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OBALKA: Znizovanie obsahu CO, v emisi4ch jeho trvalym naviazanim na iné substancie je prispevkom na odstrariovanie prigin
globalneho oteplovania. Karbonatizaénou reakciou CO, s popoléekom po spalovani €ierneho uhlia (vzorka na spodne;j fotografii)
vznika stabilny karbonatovy produkt (fotografia v popredi). V strede: Optimalizacia karbonatizaénej reakcie vyuzivala aj vysledky
petrologického vyskumu: relikty silikatovej taveniny (amorfné fazy), uhlik, apatit, bassanit a reakciou vzniknuté Mg-karbonaty
v odrazenych elektronoch. Problematikou sa zaobera ¢lanok L. Tu¢eka et al. na s. 83 — 94. Fotografie: Z. Németh a oddelenie
elektronovej mikroanalyzy na SGUDS.

COVER: Reduction of CO, emissions by its permanent binding to other substances is a contribution in fighting against the global
warming. Carbonatization reaction of CO, with the fly ash after the combustion of the black coal (sample in the background photo)
produces a stable carbonate product (foreground photo). In the middle: Optimization of the carbonatization reaction used also
the results of petrological research — BSE images of the relics of silicate melt (amorphous phases), carbon, apatite, bassanite
and Mg-carbonates originating by the reaction. This issue is presented in the article by L. TuCek et al. on pp. 83-94. Authors
of photographs: Z. Németh and the SGUDS Department of Electron Microanalysis.
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Abstract

The experimental study of artificial carbonatization parameters — temperature, pressure and
duration of the reaction of CO, with the captured fly ash, being an alkaline residue after the
combustion of the black (hard) coal in the thermal power plant, has contributed to stabilization of
the piled fly ash, forming calcite and aragonite as the main results of its artificial carbonatization.
The liquid mixture (H,O + CO,) most effectively reacted with the fly ash at the temperature 22 °C
and pressure 5 MPa. The optimal duration of reaction was 2 hours.

The results of experimental study show that components of the fly ash caught by electrostatic
separators can be forced to react with CO, and to form new carbonates based on CaCQOj,. During
carbonatization process the anhydrite and Ca-rich amorphous phase as the fly ash components
were changed to calcite and bassanite. By this way formed carbonates can stabilize the fly ash and
to minimize an environmental risk of the waste dumps. Because no additional heat input for the
reaction is required, it supports the industrial application of this quick and less energy demanding
process of the CO, bonding on Ca-rich components of the fly ash. The artificial carbonatization
contributes to lowering of the amount of both environmental loads — CO, and caught fly ash
simultaneously, producing stable carbonates inside the dust. The newly formed carbonates are
environmentally friendly and eventually can be further used in the industry, substituting natural
ones. Moreover, the necessary amount of CO, for the artificial carbonatization can be obtained
from the industrial process, producing gas emissions.

Key words: fly ash, CO,, carbonation, carbonatization, carbonates, optimized reaction,

environmental protection

Introduction

Up to 60 % of the CO, emissions are produced by the
large stationary sources like the heating and power plants,
iron and steel plants, refineries and further industrial
facilities. Coal is the world’s most abundant and widely
used fossil fuel, supplying over one third of the world’s
electricity and 23 % of the global primary energy needs
(Santosh et al., 2009). It is known that app. 1 kg of CO,
gets emitted into the environment after the generation of
1 kWh of electrical energy from the coal thermal power
plants (Chel, 2009). Besides the gas exhalates containing
5 —15vol.% of CO,, the heating and power plants produce
the dumps of fly ash as an additional environmental load.

The environmentally friendly stabilization and/or
liquidation of the fly ash as an alkaline residue after the
coal combustion is a world-wide problem, too. Being used
in the minor amount in the industry of building materials,
in road building and geotechnics (Uliasz-Bochenczyk
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and Mokrzycki, 2006; Uliasz-Bochenczyk and Piotrowski,
2009; Uliasz-Bochenczyk and Cempa, 2010), it mostly
requires further processing. Especially, the fly ash with
a high-unburned-carbon content represents an increasing
problem in quantities produced by the thermal power
plants, since it cannot be marketed as a cement extender
and, therefore, has to be disposed (Maroto-Valer et al.,
2008). The direct further utilization of the fly ash deposited
on the dumps is not possible, because its particular types
differ by the chemical and mineralogical composition,
grain-size, as well as the amount of combustible carbon.
Another negative factor of the deposited fly ash is the
harmful leachability of the chemical impurities present in
the fly ash dumps, e.g. Zn, Cu, Pb, Ni, As, Hg, Cd, Cr, P, CI,
S, SO, from the ash-aqueous suspensions being formed
by the rainfalls (I.c.; Uliasz-Bochenczyk, 2010).

Our research aimed to reveal the optimum reaction
parameters for the CO, most effective reaction with the
fly ash produced in the energetic-heating industry, being
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separator. b — Carbonate product P6 produced by the carbonatization and crystallization from the filtrate of the sample P. In both cases
the numbered scale is in cm.

captured by an electrostatic separator and deposited
on the dumps. The tested fly ash is characterized by
the precisely determined mineralogical, chemical and
grain-size parameters (Tabs. 1 and 2). By this way both
environmental loads would be minimized simultaneously
resulting in the origin of the stable carbonates with fixed
bound of CO, in their lattice.

The carbonatization of silicates in natural conditions
is very slow process, and its acceleration requires
technological optimizing of principal parameters affecting
the reactivity of mineral compounds with CO,. Following
the request of the European Union, until the year 2020 the
industrial plants will be obliged to lower their CO, emissions
by 20 % in comparison to the state in 1990. The optimized
methodology, being presented in this article, could be
applied for projecting of the technological schemes and
realization projects in the model and industrial scales.

Experimental research

The rate of the CO, bonding into appropriate substances
and formation of the stable productsis dependenton mineral
and chemical composition of input medium, on activity
of its components and purity of CO,. The next important
influencing factors are the granularity and porosity of
reacting substances, the activity of their specific surface,
the mutual ratio of the solid, liquid and gaseous phases,
temperature, CO, pressure and the duration of reaction.
The conversion is supported by the primary mechanical,
thermal, chemical, or physical activation of entering
compounds, the pH value of the reacting environment
and types of applied agents (additives, reagents,
etc.). Regarding the density, resp. viscosity of reacting
suspension, the static or dynamic reaction conditions can
be alternatively applied. Therefore optimizing of the reaction
parameters consisted of identification methods of the
input sample and output products and the reactions in the
laboratory high pressure reactor at various combinations
of the temperature/pressure/time parameters.

The dry fly ash sample P (Fig. 1a) in a total weight 15 kg
was taken from the separating device of the fume gases.
Despite a low content of CaO in the input sample (1.59
wt.%), being accompanied with the MgO (0.60 wt.%) and
FeO (0.58 wt.%), the input sample P was used in reactions
in its primary state, i.e. without any further modification or
activation — either mechanic, or chemical (cf. Zhang et al.,
2004; Arenillas et al., 2005; Lee and Jo, 2008; Majchrzak-
-Kuceba and Nowak, 2009; Olivares-Marin et al., 2010),
or thermal modification (cf. Maroto-Valer et al., 2008). The
chemical composition (wt.%) of the primary sample, as
well as its grain-composition were determined using 10
sieves (2, 1, 0.5, 0.315, 0.2, 0.1, 0.071, 0.063, 0.045 and
0.02 mm).

The laboratory testing and optimizing of the CO,
reaction with captured fly ash was done by means of the
high pressure reactor PARR 4540 at combinations of three
CO, pressures (2.5; 5.0 and 7.5 MPa), three temperatures
of the reacting environment (22, 35 and 50 °C) and four
reaction times (1, 2, 3 and 6 hours). Into the reactor the
water suspension of the fly ash with concentration 152 g - I
was inputted. The dynamic conditions of the reactions of
Ca, Mg, resp. Fe components with CO, in suspensions
were provided by its continual stirring at 300 rpm.

The output products of the CO, carbonatization from
the high-pressure reactor were tested undivided, as well as
divided by the filtration to filtration cakes and filtrates and
both compounds were dried at 200 °C.

The input sample, as well as the output products after
carbonation, filtration and crystallization were identified
by chemical, X-ray and microprobe analyses, targeted
on bonding parameters of CO, in the originated solid
products. Experimental works with the high pressure
reactor and all laboratory procedures were performed in
the State Geological Institute of Dionyz Star (SGUDS),
laboratories of the Applied Technology of Raw Minerals
(ATNS) in KoSice. Chemical analyses were performed
in the SGUDS — Geoanalytical Laboratories (GAL) in
SpiSska Nova Ves. The content of CO, was determined



Tucek et al.: Stabilization of the fly ash emission after the combustion of black coal by the reaction with H,0 and CO,:
The temperature and pressure conditions and time duration of artificial carbonatization in the experimental study 85

BSE 15K

200.pm BSE 15.kV

Fig. 2. a — The input fly ash sample P contains the relics of the silicate melt of spheroidal shape, as well as relics of apatite and carbon
(C). Elements in the melt relics or in amorphous phases, e.g. Ti-Si-Al are ordered according to the decreasing amount of oxides TiO,-SiO,-
-Al,0O5 reaching more than 10 wt.%. b and ¢ — Unreacted relics of the solidified melt — amorphous phases of various chemical composition
and the position of carbon-relicts after artificial carbonatization in the filtration cake — contain amorphous phase, e.g. Fe = Si + Al-Mg-Ca.
Contents e.g. Al-Mg-Ca are ordered according to the lowered amounts of present elements. The CaO-rich amorphous phase is corroded by
the mixture of H,O and CO, and the deliberated Ca from the corroded rim enters to the solution and it is the base cation for crystallization
of CaCO; according to reaction (1). MgCal — Mg-rich calcite and bassanite are product of artifical carbonatization and were caught in the
filtration cake — sample P5. d — Mg calcite and bassanite as the products of the artificial carbonatization in the sample of precipitate P6.

Backscattered electron images.

by the high temperature oxidation and manometry, CaO
and MgO were determined by the X-ray fluorescence
spectroscopy and FeO volumetric analysis, and the loss by
ignition by the gravimetric method. For the computerized
X-ray diffraction analyses done in the SGUDS — ATNS
laboratories the facility DRON — UM 1 with the detection
sensitivity of ca 3 % was used at following conditions:
radiation CoK,, Fe-filter, accelerating voltage 30 kV,
current intensity 20 mA, time constant T — 2, apertures
2—-2and 1-0.25, shift of the goniometer arm 2°/min.The
semiquantitative and quantitative mineral compositions
in the primary sample and carbonation products were
determined by the combination of X-ray diffraction
using a method of outer standard and mineralogical
recomputation from the chemical analyses.

The carbonation products and unreacted residues (filter
cakes) were studied by means of the optical microscope and
the microprobe Cameca SX 100 in the SGUDS Bratislava.
The standards used: Ca — wollastonite, Mn — rodonite, Na —
albite, K — orthoclase, Cr — chromite. Synthetic compounds
were used for determining of Ti, Al, Fe, Mg and BaF, for
determining of F. The analytic parameters were 15 kV and
the beam intensity 5 nA when analysing the carbonates
or 20 nA at analysis of silicates and amorphous phases.
Analysed area of silicates in the diameter 1 — 7 ym changed
in the dependence on the size of mineral or investigated
object in thin section. Acid carbonates and carbonates were
analysed at 7 — 20 pym. The sensing time for one element
was 10 s or 25 s for F. Detection limit for particular elements
was lower than 0.05 wt.%, with error +1-sigma.
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Results and discussion
Input sample of the fly ash

The fine-grained fly ash (sample P; Fig. 1a) before
artificial carbonation contained 98.3 vol.% of amorphous
phase, carbon and minor content of apatite and anhydrite.
The maximum calcite-aragonite content was 1.7 wt.%. The
amorphous phase of the silicate melt had an oval shape
and enclosed relics of carbon, being present also in the
matrix of the input sample together with the apatite (Fig.
2a). The spheroidal amorphous silicates in the fly ash
indicate the quick cooling of the melt in the fume flying
from the combustion chamber towards the electrostatic
separators. The amorphous phases have variable contents
of SiO, (wt.%), Al,O5, CaO, FeO, MgO, K0, TiO, and
their chemical composition (p.f.u.) varies among Si-Al-Ca,
Si-Al-Ti and Ti-Si-Al. The content of (OH)~ or H,O in
amorphous phases ranges from 1.94 wt.% to 3.89 %.

The chemical and mineral composition of the input
captured fly ash sample P are in Tab. 1 and its wet grain-
-size analysis is in Tab. 2. The very fine-grained sample
consists of the prevailing amorphous alumosilicate, silicate
and organic phases (in total 98.3 wt.%). The grain-size
beneath 1 mm was very high (more than 99.97 %), and
even beneath 0.02 mm it reached nearly 50 % (48.35 %).
Input pH of the fly ash suspension was 7.0. The precise
knowledge of mineralogical, chemical and grain-size
parameters of the captured fly ash represents an important
input information (Tabs. 1 and 2).

Experimental study and optimizing of the parameters
for the carbonate origin by the reaction of captured
fly ash with CO,

The technological parameters of the laboratory tests of
CO, carbonatization by means of the fly ash sample P (Fig.

Tab. 1
Chemical and mineral composition of the input sample
of the fly ash P

Chemical composition (wt.%)

SiO, 29.90
CaO 1.59
MgO 0.60
FeO 0.58
CO, 0.76
Al,Og 13.30
Fe,0; 5.84
SO, -

Loss by ignition 46.00
TC 44.40
TOC 44.20

Mineral composition (wt.%)

calcite + aragonite 1.70
Amorphous phase 98.30
quartz +
mullite +

1a) are in Tabs. 3 — 7, which unambiguously prove the origin
of new carbonate minerals — prevailingly calcite + aragonite
(Fig. 1b) from the filtrates, having the carbonate purity in
the range from 43.9 to 56.6 wt.% CaCOj;. The increase
of the weight yields of precipitated products in relation
to input sample was in the range from 0.54 to 0.92 %.
To demonstrate the origin of carbonates during the first six
tests (P1, P4, P7, P10, P13 and P16), the filtration cakes
and the precipitates were analysed separately (Tab. 4).
Further reactions (P19-P48; Tabs. 3 and 5 — 7) aimed to
optimize parameters of the most effective carbonation, and
therefore only the undivided products of the reactions at
alternating three different temperatures 22, 35 and 50 °C,
three different pressure conditions 2.5, 5.0 and 7.5 MPa
and 1, 2, 3 and 6 hours durations of reactions were
analysed. The qualitative mineral compositions of the fly
ash sample and its carbonatized products confirmed by
the X-ray diffraction analysis are presented in Tabs. 5 — 7.

The new calcite with the content of MgCO3; molecule
has originated from the Ca and Mg cations, being
deliberated into suspension from the amorphous phase
containing CaO and MgO. The bassanite represents
a coexisting and accompanying newly crystallized mineral
with calcite. Comparing the input CO, balance of 0.76 wt.%
in the sample P, and the CO, contents in the newly formed
carbonatic precipitates min. 19.3 and max. 24.9 wt.%
(products of the reactions P6 and P9), the CO, is bound
(liquidated) in the newly-originated carbonates by 18.54 to
24.14 wt.%, depending on the reaction conditions.

The testing done at laboratory temperature 22 °C in
the solution H,O + CO, in the above stated alternating
pressure and time parameters is presented in Tabs. 4 and
5. The amorphous phases in the input sample P and the
amorphous phases of the sample P5 in the diagram Si+Ti
vs. Fe(total)+S+Ca+K+Na+Mn+P+Al indicate a direct
substitution trend with an immiscibility gap (Fig. 3). The
immiscibility gap in the glass or in a solid solution indicates
that there originated a phase with a pseudoordered crystal-
line lattice (Figs. 2a — ¢ and 3). The relics of amorphous
phases were distinguished in two modes: not hydrated
and hydrated (Tab. 8). In the case of hydrated amorphous

Tab. 2
The wet grain-size analysis of the fly ash sample P

Grain size (mm) Weight yield (%)

Classes Total residue Through
on the sieve the sieve
1.0-2.0 0.03 0.03 99.97
0.5-1.0 0.12 0.15 99.85
0.315-0.5 0.03 0.18 99.82
0.2-0.315 1.73 1.91 98.09
0.1-0.2 20.86 22.77 77.23
0.071-0.1 11.25 34.02 65.98
0.063 — 0.071 3.49 37.51 62.49
0.045 -0.063 5.82 43.33 56.67
0.02 - 0.045 8.32 51.65 48.35
-0.02 48.35 - -

Total 100.00 - -
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Tab. 3
Qualitative mineral compositions of the fly ash sample and its carbonatized products found by the X-ray diffraction analyses

Sample Product Mineral composition (wt.%)

P Input Amorphous phase, quartz, mullite?

P1 Undivided product Amorphous phase, quartz, maghemite?

P2 Filtration cake of P1 Amorphous phase, quartz, maghemite, mullite?
P3 Precipitate of P1 Calcite, siderite?, amorphous phase

P4 Undivided product Amorphous phase, quartz, maghemite

P5 Filtration cake of P4 Amorphous phase, quartz, maghemite

P6 Precipitate of P4 Calcite, bassanite, amorphous phase

P7 Undivided product Amorphous phase, quartz, maghemite

P8 Filtration cake of P7 Amorphous phase, quartz

P9 Precipitated of P7 Calcite, aragonite, bassanite

P10 Undivided product Amorphous phase, quartz, mullite, maghemite
P11 Filtration cake of P10 Amorphous phase, quartz, maghemite, mullite?
P12 Precipitate of P10 Calcite, bassanite

P13 Undivided product Amorphous phase, quartz, maghemite

P14 Filtration cake of P13 Amorphous phase, quartz, maghemite

P15 Precipitate of P13 Calcite, bassanite

P16 Undivided product Amorphous phase, maghemite

P17 Filtration cake of P16 Amorphous phase, quartz, maghemite

P18 Precipitate of P16 Calcite, aragonite, bassanite

P19 Undivided product Calcite, amorphous phase, quartz, maghemite
P20-P21 Undivided products Amorphous phase, quartz, maghemite

P22 Undivided product Amorphous phase

P23 Undivided product Amorphous phase, quartz, maghemite

P24 Undivided product Amorphous phase, quartz, mullite, maghemite
P25 Undivided product Amorphous phase, quartz, maghemite

P26 Undivided product Amorphous phase, quartz, mullite, hematite, maghemite
P27 Undivided product Amorphous phase, quartz, mullite, maghemite
P28 Undivided product Amorphous phase, quartz, mullite, hematite, maghemite
P29 Undivided product Amorphous phase, quartz, mullite, maghemite
P30 Undivided product Amorphous phase, quartz, mullite, maghemite
P31 Undivided product Amorphous phase, quartz, mullite

P32-P37 Undivided products Amorphous phase, quartz, mullite, maghemite
P38 Undivided product Amorphous phase

P39 Undivided product Amorphous phase, quartz, mullite, maghemite
P40 Undivided product Amorphous phase, quartz

P41 Undivided product Amorphous phase, quartz, mullite, maghemite
P42-P43 Undivided products Amorphous phase, quartz, maghemite
P44-P45 Undivided products Amorphous phase, quartz, hematite?, maghemite
P46 Undivided product Amorphous phase, quartz, maghemite

P47 Undivided product Amorphous phase, quartz, hematite, maghemite
P48 Undivided product Amorphous phase, quartz, maghemite

Amorphous phase is formed by Si-Al-... (silicate phase) and Si (quartzy phase)

phase the content of chemically bound water and/or in
OH- group was in the range from 2.06 to 2.41 wt.%
(amount of water was estimated as 100 — total in Tab. 8,
corresponding to the water content or OH groups in the
input sample of the fly ash P (from 1.94 wt.% to 3.89 %).
The product of an artificial carbonatization of the
fly ash (P6; Fig. 1b) consists of a mixture of calcite
containing MgCO; molecule and bassanite (Figs. 4,
2c¢ — d). Allotriomorphic grains of Mg calcite are rimmed

by bassanite, showing that Mg calcite has crystallized
before the bassanite (Fig. 2d). The relation of Mg calcite
and bassanite indicates that the crystallization of these
minerals has progresses in two stages. Firstly the Mg
calcite has crystallized, which Ca and Mg cations were
deliberated into the suspension from the amorphous
phase with CaO and MgO contents. Later bassanite
has continually crystallized, probably originating by the
hydratation of anhydrite according to reaction:

5 MPa, 22 °C, 1 hour

CaSO, + CaO + H,O + CO,
Anhydrite  Component
in amorphous
phase

====>

CaCO; + CaSO, - H,O (1)
Calcite  Bassanite
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Maghemite
(Hematite?)

Mullite

Mineral composition (wt.%)
Quartz

Amorphous
phase
98.3

1.7

Calcite
+ aragonite

CO,
0.76

Tab.7
Laboratory tests of CO, reaction with the fly ash sample at temperature 50 °C and CO, pressures 2.5, 5.0 and 7.5 MPa and duration of reactions 1, 2, 3 and 6 hours
46.0

Loss
by ign.

FeO
0.58

0.60

Chemical composition (wt.%)
MgO

CaO
1.59

Gain
weight
yield
(%)

Duration
of reaction
(hour)

Pressure
CO,
(MPa)
input

Sample
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Tab. 9
Representative analyses of newly formed Mg-calcite
in the precipitate P6

amorphous phase (alumosilicate type), Si amorphous phase (silicate) and organic amorphous phase (TOC). In the input sample P we

have further analysed: 29.9 % SiO,; 13.3 % Al,O3; 5.84 % Fe,03 (o ; 44.4 % TC (total carbon) and 44.2 % TOC (total organic carbon). + accessoric content of mineral phases. Samples
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+ + + + + + + + + + + + U_) 5 FeO 0.030 0
33 MnO 0 0
3 n
EloE MgO 1430 1970
o 5 < Ca0 54.170 53.840
R A I Bt CO, 44.100 44.410
ooy Sum carb. 99.730 100.220
o ¥e} anion 1.002 1.009
© [ Fe 0 0
wow |[Wow [wow |wow | & 3 Mn 0 0
AL LN LS NN 2 % Mg 0.035 0.048
oc.2 Ca 0.964 0.951
& g CO, 1.002 1.009
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Data in Tab. 4 confirm that the carbonation of the
fly ash sample with subsequent precipitation from the
filtrates unambiguously leads to origin of CaCO; (calcite
+ aragonite). In the filtration cakes and in undivided
products of the carbonation also quartz, mullite, hematite
and maghemite occurred in small quantities. The X-ray
analysis did not identify the calcite (+aragonite) in the
undivided products because they occur in the accessoric to
subsidiary amounts, but chemical analyses have confirmed
their presence by the determined contents of CO.,.

At the temperature 22 °C, the highest gain of the weight
yield of undivided product +0.70 % was obtained with the
CaCOj; content 9.8 % and the increase of the CO, bonding
in comparison with the input state by 3.56 % at pressure
5 MPa and duration of the reaction 2 hours (test P13;
Tab. 5).

At temperature 35 °C, pressure 5 MPa and the duration
of the process 3 hours the increment of the weight yield of
undivided product +0.58 % was reached with the CaCO;,
content 11.0 % and the increment of the CO, composition
in comparison with the input by 4.10 % (test P32; Tab. 6).

At 50 °C and pressure 5 MPa and 6 hours reaction
there was reached the highest weight yield of the undivided
product (+0.44 %) with CaCO; content 8.6 % and the
increase of the CO, in the lattice of newly formed minerals
in comparison with the input by 3.03 % (test P47; Tab. 7).

The above stated results indicate that the debugged
parameters of the CO, reactions with the fly ash P are close
and comparable. Therefore the best parameters of the
laboratory tests of undivided products are the CO, pressure
5 MPa in the duration of reaction 2 hours at laboratory
temperature 22 °C (test P13), indicating that no heating
of the reaction mixture is necessary. Moreover, there was
found that an increase of the reaction temperature (22 °C
— 35 °C — 50 °C) has a negative effect, because lowers
the weight yields (0.70 % — 0.58 % — 0.44 %), and there
is also a paradox that the prolongation of the reaction time
of CO, in the suspension (2 — 3 — 6 hours) also decreases
the weight yield. An increase of the temperature and the
prolongation of the reaction probably cause the transition
of a part of CO, from the liquid phase back to gaseous
phase, which diminishes its reactivity in comparison with
the reactivity of the liquid system H,O + CO..

Conclusion

The laboratory optimizing of the CO, reaction
parameters using the fly ash sample taken from the
electrostatic separation device of the flue gases after
the combustion of the black (hard) coal in the energetic
industry with precisely determined mineralogical, chemical
and grain-size parameters has demonstrated that the
maximum weight yield of the newly originated carbonates
calcite and aragonite (+0.70 % at CaCOj; content 9.8 wt.%)
is at the reaction temperature 22 °C, pressure 5 MPa and
2 hours duration of the reaction. It supports the industrial
application of this methodology, because it is quick and
less energetically demanding than supposed before — no
additional heat input for the reaction is necessary. The
application of the pressures 5 MPa allows the use of the
industrial steel reactors.

The main advantage of the reaction of CO, with the
appropriate components of the fly ash allows a solid
bonding of CO, in the structures of newly formed
carbonates, which are stable and do not have any negative
impact on the nature and living environment. By this way,
the methodology contributes to simultaneous lowering
of the both harmful products after the combustion of the
black (hard) coal — CO, and the captured fly ash as an
alkaline residue after the combustion.

The artificial carbonatization stabilizes the fly ash
owing to CO, + H,O dissolving the anhydrite as well as
unstable CaO-rich amorphous phase (reaction 1) and
forming the stable bassanite and calcite. The efficiency
of the carbonatization is directly related to the occurrence
and amount of CaO-rich amorphous phase in the fly ash.
Moreover, the effectivity of carbonatization depends on the
bonding of sulphur and the amount of anhydrite in the fly
ash respectively. The artificial carbonatization effectivity
and/or stabilization of the fly ash used in our study are low,
but significantly confirm this process. Because only 3 vol.%
of anhydrite and CaO-rich amorphous phase were present
in the fly ash, the reaction with H,O + CO, has produced
the limited amount of new bassanite and calcite. The
artificial carbonatization effectively stabilizes the dumps of
caught fly ash by the fact that the possibility of the reaction
it components with the acid rains is lowered.

Tab. 10
Summary of the optimum parameters and obtained results
of the CO, reaction with the sample of fly ash P

Conditions: Designation Gain weight yield CO, content Calcite + aragonite content
p (MPa) Product of the product (%) (wt.%) (wt.%) pH
t(°C)
T (hour)

- Input P - 0.76 1.7 7
5;22;1; Precipitated P6 +0.92 19.3 43.9 7-8
5;22;1; Filtration cake P5 - 3.39 77 7-8
5;22;2; Undivided P13 +0.70 4.32 9.8 7-8
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Stabilizacia emisii popolceka po spalovani ¢ierneho uhlia jeho reakciou
s H,0 a CO,: Optimalizacia teplotno-tlakovych parametrov
a dlzky trvania umelej karbonatizacie

Uvod

Priblizne 60 % emisii CO, pochadza z velkych stacionarnych
zdrojov, ako su teplarne, elektrarne, oceliarne, rafinérie a iné
priemyselné zavody. Uhlie je najCastejSie pouzivané fosilne palivo,
jeho spalovanim sa vygeneruje viac ako jedna tretina svetovej
produkcie elektrickej energie a pokryva sa 23 % celosvetovych
energetickych potrieb (Santosh et al., 2009). Znama je skutocnost,
ze spalovanim uhlia v tepelnych elektrariach sa pri vyrobe 1 kWh
elektrickej energie vyprodukuje priblizne 1 kg CO, (Chel, 2009).
Popri plynnych exhalatoch s 5 — 15 obj. % CO, tepelné elektrarne
produkuju dalSiu environmentalnu zataz v podobe hald popoléeka
po spalovani fosilnych paliv. Vyuzitie alebo likvidacia popol¢eka ako
alkalického rezidua po spalovani uhlia je celosvetovym problémom
predovSetkym pre vysoky obsah nespaleného uhlika. Univerzalna
schéma vyuzitia popol€eka nie je vytvoritelna, lebo jednotlivé
jeho typy sa lisia chemicko-mineralogickym zloZenim, zrnitostou
a tiez mnozstvom spalitelného uhlika. Dal$im negativnym faktorom
je uvolfiovanie chemickych prvkov z hald dazdovymi zrazkami,
¢im sa poskodzuje zivotné prostredie (napr. Zn, Cu, Pb, Ni, As,
Hg, Cd, Cr, P, Cl, S, SO,2-; Uliasz-Bochenczyk, 2010). V zmysle
poziadavky Eurépskej komisie podniky budd musiet nevyhnutne
znizovat emisie CO,, a to 0 20 % v roku 2020 v porovnani so
stavom v roku 1990.

V prirodnych podmienkach je karbonatizacia silikatov velmi
pomaly proces a jeho akcelerovanie si vyzaduje optimalizaciu
technologickych parametrov ovplyviujucich reaktivitu mineralnych
zloziek s CO,. Cielom vyskumu bola optimalizacia v pripade
reakcie CO, s popoléekom z energeticko-teplarenského priemysiu,
ktory bol zachyteny v elektrostatickych separatoroch a uskladneny
na haldach. Laboratérne optimalizovanui metodiku prezentovanu
v ¢lanku bude mozné aplikovat pri navrhoch technologickych
schém a realiza¢nych projektov v modelovom, poloprevadzkovom
a prevadzkovom meradle.

Metodika rieSenia

Rychlost naviazania CO, do vhodnych substancii a vytvaranie
kone¢nych stabilnych produktov su zavislé od mineralneho
a chemického zlozenia vstupnych materidlov, od aktivity ich
zloziek a Cistoty plynu z hladiska CO,. Dblezitymi faktormi su
dalej skupenstvo, zrnitost, pérovitost sekvestraénych substancii
a aktivita merného povrchu, vzajomny pomer tuhej, kvapalnej
a plynnej fazy, teplota, tlak CO, a dizka reakcie.

Vzorka popoléeka P (obr. 1a) s hmotnostou 15 kg bola
odobrata z elektrostatického separatora kominovych plynov.
Napriek nizkemu obsahu reakénych komponentov vo vstupnej
vzorke (CaO 1,59 hm. %, MgO 0,60 hm. %, a FeO 0,58 hm. %)
sme ju pouzili v primarnom stave, t. j. bez jej termickej modifikacie
alebo mechanickej ¢i chemickej aktivacie. Pred reakciou sme
urcili chemické zloZenie vstupnej vzorky (hm. %) a jej zrnitostné
zlozenie s vyuzitim 10 sit (2; 1; 0,5; 0,315; 0,2; 0,1; 0,071; 0,063;
0,045 a 0,02 mm).

Laboratérne skusky a optimalizacia reakcie CO, s popoléekom
sa realizovali v laboratérnom vysokotlakovom reaktore PARR
4540 pri kombin&ciach troch tlakov CO; (2,5; 5,0 a 7,5 MPa), troch
teplét (22, 35 a 50 °C) a Styroch dizok reakcii (1, 2, 3 a 6 hodin).
Vstup do reaktora pozostaval z vodnej suspenzie popoléeka
s koncentraciou 152 g-I-'. Kontinudlne miesanie reakénej zmesi
pri 300 ot./min. zabezpeovalo dynamické podmienky reakcie.
Vystupné produkty reakcie karbonatizacie CO, boli z reaktora
odobraté nedelené, resp. oddelené filtraciou na filtraéné kolace
a filtraty a nasledne vysuSené pri teplote 200 °C.

Vstupné vzorky a vystupné produkty po karbonatizacii, filtracii
a krystalizacii boli identifikované chemickymi a rtg. analyzami.
Mikrosondovymi analyzami sa skumal spdsob viazania sa CO,
v tuhych produktoch. Experimenty vo vysokotlakovom reaktore
a vietky laboratérne procedury a rtg. difrakéné rozbory (DRON
— UM 1; citlivost detekcie cca 3 %) boli realizované v Statnom
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geologickom Ustave Dionyza Stira (SGUDS) — oddelenie
aplikovanej technoldgie nerastnych surovin (ATNS) v KoSiciach.
Chemické analyzy zrealizovali Geoanalytické laboratoria
SGUDS v SpiSskej Novej Vsi: Obsah CO, bol uréeny metdédou
vysokoteplotnej oxidacie amanometrie, CaO a MgO boli stanovené
rontgenofluorescenénou spektroskopiou, FeO odmernou analyzou
a strata Zihanim gravimetrickou metédou.

Produkty karbonatizacie a nezreagovanych zvyskov po
odfiltrovani (filtracné kolace) boli studované optickym mikroskopom
a elektrénovou mikrosondou Cameca SX 100 v SGUDS v Brati-
slave. Analytické parametre merania boli pri 15 kV a intenzite
liéa 5 nA pri analyzach kyslych karbonatov a karbonatov a 20 nA
pri analyzach silikdtov a amorfnych faz. Analyzovana plocha
silikatov s priemerom okna 1 — 7 um sa menila podla velkosti
mineralu alebo objektu vo vybruse. Kyslé karbonaty a karbonaty
sa analyzovali oknom 7 — 20 um. Cas snimania jedného prvku bol
10 s alebo 25 s pre F. Detekény limit pre jednotlivé prvky bol mensi
nez 0,05 hm. %, s chybou +1-sigma.

Ziskané vysledky a diskusia
Vstupna vzorka popolceka

Testovany popoléek vzorky P je presne charakterizovany
svojimi mineralogickymi, chemickymi a zrnitostnymi parametrami
(tab. 1 a 2). Pritomnost Eastic popol¢eka velkosti pod 1 mm bola
dominujuca (viac ako 99,97 %), ba dokonca aj v triede pod
0,02 mm dosahovala 48,35 %. Vstupné pH suspenzie bolo 7.
Vstupna vzorka popol¢eka P (obr. 1a) obsahovala pred umelou
karbonatizaciou 98,3 obj. % amorfnej fazy, uhlika a podruzny
obsah apatitu a anhydritu. Maximalny obsah kalcitu a aragonitu
bol 1,7 hm. %. Amorfné fazy silikatovej taveniny mali gulovity tvar
a uzatvarali uhlik, ktory bol pritomny aj v matrixe vstupnej vzorky
spolu s apatitom (obr. 2a). Gulovity tvar amorfnej silikatovej fazy
indikuje rychle chladnutie taveniny na ceste zo spalovacej komory
k elektrostatickym separatorom. Amorfné fazy maju premenlivy
obsah SiO, (hm. %), Al,O5, CaO, FeO, MgO, K0, TiO, a rézne
chemické zloZenie, napr. Si-Al-Ca, Si-Al-Ti, Ti-Si-Al. V. amorfnych
fazach je obsah chemicky viazanej vody alebo OH skupiny nizky
v rozsahu 1,94 — 3,89 hm. %.

Vysledky laboratérnych vyskumov umelej karbonatizacie
popolceka s CO,

Technologické parametre laboratérnych skuSok v tab. 3 — 7
jednoznacéne preukazuju vytvaranie produktov z filtratov s obsa-
hom vykrystalizovanych karbonatovych mineralov (predovSetkym
kalcit + aragonit; obr. 1b) s Cistotou v rozmedzi 43,9 — 56,6 %
a s prirastkom hmotnostnych vynosov zrazanych produktov
v rozmedzi 0,54 — 0,92 %. Na preukazanie vzniku karbonatov
sme pocas prvych Siestich skusok (P1, P4, P7, P10, P13 a P16)
analyzovali separatne filtracné kolaCe a vyzrazané produkty
(tab. 4). DalSie reakcie (P19-P48; tab. 3 a 5 — 7) optimalizovali
reakéné parametre pre najefektivnejSiu karbonatizaciu, a preto
sme analyzovali iba nedelené reakéné produkty, ktoré vznikli
reakciami pri réznych kombinaciach troch rozdielnych tepl6t (22,
35 a 50 °C), tlakov (2,5, 5,0 a 7,5 MPa) a pri dizke reakcii 1, 2, 3
a 6 hodin. Kvalitativne mineralne zlozenie vzorky popoléeka
a jeho karbonatizovanych produktov prezentuju tab. 5 — 7.

Novovytvoreny kalcit s obsahom molekuly MgCO; vznikol
z katiénov Ca a Mg, ktoré sa do suspenzie uvolili z amorfnej
fazy s obsahom CaO a MgO. Sprievodnym mineralom vo
vykrys$talizovanych produktoch je bassanit. V porovnani
bilancie CO, vo vstupnej vzorke P 0,76 hm. % s obsahom CO,
v novovytvorenych karbonatovych produktoch min. 19,3 a max.
24,9 hm. % (produkty reakcii P6 a P9) je CO, viazané (likvidované)
v novotvorenych karbonatoch v zavislosti od reakénych podmienok
v rozsahu 18,54 — 24,14 hm. %.

Reakcie pri laboratornej teplote 22 °C v suspenzii H,O +
CO, pri meniacich sa tlakovych podmienkach a dizke trvania
reakcii su zobrazené v tab. 4 a 5. Amorfné fazy vo vstupnej

vzorke P a amorfné fazy vzorky P5 su podla vztahu obsahu
Si+Ti a obsahu Fe(total)+S+Ca+K+Na+Mn+P+Al v diagrame
v priamej substitucii s vyraznou medzerou v nemiesatelnosti tychto
obsahov (obr. 3). Takéto vlastnosti priamej chemickej substitucie
s medzerou nemieSatelnosti pevného roztoku maju fazy
s Ciastocne usporiadanou krystalovou mriezkou (obr. 2a — c, 3).
Relikty amorfnych faz pozostévaju z dvoch typov: nehydratované
a hydratované (tab. 8). V pripade hydratovanych amorfnych faz
je obsah chemicky viazanej vody a/alebo vody v OH~ skupine
v rozsahu 2,06 — 2,41 hm. % (tab. 8), ¢o koreSponduje s obsahom
vody vo vstupnej vzorke popoléeka P (1,94 — 3,89 %).

Produktom umelej karbonatizacie popoléeka je vyzrazany
produkt (P6; obr. 1b) tvoreny zmesou kalcitu s obsahom molekuly
MgCOj; a bassanitu (obr. 4, 2c — d). Alotriomorfné zrna Mg kalcitu
obaluje bassanit, z ¢oho vyplyva, ze Mg kalcit krystalizoval pred
bassanitom (obr. 2d). Vztah Mg kalcitu a bassanitu indikuje,
Ze krystalizacia tychto mineralov prebiehala v dvoch etapach.
Najskor krystalizoval Mg kalcit, ktorého katiény Ca a Mg sa do
suspenzie uvolnili z amorfnej fazy s obsahom CaO a MgO. Neskor
krystalizoval bassanit, ktory pravdepodobne vznikol hydrataciou
anhydritu.

Udaje v tab. 4 potvrdzuju, ze vysledkom umelej karbonatizacie
vzorky popol¢eka s naslednou krystalizaciou z filtratu je vznik
CaCOgj; (kalcitu a aragonitu). Vo filtraénom kolaci a v nedelenych
produktoch karbonatizacie sa v malych mnozstvach vyskytoval
tiez kremen, mullit, hematit a maghemit. Kalcit (+ aragonit)
v tychto produktoch rtg. analyzou identifikovany nebol z dévodu
jeho pritomnosti v akcesorickom az vedlajSom mnozstve a citlivosti
metdédy, pricom chemické analyzy potvrdili jeho pritomnost
pomocou stanovenych obsahov oxidu uhli¢itého.

Pri teplote 22 °C, tlaku 5 MPa a trvani procesu 2 hodiny bol
dosiahnuty najvyssi prirastok hmotnostného vynosu nedeleného
produktu +0,70 % s obsahom CaCOj; 9,8 % s narastom viazania
sa CO, oproti vstupu o 3,56 % (P13; tab. 5).

Pri teplote 35 °C, tlaku 5 MPa a trvani procesu 3 hodiny bol
dosiahnuty najvyssi prirastok hmotnostného vynosu nedeleného
produktu +0,58 % s obsahom CaCOj; 11,0 % s narastom viazania
sa CO, oproti vstupu o 4,10 % (P32; tab. 6).

Pri teplote 50 °C, tlaku 5 MPa a trvani procesu 6 hodin bol
dosiahnuty najvyssi prirastok hmotnostného vynosu nedeleného
produktu +0,44 % s obsahom CaCO; 8,6 % s narastom viazania
sa CO, oproti vstupu o 3,03 % (P47; tab. 7).

Z uvedenych vysledkov vyplyva, Zze vSetky sledované
ukazovatele umelej karbonatizacie materialu vzorky P su si
velmi blizke, a preto za optimalne parametre z realizovanych
laboratérnych skusok nedelenych produktov sa méze povazovat
tlak CO, 5 MPa v trvani pdsobenia 2 hodiny pri laboratérnej
teplote 22 °C (reakcia s produktom P13), ¢o indikuje, ze ohrev
reakénej zmesi nie je potrebny. Z dosiahnutych vysledkov
karbonatizacie vzorky P sa ukazuje experimentalna skuto¢nost,
Ze pri rastucej teplote suspenzie (22 °C — 35 °C — 50 °C) klesa
hodnota prirastkov hmotnostnych vynosov produktov (0,70 % —
0,58 % — 0,44 %). Hmotnostné vynosy klesali tiez paradoxne
s predlzovanim ¢asu pésobenia CO, na suspenziu (2 - 3 — 6
hodin). Tento fakt je spdsobeny pravdepodobne prechodom ¢Casti
oxidu uhli¢itého z tekutej fazy do plynnej fazy zvySovanim teploty,
¢im sa znizi reaktivita CO, v porovnani s reaktivitou kvapalného
systému H,O + CO,.

Umeld karbonatizacia stabilizuje popoléek rozpustanim
anhydritu a tiez nestabilnej amorfnej fazy bohatej na CaO zmesou
H,O + CO, a vznikom stabilnych mineralov bassanitu a kalcitu.
Ucinnost karbonatizacie je priamo umerna mnozstvu amorfnej
fazy bohatej na CaO, ktoru obsahuje popolCek pred reakciou.
Ucinnost karbonatizacie tiez zavisi od mnozstva anhydritu
v popol¢eku a charakteru viazania sa siry. V désledku nizkeho
obsahu anhydritu a amorfnej fazy bohatej na CaO (3 obj. %)
v popoléeku reakcia s H,O + CO, vyprodukovala malé mnozstvo
bassanitu a kalcitu. Napriek tomu metodika umelej karbonatizacie
hald popol¢eka po spalovani ¢ierneho uhlia vedie k stabilizacii
tychto hald, lebo sa znizi reaktivita ich komponentov pri pdsobeni
kyslych dazdov, a tym poSkodzovanie Zivotného prostredia.



Mineralia Slovaca, 43 (2011), 95 — 110
Web ISSN 1338-3523, ISSN 0369-2086
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Geochemical characteristics of the soil evolution on the top of reclaimed tailing
impoundment near Smolnicka Huta village (Slovakia)

Ten years ago approximately, the dried surface of the tailing impoundment near the
abandoned pyrite deposit in Smolnik was recovered by 10—15 cm thick wood-waste layer,
forested by pine plants. Goal of our study is to present results of geochemical activity in the mine
waste, especially mobilization of potentially toxic elements and its impact on the (anthropogenic)
soil formation. Samples were collected from points regularly distributed on the top of tailing
impoundment in three horizon depths (10-20 cm, 40-50 cm and 70-80 cm) to document the
acidification of the dry-remediation cover and underlying tailing/mud and sulphate (depth 40-50
cm) distribution. Documented pH changes, mainly decreasing pH values below 5.5, respectively
below 4, occurred on the dam-side part of impoundment, where prevailed more dried and aerated
conditions, favourable for pyrite oxidation than in the mountain-side ones. The acido-basic
reactions or neutralizing potential of the tailing impoundment (top part) were done according to
USEPA static test, verified by the Net Carbonate Values test and by the result of modal minerals
account based on chemical data. The pH distribution is interesting, however no other simple
correlation of pH with sulphates, organic carbon (TOC), carbonate carbon (TIC), Fe and other
non—residual (mobile) part of elements can be interpreted in the whole sample set. However,
some correlation occurs between Fe and Cu and both with pH (positively) mainly, negatively with
sulphate ion contents in soil/mud in vertical profile in the point samples. The iron content and
corresponding amount of secondary Fe oxides indicate potential, increasing of active-surface
area of soils. Active surface area of minerals can probably influence on geochemical reaction and
bioavailability of elements. By this way we can exactly evaluate environmental risk in larger scale.
Only simplify risk assessment account are presented in this article. Two ratios — contrast (K) and
concentration enrichment ratio (CER), were calculated from values of non residual content of Fe,
Al, Cu, Zn, Pb and As, divided by the common local/Smolnik and the Slovak average values of
element to express K resp. CER in the uppermost part — the soil horizon.

Key words: pyrite, neutralization potential, iron oxide, mobile elements, organic matter

Uvod

Rekultivacia banskych odkalisk, osobitne s obsahom
sulfidov, je komplexna uloha, vyzadujuca si okrem
primarneho zabezpecenia stability hradze odkaliska
a optimalizacie hydrologického rezimu aj kontrolu tvorby
a mobilizacie nebezpecnych — rizikovych latok, ktoré sa mbézu
v odkalisku nachadzat. Podstatnu ulohu v rieSeni uvedenych
a dalSich rizik zohravaju povrchové — rekultivaéné vrstvy
vysu$enych odkalisk, osobitne z dlhodobého hladiska.

Kld€ovou ulohou pre banské odpady so sulfidmi je
vytvorenie vhodnej rekultivaénej vrstvy. Ako dokumentovali
mnohé Studie z celého sveta, oxidacia sulfidov mbze viest
k tvorbe kyseliny sirovej, ktora nemusi byt v prostredi
dostato¢ne eliminovana neutralizaénymi reakciami
mineralov v odkaliskovom materiali, najma pri nizkom
obsahu karbonatov (Nordstrom, 1982; Jambor a Blowes,
1994; Lintnerova, 1996; Lintnerova et al., 2010; Younger
et al., 2002). V nekarbonatovom prostredi, osobitne
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v prevzduSnenej ¢asti odkaliska, méze v désledku oxidacie
sulfidov na povrchu alebo v nenasytenej (freatickej) zéne
dochadzat k okysleniu presakujucich meteorickych véd
a porovych roztokov a postupne k vymyvaniu rozpustenych
(alkalie, alkalické zeminy) a neskor v kyslom prostredi
mobilnych prvkov zo sulfidov (pyrit — Fe, S, Cu, As a. i), ako
aj silikatovych mineralov (Al, Fe). Tento zakladny proces
oxidacie sulfidov (pyritu) v koneénom désledku ovplyvni
zlozenie drenaznych véd, ale aj vlastnosti povrchovych
vrstiev odkaliska, vratane rekultivaénych vrstiev, ktoré
maju obvykle slizit ako prostredie pre rozvoj vegetacie.
Vyznamnym aspektom je tvorba siranov a oxyhydroxidov
Fe ako produktov oxidacie sulfidickych mineralov, ktoré
maju osobitné vyznamné vlastnosti pre pddy. Sulfidy
zvysuju mnozstvo rozpustnych soli v pdde, oxyhydroxidy Fe
zasadne ovplyviuju mobilizaciu idnov v pédach (katiénov
aj aniénov), ovplyvnuju vlastnosti organickej zlozky pédy
a modifikuju aj iné procesy minimalne na fyzikalno-
-chemickych rozhraniach v pdéde (Hiemsta et al., 2010;



96 Mineralia Slovaca, 43 (2011)

Malamoud et al., 2009; Mé&dI et al., 2007; Wagai a Mayer,
2007). Preto je ddlezité pri rekultivacii zabezpecit, aby sa
procesy oxidacie, luhovania, mobilizacie a pod. rozvijali
¢o najmenej a v kone¢nom dosledku rekultivaéné vrstvy
oddelili antropogénnu pédu od telesa banského odpadu.

Cielom nasho projektu je osobitne skumat tieto procesy
v rekultivacnej vrstve odkaliska pri Smolniku a dokumentovat
ich vplyv na mobilizaciu prvkov za predpokladu, Ze tvorba
oxyhydroxidov Fe mo6ze byt v dosledku oxidacie sulfidov
vyznamne vyssia ako v beznych pédach, ¢o m6ze ovplyvnit
akumuléciu alebo stabilizaciu organickej hmoty (,humusu®)
ako podmienky pddnej urodnosti, ale aj iné vlastnosti
pody. V tejto praci chceme preukazat, ako sa meni pddna
reakcia v povrchovej ¢asti odkaliska a v rekultivaénej vrstve
v suvislosti s potencialnou produkciou acidity v typickom
pyritovom odkalisku a aky je vplyv pH na distribuciu/re-
distribuciu vybranych rizikovych prvkov, osobitne
s dérazom na tvorbu Fe-oxidovych mineralnych faz. Ako
dokumentuju mnohé prace o mobilizacii a fytotoxicite
kovov a inych idénov, kritickym parametrom mobility je
prave pédna reakcia (Bigham et al., 1996; Dubikova et al.,
2002; Lintnerova, 2002; Nordstrom a Alper, 1999). AvSak
len samotna zavislost medzi mnozstvom prvkov a pH
nie je obvykle dostac¢ujucou informéciou pre hodnotenie,
vysvetlenie a predpovedanie procesov v antropogénnej
pode. K detailnejSej prognéze aktivity ,polutantov”
z banskych odpadov bude potrebné zhodnotit celkovu
geochemicku aktivitu mineralneho odpadu, ¢o je zamer
dlhodobejsieho projektu. Ukazuje sa, ze osobitne potrebné
je hodnotit aktivitu povrchu pédnych Castic, kde dochadza
k najvyznamnejSim chemickym a biochemickym reakciam
(Hiemsta et al., 2010; Malamoud et al., 2009; Wagai
aMayer, 2007, ai.). RieSenie r6znych vztahov v polyfazovom
prostredi péd si vSak vyzaduje ziskat podrobné poznatky
o jednotlivych zlozkach a podmienkach, ¢o chceme
prezentovat vysledkami v tejto praci.

Environmentalna charakteristika objektu

Odkalisko flotaéného kalu z uzatvoreného pyritového
loziska Smolnik bolo rekultivované v rokoch 1998 — 1999
tradi¢nou metdédou — vysudenim povrchu a zalesnenim.
Napriek tomu, ze boli robené viaceré environmentalne
Studie o nepriaznivom vplyve oxidacie pyritu na vlastnosti
vod a ostatnych zloziek prostredia, v ramci rekultivacie
bol povrch odkaliska pokryty len tenkou vrstvou drevného
odpadu (pilin, drevnej Stiepky). Do tejto vrstvy boli
vysadené prevazne borovice (Lintnerova et al., 2010). Tento
jednoduchy a pravdepodobne aj lacnejsi postup sa zasadne
liS5i od modelu rekultivacie pre odpady v naSich normach,
alebo odporucéanych medzinarodnymi organizaciami,
ktoré pre sulfidické odkaliska navrhuju viacvrstvovy
systém s izolaénymi, drenaznymi, fixatno-vegetaénymi a i.
funkciami vrstiev. V su€asnosti uz nevyhovuje ani europskej
legislative o narabani s banskymi odpadmi resp. mal by byt
optimalizovany aj v suvislosti s legislativou (Smernica EP
aER?2006/21/ES), ktora bolaimplementovana do slovenskej
(Zakon NR SR 514/2008), hoci platnost (splnitelnost)
legislativy pre opustené banské diela mbze byt sporna.

V oblasti opusteného loziska Smolnik pracujeme od
roku 1995 a vyuzivame ju ako modelové Uzemie Studia
vplyvu kyslych banskych voéd na prostredie, najméa
z hladiska dlhodobého rizika opustenych banskych
diel (Lintnerova et al., 2006, 2010; Sucha et al., 1996).
V poslednom obdobi sme sa zamerali na Stadium
vlastnosti a vplyvu vznikajucich produktov oxidécie pyritu
v odpadoch na prirodnej a antropogénnej péde v okoli
banskych diel z rézneho obdobia (Lintnerova et al., 2007,
2010; Toth, 2009; Soltés, 2007). Pre dihodobejSie Studium je
vhodna najmé rekultivovana plocha povrchu odkaliska pri
Smolnickej Hute, ktoré vzniklo z tazby opusteného loziska
Smolnik. Dokumentovanym rizikom tohto trvalého uloZiska
banského odpadu so sulfidmi je tvorba drenaznych véd
s nadlimitnym obsahom SO,2-, Fe a suspendovanych
latok, najméa oxyhydroxidov Fe, ale aj zvySenym obsahom
Cu a As. Ich tvorba zvySuje pretrvavajucu kontaminaciu
potoka Smolnik banskymi/drendznymi vodami. Odkalisko
prispieva ku kontaminécii potoka rozpustenymi latkami,
ale aj nerozpustenymi vo forme suspenzii. Suspendované
latky vznikaju pri vystupe banskych véd z odkaliska, ale
aj po zmieSani banskych vod s vodou potoka. Do potoka
sa dostavaju aj rozrusenim/rozplavenim sedimentov, ktoré
sa hromadia pod odkaliskom. Suspenzie obsahuju vysoké
koncentracie typickych prvkov z pyritovych odpadov (okrem
Fe su to najma As, Cu, Zn, Mn), ale aj prvky zo silikatov,
ktoré boli luhované kyslymi produktmi, najma Al, Mg, Ca, K
(Lintnerova et al., 2006, 2010). Zo zlozenia drenaznych vod
je zrejmé, Ze v telese odkaliska dochadza k chemickym
reakciam a mobilizacii prvkov. Jednou z pravdepodobnych
pri€in toho je, Ze nebola vybudovand ochranné vrstva,
ktora by branila oxidacii pyritu na odkalisku. Cielom
rekultivacie odkaliska by malo byt, okrem iného (stabilita
a zabranenie erdzie materidlu/telesa, pokles prasnej
kontaminacie a pod.), aj zlepSenie kvality vytekajucich
drenaznych vdéd. Hoci povrch odkaliska vyzera relativne
priaznivo, pretoze velka ¢ast je pokryta rozvijajucou sa
lesnou vegetaciou, odkalisko zostava trvalym zdrojom
kontaminacie povrchovych vod a nie je jasné, ¢i sa toto
riziko meni (Lintnerova et al., 2010). Z hladiska vedeckého
poznania preto poskytuje viacero nametov na vyskum.
Zamerali sme sa na Studium rekultivaénej vrstvy, kde
chceme ziskat porovnatelné poznatky a data o stave vrstvy
a progndézovanie jej vyvoja do buducnosti. Z vyskumu
by malo logicky vyplynut, ¢i pouzity spésob rekultivacie
mbze zabezpedlit vyvoj pédneho systému a za akych
podmienok by mohol byt povazovany za postacujuci, resp.
optimalizovany aj v suvislosti s legislativou o banskych
odpadoch, ktora omnoho jednoznaénejSie uréuje postupy
pri rekultivacii odkalisk so sulfidmi ako potencialnymi
zdrojmi trvalého znecistenia vodnych zdrojov.

Metodika
Odber a priprava vzoriek
Na vyskum povrchu odkaliska sme odobrali zakladny

subor vzoriek z 29 bodov v pravidelnej sieti na povrchu
odkaliska (obr. 1). Vzorky boli odoberané v troch vrstvach
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0 — 20, 40 — 50, 80 — 100 cm. V niektorych bodoch, ktoré
vykazovali pri odbere vzoriek odliSné vonkajsie vlastnosti,
indikujuce stuperi/hibku oxidécie, zmenu pH a pod. (najméa
sfarbenie, spevnenie, nasytenie vodou), boli okrem
uvedenych troch horizontov odobrané dalSie vzorky —
podla hibky pozorovaného prejavu. Tieto miesta/sondy st
sucastou siete a uz pri odbere sa predpokladalo, ze budu
podrobnejsie skumané. Takto sme ziskali dalSich cca 10
vzoriek. Z bodov 8 a 9, kde bol material/kal nasyteny vodou
uz v hibke 40 — 50 cm a indikoval niz&iu mieru oxidacie
a vyssie potencialne zachovanie sulfidov, sme odobrali dve
velké (s hmotnostou priblizne 2 — 3 kg) vzorky na Stadium
primarnych sulfidov, analyzu zrnitosti a iné testy. Blizkost
vzoriek v sieti odberov je vzhladom na obvykly spésob
naplavovania kalu do odkaliska pocas jeho prevadzky
zaroven testom ,homogenity materialu®

V8etky vzorky boli odoberané ruénym pdédnym
vrtakom, hmotnost vzorky bola priblizne 500 g. Vzorky boli
vysu$ené, sitované pod 1 mm a homogenizované. Podiel
priemernej vzorky uréenej na chemické a mineralogické
analyzy bol dalej rozomlety (pulverizovany) na obvyklu
analytickd jemnost v achatovom mlyne.

SMO1-4/08
% _smog-2/0ap\ %o
= ‘\\

Obr. 1. Orientacia odkaliska, jeho
rekultivovanej plochy so sietou
vzoriek na povrchu. Body mimo siete
na povrchu alebo na hradzi su starsie
a sluzia na urcité porovnavanie
niektorych parametrov, najma pH.
Je ich mozné identifikovat v praci
Lintnerova et al. (2010).

Fig. 1. Spatial orientation of tailing
impoundment and its regular
sampling points network. Sampling
points which are out of this network

(on the surface or on the slope

of impoundment) play the role in
comparison of some parameters 0
(pH mainly). It is possible to identify
them in publication by Lintnerova et
al. (2010).

‘Oé:\/ %

Laboratdrne prace a analyzy

Celkova charakteristika materialu bola robena chemicky
a mineralogicky. Analyzy boli zadané s cielom aktualizovat
alebo porovnat poznatky o materiali na Studovanom
povrchu odkaliska, variability zlozenia a potencidlu
materialu byt zdrojom kontamincie.

Celkova chemicka analyza materialu z troch vzoriek
(z rokov 2006, 2007, 2008) bola robena v laboratériu
ACME v Kanade (detaily su v Lintnerova et al., 2010).
Praskovu rtg. difrakénd metédu sme vyuzili na spresnenie
poznatkov 0 mineralnom zlozeni materialu a pritomnosti
novoutvorenych sekundarnych mineralov, analyzy boli
robené na PRIF UK (Solipha) a tiez v laboratériu GIU SAV.
Zrnitostné zlozenie materialu sme uréili na vzorkach 8
a 9 pomocou automatického sitovacieho zariadenia.Vzorky
boli rozdelené podla pouzitych sit do tried: nad 630 um, 630
az 90 um, 93 — 63 um, 63 — 40 um a pod 40 um. Pritomnost
mineralov bola overena Studiom frakcii pod binokularnou
lupou, rtg. difrakénou metédou praskovych preparatov
a Studiom separovanych zfn v SEM (PRIF UK, JEOL JXA
840A). Pritomnost pyritu sme sledovali v tazkych frakciach

~——570— vrstevnica

24  odber
o vzorky
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z jednotlivych zrnitostnych tried. V separovanych frakciach
sme zaznamenali aj pritomnost karbonatov, najméa dolomitu
a sideritu. Z tychto frakcii vzorky 8 a 9 boli v laboratériu
CGU v Prahe urobené kontrolné izotopové analyzy O a C
pre posudenie pévodu sideritu (Finigan MAT-2 hmotnostny
spektrometer).

Vo v8etkych vzorkach odoberanych v pravidelnej sieti
bolo stanovené pH. Na meranie bola pouzitad jemnozem
ziskana sitovanim, pH bolo stanovené vo vodnom (aktivne
pH) a 1M KCI roztoku (vymenné pH). Zmesi su ziskané
zmieSanim 10 g vzorky a 25 ml roztoku (1 : 2,5).

V strednej vrstve (vzorky z hibky 40 — 50) sme vo
vsetkych bodoch stanovili celkovy obsah SO,%. Analyza
bola roben4 klasickou gravimetrickou analyzou (GU PRIF
UK).

Zmeny v pH a obsahu SO, boli vyhodnotené ako
plodna distribucia v jednotlivych vrstvach s vyuzitim
programu ArcGIS 9.1 a upravené v grafickom programe
(Spanek, 2010). Komplexnejsie geochemické vyhodnotenie
sme urobili v siedmich sondach, kde boli ziskané poznatky
o neutralizaénom a acidifikaénom potenciali materialu,
obsahu organického a karbonatového (anorganického)
uhlika a distribucii potencialne rizikovych prvkov.

Neutralizaény/acidifikaény potencial materidlu na
povrchu odkaliska sme robili ako staticky test podla
metodiky US EPA: Acid Mine Drainage Prediction
(Lintnerova a Majercik, 2005; Lintnerova et al., 2010)
a dalSich upravenych metodik, zohladfujucich mineraine
zlozenie (Acid—Base Accounting Procedures, editovanych
Mills a Eeng, 2011; Lengke et al., 2010).

Zakladom pre stanovenie acidifikacného potencialu
(AP) je celkovy obsah S, najlepSie modifikovany
o obsah siranovej S. Obsah kyseliny sa prepocita
z celkového obsahu S a moélového pomeru S v H,SOy:
AP = 31,25 x % S. Celkovu S sme stanovili v 16 vzorkach
zo sond z najhlbSej Casti (cca 70 — 80 cm, pripadne
hibsSie) s relativne nezvetranym materidlom. Na odhad
neutralizaéného potencialu (NP) sme pouzili tzv. Fizz
test, kde sa vizudlne hodnoti tvorba a uvolfiovanie CO,
po pridani kyseliny do vzorky. Tento odhad sluzi pre
vyber vzoriek na analyzu. Neutraliza¢ny potencial sme
stanovili na zaklade spotreby kyseliny na neutralizaciu 1 g
vzorky kalu. Spotrebu kyseliny sme urcili spatnou titraciou
pridanej kyseliny (50 ml 0,1M HCI) do vzorky s presnym
roztokom 0,1M NaOH s pouzitim krezolovej €ervene
(0,1 % roztok vo vode) na indikaciu neutralizaéného

bodu. V danom reakénom prostredi sa osvedcil lepSie
ako fenolftalein (Lintnerova a Majercik, 2005). Spotrebovanu
HCI sme prepocitali na ekvivalent H,SO,, resp. CaCO;,
potrebného na jej neutralizaciu. Rozdiel medzi NP a AP
sa vyjadruje ako Cisty neutralizacny potencial — NNP.

Aktivnu tvorbu kyseliny mézeme simulovat oxidaciou
sulfidov H,0,. Vzniknuta kyselina sa taktiez mdze
kvantifikovat neutralizaénou odmernou analyzou. Do 2,5 g
vzorky sa pridalo 250 ml 15 % H,O, na oxidaciu sulfidov
za mierneho zahrievania v digestore poas minimalne
dvoch hodin. Vysledné pH sa stanovuje po ochladnuti
zmesi. Vytvorend kyselina sa stanovi po doplneni vzorky
na 250 ml deionizovanou vodou a presnym roztokom
NaOH. Vysledky tohto tzv. ,Net Acidity Generation“ testu
(NAG —-US EPA), uvadzame len ako pH-NAG, porovnavame
ich s pociato¢nou hodnotou pH vzoriek.

Obsah organického a karbonatového C boli stanovené
v laboratériu GU SAV v Banskej Bystrici (C-MAT 550
spektrometer). Prvoradym cielom bolo hodnotit podiel
organického C v rekultivaénej vrstve a jeho hibkov
distribuciu a overit pritomnost karbonatov, indikovanych
mineralogicky zo sond. Analyzy sme dalej efektivne vyuzili
na stanovenie neutralizaéného potencialu podla metodiky
Buckman (1997). Vysledkom je stanovenie ,Net Carbonate
Values“ (NCV) v % CO,. Pri vypoéte sa vychadza
z teoretického predpokladu, ze z jedného atému S
sa vytvori jedna molekula H,SO, a ta pri neutralizacii
uvolni jednu molekulu CO,, ktora zodpoveda 1 atdému
uhlika. NCV je sumou neutralizaéného potencialu ANP,
ktory pocitame z celkového (T) a reziduélneho (R) C (ANP
= 3,67-(C+— CR)) a kyselinu generujuceho potencialu AGP,
ktory sa rata z celkovej (T) a rezidualnej (R) S (AGP =-1,37
(St — Sg). Oznacenie rezidualneho obsahu C a S vyplyva
z metodiky stanovenia sulfidickej S a karbonatového C.
Hoci s€asti metodika vychadza z rovnakych udajov ako
NNP test, vyuzitie tohto prepoctu/testu umoznuje kontrolu
spravnosti, konfrontaciu s mineralnym zloZzenim (Lenke
et al., 2010) a v nasom pripade eliminuje chybu sp&sobenu
problematickou indikaciou neutralizaéného bodu v od-
mernej analyze pri vysSich obsahoch Fe a inych kovov.

Prvkova analyza bola robena ako stanovenie tzv.
nerezidualneho obsahu As, Cu, Mn, Zn, Al a Fe v subore
vzoriek z pédnych sond z 8 vybranych bodov (2, 8, 9,
10, 16, 18, 23, 29) uvedenej siete (obr. 1). Nazov metédy
bol odvodeny od slova reziduum, ktoré predstavuje
horninové mineraly — kremen, silikaty a pyrit. To znamena,

Tab. 1
Vysledky zrnitostnej analyzy vzoriek 8/40-50 a 9/50-60
The results of grain size analyses, samples 8/40-50 and 9/50-60

Vzorka >630 um 630 — 90 um 90 - 63 um 63 — 40 um <40 um DI
hmotnost (g)

9/40-50 8,1 38,79 29,79 16,9 409 974 g

9/40-50 8,8¢g 36,39 39,59 9,3¢g 3,39 972¢g

8/ 50-60 11,99 54,49 23,5 6,249 159 97549

8/50-60 7449 55,29 22,49 10,6 g 28¢g 98,49
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Ze stanovujeme mnozstvo prvkov vo fazach rozpustnych
v zriedenej HCI, najma& v novoutvorenych SO,2-
a v oxyhydroxidoch Fe, vznikajucich pri oxidacii pyritu.

Mnozstvo 1 g vzorky sme extrahovali z 50 ml 0,5 M
HCI poc¢as 16 hodin (cez noc) pri teplote 60 °C. Metodika
je preberana z prace Sutherland (2002). Upravu za tepla
sme zvolili pre efektivne rozpustenie Fe-oxyhydroxidov,
ktoré sa dominantne tvoria z pyritu na povrchu odkaliska
(Lintnerova et al., 2007, 2010, 2010a; Toth, 2009).
Nemdzeme vSak vyluit rozpustanie oxidov Fe, ktoré sa
tvorili zvetravanim Fe-chloritov, a Ciastoéné rozpustanie
dolomitu a sideritu. Av8ak z hladiska hodnotenia rizik to
nie je az tak rozhodujuce, pretoze kyslé roztoky tvorené
pri oxidacii mézu vyluhovat uvedené fazy. Z uvedeného
vSak vyplyva, Zze metodika je menej selektivna ako iné
sekvenéné postupy, ale zato jednoduchS$ia a vhodna na
zakladné porovnavacie Studium v pripade, ze vysledky
kombinujeme s celkovou analyzou materidlu (Bacon
a Davidson, 2008; Kubovéa, 2000). Analyzy prvkov
vo vyluhoch boli robené Standardnymi metodikami AAS
a ICP na GU PRIF UK v Bratislave.

