations are minor and not
of economic interest (Galko, 1998).

Methodology

Samples were collected from
outcrops, floats and drillcores. Drill core
(diameter HQ, NQ) was split to halves,
diameter PQ to quarters using diamond
saw. Samples were weighted, dried
and milled with at least 70 % to pass
2 mm sieve. Later samples were split to
250 g and finally pulverized that
>85 % of the sample was less than
<0.075 mm. Samples of 30 g weight
were used for assaying of Au using
AAS (fire assay) in laboratory ALS
CHEMEX Rosia Montana in Romania.
Detection limit of this method is 0.01
ppm of Au. Splits of the remaining
sample were assayed using ICP MS

Fig. 4. Alteration and soil geochemistry maps
of the Biely vrch intrusive-hydrothermal
centre: A — Au-Cu, B — Pb-Zn, C - Bi-Te.
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(four acids digestion) at ALS CHEMEX Perth in Australia.
Detection limits of this analytical method are: Ag — 0.5 ppm,
Al — 0.01 %, As — 5 ppm, Ba — 10 ppm, Be — 0.5 ppm,
Bi — Ca - 0.01 %, Cd — 0.5 ppm, Co — 1 ppm, Cr — 1 ppm,
Cu — 1 ppm, Fe — 0.01 %, Ga — 10 ppm, K — 0.01 %,
La — 10 ppm, Li — 10 ppm, Mg — 0.01 %, Mn — 5 ppm,
Mo — 1 ppm, Na — 0.01 %, Ni — 1 ppm, P — 10 ppm, Pb —
2 ppm, Rb — 10 ppm, S — 0.01 %, Sb -5 ppm, Sc — 1 ppm,
Sr— 1 ppm, Th — 20 ppm, Ti — 0.01 %, Tl — 10 ppm,
U-10 ppm, V-1 ppm, W — 10 ppm, Zn — 2 ppm, Zr —
5 ppm. Soil samples were collected from B horizon sieved
to 2 mm fraction in the field later through a <0.18 mm
screen in the lab. The fine fraction was retained for analysis
using ICP MS (four acids digestion) method. The quality
of assays was regularly checked by adding of certified
reference materials from GEOSTATS PTY LTD to the set
of samples. In addition to this about 5 % of the pulps have
been sent to OMAC Laboratory in Ireland for assay. Third
verification was repetition of assays of randomly selected
samples. The standard deviation was 3.45 %.

Exploration results
Intrusive-hydrothermal centre Detva-Biely vrch

Detailed geochemical and technical works were
realized by EMED Mining Ltd. in 2006 — 2008. Au
soil anomaly >100 ppb extends on 350 x 300 m area.
Exploration was followed by testing of the soil anomaly with
4 inclined drillholes to the depth 250 m in first stage (2006).
The second stage of exploration in 2007 was focused on
eastern boundary of the ore body and IP anomaly in the
western part of the prospect. IP anomaly was caused by
pervasive pyritization with no Au grade. Further exploration
program continued with infill drilling. This stage was
finished by testing of the southern boundary of the deposit.
The first drillhole in 2008 confirmed northern boundary
of the deposit. Drilling of aeromagnetic anomaly was
negative. Only a small mineralized zone with Au content
up to 0.5 ppm was identified 250 m E from the deposit in
about 350 m depth. The last exploration stage comprised
infill drilling in 100 by 100 m grid (Fig. 3).

The orebody at Biely vrch is located at western
boundary of the intrusive centre with circular to slightly
elliptic shape on the surface. The intrusion forms stock of
andesite to diorite porphyry cca 300 m in diameter on the
surface. Younger inter- to post-mineralization intrusion was
detected in the drillhole DVE-41/453 —456 mas a3 —-4m
thick dyke (Fig. 6A). The younger porphyry is only slightly
altered and contains weak barren quartz stockwork.
Western boundary of the intrusion was intersected by
drillhole DVE-6. Contact zone between the intrusion and
andesite are superseded by breccias bodies. Andesite is
locally cut by porphyry dykes, which are causing increased
Au grade in the andesites up to lower 0.X ppm Au. The
intrusion continues to north-west direction under the Zlaty
viSok hill in the form of sill, where it was intersected by the
drillhole DV-24 (Konecny et al., 2002). Au content in the sill
reached maximum 0.2 ppm.

Soil geochemistry reveals anomalies over 400 ppb
of Au associated with central parts of advanced argillic
altered zones (Fig. 4A). Au anomaly correlates with Pb and
Mo, however Zn creates patchy halos around the ore body
(Fig. 4B). Cu anomalies reached only 50 ppm and create
only small spots in the central part and in the area south of
the orebody. Zones with advanced argillization, presence
of magmatic-hydrothermal brecciation and pervasive
pyritization are characterized with significant Bi and Te
anomalies (Fig. 4C).

Occurrence of basement mega-xenoliths (granodiorite
to tonalite) is a specific feature of the Biely vrch deposit
(Figs. 5, 6B and C). Three such bodies were identified at
the deposit. Xenoliths of small size (up to 0.5 m) are rare.
The boundaries of mega-xenoliths are not apparent. The
contact zone between basement xenoliths and porphyry
intrusion is 2 to 10 m thick and generally strongly altered
and enriched in gold. The presence of mega-xenoliths
within the orebody probably served as a geochemical
barrier. Several meters to several tens of meters of drillcore
from the contact zone were assayed from 1 to 3 ppm Au,
locally with even higher Au content. The central parts of
bigger mega-xenoliths are generally depleted in Au; the
grade reaches up to 0.5 ppm Au only.

Another typical feature of the deposit is the presence
of breccias. At least 4 generations were identified. Breccias
are mostly related to early stage of porphyry mineralization
development. They represent at least 50 % of the overall
ore body volume. Inter-mineralization breccias occur locally
and in small scale. Post-mineralization breccias do not
contain primary quartz stockwork, this can be observed
only locally in clasts (Fig. 6d). They are developed mainly in
W part of the locality out of the orebody, where they form 50
to 80 % of the total rock volume. The youngest generation
of breccias (pebble dykes) occurs as fine grained rock flour
filling some cracks, crosscutting even post-mineralization
breccias. Greater thickness of the pebble dykes than 1 m
has not been observed at Biely vrch.

The mineralization is accompanied by typical
alterations. Their exact nature is described by Kodéra et
al. (2010). The primary K-silicate alteration occurs within E
part of the deposit in subsurface zone. In the other parts
this alteration is typical for deeper parts of the deposit
(below 200 m depth). Zones with the high temperature
alteration are generally retrogradely overprinted by the
intense intermediate argillic alteration. Intermediate
argillic alteration dominate in S and N parts of the deposit,
preserved in the space between advanced argillic altered
zones down to 200 — 300 m depth. Centers of advanced
argillic altered zones are characteristic by the intense
silicification and massive to vuggy silica bodies. Advanced
argillic altered zones are associated with about N-S
trending tectonic zones and disappear in a wedge-like
form in the depth. In 300 — 400 m depth from the surface
they appear only as 0.5 — 3 m thick ledges. The pervasive
pyritization and pyrrhotitization are typical for the zone
located W from the orebody. Broader area up to about
0.5 — 1 km from the Biely vrch intrusive center is affected
by propylitization.
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Fig. 5. Cross section through the Biely vrch deposit.

Au-porphyry mineralization at Biely vrch deposit is
typical by the presence of quartz stockwork (Fig. 6E). It is
the main macroscopic indicator of the mineralization and
its presence outlines the orebody. The presence of the
quartz stockwork is not the evidence of Au grade in the
ore, but only the indicator of the mineralization. The quartz
stockwork zone follows vertical to subvertical setting
similar to the shape of the intrusion. Its vertical extent
is unknown; exploration drilling confirmed its presence
down still about 400 m below the surface. The orebody is
delimited neither by lithology, nor by tectonics. The limits
of the mineralization in all directions can be defined as
gradual transition from the high through moderate to low
Au grade ores. Geochemical boundaries correspond very
well with geological indicators, such as decreasing density
of quartz stockwork towards the outline of the deposit.
The Au grade at the border of the deposit decreases from
0.3 to 0.05 ppm. Southern part of the deposit is delimited
by a thick tectonic zone of E-W to ESE-WNW trend with
probably subvertical dip.

Gold is the only economic mineral in the deposit. It
was detected in macroscopic form in only one sample
(Fig. 6F), where it fills out the crack of intermediate argillic
altered rock (DVE-11/394.3 m). Maximum Au grade in
one meter sample of the drillcore reached 45.2 ppm. The
richest mineralized intercepts with the Au grade ranging 2
to 8 ppm were identified in the centre of advanced argillic
altered zone. This zone is 5 to 30 m thick with max. length

100 m in the N-S direction. These high grade accumu-
lations represent probably a product of remobilization
of Au porphyry mineralization by the fluids responsible
for advanced argillic alteration. Au grade in the other parts
of the orebody varies between 0.3 to 2 ppm. Average Au
grade within the superficial part of deposit is 0.79 ppm.
The oxidation zone extends to the depth of 30 to 50 m,
in the central zone to about 120 m depth. No relationships
between Au grade and oxidation zone have been observed.
Mineralized zones are typical by increased Cu and Zn
grades, but correlations between Au and Cu (Fig. 10),
or Au and Zn do not exist. Summary of other elements
is shown in Tab. 1.

The pyrite content in the orebody is low and generally
does not exceed 0.1 %. Locally, in S and N parts pyrite
content reaches several %, up to 1 % in average in the
intermediate argillic altered rocks. The western zone,
typical with the presence of pervasive pyritization outside of
the deposit, contains as much as 10 % of pyrite and
pyrrhotite. Magnetite content in the orebody reaches in
parts as much as 10 %. It is completely missing in the
zones of advanced argillic alteration. It disappears on
the margins of the orebody (except of E). From the other
ore minerals chalcopyrite and molybdenite are relatively
common. Macroscopic chalcopyrite is rare, maximum
sizes of aggregates reach 1 mm. Molybdenite forms
impregnations of up to 2 mm aggregates within the altered
rock, or the filling of young, predominantly open cracks.
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The Biely vrch intrusive center is also typical by the
weak signs of younger mineralization. Thin carbonate
veinlets with drusy galena and sphalerite were detected
inside and outside of the deposit. Their presence is not
systematic, rare and without economic importance. Eastern
part of the deposit with absence of advanced argillic zones
is characteristic by abundant zeolite stockwork. Zeolites
(at least 3 species) occur in open cracks of tectonic zones
from the surface down to the maximum depth verified by
drilling (up to 400 m). The drillhole DVE-21 located in NE
part of the intrusive centre intersected number of open
cracks filled with drusy calcite. Geological mapping in this
part of the intrusive centre defined zone of drusy quartz
veinlets. The assays of these samples did not return any
Au grades.

Intrusive-hydrothermal centre Stozok

Soil sampling revealed three main low grade anomalies
(up to 19 Au ppb). Anomalies are located in the area south
from Stozok-Sakovci on a small ridge between Stozok and
Kloko¢ villages (Fig. 2). Their position reflects the presence
of intermediate and advanced argillic altered zones
(NW-SE trend), however, the central strongly silicified
zone remains barren. In the last century the zones with
sacharoidal silica were a subject of occasional exploitation
(small quarries, adits, shafts) for construction purposes.
Re-assayed advanced argillic to intermediate argillic rock
with quartz veinlets from historical drillhole KJ-3 (80 to
110 m) returned Au grades in the range 0.1 — 0.27 ppm.
The local dark-grey quartz veinlets found in the clasts of
breccias in outcrops indicate the presence of porphyry
style mineralization, however the rock samples had no
Au grades. The epithermal mineralization has been found
around Stozok-Pastorkovci area. Mineralization represents
fragments and blocks of massive, cavernous to drusy white
quartz without any metal content. The Stozok intrusive-
-hydrothermal centre is also typical by the presence of
limonite breccias (epiclastic breccias with limonite cement),
covering advanced argillic to intermediate argillic rocks,
but with no Au content. Limonite breccias were in the past
occasionally mined as a low quality Fe-ore.

Intrusive-hydrothermal centre Pstrusa

According to suggestion of J. Stohl the locality Pstrusa-
-Garaty was indicated as a highly prospective porphyry
system. Higher contents of Cu and Zn (over 100 ppm) in
historical assays from 160 — 360 m interval in the drillhole
P-6 (Fig. 2) were considered to be the indicators of Au-
-porphyry mineralization. Relogging and reassaying of
the historical core confirmed higher content of Au in
the range from 0.02 to 1.22 ppm. The average Au grade
in this section (29 samples in 5 — 10 metres interval) is
0.21 ppm. Mineralization in the drillhole P-6 is hosted by
argillic altered andesites forming finger-like sections of
the drillhole. Alteration varies from a weak propylitization,
through phyllic alteration, intermediate argillic alteration
up to strong advanced argillization. The mineralization is

represented by the dark-grey quartz stockwork. Basement
of sedimentary cover was intercepted in 90 m depth by the
P-6 drillhole, where relatively fresh andesite in the hanging
wall of the mineralization did not have any evidence of
porphyry type alteration. Exploration philosophy was
based on assumption that shallow ore body is developed
on endocontact of diorite porphyry intrusion south from the
drillhole P-6 towards drillhole KS-23. Three new drillholes
were drilled at the locality. The drillhole PVE-1/101 m
intersected the intrusion at depth 87 metres, drillhole
PVE-2/112 m at depth 69 metres. The northeast drillhole
PVE-3/99 m, situated closest to the drillhole P-6, has
intersected andesite in the depth 78 m.

The exploration results indicate that thickness of
sediments is decreasing gradually to south, but the basin
boundaries are faulted. The northern part of the diorite
porphyry intrusion is barren whereas very low grade
mineralization is developed on exocontact. Phyllic to
weak intermediate argillic alteration are present mostly.
The average Au grade in drillholes PVE-1, 2, 3 reached
0.02 — 0.05 ppm. Maximum Au grade was 0.29 ppm in
drillhole PVE-3 at depth 82 — 84 m. Porphyry type of quartz
veinlets were identified only locally. Increased Au content in
upper sediments is caused by clasts of altered rocks from
mineralized systems in Javorie.

Intrusive-hydrothermal centre Kloko¢-Podpolom

Soil sampling has confirmed several extensive Au
anomalies starting from Slatinské Lazy intrusive centre,
continuing to Kloko¢-Podpolom finally disappearing
towards north to Quaternary sedimentary basin (Fig. 2).
The Podpolom anomaly (up to 52 ppb of Au) is 800 m
wide and from the north to south it is 200 — 400 m long.
Outline of the anomaly suggests probably structural
control of Au mineralization. Significant Au anomaly was
also recognized 800 m south from the Podpolom in the
area around Sliackovci. The rock chip sampling confirmed
an anomaly with Au grade up to 0.18 ppm.

The channel samples collected from southern wall
in Podpolom quarry have not confirmed high Au grades.
The rock is strongly argillic altered with different degree
of limonitization. The rock texture changes in profile from
friable, sacharoidal or massive silica into the more clayous
advanced argillic altered rock. Limonitization vary from
slightly limonitized to pervasively strongly limonitized. Au
grades on the southern wall vary from 0.1 to 1.12 ppm.
Lack of the oxidized supergene enriched zones is possibly
responsible for low grade values compared to the Rhodes
data from the northern part of the quarry. Only five samples
had grade higher than 0.6 ppm Au. Higher Au grades
correspond roughly to more clayous samples whereas
almost pure silica has lower Au grades. Relationship
between intensity of limonitization and contents of Au
has not been clearly confirmed. The highest value 1.12
ppm belongs to a sample of clayous silica within strongly
limonitized zone of small thickness. The re-logging of
drill cores from the Podpolom quarry (e.g. R-7/87 m) has
identified porphyry style quartz stockwork in deeper levels
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of advanced argillic zones. The same type of stockwork
is sporadically present in the wall of the Podpolom quarry.

Intrusive-hydrothermal centre Slatinské Lazy
Slatinské Lazy intrusive-hydrothermal centre

neighbours closely with extensive Kloko¢-Podpolom
intrusive-hydrothermal centre in the north. Significant

oriented in NW-SE direction (Fig. 2). Anomaly has sharp
boundaries in comparison with other anomalies.

The intrusive centre is formed by andesite porphyry
as well as by typical breccias. At the site at least 3
generations of breccias, similarly as in other localities in
the Javorie stratovolcano can be identified. These can
be distinguished primarily by their age relative to the
mineralization and secondarily by their lithology. The first

soil anomaly (59 ppb) extends on 200 m by 450 m area pre-mineralization breccias precede Au mineralization,

Fig. 6. Typical textures related to Au-porphyry mineralization in the Biely vrch intrusive-hydrothermal centre: A — contact of fresh younger
porphyry dyke (D) and potassic altered breccia (BR) (DVE-41/451.8 m), B — intermediate argillic altered granodiorite to tonalite from
the basement (DVE-31/437.3 m), C — brecciated oxidized intermediate argillic altered megaxenolith of the basement (DVE-6/160.2 m),
D — post-mineralization breccia with the dark quartz vein (Q) in clast (C), (M) chloritized matrix (DVE-36/445.2 m), E — advanced argillic
altered rock with two generation of Au-porphyry type of quartz veinlets (float), F — pre-mineralization breccia with quartz xenolith (QX),
quartz veinlets (Q1) and visible gold related to young crack with intermediate argillic mineral assemblage.
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but locally the brecciation can be observed even
simultaneously with Au mineralization (inter-mineralization
breccias). The thickness of the pre-mineralization breccias
as well as inter-mineralization breccia zones reaches tens
of meters. Later stage of intrusive activity is accompanied
by the post-mineralization breccias. The process of post-
-mineralization brecciation was repeated during the
evolution of intrusive-hydrothermal centre and resulted in
at least two generations of post-mineralization breccias.
The youngest generation has only local character and
does not affect the Au mineralization. The thickness of
these breccia dykes or pipes does not exceed 0.5 m. The
older generation of post-mineralization breccias has strong
destructive effect on Au mineralization. The thickness of
this zones outreaches 50 m. Constructive effect of post-
-mineralization breccias has been observed in two
sections of SLE-6 drillhole (108 — 110 m and 102 — 103 m).
The post-mineralization brecciation introduced high grade
fragments into the zone of relatively low grade ore (0.2 ppm
Au) and Au content was increased to 2.5 — 4.2 ppm.

The intrusive-hydrothermal centre is characterized
by massive alterations. A continuous zone with one type
of alteration is not possible to determine. Older K-silicate
altered zones accompanied by strong magnetitization
are overprinted by later intermediate argillic alteration.
Intensive sericitization, pyritization, chloritization and
silicification are widespread in the surrounding area.

Mineralization at the Slatinské Lazy locality has been
tested by 8 drillholes. The main orebody extents in 200 x
130 m area. Generally, it is formed by several mineralized
zones elongated in NW-SE direction. Maximum thickness of
mineralized zone with grade over 1 ppm Au is approximately
50 m, however, the other zones are only several metres
thick. Quartz stockwork is a typical feature of the porphyry
mineralization (Fig. 9A). At least four generations of quartz
veinlets can be distinguished. Irregular impregnations of
chalcopyrite, molybdenite, and base metal mineralization
are present locally. The occurrence of zeolites at Slatinské
Lazy prospect is very rare. Average Au grade within
mineralized zones is estimated to be in the range 0.2 to
0.4 ppm, however, average grade of all drillholes is only
0.13 ppm. The higher content of Au is concentrated in few
enriched mineralized zones (Tab. 2). The average chemical
composition in selected mineralized drillholes is 0.27 ppm
Au, Cu is 115 ppm, Zn 347 ppm, Mo 4.3 ppm. Maximum
content of metals are 4.75 ppm Au, 0.32 % Cu, 0.70 % Zn
and 0.06 % Mo. Analyses show no correlation between Au
and Cu (Fig. 10), very weak correlation between Cu and Zn
(0.64) and no correlation between Mo and Au, Cu or Zn.

According to the exploration results the resources of low
grade porphyry ore down to 200 m depth could be estimated
at 0.2 — 0.4 ppm average Au grade to0 2.5 - 5t Au.

Intrusive-hydrothermal centre Skalka
Intrusive rocks with the high sulphidation type of

alterations at Skalka intrusive-hydrothermal centre
extend over the area of approx. 800 x 1 200 m. The rock-

Tab. 1

25

Summary of the concentrations of selected elements
in Detva-Biely vrch deposit

Element Average content Max. content
Ag 0.082 ppm 50.2 ppm
Cu 133 ppm 0.333 %
Zn 111 ppm 1%
Pb 105 ppm 1%
Mo 11 ppm 1680 ppm
Fe 4.4 % 28 %

S 0.25 % 5.26 %

As 18 ppm 880 ppm

Bi <2 ppm 136 ppm

Cd 1 ppm 387 ppm

Ni 2 ppm 380 ppm

Sb <5 ppm 46 ppm
Tab. 2

Results of scout drilling in Slatinské Lazy-Vyboskovo prospect

Drill hole From (m)  To (m) Length (m) Au grade (ppm)
SLE-1 0 250 250 0.1
SLE-2 0 251 251 0.06
SLE-3 0 250.4 250.4 0.01
SLE-4 0 250 250 0.31
Including 99 150 51 1.21
SLE-5 0 250.5 250.5 0.27
Including 35 149 114 0.53
Including 81 98 17 0.93
Including 121 137 16 1.26
SLE-6 0 254.6 254.6 0.21
Including 103 139 37 0.80
SLE-7 0 250 250 0.03
SLE-8 0 250.2 250.2 0.07
Tab. 3

Results of scout drilling in Zvolen-Krélova prospect

Drill hole From (m)  To (m) Length (m) Au grade (ppm)
KVE-1 0 250.3 250.3 0.25
Including 0 65 65 0.55
Including 123 156 33 0.45
KVE-2 0 250.4 250.4 0.42
Including 95 133 38 1.03
KVE-3 0 2474 2474 0.33
Including 136 188 52 0.82
KVE-4 0 251 251 0.35
Including 60 85 25 0.83
KVE-5 0 250 250 0.23
KVE-6 0 250.1 250.1 0.16
Including 189 220 31 0.64
Tab. 4

Rough resource estimation of Au porphyry ore body according
to drilling results in Zvolen-Kralova prospect

Au grade (ppm)

Percentage of ore Resources Mt Total Au (t)

up to 0.1
0.29
0.35

over 1

100
40
5

over 100 upto5
47.8 13.9
19.1 6.7
2.4 2.5
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-chip sampling from different types
of rocks was carried out, but results
were negative. Locally a stockwork
or porphyry style veining was found,
however, with no Au grade (Fig. 2). Re-
-logging and reanalysing of historical
core from KS-10 and KS-10A drillholes
show the presence of porphyry quartz
stockwork but with no Au grade.
Epithermal drusy quartz with pyrite is
present in KJ-8 drillhole but with no
Au grade as well. Soil sampling results
from Skalka area show only a few very
low grade anomalies (5 — 10 ppb Au).
Anomalies are located concentrically in
intermediate argillic rocks, whereas the
central strongly silicified zone within
advanced argillic lithocap is barren.

Intrusive-hydrothermal centre Banisko

Banisko intrusive-hydrothermal
centre is approx. 2.5 km long and 1.5 km
wide and is hosted by propylitic altered
andesites and volcaniclastics. The
central part is represented by extensive
strongly silicified, locally limonitized
breccias. All the porphyries are affected
by propylitization, locally by intermediate
argillic alteration. Advanced argillic and
intermediate argillic rocks surround the
centre concentrically with decreasing
level of alteration towards the edges of
the centre.

Soil sampling reveals similar trend
as at other intrusive-hydrothermal
centres where the central silicified
zone is barren and surrounding
intermediate argillic zone shows low
grade anomalies (Fig. 2). Three low
grade anomalies have been identified
but only two exceed 10 ppb of Au.
The largest anomaly is located north
from Banisko hill and covers approx.
400 m by 600 m at the surface and
reaches highest value of 17 ppb with
approximate NW-SE trend. Another
local low grade anomaly (up to 13 ppb)
is located SE from Banisko, 400 m by
200 m in size, oriented to NE-SW.

Two mineralized zones with por-
phyry style quartz stockwork, oriented to
NW-SE, have been identified in the cen-
tral part of the intrusive-hydrothermal
centre. Southern zone is approx. 450 m

Fig. 7. Soil geochemistry maps of the Kralova
intrusive-hydrothermal centre: A — Au-Cu,
B — Pb-Zn, C - Bi-Te.
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Fig. 8. Schematic section of Kralova intrusive complex including the Au-porphyry deposit (modified after Kone¢ny et al., 1998).

long and 150 m wide and it is well exposed in the small
Banisko quarry beside the road from Kalinka to Zajezova.
Dark quartz veinlets are hosted in advanced argillic
altered diorite porphyry with small amount of breccias.
The northern zone is 250 m long and 50 m wide and can
represent continuation of the southern zone. Both zones
represent low grade Au-porphyry mineralization. Rock chip
samples collected in the quarry and in the surrounding
area vary from 0.1 up to 1.95 ppm Au. Additional channel
sampling of total 86 m (2 m assay interval) showed the
average grade only 0.1 ppm Au, including 24 m interval
with 0.19 ppm Au. The highest grade was 0.27 ppm Au.
The data from channel sampling correspond quite well
with the low grade soil anomaly. We assume that the
high grade rock samples represent local enriched zones.
Recent assays of Cu porphyry style mineralization from
historical drillcore KON-1 (830 — 1 650 m) returned no Au
and Cu grades.

Intrusive-hydrothermal centre Zajezova

The Zajezova intrusive-hydrothermal centre belongs
to smallest intrusive-hydrothermal centres of the Javorie
stratovolcano. It is approx. 1 km long and 100 to 400 m wide
zone. It is formed mainly by propylitized to intermediate
argillic altered rocks but mostly covered by andesite
debris. A small intrusion of diorite porphyry outcrops in
northern part of the area. The intrusion has no signs of
mineralization and it is only slightly propylitized. Porphyry
style mineralization was recognized in exocontact of the
intrusion. Propylitized andesite with hairlike thin quartz-
-magnetite veinlets was found on the northern slope of
Zajezova-Podlysec saddle close to the spring of Lubica
creek. Au grades from the collected rock samples were
slightly increased varying from 0.01 to 0.08 ppm Au. This
mineralization occurrence corresponds to the soil anomaly
(up to 48 ppb Au), but the anomaly is only of a small extent.
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Another weak anomaly (up to 16 ppb of Au) is located
on north-western slopes of the Velky Lysec hill
(886 m). The recent re-assaying and re-logging
of the drill core from KJ-20 shows increased content
of Au (up to 0.1 ppm), Cu (up to 126 ppm) and Zn
(up to 77 ppm). The sampled rock is strongly affected
by intermediate argillic alteration, however, it is poor
in porphyry style veinlets.

Intrusive-hydrothermal centre Kralova

Detailed geochemical and technical works were
carried out by EMED Mining Ltd. in 2006 — 2007.
According to results of soil geochemistry Au anomaly
extends over the area 350 by 300 m. Average content
of Au in rock chip samples reached 0.9 ppm, maximum
up to 5 ppm in outcrops. Exploration followed by
6 inclined drillholes to the depth of 250 m.

Soil geochemistry identified anomaly over 400
ppb of Au (Fig. 7A) which correlates approximately
with Cu, Pb and Zn anomalies (Fig. 7B) whereas Bi
and Te anomalies (Fig. 7C) create halos around the
ore body.

Au-porphyry mineralization is hosted by stock-like
intrusion of garnet-bearing andesite porphyry (Fig. 8).
The ore body is locally cut by younger porphyry dykes
(Fig. 9B). Thickness of dykes varies from few tens
of cm up to several m. Intrusive breccias are present
at boundaries of dykes. The presence of multistage
breccias is typical for the porphyry mineralization.
At least three generations of breccias have been re-
cognized. Pre-mineralization and inter-mineralization
breccias (Fig. 9E) of andesite porphyry are the most
abundant rock types in the ore body (minimum 30 %
of total volume). Initial breccias with no or very short
distance transport of the material are also common
(Fig. 9C). Considering their volume and size, breccia
bodies are probably of the chimney shape. Older of
the post-mineralization breccias are less developed in
smaller volume with thickness from 0.1 m up to 35 m.
Clasts are more rounded due to transport on longer
distance, however angular fragments of quartz veins

Fig. 9. Slatinské Lazy-VyboSkovo: A — porphyry style
quartz veinlets in pre-mineralization breccia with rounded
clasts (C) (SLE-1/110.3 m), Zvolen-Kralova: B — contact of
fresh younger porphyry dyke (D) with intermediate argillic
altered pre-mineralization breccia (BR) (KVE-6/161.8 m),
C — strongly intermediate argillic altered initial breccia with
no transport of clasts (KVE-6/89.4 m), D — intensive quartz
veinlets (Q) in pre-mineralization breccia cutting earlier
magnetite veinlets and nests (M); the youngest are zeolite
veinlets (Z) (KVE-4/105.5 m), E — inter-mineralization breccia
with the first generation of quartz veinlets in clast (Q1) cut by
younger generation of quartz veinlets (Q2) (KVE-6/126.3 m),
F — angular clasts of hydrothermal breccia cemented with
clay veinlets (CL) (KVE119.1 m), G — younger post-
-mineralization breccia (pebble dyke) with “gradational”
layered psammitic to pelitic matrix (BR2) cutting older
post-mineralization breccia (BR1) (KVE-1/183.2), H — post-
-mineralization breccia with fragments of porphyry style
banded quartz veinlets (KVE-6/237.6 m).




R. Hanes et al.: Exploration results of Au porphyry mineralization in the Javorie stratovolcano

29

2000 =
1800
1600 +=
- la. e Py
1400 -
e s = =
1200 e B8 g
g S = .
2 1000 = -L’q_l‘.'.‘.ra T s o Biely vrch
[&] u® ’
el 3l Wiy % o0 s Kréafové
800 z5—gap.H I T e S .
- VO w Taoem a Slatinské Lazy
600 PR Mo d o o P
7 b L y¥¢:§ .: °
400 N Y AP R * ®
g RARIPI L 98800 © 50 o°
XK 98 IXR * * 1
200 o002 —o° L .
SR 2 R & o0 0 ®
0 Y PQA
0 1 2 3 4 5 6

Au ppm

Fig. 10. Relationship between Au vs. Cu in the drill-core assays from Detva-Biely vrch (10 084 assays), Slatinské Lazy-Vyboskovo (901 assays)
and Zvolen-Kralova (1 501 assays) intrusive-hydrothermal centres. Extreme values has been removed (Au >6 ppm, Cu >2 000 ppm).

can be also preserved (Fig. 9H). According to their size
they probably form dykes. Younger generation of the post-
-mineralization breccias (pebble dykes) is characterized
by fine-grained matrix with psammitic to pelitic fraction
with signs of gradational layering (Fig. 9G). They represent
filling of cracks with thickness from few cm up to several
tens of cm.

Au porphyry mineralization is characterized by per-
vasive strong intermediate argillic alteration accompanied
by Fe-oxide assemblage. Clay minerals and Fe-oxides
form veinlets as well. The most abundant are magnetite
veinlets (Fig. 9D, F), veinlets and hydrothermal breccias
cemented by clay minerals are less common (Fig. 9F).
The content of pyrite is very low (0.05 % in average).
The advanced argillic alteration has not been recognized.
Quartz stockwork shows at least four generations of quartz
veinlets (Fig. 9D). Their succession has not been studied
in detail however there is no correlation between density
of veining and Au grade. For example, the continuous high
grade ore with average grade 0.5 — 1 ppm Au (KVE-2/99
to 132 m) matches with low or very low density of quartz
veining. The maximum thickness of the mineralized zone
with average Au content approximately 1 ppm reached only
22 metres. Other mineralized zones with the same average
content are only from 1 to 10 metres wide. Fragments and
xenoliths of mineralized porphyry caused weak increase of
Au content in brecciated boundaries of younger andesite
porphyry dykes and post-mineralization breccias. The
summary of Au grades in the drillholes is shown in Tab. 3.

Positive weak correlation between Au and Cu (0.74)
(Fig. 10) and no correlation between Cu and Zn have been
found at Kralova Au porphyry system. The high grade

ore with approximate content of Au around 0.8 — 1 ppm
contains 0.05 — 0.1 % Cu. Zn varying from 0.08 % to
0.12 % is increased in the mineralized zone with high Au and
Cu grades. Thickness of this zone reaches 20 — 30 m. Zn
comes from fine-grained impregnation of yellow sphalerite.
Content of Zn never drops below 100 ppm within the entire
ore body. That indicates the general enrichment of Zn in
Kralova intrusive-hydrothermal centre while Au and Cu
are increased only in local zones. The average content of
metals in all drillholes are Au 0.29 ppm, Cu 0.026 %, Zn
0.053 % and Mo 0.001 %. Maximum contents of the metals
are Au 2.95 ppm, Cu 0.41 %, Zn 0.96 % and Mo 0.04 %.
No other metals present in remarkable concentrations
have been found in the deposit. No correlation between Mo
and Au, Cu or Zn has been found. Molybdenite is present
in quartz veins, or forms impregnations in altered rock as
well as in breccias.

Exploration drilling has been performed in the area
150 m x 300 m, covering approximately 60 % of prospective
area with soil anomaly above 100 ppb. Drilling has
determined that only 5 % of prospective area contains ore
with average grade 1 ppm Au. If considering the average
grade 0.29 g/t Au, density 2.55 t/m3 and minimum vertical
range 250 m, the ore body contains 47.8 Mt of the low grade
porphyry ore with total content of Au 13.9 t. The rough
resource estimation is shown in Tab. 4. Mineralized zones
are subeconomic with increased contents of Cu and Zn.

Discussion

The discovery of Au porphyry style mineralization
brought new ideas to metallogenesis of the Javorie
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stratovolcano. Types of alteration as well as the other
features of mineralization are similar to other Au porphyries
in the world (Sillitoe, 2000; Muntean and Einaudi, 2000;
Seedorff et al., 2000). The presence of mineralization can
be traced in stream sediments (up to 32 ppb Au), however,
no longer transport of Au has been noticed. For instance,
stream sediment anomaly at Zvolen-Kralova disappears
after few hundred meters of transport. Au mineralization
can be also recorded in soils with ranges of up to 400 ppb
Au. Except of Biely vrch, Kloko¢-Podpolom, Slatinské
Lazy and Kralova intrusive-hydrothermal centres the
other localities show only low grade soil anomalies (up to
50 ppb Au) associated with intermediate argillic alteration
usually concentrically surrounding strongly silicified
barren breccias. Generally, Cu, Pb, Zn soil anomalies
overlap approximately with Au, whereas Bi and Te are
usually associated with advanced argillic alteration zones.
The most remarkable example of Bi-Te association with
advanced argillic alteration assemblage shows the Biely
vrch deposit and Beluj in Stiavnica stratovolcano (Bakos et
al., 2010). However, Bi-Te anomaly rim around Au porphyry
ore body was also found at Kralova, where the advanced
argillic lithocap is absent. According to Sillitoe (2000), Mo
tends to define a partial geochemical halo, Pb and Zn form
patchy outer halos. No outer halo of Mo was recognized in
Javorie. Mo usually matches with Au anomalies, while Zn
creates patchy halo anomaly at Biely vrch only.

The multistage development of mineralization with
different types of intrusion is known from Au and Cu-
-Au porphyries worldwide (Sillitoe, 2000; Muntean and
Einaudi, 2000). According to Sillitoe (2000) three stages of
intrusive activity can be usually recognized on Au porphyry
deposits in respect to mineralization; pre-mineralization,
inter-mineralization and post-mineralization porphyry
intrusions. The porphyry mineralization in Javorie is usually
related to andesite or diorite porphyry. Identification of
different types of intrusions within ore body is difficult due
to strong alteration overprints. Small amount of younger
porphyry dykes crosscutting older porphyry stock were
recorded at Kralova and Biely vrch. Second generation
of porphyries (Biely vrch, Kralova) contains the porphyry
style quartz veinlets that indicate their inter-mineralization
age. However content of Au in dykes reached only up
to 0.05 ppm Au. Multistage intrusive centre has been
possibly recognized especially also at Banisko system.
Low mineralized diorite porphyry stock occurs on the
surface (roadcut from Vigla§ska Huta-Kalinka — Zajezova),
while barren diorite to monzodiorite intrusion is located at
depth >1 000 m (Konecny et al., 1977, 1998). However,
due to lack of information it is not possible to distinguish
whether the intrusion in depth represents the same body
which is located on the surface or it represents a different
post-mineralization event.

A unique phenomena represented by large mega-
xenoliths of the basement (tens of metres) were found
at the Biely vrch system in depth from 140 to 220 m.
Megaxenoliths represent a partial geochemical barrier for
Au precipitation from fluids as Au grades are increased on
boundaries xenoliths. Variscan basement was intersected

by DV-24 borehole at depth 472 m about 500 m north from
the Biely vrch locality (Mihalikova, 1985). It follows, that
megaxenoliths were uplifted at least 200 m.

Typical alteration such as the primary potassic
alteration overprinted by advanced argillization and
retrograde intermediate argillic alteration were recognized
in the intrusive-hydrothermal centres. However not every
centre has all types of alteration preserved. The Biely vrch
intrusive-hydrothermal centre shows medium erosion with
only root zones of advanced argillic lithocap preserved
as a N-S trending ledge zone. In the Kralova intrusive-
-hydrothermal centre, located outside of the Javorie central
zone no advanced argillic assemblage was developed.
This fact can be interpreted as a deep erosion level or
independent origin of intrusive centre without association
to central zone of the Javorie stratovolcano. This intrusive-
-hydrothermal centre is developed in the deepest part
of the volcanotectonic depression in Javorie. Sarmatian
volcanic rocks are preserved in the surroundings of
Kralova, representing the youngest volcanic period of
the stratovolcano (Konecny et al., 1998). It indicates that
erosion level at Kralova is very shallow. The possible
local uplift of the central part of the intrusive centre could
not exceed 100 — 200 m. Based on these interpretations
we suggest that the intrusive-hydrothermal centre com-
municated with adjacent magmatic reservoir on the western
edge of the Javorie stratovolcano. Compared to the central
zone of Javorie there is no rhyodacite, dacite and only
the andesite porphyry from Kralova contains garnet.

Minimum three generations of porphyry type quartz
veinlets have been recognized. Locally, there seems to
exist a correlation with gold grades in the rock but generally,
there is no consistent correlation between density of
veinlets and gold grades. Even in some parts, there are
no quartz veinlets and the rock still contains relatively high
Au grade. World deposits have a good correlation between
gold and banded quartz veinlets (Sillitoe, 2000; Muntean
and Einaudi, 2000).

The intrusive-hydrothermal centres are also typical
by a large amount of different types of breccias
indicating multistage development. The origin of pre-
and inter-mineralization breccias is related to porphyry
mineralization development during emplacement of
intrusions and release of fluids. The post-mineralization
breccias had destructive character to Au grades. Locally,
mineralized clasts are present in post-mineralization
breccias therefore some Au grade can be preserved. The
youngest stage of brecciation is represented by the narrow
magmatic-hydrothermal breccias (pebble dykes).

Correlation of Au grades in soil anomalies with location
of zones with advanced argillic alteration has been
recognized at the Biely vrch and Kloko¢-Podpolom systems
only. Other localities show significant negative correlation.
Strongly silicified central parts of intrusive-hydrothermal
centres are characteristic by the strong leaching and
removal of Au. At the locality Biely vrch, systematic high Au
grades are associated with central N-S oriented strongly
tectonized structure with intensive advanced argillic
alteration. Nevertheless, the local narrow strongly silicified
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parts on Biely vrch are leached with rapid decrease of Au
content. Advanced argillic alteration at Kloko¢-Podpolom
was considered to contain epithermal high-sulphidation
Au mineralization (Stohl et al., 1999, 2000). However,
Au mineralization could have been remobilized trough
large pipes of breccias and fault zones from possible Au
porphyry at depth.

According to classification of porphyry deposits based
on Au/Cu ratios (Sillitoe, 2000), the Biely vrch system and
other systems within the Javorie stratovolcano represent
the Au porphyry mineralization. According to Seedorff et
al. (2000) Au porphyry mineralization is associated with
the diorite or syenite intrusions whereas Cu-Au and Cu
deposits are likely associated with more acidic intrusions.

Within the Au porphyry ore bodies in Javorie neither
native sulphur nor the anhydrite/gypsum were found
with one exception. Native sulphur from the Viglasska
Huta-Kalinka locality is related to advanced argillic
assemblage (Koneény and Stohl, 1991). The similar case
is at Stozok and Skalka. The native sulphur at Pstrusa
is located in argillic rock at depth below 450 m (Pulec,
1965) in interpreted footwall of Au porphyry mineralization.
However, according analogy from other localities in Javorie,
advanced argillization is developed at maximum depth 300
to 370 metres. Due to significant depth of the native sulphur
at PstruSsa, we assume that this occurrence is related
not only to the advanced argillic assemblage.

Conclusions

Results of systematic exploration of the Javorie
stratovolcano can be summarized as follows:

* The central zone of the Javorie stratovolcano belongs
to the most important gold provinces in the Western
Carpathians. The total potential of geological resource
exceeds over 100 tons of Au.

* Only Au porphyry mineralization has economic
significance. Economic mineable deposit is present at
Detva-Biely vrch only. Discoveries at Zvolen-Kralova and
Slatinské Lazy represent only subeconomic occurrences
of low grade Au porphyries. Other localities such as Stozok
— south from Sakovci, PstruSa-Garaty, ViglaSska Huta-
-Kalinka — Banisko, Zajezova-Podlysec belong to mineral
occurrences of Au porphyry mineralization only.

* Important localities are associated with internal parts
of intrusions, the exocontacts host only mineralogical
occurrences of Au porphyry mineralization.

e Spatially the mineralization is associated with
K-silicate alteration, magnetitization and intermediate
argillic alteration.

* Quartz stockwork is a characteristic indicator of
the Au-porphyry mineralization. There is no correlation
between the intensity of quartz veinlets and Au grade.

e Direct impact of brecciation on the origin of Au
porphyry mineralization is not clear. However minimum
50 % of the volume of high grade ore with the Au content
over 1 ppm is hosted by the initial pre- to inter-mineralization
breccias. Late stage of breccias, related probably to

advanced argillic alteration, has moderate destruction
effect on Au mineralization.

* The presence of megaxenoliths of basement has been
recognized at Detva-Biely vrch deposit. Megaxenoliths
represented partial geochemical barrier for Au precipitation
from fluids.

e Advanced argillic alteration has remobilization
character. However, massive, vuggy or sacharoidal silica
shows significant decrease in Au content.

e Mineralized zones with Au content above 0.1 ppm
are always accompanied by elevated contents of Cu, Zn,
Pb, Mo and Cd. However, there is no correlation between
Au and these elements except of Au porphyry system
at Kralova. Average Cu and Zn contents in the most
Au porphyry systems in the Western Carpathians exceed
100 ppm; the average content of Pb varies in the range 10
to 100 ppm, Mo 1 — 10 ppm and Cd 0.1 — 2 ppm.

e Au porphyry mineralization is accompanied by
economically unimportant presence of stockwork-
-disseminated Mo mineralization, stockwork Pb-Zn
mineralization, Bi-Te mineralization and fracture-related
zeolite mineralization.

e Fracture related zeolite mineralization is developed
entirely outside of zones of advanced argillic alteration.
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Abstract

The Biely vrch deposit is a new economic Au-porphyry mineralization discovered in Slovakia.
The deposit is located in the central zone of the Neogene Javorie stratovolcano, and shares
many properties typical for Au-porphyry deposits. Parental intrusion of diorite to andesite
porphyry and its andesitic volcanic host rocks are affected by extensive alteration, dominated by
intermediate argillic (IA) alteration represented mostly by I-S, illite, chlorite, epidote and pyrite.
It variably overprints earlier high-T K-silicate (K-feldspar, biotite, magnetite) and Ca-Na silicate
(basic plagioclase, actinolite) alteration in deeper levels of the system, respectively. Propylitic
alteration (illite-smectite, chlorite-smectite, chlorite, quartz, pyrite) represents outer zone of the
system. Ledges of advanced argillic (AA) alteration (kaolinite, dickite, pyrophyllite, vuggy quartz)
correspond to the youngest stage of alteration, probably related to younger intrusive event.
Alterations are accompanied by hydrothermal-explosive breccias and by several generations
of veinlets including the oldest early biotite-magnetite (EB-type) and quartz-biotite-magnetite
veinlets (A-type) associated with K-silicate alteration, later widespread quartz veinlets often
with banded texture, younger pyrite veinlets (+ rare chalcopyrite, marcasite, galena, sphalerite,
molybdenite) and coeval |A veinlets affiliated to IA alteration and the youngest carbonate-zeolite
and AA veinlets. Gold grains are of high fineness (875 — 994) and occur in the vicinity of quartz
veinlets, in altered rock with clays (illite, 1-S), chlorite and K-feldspar, sometimes attached to
sulphides or Fe-Ti minerals. Crystallization of quartz and precipitation of Au was influenced
by fluid decompression in a shallow level of the system and reaction of Au-bearing fluids with
favourably altered rocks. Acid fluids forming the AA type of alteration caused locally remobilization
of gold and its increase in fineness.

Key words: Au-porphyry, gold, alteration, veinlets, geochemistry, Javorie stratovolcano, Western
Carpathians

Introduction

Porphyry gold deposits are a relatively new type of
porphyry-type deposits, becoming increasingly important
in the world. Classical Au-porphyry deposits are located
in the Maricunga belt in northern Chile (Vila and Sillitoe,
1991; Muntean and Einaudi, 2001), but reported examples
are also known from Peru, Nevada and California (Seedorf
et al., 2005). In addition, Turkish Au-porphyry deposit
Kisladag belongs nowadays to largest gold deposits in
Europe with 10.4 Moz Au (www.eldoradogold.com).

Despite the Central Slovakian Volcanic Field was known
to host Cu-Au skarn-porphyry and porphyry type of deposit
and occurrences for a long time (Burian and Smolka,
1982; Marsina et al., 1995; Koneény et al., 1977; Stohl et
al., 1981, 1986), the Au-porphyry represents here a new
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type of ore mineralization. It was discovered recently by the
EMED Mining, Ltd. on several localities in the Javorie and
Stiavnica stratovolcanoes, however only Biely vrch deposit
reaches economic accumulation of the gold ore (Hanes et
al., 2010). It is the largest and best explored Au porphyry
system with economic mineralization extending to a depth
of at least 450 m. Initial Mineral Resource estimate totals
42 Mtat 0.8 g/t Au (www.emed-mining.com). Previous works
leading to the discovery of the deposit are summarized by
Hanes et al. (. c.).

The Biely vrch deposit shares many properties typical
for Au-porphyry deposits in general, including the lowest
Cu/Au ratio within porphyry type deposits (<0.04 %
Cu ppm Au at the Biely vrch locality) and association with
diorite porphyry intrusions (Sillitoe, 2000; Seedorf et al.,
2005). The main aim of this paper is to describe details
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- Crystalline rocks (Veporicum unit)
hydrothermal alferations: a) argillites;
l!@l b) argillitized quartzites; ¢) quartzites

IZI faults

Fig. 1. Localization of the Biely vrch Au-porphyry deposit and other magmatic-hydrothermal systems in the structural scheme of the Javorie
stratovolcano (modified after Konecny et al., 1998).
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including hydrothermal breccias

of alteration pattern and veinlets appearing at this deposit,
including their typical mineral assemblages and relative
age, as well as the main characteristics of associated
Au mineralization.

Geological setting

The Biely vrch Au-porphyry deposit is hosted by the
Middle Miocene Javorie andesite stratovolcano in the NE
part of the Central Slovakia Volcanic Field (Fig. 1). The
large compound stratovolcano involving a volcanotectonic
graben and subvolcanic intrusive complex evolved in
several stages of volcanic/magmatic activity (Konecny et
al., 1998): (1) pre-graben stage — pyroxene and amphibole-
-pyroxene andesite effusive and explosive activity gave rise
to a large andesite stratovolcano (Stara Huta Complex)
formed by lava flows and subordinate pyroclastic breccias
in the central zone and alternating lava flows with
epiclastic breccias in the proximal zone; (1a) break in
volcanic activity — erosion; (2) graben stage — subsidence
of volcanotectonic graben in the central zone of the
stratovolcano was accompanied first by effusive volcanic
activity of olivine-bearing basalts, basaltic andesites and
pyroxene andesites, that due to the limnic environment
formed a complex of lava flows and hyaloclastite breccias
(Blyskavica Formation), later by activity of differentiated
pyroxene-hornblende andesites to dacites, forming
extrusive domes with related coarse breccias and epiclastic
volcanic breccias/conglomerates (Sirori Formation); (3)
intrusive stage — emplacement of andesite porphyry,
quartz-diorite porphyry and monsodiorite stocks (Kalinka
and Kralova intrusive complexes) into subsided complexes

hypergene alteration in oxidation zone
lava flows and epiclastic volcanic breccias
of the post-mineral Javorie Formation
ledges of advanced argillic alteration

outer limits of quartz veinlet stockwork
and significant gold mineralization

andesite/diorite porphyry affected by K- or Ca-Na-silicate alte-
ration with a dominant intermediate argillic alteration overprint

andesites of the Stara Huta Complex affected
by intermediate argillic and/or propylitic alteration

unaltered andesites
of the Stara Huta Complex

E migmatites of the Hercynian basement

I

I

/

of the graben filling accompanied by the evolution of
magmatic-hydrothermal systems (including the Biely vrch
system); rare rhyodacite dykes (Lohyria Complex) postdate
porphyry intrusions and related mineralization; (3a) break in
volcanic activity — erosion; (4) post-graben stage — pyroxene
and amphibole-pyroxene andesite effusive and explosive
volcanic activity gave rise to stratovolcanic complex of
the Javorie Formation, dominantly effusive complex in the
central zone passes outward into the complex of lava flows
and coarse epiclastic volcanic breccias in the proximal
zone and epiclastic volcanic breccias, conglomerates and
sandstones in the distal zone.

Altogether 6 magmatic-hydrothermal systems are
related to subvolcanic andesite and diorite porphyry
intrusions of the Kralova and Kalinka intrusive complexes
in the central zone of the Javorie Stratovolcano (Fig. 1). The
Biely vrch Au deposit is hosted by the northernmost system
located in a relatively shallow NE part of the volcanotectonic
graben. It is situated in the central part of the down-faulted
block, with estimated depth of basement around 500 m
(Konecny et al., 1988). The historical borehole DV-24
northwest of the prospect reached basement in the depth
of 472 m (Mihalikova, 1985), while some of the recent
boreholes have detected the presence of large pendants
in various depths. Basement is represented by Hercynian
tonalite and subordinate migmatite with frequent zones of
shearing. Especially along shear zones they are affected
by hydrothermal alteration related to the porphyry system.

Volcanic rocks that rest on the Hercynian basement
in thickness around 500 m belong to the Stara Huta
Complex (Fig. 2). They extend around parental intrusion
of the magmatic-hydrothermal system. Massive pyroxene-

assumed faults

boreholes
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o

Fig. 3. Microphotographs of primary rocks of the Stara Huta Complex and diorite porphyry (parental intrusion): A — pyroxene andesite
with phenocrysts of zonal plagioclase in pilotaxitic/trachytic groundmass (DVE-7/536.2 m, XN); B — biotite-amphibole-pyroxene andesite —
altered amphibole next to a zonal plagioclase phenocryst in microlitic groundmass (DV-24/105.5 m, XN); C — zonal plagioclase phenocryst
in holocrystalline groundmass with poikilitic quartz (DVE-5a/57.4 m, XN); D — pyroxene phenocrysts replaced by biotite in allotriomorphic
granular groundmass (DVE-5a/42.5 m, 1IN); E — “quartz eye” showing poikilitic relationship to plagioclase phenocrysts (DVE-5a/118.3 m,
XN); F — “quartz eye” showing overgrowth during groundmass crystallization (DVE-5a/42.5 m, XN).
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-amphibole, amphibole-pyroxene and pyroxene andesite
lava flows alternate with block-lava type and/or hyalo-
clastite breccias (Konecny et al., 2002). Closer to the center
the rocks are affected by argillic and propylitic/chloritic
alteration that fades out with increasing distance.

The parental intrusion of the Biely vrch Au-porphyry
deposit is situated in the central part of the magmatic-
-hydrothermal system (Fig. 2). It is hosted primarily by the
rocks of the Stard Huta Complex and extends downward
into rocks of the Hercynian basement. Extensive alteration
obscures primary nature of rocks. Consequently, the form
and petrography of the intrusion remain at least partially
hypothetical. Variability in groundmass texture implies
a probable transition from diorite porphyry in the central
part of the intrusion to andesite porphyry close to contacts
and in apophyses. As far as the form of the intrusion is
concerned facts are rather scarce. We assume a stock-like
form with deep roots (Fig. 2), but the extent of the stock could
not be defined exactly enough and outer limits are set just
by recognized andesites of the Stara Huta Complex. There
are two pieces of evidence pointing to the presence of
apophyses at the level of the Stara Huta Complex: (1) diorite
porphyry makes up a sill in the interval 299.6 — ~390 m
in the borehole DV-24 (Mihalikova, 1985; reinterpretation
in Konec¢ny et al., 2002); (2) occurrence of andesite among
diorite porphyries in the borehole DVE-7 (536.2 m).

Rocks of the “post-mineralization” Javorie Formation
build up upper parts of ridges south and east of the
magmatic-hydrothermal system. They rest on eroded
surface of altered and unaltered rocks of the Stara
Huta Complex in thickness up to 100 m. Fine to coarse
epiclastic volcanic breccias/conglomerates of pyroxene
and amphibole-pyroxene andesites in the lower part of the
formation are covered by amphibole-pyroxene andesite
lava flows.

Methodology

Description of rocks, alteration patterns and mineralogy
is based on macroscopic core observations, core logs
and geochemistry data especially from boreholes DVE-1,
DVE-4, DVE-5a, DVE-7 and DVE-8a along the E-W section
of the deposit (Figs. 2 and 4), provided kindly by the EMED
Slovakia, s. r. 0., and published with their permission (for
analytical details see Hanes et al., 2010 in this issue). The
laboratory evaluation of samples also included transmitted
and reflected light optical microscopy, XRD and microprobe
analyses, including the cathodoluminiscence study.
Analyses of gold presented below were performed at the
State Geological Institute of Dionyz Stir on the electron
microprobe CAMECA SX 100.

Mineral abbreviations used in this paper: actinolite —
Act, allanite — Aln, alunite — Alu, amphibole — Am, apatite
— Ap, augelite — Agl, biotite — Bt, calcite — Cal, diaspore —
Dsp, epidote — Ep, fluorite — Fl, galenite — Gn, chalcopyrite
— Ccp, chlorite — Chl, illite — 11l illite-smectite — I-S, ilmenite
— lim, kaolinite — Kin, K-feldspar — Kfs, magnetite — Mag,
marcasite — Mrc, molybdenite — Mo, plagioclase — PI,
pyrrhotite — Po, pyrite — Py, pyrophyllite — Prl, pyroxene

— Px, quartz — Qtz, rutile — Rt, smectite — Sme, sphalerite
— Sp, titanite — Ttn, woodhousite — Wod, zeolite — Zeo.

Primary rocks

Rocks hosting the Biely vrch Au-porphyry deposit are
mostly altered beyond their recognition. Either they are
metasomatites without any remnants of the former texture,
or they show only obscured remnants of the porphyritic
texture not allowing assignment of the rock to one of
the primary rock types. Despite this fact, in several thin
sections of less altered rocks we have managed to identify
their original nature.

Andesites belong to the Stara Huta Complex and re-
present host rocks of the parental intrusion. Three types of
andesite have been recognized in samples from outskirts of
the deposit: (1) pyroxene andesite with pilotaxitic/trachytic
groundmass (in DVE-7/536.2 m; Fig. 3A); (2) pyroxene
andesites with microlitic groundmass (in DV-24/286.5 m,
432.7 m); (3) pyroxene-amphibole andesite with accessory
biotite (or biotite-pyroxene-amphibole andesite) with
microlitic groundmass (in DV-24/93.8 — 213.5 m; Fig. 3B).

Andesite/diorite porphyry parental intrusion does not
seem to represent multiple emplacements. Observed
variability in groundmass textures corresponds to variability
in the cooling rate rather than to several phases of magma
emplacement. No significant changes in phenocryst
assemblage have been observed and alterations and
their zoning represent a simple succession corresponding
to the one act of magma emplacement. However, late
stage ledges of advanced argillic alteration point to the
emplacement of a new portion of magma in greater depth
(see arguments in discussion). A rare post-mineralization
dyke has been identified in the borehole DVE-41/453 to
456 m (Hanes et al., 2010).

The parental intrusion is represented by amphibole-
-pyroxene diorite porphyry with accessory biotite (Figs.
3C and 3D). A variety with fine-grained holocrystalline
groundmass close to contacts and in apophyses may be
termed as andesite porphyry. The phenocrysts assemblage
is dominated by zonal plagioclase. Pyroxenes, subordinate
amphibole and rare biotite make up mafic phenocrysts.
Groundmass shows variability in grain-size (0.05 to
0.2 mm, 0.3 mm in the case of poikilitic quartz) as well as
a slight variability in mineral composition. Its texture varies
from allotriomorphic-granular, composed predominantly of
quartz and K-feldspar, to hypidiomorphic-granular or even
micropoikilitic with substantial presence of plagioclase
(quartz makes poikilitic grains in that case).

In some parts of the diorite porphyry intrusion
sporadic larger quartz grains have been observed that are
usually termed as “quartz eyes” (Figs. 3E and 3F). They
are formed by single or several quartz grains, showing
sometimes slight undulosity. They post-date phenocrysts
as they show features of poikilitic overgrowth in respect to
zonal plagioclase (Fig. 3E). On the other hand, they show
additional growth during the groundmass crystallization,
or recrystallization (Fig. 3F). So, the “quartz eyes” are
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a late magmatic or early subsolidus feature. Vasyokova
et al. (2008) relate quartz eyes to the process of in situ
segregation of SiO,- and H,O-rich fluids.

Alterations and their succession

Parental intrusion of the Biely vrch Au-porphyry
deposit and its host rocks are affected by intensive as well
as extensive alteration. Most of the rocks are in reality
metasomatites with no or limited extent of primary minerals
and/or features. Alterations took place during several
stages with changing PTX properties of fluids, resulting
in overprinting of earlier mineral associations. Resulting
assemblages of secondary minerals are very complex and
mineral associations characteristic of individual alteration

ledges of advanced argillic alteration including vuggy
silica zones and hydrothermal-explosive breccias

D:I assumed faults
|z| boreholes

-200

Fig. 4. Alteration pattern of the
Biely vrch magmatic-hydro-
thermal system.

types were in practice difficult to determine. Coming from
the environment of fresh rocks outside of the magmatic-
-hydrothermal system the following essential alteration
zones could be recognized (Fig. 4): (1) outer zone of
propylitic/chloritic alteration; (2) inner zone of intermediate
argillic alteration, variably overprinting earlier higher
temperature alteration types (K-silicate in the shallower
level and Ca-Na-silicate in the deeper level of the system);
(3) quartz veinlet stockwork locally accompanied by
hydrothermal breccias in the center of the system — its
extent corresponds roughly to the extent of significant
gold mineralization and in that sense it represents the
ore deposit itself; (4) younger ledges of advanced argillic
alteration including hydrothermal-explosive breccias and
zones of vuggy silica in their center.
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Ca-Na-silicate alteration

This type of early high-temperature alteration occurs
only in lowermost parts of deeper boreholes DVE-5a
and DVE-7 (Fig. 4). It is represented by homogeneous
plagioclase of intermediate to basic composition
(Angs — Angs) replacing former zonal plagioclase
phenocrysts (Figs. 5A and 5B) or occurring in newly-
-formed aggregates. Actinolite and magnetite are also
characteristic minerals. Actinolite replaces former mafic
phenocrysts (Fig. 5C) and shows a variable Fe/Mg ratio
and Si-content. Frequent association of these minerals
with biotite and K-feldspar points to a hybrid Ca-Na
silicate/K-silicate alteration type (Sillitoe, 2000). Biotite
and magnetite appear also as short irregular veinlets.
Minerals of the Ca-Na-silicate alteration are variably
accompanied by chlorite, illite, smectite and pyrite that
represent an intermediate argillic alteration overprint. Its
intensity increases in segments with a higher degree of
fracturing and late stage carbonate veinlets.

Whole-rock geochemistry data show increased Ca
and decreased K concentrations in deeper drillholes
DVE-5a and DVE-7 starting from depth 420 m and 300 m,
respectively (Fig. 6). Sodium content is not affected.

K-silicate alteration

Early high-temperature K-silicate type of alteration
affected the upper part of the andesite/diorite porphyry
stock above the zone of Ca-Na-silicate alteration (Fig. 4).
However, due to a strong intermediate and/or advanced
argillic overprint K-silicate mineral assemblages have been
preserved only locally. Elsewhere the former K-silicate
alteration mineral assemblage was replaced completely
by mineral assemblages of the intermediate or advanced
argillic type.

K-feldspar (orthoclase with 8 — 15 % albite component),
Mg-rich biotite and magnetite are typical K-silicate
alteration minerals. K-feldspar is replacing plagioclase
phenocrysts (Figs. 5F and 5G) and forming irregular
aggregates in groundmass, especially in the vicinity of
biotite-magnetite-quartz veinlets. Biotite and magnetite
replace former mafic phenocrysts (Figs. 3D and 5E) and
groundmass (Fig.5D) and occur inirregular aggregates and
short irregular veinlets. Apatite, ilmenite, rutile, monasite
and chalcopyrite appear as minor constituents. Alteration
of higher intensity resulted in the origin of aggregates and
veinlets of secondary minerals that entirely destroy the
former porphyritic texture.

K-silicate alteration mineral assemblage is always
associated with chloritic and/or intermediate argillic
overprint of variable intensity, represented at least by
chlorite with magnetite (Fig. 5F). More often illite, illite/
smectite, smectite, apatite, rutile, pyrite, quartz and
carbonate are also present.

Geochemical data demonstrate that all studied
drillholes above the zone of Ca-Na alteration show roughly
similar potassium content (~2 — 4 % K), except of sections
strongly affected by advanced argillic alteration (Fig. 6).

Chiloritic alteration

Chloritic alteration is not an individually recognized
alteration type in porphyry systems, as the chlorite-rich
assemblages are often described as parts of phyllic or
intermediate argillic types of alteration. Also in the case
of the Biely vrch magmatic-hydrothermal system chlorite
occurs most often associated with the intermediate argillic
mineral assemblage. However, locally chlorite, interlayered
chlorite/smectite and magnetite replace former mafic
minerals or secondary biotite, without other minerals of
the intermediate argillic mineral assemblage (Fig. 5H).
Rare chlorite and/or chlorite-magnetite veinlets have been
observed too. Sporadic chloritic alteration represents
probably a transitional stage between the K-silicate and
intermediate argillic alteration stages.

Intermediate argillic alteration

Intermediate argillic (IA) alteration is the most wide-
spread type of alteration, overprinting partially or completely
mineral assemblages of the Ca-Na- and K-silicate
alterations. Intensity of the alteration is highly variable on
the meter scale. Higher intensity of alteration associates
usually with a higher density of contemporaneous veining
and/or increased tectonic fracturing of the parental
porphyry. Quartz, chlorite, chlorite/smectite, illite, illite/
smectite, smectite, pyrite, chalcopyrite, marcasite, apatite,
rutile, ilmenite and carbonate are characteristic minerals.
Minor magnetite, sphalerite, galena, K-feldspar poor in
albite component and/or kaolinite might be present too
(Figs. 7B and 7D). At lower intensity of alteration secondary
minerals respect former minerals and porphyritic texture of
the host rock is preserved as phantoms (Fig. 7D). At higher
intensity of alteration secondary minerals loose the former
mineral shape and instead they form irregular aggregates
with no relationship to former porphyritic texture (Figs. 7B
and 7C). There are several veinlet types that accompany
intermediate argillic alteration: quartz veinlets with chlorite,
clay minerals and/or pyrite accompanied by argillic halos,
pyrite veinlets and intermediate argillic veinlets with chlorite
and/or clay minerals (described below).

Mineral assemblage of intermediate argillic alteration is
usually not uniform and its variability is expressed by changing
colors (Fig. 7A). Inhomogeneous rocks or even pseudobrec-
cias composed of pale and dark greenish domains are quite
frequent. For instance, in large parts of boreholes DVE-5a
(304 — 319 m, 376 — 406 m, 448 — 475 m) and DVE-7 (from
330 m downward) inhomogeneously altered parental diorite
porphyry passes into breccia-like texture of dark “fragments”
in gray, pale or even almost white “matrix” (Figs. 7E and 7F).
At few places “fragments” show angularity and the rock might
be interpreted as altered hydrothermal-explosive breccia or
volcaniclastic rock. However, the “fragments” are mostly round,
elliptical, irregular or even amoeba-like, showing shapes that
could not result from brecciation or volcanic/sedimentary
processes (Figs. 7E and 7F). No textures characteristic of
volcaniclastic rocks (bedding, sorting, large fragments,
porous fragments etc.) have been observed. However,
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the nature of pseudobreccias in the borehole DVE-5a is dominate over minor chlorite, illite and magnetite/pyrite.
different from those in the borehole DVE-7. In the borehole In the borehole DVE-7 in dark domains the porphyry is
DVE-5a in dark domains (“fragments”) the porphyry is affected by intermediate argillic alteration with Mg-rich
replaced by epidote, chlorite, zeolite, smectite and magnetite chlorite, smectite, carbonate, zeolite and pyrite as secondary
and in pale domains (“matrix”) the quartz and K-feldspar minerals (Fig. 7H). Pyrite and pyrrhotite accumulate also at

Depth (m)
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Fig. 6. Whole-rock concentrations of Ca, Na and K along the drill
holes shown in section in Fig. 4. Note the change in Ca and K con-
tents in lower parts of DVE-5a and DVE-7 holes corresponding to
change from potassic to Ca-Na types of alteration. Data from upper
part of DVE-5a were not available.
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the contact with pale domains as a reaction rim (Fig. 7F).
Pale to brownish domains show earlier Na-Ca silicate and
potassic alteration (homogenized basic plagioclase, biotite,
magnetite; Fig. 7G) and later recrystallization with quartz
and minor illite. The inhomogeneous to breccia-like texture

Depth (m)

is probably a result of variable alteration of the intermediate
argillic type overprinting earlier Na-Ca/K-silicate alterations,
perhaps due to incomplete replacement or less likely due to
heterogenization of fluid or mixing of two types of fluids with
contrasting properties.
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Fig. 9. Whole-rock concentrations of Al, Mg and P (multiplied by
factor 10) along the drill holes shown in section in Fig. 4. Note the
strong depletion in Mg and relative increase in Al, accompanied by
P corresponding to rocks affected by advanced argillic alteration
(especially DVE-8a). Strong depletion of Al indicates here the
presence of vuggy silica. Data from the upper part of DVE-5a were
not available.
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As the Au porphyry systems are generally relatively
depleted in sulphur, the quartz-sericite-pyrite (phyllic)
alteration is usually not described from this type of
deposits as an individual type of alteration (e.g. Muntean
et al., 2001). However, zones enriched in pyrite/pyrrhotite

Depth (m)

Fig. 10. Whole-rock concentrations of Fe, S (multiplied by factor
10) and Au (in ppm, multiplied by factor 10) along the drill holes
shown in section in Fig. 4. Note the absence of S in upper parts
of holes due to hypergene alteration. Also note enrichment of S
in DVE-7, located on western margin of the deposit with high pyrite
and pyrrhotite contents. Data from upper part of DVE-5a were not
available (except of Au).

exist on the Biely vrch deposit in its W part, as proven by
some drill holes and an IP anomaly (Hanes et al., 2010).
The increased amount of sulphur in this part of the system
is also documented by whole-rock geochemistry data from
the drill hole DVE-7 (Fig. 10), in some parts exceeding
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4 wt.% of S. However, it is not accompanied by an increase
in Fe content, which has just changed from its oxidized to
reduced form (i.e. magnetite to pyrrhotite/pyrite). In detail,
this part of the deposit is represented by inhomogeneous
intermediate argillic alteration (pseudobreccias with pyrite/
pyrrhotite rims), described above.

