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Haldové pole Lubietova-Podlipa ako zdroj environmentalneho rizika
a moznosti vyuzitia ilovej frakcie ako prirodného sorbentu
tazkych kovov

PETER ANDRAS" 2, ADAM LICHY", IVAN KRIZANI2 a JANA RUSKOVA!

'Katedra environmentalneho manazmentu, Univerzita Mateja Bela, Tajovského 40,
974 01 Banska Bystrica
2Geologicky Ustav SAV, Dumbierska 1, 974 01 Banska Bystrica

Dump-field Lubietova-Podlipa as a source of environmental risk and possibilities
of clay minerals utilization as heavy metal sorbents (Middle Slovakia)

The environmental study at the Lubietova-Podlipa dump-field presents the results of the
heavy metal distribution, depending on the geochemical behaviour of particular elements (mainly
on their migration ability). The present natural sorbents are predominantly the clay minerals (illite,
muscovite, kaolinite, smectite) and hydrogoethite. The clay minerals are good sorbents of V, Cr,
Ti, W, Zr, Nb, Ta and Th and in the case of the hydrogoethite of Cu, Zn, Mo, Mn, Mg (£ Fe, Cd,
Co, Ca). The free sorption capacity was proved in the case of Fe, As, Sb, Ag, Pb, Zn, Mn, Mo,
Bi and U. The calculation of the AMD formation potential (neutralization potential, total acidity
production, net neutralization potential) is discussed.

Key words: dump-field, heavy metals, technogenous sediments, neutralization potential, clay

minerals, sorption

Uvod

Haldové pole Lubietova-Podlipa (obr. 1) reprezentuje
uzemie zretelne zmenené historickou exploataciou Cu
rid najma od 15. az 16. storocCia do konca 19. storocia.
Skumané depodnie nie su prvkovo stabilné a prebiehaju
v nich abiotické aj biogénne procesy. Pokles pH v techno-
génnych sedimentoch spdsobuje uvolfiovanie tazkych
kovov (predovSetkym Cu, Fe, Cd, As, Sb, Pb, Zn, Mn,
Ni a Co) z tuhej fazy, kde sa nachadzaju vo forme tazSie
rozpustnych mineralov alebo v sorpénom komplexe,
do podzemnej a povrchovej vody. Odolnost krajinnych
zloziek proti kontaminacii tazkymi kovmi vyznamne
podmieriuju rozli¢né prirodné sorbenty.

Ako sorbenty na fixaciu kovov mozno pouzit
predovSetkym ilové mineraly (a zeolity). Tieto hlinité
kremicitany, zvac8a krystalické, s vrstvovitou (resp.
retazcovou) Struktdrou, su vacésinou nositelmi stalych
negativnych povrchovych nabojov (Kozag, 1996). M6zu
sorbovat kationy Ca(ll), Mg(ll), K(l), Na(l), Al(l1), Mn(ll),
katiény tazkych kovov aj niektoré hydroxidy s pozitivnym
nabojom [napr. AI(OH)?*]. Tieto kationy sa mézu nahradit
inymi katiénmi (Curlik, 2003).

Hydrogoethit — FeEOOH - H,O — vznika v hypergénnych
podmienkach oxidaciou rudy obsahujucej Fe a niektorych
mafickych horninovych mineralov. Hydroxid zelezity, ktory
vznika pri hydrolyze siranu zelezitého, je hydrosdl, ktory
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lahko koaguluje. Vyluci sa z neho gél, ktory sa Ciastone
dehydratuje a vznika z neho monohydrat Fe. Hydrogoethit
ma zaporny povrchovy naboj a vyznacuje sa velkym
reakénym povrchom. To ho predurCuje na to, aby sa stal
vynikajucim prirodnym sorbentom tazkych kovov.

Metodika prace
Odber vzoriek

Odber vzoriek v oblasti haldového pola loziska
Lubietova-Podlipa prebiehal v letnych mesiacoch roku
2007. Z povrchu haldového pola sa odobralo 8 vzoriek
technogénnych sedimentov (A-1 az A-11) so zrnitostou
menej ako 1 cm, a to tak, aby reprezentovali 30 cm hlboky
horizont a plochu asi 50 x 50 m. Vzorka A-12 reprezentuje
referenénu plochu bez zrudnenia mimo haldového pola
(obr. 2). Kazda vzorka mala hmotnost 30 — 35 kg. Vznikla
homogenizéaciou 6 — 10 mensich vzoriek. Subor sa doplnil
o vzorku horniny bohatej na hydrogoethit (A-17), ktora
vznikla homogenizovanim niekolkych vzoriek hydrogoethitu
z odberovych miest A-2, A-3 a A-5.

Priprava ilovych mineralov

Monominerélne frakcie ilovygh mineralov sa ziskali
podla metodiky, ktord publikovali Sucha et al. (1991). Rtg.
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Obr. 1. Haldové pole Lubieto!

va-Podlipa.

Fig. 1. Dump-field Lubietova-Podlipa.
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difrakéna analyza frakcii ilovych mineralov sa uskutocnila
v laboratdriach Geologického ustavu SAV v Bratislave
na rtg. difraktografe Philips.

Aktivne a vymenitelné pH sedimentov sa stanovilo vo
vodnom vyluhu a vyluhu 1M KCI podla metodiky, ktoru
opisali Lintnerova a Majercik (2005). Do navazky 10 g
vzorky sa pridalo 25 ml destilovanej vody alebo 1M KCI
a po dvojhodinovom mieSani vzorky v mieSacke sa pH
a Eh stanovili pH-metrom.

Stanovenie obsahu tazkych kovov

Vzorky technogénnych sedimentov (A-1 az A-12),
pripravené frakcie ilovych minerélov (A-1c az A-11c), ako
aj vzorka horniny bohatej na hydrogoethit (vzorka A-17)
sa analyzovali na tazké kovy a cely rad dalSich prvkov.
Studovala sa aj sorpéna schopnost ilovych mineralov
a hydrogoethitu z danej oblasti. Zmesové frakcie ilovych
mineralov na prvotné Studium sorpcnych vlastnosti sa

Stoliia Francisci

/

7

Stélna Horna Johan

Stolna Andreas

Obr. 2. Lokalizacia odberu vzoriek
(vzorka A-17 vznikla homogenizo-
vanim niekolkych vzoriek hydro-
goethitu z odberovych miest A-2, A-3
aA-5).

Fig. 2. Localization of samples
(sample A-17 was formed by
homogenization of hydrogoethite
from sampling sites A-2, A-3
and A-5).




P. Andras$ et al.: Haldové pole Lubietova-Podlipa ako zdroj environmentalneho rizika a moznosti vyuZitia ilovej frakcie

ako prirodného sorbentu tazkych kovov

ziskali modifikovanym postupom. Tento postup v porovnani
s predchadzajucim postupom je zalozeny na oddeleni ilovej
frakcie po dispergécii vzorky sedimentu s destilovanou
H,O v odmernom valci (objem 2 dm3). Vzorka sa nechala
usadzovat 41 hodin a 8 minut (vypocet podla Stokesovho
zakona) a potom sa suspenzia obsahujuca ilové Castice
(frakcie < 2 pm) dekantovala hadi¢kou do kadicky. ilové
Castice sa po filtracii vysusili pri laboratornej teplote.

Na Studium sorpénej kapacity ilovych minerélov sa
pouzila drenéazna voda z oblasti haldového pola Lubietova-
-Podlipa, ktora obsahuje tazké kovy. Na 20 g vzoriek (A-1c
az A7c a A-17) sa pridalo 50 cm?® 5-nasobne koncentro-
vanej drenaznej vody. Analyzy sa uskutoCnili z navazky
1 g vzoriek (A-1c* az A11c* a A-17* po 14-dfiovej maceracii
v drenaznej vode. Vzorky ur€ené na stanovenie Ca, Na,
K, Mg, Ti, Al, P, S, Cd, Bi, Co, Ni, As, Sb, Mn, Mo, Rb, Sr,
Hf, V, Ba, Li, La, Cr, W, Zr, Ce, Sn, Y, Nb, Ta, Be, Sc, U
a Th sa roztavili za pouzitia pridavku zmesi metraboratu
a tetraboratu Li a nasledne sa rozpustili v zriedenej
kyseline dusi¢nej. Na stanovenie Au, Ag, Fe, Pb, Zna Cu sa
0,5 g vzorky luhovalo horucou lu€¢avkou kralovskou.
Analyza jednotlivych prvkov sa realizovala metédou
ICP — MS v laboratériach ACME Analytical Laboratories
Vancouver Ltd. Kanada.

Vysledné hodnoty stanoveni jednotlivych kovov
predstavuju priemernd hodnotu z dvoch kontrolnych
paralelnych stanoveni.

Uhlik (celkovy uhlik — Cy, organicky uhlik — Cqq.
a anorganicky uhlik — C,.,) sa stanovil v laboratériach
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Geologického ustavu SAV na IR-spektroskopiu uhlika na
pristroji Stréhlein C-MAT 5500.

Vysledky

Distribucia tazkych kovov v zlozkach
technogénnych sedimentov

Distribucia tazkych kovov v technogénnych sedimen-
toch haldového pola je zna¢ne nerovnomerna (tab. 1 — 3).
Je odrazom ich primarnej koncentracie v jednotlivych
Castiach haldového pola, ako aj geochemickych zakonitosti,
medzi ktorymi je v prvom rade potrebné spomenut ich
migra¢né schopnosti. Generalne mozno rozlidit tri skupiny
tazkych kovov: 1. skupina: Fe, Cu, As, Sb, Sn, Co, Ni, Cr,
Ag, V, U a Th (obr. 3); 2. skupina: Zn, Bi a Cd (obr. 4);
3. skupina: Pb (obr. 4d).

Maximalna koncentracia teoreticky extrahovatelnych
prvkov v haldovom materidli sa pohybovala v intervale od
2,64 % (tab. 1) v pripade Fe az po < 0,1 ppm v pripade Cd,
Au a Ag. Za vyznamnu je mozné povazovat koncentraciu
Cu (25 —>10 %), Mn (34 — 1 258 ppm), As (7 — 289 ppm),
Pb (8,4 — 130 ppm), Co (5,1 — 96,3 ppm), Sb (71 — 61,6
ppm) a Ni (7,8 — 62,1 ppm).

Celkova vytvorena acidita a neutralizaény potencial

Nepriamym indikatorom oxidacie je hydrogoethit
a sadrovec. Oxidaciu sulfidickych mineralov indikuju

Tab. 1
ICP-MS analyza technogénnych sedimentov, ilovej frakcie a ilovej frakcie po 14-driovej maceracii v drenaznej vode
ICP-MS analyses of technogenous sediments, clay fraction and clay fraction after 14-days maceration in drainage water

Prvok Jednotka Vzorka/Sample

Element Unit A-1 A-1c A-1c* A-2 A-2c A-2c* A-3 A-3c A-3c* A-4 A-4c A-4c*
Fe % 1,31 1,45 2,98 1,42 1,46 2,17 1,94 2,14 2,90 2,64 2,47 3,65
Cu ppm 2829 1693 2345 199 574 472 828 624 857 4471 3324 3112
Pb 28,1 63,8 229,1 130 22,4 279 16,0 23,1 374 9,6 14,9 37,8
Zn 14 18 95 21 36 62 20 25 47 23 16 27
Cd <0,1 <0,1 0,2 0,1 0,2 0,1 <0,1 <0,1 <0,1 0,3 <0,1 <0,1
Bi 2,8 4,5 14,6 0,2 1,4 1,5 8,5 72 12,1 23,7 39,2 90,9
Co 10,4 11,3 18,3 59 10,3 6,4 14,0 17,0 11,0 50,0 58,3 32,1
Ni 36,8 36,0 71,8 9,8 12,2 17,0 32,1 28,3 30,4 55,0 42,4 64,4
As 162 258 628 10 19 15 71 110 105 169 237 300
Sb 61,6 60,1 1583,2 71 9,2 12,6 22,4 24,0 28,0 59,5 79,3 129,8
Mn 34 64 87 212 348 133 252 334 207 420 446 216
Mo 0,5 1,2 2,1 <0,1 0,2 0,2 <0,1 0,4 0,4 0,1 0,3 0,4
Au <0,1 <0,1 <0,1 <0,1 <0,1 < 0,1 <0,1 <0,1 <0,1 < 0,1 <0,1 <0,1
Ag 0,7 0,8 1,7 <0,1 0,1 0,2 0,4 0,6 0,9 1,4 2,1 41
\Y 29 22 49 39 33 46 57 50 77 52 39 70
Cr 38 9 24 36 17 26 34 21 37 38 15 30
W 0,9 1,0 1,9 1,5 1,0 1,5 1,2 1,3 1,8 1,2 1,1 1,8
Zr 14,7 15,1 30,9 21,8 23,5 30,4 19,9 32,8 41,8 19,2 19,9 31,8
Sn 10,9 11,1 29,4 3,5 2,7 4.4 9,8 72 9,5 17,3 12,8 22,7
U 1,3 1,4 3,3 1,4 1,1 1,1 1,7 1,8 1,9 1,6 1,7 2,2
Th 5,8 6,0 9,5 76 59 2,2 9,1 9,2 52 8,3 78 5,0

Vysvetlivky k tab. 1 a 2: A-1 az A-12 — technogénne sedimenty; A-1c az A-10c — ilové frakcie; A-1* az A-10* — ilova frakcia po 14-drovej

maceracii v drenaznej vode; A-17 — hornina bohata na hydrogoethit.

Explanation to Tabs. 1 and 2: A-1 to A-12 — technogenous sediments, A-1c to A-10c — clay fraction; A-1* to A-10* — clay fraction after 14-days

maceration in drainage water; A-17 — hydrogoethite rich rock.
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Tab. 2
ICP-MS analyza technogénnych sedimentov, ilovej frakcie a ilovej frakcie po 14-driovej maceracii v drenaznej vode
ICP-MS analyses of technogenous sediments, clay fraction and clay fraction after 14-days maceration in drainage water

Prvok  Jednotka Vzorka/Sample
Element Unit A-5 A-5¢ A-5¢* A-6 A-6¢ A-6¢* A-7 A-7c A-7¢c* A-8 A-8c A-8c*
Fe % 1,71 1,66 1,83 2,06 2,09 3,36 1,32 1,43 2,81 0,91 1,29 0,79
Cu ppm 3150 3001 2078 4797 2503 2918 756 855 2026 716 836 837
Pb 16,9 14,8 21,9 15,6 24,6 72,3 16,8 20,2 73,7 6,5 6,3 4,2
Zn 19 18 45 13 14 65 26 33 176 7 14 4
Cd <0,1 <0,1 <0,1 0,2 <0,1 0,3 <0,1 0,2 0,7 <0,1 <0,1 <0,1
Bi 1,7 2,1 3,2 25,4 24,4 51,7 0,9 1,2 3,6 0,5 0,7 0,8
Co 24,4 30,4 29,6 41,8 40,9 32,0 10,2 12,0 15,5 89,9 69,7 104,55
Ni 34,0 34,1 55,4 51,6 45,1 61,7 10,4 10,1 26,0 58,0 66,5 62,5
As 60 64 105 134 224 305 16 17 33 61 52 46
Sb 172 16,3 30,3 49,8 56,2 92,3 11,5 71 174 17,9 20,2 18,9
Mn 570 631 512 198 254 147 372 547 931 1190 905 1458
Mo 0,1 0,2 0,2 <0,1 0,3 0,4 0,2 0,3 0,6 <0,1 0,3 0,3
Au <01 <0,1 <0,1 <01 <01 <0,1 <0,1 <01 <01 <0,1 <01 <01
Ag 0,1 0,1 0,2 1,0 1,6 3,0 0,2 0,2 0,4 < 0,1 <0,1 0,1
\ 38 30 50 44 34 57 40 39 67 35 69 22
Cr 30 10 22 31 1 23 28 1 35 23 21 7
W 0,9 0,9 2,0 1,2 1,4 2,0 1,5 0,7 1,5 1,4 2,2 1,5
Zr 12,6 15,6 28,4 20,2 23,5 371 18,3 22,1 48,9 14,7 43,9 23,1
Sn 4,9 3,3 8,1 14,9 12,9 19,6 4,0 2,6 6,8 3,9 71 3,0
U 1,0 1,2 1,4 1,4 1,6 2,2 1,1 1,1 2,3 2,6 2,5 2,1
Th 5,9 5,8 4,0 6,9 6,1 41 4,8 53 11,8 6,8 5,7 6,7
Tab. 3
ICP-MS analyza technogénnych sedimentov, ilovej frakcie a ilovej frakcie po 14-dfiovej maceracii v drenaznej vode
ICP-MS analyses of technogenous sediments, clay fraction and clay fraction after 14-days maceration in drainage water
Prvok  Jednotka Vzorka/Sample
Element Unit A-9 A-9c A-9c* A-10 A-10c A-10c* A-11 A-11c  A-11c*  A-12 A-17  A-17c  A-17*
Fe % 1,84 2,14 5,03 1,12 1,66 2,03 2,37 3,02 4,44 1,38 1,72 1,50 13,10
Cu ppm 5466 3112 1181 390 231 176 >10000 8756 7654 25 >10000 20360 23060
Pb 17,8 23,0 41,0 53,6 60,2 74,1 13,5 241 32,6 16,1 8,4 49,0 60,0
Zn 24 25 31 36 40 52 15 17 21 39 59 80 50
Cd 0,1 0,1 0,2 0,3 0,2 0,4 0,1 0,1 0,2 0,2 0,2 0,2 0,2
Bi 8,1 10,2 15,4 1,7 2,8 4.1 2,6 3,2 4,7 0,2 72 6,0 5,0
Co 96,3 98,2 98,2 71 8,3 79 84,5 775 85,1 5,1 73,4 70,0 83,0
Ni 51,9 48,6 62,7 78 6,3 9,7 62,1 59,8 64,1 8,5 51,7 43,0 58,0
As 130 148 234 32 47 76 206 211 243 7 289 260 280
Sb 277 36,5 48,3 175 278 46,9 36,3 38,7 40,2 10,4 43,2 40,0 34,0
Mn 391 444 549 486 549 71 1258 1322 1452 559 1074 960 1010
Mo 0,2 0,3 0,5 0,3 0,3 0,4 0,7 0,8 1,7 0,3 2,2 2,0 30,0
Au <0,1 <0,1 <0,1 <0,1 <0,1 < 0,1 <1 < 0,1 <0,1 <1 <0,1 <0,1 <0,1
Ag 0,6 0,7 1,3 0,3 0,5 0,9 0,3 0,4 0,6 0,1 0,8 1,0 1,0
\Y 32 27 41 22 20 53 29 25 31 31 15 16 15
Cr 11,8 8,7 9,9 12,5 75 9,6 9,4 74 77 18,9 7 8 8
w 1,1 1,5 2,0 0,9 1,1 1,8 1,1 1,1 1,2 1,2 0,4 0,4 0,5
Zr 19,2 24,4 28,6 18,7 19,9 23,7 14,2 14,7 15,0 36,7 7 9,0 9,0
Sn 12,1 10,2 15,8 4.1 3,7 4,8 9,1 9,2 9,2 1,7 8,8 4,0 9,0
U 2,1 2,3 2,7 1,1 1,2 1,3 1,5 1,6 1,7 2,2 2,3 2,0 1,0
Th 8,8 8,1 72 6,4 5,4 4,7 71 6,8 6,5 77 2,5 2,0 2,0

aj povlaky sekundarnych oxidov (obr. 5) a uhli¢itanov
Cu (obr. 6). Najmenej zoxidované su na haldovom poli
jemnozrnné pelitické materialy. Priamym indikatorom
oxida¢nych procesov je pH.

Na stanovenie celkovej tvorby acidity (AP) a neutra-
lizacného potencialu (NP) je potrebné poznat Eh a pH
(vo vyluhu H,O a vo vyluhu 1M KCI) sedimentov, obsah
siry a uhlika. Hodnoty pH vo vyluhoch v destilovanej vode

koliSu obvykle okolo 5,3. pH < 5 indikuje, Ze vzorka je
potencialne acidna (,net acidity”), kym hodnoty namerané
v karbonatoch osciluju spravidla medzi 8 — 10. Hodnoty
vacsie ako 10 mozno povazovat za alkalické (Sobek et al.,
1978).

Hodnoty pH v sedimentoch, stanovené vo vyluhu
destilovanou vodou na haldovom poli Lubietova-Podlipa,
koliSu v rozmedzi 4,21 — 7,93 (tab. 4). Je zaujimavé, ze
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Tab. 4
Charakteristiky vzoriek technogénnych sedimentov z haldového pola
Characteristics of the samples of technogenous sediments from the dump-field

Vzorka H,O 1M KCI %

Sample pH Eh (mV) pH Eh (mV) Siot. Sso 4 S Coot. Corg. Cinorg. CO, CaCO4
A-1 5,14 77 4,61 109 0,25 0,10 0,15 0,74 0,20 0,54 1,97 4,48
A-2 5,89 34 5,40 63 0,02 0,01 0,01 0,86 0,38 0,48 1,75 3,99
A-3 4,87 94 4,21 131 0,10 0,03 0,07 0,62 0,34 0,28 1,02 2,32
A-4 5,46 59 5,33 66 0,33 0,13 0,01 0,34 0,26 0,08 0,29 0,66
A-5 5,77 42 5,37 64 0,05 0,01 0,05 0,78 0,35 0,43 1,57 3,57
A-6 5,17 74 5,06 83 0,42 0,15 0,27 0,40 0,27 0,13 0,47 1,08
A-7 793 -84 734 -58 0,03 0,02 0,01 1,63 0,10 1,53 5,61 12,71
A-8 5,42 36 5,22 42 0,01 0,01 0,01 0,45 0,13 0,32 1,17 2,66
A-9 5,03 83 5,01 85 0,03 0,03 0,01 0,40 0,37 tr. tr. tr.
A-10 5,25 71 5,14 78 0,04 0,02 0,02 0,48 0,46 tr. tr. tr.
A-11 6,11 22 5,95 30 0,11 0,04 0,07 4,31 4,18 0,13 0,47 1,08
A-12 4,21 133 3,47 173 0,02 0,01 0,02 4,05 4,03 tr. tr. tr.

najniz8ia hodnota pH bola namerana v oblasti referencnej
plochy. Je to spésobené pravdepodobne tym, ze napriek
nepritomnosti sulfidov tu niet Ziadnych karbonatov; obsah
uhlika je velmi nizky (Ciy. 0,40 %, Coq 0,37 % a koncentra-
cia anorganického uhlika Cinorg je pod medzou stanovitel-
nosti; tab. 4). Najvy$&i obsah uhlika sa zistil vo vzorke A-7
(Cior. 1,63 %; prepocitané na CaCOj az 12,71 %).

Vzorky obsahuju 0,01 — 0,42 % celkovej siry (tab.
4). NajvysSie hodnoty obsahu celkovej siry sa zistili
vo vzorke A-6 v halde $télne Empfangnis, kde ma nad
siranovou sirou prevahu sirnikova sira (Sg 0,27 vs. Sgo,
0,15 %). Sirnikovej siry je vo vacSine vzoriek viac ako
siranovej siry. Sved¢&i to o pomerne vysokom obsahu
eSte nezoxidovanych primarnych sulfidov (obr. 7). Ako
uvadzaju Sobek et al. (1978) a Lintnerova a Majercik
(2005), hodnotu AP (celkovu tvorbu acidity) mozno
vypocitat vynasobenim percentualneho obsahu celkovej
(pripadne sirnikovej) siry koeficientom 31,25, odvodenym
z neutralizacnej rovnice:

CaCOg, + HQSO4 = CaSO4 + H20 + C02

Tento udaj zodpoveda mnozstvu kyseliny, ktoru
potencialne méze material deponie vyprodukovat. Na
lokalite Lubietova-Podlipa sa AP pohybuje v rozmedzi
0,3125-13,125 (v priemere 3,7; tab. 5). Najvyssia hodnota
AP sa zistila v halde $télne Empféngnis a najnizSia v malej
haldi¢ke $t6Ine Holdenbachen na Upéti zalesneného svahu
Zelenej doliny (obr. 2).

Na stanovenie rizika, ktoré spdsobuje tvorba acidity,
je potrebné poznat aj neutraliza¢ny potencial (NP). Ten
udava, aky je obsah neutraliza¢nych latok v deponii, ktoré
su schopné neutralizovat aciditu produkovanu materialom
skladky. Distribucia hodnét neutralizacného potencialu na
haldovom poli Podlipa je v jednotlivych ¢astiach depdnie
pomerne rozdielna (0 — 1271, v priemere 27,1; tab. 5)
a viac-menej v negativnej korel&cii vo vztahu k potencialne;j
tvorbe acidity (AP). Napriklad najvy8Sej hodnote AP
13,125 (vo vzorke A-6, kde bol stanoveny najvyssi obsah
celkovej siry Sy, 0,42 % aj sirnikovej siry Sg 0,27 %; tab. 4)

zodpoveda hodnota NP 10,8, kym najnizS§ej AP 0,312 5
(vzorka A-8) zodpoveda NP 26,6. Vyssi NP, 127,1, je len vo
vzorke A-7 (tab. 5), kde bol stanoveny najvys$si obsah C,,
(po prepocitani to zodpoveda 12,71 kg - ' CaCOj; tab. 4).

Cisty neutralizaény potencidl (NNP) zodpoveda mnoz-
stvu neutralizacnej latky (zvy€ajne n - kg CaCOj3 na 1 tonu
materidlu), ktoré je potrebné pridat na neutralizaciu acidity
produkovanej depdniou (NNP = NP — AP). Hodnoty NPP
na haldovom poli Podlipa su uvedené v tab. 5. Ukazuju,
Ze na neutralizaciu banskej hlusiny by bolo potrebné pridat
tolko neutraliza¢ného c¢inidla, ktoré zodpoveda v priemere
23,5 kg CaCOj na 1 tonu haldového materialu. O riziku
vzniku kyslej banskej vody (AMD) najlepSie vypoveda
pomer NP : AP. Ak je blizky hodnote 1, riziko tvorby AMD
je vysoké. Ak je tento pomer rovny alebo vacési ako 3, riziko
tvorby AMD je zanedbatelné (Lintnerova a Majercik, 2005).

Ak vychadzame z priemernej hodnoty pomeru
NP : AP, ktora je na haldovom poli Podlipa 7,4 (tab. 5),
potom mozeme riziko tvorby AMD povazovat za vylucené.
Tuto vysoku hodnotu pomeru NP : AP vSak spdsobuju len
udaje z haldy $télne Empfangnis, kde je tento pomer 135,6.
Keby sme zo suboru tuto extrémnu hodnotu vylugili, pomer
NP : AP by sa zmenil na 1,72. To zodpoveda nizkemu riziku
vzniku AMD.

Prirodné sorbenty

Procesy zvetravania vysokoreaktivnych mineralov
v prevazne kyslom horninovom prostredi mobilizuju
tazké kovy a pocetné dalSie prvky. Tym kontaminuju
zlozky krajinného prostredia. Kvéli ucinnej remediacii
krajiny sa pristupilo k $tudiu moznosti vyuzitia prirodnych
sorbentov. NajddlezitejSie potencidlne prirodné sorbenty
v danej oblasti predstavuje skupina ilovych mineralov
a hydrogoethit, ktoré vznikaju pri zvetravani hornin.

Vyskum potvrdil, ze ilové mineraly reprezentuje zmes
illitu a muskovitu, kaolinitu, mineraly skupiny smektitu
a skupiny chloritu. Vo vSetkych vzorkach su dominantné
ilové mineraly illit a muskovit. Druhy najrozSirenejsi ilovy
mineral je smektit.
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HD-11

Obr. 3. Plodna distribucia Fe, Cu, As, Sb, Sn, Ag, U a Th na haldovom poli Lubietova-Podlipa.
Fig. 3. Planar distribution of Fe, Cu, As, Sb, Sn, Ag, U and Th at Lubietova-Podlipa dump-field.
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ilové mineraly a hydrogoethit vytvaraju na lokalite
prirodzenu geochemicku bariéru. Jej podstata spociva vo
vytvoreni prostredia, v ktorom nastéva precipitacia kovov
do stabilnych vazieb.

Sorpcia tazkych kovov na ilové mineraly
a hydrogoethit

S cielom Studovat sorpciu tazkych kovov z techno-
génnych sedimentov haldy na ilové mineraly a hydro-
goethit, ako aj existenciu volnej sorpénej kapacity tychto
prirodnych sorbentov sa analyzovala najprv vzorka techno-
génneho sedimentu, nasledne ilova frakcia z tejto vzorky
a ilova frakcia po 14-dfiovej maceracii ilu v drenaznej
vode spod haldy Empféngnis. Drenazna voda sa pred
realizaciou pokusu maceracie zahustila odparenim
z objemu 5 000 ml na 1 000 ml. Analyza tejto vody je
uvedena v tab. 6.

Studium sorpcie tazkych kovov z technogénnych
sedimentov haldy na ilové minerdly a hydrogoethit, ako
aj existencie volnej sorp&nej kapacity tychto prirodnych
sorbentov je pomerne komplikovana uloha. V su¢asnosti
autori nedisponuju udajmi, ktoré by umoznili kvantitativne
vyjadrit vymennu sorpénu kapacitu sledovanych sorbentov
v zmysle STN 721076. Umoznuju vSak zistit, ¢i sorbenty
z haldového pola disponuju volnou sorp&nou kapacitou.
Pokial sledujeme tieto zavislosti v jednotlivych vzorkach,
dostaneme pomerne komplikovany obraz, ktory je tazké
jednoznacne interpretovat. Vaésiu vypovednu hodnotu ma
komplexné zhodnotenie vysledkov postupom, pri ktorom

sa hodnoty koncentracie jednotlivych prvkov vo vSetkych
vzorkach technogénneho sedimentu, ilovej frakcie
a v ilovej frakcii po maceracii (tab. 1 — 3) sc€itaju. Takto
ziskané sumarne hodnoty umozfiuju lepSie porozumiet
skimanym procesom a tendenciam.

ilové mineraly v porovnani s hydrogoethitom s
schopné sorbovat na svoj povrch najma V, Cr, W, Zr a Th.
Na hydrogoethit sa prednostne viazu nasledujuce prvky:

Tab. 5
Hodnoty celkovej vytvorenej acidity (AP), neutralizacného
potencialu (NP) a Cistého neutralizaéného potencialu (NNP)
Values of total acidity production (AP), neutralization potential
(NP) and net neutralization potential (NNP)

Obr. 4. Plo$na distriblcia Zn, Bi, Cd
a Pb na haldovom poli Lubietova-
-Podlipa.

Fig. 4. Planar distribution of Zn, Bi,
Cd and Pb at Lubietova-Podlipa
dump-field. HD-9

Vzorka

Sample AP NP NNP NP : AP
A-1 7,81 44,8 37,0 57
A-2 0,62 39,9 39,3 63,8
A-3 3,12 23,2 20,1 74
A-4 10,31 6,6 -3,7 0,6
A-5 1,56 35,7 34,1 22,8
A-6 13,12 10,8 -2,3 0,8
A-7 0,93 1271 126,2 135,6
A-8 0,31 26,6 26,3 85,1
A-9 0,93 0 -0,9 0,0
A-10 1,25 0 -1,3 0,0
A-11 3,43 10,8 74 3,1
A-12 0,62 0 -0,6 0,0
Priemer

Mean 3,7 271 23,5 74

ppm
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Cu, Zn, Mo, Mn a Mg (+ Fe, Cd a Co). V pripade Sb, Bi, Sn,
Pb, Ag, Ni, As a U sa nepreukazali ziadne trendy prednostnej
sorpcie na ilové mineraly alebo na hydrogoethitizovanu
horninu (tab. 1 — 3).

V pripade tazkych kovov — Fe, As, Sb, Ag, Pb, Zn,
Mn, Mo, Bi a U — sa okrem tendencie ich sorpcie na ilovu
frakciu prejavila aj volna sorpéna kapacita ilovej frakcie.
Opacny trend — niz8i obsah tazkych kovov v ilovej frakcii
ako v sedimente a vyplavovanie kovov pri maceracii — sa
preukazal pri Th a Cu (obr. 8). Co preukazal mierny narast
obsahu v ilovej frakcii, ale volna sorpéna kapacita ilov sa
nepreukazala. Spravanie Cd, Ni, Co, V a Cr je komplikované
(obr. 9).

Cd, Ni a V sa prednostne viazu v sedimentoch, nizsi
obsah Cd, Ni a 'V je v ilovej frakcii. Ta vSak mala v procese

200 ym SE 16 kW

Obr. 5. Neidentifikovany Cu-oxidicky mineral zo sedimentu
haldového pola (vzorka A-6).

Fig. 5. Not identified Cu-oxide from the sediment of the dump-field
(sample A-6).

500.pm SE 15KV

Obr. 6. Malachitova konkrécia zo sedimentu haldového pola
(vzorka A-6).

Fig. 6. Malachite grain from the sediment of the dump-field (sample
A-6).

maceracie vo vode obsahujucej tazké kovy tendenciu
sorbovat Cd, Ni a V na svoj povrch. Pravdepodobne je
to dané tym, ze vac¢sina kadmia, niklu a vanadu sa viaze
v pevnej faze a len tazko prechadza do roztoku. V prirod-
nom procese zvetravania su autochtonne ilové mineraly
malo saturované vanadom. Rovnaky trend sa prejavil pri
Cd, Ni, V a Co aj pri hydrogoethite. Situacia v pripade Cr
je velmi podobna. Rozdiel je v tom, ze kym pri vanade
presiahli hodnoty koncentracie kovu v macerovanom ile
v povodnom sedimente, v pripade Cr sa potvrdila naj-
vysSia koncentracia v poévodnom sedimente.

Spomedzi vSetkych skumanych tazkych kovov sa
najkomplikovanejSie prejavil kobalt.

Trojuholnikovy diagram (obr. 10) vyjadruje pomerné
zastupenie sledovanych prvkov. Je vypocitané zo sum ich
priemerného obsahu vo vzorkach haldového materialu
(A), ilovej frakcie haldového materialu (Ac) a ilovej frakcie
po 14-dfiovej maceracii v drenaznej vode z haldového pola
obsahujucej tazké kovy (Ac*) po prepocitani sumarneho
obsahu kazdého prvku na 100 %. Takmer v tazisku
diagramu lezi projekény bod kobaltu a velmi blizko neho
Mn a Th. Z toho vyplyva, Ze podiely tychto prvkov su takmer
zhodné v kazdom z porovnavanych médii (A, Ac, A*).
Prevazna vacsina projekénych bodov sledovanych prvkov
sa sustreduje v poli ohrani¢éenom spojnicami: tazisko
— A 33,3, Ac* 66,6. Pri prvkoch tejto skupiny s klesajucimi
podielmi priemerného obsahu v médiach A a Ac stupaju
podiely pripadajuce na médium Ac v smere od U po Zn
a Pb. Projekéné body Cu, W a Cr lezia okolo spojnice
taziska s A 66,6 v rozsahu + 2 %. Podiely ich priemerného
obsahu v médiach A aj Ac pritom klesaju od Cu po Cr.
Pozicia projekéného bodu Bi je vynimocna tym, ze pri
nizkom podiele v médiu A a strednom podiele v médiu Ac
jeho podiel v médiu Ac* je zhodny so Zr, Sb a Sn.

Najvy$si obsah Th sa zistil v sedimentoch a v pode.
V ilovej frakcii bola koncentracia Th nizSia ako v sedimente
a po maceracii sa vyplavoval z ilovych mineralov. Tento

i T

it
200..om SE 15.kV

Obr. 7. Idiomorfné zrna pyritu a rydzej medi (uprostred)
zo sedimentu haldového pola (vzorka A-9).

Fig. 7. Euhedral pyrite grains and native copper (in the middle)
from the sediment of the dump-field (sample A-9).



P. Andras$ et al.: Haldové pole Lubietova-Podlipa ako zdroj environmentalneho rizika a moznosti vyuZitia ilovej frakcie

ako prirodného sorbentu tazkych kovov

trend je pozoruhodny predovSetkym preto, lebo U sa vo
vSeobecnosti povazuje za mobilnejsi ako Th. Tento trend
sa prejavil aj na loZisku Lubietova pri Studiu vztahu péda/
rastlina. V pédach bol obsah Th obvykle o rad vyssi ako
obsah U, kym v rastlinnych pletivach bol v désledku vyssej
migracnej schopnosti U pomer Th/U viac-menej 1 : 1.
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Obr. 8. Sumarny obsah Fe, As, Sb, o A Ac Act
Pb, Cu a Th: A — v technogénnych
sedimentoch, Ac — v ilovej frakcii, Cu
Ac* — v ilovej frakcii po jej 14-driovej ppm
macerécii vo vode obsahujucej tazké 25500

kovy. 30000
Fig. 8. Total contents of Fe, As, Sb,
Pb, Cu and Th: A — in technogenous ~ **®
sediments, Ac — in clay fraction, ::Ez
Ac* — in clay fraction after 14- _—
-days maceration in drainage water i
A Ac Ac*

containing heavy metals.
cd
Ac Act

Tab. 6

Obr. 9. Sumarny obsah Cd a Ni:

A — v technogénnych sedimentoch,

Ac - v ilovej frakcii, Ac* — v ilovej ~ PP™
frakcii po jej 14-dfiovej macerdcii 29
vo vode obsahujucej tazké kovy. 2

Fig. 9. Total contents of Cd and Ni: 15
A - in technogenous sediments, Y
Ac — in clay fraction, Ac* — in clay
) A

fraction after 14-days maceration = °*
in drainage water containing heavy 0
metals.
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Diskusia

Distribucia tazkych kovov na haldovom poli je odrazom
ich geochemickych vlastnosti: obsahu, rozpustnosti,
migra¢ného potencialu a sorpénych vlastnosti. Nedostatok
karbonatov (ako hlavného prirodného neutraliza¢ného
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ICP-MS analyza drenaznej vody pouzitej na 14-dfiovd maceraciu ilovej zlozky
ICP-MS analysis of drainage water used for 14-days maceration of clay fraction

Vzorka Fe Cu Pb Zn Cd Bi Co Ni As
Sample pg - I
V-1 486 9864 124 189 0,25 2,11 442 23,1 14,8

Mn

52

Mo Ag Cr Sn

0,2 0,1 8,2 0,2

Poznamka: Koncentracia Au, Ag, V, W, Zr, Sn, U a Th je pod medzou stanovitelnosti.
Notice: Au, Ag, V, W, Zr, Sn, U and Th concentrations were below the detection limit.
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« Ac*
N

——-
AO% 100 % Ac

Obr. 10. Trojuholnikovy diagram obsahu jednotlivych tazkych kovov
v technogénnom sedimente (A), v ilovej frakcii (Ac) a v ilovej frakcii
po 14-dnovej maceracii v drenaznej vode s vysokym obsahom
tazkych kovov (A).

Fig. 10. Triangle shaped plot of heavy metal contents in
technogenous sediment (A), in fraction of clay minerals (Ac) and in
clay minerals after 14-days maceration in drainage water with the
high contents of heavy metals.

Cinidla) spbsobuje, ze z 12 Studovanych vzoriek zod-
povedajucich priemernym vzorkam z 12 ¢asti haldového
pola v piatich su hodnoty NPP zaporné (neutraliza¢né
latky uplne chybaju) a dve hodnoty (zo vzoriek A-3 a A-11)
su velmi nizke (7,4 a 20,1; tab. 5). Hodnoty NPP od —20
do 20 (kg CaCOj; - t' haldového materidlu) z hladiska
potencialnej tvorby kyslych latok v zmysle metodiky US
EPA (in Lintnerova a Majercik, 2005) mozno oznadit
za ,rozsah neistoty’; pretoze nemozno jednoznacne
urcit, ¢i sa AMD bude tvorit, alebo nebude. Napriek tomu
celkovy vysledok Studia nasvedCuje tomu, Zze na lokalite
Lubietova-Podlipa je pomerne vysoky stupen pravde-
podobnosti, Zze tvorba AMD v buduicnosti nenastane.

Mobilitu vaésiny tazkych kovov v prirode determinuje
predovsetkym ich schopnost sorpcie do prirodnych
sorbentov. Medzi nimi maju dominantné postavenie
predovSetkym ilové mineraly (Missana et al., 2008).
Podla mechanizmu sorpcie mozno rozlisit niekolko typov:
a) mechanicku sorpciu, b) fyzikalnu adsorpciu podmie-
nenu povrchovym napatim na fazovom rozhrani,
c) fyzikalno-chemickd vymennu sorpciu, ktora sa usku-
to¢huje vymenou iénov, d) chemicku adsorpciu, pri
ktorej nastava putanie anidnov a tie vytvaraju precipitaty,
e) bioakumulaciu — napriklad prijimanie biogénnych
prvkov korefiovym systémom rastlin a mikroorganizmami
(Chmielewska a Lesny, 1995; Lischke a Frank, 1988).
Pri ilovych mineraloch je dominantnym procesom i6nova
vymena medzi roztokom a tuhou fazou, ale CiastoCne aj
fyzikalny proces adsorpcie (Kozac, 1996).

Pri vacsine tazkych kovov sa kaolinit osved¢il ako
vynikajuci sorbent (Wahba a Zaghloul, 2007). Cu, Pb, Zn

a Cd sa viazu prednostne na smektit, no Pb aj na illit
(Rybicka et al., 1995). lllit a smektit v pripade Pb a Cu sa
vyznacuju vybornou sorp&nou schopnostou. Zn, Ni a Cd sa
sorbuju na povrch illitu a smektitu v mensej miere. Mg, Fe
a Al sa na ilové mineraly sorbuju podstatne lepSie pri vys-
Som pH. Spdsobuje to absencia volnych idbnov H* a zvy$o-
vanie negativneho naboja na povrchu ilovych mineralov
(Kishk a Hassan, 1973). Hodnota pH,0, technogénnych
sedimentov na lokalite Podlipa koliSe v rozmedzi 4,21 az
7,93 (pHkc) 4,00 — 7,34). Mozno konstatovat, Ze podmienky
na sorpciu Cu, Pb, Zn a Cd na ilové mineraly sice nie su
najlepsie, ale ani uplne neuéinné.

Z hladiska environmentalneho rizika su podla Andrasa
et al. (2008) na Studovanej lokalite najrizikovejSie tazké
kovy — Cu, As a Sb.

Hlavnym zdrojom Cu na haldovom poli su tetraedrit,
chalkopyrit a sekundarne mineraly medi (libethenit,
brochantit, langit, malachit, azurit a pseudomalachit).
Cu uvolnena pri zvetravani do roztokov kontaminuje celu
miestnu hydrosiet. Andra$ et al. (2007) opisali na lokalite
cementacny proces, pri ktorom Cu precipituje na oxidoch
Fe (hydrogoethite) a na zeleze. V prirodnych vodach sa
z rozpustnych foriem Cu vyskytuje hydratovany ion
Cu(ll), uhli¢itanové komplexy [CuCOs(aq)]°, [Cu(COs3),1*~
a hydrokomplexy [CuOH], [Cu(OH),(aq)1°, [Cu(OH)]3-
a [Cu(OH),?~ (Pitter, 1990).

Sorpcia Cu na povrch ilovych mineralov vyrazne
zavisi od pH. V pripade nedostatku karbonatov (ako je
to aj na lokalite Lubietova-Podlipa) podfa Suna et al.
(1997) pri procese sorpcie vznikaju komplexné zlu¢eniny
=SOCu*, =SOCuOH a =SOCu,(OH),*, menej aj =Cu(OH),
a =S0Cu,(OH); precipitatov.

Hlavny zdroj As na lokalite Lubietova je tetraedrit. Pri
zvetravani arzénové rudné mineraly lahko oxiduju, pri¢om
arzén prechadza z foriem s niz§im mocenstvom na As(V),
tvoriac zlu€eniny kyseliny arzeni¢nej (Lin a Puls, 2000).
Ta je rozpustna vo vode, ale len zriedka m6ze migrovat
na vacsiu vzdialenost, pretoze rychlo reaguje s kationmi
tazkych kovov a arzén sa viaze vo forme rozli¢nych
arzeni¢nanov. As vo vode vystupuje najcastejSie vo forme
H,AsO,~, HAsO,?> a HAsO,° (Greenwood a Earnshaw,
1990). As(lll) je v oxidagnej zéne zvetravania omnoho
mobilnejsi ako As(V) (Manning a Goldberg, 1997).

V hypergénnych podmienkach haldového pola
Lubietova-Podlipa vyrazne previada As(V) (Andras et al.,
2008). Sorpéna kapacita ilovych mineralov, hydrogoethitu
a oxyhydroxidov Fe, vo vztahu k As je velmi vysoka (az 76
mg As - g~' v oxyhydroxidoch Fe pri pH 5). Sorpcia As zavisi
od pH, ¢asu, koncentracie As v roztoku a teploty (Mohapatra
et al., 2007). NajintenzivnejSia sorpcia nastava pri pH 4
(Garcia-Sanchez et al., 2002; Lombi et al., 2000). Podia
Mohapatra et al. (2007) je spomedzi ilovych mineralov
pritomnych na haldovom poli Lubietova-Podlipa najlepsim
sorbentom As(V) kaolinit. 25 — 35-nasobne lepSie sorpéné
vlastnosti vykazuju halloyzit a chlority. Menej toxicky
As(V) sa vo vztahu k toxickejSiemu As(lll) sorbuje na ilové
mineraly omnoho lahSie a vo vd¢Som mnozstve. As(lll) sa
pri tomto procese oxiduje na As(V). Redukény proces sa
pri Studiu sorpcie As nepotvrdil (Lin a Puls, 2000).
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Vacésina Sb pochadza z tetraedritu. Sb(lll) aj Sb(V)
existuju v prirodnych podmienkach v rozpustnych formach:
Sb(V) ako Sb(OH)g a Sb(lll) vo forme Sb(OH); (Filella
et al., 2002). Hydrogoethit a hydroxidy Fe su dblezité
sorbenty Sb. Sb(lll) aj Sb(V) vytvaraju na povrchu
hydrogoethitu a hydroxidov Fe komplexné zluceniny. Sb(lll)
sa najlepSie sorbuje pri pH 3 — 12, kym maximalna sorpcia
Sb(V) nastava pri pH < 7. Na povrchu hydrogoethitu
a hydroxidov Fe mbéze najmé& v rozmedzi pH 3 — 5,9
v priebehu niekolkych dni nastavat oxidacia Sb(lll). Pri pH
~ 9 sa mobilizuje a uvolfiuje do roztoku, pri pH < 7 zostava
viazany na povrchu oxidov Fe (Leus et al., 2006).

Z rozpustnych foriem olova v prirode prevazuju Pb(ll)
a [PbCO,(aq)]®, ktory moze byt v Sirokom rozmedzi pH
dominantnou formou vyskytu. V alkalickej oblasti sa mézu
tvorit vo vacsej koncentracii aj komplexy [Pb(CO;),]%,
[Pb(OH),(aq)]° a [PbOH]* (Pitter, 1990). V pdde je Pb
najCastejSie v pevnej faze vo forme PbCO; a PbSO,,
pricom huminové latky spésobuju jeho imobilizaciu (Bene$
a Pabianova, 1987). Pb vykazuje afinitu k tvorbe komplexov
s nerozpustnymi huminovymi latkami. V désledku toho
sa fixuje vo vrchnej humusovej vrstve. Cu a Pb v porovnani
so Zn byvaju sorbované na povrch ilovych mineralov
omnoho pevnejsie (Sipos et al., 2008).

Rozpustné Cd sa vo vode vyskytuje ako jednoduchy
hydratovany ion Cd(ll), vo forme anorganickych komplexov
[CAOH]*, [Cd(OH),(aq)]°, [Cd(OH)s]", [CdCOs(aq)l’,
[Cd(COy),)%, [CASO,]° a vo forme organickych komplexov
s réznymi organickymi ligandmi (Pitter, 1990). Sorpcia Cd
na ilové minerdly sa vo vSeobecnosti zvySuje so vzrasta-
jucim pH (Hayashi a Liu, 2008). Percento sorbovaného
Cd(Il) na ilové mineraly vyrazne vzrasta pri pH 6,5 az 9,0,
pricom na illit sa sorbuje intenzivnejSie ako na kaolinit
(Reid a McDuffie, 2005).

Zaver

Distribucia tazkych kovov v horninach a rudninach
haldového pola Lubietova-Podlipa je nerovhomerna. Zod-
poveda pbévodnej koncentracii kovov v technogénnom
sedimente, ako aj ich migraénym a sorpénym vlastnostiam.

Oxidaciu sulfidickych mineralov na lozisku indikovanu
povlakmi sekundarnych mineralov Cu (uhli¢itanov
a oxidov) potvrdzuju aj zistené hodnoty pH vo vyluhoch
z technogénnych sedimentov. Pomerne vysoky obsah
celkovej aj sirnikovej siry sved¢i o znaénom obsahu este
nezoxidovanych primarnych sulfidov. Priemerny potencial
celkovej tvorby acidity (AP = 3,7) zodpoveda Cistému
neutralizaénému potencialu (NNP) 23,5 kg CaCO,
na 1 tonu haldového materialu.

Rtg. difrakéné analyza potvrdila, ze spomedzi prirod-
nych sorbentov prevazuju na lokalite illit, muskovit
a mineraly zo skupiny smektitov, menej kaolinit a mineraly
zo skupiny chloritu. Hydrogoethit je pomerne zriedkavy.
Znacna cast tazkych kovov a kontaminantov je zachytena
v poréznych zlozkach, v hydroxidoch zeleza (hydro-
goethite) a v ilovych mineraloch (predovsetkymV, Cr, Ti, W,
Zr, Nb, Ta a Th). Tie v pripade Fe, As, Sb, Ag, Pb, Zn, Mn,
Mo, Bi a U disponuju zna¢nou volnou sorp&nou kapacitou.

Haldovy material stale vykazuje zna¢né mnozstvo
mobilizovatelnych kovov a isty potencial tvorit kyslost.
Pomer NP : AP napriek tomu umozriuje vyslovit predpoklad,
Ze pre okolité krajinné zlozky nepredstavuje bezprostredné
riziko, pretoze tvorba kyslych produktov (AMD) v oblasti
haldového pola je malo pravdepodobna.
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Dump-field Lubietova-Podlipa as a source of environmental risk and possibilities
of clay minerals utilization as heavy metal sorbents (Middle Slovakia)

The Lubietova deposit belonged in the 15th and 16th
centuries among the most important and most extensively
exploited Cu-mines of Europe. Although mining activities
were stopped during the 19th century and only a few
geological surveys with negligible effect have been carried
out here since that time, the area is substantially affected.
The main dump-field Podlipa (Fig. 1) represents about
2 km? area. The deposit is situated in Permian greywackes,
arkose schists and conglomerates.

The dump-field sampling was realized in 2007 and
2008 (Fig. 2). Each sample (A-1 to A-12) was prepared
from numerous local samples and represents the average
sample of the single dump-field area (Fig. 2). Also samples
of clay fraction and clay fraction after 14 days maceration
in drainage water containing high heavy metal content
(Tab. 6) were analysed (Tabs. 1-3).

The dump-field mining sediments are influenced by
heavy metals from the hydrothermal Cu-mineralization.
The main contaminants: Cu (up to 20 360 ppm), Fe
(up to 2.58 %), As (up to 457 ppm), Sb (up to 80 ppm)
and Zn (up to 80 ppm) are accompanied also by U (up to

10 ppm) and Th (up to 35 ppm; Tabs. 1-3). The present
natural sorbents are predominantly the clay minerals
(illite, muscovite, kaolinite, smectite) and hydrogoethite.
The clay minerals are good sorbents of V, Cr, Ti, W, Zr, Nb,
Ta and Th and in the case of hydrogoethite of Cu, Zn, Mo,
Mn, Mg (+ Fe, Cd, Co, Ca). The free sorption capacity was
proved in the case of Fe, As, Sb, Ag, Pb, Zn, Mn, Mo, Bi
and U (Tabs. 1-3, Figs. 8, 9 and 10).

The paste or rinse pH of sediments measured in
distilled H,O is around 5.3 and only very few samples
account acid values (< 5.0). The measuring of the pH paste
in the samples using solution of 1M KCI give similar values.
It means that only few samples show markedly acid
reaction. The acidity production (AP) vary from 0.625 to
10.31 (in average 3.7) and the neutralization potential (NP
CaCO;) from 0.66 to 12.71 kg/t (in average ca 27.1 kg/t
CaCQO,). The value of the net neutralization potential (NPP)
and the NP : AP ratio show (if we remove the extreme
value from sample A-7) that the potential of the acid mine
drainage water formation is very limited (NPP = 1.42;
NP : AP = 1.72) and the environmental risk is negligible.
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Analyza vztahu medzi vypocitanym stupriom stability a pohybovou

aktivitou na priklade zosuvu pri Okolicnom
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Analysis of the relation between calculated degree of slope stability and kinetic activity
of the landslide Okoli¢né (Liptovsky Mikulas district, Slovakia)

Input parameters of the slope stability calculation are slope morphology, shear strength
characteristics and the state of groundwater level. Because the first and second parameters are
practically invariable in specified time period, actual slope stability state is the most influenced
by the groundwater level changes. In accordance with this concept the regime observations of
groundwater level changes are performed on important landslide areas with assumption that
expressive increase of ground water level may redound to activation of the slope movement.
Unfortunately, to prove such assumption is rather complicated because of lack of quality and
quantity data about the development of kinetic activity of the landslide masses. Two methodical
procedures of the derivation of the relation between the degree of stability (determined from
the results of regime observations) and kinetic activity of landslide (determined by the geodetic
and inclinometric measurements) are presented in the paper. Input data has been obtained on
the model landslide Okoli¢né near Liptovsky Mikulas town during its long-term monitoring. The
great difficulty of studied relation and its affection by the number of factors have been proved.
Nevertheless, in the case of strong dependency between analysed phenomenons the critical
levels of ground water may be informatively derived.

Key words: stability of slope, regime observations, geodetic and inclinometric measurement,

monitoring

Uvod

Vznik alebo aktivaciu zosuvnych pohybov v pod-
mienkach Zapadnych Karpat najviac ovplyvrnuju zmeny
urovne hladiny podzemnej vody. Preto pri posudzovani
stabilitného stavu zosuvnych uzemi je najdélezitejSie
odvodenie vztahu medzi kolisanim podzemnej vody
a zosuvnou aktivitou. Stidium vplyvu vody na pohybovu
aktivitu zosuvnych mas méze odhalit zavislosti, ktoré
v buducnosti umoznia s dostato¢nym predstihom indikovat
bliziaci sa stabilitne nepriaznivy stav.

Cielom tohto prispevku je prispiet k poznaniu uvedene;j
zavislosti na zaklade hlbSej analyzy vypocitanych hodnét
stability (uréenych priréznych drovniach hladiny podzemnej
vody) a nameranych parametrov pohybu zosuvnych hmot
na modelovej lokalite zosuvu pri Okoli€nom. Tato lokalita
je znama dlhodobo pretrvavajucim zosuvnym ohrozenim
délezitej zelezni€nej tepny, ktora spaja vychod a zapad
Slovenska. Kvéli tejto skutoénosti sa lokalita dostala do
povedomia Sirokej odbornej verejnosti a okrem detailného
zhodnotenia v zavereénej sprave z prieskumu (Fussganger
et al., 1976) boli vysledky rieSenia Ciastkovych problémov
publikované vo viacerych odbornych prispevkoch
(Fussgéanger a Jadron, 1977; Scherer a Wagner, 1997;
Wagner et al., 1997, 2000; Slivovsky et al., 1998 a dalsi).
Prehladna informacia o lokalite sa nachadza aj v znamom

213

monografickom diele Nemc¢oka (1982). Vzhladom na celo-
spolo¢ensku doblezitost bola lokalita zaradena aj do suboru
zosuvov monitorovanych v ramci rieenia tlohy Ciastkovy
monitorovaci systém geologickych faktorov Zivotného
prostredia, ktorej objednavatelom je Ministerstvo zivotného
prostredia Slovenskej republiky a zhotovovatelom Statny
geologicky Ustav Dionyza Stura (Klukanova, 1998). Vdaka
rieSeniu tejto Ulohy sa na opisovanej lokalite v priebehu
poslednych 15 rokov zozbieralo mnozstvo udajov, ktoré
charakterizuju vyvoj rezimu podzemnej vody a pohybove;j
aktivity zosuvnych hmét.

Charakteristika zosuvnej lokality

Zosuv sa nachadza v severovychodnej Casti intra-
vilanu mesta Liptovsky Mikula$ na juznom svahu s kotou
H&j (746 m n. m.). Zosuvny pohyb sa aktivizoval v roku
1949 pocas zdvojkolajhovania zelezni¢nej trate, ked
pri terénnych upravach bol podrezany svah budovany
vrstvami paleogénnych ilovcov a pieskovcov. ISlo o re-
aktivaciu starSej svahovej poruchy, ktora v minulosti
vznikla v dbsledku lateralneho podrezavania svahu
riekou Vah. V snahe stabilizovat zosuvny svah sa na
lokalite v rokoch 1953 az 1976 uskutoCnilo niekolko etap
prieskumnych a sanaénych prac. Po¢as nich sa vybudovali
viaceré sanacné a monitorovacie objekty. Kvoli moznosti
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Obr. 1. Zosuvné uzemie Okoli¢né
pri Liptovskom Mikulasi. A — situacia
zosuvného Uzemia so sietou moni-
torovacich bodov; B — schematicky
geologicky profil 1 — 1" (spracovany
podla Fussgdngera et al., 1976).
1 — hydrogeologické vrty; 2 — hydro-
geologické vrty so zabudovanym
hladinomerom; 3 —inklinometrické vrty;
4 — horizontalne odvodriovacie vrty;
5 - body geodetickej siete;
6 — ohranienie zosuvu; 7 - linia
schematického (1 — 17) a vypoctového
(1 = 17) profilu; 8 — zosuvné
deldvium a podlozné zvetrané
ilovce; 9 — sedimenty rieénej terasy
Vahu; 10 — paleogénne pieskovce;
11 — paleogénne ilovce; 12 — parcidlne
Smykové plochy; 13 —bazalna Smykova
plocha; 14 — neogénne zlomy.

Fig. 1. Landslide area Okoli¢né near
town Liptovsky Mikulas. A — the
landslide area with location of the net
of monitoring objects; B — schematic
geological profile 1 — 1" (according
to Fussgéanger et al., 1976).

1 — hydrogeological boreholes;
2 — hydrogeological boreholes with
automatic water-level indicator;
3 - inclinometric boreholes;
4 — horizontal drainage boreholes;
5 — the points of the geodetic net;
6 — border of the landslide; 7 — line
of schematic (1 — 1") and computed
(1 —17) profile; 8 — landslide deluvial
deposits and weathered bedrock
claystones; 9 —Vah river terrace fluvial
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dokonalejSej kontroly aktudlneho stabilitného stavu
svahu k nim neskér pribudali dalSie objekty vratane
automatickych hladinomerov.

V hodnotenom zosuvnom Uzemi sa vyvinulo viacero
svahovych poruch. Rozmermi aj aktivitou najvyraznejsi
zosuv ma prudovy charakter s orientaciou hlavného
pohybu zo SV na JZ (obr. 1A). Dizka zosuvu je 750 m,
jeho celkové prevy$enie predstavuje 130 m (590 — 720 m
n. m.). Akumula¢na oblast, ktora ma vyrazne vyvinuty
bochnikovity tvar, je Siroka 290 m s relativnym prevySenim
oproti aluvialnej nive 20 m. Prechodova oblast je Siroka
priblizne 170 m a dosahuje relativne prevysenie 40 m.
na dve Casti. Celkova plocha postihnutého uzemia je
0,16 km?2. Zapadne od hlavného zosuvu vznikli v désledku
nefunk&nosti stardich odvodnovacich zariadeni dva mensie
zosuvy (obr. 1A).

Na geologickej stavbe zosuvného uzemia sa podielaju
horniny vnutrokarpatského paleogénu a kvartérne
sedimenty (obr. 1B). Hranicu medzi paleogénnymi
horninami a kvartérnym pokryvom tvori eluvidlny
zvetraninovy plast. Paleogénne sedimenty maju flySovy
charakter s prevladajicou ilovcovou zlozkou. Orientacia
ich vrstvovitosti je 290 az 310°/ 5 az 35°.

deposits; 10 — Paleogene sandstones;
11 - Paleogene claystones;
12 — partial slip surfaces; 13 — basal
slip surface; 14 — Neogene faults.

550 600 650 700 [m]

Eluvialne a deluvialne ulozeniny su svojim charakterom
a geotechnickymi vlastnostami velmi pribuzné. Eluvialne
sedimenty — navetrané az zvetrané ilovce a pieskovce
— mozno vyc¢lenit len v najvysSSich polohach svahu.
Smerom po svahu postupne prechadzaju do deluvialnych
sedimentov a v prostredi nad bazalnou Smykovou plochou
su vyclenené ako zosuvné deltvium. Tvoria ich prevazne
svahové ilovité hliny, ktoré pri zvySenom vyskyte pevnejsich
ulomkov pieskovcov a ilovcov nadobudaju charakter
hlinitych a hlinito-kamenitych sutin. Celo zosuvu je v dizke
viac ako 50 m presunuté cez aluvialne Strkovité naplavy
Vahu (Fussganger et al., 1976 — obr. 1B).

Z hydrogeologického hladiska mozno v zosuvnom
uzemi vyclenit viacero zvodnenych horizontov. V najvyssie
polozenych &astiach uzemia nad odlu¢nou oblastou
prevlada hlbSi obeh podzemnych véd nad obehom
v pokryvnych utvaroch. Podzemna voda v tejto oblasti
sa viaze na tektonicky porusené az rozlamané lavice
pieskovcov. Smerom dolu po svahu (priblizne vo vyske
650 m n. m.) sa tento pomer vyrovnava a mozno konsta-
tovat, ze oba obehy splyvaju. V tychto miestach sa pod-
zemna voda dostava pod malo priepustné az nepriepustné
bariéry. Tym jej hladina ziskava napéty charakter s piezo-
metrickou vySkou znacéne presahujucou Uroven terénu.
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Lokalne napété hladiny sa vyskytuju aj v telese zosuvného
deluvia. Svahovym pohybom sa porusil pévodny hydro-
geologicky rezim. Vysledkom toho je vznik lokalnych
zvodnenych polbh. Tieto skuto¢nosti velmi nepriaznivo
ovplyviiuju stabilitné pomery svahovej deformacie.
Na upati svahu sa drenaznymi vlastnostami prejavuju
Strkovité a piescité fluvialne naplavy rieky Vah, ktoré
su Ciasto¢ne postihnuté zosuvnym pohybom (obr. 1B a 2).

Metodicky postup rieSenia

Postup rieSenia ulohy pozostaval zniekolkych, vzajomne
na seba nadvazujucich etap. Prva etapa bola zamerana
na zostavenie reprezentativneho inZinierskogeologického
modelu zosuvného svahu, jeho kvantifikaciu (t. j. vyber
reprezentativnych fyzikalnych a mechanickych vlastnosti
hornin), vyber vypo¢tovych urovni hladiny podzemnej vody
a na vypocet stupna stability na jednotlivych Smykovych
plochach pri réznej urovni hladiny podzemnej vody.
V nasledujucej etape sa vykonala analyza pohybovej
aktivity zosuvnych hmét na zaklade vysledkov réznych
typov monitorovacich merani po€as vybraného obdobia
monitorovania zosuvu. V poslednej etape rieSenia sa
ziskané vysledky stabilitnych rieSeni a zaznamenanych
pohybovych aktivit zosuvu zosuladili v ¢ase, vzajomne
sa porovnali a z takejto analyzy sa odvodili poznatky
a zavery.

Vplyv rezimu podzemnej vody na stuper
stability svahu

Stupen stability sa uréoval na generalizovanom inzi-
nierskogeologickom modeli zosuvného svahu pri rGznych
urovniach hladiny podzemnej vody (otazke vyberu
hladiny podzemnej vody je venovana samostatna cast).
Vypoctovy profil bol zostaveny na zaklade realnych
suradnic terénu a hibky $mykovych ploch zistenych pri

Obr. 2. Profil 1 — 1”" so znazornenim
Smykovych pléch pre stabilitné
vypocty. 1 — nasyp Zelezni¢nej trate;
2 — zosuvné deldvium; 3 — zvetrané
paleogénne ilovce; 4 — neporusené
paleogénne podlozie flySového
charakteru; 5 —rie¢naterasaVahu;6 —
modelova uroven hladiny podzemne;j
vody; 7 — parcidlne Smykové plochy 1
(I.—=V.s.p.), I. = V. zéna — vy¢lenené 1. z6na II. z6na

inzinierskogeologickom prieskume lokality (Fussganger
et al., 1976), ako aj z prac, v ktorych sa riesili stabilitné po-
mery opisovaného uzemia (Mika in Klukanova et al., 1998).

InZinierskogeologicky profil (1 —1°"; obr. 2) prechadza
centralnou ¢astou najvac¢sieho prudového zosuvu (obr. 1A).
V profile s dizkou 481 m a s celkovym prevy$enim 77,6 m
je zachytenych péat aktivnych $mykovych pléch. Od ¢ela
zosuvu smerom k odluénej oblasti profil prechadza cez
terasové sedimenty rieky Vah, ktoré su Ciasto¢ne prekryté
sedimentmi zosuvného dellvia a umelym nasypom zelez-
ni¢nej trate, a pokraduje samotnym zosuvnym telesom.
Podlozie zosuvnych deluvialnych sedimentov tvori zvetrany
horizont ilovcov, postupne prechadzajuci do neporusenych
ilovcov a pieskovcov vnutrokarpatského flySu (obr. 2).
Bazalna Smykova plocha, ktora ohraniCuje zosuv, vznikla
pocas starsej vyvojovej fazy a z hladiska su¢asného vyvoja
zosuvného pohybu ma prevazne stabilny charakter. Preto
sa aj monitorovanie rezimovych ukazovatelov v oblasti
nad aktivnymi Smykovymi plochami vyrazne zredukovalo.
Vzhladom na nedostatok informacii o rezime podzemnych
vbéd sa vo vypoctovom profile nehodnoti stabilita v celej
dizke bazalnej $mykovej plochy.

Pri kvantifikacii vypoctového modelu sa z pozadovanych
vlastnosti hornin pouzil vzdy spodny interval v ramci
prevladajuceho rozsahu hodnét objemovej tiaze suchej
zeminy (y) a efektivnych parametrov Smykovej pevnosti
— uhla vnutorného trenia () a sudrznosti (c), ur€enych
na vzorkach, ktoré sa odobrali z jednotlivych vrtov po¢as
prieskumu. Na vypocet stupna stability sa pouzila Woldtova
metdda, ktora umoziiuje vypocet stupna stability na
lubovolnej polygonalnej Smykovej ploche. Softvér pouzity
pri stabilitnych vypocétoch umozriuje zohladnit aj pozitivny
vztlakovy horizont podzemnej vody. Pri zostavovani
vypoctového modelu sa postupovalo v zmysle uzivatelskej
prirucky (Kovarik, 2008). Vstupné udaje charakterizujuce
vlastnosti jednotlivych litologickych vrstiev su uvedené
v tab. 1.

1ll. z6na | IV. z6na V. z6na

[mn.m]
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Tab. 1
Inzinierskogeologické vlastnosti hornin vstupujuce do vypoctového modelu (Fussgénger et al., 1976)
Engineering geological properties of rocks and soils inputed into computing model (Fussgéanger et al., 1976)

Uhol vnutorného trenia ¢ [°] Sudrznost ¢ [kPa]

Litologicky opis Objemova tiaz y [kN . m=3]
Navazka, zelezni¢ny nasyp 20,00
Aldvium — $trk 20,00
Zosuvné deltvium — il 19,17
Zvetrana ilovita bridlica 20,10
llovita bridlica 20,79

15,00 10,00
30,00 0,00
19,80 0,00
21,10 0,00
27,00 0,03

V sulade s manualom (Kovéfik, 2008) uvedené hodnoty predstavuju objemovu tiaz suchej zeminy a efektivne hodnoty Smykovych

parametrov na urovni Smykovej plochy.

In accordance with the manual (Kovafik, 2008), the stated values represent the unit weight of dry soil and the effective values of the

shearing parameters on the slip surface.

Dynamickou zlozkou vo vypoétovom modeli, priamo
ovplyviiujucou urCovany stupen stability, je premenliva
uroven hladiny podzemnej vody. Informéacia o jej rezime
pochadza z vysledkov dlhodobého monitorovania na 11
pozorovacich objektoch (vrty M-4, M-2, J-1, JP-44, M-3,
AH-2, J6-B, JO-1, JH-14, J3-A, J3-B — obr. 1A, obr. 2).
Merania na spomenutych objektoch sa vykonavaju
v pravidelnych tyzdfiovych intervaloch. Vynimku tvoria
objekty, v ktorych su umiestnené automatické hladino-
mery (J-1, AH-2). V nich sa hibka hladiny podzemnej
vody zaznamenava kazdu hodinu. Kolma vzdialenost
pozorovacich objektov od linie profilu je do 45 m.

Monitorované objekty pochadzaju z réznych etap
prieskumu, resp. sanacie zosuvného uzemia, pricom aj
ucel ich realizacie bol rozdielny. Z hladiska vyuzitelnosti
na rezimové pozorovania su najvhodnejSie vrty JH-14,
J-1 (od roku 1996 s umiestnenym automatickym hladino-
merom), J6-B, J3-A a J3-B (p6évodne zabudované pre
dva zvodnené horizonty). Tieto vrty sa realizovali po¢as
prieskumu v rokoch 1972 az 1976 a boli vystrojené na
rezimové pozorovania. V oktobri roku 2005 k nim pribudol
vrt AH-2, vybudovany kvéli umiestneniu zariadenia na
automaticky zdznam urovne hladiny podzemnej vody
v rezime on-line. Specialne postavenie v spomenutej
skupine vrtov ma vrt JH-14. Jeho situovanie v zéne so
silnym vztlakovym horizontom podzemnej vody spdsobuje
staly preliv podzemnej vody cez ustie paznice. Tento stav
vyvolal isté problémy s interpretaciou urovne hladiny,
kedZe na danom objekte sa sleduje vydatnost v | . min~".
Na zaklade vysledkov Cerpacej skusky vykonanej v roku
1975 (Fussgéanger et al., 1976) RNDr. P. Malik, CSc.,
zo Statneho geologického Ustavu D. Stura v Bratislave
pomocou zauzivanych postupov uvedenych v praci Muchu
a Sestakova (1987) stanovil zavislost medzi vytekajicim
mnozstvom vody z vrtu a piezometrickou vy$kou hladiny
podzemnej vody. To umoznilo transformovat merania
vydatnosti na Udaj pouzitelny v stabilithom vypocte.

Zasadnym metodickym problémom je vyber takej
hibky hladiny podzemnej vody, ktora vyvolava nepriaznivy
vplyv na stabilitny stav svahu. Preto sa hlavna pozornost
venovala vysokym stavom hladiny podzemnej vody, ktoré
sposobuju narast Smykovych napéati, ako aj znizenie
Smykového odporu. Vysledkom toho méze byt nasledna

reaktivacia svahového pohybu. Vyber nepriaznivej hladiny
sa uskuto€nuje v sulade s monitorovacimi cyklami v ¢asovo
obmedzenom intervale, kiorym je jeden kalendarny rok.
Na odvodenie takejto, zo stabilitného hladiska najmene;j
priaznivej hladiny sa zvolil postup, ktory je znazorneny na
obr. 3. V rdmci vymedzeného obdobia (jeden kalendarny
rok) sa vybralo meranie, v ktorom hladina podzemnej
vody bola sucasne vo vSetkych pozorovanych objektoch
najblizSie k povrchu terénu. Toto meranie charakterizuje
moment, v ktorom sa priemerna hibka uréena zo véetkych
meranych hladin na lokalite nachadzala najvysSie, t. j.
najblizSie k urovni terénu. Matematicky mozno tento stav
vyjadrit vztahom

zhii
LV,

Nppy = min

kde Ny, je hladana hodnota, ktora charakterizuje meranie
s najnepriaznivejSou hladinou podzemnej vody, h;
predstavuje hibku hladiny podzemnej vody zaznamenanu
v kazdom pozorovanom objekte pocas jedného merania
a V, predstavuje poCet meranych objektov. Hladiny
zaznamenané pocas tohto merania sa dosadzovali do
vypoctového modelu na uréenie stability svahu.

Stanovenie deformacie zosuvného Uzemia
a analyza vysledkov

Na modelovej lokalite sa prejavy pohybovej aktivity
pravidelne pozoruju na povrchu svahovej deformacie
pomocou geodetickych merani a pod povrchom — na
urovni Smykovych pléch — metédou presnej inklinometrie.
Merania geodetickej siete sa vykonavaju od roku 1971
dodnes. Spociatku sa realizovali dvakrat do roka, od roku
1999 sa ich frekvencia znizila na jedno meranie rocne.
Inklinometrické merania sa zacali vykonavat v roku 1993
a realizuju sa dodnes jedenkrat ro¢ne. Etapy merani
obidvomi metdédami boli ¢asovo nejednotné, a preto od
roku 2001 je snaha ich synchronizovat (merania vykonavat
raz ro¢ne na sklonku jarného obdobia).

Geodetické a inklinometrické objekty sa rozdelili na
pat zén tak, aby zaznamenana deformacia dostato¢ne
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odrazala pohyby na jednotlivych hodnotenych $mykovych
plochach (obr. 2). V prvej zéne je zachytena deformacia
na piatej Smykovej ploche v predpoli ¢ela zosuvu v oblasti
Zelezniéného nasypu vo vrte M-4 v hibke 2 m pod terénom.
Deformécia druhej zény je monitorovana na povrchu
geodetickymi bodmi 112, 133, 132, 111, P-22 a P-24 a pod
povrchom vo vrte M-2 v hibke 10,0 m pod terénom. V tretej
z6ne je povrchova deformacia monitorovana geodetickym
bodom P-21 a na urovni Smykovej plochy vo vrte M-3
v hibke 17,5 m pod terénom. Deforméciu povrchového
horizontu Stvrtej zony charakterizuju merania na geo-
detickych bodoch P-19 a P-15 a pod povrchom terénu
na Grovni $mykovej plochy vo vrte JO-1 v hibke 10,5 m
pod povrchom terénu. Deformacia v piatej, najvysSie polo-
zenej zone je pozorovana zmenami polohy geodetického
bodu P-14.

Pri analyze pohybovej aktivity sa v geodetickych
meraniach uvazuje s priestorovym vektorom pohybu
v smere osi XYZ. V inklinometrickych meraniach
sa analyzuje hodnota smerového vektora v rovine osi XY.

Geodeticky a inklinometricky namerané deformacie
sa v zavereCnej etape rieSenia porovnavali s hodnotami

vypocitaného stupna stability v kazdom posudzovanom
kalendarnom roku a analyzoval sa vzajomny vztah
vypocitanych a nameranych hodnét.

Vysledky rieSenia problematiky

V sulade s opisanou metodikou su v tejto Casti
prezentované vysledky ziskané v jednotlivych etapach
rieSenia.

Vyber kritickej hladiny podzemnej vody

Zo suboru merani roz€lenenych na intervaly kalen-
darneho roku sa vybrala najvy$Sia Uroven, zaznamenana
sucasne vo vSetkych pozorovacich objektoch.

V prvom hodnotenom roku 1999 sa najnepriaznivejSia
hladina vo svahu vytvorila zadiatkom maja ako désledok
pretrvavajuceho vysokého stavu hladiny podzemnej vody
vo vrte M-2 a nésledného stupnutia hladin vo vrtoch JO-1
a JP-44. Situacia s podobnym priebehom sa opakovala
aj v roku 2000. Ovela vyraznejSie stupla podzemna voda
poc¢as marca a aprila roku 2001. Vtedy hladina podzemnej

Tab. 2
Hibka hladiny podzemnej vody v jednotlivych meranych objektoch v termine jej najnepriaznivejSieho stavu na celej lokalite
The depth of groundwater level in measured objects during its most unfavorable state on the whole locality

Hodnoteny =~ Datum merania Hibka h. p. v. pod terénom v monitorovanych objektoch [m]
rok s najnepriaznivejSou

h. p.v. M-4 M-2 J-1 JP-44 M-3 AH-2 Jé-B  JO-1 JH-14 J3-A J3-B
1999 4.5.1999 12,76 1,62 5,52 11,05 12,22 2,39 4,42 -10,45 8,84 4,49
2000 10. 5. 2000 12,05 2,75 4,91 6,44 10,79 2,36 4,22 -11,00 8,55 4,15
2001 30. 4. 2001 12,41 1,75 4,70 6,53 10,52 2,02 3,13 -9,53 737 2,60
2002 14.3.2002 12,51 1,77 5,53 18,91 9,84 1,93 3,68 -8,07 8,00 3,17
2003 15.5.2003 12,53 2,96 536 19,40 9,81 2,01 4,70 -7,15 8,37 4,55
2004 6.8.2004 12,96 16,79 743 18,75 11,10 2,60 5,04 —4,58 9,41 4,41
2005 11. 5. 2005 12,25 7,95 462 15,88 10,20 1,87 3,54 -11,37 7,82 2,72
2006 26.4.2006 12,30 7,29 4,23 6,00 9,66 2,54 1,93 4,22 -11,92 8,54 4,00
2007 24.3.2007 12,45 15,61 560 19,48 9,40 2,74 1,90 4,40 -14,67 8,78 4,27
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vody dvakrat po sebe prudko stupla a koncom aprila
dosiahla roéné maximum suc¢asne v Styroch vrtoch (JP-44,
M-3, JO-1 a J3-A). Tym vytvorila najnepriaznivejSiu uroven
hladiny v hodnotenom roku. Trend jarného vzostupu
hladiny podzemnej vody sa opakoval aj v nasledujucich
rokoch 2002 a 2003.