Vysledky a diskusia
Charakteristika materialu odkaliska

Material odkaliska — kal (rmut) je jemne rozomlety
horninovy material, z ktorého bola oddelena uzitkova

— rudna zlozka. Odkalisko pri Smolniku sa vytvorilo najma
z Upravy pyritovej rudy z vulkanicko-sedimentarneho
loziska, v ktorom bola hlavnou uzitkovou zlozkou med
(Bartalsky et al., 1994). Flotaénou upravou sa ziskaval
pyritovy a medeny koncentrat, a preto sa na odkalisko
vypustal kal len s nizkym — zvySkovym podielom pyritu.
Sitovanim vzoriek sa ukazalo, ze najvac¢si podiel kalu
je v dvoch triedach zrnitosti — od 63 do 90 um a od 90 do
630 um. Ostatné triedy, teda hrubozrnnejsi a jemnozrnnejsi
material tvori menej ako 20 % vzorky a zastupenie ilovej
frakcie je pod 5 % (tab. 1). Zaroven vidime, ze vo vzorkach
len malo vzdialenych od seba je podiel hlavnych frakcii zfn
rozdielne velky. Je zrejmé, Ze nerovhomerné rozdelenie
zrnitostnych tried je dané uz primarnou distribuciou Castic
tuhej fazy rmutu v smere naplavovania do odkaliska, ¢o sa
odvija aj od pouzitej technolégie naplavovania a vlastnej
rychlosti sedimentécie pevnych ¢astic (Andras et al., 2009).
Ziskané udaje demonstruju lokalnu variabilitu a naznaduju,
ze rozdiely vo vzdialenejSich miestach — vzorkach mézu
byt omnoho vécésie, ¢o mdézeme potencialne zohladnit
neskoér pri interpretacii lokalnych anomalii vlastnosti
povrchovej rekultivovanej vrstvy. V takom pripade by v§ak
bolo potrebné poznatky o zrnitosti eSte doplnit.
Mineralogickd analyza dokumentuje dominantnu
pritomnost chloritu, sludy a kremera vo vzorkach
kalu z povrchu odkaliska, ¢o je v sulade s poznatkami
o horninovom zlozeni (Bartalsky et al., 1994; Vozarova
a lvani¢ka, 1973). V niektorych vzorkach je pritomny aj

Tab. 2
Obsah celkového uhlika (TC), celkového organického C (TOC) a anorganického (karbonatového) C (TIC) a jeho prepocet na CO,,
resp. formalnu molekulu CaCOj. Tzv. nerezidudlny obsah Fe vo vzorkach bol prepoéitany na formalnu goethitovd molekulu FeOOH
Total carbon content (TC), total organic carbon (TOC) and total inorganic (carbonate; TIC) and results of calculation TIC to CO,
and modal CaCO; molecule. So-called “non-residual” content of Fe of samples was calculated to modal goethite (FeOOH)

Vzorka TC TOC TIC CO, CaCOg Fe FeOOH
2/10-20 3,58 0,36 3,22 11,78 26,75 4,13 6,57
2/40-50 3,90 0,45 3,45 12,63 28,66 3,89 6,18
2/50-60 0,38 0,16 0,22 0,81 1,83 1,70 2,70
2/70-80 2,55 0,34 2,21 8,10 18,41 3,76 5,97
8/10-20 2,12 0,31 1,81 6,63 15,09 3,06 4,87
8/40-50 1,03 0,20 0,83 3,04 6,92 2,19 3,47
10/10-20 0,34 0,19 0,15 0,55 1,25 2,72 4,33
10/40 0,22 0,10 0,12 0,44 0,99 2,02 3,22
10/40-50 2,84 0,35 2,49 9,12 20,75 3,83 6,10
10/60 2,78 0,32 2,46 9,01 20,50 3,53 5,62
10/80 1,84 0,41 1,43 5,24 11,91 3,93 6,25
16/20 742 0,38 7,04 25,76 58,49 6,75 10,72
16/40-50 3,86 0,42 2,44 8,93 20,27 4,13 6,57
16/60-70 0,24 0,13 0,11 0,40 0,92 1,24 1,97
16/70-80 0,10 st. 0,10 0,37 0,83 1,55 2,46
16/90-95 0,12 st. 0,12 0,44 1,00 1,13 1,79
18/20 0,10 0,10 st. st. st. 2,86 4,55
18/40-50 1,95 0,37 1,58 5,78 13,12 4,36 6,93
18/50-60 0,29 0,15 0,14 0,51 1,17 1,57 2,50
18/70-80 1,57 0,22 1,35 4,95 11,25 3,66 5,81
23/10-20 1,38 0,30 1,08 3,95 8,97 4,04 6,42
23/40-50 st. st. st. st. st. 3,37 5,36
23/60-70 2,75 0,28 2,47 9,05 20,58 3,45 5,49
23/70-80 0,10 st. 0,10 0,37 0,83 1,77 2,82
29/20 0,50 0,32 0,18 0,66 1,50 2,15 3,42
29/40-50 1,78 0,35 1,43 5,23 11,88 3,17 5,04
29/70-80 0,98 0,27 0,71 2,60 5,92 2,91 4,63
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dolomit a siderit. Tieto karbonaty (+ ankerit) mézu zohrat
vyznamnu uUlohu pri formovani pédy v rekultivacnej vrstve,
pretoze vstupuju do neutralizaénych reakcii, pricom
modifikuju pédnu reakciu a tvoria nové mineralne fazy.
Pomerne vysoky obsah karbonatov a hodnoty izotopovych
pomerov 380 (od —14,87 do —13,78 %. V-PDB) a §'3C
(od —6,07 do —4,98 %. V-PDB) pomerne jasne indikuju
loziskovy pbévod karbonatov (Hurai et al., 2010). Obsah
karbonatov sme kvantifikovali formalnym prepoctom
karbonatového uhlika (TIC) na CaCQOs,, ktory sme stano-
vovali v 7 sondach (tab. 2). Kalcit ako mineralnu fazu sme
v materidli neidentifikovali. Prepolet ukazuje, ze karbonat
sa mbze nachadzat v povrchovej vrstve odkalisk v pomerne
vy§§om mnozstve, ako sme oCakavali — ¢asto nad 20 %
(tab. 2). Hoci Studované sondy je mozné cCiastocne
vnimat ako profil cez povrchovu Cast odkaliska, realnejSiu
predstavu o mineralnych fazach je potrebné doplnit
kvantitativnou mineralogickou analyzou vzoriek z plochy.

V rtg. difrakénych zaznamoch horninovych vzoriek je
mozné identifikovat aj pyrit, ale jeho obsah je na hranici
jednoznaéného stanovenia mineralnej fazy rtg. difrakénou
metddou (2 — 5 %). Pritomnost pyritu sme preto chceli
potvrdit priamo, vyskumom zrnitostnych a/alebo ,tazkych“
minerdlnych frakcii (obr. 2). Tazka mineralna frakcia vzoriek
8/40-50 a 9/50-60 je tvorena najma pyritom, v hrubsich
frakciach je pritomny aj karbonat (LiSka, 2011). Najvacsi
podiel pyritu sa nachadza v jemnozrnnejSich frakciach,
uplne dominuje vo frakcii pod 40 um. Povrch pyritovych
zfn indikuje jeho degradaciu baktériami. Na povrchu pyritu
sa pri rozpustani obvykle netvoria sekundarne mineraly
ako pri inych sulfidoch, ale dochadza k ,odhalovaniu®
krystalovych ploch pyritu na povrchu zfn. Plochy krysStalov
sa zachovavaju, ale dochadza k zmenSovaniu zfn, z ¢oho
vyplyva, ze rozpustanie je riadené najméa povrchovymi
reakciami. Vysledkom moze byt pozorovana akumulacia
pyritu vo frakcii pod 40 mikrometrov (obr. 2). Z hladiska
predpovede o trvani rozpustania sulfidov (pyritu) a priebehu
acidifikacnych procesov sa zda byt tento poznatok
vyznamny a mohol by poukazovat na uplné rozpustenie

Smolnik 3 HV:20 kV MAG:2000xSEl WD:39

Tab. 3

V tabulke je uvedeny celkovy obsah siranov zo vzoriek z hibky
40 — 50 cm (vSetky body vid. plo$na distriblicia SO,2") a obsah
celkovej siry, ale z hibky 40 — 50 cm a pH pod. Prepocet celkovej
siry na formalnu pyritovd molekulu indikuje maximalne mnozstvo

pyritu vo vzorke, pretoze nie je opravené o siranovu S
Total sulphate contents (depth level 40-50 cm — the all ones are
presented as the area distribution, Fig. 3), selected according

to total sulphur content (depth level 70—-80 cm) of the samples,
are presented in the table. Based on total S content the modal
pyrite content was accounted as potentially maximum
pyrite content in the sample

Vzorka Sirany pHy ,0 Vzorka TS Pyrit*
cm Y% cm % %
1/40-50 5,82 72

2/40-50 1,68 8,1 2/70-80 1,09 1,73
3/40-50 3,34 77

4/40-50 3,85 752 4/80 1,91 3,04
5/40-50 4,88 797 5/80 1,54 2,45
6/40-50 1,75 753 6/80-90 2,18 3,47
7/40-50 2,78 755

8/40-50 7,33 747 8/70-80 0,64 1,01
9/40-50 9,46 6,93

10/40-50 6,93 733 10/80 0,76 1,21
11/40-50 6,33 7,76

12/40-50 1,00 8,1 12/70-80 1,82 2,89

13/40-50 1,06 722
14/40-50 0,85 6,07
15/40-50 0,22 3,38
16/40-50 4,88 79

17/40-50 3,82 5,44
18/40-50 1,49 6,55
19/40-50 3,38 6,22
20/40-50 2,40 782
21/40-50 5,83 8,03
22/40-50 1,59 8,1

23/40-50 8,91 2,28
24/40-50 5,61 8,02

14/70-80 0,54 0,86
15/70-80 2,04 3,24
16/90-95 2,78 4,42

18/80 2,19 3,48
20/70-80 0,71 1,13

22/70-80 0,81 1,29
23/70-80 2,1 3,35

25/40-50 3,74 8,04 25/70-80 1,56 2,48
26/40-50 3,49 7,16
27/40-50 3,38 8,18 27/70-80 0,98 1,56
28/40-50 0,41 7,76
29/40-50 3,41 782 29/70-80 2,2 3,49

*prepocitané z celkovej TS (celkova sira)

———

.
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Smolnik 3 HV:20 kV MAG:2700xSEI WD:39
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Obr. 2. Zrné pyritu z tazkej frakcie vzorky 9 so stopami po rozpustani — jamky s Ciasto¢ne zachovanym kryStalovym

ohrani¢enim, bez stdp po raste sekundarnych mineralov.

Fig. 2. Pyrite crystals of the ore (“heavy”) grain fraction separated by bromoform from the sample No. 9. Etch pits with
crystal shape without secondary minerals indicate the pyrite dissolution.
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pyritu v kratkej dobe a tym padom aj na vy&erpanie zdroja
acidifikacie. AvSak mletie a Uprava zrejme ovplyvnili velkost
krehkych zfn pyritu, ¢o mohlo ovplyvnit aj pozorované
rozdelenie, takze malé zrna nemusia znamenat intenzivne
rozpustanie. Okrem toho pyrit sa méze zachovavat aj
v zrnach inych mineralov. Predpoklad o skorom spotrebovani
pyritu je preto vhodné overit experimentalne a/alebo
geochemickym modelovanim z viacerych miest a hibok.

Poznatky z mineralogického S$tudia sme doplnili
orientacnym prepoc¢tom obsahu celkovej S na pyrit
zo 17 vzoriek z najhlbSieho Studovaného horizontu
(tab. 3). Vysledky su v dobrej zhode s odhadmi pyritu
zo ,semikvantitativneho” vyhodnotenia rtg. difrakénych
zaznamov a vyhodnotenia tazkych frakcii. Indikuju
relativne nizky obsah rezidudlneho pyritu v hibke cca 80
az 90 cm pod povrchom.

Pre vzorky z povrchu odkaliska je typicka pritomnost
oxidov/oxyhydroxidov Fe, ktoré sa prejavuju zltym az
okrovym sfarbenim materialu. M6zu mat horninovy pévod
(primarny), ale predpokladame, Ze sa tvoria najméa oxidaciou
pyritu a vyzrazanim z roztokov priamo v odkalisku, na
mineralnych povrchoch a medzi zrnami (Lintnerova et al.,
2010). Zo skusenosti vieme, ze mineralogicka identifikacia
tychto jemnozrnnych az amorfnych faz je stazena nielen
v horninovych/pbdnych vzorkach, ale aj v prirodnych aku-
mulovanych formach vyzrazanych z véd (zrazeniny, a preto
sa pri ich identifikacii ¢asto kombinuju mineralogické
a chemické metddy; Jambor a Blowes, 1994; Lintnerova,1996;
Lintnerova et al., 1999; Soltés, 2007). Na environmentalne
ucely a ciele tejto prace bol odhad ich obsahu robeny
z chemickych analyz Fe po rozpustani zriedenou HCI
(nerezidudlny podiel) a hodnoty boli dalej prepocitavané
na goethit (tab. 2). Vysledky naznacuju pomerne vysoky
podiel novoutvorenych mineralov v povrchovej vrstve (2 az
10 %, tab. 2), priéom ich rozdelenie v sondéch s hibkou je
na prvy pohlad ndhodné, ¢o bude este dalej podrobnejSie

SO, (40-50) 510~

o 570 ursteunica

QR . ot 2,

[ Joz21-250
[ 250-369
3,69-4,74
B ¢+ 74-6.41
Bl c41-945

0 100 m
—

Obr. 3. Plodna distriblicia obsahov celkovych siranov analyzovanych
vo vzorkach z hibky 40 — 50 cm.

Fig. 3. Area distribution of total sulphate content analysed in the
horizon of 40-50 cm.

dokumentované. Orientacny prepocet a mineralogické
Studium, okrem iného aj zistenie o mnozstve karbonatov
(tab. 2), ukazuju, Zze bude potrebné urobit sekvenénu
analyzu Fe-faz, aby sa dal presnejSie urcit obsah tychto
mineralov a odliSit lahko sa redukujuce fazy typu ferrihydrit
od tazSie redukujucich sa faz typu goethit, pripadne hematit
a magnetit, liSiace sa svojimi povrchovymi vlastnostami,
vyznamnymi pre vznikajuce poédy (Poulton a Canfield, 2005;
Malamound et al., 2009; Hiemsta et al., 2010, a i.).

Na povrchu odkaliska so sulfidmi (a aj v rekultivacnej
vrstve/pdde) sa mézu Gasto tvorit SO,2~ ako sekundarne
mineraly. Mineralogicky boli overované vo vzorkach
s vysokym obsahom SO,?- (tab. 3), ktoré sme sledovali
v hibke 40 — 50 cm. Predpokladali sme, Ze v tejto hibke
moéze dochadzat k akumulacii soli v désledku vyluhovania
z povrchu, vzlinania roztokov zo spodnej Casti a tiez
v désledku vhodnych podmienok pre zachovanie
sekundarnych siranov (obr. 3). Napriek zvySenym obsahom
S0O,% len vo vzorkdch 1 a 23 sme identifikovali sadrovec
a vo vzorke 23 (40 — 50 cm) bol indikovany jarosit, pripadne
mohol byt pritomny aj iny Al siran. Pred rekultivaciou bolo
mozné sadrovec pozorovat, ako evaporitové vykvety na
povrchu odkaliska, spolu s oxyhydroxidmi Fe. Jarosit
a schwertmannit sa tvorili vyzrazanim zo silno kyslych
roztokov alebo vyluhov aj na povrchu mineralnych zin
v odkalisku, ale najma v zrazeninach pod odkaliskom
v drenaznych kanaloch (Lintnerova et al., 1999, 20086,
2010: Soltés, 2007). Na povrchu odkaliska sme sekundarne
sirany v ¢ase odberu vzoriek neidentifikovali, su rozpustné
a ich tvorba je zavisla od povrchovych podmienok (vihkost,
oxid4cia a i.), ¢asto sa menia na jemnozrnny goethit.

Meranie pH, plona a hibkova distribucia

Vzhladom na to, ze proces oxidacie sulfatov a tvorby
kyseliny sirovej je hlavnhym environmentalnym problémom
sulfidickych odkalisk, zakladnou metodikou pri Studiu je
vyhodnotenie pH pdd. KedZe ide o pomerne nenarocné
meranie, urobili sme ho vo vSetkych vzorkach a vysledky
boli pouzité ako vychodiskovy parameter pre dalSie geo-
chemické Stadium. Okrem porovnania s réznymi starSimi
udajmi, ktoré mézeme (nepriamo) pouzit na porovnanie
postupu alebo Ustup procesu oxidacie, sme vytvorili ploSné
zobrazenie pH v troch horizontoch a sledovali sme relativne
zmeny (obr. 4). Vychodiskové pH hodnoty su dostupné
v praci LiSku (2011). Zo zobrazenia aktualneho pH v kale
vidime, ze vzorky (miesta/material) na vzduSnom obvode
alebo na strane hradze su relativne kyslejSie ako prilahlé
k svahu, kde je reakcia takmer neutralna (slabo kysla
az slabo alkalicka). Najvacsie vychylky v pH su lokalne
a nespojité — ako v ploche, tak aj s hibkou.

Na povrchu (10 — 20 cm) sme zaznamenali dve miesta
s najnizSou pH hodnotou v okoli bodov 13, 14, 15 a v okoli
bodu 18 (pH 3 — 4) na vzduSnom okraji hradze (obr. 4).
V hibke 40 — 50 cm najkyslejsie miesta boli v bodoch 15
a 23, ale okolie bodu 18 bolo uz neutralnejsie. V spodnom
horizonte relativne najkyslejSia pédna reakcia je stale
v okoli bodu 15, ale najma v bode 16 (obr. 4). Pri€inu
lokalnych zmien mézeme hladat v lokalne vy$Som obsahu
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pH (10-20)

~——570— vrstevnica

24 odber
[ vzorky

Bl :e7-35
35-45
45-55

P s5-75
B 75-807

pH (70- 80)

~——570— vrstevnica
24 odber

o Viony
B 5.44-55
N 55-6,5
A [es5-75
Bl 7555
T >

pyritu, ¢o dokumentuje aj prepocet v tab. 3. V bodoch
15 a 16 je skutoCne vysSi podiel pyritu (3 az 4,4 %)
a funguje ako aktivny zdroj acidifikacie. Obdobne v bode
18 je tiez vy$si podiel prepoéitaného pyritu v hibke 70 az
80 cm, ale v men&ej hibke pH dramaticky kleslo a tento
pokles indikuje hibku (lokdlnu polohu) oxidadného frontu.
Moézeme len Spekulovat, ¢i to bolo spésobené skér vySSou
nepriepustnostou alebo vys$sim nasytenim vodou, pretoze
takéto detailné udaje nemame. O nieco viac vysledkov
o pH mame z jednotlivych sond (2, 10, 8, 16, 18, 23, 29),
ktoré vSak vzhladom na pozorovanu variabilitu nie je
mozné prepojit do Ciastkovych profilov.

Pozorované zmeny pH mézeme davat do spojitosti
skér so zrnitostnou nehomogenitou kalu, pérovitostou/prie-
pustnostou a inymi vlastnostami, ktoré suvisia so zadrzia-
vanim vody, teda aj s mineralnym zlozenim. HlbSie Casti
su v dosledku vahy nadlozia viacej ulahnuté/stlacené,
€o tiez znizuje prenikanie vzduSného kyslika (a aj vody)
do materialu aj bez zmien mineraldgie.

pH (40-50)

570~ vrstevnica

24 odber
() vzorky

B 22s-35
35-45
45-55

[ s5-75

Bl 75-8.18

Obr. 4. Plosna distribacia aktivneho pH (pHHzo) na povrchu
odkaliska zostavena z hodnét merani zo vzoriek odobratych
z hibkovych drovni 10 — 20 cm, 40 — 50 a 70 — 80 cm 29 vzoriek
na celom povrchu odkaliska.

Fig. 4. Values of “active” pH (pHHzo) visualized as the area
distribution based on the data from 10—20 cm, 40-50 cm and
70-80 cm horizons of the 29 samples from the whole surface
area of tailing impoundment.

Neutralizaény potencial kalu

Pri vyskume materialu odkalisk sa ¢asto pouziva
stanovovanie tzv. neutralizaéného potencialu, pri
ktorom sa jednoduchymi metdédami ziska subor
nepriamych udajov o vlastnostiach materialu a priebehu
acidobazickych reakcii v nich. Vyhodou je, Ze je mozné
postupy kombinovat, a tak ziskat komplexnu informéciu
o procesoch v odkalisku. Ako bolo uvedené v metodike,
pouzili sme tzv. statické testy, resp. stanovenie
neutralizacného potencialu NP, potencialu tvorit kyslost
— AP, z ktorych sme vyratali Cisty neutralizaény potencial
NPP ako mnozstvo CaCOj potrebné na neutralizaciu
H,SO,, ktord sa vytvorila oxidaciou pyritu (tab. 4).
Vypocet AP vychadza z celkového obsahu S (% S x
31,25). Zaroven sme sledovali aktivnu tvorbu kyseliny zo
sulfidov s vyuzitim H,O, ako oxida¢ného Cinidla.Vysledok
sme znazornili (tab. 4) ako zmenu pH v pévodnej vzorke
(aktivne pHgc)) a po oxidacii pH-NAG. Negativne hodnoty
hovoria o nizkom neutralizaénom potenciali, pozitivne
o dostato€nom, hoci v uvedenej metodike hodnoty
od —20 do +20 g CaCOj na 1 kg vzorky sa odporuca
hodnotit opatrne, ako nejednoznaéné. Ziskané hodnoty
z povrchu odkaliska z hibky cca 80 ¢cm sa pohybuju
v rozsahu —87 do 178 g CaCO3 na kg materialu. Vztah
medzi NPP a pH-NAG (obr. 5) ukazuje, ze 4 vzorky
zo suboru su odlisné — maju vysoky NNP a neprodukuju
kyselinu. Ako sme uz uviedli, v ¢asti vzoriek su pri-
tomné karbonaty (siderit, dolomit) vo vy§§om obsahu
(tab. 2), ktoré zodpovedaju za pozorovanu zmenu. V pri-
pade pritomnosti sideritu sa odporuca robit korekciu
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Tab. 4
Hodnotenie neutralizaéného potencialu vzoriek z odkaliska.
Acidifikacny (AP), neutralizacny (NP) a Cisty neutralizacny
potencial NNP (= NP-AP), pH-NAG — pH po oxidacii
peroxidom vodika
Acid base accounting of the tailing samples: AP — acidity
production, NP — neutralizing potential, NNP — net neutralizing
potential NNP (= NP-AP), NAG — net acid generation
pH-NAG — pH after sample oxidation by hydrogen peroxide

Vzorka pHkei Siot AP NP NPP NAG pH
% g-kg™' CaCOgq
2/70-80 785 1,09 34 151 117 6,75
4/80 742 1,91 60 17 -43 8,50
5/80 8,14 1,54 48 15 -33 9,18
6/80-90 746 2,18 68 42 —26 nd
8/70-80 747 0,64 20 0 =20 719
10/80 6,36 0,76 24 0 -24 3,32
12/70-80 6,89 1,82 57 0 -57 2,40
14/70-80 746 0,54 17 0 -17 2,97
15/70-80 6,177 2,04 64 0 —-64 3,50
16/90-95 456 2,78 87 0 -87 2,10
18/70-80 735 2,19 68 42 —26 6,56
20/70-80 774 0,71 22 200 178 8,58
22/70-80 8,13 0,81 25 146 121 758
23/70-80 715 2,1 66 0 —66 2,73
25/70-80 7,69 1,56 49 171 122 6,79
27/70-80 8,08 0,98 31 30 -1 n.d
29/70-80 784 2,20 69 17 -52 6,58

NNP (Mills a Eeng, 2011). Siderit je karbonat, ktory
sa rozpusta pomaly a uvolfiuje Fe (ll), ten sa oxiduje
a tvori hydroxid ako kone¢ny produkt. Teoreticky méze
Fe (lll) hydrolyzou vody uvolnit ekvivalentné mnozstvo
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H*, takZe sa neutralizaény efekt karbonatu eliminuje
(Jambor a Blowes, 1994; Lintnerova, 2002). V realnych
podmienkach vS§ak rozhodujucu ulohu zohrava najma
vychodiskové mnozstvo pyritu a karbonatu, vratane
sideritu, a celkova kinetika oxida¢ného rozpustania.
Na hodnotenie sa preto vyuzivaju testy, ktoré empiricky
overuju kinetiku rozpustania (kinetické testy) alebo
zohladnuju mineralne zlozenie (US EPA).

Vysoky obsah sideritu nie je typicky pre odpad
zo Studovaného pyritového loziska a zrejme mdze ist aj
o primieSany/premiestneny material z okolitych sideritovych
lozisk (nevieme o tom, ze by bol su¢astou rekultivacie).
Ide o komplikaciu, ktora sa vSak méze pri hodnoteni ban-
skych odkalisk objavit pomerne €asto, resp. pravidelne.

V tab. 5 uvadzame hodnotenie neutralizaéného
potencialu odkaliska z prepoctu obsahu karbonatového
uhlika (tab. 2 a 5) podla metodiky Buckmana (1997).
Vysledky su uvedené ako % obsah CO,, ktory sa uvolni pri
(rovnovéaznej) neutralizacii H,SO, (vznikajucej zo sulfidov).
Vysledky m6zeme porovnat s hodnotami v tab. 4 a tiez
posudit ich spravnost v nadvaznosti na mineralogicku
analyzu vzoriek. Napr. vzorka z bodu 2 obsahuje karbonat
vo vy$$om mnozstve, ¢o v hibke cca 1 m pri nizkom podiele
pyritu vychadza ako silno alkalické prostredie. Rovnaké
hodnotenie indikuje NNP test, hoci po oxidacii sulfidov
H,0, sa pH znizilo (tab. 4, obr. 6). Tato indikacia vzniku
kyslosti m6ze byt vyznamna, najma ak je karbonat pritomny
vo forme sideritu. Porovnanie potvrdzuje, ze kvantitativha
mineralogicka analyza bude prinaSat spolahlivejSie
hodnotenie, najmé pre progndzovanie vyvoja vzhladom na
rekultivaénu vrstvu.

200 10
Obr. 5. Zavislost medzi NNP (g-kg™' 150 f—NPP NAGpH ’
CaCO,) a pH-NAG, ktora indikuje = - 8
vyznamnost mineralneho zlozenia & 100 7
— a zrejme aj inych faktorov — pri ~§ / 6
hodnoteni acido-bazickej aktivity & ¢ ‘ ‘ 2
odkaliska. g, 3
Fig. 5. Correlation between NPP = o ! l g. . 0'0 - - Q \ I !
(kg CaCOy) and pHNAG indicated 5 50 P \TAS N # & L RE 15 b B be° & Sle o LB 3
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Tab. 5
Neutraliza¢ny potencial stanoveny ako NCV podla metodiky Buckmana (1978) v €asti vzoriek zo suboru z tab. 2
TIC — celkovy anorganicky uhlik sa vyuZziva na vypocet ANP, AGP — vypocita sa z Sy,;. Postup je uvedeny v metodike

Neutralizing potential accounting as NCV (Net Carbonate Value) —

Buckman (1978) in a part of tailing samples (Tab. 2)

TIC is a base to account ANP (acid neutralizing potential) and AGP (acid generating potential)

Vzorka TIC Siot ANP AGP NCV CaCOg3 hodnotenie

% % % CO, % CO, % CO, g-kg‘1
2/70-80 2,21 1,09 9,36 -0,80 8,56 194,38 silno alkalicky
10/80 1,43 0,76 6,75 -0,55 6,20 140,00 stredne alkalicky
16/90-95 0,12 2,78 0,44 -2,03 -1,59 —-36,00 stredne kysly
18/70-80 1,35 2,19 5,76 -1,60 4,16 94,50 stredne alkalicky
23/70-80 0,10 2,11 0,37 -1,54 -1,17 —26,63 stredne kysly
29/70-80 0,71 2,20 3,60 -1,61 1,99 45,19 slabo alkalicky
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Chemickeé prvky odkaliska a hodnotenie rizika

Vychodiskom pre posudenie geochemického rizika
banského odpadu méze byt celkové chemické zlozenie
odkaliskového kalu (tab. 6, Lintnerova et al., 2010).
V minulosti boli vyélenené prvky (Fe, Al, Cu, As, Zn,
Pb, Mn, S, Se a i.), ktoré by mohli predstavovat hlavné
geochemické riziko, vzhladom na mineralne a geochemické
zlozenie loziska (Jasko et al., 1996; Lintnerova, 1996;
Lintnerova et al., 1999, 2006, 2010; Soltés, 2007; Sucha
et al., 1996, a i.). Celkové chemické analyzy potvrdili
spravnost vyberu, ale tiez skuto¢nost, ze realne riziko
je potrebné hodnotit pecificky a vyhodnotit obsah prvkov
pritomnych v chemicky menej stabilnych mineralnych
fazach (aj novoutvorenych). VSeobecne hovorime o hod-
noteni mobility alebo biopristupnosti prvkov a suvisi nielen
s chemickymi vlastnostami prvkov a ich zlu€enin, ale aj
s prostredim, v ktorom sa nachadzaju. Kedze v pédach
alebo na rozhrani banského odpadu a antropogénnej
pody pdsobi su¢asne mnoho komponentov a faktorov,
na hodnotenie miery mobilizacie rizikovych prvkov sme
pouzili metodiku stanovenia tzv. nerezidualneho obsahu
prvkov (Sutherland, 2002; Lintnerova et al., 2007, 2010;
Téth, 2009; Liska, 2011). V tab. 7 a 8 uvddzame nerezidualne

Tab. 6
Celkova chemicka analyza vzoriek kalu. Na vypocty sme pouzili
vzorku SM9-40-50 dalSie detaily su v monografii
Lintnerovej et al. (2010)
Total chemical analysis of tailing samples. Analysis of the sample
SM9-40-50 is used in calculation. More details
in Lintnerova et al. (2010)

Analyt./vzorka SMODO06 SMOD07  SM 9-40-50
SiO, (%) 52,94 65,64 61,88
ALO; (%) 16,52 11,08 10,23
Fe,0s (%) 11,83 11,04 14,88
MgO (%) 2,63 3,04 3,54
Ca0 (%) 0,36 0,46 0,25
Na,O (%) 0,38 0,14 0,05
K,O (%) 3,04 2,06 1,19
TiO, (%) 0,69 0,56 0,52
P05 (%) 0,28 0,1 0,1
MnO (%) 0,24 0,17 0,16
Cr,05 (%) 0,01 0,008 0,009
H,0 (-) % 11,3 5,5 7
TOT/C (%) 2,68 0,71 0,41
TOT/S (%) 0,09 1,00 2,74
Ba (mg-kg™) 550 305 373
Sn (mg-kg™) 18 10 14
V (mg-kg™) 101 64 53
Mo (mg-kg™) 1,8 0,4 0,9
Cu (mg-kg™) 5275 182 380,8
Pb (mg-kg™) 120,6 11,6 874
Zn (mg-kg™) 192 55 194
Ni (mg-kg™) 41,8 245 21,9
As (mg-kg™) 139,6 86 173,3
Cd (mg-kg™") 0,5 <0,1 0,3
Sb (mg-kg™) 11,2 5,7 6,5
Bi (mg-kg™") 6,4 18 6,5
Ag (mg-kg™) 1,2 0,2 1,4
Au (mg-kg™) 13,5 17,4 23,1
Hg (mg-kg™") 0,69 0,16 0,73
Se (mg-kg™) 1,4 0,6 2

pHkei

-
Ke

CER*

As
mg-kg™'

ER Ko

C

Fe
mg-kg™

CER*

-
Ke

Tab. 7
Nerezidualne obsahy prvkov stanovené lihovanim 0,5 HCI za tepla a ich hodnotenie: Kpo** = nerezidudlny obsah prvku/celkovy obsah prvku — péda Smolnik**,

Zn

mg-kg™

CER* = nerezidualny obsah/celkovy obsah — pody Slovensko*
Ko™

The non-residual content of selected elements, determined in 0.5 M HCI extract of samples Kx** = non-residual content of element/total content of element

in the soil from the Smolnik area** (local standard), CER* = non-residual content of element/average total content of elements in the Slovak soils*
CER* Kp** Pb CER*
mg-kg™

Cu
mg-kg™’

Vzorka
hibka v cm

2/10-20

8/10-20

10/10-20
16/10-20
18/10-20
23/10-20
29/10-20

7,0
118,0

30 000
80 000

58,0
238

17,0
148

17,0
548

Slovensko*
Smolnik/7N**




non-residual content/total content in the sample 9

nerezidualny obsah/celkovy obsah v materiali — vzorka 9

Tab. 8

Obsahy tzv. nerezidualneho podielu prvkov v materidli odkaliska pod rekultivaénou vrstvou a hodnotenie rizika pomocou Ky
The content of non-residual part of elements in tailing under the soil cover and the evaluation of risk on the base of the contrast ratio — Ky,
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(mobilizovatelné) obsahy prvkov a riziko alebo

mieru znecistenia prvkov vyjadrujeme ako pomer

] 0FVYN [PVRRNG REBETRNT nerezidualneho obsahu prvku k celkovému obsahu
T GNNNN GNNOENNGCONFHONNGN prvku v materidli, alebo v péde a oznacujeme ho
ako kontrast (K). Pre povrchovu vrstvu (10 — 20 cm),

resp. antropogénnu pddu (P) sme pre vypocet

s | 95805 -NgIsngarwRyea~gxeg | pomeru (Kp) pouZili celkovd hodnotu prvku
x SO0 C0O0C0000000000ooooooo | v typicke)“ pdde z nivy potoka Smolnik pod bariou
(Lintnerové et al., 2007, 2010). Dalej uvadzame tzv.

- 6 © 16 Boo 0010100 oo Concentrat_ion,Enrichment Ratio (CEB — tab. _7),
2—.9 PR S i A VIR e 1Bl ok B ko]e nerezidualne obsghy poyrchovych vzoriek
g A-FoO= " ~A NN~ 96 N davame do pomeru s priemernym obsahom prvkov

v pédach Slovenska (Curlik a Seféik, 1999). Hoci

toto porovnanie s pédami nie je celkom korektné,

3 §§§§§§§E§§§§§§§§E§§§§§8 iné Udaje vyuzitelné pre postdenie antropogénneho
- znecistenia vlastne nie su dostupné. Podla pouzitej

porovnavacej hodnoty pouzitej v pomere ziskame

Llggrueegeggrgggornorwerwgeg dve hodn,otenia envirvqnme_ntélne.hov[i.zika alebo
&é ggifgzggggfxzﬁzgggﬁtf;g antropogénneho zneC|st.en|a.. Najvysslle hqdnoty
E | O rOANFrANOOO Tt rOOH—OA D CER, ktoré dokumentuju silné znecistenie, su
pre Cu (7 — 42), nizSie pre As (2 — 5), Pb (1 — 3)

. OO A M < O P 1 00 60 e O A O e Oy O L6 1 < O a Fe (1 — 2). CER hodnota celkovo vystihuje silné
N5IS53IIIS5S5335333333582 | (antropogénne) znecistenie v podach v porovnani

so slovenskym priemerom, resp. jasne poukazuje

na geochemicku (geogénnu) anomaliu v loZiskovej

CTE’ LR QY o ww . gL w0 oblasti. Ak je pomer vypocitany z lokalnych
NG | 90000l faNgoUNgNgooy Y porovnavacich hodn6ét (Kp), miera antropogénneho
S znecistenia sa hodnoti ako slaba alebo nizsia (Kp
nedosahuje orientaénu hodnotu silného znecistenia

< QAN OROINQORE AN B RA T nad 2 uvadzanu Sutherlandom, 2002). Pouzitim
X 0000000000000 000000000 — Kp sa zachovava hodnotenie relativnej rizikovosti
prvkov, pretoze jeho hodnoty indikuju vysSiu

_ mobilizaciu a akumulaciu Cu a Fe v porovnani
o9 vy 0 v 0 0 wwuw< | sAs, PbaZnv rekultivanej vrstve a aj v pddach
o gv RLESYIBRVITINITRLERILKELEE | v okolf loziska. Porovnavanim pomeru zistime,
ze tieto pody maju vysSie obsahy rizikovych prvkov

celkovo a aj v mobilizovatelnej forme, ako boli

3 QLINBNCBNHLBEB5A39NB88 | zistenév rgkultivalc“:nej vrstye na odkalisku (tab:6, v7
TOOONOCOOOT-rOO0OO0O00O00O00O0O0O 8 — Smolnik 7N, Lintnerova et al., 2007) a ktora lezi

na banskom odpade, bez vybudovania izola¢nych

Tcn wowoLotawREonw 2888 <y adrenéinychvrsftiev. % v p wer 1o
3 Zle NS NgoooasantloNnoCYas Na hodnotenlg hlk,>3|ch Casti sond sme poc[tall
gl SNFw - - O T AN® len pomer nereziduélneho obsahu vo vzorkach

k hodnotam z celkovej analyzy vzorky 9/40-50

0 e 50 G < €5 D O D e O © D O 1D O U 1D O D U O (v tab: 6)a pomerozna@’:ujeme ako K,,\,I (M —’materiél

~ g;;g;gggggg;;;g;ggggggg odkallslfa). Hodnoty sg’znovq relatlvng _nlzke, ale
spolahlivo dokumentuju rozdielnu aktivitu prvkov

v rdmci banského odpadu (Ky x 100 = % podiel

'I_O) NTNODDONONOT—MNOWAUNNOOTIONLD z celkového Obsahu). Vyééle pomery pre Fe, CU,
T | B580BRECBIGNABBETH8BRNS | Zn a Pb indikuju ich pritomnost v nerezidudlnych
E|mYQOANTQONNA-AUSTTNTNO—0DR | (minerdloch) fazach, a teda aj mobilizaciu

v dosledku oxidacie pyritu. Hodnotu vysSiu ako

1 mame len pri Cu, ¢o hovori o akumulacii Cu

£ 3 vo zvetranej vrstve kalu. Cu sa javi ako najcitlivejsi
oS %Sggg%ggggggggggggsgggg indikator antropogénngho znlgc":i’ster?ia. I?re Al
-I‘g% ggggggggggggggggggggggg ako mal{<roprvok typlgky rv)re S|I|k’atove re2|dugm
ST | NdAoos 22222220 RXRRORAAH uvedeny pomer nie je az tak nizky a ukazuje,
ze v odpadoch so sulfidmi méze byt mobilizacia

Al vyznamna (Bigham et al.,1996; Munk et al.,
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2002). V kyslom prostredi sa vyluhovany podiel Al méze
hromadit v novoutvorenych oxidoch Fe, alebo vstupovat do
menej stabilnych siranov. Hodnoty pomeru pre As su tiez
nizSie a mali by indikovat vdzbu na minerdlne reziduum
v povrchovej vrstve. AvSak vysSia hodnota pomeru As
v niektorych vzorkach indikuje mobilizaciu a akumulaciu
v nerezidualnej faze alebo aj vyluhovanie a odnos As
z odkaliska. Vzhladom na vSeobecne vysoku toxicitu As aj
mensie prejavy potencialnej mobility mézu byt vyznamné
(Lintnerova et al., 2010, 2010a).

Z vyslednych hodnotiacich pomerov, porovnanych
s pédami v okoli opusteného loziska, sa méze javit,
ze odkalisko nie je silnym zdrojom znedcistenia. Hodnotili
sme obsahy prvkov len povrchovej vrstvy odkaliska
a v rekultivaénej vrstve ako vysledok kratkodobych pro-
cesov, kedze pdda na odkalisku sa tvori len cca 10 rokov.
Preto nie je mozné robit zavery pre celé odkalisko. Tieto
prvé komplexnejSie poznatky su vyznamné, pretoze
priebeh mobilizacie a akumulacie potencialne toxickych
prvkov spojeny s oxidaciou a rozkladom sulfidov/pyritu
mdze byt podstatny prave na zaciatku tvorby pod.

Cely subor — sondy

Mineralia Slovaca, 43 (2011)

Zavislost mikroprvkov od pH, SO,2-, TOC
a obsahu karbonatov

Akumulaciu/stabilizaciu prvkov v rekultivacnej vrstve
okrem pociato¢ného obsahu prvkov vyznamne modifikuju
aj dalSie geochemické podmienky, z ktorych posudime za-
vislosti medzi pH, obsahom SO,?, organického C, pripadne
mineraineho uhlika v sondéch do hibky cca jedného metra.
Distribuciu prvkov v zavislosti od uvedenych parametrov
a hibky vzoriek v sondach sa pokusime zdokumentovat
pomocou vybranych grafov, ktoré boli kontruované z udajov
uvedenych v tabulkéch (tab. 2 az 8).

Porovnanie hibkovej distriblcie prvkov v jednotlivych
sondach je pre interpretaciu vyznamné, pretoze v celom
subore (7 sond — 29 vzoriek) nenachadzame priamu
zavislost skoro v ziadnej dvojici parametrov, teda ani
vo vztahu medzi pH a mobilnejSimi/rizikovejSimi (Cu,
Fe, obr. 6) alebo menej rizikovymi prvkami, ako vy$lo
z hodnét K a CER. Osobitné postavenie — ako hlavna zlozka
uvolnena z odpadov — ma Fe, ktoré svojimi geochemickymi
vlastnostami ovplyvhuje spravanie ostatnych prvkov.

Cely stibor — sondy

10 80000
8 s o - , : o
5 ‘r ”, "y 60000 Obr. 6. Vztah medzi nerezidualnym
) * 2 40000 e o ¢ obsahom Fe a pH a Fe a Cu v celom
4 L 78 g > ¢ subore vzoriek.
L 4 > " ) .
2 * £ 20000 Fig. 6. Relation between non-residual
0 o Fe content and pH, non-residual
0 20000 40000 60000 80000 0 200 400 600, 800 1000 content of Fe and Cu in the whole
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O. Lintnerova et al.: Geochemické charakteristika vyvoja péd na povrchu rekultivovaného odkaliska pri Smolnickej Hute

V jednotlivych sondéch vidime urcitu zavislost
prvkov a pH, ale nie je rovnaka ani v dvoch sondach
s nizkym pH (obr. 7). Pokles pH v danej hibke sa od
distribucie Fe prejavuje rézne, pretoze je ovplyvneny aj
redox podmienkami a tvorbou mineralnych faz Fe, a ich
relativnou stabilitou alebo transformaciou na stabilnejSiu
fazu. To sa prejavi aj v obsahu ostatnych prvkov, ktoré su
pritomné v menSom mnozstve ako Fe a su rézne zahrnuté
do vyzrazavanych faz Fe (Lintnerova, 1996; Lintnerova et
al., 1999, 2010). Najvacsiu afinitu k Fe prejavuje Cu, ale ani
tu nie je zavislost Uplne jednostranna (obr. 6, 7).

Vazbu katiénov — kovov na povrchovo-aktivne fazy
(najma oxidy Fe, ily a i.) riadi pH a/alebo dalSie faktory,
ovplyvfiujuce obsadenie povrchového naboja a tvorbu
komplexov (Stumm a Sulzberger, 1992; Lintnerova, 2002).
Okrem koncentracie prvku je to aj forma vystupovania,
€o sa opisuje povrchovym nabojom a velkostou i6nu. Takze
aj pritomnost SO,2~ (a inych aniénov) mdéze modifikovat
mobilitu alebo stabilizaciu prvkov — kovov. Hoci obsah
S0,2- zo siedmich sond pozname len z 40 — 50 cm hibky
(tab. 3), preukazala sa rozdielna zavislost voci prvkom.
Obsah Fe a Cu viac-menej Umerne klesa s rastom SO,
to mdéze znamenat, ze rastici obsah SO,2~ negativne
vplyva na akumulaciu prvkov v pevnej faze alebo
v podach (obr. 8). Zavislost medzi Zn a SO, nie je mozné
$pecifikovat, ale obsah As, Al a Pb rastie s obsahom SO~

107

ibnov a mdze indikovat aj tvorbu sekundarnych siranov
(Al a Pb) a pripadne aniénovu substitdciu As na povrchoch
oxidov Fe. Ako bolo uvedené, v povrchovej vrstve bol
identifikovany sadrovec, jarosit, pripadne aj iné Al sulfaty.
Pri vy§§om pH (obr. 9) méze dochadzat k desorpcii SO42-
zpovrchov oxyhydroxidov Fe (nahradzované OH-), o mbze
byt délezité z hladiska vylihovania SO,%- z odkaliska.

Celkové obsahy TOC (celkovy organicky C) su relativne
nizke (st. az 0,4 %) a napriek tomu, ze povrch odkaliska
bol pokryty drevnym odpadom a na povrchu je vegetacia,
logicky predpoklad o hromadeni/distribucii organického
C pri povrchu sa nasimi analyzami nepotvrdzuje (tab.
2, obr. 10). TOC hodnota méze len velmi orientaéne
dokumentovat pritomnost organickej hmoty v pode, lebo
to nie je Specificky parameter a neurcuje kvalitu organickej
hmoty. Vytvorenie antropogénnej pody je zlozity proces,
ktorému po rekultivacii mala napomahat vrstva organického
— drevného odpadu ako zaklad pre vytvorenie vhodnejsich
fyzikalnych a mechanickych vlastnosti pre rast vegetacie,
zadrzanie vlahy a v désledku vlastného rozpadu podporit
tvorbu humusového horizontu. Vytvaranie kvalitného
humusového horizontu je vSak zavislé od aktivneho rastu
vegetacie a biochemickej aktivity mikroorganizmov.

Urcitu zavislost mézeme sledovat medzi TOC a obsahom
Fe (obr. 10, 11), ¢o by mohlo indikovat predpokladanu
suvislost medzi aktivnym povrchom oxidov Fe a zachyta-

50000 4000
y=187.81x +1373,9 @®
3500 . *
_;:0000 3000 R* = 0,4945
30000 £ 2500 * &
g & 2000 *®
320000 = 1500
= y =-2361x +45636 @ P 4
10000 R* =0,5403
g 500
0 0
0 2 do, 5 8 10 0 2 s (% 6 8 10
Obr. 8. Zavislost medzi obsahom 500 120
siranov a nerezidualnymi podielmi L J P
prvkov v sondach. Zdrojové Udaje -:D 400 y =-43,015x +437,01 100 y =4,2841x +7,4408
zo vSetkych sond z hibky 40 — 50 cm, < 65 R*=0,8312 —; 80 R?=0,203
zdrojové Udaje su v tab. 3 a v tab. 8. £ = 60
Fig. 8. Correlation between total 3 200 & 0
sulphate content and non-residual 100 < P
element content in the sampling 20 <* 2 *
point, source data are from all 4 0
sampling points (40-50 cm depth). 0 2 5‘{,4(%) 6 8 10 0 2 0, (%) 6 8 10
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9
8
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3
Obr. 9. Zavislost celkového obsahu =3 \ A
siranov a pH v odkalisku v hibkovej =2
Grovni 40 — 50 cm. o | I Elnm. | | I -
Fig. 9. Correlation between total ZREITRIEELRREE 2R R RR588R%
sulphate content and pH values S EITEERTTSEIEIEEESSEEEESESECE
- N N i O MO\"N(’HVW\ORMO\O-—'NMQYW\O[\DOO\
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in horizon 40-50 cm of the tailing
impoundment.
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vanim organickej hmoty tymito mineralnymi fazami (Wagai
a Mayer, 2007; Hiemsta et al., 2009). Je zname, ze pritom-
nost TOC vyznamne ovplyvriuje vliastnosti povrchovo aktiv-
nych mineralnych faz v désledku vymennych reakcii, resp.
obsadenim miest pre tvorbu povrchovych komplexov a okrem
toho méze vyznamne menit aj pH a redox reakcie v pdde.
Z toho vyplyva, Zze modifikuje aj akumulaciu potencialne
mobilizovanych alebo vylihovanych prvkov prinaSanych
z banského odpadu, ako to dokumentuje aj graf zavislosti
TOC — Cu pre cely subor (obr. 10) z jednotlivych sond. Prvé
vyhodnotenie ukazuje, ze mnozstvo a akumulacia organickej
hmoty mézu byt ovplyvnené aj pritomnostou karbonatov
(obr. 10). Hoci sme mineralogicky identifikovali pritomnost
len menej rozpustnych mineralov (dolomit, siderit), uhlicitany
v povrchovej vrstve musia zohravat vyznamnu ulohu ako pri
formovani pH p&d, tak aj pri stabilizacii mineralnych faz (napr.
FeOOH), ale aj organickej hmoty a v koneénom désledku
transformacii kalu na urodnu vrstvu (obr. 11). Vztah medzi
TOC a oxidmi Fe méze byt kli¢ovym pre formovanie pod

Mineralia Slovaca, 43 (2011)

na odkalisku, je osobitne skumany na zaklade Speciali-
zovaného Studia povrchovych vlastnosti mineralnych faz
a bude interpretovany s vyuzitim réznych geochemickych
modelov (Wagai a Mayer, 2007; Wagai et al., 2009).

Zaver

Cielom nasho projektu je charakterizovat a hodnotit
rozvoj poédotvornych procesov v rekultivaénej vrstve,
ktora by z dlhodobého pohladu mala zlepsit az eliminovat
geochemické environmentalne rizika odkaliska pri
Smolnickej Hute. Vyznamnou ulohou z hladiska formovania
sa antropddy je pritomnost produktov oxidacie pyritu, najma
Fe siranov a oxyhydroxidov Fe, a potencialna mobilita
prvkov, ktoré sa uvolfuju z banského odpadu. Napriek
tomu, ze sa problematike venujeme uz dlhSie obdobie
a stale ziskavame nové cenné vysledky, nemézeme opisat
a interpretovat fungovanie geochemickych systémov tak,
aby sme mohli predpovedat vyvoj environmentalnych

B 0,6
. 0,5
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- g 9, <
s R?=0,47 04 ®, &
o4 0,475 & g0,3 to 000 00
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=02 & ® y-7806x+00188 S%° zavislosti TOC s TIC, Fe, Cu a pre-
01 ’ /P ) =30 o pocitanych (modalnych) molekul
p POV R"=0,3846 Uzo - 3 CaCO, s FeOOH (tab. 2).
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rizik na odkalisku alebo v jeho povrchovej ¢asti. Ziskané
poznatky mézeme zhrnut do nasledujucich bodov.

1. Na zaklade analyzy vzoriek z povrchu odkaliska v troch
hibkovych drovniach sme preukazali rozsah acidifikacie
antropogénnej pody a povrchovej vrstvy. Vyraznejsi
pokles pH v p6de/materiali pod 5,5 (resp. pod pH 4) sme
zaznamenali na vzduSnom obvode odkaliska skér lokalne
— v povrchovej a strednej trovni. Z vysledkov, vratane testov
neutralizaéného potencialu, vyplynulo, ze okyslovanie
je ovplyvnené lokalne primarnym nahromadenim pyritu
a zmenami zrnitosti (prienik oxidantov) a obsahu karbonatov
(siderit, dolomit), ktoré miestami presahuju 20 % obsah.

2. Zistenu vysoku koncentraciu siranov v strednej
vrstve hodnotime ako vyznamné geochemicke riziko, ktoré
vplyva na stabilizaciu sledovanych prvkov, transformaciu
mineralnych faz, zasolovanie rekultivacnej vrstvy, mobilitu
siranov meteorickou/drenéznou vodou a iné procesy.

3. Nerezidualny obsah prvkov v povrchovej vrstve
odkaliska dokumentuje zvySenu mobilitu sledovanych
prvkov — Fe, Al, Cu, As, Pb a Zn. Vypocet obidvoch
parametrov (kontrastu — K a koncentraéného pomeru
— CER umoziuje objektivnejSie odliSit antropogénnu
kontaminaciu z banskej ¢innosti od prirodzenej geo-
chemickej kontaminacie v loziskovej oblasti, ¢o je dblezité
najma pre planovanie rekultivacii.

Z hladiska uspesnosti rekultivacie pozorovany stav
nemdzeme podla geochemickych poznatkov povazovat
za uspokojivy a odkalisko (zatial) za dlhodobo bezpecné.
Proces oxidacie sulfidov a akumulacie mobilizovatelnych
zloziek v povrchovej vrstve stale prebieha, ¢o negativne
ovplyvni formovanie antropogénnej pody. Okrem iného
to indikuje aj slaba miera akumulacie organického C,
€o je v8ak potrebné lepsSie preskimat, najma v spojitosti
s tvorbou aktivnych mineralnych faz — oxidov Fe.
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Geochemical characteristics of the soil evolution on the top of reclaimed
tailing impoundment near Smolnicka Huta village (Slovakia)

Pyrite oxidation is a major source of environmental risk on mine
tailings, especially if comes from processing of the sulphide ores.
Low-sulphide waste (<10 %) was saved into the tailing impoundment
despite of pyrite dominancy in the Smolnik ore deposit. This was
caused by the pyrite ore processing/obtaining pyrite concentrate from
the ore cf. Bartalsky et al., 1994; Lintnerova et al., 2010. Ten years ago
approximately, dried surface of the tailing impoundment near Smolnicka
Huta village was recovered by 10—15 cm thick wood-waste layer, forested
by pine plants. Nevertheless of this simple remediation technique, the
plants have growth to trees. This is the best part of impoundment area.
Only some parts of impoundment have been barren till now.

In drainage water removed from tailing, a higher content of element
in dissolved and suspended form causes permanent level of mine-
derived pollution of the Smolnik creek catchment (Lintnerova et al.,
2006). Lots of specific environmental questions can be solved in this
area, moreover with the questions about the long-continuing effectively
of the used reclamation technique.

Goal of our study is to present geochemical activity of the mine
waste, especially mobilization of potentially toxic elements and its
impact on (anthropogenic) soil evolution. Results of some intermittent
study of point sample could not document a state and evolution of the
top soil. Some results obtained from samples are not responsible to
document a current conditions and soil formation on the top of tailing
impoundment. Samples for this project were collected from points
regularly covering the top of tailing impoundment in tree horizon depths
(10—20 cm, 40-50 cm and 70-80 cm) to document the acidification
of dry-remediation cover and underlying tailing/mud. Schemes of pH
and sulphate distribution are the base for more specific analyses of
samples from 8 selected points (probes) from them (Ns. 2, 8, 9, 10,
16, 18, 23, 29) and two representative samples (samples 9/50-60 and
8/40-50). Grain size analyses, mineral composition of sample and
heavy vs. light mineral fraction results are combined with content of
total S, total SO,2~ ion and mobile form of Fe to document a pyrite
dissolution, comparison of pyrite content and occurrence of new
(secondary) minerals, mainly sulphates and Fe oxides. These minerals
can play an important role in processes of potentially toxic element
re-mobilization in tailing impoundment. The same may be applied for
stabilization of toxic elements in solid phase in soil horizon and in
accumulations related to organic matter.

All of these processes are also important to (trans)form acido-basic
balance. Acido-basic reactions or neutralizing potentials of the tailing (top
part) were carried out according to US EPA static test and verified by NCV

(Net Carbonate Values) test and also by the results of modal minerals
(pyrite, calcite, goethite) accounts obtained from chemical analyses. Total
chemical analyses of tailing impoundment and analyses of mobile — so-
-called “non-residual” part of selected, potentially risk elements (Fe, Al,
As, Pb, Zn and Cu) extracted by 0.5 M HCI were used to evaluate the
geochemical risk (Sutherland, 2002; Lintnerova et al., 2007).

It was found that pH values can change from site to site in vertical
and also in horizontal directions. Moderately increasing acidity occurred
mainly to dam-side area of the impoundment presented by more
suitable conditions for air-oxygen diffusion in the tailing impoundment
with the oxidation of pyrite grain, than in the mountain-side part. The
results of net neutralization potential varied from —78 to +178 g CaCO;,
per 1 kg of sample and identification of less soluble carbonate (siderite,
dolomite) documented complex cooperation of factors which control
acido-base balance in this open system. It is important that no direct
or simple correlation pH data with sulphates, organic carbon (TOC),
carbonate carbon (TIC — inorganic C), Fe and other non-residual
(more mobile) part of elements can be interpreted in the whole sample
set. Significant correlation occurred between Fe and Cu. Both of
these contents correlated negatively. Other elements (Al, Pb and As)
correlated with sulphate ions positively, however content of mobile part
is much lower than Fe.

Simple interpretable results occurred in the individually inspected
probes where more than 3 samples were selected, analysed parameters
can be interpreted with the probe depth. Two ratios — contrast (K) and
concentration enrichment ratio (CER) were calculated from values of
non-residual content of Fe, Al, Cu, Zn, Pb and As divided by common
local/Smolnik and the Slovak average values of element to express
K resp. CER in the uppermost part — soil horizon. Only K ratios were
calculated to express potential anthropogenic pollution of the tailing
in geochemically anomalous (deposit) area. The ratios offer different
view on classification of environmental risk (relative low according
to K and relative high according to CER). It is important to interpret
the results responsibly and correctly because of the right decision for
the remediation project. Permeable wood waste cover and developed
soil cannot prevent pyrite oxidation in the waste. Iron content and
corresponding amount of secondary Fe oxides indicate potential
increasing of active-surface area of the soils. Active surface area of
minerals probably control geochemical reaction and bioavailability of
element and can more exactly evaluate environmental risk. However
for obtaining representative data more detail experimental study in this
issue have to be done.
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Abstract

Global Navigation Satellite System (GNSS) receivers are used in many applications, including
geological mapping and surveying. Recently, the staff of the Department of Engineering Geology
at the State Geological Institute of Dionyz Stdr has adopted this technology and applied it in
the solutions of various tasks of civil engineering practice: such as inventory and monitoring
of landslides, construction of geological cross-sections, and contouring of specific geological
features. This paper presents various case studies, in which the application of this kind of devices
is being compared with classical methods of engineering geological practice.

Key words: corrections of code measurings, differential measurements, EGNOS, GNSS,

landslides, monitoring, SKPOS

Introduction

Engineering geologists have always wanted to study
the evolution of the particular geological phenomena in
real time: What is the rate of the slope movement? Which
parts of landslide are more active, which are stabilized?
How to link direct measurements of various geometric
features with the GIS database? Of course, a number
of additional questions could be asked about different
geological processes or objects.

Today, we can sample in real time the surface effects of
on-going geological processes via space-based geodesy.
This ability, seemingly, should bring the ability to make
prognoses of geological processes. In the Slovak condition
the focus is on landslides, but, of course other processes
could be studied as well — subsidence, neotectonic
movements, erosion propagation, etc. However, despite
two decades of the widespread availability of the Global
Positioning System (GPS) such information is still relatively
little used in the engineering geological community.

In this paper, we review what has been learned to date
about the relationship between geodetic and engineering
geology observations.

We examine the most common inventory, mapping and
monitoring and methods currently used and the issues
and artifacts surrounding those methods. For all of these
methods, questions about spatial scaling and continuous
(or discontinuous) nature of surface deformation are the
key. Current advances in constructing geological cross-
-sections for the purposes of slope stability calculations, or
in updating digital elevation model, underscore the utility
of working with geodetic data from a geological viewpoint.
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Finally, we examine how new technology will further
enhance our ability to use these data.

Position definition in the field and general mapping

For the purpose of mapping at scales smaller than
1 :10 000 the use of conventional GPS-based navigation
and hiking equipment is sufficient. The accuracy of this
device category is of the order of meters: from 4 m in open
spaces, to 20—25 m in forests with a dense canopy. Modern
instruments are capable of receiving signals continuously,
even in a dense forest.

The GPS navigation devices allow recording location
data in various forms. Naturally, they enable to save the
current position and altitude in a numerical form (waypoints)
with metadata: the accuracy of recording, number of
satellites, the date and time of recording etc. as well as
user’s comments. The expensive devices also provide the
option of taking photos along with saving their coordinates
in EXIF header digital photography (e.g. Garmin Oregon
550 t) and to open a photo directly in the map programme,
which is capable to read automatically the position from
the header (e.g. Google Earth™). Another commonly
offered function of the navigation devices is the ability
to record tracks (movement trajectories). Given the low
accuracy and inability to carry out additional corrections,
the trajectory records are only approximate and they
cannot be used for detailed mapping — e.g. contours of
landslides etc..

A standard coordinate system default in the navigation
devices is WGS84 with a record in ellipsoidal coordinates
(A, ¢). Of course, the devices offer the opportunity
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to change this setting; however, this is quite limited.
In Slovakia, the option to record in the coordinate system
S-JTSKis lacking, however, the coordinates transformation
is possible through the additional processing of data (post-
-processing) using GIS programmes. It should be preferred
to replace a record of position in spherical coordinates
by the record in the UTM projection in meters. In our
geographical area it is appropriate to use the UTM WGS84
Zone34/Northern hemisphere (UTM-34N).

Prior to leaving for the field work, it is appropriate to
prepare the maps in electronic or paper form showing
a square grid (map grid) with 50—100 m interval (Fig. 1).
The navigation devices allow to load into their database
of topographic maps the user-defined maps in the
required format (raster or vector). Along with displaying
the coordinates on the display a map showing the grid
provides very suitable basis for orientation and geological
mapping with sufficient accuracy for the map documents
in scale up to 1 : 10 000. However, it is not appropriate for
a “scaleless” mapping (e.g., the cadastral maps).

The format in the navigation devices is standard
and mutually convertible in many freely available
programmes. For example records from the devices
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Garmin in GPX format can be displayed in the current
mapping programmes (Google Earth, Google Maps and
others). However, for further processing it is necessary to
convert the GPX record (point, line) into GIS format. The
conversion into GIS (ESRI shape, Maplinfo and others), as
well as cartographic transformation to coordinate system
S-JTSK provides freeware (GPL) programme Quantum
GIS (http://www.qgis.org/). It performs the cartographic
transformations using libraries PROJ.4 (http://trac.osgeo.
org/proj/), which allow for the conversion WGS84/S-JTSK
(KrovakG) the accuracy of 7-element transformation with
global transformation key with a precision of 30-60 cm
for any recording format. Accounting for the accuracy
of GPS navigation devices such an error is negligible.
However, correct settings of transformation parameters are
inevitable (not yet implemented in the programme’s current
version). For the territory of the Slovak Republic they are
the following: (http://wiki.freemap.sk/SJTSK, http://grass.
fsv.cvut.cz/gwiki/S-JTSK):

+proj=krovak +ellps=bessel +towgs84=485-021,169-
465,483-839,7:786342,4-397554,4:102655,0+lat_0=49.5
+lon_0=24.83333333333333+alpha=30.28813975277778
+k=0.9999 +x_0=0 +y_0=0 no_defs <>

A
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Fig. 1. An example of a record of GPS
device. A — depiction in the topo-
graphic map of ZM10; B — depiction
on the Google Earth™ image; 1 —
route track (blue); 2 — sampling points
(black); 3 — regular coordinates (red)
in S-JTSK 50 x 50 m.
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Detailed mapping and data recording

In the scope of engineering geological mapping higher
accuracy of GPS record is required — often below 1 m
(sub-meter accuracy), particularly in cases where data
must be depicted in maps of larger scales (>1 : 5 000,
cadastral maps — KNC, CS, etc.). Such a record we can
term as “scaleless” although it does not reach the geodetic
accuracy (<12 cm), however, to produce maps at any scale
such accuracy is sufficient.

The above accuracy can be achieved with GPS/GNSS
devices of GIS category that allow the use of so-called
D-GPS corrections, either in real time (during field
mapping) or using the so-called RTK equipment, or in
the scope of post-processing. In the post-processing of
measured data using a special software supplied with
the GPS devices. For D-GPS corrections (RTK and post-
-processing) correction data from stationary GPS receivers
(reference station) are needed with high accuracy and
frequency of record. In Slovakia, for this purpose a paid
service of reference stations SKPOS network can be used
(http://skpos.gku.sk/), operated by the state organization
Geodetic and Cartographic Institute (GCI). Data from
reference stations are available either through the GSM
operator (real time), or after requesting additional data for
certain period through the web-service organization.

Besides high positional precision the devices of GIS
category and their utilities allow much wider possibilities
to record attribute data and metadata (in comparison with
the navigation device). They offer an option of recording
attributes of sensing element in accordance with standard
spatial GIS database (point, line, polygon) with pre-
-defined database structure and selected cartographic
representation. The devices of this category offer also
commercially available coordinate system setting S-JTSK,
or highly accurate cartographic transformation can be
carried out with D-GPS correction directly in the utility
programme.

The Trimble™ devices enable to record in addition to
the data needed for post-processing (the exact date and
time of recording, record duration, number and distribution
of satellites, signal strength) also basic metadata about
scanned elements: 2D/3D line length, perimeter and area
of polygon, horizontal and vertical accuracy and user-
-defined table attributes. All these data can be exported
into the GIS attribute table using the GPS utility functions.

In the past, the GPS technology with GIS accuracy
was successfully used in the scope of the project of
landslides mapping which evolved during extreme rainfall
and subsequent floods in the KoSice and PreSov regions in
the summer of 2010 (LiS¢ak et al., 2010). During the field
mapping there were surveyed linear elements of landslides,
mostly (peripheral line, head scarps, cracks, etc.). Based
on the recorded metadata the mapped elements were
divided into 6 categories of precision: the quality of records
with submeter accuracy attained mostly on meadows
and open spaces as well as less accurate records in the
dense forests and steep slopes with shielding effect to the
satellites.

While the lines recorded with the highest accuracy
achieved did not need any correction and their course
could be downloaded to the resulting maps with almost no
editing, the lines’ course with an accuracy of less than 5 m
had to be slightly edited and smoothed prior to displaying
in the topographic map.

The accuracy categories were strictly distinguished
in the attribute table of GIS databases. Based on this
database landslides contours depiction maps and registers
have been enhanced from the current precision at scales
1:50 000 to 1: 10 000 to “scaleless accuracy’, applicable
to cadastral maps, for example to create maps of hazard/
risk and quantify the specific damage to each affected lot.

Terrain elevation and planimetric measurements

When assessing of landslide areas in the engineering
geological practice we often have to face a challenge of
an urgent slope stability evaluation. This is due to a need
of a proposal for immediate remedial measures that
should prevent further development of slope movement.
However, when acquiring the input data, we encounter
some difficulties that are related to changes in the slope
geometry. Information on the elevation retrieved from
map does not reflect a change that has been generated
by a new landslide and hence in a very short time it is
necessary to define new slope configuration.

The same challenges we faced in the scope of the
practical solutions related to engineering geological
surveys on the newly formed landslides of 2010 in the
villages of Bzenica-Bukovina and Krupina. Thanks to their
socio-economic significance, these slides necessitated
immediate action. Therefore, in both cases, prompt remedy
measures were taken. The key issues were related to
the provision of input documents, which would account
for landslide-re-built relief and to a proposal of effective
remedial measures. Map documents (various scales up to
1:2000), which were available, due to their outdated relief
did not enable to define the actual profile of a representative
line. Therefore, in order to obtain relevant information about
the current morphology configuration, surveying works
were carried out using GNSS equipment.

Methodology

The aim was to find a solution which would make
possible to provide relevant spatial data with high precision
in a very short time, which would serve for preparing of an
engineering geological profile. We adopted the measuring
technique Trimble (GeoExplorer and Rover R8 GNSS).
The above devices differ significantly in their scope, which
has been reflected in the differences in the accuracy of the
results obtained.