Propylitic alteration

Propylitic alteration has been observed only in
andesites from the externally situated borehole DV-24.
Their porphyritic texture is well preserved. Plagioclase
phenocrysts are either unaltered or replaced by a clay
mineral (smectite?). Mafic phenocrysts are replaced by
chlorite + sericite and pyrite. Groundmass is recrystallized
to fine aggregate of quartz, chlorite, interlayered chlorite/
smectite and illite/smectite, pyrite and minor carbonate
with rare pyrite and quartz-pyrite veinlets. Compared to
typical propylitic mineral assemblages (e.g. Seedorf et
al., 2005) the alteration is not complete — albite, epidote
and carbonate are mostly missing. Consequently, the
alteration of andesites in this borehole shows some
affinity to the chloritic and/or intermediate argillic types
of alteration.

Advanced argillic alteration

Advanced argillic alteration at the Biely vrch deposit
forms two broad zones at the surface, several hundred
meters long. These zones are structurally controlled,
almost vertical (ledges), wedging out with increasing
depth, where they are represented just by narrow zones
decimeters to a few meters thick. Alteration overprints
earlier alteration types described above (Fig. 4). In thicker
ledges the hydrothermal-explosive breccias often occur,
while in their center there is sometimes present a narrow
zone of vuggy silica (Fig. 8A) resulting from leaching by
fluids with the lowest pH. Based on XRD and microprobe
analyses the mineral assemblage of the advanced argillic

alteration includes kaolinite and/or dickite, pyrophyllite,
alunite, diaspore, andalusite, augelite, dumortierite,
millosevichite, topaz, rutile/leucoxene and a number
of various unidentified Al-P-S-phases (Figs. 8B to 8D).
Quartz, pyrophyllite, dickite, kaolinite and/or pyrite appear
also as a matrix of hydrothermal-explosive breccias and
veinlets.

The presence of advanced argillic alteration is clearly
documented in the geochemistry pattern of the studied
drill holes, especially the DVE-8a, which was running in
rock strongly affected by this type of alteration. Typically,
most major elements (Ca, Na, Mg, K and Fe) are strongly
depleted, while aluminum content is relatively increased
(Figs. 6, 9 and 10). In some narrow zones in DVE-8a even
Al is strongly depleted, which indicates the presence of
zones with residual vuggy silica (centered around 200 m,
228 m, 260 m). These zones apparently mark the location
of faults introducing low pH fluids. In addition, the presence
of phosphorus-bearing minerals accompanying this type of
alteration corresponds to increased P contents, especially
along zones with vuggy silica.

Silicification

Silicification does not represent an independent
alteration type. It always associates with intermediate
argillic or advanced argillic alterations. As a rule it occurs
in surroundings of quartz veinlets (Fig. 8E) and associates
with kaolinite/pyrophyllite veinlets (Fig. 8F). Typical are tile-
-like pattern of quartz grains and variability in grain size. At
a low degree of silicification quartz only appears, forming
discrete aggregates among other alteration minerals.

Hypergene alteration

Hypergene alteration corresponding to the extent of the
oxidation zone is thanks to the presence of pyrite, magnetite
and other easily altered minerals strong and deeply-
-reaching. Intense chemical weathering resulted in clay

Tab. 1
Summary of veinlet types at the Biely vrch deposit and their succession

Bt-Mt-Qtz Quartz Pyrite Intermediate Carbonate-zeolite Advanced argillic
(EB-type, A-type) (sulphide) argillic
Major minerals  biotite, magnetite, quartz pyrite illite-smectite, calcite, zeolites kaolinite, pyrophyllite
quartz illite, chlorite
Minor minerals K-feldspar, magnetite, chalcopyrite epidote, apatite chlorite, epidote, dickite, alunite,
apatite chalcopyrite, galena, Fe-Ti oxides, marcasite, pyrite, woodhousite,
pyrite, gold sphalerite, pyrite, chalcopyrite,  K-feldspar, apatite, augelite, pyrite,
tetrahedrite, molybdenite, illite-smectite, rutile
pyrrhotite, tourmaline, xenotime, Fe-Ti oxides,
Fe-Ti oxides allanite, calcite, tourmaline, allanite
zeolite
Associated potassic intermediate  intermediate intermediate propylitic? advanced argillic
alteration argillic? argillic argillic
Succession 1 2 3a 3b 4 5
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and limonite rich regolith, whose thickness varies between
7 and 20 m on the top of the Biely vrch hill and its slopes
(eluvial and deluvial deposits) and reaches down to 37 m
in morphological depressions surrounding the Biely vrch
(prolluvial deposits). Hypergene alteration extends from the
surface down to the depth 30 — 50 m, in the central zone
to about 120 m (Hanes et al., 2010). Pyrite and magnetite
are completely or partially oxidized, other minerals with
exception of quartz are affected variably by bleaching and
kaolinization. Limonite occurs as pigment, aggregates and
in veinlets (Fig. 12d). According to geochemical data the
hypergene alteration is clearly demonstrated by complete
removal of S and variably by depletion in K, Na, Ca, Mg
contents of altered rocks (Fig. 10).

Hydrothermal-explosive breccias

Several types of hydrothermal-explosive breccias
have been observed in the deposit. They are associated
either locally with the origin of quartz veinlets (Fig. 8G),
with intermediate argillic alteration, or most often with
the late stage advanced argillic ledges (Fig. 8H). Rock
fragments are usually cemented by argillized rock flour
and/or vein-type material. Open spaces in brecciated rocks
are sometimes filled with young carbonate-zeolite veinlets
(outside the AA ledges). Breccias are mostly the result of
mechanical disintegration due to hydrothermal-explosive
processes that represent an extreme case of hydraulic
fracturing with involvement of expanding vapor due to
suddenly lowered pressure. Further studies are required
to understand their nature (magmatic-hydrothermal vs.
hydrothermal-explosive), succession, association with
alteration types and relationship to mineralization.

Vein types and their succession

Altered rocks at the Biely vrch porphyry deposit contain
several generations of veinlets of variable relative age
(Tab. 1). Most of them are closely associated with the
alteration patterns presented above, containing similar
mineral assemblages.

Biotite-magnetite-quartz veinlets (EB- and A-types)

The oldest type of veinlets associates with K-silicate
alteration and is represented by biotite, magnetite and
quartz, rarely also K-feldspar (Figs. 11A, 12A and 12B).
Generally, these veinlets are quite rare, but they were found
in several boreholes in various depths (42 to 488 m). They
are always quite narrow, mostly < 0.2 mm in diameter, rarely
up to 0.5 mm. Typically, they are short, irregular in shape
and lack internal symmetry. Sometimes, only magnetite
is present forming short asymmetric veinlets, rarely
accompanied by K-feldspar. Biotite-magnetite veinlets
occasionally contain apatite and K-feldspar in their central
parts, representing later stage of mineralization (Fig. 12A).
If present, quartz is always older than biotite.

Biotite-magnetite-quartz bearing veinlets are found
only in rocks affected by pervasive potassic alteration. They

are always older than all other types of quartz veinlets
and carbonate-zeolite veinlets (Fig. 11G). Based on their
appearance, mineral content, relative age and association
with potassic alteration they can be classified as EB-
-type and A-type of veinlets, based on the terminology of
Gustafson and Hunt (1975) and Gustafson and Quiroga
(1995), widely used in current literature. EB-type veinlets
are defined as irregular streaky veinlets of biotite alone
or with magnetite. A-type veinlets are defined as sugary,
mostly discontinuous quartz veinlets with biotite, magnetite
and/or chalcopyrite (Sillitoe, 2000; Muntean and Einaudi,
2001; Seedorf et al., 2005). Typically, these veinlets either
have no alteration halos or halos with K-feldspar and/or
biotite.

Quartz veinlets

Quartz veinlets are the most common type of veinlets
at the deposit, forming a distinct stockwork zone within
the porphyry intrusion ~500 x 300 m in diameter, roughly
corresponding to the extent of gold mineralization. The
zone with quartz veinlets starts from the surface down to
at least ~450 m of depth, which is the lowermost explored
part of the deposit. Quartz veinlets are younger then A-
and EB-types of veinlets but older than various other types
of veinlets.

Several generations of quartz veinlets have been
recognized with clear crosscutting relationships of at least
3 generations in some samples (Fig. 11C). Their average
thickness is about 0.2 — 0.5 cm, but some of them reach
up to 1.5 cm. Veinlets are of grey to white colours, while
some grey veinlets show clear banding. Banded quartz
veinlets are younger than non-banded ones (Fig. 11C).
Banding of quartz usually results from the high content of
vapor-rich fluid inclusions and locally also from micrometer-
-sized magnetite and rare chalcopyrite and pyrite grains
(Figs. 12C and 12E). Dark bands locally show botryoidal
texture that is continuous along quartz veinlets (Fig. 12C),
suggesting that the quartz recrystallized from silica gel
(Ramdohr, 1980; Muntean and Einaudi, 2000). Botryoidal
texture occurs either in the entire thickness of veinlets, or
only in some bands, located in their central part, or on their
margins. In some cases, the former botryoidal texture is
completely destroyed by recrystallization, but the former
texture can be still recognized by continuous bands of
vapor-rich inclusions that do not respect quartz grains
boundaries (Fig. 12D).

Central part of some quartz veinlets is filled by
various later-stage minerals, elsewhere forming individual
younger veinlets. They include: sulphides — mostly pyrite
and chalcopyrite (Fig. 12G), variably also with marcasite,
Fe-Ti oxides, galena, sphalerite (Fig. 12H); clay minerals
(Figs. 13C and 13D) — mostly illite-smectite and/or chlorite,
variably also with apatite, epidote, K-feldspar, tourmaline,
xenotime; calcite and zeolite (Fig. 12G). These minerals
either occur disseminated in cavities among individual
quartz grains, in discontinuous clusters or in individual
bands within the quartz veinlets (Fig. 12G). Quartz veinlets
are spatially associated with increased concentrations of
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gold at the deposit; however, vein quartz contains gold
grains only rarely. Alteration halo in their vicinity is not
always present, but sometimes silicification and increased
amount of intermediate argillic alteration minerals have
been observed (Figs. 7A, 8E and 11C).

Hydrothermal quartz also rarely occurs in big clusters,
several centimeters in diameter (Fig. 11B). According to
optical and cathodoluminiscence study quartz the clusters
consist of several generations of quartz, including big
zonal quartz crystals, overgrown by younger generation
of more fine-grained quartz grains. Remnants of former
colomorph (botryoidal) quartz have been also recognized,
now disintegrated and recrystallized (Fig. 12F). Rare
carbonate with zeolite and marcasite are filling gaps and
forming short veinlets in some quartz clusters. The origin of
quartz clusters is still not entirely understood, but probably
the cores of the quartz grains represent metamorphic
hydrothermal quartz enclosed as xenoliths in the porphyry
and later overgrown by porphyry-related hydrothermal
quartz, found elsewhere in veinlets. This interpretation
is indicated by the presence of big blocks of Hercynian
crystalline basement that were discovered by some drill
holes at the deposit (Hanes et al., 2010).

Pyrite (sulphide) veinlets

Stand-alone sulphide veinlets are usually thin (<0.1
mm), short and discontinuous, with pyrite as the most
common sulphide mineral. Pyrite-bearing veinlets are
always younger than quartz veinlets, but are older than
carbonate-zeolite veinlets. The same generation of
sulphides also occurs in bands and clusters in the central
part of quartz veinlets, while the clusters are up to 1 mm
thick, probably filling former cavities in the veinlets (Figs.
12G and 12H). Less frequently, sulphides are also present
in carbonate-zeolite veinlets or in clay veinlets (Figs. 13F
and 13G).

Pyrite is variably accompanied by other sulphides,
mostly chalcopyrite, galena, sphalerite, marcasite and rare
tetrahedrite. Infrequent galena and sphalerite are often
earlier than pyrite (Fig. 12H), while common chalcopyrite
is always younger than pyrite (Fig. 12G). Tetrahedrite was
found representing the single tiny inclusion in chalcopyrite.
Marcasite is also a common but the youngest sulphide
mineral, replacing earlier sulphides (Fig. 13B). Magnetite,
Fe/Ti oxides and rare pyrrhotite are also sometimes
present (Fig. 13A and 13F); however, they are always older
than pyrite.

The pyrite-bearing veinlets in porphyry deposits
usually associate with sericite alteration and are known
as D-type veins (c.f. Gustafson and Hunt, 1975). However,
within the studied samples from the Biely vrch locality, no
association of pyrite veinlets with sericite alteration has
been observed, thus they probably can not be classified
as the D-veins. Their common association with the base
metal minerals and clay minerals more likely indicates
affiliation to intermediate-argillic alteration and/or propylitic
alteration in marginal parts of the system (Seedorf et al.,
2005).

Chloritelintermediate argillic veinlets

Despite the widespread presence of chloritic and
intermediate argillic alteration at the Biely vrch deposit,
these alteration minerals only rarely form individual
veinlets. If present, they are short, discontinuous, 1 mm to
0.1 mm thick and younger than quartz veinlets (Fig. 11E).
Bands or clusters dominated by these minerals can be
also found in quartz veinlets, mostly in their central parts
(Fig. 13C and 13D).

There is not a clear difference between the chlorite and
intermediate argillic veinlets (illite to illite-smectite) and
sometimes both minerals occur together and appear to be
coeval (Fig. 13C). However, chlorite-dominated veinlets are
often accompanied variably by epidote (often REE-enriched),
magnetite, sulphides (mainly pyrite and chalcopyrite) and
overprinted by zeolite and calcite (Fig. 13D). Clay-dominated
veinlets are variably accompanied by apatite, magnetite,
rutile, K-feldspar and sulphides (Fig. 13E). Rare presence
of micrometer-sized sphalerite, molybdenite, tourmaline,
xenotime, allanite has been also observed. Rare solitary
molybdenite also occurs within the late fissures (Fig. 13C).

Calcite-zeolite veinlets

This type of veinlets is relatively common, except of
areas affected by advanced argillic alteration. Carbonate-
-zeolite veinlets are of variable thickness reaching often
up to 1 cm, but common are also veinlets just 10 um thin.
They occur as individual veinlets cutting all other types of
veinlets (Fig. 11G) except of advanced argillic ones.

Carbonate was identified as calcite and it is the most
common mineral in these veinlets. Very often calcite is
accompanied by various zeolite minerals (Fig. 13G) that
rarely also form monomineral veinlets. Calcite-dominated
veinlets also contain variably chlorite, epidote, K-feldspar,
apatite, illite-smectite, pyrite, marcasite, magnetite, titanite,
rutile, tourmaline, alanite on their margins and are clearly
older than both calcite and zeolites (Fig. 13F). Zeolites are
always older than calcite (Fig. 13G).

Carbonate-zeolite veinlets never occur in contact with
advanced argillic veinlets, thus their mutual relationship
is unclear. However, calcite veinlets are probably older,
missing in areas of advanced argillic alteration due to
leaching by corresponding low pH fluids. Carbonate-zeolite
veinlets represent late, low-temperature veins related to
final stages of porphyry systems (Seedorf et al., 2005).

Advanced argillic veinlets

In places affected by advanced argillic alteration veinlets
with corresponding minerals are frequently present. They
are always younger than quartz veinlets (Fig. 11F) and
younger than intermediate argillic and pyrite veinlets
(based on the succession of alteration discussed above).

Most common are veinlets with kaolinite and/or
pyrophyllite. They are up to 2 mm thick, accompanied by
broad alteration haloes with kaolinite (Fig. 11F). Veinlets are
either nearly monomineral or represent mixtures of both
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clays, accompanied variably by alunite, woodhousite and Gold mineralization
augelite that sometimes occur on margins of clay veinlets
(Fig. 13H). Woodhousite is always the oldest in the mineral The extent of Au mineralization at the Biely vrch deposit
assemblage, but alunite is the most common. Locally, roughly corresponds to the extent of quartz veinlets (Fig.
kaolinite veinlets also contain dickite, pyrite and rutile. 14). Grains visible in optical microscope we were able
Depth (m) 2
g 8 g 8 8 - M

Depth (m)

Fig. 14. Whole-rock concentrations of Au and relative abundance
of quartz veinlets (data from the drill core loging with intensity scale
0 — 5) along the drill holes shown in section in Fig. 4. Note the
overlap of increased Au concentrations in zones with increased
content of quartz veinlets, however, correlation in detail is missing.
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Tab. 2
Representative WDS analyses of gold from the Biely vrch deposit

Anal. No. 1 2 3 4 5 6 7 8 9
Hole  DV-1/100.5 DVE-1/106.5 DVE-4/66.4 DVE-4/188.6 DVE-4/206.7 DVE-5A/487.7 DVE-5A/487.7 DVE-5A/529.0 DVE-8A/72.5
Au 88.28 96.13 93.11 85.90 99.29 95.85 98.39 98.47 97.49
Ag 12.59 3.41 773 12.36 0.15 3.97 2.69 2.1 0.57
Cu 0.03 0.05 0.09 0.02 0.04 0.02 0.03 0.06 0.00
Hg 0.00 0.28 0.05 0.00 0.00 0.08 0.16 0.03 0.05
Total 100.90 99.86 100.98 98.28 99.48 99.92 101.26 100.66 98.10
14 Most of the observed gold grains are not hosted
o @ |Atype by quartz veinlets, but they occur in their broad vicinity
12 =} B IA+AAtypes within altered rock variably associated with clays (illite,
illite/smectite, kaolinite), chlorite, K-feldspar, plagioclase,
S AAbpe epidote, zeolite (Figs. 15A, 15C, 15E and 15H). Sometimes
10 1 some ore minerals are also associated, usually
s e ® chalcopyrite, magnetite, pyrite and rutile (Figs. 15D and
E 8 Q 15E). Rarely gold is directly attached to pyrite, chalcopyrite
£ or included in galena, titanite, rutile (Figs. 15E and 15H).
‘g‘ 6 - As the gold is not generally present in veinlets there is not
o a direct correlation between the gold grades and the
< . . .
amount of quartz veinlets, neither with the presence of
4 4 particular generation of quartz veinlets (e.g. banded or not
\ banded, Fig. 14).
- \ The microprobe analyses of 28 individual gold grains
(42 analyses in total) showed that most of the gold grains
Py are very pure, homogeneous, with small but variable
0 — T — r —8 concentrations of Ag (0.05 to 12.6 wt.%; Tab. 2). Correlation
86 88 90 92 94 96 98 100 between normalised Au and Ag contents of gold shows

Au norm (wt %)

Fig. 16. Correlation between normalized Au and Ag concentrations
of gold grains from the Biely vrch deposit based on microprobe
data. Grains are hosted either by intermediate argillic (1A) or
advanced argillic (AA) alteration mineral assemblages or a mixture
of both (1A + AA).

to find only where gold grades were > 0.5 g/t. The grain
size of gold is variable, generally 2 — 15 um in diameter,
rarely up to 40 um. However, significant proportion of gold
is probably also distributed in the form of submicroscopic
grains (< 2 um) as seen in detailed SEM images (Figs. 15C
and 15D) and preliminary LA ICPMS work.

L

Ser

andesite

three distinct clusters of Au/Ag ratios, probably indicating
the presence of multiple generations of gold at the deposit
(Fig. 16). Other components (Hg and Cu) are present just
in the very small concentrations (Hg < 0.4 wt.%, Cu < 0.3
wt.%). Gold in zones overprinted by advanced argillic
alteration shows generally higher fineness (992 to 994 with
the exception of one sample) compared to gold in rocks
affected by intermediate argillic alteration only (875 — 978).
This can be interpreted as the result of remobilization
of gold by these late stage fluids, resulting in loss of Ag.
Furthermore, gold grains hosted by kaolinite are sometimes
accompanied by the dense clusters of tiny (< 2 um) gold
grains which might indicate the local dissolution and quick

Alteration types:

s ocalcic Fig. 17. Schematic model showing
Pro — propylitic succession of alteration patterns at
Ser — sericitic the Biely vrch Au-porphyry deposit,

AA - advanced argillic
IA — intermediate argillic
Q - quartz veinlets + Au

assuming a shallow emplacement of
the parental intrusion (not to scale).
See text for arguments defending
the model.
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reprecipitation of gold due to neutralization at wall rocks,
which corresponds to a very low ability of acid fluids to
transport Au complexes (Heinrich, 2005).

Discussion

Detailed study of alterations and mineral assemblages
of the Biely vrch deposit further confirmed the classification
of the deposit as a typical Au-porphyry deposit. Compared
to other Au-porphyry systems worldwide, in addition to low
Cu/Au ratio and association with diorite porphyry intrusions
it also shares some other specific features. They include
enrichment in magnetite, the presence of banded quartz
veinlets with vapour-rich inclusions and the occurrence of
related advanced argillic alteration (Muntean and Einaudi,
2000; Sillitoe, 2000; Seedorf et al., 2005).

The sequence of alteration patterns determined in this
study enables to reconstruct the possible evolution of this
magmatic-hydrothermal system (Fig. 17). First stage of
evolution includes emplacement of the parental porphyry
intrusion and alteration patterns developed by the early
high temperature fluids (K alteration in upper parts, Ca-
-Na alteration in deeper parts). In agreement with porphyry
systems evolution models, there is highly probable the
simultaneous evolution of lithocap with advanced argillic
alteration close to the surface due to condensation of
magmatic gases rich in acid-forming components (mainly
S0O,). The presence of transitional quartz-sericite-pyrite
(phyllic) alteration is also assumed below the lithocap.

Second stage of evolution is marked by the development
of network of quartz veinlets, probably associated with
input of the main portion of magmatic fluids exsolved from
the underlying magma chamber into the partially cooled
intrusive body. Shallow emplacement of the veinlets
corresponds to the observed presence of banded and
botryoidal textures, resulting from local crystallization
from the silica gel, induced probably by rapid fluid
decompression and cooling (Fournier, 1985). Note, that at
this time some paleosurface degradation is assumed of
the soft argillized material, which enabled the observed
high degree of telescoping of younger alteration over older
ones. Widespread intermediate argillic alteration, that is
also supposed to have originated during this stage, is
overprinted on K and Ca-Na alterations down to the lowest
explored parts of the deposit (~400 m). Precipitation of
IA alteration is related to nearly neutral pH fluids, linked
to progressive cooling of the system with initial meteoric
water incursion (Sillitoe, 2002) and/or influx of late-stage,
low temperature, low salinity magmatic fluid (Hedenquist et
al., 1998). Despite the fact that quartz veinlets sometimes
have a clear alteration halo of |A type, it is still not clear if
the widespread |A type of alteration is coeval or postdates
the emplacement of veinlets. High degree of telescoping
and evidence of quick decompression within quartz veinlets
enables to speculate even about a possible gravitationally
induced catastrophic sector-collapse of volcanic edifice
and sudden removal of overbunded, which is suggested
to explain these features on Au-porphyry deposits (Sillitoe,
2000).

Third stage of the model corresponds to the origin
of zones and ledges of advanced argillic alteration that
generally result from condensation of magmatic vapour
enriched in acidic volatiles. These fluids are likely related
to a new portion of magma emplaced at depth, that
experienced strong structural fluid focusing at fluid-
-dominated conditions.

Distribution of gold shows spatial association of
Au mineralization with the presence of quartz veinlets.
However, the quartz veinlets themselves rarely host gold
grains and gold occurs in altered rock in their vicinity.
Thus, it is likely that most of the gold was introduced into
the system during the emplacement of quartz veinlets
due to reaction with the favourably altered surrounding
rock. The associated low density fluid inclusions indicate
transport of Au in bisulfide complexes. Their efficient
destabilization (leading to gold precipitation) was probably
induced by focusing of Au-bearing fluids into favourably
altered rocks (potassic) with enough feldspar for effective
H* sink and enough Fe-oxides for effective de-sulfidation
of the fluid by iron in the wall rocks rich in magnetite
(Heinrich, 2005). Furthermore, rapid depressurization
indicated by the presence of botryoidal quartz and large-
-scale telescoping could have steepened the gradients of
chemical disequilibrium and quick destabilization of Au-
-complexes. The associated low-density vapour-like fluid
probably results from brine-vapour fluid phase separation
deeper in the system, while Au partitioned strongly into the
vapour phase (Williams-Jones and Heinrich, 2005).

In detail, however, the history of gold precipitation is
most likely more complicated as suggested by several
generation of gold with different fineness (Fig. 16). Some
of the gold might have been already introduced together
with potassic alteration as suggested by Sillitoe (2000) for
genesis of Au in Au-rich porphyry systems. For instance,
at the Cerro Casale Au-rich deposit gold deposited during
potassic alteration has high abundances of Ag (8 — 28 wt.%
Ag), but gold deposited during intermediate argillic alteration
has much lower Ag content (1 — 9 wt.% Ag). If the same
feature is applied on the Biely vrch Au data, most of the
gold was clearly precipitated during the intermediate argillic
alteration stage. Furthermore, apparent gold enrichment in
zones of advanced argillic alteration overprinting quartz
veinlet stockwork indicates remobilization of gold. This
corresponds to a very high fineness of this gold, related
to loss of Ag during the process of remobilization. As
elsewhere at Biely vrch and most other localities within the
Javorie stratovolcano the AA type of alteration is barren
(Hanes et al., 2010), introduction of primary Au during the
third stage of evolution is highly unlikely.

Conclusions

The Biely vrch deposit is a typical Au-porphyry system,
sharing all major characteristics of this type of porphyry
deposits, but it was not known previously in the Central
Slovakian Volcanic Field. Within the identified types of
alterations the intermediate argillic alteration clearly
dominates, variably overprinting earlier high-temperature
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K-silicate and Ca-Na silicate alterations in deeper levels
of the magmatic-hydrothermal system. Chloritic alteration
appears locally as transitional stage between K-silicate
and |A alteration stages. Propylitic alteration represents
an outer zone of the system. Crosscutting subvertical
ledges of advanced argillic alteration correspond to the
youngest stage of hypogene alteration, probably related to
a younger intrusive event. Alterations are accompanied by
corresponding veinlets, including early EB- and A-types,
widespread quartz, younger pyrite and IA/chloritic and final
zeolite-carbonate and AA veinlets.

Quartz veinlets mark the area of economic Au
mineralization and are supposed to be associated with
input of magmatic fluids exsolved from the underlying
magma chamber up to shallow levels of the system and
influenced by a quick decompression. Low density fluids
entered into the partially cooled intrusive body during or
prior to the origin of IA alteration. Gold of microscopic to
submicroscopic size is present in the vicinity of quartz
veinlets in altered rock typically with clays, chlorite,
K-feldspar and Fe-Ti oxides, and is sometimes attached
to sulphide minerals. Most of the gold was introduced
into the system in bisulphide complexes in vapor during
the emplacement of quartz veinlets and precipitated due
to reaction of fluid with K-feldspars (effective H* sink) and
Fe-oxides (effective for de-sulphidation of the fluid) in the
regime of fluid decompression. Several generations of gold
with variable fineness point to multiphase introduction of
gold into the system and significant role of its remobilization
especially during penetration of fluids responsible for
advanced argillic alteration.
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Abstract

LA-MCP-MS low detection method was applied for the first time on samples of gold from
the Western Carpathians. Total 377 gold samples from 19 localities in main tectonic units
have been assayed for the set of 60 elements. The methodology proved to be very useful for
identifying genetic types of mineralizations from which the gold has been sourced. The presence
of microinclusions in gold was inevitable to identify the trace element patterns. This allowed us
to interpret the nature of primary source in the localities where it has not been identified yet.
The very low detection limits enabled us to plot REE normalized patterns for gold and to identify
trace element patterns for gold from different localities. As a result, gold from Hybica proved to
be of exotic origin, significant volume of gold from placers in Roznava proved to have the origin
in apatite-U-REE mineralization. The supergene gold (Uderina, Podre¢any) was defined to have
increased content of Ba, Mn and Fe. Low content of PGE was identified in gold samples from the

Western Carpathians generally.

Key words: placer gold, trace elements, LA-ICP-MS, metallogeny, Western Carpathians

Introduction

The chemical composition of gold has started to
be systematically studied with expansion of electron
microprobe analysis in the 1980s and the spectroscopic
analysis of gold samples and archeological gold artefacts
in the late 1970s. The contents of Au, Ag, Hg, rarely
also Cu, Sb, Fe, Te, Ni have been reported with 0.X %
accuracy in number of studies. Extensive searching for
unknown primary source of gold e.g. in Zlatno, Zlatniky,
Malinova, Rimavska Bara, Podrecany, etc. did not have
desirable effect despite of time and financials devoted.
This paper summarizes results of chemical analysis using
Laser Ablation ICP-MS of gold samples from the selected
localities in the Western Carpathians. The samples have
been sourced from the personal collections of the authors
and were analytically and statistically evaluated in PhD.
thesis of Schmiderer (2009). This method was applied
for the first time on gold from the Western Carpathians.
Chapman et al. (2000) and Chapman and Mortensen
(2006) applied LA-ICP-MS to study gold samples from UK,
Ireland, Scotland and Alaska, USA to determine the nature
of the source mineralization. LA-ICP-MS was applied in
the thesis of Schmiderer (2009) on fingerprinting of gold to
determine the origin of gold in prehistorical gold artefacts
from Austria and Germany. LA-ICP-MS allows in-situ
determination of ultra-trace elements. Main advantage of
LA-ICP-MS is the low detection limit combined with a wide
linear dynamic range and low sample consumption. Modern
calibration methods allow fully quantitative measurements
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for a wide range of trace elements and detection limits
in the high ppb-area (Schmiderer, 2009). Therefore new
insights into ore-forming processes are possible using this
method. The results were used to determine the source of
gold from an archeological artefact, named “The Skydisc
of Nebra’ This work comprises 2073 assays of the gold
samples from Austria, Czech Republic, France, Germany,
Italy, Poland, Romania, Slovakia and Switzerland. This
paper summarizes results of 377 assays from the following
19 localities in the Western Carpathians:

A.Tatric tectonic unit — Pezinok, “Sine¢né udolie” (7 gold
flakes); Magurka, Lup€ianka creek (16 assays); Vysna and
Nizna Boca — Bocianka creek + primary gold (10 assays);
Sopotnicka valley (9 assays); Krivan — High Tatra Mts.,
primary gold from old mining workings (8 assays); Hybe,
Hybica creek (8 assays); Malinova and Chvojnica, Chvojnica
creek and tributaries + Malinova paleoplacers (36 assays);
Zlatno, Stranka creek (16 assays); Zlatniky, Livina creek
(Malé Hoste, Sigov, Zlatniky) + Zlatniky paleoplacers, (72
assays);

B. Veporic tectonic unit — Kokava nad Rimavicou,
Bohaté (6 assays); Rimavska Bana, Repno (10 assays);
Hnusta, Uhrinovsky creek (8 assays); Uderina, primary
gold from exploration shaft (10 assays); Podrecany, Sedem
chotarov (8 assays);

C. Gemeric tectonic unit — Roznava, Roznavska valley
(10 assays); Popro¢, Petrova valley (10 assays);

D. Central Slovakian Neogene Volcanic field —
Kremnica, Kremnicky creek + primary gold (19 assays);
Pukanec, Obecny creek (22 assays);
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Methodology

Laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) is a quite new analytical method
for the simultaneous measurement of major, minor and
trace elements in solid materials. During the measurements
a short-pulsed laser ablates a small amount of material
(ca 50 um? per pulse) in helium atmosphere. Diameters of
the beam used for the assays were in range 15 — 30 pm.
The gas with the ablated particles goes into the plasma of
a standard quadrupole mass spectrometer. The samples
were assayed at Curt-Engehorn Centre for Archaeometry
in Manheim on Nebulizer-MCN 6000 (analysed by
A. Schmiderer).

The samples were assayed for the set of the following
60 elements: S, Ti, V, Mn, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge,
As, Se, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn,
Sb, Te, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi,
Th, U.

Detection limits for individual elements are shown
in Tab. 1.

Results

Chemical assays of gold using LA-ICP-MS from the
studied localities do not reflect true chemical composition
by means of the average trace element contents. The
results of individual assays are distorted by the presence
of microinclusions (Fig. 1) of associated minerals (primary
and secondary inclusions in the gold samples). Despite of
this fact the presence of microinclusions is very important
for better understanding of metallogeny of the gold-
-deposits. Microinclusions of >1 ym size are usually visible
in BSE, while smaller inclusions are hard to observe with
this method due to scratches and voids on the polished
sections. Concerning the localities where the primary source
is unknown, the microinclusions of associated minerals are
even inevitable for determination of their origin. The tables
(Tabs. 2 — 4, 6) summarize the average content of the
selected trace elements in the localities within individual
tectonic units. The relationship between contents of Au and
Ag is displayed in Fig. 2. The overall statistics comprises
only such major elements which vary between the localities
or within individual geotectonic units. The assays are not
corrected to the inclusions of the associated minerals.

Tab. 1
Review of the detection limits for LA-ICP-MS method in ppm

47Ti 6.090 72Ge 1.084 103Rh 0.003
51V 2.210 75As 0.770 105Pd 0.179
52Cr 0.955 80Se  29.848 107Ag 18.600
55Mn 1.201 85Rb 0.739 111Cd 0.112
56Fe 2.524 88Sr 0.029 115In 0.015
59Co 0.107 89Y 0.015 118Sn 1.627
60Ni 11.799 90Zr 0.010 121Sb 1.006
63Cu  2.095 93Nb 0.010 125Te 0.168
66Zn 0.475 95Mo 0.120 1271 26.767
71Ga  0.180 101Ru 0.052 133Cs 0.032

137Ba 0.196 165Ho0 0.001 193Ir 0.001
139La 0.007 166Er 0.001 195Pt 0.008
140Ce 0.002 169Tm 0.000 197Au 27.543
141Pr 0.001 172Yb 0.005 201Hg  160.015
146Nd 0.001 175Lu 0.001 205TI 0.528
147Sm 0.001 178Hf 0.001 208Pb 0.622
153Eu 0.001 181Ta 0.001 209Bi 0.023
157Gd 0.001 182W 0.565 232Th 0.001
159Tb 0.001 185Re 0.003 238U 0.001
163Dy 0.001 1890s 0.001

* assays of 33S are only semiquantitative

[ 500pm d

200pm

Fig. 1. A — Relatively large microinclusion (cca 50 pm) of arsenopyrite in alluvial gold from Pezinok. B — Relatively big microinclusion
(cca 10 pm) of unspecified Fe-Co-Ni-As mineral in alluvial gold from Chvojnica.
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Fig. 2. Relationship between Au and Ag in studied gold samples.

Tab. 2

Comparison of average content (ppm) of selected elements in gold samples in localities in the Tatric tectonic unit

Locality As Ba Mn Fe Cu Sb Pb Zn Te Bi Sn REE
Magurka 205.3 7 8.4 14668 1462 23815 2579 415.47 2.4 1.7 2 15.71
Boca 84.8 154 50.1 2 868.9 496.1 22175 177.2 7.71 9.1 6.5 9.6 714
Krivan 3087 153 179 7358 1239 1079.8 2595.1 9.1 5.6 2.8 2.3**  5.81
Pezinok 254.4 114 158 2146.2 65.7 89.6 12.5 4156 121 2.6 25.1 56.34
Sopotnicka 118.2 84 36.1 5159.6 3379 9.3 3.1 12.2 4.7 0.3 12.8 4.44
Mala Magura 3.9 175 6.1 1822.8 104.6 55.4 23.6 29.29 4 3.9 9.4 15.26
Zlatniky 264 196 724 6 362.8 83.1 10** 1747 11.52 2.9 17 6.6 13.47
Zlatno 0.5* 1.4 1.5%* 97.7 465.6 5.8 1.5  5.95 2.9 0.1** 1.1* 16.72
Hybica 12** 5.2 78 825.4 34.2 1.9% 1.8 6.12 6.3 0.4 76.8 2.78

* average below detection limit
** =50 % of assays below detection limit

Tatric tectonic unit

Gold from Magurka is typical with high, very variable
contents of As, Sb, Pb (Tab. 2), indicating the presence of
abundant microinclusions of sulphides, sulphoarsenides
(or arsenopyrite?) and Fe, Sb and Pb sulphosalts. Cu
content reaches a maximum of 468 ppm, which means that
gold probably does not contain inclusions of Cu minerals.
Elevated contents of Co (>7 ppm) positively correlate with
As (r = 0.92) and Fe (r = 0.76). Sb/Pb ratio is high (9.35).
Content of other elements is not significant in comparison
to the other localities.

Geochemical characteristic of gold from Boca is slightly
different from the typical Sb-As mineral associations in
the Tatric unit. High and variable contents of Fe (6.8 to
13 553 ppm), Sb (7.1 — 202 018 ppm) and Cu (104.4
to 10 990 ppm) indicate the presence of inclusions of
sulphides and/or sulphosalts. Average content of Cu (496

ppm) is the second highest average Cu content from all
the assayed samples from the Western Carpathians (Tabs.
2 — 5). Relatively low contents of As (max. up to 426 ppm)
and Pb (max. up to 637 ppm) are also remarkable. Low As
and Pb contents (Tab. 2) indicate low chance of substantial
part of gold associating with arsenopyrite, or Pb-Sb
sulphides and sulphosalts.

Gold from Krivari in the High Tatras Mts. is characterized
by similar trace element pattern as gold from Magurka.
The only substantial difference is low Sb/Pb ratio (0.42),
which indicates association of gold with Pb-Sb sulphosalts
rather than with stibnite and Sb-Pb sulphosalts. Zn content
is max. 66 ppm (Tab. 2), which excludes the possibility of
a significant amount of sphalerite associated with gold.
Locally increased content of Mn (up to 656 ppm) is unusual
for gold from the Western Carpathians.

Gold from Pezinok carries traces of the host intrusion
as a locally increased Sn content (max. up to 132 ppm;
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Tab. 3
Comparison of average content (ppm) of selected elements in gold samples on localities in the Veporic tectonic unit

Locality As Ba Mn Fe Sb Pb Zn Te Bi Sn REE
Rimavska Bara 0.2* 0.5** 1.4** 66.3 205.1 276 2.7**  3.22 476 56.3 111 0.47
Kokava n/Rimavicou 5.8 5.1 5.4 1333.8 497.8 3.3 36.2 177 165.4 573.6 4.9 3.47
Hnusta 7 8.6 3.8 15111 3258 453 60.1 29.08 8.3 38.3 3.8 85.78
Uderina 5.4 34.4 25.7 5118.2 162.7 19.8 5 15.55 6.3 0.1 74 6.64
Podre¢any 5.5 19.4 383 2439.9 104.2 1.5** 6.1 218.99 5.2 0.4 24 517

* average below detection limit
** >50 % of assays below detection limit

Tab. 2) and systematically increased Nd (avg. 51.9 ppm,
max. up to 165 ppm). Nd contributes 92 % to the overall
content of REE (avg. 56.3 ppm) in gold from this locality.
The contents of other REE have background in 0.X ppm,
which means that gold contains microinclusions of some
unspecified Nd mineral. The content of V varies in the
range of several ppm only (avg. 4.6 ppm), which excludes
the possibility of the presence of Nd-vanadate. Gold from
Pezinok has the highest average REE content from all
the localities within Tatric unit — 56.3 ppm and very high
LREE/HREE ratio (35). Variable high contents of As (max.
1 636.1 ppm) and Fe (max. 6 977.9 ppm) indicate gold in
association with pyrite and arsenopyrite. Maximum content
of Sb (364 ppm) and Pb (41 ppm) excludes the possibility
of substantial part of gold in association with sulphides
and/or sulphosalts of Sb and Pb.

Sopotnicka valley gold samples have relatively high
contents of Fe (up to 37 403 ppm, avg. 5 159.6 ppm).
Increased content of As associates with Fe and S in only
one sample. We assume, that primary gold associates
mostly with pyrite, which is oxidized during weathering
and transport in alluvial environment and association
of gold with arsenopyrite in the primary ore is very rare.
Systematically increased content of W (max. 18.6 ppm, avg.
4.5 ppm) is typical for gold from this locality. Cu content is
systematically elevated and its content from this locality is
in average the second highest in the Western Carpathians
(338 ppm, max. 636 ppm). The content of other elements
is very low (Tab. 2), which excludes association of Au with
Pb, Zn, Sb, Bi sulphides and sulphosalts.

Placers at Malinové and Chvojnica (Mala Magura Mts.)
sourced gold of relatively monotonous composition (Tab. 2).
Positive geochemical anomaly was observed only at Sb
(max. 532 ppm). Low values (max. 76 ppm) were observed
at Cu. In two samples Cu content reached as much as
1 412 and 1 312 ppm and these values do not associate
with elevated content of any other trace element.

Similarly to gold from Mald Magura Mts. the gold from
Zlatniky locality has monotonous composition. Increased
contents of Fe and Zn were observed (Tab. 2), which
suggests the association of gold with pyrite and sphalerite.
Contents of Pb and Bi correlate very well in the samples
with min. 10 ppm Pb content (r = 0.99 from 16 samples).
Au contents in the samples of gold from Zlatniky are very
variable ranging from 63.42 % to 98.83 %. Relatively
high Sb content (up to 128.2 ppm) was identified in

one sample of gold of low fineness (669 228 ppm Au).
Increased Cu content (>100 ppm) has been identified in
27 % of gold samples from Zlatniky with max. value 642
ppm Cu. Ti content was found to be relatively often but
not systematically elevated. A part of the samples have
systematically increased content of Sn (max. up to 99
ppm), which can indicate a character of the host rock. The
gold from this locality has very low LREE/HREE ratio (3.6),
the lowest from all localities in the Tatric unit.

Gold from Zlatno has significantly different geochemical
features than gold from other localities in the Tatric tectonic
unit. It is typical by very high Hg content, which is the most
abundant trace element in gold samples. The samples
from this locality have also provided the lowest content of
Fe, As, Pb, Ni, Sn, Bi and Ba from all localities in the Tatric
tectonic unit and also low content of Sb (Tab. 2) and the
highest average content of Pd 4 ppm.

Geochemical characteristic of gold from Hybe (Hybica
creek) locality is very specific and can be correlated only
with gold from Zlatno. Gold samples have relatively high
content of Au (avg. 889 189 ppm), but the contents of Pb,
As, Sb are very low (Tab. 2). Sn contents from this locality
are the highest in the Western Carpathians and reach 76.8
ppm in average. Contents of REE are very low (avg. 2.78
ppm) and LREE/REEE ratio is 7.43.

Veporic tectonic unit

Gold from eluvial-deluvial to alluvial placers at Kokava
is typical by the highest content of Te (max. up to 499 ppm)
and Bi (max. up to 3417 ppm) in the Western Carpathians.
Variable anomalous contents of Fe, Cu and Zn (Tab. 3)
suggest probable presence of pyrite, chalcopyrite and
sphalerite inclusions. Average Cu content (498 ppm) is
the highest average content of Cu from all the samples
of gold from the Western Carpathians. Very low Sb
and As contents indicate low chance of primary gold
associating with tetrahedrite, stibnite, Sb-sulphosalts and
arsenopyrite.

Unknown primary Au mineralization at Hnus$ta-Likier is
typical with elevated average contents of Fe (avg. 1 511.1
ppm), Cu (325.8 ppm) and Sb (45.3 ppm; Tab. 3). Average
content of Cu is 326 ppm (max. up to 653 ppm). Sb contents
are increased systematically, but reach only max. 114 ppm.
One sample assay returned as much as 473 ppm Pb and
229 ppm Bi. The gold has also remarkable systematically
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Tab. 4
Comparison of average content (ppm) of selected elements in gold samples in localities in the Gemeric tectonic unit

Locality As Ba Mn Fe Cu Sb Pb Zn Te Bi Sn REE
Popro¢ 8.5 2.4 11" 112 135.5 3026 58.1 51.07 3.9 0.5™ 1.5 31.98
Roznava 62.1 16.2 22.8 2208.2 233.4 46.9 235.8 54.2 1.8 6.7 1.3* 62.86
* average below detection limit
** 250 % of assays below detection limit
elevated content of Cd (avg. 13 ppm, max. up to 21 ppm) Tab.5
and Nd (avg. 57 ppm, max. up to 266 ppm). Correlation pattern for selected elements
The primary source of Au mineralization at Rimavska in gold from Roziava locality
Baria-Repno locality was probably very poor on Fe
minerals. Max. content of Fe is 277 ppm, average 66.3 U W REE Nb Zr Ti Y
ppm, which represents the lowest Fe content in all studied
localities in the Western Carpathians. Systematically Y 0995 0951 0950 0985 0.994 0.997
i d content of Cuin 189 — 313 ppm range represents Tt 099 0995 0948 0989 0997
Increased con : PP gerep Zr 0990 0973 0.945 0.996
probably stable accessory in gold. Anomalous contents Nb 0977 00989 0.938
were observed in one sample for Te (445 ppm) and Bi REE 0.956 0.908
w 0.935

(560 ppm). Gold samples from this locality are typical
with increased contents of Pd (max. up to 31 ppm) and
the lowest REE content from all localities in the Western
Carpathians (Tab. 3).

The gold from Uderina is typical with anomalous Fe
values (5 118.2 ppm). Systematically increased values of
Ti (avg. 266 ppm, max. 698 ppm), Cr (avg. 12 ppm, max.
33 ppm), Mn (max. 51 ppm) and Ba (max. 163 ppm) were
identified (Tab. 3). Moderately increased contents (ca 10x
more than analytical background) were identified for the
following elements — Ce, La and Nd. Very low content of
REE (average 3.93 ppm) and the lowest LREE/HREE
ratio (1.45) in the Western Carpathians indicate that the
gold probably does not associate with monazite. Very low
contents of As, Sb, Pb, Bi, Zn (15.5 ppm) and Te (6.3 ppm;
Tab. 3) suggest, that gold does not systematically associate
with typical sulphidic or Bi, Te mineral association.

Unknown primary source of gold from Podrecany is
characterized by anomalous values of Fe and Mn (Tab. 3),
which corresponds to presence of inclusions of associated
minerals. Low contents of S indicate association of gold
with Fe oxides, less with Mn oxides. Systematically
increased contents are very typical for Ba (Tab. 3) and
all REE, particularly Ce (avg. 17 ppm, max. 56 ppm), La
(avg. 12 ppm, max. 55 ppm), Y (avg. 4 ppm, max. 15 ppm)
and Nd (avg. 11, max. 48 ppm). The contents of Y, Sr and
Ba very well correlate with contents of REE (Ba/REE 0.9,
Y/REE 0.998, Sr/REE 0.92).

Gemeric tectonic unit

Alluvial gold from RozZriava was probably derived from
multiple sources. It has variable content of number of
elements ranging from analytical background to extreme
values proving the presence of inclusions of associating
minerals. It has extreme content of Ti up to 33 193 ppm.
Correlation pattern for Ti, Zr, Nb, Ta, Hf, REE, W and U
shows very high mutual correlation of these elements

(Tab. 5). Max. content of Pb (2 215 ppm) associates with
max. content of Zn (380 ppm) and do not associate with
the above mentioned elements. As and Sb do not reach
extreme values (Tab. 4), but in some gold flakes the
elevated values of As and Sb were observed (As max. 197
ppm, Sb 193 ppm). As and Sb do not mutually correlate
(r = 0.36) and also do not correlate with the above men-
tioned elements. Max. content of Se is only 5.6 ppm, but in
comparison to analytical background (lower 0.X ppm) is its
content elevated in every assay of gold from this locality.

Poproc is typical with systematically increased, in one
third of the gold flakes even extreme, content of Sb (2 127 to
16 486 ppm). Contrary, the gold from this locality has very
low content of Fe, As, Pb (Tab. 4) and Zn (4.0 ppm). The
content of Pb in one sample reached 502 ppm, otherwise
Pb values are close to the detection limit. Sn content
reached max. 3.6 ppm. Two samples have moderately high
content of REE (179.4 ppm, resp. 35.7 ppm).

Central Slovakian Neogene Volcanic Field

Gold from Kremnica has increased content of Ag max.
up to 43 % and systematically increased contents of Sb, As
and Te (Tab. 6). One third of the assayed gold samples have
high content of Pb (max. 761 ppm) and Zn (average 41.3
ppm, max. 212 ppm). The values of Cu and Mn are very
variable (Cu 7.5 — 438 ppm, Mn 0.3 — 726 ppm). Some gold
flakes have rarely increased content of W up to 40 ppm.
Eleven analyses from Kremnica locality are from primary
gold and 8 analyses are from alluvial gold. In general the
difference between primary and alluvial gold is reflected in
significantly higher content of Mn and V in alluvial gold.

Gold from Pukanec is typical with the following
association of elements: Mn, Se, Te, Bi, Pb, Zn and Cu
(Tab. 6). Extreme and variable values of these elements
suggest common inclusions of the associated minerals in
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Tab. 6
Comparison of average content (ppm) of selected elements in gold samples in localities in the Central Slovakian Neogene Volcanic Field

Locality As Ba Mn Fe Cu Sb Pb Zn Te Bi Sn REE
Kremnica 44.9 15.9 478 2911.2 90.3 278.5 122.3 624.4 417 1.5 74 8.3
Pukanec 6.7 14.6 572 2761.1 374.7 11.6 213.5 41.28 12267 9385.9 4.4  11.91

the gold samples. One assay returned as much as 410 655
ppm Bi, 469 038 ppm S and 269 344 ppm Te. The total of
all elements in this analysis significantly exceeds 100 %,
but the assumption based on the ratio of the contained
elements allows us to estimate, that the inclusion has
a chemical composition similar to joseite, baksanite, etc.

General conclusions
Summary of analytical data

The individual metallogenic types of Au mineralization
in different geotectonic units can be distinguished
by the results of applied methodology on the gold
samples from the localities in the Western Carpathians.
Significant differences in chemical composition of gold
and microinclusions have been identified also within
the same geotectonic unit between individual localities.
Comparison of chemical composition of gold (Fig. 2) has
confirmed the presence of several generations of gold
(Bakos et al., 2002b). Given that the statistical data is
significant, the presence of various generations would be
confirmed probably in all tectonic units. The gold of highest
fineness (950 — 999) is mostly present as gold rich rims
on the samples of alluvial gold. The other group of high
purity gold (900 — 950) samples occurs on the localities
in crystalline basement rocks in the Western Carpathians
with low content of the base metal sulphides. Third group
of gold samples is characterized by sulphidic stage of
mineralization with intermediate fineness of gold (700
to 900). The presence of this generation of gold has not
been confirmed in Neogene volcanics yet. The last group
of gold with lowest fineness (500 — 700) is represented
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by the gold from Neogene volcanics and rarely from
the localities in Tatric tectonic unit (the youngest stage
of mineralization rich in Ag). Gold of highest fineness
occurs mostly in paleoplacers on Malinova locality (max.
99.5 % Au), Zlatniky and Zlatno in Tatric tectonic unit
and in Rimavska Bana and Kokava nad Rimavicou in
the Veporic tectonic unit. We assume that the primary
gold in these localities was of high fineness as well as
in the other localities in the Tatric tectonic unit. Fineness
of gold from Zlatniky is very variable which is complying
with observations of Zitiian and Chovan (2007). Transport
of gold in alluvial sediments causes further refining of
gold (Bahna et al., 2002). Gold of highest fineness was
identified in paleoplacers in the Tatric tectonic unit (up to
99.54 % Au). Gold samples from the Gemeric tectonic
unit are typical with relatively low contents of Ag (up to
123 170 ppm Ag) and variable contents of Hg (17 930 to
267 321 ppm). Gold of lowest fineness (Fig. 2) occurs in
Pukanec and Kremnica, located in the Central Slovakian
Neovolcanic Field (51 — 55 % Au). This fact is also known
from the previous works (Bahna and Chovan, 2002; Mato
et al., 1987).

The reliability of the used method for Hg assays is
disputable. The laser ablation method cannot provide
reliable quantitative assays of Hg due to contamination of
the equipment during the assays and the values of Hg are
generally higher than those from EMPA. E.g. percentage of
Hg identified by laser ablation from the samples of primary
gold from Krivan varies in the range 4.1 — 8.6 %. Hg content
assayed by EMPA provided several times lower values
ranging 0.48 — 1.92 % (Bakos and Chovan, 2006). The
solution of this problem exceeds the frame of this paper
and therefore we do not emphasize this issue. The lowest
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content of Hg from all studied samples has been identified
in locality Pukanec (max. 0.48 %, avg. 0.12 %). Second
lowest content of Hg has been identified at Kremnica (max.
3.3 %, avg. 0.8 %). The highest content of Hg was identified
in the samples from Podrecany, where almost exclusively
only Au amalgams with low Ag content were identified
(max. up to 5 % Ag). The other locality with high Hg content
is Uderina (1.3 — 12.2 %), which corresponds very well with
the occurrence of intermetallic Au, Ag, Hg alloys (Mato and
Matova, 1993). Regardless of small statistical data file, the
pattern of Hg content can be observed with the lowest Hg
content in epithermal mineralizations in the neovolcanic
unit and the highest in supergene mineralizations of the
Veporic unit.
PGE

Contents of PGE in gold from all studied localities are
in average very low or below the detection limits. Although
some localities have slightly increased content of Pd and
Irin comparison with analytical background. Content of Pd

does not correlate with Ir in any sample. Increased content
of Pd is typical for Rimavska Bana (avg. 5.53 ppm) and
for a part of gold from Zlatno (avg. 3.97 ppm). Increased
Ir content is typical for gold from Hybe locality (avg. 1.5
ppm) and also for Uderina (avg. 1.09 ppm) and Podre¢any
(avg. 0.97 ppm). The origin of increased Pd and Ir contents
is not clear. The lowest content of PGE was identified in
localities in the Gemeric unit (avg. 0.4 ppm).

REE

Chondrite-normalized REE patterns of gold from the
Western Carpathians indicate enrichment of gold in LREE
and only moderate enrichment resp. depletion in HREE
compared to chondrite (Fig. 3). Particularly remarkable is
the anomalous content of Nd. Its positive anomaly is most
evident in samples of gold from Tatric and Veporic tectonic
units. Nd is also the most abundant REE in gold from the
Western Carpathians (max. 165.7 ppm from Pezinok or 56.8
ppm from Hnusta). In the Tatric tectonic unit the highest Nd
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content was identified in the gold samples from Magurka
and Pezinok (Fig. 4) contributing 90 % to the overall REE
content. The highest overall REE content was identified
in gold samples from Hnusta (Tab. 3), which contains up
to 85.8 ppm REE in average. Chondrite normalized REE
patterns of gold from Tatric tectonic unit show positive Nd
anomaly on the samples of gold from Boca, Magurka,
Pezinok and Krivan (Fig. 4). Chondrite-normalized REE
patterns for gold from Hybe are characterized by positive
Tm anomaly and a moderately negative Eu anomaly.
Chondrite-normalized REE patterns for gold from
neovolcanics are specific. These are typical by a relatively
stable trend with not apparent negative Eu anomaly (Fig.
6). Chondrite-normalized REE patterns for gold from the
Veporic tectonic unit are very variable (Fig. 5). Positive Nd
anomaly and negative Eu anomaly was identified only in
gold samples from Hnusta. The pattern for Rimavska Bana
locality is very specific and points to a depletion of REE
relative to chondrite. Anomalous contents are obvious for
Sm, Tb and Tm, which makes this locality different from

Fig. 7. Relationship between Au and
Cu in studied gold samples.

the other studied localities. LREE/HREE ratio is very low
(2.15). Gold from Gemeric tectonic unit is characteristic with
high LREE/HREE ratio (Roznava — 17.32, Popro¢ 12.3),
particularly in the samples where REE content correlates
with U, Th, Ti, Zr, Nb, Hf and W, which indicates their origin
in the given apatite-U-REE mineralization. In general, if the
gold from Gemeric tectonic unit contains U, than LREE/
HREE >10, if the content of U is below detection limit, than
LREE/HREE <10. Chondrite-normalized REE patterns for
cores and gold rich rims have almost similar LREE pattern,
the deviations are observed in HREE pattern, where the
gold rich rims have a significantly lower HREE content
than cores and even lower HREE content than chondrite
(Fig. 6).
Base metals

The Cu content of all samples varies in the range from
0 ppm up to 10 990 ppm (average 204 ppm). Significant
differences between individual localities and geotectonic
units have not been observed (Fig. 7).
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Increased contents of Cu can be explained as
a presence of microinclusions of sulphides and/or
sulphosalts. Samples from Zlatniky with increased Cu
content (>100 ppm) have moderately high content of Au
(794 562 — 931 651 ppm) which indicates part of the
primary gold in association with chalcopyrite. Pb content
is not systematically increased (Fig. 8), contrary to Cu,
and varies within a range 0 — 10 153 ppm, in average
185 ppm. Similar observation has also been made for Zn
and Sb respectively. Pb contents up to 1 ppm have been
identified in almost 30 % of the assays and a Pb content
up to 10 ppm occurred in more than 60 % of the assays.
This means, that Pb content is not caused by the presence
of microinclusions of minerals. The highest abundance of
Pb minerals microinclusions has been identified in gold
samples from neovolcanics and from the Tatric unit. Sb
content up to 1 ppm has been identified in 24 % of the
assays. Sb content up to 10 ppm has been identified in more
than 56 % of the assays. Interestingly, positive correlation
between Sb and Pb has been observed only in localities
in the Tatric and in the part of the localities in the Gemeric
tectonic unit (Fig. 8). Sb content varies from 0 ppm up to
19 068 ppm, in average 360 ppm. Anomalous contents of
Zn, related to abundant microinclusions of minerals, have
been identified at Zlatniky and Pukanec localities.

Elements such as Cr, Ge, Ga, Mo, Cd, etc., occur in low
concentrations up to 1 ppm. Rarely increased contents of
Sn, Co, Niin 10 — 100 ppm mostly do not mutually correlate
and we did not identify any mutual relationship between
them. Contents of V, Ti, Zr, Nb, Rb, Sr mutually correlate
and are probably caused by the presence of rock forming
accessory minerals.

Tatric tectonic unit

The selected analytical method is very useful for
identifying of character of unknown primary source of

gold which has not been possible before using the EMPA
analysis. E.g. Bakos and Chovan (2006) considered Au-
-Sb mineralization at Krivan in the High Tatras Mts. to be
primary source of alluvial gold in Hybica creek — Hybe.
The results in Tab. 2 indicate, that gold from Hybica creek
— Hybe probably has an exotic origin. Compared to other
localities in the Tatric tectonic unit this locality shows very
low content of As, Sb, Pb, Te, Mn, Fe and the highest
contents of Sn from all studied localities in the Western
Carpathians. Gold with similar chemical composition has
not been identified in this study or in any other geotectonic
unit in the Western Carpathians respectively. The footwall
of the alluvial sediments of Hybica creek — Hybe is formed
by flysch Paleogene sedimentary rocks. Gold from Hybica
creek — Hybe could also be sourced from similar source as
the gold from Strihov conglomerates in Eastern Slovakian
flysch (MataSovsky, 1999).

Comparison of the assays of gold from the localities
with similar character of primary source (e.g. Magurka,
Boca, Krivan) shows moderate differences in content of
some elements, but contents of accessories are similar in
general. The localities Magurka, Boca and Krivarn are typical
with high contents of Sb and As (Tab. 2), which are caused
by microinclusions of the associated minerals. Pezinok
(Bakos et al., 2002a) or Harmanec (Bakos et al., 2004)
localities with similar mineralization do not have developed
younger sulphidic Sb, Pb, Zn, Cu, Bi mineralization (Bakos
et al., 2002b), and therefore the gold samples from these
localities have only slightly increased contents of As and Sb.
Primary sources of gold at Zlatniky, Malinova had probably
only a small proportion of gold related to Sb mineralization
stage and Zlatno probably did not have Sb mineralization
stages developed. Their character could have been
similar to the localities Pezinok or Harmanec. Chemical
composition of gold from Pezinok, Malinova, Zlatniky and
Zlatno is similar with some analysis of gold from Magurka,
Krivan and Boca with lower content of Sb and As, which did
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not contain microinclusions of associated minerals. Another
explanation of the investigated geostatistical difference
could be a higher impact of transport on the alluvial gold
(Bahna et al., 2002). Therefore we do not suggest other
exotic source of gold from these localities.

The part of the gold flakes from Zlatno locality has
significantly higher contents of Fe, Mn and Ba. Increased
content of these elements is typical for Uderina locality with
supergene Au mineralization (Mato and Matova, 1993) and
we assume that higher content of these elements indicates
supergene origin of gold. This fact is also supported by
previous research of Bakos and Zitfian (2001) concerning
the occurrence of supergene Au mineralization in Zobor
block of the Tribe¢ Mts. Gold from Zlatno has unusually
high Hg content (avg. 93 654 ppm) compared to other
localities in the Tatric tectonic unit and forms the most
abundant accessory in alluvial gold from this locality.

Veporic tectonic unit

Two different styles of Au mineralizations can be clearly
distinguished in the Veporic tectonic unit by comparison
of chemical composition of gold. Kokava nad Rimavicou
and Hnusta localities situated on Sinec shear zone are
typical with Au, Bi-Te mineralization (Ferenc and Bakos,
2006), which was reflected also in the composition of
microinclusions. The presence of microinclusions of Bi-
-Te minerals has been identified also at Rimavska Bana,
where the primary source of gold is unknown. Gold from
this locality is also typical with anomalous Pd content
(the highest from all studied localities; Tab. 3) and also by
significantly lower content of As, Ba, Ni, Fe in comparison
with the other localities in the Veporic tectonic unit. Due to
close proximity of the Sinec shear zone and an increased
content of Bi and Te in gold from Rimavska Bana, we
assume similar character of primary source of gold as in
Kokava nad Rimavicou. The difference in the content of
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Pd, As, Ba, Ni and Fe in comparison with the gold from
Kokava nad Rimavicou has not been explained yet. Gold
from Hnusta locality has similar geochemical features
— systematically increased contents of Te and Sb as gold
from Rimavska Bana. Both localities are spatially related
to Sinec shear zone. This zone hosts number of sulphidic
mineralizations with variable mineral associations and
this is reflected in the chemical composition of gold
samples in proximity of this zone. Gold from Uderina and
Podre¢any has similar geochemical features which are
different from other localities in the Veporic tectonic unit.
They are characteristic with increased content of Hg, Ba,
Mn, Fe and almost do not contain any Bi. Comparing the
geochemical features and character of the mineralization
at Uderina (Mato and Matova, 1993) and Podrecany we
assume supergene origin of gold from Podrecany, too.

Gemeric tectonic unit

Comparison of chemical composition of gold from
RoZznava and Popro€ provided surprising results. In general
we would expect a very similar trace element pattern — high
content of Fe, As and Sb from the mineral association of
hydrothermal Sb-Au veins. Gold from Popro¢ shows the
trace element pattern typical for gold from Sb-Au veins,
while in Roznava there is typical the presence of gold with
increased U, Th, Zr, Nb, Rb, As, etc. and a significantly
lower content of Sb (Tab. 4). This confirms that significant
amount of gold was sourced out also from the quartz veins
with apatite-U-REE mineralization. Presence of gold in
U-REE-apatite mineralization was described for the first
time by Rojkovi¢ et al. (1997).

Neovolcanics

The comparison of gold from epithermal mineraliza-
tions of low sulphidation style at Kremnica (Mato et al., 1987)
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and Pukanec (Bahna and Chovan, 2001) provided very
interesting results. The localities have significantly different
contents of elements. Kremnica deposit is characteristic by
geochemical association Fe, Sb, As, Te (Tab. 6). Mato et al.
(I. c.) describes high proportion of tellurides from Kremnica
deposit with typical Ag, Cu, Pb, Zn mineral association.
Pukanec has also similar geochemical characteristic
with similar association of elements, besides Sb and As.
Te content is also in average several times higher, but
variable. Kremnica is typical with lower Te content, but this
is systematically increased (Fig. 9). Anomalous contents of
Se, Te and Bi in one sample of gold from Pukanec indicate
the presence of microinclusions of Bi-S-Te-Se minerals,
which have not been described on the deposit yet. The
presence of supergene gold at the locality cannot be
distinguished from the obtained data.

Gold rich rims

Gold rich rims assays interpretation is problematic
due to their thickness and used methodology. Even with
the beam diameter reduced to 15 pm, we cannot exclude
contamination of the assayed material with core material
of lower fineness. In spite of this fact the assays of gold
rich rims, compared to the cores of the gold samples, have
significantly lower content of Ag and Hg. The contents of
other assayed elements in the rims were approx. two times
lower than those in the cores, besides of Cu, Ba, Ti, V, Co,
Ni, Rb and I.

Conclusions

LA-ICP-MS is a very suitable method for trace elements
study in the gold samples. For the quantitative assay
of Hg it does not provide relevant values yet. Due to the
abundance or random distribution of microinclusions of
the associated minerals in the gold samples a sufficiently
large amount of the measurements is required for statistical
processing of the data. The study of microinclusions
provides very valuable information to characterize unknown
primary source of alluvial gold. The primary source of gold
from paleoplacers at Malinova and Zlatniky has probably
similar character to quartz veins with low content of Sb, Pb,
Zn, Cu and Bi as at Pezinok, Harmanec, etc. A part of gold
from Zlatno is probably of supergene origin, and part of
the samples cannot be reliably interpreted. The gold from
Hybica creek has exotic origin in flysch belt paleoplacers.
The gold from Rimavska Barfa shows an association
with Te, Bi minerals, which indicate a similar character
of mineralization as the Au, Te and Bi mineralization at
Kokava nad Rimavicou. Gold from Hnusta has probably
originated in the sulphidic mineralizations related to Sinec
shear zone. The gold from Podre¢any placers analogically
to Uderina comes from a supergene Au mineralization.
The extension of the statistical data and assays of gold
from other localities could help to define other unknown
primary sources and would supplement the knowledge
about metallogeny of gold.
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Vyznam geochémie aluvialneho zlata pre prieskum — priklady z vybranych
rozsypov v Zapadnych Karpatoch

Metdéda LA-ICP-MS (laserova ablacia) bola po prvykrat
aplikovana na analyzu vzoriek zlata zo Zapadnych
Karpat. Spolu 377 vzoriek zlata z 19 lokalit zo vSetkych
hlavnych tektonickych jednotiek sa analyzovalo na subor
60 chemickych prvkov. Metodika sa ukazala ako velmi
vhodna na identifikaciu genetickych typov mineralizacii,
ktoré su primarnym zdrojom rozsypového zlata. Pritomnost
mikroinkluzii asociujucich mineralov v zlate je nevyhnutna
na stanovenie asociacie stopovych prvkov. Kvalitativne
a kvantitativne zatupenie stopovych prvkov ndm umoznilo
interpretovat charakter primarneho zdroja zlata aj na
lokalitach, kde dosial nebol identifikovany. Velmi nizky
detekény limit metédy umoznil sledovat zastipenie
prvkov vzacnych zemin (REE) a vypracovat normalizaéné
diagramy zastupenia REE vzhladom na chondrit. Detekény
limit pre Hg je pre pouzitu metodiku velmi vysoky a obsah
Hg vo vzorkach sa interpretoval iba semikvantitativne.

Najzaujimavejsie vysledky sa daju zhrnut takto: Zlato
z potoka Hybica (Hybe) ma pravdepodobne exoticky pévod
a pochadza z flySovych sedimentov centralnokarpatského
paleogénu. Pre zlato z rozsypov v Nizkych Tatrach je
charakteristicky zvyseny obsah Fe, As, Sb, Pb a Cu, ¢o
velmi dobre odraza charakter primarnej mineralizacie.
Zlato z lokalit Zlatno v Tribeci a Zlatniky v Povazskom Inovci
s neznamym primarnym zdrojom ma vysoku rydzost

a nizky obsah stopovych prvkov, preto nie je mozné
odhadnut charakter primarneho zdroja. Vyznamny podiel
zlata z rozsypov v okoli Roziiavy pochadza pravdepodobne
z apatitovej U-REE mineralizacie. Supergénne zlato
z Uderinej méa zvySeny obsah Hg, Ba, Mn a Fe. Podobné
asociacia prvkov sa zistila aj v zlate v rozsypoch z okolia
Podrecian. To umoznuje predpokladat, ze pochadza tiez
z0o supergénnej mineralizacie. Zlato z Rimavskej Bane ma
zvySeny obsah Bi a Te. Indikuje to rovnaky p6vod zlata ako
na lokalite Kokava nad Rimavicou. Pévod zlata z okolia
Hnuste je mozné hladat v sulfidickych mineralizaciach
viazanych na sinecku striznu zénu. Pre lokalitu Pukanec su
charakteristické zriedkavé mikroinklizie Te-Bi mineralov,
kym v Kremnici sa vyskytuju teluridy bez Bi. Vo vzorkach
zlata zo Zapadnych Karpat je vSeobecne nizky obsah
platinoidov. Pouzitie metodiky je vzhladom na priemer lu¢a
a hrubku vysoko rydzich lemov problematické. Na zaklade
niekolkych analyz je vSak mozné konstatovat, ze lemy su
ochudobnené oproti jadru zlatiniek o Ag, Hg, Cu, Ba, Ti, V,
Co, Ni, Rb a l.