Pozitivny stav podzemnej vody z hladiska stability sa
zaznamenal v roku 2004, ked sa hladina podzemnej vody
nachadzala z dlhodobého hladiska najhlbsie. Tato celkove
nizka uroven hladiny zacala stupat od prvého marcového
merania v roku 2005 a najnepriaznivejsi stav dosiahla na
prelome mesiacov april a maj (11. 5. 2005). Analogicka
situacia sa zaznamenala aj v rokoch 2006 a 2007. Datumy
s najnepriaznivejSou hladinou podzemnej vody odvodenou
pre celu lokalitu su spolo¢ne s uroviou hladiny v jednotlivych
meranych objektoch zhrnuté v tab. 2.

Vypocet stability

Odvodena najmenej priazniva hladina podzemnej
vody bola aplikovana pri vypocte stupna stability svahu
v jednotlivych hodnotenych rokoch.

Podla vysledkov vypocétov je najnestabilnejsia prva
bol na prvej Smykovej ploche uréeny pocas pdsobenia
hladiny podzemnejvody z konca aprila roku 2001.Vypoctovo
priaznivé hodnoty stability boli uréené pre stav hladiny
podzemnej vody v roku 2004 (obr. 4-1. a 4-11.). Po¢as tohto
roku stupeni stability ani v jednom pripade nepoklesol pod
hodnotu medznej rovnovahy.

Na urovni tretej Smykovej plochy mozno za najnestabil-
nejSie obdobie povazovat koniec aprila v roku 2006. Stuperi
stability sice nedosiahol hodnotu medznej rovnovahy,
no nachadzal sa tesne nad F¢ = 1,2 (obr. 4-IIL.).
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Na Stvrtej a piatej Smykovej ploche sa najnizsia stabilita
zaznamenala koncom aprila v roku 2001. Aj v tychto
usekoch sa pozitivne prejavila hlboko poklesnuta hladina
z roku 2004. Pre toto obdobie sa na oboch Smykovych
plochach vypocitali najpriaznivejSie hodnoty stupria
stability (obr. 4).

Zhodnotenie zosuvnej aktivity

Deformacie zaznamenavané v |. zéne vo vrte M-4
charakterizuju pohyb ¢ela piatej Smykovej plochy. Naj-
vacsie hodnoty pohybu sa tu dosiahli v rokoch 2007 a 2002
(obr. 5).

V akumulacnej oblasti (Il. zéna) sa geodetickymi
meraniami najvyraznejsia aktivita zaznamenala poc¢as
rokov 2006 a 2007 (obr. 5B). V oboch rokoch sa na
hodnote priestorového vektora najvyraznejsie prejavila
jeho vertikalna zlozka. V roku 2006 sa napriklad v bode 133
zaznamenal zdvih s hodnotou 116,00 mm a v nasledujicom
roku sa smer pohybu zmenil na pokles s hodnotou
127,0 mm (obr. 5A). Analogicky priebeh deformacie
sa pocas tychto dvoch rokov nameral vo vaésine pozoro-
vacich bodov tejto zény. Pod povrchom, na Urovni $mykovej
plochy vo vrte M-2, sa zaznamenal najvacsi pohyb v roku
2004, ato v poloviciaprila (obr.6A). Pre tuto Smykovu plochu
su vyznamné aj pohyby zaznamenané v rokoch 2005
a 2007. Z hladiska zosuvnej aktivity Il. zony je mimoriadne
dolezity rok 2007, ked extrémne velka deformacia bola
pozorovana sucasne v povrchovej aj podpovrchovej Casti
svahu. Naopak, najmensie deformacie sa zaznamenali
v roku 1999, ked vacésSina nameranych zmien geodetickej
siete nepresiahla hodnotu chyby pouzitej metody.

V tretej zéne sa pocas hodnoteného obdobia nevyskytli
také vyrazné prejavy deformacie ako v druhej zéne.

Obr. 4. Vyhodnotenie stupna stability

na parcialnych Smykovych plochach.

l. — V. — stupen stability na 1. az 5.

Smykovej ploche; CL — priemerna

hodnota stupia stability stanovena
pre cell lokalitu; 1 — vypocitana

hodnota stupria stability; 2 — termin

merania hladiny podzemnej vody,
ktoré bolo v hodnotenom roku

oznacené ako najnepriaznivejSie;

3 — uroved medznej rovnovahy
Fs =1,00.

Fig. 4. Evaluation of the degree of
stability on the partial slip surfaces.

I. — V. — degree of stability on the

I. — V. slip surface; CL — average
degree of stability for the whole

locality; 1 — computed value of degree

of stability; 2 — date of the ground
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Geodeticky najvacsi pohyb sa zaznamenal v roku 2002.
Na Smykovej ploche sa najvacSia deformacia zaznamenala
pocas junového merania v roku 2007 a o nieCo mensie
deformacie v rokoch 2003 a 2004 (obr. 6A).

Na povrchu v $tvrtej zéne sa pocas hodnoteného
obdobia namerali vektory pohybu, ktoré nepresiahli
hodnotu chyby merania a skér poukazuju na neaktivny
stav tejto oblasti (obr. 5D). OdliSny charakter ma horizont
na urovni Smykovej plochy, merany vo vrte JO-1. Zosuvny
pohyb tu bolo mozné indikovat predovSetkym v rokoch
2000, 2005 a 2007 (obr. 6). Najvacsia hodnota pohybu
sa namerala pocas junového merania v roku 2007.

Najvacsia deformacia povrchového horizontu v V. zéne
sa zaznamenala v roku 2000 (obr. 5E).

Porovnanie vypocitaného stupnia stability
a nameranych deformacii

Najdenie zakonitosti medzi vypocitanym stupriom
stability a nameranou deformaciou prostredia je
zakladom definovania vztahu: stav hladiny podzemnej
vody — vypocitana stabilita — zaznamenana deformacia.
Zhodnotenim pohybovej aktivity na zaklade vykonanych
monitorovacich merani a jej porovnanim s odvodenym
stupriom stability mozno teda bud preukazat korela¢ny
potencial daného vztahu, alebo poukazat na nevyhnutnost
modifikacie metodického postupu rieSenia a potrebnost
zohladnenia dalSich faktorov, ktoré su sucastou velmi
zlozitého Studovaného systému.

Obr. 5. Velkost zaznamenanych
deformacii na vybranych bodoch
geodetickej siete. A — namerané
pohyby na bode 133; B — priemerné
pohyby zaznamenané na bodoch
I. zény; C — namerané pohyby
na bode P-21; D — priemerné pohyby

Na zéklade vykonanych vypoctov stupna stability na
piatich Smykovych plochach ako vyznamné obdobia mozno
oznacit roky 2001 a 2004. V roku 2001 bol stupen stability
nal., Il., IV.a V. Smykovej ploche najnizsi za celé hodnotené
obdobie (obr. 4). Naopak, v roku 2004 nastal velmi pozitivny
vyvoj stability. Ani po€as najnepriaznivejSieho obdobia
stupen stability neklesol pod hodnotu medznej rovnovahy
ani na jednej hodnotenej Smykovej ploche.

Pri hodnoteni pohybovej aktivity v roku 2001 na vysoku
uroven hladiny podzemnej vody, a teda aj na nepriaznivy
stav stupna stability zareagovala zvySenou pohybovou
aktivitou oblast bodov M-3 (tretia Smykova plocha) a P-21.
Prave na monitorovacom objekte P-21 nastali pocas tejto
etapy najvacsSie zmeny za celé monitorované obdobie
(posuv 26,019 mm).

Porovnanie vypoctového stupna stability a nameranych
deformacii v hodnotenom roku 2001 preukazuje vSak aj
paradoxnu situaciu, ked zaznamenana zosuvna aktivita
vykazovala v znacénej Casti hodnoteného profilu opacné
vysledky, ako by bolo mozné ocCakavat. Ak porovname
merania pohybovej aktivity z roku 2001 s meraniami
vykonanymi v predchadzajlcej etape, mdZeme konstatovat,
Ze aktivita zosuvného pohybu sa Ciasto¢ne stimila (obr. 5F
a 6). Upokojenie pohybovej aktivity vyplyva najma z merani
v bodoch P-14 a P-15. Dal$i vyrazny pokles aktivity nastal
aj na Stvrtej Smykovej ploche (zaznamenany v inklino-
metrickom vrte JO-1). V nesulade s o€akavanym vyvojom
je aj vztah stupna stability stanoveného pre prva a druhu
Smykovu plochu a nameranej deformacie v tejto oblasti.
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Stupen stability v tychto zénach poklesol na najnizsiu
uroven v hodnotenom obdobi, ale priemerna deformacia
pre tuto oblast neprekrocila chybu pouzitej metddy.

NajpriaznivejSie hodnoty stupna stability zaznamenané
poc¢as roku 2004 indikuju upokojenie pohybovej aktivity
zosuvu. Tento predpoklad sa potvrdil najma v odlu¢nej
oblasti na piatej Smykovej ploche (V. zdna), ale aj na velkej
Casti geodetickych bodov, ktorych posuvy nepresiahli chybu
pouzitej meracej metddy. V porovnani s predchadzajucim
obdobim pokles pohybovej aktivity sa zaznamenal aj na
Smykovych plochach monitorovanych vo vrtoch M-3 a M-4.
Vynimkou su namerané deformacie na prvej Smykovej
ploche v oblasti vrtu M-2, kde prave pocas tejto etapy sa
zaznamenal najvyraznejSi pohyb za celé monitorované
obdobie. Mozno predpokladat, ze zaznamenané prejavy
pohybovej aktivity su vysledkom postupného dotvarania
geometrie svahu v désledku pésobenia zvysSenej hladiny
podzemnej vody z predchadzajucich rokov.

Na zaklade nameranych a spracovanych skuto¢nosti
nie je mozné jednoznacne preukazat a potvrdit zavislost
medzi uroviiou hladiny podzemnej vody (a z nej
odvodenym stupfiom stability) a pohybovou aktivitou
zosuvnych hmét. Pri analyze vztahu stupna stability
a pohybovej aktivity z opacnej strany, z hladiska pohybu
zosuvnej masy, su pohybovo aktivne obdobia v jednotlivych
zénach definovanych v predchadzajucej kapitole ¢asovo
nejednotné. V niektorych pripadoch pozorované javy
v jednotlivych zénach mézu mat protichodny charakter
(zaznamenany aktivny stav v jednej zéne sa pocas tej
istej etapy merania moze v inej zone prejavit ako obdobie
zosuvného upokojenia). Tento stav je charakteristicky
najmé pre povrchovy horizont, v kiorom sa deformacia
zaznamendava meraniami na geodetickej sieti. Ciastoéne
odlisné su vysledky merani realizovanych metédou presne;j
inklinometrie. Ide napriklad o meranie z roku 2007, ked
vo vSetkych monitorovacich objektoch sa zaznamenala
vyrazna akceleracia pohybu. Toto meranie ma z hladiska
hodnotenia deformacii na Smykovych plochach velky
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vyznam, pretoze svedsi o aktivacii pohybu pozdiz celého
profilu a namerané hodnoty deforméacie su vo vacsine
pripadov najvyS8Sie za celé hodnotené obdobie. Pri¢ina
tohto vyznamného pohybu nevyplyva jednoznacéne z vy-
pocitaného stupfia stability pre najmenej priaznivy stav
hladiny podzemnej vody v danom roku. Pravdepodobnejsia
je uvaha o retardécii vplyvu podzemnej vody na stabilitny
stability na tretej Smykovej ploche. To pravdepodobne
vytvorilo podmienky na aktivaciu zosuvného pohybu.

Roky 2006 a 2007 su vyznamné aj z hladiska
zosuvnej aktivity v povrchovom horizonte. Zaznamenana
aktivita v tomto horizonte nie je taka jednotna, ako na
urovni Smykovych ploch. Vysledna hodnota priemerného
pohybu geodetickej siete je vSak najvyraznejSia prave
v spomenutych rokoch. Je to sposobené predovSetkym
intenzivnymi pohybmi bodov v ¢ele svahovej deformacie
vo vertikdlnom smere.

V uvedenom priklade z rokov 2006 a 2007 su isté
naznaky vztahu medzi stupriom stability a nameranym
pohybom. Nie je vSak zodpovedana otazka, prec¢o takyto
vyrazny pohyb nenastal na prvej a druhej Smykovej
ploche v ¢ase, ked stupen stability bol pod hodnotou
medznej rovnovahy (napr. v rokoch 2000 az 2003). UrCitym
vysvetlenim je to, ze v uvedenych rokoch sa zaznamenala
velmi vysoka hladina podzemnej vody prevazne v oblasti
Cela zosuvu. Tato skuto¢nost spdsobila znizenie stupna
stability na vSetkych Smykovych plochach, no najma na
prvej a druhej Smykovej ploche.

Okrem konkrétnych praktickych vystupov (preukazanie
najnepriaznivejSieho stabilitného stavu svahu v rokoch
2001, 2006 a 2007, odvodenie nepriaznivych urovni hladiny
podzemnej vody v jednotlivych pozorovanych objektoch,
zaznamenanie nameranych deformacii zodpovedajicich
kritickému stabilitnému stavu) vykonana analyza nazorne
preukazala skutoénost, ze vztah medzi stavom hladiny
podzemnej vody a zaznamenanou pohybovou aktivitou
svahu nie je vbbec taky jednoduchy, ako sa tradi¢ne

20 B
9,0 7 /N
NIV NEIRAYaE
/
3.0 / . \:/ N \ //
BT A\
0,0

1.01.99

1.06.99

2.11.99
24.10.00
14.08.01
11.09.02
29.04.03
15.04.04
06.05.05
27.07.06
07.06.07

OO~

Obr. 6. Zaznamenané hodnoty deformacie na urovni Smykovych pléch. 1 — velkost deformacie, spojnica zaznamenanych pohybov: 2 — na
IIl. Smykovej ploche v bode M-3; 3 — na |. Smykovej ploche v bode M-2; 4 — na V. Smykovej ploche v bode M-4; 5 — na IV. Smykovej ploche
v bode JO-1; 6 — spojnica priemernych hodnét pohybu na vSetkych Smykovych plochach; 7 — etapa merania.

Fig. 6. Recorded values of deformation on the slip surfaces level. 1 — values of deformation, join line of the movements: 2 — on the lll. slip
surface in the borehole M-3; 3 — on the . slip surface in the borehole M-2; 4 — on the V. slip surface in the borehole M-4; 5 — on the IV. slip
surface in the borehole JO-1; 6 — join line of average value of movement on the whole slip surfaces; 7 — the stage of measurement.
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prezentuje v teoretickych Uvahach i praktickych rieSeniach.
Tato skutognost nesporne ovplyviuje kvalita vstupnych
tdajov (&i uz z merani hibky hladiny podzemnej vody alebo
merani deformacii prostredia), ale aj mnohé dalSie faktory,
ktoré nie su v analyze zahrnuté, no uvedeny vztah m6zu
vyznamne ovplyviiovat.

V snahe vystiznejSie preukazat analyzovany vztah
a odvodit hodnoty, ktoré mozno povazovat za kritické,
bol vytvoreny modifikovany postup rieSenia problematiky.

Modifikovany metodicky pristup

Podobne ako v predchadzajucej Casti prispevku, aj
pri modifikovanom metodickom postupe hlavnu ulohu
zohravaju informacie o rezime podzemnej vody. Cela
analyza je orientovana najma na dosiahnuty maximalny stav
hladiny podzemnej vody v pozorovacich objektoch pocas
hodnotenych rokov. Hodnotenie je zamerané na vyznam
dosiahnutého maxima z dlhodobého hladiska, ale aj vplyv
jeho vyskytu po¢as hodnoteného roku. Zakladnou myslien-
kou tohto postupu je predpoklad, ze dosiahnutie vyznam-
ného (extrémneho) maximalneho stavu hladiny podzemne;j
vody v kratkom ¢asovom uUseku zaznamenané v celom
zosuvnom telese spdsobi aktivaciu pohybu zosuvnych hmét.

Informéacie o hladine podzemnej vody pochadzaju
z0 zUuzeného suboru pozorovacich objektov. Boli z neho
vyradené objekty, ktoré pre svoje vystrojenie vnasaju do
zaznamenavanej informacie o priebehu hladiny podzemnej
vody urcitu neistotu (ide o vrty M-2 a JH-44). Vyradeny bol

aj vrt AH-2 s nekompletnym ¢asovym radom udajov, ktory
by mohol skreslit vysledky analyzy, a nakoniec aj vrt M-4,
zaznamenavajuci hladinu mimo hodnoteného zosuvného
deluvia. Vysledny subor monitorovacich objektov teda
pozostava zo siedmich vrtov (J-1, M-3, J6-B, JO-1, JH-14,
J3-A, J3-B).

Zo suboru merani roz¢lenenych na jednotlivé
kalendarne roky sa pre kazdy monitorovaci objekt
vybralo meranie, ktoré zaznamenalo maximalnu uroven
hladiny podzemnej vody. Casova nejednotnost vyskytu
nameranych maximalnych stavov a velka r6znorodost
v zaznamenanej hibke maximalnej urovne hladiny
poc¢as hodnoteného obdobia (aj v pripade jedného
pozorovacieho objektu) vytvarali urcitu bariéru pri ana-
lyze vztahu podzemnej vody s pohybovou aktivitou.
Preto sa udaje upravili tak, aby bolo mozné lepSie
sledovat podmienky, ktoré vplyvaju na pohybovu aktivitu
zosuvného uzemia. Pri uprave maximalnych stavov
sa pouzil nasledujuci postup:

— kvantitativne vyjadrena hibka hladiny podzemnej
vody sa transformovala na percentualnu hodnotu, ktora
vyjadruje vyznam ro¢ného maxima hladiny podzemnej
vody, k nameranému maximu na danom objekte za celé
monitorované obdobie (maximalna hladina zaznamenana
za celé hodnotené obdobie v ur€itom pozorovacom
objekte najblizSie k povrchu terénu predstavovala
najvy$8iu percentualnu vahu — 100 %; minimalna hladina,
ktora sa nachadzala najhlbSie, predstavovala najnizsiu
percentualnu véahu — 0 %);
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Obr. 7. Zhodnotenie vplyvu maximalnych stavov hladiny podzemnej vody. 1 — bod ,M“; 2 — os elipsy, ktora vyjadruje ¢asovy faktor vyskytu
maxim stavov podzemnej vody; 3 — os elipsy, ktora vyjadruje rozptyl percentualnej vahy zaznamenanych maxim urovne podzemnej
vody na pozorovanych objektoch pocas roka; 4 — priemerna hodnota deforméacie zaznamenana na urovni Smykovych pléch; 5 — mierka
rozptylu hodnotenych udajov vyjadrenych elipsami; T — Uroven terénu; D — dno vrtu; ¢s — priemerna deformacia zaznamenana na urovni

Smykovych pléch.

Fig. 7. Evaluation of the influence of maximal states of ground water level. 1 — the point “M”; 2 — center line of ellipse which expresses
time factor of occurrence of maximal states of ground water; 3 — center line of ellipse which expresses dispersion of percentage weight
of recorded maximal levels of ground water registered on the observed objects during a year; 4 — average value of deformation recorded
on the level of slip surface; 5 — scale of dispersion of assessed data expressed by ellipse; T — ground level; D — borehole bottom;

s — average value of the deformation on the slip surfaces.
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— k obdobiu kazdého kalendarneho roka sa priradila
priemerna hodnota percentualnej vahy stanovenej pre
jednotlivé pozorovacie objekty (vyjadrena bodom M
s hodnotami na osi y — obr. 7), teda ¢im je hodnota M
blizsia k 100 %, tym je vacsi predpoklad vplyvu podzemnej
vody na pohybovu aktivitu zosuvu;

—bod M je okrem takto definovanej pozicie ovplyvneny
rozptylom ¢asového vyskytu maximalnej urovne v jed-
notlivych pozorovanych objektoch; spolu s rozptylom
hodnét kolisania hladin su tieto skutoénosti vyjadrené
tvarom elipsy so stredom v bode M;

— zhodnotenie parametra rozptylu vyskytu maximalnej
hladiny podzemnej vody v ¢ase (poc¢as kalendarneho roka)
sa vykonalo nasledujucim postupom:

e vV prvom kroku sa stanovil datum (vyjadruje poziciu
bodu M na osi x — obr. 7), ktory predstavuje priemernu
hodnotu datumov zachytavajucich maximalny stav hladiny
podzemnej vody na pozorovacich objektoch; tento postup
sa zopakoval v kazdom kalendarnom roku;

e rozptyl medzi hodnotenymi meraniami je uréeny ako
priemernd hodnota dizky &asu medzi fiktivnym meranim
a samotnymi meraniami (poc¢as ktorych sa v hodnotenom
roku namerala najvy$Sia hladina podzemnej vody)
a graficky je vyjadreny dizkou horizontalnej osi elipsy;
¢im je hodnota rozptylu nizSia (¢im je v horizontalnom
smere kratSia elipsa), tym su hladiny koncentrovanejsie
a vytvaraju vacsi predpoklad vzajomného spolupbésobenia
na pohybovu aktivitu;

— rozptyl zaznamenanych maxim pocas kalendarneho
roka na jednotlivych pozorovacich objektoch je vyjadreny
priemernou hodnotou absolutnych rozdielov medzi
hodnotou M a percentualnymi vahami, ktoré boli priradené
k pozorovacim objektom (obr. 7 — vertikélna zlozka elipsy).

Vysledky tejto analyzy podavaju informaciu o troch
parametroch. Prvym z nich je vyznam zaznamenanej
hladiny podzemnej vody v hodnotenom roku z dlhodobého
hladiska. Zo suboru hodnotenych ¢asovych intervalov
moznozanajvyznamnejsie hladiny podzemnejvody oznagit
tie, ktoré sa namerali po¢as roku 2007 (bod M9 na obr. 8).
Najmensivyznam maju hladiny zaznamenané v roku 2004.
Druhym udajom je rozptyl maximalnych stavov v Case.
Podava informaciu o rozlozeni, respektive spolupdsobeni
maximalnych hladin v priebehu hodnoteného intervalu,
ktorym bol jeden kalendarny rok. Najvacsia koncentracia
maximalnych stavov sa zaznamenala v roku 2006. Naopak,
najvacsi rozptyl maximalnych hladin sa zaznamenal
pocas roku 1999. Poslednym hodnotenym parametrom
je udaj o rozptyle percentualneho vyznamu maxim hladiny
podzemnej vody na hodnotenych objektoch poc¢as roka.
Tato informacia dopifia Udaj o vyzname zaznamenanej
hibky hladiny podzemnej vody z dlhodobého hladiska.
Minimalnu hodnotu dosiahol tento parameter pocas roku
2004. Poukazuje to na skuto€nost, ze vSetky hodnoty
z meracich objektov boli blizke nulovému percentu
vyznamnosti a naopak, najvy$siu hodnotu dosiahol
pocas roku 2003. Poukazuje to na réznorodost vyznamu
zaznamenanych maximalnych stavov pocas roka.

Pohybovu aktivitu zosuvnych hmét ilustruje priebeh
priemernej hodnoty deformacie na jednotlivych Smykovych

plochach zisteny v danom ¢asovom intervale merania
(obr. 7). Najvacsia deformacia sa zaznamenala v roku
2007, ked vznikla vyrazna deformécia na vSetkych Smy-
kovych plochach sucasne. Najmensie deformacie sa zistili
v rokoch 1999 a 2006.

Na zaklade porovnania stavu hladiny podzemnej vody
odvodeného opisanym sposobom a preukazanej pohy-
bovej aktivity zosuvnych hmét mézeme konstatovat, ze:

— najvacsie polohové zmeny na Smykovych plochach
zaznamenané v poslednom hodnotenom roku 2007
spoOsobila pravdepodobne extrémne vysoka uroven
hladiny podzemnej vody, ktora vystupila v relativhe
kratkom obdobi (popri extrémne vysokych hladinach
zaznamenanych v tomto roku sa na vrte JH-14 nameral
extrémny preliv),

— koncentracia maximalnych stavov zaznamenana
v roku 2006 pravdepodobne spdsobila extrémne
deformacie zaznamenané na povrchu zosuvného svahu
(obr. 5A, B) a pravdepodobne ovplyvnila aj pohybovu
aktivitu v roku 2007,

— vdaka vyraznému €asovému rozptylu maximalnych
hladin zaznamenanych v jednotlivych objektoch poc¢as
roku 1999 boli prejavy zosuvného pohybu v tomto roku len
minimalne.

Naopak, vyrazny nesulad medzi vyslednymi hodnotami
odvodeného stavu hladiny podzemnej vody a nameranou
deformaciou (rok 2001 a 2004) poukazuje na skuto¢nost,
ze ani modifikovany metodicky postup rieSenia ulohy
nedokaze pri uvazovanych vplyvajucich faktoroch a danom
objeme primarnych udajov dostato¢ne vystihnut vSetky
zakonitosti analyzovaného procesu.

Napriek tomu mozno konstatovat, ze stavy hladiny
zaznamenané v poslednom hodnotenom roku mohli byt
impulzom na zvySenu pohybovu aktivitu pozorovanu
na jednotlivych Smykovych plochach. Aj ked spdsob
pozorovania rezimovych a deformacnych faktorov
neumoznuje stanovit prahové hodnoty pre jednotlivé
pozorovacie objekty (nie je mozné stanovit ¢as ani
faktor, ktory deformaciu vyvolal), extrémne hladiny z roku
2007, a najméa ich spolupdsobenie v celom zosuvnom
uzemi mozno povazovat za kritické (tab. 3). ZvySenu
pozornost treba venovat najméa vrtu JH-14, na ktorom sa
v poslednom hodnotenom roku zaznamenala najvysSia
dosial namerana vydatnost, a teda aj najvyssia hodnota
vztlaku.

Tab. 3
Kriticka hibka hladiny podzemnej vody v pozorovanych objektoch
Critical depth of ground water level in observed objects

Objekt  Datum merania Namerana hibka Percent.
s max. hladinou h. p. v.[m] vyznamnost [%]
J-1 19.5.2007 4,99 54,07
M-3 8.4.2007 8,98 100,00
J6-B 24.3.2007 1,54 100,00
JO-1 24.3.2007 2,72 100,00
JH-14 8.4.2007 —14,67 100,00
J3-A 24.3.2007 6,93 100,00
J3-B 24.3.2007 2,18 100,00




P. Ondrejka: Analyza vztahu medzi vypocitanym stupriom stability a pohybovou aktivitou na priklade zosuvu pri Okolicnom 223

Zaver

Cielom prace bolo zistit zavislost medzi rezimom
podzemnej vody (ktory priamo ovplyvhuje stupen
stability) a pohybovou aktivitou. Pri odvodzovani tejto
zavislosti sa pouzili dva odliSné metodické postupy,
vdaka ktorym sa podarilo zistit urcité zavislosti medzi
posudzovanymi javmi. Okrem analyzovanej zavislosti
sa preukazali aj viaceré skutocnosti, o ktorych sa dosial
neuvazovalo.

V prvom rade sa overil stupen spolahlivosti vypocitanej
stability v komplikovanom zosuvnom prostredi. Ukazalo
sa, ze vysledné hodnoty stupria stability v takomto
prostredi (pri su€asnej urovni jeho poznania) poskytuju
iba orientacny obraz o stabilitnych pomeroch, a teda
nie s vhodné na korelacie s presnymi metédami, ktoré
zaznamenavaju velkost deformacie radovo v milimetroch.
ZvySenie presnosti vypoctového modelu by prinieslo
spresnenie informacii o litologickej stavbe, fyzikalnych
a mechanickych charakteristikach hornin, zvySenie
spolahlivosti a hustoty informéacie o rezime vsetkych
horizontov hladiny podzemnej vody, a najmé& o ich
vztlakovom pdsobeni.

Vdaka tymto zisteniam sa pozornost posunula
od teoretickych hodndt stupria stability k analyze
primarne zaznamenanej urovne hladiny podzemnej
vody. Modifikovany metodicky pristup naznacuje cestu,
ktora by mohla prispiet k najdeniu tejto zavislosti.
Vysledky analyzy vo viacerych pripadoch poukazuju
na vztah medzi pésobenim hladiny podzemnej vody
a zaznamenanou deformaciou, no v ramci hodnoteného
suboru je viacero pripadov, ktoré vytvaraju priestor na
dalSi rozbor. Spresnenie vysledkov by sa mohlo dosiahnut
hodnotenim dizky trvania vysokého stavu hladiny
podzemnej vody a rychlosti jej stupania a klesania. Bolo
by vhodné zohladnit aj informaciu o zrazkovych uhrnoch
v kratSich ¢asovych intervaloch (dni, tyzdne).

Z praktického hladiska vysledky oboch analyz
potvrdzuju pretrvavajuce nebezpelenstvo zosuvného
ohrozenia zelezni¢nej trate v hodnotenom UuUseku.
Analyzy poukazali na trend stupania hladiny podzemnej
vody a v uréitych oblastiach aj zosilfiovanie jej vztlaku.
Tento trend sa v poslednych rokoch prejavil aj na zvy-
Senej pohybovej aktivite. Uvedené skuto¢nosti mozu
byt sp6sobené zrazkovou ¢innostou zaznamenanou
v predchadzajucich rokoch, no rovnako mézu suvisiet
aj so starnutim a zana$anim drenazneho systému.

Aj ked niektoré z vysledkov analyzy zalozenej na
modifikovanom pristupe mozno oznacit za vierohodné,
na definovanie kritickych hodnét hladiny podzemnej
vody (na zaklade ktorych by bolo mozné predpovedat
aktivizaciu svahového pohybu) bude potrebny rozbor
SirSieho spektra faktorov, ktoré uz boli spomenuté (dizka
trvania, rychlost stupania a klesania hladiny podzemnej
vody atd.). Pri hladani prahovych (kritickych) hodnét
urovne hladiny podzemnej vody méze v buducnosti

zohrat vyznamnu ulohu moznost vzajomného porov-
nania merani z automatickych hladinomerov a inklino-
metrov s kontinudlnym zaznamom. Vytvorenie takéhoto
systému mobze priniest nové objektivhe poznatky
pri analyze posudzovaného velmi zlozitého vztahu
medzi stavom podzemnej vody a pohybovou aktivitou
zosuvnych hmét.

Podakovanie. Dakujeme MZP SR za moznost publikovat niektoré
vysledky ziskané pri rieSeni ulohy Ciastkovy monitorovaci systém
geologickych faktorov Zivotného prostredia Slovenskej republiky.
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Analysis of the relation between calculated degree of slope stability
and kinetic activity of the landslide Okoli¢né
(Liptovsky Mikula$ district, Slovakia)

The aim of the paper is to find relation between the
changes of ground water regime and kinetic activity of
landslide masses. Analysis of these events has been
realized on the model locality of landslide near Okolicné
village (in Liptovsky Mikula$ district). This landslide
represents the ancient slope failure, recently activated by
extending of the railway line in 1949. Undercutting of the
ancient landslide toe in the Paleogene sandstones and
claystones environment triggered a new landslide (Fig.
1A). Presence of the several lift horizons of ground water
have an unfavorable influence on stability conditions, as
well (Fig. 1B).

The analysis of the relation between ground water
regime data and kinetic activity of landslide has been
based on the comparison of calculated degree of slope
stability and the values of deformations observed on
the surface and subsurface parts of the landslide. Each
measured deformation is assigned to selected section of
slip surface (Fig. 2). The slope stability degree has been
calculated at the engineering geological model of the
landslide slope using a real co-ordinates of all borders
and information about the individual lithological strata
properties (Tab. 1).

Measurements of ground water level directly influencing
the value of slope stability degree were subdivided according
to individual calendar years. The basic problem consists in
selection of ground water level which would characterize
the real most unfavorable stability state. The ground water
level corresponding with the measurement of the lowest
average value (when ground water level is nearest to the
surface) was indicated as the most unfavorable (according
to the scheme in Fig. 3).

Information about kinetic activity of landslide comes
from geodetic and inclinometric measurements. Location
of measured points on the landslide slope is in Fig. 2.
A spatial vectors of the results of geodetic measurements
and position vectors of inclinometric deformations were
taken into consideration in the process of analysis.

An assumption that kinetic active periods occurred after
the high level of ground water (which caused a low degree
of the stability) was basic in the process of comparison of
the results of computed degree of stability and measured
values of kinetic activity of landslide.

A measurement which characterized the worst state of
ground water level during assessed year was determined
in each calendar year (Tab. 2). Substituting of these values
of ground water level into the stability calculation, the
degree of stability on all slip surfaces was determined for
each year (Fig. 4). The lowest degrees of stability were
calculated for the first and second slip surfaces. According
to time scale the lowest degree of stability was computed
for conditions in 2001 and the most stable conditions were
determined in 2004.

According to measured surface deformations the most
active periods were in the years 2006 and 2007 (Fig. 5). An
outstanding vertical changes of geodetic points, situated
at the front of landslide, were recorded. The highest kinetic
activity on the slip surfaces were registered in 2007, when
marked acceleration of creep movement was registered on
all slip surfaces at the same time (Fig. 6).

Comparison of the stability analysis results and
kinetic activity of the landslide apart from several logic
conclusions indicated various unexpected outputs in the
assessed relation. Therefore the modified methodic was
derived and used. This method is based explicitly on the
achieved maximal levels of ground water. Weight of each
measured maximal level against a background of the whole
assessed period was taken into consideration, as well as
effect of time dispersion of maximal levels occurrence in
the calendar year (Fig. 7).

The results of analysis led to conclusion, that extremely
high level of ground water in 2007 and its overall behavior
on the whole landslide area have activated the slope
movement. The values of ground water level (Tab. 3)
corresponding to this state may indicate near unfavorable
stability state in the future.
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Vyznam grafickej analyzy hydrogeochemickych dat pri interpretacii
pévodu mineralnych vod flySového pasma a predhibne
Zapadnych Karpat
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Significance of the graphic analysis of hydrogeochemical data for interpretation
of origin of mineral water of Flysch Belt and Foredeep of Western Carpathians

The contribution reviews and compares selected genetic classifications of natural water
by different authors. Author of this contribution is preferring the classification by Kirjuchin et al.
(in Svarcev, 1996). The opinions on genesis of mineral water from the Flysch Belt of Western
Carpathians, reviewed in contribution after various authors reflect the recent knowledge in this

field in the world and in described territory.

The interpretation of the origin of strongly mineralized water from localities in the Flysch
Belt in Slovakia requires learning of wider relations, influencing the origin of mineral water in
wider area. Article emphasizes the importance of statistic and graphic evaluation of selected
hydrogeochemical data (contents of Na*, Ca?*, Mg?*, HCOg~, CI-, Br-, and stable isotopes 80
and D), as well as some remarkable regional regularities in chemical and isotopic composition
detected by data processing from localities of mineral water of the Flysch Belt and Carpathian
Foredeep in the territory of Moravia, Slovakia and Poland.

Key words: mineral water, origin of natural water, chemical composition, isotopic composition,

Flysch Belt and Foredeep of Western Carpathians

Uvod

Vo flySovom pasme a predhlbni Zapadnych Karpat su
zname lokality minerélnych véd (v sulade s definiciou uvede-
nou v hydrogeologickom slovniku—Hanzel etal., 1998) sréznym
chemickym a izotopovym zlozenim. Procesmi ich formovania
a genézou sa zaoberali vyznamni odbornici u nas aj v zahra-
ni¢i. Minerélne vody SirSich tzemi skumali a hodnotili vo svojich
pracach predovsetkym Dowgiatto et al. (1969), Franko et al.
(1975), Franko a Kolafova (1983), Dowgiatto (1976), Lesniak
a Dowgiatto (1986), Zuber a Grabczak (1987), Zakovi¢ et al.
(1988), Gucalo et al. (1982), Kolodij a Kojnov (1984), Porowski
(2006), Oszczypko a Zuber (2002), Rajchel et al. (2004), Pluta
(2005) a Bacova a Michalko (2007). Pévod vod s celkovou
mineralizaciou vy$$ou ako 10 g . I"! zo slovenského Useku
flySového pasma evidentne nie je mozné opisat bez poznania
SirSich suvislosti, uplatiiujucich sa vo vyskyte mineralnych
vod v podstatne va¢som okolitom priestore.

V prispevku chceme poukazat na vyznam grafickej
interpretacie hydrochemickych a izotopovych udajov pri
opisovani poévodu vod a na niektoré pozoruhodné regionalne
zakonitosti formovania chemického a izotopového zloZenia,
zistené takymto syntetizujucim spracovanim tdajov.

Chemické zloZzenie mineralnych véd
NajvyznamnejSie vyskyty mineralnych vod flySového pasma

apredhlbne Zapadnych (Morava, Slovensko, Polsko) a ¢iastoéne
aj Vychodnych Karpat (Ukrajina) su situované na obrazku 1.
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Na podklade Strukturnej schémy flySového pasma Karpat
zostavenej Oszczypkom (2004) je vyobrazenych 88 lokalit
s uvedenim ich zoznamu. Zdroje udajov pouzitych pri zostaveni
obrazka 1 a 2 su citované v spodnej Casti obrazka 2. Aj ked
je rozmiestnenie lokalit v obrazku 1 relativne nerovnomerné,
ziskavame pomerne uceleny obraz o chemickom zlozeni véd.

Na obrazku 2 je chemické zlozenie mineralnych vod
vyjadrené pouzitim klasifikacie Kurlova (in Klimentov, 1980),
zalozenej na principe prevladajucich iénov. Do nazvu
chemického typu sa zahfnaju i6ny so zastupenim vy$Sim
ako 25 cz %, kationy a anioény sa uvadzaju v poradi podfa
znizovania obsahu. Tuto klasifikaciu sme upravili tak, ze idony
s obsahom vys$8im ako 10 cz % sa uvadzaju v zatvorke.
Vdaka tomu je mozné lepSie sledovat trend stipania
¢i poklesu obsahu chloridov. Klasifikacia Kurlova sa javi ako
najvhodnejSia na suhrnnu interpretaciu udajov o mineralnych
vodach réznych lokalit s odliSnym vychodiskovym vyjadrenim
chemického zloZenia.

Vody s obsahom chloridov vy$s$im ako 90 ¢z % su zname
predovSetkym z vonkajSieho okraja karpatského obluka.
V priestore magurského a duklianskeho prikrovu su zname
najmé z lokalit S6I — Oravska Polhora — Rabka. Obsah
natria vyssi ako 90 cz % je priznaény najma pre silno
slané vody az velmi silné solanky (v sulade s klasifikaciou
prirodnych véd podla celkovej mineralizacie vypracovanou
Svarcevom, 1996; tab. 1) rovnako z vonkajdieho okraja
karpatského obluka a tiez pre vody s mineralizaciou
do 10 g - I”' z ostatnych oblasti flySového pasma, zvacsa
temer slané (podla citovanej klasifikacie).
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Tab. 1
Klasifikacia podzemnych vod podla celkovej mineralizacie
Classification of groundwater according to TDS

Celkova mineralizicia (g . ™)

Nazov podzemnej vody

Celkové mineralizacia (g . I™") Nazov podzemnej vody

<0,2 ultrasladka
02-0,5 sladka mierne sladka <1,0 sladka
0,5-1 vlastna sladka
1-3 vel'mi mierne slana 1-3 nepatrne slana
temer slana
3-10 mierne slana 3-10 mierne slana
10-30 slabo slana 10 -35 vel'mi slana
slana
30-50 silno sland
50 —100 slaba
100 —320 silna >35 sol'anka
solanka
320 — 500 vel'mi silna
>500 extrémne nasytena

Svarcev, 1996

USGS ((http://water.nv.gov/WaterPlanning/)

Najvyssi obsah rozpustenych latok maju v skumanom
priestore vody z horninového prostredia predhlbne Karpat,
respektive z podlozia tektonickych jednotiek flySového
pasma. Silné solanky su zname napriklad z lokalit Ustron,
Lapczyca (Polsko), Lugy, Tekuceje, MorSin, Pynany
a dalSich (Ukrajina).

Genetické klasifikacie prirodnych véd

Skumaniu pévodu prirodnych vod sa venovala a venuje
znaéna pozornost odbornikov u nas i vo svete. Stidiom
a interpretovanim sustredeného rozsiahleho materialu
o procesoch a podmienkach formovania chemického
a izotopového zlozenia vod dospeli k pozoruhodnym
vysledkom. Nazory na pévod prirodnych véd sa vyvijali
v suvislosti so ziskavanim novych poznatkov z konkrétnych
lokalit. V tabulke 2 uvadzame niektoré genetické klasifi-
kacie prirodnych vod. Rovnakou farbou pisma su vyjadrené
vody rovnakého (podobného) pdvodu. Vyjmuc geneticku
klasifikaciu Zubera et al. (2007), zameranu len na vody
uzemia Polska (autor nevyclenuje magmaticku alebo
juvenilnd vodu, definuje dehydrataénu), vSetky ostatné
klasifikacie su porovnatelné, viac ¢i menej detailné. Roz-
liSuju jednoznaéne vody meteorického a magmatického
povodu. Sedimentacné vody podia Kirjuchina et al.
(in Svarcev, 1996) ini autori zrejme nazvali syngenetickymi,
fosilnymi ¢i formacnymi (odliSené Cervenou farbou).
Prirodné vody vSak naj¢astejSie predstavuju zmes réznych
genetickych typov vod. Zretelne to vidiet aj v grafoch
v nasledujucom texte.

Klasifikacia prirodnych vod z hladiska ich pévodu
by mala zohladriovat predovSetkym hlavné hydrogeo-
chemické procesy podielajuce sa na ich vyslednom
chemickom zlozZeni. Domnievame sa, ze pri opise a triedeni
mineralnych vod kli€ovu uUlohu zohrava predovSetkym
skumanie chemického zlozenia (pévodu jednotlivych
zloziek), ktoré je rozhodujuce aj z hladiska ich vyuzivania.
Izotopové zlozenie (8'80 a 3D) tieto poznatky vyznamne
dopifia. Odraza predovietkym mieru izolovanosti vod
od recentnych meteorickych. Délezité je skimat ho najma
pri rieSeni problematiky ochrany véd.

Prehlad nazorov na pévod mineralnych véd
flySového pasma Zapadnych Karpat

Najvyznamnejsie vysledky rozsiahlych vyskumov
tykajucich sa najméa slanych véd a solaniek flySového
pasma na Slovensku vo svojich pracach zhrnuli predo-
vSetkym Franko (1986 in Michalko et al., 1991), Zakovi¢
et al. (1988) a Michalko et al. (1991).

Franko (l. c.) v pripade vOd z oblasti Rabky (Polsko)
a Oravskej Polhory predpoklada prevladajuci podiel
synsedimentarnych marinogénnych véd. Vody Wysowej,
Cigelky, Bardejova a Luhacovic povazuje za zmieSané
vody, ktoré vznikaju mieSanim véd typu Oravska Polhora
s recentnymi atmosférickymi vodami. Zakovi¢ et al. (1988)
konStatuju, ze z poznatkov ziskanych interpretaciou
geologickych pomerov, hydraulickych vlastnosti hornin
a hydrogeochemickych faktorov vyplyva, ze jédovo-
-bromové vody Oravskej Polhory (z vrtu FPJ-1) su
infiltratne nedegradované marinogénne vody, ktoré
pochadzaju z uzavretej hydrogeologickej Struktury.
Primarnym kolektorom je pieskovcové suvrstvie jednotky
Obidowa — Slopnice (— Zboj). Prvotné vody pochadzali
pravdepodobne z morskych véd, ktoré mali obmedzeny
styk s otvorenym morom, a procesmi evaporacie sa ich
salinita zvySovala. Po naslednom uzatvoreni v horninovom
prostredi podliehali iba malym zmenam v procesoch meta-
morfézy. Interakcia voda — hornina prebiehala pravde-
podobne iba v obmedzenej miere, pretoze horninové
prostredie tvoria hydrogeochemicky malo aktivne mineraly.
Vznik chemického zlozenia mineralnej vody z vrtu KLK-1
v Moravskom Lieskovom (Potfaj et al., 1986; celkova
mineralizacia 25,6 g - I', typ Na—CI-HCO3) opisuju autori
ako rozptylovanie hlbinnych — marinogénnych — véd Na—Cl
typu do infiltracne degradovaného horninového prostredia
s vodami Na—HCOj; typu. Pri hodnoteni mineralnej vody
z vrtu Zborov-1 [celkova mineralizacia 16,4 — 17,1 g - I,
typ Na—HCO3;—(Cl)] Michalko et al. (1991) predpokladaju,
ze pbdvod vody najlepSie opisuje viaczlozkovy model
za ucasti fosilnej morskej vody a metamorfnej a meteorickej

vody. Domnievaju sa, ze mineralne vody v Cigelke,



Tab. 2
Geneticka klasifikacia prirodnych vod

Genetic classification of natural water
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Bardejove a Luhacoviciach pred-
stavuju podiel zdrojovych (hlbinnych)
véd zmieSanych v réznom stupni
s obyc¢ajnymi podzemnymi vodami
(v Luhacoviciach je obsah §®0
-1,9 %o a 8D —-51,2 %o, v Bardejove
je 880 —6,1 %o a 3D —61,1 %o).
Pbévod mineralnych vod typu
Na—Cl, Na-CI-HCO3; a Na-HCO4-Cl
vystupujucich vo flySi Zapadnych
Karpat skumali mnohi vyznamni
polski odbornici. Vysledky prac
v osemdesiatych rokoch minulého
storoCia publikovali a interpretovali
Dowgiatto, Glogoczowski a Baranski,
Dowgiatto a Slawinski, Les$niak
a Lesniak a Dowgiatto. Najskor
zdOraznovali vystupovanie najmene;j
dvoch zloziek véd v réznych pome-
roch: infiltraCnej a reliktnej. Lesniak
(1980) predpoklada aj ucast meta-
morfnej vody, uvolnenej v désledku
dehydratacie ilovych mineralov
v podmienkach nizkoteplotného meta-
morfizmu. Zuber a Grabczak (1985)
usudzuju, ze mineralne vody Wysowej,
Rabky, Szczawy, Szczawnice
a Poreby Wielkej reprezentuju
mieSanie infiltracnych a metamorfnych
vOd. Zaroven sa nazdavaju, ze treba
vyluc¢it geneticky suvis vysokého
obsahu chloridov v opisovanych
vodach s morskymi vodami. Podla
nich zvySena koncentracia moéze byt
vysledkom Idhovania flySovych hornin
metamorfnymi vodami. Predpokladaju,
ze chloridové vody vyskytujuce sa
v jasielskom synklinériu — lwonicz,
Rymanoéw, Krosno — alebo v podlozi
flySu podsliezskej jednotky — Ustron
— su paleoinfiltracné. Ich izotopové
zlozenie podlahlo zmene v désledku
procesov suvisiacich so vznikom
loZisk ropy.Neskér Lesniak a Dowgiatto
(1986) konstatuju, ze chloridové vody
vystupujuce vo fly§i Karpat maju
z hladiska chemického zlozenia
vyrazné znaky genetickej spatosti
s morskou vodou. Oszczypko a Zuber
(2002) vyjadruju nazor, ze chloridové
vody obohatené o CO, vo flySovom
pasme Zapadnych Karpat na uzemi
Polska ¢asto obsahuju nemeteoricku
zlozku s izotopovym zlozenim typic-
kym pre dehydratac¢né vody formujtce
sa pocas metamorfnych procesov
(880 = +6,5 %o, 8D = —25 %o). Porov-
nanie s dal$imi znamymi vyskytmi vod
s podobnym izotopovym zlozenim
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naznacuje, ze su predovSetkym vysledkom transformacie
smektitu na illit po¢as poklesovej diagenézy flySovych
sedimentov. Autori kon$tatuju, ze pre takéto vody je
charakteristicky vysoky obsah chloridov (asi do 14 g - I"),
v réznych regiénoch rozdielny. Sudia, ze nie su badatelné
ziadne prispevky morskej vody, hodnoty 880 a 8D su
nepatrne rozptylené. Predpokladaju, ze pre tieto vody su
charakteristické vysoké hodnoty koeficientov Na/Cl a B/CI.
Rajchel et al. (2004) opisuju genézu chloridovych vad lokality
Sél. Dovtedajsi vyskum izotopového zlozZenia poukazal na
to, ze vacsina vod nesporne reprezentuje zmesi slanych
neinfiltra¢nych vod s lokalnymi infiltraénymi vodami. Autorka
prezentuje argumenty dokazujuce pdévod neinfiltracne;j
zlozky solaniek lokality Sl spaty s dehydrataciou ilovych
mineralov prebiehajucou v Case diagenézy flySovych
sedimentov v sulade s argumentmi opisanymi Oszczypkom
a Zuberom (2002). Dalej véak uvadza, Ze chemické zlozenie
pravdepodobne uréuju pozostatky sedimenta¢nych vod
obohatenych v procese ultrafiltracie prebiehajucom pocas
spevhovania sedimentov. Rekapituluje, ze v pripade
véd lokality Sol z dvoch protichodnych procesov —
osladzovania sedimentacnych vod dehydrataénymi vodami
a obohacovania o chemické zlozky v dosledku ultrafiltracie
— dominujucim sa zda druhy proces veduci k vysokému
zasoleniu, vyznamne prevysujucemu mineralizaciu morskej
vody.

V suvislosti s opisom pévodu minerdlnych vod ukrajin-
skych Karpat Kolodij a Kojnov (1984) podla izotopového
zlozenia vyclenuju vody infiltracnej aj sedimentaénej genézy
a ich zmesi. Kons&tatuju, ze v sv. Casti flySového pasma
a predhlbne ukrajinskych Karpat dominuju sedimentogénne
vody, ktoré sa asto stretavaju uz v hibke 1 000 m. Analyza
izotopového zloZzenia vodika a kyslika umozniuje rozlisit
vody, ktoré su podla genézy rézne, ale maju identické
chemické zlozenie a mineralizaciu. ldentické izotopové
zlozenie mézu mat vody s rébznou genézou. Preto pri
doékladnom posudzovani genézy véd je potrebné komplexne
analyzovat hydrogeochemické udaje, udaje o zlozeni plynov,
o izotopoch, udaje z hydrogeotermie a paleohydrogeoldgie
s ohladom na geologické a technické podmienky prejavov
vod. Autori zd6razfiuju znaénu ulohu paleoinfiltraénych
solaniek vyluhovania solonosnej molasy miocénu vo formo-
vani silnych solaniek typu Na—-Ca-Cl flySu karpatskej
predhlbne a flySového pasma Karpat. Beruc do uvahy,
ze takéto solanky sa vyskytuju v znacnej Casti flySového
pasma, taky rozsiahly vyskyt je mozné predpokladat aj
pod nasunutym flySom molasy neogénu a zodpovedajicu
amplitidu nasunutia flySového pasma na predhlben.

Interpretacia chemického a izotopového zlozZenia
mineralnych véd

V nasledujucom texte sa zameriavame na graficku
interpretaciu udajov o obsahu natria, hydrogénuhli¢itanov,
chloridov a bromidov v mineralnych vodach a izotopovom
zlozeni vod s cielom vyjadrit existujuce regionalne zakoni-
tosti formovania chemického zloZenia véd. Poukazeme
na vyznam grafického zobrazenia vztahu medzi jednotli-
vymi charakteristikami chemického zlozenia vod pri opise

pbvodu a pozicie mineralnych vod zo Slovenska v ramci
celého skumaného priestoru flySového pasma a predhlbne
Zapadnych Karpat.

Chemické zlozenie mineralnych vod

Na obrazku 3 su znazornené chemické typy
mineralnych véd vybranych lokalit (na podklade Strukturnej
schémy flySového pasma a predhlbne Zapadnych Karpat
zostavenej Lexom et al., 2000). Vztah medzi obsahom
natria a chloridov v tychto vodach vykresluje graf na
obrazku 4. Na oboch obrazkoch su jednotlivé chemické
typy vod vyjadrené rovnakymi farbami znaciek.

Vo vseobecnosti vody typu Na—-Cl vystupuju najma
v sedimentarnych horninach. Su pritomné v oblastiach
lozisk kamennej soli, ilovcov a sadrovcov s vioZzkami halitu.
Ide najma o vody s vysokou mineralizaciou (solanky). Su
najrozsirenejSie, vo vertikdlnom smere tvoria najhrubSiu
hydrogeochemickl zénu — zénu solaniek (Svarcev, 1996).
Tato zéna sa nachadza v réznej hibke (kym v artézskych
panvach je zéna solaniek iba niekolko stoviek metrov pod
povrchom, v hydrogeologickych masivoch byva v hibke az
niekolko kilometrov) a nesuvisi uz vyslovne s horninovym
prostredim. Obycajne ide o zénu hydrogeochemickej
stagnacie (Macioszczyk a Dobrzynski, 2007).

V skumanom regione Zapadnych Karpat maju najvyssi
celkovy obsah rozpustenych latok slané vody az silné
solanky (podla klasifikdcie Svarceva, 1996; tab. 1) typu
Na-CIl az Na—Ca—Cl z priestoru predhlbne Zapadnych
Karpat. Vyskytuju sa v sedimentoch neogénu (Lapczyca)
a v podlozi flySovych prikrovov krosnianskej skupiny
(devon, vrt U-3A kupelov Ustron v Polsku, solanka
exploatovana z hl'bky 1 318 az 1 728 m; Rajchel et al.,
2007). Dosahuju celkovu mineralizaciu az vyse 130 g - I
Na obrazku 4 su znazornené tmavozelenymi kruzkami
(silnu solanku lokality Ustron predstavuje skupinka naj-
vacsich tmavozelenych bodov s maximalnym obsahom
natria a chloridov).

V grafe vztahu medzi obsahom nétria a chloridov (obr.
4) sa v subore vod typu Na—Cl napadne vyclenuje skupinka
bodov reprezentujucich vody lokalit S6l, Oravska Polhora,
Zboj, Krosno, Lodyna a Nad Grabcem. Maju relativne vyssi
obsah natria (vo vztahu k chloridom) ako vody z podlozia
flySového pasma.To pravdepodobne odzrkadluje fakt, ze ide
o vody zo samotného flySového pasma, ktorych chemické
zlozenie je ovplyvnené ionovymennymi procesmi.

Predpokladame, Ze na lokalitach pri vnutornom okraji
karpatského obluka (napr. Luhacovice, Cigelka, Wysowa,
Szczawa) vy$Si obsah chloridov v mineralnych vodach
typu Na-HCO3;—(Cl) az Na—HCO;—ClI signalizuje pri-
tomnost ur&itého (rézne velkého) podielu vod typu Na—Cl
z podstatne vaésej hibky (zo zény solaniek). Vyplyva to
aj z grafu znazornujuceho vztah medzi koeficientmi (Ca?* +
Mg?*)/HCO;~ a Na*/HCO;~ (obr. 5). Slané vody az solanky
typu Na—Cl zaujimaju vzdy polohu v hornej Casti grafu
(koeficient Nat/HCOg™ je vySsi ako 1). Ide o sedimentacné
vody (podla klasifikacie Kirjuchina et al. in Svarcey,
1996; tab. 2). Zo Slovenska sem patria silno slané vody
az solanky z lokalit Zboj a Oravska Polhora. V ramci vod
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typu Na—Cl sa zistil najvy$si obsah vapnika a horcika
v silnych solankach z podlozia flySového pasma (Ustron, obr. 5,
tmavozelené Stvor€eky v pravom hornom rohu grafu).

Hydrogénuhli¢itanové vody — meteorické (podla
klasifikacie Kirjuchina et al. in Svarcev, 1996) — sa
nachadzaju v spodnej Casti grafu — koeficient Nat/HCO4~
je vzdy nizSi ako 1 (prevazne je jeho hodnota niz8ia
ako 0,5). Sem patria aj mineralne vody typu Na—HCO;,
z pocetnych prirodzenych vyverov flySového pasma
vychodného Slovenska — v grafe najma v strednej Casti
lavého spodného kvadrantu. V tom istom kvadrante v jeho
pravej Casti su sustredené vody s prevahou vapnika
a horcika v kationovom zlozeni, pricom su to zaroven vody
s najnizSou celkovou mineralizaciou (v grafe su zahrnuté
aj mineralne vody s celkovou mineralizaciou nizSou ako
3 g - I”', najma z prirodzenych vyverov vo flySovom pasme
vychodného Slovenska).

Hodnota koeficienta Nat/HCOj~ priblizne v rozmedzi
0,5 az 1,05 (pIné svetlozelené kruzky) charakterizuje
vody typu Na-HCO;-Cl az Na-CI-HCO; z lokalit
uvedenych vo vysvetlivkach. Tieto vody su prechodnym
typom medzi opisanymi vodami. Predpokladame, Ze ich
chemické zlozenie je vysledkom mieSania meteorickych
a sedimentaénych véd v roznom pomere.

Na obrazku 5 v grafe vlavo su identifikované body
zastupujuce niektoré vyznamné lokality flySového pasma
Slovenska (menej aj z Uzemia Polska). Aby bolo mozné
predstavit si ich poziciu v ramci celého skimaného
priestoru, vpravo je graf znazorfiujuci hodnoty celkovej
mineralizacie vod. Obrazok tak vyznamnou mierou
napomaha pri utvarani uceleného obrazu o formovani
chemického zlozenia mineralnych vod flySového pasma
a predhlbne Zapadnych Karpat.

Pri posudzovani pévodu v6d ma rovnako nezanedba-
telny vyznam aj hodnotenie a interpretovanie udajov
o obsahu chloridov, bromidov a jodidov. Skuma sa
pomer hmotnostnej koncentracie tychto halogenidov
(CI/Br, Br/l), ktory umozriuje posudit spatost vod s loziskami
soli, ropy a zemného plynu alebo so sedimentogénnymi
vodami (Pich a Turek, 1972; Worden, 1996; Winid a Witczak,
2004; Bacova, 2009).

Na obrazku 6 je zndzorneny obsah chloridov a bro-
midov vo vodach flySového pasma a predhlbne Zapadnych
Karpat v porovnani s mineralnymi vodami (najma silnymi
solankami) réznych Casti sveta (zdroje vychodiskovych
udajov o obsahu bromidov a jodidov: Goebel, 1964; Franko
et al., 1975; Franko a Michali¢ek, 1975; Franko a Kolafova,
1983; Michalicek, 1986; Pluta, 2005; Rajchel et al., 2004;
Rajchel et al., 2007; Krahulec et al., 1977, 1978; Dowgiatto
et al., 1969; Dowgiatto, 1976; Oszczypko a Zuber, 2002;
Durkovi¢ et al., 1982; Zakovi¢ et al., 1988, 2003, 2006;
Pacindova et al., 1997; Michalko et al., 1991; Porowski,
2006; Kirjuchin et al., 1993; Stueber et al., 1998; Rosenthal
et al., 1999; Fontes a Matray, 1993). Graf ma nesporne
velky vyznam pri skumani pévodu mineralnych vod.
Solanky morského pdvodu alebo vody s ur€itym podielom
takychto solaniek (s niz8ou celkovou mineralizaciou) maju
poziciu vymedzenu na linii s najva¢sim zhustenim bodov.
Od tejto linie sa odklanaju body zastupujuce vody s istym

rastucim podielom véd vylihovania lozisk soli — vpravo.
Vyssi obsah bromidov, ako je priemerny obsah vo vodach
morského pdvodu, naznaluje spatost s akumulaciami
uhlovodikov — body umiestnené vlavo od linie najvac¢sieho
zhustenia bodov v grafe. Pri obsahu chloridov vy$Som
ako 100 g - I sa zadina prejavovat $tadium vypadavania
halitu zo solaniek. Toto $tadium graf znazornuje vyraznym
spomalenim rastu obsahu chloridov v solankach, zatial ¢o
obsah bromidov nadalej stupa (v sedimentaénych vodach
morského pdévodu vysokych Stadii odparovania) alebo
rapidne klesa (solanky vyluhovania lozisk soli).

Vody flySového pasma a predhlbne Zapadnych Karpat
su v grafe odliSené od ostatnych modrym obrysom znaciek.
V ramci nich su identifikované niektoré lokality. Vody
Oravskej Polhory, Soli (Polsko) a Zboja maju identické
chemické zloZenie (obr. 3) a priblizne rovnaky celkovy
obsah rozpustenych latok. Poloha bodov zastupujucich
vodu zo Zboja vSak poukazuje na isty podiel mineralizacie
vznikajucej vyluhovanim soli — v grafe velmi transparentne
indikovany znaé¢nym posunom bodov od linie najvacsieho
zhustenia znaciek smerom doprava.

Izotopové zlozenie mineralnych véd

Udaje o izotopovom a chemickom zloZeni minerdinych
vod vybranych lokalit flySového pasma a predhlbne
Zapadnych Karpat su zhrnuté v tabulke 3. Ide o vody
s celkovym obsahom rozpustenych latok vysSim ako
3 g - I". Z ich spracovania a grafického vyhodnotenia
(obr. 4 — 8) vyplyva:

o Vody typu Na-Cl majd zvacsa obsah 80y, od
—2 do +6 %o a obsah 8Dy, —10 az —40 %.. Hodnoty 6Dy0
su o nie¢o vySSie ako v pripade véd typu Na—HCO4;—Cl.
Izotopovo najtazsie vody typu Na—Cl z priestoru flySového
pasma Karpat v grafe vztahu medzi hodnotami §'®Oy,0
a 8Dy,0 spadaju do relativne Sirokej oblasti podzemnych
voéd prevazne morského pdvodu v uzavretych bazénoch
vymedzenej Craigom (obr. 7). Na zéklade interpretacie
udajov o izotopovom a chemickom zlozeni mineralnych
véd z priestoru flySového pasma Zapadnych Karpat
usudzujeme, ze tieto vody maju velmi pravdepodobne
morsky povod. Evidentne ide o sedimentac¢né vody
podla klasifikacie Kirjuchina et al. (in Svarcev, 1996;
tab. 2) a Kirjuchina (2008) ¢i fosilne vody morského pévodu
podla Whitea (1963). Rozdielne chemické a izotopové
zloZenie badatelne odraza ich nerovhomerné mieSanie
s meteorickymi vodami a tiez rdzny vplyv procesov veducich
k izotopovej frakcion&cii.

o Opisat pévod mineralnych vod iba na zaklade
interpretacie znamych udajov o ich izotopovom zlozeni
nie je mozné. Hypotézy o formovani vod by boli velmi
nejednoznacné. Vyplyva to aj z grafu na obrazku 7. Body
reprezentujuce silno slané vody z hydrogeologickych vrtov
v Cigelke spadaju do oblasti metamorfnych voéd vymedzenej
Sheppardom (1986) a sucasne do oblasti morskych
véd vymedzenej Craigom. Vzhladom na poziciu bodov
zastupujucich vodu zo zdroja Alexandra vo Wysowej mézeme
v jej pripade hovorit o podiele metamorfnej vody, morskej
vody alebo ako o diagenetickej vode (Zuber, 2007; tab. 1).
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o Zuber (. c.) uvadza pre diagenetické vody
charakteristické hodnoty 'Oy, 0d +5 do +7 %. a obsah
8Dn,0 —25 az —30 %o a opisuje ich ako vody spaté
predovSetkym s prechodom smektitov do illitov v hibke
niekolko kilometrov. K takymto vodam zaraduje vody
lokalit Szczawnica, Szczawa a Wysowa. Macioszczyk
a Dobrzynski (2007) konstatuju, ze zmeny chemického
zlozenia synsedimentac¢nych vod su natolko podstatné, ze
niektori autori na ich opisanie uviedli do literatury pojem
diagenéza vod. Dalej uvadzaju, ze tento pojem sa v Polsku
neprijal. Podobne sa neprijal ani termin metamorfizacia vod
pouzivany ruskymi badatelmi, definujluci (vymedzujuci)
komplex premien, ktorym podliehaju relikiné vody v etape
svojho vylu¢enia z hydrologického obehu. V Polsku
sa namiesto toho niekedy pouziva pojem metamorféza
— teda premena (pretvorenie) podzemnych véd (Pazdro
a Kozerski, 1990).

. Mineralne vody typu Na-HCOz;a Na-HCO 4~Cl su
v grafe izotopového zloZenia ulozené na dvoch priamkach.
Tym su indikované dva subory s typickym kladnym
linedrnym korelacnym vztahom medzi hodnotami 30,0
- SDH20 (Obr. 8)

o Prvy pravdepodobne reprezentuje vody z prie-
storu externych magurskych prikrovov flySového pasma,
viazané na hlboké zlomy (a zrejme aj prejavy neogénneho
magmatizmu) s pritomnym CO, predovSetkym pred-
pokladaného hlbinného pévodu (Cigelka, Wysowa,
Luhacovice). Nevylucuje sa ani uréity podiel CO,
organického poévodu (prikladom je prirodna lie¢iva voda
Cigelka; Bac¢ova a Baco, 1998). Velmi podobné mineralne
vody pozname z regiénu Polana — Svalava na Ukrajine.
Originalny model formovania tychto véd vypracoval
Volkonsky (1999). Podava unikatne zhrnutia o viaczdro-
jovej genéze CO, v mineralnych vodach a znacnej ulohe
biogénnej zlozky v rozpustenom CO,.

o Druhy sa javi ako subor véd geneticky spatych
s akumulaciami ropy a zemného plynu — predovSetkym
z priestoru predmagurskych jednotiek a krosnianskej
skupiny prikrovov flySového pasma [obr. 3; vody
centralnokarpatského synklinéria (Porowski, 2006)],
v grafe izotopového zlozenia st ulozené pozdiz linie
Craiga (GMWL).

Vyznamny obsah chloridov v oboch pripadoch velmi
pravdepodobne signalizuje ucast sedimenta¢nych véd na
formovani vysledného chemického zloZenia.

. Vysoké hodnoty 30,0 @ 8Dy, — bez ohladu na
chemické zlozenie — poukazuju na dobru izolovanost od
infiltraénych vod, teda na pévod vody z priestoru viac alebo
menej uzavretych hydrogeologickych Struktdr (zo zény
bez vodnej vymeny so zemskym povrchom).

Je evidentné, Ze vody typu Na—HCO3;—(Cl) az Na—
—HCO4—Cl, pravdepodobne spaté s hiboko siahajucimi
flySového pasma (obr. 7). Vztah medzi obsahom deutéria
a obsahom izotopu kyslika 80 v nich vyjadruje rovnica
regresnej priamky na obrazku 8.

Porovnanim prirodnej lie€ivej vody Cigelka (zo zdroja
CH-1 alebo V-HC-1) s mineralnou vodou zo zdroja
Alexandra v polskych kupeloch Wysowa zistime, Zze obe

su typu Na—HCO3;—ClI. Ich vyskyt sa velmi pravdepodobne
viaze na ten isty hlboky zlom (muréansky tektonicky
systém) a izotopové zlozenie svedCi o dobrej izolovanosti
akumulaénych oblasti od meteorickych voéd. Naproti tomu,
prirodna lie€iva voda Cigelka:

— ma vyS$Siu celkovu mineralizaciu a nizSi obsah
chloridov ako voda zo zdroja Alexandra,

— vyznacuje sa vy$8im obsahom hydrogénuhli¢itanov,

— ma niz8i obsah izotopu 80, zrejme vdaka vysSiemu
obsahu CO.. V oblasti Cigelky je zname mnoZstvo suchych
vyronov CO,, podobne ako v okoli Ztockieho v Polsku.

Mineralna voda zo zdroja Alexandra vo Wysowej
obsahuje vacsi podiel sedimentacnej vody typu Na-Cl
(to sa relevantne prejavuje na izotopovom zlozeni) ako
voda z vrtov CH-1 a V-HC-1 v Cigelke.

Zaver

Graficka interpretacia udajov o chemickom a izoto-
povom zlozeni mineralnych vdd ma neocenitelny vyznam.
Pri vhodne zvolenych charakteristikach chemického
zlozZenia sa v grafoch zobrazujucich ich vzajomny vztah
vody urcitého pévodu umiestriuju do vymedzenych pozicii.
Syntetizujuce skumanie vybranych hydrogeochemickych
udajov o vodach flySového pasma a predhlbne Zapadnych
Karpat v prispevku viedlo k velmi zaujimavym a zavaznym
zisteniam. Vdaka nim bolo mozné detailnejSie opisat pévod
mineralnych véd konkrétnych lokalit z izemia Slovenska.

V ramci flySového pasma Karpat sa izotopovo najtazsie
vody zistili predovSetkym v priestore magurského flySu
(Sdl, Oravska Polhora, Rabka, Cigelka, Wysowa, Zborov).
Vody s podobnym izotopovym zlozenim su zname aj
na Ukrajine (flySové pasmo: vrt Maximovskaja-1, 3 005 m,
solanka typu Na-Ca-Cl s CMV 218 g - I", §'80yy,0 +3,9 %o,
8Dp,0 —54 %0; vnutorna zoéna karpatskej predhlbne: vrt
Lugy-1, 5 490 — 5 525 m, solanka typu Na—Ca-Cl s CMV
155¢g- I, 8130H20 +6,2 %o, 8Dy,0 —33 %o; Kolodij a Kojnov,
I. ¢.). Mineralne vody vSetkych spomenutych lokalit maju
Casto zasadne odliSné makrochemické zlozenie. Vyskytuju
sa v horninovom prostredi s r6znymi geologickymi
a tektonickymi podmienkami. Da sa povedat, Ze ich spaja
iba takmer identické izotopové zloZenie. To nam umoznuje
usudzovat, ze vody maju rozdielny pévod a izotopové
zlozenie zretelne vypoveda iba o miere ich izolovanosti
od hydrologického obehu (a teda uplatnenia moznych
procesov spolupdsobenia vod s horninovym prostredim
ich akumulacie — ultrafiltracie, dehydratacie a podobne).

V prispevku sme poukazali na vyznam grafickej
interpretacie vybranych hydrogeochemickych charakte-
ristik mineralnych vod. Pri opise p6évodu vod je vzdy
nevyhnutné désledné skumanie Sirokého komplexu
geologickych, tektonickych, hydrogeologickych a hydro-
geochemickych podmienok.
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Significance of the graphic analysis of hydrogeochemical data for interpretation
of origin of mineral water of Flysch Belt and Foredeep of Western Carpathians

The origin of strongly mineralized water from localities of
Flysch Belt in Slovakia evidently cannot be described without wider
relations, influencing the origin of mineral water in significantly larger
area. Article emphasizes the importance of graphic evaluation
of the content of main elements, dissoluted in water, when
investigating their origin, as well as some regional regularities,
forming chemical and isotopic compositions, and being revealed
by synthesis of data from localities of mineral water from the Flysch
Belt and Foredeep of Carpathians in the territory of Moravia,
Slovakia, Poland and Ukraine (Fig. 1).

The chemical composition of mineral water is presented
in Fig. 2. The review of selected genetic classifications of natural
water by different authors we state in Tab. 2. Opinions on genesis
of mineral water in the Flysch Belt of Carpathians, described in our
contribution, reflect the knowledge about origin of similar water
in the world and both — the Flysch Belt and Foredeep of Western
Carpathians.

Water of Na—Cl type (Fig. 3) is known mainly in outer rim of
Carpathian Belt. The highest total content of dissolved elements
was found in salt water to salt brines (according to classification
by Svarcev, 1996) from localities in the area of Foredeep molasse
and Krosno group of flysch nappes, where they were found in
their footwall — prevailingly in Devonian sediments (borehole U-3A
Ustron spa in Poland, brine exploited from the depth 1 318to 1 728
m; Rajchel et al., 2007). Water of Na—Cl type from Flysch Belt has
relatively higher natrium content than water present in its footwall
(Figs. 4 and 5). Recent investigation indicates that in the space of
Magura and Dukla nappes such water occurs deeper. Their ascents
to surface in this area is connected with tectonic overprint of rock
environment (Sl — Oravska Polhora — Rabka zone). We suppose
that higher content of chlorides in mineral water of Na—HCO5;—(Cl)
to Na—HCO4—Cl types from localities situated at inner margin of
Carpathian arc usually signalizes the presence of different ratio of
Na—ClI water types (brines) from significantly greater depths (brine
zones).

The graphic representation of relations among contents of
Ca?*, Mg?*, Na* and hydrogen-carbonates using coefficients (Ca?*
+ Mg?)/HCO4~ and Na*/HCO4~ contributes to investigation and
evaluation of water chemical composition and its origin (Fig. 5). It
gives an integrated picture about chemical composition of water
of Flysch Belt and Foredeep of Western Carpathians. It is evident
that water with different provenance of chemical composition is
delimited to precise position.

The content of halogenides (CI-, Br, I") from the water of Flysch
Belt and Foredeep of Western Carpathians, important for data
interpretation (Fig. 6), is compared with data from different parts
of the world (mainly strong brines). Brines of the sea provenance

or water with the content of these brines (with lower total
mineralization) are present in line with the highest concentration
of points. The points representing water with increased ratio of
water of leached salt deposits are distributed in the right side of
this line. The higher bromides content than the average in water
of sea provenance indicates the relation with the accumulations of
hydrocarbons — points in the graph are distributed left from the line
led along the highest concentration of points. At chlorides content
above 100 g - I"' the phase of halite defluction from brines starts to
act by the deceleration of the growth of chloride content in brines,
but the bromides content increases continually (in sedimentary
water of sea origin of high evaporation phase) or fastly decreases
(brines of salt deposits leaching).

Isotopically the heaviest water of the Na—Cl type from the space
of Flysch Belt of Carpathians (Tab. 3, Figs. 7 and 8) is projected in
the graph of §'%0,c vs. 8Dyo into the relatively wide area of water
of prevailingly sea provenance in closed basins — being defined by
Craig. They evidently represent the sedimentation water according
to Kirjuchin et al. (in Svarcev, 1996; Kirjuchin, 2008), or fossil
water of the sea provenance according to White (1963). Different
chemical and isotopic compositions reflect their unequal mixing
with meteoric water, as well as differing influence of processes
leading to isotopic fractionation.

Water of Na—HCO5; and Na—HCO3—ClI types in the graph of
isotopic composition is projected on two lines, indicating two sets
with typical positive linear correlation between values §'®0y,0 —
8Dy,0 (Fig. 8). First probable represents the water from the space
of external Magura nappes of the Flysch Belt, being tied with
deep faults and evidently also with the Neogene magmatism, with
present CO, of supposed deep-seated origin. Second appears as
the set of water related with mineral oil deposits (with accumulation
of mineral oil and natural gas) — prevailingly from the space of
Foremagura units and Krosno group of nappes of the Flysch Belt
(in the graph of isotopic composition they are projected along the
line of meteoric water GMWL). The chlorides content in both cases
very probable signalizes the mixing with sedimentary water of
Na—Cl type.

The high §'®0,0 and 8Dy, values — irrespective on chemical
composition — demonstrate good isolation from infiltration
water and the water origin in the space of more-or-less closed
hydrogeological structures (from the zone without water exchange
with the surface).

When considering the genesis of mineral water, not only the
found data about chemical and isotopic composition of water
from specific localities must be taken into account, but also an
investigation of the wide geological, tectonic, hydrogeological and
hydrogeochemical conditions must be done.
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Mineral water at KoSice town (Eastern Slovakia)

Article evaluates the occurrence of mineral water at the town KoSice. Water is fixed
on Triassic dolomites. The aquifers were verified by hydrogeological boreholes and amount
of water by pumping tests. The occurrence represents a thermal type of calcium-magnesium-
-hydrogencarbonate water, with increased concentration of Na, Cl and SO,.

Mineral water at the town KoSice is springing on crossing of longitudinal Hornad fault trending
N-S and transversal fault of NW — SE trend. In the past, the water was verified by boreholes G-1
and G-2, G-4 as well as G-5. The deepest borehole G-4 (310.0 m) verified efficiency 4.9 | - s~
with temperature 26 °C. Water is captured in dolomites in the depth of 72 — 273 m. Prevailing
amount 3.24 — 3.83 | - s of carbonated water outflowed from the borehole by eruption.

Dolomites have middle flow capacity (T = 1.35 - 10 m? - s7') and wealish permeability
(k = 1,08 - 108 m - s7). The water from the borehole G-1 was used for drinking until 1995.
According to water type (A, > 50 %) and rHCO,/rCl (2.58; 2.16) factor the meteoric water
is concerned being saturated by mantle CO, (1.37-1.80 g - I"). According to indicators rMg/rCa
(0.74); rCl/rNa (0.71; 0.74), CI/Br (2 230.0) and rSO,/rM (0.06) the mineral water has carbonato-
-halo-sulphatogenic dissolved solids.

The factors rMg/rCa (0.74) and CI/Br (2 230.0) suggest the solution of dolomites and halogenic
dissolved solids which come from the Neogene sedimentation area.