GeoExplorer 2005 XT, similarly to the software
TerraSync, has support for GIS spatial data processing,
hence the accuracy of this device is adapted for this
purpose. In autonomous measurements, without any
correction signal (and 6 to 9 satellites availably) a standard
accuracy in spatial position ranges from 5 to 15 m. In the
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case that the number of the satellites falls below 6 as
aresult of shading, e.g. by vegetation, there is a reduction in
accuracy. It is logical that the accuracies are not acceptable
for the purposes of compiling engineering geological
model, enabling analysis of the stability conditions. To
achieve the required accuracy at the submeter level, it was
necessary to amend an autonomous measurement on of
at least one more receiver. This type of measurement is
referred to as differential measurement. This means that
the measurement was carried out at least by a pair of
receivers, provided the position of one of them has been
accurately defined.

The most available alternative to eliminate the
uncertainty caused by systematic influences (atmospheric
refraction, ephemerides and errors of satellites clocks)
were corrections of code measurings, which provides
EGNOS (European Geostationary Navigation Overlay
Service). Another option represented corrections provided
by the Slovak Spatial Observation Service (SKPOS).

The EGNOS satellites cluster is the European satellite
correction system that is currently in full operational service
and users are provided free of charge. The correction
signal is transmitted from three geostationary satellites in
real time based on continuous measurements of ground
network stations that are located throughout Europe
(http://www.egnos-pro.esa.int/index.html).

In the scope of practical solutions the accuracy signals
from these satellites can achieve from 0.5 up to 2.0 m.
The resulting accuracy depends largely on the number of
satellites and their configuration. Certain deficiencies of the
correction system are frequent signal failures. Availability
problems are caused by the fact that the satellites are
located above the equator so that the satellites are very
low over horizon at our territory.

Another approach to obtain the desired accuracy offers
a SKPOS service. This activity ensures the GCI; this was
defined by the Act on Geodesy and Cartography of 2003
(Ferianc et al., 2007). This concerns the processing of
measured data in real time or post-processing system
based on differential corrections. These correction data
can be generated for the selected spatial location from the
network solution with different frequencies in the desired
time interval. The data are generated in the real time and
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the user can download them after a few minutes. These
data were used for correction of measurement retrieved by
receivers GeoExplorer 2005 XT and Rover R8.

The receiver R8 GNSS produced by Trimble can receive
signals from all operated and planned satellite systems
(GPS-Navstar, Glonass, Galileo). For measurements
carried out by R8 GNSS receiver it was possible to work
in the RTK regime (real-time kinematic), which means that
differential corrections are provided in real time through the
VRS network solution that is designed for geodetic work. In
order to guarantee homogeneous precision determination
of spatial position across the Slovak Republic these
corrections are provided in the coordinate system ETRS89
(Ferianc et al., 2007).

Sites description (Study areas)

Landslide territory Bzenica-Bukovina is located in the
Ziarska kotlina Basin at the right side slope of the Hron
River at an altitude of 245-265 meters a.s.l. The landslide
evolved in NE section of the village and caused a severe
damage to the cemetery, access roads and several
graves.

From the geological and tectonic points of view
the territory is built by Tertiary rocks of Neogene age,
consisting of varied sedimentary material (clay, gravel,
sand), deposited within graben. Peripheral parts of the
wider area are made of volcanic rocks. The Quaternary
cover formations have varied lithology and genesis. At the
site of activated landslide the deluvial deposits overlay
high-plastic clays (Otepka, 1991). The territory of the slope
deformation is drained by the Hron River.

The initial activation of fossil landslide occurred due
to abnormal rainfall totals of the second decade of April
and May 2010. In the rain gauges in Hlinik nad Hronom
and Zarnovica long-term monthly normals during the first
six months of 2010 (determined from measurements in the
period of 1901 to 1980) were exceeded on 113 to 286 %
(excluding the month of March — N = 51 %; Ondrejka et
al., 2010).

The second model area is located within the residential
area of the village Krupina on the left bank of the Krupinica
River with an altitude of 258.74 (erosion base of the

Tab. 1
Evaluation of measurements by devices GPS and GNNS

Receiver Correction Direction ~ Number of meas. Mean error [cm]  Max. error [cm]  Min. error [cm]
Without correction Xy 38 570.53 580.00 570.00
(GPS) z 38 756.84 810.00 750.00
EGNOS Xy 453 72.49 120.00 50.00
GPS/GIS z 453 108.81 170.00 70.00
Postprocessing (SKPOS) Xy 491 36.54 90.00 30.00
z 491 48.25 90.00 40.00
R8 RTK Xy 48 4.64 46.70 0.90
z 48 6.06 53.20 1.30




P. Ondrejka et al.: Use of GNSS Technology in Engineering Geology in Slovakia 115

Krupinica River) to 309.19 meters a.s.l.. The landslide
originated at the turn of the months of May and June in
2010 (excessive rainfall) and posed a threat for several
houses. Its reactivation which occurred at the turn of 2010
and 2011, called for declaration of “emergency situation”
(Liscak et al., 2011).

From the geological point of view within the
territory studied a varied range of Middle Badenian
volcanosedimentary rocks (Miocene, Neogene) of
Sebechleby Formation (Konecny et al., 1998) has been
identified. The active landslide area is made of epiclastic
volcanic sandstones and conglomerates.

GNSS-GIS Measurements Assessment

The positional accuracy of the measured element
was verified by the GPS apparatus of GIS category at
the Bzenica landslide. In order to compare two different
methods of data correction the field measurements were
carried out with available signal from the satellite system
EGNOS. Further-on, these data were post-processed
using differential corrections obtained from SKPOS. The
accuracy analysis of the recorded line 1 can be summarized
as follows:

— The availability of correction data from the satellite
system EGNOS showed lower values of error in both

Fig. 2. Analysis of spatial accuracy
of GPS device. A — schematic map of
the landslide area Bzenica; B — profile
1 — 17 C — analysis of positional
accuracy; D — analysis of vertical
accuracy; 1 — route of cross-section
line 1 — 17 2 — trajectory of a record
with corrections of code measurings
(EGNOS); 3 — trajectory of a record
at differential measuring (SKPOS);
4 — active landslide; 5 — various
generations of older landslides;
6 —drainless depression; 7 —anthropo-
geneous sediments of road fill and wild
landfill; 8 — expected positional error
of measuring at corrections of the
satellite system EGNOS; 9 — positional
error of measurements at differential
measuring (SKPOS); 10 — horizontal
difference between trajectory defined
from the corrections of the satellite
system EGNOS and trajectory defined
based on corrections of differential
measuring — SKPOS; 11 — time

horizontal and vertical directions (measurement errors up to
2 m;Tab. 1). In the case of loss of signal from the correction
system EGNOS the accuracy deteriorated significantly and
fluctuated in the range of 5.7 to 8.1 m (Tab. 1). The signal
losses related primarily to dense vegetation masking of the
receiver. All-in-all, the accuracy in the vertical direction is
on about 40 % lower than in the horizontal one;

— Through the processing of measured data in the
post-processing system using the differential corrections
it was possible to achieve average accuracy of 0.5 m in
both evaluated directions (Tab. 1). In the case of vegetation
shading the post-procedural measurement error increased
up to a magnitude of 1 m;

— An interesting conclusion can be reached when
comparing the position and also the altitude coordinates
of the same measurement (point) using a different way of
correction acquisition (EGNOS/GPS/SKPOS). Between
the coordinates of identical point with different types of
corrections a difference arises which is presented by lines
in Fig. 2. These differences may in extreme cases reach
a value up to 7.3 meters, but in most cases, the difference
magnitude does not exceed 1.5 m. The average value of all
differences equals to 0.84 m;

— In the case of an autonomous measurement,
surprising finding is that during the period of correction
signal loss from EGNOS (the expected measurement error
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of more than 5.5 m) the difference between measurements
of EGNOS and SKPOS does not exceed 2.0 m (in both
directions; Fig. 2C, D);

— A significant deviation from the path traversed (Fig.
2A) occurred in the time of the correction signal reception
from the EGNOS satellites, possibly associated with the
system measurement errors.

Completely different opportunities are offered by
an experience with GNSS receivers of Trimble, which
was used in the landslide area Nad Kotlom in the city of
Krupina. During the surveying, differential corrections were
provided in real time, which enabled the measurement with
high accuracy in the field. The profile line is led across the
landslide area from the foothill (Krupinica River), passes
westwards through the territory of fossil landslide to
altitudinal point 309 m a.s.l. (Fig. 3). Since the landslide
slope remodeled constitutes only a tiny part set of the profile
line, its construction is feasible on the current topography
map data (1 : 10 000).

Due to the required high precision geometry of a slope
in the active landslide the precise measurements were
inevitable (using the receiver R8). Thanks to two different
procedures of the profile line drawing through the locality
Nad Kotlom a verification of information from elevation
maps was possible.

From the results depicted in Fig. 4 it is clear that the
profile line drawn on the basis of maps neglects many
important morphological features. This is valid in particular
within the active landslide area. Based on the field surveying
the average slope is about 23°. Based on the reshaped line
it was possible to carry out a reliable slope stability analysis

and propose appropriate remedial measures. When using
profile stemming from the topographic documents, the
average slope of about 15° would not give proper values for
the degree of stability and this could result in inappropriate
remedial measures.

Based on the above the following conclusions can be
drawn:

— For the purposes of compiling engineering geological
profiles with enhanced vertical accuracy with lacking
relevant data on the slope geometry it is advisable to use
differential measurements either in post-processing or in
RTK mode;

—The definition of the location based on the corrections
of the code measurements (EGNOS) largely contributes to
enhanced accuracy and is suitable for precise (“scaleless”)
mapping. However it is not suitable for the purpose of
precise spatial positioning of points.

Monitoring of landslides
General concepts

A separate group of issues, which usually comes
after mastery of remediation measures, represents the
acquisition of information about movement activity of
landslide masses. These monitoring measurements relate
primarily to the effectiveness of the remediation. Given the
financial costs, which require remedial works, this problem
is biased exclusively to areas of an utmost socio-economic
importance. In many cases a monitored slope failure poses
a direct threat to human activity and in extreme cases,

17°00°
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Fig. 3. Thematic engineering geo-
logical map of the landslide area
in Krupina. 1 — profile line 1 — 17
2 — trajectory of landslide area
surveying; 3 — active landslide;
4 — potential landslide; 5 — buildings;
D — zone of deluvial sediments;
Fn — zone of alluvial plain sediments;
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Vp — zone of pyroclastic rocks.
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endanger the health or lives. For this reason, a network
of observation points is implemented that allow control of
physical activity of the landslide body.

To ensure the monitoring of movement activity we are
at hand a whole range of procedures from the geodetic
(terrestrial and GNSS measurements, laser scanning
— LiDAR) through the remote sensing (SAR/InSAR) to
the subsurface measurements of the deformation by
accurate inclinometry (in two or three-dimensional system
— TRIVEC) or the others. Given the ease of use and high
accuracy achieved, we draw our attention to the emerging
GNSS measurements.

In order to monitor slope movement activity of the
territory, given the required accuracy ranging from mm to
cm of the point positioning, only relative measurements of
phase carrier waves are used. In this type of measurement
a spatial vector is determined (consisting of reference
and monitoring point), whereas the surveying is based
on simultaneous measurements at both its ends (Hefty
and Husar, 2003). The basic method, which enables us
to achieve the desired mm accuracy, is a static method
in which the receivers on both ends of the baselines
do not move. The only condition is clear, preferably
continuous receiving of signals from at least 4 satellites
at the measured points. Accuracy of baselines depends
on several factors, e.g. length of the baseline, the duration
of observation, the number of simultaneously measured
satellites, their configuration, or quality of signal reception.
For documentation and monitoring of rapidly changing
sites (moving a few dm/year) there is also possible to use
real time measurements, which according to their precision
(a few cm) are sufficient for this type of work.

For measurements only the receivers are used which
allow reception of carrier waves phases (L1 and L2). The
measurements at both frequencies are necessary for
enhanced elimination of the impact of the ionosphere and
for deciphering of ambiguities. Currently, in addition to the
U.S.NAVSTAR GPS navigation system, the measurements
of the Russian navigation system GLONASS can be used,
which this year will reach full operational status. Their
combination will increase the number of available satellites
and will also be more efficient to eliminate systematic effects
affecting the measurement. An important component of
measuring equipment is the antenna allowing receiving

Fig. 4. Profile 1 — 17 in the landslide
area Krupina. 1 — profile constructed
based on GNSS measurements
in the RTK regime; 2 — profile
constructed based on topographic
map 1 : 10 000; 3 — building;
4 — magnitude of positional
measuring error; 5 — magnitude
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of signals. Due to the required high accuracy it is very
desirable that the antenna should have high stability of
the phase centre and should allow effective elimination
of multipath effects. For accurate monitoring work is also
necessary to know the phase centre position in relation
to the geometric centre of the antenna (antenna phase
centre variations). Such criteria meet for instance geodetic
receivers Trimble 5700, 5800, R8 GNSS combined with
Zephyr antennae, or Zephyr Geodetic (www.trimble.com).

When measuring a key issue is a reference point
selection, which should fulfill several criteria. It should
be located outside the territory of interest in a stable
basement, with no objects that interfere with or restrict an
intake of satellite signals (trees, shrubs, buildings, busy
traffic road, etc.). The point’s stabilization should be reliable,
allowing accurate apparatus re-adjusting to the measuring
point. The choice of benchmarks depends mainly on the
required accuracy, the area of the territory and the nature
of movement tendencies.

The measurement at the monitored points is carried
out simultaneously with the measurement of the reference
point. Duration of observation (min. 20 minutes) at
the observed points depends mainly on their mutual
distance and the required accuracy. The most appropriate
configuration is a scheme with simultaneously observed
all points of the network (the reference and the observed
ones). This assumption is not always feasible. In such
a case the reference points are measured continuously
throughout the campaign and the observed points are
gradually determined separated in individual groups,
depending on the number of available GNSS receivers.
Several analyses have indicated that it is very important
to use repeated measurements at a given point with the
same receivers and antennas.

Processing of GNSS measurements consists of three
essential steps: preparation and control of measured data,
processing of defined baselines, the resulting estimate of
the coordinates and their accuracy characteristics. The
whole processing can be performed using either scientific
(e.g. Bernese GPS Software) or commercial processing
programme (e.g., Trimble Business Centre). In preparing
and monitoring an important part is an adjusting of the
correct type of antenna used, its absolute height above the
point monitored and the method of determining a difference

of vertical measuring error;

6 — reception of unrestrained

GNSS signal without restriction;
7 — reception of GNSS signal

restrained due to constructions;

8 — reception of GNSS signal
restrained due to vegetation.
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(oblique, vertical). Processing of individual baselines
consists of a combination of simultaneously performed
code and phase measurements, whereas various methods
of identifying and eliminating systematic ambiguities of
the measurement are used (troposphere, ionosphere,
satellites ephemerides). This results in definition of
baselines parameters in the form of spatial components
of the vector and the accuracy of their characteristics.
The final estimate of the resulting coordinates and their
accuracy characteristics consists of the final combination
of all processed baselines. In this step very important is
to make a correct connection of the whole network to the
reference coordinate system. Commonly, dealing with such
networks either global International Terrestrial Reference
System ITRS (International Terrestrial Reference System)
or its European equivalent ETRS89 (European Terrestrial
Reference System 1989) are used.

This connection is done by incorporating of the closest
reliable GNSS permanent stations in the processing. In
Slovakia, the most common selected are those either from
the network EPN (EUREF Permanent Network, http://www.
epncb.oma.be/) or from the network SKPOS (http://www.
skpos.gku.sk/), which represents a densification of the
EPN network in Slovakia. Both networks guarantee high
quality and consistency of the measured data provided or
coordinates of points and their evolution over time together
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with the characteristics of accuracy. Final result of such
combination are orthogonal spatial coordinates of the
network points in the reference coordinate system (e.g.
ETRS89), which can be further transformed into a local
coordinate system (e.g. S-JTSK).

Model site

The GNSS measurements started in 2008 at the
landslide, which has threaten the southern part of the
village Velka Causa. This sliding area, due to the socio-
-economic significance, has been included in the geological
project of “Partial Monitoring System — Geological Factors”
subsystem 01 “Landslides and Other Slope Deformations”
Thanks to several phases of exploration and rehabilitation
work in the landslide area a relatively dense network of
observation sites has been preserved (Fig. 5; Wagner et
al., 2002). The measurements of the movement activity
of landslide masses at the site have been implemented
at a network of surface geodetic points and the exact
inclinometry in boreholes at different depth levels.

In terms of geological and tectonic conditions the
territory of interest and its wider surroundings may
be designated as favourable for the formation and
development of slope failures. Rigid volcanite complexes
atop the slope are sinking and generate pressure acting

18°00° 19°00° 20°00° 21°00° 22°00°

Fig. 5. Landslide above Velka Causa
b4 Village (according to Jadron et al.,
2000). 1 — geodetic monitoring
point; 2 — stabilized monitoring
point; 3 — inclinometric borehole;
4 — hydrogeological borehole;
5 — hydrogeological borehole with
continuous record of groundwater
table level; 6 — active landslide; 7 —
transverse ridges and scarps/cracks;
8 — older landslides; 9 — shifted blocks
of volcanites.
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on the clay subsoil. In addition, upper slopes function as
catchments enabling good infiltration of surface water into
the environment; the waters accumulate in the contact of
tuffs with impermeable bedrock. The accumulated water
penetrates into the landslide material in the transitional
and accumulation zones at the slope, concentrates in
irregular porous, predominantly sandy horizons and acts
as confined groundwater against the caprock, less stable
sliding materials. The landslide slope re-adjusts the
continuous re-saturation by water from the head scarp
(Fussgénger et al., 1996).

Monitoring results

GNSS measurements are linked to the long time
series of terrestrial geodetic surveying performed there
since 1975. Based on the analysis of terrestrial surveying
it can be stated that during the monitoring period (1975
to 1995) the biggest shift occurred in the geodetic points
P-16 and P-17. In these years, associated with periods of
activation of slope movements, the measured azimuth
vectors are closely related to slope movement, therefore
they are consistent with the slope fall line. In the period
of 1995 to 2010 the monitoring of movement activity was
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focused on the remedial actions undertaken, confirming
a general decrease in movement activity of the geodetic
points observed, as well as in significant deviations from
the fall line of the slope.

Since 2008, the terrestrial measurements have been
carried out parallel to GNSS measurements. However, due
to unsuitable conditions, mostly associated with vegetation
shadowing of the receiver, it is not possible to perform
measurements on all GNSS geodetic points.

During the two-year monitoring period there were
performed five measurements (one zero and four staged) at
10 observation points. The results of GNSS measurements
show that the western part of the landslide area (P-14) has
been stabilized (the measured position vector does not
exceed 10 mm; Tab. 2).

In the central area the movement activity is monitored
at three stable points (DI-1, WP-1 and WP-2) and one
geodetic observation point (pillar). During the monitoring
period 2008-2010 there was observed a moderately
increased movement activity, especially at the edge of the
drainless depression (WP-1 point; Fig. 5). The west azimuth
of the shift was identified in this area (Fig. 6A). Vertical
change indicated a subsidence trend of the territory, but
the last measurement in 2010 recorded a significant heave.

Tab. 2
Evaluation of monitoring measurements of the period 2008—-2010

Point Number of meas. stages Positional displacement [mm] Vertical displacement [mm]
max. min. mean max. min. mean
P-14 5 9.43 3.78 6.08 44.83 3.13 22.99
P-17 4 8.52 2.00 5.99 51.87 0.00 24.72
P-18 5 12.81 1.86 6.56 46.00 0.00 21.35
P-19 5 29.58 2.30 14.42 49.00 36.18 40.63
pP-22 5 10.44 2.63 6.32 53.58 2.00 23.55
P-23 4 13.60 2.38 713 54.40 12.60 30.00
P-24 4 11.63 1.00 6.38 61.08 0.00 27.02
DI-2 4 12.03 7.63 9.83 23.42 3.00 16.85
WP-1 5 27.78 5.39 15.61 83.79 3.00 30.57
WP-2 4 19.73 5.00 13.23 75.00 7.00 32.25
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The vertical turn of the year 2010 may be related to soil
volume changes due to extreme rainfall totals at the turn of
spring and summer.

In the eastern part of the landslide area the measured
vectors typically do not exceed the value of 15 mm; shifts
exceeding 20 mm are rare (P-19, Tab. 2). The vectors
measured have the northeast azimuth (Fig. 6B). Vertical
changes are of the analogous nature to the measurements
on the points in the central part of the landslide area.

Conclusions

Space-based geodetic data have considerable potential
to enhance the accuracy and cost-effectiveness of wide
spectrum of issues solved by engineering geologists.
This paper deals with the application of GNSS (Global
Navigation Satellite System) in the practical solutions for
several purposes. The method was effectively used in the
inventory of landslides evolved in May/June 2010 in the
Eastern Slovakia. The mapping of more than 500 landslide
resulted in a GIS database of landslides registered which
enables the government and local authorities to lead
effectively the necessary funds for remediation of the most
severe slope failures. A “scaleless” topographic information
can be used, for instance, for landuse planning documents,
for identifying and assessing the geological hazard/risk;
this is important, for instance, for insurance claim.

It has been proven that this technology is very effective
in upgrading the topographic information of existing
map documents, which naturally cannot display altered
morphology due to sliding, both in constructing geological
cross-sections or Digital Elevation Model of the landslide
area. This is vital for the calculation of the degree of slope
stability and finally for the appropriate proposal of remedy
measures.

The GNSS methodology is used also in the scope
of the project Partial Monitoring of Geological Factors of
Environment — subsystem Landslides and Other Slope
Deformations. The authors managed to incorporate the
network of geodetic points from several landslides across
Slovakia which have been surveyed for several decades
by classical geodetic surveying methods and to link these
older observations with the new ones gained by GNSS
measurements.
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Abstract

The Cave under the Spisska hill (Levoéské vrchy Mts.) is the longest pseudokarst cave in
Slovakia. Together with other caves it was formed by the movement of sandstone blocks and
slabs along the bedding planes and fissures on the south and southeast slopes of the Spisska
hill during the Quaternary. The movement can be defined as lateral spreading and very slow
rock block sliding, less as toppling. Block movements inside the cave are monitored by the crack
gauge of the TM-71 type since April 2007. The device is based on the moiré effect and is capable
to detect 3D micro-displacements along three Carthesian coordinates — X, Y and Z with the
accuracy up to 0.01 mm and rotations up to 0.01 [#/200]. The paper summarizes the preliminary
monitoring results and provides their interpretation.

Key words: block movements, monitoring results, pseudokarst cave, Levocské vrchy Mts., Slovakia

Introduction

The block failures represent one of the main types of
the slope movements in Slovakia. They are represented
by the lateral spreading and rock block sliding. They
originate in the solid and semi-solid rocks with plastic
underlier (e.g. claystones, siltstones, clays, silts) preferably
due to the gravitation. Also block failures occur here with
displacements along the predestined slip surface. Besides
the gravitation, the tectonic predisposition (joints and faults)
plays an important role in this case. The rate of the blocks
displacement reaches several mm to cm per year. These
failures are preferably concentrated into areas (Nemcok,
1982), where besides the above stated lithological contrast
the bedding has a favourable dip towards the valleys. Such
structures are relatively frequent also in the Levo&skeé vrchy
Mts. (Gross et al., 1999b).

In Slovakia the block failures occur mainly in the
territories built by flysch and volcanic rocks (Nemcok,
1982), less by Mesozoic rocks, eventually other
sedimentary sequences (Maas and Ondrasik, 1998;
Nemcok and Baliak, 1977). Their occurrence is known also
in travertines (Fussganger, 1985; VI¢ko, 2004). The Spisska
hill massif (1 056.5 m a.s.l.) is typical site with extended
block failures. It represents one of the highest peaks of
the Levo€ské vrchy Mts., being located app. 2 km to NW
of the Brutovce village (Levoca district). A relatively dense
net of the block failures has originated on its southern
and south-eastern slopes (Fig. 1). Mutually separated and
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shifted blocks of sandstones, less conglomerates, have
formed a complicated net of underground spaces and
the pseudokarst caves. The Cave under the SpiSska hill
represents the largest one from the viewpoint of the length
of corridors (Imrich et al., 2007). The occurrence of the
pseudokarst caves in other parts of the Levo¢ské vrchy
Mts. was described by Pavlaréik (1985), Pavlar¢ik and
Vadovsky (1994), Bella (1995) a.o.

Based on the project Partial monitoring system
— Geological factors, subsystem Landslides and other
slope deformations, one extensometer of TM-71 type
(Fig. 2) was installed in the Cave under the SpiSska hill in
April 2007. The monitoring is financed by the Ministry of
the Environment of the Slovak Republic. The extensometer
represents a mechano-optical device applying the
moiré principle. A long-time monitoring aimed to find the
kinematics of the slow movement of the rock blocks and to
predict the future evolution, as well as its eventual impacts
on environment. In relation with the eventual construction
of the water reservoir Tichy Potok the research obtained
also a practical importance. The construction of the dam is
planned in the Torysa valley (north of the SpiSska massif),
near the hill Cierna hora (1 090.6 m a.s.l.). The extended
block failures were found on its southern slopes (Nemcok,
1982; Baliak and Malgot, 2008). A big pseudokarst cave
system was developed also at this site (Majernickova and
Imrich, 2010).

The preliminary results of the block failures monitoring
in the surrounding of the Cave under the SpiSska hill with
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Fig. 2. The TM-71 mechanical-optical extensometer based on
moiré effect used for 3D detection of the micro-displacements of
rock blocks or tectonic movements.

the short geological and tectonic descriptions of the studied
area, as well as the cave alone, are presented in this
contribution. If a construction of the water reservoir Tichy
Potok is agreed, obtained results will be usable for the detail
investigation of the surrounding area of the dam body.

Geological setting

Wider surrounding of the cave is built by the sediments
of the Central Carpathian Paleogene Basin. They are
divided into several formations forming the Subtatric Group
of the Central Western Carpathians (Gross et al., 1983,
19994, b). From the base upwards there were distinguished
the Borové, Huty, Zuberec and Biely potok formations. The
sequences of the last three mentioned formations build
the Levocské vrchy Mts. According to the latest opinions
the sediments have originated prevailingly in the deep-sea
environment (besides the Borové Formation) in the period
from the Middle Eocene (Bartonian) to Lower Miocene
(e.g. Sotak et al., 2001). After Oligocene, these sediments
together with their older underlier were faulted during
the Helvetian and younger phases of the Alpine orogeny.
The fault systems are directed E-W, NW-SE, NE-SW and
N-S (Gross et al., 19992, b).

The immediate surrounding of the cave is formed by
the sediments of the Biely potok Formation, forming the
uppermost as well as youngest part of the Subtatric Group.
Sediments are represented by the clastics of various
granularities. The distinct prevalence of sandstones (less
conglomerates) above mudstones is typical. Sandstones
are classified as greywackes, less as greywacke and
arkosic sandstones or carbonatic (limestone) sandstones.
They are prevailingly medium- to very coarse-grained,
massive, locally with preserved gradation. The fine-grained
conglomerate is also present, though in smaller amount, in
the lower part of the thicker beds. Sandstone beds reach
thickness from 30 cm up to more than 4 m and alternate
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Fig. 3. Fine-grained sandstone with a thin coal interbed (Cave
under the Spisska hill). Photo by Petro (2007).

with the distinctly thinner mudstone beds (maximum
thickness up to 5 cm). The finer-grained upper parts of the
sandstone beds are horizontal, sinusoidal to ripple-cross
laminated, and some have higher content of the white
mica and coalified plant detritus. Only rare occurrences
of the thin discontinuous coal beds are known (Fig. 3).
The massive parts of the beds are characteristic with
the presence of claystone intraclasts, being in numerous
cases weathered with remaining distinct holes. The lower
bed plains are bearing various sedimentary structures (e.g.
flute and groove casts) originating during the transport and
deposition of the sedimentary material from the various
sedimentary gravity flows, as well as structures originating
after the deposition of the sediment on the muddy sea
bottom (load casts).

The sandstone beds are laying relatively flat in general
NE-SW direction. Their mean dip to SE does not overreach
20°. The joint systems in the Spi§ska massif (Imrich et al.,
2007) have regional directions, being generally demonstrated
by Plicka (1968) in his study of the Central Carpathian
Paleogene Basin. This phenomenon was confirmed in the
Podhale Basin in Poland by Boretti-Onyszkiewicz (1968),
Mastella and Ozimkowski (1979) and the most recently by
Ludwiniak (2010) in the Podhale Basin in Poland.

Based on geometric relationship of joints to the bedding
(strike of beds) observed in the cave, the systematic joints
were classified as diagonal joints Dy trending NNW-SSE
and D, trending NNE-SSW, longitudinal joints L trending
ENE-WSW (E-W), sub-longitudinal joints L" trending
NE-SW and transverse joints T trending N-S (Imrich et al.,
2007). A sparse occurrence of the T joints is interesting
and of regional significance (Ludwiniak, 2010).

Geological and tectonic settings of the surrounding
of the Cave under the SpiSska hill are described in more
details by Imrich et al. (2007).

Due to faulting of the flat-laying beds by the subvertical
joints, being perpendicularto beds, and by the simultaneous

<Fig. 1. Geological map of the Spisska hill (Levo¢ské vrchy Mts., Slovakia) with the distribution of main block failures (lateral spreadings

and rock block slides), landslides and the pseudokarst Cave under the Spisska hill (according to Antonicka and Fussganger, 1998, modified).
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action of gravitation, the intensive disintegration and
fracturing of the south and southeast slopes of the
SpiSska massif have occurred. Due to disintegration of
the sandstone beds there occur rock blocks of various
dimensions, being separated by the fractures wide some
cm to m (maximum 4 m). The blocks separation caused the
origin of a net of underground passages. Until recent the
detail investigation has revealed altogether 14 separate
caves in the close surrounding of the apical parts of the
Spisska hill (Fig. 1). In the particular case of the Cave under
the SpiSska hill the block movements were speleologically
verified down to depth 25 m beneath the surface (Imrich
et al., 2007). It is supposed that the depth of the block
disintegration, resp. depth of the block failures reach down
to 40 m. Besides the block failures numerous landslides as
well as rare toppling were found.

The cave description

The Levoéské vrchy Mts. belong among the most
impressive pseudokarst regions in Slovakia. The Cave under
the SpiSska hill is located in the apical part of the SpiSska
massif (N =49°06'14.4""; E =20°45745.37). It is the longest
pseudokarst cave in the territory of Slovakia (Imrich et al.,
2007). The total length of until investigated passages is
740 m. The speleologists from the Speleoclub Sari$ (2004
to 2006) and the Beskydy speleological club Debica (2006)

Fig. 4. Entrance to the Cave under the Spisska hill (about 12 m
height and 40 cm wide sub-vertical fissure). Photo by Hajduk (2005).

greatly contributed by the mapping and precise measuring
of the cave. The Cave under the Spisska hill and further 13
caves in this area represent a unique natural phenomenon.
The absence of the cave decoration (speleothems) is
caused by the subsidiary presence of carbonatic component
in the sandstones. Therefore the occurrence of stalactites
and sinters on the walls is very rare.

The origin of underground spaces in this site was
influenced by the favourable geological factors. Firstly, it
was a thick complex of sandstones with rare thin interbeds
of mudstones and siltstones. The deep erosion of the
slopes of the massif, as well as tectonic processes caused
the relaxation of the tension stresses in the beds and
a consequent origin of fractures. By means of gravitation
the process of the massif disintegration has started and
progressed into the stage of the block separation and
origin of lateral spreading and rock block sliding. The origin
of the atectonic joints in the thick sandstone beds cannot
be excluded (Margielewski, 2006). The distribution of the
superficial fractures is evident in Fig. 1. Internal spaces
of the cave have character of elongated, mostly NE-SW
(ENE-WSW) trending passages, originating after the
sliding of individual blocks of sandstones. The width of
passages is of dm to m order (Fig. 4 and 5). Numerous
passages are barred by smaller blocks downfallen from
the overlier or upper parts of the side walls. Locally there
is possible to register the rotation of particular blocks,

Fig. 5. Entrance to the Timur’s dome (Cave under the Spisska hill).
Photo by Hajduk (2005).
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so the dip of beds to NW does not correspond with the
original bedding. In several places between two sandstone
blocks lying one another, thin (several cm) beds of strongly
weathered mudstones were found. Due to leakage of the
superficial water the mudstones were changed to clays.
Along such interbeds, but also along primary bedding the
slow shift of overlying rock beds (blocks) occurs downward
the slope.

Based on above stated facts and classifications
used in Slovakia (Vitek, 1981; Bella, 1994; Gaal, 2003)
the Cave under the SpiSska hill can be characterized as
(epigenetic) displacement crevasse cave. In the frame of
the complex of pseudokarst caves in the SpiSska massif,
in the periphery parts of the slope, where block rotation
applies, also declined and inclined crevasse caves were
observed (Gaal, 2003).

Monitoring method

Because the supposed slow creeping movement
of rock blocks, we used as a measurement device the
mechanical-optical extensometer of TM-71 type, being
approved in the praxis (e.g. Kostak, 1977; Fussgénger,
1985; Petro et al., 1999, 2004; VI¢ko and Petro, 2002; VI¢ko
etal., 2002; VICko, 2004). This apparatus is protected by two
patents in the Czech Republic (Nos. 131631 and 246454).
It works on the mechanical-optical principle (Kostak, 1969,
1991). The relative movement of two neighbouring blocks
along observed failure is realized by the mutual shift of
two measurement units (plates) being equipped by optical
grids and oriented in two mutually perpendicular planes
(Fig. 2). The shift is evaluated as an eccentricity of fringe
patterns. Data are obtained in the direction of coordinates
X, Y, Z (displacements) as well as in the planes XY and
XZ (rotations). For the easier interpretation of particular
shifts, the X axis during its installation is oriented into the
horizontal plain perpendicular to fracture direction and
oriented into the massif. Axis Y is lying also in the horizontal
plane and is perpendicular to X axis. Axis Z is vertical. Using
this orientation of axes the displacements along them are
oriented by the following way: X — change of the fracture
width (extension, contraction), Y — horizontal shift of blocks
in the fracture direction, Z — vertical shift (subsidence
or uplift) of one block along the fracture. Besides
displacements there is observable and measurable also
rotation of blocks, in both — horizontal plane XY, resp.
vertical plane XZ. Measuring by the device TM-71 allows
the displacement accuracy 0.01 mm and rotation accuracy
0.01 [1/200]. Concerning the relatively stable microclimatic
conditions in the cave (average annual air temperature
5 °C varies in the range +/— 1 °C), the temperature influence
on the measuring accuracy is only minimal.

The selection of the space suitable for the location of
the extensometer has respected its technical parameters
and site accessibility. The apparatus was placed in one
of the main passages of the cave, near the place named
Crossing, located in the north-eastern Spis part of the Cave
under the Spisska hill (Imrich et al., 2007) on 27. 4. 2007
(Fig. 6). The passage has a character of the subvertical
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Fig. 6. Installation of the TM-71 extensometer inside one of the
main passages of the Cave under the Spisska hill (behind the
place called Crossing). The NE-SW oriented passage (footwall)
has inclination of 12°. Photo by Petro (2007).

ENE-WSW trending tectonic joint. Up to present altogether
15 visual readings were done with the frequency 3—4
readings per year. The evaluation of the measured data was
done by means of the special software MS-Dilat.

Results of measurements and their valuation

More than four years lasting monitoring of the block
movements in the Cave under the Spisska hill by the
device TM-71 can be regarded as sufficiently long for
preliminary interpretation of the results. From the graph of
displacements (Fig. 7a) there is evident a progressive trend
of widening (opening) of the fracture and a subsidence of the
southern, i.e. lower block in comparison with the opposite
northern block. Total until registered value of the fracture
widening (displacement in the direction of the axis X) from
April 2007 reached 0.290 mm. The average annual value of
the displacement represents 0.0725 mm. Simultaneously
with the widening of the fracture the extensometer has
confirmed a total subsidence (shift in direction of Z axis)
of southern block by 0.150 mm, annually representing
0.05 mm per year. The sliding along the monitored fracture
(in direction of the axis Y) can be evaluated as negligible.
Similarly insignificant (< 0.05 x n/200) is also a rotation
movement of blocks in the planes XY and XZ (Fig. 7b).

There is interesting also a comparison of measurement
results obtained by the extensometer TM-71 and registered
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earthquakes in the Slovak territory in 2007—2009 (http://
dionysos.gssr.sk/cmsgf/select/db_select_seizmika.html).
In the graph of rotation (Fig. 7b), being very sensitive on
seismic events, an anomaly of ca 0.04 x [r/200] in the period
October—November 2008 occurs in both planes (horizontal
and vertical). It corresponds well to the earthquake
with magnitude M = 1.9 localized in the Vihorlat area on
20. 10. 2008 (Fig. 7b).

Conclusions and suggestions
The monitoring of the block movements in the locality

Cave under the SpiSska hill has demonstrated following
facts:

11.2010 05.2011

(http://dionysos.gssr.sk/cmsgf/select/
db_select_seizmika.html).

1. More than four years of measuring has revealed
a recent movement of the sandstone blocks being
expressed by the widening of the monitored fracture and
subsidence of the block located in lower position.

2. Found extent of the block displacements reaches
tenths of mm per year, confirming very slow movement.

3. The fractures in the area of block failures correspond
mainly with the course of the main tectonic elements,
especially the systematic joints.

4. The minimum influence of rainfalls on the development
of the deep block failures is known (Fussgénger, 2006)
and the measurements in this locality confirm it. Neither an
extreme rainfalls from May and June 2010 have an influence
on the rate and magnitude of the blocks displacements.
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5. The origin of some fractures in sandstone beds has
probable also an atectonic origin.

6. Block failures and landslides in this locality threaten
the only access route to forest cover and agrotechnically
used land and pastures, as well as the access to springs
of potable water used by the village Brutovce.

7. The measurements of rotations of both monitored
blocks have demonstrated the relation with the seismic
event from 20. 10. 2008. Because the investigated
locality belongs to areas with the intensity of seismicity
< 6° EMS 98 (Schenk et al., 2000; Hrasna, 2007), the
influence of earthquakes on block stability must be
admitted in the future. Similar earthquakes will act not only
as triggering factor, but also as a movement accelerator.

Taking into account the above stated facts we suggest
the future continuation of the monitoring of the block
movements in this locality with the frequency min. four
times per year. Only such number of measurements can
guarantee the sufficient interpretation of obtained data
and effective prognosis of the evolution of the slopes
deformations, and by this way also the stability of the
accessing road. Such interpreted data will be possibly
analogically usable also at evaluation of the territory
feasibility for the construction of the water reservoir Tichy
Potok in the locality Cierna hora (Zidova cave), being
known by the extended occurrence of the block failures
in the more advanced evolution phase than in the locality
Cave under the Spisska hill.
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Genéza strednojurskych brekcii v devinskej jednotke Malych Karpat
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Genesis of the Middle Jurassic breccias in the Devin Unit of the Malé Karpaty Mts.

Devin castle rock in the Malé Karpaty Mts. mostly consists of the Ple$ Breccia Fm. (Michalik,
1984) composed of Triassic and Lower Jurassic carbonate rock debris. Clasts analysis indicates
that they were derived from shallow water facies of Triassic carbonate platform. In the contrary,
less frequent Rhaetian and Lower Jurassic rocks are of open neritic character. Consequently, the
Devin Unit of Tatricum subsided at the end of Norian, prior to deposition of the Rhaetian rocks.
The presence of typically “Tethyan” brachiopods found in several Liassic limestones clasts proves
the Mediterranean character of this fauna, what contradicts with the character of an isochronous
associations from adjacent Kuchyria Unit of the Tatricum, or from the Vysoka Unit of Fatricum in
the Malé Karpaty Mts. The Ple$ Breccia accumulated on the foot of synsedimentary active fault
escarpment of the Tatric Unit border at the beginning of Middle Jurassic. Both, the destruction of
sedimentary sequence in adjacent Tatric zone and creation of depositionary space for breccia
were caused by tension at the border of arising Penninic Rift.

Key words: cathode luminiscence, carbonate breccia, Middle Jurassic, Tatric Superunit, Malé

Karpaty Mts, Western Carpathians

Geologicky uvod

Celnu &ast bratislavského prikrovu tvori fylitovy
plast alochtonneho granitoidového masivu s ob&asnymi
prienikmi aplitov a pegmatitovych hornin (Kovac etal., 1991;
PlaSienka et al., 1991; PlaSienka, 1999). Najstarsim ¢lenom
mezozoickej pokryvnej sedimentarnej sekvencie su slabo
odkryté devinske vrstvy, vychadzajice blizko vychodnej
brany hradu Devin. Tvori ich komplex sivozelenkastych
zlepencov az brekcii s ulomkami granitov, zilného kremenia,
fylitov, pestrych bridlic a bazickych vulkanitov. Ich vek
pokladaju Vozarova a Vozar (1988) za permsky.

Spodnotriasovy komplex, patriaci ldzrianskému
suvrstviu, tvori vrcholovu ¢ast Devinskej Kobyly i pahorku
Devinskeho hradu (obr. 1). Sklada sa z kremennych
pieskovcov s celistvym az sklovitym tmelom a okruhliakmi
bieleho zilného kremenfia, ruzovkastého ryolitu a &iernych
turmalinovych hornin (MiSik a Jablonsky, 1978; Misik,
1986). Na tychto odolnych horninach bol postaveny
Garajovsky palac.

Studna a priekopa, oddelujuca devinsku citadelu
od vlastného hradu, boli vth'bené v ,kampilskych”
zltkastosivych ilovitych bridliciach. Pod mostikom cesty
na citadelu v ich nadlozi vystupuju strednotriasové
dolomity. Su to tenko doskovité sivé az tmavosivé drobivé
karbonaty s bituminéznym zapachom a nevyraznymi
ilovitymi medzivrstvickami. Ich vrchna Cast je zmenena na
monomiktnu dolomitovu brekciu, tvoriacu vychodné Upétie
hradnej skaly (obr. 2b). Na svahoch Devinskej Kobyly
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je zachované suvrstvie gutensteinskych vapencov. Su to
tmavé bitumindzne horniny ¢asto laminované (striedaju sa
tenké laminky jemno detritickych a mikritovych vapencov),
Casté su gradované brekciovité polohy (obr. 5). Pritomnost
tychto hornin v klastoch pleSskej brekcie v devinskom brale
indikuje, ze gutensteinské suvrstvie malo poévodne vacésie
plosné rozSirenie a do znacnej miery podlahlo neskorse;j
(spodnojurskej) erdzii. Erdzia postihla komplex karpatského
keuperu. Nalez klastov vapencov s rétskou faunou, ktoru
opisali Kochanova et al. (1967), sa predbezne nepodarilo
zopakovat.

Na dolomitovej brekcii erozivne spociva polymiktna
plesskéa brekcia (Michalik, 1984), pozostavajuca z rozlicne
velkych klastov (s rozmermi od niekolkych centimetrov do
piatich — Siestich metrov). Tato brekcia tvori morfologicky
najproduktivnejsiu Cast telesa hradného kopca, nesucu
citadelu hradu (obr. 2a; Baliak et al., 1997; Pipik et al., 2004).
Pod béazou brekcie mozno pozorovat vymole i rozliéne
hiboko do podlozia zasahujuce klastické dajky. Jednotlivé
klasty brekcie su tvorené sivym dolomitom, dolomitovymi
laminitmi, dolomitizovanymi vapencami s pseudomorfami
po krystaloch sadrovca, sivymi lumachelovymi vapencami,
rohovcovymi a fosfatizovanymi vapencami, zriedkavo
dokonca speleotémami (Misik, 1980). Kochanova et al.
(1967) opisali z tejto brekcie nalez klastov biomikritového
vapenca s rétickou faunou lasturnikov a foraminifer,
Rakus (1996) klasty s fosfatizovanymi vrchnoliasovymi
amonitmi. V klastoch tmavosivého biomikritového
vapenca sa nasla liasova fauna brachiopddov (Michalik
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et al.,1994) mediteranneho typu. Michalik (1984) stotoznil
teleso brekcie s pleSskou brekciou toarského veku, ktora
vznikala tahovym namahanim okraja centralnokarpatskej
mikroplatne pri otvarani penninského riftu na rozhrani
spodno- a strednojurského obdobia.

Makroskopické Studium textur brekcie naznaduje, ze jej
material sa tvoril pocas zlozitého, viachasobného procesu.
Na vrchole citadely brekciu roztina niekolko Strbinovitych
rozsadlin, vyplnenych miocénnym pieskom. Horninové
ulomky v odliSnych Castiach telesa brekcie maju odlisné
zlozenie, velkost aj opracovanie. Viaceré klasty boli
druhotne dolomitizované (menej Casta je silicifikacia).
Tmel medzi klastmi je obvykle slienity, karbonatovy,
zriedkavejsie dolomitizovany, niekedy pozostavajuci len
z drobnej drviny rozruSenych klastov. Pozorovanie
z odkryvov na svahu Devinskej Kobyly v niektorych

pripadoch dokonca poukazuje na ,vstrekovanie” jemného
tmelu do dutin medzi klastmi pod hydraulickym tlakom
(obr. 3b). Takyto proces nasvedCuje preskupovaniu
materidlu vnutri objemnejsieho skizového telesa. Castejsie
v8ak mozno najst matrix s lamindrnym usporiadanim
alebo s viac-menej zretelnou gradéciou drobnych klastov,
poukazujucou na postupnu depoziciu zmesi ulomkov
a kalu z volného sedimenta¢ného priestoru.

Studium karbonatov v mikroskope
s katédovou luminiscenciou

Luminiscencia karbonatov je vyhodnou poméckou
v pripadoch, ked rekrystalizacia Cistych karbonatov,
pripadne ich dolomitizacia do znacnej miery zotrela
pbévodné Struktdry horniny (Sotak a Lintnerova, 1994).
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Obr. 2a. Pohlad od sutoku Dunaja a Moravy na devinske bralo,
tvorené pleSskou brekciou.

Fig. 2a. View on the Devin castle rock formed by the Ple$ Breccia
from the confluence of the Danube and Morava rivers.

Obr. 1. Geologicky rez ¢elnou ¢astou
devinskej jednotky medzi Devinom
a Devinskou Novou Vsou (podla
Plasienku, 1999, upravené).
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Fig. 1. Geological cross-section
across frontal part of the Devin Unit
between Devin and Devinska Nova
Ves villages (after Plasienka,1999,
adapted).
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Obr. 2b. Pohlad na citadelu Devinskeho hradu od Garajovského
palaca (k vychodu). Spodnu cast steny brala tvori dolomitova
brekcia, vrchnu plesska brekcia.

Fig. 2b. View on the Citadella of the Devin castle rock from the
Garay Palace (eastward). Lower part of the rock wall consists of
dolomite breccia, the upper part is of the Ple$ Breccia.
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Machel (1986) Studoval mikrostruktiry dolomitov
a vapencov v indukovanom svetle v luminiscenénom
mikroskope. Cisté karbonaty nesvetielkuju, katédovu
luminiscenciu vyvolava az primes manganu, zeleza
a olova v pevnom roztoku. Jednotlivé primesi pritom
zohravaju bud ulohu vyvolavacov (aktivizatorov),
senzitizérov alebo zhasacov (quenchers) luminiscencie.
Hoci obsah tychto primesi nemusi byt vzdy primarny
(mohli sa do horniny dostat az pri cementacii, ba niekedy
az druhotne s hydrotermalnymi fluidmi), ich Stidium méze
prispiet k zviditelneniu nevyraznych primarnych textur,

k interpretacii diagenézy alebo hydrotermalnych pro-
cesov. Ten Have a Heijnen v roku 1985 experimentalne
zistili, Zze uz 15 ppm primesi manganu v karbonate
vyvolava luminiscenciu.

Soreghan et al. (2000) odliSili produkty dolomitizacie
vznikajuce dvomi odliSnymi procesmi. Prvy z nich
reSpektuje primarne zloZenie, zachovava pseudomorfy
povodnej stavby a ¢asto postihuje najma peritidaine facie.
Dolomitizacia prebehla v ranej faze diagenézy, hornina
obsahuje vela Sr, Na a len malo Zeleza a manganu. Druhy
typ prebiehal v neskorSej faze diagenézy a postihol najméa

Obr. 3a. Makrofacie triasovych vapencov a dolomitov.

Fig. 3a. Macrofacies of Triassic limestones and dolomites.

Obr. 3b. PleSska brekcia s ,hydraulicky“ nastrekovanou a s grada¢ne vrstvenym
matrixom. Obidve snimky: svah Devinskej Kobyly nad zahradkarskou koléniou.

Fig. 3b. Ple$ Breccia with “hydraulically” injected and graded matrix. Both
photographs are from the southern slope of the Devinska Kobyla Hill above

a gardening colony.
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Obr. 4. Mikrofacie pleSskej brekcie v optickom (vlavo) a katédovo-
-luminiscenénom mikroskope (vpravo). Klasty karbonatov maju
zachované priméarne oolitické, biogénne a biooklastické textury.
Citadela Devinskeho hradu.

Fig. 4. Microfacies of the Ple$ Breccia in optical (left) and in cathode
luminiscent microscope (right): carbonate clasts with preserved
primary oolitic, biogene and biooclastic textures. The Citadella rock
of the Devin Castle.

Casti sekvencie blizko sekvenénych hranic bez selektivity
horninového zlozenia. Produktom je zrnity dolosparit bez
zachovanych primarnych textur, obsahujici malo Na a Sr
a pomerne vysoky obsah Zeleza.

Halden et al. (2004) skumali pod luminiscenénym
mikroskopom rybie otolity z jazera Eden Lake v Manitobe.
Zistili, ze fosforeskujuce vrstvicky v rezoch ich kalcitovej
steny spOsobuje primes prvkov vyluhovanych z monzoni-
tovych telies, vychadzajucich na dne jazera: samarium
spOsobuje Cervené, stroncium oranzové a mangan
Zltozelené svetielkovanie kalcitu.

Chocquette a Hiatt (2008) sa zaoberali $tadiami tvorby
cukrovitych dolomitov. Dolomitizacia bola len kratkodobou
udalostou porovych fluid, spatou s eustatickou zmenou
hladiny mora. Predchadzala vlastnej cementacii okolo zfn
substratu (coarsening), splyvaniu kortexovych narastov
(induration), nez cement vyplnil cely priestor poérov
(occlusion). Mikrocementaciu mohla urychlit meteoricka
voda, najma v miernych zemepisnych Sirkach.

Pri luminiscenénom S§tuddiu spodnokriedového
vapencového suvrstvia Chachao v argentinskej panve

ol il st » }}
Obr. 5. Mikrofacie pleSskej brekcie v optickom (vlavo) a katédovo-
-luminiscenénom mikroskope (vpravo). Citadela Devinskeho hradu.

Fig. 5. Microfacies of the Ple§ Breccia in optical (left) and in
cathode luminiscent microscope (right). The Citadella rock of the
Devin Castle.

Neuquén rozliSili Palma et al. (2008) v ustricovych laviciach
tri tadia diagenézy. Ranodiagenetické Stadium sprevadzala
mikritizacia a subsolucia alochém. Ranocementa¢na faza
prebiehala v morsko-freatickych podmienkach, mikrit
bol zatlaCany izopachyalnym cementom. Koncentrické
svetielkujuce pruhy indikuju premenlivost prinosu Mn
a Fe. Kalcitové granuly a findlny syntaxialny cement
vznikali v meteoricko-freatickych podmienkach pocas
neskorodiagenetického Stadia.

Rozbor klastov pleSskej brekcie

Mikroskopické Studium klastov pleSskej brekcie pod
luminiscenénym mikroskopom indikuje viacnasobné
postihnutie hornin tlakovymi deformaciami a vytvaranie
sukcesivnych generécii kalcitovych vyplni.

Vyznamnu skupinu klastov tvoria ulomky karbonatov
so zachovanou vnutornou stavbou (obr. 4). Patria sem
oolitické vapence (oosparity), bioklastické vapence
(biosparity), pelsparity i vapence s hojnymi hluzkami rias.
Karbonaty postihla rana selektivna dolomitizacia (facies
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Obr. 6. Mikrofacie pleSskej brekcie v optickom (vlavo) a katédovo-
-luminiscenénom mikroskope (vpravo). Citadela Devinskeho hradu.

Fig. 6. Microfacies of the Ple$ Breccia in optical (left) and in
cathode luminiscent microscope (right). The Citadella rock of the
Devin Castle.

selective dolomitization, cf. Soreghan et al., 2000), typicka
pre peritidalne a plytké neritické facidlne zény. Povodna
hornina ma nizku luminiscenciu, vrstvicky ooidov maju
oranzovu farbu. Tmel medzi klastmi v8ak svieti jasne
oranzovo az ¢erveno (€o podla kritérii Haldena et al., 2004,
poukazuje na zvySeny obsah Sr).

Obrazok 5 ilustruje skupinu hornin postihnutych
ranou cementacnou fazou dolomitizacie (sensu Palma et
al., 2008). V p6vodnej hornine v podmienkach morského
freatického prostredia vznikali dutinky, neskdr postupne
vypifiané izopachovym cementom. Druzy cementadného
novovznikajuceho karbonatu i zilky, ktoré ich pretinaju,
maju oranzovu luminiscenénu farbu (Machel, 1986 alebo
Granier a Staffelbach, 2009 tvrdia, Zze v tomto Stadiu
ju vyvolava primes Mn, Fe a Sr).

V pokrocilejSom §tadiu dolomitizacie (obr. 6, 7) sa
kortexové narasty postupne kombinovali a uzatvarali
zvySkové pory (Choquette a Hiatt, 2008). Freaticky
syntaxialny cement ziari oranzovo az jasne Cerveno, zonalne
pruhovanie vytvarajuce vzor ,psich zubov® prezradza
spbsob dorastania klencovych krystalov karbonatu do
volného priestoru v dutindch a puklinach horniny.

Obr. 7. Mikrofacie pleSskej brekcie v optickom (vlavo) a katédovo-
-luminiscenénom mikroskope (vpravo). Citadela Devinskeho hradu.

Fig. 7. Microfacies of the PleS Breccia in optical (left) and in
cathode luminiscent microscope (right). The Citadella rock of the
Devin Castle.

Brachiopoddy z klastov pleSskej brekcie

Michalik (in Michalik et al., 1994) opisal nalezy
brachiopdédov zo Styroch tatridnych lokalit (Ples, Staré
Hlavy a Ostry vrch v kuchynskej jednotke a Devin
z devinskej jednotky) Malych Karpat. Dva bloky spadnuté
zo zapadnej steny devinskej hradnej skaly pozostavali
z tmavohnedosivého jemno biosparitového vapenca
a obsahovali 82 zvySkov schranok druhu Securithyris
adnethensis (Suess) a dva zvySky schranky druhu
Linguithyris aspasia (Meneghini) (obr. 8).

Pritomnost tychto typicky ,tetydnych® foriem (VOrds,
1977, 1982, 1984) vo faune brachiopdédov z klastov
pleSskej brekcie sved¢i o jej mediterannom charaktere.
Spominany autor radil asociacie z kosteleckého ,bradla“
(Siblik, 1966) a z vysockej jednotky krizrianského
prikrovu Malych Karpat (Pevny, 1964) k eurdpskej
paleobiogeografickej provincii. Je zaujimavé, ze aj
asociacie z lokalit v kuchynskej jednotke (Michalik et
al., 1994) maju podobny ,eurdopsky“ charakter, kym
brachiopddy z devinskej skaly (asociacia Securithyris
— Linguithyris) sa od nich ostro odliSuju.



134 Mineralia Slovaca, 43 (2011)

O T e e reern,

o ..

o
T

HEEEERE R e i,

|1

[T

Obr. 8. Mediteranne brachiopddy z klastu spodnojurského vapenca
pleSskej brekcie v zapadnej stene citadely devinskej skaly. a — e
— Securithyris adnethensis (Suess); f — h — Linguithyris aspasia
(Meneghini). Foto V. Simo.

Fig. 8. Mediterranean brachiopods from the Lower Jurassic
limestone clast of the Ples Breccia from the western rock wall of the
Devin Castle Citadella. a — e — Securithyris adnethensis (Suess);
f —h — Linguithyris aspasia (Meneghini). Photo by V. Simo.

Zavery

Rozbor klastov pleSskej brekcie poukazuje na ich
pévod zvacsa z plytkovodnych &asti triasovej karbonatovej
platformy. Na rozdiel od nich, vzacnejSie rétické
a spodnojurské horniny pochadzaju uz z otvoreného
neritika. V devinskej jednotke tatrika teda prvé prehibenie
prebehlo koncom néru, eSte pred sedimentaciou rétskych
vapencov.

Teleso pleSskej brekcie sa akumulovalo na upéati
synsedimentarne formovaného zlomového zrazu na okraji
tatrika zaciatkom strednej jury, tesne po toarku. Destrukciu
sedimentarnej sekvencie v prilahlych zénach tatrika
a vytvorenie depozi¢ného priestoru pre brekciu vyvolali
tenzné napatia na okraji vznikajuceho peninského riftu.

Pritomnost typicky ,tetydnych® foriem vo faune
brachiopddov svedéi o jej mediterannom charaktere, ¢o je
v rozpore s rovnovekou asociaciou z kuchynskej jednotky
tatrika, Ci vysockej jednotky fatrika z Malych Karpat, ktora
by mala byt typicky ,eurépska®
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Genesis of the Middle Jurassic breccias in the Devin Unit
of the Malé Karpaty Mts.

Geology

The frontal part of the Bratislava Nappe is build up of the
phyllite cover of allochthonous granitoid massif with sporadic
dykes of aplites and pegmatites (Kovac et al., 1991; PlaSienka et
al., 1991; PlasSienka, 1999). Imperfectly exposed Devin Formation
outliers cropping out near eastern gate of the Devin Castle are
the oldest member of the Mesozoic sedimentary cover sequence.
They consist of grey-greenish conglomerates and breccias with
clasts of granite, vein quartz, phyllite, variegated shales and basic
volcanites. Vozarova and Vozar (1988) supposed their Permian
age.
The Lower Triassic complex, belonging to the Luzna Formation,
build the summit part of the Devinska Kobyla Hill, and the Devin
Castle Hill, as well (Fig. 1). It is composed of quartzose sandstones
with fine-grained to glassy quartz matrix which contains pebbles
of white vein quartz, rosa rhyolite and black turmalinic rocks (Misik
and Jablonsky, 1978; Misik, 1986). The middle-age Garay Palace
was founded on these resistant rocks.

The well and trench, separating majestic Devin Citadella from
the proper Castle, have been excavated in “Campilian” yellow-grey
claystones. Below the bridge, Middle Triassic Ramsau Dolomite
crops out in the trench. It is represented by the thin layered grey
to dark grey crumbling carbonates with smell of bitumen and with
inexpressive clayey interlayers. The upper part is transformed into
monomict dolomite breccia, building eastern slope of the Citadella
rock (Fig. 2b). The Gutenstein Limestone Formation crops out on
opposite slopes of the Devinska Kobyla Hill. It is represented by
the dark bituminous rocks, often with lamination (alternation of
thin fine detrital and micritic limestone). Graded fine breccia layers
occur frequently (Fig. 3a). The presence of these rocks in clasts
of the Ple$ Breccia indicates that the Gutenstein Formation had
originally much greater extent, being considerable eroded during
Early Jurassic. This erosion completely removed the Carpathian
Keuper complex strata.

Dolomite breccia is non-conformably covered by the polymict
Ples Breccia (Michalik, 1984), consisting of clasts of various size
(several centimetres to five-six meters). This breccia builds up the
most morphologically eminent part of the castle hill, occupied by the
Citadella (Fig. 2b; Baliak et al., 1997; Pipik et al., 2004). Erosional
groves up to variously deep neptunian dykes are observable below
the breccia base. Individual clasts are formed by grey dolomite,
dolomite laminite, dolomitized limestone with pseudomorphoses
after gypsum crystals, grey shelly limestone, cherty and
phosphatized limestone, sometimes even by speleothems (Misik,

1980). Kochanova et al. (1967) described finding of biomicrite
clast with remnants of Rhaetian bivalves and foraminifers. Rakus
(1996) found clasts with phosphatized Upper Liassic ammonites.
Up to now, we failed to duplicate finding of limestone clasts with the
Rhaetian fauna, but, instead, we (Michalik et al., 1994) revealed
the Lower Jurassic brachiopods of the Mediterranean type (V6ros,
1977, 1982) in clasts of the dark grey biomicrite from the western
rock wall. Michalik (1984) identified the breccia body with the Ple§
Breccia of Toarcian age, which originated during the Early/Middle
Jurassic tensional stress of the Central Carpathian microplate due
to opening of the Penninic Rift.

Macroscopic study of the breccia textures indicates, that
it was generated by complicated, multiplicated process. The
Citadella top is dissected by several crevices filled by Miocene
sand. The composition, size and reworking of rock clasts in
different parts of the breccia body are different. Several clasts
were secondarily dolomitized (silicification is less frequent).
The matrix between clasts is usually marly, carbonatized, less
frequently dolomitized, sometimes consisting of the fine debris.
In few parts of the breccia (on the Devinska Kobyla Hill slope;
Fig. 3b), fine matrix was “injected” under hydrostatic pressure into
internal cavities between clasts. Such process indicates the re-
-arranging of material inside more voluminous quickly deposited
slumping body. On the other hand, the matrix with laminar
structure, or with more-or-less evidently graded little clasts,
denoting gradual deposition of fragments and mud mixture from
the free sedimentary space, is more obvious.

Study of carbonate clasts in cathode
luminiscent microscope

Carbonate luminiscence study is a convenient tool in the cases
when recrystallization of pure carbonate, or its dolomitization
considerably smoothed the original rock texture (Sotak and
Lintnerova, 1994).

Machel (1986) studied microstructure of dolomites and
limestones under induced light in luminiscent microscope. Pure
carbonates are not luminiscent, cathode luminisce is evoked by
admixture of manganese, iron and lead in hard solution. Individual
admixtures play roles of either activisers, sensitisers, or quenchers
of luminiscence. Although these admixtures need not always be
of primary nature (they could get into rock composition during
cementation, or sometimes even secondarily with hydrothermal
fluids), their study can contribute to visualisation of inexpressive
primary textures, to interpretation of diagenesis, or of hydrothermal
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processes. Ten Have and Heijnen confirmed experimentally
already in 1985, that the luminiscence can be evoked by 15 ppm
content of Mn in carbonate.

Soreghan et al. (2000) distinguished products of
dolomitization, generated by two different processes. The
first one respects the primary rock composition, it preserves
pseudomorphs of original sediment architecture and frequently
affects peritidal facies. Dolomitization was a part of early
diagenetic phase, Sr and Na contents is high, while Fe and Mn
occur subordinately. The second type ran during later diagenetic
phase, affecting parts of the sequence near to sequence
boundaries with no selectivity of rock composition. Grainy
dolosparite without primary textures was produced, with low Na
and Sr and relatively high Fe content.

Halden et al. (2004) investigated fish otolithes from the Eden
Lake in Manitoba under cathode luminiscent microscope. They
have found that fosforescence in their calcite wall sections was
triggered by the admixture of elements leached from monzonite
bodies cropping out in the lake bottom: Sm evoked red-, Sr orange-
and Mn yellowish green luminiscence of calcite.

Chocquette and Hiatt (2008) dealt with saccharoidal dolomite
production. Dolomitization was a short event of pore fluids only,
connected with eustatic change of sea level. It was followed by
a proper cementation around substrate grains (coarsening),
coalescence of cortex growths (induration), and, finally, all pores
were filled by the cement (occlusion). The microcementation could
have been accelerated by meteoric water, especially in the middle
latitudes.

During the luminiscence study of Lower Cretaceous Chachao
Formation limestone in the Argentinian Neuquén Basin, Palma et
al. (2008) distinguished three diagenetic stages in oyster beds.
Early diagenetic stage was accompanied by the micritization
and by subsolution of allochems. Early cementation phase
happened in marine phreatic conditions, micrite was substituted
by isopachyal cement. Concentric luminiscent bands indicate
variability in Mn and Fe input. Calcite granules and final syntaxial
cement originated in meteoric — phreatic conditions during late
diagenetic stage.

Clasts analysis of the Ples Breccia

Microscopic study of clasts from the Ple§ Breccia Fm. under
luminiscent microscope indicates multiplicated effect of stress
deformation and origin of successive generations of calcite veinlet
infillings.

Carbonate clasts with preserved internal structure (Fig. 4)
are significantly represented within rocks fragments. They are
formed by oolitic limestones (oosparites), bioclastic limestones
(biosparites), pelsparites and limestones with abundant
algal nodules. Carbonates are affected by an early selective
dolomitization (facies selective dolomitization, cf. Soreghan et al.,
2000), typical of peritidal and shallow neritic facies zones. The
luminiscence of original rock is low, ooid laminae are orange. The
matrix between clasts is bright orange red, what indicates raised
Sr content (according to criteria of Halden et al., 2004).

Fig. 5 ilustrates group of rocks affected by the early
cementation phase of dolomitization (Palma et al., 2008). In
marine phreatic environment small cavities formed in original
rock, subsequently being filled by isopachyal cement. Aggregates
of cementing newly originating carbonate and veinlets cutting it,
are of orange luminiscent colour (Machel, 1986, or Granier and
Staffelbach, 2009, argued, that this colour is evoked by Mn, Fe
and Sr admixture at this stage).

In more advanced stage of dolomitization (Figs. 6 and 7),
cortex growth subsequently combined and closed relict pores
(Choquette and Hiatt, 2008). Freatic syntaxial cement brights
orange to pale red, zonal banding creating “dog teeth” pattern
indicates mode of growth of rhomboid crystals of carbonate into
free space in cavities and crevices of the rock.

Brachiopods from the Ples Breccia clasts

Michalik (in Michalik et al., 1994) described brachiopod findings
from four Tatric localities (Ples, Staré Hlavy and Ostry vrch in the
Kuchyna Unit and Devin from the Devin Unit) of the Malé Karpaty
Mts. Two limestone blocks fallen from the western rock wall of
the Devin (Citadella) Castle rock consisted of dark brown-grey
fine biosparite and contained 82 shell fragments of Securithyris
adnethensis (Suess) and two specimen of Linguithyris aspasia
(Meneghini) (Fig. 8).

The presence of these typically “Tethyan” forms (V6rés, 1977,
1982, 1984) in brachiopod fauna of the Ples Breccia clasts should
prove for its Mediterranean character. Mentioned author attributed
associations from the Kostelec “klippe” (an olistolithic block in
the Strazovské vrchy Mts.; Siblik, 1966) and from the Vysoka
Unit (Krizna Nappe in the Malé Karpaty Mts.; Pevny, 1964) to the
European paleobiogeographic province. It is worth of mention that
brachiopod association from the Kuchyria Unit (Tatric Unit of the
Malé Karpaty Mts.; Michalik et al.,1994) is also of the “European”
character, while the brachiopods from the Devin Castle rock (the
Securithyris — Linguithyris association) are considerably different.

Conclusions

Clasts of the Ples Breccia Formation were derived from the
shallow marine facies zone of Triassic carbonate platform. Less
frequent Rhaetian and Lower Jurassic rocks came from the
open neritic deposits. Thus, subsidence in the Devin Unit of the
Tatric started in Latest Norian being followed by sedimentation of
Rhaetian limestones.

The Ples Breccia body accumulated on a foot of synsedimentary
formed fault scarp on the Tatric margin after Toarcian. The
destruction of sedimentary sequence in adjacent Tatric zones and
forming of depositionary space for accumulation of slope debris
was enabled by tensional stress on arising Penninic Rift margin.