Rozsah Statistickych udajov a analyz zlata z inych
lokalit by mohol poméct pri identifikacii charakteru inych
neznamych primarnych zdrojov rozsypového zlata
a doplnit informacie o metalogenéze vyskytov zlata
v Zapadnych Karpatoch.
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Primary hydrothermal mineralization in locality Polkanova (Spania Dolina, Slovakia)

The Polkanova Cu deposit is situated within the sedimentary rock of Permian age in the
southwestern part of the Spania Dolina ore district and in sericitized crystalline schists in the
northern part of the ore district in the Starohorské vrchy Mts. Studied samples were collected from
mining dumps. On the basis of detailed paragenetic relations study we have defined succession
of primary minerals with three mineralization phases. During the first — siderite phase — siderite,
dolomite and calcite have origined. The quartz veins with rutile, zircon and muscovite indicate that
the second phase of Alpine paragenesis is present here, similar to hydrothermal mineralization
in Tatricum and Veporicum of the Western Carpathians. The third phase was sulphidic with the
crystallization of quartz, pyrite, chalcopyrite and youngest tetrahedrite.

Key words: siderite mineralization, tetrahedrite, Polkanova, Spania Dolina, Starohorské vrchy

Mts., Slovak Republic

Uvod

Sulfidické a karbonatové hydrotermalne mineralizacie
boli najmé od stredoveku hlavnym zdrojom kovov na
uzemi dnesného Slovenska. NajrozSirenejSia a jedna
z najvyznamnejSich mineralizacii je karbonatovo-
-kremeriovo-sulfidicka mineralizacia, z ktorej sa tazili rudy
Ag, Pb, Au, Cu, Zn, Fe, Ni, Co, Hg, Sb a Ba. Kym od konca
18. storoCia Studium tejto mineralizacie bolo zamerané
najmé& na mineralogicky vyskum, od druhej polovice
20. storoCia sa zacal robit komplexnejsi vyskum tohto
zrudnenia, ktory zahffial napr. aj geochemické poznatky,
Studium okolorudnych premien ¢i pociatky genetického
Studia. Posledné dvadsatroCie poskytlo vdaka rychlemu
rozvoju vednych disciplin a pristrojovej techniky mnozstvo
novych poznatkov aj o genéze tejto mineralizacie
(izotopicky vyskum, Stadium fluidnych inkluzii a pod.).
Vacsina poznatkov pochadzala z klasickych sideritovo-
-kremenovo-sulfidickych zil v metamorfitoch kryStalinika
(Cambel a Jarkovsky — eds., 1985; Rozloznik, 1989;
Radvanec et al., 1990; Z4k et al., 1991; Grecula a Németh
— eds., 1996; Hurai et al., 2002; Radvanec et al., 2004;
Grecula a Radvanec, 2005 atd.). Podobnej mineralizacii,
ale vyskytujucej sa prevazne v permskych sedimentoch
v SirSom okoli Banskej Bystrice sa venovala len mala
pozornost a poznatky stale ostavali va¢Sinou na urovni
zakladnych mineralogickych poznatkov (Kodéra — ed.,
1986 — 1990). Geneticky vyskum SirSieho okolia Banskej
Bystrice spojeny s vyuzitim modernych analytickych
pristrojov sa zacal najma pred priblizne Siestimi rokmi na
Katedre mineraldgie a petrologie PriF UK v Bratislave.
Vyhotovili sa mikrosondové analyzy mineralov, Studovali
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sa izotopy karbonatov C a O, sulfatov S a O, zmerali sa
fluidné inkluzie niektorych mineralov (Chovan et al., 2006;
Michriova et al., 2008). Tieto mineralizacie sa Studovali
najméa na velkych loziskach v Spanej Doline (+ Piesky)
a Lubietovej (Podlipa, Svatodusna), vyskumy z mensich
vyskytov zatial neboli publikované. Jednou z takychto menej
znamych a modernymi metédami nepreskimanych lokalit
bola aj Polkanova na zapadnom okraji Spafiodolinského
rudného pola. Bola tu znama tazba striebra, no p6vod
striebra nebol objasneny, pretoze sa neurobilo podrobné
mineralogické Studium. Vzhladom na takmer nemoznost
vykonat podrobny geneticky vyskum (absencia meratelnych
fluidnych inkluzii, nemoznost separovat vhodné karbonaty
na izotopy a pod.) predkladame v tejto praci vysledky
mineralogického vyskumu primarnych mineralov a mine-
ralogicko-paragenetickych vztahov tejto lokality.

Geologickoloziskova charakteristika

Mineralizacia pri Polkanovej je sucastou Spano-
dolinského rudného pola. Tato oblast predstavuje jedno
z najvyznamnejSich v minulosti tazenych lozisk medi
v Eurépe. Mineralizacia tvori 4 km dlhy a 1,5 km Siroky
pruh severojuzného smeru medzi Panskym dielom na juhu
a Starymi Horami na severe vychodne od Starohorského
potoka. Do tejto rudnej oblasti patria aj vyskyty v Chladnej
doline medzi Ulankou a Polkanovou, na Pieskoch, Haliari,
Richtarovej a Jelenci.

Najvacsiu ¢ast Uzemia v Studovanej oblasti buduju
sedimentarne permské horniny Spanodolinského
suvrstvia so znakmi sekundarnej bridlicnatosti (Kodéra
et al., 1990). Toto suvrstvie zastupuju pestré zlepence,
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Obr. 1. Geologicka mapa okolia lozZiska Polkanova (Polak — ed., 2003; upravené).
Krystalinikum veporika: 1 — ortoruly s paskovanou textirou s polohami telies
amfibolitov, amfibolickych rul a diaftoretickych amfibolitov (paleozoikum); perm
starohorskej skupiny: 2 — §parniodolinské suvrstvie (pestré zlepence, hrubozrnné
pieskovce, fialové piescité bridlice a produkty acidného vulkanizmu); kriznansky
prikrov: 3 — osnické suvrstvie (kalpionelové vapence), mraznické suvrstvie
(slienité vapence, slienovce, slienité bridlice; krieda); 4 — kopienecké suvrstvie
(ilovito-piescité bridlice, vapnité pieskovce a piescité vapence), zdiarske suvrstvie
(radiolariové vapence a rohovce; jura); 5 — luzfianské suvrstvie, pestré bridlice,
prachovce, gutensteinské dolomity, gutensteinské vapence a ramsauské dolomity
(trias); 6 — haldy a odkaliska; 7 — zlomy; 8 — prikrovové linie; 9 — Studovana
lokalita.

Fig. 1. Geological map of the Polkanova deposit and surrounding area (affter
Polak, ed., 2003). Crystalline rocks of Veporicum: 1 — orthogneisses with banded
structure and amphibolites (Paleozoic), Staré Hory Group: 2 — Spania Dolina
Formation (variegated conglomerates, coarse-grained sandstones, violet sandy
shales; Permian), Krizna nappe: 3 — Osnica Formation (Calpionella Limestones)
and Mraznica Formation (marly limestones, marlstones; Cretaceous); 4 — Zdiar
Formation (radiolarian limestones and radiolarites) and Kopienec Formation
(clayey-sandy shales, calcareous sandstones, sandy limestones; Jurassic); 5 —
Luzna Formation (quartz sandstones, quartzites), variegated shales, Gutenstein
Dolomites, Gutenstein Limestones, Ramsau Dolomites (Triassic); 6 — dump piles;
7 — faults; 8 — thrust lines; 9 — studied occurrence.

hrubozrnné pieskovce, fialové piescité bridlice
a produkty acidného vulkanizmu. V severnej
az severozapadnej Casti v okoli Starych Hor
vystupuje krystalinikum veporika. Zastupuju
ho paskované alebo ockaté ortoruly, niekedy
mylonitizované, s polohami pararul a amfibo-
litov. Ortoruly tvoria hlavnu zlozku lubietov-
ského a starohorského krystalinika veporika.
V Starych Horach vystupuji ako spodny
element kriznanského prikrovu. Predpokladalo
sa, ze podobne ako inde vo veporickom
krystaliniku penetrativna deformacia tychto
ortordl ma alpinsky vek a suvisi s presunom
kriznanského prikrovu (Jaro$, 1971). Nové
datovania muskovitu a biotitu z o¢katych aj
paskovanych ortorul z oblasti Balazov ukazali
hercynsky vek penetrativnej deformacie
povodnych granitoidnych hornin, resp. ich
vychladnutie na teplotu nizsiu ako 400 °C,
a to v pripade muskovitu pred 338,9 + 3,7 mil.
r. az 337 + 5,3 mil. r. na menej ako 300 °C
a v pripade biotitu pred 332,4 + 3,2 mil. r. az
332,1 + 5,6 mil. r. (Polak — ed., 2003). Mezo-
zoicka sekvencia veporika v jeho zapadnej
Casti (oblast Starych Hér) ma charakteristicku
napln zliechovskej sekvencie krizrianského
prikrovu (Mahel, 1964). Mezozoické karbo-
natové horniny su zastiupené najma
tmavosivymi vrstvovitymi gutensteinskymi
vapencami, dolomitickymi vapencami
a dolomitmi. Medzi Spariou Dolinou a Pieskami
v ramsauskych dolomitoch vystupuje na
povrch jurské kopienecké suvrstvie, ktoré
tvoria ilovo-piescité bridlice, vapnité pieskovce
a piescité vapence (Polak — ed., 2003; obr. 1).

Prvé pisomné spravy o tazbe rud su
z 11. storocia, aj ked med sa na Pieskoch
dokazatelne tazila uz v eneolite (Tocik
a Bublova, 1985). Najskor sa tazila medena
a strieborna ruda v Starych Horach (historické
lozisko Haliar). Neskor sa tazba rozsirila dalej
na juh do oblasti Richtarovej a Spanej Doliny.
Zrudnenie v Spanodolinskom poli vystupuje
v podobe pravych zil najma v krystaliniku
alebo tvori zilnikovo-impregnaéné zrudnenie,
ktoré vytvara pasmo drobnych ziliek a zil
severojuzného smeru so sklonom na zapad
hrubé asi 100 m a impregnacie chalkopyritu
a tetraedritu v okolitych permskych drobovych
pieskovcoch a arkézach (Kodéra et al., 1990).
Pocas niekolkych storodi sa v okoli Spanej
Doliny vytazilo ~ 67 000 t medi (Kodéra — ed.,
1986 — 1990). Nazory na genézu mineralizacie
na lozisku Spania Dolina boli rézne a postupne
sa vyvijali. Prva skupina autorov (Slavik, 1967;
llavsky, 1976, 1978; Cillik, 1985; Cillik et al.,
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Tab. 1

Reprezentativne elektronové mikroanalyzy a kryStalochemické vzorce tetraedritu (hm. %, n. a. — neanalyzované)

Electron microcrobe analyses and crystallochemical formulas of tetrahedrite (wt.%, n.a. — non-analysed)
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C.an. Cu Ag Fe Zn Hg Cd Pb Au As Sb Bi S Cl Suma
1 39,13 0,93 3,71 1,74 0,27 0,01 0,11 0,00 2,86 25,68 0,01 24,83 0,02 99,28
2 39,53 0,81 4,08 1,66 0,23 0,01 0,07 0,00 5,16 23,45 0,10 25,38 0,02 100,50
3 38,66 1,09 3,53 2,87 0,48 0,03 0,08 0,06 2,77 25,42 0,083 25,00 0,00 100,02
4 38,55 0,69 2,49 5,01 0,00 0,03 0,08 0,00 4,34 23,67 0,09 24,93 0,07 99,97
5 38,09 0,80 3,19 4,55 0,36 0,02 0,00 0,00 2,87 26,19 0,00 24,84 0,00 100,93
6 39,09 0,82 3,81 2,06 0,37 0,01 0,11 0,05 3,59 25,26 0,02 25,38 0,03 100,60
7 39,85 0,86 4,03 1,95 0,01 0,00 0,12 0,00 4,45 23,00 0,15 2547 0,00 99,89
8 42,88 0,70 5,14 2,21 0,17 0,07 n.a. n.a. 4,52 1761 0,36 26,37 n.a. 100,03

krystalochemické vzorce tetraedritu prepocitané na 29 atémov

crystallochemical formulas of tetrahedrite calculated on the base of 29 atoms

Cug[(Cu4 24ATJ0.14)4.38(ZN0.44F€1.10PD0.01HY0.02)1571(SD3 51AS0 64)4.15S 12,88
Cus[(Cuy.11AGo.12)4.23(ZN0.41F€1.19PD0.01HT0.02) 1631 (SP3.13AS1.12)4. 255 12.87
Cug[(CUy.06Ag0.17)4.23(ZNo.72F€1.05PPo.01HY0.04)1.82](SP3.45AS0.61)4.06S 12,688

ONOU A WN =

Cus[(Cu3.65AT0.11)4.06(ZN1.26F€0.73P00.01)2.01(SD3.19AS0 65)4.14S12.76
Cug[(Cus g5Ag0.12)3.97(ZN1.14F€0.94HT0.05)2.12](SD3 54AS0 63)4.17S 1274
Cus[(Cu4.06AJ0.13)4.19(ZNg 52F€1.12P00.01HY0.03) 1681 (SD3.36AS0 78) 4.17S 12,05
Cug[(CUys.21Ag0.13)4.34(ZN0.48F€1.17PD0 01) 1.66](SD3.08AS0.97) 4.0 12.93
Cusl(Cus 65AT0.10)3.75(ZN0.53F € 1.45HT0.01) 1.90](SP2.26AS0.05Bi0.03)3.26S12.8

1986) povazovala sideritovi a medenu mineralizaciu za
stratiformnu, exhalaéno-sedimentarnu. Dnes je uz tento
nazor prekonany. Druha skupina autorov (llavsky a Cillik,
1959; Kubiny, 1965; Kravjansky, 1979; Kusein et al.,
1989; Kusein a Matova, 2002) mineralizacii prisudzuje
hydrotermalny pdvod. Najnovsie vysledky (Chovan et al.,
2006) poukazuju na alpinsku hydrotermalnu mineralizaciu.

Osada Polkanova (dnes sucast obce Staré Hory) sa
nachadza v Starohorskych vrchoch 11 km sz. od Banske;j
Bystrice. O mineralizacii v jej okoli existuje len velmi malo
udajov. Mineralizacia tu vystupuje v migmatitizovanych
pararulach kryStalinika. Lozné zily sa nachadzaju
v kry$taliniku v dedi¢nej §t6Ini v Polkanovej. Rudy
obsahujuce Ag sa tazili najmé na zilach Hr¢a | — 1ll. Obsah
Ag v nich bol 9 — 891,5 g/t (Koutek, 1971).

Metodika prace

LeStené vybrusy a nabrusy vyhotovené z odobraného
haldového materialu sa Studovali v polarizaénom
mikroskope JENAPOL a Leica DM2500 P v odrazenom
aj prechadzajucom svetle (Solipha, Katedra mineralégie
a petroldgie, Prirodovedecka fakulta UK, Bratislava).
Na identifikaciu mineralov, ktoré nebolo mozné urcit
mikroskopicky, a na pozorovanie vzajomnych vztahov
medzi mineralmi a ich chemického zlozenia sa pouzili
elektrénovo-optické metddy (WDS, EDS, BSE) pomocou
elektrénového mikroanalyzatora CAMECA SX 100
(Statny geologicky Ustav Dionyza Stira v Bratislave).
Vinovodisperzné elektrénové mikroanalyzy prvkov
a sulfidickych mineralov sa robili za tychto podmienok:
urychlovacie napatie 20 kV, vzorkovy prud 20 nA, priemer
lu¢a 0 — 5 um; Standardy: CuFeS, (Cu Ko, Fe Ko, S Ka),
Ag (Ag Loy, HgS (Hg Loy, PbS (Pb Ma), Cd (Cd La), ZnS

(Zn Koy, InSb (In L), Co (Co Ka), Ni (Ni Kov), Au (Au Lar),
Mn (Mn Ka), Sb alebo Sb,S; (Sb L), Bi alebo Bi,Se; (Bi
Lo, arzenopyrit (As Ko — v kombinacii bez analyzovaného
Pb, As KB — v kombinécii s analyzovanym Pb), Sn (Sn L),
Bi,Te; (Te La) a NaCl (Cl Ka). Vinovodisperzné
elektrénové mikroanalyzy nerudnych mineralov sa robili pri
urychlovacom napéti 15 kV a vzorkovom prude 15 — 20 nA.
Pouzili sa nasledujuce Standardy: wollastonit (Si Ka,
Ca Ka), MgO (Mg Ka), SrTiO; (Sr La), barit (Ba Lo,
S Ka), hematit (Fe Ka), rodonit (Mn Kar), TiO, (Ti Kat), korund
(Al Kar), albit (Na Ka), ortoklas (K Ka), chromit (Cr Ko,
V (V Ka), Ni alebo NiO (Ni Ka), ZnS alebo willemit
(Zn Ko, ZrSiO, (Zr Lo, HfO, (Hf LB), NaCl (Cl Kor) a BaF,
(F Ko). Priemer elektrénového lti€a bol v rozmedzi 1 —20 um
v zavislosti od mineralu a jeho velkostnych parametrov.

Vysledky

Hlavnou nerudnou vyplfiou mineralizovanych zil a ziliek
na lokalite Polkanova je siderit a kremen. Menej zastipené
sU dolomit a kalcit. Hlavna rudna zlozka je tetraedrit
a chalkopyrit. V. malom mnozstve je pritomny aj pyrit.

Sulfidické mineraly

Pyrit je pomerne hojny a zaroven najstarsi rudny
mineral. Nachadza sa v asociacii s chalkopyritom
a tetraedritom na hydrotermalnych zilkach alebo volne
rozptyleny v karbonatoch. Vytvara agregaty nepravidelného
tvaru, zriedkavejsie agregaty idiomorfnych krystalov. Casto
tvori samostatné Zilky, ktoré sa sustreduju v okoli geneticky
mladSieho tetraedritu (obr. 2). Podla EDS spektra pyrit
neobsahuje Ziadne prvky okrem Fe a S. Chemicky je bez
vyraznej zonalnosti.
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Obr. 2. Inkluzia chalkopyritu (Ccp) v tetraedrite (Td) sprevadzana
sideritom (Sid) a kremeriom (Qtz).

Fig. 2. Inclusion of chalcopyrite (Ccp) in tetrahedrite (Td) associated
with siderite (Sid) and quartz (Qtz).

Obr. 4. Tetraedrit (Td) asociujuci s kremeriom (Qtz) na zilkach
pretinajucich starsi siderit | (Sid |, BEI).

Fig. 4. Tetrahedrite (Td) associated with quartz (Qtz) in veins which
cut older siderite | (Sid |, BEI).

Chalkopyrit sa vyskytuje v asociacii s tetraedritom.
Vytvara drobné impregnacie alotriomorfnych tvarov,
CastejSie mensie zhluky v geneticky starSich karbonatoch
alebo na hydrotermalnych zilkach v asociacii so star§im
pyritom. Miestami tvori uzavreniny v mladSom tetraedrite.
Vyskytuje sa aj na kontakte tetraedritu a karbonatov. Podla
EDS spektra obsahuje len Cu, Fe a S.

Tetraedrit sa vyskytuje na hydrotermalnych Zzilkach
spolu s chalkopyritom a kremenom a v podobe zhlukov
a impregnacii v okolitej hornine. Zilky s kremefiom a tetra-
edritom pretinaju geneticky starsi siderit (obr. 4). Tvori
aj volne rozptylené impregnacie alebo zhluky v siderite.
Niekedy obrasta agregaty dolomitu (obr. 5). Je prevazne
chemicky homogénny (obr. 6). Prejavuje sa v riom mierna

S00um BSE1 20KV 1SnA

Obr. 3. Zilky pyritu (Py) v siderite . generéacie (Sid) v asociacii
s tetraedritom (Td) a kalcitom (Cal, BEI). Cierny je kremer.
Fig. 3. Small veins of pyrite (Py) in association with tetrahedrite

(Td) in siderite of the first generation (Sid), black colour represents
quartz.

200 ,m BSE 20 kV

Obr. 5. Zhluky dolomitovych agregatov (Dol) uzatvorenych
v siderite (Sid), ktoré su obrastené geneticky mladSim tetraedritom
(Td, BEI).

Fig. 5. Dolomite aggregates (Dol) enclosed in siderite (Sid) and
being overgrown by genetically younger tetrahedrite (Td, BEI).

substitucia As a Sb (obr. 7). Obsah As v tetraedrite sa
pohybuje od 2,14 do 3,85 at. % a Sb od 7,54 do 12,19 (tab.
1). Z dvojmocnych katiénov sa prejavuje substitucia medzi
Fe a Zn (obr. 8), pricom obsah Fe sa pohybuje od 2,53 do
5,76 at. % a Zn od 1,42 do 4,34 at. %. Hg a Pb su pritomné
len v stopovych mnozstvach (tab. 1). Jednomocné kationy
Cu a Ag nekoreluju, pricom obsah Ag je velmi nizky (do
0,57 at. %). Krystalochemické vzorce su uvedené v tab. 1.

Nesulfidické mineraly
Siderit je hlavny zilny minerdl a sic¢asne je najstarsi

nesulfidicky mineral na lokalite. Tvori dve generacie. Starsi
siderit | je jemnozrnnejsi. Mladsi, hrubozrnnejsi siderit Il
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Tab. 2
Chemické zlozenie sideritu

(hm. %, analyza €. 3 je mladsi siderit II)

Chemical composition of siderite

(wt.%, analysis No. 3 represents younger siderite 1)

73

Tab. 4
Chemické zloZenie karbonatov dolomitovo-ankeritového radu
z Polkanovej porovnané so zlozenim karbonatov tohto radu
z tatrika, veporika a gemerika (Ozdin, 2003; Chovan et al., 2006)
Chemical composition of dolomite and ankerite from Polkanova
compared with these carbonates from Tatricum, Veporicum
and Gemericum (Ozdin, 2003; Chovan et al., 2006)

C.an. MgO CaO MnO FeO SrO  COy* Suma
1 6,63 057 282 4958 0,00 39,59 98,99 Oblast Pocet lok. FeCO; MnCO; MgCO; CaCOjy
2 6,65 0,71 216 5025 0,01 39,95 99,74 mol. %
3 1,18 0,72 2559 43,32 0,03 40,93 98,77
4 772 0,94 226 49,07 0,00 4063 100,62 Tatrikum 6 20,14 1,97 26,44 51,41
5 793 053 2,19 49,39 0,00 40,68 100,72 Veporikum 1 18,09 2,12 29,25 50,54
6 742 052 2,13 49,05 0,00 39,87 98,99 Veporikum
7 777 0,40 229 48,84 0,00 40,13 99,43 (Polkanova) 1 26,79 1,95 21,8 48,82
8 75 0,47 2,13 49,43 0,00 40,16 99,68 Gemerikum 16,81 2,74 31,9 48,56
9 8,76 0,18 227 48,70 0,02 40,95 100,89

10 6,08 0,25 355 5053 0,00 3998 100,38

kryStalochemické vzorce sideritu
crystallochemical formulas of siderite

C. an. FeCO; MnCO,; MgCO,; CaCO; Suma

1 0,77 0,04 0,18 0,01 1,00
2 0,77 0,03 0,18 0,01 1,00
3 0,65 0,04 0,30 0,01 1,00
4 0,74 0,03 0,21 0,02 1,00
5 0,74 0,03 0,21 0,01 1,00
6 0,75 0,08 0,20 0,01 1,00
7 0,75 0,04 0,21 0,01 1,00
8 0,75 0,08 0,20 0,01 1,00
9 0,73 0,08 0,23 0,00 1,00
10 0,77 0,06 0,17 0,00 1,00
* — dopocitané/calculated
Tab. 3

Chemické zloZenie ankeritu (an.

(an.¢.2, 3, 6,7; hm. %)

¢.1,4,5,8,9) adolomitu

Chemical composition of ankerite (analyses No. 1, 4, 5, 8 and 9)

and dolomite (analyses No. 2, 3, 6 and 7; wt.%)

C.an. MgO CaO MnO FeO SO CO,* Suma
1 9,78 2775 1,29 18,40 0,13 44,58 101,93
2 11,06 28,73 1,17 1544 0,00 44,81 101,21
3 14,69 28,27 0,96 10,32 0,00 45,15 99,40
4 8,76 2703 1,32 19,21 0,11 43,42 99,85
5 9,81 2720 1,13 1787 0,02 43,71 99,73
6 1,32 2758 1,24 1591 0,04 44,55 100,65
7 10,54 2722 1,37 16,21 0,01 43,75 99,25
8 8,76 2703 1,32 19,21 0,11 43,42 99,85
9 9,81 2720 1,13 1787 0,02 43,71 99,73

kryStalochemické vzorce dolomitu
crystallochemical formulas of dolomite

1 Cag g5(F€0.50M0.48MN 04)1.02(COs)2
2 Ca01(Feo.42MJo.54MnNg 03)0.05(CO3)2
3 Cap g5(F€0.28Mgo.71MNg 03)1.02(COs)2
4 Cap g5(Fe0.54Md0.44MN0 04)102(CO3),
5 Cayg g5(Fe0.50Mgo. 49Mn0 031 02(003)2
6 Cap g5(Fe0.44Mgo.56MN0 02)102(CO

7 Cag g5(F€0.44Mgp. seMno 021 02(003)2
8 Cap g5(Fe0.54Mg0.44MNg 04)102(CO

9 Cag.e8(F€0.50MJo.40MNo 03)1. 02(003)2

* — dopocitané/calculated

SOum BSE1 _20kV 15nA

Obr. 6. Homogénny tetraedritovy agregat v kremeni (Td, BEI).
Fig. 6. Homogeneous tetrahedrite aggregate in quartz (Td, BEI).

tvori zilky, ktoré zatla¢aju siderit I. Spolu so sideritom Il
sa na zilkach nachadza geneticky mladsi dolomit (obr. 9),
ktory pretinaju hydrotermalne zilky s kremerfiom a tetra-
edritom (obr. 9) a kremenné Zzilky s mineralmi Stadia
alpskej paragenézy. Tie miestami uzatvaraju jeho relikty
(obr. 13). Siderit miestami uzatvara agregaty dolomitu
a impregnécie tetraedritu (obr. 5). Je pomerne homogénny,
miestami je zonalny, priCom svetlejSie zény obsahuju
menej Fe. Jeho chemické zloZenie je uvedené v tab. 3
a odraza ho aj diagram na obr. 10. Krystalochemické vzorce
su uvedené v tab. 3.

Ankerit a dolomit sa vyskytuju v podobe uzavrenin
v siderite, kde byvaju obrastené tetraedritom (obr. 5).
Na zilkach, ktoré pretinaju starsi siderit I, sa nachadza
s mladSim sideritom |l (obr. 9). Byva prerasteny
hydrotermalnymi zilkami s kremernom a tetraedritom.
Miestami tvori uzavreniny zhlukov v siderite |. Tieto zhluky
su Casto obrastené tetraedritom (obr. 5). Obsahuje 16,64
az 30,98 mol. % FeCO; a 18,34 — 30,74 mol. % MgCOQOs.
Chemické zlozenie dolomitu v hm. % oxidov je uvedené
v tab. 3 a vyjadruje ho aj trojuholnikovy diagram na obr. 11.
Krystalochemické vzorce dolomitu st uvedené v tab. 3.
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Obr. 7. Diagram chemického zloZenia
tetraedritu (at. %).

Fig. 7. Chemical composition diagram

Sb

As

of tetrahedrite (at.%).
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Obr. 9. Starsi jemnozrnnejsi siderit |. generacie (Sid 1) pretaty
zilkami s mladSim sideritom Il. generacie (Sid Il) v asociacii
s dolomitom (Dol). Tieto zilky su pretaté mladSimi hydrotermalnymi
zilkami s kremeriom (Qtz) a tetraedritom.

Fig. 9. Older finer-grained siderite of the first generation (Sid I)
is cut by younger veinlets with siderite of the second generation
(Sid 11) in association with dolomite (Dol). Younger hydrothermal
veins with quartz (Qtz) and tetrahedrite cut veinlets with siderite Il
and dolomite.

|>K Polkanova 1 tatrikum juzné veporikum

Obr. 10. Chemickeé zloZenie sideritu (mol. %) v ternarnom diagrame
FeCO; — MnCO; — MgCO; porovnané so zlozenim sideritu
z juzného veporika (Ferenc, 2009) a tatrika (Chovan et al., 2006;
Ozdin, 2003).

Fig. 10. Chemical composition of siderite (mol.%) in FeCOj3
— MnCO3; — MgCOg; ternary diagram compared with siderite from
Southern Veporicum (Ferenc, 2009) and Tatricum (Chovan et al.,
2006; Ozdin, 2003).
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FeCO,

kutnohorit dolomit

MnCO, MgCO,
Obr. 11. Chemické zloZenie dolomitu (mol. %) v ternarnom
diagrame FeCO3 — MnCO5; — MgCOQOs.

Fig. 11. Chemical composition of dolomite (mol.%) in FeCO3; —
MnCOj; — MgCO;, ternary diagram.

1000, kY
Obr. 13. Akcesoricky zirkdn (Zrn) na kremennych zilkach (Qtz)
v asociacii so star§im sideritom (Sid ) a tetraedritom (Td).

Fig. 13. Accessoric zircon (Zrn) in quartz veins (Qtz) associated
with older siderite (Sid 1) and tetrahedrite (Td).

Kalcit sa vyskytuje v asociacii so sideritom, s ktorym
vznikal v karbonatovom stadiu mineralizacie, alebo
sa vyskytuje v podobe zhlukov alebo ziliek v asociacii
s kremeriom a tetraedritom v geneticky starSom siderite.
Zilky kalcitu su starsie ako tetraedrit (obr. 3).

Kremen je velmi hojny minerdl. Nachadza sa ako
sprievodny mineral v kremenovo-sulfidickom Stadiu
mineralizacie. Je sucasfou alteracnych zén na kontakte
hydrotermalnych Zil, ziliek a Zilnikov s okolitou horninou.
Vyskytuje sa v podobe samostatnych Ziliek alebo hniezd,
ktoré prerastaju cez karbonaty. Miestami uzatvara
hniezda karbonatov dolomitovo-ankeritového radu.
Na tenkych zilkach (<1 mm) sa vyskytuje v paragenéze
s muskovitom, akcesorickym rutilom a zirkénom (obr. 12).

e ‘I.’ \“/k
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Obr. 12. Hydrotermalna zilka s kremerfiom (Qtz), muskovitom (Ms)
a rutilom (Rt) pretinajuca starsi siderit (Sid | a Sid Il) a zatlatena
mladsim tetraedritom (Td, BEI).

Fig. 12. Hydrothermal vein with quartz (Qtz), muscovite (Ms) and
rutile (Rt) cutting oldest siderite (Sid | and Sid Il). Tetrahedrite (Td)
is younger than this veins.

mineraliza¢né stadium
1. 2. 3.

mineral

siderit !

dolomit —
ankerit —
kalcit —
kremen
rutil

zirkdn
muskovit —
pyrit —
tetraedrit —

chalkopyrit —

Obr. 14. Sukcesivna schéma krystalizacie primarnej mineralizacie
na lokalite Polkanova.

Fig. 14. Succession of primary hydrothermal mineralization in the
Polkanova deposit.

Tvori pravdepodobne niekolko generacii, ktoré su tazko
odliSitelné. Miestami sa v mineralizovanych polohach
vyskytuje v podobe druzovitych vyplni dutin.

Rutil a zirkén (obr. 12 a 13) tvoria velmi drobné krystaly.
Zriedkavo sa vyskytuju v kremeni, oby&ajne v asociacii
so zilkami muskovitu.

Muskovit(?) tvori tenké zilky v kremeni a karbonatoch.
Podla EDS spektra ide pravdepodobne o muskovit.

Vyvoj mineralizacie
Rudna mineralizacia sa vyskytuje v podobe drobnych

ziliek a zhlukov v metamorfovanych horninach krystalinika
(ruly). Mineralizované zilky maju masivnu alebo brekciovitu
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textdru. Mineralizacia sa nachadza aj v podobe Ziliek
a zilnikov, ktoré su ulozené paralelne s horninovou foliaciou.
V tychto polohach sa nachadza chalkopyrit a tetraedrit
v asociacii s kremenom. Mikroskopické pozorovanie
potvrdilo, Ze tieto mineralizované Casti maju taky isty
charakter ako diskordantne umiestnené zily, zilky a Zilniky.

NajhojnejSie nesulfidické mineraly su karbonaty
— siderit, dolomit a kremen. Klasty sideritu su obrastené
kremefiom a sideritom mlad$ej generacie, s ktorym
asociuje zmesovy karbonat ankeritu-dolomitu. Kalcit
vystupuje ako najmladsi karbonatovy mineral. Karbonaty
su prerastené kremennymi zilkami s muskovitom, rutilom
a zirkdonom, ktoré tiez miestami uzatvaraju ich relikty. Na
zéklade pozorovanych vztahov a vliastnosti hydrotermalnej
mineralizacie sa vytvorila sukcesivna schéma krystalizacie,
ktora zahfia tri mineralizacné stadia: 1. karbonatové
stadium, 2. Stadium alpskej paragenézy, 3. kremenovo-
-sulfidické Stadium (obr. 14).

Diskusia

V minulosti sa problematike mineralizacii v Spano-
dolinskom rudnom poli venoval cely rad autorov (napr.
Bergfest, 1951; Hauerova et al., 1989; llavsky, 1976; Kusein
a Matova, 2002; Slavik — ed., 1967; Zepharovich, 1859
a dal8i). IntenzivnejSie genetické Studium mineralizacie
sa v8ak zacalo az v poslednom desatro¢i (Chovan et al.,
2002; Chovan et al., 2006; Hurai et al., 2002). Nazory
na mineralizacie na loziskach v okoli Spanej Doliny, ich
vek a genézu sa v minulosti znacne lisili. Mineralizacia
na lokalitach Spania Dolina, Staré Hory a Polkanova
sa v literature povazuje za ten isty typ mineralizécie.
Sukcesii kry$talizacie mineralov venovalo pozornost
viacero autorov (Kravjansky, 1956; Blaha, 1986; Kusik
a LinkeSova, 1989; Kusein a Matova, 2002), ale v domacich
ani zahrani¢nych ¢asopisoch vysledky dosial neboli
publikované. Kravjansky (1956) rozdelil vznik mineralizacie
na tri mineraliza¢né $tadia: 1. kremenno-sideritové Stadium,
2. sulfidické Stadium, 3. baritovo-sulfidické Stadium. Kusik
a LinkeSova (1989) uvadzaju Styri mineraliza¢né stadia:
1. tetraedritovo-chalkopyritové, 2. hematitové, 3. anti-
monitové, 4. §tadium sekundarnej mineralizacie. Kusein
a Matova (2002) uvadzaju tieto Stadia: 1. sideritoveé,
2. medeno-sulfidické, 3. baritové, 4. realgarovo-dawso-
nitové. Podla nasich pozorovani mineralizacia na lokalite
Polkanova z opisovanych minerdlov v $parnodolinskom
rudnom poli obsahuje len niekolko rudnych a nerudnych
mineralov. V porovnani s publikovanymi udajmi su na tejto
lokalite pritomné dve mineralizacné Stadia: sideritove,
Stadium alpskej paragenézy a sulfidické Stadium. Podobnu
sukcesiu uvadzaju Kusein a Matova (2002).

Sideritové $tadium obsahuje siderit a ankerit. Magnezit,
podobne ako na mineralizaciach v tatriku, sa na tejto loka-
lite nevyskytuje. Chemickeé zlozenie sideritu je podobné ako
na ostatnych hydrotermalnych mineralizaciach v tatriku,
veporiku (obr. 10) a gemeriku (Ozdin, 2003). Priemerné
zlozenie karbonatov dolomitovo-ankeritového radu
v mol. % je takéto: FeCO4 26,79, MnCO; 1,95, MgCO4
21,80, CaCO; 48,82 a SrCO; 0,07. Ich zlozenie je mozné

korelovat najméa s karbonatmi dolomitovo-ankeritového
radu tatrika (tab. 4), obsahuju vsak va¢sie mnozstvo Fe.

Na lokalite je v ramci $tadia alpskej paragenézy
pritomny muskovit, rutil a zirkéon. Tieto mineraly sa na-
chadzaju v mikroskopickych zilkach spolu s kremenom.
Tato asociacia je vo veporiku znama predovSetkym
z Jedlovych Kostolian (Polak, 1957; Ozdin, 2008)
a Vysokych Tatier (Bakos, 2003). Na mnohych sideritovych
zilach v gemeriku, napriklad v Rudnanoch, Rozfave, ale
najma v okoli Novoveskej Huty, je toto Stadium hojne
rozSirené a s ostatnymi mineralmi su tu pritomné najma
turmalin a chlorit (napr. Bernard et al., 1981; Chovan et al.
— eds., 1994). Tie sa na Studovanej lokalite nepotvrdili.

Hlavnym mineralom sulfidického Stadia mineralizacie je
tetraedrit. Jeho chemické zloZenie je podobné tetraedritu
na sideritovych mineralizaciach v tatriku a veporiku. Je
porovnatelné napriklad s tetraedritom z lokalit VySna Boca
— Bruchaty grunik, Pod Stefanom a Paurovska, Brezno-
-Kralicka (Ozdin, 2003; Ozdin a Chovan, 1999) a Hviezda
(Majzlan a Chovan, 1997).

Zaver

Na lokalite Polkanova v metamorfovanych horninach
veporika vystupuje hydrotermélna zilna mineralizacia.
Tvoria ju prevazne $o8ovky s kremenovo-karbonatovo-
-sulfidickou vyplfiou. Hlavny minerdl je siderit, zo sulfidov
je najhojnejsi tetraedrit. Napriek tomu, ze tetraedrit obsa-
huje len 0,7 — 1,1 hm. % Ag, striebro tazené v minulosti
pochadzalo len z tetraedritu, pretoze ziadne iné mineraly
Ag sme vo vzorkach rudnej ziloviny nenasli. Mineralizaciu
na lokalite Polkanova na zaklade formy vystupovania,
texturnych znakov a mineralnej naplne zaradujeme
k sideritovo-kremenovo-sulfidickym mineralizaciam
alpinskeho veku v tatriku, veporiku a gemeriku.
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Primary hydrothermal mineralization in locality Polkanova
(Spania Dolina, Slovakia)

The village Polkanova is situated 11 km east of Banska
Bystrica. Mineralization in Polkanova deposit is a part of
the épania Dolina ore district, which represents one of
the most famous copper deposits in Europe. Only few
mineralogical data are known about mineralization in
locality Polkanova. The Polkanova Cu deposit is situated

within the sedimentary rock of Permian age in the
southwestern part of the Spania Dolina ore district and in
sericitized crystalline schists in the northern part of the ore
district in the Starohorské vrchy Mts. Concordant veins in
hereditary adid in Polkanova are situated within migmatized
orthogneisses. Ag ores are known from veins Hréa | — III.
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Main non sulphidic minerals in lenses, veins and veinlets
are quartz and siderite accompanied with dolomite and calcite.
Main ore mineral is tetrahedrite and chalcopyrite associated
with pyrite. Mineralization originated in three mineralization
phases. Siderite, dolomite and calcite have originated during
first siderite phase. Second — the phase of Alpine paragenesis
is represent by quartz veins with rutile, zircon and muscovite.
Pyrite, chalcopyrite and tetrahedrite have originated during
youngest — sulphidic phase of mineralization.

Basically on 0.7 — 1.1 wt.% content of Ag in tetra-
hedrite we suggest that the extraction of Ag in former
times was only from tetrahedrite. There are present no
others Ag minerals in studied samples. Character of
mineralization, structural features and present minerals
suggest that mineralization in locality Polkanova is
a part of siderite-quartz-sulphidic mineralization of Alpine
age in Tatric, Veporic and Gemeric units of the Western
Carpathians.
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Processes of sulphides oxidation and As, Sb migration in the environment of tailing
impoundment at abandoned Sb-Au deposit Cuéma

The Cuéma deposit was one of the most important European producers of stibnite ore at
the beginning of 20th century and mining continued here until 1955. The ore was grounded and
Sb sulphides were partially extracted by the flotation process. The waste after flotation with high
amount of As and Sb was deposited in one tailing impoundment of the area approximately 3 km?.
The tailing material deposited here is sandy-clayey, in the upper part oxidized and more clayey
in the lower parts. The highest concentration of Fe oxyhydroxides is in the lower part of the
oxidized zone. The results of sequence analyses showed high affinity of As to Fe oxyhydroxides,
while Sb behaved differently and relatively higher amount was bound on water-soluble fraction.
Tailing material does not produce acidity, while all acid produced by sulphide decomposition
is neutralized by abundant carbonates. The most common sulphide in the oxidation zone is
pyrite, less frequent is stibnite and arsenopyrite is rare. Arsenopyrite and pyrite grains are being
replaced by oxidation rims of variable composition. Fe, Sb oxides with variable content of As, Ca
and Pb are the most common mineral phases observed.

Key words: tailing impoundment, sulphide oxidation, pyrite, stibnite, arsenopyrite, Fe-Sb-As

oxyhydroxides
Uvod

Lokalita Cuéma pri Rozfave bola v minulosti vyznam-
nym loziskom antimonitovej rudy v Spi§sko-gemerskom
rudohori. Zacdiatky tazby siahaju do roku 1600. Najvacsi
rozvoj tazby prebiehal v rokoch 1830 az 1950. V roku 1913
sa slovenské loziska dostali v tazbe antiménovej rudy
(11 000 ton) na 3. miesto na svete za Cinu (25 000 ton)
a Francuizsko (17 000 ton). Tazba sa skond&ila v roku 1955
(Grecula et al., 1995).

Ruda sa spracuvala flotaciou a odpad po flotacii bol
deponovany na odkalisko s plochou asi 3 km?. Odkalisko
nebolo izolované od podlozia, a preto procesy dekompo-
zicie sulfidov v jeho prostredi mézu mat negativny vplyv
na podzemné vody Uzemia.

Na stabilitu mineralov v prostredi odkaliska vplyva
mnozstvo faktorov ako napriklad hodnota pH prostredia,
chemické zlozenie cirkulujucich vod, teplota, fyzikalne
vlastnosti a chemické zlozenie mineralov, koncentracia
kyslika, vplyv mikroorganizmov a €as. Transport kyslika
je Casto doblezitym faktorom, ktory ovplyviiuje rychlost
oxida¢nych reakcii sulfidov. Rozkladom kryStalovej
Struktury sulfidickych mineralov rastie koncentracia
i6nov (napr. Fe3*, H*, SO,2 ) v roztoku. To spdsobuje
rozpustanie inych minerdlov, napr. karbonatov, silikatov
a oxidov (Moses a Herman, 1991). Intenzita zvetravania

79

sulfidov zavisi najma od schopnosti oxida¢nych ¢initelov
(rozpusteny O,, Fe®*) reagovat so sulfidmi. Dolezity je aj
reakény povrch sulfidov. Oxidacia sulfidov v prostredi hald
a odkalisk ¢asto spdsobuje acidifikaciu zloziek prirodného
prostredia a uvolfiovanie potencialne toxickych prvkov
z rud (Johnson a Thornton, 1987; Webster et al., 1994).

V pripade odkaliska v Cuéme je zdrojom zne&istenia
najma dekompozicia arzenopyritu a antimonitu, pricom
potencialne toxické prvky ako arzén a antimoén sa uvolfuju
do pdrovych vod odkaliska a odtial do okolitého zivotného
prostredia.

Vela publikacii je venovanych oxidéacii pyritu (napr.
McKibben a Barnes, 1986; Moses et al., 1987; Guevremont
et al., 1998; Holmes a Crunwell, 2000; Rimstidt a Vaughan,
2003) a arzenopyritu (Richardson a Vaughan, 1989;
Nesbitt a Muir, 1998), ako aj mobilite arzénu (Dzombak
a Morel, 1990; Pokrovski et al., 2002; Stollenwerk, 2003), no
oxidacii antimonitu a mobilite antiménu sa venovalo malo
pozornosti. Az v su€asnosti sa tato téma stala aktualnou.

Dominantny vplyv na mobilitu antiménu v pédach
ma jeho oxidaény stav. Pri oxida¢nych podmienkach
prevlada péatvalentna forma Sb(OH)g~ v pédnom roztoku
pri hodnote pH > 2,5. Tento anién adsorbuju oxidy Fe
pri nizkych hodnotach pH prostredia, ale mohol by byt
mobilny aj pri neutralnych alebo zasaditych hodnotach pH.
Pri redukénych podmienkach je najstabilnejsi trojvalentny
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Obr. 1. A. Geologicka mapa loziska Cuéma s vyznagenym odkaliskom (podia Bajanika et al., 1984; upravené). Vysvetlivky: 1 — kremenno-
-sericitické a grafitické fylity (suvrstvie Bystrého potoka); 2 — metaryolitové tufity (suvrstvie Bystrého potoka, mladsi silur); 3 — metamorfované
kremenné fylity a droby (drnavské suvrstvie, starsi sillr); 4 — metaryolitové tufy a tufity (drnavské suvrstvie, starsi sildr); 5 — deluvialne
sedimenty (kvartér); 6 — fluvialne sedimenty; 7 — antimonitové zily. B. Lokalizacia odberu vzoriek z vrtu CUC-1, kopanej sondy CUO 1/A,
B, C a Fe okrov ¢&. 1.

Fig. 1. A. Geological map of Cuéma deposit with mine tailing (after Bajanik et al., 1984; adapted). 1 — quartz-sericitic and graphitic phyllites
(Bystry potok Fm.), 2 — metarhyolite tuffites (Bystry potok Fm., Upper Silurian), 3 — metamorphic quartz phyllites and graywackes (Drnava
Fm., Lower Silurian), 4 — metarhyolite tuffs and tuffites (Drnava Fm., Lower Silurian), 5 — deluvial sediments (Quarternary), 6 — fluvial
sedlments 7 — stibnite veins. B. Sampling sites: borehole CUC-1, dug hole CUO 1/A, B, C and Fe ochres No. 1.

neutralny komplex Sb(OH)5°, ktory sorbuju oxidy Fe charakteristicky nizko metamorfovany staropaleozoicky
v Sirokom rozsahu hodnét pH. Preto sa o¢akdva, Ze bude komplex sedimentarnych a vulkanickych hornin, do
skor imobilny, dokonca aj v neutralnych podach (Crecelius ktorych intruduju neskorovariské — permské — granitoidné
et al., 1975; Blay, 2000). Mobilita Sb vo vode je kompliko- telesa. Sedimentarne subory pozostavaju z flySovych
vana. Vyznamna c¢ast Sb(V) sa na$la aj v anoxickych megacyklov hrubndcich smerom nahor s terigénnym,
vodach a Sb(lll) sa nasiel v oxidickych vodach (Filella  a najm& vulkanogénnym materidlom. Bazy cyklov tvoria
et al., 2002) v sulade s pomalou redukénou a oxidaénou pelagické silicity (lydity), anoxické bridlice a miestami aj
kinetikou (Leuz a Johnson, 2005). karbonaty. Vulkanity, prevazne vulkanoklastika, maju kysly,

V tejto praci sa zameriavame na vysvetlenie procesu bazicky, prevazne vsak intermediarny charakter (Bajanik
dekompozicie sulfidov na odkalisku v Cuéme a na sposob et al., 1983).

transportu a ulozenia potencidlne toxickych prvkov Kremerovo-antimonitové Zzily vytvaraju oblukovitu liniu
v okolitom prostredi. v.-z. smeru dlhu priblizne 50 km, ktora sa tiahne od mesta
Rozriava (lozisko Betliar a Cuéma) po Kosice (lozisko Zlata

Geologicka stavba a loziskové pomery Idka). NajvyraznejSie a najvyznamnejSie antimonitovo-

-zlatonosné loziska sa nachadzaju v ¢uémianskej rudo-

Antiménové loZisko Cuéma je situované vo vychodnej nosnej Struktdre (obr. 1). Mineralna vyplri antimonitovych
Casti Slovenského rudohoria a patri do gemerickej zil je prevazne kremenovo-sulfidicka. Pozostava najma
tektonickej jednotky Zapadnych Karpat. V juznej Casti z kremena a antimonitu, ¢asty je aj pyrit, menej arzenopyrit,
gemerika v oblasti loziska Cuéma méa najvaési rozsah zriedkavejsie su sulfidy Pb, Zn, As a karbonaty (Berka
gelnicka skupina, ktora predstavuje vyvojovu etapu a Cano, 1992). Klimko et al. (2009) publikovali pred-
od vrchného kambria po spodny devén. Je pre fu pokladany vyvoj hydrotermalnej mineralizacie (od naj-
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starSieho stadia): 7. turmalinové Stadium (kremeni, turmalin
a chlorit); 2. pyritové Stadium (kremen, pyrit a arzenopyrit);
3. sfaleritové §tadium (karbonat, kremen, sfalerit,
chalkopyrit, tetraedrit, bournonit a tintinait); 4. galenitové
Stadium (boulangerit a galenit); 5. antimonitové Stadium
(kremeni, dolomit, antimonit, berthierit, senarmontit,
jamesonit, chalkostibit a zinkenit).

Material a metody
Vzorky odkaliskového materialu sa odobrali

z vrtného jadra vrtu CUC-1 (obr. 2). Vzorky vysu$ené
pri laboratérnej teplote a presitované na frakciu mensiu
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Obr. 2. Profil vrtu CUC-1.
Fig. 2. The section of the borehole CUC-1.

ako 1 mm sa pouzili na stanovenie hodnét pH, elektrickej
vodivosti, celkového obsahu sledovanych prvkov
a na ucely sekvencnej extrakénej analyzy. Aktivne
a vymenitelné pH sa meralo v suspenzii 20 g vzorky
a 50 ml destilovanej vody, resp. 1 M KCI podla metodiky
VanReeuwijka (1995) pouzivanej pre zeminy a pody.
Merna elektricka vodivost sa merala vo vodnom vyluhu
po odfiltrovani kvapalnej fazy cez filter s priemerom oka
0,45 pm (zn. Millipore).

Vzorky odkaliskového materidlu sa podrobili viac-
krokovej sekvenénej extrakcii podla programu SMT (Rauret
et al., 1999), modifikovanej pridanim prvého extrakéného
kroku s destilovanou H,O (podla Mackovych et al., 2003).
Realizovali sa tri kroky viacstupriovej extrakénej analyzy
na stanovenie podielu prvkov v mobilnej forme. Tato
metdda umozruje rozdelit sledované prvky v prirodnom
prostredi do nasledujucich frakcii:

1. frakcia rozpustna vo vode — charakterizuje podiel
stopovych prvkov rozpustnych vo vodnej faze vo forme
prevazne anorganickych soli;

2. ionovymenna a karbonatova frakcia -
charakterizuje podiel stopovych prvkov adsorbovanych na
anorganickych soliach a viazanych v karbonatoch, ktoré
sa uvolfiuju do vodného prostredia pri zmene neutralnych
podmienok na mierne kyslé;

3.redukovatelna frakcia — charakterizuje podiel prvkov
viazanych na oxidy Fe a Mn, ktoré su termodynamicky
nestabilné a uvolfiuju stopové prvky do vodného prostredia
pri zmene jeho redoxného potencialu.

Na stanovenie extrahovatelného podielu As a Sb
sa pouzil 1 g vzorky. Vzorka sa po pridani jednotlivych
extrakénych Cinidiel 16 hodin pretrepavala v suspenzii na
laboratérnom multirotatore (30 vykyvov/min.). Po skon&eni
extrakcie sa roztok odstredil (3 000 rpm/20 min.), extrakény
vyluh sa filtroval a fixoval pridanim HNO3; a uchoval sa
v polyetylénovych tubach pri teplote 4 °C.

Analyzy vyluhov sa stanovili Standardnymi metédami
AAS a AES-ICP v akreditovanych laboratériach EL, s.r. 0.,
SpiSska Nova Ves. Na sekvenénu analyzu sa pouzili tri
zmieSané vzorky odkaliskovych materialov reprezentujlice
najvrchnej$iu a najsilnejsie zoxidovanu zénu (CUC-20),
strednu polohu ¢iasto¢ne zoxidovanych odkaliskovych
sedimentov (CUC-400) a spodnl polohu sivého
nezoxidovaného materialu odkaliska (CUC-800).

Celkové chemické analyzy materialu odkaliska a Fe
okra precipitujuceho z véd vytekajucich z odkaliska sa
stanovili v Acme Analytical Laboratories Ltd., Vancouver
(Canada), metédami ICP-ES a ICP-MS.

Neutralizaény potencial sa stanovil na zaklade EPA
metodiky podla Sobeka et al. (1978). Tato metodika
umoznuje stanovit podiel latok neutralizujucich aciditu
v materidli odkaliska. Na orienta¢né zistenie schopnosti
odkaliskového materialu tvorit aciditu sa vzorky oxidovali
15-percentnym peroxidom vodika podla metodiky Millera
et al. (1997).

Na mineralogické Studium sme pouzili vzorky vrtného
jadra a vzorky z kopanej sondy. Vzorky vrtného jadra na
mineralogické Studium sa odoberali na zaklade vizualnej
zmeny charakteru odkaliskového materialu v profile vrtu
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Obr. 3. A — Hodnoty merania pddnej reakcie — pH (destilovana voda, roztok s chloridom draselnym). B — Hodnoty merania mernej
elektrickej vodivosti — EC (uS/cm).

Fig. 3. A — Measured values of soil reaction — pH (deionized water solution, 1 M KCI solution). B — Measured values of conductivity — EC
(uS/cm).

CUC-1 v tychto hibkovych intervaloch: 20 — 70 c¢cm, 70 Minerédlne zlozenie vzorky Fe okra (CO 1) sa
az 105 cm, 150 — 500 cm, 500 — 525 cm, 525 — 570 cm stanovilo na zaklade rtg. difrakénej analyzy s podporou
a 700 az 800 cm (obr. 2). Kopana sonda CUO 1 sa odobrala IR spektroskopie. Rtg. difrakény zdznam sa vyhotovil
zo svahu odkaliska a vzorky boli odobrané z tychto Usekov: pristrojom Bruker Advance D8 za pouzitia CuKa ziarenia
50 — 90 cm (vzorka CUO 1/A), 90 — 140 cm (vzorka CUO (PriF UK, VVCE SOLIPHA). IR spektra sa nasnimali
1/B) a 140 — 170 cm (vzorka CUO 1/C). Vzorky tvoril spektrometrom Nikolet 6700 (Ustav anorganickej chémie
Zltohnedy piesgity odkaliskovy kal. Vzorka Cuéma SAV, VVCE SOLIPHA).

G predstavuje pod binokuldarnou lupou separované

zoxidované mineralne fazy zo vzorky CUO 1/C. Vysledky
Vzorky odkaliskovych materialov sa néasledne
spracovali Slichovanim vo vode a z tazkej frakcie Slichov Odkaliskovy material
sa vyhotovili praskové preparaty — leStené vybrusy
(laboratérium PriF UK, P. Sec¢kar). LeStené vybrusy sa Vrt bol situovany v strednej éasti odkaliska a jeho hibka je

Studovali v polarizatnom mikroskope v prechadzajucom 10 m (obr. 2). Vrchnu vrstvu odkaliska (0 — 20 cm) tvori navazka
aj odrazenom svetle na polarizaénom mikroskope Zeiss skal a hliny. V nasledujucich 50 cm prevlada odkaliskovy kal,
JENAPOL a Leica (laboratérium VVCE SOLIPHA, KMaP ktory je premieSany s materidlom navazky. Zhruba od hibky
PriF UK) pri zva¢Seni od 10- do 50-krat. Kvantitativne 100 cm do 700 cm je piescito-ilovity kal, viac alebo menej
vyhodnotenie vybranych zfn (pyritov, antimonitov a oxidov) zoxidovany, ma Zltooranzovu farbu a prevlada piescity material.
(tab. 2, tab. 3) sa urobilo pomocou polarizaéného mikro- Od siedmich metrov az do konca vrtu v desiatich metroch ma

skopu v odrazenom svetle. sediment sivu farbu, je tu viac ilovitej zlozky. Ustalena hladina
Metdéda EDS — energiovo-disperzna analyza — sa po- podzemnej vody je zhruba v hibke 700 cm.

uzila na orientacné urcenie sulfidov a ich oxidacnych Hodnoty pH merané vo vodnom roztoku a v roztoku 1 M

produktov na pracovisku SGUDS (Bratislava) na pristroji KCI preukazovali podobny priebeh v jednotlivych vzorkach

CAMECA SX 100. Metéda WDS —vinovo-disperzna analyza materialu odkaliska. Hodnoty pH v roztoku s destilovanou
— sa pouzila na ziskanie presnych analyz oxida¢nych vodou sa pohybovali v rozmedzi 5,48 — 8,48 (obr. 3A).
lemov na sulfidoch a na analyzy oxidov Sb, Fe. Vzorky Najniz$iu hodnotu pH = 5,48 vykazovala vzorka z hibky
sa analyzovali na pristroji CAMECA SX 100 (SGUDS 20 — 70 cm, ktora reprezentuje vrchnu oxidaénu zénu.
Bratislava). Pouzité Standardy: (Iu¢ 20 nA; akcelera¢né NajvysSie (alkalické) pH reprezentuje vzorka z intervalu
napatie 15 kV): Si Ko — SiO,; Al Koo — ortoklas; Pb Ma 800 — 900 cm. Hodnoty pri merani vymenitelného pH (1 M
— PbS; S Ko — CuFeS,; Fe Koo — CuFeS,; Sb LB — Sb,S3; KCI) dosahovali podobné, no nizsie hodnoty.

As KB — FeAsS; Co Ka — Co; Ni Koo — Ni; Cu Koo — CuFeS,; Najvyssia hodnota mernej elektrickej vodivosti 753 pS/
Zn Ko, — ZnS; Mn Ko — rodonit; Ca Ko — wollastonit; P Ko cm bola namerana vo vzorke z 200 — 300 cm a najnizSia,
— apatit. Cas merania jednotlivych prvkov bol 20 s, okrem 76 uS/cm, vo vzorke z 20 — 70 cm (obr. 3B). Suvisi to
As (30 s) a Pb (40 s). Pomocou metédy SEM sa jednotlivé s dekompoziciou sulfidov v hornej oxidacnej zdne,
merané mineraly s lemami a oxidy fotograficky dokumen- migraciou prvkov a ich naslednou akumulaciou v hibsich
tovali na pracovisku SGUDS na pristroji CAMECA SX 100.  ¢&astiach odkaliska.
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Tab. 1
Koncentracia vybranych prvkov v jednotlivych frakciach sekvenénej analyzy
Concentration of selected elements in particular fractions of the sequence analysis

Oznadenie Fe As Sb Al Mn Zn S ako 804 Pb
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
CUC-20, frakcia 1 86,00 0,30 1,05 62,50 12,40 0,45 200,00 <0,5
CUC-20, frakcia 2 12,35 <0,05 0,10 113,50 269,15 8,80 25,00 2,00
CUC-20, frakcia 3 4 973,68 1,60 1,00 161760 670,56 772 <20 23,60
CUC-400, frakcia 1 327,10 43,75 620,00 73,00 9,00 9,75 225,00 <0,5
CUC-400, frakcia 2 1 886,50 13,25 51,20 140,50 151,75 116,55 25,00 <0,5
CUC-400, frakcia 3 13 246,72 160,40 418,00 563,20 455,96 52,88 <20 2,80
CUC-800, frakcia 1 349,45 1,65 20,65 296,00 19,75 2,10 185,00 <0,5
CUC-800, frakcia 2 1243,25 0,20 2,55 850,00 800,00 29,80 55,00 <0,5
CUC-800, frakcia 3 6 613,32 8,44 10,40 3000,80 252,72 22,40 <20 7,60

Obsah vybranych chemickych prvkov
v odkaliskovom materidli

V ramci hodnotenia celkovych chemickych analyz
odkaliskového materidlu sme sa zamerali najma na obsah
potencidlne toxickych prvkov — As, Sb, Pb, ako aj prvkov
ovplyviujucich ich mobilitu — Fe a Ca (obr. 4).

Najvyssi obsah Fe bol stanoveny vo vrchnych ¢astiach
odkaliska, kde dosahuje 24,77 % a Fe sa tu pravdepodobne
viaze v Strukture oxidov a oxyhydroxidov Fe.V zéne 525 az
570 cm koncentracia Fe klesa (pritomnost sekundarnych
oxidov s mensim podielom Fe) a opat stipa v Casti
odkaliska nezasiahnutej oxidaciou. Tam narasta podiel siry
a Fe sa viaze najma na sulfidy a karbonaty.

Obsah As, Sb, Pb a Ca zhodne dosahuje maximum
v hibke 525 — 570 cm, kde tieto prvky vstupuijt do Struktury
r6znych sekundarnych oxidov. V najvys8ej koncentracii
spomedzi tychto prvkov sa vyskytuje Sb (87,2 — 11 736
mg - kg™"). Za nim nasleduje Ca (1 700 — 4 900 mg - kg™"),
koncentracia As sa pohybuje v rozsahu od 15 do 1 021
mg - kg~' a maximalna koncentracia Pb je radovo nizSia
(do 121,8 mg - kg™).

Sekvencéna analyza

Koncentracia vybranych prvkov v jednotlivych frakciach
viackrokovej sekvenénej analyzy je uvedena v tab. 1.
Z uvedenych analyz vyplyva, Zze vo vrchnej Casti oxidacnej
zény odkaliska (CUC-20) sa vylthovali sledované
potencialne toxické prvky As a Sb a v tejto ¢asti odkaliska

Tab. 2
Kvantitativne zastupenie pyritu, antimonitu a oxidov Fe, Sb
vo vrte CUC-1v %
Quantitative abundance of pyrite, stibnite and Fe, Sb oxides
in borehole CUC-1 in %

Hibka vrtu v cm Obsah v %
Pyrit Antimonit ~ Oxidy (Fe, Sb)
300 — 500 33,3 0,8 65,9
500 - 525 9,6 0 90,4
525 - 570 3,2 0,2 96,6
700 — 800 89,9 0,4 9,6

sa na oxyhydroxidy Fe viaze len Pb. V tejto vzorke
je charakteristicka zvySena koncentracia siranov.

Podiel extrahovatelného Fe sa vo vzorkach viaze najma
v Strukture oxyhydroxidov Fe a v mensej miere karbonatov.
Najvacsia akumulacia oxyhydroxidov Fe je v hlbSej Casti
oxidaénej zény (CUC-400).

Koncentracia extrahovatelného As vo vyluhoch
dobre koreluje s distribuciou Fe. NajvyssSia je vo vzorke
z hibky 400 cm, kde zrejme vplyvom vhodnych oxida&no-
-redukénych podmienok vznikaju sekundarne mineralne
fazy. V hlavnej miere sa tu As viaze na oxyhydroxidy
Fe. Menej sa nachadza v prvej frakcii, kde jeho vyskyt
pripisujeme pritomnosti nestabilnych mineralnych faz
s nizkou krystalinitou, pripadne rozpustenej nesorbovane;j
formy arzénu (obr. 5).

OdliSnu distribuciu pozorujeme v pripade Sb. Vys§si
extrahovatelny podiel Sb sa viaze na frakciu rozpustnu
vo vode a relativne menS$i podiel Sb sa viaze na oxy-
hydroxidy Fe. V tomto pripade moéze ist aj o pritomnost
siranov Sb vo vzorkach, ¢o dokumentuje zvySeny obsah
siranov vo frakcii rozpustnej vo vode.

Vazbu As a Sb na 2. frakciu (ionovymenna a karbo-
natova) pripisujeme pritomnosti sekundarnych mineralnych
faz krystalizujucich v puklinach karbonatov.

Z hodnotenia extrahovaného podielu prvkov z jed-
notlivych sledovanych horizontov vyplyva, ze zo vzorky
reprezentujucej strednu ¢ast profilu odkaliska sa uvolfuje
niekolkonasobne vac¢sie mnozstvo sledovanych prvkov
vo vSetkych frakciach, hoci percentualny podiel obsahu
v jednotlivych frakciach zostava priblizne zachovany.

Tab. 3
Kvantitativne zasttpenie pyritu, antimonitu a oxidov Fe, Sb
v kopanej sonde CUO 1 v %
Quantitative abundance of pyrite, stibnite and Fe, Sb oxides
in dug hole CUO 1 in %

C. vzorky Obsah v %
Pyrit Antimonit Oxidy (Fe, Sb)
1/A 177 0,6 81,6
1/B 36 0,8 63,2

1/C 60,6 0,4 39
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Tuto skutoCnost potvrdzuje aj totalny obsah sledovanych (predstavujuce sumu troch frakcii) reprezentuju v pripade
prvkov z analyzy odkaliskového materialu. Vzorka zo stred- Fe priblizne 10 %, v pripade As asi 30 % a pri Sb 16 %
nej hibkovej zény odkaliska (525 — 570 cm) v porovnani  z celkového obsahu sledovanych prvkov v odkaliskovom
s vrchnou a spodnou zénou vykazuje vyrazné obohatenie kale. Podla pouzitej metodiky viackrokovej extrakénej
o As a Sb. analyzy sa zvySny podiel prvkov viaze na oxidovatelnu

Pri porovnani celkovych analyz a vysledkov sekvenénej frakciu (predstavujucu vazbu na sulfidy a organicky
analyzy mézeme konsStatovat, ze extrahovatelné podiely material) a rezidualnu frakciu, predstavujucu najma
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Obr. 4. Zmeny koncentracie vybranych prvkov v odkaliskovom materidli v profile vrtu CUC-1.
Fig. 4. Variations in concentrations of selected elements in tailing material along the profile of the borehole CUC-1.
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vazbu na alumosilikaty. Pri antimone a arzéne mozeme
na zéklade mineralogického zlozenia materialu odkaliska
predpokladat, ze zvySnych asi 84 % antimoénu a asi 70 %
arzénu sa viaze v primarnych sulfidoch.

Neutraliza¢ny potencial (NP)

Stanovenie neutralizaéného potencialu sa realizovalo
na rovnakych vzorkdch odkaliskového materidlu ako
sekvenénd analyza. Stddium neutralizadného potencialu
vo vzorkach odkaliskového kalu potvrdzuje jeho dobru
neutralizaénu schopnost. Mimo oxida¢nej zény sa vypocdital
obsah viac ako 90 t CaCO3 na 1 000 t odkaliskového kalu.
Tieto vysledky suhlasia s mineralogickym Studiom, kde sa
potvrdil vysoky podiel karbonatov vo vzorkach.

Na zaklade testu schopnosti odkaliskového kalu
vytvarat aciditu sa zistilo, ze Studovany material aciditu
nevytvara, resp. aciditu vytvorenu oxidaciou sulfidov
neutralizuju pritomné karbonaty.

Mineralogické $tudium

V lestenych vybrusoch boli pomocou polarizaéného
mikroskopu identifikované sulfidické mineraly, pyrit
a antimonit, a nasledne sa potvrdili metédou EDS.
Arzenopyrit je velmi zriedkavy a zistil sa len metédou EDS.
Zistili sme hojnu pritomnost oxidov Fe a Sb a Fe-Sb oxidov
bez primesi a s primesami Pb a As. Z nerudnych mineralov
boli identifikované najméa karbonaty zastipené ankeritom

CuC-20

Obr. 5. Percentudlny podiel extrahovaného Fe, As
a Sb v jednotlivych frakciach a celkové hodnoty
extrahovanych prvkov zo vzoriek odkaliskového
materialu.