The carbon-dioxide mineral water from borehole G-5 is recently used for drinking.

Key words: mineral water, boreholes, pumping tests, recovery test, chemical composition of water

Uvod

Augustin Rebro (1996) uvadza, ze v 20. storoCi
vznikli v KoSiciach kupele, pricom nevie, ¢i vznikli v nad-
vaznosti na kupele, ktoré sa uvadzaju v balneografiach
z 19. storo€ia. Analyzu mineralnej vody (MV) z pramena
v tychto kupeloch dielo Balneografia Slovenska (Hensel,
1951) neobsahuje. Podobne sa zmienka o tejto vode
nenachadza ani v praci Mahela (1952) a diele Hynieho
(1963). Prva konkrétna informacia o MV v kupeloch je
v Balneografii a krenografii 2 (Krahulec etal., 1978). Pramen
Kiosk v tom ¢ase predstavoval razenu studrniu hlboku
3 m. Voda sa z nej ¢erpala ruénou pumpou. Podla analyzy
uverejnenej v tomto diele (oznadenie KE-6, IGHP Zilina,
1962) je to nevyrazny zakladny kalciovo-magnéziovo-
-hydrokarbonatovy typ vody (A, = 62,4 mval %), studenej
(t = 11,5 °C), slabo mineralizovanej (CMV = 3,56 g - I"),
silno uhli¢itej (CO, = 1,7 g - I"), stredne sirovodikovej (H,S
= 2,63 mg - I""). V préci pouzivame klasifikaciu MV podla
Franka et al. (1975). Vyhlaska 100 MZ SR z r. 2006 sa
tyka len uznanych prirodnych lie¢ivych a prirodnych MV.
V publikécii Balneografia Slovenska sa odporuc¢a lokalitu
hydrogeologicky preskimat a zistit moznosti vyuzitia
tychto vod.
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Prieskumné prace

Na zaklade objednavky Vychodoslovenskych vodarni
a kanalizéacii z marca 1976 sa v oblasti kupelov zistoval
plosny rozsah vyskytu MV v suvislosti so zdmerom ziskat
pitnu a uzitkovd vodu z kvartérnych naplavov Hornadu, pri-
padne z podlozného mezozoika (Frankovi¢ a Szabova, 1978).

Plynova prospekcia CO, v péddnom vzduchu preukazala
3 oblasti s vyznamnym obsahom tohto plynu, aj ked
jeho pritomnost sa v réznej koncentracii zistila v celom
skumanom uzemi. Do zisteného vyverového centra MV
bol situovany vrt G-1 a do miesta maximalnej plynove;j
koncentracie vrt G-2. Vrt G-3 overil moznost vybudovat
zdroj pitnej vody v aredli ZDS Tahanovce.

Na zaklade objednavky utvaru vystavby vSeSportového
arealu Kosice Franko a Zakovié v r. 1979 vypracovali Stidiu
0 moZnostiach ziskania termalnej vody v oblasti KoSic.
Odporucili pomocou geofyzikalnych merani a plytkych
mapovacich vrtov zistit hibku ulozenia a roz&irenia triasovych
dolomitov a v nich prebiehajuce poruchové zény. Do nich
sa potom mali situovat prieskumné hydrogeologické vrty.

Geofyzika Bratislava v r. 1980 nasledne realizovala
geofyzikalny prieskum v uzemi vyskytu MV (Tkag, 1980).
Medzi Statnou cestou a Hornadom sa urobili 4 profily
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VES s rozostupom AB/2 = 200 m a 500 m. Profil &. VII na realizovanych plytkych vrtoch (T-1 az T-33) hlbokych
ide v smere vrtov G-2 a G-1. Vysledkom bolo vymedzenie v priemere 6 m hydrochemicku prospekciu. Podla jej
najvhodnejSieho miesta nasyteného mineralnou vodou na  hydrogeologickej analyzy po zohladneni poznatkov
situovanie vrtu. z geofyzikalnych prac a plynometrickej prospekcie

V §tudii z r. 1980 P. Tkacik syntetizuje vysledky dovtedy sa realizoval hiboky vrt G-4. Vrt bol situovany v miestach
urobenych prac a navrhuje realizaciu dalSich prac, predpokladanej zlomovej linie, po ktorej vystupuju

predovSetkym geofyzikalne merania. mineralne vody na povrch (Haluska a Petrivaldsky, 1982).
IGHP, zavod KoSice, na zaklade objednavky Parku Geoconsult KoSice na zdklade objednavky Spravy
kultdry a oddychu v Kosiciach z aprila 1981 uskutoénil mestskej zelene KoSice v r. 1995 vybudoval novy zdroj
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Obr. 1. Lokalizacia geofyzikalnych profilov (IV — IX) a hydrogeologickych vrtov (G-1 — 4).
Fig. 1. Location of geophysical profiles (IV-IX) and hydrogeological boreholes (G-1 — 4).
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Obr. 2. Izolinie vodivosti (S). Prieskumné vrty (T-22), hydrogeologické vrty (G-2, 4), prameri a vrt mineralnej vody (G-1).

Fig. 2. Isolines of conductivity (S). Prospector wells (T-22), hydrogeological boreholes (G-2, 4), spring and well of mineral water (G-1).

mineralnej vody, pretoze voda z vyuzivaného vrtu G-1 bola
hygienicky nevhodna. V blizkosti tohto vrtu bol vyhibeny vrt
G-5 hlboky 32,0 m (HaluSka a Petrivaldsky, 1995). Z neho
sa MV vyuziva na pitie v su€asnosti (obr. 7, foto 1).

Vyverova oblast

Mineralne vody su rozSirené severne od KoSic na pravom
brehu Hornadu oproti mestskej dasti Tahanovce (obr. 1).
Podla izociar vodivosti je oblast vyverov MV pretiahnuta
viac-menej v s.-j. smere. Jej dizka je asi 1 100 m a &irka
300 m (obr. 2). Na mape izolinii zdanlivého merného
odporu (obr. 3) st vymedzené dolomity a fylonity v podlozi
neogénnych a kvartérnych sedimentov. Na geoelektrickom
profile VII (obr. 1) su v podloZi kvartéru interpretované
dolomity a na SZ (sondy 7, 8, 9) fylonity (obr. 4).
medzi sondami 4 a 5. V geofyzikalno-geologickom reze
je tento priestor s minimalnymi hodnotami zdanlivého
merného odporu interpretovany ako porusené dolomity
nasytené mineralnou vodou. Pretiahnuty (s.-j.) tvar vyve-
rovej oblasti MV sa zhoduje s priebehom hornadskeho zlomu,
po ktorom sa z plasta privadza CO, (Franko a Kolafova,
1985). Uvedeny hibinny zlom oddeluje rudohorsko-pili§sky
blok od potiského bloku (Fusan et al., 1987). Prirodzené
vyvery MV sa obyéajne viazu na krizovanie pozdiznych
a prieénych zlomov. V tomto pripade sa vyvery viazu

na koSicku kryhu, ktord je obmedzend sz.-jv. zlomami
(Elecko et al., 2007). Na JZ je to severny, myslavsky zlom
a na SV ruskovsky zlom. Tuto kryhu pretiahnutd v smere SZ
az JV kosicky zlom jz.-sv. smeru roz¢lenuje na sz. a jv. Cast.
V severozapadnej ¢asti v podlozi mladSich sedimentov, resp.
kvartéru je zastupené kiCovské suvrstvie (neskory baden)
a v jv. Casti stretavské suvrstvie (spodny az stredny sarmat)
(Kaliciak et al., 1996). V severozapadnej Casti tejto kryhy
v podlozi kvartéru vystupuju uz spominané dolomity s MV.
Z orientacie obr. 4b vidiet, ze mineralne vody sa viazu
na krizovanie hornadskeho s.-j. zlomu a lokalneho prieéneho
zlomu, ktory prebieha lokalnou dolinkou.

Vrty

Ako sme uz spomenuli, mineralnu vodu overili vrty G-1,
G-2, G-4 a G-5 (tab. 1). Kvartérne sedimenty su hrubé
10,0 — 11,0 m. V ich podlozi su stredno- az vrchnotriasové
sivé dolomity patriace k obalu Ciernej hory. Vo vrte G-4
maju hrabku 185 m. V kazdom vrte bol usek dolomitov
vystrojeny perforovanymi rdrami, vo vrte G-1 sa pouzil
kremity Stréik a vo vrte G-5 Johnsonov filter.

Cerpacie sktsky

Na vystrojenych vrtoch G-1, G-2, G-4 a G-5
sa realizovali Cerpacie skusky (CS) (tab. 2). Po ich skonéeni
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sa na vyuzivanie odporucila MV z vrtu G-1 v mnozstve
0,5 | - s7' pri znizeni hladiny o 1,0 m. Po skoncéeni ¢s
na vrte G-2 sa konstatovalo, Zze v mieste vrtu je mozné
ziskat 1,4 | - s7' MV novym vrtom, pretoze tento vrt
bol zaneseny jemnym materidlom (slaby vynos jadra,
dolomitovy piesok). Preliv na vrte sa neobnovil ani po 2

Mineralia Slovaca, 41 (2009)

Prv nez sa zacala CS, na vrte G-4 sa zmerali erupcie
MV (tab. 3). Z 5 merani vidiet, ze erupcie trvali prevazne
2,25 hod. a ich vydatnost sa pohybovala v rozmedzi 2,37 az
3,83 | - s7'. Cerpacou, viac-menej prevadzkovou skuskou
(81 dni) sa preukazalo, ze z vrtu G-4 je mozné trvale
odoberat 4,0 | - s=' MV. Podla vysledkov CS na vrte G-5 je
mozné z neho vyuzivat 15 —20 | - min~' (0,25 - 0,33 | - s77).

mesiacoch od skonéenia CS.
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Obr. 3. Mapa izolinii zdanlivého merného odporu (50 m). Hydrogeologické vrty (G-2 — 4).

Fig. 3. Isolines map of apparent resistivity (50 m). Hydrogeological boreholes (G-2 — 4).
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Obr. 4. Geoelektrické rezy: a — vertikalny rez izoohm 115 A
Qm; 1 — <50 Qm, 2 - 50 — 100 @m, 3 — > 100 Qm.
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3 — > 100 Qm. b — Geophysical-geological cross-
-section. 1 — surface layer, 2 —loamy and sandy gravels,
3 — dolomites (fractured, aquifer), 4 — phyllonites  [~285 - 0 200 400 600
(basement).

Stapacia skuska

Vrt G-4 je jediny vrt, ktorym sa overila celd hrubka
dolomitov a ktory zastihol aj ich podlozie —fylonity (tab. 1).
Vysledky stupacej skusky na tomto vrte zobrazuje graf
zavislosti hladiny od ¢asu (obr. 6), jej vyhodnotenie
je v tab. 4. Popri hydraulickych parametroch su v tabulke
uvedené aj priblizné porovnavacie parametre (Jetel,
1982).

Z hladiska klasifikacie prieto¢nosti horninovych telies
(Kréasny, 1993) je mozné zaradit skumané dolomity do IlI.
triedy — stredna prieto¢nost. Priepustnost tychto hornin
z hladiska klasifikacie priepustnosti hornin (Jetel, 1982)
je slaba — VI. trieda.

Tvorba chemického zlozenia MV

Vysledky chemického rozboru vody z vrtu G-1
(Altanok Anicka), ktora sa vyuzivala do r. 1995, je v tab. 5.
Hydrochemické faktory, resp. charakteristiky vody a CO,
su v tab. 6. Podla typu vody (A,) a faktora rHCO4/rCl (2,58
a 2,16) ide o meteoricku vodu s karbonatogénno-halo-
génno-sulfatogénnou mineralizaciou z otvorenej hydro-
geologickej Struktury. Jej chemické zlozenie sa tvori
rozpustanim karbonatov, sulfatov a halitu. Podla faktorov
rMg/rCa (0,74) ide prevazne o rozpustanie dolomitu
a podla faktora CI/Br (2 230,8) o rozpustanie halogénnej
mineralizacie vsiaknutej z neogénneho sedimentacného
prostredia. Na vplyv neogénnej mineralizacie poukazuje
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Tab. 1
Hydrogeologické vrty
Hydrogeological boreholes

Vrt Rok Hibka (m) Geologicky profil (m) HI. vody (m p. t.) Zabudovanie (¢ mm)
Perforacia (¢ mm)
G-1 1976 13,0 0,0 — 3,3 hlina, piescita hlina, 3,3 ¢ 273
hlina so Strkom 0,0 — 8,0 m plna rura
3,3 - 6,3 hlinity piescity Strk 8,0 — 10,0 m perforacia
6,3 — 9,5 piescity Strk 10,0 — 13,0 m kremity Stréik
9,5 — 11,0 ilovita hlina s obliakmi
11,0 — 13,0 sivy dolomit
G-2 1977-1978 171,0 0,0 — 3,5 piescita hlina, hlina so §trkom 3,5 0,0 — 20,0 m pIna rura, ¢ 229
20,0 — 70,0 m pIna rura, ¢ 160
3,3 — 5,0 hlinity piescity Strk 70,0 — 117,0 m perforovana rura, ¢ 160
5,0 — 10,8 piescity Strk
10,8 — 171,0 sivy dolomit
G-4 1981-1982 310,0 0,0 — 0,3 piescita hlina - 0,0 — 30,0 m pIna rura, ¢ 219
0,3 — 10,0 piescity zahlineny Strk 30,0 — 72,0 m plna rura, ¢ 216
10,0 — 195,0 svetlosivé dolomity 72,0 — 243,0 m perforovana rura, ¢ 146
195,0 — 310,0 fylonity 243,0 — 273,0 m perforovana rura, ¢ 133
273,0 — 310,0 m pIna rara, ¢ 133
. Tab.2
Cerpacie skusky
Pumping tests
Vrt Stupen Hladina vody Znizenie Vydatnost Dizka stupnia Volny CO, Teplota vody
+ terén (m) (m) (I-s™ (dni) (g-1" (°C)
1. 0,5 0,32 1 1,24 13,0
2. 1,0 0,61 1 1,58 14,0
G-1 3. -2,53 1,5 0,9-0,8 7 1,47 14,0
4. 1,0 0,55 5 1,48 14,0
1. +0,488 5,1 0,58 2 - 21,8
G-2 2. preliv 10,1 0,98 9 1,36 17,0
3. 0,056 | .s™" 14,1 1,43 10 1,45 16,1
1 5,0 2,0 2
G-4 2. +3,0 10,0 3,0 3 1,25 -1,45 26,0
3. 18,5 4,9 26
G-5 1. -1,12 2,5 0,2 12 1,48 15,2
Tab. 3

Erupcie mineralnej vody na vrte G-4

Eruption of mineral water on borehole G-4

Datum r. 1982

Erupcia od — do (hod.)

Erupcia (hod.)

Mnozstvo MV

Predchadzajlce prerusenie Trvanie (m?3) (I-s™)
3.3. 10:08 — 12:59 2,39 2,51 32,2 2,56
4.3. 10:35 - 13:00 2,18 2,25 30,9 2,81
5.3. 16:40 — 19:05 2,45 2,25 19,2 2,37
6. 3. 8:10 - 10:30 3,03 2,20 25,7 3,24
7.3. 10:10 — 12:35 2,54 2,25 31,1 3,83
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Tab. 4

Hydraulické parametre dolomitov vo vrte G-4

Hydraulic parameters of dolomites in borehole G-4
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b, M Q As S T k q q Y z
(m) (I-s" (m) (m) (m?-s7) (m-s7) gq=Q/S(-s"-mM) q’=q/M Y = log(108q) Z =log(10%q")
125,0 4,9 6,5 185 1,35-10* 1,08-10° 0,264 2,21-1078 5,42 2,67

v w50

Foto 1. Odberny objekt na vrte G-5.
Photo 1. Water intake object on the borehole G-5.

Foto 2. Odberny objekt na vrte G-5, nalavo vidiet altdnok s vrtom
G-1.

Photo 2. Water intake object on the borehole G-5. The object
on the left side is located on the borehole G-1.
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Obr. 5. Krivka vydatnosti vrtu G-1. LS5 0.9
Fig. 5. Discharge-drawdown curve of borehole G-1.
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Tab. 5
Lokalizacia vrtu G-1 a udaje o odbere
Localization and data about water sample offtake from borehole G-1

1. LOKALIZACIA A UDAJE O ODBERE/LOCATION AND DATA ABOUT OFFTAKE

Lokalita Datum odberu Zdroj Mnozstvo vody

Kosice 9.—11.9.1980 Vrt v altanku KE — 6a 10,250 |

2. FYZIKALNE A CHEMICKE VLASTNOSTI/PHYSICAL AND CHEMICAL PARAMETERS

t°C CO,mg/l pH H,Smg/l rH HBO,mg/!l Ra-10"2Ci/l 0-SiO,mg/l Rn-10""Ci/l Celkova miner.mg/l org.C mg/l
13,0  804,0 5,9 8,0 - 3,0 10,0 29,44 - 3 318,64 -
3. IONOVE ZLOZENIE/IONIC COMPOSITION
Kationy mg/l mval/l mval % Aniény mg/l mval/l mval %
Lit+ 1,00 0,144 0,16 Cl- 395,09 11,154 12,29
Na'* 360,00 15,652 17,29 Br'- 0,45 0,005 0,00
K1+ 33,40 0,854 0,94 J- 0,35 0,003 0,00
NH,'™* 0,00 0,000 0,00 F1- 0,32 0,017 0,02
Mg?* 147,38 12,120 13,39 NO,'- 2,10 0,046 0,05
Ca?* 328,66 16,400 18,12 NO;'- 3,80 0,061 0,01
Sr2+ 1,49 0,034 0,04 SO, 253,89 5,289 5,83
Ba? HPO,2- 0,00 0,000 0,00
Mn2+ 0,37 0,013 0,01 HCO4'- 1756,80 28,800 31,74
Fe? 1,00 0,036 0,04 CO4*
AR+ 0,10 0,011 0,01 OH'™
Sucet 873,40 45,264 50,00 Sucet 2412,80 45,375 50,00
4. STOPOVE PRVKY (. 10 g/I)/TRACE ELEMENTS
As <10 Ni <2 Cu 13 Pb 5
Mo <20 Co <20 Zn 17 U 1,8
Cr <5 Ti <20 spektrochemicky dokazana pritomnost Na, Ca, Mg, K, Sr, B, Si, Li, Ba, Rb, Fe,
Al, Cua Mn
5. PLYNY (objem %)/GASES
CO, H,S O, N, He H, Ar CH, Celkové mnozstvo plynov (mi/l)
1 98,55 0,546 0,016 0,865 5 0,000 1 0,001 1 0,017 6 0,000 4 960,80
2 - - 1,786 96,49 0,005 6 0,117 2 1,958 0 0,042 0 8,70
3 — _ _ — — — — _ _
6. HYDROCHEMICKE FAKTORY A KLASIFIKACIA/HYDROCHEMICAL FACTORS AND CLASSIFICATION
S; (NOg) 0,24 S, (SO,) 0 A, 63,1 Mg/Ca 0,74 Sr/Ca - 108 2 SO,/M 0,06
S, (Cl) 24,6 S, 0 Az 0,12 Na/K 18,33 HCO,/CI 2,58 Cl/Br 2230,8
S; (SOy) 1,66 Ay 0,26 S (S0, 31,91 Ca/Na 1,05 Cl/Na 0,71
S, (Cl) 0,00
Zakladny nevyrazny kalciovo-magnéziovo-bikarbonatovy typ A,.
7. PLYNOVE FAKTORY A KLASIFIKACIA/GAS FACTORS AND CLASSIFICATION
Spontanny plyn Nekysly plyn
He/Ar - (Ar - 10%/(N, - 1,19) - KNzo, 54,02 (Ar - 104/(N, - 2,5) 81,17

Silno uhli¢ita, stredne sirovodikova, dusikova voda.

8. HORNINY/ROCKS dolomity
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Obr. 7. Vrt G-5.

Fig. 7. Borehole G-5.

faktor rCl/rNa (0,71; 0,74). Na pdvod siranov a sirovodika
mozu poukazovat izotopy siry. Podiel siranov na mine-
ralizacii je velmi maly (SO,/M = 0,06; v Sobranciach
je 0,035; Mlynarcik a Petrivaldsky, 1985). Pritomnost
morskych vod je nepravdepodobna.

Vrt G-5 je situovany v blizkosti vrtu G-1 (foto 1 a 2).
Na zaklade klasifikacie mineralnych vod bola podzemna
MV z tohto vrtu zaradena k slabo mineralizovanym
(3,696 g - I"), slabo kyslym (pH = 6,42) a studenym
(15,2 °C) vodam. Pritomnost sirovodika (5,1 mg - I")
zaraduje vodu k stredne sirovodikovym vodam. Z hladiska
chemického zlozenia je tato podzemna voda podia
upravenej Palmerovej klasifikacie (Gazda, 1971) zaklad-
ného vapenato-hore¢nato-hydrogénuhli¢itanového typu.

V roztoku vody su vSak do znaénej miery zastupené
aj chloridy (482,1 mg - I') s alkaliami. Hydrochemicky
koeficient rCl/rNa (0,75) poukazuje na metamorfnu
infiltrogénnu vodu s vplyvom neogénnych sedimentov.
Mikrobiologicky a biologicky bola skimana podzemna
voda vyhovujuca (HaluSka a Petrivaldsky, 1995).

Zaver

Vysledky realizacie vrtu G-4 poukazuju na moznu
existenciu termalnych vod v Studovanej oblasti. Overenym
kolektorom mineralnych véd su triasové dolomity obalu
Ciernej hory. Vo vzdialenosti 1 000 m vychodne od vrtu
G-4 je mozné z vrtu hlbokého asi 500 — 600 m ziskat
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Tab. 6
Hydrochemické faktory

Hydrochemical factors

Plyny (obj. %)

nekyslé
N, N, o,

kyslé

Co,

cMV CO, H,S S, S, A, A,
(9-1" (- (mg-r")  (C (SO

pH

T vody
(°C)

Datum
Laboratérium

Vrt

11.9. 1980

G-1

0,12 98,5 0,86 96,5 1,78

63,10

59 3,32 1,80 8,0 24,6 11,66 0,26

13,0

GUDS Bratislava

9.4.1982

G-4

IGHP Zilina

1,37 11,42 28,0 11,73 0,50 59,66 0,08

4,46

6,5

26,0

Tvorba chemického zloZenia

Klasifikacia vody

Pévod

rMg/rCa Cl/Br rCl/rNa rSO,/rM

rHCOy4/rCl

CO,
(pb6vod)

Vody
(mineraliz.)

(typ)

Co,

Vody

chemicky
termometa-

karbonatogénno-

stredne
uhli¢ita

zakladny
nevyrazny

2,58 0,74 2230,0 0,71 0,06

G-1

-sulfatogénno-

plagtovy

meteoricka

Mineralia Slovaca, 41 (2009)

A2

0,06

0,74

2,16 0,74

G-4

morfny

-halogénna

CO,

vodu s teplotou okolo 40 °C. Pred vftanim odporuc¢ame
urobit geofyzikalne merania rovnakou metodikou ako pred
realizovanim vrtu G-4.
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Prehodnotenie ukazovatelov vyuzitelnosti lozisk uhlia na aplikaciu
podzemného splynovania (UCG) na priklade loziska Beladice
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The appraisal of economic indicators of coal deposits for underground coal gasification
in the case of Beladice lignite deposit (Danube Basin, Slovakia)

Energy resources in Slovak Republic are limited. Approximately 90 % of energy resources are
imported. The main domestic sources of energy are represented by deposits of coal and lignite.
There are some non-economic deposits, which may be suitable for underground coal gasification
by (UCG) technology. This technology is known from 1868, and now belongs among clean coal
technologies, which are preferred in EU. This article appraises Beladice deposit of lignite for UCG
technology and presents results of recalculation of lignite reserves for UCG.

Key words: coal deposit, underground coal gasification (UCG), mineral reserves, modelling,

GIS, Beladice

Uvod

Problematika ziskavania energie, najmé elektrickej,
je v poslednych rokoch ¢asto diskutovana téma. Eurdpska
unia ako celok je viac ako na 50 % zavisla od dovozu
primarnych energetickych zdrojov. Preto sa jej energeticka
politika, ako aj energeticka politika Slovenskej republiky
orientuje na zabezpecenie dostato¢ného mnozstva
vlastnych zdrojov energie, na diverzifikaciu energetickych
zdrojov a na vyuzivanie environmentalne prijatelnych
technoldgii (www 1). VySe 70 % svetovej energie stale
pochadza z fosilnych paliv — neobnovitelnych zdrojov
energie. Kedze sa predpoklada dalSie zvySovanie svetove;j
spotreby primarnych energetickych zdrojov, ¢oraz
vacsi déraz sa kladie na ich efektivnejsSie vyuzivanie.
NajvyuzivanejSi domaci zdroj energie v Eurdpskej unii
aj v Slovenskej republike je uhlie. To je dévodom staleho
zaujmu o jeho vyskum a zavadzanie novych technoldgii
na Upravu a tazbu.

Na Slovensko sa dovaza asi 90 % primarnych zdrojov
energie. Nas najvyznamnej$i domaci zdroj energie je uhlie.
Vyuzivanie slovenskych lozisk hnedého uhlia zaistuje
Ciastocnu domacu energeticku sebestacnost, vedie k stabi-
lizacii narodného hospodarstva a znizuje zavislost od dovozu
(Stratégia energetickej bezpecnosti, 2007; Energeticka
politika SR, 2006). Na Slovenku sa eviduje celkovo 19
lozisk hnedého uhlia a lignitu a z toho sa tazi iba 5 lozisk
(Balaz a Kusik, 2008). Ostatné loziska z ekonomickych
alebo technologickych dévodov nevyhovuju kritériam
vyuzitelnosti na klasicku tazbu. Na rentabilitu tazby loZiska
okrem ceny suroviny na trhu, stupfa preskimania loziska,
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kvality a mnozstva zasob tazenej suroviny vplyva aj pouzita
technoldgia tazby (Rybar, Cehlar a Tréger, 2000; Rybar
et al., 2005; Cehlar et al., 2006). Tu sa vytvara Siroké pole
pre nové alebo netradi¢né tazobné metddy, ktoré mozu
poméct vyuzivat uholné loziska efektivnejSie. Medzi tieto
netradicné tazobné metddy patri aj podzemné splyriovanie
uhlia (Underground Coal Gasification — UCG).

Podzemné splynovanie uhlia

MysSlienka podzemného splyriovania uhlia je zndma
uz viac ako 100 rokov. Jej zaliatky su spaté s vedcami
Sirom Williamsom Siemensom a Dmitrijom Mendelejevom.
Pocas vyvoja a testovania tejto technoldgie sa realizovalo
mnozstvo pokusov v réznych krajinach sveta s réznou
uspesSnostou. NajvyznamnejSie pokusy sa uskutocnili
v byvalom ZSSR, Australii, USA a épanielsku.

Metdéda podzemného splyriovania uhlia je zalozena
na podzemnom splyfiovani uhlia priamo v lozisku (in situ).
Princip vychadza z existencie minimalne 2 vrtov (CastejSie
série vrtov) situovanych do uholného sloja, injekéného
a produkéného. Prostrednictvom injekéného vrtu sa do
sloja vhana splyfiovacie médium. Druhym, produkénym
vrtom sa na povrch dostava vyprodukovany plyn (obr.
1). Zapalnym bodom — miestom zapalenia — moze byt
injekény aj produkény vrt. Proces podzemného splyriovania
uhlia je mozné podla Surryho et al. (2004) rozdelit na
3 hlavné fazy. V prvej, konstrukénej faze je potrebné
zabezpedit realizaciu injekénych a produkénych vrtov
a overit dostato¢nu permeabilitu sloja. Ta je nevyhnutna
na prudenie splynovacieho média.
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Splyfiovacie
médium

Vyprodukovany
plyn

Produkény
vrt

Zéna

4 ‘_», stp|yifyania

Uhofny sloj

Obr. 1. Schéma UCG splyriovaca.
Fig. 1. The scheme of underground coal gasifier.

Druhd, opera¢na faza sa zacina zapalenim uhlia.

Samotny proces splyfiovania sa zac¢ina az vtedy, ked

sa splynovacie médium vtla¢a do sloja prostrednictvom
injekéného vrtu a prebiehaju chemické reakcie medzi
uhlim a splyfiovacim médiom (Perkins, 2005). Opera¢na
faza zahfna aj riadenie procesu, kontrolu pritokov vody
a pod. Pocas splynovacieho procesu sa formuje dutina,
v ktorej ostava tuhy zvySok po splyfiovani.

V zaverecnej faze sa likviduju vrty. V pripade mozného
znecistenia sa pred likvidaciou vrtov odporuca preplach-
nutie dutiny vhananim vody, aby sa minimalizovalo mozné
znecistenie prostredia a podzemnej vody v okoli vzniknutej
dutiny. Napriek skonéeniu procesu je potrebny monitoring
vzniknutej dutiny a jej okolia (Surry et al., 2004).

Hlavny produkt je nizko alebo stredne vyhrevny
plyn, ktorého kvalita a kvantita zavisi od kvality uhlia,
typu splynovacieho média, zvladnutia procesu a pod.
Pri splynovani vzduchom vznika plyn, ktory je zmesou
N,, O,, CO,, CO, H, a CH,. Jeho vyhrevnost sa pohybuje
v rozmedzi od 3,72 do 6,71 MJ - Nm~ a je vhodny
na vyrobu elektrickej energie. Pri splyfiovani kyslikom
alebo parou vznika plyn, ktory je zmesou O,, CO,, CO,
H, a CH,. Jeho vyhrevnost je od 7,45 do 11,18 MJ - Nm~3,
V sucasnosti prebieha intenzivny vyskum vyuzitia tohto
plynu na skvapalfiovanie (BliStanova in Sasvari et al.,
2007).

Na zaklade realizovanych pokusov bolo opisanych
niekolko vyhod podzemného splyriovania uhlia:

° environmentélne vyhody — minimélne zmeny
na povrchu, niZsie emisie CO,,

° ekonomické vyhody — niZsie naklady, niZsia cena
jednotky elektrickej energie,

° efektivnejSie vyuZivanie loZisk uhlia — technolégia
vhodna pre neekonomické loZiska povaZované za do-
taZené, s komplikovanymi geologickymi podmienkami.

“Nova
s/ nad Faavou

Obr. 2. Geograficka pozicia zaujmovej oblasti.
Fig. 2. Geographic position of studied area.
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Kritéria vyberu lozisk uhlia na podzemné splyrniovanie

Na zaklade odbornych prac zo zahrani¢ia a skusenosti
z pokusov je mozné povedat, ze proces podzemného
splynovania z pohladu vlastnosti loZiska ovplyviiuju najma
tieto faktory (Burton et al., 2006; Lamb, 1977):
hydrogeologické pomery loZiska a sloja,
tektonické pomery loZiska a sloja,
vlastnosti sloja — hribka, hibka a tklon,
vlastnosti uhlia — kvalitativne a termické,

° vlastnosti nadloznych hornin,

o pritomnost plynov v loZisku.

Niektoré krajiny ako napriklad USA, UK, Australia,
Rusko a India na zaklade priameho vyskumu — pokusov
— alebo na zéklade vyskumov z inych krajin prehodnotili
svoje loziska uhlia. Kritéria, ktoré pouzili, boli zalozené
najma na hibke a hrubke sloja, ako aj na mnozstve a kvalite
zasob, a to aj napriek tomu, ze samotné splyrovanie
vyrazne ovplyviuju aj ostatné spominané vlastnosti.
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Tie je potrebné zohladriovat najma pri dalSom posudzovani,
kedze ovplyviuju napriklad rozmiestnenie jednotlivych
generatorov, odvodnovanie, zvySovanie permeability,
vytvorenie ochrannych pasiem a pod.

Na prvotné posudenie vhodnosti loZiska uhlia na pod-
zemné splyfiovanie je potrebné prehodnotit:

o hibku uloZenia sloja,

° hrubku sloja,

° Uklon sloja,

° kvalitativne parametre — vyhrevnost uhlia a popol-
natost uhlia.

Stanovenie kritérii posudenia vhodnosti
loziska Beladice na UCG

Na zaklade odporuc¢ani a skusenosti so splyfiovanim
lozisk najma z USA, Australie, Ruska, Velkej Britanie
a Ceska sa spracovali kritéria postidenia vhodnosti loZiska
Beladice na UCG. Je potrebné zdoraznit, ze vSetky kritéria
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Obr. 3. Odkryta geologicka mapa loZiskovej oblasti Beladice — upravené. 2, 3 — Ciastkové poruchy; 4, 6, 7 — odnoZ nevericko-Celadického

zlomu; 5 — Celadicky zlom; 8 — protiklonny zlom (Sarkan et al., 1993).

Fig. 3. Uncovered geological map of Beladice area — modified. 2, 3 — lower-range faults; 4, 6, 7 — Neverice-Celadice fault; 5 — Celadice

fault; 8 — antithetic fault (Sarkan et al., 1993).
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sa spracovali na zaklade skusenosti z inych krajin, pricom
najvhodnejSie by bolo upravit kritéria na zaklade vlastnych
praktickych skusenosti a vlastnych ekonomickych
prepoctov, ktoré zatial, zial, chybaju.

Zvolené kritéria sa spracovali na zaklade prac Boyda
(1981), Walkera (1999) a spolo¢nosti Csiro (2006)
a zohladnuju bezpecénostné a ekonomické poziadavky.
Na zaklade uvedenych odbornych studii a skusenosti
z inych krajin sa zvolili nasledujuce kritické parametre:

e hibka sloja minimalne 100 m,

o hrabka sloja minimalne 2 m,

° popolnatost maximalne 55 %,

o vyhrevnost v pévodnom stave minimélne 8 MJ - kg~".

Lozisko Beladice

Vyznamné lozisko lignitu overil vyhladavaci geologicky
prieskum v sv. ¢asti Podunajskej niziny v SirSom okoli
Beladic v priestore obci Jelenec — Beladice — Celadice
— Malé Chyndice — Dolné Obdokovce — Hostova (obr. 2).

Vo vztahu k lignitovym slojom sa na lozisku vyclenili
tieto sedimenty (obr. 3 a 4):

° predneogénne podloZzie,
ivanské suvrstvie,
beladické suvrstvie,
volkovské suvrstvie,
kvartérne sedimenty.

Predneogénne podlozie zastihli vrtné prace pri z.
a sz. okraji loziskového uzemia. Ivanské suvrstvie
vrchnopanonskeho veku tvori podlozie pasma bazalnych
slojov. Pre suvrstvie je charakteristicky vyskyt svetlosivych
a sivych ilov, nerovnomerne piescitych, ktoré sa striedaju
s jemno- az hrubozrnnymi pieskami, ojedinele az Strkmi.
Polohy pieskov s hrubkou az do 100 m sa nachadzaju
v priamom podlozi bazalnych slojov najma v j. a jv. Casti
a su vyznamny hydrogeologicky kolektor.

Beladické suvrstvie (pont) je vyvinuté na celej ploche
loziskového Uzemia. Jeho hrubka postupne narasta v sme-
roch Z —V a S — J. NajmenSiu hrubku dosahuje pri sz.
okraji loZiska a najvacsiu v centralnej Casti. Stratigraficky
a litologicky m6zeme suvrstvie rozdelit na tri zény, a to
spodnu, strednud a vrchnu ¢ast. Spodna cast beladického
suvrstvia tvori vlastné slojové pasmo bazalnych slojov. Je
zastupené zemito-drevitym lignitom s ilovitymi preplast-
kami deliacimi lignit na niekolko samostatne bilancovanych
slojov. Smerom od okrajov do centralnej Gasti loziska
hrubka slojového pasma narasta a dosahuje az viac ako
30 m. Celkovy vyvoj slojového pasma je znaéne kompli-
kovany. Nevericko-Celadicky zlom rozdelil pasmo na 2 ¢asti,
na zapadnu a vychodnu kryhu. Zapadna kryha je oproti

Obr. 4. Geologické rezy loziskom Beladice. 1 — kvartérne
sedimenty; 2 — volkovské suvrstvie; 3 — beladické suvrstvie;
4 — nadlozné sloje; 5 — bazalne sloje; 6 — ivanské suvrstvie;
7 — predneogénne sedimenty (Sarkan et al., 1993).

Fig. 4. Geological selection of deposit Beladice. 1 — Quaternary
sediments; 2 — Volkovce Fm.; 3 — Beladice Fm.; 4 — overlying coal
seams; 5 — basal coal seams; 6 — lvanka Fm.; 7 — pre-Neogene
sediments (Sarkan et al., 1993).
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Obr. 5. 3D model loziskového
uzemia. Ruzova — predneogénne
podloZie, zelena — ivanské suvrstvie,
siva — beladické suvrstvie, Cierna
— uholné sloje.

Fig. 5. 3D model of deposit area.
Pink — pre-Neogene underlier, green
— Ivanka Fm., grey — Beladice Fm.,
black — coal seam.

vychodnej kryhe viac tektonicky porusena. Vychodna
kryha zabera vacsiu Cast loziska. V pasme bazalnych
slojov bolo vy€lenenych 5 slojov — by, b4, b,, bs a b,. Sloj b,
predstavuje sloj s najva¢sim ploSnym rozsSirenim. Hribka
sloja je od 1,3 m do 8,1 m. Sloj b, je vyvinuty v tesnom
nadlozi sloja by a jeho hrubka sa pohybuje od 1 mdo 5,15 m.
Sloj bs je vyvinuty v tesnom nadlozi sloja b,. Va¢Sie plosné
rozSirenie dosahuje len v centralnej Casti loziska. Jeho
hrubka sa pohybuje od 1,15 m do 2,5 m. Sloj b, je vyvinuty
len v uzkom pruhu. V dalSich ¢astiach beladického suvrst-
via bolo vy¢lenenych este 5 nadloznych slojov s oznacenim
ny, Ny, N3, Ny @ Ns. Sloje maju nepravidelny $oSovkovity
vyvoj a len ojedinele dosahuju hribku viac ako 2 m.

V strednej Casti beladického suvrstvia prevladaju sivé
a tmavosivé ily, ktoré sa striedaju s polohami jemne piesci-
tych ilov, ilovitych aleuritov a pieskov prevazne $oSovkovi-
tého charakteru. Vrchna Gast beladického suvrstvia predsta-
vuje jeho najhrubS$iu ¢ast. Tvoria ju prevazne modrastosivé
a zelenkavosivé, nerovnomerne piescité ily, miestami
zavapnené. Vo vrchnej Casti flov su vyvinuté hojné nadlozné
lignitové slojceky, z ktorych niektoré dosahuiju aj bilancovanu
hribku — nadlozné sloje. V spodnych ilovitych polohach
lignity zastupuje uholny il alebo uholny pigment.

Volkovské suvrstvie reprezentuju v loziskovej oblasti
pestrofarebné Zltozelené, Zltohnedé a hrdzavo Skvrnité
ilovité sedimenty s premenlivym obsahom piescitej frakcie
a vapnitych konkrécii. V iloch su ojedinele pritomné tenké
polohy jemno- az strednozrnnych pieskov So$ovkovitého
charakteru.

Kvartérne sedimenty su v loziskovom uzemi zastupené
hlinou, piesc¢itou hlinou, miestami polohami eolickych
sedimentov — sprasi a sprasovych hlin — a aluvialnymi
naplavmi v udoliach potokov. Najvacsiu hrabku (do 20 m)
dosahuje kvartér v oblasti vyskytu sprasi a sprasovych hlin
(Sarkan et al., 1993).

Metodika

Na posudenie vhodnosti loziska Beladice na pod-
zemné splyfiovanie a na potvrdenie predpokladu narastu

zasob uhlia bolo potrebné vytvorit komplexnu databazu
prieskumnych vrtov s prisluSnymi loziskovymi udajmi.
Nésledne sa podla empirickych vztahov (Blistan, 1999;
Stanék a Kajzar, 2005) prepoditali zakladné Statistické
charakteristiky suboru loziskovych udajov, urobil sa
vypocet zasob a vytvoril 3D model bilanéného vyvoja
sloja na klasicku tazbu. Tejto problematike sa napriklad
venuju aj prace Stanék (2005) ¢i Stanék, Honék,
a Horikova (2007). Pre rozdielne hrani¢né podmienky bolo
potrebné prehodnotit polohy uhlia v pasportoch vrtov. Ako
hrani¢né podmienky sa pouzili kritéria uvedené v tomto
¢lanku, kapitola 1.1. Zo ziskanych udajov sa vypocitali
Statistické parametre, vypocitali sa zasoby a tieto vysledky
sa nasledne porovnali s parametrami pre klasicku tazbu.
Zostavili sa 2D a 3D modely bilanéného vyvoja sloja
na podzemné splyriovanie. Na zostavenie 2D a 3D
modelov, ako aj na Studium rozdielov medzi nimi sa pouzili
analytické funkcie profesionalneho softvéru GIS — ArcGIS
9.2 od spolo¢nosti ESRI.

Metodika prehodnocovania loziskovych udajov
a vypoctu zasob a jej zdévodnenie

Predmetom vypoctu zasob bol bazalny sloj b,
lignitového loziska Beladice. Vypocet zasob sa urobil
metddou geologickych blokov. Je to metdda vyhovujuca
na dané ucely, pre dany typ loziska a pouzitu prieskumnu
siet. LoZisko Beladice je uloZzené horizontalne, vyznacuje

Tab. 1
Podmienky vyuzitelnosti loZiska na klasicku tazbu
(Sarkan et al., 1993) a na UCG
Conditions of utilization of coal deposit for traditional mining
(Sarkan et al., 1993) and for UCG

Bilan¢né zasoby, Bilanéné zasoby,

klasicka tazba UCG
Minimalna hribka sloja v [m] 2,00 2,00
Minimalna vyhrevnost Q" v [MJ - kg‘1] 9,63 8,00
Maximalna popolnatost A9 [%] 55,00
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sa vyraznou tektonikou a sloje lignitu maju malu hrubku.
Sloj by je jeden z najhlbSie ulozenych slojov s najvacsim
ploSnym rozsahom. Vypocet zasob sloja by sa urobil ako
jednovariantny, zvlast pre podmienky klasickej tazby
a zvlast pre podmienky podzemného splyriovania.

Ohrani¢enie loziska, resp. blokov sa urobilo na za-
klade tektoniky a zohladriuje izolinie minimalnej hrubky
sloja, izolinie miniméalnej vyhrevnosti a maximalnej
popolnatosti.

Ur€enie zakladnych parametrov vypoctu zasob
a) Vyhodnotenie pol6h vo vrtoch

Vyhodnotenie vhodnej polohy vo vrte (priese¢nika vrtu
so slojom), ktora by vyhovovala jednotlivym vypoétom
(klasicka tazba, UCG), sa urobilo na zaklade zohladnenia
stanovenych kritérii pre minimalnu vyhrevnost, maxi-
malnu popolnatost a hrubku okrajovej vzorky vratane
zapocitatelnych preplastkov. Vymedzenie sloja na klasicku
tazbu sa urobilo na zaklade uréenych podmienok
vyuzitelnosti definovanych v zévereénej sprave Sarkana
et al. z roku 1993 (tab. 1).

V pripade klasickej fazby sa za preplastok povazuje
poloha horniny s vyhrevnostou nizSou ako minimalna
vyhrevnost okrajovej vzorky a hrubkou va¢sou ako 5 cm.
Preplastok do 50 cm je zapocgitatelny do hrubky sloja, ak
sloj spolu s preplastkom zodpoveda kritériam okrajovej
vzorky Ci dielu. Preplastok hrubsi ako 50 cm rozdeluje sloj
na samostatné lavice, pripadne sloje.

Vymedzenie sloja na UCG sa urobilo v sulade
s podmienkami vyuzitelnosti (uvedené v podzemnom
splyfiovani uhlia). Preplastok s hrubkou do 0,6 m
sa zapocital do hrubky uholného sloja. Preplastok hrubsi
ako 60 cm rozdeluje sloj na samostatné lavice, pripadne
sloje.

b) Numerické a grafické spracovanie loZiskovych udajov

Vstupné udaje na numerické a grafické spracovanie
udajov:

1. databdza suradnic vrtnych prieseénikov uholnych
slojov v platnom suradnicovom systéme (S-JTSK, vySkovy
systém Balt po vyrovnani) vratane negativnych vrtov;

2. kvalitativne a kvantitativne parametre vrtnych
priese¢nikov:

Bilanénost - Yazba UCG 2
BilanZnost - Yazba UCG 1

Bilanénost - Klasické azba

b1 vyhrevnost’ - UCG

b1 vyhrevnost - asické tazba
b1 popolnatost - UCG

b1 popolnatost’ - Kiasické tazba
b1 mocnost’ - UCG

b1 mocnost’ - Kasicka Yazba
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Obr. 6. 3D model bazy sloja by pri pouziti podmienok vyuzitelnosti na klasicku tazbu.

Fig. 6. 3D model of the base of coal seam b, applying conditions for traditional mining.
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hrubka sloja [m],

vyhrevnost [MJ - kg™],

popol [%],

objemova hmotnost [g - cm™],

° obsabh siry [%],

° obsah vody [%];

3. tektonické Elenenie loziskového pola;

4. topograficky podklad.

Po verifikécii a analyze vstupnych udajov ako najvhod-
nejsi spésob odhadu priestorovej distribucie kvalitativnych
a kvantitativnych parametrov sa zvolila metéda IDW —
Inverse Distance Weighted. Odhady sa vytvorili pomocou
modelovacich nastrojov, ktoré su suc¢astou softvéru ArcGIS
9.2. Pri metdde IDW sa predpokladd, ze vplyv nameranych
bodov na interpolované hodnoty so vzdialenostou klesa.
Pri pouziti IDW uvazujeme tri parametre:

Sila — vyjadruje velkost vplyvu nameraného bodu
na interpolovanu hodnotu v jej blizkosti.

Typ okolia — uvazujeme ho pre kazdy interpolovany
bod. Su dva typy okolia:

— pevné — je dany pevny polomer, rovnaky pre vSetky
interpolované body. Specifikovanim minimalneho poétu
bodov mbézeme zaistit to, ze ak sa vo zvolenom polomere
nenachadza dostatok nameranych hodnét, zvacsi sa na
taku velkost, aby minimalny pocet bol spineny.

— premenné — kazdy interpolovany bod méze mat
inu velkost okolia. Na pouzitie tohto typu okolia sa
nastavi minimalny po¢et nameranych hodnét, ktoré su
na interpolaciu daného bodu nutné. Da sa nastavit aj
maximalny polomer, do ktorého sa namerané hodnoty
hladaju. Tato metdéda obycajne poskytuje presnejSie
modely.

Prekazky — je mozné definovat krivku alebo polygon,
ktory bude reprezentovat zlom alebo inu prirodnu prekazku
(Blistan, 2005).

Ako vystupna mriezka (GRID), pouzivana na nasledné
numerické a grafické vyhodnotenie udajov, sa pre vSetky
loziskové parametre zvolila pravidelna siet 10 x 10 m. Na
okonturovanie sloja sa okrem bilanénych priesec¢nikov
vyuzili aj nebilanéné a negativne vrty, pricom na SZ a JV
sa bilan¢éné casti vymedzili zapadnym, resp. vychodnym
okrajovym zlomom.

V prostredi ArcGIS 9.2 sa zo vstupnych hodndt urobil
odhad sledovanych parametrov. Objemova hmotnost
sa vypocitala z regresnej rovnice urenej na zaklade
vysledkov Statistickej koreldcie medzi objemovou
hmotnostou a hodnotou obsahu popola (Blistan a Kondela,
2001). Regresna rovnica ma tvar:

y =1,075 + 0,008 873 - x,
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Obr. 7. 3D model hrubky sloja by pri pouziti podmienok vyuzitelnosti na klasicku tazbu.

Fig. 7. 3D model of thickness of coal seam b, applying conditions for traditional mining.
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kde premenna x je obsah popola. Priradenim jednotkovej
plochy (100 m?) ku kazdému gridovému bodu (bunke rastra)
a vynasobenim vyskou mikrobloku predstavujucou hribku
loZiska v danom mieste sa vypocital objem mikroblokov. Na
tieto vypocty sa pouzila mapova algebra, ktoru Standardne
ponuka ArcGIS 9.2.

c) Vypocet kubatury zasob

Kubatura zasob sa vypocitala na zaklade suctu
objemov mikroblokov v loZisku, ohrani¢enych na zaklade
kritérii vyuzitelnosti izoliniami bilanénej hrubky loziska.

d) Mnozstvo zasob

MnoZstvo zadsob sa vypocitalo podla empirického
vztahu (Blistan a Kondela, 2001) ako nasobok kubatury
a objemovej hmotnosti v:

Q=V.vy,
kde V je kubatura bloku zasob,
vy je objemova hmotnost t/m3.

e lay:
Bilanénost - Yazba UCG 2
Bllaninost - ¥azba UCG 1

e) Vypocet priemernej vyhrevnosti Qf, popolnatosti A9,
obsahu vody W a obsahu siry S

Tieto parametre sa vypocitali taktiez metédou IDW
v prostredi ArcGIS 9.2 v sieti 10 x 10 m.

Model loziska podla kritérii vyuzitelnosti
na klasicku tazbu

Spracovanie loziskovych udajov podla kritérii
vyuzitelnosti na klasicku tazbu

Podkladom na zostavenie modelu loziska boli udaje
zo 70 prieskumnych vrtov, z ktorych 50 bolo pozitivnych.
Na zaklade udajov v pasportoch prieskumnych vrtov
situovanych v zaujmovom Uzemi sa vytvoril zakladny
udajovy subor. Pre jednotlivé vrtné jadra sa podla pozicie
ustia vrtov a ich orientacie vypocitali priestorové suradnice
kazdého vrtného jadra.

Statisticky sa vyhodnotili iba Gidaje z bazalneho sloja
b;. Spracovalo sa 13 parametrov uhlia, a to hribka sloja,
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Obr. 8. 3D model obsahu popola v sloji by pri pouziti podmienok vyuzitelnosti na klasicku tazbu.

Fig. 8. 3D model of ash content in coal seam b, applying conditions for traditional mining.
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B Tab. 2
Statistické parametre sloja b,
Statistic parameters of coal seam by

Hrubka [m] Obsah vody [%] Obsah popola [%] Vyhrevnost [MJ - kg~']  Obsah siry [%]
Pocet analyz 50 50 50 50 50
Minimum 1,00 24,49 14,15 6,39 1,35
Maximum 8,10 41,28 55,70 14,28 17,21
Aritmeticky priemer 3,66 30,17 36,22 10,20 3,57
Smerodajna odchylka 1,92 3,38 8,55 1,81 2,45
Koeficient variacie 0,27 0,48 1,22 0,26 0,35

celkova voda, povodny popol, popol v susine, spalné teplo
horlaviny, pévodna vyhrevnost, vyhrevnost v bezvodom
stave, obsah prchavej zlozky, obsah siry a arzénu v susine.
Koneény udajovy subor uréeny na Statistické spracovanie
obsahoval okolo 700 vzoriek s priestorovymi suradnicami.
Vysledky Statistickej analyzy pre sloj b, su v tab. 2. Hranice
slojov sa vymedzili na zaklade podmienok vyuzitelnosti,
definovanych pre klasicku tazbu podla zavere€nej spravy
Sarkana et al. z roku 1993.
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Vytvorenie modelu loziska podla kritérii
vyuzitelnosti na klasicku tazbu

Digitalne sa spracovali topografické mapy uUzemia
v mierke 1 : 10 000, mapy prieskumnych prac v mierke
1 : 10 000, geologicka mapa a geologické rezy v mierke
1:10 000. Mapy sa digitalizovali v prostredi CAD systému
MicroStation v realnych 3D suradniciach v JTSK systéme
a nasledne importovali do prostredia GIS (obr. 5). Z tychto

Obr. 9. 3D model vyhrevnosti sloja by pri pouziti podmienok vyuzitelnosti na klasicku tazbu.

Fig. 9. 3D model of heating value of coal seam b, applying conditions for traditional mining.
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udajov sa vytvoril digitdlny model terénu (DTM — obr. 5)
doplneny o priestorovy ,model geologickej stavby”
zostaveny z geologickych rezov. Model je doplneny aj
o 3D zobrazenie siete prieskumnych vrtov s vyznacenim
jednotlivych litologickych typov v profile vrtu.

Modelovanie morfometrie a kvalitativnych parametrov
sloja by sa realizovalo v prostredi ArcGIS. Zostavili
sa modely bazy sloja by, hrubky sloja, popolnatosti
a vyhrevnosti.

Pri modelovani bazy sloja sa zohladnili zname
tektonické linie (obr. 3 a 5). Vysledné modely su
prezentované v 3D zobrazeni v prostredi ArcGIS —
ArcScene (obr. 6 —9).

Model loziska pre podmienky vyuzitelnosti na UCG

Prehodnotenie a spracovanie loZiskovych udajov
podla kritérii vyuzitelnosti na UCG

Pre potreby modelovania bilanéného vyvoja sloja
v zmysle podmienok vyuzitelnosti na podzemné splyro-
vanie uhlia sa prehodnotilo vSetkych 50 pozitivnych vrtov,
a to uhlia na podzemné splyriovanie. Po prehodnoteni je
mozné sp6sobom uvedenym v Casti kritéria vyberu lozisk
konstatovat, ze hranice sloja sa menili z tychto dévodov:

Tab. 3
Zmeny hrubky sloja by po prehodnoteni
Differences of thickness of coal seam b,
after reappraiseal

Cislo Hrubka b, Prehodnotena Zmena
vrtu [m] hrabka by [m] [m]

VBEO09 2,45 6,35 +3,90
VBE20 2,10 7,85 +5,75
VBE22 4,35 4,95 +0,60
VBE31 6,30 8,95 +2,65
VBE36 3,15 3,60 +0,45
VBE46 3,40 4,70 +1,30
VBE48 2,90 4,30 +1,40
VBE49 3,00 6,40 +3,40

° mozné spojenie viacerych slojov,

° roz8irenie hranic sloja by o nadlozie, pripadne
podlozie.

Zmena hranic sloja by sa potvrdila v 8 vrtoch, z toho
v 6 pripadoch pre spojenie slojov (VBE9, VBE20, VBE31,
VBE46, VBE48, VBE49) a v 2 pripadoch pre rozsirenie sloja
o nadlozné uholné ily (VBE22, VBE36). Porovnanie novej
hrubky sloja, preklasifikovanej podla kritérii vyuzitelnosti
na UCG, a starej hrubky v zmysle podmienok vyuzitelnosti
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Obr. 10. 3D model bazy sloja by podla kritérii vyuzitelnosti na UCG.

Fig. 10. 3D model of the base of coal seam b, applying criteria for UCG.
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; Tab. 4
Statistické parametre preklasifikovaného sloja by
Statistic parameters of reclassified coal seam by

Hrubka [m] Obsah vody [%] Obsah popola [%]  Vyhrevnost [MJ - kg™'] Obsah siry [%]
Pocet analyz 50 50 50 50 50
Minimum 1,00 24,48 14,14 6,39 1,31
Maximum 8,95 41,28 55,70 14,27 18,40
Aritmeticky priemer 4,06 30,04 36,93 10,00 3,84
Smerodajna odchylka 2,14 3,38 8,47 1,76 3,23
Koeficient variacie 0,30 0,48 1,21 0,25 0,46

na klasicku tazbu je v tab. 3. Hrubka sloja v uvedenych
vrtoch vzrastla 0 0,45 m az 5,75 m.

Pre nové vymedzenie slojov sa nasledne vypoditali za-
kladné Statistické parametre. Vysledky Statistickej analyzy
tykajuce sa preklasifikovaného sloja b, su v tab. 4.

Vytvorenie modelu loziska podla kritérii
vyuzitelnosti na UCG

Model loziska na podzemné splyriovanie uhlia sa vytvoril

rovnakym postupom ako model na klasicku tazbu. Ako
vstupné udaje sa pouzili prehodnotené udaje. Modelovanie

morfometrie loziska a parametrov kvality sloja b, sa taktiez
realizovalo v prostredi ArcGlIS. Vysledkom su modely bazy sloja
b4, hribky sloja, popolnatosti a vyhrevnosti. Pri modelovani
bazy sloja b, sa aj v tomto pripade zohladnili zname tektonické
linie. Vysledné modely su opét prezentované v 3D zobrazeni
v prostredi ArcGIS — ArcScene (obr. 10, 11, 12 a 13).

Porovnanie modelov a vysledkov vypoctu
Na zaklade modelov na obr. 6 az 9 a obr. 10 az 13

sa vytvoril 2D a 3D model bilanéného vyvoja na klasicku
tazbu a na UCG (obr. 14). Kvéli porovnaniu je na obr. 14

s
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Obr. 11. 3D model hrubky sloja b, podla kritérii vyuzitelnosti na UCG.

Fig. 11. 3D model of the thickness of coal seam b, applying criteria for UCG.
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zelenou a Zltou farbou zvyrazneny narast bilanénej plochy
sloja v prospech podzemného splyfiovania. Ako vidiet
z obrazka, oblast bilanéného vyvoja sloja by pri zohladneni
kritérii vyuzitelnosti na UCG by bola vacsia.

V pripade klasickej tazby s pouzitim kritérii podfa tab. 1
(Sarkan et al., 1993) je objem vypoéitanych geologickych
zasob sloja by 149 185 kt. V pripade tazby metédou UCG
s pouzitim prehodnotenych udajov je objem vypocitanych
geologickych zasob 200 487 kt. Narast zasob v prospech
tazby loZiska technoldégiou UCG je 34 % (tab. 5).

Tab. 5
Vyhodnotenie zmeny parametrov loziska Beladice pre jednotlivé
technoldgie tazby
Evaluation of change of parameters of coal deposit Beladice
for both technology

Klasicka Tazba Zmena
tazba UCG [%]

Priemerna hribka [m] 3,66 4,06 +10,9
Priemerny obsah popola [%] 36,22 36,93 +1,9
Priemerna vyhrevnost [MJ - kg~'] 10,20 10,00 -2,0

Zéasoby [kt] 149 185 200 487 +34,4

ilannost - tazba UCG 2

e lay
Bilanénost’ - Ya%ba UCG 2
Bilanénost - Yazba UCG 1

Zaver

Moznost zvySenia vyuzitia domdacich zdrojov energie
je po vstupe Slovenskej republiky do Eurdpskej unie velmi
Casto diskutovana problematika. Podzemné splynovanie
uhlia patri medzi technolégie, o ktoré je v EU zaujem, preto-
ze sa zaraduju medzi tzv. Cisté technoldgie (Walker, 1999;
Lintnerova, 2002). Jeho pouzitie sa javi ako perspektivne
aj na eurdpskych loziskach. Podzemné splyriovanie sa uz
odskus$alo na desiatkach eurdpskych lozisk a v roku 1962
aj na jednom slovenskom loZisku — Lak$arska Nova Ves.
S vyvojom vrtnej techniky v poslednych rokoch (predo-
v8etkym usmernenych vrtov) sa zaujem o technolégiu
podzemného splyfnovania uhlia zvySil. V niektorych kra-
jinach boli loziska uhlia, pripadne aj lignitu uz prehodnotené
s ohladom na moznost ich podzemného splynovania.

Z vysledkov prac prezentovanych v tomto ¢lanku
jednoznacne vyplyva, Ze sloj vymedzeny na zaklade kritérii
vhodnosti na klasicku tazbu ako vhodny eSte nemusi byt
vyhovujuci aj na podzemné splyfiovanie uhlia. Ide najmé
o0 minimalnu hrdbku, minimalnu vyhrevnost a maximalnu
popolnatost, ale aj o definovanie parametrov preplastkov
a deliacej vrstvy, ktoré su pri podzemnom splyriovani uhlia
iné ako pri klasickej hlbinnej tazbe. Pri prehodnocovani
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Obr. 12. 3D model obsahu popola v sloji by podla kritérii vyuzitelnosti na UCG.

Fig. 12. 3D model of ash content in coal seam b applying criteria for UCG.
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sa obycCajne ,posuvaju“ hranice slojov. Su délezité
pre samotné posudzovanie vyuzitelnosti, ale aj pre
posudzovanie pomeru hibky uloZenia sloja k hribke sloja,
ktory ma vplyv na vznik poklesov pri ,tazbe" podzemnym

splynovanim.
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Prehodnotenim kritickych loziskovych parametrov
loziska hnedého uhlia Beladice ako hibka, hrubka,
minimalna vyhrevnost a maximalna popolnatost v zmysle
kritérii vhodnosti na UCG sa ukazalo, Ze lozisko Beladice
spifia zékladné podmienky na podzemné splyfiovanie.

(&I

Obr. 13. 3D model vyhrevnosti sloja by podla kritérii vyuzitelnosti na UCG.

Fig. 13. 3D model of heating value of coal seam b, applying criteria for UCG.

Obr. 14. 2D a 3D model s bilanénym vyvojom sloja b, pre jednotlivé technoldgie. 1 — vhodné na UCG (zlta a zelena farba), 2 — vhodné
na klasicku tazbu (zlta farba).

Fig. 14. 2D and 3D models depicting economically perspective parts of the coal seam b, for particular technologies. 1 — suitable for UCG
(yellow and green colours), 2 — suitable for traditional mining (yellow colour).
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Pri detailnejSom posudzovani vhodnosti loziska je vSak
potrebné zamerat sa aj na dalSie dblezité charakteristiky
ako tektonika ¢i pritomnost podzemnej vody a pod.

Na zaklade vysledkov z Beladic je mozné pred-
pokladat, Zze Cast slovenskych lozisk vyhovuje $pecifickym
kritériam na pouzitie technolégie UCG. Ich zaradenie
(preklasifikovanie) do tejto kategorie si vSak vyzaduje
dalSie detailnejSie posudzovanie. Tieto pozitivne vysledky
jednoznac¢ne poukazuju na potrebu prehodnotenia
vSetkych slovenskych lozisk lignitu a hnedého uhlia
predovSetkym z pohladu perspektivy mozného vyuzitia
technolégie UCG v blizkej buducnosti aj na Slovensku.

Tento prispevok vznikol s finanénou podporou grantovej agentury
VEGA v ramci rieSenia grantovej ulohy ¢. 1/0162/08.
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The appraisal of economic indicators of coal deposits for underground coal
gasification in the case of Beladice lignite deposit (Danube Basin, Slovakia)

Slovak Republicis poorin primary energy sources. Approximately
90 % of primary energy sources are imported. The most important
domestic energy sources are coal and lignite. In register of Slovak
deposits 19 deposits of coal and lignite are registered and only
5 of them are actually mined (Balaz and Kusik, 2008). It is the
reason of seeking for a new technology for economic use of coal
deposits. Underground coal gasification (UCG) belongs to clean
coal technologies and it is suitable for non-economic deposits too.
The UCG was already tested in one Slovak deposit — LakSarska
Nova Ves in 1962.

For first appraisal the following parameters are important;
characterizing coal seam (depth, thickness, dip; Burton et al.,
2006). Using experiences from USA, Austria and Great Britain
the criteria for appraisal were compiled and used for reappraisal
of deposit Beladice. This important deposit of lignite is located in
north-eastern part of Danube Basin (Fig. 2).

The complex database about deposit was prepared for
appraisal of lignite deposit for UCG. It confirmed the increase

the reserves favouring UCG. Because of complicated geological
setting of the deposit, for appraisal and modelling only one seam
was selected — b,. From the data from the coal seam b, statistic
parameters were calculated, which satisfied for traditional mining
methods and consequently for UCG technology. There were
prepared 2D and 3D models of economic evolution of coal seam
for both methods (Fig. 14). The models were prepared using
analytic tools of ArcGIS. The result of the calculation was an
increase of coal reserves by approximately 34 % favouring UCG
technology (Tab. 5).

The presented results in this article indicate that parameters
of coal seam are different for both technologies. The main different
areas are minimal heating value, minimal content of ash and
thickness of clay bed. The appraisal of coal seam usually changes
limits of coal seam. On the ground of our study, some coal or
lignite deposits may satisfy the UCG technology. These positive
results show that detail research is necessary for appraisal of
particular coal deposit for a new technology (Blistanova, 2008).
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Zavislost technologickych vlastnosti grafitonosnych hornin

od stupnia ich metamorfézy
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Dependance of technological parameters of graphite-bearing rocks
on their metamorphic grade

Regional metamorphism predetermines the quality of graphite, and related technological
parameters of graphite-bearing metamorphic rocks. The principal factor is the metamorphic
grade, being dependent on metamorphic temperature. Increased metamorphic temperature
caused higher crystallinity of carbon matter — the graphite, strongly improving the technological
parameters and modifiability of graphite-bearing rocks.

The best technological parameters were found in the case of graphite-bearing katazonal
metamorphic rocks. The graphite contents in flotation concentrates are 67 — 77 % at 19 — 24-
-multiple enrichment.

The epizonal graphite-bearing rocks were problematic and non-perspective. Obtained
“graphite” contents in flotation concentrates were 20.1 — 27.9 % at 4.8 — 6.5-multiple enrichment,
and “graphite” with its composition represented the coal substance.

Key words: graphite, graphite-bearing rocks, antracite, metamorphic grade, technological

parameters, dressing-possibilities, flotation, concentrate, waste

Uvod

Procesy regionalnej metamorfézy urcuju kvalitu grafitu
a predurcuju technologické vlastnosti grafitonosnych
metamorfovanych hornin. Prirodny grafit je produkt geo-
logickych procesov v rdéznych etapach geologického
vyvoja Uzemia. Z lozisk grafitu su najrozsirenejSie loziska
metamorfogénneho pdévodu a patria k nim aj vyskyty
grafitu na Slovensku. Rozhodujucim faktorom vzniku
grafitu je teplota metamorfného procesu. Cim vyssia
je teplota metamorfozy, tym vySSi je stupen krystalinity
grafitu a vyssia je aj jeho kvalita.

Vyskytom a formam uhlika v r6znych typoch meta-
morfovanych hornin nachadzajucich sa v utvaroch
Slovenska sa venovali Sengelia et al. (1978) a Pulec (1989).
Ich prace boli zamerané predovSetkym na urCovanie
teplotnych podmienok metamorfézy pomocou grafitového
geotermometra. Pulec (1989) naznacuje urcité moznosti
vyskytov perspektivnych akumulécii krystalického grafitu.
Podrobne bol spracovany vztah medzi stupriom krysta-
linity grafitu, jeho termickou stabilitou a mineralogickou
charakteristikou v zavislosti od stupria metamorfozy (Derco
et al., 2008).

Poznanie vztahu medzi regiondlnou metamorfézou
a stuprfiom krystalinity grafitu je délezité aj pre posudenie
jeho upravy a vyuzitia. Prvym krokom pri rieSeni danej
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problematiky na Slovensku by mali byt vysledky tejto
prace.

Odber a lokalizacia vzoriek

Skumanie vztahu regionalnej metamorfézy a techno-
logickych vlastnosti grafitu sa realizovalo na vzorkach
vysokoteplotne, strednoteplotne a nizkoteplotne meta-
morfovanych hornin.

Vysokoteplotnu (katazondalnu) metamorfézu repre-
zentovali vzorky grafitickych kvarcitov na kontakte
s variskymi granitoidmi, odobrané z lokality Muran (MT)
a Kokava nad Rimavicou (KR). Vzorka z katastralneho
uzemia Muran sa odobrala 5 km na JZ od obce v okoli
koty 978 m. Vzorka z lokality Kokava nad Rimavicou
sa odobrala v priestore Hrabiny 2,5 km na SZ od Kokavy
nad Rimavicou (obr. 1). Obe vzorky reprezentuju horninovy
material z veporika.

Strednoteplotnui (mezozonalnu) metamorfézu reprezen-
tovala vzorka z lokality Cavoj-Gapel (VCS) v tatriku. Bola
odobrana z vrtu VCS-1 a patri ku katakldzovanému svoru.

Nizkoteplotnu (epizonalnu) metamorfézu zastupovali
vzorky odobrané z tatrika Malych Karpat zo $télne Sirkova
(C) a tiez z gemerika z lokality Rudnany-Zlatnik (ZL), jama
Zlatnik, 10. horizont, smerna chodba. Vzorky reprezentovali
grafitické fylity.
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Obr. 1. Lokalizacia odberu skimanych grafitonosnych vzoriek.
Fig. 1. Location of investigated graphite-bearing rocks.

Mineralogicka charakteristika grafitu

Zo vstupnych vzoriek sa separaénymi metodami ziskali
koncentraty grafitu, ktoré sa podrobili mineralogickému
vyskumu rtg. difrakénou analyzou, termickou analyzou,
rozborom vybrusov v polarizatnom mikroskope a pozoro-
vanim v transmisnom elektrénovom mikroskope (Derco
et al., 2008).

Grafit vysokoteplotnej metamorfézy (Muran a Kokava
nad Rimavicou) ma monokrystalicky, idiomorfny a pseudo-
hexagonalny tvar (obr. 2). Velkost monokrystalov je 0,02
az 0,63 mm. Podrobna zrnitostna skladba niektorych
grafitovych koncentratov po flotacnej a naslednej chemicke;j
uprave sa stanovila sitovou analyzou (tab. 1). KryStalova
Struktura grafitu sa blizi k dokonalej teoretickej Strukture.
Stupen krystalinity podla Taylora (1965), uréeny pomerom
intenzity reflexov (ly1o/l419) z rtg. difrakéného zaznamu
monokrystalického grafitu, je 1,54 — 1,66 (obr. 3).

Termicka stabilita grafitu podla DTA-TG sa vyznaduje
exotermou s pociatkom pri 615 °C, vrcholom pri 860 az
870 °C a skoncenim pri 970 °C (obr. 4 a 5). Grafit sa viaze
prevazne na kremen. Obsah grafitu vo vstupoch je 2,75
a 3,94 % a obsah grafitu v koncentratoch po flotacnej
a chemickej Uprave je vyssi ako 97 % (tab. 2 a 3).

Mineralia Slovaca, 41 (2009)

Obr. 2. Monokrystaly grafitu. Lokalita Muran, vz. MT, transmisny
elektrénovy mikroskop.

Fig. 2. Graphite monocrystals. Locality Muran, sample MT, TEM.

Grafit strednoteplotného stupria metamorfozy (Cavoj-
-Gapel) ma hypidiomorfny az xenomorfny tvar (obr. 6).
Monokrystaly su hrubSie a tvoria skér subor tenkych
Supinatych agregatov s velkostou 0,009 — 0,020 mm,
priemerne okolo 0,01 mm. Kry$talova Struktura grafitu
ma podla Taylora (1965) stredny stupen krystalinity
1,05 (obr. 3). Termicka stabilita grafitu podla DTA-TG
sa vyznacuje exotermou s pociatkom pri 505 — 510 °C,
vrcholom pri 720 °C a skonéenim exotermickej reakcie
pri 860 °C (obr. 4 a 5). Grafit sa viaze na vSetky mineraly
horniny. Obsah grafitu vo vstupe je 4,86 %.

Tab. 1
Zrnitostné zlozenie grafitu vysokoteplotnej (katazonalnej) metamorfézy (lokality Muran a Kokava nad Rimavicou)
Grain-size of graphite of high-temperature (katazonal) metamorphism (localities Muran and Kokava nad Rimavicou)

Zrnitostné zlozenie grafitovych koncentratov (hm. %)

Zrnitostna trieda (mm)

MT — Muran — Tisovec

KR — Kokava nad Rimavicou

1 2 1 2
C org. 96,51 96,02 96,65 97,5
viac ako 0,125 18,12 26,87 5,65 11,81
0,071 -10,125 29,17 26,74 34,3 41,16
0,045 - 0,071 25,93 18,86 21,99 18,22
menej ako 0,045 26,78 27,53 38,06 28,81
Spolu 100 100 100 100
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Obr. 3. Rtg. difrakéna analyza grafitu zvyrazfujuca rozdielny
charakter reflexov 1,15 a 1,23 nm (l41,/l110) pre nizkoteplotnu
(epizonalnu), strednoteplotnu (mezozonalnu) a vysokoteplotnu

(katazonalnu) metamorfézu na lokalitach Zlatnik (Z), Cavoj-Gapel

(VCS) a Muran (MT).

Fig. 3. X-ray diffraction analysis of graphite visualizing different
character of reflexes 1.15 and 1.23 nm (144,/1410) for low-temperature
(epizonal), medium-temperature (mesozonal) and high-tempe-
rature (katazonal) metamorphism in localities Zlatnik (Z), Cavoj-
-Gapel (VCS) and Muran (MT).

Krystaly kryptokrysStalického (amorfného) grafitu
(Balaz a Kusik, 2008) nizkoteplotného — epizonalneho
— stupha metamorfézy (Malé Karpaty, SpiSsko-gemerské
rudohorie) maju submikroskopické rozmery s velkostou
menej ako 0,003 mm. Stupen krystalinity grafitu podia
Taylora (1965) je 0. Termicka stabilita podla DTA-TG sa
vyznacuje exotermickou krivkou s pociatkom pri 430 az
470 °C, vrcholom pri 560 — 640 °C a skon&enim pri 710 az
730 °C (obr. 4 a 5). Podobné termické vlastnosti zistili uz
Andra$ a Horvath (1985). Dolozili intenzivny exotermicky
vrchol uhlikatej hmoty pri teplote 540 — 560 °C. Podla
Kleinertovej (1975), ktora analyzovala organicki hmotu
fylitov Malych Karpat, ide o substanciu blizku antracitu
(95 %) s primesou bitimenov (4 —5 %) a huminov (0 —1 %).
Podla uvedenych vysledkov tu ide uz o uholnu substanciu,
a nie grafit. Podla Suka (1979) uhlikata substancia podla
DTA-TG s vrcholom exotermickej reakcie okolo 550 °C
sa povazuje za metaantracit az malo usporiadany grafit.

Technologické vlastnosti grafitonosnych hornin

Grafitonosna hornina v tazenom stave &asto nespifia
kvalitativne poziadavky na priemyselné vyuzitie, a preto

ZL

VCS

KR

MT

f f ! ! ! f i
400 500 600 700 800 900 1000
TEPLOTA (°C)

Obr. 4. Porovnanie DTA kriviek skumanych vzoriek indikujucich
termicku stabilitu grafitov a narastajuci stupen krystalinity
s narastajucim stupriom termickej metamorfézy.

Fig. 4. Comparison of DTA records of investigated samples
indicating thermic stability of graphite and increasing crystallinity
with increasing thermic metamorphism.

sa grafitovy produkt pozadovanej kvality ziskava jej
upravou. Zékladna upravnicka metdda kryStalického grafitu
je flotacia produktu, ktory sa ziskal zo vstupnej suroviny
v procese zdrobriovania, triedenia a mletia (obr. 7).
Na docistovanie grafitového koncentratu sa pouziva
chemicka uprava, pripadne elektromagneticka separacia.
Gravitaéné spdsoby uUpravy (napr. protiprudové triedenie,
koncentraény splav) nepriniesli o¢akavané vysledky
z hladiska kvality grafitovych koncentratov.

Séria flotaCnych skuSok bola zamerana na pripravu
grafitovych koncentratov so sledovanim vplyvu techno-
logickych parametrov flotacie (zahustenie flotacného
rmutu, pH flotaného prostredia, typ a spotreba reagencii,
pocet precistovacich flotacii a ich trvanie). Po zhodnoteni
vysledkov skusok sme dospeli k laboratérnej schéme
Upravy pozostavajucej zo zakladnej flotacie a troch
precistovacich flotacii (obr. 7).