The presence of typically “Tethyan” forms in brachiopod fauna
indicates its Mediterranean character, being contradicting with
isochronous association from the Tatric Kuchyna Unit, or from
Fatric Vysoka Unit from the Malé Karpaty Mts., which should be
typically of the “European’” type.
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Contribution to the knowledge of orthogneisses from the contact of the Kremnické vrchy Mts.,
Starohorské vrchy Mts. and Velka Fatra Mts. (Western Carpathians, Slovakia)

The contact of crystalline complex of the Starohorské vrchy Mts. and Velka Fatra Mts. with
the volcanic complex of Kremnické vrchy Mts. represents potentional occurrence of gold deposit.
Simultaneously with the prospecting of these occurrences, petrological research of this area
has been done. It was confirmed that mylonitic foliations of gneisses bodies are NE-SW to
NNE-SSW trending with dipping toward NW. The orthogneisses of the crystalline complex
originated in the metamorphic conditions probably of amphibolite facies, and the pre-metamorphic
protolith of orthogneisses was represented by granitoid rocks. Texture, structure and composition
of orthogneisses and their protoliths indicate their syn-collisional evolution. Petrologically, the
orthogneisses from Starohorské vrchy Mts. point to S-type granite.

Key words: Kremnické vrchy Mts., Starohorské vrchy Mts., orthogneiss, paragneiss, Western

Carpathians

Uvod

Pocas realizovaného prieskumu zameraného na
predpokladany vyskyt rudného uzla v Studovanom
uzemi (obr. 1), ktoré tvori v oblasti Harmanca ,stykovu®
zénu neovulkanitov Kremnickych vrchov a horninovych
komplexov Starohorskych vrchov a Velkej Fatry, sme
sa venovali $tadiu vybranych typov hornin. Lokalita sa
nachadza niekolko kilometrov na S a SZ od Banskej
Bystrice. V uvedenej oblasti sa overila pravdepodobnost
vyskytu zlatonosného zrudnenia, resp. rudnych mineralov
so zlatom viazanych na hydrotermalne zily (Michalek
et al., 2005).

Cielom tejto prace je podat zakladnu Strukturno-
-geologicku, petrograficku, mineralogicki a geochemicku
charakteristiku vybranych hornin krystalinika vystupujucich
v stykovej zone, ako aj obraz o geologickej stavbe SirSieho
okolia Harmanca.

Geologicka charakteristika Uzemia

Studované tzemie (obr. 1) je zlozené z horninovych
komplexov paleozoika (st. paleozoikum — rulovy komplex,
permsky horninovy komplex — starohorska skupina),
mezozoickych sekvencii a neovulkanitov Kremnickych
vrchov.

Bazalnu cast tvori komplex rul starohorského
krystalinika, ktory vystupuje na povrch v dvoch &astiach,
a to na oboch svahoch Starohorského potoka (¢ast Vozna
dolina, Zlaty potok, Mala Medvedia, AndraSova dolina,
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Malé a Velké Lelekovo) a v ¢asti Harmanec-papieren,
na oboch stranach potoka Bystrica. Vystupovanie komplexu
rul — pararul, granaticko-biotitickych rul a— podla niektorych
autorov — aj ortorul (Polak et al., 2003b; Kohut, 2004) ma
podobu tektonického okna, ako to pred mnohymi rokmi
opisal Koutek (1937). Podla novsich poznatkov ho autori
Polak et al. (I. c.) priradili ku krystaliniku veporika. Ortoruly
podobného charakteru sa podrobne charakterizovali,
okrem iného, aj z juznej ¢asti Dumbierskych Tatier, kde sa
potvrdil ich magmaticky povod (Adamija et al., 1992; Petrik
a Kohut, 1997; Petrik et al., 1998).

Permské horniny buduju takmer polovicu Studovaného
uzemia. Vozarova a Vozar (1988) definovali monoténny
subor terestrickych hruboklastickych sedimentov
pozvolne sa zjemrujucich smerom do vrchu, vystupujuci
v superpozicii medzi kryStalinikom a sedimentmi
spodného triasu ako starohorska skupina, v ramci
ktorej vystupuje Spanodolinské suvrstvie a samostatne
vyClenené harmanecké vrstvy na zéklade litologickych
odli$nosti. Spariodolinské stvrstvie je zlozené z pestrych
zlepencov, hrubozrnnych pieskovcov a pies¢itych bridlic
fialovej (fialovo-Cervenej) farby. Harmanecké vrstvy su
tvorené jemnobridli¢natymi sivymi ilovitymi pieskovcami
s medzivlozkami piescitych bridlic s obsahom bitimenu.

Spodny trias je vyvinuty vo forme luzfianského suvrstvia
kremencov a kremennych pieskovcov v podobe nehojnych
odkryvov. Stanovit presnu hranicu medzi nim a permskym
suvrstvim, zvlast ak je budované sivymi, sivozelenymi
pieskovcami s intenzivnou limonitizaciou, je velmi naro¢né.
Spdsobuje to aj fakt, ze morfoStruktdrne prvky, ako je
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vrstevnatost alebo lavicovitost, su vyvinuté sporadicky.  V starohorskom regiéne tuto formaciu zastupuje len
Tento styk je komplikovany aj intenzivnou, relativne leukokratny andezit v podobe lavového prudu a niekolko
mladou (pravdepodobne poprikrovovou) tektonikou, ktora dajok pyroxenického andezitu.

ma vyslovene deStrukény charakter hlavne na kremence

a pieskovce. Struktirno-tektonické pomery
Blizko Studovaného uzemia sU mezozoické v SirSom okoli Harmanca
sekvencie okrem spomenutého triasu zastupené aj
pestrymi bridlicami, telesami gutensteinského vapenca V prvom rade je potrebné uviest, ze dominujucou

a ramsauského dolomitu. Juru, resp. kriedu zastupuje Strukturou Uzemia je starohorsko-revicky zlom ako sucast
zdiarske a mraznické suvrstvie. Prikrov hronika na SZ od centralnokarpatského zlomového systému. Priamy vplyv
Harmanca tvoria vrstvy a polohy gutensteinského vapenca zlomu je najlepSie sledovatelny v useku, kde je vyvinuté
a dolomitu, steinalmského vapenca a wettersteinského krysStalinikum rulového komplexu, Spafiodolinské suvrstvie

dolomitu (Polék et al., 2003b). permu a kremence spodného triasu bez sekvencii vysSich
Vulkanické horniny vystupuju v zapadnej, severo- suvrstvi.
zapadnej ¢asti Studovaného uzemia. Vulkanické horniny Velmi vyrazné maximum foliacie pléch S; rulového

patria k TurCeckej formacii, ktora je zlozena z hornin komplexu je vyvinuté v smere SV — JZ az SSV - JJZ
efuzivneho a explozivneho andezitového vulkanizmu. (304/60°, resp. 344/35°) so sklonom pléch 35 — 60°
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Obr. 1. Geologicka mapa SirSieho okolia Harmanca (upravené podla Poléka et al., 2003a). 1 — starohorské krystalinikum nerozliSené
(budované hlavne ortorulami, pararulami a grt-bt rulami s paskovanou, prip. o¢kato-paskovanou texturou); 2 — pestry zlepenec, hrubozrnny
pieskovec (Spanodolinské suvrstvie, perm); 3 — ne¢lenené mezozoikum kriziianského prikrovu; 4 — ne¢lenené mezozoikum hronickej
jednotky; 5 — vrty (Michélek et al., 2005); 6 — prikrovové linie; 7 — zZlomové systémy.

Fig. 1. Geological map of the vicinity of Harmanec (according to Polak et al., 2003a). 1 — undivided Staré Hory crystalline rock complex
(orthogneisses, paragneisses, grt-bt gneisses with banded and augen-banded structures); 2 — Permian Spania dolina Formation:
variegated conglomerates, coarse-grained sandstones; 3 — undivided Mesozoic sedimentary cover of the Krizna nappe; 4 — undivided
Mesozoic sedimentary cover of Hronic Unit; 5 — boreholes (Michalek et al., 2005); 6 — lines of the main nappes; 7 — faults.
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k SZ. Evidujeme aj dalSie menSie maximum, podobné
hodnotam foliacie S;. Je mozné predpokladat vplyv
zlomu Starohorského potoka, ktory podmienil rotaciu
Ciastkovych blokov, ¢o by vysvetlovalo vznik dalSich
maxim.

Foliacia pléch Sy (807/46°, resp. 305/75°) v tesnej
blizkosti Harmaneckych papierni (SHP) vytvara najostrejSie
maximum v celom Studovanom uzemi.

NajvyraznejSim Struktirnym parametrom je foliacia
S, pléch krystalickej bridliénatosti rul (ortordl aj pararul),
ktora je generalne vyvinuta v smere SV — JZ so sklonom
55° k SZ (obr. 2, 3). Tieto zistenia su v priamej zhode so
zisteniami z inych ¢asti tatrického fundamentu a jeho
metamorfného plasta (napr. Puti$ et al., 2003; Majdan
et al., 2004).

Vzajomny styk kryStalinika a permu (Spanodolinského
suvrstvia) je tektonicky, ¢o bolo preukazané aj vrtom VHL-1
(Velké Lelekovo — 100 m, zvisly — Michalek et al., 2005).
V useku 72 — 75 m je zachyteny ultramylonit s ulomkami
pieskovcov permu a ulomkami biotitickych rul. Toto zistenie
potvrdzuje starSie nazory na tektonicky vyvoj v tejto oblasti
postihnuté nizSieteplotnymi premenami (Kravjansky, 1979)

— diskordantné uloZenie permského Spafiodolinského
suvrstvia starohorskej skupiny na podloznom krystaliniku.

Foliacia biotitickych a granaticko-biotitickych rul je cca
30 — 35° k osi vrtu VHR-2 (Harmanec-papieren — 100 m,
zvisly) a tieto hodnoty sa az na malé vynimky udrzuju
v celom vrte. Vo vrte VHR-4 (Harmanec-papieren — 67 m,
zvisly) foliacia rul je 45 — 55° k osi vrtu, ¢o signalizuje
prevrasnenie rulového komplexu s liniami ultramylonitu
a zilami svetlosivého kremena, prip. s obsahom rudnych
mineralov. Lokalizacia realizovanych vrtov je uvedena
v tab. 1.

Petrografia rulového komplexu

Horniny krystalinika v SirSom okoli Harmanca su tvorené
hlavne nezmenenymi biotitickymi rulami — pararulami
a ortorulami (s paskovanou aj o€katou texturou), v mensej
miere granaticko-biotitickymi rulami. Vyskyt v&etkych typov
sa potvrdil petrografickym Studiom povrchovych vzoriek, ako
aj vzoriek z realizovanych vrtov (Michalek et al., 2005). V okoli
hydrotermalnych zil, na ktoré sa viaze zlatonosné zrudnenie,
su tieto ruly postihnuté nizSieteplotnymi premenami.

Tab. 1

Lokalizacia loziskovych vrtov z okolia Harmanca (Michalek et al., 2005)
Location of boreholes from the vicinity of Harmanec (Michalek et al., 2005)

Oznagenie Suradnice Hibka Lokalizacia Poznémka
vrtu X Y V4 vrtu (m)
VHL-1/04 1221 221,738 421 764,586 640,87 100 Lelekovo zvisly
VHR-1/04 1221 830,130 421 913,250 458,50 140 Harmanec Sikmy, 278/-15°
VHR-2/04 1221 853,160 421 972,280 457,35 100 Harmanec zvisly
VHR-3/04 1221 903,760 422 026,940 463,99 73 Harmanec zvisly
VHR-4/04 1221 878,680 422 002,600 458,71 67 Harmanec zvisly
VHR-5/04 1221 944,680 422 111,470 486,46 120 Harmanec zvisly
0

Obr. 2. Tektonogram — oblukovy diagram s plochami folidcie S,

n=43 (P)
n=1 (P)
Num total: 44

Equal area projection, lower hemisphere

rulového komplexu starohorského krystalinika.

Fig. 2. Tectonic diagram of S, foliation planes of the Staré Hory

crystalline complex (gneisses).

Num total: 44

Strike Direction: 10 ° classes

S, rulového komplexu starohorského krystalinika.

crystalline complex (gneisses).

Obr. 3. Tektonogram — ruzicovy diagram s priebehom pléch foliacie

Fig. 3. Rose diagram with S; foliation planes of the Staré Hory
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Ortoruly

Struktira ortordl variruje od relativne homogénne;
hrubozrnnej az po silne usmernenu lepidogranoblastickd,
deformovanu zhlukmi biotitu a fenokrystami K-Zivca
velkymi az niekolko cm alebo iba deformovanymi ockami
plagioklasov. Ortoruly su sivej az svetlosivej farby
s usmernenou paskovanou alebo oc€kato-paskovanou
textdrou.

V Studovanych vzorkach granitickych ortorul s ockato-
-paskovanou texturou (obr. 4a, 4b) sme pozorovali mylo-
niticku lineéaciu viditelnu v reze XZ (kolmom na foliaciu),
reprezentovanu hlavne sludami (Bt, +tMs) a kremennymi
ribénmi, ktoré v tomto reze viditelne ,,obtekaju” a uzatvaraju
splostené fenokrysty zivcov (K-zivcov i plagioklasov),
pripadne porfyroblasty granatov. Okrem vyrastlic sa
K-zivce vyskytuju v podobe subzfn usporiadanych para-
lelne s lineaciou. Ribonovité kremenné zrna dosahuju
dizku az niekolko cm a hribku niekolko mm.

V reze YZ je viditelna foliacia a kremenné ribony tu maju
formu velmi sploStenych elips. Lupene slud sa spravaju
podobne ako v reze XZ, kde tvoria velmi malé lupienky
iba niekolko mm dlhé, ¢o su asi desatnasobne mensie
rozmery ako v povodnych magmatickych stavbach.

Nalozené tektonometamorfné procesy v tektonickych
zbénach ¢asto viedli az k vzniku mylonitickych bridlic.
Polak et al. (2003b) oznacil tieto typy ako drobnozrnné
mylonitizované ortoruly s polohami parardl a amfibolitov.
Zakladné mineralne zloZenie ortorul tvori kremen,
plagioklas, K-zivec, biotit a muskovit (pribuda so stupfiom
premeny). Akcesoricky je zastupeny zirkdn, apatit, epidot-
-zoisit, sericit a velmi sporadicky granat.

Kremen je silne undulézny, s prejavmi rekrystalizacie
a tvorbou tzv. ribonovitych foriem krystalov (hrubka
0,5 — 3 mm a dizka max. do 2 cm), ktoré su vysledkom
pésobenia migraénej rekrystalizacie (obr. 5). Dalej
mdzeme pozorovat zriedka az centimetrové porfyroklasty
K-Zivcov, menej plagioklasov, ktoré tvoria jadra tzv. jadrovo-
-plastovych stavieb, pricom plast pozostava z dynamicky
rekrystalizovaného agregatu zivcov. V d6sledku dynamickej
deformé@cie su sludy (najma biotit, menej pritomny muskovit,
pripadne sericit) akumulované v tlakovych tiefioch velkych

porfyroklastov Zivcov a tvoria charakteristicki oCkato-
-paskovanu textdru. Casté su aj variety bez vyrastlic,
ktoré tvoria iba paskovanu texturu. Pozorovanym javom
pri porfyroklastoch K-zivcov bol vyskyt karlovarského
zrastu a taktiez obsah uzavrenin plagioklasov a biotitu.
Pévodné ruly (para- aj orto-) boli vplyvom tektoniky
a nizkoteplotnej rekrystalizacie spésobenej hydrotermal-
nymi roztokmi zmenené. To bolo spojené so zvySenym
prinosom kremena, karbonatov a rudnych mineralov s oje-
dinelymi vyskytmi zlata v podobe kremenno-karbonatovych
zil ako prejavov sekundarnej mineralizacie (chloritizacia,
sericitizacia a silicifikacia). Hydrotermalne premenené
biotitické ruly sivozelenej farby s velmi jemnozrnnou
textirou a pravidelnym usmernenim su miestami az
mylonitového, resp. ultramylonitového charakteru.

Biotitické ruly, resp. granaticko-biotitické ruly

Biotitické ruly sa vyskytuju prevazne s paskovanou,
v mensej miere s ockato-paskovanou textirou a lepido-
granoblastickou Struktdrou. Pre ucely tohto ¢lanku ich
mézeme oznadit ako pararuly.

V Studovanych vzorkach biotitickych pararul, pripadne
granaticko-biotitickych pararul (obr. 6 — VHR-5/6P — 44,05 m),
sme Casto pozorovali myloniticku lineaciu viditelnu v reze
XZ, reprezentovanu hlavne sludami (Bt, +Ms) a kremennymi
ribdnmi, ktoré v tomto reze viditelne ,,obtekaju“ a uzatvaraju
splostené porfyroblasty zivcov (K-zivcov i plagioklasov),
pripadne granatov podobne, ako je to pri ortorulach. Okrem
vyrastlic sa K-zivce a plagioklasy vyskytuju v podobe
subzfn usporiadanych paralelne s line&ciou.

Pararuly su tvorené hlavne mineralmi kremena, plagio-
klasu, menej K-Zivca, biotitu a +muskovitu. Akcesoricky
je zastupeny zirkon, apatit, epidot-zoisit, sericit a granat
(granatické variety maju zvySeny obsah tohto mineralu).
V zavislosti od obsahu kremena a biotitu sa menil aj charakter
horniny podla toho, & dominovala svetla alebo tmava zloZka.
ZvySeny obsah kremena bol zaznamenany v kremenno-
-karbonatovych (kalcitovych) zilach so zrudnenim, najma
v stykovych zdnach hydrotermalnych zil a krystalinika.

Hornina je uz na prvy pohlad odliSna od predchadza-
jucich vzoriek (prevysuje obsah mafickej zlozky). Struktura

Obr. 4. Starohorskeé ortoruly s ockato-paskovanou texturou: A — z vrtu VHR-2; B — z povrchu (AndraSova dolina).

Fig. 4. Mesofabrics of orthogneisses the with augen-banded structure from the Starohorské vrchy Mts.: A — from the borehole VHR-2;

B — from the surface (Andrasova valley).
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Obr. 5. Mikrostruktury o¢kato-paskovanych ortorul zo Starohorskych
vrchov (vzorka VHR-2/5P), skrizené nikoly, zv. 46x, ribén kremenia.

Fig. 5. Microstructure of augen-banded orthogneisses from the
Starohorské vrchy Mts. (sample VHR-2/5P), crossed nicols, magn.
46x, quartz ribon.
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Obr. 6. Drobnozrnna granaticko-biotiticka pararula zo Staro-
horskych vrchov (vrt VHR-5), mierka ma 10 cm. Granaty tvoria
bledosivé zhluky.

Fig. 6. Fine-grained garnet-biotite paragneisses from the
Starohorské vrchy Mts. (borehole VHR-5), scale 10 cm. Garnets
form light-grey colour clusters.

je granoblasticka, priom zrna dosahuju velkost prevazne
okolo 0,2 mm. Vnutorna Struktura je jasne usmernena
v podobe drobnozrnnych biotitov pretiahnutych v liniach
(priem. 0,1 mm). V rovnakom smere sa tiahne aj drobno-
zrnny agregat znacne sericitizovanych plagioklasov. Ten
isty smer natiahnutia kopiruju granaty, ktoré su vyrazne
rozlozené. Kremeri, vypifiajlci volné miesta po rozpade
granatov, vytvara pri pootoceni mikroskopického stolika
mozaikovu Strukturu (obr. 7). V drobnozrnnej mase

horskych vrchov (vzorka VHR-5/10P), skrizené nikoly, zv. 46x.

Fig. 7. Microstructure of garnet-biotite paragneisses from the
Starohorské vrchy Mts. (sample VHR-5/10P), crossed nicols,
magn. 46x.

uprostred granatov sa vyskytuju aj rozlozené sericitizované
zivce, drobnoluperiovité biotity, no aj mineraly epidotovo-
-zoisitovej skupiny. Horninu mézeme pre jej zvySeny
obsah biotitov a granatov oznacit ako granaticko-biotiticku
pararulu s jemnozrnnym charakterom. Usmernenie
celej vnutornej Struktury horniny aj rigidnych granatov
je vysledkom vysSieteplotno-plastickej deformacie.

Obsah kremena je v niektorych vzorkach VHR1/3P
(42,7 m) a VHR-1/4P (100,7 m) vyssi, pricom vytvara
ribénovité krystaly (pasiky) s unduléznym zhasanim. Spolu
so sfudami maju rovnaky priebeh a vo vybruse v reze
XZ odrazaju priebeh foliaénych pléch. Toto usporiadanie
(usmernenie) je charakteristické pre starohorské ruly
(para- aj orto-).

Petrogeneticka klasifikacia ortorul a ich protolitov
z oblasti Harmanca

Z vybranych povrchovych vzoriek, ktoré boli odobraté
pri rekognoska¢nych mapovacich tarach v SirSom okoli
Harmanca, sme nechali urobit celohorninové chemické
analyzy. Tieto silikatové analyzy boli vyhotovené v Geo-
Ekologickych laboratériach, s. r. o., Turéianske Teplice
(tab. 2).

Petrochemicky prepocet silikatovych analyz vzoriek
bol spracovany v programe ,NewPet? Vysledky petro-
chemického prepoctu boli vynesené do zakladného

Tab. 2
Chemické zloZenie ortorul z oblasti Starohorskych vrchov
Chemical composition of orthogneisses from the Starohorské vrchy Mts.

Oznaé.vz. SiO, TiO,  Al,O3 Fe,03 FeO MnO  MgO CaO Na,O K50 P,0s H,O* H,O-

MH - 72 70,1 0,50 14,24 1,07 2,73 0,05
MH — 81 70,2 0,58 14,64 0,72 2,87 0,05

1,1 1,09 2,37 4,81 0,16 0,08 0,38

1,0
MH-156 70,1 0,52 14,3 0,91 2,75 0,06 1,1

1,1

1,1

8

8 1,17 2,97 4,39 0,15 0,11 0,25

2 1,24 2,87 4,62 0,16 1,31 0,23
1,19 2,83 4,65 0,17 0,18 0,28

2 1,19 2,69 4,81 0,17 1,34 0,27

MH - 56 70,2 0,49 14,41 0,83 2,73 0,05
MH-157 74 0,50 14,41 0,86 2,78 0,05

Priem. 70,93 0,52 14,40 0,88 2,77 0,05 1,12 1,18 2,75 4,66 0,16 0,60 0,28
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klasifikacného diagramu QAP (podla Streckeisen, 1976)
a jednoznacne preukazali, ze ide o ortoruly, ktorych
protolitom boli monzogranity, inklinujuice svojim zlozenim
az ku granodioritom (pozri tab. 2 a obr. 8). Ortoruly zo
Starych hér svojim chemickym zlozenim poukazuju, okrem
spomenutych typov, aj na granodioritovd az tonalitovu

Q

YL/ ERER g

Obr. 8. Klasifikacny diagram QAP podla Streckeisena (1976)
reprezentuje mezonormativne zloZenie Studovanych ortorul. Polia:
3a-syenogranit; 3b-monzogranit, 4-granodiorit.

Fig. 8. Classification diagram QAP according to Streckeisen
(1976) represents mesonormative composition of investigated
orthogneisses. Fields: 3a-syenogranite; 3b-monzogranite,
4-granodiorite.

FeO t

Tholeiticka séria

Vépenato-alkalicka séria

Na20+K-0 MgO
Obr. 9. Ternarny diagram pre pomer FeO : MgO : (Na,O + K,0),
dokumentujuci prisludnost starohorskych ortorul k vapenato-
-alkalickej sérii magmatickych hornin (podla Irvine a Baragar,
1971).

Fig. 9. Ternary diagram for the ratio FeO : MgO : (Na,O + K,0),
illustrates that orthogneisses from the Starohorské vrchy Mts. were
the pre-metamorphic calk-alkaline magmatic rocks (according to
Irvine and Baragar, 1971).

povahu s peraluminéznym charakterom (Poldk et al.,
2003b).

Z ternarneho diagramu (obr. 9) pre pomer FeO : MgO :
(Na,O + K,0) — (Irvine a Baragar, 1971) — je zrejmé,
ze pbévodna tavenina, z ktorej vznikli protolity Studovanych
starohorskych ortorul, patri do vapenato-alkalickej série
magmatickych hornin, ¢o je v sulade s ich mineralnym
a petrografickym zlozenim.

Celkové zmeny v chemizme — okrem SiO, — velmi
dobre odraza aj obsah draslika v hornine. Podla obsahu
K,O (Peccerillo a Taylor, 1976) mozno Studované ortoruly
zaraditf medzi vysokodraselné granitoidné horniny (pozri
tab. 2 a obr. 10). Z diagramu vidiet, Zze SiO, v Studovanych
ortorulach sa pohybuje okolo 70 hm. % (od 70,06
do 70,24 hm. %, ojedinele 74,01 hm. %) a K,O medzi

7
" Vysoko-draselné gr.

¢

13
<£>

Stredno-draselné gr.

K20 (hm. %)

Nizko-draselné gr.

O =

@ & T I3 &

SiO2 (hm. %)

Obr. 10. Diagram K,O vs. SiO, (Peccerillo a Taylor, 1976),
dokumentujuci vysokodraselny charakter starohorskych ortordl.

Fig. 10. Diagram K,O vs. SiO, (Peccerillo and Taylor, 1976)
illustrates the high-potassium character of orthogneisses from the
Starohorské vrchy Mts.
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Obr. 11. Diagram K,O/Na,O vs. SiO,, dokumentujici dominanciu
draselnych typov Studovanych ortordl, ako aj ich vysokodraselny
charakter.

Fig. 11. Diagram K,0/Na,0 vs. SiO; illustrates a dominance of the
potassium rich orthogneisses among the studied samples, as well
as their high-potassium character.
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Metalumindzne gr. Peraluminézne gr.

2 ”.

Peralkalické

A1203/(N320 + KzO)

1 2
Al:05/(Ca0 + Na=0 + K=0)

Obr. 12. Diskrimina¢ny diagram A/NK vs. A/CNK (podla Maniar
a Piccoli, 1989) s vyznacenymi poliami alkalinity.

Fig. 12. Discrimination diagram A/NK vs. A/CNK (Maniar and
Piccoli, 1989) with marked fields of alkalinity.
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Obr. 13. Diagram Na,O vs. K,O (Chappell a White, 1974),
dokumentujuci S-typovy charakter pédvodnych granitoidnych hornin
Studovanych ortorul.

Fig. 13. Diagram Na,O vs. K,O (Chappell and White, 1974)
illustrates the S-type character of granitoid protoliths of studied
orthogneisses.

4
3 I-typ S-typ
x
g
=
S
O, &0

C

C 1 2 3 4 5 €

FeO total (hm. %)

Obr. 14. Diagram CaO vs. FeO celk. (Chappell a White, 1974),
dokumentujuci S-typovy charakter pdvodnych granitoidnych hornin
starohorskych ortorul.

Fig. 14. Diagram CaO vs. FeO total (Chappell and White,
1974) illustrates the S-type character of granitoid protoliths
of orthogneisses from the Starohorské vrchy Mts..

4 — 5 hm. % (od 4,39 do 4,81 hm. %). Vysokodraselny
charakter Studovanych ortorul je evidentny, maju vysSsi
obsah sludnatych mineralov a K-zivca.

Typickym znakom tatrickych ortordl v Zapadnych
Karpatoch je prevaha K,O nad Na,O. Uvedené plati aj pre
porfyrické granitoidy, napr. praSivsky typ v Nizkych Tatrach
(Kohut, 2004).Pomer K,0O/Na,0 je privsetkych Studovanych
vzorkach starohorskych ortorul >1 (s celkovym priemerom
1,71) a pohybuje sa od 1,48 do 2,03 hm. % (obr. 11).

Plagioklasy, K-zivce ani sludy starohorskych ortorul
sme nepodrobili Specialnemu vyskumu, no na zaklade
analdgie s inymi autormi (kedze maju velmi podobné
chemické zlozenie) mbézeme povedat, ze ide o ortoruly
podla klasifikaéného diagramu (Debon a Le Fort, 1983)
spadajuce do pola granitov — Il. muskoviticko-biotitickych
(pomer 1 : 1) alebo do pola |. muskovitickych, ojedinele
do pola lll. biotitickych magmatickych hornin (Kohut,
I. c.; Majdan, 2003). Podla An-Ab-Or normativneho
diagramu (Barker, 1979) dokumentuje zlozenie zivcov
zo starohorskych ortorul graniticky charakter ich protolitov
(Kohut, I. c.).

Na zaklade vypoctuindexu alkalinity A/CNK (pozritab.2)
mézeme tvrdit, Zze Studované ortoruly maju peraluminéznu
povahu, ¢o jasne dokumentuje Shandov index A/CNK
s hodnotami od 1,64 do 1,72 (pozri obr. 12), a ich protolity
mozno priradit k S-typovym granitom.

Uvedené sme potvrdili na zaklade typoldgie granitov
(Chappell a White, 1974) pomocou pomeru Na,O
a K,O (obr. 13), ako aj pomeru CaO a FeO (obr. 14).
Z oboch diagramov je zrejmé, Ze protolity starohorskych
ortorul boli S-typové granitické horniny kérového typu
s peraluminéznym charakterom.

Diskusia a zavery

UZ v minulosti bol vysloveny nazor o prislusnosti
rulového komplexu Starych hér ku kryS$taliniku tatrika
(Kubiny, 1962, 1965) a nie k veporiku, kde by mal podla
inych autorov (Polak et al., 2003b) tvorit spolu s permom
Spanodolinského suvrstvia bazalnu ¢ast krizfianského
prikrovu. Podla PlaSienku (2003) toto krystalinikum patri do
prechodného typu (tzv. fatricky fundament) medzi tatrickym
a veporickym krystalinikom. Pre jeho prisluSnost k tatriku
sa vSak ukazuje niekolko podpornych skuto¢nosti:

Rudné asociacie, forma vystupovania, druh a rozsah
hydrotermalnej alteracie, Strukturny vyvoj a vztah
k okoliu su v oblasti Harmanca analégom rudnym telesam
v dumbierskom kryStaliniku (Michalek et al., 2005). Tato
zhoda vychadza pravdepodobne z jednotnosti vyvoja
a prisluSnosti krystalinika, ktoré je podla viacerych
indicii pokra¢ovanim rulovych komplexov z juznej Casti
Dumbierskych Tatier (Adamija et al., 1992; Petrik et al.,
1998).

Tatrikum bolo pri alpinskej orogenéze slabo
metamorfne prepracované a metamorféza sa okrem toho
vacsinou prejavila iba vznikom mineralizacie s tzv. alpskou
paragenézou. VSadepritomné a dominantné zily kremena
metamorfného pdvodu zname z veporika vystupuju
v tatriku len sporadicky, su odliSnej povahy a pyrotin sa
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v nich vyskytuje iba ojedinele v akcesorickom mnozstve.
ZvySeny vyskyt pyrotinu je charakteristicky pre sulfidické
mineralizacie so zlatom vo veporiku, ako vysledok
alpinskeho metamorfného prepracovania variskych
mineralizacii (Ferenc et al., 2004). V Harmanci a okoli
obidve veporské domény uplne chybaju a mineralizacia ma
typicky tatricky charakter. Harmanecka Au mineralizacia by
v pripade prislusnosti starohorského krystalinika k veporiku
bola jedine¢na (Bakos et al., 2004b).

Tento nazor je podporovany zavermi ziskanymi
porovnanim lozisk a indicii veporského a dumbierskeho
kryStalinika, ze rudna mineralizacia v oblasti Harmanca
(papieren) je aj v detailoch analégom rudnej mineralizacie
s vyskytmi a loziskami so zlatom tatrického typu (Bakos
et al., 2004a, 2004b).

Poukazali sme na S$trukturno-geologické pomery
v oblasti Starohorskych vrchov — foliacia S; pléch rulového
komplexu, ktora je generalne vyvinutd v smere SV — JZ
so sklonom 55° k SZ. Tieto zistenia su v priamej zhode
s orientaciou foliaénych pléch meranych v inych €astiach
tatrického fundamentu (Puti$ et al., 2003), ¢o mbze
znamenat, ze boli vyvinuté pocas rovnakej orogénnej etapy,
resp. vzniku a formovania metamorfného plasta tatrika
v ¢ase umiestfiovania mladSich granitoidnych telies.

Petrograficky su Studované starohorské ortoruly
porovnatelné s ortorulami z juznej dasti Dumbierskych
Tatier, ako aj inych Casti tatrika v Zapadnych Karpatoch,
napr. Malej Fatry (Majdan et al., 2004). Ich chemické
zlozenie poukazuje na granitovi — monzogranitovu az
granodioritovu povahu protolitov ortorul, pri¢om ich
mébzeme oznacit ako S-typové granitické horniny kérového
typu s peraluminéznym charakterom.

Starohorské ortoruly, porovnavané s ortorulami
z inych Casti tatrika, su aluminéznou asociaciou kyslych
magmatickych hornin a ich zdrojom boli drobové
alebo drobovo-arkézové recyklované kérové horniny.
Na zaklade komplexného hodnotenia ich vSak mozno
zacClenit medzi typické predkolizne, pripadne syn-kolizne
kérové kontinentalne granity, ktoré Ciasto€ne ,zdedili”
geochemicky charakter zo svojich zdrojovych hornin (pozri
vysSie), vzniknutych na aktivnom vulkanickom obluku pri
subdukcii oceanskej kory pod kontinentalnu (Kohut, 2004).
Tieto felzické, povodne magmatické, granitoidné horniny
boli strizne dynamicky metamorfované na ortorulové
horniny.

Petrografickd charakteristika potvrdila opis hornin
realizovany poc¢as dokumentacie vriov a po¢as mapo-
vacich tar. V niekolkych spornych pripadoch mikroskopicka
charakteristika upresnila petrologické zaradenie opiso-
vanych hornin. Konkrétne ide o granaticko-biotitické ruly,
ktoré boli pévodne mylne oznacované ako amfibolity.
Vyskyt samotnych amfibolitov sme v Studovanej oblasti
SirSieho okolia Harmanca nepotvrdili.

Odhliadnuc od geografickej polohy (na zéklade ktorej
inklinuju viac k tatrickému ako veporskému fundamentu)
a vychadzajuc z vyS$Sie uvedenych poznatkov, sa
domnievame, ze krystalinikum budované aj Studovanymi
starohorskymi ortorulami v oblasti Spania Dolina — Staré
Hory — Harmanec jasne dokumentuje afinitu k tatrickému

typu krystalinika a vznikalo v rovhakom rezime a — pravde-
podobne — aj ¢ase ako metamorfny plast inych jadrovych
pohori tatrika v Zapadnych Karpatoch.

Podakovanie. Tento ¢lanok vznikol na zéklade vyskumu realizo-
vaného pocas rieSenia ulohy Rudné uzly na styku kryStalinika
a stredoslovenskych neovulkanitov financovanej z prostriedkov
MZP SR. Dakujeme za cenné rady a pripomienky recenzentovi
Dr. M. Kohutovi, ktoré pomohli skvalitnit predkladany text.
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Contribution to the knowledge of orthogneisses from the contact
of the Kremnické vrchy Mts., Starohorské vrchy Mts.
and Velka Fatra Mts. (Western Carpathians, Slovakia)

The studied area is located near the city Harmanec
in Slovakia (Western Carpathians), northward or
northwestward from the city Banska Bystrica (Fig. 1).
It represents the contact area among neovolcanites of
the Kremnické vrchy Mts., crystalline complex of the
Starohorské vrchy Mts. and sequences of the Velka Fatra
Mts. This paper is based on the results of prospection of
potentional occurrence of gold deposit and surrounded
rocks in the mentioned area (Michalek et al., 2005).

Our aim is to describe the basic knowledge about
tectonic, geological, petrological, mineralogical and
geochemical character of gneisses from the Paleozoic
crystalline complex of the Starohorské vrchy Mts..

The basement of crystalline complex of the Starohorské
vrchy Mts. is built by gneiss complex (orthogneisses,
paragneisses and garnet-biotite gneisses) in two parts:
the first part is along the Starohorsky brook (Vozna valley,
Zlaty brook, Mala Medvedia valley, AndraSova valley, Malé
a Velké Lelekovo) and the second part around Harmanec.

The biggest part of the area is built by the Permian
rocks the Staré Hory Group: Spania dolina Formation
— variegated conglomerates, coarse-grained sandstones,
violet sandy shales and of the Harmanec Member — grey
argillaceous sandstones and sandy shales with bitumen
(Vozarova and Vozar, 1988). The rest of the studied area
is built by the Lower Triassic rocks: the Luzna Formation—
quartz sandstones, quartzites. The formations of the
Kremnické vrchy Mts. are represented by volcanic rocks:
Neogene Turéek Formation — dykes of pyroxenic andesites
and lava flows of leucocratic andesites (Polak et al.,
2003b).

Structural and tectonic setting of the studied area
demonstrates the mylonitic foliations of (ortho- and also
para-) gneisses bodies of NE-SW to NNE-SSW trends
with dipping toward NW. The main trend of foliation planes
is 304/60° or 344/35° (Figs. 2 and 3). These results
correspond with the results from other parts of Tatric
fundament in the Western Carpathians (e.g. Puti$ et al.,
2003; Majdan et al., 2004).

The contact of the Starohorské vrchy crystalline complex
with Permian sequences of Spania dolina Formation
is tectonic. It has been confirmed in the borehole VHL-1
(Michalek et al., 2005), where the Permian of Spania dolina
Formation is in discordant position on the Lower crystalline
complex of the Starohorské vrchy Mts..

The texture of orthogneisses is from coarse-grained
to lepidogranoblastic, deformed by bulks of biotite and
phenocrysts of potassium feldspar (up to few cm). The
colour of studied orthogneisses is grey or lightgrey with
mylonitic banded or augen-banded structure (Figs. 4
and 5).

Petrochemical character of orthogneisses from the
Starohorské vrchy Mts. is defined in classification QAP
diagram (according to Streckeisen, 1976). Obviously,
orthogneisses near the city Harmanec (the Starohorské
vrchy Mts.) whose protoliths were monzogranites, almost
granodiorites (Tab. 1 and Fig. 8) with peraluminous
character have higher content of potassium (Figs. 10 and
12). Our geochemical data are in accordance with results
from Kohut (2004).

The pre-metamorphic protoliths are classified as calc-
-alcaline magmatic rocks (Fig. 9), especially S-type granites
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— crustal types with peraluminose character (Figs. 13
and 14).

The occurrence of crystalline rocks —the gneiss complex
(paragneisses, garnet-biotite gneisses and orthogneisses)
is in the possition of tectonic window (Koutek, 1937). We
support the statement presented by other authors (Polak
et al., 2003b), that Starohorské vrchy crystalline complex is
part of the Tatric Unit of the Western Carpathians and not
the Veporic Unit — in the foundament of the Krizna nappe.
According to PlaSienka (2003), this crystalline complex is
a part of the Fatric basement, intermediate type between
the Tatric and Veporic crystalline complexes.

Following arguments support that crystalline complex
(with studied orthogneisses) is a part of the Tatric Unit:

Ore deposits with gold in other parts of the Tatric Unit
are geneticaly very similar to occurrences of gold in the
Starohorské vrchy Mts., especially near the city Harmanec
(Bakos et al., 2004a, 2004b). Mineral composition, form,

type of hydrothermal alteration, structural genesis of ore
deposits and their relationship to host rocks are analogous
to the ore deposits in the Dumbier crystalline complex (the
Nizke Tatry Mts. — the Tatric Unit).

Orthogneisses from the Starohorské vrchy Mts. have
very similar character like orthogneisses described from
southern part of the Dumbier massif — Nizke Tatry Mts.
(Adamija et al., 1992; Petrik et al., 1998).

The atacked rocks of the Tatric Unit have been weakly
changed by the low-grade metamorphism during the
Alpine orogenesis. New mineral composition is typical for
the Tatric ore deposits, not for the Veporic ones.

Consequently, we support the following interpretation:
orthogneisses from the Starohorské vrchy Mts. illustrate
the affinity to the Tatric Unit crystalline complex and have
originated in the same geological regime and probably in
the same time as other Tatric core-mantle structures in the
Western Carpathians.
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Macrocomposition of mineral waters in the East Slovakian segment of the Flysch Belt
of the Western Carpathians

The macrocomposition of the mineral waters in the East Slovakian segment of the Flysch Belt
of the Western Carpathians is variegated. In varying degree it is formed by meteoric waters (with
petrogenetic mineralization) and sedimentation waters (with petrogenetic and marinogenetic
mineralizations). The applied water-forming processes with petrogenetic mineralization are:
hydrolytic decomposition of silicates, dissolution of carbonates, oxidation of sulphides, reduction
of sulphates and the ion-exchange processes. The ratio of these processes at water forming is
highly illustrative represented by the graph of the relation between coefficients Na*/HCO4~ and
(Ca®* + Mg?)/HCO;~. Simultaneously this graph depicts also the share of the waters of Na-Cl
types on resulting chemical composition of selected localities and the sources of mineral waters

of the Flysch Belt in the Eastern Slovakia.

Key words: mineral water, macrocomposition of the water, hydrogencarbonates, chlorides,

Flysch Belt of the Western Carpathians

Uvod

Mineralne vody vychodoslovenského useku flySového
pasma a ich chemické zlozenie boli predmetom
zaujmu a skumania mnohych poprednych odbornikov.
Najvyznamnejsie lokality — Bardejovské Kupele a Cigelka
— znéme svojimi vzacnymi prirodnymi lieivymi zdrojmi,
maju bohatu histériu a su vyuzivané uz od 18. storo€ia (pre
lie¢ivé ucinky vod predovSetkym pri chorobach traviaceho
ustrojenstva, obehového ustrojenstva, ochoreni obli¢iek
a modovych ciest). Daldich vySe 100 znamych zdrojov
mineralnych véd (pramenov a vrtov) sa vyuziva lokalne
obyvatelmi blizkych obci.

V prispevku podavame graficki syntézu, interpretaciu
a hodnotenie prvotnych udajov o makrochemickom
zlozeni mineralnych vod skimaného Uzemia, ziskanych
z prac: Krahulec et al., 1977 a 1978; Franko a Zakovic,
1980; Durkovi¢ et al., 1982; Franko et al., 1983 a 1985;
Haluska et al., 1988; Michalko et al., 1991; Bajtos, 2000;
Zakovi¢ et al., 2003 a 2006. Lokality mineralnych véd
vychodoslovenského uUseku flySového pasma Zapadnych
Karpat su znazornené na obrazku 1. Pouzitym podkladom
pre situovanie zdrojov je Mapa mineralnych a termalnych
vod Slovenska (Krahulec et al., 1977).

Procesy a podmienky formovania makrochemického
zlozenia mineralnych véd

Prehlad o geologickej stavbe vychodoslovenského
useku flySového pasma Zapadnych Karpat poskytuje obr. 1.

147

Neoalpinske tektonické jednotky vonkajSich Zapadnych
Karpat celkom na severovychode Slovenska zastupuje
dukliansky prikrov vonkajSej — krosnianskej skupiny
prikrovov. Na jeho zlozitej vrasovo-Supinovej stavbe sa
podielaju kriedovo-paleogénne, prevazne flySové suvrstvia.
V podlozi duklianskeho prikrovu sa vrtmi zistila jednotka
Obidowej — Slopnic, ktora na nasom uzemi nevychadza na
povrch. Je definovana predovsetkym na polskom uzemi.
Dukliansky prikrov sa smerom na juh ponara pod vnutornu
magursku skupinu prikrovov, budovanu najma flySovymi
formaciami. Pred ¢elom magurského prikrovu, na jz. okraji
duklianskeho prikrovu, je tektonicky komplikovana zéna
— tektonické Supinova zéna Mikové — Snina (Bezak et al.,
2004). Magurska skupina je podia litofacialnych rozdielov
vrstvovych sledov c&iastkovych Struktur €lenena na
Ciastkové prikrovy (zo severu na juh) — raiansky, bystricky
a krynicky. Ako sustava su nasunuté na sever. Uprostred
magurského prikrovu sa vynara smilnianske tektonické
okno s brachyantiklindlnou stavbou s odrezanym severnym
kridlom (predmagurska tektonicka jednotka, Bezak et al.,
2004; obr. 1).

Chemické zlozenie podzemnych véd v sedimentarnych
horninach zavisi hlavne od rozpustania a vymyvania lahko
rozpustnych horninotvornych mineralov. Rychlost zmien
chemického zlozenia podzemnych véd pocas ich obehu
zavisi najma od hydraulickych vlastnosti horninového
prostredia a reaktivnosti mineralneho materialu. V zéne
aktivnej vodovymeny, najméa v puklinovych kolektoroch,
vody vacésinou nedosahuju rovnovahu s horninovym
prostredim. Preto aj pestré chemické zlozenie mineralnych
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Tab. 1
Vybraté charakteristiky opisnej Statistiky vyberovych suborov udajov o makrochemickom zlozeni mineralnych vod prirodzenych vyverov,
studni a vrtov hibokych do 10 m (vychodoslovensky usek flySového pasma, zdroj analytickych dat — Krahulec et al., 1977, 1978;
Pacindova et al., 1997; Bajto§, 2000)
Characteristics of the description statistics of selected macrochemical composition data files of mineral waters of natural outflows,
wells and boreholes deep to 10 m (East Slovakian segment of the Flysch Belt, source of analytical data — Krahulec et al., 1977, 1978;
Pacindova et al., 1997; Bajto$, 2000)

opisnd Statistika krynicka bystricka racianska dukliansky vychodoslovensky usek
vyberovych siborov Jjednotka jednotka jednotka prikrov flySového pasma
mineralizdacia vody (mg.l 5 )
aritmeticky priemer 1537 3258 2 335 1902 2 400
medidn 989 4 098 1 588 906 1676
smerodajna odchylka 1731 1663 2011 2129 1964
rozdiel max-min 6544 5954 8 806 6372 8 860
minimum 323 516 324 270 270
maximum 6 867 6470 9130 6 642 9130
koeficient variacie 113 51 86 112 82
pocet 12 22 55 10 99
Na* (mg.1 - )
aritmeticky priemer 154 502 460 370 424
median 74 554 224 103 183
smerodajné odchylka 258 428 577 571 520
rozdiel max-min 939 1531 2514 1651 2514
minimum 15 4 2 14 2
maximum 954 1535 2516 1 666 2516
koeficient variacie 167 85 125 154 123
pocet 12 23 55 10 100
Ca’* (mg.l 'I)
aritmeticky priemer 141 230 120 100 146
mediin 146 226 110 73 116
smerodajné odchylka 88 133 103 89 116
rozdiel max-min 255 432 509 277 509
minimum 24 56 2 8 2
maximum 279 488 511 285 511
koeficient variacie 62 58 86 89 80
pocet 12 23 55 10 100
Mg o (mg.l '1)
aritmeticky priemer 61 65 41 26 47
medidn 36 43 25 28 32
smerodajna odchylka 90 56 64 19 64
rozdiel max-min 332 195 448 47 448
minimum 6 12 2 v 2
maximum 338 207 450 49 450
koeficient variacie 147 87 158 74 134
podet 12 23 35 10 100
HCO; (mgl™)
aritmeticky priemer 1084 2142 1452 1339 1555
medidn 626 2 385 665 592 989
smerodajnéa odchylka 1314 1134 1286 1570 1312
rozdiel max-min 4923 3 446 4 820 4692 4984
minimum 201 323 159 140 140
maximum 5124 3769 4979 4832 5124
koeficient variacie 121 53 89 117 84
podet 12 23 55 10 100
Cl™ (mgl™)
aritmeticky priemer 17 130 122 17 100
median 11 39 17 11 17
smerodajnéa odchylka 19 173 336 16 265
rozdiel max-min 58 655 1 649 49 1 649
minimum 1 2 1 3 1
maximum 59 656 1650 52 1 650
koeficient vari4cie 111 133 276 92 264
podet 12 23 55 10 100
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vod flySového pasma vychodného Slovenska je prejavom
zlozitych geologickych a tektonickych podmienok ich
formovania a pestrého mineralogicko-petrografického
zlozenia hornin hydrogeologického masivu s dominujicou
puklinovou priepustnostou (pieskovcov, zlepencov, ilovcov
a vapencov).

V aniéonovom zlozeni mineralnych véd flySového
pasma najplyts§ieho obehu, formujicich sa vo vrchnej
Casti zény aktivnej vodovymeny, s celkovym obsahom
rozpustenych latok spravidla niz§im ako 1 g-I7',
dominuju hydrogénubhli¢itany, ktoré su beznou sucastou
podzemnych vod. Kirjuchin (2008) konStatuje, Ze
chemické zlozenie oby€ajnych hydrogénuhli¢itanovo-
-vapenatych voéd sa formuje biogénnymi procesmi
a az polovica uhlika sa dostava do vody z biogénneho
CO,. Druha polovica pochadza z karbonatovych
hornin. Aj v mineralnych vodach plytkého obehu
vychodoslovenského useku flySového pasma maju
hydrogénuhli¢itany vacésSinou pravdepodobne takyto
povod. V dbsledku prebiehajucich procesov oxidacie
sulfidov (pyritu) v mineralnych vodach stupa obsah
siranov, ¢o vedie k zmene typu k hydrogénuhli¢itanovo-
-siranovym az siranovo-hydrogénubhli¢itanovym. Procesmi
redukcie siranov sa formuju sirovodikové vody. Dal$im
vyznamnym procesom formovania chemického zlozenia
mineralnych vod je hydrolyticky rozklad silikatovych
mineralov (obohacujuci vody aj o Na+ a SiO,).

S rasttcou hibkou obehu a dobou zdrzania vod v hor-
ninovom prostredi stupa celkovy obsah rozpustenych
latok a podiel dalSich mineralizanych procesov. Vyznam
nadobuda proces ibnovymeny (v ilovcovych suvrstviach),
ktory sa prejavuje zmenou typu vod z Ca(Mg)-HCOg4
na Na-HCO;. Vysoky obsah hydrogénuhli¢itanov v mine-
ralnych vodach je spéaty s pritomnostou CO, hlbinného
povodu.

Na chemickom zlozeni minerdlnych voéd vychodo-
slovenského useku flySového pasma sa v mnohych
zdrojoch prejavuje okrem petrogénnej aj rézny
podiel marinogénnej mineralizacie s vyznamnou
Na-Cl zlozkou. Chloridovo-sodny typ podzemnych vod
sa objavuje vo vertikalnom profile vSade ako najhrubsia
hydrogeochemicka zéna. Stretdvame sa s fiou
v rdznych hibkach, ale nezavisi jednoznaéne od druhu
horninového prostredia, v ktorom vystupuje. Hlavhym
zdrojom chloridov v podzemnych vodach su vody mori
a lagun, pochované pri formovani sedimentarnych
hornin morského poévodu.

Akumulaéné oblasti chloridovo-sodnych sedi-
mentacnych véd vychodoslovenského useku flySového
pasma su dobre izolované od su¢asnych meteorickych
vod (genetické typy vod — podla klasifikiacie Svarceva,
1996). Dokumentuje to vysoky obsah izotopov 80
a D v mineralnych vodach s vyznamnym podielom
Na-Cl zlozky (zdrojov CH-1 v Cigelke, Zborov-1).
Rézny podiel sedimentaénych véd na makrochemic-
kom zlozeni mineralnych véd vychodoslovenského
useku flySového pasma je evidentny uz pri vodach
s celkovym obsahom rozpustenych latok vy§Sim ako
5 g1

Graficka interpretacia udajov o obsahu vybratych
makrozloziek v mineralnych vodach

V tab. 1 su vybraté charakteristiky makrochemického
zlozenia mineralnych vod prirodzenych vyverov a studni
(hlbokych do 10 m) vychodoslovenského useku flySového
pasma.V grafe na obr. 2 sa zobrazuju do lavého dolného
kvadrantu. Vypocitané koeficienty variacie vybratych
charakteristik vyberovych suborov opisujucich vody
jednotlivych tektonickych jednotiek poukazuju na
velku réznorodost makrochemického zlozenia véd
a nenaznacuju vyznamnu spéatost s mineralogicko-
-petrografickym zlozenim prostredia ich obehu (prevazne
puklinové prostredie hydrogeologického masivu flySu).

Obr. 2 opisuje vztah medzi koeficientmi Na*/HCO3~
a (Ca?* + Mg?*)/HCO5~ v mineralnych vodach flySového
pasma a predhlbne Zapadnych Karpat (citacia
zdrojov dat je na obrazku). Chloridové, chloridovo-
-hydrogénuhli¢itanové a hydrogénuhli€itanovo-chloridové
vody v grafe na obr. 2 — okrem identifikovanych lokalit
vychodného Slovenska — su z dalSich vyznamnych
zdrojov mineralnych véd flySového pasma a predhlbne
Zapadnych Karpat z uzemia Moravy, Slovenska
a Polska. NajvyznamnejSie zdroje mineralnych véd
vychodoslovenského useku flySového pasma su na obr.
1, 2 a 3 znazornené vacésimi znackami rovnakej farby
a typu.

Body reprezentujuce hydrogénuhli¢itanové mineralne
vody flySového pasma vychodného Slovenska su
sustredené v lavom spodnom kvadrante grafu (obr. 2,
modré znacky). Zdrojom udajov o obsahu vybratych
makrozloziek v tychto vodach je publikacia Krahulca
et al. (1977 a 1978) a analyzy vbéd boli vykonané
v laboratériu vtedajsieho IGHP, §. p., Zilina. V grafe
na obr. 3 sU znézornené priblizne tie isté vody,
no zdrojom udajov je praca Franka a Zakovi¢a (1980)
a vzorky vdd boli analyzované v laboratériu GP Ostrava
priblizne o 20 rokov neskoér. Pretoze boli vykonané
podrobnejSie analyzy, namiesto koeficientu Na*/HCO;™ je
na vertikalnej osi vyneseny koeficient (Na* + K*)/HCO;".
V zavislosti od réznych faktorov a procesov formovania
hydrogénuhli¢itanovych vod (doby zdrzania v horninovom
prostredi, hibky obehu, pdésobenia hlbinného CO,,
iGnovymennych procesov a podobne) sa ich chemické
zlozenie meni od Ca(Mg)-HCO; (prava spodna cast
kvadrantu) k Na-HCO; typu (horna c¢ast kvadrantu).
Mineralizaény ucinok hlbinného CO, sa v tomto grafe
prejavuje posunom znaciek smerom dolava.

Postupny prechod chemického zlozenia v6d od typu
Na-HCO; cez Na-HCO;-Cl a Na-CI-HCO; k typu Na-Cl
je vyjadreny farbou znaciek — hydrogénuhli¢itanové vody
sU znazornené modrymi znackami, chloridové zelenymi.
Rézny podiel sedimentaénych vod Na-Cl typu na
chemickom zlozeni mineralnych véd vychodoslovenského
useku flySového pasma sa v grafe prejavuje vyznamnym
posunom znaciek v smere nahor (vody typu Na-
-HCO;-Cl a Na-CI-HCO,). Ide o vody lokalit Mikulasova
(Krahulec et al., 1977; Franko a Zakovi¢, 1980), Dubova
(Krahulec et al., 1977 a 1978; Franko a Zakovi¢, 1980),



152 Mineralia Slovaca, 43 (2011)

Bardejovské Kupele a Dlha Luka (Krahulec et al., 1977
a1978; Haluska et al., 1988), Cigelka a Wysowa (Krahulec
et al., 1977 a 1978; Malatinsky et al., 1984; Pacindova
et al., 1997; Dowgiatto et al., 1969), Zborov (vrt Zborov Il
— Otto; Franko et al., 1985; vrt Zborov-1; Michalko et al.,
1991). Takéto vody vystupuju na povrch v prirodzenych
vyveroch na vyznamnych tektonicky porusenych zénach,
alebo boli zistené vrtmi (hydrogeologickymi alebo
hibokymi Struktdrnymi).

Vybraté udaje o makrochemickom zlozeni véd
s celkovym obsahom rozpustenych latok vy$Sim ako
5 g-I-' su v tab. 2. Vysoky obsah hydrogénuhli¢itanov
v nich je odrazom pritomnosti hibinného CO,. Vody typu
Na-HCO; lokalit Sarigsky Stiavnik, Sarigské Cierne,
P¢&oliné, Radoma su prikladom véd, ktorych mineralizacia

je zvysena hlavne v dosledku pdsobenia hlbinného CO,
a iénovymennych procesov.

Prirodna liec¢iva voda Cigelka (z vrtu CH-1; 202,5
m), voda z vrtu Zborov-1 (5 500 m) a voda z vrtu Zboj-1
(5002 m) maju najvysSiu mineralizaciu a vyrazne sa liSia
svojim chemickym zlozenim. Vyplyva to z rozdielnych
geologickych, tektonickych a hydrogeologickych
zlozky na vyslednom chemickom zloZzeni ma spomedzi
vSetkych troch voda z vrtu Zborov-1, ¢o velmi nazorne
ilustruje obr. 2 (prava ¢ast).

Voda typu Na-ClI z hibokého Strukturneho vrtu Zboj-1
(5 002 m; Durkovi¢ et al., 1982), overena v horninovom
prostredi jednotky Obidowej— Slopnic, sa pravdepodobne
formuje mieSanim sedimentaénych vod morského
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Obr. 3. Vztah koeficientov Na*/HCO4~ a (Ca?* + Mg?*)/HCO4~ v mineralnych vodach vychodoslovenského useku flySového pasma.
Fig. 3. Relation of coefficients Na*/HCO5~ and (Ca?* + Mg?+*)/HCO;~ in mineral waters of the East Slovakian segment of the Flysch Belt.
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pévodu a vdéd halogénneho pévodu (rozpustanie
halitu). O takomto pévode solanky z vrtu Zboj-1 sved¢i
aj jej pozicia v grafe vztahu medzi obsahmi chloridov
a bromidov v mineralnych vodach flySového pasma
a predhlbne Zapadnych Karpat a mineralnych véd
réznych lokalit sveta (Bacova, 2009 a 2010).

Zvlastnu poziciu v grafoch zaujimaju vody s vyS$8im
az prevladajucim obsahom siranov v aniénovom zlozeni
(obr. 2 vlavo, Zlté znacky). Vody hydrogénuhli¢itanovo-
-siranové alebo siranovo-hydrogénuhli¢itanové sa
zobrazuju v spodnej polovici grafu. Zdrojom zvy$eného
obsahu siranov v nich je proces oxidacie sulfidov (pyritu,
pritomného v pieskovcovych suvrstviach). Vysoké
mnozstva siranov vo vodach chloridovo-siranovych alebo
siranovo-chloridovych, zobrazenych v hornej polovici
grafu, pochadzaju z procesov rozpustania sadrovca (na
obr. 2 su vynesené vody lokalit Busko a Krakow z oblasti
predhlbne Zapadnych Karpat na uzemi Polska).

Zaver

Graficka syntéza a interpretacia hydrogeochemickych
dat mdéze byt velmi uzito¢na pri skimani procesov
formovania a pévodu mineralnych véd flySového pasma.
Transparentnym prikladom je znazornenie vztahu medzi
koeficientmi Na*/HCO;~ a (Ca?* + Mg?*)/HCO;~ v grafe
s logaritmickou mierkou na obidvoch osiach. Hoci
sme spracovali iba udaje o obsahu hlavnych katiénov

a hydrogénuhli¢itanov, ziskavame predstavu o formovani

chemického zlozenia nielen hydrogénuhliitanovych,
ale aj chloridovych a siranovych véd. Ur€itd vymedzenu
poziciu v grafe zaujimaju vody s prevladajucou
meteorickou zlozkou, s prevladajucou marinogénnou
zlozkou a vody prechodné medzi nimi.

Graf vztahu medzi koeficientmi Na*/HCOj;-
a (Ca?* + Mg?*)/HCO;~ v minerélnych vodach flySového
pasma a predhlbne Zapadnych Karpat velmi vyznamne
charakterizuje chemické zlozenie vod a odraza hlavné
procesy a podmienky jeho formovania. Podobne aj
grafické spracovanie prvotnych udajov o obsahu r6znych
dalSich makro aj mikrozloziek vo vodach (Fontes
a Matray, 1993; Worden, 1996; Bacova, 2009) vyznamnym
spbsobom prispieva k spravnej, prehladnej a nazornej
interpretacii udajov.

Podakovanie. Dakujgme za cenné pripomienky a za posudenie
prace doc. RNDr. Z. ZeniSovej, PhD. a Ing. Z. Némethovi, PhD.
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Macrocomposition of mineral waters in the East Slovakian segment
of the Flysch Belt of the Western Carpathians

The contribution presents graphical synthesis,
interpretation and evaluation of primary data about
macrocomposition of mineral waters in the investigated
area, being obtained from the studies by Krahulec et al.
(1977, 1978); Franko and Zakovi¢ (1980); Durkovié et al.
(1982); Franko et al. (1983, 1985); Haluska et al. (1988);
Michalko et al. (1991); Bajto§ (2000); Zakovi¢ et al. (2003,
2006). Localities with mineral waters in the East Slovakian
segment of the Flysch Belt of the Western Carpathians are
depicted in Fig. 1. General information about geological
setting of the East Slovakian segment of the Flysch Belt of
the Western Carpathians is presented in Fig. 1.

Fig. 2 describes the relation between coefficients
Na*/HCO;~ and (Ca?* + Mg?*)/HCO;~ in the mineral waters
of the Flysch Belt and Foredeep of the Western Carpathians
(the sources of data are shown in this figure). The chloride,
chloride-bicarbonate and bicarbonate-chloride waters are
shown in the graph in Fig. 2 — besides the identified localities
of the Eastern Slovakia — there are presented also those
from the further known sources of the mineral waters of the
Flysch Belt and the Foredeep of the Western Carpathians
in the territory of Moravia, Slovakia and Poland. The most
important sources of mineral waters of the East Slovakian
segment of the Flysch Belt are in Figs. 1-3 depicted by
larger marks of the same colour and type.

The points representing the bicarbonate mineral
waters from the Flysch Belt of the Eastern Slovakia are
concentrated in the left down quadrant of the graph
(Fig.2, blue marks) and in Fig. 3. The bicarbonates dominate
in the anion composition of mineral waters of the shallowest
circulation with the total content of minerals lower than
1 g-I"" and are a common part of the groundwater. Kirjuchin
(2008) states that chemical composition of the common
bicarbonate-calcareous waters is formed by the biogenic
processes and up to half of the carbon enters into water
from the biogenic CO,. Second half is derived from the
carbonate rocks. Also in the case of mineral waters of the
shallow circulation in the East Slovakian segment of the
Flysch Belt the bicarbonates have probably mainly these
sources. As a consequence of sulphides (pyrite) oxidation
the sulphates content increases in the mineral waters,

leading to the change of the waters type to bicarbonate-
-sulphated up to sulphated-bicarbonate. The processes
of the sulphates reduction form the hydrosulphide waters.
Next important process of the forming of chemical
composition of the mineral waters is represented by the
hydrolytic decomposition of the silicate minerals (enriched
waters by Na* and SiO,).

Concerning relation on various factors and processes
of the formation of bicarbonate waters (time of restraint in
the rock environment, depth of the circulation, activity of the
depth CO,, ion exchange processes, etc.) their chemical
composition changes from Ca(Mg)-HCO; (right size of
quadrant) to Na-HCO4 type (upper part of quadrant). The
mineralization effect of the depth CO, in the graph in Fig. 2
is demonstrated by the shift of the marks to the left.

Transition of the chemical waters composition of
Na-HCO; type through Na-HCO;-Cl and Na-CIl-HCO,
towards the type Na-Cl is expressed by the mark colours
— bicarbonate waters are depicted by the blue marks,
chloride by green marks. In the graph, the ratio changes of
sedimentary waters of Na-Cl type on chemical composition
of mineral waters of the East Slovakian segment of the
Flysch Belt is presented by the significant upward shift of
marks (waters of the Na-HCO;-Cl and Na-CI-HCO, types).
This was found on localities MikuldSova (Krahulec et al.,
1977; Franko and Zakovi¢, 1980), Dubova (Krahulec et
al., 1977, 1978; Franko and Zakovi¢, 1980), Bardejovské
Kupele spa and DIha Luka (Krahulec et al., 1977, 1978;
HaluSka et al., 1988), Cigelka and Wysowa (Krahulec et
al., 1977, 1978; Malatinsky et al., 1984; Pacindova et al.,
1997; Dowgiatto et al., 1969), Zborov (borehole Zborov |
— Otto; Franko et al., 1985; borehole Zborov-1; Michalko
et al., 1991). Such waters superficially outcrop in natural
outflows on significant tectonic faulted zones, or they were
found by boreholes (hydrogeological or deep structural
boreholes).

Waters of the Na-HCO; type of localities Saridsky
Stiavnik, Sarigské Cierne, P&oling, Radoma (Tab. 2)
represent waters, which mineralization is increased mainly
due to the influence of depth CO, and the ion exchange
processes. The water of the Na-Cl type from the depth
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structural borehole Zboj-1 (Tab. 2; Durkovi¢ et al., 1982),
being verified in the rock environment of the unit Obidowa
— Slopnic is probably formed by mixing of sedimentary
waters of the sea provenance and water of the halogen
origin (halite disintegration). Such provenance of the brine
from the borehole Zboj-1 is confirmed by its position in the
graph of the relation between the chloride and bromide
contents in mineral waters of the Flysch Belt and Foredeep
of the Western Carpathians and mineral waters from
various world localities (Ba¢ova, 2009, 2010).

Graph of relation between coefficients Na*/HCO;~ and
(Ca?* + Mg?*)/HCOj4~ in mineral waters of the Flysch zone
and Foredeep of the Western Carpathians very significantly
characterizes the chemical composition of the water and
reflects the main processes and conditions of its formation.
Similarly, also graphic processing of primary data about
the content of various macro and microcomponents in the
waters (Fontes and Matray, 1993; Worden, 1996; Bacova,
2009) by the significant ratio contributes to correct,
compendious and demonstrative data interpretation.
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Tectonic interpretation of the earthquake in Northern Hungary, 29. January 2011

On Saturday, 29. January 2011, at 18h 41m p.m. local time, the Northern Hungary was hit by
a moderate earthquake with local magnitude M, = 4.7, moment magnitude M,, = 4.3, epicentral
intensity |, = 6 and the epicentre approximately 5 km SW of the city of Tatabanya (47.51°N;
18.38°E). It was the strongest event recorded in the country since August 1985. The earthquake
can be characterized as a medium size but very shallow (about 5 km depth) event. No serious
injuries were reported, but numerous buildings suffered minor damage, like cracks in plaster and
walls or damaged chimneys. The earthquake was felt over a large area including the capital city of
Budapest and some parts of southern and south-western Slovakia. The 29. January earthquake
occurred in one of the most active seismic zones in Hungary — so-called Transdanubian Central
Range. Given by the close distance to Budapest, this zone is considered to be the main source

of seismic risk in Hungary.

Key words: earthquake, macroseismic intensity, seismic zone, Pannonian Basin

Uvod

V sobotu 29. 1. 2011 v podvecernych hodinach (18:41:37
hod. stredoeurdopskeho ¢asu, 17:41:37 hod. svetového
Casu) pocitili obyvatelia severného Madarska a velkej Casti
juhozapadného Slovenska seizmické otrasy. Epicentrum
stredne silného zemetrasenia bolo v severnom Madarsku
— Zadunajskom stredohori, v pohori Vértes, medzi mestami
Oroszlany (19 000 obyvatelov) a Tatabanya (okolo 70 000
obyvatelov), pri obci Vértessomlé (1 350 obyvatelov),
okolo 30 km juhovychodne od slovensko-madarskych
susediacich hraniénych miest Komarno — Komarom
(86 000, resp. 20 000 obyvatelov; obr. 1). Januarové
zemetrasenie, v Madarsku najsilnejSie od augusta 1985,
spoOsobilo v epicentralnej oblasti mensie materialne skody,
zranenia neboli hlasené. Hlavny seizmicky otras bol
nasledne sprevadzany aj sériou slabych dotrasov (tab. 1).