Fig. 5. Amounts (%) of extracted Fe, As and Sb
in particular fractions and total extracted amount
of the elements from the samples of tailing material.

a sideritom, ale aj kremen a sludy. Zriedkavo su zastupené
tetraedrit, barit, zirkon, rutil a magnetit.

Pyrit je najCastejSie sa vyskytujuci sulfidicky mineral
vo v8etkych vzorkach. Percentualne zastupenie pyritu je
najvyssie v sedimentoch nepostihnutych oxidciou v hibke
700 — 800 cm, kde tvori priblizne 90 % zo sledovanych
mineralnych faz (tab. 2). NajnizSie zastupenie pyritu (3 %)
je v ilovitych sedimentoch v hibke 525 — 575 cm.

Zastupenie pyritu v kopanej sonde je najnizSie v naj-
hibSie odobranej vzorke 1/A (17,7 %) a najvyssie vo vzorke
1/C, odobranej najblizSie k povrchu (61 %, tab. 3).

Na krystaloch pyritu sa v dosledku oxidacie vytvaraju
oxida¢né lemy (obr. 6A), ktoré miestami prenikaju aj po puk-
linach do centralnej ¢asti zfn. Vo vacésine pripadov sa v oxi-
dacénych lemoch nezistil zvySeny obsah Sb ani As. Obsah
Fe v oxidaénom leme sa pohybuje od 35,80 do 59,0 hm. %,
obsah As od 0 do 1,09 hm. % a obsah Sb od 0 do 2,92 hm.
%. Elektronové mikroanalyzy vybranych oxida¢nych lemov
na krystaloch pyritu su uvedené v tab. 4. Framboidalny pyrit
(obr. 6B) sa nachadza v odkalisku zriedkavo.

Antimonit sa v skumanych vzorkach nachadza v mnoz-
stve len do 1 % (tab. 1 a 2). Bol identifikovany na zaklade
optickych vlastnosti v polarizaénom mikroskope a zaroven
sa potvrdil metédou EDS. Nizky obsah antimonitu vo
vzorkach si vysvetlujeme jeho slabou stabilitou. V suvislosti
s antimonitom sme nepozorovali vznik oxidacnych lemov.

Arzenopyrit je vo vybrusoch z oxidagnej zény velmi
zriedkavy. V polarizaénom mikroskope sa nezistil (preto
nie je uvedeny v tab. 1 a 2), potvrdil sa metédou EDS.

Fe As Sb
suma: 5 072 mg/kg 1,95 mg/kg 2,15 mg/kg
2%0%
3%
98% 82%
5%
suma: 15 460 mg/kg 217,4 mg/kg 1 089,2 mg/kg
2%
6% L
86%
5%
suma: 8 206 mg/kg 10,29 mg/kg 33,6 mg/kg
AO,

°

2%
82% 8%

| Ifrakcia 2 Il frakcia 3

I frakcia 1
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Na krystaloch arzenopyritu sa vytvaraju oxidaéné lemy
(obr. 7A, B). Obsah Fe v oxidaénom leme sa pohybuje
v rozmedzi 48,79 — 50,23 hm. %, obsah As od 3,22
do 12,66 hm. % a obsah Sb od 0,13 do 14,83 hm. %
(tab. 5). Vyrazne zvy$eny obsah Sb v oxida¢nom leme
(vzorka CUC 5,0 — 5,25 cm; obr. 7A) poukazuje na dobru
migraciu Sb v ramci odkaliska a schopnost sorpcie Sb
na sekundarne mineralne fazy.

Oxidy a hydroxidy Fe, Sb (As, Ca a Pb) su najfrek-
ventovanejsSie mineralne fazy v takmer vSetkych vzorkach
(tab. 2, 3; obr. 8). Najvyssi podiel tychto faz (97 %) sme
zistili v hibke 525 — 570 cm a najmenej oxidov (priblizne
10 %) sa nachédza v hibke 700 — 800 ¢cm. Hojnu pritomnost
oxidov sme pozorovali uz v polarizaénom mikroskope
a nasledne sa potvrdila metédou EDS. Metédou WDS
sa ziskali presné analyzy oxidov Fe, Sbh. Maju velmi

Tab. 4
Vybrané elektrénové mikroanalyzy oxidanych lemov na krystaloch pyritu v hm. %

Selected electron microprobe analyses of oxidation rims on pyrite grains in wt.%

An.¢. Vzorka Mg Al Si S P Ca Mn Fe Co Ni Cu Zn Pb Sb As O  Spolu
1 Cugma G (CUO 1/C) 1,28 0,03 0,10 0,67 0,00 0,34 1,89 5586 0,20 0,11 0,48 0,00 0,05 0,21 0,00 2745 88,65
2 Cuéma G (CUO1/C) 1,52 0,00 0,06 3,05 0,00 0,28 0,63 58,01 0,55 0,02 0,40 0,00 0,00 0,15 0,03 31,37 96,09
3 CUCod.20-115 0,28 0,19 064 052 0,01 0,11 1,15 42,01 0,08 0,04 0,07 0,01 0,04 0,09 0,20 20,83 66,27
4 CUCod.20- 115 0,21 0,00 0,11 0,10 0,00 0,05 2,74 56,05 0,07 0,02 0,02 0,02 0,07 0,05 0,00 26,13 85,65
5 CUC3,0-5,0 0,33 0,60 4,57 0,12 0,03 0,66 0,44 35,80 0,07 0,02 0,04 0,05 0,09 2,92 1,10 23,68 70,51
6 CUC3,0-5,0 0,10 0,02 0,77 6,66 0,00 1,08 0,25 55,98 0,07 0,01 0,02 0,00 0,06 0,41 0,00 35,65 101,1

Obr. 6. A — Oxidac¢ny lem na krystali pyritu, B — framboidalny pyrit (sivy) s kremerfiom (tmavosivy) a oxidy Sb (svetlé).

Fig. 6. A — Oxidation rim on pyrite grain, B — framboidal pyrite (grey) with quartz (dark grey) and Sb oxides (bright).

50 ym BSE 20 kV

Obr. 7. A, B — Oxida¢né lemy na krystaloch arzenopyritu.
Fig. 7. A, B — Oxidation rims on arsenopyrite grains.

100 o BSE 20 kY
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variabilné zlozenie, od ,Cistych“ oxidov Sb a oxidov Fe
az po zmieSané Fe-Sb oxidy bez primesi a Sb-Fe oxidy
so zvySenym obsahom prvkov Ca, As a Pb (obr. 9, 10).

Obsah Sb v, gistych” oxidoch Sb (tab.6, an.¢.1 a2, obr.
8E) sa pohybuje od 62,28 do 83,0 hm. %. Tieto mineralne
fazy neobsahuju ziadnu primes a predpokladame, ze mohli
vzniknut ako primarne mineraly na hydrotermalnych zilach
alebo v prostredi odkaliska priamou oxidaciou antimonitu
bez reakcie s pérovymi roztokmi. Takymito mineralnymi
fazami su senarmontit, valentinit a stibikonit.

Obsah Fe v ,gistych” oxidoch Fe (tab. 6, an.¢.3,4 a 5,
obr. 8A) je v rozmedzi 56,56 — 73,06 hm. %. Na zaklade
textury a habitu predpokladame, ze Cast tychto oxidov
vznikla priamou oxidaciou pyritu.

Obsah Fe v zmieSanych Fe-Sb oxidoch bez zvySeného
obsahu inych prvkov (tab. 6, an. ¢. 6 a 7) sa pohybuje
od 43,93 do 52,86 hm. %, obsah Sb od 3,95 do 13,33
hm. %.

V pripade Sb-Fe oxidov so zvySenym obsahom prvkov
As, Ca a Pb (tab. 6, an. ¢. 8 — 14, obr. 8B, C, D a F10)
je obsah Sb v rozmedzi od 13,48 do 53,10 hm. %, obsah
Fe od 0,48 do 41,98 hm. %, obsah As od 0,99 do 4,91
hm. %, obsah Ca od 0,80 do 9,14 hm. % a obsah Pb
od 0 do 2,82 hm. %. Tieto oxidy pravdepodobne vznikli
ako sekundarne fazy krystalizujuce z poérovych roztokov
v prostredi odkaliska.
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V oxidoch Fe, Sb sme pozorovali vyznamnu negativnu
korelaciu (obr. 11). Méze to znamenat, Ze ide o usporiadané
mineralne fazy, kde sa Fe zastupuje s Sb.

Karbonaty su vo vzorkach asté. Tvori ich najma
siderit a Fe dolomit. Karbonaty su z okrajov a tiez
po puklinach zatla¢ené oxidmi Fe s primesou Mn a Mg
(obr. 12, tab. 7).

Fe okre

Vzorka Fe okra precipitujuca z vod vytekajucich
spod odkaliska v Cuéme odraza prebiehajice procesy
dekompozicie sulfidov v odkalisku. Vo vzorke okra CO-1
je celkova koncentracia As 23 860 mg - kg™, koncentracia
Sb je niz8ia, 8 926 mg - kg™ (tab. 8). Koncentracia inych
potencialne toxickych prvkov je radovo nizSia (tab. 8).

Na zaklade rtg. difrakéného zaznamu a IR spektra
Fe okre v tejto oblasti tvori prevazne slabo kryStalicka
mineralna faza, ferrihydrit (obr. 13). Identifikovali sme
aj detriticku primes tvorenu muskovitom, kremenom
a dolomitom. Vo vzorke je pritomny aj sadrovec. Potvrdzuje
to vibracia molekuly SO,%- identifikovana v IR spektre
a vysoky obsah Ca vo vzorke (obr. 13, 14; tab. 8).
Vo vzorke sme identifikovali aj vibracny pas molekuly
AsO,% a pritomnost organickych latok (vibraény pas
koreSpondujuci s COO).

Tab. 5
Vybrané elektrénové mikroanalyzy oxida¢nych lemov na krystaloch arzenopyritu v hm. %
Selected electron microprobe analyses of oxidation rims on arsenopyrite grains in wt.%

An.¢.  Vzorka Mg Al Si S P Ca Mn Fe Co Ni Cu Zn Pb Sb As O  Spolu
1 CUC 5,0-5,25 0,15 0,75 1,44 0,38 0,06 0,84 0,03 38,53 0,05 0,00 0,00 0,28 0,04 14,32 3,22 26,47 86,55
2 CUC5,0-5,25 0,14 0,60 1,59 0,35 0,05 0,82 0,07 3709 0,07 0,01 0,02 0,28 0,06 14,83 3,77 26,33 86,09
3 Cucma G (CUO 1/C) 1,11 0,01 0,17 0,14 0,00 1,86 0,00 50,24 0,03 0,00 0,02 0,00 0,03 0,16 12,66 30,29 96,72
4 Cu¢ma G (CUO 1/C) 1,09 0,02 0,16 0,11 0,00 1,62 0,00 48,80 0,09 0,00 0,01 0,00 0,06 0,19 10,31 28,31 90,77
5 Cu¢ma G (CUO 1/C) 1,06 0,01 0,16 0,24 0,00 1,54 0,00 49,17 0,07 0,01 0,02 0,00 0,01 0,13 10,38 28,58 91,36

Tab. 6
Elektrénové mikroanalyzy vybranych oxidov Sb, Fe v hm. %
Electron microprobe analyses of chosen Sb, Fe oxides in wt.%

An.¢. Vzorka Mg Al Si S P Ca Mn Fe Co Ni Cu Zn Pb Sb As O Spolu
1 CUC 3,0-5,0 0,01 0,04 0,05 0,01 0,00 0,00 0,00 0,056 0,02 0,01 0,01 0,00 0,02 62,28 0,45 20,83 83,78
2 CUC5,25-5,7 0,01 0,00 0,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,03 83,00 0,45 16,71 100,34
3 CUCod.20-115 0,05 0,14 1,32 0,01 0,01 0,02 040 56,56 0,09 0,01 0,51 0,00 0,06 0,15 0,11 26,50 85,94
4 CUO1/A 0,04 0,67 0,81 0,02 0,04 0,05 0,02 58,80 0,08 0,00 0,10 0,03 0,03 0,03 0,00 26,84 8755
5 CUC5,25-5,7 0,02 0,28 0,57 0,08 0,00 0,12 1,96 73,06 0,12 0,00 0,02 0,00 0,04 0,03 0,00 23,11 99,41
6 CUC3,0-5,0 0,05 0,01 0,83 0,10 0,06 0,34 0,04 52,86 0,06 0,00 0,01 0,04 0,03 3,95 0,43 25,65 84,47
7 CUO1/B 0,78 0,02 0,30 0,06 0,00 0,76 0,50 43,93 0,06 0,03 0,00 0,05 0,06 13,33 0,23 23,23 83,35
8 CUC3,0-5,0 0,12 0,07 0,35 0,78 0,26 0,80 0,01 41,98 0,04 0,00 0,00 0,22 0,15 13,48 2,16 26,07 86,50
9 CUC3,0-5,0 0,28 0,41 0,64 0,01 0,15 2,33 0,08 1724 0,04 0,02 0,00 0,39 2,82 31,78 3,82 22,68 82,69
10 CUC 3,0-5,0 0,18 0,15 0,96 0,04 0,10 9,14 0,07 0,84 0,00 0,00 0,01 0,19 0,02 41,65 4,47 21,68 79,49
11 CUC 3,0-5,0 0,12 0,70 1,02 0,01 0,03 6,12 0,04 2,25 0,00 0,01 0,00 0,05 0,07 44,25 4,91 22,53 82,12
12 CUC 5,0-5,25 0,08 0,59 1,12 0,03 0,10 0,99 0,09 24,37 0,02 0,02 0,01 0,10 0,20 26,66 1,23 22,42 78,02
13 CUC 5,0-5,25 0,13 0,37 0,81 0,10 0,10 8,25 0,05 1,00 0,03 0,01 0,00 0,11 1,84 39,20 3,64 20,38 76,03
14 CUC 5,0-5,25 0,04 0,07 1,37 0,02 0,00 1,35 0,04 0,48 0,02 0,02 0,03 0,15 0,00 53,10 0,99 20,48 78,17
15 CUC 5,0 -5,25 0,15 0,39 2,38 0,03 0,14 760 0,14 0,90 0,02 0,03 0,01 0,12 0,01 39,12 1,65 20,67 73,36
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Obr. 8. A — ,Cisty* oxid Fe (an. &. 4), B — Fe-Sb oxid s As, C — oxidy Sb (Ca, As, Pb a Fe) (sivé) a oxid Sb (svetly), (an. &. 10), D — oxid Sb
(Ca a As) (sivy) s reliktmi antimonitu (svetlé) (an. €. 15), E — ,gisty” oxid Sb (svetly) s Qtz (tmavosivy), F — Sb-Fe oxid s As a Ca (svetly)
okolo svetlej sludy (tmavosivé).
Fig. 8. A — “Pure” Fe oxide (analysis No. 4), B — Fe-Sb oxide with As, C — Sb (Ca, As, Pb and Fe) oxides (grey) and Sb oxide (bright)
(an. No. 10), D — Sb (Ca and As) oxide (grey) with stibnite relicts (bright) (an. No. 15), E — “pure” Sb oxide (bright) and Qtz (dark grey),
F — Sb-Fe oxide with As and Ca (bright) around light mica (dark grey).
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Tab. 7
Elektronové mikroanalyzy oxidov Fe okolo karbonatov v hm. %
Electron microprobe analyses of Fe oxides around carbonates in wt.%

An.¢.  Vzorka Mg Al Si S P Ca Mn Fe Co Ni Cu 2Zn Pb Sb As O Spolu
1 (:ZU(VJ 20-115 1,31 0,01 0,35 0,15 0,00 0,19 2,41 50,64 0,06 0,00 0,12 0,03 0,05 0,04 0,00 24,78 80,17
2 CuO1/B 2,37 0,00 0,02 0,00 0,00 0,46 2,19 42,01 0,05 0,01 0,00 0,00

0,00 0,00 0,29 21,25 68,65

Fe,O,
0.0041.00

— lemy na pyrite
lemy na arzenopyrite

O oxidy Fe, Sb

A oxidy Sb, Fe s Pb

1.00

0.00
0.00 0.25 0.50 0.75 1.00
As,O, Sb,0;

Obr. 9. Diagram chemického zlozenia sekundéarnych mineralnych
faz z odkaliska v Cuéme (hm. %).

Fig. 9. Ternary diagram representing chemical composition of the
secondary mineral phases from the mine tailing of the Cuéma
deposit (wt.%).

Fe:0s
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Obr. 10. Diagram chemického zlozenia Sb/Fe a Fe/Sb
sekundarnych mineralnych faz z odkaliska v Cu¢me (hm. %).

Fig. 10. Ternary diagram representing chemical composition
of Sb/Fe and Fe/Sb secondary mineral phases from the mine
tailing of the Cu¢ma deposit (wt.%).

Sb hm.%:Fe hm.%: r? = 0.8355; r=-0.9140; p = 0.0000; y = 49.2044 - 0.9816*x

Obr. 11. Zavislost obsahu Sb a Fe
v sekundarnych oxidoch.
Fig. 11. Relation of Sb and Fe contents " 10

in secondary oxides.
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Sb hm. %



90 Mineralia Slovaca, 42 (2010)

50 yn BSE 2( kV

50 wm BSE 20 KV

Obr. 12. A — oxid Fe (svetlosivy) okolo Fe dolomitu (sivy), B — oxid Fe (svetlosivy) okolo sideritu (sivy).

Fig. 12. A — Fe oxide (bright grey) around Fe-dolomite (grey), B — Fe oxide (bright grey) around siderite (grey).

Tab. 8 ;
Chemicke zlozenie vzorky Fe okra (vzorka CO1)
Chemical composition of the Fe ochre (sample CO1)

mg/kg Cu Pb Zn Co Mn

Fe As Sb Ca Mg Al K

co1 133 178 373 56,8 14 321
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Obr. 13. Rtg. difrakény zaznam vzorky Fe okra (vzorka CO1).
Fig. 13. X-ray diffraction pattern of the Fe ochre (sample CO1).

Diskusia

Z vysledkov viackrokovej extrakénej analyzy vyplyva, ze
dominantny podiel extrahovatelného As a Fe sa viaze na
krystalovu Strukturu oxyhydroxidov. To indikuje, ze migraciu
tychto prvkov kontroluje stabilita oxyhydroxidov, ktoru
ovplyviuje viacero faktorov. Jednym z dévodov desorpcie
As zo Struktury oxyhydroxidov Fe je ich starnutie. Majzlan

et al. (2007) pozorovali proces starnutia na dvoch vzorkach
ferrihydritu s roznym obsahom As. Po¢as experimentu
nepozorovali vyrazné zmeny v rtg. difrakénych zaznamoch,
ale zaznamenali znizenie obsahu extrahovatelného Fe
vo vzorkach. Mnozstvo extrahovatelného As, naopak,
so starnutim vzorky bohatej na As stupalo. Na zaklade
EXAFS spektier na hrane Fe sa zistilo zvySenie hodnoty
koordina¢ného ¢isla vo vazbach Fe—Fe. Tento proces
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Obr. 14. IR spektrum vzorky Fe okra L

1,2

Fe-O| 1.0

transmitancia

co1. o '

2000 1800 1600
Fig. 14. IR spectra of the Fe ochre

sample CO1.

autori vysvetluju spajanim a polymerizaciou ¢astic oxidov
Fe, pricom nastava vytlacanie As zo Struktury ferrihydritu.
Ford (2002) taktiez uvadza, ze pri transformacii As-HFO
(hydrous ferric oxides) na hematit ¢i goethit sa uvolfiuje As,
pric¢om rychlost tohto procesu vyrazne zavisi od mnozstva
As sorbovaného na HFO. Transforméciu ferrihydritu
na stabilnejSie kryStalické fazy opisalo viacero autorov
a viackrat sa dokazalo spomalenie tohto procesu vplyvom
adsorbovanych prvkov (Cornell a Schwertmann, 2003).

Druhym procesom, ktory méze mat za nasledok
desorpciu kontaminantov z oxyhydroxidov Fe, je zmena
oxidacno-redukénych podmienok a pH. Vplyvu pH a Eh
na desorpciu As z banského odpadu bohatého na Fe sa
venovali Al-Abed et al. (2007). Z ich vysledkov vyplyva, ze
zmena pH ma vyznamny vplyv na luhovanie Fe aj As zo
skumaného materialu. Vypadavanie As do roztoku bolo
vyrazné pri nizkych hodnotach pH, okolo 3, a maximum
dosiahlo pri alkalickych hodnotach, priCom kontinualne
narastal podiel rozpusteného As v rozmedzi hodnoty pH
od 7 do 11.

Dosah bioredukcie na proces rozpustania As-ferri-
hydritu a nasledny vplyv na mobilitu arzénu skumali Fakih
et al. (2009). Experimentalne potvrdili rapidne rozpustanie
a prechod Fe aj As do roztoku, pricom po 336 hodinach
este stale v ramci oxida¢nych podmienok bolo rozpustenych
57 % As a 35,6 % Fe.

Z viackrokovej extrakénej analyzy vyplyva, ze nizsi
podiel extrahovatelného Sb sa viaze na oxyhydroxidy Fe,
no Vacsi podiel (49 — 61 % z celkového extrahovatelného
Sb) sa viaze na frakciu rozpustnu vo vode. Tato skutonost
naznacuje odliSné spravanie As a Sb.Vysoky celkovy obsah
Sb vo vzorkach a jeho relativne vysoky extrahovatelny
podiel v suvislosti s jeho znamymi karcinogénnymi
ucinkami (Groth et al., 1986) predstavuje vacsiu hrozbu
pre okolity ekosystém.

Vysoky podiel extrahovaného Sb a zaroven aj siranov
vo frakcii rozpustnej vo vode naznacuje moznu vazbu
antiménu na Struktdru siranov Sb. Podobna skuto¢nost sa

: , . 0,0
1400 1200 1000 800 600 400
cm’
potvrdila aj pri Studiu rie€nych sedimentov na opustenych
Sb loziskach Popro¢ a Dubrava (Sottnik a Jurkovig,
2009). Vznik sekundarnych siranov Sb [coquandit
Sbg0gS0O,4-H,0, klebelsbergit Sb,0,S0,(0OH),, peretait
CaSb,0,4(S0,),(0OH),-2H,0] na opustenom Sb lozisku
Goesdorf v Luxembursku opisuju Fillela et al. (2009).
NizSia afinita Sb k sorpcii na oxyhydroxidy Fe v porovnani
s As sa zaznamenala aj na opustenom Sb loZisku
Pezinok (Lalinsk&, 2009) a Bournac v juznom Francuzsku
(Casiot et al., 2007). Autori uvedenych prac pozorovali
aj to, ze v oxidickych podmienkach Sb lahSie prechadza
do roztoku ako As. Davaju to do suvisu s vplyvom baktérii
na remobilizaciu Sb, pricom v pripade As tieto baktérie
urychluju remobilizaciu v anoxickych podmienkach.
Naopak, suhrn starSich publikacii naznacoval slabu mig-
raénu schopnost antiménu v pédach (Filella et al., 2002).

Mineralogické &ttidium materialu hald z loziska Cuéma
potvrdilo vysoku nestabilitu antimonitu, ktoréa sa zistila aj
v podobnom prostredi odkaliska na lozisku Dubrava
(Maruska et al., 2000). Rychle rozpustanie antimonitu
a nasledna krystalizacia sekundarnych (hydro-) oxidov
s vysokym obsahom Sb potvrdzuju aj vysledky geochemic-
kého Studia. Rovnakeé vysledky zaznamenali aj Ashley et al.
(2003) a upozoriuju na moznost spatného rozpustania
tychto oxidov Sb. Okrem samostatnych mineralnych faz
s prevahou Sb sa zistila aj pritomnost oxidov Fe s Sb.

Oxidac¢né lemy na pyrite tvori najma oxid Fe s malym
mnozstvom primesi (As do 1,1 hm. % a Sb do 2,92 hm. %).
Naopak, na lokalite Pezinok boli opisané oxida¢né lemy na
pyrite s obsahom az 7,6 hm. % Sb (Majzlan et al., 2007).
Vyrazne zvySeny obsah Sb (14,83 %) sme pozorovali
v pripade lemu na arzenopyrite, no nie je celkom
jednoznacné, Ciislo o vytvorenie sekundarnej fazy priamou
oxidaciou arzenopyritu a nasledne o sorpciu Sb, alebo &i
nenastala krystalizacia tejto fazy na povrchu arzenopyritu
z roztokov bohatych na Sb a As.

Zaujimavy je zvySeny obsah Ca v sekundarnych
mineralnych fazach. NajvysSia koncentracia Ca sa zistila
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spravidla v suvislosti s oxidmi s prevahou Sb, priCom
by teoreticky mohlo ist 0 mineral romeit. Obsah Ti
v nasich vzorkach sa nemeral ani nepozoroval metédou
EDS. Nesuhlasi to s publikovanymi analyzami autorov
Zubkova et al. (2000), ale priblizuje sa to analyzam
chemického zlozenia romeitu opisaného autormi Dill
et al. (2008). Pactunc (2004) predpokladal asociaciu
Ca, As a Fe v Struktire podobnej arzenosideritu
[CasFes(AsO,)4(OH)g-3H,0], no Majzlan et al. (2007)
tento fakt v sekundarnych mineralnych fazach z Pezinka
nepotvrdili. V blizkej budicnosti sa budu sekundarne fazy
z lokality Cuéma skimat pomocou rtg. mikrodifrakcie
a predpoklada sa korektna identifikacia tychto faz. Chemic-
ké zlozenie niektorych mineralnych faz s prevahou Sb nad
Fe su porovnatelné s analyzami z Pezinka, kde autori
Majzlan et al. (2008) identifikovali mineral tripuhyit. Naopak,
fazy s vy$Sim podielom As sa javili ako amorfné, resp. slabo
kryStalické. Je to v sulade s termodynamikou systému
As—Fe—-0O-S (Pokrovsky et al., 2002). V pripade oxi-
dacnych lemov na pyrite je pravdepodobny vznik goethitu,
¢o by mohlo vysvetlit slabsiu afinitu k sorpcii As a Sb.

Vo vzorkach sa vyskytuju aj framboidalne pyrity, pricom
podla Wilkina a Barnesa existuju 4 na seba nadvazujuce
procesy veduce k vzniku pyritovych framboidov: 1. nukledcia
a rast prvotnych Fe monosulfidovych mikrokrys$talov, 2.
reakcia mikrokrystalov na greigit (Fe;S,), 3. agregéacia
rovnako velkych mikrokrystalov greigitu, resp. framboidalny
rast, 4. premena greigitu na pyrit. Butler a Rickard (2000)
opisuju tiez moznost vzniku framboidalneho pyritu bez
pritomnosti kyslika, a to oxidaciou FeS (mackinawit)
pomocou H,S vo vodnom roztoku pri 60 °C. Tvorba
framboidov vyzaduje aj pritomnost rozpusteného Fe a SO,
a v mnohych pripadoch su v tomto procese zahrnuté aj
siran redukujuce baktérie (Douglas a Beveridge, 1998).

Fe okre precipitujuce z vod ovplyvnenych dekompo-
ziciou mineralov v ramci odkaliska su slabo vyvinuté
a pozostavaju najméa zo slabo krystalického ferrihydritu.
Je to v sulade s neutralnym pH véd na odbernom mieste
(Bigham et al., 1992).

Nestabilitu ferrihydritu a zmeny ovplyvriujuce desorpciu
As z tohto média sme uz opisali, no este je potrebné uviest
formu vazby As na ferrihydrit. V zmysle prace Majzlana
et al. (2007) ide o véazbu tetraédrov AsO,%" na oktaédre
Fe a moze ist o binuklearny bidentatovy komplex a mono-
dentatovy komplex.

ZvySeny obsah Al v niektorych vzorkach si vysvet-
lujeme substittciou Al — Fe v oxyhydroxidoch Fe. Tento jav
opisuju viaceri autori v suvislosti s goethitom (Schwetmann
a Murad, 1990; Schwertmann a Cornell, 1991).

Vazbu Zn na oxyhydroxidy si vysvetlujeme v zmysle
publikacie Juillota et al. (2008), kde na zéklade EXAFS
spektier autori opisali spdsob vazby Zn na 2-line ferrihydrit
a goethit. V pripade 2-line ferrihydritu opisuju Zn ako
tetraédricky koordinovany kyslikom, v pripade goethitu
oktaédricky, a v oboch pripadoch sa tieto bidentatne
komplexy spajaju vrcholmi.

Vazbu vyznamného mnozstva Sb (8 926 mg - kg™)
na oxyhydroxidy Fe mézeme vysvetlit pomocou vysledkov
publikovanych Ackermannom et al. (2009) a Scheinostom

et al. (2006). Obe publikacie opisuju tvorbu komplexov
s Sb, ktoré sa viazu na hydroxidy Fe. Scheinost et al. (2006)
blizSie Specifikuju tuto adsorpciu ako védzbu oktaédrov
Sb(0,0H)s na oktaédre Fe(O,0H)s, pricom poukazuju
na spajanie komplexov hranami aj vrcholmi.

Zaver

* Flotaény kal ulozeny na odkalisku loziska Cuéma
je piescito-ilovity sediment, ktory je vo vrchnej Casti
(0 — 300 cm) viac piesCity a je zoxidovany, v nizSich
urovniach pribuda ilovita zlozka s tenkymi (do 100 cm)
vrstvickami zoxidovaného piesCitého materialu, ktoré su
reliktmi byvalych povrchovych vrstiev. Hrubka sedimentov
v odkalisku je do 15 — 20 m.

¢ Sedimenty maju neutralnu reakciu, zva¢$a v rozmedzi
slabo kyslej (pH = 5,5) a slabo alkalickej (pH = 8,5),
pricom hodnoty pH s hibkou narastaju. Hodnoty elektrickej
vodivosti su najvySSie v spodnej Casti oxidacnej zény
a s hibkou klesaju.

* Z vysledkov viackrokovej extrakénej analyzy vyplyva,
Ze vo vrchnej Casti oxidacnej zony odkaliska sa vyluhovali
potencialne toxické prvky As a Sb, pricom v tejto Casti
odkaliska sa na oxyhydroxidy Fe viaze len Pb. Najvacsia
akumulacia oxyhydroxidov Fe je v hibSej ¢asti oxidac¢nej
zony, kde koncentracia extrahovatelného As dobre koreluje
s distribuciou Fe a As sa viaze na oxyhydroxidy Fe.
QOdlisnu distribiciu ma Sb. Vyssi extrahovatelny podiel Sb
sa viaze na frakciu rozpustnu vo vode a menej Sb sa viaze
na oxyhydroxidy Fe.

* Odkaliskovy kal ma dobru neutralizaénu schopnost.
Je to v zhode s mineralogickym Studiom, pri ktorom sa
potvrdil vysoky podiel karbonatov vo vzorkach.

* Najbeznejsi sulfid je pyrit, menej ¢asty je antimonit,
velmi zriedkavy je arzenopyrit. Hojné su Fe-Sb oxidy,
niekedy s primesou As a Pb.

* Na zrnach pyritu a arzenopyritu sa vytvaraju oxidacné
lemy, v ktorych (obzvlast na arzenopyrite) okrem prvkov
obsiahnutych v primarnom sulfide sa vyskytuju aj iné
prvky, najma Sb a As.

* Oxidy Sb bez primesi mohli vzniknut ako primarne
mineraly na hydrotermalnych zilach alebo v prostredi
odkaliska priamou oxidaciou antimonitu bez reakcie
s pérovymiroztokmi.Zmie$ané Sb-Fe oxidy pravdepodobne
krystalizovali z pérovych roztokov priamo v prostredi
odkaliska.

¢ Z vOd vytekajucich spod odkaliska precipituju Fe okre,
ktoré maju vyrazne zvySeny obsah As a Sb. Tvori ich najma
ferrihydrit.

Podakovanie. Tato praca vznikla s pomocou Agentury na podporu
vyskumu a vyvoja na zéklade zmluvy ¢. APVV-0268-06 a ¢. VVCE
0033-07.

Literatara

ACKERMANN, S., GIERE, R., NEwVILLE, M. & MAJzLAN, J., 2009:
Antimony sinks in the weathering crust of bullets from Swiss
shooting ranges. In: Sci. total Environment (Amsterdam), 407,
5,1669—-1682.



B. Lalinské et al.: Procesy oxidécie sulfidov a migrécia As a Sb v odkalisku na opustenom Sb-Au loZisku Cuéma 93

AL-ABED, Sr., JEGADEESAN, G., PURANDARE, J. & ALLEN, D., 2007:
Arsenic release from iron rich mineral processing waste:
Influence of pH and redox potential. In: Chemosphere, 66, 4,
775 -782.

ASHLEY, P. M., Craw, D., GRAHAM, B. P. & CHAPPELL, D. A., 2003:
Environmental mobility of antimony around mesothermal
stibnite deposits, New South Wales, Australia and southern
New Zealand. In: J. geochem. Explor. (Amsterdam), 77 1 - 14.

BaJaNiK, S., HANZzEL, V., IvANICKA, J., MELLO, J., PRISTAS, J.,
REICHWALDER, P., SNOPKO, L., VOZAR, J. & VOZAROVA, A., 1983:
Vysvetlivky ku geologickej mape Slovenského rudohoria,
vychodna Cast, 1 : 50 000. Bratislava, SGUDS.

BaJaNiK, S., IVANICKA, J., MELLO, J., REICHWALDER, P., PRISTAS, J.,
SNOPKO, L., VOZAR, J. & VOZAROVA, A., 1984: Geologicka mapa
Slovenskeho rudohoria, vychodna Cast, 1 : 50 000. Bratislava,
SGUDS.

BENKA, J. & CaNo, F, 1992: Mineraldgia, paragenéza a geochémia
antimonitovych zil v oblasti Betliar — Cuéma — Volovec. In:
Zapad. Karpaty, Sér. Mineral. Petrogr. Geochém. Metalogen.
(Bratislava), 15,61 — 91.

BigHAM, J. M., CARLSON, L. & MuRrAD, E., 1992: Schwertmanite,
a new oxyhydroxisulphate from Pyh&salmi, Finland, and others
localities. In: Min. Mag. (London), 58, 641 — 648.

Bray, K., 2000: Sorption wassriger Antimon-Spezies an
bodenbildende Festphasen und Remobilisierung durch
naturliche Komplexbildner. PhD Thesis, Technische Universitét
Mtdinchen.

BUTLER, I. B. & RickaRrD, D., 2000: Framboidal pyrite formation via
the oxidation of iron (Il) monosulphide by hydrogen sulphide.
In: Geochim. cosmochim. Acta (Oxford), 64, 15,2 665 — 2 672.

Casiot, C., UJevic, M., MuNoz, M., SEIDEL, J. L. & ELBAZ-POULICHET,
F., 2007: Antimony and arsenic mobility in a creek draining an
antimony mine abandoned 85 years ago (upper Orb basin,
France). In: Appl. Geochem., 22, 4, 788 — 798.

CORNELL, R. M. & ScHWETMANN, U., 2003: The iron oxides. Structure,
properties, reactions, occurrences and uses. Sec. ed. Wiley-
-VCH GmbH & Co. KGaA, 664.

CRECELIUS, E. A., BOTHNER, M. H. & CARPENTER, R., 1975:
Geochemistries of arsenic, antimony, mercury, and related
elements in sediments of Puget Sound. In: Environmental Sci.
Technol., 9, 325 — 333.

DiLL, H. G., MELCHER, F. & BoTz, R., 2008: Meso- to epithermal
W-bearing Sb vein-type deposits in calcareous rocks in western
Thailand; with special reference to their metallogenetic position
in SE Asia. In: Ore Geol. Rev., 34,242 — 262.

DouagLas, S. & BEVERIDGE, T. J., 1998: Mineral formation by bacteria
in natural microbial communities. In: FEMS Microbiol. Ecology.,
26,79 - 88.

Dzowmak, D. A. & MoRreL, F. M. M., 1990: Surface complexation
modelling: Hydrous ferric oxide. New York, John Wiley.

FiLELLA, M., BELzILE, N. & CHEN, Y.-W., 2002: Antimony in the
environment: A review focused on natural waters. |. Occurrence.
In: Earth Sci. Rev. (Amsterdam), 57,125 — 176.

FILELLA, M., PHILIPPO, S., BELZILE, N., CHEN, Y. & QUENTEL, F., 2009:
Natural attenuation processes applying to antimony: A study
in the abandoned antimony mine in Goesdorf, Luxembourg.
In: Sci. total Environment (Amsterdam), 407, 6 205 — 6 216.

FAkiH, M., DAVRANCHE, M., Dia, A., Nowack, B., MoRIN, G.,
PeTITJEAN, P, CHATELLIER, X. & GRUAU, G.,2009: Environmental
impact of As(V)-Fe oxyhydroxide reductive dissolution:
An experimental insight. In: Chem. Geol. (Amsterdam), 259,
3-4,290 - 303.

Forp, R. G., 2002: Rates of hydrous ferric oxide crystallization and
the influence on coprecipitated arsenate. In: Environmental Sci.
Technol., 36, 2 459 — 2 463.

GRECULA, P., ABONYI, A., ABONYIOVA, M., ANTAS, J., BARTALSKY, B.,
BARTALSKY, J., DIANISKA, |., DRNZIK, E., Duba, R., GARGULAK, M.,
GAZDACKO, L., HUDACEK, J., KoBULSKY, J., LORINCZ, L., MACKO, J.,
NAVESNAK, D., NEMETH, Z., NOVOTNY, L., RADVANEC, M., RoJkovIC,
l., RozLozNiK, L., RozLoZnik, O., VARCEK, C. & ZLOCHA, J., 1995:
Loziska nerastnych surovin Slovenského rudohoria. Zvazok 1.
Bratislava, Geocomplex, 834 s.

GUEVREMONT, J. M., BEBIE, J., ELSETINOW, A. R., STRONGIN, D. R. &
SCHOONEN, M. A. A., 1998: Reactivity of the (1 0 0) plane of
pyrite in oxidizing gaseous and aqueous environments: effects
of surface imperfections. In: Environmental Sci. Technol., 32,
23,3743 -3 748.

GROTH, D. H., STETTLER, L. E., BURG, J. R., Busey, W. M., GRANT, G.
C. & WoNg, L., 1986: Carcinogenic effects of antimony trioxide
and antimony ore concentrate in rats. In: J. Toxicol. Environ.
Health., 18, 4, 607,

Houwmes, P. R. & CRUNWELL, F. K., 2000: The kinetics of the oxidation
of pyrite by ferric ions and dissolved oxygen: An electrochemical
study. In: Geochim. cosmochim. Acta (Oxford), 64, 263 — 274.

JAMBOR, J. L., DuTRrizac, J. E., GRoAT, L. A. & RAuDsEPP, M.,
2002: Static tests of neutralization potentials of silicate and
aluminosilicate minerals. In: Environmental Geol. (Berlin — New
York), 43,1 - 17.

JAMBOR, J. L., DuTRIZAC, J. E. & RAuDSEPP, M., 2007: Measured and
computed neutralization potentials from static test of diverse
rock types. In: Environmental Geol. (Berlin — New York), 52,
1019-1031.

JoHNsON, C. A. & THORNTON, |., 1987: Hydrological and chemical
factors controlling the concentrations of Fe, Cu, Zn and As
in a river system contaminated by acid mine drainage. In: Wat.
Res. (Oxford), 21, 359 — 365.

JuiLLoT, F., MaRecHAL, C., PONTHIEU, M., CAcALY, S., MoRrIN, G.,
BENEDETTI, M., HAZEMANN, J. L., Proux, O. & Guvor, F., 2008:
Zn isotopic fractionation caused by sorption on goethite and
2-Lines ferrihydrite. In: Geochim. cosmochim. Acta (Oxford),
72,19,4 886 -4 900.

Kuivko, T., CHovaN, M. & HuraiovA, M., 2009: Hydrotermalna
mineralizacia na antimonitovych Zzilach Spi§sko-gemerského
rudohoria. In: Miner. Slov. (Bratislava), 41, 115 - 132.

LALINSKA, B., 2009: Mineralogické a geochemické Studium zdrojov
kontamindcie a ndvrh na remediaciu na Uzemi opusteného Sb
loZiska Pezinok-Kolarsky vrch. Dizertaéna praca. Manuskript.
Bratislava, archiv Katedry mineralégie a petrolégie, PriF UK,
195 s.

LawrencE, R. W. & ScHeskg, M., 1997: A method to calculate the
neutralization potential of mining wastes. In: Environmental
Geol. (Berlin — New York), 32, 100 - 106.

Leuz, A.-K. & JoHNSON, C. A., 2005: Oxidation of Sb(lll) to Sb(V) by
0, and H,0, in aqueous solutions. In: Geochim. cosmochim.
Acta (Oxford), 69,1 165 -1 172.

MackovycH, D., CicMANOVA, S. & PRAMUKA, S., 2003: Formy
vyskytu vybranych toxickych prvkov. Ciastkova zavereéna
sprava geologickej ulohy: Zhodnotenie potencialneho vplyvu
geochemického prostredia na zdravotny stav obyvatelstva
v oblasti Spissko-gemerského rudohoria. Manuskript.
Bratislava, archiv SGUDS, 65 s.

MaJzLAN, J., ACKERMANN, S., LALINSKA, B., CHOVAN, M., GOTTLICHER,
J. & STEININGER, R., 2008: The fate of arsenic and antimony at
polluted sites: An X-ray absorption view. 2nd Central-European
Mineralogical Conference 2008. In: Mineralogia, Spec. pap.,
32,31 -32.

MaJzLAN, J., LALINSKA, B., CHOVAN, M., JuRkovIC, L., MILOVSKA, S.
& GOTTLICHER, J., 2007: The formation, structure, and ageing
of As-rich hydrous ferric oxide at the abandoned Sb deposit
Pezinok (Slovakia). In: Geochim. cosmochim. Acta (Oxford),
70,4 206 - 4 220. ;

MARUSKA, M., CHovaN, M. & Sevc, J., 2000: Mineralogical and
environmental evaluation of the settling ponds at deposit Dubrava
in Nizke Tatry Mts. In: Slovak Geol. Mag. (Bratislava), 6, 61 — 69.

McKiBBeN, M. & BARNES, H., 1986: Oxidation of pyrite in low
temperature acidic solutions: rate laws and surface textures.
In: Geochim. cosmochim. Acta (Oxford), 50, 1 509 — 1 520.

MILLER, S., ROBERTSON, A. & DONAHUE, T., 1997: Advances in acid
drainage prediction using the Net Acid Generation (NAG) Test.
In: Proc. 4th International Conference on Acid Rock Drainage,
Vancouver, BC, 533 — 549.

Mosks, C. O., NorbsTRoM, D. K., HERMAN, J. S. & MiLLs, A. L., 1987:
Aqueous pyrite oxidation by dissolved oxygen and ferric iron.
In: Geochim. cosmochim. Acta (Oxford), 51,1 561 - 1 571.



94 Mineralia Slovaca, 42 (2010)

Moses, C. O. & HermaN, J. S., 1991: Pyrite oxidation at
circumneutral pH. In: Geochim. cosmochim. Acta (Oxford),
55,471 —482.

NEesBITT, H. W. & MUIR, . J., 1998: Oxidation states and speciation
of secondary products on pyrite and arsenopyrite reacted with
mine waste waters and air. In: Mineral. Petrol., 62, 123 — 144.

PACTUNC, D., FOSTER, A., HEALD, S. & LAFLAMME, G., 2004: Speciation
and characterization of arsenic in gold ores and cyanidation
tailings using X-ray absorption spectroscopy. In: Geochim.
cosmochim. Acta (Oxford), 68, 969 — 983.

Pokrovski, G. S., KaRra, S. & Roux, J., 2002: Stability and solubility of
arsenopyrite, FeAsS, in crustal fluids. In: Geochim. cosmochim.
Acta (Oxford), 66, 13,2 361 — 2 378.

RAURET, G., LOPEZ-SANCHEZ, J. F., SAHuQuiLLO, A., Rusio, R.,
DavipsoN, C., URg, A. & QUEVAUVILLER, P., 1999: Improvement
of the BCR three step sequential extraction procedure prior to
the certification of new sediment and soil reference materials.
In: J. Environ. Monit., 1,57 — 61.

RICHARDSON, S. & VAUGHAN, D. J., 1989: Surface alteration of
pentlandite and spectroscopic evidence for secondary violarite
formation. In: Min. Mag. (London), 53,213 — 222.

RiMsTIDT, J. D. & VAUGHAN, D. J., 2003: Pyrite oxidation: A state-of-
-the-art assessment of the reaction mechanism. In: Geochim.
cosmochim. Acta Oxford, 67,5, 873 — 880.

ScHeINOST, A. C., ROSSBERG, A., VANTELON, D., XIFra, I. O.,
KRETZSCHMAR, R. & LEuZ, A. K., 2006: Quantitative antimony
speciation in shooting range soils by EXAFS spectroscopy.
In: Geochim. cosmochim. Acta (Oxford), 70, 3,299 — 312.

ScHWERTMANN, U. & CoRNELL, R. M., 1991: Iron oxides in the
laboratory preparation and characterization. Weinheim, VCH
Verslagsgesellschatt.

ScHWERTMANN, U. & MuRrAD, E., 1990: The influence of aluminium
on iron oxides. XIV. Al substituted magnetite synthesized at
ambient temperature. In: Clay Miner., 38, 196 — 202.

SOBEK, A. A., SCHULLER, W. A., FREEMAN, J. R. & SmITH, R. M., 1978:
Field and laboratory methods applicable to overburden and
minesoils, report EPA-600/2-78-054, U.S. National Technical
Information Service Report PB-280 495.

STOLLENWERK, K. G., 2003: Geochemical processes controlling
transport of arsenic. In: Welch, A. H. and Stollenwerk, K. G.
(eds.): Arsenic in ground water: Geochemistry and occurrence,

. Boston, Kluwer Academic Publishers, 67 - 100.

SoTTNiK, P. & JURKOVIC, L., 2009: Contamination of stream sediment
and soil from areas affected by Sb mining in Slovakia.
International Symposium on Mineralogy, Environment and
Health. Champs sur Marne: Université Paris-Est Marne-La-
-Vallée, 2009, 112 — 113.

WEBSTER, J. G., NorpsTROM, D. K. & SmitH, K. S., 1994: Transport
and natural attenuation of Cu, Zn, As and Fe in the acid mine
drainage of Leviathan and Bryant Creeks. In: Alpers, C. N.,
Blowes, D. W. (eds.): Environmental geochemistry of sulphide
oxidation. Am. Chem. Soc. Symp. Ser., 550, 244 — 260.

WiLkiN, R. T. & BARNES, H. L., 1997: Formation processes of
framboidal pyrite. In: Geochim. cosmochim. Acta (Amsterdam),
62, 2,323 - 339.

VAN REEUWIIK, L. P, 1995: Procedures for soil analysis. International
soil reference and information centre (ISRIC) a FAO OSN.
Technical report, 9.

ZUBKOVA, N. V., PUSHCHAROVSKY, D. Y., ATENCIO, D., ARAKCHEEVA,
A. V. & MaTioLl, P. A., 2000: The crystal structure of lewisite,
(Ca, Sb®+, Fe®, Al, Na, Mn, O), (Sb%*, Ti),Og(OH). Jour. Alloys
and Comp., 296,75 - 79.

Rukopis doruceny 1.2.2010
Revidovana verzia doruc¢ena 17.2. 2010
Rukopis akceptovany red. radou 17 2. 2010

Processes of sulphides oxidation and As, Sb migration in the environment
of tailing impoundment at abandoned Sb-Au deposit CuCma

Quartz veins with stibnite and gold are located north
of the town Rozhava, above Cuéma village. Antimony
recovery began here in the second half of the 18th century.
In the 19th century, Cuéma was one of the most important
producers of antimony in Europe and mining continued
here until 1955.

Antimony-gold mineralization arises in Lower Paleozoic
metamorphic volcano-sedimentary rocks in the hanging-
-wall of granitoid pluton. Quartz veins with stibnite,
sulphosalts, sulphides and gold created lens-shaped
bodies, range from several centimeters to 9 meters thick.

The ore was crushed and Sb sulphides were partially
extracted in the flotation process. The waste after flotation
with the high amount of As and Sb was deposited in one
tailing impoundment of the area of approximately 3 km?2.
The tailing material deposited here is sandy-clayey, in the
upper part oxidized and more clayey in the lower parts. The
highest concentration of Fe oxyhydroxides is in the lower
part of the oxidized zone. The results of the sequence
analyses showed a high affinity of As to Fe oxyhydroxides,

while Sb behaved differently and a relatively higher amount
was bound on water-soluble fraction. Tailing material does
not produce acidity, because the acidity produced by
the sulphide decomposition is neutralized by abundant
carbonates.

The most common sulphide in the oxidation zone is
a pyrite, less frequent is stibnite and arsenopyrite is rare.
Arsenopyrite and pyrite grains are bearing the oxidation
rims of variable composition. The Fe, Sb oxides with
variable content of As, Ca and Pb are the most common
mineral phases observed and have probably crystallized
from the pore solutions in the environment of tailing
impoundment.

The Sb oxides without admixtures are also frequent
and could originate as primary minerals in hydrothermal
veins or by direct oxidation of stibnite without reaction with
pore solutions.

Fe ochres formed mainly by ferrihydrite are precipitating
from the waters outflowing from tailing impoundment and
contain relatively high amount of As and Sb.
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Mineralogical and geochemical characterization of contamination sources
at abandoned Sb-Au deposit Medzibrod

The abandoned Sb deposit Medzibrod is a source of local As and Sb pollution and the tailing
impoundment and Murga$ adit are the main source of contamination. The upper part of tailing
impoundment consists of oxidized sandy-clayey sediments, while the amount of clay is higher
in the lower parts of the tailing. Tailing material is not a source of acidity, as all acid generated
by sulphides oxidation is neutralized by abundant carbonates. Concentrations of potentially toxic
elements such as As, Sb and Pb are high. The secondary oxides and oxyhydroxides with various
amounts of Fe, Sb, As, and Pb are the most frequent in the oxidized layers of tailing impoundment.
Arsenopyrite is the most common sulphide in these sediments, pyrite is also frequent, but Sb
sulphides were not observed here, probably due to their lower stability in oxidizing conditions.
Most common secondary minerals are Fe/Sb oxides, also abundant are oxides with dominating
Sb content. Both types of oxides use to contain As. Less common are Pb/Sb oxides with chemical
composition similar to bindheimite and Pb/As oxides close to the mineral paulmooreite. Fe ochre
(mainly composed by ferrihydrite) precipitating in connection with the Murga$ adit contains
extremely high concentrations of As (205.88 g/kg) and lower concentrations of Sb (10.3 g/kg).

Key words: tailing impoundment, arsenopyrite, pyrite, secondary As, Sb and Pb oxides

and oxyhydroxides

Uvod

Vyznamné lozisko antiménovych rud lezi na juznych
svahoch Dumbierskych Tatier 4 km na SSZ od obce
Medzibrod v udoli potoka Mociar v nadmorskej vyske
550 m (obr. 1). Lozisko Medzibrod objavili pravdepodobne
nemecki banici z Lubietovej v 16. storoci. Pévodne bolo
predmetom tazby zlato viazané na pyritovo-arzenopyritovu
rudu, neskor antimonit. NajintenzivnejSia tazba Sb rud
bola v rokoch 1941 — 1945, ked sa vytazilo 9 000 ton Sb
rudy ro¢ne. Obsah Uzitkovych zlozZiek v rude bol takyto: Sb
5—-10 hm. %, As 1,5 — 2 hm. %, Au 2 — 8 g/t a Ag okolo
1 g/t. Tazba na lozisku sa skongila v roku 1950 (Kod&ra
et al., 1990).

Vytazena ruda sa mlela a flotacne upravovala, odpad
po flotacii sa ukladal v blizkosti upravne na odkalisko.
V minulosti sa kladol slaby déraz na vplyv tazby na okolité
zivotné prostredie, a preto ani odkalisko na Medzibrode
nie je izolované od podlozia, sedimenty nie su dostato¢ne
stabilizované a v su€asnosti su zdrojom kontaminacie. Vo
vode spod odkaliska sa nameral obsah As 400 pg/l a Sb az
576 ng/l. Obsah ortuti dosiahol maximalnu hodnotu 10 pg/l
(Blaha et al., 1993). Tieto udaje boli smerodajné pri naSom

95

rozhodnuti stanovit vplyv banskej ¢innosti na tejto lokalite
na jednotlivé zlozky zivotného prostredia a $pecifikovat
zdroje znecistenia. V tejto praci sme sa zamerali na
opis vysledkov tykajucich sa dvoch vyc¢lenenych zdrojov
kontaminacie, a to odkaliska a $t6lne Murgas.

Geologickoloziskova a mineralogicka charakteristika

Lozisko Medzibrod vystupuje v komplexe metamorfo-
vanych hornin s prevahou biotitickych a dvojsludovych rul
a pararul, retrogradne metamorfovanych na faciu zelenych
bridlic. Lokalne cez horniny prenikaju dajky aplitoidného
granitu. V SirSom okoli mineralizovanych Struktur su zvysky
vapencov obalového mezozoika. Zrudnenie sa viaze
na lozné zily a SoSovky, ktoré su prevrasnené do vras
s velkostou od 1 do 15 cm. Rudné telesa maju kulisovité
usporiadanie s celkovou smernou dizkou 350 m, pricom
jednotlivé rudné telesa dosahuju dizku 100 — 150 m. Tazili
sa tri paralelné SoSovky so sklonom 35 — 50° a s uklonnou
dizkou do 100 m (Michalek et al., 1988).

Najhojnejsi rudny minerdl je antimonit, Casty je pyrit
a arzenopyrit. Délezité Sb minerdly su aj berthierit
a jamesonit, ktorych zastupenie na lozisku je vysSie ako
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Obr. 1. Schematicka geologicka mapa uzemia (upravena podia Bieleho — ed., 1992) s naértom odkaliska a vyznacenim miest odberov
vzoriek. 1 — granitoidné horniny, 2 — biotitické ruly a pararuly, 3 — ne¢lenené mezozoikum, 4 — aluvialne sedimenty, 5 — zlomy, 6 — polohy

s grafitickou primesou.

Fig. 1. Schematic geological map (modified after Biely, ed., 1992) with sketch of the tailing impoundment area and localization of collected
samples. 1 — granitoids, 2 — biotite gneisses and paragneisses, 3 — unspecified Mesozoic rocks, 4 — alluvial sediments, 5 — faults,

6 — graphitized rocks.

na inych Sb loZiskach v Nizkych Tatrach. Menej vyznamny
je tetraedrit, sfalerit a zinkenit, akcesoricky je vyskyt
galenitu, ullmanitu a dalSich mineralov. Prevladajuci
nerudny mineral je kremen. Hydrotermalna mineralizacia
sa prejavila najskér vznikom zén alterovanych hornin,
kde suU najvyznamnej$imi mineralmi kremen, draselné
svetlé sludy a karbonaty. NajstarSie Stadium sulfidickej
mineralizacie je pyritovo-arzenopyritové, so zriedkavym
gudmunditom, nasleduje hlavné antimonitové Stadium
s Castym berthieritom a zriedkavej$im zinkenitom
a sfaleritom. NajmladSie stadium je tetraedritové, s hojnym
jamesonitom a zriedkavej$im bournonitom a chalkopyritom
(Lalinska a Chovan, 2006).

Metodika prace
Vzorky odkaliskového materialu sa odobrali z kopanych

sond (MDZ-1 - 3) a pomocou ru¢ného vrtaka (MDZ-4 - 7)
do hlbky 1 m zo siedmich miest v telese odkaliska (obr. 1).

Kvoéli ziskaniu koncentratu rudnych mineralov a se-
kundarnych produktov oxidacie sa vzorky Slichovali
a nasledne susili pri izbovej teplote v laboratériach
PriF UK. Zo Slichu sa separovala feromagneticka frakcia
a koncentrat tazkych mineralov sa ziskal oddelenim
v tazkych kvapalinach. Z tazkej frakcie sa vyhotovili
leStené vybrusy, ktoré sa nasledne Studovali v prechadza-
jucom a odrazenom polarizovanom svetle (Zeiss Jena
Jenapol a Leica v laboratériu VVCE Solipha na PriF UK).
Vybrané vybrusy sa pokovovali vrstvou uhlika a pomocou
elektronového mikroanalyzatora CAMECA SX 100
v SGUDS Bratislava sa $tudovali metédami WDS (asi 160
analyz), EDS a BSE. Pomocou WDS spektrometrov sa
vyhotovili kvalitativne rtg. mapy. Analytické podmienky:
urychlovacie napétie 20 keV, vzorkovaci prud 20 a 15 nA,
priemer lu€a 5 — 2 um; Standardy: Mg,SiO, (Mg), Al,O4
(Al), SiO, (Si), CuFeS (Cu, Fe, S), GaP (P), CaSiO; (Ca),
Mn (Mn), Co (Co), Ni (Ni), ZnS (Zn), PbS (Pb), Sb,S; (Sb),
FeAsS (As).
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Subor vzoriek na geochemicky vyskum sa odoberal
od povrchu po 15 cm do hibky zhruba 75 cm z ruéne
vitanej sondy MDZ-6. Material sa vysusil pri laboratornej
teplote a presitoval na frakciu mensiu ako 1 mm. Aktivne
a vymenitelné pH sa meralo v zmesi 20 g vzorky a 50 ml
destilovanej vody, respektive 1 M KCI podla metodiky
VanReeuwijka (1995), pouzivanej pri zeminach a pédach.
Merna elektricka vodivost sa merala vo vodnom vyluhu po
odfiltrovani kvapalnej fazy. Celohorninovu analyzu (TC)
materialu odkaliska realizovali Acme Analytical Labora-
tories Ltd. Canada Standardnymi metédami AAS a AES-ICP.
Na stanovenie hodnoty neutralizatného potencialu
(NP) sa pouzila EPA metéda (Sobek et al., 1978). Miera
neutraliza¢nej kapacity, ktora predstavuje obsah CaCQO,
v skumanom materidli, sa zistuje pridanim znameho
mnozstva kyseliny chlorovodikovej. Ekvivalent CaCOg,
vo vzorke sa ziska ur€enim mnozstva nespotrebovanej
kyseliny pri titracii pouzitim hydroxidu sodného. Na
orienta¢né zistenie schopnosti materialu tvorit aciditu
(NAG) sa vzorky so sulfidmi oxidovali 15-percentnym
peroxidom vodika podla metodiky Millera et al. (1997).

Postup odberu &erstvych okrovych zrazenin sa zvolil
so zretelom na publikované prace, napr. Bigham a Murad
(1997) a Carlson a Schwertmann (1981).

Vzorky véd s Cerstvymi okrovymi sedimentmi sme
odoberali do uzatvaratelnych vreciek z PVC, ktoré sa pred
odberom vyplachli lokalnou banskou vodou. Na mieste
odberu sa odmeralo aj pH véd koexistujucich s okrami.
Odobrany material sa bezprostredne po prichode do
laboratdria upravil sitovanim (g 0,36 mm). Ziskany material
sa susil pri teplote do 25 °C a nasledne sa spracoval
viacerymi metodickymi postupmi.

Obsah jednotlivych sledovanych prvkov sa stanovil
v roztoku po rozpustani vzoriek okrov v 10 M HCI.
Koncentraciu prvkov viazanych na slabo krystalické fazy
oxidov Fe (ferrihydrit) sme urcili v roztoku po rozpustani
v oxalate amonnom pocas 4 hodin v tme podla metodiky
McKeaguea a Daya (1966). Na urCenie celkového obsahu
Fe, Al a Mn viazaného na oxyhydroxidy Fe sme pouzili
ditioniénanovo-citronanovo-bikarbonatovd metédu (DCB)
podla Mehra a Jacksona (1960). Roztoky sa analyzovali
v geoanalytickych laboratoriach SpiSska Nova Ves
a v laboratériach EL, s. r. 0., metédami AAS a ICP-AES.

Mineralne zlozenie vzorky sa Studovalo rtg. difrakénou
analyzou v laboratériu VVCE Solipha na PriF UK na pristroji
Bruker D8 Advance za pouzitia Cu Ko Ziarenia. Zaznam
syntetického ferrihydritu na porovnanie sme ziskali od prof.
Majzlana (Univerzita Jena). IR spektra sa nasnimali na
spektrometri NICOLET 6700 (Ustav anorganickej chémie
SAV v Bratislave, VVCE Solipha).

Vysledky
Odkaliskové sedimenty
Skumané odkalisko sluzilo na ulozenie odpadu po
tazbe antiménovych a zlatych rud v doline Borovského

potoka asi 4,5 km nad obcou Medzibrod smerom na
SSZ. Ide o udolné odkalisko s hradzou. Nad hradzou je

Obr. 2. Kopana sonda MDZ-1.
Fig. 2. Dug hole MDZ-1.

umelo vytvorené jazero, kde je ulozend podstatna Cast
odkaliskového kalu. Pod hradzou su vyplavené kaly, ktorych
hrubka nepresahuje 1,5 m, a s postupne transportované,
rozplavované v smere toku potoka. Vzorky sa odoberali
z oboch etazi. V spodnej etdzi pod hradzou boli situované
kopané sondy MDZ-1, -2, -3 a ru¢ne vrtané sondy MDZ-4
a -5, vo vrchnej terase (nad hradzou) ru¢ne vitané sondy
MDZ-6 a -7 (obr. 1). Celkove sa z tychto sond odobralo 12
vzoriek sedimentu, ktoré sa Slichovali, a zo sondy MDZ-6
sa odobralo pét vzoriek na geochemicky vyskum.

Hornu ¢ast sedimentov odkaliska (priblizne 0 — 20 cm)
spravidla tvori oranzovo-zlty piesc€ito-ilovity kal (obr. 2).
So stupajuicou hibkou nastava striedanie oranzovo-Zltych
vrstiev s hrubSou zrnitostou s vrstvami sivého ilovitého
kalu. Hribka vrstiev v intervale 20 — 50 cm sa meni od
1 do 10 cm. V hibke od 50 do 100 cm sa nachadza sivy
ilovity kal. Tato najspodnejSia vrstva je silne zvodnena.
V sonde MDZ-3 a -5 sa v hibke 1 m zistila pdvodna hlina
s ulomkami hornin ako podlozie sedimentov odkaliska.

Geochemicka a mineralogicka charakteristika
odkaliskového materialu

Hodnoty pH, merna elektricka vodivost (EC)
Material odkaliska odobrany z ruéne vitanej sondy

MDZ-6 na geochemicku charakteristiku (v hibke 0 — 15 cm,
15 — 30 cm, 30 — 45 cm, 4 — 60 cm, 60 — 75 cm) mal
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Obr. 3. Vysledky merania zakladnych geochemickych charakteristik odkaliskového materialu z odberového miesta MDZ-6: A — hodnoty
merania pddnej reakcie — pH (destilovana voda, roztok s KCI), B — hodnoty merania mernej elektrickej vodivosti — EC.

Fig. 3. Basic geochemical characteristics of tailing material from the hole MDZ-6: A — pH values (measured in distilled water and KClI
solution), B — electric conductivity values.

Tab. 1
Vypocet neutralizaéného potencialu pre 2 vybrané vzorky zo sondy MDZ-6
Neutralization potencial calculation for tailing impoundment material (MDZ-6) from 2 different samples

(0-15cm) (60 - 75 cm)
a.c.=(a.a.)—(b.a.xC) a.c.=(a.a.)—(b.a.xC)
a.c.=40ml-11,35ml a.c.=40 ml-10,85 ml
a.c.=28,65ml a.c.=29,15ml
NP = (a. c.) x 25,0 x (N) NP = (a. c.) x 25,0 x (N)

NP = (29,15 ml) x 25,0 x (0,1) NP = (28,65 ml) x 25,0 x (0,1)
NP =72,88tCaCO;/1 000 t materialu NP = 71,63 t CaCOj3 /1 000 t materialu

a. a. = pridana kyselina; a. c. = spotrebovana kyselina; C = konstanta pridana zo slepého pokusu; N = molarita pridanej kyseliny
a. a. = acid added, a. c. = acid consumed, C = constant from blank exp., N = molarity of added acid

Tab. 2
Celkova koncentracia vybranych prvkov stanovenych v kale
Total concentrations of selected elements in tailing material

Vzorka As Sb Pb Zn Cu Hg Fe S
(mgkg)  (mg/kg)  (mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (hm.%)  (hm. %)
MDM — kal (2007) 6177 2812 158 20 33 0,2 2,1 <0,5
MDZ-6 / 0 — 15 (2008) 4989 3321 173,2 24 16,6 0,8 2.2 <0,5
MDZ-6 / 30 — 40 (2008) 4152 2121 98,8 11 15,5 0,2 1,9 <0,5
MDZ-6 / 60 — 75 (2008) 5863 3799 170,8 11 14,8 0,5 2,3 <0,5

v jednotlivych horizontoch rozdielne farebné odtiene od 5,84 do 7,04 (obr. 3). VymeniteIné pH ma rovnaky
aj rozdielne granulometrické zlozenie. Prechadzal od priebeh, ale niz8ie hodnoty. Hodnoty pH stupaju smerom
odtieniov Zltej po okrovu, medzi ktorymi boli sivé zateky. od povrchu do hibky 45 cm a hibsie opét klesaju az po
V najniz$om horizonte v hibke okolo 75 cm mal material hodnotu 5,52 (vzorka 60 — 75). Vo vrchnych &astiach
sivii farbu. V jednotlivych hibkovych trovniach sa striedala sedimentov znizenie hodnot pH pripisujeme rychlej oxidacii
piescéita a prachova frakcia odkaliskového materialu. sulfidov vplyvom vzdudného kyslika, znizenie hodnét pH
V hibke asi 60 cm a hibsie v telese odkaliska sa nachadzal v hibSie polozenych vzorkach mozno pripisat zvodneniu
zvodneny horizont. Pritomnost vody v odberovom mieste tychto sedimentov. Vodivost vo vzorkach stupala priamo-
spbsobovala vymyvanie najjemnejSej frakcie. Namerané Umerne s hibkou, najnizsia bola v horizonte 0 — 15 cm
hodnoty pH kalov odkaliska v destilovanej vode sa menia (45 uS/cm) a najvyssia v horizonte 60 — 75 cm pod po-
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Tab. 3
Chemické zloZenie (hm. %) oxidaénych lemov arzenopyritu (1, 2, 3) a pyritu (4, 5, 6*).
Analyza 6* prislicha k oxidaénému lemu pyritu z obr. 4B.
Chemical composition (wt. %) of arsenopyrite (1, 2, 3) and pyrite (4, 5, 6*) oxidation rims.
Analysis 6* belongs to pyrite oxidation rim in Fig. 4B.

1 2 3 4 5 6*

MDZ-4/1 A MDZ-4/1 A MDZ-6/1 MDZz-4/1 A MDZ-7/1 A MDZ-6/1
Mg 0,34 0,37 0,37 0,16 0,15 0,15
Al 0,12 0,16 0,06 0,00 1,23 0,00
Si 0,44 0,16 0,20 1,09 1,95 0,72
S 0,03 0,08 0,11 0,76 0,02 0,39
Ca 2,43 2,41 2,32 1,21 0,64 0,72
Fe 46,76 35,31 32,82 50,94 40,49 56,56
Sb 0,73 0,73 1,14 0,96 11,94 2,62
As 13,33 19,84 20,95 5,78 2,54 3,63
Pb 0,14 0,24 0,08 0,07 0,07 0,04
(0] 29,34 27,93 27,32 28,17 26,52 28,92
Spolu 93,66 8722 85,37 89,13 85,56 93,74

vrchom odkaliska (300 pS/cm). Tento jav pravdepodobne
suvisi s oxidaciou v najvrchnejSej Casti odkaliska a s ne-
skor§im vymyvanim, resp. splavovanim rozpustenych
prvkov do niz8ich Casti.