NajlepSie vysledky optimalnych flotaénych schém
preukazali, ze z grafitonosnej horniny lokality Muran je
mozné pri obsahu grafitu vo vstupnej vzorke 2,75 %
pripravit koncentrat s obsahom grafitu 66,7 %. To prakticky
znamena 24,3-nasobné obohatenie (tab. 2). Z lokality
Kokava nad Rimavicou pri podani 3,94 % grafitu sa pripravil
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Tab. 2
Vysledky flotacie grafitonosnych, katazonalne az epizonalne metamorfovanych hornin
Results of flotation of graphite-bearing katazonal to epizonal metamorphic rocks

Lokalita Druh produktu upravy Hmotnostny vynos produktu (%) C org. (%) Vytaznost C org. (%)
MT — Muran — Tisovec podanie 100,00 2,75 100,00
(katazonalna metamorféza) koncentrat 2,93 66,70 71,07
medziprodukt 5,13 9,70 18,10
odpad 91,94 0,324 10,83
KR — Kokava nad Rimavicou podanie 100,00 3,94 100,00
(katazonalna metamorféza) koncentrat 3,25 76,79 63,34
medziprodukt 6,68 18,52 31,40
. ; odpad 90,07 0,23 5,26
VCS — Cavoj-Gapel podanie 100,00 4,86 100,00
(mezozonalna metamorféza) koncentrat 3,75 64,45 49,73
medziprodukt 17,13 8,63 30,41
odpad 79,12 1,22 19,86
C — Pezinok-Sirkova podanie 100,00 4,19 100,00
(epizonalna metamorféza) koncentrat 417 20,16 20,06
medziprodukt 21,52 1,62 8,32
odpad 74,31 4,038 71,62
ZL — Rudnany — Zlatnik podanie 100,00 4,27 100,00
(epizonalna metamorféza) koncentrat 2,82 27,95 18,46
medziprodukt 14,44 1,86 6,29
odpad 82,74 3,883 75,25
Tab. 3
Chemickeé zloZenie vstupnych vzoriek, grafitovych koncentratov a odpadu
Chemical composition of lodgements, graphite concentrates and tailings
Chemické zlozenie produktov upravy (hm. %)
Chemicka MT — Muran — Tisovec KR — Kokava nad Rimavicou
zlozka
Vstup. vz. Koncentrat* Odpad Vstup. vz. Koncentrat* Odpad
SiO, 89,25 0,47 90,75 82,46 0,95 84,99
TiO, 0,13 0,05 0,14 0,26 0,11 0,26
Al,Oq 3,20 0,18 2,67 5,92 0,33 5,76
Fe,03 3,10 0,08 3,09 2,73 0,33 3,04
CaOo 0,14 0,05 0,16 0,27 0,13 0,05
MgO 0,25 0,02 0,21 0,34 0,05 0,31
Na,O - 0,01 0,04 0,11 0,01 0,16
K,O - 0,01 0,83 1,63 0,01 1,71
str. zih. 3,38 99,32 3,02 5,52 97,65 3,57
S (celk.) 0,02 0,02 0,02 0,03 0,03 0,03
C org. 2,75 99,08 0,324 3,94 96,97 0,23
N - 0,05 - - 0,05 -
H - 0,05 - - 0,05 -

* Koncentraty po chemickej kyslej Uprave/Concentrates after chemical acid benefication

koncentrat s obsahom grafitu 76,79 %. Obohatenie bolo
19,5-nasobné. Pri hodnoteni vytaznosti treba poznamenat,
ze i8lo o flotaciu v otvorenom cykle. Pre vytaznost je roz-
hodujuci obsah grafitu v odpade po zékladnej a kontrolnej
flotacii, ked obsah grafitu v odpade bol zhruba nizsi ako
0,3 % pri vytaznosti 5,26, resp. 10,83 %. Vysledky
chemického zloZenia podania kyslou cestou do upravenych
koncentratov a flotaéného odpadu su uvedené v tab. 3.

Z grafitonosnej horniny lokality Cavoj-Gapel pri obsahu
grafitu vo vstupnej vzorke 4,86 % je mozné pripravit
koncentrat s obsahom grafitu 64,45 %, ¢o znamena
13,3-nasobné obohatenie. Odpad obsahuje 1,22 % grafitu
pri vytaznosti 19,86 % (tab. 2).

Kvoli praktickému potvrdeniu zaverov o skiumanom
vztahu sa flotanej Uprave podrobili aj vzorky z epizonalne
metamorfovanych hornin Malych Karpat a SpiSsko-gemer-
ského rudohoria. Dosiahnuté vysledky poukazuju na velmi
slabé flotatné vlastnosti kryptokrystalického grafitu (tab. 2).
Ziskané koncentraty mali obsah ,grafitu“ 20,16 %, resp.
27,95 % pri 4,8-nasobnom, resp. 6,5-nasobnom obohateni.
Efektivita flotacie z pohladu vytaznosti grafitu do koncentratov,
resp. z hladiska obsahu grafitu a hodnét vytaznosti z odpadu
je nizka, pretoze v nich ostava 71 — 75 % uzitkovej zlozky.

Dosiahnuté vysledky poukazujuce na vztah stupna
metamorfézy a technologickych vlastnosti grafitonosnych
hornin su znazornené na obr. 8.
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Obr. 5. DTA-DTG-TG analyzy skumanych vzoriek grafitickych
hornin.

Fig. 5. DTA-DTG-TG analyses of investigated samples of graphite-
-bearing rocks.

- - e

Obr. 6. Monokrystaly grafitu. Lokalita Cavoj-Gapel, vz. VCS,
transmisny elektrénovy mikroskop.

Fig. 6. Graphite monocrystals. Locality Cavoj-Gapel, sample VCS,
TEM.

Na zéklade prezentovanych vysledkov a mineralogickej
charakteristiky grafitu mozno skumané grafitonosné
horniny rozdelit na dve skupiny.

Do prvej skupiny patria vzorky katazonalne a mezo-
zonalne metamorfovanych hornin. Z technologického
hladiska najperspektivnejSie su vysoko krystalinické
grafity s vhodnou zrnitostou a vysokou €istotou, viazané
na katazonalne metamorfované horniny. Zaujimavé su
aj grafitonosné mezozonalne metamorfované horniny.
Z hladiska upravitelnosti flotaciou je tento typ zlozitejsi,
a to z dévodu charakteru grafitu (krystalinita), velkosti
monokrystalov a mineralneho zlozenia horniny.

Do druhej skupiny patria grafitonosné epizonalne
metamorfované horniny. Pritomny grafit je kryptokrystalicky
a ma koloidny charakter Castic. Velkost ¢astic je menSia
ako 0,003 mm. Kryptokrystalicky grafit ma podia Taylora
(1965) stupeni krystalinity 0. V tomto pripade ide o uholnu
substanciu typu antracitu (95 %) (Kleinertova, 1975), resp.
metaantracitu az malo usporiadaného grafitu (Suk, 1979).
Ide o tazko upravitelnu ,grafitonosnd“ horninu. Vzhladom
na spominané vlastnosti ide o neperspektivnu a z hladiska
vyuzitia ,grafitu“ problematicku horninu.
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Obr. 7. Schéma technoldgie upravy grafitonosnych hornin.
Fig. 7. Scheme of dressing technology of graphite-bearing rocks.

Zaver

Grafit sa zaraduje medzi vyznamné technické
nerasty. Za grafitovl surovinu sa povazuju vSetky horniny
s podstatnym obsahom grafitu, ktory je spravidla mozné
aplikovat po jeho Uprave.

Vlastnosti, pouzitie a vyuzivanie prirodného grafitu
zavisia najmé od stupna kryStalinity grafitu a velkosti
a tvaru monokrystalov. Rozhodujucim faktorom vplyva-
jucim na tieto vlastnosti je teplota metamorfného procesu
— stupen metamorfézy.

Dosiahnuté vysledky upravy vzoriek flotaciou
preukazali, ze najlepSie technologické vlastnosti maju
katazonalne metamorfované grafitonosné horniny. Pri
obsahu grafitu 2,7 — 3,9 % vo vstupnej vzorke sa flotacnou
upravou pripravili koncentraty s obsahom grafitu asi
67 — 77 % pri zhruba 24- az 19-nasobnom obohateni.

Zaujimavé technologické vlastnosti maju aj mezo-
zonalne metamorfované grafitonosné horniny. Pri obsahu
grafitu vo vstupnej vzorke 4,86 % sa pripravil koncentrat
s obsahom grafitu 64,45 % so zhruba 13-nasobnym
obohatenim. Obsah grafitu v odpade je relativne nizky
(1,2 %). Z hladiska upravitelnosti je tento typ zlozitejsi.
Je to spbsobené krystalinitou grafitu, velkostou mono-
kryStélov a charakterom horniny.

Za problematické a neperspektivne horniny z hladiska
technologickych vlastnosti a tazkej upravitelnosti mozno
povazovat epizonalne metamorfované horniny s uhlikatou
substanciou (metaantracit az malo usporiadany grafit).
Ziskané koncentraty maju obsah kryptokrystalického
grafitu 20,1 %, resp. 27,9 % a dosiahne sa 4,8-, resp. 6,5-
-nasobné obohatenie. Kryptokrystalicky grafit ma stupen
krystalinity 0. Efektivita jeho ziskavania flotacnou Upravou
je z praktického hladiska neperspektivna.

Literatara

BALAZ, P. & Kusik, D., 2008: Nerastné suroviny Slovenskej republiky.
Bratislava, MZP SR - St. Geol. Ust. D. Sttra, 91 — 93.

Biskg, N. S., 1987: Vlianije regionalnovo metamorfizma na
technologiceskije svojstva grafitonosnych porod. In:
Technologi¢eskaja mineralogija glavnejSich promyS$lenych
tipov mestoroZdenij. Leningrad, I1zd. Nauka, 183 — 188.

DEeRco, J., NEMETH, Z. & DERcO, J. ml., 2008: Grafitizacia uhlikatych
latok pri metamorféze zapadokarpatskych hornin. In: Miner.
Slov. (Bratislava), 40, 113 — 120.

Obr. 8. Vztah medzi stupriom
metamorfézy a technologickymi
vlastnostami (upravitelnostou)
grafitonosnych hornin.

Fig. 8. Relation between grade of

30
25
*
@ katazonalna
~ metamorféza
g 20 S e
g
U P A
2 7
2 5 - mezozonalna
© 7 *
§ / @ metamorféza
° 7~
[V SRR i S
7
/0/ epizonalna
5 P @ metamorféza
0 —— ———— T ———— -
0 10 20 30 40 50 60 80 90 100

Cora- VO flotaénom koncentrate (%)

T metamorphism and technological
parameters (modifiability) of graphite-
-bearing rocks.



J. Derco et al.: Zavislost technologickych vlastnosti grafitonosnych hornin od stupria ich metamorfézy 273

KLEINERTOVA, V., 1975: Vyskum organickej hmoty v horninach na
priklade vzoriek bridlic z krystalinika Malych Karpat. In: Miner.
Slov. (Bratislava), 71 - 2, 125 — 128.

PeETRO, M., 1998: Kokava nad Rimavicou — grafit. Manuskript.
Bratislava, archiv St. Geol. Ust. D. Stura.

PuLec, M., 1989: Vyskyt kryStalického grafitu v pararulach,
granitoidoch, pegmatitoch, aplitoch krystalinika Zapadnych
Karpat. In: Miner. Slov. (Bratislava), 1,21, 53 — 57.

PuTi§, M., 2004: Petrografia metamorfovanych hornin. Bratislava,
PriF UK, 130 s.

Suk, M., 1979: Petrologie metamorfovanych hornin. Academia,
Praha, 1 — 255.

SENGELIA, D. M., Miko, O. & BEzAk, V., 1978: Stanovenie stupria
regionalnej metamorfézy hornin hronského komplexu
veporidného krystalinika pomocou grafitového termometra.
In: Miner. Slov. (Bratislava), 10, 4, 321 — 328.

TAYLOR, A., 1965: X-ray metallography. Moscow, Metallurgia,
1-663.

Rukopis doruceny 18.8.2009
Revidovana verzia dorucena 29. 10. 2009
Rukopis akceptovany red. radou 12. 11. 2009

Dependance of technological parameters of graphite-bearing rocks
on their metamorphic grade

The learning of the relation between the regional
metamorphism and mineralogical composition of graphite
is important for decision of technological parameters of
graphite-bearing rocks and the use of graphite deposits.

Theinvestigation ofthe relation of regional metamorphism-
-technological parameters was realized on samples of high-
-temperature (katazonal) metamorphicrocks —localities Muran
(sample MT) and Kokava nad Rimavicou (KR; both samples
represent graphite-bearing quartzite from Veporicum; Fig. 1).
The medium-temperature (mesozonal) metamorphism was
represented by the cataclastic micaschist from the borehole
VCS-1 in Tatricum — locality Cavoj-Gapel (VCS). The low-
-temperature (epizonal) metamorphism was represented by
the graphite phyllites from Tatricum of the Malé Karpaty Mts.
— the mining adit Sirkova at Pezinok (C) and Gemericum
— Zlatnik shaft, 10th mining level at Rudnany (ZL; Fig. 1).

Mineralogical characteristic of graphite

The graphite concentrates were studied by X-ray diffrac-
tion analysis, thermic analysis, and polarizing microscope
as well as transmission electron microscope studies (TEM).

Graphite of high-temperature metamorphism from
localities Muran (MT) and Kokava nad Rimavicou (KR) was
monocrystalline with idiomorphic and pseudohexagonal
shape (Fig. 2). The dimensions of particular monocrystals
were 0.02-0.63 mm. The detail grain-size of graphite
concentrates after flotation and chemical treatment was
determined by sieve analysis (Tab. 1). The crystal structure
of the graphite approximates to perfect structure. The grade
of crystallinity according to Taylor’s (1965) classification,
determined by the ratio of reflexes l15/l110, was 1.54—1.66
(Fig. 3).

The thermic stability of graphite according to DTA-TG
analysis is manifested by the exotherm with beginning at
615 °C, the peak at 860—870 °C and termination at 970 °C
(Figs. 4 and 5). The graphite is bound prevailingly on quartz.
The graphite content in the samples was 2.75 and 3.94 %.
After flotation and chemical treatment the concentrates
reached the graphite content above 97 % (Tabs. 2 and 3).

Graphite of medium-temperature metamorphism
(sample Cavoj-Gapel; VCS) had hypidiomorphic to
xenomorphic shape (Fig. 6). Monocrystals were coarser and
preferably formed the lamellar aggregates with dimensions
0.009-0.020 mm, in average around 0.01 mm. The graphite
crystal structure according to Taylor's (1965) classification
has medium grade crystallinity 1.05 (Fig. 3). The thermic
stability of graphite according to DTA-TG analyses is
manifested by exotherm with the beginning at 505-510 °C,
peak at 720 °C and termination of exothermic reaction at
860 °C (Figs. 4 and 5). Graphite is bound on all minerals in
the rock and its input content was 4.86 %.

Crystals of cryptocrystalline (amorphous) graphite
(Balaz and Kusik, 2008) of low-temperature (epizonal)
metamorphism (samples from localities Pezinok-Sirkova
— C and Rudnany-Zlatnik — ZL) had submicroscopic
dimensions below 0.003 mm. The grade of crystallinity
according to Taylor (1965) was 0. Thermic stability
according to DTA-TG analyses is indicated by exothermic
curve with beginning at 430-470 °C, peak at 560—640 °C
and termination at 710-730 °C (Figs. 4 and 5). Similar
thermic parameters were found already by Andras and
Horvath (1985), manifesting the intensive exothermic peak
of carbon matter at temperature 540-560 °C. According
to Kleinertova (1975), analysing the organic matter from
the phyllites of the Malé Karpaty Mts., the substance
has approached anthracite (95 %) with the admixture of
bitumens (4-5 %) and humins (0—1 %). Obtained data
confirm that the substance corresponds with the coal
matter and not graphite. In classification by Suk (1979) the
carbon substance with the DTA-TG peak of the exothermic
reaction around 550 °C is defined as metaanthracite to
weakly ordered graphite.

Technological parameters of graphite-bearing rocks

The exploited graphite-bearing rock usually does
not fit with qualitative parameters required by industry,
so the graphite product of requested quality is obtained
by technological treatment. The principal method
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encompasses the flotation of graphite product obtained
by crushing of graphite-bearing rock and following sorting
and milling (Fig. 7). The cleaning of graphite concentrate is
done by chemical treatment, eventually by electromagnetic
separation. The gravity methods (e.g. reverse-flow sorting,
concentration water sluice) did not bring requested results
concerning quality of graphite concentrates.

Technological investigation was focussed on flotation
modifiability of samples obtained by grain-size reduction,
sorting and milling (Fig. 7). The best results were found
in the case of high-temperature metamorphic graphite-
-bearing samples. In the case of graphite-bearing rock
from the locality Muran at 2.75 % graphite content in input
sample the concentrate with 66.7 % graphite was obtained
(24.3-multiple enrichment). In Kokava nad Rimavicou from
graphite input 3.94 % the 76.79 % graphite concentrate
was obtained (19.5-multiple enrichment). The flotation was
done by open cycle. Recovery factor is influenced by the
graphite content in tailings after first and next controlling
flotation, when the graphite content in tailings was lower
than 0.3 % at recovery factor 5.26, respectively 10.83 %.
The chemical composition of lodgement by the acid way
to elaborated concentrates and flotation impoundment are
stated in Tab. 3.

From the graphite-bearing rock of the locality Cavoj-
-Gapel with input graphite content 4.86 % the concentrate
64.45 % was prepared (13.3-multiple enrichment).
Impoundment contains 1.22 % of graphite with recovery
19.86 % (Tab. 2).

For comprehensive evaluation of the topic, the
flotation was realized also in the case of low-grade
(epizonal) metamorphic rocks from the Malé Karpaty
Mts. (sample C — Pezinok-Sirkovd) and the Spis-
-Gemer Ore Mts. (sample ZL — Rudnany - Zlatnik).
Obtained results confirm very bad flotation parameters
of the cryptocrystalline “graphite” 20.16, resp. 27.95 %
at 4.8-multiple, resp. 6.5-multiple enrichment. The
flotation effectivity regarding the graphite recovery
to concentrates, resp. from the viewpoint of graphite
content in the impoundment is low, because lost 71 to
75 % of the usable component.

The obtained results, showing the relation of the degree
of metamorphism vs. technological parameters of graphite-
-bearing rocks, are depicted in Fig. 8.

Reached results unambiguously proved the relation
between the metamorphic grade — the temperature of
metamorphic process and technological parameters of
graphite-bearing rocks.
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Tektonicky Styl SirSej oblasti styku tatrika a veporika
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Tectonic style of the wider contact area of the Tatricum and Veporicum

The dominance of the imbrication-thrust tectonic style in both units was revealed by the
field investigations in three areas at the contact of the Tatricum and Veporicum. This style was
generated during the first, compressional stage of Paleoalpine tectonic evolution. In the area
of Osrblie village, also structures of the second, transpressional, and third, extensional stages
were identified. Tectonic styles are documented by geological cross-sections. Position of the
Northern Veporicum between the Tatricum and Southern Veporicum and several aspects of
mutual relations and nomenclature of these units are discussed in the text.

Key words: tectonic style, cross-sections, Tatricum, Northern Veporicum, Southern Veporicum,

Western Carpathians

Uvod

Tatrikum a veporikum su zdpadokarpatské paleo-
alpinske korové tektonické jednotky prvého radu. Vznikli
v kompresnej faze paleoalpinskej tektonickej etapy
v kriede. Su zlozené z hercynskeho krystalinického
fundamentu a jeho vrchnopaleozoického, a najméa mezo-
zoického sedimentarneho obalu, ktory ma v kazdej
tektonickej jednotke svoje Specifikd. Vo veporiku je
situacia komplikovana navyse tym, ze severna ¢ast ma
facialne odliSny sedimentarny obal od obalu juznej ¢asti
veporického krystalinika. Pre severnu cast, na rozdiel
od juznej Casti, je charakteristicka pritomnost karpat-
ského keuperu. Preto sa postupom ¢asu vzili pracovné
terminy severné a juzné veporikum bez ich presnejSej
priestorovej Specifikacie a bez definovania charakteru ich
tektonického kontaktu.

Tektonicky kontakt tatrika a veporika (severného
veporika) je Certovicka tektonicka zoéna. Jediny usek
v Zapadnych Karpatoch, kde ju mézeme sledovat na
povrchu, je klasicky usek medzi mythanskym zlomom
a Niznou Bocou. V tomto Useku vidime viac alebo menej
zostrmeny priebeh pbévodného nasunu veporického
krystalinika na tatrické krystalinikum so zvySkami poévod-
ného sedimentarneho obalu (kremence spodného triasu).
Charakter tohto tektonického kontaktu je vysledkom jeho
modifikacie mlad&imi, transpresnymi tektonickymi pohybmi
na zlomoch sv. smeru. O pévodnom plochom nasune
sveddi jedine jeho priemet v severnej Casti Useku.

Dalsie pokradovanie &ertovickej tektonickej zény
na SV niekde do oblasti severne od Braniska je zakryté
prikrovmi hronika a sedimentmi vnutrokarpatského paleo-
génu. Pokracovanie jz. smerom v oblasti doliny Hrona
az po Bansku Bystricu je opéat zakryté prikrovmi hronika
a potom dalej na JZ do oblasti j. od pohoria Tribe¢ terciér-
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nymi sedimentmi a vulkanitmi. V tejto oblasti sa predpo-
klada extenzna reaktivacia Certovickej zlomovej zony
na systéme mojmirovskych zlomov (Sefara et al., 1998).
Pri terénnej reambuldcii oblasti v blizkosti ¢ertovickej
tektonickej zény po jej oboch stranach sa zistili skuto¢nosti,
ktoré mézu pomact pri rekonstrukcii pdvodného charakteru
tektonického zblizenia tatrika a veporika. Tektonicka
analyza zaroven nepriamo smeruje aj k rieSeniu vztahu
severného a juzného veporika. Nasa interpretacia je
znazornena na geologickych rezoch tymito oblastami.

Geologicka situacia

Studované lzemie zabera Horehronské podolie
a prilahlé oblasti v juznej Casti Dumbierskych a Kralovo-
holskych Tatier a v severnej ¢asti Slovenského rudohoria
a Ciertaze (obr. 1). Stigasnu &rtu stavby podmienila
mladoterciérna tektonika vytvorenim hrasti a pozdiznych
a prie¢nych prepadlin, ako su Horehronska a Breznianska
panva, vyplnené terciérnymi sedimentmi. Horehronsku
panvu na severe obmedzuje markantny v.-z. poklesovy
zlom, tak v zapadnej &asti oproti Dumbierskym Tatram,
ako aj vo vychodnej cCasti oproti Kralovoholskym
Tatram. Na juznej strane su zlomy menej zretelné, ale
predpokladame ich najma vo vychodnej ¢asti. Brezniansku
panvu obmedzuju zlomy smeru SZ — JV, ktoré su paralelné
s mytnansko-tisoveckym zlomovym systémom (Marko
a Vojtko, 2006). Takéto mladé systémy zlomov v celom
uzemi maju vplyv aj na zachovanie komplexov mezozoika
a komplexov vrchnej$ej stavby krystalinika.

Terciérne sedimenty patria k formaciam nalozenym
na paleoalpinsku prikrovovu sustavu. Okrem nich su
to v Studovanom uzemi eSte zvySky neovulkanickych
komplexov. Paleoalpinske tektonické jednotky v zmysle
klasifikacie prijatej v Tektonickej mape Slovenska (Bezak
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et al., 2004) rozdelujeme na kdrové (v tomto uzemi tatrikum
a veporikum) a pripovrchové prikrovové jednotky (tu je
zastupené fatrikum a hronikum, s€asti silicikum).

Tatrikum a veporikum su zlozené z krystalinického
fundamentu a jeho vrchnopaleozoického a mezozoického
obalu. VSeobecne sa prijima nazor o rozsiahlom kérovom
nasune veporika na spodnejsiu jednotku tatrikum pozdiz
Certovickej tektonickej zony. Prikrovovu sustavu fatrika
buduju najm& sekvencie mezozoika, len lokalne sa
zachovali Supiny permu a krystalinika. Tieto sekvencie su
odlepené z pohltenych Casti krystalinika pod veporikom
a presunuté na sever na tatrikum. Pévod prikrovovej
sustavy hronika nie je zatial dostato¢ne objasneny,
no v sucasnej pozicii tvori element dosunuty v neskorsej
faze na uz sformovanu vrasovo-prikrovovu stavbu
veporika, fatrika a tatrika. Prejavuje sa to okrem iného
prekrytim Certovickej tektonickej zony a diskordantnou
poziciou vo vztahu k star§im Struktdram v podloznych
tektonickych jednotkach.

Podrobnejsie o vyvoji nazorov na tektonicku stavbu
a nomenklature spominanych tektonickych jednotiek
sa hovori napr. v praci Bieleho et al. (1997, s. 132 — 146).
Tektonikou tejto oblasti sa zaoberali najmé Zoubek (1930,
1931, 1954, 1957), Kubiny (1959), Biely (1961, 1982),
Klinec (1966), Plasienka (1983, 1995, 1999), PlaSienka
a ProkeSova (1996) a Putis (1989, 1991). NajnovSie
sa tektonikou tejto oblasti v SirSich suvislostiach, najmé
z kinematického hladiska, zaoberal Plasienka (2003).

Tektonicka analyza vybranych oblasti

Vyskum tektonickych Stylov v blizkosti styku veporika
a tatrika sme zamerali na tie oblasti, kde su zachované
zvysSky mezozoickych komplexov uprostred krystalinika.
Prave tieto komplexy mézu pomact pri hlfadani odpovede
na otazku, aky bol Styl alpinskej tektonickej stavby. Oblasti
su vyznacené na tektonickej schéme (obr. 1).

Oblast A

Prvou oblastou je oblast dumbierskeho krystalinika,
¢o najblizSie k stykovej zdne s veporikom (oblast A). Je to
oblast jz. zakonCenia kryStalinika severne od Medzibrodu.
Vystupuju tu na povrch Strukturne vyssSie Casti krysStalinika,
silnejSie postihnuté alpinskou tektonikou, na rozdiel od
hibsich etazi vo vychodnej €asti s prevahou hercynskych
tektonickych Struktur.

Oblast jz. zakon&enia dumbierskeho krystalinika j.
od hlavného granitoidného masivu sa vyznacuje silnou
mylonitizaciou kryStalinika, v ktorom su zastupené ortoruly
s polohami pararul a lokalne amfibolitov, ale aj menSie
masivy granitov prasivského typu. Typické su Supiny spodno-
triasovych kvarcitov. Vyskum tejto oblasti ukazal, ze sa tu
vyskytuje niekolko Supin kryStalinika oddelenych zvySkami
obalovych triasovych kvarcitov (obr. 2). Tato Supinova
stavba je evidentne odrazom kompresnych tektonickych
pohybov pri ndsune veporika na tatrikum. JuznejSie je tato
oblast tatrika pochovana pod prikrovmi fatrika a hronika
a interpretujeme ju na geologickom reze (obr. 3).

Tektonickd analyza stavby tejto oblasti ukazala, ze
nasunovo-Supinovy $tyl nie je typicky len pre komplexy
veporika, ale rovnako sa vyskytuje aj vo vrchnych
Castiach podlozného tatrika. Na rozdiel od hlbsich Casti
krystalinika tatrika (vychodne od oblasti A) ho sprevadza
silnd mylonitizacia. Pri konstrukcii rezu oblastou A sme
sa snazili interpretovat aj poziciu Certovickej tektonicke;j
zony v podlozi prikrovov hronika. Interpretujeme
ju ako z6énu medzi obalovymi mezozoickymi jednotkami
severného veporika, ktoré este nestratili kontakt
so svojim fundamentom, a medzi mezozoickymi jed-
notkami severného veporika, ktoré su odlepené od svojho
fundamentu a presunuté v podobe prikrovov na tatrikum
(prikrovova sustava fatrika).

Oblast B

Druhou analyzovanou oblastou je oblast severného
veporika v Kralovoholskych Tatrach severne od Bacucha
(oblast B). V tejto oblasti sme preukazali rozsiahle nasuny
Supin krystalinika cez mezozoické obalové jednotky (Bezak
a OlSavsky, 2008), ktoré tam predpokladali uz napr. Biely
(1982) a Plasienka (1983). Teraz toto zistenie rozSirujeme
na interpretaciu stavby celej oblasti styku s tatrikom
a vztah ku komplexom juzného veporika. Interpretaciu
podavame v reze (obr. 4). Na reze vidno poziciu minimalne
troch Supin krystalinika severného veporika, oddelenych
zvySkami mezozoického obalu (kvarcity spodného triasu
a karbonaty stredného triasu), ktoré sa zakorenuju
v oblasti udolia Hrona. Markantné je aj podsuvanie tatrika
daleko na juh az k udoliu Hrona. Celé severné veporikum
takto dostava charakter silne zoSupinatenej tektonickej
z6ény medzi blokom tatrika a juzného veporika, z ktorej sa
postupne vysuvaju a odlepuju subory fatrika.

Oblast C

Tretia reambulovana a analyzovana oblast (oblast
C) sa nachadza medzi Osrblim a Valaskou. Je to oblast,
kde sa podrobnym mapovanim a Struktirnym vyskumom
podarilo dolozit tri Stadia paleoalpinskeho tektonického
vyvoja, ktoré su nerovhomerne zachované v Struktdrach
v réznych usekoch Studovanej oblasti. Okrem usekov,
v ktorych su zachované nasunové Struktury krystalinika
na mezozoicky obal (obdobne ako v oblastiach A a B),
sU v oblasti C jasne zachované aj strmé transpresné
Struktury smeru SV — JZ, nalozené na predchadzajuce
kompresné Struktury. Transpresné Struktury maju podla
lineacii a kinematickych indikatorov prevazne povahu
sinistralnych horizontalnych posunov. Podobny charakter
tektoniky, t. j. prechod od kompresnych Struktur do trans-
presnych, indikovali juzne od tejto zény v minulosti napr.
Hék a Hrasko (1990), Puti§ (1991) a Madaras et al.
(1994). Co je v8ak nové v interpretacii tejto zoény, s indicie
naslednej extenznej etapy, pocas ktorej pévodne odlepené
vysSie subory obalového mezozoika (od stredného triasu
vysSie) opatovne zapadli do podloznych Struktur pri
uvolneni napatia a presunuti kompresnej tektoniky do ¢ela
tatrika. Prirodzene, tieto subory presli predtym aj Stadiom
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Obr. 2. Geologickd mapa jz. zakon€enia dumbierskeho krystalinika (oblast A). 1 — hronikum, 2 — fatrikum, 3 — sedimentarny obal tatrika
(kvarcity spodného triasu), 4 — granitoidy typu PraSivej, 5 — ortorulové krystalinikum (a — silne mylonitizované, b — paskované a okaté
ortoruly), 6 — hybridné granitoidy, 7 — polohy pararul a amfibolitov, 8 — tektonické znacky (a — foliacie, b — prikrovy, ¢ — preSmyky a nasuny,

d — ostatné zlomy).

Fig. 2. Geological map of the south-western termination of Dumbier crystalline basement (area A). 1 — Hronicum, 2 — Fatricum,
3 — sedimentary cover of Tatricum (Lower Triassic quartzites), 4 — PraSiva type granitoids, 5 — orthogneisses (a — strongly mylonitized,
b —banded and eyed orthogneisses), 6 — hybridic granitoids, 7 — layers of paragneisses and amphibolites, 8 — tectonic marks (a — foliations,

b — nappes, ¢ — overthrusts and thrusts, d — other faults).

kompresnej tektoniky. K tejto interpretacii nas vedie pozicia
synform MojziSovho vrchu a Chvatimechu, ktoré spocivaju
diskordantne na starSich Strukturach reprezentovanych
uzkymi strmymi pruhmi kvarcitov, medzi ktoré sa vklifiuju
uzke pasy kryStalinika (obr. 5). Zapadnutie, pripadne
dosunutie obalového mezozoika ¢asovo zrejme zodpoveda
diskordantnému dosunutiu uz predtym sformovanych
prikrovov hronika. Vztah Struktdr jednotlivych stadii je
zobrazeny aj v reze (obr. 6).

Diskusia

Vacésina autorov, ktori Studovali tektonickld zénu
na styku tatrika a veporika, t. j. Eertovicku tektonicku zénu,
sa zhoduje v nazore, Ze tu ide o rozsiahle priblizenie
fundamentov oboch jednotiek a pohltenie sedimentarnych
priestorov mezozoickych komplexov, ktoré vystupuju
v prikrovoch fatrika (napr. Biely a Fusan, 1967). V tomto
zmysle Certovicka tektonickda zéna by mala predstavovat
plytko ulozené zlomy, na ktorych sa odohravali nasuny
v prvom paleoalpinskom kompresnom $tadiu. Nema teda
ni¢ spolo¢né so strmymi preSmykovymi a posunovymi
Strukturami, ktoré su odrazom naslednej transpresnej
etapy (porovnaj Siegl, 1978; PlaSienka, 1983).

O dalekosiahlych ndsunoch v severnom veporiku
svedCi aj naSa terénna reambuldcia. Ukazuje sa, ze

jednotka severného veporika v celom svojom rozsahu
ma charakter velmi silne komprimovanej a zoSupinatenej
zony. Je to odrazom velmi silnej kompresie a celokdrového
podsunutia jednotky tatrika. Na takuto interpretaciu po-
ukazuje nielen terénny vyskum v severnom veporiku, ale
aj seizmicky obraz tohto Uzemia na seizmickom reze 2T
(Tomek et al., 1989). Na tomto reze jasne vidno celokérové
reflexy uklonené na juh nielen v oblasti ¢ertovickej tekto-
nickej zony, ale aj juznejSie, zhruba v oblasti osrblianskej
a pohorelskej tektonickej zény (porovnaj aj Tomek, 1993).

Struktira severného veporika takto dostava iny
charakter, v ktorom sa najmarkantnejSie prejavuju prave
paleoalpinske Struktury. Hercynske Struktiry su zachované
v mensej miere, aj to len v ramci paleoalpinskych Supin.
Skladba Supin je v podstate porovnatelna v uzemiach
na sever aj na juh od Hrona. Komplex ortorul a pararul
s amfibolitmi lubietovského pasma sa vyskytuje aj
juzne od cCertovickej tektonickej zény v Kralovoholskych
Tatrach (obr. 1). Takisto sa v celej tejto zone vyskytuju
aj permské magmatity (Zoubek in Mahel et al., 1964;
Bezak et al., 2008a). Pre toto pasmo je charakteristicka
aj Siroka zona fylonitov. Rozdiel medzi oboma ¢astami je
v zastupeni permskych sedimentov. V lubietovskom pasme
su zachované severne od predtriasového poklesového
zlomu, kym juznejSie na vyzdvihnutom bloku krystalinika
boli zrejme denudované. V bloku na SV od mythanského
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Obr. 3. Rez 1 — 2 oblastou A v jz.
Casti dumbierskeho masivu. Legenda
ako pri obr. 1.

Fig. 3. Cross-section 1-2 through
the area A. Captions see in Fig. 1.

Obr. 4. Rez 3 -4 oblastou B.Legenda
ako pri obr. 1.

Fig. 4. Cross-section 3—4 in the area
B. Captions see in Fig. 1.

zlomu sa intenzivnejSie prejavila nasunova tektonika a tieto
sedimenty m6zu byt pochované pod presunutym blokom
severného veporika.

Ked vychadzame z uvedeného chapania tektonického
Stylu severného veporika a z toho, ze mezozoické
sekvencie fatrika a severného veporika sa spajaju najma
z litostratigrafickych dévodov (najnovSie pozri Polak
in Bezéak et al., 2008b), za Uvahu stoji obe jednotky opat
zaradit do jednej tektonickej zony. Rozdiel medzi nimi je len
v tom, ze jednotky fatrika, na rozdiel od severoveporickych,
stratili kontakt so svojim pdévodnym fundamentom
(ide o pohlteny fundament medzi juznou Castou tatrika
a severnym veporikom). V takomto pripade by stratilo
vyznam aj rozliSovanie Certovickej a donovalskej linie
v zmysle JaroSa (1971). Zaroveni by mozno bolo vhodné
pre jednotky juzného veporika prijat novy nazov (natiska
sa nazov rimavikum).

Tektonicka situacia v severnom veporiku teda
ukazuje na velmi vyraznu nasunovu tektoniku v tejto
jednotke v paleoalpinskej etape, ktora sa prejavila aj
v podloznom tatriku. Preto je logické predpokladat, Zze
podobnym spésobom sa nasunul aj blok juzného veporika
na severné veporikum. Pévodny nasun v mieste jeho
predpokladaného priebehu je vSak zamaskovany mladymi
neogénnymi poklesovymi Struktirami v Horehronskom
podoli (Bezak et al., 2008b) a interpretujeme ho len v reze
(obr. 4). Samozrejme, predpoklada sa tu aj uplatnenie
horizontalnych posunov, ktoré potvrdzuje aj Struktdrny
vyskum tejto oblasti (Hok a Hrasko, 1990). Predpokladany
priebeh styku severného a juzného veporika odvodzujeme
od poslednych vyskytov juhoveporického obalu na severe,
a to je oblast Helpy a juzného okraja masivu Kralovej hole.
Vychadzame z toho, ze permské sedimenty na Prednej
holi vzhladom na svoje litologické zloZenie maju juho-

JIV

Zadna hola Vv
|

veporicky pévod (Madaras a Ivani¢ka, 2001). Na Prednej
holi ho od krystalinika Kralovej hole oddeluje prie¢ny sz.-jv.
zlom (Mello et al., 2008). Jeho podlozie nepozname,
ale stotozriujeme sa s nazorom PlaSienku (1984), ze je tu
v prikrovovej pozicii. Analogické permské horniny su vlome
zépadne od Helpy juzne od Hrona. Zlomovo su oddelené
od tzv. helpianskeho mezozoika a mezozoika na Hajnici,
ktoré su sucastou severoveporického obalu sekvencie
Velkého boku (na Hajnici su okrem triasovych ¢lenov
zachované aj jurskeé €leny; Biely, os. informacia). Vychodne
od Helpy az po Telgart juhoveporické mezozoikum
je poklesnuté spolu s nadloznym silicikom a oddelené
zlomami od masivu Kréalovej hole. Tym sa straca vyznam
hladat pokraGovanie pohorelskej linie v tomto masive.
Ak v tomto priestore bola, tak oddelovala tento masiv
od juhoveporického bloku, ktory je teraz erodovany. Tento
problém tu uvadzame vyslovene v diskusnej rovine a jeho
rieSenie bude vyzadovat dalSi terénny vyskum.

Zapadne od Helpy predpokladany kontakt s juznym
veporikom prekryvaju poklesnuté komplexy v doline
Hrona (komplexy vrchnej stavby krystalinika, mezozoické
a terciérne sedimenty). Zapadne od Breznianskej panvy
by mohla byt povodna hranica juzného veporika niekde
v priestore granitov typu Hroncok alebo vydrovskych
tektonickych poruch. Jediné vyskyty mezozoika v tejto
oblasti pod granitmi Hron¢ok su, zial, anonymné (kvarcity
a rauvaky).

Zaver

V poslednych rokoch v suvislosti s reambuléciou
niektorych uUsekov geologickych map 1 : 50 000 pre
potreby zostavovania prehladnej geologickej mapy SR
1:200 000 sa vybrali aj oblasti v SirSej zéne styku tatrika
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Ostrblie

R MojZiSov vrch

Obr. 5. Geologickd mapa oblasti v okoli Osrblia (oblast C). 1 — neovulkanity, 2 — permské sedimenty, 3 — ortoruly, 4 — pararuly s polohami
amfibolitov, 5 — permské magmatity, 6 — komplexy mezozoika v synformach, 7 — sedimenty spodného triasu, 8 — diaftoretické ortoruly
s polohami amfibolitov, 9 — diaftoretické pararuly a fylonity, 10 — tektonické hranice (a — nasuny, b — horizontalne posuny, ¢ — poklesy,
d — ostatné zlomy).

Fig. 5. Geological map of the area in the Osrblie surrounding (area C). 1 — neovolcanites, 2 — Permian sediments, 3 — orthogneisses,
4 — paragneisses with amphibolite intercalations, 5 — Permian magmatites, 6 — Mesozoic complexes in synforms, 7 — Lower Triassic
sediments, 8 — diaphtorized orthogneisses with amphibolite intercalations, 9 — diaphtorized paragneisses and phyllonites, 10 — tectonic
boundaries (a — thrusts, b — strike-slips, ¢ — normal faults, d — other faults).

MojZiSov vrch

Obr. 6. Rez 5 -6 oblastou C.Legenda
ako na obr. 5.

Fig. 6. Cross-sections 5-6 through
the area C. Captions see in Fig. 5.
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a veporika. Kedze ide o paleoalpinske korové jednotky,
vyber uzemi bol podmieneny vyskytom obalovych
mezozoickych jednotiek spatych so svojim krystalinickym
fundamentom ako indikatorov alpinskej stavby.

Zamerali sme sa na tektonicky silne porusenu juznu
gast tatrika pri zapadnom okraji Dumbierskych Tatier
v SirSom okoli Hiadela (oblast A), na severné veporikum
v zapadnej Casti Kralovoholskych Tatier v SirSom okoli
Bacucha (oblast B) a na oblast osrblianskej tektonickej
zény a prilahlych synform Chvatimechu a MojziSovho
vrchu (oblast C).

Oblast Hiadela buduju klasické ¢leny dumbierskeho
krystalinika (granit typu PrasSivej, ortoruly, pararuly, lokélne
amfibolity) a zvySky obalovych ¢lenov (tu prevazne
kremence spodného triasu). KryStalinikum je prevazne
mylonitizované, ¢o sved¢i o silnej tektonickej aktivite.
Prevladajucou ¢rtou stavby je usporiadanie do radu Supin
krystalinika uklonenych na juh, oddelenych kremencami.
Nad takto usporiadanymi subormi tatrika lezia mezozoické
horniny pripovrchovej odlepenej jednotky fatrika, miestami
s obratenym vrstvovym sledom, a tektonické trosky
hronika.

V severnom veporiku v oblasti Bacucha boli identifi-
kované najma prejavy rozsiahlych nasunov, dolozené
mapovanim tektonickych okien mezozoickych sedimentov
pod kryStalinikom (Bezak a OlSavsky, 2008). Nasledné
preSmykové Struktury tuto stavbu len modifikovali. éupiny
kryStalinika spolu s ich obalom sa podia pozicie tekto-
nickych okien nasuvali na pomerne znaénu vzdialenost.
Podla tychto indicii boli mezozoické &leny severnych
svahov Kralovoholskych Tatier zrejme zakorenené az
v oblasti Horehronského podolia alebo vo vzdialenejsej
oblasti juzne od Hrona.

V SirSej oblasti Osrblia sa podarilo preukazat nad-
vaznost niekolkych tektonickych Stylov v paleoalpinske;j
etape tektonického vyvoja. NajstarSou udalostou bolo
vytvorenie plytkych nasunovych Struktar. Vznikali Supiny
mylonitizovaného kryStalinika uklonené na juh, oddelené
obalovymi kremencami, miestami aj karbonatmi.V dalSom
vyvoji vznikali v transpresnych zénach strmo vztycené,
sv. orientované Struktury budované krystalinikom
a kremencami. V pocdiato€nom nasunovom stadiu
sa zrejme vySSie ¢leny mezozoického obalu odlepovali,
lebo sa nezudasthuju na Strukturach fundamentu,
ale naopak, buduju samostatné mladSie Struktury
typu synform. Tie su nezavislé od stavby fundamentu
a vznikali pravdepodobne v mladS$ich extenznych
etapach tektonického vyvoja.

Analyza tektonickej stavby tychto oblasti nasvedCuje
uplatneniu rozsiahlych nasunov a vytvoreniu systému
Supin v pociato¢nych fazach paleoalpinskej tektonickej
etapy. V prvej faze sa odlepili aj prikrovy. Na tuto prvu fazu
plynule nadvazovala transpresna faza s vytvorenim celého
radu paralelnych striznych zon. Zaver paleoalpinskych
tektonickych pohybov v tejto oblasti bol charakterizovany
uvolnenim kompresnej a transpresnej zlozky a prechodom
k extenzii. Bolo to v Case, ked sa kompresné napétie
presunulo zrejme do predpolia tatrika a prejavilo sa
nasunovymi pohybmi na infratatrikum.

Podakovanie. Vdaka patri recenzentovi prof. RNDr. Du$anovi
Plasienkovi, DrSc., za cenné pripomienky k ¢lanku a RNDr.
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Tectonic style of the wider contact area of the Tatricum and Veporicum

In recent years in connection with mapping of some
sections of geological maps 1 : 50 000 for the needs
of general geological map of Slovakia 1 : 200 000 also
areas in the contact zone of Tatricum and Veporicum were
reevaluated.

We focused on the tectonically complicated southern
part of Tatricum at the western edge of the Dumbierske
Tatry Mts. (area A), the northern Veporicum in the western
part of Kralovoholské Tatry Mts. (area B) and the area of
Osrblie tectonic zone and adjacent synform of Chvatimech
and MojziSov vrch (area C).

The area A is built of classic members of Tatric crystal-
line basement (granite of PraSiva type, orthogneisses,
paragneisses localy amphibolites) and remnants of cover
members (mostly quartzites of Lower Triassic). Basement
is mostly mylonitized, indicating a strong tectonic activity.
The dominant feature is the arrangement of slaces of
crystalline complexes separated by quartzites. In the
Northern Veporicum in the area B mainly large-scale
manifestations of thrusting have been identified. Younger

overthrusts only modified the structures of the first stage.
According to these indications the Mesozoic series of
the northern slopes of the Kralovoholské Tatry Mts. were
rooted to the area of Horehronské Podolie. In the area
C several tectonic styles in Paleoalpine stage of tectonic
evolution were proved. The oldest event produced the
thrust structures of crystalline slaces, separated by the
Lower Triassic quartzites, in places also by carbonates. In
another zones they emerged in transpressional steep NE
oriented structures. The upper part of Mesozoic series
was not involved into the structures of fundament, but
built a separate structure of synform type, which was
independent of the structures of fundament.

Analysis of the tectonic structures of these areas
suggests the application of extensive thrusting and
forming of slaces during the first stages of Paleoalpine
tectonic evolution. Thrusting was continuously followed by
transpresional phase using the system of parallel steep
zones. Ending of Paleoalpine tectonic movements in this
area was characterized by extensional tectonics.
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Rhaetian Chondrichthyes and Osteichthyes remains from the Fatra Fm.
(Kardolina section, Belianske Tatry Mts., Slovakia)

Teeth of Chondrichthyes and Osteichthyes were found at the base of the Kardolina section
(Fatra Fm.) in the Belianske Tatry Mts. Two sharks were determined, namely — Hybodus minor
AGassiz, 1837 and Lissodus minimus AGAssiz, 1839. Four types of teeth were described. Two
types of teeth belong to Severnichthys acuminatus (Agassiz, 1835), one type being represented
by Birgeria acuminata (Agassiz, 1839) while the another by Saurichthys longidens AGAssIz,
1834. The last two types of teeth belong to Sargodon tomicus PLIENINGER, 1847.

Key words: Chondrichthyes, Osteichthyes, teeth, Rhaetian, Belianske Tatry Mts., Western

Carpathians, Slovakia

Uvod

Vyskum fosilnej rybej fauny z triasovych ulozenin
prebiehal v poslednych troch rokoch na lokalite Kardolina
v Belianskych Tatrach. Bol zamerany najmé na spodnu
gast profilu. Zralodie a rybie zvy$ky sa nasli prevazne
v tzv. horizonte ,bone-bed{ ktory byva Specialne bohaty
na zvysky fosilnych stavovcov. Najdena fauna zahfnala
druhy Zralokov a ryb typickych pre obdobie rétu v Eurdpe.

Z doterajSich vyskumov v oblasti Zapadnych Karpat
su zname zvysky rétskych ryb (jednoduché zraloky, zuby
a Supiny aktinopterygiidnych ryb), ktoré opisali z Tatier
v Polsku Gazdzicki (1974) a Duffin a Gazdzicki (1977).
Neurcené zvysky ryb z rétu boli spomenuté v pracach
Michalika (1977, 1979) a Gazdzického et al. (1979).

Geologické pomery

Profil lokality Kardolina sa nachadza na strmom svahu
vrchu Palenica (1 174 m n. m. ssv. od osady Tatranska
Kotlina) vo vychodnej ¢asti Belianskych Tatier (obr. 1).
Reprezentuje jeden z najuplnejSich profilov fatranského
suvrstvia (Michalik et al., 2007). Je bohaty na vyskyt
fosilnych makkysov, lasturnikov, brachiopddov, koralov,
jezoviek, dierkavcov, lasturniciek a rias.

Celkova hrubka fatranského suvrstvia je rozdielna,
pohybuje sa od 25 m do maximalne 116 m v mieste
najvacsej subsidencie. Michalik (1977, 1978), Michalik et
al. (2007) a Gazdzicki et al. (1979) vyclenili vo fatranskom
suvrstvi 5 neformalnych €lenov. V poradi zdola nahor
su to: 1. bazalne vrstvy, pre ktoré su charakteristické
tmavosivé az Cierne ilovce s vlozkami slienitych, ¢asto
laminovanych dolomitov, jemnozrnné prachovce,
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slienovce alebo lumachelové vapence, v ktorych sa
nachadzaju lasturniky, ulitniky a len vzacne stenohalinné
organizmy; 2. spodny biostromaticky c¢len, ktory obsahuje
pomerne viac diverzifikovanu asociaciu neritickych
organizmov (ramenonozce, koraly, hubky, krinoidy, riasy
atd.); 3. jalovy interval, ktory formuju predovsSetkym
dolomity, dolomitizované vapence a redeponované
klastické vapence; 4. vrchny biostromaticky clen, ktory je
podobny na spodny biostromaticky ¢len, obsahuje faunu
koralov, dierkavcov a inych organizmov; 5. prechodné
vrstvy, ktoré obsahuju niekolko atypickych litologickych
horizontov, zahfnajucich mikritické ostrakédové
vapence so zvinenymi zvrstveniami, oolitické vapence
a kremito-piesc€ité lumachelové vapence s lasturnikmi
a dierkavcami.

Material a metodika

Zuby Zralokov pochadzaju z kondenzovanych
horizontov typu ,bone-bed“ na povrchu vrstiev 2.2 a 2.3.
Rybie zvy$ky (izolované zuby) pochadzaju aj z vrstiev 2.3,
3.4, 13/14 a 14 (obr. 2).

Studovany material opisany v tomto prispevku sa sklada
z 25 zralogich zubov a 31 zubov ryb, ktoré su ulozené
v zbierkach Slovenského narodného muzea v Bratislave.

Sediment z horizontu ,bone-bed” sa rozpustal v kyse-
line octovej a vo vode, plavil sa a triedil pod binokularnou
lupou. Z ostatnych vrstiev sa priamo ziskal odberom na
mieste z horniny. Na fotografovanie sa vzorky pripravovali
v Statnom geologickom ustave Dionyza Stura v Bratislave.
Samotné fotografie zubov sa zhotovili na rastrovacom elektro-
novom mikroskope typu JSM-6390 (JEOL) v Banskej Bystrici.
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Obr. 1. Geograficka pozicia Studovanej
lokality.

Fig. 1. Location of studied locality.

Obr. 2. Schematicky profil spodnej
Casti lokality Kardolina (upravené
podla Michalika, nepublikované).

Fig. 2. Schematic profile of bottom
part of locality Kardolina (modified by
Michalik, unpublished).
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Systematicka cast

Systematické zaradenie taxonomickych jednotiek na
zaklade opisanych Zralo¢ich zubov je podla Cappetta
(1987) a rybich zubov podla Swifta a Martilla (1999).

Supertrieda: Chondrichthyes HuxLEY, 1880
Trieda: Elasmobranchii BONAPARTE, 1838
Rad: Hybodontiformes MAISEY, 1975
Supercelad: Hybodontoidea OwEeN, 1846
Rod: Hybodus AGassiz, 1837
Hybodus minor AGAssiz, 1837
(tab. 1, foto 1)

1837 Hybodus minor AGAsSIZ; Agassiz

1998 Hybodus minor AGassiz, 1833, 18377; Delsate, p. 22,
PI. A, Fig. 3

1999 Hybodus minor AGassiz, 1837; Swift & Martill, p. 193,
Pl. 26, Figs. 1 -4

Material: 1 zub z vrstvy ,bone-bed"

Opis: Druh je opisany na zaklade jedného izolovaného
zuba. Zub ma vysku do 1,5 mm, je symetricky, s vyS§Sim
kolmym centralnym vrcholom, po bokoch z kazdej
strany s dvomi mensimi vrcholmi. VonkajSie vrcholy su
najmensie. Stredovy vrchol ma znacne Siroku bazu, je
jazykovito ukloneny v postrannom pohlade. Vrcholy maju
mierne ostré bo¢né rezné boky. Korer je pomerne plytky.
V bazalnom pohlade ma zhruba polkruhovity tvar a je
perforovany drobnymi dierkami.

Poznamka: Hybodus minor pévodne opisal Agassiz (1837,
in Swift a Martill, 1999) na zéklade malého dorzélneho
plutvového tfia z vrstvy ,bone-bed“ z formacie Westbury
(“Rhaetic Bone Bed”) z juzného brehu rieky Severn blizko
Berkeley. Agassiz (1837) potom najdeny zub priradil tak
isto do tohto istého taxdnu, aj ked nie je zaru€ené, ze
zub aj plutvovy tfii patria k sebe (Swift a Martill, 1999).

Rozsirenie: Hybodus minor je velmi zndmy v priebehu
europskeho rétu a tak isto sa zaznamenal v norickych
horninach v Luxembursku (Duffin, 1993). Prednorické
zaznamy citované v starSej literature poukazuju na
rozpatie druhov z ladinu do rétu, hoci tvrdenie je eSte
potrebné dolozit (Duffin a Delsate, 1993).V ramci skupiny
Penarth su zuby pritomné vSade, najma v suvrstvi
Westbury, a najmé vo vrstve ,bone-bed®

Celad: Lonchidiidae HERMAN, 1977
Rod: Lissodus BrouGH, 1935
Lissodus minimus AGAssiz, 1839
(tab. 1, foto 2a, b)

1839 Acrodus minimus AGAssiz; Agassiz, 3, p. 145, PI. 22,
Figs.6 - 12

1839 Acrodus acutus AGassiz; Agassiz, 3, p. 146, PI. 22,
Figs. 13 - 15

1844 Thectodus inflatus MEYER et PLIENINGER; Meyer
& Plieninger, p. 116, PI. 10, Fig. 20

1844 Thectodus glaber MEYER et PLIENINGER; Meyer
& Plieninger, p. 116, PI. 10, Fig. 21

1844 Thectodus tricuspidatus MEYER et PLIENINGER; Meyer
& Plieninger, p. 116, PI. 10, Fig. 27; PI. 12, Fig. 29
1977 Acrodus minimus AGassiz; Duffin & Gazdzicki, p. 335,

Pl.1, Figs.1-3
1998 Lissodus minimus AGAssiz, 1834; Delsate, p. 21,
PI. A, Fig. 2

1999 Lissodus minimus (AGAssIz, 1839); Swift & Martill,
p. 199, PI. 26, Figs. 8

Material: 23 zubov, niektoré mierne poskodené, z vrstvy
L,oone-bed!

Opis: Izolované zuby su dihé do 4 mm. Korunka je nizko
profilovana, s tupym centralnym vrcholom rozdelenym
na 5 nizkych bo¢nych hrotov. Korunka je ornamentovana
sériou rozdvojenych vertikalnych hrebenov vystupujucich
z vrcholu na labidlnu a lingualnu stranu. Stlaéena jazva
vyplyvajuca zo zubného kontaktu Celuste je vyvinuta na
lingualnej strane centralneho vrcholu. Koren je priblizne
rovnako vysoky ako korunka a ma velmi plytkd vrchnu
Cast na labialnej strane. Labialna ¢ast korena je vyduta,
v spodnej €asti s va€Simi neusporiadanymi dierkami.

Poznamka: Tento druh bol pévodne zaradeny do rodu
Acrodus a pbvodne sa v mnohych starSich pracach
opisoval ako Acrodus minimus (Agassiz ho v roku 1839
opisal ako Acrodus minimus, vaéSinou z formacie vo
Westbury). Len v poslednom ¢ase bol prideleny k rodu
Lissodus a je to jeden z najhojnejsich, najviac znamych
¢lenov rodu. Slabo klenuté zuby boli dobre prisposobené
na drvenie bentickych bezschrankovych bezstavovcoy,
ako aj na drvenie schranok ulitnikov, lasturnikov
a kérovcov (Swift a Martill, 1999).

Rozsirenie: Lissodus minimus sa zaznamenal prakticky
zo v8etkych lokalit skupiny Penarth a na lokalitdch
eurépskeho rétu, kde predstavuje jednu z hlavnych
zloziek fauny stavovcov. Duffin a Gazdzicki (1977) opisali
23 zubov z Lejowej doliny v Polsku.

Trieda: Osteichthyes HuxLEY, 1880
Subtrieda: Actinopterygii KLEIN, 1885
Celad: Incertae sedis
Rod: Severnichthys Storrs, 1994
Severnichthys acuminatus (AGAssiz, 1835)
(tab. 1, foto 3, 4)

1835 Saurichthys acuminatus AGAssiz, p. 86, PIl. 55A,
Figs.1-5

1835 Saurichthys longidens AGAssiz, p. 87, Pl. 55A,
Figs. 17, 18

1843 Saurichthys apicalis AGAssiz; Portlock, p. 470, PI. 14,
Fig. 19

1872 Saurichthys apicali AGassiz; Etheridge, p. 64, PI. 2,
Figs. 5, 6

1875 Metopius diagnosticus VoN MEYER; Miall, p. 157

1889 Saurichthys acuminatus Acassiz; Woodward, p. 301,
Pl. 14, Figs. 7, 8

1890 Labyrinthodontia, genus non det.; Lydekker, p. 157

1894 Termatosaurus crocodilinus QUENSTEDT; Browne,
p. 749

1921 Birgeria acuminatus (AGAssIz); Stensid, p. 150
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1946 Metopius diagnosticus VON MEYER; Reynolds, p. 35,
Pl. 4, Fig. B

1966 Birgeria acuminata (AGAssiz); Savage & Large,
p. 138, PI. 20

1969 Saurichthys acuminatus AGAssiz; Monteyne, p. 3

1970 Birgeria acuminata (AGAssIz); Sykes et al., p. 250,
PI. 16, Figs. 1,6, 7

1970 Saurichthys longidens AGAssIz; Sykes et al., p. 250,
PI. 16, Figs. 2, 3, 8,9

X50 500pm 0000 PC-SEM

X30 500pm 0000 PC-SEM

25kV X19 1mm 0000 PC-SEM

1977 Saurichthys longidens Acassiz; Duffin & Gazdzicki,
p. 346, PI. 1, Fig. 7

1977 Birgeria acuminata (AGAssiz); Duffin & Gazdzicki,
p. 346, Pl.1, Fig. 8

1978 Birgeria acuminata (AGAssiz); Duffin, p. 184

1978 Saurichthys longidens AGAssiz; Duffin, p. 184

1980 Birgeria acuminata (AGASsIz); Duffin, p. 258

1980 Saurichthys longidens (AGAssiz); Duffin, p. 258

1986 Birgeria acuminata (AGAsSIz); Martill & Dawn, p. 130

200um 0000 PC-SEM 10KV X45 500um 0000 PC-SEM

X50 500pm 0000 PC-SEM

pehas M o

Tab. 1. 1 — Hybodus minor AGassiz, 1837, 2a, 2b — Lissodus minimus AGAssiz, 1839, 3 — 4 — Severnichthys acuminatus (AGAssiz, 1835),

3 — typ zuba Birgeria acuminata, 4 — typ zuba Saurichthys longidens, 5 — 6 — Sargodon tomicus PLIENINGER, 1847, 5 — molariformny typ
zuba druhu Sargodon tomicus, 6 — incisiformny typ zuba druhu Sargodon tomicus.

Tab. 1. 1 — Hybodus minor AGassiz, 1837, 2a, 2b — Lissodus minimus AGAssiz, 1839, 3 — 4 — Severnichthys acuminatus (AGAssiz, 1835),
3 —tooth of Birgeria acuminata type, 4 — tooth of Saurichthys longidens type, 5 — 6 — Sargodon tomicus PLIENINGER, 1847, 5 — molariform
tooth of Sargodon tomicus, 6 — incisiform tooth of Sargodon tomicus.
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1986 Saurichthys longidens AGAassiz; Martill & Dawn,
p. 130

1992 Birgeria acuminata (AGAssIz); Burgin & Furrer, p. 936,
Figs.1-6

1993 Saurichthys longidens AGAssiz; Burgin & Furrer,
p. 1015, 1 026

1993 Birgeria acuminata (AGASsIz); Blrgin & Furrer,
p.1016, 1 018, 1 027

1993 Birgeria acuminata (AGAssiz); Duffin & Delsate, p. 33,
35, 37, 38, PI. 4, Fig. 2

1993 Saurichthys longidens AGAssiz; Duffin & Delsate,
p. 35, 37,38, Pl. 4, Fig. 3

1994 Severnichthys acuminatus (AGAassiz, 1835); Storrs,
p. 234, Figs. 5B-F, 6

1999 Severnichthys acuminatus (AGAssiz, 1835); Swift
& Martill, p. 215, PI. 27, Figs. 10 — 12

Material: 6 zubov (3 zuby typu Birgeria acuminata, mierne
poskodené z vrstvy ,bone-bed; a 1 zub z medzivrstvy
18/14; 2 zuby typu Saurichthys longidens, mierne
poskodené, z vrstvy ,bone-bed").

Opis: Dva typy zubov klovitého vyzoru sa priraduju
k tomuto druhu, predtym sa ur€ovali ako rozdielne
taxény. Zuby typu Birgeria acuminata (tab. 1, foto 3)
su kolmé, konické, dihé do 15 mm. Priehladny emailovy
hrot predstavuje do 50 % celkovej vysky zuba. Hlavica
je oddelend od ostatného zuba poprednym hreberiom,
mbze byt pomerne stlatena a smerovat laterdlne
odrezanym koncom. Dokonaly vertikalny hreben
vystupuje hlavicou smerom k vrcholu. Zuby typu
Saurichthys longidens (tab. 1, foto 4) su kolmé, ale
v obryse sigmoidalne. Priehladnd neornamentovana
hlavica je ovela menSia nez pri type Birgeria acuminata,
gasto mensia nez 10 % dizky zuba. Spodna &ast je silne
hrebenovita. Baza je tym trocha presvetlena. Spodné
hrebene mo6zu byt silne vrubkované.

Poznamka: Jedince druhu Severnichthys acuminatus
predstavovali typicku skupinu masozravych aktinoptery-
giidnych ryb. Severnichthys acuminatus sa v minulosti
opisoval ako dva rozdielne druhy, a to Birgeria acuminata
(AcAssiz, 1839) a Saurichthys longidens AGassiz, 1834
(pozri synonymiku). Najdené konické zuby zo skupiny
Penarth boli opisané Stensié (1921) ako Birgeria
acuminata. Na profile z Aust a Westbury Garden sa na$li
zubné kosti nesuce zuby. Tieto vzorky boli vhodné
na odstranenie celého nomenklaturneho problému.
Zuby opisané ako Birgeria acuminata a Saurichthys
longidens sa vyskytovali spolo¢ne na jednej Celusti.
Niektory najdeny material bol v minulosti nespravne
identifikovany ako zuby a celuste labyrintodontnych
obojzivelnikov. Savage a Large (1966) aj Storrs (1994)
priniesli vhodny argument a potvrdili pravdivost vyskytu
Severnichthys a nasledne absenciu labyrintodontnych
obojzivelnikov v skupine Penarth.

Rozsirenie: Nalezy zubov sa nasli v skupine Penarth.
Su charakteristické aj vo vrstve ,bone-bed” formacie
Westbury, pricom zvysky kosti s zname z mnohych
inych lokalit (Swift a Martill, 1999). Savage a Large
(1966) opisali nalezy niekolkych zubov typu Birgeria

acuminata z Bristol Channel. Duffin a Gazdzicki (1977)
opisali 13 zubov typu Birgeria acuminata a 9 zubov
typu Saurichthys longidens z lokality v Lejowej doline
a Hradok v Polsku.

Rad: Semionotiformes ARAMBOURG et BERTINI, 1958
Celad: SEMIONOTIDAE WoobwARD, 1890
Rod: Sargodon PLIENINGER, 1847
Sargodon tomicus PLIENINGER, 1847
(tab. 1, foto 5, 6)

1847 Sargodon tomicus PLIENINGER; Plieninger, p. 165,
PI. 1, Figs.5-10

1853 — 1860 Omalopleurus speciosus COSTA, p. 59, Fig. 1

1892 Dapedius costai BAssANI, p. 8

1895 Dapedius costae Bassani, p. 197, PI. 12, Figs. 1 - 3;
PI. 15, Fig. 55

1937 Sargodon tomicus Boni, p. 630, PI. 2, Figs. 3 —8; PI. 3,
Fig. 3, 4; PI. 6, Figs. 1 — 3

1977 Sargodon tomicus PLIENINGER,
& Gazdzicki, p. 340, Text-figs. 6 — 7

1978 Sargodon tomicus PLIENINGER, 1847; Orvig, p. 322,
Figs. 25 — 27, 47 — 52

1983 Sargodon tomicus PLIENINGER, 1847; Tintori, p. 418,
PI. 36; PI. 37, Fig. 1

1988 Sargodon tomicus PLIENINGER, 1847; Muscio, p. 58,
Figs.2 -3

1999 Sargodon tomicus PLIENINGER, 1847; Swift & Martill,
p. 217, PI. 29, Text-fig. 19D

1847; Duffin

Material: 6 incisiformnych a 9 molariformnych typov zubov,
niektoré Ciastocne poskodené.

Opis: Dva typy zubov sa zaraduju k druhu Sargodon
tomicus. Molariformné typy zubov (obr. 3a) maju
charakter ,gombickov“ a pozostavaju z izolovanej
hemisférickej korunky, ktora je kruhovitd az ovalna
a meria v priemere do 4 mm (nezriedka byvaju tieto
korunky silne opotrebované). Molariformné zuby boli
usporiadané v pozdiznych radoch v obidvoch hornych
aj v spodnych ¢elustiach. Najmensie zuby boli vpredu
a po bokoch boli spolu s ozubenymi pl6skami. Incisi-
formné typy zubov (obr. 3b) st dlhé do 14 mm a obsahuju
dlatovito vyzerajucu korunku s hlbokym korefiom.

Obr. 3. a — Schematicky nakres molariformného typu zuba druhu
Sargodon tomicus, b — schematicky nakres incisiformného
typu zuba druhu Sargodon tomicus (upravené podla Duffina
a Gazdzického, 1977).

Fig. 3. a — Schematic sketch of molariform tooth of Sargodon
tomicus, b — schematic sketch of incisiform tooth of Sargodon
tomicus inner (modified after Duffin and Gazdzicki, 1977).
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Jazykovity tvar korunky sa rozdeluje na dve Casti. Ako
vo vSetkych rozstiepenych korunkach, najvyssi vrchol je
umiestneny v blizkosti stredu v ustach.

Poznamka: Na zaklade dobre zakonzervovaného nalezu
z norika v severnom Taliansku Tintori (1983) kon&tatoval,
?e Sargodon mal velmi &iroké telo dosahujtice dizku do
1 mav Celusti delené, 3- az 6-incisiformné typy zubov na
zubnej kosti a s tromi zubami na premaxile. Supiny majt
premenlivy tvar, od obdiZznikovitého po subpentagonaliny,
s jemnym neornamentovanym vonkajSim povrchom.
Incisiformné zuby sa asi pouzivali na trhanie mékkysov zo
substratu a skupina molariformnych zubov umoznovala
ich efektivne drvenie (Swift a Martill, 1999).

Rozsirenie: DIhsi ¢as bol Sargodon tomicus charakteris-
ticky len pre rétske sedimenty z Wiirttembergu, Anglicka
a Talianska a niekolko izolovanych zubov bolo znamych
z rétu vo Francuzsku (Guerin, 1958; Lehman, 1966;
Danilchenko, 1967). Nalezy z Talianska opisal Boni
(1937). Ohlasil nalezy niekolkych izolovanych zubov
z rétu z Lombardie, dva fragmenty kosti so zubami
molariformného typu z Valcava (Bergamo) a jeden
incisiformny typ zuba z pohoria Cetona (Umbria).
Iba v roku 1983 Tintori opisal prvd kompletnd vzorku
pochadzajucu z norickych hornin z Lombardie. Tintori
priradil k druhu Sargodon tomicus niekolko fragmentov
z norika z Giffoni (Salerno), ktoré predtym opisal Costa
(1853 — 1860) a Bassani (1892 — 1895) ich priradil
do rodu Dapedium. Saurichthys bol teda relativne
kozmopolitny. Nasiel sa v sedimentoch na vSetkych
kontinentoch okrem Antarktidy. Duffin a Gazdzicki (1977)
opisali 1 incisiformny typ a 3 molariformné typy zubov
z Lejowej doliny v Polsku.

Zaver

Praca vznikla na zéklade terénneho vyskumu spodnej
Casti profilu Kardolina a priniesla nové poznatky o rybej
faune na Slovensku. Su to prvé opisané nalezy rétskych
zralokov a ryb na Slovensku.

Baza fatranského suvrstvia na lokalite Kardolina
obsahuje zaznam o kolonizacii morskej fauny (zraloky
a ryby) pocas rétskej transgresie, ked dominovali najma
druhy Lissodus minimus AGAssiz, 1839 a Sargodon
tomicus PLIENINGER, 1847. V ostatnych skiumanych vrstvach
sa nasli len zuby druhu Sargodon tomicus PLIENINGER,
1847 a v medzivrstve 13/14 sa naSiel jeden zub patriaci
k typu Birgeria acuminata.

VS8etky najdené druhy zralokov a ,primitivnych”
jednoduchych aktinopterygiidnych ryb boli morské
predatory, ktoré sa Zivili najm& makkysSmi alebo mensimi
rybami. NasvedCuje tomu ich tvar zubov. Dosahovali
rozmery do 1 m. Zili v pribreznej oblasti.
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Rhaetian Chondrichthyes and Osteichthyes remains from the Fatra Fm.
(Kardolina section, Belianske Tatry Mts., Slovakia)

Rhaetian fish remains (single shark and actinopterygian
teeth and scales) were previously reported from Polish
slopes of the Tatra Mts. by Gazdzicki (1974) and by Duffin
& Gazdzicki (1977). In Slovakia, undetermined Rhaetian
fish remains were mentioned by Michalik (1977, 1979),
or by Gazdzicki et al. (1979).

The Kardolina section is situated on steep slope
of the Mt. Palenica (NNE of the Tatranska Kotlina village)
in the eastern part of the Belianske Tatry Mts. It represents
the most complete profile of the Fatra Formation (Michalik
et al., 2007), rich in fossil molluscs, brachiopods, corals,
echinoderms, foraminifers, ostracods and algae. Shark
teeth were collected from “bone-bed” horizont; in interbed
between 2.2 and 2.3. In other beds they were not found
yet.

Two genera of shark were described. Many small
(a few mm) shark teeth belonged of Lissodus minimus
(Agassiz, 1839). Agassiz in 1839 affiliated them with
Acrodus minimus from most Westbury Formation. One
tooth belonged to Hybodus minor Agassiz, 1833. It is
characterized by a relatively larger, sharper central cone
and fewer lateral cusps (only one or two per side). The
cusp is offset to the labial side of the tooth and bear
pronounced striae or ribs. Punctate root of the tooth
is prominent but varies from a thin platform to a fat or
bulbous knob. This root is generally mildly concave or flat-
-bottomed and is straight along its labial side but broadly
curved lingually (Storrs, 1994).

Fish fossils (single teeth) were collected in the lower
part of the section (in the “bone-bed” horizont and in beds
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2.3, 3.4, 13/14 and 14 as well). We identified Sargodon
tomicus Plieninger, 1847, who was characteristic by two
morphological types of teeth: by the molariform and by the
incisiform types. There is an incisiform type, and dome-
-like crushing tooth type. Before Italian findings, Sargodon
was known only by its teeth, which are recorded from
Europe, especially from Rhaetian bone-beds of England,
France and Germany. S. tomicus is a very deep-
-bodied fish, its maximum depth being slightly less than the
standard length: less than 30 cm to more than one meter
(Muscio, 1988). Teeth of Sargodon tomicus Plieninger,
1847 belong to the most often finds.

The conical teeth belonged to a “primitive” basal
actinopterygians of Severnichthys acuminatus (Agassiz,

1835). Two types of teeth are associated with this species;
each has previously been assigned to a separate taxon.
There are teeth of large predators of the “Birgeria
acuminatus” type and teeth of the “Saurichthys longidens”
type. The teeth of the “Saurichthys longidens” type has
an enamel cap shorter than “Birgeria acuminatus” type.
The enamel cap terminated proximally by prominent
collar; teeth with fine vertical striations, best developed
immediately proximal to collar.

The base of the Fatra Fm. in the Kardolina locality
contains record of colonization by marine faunas (shark
and fish) during the Rhaetian transgression, which
become dominated by Lissodus minimus Agassiz, 1839
and Sargodon tomicus Plieninger, 1847.
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Foraminiferové asociacie z lucenského suvrstvia vrtu FGRk-1
(Rimavska kotlina)
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Foraminiferal associations from the Lu¢enec Formation in borehole FGRk-1
(Rimavska kotlina Basin, Slovakia)

The borehole FGRk-1 was drilled in the frame of hydrogeothermal evaluation of the Rimavska
kotlina Basin northeast of the village lvanice. Based on foraminifers, the interval 15-625 m
was determined as Egerian, corresponding with Szécsény Schlier and being the equivalent of
Budikovany and Panica beds of the Lu¢enec Formation.

Key words: foraminifers, Egerian, Tertiary, Lu¢enec Formation, Rimavska kotlina Basin

Uvod

V ramci Ulohy Regionalne hydrogeotermalne zhod-
notenie Rimavskej kotliny sa sv. od obce lvanice a sz.
od kupelov Ciz (obr. 1) realizoval vrt FGRk-1 Ivanice, ktory
prenikol cez sled hornin do hibky 1 050 m. V publikacii
podavame mikrofaunisticku charakteristiku vrtnych vzoriek
z egeru do hibky 625,0 m.V hibke 628,9 m bola stanovena
hranica eger/kiscel (Elecko in Marcin et al., 2009) a v hibke
765 — 770 m hranica kiScel/eocén a az do konca vrtu
eocén (Boorova in Marcin et al., 2009). Detailny profil vrtu
je v zaverec€nej sprave Marcina et al. (l. c.).

Organické zvySky pochadzajuce z vrtnej drviny sa
detailne Studovali pod binokularnou lupou a elektrénovym
mikroskopom Jeol JSM-840 (pozri fototabulky, operator
Dr. I. Kosti¢, graficka uprava autorka). Okrem foraminifer
boli pritomné ihlicky hub, ostne jezoviek, rybie zubky,
pyritizované rozsievky, vzacne ostrakédy, makkyse, ulomky
bryozoi a ,velkych“ foraminifer (Operculina a Amphistegina
v hibke 620 m; tab. 1).

Vymedzenie Rimavskej kotliny

Rimavska kotlina a prilahlé Uuzemie podla Mazura
a LukniSa (1978) pozostava z nasledujucich geomorfo-
logickych jednotiek (obr. 2):

— Rimavska kotlina,

— Bodvianska pahorkatina (zapadna ¢ast),

— Cerova vrchovina (vychodna cast),

— okraje Revuckej vrchoviny — Pokoradzska a Blzska
tabula.

Rimavska kotlina predstavuje nizinné uUzemie
a kotlinovu pahorkatinu, ktora prechadza do zapadnych
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vybezkov Bodvianskej pahorkatiny. Pahorkatiny pred-
stavuju zvysky pliocénneho zarovnaného povrchu
a v kotline su rozc¢lenené systémom terasovych dolin
Rimavy, Blhu, Slanej a ich pritokov. Povrch pahorkatiny
dosahuje maximalnu nadmorsku vySku 300 m (Ipelnik).
Najniz8ie polozené miesta rie¢nych niv maju nadmorsku
vys$ku okolo 150 m.

Vychodna &ast Cerovej vrchoviny sa tiahne pozdiz
slovensko-madarskych Statnych hranic od obce Vlkyna
smerom na zapad. Je morfologicky vyrazne roz¢lenena,
so zvySkami viacerych predkvartérnych rovni. Maximalna
nadmorska vyska dosahuje 390 m (Pohansky vrch).

Okraje Revuckej vrchoviny predstavuju Pokoradzska
a Blzska tabula. Su to roz¢lenené zvysky zarovnaného
povrchu na upéti Slovenského rudohoria. Najvacsia
nadmorska vyska je 500 m (Palaska 518 m).

Z geologického hladiska predstavuje Rimavska kotlina
oblast, ktort vypifaju klastické sedimenty oligocénu
a spodného miocénu (kiscel, eger). Cerovu vrchovinu
buduji sedimenty spodného miocénu (egenburg).
Pokoradzsku a Blzsku tabulu buduju vulkanoklastika
stredného miocénu. V severovychodnej, vychodnej
a severozapadnej Casti Rimavskej kotliny a v udoliach,
ktoré &lenia Slovensky kras, su vyvinuté sedimenty
neskorej molasy (pont). Molasové sedimenty su vo velkej
miere zakryté sedimentmi kvartéru.

Slovensky kras, ktory ohrani¢uje oblast rozSirenia
terciérnych hornin, buduju triasové klastické a karbonatové
horniny mezozoika silicika, spod ktorého vystupuju
slabo metamorfované sedimenty mezozoika meliatika
a metamorfované sedimenty paleozoika gemerika. Len
na severozapade vystupuju aj metamorfity veporika
kohutskej zony.
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Obr. 1. Lokalizacia vrtu FGRk-1.
Fig. 1. Location of the borehole FGRk-1.

Prehlad doterajSich biostratigrafickych vyskumov

V 50. rokoch 20. storoCia sa uskutocnoval vrtny
vyskum a prieskum v oblasti Rimavskej Se¢e (Homola,
1953). Mikropaleontologickym vyskumom sa tu zaoberala
Slavikova (1952). V sprave charakterizuje len hlavné
mikropaleontologické horizonty z Cf vrtov R¢ 2, 4, 9 — 26
a 29 — 48. Na zaklade foraminiferovych spolo¢enstiev
stanovila zo sivych az sivozelenych piescitych ilov
neskororupelsky vek.

Mikropaleontologicky rozbor egeru z vrtu Cakov 1
(C-1) uskutocnila Slavikova (1953; 130 — 402 m). Nasla
tam len priebezné formy a konstatuje, ze typické formy
kiScelu absentuju.