Zakladné seizmologicko-tektonické udaje

Lokalizacia epicentra bola nezavisle vykonana
Eurdpsko-stredomorskym seizmologickym centrom
(EMSC) a Geologickou sluzbou USA — Narodnym infor-
macnym centrom zemetraseni (USGS NEIC). Automatické
lokalizovanie bolo neskOr manudlne spresnené.
PresnejSou sa ukazuje prave lokalizacia EMSC (47,51°N;
18,38°E) s mensou neurcditostou ako vypocet USGS.
Zemetrasenie z 29. 1. 2011 mozno charakterizovat ako
stredne silné, s lokalnou magnitudou M, = 4,7, momentovou
magnitudou M,, = 4,3 a makroseizmickou epicentralnou
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intenzitou I, = 6 EMS-98 (obr. 2). Hypocentrum plytkého
zemetrasenia bolo okolo 4,6 km pod povrchom Zeme.
Symetricky diagram ur€enia orientacie tektonického napétia
(ohniskovy mechanizmus, obr. 3), umozriuje interpretovat
(Martinez et al., 2006) zemetrasenie dvoma spdsobmi:
bud vzniklo na lavostrannom smerne — posuvnom zlome
smeru V — Z, alebo na smerne — posuvnom zlome smeru
S —J (obr. 4, 5).

Makroseizmické pozorovania a hlasené Skody

Makroseizmicka intenzita podla 12-stuprfiovej eurdpskej
makroseizmickej stupnice EMS-98 (Grinthal, 1998)
dosiahla v okruhu 5 km od epicentra 6. stupen (mierne nicivé)
a vo vzdialenosti takmer 50 km 5. stupen (silne pocitené).
Podla prvych udajov tesne po zemetraseni vo Vértessomlo
bolo lahko poSkodenych 26 starSich rodinnych domov
(trhliny na muroch, prasknuté okenné vyplne) a spadli 3
kominy. V 50 km vzdialenej Budapesti zaznamenali tiez
pripady malych $k6d a uskutoCnila sa bezpecnostna
revizia mostov cez Dunaj. Ludia zemetrasenie citili,
akoby sa kolisali v lodi na vinach, alebo ako keby v tesnej
blizkosti domu preSlo tazké vozidlo, elektricka. Niektori
poculi aj dunenie. Zvukovy efekt pri plytkych javoch je
mozny. Otrasy v epicentralnej oblasti trvali 10 — 15 sekund.
Zraneny nebol nikto, okrem $kdd na budovach vznikli aj
drobné Skody pri pade neupevnenych predmetov z polic
na zem. Sekundarne efekty zemetrasenia (napr. pohyby
pbdy indukované vibraénym seizmickym pohybom) neboli
potvrdené. Nebolo preukazané, ze prepadnutie pddy
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niekolko dni po zemetraseni v bansky podrubanej oblasti pri
Tatabanyi suviselo so zemetrasenim. V Madarsku je pomerne
dostato¢ne zabezpecené aj poistenie nehnutelnhosti proti Skodam
pri zemetraseniach. ZdruZzenie madarskych poistovatelov
(MABISZ, 2011) k 1. 2. 2011 predpokladalo, ze celkovy pocet
poistnych udalosti dosiahne zhruba ¢islo 3 000 a celkovo bude
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Obr. 1. Lokalizacia epicentra hlavného zemetrasenia (47,51°N; 18,38°E,
Cerveny kruh) a naslednych dotrasov (ruzové kruhy) v severnom

na poistné udalosti vyplatenych asi 1,9 miliénov eur,
¢o pomdze minimalizovat aj dosah na postihnuté
domacnosti. Podla MABISZ (2011) sa v Madarsku
ro¢ne priemerne zaznamena 100 — 120 zemetraseni
s magnitudou mensSou ako 2,5 (nepocitené). 4 — 5
zemetrasenivrozsahu M 2,5 - 3,0 je slabo pocitenych.
Zemetrasenie, ktoré spbsobi mensSie Skody,
sa vyskytne raz za 15 — 20 rokov, silné zemetrasenie
s ni¢ivymi UCinkami sa v Karpatskej kotline vyskytne
Statisticky raz za 40 — 50 rokov.

Chronolégia zemetrasenia

Po hlavnom otrase nasledovali takmer tri mesiace
trvajuce série slabych sekundarnych otrasov, tzv.
dotrasov, ktoré su bezné pri silnejSich zemetraseniach
a predstavuju postupnu relaxaciu tektonického
napatia v zlomovej zéne. Niektoré z dotrasov boli
aj pocitené, najma tie s magnitudou okolo 2,5 — 3.
Chronolégiu hlavného zemetrasenia a naslednych
slabych otrasov v epicentralnej oblasti Oroszlany
— Tatabanya priblizuje tab. 1.

Tab. 1
Chronoldgia seizmickych pohybov (hlavné zemetrasenie
ML = 4,7 a nasledné dotrasy). Zdroj: MTA GGKI —
Seizmologické laboratérium Madarskej akadémie vied
The chronology of seismic movements (a major earthquake
ML = 4.7 and aftershocks). Source: MTA GGKI —
Seismological Laboratory, Hungarian Academy of Sciences

Madarsku. Mapovy podklad: Google mapy. Datum Miestny ¢as Lokalna magnittida
Fig. 1. Location of a major earthquake epicentre (47.51°N, 18.38°E, red ] _
circle) and aftershocks (pink circles) in the northern Hungary. Map source: 29.01. 201 18j41 M, =47
Google maps. 29.01. 2011 19:05 M =21
29. 01. 2011 19:18 M =22
30. 01. 2011 01:19 M =22
30. 01. 2011 14:34 M =24
MTA_GGKI_Station_SOP_(Sopron) 2011-01-29 30. 01. 2011 21:59 ML = 3,0
Applied filter: WWSSN-SP 31. 01. 2011 01:25 M =28
00 05.02. 2011 12:08 M=1,9
] 16. 02. 2011 21:29 M. =2,0
= i 16. 02. 2011 22:48 M, = 2,1
Geon : 16. 02. 2011 23:25 M =2,0
£ - 23.02. 2011 17:50 M, =1.9
o " ‘ 11. 03. 2011 02:45 M =25
e e 23.04. 2011 06:36 M, =27
ﬁ = Seizmicita v Madarsku a jeho blizkom okoli
! Uzemie Madarska bolo v histérii postihnuté
wl niekolkymi velmi silnymi a des$truktivnymi
iz zemetraseniami. 15. 10. 1834 bolo najsilnejsie
za i zemetrasenie v regione vychodne od Debrecinu,
= : s epicentrom pri Ermellék (dnesné rumunské
=23 - Galospetreu) s magnitudou M = 6,5 a makroseizmickou

Obr. 2. Seizmogram zemetrasenia z 29. 1. 2011 zo seizmickej stanice pri
madarskom meste Sopron. Zdroj: MTA GGKI (Seizmologické laboratérium
Madarskej akadémie vied).

Fig. 2. The earthquake seismogram from 29. January 2011, obtained from
the seismic station near the Hungarian city of Sopron. Source: MTA GGKI
(Seismological observatory of the Hungarian Academy of Sciences).

epicentralnou intenzitou I, = 9. NajsilnejSim
zemetrasenim, ktoré postihlo dnesnu juznoslovensku
— severomadarsku oblast, bolo zemetrasenie
z 28. 6. 1763 s epicentrom v okoli Komarna/Komaromu.
Podla madarskych (Bus et al., 2000; Téth et al., 2011)
a europskych seizmologickych zdrojov (EMSC)
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dosiahlo lokalnu magnitudu M_ = 6,2 — 6,3, podla
slovenskych M, = 5,8 a epicentralnu intenzitu okolo I, = 8,5
az 9. Aj ked sa predpokladané velkosti zemetrasenia
mierne odliSuju, ni¢ to nemeni na skuto¢nosti, ze zni¢ena
bola 1/3 mesta, 63 ludi zahynulo, 102 bolo zranenych. Uplne
zni¢enych bolo 7 kostolov a 279 domov a poSkodenych
bolo 353 domov (Moczo et al., 2002). Epicentrom
zemetrasenia bolo mesto Jaszberény (70 km vychodne
od Budapesti) s M=5,3 al, =75 dna 21. 6. 1868.V 20. storoci
zemetrasenie postihlo okolie Kecskemétu (8. 7. 1911, M =
5,6; Iy = 7,0), Egeru — obec Ostoros (31. 1. 1925, M = 5,0;
lo =7,5) a najma obec Dunaharaszti, dnes juzné predmestie
Budapesti, ktora bola silne poSkodena dna 12. 1. 1956
(M = 5,6; 1, = 7,5), (Bus et al., 2000; Téth et al., 2011).
Zatial poslednym silnym zemetrasenim predchadzajiucim
javu z konca januara 2011 a nachadzajucim sa v rovnakej
seizmickej zone, je zemetrasenie zo zapadnej Casti krajiny
— okolia obce Berhida, okres Veszprém s M, = 4,8 zo dna
15.8.1985 (Zsiros et al., 1990; MTA GGKI — Seizmologické
laboratérium Madarskej akadémie vied).

Tektonicka charakteristika zemetrasnych zén v Madarsku

RozloZenie epicentier zemetraseni na Uzemi Madarska
je nehomogénne (obr. 4). V ramci pandnskeho bloku su
pomerne vyrazné rozdiely v jeho jednotlivych €astiach.
Seizmicky najaktivnejSia je severna, resp. severovychodna
Cast Madarska, ktora je sucastou bloku ALCAPA (AL — Alpy,

Obr. 3. Symetricky ohniskovy mechanizmus zemetrasenia
z 29.1.2011 (GFZ a USGS, zdroj EMSC) méze byt interpretovany
(podla Martinez et al., 2006) ako [avostranny smerny posun
na V — Z orientovanom zlome alebo ako smerny posun na S — J
orientovanom zlome.

Fig. 3. Symmetrical moment tensor solutions (focal mechanism)
of the 29. January 2011 earthquake on a W—E, or N-S strike-slip
fault (GFZ and USGS, source: EMSC, interpretation according
to Martinez et al., 2006).

CA — Karpaty, PA — Pandnia, resp. bloku Pels6 — Janik et
al., 2011).V Madarskom stredohori (Transdanubian Central
Range, North Hungarian Range — Bus et al., 2000; Fodor
et al.,, 2005) sa nachadza vacSina epicentier stredne
silnych a silnych zemetraseni. Druha zéna zemetraseni
sa viaze na hlboku kérovu depresiu — lavostranne smerne
— posuvnu stredomadarsku striznd zénu (Mid-Hungarian
sinistral shear zone — Fodor et al., 2005) smeru SV
az JZ, ktora oddeluje blok ALCAPA od kbérového bloku
Tisza (resp. Tisza — Dacia, Janik et al., 2011) na juhu
krajiny. V stredomadarskej striznej zéne boli epicentra
silnych zemetraseni pri Galospetreu a Kecskeméte. Aj
v juhovychodnom bloku Tisza sa vyskytuju zemetrasenia,
ale menej ¢asto ako na severe alebo v centralnej Casti.
Je to pravdepodobne aj désledok vyrazného kérového
stendenia (hranica Moho je v severnej§om bloku v hibke
32 — 28 km, v juznejSom bloku 22 — 26 km; Janik et al.,
2011), ¢o pri vy$Sej plasticite spodnej kéry v juznejSom
bloku znizuje moznost CastejSieho vyskytu zemetraseni.
Recentny pohyb oboch kdérovych jednotiek (ALCAPA,
resp. mikrobloku Pelsé a Tisza) vzhladom na fixny Cesky
masiv je k V az VSV (Fodor et al., 2005; Janik et al., 2011)
a potvrdzuje tak pretrvavajuci unik (escape) juznejsej
Casti zapadokarpatského bloku z alpskej oblasti.

Prejav zemetrasenia z 29. 1. 2011 na Slovensku a kratky
prehlad historickych seizmickych udalosti na uzemi
Slovenska alebo v jeho blizkom okoli

K 23. 2. 2011 bolo Geofyzikdlnym ustavom SAV
v Bratislave spracovanych celkovo 1 892 hlaseni zo 191
obci a miest Slovenska (obr. 6). Vaésina hlaseni je
z juhozapadného Slovenska, ale zaznamenané boli
aj pozorovania ucinkov zemetrasenia z Martina, Ziliny,
Terchovej na severe alebo Revucej, Roznhavy a Trnavy
pri Laborci na vychode Slovenska. Najviac hlaseni prislo
z Novych Zamkov (286), Komarna (237), Nitry (195), Levic
(122) a Bratislavy (117). Najmé& v okoli Novych Zamkov
a Komarna bolo zemetrasenie pocitené najviac: v Novych
Zamkoch napr. hasici skontrolovali verejné inzinierske siete.
Na slovenskom uzemi dosiahla makroseizmicka intenzita
3. — 4. stupen EMS-98 (slabé az znacne pozorované
pocitenie). Dosiahnutie hodnoty 5. stupria EMS-98 (silne
pocitené) je v oblasti najbliz§ej k epicentru velmi malo
pravdepodobné.

Uzemie Slovenska je suéastou geologicky mladého,
alpinskeho systému pohori, ktoré sa tiahnu od Alp cez
Karpaty, Balkan, Turecko, Iran, Afganistan az do Himalaji.
Cela oblast je charakteristickd ¢astymi, ojedinele aj
ni¢ivymi az devastujucimi zemetraseniami, ktoré maju
na svedomi mnozstvo ludskych Zivotov. Slovensko v§ak
lezi mimo hlavnej zény nic¢ivych zemetraseni a mozno
ho charakterizovat ako oblast so strednou urovriou
zemetrasnej aktivity (Moczo et al., 2002). Napriek tomu
sa na Slovensku v minulosti vyskytlo aj niekolko ni€ivych
zemetraseni, z ktorych najmenej dve si vyziadali aj obete
na zivotoch.

Podla katalogu zemetraseni (Cipciar et al., 2009)
a inych zdrojov (cf. Moczo a Labéak, 2000; Moczo
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et al., 2002; Kovac et al., 2002; Madaras et al., 2008)
najsilnejSie zemetrasenia na Slovensku boli v oblasti
stredného Slovenska (5. 6. 1443 v oblasti Banskej
Stiavnice a Kremnice — podla historickych pramefiov
si zemetrasenie vyziadalo 30 obeti — EMSC), Komarna
(vbbec najniCivejSie zemetrasenie na nasom uUzemi
28.6. 1763 si vyziadalo 63 obeti, dalSie silné zemetrasenia
boli v oblasti Komarna v rokoch 1783, 1806, 1822 a 1851).
Dal$ie ni¢ivé zemetrasenie postihlo okolie Ziliny 15. 1. 1858
(v Ziline boli podkodené takmer v&etky domy a mnohé sa
stali neobyvatelné, straty na zivotoch vSak nie su zname).
Zatial poslednym silnym zemetrasenim bola postihnuta

Obr. 5. Lokalizacia S — J orientovanej seizmogénnej zény
v severnom Madarsku, s vyznaéenim epicentier zemetraseni
spominanych v texte. Zdroj: Horvath a Bada (2004).

Fig. 5. North—south oriented seismogenic zone in the northern
Hungary, indicating earthquakes mentioned in the text. Source:
Horvath and Bada (2004).

Obr. 4. Zemetrasenia na uzemi
Madarska a v jeho okoli od roku 456
do roku 2007. Symboly su proporéné
Richterovmu magnitudu. (Zdroj: MTA
GGKI — Seizmologické laboratorium
Madarskej akadémie vied). Hlavné
tektonické rozhrania — blok ALCAPA,
Stredomadarska strizna zéna, blok
Tisza — Dacia su modifikované
autormi ¢lanku z citovanych zdrojov.
Zelené Ciary: aktivne zlomy v striznej
zbéne, Sipky: lavostranny zmysel
pohybu v striznej zéne.

Fig. 4. Earthquakes in Hungary in
the time interval from 456 to 2007.
Symbols are proportional to Richter
magnitude. Source: MTA GGKI
(Seismological observatory of the
Hungarian Academy of Sciences).
Major tectonic interfaces — ALCAPA
block, Mid-Hungarian shear zone,
block Tisza — Dacia are modified by
the authors of the article from cited
sources. Green lines: active faults
in the shear zone, arrows: sinistral
sense of movement in the shear
zone.

obec Dobra Voda na severe Malych Karpat 9. 1. 1906.
V oblasti Dobrej Vody bolo silné zemetrasenie s magnitidou
okolo 5 aj v roku 1930. Odvtedy na uzemi Slovenska
podobne silné zemetrasenie nebolo zaznamenané, aj ked
napr. zemetrasenia v roku 1964 a 1976 v oblasti Malych
Karpat spo6sobili malé Skody, podobne aj zemetrasenie
na Zempline, na upéti pohoria Vihorlat dia 20. 5. 2003
(M_ = 3,7; I, = 6 — 7; madarsky bulletin 2003 (Téth et al.,
2004): M, = 4,3). Zemetrasenia podobnej intenzity ako jav
z 29. 1. 2011 v severnom Madarsku boli na Slovensku
pocitené 7.6. 1989 (Poniky, M| =4,1;1,=5-6), 15.11.1989
(Lubietova, M, = 4,0; I, = 5 — 6), dria 28. — 29. 6. 1992
(M_=4,2) a 1. 3. 1993 (epicentrum blizko severnej hranice
Slovenska, v oblasti polskej Krynice M, = 5,0; I, = 7),
28.4.1998 pri Valaskej Belej (M, = 4,1; 1, = 6), 28. 10. 1999
pri Krupine (M_ = 4,2; |, = 5 — 6), 30. 11. 2004 (s epicentrom
v regidone Zakopaného, severne od Vysokych a Zapadnych
Tatier M| = 4,4; |, = 7) alebo 24. 11. 2006 zemetrasenie
s epicentrom pri ukrajinskom Beregove, pocitené najmé
v KoSiciach (M, = 4,3; Téth et al., 2007: M, = 4,5; I, =5
az 6). Bratislavéania mohli pocitit zemetrasenie s M,, =
4,4 (EMSC) s epicentrom v blizkosti lyziarskeho strediska
Spital am Semmering v Rakusku dha 7. 5. 2009.

Diskusia o tektonickej interpretacii zemetrasenia

Zemetrasenie z 29. 1. 2011 s epicentrom pri obci
Vértessomld (47,51°N; 18,38°E) s lokalnou magnitudou
M_ = 4,7 a epicentralnou intenzitou |, = 6 stupnov
EMS-98 mozno charakterizovat ako stredne silné
zemetrasenie, ktoré sa vyskytlo v jednej zo seizmicky
najaktivnejSich zén v severnom Madarsku — v Madarskom
stredohori. Symetricky diagram uréeného napétia
ohniskového mechanizmu (GFZ a USGS, zdroj EMSC;
obr. 3) umoznuje dve interpretacie: bud zemetrasenie
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vzniklo na V — Z orientovanom lavostrannom smerne
— posuvnom zlome, ¢o by suviselo s tektonickymi liniami
smeru hurbanovského zlomu, alebo vzniklo na S — J
orientovanom zlome smeru stredoslovenského zlomového
pasma. My sa priklafiame skor k druhej alternative. Ciastoéne
ju podporuje lokalizécia epicentier sekundarnych otrasov,
ktoré sa skor koncentruju v S — J smere (obr. 1), ale aj
orientacia historickych a su€asnych epicentier zemetraseni
v predmetnej oblasti v severo-juznom smere (obr. 5;
Horvath a Bada, 2004). Zemetrasenie pri Vértessomlé by
tak bolo sucastou sérii zemetraseni v S — J orientovanej
seizmogénnej zone, ktora sa tiahne od Komarna az po
Balaton.

Zaver

Prispevok sumarizuje zakladné udaje o zemetraseni
v severnom Madarsku v januari 2011, ktoré bolo v tomto
regione najsilnejSie za poslednych 25 rokov a vzhladom
na blizkost epicentra k juznej hranici Slovenska bolo
intenzivne pocitené aj na naSom Uzemi. Napriek tomu, ze
hypocentrum bolo v hibke menej ako 5 km, zemetrasenie
nespdsobilo vaznejsSie Skody na majetku a ani obete
na ludskych zivotoch. Z hladiska bezpeénosti ob&anov
a minimalizacie uginkov zemetraseni na spolo¢nost je

stale potrebné vyzdvihovat najmé dodrziavanie stavebnych
noriem prispdsobenych lokalnym podmienkam. Stavby,
ktoré dokazu odolat aj radovo silnejSim otrasom, ako bolo
januarové zemetrasenie v Madarsku, su jedinou zarukou
minimalizacie strat na ludskych Zzivotoch a majetku,
pretoze predpovedanie zemetraseni zostava aj nadalej
nevyrieSenym vedeckym problémom.

Podakovanie. Prispevok vznikol s podporou Agentury na podporu
vyskumu a vyvoja na zaklade zmluvy ¢. APVV-0158-06 (uloha
NEOTACT — Neotektonicka aktivita tzemia Zapadnych Karpat).
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Tectonic interpretation of the earthquake in Northern Hungary,
29. January 2011

On Saturday, 29. January 2011, at 18h 41m p.m. local
time, Northern Hungary was hit by an earthquake with
magnitude M,, = 4.3 and an epicentre approximately 5 km
SW of the city of Tatabanya (population 70 000, Figs. 1 and
2). It was the strongest event recorded in the country since
1985. The earthquake can be characterized as a medium
size but very shallow event. No serious injuries were
reported, but numerous buildings suffered minor damage,
like cracks in plaster and walls or damaged chimneys. The
earthquake was felt over a large area including the capital
city of Budapest and some parts of southern and south-
-western Slovakia (Fig. 6).

The January 29. earthquake occurred in the
most active seismic zone in Hungary — so-called
Transdanubian Central Range (Figs. 4 and 5). Located in
the close distance to Budapest, this zone is considered
to be the main source of seismic risk in Hungary. The
strongest earthquake ever observed here was the June
28th, 1763 event with estimated magnitude M,, = 6.2.
This event was responsible for severe damage in the

town of Komarom and it is supposed to be one of the
strongest earthquakes in Hungarian history. The location
of 29. January 2011 event was independently determined
by the European — Mediterranean Seismological Centre
(EMSC) and the U. S. Geological Survey, National
Earthquake Information Center (USGS NEIC) and
manually relocated afterwards. More accurate seems
to be the EMSC location 47.51°N; 18.38°E with smaller
uncertainty. The determined depth of the earthquake
is about 4.6 km. Symmetrical moment tensor solutions
(focal mechanism) of the earthquake is on a W-E
sinistral strike-slip fault, or more probably N-S oriented
strike-slip fault (Figs. 3 and 5). The local magnitude of
the earthquake was M_ = 4.7; epicentral intensity I, = 6
degrees EMS-98 (as determined from the recordings of
EMSC and USGC NEIC). The several aftershocks were
observed in the epicentral area (Tab. 1). The association
of Hungarian Insurers (MABISZ) assumes that the
overall insured loss will be about EUR 1.9 million and
the total number of claims about 3 000.
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Deformaéné zmeny kaustobiolitov v procese diagenézy v terciérnych
uholnych loziskach Hornonitrianskej kotliny
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Deformation overprint of caustobioliths during the diagenetic process
in the Hornonitrianska kotlina Tertiary coal basin (Slovakia)

The research of deformation characteristics of the coal seams in the mining environment in
situ offered a new information about the evolutionary phases of the caustobioliths. The study of
the caustobioliths compressibility is a basically unigue method which provides the compression
parameters during the diagenesis and the knowledge about the sedimentary conditions during

the coal seams genesis in the Tertiary.

Key words: coal mass origin, caustobioliths compressibility, coal properties

Uvod

Loziska kaustobiolitov — hnedého uhlia a lignitu — v Horno-
nitrianskej kotline v okrese Prievidza predstavuju vyznamny
surovinovy potencial Slovenskej republiky. Hnedé uhlie
sa nachadza v handlovskom loZisku a lignit v novackom
lozisku. V danom regione su zaregistrované tri dobyvacie
priestory — Bana Cigel (BC), Baria Handlova (BH) a Bana
Novaky (BN). Dobyvaci priestor (DP) Cigel zabera zapadnu
¢ast handlovského uholného loziska s tazobnymi pracami
v Bani Cigel (obr. 1).

Exploatacia uholného loziska umoziuje Studovat
Strukturnu stavbu uholného suvrstvia a textdry uholnych
slojov. V hnedouholnych slojoch sa v mnohych pripadoch
zachovali r6zne ulomky uhlotvornej fléry. Fosilne zvysky
drevin su rézne deformované relikvie v samotnej uholnej
hmote. Jednym z cielov danej prace bola inventarizacia
a geometrizacia fosilnych uhlotvornych Casti, a na zaklade
zistenych vysledkov ur€enie diagenetickych procesov
vzniku uholnych slojov. Dal§im cielom bolo zistenie
koeficientu stlacenia fosilnych drevin, ktoré vypovedaju
o priebehu diagenézy uhlotvornej fléry, ako aj o dalSich
kvalitativnych parametroch uholného sloja a interakcii
v preuholfiovacom procese.

Struéna geologicko-strukturna charakteristika
dobyvacieho priestoru Cigel

Sirsi regién Hornonitrianskej panvy je budovany
komplexom krystalinika a mladSimi horninami paleozoika,
mezozoika, paleogénu, neogénnymi sedimentmi a vul-
kanitmi, ako aj kvartérnymi usadeninami (Simon, 1995,
1999). Hornonitrianska kotlina je vnutrohorska depresia
vyplnena paleogénnymi a neogénnymi morskymi,
sladkovodnymi a vulkanickymi sedimentmi, kvartérnymi
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rie€nymi terasami a periglacialnymi naplavovymi kuzelmi
na svahoch Vtaénika (Nemcok, 1982).

Priame podlozie produktivnych uholnych vrstiev
na lozisku tvori vo velkej miere kamenské suvrstvie
(eggenburg a spodny baden). Ide o komplex tufitickych
a klastickych hornin, ktoré vznikli rozruSenim starSich
vulkanickych hornin. Priaznivé klimatické podmienky
umoznili akumulovanie rozsiahlej rastlinnej hmoty, ktora
vytvorila zaklad pre vznik uholnych slojov. Sedimentécia
rastlinnej hmoty, hluSinovych preplastkov a tzv. nadloznych
ilov koSianskeho suvrstvia prebiehala v celej kotline.
V désledku variabilného preuholfiovacieho a tektonicko-
-vulkanického procesu vznikli rozsiahle sloje, ktoré vytvorili
dve samostatné loziska — handlovské a novacke uholné
lozisko.

Handlovska uholna panva pozostava z dvoch bilanénych
uholnych slojov. V severovychodnej Casti loziska su sloje
vzdialené od seba vo vertikdlnom smere max. 25 — 30 m
a lokalne sa medzi nimi objavuju dalSie tenSie uholné
slojky. V strednej Casti loziska je oblast spajania slojov
a v juznej oblasti sa nachadza jeden spojeny sloj s hrubkou
7 — 11 m (Dzudzik et al., 1983; Fazeka$, 1994, 2000, 2009;
Kotulova et al., 2010).

Po petrografickej stranke ide o hnedouholné humity
zastupené detritmi a xylitmi. Z hladiska preuholnenia
ide o hnedouholnt hemi- az ortofazu. Slojové vrstvy su
prestupené tufitickymi a ilovitymi preplastkami.

Bezprostrednym nadlozim uholného sloja su sivé az
svetlosivé koSianske ily (vrchny baden) premenlivej hrubky
od 0,0 do 250 m. Vyznaduju sa lavicovitou odlu¢nostou
a SoSovkovitou stavbou jednotlivych vrstiev. Zvac¢sa ide
o illitické ily s variabilnym obsahom pelitickych vloziek.
V niektorych oblastiach dobyvacieho priestoru su priamym
nadlozim uholnych slojov vrstvy vulkanicko-detritickej
formacie, tzv. lehotské suvrstvie.
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Medzislojovymi horninami produktivneho suvrstvia su
sivé az sivoCierne piescité ily, ilovce a piesky. Ide o horniny
obsahujuce hlavne illit, montmorillonit, kaolinit a kremen.

Produktivne uholné vrstvy v oblasti Bane Cigel

— VII. tazobny usek — pozostavaju z dvoch bilanénych
slojov nachadzajucich sa v severnej a v strednej Casti
dobyvacieho priestoru.

Horny uholny sloj (h,) je hruby 3 — 5 m s priemernou
vyhrevnostou 13 MJ/kg a s pevnostou v tlaku 17 — 22 MPa.
V podlozi horného sloja sa nachadzaju tzv. medzislojové
psamitické ily s hrubkou 0,4 — 25 m.

Spodny uholny sloj (h,) je hruby 3 — 5,5 m s vyhrev-
nostou okolo 12 MJ/kg. Pevnost v tlaku sa pohybuje okolo
14 — 18 MPa. V spodnej Casti sloja sa nachadzaju menej
unosné vrstvy ilového uhlia s hrabkou 1,8 — 2,2 m. Casto
obsahuju vrstvy montmorillonitu.

!

Obr. 1. Situacna mapa zaujmove;j lokality v Hornonitrianskej panve.
BN — dobyvaci priestor Bane Novaky; BC — dobyvaci priestor Bane
Cigel; BH — dobyvaci priestor Bane Handlova. Sikmym srafovanim
je vyznacena severna €ast dobyvacieho priestoru bane Cigel, kde
bol realizovany zber deformaénych dat.

Fig. 1. Situation map of the interest locality in the Hornonitrianska
panva coal basin. BN — mining claim of Novaky Mine; BC — mining
claim of Cigel Mine; BH — mining claim of Handlova Mine. Hatched
area indicates the northern part of the Cigel Mine mining clain,
where the deformation data were collected.

Morfoldgia povrchu je svahovo-kopcovitého charakteru
so sklonom od vychodu na zapad. Uholné suvrstvie v danej
lokalite sa nachadza v hibke od 190 — 430 m.

Vysledkom terciérneho tektonického vyvoja je vznik
hrasti a prepadlin, ktoré rozdelili uholné sloje na tektonické
kryhy variabilnych rozmerov. V Hornonitrianskej kotline
rozliSujeme rézne systémy zlomov s generalnymi smermi
od SV - JZ, SZ-JV a S - J.V horninovom prostredi
DP Cigel definujeme tri etapy tektonického vyvoja:
preduholného, uholného a pouholného tektonického
porusenia loziskového Uzemia. Zaregistrované su dva typy
dislokécii v uholnom sloji — poklesy a preSmyky.

Metodicky postup

Vznik uholného sloja je vysledkom ¢asovo obmedzenej
sedimentacie rastlinnej hmoty za priaznivych geologickych
podmienok. Vyskum pozostaval zo ziskavania primarnych
poznatkov vo forme fosilnych ulomkov uhlotvornych &asti
fléry v uholnom sloji. Vzorky — ulomky fosilii — mali vaéSinou
elipticky tvar (obr. 2).

Na vzorkéch fosilii eliptického tvaru sme odmerali dizky
jednotlivych osi — dIhSia os a, kratSia os ¢ (obr. 3).

Podla empirického vztahu (1) sme stanovili koeficient
stlacenia uholnej fosilie:

a
Ksi= —— (1)

Pocas ulohy bolo spracovanych priblizne 680 vzoriek
z horného a spodného uholného sloja zo severovychod-
nej ¢asti dobyvacieho priestoru Bane Cigel (BC; obr. 1).
Na zaklade ziskanych parametrov stlaenia uholnych fosilii
sme zhodnotili parcialne procesy diagenézy fytogénnych
materialov, ako aj sedimentaénych procesov na terciérnom
uholnom lozisku. Namerané udaje sme zobrazili
v tabulkéach a v grafoch, ktoré vytvorili databazu informacii
na zhodnotenie kvalitativnych a geotechnologickych
zavislosti jednotlivych parametrov.

Obr. 2. Vzorka fosilneho konara (dlhSia os a = 12,5 cm, kratSia os
c=3,5cm).

Fig. 2. Sample of the fossil branch (longer axis a = 12.5 cm, shorter
axis ¢ = 3.5 cm).
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Obr. 3. Schéma stlaenia konara s meranymi parametrami
pre koeficient stlaenia.

Fig. 3. Scheme of the branch compression with measured
parameters for compressibility index.

Predpokladané druhy drevin, ktoré tvorili
uhlotvornu fléru

Fosilizované pozostatky drevin, ktoré rastli na danom
uzemi pred uhlotvornymi procesmi, nachadzame in situ
v horninach poc¢as banskych prac. Na zaklade pelovych
analyz vykonanych Pacltovou (1958) zo vzoriek z bane
Handlova mozno konstatovat, ze najrozSirenejSie rastlinné
prvky, ktoré mohli tvorit bazu pre uholnu fytomasu, su
z Celade Taxodiaceae (tisovec) a Cupressaceae (cyprustek
s vysokym obsahom Zivice). Rastlinné spolo€enstva vo
vacsej miere vytvarali vzdy zelené stromy a kry, ktoré tvorili
rozsiahle lesné plochy (Planderova a Snopkova, 1968).

Na zaklade internych analyz vzoriek rastlinnych fosilii
z lokality Bane Cigel sa najcastejSie vyskytuju dreviny
nasledujucich druhov: typha latissima (palka Sirokolista),
byttneriophyllum tiliaefolium, glyptostrobus europeaus
(patisovec — ihli¢nata drevina), acer sp. (javor), fagus (buk),
quercus sp. (dub), ginkgo adiantoides (ginko dvojlalo¢né),
myrica lignitum (myrika voskovitd), olnus (jel$a), taxodium
(tisovec — ihlicnan). Vzorky fosilii boli vysledované v nad-
loZznych a v medzislojovych ilovych horninach vyskumom
in situ zodpovednymi pracovnikmi na Bani Cigel.

Geotechnické parametre uholhého sloja

Preuholnenie fytomasy je ovplyvnené nielen tlakovou
zlozkou (hrubka nadloznych hornin), ale aj vulkanickou
aktivitou, tepelnym tokom, petrografickym charakterom
a chemickym zlozenim okolitych hornin, ako aj tektonic-
kymi pomermi v danej lokalite. Kolisanie vodnej hladiny
a nepokojné prostredie spdsobovali vytvaranie ploch
nespojitosti, a tiez prinos tufitickych a ilovitych materialov.
Tieto pohyby zapri€inili ¢asté kvalitativne zmeny v uhli
vo vertikdlnom a v mensej miere aj v horizontdlnom smere
(Cechovié, 1959; Cech et al., 1969).

Kvalitu uholnych slojov uréuju aj parametre vyhrevnosti,
obsah popola a vody. Z hladiska analyzy uholhych slojov
su délezité aj geomechanické parametre, ako pevnost
tlaku a tvrdost. Pre Ucely nasho vyskumu sme stanovili
koeficient stlaenia.

Hlavné vysledky prace

Stlacenie fléry je mozné pozorovat hlavne v uholnych
slojoch s vy8S§im stupfiom preuholnenia (hemifaza).

Koeficient stlacenia pre horny (h1) a spodny sloj (h2)

IS

w

Obr. 4. Koeficient stlacenia pre horny

sloj (h4) a pre spodny sloj (h,).

Fig. 4. Compression ratio for upper
seam (h;) and lower seam (h,).

hodnota - K st

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77

| =—— Horny sloj—h1

Spodny sloj—h2

vzorky

Tab. 1
Oblast Koeficient stlacenia — Kg; Hibka (m) Popolnatost Ag (%) Vyhrevnost Q,, (MJ - kg™)
Horny sloj — h; 3,8 285 12,2 14,3
Spodny sloj — h, 3,9 300 16,9 12,6
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V oblastiach s kvalitnejSim preuholnenim dochadza
k vy$Siemu stupnu diagenézy uholnych slojov a vzniku
celistvejSej Struktury bez zachovania fosilnych znakov.

Priebeznou registraciou a vyhodnocovanim ziskanych
vzoriek fosilii flory sme ziskali poznatky o ich rozmerovych
pomeroch z réznych ¢asti DP Cigel. Nosnou lokalitou
odberu vzoriek bola severovychodna ¢ast DP Bane
Cigel v hornom a spodnom sloji. Ciastkové vzorkovania
sa realizovali aj v inych ¢astiach handlovského loziska.

Na obr. 4 je Cast priemetu vzoriek koeficientu stlaenia
v hornom a spodnom sloji (hy a h,). Celkovo sme preskumali
viac ako 680 kusov vzoriek. Tento pocet vzoriek Statisticky
dostato¢ne postacuje pre dany druh experimentu.

Zistené poznatky poukazuju na to, ze diagenéza
uholnych slojov prebiehala hlavne po¢as sedimentacie
koSianskeho a lehotského suvrstvia (vrchny baden
a Ciasto¢ne sarmat).

V oblastiach blizkeho vyskytu alebo kontaktu vulkanitov
(pyroxenicky andezit) s uholnym slojom dochadzalo
k vy$Sej urovni preuholnenia fosilnej masy a k zvysenej
urovni diagenézy (strednd, juzna a juhovychodna oblast
handlovského loziska). V tychto ¢astiach loziska bol vyskyt
vzoriek niz&i.

V zaujmovej lokalite bol na zaklade ulozenia vzoriek
v uholnom sloji vysledovany hlavny azimut sedimentovania
fosilnych zvy$kov stla¢enych drevin, a to smer SV — JZ.
Tato skutocnost m6ze evokovat aj hlavny smer komunikacie
v uholnej panve v ¢ase ukladania fytomasy.

Priemerna hodnota koeficientu stlaenia fosilii z jed-
notlivych slojov a lokalit zo severovychodnej Casti
handlovského loziska z DP Cigel (tab. 1) je 3,8 pre horny
sloj (h;) a 3,9 pre spodny sloj (h,).V tabulke su zobrazené
parcialne parametre charakterizujuce uholny sloj. Hodnoty
koeficientov stlacenia sa pohybovali v intervaloch 2,5 — 5,5.

Podla nameranych hodnét koeficientu stlacenia
hypoteticky predpokladdme, ze pevné Casti fytomasy
v procesoch preuholnenia a diagenézy zmenSili svoj
rozmer cca 3,9-nasobne. Priebeh diagenézy fytomasy
v uhlotvornom prostredi bol pomerne variabilny — vyplyva
to z variacie hodndét koeficientov stlacenia (x40 %)
od priemernej hodnoty. Preto je nutné vyhodnotenie
z jednotlivych oblasti riesit Statistickym poctom vzoriek.

Koncentréciou fytomasy v urcitej lokalite moze vzniknut
uholné lozisko. Medzi hribkou pévodnej rastlinnej hmoty
a sucasnou hrubkou uholného sloja sme zistili zavislost.
Podla empirického vztahu (2) je mozné stanovit pévodnu
hribku uhlotvorného suvrstvia:

m
L = Kg (2)
mo

m; = poévodna hrubka fytomasy (m)
m, = recentna hrubka uholného sloja (m)
Kgt = koeficient stlaenia

Predpokladame, Ze tato zmena sa tyka celej hrubky
fytomasy, t.j. pévodna hrubka rastlinnej hmoty sa v procese
preuholnenia stladila 3,9-nasobne a vysledkom je recentna
hrubka uholného sloja. Na zaklade uvedenych poznatkov
mozno predpokladat, ze na handlovskom uholhom lozisku
(Cast Cigel) bola pévodna hrubka fytomasy cca 27 — 43 m.

Akumuldcia rastlinnej hmoty s vypocitanou hribkou
bola podmienena Specifickymi prirodnymi podmienkami,
ako aj ich naslednym vyvojom. Vynara sa otazka, preco
v danej lokalite nastala akumulacia biogénneho materialu
prave v tak koncentrovanej podobe za relativne kratke
¢asové obdobie. Priklaname sa k ndzorom o vzniku
loZzisk nahlymi regionalno-morfologickymi zmenami
a kataklizmami lokalnych rozmerov. Na obr. 5 je schéma
diagenézy fytomasy na recentnu hrubku uholnych slojov.

Zavislosti geotechnickych parametrov
uholného sloja od diagenézy

V sledovanych lokalitdich sme pri vyhodnoteni koe-
ficientu stlacenia zhodnocovali aj niektoré geotechnické
parametre, ¢im sa dosiahla komplexnejSia charakteristika
uholného loziska v danej oblasti.

1. Zavislost koeficientu stlacenia a obsahu popola
A9 % v spodnom sloji — h,

Priebeh hodnbt popolnatosti a koeficientu stlaenia je
v danej lokalite konformny, t. j. so zmenou jedného faktora
sa meni aj druhy. To znamena, ze obsah popola a stlaéenie
fytomasy ma kladny korela¢ny vztah. Mensi koeficient
stlacenia signalizuje niz8iu popolnatost. NizSie hodnoty

KOMPRESIA NADLOZNYCH VRSTIEV

Nadlozné horniny

FYTOMASA

my

Podlozné horniny

m, pévodna hrdbka uhlotvornej fytomasy
m, sucasna hrubka uholného sloja
Kst koeficient stlacenia

Obr. 5. Schéma diagenézy fytomasy
a vznik uholného sloja v Horno-
nitrianskej panve.

Fig. 5. Scheme of the phyto-mass
diagenesis and the coal seam
genesis — Hornonitrianska panva
coal basin.
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koeficientu stla¢enia m6zu znamenat aj nizsi horninovy
tlak v danej oblasti (obr. 6). Pri Ciastkovych hodnoteniach
priebehov danych parametrov sa ¢asto objavuju lokalne
anomalie, ktoré vyplyvaju z nepravidelného priebehu
diagenézy alebo nepokojného sedimentaé¢ného
prostredia.

2. Zavislost koeficientu stlaéenia a obsahu popola
A? % v hornom sloji h,

Faktor obsahu popola (A %) a koeficientu stlaenia
vykazuje sinusoidny priebeh, t. j. ak stupa parameter
popolnatosti, tak stupa aj hodnota koeficientu stla¢enia
a naopak.

Na stla¢enie uhlotvornej hmoty nema rozdielna poloha
uholnych slojov v pripade horného a spodného sloja
vyraznejsi vplyv.

3. Koeficient stlacenia a vyhrevnost uholného sloja
v dolnom sloji h,

Jednotlivé parametre vykazuju pomerne rovnobezny
priebeh, t. j. ak klesa jedna veli¢ina, tak klesa aj druha
a naopak.

4. Koeficient stlacenia a vyhrevnost uholného
sloja v h,

Sledované parametre vykazuju variabilny priebeh.
V pripade stupajucej vyhrevnosti klesa koeficient stlaenia.
Hodnota vyhrevnosti vykazuje vacsiu stalost ako koeficient
stlagenia, ktory vykazuje ur€itu variabilitu — obr. 7.Vzajomny
vztah tychto parametrov podlieha samostatnému vyvoju
ovplyvnenému lokalnymi polohami uholnych slojov.

5. Zavislost vyhrevnosti a obsahu popola

Priebeh tychto parametrov je az na lokalne anomalie
nesuhlasny. So zvySovanim sa hodnoty vyhrevnosti klesa
obsah popola a naopak. Zavislost plati pre horny aj spodny
sloj — hy aj hy.

6. Zhodnotenie geotechnologickych parametrov

Vyvoj jednotlivych geotechnologickych a kvalitativnych
parametrov uholného suvrstvia ma v mnohych oblastiach
anomalny priebeh ovplyvneny aj tektonicko-uloznymi
podmienkami. Tieto skuto¢nosti do urcitej miery vplyvali aj
na preuholfiovaci proces fytomasy, ako aj na diagenetické

Obr. 6. Zavislost koeficientu stlacenia
a obsahu popola na chodbach
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Fig. 6. Relation of the compression
ratio to ash content along corridors
71 143-0, 72 145-0.

Popol Ad /%/ — Koef. stlaGenia

pochody celého slojového pasma. V oblastiach so
Zavislost’ koef. stlacenia a obsahu popola (Ad) g
30 6’5
k3
2
25 +— |l 5 X
20 | L4
15 3
10 | I 2
5 1
g
g0 — — s
= 2 3 8 % 5 8 83 R 2 2RLE& TN 3 T & T 8 K 8
P-% © w w < N = o~ @ (2 ©® © © o < =l i =t 0
= Metraz chodby
0
2
o

Zavislost koeficientu stlaéenia a vyhrevnosti — horny sloj h1

Obr. 7. Zavislost koeficientu stlacenia

Koef. stla¢.

a vyhrevnosti — horny sloj (h;).

Fig. 7. Relativity of compression ratio
to heating capacity — upper seam

(hy).

Vyhrevnost MJ.kg-1/

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67
[ --- +Vyhrevnost
———~-Polynomicky (Vyhrewnost)

0

rka

= Pomer stlacenia
Polynomicky (Pomer stlacenia)




168 Mineralia Slovaca, 43 (2011)

zlozitejSimi tektonicko-uloznymi pomermi — s pripadnym
vyskytom preSmykovych dislokacii — su zavislosti
vyhrevnosti oproti koeficientu stladitelnosti, a tiez oproti
popolnatosti, v nesthlasnom priebehu. Tektonické procesy
ovplyvnili proces preuholfovania aj diagenézu danej Casti
uholného suvrstvia. Tieto poznatky potvrdzuju etapovity
tektonicky vyvoj na danom uholhom lozisku.

Naproti tomu v oblasti s pokojnejSim priebehom
sedimentacie, a zrejme aj preuholfiovania, su zavislosti
jednotlivych parametrov v sulade so vSeobecne zistenym
vyvojom. Ak stupa vyhrevnost, tak stupa aj koeficient
stlaCenia; pri stupani parametra vyhrevnosti klesa hodnota
popola a stupa parameter stla¢itelnosti, pricom klesa
priebeh obsahu popola.

7. Zavislost recentnej hibky uloZenia uholného
sloja a koeficientu stlacenia v spodnom sloji — h,

Uholny sloj v zaujmovej lokalite vykazuje uklon od SV
k JZ. Priemerna hibka uloZenia podia sti¢asnej morfoldgie

terénu je cca od 270 — 340 m. Jednotlivé hodnotiace
parametre poukazuju na anomalny priebeh. Hodnoty
koeficientu stla¢enia nekoreSponduju s parametrami
két povrchu, ¢o naznacuje, ze vyvoj morfolégie nad
zaujmovym Uzemim bol velmi premenlivy, postihnuty
denudaciami, zosuvmi a sedimentaciami hornin réznych
frakcii. Horniny nad spodnym slojom boli vystavené
réznym endogénnym vplyvom pocas sedimentacie
medzislojovych hornin a nasledne poc¢as ukladania
fytomasy z horného sloja.

8. Zavislost koeficientu stlacenia a hibky uloZenia
pre horny sloj h,

Skumané parametre vyjadruju lokalne suhlasné
priebehy (obr. 8). Z grafov je mozné vycitat ich variabilny
priebeh, ktory suvisi s meniacou sa hibkou, respektive
s meniacou sa hodnotou hrdbky nadloznych hornin nad
uholnym slojom. Tato skuto¢nost poukazuje na mobilitu
sedimentacie nadloznych hornin. Podla priebehu koe-
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ficientu stlaCenia je teoreticky mozné modelovanie hribky
hornin nad uholnym slojom v ¢ase formovania sa loziska.

Hrubka nadloznych hornin je variabilna. Finalna etapa
sedimentécie nadloznych koSianskych ilov prebiehala
v jazernom prostredi vo vrchnom badene. Nasledna
sedimentacia a denudacia hornin vy$Sieho nadlozia bola
pomerne dynamicka a vSesmerna. V neskorSom obdobi
vyvoja hornonitrianskej panvy (vrchny baden, sarmat) sa
prejavili désledky druhej etapy nadlozného vulkanizmu
s vyraznymi zmenami morfoldgie terénu nad uholnym
loZiskom.

9. Pomer osi stlacenia

Interakciou zloziek koeficientu stla¢enia je mozné
konStatovat, Ze diagenéza fytomasy pravdepodobne
prebiehala v rovnovaznom, vyrovnanom sedimentaénom
prostredi bez vyraznych napéatovych anomalii (obr. 9).
Pomery hodnét osi stladenia vykazujua priamoumerny
vztah, ¢o dokazuje vyrovnané uhlotvorné prostredie.

Tektonick& porudenost uholného suvrstvia nastava po
ukonceni sedimentacie fytomasy. Diagenetické pochody
zacali vyraznejSie pdsobit suhlasne so sedimentaciou
nadloznych koSianskych ilov a po¢as vulkanickych aktivit.

Zaver

Uholné sloje vznikli fosilizaciou fytomasy ulozenej
pod nanosmi sedimentarnych hornin. O vzniku uholnych
slojov z fytomasy rezonuje v teoretickej rovine aj predstava
o velkych pohyboch zemskej kéry — kataklizméach, ktoré
mohli byt pri¢inou enormnej koncentracie rastlinnej hmoty
na relativne malej ploche, nasledne zaplavenej vodou.

Spomalenie subsidenéného rezimu zapricinilo,
ze fytogénnu uhlotvornd sedimentaciu vystriedala
sedimentdcia pelitickd a v celej oblasti Hornonitrianskej
kotliny vzniklo sladkovodné jazero, v ktorom sa vo vrchnom
badene usadil komplex nadloznych koSianskych ilov.
V pripade hnedého uhlia nastali Struktirne zmeny, pricom
sa zachovali zretelné stopy pévodnych drevin (Dopita et al.,
1953; Dusak, 1999). Vzorky fosilii reprezentuju ulomky
konarov, kmenov a listov. Pri komplikovanych a dlhodobych
chemickych a fyzikalnych zmenéach bola premena pévodne;j
rastlinnej hmoty spojena s diagenetickymi pochodmi.
Stratou vody a kyslika sa zvySoval obsah uhlika, ¢o malo
za nasledok aj zmen$ovanie objemu rastlinnej hmoty. Tieto
zmeny prebiehali aj v désledku tlaku nadloznych hornin.
V8etky procesy su vzajomne proporcionalne zavislé
a vplyvaju na kvalitu uholného sloja (Dopita et al., 1953;
Dusak, 1999).

Vyskumom stlac¢enia Casti fléry v terciérnych uholnych
slojoch sme ziskali dolezité poznatky o vyvoji uhlotvornej
hmoty. Hodnoty koeficientov stlaéenia charakterizuju
priebeh uhlotvorného procesu pri autochténnych uholnych
loziskach. Koeficient stlaenia poukazuje na podmienky
vyvoja uhlotvornej hmoty, a tiez na variabilné zmeny
v okolitych vrstvach.

Na handlovskom lozisku v Casti Cigel sme zistili
variantné hodnoty koeficientov stladenia v zavislosti
od vyvoja geostatického tlaku nadloznych vrstiev,

geotechnologickych zmien v uholnych slojoch alebo
od erdzie nadloznych vrstiev. V oblastiach s pomerne
vyrovnanymi koeficientmi stla¢enia su aj geologicko-
-ulozné pomery stabilnejSie a ucelenejSie ako v lokalitach
s variabilnymi parametrami stlacenia fosilizovanej flory.
Na zéklade hodnoty koeficientu stlaéenia vznika moznost
modelového vyjadrenia povodnej hrubky uhlotvornej
hmoty z mociarno-jazerného obdobia vyvoja uholnej panvy
a pévodného reliéfu terénu.

Vysledky zavislosti koeficientov stlacenia a jednotlivych
kvalitativnych parametrov poskytuju kon&trukéné
moznosti rieSenia bansko-geologickych podmienok
raciondlnej exploatécie uholnych lozZisk. Tieto parametre
v zavislosti od koeficientov stla¢enia poskytuju redlne
moznosti posudenia kvalitativno-kvantitativnych viastnosti
uholnych slojov, napr. v pripade parametra obsahu popola
a koeficientu stlaenia je moznost ziskania prehladu
o priebehu vyhrevnosti uholného sloja. Pomer jednotlivych
osi stlaGenia charakterizuje aj tlakovo-deformaény
priebeh zaujmovej oblasti. Napriklad v miestach s vySSimi
koeficientmi stlacenia sa neskér zistila aj intenzivnejsia
tektonické a deformac¢na aktivita v uholnom suvrstvi alebo
vyrazna anomalna erdzia nadloznych hornin.

References

CecH, F., KRaus, |., PETRIK, F. & MEeCHACEK, E., 1969: Handlovsko-

. -novéacka uholna panva. Bratislava, GU UK, 277 s.

CecHovig, V., 1959: Geoldgia tretohornych vrstiev severného okraja
Handlovskej uholnej panvy. Geol. Prace, ZoS$., 53, 5 — 58.

DoPiTA, M., HAVLENA, V. & PeSEK, J., 1953: Loziské fosilnych paliv.
Praha, SNTL/Alfa. 5

DusAk, V., 1999: Plvod uhli a jeho metamorfézy. Casopis
Energetika.

Dzupzik, J., ULIENY, B. & VONDRACEK, L., 1983: Maly Gri€¢ — surovina:
hnedé uhlie, ZS DP, stav k 31. 3. 1983. Spi§ska Nova Ves, Geol.
Priesk., 31 s.

FazEKAS, J., 1994: Vypocet zasob v DP Cigel, 1994. Hornonitrianske
bane Prievidza.

Fazekas, J., 2000: Effects of volcanism on coal beds in the Upper
Nitra Basin. Miner. Slov. (Bratislava), 32, 243 — 245.

Fazeka$, J., 2009: Plynonosnost uholnych slojov v Hornonitrianskej
panve — dobyvaci priestor — Cigel. Acta Montan. Slov., 14, 1,
57 - 65.

KoTuLovA, J.etal., 2010: ZS —Hornonitrianska kotlina — trojrozmerné
geologické modelovanie exponovaného lzemia. Bratislava,
MZP SR - SGUDS.

PacLTovA, B., 1958: Palynologiky vyskum terciéru v oblasti
Handlova na Slovensku. Cas. Mineral. Geol., 3 s.

PLANDEROVA, E. & SnOPKOVA, P., 1968: Palynologické zhodnotenie
paleogénnych a neogénnych sedimentov z oblasti Bojnic.

. Manuskript. Bratislava, archiv Geofond, 112 s.

SIMON, L., 1995: Prehlad nazorov na geologicku stavbu vtaénickych

. vulkanitov. Manuskript. Bratislava, archiv KG PriF UK.

SiMON, L., 1999: Geologickd stavba vulkanitov Vtaénika
v neovulkanitoch stredného Slovenska. GS SR. Zem. Plyn
Nafta, 44,1 -2, 11 — 65.

TAKAC, M., 1978: Tretohorna fléra na hornej Nitre. Horna Nitra,
Vlastivedny zbornik, VI, Vyd. Osveta, 229 — 275.

Rukopis doruceny 12. 1. 2011
Revidovana verzia dorucena 2. 5. 2011
Rukopis akceptovany red. radou 16. 3. 2011



170 Mineralia Slovaca, 43 (2011)

Deformation overprint of caustobioliths during the diagenetic process
in the Hornonitrianska kotlina Tertiary coal basin (Slovakia)

The deposits of caustobioliths — brown coal and lignite —
in the Hornonitrianska kotlina Basin represent a significant
raw material potential of the Slovak Republic.

Our study concerned the northern part of the
exploitation area of the Cigel Mine, located at the western
part of the Handlova coal deposit (Fig. 1). The deformed
wood species remnants frequently occur there (Figs. 2
and 3). The research encompassing their inventarization
and geometrization aimed to learn more about the
diagenetic processes producing the coal-bearing seams.
The compression of the flora remnants was observed
preferably in the coal seams with the higher coalification
grade (hemiphasis). The calculated compressibility index
documents the diagenetic process of the coal-bearing
seam, and also further qualitative parameters can be
related to it.

The Hornonitrianska kotlina Basin represents an intra-
-montane basin filled mainly with Paleogene and Neogene
marine and limnic, as well as volcanic sediments. The
observed north-eastern part, and specially the 7th mining
segment of the Cigel Mine consist of two economic seams,
located in the northern and middle parts of the exploitation
area. The Upper Coal Seam (h,) is thick 3-5 m with the
average heating capacity 13 MJ/kg and compression
strength 17—22 MPa. The Lower Coal Seam (h,) is thick
3-5 m with the average heating capacity 13 MJ/kg and
compression strength 14-18 MPa.

The coalification of the phytomass was affected not only
by the pressure (thickness of the overlying rocks), but also
by the Neogene volcanic activity, heat flow, petrographic
and chemical compositions of surrounding rocks, as well
as by the tectonic overprint of the studied locality. The

quality of the coal seams is determined by the parameter
of the heating capacity, as well as the ash and water
contents. Concerning the analyses of the coal seams,
there are important the geomechanical parameters, like the
compression strength and hardness. We have calculated
that during coalification the original thickness of the plant
bed was compressed with the coefficient 3.9, resulting in
the recent thickness of the coal seams.

Our study has brought more comprehensive characte-
rization of the coal deposit by the assessment of further
geotechnical parameters:

Relation of the compression coefficient to the ash
content A? % in the lower (h,) as well as the upper (h;)
seams. The lower compression coefficient indicates the
lower ash content (Fig. 6).

Relation of the compression coefficient and the
heating capacity in the lower (h,) and the upper (h,)
seams (Fig. 7).

Relation of the heating capacity and the ash content.

Relation of the upper seam (h,) deposition depth to
compression ratio (Fig. 8).

Ratio of the compression axes indicates that the
phytomass diagenesis probably occurred in the equilibrium
and well-balanced sedimentation environment without
more distinct stress anomalies (Fig. 8).

The research confirmed that in the parts of the deposit
with the relatively equal compression coefficients also
the geological-deposit parameters are more stable. The
revealing of the relation of the compression coefficient
to the qualitative parameters of the deposit contributes
to the effective and rational exploitation of the coal
deposit.
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Abstract: The 12th International Conference of Young Geologists was held in Kamienica (Poland) on 28-30 April 2011. About 70 young
scientists from Poland, Slovakia and Czech Republic presented 50 lectures divided into thematic blocks, dealing with tectonics, sedimentology,
paleontology, biomineralogy, mineralogy, petrology, geophysics, geochemistry, geoengineering, geoinformatics and hydrogeology. The fieldtrip

presented the geology of the Magura nappe between localities Czorsztyn and Mszana Dolna (Outer Western Carpathians).

Key words: geological conference, contribution to geosciences

The 12th International Conference of Young Geologists
was held in Kamienica (Poland) on 28-30 April 2011. The
Conference was held in the Polish Outer Carpathians,
in Kamienica, located between the Gorce Mts. and the
Beskid Sgdecki Mts. All participants were hosted in the
newly renovated Dworek-Gorce complex. The conference
had been organized under the guarantee of the Slovak
Geological Society (SGS), AGH University of Sciences and
Technology (AGH), Cracow (PL), FaNS Comenius University
(CU), Bratislava (SK), the FaBERG of Technical University

(TUKE), KoSice (SK). For several years the members of the
scientific committee have been Prof. Dusan Plasienka (CU),
Prof. Tibor Sasvari (TUKE) and Prof. Anna Swierczewska
(AGH). The conference was organized by Ph.D. students
from AGH and the members of the Geological Club from
Bratislava.

About 70 young scientists from Poland, Slovakia and the
Czech Republic presented almost 50 lectures, which were
grouped into thematic blocks of tectonics, sedimentology,
paleontology, biomineralogy, mineralogy, petrology,
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geophysics, geochemistry, geoengineering, geoinformatics
and hydrogeology. A possibility of the use of native Slavic
languages has contributed to a friendly atmosphere during
this conference and helped to stimulate international scientific
collaboration.

The representative of the Galicia Tectonic Group (GTG)
Prof. Witold Zuchiewicz has awarded as the best student
presentation in English language the lecture by Marzena
Kohut (AGH), presenting the new research results on Icelandic
volcanic activity.

Important parts of the meeting were two “evening dinner
discussions” The first evening, Maciek Dwornik (AGH)

presented slides from his expeditions to Spitsbergen. The next
evening, Aneta Anczkiewicz (Polish Academy of Sciences —
PAS) introduced participants to the fission track method and
showed the results of this dating method being applied to the
area where the post-conference fieldtrip took place.

The fieldtrip guided by Nestor Oszczypko (Jagiellonian
University of Cracow), Witold Zuchiewicz (AGH) and Aneta
Anczkiewicz (PAS) has aimed to present the geology of
the Magura nappe between Czorsztyn and Mszana Dolna.
Several interesting outcrops were visited.

The next conference will be held on 26—28 April 2012 back
in Herfany near KoSice, Slovakia.
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D. AXMANN: Badenian microborings from Southern
Moravia area and their value for paleoecologic
interpretation

Department of Geology, Masaryk University, Brno, Czech Republic

. Miocene (Lower Badenian) clays in the eastern Bohemian locality
Ceska Trebova provided finds of a microboring Planobola macrogota
which is significant for shallow marine settings (few dozens of metres
of depth as the maximum). In comparison, South Moravian localities
of the same age and rock composition provided different assemblages
of microborings that are significant for depths of hundreds of metres.

Fig. 1. Microborings Planobola macrogota from locality Ceska
Trebova-cihelna. SEM image, Erlangen University.

A. BIENIEK!, M. PAWLIKOWSKI' and T. NIEDZWIEDZKI?2:
The extent of the mineralization and the destruction of
the trabecular bone: The results of the analysis of the
head of femur

'Department of Mineralogy, Petrography and Geochemistry,
AGH-UST, Cracow, Poland

2Department of Traumatic Surgery, Orthopedics and Rehabilitation,
UJ Collegium Medicum, Orthopedic Surgery Department of the L.
Rydygier’s Hospital, Cracow, Poland

In the presented interdisciplinary project, the mineralogical
knowledge and analyses were used to describe the processes and
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the pathologic states occurred in the human skeleton system. The
material for the investigation was retrieved from the patients who
had implanted a hip joint endoprosthesis. During the macroscopic
observation the avascular necrosis was identified in some of the
femoral heads.

As a part of the research, the Dual Energy X-ray Absorptiometry
(DEXA) was carried out on the 1 cm thick pieces of a human
femoral head. The analyses were performed to examine the mineral
density (BMD) and the bone mineral content (BMC) of the samples.
The densitometry is found as a very precise method which allows
determining even the minor changes in the amount of a mass of
the bone. The Dual Energy X-ray Absorptiometry analyses allowed
also to define the T-score and the Z-score indicators (the T-score
is the number of the standard deviations below the average for
a young adult at peak bone density; the Z-score is the number of
the standard deviations below an average person of the same age).
The measurement of the bone mineral density was performed for
each sample separately and the BMD was determined in the places
for which the T-score indicator was the lowest and the highest in
a particular piece of the femoral head. The DEXA analyses allowed
creating a three-dimensional model of the distribution of the diminution
in the bone apatite in the samples.

The microscope observations were conducted using the polarizing
microscope. This allowed determining the density and the extent of
the mineralization of the trabecular bone of the femoral head. The
destruction of the mineral structure of the calcium phosphate was
observed and the places with the greatest decrease of the bone
mineral density due to the breakup of the structure of hydroxylapatite
were described.

In this study, the results of the mineralogical (optical microscopy)
and the medical (DEXA) analyses of the extent of the mineralization
and the destruction of the femoral head were compared.

It appeared that in some cases the results of the Dual Energy
X-ray Absorptiometry analysis do not reflect the actual density and
the apatite — based mineralization of the trabecular bone. The cause
of these observations is an objective of further examinations.

P. BOZECKI, M. KOTULSKA and G. RZEPA: Variability
of water composition in the AMD-type environment:
The teknica region case study

Department of Geology, Geophysics and Environmental Protection;
AGH — UST, Cracow, Poland

Acid mine drainage (AMD) environments are generated as an
effect of the oxidation of sulphide minerals (often pyrite) exposed
to an oxidant (usually atmospheric oxygen) and water. Due to
complexity of the process, involving variety of biochemical reactions
as well as different primary reactants, the water chemistry of AMD-
-type environments can vary significantly. The objective of this work
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was to characterize that variability on the example of the teknica
region (western Poland), where the 20th century excavation of pyrite-
-containing lignite caused formation of such an acidic environment.
Water samples were collected at 11 sites (lakes and water outflows)
in the one-month interval between October 2009 and September
2010. Selected physicochemical parameters (temperature, pH, Eh,
EC, colour, turbidity) and chemical composition of the waters (main
cations and anions, trace elements) were determined each time.

The analysed waters are highly mineralized (EC up to 2 920
uS/cm), acidic (average pH 3.56) and rich in iron and sulphate
(up to 523 mg/L and 3 082 mg/L respectively). On the other hand,
concentrations of sodium, potassium and chloride are relatively low
(usually few mg/dm3) and bicarbonate is absent. However, a quite
wide range of chemical composition as well as physical parameters
in different sampling sites is noteworthy. For instance, the average
iron concentrations range from 2.92 to 375 mg/L, those of sulphate
and calcium, from 294 to 1 733 mg/L and from 50 to 345 mg/L,
respectively. Similarly, average pH value extends from 2.66 to 5.33
and electrolytic conductivity from 796 to 2 673 uS/cm. Such variability
may be related to different water sources, but seems to be a result of
the reservoirs’ dimensions as well — the smaller ones usually exhibit
higher mineralization and acidity than the larger. Seasonal changes
in the composition and properties of the studied water have been
observed also. For example, greater part of sampling points exhibited
lower electrolytic conductivity values in April, June and August 2010,
thus during or just after periods of thaws or floods. A distinct negative
correlation between EC and pH values has also been found in many
lakes. Periodical changes in iron concentrations are probably an effect
of variable sulphide oxidation rate due to weather conditions and also
activity of microorganisms (mainly Acidothiobacillus ferrooxidans
and Galionella ferruginea). Lower amounts of that element in lakes’
water found in April and August 2010 seem to be connected with the
water dilution by spring thaws and intensive rainfalls. Surprisingly, iron
and sulphate concentrations are often negatively correlated. On the
other hand, sulphate and calcium activities are correlated positively.
Abundant gypsum precipitation was observed in dry months while
this mineral appears to dissolve during humid periods. It is therefore
highly probable that sulphate concentration in water is not only
controlled by pyrite oxidation but by gypsum precipitation-dissolution
reactions as well.

Results of this work indicate that the water composition varies,
both spatially and seasonally, despite quite limited studied area,
similar origin of the reservoirs and general environmental conditions
(low pH, high Eh, high mineralization). These phenomena may be
influenced by geological and geomorphological factors (different
water source, rock type and/or lake size). Ambient conditions such as
temperature, atmospheric precipitation, and microbiological activity
also play an important role. However, these processes are not fully
understood, so advanced research in this area, comprising longer
period of time and involving biogeochemical and microbiological
analyses should be done in the future.

This work was supported by MNiSW: (Project No. 0700/B/
P01/2009/37) and AGH-UST (Project No. 11.11.140.158).