Neutraliza¢ny potencial (NP)

Numericky vypocet hodnét neutralizaného potencialu
(NP) stanovenych pre jednotlivé odberné hibkové intervaly
sondy MDZ-6 zobrazuje tab. 1. Vypocitana hodnota
neutralizaéného potencialu odkaliska na lokalite Medzibrod
predstavuje v oboch testovanych vzorkach pritomnost viac
ako 70 t CaCO3 na 1 000 t odkaliskového materidlu. Pri
ur¢ovani aktivnej tvorby kyslosti materialu odkaliska po
hodine varu sa zistili hodnoty pH (NAG pH) vySSie ako
4,5. Znamena to, ze skumany material podla zvolenegj
metodiky neprodukuje aktivnu aciditu, resp. v8etku aciditu
vyprodukovanu dekompoziciou sulfidov bezprostredne
neutralizuju pritomné karbonaty.

Celkovy obsah vybranych prvkov (TC)

Prvé stanovené hodnoty totalnej koncentracie (TC)
vybranych prvkov materialu odkaliska sa ziskali v roku
2007 z pripovrchovej vrstvy. Tieto hodnoty sluzili ako
prvotné udaje o chemickom zlozeni flotatného odpadu
deponovaného na odkalisku, priéom sa zaznamenala
vysoka koncentracia potencialne toxickych prvkov, akymi
st As a Sb (tab. 2). Hodnoty stanovené v roku 2008
zohladriuju tri vybrané hibkové Grovne odkaliska. Opat
sa potvrdil vysoky obsah As a Sb a zvySeny obsah Pb
v materidli odkaliska a stupanie koncentracie prvkov
smerom do hibky. Sthlasi to s vysledkami merania vodivosti
vo vzorkach.

Mineraly tazkej frakcie
Studium vybrusov tazkej frakcie objasnilo kvantitativne

a kvalitativne zmeny primarnych mineralov v oxidacnej
zone. NajpocetnejSie zastupené (asi 40 % zfn tazkej

frakcie) su sekundarne oxidy a oxyhydroxidy. Ich pritomnost
je charakteristicka pre vSetky vzorky. Nachadzaju sa
v podobe samostatnych ovalnych alotriomorfnych zfn
s poérovitou texturou, ktoré su ¢asto zondlne a ich zlozenie
je heterogénne. Niekedy vytvaraju lemy okolo primarnych
sulfidov alebo agregaty, v ktorych sa zrastaju s nerudnymi
aj rudnymi mineralmi.

Priblizne 20 % zfn tazkej frakcie tvoria rudné mineraly,
ktoré su Casto zatlacené oxidmi a hydroxidmi. Arzenopyrit
previada nad pyritom v pomere zhruba 1,5/1,0. Tvori
zrna s velkostou do 0,5 mm, obvykle hypidiomorfne
alebo idiomorfne obmedzené. Okraje krystalov su
Casto premenené a vznikaju tak lemy novotvorenych
oxidov. Menej Casty je vyskyt jemnozrnnych agregatov
arzenopyritu stmelenych zmesou oxidickych faz, alebo sa
jemnozrnné agregaty prerastaju s nerudnymi mineralmi.
Pyrit je hypidiomorfny az alotriomorfny, vystupuje vo
forme jemnozrnnych agregatov spolu s oxidickymi fazami
a nerudnymi mineralmi, ako aj vo forme samostatnych
krystalov s oxida¢nymi lemami. Vyskyt rudnych mineralov
obsahujucich Sb v odkaliskovom sedimente sa zatial
nezistil. Nerudné minerdly su zastupené predovSetkym
karbonatmi, menej kremefiom a sludami. Casto tvoria
zrasty s rozptylenymi rudnymi mineralmi a sekundarnymi
fazami. Karbonaty su Casto po puklinach zatlacené
sekundarnymi mineralmi.

Chemickeé zloZenie oxidacnych produktov

Oxidacéné lemy arzenopyritu su ¢asté a zistili sa takmer
na vSetkych zrnach arzenopyritu (obr. 4A). Okrem obsahu
Fe (32,82 — 46,76 hm. %) a As (13,33 — 20,95 hm. %)
(obr. 6) je pre ne charakteristicky aj obsah Sb od 0,49
do 1,14 hm. % (tab. 3), priCom primarny arzenopyrit
obsahoval okolo 0,65 hm. % Sb. Stabilny je aj obsah Ca
(2,25 — 2,43 hm. %), Mg (0,31 — 0,38 hm. %) a Si (0,16 az
0,44 hm. %), ktorych zdroj je v nerudnych mineraloch.

Oxidaéné lemy na kryStaloch pyritu su pritomné
v kazdej vzorke (obr. 4B). Pre chemické zlozenie
je charakteristicky obsah Fe (40,49 — 60,84 hm. %)
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Obr. 4. A — Oxidacny lem arzenopyritu (Apy), B — oxida¢ny lem pyritu (Py), C — framboidalne oxidy Fe s tmavosivym tmelom, D — Biely oxid
Sb uzatvarajuci sivy kremen a tmavosivé karbonaty, E — oxid Pb s charakteristickou vldknitou texturou, F — svetlosivy oxid Fe v puklinach
tmavosivého karbonatu.

Fig 4. A — Oxidation rim on arsenopyrite (Apy), B — oxidation rim on pyrite (Py), C — framboidal Fe oxides with darkgrey cement, D — white
Sb oxide enclosing grey quartz and darkgrey carbonates, E — Pb oxide with typical fibrous texture, F — lightgrey Fe oxide in cracks
of darkgrey carbonate grain.
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a takmer vzdy je pritomna primes As (0—5,78 hm. %) a Sb
(0—11,94 hm. %) (obr. 6). Na rozdiel od oxida¢nych lemov
arzenopyritu sa zistil niz8i obsah Ca (0,21 — 1,21 hm. %),
Si (0,56 —2,33hm. %) a Mg (0,10 — 0,31 hm. %). Zriedkavy
bol zvysSeny obsah S, az do 5,53 hm. %, zrejme ako
pozostatok pévodného sulfidu (tab. 3). Pri kvalitativnom
rtg. mapovani prvkov v lemoch pyritu sa zistila sorpéna
afinita Ca a As (obr. 5A, B). Antimon je pravidelnejSie
rozptyleny v jednotlivych prirastkovych zénach (obr. 5C).
Obsah Fe v oxidaénom leme v porovnani s primarnym
pyritom stupa (obr. 5D).

Oxidy a oxyhydroxidy Fe, Sb su najhojnejsie a potvrdila
sa vyrazna negativna korelacia Fe/Sb (r = -0,93). To
napoveda, ze v niektorych pripadoch by mohlo ist o fazy
s usporiadanou Strukturou, kde nastava substitucia Fe
za Sb. Vac¢sina tychto faz ma vysoky obsah Fe (30,44 az
63,97 hm. %) a zvySeny obsah As (0,0 — 10,11 hm. %) a Sb
(0,21 — 26,00 hm. %) (obr. 6). Obsah ostatnych prvkov je
velmi nizky, iba Pb zriedkavo dosahuje hodnoty do 1,4 hm. %.
Obsah Ca v oxidoch s prevahou Fe je nizky a dosahuje
najviac 2,7 hm. % (obr. 7). Specifickii morfolégiu maju

50w CaKa 20.kV

50y b Lb

framboidalne oxidy Fe. Su pritomné vo vrchnej, oxidacnej
zéne odkaliska a tvoria zhluky s velkostou do 150 um.
Okruhle framboidalne zrna maju velkost do 5 um (obr. 4C).
Pre chemické zloZenie (tab. 4) je charakteristicky vysoky
obsah Fe, od 53,76 do 63,97 hm. %, a nizky obsah primesi
As, Sb a Pb, do 0,6 hm. %.

Oxidy Sb - oxida¢né produkty s dominantnym
obsahom Sb — tvoria celistvé a vlaknité alotriomorfné
zrnda s nerudnymi mineralmi a reliktmi rudnych mineralov
s velkostou do 150 um (obr. 4D). V sedimente odkaliska
je ich obsah menej ¢asty. Vznikaju pravdepodobne ako
produkt oxidacie antimonitu a Sb sulfosoli obsiahnutych
v primarnej rude. Pre ich chemické zlozenie (tab. 4, obr.
6, 7) je charakteristicky premenlivy obsah zakladnych
komponentov. Obsah Sb kolise od 28,68 do 82, 83 hm. %,
podobne aj obsah Fe (0,00 — 24,05 hm. %), Pb (0,00
az 11,25 hm. %) a As (0,07 — 5,98 hm. %). Zistilo sa aj
obohatenie o prvky z nerudnych zloZiek rudy, a to Si (0,09
az 5,11 hm. %), Al (0,00 — 3,04 hm. %) a Mg (0,01 az
0,26 hm. %). Obohatenie o Ca (do 6,89 hm. %) je charak-
teristické prave pre fazy s vy$8im obsahom Sb (obr. 7).

j

50, s Lh 20.kV
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Obr. 5. Kvalitativne rtg. mapy oxidaéného lemu na pyrite: A — zobrazenie Ca Ko intenzity, B — zobrazenie As Lf intenzity, C — zobrazenie

Sb LB intenzity, D — zobrazenie Fe Ko.

Fig. 5. Qualitative X-ray maps of pyrite oxidation rim: A — Ca Ka intensity map, B — As L} intensity map, C — Sb L intensity map,

D — Fe Ko intensity map.
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Obr. 6. Chemické zlozenie sekun-
darnych oxidov Fe, Sb z odkaliska
v Medzibrode.
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Obr. 7. Obsah Ca v jednotlivych
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Fig. 7. Ca content in particular
As (at. %) secondary Fe, Sb oxides.
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Tab. 4
Chemické zlozenie (hm. %) oxidacnych produktov
Chemical composition (wt.%) of oxidation products

Mg Al Si Ca Fe Sb As Pb (0] Spolu

1 MDZ-4/1A 0,07 0,00 1,91 0,22 59,55 0,1 0,06 0,06 28,09 90,08
2 MDz-4/1 A 0,36 1,98 2,46 0,32 53,76 0,16 0,26 0,10 28,39 87,79
MDZ-1/1 0,13 0,56 0,84 0,37 62,78 0,38 0,42 0,08 29,18 94,73

3 MDZzZ-4/1A 0,10 0,03 0,83 0,33 48,73 6,58 2,57 0,02 24,85 84,03
MDZz-7/2 0,25 0,00 0,65 0,65 41,81 20,04 1,02 0,02 26,56 91,01
MDZ-1/1 0,20 1,84 3,58 1,14 38,42 9,29 6,46 0,09 31,07 92,10
MDZ-4/1 A 0,03 0,00 0,34 0,18 0,06 78,23 0,07 0,00 16,01 94,91

4  MDZz-3/1 0,01 0,00 0,16 0,00 0,03 61,54 0,63 0,00 20,68 83,05
MDZ-4/1 B 0,14 0,14 0,68 4,68 21,27 28,76 4,93 0,20 24,28 85,09

5 MDZ-4/1B 0,07 0,06 0,02 0,19 0,32 0,37 16,29 65,14 14,28 96,74
MDZ-4/1 A 0,07 0,03 0,03 0,43 0,66 1,88 14,25 68,55 13,94 99,84
MDZ-6/1 0,05 0,14 0,34 0,40 0,58 5,35 13,32 64,28 15,08 99,53

Analyza 1 — svetlosivé framboidalne oxidy Fe (obr. 4C); 2 — tmavosivy tmel medzi framboidmi (obr. 4C); 3 — svetlosiva vyplf puklin
karbonatu (obr. 4F); 4 — biely oxid Sb so svetlosivymi fragmentmi kremena a tmavosivymi karbonatmi (obr. 4D); 5 — oxid Pb (obr. 4E).
Analysis 1 — lightgrey framboidal Fe oxides (Fig. 4C); 2 — darkgrey cement between framboids (Fig. 4C); 3 — lightgrey filling of carbonate
cracks (Fig. 4F); 4 — white Sb oxide with lightgrey fragments of quartz and darkgrey carbonate grains (Fig. 4D); 5 — Pb oxide (Fig. 4E).

Obr. 8. Chemické zloZzenie Pb/As
a Pb/Sb sekundarnych oxidov. 1.00

As (at. %)
0.00 ,1.00

0.00

Fig. 8. Chemical composition of

0.00
Pb/As and Pb/Sb secondary phases.  Pb (at. %)

Oxidy s dominantnym obsahom Pb su zriedkavé. Tvoria
alotriomorfné zrna s poérovito-vlaknitou texturou do velkosti
200 pm (obr. 4E). Chemickeé zlozenie sa meni aj v ramci jed-
ného zrna. Je pren charakteristicky obsah Pb 35,03 — 68,55
hm. %, Sb 0,37 — 22,43 hm. %, As 1,78 — 16,29 hm. % a Fe
0,32 — 5,00 hm. % (tab. 4, obr. 8). Vyskytuje sa aj obohatenie
o prvky z nerudnych mineralov ako Ca (0,19 — 0,43 hm. %),
Si (0,02 — 0,34 hm. %) a Al (0,03 — 0,14 hm. %). Pb sa

0.25

0.50 0.75 1.00
Sb (at. %)

do sedimentov odkaliska dostava pri rozklade jamesonitu,
ktory je beznym mineralom primarnej rudy na lozisku.

Castym javom s krystaly karbonatu, ktoré po puklinach
a obvode zfn zatlata Fe-Sb oxid (obr. 4F). Chemické
zlozenie je uvedené v tab. 4. Je pren charakteristicka velka
variabilita obsahu prvkov, vysoky je obsah Fe (0,6 az
48,73 hm. %) alebo Sb (6,58 — 78,23 hm. %) a zvySeny
je obsah As (0,07 — 6,46 hm. %).
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Tab. 5
Koncentrécia vybranych prvkov vypocitana po selektivnom rozpustani oxyhydroxidov Fe
Concentration of selected elements calculated after selective dissolution of Fe oxyhydroxides

mg/kg HCI 2007 Ox. 2007 Dt. 2007 HCI 2008 H,0 2008
29 264 276 327
Fe 8 750,00 750,00 054,00 941,18 5 035,05
202 188 205
As 500,00 500,00 * 882,35 12 383,18
Sb 7 750,00 8 550,00 * 10 294,12 3 294,39
Pb 90,00 16,00 * 158,82 -
Zn 178,75 140,25 * 550,00 221,96
Cu - 17,75 * 33,82 -
Mn 5 262,50 1 052,50 5 087,40 5 308,82 280,37
Hg 0,88 0,03 * 0,88 -
Cd - 9,50 * 11,18 -
Al 262,50 337,50 289,1 705,88 350,47
Na 487,50 97,50 * 2794,12 24 299,07
K 19 000,00 - * - 5841,12
Ca 33 500,00 400,00 * 32 058,82 31 308,41
Mg 4 950,00 990,00 * 3 529,41 11 448,60
S spolu 36 125,00 375,00 * 1470,59 9 345,79
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Obr. 9. Rtg. difrakény zaznam vzorky Fe okra odobranej v roku 2007 (Cierna), porovnana so zaznamom syntetického ferrihydritu (siva).

Fig. 9. X-ray diffraction patterns of the Fe ochre sample collected in 2007 (black) and a synthetic 2-line ferrihydrite (grey).

Fe okre

Vzorky Fe okrov sa odobrali v dvoch rokoch nasledu-
jucich za sebou (2007 a 2008) spred $t6Ine Murgas (obr. 1).
Ich chemické zlozenie odraza chemické zlozenie vytoku
zo §télne a je to jeden z dvoch zdrojov kontaminacie okolia
opusteného loziska Medzibrod.

Z chemického hladiska je najzaujimavejSia extrémna
hodnota As sorbovaného na vzorky Fe okrov (tab. 5).
Vo vzorke odobranej v roku 2007 sme namerali 202,5 g/kg
As a podobne vysoku hodnotu sme potvrdili aj vo vzorke
z roku 2008 (205,88 g/kg As). Na zaklade porovnanim
koncentracie As po rozpustani v kyseline chlorovodikove;j
a v oxalate aménnom moézeme povedat, Zze As sa viaze

dominantne na slabo krystalické oxyhydroxidy Fe.
Pozorovali sme aj vyznamnu desorpciu As pri rozpustani
v destilovanej vode (12,38 g/kg).

Obsah Sb vo vzorkach v porovnani s As je radovo nizsi
(do 10 294 mg/kg), vySSiu koncentraciu po rozpustani
v oxalate pripisujeme chybe merania. Opat sme potvrdili
vyraznu desorpciu Sb pri rozpustani v destilovanej vode
(3 294 mg/kg).

Z inych potencialne toxickych prvkov sme pozo-
rovali aj zvySenu koncentraciu Zn (do 550 mg/kg) a Pb
(do 159 mg/kg).

V rtg. difrakénom zazname sa identifikovala pritomnost
detritickych primesi muskovitu, kremena a sideritu (obr. 9).
Pritomnost tychto mineralov vo vzorke stazuje identifikaciu
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oxyhydroxidu Fe, pritomnost ferrihydritu predpokladame na
zaklade porovnania so syntetickym materialom. Pritomnost
tejto fazy potvrdzuje niekolko inych faktov, ako napr. pomer
Fe./Feq = 0,96. To znamena, ze vo vzorke je dominantna
slabo kryStalicka faza a pri neutralnom pH koexistujucich vod
(7,04) je takouto fazou ferrihydrit. Jeho pritomnost potvrdzuju
aj IR spektra vzoriek (obr. 10). Tie okrem vibraéného pasu
v oblasti 3 430 cm™, ktory je typicky pre ferrihydrit a prira-
dujeme ho k OH skupine, poukazuju na vyznamny podiel
organickej hmoty (vibracie molekuly COO~ pri 1 400 cm™).
Vo vzorkéach sa vyrazne prejavuje aj vibracia v arzeni¢na-
novom aniéne AsQO,% v oblasti vinovej dizky 800 — 900 cm™
(Myneni et al., 1998). V oboch vzorkach, vyraznejSie vSak
vo vzorke z roku 2008, sa objavuje vibraény pas prislichajuci
k skupine SO,%~. Vzhladom na vysoku koncentraciu Ca
v tejto vzorke to pripisujeme pritomnosti sadrovca.

Diskusia

Na zaklade geochemického a mineralogického Studia
odkaliskového kalu a Fe okrov precipitujucich z vytoku
Stélne Murga$ sme potvrdili pritomnost tychto dvoch
zdrojov kontaminacie. Treti mozny zdroj su haldy, ktoré
sme z pohladu kontaminacie prostredia zatial neStudovali.
Odkalisko aj S$télfia Murga$ su zdrojom potencialne
toxickych prvkov As a Sb, v mensej miere Pb a Zn. Ako
sme potvrdili stanovenim neutralizacného potencialu,
odkaliskovy kal obsahuje dostato¢ny podiel karbonatov
na neutralizaciu acidity tvorenej dekompoziciou sulfidov.
Toto zistenie suhlasi so starSimi pracami, ktoré opisuju
pritomnost karbonatového Stadia mineralizacie na lozZisku
(Lalinska a Chovan, 2006).

Na arzenopyrite a pyrite su vyvinuté oxidaéné lemy,
ktoré obsahuju prvky primarnych sulfidov. Na arzenopyrite
v8ak niekedy dochadza k ochudobneniu lemu o As,
v lemoch na pyrite je obsah Fe v porovnani s obsahom
v primarnom pyrite ¢asto zvySeny. Reakciou porovych
roztokov s oxida¢nymi lemami na sulfidoch sa obohacuju
lemy na arzenopyrite najma o Ca, menej o Sb. V lemoch
na pyrite je zvySeny obsah najma Sb a As a menej
Ca. Sb a As sa dostavaju do poérovych roztokov pri
dekompozicii sulfidov a Ca z karbonatov. Sorpciu tychto
prvkov na oxida¢né lemy opisuju aj Majzlan et al. (2007)
z loziska Pezinok.

Koncentracia As a Sb v kale odkaliska sa pohybuje
v tisickach mg/kg, pri€om obsah As je priblizne 2x vyssi.
Suhlasi to s publikovanymi udajmi o hojnom zastupeni
arzenopyritu v primarnej mineralizacii (Lalinska a Chovan,
2006). Aj ked je v prostredi vysoka koncentracia As,
tento prvok nevytvara samostatné mineralne fazy, ale
najcastejSie nastava sorpcia na oxidy a oxyhydroxidy Fe,
menej ¢asto tvori mineralne fazy spolu s Pb. Pozorovali
sme aj oxidy Sb/Fe/As. Sb byva viazany aj na oxidy Fe,
no ¢asto tvori samostatné oxidy Sb, Sb/Fe oxidy a niekedy
aj Pb/Sb oxidy. V pripade oxidov Sb predpokladame
primarny vznik na hydrotermalnych zilach alebo priamou
oxidaciou antimonitu v prostredi odkaliska. V druhom
pripade predpokladame pritomnost mineralov stibikonitu,
sennarmontitu a valentinitu, ktoré su produktmi oxidacie
antimonitu (Ashley et al., 2003), a viaceri autori ich
identifikovali v suvislosti so zvetravanim na opustenych
Sb loziskach (Chovan et al., 1981; Andras et al., 1985;
Filella et al., 2009; Filella et al., 2002; Dill et al., 2008 a
dalsi). Cast zmieSanych Sb/Fe oxidov pravdepodobne
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prislicha k mineralu tripuhyitu. Jeho krystalizaciu predpo-
kladame priamo v telese odkaliska z porovych roztokov
obohatenych o prvky z rozpustenych sulfidov. Rovnaky
mineral vo velmi podobnych podmienkach sa potvrdil
na odkalisku v Pezinku (Majzlan et al., 2008). V pripade
Pb/Sb oxidov ide pravdepodobne o mineral bindheimit.
Tento mineral méze vznikat oxidaciou Pb/Sb sulfidov, napr.
jamesonitu (Bahfenne a Frost, 2009), ktory je na lozisku
Medzibrod bezny. Sekundarne mineralne fazy s Pb a As
z opusteného antimonitového loziska vo Francuzsku
Studovali Casiot et al. (2007). Publikovali WDS analyzy
s obsahom 66,9 — 71,0 hm. % Pb a 13,5 — 13,6 hm. % As
a predbezne identifikovali tuto fazu ako mineral paulmooreit
(Pb,As,05). Tieto analyzy su velmi podobné analyzam
Pb/As oxidov z loZiska Medzibrod.

Framboidalne oxidy Fe s nizkym obsahom primesi
mohli vzniknut oxidaciou framboidalneho pyritu, pri¢om
viacero autorov potvrdilo jeho slabSiu odolnost proti
oxid&cii v porovnani s euhedralnym pyritom (Weber et al.,
2004; Boon et al., 1999).

Precipitacia ferrihydritu v podmienkach neutralneho pH
je v sulade s viacerymi publikaciami (Bigham et al., 1992;
Cornell a Schwertmann, 2003). Neskor v procese starnutia
prebieha transformacia na stabilnejsi goethit.

Extrémne vysoky obsah As (do 205,9 g/kg), ktory sa
viaze na ferrihydrit, je v porovnani s udajmi z domace;j
i zahrani¢nej literatury zriedkavy. V jednom pripade bol
publikovany obsah az 180 000 mg/kg As v Zelezitych
arzeni¢nanoch z Pb-Zn loZiska vo Francuzsku, pricom islo
o precipitaciu z kyslych roztokov (pH 2,2 — 4) a za ucasti
rychlo rastucich mikrobialnych Struktur (Leblanc et al.,
1996). Vysoky obsah As, do 62 000 mg/kg, je opisany aj
v suvislosti s precipitaciou ferrihydritu na miestach
mieSania hydrotermalnych fluid s morskou vodou v Tutum
Bay v Papue-Novej Guinei (Pichler a Veizer, 1999).
Zo slovenskych lokalit bol najvy$si obsah As opisany
vo vazbe na ferrihydrit v Pezinku (Majzlan et al., 2007).
Autori na zaklade rtg. absorpénej spektroskopie opisali
aj sposob vazby AsO,% tetraédra na Fe oktaédre v Struk-
tare ferrinydritu. Zistili, Ze As tetraédre sa spajaju s Fe
oktaédrami vrcholmi vo forme binuklearneho bidenta-
tového alebo mononuklearneho bidentatového komplexu.

Zvy$ena koncentracia As spésobuje posun difrakénych
maxim k vy8§im hodnotam. Tento fakt vSak nevieme
potvrdit v nasej vzorke, kde nam to znemoznuje pritomnost
inych mineralov v zazname. Na lokalite Pezinok opisali
autori posun oproti syntetickej vzorke o 0,21 A. Podobné
rozdiely suvisiace s vysokym obsahom As vo vzorkach
opisali Rancourt et al. (2001) a Carlson et al. (2002),
ktori vo vzorke identifikovali posun az o 0,5 A. Variacie
v pozicii difrakéného maxima su dané zmenami v Uplnej
radialnej distribu¢nej funkcii (Waychunas et al., 1996),
pricom zmeny rtg. zaznamu vo ferrihydritoch bohatych
na As su nasledkom pritomnosti hojnych parov As — O
a Fe — As, ktoré spbsobuju dodatoény rozptyl a posun
v rtg. zdzname.

Vazbu Zn na oxyhydroxidy si vysvetlujeme podobne
ako Juillot et al. (2008), ktori na zaklade EXAFS spektier
opisali spésob vazby Zn na 2-line ferrihydrit a goethit.

V pripade 2-line ferrihydritu opisuju Zn ako tetraédricky
koordinovany kyslikom, v pripade goethitu oktaédricky,
a v oboch pripadoch sa tieto bidentatové komplexy spajaju
vrcholmi.

Véazbu Sb (do 10,3 g/kg) na oxyhydroxidy Fe mézeme
vysvetlit na zéklade publikacii Ackermanna et al. (2009)
a Scheinosta et al. (2006). Obe publikacie opisuju tvorbu
komplexov spajajucich sa vrcholmi aj hranami s oxidmi Fe.
Scheinost et al. (2006) blizSie Specifikuju tuto adsorpciu
ako vazbu oktaédrov Sb(O,0H)s na Fe (O,0OH)g oktaédre,
pricom poukazuju na spajanie komplexov hranami aj
vrcholmi.

Rozdiel v afinite Sb oproti As k oxyhydroxidom Fe,
ktord sme potvrdili Studiom sekundarnych mineralnych faz
v prostredi odkaliska, vidime aj v pripade oxyhydroxidov Fe
precipitujlcich pri Usti $télne Murgas. Zenigova et al. (2009)
udavaju viac ako dvojnasobnu koncentraciu rozpusteného
Sb (445 pg/l) oproti As (180 pg/l) vo vode koexistujucej so
Studovanymi oxyhydroxidmi Fe, zatial ¢o koncentracia As
vo vzorke Fe okra z roku 2008 je v porovnani s Sb priblizne
20-krat vyssia.

Zaver

Hlavnym zdrojom znecistenia na lozisku Medzibrod
su odkaliskové kaly a mociar s Fe okrami pri usti §télne
Murgas.

Vrchnu ¢ast sedimentov odkaliska spravidla tvori
zoxidovany oranzovo-zlty piesgito-ilovity kal. S hibkou
nastava striedanie oranzovo-zltych vrstiev s vrstvami
sivého ilovitého kalu, ktory v spodnej Casti sond previada.
NajspodnejSia vrstva je silne zvodnena.

Namerané hodnoty pH kalov odkaliska v destilovanej
vode sa menia od 5,84 do 7,04, hodnota mernej elektrickej
vodivosti vo vzorkach stipa priamoumerne s hibkou.

Podla vypoctu neutralizaéného potencialu skimany
materidl neprodukuje aktivnu aciditu, resp. vSetku aciditu
vyprodukovanu dekompoziciou sulfidov bezprostredne
neutralizuju pritomné karbonaty.

V materidli odkaliska sa zaznamenal vysoky obsah
potencialne toxickych prvkov — As (6 177 mg/kg), Sb
(83 799 mg/kg) a Pb (173 mg/kg).

V tazkej frakcii oxidacnej zony maju najpocetnejsie
zastupenie (asi 40 %) sekundarne oxidy a oxyhydroxidy
Fe, Sb, As a Pb. Priblizne 20 % zfn tazkej frakcie tvori
arzenopyrit a pyrit, arzenopyrit prevlada nad pyritom
v pomere 1,5/1,0. Karbonaty su casté, sulfidy Sb sa
v oxidacnej zéne nezistili.

Na arzenopyrite a pyrite su vyvinuté oxidacné lemy,
ktoré obsahuju prvky primarnych sulfidov. V lemoch na
arzenopyrite dochadza k ubytku As oproti povodnému
arzenopyritu, zvySeny je obsah Ca. V lemoch na pyrite
je zvy$eny obsah Fe, As a Sb.

Krystalizaciou z pérovych roztokov vznikaju v odkalisku
oxidy a oxyhydroxidy, z ktorych najbeznejSie su Fe/Sb oxidy,
pomerne Casté su vSak aj oxidy s prevahou Sb nad Fe (Sb/
Fe). VSetky tieto fazy maju zvySeny obsah As. Vynimocne
su rozSirené Pb/Sb oxidy, ktoré su svojim chemickym
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zlozenim blizke bindheimitu, a Pb/As oxidy, ktoré by mohli
prisluchat k paulmooreitu. Existencia opisanych oxidov
a oxyhydroxidov dobre zodpoveda mineralnemu zlozeniu
primarnych rid. Castym javom je zatladanie krystalov
karbonatu po puklinach a obvode zfn Fe-Sb oxidmi.

MensSia stabilita antimonitu a inych Sb mineralov
oproti arzenopyritu a pyritu sa prejavila nepritomnostou
sulfidov Sb v oxida¢nej zéne odkaliska a naopak, v hojnom
zastupeni oxidov s prevahou Sb nad Fe a As. As nevytvara
samostatné oxidy, ale vyznamne vstupuje do krystalove;j
Struktury oxidov Fe, Sb, zriedkavejSie do oxidov Pb.

Pri usti §t6lne Murga$ sme zaznamenali extrémne
vysoku koncentraciu As (205,88 g/kg) sorbovaného
na oxyhydroxidy Fe a radovo niz8iu koncentraciu Sb
(10,3 g/kg). Vzhladom na to, Ze koexistujuca voda
obsahuje skoro dvojnasobne viac rozpusteného Sb ako
As, predpokladame v porovnani s As nizSiu schopnost Sb
viazat sa do Struktury ferrihydritu.

Podakovanie. Tato praca vznikla s pomocou Agentury na podporu
vyskumu a vyvoja na zaklade zmluvy ¢. APVV-0268-06 a ¢. VVCE
0033-07.
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Mineralogical and geochemical characterization of contamination sources
at abandoned Sb-Au deposit Medzibrod

An important abandoned deposit of Sb-Au ores is
located 15 km northeast of Banska Bystrica. Gold was the
subject of limited historical prospecting and exploration,
antimony was the main subject of mining from the 18th
century. Intensive exploitation occurred between 1938 and
1947, when about 9 000 t of ores were recovered annually.

The deposit is developed in the so-called “productive
belt; striking NE-SW, whichis limited by the contactbetween
the Mesozoic cover and crystalline basement. Mineralized
concordant veins and lenses are 100 — 150 meters long and
are localized in tectonically strongly reworked migmatite
and gneiss. Mineralization is represented predominantly
by quartz, Fe-dolomite, stibnite, pyrite and arsenopyrite.

The abandoned Sb deposit Medzibrod is a source
of local As and Sb pollution and the tailing impoundment
and Murga$ adit are the main sources of contamination.

The upper part of tailing impoundment consists of
oxidized sandy-clayey sediments, while the amount of clay is
higher in the lower parts of the tailing. Tailing material is not a
source of acidity, as all acid generated by sulphides oxidation
is neutralized by abundant carbonates. Concentrations
of potentially toxic elements are high, As content is up to
6 177 mg/kg, Sb 3 799 mg/kg and Pb 173 mg/kg.

The most frequent in the oxidized layers of tailing
impoundment are the secondary oxides and oxyhydroxides
with various amounts of Fe, Sb, As and Pb. Arsenopyrite is
the most common sulphide in these sediments, pyrite is
also frequent, but Sb sulphides were not observed here,
probably due to their lower stability in oxidizing conditions.

Oxidation rims developed on pyrite grains contain
enhanced amounts of As and Sb in comparison with
the primary pyrite. Rims on arsenopyrite grains are
characteristic by decreased content of As in comparison
with the primary sulphide.

Most frequent secondary minerals are Fe/Sb oxides,
also oxides are abundant where Sb content dominates.
Both types of oxides use to contain As. Less common
are Pb/Sb oxides, which chemical composition is similar
to bindheimite and Pb/As oxides close to the mineral
paulmooreite.

Fe ochre (mainly composed of ferrihydrite) precipitating
in connection with Murga$ adit contains extremely high
concentrations of As (205.88 g/kg) and lower concentrations
of Sb (10.3 g/kg). Due to lower concentrations of Sb than
As dissolved in coexisting water, we assume lower affinity
of Sb to bond in the structure of ferrihydrite.
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LUBOMIR JURKOVIC', PETER SOTTNIK?, RENATA FLAKOVA3, MICHAL JANKULAR,
ZLATICA ZENISOVA® a MAREK VACULIK*

'Katedra geochémie, Prirodovedecka fakulta, Univerzita Komenského, Mlynska dolina,
842 15 Bratislava, jurkovic@fns.uniba.sk
2Katedra loziskovej geoldgie, Prirodovedecka fakulta, Univerzita Komenského,
Mlynska dolina, 842 15 Bratislava
SKatedra hydrogeoldgie, Prirodovedecka fakulta, Univerzita Komenského,
Mlynska dolina, 842 15 Bratislava
“Katedra fyziologie rastlin, Prirodovedecka fakulta, Univerzita Komenského,
Mlynska dolina, 842 15 Bratislava

Abandoned Sb-deposit Popro¢: Source of contamination
of natural constituents in OlSava river catchment

Antimony and arsenic are specific environmental problems in Slovakia and untill recent
a very small attention was focused on these threats. The presence of elevated levels of antimony
and arsenic (Zn, Pb, Ni, Fe) on the surface, in groundwater, stream sediments and soils became
the issue of environmental concern. This contribution is aimed at evaluation of potentially toxic
elements in environmental constituents (natural water, soils, stream sediments, plants) of OlSava
river catchment and their relative mobility. We found out, that waters, soils, stream sediments and
plants are primary affected by point sources of contamination (drainage from old mine, tailing
impoundments, waste dumps). The portion of water extractable fraction of Sb in soil ranges from
0.5 t0 3.06 % and in stream sediments from 0.08 to 7.15 %. This, however, points to low mobility
of Sb, but due to very high total content leaching of soils and stream sediments may cause
a water pollution.

Key words: antimony, arsenic, pollution, abandoned mine, Popro¢

Uvod

Problematika Studia kontaminéacie uzemi v okoli Sb
lozisk Sirokou Skalou potencialne toxickych prvkov so za-
meranim na Sb a As, spOsob ich migracie, vazba na
koloidné zlozky a potencial vstupovat do potravového
retazca prinaSa moznost aplikacie poznatkov jednotlivych
geologickych odborov. Antimén ako prirodzene sa vyskytu-
juci chemicky prvok v prirodnom prostredi s toxickymi
ucinkami sa v sucasnosti stal cieflom mnohych vedeckych
prac, napriek tomu mnohé aspekty spravania Sb v prirod-
nom prostredi su stale nepoznané (Filella et al., 2009).

Tato Studia predstavuje vysledky hydrogeologického,
mineralogicko-geochemického a botanického vyskumu
v okoli opusteného Sb loziska Popro¢, ktoré sa ziskali
s pomocou Agentury na podporu vyskumu a vyvoja
v radmci rieSenia projektu APVV ¢. 0268-06 Zhodnotenie
vplyvu banskej ¢innosti na okolie opustenych Sb loZisk
Slovenska s navrhmi na remediaciu.

Sb mineralizacie na Slovensku su zname vo variskom
kryStaliniku — v tatrickej tektonickej jednotke (Pezinok,
Pernek, Dubrava, Medzibrod, Magurka) a v gemerickej
tektonickej jednotke (Cuéma, Poprod), pricom tieto
regiény patrili k najvyznamnej$im zdrojom Sb rud
v Eurdpe. Antimonit sa zacal tazit v polovici 17. storoCia
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a tazba pokrac¢ovala s drobnymi preruseniami do konca
20. storogia. Pred 2. svetovou vojnou bolo byvalé Cesko-
-Slovensko na 6. mieste v produkcii Sb na svete (Chovan
—ed., 1994).

Tazba a spracovanie polymetalickych rud vsak pri-
nasali aj vyznamny zasah do kvality Zivotného prostredia
suvisiaci s vysokou produkciou banského a Upravnickeho
odpadu s relativne nizkou ucinnostou vtedajsich flotacnych
technoldgii, a najmé s nevhodnym nakladanim s odpadom.
Komplexné Studium vplyvu opustenych Sb lozisk
a rizika kontaminacie prostredia sa realizovalo v pripade
loziska Pezinok (Chovan et al., 2006). V ramci uvedene;j
Studie sa potvrdila rozsiahla kontaminacia pod arzénom
aantimonom v okoli Sb lozisk v Malych Karpatoch (Veselsky
et al., 2003) a boli publikované viaceré vysledky Studia
vazby As a Sb na Fe okre (Trtikova et al., 1999; Majzlan
et al., 2007). Predmetom z&ujmu bola aj problematika
experimentalneho $tudia a dizajnu geochemickej bariéry
(Lalinska a Sottnik, 2007) a &tudia vplyvu loZiska Pezinok
na kvalitu povrchovych a podzemnych vod od kéty Cmele
(lozisko Trojarova) az po lozisko Kolarsky vrch (Flakova
et al., 2005). Tematicky orientovany prieskum materialu
odkalisk a vplyvu tazby a upravy rud na jednotlivé
zlozky zivotného prostredia sa realizoval aj na Sb
loZisku Dubrava (Arvensis et al., 1994). Vyskyt antiménu
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holocénno-fluviadlne sedimenty, nivné hliny dolinnych niv
a horskych potokov

pleistocén — holocén, deluvialne sedimenty,
hlinito-kamenité svahoviny a sutiny

Neogén — miocén — panén
seCovské suvrstvie — vapnité ily, uhofné ily, lignity,
medzivrstvy tufov a tufitov

Starsie paleozoikum — gelnicka skupina — drnavské
suvrstvie — starSi devon
chloriticko-sericitické a grafiticko-sericitické fylity

jemno-, stredno- a hrubozrnné metaryolitové tufy a tufity

Starsie paleozoikum — gelnicka skupina — stvrstvie
Bystrého potoka — mladsi silur

sericiticko-chloritické, sericiticko-grafitické (impregnované
pyritom) a kremenno-sericitické fylity a aktinolitické bridlice

jemno-, stredno- a hrubozrnné metaryolitové tufy a tufity
Krystalinikum

strednozrnné, dvojsludové a biotitické granity
paleozoikum — gemeridné hercynske granitoidy (perm)

Obr. 1. Schematicka geologicka mapa Studovanej oblasti Popro¢a (upravené podla Kacera et al., 2005).

Fig. 1. Schematic geological map of studied area (surrounding of Popro¢, modified after Kacer et al., 2005).

a arzénu vo vodach Slovenska, poznatky o jeho formach
a distribucii a jeho vztah k rudnym loziskam na Slovensku
boli podrobne charakterizované v praci Zeniéovej et al.
(2009a). Viacerymi Studiami sa preukazal vyznamny vplyv
kontaminacie jednotlivych zloziek zivotného prostredia
dlhodobou banskou ¢€innostou s potencialnym vplyvom
na kvalitu zdravotného stavu obyvatelstva v SpiSsko-
-gemerskom rudohori (Rapant et al., 2006, 2009).

Charakteristika okolia opusteného Sb loziska Popro¢

Studované lzemie sa nachadza v jv. éasti Spigsko-
-gemerského rudohoria v oblasti Petrovej doliny v katastri
obce Popro¢. Odvodnuje ho potok OlSava, ktory je
lavostrannym pritokom rieky Bodva. Opustené Sb lozisko
Poproé patri spolu s loziskami Betliar, Cuéma, Spi$ska
Bana a Zlata Idka k vyznamnym historicky tazenym
rudnym loziskam juznej €asti Slovenského rudohoria, ktoré
prevazne sleduju Struktury tvorené gemerickymi granitmi
(Rozloznik et al., 1987). Na geologickej stavbe tejto oblasti
sa podielaju horniny starSieho paleozoika gemerika,
gelnicka skupina s telesom granitu, izolovany vyskyt
permu a sedimenty neogénu a kvartéru (obr. 1). Rudné
zily s antimonitom a zlatom sa nachadzaju v Petrovej
doline 2,5 km severne od Poproca v staropaleozoickych
chloritickych fylitoch (Grecula — ed., 1995). Vystupuju
v blizkosti popro¢ského granitového telesa a patria k Sb-
-Au typu hydrotermalnej mineralizacie.V uzemi je znamych
7 hlavnych SoSovkovitych Zil a indicii zrudnenia, viazanych
na tektonické zoény v.-z. smeru, ktoré su konformné s brid-
licnatostou. NajvyznamnejSia zilna Struktura je Anna-

-Agneska. Jej zrudnena éast ma dizku 1 300 m, hibkovy
dosah 220 m a priemernud hrubku 1,5 — 2 m. So$ovky
kremena s masivnym antimonitom miestami dosahuju
hrabku az 20 m. Vo vychodnej ¢asti bola zilna Struktura
Anna-Agneska otvorena stolfou Agneska, vysSie bola
Dolna a Horna Lukacka, Dolna a Horna Berta, Sv. Trojica
a Sv. Stefan. Zapadnu &ast $truktury tvorila $télha Anna
a vys8ie Nova Anna (Grecula — ed., 1995). Vo vyplni zil
sa okrem antimonitu, kremena a karbonatov zistila pri-
tomnost pyritu, arzenopyritu, kobaltinu, galenitu, sfaleritu,
tetraedritu, Sb sulfosoli a zriedkavo aj zlata (Chovan — ed.,
1994). Potvrdil sa pomerne ¢asty vyskyt Pb-Zn-Bi sulfosoli
— berthieritu, zinkenitu, jamesonitu, chalkostibitu — a bol
opisany novy mineral z kremenovo-antimonitovych zil na
lokalite Popro¢ — flldppit (Klimko et al., 2009). Vychodne
od obce Popro¢ sa nachadza barna Rufus, v ktorej sa tazila
sideritova Zelezna ruda.

Lozisko Popro¢ je vychodnym zakonéenim juzného
tahu antimonitovych vyskytov gemerika. Zaciatky banictva
v Poprodi sa datuju do polovice 18. storo€ia. Vacsia tazba sa
zacCala odr. 1790, najvacsi rozmach tazby nastal v 19. storodi.
V r. 1939 bola postavena Upraviia. Tazba pokradovala
az do r. 1965, ked sa prevadzka zastavila a postupne sa
likvidovala. Celkové mnoZstvo vytazenej a spracovanej rudy
v rokoch 1931 — 1965 bolo 10,3 kt antiménu a 80 kg zlata
(Grecula — ed., 1995). Po banskej a Upravnickej Cinnosti
zostali v okoli Poproca haldy banskej hluSiny a odkaliska
s deponovanym materialom z flotaénej Upravne.

Haldy malého rozsahu su situované pred Ustiami
starych banskych diel. Ich material pozostava z jaloviny,
ruda je zriedkava. Tento material sa ¢asto pouzival na
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vystavbu lesnych ciest a zvaznic (Kalic¢iakova et al., 1996).
Vyrazne vacsie rozmery mala halda bane Agnes pred ustim
StoIne, kde v dosledku vyuzivania materialu boli vytazené
asi 2/3 jej povodného objemu. Dal$ia vagsia halda bola pri
zasobnikoch rudy na flotaénud Upravu v bo¢nom udoli na
pravej strane Petrovej doliny.

Na lozisku Popro¢ boli v priebehu tazby Sb rudy
vybudované tri odkaliska, ktoré su situované v pravej
Casti Petrovej doliny 0,5 — 1 km od obce. Odkaliska su
situované v aluviu potoka OlSava. Ani z jednej strany nie
sU spevnené hradzou a ich material sa volne rozplavuje
do prostredia. Popro¢ské odkaliska sa detailne Studovali
s cielom definovat Fe(Sb) oxidické mineralne fazy ako
produkty oxidacie sulfidov v materiali odkalisk (Klimko
a Lalinska, 2009). Material z odkalisk a hald pouzivali
a dodnes pouzivaju obyvatelia obce Popro¢ pri stavbe
a uprave svojich obydli.

V oblasti opusteného Sb loziska Popro¢ sa zistilo
vyrazné znecistenie povrchovych véd, pod a rie¢nych
sedimentov v povodi toku OlSava (Kali¢iakova et al., 1996).
V niektorych vzorkach pdd bola prekrocend limitnd hodnota
C (rozhodnutie MP SR ¢&. 531/1994-540) pri arzéne az
400-nasobne, obsah antiménu dosahoval hodnotu az
12 161 mg - kg~'. Vo vSetkych meranych vzorkéch rie¢nych
sedimentov bola prekro€ena limitna hodnota C v pripade
arzénu aj antimoénu (rozhodnutie MP SR ¢&. 531/1994-
-540). V povrchovych vodach potoka Ol$ava bol namerany
obsah Sb az 520 — 650 ug - I, teda 100-nasobne viac
ako je najvy$Sia medzna hodnota pre vodu uréenu na
ludsku spotrebu (nariadenie vlady SR €. 354/2006 Z. z.).
Délezitym zdrojom znedistenia v Studovanej lokalite
sU banské vody, ktoré predstavuju zvlastnu skupinu
podzemnych vod. Banské diela umelo zvysili priepustnost
horninového prostredia, ale tento efekt je len lokalny.
V minulosti sa vody niektorych banskych diel vyuzivali
ako zdroje pitnej vody. Chemické zlozenie vod poukazuje
na drenaznu funkciu $t6Ini a na plytky obeh podzemnych
vod. Vynimkou je Stélfia Agnes, kde vy$Sia teplota vody,
mineralizacia a typ vody poukazuju na hlbsi obeh vod
(Bacova et al., 1998). Mineralizacia banskych véd sa
pohybuje v Sirokom intervale, od 64 do 2 384 mg - I-". Pre
banské vody je typicky zvySeny obsah stopovych prvkov
As, Sb, Fe, Mn a Ni (Méryova et al., 2005).

Metodika prace

S cielom definovat a charakterizovat rozsah konta-
mindcie v Studovanom Uzemi povodia OlSavy sa realizovali
terénne odbery vzoriek jednotlivych médii prostredia
(po6dy, prirodné vody a rie¢ne sedimenty) a vybranych
druhov rastlin Standardnymi metédami. Lokalizacia
odberov vzoriek (obr. 2) sa zamerala na blizke okolie
potencialnych bodovych zdrojov kontaminacie As
a Sb - vytoky zo §tbIni, okolie hald hluSiny a neriadené
odkaliska.

V ramci hydrogeologickych prac sa na lokalite Popro¢
v ramci projektu APVV monitorovalo 18 miest — potok
Olsava na 10 profiloch, vytok zo §t6lne Agnes (POH-5)
a zo $télne Anna (POH-6), vytok pod odkaliskom (POH-9)

a dve domoveé studne priamo v obci v aliviu pod odkaliskom
(POH-14, POH-15). Monitoroval sa aj pravostranny pritok
OlSavy v mieste pod sutokom s vytokom zo $t6lne Agnes
(POH-7) a lavostranny pritok OlSavy v areali Rudnych
bani, ktory vyteka pod §t6lfiou Marianna (POH-18).
V tejto lokalite sa v roku 2008 realizovali 2 prieskumné
vrty v altviu potoka OlSava (obr. 2). Vrt PO-1 sa nachadza
v severnej ¢asti obce Popro¢ v mieste pod odkaliskom.
Vrt PO-2 je situovany pri juznom okraji obce v aluviu na
pravej strane od potoka OlSava pod aredlom bane Rufus.
Na vS§etkych monitorovacich miestach sa vykonali terénne
merania zakladnych fyzikalno-chemickych ukazovatelov
vOd. V roku 2007 sa odobralo 14 vzoriek véd. Chemické
analyzy vod sa realizovali v geoanalytickych laboratériach
(GAL) SGUDS v Spisskej Novej Vsi v tomto rozsahu: Na,
K, Ca, Mg, CI-, NO5~, SO,*, Si, Fe, Mn, Al, As, Cd, Co, Cr,
Cu, Hg, Ni, Pb, Sb, Zn. Jednotlivé parametre sa stanovili
Standardnymi analytickymi metédami. Antimén a arzén
sa stanovil metdédou AAS, technikou generacie hydridov
(Mackovych a Soltysova, 2003) na pristroji AAS-Spectr
AA 220 firmy Varian. Vzorky véd na stanovenie stopovych
prvkov sa pri odbere filtrovali cez papierové filtre s velkostou
oka 1 um a nasledne v laboratériu cez membranové filtre
s velkostou oka 0,45 um (zn. Milipore).

Odbery péd a rie¢nych sedimentov sa realizovali
systematicky zo S na J v smere toku OlSavy. Vzorky pod
sa odoberali ruénym vrtakom (hibka 20 — 40 cm, zhruba
2 kg) a vzorky rie€nych sedimentov plastovym naberatom
(hmotnost zhruba 3 kg). Laboratérne spracovanie vzoriek
p6d a rie¢nych sedimentov sa robilo Standardnym
postupom. Vzorky sa vysusili pri laboratérnej teplote,
homogenizovali a sitovali na frakciu mensiu ako 1 mm.
Zakladné charakteristiky p6d a rieCnych sedimentov
(pH, vodivost) sa zmerali vo vodnych a 1 M vyluhoch KCI
podla metodiky pre pddy a zeminy (VanReeuwijk, 1995;
Fiala et al., 1999). Celkovy obsah chemickych prvkov
v pevnych fazach pod a rie¢nych sedimentov sa stanovil
v akreditovanych laboratériach ACME Analytical Labora-
tories Ltd., Vancouver (Canada), metédami ICP-ES, resp.
ICP-MS.

Extrakéné experimenty na stanovenie extrahovatel-
ného, resp. biopristupného podielu As a Sb v pdédach
a rie¢nych sedimentoch sa vykonali v laboratériach Katedry
geochémie a Katedry loZiskovej geoldgie Prirodovedeckej
fakulty Univerzity Komenského v Bratislave (PriF UK).
Z hladiska zabezpec¢enia homogenity vysledkov sa vSetky
extrakcie robili duplicitne. Jednoducha extrakcia pédnych
vzoriek destilovanou H,O sa urobila z vodnej suspenzie
v pomere pevna faza : roztok 1 : 20 (w/v) po¢as 16 hodin
pri laboratérnej teplote 21 + 2 °C (Kubova et al., 2008),
extrakcia v 1 M NH,NO; zo suspenzie v pomere pevna
faza : roztok 1 : 2,5 (w/v) v trvani 2 hodiny (ltanna et al.,
2008). Pre rie€ne sedimenty sa pouzila 3-stupnova
sekvenéna analyza (Rauret et al., 1999). Tato metdda
umoznujevyclenittrirdznefyzikalno-chemické Spécieprvkov:
frakcia 1 — rozpustna vo vode (podiel stopovych prvkov
rozpustnych vo vodnej faze vo forme prevazne anorga-
nickych soli), frakcia 2 — ionovymenna a karbonatova
(podiel stopovych prvkov adsorbovanych na anorganickych
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Obr. 2. Lokalizacia odberov vzoriek.
Fig. 2. Location of samples.
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soliach a viazanych v karbonatoch, ktoré sa uvolfiuju do
vodného prostredia pri zmene neutralnych podmienok na
mierne kyslé, frakcia 3 — redukovatelna (podiel prvkov
viazanych na oxidy/oxyhydroxidy Fe a Mn, ktoré su
termodynamicky nestabilné a uvolfiuju stopové prvky do
vodného prostredia pri zmene Eh potencialu). Extrakcie
v kazdom kroku sa vykonali na laboratérnom multirotatore
poc¢as 16 hodin, poCet vykyvov 30/min. (vychylenie tuby
90° ,.end to end”), pri laboratérnej teplote 20 + 2 °C. Po
skonceni extrakcie sa roztoky odstredili (15 min/3 000 rpm)
a nasledne sa extrakty vakuovo filtrovali cez membranovy
filter (0,45 um, zn. Milipore).

Odbery vzoriek biologického materidlu sa uskutocCnili
vo vegetatnom obdobi rokov 2007 — 2008 s cielom
floristicky zmapovat vyskyt rastlinnych druhov. Vybrané
rastlinné druhy sa podrobili analyze obsahu As a Sb.
Korene rastlin odobranych priamo z hald a odkalisk sa viac-
krat premyvali pod te€icou vodou a nasledne sa premyli
v destilovanej vode. Korene a nadzemné ¢asti odobranych
vzoriek sa susili 2 tyzdne pri laboratornej teplote a rozo-
mleli sa na jemny prach. Obsah sledovanych kovov sa sta-
novoval v nadzemnych a podzemnych ¢&astiach bylin
a drevin metédou AAS v GAL SGUDS v Spisskej Novej Vsi.

VSetky ziskané terénne a analytické udaje o vzorkach
prirodnych médii sa spracovali do databaz (MS Access)
a vizualizovali sa v prostredi GIS (MaplInfo 8.0, ArcViewGis
3.2).

Vysledky

Kontaminacia povrchovych a podzemnych vod
v povodi OlSavy

V povrchovych vodach sledovanej oblasti za prirodzeny
mozno povazovat obsah Sb a As do 3 ug - I7! (tab. 1).
Takyto obsah As a Sb sa zistil v hornej ¢asti toku OlSavy
(dokumentac¢ny bod POH-1) a v prameni VI¢ia dolina
(POH-16), ktory sa nachadza v jv. Casti obce Popro¢ (obr. 2).
Povrchova voda v rieke OlSava je kontaminovana banskou
vodou vytekajucou zo $télne Agnes, v ktorej sa zistila
koncentracia Sb 380 ug - I' a As 2 400 pg . I-'. Vzhladom
na pomerne velky prietok vytekajucej banskej vody,
ktory po¢as odberu dosahoval 6,85 | - s, je tento zdroj
kontamin&cie velmi vyznamny. Vo vode zo $tdIne Anna,
ktora je zachytena betdnovou skruzou (POH-4), dosahuje
koncentracia Sb 180 ug - I-". Z ostatnych stopovych prvkov
ma v banskych vodach vyznamné zastupenie Ni a Zn,
resp. Co (101 ug - I"") (tab. 1). Najvyssia koncentracia Sb
sa zistila v pravostrannom pritoku Ol8avy pod sutokom
s vytokom zo $télne Agnes (POH-7). Je to pravdepodobne
p6évodom banské voda zo $t6lne Anna pretekajuca cez
haldovy material, ktory je tieZ zdrojom antiménu. Dal$im
zdrojom kontaminacie vod je neriadené odkalisko v areali
Rudnych bani nad obcou Poprog€. Vo vytekajucej vode pod
odkaliskom sa zistila koncentracia Sb 400 ug - I-' a As
1950 ug - I (tab. 1).

V obci Popro¢ v doline pod odkaliskom sa zistila konta-
mindcia podzemnych véd v domovych studniach (tab. 1).
Obsah Sb prekracoval najvyssiu medznu hodnotu (5 pg - 1)

podla nariadenia vlady SR ¢. 354/2006 Z. z. Tato Cast obce
nema iny zdroj pitnej vody, ako su domové studne.

V mieste pod odkaliskom sa preukdzala kontaminéacia
povrchovejvody (tab. 1). Jej kvalita nevyhovuje vSeobecnym
poziadavkam pre kvalitu povrchovej vody podla nariadenia
vlady SR ¢. 296/2005 Z. z., lebo ma vysoky obsah As, Co,
Mn, Fe, Ni, Zn a siranov. Voda toku OlSavy vyrazne redukuje
znedistenie zriedovanim. Napriek tomu v povrchovej vode
v mieste pod banou Rufus pod obcou Popro¢ sa v roku
2008 zistila zvy$ena koncentracia arzénu (27 pg - I)
a antiménu (440 ug - I').

Pody

Pbdne vzorky, tiéelovo odoberané v profile pozdiz toku
OlSavy, boli zamerané na zhodnotenie rozsahu konta-
minacie spésobenej dlhodobym vytokom kontaminovanych
vod zo §téIni a rozplavovanim materialu hald a odkalisk,
ako aj okrov $télne Agnes. Vysoky celkovy obsah
vybranych stopovych prvkov v pddnych vzorkach tejto
oblasti dokumentuje vyznamné znecistenie pdéd toxickymi
prvkami, najma v bezprostrednom okoli byvalych §t6Ini, hald
a odkalisk (tab. 2). Za referenénu vzorku mozno povazovat
vzorku POP-2 situovanu na protilahlom svahu §t6Ine
Agnes s hodnotami As 36,7 mg - kg~ a Sb 13,4 mg - kg~
Odobrané p6dne vzorky mozno priradit k dvom podnym
typom: pody odobrané v okoli banskych diel predstavuju
rankery — inicidlne poédy so silikdtovym horizontom A zo
skeletovych zvetranin pevnych a spevnenych silikatovych
hornin, resp. aluvidlne pédy — fluvizeme — inicidlne poédy
(s ochrickym horizontom A z holocénnych fluvialnych
sedimentov) (VUPOP, 2000). Podne vzorky v Poproéi maju
typicku kysli pédnu reakciu (okrem POP-3 silno kysla,
s pHuo = 3,04) a charakterizuje ich vysoky podiel
hrubozrnnej frakcie. Vzhladom na rozsiahlu bansku
aktivitu v uzemi je Casto zlozité rozliSit vyvinuty pédny
profil od antropogénne ovplyvneného pddneho profilu
kombinovaného s navazkami a rozplavenym haldovym
materialom. Uvedenu skuto€nost reprezentuje extrémna
hodnota Sb stanovena vo vzorke POP-1 (Sb = 6 786
mg - kg~'). Vzorky fluvizemi pod $§t6lfiou Agnes v smere
toku OlSavy su intenzivne postihnuté pritomnostou
redeponovaného jemnozrnného materialu z neriadeného
ukladania flotaénych kalov v svahoch a aluviu toku Ol$avy
v okoli zavodu Rudné bane, $. p., Banska Bystrica. Vzorka
POP-3 situovana pod zavodom vykazuje vysoky obsah As
a Sb z analyzovaného materialu pod (As =1 714 mg - kg™,
Sb=3079mg-kg™).V smere toku Ol$avy so vzdialenostou
od bodovych zdrojov kontaminacie v uzemi (staré $tdine
a neriadené odkaliska) sa obsah As a Sb v pddnych
vzorkach znizuje. Vynimkou je vzorka fluvizeme POP-8
z altvia pod byvalym odkaliskom, kde sa zaznamenala opéat
vysoka hodnota Sb (1 989,3 mg - kg™). Z prospekéného
hladiska je zaujimavy zvySeny obsah zlata v p6dach v okoli
banskych diel (POP-1 =226 ug - kg~!, POP-3=713 ug - kg™,
POP-8 = 284 ug - kg™).

Vysledky jednoduchych extrakénych analyz vybranych
vzoriek péd vo vyluhoch su uvedené v tab. 3. Najvyssie
celkové extrahované mnozstvo As a Sb sa stanovilo vo
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Tab. 1
Chemické zloZenie vod na lokalite Popro¢ (august 2007)
Chemical composition of water in the Popro€ mining area (August 2007)

Miesto odberu EC pH SO~ Fe Sb As Ni Zn
(mS - m™) (mg - I") (mg - I) (ng -1 (R (ug -1 (ug -1

OlSava, nad haldami

POH-1 9,2 717 19,5 0,333 3 3 <2 9

Stolna Anna

POH-4 38,8 7,04 18,5 4,400 180 12 7 12

OlSava, nad vytokom

z0 $t6Ilne Agnes

POH-6 14,6 758 26 0,569 250 175 <2 21

Stolha Agnes

POH-5 74,6 6,52 272 51,50 380 2400 68 793

Pravostranny pritok

Olsavy

POH-7 26,2 707 48,2 0,199 870 4 3 14

OlSava, pod sutokom

s vytokom zo &t. Agnes

POH-9 35,8 7,08 104 3,520 340 350 17 145

Vytok pod odkaliskom

POH-12 774 6,37 278 12,80 400 1950 70 232

OlSava, pod odkaliskom

POH-13 33,2 759 97,2 0,667 410 100 5 48

Domova studna

POH-14 34,0 7,02 31,9 0,074 8 1 <2 17

Domova studna

POH-15 49,2 724 21,1 0,104 23 4 2 12

Pramen VI¢ia dolina

POH-16 174 6,07 38,2 0,067 3 2 <2 5

NV ¢é. 354/2006 Z. z. 125 6,5-8,5 250 0,200 5 10 20 3000

NV ¢.296/2005 Z. z. - 6-8,5 200 2 - 30 20 100

Poznamka: boldom je vyznagena koncentracia, ktora prekracuje limit nariadenia vlady SR ¢. 354/2006 Z. z., italicom je vyznaena
koncentracia, ktora prekracuje limit nariadenia viady SR ¢. 296/2005 Z. z.

Concentration marked by bold font exceeds the limited value of the Act of the Government of the Slovak Republic, Law Collection
No. 354/2006, concentration marked by italic font exceeds the Act of the Government of the Slovak Republic, Law Collection No. 296/2005.

vzorkach POP-4 a POP-8. Hodnota extrahovaného podielu
Sb v biopristupnej frakcii (rozpustna vo vode) bola v rozmedzi
0,50 — 3,06 % z celkového obsahu Sb vo vzorkach péd.
Napriek relativne nizkemu percentualnemu podielu Sb vo
frakcii rozpustnej vo vode stanovené extrahované mnozstvo
poukazuje na schopnost mobilizacie Sb z kontaminovanych
pdd Studovanej oblasti a podiela sa na kontaminacii povodia
Olsavy.
Rie¢ne sedimenty

Vysledky chemickych analyz jemnej frakcie rie¢nych
sedimentov (tab. 4) z lokality Popro¢ ukazuju, ze v miestach
vyskytu priamych zdrojov znecistenia (haldy, opustené
Stélne a odkaliskd) nastava kontaminacia rie¢nych
sedimentov tazkymi kovmi. V rie€nych sedimentoch
v hornej Casti toku pod pritokom zo $tdélne Agnes
a pod odkaliskom sme pozorovali vysoky obsah As
(>5500 mg - kg™') a Sb (>1 200 mg - kg™"), ale aj Co a Pb.

Hodnoty pH vzoriek rieénych sedimentov z povodia
toku OlSavy poukazuju na trend postupného zvySovania
hodn6t pH v smere toku. Namerané hodnoty pH sa pohy-
buju v rozmedzi 6,85 — 7,9. Vynimku tvori vzorka POS-9

(reprezentujuca vplyv bane Rufus), v ktorej bola stanovena
hodnota pHy,0 = 5,83, resp. pHyc, = 5,35. Hodnoty mernej
vodivosti (EC) rie€nych sedimentov sa pohybuju v rozpati
od 152 uS/cm az do 275 uS/cm. Va¢&siu vodivost preukazali
rie¢ne sedimenty odobrané priamo pod pritokom zo $télne
Agnes (POS-2 = 489 uS/cm) a rie¢ne sedimenty odobrané
pod opustenou bariou Rufus (POS-9 = 995 uS/cm). Tieto
vysledky spolu s vysokym obsahom siranov vo vodnom
vyluhu zo vzorky POS-9 jednoznaéne poukazuju na to, ze
banské drenazne vody bane Rufus (lozisko metamorfno-
-hydrotermalnej zilnej sideritovo-sulfidickej mineralizacie,
vytazené a tazba skonCend v roku 1962) reprezentuju
lokalny zdroj acidifikacie prostredia.

Vysledky trojstupfiovej sekvenénej extrakénej analyzy
rieénych sedimentov prinasaju udaje o podiele relativne
mobilizovatelnych frakcii As a Sb z ich totalneho obsahu
v rie¢nych sedimentoch. Z hodnotenia trojkrokovej
sekvencnej analyzy vyplyva, ze v Studovanom uzemi
je mozné extrahovat z biopristupnych foriem priblizne
5 — 22 % antiménu (pricom podiel obsahu Sb vo frakcii
rozpustnej vo vode sa pohybuje v rozmedzi 0,08 — 7,15 %,
v ionovymennej a karbonatovej frakcii v rozmedzi 0,09
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Tab. 2
Analytické hodnoty vybranych ukazovatelov v pédach lokality Popro¢ (obsah v mg - kg™)
Analytical values of selected indicators in soil of locality Popro¢ (concentrations in mg - kg™")

PHu,0 pHkai Cd Co Cu Ni Pb Zn As Sb Hg
POP-1 4,48 3,50 1,0 14,7 21,0 21,0 109,3 85 539,6 6 786,0 0,19
POP-2 4,44 3,42 0,2 11,6 14,9 25,2 26,0 60 36,7 13,4 0,15
POP-3 3,04 2,75 0,4 1,9 12,1 0,8 683,0 1 1714,0 3079,0 0,19
POP-4 6,36 6,15 1,1 21,3 30,5 26,6 92,3 407 315,5 693,6 0,15
POP-5 4,04 3,48 0,3 3,4 78 4,3 52,8 65 1075 143,0 0,10
POP-6 3,68 3,16 0,2 5,4 5,2 4,4 31,3 31 278 33,0 0,11
POP-7 4,67 4,04 0,2 7.8 22,7 15,9 249 45 572 40,1 0,13
POP-8 4,39 3,89 0,4 78 15,1 15,0 203,2 40 154,5 1989,3 0,41
POP-9 4,45 3,94 0,3 1,4 20,4 25,2 34,0 65 65,2 50,6 0,12
Tab. 3
Celkovy obsah (mg - kg™') a extrahovany podiel antiménu a arzénu v roztoku (mg - I-')
prepoditany na sucht hmotu (mg - kg~") vo vzorkéach pod
Total amounts (mg - kg~") and leached portion of antimony and arsenic in solution (mg - I")
recalculated to dry soil mass (mg - kg™)
Vzorky Celkovy obsah [mg - kg™'] Extrahovany obsah [mg - I"] Prepoditany celkovy obsah [mg - kg™]
Sb As Sb As Sb As

POP 02 H 0,007 0,009 0,14 0,18
POP-2 13,4 36,7

POP 02 N 0,006 0,003 0,02 0,008

POP 04 H 0,343 0,079 6,85 1,58
POP-4 693,6 315,5

POP 04 N 0,556 0,062 1,39 0,15

POP 05 H 0,089 0,042 1,78 0,83
POP-5 143 1075

POP 05N 0,057 0,017 0,14 0,04

POP 08 H 0,500 0,034 10,00 0,67
POP-8 1989,3 154,5

POP 08 N 0,183 0,012 0,46 0,03

POP 09 H 0,078 0,012 1,55 0,24
POP-9 50,6 65,2

POP 09 N 0,053 0,005 0,13 0,01

Poznamka: POP 02 H — extrakcia v H,O, POP 02 N — extrakcia v NH4;NOs.

POP 02 H — extraction in H,O, POP 02 N — extraction in NH;NO;.

az 1,80 % a v redukovatelnej frakcii 3,35 — 12,74 %)
a44-73 % arzénu (podiel obsahu As vo frakcii rozpustnej
vo vode sa pohybuje od 0,35 do 0,86 %, v iono-
vymennej a karbonatovej frakcii medzi 0,63 — 3,72 %
a v redukovatelnej frakcii od 39,5 do 71,5 %). Vynimku
tvori vzorka POS-2, z ktorej sa extrahovalo iba 7,87 %
As, z toho 7,63 % sa viaze na redukovatelnu frakciu
(obr. 3). Na celkové uvolnené mnozstvo sledovaného
prvku ma vyznamny vplyv celkovy obsah sledovaného
prvku, napr. zo vzorky POS-4 (pod odkaliskom) sa
uvolnilo len 9,9 % Sb. To vSak pri vysokom obsahu
Sb (1 360 mg - kg™") predstavuje 3x viac uvolneného
Sb ako pri vzorke POS-9 (214 mg - kg™"), z ktorej sa
uvolnilo percentualne najviac Sb (az 22 % z celkového
extrahovaného podielu).