V ramci etapy projektu Uhlie v Rimavskej kotline
zhodnotila Kantorova (1966) drobné foraminifery a sprie-
vodné mikrofosilie z 3 vrtov vyhibenych pri Neporadzi
(RK-1; vzorky do 100 m), HostiSovciach (RK-2; 102,1 m)
a Velkom Blhu (RK-3; 100 m), ako aj vrtny material dodany
GP SNV z okolia kupelov Ciz (BC-1, 196 m; BC-2, 109 m;
V-36, 109 m).

Na tento ucel spracovala polohu sivych slienitych
aleuritickych ilov lu¢enského suvrstvia, ktoré miestami
nadobudaju charakter pevnej$ej horniny a miestami sa
striedaju s piescitejS$imi polohami. Vyvoj tohto suvrstvia
v jeho spodnych ¢astiach bolo mozné sledovat len vo
vrte RK-2, ktory prenikol do mezozoického podlozia.
Ziskané foraminiferové spolo¢enstva koreluje s chatskymi
spolo€enstvami v Luenskej a Ipelskej kotline.

Lepidocykliny a miogypsiny z Budikovian a Bretky
opisala Varova (in Vass et al., 1974). Bazalne detritické

Obr. 2. Geomorfologicka schéma Rimavskej kotliny a okolia.

Fig. 2. Geomorphological scheme of the Rimavska kotlina Basin
and its surrounding.

zlepence z vrtov EVB-1 (144,6 — 144,8 m) Papca a RK-2
HostiSovce a organogénne vapence z lokality Budikovany-2
na zéklade uvedenych foriem zaradila do egeru.

Biofacialnu a biostratigraficku charakteristiku terciér-
nych sedimentov na uzemi listu Safarikovo, DIha Ves
a ¢iastoéne Ciz (okolie Vikyne V-6, -12, -38) na zaklade
foraminifer podala Kantorova v r. 1975. Ur€ila starsi
a mladsi morsky oligocén (eger?).

Foraminifery s indexovym druhom Miogypsina gunteri
CoLE z faciostratotypovej lokality Bretka (pri Safarikove)
opisali Papp (1960) a Vanova (1974, in Baldi a Sene$§ —
eds., 1975).

Z uzemia listu Rimavska Se¢ vyhodnotila Kantorova
(1976) egerské vzorky z vrtov pri Chramci (VRS-1 a -2;
do 300 m) a povrchové vzorky. Rovnako Studovala
vzorky egeru aj z vrtov a povrchu z uzemi zobrazenych
na listoch Chanava a Neporadza (1977). O starSom ako
egerskom veku uvazuje vo vrte VCH-1, v hibke 230 m
spomina dokonca az eocénny charakter tanatocendz. Pri
nasej revizii sa tato informacia nepotvrdila, ¢isto eocénne
asociacie sa nezistili.

V sedemdesiatych rokoch minulého storoCia sa
zostavovali geologické mapy 1 : 25 000, realizoval sa
geofyzikalny vyskum a spolu s nim aj Struktdrny vrt
FV-1 (Vass a Bajanik — eds., 1988), ktory prenikol do
predterciérneho podlozia. Vysledky prace boli zhrnuté
v monografii Geoloégia Rimavskej kotliny (Vass, Ele¢ko
et al., 1989).

V r. 1978 vyhodnocovala Kantorova (1978a) hiboky vrt
FV-1 pri Blhovciach. Na zéklade foraminifer v hibke 115
az 715 m stanovila eger, v hibke 715 — 800 m prechodné
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suvrstvie a v hibke 850 — 1 055 m rupel (kiscel — bliz$ie
pozri kapitolu Korelécia s okolitymi vrtmi).V tom istom roku
Kantorova (1978b) vyhodnocovala aj plytSie vrty na uzemi
listov Radnovce, Velky Blh a Uzovska Panica. Okrem vrtov

ho suvrstvia vrtu FGRk-1 (Rimavska kotlina) 293

ERn-1 Rokytnik, EVB-1 Papca, EUP-1 Velky Blh, EUP-2
Vysné Velice, EUP-3 RaSice, EUP-4 Drzkovce a Ele-2
Licince mala k dispozicii aj povrchové vzorky. Vo vrte ERn-1
(6,3 — 170,1 m) urcila eger, vo vrte EVB-1 (5,9 — 144,9 m)
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Obr. 3. Litostratigrafické jednotky juhoslovenského neogénu a paleogénu (Vass, 2002).
Fig. 3. Lithostratigraphic units of the South Slovakian Neogene and Paleogene (Vass, 2002).
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spodnejsi eger, pricom od 117 m nevyluCuje rupel, vo vrte
EUP-1 (7,7 — 194 m) eger a (194 — 204,9 m) rupel, vo vrte
EUP-2 (5 — 180 m) eger a (190 — 243,9 m) rupel a vo vrte
EUP-3 (82,7 — 82,8 m) spodny eger. Vrty EUP-4 a Ele-2
boli na mikroorganizmy negativne.

V rokoch 1983 — 1984 Geologicky prieskum, zavod
Roznava, realizoval sériu vrtov LR, z ktorych vacsina
vitala terciér Rimavskej kotliny a zasiahla jeho podlozie
(zodpovedny riesitel J. Zlocha, neskér J. Klubert, in Klubert
etal., 1986). K nami Studovanému vrtu FGRk-1 je najblizSie
situovany vrt LR-9 pri Chanave. Vzorky z hibky 100,3
az 633,6 m, ktoré Studovala Kantorova (in Klubert et al.,
1986), laboratorne spracované v mikropaleontologickom
laboratériu GP SNV, su len vo fragmentovom stave
a nemaju stratigraficki hodnotu.

Sutovska (in Klubert et al., I. ¢.) vrt vzorkovala kazdych
50 m. Do hibky 610 m stanovila eger. V hibke 630 az
650 m na zaklade celkového charakteru spolo¢enstva
urcila kiscel, pricom v8ak podotyka, ze v celom vrte sa
nevyskytuju ziadne veduce skameneniny, ani bentos, ani
planktén.

V r. 1987 v ramci hydrogeologického vyskumu sa na vy-
chodnom okraji obce Batka v Rimavskej kotline vyhibil
vrt RKZ-1. Prenikol cez terciérne sedimenty (12,8 az
435,5 m) a skoncil sa v hibke 658,0 m vo vapencoch
mezozoika silického prikrovu. Terciérne sedimenty
zodpovedaju luéenskému a C&izskemu suvrstviu (eger
a kiscel na obr. 3; Vass, 2002). Podstatnu ¢ast terciéru tvori
faunisticky dolozené lu¢enské suvrstvie egerského veku
(12,8 — 367,8 m; Jurkovicova et al., 1990).

K poslednym prieskumnym vrtom na Studovanom
Uzemi patri vrt GRS-1, vyhibeny juhovychodne od obce
Rimavské Janovce. Odoberali sa vyplachové ulomky
z Useku 405 — 740 m. Hibkovy interval 700 — 740 m
charakterizuju mezozoické svetlé vapence silicika. Sivé
organodetritické mikrobrekciovité vapence z intervalu 685
az 695 m zodpovedaju litologickému opisu bretcianskych
vrstiev lu¢enského suvrstvia (Vass, 2002; pozri obr. 3).
V najvrchnejSej ¢asti (405 — 680 m) sa nachadzaju
silty filakovského suvrstvia. Kova¢ova a MataSovsky
(2005) zo zistenych asociacii bentickych foraminifer ako
Uvigerina popescui (R6GL), Uvigerina posthantkeni PApP,
Globigerina ottnangiensis (ROGL), Fontbotia wuellerstorfi
(ScHWAGER), Cyclammina praecancellata VOLOSHINOVA,
Cibicidoides ungerianus filicosta (HAGN), Cbs. ornatus
(CicHA et ZapLET.), Cbs. budayi (CICHA et ZAPLET.),
Budashevaella wilsoni (SmITH), Bolivina beyrichi carinata
HANTKEN, ktoré sa priebezne vyskytuju v celom useku,
usudzuju, ze sedimentacia prebiehala v obdobi nie
mladSom ani starSom ako egenburg (nanoplankténova
zéna NN2 Discoaster druggi v zmysle Martiniho, 1971).

< Obr. 4. Paleogeograficka mapa egeru (Vass a Elecko et al., 1989).

Litostratigrafické jednotky a rozSirenie stupna eger
vo vrtoch Rimavskej kotliny

Chronostratigraficky stupen eger v zmysle regionalneho
¢lenenia neogénu centralnej Paratetydy (Baldi a Sene$§ —
eds., 1975), v minulosti ozna¢ovany ako chat, chat—akvitan
¢i akvitan, je rozSireny na celom uzemi Rimavskej kotliny
(obr. 4) a smerom na S prekracuje rozSirenie kiscelu. Aj
hrubka egeru je vacsia, presahuje 1 000 m (Vass a Elecko
— eds., 1989). V egeri vyvrcholila transgresia a intenzita
subsidencie v Rimavskej kotline, ale aj v Ipelskej kotline
(Vass et al., 1979) a v celej panve budinskeho paleogénu
(Vass, 1981).

Najvacsia hrubka egeru v juznej ¢asti Uzemia na zaklade
geofyzikalnych udajov sa odhaduje na 1 100 m. Najvacsia
prevftana hrubka egeru je vo vrte FV-1 (Blhovce; obr. 5
a 10), asi 700 m. V juhovychodnej ¢asti uzemia bol eger
preniknuty vrtmi C-2 (590 m) a C-1 (429,0 m; Cilek, 1954;
obr. 5 a 10). Vo vychodnej Casti Safarikovskej elevacie je
hrubka egeru mensia (od 100 do 200 m) a opéat sa zvacSuje
v oblasti kalo$skej poklesnutej kryhy (asi 400,0 m). Smerom
na sever sa hrubka egeru zmenSuje (pozri obr. 4).

Egerské sedimenty lezia konkordantne na kiSceli
a v prevaznej Casti kotliny sa postupne vyvijaju zo sedi-
mentov Cizskeho suvrstvia (obr. 3). Iba v s. Casti kotliny je
medzi kiScelom a egerom ostra litologicka a transgresivna
hranica. V najsevernejSej Casti kotliny a na Safarikovskej
elevacii lezi eger transgresivne a diskordantne na horni-
nach predterciérneho podlozia, prevazne na karbonatoch
silicika. Dnesny s. okraj rozSirenia egeru prebieha s. od
Lukovistcez Slizké, j. od Brusnika, j. od Strelnice, cez Bretku
a Bohunovo k Statnym hraniciam s Madarskom. Na roz-
diel od sedimentov kiScelu, sedimenty egeru vystupuju
na povrch, a to najma v strednej, jv. a s. ¢asti kotliny.
V severozapadnej Casti ich prekryvaju vulkanoklastika
badenu az sarmatu a v sv. Casti sedimenty pontu
(poltarske suvrstvie). V oblasti Cerovej vrchoviny (zhruba
juzne od spojnice obci Simonovce — Jesenské — Hodejov)
su zakryté sedimentmi egenburgu. Na celom uzemi kotliny
eger nepravidelne prekryvaju sedimenty kvartéru (terasy,
porie€ne nivy, eluvia a deldvia).

Litoldgia, stratigrafia a facialny vyvoj

Egerv Rimavskej kotline predstavuje lu¢enské suvrstvie
(obr. 3). Jeho hlavnou litologickou naplfou su sedimenty
Slirového charakteru. Ako nizSie litostratigrafické jednotky
boli v suvrstvi vyélenené bazalne a okrajové litofacie
Specialneho litologického charakteru: panické vrstvy,
budikovianske vrstvy a bretianske vrstvy (Vass, 2002;
Vass, Elecko et al., 1989; obr. 3).

Fig. 4. Paleogeographic map of Egerian (Vass and Elecko et al., 1989).
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DV-1 57 212,6 213,3 228 228 Eletko et al., 1975
DV-3 106 118 Eletko et al., 1975
DV-4 118 Eletko et al., 1975
V3-1 22 23 Gregor, 1970
R-2 23,3 24 32,6 33 Orvan, 1981
R-3 98 99,3 117| 120,86 Orvan, 1981
VSH-10 11 11,5 GUDS Bratislava
HM-5 155 Suba, 1973
R-1 229 ? 250 ? Orvan, 1981
EUP-1 194 194,3 205 241,1 Vass etal, 1978a
EUP-2 198.9 2439 Vass etal, 1978a
EUP-3 75,7 76,1 827 87,2 Vass etal, 1978a
EVB-1 140,2 141,3 Vass etal, 1978a
RK-2 78,5 91,9 98,2 103 113,8 Vass et al., 1966
ERn-1 170 Vass et al., 1966
ERt-1 > 350,0 Vass etal, 1978a
ERt-2 = 150,0 Vass etal, 1979
VNP-2 > 165,0 Eletko a Prista¥, 1977
VNP-1 32,5 141,8 Eletko a Prista$, 1977
VCH-1 230 262 303,5 Eletko a Prista$, 1977
VCH-2 =277,5 Eletko a Pnstad, 1977
C-1 418 430 Homola, 1953
C-2 591 807 818 Homola, 1953
BC-2 ? 680,07 IGHP Bratislava
S-1 ? ? MAFI Budapest’
EH-1 160 Prista¥ et al., 1980
EH-2 150 162 Prista¥ et al., 1980
VRS-1 >301,0 Vass a Pristag, 1976
VRS-2 >300,0 Vass a Prista¥, 1976
FV-1 106,5| 810,8 1057 1058 Vass et al., 1988
JH-1 144 153,2 171| 174,7| 2073 Vass et al., 1982
PR-8 31 135 139 Abonyietal, 1972
652 228 235 UP Spifska Nova Ves
PR-12 Abonyi et al., 1972
PR-13 25 30 Abonyi et al., 1972
LR-4 245.,6 251 267 Geol. prieskum RoZfava
LR-5 471 499 510 512 537 621|Geol. prieskum Ro#Hiava
LR-6 ? 7?2070 208.,5 Geol. prieskum RoZfiava
LR-7 273.8 2744 3714 375 Geol. prieskum RoHiava
LR-8 2914| 216,7| 219,5 Geol. prieskum RoZfiava
LR-9 630,07 Geol. prieskum RoZfiava
BC-3 350,5 351 IGHP Bratislava

Obr. 5. Prehladna tabulka hrubky suvrstvi vo vybranych vrtoch Rimavskej kotliny (Vass a Elecko et al., 1989).

Fig. 5. Thickness of formations in selected boreholes in the Rimavska kotlina Basin (Vass and Elecko et al., 1989).
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Panické vrstvy. — Predstavuju bazalnu litostratigraficku
jednotku lu¢enského suvrstvia, ktora vertikalne prechadza
do siltovcov szécsénskeho Sliru a s€asti lateralne do budi-
kovianskych vrstiev. Nevystupuju nikde na povrch, ale zistili
sa vo vrtoch v severnej €asti kotliny (napr. DV-1, R-2 a R-3
pri Gemerskej Panici, EUP-1 v. od Velkého Blhu, EUP-3
pri Rasici, RK-2 pri HostiSovciach, EVB-1 pri Papci, 652
pri Velkych Teriakovciach a PR-8 pri Hrachove) (obr. 4).
Smerom do panvy sa tieto vrstvy asi vyklinuju, pretoze sa
nezistili vo vrte C-2 pri Cizi ani vo vrte FV-1 pri Blhovciach.
Panické vrstvy lezia zvaéSa na kisceli. Pri Velkych
Teriakovciach, Hrachove a Papdi lezia na predterciérnych
horninach. Ich nadlozim su siltovce lu€enského suvrstvia.
Hrubka vrstiev je mala. Kolise od 0,3 do 7,0 m. Panické
vrstvy pozostavaju z hrubych klastik — zlepencov a brekcii,
resp. pieskovcov. Brekcie reprezentuju panické vrstvy vo
vrtoch DV-1 a R-3 v okoli Gemerskej Panice. Pozostavaju
z drobnych az hrubych ulomkov (do 7 cm) zelenych,
tmavozelenych az Ciernych bridlic a z ulomkov ¢ervenych
pieskovcov a vapencov. Zakladna hmota je aleuriticko-
-piescita, tmavo sfarbena organickymi latkami. V hornine
su neidentifikovatelné ulomky makrofauny a zrna
pripominajuce koprolity (Markova, 1974). Bazalna brekcia
vo vrte EVB-1 (Pap¢a) pozostava z ostrohrannych ulomkov
vapencov stmelenych sivozelenou piescito-ilovitou hmotou.
V brekcii sa nasli velké foraminifery. Zlepence tvoria
spodnu Cast, resp. cely profil panickych vrstiev vo vrtoch
RK-2 (HostiSovce), EUP-1 (Velky Blh) a EUP-3 (Rasice).

Vo vrte RK-2 su drobnozrnné polymiktné zlepence
s prevahou kremitych, resp. rohovcovych obliakov. Tmel
je hrdzavohnedy, piescito-vapnity. Prechadzaju do
rozpadavych hrubozrnnych pieskovcov s ojedinelymi
obliakmi. Obsahuju fragmenty morskych mékkySov spolu
s fragmentmi pripominajicimi rod Pecten, resp. Chlamys.

Vo vrtoch EUP-1 a EUP-3 maju zlepence oligomiktny
charakter s prevahou obliakov karbonatov (krysStalické
vapence, dolomity) a kremena. V men§om mnozstve su
zastupené obliaky silicitov a fylitov. Obliaky dosahuju
velkost 3 cm. Pieskovce sa postupne vyvijaju z bazalnych
zlepencov (vrt RK-2). Su sivej az sivohnedej farby.
V pieskoch sa nasla morskd makrofauna (Chlamys
sp.). V panickych vrstvach su zvysky morskych
organizmov velmi zriedkavé. Najvyznamnejsi nalez, velké
foraminifery, pochadza z vrtu EVB-1 pri Papci: Operculina
complanata complanata, Heterostegina sp., Miogypsina
(Miogypsinoides) formosensis, Amphistegina sp.,
Lepidocyclina (Nephrolepidina) morgani a Lepidocyclina
dilatata (Vanova in Steininger et al., 1975). Nélez druhu
Miogypsina formosensis opravhuje zaradit panické
vrstvy do spodného egeru. Pozicia panickych vrstiev vo
vrte DV-1 v podlozi lu€enského suvrstvia, ktoré obsahuje
mikrofloristické spolo¢enstva spodného egeru (Snopkova,
1975, 1978), podporuje ich korelaciu so spodnym egerom.
Panické vrstvy nie su ekvivalentom bret€ianskych
vrstiev, ktoré obsahuju mladSie nez spodnoegerské
organizmy. Panické vrstvy su v8ak ¢asovym ekvivalentom
budikovianskych vrstiev.

Budikovianske vrstvy. — Predstavuju bazalnu a okrajovu

litostratigraficku jednotku lu¢enského suvrstvia. Lezia bud

priamo na predterciérnom podlozi (v okoli Budikovian),
alebo na panickych vrstvach (vrt RK-2 pri HostiSovciach).
Predpoklada sa, ze budikovianske vrstvy vystupuju aj
v niektorych povrchovych lokalitdch v oblasti HruSova,
HostiSoviec, SkereSova a juzne od Hru$ova-Ostrian.
Vychodnejsie od spominanych obci nie je ich pritomnost
uz ista, lebo v podobnej litofacii vystupuju aj bretianske
vrstvy. Smerom do panvy sa tieto vrstvy vyklinuju, resp.
sa lateralne zastupuju so siltovcami szécsénskeho $liru.
Vo vrte RK-2 pri HostiSovciach tvoria budikovianske
vrstvy polohu hrubd 16,4 m. Na baze tejto polohy je asi
15-centimetrova vrstvika litotamniovo-foraminiferového
sliefovca a hlavnu masu tvoria organodetritické
piescité vapence sivej, miestami hnedej farby s hojnymi
foraminiferami, litotamniami a opracovanymi zrnkami
vapenca. Vapence obsahuju mnozstvo ulomkov morskej
makrofauny, ako aj velké foraminifery.

Severne od SkereSova pri samote Papkut opisala
Markova (1967) ulomkovité vapence mikrozlepencovej
Struktury. Zakladna hmota ma organodetriticku Struktaru
s bohatym vyskytom schranok velkych foraminifer rodov
Operculina a Heterostegina, Lepidocyclina, ako aj drobné
foraminifery nad¢elade Miliolidae.

Budikovianske vrstvy tvoria pravdepodobne bazu
egeru aj vo vrte C-1 pri Cakove. Z utrzkovitej prvotnej
dokumentécie tohto vrtu je zrejmé, ze na baze egeru
lezia organodetritické vapence, pripadne aj zlepence
alebo kalkarenity (Cilek, 1954). Budikovianske vrstvy su
bohatSie na nalezy zvySkov morskych organizmov. Pri
Budikovanoch a HostiSovciach sa na$la fauna velkych
foraminifer: Amphistegina sp., Heterostegina sp., Oper-
culina complanata, Lepidocydina (Nephroolepidina)
morgani, Lepidocydina (Eulepidoina) dilatata a Miogypsina
(Miogypsinoides) formosensis. Nasli sa tam aj fragmenty
pekténov a ostrei, krinoidov a bryozoi (Varnova in Steininger
et al., 1975). Z uvedenych organickych zvySkov ma pri
posudeni biostratigrafickej pozicie budikovianskych vrstiev
najvacsi vyznam nalez druhu Miogypsina formosensis,
ktory je hlavnou formou najvrchnejSieho oligocénu, t. j.
spodného egeru. Nepritomnost mladsSich, evoluénych
foriem tohto rodu biostratigraficky odliSuje budikovianske
vrstvy, ale aj panické vrstvy od bretCianskych vrstiev.
V pripade budikovianskych vrstiev na to poukazal uz Sene$
(in Steininger et al., 1975).

BretCianske vrstvy. — Predstavuju okrajovu litostrati-
graficku jednotku lu€¢enského suvrstvia. Laterdlne aj
vertikalne prechadzaju do szécsénskeho Sliru (obr. 3).
Sene$ (in Baldi a Sene$§ — eds., 1975) ich opisal ako
»formaciu Bretka® Vrstvy lezia na predterciérnom podlozi
a v ich nadlozi sa nachadzaju sliry lu¢enského suvrstvia.
Ich pozicia je zdanlivo zhodna s poziciou panickych
a budikovianskych vrstiev. S budikovianskymi vrstvami
maju aj znaénu litologickd zhodu. Pritomnost mladsSich
velkych foraminifer vSak poukazuje na vrchnoegersky vek
bretéianskych vrstiev, zatial ¢o budikovianske a panické
vrstvy zaraduju Vass a Elecko et al. (1989) do spodného
egeru. To si vyziadalo nutnost vyc€lenit bretianske vrstvy
ako samostatnu litostratigraficki jednotku (Vass, 2002;
obr. 3).
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BretCianske vrstvy su rozSirené v okoli Bretky, kde
vystupuju na povrch a boli preniknuté v niekolkych vrtoch.
Zname su aj z povrchovych lokalit v okoli Coltova, v udoli
potoka Cinéa, vychodne od Starne a z. od Panskej
Pustatiny. Ich ekvivalentom su pravdepodobne klastika
a organodetritické vapence zistené vo vrte RH-1 v Tornali
(predtym Safarikovo) a vo vrte VSH-10 pri Stranskej.
Hrubka bretéianskych vrstiev koliSe od 0,5 do 30 m.
Hlavnymi litotypmi, ktoré su zastupené vo vrstvach, su
detritické a organodetritické vapence, zlepence a brekcie.

Vrstvy obsahuju zvy$8ky mikro- aj makroorganizmov
(¢lanky echinodermat, ulomky mékkySov, machoviek
a brachiopddov). Spolo¢enstva makrofauny z okolia obce
Bretka opisala Vanova (1959): Chlamys rotundata, Ch.
martelli, Ch. oblitaguensis, Ch. decussata, Flabellipecten
carryensis, Ostrea (Pycnodonta) callifera, Terebratula
hoernesi a Balanus concavus.

Z udolia potoka Cinéa a z lokality s. od Panskej Pustatiny
boli okrem uvedenych druhov opisané aj Terebratula ex
gr. sciillae-ampulla, T. hoernesi a Chlamys bifida. Velké
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Obr. 6. Chronostratigraficka Skala paleogénu a neogénu (Cicha et al., 1998).

Fig. 6. Chronostratigraphic scale of Paleogene and Neogene (Cicha et al., 1998).
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foraminifery z bretCianskych vrstiev spracovali Papp
(1960) a Varnova (in Baldi a Senes — eds., 1975). V typickej
lokalite Bretka na$li: Lepidocyclina (Nephrolepidina)
morgani a Miogypsina (Miogypsina) gunteri. Z lokality
Panska Pustatina opisal Papp (in Vanova, 1959) druhy
Miogypsina tani a M. gunteri. Na zaklade pritomnosti
druhov Miogypsina gunteri a M. tani, ako aj druhu
Flabellipecten carryensis koreluju Vass a Elecko et al.
(1989) tieto vrstvy s vrchnym egerom, t. j. s najspodnej$im
miocénom a nepriamo so zénou planktonickych foraminifer
N 4, resp. s nanoplankténovou zénou NN 1 (Cicha et al.,
1998; obr. 6). Problematicka sa javi korelacia detritickych
a organodetritickych hornin, ktoré vystupuju na povrch
v okoli Strelnice, v Banskej doline sz. od Chvalovej
a v oblasti Spanieho Pola a Brusnika. Vzhladom na
nedostatok jednoznacnych biostratigrafickych kritérii
ich mozno korelovat na zaklade litologickej podobnosti
a pozicie v nadlozi predterciérnych hornin jednak
s bretéianskymi vrstvami, jednak s budikovianskymi, resp.
panickymi vrstvami. Zlepence, resp. ulomkovité vapence
zlepencovitej Struktury sz. od vapenky v Banskej doline
pri obci Chvalova opisala Markova (1967). Lezia v nadlozi
triasovych vapencov. Obliakovy material obsahuje okrem
triasovych vapencov aj obliaky jurskych hornin (piescité
a krinoidové vapence liasu, foraminiferové vapence malmu).

Z lokalit v okoli Spanieho Pola a Strelnice opisala
Vanova (1959) z organodetritickych vapencov méakkyse:
Chlamys (Aequipecten) ex gr. eoelegans, Ch. bifida, Ch.
pictus, Ch. decussata, Pecten fuchsi, Pitar (Paradione)
splendida, P. (Anniontis) crassata incrassata, Cardium
thunense, Terebratula hoernesi, T sinuosa pedemontana
ai.

Ani v jednej lokalite sa v ramci ,velkych“ foraminifer
nenasiel druh z fylogenetického radu Miogypsina, ktory
by umoznil jednoznac¢ne zaradit dané sedimenty do
spodného alebo vrchného egeru, teda k budikovianskym
alebo k bret¢ianskym vrstvam.

V Slirovych sedimentoch lu¢enského suvrstvia sa
nachadzaju bohaté spolo¢enstva morskej fauny, vapnitého
nanoplankténu a sporomorf. Z bohatych spoloenstiev
uvadzame len formy dolezité z biostratigrafického hladiska.
Z foraminifer su pre eger juzného Slovenska typické
Lenticulina moravica a planktonické druhy Globigerina
ouachitaensis a G.ciperoensis.V spodnej ¢asti lu¢enského
suvrstvia sa naSiel indexovy druh Standardnej planktonickej
z6ny P 21/22 Globigerina opima opima (Kantorova, 1975,
1977, 1978a, b; obr. 6).

Z makkySov je biostratigraficky vyznamna forma
Captonectes decussatus, opisana z egeru. Druhy Yoldia
longa, Turrilella vermicularis, Brissopsis ottnangensis,
Lucina submichelotti, Codokia haidengeri a Ficus
conditus boli opisané zo spodného miocénu, teda aj
z egeru. Zaujimava je pritomnost mladsSich druhov, a to
Clio triplicata, ktory bol dosial opisany zo sedimentov
nie starSich ako egenburg, a druh Laternula fuchsi, opisany
zo sedimentov otnangu a karpatu (OndrejiCkova, 1977).

Spoloenstva nanofléory neobsahuju indexové
formy Standardnych nanoplanktonickych zén, no podla
druhov, ktoré zvycCajne sprevadzaju indexové formy

nanoplanktonickych zon NP 24, NP 25 a NN 1 (Lehotayova,
1977), Vass a Elecko et al. (1989) usudzuju, ze lu¢enské
suvrstvie je ¢asovym ekvivalentom vrchnej Casti zony
NP 24, zény NP 25 a NN 1 (obr. 6).

Pelové spektra podla Snopkovej (1975, 1978) a Plande-
rovej (1966) maju oligocénno-miocénny charakter, ktory im
okrem iného prisudzuje vysoké percentualne zastupenie
rodu Engelhardtia. Na egersky vek poukazuje pritomnost
druhu Cicatricosisporites dorogensis, znameho najma
zo starSieho oligocénu, ale aj z egeru, a druhu Boehlen-
sipolis cf. hohli, ktory je ur€ujucou formou pre stredny
a vrchny oligocén.

Metodika

Foraminifery sme ziskali z vyplachu beznym labo-
ratérnym postupom, teda plavenim cez mlynarsky
hodvab a separaciou vyplavu. V snahe ziskat ¢o najviac
informacii a detailov sa odber vzoriek podla potreby
zahustoval a rovnako sme robili dodatoénu separaciu.
Na ilustraciu sme par exemplarov nasnimali riadkovacim
elektrénovym mikroskopom JSM Jeol-840 (pozri foto-
tabulky).

Biostratigrafické zhodnotenie vrtu

Pri biostratigrafickom zhodnoteni vzoriek treba mat
na zreteli, ze ide o asocidcie foraminifer z vyplachu vrtu,
kde obsah mdze byt kontaminovany a tym moézu byt
vysledky skreslené. Ku skresleniu vysledkov mbze prispiet
aj to, ze odber vzoriek sa uskutoénil z priehradiek, kde
v jednej priehradke je ulozeny obsah z 5 m vrtu. Rovnako
hranica oddelenia, teda paleogénu a neogénu, je vedena
jednym stratigrafickym stupfiom, egerom (obr. 6). Prakticky
neexistuju indexové fosilie, ktoré by striktne ohranicili tento
stupen alebo jeho ¢ast. Tato skuto¢nost ma znaény vplyv
na zaradenie vzoriek z vrtu FGRk-1. Ziskané spolo¢enstva
su sice pomerne druhovo bohaté (tab. 1), aj ked miestami
velmi drobné a mechanicky poskodené, ale je tu absencia
veducich foriem, ktoré by sa vyskytovali iba v jednom
stratigrafickom stupni, teda by neboli priebezné.

Zo Studovanych usekov vrtu FGRk-1 (15 — 625 m) bolo
determinovanych 157 taxdénov foraminifer egeru, kiScelu
aj starsich, najma eocénne, ale nie indexové. Vyluéne
mladSie taxdny sa nezistili. Pri stratigrafickom zaradeni
sedimentov sme sa opierali o spodné a vrchné hranice
vyskytov pritomnych foriem a brali sme do Uvahy moznu
redepoziciu. V zmysle ¢lenenia suvrstvi podla Kantorovej
(1978a) vo vrte FV-1 Blhovce na zaklade foraminifer
(blizSie pozri kapitolu Korelacia s okolitymi vrtmi) je v nami
Studovanom useku vrtu FGRk-1 zastupené len jediné
suUvrstvie, a to B patriace k egeru. Vo vrte FV-1 Blhovce
je to rozpétie zhruba 115 — 715 m.

Na zaklade spodnej hranice vyskytu druhov v CP
Hansenisca soldanii (ORB.), Lenticulina melvilli (CUSHM.-
-ReENz), Haplophragmoides vasiceki vasiceki C.-Z.,
Lenticulina vortex (F.-M.) (tab. 1) a druhu Nodogerina?
ortenburgensis (REISER) vyskytujuceho sa len v egeri
stanovujeme v hibke 15 — 250 m preukézatelne eger.
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V spolo¢enstvach ma prevahu vapnity bentos nad plankté-
nom a aglutinanciami. Stopercentné zastupenie dosahuje
vapnity bentos len v hibke 320 m. Vy$si percentudlny
obsah maju aglutinované foraminifery v hibke 75 m
(40 %), 145 m (38 %), 415 m (33 %) a 550 m (33 %).
Nizka pritomnost planktonu sved¢i o zlej komunikacii
s otvorenym morom, v niektorych usekoch planktén uplne
absentuje [180, 200, 225, 250, 320 (tu aj aglutinancie)].
V hibke 345, 360, 370, 470, 585, 600, 610 a 620 m
dosahuje planktén viac ako 20-percentné zastupenie.
Posledné 3 urovne st bez mikrofauny, s vynimkou hibky
625 m, kde sa zaznamenal jediny priebezny taxén [Nonion
commune (ORB.)]. Stav zachovania mikrofosilii, ako aj ich
velkostné parametre naznacuju mozné redepozity. Prva
zmena mikrofauny nastava v hibke 295 m. Vo velmi drobnej
asociacii foraminifer sa okrem priebeznych foriem objavuje
Reusella oberburgensis (FREYER) s vrchnou hranicou
vyskytu v CP v kidceli. V hibke 345 m je Bolivina cf. dilalata
Rss. so spodnou hranicou vyskytu eger, suc¢asne vSak
je pritomna Angulogerina muralis (TERQUEM) vyskytujuca
sa len v kisceli. V hibke 360 (podiel plankténu 32 %) az
415 m okrem foriem priebeznejSich od eocénu su zastu-
pené vrchnokisScelské az egerské formy, napr. Globigerina
ciperoensis BoLLl, Uvigerina hantkeni CUSHMAN et EDWARDS,
Reticulophragmium aff. amplectens (GRzYBOWSKI)...
(tab. 1).V hibke 445 m sa v takychto asociaciach vyskytuje
kiScelska forma Angulogerina muralis (TERQUEM). V hibke
470 m sa vo vacSom pocte objavuje planktonicka zlozka
(29 %). V priebeznej mikrofaune sa vyskytuje Subbotina
aff. tapuriensis BLow et BANNER s vrchnou hranicou vyskytu
kiscel. V hibke 490 m obsah plankténu klesa na 8 %
a objavuje sa kriedovo-paleogénna primitivna foraminifera
Rhabdammina discreta BRADY a Reusella oberburgensis
(FReveR) vyskytujlca sa po kiscel. V hibke 505 m pribtda
pocet taxdnov vyskytujucich sa po kiscel [napr. Subbotina
tapuriensis BLow et BANNER, Gyroidinoides altiformis
(R. E. et K. C. STEWART), Bolivina semistriata nobilis
HANTKEN] a zvySuje sa aj percentualny podiel plankténu
az do hibky 620 m, s vynimkou hibky 550 m, kde zrejme
ekologické podmienky pref neboli priaznivé. V hibke
585 m okrem vymenovanych taxénov vyskytujucich sa
po kiScel sa zistila aj Cribroparella pteromphalia (GUEMBEL),
Subbotina aff. galavisi BERMUDEZ a Subbotina cf. pseudo-
eoceana (SUBBOTINA), ktora sa nachadza az do hibky
620 m. Stdasne sa v hibke 585 m objavuju aj starsie
taxény nez kiScelské, pravdepodobne redeponované, ako
napriklad senénsko-eocénny Haplophragmoides walteri
(GRrzys.). Hibku 610 m charakterizuje najvacsi podet foriem
nastupujucich v kiSceli: Uvigerina hantkeni CUSHMAN et
EpbwaRDs, Almaena osnabrugensis (ROEMER), Fursenkoina
acuta (ORs.), Tenuitellinata angustiumbilicata (BoLLl),
Globigerina ciperoensis BoLLl, Paragloborotalia opima
opima (BoLLl), Heterolepa dutemplei (ORB.), Bolivina
oligocaenica (SPANDEL), Sphaeroidina bulloides ORB.,
Bulimina coprolithoides ANDREAE, Globigerina wagneri
ROGL a Amphicoryna scalaris (BATSCH). Ostatné pritomné
formy sa objavuju uz v eocéne, pripadne aj pred nim.
Zaujimavy je vyskyt planktonickej formy Cassigerinella
boudecensis PokORNY a bentickej formy Bolivina antiqua

(ORB.) v hibke 620 m, ktoré sa v panvach CP vyskytuju od
egeru. Hibka 625 — 650 m bola pre Zivot mikroorganizmov
nepriazniva.

K najviac frekventovanym taxénom patria Perculta-
zonaria fragaria (GUMBEL) a Heterolepa dutemplei (ORB.).
V terciéri CP su rozSirené priebezne. NajlepSie vyvinuté
exemplare su zname zo sublitoralu.

Melonis pompilioides (F.-M.) charakterizuje velku hibku
véd. Phleger (1960) udava 1 000 az 3 000 m.

V pripade druhu Sphaeroidina bulloides ORB.
predpoklada Phleger (I. c.) hibku vody viac ako 100 m.

Pokial ide o druh Uvigerina hantkeni CUSHMAN et
EbwaRDs, podla Poaga (1981) sa uvigeriny povazuju za
Casté formy hibSieho neritika a vrchného batyalu.

K sprievodnym organizmom foraminifer patria ostne
jezoviek, rozsievky, ihlice hub, jadra ostrakéd, bryozoa
a rybie zubky. Pritomnost pyritu sved¢i o redukénom
prostredi. Sedimentacia prebiehala v normalne morskom,
pomerne plytkom sublitoralnom az neritickom prostredi.
V celom rozsahu vrtu su zastupené euryoxibiontné formy
ako rody Bulimina, Praeglobobulimina, Bolivina, ale najma
Uvigerina.

Na zaklade uvedenych poznatkov mézeme Studované
Useky vrtu FGRk-1 (15 — 625 m) zaradit do egeru, do hibky
587,4 m. Podla Elec¢ka (in Marcin et al., 2009) litologicky
prislichaju k szécsénskemu $liru, nizSie k ekvivalentom
budikovianskych a panickych vrstiev (obr. 3).

Korelacia s okolitymi vrtmi
Pri korelacii s okolitymi vrtmi nie je mozné opriet sa

prakticky o ni¢. Jednak ide zvacsa o plytké jadrové vrty,
ktoré nedosahuju hlbku vrtu FGRk-1, s vynimkou vrtov
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Obr. 7. Orientacna mapka lokalizacie korelovanych vrtov
s FGRk-1 (Vass a Ele¢ko — eds., 1989).

Fig. 7. Schematic map of location of boreholes correlated with
FGRk-1 (Vass and Elec¢ko — eds., 1989).
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LR-9 (Chanava, 650 m), C-1 (Cakov, 441 m), C-2 (Ciz,
8375 m), BC-3 (Cakov, 874 m) (obr. 7 — 10), jednak
mikrofauna, ktoru z nich uvadzaju rézni Specialisti, je len
priebezna, bez indexovych fosilii.

Slavikova (1953) pri vyhodnoteni vrtu C-1 Cakov (obr.
8; celkova hibka 441 m) mala k dispozicii 11 jadier z hibky
od 130 do 402 m. Skoda v8ak, ze pri jednotlivych jadrach
neuvadza aj hibku. Vo foraminiferovych asociaciach, pri
ktorych nevieme, na zaklade ktorych druhov su zaradené
do egeru, pretoze su determinované priebezne, je menej
Casta frekvencia druhov Heterolepa dutemplei (ORB.)
a Percultazonaria fragaria (GUMBEL). Tie sU vo vrte
FGRk-1 takmer v kazdej vzorke z hibky 15 — 620 m
(tab. 1). Uvigerina farinosa HANTK., o ktoru sa po prvykrat
opiera v jadre €. 4, je tiez priebezna forma od spodného
kiScelu po egenburg. Vo vrte FGRk-1 sa uvigeriny objavuju
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uz v prvej vzorke, v hibke 15 m, az po 620 m. Podobne
je to aj s ostatnymi taxdénmi, ktoré uvadza. NavySe,
v jadrach €. 2, 5, 6, 7,9, 10 a 11 ako velmi hojnu formu
udava planktonicku globigerinu G. bulloides ORs., ktora
je v panvach centralnej Paratetydy znama od karpatu
po kosov (Cicha et al., 1998). V zavere spravy vsak
Slavikova (l. c.) konstatuje, ze vzorky obsahovali formy,
z ktorych vacsina prechadza do miocénu, niektoré su
oligocénne a typické kiScelské chybaju.

Podobné nezrovnalosti sa vyskytli aj pri mikro-
faunistickom spracuvani vzoriek z vrtu LR-9 (Chanava,
obr.7) vr.1986 (in Klubert et al., 1986).Vzorky z hibky 100,3
az 633,6 m, ktoré Studovala Kantorova a laboratérne boli
spracované v mikropaleontologickom laboratériu GP (vrt
realizoval GP SpiSsk& Nova Ves), su len vo fragmentovom
stave a nemaju stratigraficki hodnotu.
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Sutovska, vtedy ako posluchadka Prirodovedecke;
fakulty KU v Prahe, si zrejme vzorky plavila sama, kedze
opisuje mikrofaunu. Vrt vzorkovala kazdych 50 m. Do hibky
610 m stanovila eger, v hibke 630 — 650 m na zaklade
celkového charakteru spolo¢enstva kiscel, pricom vSak
podotyka, Ze sa v celom vrte nevyskytuju ziadne veduce
skameneniny, ani bentos, ani plankton. Fauna foraminifer
je takmer identicka s vrtom FGRk-1, ktory je v8ak
kvantitativne bohatsi a druhovo pestrejsi. Vo vrte LR-9 je
pozoruhodny vzacny vyskyt uvigerin, a to az v poslednej
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Obr. 9. Profil vrtu FV-1 Blhovce (Vass a Ele¢ko — eds., 1989).

Fig. 9. Profile of the borehole FV-1 Blhovce (Vass and Elecko
— eds., 1989).

vrtlokalita | egenburg (u) | eger{m} kigcel (m) cellcova hibka vrtu
C-1 Cakow 427 - 441
c2Ci 591 277 837.5
EC-3 Caleov 331 _ 574
LE-9 Chanava £30 =20 550
Fi/-1 Blhovee 106,5 310,8 10572 2000,5

Obr. 10. Prehlad hrubky suvrstvi okolitych vrtov.

Fig. 10. Review of the thicknesses of formations of surrounding
boreholes.
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vzorke z hibky 650 m. Vo vrte FGRk-1 st v celom nami
§tudovanom rozsahu (tab. 1). V hibke 600 m Sutovska
(in Klubert et al., 1986) udava druh Fontbotia (Planulina)
wuellerstorfi (SCHWAGER), ktorého prvy vyskyt v panvach
centralnej Paratetydy je zaznamenany az od egenburgu
(Cicha et al., 1998). Druh Bolivina oligocaenica (SPANDEL),
vyskytujuci sa v CP vo vrchnom kiSceli az egeri, urcila
v hibke 200, 300, 350, 400 a 450 m, vo vrte FGRk-1 sme
ho po prvykrat urdili v hibke 610 m.

Mikrofaunistické vyhodnotenia vrtu C-2 (Ciz, obr. 7
a 8) sa nam nepodarilo ziskat. Homola (1953) vyslovil
domnienku, ze vo vrte C-2 vrchna hranica rupelu, dne$ného
kiscelu, je v hibke okolo 690 m. Slavikova (in Homola, I. c.)
na zaklade mikrofauny interpretovala tuto hranicu v hibke
724 m.

V plytsich vrtoch VCH-1 (vyhibeny do 250,1 m)
a VCH-2 (vyhibeny do 271,1 m) v okoli Chanavy Kantorova
(1977) urgila do uvedenej hibky eger, ale vo vrte VCH-1
v hibke 230 —230,1 m na$la vraj redepozicie eocénu. Formy
zZijuce od eocénu su vo vrte FGRk-1 zastupené priebezne.
Prvé nélezy su uz v prvej vzorke, teda v hibke 15 m, napr.
Nonion commune (ORs.), ktory sa vyskytuje rovnako ako
jediny najdeny druh v poslednej vzorke z hibky 625 m.

V ramci korelacie vrtu FGRk-1 s hlbSimi vrtmi
v Rimavskej kotline sme si vybrali vzdialenejsi vrt
FV-1 Blhovce vyhibeny do hibky 2 000,5 m (obr. 4, 9 — 10).
Kantorova (1978a) v nom na zaklade foraminifer vyclenila
4 suvrstvia:

A) NajstarsSie, terciérne suvrstvie (850 — 1 055 m).
— Predstavuju ho sivé slienité silty az bridlicnaté siltovce.
Zastupuje ich: Sphaeroidina austriaca, Uvigerina
hantkeni, Planulina ungeriana, P. wuellerstorfi; z nodosarii:
Lenticulina limbosa, L. orbicularis a L. mamilligera.
Planktonicka zlozka je scasti alebo aj Uplne zachovana
iba v podobe kyzovych jadier. V tomto suvrstvi nenasla

TAB. I. 1, 9 — Semivulvulina deperdita (ORB.); 2 — Percultazonaria
fragaria (GUMBEL); 3 — Guttulina communis (ORB.); 4 — Bolivina
crenulata CusHMmAN; 5, 6 — Heterolepa dutemplei (ORB.);
7 — Ammodiscus miocenicus KARRER; 8 — Sphaeroidina bulloides
ORB.

TAB. Il. 1 — Martinottiella communis (ORB.); 2 — Haplophragmoides
vasiceki vasiceki C.-Z.; 3 — Reticulophragmium rotundidorsatum
(HANTK.); 4 — Semivulvulina pectinata (Rss.); 5, 6 — Percultazonaria
fragaria (GUMBEL); 7 — 9 — Uvigerina moravia BOERSMA.

TAB. Ill. 1 — Reticulophragmium acutidorsatum (HANTK.);
2 — Guttulina communis (ORB.); 3 — Heterolepa costata FRANZENAU;
4 — Bolivina sp.; 5 — Bolivina trunensis HoFMANN; 6 — Bolivina cf.
dilalata Rss.; 7 — Globigerina ciperoensis BoLri; 8, 9 — Globigerina
wagneri ROGL.

TAB. IV. 1 — Siphonina reticulata (CzJz.); 2, 8 — Uvigerina hantkeni
CusHMAN et EDWARDS; 3 — Almaena osnabrugensis (ROEMER);
4 — Fursenkoina acuta (ORrB.); 5 — Globigerina praebulloides
leroyi BLow et BANNER; 6 — Tenuitellinata angustiumbilicata (BoLL);
7 — Globigerina ciperoensis BoLLl; 9 — Bolivina crenulata CUSHMAN;
10 — Globigerina ouachitaensis HOWE et WALLACE.

> >
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druhy Heterolepa dutemplei a Tritaxia szaboi. Druhy z nich
povazuje za veducu formu vrchného eocénu az kiScelu
v Pandnskej panve a juhoslovenskych kotlinach. Heterolepa
dutemplei sa vo vrte FGRk-1 vyskytuje v celom rozsahu
vzoriek, ktoré sme Studovali. Druh Tritaxia szaboi sa
v panvach centralnej Paratetydy vyskytuje od eocénu
po eger (Cicha et al., 1998), Cize pre kiScel nie je smero-
dajny. Autorka toto suvrstvie pri stratifikacii priraduje snad
ku kiScelu, pricom nevylu€uje vrchnoeocénny vek.

AB) Prechodné suvrstvie sivych slienitych siltovcov
(725 — 850 m). — Z bentickych foraminifer su dominantné
druhy: Astacolus fragarius, Sphaeroidina austriaca,
Uvigerina hantkeni, Melonis pompilioides, Planulina
ungeriana, P. wuellerstorfi, Pullenia bulloides a Bolivino-
psis carinatus. V hibke 850 m sa objavuje uz Heterolepa
dutemplei. Aglutinované foraminifery su skor dopliujicou
zlozkou. Planktén zastupuju drobné formy Globigerina
ampliapertura a G. ciperoensis.

B) Eger (zhruba 115 — 715 m), sivé silty az rozpadavé
siltovce. — Na charakteristiku tohto suvrstvia vyuzila
Kantorova (l. ¢.) z nodosariidnych foriem druh Lenticulina
moravica, ktory povazuje za veduci druh egeru z juho-
slovenskych kotlin. Heterolepa dutemplei sa vyskytuje
v hojnom pocte. Z nesuvislého vyskytu planktonu uvadza
druhy Globigerina ouachitaensis a G. opima nana. Tanato-
cendzy dopinaju pozoruhodné vyskyty aglutinovanej
zlozky, ktora ma ¢asto dominantné postavenie. Pri revizii
sme zistili, Ze Lenticulina moravica sa v panvach centralnej
Paratetydy vyskytuje od eocénu po morav, Globigerina
ouachitaensis od vrchného eocénu po eger a Globigerina,
resp. Paragloborotalia opima nana od vrchného eocénu
po egenburg (Cicha et al., 1998).

C) Suvrstvie pieskov a pieskovcov s glaukonitmi
a chloritmi (11 — 115 m). — Obsahuje mechanicky velmi
poskodenu, zrejme redeponovanu mikrofaunu, ktorda ma
este egersky charakter. V pozoruhodnejSom mnozstve su
v spodnej Casti suvrstvia (55 — 115 m) zastupené Melonis
pompilioides a Heterolepa dutemplei. Sprevadzaju ich:
Ammodiscus incertus, Amphicoryna scalaris, Astacolus
fragarius, Lenticulina cultrata, Pullenia bulloides,
Gyroidina soldanii a Planularia wuellerstorfi. Vy$Sia
Cast glaukonitického suvrstvia by mohla byt uz suc¢astou
mladSej, postegerskej transgresie. Tanatocendzy zo su-
vrstvia C su zrejme alochténne.

V zmysle tohto Clenenia je v Studovanom useku vrtu
FGRk-1 (15 — 625 m) zastipené len jediné suvrstvie, a to B.
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Foraminiferal associations from the Lu¢enec Formation in borehole FGRk-1
(Rimavska kotlina Basin, Slovakia)

The borehole FGRk-1, reaching the depth 1 050 m, was
drilled in the frame of the project Regional hydrothermal
evaluation of the Rimavska kotlina Basin northeastward
from the village Ivanice and northwestward from the Ciz spa
(Fig. 1). The article presents the microfacial characteristic
of drill samples of Egerian down the depth 625.0 m. In
the depth 628.9 m the boundary Egerian/Kiscelian was
determined (Ele¢ko in Marcin et al., 2009) and in the depth
765—770 m the boundary Kiscelian/Eocene and next the
Eocene down to the termination of the borehole (Boorova
in Marcin et al., 2009). The detail profile of the borehole is
in the final report by Marcin et al. (I.c.).

Based on studied foraminifers from the schlier
sediments in interval 15-625 m, this was ranked to Egerian.
Down to the depth 587.4 m it lithologically corresponds with
the Szécsény schlier, and below to equivalent Budikovany

and Panica beds of the Lu¢enec Formation (Fig. 3; Vass,
2002).

In studied segments of the drill core FGRk-1 we have
determined 157 foraminiferal taxons (Tab. 1), belonging to
Egerian, Kiscelian, and older mainly to Eocene.The majority
of them represented the index forms. The exclusively
younger taxons were not found. At the stratigraphic
ranging of the sediments we based on younger and upper
boundaries of the occurrences of present forms, and we
took into account also the possible redeposition. Taking
into account the subdivision of formations in the drill FV-1
Blhovce by Kantorova (1978a), based on foraminifers (see
the chapter Correlation with surrounding boreholes), in the
studied segment of FGRk-1 borehole only the B formation
belonging to Egerian is present. In the borehole FV-1
Blhovce it is present in the depth 115715 m.
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Litostratigraficka napln a tektonicka pozicia drietomskej jednotky
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Lithostratigraphy and tectonic position of the Drietoma Unit (Western part of the Pieniny
Klippen Belt, Western Carpathians)

The Drietoma unit represents a rock sequence recognized in western segment of the Pieniny
Klippen Belt. The lithostratigraphy and tectonic position of the Drietoma unit were contradictorily
interpreted by various authors since 1969. Contribution presents a new perspective on the problem.
Stratigraphic range of the Drietoma lithostratigraphic sequence is Upper Triassic (Norrian) to
Lower Cretaceous (Beriassian). The Drietoma unit is allochthonous tectonic unit thrusted over
the tectonic units of the Pieniny Klippen Belt and the Klape unit. The Fatricum and the Hronicum
tectonic units are in tectonic superposition on the Drietoma unit. Paleogeographic position of the
Drietoma unit (sequence) is supposed to be internal from the Pieniny Klippen Belt realm.

Key words: Drietoma unit, Pieniny Klippen Belt, lithostratigraphy, tectonics, Western

Carpathians

Uvod

Predmetom prispevku je problematika spojena
s litostratigrafickou naplfiou a tektonickou poziciou
sedimentov drietomskej jednotky, podielajucej sa na
stavbe bradlového pasma v useku medzi Drietomou
a Podbrancom (podbrancésko-tren€iansky Usek sensu
Vass et al., 1988).

Drietomsku jednotku ako ,drietomsku sériu“ definoval
Rakus (1977), pri€om tymto nazvom oznacil vrstvovy sled
medzi Drietomou a BoSacou, ktory Began et al. (1966)
a Began (1969) pévodne vyclenili ako maninsku sériu (tab.
1). Hlavnymi dévodmi, ktoré viedli Rakusa (l.c.) k vy€leneniu
samostatnej drietomskej jednotky, bola pritomnost hornin
vrchného triasu a odlisny litofacialny charakter sedimentov
liasu v porovnani s maninskou jednotkou.

Salaj et al. (1987) povazuju ,drietomsku sekvenciu®
za sucast klapskej jednotky (pozri tab. 3). Jednym
z litostratigrafickych ¢lenov drietomskej série su aj
hyaloklastitové lavy v sliefioch spodného albu zapadne
od BoSace. Tie vSak Kullmanova a Vozar (1980) koreluju
s vyskytmi identickych hornin pri Beckove, kde su su¢astou
sbeckovskej série” (Mahel, 1978) vysockého facialneho
vyvoja fatrika (cf. lvanicka et al., 2005). Naproti tomu,
z lokality zapadne od BoSéace opisali Borza et al. (1980)
sCasti litologicky odliSny horninovy komplex, v ktorom su
hyaloklastitové lavy sucastou vapencov hoterivu. V danom
horninovom komplexe odliSili dve tektonické jednotky:
maninsku jednotku obsahujucu hyaloklastitové lavy
(valangin — spodny alb) a beliansku jednotku s vapencami
aptu az albu.

Mahel (1978) v oblasti BoSace rozlisil tri tektonické
jednotky — inovecku (tatrikum?), zliechovsku (fatrikum)
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a bosacku, ktoru poklada za analogickl s maninskou.
Inovecka jednotka zahffia predovSetkym sedimenty
karpatského keuperu a rétu, pripadne sedimenty spodného
liasu a doskovité vapence s hluzami ¢iernych rohovcov
najvyssej jury az spodnej kriedy. Zliechovska jednotka by
mala obsahovat predovSetkym suvislé horninové sledy
— fleckenmergel az radiolarity] sivé doskovité vapence
(titén), sivé sliene a scasti flySové suvrstvie albu az
cenomanu. NajvyraznejSim litostratigrafickym ¢lenom
boSackej jednotky je podla Mahela (I. c.) liasové suvrstvie
tmavosivych jemnozrnnych, s€asti krinoidovych a celistvych
vapencov s Ciernymi silicitmi (boSacke suvrstvie sensu
Mahel, 1986). Malm reprezentuju Cervené hluznaté vapence,
neokém sivé doskovité vapence s Ciernymi rohovcami
a barém az apt sivé organodetritické vapence. Mahel (1986)
do ,boSackej sekvencie“ zaradil aj (oxfordské?) radiolarity.
O suvrstviach vrchného triasu uvazuje alternativne ako
o sucasti maninskeho prikrovu (boSackej sekvencie) alebo
sucasti kriznanského prikrovu. BoSacka jednotka (sensu
Mahel, 1978) sa lokalizaciou a sCasti aj litostratigrafickou
naplhou zhoduje s dubravskou jednotkou (,Dubravka
Einheit®), ako ju definoval Andrusov (1968).

Salaj (1990) povazuje drietomsku jednotku za sucast
tzv. klapského pasma. V ramci drietomskej jednotky
vyclenuje drietomsku sekvenciu v stratigrafickom rozsahu
vrchny trias az spodny alb. Vrstvovy sled bradla Chotu¢
povazuje za ,trochu iny“ a na rozdiel od drietomskej
sekvencie, ktora predstavuje juzny vyvoj, bradlo Chotu¢
podla neho predstavuje severny vyvoj drietomskej jednotky.
Okrem spomenutych sekvencii vy€lenil Salaj (op. cit.)
vramcidrietomskej jednotky sekvenciu Vrzavky a Stupného
(sedimenty strednej kriedy) a sekvenciu Hostinej (stredna
krieda az paleogén). V danom pripade sa nezmiefiuje
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Obr. 1. ZjednoduSena schéma tektonickych jednotiek skimanej oblasti a idealizovany geologicky profil (spracované podla: Began, 1969;

Began et al., 1984; Kadlecik et al., 1979).

Fig. 1. Simplified sketch of investigated area with position of principal tectonic units and not to scale geological cross-section (according to:

Began, 1969; Began et al., 1984; Kadlecik et al., 1979).
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Tab. 1

Litostratigraficka tabulka maninskej série (Began, 1969), neskér redefinovanej

ako drietomska séria (Rakus, 1977)

Lithostratigraphic column of the Manin sequence (Began, 1969), later redefined

by Rakus (1977) as the Drietoma sequence

s vynimkou Mahela (1978), akceptované
ako sucast drietomskej jednotky (Began,
1969; Rakus, 1977; Salaj et al., 1987). Dosial
problematicka je vSak litologicka napln, ako aj

- opodstatnenost zaradenia kriedovych ¢lenov

Eh_Jremoon) steen LITOLOGICKE ZLOZENIE er:stvového sledu do drietomske;j jedrilotky (pozri
MASTRICHT

KAMPAN tab. 2). . .

Horniny spodnokriedového veku s telesom

SANTON hyaloklastitovych lav, resp. bazického telesa,

KoRaK ktoré sa vyskytuju zédpadne od BoS$ace, boli

TURON slienité bridlice, drobnorytmicky flys — vapnité pieskovce, slienité bridlice opisané dvojznaéne (Ku||manova' a Vozar,

<D( CENOMAN ltkasté sliene 1980; Borza et al., 1980). Napriek tomu,

E w ALB slienité bridlice, pieskovce, zlepence ze Kullmanova a Vozar (1980) povazuju

E APT L ) . . . horninovy subor, ktory opisali, za sucast fatrika

: C A sivé jemnozrnné organogénne vapence (urgén) (beckovské je(?lnotka),_Begfem a Salaj (in Sa@j:

HOTERIY et al., 1987) tuto horninovu sekvenciu zaradili

! P sivé a tmavosivé kvmité slienité vapence s rohoveami do drietomskej jednotky (tab. 3). Borza et al.

— p—_— — — (1980) cast horninoyych élenov_ povazuju

svetlosivé slienité vapence s hojnymi kalcitovymi Zilkami za sudast fatrika (belianska skupina) a &ast

O TN hornin zaradili do maninskej skupiny. V ramci

N KIMERIDZ sivé a Servenkasté hfuznaté vapence horninového suboru zaradeného do maninskej

OXFORD skupiny/jednotky opisali Borza et al. (op. cit.)

O KELOVEJ tektonicky kontakt medzi vapencami veku

é BAT ervené a zelené radiolarity a radiolariové vépence valangin az hoteriv s telesom bazika a slienitymi

N S BAJOK bridlicamie_lptu gzalbu,novy;nqmtohto kontaktu

= ALEN v ramci tej istej jednotky blizSie nekomentuju.

m TOARK piesité krinoidové a rohovcové vapence, Podobne, blizSie nekomentuju ani tvrdenie, ze

LENSBAGH $kvrnité prekremenené vapence, pieséité vapence be|ians|§a s'kupina vystupuje vo forme' éoéo\,/ky

E p— alebo Supiny uprostred strednokriedovych

sivé aZ modrasté a tmavosivé vapnité pieskovce, sedimentov maninskej skupiny, ktora je

HETANZ piestité lumachelové vapencs, bridlice v tektonickej pozicii vo vztahu k sedimentom

) RET tmavosivé a zelenkavé bridlice, vapnité pieskovce, lumachelové vapence| liasu dubravskej jednotky, povazovanej za

i: estré piescito-ilovité bridlice s polohami klastickych vépencoy, sucast maninskej zony (Dubravka Einheit

14 NORIK E,emen%e! sadrovee P PN sensu Andrusov, 1968). Tektonicky kontakt

- kriedovych horninovych suborov s horninovymi

o argumentoch, ktoré viedli k pri¢leneniu samostatnych,
navysSe vzajomne litologicky odliSnych kriedovych az
paleogénnych horninovych sekvencii k drietomskej
jednotke. Neskoér Salaj (1994) drietomsku jednotku Elenil
na drietomsku sukcesiu (vrchny trias — spodny alb)
a sukcesiu Hostinej (stredny alb — mastricht, resp. az
paleocén — spodny eocén). V ramci drietomskej sukcesie
rozliSoval sukcesiu drietomského bradla, sukcesiu Chotuca
a nejasne definovanu sukcesiu Stupného (op. cit., obr. 3).
Na Geologickej mape Stredného PovaZia (Mello et al.,
2005) je v8ak hostinska sekvencia zaradena do kysuckej
jednotky bradlového pasma a drietomska sekvencia
(pravdepodobne sukcesia Chotu¢a sensu Salaj, 1994)
do klapskej jednotky.

Vo vysvetlivkach ku Geologickej mape Myjavskej
pahorkatiny, Brezovskych a Cachtickych Karpéat (Began
et al., 1984) su horninové subory opisané ako drietomska
sekvencia (sucast klapskej jednotky), zaradené k tzv.
predsendnskym litostratigrafickym jednotkam vnutornych
Karpat. Tym sa zrejme mala zvyraznit ich paleogeograficka
afinita (Salaj et al., 1987).

Litostratigrafické €leny vrstvového sledu v rozsahu
vrchny trias az vrchna jura v bradlovom pasme boli,

sekvenciami liasu je vyjadreny aj na geologickej
mape 1 :50 000 (Began et al., 1984), a to aj napriek tomu,
ze sa spolo€ne povazuju za sucast tzv. predsendnskych
litostratigrafickych jednotiek (Began et al., 1984) a neskor
za suUcast drietomskej jednotky (Salaj et al., 1987).
Na geologickej mape 1 : 200 000 (list 35 — Trnava; Elecko
et al., 2008) su horniny zaradené do maninskej jednotky,
pricom sedimenty liasu dubravského vyvoja sa povazuju
za sucast drietomskej jednotky.

Ako jeden z najvyraznejSich litostratigrafickych ¢lenov
drietomskej jednotky uvadza Began (1969) vapence
urgonskeho typu (barém — apt). Ich vyskyt je vSak
obmedzeny na niekolko lokalit a ich litologicku podobnost
s urgénskymi vapencami spochybnil uz Rakus (1977).
Na geologickej mape 1 : 50 000 (Began et al., 1984) su
zobrazené v Strukture zdpadne od BoSace. Na tejto lokalite
ich v8ak neoverili predchadzajuce vyskumy (cf. Kullmanova
a Vozar, 1980; Borza et al., 1980) a ich vyskyt sme zatial
nemohli potvrdit ani pri naSom vyskume. Tektonicka pozicia
suboru vapencoy, slienitych bridlic, telesa bazickej horniny
a zlepencov vo vztahu k podloziu je vSak v danej lokalite
nespochybnitelna.

Z uvedeného prehladu nazorov vyplyva, ze litostrati-
graficka napln a s tym spojené priestorové rozsirenie,
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Tab. 2
dne zaradenych do drietomskej jednotky (Began, 1969; Rakus, 1977). Litostratigrafia hornin vyskytujicich sa v Strukture

zapadne od Bos$ace, ktoré boli zaradené do fatrika a maninskej jednotky (Borza et al., 1980), resp. do fatrika (Kullmanova a Vozar, 1980). Began a Salaj (in Salaj et al., 1987)

, povo

Litostratigraficka tabulka kriedovych litologickych ¢lenov,

ich zaradili do drietomskej jednotky.
Lithostratigraphic column of the Cretaceous rock sequence originally defined as the Drietoma unit (Began, 1969; Rakus, 1977). Lithostratigraphy of the rock sequence found in the

structure west of the Bo§aca village, classified as the Manin and the Fatric units (Borza et al., 1980), or to the Fatric unit (Kullmanova and Vozar, 1980). Began and Salaj
(in Salaj et al., 1987) affiliated these rocks to the Drietoma unit.
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ako aj paleogeograficka a tektonicka pozicia drietomskej
jednotky su chapané nejednoznacne.

Metodika vyskumu

Vyskum bol zamerany na uzemie medzi Drietomou
a Podbrancom. Na severozapade sa skumalo uzemie
obmedzené tektonickym okrajom jednotiek bradlového
pasma, na juhovychode terciérnymi (miocénnymi)
sedimentmi blatnianskej priehlbiny.

Hlavnym objektom vyskumu boli sedimentarne
sekvencie zaradované do drietomskej jednotky. Vyskyty
sedimentov sa podrobili litologickému vyskumu a veri-
fikovala sa ich pozicia vo vrstvovom slede. Na zaklade
analyzy sedimentarnych textur bolo mozné konStatovat,
ze vacsina skumanych vyskytov sedimentov drietomskej
jednotky sa nachadza v prevratenej pozicii. Doéraz sa
kladol na kontinuitu vrstvového sledu, aby sa mohol
stanovit preukazatelny litostratigraficky rozsah. Vyskyty
drietomskej jednotky zobrazené na publikovanych
geologickych mapach (Began, 1969; Began et al., 1984)
sa reambulovali, aby sa mohol overit charakter pozicie,
resp. vztahu horninovych komplexov drietomskej jednotky
k horninovym sekvenciam, resp. litotektonickym jednotkam
bradlového pasma (vratane klapskej jednotky), fatrika
a hronika. Zlé odkrytie terénu a s tym spojeny nedostatoény
vyskyt relevantnych odkryvov neumoznil efektivnejSie
vyuzitie metodik Struktdrnej geoldgie. Napriek tomu sa
terénnym vyskumom vyclenili dve zakladné, kvalitativne
odlisné tektonické rozhrania prikrovového a presunového,
resp. preSmykového charakteru (obr. 1).

Litostratigraficka napln drietomskej jednotky

Za drietomsku jednotku povazujeme horninové celky
v zapadnom Useku bradlového pasma so $pecifickym
vrstvovym sledom v stratigrafickom rozsahu vrchny
trias az spodna krieda (tab. 4). Na viacerych miestach
vieme jednotlivé litostratigrafické ¢leny interpretovat
ako nepreruseny vrstvovy sled, ¢asto vSak v obratenej
stratigrafickej pozicii. MladSie ¢leny, ktoré sa v minulosti
priradovali do drietomskej jednotky, najmd na zaklade
vyskytu zapadne od Bosace (cf. tab. 2), nepovazujeme
v tejto etape vyskumov za jej integralnu sucast.

Najstarsi znamy litostratigraficky ¢len drietomskej
jednotky je suvrstvie karpatského keuperu (karn — norik).
V ramci neho je mozné vyclenit dolomitové a polymikiné
brekcie a zlepence, kremenné pieskovce az zlepence,
fialové piescité bridlice, dolomity a evapority. Vyznamnym
litologickym ¢€lenom suvrstvia karpatského keuperu su
karbonatové a polymiktné brekcie a zlepence. Karbonatové
brekcie pri Drietome opisal uz PoSepny (1864). Began
(1969) ich charakterizoval ako klastické vapence.
V SirSej oblasti Chotu¢a (mimo skumanej oblasti) vyskyt
polymiktnych zlepencov v ramci hornin karpatského
keuperu zaznamenal Schlégl (1998). Na zaklade zhodnej
stratigrafickej pozicie a podobného litologického zlozenia
je mozné karbonatové brekcie a zlepence korelovat
s jedlovinskymi vrstvami v Lu¢anskej Fatre (Rakus a Hok,
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Tab. 3

Litostratigraficka tabulka drietomskej sekvencie podla Begana a Salaja

(1987 in Salaj et al., 1987)

Lithostratigraphic column of the Drietoma unit according to Began and Salaj et al.

(1987 in Salaj et al., 1987)

Rakus (1977) neskdr liasové suvrstvie
rozdelil na ,grestenské vrstvy“ (kopienecké
suvrstvie) a mohutné suvrstvie tmavych, viac
alebo menej slienitych, bezne Skvrnitych

vapencov (fleckenmergel) s polohami piescito-

-krinoidovych vapencov a Ciernych spongolitov.
Na rozdiel od Beganovho opisu (Began, 1969),
suvrstvie Skvrnitych vapencov (fleckenmergel
— allgduské suvrstvie) je prevazujucim litotypom
a piescito-krinoidové vapence su jeho sucastou,

tak, ako ich opisal Rakus (I. c.).

V stratigrafickom nadlozi allgduského

suvrstvia vystupuju prevazne tmavocervené

HOTERIV

VALANGIN bridlice

BERIAS

ERA [pemiooa|  sTuPER (m) LITOLOGICKE ZLOZENIE
MASTRICHT

KAMPAN

SANTON

KONAK

TURON
g CENGMAN 200 -30q sivomodré, séasti kremité pieskovce, flovité bridlice, zlepence|
LIJ ALB 10 ;Iealzag:zgikvvgln:niene s lavou, tmavé vépence,
E APT 30 tmavosivé organoklastické vapence (urgdnske), brekciovité vapence)
Y BAREM

s0-70| Svetlosivé slienité vapence, Skvmité slienité vapence, slienité

a tmavofialové radiolariové vapence, bezne
so svetlozelenymi Skvrnami. Predpokladany
vek radiolariovych vapencov je (sice bez
paleontologickych dbkazov) bajok az oxford.
V nadlozi radiolariovych vapencov su sivé

a Cervenkasté lavicovité az doskovité hluznaté

vapence. Na zaklade vyskytu Globochaete
alpina LomBARD, Cadosina carpathica (BoRrza)
a Cadosina fusca WANNER boli zaradené do

MEZOZOIKUM

kimeridzu az starSieho titonu (Began, 1969).
Stratigraficky najvy$Sim litologickym ¢lenom
vo vrstvovom slede drietomskej jednotky na
Uzemi medzi Drietomou a Podbran¢om su
svetlosivé az sivé, miestami Skvrnité doskovité

az lavicovité slienité vapence. Na zaklade hojne
zachovanych mikrofosilii (cf. Began, 1969) boli

zaradené do titdénu az beriasu.

TITON
KIMERIDZ 35 | svetloruZové a dervené hluznaté vapence
OXFORD o
10 Servené a zelené radiolarity
KELOVEJ
é BAT
) BAJOK
- ALEN 100-150] Sivé a tmavosivé Skvrnité slienité vapence,
slienito-ilovité bridlice, krinoidové vapence
TOARK
PLIENSBACH
SINEMOR vapnité muskovitické pieskovce, rohovcové vapence, piestité
HETANZ 100 | vapence, bridlice
") RET 5-20| sivéa tmavosivé bridlice, pies¢ité bridlice, lumachelové vapence|
E NORIK 100 pestré piescito-flovité bridlice, kremence, sadrovce
|_

MladSie litostratigrafické c&leny repre-
zentované flySovymi a slienovcovymi
suvrstviami, ktoré na viacerych miestach

2003). Vyskyt litologicky podobnych hornin v ramci
suvrstvia karpatského keuperu bol opisany aj z oblasti
Starohorskych vrchov (Havrila in Polak et al., 2003), Tatier
(Andrusov, 1959) a Velkej Fatry (Havrila, os. informacia,
2009). Vsetky spominané vyskyty su dosial interpretované
ako sucast tektonickej jednotky fatrika.

Sedimenty rétu su reprezentované tmavosivymi
bridlicami, vapnitymi pieskovcami a lumachelovymi
vapencami. V okoli Drietomy boli opisané Rhaetivicula
contorta (PORTLOCK), Gervillia contorta (QUENST.), Dimydion
intusstriatus (EMMR.) a Isocyprine ewaldi (BRON.), ktoré
indikuju rétsky vek suvrstvia (cf. Began, 1969; Salaj et al.,
1987).

Bezprostredne nad sedimentmi rétu sa vyskytuju
tmavosivé tenkolavicovité a bridlicnaté pieskovce
s klastickou sludou, pripadne piescité bridlice s vapnitym
tmelom a tmavé vapence s hojnou primesou kremena,
ktoré boli stratigraficky zaradené do hetanzu az sinemuru
(Began, 1969). Vyssi lias az spodny doger (sinemur/
lotaring — alen) podla Begana (1969) zastupuju piescité
a krinoidové vapence s tmavymi rohovcami, pricom
uprostred tejto facie sa v mensom mnozstve vyskytuju
Skvrnité, ¢asto prekremenené vapence s faunou amonitov
Pleuroceras spinatum, Echioceras raricostatum,
Amaltheus margaritatus, Erycites falax a Haplopleuro-
ceras cf. subspinatum (op. cit.).

obklopuju drietomské bradla, nie su ich
litostratigrafickym pokracovanim. Nikde nie je znama
priama, t. j. sedimentarna a stratigraficka nadvaznost
albskych ¢i mladSich sedimentov na spodnokriedové
vapence.

Tektonicka pozicia drietomskej jednotky

Litostratigrafické ¢leny drietomskej jednotky v useku
Podbran¢ — Drietoma sa vyskytuju v nadlozi horninového
komplexu pozostavajuceho podla Begana (1969) zo slie-
nitych bridlic, pieskovcov, zlepencov a flySového suvrstvia
s prevahou zltkastych piescitych bridlic (alb), zltkastych
slieflov (cenoman), slienitych bridlic a drobnorytmického
flySu (turén). V nadlozi spomenutého horninového
komplexu sa vyskytuju rézne litostratigrafické cleny
drietomskej jednotky, ktoré sa podla dostupnych udajov
daju interpretovat prevazne v prevratenej stratigrafickej
pozicii. Vzhladom na to je mozné ich vzajomny kontakt
povazovat za tektonicky. Na zaklade analogickej
argumentacie je mozné tektonicky vztah medzi suvrst-
viami interpretovat aj medzi horninovymi komplexmi
kysuckej jednotky a drietomskou jednotkou v oblasti
Podbran¢a a Myjavy. Tektonicky kontakt drietomskej
jednotky s horninovym komplexom pieskovcov, zlepencov
a slienitych bridlic (alb — turén) zaradenych do klapske;j
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Tab. 4

Navrhovana litostratigraficka tabulka drietomskej sekvencie
The proposed lithostratigraphic column of the Drietoma unit

fatrika (belianska jednotka). Na geologicke;j
mape 1:200 000 (list 35 — Trnava; Elecko et al.,
2008) sa, naopak, cela Struktura povazuje

za sucCast maninskej jednotky. Predpoklad

ERA |PERIGDA|  STUPEN LITOLOGICKE ZLOZENIE D e R ) )
o tektonickej prislusnosti ¢asti horninového
APT komplexu k maninskej jednotke nie je mozné
<DE BAREM vylucit. V danom pripade by vSak iSlo o naj-
w HOTERIV zapadnejsi a su¢asne vynimocne osamoteny
E VALANGIN vyskyt maninskej jednotky.
E ¢ P, : : — — Na zaklade su¢asného stavu poznatkov
svetlosivé a sivé bridlinaté slienité vapence povazujeme horninovy komplex, ktory opisali
: TITON Borza et al. (1980), ako aj Kullmanova
KIMERIDZ sivé a Gervenkasté hluznaté vapence a Vozar (1980), zZa integrélnu sUcast fatrika.
! OXFORD Litostratigraficky charakter skimanych hornin
— ELovE) takému predpokladu neodporuje. .
é ) ) o V dnednom Struktdrnom pléane opisova-
O BAT Cerveneé a zelené radiolarity a radiolariové vapence| naho Useku bradlového pasma s pozdii
N 9, BAJOK jeho vonkajsieho okraja umiestnené kysucké
ALEN a cCors8tynské bradla. Medzi Podbrancom
o TOARK allgiuské sivrstvie a Rudnikom je na ne nasunuta drietomska
jednotka. Sedimenty drietomskej jednotky
N PLIENSBACH zaroven tektonicky prekryvaju aj horninovy
SINEMUR . . . komplex zaradovany do klapskej jednotky
m sivé aZz modrasté a tmavosivé vapnité pieskovce, . . , . ) ;
HETANZ pieséité lumachelové vapence, bridlice (ElecCko et al., 2008). V $trukturnej a tektonickej
E (7)) RET tmavosivé bridlice, vapnité pieskovce, lumachelové vapence SUpe.rpoz,IC” nad drlet.om,Skolu Jedl’?OtkOU .SU
- ————— horninové celky tektonickych jednotiek fatrika
é 23::{3;iegel‘(’raezn':z:':é'°£§:g3‘z§?"'°V'té bridice, a hronika. Z danej $truktirnej konfiguracie
= NORIK karbonatové a polymikiné zlepence a brekcie, vyplyva, Ze pri akceptovani severnej vergencie
sadrovce presunov, ktord potvrdil Strukturny vyskum,

jednotky je vyjadreny aj na geologickej mape 1 : 200 000
(list 35 — Trnava; Elecko et al., 2008).