K. BRUDECKI', E. GOLEC? % 5 E. TOMANKIEWICZ!,
J. GOLEC® 4, S. NOWAK? 3, E. SZCZYGIEL* and J. W.
MIETELSKI': Plutonium, Americium and °Sr in human
bones obtained from routine joint replacement surgery:
Material and methods

"The Henryk Niewodniczanski Institute of Nuclear Physics, PAS,
Cracow, Poland

2Traumatology and Orthopaedic Clinic, 5th Military Clinical Hospital
and Polyclinic, Independent Public Healthcare Facility, Cracow,
Poland

30rthopaedic Rehabilitation Department, Chair of Clinical
Rehabilitation, Faculty of Motor of the Bronislaw Czech University
School of Physical Education, Cracow, Poland

IGECT=TNIS

“Physical Therapy Department, Institute of Physical Therapy, Faculty
of Heath Science, Jagiellonian University, Medical College, Cracow,
Poland

5Department of Physical Therapy Basics, Faculty of Physical Therapy,
Administration College, Bielsko-Biata, Poland

Studied isotopes are present in investigated samples mainly as
a result of nuclear weapons tests in the last century. In the case of
plutonium and americium the main exposure pathway was inhalation,
in the case of strontium it was ingestion. In human body radionuclides
are accumulated in majority in liver and bones (Pu, Am) or only bones
(Sr).

Bone tissue samples were obtained during routine surgeries
— the replacement of knee or hip joints by implants. Patients belong
to general population, not exposed in any special way to radioactive
contamination. Surgeries were conducted in the V Military Hospital
in Cracow. Studies got an approval of council for ethics in medical
research. Samples were ashen in 600 °C for two days (this removed
most of carbon). The ashes were gently soaked in a glass beaker with
100 ml of 6M HCI. Two subsequent precipitations of calcium oxalates
were completed to obtain two fractions: 1) transuranic (Pu+Am)
and 2) strontium at pH 3 and 6, respectively. Transuranic fraction
was dissolved in 100 ml of 1M HNO,. The oxidation state of Pu was
adjusted to +4 using hydrazine and NaNO, and after conversion into
8M HNOg, the fractions were passed through Dowex-1x8. Am passes
the column without retention. Thorium, together with Pu remains in
the column, was eluted with 12M HCI and then Pu was eluted using
50 ml of 0.1M HF — 0.1M HCI. Alpha spectrometric Pu sources were
prepared directly in the solutions using NdF3 method. Am was co-
-precipitated with Fe(OH); at pH 9, dissolved in 4M HNO; and passed
through conditioned TEVA column (this step was required to remove
thorium traces). Next, Am was separated from any traces of the
matrix, especially from the rare-earth elements, using methanol-acid
solutions. Alpha spectrometric Am sources were prepared by the same
method like Pu sources. Both Pu and Am sources were measured
using alpha spectrometer. Each Sr fraction was dissolved in 100 ml
of 4M HNO,, and then directly passed through the conditioned Sr-
-Resin column. Strontium was eluted using 30 ml of deionized water,
evaporated and purified from traces of 2'°Pb. Finally, each of the
solutions was mixed with 15 ml of HiSafe3 liquid scintillation cocktail
and measured using beta spectrometer.

Altogether 23 samples were yet analysed. The global fallout seems
to be the main source of observed yet radioactive contamination of
human bones from Southern Poland. Since there is no local sources
of Pu, Am or %°Sr (no nuclear industry at all in the whole country
scale) this data can be used as background level for temperate zone
populations of the Northern Hemisphere. We are intending also to
introduce ICP-MS to more careful study on Pu isotopes ratios and
thus Pu origin.

B. BUDZYN' and D. E. HARLOV2: The experimental
alteration of xenotime in the presence of fluids and
aluminosilicate minerals

'Institute of Geological Sciences, PAS, Cracow, Poland
2GeoForschungsZentrum Potsdam, Telegrafenberg, Potsdam,
Germany

The experiments on xenotime alteration in the presence of fluids
and aluminosilicate mineral assemblage have been performed using
the hydrothermal apparatus. The starting materials included inclusion-
-free crystals of xenotime, albite, K-feldspar, biotite, muscovite, SiO,
and CaF,. Fluids included 2M KOH, 2M NaOH, 2M Ca(OH),, and
Na,Si,O5 + doubly distilled H,O. Minerals (25 mg) and fluids (5—-10
mg) were loaded into 3 mm wide, 15 mm long Au capsules and arc
welded shut while the capsule was partially immersed in an ice-water
bath. The temperature and pressure conditions were 450 °C and
590 MPa decreasing to 540 MPa at the end of the run over 16 days.
The experimental products were analysed using scanning electron
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microscope equipped with an electron dispersive spectrometer at
the Institute of Geological Sciences of the Jagiellonian University in
Cracow.

The xenotime alteration was observed in all runs. The experimental
products include the Y-rich britholite, fluorapatite, and a mineral with
a composition similar to the sodic clinoamphibole. The preliminary
experimental data are partially consistent with observations in
nature. The low to medium grade metamorphic alteration of xenotime
in granites lead to formation of the secondary Y-rich apatite and
Y-rich epidote (Broska et al., 2005), which was not observed in the
experimental products. Future work will expand these experiments on
xenotime stability to include garnet in the above mineral assemblage
as well as expand the P-T range.

A. CHMURZYNSKA: Preliminary results of mineralogical
and chemical analysis of lacustrine chalk from the
Szczercow Pit (Betchatow Lignite Mine)

Department of Geology, Geophysics and Environmental Protection,
Department of Mineralogy, Petrography and Geochemistry,
AGH-UST, Cracow, Poland

One of the associated mineral raw material from Betchatéw Lignite
Mine is the lacustrine chalk. Over the years the mineral and chemical
composition, deposition conditions and resources of Miocene
calcareous deposits in the Betchatéw Pit was repeatedly studied, and
it turned out that the mineral is characterized by significant resources,
and favourable technological parameters. Similar properties are
characteristic to the calcareous deposits from the Szczercéw Pit,
where the presence of the two continuous horizons of lacustrine
chalk was discovered. The older level, a part of the Lower Miocene,
occurs in the western part of the lignite deposit, mainly in the lower
part of the coal complex. The younger level, is a part of the Middle
Miocene. It is known from the upper part of the coal complex, mainly
from central and eastern part of the lignite deposit.

The calcareous deposits are lithologically diversed and for
practical reasons two main varieties of chalk were distinguished. The
first one is white, that represents lacustrine limestones. The second
one is dark grey, coal-bearing — calcareous gyttja. It was also known
the presence of silicificated type.

Samples taken for this research, mainly belong to the calcareous
gyttja. Only one sample represents the white variety — lacustrine
limestone. All of the samples was detailed analysis. Chemical analysis
was based on the wet sample mineralization (using HF, HCIO, and
HCI acids). In this solutions the contents of major and trace elements
(Ca, Mg, Fe, Al, Si, Na, K) were determined by Atomic Absorption
Spectroscopy (AAS) using a Philips 9100X spectrometer. In addition,
other chemical properties were determined: moisture, loss on ignition.
Mineral composition was performed using powder X-ray Diffraction
Method on Philips APD X’pert Diffractometer. Identification of mineral
phases was based on ICDD data base whit using the computer
program XRAYAN.

Quantitatively the most abundant element in the limestone is
calcium — a major component of minerals such as calcite or aragonite.
In tested samples content of this element in the oxide form is 53.30
wt.% for a white type and av. 50.82 wt.% for the dark type. There is
no significant differences in concentration levels of other measured
elements in lacustrine limestone and in calcareous gyttja. The content
of magnesium oxide is between 0.07-0.13 wt.%. Low concentration
of magnesium is due to the fact that calcite in tested limestone
has a land origin. It is well known that this type is characterized by
a low-magnesium content. The content of silica oxide (SiO,) and
aluminium oxide (Al,O5) is relatively low — 0.23 wt.% (SiO,) and 0.04
wt.% (Al,Og). The iron content, in the form of the Fe,O3 is 0.08 wt.%
The studied limestone rocks are characterized by a low concentration
of alkalies in oxides form — 0.12 wt.% for Na,O and 0.06 wt.% for
K;0. The content of manganese and titanium oxides is 0.02 wt.%, for
MnO and 0.05 wt.% for TiO,. The results of chemical analysis were
confirmed by X-ray powder diffraction research which showed the
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presence of all main diffraction lines of calcite (3.861, 3.040, 2.494,
2.283, 2.096 A).

To sum up, the preliminary results of chemical and mineralogical
analyses of lacustrine chalk have confirmed that the studied rocks
are almost monomineral, built predominantly of calcite.

M. CHUCHRO: Sum of biogas production on wastewater
treatment plant analysis

Department of Geoinformatics and Applied Computer Science,
AGH-UST, Cracow, Poland

The extraction of meaningful information from the environmental
time series data could be an effortless and long-lasting process.
Various methods of analysis and comparison of results using
statistical measure errors for noisy environmental time series will be
presented in this paper.

For analysis there were used the sum of biogas production on
wastewater treatment plant time series, with daily resolution and eight
years duration. Analysed data are stationary with distinct seasonal
component and strong irregular component. During analysis there
were used the weather data, especially amount of precipitation, mean
and maximum temperature, humidity and wind speed. Some analysis
also included fundamental parameters of wastewater treatment, inter
alia: inflow, BOD, COD, SS, nitrogen and phosphorous compounds.

Accomplished time series analyses included the standard and
alternative methods of trend, seasonal component recognition,
modelling and prediction on standardized, normalized and filtrated
data. As a standard methods of analyses there where used: the
correlation matrix, ACF, PACF, multiple regression, seasonal auto-
-regressive integrated moving average (SARIMA), mononomial
trend, Census |, Census Il variant x11, smoothing, Fourier analysis,
nonlinear estimation using sine function.

As alternative methods there were used the data from mining
methods with artificial neural network, trees, independent component
analysis, principal component analysis, MARS. Also as an alternative
method for the time series analysis there were proposed a graphical
analysis of the time series grouped into a table with adjusted colour
scale for numerical values. The proposed method is flexible, especially
for noisy environmental data. Standard methods of pattern recognition
and verification could be easily implemented to this graphical analysis.
Results of modelling and predictions were tested using statistical and
economical coefficients and ex-ante, ex-post tracking errors.

Knowledge about the time series structure helped to determine
important components of prediction models. An ex-ante and ex-post
errors were estimated for assessment model quality. The best prediction
results were received for multiple regression, SARIMA and neural
network prediction models. Mean absolute percentage errors (MAPE)
computed for those models were lower than ten. Calculated Janus
coefficients showed that predictions were accurate. Predicted values
could be used separately as a three possible options with confidence
range or as an average of those values with confidence range.

This paper was written as part of the research Project No.
18.18.140.942 of the Department of Geoinformatics and Applied
Computer Science, Faculty of Geology, Geophysics and Environ-
mental Protection, AGH University of Science and Technology.

M. DAMRAT' and A. SWIERCZEWSKA2: Modelling of
Zatecze gas field (W Poland) and paleogeographical
interpretation of the hydrocarbon trap

'Institute of Geological Sciences, Jagiellonian University, Cracow,
Poland

2Department of Geology, Geophysics and Environment Protection,
AGH-UST, Cracow, Poland

The aim of this study was the construction of complex model for
the Zatecze gas field (western Poland) using Petrel 2010.2 software
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by Schlumberger Logelco Inc. Gas occurs there in Rotliegende
eolian sandstones. Hydrocarbons become trapped by impermeable
Zechstein evaporitic sealing.

Modelling was carried out in two steps. At first, the depth and
thickness of the deposit and morphology of the gas horizon roof
were done. Thickness of impermeable Zechstein caprocks was also
estimated. During the first step, the data from more than 50 drill holes
were used and deterministic algorithms (Kriging) were applied for
modelling evaluation.

In the next step of processing, structural model was obtained.
This model was geometrical framework to estimate effective porosity
and effective permeability distribution in the gas field. Because of
sparse laboratory data, conditional stochastic algorithms (Sequential
Gaussian Simulation) had to be used for estimation of effective
porosity and effective permeability. Unfortunately, final models
showing porosity and permeability distribution are disappointing.

Paleogeographical position of the Zatecze gas field in Polish
Rotliegende basin and interpretation of the obtained model (Fig.) allow
inferring that discussed structure is fossil dune. The differentiated
compaction and reworking of the top of eolian sands by Zechstein sea
resulted in shape distortions of the dune. Main elevation is located in
the western part of the dune. Flanks in the western part of the dune
are steeper than flanks in the eastern side. Shape of the dune is
probably strongly modified and, therefore, is difficult to interpret.

Two solutions of the dune classification can be considered.
According to observed denivelations and steepness of slopes,
discussed dune could be either a star-shaped dune or a large-scale
parabolic dune. In the first case, it is not possible to indicate main
wind direction. In the second case, predominant direction of dune
movement was from west to east.

Computer software was provided by Faculty of Geology,
Geophysics and Environment Protection, AGH University of Science
and Technology.

3D structural model of the Zalgcze gas-deposit

P1 roof plane limjted to
the water level -1354m

P. DUDA: Preliminary results of mineral composition
of marble from Stawniowice regarding regional
metamorphism

Department of Mineralogy, Petrography and Geochemistry, AGH-
-UST, Cracow, Poland

Quarry of crystalline limestone of Stawniowice is one of the largest
marbles deposits in Poland. It is located in the north of Nysa, near to
Polish-Czech Republic border in the East Sudetes (Kodym, Fusan
and Matéjka, 1967). In the quarry, besides Precambrian marble, the
micaschists, dolomites, pegmatites, rocks of granite type, aplites and
secondary quartz veins occur (Beres, Dumicz and Koztowski, 1966).
Deposit consists of six crystalline limestones seams, mica schists,
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gneisses and sometimes amphibolite schists and amphibolite layered
(Lewicki and Wyszomirski, 2005).

Mineralogical study of the crystalline limestone from Stawniowice
showed that they are mainly composed of calcite, as well as none-
-carbonate minerals such as quartz, biotite, muscovite, chlorite,
apatite, zircon, monazite, titanium minerals, iron oxides and
hydroxides and Mn-Ba minerals.

In the crystalline limestones, quartz is in the form of xenomorphic
crystals, generally as small, elongate inclusions in calcite or in the form
of bigger, sometimes deformed blasts, often with a mosaic structure
and wavy extinction filling the spaces between the carbonate blasts.
Therefore, in the studied rocks two generations of quartz are present
— primary quartz occurring as inclusions in calcite and metamorphic
quartz crystallizing in the space between the blasts.

Dominant mineral among micas is biotite, which is characterized
by a pale yellow colour and usually undergoes the process of
chloritization. Muscovite is rare and generally occurs in the form of
small and often deformed lamellae.

Chlorites usually form differently oriented lamellae and scales
aggregates. They are represented by different varieties of chlorites
showing both — normal grey and subnormal blue and brown-
-grey interference colours. Chlorites are secondary minerals. They
were probably the product of biotite and/or other aluminosilicates
transformation.

Among the accessory minerals, apatite and titanium minerals are
frequently occurring minerals. Apatites form the hexagonal prisms
properly crystallized. Titanium minerals in the rocks are represented
by rutile and probably anatase. They are characterized by yellow
and red-brown colour, weak pleochroism and a very strong relief.
They occur as a small needles and prisms crystals. Occasionally,
in the limestone can also be found zircon, monazite, iron oxides and
hydroxides and Mn-Ba minerals.

These observations suggest that in the studied rocks stable is
following group of minerals: calcite + quartz + chlorite + muscovite
+ biotite. They indicate the conditions of greenschist facies regional
metamorphism.

M. DUNCKO: Stability assessment of Gotovany — Vazec
area for high-voltage wireway

Department of Engineering Geology, Comenius University, Bratislava,
Slovak Republic

The article presents landslide vulnerability assessment of high-
-voltage wireway in the Liptovska kotlina Basin, between Gotovany
and Vazec villages. Reactivated slope deformations affect agricultural
land, forests, and energy infrastructure in a form of high-voltage poles
disruption causing the direct and indirect costs.

From the geological point of view, the largest area of the Liptovska
kotlina Basin is built of Paleogene rocks and Quaternary sediments,
mostly fluvial, glacifluvial and glacial sediments. Mesozoic rocks of
the Cho¢ and Krizna nappes are present here only marginally.

Landslides in the area of interest are frequent, being are developed
in the Tertiary rhythmic flysch rocks (claystones and sandstones) and
slope sediments.

The elements at risk calculation are generally based on a simple
statistical calculation by the key attributes (relevant factors) that are
decisive for the stability assessment.

Here-in logical trees method is used for vulnerability assessment
and risk analysis. Another term frequently used for this procedure is
a tree diagram or branched graph. It is a graphical representation
of events in time. Logic trees determine what effect stems from an
event or cause which leads to an event. Using a logic tree there can
estimate the probability of a phenomenon which can be analysed
adverse to the event occurrence (Pate-Comell, 1984).

Construction of each logical tree begins with preparing a scenario
of relevant factors, in our case: slope, groundwater level, depth of high-
-voltage pole foundation and its relationship to the estimated shear
surface and position of high-voltage pole to the slope deformation.

e



(GECTTTIS

The factors are arranged in a logical tree in the form of a graduated
effect on activation of slope deformation (landslide) expressed
in % (probability of activation). Probability is expressed in the interval
between 0 to 1, corresponding percentages of 0 to 100 %. The result
is the probability of which will be used to mobilize slope deformations
with their potential negative impact on high-voltage poles. The
rational position of individual elements of the logical tree indicates
the probability of the movement of the landslide, damaging the
building environment (pole and high-voltage wireway). It is indicated
by the negative probabilities of factors.

The result is presented in a form of engineering geological map,
showing areas vulnerable to landsliding. This procedure is also
a proposal of remediation measures by which to minimize the
negative impact of landslide processes on objects (wireway poles)
in the study area.

This work was supported by the grant MSSR VEGA 1/0499/08.

M.DWORNIK and A. PIETA: Stochastic inversion of seismic
tomography data in VTI geological medium

Department of Geoinformatics and Applied Computer Science,
AGH-UST, Cracow, Poland

Anisotropy of seismic wave propagation is a commonly observed
phenomenon. There are several causes of this, i.e. the fine layering,
systems of cracks and faults, orientation of crystallographic axes.
Reconstruction of anisotropy parameters is one of the modern
problems, which can be solved by the seismic tomography.

Several models are introduced to describe seismic anisotropy.
This work is focused on vertical transverse isotropy (VTI) model which
represents almost horizontal plane-parallel finely layered media. Five
independent coefficients of stiffness tensor are necessary to describe
VTl model. In an isotropic case, number of independent coefficient of
such model reduces to two.

Nonlinear relationship between travel time of seismic waves
and model parameters eliminated traditional methods of inversion,
like matrix decompositions or algebraic reconstruction methods.
Stochastic algorithms represent method that can be used to obtain
stiffness tensor coefficients values in a geological medium. In this
work Monte Carlo methods with and without local searching and
genetic algorithms have been tested. Both methods require a huge
number of iterations, which increase significantly computational time.
Another disadvantage of these methods is a fact that they do not
guarantee obtaining a correct solution in assumed time.

Monte Carlo methods and genetic algorithms have been tested
on typical velocity models of geological medium. For these geological
media seismic wave propagation has been modeled. Finite difference
method with staggered grid was used to obtain the real values of
velocity and stress vector components. This data was used to create
synthetics seismograms, which were next used to obtain theoretical
travel times.

Stochastic seismic tomography inversion was done in two stages.
In the first step of computation, randomly chosen velocity model was
set. Then seismic wave travel times were calculated to evaluate the
accuracy of obtained values. Demand of stability for the random
velocity distribution models and short calculation time caused that
the shortest path method was chosen to solve a forward problem.
A disadvantage of this method is a less precision of estimated travel
times than in the case of full wave field modelling.

Results of an inversion show problems of non-uniqueness
of obtained solution. Moreover, necessity of huge number of
iterations caused huge calculation time, which can be overcome by
parallelization of these stochastic algorithms.

This work has been financially supported by Faculty of Geology,
Geophysics and Environmental Protection, AGH University of Science
and Technology, Project No. 11.11.140.561.
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M. FRIEDMANOVA: Analysis of Sarmatian deposits within
the East Slovakian Neogene Basin

Department of Geosciences, Technical University, KoSice, Slovak
Republic

Currently, petroleum is a main source of energy for recent
civilization, and it is also one of the most important raw materials
for chemical industry. In these days, the main interesting areas
include some types of sedimentary basins and areas within delta
type sediments. In the past, the territories filled with the delta type
sediments, belonged among the most productive areas, and today
also represent the most productive areas in the production of
hydrocarbons. For this reason, it is necessary to know and study the
evolution of these sediments in this type of sedimentary basins.

Evolution of the East Slovakian Neogene Basin was still controlled
by the character of subduction between the Carpathian Orogene and
the North—European Platform.

Based on the surface and subsurface studies, there was defined
and interpreted the evolution of Sarmatian deposits in the East
Slovakian Neogene Basin as well as the depositional environment
in this Neogene basin. The Early Sarmatian deposits in the East
Slovakian Neogene Basin are built of the Stretava Formation. The
surface analysis consists of the sedimentological profiling, logging
and determination of depositional facies including their facial
associations. Subsurface analysis aims at the interpretative correlation
of drill cores, well logs and seismic profiles. After subsequent analysis
of all information there was defined the sedimentological facies
associations.

Final correlation and analysis based on all data and information
obtained from surface and subsurface sediments research of the
Stretava Formation support the assumption of the delta environment
at the margin of Neogene basin that southeastwards passed to
a shallow sea.

A. GLUSZYNSKI: Structural interpretation of 3D seismic
data from the Carpathian front at Pilzno (SE Poland):
Preliminary results

Institute of Geological Sciences, Wroclaw University, Wroclaw,
Poland

3D seismic data recently acquired by the Polskie Gornictwo
Naftowe i Gazownictwo S.A. (Polish Oil and Gas Company) near
Pilzno allow an accurate recognition and description of the deep
geological structure of the studied area. The aim of this paper is to
present the geometry of the contact zone between the Carpathian
orogen and the foredeep and within its Permo-Mesozoic substratum.
The interpretation was facilitated using Kingdom (™SeismicMicro)
and Petrel ("™Schlumberger) software packages, relying on, among
others, seismic attributes.

It appears from the interpretation of the seismics that the
folded and overthrust Miocene strata of the Zgtobice Unit above
the triangle zone’s frontal backthrust were displaced toward the
northeast along an oblique ramp in the west and were thrust upon
a frontal ramp of E-W strike in the north. Fault-bend frontal anticlines
developed above both the ramps. A SW-plunging syncline was also
formed parallel to the oblique ramp in the west. Its SE limb overlies
the triangle zone’s frontal backthrust. Below the frontal backthrust
the tectonically thickened and folded Miocene evaporites occur,
attaining as much as ca 700 m in thickness. The Mesozoic basement
of the Carpathian foredeep in Pilzno area is dissected by the SW-
-throwing normal faults together with accompanying subordinate
lower-order events. The throws on those faults reach up to several
tens of metres.

The study was financed by the Project No. 5281/B/P01/2010/38
of the Polish Ministry of Science and Higher Education.
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E. GORSKA-MRUK: The different velocity models for
time to depth conversion of Zechstein complex in the
southwest part of the Polish Lowlands

Department of Fossil Fuels, AGH-UST, Cracow, Poland

The main aim of seismic survey is to locate the reflectors correctly
in the depth domain. Effective time to depth conversion of salt diapirs
requires accurate modelling of velocity data. The author is presenting
an overview of different velocity models for the conversion of time
to depth using the set of seismic section from Murowana Goslina
— Ktecko survey (the southwest part of the Polish Lowlands) and
22 wells with full set of borehole geophysical data and stratigraphic
data.

The velocity model for the time to depth conversion of 2D seismic
data (9 profiles) was constructed in several steps. They included
preparation of a structural framework within which procedures of
loading and editing stacking velocity data, building the 3D interval
velocity model from stacking velocities and the final calibration were
subsequently implemented. The structural framework was created
on the basis of the time maps of the interpreted 10 horizons (using
software: GeoGraphix Discovery and SMT Kingdom). Provided
seismic velocities were interpolated in the structural frame and were
smoothed by a wide bell shaped filter and were calibrated by the use
of formation tops. It was first velocity model, which was created using
the DepthTeamExpress and Promax software. In the next versions
of the velocity models there was modelled interval velocity only in
Zechstein complex by using the constant interval velocity and the
function two-way traveltime isochores vs. interval velocity on the
base time — depth table (using Petrel software).

The results of conversion using the different velocity models are
presented on several graphs (e.g. Fig. 1) for comparison the precision
of solutions.

Fig. 1. One of the discussed models of velocity distribution. A — one of
the seismic sections presenting the created velocity field, B — shape
of the bottom of the Zechstein.

W. GRZYWACZ and J. MATUSIK: Methanol complexes with
kaolin minerals of low structural order: IR study

Department of Mineralogy, Petrography and Geochemistry, AGH-
-UST, Cracow, Poland

Kaolinite is a 1 : 1 layered dioctahedral aluminum silicate
— Al,Si,O5(OH),. The layers are held together by hydrogen bonds.
Inner surface OH groups are prone to reactions with guest molecules
and therefore it is possible to obtain organo-mineral complexes with
interesting properties. As kaolinite world production exceeds 20
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million tons/year, hybrid nanomaterials based on this mineral are
more often synthesized and may have great potential in scientific and
industrial applications. Kaolinite-methanol intercalate is an important
precursor which increases mineral reactivity towards the intercalation
processes with e.g. amines and polymers. Therefore the purpose
of the study was to examine the efficiency of kaolinite-methanol
intercalate formation with kaolins of low structural order.

For the experiments “Jaroszéw” kaolinite (J) and “Dunino”
halloysite (H) (AGFI index: H = 0.63; J = 0.37) from Polish deposits
were used. Minerals intercalated with dimethyl sulfoxide (DMSO)
were used as precursors. The J and H samples (~2 g) were mixed
with 30 ml of 3 % H,O/DMSO solution at 70 °C for 2 h. Formed JDS
and HDS samples were centrifuged and dried at 60 °C. Afterwards,
JDS and HDS were stirred with 40 ml of CHzOH for 10 days. Samples
were collected every 24 h (JM1-10 and HM1-10). After each sample
collection the suspension was centrifuged and dispersed in a fresh
portion of methanol. Samples were characterized using XRD and IR
analyses. The CHNS elemental analysis was also performed.

The presence of dg; = 11.26 A peak in the XRD patterns
confirmed the formation of JDS and HDS complexes. The presence
of 3 540 cm~" and 3 505 cm~' bands and a decrease in intensity of
a band at 3 700 cm~' confirmed the formation of hydrogen bonds
between mineral OH groups and DMSO. Intercalation degree
reached: 82 % for HDS and 75 % for JDS. Intercalation of methanol
was confirmed by the appearance of four bands at 2 960 cm™,
2926 cm™, 2 876 cm™ and 2 840 cm™ attributed to C-H stretching
vibrations of methanol molecules (JM and HM samples). The increase
of intensity of these bands (in normalized IR spectra) throughout
the experiments suggested that the amount of methanol molecules
in the interlayer space increased in the ab plane as the dyy value
of dried samples was constant ~8.6 A. DMSO was completely
removed after 96 h for JDS and 144 h for HDS which was confirmed
by the disappearance of DMSO characteristic IR bands. On the
basis of CHNS analyses chemical formulas of the final JM10 and
HM10 complexes were calculated to: Al,Si,O5(OH), g4(OCHj3)145 and
Al,Si,O5(0OH), 55(0OCHg) 116, respectively. It is suggested that about
one third of inner surface OH groups was grafted forming methoxyl
OCHj; groups which is sterically acceptable (Fig. 1). The rate of
grafting was higher for the H sample with higher structural order.

This research was supported by the Ministry of Science and
Higher Education under “luventus Plus” research Project No. IP2010
025070 (2010/2011).

Fig. 1. Methoxyl OCHj; groups.

H. Q. MAN: Deltaic facies classification using Log data
Department of Geophysics, AGH-UST, Cracow, Poland

Rock type model is an important input for reservoir modelling
because it provides information about the vertical and lateral
variations between reservoir and non-reservoir rocks, ultimately
constraining the distribution of their petrophysical properties.
Each sedimentological facies has a certain set of features, like
dominant directions, geometrical pattern of material distribution,
and petrophysical properties within the framework of the reservoir,
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field or basin that must be considered. Rock types derived from core
description are discontinuous and do not guarantee a geometrical
distribution pattern that can be understood in geological terms. Thus,
well log data could be useful for interpretation the rock type patterns.

In the Z gas deposit of the Miocene formation of the Carpathian
Foredeep in SE Poland, many rock types are recognized on the basis
of core description and responding to depositional facies such as
large mouth bars, distribution channels, lagoon, shallow marine and
others clastic sediments that are deposited in deltaic environment.
In that horizon sandstone layers with gas are difficult to be identified
because of low contrast of parameters between sandstone and
shale.

Unsupervised learning method offers the possibility of exploring
the structure in the well log data without guidance in the form of class
information from core data. It can often reveal features not previously
expected or known. It includes the division of data into a number
of smaller groups, each with separate identifiable properties. In the
study, basic on well log data the 6 rock types (Fig. 1) were classified
by using K-mean clustering method. The derived results will be
imported to the facies modelling.
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Fig. 1. The cross plots in well Z76 shows result of 6 rock types (RT).
a— GR/NPHI, b — GR/EN16.

E. HALAJ: Prospects for direct—use application of
geothermal water and energy in chosen areas of Mogilno-
- 6dz Trough

Department of Fossil Fuels, AGH-UST, Cracow, Poland

The Mogilno-tédz Trough is located in the central Poland. It is
placed between the main structural units as follow: Fore-Sudetic
Region, Szczecin Trough, Pomeranian Swell, Kujawy Swell, Miechéw
Trough. The Mogilno-£6dz Trough formations have good geothermal
conditions.

Geothermal energy is one of the sources of renewable energy.
Geothermal water and energy could be used indirectly and directly.
Electricity generation in a proper cycle is an indirect application of
geothermal energy. Direct—use application is when hot geothermal
water or other fluid heated by the geothermal energy is provided. The
geothermal water and energy could be used for the space heating,
mostly systems for a greater number of consumers, deicing of roads
and pavements or in other industrial and agricultural processes where
hot water or heat is needed. Water with proper mineral composition
could be utilized in balneotheraphy and recreation in swimming pools,
also after decreasing its temperature in a heating system. There are
many applications possible. Some elements from the geothermal
water could be also recovered. Direct—use applications is connected
with chemical and physical properties of geothermal water, mostly
its temperature, TDS, chemical composition and content of trace
elements.
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The geothermal water and energy in the Mogilno-t6dz Trough
are mostly connected with Mesozoic, Jurassic and Cretaceous
aquifers. These aquifers have the best conditions for the occurrence
of such water. The temperature of the geothermal water could
vary between 70-80 °C. In chosen areas there are shown general
geological conditions of the occurrence of geothermal water as well
as water properties. A possibility of its direct—use application for some
purposes depends also on social-economic conditions existing in
these areas. This possibility is assessed.

M. JAMRICH: Preliminary results of calcareous
nannofossil assemblage study from Dubova (Danube
Basin) in correlation with foraminifers

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic

During Miocene times the Danube Basin was a part of the Central
Paratethys. From the Late Badenian to Early Sarmatian the sea level
dropped rapidly in the whole Paratethys and the area lost connection
with the open sea (Rdgl and Steininger, 1983). This isolation resulted
in reduction of salinity, causing extinction of stenohaline organisms,
corals, radiolarians and many species of molluscs, foraminifers,
ostracods and calcareous nannoplankton. New paleoecological
and isotopic studies (Latal et al., 2004; Pilier and Harzhauser,
2005) indicate that the isolation of the basin did not result in
a decrease of salinity everywhere. A new transgression started at the
beginning of the Sarmatian and formed a large epicontinental basin
situated between the Alps in the west and the Aral Sea in the east
(Paramonova, 1994). The basin was characterized by high alkaline
waters oversaturated with carbonate (Pisera, 1996), by uniform
environmental conditions (Rdgl, 1998), and by episodic connections
with the Mediterranean (Paramonova, 1994). During Early Sarmatian
transgression, the sedimentation started with shallow water deposits
(Kovag, 2000) characterized by the occurrence of large foraminifers
of the Elphidium reginum Biozone in the sense of Grill (1941). Late
Badenian sediments of Bahori and Pozba Fms. of Bulimina/Bolivina
Zone are known from the whole area of Danube Basin. They were
deposited in the lower to upper neritic environment. Sedimentary
infill of the northwestern part of the basin is represented by the grey
calcareous clays, mudstone and siltstone with sands and sandstone
layers. Sarmatian sediments of the Vrable Fm. are deposited in
brackish shallow neritic environment. Sedimentary infill is composed
of the green-grey calcareous clays, siltstones and sands. Basinal
margins are composed of conglomerates, organodetritic limestones,
coquinas, sandstones, acidic tuffs, coal clays and coal beds (Kovac,
2000). In order to obtain new data from the Danube Basin on the basis
of calcareous nannofossils a recent research has been performed.
The aim of the research was to distinguish the transition between
the Late Badenian and Early Sarmatian according to the presence
of calcareous nannofossils. Typical association of calcareous
nannofossils in Dubova is composed of Coccolithus pelagicus,
Reticulofenestrids, Helicosphaerids and Braarudosphaerids. We
can define the association as Late Badenian because there are no
marker species for Sarmatian such as the large Reticulofenestra
pseudoumbilicus, Calcidiscus macintyrei and Perforocalcinella
fusiformis. The assemblage contains NN6 Zone species. There are
many reworked species of Cretaceous and Paleogene in the studied
samples. Also foraminifera proved the Late Badenian age of Bulimina/
Bolivina Zone by the presence of typical zonal markers such as
Elphidium macellum, E. cf. margaritaceum, Globigerina bulloides,
Globulina gibba, Guttulina austriaca and Reussela spinulosa. There
is no evidence of Sarmatian nannofossils until now. The results
prove the Upper Badenian age of the sediments until now. The
Upper Badenian layers from Dubova (Danube Basin) reflects proper
conditions for marine organisms such as molluscs, ostracods, bentic
foraminifers, echinoids spicules, fish teeth and otolithes.

This contribution was supported by research grant APVV
0280-07.
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M. JAMRICHOVA: Microfacial study of the particular
sections of the Czorsztyn Unit (Pieniny Klippen Belt,
Western Carpathians)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic

The Czorsztyn Unit represents a shallow-water Pienidic Unit.
Its sedimentary record reflects the evolution of the Czorsztyn
Swell (Birkenmajer, 1977; MiSik, 1994) on which it was deposited.
A classical scheme of this evolution, introduced by Birkenmajer
(1963, 1977) was mostly inferred from the Polish part of the Pieniny
Klippen Belt. In the last time, new data mainly from the Slovak part
was obtained and complemented previous knowledge. Selected new
sections in the western (Hreben, Stepnicka skala I, Certova skala-
-Dohriany, Cerveny Kameri and Erdudsky Kostol) and eastern parts of
the Pieniny Klippen Belt (Pod Gregoriankou, Certova skala and Lom
Jarabina) were studied in order to obtain more precise lithological,
microfacial and stratigraphical data. In the majority of studied sections,
alterating grey to pink-red crinoidal limestones were formed by the
crinoidal microfacies with abundant clastic admixture. This alterating
complex of the crinoidal limestones occurs instead of Krupianka and
Smolegowa Limestone. Higher up they pass into micritic crinoidal
limestones, in some cases partly nodular, with crinoidal-filamentous
microfacies. In this formation a condensed sedimentation was
registered. After the interruption of the sedimentation, the Czorsztyn
Nodular Limestones sedimented. These limestones consist
predominantly of the filamentous microfacies, which were replaced
by Globuligerina microfacies (Oxfordian-earliest Kimmeridgian)
and these are followed by Saccocoma microfacies (Kimmeridgian-
-Early Tithonian). The Czorsztyn Limestones continued by Tithonian-
-Early Cretaceous Dursztyn Formation with Saccocoma microfacies
in the lower part and Globochaete, radiolarian and calpionellid
microfacies in the upper part. In this formation calcareous dinocyst
zones (Parvula, Moluccana, Pulla, Tithonica, Malmica, Semiradiata
and Tenuis) a calpionellid zones (Chitinoidella Zone with Dobeni
and Boneti Subzones, Crassicolaria Zone with Intermedia, Brevis
and Colomi Subzones, Calpionella Zone with Alpina and Ferasini
Subzones) were recognized. In the Dursztyn Formation, Malmica
Zone precedes Tithonica Zone and synchroneous FO event of
Colomisphaera pulla (Borza) and Carpistomiosphaera tithonica
(Nowak) were registered. The youngest observed members were
grey and red limestones of Aptian up to Albian age with Hedbergella
sp. (Erdudsky Kostol).

This contribution was supported by the Projects APVV-0280-07,
APVV-0248-07, APVV-0644-10 and VEGA 2/0068/11.

M. KLUZ: Mathematical model of the groundwater flow
at the SE part of the East Slovakian Basin

Department of Hydrogeology, Comenius University, Bratislava,
Slovak Republic

Mathematical models of the groundwater flow became the
important tools for understanding the hydraulic properties of
the hydrogeological units during the changing conditions. Well
designed and calibrated models enable to plan, predict and exploit
groundwater resources with appropriate quantity and desired quality.
Aim of this short article is to introduce the mathematical model of
the groundwater flow of the Quaternary fluvial sediments of the SE
part of the East Slovakian Basin. Model has been designed and
calibrated for the steady-state flow in commercial program VModflow
2010.1. Conceptual model is based on the site investigation, data
obtaining from archives of Geofond, as well as meteorological
and climate data from SHMU. A requirements for model consist:
a) physical framework — geological map of the Neogene and
Quaternary sediments, topographical map, GIS data, isopach maps
and hydrological maps; b) hydrogeological framework — water table,
potentiometric maps, hydrographs of the groundwater heads and
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surface water levels, discharge rates, maps and cross sections
through the hydraulic parameters, storage properties of the aquifers
and spatial and temporal distribution of rates of evapotranspiration,
groundwater recharge, surface—groundwater interaction, groundwater
pumping and discharge. Basemap of the model is in the scale —
1:25 000, and occupy 67 km? of surface. Site is artificially bounded
by the Hungarian border on the south, Ukrainian border on the
east and on the west by imaginary line between villages Pribenik
and Leles. On the north, the natural boundaries are made by the
river Latorica and partly on the south-east by the river Tisa. Grid
domain contains 8 272 center meshed cells from which 1 482 are
inactive. Modeled upper layer is considered as homogeneous of the
Quaternary sediments with unconfined aquifer (fluvial sands) and
the Neogene sediments are concerned as aquitard (Neogene clay).
Pumping tests determined basic hydraulic parameters that have
been modified during calibration. Initial heads have been set by the
long term groundwater level investigation and have been interpolated
by the Surfer software. Deposition of the Neogene sediments was
interpreted from archive well logs. Hydraulic parameters of the model
were calibrated using error analyses of predicted and observed
groundwater level. Designed and calibrated model showed variation
of the groundwater divide based during the rain and dry seasons
of the year. We have found that the nearby Botany waterworks do
not influence the large surrounding groundwater body. Waterworks
therefore depend on the flow of the Latorica river. A question to the
discussion is how there could be improved an accuracy of the model
by extending modeled area behind the state borders — eastward
to Ukraine and southward to Hungary? Could we extend modeled
area without exact data just with extrapolation method of known
properties?

M. KOHUT: Eruption of Eyjafjallajékull volcano as
a manifestation of increasing volcanic activity in Iceland

Department of Mineralogy, Petrography and Geochemistry, AGH-
-UST, Cracow, Poland

Eyjafjallajokull is a subglacial volcano in the southern Iceland.
Its eruption on 20 March 2010, after 187 years of silence, released
huge amounts of volcanic dust, pyroclastic material and lava. From
historical data it is known that in 1 821 the volcano manifested
periodic volcanic activity for about two years, and then in 1 823 an
explosion of adjacent much more dangerous Katla volcano took
place. Nowadays, disturbing signs of increased volcanic activity of
southern Iceland are observed also.

During geological expedition to Iceland in August 2010 the samples
of rocks and volcanic ash were collected from this recent volcanic
eruption of Eyjafjallajékull volcano. The study was focussed on
mineralogical and petrographic characterization of the recent eruption
products. Samples were analysed using petrographic microscope
and X-ray diffraction. Additionally, a petrologic interpretation based
on the results of chemical analysis (from the University of Iceland)
was carried out. Based on the historical data and obtained results
of mineralogical and geochemical analysis (e.g. TAS diagram, AFM
plot, geochemical discriminant diagrams and spider diagrams) the
conclusions about the origin of lava and volcanic ash were drawn in
the context of the geology of Iceland.

Eyjafjallajékull eruption is a classical manifestation of Icelandic
volcanic activity. It represents the basaltic type of magma. The origin
seems to be more complicated and ambiguous, combining elements
of both — an active oceanic ridge and the impact of hot spots whose
presence is confirmed by the geophysical surveys. In connection
with continued seismic activity an analysis of the number and
strength of shocks on Iceland, being registered by the Department
of Geophysics and Icelandic Meteorological Office, was made. After
the period time of volcanic eruption, there were observed periodic,
highly active shocks, located in southern island which could be
another evidence of the approaching period of increased volcanic
activity.
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P. KOLARZ: Secondary mineral paragenesis from the Ni-
-Co-As Khovu-Aksy ore deposit (Tuva Republic, Russia):
Preliminary studies

Department of Economic and Mining Geology, AGH-UST, Cracow,
Poland

The Ni-Co-As Khovu-Aksy ore deposit is a part of the Uvs-Nuur-
-Khovu-Aksy cobalt bearing zone and it is situated close to Kyzyl, the
capital of Tuva Republic in Russia. Samples were taken during the
geological expedition in 2010 from the Severnyi and Yuzhnyi districts
of the ore field.

There are two main hydrothermal-metasomatic stages forming
the Khovu-Aksy ore system: the skarn and hydrothermal stages. The
hydrothermal mineralization is hosted by skarns of two main types:
pyroxene and garnet-pyroxene.

The ore stages are divided into: early arsenide, main arsenide, late
arsenide and post-arsenide (sulphide-sulphoarsenide-fahlore). The
formation of primary mineral paragenesis is mainly connected with
the early, main and late arsenide steps. The Ni, Co and Fe arsenides
and sulphoarsenides form the main ore minerals in the deposit.
Nickeline, rammelsbergite, loellingite, safflorite and skutterudite were
identified.

Paragenesis of secondary minerals occurs usually together
with minerals of “so-called” post-arsenide stage and they are mainly
produced by the weathering of Cu sulphides as chalcopyrite, bornite,
covellite, tennantite and tetrahedrite and less by weathering of Co
and Ni arsenides. Mainly cobalt and copper arsenates were formed.
Erythrites, tyrolite, in less amounts of azurite were indentified
macroscopically and conichalcite and cornwallite have been
recognized by the X-ray powder diffraction studies.

Z.KOMPANIKOVA and |. SIMKOVA: The thermal degradation
of rocks with increased temporal temperature

Department of Engineering Geology, Comenius University, Bratislava,
Slovak Republic

This research is oriented into evaluation of the high temperature
into the thermal degradation of stones. Two types of travertines and
sandstones were tested in the laboratory to evaluate the change of
petrophysical properties after heating at 200, 400, 600 and 800 °C.
The rate of sample heating or cooling was set at 6 °C/min and 3 h
dwelling. The changes of the physical properties, such as coefficient
of the linear thermal expansion were examined by ultrasonic velocity,
water absorption, spectrophotometry, optical surface analyses and
thermodilatometer. Non-destructive testing (NDT) was used to
evaluate a quantitative measure of pores and cracks within a rock
volume before and after heating. Water absorption was performed
to determine the real density, apparent density, open porosity and
saturation in evacuation vessel. Spectrophotometry was used to
measure the chromatic parameters on the surface of the stone
specimens before and after heating. Optical surface analyses were
used to obtain 3D-topography maps (25 mm?) and the average R,,
Rq and R, roughness parameters and surface roughness profiles
measured on the top and bottom surface of the stone specimens.
To characterize the linear thermal expansion behaviour of the rocks
two parameters were chosen: thermal expansion coefficient o and
residual strain . Five short-term temperature cycles (+20 °C to
+70 °C) were carried out during the tests with the thermodilatometer.
The thermally induced fracturing appeared mainly in the boundaries
of mineral grains of stones at the lower temperatures due to the
different thermal expansion of different minerals while heating the
stones. At low temperatures (200-300 °C) a damage was limited
to colour changes. At high temperatures (500-600 °C) the strength
of most stones was seriously affected. Our results show a major
episode of cracking in the 500-600 °C when the quartz o- transition
is reached, to the extent that at 800 °C some of the stones types
disintegrated. The research in thermal decay may lead to improved
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determination of natural building stones that have been damaged
by fire.

This work was supported by the grants VEGA 1/0413/09,
1/0331/09, APPV-0641-10 and GEOMATERIALES P2009/MAT-1629.

G. KOZUB and J. PRSEK: Hydrothermal carbonate — Cu
rich vein type mineralization in “Jéremeny” gallery,
Dobsina, Slovak Republic

Department of Economic Geology, AGH-UST, Cracow, Poland

The hydrothermal carbonate—quartz—sulphide veins in the area of
Dobsina, Slovak Republic are hosted by phyllites, acid metavolcanic
and metasedimentary rocks of the Gemeric Superunit. The samples of
ore from “Jéremeny” gallery have been studied in order to identify and
describe the ore mineral assemblage occurring within the carbonate
veins. The minerals have been identified using the optical microscope
with reflected light. The chemical compositions of minerals have
been determined using a FEI QUANTA 200 Field Emission Gun
Scanning Electron Microscope equipped with an energy dispersive
spectrometer.

The ore mineral assemblage includes tennantite, enargite,
luzonite, chalcopyrite, bornite, rarely digenite, pyrite, gersdorffite,
arsenopyrite, Bi sulphosalts, galena and Se-, Pb-bearing minerals.
Ore minerals form small veinlets occurring outside of carbonate veins,
and form contact between carbonates and host rocks. Occasionally,
enargite and luzonite form individual pristine crystals in the carbonate
veins.

The textural features indicate a presence of two populations of
chalcopyrite. The firsttype forms cracked grains associated with bornite
and digenite and is partially replaced by tennantite. The second type
forms tiny inclusions and small veinlets in former enargite-luzonite
crystals, which are enclosed in tennantite. Tennantite fills cracks in
luzonite-enargite crystals or replaces both minerals, which indicate
the earlier crystallization of the minerals from enargite-luzonite join.
The tennantite crystals occasionally show zoning in the BSE images.
These zoned crystals and veinlets are concentrated in the areas
where Bi, Se, and Pb minerals occur. The zonal crystals of tennantite
are enriched in Bi (up to 11 wt.%), whereas the zonal veinlets are
enriched in Pb, Bi and Se. Small crystals (<5 um) of mineral with
composition similar to clausthalite (PbSe) and crystals of wittichenite
(CugBiS;) occur in these veinlets. Additionally, the wittichenite forms
individual crystals with small mineral inclusions (<50 um), reflecting
composition similar to bohdanowiczite (AgBiSe,), with elevated
contents of S and Cu. The inclusions of galena are observed in
tennantite, enargite and luzonite.

P. KRAKOWSKA and M. NIEPSUJ: Influence of pore space
saturation on P- and S-wave velocities using a fluid
substitution option

Department of Geophysics, AGH-UST, Cracow, Poland

P- and S-wave velocities are the key parameters in seismic
and well logging interpretation. In the case of perspective zones
interpretation they are the essential indicators of hydrocarbons
saturation in the pore space. The saturation degree in pore space
influences the P- and S-wave velocities in different way. One of the
methods to analyse this behaviour is the fluid substitution option.

Analysed data come from A well which is located in Tunezja. It
drills pelagic chalk (Upper Cretaceous) which is built by foraminiferal
nannofossils. Selected interval, which is saturated by gas, equals
4 800—4 900 m. All calculations were carried out in GeoGraphix
Discovery software fluid substitution tool (Landmark_AGH UST
University Grant).

Fluid substitution is an option used to analyse the variation of
saturation based on different methods e.g. Greenberg-Castagna.
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Fig. 1. Fluid substitution results for measured P- and S-wave velocities
(symbols: SW — input water saturation; Kp — porosity; Vp — measured
P-wave velocity; Vp_SH_10,30,80,100 — estimated P-wave velocity
at water saturation: 10 %, 30 %, 80 % and 100 %; Vs — measured
S-wave velocity; Vs_SH_10,30,80,100 — estimated S-wave velocity
at water saturation: 10 %, 30 %, 80 %, 100 %; POISSON’S RATIO
— Poisson’s ratio; PR_SH_10,30,80,100 — estimated Poisson’s ratio
at water saturation: 10 %, 30 %, 80 %, 100 %; RHOB — density;
RHOB_SH10,30,80,100 — estimated density at water saturation: 10 %,
30 %, 80 %, 100 %.
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Fig. 1 shows the results of fluid substitution carried for different
saturation S,: 10 %, 30 %, 80 % and 100 %. Input curves (black)
are the measured P- and S-wave velocities, estimated density and
Poisson’s ratio. Gas saturation in pore space of reservoir rocks causes
the changes of petrophysical parameters such as waves velocities
and density, which are so important in seismic and well logging.
P-wave velocity decreases suddenly even at low gas saturation.
S-wave velocity does not change considerably for the different
saturations. It is caused by a fact that S-wave velocity depends on
rock stiffness and density. Rock stiffness equals zero for the fluid and
gas (shear modules equal zero), so S-wave velocity changes slightly
with the saturation change (as a result of density changes). Analysis,
of only velocity curve, to determine the gas saturation degree
is difficult. Fluid substitution method was made in this purpose to
analyse the trend change of the measured velocity curve depends
on saturation. Observing P-wave velocity curve and comparing
to estimated P-wave velocity for the different saturations allow
determining of the zonation of reservoir rock. In the upper section
of the analysed interval, the measured P-wave velocity is located
near the estimated P-wave velocity for S, = 10 and 30 %. In the
further part of the section gas saturation decreases and it is observed
that measured P-wave velocity approximates to curves calculated
for S,, = 80 and 100 %. Remaining curves behaves similarly.

P- and S-wave velocities, P- and S-wave velocity ratio and
Poisson’s ratio are the essential indicators of hydrocarbon zones.
From all analyses there is concluded that there is possibility of
qualitative interpretation of reservoir parameters with saturation
zonation determination of reservoir rock.

Authors would like to thank BG Group plc. (Reading, Great
Britain) for data as well as to our professors J. Jarzyna and K. Pietsch
for care and help.

K. KRONOME: Preliminary correlation of the Upper
Triassic limestones of the Silica nappe in the Driencany
and Slovak Karst areas on the base of microfacies
analysis

(GECT TS

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic

The Drienc¢any and the Slovak Karst areas belong to the tectonic
unit of the Inner Western Carpathians and are built dominantly by the
complexes of the Silica nappe. This study is mainly focused on the
microfacies analysis of Tuvalian-Sevatian pelagic Hallstatt Limestones.
The outcrops selected for this study in the Slovak Karst are:
SB — Trench: section 1 km west of the village Silicka Brezova, outcrop
“PNLL” located in the woods below the “Novy Lom” quarry and locality
BO — Bohuriovo. In the Drien¢any Karst area the studied locations
were: DP — Drienocka pustatina, KA-A; KJ-B — Kamenny jarok gorge
in the vicinity of village Slizké and BUD — Budikovany village.

Based on microfacies analysis the individual limestone facies
types were classified according to schemes of Facies Zones by
Wilson (1975) and Standard Microfacies Types — SMF by Flugel
(1982). From this point of view the most complicated is the SB-Trench
outcrop. Despite that on the base of the outcrop the Tisovec—Waxenec
Limestones are present, the bulk of the section is built by the Hallstatt
Limestones in various facies types and the top of the section is built
by the Dachstein Limestones. The assumed sedimentary area of
the Tisovec—Waxenec Limestones is an agitating environment FZ 4,
SMF 5, or environment of open lagoon near channels connecting the
lagoon area with open marine environment FZ 7, SMF 9 indicated by
presence of open marine faunistic elements, ammonoids and thin-
-shell bivalvias. The Hallstatt Limestones in this outcrop belong to
several facies types. Since the first type shows that the sedimentation
area started to deepen, we propose an open shelf to margin of the
deep water basin environment — SMF 3, FZ 1. The second type can
by assumed to SMF 3, FZ 3 — toe of the slope. Limestones of the
next facies type can by ranged into SMF 3, FZ 3, or SMF 9, FZ 2
— deep shelf, inasmuch as that SMF 9 representing slope facies.
Limestones of the peloidal grainstones beds belong to SMF 2,
FZ 2 to 3. The Dachstein Limestone represents SMF 17 — environment
of shallow water sedimentation on the platform. The outcrops PNLL,
BO, KJ-B, BUD and upper part of section KJ-A can be classified as
SMF 3 — pelagic mudstone/wackestone, FZ 1 — environment of the
deep sea. The limestones of the lower part of KJ-A section are falling
into SMF 2 — microbioclastic peloidal calcisiltit, FZ 3. The limestones
of the locality DP can be ranged to SMF 9 — burrowed bioclastic
wackestone, FZ 2.

Based on the interpretation of microfacies in these outcrops we
can preliminarily conclude, that the Hallstatt Limestones occurring in
the Slovak and Drien¢any Karst areas were deposited mainly in the
deep water environment. While during the deposition of sediments
outcropped in the SB — Trench locality an event of temporary
shallowing had taken place to the toe of slope environment, the
limestones on the locality DP sedimented entirely in the environment
of the deep shelf. More detailed correlations of the sections will be
done after completion of detailed stratigraphic evaluation on the base
of conodont study.

This work was supported by the Slovak Research and
Development Agency with the contracts No. APVV-0280-07,
SK-AT-0005-08 and VEGA 1/0388/10.

K. KULICKI, G. SKROBOT and A. SWIERCZEWSKA: Relics
of pre-folding illite-smectite diagenesis in the Magura
nappe, Outer Carpathians (Poland)

Department of Geology, Geophysics and Environment Protection,
AGH-UST, Cracow, Poland

The X-ray diffraction studies of illite-smectite mixed layer minerals
can be used for reconstruction of burial and thermal history of the
rocks involved as well as for dating of tectonic deformation in relation
to degree of smectite to illite transformation. Composition of illite-
-smectite minerals provides information on maximum paleo-
temperature to which involved rocks were submitted. This method
can be used for temperatures 75-200 °C.
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In present studies the correlation between the age of rocks and
the degree of smectite to illite transformation was applied for each
unit of the Magura nappe along profiles running parallel to fold axes.
These detailed studies represent a continuation of a previous complex
investigation on thermal evolution of the Magura nappe. The aim of
the recent study was to indicate these portions of the Magura nappe
where it would be possible evidently to distinguish between pre- and
postfolding transformations of smectite to illite. The situation, when
older rocks are affected by the higher paleotemperatures then younger
rocks, presents an evidence that transformation of smectite to illite
took place before folding. On the other hand, the reverse situation,
or complete lack of correlation between the age of rocks and their
thermal alteration indicates that diagenesis occurred after folding.

In the present studies, such correlation analyses were carried out
in small segments of parallel fold axes profiles in Krynica, Bystrica,
Raca and Siary units. At first, studied profiles were subdivided into
2 parts: northern and southern, and later they were analysed in
smaller portions depending of samples abundance. Each portion was
analysed in terms of variation of paleotemperature in relation to age.

Analyses of correlation between the age and maximum
paleotemperatures in the Krynica Unit show that thermal structure
of the unit relates to maximum thermal alteration which took place
after folding. Only in one part of Bystrica Unit profiles, the observed
thermal structure may result from the maximum diagenesis which
took place before folding. More portions where such diagenesis took
place before folding were recognized in Ra¢a and Siary units.

M. KWASNIAK-KOMINEK, M. MANECKI and G. RZEPA:
Mechanisms of alternations of rock-forming minerals in
the foreland of retreating glacier, Werenskioldbreen, SW
Spitsbergen

Department of Mineralogy, Petrography and Geochemistry, AGH-
-UST, Cracow, Poland

The area of this study is a foreland of the Werenskiold glacier (SW
Spitsbergen). This glacier has been continuously retreating during the
last century by several meters a year. It was established elsewhere
that carbonate dissolution and sulphate oxidation dominate in the
youngest glacial sediments, while silicate weathering is dominative
reaction in the older sediments.

The objective of this study is an identification of inorganic
mechanisms of weathering of minerals in the foreland of retreating
glacier. Retreating glacier uncovers fresh regolith, evolution of
which is dominated by few relatively simple processes: dissolution/
precipitation and oxidation/reduction. Chemical weathering and soil
forming processes contribute to high chemical denudation observed
in this region. Micro-scale characterization of mineral skeleton
associated with chemical characteristics of pore waters is necessary
for fully understanding the mechanisms of weathering.

The samples of soils and waters were collected at three
localizations: 20 m, 950 and 1 700 m from the front of the glacier.
The sediment closest to the glacier was uncovered from underneath
the glacier within the last 10 years while the furthermost — nearly 100
years ago. Samples of percolating waters, collected from 30 cm deep
trenches, were analysed in the field for temperature, conductivity, pH,
Eh, O, content and HCOj; (alkalinity titration). Mineral composition
of the sediments was determined using petrographic microscopy in
polarized light, X-Ray diffraction and scanning electron microscopy.
PHREEQC calculations were used to explain mechanism of minerals
dissolution.

The soils are almost entirely composed of primary minerals: rock-
-forming minerals coming from amphibolites, quartz-mica schists,
carbonate schist, phyllites, etc. Secondary minerals resulting from
weathering include kaolinite, vermiculite, illite, smectite and goethite.
Secondary clays were identified only in the oldest soil sample.
The correlation between the composition of the waters and the
distance of the glacier front was also observed. Maturity of analysed
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soils increases with the distance from the glacier. Dissolution of
carbonate minerals (mainly calcite, dolomite, ankerite and siderite) is
a dominating weathering process which explains the vast majority of
HCOj;-, Ca?* and Mg?* contents. Some Ca?* and Mg?* results from
weathering of rock-forming aluminosilicates as well. The oxidation
of pyrite (and possibly other sulphates) is a major source of SO,>-.
The waters evolve from carbonate-dominated to sulphate-dominated.
This might indicate that pore waters in more matured soil reach the
equilibrium with carbonate minerals while being continuously supplied
with SO, from oxidation of sulphates.

The research is supported by research fund of AGH
11.11.140.158.

W. MACHOWSKI: Base case to dynamic simulation of
CSEGR - Carbon sequestration and enhanced gas
recovery — for depleted Wilkow gas field

Department of Fossil Fuels, AGH-UST, Cracow, Poland

Within the framework of the Polish National Program ‘Assessment
of formations and structures for safe CO, geological storage,
including monitoring plans’; semi-detailed analysis of the Wilkéw-
-Szlichtyngowa anticline was carried out. This depleted gas-bearing
formation is considered optional for CO, storage with double goals:
CO, sequestration and enhanced gas recovery at the same time.

Undertaken analyses suggest that carbon dioxide can be injected
into Wilkéw-Szlichtyngowa depleted gas reservoirs to enhance
methane (CH,) recovery for periods on the order of 10 years, while
simultaneously sequestering large amounts of CO,.

Although the idea of injecting CO, into depleted natural gas
reservoirs for carbon sequestration with enhanced gas recovery
(CSEGR) has been challenging for more than ten years. The analysis
of the physical processes involved in CSEGR has suggested that
mixing would be limited because of the high density and viscosity of
CO; relative to CH,. Furthermore, simulations suggested that CSEGR
could enhance gas production by a factor of five relative to continued
primary recovery over the same period for Wilkéw gas field.

Gas-water contact was calculated on —1 507 [m] for Wilkéw and
—1 472.5 [m] for Szlichtyngowa. Complicated contours situation and
different natural gas compositions (60 % Ny, 37 % C1 and 0.25 %
of He) brings a lot of difficulties during dynamic modelling. Based on
static 3D model, constructed by in Department of Fossil Fuels author
made simulation of CO, injection using simulator Eclipse 2009.

At the present state of recognition of the configuration and size
of the structure, without history of exploitation, physically possible
quantity of injected CO, is hard to calculate. Presented results can
be assumed as the idea or one of the dynamic scenario for gas
sequestration in the depleted Wilkéw gas field.

G. MADEJA and P. MROWCZYK: Issues of sandstone tors
morphology in the Silesian Beskid

General Geology, Environment Protection and Geotourism, AGH-
-UST, Cracow, Poland

Natural sandstones and conglomeratic tors as well as rocky walls
are rarely found in the flysch Carpathians; however, their accumulation
is relatively greater in the Silesian Beskid. They are located both in
open area and woods, mainly on mountain ridges or hogbacks but
also on hill tops. They are found in groups or individually. They adopt
a great variety of morphological forms; most common are: walls,
mushrooms or pulpits.

The Silesian Beskid is mainly composed of flysch units of the
Silesian nappe, and slightly folded layers in the area are monoclinal
and dip southwards. Tors found within this block occur among thick-
-bedded sandstones and conglomerates belonging mainly to middle
and upper Godula Beds, lower and upper Istebna Beds, but also to
Ciezkowice Beds.
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The morphological form is strictly related to strike and dip of beds,
and the place of their localization as well as their relation to dorsal
direction. Microrelief is principally connected to lithological, structural
and textural characteristics of deposits which built the tors, but also
to joint cracks which are responsible for ultimate shape a tors takes.
Main erosion processes affecting the tors surface include: insolation,
congelifraction, ablation, dissolution and leaching.

Tors are built of sandstone layers, conglomeratic sandstones,
and more rarely of conglomerates, whose common feature is high
thickness — around 1 m, sometimes reaching even few meters.
Sandstones exhibit a diverse granulometric composition — usually
coarse-grained and uneven grain-sized, fine-grained are sometimes
found in hanging layers. Quartz grains compaction of sandstones
plays an important role in erosion resistance, just as volumetric
density and water absorption by weight. Furthermore, sandstones
which have clay-carbonate binders undergo weathering more
quickly than sandstones with clay and silica binders. The binder in
specific layers can differ and be distributed to different degree, which
additionally favours selective weathering. Fractional graining occurs
in layers of conglomeratic sandstones and conglomerates, and it can
be incomplete, with an unevenly separated fraction.

The lithological diversity of individual layers in tors affects
significantly their morphology. The layers of conglomeratic sandstones
and conglomeratic ones have usually negative relief, whereas
sandstones positive. In layers which have uniform lithology the walls
are usually flat.

The issues related to mechanic weathering of tors surface,
and the relation of tors surface relief to petrographic composition
of specific lithological layers were shown in presentation. A special
attention was also paid to relation between microrelief and content
variability of binders in tors. A preliminary research methodology,
relevant to such objects in terms of their morphology and variety of
geological conditions, was also indicated.

M. MARUTA and E. MIREK-JONKISZ: The “Rock oil” at
your fingertips: Hydrocarbons’ signs at the surface in the
Polish Carpathians Area

Department of Fossil Fuels, AGH-UST, Cracow, Poland

The fact that hydrocarbons exist in the Carpathians has been
known for centuries. The Polish geologist, Stanistaw Staszic in his
book ‘About Earthborn of the Carpathians and other mountains and
Polish plains” (1815) mentioned about a black smudge of oil from the
rocks. Local people have learned soon how to take advantages of
using a crude oil in a daily life. They used it as a wood preservative,
a lubricant and for many other applications, including the use of the
oil refined products. It is said, that the crude oil from village Klgczany,
which is a colourless liquid, also had benefits for health.

Hydrocarbon seepages, as a naturally oil and gas basins
spontaneous manifestation on the surface, for the long time have been
the main indicator for starting exploration of oil in the Carpathians
since the mid-nineteenth century. Basing on the hydrocarbon
seepages, dozens of oil and gas fields had been discovered. However,
nowadays their resources are largely exhausted.

In this work authors describe 6 examples of present locations
of oil and natural gas surface symptoms located at Brzegi Dolne,
topienka, Ptowce, Stebnik, Uherce Mineralne and Zahutyn.

There is also shown relationship between location of hydrocarbon
seepage and the background of a complex geological structure of the
Carpathians, where seepages occur. Range of this study covered
an area of the Carpathians located east of Ropa river valley to the
Polish-Ukrainian Border at the Magura, Dukla, Silesian and Skola
nappes.

Analysed seepages are grouped primarily on the outcrops of the
Inoceramian Beds of the Magura nappe and the Krosno Beds of the
Silesian nappe at the Upper Cretaceous-Paleocene and Oligocene
ages. They are connected with primary and secondary migration as
well as remigration of hydrocarbons.

G ET TS

Documented seepages of hydrocarbons occur almost in the
valleys of the rivers and their tributaries, mostly within the outcropping
eroded anticline folds and joints on their flank, and less frequently
along the tectonic dislocations zones. A considerable number of them
was also found in the Quaternary river sediments and waste covers
mostly in the form of mining pits and hand-dug well located close to
revealing seepages in the beds of watercourses water.

Intensity of oil seepages is also associated with the problem
of assessing their potential impact on the environment. In the case
of exploitation of oil fields, there must be assessed an effect of the
exploitation process. This is a subject of understandable concerns of
environmental organizations and local authorities. An impact of the
presence of hydrocarbons seepages on the daily live of local people
and to the environment are presented in the contribution as well.

This research was supported by the Polish Oil and Gas Exploration
and Production Company — PGNiG S.A. Project No. V-21/2006.

M. MICHNA: Difficulties associated with 3D modelling of
the Nowy Targ — Cracow cross-section (Outer Carpathian,
Poland)

Department of Fossil Fuels, AGH-UST, Cracow, Poland

The goal of 3D static modelling is to show a spatial variation in
reservoir properties. Proper designation of the structural framework
is very important and can significantly affect the distribution of
petrophysical parameters. The study presents difficulties associated
with the construction of such a model. A complicated tectonic
heterogeneity of the Outer Carpathians requires application of such
advanced techniques and tools in 3D modelling as Petrel software.

Three-dimensional reservoir modelling was based on the Nowy
Targ — Cracow cross-section cutting all major structural units of the
Outer Carpathians. It was prepared for the geothermal potential
evaluation of the studied area. Structural geological interpretation
performed by Tomasz Malata had to be simplified. A GRID-based
software was used for this modelling. Two separate 3D models
were created. Upper model was composed of 4 zones consisting
of thee uppermost Eocene-Oligocene, Eocene, Upper Cretaceous-
-Paleocene and Lower Cretaceous rocks. The lower model was
represented by the Lower Cretaceous rocks, Krosno Beds, Menilite
Beds, Hieroglyphic Beds and Inoceramian Beds. The total amount of
3D cells was set on over 10 000 000.

Structural framework was populated with petrophysical para-
meters using stochastic and deterministic methods. The petrophysical
models reflect the distributions of the clay content (VCL), porosity (PHI;
Fig. 1), saturation with water (SW) and permeability (K), determined
on the basis of interpretation of the well-log curves. The permeability
model was formed applying the method of Zawisza (1993) that is
based on the well-log curves and describes the relationship between
the porosity and the clay content of rocks.

The best reservoir properties within this cross-section occur in
the Upper Cretaceous-Paleocene rocks of the Magura nappe. The
results of modelling also show that potential, though poor geothermal
reservoirs are related with the Krosno Beds. In the area between
Skomielna Biata and Obidowa (southern part of the cross-section)
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they reveal porosity about 10 %, permeability of 5 mD and clay
content 45 %.

For construction of 3D models the Petrel 2009.2 program was
used. The program was delivered by SIS Schlumberger for the
Faculty of Geology, Geophysics and Environment Protection, under
the agreement about supporting the educational and scientific
activities.