V pripade arzénu bola stanovena prirodzena pred-
nostna vazba arzénu na oxyhydroxidy Fe, ktora je typicka
pre rie¢ne sedimenty a pddy a zabrariuje vysokej a priamej
kontaminacii povrchovych a podzemnych vod arzénom
vo vzdialenej$ich monitorovacich bodoch.

Obsah As a Sb vo vybranych rastlinnych druhoch

Pri hodnoteni stavu zivotného prostredia v okoli toku
OlSavy je ddlezité zistenie miery biopristupnosti vybranych
stopovych prvkov do nadzemnych pletiv vySSich rastlin.
Pre vybrané rastlinné druhy rastice na lokalite byvalého
loziska Popro¢ sa sledovala miera kontaminacie
predovSetkym arzénom a antiménom. ZvySeny obsah As
(45,8 mg - kg™') sme zistili pri druhu praslicka mociarna
(Equisetum palustre) rastucom v okoli vytoku banskych
vod zo $tdlne Agnes. Pri pribuznom druhu praslicka rolha
(Equisetum arvense) obsah As dosahoval 10,1 mg - kg™
Vysoké hodnoty obsahu As (49,8 mg - kg™') sme za-
znamenali aj pri pupave lekarskej (Taraxacum officinale)
a pri Cistci lesnom (Stachys sylvatica), kde celkovy obsah
As dosahoval az takmer 70 mg - kg~' suchej hmotnosti.
Pri ostatnych sledovanych rastlinnych druhoch Studovanej
lokality sa celkovy obsah As pohyboval v rozmedzi 2,9
az 5,9 mg - kg™, resp. celkovy obsah Sb v telach vyssich
rastlin v rozmedzi 0,7 — 1,8 mg - kg™".
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Tab. 4
Obsah vybranych chemickych prvkov v rieénych sedimentoch (v mg - kg™')
Content of selected chemical elements in stream sediments (mg - kg™')

Co Cu Pb Zn Ni As Cd Sb Au Hg
POS-1 13,9 11,0 26,2 44 22,7 51,9 0,1 372,7 14,1 0,04
POS-2 69,7 15,9 442 609 40,2 5560,0 1,9 1244,0 25,0 0,09
POS-4 40,5 15,4 128,8 338 241 633,7 1,2 1360,0 84,9 0,10
POS-7 24,0 30,2 45,8 212 23,5 292,0 0,5 2452 22,8 0,70
POS-9 22,9 28,6 58,0 291 25,3 170,6 1,0 2145 37,6 0,80
Diskusia sa zistila v banskej vode zo $tdlne Agnes a v presakujuce;j

Distribucia hlavnych sledovanych kontaminantov (As
a Sb) vo vSetkych Studovanych médiach lokality Popro¢
v kontexte s geologickymi poznatkami dokumentuje,
ze najvys$Sia koncentracia tychto prvkov je typicka pre
oblasti s vyskytom rudnych formécii a asociacii najmé
v Slovenskom rudohori, Nizkych Tatrach a Malych Karpa-
toch (Lintnerova et al., 2003; Rapant et al., 2006; Majzlan
et al., 2007). Vlastnosti prostredia — hodnoty pH, chemické
zlozenie prirodnych véd, fyzikalno-chemické vlastnosti
a mineralne zlozenie sedimentov a poéd — potom uréuju,
ktoré z uvedenych procesov najviac ovplyvriuju mobilizaciu
As a Sb (Filella et al., 2009; McComb et al., 2006; Hiller, 2003).

Najvaésim zdrojom kontaminacie vod v okoli loziska
Popro¢ je banska voda vytekajuca zo Stdlne Agnes, pred
ktorou bola este v roku 2004 vrstva Fe okrovych precipitatov
na ploche asi 200 m? vysoka asi 2 m. Pre okrové precipitaty
je charakteristicky vysoky obsah Sb (<10 000 mg - kg~')
a As (<56 900 mg - kg™"). Tvori ich dominantne ferrihydrit,
ktory v procese starnutia prechadza do stabilnejSieho
goethitu (Lalinska et al., 2009). Takto vytvorena nadrz bola
mechanicky odstranena prebagrovanim a okre sa vyplavili
vodou vytekajucou zo $télne (Lalinska et al., 2007). V su-
Casnosti je banska voda zo $télne CiastoCne zvedena
zlabom a viekd do potoka OlSava. Pred ustim Stéine
a v koryte pozdiz toku sa neustale tvoria okrové nanosy
(obr. 4). Najvyssia koncentracia arzénu (2 400 ug - 1)
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vode z odkaliska (1 950 ug - I"'). Najvyssia koncentracia
antiménu sa zistila vo vode zo §télne Anna, ktora preteka
haldovym materidlom (840 ug - I"), v banskej vode zo
$télne Agnes (380 ug - I-') a v presakujlicej vode z odkaliska
(400 pg - I7). Zisteny vysoky obsah As a Sb v prirodnych
vodach povodia OlSavy vysoko prekracuje fénovy obsah
As a Sb v neznecistenych podzemnych vodach. V pripade
antiménu v podzemnych vodach sa za prirodzenu povazuje
koncentracia do 1 ug - I" (Pitter, 1999; Filella et al., 2002;
Appelo a Postma, 2005). Pre podzemné vody Zapadnych
Karpat bola stanovena priemerna koncentracia Sb
0,8 ug - I*, pricom najvys$sia koncentracia Sb sa viaze na
vody krystalinika z granitoidov so zrudnenim s priemernou
hodnotou 351 ug - I-' amaximom 2350 ug - I-' (Rapantetal.,
1996). Za prirodzeny obsah arzénu v podzemnych vodach
sa povazuje koncentracia do 5 ug - I-' (Pitter, 1999), resp.
koncentracia do 10 ug - I (Smedley a Kinniburgh, 2002).
Pre podzemné vody Zapadnych Karpat je typické Siroké
rozmedzie koncentracie As, v granitoch so zrudnenim 8,5
az 887 ug - I, resp. v krystalickych bridliciach so zrudne-
nim 0,5 — 820 ug - I' (Rapant et al., 1996). Vysoky obsah
As a Sb v prirodnych vodach je typicky najmé v blizkosti
banskych oblasti. Prikladom je oblast Endeavour Inlet
v Marlborough, kde banskéa voda obsahuje 200 ug - I-' Sb,
resp. 1 650 ug - I”' As (Wilson et al., 2004), a preukazany
vplyv opustenych banskych diel na kvalitu vody v rieke
Flumendosa (Sardinia), kde obsah Sb vo vode je 9 600

160

140 1

Ofrakcia 3
W fracia 2
[Efrakcia 1

120 A

100 -

80 -

60

extrahovany podiel Sb

40 -

20

0 - .

POS-1 POS-2 POS4 POS-7 POS-9

Obr. 3. Extrahovany podiel As a Sb (mg - kg™") v jednotlivych frakciach z celkového extrahovaného mnozstva.

Fig. 3. Leached portion of As and Sb (mg - kg™') in fractions from total leached amount.
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ug - - a obsah As 3500 ug - I-' (Cidu et al., 2008). Podobny
typ kontamindcie prirodnych véd sa zistil aj na opustenych
loZiskach Slovenska — Pernek-Kriznica, Pezinok-Kolarsky
vrch, Dubrava, Medzibrod, Cuéma a Zlata Idka (Zenigova
et al., 2009a). NajvyznamnejsSim zdrojom kontaminacie na
vSetkych lokalitach je vytekajuca banska voda z opustenych
$toIni, pricom najvyssSia stanovena koncentracia antiménu
v banskej vode bola zo §tdlne Samuel (9 300 pg - I
na lozisku Dubrava (Zeni$ova et al., 2009b). Najvyssia
koncentracia arzénu sa zistila v banskej vode vytekajucej
zo $tolne Agnes (2 400 pug - I') na Studovanom opustenom
loZisku Popro& a zo &tdlne Gabriela na lozisku Cuéma
(1 350 ug - I"). Povrchové vody na vSetkych lokalitach
riedia znedistenie, ich kvalita je relativne dobra, no na
lokalitdch Zlata Idka, Popro¢, Medzibrod a Pezinok aj
v povrchovej vode v mieste pod zdrojmi kontaminacie
je zvySena koncentracia arzénu a antiménu. Najviac
kontaminovany je potok OlSava, kde v mieste pod obcou
Popro¢ je koncentracia Sb 440 ug - I"*, a Borovsky potok
na lokalite Medzibrod, kde povrchova voda asi 100 m pod
Stélnou Murga$ a odkaliskom obsahovala 135 ug - I' As
a 175 ug - I-' Sb (ZeniSova et al., 2009a). Vysoka
koncentracia Sb (260 pg - I') sa zistila aj v potoku Laz
v obci Cuéma v mieste pod sutokom s Cudmianskym
potokom. Potok Ida pretekajuci obcou Zlata Idka je kon-
taminovany od profilu pod zaustenim banskej vody
zo $t6Ine Breuner (Cicmanova a Balaz, 2007).

Délezitym zdrojom kontaminacie prirodnych véd su
haldy, odkaliska a skladky v opustenych zavodoch na
spracovanie rud a ich okoli. Presakujuca voda z odkalisk
sa vyznacuje extrémnou koncentraciou kontaminantov. Na
lozisku Pezinok-Kolarsky vrch sa zistila koncentracia Sb

Obr. 4. Fe okrové precipitaty vo vytoku zo Stolne Agnes (foto
M. Jankular, maj 2008).

Fig. 4. Fe ochres precipitating from the adit Agnes outflow (photo:
M. Jankular, May 2008).

1450 ug - I, resp. koncentracia As 24 680 ug - I-' (Flakova
etal., 2005). Vytok pod odkaliskom v obci Popro¢ obsahoval
1 950 ug - I”' As a voda z vrtu PO-1 pod odkaliskom
obsahovala 1 000 pg - I-' Sb.

Medzi najvyznamnejSie faktory ovplyvnujuce formy
vyskytu antiménu a arzénu vo vodach patria hodnota pH
a oxida¢no-redukény potencial (Eh). Vo vSetkych vzorkach
vody sa stanovili neutralne hodnoty pH (tab. 1) a hodnoty
Eh vysSie ako 205 mV. Na zaklade nameranych hodnét pH
a Eh vo vodach na lozisku Popro€ je mozné predpokladat,
Ze arzén sa vyskytuje vo vode vo forme As*S a prevladaju
formy H,AsO,~ a HAsO,?~. Rovnako je mozné predpokladat
pritomnost patmocného antiménu s dominantnou formou
Sb(OH)¢™ (Appelo a Postma, 2005).

Stanoveny totalny obsah vybranych polutantov As
a Sb v pddach je podstatne vyssi ako priemerny obsah
v pddach Slovenska (priemerny obsah As je 72 mg - kg™’
v horizonte A a 6,6 mg - kg~' v horizonte C, priemerny
obsah Sb je 0,7 mg - kg~' v horizonte A a 0,5 mg - kg™’
v horizonte C; Curlik a Seféik, 1999). Zdrojom vysokého
obsahu As a Sb v p6dach Studovanej oblasti je kombinacia
rozptylu znecistujucich latok do prostredia z banskej
¢innosti v popro¢skom rudnom poli (vytoky z banskych
diel, zvetravanie haldového materialu, mechanicky znos
rudnych mineralov do altvia) a uvolfiovania znecistujucich
latok z deponovanych materialov na odkaliskach. Fluvizeme
v altviu toku Olsavy, ako aj pddy v okoli starych banskych
diel predstavuju potencialny zdroj mobilizovatelnych
foriem As a Sb, ktoré sa v procesoch zvetravania
a vymyvania zrazkovou c¢innostou dostavaju do po-
vrchovych a podzemnych véd s potencialom vstupovat
do zivych organizmov.

Pre rieéne sedimenty Slovenska bola podla Geo-
chemického atlasu SR stanovena priemerna koncentracia
Sb v rieénych sedimentoch 3 + 50 mg - kg~' (Bodi$
a Rapant — eds., 1999). Maximalna hodnota Sb sa
zaznamenala vo vzorke POS-4 (1 360 mg - kg™') a vo
vzorke POS-2 (1 244 mg - kg™'). Hodnoty ostatnych
vzoriek sa pohybuji v rozmedzi 214,5 — 372,7 mg - kg".
Predstavuje to niekolkonasobné prevySenie hodnét v celej
skumanej oblasti. Maximalna hodnota As namerana vo
vzorke POS-2 (5 560 mg - kg~'), ako aj interval obsahu As
vo véetkych odobranych vzorkach (51,9 — 633,7 mg - kg™')
niekolkonasobne prekracuje priemernu koncentraciu As
v rie¢nych sedimentoch Slovenska 11 + 49 mg - kg~' (Bodi$
a Rapant — eds., 1999).

Najviac Sb z celkového extrahovaného podielu v rie¢-
nych sedimentoch sa nachadza v redukovatelnejfaze (41 az
70 %). M6zeme to interpretovat ako vazbu na oxyhydroxidy
Fe (pripadne na oxyhydroxidy Al a Mn). Oxyhydroxidy Fe
predstavuju v oxidacnych podmienkach pomerne stabilnu
mineralnu fazu (Cornell a Schwertmann, 2003). V pripade,
ze rie¢ny sediment/pdda obsahuje dostatok oxyhydroxidov
Fe, nastava uc¢inna adsorpcia na tieto ¢astice. Tato adsorp-
cia zavisi od hodnoty pH. Ak sa rozpusteny Sb vyskytuje
ako oxyanidn, adsorpcia na oxyhydroxidy Fe je ucinnejSia
prinizkych hodnotach pH a desorpcia nastane pri zvySovani
hodnét pH (McComb et al., 2007). Pri zmene oxida¢no-
-redukénych podmienok v8ak mdze nastat rozpustanie
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tychto mineralnych faz a spatné uvolfiovanie sorbovanych
polutantov do prostredia.

Véazny problém v pripade Studovanych pdd a rie¢nych
sedimentov na lokalite Popro¢ predstavuje vysoky totalny
obsah As a Sb. Uvolfovanie relativne nizkych percen-
tualnych podielov tychto prvkov (viazanych na frakciu
rozpustnu vo vode) z vysoko kontaminovanych pevnych
materidlov poukazuje na pri¢inu vysokého obsahu As a Sb
v povrchovych, ale aj podzemnych (domové studne) vodach.
Relativne nizky podiel As vo frakcii rozpustnej vo vode je
typicky pre mnohé lokality s r6znym typom kontaminacie
na Slovensku (Hiller a éutriepka, 2008; Hiller et al., 2009).

Rastliny rastiuce na kontaminovanych uzemiach
v dbésledku aktivnej banickej ¢innosti v minulosti sa
vyznacuju zvySenym obsahom rbéznych prvkov, ktoré
sU pre ne neesencialne (Bergqvist et al., 2009; Vaculik
et al., 2009). Stanovené hodnoty As a Sb v nadzemnej
Casti vySSich rastlin na lokalite Popro¢ su len mierne
zvySené oproti hodnotam obsahu Sb v rastlinach rastucich
na nekontaminovanych lokalitach (Coughtrey et al., 1983;
Kabata-Pendias a Pendias, 2001). V pripade vyskytu Sb
v mobilnejSej forme modze nastat akumulacia rastlinami
a to mdéze ovplyvnit ich rast (Flynn et al., 2003). Urcité
nebezpecenstvo mbze predstavovat zvySena akumulacia
As v nadzemnej Casti niektorych rastlin, ktoré sa zberaju
a vyuzivaju v tradi¢nom ludovom liecitelstve. Podobne
niektoré druhy vyssich rastlin akumulujiuce vo vaéSom
mnozstve As mdzu byt potencidlne nebezpecné pre
herbivorné zivocichy.

Zaver

Obec Popro¢ a jej okolie su vyrazne zatazené byvalou
banskou ¢innostou. Tento vplyv je spojeny s priamym
p6sobenim bodovych zdrojov znedcistenia, ktorymi su
opustené §tdlne, drenazne banské vody, haldy a odkaliska.
Prirodné vody na lokalite Popro¢ su znecistené drenaznymi
vodami $tdlne Agnes a presakovanim z odkaliska v areali
Rudnych bani.

Hlavné znedistujuce latky vo vSetkych sledovanych
prirodnych zlozkach zivotného prostredia su arzén
a antimon a lokalne aj zvySeny obsah Pb, Zn a Cu.

Pody a rie€ne sedimenty na lokalite Popro¢ vykazuju
velmi vysoky celkovy obsah As a Sb (pody: As. 1 714
mg - kg™!, Sbax 6 786 mg - kg~'; rie¢ne sedimenty: As.,
5560 mg - kg™, Sbmax 1 360 mg - kg~'). Napriek relativne
nizkemu percentualnemu podielu antiménu vo frakcii
pdd rozpustnej vo vode (rozsah 0,5 — 3,06 %) a rieénych
sedimentov (rozsah 0,08 — 7,15 %) sa bodové zdroje mézu
vyznamnou mierou podielat na znecisteni prirodnych vod,
a to vzhladom na vysoky celkovy obsah Sb v sledovanych
médiach.

Hodnoty As a Sb v nadzemnej Casti vySSich rastlin
na lokalite Popro€ su len mierne zvySené oproti hod-
notam v rastlinach rastucich na nekontaminovanych
lokalitach. Vysoké hodnoty obsahu As (49,8 mg - kg™')
sa zaznamenali v listoch pupavy lekarskej (Taraxacum
officinale) a v €istcilesnom (Stachys sylvatica), kde celkovy
obsah As dosahoval az takmer 70 mg - kg™'.

Z hladiska zdravotného rizika pre obyvatelstvo su
alarmujuce fakty, ze sa pouziva kontaminovana voda
z domovych studni, odkaliskovy material na stavebné
Ucely (vysypka pod plynové potrubia) a kontaminované
pbdy na pestovanie kulturnych rastlin.

Podakovanie. Tato praca vznikla s pomocou Agentury na
podporu vyskumu a vyvoja na zaklade zmluvy ¢&. APVV-0268-06
Zhodnotenie vplyvu banskej ¢innosti na okolie opustenych Sb
loZisk Slovenska s navrhmi na remediaciu a APVV-VVCE-0033-
-07 Vyskumno-vzdelavacie centrum excelentnosti pre vyskum
pevnej fazy so zameranim na nanomaterialy, environmentalnu
mineralogiu a materiélovi technoldgiu (Centrum excelentnosti
APVV — SOLIPHA).
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Abandoned Sb-deposit Popro¢: Source of contamination
of natural constituents in Ol$ava river catchment

Abandoned Sb-deposit Poproc is located in the Gemeric
tectonic unit and hydrothermal mineralization occurs here
in the form of veins mainly in phyllites (Rozloznik et al.,
1987). Stibnite is the most abundant ore mineral, pyrite,
arsenopyrite and few other Pb-Sb-Zn-Cu sulphides are
also common (Klimko et al., 2009).

Natural water, soil, stream sediments and plants in
investigated areas of abandoned Sb-deposits Popro¢
are primarily affected by point sources of contamination
(drainage from old mine, tailing impoundments, waste
dumps). Weathering of open adits, dumps and non-
-isolated tailing impoundments cause many problems such
as water, soil and stream sediments contamination mainly
by arsenic and antimony in the area.

Extremely high concentrations of Sb and As were
observed in natural constituent in the catchments of
Olsava river (waters: Asp., 2 400 ug - I7', Sba 410 ug - I
s0ils: Aspay 1 714 mg - kg™, Sby.x 6 786 mg - kg™'; stream
sediments: As. 5 560 mg - kg™, Sb,.x 1 360 mg - kg™"),
but relatively high values of Fe, Pb, Zn, Mn, Al, SO,>~ were
monitored (Tabs. 1, 2 and 4).

Portion of water extractable fraction of Sb in soil
ranges from 0.5 to 3.06 % and in the stream sediments

from 0.08 to 7.15 % (Tab. 3, Fig. 3). This, however, points
to low mobility of Sb, but due to a very high total content
leaching of soils and stream sediments may cause water
pollution.

Concentration of As and Sb in plants on locality Popro¢
are slightly increased, compared to values in plant growing
on unaffected localities. High arsenic concentration was
observed in leaves of Taraxacum officinale (49.8 mg - kg™")
and Stachys sylvatica (70 mg - kg™").

Contamination of natural constituents of environment
in locality of abandoned Sb-deposit Poproc€ is a result of
several processes — mechanical redistribution of solid
phases from spoil material, weathering of waste dump
materials, occurrence of Fe-ochre layers with extreme
content of antimony and arsenic, distribution of dissolved
contaminants by surface waters from old adits and spoils,
and their mobilization from the waste material stored on
impoundments.

From the point of view of the population health risk,
utilization of contaminated water from home wells, usage
of impoundment material for construction purposes
(embedding for gas pipeline) as well as contaminated soils
for agriculture, are highly alarming facts.
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Mineralogy of gabbro and anorthosite from Tarvagatay nuruu Mts. (Central Mongolia)

Research of gabbro rocks from Must ull in Tarvagatay nuruu Mountains (Archangay aymag)
was aimed at describing of mineralogy, genesis and evaluation of the platinum group elements
(PGE) potential of gabbroic rocks. Gabbroic massif consists of amphibolic gabbro and anorthosite.
Observed Fe-Ti mineralization is represented by apatite, ilmenite and titanomagnetite. Main
mineral assemblages of gabbros are amphibole, plagioclase, + apatite and ore minerals
— magnetite and ilmenite. Primary pyroxene — diopside (W03 46 ENs;_s3 FS14_17) wWas replaced
by several generations of amphiboles — hornblende, actinolite and tschermakite. Anorthosite
mostly consists of plagioclase (Abs,_gsANgg_s4 and Ab-_7,ANLg »5). Ore minerals and apatite are
evolved only subsidiarily. Extensive postmagmatic alteration is characteristic for studied samples.
Mostly the saussuritization and sericitization prevail on plagioclases. Oxyexsolutions are found in
magnetite and ilmenite. Results of the whole rock analysis imply a cumulate character of gabbro
and anorthosite. Observations of mineral assemblages, oxyexsolutions and mineral chemistry
suggest polymetamorphic evolution of gabbroic massifs. PGE mineralization has not been
described in studied samples.

Key words: gabbro, anorthosite, alteration, Fe-Ti mineralization, Tarvagatay nuruu Mts.,

Mongolia

Uvod

Hlavnym ciefom spoluprace Statneho geologického
Ustavu Dionyza Stura, Prirodovedeckej fakulty UK v Brati-
slave a Uradu pre mineralne zdroje a ropu v Ulanbatare
(MRPAM) v rdmci rozvojového projektu UNDP prebieha-
juceho v rokoch 2005 — 2006 bolo zhodnotenie mineralneho
potencialu prvkov skupiny platiny (PGE) zapadného
Mongolska. V ramci projektu sa skumala aj oblast
Tarvagatay nuruu, kde sa na lokalite Must ull zistila Fe-Ti
mineralizacia v komplexoch gabroidnych hornin. Pre tento
typ hornin je okrem Fe-Ti oxidov charakteristicka pritomnost
chromitu a s nim asociovanych mineralov prvkov skupiny
platiny (PGE) (Maier, 2005). Najvyznamnejsie vyskyty
sa viazu na intrdzie vrchného archaika a proterozoika
(Middlemost, 1997). V praci sa zaoberame mineralnym
zlozenim gabroidnych hornin a ich genézou so zameranim
na moznu pritomnost PGE mineralizacie.

Metody

Vzorky sa odobrali po¢as terénnych prac projektu UNDP
v roku 2005. Studovali sa v prechadzajlicom a odrazenom
polarizovanom svetle na mikroskope JENAPOL (Katedra
mineraldgie a petroldgie, PriF UK, Bratislava) pri 3,2-,
10- a 50-nasobnom zvécéSeni a na mikroskope Olympus
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BX51 (Katedra loziskovej geoldgie, PriF UK, Bratislava)
pri 4-, 10- a 20-nasobnom zvacéseni. Chemické zlozenie
horninotvornych mineralov gabra a anortozitu sa stanovilo
pomocou elektronovej mikroanalyzy. Merania sa urobili
pristrojom CAMECA SX 100 v Statnom geologickom Ustave
Dionyza Stura v Bratislave. Pouzilo sa urychlovacie napatie
15 keV, prud 20 nA, priemer elektronového Iu¢a 5 um
a Standardy Na — albit, Si a Ca — wollastonit, K — ortoklas,
Fe —fayalit, Al— Al,O3, Sr— SrTiO3, Ba —barit, Mg — forsterit,
P — apatit, Mn — rodonit, Ni — NiO, Ti — TiO, a Cr — Cr. Pri
vyhodnoteni impulzov sa pouzila ZAF korekcia (Armstrong,
1988). Celohorninova analyza a analyza stopovych prvkov
sa urobila v ACME laboratériach vo Vancouveri (Kanada),
udaje analyz su prevzaté z prace Lexu et al. (2006).
Hodnoty prvkov vzacnych zemin (REE) sme normalizovali
na chondrit podla Andersa a Grevesseho (1989).

Spolu sa makroskopicky Studovalo 22 vzoriek, z toho
2 anortozity, 16 gabier s r6znou zrnitostou a 4 gabra
s kumulatovou texturou. Rovnaky pocet vzoriek sa sledoval
mikroskopicky, z toho 3 anortozity, 14 gabier s variabilnou
zrnitostou, 3 gabra s kumulatovou Struktirou a 2 vzorky
masivnej Fe-Ti mineralizacie.

V ¢lanku su pouzité skratky mineralov podla Ozdina
(2004): Act — aktinolit, AlIn — allanit, Amp — amfibol,
Ap — apatit, Dp — diopsid, lIm — ilmenit, Mgt — magnetit,
Mnz — monazit, Pl — plagioklas, Rt — rutil.
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Obr. 1. Tektonicka stavba Mongolska. Kratonicky blok Tarvagatay je zvyrazneny ¢ervenou farbou, stredomongolsky lineament je zvyrazneny

Zltou. Upravené podla www.le.ac (2008).

Fig. 1. Tectonic map of Mongolia. The cratonal block Tarvagatay is highlighted by red, Mid—Mongolian lineament is highlighted by yellow.

Modified after www.le.ac (2008).

Geologicka stavba

Tektonicky vyvoj uzemia Mongolska bol spojeny
s uzavretim malych ocednskych bazénov procesom
viacnasobnej subdukcie ofiolitov a serpentinitov, akréciou
a koliziou ostrovnych oblukov a mikrokontinentov a tvorbou
pocetnych suturnych zén (Buchan et al., 2001). Mongolsko
je rozdelené stredomongolskym lineamentom na severnu
oblast formovanu kaledénskym orogénom a juznu oblast
formovanu variskym orogénom. Struktirna hranica
oddeluje najma prekambrické a spodnopaleozoické
horniny na severe od spodno- az vrchnopaleozoickych
hornin na juhu (obr. 1).

Teran Tarvagatay reprezentujici kratonicky blok
pozostava z prekambrickych metamorfovanych hornin
(ruly, migmatity, amfibolity), do ktorych intruduju
anortozitové plutdny, a z neoproterozoickych vulkanickych
hornin metamorfovanych vo facii zelenych bridlic
(Badarch et al., 2002). Prekryvaju ho neoproterozoické
az spodnokambrické stromatolitické vapence, vulkano-
klastické horniny, devonske a spodnokarbdnske zlepence

a pieskovce s obsahom morskej fauny, andezity, dacity,
tufy a permské vulkanické a plutonické horniny, stredno-
triasové a spodnojurské klastické a vulkanické horniny.
Teran pretinaju postakre¢né devonske az triasové
granitové plutény. Kontinentalna kéra teranu pokracuje
dalej smerom na juh pod hrubym sedimentarnym po-
kryvom v regiéne Changay (Badarch et al., 2002). Mafické
a ultramafické horniny sa nachadzaju v prekambrickych
rulach, migmatitoch, amfibolitoch a krystalickych
bridliciach, cez ktoré intruduju gabrovo-anortozitové
plutony.

Skumand oblast je situovana v jz. ¢asti pohoria
Tarvagatay nuruu. Centralna ¢ast gabrovo-anortozitového
masivu pozostava z hrubozrnného anortozitu, gabra,
leukogabra a vrstiev pyroxenitu (Lexa et al., 2006).
Gabrovo-pyroxenitické horniny na severozapad od telesa
anortozitu podstupili rozsiahlu metamorfnu rekryStali-
zaciu, pocas ktorej bol pyroxén nahradeny amfibolom.
V horninach je pritomna virusena Fe-Ti mineralizacia.
Na lokalite Must uul v jz. €asti intruzie sa zistila zilna
ilmenitovo-titanomagnetitovo-apatitova mineralizacia,
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Obr. 2. Gabroidné horniny. A — Striedanie svetlych vrstiev gabroanortozitu a tmavych vrstiev amfibolického gabra. B — Velmi hrubozrnna
textdra vyvinuta v gabre. C — Masivna textura alterovaného anortozitu. D — Gabro s kumulatovou texturou.

Fig. 2. Gabbroic rocks. A — Alternation of gabbro-anorthosite light layers and amphibolic gabbros dark layers. B — Very coarse-grained
structure of gabbro. C — Massive structure of altered anorthosite. D — Gabbro with cumulate structure.

ktora je spata s pritomnostou gabrovo-anortozitovych
a/alebo ultramafickych komplexov.

Dejidmaa et al. (2005) vy¢lenili na uzemi Mongolska
tri typy Fe-Ti mineralizacie:

1. ilmenitovo-titanomagnetitové (apatitovo-ilmenitovo-
-titanomagnetitové) zrudnenie spaté s gabro-anortozitmi,

2. Ti-Fe (titanomagnetit) zrudnenie spéaté s klino-
pyroxenitom-gabrom,

3. Ti-Fe zrudnenie spaté s diabasovymi sillmi.

Fe-Ti oxidickd mineralizécia v severovychodnej Azii
sa vyskytuje v diferencovanych gabroidnych intruziach
(Obolenskiy et al., 2007). Rudné mineraly byvaju pritomné
vo vrchnej Gasti zvrstveného intruzivneho telesa, ktoré
niekedy pretinaju ilmenitové Zzily. Syngenetické vrstvy
a odluénost, ako aj masivne autointrizie oxidov v Cias-
to€ne vykrystalizovanom gabre a geneticky pribuznych
hostitelskych horninach sa vytvorili v désledku gravitacnej
diferenciacie pocas kryStalizacie anortozitu/gabra.
Gabroidné intrizie sa nachadzaju v komplexoch hornin tvo-
renych granitickymi rulami alebo vulkanosedimentarnymi

jednotkami. Rudonosné vrstvy su ¢asto asociované so
zénami s vyskytom hlbokych zlomov. Pre tento typ hornin
je charakteristické prostredie tektonického umiestnenia
v oblasti kontinentalnych okrajov alebo ostrovnych oblukov.

Mineraldgia gabroidnych hornin
Makroskopicky opis

Vzorky sa odobrali z masivov amfibolického gabra
a anortozitu. Spoloénym znakom je rozsiahla alteracia
hornin. Zakladnda mineralna asocidcia amfibolického
gabra je amfibol, plagioklas, magnetit, ilmenit + apatit.
Charakteristické je striedanie gabrovo-anortozitovych
vrstiev s mafickymi, pdvodne pyroxenitovymi vrstvami
(obr. 2A). Rudné mineraly sa vyskytuju v podobe virisenej
mineralizacie, vo forme agregatov, masivnych zil alebo
krys$télov, ktoré spolu s hlavnymi horninotvornymi mineralmi
moézu dosahovat centimetrové az decimetrové rozmery
(obr. 2B). Anortozit je tvoreny prevazne plagioklasom,
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Obr. 3. Snimky gabroidnych hornin z mikroskopu. A — Zatla€anie starSieho amfibolu po okrajoch mlad$im, syto zelenym amfibolom a rast
novych idiomorfnych krystalov. Pohlad v nepolarizovanom svetle. B — Plagioklas, na okrajoch a v smere lamiel alterovany, v polarizovanom
svetle. C — Agregat apatitu spolu s opakovymi rudnymi mineralmi v nepolarizovanom svetle. D — limenit s exsoltciami magnetitu
v odrazenom svetle.

Fig. 3. Microphotographs of gabbroic rocks. A — Replacing of older amphibole by younger, rich green colour, amphibole on the rim and
growing of a new idiomorphic amphibole crystals. Plane polarized light. B — Plagioclase altered on rims and along lamella. Crossed
polarized light. C — Aggregate of apatite together with opaque ore minerals. Plain polarized light. D — limenite with exsolutions of magnetite

in reflected light.

virdsena rudnd mineralizécia je pritomna v nepatrnom
mnozstve. Textura je hrubozrnna az masivna (obr. 2C).
Hornina je vacsinou chloritizovana. Cez plutonické telesa
miestami prenikaju rudné (iimenit — magnetit) alebo doleri-
tové zily. Textura skimanych hornin variruje od jemnozrnnej
po hrubozrnnu alebo ma kumulatovy charakter (obr. 2D).

Mikroskopicky opis

Amfibolické gabro a anortozit s poznacené rozsiahlou
premenou. NajintenzivnejSie prejavy premien su lokalizo-
vané na hraniciach zfn. Produktom altera¢nych procesov
je najma chlorit, sericit, epidot a zoisit. Pévodné, vac¢sinou
hypidiomorfne ohrani¢ené amfiboly zatlacajuce pyroxén
sU nahradené mladSimi amfibolmi. Tie su v mikroskope
v prechadzajucom svetle farebne lahko odliSitelné svojou
sytou tmavozelenou farbou (obr. 3A). Tvoria lemy alebo
krystaly s idiomorfnym ohrani¢enim. Plagioklasy su

nahradené zmesou albitu, sericitu, kremena, draselného
zivca, chloritu a zoisitu (obr. 3B). V gabre a anortozite je
Casto pritomny apatit, ktory sprevadza rudnu mineralizaciu,
reprezentovanu najma magnetitom a ilmenitom (obr. 3C).
V odrazenom svetle v magnetite a ilmenite pozorujeme
~exsoluéné” procesy (obr. 3D). Napriek metamorféze sa
zachovali relikty pévodnych magmatickych mineralov,
rovnako aj magmaticka kumulatova Struktara (obr. 3C).

Chemické zloZenie mineralov

Na zaklade pozorovania v mikroskope a prostrednic-
tvom mikroanalyzy sa zistilo, ze povodny maficky mineral
gabier je pyroxén. V analyzovanych vzorkach je pritomny
len vo forme ojedinelych reliktnych jadier, va¢Sinou s amfi-
bolovym lemom, uzatvorenych v apatite. Pyroxén zlozenim
zodpoveda diopsidu (Wou3_46ENs7_4sFS14_17) (tab. 1,
obr. 4A). Je zatlaceny niekolkymi generaciami amfibolov.
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Obr. 4. Snimky v BSE. A — Relikt pyroxénu zatlateného amfibolom uzavrety v apatite. B — Zatlacanie starSieho amfibolu mladsim.
C — Asociacia apatitu s magnetitom a ilmenitom. D — Rozpad ilmenitu za vzniku rutilu. llmenit uzatvara relikt amfibolu, hranic¢i s apatitom,
v ktorom je uzavrety ilmenit v $tadiu rozpadu. Magnetit tvori jemné a hrubé exsolucie v ilmenite. E — Rozpad monazitu s charakteristickou
zonalnostou za vzniku apatitu a allanitu. F — Exsoluéné Struktury rudnych mineralov.

Fig. 4. BSE images. A — Relict pyroxene enclosed in apatite is replaced by amphibole. B — Replacing of amphibole by younger amphibole.
C — Formation of apatite and allanite by decomposition of monazite, forming characteristic zoning. D — Formation of rutile by decomposition
of ilmenite. limenite encloses relict amphibole and border on apatite, in which is enclosed decomposited ilmenite. Magnetite forms thin and
coarse exsolutions in ilmenite. E — Association of apatite with magnetite and ilmenite. F — Exsolution structures of ore minerals.
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Reprezentativne analyzy klinopyroxénu. Prepocet na 4 kationy

Tab. 1
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je urobeny podia Morimota et al. (1988). Fe®* je stanovené

na zaklade nabojovej bilancie.
Representative analyses of clinopyroxenes. Calculation is based

on 4 cations after Morimoto et al. (1988). Fe®* is defined
by the charge balance.

VSetky analyzované amfiboly patria k Ca amfibolom
(tab. 2), zlozenim zodpovedaju hornblendu Nay_¢ 34K0 01-0,32
Fe?*5_0,11MNg_0,01Ca1 85-1,06N@0-0,03AI'0,13-0,60F €% 0 040,27
Tio—0,2Cro-0,01M1 83 27F€%*1 19-2,22MNg_0,04Si6 6-786AI" 0, 14-1,4
O2,(OH,F), aktinolituNag 4 02K 01F€%*0-0,06MnNo0,01Ca1,85-1,89

Na, 04-0,08A1'0,15-0,18F€%*0,03-0,04 Tio-0,00M03 41-3.47F €% 1 351,43
Mng_0.02Si787-788A1" 0 15-0,18022(OH,F) a tschermakitu

hm. % TN-M-8 TN-J-2a TN-J-2a Nay 33-0,35K0,00-0,37F€%*0-0,16MN0 01-0,03C 1 72-1,88N @00 1
wt.% An 8 An 28 An 29 AV 38-0,74F€3%0 120,35 Tio, 11-0,38M1,73-2,77F €%*1 36-2,22MNo_0 01
. v Rt .
sio, 53.39 5179 5235 S|6'1v29_6!4?é| |1'53_1’71022(QHH Fh) (otl))lr. g). /-I\kglnollt .tvorl
Tio, 008 114 026 najcastejs!e emy na zrnach hornblendu alebo rastlle VO
Al,O, 1,02 2,07 2,03 forme malych idiomorfnych krystélov (obr. 4B). Pozorujeme
Cry,04 0,02 0,01 0,03 nahradzanie aktinolitu so zvy$enym obsahom Zeleza za
rﬂen% ggg 0722 ggl aktinolit. Mladie amfiboly majd vy$si obsah Al. Najmladsi
MgO 13,63 13,39 14,03 amfibol jeltschermaklt. . ) )
CaO 23,11 21,53 20,85 Na zaklade obsahu Al zisteného EDS analyzou
Na,O 0,27 0,53 0,58 mozeme v Studovanych vzorkach odlisit dva typy chloritov
Total 100,58 98,64 99,38 -S nlzkym a so ;vysenym_ ob_sahom. ) ) _
Plagioklasy su do velkej miery ovplyvnené retrogradnymi
Si 1,980 1,954 1,956 udalostami a procesmi alteracie. Nezachovali sa pévodné
Ti 0,002 0,032 0,007 bazické ¢&leny. Plagioklasy maju v doésledku intenzivnej
é'r 8’838 8’83% 8’83? saussuritizacie a sericitizacie kyslejSie zlozenie (tab. 3, obr.
Fed 0,010 0,000 0,030 6). Zachované krystaly maju zloZzenie Abs,_gsANys a4 @ Abyy_75
Fe?* 0,260 0,250 0,250 Anyq_og. NajintenzivnejSie prejavy alteracie pozorujeme
mg 8%?3 8,332 8%?11 predovéetkym na okrajoch zfn av smere lamiel. Albit (Abgg_g5
CQ 0918 0871 0834 An,_;) je pritomny vo velkom mnozstve, reprezentuje
Na 0.019 0.039 0.042 sekundarny produkt premien a sprevadza ho najmé epidot.
Spolu tvoria podstatnu ¢ast zakladnej hmoty. Pozorujeme aj
Total 3,990 3,990 4,000 K Zivec (Ab,_1,0rgs g5), taktiez pritomny v zakladnej hmote.
Tab. 2
Reprezentativne analyzy amfibolu. Prepocet na 23 zapornych nabojov je urobeny podla Leakea (1997).
Fe3* je priemernou hodnotou vysledkov z prepoctu na 13 e-CNK, 15 e-NK a 15 e-K.
Representative analyses of amphibole. Calculation is based on 23 oxygen atoms after Leake (1997).
Fe3* is an average value from calculation based on 13 e-CNK, 15 e-NK and 15 e-K cations.
hm. % TN-M-14 TN-M-14 TN-M-13 TN-J-2a TN-J-2a TN-J-14b TN-M-8 TN-M-13
wt.% An 3 An 6 An 6 An 2 An 31 An 42 An 10 An 10
SiO, 42,58 54,88 51,91 54,99 54,73 42,27 44,76 43,85
TiO, 3,46 0,04 0,09 0,01 0,17 0,95 0,17 1,73
AlL,Oq4 11,96 1,64 5,61 1,62 1,79 12,54 10,65 9,81
Cr,04 0,03 0,07 0,00 0,00 0,03 0,01 0,00 0,03
FeO 11,66 13,76 12,19 12,04 11,61 20,20 20,21 13,59
MnO 0,19 0,28 0,31 0,08 0,15 0,21 0,22 0,23
MgO 12,67 14,95 15,36 16,28 15,88 7,56 797 12,57
CaO 11,86 12,81 12,09 12,31 12,19 11,46 12,00 12,13
Na,O 1,19 0,12 0,53 0,23 0,28 1,18 1,14 0,75
K,O 1,99 0,05 0,26 0,03 0,05 0,45 0,32 1,69
Total 97,61 98,60 98,35 97,58 96,89 96,84 97,43 96,38
Si 6,290 7,852 7421 7,871 7,877 6,473 6,785 6,601
Ti 0,379 0,005 0,010 0,001 0,019 0,109 0,020 0,196
Al 2,087 0,277 0,946 0,272 0,304 2,263 1,903 1,741
Fe3+ 0,099 0,004 0,159 0,029 0,000 0,349 0,269 0,230
Cr 0,006 0,008 0,000 0,000 0,004 0,001 0,000 0,003
Fe?* 1,360 1,641 1,297 1,412 1,397 2,237 2,291 1,480
Mn 0,019 0,034 0,038 0,009 0,019 0,027 0,028 0,029
Mg 2,765 3,188 3,273 3,474 3,408 1,726 1,800 2,821
Ca 1,876 1,964 1,851 1,888 1,879 1,880 1,950 1,957
Na 0,434 0,032 0,147 0,064 0,079 0,352 0,335 0,219
K 0,372 0,010 0,047 0,006 0,009 0,089 0,062 0,323
Total 15,687 15,015 15,189 15,026 14,995 15,506 15,443 15,600
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Tab. 3
Reprezentativne analyzy zivcov prepocitané na 8 kyslikov
Representative analyses of feldspars. Calculation is based on 8 oxygen atoms
hm. % TN-M-8 TN-M-13  TN-M-13 TN-J-2a  TN-J-2a TN-J-2a  TN-J-14b TN-J-4 TN-J-4
wt.% An 2 An 11 An 46 An 22 An 23 An 26 An 43 An 1 An 2
SiO, 59,34 60,74 62,78 61,12 61,01 63,24 58,02 56,86 57,09
Al,Oq 25,77 25,28 18,86 24,25 24,6 18,73 26,89 2754 27,53
FeO 0,08 0,14 0,06 0,12 0,14 0,13 0,12 0,17 0,14
CaO 8,08 6,95 0,04 5,95 5,79 0,03 8,74 9,47 9,53
Na,O 722 752 1,12 794 791 0,34 6,54 6,39 6,04
K,O 0,07 0,18 13,26 0,15 0,11 14,44 0,14 0,09 0,07
SrO 0,00 0,00 0,04 0,22 0,23 0,00 0,07 0,18 0,14
BaO 0,00 0,00 3,81 0,03 0,04 3,05 0,01 0,00 0,00
Total 100,56 100,81 99,97 99,78 99,83 99,96 100,53 100,70 100,54
Si 2,637 2,699 2,789 2,716 2,711 2,810 2,578 2,526 2,536
Al 1,349 1,324 0,988 1,270 1,288 0,981 1,408 1,442 1,442
Fe 0,003 0,005 0,002 0,004 0,005 0,005 0,004 0,006 0,005
Ca 0,385 0,331 0,002 0,283 0,276 0,002 0,416 0,451 0,454
Na 0,622 0,644 0,102 0,686 0,683 0,031 0,565 0,554 0,523
K 0,004 0,010 0,751 0,008 0,006 0,818 0,008 0,005 0,004
Sr 0,000 0,000 0,000 0,010 0,010 0,000 0,000 0,000 0,000
Ba 0,000 0,000 0,070 0,002 0,000 0,060 0,000 0,000 0,000
Total 5,000 5,013 4,704 4,977 4,979 4,707 4,979 4,984 4,964
Xan 0,38 0,34 0,00 0,34 0,29 0,00 0,42 0,45 0,46
Xao 0,62 0,65 0,12 0,65 0,71 0,04 0,57 0,55 0,53
Xor 0,00 0,01 0,88 0,01 0,01 0,96 0,01 0,00 0,00
Cag > 1,5; (Na+K)o<0,5;Can<0,5
1,0
magneziohornblend / )
magnesiohornblende tschermak‘lt/
tschermakite
Xx“ A AQ mTN-M-8
£\ akt/'no/itx @ TN-M-14
w . .
actinolite
L o5 = q A TN-M-13
m +
2 it X TN-J-2A
= ferohornblend/
[=] -J-
= ferrohornblende *TN-J-14B
Obr. 5. Klasifikacia Ca amfibolov
podla Leakea et al. (1997). 0,0 \ \
Fig.5. Classification of Caamphiboles 8 75 d 6.5 6 55
after Leake et al. (1997). Si apfu

Vo vSetkych analyzovanych vzorkach je pritomny
apatit — CaF. Tvori velké hypidiomorfné krystaly a ¢asto
vystupuje vo forme agregatov. Sprevadza rudnu mine-
ralizaciu v gabre (obr. 4C), nachadza sa aj v anortozite.
Vacsinou predstavuje primarny mineral, no v asociacii
s allanitom a toritom reprezentuje produkt premeny
monazitu. Pre takyto monazit je typicky velmi nizky az
ziadny obsah Th, a teda nie je mozné vyuzit jeho pritomnost
na datovanie. Spolu s tymito mineralmi vystupuje v okolitej
zéne chlorit a kalcit (obr. 4E). Pozorujeme uzatvaranie
pyroxénu zatla¢eného aktinolitom alebo rozpadajuceho

sa amfibolu v apatite. Niekedy sa prerasta s magnetitom
alebo je uzatvoreny tschermakitom.

Najvacsie zastipenie medzi rudnymi mineralmi
maju magnetit a ilmenit. Magnetit sa vyskytuje v podobe
homogénnych krystalov alebo s ,exsoluciami“ ilmenitu
vo forme rozpadajucich sa zfn so zachovanymi reliktmi
lamiel ilmenitu a vo forme inkluzii a ,exsolucii“ v ilmenite.
Chemické zloZenie je blizke koncovému ¢lenu (Fe?*Fe3+,0,)
(obr. 7). Obsah TiO, je vo vacéSine analyz nizky (max.
0,5 hm. %, 0,01 apfu) (tab. 4), vyssi je v ,exsoltciach”
(do 3,3 hm. %, 0,1 apfu). Obsah Cr,0;3 a V,0; je nizky
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anorthoclase

albit / albite
anortit / anorthite

N

Obr. 7. Spinelova klasifikacna prizma, &isla udavaju pocet analyz
spadajucich do rovnakého bodu. Upravené podla Lindsleya
(1991).

Fig. 7. Spinel classification prism, numbers give amount of analyses
falling to the same point. Modified after Lindsley (1991).

(do 0,9 hm. %, 0,08 apfu a do 0,5 hm. %, 0,01 apfu
v ,exsoluciach®). Magnetit je v mnohych pripadoch inten-
zivne chloritizovany. Novotvorené, idiomorfne ohraniCené
zrna sa vyskytuju v korundovych Zilkach spolu s chloritom
a bliz8ie neurcenou Al fazou. Na styku zfn magnetitu
a ilmenitu pozorujeme korund.

limenit vystupuje vo forme velkych krystalov prevazne
s ,exsoluciami“ magnetitu alebo je v $tadiu rozpadu,
pricom vznika magnetit, rutil a titanit. Imenit obsahuje do
1,46 hm. %, 0,03 apfu MnO (tab. 4). Exsolvovany ilmenit
obsahuje vysSie mnozstvo MnO (do 3,4 hm. %, 0,07 apfu),

1*\ An

TN-M-8
TN-M-13
TN-J-2A
TN-J-14B
TN-J-4
TN-M-3

Obr. 6. Klasifikacia plagioklasov a vysokoteplotnych
alkalickych zivcov podla Deera et al. (1963).

Fig. 6. Classification of plagioclases and high
temperature alkaline feldspars after Deer et al.
(1963).

pricom obsah MgO a CaO je velmi nizky (max. 0,8 hm. %,
0,03 apfu). Okolo ilmenitu ¢asto pozorujeme titanitovy
lem. Ak je ilmenit uzatvoreny v amfibole, nachadza sa uz
v §tadiu rozpadu.

Rutil a titanit vystupuju spolu s ilmenitom. Rutil ako
produkt rozpadu ilmenitu tvori v iom malé SoSovky,
pripadne tvori lem okolo rozpadajucich sa zfn (obr. 4D).
Takyto rutil ma chemické zlozenie blizke koncovému ¢lenu
TiO,, pozorujeme primes Fe. Titanit tvori zily, inkluzie
a lemy, ktoré vytvara okolo ilmenitu. Tieto lemy, ktoré su
produktom rozpadu ilmenitu, maju niekedy zvySeny obsah
Al a Fe (tab. 5) v porovnani s titanitom v drobnych Zzilkach.

Exsolu¢né procesy pozorujeme prevazne v magnetite
a ilmenite (obr. 4F), vyskytuju sa aj v amfibole alebo
reliktoch pyroxénov. Magnetitové ,exsolucie“ v ilmenite su
beznejsie ako ilmenitové v magnetite. Strukturu ,exsolucii
sme pozorovali v polarizatnom mikroskope v odrazenom
svetle a v BSE. Vyskytuju sa jednoduché lamely ilmenitu
v magnetite rovnobezné s (111), mriezky tenkych ,exsolucii®
alebo ,exsolucie” r6znych typov v ramci jedného zrna.
Magnetit vytvara v ilmenite tenké rovnobezné lamely.

Celohorninova analyza

Na celohorninovu analyzu sa vybrali vzorky anortozitu
(TN-J-1, TN-M-3) a amfibolického gabra (TN-J-14b, TN-
-M-14a). Anortozity maju kumulatovy charakter. Potvrdzuje
to vysoky obsah Ba a Sr a vyrazne pozitivna Eu anomalia
(tab. 6, obr. 8). Kumulatovy charakter gabier naznaduje
nizky obsah Zr a mierne pozitivna Eu anomalia. Pre
horniny je typicky nizky obsah Nb (max. 1,3 ppm) a Ta
(max. 1 ppm) (Lexa et al., 2006). Gabro je subalkalicke, so
zloZzenim blizkym tholeiitu. Z vysledkov analyz je zretelné,
ze hornina nie je obohatena o prvky skupiny platiny.



Tab. 4
Reprezentativne analyzy magnetitu a ilmenitu prepocitané podla Carmichaela (1967)

Representative analyses of magnetite and ilmenite calculated after Carmichael (1967)

TN-M-13 TN-M-8 TN-M-8 TN-M-13 TN-J-2a TN-M-8 TN-M-8 TN-M-II

TN-M-13 TN-M-8 TN-M-8 TN-M-13 TN-J-2a TN-M-8 TN-M-8 TN-M-II

hm. %

An 1 An 17 An 2 An 9 An 12 An 11 An 2

An 8

An 9 An16 An18 An 3 An 11 An 14 An 13 An 1

wt.%

ilmenit/iimenite

magnetit/magnetite

0,01

49,79
0,06
2,60

0,11

0,00

49,71
0,00
3,20
0,02
0,23

43,20

0,00
51,13
0,00
1,10
0,01
0,19
44,40

0,00
48,18

0,00
4758
0,00
4,30
0,03
0,00
39,90

0,00

50,74
0,00
1,40
0,00
0,18

44,20

0,00

50,51
0,02
1,60
0,00
0,00

45,35

0,00
49,40

0,01
0,46
0,54
0,73
0,91

63,40
30,40

0,01
0,05
0,03
0,05
0,41

66,80
30,40

0,00
0,06
0,05
0,08
0,45

66,10
30,10

0,00
1,72
0,05
63,50

0,01
1,22
0,07
61,20
0,22
0,00
29,80
0,04
0,01
0,01

0,00
2,86
0,07
61,00
0,07
0,23
32,70

0,01
3,31
0,07

60,40

0,00
2,46
0,01
61,60
0,43
0,13
32,10

e P
SeAQRIQL2BQ
DFEFKLO>L=Z=20

0,00

4,80

0,03

0,00 0,31
41,50 42,50

1,45 1,46 1,41 0,95

0,17 0,07 0,04 0,75

0,02 0,03 0,01 0,02

2,21
0,36
0,03

1,29
0,05
0,03

1,41
0,05
0,01

0,00
3,80
0,06
0,21
40,30
3,39
0,30
0,12

0,04 0,00 0,00
0,00 0,00 0,05
0,01 0,01 0,00

0,04
0,00
31,70
0,00
0,00
0,01

0,02
0,33

33,30
0,06 0,05
0,00 0,00
0,02 0,02

0,14
0,00
0,16

96,2 98,39 97,82 97,10

94,5

98,95 97,89

97,58

92,60 97,00 94,50 95,50 96,50

97,10

97,52

97,03

Total

0,000
0,970
0,002
0,050
0,920
0,002
0,006
0,021
0,029
0,001
2,000

0,000
0,966
0,000
0,063
0,934
0,000
0,005
0,031
0,002
0,000
2,000

0,000
0,987
0,000
0,022
0,952
0,000
0,004
0,032
0,003
0,001
2,000

0,000
0,952
0,000
0,096
0,912
0,001
0,000
0,032
0,007
0,001
2,000

0,000
0,956
0,000
0,087
0,891
0,001
0,000
0,050
0,014
0,001
2,000

0,000
0,984
0,000
0,027
0,954
0,000
0,004
0,028
0,002
0,001
2,000

0,000
0,984
0,001
0,031
0,951
0,000
0,000
0,031
0,002
0,000
2,000

0,000
0,960
0,000
0,074
0,871
0,001
0,004
0,074
0,012
0,003
2,000

0,000
0,014
0,025
1,895
1,011

0,023
0,029
0,000
0,003
0,000
3,000

0,000
0,002
0,001
1,980
1,002
0,002
0,013
0,000
0,000
0,000
3,000

0,000
0,002
0,002
1,977
0,999
0,003
0,014
0,001
0,000
0,000
2,999

0,000
0,051
0,002
1,894
1,051
0,001
0,000
0,000
0,000
0,000
3,000

0,000
0,038
0,003
1,912
1,036
0,007
0,000
0,001
0,001
0,000
3,000

0,000
0,085
0,002
1,825
1,083
0,002
0,000
0,002
0,000
0,001
3,000

0,000
0,098
0,003
1,799
1,096
0,001
0,000
0,002
0,000
0,001
3,000

0,000
0,073
0,001
1,839
1,062
0,014
0,000
0,005
0,000
0,007
3,000

Si

Ti

Al
Fesd+
Fe2+
Cr
Mn
Mg
Ca
Total
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Diskusia

Skumany gabrovo-anortozitovy
masiv na lokalite Must ull reprezen-
tuje zvrstvenu intriziu umiestnenu
v kratonickom bloku. Pozorujeme
striedanie vrstiev pyroxenitu, anortozitu
a gabra (Lexa et al., 2006). Vek
anortozitu stanoveny U-Pb datovanim
zirkénov je 1 800 — 3 000 Ma (Rodionov
et al., 2003). Pozorovanie asociacii
minerdlov, mikroStruktur a variacii
chemického zlozenia potvrdzuje
polymetamorfny vyvoj gabroidného
masivu. Pdvodné pyroxény boli
retrogradne nahradené amfibolmi
a hornina nadobudla charakter
amfibolického gabra. Najmladsie
mineraly (amfibol, titanit a chlorit) maju
zvySeny obsah Al. Svedci to o dalSom
Stadiu premeny, ktoré nasledovalo po
retrogradnej metamorféze. To méze
charakterizovat reakcia

chlorit + zoisit + kremern =

tschermakit + plagioklas + H,O,
ktora predstavuje prechod z facie
zelenych bridlic do amfibolitovej facie
pri nizkom tlaku. Titanit so zvySenym
obsahom Al tvori reakény lem okolo
rozpadovych zfn ilmenitu. Podla
Harlova et al. (2006) je tvorba takéhoto
lemu v podmienkach amfibolitovej facie
asociovana s pritomnostou aktinolitu.
Na rast titanitu je potrebny zdroj Ca
a znizovanie obsahu Fe za pritomnosti
fluidnej fazy. Vznik Al titanitového lemu
ako doésledok reakcii nahradzajucich
pyroxén amfibolom vyzaduje zvySenie
oxidacného potencialu prostredia.
Do uvahy pripadaju reakcie Al — OH
vztahujuce sa na horninu obsahujucu
Ca amfibol, malé mnozstvo klino-
pyroxénu a magnetit. V podmienkach
amfibolitovej facie obsah Al zavisi
predovSetkym od zlozenia koexistujucej
fluidnej fazy, nie od tlaku a teploty
(Markl a Piazolo, 1999).

Primarna magmaticka Fe-Ti oxi-
dickd mineralizécia nebola v dosledku
polymetamorfného vyvoja horninového
komplexu vyrazne modifikovana.
Pozorujeme dva typy rudnych mine-
ralov — starSie zrna s vyvinutymi
oxyexsoluciami a mladSie, homogénne
zrna. Sledovanim ,exsolu¢nych” lamiel
Fe-Ti oxidov mézeme odhadnut priebeh
chladnutia hornin (Lindsley, 1991).
V pomaly chladnucich horninach, kde
prebiehala difuzia iénov dihsie, su
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Tab. 5
Reprezentativne analyzy titanitu prepocitané na 5 kyslikov
Representative analyses of titanite. Calculation is based
on 5 oxygen atoms

hm.%  TN-M-8 TN-J-14b TN-J-14b  TN-J-2a TN-J-2a
wt.% An 15 An 32 An 33 An 16 An 19
SiO, 30,79 30,62 30,70 30,60 30,92
TiO, 32,15 3791 37,80 37,83 37,62
AlL,O4 4,46 0,75 1,08 0,72 1,13
Cr,04 0,07 0,00 0,00 0,03 0,00
FeO 4,29 0,79 1,21 0,74 1,07
MnO 0,03 0,04 0,02 0,06 0,05
MgO 1,49 0,00 0,00 0,00 0,00
CaO 25,56 26,94 27,18 27,20 27,33
Total 98,83 97,05 97,99 97,18 98,13
Si 1,018 1,026 1,021 1,026 1,027
Ti 0,800 0,956 0,946 0,954 0,939
Al 0,174 0,030 0,042 0,028 0,044
Cr 0,002 0,000 0,000 0,001 0,000
Fe 0,119 0,022 0,034 0,021 0,030
Mn 0,001 0,000 0,001 0,002 0,001
Mg 0,073 0,001 0,000 0,000 0,000
Ca 0,905 0,967 0,969 0,977 0,972
Total 3,092 3,002 3,013 3,007 3,013

100

0
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

lamely hrubsie. Pri rychlom, no nie prudkom ochladzovani
sa tvoria jemné lamely. Podla naSich pozorovani sa
v jednotlivych zrnach vyskytuju viaceré typy exsolucii,
ktoré charakterizuju rézne procesy. Pozorujeme Struktiry
typické pre vysokoteplotnu deutericku oxidaciu ilmenitu
za vzniku Fe rutilu, zrovnovaznovanie tuhého roztoku
ilmenit — hematit, oxidaciu titanomagnetitu a subsolidovu
redukciu ilmenitu (Lindsley, 1991).

Pritomnost Fe-Ti oxidov vo zvrstvenych gabroidnych
intriziach mdéze naznacovat pritomnost prvkov skupiny

Tab. 6
Celohorninové analyzy z anortozitu a gabra (Lexa et al., 2006)
Whole-rock analyses of anorthosite and gabbro (Lexa et al., 2006)

hm. %/wt.% TN-J-1 TN-M-3  TN-M-14a  TN-J-14b
SiO, 52,67 52,43 48,08 48,89
TiO, 0,14 0,25 0,57 0,93
Al,O4 24,93 25,18 17,20 18,66
Cr,03 0,006 0,023 0,050 0,007
Fe 04 3,75 2,91 9,52 10,80
MnO 0,03 0,03 0,13 0,11
MgO 2,54 1,99 9,14 5,62
Ca0O 8,84 8,25 10,37 9,55
Na,O 4,14 5,20 1,98 3,03
K;O 0,86 0,89 1,02 1,33
P,05 0,04 0,10 0,11 0,03
Total 99,65 99,66 99,89 99,77
ppm
Ba 1020,8 733,2 650,3 448,3
Co 18,1 10,2 51,3 34,5
Ga 19,4 18,6 15,6 25,7
Sr 1261,1 1538,7 562,2 724,4
\ 1 17 161 210
Zr 3,2 22,4 35,6 17,3
Y 0,8 2,9 9,4 10,4
Mo 0,1 0,1 0,1 0,1
Cu 3,1 2,7 16 21,4
Pb 0,4 0,8 1,4 0,5
Zn 22 33 25 35
Ni 22,8 12,7 49,4 31,5
& TN-J-1
- TN-J-14b Obr. 8. Chondriticky normalizované
hodnoty obsahu prvkov vzacnych
¥ TN-M-14a zemin (REE) podla Andersa
a Grevesseho (1989), upravené
podla hodnét analyz prevzatych
-4 TN-M-3 z préce Lexu et al. (2006).

Fig. 8. Chondrite-normalized dia-
gram of REE after Anders and
Grevesse (1989), modified after
analyses from Lexa et al. (2006).

platiny. PGE loziskd su asociované s réznymi typmi
maficko-ultramafickych hornin zahfiajucich aj dunity,
harzburgity, anortozity a diority. Podobné vyskyty zvrst-
venych intrizii su napriklad v komplexe Rio Jacaré
v Brazilii (Sa et al., 2005), Birch lake a Sonju lake v komplexe
Duluth v Minnesote (Miller et al., 2002), Rincon del Tigre
v Bolivii (Prendergast et al., 1998) &i v komplexe Coldwell
v Ontariu (Barrie et al., 2002). Vek tychto intruzivnych
telies sa prevazne pohybuje v rozmedzi 2 440 — 1 100 Ma.
Mineralizacia pritomna v spominanych komplexoch
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vzhladom na nizky obsah PGE (0,5 — 5,5 ppm) nie je
ekonomicka (Maier, 2005). V Studovanom gabroidnom
masive na lokalite Must ull je situacia podobna, pricom
obsah PGE je este nizsi (ppb). Chromit, ktory asociuje
s PGE mineralizéciou, sa v nasich vzorkach nenachadza.
Magnetit a ilmenit krysStalizuju neskor ako chromit (Irvine,
1975). Neskoré Stadium frakénej krystalizacie Fe-Ti
oxidov ma za nasledok ich umiestnenie vo vrchnej ¢asti
zvrstvenych intruzii, chromit sa nachéadza v bazalnej
gasti. Rudné mineraly $tudovanych vzoriek vypifiaju
intersticialny priestor medzi horninotvornymi silikatmi. Je
to mozné vysvetlit mechanizmom oddelenia nemieSatelnej
oxidickej taveniny zo silikatovej magmy bohatej na Fe a Ti
(Kolker, 1982). Takato tavenina je hustejSia ako silikatova
a prenika fiou smerom do spodnejSich Urovni intrizie. Pre
anortozit sa taktiez predpoklada vznik Fe-Ti mineralizacie
z nemieSatelnej taveniny obohatenej o Fe a Ti (Naslund
et al., 2002). V Studovanych vzorkach sprevadza apatit
rudnu mineralizaciu rovnako v gabre aj anortozite. Apatit
je bezne asociovany s oxidickymi rudami, ktoré vznikli
z nemieSatelnych Fe-Ti tavenin (Jakobsen et al., 2005).

V Fe-Ti oxidoch, ktoré vznikli v procese frakénej
kryStalizacie zo silikatovej magmy, s postupujicou
diferenciaciou pozorujeme pokles obsahu V a Al a narast
obsahu Ti, Mn a Zn (Duchense, 1972). Magnetit s vy$Sim
obsahom Cr kry&talizoval z taveniny s primitivnejSim
zlozenim (Lister, 1966). V analyzovanych zrnach magnetitu
je obsah MgO a Al,O5 nizsi ako 1 hm. %, ¢o odraza
subsolidovu redistribuciu prvkov (Frost a Lindsley, 1991).
Analyzovany ilmenit ma obsah MgO nizsi ako 1 hm. %.
Je to dosledok reekvilibracie s Fe-Mg silikatmi pocas
pomalého chladnutia. Reekvilibracia oxidov pri vysokej
teplote zahfiia intergranularnu vymenu Fe®* a Ti medzi
titanomagnetitom a ilmenitom (Frost, 1988). Pri strednej
teplote sa titanomagnetit zrovnovaznuje procesom
oxyexsolucie. Pri niz8ej teplote proces produkuje lamely
ilmenitu v smere (111) v spineli. Po¢as chladnutia klesa
v spineli obsah Ti. Vo vacSine plutonickych hornin ma
spinel zlozenie bliziace sa ku koncovému ¢lenu s nizkym
obsahom Ti a len so stopovym mnozstvom MgO a Al,Os.
To je charakteristické aj pre magnetit z analyzovanych
vzoriek. limenit je v mafickych systémoch ochudobneny
0 i6n Fe3*.

Podla vysledkov celohorninovej analyzy je obsah
PGE prvkov velmi nizky. V Studovanom gabroidnom
masive sa tento druh mineralizacie nezistil ani napriek
vhodnej geotektonickej pozicii (kratén), typu horniny (velké
gabroidné masivy so zvrstvenou textirou, kumulatovy typ
hornin) a pritomnosti Fe-Ti oxidov.

Zaver

Horniny gabroidnych masivov na lokalite Must ull
podstupili polymetamorfny vyvoj. Hlavnym indikatorom
metamorfnych podmienok je viacero generacii amfibolu.
Napriek pokrocilému stupriu premeny pdvodnej horniny
sa zachovali relikty magmatickych mineralov a Struktur.
Pritomnost Fe-Ti mineralizacie mbéze svedcCit o tom, ze
v skiimanej oblasti je odkryta vrchna ¢ast zvrstveného

gabroidného masivu. Hoci v tektonickej pozicii skimanej
asociacie hornin je mozné predpokladat pritomnost PGE
mineralizacie, celohorninové analyzy tento predpoklad
nepotvrdili. Mineraly prvkov skupiny platiny obvykle
asociuju v tomto type hornin s chromitom, ktory sa zvy¢ajne
nachadza v hlbSich drovniach zvrstvenych intruzii. Na
potvrdenie pritomnosti PGE mineralizacie je potrebny
detailny vyhladavaci prieskum.
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Mineralogy of gabbro and anorthosite from Tarvagatay nuruu Mts.
(Central Mongolia)

Our research was aimed at mineralogy, genesis and eva-
luation of platinum group elements (PGE) potential of gabbroic
rocks. Mongolia is tectonically divided by Mid-Mongolian
lineament into Northern area affected by Caledonian orogenesis
and Southern area affected by Variscan orogenesis (Fig. 1;
Buchan et al., 2001). Gabbro-anorthosite layered intrusion is
situated on SW part of Tarvagatay nuruu Mts. in Must ull locality.
Gabbroic rocks are emplaced in cratonic block in northern part
of studied area. Central part of the gabbro—anorthosite massif
consists of coarse-grained anorthosite, gabbro, leucogabbro
and pyroxenite (Lexa et al., 2006). Gabbro often consists of light
gabbro-anorthosite layers and mafic pyroxenite/gabbro layers
(Fig. 2A). Gabbro has fine grained, coarse grained or cumulate
structure (Fig. 2B, D). Anorthosite has coarse grained to massive
structure (Fig. 2C). Gabbroic rocks underwent a retrograde
metamorphic recrystallization. Main primary rock forming mineral
is pyroxene with diopside composition (Tab. 1). It was replaced
by amphibole (Figs. 3A and 4A). There are several types of
amphiboles with hornblenditic, actinolitic and tschermakitic
composition (Tab. 2, Fig. 5). Hornblende and actinolite represent
retrograde stage of gabbro evolution. Both amphiboles are
idiomorphic and rich green (Figs. 3A and 4B). We assume that
the youngest amphibole (tschermakite) indicates a change of
conditions from retrograde to higher temperature conditions.