V priestore medzi Haluzicami a BoSacou sa v tekto-
nickom nadlozi obrateného vrstvového sledu allgauského
suvrstvia, radiolaritov, ¢ervenych hluznatych vapencov
a sivych slienitych vapencov vyskytuje troska hlavnych
dolomitov tektonickej jednotky hronika, ktorého vyskyty
mozno sledovat dalej smerom na juhozépad (obr. 1).
Horninovy komplex v tektonickom podlozi hronika by
analogicky mali reprezentovat horniny zliechovského
facialneho vyvoja fatrika. Do tektonickej jednotky fatrika
boli spomenuté sedimenty zaradené uz v minulosti ako
tzv. dubravska séria (Gross, 1959). Za ekvivalent zliechov-
ského vyvoja fatrika ich povazovali aj Scheibner a Zelman
(in Buday et al., 1963). Smerom na sever od Haluzic su
sedimenty fatrika situované v tektonickom nadlozi uzkeho
pruhu pieskovcov, zlepencov a sivohnedych slienitych
Skvrnitych vapencov klapskej jednotky, ktory ich oddeluje
od hornin patriacich k drietomskej jednotke (obr. 1).

Struktiru komplexu kriedovych hornin s telesom
hyaloklastickej lavy zdpadne od BoSace povazujeme
za sucast fatrika. Vyskyty analogickych hornin su zname
z oblasti Beckova, ako aj z oblasti Tren¢ina a Trencianskej
Teplej. O tektonickej prislusnosti hornin k vysockému
facialnemu vyvoju fatrika uvazovali aj Kullmanova
a Vozar (1980). Borza et al. (1980) predpokladali, ze ¢ast
horninového komplexu spodnej a strednej kriedy s telesom
hyaloklastitovej lavy je sucastou maninskej jednotky.
Ostatné litostratigrafické ¢leny povazovali tiez za sucast

bola drietomska jednotka pévodne umiestnena
interne od priestoru klapskej jednotky a jednotiek
bradlového pasma. Drietomska jednotka predstavuje
samostatny Strukturny element, tektonicky derivovany
z priestoru umiestneného interne od priestoru dnesného
bradlového pasma. Vek presunu drietomskej jednotky
je mozné datovat na zaklade veku sedimentov klapskej
jednotky, ktoré predstavuju priame tektonické podlozie,
na obdobie po starSom turéne.

Zaver

V priestore medzi Podbran¢om a Drietomou (obr. 1)
bol opisany subor sedimentarnych hornin v stratigrafickom
rozsahu vrchny trias (norik) az spodny turdn (tab. 1), ktory
sa povazoval za suc¢ast maninskej jednotky (Began, 1969).
Neskor boli spomenuté sedimenty zaradené do samostat-
nej drietomskej série (Rakus, 1977). Kriedové litostrati-
grafické ¢leny drietomskej jednotky boli interpretované
nejednoznacne (tab. 2). Podobne nejednoznacne bola
interpretovana aj tektonicka prislusnost drietomskej
jednotky (napr. Salaj, 1990). Na zaklade nasho vyskumu
Strukturnej pozicie a litologického zloZenia sedimentov je
mozné konStatovat, ze na geologickej stavbe skimanej
oblasti sa podielaju horninové komplexy bradlového
pasma (kysucka a ¢orstynska jednotka), klapska jednotka,
drietomska jednotka, fatrikum a hronikum. Stratigraficky
rozsah drietomskej jednotky (tab. 4) je mladsi trias (norik)
az starSia krieda (berias). Drietomska jednotka predstavuje
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samostatny Strukturny element presunuty do priestoru
dnedného bradlového pasma z jeho interného okraja.
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Lithostratigraphy and tectonic position of the Drietoma Unit
(Western part of the Pieniny Klippen Belt, Western Carpathians)

The Drietoma unit is a structural element incorporated
into the western segment of the Pieniny Klippen Belt
(PKB). In the area between Podbran¢ and Drietoma (Fig.
1) a sequence of sedimentary rocks in the stratigraphic
range of Upper Triassic (Norian) to Lower Turonian (Tab. 1),
has been originally described as a part of the Manin unit
(Began, 1969). Later Rakus (1977) classified mentioned
sediments into the Drietoma unit. However, mainly the

Cretaceous lithostratigraphic members of the Drietoma
unit were interpreted ambiguously (Tab. 2). The tectonic
position of the Drietoma unit was interpreted similar
ambiguously (e.g. Salaj, 1990).

Based on our research of structural position and lithology,
we conclude that the Drietoma unit is an allochthonous
tectonic unit incorporated in to present PKB structures,
lying over its external elements (Kysuca and Czorsztyn
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units), and over the Klape unit. Stratigraphic range of the
Drietoma sequence is from Upper Triassic (Norian) to
Lower Cretaceous (Berriasian) (Tab. 4). There are no proofs
that the younger lithostratigraphic formations (Albian and
younger) are an integral part of the Drietoma sequence, no
direct sedimentary contact was found until now.

The tectonic transport was generally top to NW
oriented. The Fatricum and the Hronicum tectonic units
are in tectonic superposition above the Drietoma unit. The
Drietoma unit is a particular structural element displaced
into the area of recent course of PKB from internal or
southern zones after the Turonian.
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Reinterpretation of the additional exploitation possibility of the Strieborna zila vein
(Roznava, Slovakia)

The deposit Strieborna Zila vein is one of the richest in the central Europe. The vein consists
mainly of siderite, quartz and polysulphide mineralization with tetrahedrite. The high-grade
tetrahedrite is rich in silver and its high content was the reason of the naming the vein Strieborna
zila (Silver vein) in the past. Mineralogical research of the Strieborna vein confirmed also the
presence of gold in tetrahedrite. In the time of the mining attenuation and decreasing of the world
prices of silver and non-ferrous metals on the world stock-exchanges, the deposit conservation
was ruled out. Now, especially due to increasing prices of commodities on the stock-exchanges,
the possibility of repeated mining in this important deposit has arised.

Key words: Strieborna zila vein, tetrahedrite, silver, mining output, Rozriava

Uvod

Lozisko komplexnych rud Strieborna zila je jedno
z najbohatSich lozisk v strednej Eurdépe z hladiska
obsahu Uzitkovych prvkov v rude. Zilu tvori starsi siderit
a mladSia kremeriovo-sulfidicka mineralizacia. Na rozdiel
od ostatnych sideritovych zil rudného pola obsahuje pod-
statne vys$Si podiel polysulfidického zrudnenia s domi-
nantnym Ag-tetraedritom. Masivne zilné tetraedritové
polohy su obohatené o striebro v rozsahu od 150 do 450 g/t.
Okrem tetraedritu sa v zilnej vyplni makroskopicky nachadza
chalkopyrit a pyrit. Mikroskopicky sa identifikovalo viac ako
20 rudnych mineralov (Sasvari a Mato, 1998).

Lozisko sa az do roku 1992 pripravovalo na tazbu,
ale pre nepriaznivy vyvoj cien striebra aj farebnych
kovov na svetovych burzach sa v roku 2000 rozhodlo
o mokrej konzervacii. Jej cielom bolo zachovat lozisko
v ,pohotovostnom“ stave na obdobie, ked sa vyriesi
technoldgia spracovania suroviny a preukdze sa
ekonomicka efektivnost tazby.

Zakladné informacie o loziskovom uzemi
Lokalizacia

Roznavska rudna oblast patri k juznému loziskovému
pasmu SpiSsko-gemerského rudohoria (SGR). Nachadza
sa na juznom okraji megaantiklinéria rudohoria pri tekto-
nickom styku s poklesnutym blokom Slovenského krasu.
Rozprestiera sa na SZ a SV od Rozfiavy a tvori pruh v dizke
12 km a Sirke 4 km (obr. 1 a 2). Toto pomerne rozsiahle
uzemie je smerom na sever ohrani¢ené litologickym
rozhranim porfyroidov s podloznymi fylitmi a smerom na
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juh roznavskym zlomovym pasmom, na ktorom vyznieva
mineralizacia zilnych Struktar (Sasvari, 1998).

Hlavné zilné systémy

V literature sa uvadza viacero deleni roziiavskej rudnej
oblasti na zilné systémy, priCom sa akceptuje niekolko
kritérii, podla ktorych sa cela rudna oblast generalne
rozdeluje na loZiskové Casti (pouziva sa aj termin lozisko,
tiez loziskova Cast alebo rudné pole, ktoré budeme dalej
uvadzat). Jednym z nich je aj priestorové zoskupenie
rudnych zil, podla ktorého sa rudna oblast rozdeluje
na Styri zilné systémy (obr. 2), a to:

1. Roznava — Turecka,

2. Rozniava — Maria — Tri vrchy (Kalvaria),

3. Rozgang,

4. zilny systém v oblasti vrchu Rako$ (Sasvari a Mato,
1998).

Podla Kodéru et al. (1986) je treti a Stvrty Zilny systém
viac-menej suc¢astou druhého, takze v podstate ide o dve
hlavné skupiny rudnych zil.

Vzhladom na to, Ze lozisko Rozfiava — Strieborna zila
sa zaraduje k zilnému systému Roznava — Maria — Tri vrchy,
budeme sa v dalSom texte venovat opisu tohto zilného
systému, a najmé Striebornej zily.

Zilny systém Rozrava — Maria — Tri vrchy (Kalvaria)

Smerom na V od rieky Slana (asi 1,5 km na S
od Roznavy na upati Kalvarie; obr. 2) sa vyskytuje 2. zilny
systém, Roznava — Maria — Tri vrchy (Kalvaria). Jeho
sucastou je viac-menej aj 3. a 4. systém rudnych Zzil. Tieto
tri zilné systémy generalne patria do 2. hlavnej skupiny
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Obr. 1. Geograficka pozicia zaujmovej oblasti.
Fig. 1. The geographic position of studied area.

rozriavskych zilnych Struktur a reprezentuju lozisko (rudné
pole) bana Maria. Rudné zily bane Maria su typickym
predstavitelom zmieSanej, sideritovo-sulfidickej (mednatej)
mineralizacie v juznom loziskovom pasme sideritovo-
-sulfidickej asociacie (Rojkovi€ et al., 2006).

NajvyznamnejSie zilné Struktury rudného pola bana
Maria su kremenovo-sideritové zily Maria a Strieborna
Zila (obr. 3). Zila Maria patri medzi najstarsie kremefiovo-
-sideritové rudné Zzily s komplexnym polysulfidickym
zrudnenim v SGR. Na povrchu sa exploatovala uz od 13.
storoCia. Od roku 1942 sa zacala intenzivna exploatacia
komplexnej Fe-Cu rudy. Postupne sa spristupnila
z viacerych hibkovych Grovni a priaznivy vyvoj zily
bol dokumentovany az po 13. obzor (obr. 3 a 4).

Strieborna zila je popri zile Maria svojim vyznamom,
rozsahom, a najma kvalitou najvyraznejSia zilna Struktura
celého roznavského rudného pola. Vzhladom na sucasné
ceny drahych a farebnych kovov na svetovych trhoch stupa
0 fu zaujem a je potrebné prehodnotit moznost jej dalSieho
ekonomického vyuzitia.

Geologia loziska Roznava — Strieborna zila
Ulozné pomery
Lozisko je v celom svojom smernom rozsahu situované

v starSom paleozoiku gelnickej skupiny gemerika v suvrstvi
Bystrého potoka a drnavskom suvrstvi. Metalogeneticky

g
oe® &
W /" Obr. 2. Mapa rudnych #il rudného
~ pola baria Maria (Grecula et al., 1995;
N———~  upraveng).

Fig. 2. Map of ore veins in the ore
field Maria mine (Grecula et al., 1995;
modified).
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lozisko spada do vychodnej ¢asti rozfiavského rudného
pola do oblasti Turecka — Roznava — Rakos$ a zilného
systému Roziava — Maria — Tri vrchy (Kalvéria).

Prvy raz sa na fiom faralo vo februari roku 1981, a to
600 m od zily Méaria v smere na VJV v hibke 500 m pod
povrchom na urovni 13. obzoru bane Maria (=170 m n. m.)
pri vyhladavacich geologickoprieskumnych pracach. Prace
boli zamerané na moznost overenia skrytych zilnych Struktur
medzi loziskom Maria a zilou Rako$ — Volarska (Mesarcik
et al., 1986). Zila dostala nazov na zéklade zvy$eného
obsahu Ag v separovanom tetraedrite z miesta farania.

Na urovni 13. obzoru sa Strieborna zila overovala ban-
skymi slednymi chodbami (obr. 3). Celkovy overeny smerny
rozsah je 1 300 m. Sklon v juhozapadnej Casti variruje
od 75 do 85° na JV. V centrélnej ¢asti ma takmer zvisly
sklon, ktory sa severovychodnym smerom postupne znizuje
az na 65° na SZ. Tym morfologicky nadobudla vrtulovity
tvar (obr. 5), typicky aj pre zilu Maria. Generalny smer
zily je 30 — 40°, priemerna hrubka 2,2 m. V celej smernej
dizke je vyvinuta v porfyroidoch, len v najsevernejsej éasti
ich vystriedaju svetlé metaklastika (obr. 4).

Hibkovy dosah pod 13. obzorom sa zistoval vrtnymi
vrtom V-RS-13/20-85 na drovni =320 m n. m. (150 m pod
13. obzorom), kde ma este stale pozitivny kvantitativny
charakter (hrubka 3,2 m). V tejto urovni sa sklon postupne
znizil na 30 — 40° na SZ. Zaznamenal sa zvySeny obsah
Cu, ktory zmenil klesajuci trend chalkofilnych prvkov
smerom do hibky a naznagdil vystriedanie tetraedritovej
mineralizacie chalkopyritovou.

V celom smernom rozsahu sa zila overila aj na urovni
10. obzoru. Jej celkova smerna dizka je tam 1 350 m
(obr. 3). Severovychodna Cast zily je vyvinuta v prostredi
porfyroidov, v ktorych ma staly, rovhomerny a tektonicky
malo postihnuty vyvoj s maximalnou hrubkou. Juho-
zapadné pokracovanie je vyvinuté v svetlych sericitickych
fylitoch, CastejSia je smerna tektonika, nerovnomernejsi
vyvoj a nestala hrubka. V useku 1 000 — 1 040 m ziadna
Struktura vobec nebola mineralizovana. Na urovni 10.
obzoru ma zila esovity priebeh so sta¢anim jz. kridla
na Z a sv. ¢asti na V. Suvisi to s vyraznej$im uplatiovanim
tektoniky smeru V — Z. Ulozné pomery st identické ako
na 13. obzore, priemerna hrubka je 3,7 m (maximalna 9 m).

S cielom overit Zilu nad 10. obzorom sa v jej centralnej
Casti aj na kridlach realizovali podzemné vrty. Kym
v centralnej ¢asti ma zila stdle pomerne strmy sklon
(80 — 85° na JV), v juhozapadnej Casti sa postupne
splytéila na 40 — 45° na JJV. V obidvoch pripadoch ma
apikalna Cast zily znizeny obsah sledovanych prvkov,
hrubka sa v§ak pohybuje od 3 do 8 m. V severovychodnej
Casti ma zila sklon 70° na SZ, smerom dovrchu sa triesti
a nadobuda Zilnikovy a zilnikovo-impregnacny charakter.

Strieborna zila na urovni 8. obzoru bane Maria bola
nafarana prekopom P-10 v useku 597 m vo vzdialenosti
580 m od zily Maria smerom na JV (obr. 3). V mieste
farania mala smernd dizku 4,7 m so sklonom 69° na SZ
v nadlozi a 55° na SZ vo svojom podlozi. Prava hrubka
zily v prieseku prekopu P-10 je 3,5 m. Zilna vyplf tvori
prevazne hrubozrnny siderit. Zhluky a hniezda kremena,

ako aj akumulacie tetraedritu nie su Casté. Sulfidicka
mineralizacia sa viaze prevazne na subvertikalne zlomy
so sklonom od 77 do 88° na SZ a JV. PodloZie, ale najma
nadlozie Striebornej zily sprevadzaju ¢asté sideritové Zilky
centimetrovej velkosti. Nadlozie zily sprevadza tektonicka
zéna so smerom 48° a sklonom 75° na SV. Sklon zily
variruje od 75 do 85° zva¢Sa na SZ, jej generalny smer
je 30°. Priemerna hrubka zily je 3,25 m. Lozisko sa overilo
v celkovej smernej dizke 300 m. V centralnej asti overil
doznievanie zily vrt V-RVS-6-93 v nadmorskej vySke 190 m
(10 m nad 6. obzorom).

Horninové prostredie vacésinou tvoria kompaktné
sivozelené metapsamity s kremennym zlozenim a serici-
ticko-kvarcitické fylity az Cierne sericiticko-grafitické fylity.
Smerom na JZ sa predpokladad postupné zmenSovanie
hribky a znizovanie kvality, ako aj splyt€ovanie Struktury
smerom na JV (Cehlar, Blistan a Varga, 2007).

Mineralogicka charakteristika

Zilni vypli tvori najma starsi siderit a mlad$ia kreme-
novo-sulfidickd mineralna asociacia. Hlavny sulfidicky
mineral zilnej vyplne je tetraedrit, na ktory sa viaze takmer
cely obsah uzitkovych prvkov (Cu, Ag, Bi), ako aj Sb
a Hg. Jeho maximalna akumulécia je v centralnej Casti
zily. V smere vyklinovania zily, ako aj smerom do hibky
sa evidentne vytraca a postupne ho zastupuje chalkopyrit,
pripadne monominerdlna sideritova mineralizacia.
Kremenovo-sideritovo-sulfidicka Strieborna zila celkove
podstupila zlozity vyvoj. Determinovali ho viacnasobné
tektonicko-deformacné udalosti a fazy vrasnenia.
V doésledku toho je Zila pretvorena — budinovana, posuvana,
vytiahnuté a vrasnena.

Néazory na vyvoj mineralizacie roznavskych rudnych
zil prezentovali viaceri autori (napr. Varéek, 1959; Novak,
1960; Rozloznik, 1981; Mesarcik, 1986, 1991). Vyskumom
tektonického vyvoja a vyvojom mineralizacie Striebornej
zily sa zaoberali aj Sasvari, Mato a Zacharov (1995).
Podla nich vyvoj mineralizacie prebiehal v 11 tektonickych
substadiach a mineralizanych udalostiach — periédach
Dy =™

Strieborna Zzila ma relativne bohatu mineralogicku
vyplf. Z identifikovanych rudnych a nerudnych mineralov
maju vo vyplni zily zastupenie (Sasvari et al., 1995):

a) mineraly s hojnou distribuciou vo forme agregatoy,
hniezd a zrn: siderit (FeCOg); kremen (SiO,); tetraedrit
(CuzSbSs 55); ankerit (CaFe/COg/); albit (Na/AlSi;Og/); pyrit
(FeS,); arzenopyrit (FeAsS); chalkopyrit (CuFeS,); pyrotin
(FeS); markazit (FeS,); kobellit (5PbS.4/Bi, Sb/,S;);

b) menej ¢asté mineraly, zastupené vo forme zrn
a Ziliek: turmalin (Na/Mg, Fe, Mn, Li, Al/3Al/BO4/5/OH, F/,//
SigO44//); sericit (KAIl//OH, F/,/AlSizO44//); hydromuskovit
(/K, HyO/Al,//[H,0, OH/, /AISizO44//); dolomit (CaMg/
CO4/,); chlorit; monazit (Ce/PO,/); apatit (Cag//F/PO/4//);
rutil (TiO,); gersdorffit (NiAsS); magnetit (FezO,); bornit
(CusFeS,);

c) akcesorické minerély, vytvarajuce mikroskopické
inklizie a zrna: ullmannit (NiSbS); bizmutin (Bi,S3);
horobetsuit (/Sb,Bi/,S3/); rydzi bizmut (Bi); bournonit (2PbS-
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Cu,S-Sh,S;); pararammelsbergit? (NiAs,); galenit (PbS);
sfalerit (ZnS); jamesonit (4PbS-FeS-3Sb,S;); boulangerit
(5PbS-2Sb,S;); antimonit (Sb,S3); annivit (Bi odroda
tetraedritu s obsahom Bi do 6 %); giessenit (8PbS-3Bi,S;);
rydze striebro (Ag); zlato (Au);

d) sekundarne mineraly: annabergit (Nis//AsO,/,-8H,0);
erytrin (Cos/AsQ,/,-8H,0); barit (delafossit) (CuFeO,);
kalcit (CaCQs); markazit (FeS,); stibnit (Sb,S3); bornit
(CusFeS,); hematit (Fe,O,3); aragonit (CaCOj3); epsomit
(Mg/S0O,4/-7H,0); sadrovec (Ca/S0O,-2H,0); kaolinit (Al,/
OH/g/Si4,04¢//); covellit (CuS); goethit (FeOOH); med (Cu),
illit (/K, H,O/Al,//H,0, OH/,/AlISiz04//); malachit (Cuy//OH,/
COs//); kuprit (Cu,0).

Prevladajuci mineral je siderit, tvori 65 — 70 %
objemu vyplini. Vyskytuje sa svetloZltej az svetlohnedej
farby, stredno- az hrubozrnny, od niekolko mm do 2 cm.
Siderit je zatlageny kremefiom a sulfidmi pozdiz trhliniek
a jeho intergranularnych priestorov. Je to najstar§i mineral.
Vyskytuje sa aj siderit mladSej generécie, ktory pretina
kremef v podobe Ziliek a vypifia aj trhlinky tektonicky
porusenych krystalov pyritu (Sasvari a Mato, 1998).

V kremenovo-sideritovo-polysulfidickej Striebornej Zile
absolutne dominuje tetraedrit. Je pritomny v piatich for-
mach vyskytu zrudnenia (typoch akumul&cii). Jeho obsah
sa v zile meni. Najvyssi je v centralnej Casti sideritovych
~,mega“-asymetrickych budin (So$oviek), kde su Casté
subvertikalne systémy zlomov s vysokou koncentraciou

Sz
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zrudnenia.V nich je tetraedrit najintenzivnejsie ,znecisteny”
asociujucimi mineralmi (chalkopyrit, arzenopyrit, pyrit,
markazit, Bi minerédly, Pb-Sb-Cu-Bi sulfosoli) a ma
charakteristicky hnedosivy odtiefi. Relativne najCistejsi
tetraedrit (so svetlosivym odtiefiom) je v kremennych
zilach a SoSovkach, ktoré su vzdialené od subvertikalnych
zlomov.

V obidvoch pripadoch vytvara v zrudneni prevazne
masivne zhluky — akumulécie alebo polymineralne
agregaty zfn. Len zriedka tvori aj samostatné xenomorfné
zrna s velkostou od 2 um do X,0 mm v kremeni a siderite.
V mlieénobielom kremeni vypifia siet mikroskopickych
subhorizontalnych a subvertikalnych fraktur a na ich
krizovani tvori zhluky. V strednozrnnom siderite sa zvy€ajne
koncentruje v intersticiach klencov. Tetraedrit je v zrudneni
velmi €asto v asociacii s pyritom a chalkopyritom a relativne
menej s arzenopyritom a Pb-Sb-Cu-Bi sulfosolami.

Makroskopicky je tetraedrit ocelovosivej farby, krehky,
s matnym az vysokym leskom. Pomerne rychlo zvetrava
a ziskava lesklu ¢&iernu farbu. KompaktnejSie variety
v siderite maju tmavsi odtier a matnejsilesk, kym v kremeni
su podstatne krehkejSie, s ocelovomodrym odtiefiom
a vys$Sim leskom. Aj mikroskopicky bol identifikovany tetra-
edrit vo dvoch farebnych odtiefioch — svetlosivy a hnedosivy.

Z mikroStrukturnych vztahov minerdlov v para-
genetickych asociaciach vyplyva pritomnost dvoch
generacii tetraedritu, | a Il (Sasvari a Mato, 1998).

@
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Obr. 4. Geologicky rez strednou Castou rudného pola bana Maria (modifikované podia Mesarcika et al., 1994). 1 — porfyroid, 2 — sivy
a cCierny fylit, 3 — sericiticky svetly fylit. Cislo v krizku predstavuje urover banského obzoru.

Fig. 4. Geological cross-section through the central part of the ore field Maria mine (modified after Mesarcik et al., 1994). 1 — porphyroid,
2 — grey and black phyllite, 3 — sericite pale-coloured phyllite. The number in circle represents the mining level.
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Obr. 5. Priestorovy model povrchu, banskych diel a Striebornej zily.

Fig. 5. Spatial model of surface, mine workings and Strieborna Zila vein.

X4,000 ive HD28
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9384 20KV
Obr. 6. Au-Hg-Ag intermetalicka zliatina inkludovana v tetraedrite
I, 8. obzor, Strieborna Zila, baria Maria (Sasvari a Mato, 1998).

Fig. 6. Au-Hg-Ag intermetallic alloy included in tetrahedrite Il, 8.
mining level; Strieborna zila vein, Maria mine (Sasvari and Mato,
1998).

Tetraedrit | konverguje ku kremennej vypini budino-
vanej zily. Koncentruje sa na plochach mikroskopickych
subhorizontalnych a subvertikdlnych mikrofraktur
v kremennych asymetrickych budinach v siderite,
na kontakte kremena so sideritom, ako aj priamo v stredne
zrnitom siderite, kde vypifia siet mikrofraktur a intersticii
klencov sideritu. Tetraedrit | sa vyskytuje v asociacii
s pyritom |, arzenopyritom I, Ni-Co mineralmi (pentlandit,
gersdorffit I, kobaltin, millerit) a chalkopyritom I. Ich podiel
v mineralnej asociacii je vSak podstatne nizsi. Z toho
vyplyva, ze tetraedrit | je pomerne ,Cisty“ a nezriedka
vytvara kvazimonomineralne akumulécie.

Mladsi tetraedrit Il silne konverguje k reaktivovanym
subvertikalnym zlomovym systémom, v rozsahu ktorych

Tab. 1
Volné bilanéné zasoby
Economic reserves free

Kategoéria Mnozstvo Priemerny obsah UzZitkovych zloziek
zasob zasob

(tis. t) Fe (%) Cu(%) Ag(g-t)
Z-2 2780 33,71 1,042 2243
Z-3 715 33,17 0,621 120,4
Z-2 +Z-3spolu 3495 33,64 0,961 204,5

sa vylucil vo vysokom obsahu. S tektonicko-deformaénymi
udalostami v intervale tychto zlomov suviseli mladSie
mineralizaéné udalosti. Po€as nich nastala intenzivna
precipitacia tetraedritu Il a dalsich sulfidov a sulfosoli:

— v inicialnej faze sa vylucil arzenopyrit Il, gersdorffit 11,
ostatné Ni-Co mineraly, pyrit Il, pyrotin a ullmannit;

— postupne krystalizovali dalSie mineraly, a to: sfalerit,
galenit, chalkopyrit Il, Bi mineraly, zlato, kobellit, jamesonit,
boulangerit, bournonit, Pb-Sb-Cu-Bi sulfosoli, markazit,
akcesoricky antimonit a rumelka, ako aj rydzi Bi a Ag.

Variacie chemického zlozenia tetraedritu, napr. v roz-
sahu Striebornej zily, su menSie a demonstruju, ze ide
o Fe tetraedrity. Rozdiely v obsahu jednotlivych prvkov su
nizke a nesystematické, a to tak v ramci jedného horizontu,
ako aj ostatnych. Tento trend sa uplatiiuje vo vertikalnom
rozsahu aj v smernom priebehu Striebornej zily (Sasvari
a Mato, 1998).

Kremen je pomerne hojne rozsireny vo vsetkych
vyplniach ziliek a zil. V siderite vytvara nepravidelné zilky
a hniezda najCastejSie s tetraedritom a chalkopyritom.
Je mlie€nobielej farby a sprevadzaju ho sulfidy.

Kvantitativne zastupenie chalkopyritu je znacne
rozdielne, pricom smerom do hibky nahradza tetraedrit.



P, Blistan et al.: Prehodnotenie moznosti dalSieho vyuZitia Striebornej Zily — RoZriava 327

S nim vytvara kvapdckovité alebo emulzné Struktury
v tetraedrite. Tvori asociacie s pyritom, ktory je ¢astym
mineralom s nerovnomernym vyskytom a vystupuje
v podobe idiomorfnych, tektonicky postihnutych krystalov
alebo vytvara hniezda s viacerymi zrastenymi krystalmi.
Viaze sa vyluéne na sideritovii masu (Sasvari a Mato, 1998).

Pritomnost zlata (Au) v zilach roznavského rudného
pola (Bernardi, Maria, Rakos-Volarska) bola znama uz
v minulosti (Zimanyi, 1907; Papp, 1919). Sledovanie obsahu
Au od konca 50. rokov minulého storoCia v podstate su-
viselo s rastucim zaujmom o tetraedrit. Var¢ek (1959) opisal
drobné inkluzie Au v tetraedrite zily Maria. Zacgiatkom 60.
rokov sa obsah a distribucia Au uz sledovali v komplexne;j
zilovine z vy$8ich urovni zilnej Struktury Maria a Aurélia, ako
aj v separovanom tetraedrite (Novak, 1960; Trdlicka, 1963).
Od polovice 70. rokov sa zacal systematicky skumat obsah
Au v komplexnej Zilnej vyplni z viacerych urovni zily Maria,
ako aj forma vyskytu Au v separovanych monomineralnych
sulfidoch (Rozloznik, 1981). Vyskum Striebornej zily
koncom 80. a zaciatkom 90. rokov (Mesarcik et al., 1991;
Mesarcik, 1994) potvrdil aj pritomnost zlata v tetraedrite
aobsahAuod1,6do72g-t

V rokoch 1994 — 1995 v systéme a okoli subvertikalnych
zlomov s vysokou koncentraciou polysulfidického zrud-
nenia (obsah Au > 5 g - t™") sa zistili dva typy Au mineralov:

1. Au s vysokou rydzostou,

2. Au-Hg-Ag intermetalicka zliatina (Mato, 1994 a 1996;
Mato a Sasvari, 1997).

Ovalne a okruhle zlatinky sytozltej farby tvoria inkluzie
velké od 1 do 20 um len v tetraedrite |, ktory sa zrasta
so starSou a mladSou generaciou sulfidov a sulfosoli, resp.
je nou zatlaceny (pyrit, arzenopyrit, chalkopyrit, bizmutin,
ullmannit, kobellit, markazit a i.). V agregatoch a masivnych
akumuléciach su zvy€ajne 1 — 2 zlatinky, len ojedinele ich
je 5 — 6, s velkostou do 10 um. SvetloZIté okruhle zlatinky
relativne vacésich rozmerov (10 — 20 um) sa vyskytuju
v takmer monomineralnych agregatoch tetraedritu Il
(obr. 6) (Sasvari a Mato, 1998).

Kvantitativne a kvalitativne parametre loZiska

Prvym vypoctom zasob na Striebornej zile bol vypocet
zasob so stavom k 1. 1. 1986 (Valko in Mesarcik et al., 1986).
Odvtedy sa uskuto¢nilo niekolko schvalenych vypoctov
zasob. Ostatny a teraz platny vypocet zasob so stavom
ku driu 1. 7. 1996 dokumentuje rozhodnutie Ministerstva
zivotného prostredia SR €. 785/1999-min. zo dna 1. 6. 1999
o schvaleni vypoctu zasob, ktorym schvaluje vypocitané
zasoby komplexnych zeleznych rud na vyhradnom
loZisku Roznava — Strieborna zila 1l. Vypocet sa realizoval
podla podmienok vyuzitelnosti zasob loziska, ur€enych
MZP SR v Bratislave diia 6. 8. 1996 pod &. j. 3.3/707-96.
Tymto vypoctom sa na lozisku ur€ilo celkovo 4 211 000
ton geologickych zasob. Z toho volné bilanéné zasoby
predstavuju 3 495 000 ton (tab. 1) a volné nebilanéné
zasoby predstavuju 1 282 000 ton (tab. 2).

Ekonomicky pohlad na lozisko mal priniest novy
alternativny (variantny) vypocet zasob, ktory realizovali
Mesarcik et al. v roku 1996. Na vypocet sa stanovil

nasledujuci okrajovy obsah Ag v jednotlivych alternativach:
Ag90g-t';Ag120 g -t';Ag150g-t';Ag 180 g - t
a Ag 210 g - t™". Vysledky vypoétu s uvedenim priemer-
ného obsahu Uzitkovych zloZiek a mnozstvom zasob su v tab. 3.

V ramci tohto vypoctu sa odhadli aj prognézne zdroje
v kategorii Py. Odhad bol zalozeny na predpoklade vystupu
Striebornej zily na povrch v jej jz. ¢asti a na predpo-
kladanom hibkovom vyvoji Zily pri sklone 60°. Vysledky
odhadu prognéznych zdrojov kategdrii Py (Mesarcik et al.,
1996) su v tab. 4.

Zakladné predpoklady obnovenia tazby
na Striebornej zile

Z hladiska parametrov geologickych zasob su na
ekonomicku tazbu v roznavskom rudnom poli vhodné
iba rudy viazané na Striebornu Zilu. Z ekonomickych
predpokladov vyplyva, Ze ziskové podnikanie by zarucila
tazba zasob vymedzenych hrani¢nou podmienkou
minimalneho obsahu 210 g - t' Ag v geologickom bloku.
Takato podmienka zuzuje bazu disponibilnych geolo-
gickych zasob na 1 245 000 ton pri strednom obsahu Cu
1,761 %, Ag 400,6 g - t' a Fe 33,65 % (tab. 3).

Treba upozornit na to, ze zasoby v telese zily su
distribuované nepravidelne, pri¢om ich pozicia je dana
charakterom a zakonitostami priestorového rozmiestnenia
tetraedritu v podobe rudnych stipov viazanych na
tektonicky oslabené okraje sideritovych megasoSoviek.
Takato pozicia zasob vhodnych na tazbu priamo
podmienuje volbu tazobnych postupov. Nepriaznivym
faktorom je aj vyvoj prirodzenej zonality uzitkovych zloziek
smerom do hibky (ubtidanie najméa Ag, ktorého maximalnu
koncentraciu zaznamenavame vo vrchnych perifériach
pred podpovrchovym vyklinenim, a ubuidanie Cu). Uvedené
faktory spolu s potrebou ponechat celé bloky zasob
ako ochranné piliere na zaistenie stability povrchu pred
ucinkami tazby (Hatala et al., 1996) vplyvaju na dekon-
centraciu fazobnych postupov a znizuju zivotnost loziska.
Tazbu v dlhodobom horizonte je potrebné modelovat
citlivo, aby bohatSie, vysSie umiestnené bloky zasob
sa tazili viac rokov a pomahali vyrovnavat pokles kvality
pri tazbe hlbSie umiestnenych zasob (Jancura, 1998).

Napriek uvedenym skuto¢nostiam je eSte niekolko
limitujucich faktorov, ktoré budu vplyvat na obnovenie
tazby. Su to:

1. zabezpecenie odbytu tetraedritového koncentratu
s obsahom Ag,

2. vyrieSenie technoldgie upravy rudy z loziska
Strieborna zila,

3. navrhnutie efektivnej dobyvacej metddy a vyrieSenie
problémov s dopravou rubaniny na povrch.

Vystavba novej Upravnickej linky je v tomto pripade
nevyhnutnostou. Nova upravna by mala mat technolégiu,
ktorou je mozné ziskat koncentraty s vysokym obsahom
Cu, Ag a vzacnych prvkov. Cela technoldgia vSak zahffa
aj mnohé otazky a problémy. Niektoré sa vSak dorieSia asi
az po opatovnom otvoreni loziska. Okrem iného treba
mysliet aj na odpadové hospodarstvo — problém ukladania
odpadu z technologickych procesov na odkaliskach,



328

Tab. 2
VolIné nebilanéné zasoby
Potentially economic reserves free
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resp. haldach a jeho chemicku stabilizaciu (Lintnerova
a Seféikova, 2002; Lintnerova, 2002). Samotna vystavba
nového upravnickeho komplexu je okrem iného podmie-
nena aj rozsiahlou finanénou investiciou, dosahujucou

Kategdria MnoZstvo Priemerny obsah Uzitkovych zloZiek sumu radovo niekolko 100 mil. Sk.
zasob zasob i i 1 Experti z Fakulty BERG, ktori sa zaoberali racio-
(tis. ton) Fe (%) Cu(%) Ag(g-t7) nalizaciou tazby Striebornej zily, potvrdili, e tazobné
7.2 1 282 5719 0.092 14.7 prace na lozisku je mozné realizovat aj dobyvanim bez
Z-2 spolu 1282 2719 0,092 14,7 zakladania vyrubaného priestoru, priCom sa neprejavia
vplyvy poddolovania na povrch. V ich §tadii su navrhnuté
Tab. 3 dobyvacie metddy na skladku a dobyvacie metdédy
Alternativny vypocet zésob s otvorenym vyrubanym priestorom. Ich pouzitie umozriuje
Alternative calculation of reserves zvySenie hranice porubového vykonu, &im sa zachovava
urcita rentabilita banskych prac. Na tuto podmienku sa viaze
Alternativa Podmienka Priemerny obsah Zéasoby aj Z'SKOVOISf .Ce_leh‘? procesu dovbyvanla (ﬁegallek, 199_8),'
pre Ag uzitkovych zloziek (1) Hlavny limitujuci faktor tazby na loZisku je vertikalna
Fe (%) Cu (%) Ag(g-t") doprava. Ta je pomerne komplikovana. Spojenie povrchu
] 909t 8372 1259 2781 5141 968 a 6.obzoru zabezpecuje Upadnica a dalSie prepojenie na 8.,
2 120g -t 33:97 1:334 297:1 1 940 104 9.,10.a 1{3. obzor _zalstUJe §Iepa !ama. Techmgkal kapacita
3 150g-t' 33,77 1,389  309,7 1798490  tohto systému v trojzmennej prevadzke je maximalne 520 t
4 180g-t' 3370 1,512 338,7 1502 497 denne. Teoreticky to zodpoveda tazbe 125 kt ro¢ne.
5 210g-t' 3365 1,761 4006 1245683 Kvoli zvyseniu kapacity vertikalnej dopravy minimalne
na dvojnasobok a kvoli ujasneniu loziskovych pomerov
Tab. 4 pod 13. obzorom sa mala v loziskovom tUzemi hibit Sachta
Odhad prognéznych zdrojov Méria Il. z povrchu aZ pod 16. obzor. Jej projektovand hibka
Appraisal of prognostic resources bola 680 m. Hibenie sa pozastavilo uz na zagiatku, a teda
jama sa nedokoncila. Dal$i problém spojeny s pomerne
Kategéria ~ Mnozstvo ~ Odhadnuty obsah Uzitkovych zloziek velkymi tazkostami bola doprava rubaniny cez obytné Casti
zdrojov zdrojov (t) Fe (%) Cu (%) Ag(g-t") Roznavy. Kvéli vylu€eniu dopravy banskych substratov
cez mesto sa vyrazil dopravny prekop, ktory spaja severny
P-1 1810857 20 0.7 120 okraj mesta so Sachtou Maria Il.
Tab. 5
Rudné suroviny — stav k 31. 12. 2006 (Balaz a Kusik, 2007)
Metals — state to 31. 12. 2006 (Balaz and Kusik, 2007)
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Mineral - I N 1o 1o 1ol —
Fe rudy / Fe-ores [kt] 9 1 78 024 18 985 4 165 54 864 583
Med’ / Copper [kt] 16 - 533 27 & 499 0
Olovo / Lead [kt] & - 228 - - 228 0
Zinok / Zinc [kt] 4 - 396 - - 396 0
Antimoén / Antimony [kt] 9 - 55 - - 55 -
Ortut’ / Mercury [kt] 5 - 7 0 0 7 0
Volfram / Tungsten [kt] 1 - 7 - - y ¢ -
Striebro / Silver [t] 8 - 1515 795 223 497 0
Zlato / Gold [kg] 20 1 67 017 28 587 9725 28 705 84
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Délezity krok v ramci projektu otvarky tohto zatopeného
loZiska bude jeho zmahanie a s tym suvisiace vyrieSenie
problému efektivnej tazby rubaniny. Jedno z rieSeni je
napr. vystavba novej jamy. Toto rieSenie je predovSetkym
finanéne naroéné.

Zhodnotenie potencialu loZiska vo vztahu
k su€asnym trhovym podmienkam

Slovenska republika napriek historickej tradicii
v tazbe a spracovani rudnych surovin uz nepatri medzi
Staty s rozvinutym banskym priemyslom. Potvrdzuje
to aj v sucasnosti pouzivana metéda OSN pre obchod
a rozvoj (UNCTAD). Do kategodrie Statov s rozvinutym
banskym priemyslom zaraduje Staty, v ktorych podiel
tazby a spracovania nerastnych surovin na tvorbe hrubého
domaceho produktu (HDP) je vySSi ako 25 %. V porovnani
so svetom sa produkcia vybranych mineralnych komodit
v SR v poslednych rokoch (s vynimkou magnezitu)
podielala na celosvetovej produkcii len 0,01 — 0,8 %.
Z toho vyplyva, Ze podiel tazby nerastnych surovin, a zvlast
rudnych, na tvorbe HDP je sice relativne stabilny, ale nizky.
Dokumentuje to aj tab. 5, z ktorej je zrejmé, Ze pomer
evidovanych a tazenych lozisk je mimoriadne nepriaznivy.
V budidcom 10 — 20-ro€nom obdobi v8ak vzhladom
na narastajuce ceny surovin na svetovych trhoch je mozné
oCakavat ozivenie tazby vybranych rudnych surovin.

Vzhladom na vysoku geologickl preskumanost
uzemia Slovenska je objavenie novych lozisk vhodnych
na vyuzivanie v sucasnych trhovych podmienkach malo
pravdepodobné. Ostava preto jediné rieSenie — opatovné
otvorenie utimenych banskych zavodov. To vSak bude
v mnohych pripadoch finanéne velmi naro¢né. Podla
sucasnych ekonomickych podmienok ako bilanéné
sa hodnotia len ¢asti geologickych zasob Zeleznych rud
na loziskach Nizna Slana, Mand a Kobeliarovo a polymeta-
lickych (komplexnych) zeleznych rdd na spominanom
lozisku Roznava — Strieborna zila. S prihliadnutim
na vysoké vyrobné naklady na tazbu a spracovanie
suroviny z loziska Strieborna zila je tazba ekonomicka
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Obr. 7. Vyvoj ceny striebra na svetovych trhoch v rokoch
1995 — 2008.

Fig. 7. Development of silver prices in 1995 — 2008.

iba za predpokladu udrzania su¢asnych vysokych cien
drahych a farebnych kovov na svetovych burzach (obr. 7).

Optimalne vyuzitie loziska Strieborna zila uz bolo
predmetom mnohych diskusii a prezentacii na rozli¢nych
férach. Napriek dlhoroénému vyskumu jednym zo za-
kladnych a pretrvavajucich problémov je minerdlna
vazba uzitkovych zloziek Cu, Ag, Hg a Sb na tetraedrit.
Okrem vyrieSenia problémov s Upravou bude potrebné
zrekonstruovat vaésinu banskych diel, vybudovat novu
tazobnu jamu, upraviu a kompletnud infrastrukturu
na povrchu. Vzhladom na mnozstvo zasob a planovanu
kapacitu tazby je predpokladana zivotnost loziska 12 — 15
rokov.

Podla poslednych Studii vyuzitelnosti loziska si otvarka
vyziada investicné naklady vo vySke najmenej 20 mil.
USD. Po uspeSnom rozbehnuti banskej prevadzky
a upravnickeho komplexu by mala bana vo svetovom
meradle produkovat relativne malé mnozstvo kovovej
medi, striebra, zlata a oxidu antiménu, pripadne kovového
antimonu. Preto sa nepredpokladaju vazne problémy s ich
umiestiiovanim na komoditnom trhu. Vzhladom na stale
sa meniaci dopyt po drahych a farebnych kovoch vplyvom
nastupujucej svetovej krizy bude zaujimavé sledovat vplyv
vyvoja situacie na svetovych komoditnych trhoch na tento
investi¢ny projekt. Treba si vS§ak uvedomit aj to, ze Eurdpska
unia je zavisla od dovozu rud a koncentratov kovov a da sa
predpokladat, ze uz v blizkej buducnosti sa budd mnohé
eurdpske loziska prehodnocovat.

Zaver

Hoci existuju rizika neuspesnej realizacie projektu,
bola by Skoda, keby takéto unikatne lozisko zostalo dalej
nevyuzité. Hlavna slabina celého projektu je pohyb cien
medi a striebra na svetovych trhoch, odbyt koncentratu
a moznost nahleho zhorSenia banskogeologickych
podmienok dobyvania (Regalek, 1998). Na druhej strane,
zacCatie tazby Striebornej zily ma obrovsky vyznam pre
zachovanie banickej tradicie na Gemeri a znizenie miery
nezamestnanosti v okrese Roznava.

Podakovanie. Tento prispevok vznikol za finanénej podpory
grantovej agentury VEGA v ramci rieSenia grantovej ulohy
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Reinterpretation of the additional exploitation possibility
of the Strieborna Zila vein (Roznava, Slovakia)

The deposit Strieborna zila vein belongs among
the richest deposits in the central Europe. It has high
contents of utility elements. The deposit was discovered
by geological-exploration works in February 1981 in the
depth 500 metres beneath the surface in the 13th level
of Maria mine. Works were focused on verification of the
mineralized structures between deposit Maria and the vein
Rakos—Volarska.

The vein Strieborna Zila was named owing to increased
Ag contents in the separated tetrahedrite from the place
of appearance. The vein mineralization consists from
siderite and siliceous—sulphide mineral association. The
main sulphide mineral is tetrahedrite. All elements (Cu,
Ag, Bi and Sb, Hg) are bonded to tetrahedrite. Tetrahedrite
maximum accumulations occur in the central part of
vein. From the time of deposit discovery until 1992 the
deposit was intensively prepared for mining. Because of
bad situation in the world stock-market the deposit was
in 1993 conserved. One of principal and lurking problems

is the mineral bond of Cu, Ag, Hg, Sb to tetrahedrite.
Itis necessary to retrace most of the mining works, establish
new abstraction pit, dressing plant and infrastructure on the
surface. The operational life of the deposit is about 12 — 15
years.

The early development requires, according to last
studies, the investment charge of ca 20 mil. USD. Despite
the high initial investment it is possible to assume the
positive profit. The mine should produce relatively small
amount of copper, silver, gold, mercury and antimony
trioxid, eventually metallic antimony. The problems with
their placing on the market are not assumed. There exist
also hazards of unsuccessful realization of the project. The
general weakness of the project is the copper and silver
price movement on world stock-market, consumption
of concentrate and possibility of worsening mining
conditions. Despite, the exploitation of Strieborna Zila vein
is meaningful for preservation of mining tradition in Gemer
and degradation of unemployment in the Roznava district.
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New trends in mineral deposits evaluation: Case study in JelSava—Mikova
magnesite deposit (Slovakia)

The aim of this study is basic characteristic of modern methods, which are nowadays used
in economic geology for evaluation of mineral deposits.

Geographic information systems (GIS) represent modern instrument for construction of the
a model of mineral deposit. IDS (inverse distance squared) method and geostatistical kriging
method are the most important interpolation methods, which are used for construction of the
model.

These methods were applicated in the Slovak magnesite deposit JelSava, the Mikova part of
the deposit, block B, horizont 350. The model of distribution of MgO content in magnesite deposit
was constructed. The influence of tectonics was also included into the model by applying IDS
method. An error map of interpolation process was prepared after application of kriging method.

Key words: geographic information systems, interpolation, geostatistics, model of deposit

Uvod

V roku 2004 bola uznesenim €. 722/2004 schvalena
Aktualizované surovinova politika SR pre oblast
nerastnych surovin. Surovinova politika Statu zahfia
v8etky aktivity, ktorymi Stat ovplyvriuje a definuje ciele
spolo¢nosti pri vyuzivani domacich zdrojov nerastnych
surovin. Nadvazuje pri tom na dlhodobé potreby hospo-
darskeho a socialneho rozvoja spolo¢nosti s ohladom
na environmentalne aspekty trvalo udrzatelného rozvoja
tykajuce sa geologického vyskumu a prieskumu a vy-
uzivania overenych zasob nerastnych surovin, ako aj
ziskavania surovin v zahrani¢i na zabezpecenie chodu
ekonomiky (Michalkova, 2006).

Kvéli spineniu uvedenych cielov sa v su¢asnosti vyvija
pomerne velka snaha o kvalitné ekonomické hodno-
tenie slovenskych lozisk nerastnych surovin. Kvalitné
ekonomické hodnotenie sa v8ak nezaobide bez dobre
vykonaného vypoc¢tu a zhodnotenia zasob na lozisku.
Tomuto vypoctu a zhodnoteniu zasob by malo predchadzat
vyuzitie modernych metdd hodnotenia loziska, ktoré by
¢o najhodnovernejSie znazornovali situaciu a parametre
loZiskového telesa.

Metddy geostatistiky a modelovania loziskovych telies
sa v zahrani¢i vyuzivaju uz desatrocia, no u nas sa s ich
aplikaciou zacalo len prednedavnom. V sucasnosti sa
geostatistika stava nevyhnutnym nastrojom pri rieSeni
r6znych problémov v modernej loziskovej geoldgii. Jej
vysledky sa vyuzivaju pri vypocte zasob a ekonomickom
hodnoteni loziska.

V procese tazby na lozisku je potrebné neustale
spracuvat a analyzovat geologické informacie ziskané
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pocas tazobného prieskumu. Tato skuto¢nost si aj
u nas vynutila postupné zavadzanie GIS (geografickych
informacénych systémov) pri hodnoteni lozisk. Ma to velky
vyznam aj pri vypocte zasob a ekonomickom hodnoteni
loziska.

Medzi prinosy geografického informaéného systému
patri napriklad zvySenie uUrovne planovania tazby,
spresnenie vedenia evidencie pohybu zasob, moznost
realizacie variantného vypoctu zasob, a teda skvalitnenie
ekonomického rozhodovania (Liptak, 2006).

Cielom tejto Studie je poskytnut stru¢ny prehlad
modernych metdd hodnotenia lozisk nerastnych surovin,
akymi su rézne interpolacné a geoStatistické metody
aplikované prostrednictvom $pecialneho softvéru v pro-
stredi GIS a réznych novych trendov v ekonomickom
hodnoteni, ktoré sa v sucasnosti vyuzivaju pri zhodno-
covani lozisk nerastnych surovin.

Geografické informacné systémy (GIS) pri hodnoteni
lozisk nerastnych surovin

Geografické informacné systémy su systémy, ktoré
sluzia na efektivne ukladanie, aktualizaciu, analyzu,
modelovanie a prezentaciu geograficky orientovanych
informacii a na manipulaciu s nimi. GIS je efektivne
prepojenie réznych typov grafickych udajov (vektorové,
rastrové) s vhodne Struktirovanou databazou.

Ulohy $pecifické pre GIS mozno rozdelit na niekolko
oblasti (Zlocha, 1996):

e reprezentacia geografického priestoru, meranie
a zber udajov,

¢ zhromazdovanie udajov,
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e Struktury udajov a algoritmy,

* priestorové modelovanie a Statistika,

* zobrazovanie,

° organizacné, pravne a etické aspekty.

Vyvrcholenim predchadzajuicej analyzy a spracovania
loziskovogeologickych udajov je vytvorenie geografického
informac¢ného systému, ktory je zalozeny na spracovani
v8etkych dostupnych textovo-numerickych a grafickych
udajov o lozisku.

GIS, ktory sa vyuziva pri hodnoteni loziska a pri
planovani tazby, si vyzaduje spracovanie nasledujucich
typov udajov (Blistan a Grin¢, 1998):

e vzorkovy material a terénne geologické merania
(spracovanie map vzoriek, knih vzoriek, existujucich
databaz vzoriek),

* mapové podklady — komplexné spracovanie
mapovej dokumentacie (meraéské body, meracska siet,
klady listov, technické prace, vystrojenie banskych diel,
loziskovogeologické informacie, povrchova situéacia,
technologické objekty),

* tabulkové udaje — aktudlne a archivne informacie
(parametre loziskovych blokov, ekonomické hodnotenia,
archivne informacie).

Naro¢nost modelovania loziskového telesa zavisi od
mnozstva vstupnych udajov a od zvolenej modelovacej
metddy. Pri modelovani geologickych telies sa vyuzivaju
rozne interpolacné metddy.

Geograficky informaény systém je zalozeny na pre-
pojeni subsystémov do dvoch zakladnych modulov —
databazového a geografického (Blistan a Kondela, 2002).

Databazovy modul vyuziva moznosti tabulkového
procesora a textového editora a relacny pristup k udajom
a informaciam.

Geograficky modul ponuka moznosti analyzy
priestorovych vztahov databazovych zaznamov vo
vztahu k ostatnym geoobjektom alebo javom. Je to
geografické prezentovanie loziskovych a inych udajov na
zaklade stanovenych kritérii (priestorova analyza a 3D
modelovanie).

Hlavné vyhody pouzitia geografického informacného
systému v loziskovej geoldgii (Blistan a Kondela, 2002):
a) komplexna béaza loziskovogeologickych udajov, b) digi-
talny model geologickej situacie a ucelové geologické mapy,
¢) moznost analyzy a spracovania vSetkych geologickych
udajov.

Geografické informaéné systémy poskytuju banskej
prevadzke komplexnu bazu banskotechnickych udajov,
digitalne povrchové, banské a iné u¢elové mapy a moznosti
analyzy a spracovania ostatnych udajov (vetranie, unikové
cesty, rozmiestnenie strojov a pod.).

Prinos zavedenia geografického informacéného sys-
tému na lozisku JelSava-Dubravsky masiv spocéiva
v nasledujucich faktoch (Liptak, 2006):

e zvy$enie Urovne planovania tazby vytvorenim modelu
distribucie magnezitu réznych kvalitativnych tried, ktory
je sucasne podkladom na optimalne situovanie dobyvok
a pilierového systému; to v kone¢nom dosledku zvySuje
vyrubnost loziska a vyuZitie magnezitu;

* spresnenie vedenia evidencie pohybu zasob;

e analyza distribucie chemického zlozenia magnezitu
a Skodlivin, lokalizacia réznych kvalitativnych tried
magnezitu; je to dblezité pri riadeni kvality tazby;

e rozmery dobyvanych blokov su v sulade s pouzitou
dobyvacou metddou;

* moznost realizacie variantného vypoctu zasob podla
roznych hraniénych (tzv. cut-off) podmienok vyuzitelnosti;
jednoznacéne to prispieva ku skvalitneniu ekonomického
hodnotenia;

e moznost kvantifikacie odbytovych moznosti, vyrob-
ného sortimentu a optimalizacie tazby a spracovania
magnezitu.

Interpolacné metody

Interpolaéné metddy su silnym nastrojom pri hodnoteni
kvalitativnych aj kvantitativnych charakteristik loZiskového
telesa v priestore. SlUzia na interpretaciu vlastnosti loziska
aj v miestach, odkial nemame k dispozicii vzorkovy
materidl. Vyber interpolaé¢nej metédy ma znaény vplyv na
tvorbu modelu loZiskového telesa, mnozstvo vypocitanych
zasob a celkové zhodnotenie loziska. V ramci loziskového
telesa mo6zeme vyclenit zény obohatenia, pripadne
ochudobnenia danej suroviny (distribucia uzitkovej zlozky).
Ma to vyznam aj pri lepSom planovani tazby na lozisku,
modernom viacvariantnom spdsobe vypocltu zasob
a celkovom hodnoteni loziska. Nie v8etky interpolaéné
metddy vSak poskytuju uplne rovnaké vysledky. Volba
najvhodnejSej interpolacnej metddy zavisi od viacerych
faktorov v suvislosti s konkrétnym loziskom.

Medzi najcastejSie pouzivané interpolacné metody
v loziskovej geoldgii patria:

a) metdda prevratenych Stvorcov vzdialenosti (inverse
square distance — IDS); b) metdda krigingu; c) metéda
minimalneho zaoblenia; d) modifikovana Shepardova
metdda; e) metdda prirodzeného suseda; f) metdda
najblizSieho suseda; g) metody radialnych bazovych
funkcii; h) trojuholnikova metdda s linearnou interpolaciou
zistenych hodnét (Stanék et al., 2006).

V nasledujiucom texte struéne uvedieme principy
niektorych interpolaénych metdd, ktoré sa najCastejSie
pouzivaju v loziskovogeologickom prieskume.

Trojuholnikova metdda s linearnou interpoléciou
zistenych hodnét

Princip tejto metdédy spodiva v odhade neznamej
hodnoty pomocou linearnej zavislosti (obr. 1).

Linearnym utvarom v trojrozmernom priestore je rovina
z, ktora je dana rovnicou:

Z=ax+by+ec.

Polohu hladaného bodu B zistujeme z troch znamych
bodov so suradnicami G, [X4, Y4, Z1], G4 [X2, V2, Zo] @ Gg [X3,
Vs, Z3], pre ktoré plati:

zy=axy + by; +c,
Z, =ax, + by, + C,
Zz=axs + bys + C.
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Kedze pozname vSetky hodnoty x;, y; a z;, rieSenim
uvedenej sustavy rovnic su koeficienty a, b, ¢ roviny,
v ktorej sa nachadzaju body G,, G4 a Gg. Polohu hladaného
bodu B [xg, yg] potom zistime zo vztahu:

Tg=axg+byg+cC.

G,

Obr. 1. Princip trojuholnikovej metddy s linearnou interpoléciou,
rovina z je definovana bodmi G,, G, a G4 (Blistan, 2005).

Fig. 1. Principle of triangulation method with linear interpolation,
the plain z is defined by points G,, G, and Gq (Blistan, 2005).

Metdda prevratenych Stvorcov vzdialenosti (IDS)

Hodnotu sledovanej veli¢iny Tz v bode B zistujeme
ako suhrn prispevkov zo znamych bodoyv, ktoré su v urcitej
vzdialenosti od bodu B (obr. 2). Princip metédy mozno
vyjadrit vztahom:

n &
14 1
2

i=1

T, =

d% — vzdialenost jednotlivych bodov so znamymi
hodnotami veli¢iny k bodu B, g; — hodnoty sledovanej
veli¢iny jednotlivych znamych bodov.

Js 97

Obr. 2. Princip metddy IDS (Blistan a Kondela, 2001 in Blistan,
2005).

Fig. 2. Principle of IDS method (BliStan and Kondela, 2001
in Blistan, 2005).

Geostatisticka metdda krigingu

Ulohou tejto metddy je poskytnutie ¢o najlepsieho
odhadu sledovanej veli€iny v lubovolnom mieste zaujmovej
plochy alebo telesa na zaklade skupiny znamych hodn6t
(Blistan, 2005).

Pri metdde krigingu plati tento zakladny vztah:

T =iwigi'
1

T* — odhadovana hodnota v konkrétnom bode B,

w; — vaha pozorovania v i-tom bode,

gi — znama hodnota sledovanej veli¢iny v i-tom bode
(vzorka).

Medzi hodnotami veli¢iny v r6znych bodoch pola
existuje urcity vzajomny vztah — kontinuita, ktora sa
vyjadruje pomocou Strukturnych funkcii kovariancie
a variogramu. Variogram je zakladna Strukturna funkcia,
ktora kvantitativne opisuje zmeny v priestore regionalnej
premennej. Semivariogram je Strukturna funkcia, ktora
opisuje o¢akavany rozdiel v hodnotach medzi parmi vzoriek
vzdialenych od seba o h s danou vzajomnou orientaciou
(Blistan a Pauco, 2005).

Funkciu semivariogramu opisuje vztah:

l nlh 2
1) =30, +1)-U6,)-
2n(h) P

n(h) — pocet parov vstupujucich do vypoctu
experimentalneho semivariogramu na vzdialenosti h,
h je vektor v n-rozmernom priestore,

(vi + h) — nesie v sebe priestor,

U(v;) — konkrétna hodnota.

Priestorova $truktura Studovaného regionalizovaného
javu je modelovana na zaklade semivariogramu vypoci-
taného z dvojic hodndt oddelenych vektorom h. Takto
transformované pole hodnét slizi ako vstup na krigovanie.

Uvedené metddy su sucastou programového vybavenia
viacerych S$pecializovanych pocitacovych programov
(Surfer 8, Topol, ArcGIS a pod.).

Ekonomické hodnotenie lozisk

Klasifikaciu zdsob vyhradnych lozisk SR upravuje
§ 14 zékona €. 44/1988 Zb. v zneni zakona ¢. 498/1991 Zb.,
558/2001, 203/2004, 587/2004, 479/2005, 219/2007 Zb.
a vyhlaska SGU &.6/1992 Zb. o klasifikacii a vypodte zasob
vyhradnych lozisk.

Podla preskumanosti vyhradného loziska alebo
jeho casti, stupfia znalosti jeho uloznych pomerov,
kvality, technologickych vlastnosti a banskotechnickych
podmienok sa zasoby vyhradného loziska klasifikuju na:
a) Z-1 (overené zasoby), b) Z-2 (pravdepodobné zasoby),
c¢) Z-3 (predpokladané zasoby).

Podla vhodnosti na hospodarske vyuzitie sa zasoby
klasifikuju na: a) bilanéné zasoby, b) nebilanéné zasoby.

Podla moznosti dobyvania podmienenej technolégiou
dobyvania, bezpeénostou prevadzky a uréenymi ochran-
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nymi piliermi sa zasoby klasifikuju na: a) viazané zasoby,
b) volné zasoby.

K samotnému ekonomickému hodnoteniu loziska je
mozné pristupit az po dékladnom prehodnoteni mnozstva
zasob, ich kvality a naslednych variantnych vypoctoch
zasob, kde su presne definované jeho loziskovogeologické
parametre, banskotechnické, technologické a hydrogeolo-
gické pomery (Tréger a Balaz, 1999).

Do celkového ekonomického hodnotenia loZiska treba
zaratat aj naklady na energie pri tazbe a Uprave suroviny,
naklady na likvidaciu starych environmentalnych zatazi a pod.

Pri klasifikovani zadsob na bilanéné (ekonomické) a ne-
bilanéné (potencialne ekonomické) je potrebné definovat
zavislost medzi zasobami loziska (Z), priemernym
obsahom (x) a medznym obsahom (x,) uzitkovej zlozky.
Tuto zavislost definujeme pri variantnych vypoctoch
zasob na lozisku pri roznych, vopred uréenych hodnotach
medzného obsahu uzitkovej zlozky.

Definicia zavislosti medzi mnozstvom zasob (Z),
priemernym obsahom (x) a medznym obsahom (x,)
uzitkovej zlozky je ddlezita aj pri ureni optimalnych Z,
X a X,, ktoré zodpovedaju maximalnej cene loziska pri
meniacich sa technickych a technicko-technologickych
parametroch.

V kone¢nom désledku teda cena loziska (C), jeho
ekonomicka hodnota, zavisi od ceny suroviny (c), vyrobnych
nékladov (n), technicko-technologickych parametrov (tp)
a od loziskovogeologickych parametrov (Z, x, X). Mozno
ju vyjadrit ako funkciu tychto parametrov:

C —f(Z, x, xo, n, C, tp).

LoZiskovogeologické parametre (Z, x, x,) nhazyvame
statické a technicko-technologické a technické parametre
(n, c, tp) nazyvame dynamické.

Postup ekonomického hodnotenia loziska na zaklade
variantného vypoctu zasob je takyto (Tréger a Balaz,
1999):

1. Do ekonomického hodnotenia vstupuju udaje, ktoré
pozostavaju z loziskovogeologickych parametrov — zasob,
priemernych a medznych hodnét obsahu uzitkovej zlozky.

2.Ekonomické hodnotenie sa za¢ina variantnym vypo¢tom
zasob. To umozni okonturovat zasoby roznej kvality pri rdznom
medznom obsahu uUzitkovej zlozky, ktoré pokryvaju cely
interval kvality overenej na loZisku nad hodnotou medzného
obsahu prijatého pre nebilanéné zasoby.

3. Kazdy variant vypoctu zasob sa nasledne technicko-
-ekonomicky zhodnoti a na zéklade Uzitkovej hodnoty 1 t,
vyrobnych nakladov na 1 t a mnozstva vytazitelnych zasob
sa vhodnou metodikou pre kazdy variant vypoctu zasob
vycisli cena loZiska.

Modelovy priklad aplikacie interpolacnych metéd
(IDS, kriging) v prostredi GIS na lozisko
magnezitu JelSava

Lozisko magnezitu Jel8ava je situované na severnom
okraji karbénskeho pruhu gemerika. Produktivne telesa
magnezitu maji namursky vek a su sucastou ochtinského

suvrstvia dobsinskej skupiny. Lozisko pozostava z tmavo-
sivého dolomitu, ktory je lokalne hydrotermalne preme-
neny na krystalicky svetlosivy magnezit. Magnezitové
telesa tvoria nepravidelné SoSovky rézneho tvaru a kvality.
Sosovky dosahuju horizontalnu dizku 3 600 m v smere
V — Z a hrdbka produktivneho stvrstvia je 600 m. So$ovky
su vyznamne tektonicky poruSené (Mathes, 2000).

Evidované bilan¢né zasoby loziska JelSava v mnozstve
240 miliénov ton s predpokladanou zivotnostou minimalne
100 rokov zaraduju toto lozisko k loziskam svetového
vyznamu (Lipték, 2006). Vytazeny magnezit sa po Uprave
pouziva predovSetkym na vyrobu Ziaruvzdornych hmot
vo forme magnezitovych slinkov.

Uvedené interpolaéné metddy boli aplikované
na loziskovej Casti Mikovéa, sektor B, horizont 350 m
n. m. Spolo¢nost SMZ JelSava, a. s., poskytla tudaje,
ktoré pozostavali z banskej mapy $tudovaného horizontu
v elektronickej podobe vo forme design suboru a databazy
vzoriek, ktora bola spracovana v tabulkovom procesore
Excel. V databaze boli ku kazdej vzorke z prekopov
z daného horizontu uvedené tieto udaje: priestorové
suradnice (X, Y, Z), hodnoty chemického zloZenia (obsah
MgO, SiO,, Fe,O; a CaO). Tieto udaje tvorili vstupné
udaje na naslednu analyzu distribucie uzitkovej zlozky
MgO prostrednictvom pouzitia jednotlivych uvedenych
interpolacnych metdd v prostredi GIS. Pri pouziti metddy
IDS sa do modelovania distribucie MgO zahrnul aj vplyv
tektoniky, pretoZze na danom lozisku je pomerne vyznamny.
Na analyzu sa pouzil program ArcGIS 9.17.

Sucastou programového vybavenia softvéru ArcGIS
9.7 su aj rézne uzito€né nastroje. Prostrednictvom nich
dokdzeme aplikovat jednotlivé interpolaéné techniky
na subor udajov, ktoré mézu byt ulozené v databaze
v roznych formatoch (napr. mdb., dbf. a podobne).

Prvym krokom pred samotnou analyzou bolo
prenesenie banskej mapy horizontu 350 m n. m. do 3D
priestoru kvoli lepsej ilustracii situacie dobyvacieho sektora
B, loziskovej ¢asti Mikova (obr. 3). Nasledne sa v priestore
lokalizovali analyzované vzorky z prekopov z horizontu
350 m n. m. (obr. 4).

Na analyzu distribucie uzitkovej zlozky MgO v priestore
ako prva sa pouzila metdéda IDS (obr. 5). Pri pouziti
metody IDS je mozné do vypoctu zahrnut aj vplyv réznych
diskontinuit (v naSom pripade ide o zlomy), ktoré vyrazne
vplyvaju na distribuciu sledovaného javu. Ako vidno,
v danej loziskovej ¢asti sa nachadza mnozstvo diskon-
tinuit, ktoré tiez maju vplyv na distriblciu uzitkovej zlozky
(obr. 6).

Pomerne dobré vysledky sa dosiahli pri aplikacii
geostatistickej metédy univerzalneho krigingu (obr. 7).
Znovu tu vyrazne vidiet zvySeny obsah MgO v sz. Casti
a nizky obsah v jv. Casti. Po aplikacii krigingu sa vykonava
procedura cross validation (tzv. ,oumerangovy“ test), pri
ktorej sa testuje presnost aplikovanej krigovacej metddy.
V priebehu tohto testu sa porovnava znama hodnota
sledovaného javu v danom bode (v naSom pripade vzorka,
hodnota MgO) s vypocitanou hodnotou v tomto bode.
Vysledkom tejto procedury je mapa chyb vypocitanych
hodnét sledovaného javu (obr. 8).
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Obr. 5. Proces interpolacie obsahu MgO (%) vo vzorkach (metdda IDS, bez vplyvu tektoniky).
Fig. 5. The interpolation process of MgO (%) content in samples (IDS method, without influence of tectonics).
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Obr. 6. Proces interpolacie obsahu MgO (%) vo vzorkach (metdda IDS, s vplyvom tektoniky).
Fig. 6. The interpolation process of MgO (%) content in samples (IDS method, with influence of tectonics).
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Obr. 7. Proces interpolacie obsahu MgO (%); (metdda krigingu).

Fig. 7. The interpolation process of MgO (%) content (kriging method).

/

<..
o= 4

J 4,33 - 4,69
b 469-4,96
i 4,96 - 5,16
5,16 - 5,30
5,30 - 5,41
5,41 - 5,49
"} 5.49-5.60

I 5.60-5.95

awing > [R 0 | O~ A~ /< @] Ada ZIf0 -] B 7 u|A~ &>~ 4> o~ |

Obr. 8. Mapa chyb interpolacie obsahu MgO (metdda krigingu).

Fig. 8. The error map of interpolation of MgO content (kriging method).

Pri aplikacii obidvoch metéd v oblasti analyzovanych
vzoriek horizontu 350 m n. m. vidiet zvy$eny obsah MgO
v sz. Casti. V juhovychodnej ¢asti, naopak, je obsah MgO
vyrazne niz&i (okolo 25 %). V tejto Casti zrejme ide o vzorkovy
material pochadzajuci z dolomitu.

Z vysledkov pouzitia tychto metdd dokazeme identifikovat
bohatSie a chudobnejSie Casti loziska. Aplikacia uvedenych
metdd v prostredi GIS ulahéuje proces viacvariantného
vypoctu zasob v priebehu loZiskovogeologického prieskumu
a nasledné ekonomické hodnotenie loZiska.
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Zaver

Vyuzivanie uvedenych metdd sa uz postupne aj na
Slovensku stava neoddelitelnou suéastou geologického
prieskumu. Geostatistika ma pri modelovani loziskového
telesa nezastupitelnu ulohu. Na zaklade jej aplikacie
zistujeme parametre a vlastnosti loziska v celom jeho
priestore, nielen v ramci banskych prieskumnych diel.
GeoStatistické metddy popri loziskovom prieskume
nachadzaju Siroké uplatnenie s Uspesnymi vysledkami aj
v roznych vednych disciplinach. Modelovanie a prezentacia
loziskového telesa v prostredi GIS predstavuje mnoho
vyhod oproti klasickym analégovym mapam v papierovej
podobe. Interaktivne prepojenie loziskovej databazy s jed-
notlivymi aktivnymi témami umoznuje rychlo a efektivne
vyhladat v ramci loziskového telesa bloky s urcitymi
Specifickymi vlastnostami. V kone¢nom désledku to ma
velky vyznam pri planovani tazby, vykonavani vypoctu
zasob podla najnovSich metdd a kritérii a pri ekonomickom
hodnoteni loziska.

Nové metddy ekonomického hodnotenia loziska,
viacvariantného vypoctu zasob a ur€ovania ceny loziska
v podmienkach trhovej ekonomiky sa zacali na Slovensku
vyuzivat len nedavno a hned sa prejavil ich velky vyznam.
V minulosti sa ¢asto stavalo, ze mnohé zasoby loziska boli
podhodnotené a uréené ako nebilanéné, no v skutoénosti sa
aj v ramci tychto zasob nachadzali ekonomicky vyznamné
zasoby. Tento problém sa postupne odstranuje aplikaciou
modernych postupov viacvariantného vypoctu zasob.

Podakovanie. Praca vznikla s pomocou finanénych prostriedkov
grantu Univerzity Komenského v Bratislave ¢. 224 s nazvom
projektu Moderné trendy v hodnoteni loZisk nerastnych surovin.
Dakujeme zamestnancom spolo¢nosti SMZ, a. s., JelSava
za poskytnutie udajov nevyhnutnych pri praci a za ochotu
spolupracovat.
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New trends in mineral deposits evaluation: Case study in JelSava—Mikova
magnesite deposit (Slovakia)

The main aim of this study is to render a short review
of modern methods of mineral deposits evaluation
(geographic information system, interpolation methods,
geostatistics, modern methods of economic evaluation of
mineral deposits), which are nowadays used for evaluation
of mineral deposits.

The advantages of using GIS in geology of mineral
deposits are: a) complex basis of geological and deposit
data; b) digital model of geological situation and geological
maps; ¢) possibility of analysis of all geological data (Blistan
and Kondela, 2002).

Triangulation method with linear interpolation, IDS
(inverse distance squared) method and geostatistical
kriging method are often used in geology of mineral
deposits by modelling of deposit body.

Key factors, which have a great influence at the mineral
deposit price are: a) reserves; b) utility element amount;
c) cost of production; d) price of one metric tonne of raw
material; e) technical parameters of exploitation (Tréger
and Balaz, 1999).

The model of MgO content in magnesite of the Slovak
magnesite deposit JelSava—Mikova, sector B, horizon 350,
was used in this study for demonstration of using GIS in
geology of mineral deposits. The GIS software ArcGIS
9.1. was used for final analysis. Applying both — IDS and
kriging methods, we visualized an increased MgO content
in north-western part of horizon 350 m a.s.l. Contrary,
in south-eastern part the MgO content is distinctly lower
(around 25 %). The results demonstrate that GIS methods
allow easily identify richer and poorer parts of deposits.
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Vyhodnotenie Medzindrodného roku planéty Zem (IYPE):
Lisabonska medzinarodna konferencia
Planet Earth, Present for the Future

Recapitulation of the International Year of Planet Earth (IYPE):
Lisbon International Conference Planet Earth, Present for the Future

UN Year of’
Planet Earth 2008

Jozer MICHALIK
Geologicky ustav SAV Bratislava

Abstract: The conference Planet Earth Lisbon Event 2009 (PEL2009), held in Lisbon on 20.-22. November 2009, is briefly reported,
emphasizing its main results. The conference under the auspices of Portugal president Anibal Cavac Silva and the state government closed
the International Year of Planet Earth (2007-2009). The increased responsibility of leading world politicians concerning the Earth and related
sciences belongs among the main contributions of IYPE. During conference an important role of eighty national and regional IYPE commities
and thousands of educational and Earth-protection activities were summed up. As an example of geological activities there was presented the
project OneGeology (reported by EuroGeoSurveys), focussed on forming of digital database for geological map of the world for a new platform
of web site Google Earth. The initiative GeoAlpine intends to form educational mountain pathes crossing Alpine ridges. The role of renewable
resources should be increased in the future. Important is an invocated interest of young people in Earth sciences. Based on IYPE the Slovak

Geological Committee has organized a series of educational presentations, exhibitions and conferences in 2007-2009.

V Parku narodov v Lisabone savdnoch 20.az22.novembra
pod zastitou portugalskej vlady a prezidenta Portugalskej
republiky Anibala Cavaca Silvu konala zavere¢na konferencia
Medzinarodného roku planéty Zem nazvana Planet Earth
Lisbon Event 2009 (PEL 2009). Konferenciu na zaver triénia
IYPE, ktoru z poverenia portugalského narodného vyboru
IYPE organizovala spolo¢nost Bombazine, viedli predseda
organizac¢ného vyboru IYPE Eduardo F. J. de Mulder
a predseda portugalskej Komisie pre UNESCO Fernando
Andresen Guimaraes.

Eduardo de Mulder, vykonny riaditel sekretariatu IYPE,
konstatoval, ze najdélezitejSiu zlozku IYPE tvorilo osemdesiat
narodnych a regionalnych vyborov IYPE, ktoré stmelili kluc¢o-
vych ucastnikov z viacerych, obc¢as superiacich organizacii.
PEL 2009 zdruzila vedcov, politikov a priemyselnikov, aby
v zavere triénia Medzinarodného roku planéty Zem (2007
az 2009) zhodnotili vysledky a perspektivy IYPE. Tato retro-
spektiva dominovala celému podujatiu a odrazal ju aj podtitul
PEL 2009: Planéta Zem, dar pre buducnost. PEL 2009 vytycila
tri délezité témy, ktoré boli blizke zameraniu IYPE a prikladom
uloh udrzatelného rozvoja: Obnovitelné zdroje energie, Udrza-
telné obhospodarovanie krajiny a vody a Planéta Ocean. Tieto
témy boli osvetlené z hladiska politiky, vedy a priemysilu.