L. PETRYDESOVA!, P. LISCAK2 and R. PUTISKAS:
Geophysics measurements and stability analyses
of selected landslides

'Department of Engineering Geology, Comenius University,
Bratislava, Slovak Republic y

2State Geological Institute of Dionyz Stur, Bratislava, Slovak
Republic

3Department of Applied and Environmental Geophysics, Comenius
University, Bratislava, Slovak Republic

Recently increased attention is paid to the question of slope
deformations (mainly landslides). In the Slovak Republic they
represent one of the most common and most dangerous exogenous
geodynamic phenomena, which often create a barrier for rational land
use. The inventory of slope deformations in Slovakia was completed
in 2007 reaching a total of 21 190 slope failures (5.25 % of total land
area). Every year, landslides are the cause of damage to roads,
existing settlements, and destruction of cultivated land, wooded
areas etc.

One of the basic engineering problems in the estimation of the
slope stability is the determination of the causes of slope movement.
Without knowing the cause it is not possible to predict the subsequent
progress of slope movement and also to design effective remediation
methods. For the determination of the cause it is vital to know the
conditions under which landslides have occurred and the triggering
factors.

For stability calculations a thorough knowledge of engineering
geological and hydrogeological conditions of the landslide areas is
important. In compiling of the slope geotechnical model itis necessary
to know the details of territory geology and shear parameters of all
lithological complexes making up the slope. As the model sites two
landslides from the landslide areas on the left side of the river Vah
between the towns of Hlohovec and Sered were selected, having
in mind a concept of waterwork construction in the future. Slope
deformations are very heterogeneous and the interpretation of
geology based only on the engineering geological boreholes would be
subjective, so we performed there geophysical measurements using
electric resistivity tomography (multicable method). The resulting
model of the resistivity was adjusted according to the lithology from
boreholes especially within the transformation part of the landslide,
where no boreholes were at hand, and completed. The clay and
sand strata were clearly distinguished in the final resistivity model.
Although the individual layers were relatively exactly determined,
the slope had to be generalized because the stability program which
was applied (Geo5 slope stability) could not calculate with the lens-
-like objects (e.g. small sand lenses). Stability analyses were carried
out using Sarm’s method on polygonal slip surfaces identified by
the survey and calculated for 3 levels of the ground water table
levels (for a ground water level met, as well as for the maximum and
minimum levels). In one of the selected landslides the geophysics
identified a basal slip surface depth of more than 40 m probably
crossing underneath the river Vah bed up to its other side. The
resulting degrees of stability for both landslides were negative even
at the minimum height of ground water table level. Since the sections
are considering with the construction of the waterwork an improper
intervention may lead to activation of landslides with consequent
negative impacts. This can be avoided by the appropriate remedial
actions.

This work was supported by the grants VEGA 1/0331/09 and
1/0910/11.
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D. PIETRUCIN and D. SALA: Chemical composition of
waters and bottom sediments from lakes in the Osielsko
region

Department of Hydrogeology and Engineering Geology, AGH-UST,
Cracow, Poland

The aim of this study is the estimation of contamination
level of water reservoirs in Osielsko region, located about 10 km
north—east from Bydgoszcz. In terms of hydrography this area
belongs to drainage basin of Vistula and Brda rivers. Discussed
area was covered by ice during the last glacial period, what brings
geomorphological, hydrographic and soil consequences, visible in
the landscape types.

In order to determine pollution level of the water reservoirs, five
water and bottom sediment samples were collected during the field
works. The electrolytic conductivity (EC), reduction potential (Eh), pH
and temperature of the water were measured in situ. The chemical
analyses of the water included: determinations of main cations and
anions by the titration and AAS methods and marks of the trace
metal levels by the ICP-MS method. In addition, selected physico-
-chemical parameters, such BOD (biological oxygen demand) and
COD (chemical oxygen demand) were performed. In the sediments,
the concentrations of trace elements (As, Cd, Cu, Cr, Ni, Pb, Zn) were
estimated in fraction <0.063 mm using AAS and ICP-MS methods.
Moreover, in the sediments to determine the content of fine particles
—the sand ratio test was done in accordance with the Polish Standard
(PN-EN 933-8:2001).

As aresult of analysis it was derived that the waters from lakes are
neutral (pH 7.01-7.74) with variable conductivity (values range from
318 to 987 uS/cm) and reduction potential (226—252 mV). The waters
of study area show very low ion concentrations with the prevalent
HCO;-Cl-Ca—Mg—-Na and HCO3;-S0O,—Cl-Ca—-Mg—Na water types
(according to Altowski—Szwiec classification) with predominant
calcium and bicarbonate. In the case of physico-chemical parameters,
the quite high BOD and COD values reaching 3.17 O,/L and 51.65 O,/L
were found in the lakes which have in the substrate large amount of
organic matter.

The trace metal concentrations in the bottom sediment are
relatively low and depend on the location of the lakes. Accumulation
ranges are as follows: 0.13 to 0.15 mg/kg for arsenic, 0.04 to
0.18 mg/kg for cadmium, 2.89 to 11.10 mg/kg for copper, 2.79 to
9.38 mg/kg for chromium, 1.65 to 6.72 mg/kg for nickel, 2.48 to
7.06 mg/kg for lead and 20.00 to 48.53 for zinc. Moreover, comparison
of the heavy metal contents with the LAWA classification indicate
that the bottom sediment samples may be classified to the first purity
class as uncontaminated.

Therefore, the field observations and laboratory results suggest
that the water and bottom sediment samples from the lakes are not
polluted. Only the highest content of phosphate (up to 12.40 mgPO,/L)
was recorded in lakes, which clearly demonstrates the continuing
processes of eutrophication for the studied lakes in the Osielko
commune.

M. PSYKALA and J. MATUSIK: Intercalation of dodecylamine
into kaolinites of high structural order

Department of Mineralogy, Petrography and Geochemistry, AGH-
-UST, Cracow, Poland

Kaolinite is a dioctahedral 1 : 1 layered mineral. It is the most
abundant mineral among clay minerals. New hybrid materials based
on kaolinite are synthesized and more often used for industrial
and environmental purposes. There is an increasing demand for
hydrophobic mineral nanoparticles which can be used as fillers for
production of e.g. polymer nanocomposites. Therefore the goal of
this study was to prepare and compare intercalates of highly ordered
kaolinites with dodecylamine. Amine intercalation changes the
surface character of mineral to strongly hydrophobic and significantly
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increases the interlayer space thus enabling better dispersion of
mineral particles in the polymer matrix.

For the experiments kaolinites of high structural order were
chosen: Maria Ill (M) from the Polish deposit (Hinckley index HI =
1.57), Capim (C) from Imerys® company (HI = 1.33) and kaolinite
from Carter® products (N) (HI = 1.33). Kaolinite-dimethyl sulfoxide
(DMSO) complex was used as a precursor. For this purpose 2 g of
kaolinite reacted with 27 ml of DMSQO/3 ml of H,O at 70 °C for 2 hours.
The samples were centrifuged and dried at 60 °C for 24 hours (KDS).
Secondly KDS (500 mg) was stirred at room temperature with CH;OH
(7 ml) for 24 hours. The process was repeated 7 times (KM). Finally,
wet KM was mixed with saturated dodecylamine (C12N) solution for
24 hours. This step was repeated 2 times (KDA). The samples were
examined by XRD, IR and elemental analyses (CHNS) were carried
out.

The formation of KDS complexes for all samples was confirmed
by the presence of dyy = 11.2 A peak in the XRD patterns. IR bands
related to hydrogen bonds between DMSO and kaolinite OH groups
were observed at 3 540 cm~' and 3 504 cm~'. The formation of KM was
confirmed by the disappearance of peaks characteristic for the KDS
and change in intensity and positions of peaks in the 19-23°20 range.
IR spectra revealed the presence of bands related to C-H stretching
vibrations at 2 960 cm™', 2 924 cm~" and 2 840 cm™". Disappearance
of bands at 3 540 cm™ and 3 504 cm~" confirmed the removal of
DMSO. Insertion of C12N into structure of NM and MM samples was
confirmed by the presence of dgo; = ~42 A peak. The intercalation
did not occur for the CM sample. The natural M sample showed
highest susceptibility towards intercalation in contrast to industrially
modified N and C samples. IR bands at 2 958 cm~", 2 926 cm™ and
2 854 cm™' (C-H stretching) were observed for the new complexes
in positions similar to these for pure C12N. This confirmed bilayer,
all-trans conformation of amine chains. The model of MDA intercalate
with chemical formula: [Al;Si;O5(OH)5.96(OCH3)104](C12H27N)o 73 Was
proposed on the basis of XRD and IR data taking into consideration
the size of the C12N molecule (Fig. 1).

This research was supported by the Ministry of Science
and Higher Education under “luventus Plus” research Project
No. IP2010 025070 (2010/2011).
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Fig. 1. Dodecylamine C12N molecule.

L. RYSAVA: Correlation of the Upper Jurassic to Lower
Cretaceous sequences of the Hrusové section (Cachtické
Karpaty Mts., Western Carpathians) with coeval deposits
derived from the borehole Borsky Jur 15 (the basement
of the Vienna Basin)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic

The Mesozoic basement of the Slovak part of the Vienna Basin
partially consists of the nappes of the Northern Calcareous Alp, which
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continue towards NE and they appear on the surface as Veterlin,
Havran, Jablonica and Nedzov nappes in the Malé Karpaty Mts.
(Hamilton et al., 1990). The HruSové section comprises the complex of
Jurassic and Lower Cretaceous sediments, which Hanacek (in Salaj
et al., 1987) classified as the HruSové Group of the Nedzov nappe.
The borehole Borsky Jur No. 15 revealed various Upper Jurassic to
Lower Cretaceous facies uncovered under the Neogene fill of the
Vienna Basin in the Borsky Jur area. It can be supposed that the
sediments of the HruSové section and the Borsky Jur area developed
in the adjacent area. The sediments studied were divided as follows:

Callovian—-Oxfordian

The limestones with the cherts belong to packstones
to grainstones of the filament microfacies passing locally to
wackestones to packstones of the radiolaria-filament microfacies
and sponge-radiolarian microfacies. They contain cysts of calcareous
dinoflagellates — Cadosina parvula Nagy, Colomisphaera fibrata
(Nagy), Schizosphaerella minutissima (Colom), Colomisphaera
pieniniensis (Borza), rare globochaetes, fragments of hyaline and
agglutinated foraminifers, Lenticulina sp., crinoids, aptychi, ostracods
and bivalves. Radiolarians, sponge and filaments are locally silicified.
Studied limestones contain the biomarkers of the Late Oxfordian
Fibrata Zone (sensu Rehakova, 2000).

Samples from the core 3 (3 103—3 107 m) contain calcified
radiolarians, globochaetes, fragments of crinoids, ostracods and
foraminifers.

Kimmeridgian—Lower Tithonian

Wackestones to packstones with radiolaria-sponge and sponge-
-radiolaria microfacies. They contain saccocomas, filaments,
bivalves, ostracods, crinoids and cysts of calcareous dinoflagellates
— Stomiosphaera moluccana Wanner, Schizosphaerella minutissima
(Colom), Cadosina parvula Nagy, Colomisphaera pulla (Borza),
Carpistomiosphaera borzai (Nagy), Parastomiospahera malmica
(Borza) indicating the Upper Kimmeridgian Borzai Zone and Lower
Tithonian Malmica Zone (sensu Rehakova, 2000).

Samples from the core 8 (3 526—3 530 m) contains wackestone
of radiolaria-saccocoma microfacies with calcified radiolarians,
saccocomas and fragments of aptychi and filaments.

Upper Tithonian—Lower Berriasian

Wackestones of radiolaria-calpionella and calpionella-
-globochaete microfacies with crinoids, bivalves, sporadically
saccocomas, sponge spicules, ostracods, aptychi, foraminifers and
calpionellids — Crassicollaria parvula Remane, Crassicollaria colomi
Doben, Calpionella alpina Lorenz, Calpionella elliptica Cadisch,
Tintinopsella carpathica (Murg. et Filip.), Remaniella ferasini
(Catalano), Remaniella borzai Pop, Remaniella catalanoi Pop.
Calpionellids indicate Late Tithonian Crassicollaria Zone (Colomi
Subzone) and the Berriasan Calpionella Zone (Elliptica Subzone,
sensu Rehakova, 1995).

Samples from the core 6 (3 394-3 398 m) are built with wackestone
of radiolaria-calpionella microfacies with Calpionella alpina Lorenz,
Tintinopsella carpathica (Murg. et Filip.). Sediments are tectonically
reworked. Samples from the core 5 (3 321-3 325 m) and 7 (3 497
to 3 497.7 m) are built with wackestone of radiolarian-calpionella
microfacies with Calpionella sp., Crasicollaria sp., Tintinopsella sp.,
Calpionella alpina Lorenz.

Thus, in the Borsky Jur area the Jurassic and Lower Cretaceous
sediments are standing and folding into slices.

This work was supported by the grant APVV-0280-07.

V. SIMONOVA: Paleostress reconstruction based on
kinematic analysis of multiple fault structures of selected
localities in the Manin Unit (western Slovakia)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic

This study reconstructs the chronology of paleostress evolution

and faulting in the western part of the Pieniny Klippen Belt. The
Manin Unit experienced polyphase deformation at the boundary
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between the Tertiary accretionary wedge of the External and the
Cretaceous nappe systems of the Central Western Carpathians. It
was incorporated into the PKB and attained its tectonic style after
its nappe emplacement during mid-Cretaceous times. It represents
a frontal nappe element of the Fatric nappe system (PlaSienka,
1995) and is composed of Jurassic—Cretaceous sedimentary
succession dominated by bedded limestones, which were subjected
to structural analysis. Based on kinematic analyses of meso-
-scale faults (slickensides), several brittle deformation stages
characterized by certain properties of the reconstructed stress field
have been discerned. We have employed the program Win_Tensor
for the computation of stresses and the separation of the faults into
homogeneous groups. Relative superposition of individual paleostress
states was derived from the field structural relationships; their
tentative stratigraphic age was estimated mainly by the comparison
with other published data.

This study presents the paleostress analysis of three localities
in the Manin Unit: Butkov quarry, Tunezice quarry and Mojtin quarry.
Paleostress analysis revealed the existence of six different stress
fields in the period from Early Eocene to Quaternary.

During the Eocene, E-W compression and perpendicular
tension affected the area. This stage was accompanied by the
formation of strike-slip faults (NE-SW trending dextral faults). During
the earliest Miocene, the deformation was characterized by the
transpression. Orientation of the compressional stress axis was in
the NW-SE direction. The evolution between Ottnangian — Early
Badenian was influenced by the compression regime. The middle
Miocene to Pliocene was characterized by a progressive rotation of
the paleostress fields from NW-SE to the NE-SW direction of the
maximum principal compressional stress axis (o). The younger
fault population was activated under NNW-SSE oriented extension.
Gradual reorientation of the stress field resulted in the development
of variable, often reactivated fault structures. This general clockwise
rotation of the Eocene to Quaternary paleostress field could be
explained by both — the effect of the counter-clockwise rotation of the
ALCAPA microplate and by the regional stress field changes.

This work was supported by the Slovak Research and
Development Agency under the contract No. APVV-0465-06 and
VEGA 1/0388/10.

P. SKIBOVA: Characteristics of the Neogene stratigraphic
structures suitable for underground gas storages in the
Kosice Depression, Eastern Slovakia

Department of Geosciences, Technical University, KoSice, Slovak
Republic

Efforts for improving environment and for having back-ups for an
abrupt cut off of gas import, thus for the economic independence,
motivated wide range of works aimed at prospection of structures
suitable for the underground gas storage (UGS) constructions and
their economic evaluation. There are several types of UGS of which
the most effective are storages using mined-out former hydrocarbon
traps. Such storages are formed by the stratigraphic, structural and
structural-stratigraphic traps.

One of the first steps in the UGS evaluation process is estimation
of their suitability from the point of view of lithology, petrophysical
parameters, geometry, tectonic distortion and pressure-temperature
conditions. The first evaluation of perspectiveness of the KoSice
Depression for the occurrence of UGS is mostly done on the
basis of seismic and well analysis. This work was concentrated on
stratigraphic type of UGS. Analysis of 2D seismic sections revealed
possible occurrence of such traps built up by the sandstone and
conglomerate bodies of fluvial channels and deltaic interdistributary
channels. Another type of stratigraphic UGS, which occurrence may
be assumed in the KoSice Depression, is unconformity type represented
by the Late Badenian sediments overlapping older surfaces.

Based on seismic profiles, it is assumed that potential stratigraphic
type of UGS is represented by the low-volume storages that are more
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suitable for a short-time gas delivery during possible interruption
of its normal supply (Jano¢ko and Skibova, 2011).

This publication is the result of the project New detection methods
and technologies for obtaining unconventional energetic Earth
resources. ITMS: 26220220083, activity 1.2 supported by the Research
& Development Operational Programme funded by the ERDF.

T. SLIWA' and E. PANCZYK?: Nuclear techniques for the
protection of alabaster sculpture from the chapel of the
Purification of the Holy Virgin Mary and chapel of SS
Mathias and Matthew (Wawel Cathedral)

'Department of General Geology and Environment Protection, AGH-
-UST, Cracow, Poland

2Department of Nuclear Methods of Material Engineering, Institute
of Nuclear Chemistry and Technology, Warsaw, Poland

Alabaster gypsum (CaS0,-2H,0) has been used for artworks
throughout history due to its fine-grained texture, pure white colours
and its softness making it easy to work. Like other types of artefacts,
it may be crucial for art historians or museum conservators to
assign correctly the provenance of the raw material on order to
validate or invalidate hypotheses based on iconographic or stylistic
comparisons.

European sources of alabaster exploited for decoration since
Middle Ages are present in England (S. Derbys and Staffs), France
(Paris), Spain (e.g. Mérida) and ltaly (Volterra and Castellina), while
German deposits have given material since the 18th century. In
Poland, alabaster gained particular popularity in the Renaissance
and Baroque period, when its decorative value (e.g. transparency)
could be utilized best by contrasting with other rocks as compact
limestone, especially black limestone from Debnik (Poland).

This forgotten today beautiful stone was also mined in the
Ukrainian part of the Carpathian Foredeep. There are a number of
quarries exploiting Badenian (middle Miocene) alabaster gypsum
(in particular Tyras suite) are known since the 16th century (e.g.
Zhuravno, Vasiuchyn). Its applications in Cracow date back to the
period before the World War Two.

The main aim of this work is to compare the content of the
trace elements in alabaster obtained from many gypsum exposures
occur along the Dnister River in eastern Galicia, Podolia, Bukovina
(West Ukraine) and tombs of Bishop Filip Padniewski and Cardinal
Jan Aleksander Lipski. The analysis of the samples was carried out
by INAA using standards of the elements to be determined. Major
components of alabaster have a low (n, y) reaction cross section
which is of advantage for carrying out the analysis. The irradiation
was carried out in the MARIA reactor at Swierk near Warsaw, at
a neutron influx of 8:10'3n/cm?s. The samples were irradiated for 24
h and cooled for 12 h.

Nuclear techniques can play an important role for the study,
restoration and conservation of cultural heritage, helping to determine
to age and origin and production these objects. Such techniques can
also verify authenticity and provide information on the composition
of original materials.

M. SMRECKOVA: Radiolarians from the Cretaceous
formations of selected units of the Western Carpathians
and their paleoecological implications

Faculty of Natural Sciences, Matej Bel University, Banska Bystrica,
Slovak Republic

The paper focused on radiolaria-bearing sediments from the
Lower, Middle and Upper Cretaceous formations of the western part
of the Pieniny Klippen Belt and Manin Unit.

The Lower Cretaceous microfauna of radiolarians has been
studied in locality Horné Srnie — Samasky. Radiolarians society in
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this location came from the chert inserts in the Pieniny Limestone
Formation — succession in the Kysuce Klippen Belt. Radiolarians
microfauna from this locality presents stratigraphic interval of Upper
Valanginian — Hauterivian.

The rate of diversity S/N obtained from samples indicates relative
sea-level lowstand in the given period and following transgression.

_The Middle Cretaceous radiolarian microfauna has been studied
in Cervena Skala and VrSatec localities. Variegated marlstones
of Czorsztyn Succession of Pieniny Klippen Belt (Jaworki Marl
Formation) were evaluated biostratigraphically. They correspond
to stratigraphic range from the Middle Cenomanian to the Turonian
in locality Cervena Skala and to the stratigraphic range from the
Turonian to the Coniacian in locatity VrSatec. Based on the proportion
of diversity as well as composition of foraminiferal microfauna in the
samples from localities Cervena Skala and VrSatec it may be stated
that the biosilicite productivity and the concentration of radiolarians
are an unambiguous evidence of eutrophication of underground water
segments. In both locations radiolarians are dominated by the forms
indicative of unstable environmental conditions, which correspond
to the Ocean Anoxic Event 2 from the Late Cenomanian to the Early
Turonian.

The youngest radiolarian microfauna from the Late Cretaceous
is represented by the radiolarian horizons in the Hrabové Formation
at the Praznov locality. It is a part of the Manin or Podhaj units, which
attribution has not been solved yet. These occurrences of radiolarians
represent the first findings of this microfauna in the Slovak territory.
Radiolarian associations correspond to the stratigraphic interval from
Coniacian to Campanian.

From the obtained proportion of S/N we can assume that
attendant assemblage show likely deterioration of environmental
conditions responding to previous significant biotic event during
Santonian — Campanian.

Summing up, it may be assumed that radiolarians horizons in the
Cretaceous formations from given localities of the Pieniny Klippen Belt
and the Manin Succession were arising in common environmental
conditions. The main evidence was the eutrophication of surface
water layer affected by a great input of nutrients into the pelagial part
of the ocean as a result of relative fall of the sea level and following
transgression. Stress conditions for microfauna are the reason of
a high production of forms tolerating eutrophic conditions.

The paper is a contribution to APVV LPP 0120-09, VEGA
2/0140/09, VEGA 1/0744/11 and UGA 09-000-28 projects.

P. SZATAN, A. PIORKOWSKI, T. DANEK and A. PIETA: Client
side web-based simulations of geophysical phenomena

Department of Geoinformatics and Applied Computer Science, AGH-
-UST, Cracow, Poland

The model of a client side processing becomes very popular in
the last decade. Thin clients are equipped with a high performance
hardware; therefore a client side processing is available. The scope of
this work is to select an adequate technology to create a web-based
application that simulates some of geophysical phenomena.

The authors implemented two models for important geophysical
phenomena — seismic wave field and geothermal field. In the first case
the acoustic wave equation solving is needed. Classic Alford’s finite
different solution was used. In the second case the heat-conductive
equation was solved for two-dimensional isotropic medium. Both
simulations are very time consuming, therefore the choosing of an
adequate web technology for computing and visualization is pivotal.

There are several popular technologies to present client-side
visualization. The most popular is Adobe Flash. Worth mentioning
are haXe and Adobe Alchemy. The component environments provide
own platform for a client-side processing. The Sun Java platform
offers an applet technology that enables to run smart code portions
of a bytecode in the client’s browser. The equivalent technology for
Microsoft.NET is Silverlight. The Silverlight executables can be run
also under Linux in Moonlight (Mono) environment.
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Fig. 1. Selected efficiency analysis results obtained using different
internet technologies.

The authors tested the performance of simulation code executions
in presented technologies. There were four dimensions of input data
selected: 250 x 250, 500 x 500, 750 x 750 and 1 000 x 1 000 points.
The results are presented on the figure placed below the text. Tests
show that the Java Applet and MS Silverlight technologies provide
the fastest code execution. The slowest is Flash. Unfortunately,
the results show that smooth animation is only possible for small
(educational) models.

This work was financed by the AGH — University of Science and
Technology, Faculty of Geology, Geophysics and Environmental
Protection as a part of statutory project.

M. VDACNY: Rare earth element geochemistry of Late
Paleozoic sandstones from the Maluzina Formation in
the Malé Karpaty Mts.: Provenance and tectonic control

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovak Republic

The rare earth elements (REE) are generally considered to
be immobile, exhibiting only minor changes during sedimentary
processes. Their abundance in source rocks and weathering
conditions in the provenance region have been considered as the
major factors controlling the REE in sediments. Syn- and post-
-depositional processes such as exchange reactions during transport,
deposition and diagenesis are insignificant in altering the REE content
of sediments. The main goal of this study is to show the relationship
between REE characteristics, provenance type and the tectonic
setting of the source area for the Maluzina Formation sandstones
(a part of the Ipoltica Group) in the Malé Karpaty Mts.

The Maluzina Formation is a clastic sedimentary formation with
sporadical chemogenic sediment interbeds of variable thickness.
Synsedimentary andesite-basalt volcanics with the tholeiite
magmatic trend are the most significant component of the formation.
The Maluzind Formation ranges from the Lower to Upper Permian
in age.

Sandstones are the most frequent sediments in the Maluzina
Formation. Examined sandstones mainly represent a group of arkosic
sediments. These sandstones contain variable admixtures of acid
and basic volcanic material of intraformational origin. Quartz (~57 %)
and feldspars (orthoclase, microcline, microperthite, plagioclases;
~24.5 %) are the main components of the sandstones. They are
associated with clastic micas and rock fragments (~15.8 %), mostly
of synsedimentary volcanics, but also metamorphic lithic fragments
were identified (e.g., sericite- and quartzose phyllites). The matrix
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of the sandstones (~2.7 %) is slightly recrystallized and changed
into an illite-sericite aggregate with quartz, carbonate, and chlorite.
Quartzose, carbonate, illite, and ferruginous cements are preserved.

The REE characteristics of terrigenous sedimentary rocks reflect
the tectonic setting of the sedimentary basin. Generally, in sandstones
there is an increase in the total abundance of REE (XREE), a light to
heavy REE ratio (LREE/ZHREE) and a decrease in the chondrite
normalized Eu anomaly (Eu/Eu*) with the increase in SiO,/Al,O5 and
K;0/Na,0 ratios. This is due to the change in the dominant source
rocks from andesite to dacite, granite-gneiss and sedimentary rocks.
On the plots of SiO,/Al,0; and K,O/Na,O versus REE parameters,
the Maluzina Formation sandstones follow a general trend consistent
with their derivation from the dacitic, granite-gneiss, and sedimentary
source rocks. The chondrite-normalized REE distribution patterns are
about the same for all studied sandstones and are similar to that of the
average Post-Archean Australian Shale (PAAS). The predominantly
felsic composition of the sandstones from the Maluzina Formation is
supported by the REE plots which show enriched light REE, negative
Eu anomaly and flat or uniform heavy REE. The abundances
of La (~25.02 ppm), Ce (~48.57 ppm), XREE (~113.77 ppm) and
the Eu/Eu* (~0.78) ratio of the Maluzina Formation sandstones are
similar to those of continental island-arc sandstones. These features
signalize a mixed provenance from a dissected magmatic arc-recycled
orogen and a continental island-arc type of tectonic setting for the
Maluzina Formation sandstones. Contrary to this general tendency,
the La/Yb (~19.19), LaN/YbN (~12.97), and ZLREE/ZHREE (~11.61)
ratios of the Maluzina Formation sandstones indicate their derivation
dominantly from a rifted continental crust in the back-arc position.

This study was realized with the support of Grants No.
UK/236/2010 and UK/416/2011 provided by the Comenius University
in Bratislava.

P.VRSANSKY: Pterosaur ectoparasites

Geological Institute, SAS, Bratislava, Slovak Republic
Paleontological Institute, RAS, Moscow, Russia

In 14th century, when flea—borne plague killed a third of all
Europeans, we catch lapidarous evidence for the importance of
ectoparasites. They represent as much as 10 % of all species
of organisms and often control whole ecosystems. The oldest
ectoparasites have been recently described by us from the Middle
Jurassic of Daohugou in China. Paragliders were parasitizing extinct
flying reptiles — pterosaurs and now are housed within a separate (43rd,
12th exclusively extinct) insect order Nakridletia, characterized with
a sucking beak, “nippers” for attaching to host, gill-like appendages
with ctenidia-like function, and unsclerotized body serving as blood
reservoir. They are extremely similar to unrelated pediculid lice
infesting humans and thus are expected to live on “warm-blooded”
hosts. Diversity of this wingless order with complete metamorphosis
was rather high — five specimens belong to four species, two genera
and two families (figured is Vosila sinensis).

_ s

Fig. 1. Ectoparasite Vosila sinensis.
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M. WALICZEK and M. BALA: Calculation of radiogenic heat
of Zechstein and Carboniferous strata based on well-
-logging data from the Bronsko reef area (SW Poland)

Department of Fossil Fuels, AGH-UST, Cracow, Poland

The goal of this paper was to evaluate the radiogenic heat (A).
The calculations were performed for boreholes B-2, B-3, B-4, and B-8
that were located in the central part of the Brorisko reef. The reservoir
is built of reef sediments, which have been dated of Zechstein
Limestone. Well measurements were done in five lithostratigraphic
units: Basic Anhydrite, Upper and Lower Anhydrite, Main Dolomite,
Zechstein Limestone (Zechstein, Permian) and Carboniferous rocks.

Three elements potassium, thorium and uranium during ratio
decay generate radiogenic heat in rocks. According to oil geology the
most significant element is uranium due to the fact that an occurring
of uranium is associated with presence of an organic matter.

Based on spectral gamma ray and Litho-Density Logs
measurements the quantitative concentration of radioactive elements
including uranium, thorium and radioactive isotope of potassium
(“°K) was evaluated which, together with bulk density, were used to
calculate the radioactive heat. To compute radiogenic heat GeoWin
Program and Rybach’s equation was used.

The measurement was shown as a:

e Combination of GRS (API), NPHI (%), RHOB(g/cm?),
DT(us/m), and components of potassium Cg (%), thorium Cy, (ppm)
and uranium Cy (ppm) and calculated radiogenic heat A (uW/m?)
at a depth interval 2 160.0 — 2 245.0 m of borehole B-4

* Crossplot Pe — RHOB — A for Zechstein and Carboniferous
deposits in borehole B-8.

* Crossplot U — Pe for Zechstein and Carboniferous deposits
in borehole B-8.

» Histogram of radiogenic heat A for Zechstein and Carboniferous
deposits in borehole, B-8 (Fig. 1).

Increased values of A were characteristic of Main Dolomite,
Zechstein Limestone. The highest Radiogenic Heat Production
Rates occurred in Carboniferous sediments. Due to the present of
clay and potassium salt intercalations RHP is higher. Sediments of
Basic Anhydrite and Upper and Lower Anhydrite are characterized
the lowest RHP rates.

The mean value of radiogenic heat production rates for Zechstein
and Carboniferous deposits contains between 0.255 (WW/m3) for
salt deposits and 1.79 (uW/m3) for Carboniferous mudstone and
sandstone.

Rocks with higher kerogene transformation ratio, which is
an important to petroleum prospecting indicator of hydrocarbon
generation, generate more radiogenic heat.
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Fig. 1. Histogram of radiogenic heat A calculated in borehole B-8.
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According to higher RHP rates in Carboniferous mudstone and
sandstone it can be claimed that those rock could be the source rocks
for Brorisko deposit.

K. WATOR: Assessment of chemical composition of
therapeutic water from Busko Zdrdéj using principal
component analysis

Department of Hydrogeology and Geology Engineering, AGH-UST,
Cracow, Poland

Techniques of multivariate data analysis might be effectively used
to classify and analyse similarity between objects. These methods
are often applied during analysis of spatial variation of water chemical
composition. They let us educe objects (samples, monitoring points)
which are similar in terms of analysed qualities (e.g. concentrations of
physical and/or chemical indicators of the water). The most common
method is principal component analysis (PCA).

Principal component analysis is one of the factor analysis
techniques. These methods let us reduce number of variables or
indicate relevant correlations between variables described multivariate
effects. Methodology of principal component analysis is described in
literature (e.g. Mazerski, 2009; Részkiewicz, 2010; Marengo et al.,
2008).

In this paper principal component analysis is used to appraise
similarity between therapeutic water samples collected in the region
of Busko Zdréj Spa (seven intakes: 8b Michat, 13 Anna, 16A Wiestawa,
17 Ignacy, B-4b Aleksander, 15 Henryk oraz B-19 Matgorzata). These
are specific mineral waters (Dz.U. z 2006 r., Nr 80, Poz. 565) because
mineralization is higher than 1 000 mg/L and they contain specific
components: (1) sulphides and other sulphur (lI) compounds, (2)
fluorides, (3) iodides and (4) iron (1I).

Physicochemical results of analysis performed between 2005
to 2010 by certified Hydrogeochemical Laboratory of Hydrogeology
and Geology Engineering Department of the University of Science
and Technology in Cracow (Polish Centre for Accreditation certificate
number AB 1050) were used. All samples were collected by certified
sampler according to PN-ISO 5667-11:2004 standard (one sample
per year for each intakes) and analysed using ICP-MS (PN-EN ISO
17294:12007 and PN-EN ISO 17294-2:2006) and ICP-OES (PN-EN
ISO 11885:2009) methods. Concentrations of major ions and several
specific components (Na, K, Mg, Ca, Cl, SO,, HCO;, F, J, Fe) were
used to principal component analysis.

In analysis IBM SPSS Statistics v. 19.0 software was used.

All data were normalized and Kaiser-Mayer-Olkin and Bartlett's
tests were done to appraise correlations between data and adequacy
of input data to PCA idea.

The next step was a choice of principal component numbers. On
the basis of three criterions: (1) total variance explained, (2) eigenvalue
and (3) scree plot two principal components were extracted. This let
us to chart a correlation between two extracted principal components
and assess similarity of analysed intakes. Objects which are nearest
center of the graph are the most similar to each other.

This work was partially supported by founds from the National
Science Center.

F. ZALEWSKI: Application of gypsum (CaS0O,-2H,0) for
production of blocks of Abu Roasz pyramid

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland

On Abu Roasz hill, there are the ruins of pyramid. Until recent the
entrance to the ruins has been forbidden, because of the proximity of
a military area. One of the first teams of archeologist, which received
a permission to do excavation work, was a French team.

By the results of their research, the Abu Roasz pyramid was built
by the king Dzedefre, ruler of IV dynasty. They also observed that for
filling up the space between monument’s blocks, the gypsum was
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used as a binder. This is the oldest example of the gypsum use as
a binding material in building, being proved by the science.

In 2006, the ruins of pyramid have been examined by the
geologists from Academy of Mining and Metallurgy in Cracow. The
scientists also have observed crystals of gypsum in the blocks of
the pyramid. To eliminate possibility of secondary re-crystallization of
gypsum, the samples have been taken for further examination. Thin
sections were prepared and petrographic examination ruled out the
possibility of re-crystallized gypsum. Also some bubbles of air with
some none-transparent material inside have been observed. This
allowed setting a hypothesis about the artificial origin of the blocks.

A laboratory experiment has been done. The same ingredients of
rock samples that were observed in samples from Abu Roasz pyramid
were used. Crystalline gypsum, sand from Sahara desert and cuttings
of limestone rocks from the Giza plateau were used for the experiment.
Crystalline gypsum has been crushed, milled, and parched in 130 deg
of Celcius. Then all ingredients were mixed using water and poured in
the molds for the implementation of mini-blocks. After hardening (24
hours) a microscope samples have been made for observation under
polarization microscope. Petrologic studies show complete coincidence
of samples from blocks of Abu Roasz pyramid with the samples made
in laboratory. For a final conviction the petrographic thin sections
of touches of modern concrete and the Middle Ages ceramics have
been made. The petrographic picture of air bubbles, expressly confirms
that both materials have artificial origin. Research confirms and
establishes a hypothesis about technological production of blocks for
the pyramid building using the gypsum. It is the world’s first scientifically
and experimentally validated example of the use of gypsum for the
manufacture of blocks during the Old Egyptian Country.

R. ZUBAJ: Minerals of crichtonite group: Product of
alteration of monazite in metagranitic rocks of the
Western Tatras area

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovak Republic

Minerals of crichtonite group were identified in the mylonitized
Hercynic metagranites of the Ostry Roha¢ massif in the Western Tatras
area. Members of crichtonite group minerals are complex oxides with
general formula X'AV'BVIC,5'VT,0454 (Orlandi et al., 1997), where the
main cations are: A = Sr, Pb, Ca, Na, K, REE, Ba, U; B = Mn, Y,
REE, U, Zr; C =Ti, Fe®*, Cr; and T = Fe®+, Mg. From the studied rocks
there were described crichtonite, dessauite-(Y), phase composition
corresponding with crichtonite, but important is a dominant content of
Fe?+ at position B (“Fe-crichtonite”) and a phase composition identical
with loveringite, but with a dominant content of Mn (“Mn-loveringite”).
Crichtonite occurs in the form of irregularly shaped grains or inclusions
(size up to 120 um) in muscovite, biotite, clinochlore along with other
members of crichtonite minerals group, monazite, apatite, rutile,
allanite-(Ce), zircon and ilmenite. Chemical composition is dominated
by TiO, 50-59 wt.%, content of FeO+Fe,O5 is 25-28 wt.%, content of
>REE oxides is 2-5 wt.% and content of SrO is 2—-3 wt.%. Dessauite-
-(Y) forms irregular grains in muscovite max. 50 um large along with
other minerals of crichtonite group, biotite, allanite-(Ce) and apatite in
sericitized albite. “Fe-crichtonite” was described from chloritic biotite,
where it forms grains max. 60 um high. Along with this mineral also
rutile, apatite, zircon, monazite and sericitized albite are present.
Mineral phase named “Mn-loveringite” made irregular grains max.
50 um large in muscovites with titanite, rutile, monazite, chlorite, other
crichtonites and sericitized plagioclase. Origin of crichtonites is bound
to postmagmatic process of monazite alteration and breakdown.
Other products of monazite alteration along crichtonites are epidote
minerals group enriched of REE, apatite and yttrocrazite-(Y). Genesis
of crichtonite group minerals can be expressed by the following
equation: biotite (Ti) + plagioclase (Sr, Ca) + monazite (REE) —
crichtonite + chlorite + REE-epidote + rutile (+ titanite, iimenite). This
is a new type postmagmatic alteration of monazite in an environment
rich in Ti (chloritized biotite) and Sr (sericitized plagioclase).
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Skacuci Svab ,,Skok svaba“ — svetovy uspech slovenského
paleontoléga z Geologického ustavu SAV

The jumping cockroach “Skok svaba” — worldwide success of the Slovak paleontologist
from the Geological Institute SAS

SiLvia OZDINOVA
Geologicky Ustav SAV, Dubravska cesta 9, 842 15 Bratislava

Abstract: The Top 10 New Species for the year 2010 encompassed a jumping cockroach (Saltoblattella montistabularis) from the Table
Mountain, Cape Town, South Africa. Prior to its discovery the jumping cockroaches were known only from the Late Jurassic and supposed to
be extinct. The predecessor of this recent cockroach from the Upper Jurassic Karabastau Formation in Kazakhstan, being named Skok svaba
gen. et sp. n., was firstly described by the Slovak scientist Peter VrSansky from the Geological Institute of SAS. It is great succes of the Slovak

paleontology.

Key words: fossil insects, jumping cockroach, new family, new genus, new species, Upper Jurassic

Dna 23. 5. 2011 uverejnil Medzinarodny ustav pre prieskum
biologickych druhov a vybor najvyznamnejSich taxonémov z celého
sveta rebri¢ek desiatich najpozoruhodnejSich organizmov, ktoré boli
opisané pocas roka 2010.

Rebri¢ek je tvoreny nasledujucimi druhmi: pijavica prisata
k ludske;j sliznici, baktéria konzumujica oxid Zzeleza — pochadzajuca
z vraku Titaniku, ryba z Mexického zalivu pohybujuca sa na
plutvach pripominajucich konéatiny, svetielkujuca huba vegetujuca
na konaroch stromov v pralesoch, takmer dvojmetrovy jaster zijuci
na stromoch na Filipinach, antilopa zo zapadnej Afriky, svréek,
ktory je jedinym opelovacom vzéacnej orchidey z ostrova Reunion,
huba zijuca v te€ucej vode na rieke Oregon, pavuk z Madagaskaru,
ktory pletie 25 m rozsiahle siete, a skacuci Svab zo Stolovej hory
v JAR, ktorého predok bol znamy z konca druhohorného utvaru
jura a bol povazovany za vyhynuty druh.

A prave objavitelom predchodcu tohto druhohorného ,ska¢uceho”
Svaba je vedecky pracovnik Geologického ustavu SAV Peter
Vr§ansky.

Peter VrSansky je celosvetovo uznavany vedecky pracovnik,
milovnik a ochranca prirody, ktory sa okrem vedeckej prace venuje
i vedecko-popularizaénej €innosti a publikuje tiez ¢lanky vo vedecko-
-popularnych periodikach, ako su napr. Quark (VrSansky, 2009a, b)
a Priroda (VrSansky, 2010b). Vo svojej vedeckej praci sa venuje najma
Stadiu a evolucii fosilnych Svabov z obdobia druhohér z réznych
regionov sveta, ako su napr. Cina (VrSansky in Liang et al., 2009),
Rusko (Vr§ansky 2010a), Izrael (VrSansky in Ansyutkin et al., 2008),
a je tiez autorom jednej kapitoly doteraz najvyznamnejSej monografie
o histérii hmyzu z vydavatelstva Kluwer (Vr$ansky, 2002).

V roku 2007 opisal v €lanku ,Jumping cockroaches (Blattaria,
Skokidae fam. n.) from the Late Jurassic of Karatau in Kazakhstan“
skacuceho Svaba z vrchnojurskej formacie Karatau v Kazachstane

Obr. 1/Fig. 1. Skok svaba, gen. et sp. n. (VrSansky, 2007).
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a nazval ho slovenskym druhovym menom ,Skok svaba“. Na jeho
zéaklade stanovil novu €elad ,Skokidae” a rod ,, Skok“, ¢im zviditelnil
slovensky jazyk.

Ide o malické Svaby s velkostou asi 1 cm, s polopriehladnymi
vrchnymi kridlami a priehladnymi zadnymi kridlami. Maju ovalnu hlavu
so zretelnym vonkaj$im sfarbenim a velkymi o¢ami. Maju redukované
predné a stredné nohy a zadné nohy su nadmerne vyvinuté — 1,5
nasobne dlhsie ako je dizka tela. Zadné nohy su uloZzené pod telom,
a tak prispdsobené na skakanie. Adaptacia na skakanie bola potrebna
ako stratégia Uniku a chytania koristi. Zaujimavostou je rozmnozovacia
sustava a ustny aparat, a ich zaradenie do skupiny opelovacov.

| ked boli najdené len 4 jedince — 3 dospelé a jedno mlada,
z mnozstva asi 3 000 exemplarov najdenych v lokalite, boli
pravdepodobne dost roz$irené, pretoze nalez nedospelého jedinca je
pomerne zriedkavy a to poukazuje na velku pocetnost druhu. V roku
2010 opisal vyznamny objav zijuceho skacuceho Svaba zo Stolovej
hory v Juhoafrickej republike vo svojom ¢&lanku Horst Bohn so
svojimi spolupracovnikmi (Bohn et al., 2010). Nazval ho Saltoblattella
montistabularis a zaradil ho do Celade Blattellidae. Zadné nohy ma
prispdsobené na skakanie, predizené a zosilnené. Ma vyrazné velké
ocCi a rozdielny tvar tela u samcov a samiciek.

Autor porovnava sucasne zijuce skacuce Svaby s opisanymi
fosilnymi Svabmi z ¢lanku VrSanského (2007) a konstatuje podobnost
oboch druhov, avSak nie ich zhodnost. Adaptacia na skakanie sa
vSak vyvinula Speciélne len u tychto dvoch druhov Svabov.

Rozdiely boli najmé v hrdbke svalu na zadnej ,skakacej“ nohe,
v jej dizke, vo velkosti medzi skakajucimi nohami a ostatnymi nohami
a tiez vo forme upevnenia ,bedrového kibu®

Vyznam opisaného druhohorného skacuceho Svaba je nesporny
pre pochopenie vyvinovych stratégii hmyzu, pri vytvarani novych
stratégii uniku a chytania koristi.

Obr. 2/Fig. 2. Saltoblattella montistabularis, gen. nov., spec. nov.
(Bohn et al., 2010).
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Trojrozmerné zobrazenie map paleogeograﬁckej rekonstrukecie
ryolitového vulkanizmu obdrzalo prestiznu celosvetovil cenu

Three-dimensional visualization of the maps of paleogeographic reconstruction of the
rhyolite volcanism has received a prestigious global prize

PavoL SESTAK .
Statny geologicky Ustav D. Stura, regionalne centrum, MarkusSovska cesta 1, 052 40 SpiSska Nova Ves

Abstract: The project solved by the State Geological Institute of Dionyz Stir (2006-2010) has reconstructed the geological and the time-spatial
evolution of the rhyolite volcanism and the causes of the rhyolite magma generating in the territory of Slovakia. The research based on the field
and laboratory investigation was supported by the IT technologies and 3D modelling. The 3D visualization of reconstructed Tertiary rhyolite
volcanism obtained the First Prize in the Category of Innovation and Geotechnical Engineering for 2010, being awarded to 3D maps makers and

solving institution by the Bentley.

Key words: rhyolite volcanism, 3D model, 2010 Be Inspired Winner, Bentley Systems

Cielom projektu paleogeografickej rekonstrukcie ryolitového
vulkanizmu, ktorého riesitelom bol Statny geologicky ustav Dionyza
Stura (2006 — 2010), bolo rekons$truovat geologicky a ¢asovo-
-priestorovy vyvoj ryolitového vulkanizmu a pri€iny generovania
ryolitovych magiem na uzemi Slovenska. RieSenie projektu, zaloZzené
na terénnom a laboratérnom vyskume, bolo podporované IT
technolégiami s vyuzitim 3D modelovania. Prace na zostaveni 3D
modelu vychadzali z rozsiahlej databazy zmnozstva predchadzajucich
prieskumnych vrtnych prac, geologického mapovania povrchu,
konstrukcie geologickych rezov v hlbke, vysledkov geofyzikalneho
prieskumu a loziskového prieskumu. Syntézu tychto udajov
bolo mozné zrekonsStruovat vrchnu Cast zemskej kory v oblasti
stredoslovenskych vulkanickych pohori a 3D distribuciu produktov
ryolitového vulkanizmu. Na spracovanie 3D modelov geologickych
blokov na uzemi s mimoriadne zloZitou geologickou stavbou bol
v takomto velkom rozsahu prvykrat na Slovensku pouzity produkt
spolo¢nosti Bentley — MicroStation V8.

Dosiahnuté vysledky projektu su prinosom pre problematiku
genézy lozisk rudnych a nerudnych surovin viazanych na ryolitovy
vulkanizmus v obdobi mladsSich tretoh6r. Vysledné 3D modely
geologickej stavby Uzemia maju vSestranné pouzitie ako podklad
vypoctov prognéznych zdrojov nerastnych surovin, pre hydrogeo-
logické a hydrogeotermalne modelovanie, inzinierskogeologické
podklady pre trasovanie produktovodov, mapovanie a hladanie
potencialnych zosuvnych telies. Modely najdu uplatnenie v edukacnej
oblasti, environmentalnej vychove, krajinno-ekologickom planovani
a ako nazorny a demonstra¢ny material posluzia na modernu pro-
pagéaciu geoldgie a spievodnych ¢innosti. Pri vSetkych spomenutych
okruhoch ¢innosti modelové produkty predstavuju vyraznu ¢asovu
usporu a niekolkonasobné pouzitie ako vychodiskovy material pri
priprave dalSich projektov.

Zostavené trojrozmerné geologické mapy ryolitového vulkanizmu
ziskali prestiznu prvu cenu v problematike inovacii a geotechniky
za rok 2010, ktoru udelila spoloénost Bentley tvorcom 3D modelu
a rieSitelskej institucii.
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Obr. 1. Trojrozmerna mapa rekonstruovanych vulkanickych telies
poskytuje uzivatelovi velké mnozstvo réznych pohladov a geologickych
rezov s mnohostrannym vyuzitim.

Fig. 1. Three-dimensional map of reconstructed volcanic bodies gives
users a large number of different views and geological cross-sections
for multiple uses.
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Teranoldgia pre 3. tisicrocCie
Recenzia publikacie Variscan and Alpine terranes of the Circum-Pannonian Region redaktorov
J.Vozar, F. Ebner, A. Vozarova, J. Haas, S. Kovacs, M. Sudar, M. Bielik a Cs. Péro

Terranology for the 3rd millennium
Review of the publication Variscan and Alpine terranes of the Circum-Pannonian Region; edited
by J. Vozar, F. Ebner, A. Vozarova, J. Haas, S. Kovacs, M. Sudar, M. Bielik and Cs. Péro

ZoLTAN NEMETH

Statny geologicky ustav Dionyza Stura, Jesenského 8, Kosice

Recenziel=FReviews]

Abstract: The reviewed publication contains contributions from 39 authors (incl. contribution from editors) and represents a summary of the
recent knowledge about the Variscan and Alpine tectonostratigraphic terranes in the Circum-Pannonian Region, covering the area of Austria,
Hungary, Slovakia, Slovenia, Croatia, Serbia, Romania, and partially Italia and Bulgaria. Five megaterranes — ALCAPA, TISIA, DACIA, VARDAR,
ADRIA-DINARIA, as well as smaller terranes and units — are characterized in their Devonian-Lower Carboniferous, Upper Carboniferous-
-Permian, Triassic and Jurassic evolution phases. Terranology represents a modern extension of the plate tectonics, based on postulates of
convergence, and mainly the lateral shifts on the deep-crustal shear zones. It provides an explanation of recently neighbouring position of often
mutually exotic lithospheric blocks, unexplainable by the principles of the plate tectonics.

Key words: terrane, terranology, plate tectonics, tectonostratigraphy, Circum-Pannonian Region

Publikacia s prispevkami od 39 autorov
(vratane prispevkov redaktorov), ktoru
zostavili Jozef Vozar zo SAV (hlavny redaktor)
a dalSich sedem redaktorov, predstavuje
sumarizaciu sucasnych poznatkov o variskych
a alpinskych tektonostratigrafickych teranoch
v cirkum-pandnskej oblasti, zahrnujucej
uzemie Rakuska, Madarska, Slovenska,
Slovinska, Chorvatska, Srbska, Rumunska
a Ciasto¢ne Talianska a Bulharska. Monografia
je vysledkom mnohoroénej spoluprace
geoldégov na platforme Karpatsko-balkanskej
geologickej asociacie (CBGA). Zostavenie
a publikovanie map tektonostratigrafickych
teranov cirkum-pandnskej oblasti a textovych
vysvetliviek k tymto mapam v podobe
monografie iniciovali Sandor Kovacs, Stevan
Karamata a Fritz Ebner po¢as 16. kongresu
CBGA vo Viedni v roku 1998, vychadzajuc zo
znacne rozpracovanych materialov teranovej
analyzy v ramci projektu UNESCO-IGCP
6. 276.

Celofarebna publikacia v esteticky velmi
kvalitnom vyhotoveni na 230 stranach
a Styroch velkoformatovych prilohach
prezentuje paleotektonicky vyvoj cirkum-
-pandénskej oblasti v ramci Styroch evoluénych
$tadii — devonsko-spodnokarbénskeho
(variské predorogénne a predflySové
$tadium), vrchnokarbénsko-permského
(Stadium neskorovariskej molasy), stredno
a vrchnotriasového (inicialne stadium riftingu
Neotetydy) a strednojurského — Stadium
maximalneho rozSirenia Neotetydy. Pat
megatektonickych jednotiek (megateranov)
— ALCAPA, TISIA, DACIA, VARDAR, ADRIA-
-DINARIA - je charakterizovanych v ramci
uvedenych evoluénych S§tadii pomocou
typovych profilov a lokalit, s pouzitim
tektonickych a litostratigrafickych jednotiek
(skupin, formacii a ¢lenov). Redaktori
uprednostnili alternativu €lenit publikaciu
podla evoluénych §tadii a v ramci kazdého
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Stadia charakterizovat jednotlivé megaterany
¢i menSie terany a jednotky osobitne
pred alternativou ¢lenit publikaciu podla
megateranov a charakteristiku kazdého
megateranu prezentovat sukcesivne v ramci
jeho evolucie. V kazdom pripade si v su¢asnej
podobe publikacie moze Citatel najst potrebné
informacie o oblasti svojho zaujmu, pricom sa
pri sledovani jej evolticie musi chronologicky
posuvat po jednotlivych kapitolach.

Publikaciu pred vydanim posudzovalo pat
recenzentov: Jan Golonka (Polsko), Jindfich
Hladil (Cesko), Gyorgy Less (Madarsko),
Jozef Michalik (Slovensko) a Stefan Schmid
(Svajciarsko).

Monografia pozostava zo Siestich
kapitol. Jednotlivé kapitoly (okrem predslovu
a uvodnej kapitoly) obsahuju aj abstrakty,
ktoré umoznuju Citatelovi lahSiu orientaciu.
Kazda kapitola ma samostatné ¢islovanie
obrazkov a je ukonéena rozsiahlym zozna-
mom citovanej literatury. Jednotlivé kapitoly
vytvaraju uzavreté celky, obcas s pozorovatel-
nym rukopisom ich zostavovatela, a mierne
sa odliSuju aj v grafickom stvarneni (v nie-
ktorych kapitolach obrazky obsahuju len
Cislo bez sprievodného popisu, pripadne
sa nevyskytuje Cislovanie tabuliek). Velkym
prinosom je 223 litostratigrafickych kolénok.
Ich pozicia v popisovanych teranoch je v ramci
kazdej kapitoly osobitne znazornena bodom
v schematickej mapke cirkum-pandnskej
oblasti. Litostratigrafické koldonky tak
predstavuju zakladny faktograficky material,
o ktory sa opiera predkladana teranova
analyza (popri bohatych skusenostiach
a erudicii kolektivu autorov a zostavovatelov).

Prva kapitola — Filozofia teranov
a aplikacia teranovej koncepcie v cirkum-
-pandénskom regione — oboznamuje Citatela
s histériou teranovej koncepcie. Teran je
v monografii definovany v zmysle pévodnej
prace autorov Keppie a Dallmeyer (1990) ako

Uzemie charakterizované internou kontinuitou
geologickej stavby (vratane jeho stratigrafie,
fauny, Strukturnej stavby, metamorfnej evolucie,
petrolégie vyvrelych hornin, metalogenézy,
geofyzikalnych vlastnosti a paleomagnetic-
kych zdznamov). Teran je ohrani¢eny zlomami
alebo zénami melanzi, reprezentujucimi
trencové komplexy alebo suturné zény, za
ktorymi mézu mat susediace terany rozdielny
geologicky zaznam, ktory nie je vysvetlitelny
facialnymi zmenami (napr. exotické terany),
alebo m6zu mat podobny geologicky zdznam
(napr. proximalne terany), ale takéto terany
sa liSia pritomnostou oddelujucej hranice
v podobe pochovanejoceanskej litosféry. Teran
vo vSeobecnosti reprezentuje blok zemskej
kory, ktory je ohrani¢eny zlomami (resp.
diskontinuitami) a ktorého rozdielny charakter
v porovnani so susednymi blokmi zemskej
kory nie je vysvetlitelny lateralnymi prechodmi
sedimentarnych facii ¢i metamorfnej historie,
alebo tektonickych Struktur a pod.. Teran
vznika tektonickou separaciou kérovych blokov
z ich pévodnej geologickej pozicie v désledku
riftingu alebo posuvmi na striznych zénach
(v oboch pripadoch sa popri translaénom po-
hybe méze uplatnit aj rotacia). Premiestriovanie
takého bloku konéi jeho amalgamaciou alebo
akréciou k inej Casti kontinentalnej kory
v novej geologickej pozicii. Vysvetlujuci text
o teranovej koncepcii pre slovenského Citatela
publikoval davnejSie Grecula (1992), pricom
sa opieral aj o vys$Sie uvedenu definiciu.
Teranova koncepcia vznikla pri zapadnom
pobrezi Severnej Ameriky, kde nebolo mozné
vysvetlit nejednotnu priestorovu distribuciu
exhumovanych zvysSkov ocednskej kory
klasickou platriovo-tektonickou koncepciou
(jednoduchym otvaranim a zatvaranim bazé-
nov s oceanskou kérou). Podobna situacia
— rozna distribucia reliktov oceanskej kory
z p6vodného severozapadného ukoncenia
Neotetydy — bola v cirkum-panédnskom
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priestore zistenda v susedstve dinaricko-
-vardarskej (bosniansko-srbskej) zény.

Druha kapitola — Devénsko-karbénske
predflySové a flySové prostredia v cirkum-
-pandnskom regiéne — pozostdva z troch
podkapitol. V prvej podkapitole — Devénsko-
-karbdnske sedimentarne sekvencie v cirkum-
-pandnskej oblasti — autori popisuju jednotlivé
terany megateranu ALCAPA (Vychodné Alpy
a Zapadné Karpaty — ZK), Pelsonsky kompozitny
teran (terany pohori Szendrd, Bikk a Uppony,
Transdanubsky a Zagorje-Strednodanubsky
teran), megaterany TISSIA a DACIA vo
Vychodnych Karpatoch a Karpato-Balkanidy
vychodného Srbska a Bulharska, megaterany
VARDAR a ADRIA-DINARIA (Dinaridy
a vychodné Juzné Alpy). V druhej podkapitole
— RekonStrukcia a vztahy medzi oblastami
s devoénsko-karbénskymi faciami — sa pri
hodnoteni oblasti konstatuje zna¢né rozsirenie
variskych stredno a vysokostupfiovych
metamorfitov, ¢asto prestupovanych syn-
a post-orogénnymi granitoidmi typu | a S.
Povaha protolitov tychto metamorfitov a ich
prislusnost k jednotlivym geotektonickym
cyklom v sucasnosti eSte nie su spolahlivo
vysvetlené. Takéto jednotky boli zaradené
do Mediterannej krystalinickej zony a Ciastocne
do Moldanubickej a Mediannej krystalinickej
z6ny. Nemetamorfované alebo nizkostupriovo
metamorfované paleozoické jednotky vo vse-
obecnosti za€inaju v ordoviku a ich pévodné
podlozie nie je zname. Pre interregionalne
korelacie autori publikacie povazuju za do6-
lezité neskoroordovické porfyroidy, silurske
morské klastika a vulkanoklastika, bazické
alkalické vulkanity, Cierne bridlice, lydity
a vapence, ktoré zacali prevladat vo vrchnom
silure. Iné stratigrafické alternativy autori
publikacie neuvadzaju, aj ked v podani inych
(v monografii autorsky nezahrnutych) bada-
telov boli prezentované. Devonsko-karbonska
predflySova sedimentacia je tvorena hlavne
karbonatickymi a klastickymi sekvenciami
Selfu a pasivneho kontinentélneho okraja.
Podkapitola charakterizuje jednotlivé paleo-
prostredia: devonsko-spodnokarbdnske
predflySové prostredia, devénsko-karbonske
siliciklastické turbiditické prostredia, karbonske
predhlbne a zvySkové bazény (zéna Veitsch-
-Nétsch-Szabadbattyan-Ochtind). Tretia ¢ast
— Paleogeograficka rekonStrukcia, diskusia
a zavery — prezentuje paleogeograficki zonaciu
na zaklade stratigrafickych, sedimentarnych,
orogenickych a metamorfnych kritérii. Pri
hodnoteni orogénnych udalosti sa popri
sklasickych® orogénnych fazach (breténskej,
sudetskej a asturskej) zdéraziiuje aj
zavedenie carnskej fazy medzi neskorym
serpuchovom a spodnym moskovianom. Vznik
teranov sa vysvetluje dvoma koncepciami:
V prvom pripade sa Casti teranov derivovali
zo strednopaleozoickej oceanskej domény
medzi Laurusiou a Gondwanou a zo sever-
ného okraja Gondwany. Akretovanie tychto
teranov k aktivnemu okraju Laurusie poc¢as
devoénu/spodného karbénu je pociatkom
variskej orogenézy, ktora pokracovala
koliziou typu kontinent/kontinent v désledku
nepretrzitého pohybu Gondwany na sever.

Daléi v monografii uvadzany model pred-
poklada pocas spodného paleozoika relativne
stabilné epikontinentalne more, ktoré bolo
neskdér porusené Sikmym pravostrannym
prienikom riftu. Vytvorenim novej vetvy
Paleotetydy sa od Gondwany odseparovala
karnicko-dinaricka litosféricka platia, ktora
neskor skolidovala s centralnou Eurdpou.
Po kulminacii variskych tektonometamorfnych
udalosti v pensylvaniane sa cirkum-panénsky
region stal sucastou megakontinentu Pangea,
a bol situovany na sever a zapad od zalivu
Paleotetydy, ktora bola v tom Case este stale
otvorena smerom na vychod.

Z pohladu Zapadnych Karpat sa
kapitola orientuje na region gemerika, kde
uvadza oceansku kéru klatovského teranu
a ensimaticky ostrovny obluk, situovany
na zaoblukovej oceanskej kére v pripade
rakoveckého teranu. Juhogemericka gelnicka
skupina a $téske suvrstvie sa interpretuju
dlhotrvajucim flySovym predoblukovym bazé-
nom, spojenym s aktivnym kontinentalnym
okrajom. Cast Mediterannej krystalinickej
zény v Zapadnych Karpatoch bola tvorena
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vrchnodevonsko-spodnokarbonskymi tekto-
nitmi v koliznej zéne so suturou medzi
zapadokarpatskou krys$talinickou zoénou
a severogemerickou zénou amalgamaciou
klatovského a rakoveckého teranu v spiSskom
kompozitnom terane (Vozarova a Vozar, 1996).
Po tejto amalgamacii zacala sedimentacia
ochtinskej skupiny (hradocké, ¢rmelské
a lubenicke suvrstvie). Iné zapadokarpatské
spodnopaleozoické sekvencie (napr. z Malych
Karpat) v tejto kapitole nie su uvadzané.
Tretia kapitola — Neskorovariské
(karbonske a permské) paleoprostredia
v cirkum-pandénskej oblasti — popisuje
pensylvaniansko-cisuralianske neskoro-
a post-orogénne prostredia, ktoré sa
vyvinuli z vrchnobaskirsko-moskovianskeho
ranomolasového Stadia a prechadzali
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do guadalupiansko-lopingianskeho post-
-orogénneho $tadia s postupnym prepojenim
na pociatok alpinskeho (neotetydneho)
sedimenta¢ného cyklu. Plytkomorské
siliciklastické a karbonaticko-siliciklastické
sekvencie boli ulozené vo vnutornych
pasmach variskej orogénnej zoény,
prekryvajuc bud metamorfity variského
fundamentu, alebo slabo deformované
a metamorfované predhlbriové a synorogénne
flySové sedimenty mississipienskeho
a spodnopensylvanienskeho veku. Variska
litosféra bola reaktivovana novym riftingom.
Podla sucasnej konfiguracie sa usudzuje,
ze alpinska neotetydna transgresia pro-
gradovala poc¢as guadalupianu/lopingianu
Vv juznej Casti regiénu a poc¢as spodného triasu
v jeho severnej Casti.

Strukturne fragmenty novovytvorenej
variskej kory boli zakomponované aj do
jednotiek paleoalpinskych Zapadnych
Karpat. V publikacii je aplikované ¢lenenie
alpinskeho zapadokarpatského fundamentu
v zmysle Vozarovej (1998): krystalinicka
zéna centralnych Zapadnych Karpat,
severogemericka zona a kryStalinicka zéna
vnutornych Zapadnych Karpat. Relikty tychto
variskych kérovych fragmentov su zachované
v hlavnych alpinskych kérovych prikrovoch
vratane ich povariskych obalovych sekvencii.
Casti krystalinického fundamentu obsiahnuté
Vv krystalinickej zone centralnych Zapadnych
Karpat su pritomné v tatriku, severnom
a juznom veporiku, zempliniku a hroniku.
V publikacii su podrobne charakterizované
a im je venovana cast litostratigrafickych
profilov. V severogemerickej zéne lezia
bazalne polymikiné zlepence na réznych
litologickych ¢€lenoch mississipienskej syn-
-orogénnej sekvencie a predkarbénskych
teranov — klatovského a rakoveckého
(spi§sky kompozitny teran). V ramci
kry$talinickej zony vnitornych Zapadnych
Karpat su neskorovariské paleoprostredia
charakterizované vo fundamente juzného
gemerika (gelnicky teran; roznavské
suvrstvie), v prikrove Borky (meliatiku)
a v turnaiku (prikrov Slovenskej skaly).

Podkapitola Depozicné a geodynamické
domény v cirkum-panodnskej oblasti v obdobi
pennsylvanien-perm uvadza uzavretie
variského subdukéného systému a naslednu
dezintegraciu variského vrasového pasma,
ktoré boli pravdepodobne désledkom
kombinacie pravostranného strihu, gravi-
taéného kolapsu zhrubnutej kéry a moznej
zaoblukovej extenzie suvisiacej so zostrmenim
k severu upadajucej paleotetydnej subdukénej
z6ny. Pravdepodobnym mechanizmom tychto
pochodov bol pravostranny posun okraja
Gondwany vodi Laurusii. Po¢as intenzivnej
kérovej reekvilibracie a reorganizacie
v povariskom obdobi v transtenznom a trans-
presnom rezime dochadzalo k subsidencii
medzihorskych bazénov. Hibokokérova frak-
turdcia iniciovala intruzivnu a extruzivnu
magmaticku aktivitu s variabilnym chemickym
zlozenim — kontinentalne tholeiitické andezity
a bazalty, vapenato-alkalické a alkalické kyslé
a intermediarne vulkanity a ich vulkanoklastika.
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Stvrtd kapitola — Triasové paleo-
prostredia v cirkum-panénskom regiéne
vo vztahu k inicialnemu riftingu neotetydy
— prinasa pre Citatela velmi uzito¢ny prehlad
tektonostratigrafickych teranov a jednotiek
v cirkum-panénskom regiéne vo vztahu
k triasovému a jurskému obdobiu. Je tu
preukazné, Ze terany sa podstatne lahSie
definuju smerom do recentu, kym pri popise
teranov zo starSich obdobi vznikaju problémy
pre zastretie litotektonickych vztahov
mlad$imi prepismi, ¢i relokaciou. Kapitola
prinaSa ucebnicovy priklad premiestnenych/
exotickych teranov v popisovanej cirkum-
-pandnskej oblasti — podobnych, aké boli
dévodom zavedenia teranovej koncepcie na
zapadnom pobrezi Severnej Ameriky. Ide
o vystupovanie dinarickej zoény Zagorje-Bukk
v pozicii na sever od zagrebsko-zemplinske;j
linie, pricom zéna Mecseka eurdpskej
proveniencie vystupuje v su¢asnosti na juh
od linie.

V kapitole je nasledne zaradena pod-
kapitola o evolu€nej histdrii. V zavere variskej
orogenézy a po vytvoreni superkontinentu
Pangea bola zapadna c¢ast prototetydnej
domény uzavreta. Napriek tomu na vychod od
sucasnych dinarickych jednotiek bol pritomny
zaliv oceanu Panthalassa, ktorého indikacie
boli zistené vo vardarskej zéne. Postupny
rifting tejto oceanskej domény smerom na
SZ dosiahol v strednom triase dinaricko-
-karpatsko-alpsku oblast. Juzny (adriaticko-
-apulsky) okraj novovytvoreného bazénu
tvorila pévodna variska carnicko-dinaricka
mikroplatha a severny (eurdpsky) okraj
vytvarali moldanubicka zéna a mediteranna
krystalinicka zéna. Na pociatku stredného
triasu boli prilahlé peritetydne kontinentalne
zény zaplavené progradujicim neotetydnym
morom, pricom podla zachovanej polarity facii
su v cirkum-pandnskej oblasti identifikovatelné
viaceré premiestnené terany.