Plagioclase is often affected by saussuritization and sericitization
and its composition is less basic due to retrograde processes
and alterations (Tab. 3, Figs. 3B and 6). Observed apatite-
-ilmenite-titanomagnetite mineralization (Dejidmaa et al., 2005)
is disseminated in gabbro (less in anorthosite) or forms veins in
anorthosite. Hypidiomorphic apatite grains often form aggregates
and are always associated with ore minerals in both, gabbro and
anorthosite (Figs. 3C and 4C). Magnetite and ilmenite are the
main ore minerals. Primary grains have various structural types
of oxyexsolutions (Figs. 3D and 4F), homogenous grains are
probably younger. Magnetite oxyexsolutions in ilmenite are more
frequent than ilmenite oxyexsolutions in magnetite. Magnetite is
close to the end member composition (Fig. 7) with low content
of minor elements (Ti, Cr, V; Tab. 4). Imenite contains increased
Mn, but it has low content of Mg and Ca (Tab. 4). limenite breaks
down and forms titanite Al-rich rims (Tab. 5; Fig. 4D). Monazite,
observed as disintegrated grains (Fig. 4E), is surrounded by
apatite and allanite. This monazite has very low or zero content
of Th, thus is not suitable for U-Pb-Th chime dating. Based on the
whole rock analysis, anorthosite and gabbro are cumulate rocks
(Tab. 6, Fig. 8). Factors like the presence of Fe-Ti mineralization,
lithology and emplacement of rock in cratonic block are good
indicators to assume a presence of PGE mineralization, even
though, we have not observed this.
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11. tazobny usek Bane Novaky, nova tazobna kapacita na Hornej Nitre
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Hornonitrianske bane Prievidza, a. s., Matice slovenskej 10, 071 01 Prievidza

11th mining section of the Novaky mine: New exploitation capacity
in the Horna Nitra region

Opening of the 11th mining section in the Novaky coal mine can be unambiguously denoted
as the biggest mining investment in the recent history of the Slovak Republic. The expert team of
HBP, a.s., Prievidza, in pre-investment and pre-opening phases solved numerous complexities
preceding the opening, including transport, water management and energy net systems, owner
relations as well as restriction concerning the Bojnice spa. Pre-opening process lasted 7 years
(1999 — 2006). The project “Exploitation of the coal reserves in the 11th mining section, Novaky
coal mine, detail exploration Novaky |.” resulted in new mining capacity in the Horna Nitra region
from 10/2009 with projected annual exploitation capacity 400 — 500 kt and durability till 2020.

Key words: coal deposit, mine, mining section, invoked investments, exploitation capacity study,
economic reserves, exploitable reserves, heating capacity, safety pillar

Uvod

Tazba hnedého uhlia a lignitu v regiéne Hornej Nitry
v roku 2009 zavrSuje okruhlych 100 rokov. Hnedé uhlie
vyskytujuce sa v Handlovsko-novackej uholnej panve
sa dobyva v troch hlbinnych baniach — Barna Handlova
(r. 1909), Bana Novaky (r. 1940) a Bara Cigel (r. 1962). Tieto
tazobné organizacie v roku 1996 vytvorili zamestnanecku
akciovu spolo¢nost Hornonitrianske bane Prievidza so
sidlom v Prievidzi.V snahe udrzat tazobnu spésobilost HBP,
a. s., Prievidza v urovni okolo 2,3 mil. ton hnedého uhlia
sa uz v druhej polovici 90. rokov minulého storocia zacalo
s hodnotenim zasob v ramci celého reviru Handlovsko-
-novackej uholnej panvy. Z tejto analyzy ako najlukrativnejsi
vySiel 11. tazobny uUsek, ktory je lokalizovany v sz. Casti
novackeho uholného loziska ako integralna su¢ast Bane
Novaky (obr. 1). Zakladnym problémom uvolhenia uholnych
zéasob 11. TU bola potreba ,usporiadania“ povrchu. Museli
sa vyriesit prelozky vodohospodarskych, energetickych,
telekomunika¢nych a dopravnych sieti tak, aby ich
trasovanie bolo zabezpecené pred vplyvmi dobyvania.
Samozrejme, tento postup bol viazany na technicko-
-ekonomicku efektivitu celého procesu. Celu predinvesti¢nu
pripravu (Studia predbeznej realizovatelnosti, Studia
realizovatelnosti — povrch, bana) komplexne rieSil tim
pracovnikov HBP, a. s., v rokoch 1999 — 2006. Strategickym
cielom projektu bolo zabezpedit dobyvanie v 11. TU v Bani
Novéky so zamerom udrzat tazobnu dispoziciu v Novakoch
v urovni okolo 1,3 — 1,5 mil. ton a predl'iit’ zivotnost HBP,
a. s., Prievidza do roku 2025 — 2030. Hlavnym vyrobno-
-hospodarskym cielom bolo pripravit tazobnu kapacitu
s ro¢nou tazbou 400 — 500 kt s priemernou technologickou
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vyhrevnostou 10,9 MJ - kg™' s vyuzitim zdsob na urovni
okolo 67 — 68 %. Sucasnu uzemnu podobu nadobudol 11.
TU v rdmci spracovania étudie predbeznej realizovatelnosti
v roku 2000 (Halmo et al., 2000). Z celkovych 52,86 mil. ton
geologickych zasob sz. okraja novackeho loziska sa pre
11. TU vyelenili geologické bloky kontinualne nadvazujlce
na polia 8. TU. Severozapadna hranica novovytvoreného
useku je administrativna a vytvorila sa ochrannym pilierom
projektovanych vyvolanych investicii na povrchu. Od¢lenilo
sa zhruba 10,1 mil. ton bilanénych zasob, pri¢om zvySkové
zésoby sa preradili do novovytvoreného 12. TU. Dvanasty
TU reprezentuje uholné zasoby nachédzajlice sa severne
a zapadne od 11. TU az po okraj loziska. Mnozstvo
bilanénych a vytazitelnych zdsob v useku sa menilo
najma v zavislosti od prieskumného procesu (Halmo et
al., 2003) a od pozicie posunu ,preloziek® po maximalnu
moznu hranicu sz. smerom (Upatie tzv. Bojnickych viSkov)
a ,zuzenia koridoru; v ktorom su situované prelozky. Tento
proces priniesol narast zasob asi 0 0,78 mil. ton.

Strucna geologicka charakteristika

Hlbsie podlozie novackeho uholného loziska tvoria
zvrasnené a erodované paleogénne a spodnomiocénne
sedimenty. Na povrch vystupuju spolu s predterciérnymi
utvarmi len v okolitych jadrovych pohoriach. Loziskovu
vyplii Hornonitrianskej kotliny reprezentuju molasové
sedimenty a vulkanity stredného miocénu.

Kamenské suvrstvie (spodny baden). — Ako
kamenské suvrstvie sa vycCleriuje suvrstvie epiklastickych
vulkanickych zlepencov a pieskovcov s nevulkanickym
materialom v podlozi uholnych slojov, ktoré sa
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Obr. 1. Situacna mapa oblasti Novackej a Handlovskej

uholnej panvy.

ux g

Fig. 1. Position map of Novéky and Handlova coal

basins.
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v beznej zauzivanej terminoldgii oznacuje ako komplex
podloznych tufitov. Hribka suvrstvia je znacne variabilna,
maximalne okolo 350 m.

Novacke suvrstvie (vrchny baden). — Ako novacke
suvrstvie su vyC€lenené produktivne vrstvy novackeho
uholného loziska. Spodna hranica suvrstvia nie je ostra,
ale tvori ju postupny prechod z podlozného kamenského
suvrstvia. Vrchna hranica sa kladie na strop uholného
sloja. Suvrstvie v spodnej Casti tvoria piescito-ilovité
a tufitické sedimenty, ktoré postupne prechadzaju do
hnedych, tmavosivych az Ciernych uholnych ilov s uholnym
slojom. Hrubka celého produktivneho suvrstvia je az 50 m.
Najddlezitejsi uholny sloj je tzv. hlavny sloj, ktory ako jediny
je predmetom hospodarskeho zaujmu. Novacke suvrstvie
s vyvojom hlavného uholného sloja je vyvinuté na celej
ploche 11. TU. Slojové pasmo je vo vrchnej ¢asti zlozené
z xyliticko-detritického uhlia s ojedinelymi tufitickymi
preplastkami. V spodnej Casti sloja sa striedaju polohy
xyliticko-detritického a detritického uhlia s nerovnomernym
obsahom mineralnej primesi. Bilancovana hrubka

uholného sloja sa pohybuje od 13,20 do 17,80 m (priemer
14,61 m). Charakteristicky detail sloja 11. TU so zakladnymi
kvalitativnymi a banskotechnickymi parametrami je
dokumentovany na obr. 2. Z uholnopetrografickej stranky
hlavny uholny sloj tvori uhlie patriace k hnedouholhym
humitom. Stupen preuholnenia zodpoveda rozhraniu
hnedouholnej hemi- az ortofazy.

KosSské suvrstvie (vrchny baden). — Ako kosSské
suvrstvie sa oznacuje hrubé suvrstvie ilov a slienitych
ilov v nadlozi novackeho suvrstvia — v beznej zauzivanej
terminoldgii sa oznacuje ako nadlozné ily. RozSirenie
suvrstvia je obdobné ako v pripade novackeho suvrstvia.
V Studovanom uUzemi ho zastupuju sivé a zelenosivé ily
so zuholnatenymi rastlinnymi zvyskami. ily sa miestami
¢repinovito rozpadaju. Vo vrchnych €astiach suvrstvia sa
jeho charakter Ciasto€ne meni. Pribuda piescitej frakcie
a ojedinele sa objavuju aj polohy pieskov. V bazalnej ¢asti
suvrstvia sa objavuju pomerne celistvé polohy sivych
a tmavosivych diatomitickych ilov. Celkova hrubka kos-
ského suvrstvia sa pohybuje v rozmedzi od 90 do 210 m.
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Lehotské suvrstvie (vrchny baden). — Ako lehotské
suvrstvie sa vyclenuju Strky, piesky, piescité ily
a ily s mezozoickym a karbonatovym materidlom nad
koSskym suvrstvim nadloznych ilov, ktoré sa v beznej
zauzivanej terminoldgii oznacuju ako detriticko-vulkanicka
formacia. Suvrstvie je priestorovo nesuvislé, ulozené
na denudovanom reliéfe starich suvrstvi. Vrchnu hranicu
v oblasti novackeho uholného loziska predstavuje styk
s kvartérnymi horninami. Suvrstvie tvoria nepravidelne
sa striedajuce, slabo vytriedené Strky a piesky, v men$ej
miere piescité ily a ily s materialom karbonatovych hornin
a kremencov mezozoika, menej zul, krystalickych bridlic
a paleogénnych pieskovcov. V oblasti 11. TU sa lehotské
suvrstvie overilo v klasickom $trkovo-piescitom vyvoji,
len jeho bazdlna Cast pozostava z poléh sivozelenych
pies€itych ilov prevrstvenych polohami zailovanych
pieskov. Celkova hrubka suvrstvia sa pohybuje od 100
do 230 m.

Kvartér. — NajmladsSie sedimenty v oblasti novackeho
uholného loziska reprezentuju aluvialne naplavy rieky Nitry
a jej pritokov, sutiny a ornica. V naplavoch su zastupené
obliaky andezitu, mezozoickych hornin, hornin krystalinika
a v mensej miere paleogénnych pieskovcov. Miestami sa
nachadzaju polohy preplavenych ilov a pieskov. Aldvium
v tomto uzemi dosahuje hrubku od 10 do 30 m. Tvori ho
prevazne hneda pieséita hlina, v ktorej smerom do hibky
postupne pribuda obliakového materialu.

Tektonické pomery

Hlavna tektonicka ¢innost prebiehala po ulozeni nad-
loznych ilov. Lozisko je porusené viacerymi tektonickymi
poruchami poklesového charakteru a predstavuje zlozity
systém priekopovych prepadlin a hrasti. Generalny smer
tektonickych linii v juznej Casti loziska je smer S — J.
Severnym smerom sa tieto linie postupne stacaju do smeru
SZ - JV. Oblast 11. TU mozno z tektonického hladiska
rozdelit na 4 bloky vymedzené niekolkymi vyraznymi
tektonickymi poruchami.

1. blok 11. TU. — Zo severnej strany ho ohraniéuiju
poklesové tektonické prejavy smeru ZSZ - VJV
s amplitudou skoku okolo 60 m. Juhozapadné ohrani¢enie
1. bloku je determinované dislokaciou, ktora sa zo smeru
S —J v oblasti 5. bloku 8. TU staéa do sz. smeru. Postupne
sa rozpada na tektonické prejavy s priebehom v smere
S—J, samplitidou asi 20— 30 m a pozvolnym zmenSovanim
skoku a na protiklonné tektonické prejavy s amplitudou
asi 60 m, ktoré vytvaraju z. a sz. demarkaciu bloku.

2. blok 11. TU. — Geologicko-tektonicku stavba tejto
Casti loziska generalne formovali dve vyrazné dislokacie
prebiehajuce v smere ZSZ a VJV prichadzajuce do
centralnej ¢asti od zapadu. Juznu hranicu bloku tvoria
tektonické prejavy s vySkou skoku okolo 60 m. V severnej
Casti Uzemia sa pri formovani uloznych pomerov vyrazne
uplatnila tektonicka porucha zsz.-vjv. smeru s amplitudou
skoku 150 m. Vychodnym smerom sa rozpadla na zlomy
¢leniace 2. blok 11. TU na 3 relativne samostatné kryhy.

3. blok 11. TU. — Tento blok zakonéuje hospodarsky
zaujimavé banské polia 11. TU. Hranice bloku tvoria dve

tektonické linie. Zapadnu hranicu determinuju tektonické
prejavy, ktoré vymedzuju 2. blok s vyskou skoku do 30 m.
Vychodnu hranicu 3. bloku tvori zlom prebiehajuci v smere
SZ — JV s amplitudou okolo 50 m.

4. blok 11. TU. — Z vychodnej strany zakoné&uje
uholné zasoby 11. TU. Tvori samostatnu tektonicky kryhu,
oddelenu od 3. bloku vyraznymi tektonickymi prejavmi
sz.-jv. smeru s amplitidou okolo 50 m. Od banskych
poli 7. TU ho z vychodnej strany oddeluje zlom so sz.-jv.
priebehom a vyskou skoku 50 m.

Historia projektu

Ministerstvo zivotného prostredia SR rozhodnutim zo
dna 16. 12. 1994 schvdlilo na vyhradnom lozisku Novaky,
DP Novaky, zasoby hnedého uhlia v mnozstve 166,4
mil. ton. Bilancia v ramci tejto hodnoty vztahujuca sa
na pévodnu rozlohu 11. TU predstavuje 60,4 mil. ton geo-
logickych zasob, z toho 52,86 mil. ton je bilanénych. Ide
0 zasoby viazané v OP zelezni¢nej drahy Novaky — Prievidza
a OP malomagurského zlomu (ochrana Kupelov Bojnice)
az po okraj loziska. Problémom viazanosti tychto zasob
sme sa zaoberali uz v zavereénej sprave s vypoctom
zasob k 1. 1. 1994 (Halmo et al., 1994), priCom povinnost
organizacie riesit tento stav sa premietla aj do prislusného
rozhodnutia ministra ZP SR. Preto HBP, a. s., Prievidza
sa zadali 11. TU zaoberat koncom 90. rokov s tym, Ze zasoby
v tzv. zdpadnom koridore bude potrebné pravne a technicky
doriesit. Vychadzajuc z mnozstva viazanych bilanénych
zasob, vedenie HBP, a. s., (11/1999) sa rozhodlo pristupit
k spracovaniu Studie predbeznej realizovatelnosti s cielom
zhodnotit vSetky aspeky uvolnenia zasob — prelozky riek
Nitry a Handlovky, Zeleznice, energetickych a inzinierskych
sieti. Ulohu pod nazvom Exploatécia uholnych zasob
11. TU HBP, a. s., Baria Novéky, 0. z., zadal riesit projektovy
tim odbornikov HBP, a. s., Prievidza.

Rok 1999 —-2000. —V studii predbeznej realizovatelhosti
(Halmo et al., 2000) sa rozpracovalo rieSenie v dvoch
alternativach (alt. €. 1 — s prelozkou rieky Nitry a Handlovky,
alt. ¢. 2 — bez prelozky riek). Alternativa ¢. 2 sa vyhodnotila
ako nerealizovatelna. Dalej sa pokradovalo v projekcii
alternativy €. 1, ktora sa hodnotila v 2 variantoch. Rozhodlo
sa, ze v dalSom stupni projekcie sa bude pokracovat
vo variante | — zachovanie zelezni€¢nej stanice v obci Ko$
a dasti kasarni VU Novaky. Zaroveri sa v ramci §tudie
navrhol tazobny loziskovy prieskum povrchovymi vrtmi
(6 vrtov) s cielom spresnit geologicko-tektonické rieSenie
tazobnych poli 11. TU.

Rok 2003. — Realizoval sa tazobny prieskum (6 vrtov).
Technické prace vykonala Optima, a. s., Nova Bana.
Zaverecnu spravu s vypoctom zasob so stavom k 1. 11.2003
spracovali pracovnici HBP, a. s. (Halmo et al., 2003).
Prieskum potvrdil lukrativnost zasob 11. TU s tym,
ze v ramci geologicko-tektonického rieSenia sa vyclenili
bloky, z ktorych 1 — 3 su vhodné na banské podnikanie.
So stavom k 1. 11. 2003 sa vypocitalo 10,024 mil. ton
geologickych zasob s priemernou uloznou vyhrev-
nostou 11,75 MJ - kg~' s priemernou hribkou 14,61 m
a 6,218 mil. ton vytazitelnych zasob.
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Rok 2004. — Studia realizovatelnosti (Halmo et al.,
2004) preukazala opodstatnenost pokracovania na
projekte vo variante |. Technicko-ekonomické parametre
zameru tazby uhlia v 11. TU v nadvéznosti na vyvolané
investicie boli pozitivne. Zakladna otvarka nadvéazuje na
tazobnu zakladriu 8. TU. Dobyvanie hrubého sloja sa riesilo
v 4 variantoch. S plnym dérazom na ekonomiku tazby
(vyuzitie zadsob 68 %) sa prijala technoldgia odlahéujuceho
nadstropu (1. vrstva) a medzistropu (2. vrstva).

Prelozky na povrchu sa jednoznacne riesili vo variante |
— koncentrovanym koridorom sz. od hranice 11. TU.

Rok 2005. — Prebiehal rozhodovaci proces vo
vrcholnych organoch akciovej spolo¢nosti. Predstavenstvo
akciovej spolo¢nosti v maji 2005 suhlasilo so spracovanim
zameru na posudzovanie vplyvov na zivotné prostredie
(EIA) a urcilo na to prislusny projektovy tim. Podstatna ¢ast
roka zo strany projekénej zlozky HBP, a. s., bola zamerana
na konzultacie so §tatnymi organmi (MZP SR, PriF UK
Bratislava, OBU Prievidza, HBU Banska Stiavnica) o tom,
¢i v uzemi s uréenym DP je potrebné spracovat EIA, kedze
rozhodnutie o CHLU je rozhodnutim o vyuziti Gzemia.
Problém sa uzavrel az v januari 2006 prijatim nového
zakona o posudzovani vplyvov na ZP (zakon &. 24/2006
Z. z.). Vecna stranka obsahu EIA sa uzavrela s OUZP
Prievidza v maji 2006.

Rok 2006. — V sulade so znenim § 33 zakona ¢.
44/1988 Zb. v nasledujucom zneni sa uzavreli dohody
o rieSeni konfliktu zaujmov so vSetkymi dotknutymi
organmi a organizaciami — 7SR Bratislava, Orange, a. s.,
Bratislava, Slovak Telecom, a. s., Bratislava, SVP, $. p.,
Banska Stiavnica, MO SR Bratislava, Melioracie, $. p.,
Bratislava, SEPS, a. s., Bratislava, SPP, a. s., Bratislava,
Stredoslovenska energetika, a. s., Zilina, VOP, a. s.,
Novéky. Plan otvarky a geologického prieskumu 11. TU
v DP Novaky vypracovali pracovnici HBP, a. s., Prievidza
(Brazina et al., 2005) a ako zmenu ¢. 2 ho v maji 2006
povolil OBU v Prievidzi. Envigeo, a. s., Banska Bystrica
v Uzkej sucinnosti s HBP, a. s., Prievidza vypracovala
v juli 2006 zamer ¢innosti podla zakona ¢. 24/2006
Z. z. o posudzovani vplyvov na ZP Ulohu Exploatéacia
uhlia v 11. TU, HBP, a. s., Prievidza (Schwarz et al.,
2006). Rozhodnutie ObUZP Prievidza bolo vydané
v septembri 2006 s tym, 2e zamer exploatacie 11. TU
sa nebude posudzovat. Tymto aktom sa predinvesti¢éna
faza skoncila.

Roky 2007 — 2008. — Zacali sa prace na spracovani
prislusnej projektovej dokumentacie v sulade so staveb-
nym poriadkom pre vSetky urovne konania. Generalnym
projektantom suboru stavieb — povrch — sa stali Banské
projekty, a. s., Bratislava. Toto obdobie tak isto nebolo
jednoduché, najmé& z pohladu schvalovania projektovej
dokumentacie pre jednotlivé stupne stavebného konania
(Uzemné konanie, stavebné konanie) predovSetkym kvoli
vlastnickym vztahom. Na ilustraciu uvadzame, ze plocha
celkovych trvale odnatych pozemkov na vyvolané inves-
ticie — povrch — predstavuje 14,6 ha polnohospodarskej
a Casti lesnej pddy. Pri tomto rozsahu vSak bolo potrebné
usporiadat asi 5 300 vlastnickych podielov. Tuto ¢innost pre
HBP, a. s., Prievidza zabezpecfovala sukromna geodeticka

a pravna kancelaria. Proces vykupov sa este v plnom
rozsahu neskongil.

Rok 2008 — 2009. — Generalnym dodavatelom suboru
stavieb na povrchu v sulade so zakonom o verejnom
obstaravani sa stal Vahostav-SK, a. s., Zilina. Stavebné
prace na prelozkach sa zacali v septembri 2008 a vecne
sa skongili v jiini 2009. Zagiatok tazby v 11. TU je planovany
na oktober 2009.

Koncepcia rieSenia — povrch, podzemie

Zakladnym technickym aspektom rieSenia bola
potreba uvolhit povrch — prelozky rieky Nitry a Handlovky,
VTL-plynu, NTL-plynu, VVN-220 kV, VN-22 kV, Zelezni¢na
trat Novaky — Ko$, Zelezni¢na vlecka Novaky, VOP, a. s.,
Novaky, objekty kasarni MO SR, optické kable Orange,
a. s., a Slovenské telekomunikacie, a. s. Z hladiska pro-
jekcie bol dominantny reliéf povrchu sz. dasti 11. TU, ktory
tvoril aj priestorové limity pre potencialne prelozky. 1Slo
najma o tzv. Bojnické visky, ktorych pata svahu limitovala
sz. demarkaciu vyvolanych investicii. Musel sa pri tom brat
ohlad aj na dostato¢né prevySenie medzi obcou Opatovce
nad Nitrou a mestom Novaky. Problém umocnovala
aj skutoénost, ze v 8. TU prebiehala intenzivna tazba.
Uz v uvodnej faze projektu sa prijala koncepcia, ze vSetky
liniové stavby budu sustredené do jedného koridoru.
Pred tymto rozhodnutim sa analyzovali dve generalne
alternativy rieSenia z pohladu vyvolanych investicii:

— alternativa €. 1 — prelozky vSetkych dopravnych,
vodohospodarskych a energetickych sieti,

— alternativa €. 2 — v rozsahu alternativy €. 1, ale bez
prelozky rieky Nitry a Handlovky.

Pri hodnoteni alternativy ¢. 2 aj napriek vhodnym
banskotechnickym podmienkam dobyvania (hibka ulo-
zenia sloja 350 — 400 m pod povrchom, ochranna hrubka
ilov kosského suvrstvia viac ako 90 m) sme narazili na
vazny vodohospodarsky problém spojeny s podrubanim
Casti ,zivych“ koryt riek Nitry a Handlovky. Pri analyze
modelu vplyvov poddolovania Uzemia (podla Balsa)
pozdiz koryta rieky Nitry vznikla v &asti tazobnych poli
7, 8.a 11. TU velmi zlozita depresna kotlina. Tato kotlina
neumoznovala usmernit tok Nitry z vychodnej strany s jeho
naslednym zaustenim do p6évodného koryta sv. od mesta
Novaky. Technické rieSenie v nadvaznosti na tklon uzemia
a potrebu usmernenia toku Nitry by si vyziadalo realizaciu
nakladnych vodohospodarskych uUprav — ochrannych
hradzi. Preto sme sa v dalSom rieSeni alternativou
€. 2 nezaoberali pre jej pravnu, technicku a ekonomicku
nerealizovatelnost. Na zaklade uvedenych skutoénosti
v ramci $tudie predbeznej realizovatelnosti (Halmo et al.,
2000) sa rozpracovala alternativa ¢. 1 v dvoch variantoch
s rébznou kombinaciou ochrany novych povrchovych
objektov. Za ne sme povazovali zelezni¢nu trat Novaky
— Ko§, objekty Prefabetdnu, a. s., Kos, Zelezniénu stanicu
Kos, objekty MO SR v Novékoch (kasarne) a rie€ne mosty
na trase Ko§ — Opatovce nad Nitrou. Ramcove mozno
jednotlivé varianty charakterizovat takto:
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Tab. 1

Mineralia Slovaca, 42 (2010)

Technicko-ekonomicka bilancia variantu | a Il
Technical-economical parameters of variants | and Il

Variant

Geolog. zasoby Vytazitelné zasoby Vyvolané investicie Zatazenie vyvol. invest. Hospodarsky vysledok
(mil. t) (mil. t) (mil. Sk) (Skft) (Skft)
| 9,975 5,985 217,250 38,21 —27,36
1l 16,754 10,052 413,67 48,79 —34,55
Tab. 2
Bilancia zasob podla taZzobnych blokov k 1. 11. 2003
Resources and reserves balance in individual mining blocks as of 1. 11. 2003
Blok Hrubka (m) Vyhrevnost (MJ/kg) Geologické zasoby (t) Vytazitelné zasoby (t)
1 14,25 11,61 3304 362 1985 921
2 14,88 11,92 5194 410 3121 840
3 14,45 11,48 1271343 764 076
4 14,55 10,89 253 930 152 612
Spolu 10 024 045 6 024 449
. Tab.3
Bilancia zasob 11. TU — porovnanie rokov 2004 a 2007
Resources and reserves balance of 11th mining section — comparison between 2004 and 2007
Blok  Hrubka (m) Vyhrevnost (MJ/kg™) Geologické zasoby (t) Vytazitelné zasoby (t)
2004 2007 2004 2007 2004 2007
1 14,25 11,61 11,63 3304 362 3555 752 2316 313 2 409 068
2 14,88 11,92 11,99 5194 410 5904 951 3784 942 4223 004
3 14,45 11,48 11,44 1271 343 1140 278 875 783 752 429
4 14,55 10,89 10,89 253 930 182 388 165 055 0
Spolu 14,61 1,74 11,79 10 024 045 10 783 369 7 142 093 7 384 501
Tab. 4

Objektova sustava 11. TU — povrch
Surface infrastructure in 11th mining section

Stavebné celky

m Naklady v mil. Sk
SC-01, Zelezniéna trat 2930 91,00
SC-02, Zelezni¢na vlecka + most 882 38,00
SC-03,VVN 220 kV 1858 24,40
SC-04, VN 22 kV 550 2,20
SC-05, Opt. vedenia 2700 1,40
SC-06, Vodné toky 2600 113,50
SC-07, VTL-plyn 2608 24,00
SC-08, Stav. VU Novaky 6,00
Ventilator, jama B 60,00
Projekt, Vykupy pozemkov, prieskumy 92,00

Spolu

452,50
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Variant | — zachovava Zzelezni¢nu stanicu v KoSi
a kasarne v Novakoch.
Variant Il — zvaZuje sa asandacia zelezni¢nej stanice

v Kosi, kasarni v Novakoch a objektov Prefabeténu, a. s.,
Kos.

V ramci technicko-ekonomickej analyzy v nadvéznosti
na naklady preloziek a prognézne mnozstvo vytazitelnych
zasob (porovnanie variantov) ako efektivnejsi vysiel
variant |. Vychadzajuc zo Studie predbeznej realizacie,
ramcové parametre zameru sumarizuje tab. 1 (cenova
Uroven 10/2000).

Zakladnym problémom v tejto faze projektu bola
jednoznacne potreba realizacie tazobného geologického
prieskumu. Podiel uholhych zasob v kategérii Z-3 (pred-
pokladané zasoby) bol okolo 92 %. V sulade s platnymi
predpismi to zodpovedalo preskiimanosti zhruba na Urovni
kritérii pre vyhladavaci prieskum. Realizacia prieskumu
bola nosnou podmienkou pokra¢ovania prac na projekte.
V roku 2002 bol vypracovany projekt geologického
prieskumu v poliach 11. TU v rozsahu variantu | (Halmo
et al., 2002). Pozostaval zo 6 povrchovych vrtov. Prie-
skumné prace sa skongili ¢iastkovou zavere€nou spravou
s vypoctom zasob so stavom k 1. 11. 2003 (Halmo et al.,
20083). Vysledky prieskumu sumarizuje tab. 2.

Nasledne sa otvarka a exploatacia uholnych zasob
11. TU riesila $tudiom realizovatelnosti. Zakladny problém
srieSenia povrchu® bol rozpracovany vo variante I. Po
dohode s MO SR sa pristupilo k ¢iasto€nej asanacii objektu
kasarni v Novakoch. V ramci projekcie uz definitivnych
linii preloziek (Banské projekty, s. r. o., Bratislava, 2008)
sa dohodlo urcité stlaGenie koridoru preloziek priemerne
o zhruba 50 m. To prinieslo dal$i narast zasob na tazbu.
Porovnanie pohybu zasob medzi $tudiou realizovatelnosti
(obr. 10) r. 2004 a projektovou dokumentéciou pre Uzemné
konanie (2007) je spracované v tab. 3.

Zhrnutie technicko-ekonomického rieSenia preloziek
povrchovych objektov v spojitosti s exploataciou 11. TU
je spracované podla jednotlivych stavebnych celkov
v tab. 4 (cenova uroven z roku 2008). Zakladna otvarka
11. TU nadvazuije z jv. strany na tazobnu zékladriu 8. TU.
Je pokracovanim realizovanych banskych prac v ramci
otvarky Il. etapy BML. Generalna banska dispozicia
je zrejma z obr. 11. Bola rozpracovana v ramci Studie
realizovatelnosti (2004) a doplnena v plane pripravy
a prieskumu (Brazina et al., 2005). Kazdy blok 11. TU
sa rieSi samostatne, navzajom nezavislym spdsobom.
Dobyvanie v nadvaznosti na hrubku sloja (h = 14,61 m)
je naprojektované v dvoch vrstvach. Prvykrat sa pouzije
technoldgia stenovania s kratkym nadstropom (hg =
7,30 m) a v druhej vrstve sa bude aplikovat technoldgia
stenovania s medzistropom. Kumulativny vysledok
hospodarenia v ramci Studie (2004) bez nakladovych
urokov bol spracovany v dvoch alternativach. Alternativa
€. 1 (dobyvanie stenovanim na plnu hrubku) pri aplikovanej
technoldgii reprezentuje celkovu tazbu 5,350 mil. ton.
Alternativa €. 2 (dobyvanie stenovanim na 2x — odlah&ovaci
nadstrop, medzistrop) predstavuje celkovu tazbu 6,400 mil.
ton. Spracovanie efektivnosti tazby z 11. TU v spominanych

alternativach sa urobilo na zaklade pouzitia ekonomickych
prvkov a postupov vyuzivanych v HBP, a. s. (hodnotenie
nakladov po procesoch, hodnotenie ekonomickej
efektivnosti tazobnych blokov, kalkulaéné vysledky uhlia
atd.). VypocCty sa robili na zaklade Statistickych udajov
a z predpokladanych vstupov v roku 2004. Z kumula-
tivneho vysledku hospodarenia (r. 2005 — 2022) vyplyva,
ze hospodarsky vysledok useku bude v ¢ervenych Eislach
len do roku 2014. Ramcové naklady na realizaciu zakladne;j
otvarky — bafia — predstavuju 433,0 mil. Sk. Celkové
investiéné naklady na spristupnenie uholnych zasob 11. TU
(povrch, baria) sa odhadujt na 885,5 mil. Sk. Celkova dizka
otvarkovych chodieb predstavuje 7 870 m, realizovat sa
budu v 2 etapach. Doplfiujuci tazobny prieskum banskych
diel je projektovany v rozsahu 2 000 m.

Zaver

V ramci ulohy Exploatécia uholnych zésob 11. TU
novackeho uholného loziska, DP Novaky HBP, a. s.,
Prievidza postupovali standardnym spésobom. V pred-
investi¢nej faze projektu sa vypracovali prislusné dosahové
a hodnotiace $tudie, v ktorych sa preukazala technicko-
-ekonomicka opodstatnenost realizacie zameru. Celkova
predinvesti¢na priprava trvala 6 rokov (2000 — 2006)
v ramci prislusnych rozhodovacich procesov na urovni
vedenia akciovej spolo€nosti. Vdaka dobrej pred-
investinej priprave (Studie, EIA) sa znacne skratilo
obdobie projekcie celého zameru a nasledne aj vystavby.

Nemenej vyznamnym vstupom pre zacatie otvarky
11. TU Bane Novaky bolo vyrieSenie vztahu tazby uhlia na
novackom uholnom lozisku k prirodnym lieivym zdrojom
Kupelov Bojnice. Preukédzalo sa (Halmo et al., 1997, 2006),
ze tazba uhlia v novackej depresii nem6ze negativne
ovplyvnit kvantitativne ani kvalitativne parametre termalne;j
mineralnej vody zriedelnej Struktury bojnickej vysokej
kryhy. Vydanim vyhlasky MZ SR ¢. 255/2008 Z. z., ktorou
sa vyhlasuju ochranné pasma prirodnych lie€ivych zdrojov
v Bojniciach, sa skon¢il 25-ro¢ny geologicky prieskumny
a vyskumny proces v Hornonitrianskej kotline v tejto oblasti.

Nemalym problémom bola aj potreba doriesit finan-
covanie celého projektu. Z viacerych rozpracovanych
variantov sa nakoniec prijalo rozhodnutie, ze investi¢ny
zamer exploatécie 11. TU sa bude financovat kombinovane
zo zdrojov HBP, a. s., Prievidza a uverom z komerénej
banky. Strategicky ciel projektu zabezpecit dobyvanie
v 11. tazobnom Useku DP Novaky | so zamerom udrzat
tazobnu spOsobilost Bane Novaky v objeme asi 1,3 mil. ton
ro¢ne a predl'éit’ zivotnost HBP, a. s., Prievidza do roku 2026
az 2030 sa napifia. Teraz bude zélezat na vyrobnej zlozke
organizacie, aby sa naplnili aj vyrobné ciele projektu, a to
zabezpecit ro¢nu tazbu z Useku okolo 500 kt s priemernou
technologickou vyhrevnostou okolo 10,85 MJ - kg’
a s vyuzitim zasob na urovni 68 %.

Cely projektovy zamer Exploatacia uholnych zasob
11. TU... prebehol $tandardnym hodnotiacim a projekénym
procesom. Preukdzalo sa, Ze aj v novych spoloCensko-
-ekonomickych podmienkach je mozné otvorit novu uholnu
banu. Vdaka patri vSetkym, ktori sa na projekte podielali.
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Vysoku odbornu zdatnost preukazali aj dodavatelia
stavebnych prac, ktori excelentne zvladli najma tvrdé
podmienky zimy rokov 2008 — 2009. Vystupom snazenia
v rokoch 2000 — 2009 je spristupnenie pravdepodobne
najlukrativnejsich uholnych zasob v SR.
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New results in exploration and modern trends in mining in the Western Carpathians
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FRANTISEK BAKOS a Lucia DuRIGOVA

Abstract: On February 25 - 26, 2010 the conference entitled New results in exploration and modern trends in mining in the Western
Carpathians took place in the old mining town Banska Stiavnica. Because the turn of the 3rd millennium is characterized by the entry of foreign
capital into geological exploration and mining in Slovakia as well as by the use of modern methods and technologies, the aim of the conference
was to discuss new trends and results of geological exploration, to evaluate mineral deposits and effects of mining on the environment, to
solve conflicts of interests and to inform the public about activities in these fields. The contribution brings the selected presentations from the

conference.

On February 25 — 26, 2010 the conference entitled
New results in exploration and modern trends in mining
in the Western Carpathians took place in the old mining
town Banska Stiavnica. The event was dedicated to Ing.
Ladislav Sombathy and was realized under the auspices
of the Minister of Environment of the Slovak Republic. The
Conference was initiated by the firm Eastern Mediterranean
Resources — Slovakia, s. r. 0. (EMED), together with the
Faculty of Natural Sciences of the Comenius University,
the Geological Institute of the Slovak Academy of
Sciences, the State Geological Institute of D. Stur, the
Slovak Association of Economic Geologists, Geological
Department of the Ministry of Environment, and the Slovak
Mining Museum.

The turn of the 3rd millennium is characterized by the
entry of foreign capital into geological exploration and
mining in Slovakia and by the use of modern methods
and technologies. As the exploration and mining process
modernized, geological legislative has changed and renewed.
The attitude of exploration and mining companies towards
the public and environment has also changed. The aim of the
conference was to discuss new trends and results of geological
exploration, to evaluate mineral deposits and effects of mining
on the environment, to solve conflicts of interests and to inform

V drioch 25. — 26. februara 2009 sa v Banskej Stiavnici
uskutocnila konferencia s nazvom Nové vysledky prieskumu
loZisk a moderné trendy v taZbe nerastnych surovin
v Zapadnych Karpatoch. Podujatie bolo venované Ing.
Ladislavovi Sombathymu a uskuto¢nilo sa pod zastitou
ministra zivotného prostredia SR. Organizovanie konferencie
iniciovala spolo¢nost Eastern Mediterranean Resources
— Slovakia, s. r. 0. (EMED), spolu s Prirodovedeckou fakultou
Univerzity Komenského, Geologickym uUstavom Slovenskej
akadémie vied, Statnym geologickym ustavom Dionyza
Stura, Slovenskou asociaciou loziskovych geolégov, sekciou
geolégie a prirodnych zdrojov Ministerstva zivotného
prostredia SR a Slovenskym banskym muzeom.

Pre koniec 2. a zaCiatok 3. tisicroCia je charakteristicky
vyrazny vstup zahrani¢ného kapitalu do geologického
prieskumu a tazby nerastnych surovin na Slovensku, zacali
sa vyuzivat nové metédy a modernizovat technoldgie.
S modernizéciou prieskumu a tazby sa zmenila a doplnila
geologicka legislativa, zmenil sa postoj prieskumnych
a taziarskych spolo¢nosti k verejnosti a Zivotnému prostrediu.
Cielom konferencie bolo diskutovat o novych trendoch
a vysledkoch geologického prieskumu, hodnoteni lozisk
nerastnych surovin, vplyvov tazby na zivotné prostredie
a rieSeni konfliktu zaujmov vo vztahu k obyvatelstvu, ako aj
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the public about the development in these fields. Selected
contributions from the conference are published in this issue
of Mineralia Slovaca (42/1/2010), informative contributions
and abstracts of lectures, which were part of the conference,
are published below. We believe that the published data will be
a valuable source of new information about mineral deposits
in the Western Carpathians.

L

informovat Siroku odbornu verejnost. Vybrané prispevky
z tejto konferencie su uverejnené v tomto Cisle (42/1/2010)
Casopisu Mineralia Slovaca, informativne prispevky a ab-
strakty prednasok, ktoré odzneli na konferencii, nasleduju
za tymto textom. Verime, Ze publikované udaje budu tradi¢ne
cennym pramenom novych informacii o loziskach nerastnych
surovin v Zapadnych Karpatoch.

Obr. 1. Konferencia sa konala v reprezentativnych priestoroch Rytierskej saly Starého zamku.
Foto F. Bakos.

Fig. 1. The conference took place in representative rooms of the Knight's Hall in the Old Castle.

Photo F. Bakos.

Abstrakty — Abstracts

P.BACO?, J. BASISTA, K. EGYUD, J. KOMON, M. REPCIAK!
a J. TOZSER: Nové udaje o drahokovovej mineralizacii
v oblasti Hlivist a Ruskej Bystrej (Vihorlatské vrchy)

Statny geologicky Ustav D. Stira, regiondlne centrum, Jesenského
8, 040 01 Kosice

Cielom geologickych prac realizovanych v nedavnom obdobi
v prieskumnom uzemi Ruska Bystra bolo preverit moznu pritomnost
produktov drahokovovej mineralizacie v centralnej zéne stratovulkanu
Diel vo Vihorlatskych vrchoch a v prilahlej ¢asti flySového pasma
identifikovat uzsi priestor zlatonosnych hrubodetritickych facii
a moznosti vyskytu rozsypov v sedimentoch recentnej hydrosiete.

V centrdlnej zéne stratovulkanu Diel sa realizoval komplex
geologickych (geologické mapovanie, mineralégia), geofyzikalnych
(VP, SOP, magnetometria a gravimetria) a geochemickych (pédna
geochémia, litogeochémia) prac.

Geologickym mapovanim a Specialnym mineralogickym $tudiom
sa v centralnej zone stratovulkanu charakterizovali a priestorovo
interpretovali zony alteracie typu propylitizacie, argilitizacie a zistili sa
mineralne premeny typu pokrocilej argilitizacie.

V ramci argilitizacie méZeme vyclenit a interpretovat priestorové
rozSirenie jednotlivych zén s charakteristickou asociaciou
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sekundarnych mineralov. Periférnu zénu argilitizacie tvori asociécia
montmorillonit/smektit + illit a vnatornejSiu zénu predstavuju
intenzivne alterované horniny s asociaciou montmorillonit/smektit +
illit £ kremeri, montmorillonit/smektit + illit + kremer a montmorillonit/
smektit + illit + kremen + kaolinit. V tomto prostredi je ojedinele
pritomna aj pyritizacia. Pre najintenzivnejsie prejavy premien su
charakteristické premeny typu pokrocilej argilitizacie. Sekundarne
asocidcie tvori illit, kaolinit a kremer v rdznom vzajomnom pomere
alebo s vyraznou dominanciou jedného druhu. Ich priestorova
pozicia koinciduje s pritomnostou brekciovitych kavernéznych
hornin hydrotermalno-explozivneho charakteru a pravdepodobne
su sucastou fosilneho hydrotermalneho centra. Charakteristicka je
pritomnost turmalinu v matrixe tychto hornin a sulfidicka (Cu, Pb, Zn
a Fe) mineralizacia v mikroskopickom vyvoji. Prejavy drahokovovej
mineralizacie sa zaznamenali iba sporadicky vo velmi nizkom obsahu
— do 0,01 ppm. Pozitivne vzorky priestorovo koinciduju s nateraz
zistenou sulfidickou mineralizaciou v hydrotermalno-explozivnych
brekciach. Pre tento predpokladany epitermalny systém je typicka
pritomnost Bi a Te v mnozstve, ktoré umoznuje vystupovanie ich
samostatnych mineralnych druhov. S vndtornou zénou alteracii
priestorovo koinciduje interpretovany komplex intruzivnych hornin,
ktory sa gravimetricky prejavuje ako kladna anomalia na mape
Bougerovych anomalii. Nad interpretovanym intruzivnym telesom



a &iastoéne aj v jeho okoli v hibke je pritomna anomalia indukovanej
polarizacie.

V SirSom okoli predpokladaného fosilneho hydrotermalneho
centra sa vyskytuju koncentrické anomalie Te, Se a As. Stotozfuju
sa s anomaliami indukovanej polarizacie a su nad Bougerovymi
anomaliami, ktoré indikuju apikalne Casti intruzivneho komplexu.
Asociacia prvkov Cu, Pb a Zn vytvara koincidujuce anomaélie
lokalizované na zapadnych a vychodnych svahoch centralnej zény
a Ciastocne presahujuce za hreberiovu liniu. Oproti predchadzajucim
prvkom maju linearny charakter s.-j. az sv.-jz. smeru. Su v prostredi
zény nizkoteplotnej argilitizacie a vystupuju na zapadnej (jz.) aj
vychodnej (sv.) strane anomalii Te, As, IP aj gravimetrie. Obsah
prvkov drahokovovej mineralizacie (Au a Ag) v metalometrickych
vzorkach bol pomerne nizky — maximalne prvé desiatky ppb — a ich
vyskyt sa sustreduje v centralnych, najvnutornejsich zénach alter&cii.
Na zéaklade tychto Udajov predpokladame, Ze erozivnym zrezom je
odkryta apikalna ¢ast epitermalneho systému so zrudnenim v hibke
asi 50 az 100 m a potencialnu pritomnost ekonomicky zaujimavej
koncentracie drahokovovej mineralizacie mézeme oCakavat az
v hibke okolo 200 — 300 m od dne$ného povrchu

Problematika klastogénneho zlata v prostredi flySového pasma
sa riesSila v SirSom okoli Ruskej Bystrej. ZvySeny pocet zlatiniek
bol identifikovany v znosovej oblasti pravostranného pritoku
Sobraneckého potoka nad obcou Podhorod, lavostrannych pritokov
potoka Stezna po Ustie potoka Luhy, v doline potoka Ticha voda
a v pravo- aj lavostrannych pritokoch potoka Luhy v oblasti obce
Ruska Bystra.

Koncentrat tazkych mineralov sa ziskaval z objemu 20 |
sedimentu, v miestach zvySeného obsahu zlata — zlatiniek
— sa odobrali velkoobjemové Slichové vzorky z objemu 100 I. Cast
velkoobjemovych vzoriek sa spracovala na koncentraénom stole.
Suchy Slich sa pripravil zo vzorky konglomeratu vystupujiceho v sv.
oblasti obce Ruské Bystra.

Velkost zlatiniek v Standardnych S$lichovych vzorkach sa
v priemere pohybuje do 0,5 mm a maximalne do 2 mm. Charakterizuje
to dynamické prostredie vrchnej ¢asti recentnych sedimentov
a sustredenie vacsich zlatiniek do spodnejSich horizontov. Zlatinky
maju jasnozltu farbu a iba zriedkavo v tomto priestore je na povrchu
vyvinuta tenka vrstvicka oxidov a hydroxidov Fe a Mn. Naj¢astejSie
maju Supinkovity, pripadne elipsoidalny tvar. Charakteristicky je aj
drsny jamkovity povrch po vtlaéenych zrnéach inych rezistentnych
mineralov, najma kremena. Pritomnost zrniek kremena vtlacenych do
povrchu zlatiniek signalizuje blizkost ich zdroja a tiez to poukazuje na
ich klastogénny pévod. Koncentracia a pritomnost vac¢sich zlatiniek
vo vrchnych €astiach sedimentov je v priestoroch prirodzenych pasci,
ktoré sa vytvaraju v udoliach s prie¢nou orientaciou na smer flySovych
suvrstvi. Na tychto miestach pozorujeme jav, pri ktorom su jednotlivé
Supinkovité zlatinky vzajomne stepavané a vytvaraju elipsoidalne
a malé diskovité nuggety alebo nuggety nepravidelnych tvarov. Pri
velkoobjemovych Slichovych vzorkach pocet zlatiniek prevysuje
nasobok objemu ryzovaného materidlu a odzrkadluje narastanie
obsahu zlata smerom ku skalnému podkladu. Pocet zlatiniek sa
vyrazne zvysuje aj vo vysSich zrnitostnych triedach a ojedinele uz
pribudaju nuggety zlata.

Na zaklade vysledkov vykonanych prac teda predpokladame,
ze v SirSom okoli obce Ruska Bystra sa vyskytuju také akumulacie
recentnych sedimentov, v ktorych mézeme ocCakavat rozsypové
akumulacie zlata s obsahom do 3 g - m= a jeho sprievodnych
mineralov — granatu do 2 800 g - m™ a rutilu do 400 g - m=.

F. BAKOS', P. ZITNAN', R. HANES', P. FUCHS', E.
CHAPMAN?Z?, N. A. ADAMIDES', R. D. CUNNEEN', D. C.
CONSTANTINIDES', J.N. CRAN', A. G. FARCI', J. RAYNER!
a M. URBAN': Vypocet zasob na loZisku Au porfyrovych
rud Detva-Biely vrch

'Eastern Mediterranean Resources — Slovakia, s. r. 0. (EMED),
Zelezniciarska 12, 969 01 Banska Stiavnica

(GECTITTIS

2Snowden, Suite 600, 1090 West Pender Street, Vancouver BC V6E
2N7, Canada

Lozisko Detva-Biely vrch sa nachadza v severovychodnej ¢asti
stratovulkanu Javorie. Bolo objavené v roku 2006 a v suc¢asnosti
predstavuje najvacsie lozisko Au na Slovensku. Na lozisku sa
realizovalo 44 jadrovych vrtov s celkovou dizkou 13 245,2 m. Na
vypocet zasob sa po Statistickom spracovani udajov a testovani
pomocou variogramov zvolila metéda tzv. krigingu. Rudné teleso
do hlbky 500 m obsahuje celkove 140 Mt geologickych zasob
rudy s priemernym obsahom 0,57 ppm Au (80 t ¢istého Au). Pri
alternativnom vypocte pri cene Au 800 US $/tr. oz. (obr. 1) a okrajovej
vzorke 0,3 ppm Au lozisko obsahuje 33,6 Mt bilanénych zasob rudy
s priemernym obsahom 0,77 ppm Au (25,9 t Cistého Au). Priemerna
objemova hmotnost rudy je 2,44 t/m3. Ruda je nenaro¢na na Upravu,
ma priaznivé zloZenie a nizky obsah $kodlivin (0,2 % S, 18 ppm As,
1 ppm Cd). Vzhladom na nizky obsah uzitkovej zlozky je mozné rudu
ekonomicky spracuvat metdodou hromadného kyanidového luhovania
na halde. Na pripadnu tazbu je vhodna alternativa povrchového
lomu do hlbky 250 m n. m. Optimalnu vytaznost Au — okolo 85 %
v pripade oxidickej a argilitovej rudy a okolo 60 % v pripade primarnej
a zmieSanej rudy — je mozné dosiahnut pri drveni na zrnitost
12,5 mm.

0.10-0.30
| o030-0.70
0.70-1.00

>1.00

Obr. 1. 3D model blokov geologickych zasob lozZiska Au porfyrovych
rud Detva-Biely vrch.

Fig. 1. 3D resource block model of Detva-Biely vrch Au porphyry
deposit.

M. CHOVAN, B. LALINSKA, R. FLAKOVA, P. SOTTNIK,
L. JURKOVIC a T. KLIMKO: Zhodnotenie vplyvu banskej
¢innosti na okolie opustenych Sb-Au lozisk Nizkych
Tatier a Slovenského rudohoria

Univerzita Komenského, Prirodovedecka fakulta, Mlynska dolina G,
842 15 Bratislava

Sb-Au zilné loziska v Zapadnych Karpatoch sa postupne od 13.
storocia tazili ako loziska zlata, neskér od 18. storocia sa zacala
intenzivna tazba antiménu. Zaciatkom 20. storocia patrili Sb loziska
ZK k trom najvaésim svetovym producentom antiménu a takmer
pocas celého dvadsiateho storocia zabezpecovali potreby ¢esko-
-slovenského priemyslu. NajdoleZitejSie loZiska boli v Slovenskom
rudohori (Cu€ma, Popro¢ a dalSie), Nizkych Tatrach (Magurka,
Dubrava, Medzibrod a dalSie) a v Malych Karpatoch (Pezinok,
Pernek). Antimon je pre tzemie dnesného Slovenska charakteristicky
prvok, ktory okrem Uzitku predstavuje aj vyznamny environmentalny
problém. Chemicky a svojou toxicitou je antimén podobny na arzén
a obidva tieto prvky su nebezpecné pre ludské zdravie.

Monitoring kvalitativnych ukazovatelov véd a chemické analyzy
podzemnych a povrchovych vod umoznili charakterizovat plosny
rozsah znecistenia na sledovanych lokalitach — Pernek, Dubrava,
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Medzibrod, Cuéma a Popro¢. Z vysledkov vyplyva, ze najvaésim
zdrojom kontamindcie su opustené $tolne, resp. vytoky zo $téIni
a vytoky spod odkalisk. NajvyraznejSie kontaminanty su Sb a As,
v men$ej miere sirany a Fe. Na lokalite Dubrava je najvyssi obsah Sb
vo vode vytekajucej zo §téIni az do 9,3 mg/l, obsah As do 0,62 mg/l,
no maximalny obsah As sa zistil vo vode na lokalite Cuéma, az do
1,350 mg/l.

Riedenim v povrchovej vode sa eliminuje znedistenie vo vode,
ale vyraznejSia je potom kontaminacia rie€nych sedimentov a péd.
Extrémne vysoka koncentracia As a menej aj Sb sa viaze na oxidy
a hydroxidy Fe, niekedy (napr. na lokalite Dubrava) sa vacsia ¢ast Sb
viaze vo forme rozpustnej vo vode. Niekedy sa zistil aj zvySeny obsah
Fe, Pb, Zn, Mn, Al a SO,?". V pddach je obsah As od 60 do 2 800
mg - kg™, v rie¢nych sedimentoch od 25 do 5 500 mg - kg~' a obsah
Sb v pédach od 40 do 2 000 mg - kg~" a v rie¢nych sedimentoch
od 50 do 1 400 mg - kg™

Hlavnym produktom oxidécie sulfidov v sedimentoch odkalisk
su oxidy a oxyhydroxidy Zeleza s vyznamnym obsahom As a Sb.
Pri oxidacii vznikaju na pévodnych sulfidoch pyrite a arzenopyrite
oxidaéné lemy, na sulfidoch Sb su oxida¢né lemy zriedkavé.
Oxyhydroxidy Fe st obohatené nielen o pévodné prvky premenenych
sulfidov, ale aj o Fe, As a Sb, ktoré su rozpustené v roztokoch
odkalisk. Z tychto roztokov sa tvoria aj Fe-Sb-As hydroxidy
s rbznym pomerom tychto prvkov. Tieto fazy su podobné na
mineraly stibikonit a tripuhyit. Na vacsine lokalit dochadza k vy-
zrézaniu okrov z banskej vody pri Usti $toIni, na lokalitich Cuéma
a Dubrava aj k precipitacii okrov z vod presakujucich spod odkalisk.
Z mineralogického hladiska okre tvori prevazne zmes ferrihydritu
a goethitu, zriedkavo pri nizsich hodnotach pH vznika schwertmannit
(Pernek). Na vSetkych lokalitach sa zistil vysoky obsah toxickych
prvkov. Maximalny obsah As — 202 500 ppm — je vo vzorkach
z Medzibrodu, najvyssi obsah Sb — 12 360 ppm — je z lokality Popro¢.
Nayjnizsi obsah oboch prvkov je v okroch spod ustia $toIni v Perneku
—As 1110 ppm a Sb 1 436 ppm.

Kontamin&cia okolia starych opustenych bani sa prejavuje najma
zvySenym obsahom toxickych prvkov As a Sb v pddach, rie¢nych
sedimentoch a vody. Je vysledkom viacerych procesov prebiehajucich
v opustenych banskych dielach a na uloZiskach odpadu — odkaliskach
a haldach. Poznanie tychto procesov je nevyhnutné na to, aby sa
navrhli spravne remediacné opatrenia a aby sa podarilo ¢o najviac
obmedzit unik toxickych prvkov do Zivotného prostredia.

Podakovanie. Vyskum financovala Agentdra na podporu vyskumu
a vyvoja a rieSil sa v ramci projektu ¢. APVV-0268-06 Zhodnotenie
vplyvu banskej ¢innosti na okolie opustenych Sb lozZisk Slovenska
s navrhmi na remediaciu a APVV-VVCE-0033-07 Vyskumno-
-vzdelavacie centrum excelentnosti pre vyskum pevnej fazy
so zameranim na nanomaterialy, environmentalnu mineralégiu
a materialovu technologiu (SOLIPHA).

B. LALINSKA, M. CHOVAN, J. MAJZLAN and S. MILOVSKA:
Mineralogical and geochemical study of contamination
sources and remediation project at abandoned Sb
deposit Pezinok-Kolarsky vrch

Comenius Univ., Faculty of Natural Sciences, Mlynska dolina G,
842 15 Bratislava, Slovakia

Antimony mineralization has been intensively exploited from
numerous deposits in Slovakia. This work focuses on the Pezinok-
-Kolarsky vrch deposit, being a significant source of As and Sb
pollution. The source of the metalloids is represented by two tailing
impoundments which hold ~380 000 m® of mining waste and also
several adits outflows. The tailings and the discharged water have
circumneutral pH values (7.0 + 0.6) because the acidity generated
by the decomposition of the primary sulphides (pyrite, FeSy;
arsenopyrite, FeAsS; stibnite, Sb,S;) is rapidly neutralized by the
abundant carbonates.
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The weathering rims on the primary sulphides are iron oxides
which act as very efficient scavengers of As and Sb. Oxidation rims
on pyrite obtain up to 10.12 wt.% of As and up to 7.5 wt.% of Sb; As
content in rims on arsenopyrite is lower according to primary sulphide,
conversely Sb content is up to 50 wt.%. There were not observed
rims on stibnite, but there is a large amount of secondary Sb and
Sb-Fe oxides present in mine tailings. We suggest that Sb oxides are
products of stibnite oxidation and Sb-Fe oxides (including tripuhyite)
have probably crystallized from solutions in the environment of mine
tailings.

We have also investigated mineralogy and chemical composition
of ochreous sediments collected mainly from mine drainages and
also from drill holes in alluvium sediments and mine tailings.
Fraction under 0.063 mm was analysed using conventional
methods, including X-ray diffraction, IR spectroscopy and sequential
extractions. Schwertmannite was identified as predominant mineral
phase in acidic conditions, but while carbonates are very common
in the studied locality, neutral pH prevails and therefore ferrihydrite
is precipitating most often. In older sediments ferrihydrite transforms
to more stable goethite. Total content of As is up to 9 152 mg/kg
in the case of schwertmannite sample and varies from 433 mg/kg
to 130 g/kg in ferrihydrite samples; Sb content in schwertmannite
is up to 59.8 g/kg and in ferrihydrite samples it is in the range from
16.42 mg/kg to 20.3 g/kg.

The problem of contaminated groundwater is significant and one
of the possible remediation method is the Permeable Reactive Barrier
system (PRB). We have performed 3 batch and 4 column tests to study
the usefulness of zero-valent iron for arsenic and antimony removal
from contaminated water. In the first phase, batch tests were run with
three different types of iron: iron powder (Lambda), Fe chip (Merck)
and turnings. All pilot experiments were successful, with the best
results observed in the case of laboratory Fe chips (100 % removed
in 4 hours). In the second phase we have focused on effectiveness of
these materials in column experiments. We used various mixtures of
filling material such as: iron powder mixed with sand in the ratio 700 g
of sand/70 g of iron powder; 700 g of sand/140 g of iron powder; pure
iron powder in combination with pure sand; iron turnings and, finally,
turnings mixed with sand. The best results were observed by using
iron turnings as the reactive material, where content of As decreased
from 22.5 mg/l to 20 ug/l and content of Sb decreased from 4 480
ug/l to 29 pg/l.

J. MICHNOVA a D. OZDIN: Primarna hydrotermalna
Cu-sulfidicka mineralizacia v okoli Lubietovej a Spanej
Doliny

Katedra mineraldgie a petrologie, Prirodovedecka fakulta, Univerzita
Komenského, Mlynska dolina, 842 15 Bratislava

V okoli Lubietovej sme Studovali mineralizaciu na lokalite Podlipa,
Svatodusna a Kolba, v okoli Spanej Doliny na lokalite Spania Dolina-
-Piesky, Staré Hory-Richtarova, Haliar a Polkanova. Mineralizacia
sa nachadza v prostredi sedimentarnych hornin permského veku
(lokality Spania Dolina-Piesky, Staré Hory-Richtarova, Haliar
a Lubietova-Podlipa) a v horninach krystalinika veporika (Polkanova,
Lubietova-Svatodusna a Kolba; Polak — ed., 2003).

V minulosti sa problematike tejto mineralizacie venoval cely rad
autorov (napr. Bergfest, 1951; Hauerova et al., 1989; Haber, 1983;
Kusein a Matova, 2002; Zepharovicha, 1859 a dalsi), no genetické
Studium mineralizacie sa intenzivnejSie zacalo az v poslednych
rokoch (napr. Chovan et al., 2002; Chovan et al., 2006). Mineralizacia
v krystaliniku v Lubietovej sa oznacuje ako sulfidicka mineralizacia
na sideritovych zilach. Spaja sa s podobnymi procesmi vzniku ako
na ostatnych sideritovych mineralizaciach v Zapadnych Karpatoch.
V hornindch permu mineralizacia prejavuje znaky podobné
mineralizacii na lokalitach v Lubietovej (Kolba a Svatodu$na), ale
aj znaky podobné Cu mineralizaciam v sedimentarnych horninach
permu (Novoveska Huta).



Dosiahnuté vysledky poukazuju na vznik v niekolkych Stadiach,
ktoré su na vsetkych lokalitach priblizne rovnaké. NajstarSie je
karbonatové Stadium, nasleduje Stadium alpskej paragenézy a ako
najmladsie vé&c¢sinou vystupuje sulfidické Stadium mineralizacie.
Na lokalite Spania Dolina-Piesky a Staré Hory-Richtarova je ako
najmladsie Stadium vyclenené Ca-karbonatové stadium (nadvazuje
na sulfidické Stadium). Na lokalite Staré Hory-Polkanova a Haliar su
vyC€lenené len dve $tadia mineralizacie: starSie, karbonatové stadium
a mladsie, kremenovo-sulfidické Stadium.

Studovali sa aj fluidné inkluzie jednotlivych mineralizaénych
Stadii. Dolomit z karbonatového Stadia mineralizacie z lokality Spania
Dolina-Piesky obsahuje inkluzie H,O—-NaCl s nizkou salinitou (8 az
23,9 hm. % NacCl ekv.) a homogeniza¢nou teplotou 111 — 224 °C.
V barite z lokality Staré Hory-Haliar su pritomné inkluzie H,O—-NaCl
s vySSou salinitou (16,06 — 23,74 hm. % NaCl ekv.) a homogenizacnou
teplotou 219 — 314 °C. Izotopové Studium karbonatov poukazuje na
ich juvenilny zdroj alebo zmes kérovych zdrojov. V skoryle zo Stadia
alpskej paragenézy su pritomné inkluzie H,O-NaCl so salinitou
3,4 — 14,4 hm. % NaCl ekv. Asociujuci kremeri obsahuje aj inkluzie
H,O0-CO, — NaCl, ktoré poukazuju na metamorfny pévod fluid.
Homogenizacna teplota inkluzii sa pohybuje od 161 do 337 °C. Na
lokalite Spania Dolina-Piesky sa z chemického zloZenia chamozitu
vypocitala priemerna teplota vzniku tohto Stadia 321 °C. V kremeni
sulfidického Stadia mineralizacie na lokalite Svatodusna a Kolba su
pritomné inklizie H,O-NaCl s nizkou salinitou (4,86 — 18,12 hm. %
NaCl ekv.) a homogenizaénou teplotou 156 — 259 °C. Obsahuje
aj inkluzie H,0-CO, — NaCl s nizkou salinitou (2,24 — 9,94 hm. %
NaCl ekv.) a teplotou homogenizéacie 253 — 304 °C. V kremeni
z lokality Spania Dolina-Piesky su pritomné inkluzie H,O-NaCl
s vysSou salinitou (6,52 — 19,36 hm. % NaCl ekv.) a nizSou teplotou
homogenizacie (120 — 215 °C) ako v Lubietovej. Tento rozdiel
pravdepodobne spdsobuje rozdielne horninové prostredie.

Vysledky poukazuju na rovnaky vznik mineralizacii v procese
pometamorfného chladnutia a extenzie, podobne ako v tatriku.

F. MOLNAR', L. MOLNAR' and P. BACO2: Mineralogical,
petrological and fluid inclusion study of the Brehov ore
deposit (Eastern Slovakia)

'Department of Mineralogy, E6tvos Lorand University, Pazmany Péter
sétany 1/C, 1117 Budapest, Hungary
2State Geological Institute of D. Stur, Jesenského 8, 040 01 Kosice

We have analysed drillcore (VSB-2 and VSB-2a) and surface
samples from the buried base metal ore deposit near Brehov. The
samples were divided into four lithological groups: rhyodacite,
hydrothermal breccias, pyroclastics and diorite. The rhyodacite
samples are heavily altered to illite-sericite, while kaolinite is the
product of steam heated acid-sulphate alteration in pyroclastics.
The ore forming minerals occur in stockwork and veins (sphalerite,
galena, pyrite and hematite). The gangue minerals are quartz
together with barite in pyroclastics and rhyodacite and calcite in
diorite. Results of fluid inclusion study, which was carried out on
quartz samples, show that boiling occurred at different depths of
the same paleohydrological system and thus the 10 wt.% NaCl
boiling curve can be fitted to the location of samples from various
depths. This data shows that we can count about 200 meters of
erosion in relation to the paleogroundwater table. Compared to the
Tokaj Mts., the age of the volcanic rocks and mineralization fits into
the trend observed in the Tokaj Mts., where hydrothermal centres
exposed on the surface are progressively younger towards south.
Fluid inclusion data for the Brehov deposit show similar salinity as
fluids in the transitional zone between the porphyry and epithermal
mineralization in the Zlata Bana stratovolcano. According to these
results, a base metal sulphide rich low sulphidation type epithermal
mineralization is present near Brehov and the hydrothermal
system can be connected to the subvolcanic diorite intrusions of
this area.
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J. SCHWARZ: Skusenosti z procesu posudzovania vplyvov
na zivotné prostredie ¢innosti Zlaty projekt Kremnica

ENVIGEDO, a. s., Banska Bystrica

V decembri 2005 predlozila spoloénost Kremnica GOLD, a. s.,
Banska Bystrica, dcérska spolo€nost Tournigan Gold Corporation,
Vancouver (Kanada), zamer ¢innosti podla zakona ¢. 127/1994 Z. z.
(v sucasnosti nahradeny zédkonom ¢. 24/2006 Z. z.) o posudzovani
vplyvov na zZivotné prostredie na ¢innost Zlaty projekt Kremnica.

Po utime banskej €innosti po r. 1989 a postupnom uzatvarani
banskych prevadzok, ktoré sa vSak zacalo esSte pred r. 1989, to bol
prvy pokus o obnovenie tazby drahych kovov v novych ekonomickych
podmienkach s ambiciou plne vyhoviet v§etkym environmentalnym
poziadavkam vyplyvajucim z Elenstva Slovenska v Eurdpskej unii
a z medzinarodnych dohovorov.

Environmentalny manazment projektu vykonavala spolo¢nost
Golder Associates (UK) z Londyna, ako lokalny environmentalny
konzultant participovala na ¢€innosti aj spolo¢nost ENVIGEO, a. s.,
Banska Bystrica.

Prednaska oboznamuje s rozsahom monitorovacich a environ-
mentalnych prac vykonanych v ramci vypracovania zameru (Base
Environmental Study). 18lo o podrobny monitoring kvality podzemne;j
vody (11 odbernych bodov), prietoku a kvality povrchovej vody
(6 profilov), vybranych ukazovatelov bioty (rastlinstvo a vegetacia,
zivocCiSstvo — 7 lokalit) a kampanovity monitoring kvality ovzdusia
(6 meracich bodov v dvoch sezénach).