Predseda Eurdépskej komisie José Manuel Durao
Barroso ocenil snahu primét na politickej urovni veducich
politikov, aby v deciznych procesoch venovali viac pozornosti
vede a poznavaniu Zeme tak, aby sa spolo¢nost stala
bezpecnejSou a prosperujucejSou. O uspechoch v tomto
smere referoval byvaly prezident Portugalskej republiky
Mario Soares, portugalska ministerka zivotného prostredia
a rozvoja Dulce Passaro a ministerka vychovy a Skolstva
Kapverdskych ostrovov Vera Duarte. Angolska ministerka
zivotného prostredia Fatima Jardin a tanzansky minister
Skolstva a vedy Jumanne A. Maghembe ocenili iniciativu
angolskych geoldgov, ktora vyustila do vytvorenia Afrického
féra pre rozvoj, tesne spolupracujuceho s IYPE.

Alberto Riccardi, predseda Medzinarodnej unie geologic-
kych vied, kladne zhodnotil fakt, Ze od zaciatku triénia IYPE
v roku 2007 sa realizovali tisicky aktivit. Vyznamna €ast z nich
sa vztahovala na vychovu a vzdelavanie. Prave vzdelanie
a informacie su zakladnou poziadavkou socialno-politického
a ekonomického rozvoja. Geovedné vzdelanie a osveta
maju zakladny vyznam pri vytvarani bezpecnejSej, zdravsej
a bohatSej globalnej spolo¢nosti. Norska ministerka vyskumu
a vzdelavania Tora Aasland ocenila pokrok v geovednom
poznani, riaditel UNESCO pre prirodné vedy Walter Erdelen
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zasa vzrast zaujmu uchadzacov o Studium geovied (najma
na nemeckych univerzitach) v ostatnych troch rokoch.

OneGeology je inym typom aktivit IYPE. O tejto oblasti
referoval Marko Komac z EuroGeoSurveys. Ambiciou
tejto aktivity je spojit geologické poznatky ziskané najma
geologickym mapovanim vo vSetkych krajinach sveta.
Vytvara sa tak digitalna databaza, ktora sa potom preklada
do jednotného pocitacového jazyka. Planovanym vystupom
je digitalna odkryta geologicka mapa, ktora moze pripadne
vyustit do dalSej dimenzie popularnych geografickych
webovych stranok ako Google Earth. Od zaciatku sa k tejto
iniciative pridalo uz 113 narodnych geologickych sluzieb.

Iniciativa GeoAlpina spojila geologické komunity alpskych
zemi, ktoré vytvorili subor nauénych ciest krizujucich alpské
hrebene pristupny verejnosti. Aj Slovensko v spolupraci
s polskymi kolegami pripravuje vydanie mapy a publikacie
spristupnujuce;j Sirokej verejnosti geovedné poznatky o stavbe
a vyvoji Vysokych Tatier, realizuje sa priprava a vyhlasenie
geoparkov. Inym uspeSnym vystupom IYPE bola idea Earth
Learning, zabezpecujuca elegantny spésob pomoci ucitefom
pri vysvetlovani neraz zlozitych geologickych problémov. Bola
vydana séria vedeckych publikacii zaoberajucich sa prakticky
vSetkymi hlavnymi témami IYPE. Prvé zvazky zabezpecilo
vydavatelstvo Springer-Verlag.

Lisbon event 09

Exposicao
20_22 de Novembro
PAVILHAO DO CONHECIMENTO
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V referatoch k odbornym
témam konferencie odznelo
viacero zaujimavych
prispevkov. Znamy britsky
publicista, profesor zooldgie
Oxfordskej univerzity Aubrey

Manning konStatoval,
ze rastica potreba energii nielen ohrozuje ekonomiku
a politicku stabilitu zemi na celom svete, ale predovSetkym
prinaSa obrovsku prilezitost pre geovedy a technoldgie.
Generalny sekretar International Society of Sugar Cane
Technologists Jean-Claude Audrey vyzval na §irSie vyuzivanie
obnovitelhych zdrojov energii — solarnych, prilivovych,
veternych, hydrologickych, geotermalnych, a predov§etkym
biologickych. Ich vyuzivanie ma este stale obrovské rezervy.
S. Paramananthan vyzval na vedecky pristup v kampani

o globalnom oteplovani, kde neraz prevladaju polopravdy
a snaha o senzéacie nad triezvymi analyzami podstaty
problému. Kamparovity, neuvazeny pristup prina$a neraz viac
Skody nez uzitku. Ako priklad uviedol malajzijsky megaprojekt
sebestaénosti v produkcii ryze: odlesnené a premenené na
ryzové polia boli miliony hektarov serpentinitovych zvetranin,
¢o spdsobilo produkciu potravin a vod znecistenych niklom
a chromom.

Slovensky geologicky komitét sa na iniciative IYPE
podielal usporiadanim série populariza¢nych prednasok na
strednych Skolach a v osvetovych strediskach na Slovensku
(Banska Bystrica, Bratislava, Liptovsky Mikulas, Nové Zamky),
konferenciami usporiadanymi pod zastitou Ministerstva
zivotného prostredia a Ministerstva zahrani¢nych veci SR,
organizovanim vystavy argentinskych dinosaurov v stredisku
Aupark v Bratislave, ale predovsSetkym vystavou Planéta,
na ktorej Zijeme, v Slovenskom narodnom muzeu v Bratislave
a v Muzeu SpiSa v SpiSskej Novej Vsi. Sponzorskym pri-
spevkom k akciam IYPE prispeli Hornonitrianske uholné
bane, Nafta Gbely a Volkswagen. Podpora iniciativy zo strany
deciznej sféry bola, Zzial, nevyrazna. V médiach (Radio
Slovensko, Radio Devin, STV1, Markiza atd.) odznelo spolu
16 prispevkov a rozhovorov na tému IYPE, v slovenskej tladi
bolo publikovanych 12 kratkych popularizaénych ¢lankov.

Hodnotenie narodnych komitétov na PEL 2009 naznacdilo,
ze spolo¢ny zamer zvySit geovedné povedomie medzi deciznou
sférou a verejnostou na narodnej Urovni bol prinajmensom
sCasti splneny. S uspechom v mnohych krajinach sa stretla
najmé snaha zvySit zaujem mladeze o geovedy, na ktoru
sa zameriavala aj iniciativa Young Earth Scientists (YES).
Pozvanie vybranych Studentov z krajin zu¢astnenych v IYPE
na PEL 2009 zvyraznilo vyznamnu ulohu nastupujucich
generacii pri dosahovani Uloh udrzatelného rozvoja vyty€enych
Organizaciou spojenych narodov. Ako najaktivnejSie boli
ocenené narodné komitéty Francuzska, Portugalska, Talianska,

| = Tanzanie, USA, Velkej Britanie

a dalSich jedenastich krajin sveta.

Eduardo F. J. de Mulder navrhol
pokraéovat v iniciative IYPE
vytvorenim Planet Earth lIstitute,
ktory by v nasledujucich rokoch
koordinoval aktivity vychadzajiuce
z vysledkov triénia IYPE vo vSet-
kych zucastnenych krajinach.
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Vystavu Planéta, na ktorej Zijeme, videlo 49 680 ndvstevnikov

Exhibition “Planet, where we live on” attended by 49 680 visitors

Icor BRoskA' a EVA NELISEROVA?
'Geologicky Ustav SAV Bratislava, 2Slovenské narodné muzeum, Prirodovedné muzeum Bratislava

Abstract: Contribution reviews the exhibition “Planet, where we live on”in Slovak National Museum in Bratislava (25. 11. 2008 — 2. 7. 2009),
being visited by 49 680 visitors. The exhibition had four thematic parts (1) Anatomy of Earth, (2) Earth — living planet, (3) Geological evolution
of Slovakia and (4) Raw material — richness of humankind. The exhibition was completed by two seminars for pedagogues, ten public lectures
(e.g. prospecting of gold and further industrial minerals, geophysical and geodetic monitoring of volcanoes, earthquakes, meteorites and their
findings in Slovakia, geochronological dating, etc.) and 49 lecturel explanations. The exhibition was held owing to the initiative of National
Geological Committee of Slovak Republic as a contribution to International Year of Planet Earth (IYPE) and managed by the Geological Institute
of Slovak Academy of Sciences and Slovak National Museum in Bratislava. The exhibition has been prepared by team of researchers from
Geological and Geophysical Institutes of Slovak Academy of Sciences, Faculty of Natural Sciences Comenius University and Dionyz Stur State

Geological Institute.

Dna 2. jula 2009 zavrela svoje brany vystava Planéta,
na ktorej Zijeme. Je velmi poteSitelné, Ze pocCas jej trvania
od 25. novembra 2008 ju v Slovenskom narodnom muzeu
v Bratislave videlo 49 680 navstevnikov. Je to vyznamny
odkaz verejnosti o praci geovedcov. Nebola to len rozsiahla
vystava na ploche viac ako 520 m? so $tyrmi samostatnymi
tematickymi celkami, ale aj jej cielena propagacia, mediali-
z4acia a prevadzkovanie. Boli to aj mnohé sprievodné aktivity
— dva seminare pre pedagogov a desat prednasok pre Siroku
verejnost. Pritomni sa na nich mohli oboznamit napriklad
s geologickym vyvojom Slovenska, s prospekciou zlata
a typmi mineralizacii na Slovensku ¢i svetovymi loziskami
zlata. Tato téma bola rozSirena aj o kratkodobé vystavenie
atraktivnych vzoriek zlata, pozoruhodného kovu, ktory ¢lovek
pozna a vyuziva viac ako 6 000 rokov.

Problematika geofyzikalneho a geodetického monitoro-
vania sopiek a pri€in vzniku zemetraseni zaujala aj v kontexte
s potencialnym &i realnym ohrozenim pre ¢loveka. Mimoriadny
zaujem zo strany verejnosti bol o prednasku o vyskume
meteoritov a ich nalezoch na Uzemi Slovenska, ako aj
o spésoboch datovania Zeme a vyzname objavu radioaktivity
pre geoldgiu.

Pocas Noci muzei a galérii 2009, ked boli priestory SNM
aj vystava az do polnoci pIné navstevnikov, odzneli prednasky
zamerané na paleontolégiu — na vyvoj a geografické
rozSirenie organizmov v jednotlivych etapach histérie Zeme.
Hovorilo sa aj o aktualnosti Darwinovej evolu¢nej teorie
a genéze evolu¢ného myslenia v minulosti az po su¢asnost.
Navstevnikov na vystave sprevadzali viaceri autori vystavy
s dopliujucim vykladom k jednotlivym tematickym celkom.
Néavstevnikov zaujala prezentdcia spojena s praktickym
prezeranim mikroskopickych organizmov pod stereolupou
a mikroskopom. Ich skamenené schranky zaujmu nielen
morfoldgiou, ale paleontoldgom poskytuji mnozstvo
inform&cii aj o prostredi, v ktorom tieto organizmy zili.

Vystavu v Ciasto¢ne upravenom rozsahu bude mozné
vidiet od oktébra 2009 v Muzeu SpiSa v Spisskej Novej Vsi,
potom v Muzeu madarskej kultdry a Podunajska v Komarne
a pravdepodobne aj v SNM v Martine. ESte vSak skér, ako sa
sucast tejto vystavy model sopky Stiavnického stratovulkanu
spolu s animéciou jeho vyvoja nainstaluje na Spisi, doplni
vystavu o mineraloch rudnych Zzil v Slovenskom banskom
muzeu v Banskej Stiavnici.

Priecelie SNM a niektoré exponaty.

Front side of the museum and some
exhibites.

Foto/Photo D. Pakozdyova and S. Jelen.
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Predpokladame, Ze po skoncéeni repriz vystavy mnohé expo-
naty a prezentécie zostanu v Slovenskom narodnom muzeu
— Prirodovednom muzeu v Bratislave — a spolu s vytvorenymi
modelmi vyhynutych Zivo¢ichov a animaciami o davnominulych
geologickych dejoch obohatia stale expozicie SNM.

Projekt vystavy Planéta, na ktorej Zijeme, vznikol ako
iniciativa Narodného geologického komitétu SR k Medzi-
narodnému roku planéty Zem. Jeho hlavnym poslanim bolo
pod mottom Geovedy pre spolocnost Sirit geologickl osvetu
v spolo¢nosti. Projekt rychlo dostal podporu zo strany
Slovenskej akadémie vied a Slovenského narodného
muzea, ktoré na prezentaciu naslo vystavny termin v budove
Prirodovedného muzea na Vajanského nabrezi v Bratislave.

Cely vystavny projekt manazoval Geologicky ustav SAV
a Prirodovedné miuzeum SNM. Finan¢ne bol zabezpeceny
prostrednictvom LPP projektu Agentury na podporu vyskumu
a vyvoja, projektu Environmentalneho fondu Ministerstva
zivotného prostredia SR, ako prioritna vystava SNM
z prostriedkov Ministerstva kultury SR a prostrednictvom
dotécie Slovenskej akadémie vied. Velka vdaka patri nielen
za financovanie, ale aj partnerom vystavy, ktori prispeli k jej

uspechu. Su to: Nafta, a. s., Hornonitrianske bane Prievidza,
a. s., Povazska cementarenn Ladce, a. s., a Volkswagen
Slovakia, a. s. Do pripravy a realizacie vystavy sa ochotne
zapojili aj pracovnici Geofyzikalneho ustavu SAV, Prirodo-
vedeckej fakulty UK a Statneho geologického Ustavu Dionyza
Stara.

Spolo¢né usilie rozlicnych odbornikov geovedcov viedlo
k vytvoreniu scenara, ktory sa stal atraktivnym prierezom
poznatkov z oblasti geologickych vied aj pre Siroku verejnost.
VSetky texty su aj v anglickom preklade, ¢o autori povazovali
za nutné kvoéli zrozumitelnosti a zaujmu zahrani¢nych
navstevnikov. Odborny obsah, mnozstvo doplnkového
materidlu, fotografii a exponatov bolo potrebné navstevnikovi
podat takou formou, ktora ho zaujme vizualne a vtiahne na
podrobnejsiu prehliadku. Autorom vytvarno-priestorového
rieSenia a celej realizacie vystavy je Milan Vesely a N & V
Design, spol. s r. 0.

Velky pocet navstevnikov vystavy naznacuje, ze tato praca
mala svoj spolo¢ensky vyznam a méze byt vyzvou na vytvaranie
dalSich edukacnych a popularizaénych projektov, zalozenych
na Sirokej spolupraci slovenskych geologickych institucii.

mineralia¥slovacal

Prehladna geologicka mapa Slovenska v mierke
1:200 000 uvedena do kazdodennej praxe
General geological map of Slovakia at a scale 1: 200 000 introduced

into everyday practice

Lupovit KucHARIC
Statny geologicky Ustav D. Stdra Bratislava

Abstract: A new edition of the general geological maps of Slovak Republic at a scale 1 : 200 000 was solemnly introduced in vernissage
in National Council of the Slovak Republic on 19. May 2009. Issued maps have originated owing to ten years lasting synthetic scientific
work, summarizing endeavour and outcomes of several generations of geologists and replaced previous edition from 1964. New geological
maps covering whole area of Slovakia form a good ground for potential multilateral projects, required by European Union, being focused on
environmental, hydrogeological, geothermal and raw material topics, as well as investment strategies. The contribution describes opening
ceremony and reproduces several positive responses from visitors’ book, which can be considered as the best positive and concrete feedback,

appreciating geological work.

Dlho ocakavana edicia prehladnych geologickych map
v mierke 1 : 200 000 bola slavnostne uvedena na vernisazi
vo vystavnej sieni Narodnej rady Slovenskej republiky na
Bratislavskom hrade dria 19. maja 2009. Syntetické dielo
zavrSujuce vysledky desatro¢nej prace Sirokej skupiny
nielen sucCasnej generacie, ale aj predchadzajucich
generacii geolégov nasmeroval do Zzivota moderator
vyznamnych kultdrnych podujati Luboslav Méza. Najskor
dal slovo oficidlnym re¢nikom: predsedovi parlamentného
vyboru Narodnej rady SR pre ZP Janovi Slabému,
generalnemu riaditelovi sekcie geoldgie a prirodnych zdrojov
MZP Miroslavovi Zacharovi a nakoniec riaditefovi SGUDS
Lubomirovi Hraskovi. Ti vyzdvihli vyznam prehladnych
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geologickych map ako vychodiskovej bazy pre Siroké vyuzitie
v kazdodennej praxi. Oficialnu ¢ast programu, ktoru dotvaralo
jednotlivymi variabilnymi hudobnymi motivmi umelecké
damske slacikové kvarteto, zakoncil zavere€nym prejavom
koordinator a zodpovedny rieSitel projektu Vladimir Bezak.

Na vernisazi sa zuc¢astnilo nielen mnozZstvo sucasnych
geoldégov roéznych Specializacii, ale aj tych, ktori su uz na
dochodku, vyraznym spésobom ovplyvhovali smerovanie
slovenskej geoldgie a stale su ochotni radami a pripomienkami
prispievat k rieSeniu aktualnych problémov.

Osobitného uznania sa dostalo koordinatorovi a celému
rieSitelskému kolektivu od prezidenta Slovenskej republiky.
Prezident formou listu podakoval za venovanie Prehladnej



geologickej mapy Slovenskej republiky, ocenil naronu pracu
pri jej tvorbe a zablahoZelal k uspeSnému skonc&eniu.

Dizajn vystavy spracoval Ladislav Martinsky. Jednotlivé
mapové listy v mierke 1 : 200 000 celej mapy Slovenska
v tejto mierke sprevadzali kratke texty o ich tvorbe, ako aj
geologické profily doplnené textami o geoldgii Slovenska
s bohatou fotodokumentaciou. Integralnou sucastou vystavy
bol struény prehlad poskytnuty prostrednictvom geologickych
map jednotlivych regiénov v mierke 1 : 50 000 ako zakladného
materialu, ktorych syntézou vznikalo vysledné dielo.

Pocas celého trvania vystavy (12.5.—29.5.2009) sa ulohy
odborného sprievodcu vyborne zhostil Jan Mello. Vyjadrili to
in situ v pamatnej knihe mnohi navstevnici, z ktorych zna¢na
Cast bola zo zahranicia.

Zakladné geologické dielo, ktoré vystriedalo legendarne
mapy CSSR 1 : 200 000 vydané v roku 1964, predsa len uz
poznacené dobou svojho vzniku (patdesiate roky minulého
storodia), sa teda uz oficialne vyuziva v kazdodennej praxi.
Len zainteresovani pracovnici SGUDS (odborni aj riadiaci),
prizvani externi Specialisti, oponenti jednotlivych mapovych
listov, ale aj zastupcovia gestora — sekcie geoldgie a prirod-
nych zdrojov MZP — vedia o nelahkej praci na tomto mapovom
diele. Tak ako pri kazdej dlhSie trvajucej praci, aj tu museli
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zapasit s problémami dnesnej turbulentnej doby, ktora nie je
prili§ naklonena vedeckej praci. V8etkym zainteresovanym
vSak treba podakovat a zablahoZelat k zavfSeniu vyrazného
usilia a k prehibeniu geologickych poznatkov o Slovensku.

Vydanie tejto mapy ma velky vyznam aj vo vztahu
k zahrani¢iu, najma ku krajinam Eurdpskej unie. Predstavuje
moderny geologicky podklad, vhodny pri rieSeni medzi-
narodnych multilateralnych projektov.

Na zaver vyslovujeme Zelanie a zaroven presvedcenie, ze
sa toto zelanie naplni, aby nova edicia prehladnych geologic-
kych map Slovenska zaujala pevné miesto vo vedomostnej
baze Slovenskej republiky a aby bola vhodnym inSpiraénym
a zhodnocujucim zdrojom pri rieSeni environmentalnych,
hydrogeologicko-geotermalnych ¢&i surovinovych problémov,
ako aj vyznamnych investi¢nych zamerov.

Na uplny zaver ponukame vyber impresii z navstevnej
knihy, ktoré dotvaraju prostredie vystavy a okamzité vnutorné
pocity navstevnikov po jej prehliadke:

Pozn.: Texty pisané ¢inskymi znakmi a podobné sme
z pochopitelnych dévodov vynechali.

La geolegie de la Slovaquie est tré complexe — Beau travail. Necit. podpis, Bretonsko, France 14. 5. 2009

Very nice and good work. Necit. podpis 15. 5. 2009

Prva vystava v tychto priestoroch s prijemnym sprievodcom, dakujeme. Lastomirova, Tibensky 15. 5. 2009

Boli sme tu aj s detmi, v§etci sme mali iZasny zaZitok. Krdsna a hodnotné vystava. Dakujeme. Neéit. podpisy 16. 5. 2009

Very interesting and very nice guide. We like it! Katja, MiSo, Slovenija 17. 5. 2009

A beautiful, clean exhibit and explanation...especially the TATRAS. Thank you. Devon, New York and West Virginia USA 17.5. 2009

18. 5. 2009 Kevin and Anthony from the USA and Jorge from Salvador. Thanks to J. Mello for information about Geology of Slovakia.
19. 5. 2009 Die Austellung ist sehr Informative und hat uns sehr gefallen. Manfred und Sonja Stotz, aus Deutschland, Heilbronn

A very interesting and informative EXPO. Tim and Ben Boonen, Perth, Australia. 19. 5. 2009

Nous avons visité cette exposition avec beaucoup de plaisir avec un guide treés intéressant. Félicitation pour ce tres beau travail. Lynn

et Richard Riopel, Montréal, Canada 19. 5. 2009

Srdecéna vdaka a dbkaz, Ze patrime aspon v nieGom k svetovej elite. Necit. podpis 19. 5. 2009

Thank you very much for your excellent explanation Mr. Mello. Exhibition is interesting and rich in contents. Wish your exhibition success.

Necit. podpisy 2x Beijing, China. 20. 5. 2009

20. 5. 2009 Thank you very much for your interesting explanation. Jadere und Ard from Holand
Byl jsem tady a uZival jsem si vystavy. Frank, Hartford Connecticut, USA 20. 5. 2009

It is the first time | visited an exhibition about geological maps, and although I do not know almost anything about geology the
people in the exhibition helped me to understand the maps. Important work for Slovakia a country that is still trying to find its
national identity. Ourania from Greece. 20. 5. 2009

Sice jsem nepochopila co bylo drive, vejce Ci slepice, ale se skvélym vykladem pana Mella jsem méla aspori pocit, Ze k tomuto poznani
sméruji. Diky za bezvadnou spolecnost. Andrea Kohoutova Praha. 20. 5. 2009

21. 5. 2009 Thank you very much for your hospitality and your Explanation. Best regards.
Laurent, St. Martin, Paris.

22.5.2009 So much information, so little time. Thanks for the tour. Henry and Sonny Osleck, Australia

22. 5. 2009 Thank you for information. Very interesting and lighting. Tarja and Hannu from Finnland.

22.5.2009 Thank you so much, it was quite surprising to find this exhibition here! Hilde, Nadja and Rosemary from Belgium.
22. 5. 2009 Very detailed informative explanation. Thanks so much. Kiyuko, Japan

23.5.2009 Very impresive illustration + text v ¢instine. Necit. podpisy, Hong Kong, China
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24. 5. 2009 Very interesting explanation. Really good. Thanks. Necit. podpis. Argentina

Gratuluji! Mapy jsou velkym tspechém autord i celé geologické obce Slovenska. Diky. Milos Suk. 26. 5.

Dakujeme panovi RNDr. Mellovi Janovi za kvalitny vyklad k vystave. Nasi $tvrtaci ziskali vela kvalitnych vedomosti z oblasti geoldgie.
Nech sa Vam v praci dari. U¢. Chlupkova Darina a 4. B Zahorska Bystrica.

Many thanks for different information upon geological maps of Slovakia. This is the first experience for us. It was really good lecture. Thank

you. 4 necit. podpisy, Turecko, 28. 5.

Ein herzliches Dankeschon fur die interesante fuheung. 2 necitatelné podpisy Swiss 28. 5. 2009
29. 5. 2009 Vdaka za pracu geolégom, ktori nam sprostredkovali informacie o nasej krasnej krajine. Darinka Jalna

Thank you for such interesting insights into Slovakian geology. It was nice to have a different perspective of the history of the
country’s formation. | especially like the microscope slides and model rocks. Wonderful exhibits. 29. 5. 2009

Thank you very much for an interesting tour and exhibit of Slovakian geology. | am learning about geology of the Netherlands, bit it appear,
the geology of Slovakia is much more complex and interesting. Maaike Broos, Arnheim, Netherland, 29. 5. 2009

Ak sa vam zda, ze zahrani¢né zapisy dominuju, tak k tomu
len tolko: asi to vyjadruje zlozenie navstevnickej vzorky. Ibaze
by zahraniéni hostia mali viac chuti pisomne vyjadrit a okam-
zite materializovat vzniknuté dojmy a emdcie... Komentare
k uvedenym vyjadreniam nechavame na Citatelov. Nikto vSak
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Obr. 1. Prisludnici zasluzilej a aktivnej generacie geoldgov. Zlava:
M. Ele¢ko, D. Vass, M. Slavkay, J. Mello, O. Franko, A. Biely, V. Konecny,
M. Polak a M. Kali¢iak. Foto L. Martinsky.

Fig. 1. Members of merited and active generation of geologists. From
the left: M. Elecko, D. Vass, M. Slavkay, J. Mello, O. Franko, A. Biely,
V. Konec¢ny, M. Polak and M. Kali¢iak. Photo L. Martinsky.

Obr. 2. Oficialne osobnosti pri otvoreni vystavy. Sprava: M. Zachar
— generalny riaditel sekcie GaPZ MZP, L. Hrasko — riaditel SGUDS
a J. Slaby — predseda vyboru pre ZP NR SR. Foto L. Martinsky.

Fig. 2. Opening ceremony. From the right: M. Zachar — general director
of GaPZ department in Ministry of Environment, L Hrasko — director
of SGUDS and J. Slaby — chairman of the Committee for Environment
of National Council of Slovak Republic. Photo L. Martinsky.

Obr. 3. Koordinator ulohy V. Bezak pri uvodnom prejave. Foto
L. Martinsky.

Fig. 3. The project coordinator V. Bezak at introductory speech. Photo
L. Martinsky.

nembze popriet to, ze v tomto pripade iSlo o propagéaciu
slovenskej geolégie smerom k Sirokej verejnosti vo svetovom
meradle. V kazdom pripade je to celkom prijemné a potesu-
juce citanie. Pohladi minimalne duSu autorov geologickych
map, ako aj autorov vystavy a jej technickych realizatorov.
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- ’ prezenidcia odborne] GlnnosH milackyeh
FOI'llm mludych 2009 = vededlyydh pracevailev do 38 roloy

Forum of Young Scientists 2009 held in State Geological Institute

of Dionyz Stur, Bratislava

JAN MADARAS
Statny geologicky ustav D. Stura Bratislava

Abstract: The State Geological Institute of Dionyz Stur, following earlier tradition, has organized the Forum of Young
Scientists 2009, held in Bratislava on 28. April 2009. Altogether 14 presentations brought new results from the fields of geological
investigation, engineering geology, hydrogeology, GIS and archival registration in Geofond and the Central Geological Library.
Short report about this event with photographs is followed in this contribution by abstracts of presentations.

Statny geologicky Ustav Dionyza Stira v minulych
rokoch pravidelne organizoval seminar mladych vedeckych
pracovnikov do 35 rokov. V zmysle tejto tradicie SGUDS
v spolupraci so Slovenskou geologickou spolo¢nostou
pripravil 28. aprila 2009 v priestoroch Velkej saly Dionyza
Stara v SGUDS Bratislava celodenny odborny seminar
Férum mladych 2009. Bolo prednesenych 14 referatov
z odbornej Cinnosti vlastnych mladych pracovnikov za rok
2008 z oblasti zakladného geologického vyskumu, inZinier-

\ L% B M /
Obr. 1. Cast Ggastnikov a posluchaéov Féra mladych 2009 podas
prednasania referatov. Foto L. Martinsky.

Fig. 1. Part of participants of the Forum of Young Scientists 2009.
Photo L. Martinsky.

Obr. 2. Riaditel SGUDS L. Hrasko pri otvoreni Féra mladych 2009.
Foto L. Martinsky.

Fig. 2. Director of SGUDS L. Hragko opening the Forum of Young
Scientists 2009. Photo L. Martinsky.

M. PETRAS: Kinematika a dynamika muranskeho
zlomového systému v oblasti Slovenského raja

Prispevok sa zaobera problematikou smerne posuvnych zén
v muranskom zlomovom systéme a nadvaznostou ich vyskytu
a vyvoja v oblasti Slovenského raja. Je zamerany na kinematicku
a dynamicku klasifikaciu zlomov a smerne posuvnych zén, ich
geologické a tektonické prejavy a typy podruznych Struktur
vznikajucich pocas vyvoja smerne posuvnych zén.

skej geoldgie, hydrogeoldgie, geologického informacného
systému, registratirnej ¢innosti Geofondu a Ustrednej
geologickej kniznice. Odborna komisia hodnotila vedecky
prinos prednasok, ich grafické spracovanie a celkovy Ustny
prejav prednasajucich. Tri najlepSie prednasky boli na zaver
odmenené finanénou prémiou. Tu ziskali prispevky od M.
Abelovej, F. Bottlika a K. KraloviCovej.

Uspesna akcia prebiehala v priatelskej, prijemne;j
atmosfére mladych vedeckych pracovnikov Ustavu.

Zlomové Struktury rozélenuju oblast Slovenského raja, ktory
tvoria prikrovové paleoalpinske jednotky (veporikum, gemerikum,
meliatikum, hronikum a silicikum) a pokryvné, tzv. potektonické
jednotky vrchnokriedového a paleogénneho veku (gosauska skupina
a podtatranska skupina). Oblast je napadne roz€lenena smerne
posuvnou tektonikou na vyrazné vejarovité Struktiry na muranskom
zlome. Tektonickym Studiom sa vyclenilo osem deformacnych faz
v terciérnom obdobi s vypocitanymi paleonapatovymi tenzormi,
ktoré boli chronologicky zaradené do jednotlivych obdobi (paleocén
— pliocén).

O
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M. KUCERA: Analyza diskontinuit v Belianskej jaskyni

Posudzované udaje sa ziskali po¢as terénneho Struktirneho
mapovania v Belianskej jaskyni a z povrchovych odkryvov v jej bliz-
kom okoli. Z nameranych hodnét tektonickych Struktur polygenetickej
skupiny diskontinuit bolo potrebné Struktirnou analyzou separovat
jednotlivé monogenetické skupiny. Na zaklade orientacie smeru
sklonu a uklonu poruch sa vyé€lenili jednotlivé monogenetické
skupiny diskontinuit, pricom bolo potrebné odfiltrovat vrstvovitost.
Bolo identifikovanych pat monogenetickych skupin diskontinuit.
Najpocetnejsia skupina diskontinuit poukazuje na poklesovy cha-
rakter sv.-jz. orientacie s uklonom na JV. Na zaklade orientacie smeru
sklonu a uklonu s touto skupinou velmi dobre koreSponduje priebeh
podtatransko-ruzbasského zlomového systému. K spomenutému
zlomu sa viaze aj druha skupina diskontinuit s rovnakou orientaciou,
ale s plytkejsim uklonom pléch poukazujucim na preSmykovy
tektonicky rezim. Tretia skupina poruch sa vyznacuje vacSou
variabilitou smerov sklonu a uklonu. Je interpretovana ako porucha
vznikajlca v extenznom tektonickom reZime s.-j. smeru a vykazuje
poklesovy charakter. Stvrtd monogeneticka skupina vznikala pri
extenznom tektonickom rezime vjv.-zsz. smeru. Piatu monogeneticku
skupinu sv.-jz. smeru mozno pokladat za smerne posuvny systém.
V celom priebehu jaskynnych priestorov je dobre viditelna vrstvo-
vitost so smerom uklonu na V. Plochy vrstvovitosti su do znaénej
miery skorodované.

M. ABELOVA: Rekonstrukcia paleoteploty a prirodného
prostredia na hranici pleistocén/holocén na zaklade
stabilnych izotopov

V nasom vyskume podavame vysledky rekonsStrukcie
paleoekologickych a paleoenvironmentalnych podmienok na konci
posledného glacialu a na zadiatku holocénu. Hlavnym cielom
vyskumu bolo rekonstruovat klimaticky a paleovegetaény zaznam
uchovany v kyslikovom izotopovom zlozeni klov mamutov druhu
Mammuthus primigenius, zubov koni Equus sp. a jaskynnych
medvedov Ursus spelaeus pochadzajucich z jedenastich slovenskych
a moravskych lokalit. 1zotopy uhlika (3C/'2C) sluzili na uréenie
paleopotravy mamutov, koni a medveda jaskynného a tym aj na
nepriamu identifikdciu vegetaéného krytu. Izotopy kyslika (80/'6O)
sa vyuzili na rekonstrukciu paleoteploty. Nase vysledky zodpovedaju
palynologickym a malakologickym vyskumom a vypodéitané
priemerné ro¢né paleoteploty suhlasia s paleoklimatickymi vykyvmi
zaznamenanymi v gronskom ladovcovom jadre GISP2.

Z. BACOVA: Premeny vulkanického skla pri Byste

Studovana oblast patri k 2. typu vulkanizmu (Lexa a Kaligiak,
2000). Ide o bimodalny andezitovo-ryolitovy typ vulkanizmu. Tento
typ sa vyvijal v zéne hrasti (Tokaj) — Mili¢ — Zemplin — (Beregovo
— Baia Mare), ktora oddeluje Ciastkovu Transkarpatsku a Panénsku
panvu panénskeho bazénu. Tento typ vulkanizmu na vychodnom
Slovensku sa vyvijal od vrchného badenu do spodného pandénu.
Reprezentuju ho malé andezitové vulkany a efuzivne komplexy
s hyaloklastitmi, extruzivne démy andezitov a dacitov a intruzivne
komplexy dioritovych porfyrov. Miestami prevladaju kyslé vulkanity.
Ide o orogénne vulkanity so vztahom k zaoblukovej extenzii (Kali¢iak,
Ele¢ko a Konecny, 2008).

Vyskyt mineralu mordenit sa viaze na dajkové teleso vystupujice
v priestore Pod zahradami. Na povrch vystupuje v bezmennej
rokline na ploche 10 x 15 m. Jeho centralnu ¢ast tvori felziticko-
-sféroliticky fluidalny ryolit s geodami a kavernami, ktorych steny su
pokryté tenkou kérou chalceddénu. Odkryta je okrajova sklovita ¢ast
dajky s hribkou do 1 m. Sklo je perlitizované, s typickou perlitickou
odlu¢nostou.

V skle su pritomné drobné elipsoidalno-geodovité utvary
s velkostou do 2 mm az 5 mm, ojedinele do 1 cm. Zastupenie geod
v perlitizovanom skle je do 60 %, v priemere zhruba 35 %. Mordenit
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vypifiajlci geody vystupuje v dvoch formach: jemnoihli¢kovito-
-plstnatd forma dominuje, hruboihli¢kovita vejarovita forma
je zriedkava. Obal geod z vnutornej strany tvori mordenit a z periférnej
strany zmes chalceddnu, ktory miestami prevlada a vytvara vlastny
obal. Draselny zivec (adular?) a blizSie neur¢ena silikatova hmota
je v najtesnejSej vonkaj$ej vrstve na styku s perlitizovanym sklom.

Na zaklade konkrétnej geologickej situacie na lokalite
predpokladame, Ze mordenit vznikal za Ucasti hydrotermalnych
procesov suvisiacich s intruziou ryolitovych telies v alkalickom az
neutralnom prostredi pri teplote v rozmedzi 80 — 120 °C.

A. OSLiK: Regionalne hodnotenie inziniersko-
geologickych pomerov v mapach

Prispevok je zamerany na regionalne hodnotenie inzinierskogeolo-
gickych pomerov v mapéach. Su zhodnotené a porovnané jednotlivé
spbsoby zobrazovania inzinierskogeologickych pomerov na mapach
r6znych mierok, od najstarsich spésobov az po platnd smernicu MZP
SR 1/1996-3.2. na zostavovanie inZinierskogeologickych map.

V ramci mapovacich prac bola zostavena mapa inziniersko-
geologickych pomerov, mapa inzinierskogeologického rajénovania
a mapa distribucie zosuvov a dokumentaénych bodov SirSieho okolia
Bardejova pomocou softvéru ArcViewGIS 3.2 (ako mapovy podklad
posluzili mapoveé listy 28-13-15 a 28-13-20, M 1 : 10 000).

V zavere je rozpracovany ideovy navrh na doplnenie platnej
smernice €. 2/2000 o zasadach spracovania a odovzdavania uloh
a projektov v Geografickom informaénom systéme pre potreby
inzinierskej geoldgie, najmé vzhladom na nové trendy pouzivané pri
vizualizacii inzinierskogeologickych map.

P. ONDREJKA: Monitoring svahovych deformacii
a budovanie systému véasného varovania

Monitoring svahovych deformacii, vykonavany v ramci riesenia
ulohy Ciastkovy monitorovaci systém geologickych faktorov Zivotného
prostredia SR v podsystéme 071 — Zosuvy a iné svahové deformacie,
zabezpecuje relevantné informacie z uzemi, ktoré su postihnuté
zosUvanim a plazenim a ohrozené rativymi pohybmi. Celkovo sa takto
na Slovensku monitoruje 30 lokalit. Najva¢sim poctom je zastupena
skupina zosuvania, ktorej sa vdaka viacerym celospoloensky
vyznamnym lokalitdm venuje zvySena pozornost.

Zakladné informacie o stave a vyvoji stability hodnoteného
uzemia mozno ziskat z merani hlbky hladiny podzemnej vody.
Okrem zauzivaného terénneho merania, najéastejSie v intervale
jedného tyzdna, pribudlo v poslednom obdobi viacero automatickych
hladinomerov s hodinovou frekvenciou zaznamu. V Uzemiach
s najvyssim celospolo€enskym vyznamom sa vykonava pozorovanie
hladiny podzemnej vody v rezime on-line.

Priame ur€enie velkosti deformacie sa uskuto¢riuje meranim
zmeny polohy geodetickych bodov alebo velkosti deformécie
inklinometrickej paznice pod povrchom terénu. Dosial sa obe merania
vykonavali raz ro€ne. Tento stav vSak nepostacoval poziadavkam
kvalitného monitoringu pohybovej aktivity. Preto sa v roku 2007
zakupila aparatura GPS umoznujuca vysoko presné merania pozicie
sledovaného bodu, ¢o umoznilo zvysit pocet merani poc¢as roka. Pri
sledovani pohybu na urovni $mykovej plochy sa vdaka spolupraci
s firmou Geoexperts, spol. s r. 0., v su¢asnosti overuje spdsob
kontinualneho zaznamendavania pohybovej aktivity.

Na zéaklade ziskanych informacii sa vykonali viaceré analyzy,
ktoré pomohli odhalit zavislosti medzi jednotlivymi sledovanymi
faktormi. Velka pozornost sa venovala najma analyze rezimovych
ukazovatelov, najmé ich vplyvu na pohybovu aktivitu. V tejto suvislosti
boli rozpracované viaceré metodické postupy na odvodenie kritickej
(limitnej) hladiny podzemnej vody. Odvodené Udaje sa zaslali
terénnym pozorovatelom a tvoria bazu systému véasného varovania
pred aktivizaciou zosuvného pohybu.

Na zaklade dlhodobého pozorovania rezimovych ukazovatelov
sa zhodnotil vyvoj stability vo viacerych zosuvnych uzemiach.
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S. MIKITA: Skladky odpadu - potencialny zdroj znecistenia
podzemnej vody

Kvalitativna ochrana podzemnej vody musi riesit Siroky okruh
problémov spojenych s jej negativnym ovplyviiovanim. Jednym
z tychto problémov v sucasnosti su aj problematické skladky odpadu
(tzv. environmentalne zataze). Skladky odpadu ako Specifické zdroje
znedistenia si vzhladom na charakter a prejavy znecistenia vyzaduju
osobitny pristup. Ako sa ukazuje zo skusenosti s rieSenim konkrétnych
vplyvov skladok odpadu na zivotné prostredie, je potrebné zauzivané
pristupy neustéle zlepSovat a v niektorych pripadoch dokonca
navrhnut aj ich zmeny.

Prejavy znedistenia zo skladok su pomerne rozmanité, ¢o suvisi
s mnozstvom a povahou faktorov, ktoré ich ovplyvriuju (napr. charakter
kontaminantov, typ horninového prostredia, hydrogeologické pomery,
geomorfoldgia, vonkajsie vplyvy). Medzi kontaminantmi zo skladky
a prirodnym prostredim vznika mnozstvo interakcii zavislych od
priestorovych a ¢asovych charakteristik. Od konkrétnych interakcii
bude zavisiet aj miera a dosah kontaminacie vodnej zlozky prirodného
prostredia, s ktorou sa spaja vysoka poziadavka na jej dostato¢nu
ochranu.

Predpokladom uUspeSného rieSenia konkrétnych situacii je
mat optimalne informéacie, ktoré je pritom potrebné ziskat ¢o
najracionalnejsie.

Cielom prace je podat také informdcie a postupy, ktoré komplexne
zohladnia Specifika vplyvov skladok odpadu na hydrosféru v prostredi
Zapadnych Karpat.

F. BOTTLIK: Aplikacia algoritmu neurdnovych sieti pri
rieSeni hydrogeologickych problémov

V dnesnejinformacénej dobe je potrebné spracovat velké mnozstvo
informacii v ¢oraz kratSom Case. Z toho vyplyva nutnost realizacie
takého vypocétového modelu, ktory z paralelne prichadzajucich
informacii dokaze vybrat uzitocné a na zaklade tychto informacii
predkladat optimalne rieSenie vzniknutej situacie, pripadne
predpovedat moznu nasledujucu situaciu. Ludsky mozog, ktory je
zatial najdokonalej$im ,nastrojom“ na spracovanie informéacii, méze
byt odpovedou na tento zlozity problém. Vytvorenie umelého ludského
mozgu je velmi tazko riesitelné. Tieto modely sa o to pokusaju, a preto
dostali ndzov neurénové siete.

Neurénova siet je vypoétovy model zostaveny na zaklade
abstrakcie vlastnosti biologickych nervovych systémov, ktory ma
sklon k uchovavaniu experimentalnych znalosti a ich dalSiemu
vyuzivaniu. V tych pripadoch, ked nepozname pravidla, podla ktorych
by sme modelovali rie§enie danej situacie, alebo tieto pravidla su
velmi zlozité ¢€i neuplné, jednou z moznosti je pouzitie umelych
neurénovych sieti.

M. GREGOR: Vyvoj hydrogeologického balika programov
HydroOffice 1.6

V sucasnosti mézeme sledovat rychly vyvoj v oblasti vypoctovej
techniky. Tieto zmeny ovplyviiuju nielen spolo¢nost, ale aj charakter
a systém prace vo vedeckovyskumnej oblasti. VSetky data namerané
v prirodnych podmienkach zaznamenavame do réznych databaz,
pricom mnozstvo dat rastie exponencialnym trendom. Preto do po-
predia vystupuje problematika rychlej interpretacie velkého mnozstva
rozliénych druhov dat. Na tuto interpretaciu vznika denne mnozstvo
novych programov. V prispevku predstavujeme niekolko programov,
ktoré sme vytvorili pri rieSeni dizertacnej prace. Programy tvoria
uceleny balik pod nazvom HydroOffice 1.6. V programoch je mozné
spracuvat ¢asoveé rady prietoku vodnych tokov a vydatnosti prameriov.
Programy su uréené na analyzu a hodnotenie hydrologického
sucha. HydroOffice 1.6 je ureny pre operacny systém MS Windows
XP, Vista alebo Windows 7 a pracuje pod platformou MS.NET 2.0
Framework. Vdaka pouzitiu opisanej platformy je mozné programy
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rychlo importovat aj do 64-bitového prostredia, €o ma velky vyznam
pre dlhodobé vyuzivanie programov a vypoctovu rychlost zlozitejSich
algoritmov. Napriek tomu, Ze sa programovy balik sklada z viac nez
60-tisic riadkov kdédu, na instalaciu vyzaduje iba 10 MB. Programy
obsahuju velké mnozstvo funkcii a vysledky je mozné jednoducho
exportovat z programov do suborov najpouzivanejsich formatov.

E. KOVACOVA and P. A. WHITE: Groundwater catchment
of individual springs in Ngongotaha and Waiowhiro
surface catchments west of Lake Rotorua, North Island,
New Zealand (Povodia podzemnych véd prameniov v okoli
jazera Rotorua na Novom Zélande)

Groundwater is important to the hydrology of the Lake Rotorua
catchment located in the centre of North Island in New Zealand.
Many springs are located in Nhongotaha and Waiowhiro surface
catchment on the west side of Lake Rotorua. These springs discharge
to streams that discharge to the lake, groundwater discharges direct
to the lake. Groundwater recharges and discharges in the volcanic
environment, primarily in Mamaku Ignimbrite and Rhyoloite dome of
Mt. Ngongotaha.

This project aims to assess catchment areas of the many springs
in the Ngongotaha and Waiowhiro catchments as a trial for a detailed
assessment of all Rotorua spring catchments. The groundwater
catchments of the large springs (Q = 300 L/s), and some small
springs (Q = 1 L/s), have been identified by water balance modelling
and groundwater quality modelling. Major data used to determine
catchment areas are GIS rainfall model, average flow of springs
(L/s), average rainfall recharge into groundwater (50 % of rainfall).
Groundwater catchment was estimated for 50 springs. Flow in many
of these springs can be supported by land immediately around the
springs. Groups of large springs (Q = 238 L/s) require a relatively
large catchment to support their flow — these springs may require
a catchment outside the Ngongotaha and Waiowhiro surface
catchment (from adjacent surface catchments). The land of
Ngongotaha surface catchment is mostly sufficient to support
baseflow but may also recharge groundwater from surrounding Waiteti
surface catchment. The land area of the Waiowhiro catchment is not
sufficient to support flow from Fairy, Rainbow and McRae springs.
Therefore land in the surrounding Ngongotaha and Utuhina surface
catchment may be required to support baseflow in these springs.

The project confirmed the hypothesis that Ngongotaha and
Utuhina catchment is recharging most yielded springs (Fairy, Rainbow

and McRae Spring with £Q = 370 L/s) in Waiowhiro catchment.

K. KRALOVICOVA: Priprava mapovych podkladov pre
mapovy server SGUDS

Jednym z vystupov projektu GeolS je prezentacia a poskytovanie
geologickych, predovSetkym mapovych Udajov prostrednictvom
mapového servera SGUDS. Tento mapovy server je zalozeny
na technoldgii ArcGis Server 9.3 a prislusné data sa ukladaju do
prostredia relacnej databazy Oracle. Tieto technoldgie definuje
technologicky postup. Mapové podklady pripravujeme v prostredi
Arcinfo a ukladdme do personalnych geodatabaz.

Geodatabaza je vektorovy format implementujici geodatabazovy
datovy model. Uchovava bodové, liniové a ploSné prvky v relaénom
databazovom systéme. Kazda trieda prvkov geodatabazy moze
uchovavat iba prvky jedného geometrického typu, pokial vSak
jednotlivé triedy prvkov maju rovnaky suradnicovy systém, je mozné
ich zoskupovat do datasetov. Niektoré triedy prvkov vytvaraju
geometricku siet, pomocou ktorej je mozné modelovat spojitost
medzi prvkami.

Jednym z okruhov geologickych udajov definovanych v projekte
su hydrogeologické a hydrogeochemické mapy v M 1 : 50 000. Dna
15. 4. 2009 boli na mapovom serveri spristupnené mapy 9 regiénov
Slovenska. Dodané mapové podklady boli spracované prevazne
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v programe Maplinfo. Predmetom doterajSieho spracovania boli
polygénové data. Pri spracovani map sme pouzili dostupné prevodniky.
Hranice polygénov sme zosuladili s digitalnou geologickou mapou
v M 1:50 000, ktora je pristupna na mapovom serveri. Z dostupnych
vrstiev danych regiénov sme vytvarali personalnu geodatabazu, v kto-
rej sme data upravovali. K jednotlivym vrstvdm sme priradovali $tyly
a udaje sme vizualizovali v sulade s dodanym grafickym podkladom.

Mapy sa spracuvali v rédznych ¢asovych obdobiach a nasou
snahou je urobit ich jednotnu vizualizaciu pri zachovani jednotnej
Struktury.

Postup tychto prac po odbornej stranke koordinuju prislusni
garanti za dané udajové oblasti. PIne zodpoveda cielom a vystupom
tak, ako su definované v projekte GeolS.

M. KIRIPOLSKA: Register lozisk Geofondu — &innost
spojena s budovanim registra

Evidencia spojena s budovanim registra lozisk vyplyva zo zakona
€. 44/1988 Zb. o ochrane a vyuziti nerastného bohatstva (bansky
zakon) v zneni neskorSich predpisov a zakona ¢. 569/2007 Z. z.
o0 geologickych pracach (geologicky zakon) v zneni zakona 515/2008
Z. z., ktorym sa menia a doplfaju niektoré zakony v oblasti
starostlivosti o zivotné prostredie v suvislosti so zavedenim meny euro
v Slovenskej republike, a vyhlasky ¢. 51/2008, ktorou sa vykonava
geologicky zakon.

Register tvoria 3 subregistre: subregister vyhradnych lozisk,
subregister lozisk nevyhradenych nerastov a subregister prognéznych
zdrojov. Legislativne su loziska vyhradenych nerastov za¢lenené pod
§ 3 zakona €. 44/1988 Zb. o ochrane a vyuziti nerastného bohatstva
(bansky zakon) v zneni neskorsich predpisov. Loziska nevyhradenych
nerastov su podla § 7 sucastou pozemku.

V registri lozisk Geofondu sa okrem evidencie organiz&cif
s prislusnym banskym opravnenim eviduje a zabezpecuje ochrana
146 nevyuzivanych vyhradnych lozisk a 137 nevyuzivanych lozisk
nevyhradenych nerastov, ktoré spravuje SGUDS. Evidencia sa vedie
v elektronickej forme (databaza MS Access, MS Excel, ArcGIS, ver.
9.2) a v pisomnej forme (pasporty, analégové mapy 1 : 25 000).
Popri evidencii vyuzivanych vyhradnych a nevyhradnych lozisk
sa zostavuje bilancia zasob vyhradnych lozisk Slovenskej republiky
a evidencia lozisk nevyhradenych nerastov Slovenskej republiky,
vzdy za predchadzajuci kalendarny rok. Kazdoroénému zostavovaniu
bilancii predchadza komunikacia a koordinacia s obvodnymi
banskymi dradmi a Ministerstvom Zivotného prostredia a samotné
vyplnenie vykazov o stave a zmenach zasob vyhradnych lozisk
a lozisk nevyhradenych nerastov organizaciami, ktoré maju podla
§ 24 zakona €. 44/1988 Zb. o ochrane a vyuziti nerastného bohatstva
opravnenie na dobyvanie vyhradného loziska, alebo maju vyhradné
lozisko v evidencii a ochrane. Délezita je aj evidencia (tvorba
a aktualizacia) v ArcGIS, ktora je velmi prehladna a podava obraz
o stave a rozmiestneni legislativnych lozisk. S ¢innostou spojenou
s budovanim registra suvisi aj podavanie informacii o vyskyte
a stave lozisk SR a tvorba navrhov na odpis zasob vyhradnych
loZisk podla § 14a zakona €. 44/1988 Zb. navrhov na urcenie zmeny
a zrudenie chraneného loziskového tzemia (CHLU) loZisk, ktoré su
v evidencii SGUDS.

S. SOLTES: Register starych banskych diel — historia,
sUcasnost a moznosti jeho rozvoja

Od roku 1981 sa budoval v Geofonde register vydobytych
priestorov, ktory bol predchodcom registra starych banskych diel
(SBD). V roku 1989 sa tento register rozsiril o SBD, ktoré boli zo za-
Ciatku excerpované iba z archivnych udajov. V rokoch 1992 — 1996
sa rieSila uloha Slovensko — navrh sanacie starych banskych diel
- inventarizacia. Jej hlavnym rieSitelom bol Geologicky prieskum,
§. p., SpiSska Nova Ves a spoluriesitelom Geofond Bratislava. Udaje
ziskané pocas tejto ulohy su dodnes nosnym prvkom registra SBD.

Register SBD v suc¢asnosti pozostava z udajov o Stdéliach,
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Sachtéch, haldach, odkaliskach a inych SBD v zdznamovych listoch
prevedenych do databazy Access z tdajov v ArcGIS a v analégovych
mapach 1 : 10 000.

DalSie SBD pridavané do registra pochadzaju najma z archivnych
sprav a map archivovanych v Geofonde a Statnom ustrednom
banskom archive Banska Stiavnica. Do aprila 2009 bolo v registri
16 763 objektov (z toho 1 252 liniovych a ostatné bodové). Za obdobie
od skoncenia ulohy (1997 — 2008) pribudlo do registra okolo 150 SBD.
Do aprila roku 2009 pribudlo priblizne 180 SBD.

Za hlavné nedostatky sucasného registra SBD povazujeme
vierohodnost umiestnenia SBD (zakreslovanie diel do map 1 : 10 000
v teréne, pripadne z archivnych map) a nevhodne zvolent metodiku
pri zadavani ulohy Inventarizécia..., kde neboli zahrnuté Uzemia
s uréenymi dobyvacimi priestormi (DP). Nedostatkom je aj pre-
vazujuce bodové vyjadrenie SBD na povrchu a minimum liniovych
prvkov (chyba priestorovy priebeh banského diela pod povrchom
s overenym zilnym systémom), nesledovanie chemického zlozenia
vod v SBD a celkovo aj spracovanie registra, ktoré nezodpoveda
sucasnym informa¢nym moznostiam.

V sucasnosti prebieha analyza stavu registra SBD po odbornej,
ako aj po technickej stranke a pripravuje sa navrh zlepSeni
a modernizacie registra — geodatabaza. Prebieha analyza stavu
SBD v urCenych DP priestoroch s ohladom na obdobie riesenia
(rok 1996) a ciasto¢né doplnenie SBD v DP Banska Stiavnica
a DP Pezinok, s€asti aj DP Kremnica z vysledkov skonéenych uloh.
V pripade ostatnych DP sa pripravuje navrh rieSenia a jeho nasledné
prenesenie do praxe. Pripravuje sa navrh novej Struktury datového,
a najma priestorového modelu a jej zavedenie do praxe spraco-
vanim vybraného regionu (Bansk& Stiavnica) novou metodikou
a v pripade Uspesného zavedenia pokus o ziskanie dlhodobého
projektu na modernizaciu registra SBD.

K. KOBLISKOVA: Kniznica ako brana k informaciam

Povinnost vykonavat funkciu Ustrednej geologickej kniznice ma
SGUDS zakotvenu vo svojom Statte a tato povinnost mu vyplyva aj
zo zakona €. 569 o geologickych pracach (geologicky zakon), ktory
nadobudol ucinnost 1. 1. 2008 (§ 36, pism. v, odst. 11).

Poslanie a ulohy Ustrednej geologickej kniznice su podrobnejsie
Specifikované v Koncepcii geologického vyskumu a prieskumu
tuzemia SR na roky 2007 — 2011 (s vyhladom do roku 2015), ktora
bola schvalena vladou SR ako uznesenie vlady SR ¢. 1 001 z 28.
novembra 2007. Samozrejme, neodmyslitelnym zakladom existencie
a fungovania ktorejkolvek kniznice je v sucasnosti platny zakon
€. 183/2000 Z. z. o knizniciach a nan nadvézujuce dalSie pravne
predpisy.V zmysle tychto dokumentov je Ustredna geologicka kniznica
informac¢nym strediskom a Specializovanou kniznicou s celostatnou
pdsobnostou so zameranim na oblast geoldgie a dalSich geovednych
disciplin. V sucasnosti je najlepSie vybavenou geologickou kniznicou
na Slovensku, ktorej sluzby vyrazne presahuji rdmec SGUDS. Sluzi
celej geologickej komunite na Slovensku.

Hlavné ulohy Ustrednej geologickej kniznice SR su systematické
budovanie knizniéného fondu a spristupfiovanie tohto fondu odbornej
verejnosti. Pod systematickym budovanim knizniéného fondu
rozumieme ziskavanie, spractvanie a uchovavanie knizniéného
fondu a poskytovanie vystupov z tohto fondu vo forme sluzieb.
Vsetky spomenuté ¢innosti tvoria zaroven jednotlivé subsystémy
systému kniznice. Kazdy z tychto subsystémov vyzaduje na svoju
realizaciu Specifické prostriedky, a to personalne a kvalifikacné
predpoklady a technické prostriedky. V sucasnosti, ked vyvoj
technickych, technologickych a komunikaénych prostriedkov
napreduje velkou rychlostou, najviac sa venujeme prave otazkam
automatizacie jednotlivych subsystémov a vébec vSetkych procesov
v kniznici. Nie v8ak samoucelne, ale preto, aby automatizované
rutinné ¢innosti vytvorili priestor na tvorivejSiu pracu s dokumentmi —
na ich analyzu, popisovanie a zaradovanie, teda vecné spracovanie.
Cielom je takto korektne spracované dokumenty ponuknut odbornej
verejnosti, a to bud prostrednictvom nasho webového katalégu, alebo
vo forme komplexne spracovanej geologickej bibliografie SR.
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10th International conference of young geologists

Medzinirodna konferencia mladych geolégov, 10. ro¢nik

Herl'any 2. - 4. 4. 2009

M. KovAGovA, J. KONDELA, B. CHALUPOVA, L. STRBA, L. Vizi, L. ZAHRADNiK, M. GREGANOVA and J. BAZARNIK

Abstract: The 10th International conference of young geologists was held in the former spa resort Herlany (Eastern Slovakia) on 2. - 4.
April 2009. During two days of lecturing 71 contributions were presented in several thematic blocks. Participants were informed also about the
recently solved EUROCORES project VAMP (Vertical Anatolian Movement Project) researched in Central Anatolia, as well as about expedition
Nepal - Tibet 2007, Excursion, accompanying the conference, led through the opal-bearing locality Dubnik in Neogene volcanic sequences and
so-called Zemplin Island with anthracite mine Mala Tfria, neighbouring the Slovak part of Tokaj area. The article reports the event and principal

presentations.

L )
()

Wi, =

On 2. — 4. April 2009, the 10th anniversary International
conference of young geologists was held in the former spa resort
Herlany, now in the place of the Training Center of the Technical
University of KoSice. It was organized under the auspices of
the Faculty BERG of Technical University in KoSice, Faculty of
Natural Sciences of Comenius University in Bratislava and the
AGH University of Sciences and Technology in Cracow, as well
as the scientific guarantee by Prof. Ing. Tibor Sasvari, CSc., Prof.
RNDr. Dugan Plasienka, DrSc. and Dr. hab. Anna Swierczewska.
Logistics for the conference was traditionally provided by the
members of Geological Club. The attractiveness of the event
was magnified by 10 — 15 meter high geyser eruption (water
temperature 14 — 18 °C), which some participants saw 3 times
during the 10th anniversary year of the conference.

The imaginary Slavic Triangle, deliberately non-respecting
national boundaries, is an expression of the principal philosophy
of this event and achieving of the main objective as well as the

V termine 2. — 4. aprila 2009 sa v byvalom kupelhom areali
v Herlanoch, v sucasnosti priestoroch Skoliaceho strediska
Technickej Univerzity KoSice, uskuto¢nil jubilejny 10. ro¢nik
Medzinarodnej konferencie mladych geoldgov. Uskutocnila
sa pod institucionalnou zastitou Fakulty BERG TU v KoSiciach,
Prirodovedeckej fakulty UK v Bratislave a Akademie Gorni¢o-
-Hutnicej v Krakove, ako aj pod odbornou garanciou prof. Ing.
Tibora Sasvariho, CSc., prof. RNDr. DuSana Plasienku, DrSc.,
a Dr. hab. Anne Swierczewskej. Vykonnu organiza&nu zlozku
podujatia uz tradi€ne zabezpecovali ¢lenovia Geologického
klubu. Atraktivitu tohto podujatia podciarkoval 10 — 15-
-metrovou erupciou studeny Herliansky gejzir (teplota vody
14 — 18 °C), ktoru niektori Stastlivci mali moznost vidiet az
3-krat pocas trvania 10. jubilejného ro¢nika konferencie.

Imaginarny slovansky trojuholnik, zamerne nereSpektujuci
Statne hranice, je vystiznym vyjadrenim zakladnej filozofie
podujatia a zaroven dosiahnutim hlavného ciela a realizacie
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implementation of ideas of the founders of the conference.
Mutual communication, especially in the native language,
repeatedly allowed to form the space for the language stress-free
diploma theses presentation, or even the first particular results
of scientific work of young adepts of geo-sciences disciplines.

Initiation ceremony was taken on behalf of scientific
guarantee by Prof. Ing. Tibor Sasvari, CSc. Following his
introductory words, the conference gradually started to fulfil its
program. During first two days 71 contributions were presented
in several thematic blocks. During the first “evening dinner
discussion” and presentation of photographs, the participants
were informed about the recently solved EUROCORES project
VAMP (Vertical Anatolian Movement Project) with a research
territory in Central Anatolia, being held by the PriF UK Bratislava.
During the next evening the members of the Geological Club
(Kovacova, Chalupova, Zahradnik and Gregarnova) presented
tourist experiences and rich photographic documentation of
the Expedition Nepal — Tibet 2007.

The last day of the conference was traditionally devoted
to excursion. The excursion route led through locality Dubnik,
where we unfortunately did not have the opportunity to visit
the opal mine, but the nearby nature trail, passing the old
mine works was an interesting alternative. Next route to
“Zemplin island” had two reasons. This first was visiting the
old mining dump of anthracite mine at the village Mala Tfia,
and introducing the geological unit Zemplinicum. The second
reason was traditionally focused on the wine region Tokaj,
and especially the wine producers “u Macikovcov” The wine
grower Mrs. Macikova presented during degustation the Tokaj
wines from their production and participants became familiar
with the atmosphere of the Tokaj wine micro-region.

The popularity of the series of international conferences of
young geologists in Herlany increases each year owing also to
the pleasant and friendly atmosphere. Even now the organizers
are looking forward to the 11th continuation in Modra-Harmonia.

See you in Herlandia 2010!

R. ARDON: Miocene sharks from the surround of Velky
Krtis
Geological Institute, SAS, Bratislava, Slovakia

In localities surrounding Velky Krti§, Horné Strhare, Horné
Pribelce and Stredné Plachtince twenty one taxa of selachian teeth
have been recovered and described altogether: Hexanchus sp.,
Notorhynchus primigenius, Carcharias sp., Carcharias cuspidatus,
Odontaspis acutissimus, Mitsukurina lineate, Lamna sp., Isurus sp.,
Isurus hastalis, Isurus retroflexus, Carcharocles megalodon, Triaenodon
sp., Triaenodon cf. obesus, Otodus sp., Otodus cf. minor, Scyliorhinus
sp., Carcharhinus sp., Carcharhinus similis, Galeocerdo sp., Galeo-
cerdo aduncus, Physogaleus singularis, some rests of Aetobatus
sp. and some rests of angular fish (Osteichthyes) — Sparidae.
The sharks assemblage includes pelagic and also benthic species.

The article is based on the contemplation and interpretation
of sedimentological storage attitude, and together with the
described taxons provides the summary about the environmental,
paleoecological, paleoclimatological and paleogeographical
conditions.
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mysSlienky zakladatelov konferencie.Vzajomnou komunikaciou
najma v rodnej re¢i sa nam dari opakovane vytvarat jazykovo
bezstresovy priestor na prezentaciu diplomovych prac, ba
dokonca prvotin vysledkov samostatnej vedeckej prace
mladych adeptov geovednych disciplin.

Slavnostného otvorenia sa ujal v mene garantov prof.
Ing. Tibor Sasvari, CSc. Po jeho uvodnych slovach sa zacal
postupne napifiat harmonogram konferencie. Pogas prvych
dvoch dni odznelo 71 prispevkov roz¢lenenych na tematické
bloky. V ramci prvého diskusného vecCera a prezentacie
fotografii sa ucastnici oboznamili s aktudlne rieSenym
EUROCORES projektom VAMP (Vertical Anatolian Movement
Project) s vyskumnym tizemim v Centralnej Anatdlii, do ktorého
je zapojena PriF UK v Bratislave. Po¢as nasledujuceho vecera
sa prezentovali ¢lenovia Geologického klubu (Kovacova,
Chalupova, Zahradnik a Greganova) cestovatelskymi
zazitkami a bohatou fotografickou dokumentaciou z Expedicie
Nepal — Tibet 2007.

Posledny der konferencie bol tradi€ne venovany exkurzii.
Exkurzna trasa viedla cez Dubnik, kde sme, bohuzial, nemali
moznost navstivit opalovu banu. Zaujimavou alternativou
bol v8ak prechod po blizkom nauénom chodniku mifiajucom
staré banské diela. Presun na ,Zemplinsky ostrov“ mal
hned dva dbévody. Prvym dévodom bola navsteva haldy pri
starej antracitovej bani v katastri obce Mala Tfia, ako aj
samotné zemplinikum, ktorého geologicky fenomén sme sa
snazili priblizit u¢astnikom konferencie. Druhym dévodom
bola uz tradi¢ne enologicky zamerana tokajska ,/ogalita”
u Macikovcov. Riadenou degustaciou nam pani Macikova
predstavila tokajské vina z ich produkcie a priblizila atmosféru
tokajského vinarskeho mikroregionu.

Oblubenost medzinarodnej konferencie mladych geolégov
v Herlanoch z roka na rok rastie aj vdaka prijemnej a priatelske;j
atmosfére. Uz teraz sa organizatori teSia na jej 11. roénik
v Modre-Harmonii.

Dovidenia v Herlandii 2010!

Locality Horné Strhare represents the most famous Slovak
locality, and perhaps one of localities of the world paleontological
importance with the appearance of the taxa Carcharocles megalodon.

Right selachian represent the majority of found fossil rests.

A.BAGELOVA: A GIS based model of geothermal structure
in the Poprad Basin

Department of Hydrogeology, Comenius University, Bratislava,
Slovakia

The Poprad basin is one of the perspective areas in terms of
the resources of geothermal energy. Effective exploitation and use of
geothermal resources is dependent on their quantitative assessment.
One of the possibilities of geothermal structure quantitative evaluation
is the establishing of the groundwater flow model. The first step in the
modeling protocol is to formulate a conceptual model of the system.
The purpose of building a conceptual model is to simplify the field
parameters and to organize the associated field data so that the
system can by analysed more easily.
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This contribution presents data preparation for groundwater
flow model (conceptual model) based on GIS project. Required
data for the modeling are the geological data such as the geological
formations and tectonics, the hydrogeological data including aquifer
parameters, overlying and underlying layers and boundary conditions.
Complementary data, as existing wells location will be included in the
model, too.

The result of the work is a conceptual model converted to shape
files using the GIS software (digitizing feature) which is the basis for
groundwater modeling in studied area.

Acknowledgement. The research was supported by the VEGA grant
No. 1/0333/09.

M. BAZARNIK" 2, R. DULA3, K. BAHRANOWSKI? and J.
BAZARNIK*: Copper centres supported on Al-containing
mesoporous silica: FSM-16 — preliminary results

"Faculty of Civil Engineering, Cracow University, Cracow, Poland
2Faculty of Geology, Geophysics and Environmental Protection, AGH
University of Science and Technology, Cracow, Poland

SInstitute of Catalysis and Surface Chemistry, Polish Academy
of Sciences, Cracow, Poland

“Institute of Geological Sciences, Polish Academy of Sciences,
Cracow, Poland

Mesoporous silicas (FSM-16) derived from a layered polysilicate
kanemite possess a regular, mesoporous structure with high specific
surface areas. They are potentially available for many applications as
adsorbents, catalysts and catalyst supports. However, purely siliceous
materials have neutral framework, which limits their applications.
As in the case of zeolites, it is possible to modify the nature of the
framework by introducing heteroatoms to provide molecular sieves
with potential of catalytic applications.

The properties of Al-substituted mesoporous FSM-16 silica
modified with Cu ions have been investigated. Al was introduced
into FSM-16 by means of direct and postsynthesis method at Si/Al
ratio values 20. Cu (?*) cations were inserted in a one step cation
exchange process using 0.5 M Cu(NO;),x3H,0 aqueous solution.
The products were centrifuged, washed free of nitrate ions, dried
and calcined at 500 °C. The EPR spectra of calcined copper doped
FSM-16 materials, recorded at 77K, exhibit an axial signal with
resolved hyperfine structure. The spin Hamiltonian parameters are
similar for both types of supports: g(parallel) = 2.232, A(parallel) =
132 G, g(perpendicular) = 2.085 (for directly aluminated support),
g(parallel) = 2.330, A(parallel) = 134 G, g(perpendicular) = 2.085
(for postsynthesis aluminated support). The character of the EPR
signals shows that on both supports copper exists in the form of
similar, well dispersed, isolated Cu (%*) species.

P. BOZECKI: Chosen heavy metals in natural environment
in Wielka Wies commune (Southern Poland)

Department of Mineralogy, Petrography and Geochemistry, AGH
University of Science and Technology, Cracow, Poland

The main aim of this work was an evaluation of natural
environment in commune Wielka Wie$ by determination concentration
levels of chosen heavy metals. This commune is bordering with
Cracow from the south. A total area of this commune is equal about
48.1 km? and it is protected (in a many different ways) because of
its great natural value. This work is a part of an extended project
encompassing an evaluation of natural environment in all bordering
Cracow communes.

The area of this commune was divided into 32 squares. Each
square had an area equal to 2.12 km?. During field work the samples
of soils and vegetables (cabbage, carrot) ware collected in each
square. In all samples after drying and extraction in nitric acid
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the concentration level of chosen heavy metals was quantified by
Atomic Absorption Spectroscopy. Heavy metals were chosen with
regard to specific pollution emitted from nearby Industrial Districts
(Olkuski Industrial District, Gornoslaski Industrial District, Cracovian
agglomeration) as well as their toxicity.

Calculated statistical data are presented in the table. Analyses
show a considerable variation of the concentration of harmful
elements, but extremely high values are of incidental character and
can be related to the point contamination of soils. The distribution
of the elements reveals a distinct influence of emissions spreading
from the areas of Olkusz, Cracow, and also along the main transport
routes.

Jerzmanowice -
Przeginia
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Cracow

——
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Fig. 1. Sketch-map of studied area.

Tab. 1
Statistical description of concentration level
in S — soil, Car — carrot and Cad — cabbage

Concentration level (ppm)

Zn Pb Cd
Parameter
S Car Cab S Car Cab S Car Cab
max 180.39 79.34 209.80 50.91 545 727 455 9.09 284
min 95,53 18.36 15.20 18.18 0.00 0.00 170 0.57 0.00

average 136.72 39.57 46.26 35.81 193 227 296 3.64 0.80
median  140.72 36.81 35,53 36.36 182 182 284 3.13 057

Concentration level (ppm)

Cu Cr Ni
Parameter
S Car Cab S Car Cab S Car Cab
max 21.67 9.44 3.89 1250 0.00 0.00 20.83 6.25 4.17
min 3.89 222 0.00 0.00 0.00 0.00 4.17 0.00 0.00

average  10.79  4.43 184 492 0.00 0.00 12.63 2.34 254
median 1056 4.44 1.67 5.00 0.00 0.00 1250 2.08 2.08
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M. BRCEK: Monitoring of the temperature-moisture
regime in Spi$§ Castle rock massif

Department of Engineering Geology, Comenius University, Bratislava,
Slovakia

Various modelling methods are widely used in engineering
geology, predominantly based on analysing of the interaction of mass
environment with different kinds of retaining walls, slope stability
assessment, forecasting behaviour of mass environment due to
the degradation processes, etc. The main goal of the presented
contribution is to deal with research in the field of radius of temperature
for moisture gradient in the mass environment. Both factors are most
interesting in a process of degradation and progressive loosening of
rock massif.

Temperature records from Perun’s rock at Spi$§ Castle, recorded
by temperature sensors, build in various depth of travertine body; have
been used for the study of temperature field behaviour in the rock
massif. For the investigation of the temperature variation in surface
zones of the Earth crust there is necessary to provide their modelling
of penetration in various time periods (daily, monthly, yearly, etc.).
Important is the fact that temperature variations are periodical, and
then temperature t and depth z defined by heat conductivity equation
shows the spatial trend of temperature wave, in our case in rock mass.
Based on obtained values there is possible accurately construct the
temperature wave trend in time and space and consequently to read
periodically the shift phases based on the temperature variation.

Four hot balls probes had been installed in various depths (10 cm,
40 cm, 80 cm and 150 cm) in travertine body to assess rock moisture.
For moisture regime analysing the comparison of data between
individual depths is necessary. Increased variability q/T,, (W - K)
values pointed to direct relation of the temperature variation as well
as atmospheric rainfall, which depend on climatic conditions (Fig. 1).
With increased depth, the consistent retardation and consolidation of
mentioned parameters effect.

Acquired observations revealed underestimated influence of
temperature and moisture as factors inexpressively and vaguely
destructing the appearance of the rock mass.
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Fig. 1. Relation of the temperature process and parameter q/T,,
in dependency of daily precipitation for depth 10 cm.
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J. BUCOVA, M. MATEJOVA and P. GAZI: Reconstruction of
paleostress fields of selected localities in the western
part of the Pieniny Klippen Belt

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The results of paleostress analysis of two localities in the western
part of the Pieniny Klippen Belt (PKB): Zilina — Strazov and Cerveny
Kamen are presented. First measured locality was represented by
temporary artificial outcrops along the newly-constructed motorway
D3 between the villages Strazov and Horny Hricov. Exposed
sediments belong to two PKB units: the Kysuca and Klape Units. They
are of Middle-Late Cretaceous age and were strongly folded with the
NE — SW trending fold axis. The second locality — Cerveny Kameri
(the Cerveny Kamen Klippen area, llava District) was mainly formed
by carbonates of two PKB units: the Kysuca and Czorsztyn Units
and of the flysch sediments of the Javorina Member of Campanian
— Maastrichtian age (Flysch Belt). We focused primarily on the brittle
structures — faults. We have employed the program Win_Tensor
for the computation of stresses and the separation of the faults to
homogenous groups. The interactions of the faults observed in the
field were used for determination of the time succession of these
groups.

Thefirststudied area experienced a complex deformational history,
where the strike-slip faults dominated (predominantly dextral faults, in
some of them the offset of several meters was observed). These faults
resulted from transtension as the oldest tectonic event (compression
rotated from E — W to the NW — SE direction) and are represented
by strike-slips and normal faults. After transtension, the considerable
change of the tectonic regime occurred — the commencement of
transpression by NNW — SSE compression (prevalence of strike-
-slips a reverse faults). The last record of transpression relates with
NE — SW compression. The subsequent faulting (the youngest event)
was a result of NW — SE oriented extension, during which the listric
normal faults were formed.

The Cerveny Kamen area was overprinted by several defor-
mational phases. The oldest one was transpression, well preserved
also in the rocks of the Flysch Belt. This event was accompanied with
the formation of strike-slip faults (mainly right-lateral faults) and rarely
by reverse faults. The ¢, axis was oriented in the E — W direction.
Transpression continued also during WNW — ESE compression;
except the strike-slips and rare normal faults, the reverse faults were
mainly formed. This adumbrated the change of the tectonic regime:
from transpression (E — W to the WNW — ESE oriented o, axis) to the
compression regime with NW — SE compression. Mainly NE — SW
oriented reverse faults were formed; strike-slip faults were preserved
occasionally. The next change of the tectonic regime occurred during
younger NNE — SSW compression and perpendicularly oriented
extension. Predominantly left-lateral and normal faults were formed
as the result of transtension. On the contrary, mostly right-lateral
and normal faults were created as the last record of transtension
(the ENE — WSW oriented o4 axis). The last deformational phase
is characterized by a number of conjugate normal faults and the
NW — SE oriented o as a result of extensional tectonic regime.

The different tectonic history during the activity of similarly oriented
compression axis of paleostress field in both localities confirms: 1)
the complicated and dynamic tectonic evolution of the western part of
the PKB, 2) the gradual migration of the compressive-transpression
regime from SW to NE in the western part of the PBP.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. APVV-LPP-0225-06
and APVV-0465-06, and by Comenius University under the contracts
No. UK/267/2007 and No. UK/297/2008.
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B. BUKOWSKA-BELNIAK: Surface of earth thermal
imaging

Department of Geoinformatics and Applied Computer Science, AGH
University of Science and Technology, Cracow, Poland

All objects emitinfrared radiation (IR) based on their temperatures.
Thermography allows seeing temperatures of environment and
variations in temperature of the objects with or without visible
illumination. Thermal images are recorded by thermographical
cameras which detect infrared radiation. Thermography and thermal
imaging have many uses, for example in: medicine, condition
monitoring, and buildings isolation control.

Thermographical measurements can be used when variations
in temperature occur and heat flow by object’s surfaces is observed.
Thermal images can be recorded by portable thermographic
cameras, which are localized in neighborhood of the object or in
some distance (even a plane). Thermography is non-invasive method
of measurements; it has no influence for measured object. There
are a lot of externals, which could affect for ground measurements:
atmospheric conditions, insolation, humidity, wind strength. Accurate
temperature measurements are hindered by differing emissivities and
reflections from other surfaces. Thermal images on the ground should
be registered at night or in cloudy day without wind, rain and snow.