V ramci tejto podkapitoly prezentovana
tabulka objasnuje teranové vztahy, ktoré
v predchadzajucich kapitolach (2 — 3)
mohli uniknut hibSiemu pochopeniu, alebo
interteranové vztahy boli zastrené neskorSou
evoluciou. V kazdom pripade je narocnost
problematiky zvyraznena velkym mnozstvom
teranov a jednotiek uvedenych v zozname:

Megateran ALCAPA: Vyclenené su
penninicky teran (pre jurské a kriedové
obdobie), austroalpinsko-zapadokarpatsky
kompozitny teran, pozostavajuci z 9
jednotiek, priom v ramci jednej z nich
— pasma hallstattskych facii — boli vy¢lenené
3 zoény, a tiez tatro-veporicky kompozitny
teran, pozostavajuci zo Siestich jednotiek
— pieninské bradlové pasmo (pre jursko-
-kriedoveé obdobie), tatrikum, veporikum,
zemplinikum, hronikum, silicikum. Dalej bol
v megaterane ALCAPA vyéleneny kompozitny
teran Pelso, pozostavajuci z teranu Bakonyia
a kompozitného teranu Gemer-Blkk-Zagorje
(tento pozostava z dalSich 26 jednotiek).
Podobne prehladné je ¢lenenie dalSich
megateranov: ADRIA-DINARIA pozostava
z juhoalpinskych, adriatickych a dinarickych
jednotiek (posledné dve menované su
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detailnejSie ¢lenené na dalSie tri jednotky
nizSieho radu). Megateran VARDAR je
¢leneny na Sest jednotiek, megateran TISSIA
na dalSich desat jednotiek a megateran
DACIA je detailne ¢leneny na 4 terany a 19
jednotiek vo vychodnych a juznych Karpa-
toch. Terany TISSIA a DACIA su v textoch
publikacie detailne rozélenené, ale pri
grafickom vyjadreni v obrazkoch su spociatku
uvadzané spolu (prvé grafické odélenenie
tychto teranov v publikacii je na obr. 4
na str. 92). V opisovanej kapitole je velkym
prinosom 81 litostratigrafickych kolénok.

Kompozitny teran Gemer-Blkk-Zagorje
je zaradeny do kompozitného teranu Pelso
(Pelsonia), t. j. mimo zapadokarpatského
tatro-veporického kompozitného teranu.

Piata kapitola — Jurské prostredia
v cirkum-pandénskej oblasti — popisuje
terany vzniknuté pri su¢asnom uzavreti
najzapadnejSej ¢asti neotetydneho oceanu
a otvoreni piedmontsko-penninického oceanu
ako vychodného pokradovania raného
Atlantického oceanu v zapadnej mediterannej
oblasti. Naslednym uzatvorenim oboch ocean-
skych domén od vrchnej kriedy a boénym
premiestnenim plathovych fragmentov boli
jurské sekvencie transportované mimo ich
pévodnych sedimentacnych oblasti, ¢o viedlo
k zna¢nym paleogeografickym zmenam.

Gravitatné a seizmické modelovanie
v karpatsko-pandnskej oblasti (Siesta
kapitola) je popri litotektonickej analyze pri-
spevkom pri uréovani priestorovej distribucie
jednotlivych teranov a poskytuje treti (verti-
kalny) parameter kérovo-plastovych rozhrani.
Gravitaéné anomalie boli interpretované
v severnej Casti cirkum-pandnskej oblasti
s vyuzitim unifikovanej databazy participuju-
cich Statov. Teplotna Struktura litosféry bola
Studovana pozdlz deviatich transektov cez
Zapadné a Vychodné Karpaty, Pandnsky
bazén a Eurdpsku platformu. Na baze novych
seizmickych merani bol vytvoreny 3D hustotny
model. Teplotné a hustotné parametre naj-
vrchnejsSieho plasta boli uréené za pomoci
kombiné&cie petrologickych, mineralogickych
a geofyzikalnych dat. Kapitola poskytuje tiez
informacie o bouguerovych gravitaénych
anomaliach z projektu CELEBRATION 2000,
modely litosféry pozdiz piatich profilov, mapu
hrabok litosféry v cirkum-pandnskej oblasti,
hibku spodnych c¢asti sedimentacnych
bazénov a Moho diskontinuity, poziciu
rezidudlnych litosférickych anomalii a tiez
dvojrozmerné seizmické modely s geologickou
interpretaciou.

Vysledkom komplexného geofyzikalneho
modelovania bolo zistenie mensich rozdielov
medzi hrubkou litosféry pod Eurdpskou
platformou a Panénskym bazénom. Naopak,
velké rozdiely v hrabke litosféry boli zistené
pozdlz Zapadnych Karpat. Pod centralnou
a vychodnou c¢astou Zapadnych Karpat
hrubka litosféry dosahuje 140 — 150 km.
Hrubnutie litosféry sa interpretuje ako
dosledok pritomnosti reliktu subdukéného
kanala. Plocho leziaca vysokorychlostna
anomalia v spodnej ¢asti vrchného plasta
je intepretovana ako relikt subdukovanej
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litosfery, ktory sa ponara do hlbsieho plasta
pozdlz karpatského oblika. Hrubnutie
litosféry, zistené v centralnej a vychodnej €asti
Zapadnych Karpat, nebolo pozorované v ich
zapadnej Casti, ¢o sa vysvetluje rozdielnou
geodynamickou evollciou tejto oblasti
(frontalna kolizia sa smerom na zapad menila
na transpresiu a lavostranny strizny posun).
Petrologicka analyza vrchnoplastovych
xenolitov potvrdzuje v prostredi Panénskeho
bazéna vyrazny vyzdvih plasta (50 — 60 km).

Kedze aplikované metodiky su orien-
tované viac na regionalne kérovo-plastové
vztahy nez na vertikalne rozhrania, z pocho-
pitelnych dévodov sa v kapitole pouziva
skor platiovo-tektonicka terminolégia, nez
teranova. Autori kapitoly zdéraziuju exaktné
dolozenie tretohorného nasunu flySovych
sekvencii na karpatsku predhlber a Europsku
platformu. Hrubka nasunutej flySovej zény
Zapadnych Karpat spolu s paleozoickym
platformnym pokryvom je extrémna (23
az 25 km). Kolizna zéna medzi Eurépskou
platformou a mikroplatfiou ALCAPA obsahuje
Specificky typ kéry, oznageny ako pieninska
kéra. Pieninské bradlové pasmo popri tom,
ze oddeluje Vnutorné a VonkajSie Zapadné
Karpaty, reprezentuje hlboko zakorenené
rozhranie medzi skolidovanou mikroplatiou
ALCAPA a Eurdpskou plathou.

Zaverom je potrebné skons$tatovat, Ze
hodnotenda monografia predstavuje dielo,
ktoré patri do kniznice kazdého regionalne,
tektonicky a sedimentologicky profilovaného
geoldga. Teranoldgia je modernou nadstavbou
platfiovej tektoniky. Vychadza z postulatov
konvergentnosti, a predovSetkym z lateralnych
posunov na hlbokokérovych striznych
zénach. Poskytuje vysvetlenie pre recentne
susediacu poziciu ¢asto vzajomne exotickych
litosférickych blokov. Hodnotena publikécia si
bez nadsadenia zasluzi privlastok regionalna
geoldgia cirkum-pandnskej oblasti pre 3.
tisicrocie.
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GREGEROVA, M. a kolektiv: Petroarcheologie keramiky v historické minulosti Moravy
a Slezska. Masarykova univerzita, 2010.
Review of the publication M. GREGEROVA et al.: Petroarcheology of the ceramics in the historical
past of Moravia and Silesia. Masaryk University, 2010.

Abstract: Contribution reviews the monograph, which, applying the results of petrographic and petrological methods, presents the mineral
and chemical composition as well as the microstructure of archeological ceramics from selected localities of Moravia and Silesia.

Key words: petroarcheology, technology, ceramics, Moravia, Silesia

Monografia bola vydana v ramci
projektu zameraného na vyskum
socialnych S&truktur praveku az
stredoveku s interdisciplindrnym
pristupom spajajucim v sebe poznatky
archeoldgie a geoldgie. Kniha je
urena pre odbornikov pésobiacich
v oblasti materialovych vied, ako aj pre
SirSiu Citatelsku obec, ktora sa zaujima
o vnutorny svet archeologickych kera-
mickych materidlov. Publikacia je zosta-
vena tak, aby v zrozumitelnej forme
spristupnila zékladné udaje o horninovej
podstate, t. j. podava informacie o mikro-
stavbe, mineralnom a chemickom
zloZzeni archeologickej keramiky na
zaklade aplikovanych petrologickych
identifikaénych metdd. Osnova knihy
pozostava z troch kli€ovych c¢asti.
V Uvode su definované zakladné po-
znatky o petroarcheologickom vyskume
keramiky, rozdiely medzi petro- a geo-
archeoldgiou, vratane stru¢ného opisu
aplikovanych analytickych metod Studia
keramiky. Samostatna kapitola je
venovana historickej keramografii, ktora
je povazovana za vSeobecnu disciplinu
Studia keramiky. Autori uvadzaju, ze
podla Ottovej encyklopédie je vyznam
pojmu keramografia, resp. keramografika
definovany ako malba na povrchu
hlinenych nadob, vratane porcelanu.
Obsahom tejto kapitoly je definovanie
hlavnych keramickych surovin, ich
rozdelenie na plastické zeminy a ne-
plastické ostriva, spolu s pomocnymi
surovinami (plastifikatory, materialy
zlahéujuce keramiku, keramické
pigmenty, povrchové materidly — engoby
a glazury). Podrobne je opisana techno-
I6gia vyroby keramiky. Nasledujuca
kapitola je venovana petroarcheoldgii
keramiky z pohladu charakteristiky
metdéd Studia — od polarizaénej
mikroskopie, cez SEM, elektrénovu
mikroanalyzu, rtg. difraktometriu, rtg.
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fluorescenénu a termicku analyzu,
metddy zalozené na luminiscencii
a radioaktivite mineralov, po moderné
analytické metddy, ako su instrumentalna
neutrénova aktivaéna analyza, laserova
ablacia, infraervena a ramanova
spektroskopia, atémova emisna a ab-
sorp€na spektroskopia, hmotnostna
a mossbauerova spektroskopia.
Metodiku dopifia vyuzitie separaénych
metdéd a magnetickej susceptibility
mineralov. Samostatna podkapitola je
venovana principom mikroskopického
Studia keramiky (petrograficky opis).
Autoriuviedli zakladné optické a fyzikalne
vlastnosti mineralov z plastickych
a neplastickych surovin, vratane ostriva
tvoreného ulomkami technolitov (trosky
z vysokych peci a produkty spalovania
pevnych paliv). Nosnu kapitolu tvoria
opisy archeologickej keramiky z vy-
branych lokalit Moravy a Sliezska.
Z petroarcheologického hladiska su ana-
lyzované keramické artefakty z Mikulic

a Pohanska, grafitova a sludova,
brnenska, loStickda a habanska
keramika.

Textovl ¢ast monografie dopifiaju
fotografické prilohy so zakladnymi
druhmi mikrostavieb archeologickej
keramiky. Sucastou priloh su aj
fotografie hlavnych typov keramiky
podla prevladajuceho ostriva (piescita,
sludovd, grafitovd keramika) spolu
s fotodokumentaciou ilovych mineralov
tvoriacich zaklad plastickych surovin
a mineralov podielajucich sa na
tvorbe ostriva (kremen, zivce, sludy,
chlority, olivin, mineraly serpentinovej
skupiny, amfiboly, pyroxény, granaty,
turmaliny, alumosilikaty, zirkén, rutil,
titanit a i.). Autori uviedli aj fotografie,
na ktorych ostrivo reprezentuju klasty
hornin (granitoidy, syenity, andezity,
pieskovce, silicity, vapence, fylity, ruly,
amfibolity a i.). Ocenujem precizne
vytvorené fotografické prilohy spolu
s obrazovou analyzou porovitosti
piesc¢itych keramickych artefaktov
z Pohanska a Mikul€ic. Efektne pdsobia
farebné vysokoteplotné rtg. difrakéné
3D z&znamy.

Zaverom konstatujem, ze 14-Clenny
autorsky kolektiv podielajici sa na
tvorbe monografie pod vedenim doc.
Gregerovej vytvoril textovo a graficky
precizne prepracované vedecké dielo,
ktoré svojim komplexnym spracovanim
problematiky petroarcheolégie keramiky
je prvé svojho druhu v Ceskej republike.
Dufam, ze si najde svoju Citatelsku
skupinu, ktora rovnako ako ja oceni
vynalozené usilie autorov, odrazajuce
sa vo vysokej kvalite knizného diela.
Publikaciu je mozné objednat cez inter-
net v obchodnom centre Masarykovej
univerzity (http://is.muni.cz/obchod/
baleni/36800).
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IKronikaletjubilee!

Na 70. narodeniny RNDr. Jana Mella, CSc.

Greetings to 70th birthday of RNDr. Jan Mello, CSc.

Nas kolega a priatel J. Mello
oslavil 16. 4. 2011 sedemdesiate
narodeniny. Ani sa nechce verit,
Ze aj tento geoldg uz prestupuje
do uctyhodného stavu seniorov.
Jubilant sa narodil v obci Velka
Lehotka, v dedinke podla mena
velkej, ale v skuto€nosti malej.
Ved na geologickej mape Vtacnika
a Hornej Nitry uz jej meno nie je
zaznamenané. Tato dedinka, dnes
¢ast Prievidze, sa nachadza v ob-
lasti ¢ulej banskej €innosti. Toto
prostredie asi pésobilo motivacne
a inspirativne, ked sa Janko stal
Studentom geoldgie na Strednej priemyselnej Skole geologickej
a banickej v SpiSskej Novej Vsi a potom na Prirodovedeckej
fakulte UK v Bratislave v odbore uzita geoldgia. Poznatky
v odbore, ktory vystudoval, v praxi mimoriadne vyuzil, lebo
od zaciatku az do konca odbornej kariéry sa venoval najma
geologickému mapovaniu a regionalnej geoldgii, predovsetkym
vnutornych Zapadnych Karpat. Od zaciatku som mal prilezitost
sledovat, povedané moderne monitorovat, kde a ¢o robil
a z Gasu na ¢as s nim aj spolupracovat, pretoze objekty nasho
zaujmu boli niekedy teritorialne alebo tematicky blizke.

S jubilantom som sa zoznamil ako oponent jeho diplomove;j
prace tykajucej sa geologickej stavby vychodnej Casti
Choéskych vrchov. Ako adept geoldgie uz vtedy preukazal
grif pri geologickom mapovani. Mapa, ktoru vtedy zostavil,
sCasti aktualizovana, je sucastou Geologickej mapy juznej
a vychodnej Oravy 1 : 50 000.

Po néstupe do sluzieb GUDS (1965) bol J. Mello povereny
geologickym vyskumom a mapovanim Slovenského krasu,
regiénu, ku ktorému sa vracal az do konca aktivnej kariéry.
Uloha, ktorou bol povereny, nebola jednoducha. Viedy eéte
len zacinajuci geoldg nesiel do ,panenského” terénu, v ktorom
vSetko, ¢o uvidi, je objavné, ale do takého, ktory pred nim
v8estranne skumali mnohi madarski a ¢esko-slovenski
odbornici.

Z mezozoika tohto terénu postupne zostavil moderné
geologické mapy v mierke 1:25 000. Mapované litostratigrafické
jednotky dosledne dokladal biostratigrafickymi udajmi. Tym
preukazal schopnost zapojit do vyskumu okruh $pecialistov,
bez ¢oho moderny vyskum neméze byt uspesny.

Vysledky dlhoro¢ného geologického mapovania a inych
Specializovanych vyskumov su obsiahnuté v mnozstve jeho
publikovanych €lankov, ale aj prac inych autorov rézneho
zamerania. Okrem iného boli uverejnené aj vo forme tlacenej
Geologickej mapy Slovenského krasu 1:50 000. Jej redaktorom,
ale aj spoluautorom je J. Mello. Na mape okrem gemerika figuruju
eSte hlavné tektonické jednotky, ktoré sa do r. 1973 povazovali
za jeden vrstvovy sled, obal paleozoika gemerid. Jedna
z nich, meliatikum, ma hibokovodny oceansky pévod, ostatné

v priliehajucich bazénoch, viac alebo menej plytkovodnych.
Silicky prikrov je reprezentantom sedimentacie karbonatickej
platformy. Superpozicia zmapovanych tektonickych jednotiek,
demonstrovanych aj v geologickych rezoch, je nesporna.
Protireciva je interpretacia palinspastického usporiadania
bazénov zo sedimentoy, z ktorych existujuce tektonické jednotky
vznikli. Tieto rozdielne nazory vébec nezmenSuju vyznam
30-ro&ného obdobia vyskumov zavisenych vydanim geologickej
mapy a vysvetliviek. Tato etapa vyustila do netuSeného
poznania, Zze zo sedimentarnych bazénov v priestore buducich
vnutornych Zapadnych Karpat vznikla rozsiahla vrchnojursko-
-spodnokriedova kimerska tektonicka sustava. Geologicka
stavba Slovenského krasu je iba reliktom z nej. Samozrejme,
takyto vysledok je dielom celej plejady roznych odbornikov, ale
je nesporné, ze nas jubilant bol jeho hlavnym architektom.

Vieme, Ze p6vodne kimerska vrasovo-prikrovova sustava
Slovenského krasu sa nekonéi na hraniciach Slovenska, ale je
sucastou tektonického systému na vychode vnutornych Karpat.
Z iniciativy J. Mella a G. Lessa vznikol kolektiv slovenskych
a madarskych geoldgov, ktory pod ich vedenim zostavil
Geologickt mapu gemersko-bliikkskej oblasti (Geological map
ofthe Gemer-Blikk area) v mierke 1:100 000, doplnenu viacerymi
geologickymi rezmi. Tuto mapu vydal Madarsky geologicky
ustav (2004) a na publikovanie sa pripravuju aj vysvetlivky k nej.
Mapa predstavuje skvelé moderné dielo sumarizujuce vysledky
geologickych vyskumov viacerych generacii. Nepochybne bude
v buducnosti diho sluzit ako baza pri Uvahach ¢&i Spekulaciach
0 geoldgii tohto zlozitého tektonického uzla. NaSmu jubilantovi
blahozelame k tomu, ze je medzi zostavovatelmi tohto diela
a jednym z jeho iniciatorov a hlavnych redaktorov.

Geologicka mapa Slovenského raja, Galmusu a Hornadskej
kotliny je dalSia mapa z radu regionalnych map 1 : 50 000, ktorej
redaktorom bol J. Mello. Aj tento region patri do skupiny tych
zlozitych. Ved su to reprezentanti veporika, gemerika, meliatika,
hronika a silicika a tzv. poprikrovovych sedimentov — gosauska,
a najma podtatranska skupina. Na tejto mape nie su také udaje,
ktoré by protire€ili kartografickym poznatkom nazhromazdenym
za poslednych zhruba 50 rokov. Niektoré z nich vSak treba
aktualizovat. Hlavny redaktor mapy pri vymedzovani prikrovov
silicika to nemal jednoduché. Vyplyva to aj z nasledujuceho
textu z vysvetliviek k mape (J. Mello et al., 2000, s. 188):
,VyClenenie tejto tektonickej jednotky... méZe byt pre zastancov
odvodzovania geologickej stavby z kvalitnej geologickej mapy
provokaciou, pre zastancov metédy, Ze do terénu treba ist
uz s jasnou predstavou, ktort treba len potvrdit, satisfakciou.
Faktom je, Ze vyclenenie stratenského prikrovu silicika v tomto
tzemi,najmé jeho oddelenie od jednotky gemerika, nevyplynulo
z geologického mapovania, ale z hypotézy, Ze tak to musi byt"
Nemam umysel spochybnit existenciu tektonickej jednotky
silicika v uzemi zobrazenom na tejto mape. Jeho hranica
s gemerikom, vedena medzi Novoveskou Hutou a Teplickou
alebo na vychodnom svahu Galmusu, t. j. medzi gemerikom
a prikrovom Galmusu, v8ak nie je akceptovatelna. Ved je vedena
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v kontinuitnom vrstvovom slede spodného triasu, zhruba medzi
bodvasila§skymi a szinskymi vrstvami. Geologicka mapa
a vysvetlivky k nej si cennym materidlom, ktory sa da vyuzit tak
pri rieSeni regionalnej geoldgie vnutornych Zapadnych Karpat,
ako aj v problematike lokalnej geoldgie.

Geologicka mapa Stredného PovaZzia (2005) je posledna
z radu regionalnych map 1 : 50 000, ktorej hlavnym redaktorom
bol J. Mello. Pravdepodobne ide o ploSne najrozsiahlejSiu
mapu. Vyskytuju sa na nej najma tie tektonické jednotky, ktorym
sa hlavny redaktor predtym nevenoval. Napriek tomu zosuladil
a usmernil 12 zostavovatelov a publikovana mapa dosiahla
uroven ostatnych map. Zaznamenava stav poznatkov v ¢ase jej
zostavovania. Pokial ide o flySové pasmo a vnutorné Karpaty,
tie su spracované tak, ze ich syntéza odola ¢asu. Ina situacia je
v pasme, ktoré sa tradi¢ne oznacuje ako bradlové, a zrejme to
tak bude aj v buducnosti. Z urovne syntézy sa ako zranitelna
moze ukazat tektonicka prislusnost jednotiek, ktoré su
oznacené ako skupina s centralnokarpatskou afinitou — klapska,
drietomska a maninska jednotka. To vS8ak vObec neznizuje
hodnotu diela, lebo litostratigrafické subory tychto jednotiek
sU zmapované hodnoverne. Sporna je a aj v buducnosti méze
byt len predstava o ich palinspastickej pozicii v predgosauskom
obdobi a ich zaéleneni do bradlového pasma. Aj k tejto mape
moézeme redaktorovi zablahozelat. Vysvetlivky k tejto mape
sa pripravuju na vydanie.

Okrem spomenutych map je jubilant spoluautorom viacerych
regionalnych map v mierke 1 : 50 000, napr. Slovenského
rudohoria — vychod, Myjavskej pahorkatiny, Brezovskych
a Cachtickych Karpat, Rimavskej kotliny &i Vysokych Tatier.

Na prehladnych geologickych mapach mierky 1 : 200 000,
ktoré vysli tlac¢ou v r. 2008, je jubilant spoluredaktorom na liste
KoSice (37) a spoluautorom na listoch Banska Bystrica (36),
Zilina (26) a Trnava (35).

Moje skusenosti a spolupraca s jubilantom su velmi pestré.
S poteSenim spominam na zaujimavu atmosféru pri priprave
litofacialnych a paleogeografickych map Slovenska (1975),
na zostavovanie geologickej mapy Slovenska 1 : 500 000
a vysvetliviek (1996), ale najma na zjazd Slovenskej geologickej
spolo¢nosti v Trnave v r. 1980. Pri tejto prileZitosti sme
s nasSim priatefom J. Bystrickym pisali o problematike hronika
a gemerika v Malych Karpatoch a vo Viedenskej panve.
Na tuto tému su do dnesného dna protichodné nazory. V jednej
veci sa v8ak ukazal vtedajsi nazor J. Mella neomylny — v tom,
ze zapadne od poludnika Krslenice je medzi ,melafyrovou
sériou” a paleogénom bukovskej brazdy sled karbonatickych
litostratigrafickych jednotiek nie troch, ale len jednej tektonicke;j
jednotky. M6zeme ju nazyvat akokolvek a povazovat za hro-
nicku alebo gemericku (silicku). V nasom publikovanom reze
vapence oznacené ako raminské su v normalnom, a nie
v tektonickom nadlozi reiflinskych vapencov. Vtedy sme pre
absenciu nespochybnitelnych biostratigrafickych udajov verziu
J. Mella nepresadzovali, ale neskdr sa ukdzala nezvratna.
Aj vtedajsi postoj jubilanta sved¢i jednak o jeho skusenostiach
s identifikaciou triasovych platformovych a panvovych
sedimentov a ich paleogeografickych vztahov, jednak o znalosti
stavby vnutornych Zapadnych Karpat od Slovenského krasu
po Malé Karpaty.

J. Mello nadobudol na zaklade vlastnych skusenosti
poznatky aj o geologickej stavbe mimo karpatskych oblasti.

GECT TN

V r. 1982 — 1985 sa podielal na realizécii rozsiahleho
mapovacieho projektu v Tunisku. Zhodou okolnosti ho veduci
projektu poveril mapovanim saharskej platformy, kde v pahor-
katine Dj. Rehach pod Velkou Daharskou falézou na velkej
ploche su obnazené sedimenty triasu. Pravdaze, nie také, aké
mapoval doma, ale sedimenty germanskeho triasu. Tento trias
od r. 1912 skumali mnohi vyznamni geolégovia a jeho vrstvovy
sled bol velmi dobre stanoveny. Na uzemi juzného Tuniska boli
vy¢lenené 2 triasové sektory — severny a centralny. V prvom
je triasovy karbonaticky vyvoj velmi tenky a lezi diskordantne
na triasovych vapencoch Kirchau. V druhom je vrstvovy sled
od spodnotriasovych pieskovcov az po lias hruby a kontinuitny.
Nezvy€ajna diskordancia v severnom sektore sa od konca prvej
polovice nasho storoCia nazyva diskordancia Sidi Stout. Tak,
ako je v tychto koncinach zvykom, aj J. Mello preskumal kontury
litostratigrafickych jednotiek najprv na fotografickych snimkach.
Primapovaniv teréne zistil, Ze tzv. spodna evaporitova sekvencia
vrchnotriasového az liasového veku v skuto¢nosti pozostava
z 3 litostratigrafickych jednotiek nizSej tektonickej urovne. Spodnu
jednotku vrchnokarnsko-norického veku nazval ily a evapority
Mhrira, strednu jednotku rétskeho veku nazval dolomity Mesaudi
a vrchnd, liasovu jednotku pomenoval evapority Behir. Velmi
délezité bolo zistenie SoSoviek zlepencov na baze dolomitov
Mesaudi. Dalej smerom do severnej provincie dolomity uZ
nelezia na evaparitoch Mhrira, ale postupne diskordantne na
starSich a starSich ¢lenoch karbonatového triasového vrstvového
sledu a az v severnej provincii priamo nad pieskovcami Kirchau
(najma T4). To bol dbkaz, ze diskordanciu Sidi Stout v oboch
provinciach materializuju dolomity Mesaudi, ze diskordancia
spada zhruba na hranicu medzi norik a rét a neprerusene
pokracuje z jednej provincie do druhej. Bol to, nepochybne,
najvyznamnejsi poznatok celej mapovacej kampane.

Rad na tuto etapu spominam, lebo som mal prilezitost
sprevadzat J. Mella v teréne, a tak sa nalezite oboznamit
s tematikou triasu saharskej platformy, ale aj blizSie spoznat
zvlastny a pozoruhodny Zivot berberského a arabského
obyvatelstva tychto odlahlych kon¢in Tuniska.

Mily priatel, dufam, ze aj Ty si spomenie$S na leto 1982
a 1983, ked sme obfas kempovali takmer v ludoprazdnom
teréne, prezivali teploty vySe 40 °C a travili dost dihé siesty
v skalnych Strbinach kvesty Rehach, jedinom uto€isku pred
palivym slnkom, a o studenom napoji sme iba snivali. Pravdaze,
ina¢ to bolo cez vikendy, ked sme sa s rodinami a priatelmi
rekreovali na nadhernych plazach Gabeského zalivu.

Od cCasu, ¢o som sa s jubilantom zoznamil, ubehlo takmer
polstorocie. Vela sme spolu videli, poculi aj zazili. Je poteSujuce,
ze na$ jubilant vstupuje do stavu seniorov vo vybornej,
zavideniahodnej fyzickej aj psychickej forme. Blahozelam mu
k tomu a, samozrejme, aj do buducich rokov Uprimne prajem
aj v mene geologickej spolo¢nosti pevné zdravie, vela Stastia
a dlhy a prijemny zivot v kruhu rodiny a priatelov. Verim, Ze jeho
diela su a budu trvalym zdrojom cennych informacii a poucenia
pre milovnikov nasej profesie, najma regionalnej geoldgie.

Zivio mnoga letal

Anton Biely
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Za RNDr. Ing. Janom Burianom, CSec.

The remembrance of RNDr. Jan Burian, CSc.

Neuveritelne kratko po tom,
ako plny planov a predsavzati
do dalSich rokov oslavil v kruhu
rodiny osemdesiate vyroéie svojich
narodenin, nas v rannych hodinach
4. aprila 2011 navzdy opustil priatel,
dobry a vzacny ¢&lovek, vyborny
znalec metalogenézy neovulkanitov
Karpatsko-balkanskej sustavy
a popredny slovensky geoldg
v oblasti geoldgie rudnych lozisk,
RNDr. Ing. Jan Burian, CSc..

Narodil sa 23. februara 1931
vo Vrutkach. Po ukonéeni studii
na Gymnaziu v Martine — s vyzname-
nanim — v roku 1950 zacal Studovat odbor geoldgie, vyhladavania
a prieskumu rudnych lozisk na Vysokej Skole banskej vo Sverdlovsku
(dnesny Jeakterinburg) v Rusku. Vysokoskolské studia ukonéil
v roku 1955 uspeSnymi Statnymi zaverecnymi skuskami a obhajobou
diplomovej prace na tému Geologicka stavba a projekt podrobného
prieskumu polymetalického loziska Banskéa Stiavnica.

Kandidatsku dizertacnu pracu obhajil na Prirodovedeckej fakulte
UK v Bratislave v roku 1968 a v roku 1969 mu bol po uspeSnych
rigor6znych skuskach udeleny titul doktora prirodovedy.

Po ukonéeni vysokoskolskych studii zac¢al v marci 1955 pracovat
v narodnom podniku Zapadoslovensky rudny prieskum Turéianske
Teplice ako hlavny inzinier podniku. V rokoch 1957 — 1959 pésobil
na Urade Predsednictva Zboru poverenikov v Bratislave ako starsi
inzinier pre geologicky prieskum v utvare narodohospodarskeho
odboru, odkial na vlastnu Ziadost presiel pracovat do Geologického
ustavu D. Stura v Bratislave, kde pdésobil az do roku 1969. V rokoch
1959 — 1964 vykonaval funkciu namestnika riaditela Gstavu a nasledne
do roku 1966 pracoval ako expert na svetoznamom kubanskom
loZisku medi v Matahambre. Po navrate do vlasti bol do roku 1969
veducim oddelenia lozisk nerastnych surovin v Geologickom Ustave
D. Stura.

V roku 1969 sa stal zamestnancom narodného podniku
Geologicky prieskum Spisska Nova Ves, kde az do roku 1989 pracoval
najprv ako veduci Specialnej geologickej skupiny, neskér ako veduci
novozalozeného geologického Useku v Banskej Stiavnici.

Jeho odborné znalosti, vyborné organizaéné schopnosti,
predovSetkym vSak jeho ludské charakterové vlastnosti sa plne
prejavili v obdobi rokov 1990 — 1992, ked stél na cele slovenskej
geoldgie vo funkcii predsedu Slovenského geologického uradu. Pocas
jeho pOsobenia sa na urade vytvorila pozitivna tvoriva atmosféra
a pre pracu Ustredného geologického organu na Slovensku pod
jeho vedenim bola charakteristicka koncepénost, vysoka odbornost
a Ucta k slovenskej geologickej a banickej pospolitosti. Uplynulé roky
potvrdili, ze jeho odchod z tejto funkcie do starobného déchodku
bol predéasny a negativne ovplyvnil nasledujuci vyvoj slovenskej
geoldgie.

RNDr. Ing. Jan Burian, CSc. bol v rokoch 1959 — 1964 ¢lenom
vedeckej rady Prirodovedeckej fakulty UK v Bratislave, v rokoch 1990
az 1992 ¢lenom vedeckej rady Univerzity Komenského v Bratislave.
V rokoch 1963 — 1988 bol ¢lenom celostatnej Komisie pre klasifikaciu
zasob lozisk nerastnych surovin pri Urade vliady Ceskoslovenskej
federativnej socialistickej republiky. )

Podstatnu ¢ast svojho celozivotného usilia venoval prehlbeniu
geologického poznania SirSej oblasti Stiavnickych vrchov
a zhodnocovaniu jej rudného potencidlu. Pod jeho vedenim bol
v roku 1968 ukon¢eny projekt geologického vyskumu zamerany
na oblast Banskej Stiavnice, kde boli po prvy raz pouzité Strukturne
vrty do hlbky 1 500 m. Vysledky tohto vyskumu sa stali zakladom
pre nasledny rozsiahly geologicko-prieskumny program v oblasti
stredoslovenskych neovulkanitov. V rokoch 1970 — 1980 zostavil
so svojimi spolupracovnikmi rad projektov na realizaciu vyhladavania
novych zdrojov rud, z_ktorych je potrebné spomenut aspofi
porfyrové rudy Zlatno, Sementlov a Rudno — Brehy — Pukanec,
projekt komplexného zhodnotenia Stiavnicko-hodrusského rudného
obvodu — s pouzitim v tom ¢ase dostupnych najmodernejsich metéd
geofyziky a geochémie, Ci projekty zamerané na roz$irenie zasob rud
na tazenych Zzilach v Banskej Stiavnici a v oblasti Banskej Hodruse,
z ktorych sa viaceré realizovali az do zaciatku utlmu rudného
banictva na Slovensku v rokoch 1990 — 1991. K nim patril aj projekt
razenia Novej odvodriovacej $toIne, ktora odstranila jeden z limitov
pripadného buduceho rozvoja banictva v celej oblasti. Na jej priprave,
projektovani, realizovani a zhodnocovani vysledkov sa podielal
RNDr. Ing. Jan Burian, CSc. vyraznou mierou. Mnoho rokov
sa velmi aktivne zucastfioval na praci komisii RVHP, zameranych
na problematiku metalogenézy, zhodnocovania zdrojov rudnych
nerastnych surovin a na ich prognézy.

Vysledky jeho celozivotnej ¢innosti su zahrnuté v mnohych
nepublikovanych zavereénych spravach, vypocétoch zasob
a expertiznych posudkoch a v minimalne patdesiatich odbornych
a vedeckych pracach z oblasti metalogenézy vulkanitov a rudne;j
problematiky. O vyzname tychto vysledkov sved¢ia podnikové,
rezortné a Statne vyznamenania, ktorymi bol RNDr. Ing. Jan Burian,
CSc., oceneny pocas svojho zivota, vratane medaily Jana Slavika
za rozvoj geoldgie Slovenska, ktord mu v roku 1987 udelila Slovenska
geologickéa spolo¢nost.

Slovenska geologicka a banicka pospolitost stratila v osobe
RNDr. Ing. Jana Buriana, CSc., vzacneho ¢loveka a vynikajuceho
odbornika, ktory sa natrvalo zapisal do histérie slovenskej geoldgie
a zvlast do histérie geologického vyskumu a geologického prieskumu
stredoslovenskych neovulkanitov.

Svoj ve€ny sen sniva na miestnom cintorine vo svojom rodnom
meste.

Cest Tvojej pamiatke, Jano.

Juraj T6zsér
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Za RNDr. Jozefom Salajom, DrSc.

The remembrance of RNDr. Jozef Salaj, DrSc.

Z kruhu rodiny, priatelov
a znamych odiSiel do nenavratna
nestor slovenskej stratigrafie
a mikropaleontoldégie a jeden
zo svetovo uznavanych odbornikov
na foraminiferovid mikrofaunu
RNDr. Jozef Salaj, DrSc.. Tato
sprava hlboko zasiahla aj naSu
geologicku pospolitost, pretoze z nej
odiSiel zanieteny badatel, nezistny
spolupracovnik, uznanlivy ugitel
a pozitivne ladeny Clovek. Narodil
sa 11. januara 1932 v Zelovciach.
Po skonéeni Geologicko-geografickej
fakulty Karlovej univerzity v Prahe,
kde pod vedenim vynikajucich peda-
; goégov, akymi boli prof. J. Augusta,
prof. J. Spinar a akademici V. Pokorny, R. Kettner a O. Kodym, dostal
okrem geoldgie solidne zéaklady aj z paleontoldgie a biostratigrafie.
V auguste 1956 nastupil do sluZieb Geologického ustavu Dionyza
Stura v Bratislave. Hned od nastupu sa venoval geologickému
mapovaniu a mikrobiostratigrafickému vyskumu Myjavskej pahor-
katiny. Ako prvy kartograficky vymedzil a stratigraficky datoval zakladné
litostratigrafické jednotky senénu a paleogénu oznacovaného ako
gosausky vyvoj. Vytvoril prvi koncepciu biostratigrafického ¢lenenia
kriedy a paleogénu, ktoré bola akceptovana pre celu mediterannu
oblast.

Subezne sa venoval aj vyskumu slienitych a flySovych sekvencii
kriedy tatrika a fatrika. Preukazal ich barém-aptsky, albsky
a cenomansky vek.

V rokoch 1961 — 1965 bolo tazisko jeho vyskumov v kriedovych
a paleogénnych sedimentoch na strednom Povazi, hlavne maninskej
a klapskej jednotky. Osobitni pozornost venoval predovsetkym
kriedovym suvrstviam, ktoré boli dovtedy datované len na ojedinelych
nalezoch makrofauny.

Dr. Salaj svoju sféru vyskumu postupne rozsiril prakticky na celé
bradlové pasmo, ¢im sa rozhodujucou mierou pricinil o stratigrafické
spresnenie jednotlivych litostratigrafickych jednotiek, ale aj o novy
pohlad na paleogeograficky vyvoj tejto tektonicky najzlozitejSej
jednotky Zapadnych Karpat. Spolu s okruhom svojich najblizSich
spolupracovnikov preukazal plynuli sedimentaciu medzi strednou
a vrchnou kriedou a diachronicky vek upohlavskych zlepencov.
Dokumentoval pritomnost senénskych uloZenin v maninskej jednotke,
paleocénny a spodnomiocénny vek sedimentov ,pribradlového”
pasma.V dosledku tychto faktov sa zdsadne zmenila aj interpretacia
tektonického vyvoja bradlového pasma, paleogénnej transgresie
do centralnokarpatskych paniev, ako aj paleogeografickej pozicie
maninskej jednotky.

Zaciatkom Sestdesiatych rokov sa vo svete zacali intenzivne
Studovat triasové foraminifery. V sulade s tymto trendom, v spolupraci
s dalSimi autormi, sustredil pozornost na tuto aktualnu problematiku,
na ktorej s rbznou intenzitou pracoval aj v dalSich rokoch, ¢im sa zaradil
medzi poprednych znalcov skupiny fosilnych mikroorganizmov
a velkou mierou sa ako prvy pri€inil o €lenenie triasovych
komplexov Zapadnych Karpat na zaklade foraminifer, o vytvorenie
biozonacie a interregionalnej korelacie tohto utvaru. Vysledky
z tejto problematiky publikoval v pocetnych ¢lankoch a v spolupraci
s K. Borzom a O. Samuelom v r. 1993 v monografickej praci Triassic
Foraminifers of the West Carpathians. Publikované prace o triase
vzbudili velky medzinarodny ohlas.

V rokoch 1967 — 1974 sa tazisko jeho vyskumnej prace presunulo
do severnej Afriky, kde pracoval v sluzbach Service Géologique de
Tunisie v Tunise. Nové poznatky, ktoré dosiahol, prezentoval na VI.

africkom mikropaleontologickom kolokviu (1974), pricom bol jeho
generalnym sekretarom. Pri tejto prilezitosti predlozil Sirokej odbornej
verejnosti navrh na hypostratotypy jednotlivych stupriov vrchnej kriedy
a paleogénu pre mediterannu oblast. V spolupraci s K. Pozaryskou
a J. Szczechurovou (1976) navrhli paleocénne vyvoje v oblasti
El Kefu za stratotyp paleocénu v morskom vyvoji. Na Medzinarodnom
geologickom kongrese vo Washingtone bol schvaleny stratotyp
hranice medzi kriedou a paleocénom prave v tejto oblasti. Dr. Salaj
navrhol, aby stratotypy pre stredny (Harien) a vrchny (Mellégien)
paleocén boli tiez v tejto oblasti.

Vysledky vyskumu ¢innosti v Tunise publikoval v poéetnych
¢lankoch a komplexne v monografii Microbiostratigraphie du
créta cé et d u paléogéne de la Tunisie septentrionale et orientale
(hypostratotypes Tunisiens). Na zaklade tejto prace mu bol v r.
1976 v Parizi (Université de Paris VI.) udeleny titul Docteur dEtat
(Dr es SC.). V r. 1982 obhajil pracou o triasovych foraminiferach ZK
a mediterannej oblasti velky doktorat aj na Prezidiu Cs. akadémie
vied v Prahe.

Po navrate z Tuniska a dvojroénom pracovnom pobyte v Libyi
a v Iraku sa aktivne zapojil do terénneho mikrobiostratigrafického
vyskumu na listoch 1 : 25 000 v oblasti stredného Povazia a pracoval
na zostaveni regionalnej geologickej mapy 1 : 50 000 Myjavskej
pahorkatiny, Brezovskych a Cachtickych Karpat s vysvetlivkami
v spolupraci s dalSimi geolégmi. Tu, rovnako ako aj v maninskej oblasti,
ako prvy upozornil na moznost vyskytu uhlovodikov na zaklade
priaznivej geologickej stavby (Salaj, 1966).

Pomerne dlhé obdobie pracoval na monografii o geoldgii
bradlového a pribradlového pasma stredného Povazia, ktora spolu
s geologickou mapou v mierke 1 : 50 000 bola publikovana v r. 1995.

Bohaté skusenosti uplatnil aj pri organizovani 18. europskeho
mikropaleontologického kolokvia v Ceskoslovensku, ktorému
bol generadlnym sekretarom, ako aj v medzinarodnom mikrobio-
stratigrafickom vyskume v rdmci réznych projektov IGCP. Vyznamny
je aj jeho podiel na spolupraci niektorych Specialnych biostratigra-
fickych vyskumov na Kolumbijskej univerzite (ESRI) a v Amoco Co
v Tunise.

Obr. 1. RNDr. Jozef Salaj, DrSc., pri preberani ceny ,Vyznamna
osobnost SAV v r. 2007¢ ktori mu odovzdava predseda Slovenskej
akadémie vied Dr. h. c. prof. Ing. Stefan Luby, DrSc..

Fig. 1. RNDr. Jozef Salaj, DrSc., receiving the prize “Significant
personality of Slovak Academy of Sciences in 2007” from the
President of SAS Dr. h. c. prof. Ing. Stefan Luby, DrSc.
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V ramci réznych bilateralnych dohdd GUDS sa na medzinarodnej
spolupraci aktivne podielal na vyskume mezozoickych, hlavne
triasovych utvarov. Ako koordinator sa v spolupraci s E. Trifonovou, D.
Gheorghian a V. Coroneou podielal na vypracovani interregionalnej
mikrobiostratigrafickej schémy triasu Zapadnych Karpat, Balkanu
a Helenid na zaklade foraminifer.

Od r. 1994 RNDr. J. Salaj, DrSc., pésobil na Geologickom
ustave SAV. Prostredie Akadémie mu poskytovalo tvorivy priestor
na dokoncovanie rozpracovanych tém z kriedy a paleogénu Tuniska
i Slovenska, ktoré sa mu podarilo vypublikovat v sérii ¢lankov
i rozsiahlejSich kompendii v edicii ¢asopisu Zemny Plyn a Nafta
Hodonin (1997a, b; 1998a, b, c; 1999, etc.). Vyznamne sa podielal
na vedeckej vychove mladych domacich i zahraniénych pracovnikov,
hlavne v odbore mikropaleontoldgie. V poslednych rokoch sa na Prir.
fakulte KU v Prahe venoval aj vychove doktorandov zo Severnej
Afriky.

V 1. 2000 mu pri prileZitosti oslav 60. vyrogia zalozenia Statneho
geologického ustavu bola udelena zlatda Paméatna medaila za
rozvoj geoldgie a propagaciu Slovenska v zahrani¢i. ZasadnejSie
prace o stratigrafii sulovského paleogénu, taxonomickych reviziach
foraminifer i paleoklimatickych vyskumoch zverejnil aj v ¢asopisoch
Geologica Carpathica (1997, etc.), Mineralia Slovaca (2001) a pod.
Zapajal sa aj do rieSenia novych projektov VEGA a APVV zameranych
hlavne na mikrobiostratigraficky vyskum vrchnokriedovych
a paleogénnych suvrstvi bradlového pasma, klapskej jednotky
a maninskej jednotky. Okrem vyskumu sa podielal na organizovani
vyznamnych medzinarodnych podujati na Slovensku, akym bolo
Medzinarodné sympézium o kriede vo Viedni r. 2000, 17. Kongres
karpatsko-balkanskej geologickej asociacie v Bratislave v r. 2002,
pracovné stretnutia projektov IGCP, vyskumny program Kolumbijskej
Univerzity (ESRI) a i.

V r. 2005 Prezidium nadéacie pre foraminiferovy vyskum pri
Smitsonian Institut vo Washingtone nominovalo RNDr. J. Salaja,
DrSc., na udelenie jednej z najvyznamnejSich svetovych cien
v odbore mikropaleontolégie ,Cushman award? ktorej nositelom je
len niekolko eurépskych vedcov.

Predsednictvo SAV ocenilo vedecky prinos diela RNDr. Jozefa
Salaja, DrSc., ked ho v r. 2007 poctilo cenou ,Vyznamna osobnost
SAV v r. 2007¢ Za rozvoj mikropaleontolégie na Slovensku mu v tom
istom roku pri prileZitosti konania sa 8. Ceskoslovenskej a polskej
konferencie na SGUDS bol odovzdany Dakovny list.

Poc¢as svojho nesmierne plodného profesného Zzivota publikoval
RNDr. J. Salaj, DrSc., vy$e 300 vedeckych publikacii s najvy$Sim
vedeckym kreditom a velkym medzinarodnym ohlasom. Bol
predstavitelom generacie povojnového obdobia, ktorej zésluhou sa
mikropaleontolégia a stratigrafia aj v stredoeurdpskych krajinach
vypracovala na vysoku vedecku uroven. Jeho vyskumy vsak presiahli
uroven lokalnej vedy a priniesli progres pre mikropaleontolégiu
a biostratigrafiu v celej Tetydnej oblasti.

Po odchode na zaslizeny déchodok na vedu nezanevrel, ¢asto
nas navstevoval a pri kdvicke alebo oblibenom ¢€ajiku zivo debatoval
o problémoch biostratigrafie a mikropaleontolégie. AZ v poslednom
roku boli jeho navstevy zriedkavejSie, nohy uz nevladali, sil ubudalo.
Budes$ nam chybat, Jozef.

Cest Tvojej pamiatke!

A. Zlinska a J. Sotak

Publikacna ¢innost RNDr. Jozefa Salaja, DrSc.
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Za vyznamnym pedagoégom, vedcom a propagatorom
geologie — profesorom Milanom MiSikom

The remembrance of Professor M. MiSik — significant pedagogue, scientist

and propagator of geology

Dna 7. maja 2011 vo veku 82
rokov zomrel jeden z najvyznam-
nejSich geolégov Slovenska.
Univerzita Komenského stratila
v osobe prof. RNDr. Milana Misika,
DrSc., vynimoéného ¢&loveka,
pedagéga, vedca a propagatora
vedy. Cely svoj profesijny Zivot
spojil so svojou alma mater, kde
aktivne posobil na Katedre geoldgie
a paleontolégie Prirodovedeckej
fakulty od r. 1951 az do r. 2009.
S jeho osobou sa spaja nielen
Siroka Skala novych vedeckych
poznatkov v karpatskej geoldgii,
ale aj vychova niekolkych generécii slovenskych a zahrani¢nych
geoldgov a kvalifikovanych vedecko-vyskumnych pracovnikov. Cast
seba nezistne odovzdal svojim nastupcom, zanechal po sebe obrovsky
kapital poznatkov zhrnutych do mnozstva cennych publikacii.

Narodil sa 3. 11. 1928 v Skalici, okres Senica. Stredoskolské
Studium ukongil maturitou na Cviénom gymnaziu v Bratislave v roku
1947. Vysokoskolské $tudium absolvoval na Prirodovedeckej fakulte
UK v Bratislave v rokoch 1947 — 1951 a sucéasne ziskal titul RNDr.
V roku 1956 obhajil kandidatsku dizertaénu pracu na tému Pou Zitie
tazkych minerélov v paleogeografickych a stratigrafickych vyskumoch
so zretelom na neogén a kvartér Slovenska a ziskal titul kandidata
geologickych vied (CSc.). Habilitaénou pracou Litolégia a mikrofacie
jury a spodnej kriedy Centralnych Zapadnych Karpat ziskal vedecko-
-pedagogicky titul docent (1960).V roku 1970 na zaklade monografickej
publikacie Mikrofacie mezozoika a terciéru Zapadnych Karpat
a obhajoby doktorskej dizertacnej prace Litologicka a facialna analyza
stredného triasu jadrovych pohori ziskal titul doktor vied (DrSc.).
V tom istom roku bol menovany univerzitnym profesorom. V rokoch
1951 — 1960 pdsobil na Katedre geoldgie a paleontolégie ako asistent
a odborny asistent, 1960 — 1970 ako docent a od r. 1970 ako profesor.
V rokoch 1966 — 1978 bol veducim Katedry geolégie a paleontoldgie.
Od r. 2002 do 2009 pdsobil na katedre ako emeritny profesor.

Prof. Milan Misik patril medzi vyznamnych odbornikov v oblasti
stratigrafie, sedimentolégie, mikrofacialnej analyzy, paleogeografie
a dalSich geologickych disciplin spatych najma so Studiom
sedimentarnych hornin. Jeho vynikajuce pedagogické a vedecké
schopnosti ocenili aj Studenti na zahrani¢nych univerzitach. Ako
pedagog posobil v rokoch 1963 — 1965 na Kube — Universidad de la
Habana, 1981 — 1983 v Alzirsku — Université de Constantine. Aktivne
sa zucastfioval na kongresoch a sympoéziach: Montredl, Reading-
-Edinburg, Liverpool, Ziirich, Pariz, na kongresoch KBGA Rumunsko,
Madarsko, Polsko, Ukrajina, Bulharsko. Absolvoval kratkodobé
prednaskové pobyty (Szeged, Krakov, Toulouse, Madrid), bol veducim
exkurzie uditelov geoldgie vo Francuzsku a Nemecku, zorganizoval
expediciu na Maly Kaukaz.

Zapajal sa do prace vedeckych spoloCnosti a vykonaval
v nich rad funkcii (tajomnik bratislavskej pobo¢ky Cs. spolo¢nosti
pre mineralégiu a geoldgiu, predseda bratislavskej pobocky
SGS, tajomnik SGS, tajomnik Narodného geologického komitétu,
tajomnik sedimentologickej komisie KBGA, koreSpondent za CSSR
v Medzinarodnej asociacii sedimentolégov). Aktivne sa zt¢astrioval
na pocetnych medzinarodnych vedeckych podujatiach, zapojil sa
do rieSenia viacerych medzinarodnych vedeckych projektov. V jeho
osobe a v jeho celozivotnom diele sa snubila vysoka odborna
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erudovanost tvorivého vedca a organizatora vedeckého vyskumu,
nezistna obetava praca svedomitého univerzitného pedagodga, ale
aj nadSeneho popularizatora prirodnych, a najmé geologickych vied.
Sklbenie a prepojenie uvedenych cinnosti a ich vysledkov zaraduje
prof. M. MiSika medzi vyznamné osobnosti celej slovenskej vedy.

Odborny zaber prof. Milana Misika bol velmi Siroky. Svedéi o tom
jeho bohata a r6znoroda publika¢na ¢innost, ktora obsahuje viac
ako dvesto vedeckych §tudii, monografickych prac, uéebnych textov
i popularno-vedeckych prispevkov. NajéastejSim objektom jeho
badania boli sedimentarne horniny. Venoval sa ich genéze, ale aj
ich vyuzitiu na modelovanie paleogeografickych, paleotektonickych,
paleoklimatickych a paleooceanografickych podmienok, ktoré ich vyvoj
ovplyvrovali. Na takyto komplexny pristup k ich $tudiu ho predurcovali
jeho hiboké teoretické vedomosti a praktické poznatky zo sedimen-
tarnej petrografie a sedimentolégie, stratigrafickej geoldgie, a tiez
z mikropaleontoldgie. Rekonstrukcie prostredi opierajlce sa o facialnu
analyzu obliakov kriedovych a terciérnych zlepencov predstavovali
prinos do poznania paleogeografie a paleotektoniky Zapadnych
Karpat. Ziskané poznatky vyrazne posunuli paleogeografické
a palinspastické Uvahy o postaveni Zapadnych Karpat v ramci
alpinskeho vyvoja tetydnej oblasti a korelacie s prilahlymi segmentmi
alpsko-karpatského orogénneho pasma. Vyznamny je osobny prinos
profesora Misika pri tvorbe vysokoskolskych ucebnic.

Medzi jeho najvyznamnejSie diela patri monografia Mikrofacie
mezozoika a terciéru vapencov Zapadnych Karpat, ktora polozila
zaklady modernej mikrofacialnej analyzy na Slovensku. Je autorom
prirucky Geologické exkurzie po Slovensku, bol editorom ucebnice
Stratigraficka a historicka geoldgia, autorom textu o geoldgii Slovenska
v anglickej encyklopedii Encyclopedia of European and Asian
regional geology. Bol tiez autorom popularno-naucénej knihy Stafeta
vedy, priblizujucej vedecky vyskum a pracu vedcov SirSej verejnosti.
V pozicii emeritného profesora (takmer 80-roény) zostavil v rokoch
2004 — 2009 ucelené kompendium o sedimentarnych horninach
Slovenska, ktoré vyslo vo vydavatelstve VEDA. Vedecké vysledky
zaraduiju prof. MiSika k osobnostiam medzinarodného vyznamu, kedze
vyznamne ovplyvnili rozvoj vedeckych smerov eurdpskej geoldgie.

Prof. M. MiSik bol bezpochyby vyznamnym organizatorom vedy
a vedeckého geologického vyskumu. Viedol pocetné vyskumné ulohy
zamerané na aktualne otazky stratigrafie a paleogeografie mezozoika
a kenozoika Zapadnych Karpat. Bol ¢lenom vedeckych rad viacerych
geologickych institucii (Prirodovedeckej fakulty UK, GUDS, GU SAV
ai.), clenom vedeckych kolégii a atestacnych komisii. Aktivne pracoval
v redakénych radach vyznamnych geologickych ¢asopisov (Geologica
Carpathica, Mineralia Slovaca a i.).

Vyrazne sa zapajal do vychovy niekolkych generacii slovenskych,
ale aj zahrani¢nych geolégov. Zoznam mladych geolégov, ktorych
vedecky formoval i uz ako Skolitel, konzultant, oponent kandidatskych
a doktorskych dizertaénych prac, je velmi rozsiahly. Vychoval cely
rad odbornikov hrdo sa hlasiacich ku slovenskej sedimentologickej,
mikrofacialnej a stratigrafickej Skole vybudovanej a zveladovanej
prof. M. MiSikom, Skole, ktora vysledkami vedeckého badania ziskala
medzinarodné uznanie.

Nezanedbatelna je aj jeho vedecko-popularizacna praca. Okrem uz
spomenutych knih Stafeta vedy a Geologické exkurzie po Slovensku,
publikoval desiatky ¢lankov v dennej tlaci i v popularnych ¢asopisoch,
vystupoval v rozhlasovych relaciach, prednasal pre réznorody okruh
zaujemcov. Jeho zasluhou sa z mnohych neodbornikov stali nad$enci
geoldgie a aktivni ochrancovia krasy mnohych geologickych vytvorov,
ktoré vznikli pocas zlozitej geologickej histérie nasho uzemia.
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Vyrazom verejného uznania celozivotného vedeckého a spolo-
¢enského prinosu prof. RNDr. Milana Misika, DrSc., bol rad oceneni,
ktoré ziskal pri rozliénych prilezitostiach. Bol ¢estnym ¢lenom SGS,
Rakuskej a Polskej geologickej spolo¢nosti, drzitefom Medaily Jana
Slavika SGS, Medaily Dimitrija Andrusova, nositefom Zlatej medaily
Univerzity Komenského a Prirodovedeckej fakulty UK, drzitefom cien
SGS a LF za publikované monografické prace a i.

Odchod pana profesora Milana Misika vnima bolestivo nielen
geologicka obec Slovenska, ale aj geoldgovia Ceskej republiky,
Polska, Rakuska a Madarska. Jeho byvali kolegovia, Ziaci a priatelia
sa s nim rozlu€ili 11. méaja 2011. Zostava tu spomienka na jeho mily
a vlidny usmey, ktorym Siril radost, pohodu a optimizmus vo svojom
okoli. Profesor Misik, osobnost mimoriadne ludska a laskava, zostane
navzdy v nasSich srdciach. Cest jeho pamiatke.

Daniela Rehéakova
Roman Aubrecht
a kolektiv Katedry geoldgie a paleontoldgie PriF UK

Prof. RNDr. Milan MiSik, DrSc. — kompletny zoznam
publikacii
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Za RNDr. Zuzanou Sirainovou, PhD.

(11. 11. 1960 - 27. 8. 2011)

The remembrance of RNDr. Zuzana Siranova, PhD.

V poslednych augustovych dihoch
nas prekvapila sprava o nahlom
a neCakanom umrti nasej kolegyne
a kamaratky Zuzky Siranove;j.

Zuzka Siranova sa narodila 11.
novembra 1960 v Handlovej. Zakladnu
Skolu ukonéila v r. 1975 a v r. 1980
zmaturovala na gymnaziu Ladislava
Saru v Bratislave. V rokoch 1981 az
1985 Studovala na Prirodovedeckej
fakulte UK v Bratislave, odbor
geochémia, zakladna a loziskova
geoldgia. V r. 1986 ziskala titul
doktor prirodnych vied (RNDr.) a v r.
2007 obhajobou dizertacénej prace
s nazvom Petrologicka charakteristika terestrickych a plytkomorskych
sedimentov vnutrokarpatského paleogénu Hornadskej kotliny
na Prirodovedeckej fakulte UK vedeckoakademicky titul Philosophiae
Doctor (PhD.).

Doktorka Sirafiova nastupila do pracovného pomeru na
Geologicky ustav Dionyza Stura v Bratislave v r. 1986. Spociatku
pracovala na oddeleni hlbinnej stavby, kde sa venovala petrografii
sedimentov flySového pasma a petrografii sedimentov hlbinnych
vrtov vychodného Slovenska. Od r. 1990 pracovala na oddeleni
mezozoika a paleogénu a od r. 2011 na oddeleni predterciérnych
Utvarov a paleogénu, kde riesila problematiku spojenu s petrolégiou
a petrografiou paleogénnych sedimentov podtatranskej skupiny

a vonkajsieho flySového pasma a neogénnych sedimentov
vnutrohorskych paniev. Doktorka Sirafiova Studovala sedimenty vo
flySovom pasme v raCianskej a bystrickej jednotke Oravskych Beskyd
a Javornikov, Nizkych Beskyd a Bielych Karpat. V SpiSskej Magure,
Hornadskej kotline, Levo&skych vrchoch, Zilinskej kotline, Tur€ianskej
kotline, Horehronskom podoli a na Orave Studovala sedimenty
vnutrokarpatského paleogénu. Petrograficky vyhodnocovala
sedimenty mezozoika a paleogénu Starohorskych vrchov, paleogénu
a neogénu Povazského Inovca, Malych Karpat, Zahorskej niziny
a Hornonitrianskej kotliny a kvartérne obliaky z Trnavskej pahorkatiny.
Jej pracovné vysledky su su€astou zakladnych geologickych map
1 : 25 000, regionalnych geologickych map 1 : 50 000 a Vysvetliviek
ku geologickym mapam 1 : 50 000, ako aj monografie Geoldgia juznej
a vychodnej Oravy.

Doktorka Sirafnova vydala niekolko vedeckych ¢lankov,
v ktorych rieSila najma problematiku paleogénnych sedimentov
oblasti Levoéskych vrchov, €o bola z profesionalneho hladiska jej
najoblibenejsia oblast.

Doktorka Siranova bola sedimentologi¢ka. Jej odchodom
stracame aj jej bohaté profesionalne skusenosti, vedomosti a zmysel
pre trpezlivy detailny vyskum. Zuzka, bude§ nam chybat.

Cest Tvojej pamiatke!

A. Zlinska a . Filo
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Za Ondrejom Frankom - nestorom hydrogeotermalneho

vyskumu na Slovensku

The remembrance of Ondrej Franko — Nestor of the hydrogeothermal research

in Slovakia

RNDr. Ondrej Franko, DrSc., sa
narodil 24. maja 1931 v Parnici, okres
Dolny Kubin. V roku 1951 zmaturoval
na zilinskom Pedagogickom gymnaziu
a v roku 1956 absolvoval vedny
odbor hydrogeoldgia na Geologicko-
-geografickej fakulte Karlovej univer-
zity v Prahe. V roku 1964 ziskal titul
RNDr., v roku 1968 vedecku hodnost
CSc. a v roku 1991 DrSc. Po kratkom
pbsobeni na Ustave stavebnej geold-
gie v Ziline presiel v roku 1958 do
Geologického ustavu Dionyza Studra
v Bratislave, kde pdsobil az do odchodu do déchodku v roku 1995.

Jeho cielavedoma, hizevnata a pracovita povaha nasla svoj odraz
v celozivotnej praci v oblasti hydrogeoldgie a geotermalnej energie
na Slovensku. Pocas celého zivota ziskaval bohaté skusenosti nielen
v oblasti hydrogeologického vyskumu podzemnych, mineralnych
a termalnych v6d mnohych regiénov Slovenska, ale aj v metodicko-
-teoretickej, odborno-organizaénej a informacéno-populariza¢ne;j
¢innosti. Po¢as svojho pdsobenia vychoval niekolko generacii svojich
pokracovatelov, ktori dalej tvorivo rozvijaju problematiku vyuzivania
geotermalnej energie na Slovensku.

V roku 1960 vypracoval projekt ,Zakladny hydrogeologicky
vyskum Juhoslovenskej uholnej panvy vo vztahu k CO,"“ a autorsky
sa podielal na praci ,Mineralne vody Juhoslovenskej uholnej panvy*
V rokoch 1962 — 1968 bol hlavnym rieSitefom projektu ,Zakladny
hydrogeologicky vyskum bojnickych termalnych vod vo vztahu k tazbe
uhlia na novackom loZisku® Problematiku bojnickych termalnych vod
zhrnul vo svojej kandidatskej dizertacnej praci ,Bojnické termalne
vody’ ktord v roku 1968 uspesne obhdjil. Poznatky o bojnickych
termalnych vodach zosumarizoval v monografii vydanej v roku 1970.
V rokoch 1969 — 1970 ziskal medzinarodné skusenosti spolupracou
na projekte OSN v Salvadore a v roku 1981 sa zucastnil expertnej
misie v Alzirsku. Od 70. do polovice 80. rokov minulého storoCia
sa venoval projektu zakladného vyskumu priestorového rozlozenia
zemského tepla a vyhladavaniu geotermalnych zdrojov v Zapadnych
Karpatoch. V ramci tohto projektu boli v komarnanskej kryhe
realizované 3 geotermalne vrty, v centralnej depresii Podunajske;j
panvy 12 geotermalnych vrtov a v Liptovskej kotline 2 geotermalne
vrty, pricom v8etky uvedené vrty boli uspes$né. PocCas rieSenia
tohto projektu sa venoval Sirokému spektru problémov — priprave
a realizacii projektov geotermalnych vrtov, praktickému $tadiu
Struktur geotermalnych véd a vypoctu zasob termalnych véd,
vymedzeniu perspektivnych hydrogeotermalnych oblasti Slovenska,
ako aj metodicko-teoretickym otdzkam — genéze termalnych véd vo
vztahu k ich exploatacii, metodike hodnotenia tepelno-energetického

potencialu, metodike zostavovania geotermalnych map, objasneniu
pévodu CO,, zistovaniu pévodu a absolutneho veku geotermalnych
véd pomocou izotopov ¢i vymedzeniu podmienok vyuzitia tepla
suchych hornin.

Za 20 rokov (1970 — 1990) skimania geotermalnych pomerov
Slovenska boli ziskané cenné udaje o geologicko-tektonickych,
hydrogeotermalnych a hydrogeochemickych pomeroch Slovenska
umoznujucich zostavenie uroviiovych méap. Ako jeden z hlavnych
autorov zosumarizoval tieto poznatky v roku 1995 v jedine¢nom
subornom diele — Atlase geotermalnej energie Slovenska. Atlas je
doteraz odbornou verejnostou povazovany za kltu¢ovy zdroj informacii
v tejto problematike.

V ramci svojho aktivheho pésobenia, ktoré trvalo az do
poslednych dni jeho zZivota, bol RNDr. Ondrej Franko, DrSc., autorom
alebo spoluautorom viac ako 140 pévodnych vedeckych publikacii,
viac ako 160 zavere¢nych sprav vyskumnych tloh a tudii, pri¢om bol
zodpovednym rieSitelom desiatich geologickych uloh celostatneho
vyznamu, bol autorom a spoluautorom mnohych metodickych
a teoretickych prac. Za v8etky azda treba menovite uviest aspon
jednu, vyznamnu a nadéasovu — je nou ,Tvorba a klasifikacia
mineralnych vod Zapadnych Karpat‘ z roku 1975, kde mozno najst
nielen regionalny prehlad, ale aj detailné spracovanie vtedajSich
poznatkov, ktoré v8ak maju stale ¢o povedat aj dne$nému Gitatelovi.

Za bohatu odbornu ¢innost ziskal mnohé vyznamenania — Zlatu
plaketu Dionyza Stura za zasluhy v prirodnych vedach, udelenu
SAV v roku 1991, a v tom istom roku mu predsednictvo SNR udelilo
Narodnu cenu Slovenskej republiky za poznanie zékonitosti roz$irenia
geotermalnej energie. Pri prilezitosti 60. vyrocia zalozenia SGUDS
mu bola v roku 2000 udelena zlatd medaila za rozvoj geoldgie
na Slovensku a propagacie Slovenska vo svete a v roku 2010 pri
prilezitosti 70. vyro€ia zalozenia Ustavu mu bola udelena pamétna
medaila za prinos pre rozvoj Ustavu.

Dria 10. septembra 2011 nas RNDr. Ondrej Franko, DrSc., navzdy
opustil. Tazko je uviest vSetky prace a €innosti, na ktorych sa pocas
svojho mimoriadne plodného pracovného pdsobenia podielal, a do
ktorych priniesol svoj neocenitelny vstup. Mozno len konstatovat, ze
mu ako priekopnikovi hydrogeotermie na Slovensku za jeho prinos
patri obdiv a vdaka jeho kolegov, spolupracovnikov i nasledovnikov.

Chceme verit, ze dielo RNDr. Ondrej Franka, DrSc., ostane
pritomné v kazdodennej hydrogeotermalnej i hydrogeologickej praxi,
kde tvorilo a nadalej bude tvorit milnik na ceste k poznaniu tohto
nevSedného a na Slovensku stale velmi zaujimavého bohatstva.

Cest jeho pamiatke!

Peter Malik

minernalia¥slovacal
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