Opisuje priebeh procesu posudzovania vplyvov — od predlozenia
zadmeru cinnosti cez naroc¢né rokovania o rozsahu hodnotenia,
analyzuje rozsah hodnotenia aj to, aké poziadavky z neho vyplyvaju na
vykonavanie dodatoénych $tudii, analyz a merani (asi 30 Specifickych
poziadaviek). Informuje aj o intervencii madarského ministerstva
zivotného prostredia s poziadavkou na dodanie informacii podla
Dohovoru z Espoo (50 dodatoénych poziadaviek).

. Proces posudzovania vplyvov na drahokovovom lozisku Kremnica
— Sturec bol po viacerych strankach unikatny, ¢i uz z hladiska rozsahu
prac vykonanych v ramci zameru, alebo z hladiska intenzity odporu
ur€itych skupin obyvatelstva, ktoré sa postavili proti realizacii zameru.
Do istej miery sa tento proces vplyvom medializacie a kvéli svojej
ojedinelosti stal meradlom kvality projektov podobného zamerania.

Pre organiza¢né zmeny u navrhovatela, na ktoré mal zrejme vplyv
aj pokles ceny zlata na svetovych trhoch, sa v procese posudzovania
vplyvov nepokracovalo podla harmonogramu — teda sprava
o hodnoteni nebola vypracovana.

Hoci sa navrhovatelovi nepodarilo dosiahnut svoj ciel a dotiahnut
proces hodnotenia vplyvov na zivotné prostredie do konca, snahy
o otvorenie rudnych lozisk na Slovensku pretrvavaju. Aj skusenosti
z tohto procesu mozu byt pre banicku komunitu zaujimavé.

P. UHLIK, P. KODERA a M. JANOSIK: Analyza hrubky
ilovych mineralov — indikator geologickych dejov

Katedra loziskovej geoldgie, Prirodovedecka fakulta UK v Bratislave,
Mlynska dolina G, 842 15 Bratislava

ilové mineraly st vyznamny produkt okolorudnych alteracii. Patria
medzi indika¢né mineraly napriklad na odliSenie vysoko sulfida¢nych
a nizko sulfidaénych hydrotermalnych premien. Popri identifikacii ilovych
mineralov sa z hladiska poznania hydrotermalnych aktivit ukazuje
perspektivna aj znalost priemernej hrubky kry$talov vrstvovitych
silikatov, ako aj ich distribucie. Bertautova-Warrenova-Averbachova
(BWA) technika uspokojivo vyrieSila meranie hribky koherentne
difraktujucich domén. BWA technika oddeluje interferenénut funkciu,
ktora je zavisla od hrubky krystalov, z intenzity rtg. difrakéného reflexu.
Rastuca hrubka krystalov poukazuje na zlepSujuce sa podmienky
na krystalizaciu. Tie suvisia napriklad so zvySujucou sa teplotou,
vhodnymi geochemickymi podmienkami alebo cirkulaciou fluid.
Z distribucie hrubky kry$télov je mozné odvodit mechanizmus rastu
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krystalov. Pritomnost bimodalnej, resp. polymodalnej distribucie indi-
kuje existenciu dvoch &i viacerych faz (generacii) toho istého mineralu.

Vyuzili sme relativne bohatu kolekciu monomineralnych vzoriek
ilovej frakcie z oblasti Kremnickych vrchov na analyzu hrubky
krystalov a ich distribucie. Databaza vzoriek sa vytvorila na rieSenie
genézy premien ryolitovych vulkanitov pomocou §tudia stabilnych
izotopov. Vznikla tak unikatna moznost porovnania dvoch nezavislych
parametrov. Prvé Udaje sa ziskali o smektitoch. Distriblcia hrabky ich
krystalov je lognormalna. Parametre lognormalnej funkcie vSetkych
Studovanych vzoriek poukazuju na mechanizmus rastu smektitovych
krystalov riadeny povrchom. Ich priemerna hrubka sa pohybuje od
5 do 15 nm. lzotopové zlozenie kyslika smektitov klesa s rasticou
hrabkou smektitovych krystalov. Je mozné to interpretovat ako
dosledok zvysSujucej sa teploty krystalizacie. Smektity v tejto oblasti
dosahuju Siroky rozsah oboch typov udajov, no s obmedzenou
variabilitou pre jednotlivé lokality. Preto je mozné pouzit ich pri
rekonsStrukcii distribucie teploty a smerov prudenia paleofluid
v oblastiach ich vyskytu.

J. ZITNAN', P. KODERA', J. LEXA2 a A. BIRONS:
Charakteristika premien typu pokrocilej argilitizacie
na Au porfyrovom lozisku Biely vrch

'Katedra loziskovej geoldgie, Prirodovedecka fakulta UK, Mlynska
dolina, 842 15 Bratislava; kodera@fns.uniba.sk

2Geologicky ustav SAV, Dubravska cesta 9, 840 05 Bratislava;
Jaroslav.Lexa @ savba.sk

3Geologicky Ustav SAV, Severna 5, 974 01 Banska Bystrica;
biron @ savbb.sk

Premena typu pokrocilej argilitizacie je najvrchnejSia a obvykle
najmladsia zéna premien pritomna na objektoch s porfyrovym typom

mineralizacii. Vznika kondenzaciou magmatickych par obohatenych
o kyselinotvorné zlozky (najmé SO,). Na Au porfyrovom lozisku Biely
vrch tvori na povrchu dve rozsiahle, Struktirne kontrolované zony
dihé niekolko sto metrov. Smerom do hibky sa postupne vyklinuju
a v hibSich ¢astiach loziska su uz len tzke zény s hrubkou od deci-
metrov az po prvé desiatky metrov. Tato mineralizacia je naloZzena
na starSie typy premien, najmé strednu argilitizaciu a draselno-
metasomaticku premenu, pri¢om lokalne ma aj formu hydrotermaino-
-explozivnych brekcii.

V oblastiach intenzivnej premeny vplyvom kyslého Iuhovania
prebiehal odnos alkalii a vznikali kaolinit a pyrofylit zatlacajuce
magmatické mineraly a produkty starSich premien. Oba mineraly
hojne tvoria aj zilky. Réntgenovou difrakénou analyzou sa zistila
aj pritomnost dickitu, alunitu, augelitu, dumortieritu, millosevichitu,
topasu a rozlicnych, blizSie neidentifikovanych fosfatov-sulfatov.
Elektronovou mikroanalyzou (WDS) sa potvrdila pritomnost
kaolinitu, alunitu, augelitu, rutilu a pyritu a zistila sa aj pritomnost
natroalunitu, woodhouseitu a andaluzitu, ktoré sa vyskytuju najma
na tenkych zilkach. V oblastiach najintenzivnejSej premeny doslo aj
k odnosu hlinika za vzniku zén s dominantnym poréznym kremeriom
a intenzivnou silicifikaciou. Tieto zény pravdepodobne predstavuju
privodné cesty kyslych altera¢nych fluid s pH < 2.

Oblasti postihnuté pokrocilou argilitizaciou nie su zrudnené,
s vynimkou zén vyskytu kremennych ziliek, ktoré aj inde na
lozisku koreSponduju s oblastou vyskytu Au zrudnenia. Kremenné
zilky su vzdy starsSie ako zilky s mineralmi pokrocilej argilitizacie.
Zlato sa tu vyskytuje najma v SirSom okoli kremennych Ziliek
v asociacii s kaolinitom alebo pyrofylitom, zriedkavejSie aj s rutilom
alebo v kremennych zrnach silicifikovanych zén. Rozmery zlata
tu dosahuju od 4 um do 10 um, zriedka az do 37 um. Zlato v zénach
s pokrocilou argilitizaciou, s vynimkou jednej vzorky, obvykle
vykazuje velmi vysoku rydzost, 992 az 994, ktora je vysSia
ako v mineralizovanych zénach bez tejto premeny (875 — 978).
To mbze poukazovat na jeho remobilizaciu spésobenu fluidami
zodpovednymi za tuto premenu.
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Stiavnicko-hodruésky rudny rajén v 20. storoci

The Stiavnica-Hodrusa ore district in the 20th century

LADISLAV SOMBATHY
Trate mladeze 3, 969 01 Banska Stiavnica

Abstract: The contribution presents the history of mining in the Stiavnica-Hodrua ore district from its beginnings before 13th centrury
(Early-Slavic phase), through German phase (13th century until the first half of 19th century), Hungarian phase (second half of 19th century
—-1918), Czechoslovak phase (1918 — 1940) and Slovak phase (from 1940). The primary establishing of principal mines is reported in historic
relations and the ups and downs of the metal production in economic consequences. The possible future economic ore exloitation in this ore
district is not excluded because of still not fully known geological and deposit settings and the movement of the ore market prices.

Ked sa na Uzemi dnesného Slovenska natrvalo usadili nasi
slovanski predkovia, boli uz skoro vsetky lokality zname. Nasi
predkovia zacali dobyvat aj rudy, pricom od predchadzajucich
kultur zdedili spdsoby dobyvania a zhutfovania rud. Historici
poskytuju ¢oraz viac dokladov o slovanskom kmeni, z ktorého
vznikli Slovéci, preto etapu dobyvania rud az do zaciatku 13.
storoCia nazyvame staroslovenskou. Zaciatkom 13. storoCia
ziskali spravovanie bani narody z nemecky hovoriacich
zemi, preto sme tuto etapu prevadzkovania banictva na
nasom uUzemi nazvali nemeckou. Trvala zatial najdlhSie, az
do druhej polovice 19. storocia, ked po rakusko-uhorskom
vyrovnani prevzali vedenie bani do ruk Madari (okrem
niektorych sukromnych taziarskych spolo¢nosti). Madarska
etapa vedenia bani trvala do roku 1918, vystriedala ju ¢esko-
-slovenska etapa a od roku 1940 postupne nastupila slovenska
etapa riadenia banictva (Slovenska republika — tzv. slovensky
stat, Ceskoslovenska republika s federativnym usporiadanim
a Slovenské republika po roku 1993). V 20. storoéi sa teda
vystriedali v Stiavnicko-hodrugskom rudnom rajéne (dalej
SHRR) tri etapy riadenia banictva.

Nastup madarskej etapy riadenia banictva v SHRR spada
do nepriaznivého obdobia. Sustavny pokles svetovych cien
najma striebra na jednej strane, pokles kovnatosti a stupanie
vyrobnych nakladov na druhej strane sa prejavili prvykrat
v roku 1869 stratou v podnikani. Tu sa uz nepodarilo odstranit
ani v 20. storo€i a vyzadovala si sustavné dotacie do vyroby.
V roku 1873 bol zruSeny Hlavny komornogrofsky urad (dalej
HKG) a nahradil ho iny urad s nazvom Madarské kralovské
banské riaditelstvo v Banskej Stiavnici. Hlavného komorského
grofa nahradil bansky riaditel Anton Péch, ktory prevzal cely
aparat HKG. Uspesne s nim riadil vietky erarne banské
a hutnicke zavody. Ako poslanec budapestianskeho
parlamentu dosiahol podporu tatu nielen pre SHRR, ale aj
pre vSetky podriadené zavody. Urychlene dokondili razenie
Voznickej dedi¢nej §tdlne, zacali s investi€nou otvarkou
bani, ale paralelne s mestom Banska Stiavnica sa starali
o rozvoj sidla podniku. Na rozdiel od rakuskej vlady, skupej
voCi baniam a mestu, zamerali sa na rozvoj celého regiénu,
ktory prebiehal az do zaciatku 1. svetovej vojny. V ramci
koncentracie prevadzky vybudovali novd modernu hutu na
mieste Dolnej huty, ktora nahradila huty v Banskej Bystrici,
Zarnovici, Kremnici a Hornd hutu v Banskej Stiavnici.

Banské zavody s hutou a Zelezni¢nou stanicou prepajala
uzkokolajova trat s parnou trakciou.

Zagdiatkom 20. storocCia sa skoncila prevadzka byvalého za-
kladného zavodu Hlavnej dedi¢nej $toIne Bieber na VindSachte.
Jeho funkciu prevzal zakladny zavod $télne Pacher.

Na rozhrani 19. a 20. storocia boli v prevadzke okrem
erarnych bani aj zavody unie Gerambovcov. Na Sachte Michal
v Banskej Stiavnici dobyvali olovent rudu a zlatu a striebornd
rudu na zile Schoépfer v Banskej Hodrusi. Spoloénost vlastnila
hutu v Banskej Belej na mieste, kde dnes stoji tovaren
na dinasové vyrobky. Nerentabilnu tazbu sa spolo¢nost
pokuSala vyriedit zavedenim druhovyroby na béze olova
v novopostavenej tovarni v blizkosti huty (olovené plechy,
rdry a broky) a na baze striebra vo fabrike Sandrik v Hodrusi
(pribory). Prva tovaren pracovala od roku 1894, druha od roku
1895. Vyrobnu stratu sa vSak nepodarilo odstranit, preto svoje
zavody v roku 1906 predali banskému eraru.

Statne bane ako jediny taziar v SHRR spracovali v rokoch
1905 az 1908 projekt modernizacie bani, ktory mal riesit
stratovost vyroby. Projekt sa realizoval od roku 1908 az do
skonc&enia 1. svetovej vojny v roku 1918. V ramci projektu sa
prehibili $achty FrantiSek a Méria po Il. hibkovy obzor a na
Il. obzore (150 m pod dedi¢nou $tdlriou) bola sledovana zila
Griner. Na 5. obzore Sachty Maximilidn sledovali plochu zilu.
V nadlozi zily Spitaler na urovni Voznickej dediénej $tdine
bola zalozena slepa $achta Emil s ciefom preskimat hibkové
pokradovanie rudného stipa Michal. V Banskej Stiavnici,
Hodru$i a vo Vyhniach sa modernizovali mokromechanické
gravita¢né upravne. Celkom novu upraviiu odovzdali do
prevadzky cez vojnu, ale ta spracovala len nepatrné mnozstvo
rudy. Pri nej bola pripravena zasoba 107 kt rudy, va¢sina z nej
sa spracovala na flotacnej upravni po roku 1931. V budove
tejto Upravne bola po roku 1923 zriadena mechanicka dielfia
zavodu a byty pre technikov. Do tohto obdobia spada aj
reorganizéacia vysokej Skoly. Dostala nazov Vysoka Skola
banicka a lesnicka. Na jej ¢ele stal rektor voleny profesorskym
zborom. Tym sa Skola organiza¢ne Uplne oddelila od bani.
Banské riaditelstvo vydrziavalo banicku Skolu pre nizSich
uradnikov.

Obdobie rokov 1900 — 1919 mozno charakterizovat ako
uspesné.V tazkych podmienkach sa udrzala dobra spolupraca
aj s mestom, ktoré sa po rokoch zivorenia vybudovalo na
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municipalne mesto. Malo prava zupnych miest a pravne
podliehalo pod madarské ministerstvo vnutra. V roku 1900
malo mesto 16 375 obyvatelov. Pri dneSnom stupni poznatkov
mozno naznacit aj nedostatky tohto obdobia. Spocivali
v relativne niz8ej urovni geologickej sluzby, aj ked jediny
geoldg Ludovit Cseh vykonal na prelome storo¢i mimoriadne
cenné prace. Tento stav do zna¢nej miery zapri€inila nizka
zainteresovanost vysokej 8koly na geologickoloZiskovej
problematike bani. ESte aj v tomto obdobi pretrvaval
Rittingerov kult gravitacnej Upravy, hoci v Amerike uz bola
znama flota¢na uprava rud. V roku 1906 sa postavila flotacna
upravia aj v Pezinku, ako prva v Rakusko-Uhorsku.

Za obdobia 1900 — 1919 spomenieme len spolo¢nu vyrobu
kovov za cely SHRR. Vytazilo sa 945 kt rudy s obsahom
2,224 t zlata, 104,334 t striebra, 7 247 t olova a 382 t med.i.

Dna 3. januara 1919 sa stal Ing. Bohuslav Krizko
komisdrom pre $tatne bane a huty v Srobarovej vlade. Pri
preberani bani z madarskej etapy do ¢esko-slovenskej vSak

nezvolil postup Pécha, ktory sa postavil na ¢elo personalne
aj materialne dobre vybudovaného zanikajuceho Hlavného
komornogréfskeho dradu a len pod zmenenym nazvom
organizacie neprerusene riadil nové Madarské banskeé Statne
riaditelstvo. Krizko si v prvom rade zacal budovat komisariat
na celkom novom mieste a s celkom novymi ludmi. Z dobre
organizovaného S$tiavnického kolektivu sa pre komisariat
v Bratislave zobrala len ¢ast kancelarskeho nabytku.
Skusenych ludi nahradil novymi pracovnikmi, ktori nemali ani
ponatie o problematike podriadenych podnikov a zavodov.
Krizkov postup musime oznacit ako slovensku nedostatoc-
nost, ktora viedla po pol roku pésobenia k jeho odvolaniu
z funkcie a v roku 1926 k zruSeniu bratislavského uradu.
Pomoc ¢&eskych inzinierov sa prejavila v baniach,
Upravniach i v hute. Jej U¢innost sa znizovala ¢astym strie-
danim, nové kadre sa museli zoznamovat s problematikou
dlhsi ¢as. Jediny bansky inzinier Bergfest pracoval este
z obdobia madarskej etapy vedenia bane. Pochopil, Ze prijaté
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opatrenia najma v oblasti mnozstva a kvality zasob nie su
dost uc¢inné. Intenzivne Studoval lozZiskové pomery a presadil
realizaciu prieskumno-otvarkového programu v 30. rokoch.
V Banskej Stiavnici sa zadala znovu otvarat $achta Maximilian
a Svatotrojicna dedi¢na Stolna. Pristupilo sa k realizacii
starSieho planu prepojit na Voznicku dedi¢nu $tolfu Sachtu
Franti$ek so $achtou Zofia v Banskej Belej cez pomocné
banské diela, 5tIfiu Jeronym a Sachtu s tym istym menom.
V roku 1937 vS8ak narazili na dislokaciu, z ktorej statické
zasoby vod zatopili Sachtu do vysky 90 m. Preto sa od tohto
planu upustilo a neskor sa zadala zmahat $achta Zofia
v Banskej Belej. Sachtu Emil vyhibili pod I11. hibokym obzorom
a zadalo sa s hibenim $achty Franti§ek pod IV. hibokym
obzorom. V Hodrusi sa mala $achta Mayer prehibit 50 m
pod Voznickou dedi¢nou $télfilou a na tejto Urovni sa mala
preskimat zila Colorado. Na urovni Voznickej dedi¢nej
St6lne sa mal zo severnej Casti Zily Schopfer vyrazit prekop
az na Trojkralovu zilu. Prace sa vSak ¢asovo presunuli uz
do daldej etapy vedenia bani. Arpad Bergfest pripravil navrh
na prieskum medenej zily Rozalia.

V obdobi tejto etapy bolo organiza¢ne postihnuté aj mesto
Banska Stiavnica. Od 1. januéra 1923 zrusili jeho postavenie
municipalneho mesta. Vznikol okres s novymi ludmi, ktori
vébec nepoznali problematiku regiénu. S tym sa stratila aj
ucinna spolupraca mesta s bafiami. Situaciu mesta vystihuje
vyvoj poctu obyvatelstva: v roku 1900 bolo 16 375 obyvatelov,
v roku 1910 uz len 15 185, v roku 1920 bolo 14 274 obyvatelov
avroku 1930 len 13 395 obyvatelov. Pocas etapy v rokoch 1919
az 1940 bola v meste postavena jedina budova mestianskej
Skoly.

Napriek uvedenym problémom sa podarilo Statnemu
banskému riaditelstvu v sucinnosti s Ministerstvom verejnych
prac a Skolstva otvorit v Banskej Stiavnici v roku 1927 Banské
muzeum Dionyza Stdra. Stalo sa vedeckym Ustavom pod
vedenim spravcu FrantiSka Fialu.

Pri tejto prilezitosti treba spomenut, Zze poCas madarskej
etapy (1870 — 1918) vznikol hiat v prenose bohatych
banickych tradicii, lebo Madari boli zasadne proti vSetkému,
€o bolo nemecké. Bolo to aj pochopitelné. Medzi nemeckymi
a madarskymi akademikmi vznikali ¢asté Sarvatky. Napriklad
v Banskej Stiavnici sa zabudlo, Ze asi v 16. storoéi tu vznikla
piesen Der Bergmannsstand (Banicky stav). Pravdepodobne
akademik Jozef Hrabak (neskdr profesor na VSB v PFibrami)
preniesol piesent z Banskej Stiavnice do P¥ibrami, kde
poopravili jej pekny preklad do ¢estiny pod nazvom Hornicky
stav. Cesky preklad priniesli do Banskej Stiavnice dvaja
Ceski banski inzinieri (Ing. V. Slaboch a Ing. J. Granat), ktori
vyucovali po 1. svetovej vojne na tunajSej banickej Skole.
Vsetci boli presved&eni, ze piesen pochadza z Pribrami. Len
nedavno sme dokazali, ze v skuto€nosti vznikla v Banskej
Stiavnici.

So zmenou politickej situacie koncom 30. rokov nastupila
posledna etapa vedenia bani v 20. storo¢i. V marci 1939
vznikla Slovenska republika, tzv. slovensky $tat, novym
podmienkam sa muselo prispdsobit aj vedenie bani, ktoré
sme nazvali slovenskym. Mimoriadne stazené podmienky
— odtrhnutie juznych Casti Slovenska, vojnové pomery,
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odchod znaénej ¢asti ¢eskych odbornikov — postavili
domacich ludi do pozicie, v ktorej sa museli rozhodnut:
viest svoje mesta a dediny, okypteny §tat, svojou cestou,
alebo sa rozhodnut pre parcelovanie Slovenska. Nastastie,
vacsina odbornych pracovnikov sa postavila k nelahkym
uloham zodpovedne. Aj slovenské banictvo obmedzené
0 zelezné rudy v oblasti Roznavy, Popro¢a a bane Lucia,
o antimonitové bane v Cuéme a Poproéi, o magnezitové
zavody v JelSave a KosSiciach malo Stastie. Do Cela sa
postavil vyborny odbornik, skromny a pracovity Ing. Samuel
Piltz. Aj v takych chaotickych podmienkach zacal systémovo
rieSit najzavaznejSie problémy banictva. Pretoze ho zvolili aj
za predsedu podnikatelského zdruzenia Slovensky bansky
revir, mohol ovplyviiovat aj sukromné taziarske spolo¢nosti.
Hned na zaciatku ¢innosti sa mu podarilo dosiahnut pre
Studentov banictva zvyhodnené stipendium. Prvi Stipendisti
zacali prichadzat ako banski inzinieri od roku 1943 a hned
nastupovali na zodpovedné pracovné miesta v baniach.
Boli medzi nimi aj doktori prav, smerovani na pracu
v banskych uradoch. Na Piltzov ndvrh sa v roku 1942 zacala
vyucba banského inzinierstva v prvych dvoch ro¢nikoch na
Slovenskej vysokej Skole technickej v Bratislave. O desat
rokov sa Studium doplnilo o dalSie dva ro¢niky a vznikla
kompletna fakulta, ktora pdsobi od roku 1952 v Kosiciach.
Piltzovym pri¢inenim bol v roku 1940 zalozeny Slovensky
geologicky urad, dnes SGUDS.

Opatrenia sa priamo dotkli aj banictva v SHRR a vedenia
mesta Banska Stiavnica. Za riaditela Statneho banského
riaditelstva bol vymenovany Ing. Arpad Bergfest a inZiniersky
kader doplnili banski a hutnicki inzinieri, ruski emigranti.
Bergfest pochopil, ze realizované opatrenia z rokov 1923 az
1930 su nedostato¢né. Najma v hodruSskych zavodoch sa
nepriaznivo prejavilo to, Ze kovnatost bola podstatne nizsia,
nez sa predpokladalo v plane na rekons$trukciu zavodu.
Preto v Banskej Stiavnici urychlili prieskumné prace na
$achte Maximilidn a na Svétotrojiénej dediénej §tdlni. Sachtu
FrantiSek prehibili o 100 m s vyrazenim naraziska na V.
hibkovom obzore (150 m pod Voznickou dediénou $tdlfiou). Na
VI. hibkovom obzore (200 m pod Voznickou dediénou &télfiou)
sa malo vyrazit narazisko a vybudovat Cerpacia stanica, aby
sa mohlo pristupit k razeniu prieskumnych diel na V. a VI.
obzore naraz kvoli vetraniu. Ministerstvo schvalilo aj projekt
vybudovania lie¢ivych kupelov pri termalnom prameni v bani.
Na $achte Zofia v Banskej Belej sa pripravoval prieskum il
Baumgartner a Goldfahrtner na Il. obzore. HorSie to bolo
na zavodoch v Hodrusi. Kvalita tazenej rudy od zavedenia
flotaénej upravne v roku 1929 sustavne nedosahovala
planované hodnoty. Bergfest nevidel ini moznost, len najst
nahradu za nebilan¢né rudy. Rozhodol sa pre medenu zilu
Rozdlia. Tym zachranil prevadzku hodruSského zdvodu
v rokoch 1950 — 1990. Plan dopravy Cu rudy z bane Rozdlia sa
zacal urychlene realizovat so suhlasom generalneho riaditela
Piltza. Visutou lanovkou sa mala ruda z Dolnej §t6Ine Rozalia
dopravovat k achte Zipser, fiou na VOS a dalej lokomotivou
pod Sachtu Mayer, ktorou sa mala dostat do flotaénej tpravne.
Na Sachte FrantiSek sa zaviedli retiazkové Satne. ZlepSilo to
prevadzku socidlneho zariadenia.
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Podstatne sa zmenilo aj vedenie mesta Banska Stiavnica
a spolupraca s banskym riaditelom. Napriek vojnovym
pomerom sa zacala rozsiahla vystavba mesta. Postavila sa
nova budova posty, hotel Grand, budova Stredoslovenskych
elektrarni a velmi potrebné sidlisko pri starej zelezni¢nej
stanici. V roku 1943 firma Velflik zacala prace na vystavbe
novej zelezni¢nej stanice a tunela, bola vybudovana
obchvatova cesta okolo Piargskej brany. V meste vznikli aj
dalSie mensie textilné tovarne a iné priemyselné prevadzky.
Bez zveli¢enia mozno povedat, Ze v ¢ele vSetkych snah stal
dekan — farar FrantiS§ek Jankovi¢, ktory bol aj poslancom
Slovenského snemu.

Po prechode frontu v marci 1945 sa vSetko zmenilo. Ing.
Arpada Bergfesta, riaditela podniku, nepustili k praci. Jeho
funkciu prevzal Ing. Petr Polak, ktory dovtedy vykonaval funk-
ciu prevadzkového inziniera. Vo vedeni mesta sa ocitli ludia,
€o na tuto pracu mali najmenej predpokladov. Po znarodneni
priemyslu vzniklo riaditelstvo narodného podniku Rudné bane
a huty na farebné kovy v Banskej Bystrici. V Banskej Stiavnici
zostali 2 zavody — Bana a Huta, v Hodrusi 2 banské zavody —
Hornohodrussky a Dolnohodrussky. V roku 1947 sa zastavila
tazba Au a Ag rud pre nizku cenu kovu. V désledku toho sa
skoncila tazba na Hlavnej zile Grlner a v Hornohodru$skom
zavode. Aby sa nahradil vypadok tazby Au a Ag rud zo zily
Griiner v Banskej Stiavnici, rozsiril sa prevadzkovy prieskum
aj na useky Ferdinand a Maximilian, kde bolo mozné rychlo
preskumat a pripravit tazbu polymetalickych rud, najma na
zile Terézia. Intenzivne sa zacéal vyhladavaci prieskum aj
v centralnom banskom poli v okoli Sachty Michal. Ukazalo sa,
ze su tu dobré rudné celky. Prirastky rudnych zasob nacrtavali
moznost uvazovat o rekonstrukcii zastaranych banskych
zariadeni, ktoré mnohokrat brzdili intenzivnejsi prieskum.

V Hodru$i sa vyostrila situacia aj v suvislosti s kvalitou
a mnozstvom rudy. Odborné posudky Ing. Aurela Lehotského
vyzneli proti otvaraniu zily Rozalia a v prospech prieskumu na
zile Schopfer. Spdsobilo to preruSenie prac na Bergfestovom
projekte zily Rozalia. Nastastie, rychlo sa zistilo, ze ide
0 osobny spor medzi Lehotskym a Bergfestom, a po roku
sa vSetky sily sustredili na otvaranie Rozalie. NadSenie
HodruSanov prispelo k tomu, Ze od roku 1951 mohli zabez-
pecovat Cu rudy pre Upraviiu az do roku 1990.

Reorganizacia priemyslu podla vzoru ZSSR na prelome
rokov 1951 — 1952 postihla bane farebnych kovov tym, ze bane
od huty sa oddelili. Dostali sa do celkom inej hlavnej spravy
a neskor aj do iného rezortu. Poklesla zainteresovanost hut
na domacich surovinach, bolo potrebné budovat samostatné
chemické laboratéria. Organizané zmeny boli az také
vyrazné, e koncentraty vyrobené v Stiavnici sa museli
vozit do huty v Pfibrami a tym sa zvySovali naklady. Vznik
samostatnych prieskumnych podnikov narusil dzku spétost
s banskym zavodom.

Do bani zacali prichadzat novi banski inzinieri a geo-
I6govia, vyhotovovali sa zakladné vypocty zasob, ktoré
boli zékladom investié¢nej &innosti. V Banskej Stiavnici
v opustenych priestoroch nad Voznickou dedi¢nou $télfiou
(VDS) sa zistilo tolko zasob, ?e bolo mozné dodasne dat
obzory pod VDS na mokru konzervéciu. Zistili sa nové
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typy zrudnenia, metasomatické a zilnikovo-impregnacné.
Po dlhom objasriovani podmienok sa vypracovalo niekolko
navrhov na rekonstrukciu zavodu. Az v roku 1964 sa pristupilo
k hibeniu Novej achty na Sobove, pri ktorej sa postavilo nové
upravnicke centrum, ktoré zacalo svoju ¢innost v juli 1975.

Geologicky prieskum vypracoval projekty na rozSirenie
rudnych zasob v juznom banskom poli a na hibkovom
pokracovani. V ramci toho vybudoval Novu odvodriovaciu
$tolfu a Sachtu Roveri. Nova $achta na Sobove bola vyhibena
az po V. obzor (500 m pod VDS). Na Il. obzore sa prekopom
zachytili zily Spitéler, Bieber a Terézia, ktoré sa pred skonéenim
prevadzky dobyvali. V désledku zvySenia ceny zlata sa zacali
otvarat rudné celky aj na plytkych obzoroch v centralnom
rudnom poli, kde sa zistili nevydobyté rudné celky.

V ramci novych politicko-hospodarskych podmienok sa
prevadzka bani v Stiavnici v roku 1993 zastavila bez vyuzitia
moznosti pripravit Au rudy na tazbu. V Hodrus$i vznikla
spolo¢nost Slovenska banska, s.r. 0., ktora eSte dnes dobyva
Au rudy na plochych zilach.

Napriek tazkostiam s vlastnou prevadzkou podniku Rudné
bane v roku 1952 podporili zalozZenie institucie Centralneho
banského archivu, ktory dodnes posobi v Banskej Stiavnici
pod ndzvom Stétny Ustredny bansky archiv. Je zagleneny do
rezortu Ministerstva vnutra Slovenskej republiky. Prispeli aj pri
rozhodovani o osude Banského muzea. Podarilo sa vytvorit
organizéciu s celoslovenskou pdsobnostou a pri Slovenskom
banskom muzeu vybudovat bansky skanzen. Mesto Banska
Stiavnica malo hned po vojne priaznivé vyhliadky na rozvoj,
spracované v smernom uUzemnom plane v roku 1947
Zacalo velmi upadat, v roku 1960 bol zruSeny okres Banska
Stiavnica. S rozvojom banictva sa zadali realizovat opatrenia
na zlepSenie nevyhovujuceho stavu. Zacala sa vystavba
sidliska Drieflova a generdlna oprava mestskej pamiatkove;j
rezervacie. Hlavne pri¢inenim primatora Mariana Lichnera
mesto zviditelnilo svoje priority. Vyvrcholenim bol zéapis
mesta do Zoznamu svetového kultirneho dedi¢stva Unesco
v roku 1993. Zdalo sa, ze mesto ozije, no strata pracovnych
prilezitosti po roku 1989 bola taka velka, ze v suasnosti bez
mimoriadnej pomoci niet nadeje vratit mestu hospodarske
pozadie, ktoré by umoznilo prekonat nepriaznivy stav.

Utim banictva po neznej revolicii postihol cely region.
V tom &ase boli postihnuté aj tie priemyselné odvetvia, ktoré
vznikli uz na zaciatku 19. storoCia ako nahradné a mali
zamestnat robotnikov uvolfiovanych v banictve v désledku
rastucej mechanizacie (tabakova tovaren, textil, obuyv,
drevovyroba). Pocet obyvatelov mierne presahuje 10 tisic.
V regidéne je v sucasnosti malo schopnych podnikatelov, ktori
by vedeli vyuzit domace moznosti alebo pritiahnut cudzich
podnikatelov a nahradit stratené pracovné prilezitosti.

Posledné obdobie (slovenské vedenie banictva)
charakterizuju mnohé nedostatky — odborné, organiza¢né
aj vykonné. V geologickom prieskume sa nepodarilo vytvorit
podmienky na dobru spolupracu. Likvidacia zavodov
neprebehla dostato¢ne organizovane a zodpovedne. Mnohé
prevadzky bolo potrebné dat do takého stavu, aby ich bolo
mozné vyuzit v buducnosti, a to najma preto, Ze ani geologicky
prieskum nemoézeme povazovat za skonceny.



Od roku 1900 do roku 2000 sme z lozisk v SHRR vydobyli
8,9 mil. ton rudy, ktora obsahovala 10 ton zlata, 350 ton striebra,
81 680 ton olova, 101 300 ton zinku a 24 680 ton medi.

Na zaver treba dodat, ze Utim banictva v regidne SHRR
nenastal v histérii po prvykrat. Moznoze tak, ako sa dobyvanie
obnovilo v minulosti, vznikne potreba obnovit prevadzku aj
teraz alebo v buducnosti. Loziskové pomery nie su dorieSené
ani na klasickych zilach. Ukazuje sa opravnenost revidovat
staré opustené rudné celky, ktoré svojou kvalitou vyhovuju
na sucasné vyuzitie. ,Ploché“ zrudnenie méze byt pre
tazbu zaujimavé pri revidovani starin. Spbésob nasho utimu
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prevadzky oproti tomu, ako sa vykonaval v minulosti, obnovu
prevadzky stazil. Utim nepostihol len nas. Prejavil sa v rudnych
regionoch skoro celej Eurdpy. Vo vaésine znamych banskych
zavodov vsak, na rozdiel od nasich, zostali zakonzervované
prevadzkové zariadenia, ktoré je mozné zacat prevadzkovat.
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Ako d’alej s banictvom na Slovensku?

What is the future of Slovak mining?

JUurAJ KNESL
Salgotarjanska 3, 974 04 Banska Bystrica

Abstract: The contribution in six chapters describes the beginning of mining in Slovakia and the general recent and future trends. The first
chapter — preface — deals briefly with famous mining history in Slovakia. The second one describes the main reasons of the present aversion of
public opinion against mining. The third chapter indicates the November 1989 not only as a fall of the totalitary régime, but also as a turning point
of the Slovak mining, with the enter of foreign mining companies into Slovakia. The fourth and fifth chapters deal briefly with newly discovered
gold and uranium deposits and finally, the sixth chapter recommends the tight collaboration between enviromental and mining organizations

with one common aim — the successful opening and mining of the newly discovered deposits.

Uvod

Hlavnym podnetom na napisanie tohto prispevku je,
prirodzene, samotné konanie tejto konferencie. Musim sa
vSak priznat, ze suCasne by som rad odpovedal aj na ¢lanok
kolegu Milana Trégera Preco len proti taZzbe urédnu?, ktory bol
uverejneny v denniku Sme 27. 10. 2009.

Banictvo a osobitne tazba zlatych a striebornych rud je to
najznamejSie a najcennejSie, ¢im Slovensko prispelo do
europskej histérie. Dejiny Uuzemia suc¢asného Slovenska su
uzko spété s vyhladavanim a dobyvanim tychto kovov. Az do
objavenia Ameriky koncom 15. storocia bolo uzemie terajSieho
Slovenska jednym z poprednych producentov tychto kovov
v Eurépe. Centré vtedaj$ieho banictva, najma Banska Stiav-
nica a Kremnica, boli v stredovekej Eurdpe pojmami. Druhykrat
sa slovenské banictvo preslavilo v 18. storo€i, a to rozvojom
banskej techniky a Skolstva. V roku 1762 bola v Banskej
Stiavnici zalozena banska akadémia (Banskd a lesnicka
akadémia) ako jedna z prvych technickych $§kél na celom svete.
Na rozvoji banictva sa podielali desiatky generacii keltskych,
staroslovanskych, slovenskych, nemeckych, madarskych
a Ceskych banikov, hutnikov a dalSich pracovnikov. Je para-
doxom, ze Castou nasej verejnosti také zaznavané slovenské
banictvo predstavovalo v minulosti vyrazné dominanty duchov-
nej aj materialnej histérie, na ktoré mézeme byt pravom hrdi.

Hlavné priciny averzie verejnej mienky vo¢i banictvu

Ked porovname verejnd mienku o banictve zagiatkom 90.
rokov minulého storoCia a teraz, musime pripustit, ze nastal
prudky obrat v neprospech banictva. Pri¢iny su mnohé,
za hlavnu v8ak treba povazovat moznost slobodného
vyjadrovania nazorov, na ktord sme dovtedy neboli
navyknuti. Ci ide o rozumné, ekonomicky podloZené akcie,
alebo ide o stavby, o ktorych ucelnosti je mozné opravnene
pochybovat, velka vacSina verejnosti je zo zasady proti
nim. Za totality zdrvujuca Cast verejnosti mi¢ala, myslela
si svoje a zo strachu verejne svoje nazory nevyjadrovala,
podlahla vSeobecne rozSirenej letargii. V regiénoch, kde
bolo banictvo historickou tradiciou (stredné Slovensko, SGR,
Malé Karpaty a pod.), boli sympatie k banictvu podporované
aj urCitymi materialnymi vyhodami a v neposlednom rade aj
tradiciou. Od roku 1989 pod vplyvom intenzivnych kampani
rébznych environmentalnych organizacii (najznamejsia je
Greenpeace) sa zacala postupne verejna mienka priklanat
na stranu odporcov banictva. Nie vzdy boli argumenty
tychto hnuti fér. K autorite tychto organizacii v nemalej
miere prispela aj skutocnost, ze v obdobi totality boli tieto
hnutia v podstate jediné, ktoré mohli (pravda, iba do istej
miery) kritizovat nedostatky totalitného rezimu tykajuce sa
zivotného prostredia.
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November 1989 - nielen pad totality, ale aj prelom v banictve

Za zasadny prelom tykajuci sa perspektiv slovenského
banictva treba pokladat Ustavou zaisteni moznost podnikania
sukromného zahrani¢ného kapitalu na Slovensku. Z hladiska
politicko-spologenskych cielov deklarovanych v Ustave SR
a procesu integracie SR do Eurdpskej unie musi surovinova
politika pri tazbe a spracovani nerastnych surovin reSpektovat
principy socialne a ekologicky orientovanej trhovej ekonomiky.
Musi dbat aj o Setrné vyuzivanie prirodnych zdrojov. Funkcia
Statu ako vlastnika nerastného bohatstva spociva vo vytvarani
vhodnych podmienok pre podnikatelské subjekty a v ucinnej
kontrole raciondlneho a efektivneho vyuzivania nerastnych
surovin v&itane platnejlegislativy. Banska ¢innost sa v Strukture
nakladov vyznacuje vysokym podielom ludskej prace. Tym
predstavuje vyznamny zdroj zamestnanosti. V zaujme $tatu je
preto vytvorit primerané podnikatelské prostredie v banictve
pri sui¢asnom reSpektovani principov trvalo udrzatelného
rozvoja (uznesenie vlady ¢. 6/2006).

Uz zaciatkom 90. rokov 20. storoCia zacali na uzemi
Slovenska poésobit zahrani¢éné prospekéné a banské
spolo¢nosti. V obdobi 1990 — 1996 to boli najmad RTZ,
Argosy, Placer Dome, Golden Regent Resources a dalSie. Po
do¢asnom utlme &innosti spolo¢nosti zo zahranicia v rokoch
1997 — 1999 vyvolanom prudkym poklesom cien zlata
a znasobenom tzv. busanskym Skandalom sa od roku 2000 na
Slovensku znova zintenzivnili prace financované zahrani¢nym
kapitalom (spolo¢nosti Tournigan, Emed a ich sesterské
pobocky). Prinos zahrani¢ného kapitalu prejavujuci sa
v perspektivach rudnych a energetickych surovin je jedno-
znacny a presvedc€ivo ukazuje pozitiva trhovej ekonomiky
v banictve. Rozdiel medzi nadimi vedomostami o Au a U mine-
ralizacii v roku 1990 a 2009 je priepastny. Jednoznacne to
poukazuje na prinos zahrani¢ného kapitalu v loZiskovej geoldgii.

Au mineralizacia

Na lozisku Kremnica v juznej Casti kremnického pola
(lozisko Sturec) sa zistili (spoloénosti Argosy a Tournigan)
povrchovo tazitelné zasoby Au-Ag rud. Overilo sa tu 12 mil.
ton Au-Ag rud s priemernym obsahom kovu 2,5 g/t Au a 10 g/t
Ag. Do prieskumu a pripravy otvorenia loziska iba spolo¢nost
Tournigan investovala asi 500 mil. Sk. Uvazuje sa, ze pocas
10-ro¢nej povrchovej tazby sa tu ziska okolo 26 ton zlata
a 200 ton striebra. Nedavno k projektu pristupil dalsi
eurdpsky partner (britska firma Ortag Plc — webova stranka
www.kremnica-gold.com).

Impregnacné typy Au rud sa na uzemi Slovenska zacali
vyhladavat iba od 90. rokov 20. storocia. Vyznamny uspech tu
dosiahli pracovnici Emed Slovakia v oblasti stredoslovenskych
neovulkanitov. V priestore rudného rajéonu Polana — Javorie
zapadne od Detvy tu na lokalite Biely vrch objavili a preskumali
povrchovo tazitelnd akumulaciu Au rud porfyrového typu.
Vypoditalo sa tu zatial 41 700 000 ton Au rudy s priemernym
obsahom 0,79 g/t Au. Predstavuje to zhruba 32 ton Au, pricom
hibkové zakon&enie mineralizacie nie je zname. V sti¢asnosti
sa rieSia najméa administrativne, geotechnické a metalurgické
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podmienky pripadnej tazby. Napriek nizkemu obsahu kovu
niet sporu o tom, ze tento objav patri k najvyznamnejsim
vysledkom prospekénej geoldgie vobec (webova stranka
www.emed-mining.com). Ako ukazuju vysledky doteraz
uskutoénenych prac, porfyrové typy Au mineralizacie
predstavuju v sucasnosti najperspektivnejsi typ vyskytu Au
na Slovensku (Sillitoe, 2007). Hoci pre doteraz preskiumané
lozisko Biely vrch je charakteristicky extrémne nizky obsah
kovu a vysoké ceny Au su do istej miery ovplyvnené slabym
dolarom, vypocitané mnozstvo zasob predstavuje na
slovenské pomery mimoriadnu akumulaciu Au rud.

Perspektivnymi oblastami vyskytu porfyrovej Au
mineralizacie su rudné rajony, ktoré su kompletne
alebo sc¢asti budované neovulkanickymi komplexmi
prerazajucimi cez mladsie horniny dioritového charakteru
(cela oblast stredoslovenskych neovulkanitov, rudny
rajon Slanskych vrchov v oblasti vychodoslovenskych
neovulkanitov). Dalsie typy impregnaénych Au rad (typ
Carlin v karbonatickych silicifikovanych sedimentoch,
mineralizované zény v krystaliniku) nie su v sucasnosti
dostato¢ne preskimané a nateraz ich povazujeme za
neperspektivne (Knésl, 2009).

Pritomnost rozptylenej Au mineralizacie z flySovych
paleogénnych hornin na vychodnom Slovensku je zaujimava
nielen z hladiska moznej pritomnosti tzv. paleorozsypov
(obsah Au tu miestami dosahuje az bilanéné hodnoty), ale
je mozné povazovat ju aj za indikator moznej pritomnosti
podzemne tazitelnych Au rud v podlozi magurského flySu
(Knésl, 2009).

Uranova mineralizacia

Popri Au venovali zahrani¢ni investori hlavni pozornost
radioaktivnym surovinam v podobe U,Oj;. Uranova
mineralizacia sa na niektorych lokalitach skumala eSte
v obdobi totality (napr. v okoli Jahodnej pri KoSiciach, v okoli
SpiSskej Novej Vsi v SGR a v zapadnej ¢asti Povazského
Inovca). V jadrovej energetike nastali v uplynulom obdobi
vyrazné zmeny (uznesenie vlady SR €. 29/2006; Daniel
a Mesarcik, 2008). ZvySuje sa vykon jadrovych elektrarni,
zefektiviuju sa palivové cykly, zlepSuje a zvySuje sa
jadrova bezpecnost, uvazuje sa o stavbe novych jadrovych
blokov. Slovensko sa zaraduje medzi krajiny, ktoré pocitaju
s rozvijanim jadrovej energetiky aj v buducnosti, a ma
na to vSetky predpoklady. Energetika je klu¢ovy faktor
ovplyvnujuci takmer vSetky odvetvia hospodarstva a je
jednym zo zakladnych &lankov ekonomiky (Constantinides,
2009). Podiel druhov primarnych energetickych zdrojov na
vyrobenej elektrine na Slovensku bol v roku 2008 takyto
(Koprda, 2008):

Energeticky zdroj Podiel (%)
Uhlie 18,31
Plyn 11,37
Voda 12,68
Jadro 57,46
Vietor 0,19




V prospech vyuzivania jadrovej energie jednoznacne
hovori kolisanie cien fosilnych paliv, znizovanie
energetickych rezeryv, rizika z klimatickych zmien, zaistenie
bezpeénostnych Standardov sucasne prevadzkovanych
elektrarni, schopnost konkurencie a kompatibilita so
zivotnym prostredim. Vyrazné pozitivne vysledky, ktoré
dosiahla spolo¢nost Tournigan Energy na lokalite Jahodna
(www.tournigan-com), spolu s pozitivnymi vysledkami
Tourniganu a dalSich spolo¢nosti na inych lokalitach
(oblast SGR a Povazského Inovca) vyvolali vSak aj obavy
verejnosti pred negativnymi dosahmi tazby a nasledného
technologického spracuvania U rud. Vyrazny odpor vy-
vrcholil v predlozeni peticie proti tazbe uranu na Slovensku
s viac ako 100 000 podpismi do Narodnej rady SR, ktora
sa ma prerokuvat uz vo februari 2010.V tejto suvislosti treba
poznamenat, Ze analogické obc&ianske aktivity existuju aj
proti tazbe zlata v Kremnici (ob&ianska nadacia Kremnica
nad zlato). Stanovisko Slovenskej banskej komory k peticii
ponuka rieSenie, ktoré by mohlo byt akceptovatelné pre
obidve strany (Ciémanec, 2009).

V prospech tazby uranovych lozZisk jednoznaéne hovoria
dosiahnuté pozitivne vysledky (najma na lozisku Jahodna-
-Kuriskova), priaznivé geologické podmienky s predpokladmi
vyskytu dalSich U lozisk a neustaly rast svetovych cien uranu
(zatial ¢o v roku 2000 bola cena 8 USD/libru U3Og, v roku
2004 to bolo uz 20 USD/libru a v roku 2008 dokonca az 90
USD/libru). S ohladom na predpokladanu vystavbu novych
jadrovych blokov vo svete mozno o¢akavat, ze ceny budu rast
aj nadale;j.

Predpokladany vyvoj spotreby elektriny na Slovensku
do roku 2030 (Koprda, 2008) uvadza prehladna tabulka:

Zdroj Rok 2010 Rok 2015 Rok 2025 Rok 2030
Jadrova energia 164 1106 2 306 2 306
Tepelné a kogener. zdroje 142 412 1612 1612
Obnovitelné zdroje energie 264 700 1400 2100
PreCerpavacia elektraren Ipel 600 600
Spolu 569 2218 5918 6618

(obnovitelné zdroje energie — biomasa, slne¢na energia, vodna
energia, geotermalna energia, veterna energia)

Zaver

Ako ukazuje stéasna situdcia v EU, postoj politikov aj
verejnosti sa postupne priklafia v prospech banictva (San-
dova, 2009). Konkrétny priklad toho, kam vedu cesty zakazov
banickej &innosti, mame z CR. V parlamente sa neuvazene
a odborne nekvalifikovane uplne zakazala kyanizacia
pri procese uUpravy Au rud. Tento zédkaz odpudil vSetkych
potencialnych zahrani¢nych investorov v oblasti vyhladavania
zlata. Tym znemoznil prieskum a mozné otvorenie takych
lozisk, ako su KaSperské hory, Mokrsko-zapad, Petrackova
hora a cely rad dalSich (Moravek, 2010).

GEC IS

Som presvedceny, ze ¢lanok Preco len proti tazbe
uranu? (Tréger, 2009) nie je v skuto€nosti proti tazbe uranu
na Slovensku ako takej, ale je zamerany proti sukromnym
spolo€nostiam, UspeSne operujucim na Uzemi Slovenska.
Pretoze prava zahraniénych aj domaécich banskych
spolo&nosti a &tatnych spolognosti zaruéuje Ustava SR,
vlastne cela peticia proti tazbe uranu je protiustavna.
Slovenskeé loziska uranu patria k najva¢sim a najbohatsim
v Eurdpe, Slovensko pocita s dal$im rozvojom jadrovej
energetiky. Bolo by teda absurdné, aby jeho tazba bola
zakazana.

Environmentalistické organizacie ako Greenpeace,
Duha, Sosna, Breétan, Kremnica nad zlato a iné su
zésadne proti tazbe uranu, zlata a dalSich rudnych surovin.
Na uranovu mineralizaciu sa viaze aj Mo mineralizacia,
ktora dosahuje az ekonomické parametre a v buducnosti
mozno oCakavat aj jej praktické vyuzitie. Nie su vylu¢ené
ani objavy dalSich rudnych lozisk — napr. Cu a Sb. Niekedy
to posobi tak, akoby hlavnym cielom environmentalistickych
organizacii bolo znemoznenie tazobnej ¢innosti ako takej.
Uloha jednotlivych environmentélnych hnuti by v&ak
nemala byt restrikéna, ale prave naopak. V Uzkej spolupraci
s banskymi odbornikmi by mali dbat na to, aby sa negativne
dosahy tazby minimalizovali. Som presvedceny, ze vzdy sa
najde pozitivne rieSenie v takom zmysle, aby sa dodrzali
zasady trvalo udrzatelného rozvoja, ktoré predstavitelia
tychto hnuti vzdy hlasaju. Inymi slovami, chce to uzku
spolupracu pri ceste za spoloénym cielom, nie vzajomny
boj a osoCovanie.
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Ladislav Sombathy, jeho prinos pre slovenské banictvo a geolégiu

Ladislav Sombathy: His contribution to Slovak mining and geology

Abstract: The paper presents the biography and professional career of Ing. Ladislav Sombathy (*29. 12. 1923), the leading deposit geologist
and mining manager in the Banska Stiavnica region (Central Slovakia). Moreover, his addition to revitalization of the Mining museum at Banska
Stiavnica, to establishing of the Czechoslovak Scientific and Technical society at Slovak Academy of Sciences as well as numerous foreign

expertises are reported.

Ladislav Sombathy sa narodil 29. decembra 1923 v Hornej Hute,
miestnej Casti Banskej Stiavnice.V roku 1929 sa s rodi¢mi prestahovali
do miestnej ¢asti Sandorka (meno podla stupy Alexander) a v roku
1936 do Casti Dolina pri Dolnej Hute. V roku 1964 sa prestahovali na
ulicu Trate mladeze, kde Zije doteraz. V Banskej Stiavnici absolvoval
aj gymnazium a v roku 1944 sa zapisal na Studium banského
inzinierstva na Slovenskej vysokej Skole technickej v Bratislave.
V oktébri 1945 prestipil na Vysoku $kolu bansku do Pfibrami. Tam sa
v kratkom €ase zoznamil s tradiciami Skoly, ktora sa este do konca
roku 1945 prestahovala do Ostravy.

Po skoncéeni §tudia v Ostrave v aprili 1949 sa zamestnal
v novovzniknutom n. p. Rudné bane a huty na farebné kovy v Ban-
skej Bystrici vo vyskumnom odbore. Jeho cielom bolo vykonavat
prieskumno-otvarkové prace v zavodoch. V kratkom €ase sa mu
podarilo vybudovat prieskumné odbory aj v zavodoch zo skusenych
strednotechnickych kadrov, lebo inZinierov bol velky nedostatok.
Napriek tomu sa prace dobre rozbehli. Centralne ich riadil Ustav
pre vyskum nerastnych surovin, ktory zriadilo generalne riaditelstvo
Ceskoslovenskych bani a hut v Kutnej Hore. Banskobystricky podnik
mal 15 prieskumnych lokalit.

Na prelome rokov 1951 — 1952 nastala postupna reorganizacia
priemyslu, ktora sa dotkla aj bani. Odlucili sa huty aj geologicky
prieskum, pre ktory vznikla samostatna hlavna sprava. Prieskumné
lokality banskych podnikov sa zaélenili do jej nadobudnutych podnikov.
Banskym podnikom tazby zostala uloha realizovat prieskum v ramci
dobyvacich poli. Pre tuto sluzbu boli jednotne zavedené geologicko-
-meraéské odbory. Ing. Sombathy sa stal v roku 1952 veducim
tohto odboru na podnikovom riaditelstve. Dostavili sa aj vysledky
pri vyhotovovani geologickej meraéskej dokumentacie a vypoctov
rudnych zasob v zmysle novych smernic.

V marci 1956 bol Ing. Sombathy vyslany do Albanska ako
veduci Eesko-slovenskej geologickej prieskumnej expedicie s cielom

zabezpecit dodavku Ni-Co rud pre pripravovanu hutu v Seredi. Prace
sa zacali vyhotovovanim polohopisnych a vyskopisnych map v mierke
1:10 000 v fazkom teréne na ploche 169 km?2. V lete 1958 odovzdala
skupina vypocet rudnych zasob lozisk v okoli Ochridského jazera,
a tak bolo mozné zacat tazbu a dopravu rudy na predzasobenie huty.

V roku 1958 nastupil Ing. Sombathy na podnikovom riaditelstve
Rudnych bani do funkcie veduceho vyroby, ale dlho tam nezostal.
Na konci roku 1959 ho prelozili do zavodu v Banskej Stiavnici.
Tam vykonaval najprv funkcie hlavného inziniera a od roku 1962
veduceho zavodu. Zavod prezival tazké obdobie. 1$lo o to, ¢i bude
loZisko zaradené na likvidovanie, alebo na prezitie. Ing. Sombathymu
sa podarilo ziskat schopnych spolupracovnikov. Spolu dokazali
pripravit podmienky, na zaklade ktorych sa zavod zatriedil medzi
rozvojové loZiska a bolo mozné zacat pripravu na jeho rekonstrukciu.
V roku 1964 zacali hibit Novu $Sachtu a budovat Upravnu, ktoré dali do
prevadzky v juli 1975.

V roku 1961 sa zacal Ing. Sombathy zaoberat nevyhovujucim
postavenim Banského muzea. S Ing. Bernathom pripravil koncepciu
organizacie muzea s celoslovenskou pésobnostou a vybudovanim
muzea v prirode. Zavod Rudné bane v ramci tejto koncepcie odovzdal
muzeu budovu Kammerhofu a priestor Sachty Ondrej na vybudovanie
skanzenu. Po schvaleni zakladnych zasad organizacie sa zacalo
s vyhotovovanim vykonavacich projektov. Pri realizacii prac vydatne
pomahal zavod Rudnych bani. Ing. Sombathy do roku 1970 vykonaval
funkciu predsedu vedeckej rady muzea. Otvarka Banského muzea
bola Uzko spojena s pripravou oslav 200-ro¢ného jubilea Vysokej
Skoly banskej. Ing. Sombathy so spolupracovnikmi celého zavodu
pripravili Gspesny priebeh oslav a medzinarodného sympdzia, ako aj
obnovenie tradi¢ného Sachtagu a Salamandra.

Mechanickeé dielne a dobri remeselnici podnietili Ing. Sombathyho
k uvaham o lepSom vyuziti aj tejto ¢innosti. Zavod zacal vykonavat
najprv generalne opravy banskych strojov pre cudzie podniky.
Cinnost sa postupne rozsirila odchodom Pohronskych strojarni
z rdmca generdlneho riaditelstva Rudnych bani a magnezitovych
zavodov. Ing. Sombathy ziskal na vykonavanie tejto €innosti dobrého
odbornika Tibora Chovanca. Prevadzka sa rozsirila a zamestnavala
az 165 pracovnikov.

Popri hlavnej ¢innosti sa venoval aj inym Uloham alebo bol nimi
povereny. V roku 1956 bol zakladajucim ¢lenom Ceskoslovenskej
vedecko-technickej spolo¢nosti organizovanej popri SAV. V roku 1960
bol povereny pripravit pre vliadu navrh pomoci Cesko-Slovenska
banictvu na Kube, kde pdsobil v auguste az oktdbri. V rokoch 1965
az 1970 bol ¢lenom Komisie pre klasifikaciu nerastnych surovin pri
vlade CSSR. V rokoch 1967 — 1970 viackrat navstivil Turecko s cielom
preSetrit moznosti spoluprace s tamoj$imi drzitelmi tazobnych licencii.

V roku 1970 v ramci normaliza¢ného procesu bol pozbaveny
funkcie riaditela zavodu. Potom po kratkom pobyte v Turecku pracoval
na riaditelstve podniku v Banskej Bystrici, a to az do odchodu do
déchodku v roku 1985.

Na dbéchodku sa venuje $tudiu histérie slovenského banictva.
Od roku 1992 je ¢lenom riadiaceho vyboru BanskoStiavnicko-
-hodrusského banickeho spolku, v ktorom bol v rokoch 1994 — 2002
veducim vzdelavacej sekcie. Pri plneni jeho dalSich osobnych
aj verejnych cielov mu zeldme dobré zdravie.

Magdaléna Sombathyova



InStrukcie autorom

VSeobecné instrukcie

1. Rukopis v dvoch exemplaroch a originaly obrazkov musia
byt zhotovené podla instrukcii pre autorov éasopisu Mineralia
Slovaca. V opa¢nom pripade redakcia ¢lanok vrati autorovi pred jeho
zaslanim recenzentovi.

2. Rozsah ¢lanku je najviac 30 rukopisnych stran véitane literatury,
obrazkov a vysvetliviek. Uverejnenie rozsiahlejSich clankov musi
schvalit redakéna rada a ich zaradenie do tlace bude zdlhavejsie.
3. Clanky sa publikuju v slovencine, Cestine alebo v anglictine.
Uprednostriuje sa anglictina. Abstrakt a skratené znenie c¢lanku
napisaného v slovencine alebo ¢estine (resumé) musia byt v anglictine.
4. Text ¢lanku spracovany v editore MS Word PC zaSlite redakcii
v dvoch vytlaéenych exemplaroch s riadkovanim 2 a tiez na CD. Obrazky
a tabulky musia byt vytlacené samostatne vo formate nepresahu-
jucom format A4 a na CD ulozené v samostatnych suboroch.

5. Sucasne s ¢lankom treba redakcii poslat autorské vyhlasenie,
ze nijaka Cast rukopisu este nebola publikovana a originalne su aj
obrazky. Képie obrazkov z inych publikacii musia byt legalizované
ziskanim prava na publikovanie. Vyhlasenie musi obsahovat meno
autora (autorov), akademicky titul a trvalé bydlisko.

Text

1. Upravu textu aj zoznamu literattry treba prispdsobit sicasnej
Uprave ¢lankov v Gasopise.

2. Text sa m& pisat s dvojitou linkovou medzerou (riadkovacom 2),
na strane ma byt priblizne 30 riadkov, Sirka riadka je asi 60 znakov.

3. Abstrakt struéne sumarizujuci hlavné vysledky ¢lanku méze mat
najviac 200 slov a nema obsahovat citacie.

4. Text ma mat uvod, charakteristiku (stav) skimaného problému,
pouzitd metodiku prace, zistené Udaje a poznatky, diskusiu, zaver
a zoznam literatury.

5. V ¢lanku treba zretelne odliSit vychodiskové tdaje od interpretacii.
6. Udaje z tabuliek a obrazkov v texte neopakovat, iba ich komentovat
a odvolat sa na prislusnu tabulku, resp. obrazok.

7. Text treba €lenit nadpismi — hlavné pisat do stredu a vedlajSie
na lavy okraj strany. Pouzit mozno najviac tri druhy hierarchickych
nadpisov a podla dblezitosti ich vyznacit ceruzkou na lavom okraji
strany: 1 — najvyssi, 2 — nizsi, 3 — najnizsi.

8. V texte sa uprednostiiuje citacia v zatvorke, napr. (Dubcak, 1987;
Hruby et al., 1988), pred formou ... podla Dub&aka (1987). Krstné
(rodné) mena sa ani v jednom pripade neuvadzaju.

9. Umiestnenie obrazkov a tabuliek sa oznaéi ceruzkou na lavom
okraji rukopisu. Nie je vhodné, aby text v editore MS Word obsahoval
vlozené obrazky.

10. Grécke pismena pouzité v texte treba identifikovat na lavom
okraji slovom (napr. sigma).

11. Pri pisani treba désledne odliSovat pomI¢ku od spojovnika.

12. Symboly, matematické znacky, nazvy skamenelin, slova a pod.,
ktoré sa maju vysadzat kurzivou, autor v rukopise podCiarkne vinovkou.
13. Clanky napisané v slovencine alebo ¢estine musia obsahovat
anglicky preklad nazvu, abstraktu, kli¢ovych slov, resumé a popisov
k obrazkom a tabulkam.

llustracie

1. llustracie musia byt vysokej kvality, maju dokumentovat a vysvetlovat
text. Musia sa pripravovat s vedomim, Ze budi zmensené na Sirku
stlpca (81 mm) alebo strany (170 mm). Tomu treba prisposobit
ich velkost a formu, resp. zoskupenie. Vhodne upraveny obrazok
(velkost pismen, hrubka ¢iar) mozno reprodukovat aj v pomere 1 : 1,
ale kresby (perovky) odporti¢ame urobit vacsie, ako budu vytlacené.
Perovky maju byt zhotovené sytym Ciernym tuSom. Umerne k pred-
pokladanému zmens$eniu treba zvolit hribku c&iar, velkost pisma,
Cisiel, hustotu Srafovania a pod. Obrazky treba popisovat $ablénou,
nie volnou rukou. Optimalna velkost pisma v ¢asopise po zmenSeni
je pri velkych pismenach a ¢islach 2 mm. Ak je ¢lanok v slovencine,
popisy v obrazkoch musia byt v slovenéine, ak je v anglictine, aj ilustracie
musia byt v angli¢tine. Original (pred zmenSenim) méze mat najviac
340 x 210 mm. Maximalny rozmer ilustracie vytlaceny v ¢asopise
je 170 x 230 mm. Skladacie ilustracie treba podla moznosti Uplne
vylugit.

Obrazky urobené na pocita¢i musia byt vytlacené laserovou
tlaciarnou v kameralnej podobe pri vysokom rozliSeni (min. 300 DPI)

a musia sa poslat spolu s textom na CD. Pri poéitacovej tvorbe
obrazkov redakcia odportéa pracovat s programami vo vektorovom
zobrazeni (napr. Corel Draw). Velmi tenké ciary (tzv. vlasovej hrubky)
sa nesmu pouzivat ani na obrysy, ani vo vyplni. Vyluéuje sa pouzivanie
softvérovej vyplne (napr. v Corel Draw). Vyplne v obrazkoch sa musia
skladat zo samostatne vysadzanych objektov. Vhodné nie su ani rastrové
vyplne.

2. Vsetky ilustracie véitane fotografii musia obsahovat graficku (metricku)
mierku.

3. Zoskupené obrazky, napr. fotografie a diagramy, musia byt pripravené
(nalepené) ako jeden obrazok a jeho Casti treba oznacit pismenami
(a, b, c atd.). Takto zoskupené obrazky sa cituju ako jeden obrazok.
4. Fotografie musia byt ostré, Ciernobiele, kontrastné a vyhotovené
na lesklom papieri. Je vhodné, aby sa pre tla¢ zmenSovali najmenej
0 50 %. Pri zasielani fotografii vo forme poéitacovych stborov
(vo formate JPG alebo TIF) sa pozaduje vysoké rozliSenie — minimalne
600 DPI.

5. Na vSetkych obrazkoch sa na okraji (na fotografiach na zadnej
strane) ceruzkou uvedie ¢islo obrazka a meno autora a nafotografiach
sa Sipkou oznaci aj orientacia obrazka.

6. Na mapach a profiloch treba volit jednotné vysvetlivky, ktoré sa
uvedu pri prvom obrazku.

7. Nazvy obrazkov s vysvetlivkami treba prilozit k textu na osobitnom
liste v slovenéine a v angli¢tine.

8. VSetky ilustracie sa musia citovat v texte.

9. llustracie sa zasielaju redakcii uz imprimované. Pri korekture ich
uz nemozno opravovat a dopliat.

10. Farebné ilustracie vysokej kvality mozno publikovat po dohode
s vydavatelstvom.

11. Redakcia si vyhradzuje pravo vratit autorovi grafické prilohy
na opravu po jazykovej Uprave, resp. poziadat o ich nahradenie
za prilohy v pozadovanej kvalite.

Tabulky

1. Tabulky treba pisat na osobitny list. Ich rozsah a vnitornu lpravu
limituje maximalna Sirka tlacového stlpca (81 mm) alebo strany (170 mm).
Rozsiahlejsie tabulky sa neprijimaju.

2. Udaje sa zaraduju do tabulky, iba ak sa nedaju uviest v texte.

3. Vertikalne &iary sa v tabulkach nepouzivaju.

4. Tabulky sa ¢isluju priebezne a uverejfiuju sa v Ciselnom poradi.

Literatara

1.V zozname literatury sa v abecednom poradi uvadza iba literattra
citovana v danom ¢lanku. Citacia oznacena ,v tlaci“ sa méze uviest
v zozname, len ak je z citovaného ¢lanku aspori stlpcova korektura.
,Osobna informacia“ sa cituje iba v texte (Zajac, os. informéacia,
1988).

2. Sposob uvadzania literatary

Knizna publikacia

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu.
Bratislava, Alfa, 155.

Casopis

Vrba, P., 1989: Strizné zény v komplexoch metapelitov. In: Miner.
Slov., 21, 135 — 142.

Zbornik

Navesny, D., 1987: Vysokodraselné ryolity. /n: V. Romanov (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol., Kosice,
203 - 215.

Manuskript ;
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loziska
jedloveckého prikrovu gemerika. Zavere¢na sprava z ulohy SGR-
-geofyzika. Manuskript. Spisska Nova Ves, archiv SGUDS, 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatury sa uvadzaju vsetci.

4. Ak sa v ¢lanku (v kniznej publikacii) cituje nazov, udaje a pod.
iného autora, ktory nie je spoluautorom publikacie, v texte sa cituje
vo forme (Gerda in Kubka, 1975), ale v zozname literatiry sa uvadza
iba Kubka, J., 1975.

V pripade nejasnosti si mozno vyziadat podrobnosti e-mailom
na adrese mineralia.slovaca@geology.sk, alena.wolfova@geology.sk,
zoltan.nemeth @geology.sk
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