Thermographic cameras detect radiation in the infrared range of
the electromagnetic spectrum (roughly 0.9 — 14 mm) and produce
images of that radiation. Mostly, thermal imaging cameras use
specialized focal plane arrays (FPAs) of sensors to record thermal
images. Their resolution is considerably lower than of optical cameras
— mostly about 320 x 240 pixels. Range of temperature which can be
registered depends on particular model of thermal camera. Thermal
image is a matrix of temperatures. It can be displayed as coloured
image if a colour for each temperature is defined. The same thermal
image looks different for different palettes of colours, so interpretation
of colour thermal image is possible only when palette and range of
temperatures are added. The image processing methods can be used
for thermal images. Accuracy of measurements and resolution of
thermal images decreases with the distance from observed surface.

Thermal images of the earth’s surface distinguish natural
environment and the areas with human activity. Thermal images
facilitate to show differences in soil and natural geological structure of
a top layer of the ground. They can also present thermal changes under
the ground, caused by thermal leaks, for example from heat distribution
network. Contrast of these thermal images is very low, because of
small differences in temperatures of registered surface. Thermography
can also be used in vulcanology and thermal water localizations.

Acknowledgement. This work has been financially supported by
Faculty of Geology, Geophysics and Environmental Protection, AGH
University of Science and Technology, grant No. 11.11.140.561

|. CUPEROVA: Sedimentological analysis of the Zlin
Formation in the Svidnik area, Raca unit, Outer Western
Carpathians

Department of Geosciences, Technical University, KoSice, Slovakia

In the studied area the Zlin Formation (Middle—-Upper Eocene)
was localized in the quarries south of the town Svidnik and also along
the creek south of the village Nova Polianka and Ol$ava creek. In
this formation 7 sandstone and 2 mudstone lithofacies were divided.
Lithofacies A is the most frequently occurring lithofacies consisting of
medium- and fine-grained massive amalgamated sandstones, locally
containing dispersed clasts. The lithofacies B is composed of parallely
laminated fine- and medium-grained sandstone. The lithofacies
C comprises convoluted sandstones. The ripple-cross laminated
sandstone represents the facies D. The lithofacies E is formed by trough
cross-bedded sandstones and the lithofacies H consists of parallely
laminated mudstones overlying the sandstones. The dykes are formed
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by fine- and medium-grained sandstones and usually they penetrate
into mudstones perpendiculary to the bedding. They represent the
lithofacies |. The sediments in the area were studied by sedimentological
logging. According to the development of sediments the depositional
environment of deep-marine turbidite system lobes was interpreted by
our research as well as depositional environment of submarine slope. In
these environments the association | consisting of Makovice sandstone
was recognized. The association Il starts at the base with claystone
passing into several m thick layer of sandstone. The association IlI
occurs in the uppermost part of the studied succession and again it is
built by sandstones. The facial associations with the interpretation of the
depositional environments give a good picture about the architecture of
deep-marine sedimentary system. The lower part represents sediments
of depositional lobes overlain by sediments of submarine slope that are
again covered by sediments of proximal lobes. This succession shows
oscillation of the system — progradation and retrogradation.

D. CUNDERLIKOVA: Upper Liassic condensed facies of
Manin unit in locality of Butkov, Western Carpathians

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

Numerous Mesozoic pelagic sequences in Alpine-Mediterranean
area are determined as condensed; they are characterized with small
thickness of layers and high amount of fauna (Jenkyns, 1971).

Most common condensed horizon in Western Carpathians
is Toarcian—Bajocian, which is extended in domain of Central and
Internal Western Carpathians, mostly in Manin, Vysoka, Cho¢ and
Silica nappes.

In stratigraphy the youngest condensed horizons are located
mostly in Manin nappe (Manin, Butkov and Kostelec); in Vysoka nappe
(Valaska Bela, Cierna Lehota), but also in Czorsztyn succession
of rocks (Vrsatec).

Collected ammonite fauna of Toarcian in Butkov locality, Manin
unit, is situated in condensed sediments. On the base of fossiliferous
horizon a typical hardground is developed, being represented with
rough surface and limonitic crusts. Shells are concentrated and
covered by green film of glauconite and chlorite. It is evident from
cuts, that glauconite is more common. Chlorite is only accessory or
it is missing.

On Butkov locality this horizon is rich with well-preserved
fossils and their fragments. Mixed fauna of fossils from different
paleontological zones can be found here. Thickness of horizon is
very low. | assume from this information, that there is stratigraphic
condensation in this locality.

Presence of mixed fossil fauna of different age, as a criteria of
stratigraphic condensation, is major in this horizon. Low speed of
sedimentation and accumulation is assumed.

Characteristic signs of hardgrounds by Flrsich (1979) are (1)
cementation, (2) corrosion with grain of sediments and (3) production
of lithoclasts.

Rough and waved Fe-Mn crust covers the surface of hardgrounds.
In cuts the alternation of light and dark irregular lamina of oncoidal—-
stromatoidal shape is well visible. By Rakus and Hatar (1987) this can
be referred to progressive growing and increasing of crust volume, as
well as to partnership of organisms (maybe algae Cyanophyceae).

There was separated high amount of oncoids from washed
samples, out of this horizon. They are more or less concentrical
limonitic inlaid laminas, which could originate with cooperation of
algae Cyanophyceae.

This Toarcian condensed hardground on Butkov is well engaged
to the image of condensed facies of Western Carpathians. This
hardground consists of all typical signs of similar horizons. This signs
were elaborately described by Rakus and Hatar in 1987.

Acknowledgement. Funding by the Grant UK G-08-178-00 and by the
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D. DIMITROV?, Y. SHNUKOV? and P. DIMITROV': Non-
-traditional resources from Black sea bottom and their
possibilities to use as a complex raw material

TInstitute of Oceanology — BAS, Varna, Bulgaria
°Department of Marine Geology and Sedimentary Ore Formation,
National Academy of Science of the Ukraine, Ukraine

The deep sea organogenic-mineral (sapropelic, diatomic and
coccolithophoridic) sediments (DSOMS) of the Black Sea are built
mainly of nanosized materials, which can find application in the
modern nanotechnologies and new materials.

The first experiments, conducted independently by Ukrainian and
Bulgarian researchers, on the raw material applied as a natural organic
fertilizer show sharp improvement of the soil structure, alkalinity, the
increase of moisture content, absorb the process of maturing and
increases yields. The series of DSOMS experiments performed by
experts from the Institute of Agriculture under the Ukrainian Agricultural
Academy of Sciences on soils from the Polesie and on black earth
wooded steppe of lands contaminated with radionuclides (up to 15 Ku/
km?), show that the amount of the imported fertilizers may be reduced
17 times and their efficiency increases by 20 — 30 %.

The practically unlimited stocks, the low cost estimates for this
raw material in its application in the sphere of new materials and the
use in nanotechnologies as well as the opportunities for application
in agricultural technologies, ceramics, pharmacy, a food additives
and other applications makes it a complex raw material for multiple
purposes. Contacts will be established both with private companies
and with the Organization for Black Sea Economic Cooperation
(BSEC) to acquaint them with obtained know-how and to create
partnerships supporting the introduction of the new materials and
technologies. The project implementation will contribute to the
development of the Institute of Oceanology under the Bulgarian
Academy of Sciences and the State Science Institution “Department
of Marine Geology and Sedimentary Ore Formation” of the National
Academy of Science of Ukraine which will become a natural scientific
centre in the sphere of new materials and marine resources.

The implementation of the project will allow the joint work
on the evaluation of DSOMS deposits and the assessment of the
opportunities to satisfy the needs of the industry of both countries
with a multipurpose raw material still continue. This will lead to the
renewal of the scientific and technical cooperation between these
two countries in the sphere of research and utilization of Black Sea
resources.

It can be expected that the development and introduction of
DSOMS into the agricultural sector will lead to enhancement of the
competitiveness of the scientific and technical potential of these two
countries and creation of new science-intensive technologies leading
to the release of new materials and products on the world market which
will contribute for the significant improvement of the quality of life.

The Black Sea DSOMS are currently in a peat stage of their
development. Because of the anoxic environment in which the
sediments deposit, they do not pass the stage of complete decay
and in semi-decayed state they are conserved in the hydrogen
sulphide zone. Considering the fact that the sapropelic, diatomic and
coccolithophoridic layers penetrate within each other and represent
a comparatively homogeneous mixture, they will be discussed as
a organogenic mineral raw material, in which the sapropels occupy
about 80 % of the total volume. DSOMS are valuable not only for
their organic matter but also for their carbonate component and the
amorphous silicates. The mineral and organic parts contain micro-
components: calcium, magnesium, iron, aluminum, manganese
and some others; more than 20 micro-elements are contained in
concentrations exceeding many times those in soils, thus being an
important stimulant for the plants growth.

DSOMS are used as a complex fertilizer or as a component
together with other mineral stimulants — perlite, zeolite. The sediments
excel them in agro-technical properties. Sediments can be used
directly in the soil in natural state without additional processing of the
raw material. Other important advantages are:
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— Unlimited supplies of raw material in the water area, which is
located at depths of 200 to 2 200 m. The content of the organic matter
increases with the increase of depth.

— The possible exploitation of the raw material will not have
negative consequences on the marine environment. The industrial
supplies are located at great depth within the hydrogen sulphide
zone, in which life does not exist. The exploitation will have an
ecologically positive effect that will influence, though slowly, the level
of the hydrogen sulphide zone.

— The dying flora and fauna of the Black Sea serve as an initial
substance for DSOMS. As a result of the activities of the anoxic
bacteria, the dying flora and fauna pass the transformation process
of animal and plant plankton and benthos and form biolithic-mineral
substance with peculiar physic-mechanical and biogeochemical
properties.

Acknowledgement. The research was covered by the Project No.
02 — 35 of the National Science Fund Ministry of Education and
Science. Bulgaria — Ukraine. “Non-traditional resources from Black
sea bottom and their possibilities to use as complex raw material”

D. DIMITROV, K. SLAVOVA and P. DIMITROV: Ancient
coastlines of the Black Sea and conditions for human
presence

Institute of Oceanology — BAS, Varna, Bulgaria

1. State of scientific research in Bulgaria in the relevant subject.

The subject of ancient coastlines of the Black Sea and the
conditions for their habitation, also known as the theory of geo-
-catastrophic events in the newest history of the basin, is very topical
and has triggered lots of discussions.

Convincing evidence was obtained at the beginning of the 1980s
of the presence of an ancient coastline in the Black Sea, located
at depths of 90 — 120 m and aged about 8 thousand years BP. It
was also established that more than 8 000 years ago the Black Sea
was a freshwater lake. The undisputable geological evidence for
this, resulting from scientific research of the Institute of Oceanology,
manifests catastrophic events that took place about 8 000 years ago.
It is also complemented by archeological evidence.

— An old coastline of the basin, located at modern depths of
90 — 120 m and aged more than 8 000 years, was discovered.

— A direct consequence of the catastrophe was the formation
of deep water organogenic — mineral sediments — sapropels on the
Black Sea bed as a single and continuous horizon over a large area
of the basin space about 7 500 years ago BP.

— The hydrogen sulphide contamination of the basin occurred
about 7500 years ago BP.

— The presence of Neolithic and Eneolithic necropolises along
the coast as well as the oldest crafted gold in the world (necropolis of
Varna) is evidence of the human habitation of that region.

— Discovery of ruins of an ancient settlement and artifacts
pointing to human presence along the old coasts in the valley of
Paleo-Provadijska River.

— The genetic investigations show that an ancient human
population originated in our lands and migrated about 7 800 years
ago to Europe and Asia. The time of the settlement of these people in
different places coincides with the time of the occurrence of the geo-
-catastrophic events in the Black Sea.

— The analyses of the spore and pollen spectra of the studied
region show the presence of cereals during the mentioned period
evidencing the beginning of agriculture in the region.

The above arguments allow us to presume that the areas of the
ancient coasts were inhabited by people who laid the foundations of
an ancient civilization.

2. Topicality of scientific problems in Bulgaria and Europe.

The Bulgarian and the European scientific communities were
surprised by the theory of geo-catastrophic events in the Black Sea
area. Their initial reaction was a complete rejection of the hypothesis,
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however after the publishing of the book of the American geologists
William Ryan and Walter Pitman “Noah’s flood” and later the book
of the Bulgarian researchers P. Dimitrov and D. Dimitrov “The Black
Sea, the Flood and the ancient myths” the turmoil calmed down.
The arguments in favour of the theory were very convincing to be
categorically rejected. Numerous expeditions were targetted to the
Black Sea and the Mediterranean Sea areas to revise the theory.
An international project IGCP-521 (UNESCO), uniting the efforts
of European scientists, performed a critical analysis of the existing
arguments in the theory of the geo-catastrophic events in the Black
Sea. Unfortunately, apart from the Bulgarian-American expeditions
performed in 2001 and 2002 to search for remains of ancient
settlements and necropolises in the region of the old coasts under
the NOAH Project, most expeditions intended to refute the existing
geologic and oceanographic evidence of the geo-catastrophe in the
Black Sea.

It should be taken into account that the new scientific discoveries
are pioneering and their purpose is to change history and disprove
the centuries-old ideas of the place of the most ancient human
civilization.

The sites to be examined fall within the region of the paleo-valley
of Provadijska River and Bay of Burgas. There are numerous rock
banks which might be possible sites of ancient metallurgy and salt
production. They are poorly studied at the present stage. Especially
interesting is the Cocketrice sand bank which was probably formed
over the centre of an ancient Neolithic settlement; Chimovo bank,
from the surface of which was extracted copper slag — evidence of
metallurgic activity. The implementation of this project will lead to
a re-assessment of the role of Proto-Bulgarian and ancient European
civilization in the world culture and heritage.

The foundations of a theory able to change the existing concepts
of the most ancient human history and civilization, which originated
along the banks of the ancient Pontic Lake will be laid using a complex
of interdisciplinary research works in the sphere of oceanography,
geology, geoarcheology, archeomythology and genetics.

Acknowledgement. The research was covered by the Project No. 02
— 337 of National Science Fund Ministry of Education and Science.
‘Ancient coastlines of the Black Sea and conditions for human
presence’

A. DUS-PICHETA: Is it possible to identify an external
source of hot fluids in the Magura nappe (Outer
Carpathians)?

Department of Fossil Fuels, AGH University of Science and
Technology, Cracow, Poland

Intensity of calcite mineralization filling fractures in the sandstones
of the Magura nappe (Outer Carpathians, Poland) shows considerable
variation. It suggests that an extent of local remobilization and/or
external supply of fluids into studied sandstone were different. Based
on published data it seems that the local/external sources of fluids
can be identified using illite-smectite indicator.

The mixed-layer illite-smectite (I/S) is useful as a paleo-
temperature indicator due to its abundance in sedimentary rocks.
However, only studies of I/S separated from claystones give good
results concerning estimation of maximum paleotemperatures
which affected rocks. In sandstones, degree of smectite to illite
transformation is usually different than in adjoining claystones.
In sandstones, it depends on composition of rocks as well as on fluid
flow. Therefore, it seems that combination of petrographic and 1I/S
diagenetic studies in claystones and sandstones may supply good
data about fluid flow as well as about fluid temperature.

In the presented studies, petrographic study of sandstones in
three exposures (Gruszowiec, Ropica Gérna 1, Ropica Gérna 2) was
supplemented by chemical and X-ray diffraction analyses. The degree
of the smectite to illite transformation was studied in claystones and
sandstones based on clay fraction (< 0.2 pm).
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The results of previous studies on I/S diagenesis in sampled
exposures show that the rocks were subjected to diagenesis in the
temperature range between 95 and 155 °C. Only at Gruszowiec, the
illitization of the I/S is more advanced in claystones than in sandstones.
The I/S from sandstones contains about 35 % S, whereas the smectite
percentages in the I/S derived from claystones vary from 17 to 26 %.

The variation between smectite contents in I/S from claystones
and sandstones collected in other exposures is insignificant. At Ropica
Gorna 1, the I/S from sandstones contains below 30 % S whereas
I/S from claystones contains 33 % S. In the I/S from sandstones at
Ropica Gdrna 2, smectite occurs above 40 % whereas the I/S from
claystones contains 50 % S.

The above results do not clearly confirm an influence of hot fluids
on I/S diagenesis in the studied sandstones.

Acknowledgement. The studies were supported by AGH University
of Sciences and Technology, individual research grant 10.10.140.668.

M. DWORNIK and A. PIETA: Ray tracing in inhomogeneous
anisotropic 2D elastic medium

Department of Geoinformatics and Applied Computer Science, AGH
University of Science and Technology, Cracow, Poland

Knowledge about seismic attributes is very important in coal mine
exploitation. One of the methods to estimate these parameters is
travel time tomography. Fundamental thing, necessary for inversion,
is knowledge about rays paths of first breaks of P-wave.

In this paper method based on the sparse graph theory has been
shown. Grid velocity model was used in 2D ray tracing algorithm.
Constant velocity parameters inside each cell were assumed. Eclipse
model of anisotropy was given by three parameters: v,, v, (velocities in
orthogonal direction) and angle of rotation eclipse: ¢ (angle between
v, and axis OX).

Algorithm bases on the Fermat’s principle of the least time.
In this case the shortest arrival time and source point coordinates
were recorded. In order to increase precision of ray tracing, very
dense computational grid was used. Arrival time of the P-wave was
calculated among external walls of each cell. Nodes in vertex cell
are called primary nodes, nodes on wall between primary nodes
are called secondary. Increase number of secondary nodes caused
decrease of relative error and increase in computational time and
memory requirements of the ray tracing algorithm. One of the ways
to overcome problem of time-consuming computationally intensive
numerical algorithm is the application of the parallel computing
environment. Parallelism was introduced into ray tracing for 2D time
tomography problem by decomposition of the computation domain.

Velocity model Time maps [s]
[m/s] isotropic anisotropic

B

SO0 {000 1800 2000 2500 O w0 1000
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Fig. 1. The ray tracing: Estimated times of propagation for
inhomogeneous isotropic (middle) and anisotropic (right) medium
for velocity model (left). In anisotropic case it can be formulated:
Vy = 0.75*Vx

Acknowledgement. This work has been financially supported by
Faculty of Geology, Geophysics and Environmental Protection, AGH
University of Science and Technology, grant No. 11.11.140.561.
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A.FIGULA, T.BAJDA, M. MANECKI and A. KLESZCZEWSKA:
Application of modern glass fertilizers in Phosphate
Induced Metal Stabilization (PIMS)

Department of Mineralogy, AGH University of Science and Technology,
Cracow, Poland

PIMS (Phosphate Induced Metal Stabilization) is a method
of immobilization of heavy metals in contaminated soils through
formation of insoluble crystalline phases induced by phosphate
amendments. To date, various sources of phosphate are used
including apatite rock, phosphate fertilizers and bone meal.
Recently, a new generation of phosphate fertilizer was introduced:
a synthetic glass which slowly releases Ca, Mg, K and PO,%" into
soils without the risk of eutrophization. In this study, the potential
application of this fertilizer for PIMS was experimentally tested and
quantified.

One gram of fertilizer was reacted with solutions containing Pb
(initial concentration of 50 or 500 mg/L, pH range from 2 to 5) or
Zn (initial concentration of 140 mg/L, pH range from 3 to 6). The
concentration of both metals was lowered significantly. The drop of
concentration is faster and more pronounced at lower pH. After one
month [Pb] was lowered below the detection limit of AAS (0.05 mg/L)
for initial [Pb] = 50 mg/L. Higher initial [Pb] was reduced to 352 mg/L
at pH = 5. Contamination of Zn was reduced by 60 % for pH = 3 and
by 10 % at pH = 6.

The removal of Pb and Zn ions from the solutions was associated
with the formation of pyromorphite Pbs(PO,);Cl and hopeite
Zny(PO,),-4H,0 which were identified with the use of XRD and SEM/
EDS. The results suggest that this fertilizer can be efficiently used
for PIMS.

Acknowledgement. This work was supported by research project
founded by MNiSW: N N525 461236.

E. GREGOROVICOVA and M. BANASOVA: Associations of
calcareous dinoflagellates from the Sarmatian sequences
in the Jakubov area, Vienna Basin

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

Low diverse associations of calcareous dinoflagellate cysts
consisting mainly of taxa with an oblique ultrastructure are reported
from Sarmatian (late Middle Miocene) coastal marine sediments.
Samples were derived from the Skalica Formation of the Jakubov
locality. Three boreholes J 64 A2, J 29 and JZ 46 were sampled. 12
samples were studied in details in order to bring information about
their content of calcareous dinoflagellates.

The Skalica Formation is rich in fossil remnants: nannoplankton,
planktonic and benthic foraminifers, molluscs, ostracods, fish
skeletons and otholits, and also flora fragments and pollens. The age
of sequence was determined by foraminiferal assemblages belonging
to Porosonion granosum Zone and nannofossil local Zones (Kovac
et al., 2006).

The study showed the dominance of morphotypes with an
oblique ultrastructure of two types of needle-like crystallites and
very thick layers of the cyst wall belonging to Pirumella genus.
The following taxa are newly introduced: Pirumella gigantea n. sp.,
Pirumella gigantea granulata n. sp., dominating over Pirumella
edgari and not so frequent forms of Cylindratus, Posoniella,
Calcicarpinum genus.

Lithology, microfaunal and microfloral spectra determine the
sedimentation in instable warm-water shallow marine (lagunal)
environment (with maximum depth 15 m), with fluctuation of
salinity and oxygen content. Obtained results and paleoecological
interpretation based on calcareous dinoflagellate cysts distribution
coincide very well not only with those shown by planktonic and
benthic foraminifera, by also by nannoplankton.
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A. HAVLIN, D. HAVLIN NOVAKOVA and F. KONECNY: The
impact of not detonated blasts of TNT in the geophysical
prospecting boreholes in Halenkovice village

Czech Geological Survey, Brno, Czech Republic

Within the frame of geophysical prospecting field work 31
boreholes located in two lines were drilled in the flysch sediments
in Halenkovice village in October 2000. The maximal depth for
the borehole was 26 m; using one 2 kg cartridge of trinitrotoluene
(TNT) as a source of seismic signal. But the wells were not drilled
in projected position and hence were not approved for further
geophysical prospecting and the blasts were not allowed to detonate.
Neither exact positions of the wells or petrographic profiles of wells
were not recorded.

A possibility of ground water contamination by TNT from not
detonated blasts exists in part of Halenkovice village, which is not
connected to drinking supply line. Inhabitants are mainly using the
ground water from their own wells.

The situation in Halenkovice village was discussed in risk
analysis (Vacek et al., 2003, 2006). Monitoring of water solubility
of TNT cartridge for the purpose of assessment of potential ground
water contamination was realized by Mudrunkova, Skladal and Kouba
(2007). Hydrogeological investigation was not done and the basic
hydrogeological features of the locality are unknown.

A monitoring of potential TNT contamination in ground water in
Halenkovice village was realized by the Czech geological survey
since 2007. 23 private wells were selected for quarterly analysis of
ground water quality and 2 new exploration boreholes were drilled.
These wells are periodically sampled for ground water and soil.

Content of TNT was under detection limit in all of the samples
of ground water or soil hitherto. But some real risk assessment of
ground water contamination will be possible to consider using the
detailed rock medium study, such as saturated zone and possibility
of TNT migration.

L. HLAVACOVA: 3D modelling of geothermal reservoirs:
Case study from Subtatric Basin in Western Carpathians,
Slovakia

Department of Geosciences, Technical University, KoSice, Slovakia

Renewable energy sources are domestic energy sources which
help to increase safety of energy supply and diversification. Plus
utilization of the renewable energy sources usually fulfils the conditions
of environmental acceptability. The Slovak economy is 90 % dependent
on imported energy sources; therefore utilization of this non-traditional
renewable energy source is very significant. Geothermal energy is
one of the options. Geothermal energy is a potential renewable energy
source that should be taken into account by the Slovak government.
To aid geothermal exploration 3D modelling is a very useful tool. The
objective of research on the project was to model Poprad Basin and
northern part of Hornad Basin in the Inner Carpathian system in
Slovakia to assess future prospective geothermal areas. The model
allowed the visualization of the different layers and surfaces of the
studied area. 3D Model of the geothermal reservoir was made in
modeling program Petrel Version 2008.1. It is program for subsurface
interpretation and modelling. Program allows performing the workflows
from seismic interpretation to reservoir simulation. Studied basin is
considered as active geothermal area. The main aquifers are built
by Triassic carbonates — dolomites and limestones of the Cho¢ and
Krizna nappes. On the base of seismic interpretation, the Cho¢ nappe
thicknesses from 200 to 1 100 m were found in the central part of
Poprad Basin. Thicker nappe from 1 200 to 1 500 m was found in
the eastern and southeastern parts of studied area. The average
value of the temperature gradient reaches 32.6 — 34.5 °C/km and the
average value of the heat flow density was estimated to 67 mW/m?2.
Temperatures on the top of the Pre-Paleogene basement reach
50 — 85 °C. In this work we have also interpreted geological setting
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of Gerlachov area, situated in the northwestern part of Poprad Basin.
From geothermal point of view the Mesozoic units represented by
Cho¢ and Krizna nappes underlying Paleogene rocks are the most
potential. Based on geologic composition of Cho¢ nappe we can
expect very good conditions for geothermal water reservoir. Krizna
nappe has less positive conditions for geothermal waters exploitation.
General discharge of groundwater in Cho¢ nappe should be more
than 22 | - s~'. Temperature in Cho¢ nappe is between 35 and 45 °C.

M. HOFFMAN: New information and methods of tectonics
investigation in Malé Karpaty Mts.

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

In the Malé Karpaty Mts. we investigated faults and fault related
rocks using methods of geomorphology, structural geology and
petrotectonics. Analysing tectonic mirrors of faults of several directions
by WinTensor software (Damien Delvaux, 2008) we have discovered
directions of general paleostress axes. In the Kramare locality located
in the crystalline basement of Bratislava nappe we have calculated
direction of 6, axis of ENE — WSW trend, specifically 70/7° and 65 was
oriented to 169/46°. This is subhorizontal compression. The calculated
extension using additional data was oriented NNW — SSE with o5 axes
in 150/3° and o, axis in 40/75°, representing subhorizontal extension.
These compression and extension parameters were also observed at
Cachtice locality (northern part of the Malé Karpaty Mts. — Cachtické
Karpaty Mts.): stress axis o4 oriented to 4/80° and o3 axis oriented
to 127/6° for extension to NNW — SSE. Axes for compression: axis
o4 oriented to 249/1° and axis o3 to 340/43°. These localities were
compared with data from localities Bystricka and Dubna skala in
northern part of Lu¢anska Mala Fatra Mts. and central part of Krivanska
Mala Fatra Mts. where the direction of stress axes lightly differed. Shear
zone with mylonites was revealed and its mylonites were investigated
for understanding kinematics within the shear zones. The surface of
shear mirrors we used for their descriptive characterization.

Acknowledgement. This work was supported by the Slovak Research
and DevelopmentAgency under the contract No.APVV-0158-06 and the
Comenius University grant No. APVV-06-K 1198,111,01444,106,320,
APVV-0279-07.

R. HOVORIC, T. KLIMKO and B. LALINSKA: Mineralogical
study of mine tailings material from abandoned Sb
deposit Medzibrod (Nizke Tatry Mts., Slovakia)

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovakia

In the second half of the 20th century, Sb deposits situated in the
Nizke Tatry Mts. belonged among the main producers of antimony
ores in the central Europe. Hydrothermal Sb mineralization was mined
at the Medzibrod deposit mainly between 1941 — 1945 and finished in
1950. The ore was milled and Sb minerals were collected by flotation.
The waste was then deposited in one tailing impoundment.

This study describes oxidation processes of sulphide minerals
and mobility of Sb and As within the impoundment. The fine-grained
material containing sulphides pyrite, arsenopyrite and stibnite is
slowly weathering and releasing toxic elements into surface waters
and watersheds and can have potential negative influence on aquatic
environment and human health.

The ore minerals and their weathering products were studied in
reflected polarized light microscope and consequently analysed by
electron microprobe. Ore minerals demonstrate rims in oxidation zone,
content of As in the rims of arsenopyrite varies from 16.73 wt.% to 20.56
wt.%, Sb up to 4.51 wt.%, exceeding Sb content in primary arsenopyrite
(highest content — 0.65 wt.%). Secondary Sb oxides are the most
abundant. We suppose that they are a product of stibnite oxidation.
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These oxides consist mainly of Sb,05 (from 81.76 wt.% to 85.73 wt.%)
with low As content (up to 1.01 wt.%). Fe oxides occur also frequently
and can be divided into two types; content of Fe,Oj in the first one
varies from 78.19 wt.% to 86.99 wt.%, contents of As & Sb are close to
zero. There were observed also Fe-Sb-As secondary phases where the
content of Fe dominates and varies from 24.36 wt.% to 47.56 wt.%. This
phase contains Sb up to 26.00 wt.% and As up to 32.28 wt.%.

A large amount of carbonates represented by magnesite and
dolomite is present in the tailing material, playing an important role in
neutralizing of acid generated by sulphides oxidation.

Acknowledgement. This study was supported by the Slovak Research
and Development Agency under the contract No. APVV-0268-06.

M. HYZNY: The preliminary results of the systematic
research of the fossil decapods in Slovakia

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The systematic research of fossil decapod crustaceans has
virtually no history in Slovakia. Although there are sporadically
mentioned decapod fossils occurrences in the literature (e.g. Volfova,
1960, 1963; HouSa in Spinar et al., 1965; PapsSova, 1970, 1973, 1975,
1977, 1978), there were no long-term attempts to study this group
systematically. Recently there are big efforts to understand this group
from the phylogenetic point of view using both methods neontological
and paleontological (Assembling the Tree of Life — Decapoda research
group). Decapods were also successfully used in paleobiogeography
and paleoecological reconstructions (Schweitzer, 2001; Feldmann,
2003; Feldmann and Schweitzer, 2006).

This work presents the first results of the systematic study of the
fossil decapod crustaceans in Slovakia. Up to date there were identified
over 20 genera in 13 families comprising 5 new species, mostly from
the Cenozoic strata (Upper Eocene, Middle Miocene). The results
embrace among others the first record of Upper Jurassic crabs in
Slovakia (Tanidromites insignis from Stepnicka skala Klippe), the first
fossil record of the Thomassiniidae in the world (Crosniera sp. nov. from
the Karpatian of Vienna Basin), the third fossil record of Munidopsis
in the world (M. sp. nov. from the Karpatian of Vienna Basin), the
first unquestionable fossil record of the solely Pacific callianassoid
genus Callianopsis in Europe (C. sp. nov. from the Karpatian of Vienna
Basin) and one of the oldest records of the genus Ranina in the world
(R. sp. nov. from the Upper Eocene of Subtatric Group). The fossil
material from the Karpatian of Vienna Basin will also help to emend
the description of until now enigmatic brachyuran genus Styrioplax
and elucidate its systematic position as well. The material assigned to
Jaxea kuemeli from the Badenian of Novohrad-Ndégrad Basin will help
to definitely distinguish it from the extant Mediterranean species Jaxea
nocturna. The systematic reexamination of fossil decapods deposited
in the Natural History Museum of SNM in Bratislava is also given. The
collection comprises mainly Badenian decapods from the Bratislava
district with strong similarities to coeval faunas from Hungary.

Paleobiogeographic conclusions confirm the affinities of the
Miocene decapods of Central Paratethyan realm to Indo-Pacific
decapod faunas (Mller, 1984).

Acknowledgement. The research was funded by APVV-02-80-07.

B. CHALUPOVA: Conodont microfauna from Reifling lime-
stones of the Cho¢€ nappe (Middle Triassic) from Jasenové
and Zbynov localities (Sulovské vrchy uplands, Slovakia)

Geological Institute, SAS, Bratislava, Slovakia
Dr. PapSova in 1983 has found in samples of the microfossils

in brown-grey crinoidal limestones, in bright cherty limestones
of Reifling or Schreyeralm type (Jasenové locality) and in the
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red nodular limestones (Zbynov locality). Bulk samples of about
4 — 6 kg were dissolved in dilute acetic acid of technical quality
(1 :10) and separated using by the bromoform. All samples contained
more or less biostratigraphical values of microfossils — conodonts,
holothurian sclerites, foraminifers and amount of unidentifiable
microproblematics.

From Jasenové/515/A/83/576 locality background contains the
rich association of microfossils, represented by fragments of crinoid
ossicles, fish teeth, gastropods, foraminifers, holothurian sclerites,
conodonts — Enanthiognathus ziegleri (DIEBEL), Hindeodella
suevica (TaTGe), Neohindeodella div. sp., Gladigondolella tethydis
(Huckriepe), Gondodella constricta MosHeR et CLARK, G. cf. longa
(Buburov et STEFANOV). The finding of a greater number of G. cornuta
(Buburov et STEFANOV) is noteworthy. From Jasenové/606/83/574
locality background contains a lot of foraminifers, fish teeth and less
juvenile gastropod shells. Conodont fauna comprises — Chirodella
dinodoides TATGE, Prioniodina venusta (HUCKRIEDE), Lonchodina
hungarica (KovAcs), Enanthiognathus petraeviridis (HUCKRIEDE),
Diplododella magnidentata (TATGE), Hindeodella spengleri
(HuckrieEDE), Gondolella excelsa (MosHER) and juvenile forms
Gladigondolella tethydis (HuckrieDE). The lack of holothurian sclerites
in the association is conspicuous. From Jasenové/606/B/83/575
locality after washing association of foraminifers, fish teeth, and
holothurian sclerites have been found. Conodonts are very common,
representing types — Hindeodella suevica (TATGE), Prioniodina
venusta (HUckrIEDE), P. spengleri (HUCKRIEDE), Enanthiognathus
petraeviridis (Huckriepe), Diplodella magnidentata (TATGE),
Neohindeodella dropla (Spasov et GANEV), Ozarkodina tortilis TATGE,
Gladigondolella tethydis (HUCKRIEDE), sole Gondolella excelsa
(MosHER), G. cf. constricta MosHER et CLARK and a few individuals
like G. cf. pseudolonga MieTTO, KOVACS et KozuRr. Association of
microorganisms from Jasenové/515/83/579 locality is not too rich.
It consisted only of the fish teeth, conodonts — Prioniodina venusta
(TATGE), Enanthiognathus petrae-viridis (HUCKRIEDE), Gondolella cf.
constricta MOSHER, G. cf. constricta MosHER et CLARK. Fish teeth
and singular conodonts — Prioniodina venusta (HuckrIEDE) and
Gondolella trammeri Kozur were obtained from Zbyriov/522/83/573
locality in the bromoform background. Only fragment of Gondolella
sp. were found from Zbyrnov/522/A/83/583 locality.

Above mentioned community of conodonts from limestones from
Jasenové and Zbyrov localities is represented by the common type
of Middle Triassic associations. It can be stated that the community
of Jasenové 515/A/83 locality indicates Late lllyrian age. Jasenové
606/B/83 locality association is most likely of Early Fasanian age
(A-Z pseudolonga in terms Kovacs & Kozur, 1980). Association of
Jasenové (606/83) locality indicates lllyrian-Fasanian boundary.
Jasenové 515/83, 522/83 and Zbynov 522/A/83 localities were not
evaluated in detail. Found species are known from the Middle Triassic,
having a broader age span. The presence of calcareous foraminifers
and macrofauna indicates a shallow marine environment.

Acknowledgement. The research was supported by the VEGA grant
No. 0916.

M. CHUCHRO: The time series structure of flow into
Municipal Wastewater Treatment Plant

Department of Geoinformatics and Applied Computer Science, AGH
University of Science and Technology, Cracow, Poland

Municipal Wastewater Treatment Plant (MWWTP) collects
household waste liquid from toilets, baths, showers, kitchens,
sinks, and so forth that is disposed of via sewers. In many areas,
also includes liquid waste from industry, commerce and storm water
runoff. Knowledge about wastewater flow intensity is important for
high effectiveness purify of wastewater.

The overall goals of investigation were analysis of time series
inflow to a municipal wastewater treatment plant. We have daily data
of eight years time period from three MWWTPs: Krakéw-Kujawy,
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Sandomierz and Warszawa-Czajka. Time series high resolution and
length helps in searching weakly visible relationships. We investigated
time structure.

The wavelet methods helped to made weekly and monthly
model of inflow changeability for data from MWWTPs. A weekly
model showed two high values on Wednesday and Saturday and
one low value on Sunday for all analysis MWWTPs. Monthly model
looks similar, but we can observe fluctuations between similar days
in first, middle and the last week of month. The biggest inflow value
fluctuations, between Sunday and Wednesday are observed in the
middle weeks. The smallest are in the first week of the month, as it
is seen in the Fig. 1. Model of monthly averages shows the lowest
volume of inflow in November and December, and maximum volume
in spring and autumn. It is connected with Polish temperate moderate
climate, with both maritime and continental elements.
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Fig. 1. Monthly inflow model in the MWWTP in Warsaw.

Data from MWWTPs were analysis in frequency domain. High
values of periodogram are on the 0.0180, 0.0324, 0.074, 0.1482,
0.284 frequencies. The spectrum analysis confirms wavelet models.
Five recurring cycles (3.5 day, 7 days, 1 month, 2 months, and half
year) were drawn. The comparison between raw data and the graphs
of cycles showed good fit for dry days data.

Wavelet method and spectral analysis showed that MWWTPs
inflow data have complicated time structure. Knowledge about
structure is the first step of making good predicting model of inflow.

Acknowledgement. The study has been financially supported by
Department of Geoinformatics and Applied Computer Science,
within framework of the Statutory Research, University of Science
and Technology, Cracow.

M. JAMRICH and E. HALASOVA: Calcareous nannofossils
from the Devinska Nova Ves - clay pit; biostratigraphical
and paleoecological interpretation

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The thesis presents new and more precise data of distribution and
quantitative representation of calcareous nannofossils in Studienka
formation in the Vienna Basin. A statistical methods for interpretation
of calcareous nannofossil assemblages were used for the first time
in Devinska Nova Ves — clay pit. New information validated and filled
in already known facts about occurrence of this group in sediments
of Upper Badenian in the Vienna Basin. The results can be used for
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biostratigraphical and paleoceanographical interpretation. They were
correlated with the results of foraminiferal and calcareous dinocysts
assemblages in the same profile.

According to high resolution study of calcareous nannofossils
from Devinska Nova Ves — clay pit in Studienka Formation in the
Vienna Basin taxonomical biostratigraphical and statistical studies
we can conclude: 69 samples were studied in DNV-1 profile.
Rich association of calcareous nannofossils was well preserved,
diversity 145, 47 Neogene species, 98 redeposited nannofossil
species of Cretaceous and Paleogene. Biostratigraphical age of
sediments according to calcareous nannofossils was set to Upper
Badenian, NN6 — Discoaster exilis (Martini, 1971) Zone on the base
of LAD Sphenolithus heteromorphus and FAD Triquetrorhabdulus
rugosus and T. rioi, correlated with Seravalian in Mediterranean
area, corresponding with foraminiferal Bulimina—Bolivina Zone
and calcareous dinocyst assemblages. Other important taxa
according to NN6 Zone Calcidiscus premacintyrei, Helicosphaera
walbersdorfensis, Helicosphaera wallichii, Coronocyclus nitescens,
Orthorhabdulus serratus, Sphenolithus abies were determined too.
Reticulofenestra haqii has majority in all 69 studied samples.

Paleoecology according to diversity perform proper conditions for
evolution of calcareous nannofossil assemblage (depth/max diversity
23mD=2.12,1.8-2.1 D=2.063-2.097, 8.9 m D = 1.989).

Dominance graph suppose 7 groups according to water
conditions and its (depth/max): warmwater conditions (1.3, 8.9 m),
coldwater conditions (1.9, 6.6 and 7.0 m), neritic conditions (6.1 m),
pelagic conditions (1.0, 6.4 m), eutrophic conditions (1.6, 5.7, 7.8 m),
oligotrophic conditions (1.3, 8.9 m) and salinity changes (6.0 m).

Cluster analysis graph divided into 4 groups as: A — coldwater
conditions, B — neritic, salinity changes, offshore species, C
— continental shelf (opensea), (coldwater), D — continental shelf
(opensea), (warmwater).

Acknowledgement. This research was financially supported by
APVV-0465-06.

M. JAMRICHOVA: Upper Jurassic-Lower Cretaceous
calpionellids and calcareous dinoflagellates from the
selected sections of the Czorsztyn Unit of the Klippen
Belt (Western Carpathians)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

Studied sections Hrebef and Stepnicka skala Il. are situated
in central Povazie and Erdudsky kostol section is situated in Orava
region. Malmica Zone was identified on the Hreben section. This
Zone was found in grey and pink micritic crinoidal limestone of Lower
to Middle Tithonian age. Crassicollarian assemblages with the most
Crassicollaria parvula and Crassicollaria masutiniana are abundant
in the overlying Koréwa Member of Tithonian to Lower Berriasian
age and they indicated Crassicollaria Zone. Calpionella Zone was
distinguished from the upper part of the Koréwa Member with Alpina
and Ferasini Subzone. Crassicollaria Zone with Intermedia and Brevis
Subzone were identified from the Erdudsky kostol section. Mentioned
crassicollarian subzones were distinguished from the Upper Tithonian
Koréwa Member and lower part of the Sobdtka Member of Upper
Tithonian to Lower Berriasian age. Calpionella alpina is dominated in
upper part of the Sobotka Member and Calpionella eliptica in grey and
red limestones of Aptian to Albian age. This calpionellid assemblages
indicate Calpionella Zone with Alpina and Eliptica Subzone. Malmica
Zone was distinguished from the StreZenice Formation of Oxfordian
to Tithonian age and from lower part of the red nodular limestone of
Tithonian age of the Stepnicka skala Il. section. Cadosina semiradiata
semiradiata is dominated in lower part of the Rogoza Coquina
Member of Middle Tithonian age and it indicates Semiradiata Zone.
Calpionellid assemblages are dominated in upper part of the Rogoza
Coquina Member and Crassicollaria Zone with Intermedia Subzone
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was distinguished from this limestone. Calpionella alpina is common
in the Sobdtka Member of Upper Tithonian to Lower Berriasian
age and it indicates Calpionella Zone with Alpina Subzone. On the
basis of this zonation the Jurassic/Cretaceous boundary (Tithonian/
Berriasian boundary) in the Erdudsky kostol and Stepnicka skala II.
sections is situated betwen the Crassicollaria and Calpionella Zone.
This base is defined by morphometrical change of Calpionella alpina
tests. In studied locality, Lower Tithonian dinoflagellate cysts show
distinct change in abundance and composition. Orthopithonellid
forms dominated in the Malmica Zone, but they were replacement
by obliquipithonellid species dominated by Cadosina semiradiata
semiradiata. Vertical calpionellid distribution of the studied sections
can be characterized by several events — the onset, diversification
and extinction of crassicollarians (Late Tithonian) and the onset of
the monospecific Calpionella alpine association on the Jurassic/
Cretaceous boundary.

Acknowledgement. Thanks belongs to grant APVV-0280-07 for the
financial support.

E. KALINSKA' and M. WYSZOMIERSKI2: Synthetic profile
of aeolian deposits in the southern and eastern Mazovia
Lowland (Central Poland) and its interpretation

"Department of Quaternary Geology, University of Warsaw, Warsaw,
Poland
2Polish Geological Institute, Warsaw, Poland

The zone build of fine- and medium-grained sands runs along
southern and eastern edge of Btonie and Radzymin ice-dammed lake
levels. On the basis of 13 profiles the synthetic profile was created.
Textural features of sandy deposits and underlying tills were examined.
On the basis of grain size distribution, rounding and frosting of quartz
grains, light and heavy minerals and scanning electron microscopy
(SEM) microfeatures eight series were distinguished. Underlying tills
were divided into two series: F, which represents solifluction processes
and G, which records active layer during periglacial condition.
Sandy-gravely, well-sorted series E are characterized by more than
90 % content of aeolian grains and represents probably aeolian
pavement. Both series D and B are straitened in frosted grains (67
—87 %) and garnets (22 %), which record warmer climate conditions
(interstadials) during last glaciation. Series C are manifested by the
presence of frosted quartz grains strictly, as well as garnets, which
indicate strong aeolian activity. Series B, C and D occur alternatively,
which reveal changeable climate condition in periglacial zone. Upper
part of synthetic profile was characterized both by poor-sorted sands
with admixture of gravels (A) and well-sorted sands (A;). Hence, the
sediments of series A; were transformed by rainfalls and thawing
during warmer periods, while series A, represent typical aeolian
condition, when occasionally small dunes might be developed.

Acknowledgement. The research was funded by the Polish Ministry
of Science and Higher Education, grant No. N N307 2731 33.

E. KALINSKA' and M. WYSZOMIERSKI?: Textural features
of selected deposits of Btonie level (Central Poland):
Preliminary results

'Department of Quaternary Geology, University of Warsaw, Warsaw,
Poland
2Polish Geological Institute, Warsaw, Poland

The Btonie level in Central Poland is a flat and monotonous plain,
eroded by Bzura River and its tributary — Utrata River and built of ice-
-damned lake deposits. Investigated area was located in Btonie, about
25 km west of Warsaw. Sandy part of profiles, underlying ice-damned
lake clays, was examined.
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The grain-size distribution analysis reveals domination of
fraction between 0.125 and 0.25 mm (3-2 phi). Cumulative curves
are homogeneous. Two types of transportation can be distinguished:
traction and saltation, while part of suspension is almost indistinct.
Inclination of saltation section contains approximately 60°. The
frequency curves reveals unimodality of sediments. The course
of curves is relatively high and narrow, which proves good sorting
of investigated deposits. Sands are characterized by moderately
standard deviation as a rule, while skewness is negative. Mineral
composition observed in sandy fraction (0.5 — 1.0 mm) are represented
by quartz (84 — 88 %), feldspars (9.5 — 9.7 %) and crystalline rocks
(1.65 — 5.9 %). All samples are enriched in transitional rounding and
frosting quartz grains (EM/RM) (81 — 88 %), which indicates relatively
long-term aeolian transportation. Participation of rounding and
frosting grains (RM) achieves 6 — 12 %. Simultaneously the presence
of only 0.7 — 6 % polished grains (EM/EL and EL) is observed. Both
fractured (C) and angular (NU) quartz grains are very rare. A corollary
of mentioned results is probably fluvioperiglacial origin of sandy
deposits, connected with first stage of ice-damned lake existence
before standard varved-clay acculumation.

K. KAMENSKA: Geophysical 3D model of a geothermal
reservoir rocks in the central part of KosSice Basin in the
Eastern Slovakia

Department of Geosciences, Technical University, KoSice, Slovakia

Question of energy needed for enhancing of human being comfort
is recently very popular and geothermal energy, as one of renewable
energy sources; started to be utilized not only for recreational
purposes but also for heating and probably for electricity generation
in Slovakia. Slovakia is a country, which has proper geological
conditions for occurrence of geothermal sources. KoSice Basin
seems to be the most perspective geothermal area — the reservoir
rocks are Middle Triassic dolomites with fissure karstic permeability
and basal Karpathian rocks at the depth of 2 100 — 2 600 m with
average temperature around 135 °C. Seismic data from central part of
Kosice Basin enabled demonstration of position, spatial distribution,
morphology and simplified tectonic structure of reservoir rocks and
their Neogene overlier as an insulator. Based on 3D tectonic model,
created in Schlumberger’s Petrel software, reservoir rocks are
segmented into individual blocks, which probably do not communicate
with surrounding blocks in terms of geothermal water flow. Tectonic
and geologic aspects affect thickness of sedimentary sequences, what
is demonstrated by variable thickness in the whole space of modeled
area. Model showed at least one potential geothermal area but for
further evaluation detailed geophysical measurements are needed.

Geothermal sources in central KoSice Basin as a home source
can reduce dependence on gas and other fossil fuels. Utilization of
geothermal sources can secure energy supply for town KoSice and
prevent future shortages in energy as it was in January 2009 when
Russia cut gas supply to part of Europe including Slovakia. Geothermal
energy produces much less greenhouse gasses in comparison with
conventional fossil fuel plants and in the case of reinjection there is
no emission to the atmosphere. Probably the biggest disadvantage of
geothermal utilization in area of interest is a high capital cost.

J. KIERCZAK: Solid speciation of Ni and Cr in lithogenic
and anthropogenic materials in the area of the Szklary
Massif (SW Poland)

Institute of Geological Sciences, University of Wroctaw, Wroctaw,
Poland

The geological unit called Szklary Massif comprises two
environments containing Ni and Cr from diverse origins: lithogenic
(ultrabasic rocks and serpentine soils) and anthropogenic (waste
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dump composed of slags and covered by antroposol). The study
was dedicated to investigate the distribution and mobility of Ni and
Cr during weathering of ultrabasic rocks and pyrometallurgical
wastes (slags and related antroposols) occurring within the area.
The Ni and Cr bearing minerals in the materials were identified and
characterized using analytical instrumental methods (XRD, SEM-
-EDS, EPMA, micro Raman, TEM, ICP-MS). Complementary chemical
extractions provided information on solid speciation of Cr and Ni and
other potentially toxic elements (PTE), their potential mobility and
interactions with environment, especially in cultivated soils in the
vicinity of the slag dump.

The mineralogical study shows that Cr-carriers from both studied
materials do not undergo weathering. Chromium mostly occurs in
spinel group phases, those from ultrabasite and serpentine soil are
Cr-magnetites, whereas those occurring in the pyrometallurgical slags
have various compositions between chromite and Mg-chromite. Cr is
also present in subordinate amounts in clinochlore in the rocks and
serpentinite soils. Nickel initially occurs in silicates and crystallized
oxides in ultrabasic rocks and soil. The phases transform in numerous
secondary minerals during weathering. The secondary phases have
potential to immobilize part of the Ni which has been released during
transformation of primary Ni carriers. In anthropogenic materials
(slags and anthroposol), nickel is frequently incorporated in sulphides
and intermetallic compounds of Ni and Fe and in lesser amounts
in silicates (forsterite), where the first are generally considered as
potentially reactive. Small inclusions of sulphides and metallic phases
from slags are trapped within the stable silicates or silicate glass and
their reactivity seems to be limited.

Chemical extractions show that mobility of Ni and Cr, as well
as of other analysed PTE (Cu, Pb, Zn, Co), is different between
natural and anthropogenic materials, with the exception of Cr, which
is usually found in residual fractions. Cu and Pb are more mobile
than Cr, Co and Ni in both studied types of materials. Zn is more
stable in the serpentine soil than in the anthroposol. PTE of lithogenic
origin are generally less mobile, than those of anthropogenic origin,
except for Ni, which is more mobile in the serpentine soil compared
to anthroposol.

Summarizing, the study shows great potential of using combined
mineralogical and chemical analytical methods. The results imply
larger relative stability of Cr compared to Ni. The environmental risk
in the studied site is not only related to Ni and Cr, which are present
in significant amounts in rocks and slags, but also to other PTE such
as Zn, Pb and Cu, which were found in substantial proportions within
fractions defined by chemical extraction as potentially biodisponible.

T. KLIMKO, M. CHOVAN and B. LALINSKA: Mineralogy of
sulphides oxidation of tailings material at abandoned Sb
deposits Dubrava (Nizke Tatry Mts.) and Popro¢ (SpiSsko-
-gemerské rudohorie Mts.)

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovakia

In the second half of 20th century Dubrava Sb deposit (N. T. Mts.)
and Popro¢ Sb deposit (SGR Mts.) were two of the main antimony
producers not only in former Czechoslovakia, but also in Central
Europe (especially Dubrava Sb-deposit). The effect of mining on the
surrounding environments was very intensive thus contamination of
these regions is very high. One of the contamination sources are
tailings impoundments (four at the Dubrava deposit and three at the
Popro¢ deposit). The major type of contamination is toxification (Sb,
As) at both localities. Acidification is significant at the Popro¢ deposit
(pH around 3) but not at the Dubrava deposit (pH 7 — 8).

The main effect of oxidation can be easily seen in the samples
of tailing material taken near the tailing’s surface. Different levels of
oxidation and various products of sulphides oxidation were observed.
Pyrite is the most abundant sulphide mineral at both localities.
Additionally, the tailings frequently contain arsenopyrite and less
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frequently stibnite. At the tailings of the Popro¢ deposit the occurrence
of ore minerals is lower than in tailings at the Dubrava deposit. This is
probably due to massive oxidation of ore mineral grains that causes
the entire degradation of grains and consequential dissolution into
different ions (e.g. Fe? 3+, H* and SO,%").

Pyrite as well as arsenopyrite grains are altered by oxidation and
secondary minerals are formed around these grains in the form of
oxidation rims. The rims on pyrite are mostly composed of Fe-oxides
(oxihydroxides) containing up to 62.72 wt.% of Fe, up to 2.66 wt.%
of As and up to 4.84 wt.% of Sb at the Dubrava deposit and it is very
similar at the Popro¢ deposit too. The rims developed on arsenopyrite
grains contain up to 49.77 wt.% of Fe, up to 25.69 wt.% of As and
up to 7.01 wt.% of Sb. Secondary rims around arsenopyrite grains
were not seen in the samples from Popro¢ yet. Secondary rims are
mostly destructed and are subsequently extracted from the sulphide
core. At the locality Popro¢ the mineral scorodite was successfully
identified, further in a sample this mineral occurs in an association
with arsenopyrite. The average chemical compound of scorodite is:
25.47 wt.% Fe, 32.15 wt.% As and 0.15 wt.% Sb.

We have not observed the presence of secondary oxides
connected with stibnite grains at both localities. Based on the
presence of fractures in stibnite and significant evidence for Sb
presence in pore waters we suggest that Sb is leached from
stibnite into the solutions; later, aqueous Sb is sorbed by secondary
Fe-oxihydroxides present in the system.

Various Fe and Sb, Fe-oxides and oxihydroxides are also common
in tailings at both localities and they are the most frequent products of
sulphides oxidation of tailings material at the Popro¢ deposit. Some of
them are directly connected with sulphide minerals, such as goethite
pseudomorphs after pyrite (especially at the Dubrava deposit). In
other cases the origin is uncertain, but we expect that these forms
originate as single grains precipitated from solution directly in tailings
environment. Fe-oxides containing up to 54.60 wt.% of Fe bind
a large amount of Sb (up to 5.07 wt.%) and only a smaller amount of
As (up to 3.37 wt.%) at the Dubrava deposit and it is very similar at the
Popro¢ deposit too. The chemical compound of Sb, Fe-oxides is very
similar at both localities and they contain up to 42.94 wt.% of Fe, up to
64.29 wt.% of Sb, up to 1.50 wt.% of As, and up to 6.39 wt.% of Ca.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. APVV-0268-06.

Z. KOMPANIKOVA: Temperature influence on volume
changes of travertine

Department of Engineering Geology, Comenius University, Bratislava,
Slovakia

The volume changes of rocks are related on temperature changes,
being one of the factors affecting the quality of rocks.

Travertine with detected volume changes has monomineral
composition. It is distinctly structurally heterogeneous and typical
with high and chaotic distribution of porosity. Studied travertine
samples were taken from travertine heap in Spis$ castle. The samples
represented rock blocks with marked spatial orientation, related to
their position in rock mass (foliation). The laboratory tests were done
on cylindrical samples with 50 mm length and 34 mm diameter,
oriented vertically to direction of foliation.

For measurement of temperature expansion we used
thermodilatometer, in which the temperature range was experienced
under conditions of natural exposure (summer and spring/autumn
period). Summer cycle represents the temperature range in summer
period and sample is heated up. Temperature range during heating
is from +20 °C to +60 °C. Spring/autumn cycle represents the
temperature range in spring and autumn period and is acheved by
cooling from indoor temperature +20 °C into -5 °C. The tests carried
out on travertine from Spisské Podhradie and their results encompass
6 short-term temperature cycles simulating the summer and spring/
autumn periods.
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The length changes of samples, observed by thermodilatometer
and related on temperature changes, are characterized by coefficient
of thermal expansion — a, relative dilation — & and residual strain — AL.
The biggest changes of residual strain were determined in spring/
summer cycle following after summer cycle. The tests also proved
the idea that permanent temperature deformation may acts as initial
factor of slope movements.

A. KOWAL, A. PIORKOWSKI, A. PIETA and T. DANEK:
Efficiency of selected component technologies for
parallel and distributed heat transfer modelling

Department of Geoinformatics and Applied Computer Science, AGH
University of Science and Technology, Cracow, Poland

Geothermal field modelling is very useful in Earth sciences.
Numerous physical problems involve heat transfer phenomena
including volcanoes, intrusions, earthquakes, mountain building,
metamorphism, mantle and crustal heat flow variability. Unfortunately
the modelling process for large geological models or for long term
temperature field changes is extensively time consuming. One of
the best methods to overcome this disadvantage is parallelization
of computations. Luckily numerical solution of the heat transfer
phenomena using finite difference method (FDM) solutions are
very good examples of computational problems which are easy to
parallelize by domain decomposition.

Scientific codes written in the conventional way often suffer from
low portability, limited code reuse and short life cycle. Component-
-based software engineering is a new way of software production that
gives portability, security and independence of hardware. The most
advanced and popular solutions of such software are Sun Java and
MS.NET and open source solution, called Mono.

In this paper efficiency of using component-based software for
heat transfer modelling is presented. The test computations were
performed in a cluster of 30 PC computers, which have following
parameters: processor with hyper-threading technology (Intel Pentium
42.8 GHz), 1 GB RAM, Gigabit Ethernet network adapter. Efficiency
component heat computing were tested in following operating
systems: Linux (Fedora Core 3, kernel: 2.6.12-1.1381 [smp]), MS
Windows 2000 (SP4).

Obtained results: computational time for different platform
and components (Fig. 1a, b), speedup of computation (Fig. 1a)
and efficiency of using parallel environment of such configuration
(Fig. 1b) clearly indicate that the component approach is able to
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Fig. 1. Relation between computational time (bar charts) and
speedup (line on Fig. 1a) and efficiency (line on Fig. 1b) and number
of processors.
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give satisfactory results in this kind of applications. Global solution
efficiency can strongly depend on operating system and hardware.
Various free and commercial component technologies can be
effectively used to eliminate problems of low portability, limited code
reuse and short life cycle.

Acknowledgement. This work has been financially supported by
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K.KRONOME, N.HUDACKOVA and M. SYKORA: Application
of statistical methods in the study of Upper Triassic
Hallstatt limestones near Silicka Brezova village, Inner
Western Carpathians

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The Carnian-Norian pelagic Hallstatt limestones are located in
the vicinity of Silicka Brezova village, in the Slovak Karst area.

These limestones were studied by classic methods of
microfacial analysis and by statistical methods too. The quantitative
and semiquantitative data acquired from thin sections were then
processed by the PAST program for statistical analysis. We applied
cluster analysis of data matrices created from the quantitative data of
thin sections acquired by classical microscopic study. We decided for
using of Ward’s data grouping method since this method fit best with
the type of our data and is the best for explaining the resemblance
of samples. The data were investigated quantitatively as well as
qualitatively. Samples and also clasts occurred were grouped for the
explanation of defined groups.

The cluster diagram of the analysed thin sections on the level
of similarity about 150 was arranged in two main groups — group
A and group B. Group A on the similarity level 80 was then divided
into two compact subgroups (A1, A2) and group B on the similarity
level 90 was divided into four subgroups (B1, B2, B3, B4), where
subgroup B4 was inhomogeneous, so we additionally selected
similarity level 60 and thus subdivided it into two more compact
groups. According to the individual groups defined by the distribution
of bioclast types, we can assume, that samples belonging to
groups A1, A2 represent deep water sedimentation environment
characteristic by high content of filaments, bivalves and occurrence
of Globachaete alpina LomBARD, where the A1 group differs from
A2 by higher content of radiolarians, thus A1 represents deeper
water environment. The samples of groups B2 and B3 represent
shallower water conditions, group B2 is a compact group differing
by high content of Globachaete alpina LoMBARD, radiolarians and
agglutinated foraminifers while group B3 shows smaller amounts
of filaments, bivalves and globochaetes, but higher amounts of
echinodermate detritus. Samples of the B4 subgroup represent
probably the most shallow water environment with characteristically
low content of globochaetes. Based on Gastropoda content, B4
subgroup can be subdivided into minor groups B4a and B4b,
where B4a shows higher content of radiolarians and thick-shelled
ostracods and B4b shows discriminating content of sponges. The
subgroup B1 is represented by two samples with high content of
agglutinated foraminifera only and is separated from the other B
groups on the level of similarity 130.

The statistical methods were used only as an additional tool
for amending the results of classical microscopic study. Results of
the statistical evaluation need to be interpreted with caution on the
character of input data: data were acquired by microscopic study of
thin sections, thus just a fragment of the rock was investigated, so
the bioclasts, which are also fragmented, can cause over- or under
estimating of their real content. Influence of bioturbations and water
currents would not necessarily been observed in the thin sections
and not even be represented by amount and character of bioclasts. In
spite of this, the statistical methods provide us new information and
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can be used for deciphering paleoecological changes based on the
content and type of bioclasts in thin sections.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contact No. APVV-0280-07.

J. KUCEROVA: Interpretation of the Miocene macroflora
from the Locality Velka Causa (Slovakia)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The locality Velka Causa is situated in the Upper Nitra
depression of the Handlova-Novaky brown-coal basin. Studied
paleobotanical material, stored in the Hornonitrianske muzeum
in Prievidza, is fossilized in light-gray clays of Eggenburgian
age. Individual morphological data, for each taxon, are used for
paleoclimatic reconstruction and ecological interpretation. Different
predictive models demonstrate definite relationships both of the
climatic variables and leaf characters, but the precision of these
relationships varies depending upon the statistical model applied
to the data. Application of the CLAMP (Climate Leaf Analysis
Multivariate Program) method to the fossil flora assumes that if
climatic parameters can explain physiognomic variation, then that
variation can be used to predict climatic parameters. The analysis
involves relating the fossil flora to group of climate parameters. The
climate parameters predicted by this analysis are: Mean Annual
Temperature (MAT), Warm Month Mean Temperature (WMMT),
Cold Month Mean temperature (CMMT), Length of the Growing
Season (GRS), Growing Season Precipitation (GSP), Mean Monthly
Growing Season Precipitation (MMGSP), Precipitation during the
3 Consecutive Wettest Months (3WET), Precipitation during the 3
Consecutive Driest Months (3DRY), Relative Humidity (RH), Specific
Humidity (SH), Enthalpy (ENTHAL). From all fossil leaves from the
collection were chosen dicots only. They were sorted into morpho-
-species and were examined for the presence or absence of each of
the 31 morphological characters used after CLAMP categorization.
A total of 246 fossil samples were studied. Vegetation used in the
dataset for this study indicates subtropical climate. The study of
fossil flora from the geological collection of Hornonitrianske muzeum
in Prievidza was made under the permit issued by the relevant
authorities of this museum.

Acknowledgement. Funding for this study was provided by financial
support of grants VEGA 2/0060/09 and APVV-0280-07.

M. LAHO', M. BEDNARIK', R. HOLZER' and P. WAGNER?:
Database of the dimension and crushed stone:
Engineering Geological Inventory of Rocks of Slovakia

'Department of Engineering Geology, Comenius University,
Bratislava, Slovakia ;
2State Geological Institute of Dionyz Stur, Bratislava, Slovakia

The contribution deals with the behaviour, properties and
utilization of the rocks in Slovakia. The variety of geological structures,
their high tectonic deterioration and inhomogeneity caused, that
only a few rock formations offer rocks usable as a dimension stone
(travertine, marble, sandstone, rhyolite, andesite, limestone). Due
to the enormous deterioration of rock masses caused by the Alpine
orogenesis and younger fault tectonics in Slovakian Carpathians,
the majority of excavated rocks are used mostly as crushed stone
(aggregate). The tectonically weakened rock masses are subjected of
progressive decay, mainly due to the weathering, which is accelerated
by the technical excavation in mines, road cuts, by the atmospheric
influences, etc. All those aspects are decisive for the optimal
application of rocks as dimension or decor dams, river levees, etc.,
as well as for the deposition of unsuitable rock material.
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The investigated engineering geological characteristics and
properties of rocks are the subject of the comprehensive “Engineering
Geological Inventory of Rocks of Slovakia”. Unified documentation
records present results from 146 investigated excavation sites
(abandoned or under operation).

General excavation site description, main rock mass structural
characteristics (characteristics of discontinuity sets, blockiness,
loosening, etc.), mineralogical rock composition, properties of the
investigated rock material and its utilization were recorded into
registration forms.

Main part of the registration form provides the assessment of
physical and mechanical rock properties on regular and irregular rock
samples reflecting the stone durability. Following characteristics were
estimated: density, porosity, water absorption, uniaxial compressive
strength (dry o4, saturated o, and after freeze/thaw cycles samples
o), tension and shear strength, calculated softening (Cg = G¢y/0cq),
freezing coefficients (C; = o,/0.4) and deformation properties.
Porosity, water sorption, strength characteristics, together with tests
in Na,SO, solution, further micro-Deval test for the determination of
the crushed rock resistance to wear, slake durability test (SDT) and
laboratory freeze/thaw long — term weathering tests were regarded
as most suitable indicators of the stone quality.

The available data concerning the properties (determined
according EU standards) and the durability of rocks representing
main geological formations of Slovak Carpathians are decisive for
their individual use in all branches of the civil engineering.

All the data obtained from the field and laboratory investigation
are stored in a relational database. The database is formed by
main table, which contains basic information about the investigated
site. The main table is joined with the secondary relational tables
storing an information about the rock mass structure, rock material,
geomechanical tests, rock use, etc. The main advantage of such
system is the dynamical data actualization and the statistical
assessment of the selected characteristics of the rock environment.

P. LEDVAK: Traumatocrinus from the Ladinian—Carnian
basinal deposits of the Western Carpathians (Slovakia)

Geological Institute, SAS, Bratislava, Slovakia

In the last few years several works dealt with spectacular findings
of entirely whole colonies of Traumatocrinus still attached to fossilized
driftwood from the Lower Carnian black shales of Xiaowa Formation,
Southwest China (Seilacher & Hauff, 2004; Hagdorn et al., 2006;
Xiaofeng et al., 2006). Such favourable preservation allowed authors
to study articulated Traumatocrinus specimens and reconstruct
their pseudoplanktonic lifestyle. Unfortunately many localities in the
Western Europe including Salzkammergut in the Southern Alps from
which this crinoid was described for the first time by Dittmar in 1866,
contain in the Hallstadtt limestone only isolated ossicles and stem
fragments. This is also the case of Ladinian—Carnian facies in the
Western Carpathians, which yielded several fragments with different
state of preservation.

The material from the Slovak part of Western Carpathians
originates from the Upper Ladinian Reifling Limestone, locality
Zamostie — Stefanka and from Lower Carnian black shales of Svarin
Formation (formerly introduced as Aonian or Trachyceras Beds),
locality Svarin. The former is represented by several larger stem
fragments of probably younger specimens with partly visible mesh
like structure in the lateral profile. The later contains two smaller
fragments probably from distal stem portion of fully grown specimens.
One columnal of these fragments has visible articular facet composed
of V shaped ribs which extend radialy from the centre to the rim. It is
a typical feature of the Traumatocrinus stem morphology which is not
present by any other known crinoid group.

As pointed out by recent studies Traumatocrinus was
a pseudoplanktonic crinoid which attached to the floating logs with its
root. It is known from deep sea facies of Paleo-Tethys realm, mostly
from Upper Ladinian to Lower Carnian but sporadically also from
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Lower Ladinian (Gtuchowski, 2002). According to the fossil data we
can place Traumatocrinus origin and origin of its unique lifestyle into
Middle Triassic (probably Lower Ladinian). This is very interesting
because it is widely known that the Ladinian was a global dry period.
It is therefore questionable how could possibly rise this type of
lifestyle in such conditions. Answer on this question could be probably
provided by detail study of Ladinian fossil flora.

B. MAGULOVA and M. BEDNARIK: Landslide hazard
assessment for urbanized areas: Levoca region case
study

Department of Engineering Geology, Comenius University, Bratislava,
Slovakia

Geohazards present a significant barrier for further utilization
of environment. Study area is mostly affected by landsliding, soil
erosion and floods. Due to this, landslide hazard assessment, using
statistical methods in GIS environment, is able to show proper ways
in environment utilization.

The landslide hazard assessment became very common
in Slovakia mainly by works of Paudits (2005), Bednarik (2001,
2007, 2008) and Jurko (2003). The landslide hazard assessment
methodology solutions in a GIS environment are based upon suitable
selection of those factors, which play a dominant role in slope stability
state. The selected factors are processed using the parametric maps
and in this form they enter in the statistical processing, underpinned
by map algebra in a GIS environment.

In presented case study following factors influencing the slope
stability are evaluated: lithology, morphometric parameters, rainfall,
actual landuse and registered landslides. These factors have been
prepared in a vector form (parametric maps) and consequentially
processed to the raster form. Bivariate statistical analyses were used
for the construction of final landslide susceptibility and hazard maps.

A.MACHLICA: Modelling of groundwater runoff in different
climatological and hydrogeological conditions

Department of Hydrogeology, Comenius University, Bratislava,
Slovakia

Groundwater runoff is a compound of total runoff from the
catchment. Course of groundwater runoff is depending on more
variables. The focus of this study is the influence of various
meteorological and hydrogeological conditions to groundwater runoff.
There are several methods to solve this problem. Each selected
method gives different results by the use of more variables. The issue
is how to choose the best method and which method is applicable for
specifically hydrogeological conditions.

For the modelling we selected the Upper Nitra river catchment
with more sub-catchments, Topla and Torysa river catchments.
Groundwater runoff was simulated at selected profiles in the
catchments. The time series since 1981 to 2007 was taken for the
modelling. The kriging method, lapse rate method, arithmetic mean and
nearest neighbours method were chosen for modelling climatological
conditions. After finding the best method there was necessary to
evaluate the right choice with using BILAN model. The BILAN model
has been developed for assessing the water balance components of
catchment using a daily step. The structure of the model is formed
by a system of relationships describing basic principles of the water
balance on the land surface, in the zone of aeration, including the
effect of vegetation cover, and in aquifers bearing the groundwater.

The knowledge about using the best method for specifically
hydrogeological conditions is very useful for understanding and
calculating water balance in the whole catchment.

Acknowledgement. This work was supported by FP6 Project 036946
WATCH and Slovak RTD grant agency APVV project No. APVV-0355-06.
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J. MAJKA: The Caledonian orogeny in the northern
Barents Sea region

Department of Earth Sciences, Uppsala University, Uppsala,
Sweden

The recent progress in geochronological and geophysical works in
the northern Barents Sea region brought a lot of new data concerning
the pre-Caledonian history of the Svalbard’s Caledonian basement
terranes, timing of the Caledonian orogeny and development of the
main Caledonian tectonic structures. The evidence of the purely
exotic origin of some metamorphic crustal domains (e.g. in age
corresponding to the Timanides) within the Svalbard’s Caledonian
basement and their juxtaposition with the typical Neoproterozoic rifted
continental margin sedimentary successions rises a lot of questions
about the timing and style of the deformation during the Caledonian
orogeny. Moreover, the lack of the outcrops of the collision-related
rock units let to the speculation concerning the location of Scandian
suture in the northern Barents Sea region. The unequivocal evidence
of dominant Laurentian crustal domains within the pre-Caledonian
basement of Svalbard and their offshore southwards prolongation
provide unambiguous assumption that the Scandian suture must
be located east from Svalbard, but probably does not reach Franz
Josef Land. Taking into account a good onshore evidence of the
importance of the long-distance strike-slip faulting and thrusting
during Caledonian orogeny, the existence of exotic terranes within
Svalbard’s crystalline basement seems to be not surprising and their
origin is rather related to Laurentia, then to Baltica.

V.V.MAKHNACH: Shells of Kosmoceras (Kosmoceratidae):
An object of studying by students at the laboratory
classes on “Paleontology”

Belarusian State University, Minsk, Belorussia

Modern paleontological researches have led to the essentially
different representation about systematization and phylogenies
of ammonites in comparison with the preceding stages of their
study. Simultaneously with the description of extensive materials,
the new taxonomical categories, number of which has greatly
increased have been singled out. Many former genera have
been a ranked into families and even superfamilies. In recent
years, in connection with making up solid reports and reference-
-books, the problem of creating of scientifically well-grounded
system of ammonites began to draw the increasing attention of
paleontologists, and thanks to the joint efforts of many scientists
from different countries the solution of this problem has strongly
moved ahead. It is also necessary to note the increased interest
in biology-ammonites questions. The exit of paleontology “from
offices” into an university education system has become the main
achievement of the present stage.

Training specialists in the field of geology the theoretical know-
ledge of the lecture course and laboratory classes on “Paleontology”
obtained great importance. Despite the development of absolute
stratigraphy methods, paleontological methods have not lost their
actuality. During field researches the methods of relative stratigraphy
allow to reduce considerably the cost of research work.

For studying the features of the morphological structure of
ammonites the shells of the genus Kosmoceras are most appropriate.
The word “Kosmaceras” is derived from Greek meaning “kosmos”
— the Universe and “keras” meaning — a horn. The name reflects
the universal character of the distribution of ammonites of the given
kind.

The family Kosmoceratidae includes the following genera:
Garantiana HuaTT, 1900 (Garantia RoLLIER, 1911), Strenoceras
HuaTT, 1900, Spiroceras QUENSTEDT, 1858 (Patoceras MEeEek, 1876),
Pseudocosmoceras MURASHKIN, 1930, Kepplerites NEUMAVYR,
1892, Kosmoceras WAAGEN, 1869 (Cosmoceras WAAGEN, 1870),
Mojarowskia NIKOLAEVA, 1955.
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Characteristic features of the family: shells vary from plain-spiral
with more or less increased layers to the developed and sometimes
considerably straightened spiral. Edges are numerous and simple or
branching, having up to three rows of humps or thorns and which end
on the ventral side. A mouth has lateral “ears” The line of the shell is
considerably dissected, rising in umbilicus parts. The first lateral line
of the shell is deep with three-separate parts. There are additional
lines varying from one or two.

Important is that during the development of the ammonite the
process of phylogenesis in that of ontogenesis was observed. This is
shown in specificity of development of the shell lines, causing scientific
interest not only in research but also in educational purposes.

Biogeographical features show that the family of Kosmoceratidae
extended to oceans of the Tethys and Paleopacific. The Tethys was
likely the centre of the origin of the family. This is indicated not only by
the maximum quantity of genera of family Kosmoceratidae, but also by
the localization of the representatives of such genera as Mojarowskii,
Strenoceras and Pseudokosmoceras in the given place.

The family Kosmoceratidae is of archistratigraphic importance.
The subzones of Upper and Middle Callovian of the Central part of
Russia (Russian plate), the Northern Caucasus, Western Siberia have
been distinguished in accordance with the ammonites complex.

The representatives of the given family allow not only to draw
the inter-regional correlation of sediments, but also to carry out
the coordination of biostratigraphical divisions within themselves
and international stratigraphic chart (biostratigraphic subzone
Kosmoceras Jason).

The Museum of the Earth crust science of the BSU possesses an
extensive collection of ammonites, including 32 specimens of family
Kosmoceratidae, being used in educational process and for research
purposes. The specimens of a high degree of preservation have
been studied by means of the technique of Raup. The specimens
of representatives of other families have also been taken from the
museum funds for analysis. According to the technique of Raup, the
rate of expansion of ammonites layers of genus Kosmoceras WAAGEN
1869 (Cosmoceras WAAGEN, 1870) proved to be in limits W = 3.4
—4.9, and the degree of overlaping D = 0.22 — 0.44. These data show
evolutionary changes in the group of Ammonitida: in early Jurassic
periods of forms with more or less extending and overlaping shells
(D~0.4 — 0.5, W~2) prevailed the Cretaceous period shells with
moderately extending Layers (D~0.3, W~2.5 is traced). This gives
the possibility to draw a conclusion that the genus Kosmoceras
WAaAGEN reflects one of the evolution links of group Ammonitida. The
interconnection of these changes with transition into a new adaptive
environment is rather interesting. Ecological aspects probable played
an important role in the course of evolution. However it is necessary
to notice the specific character of morphological changes at the level
of species which generally does not contradict to existing biological
and evolutionary theories.

D. A. MAMONTOV and O. A. ORLOVA: Preliminary
palynological analysis of the Upper Visean deposits
from borehole 1P/A, south wing of Moscow syneclise
(Russia)

Department of Paleontology, Moscow State University, Moscow,
Russia

Miospores of the Upper Visean terrigenous deposits (the Aleksin
and the Mikhailov regional stages) from the borehole 1P/A, located on
southern wing of Moscow syneclise (the Kaluga region, Russia) have
been studied. The spores were found only in eight examined samples
(from total 20 samples). Studied palynospectra are characterized by
the presence in fixed amount of Tripartites vetustus ScHem. (nearly
10 %), which is the index-species of Tripartites vetustus (Ve) Zone of
the Mikhailov regional stage. Percentage of Cingulizonates bialatus
(WALTZ) SMITH et BuTT. is reduced upward the section (from 40 % to
10 %). C. bialatus is the index-species of CBd Zone of the Aleksin
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regional stage. Increase of spores Lycospora pusilla (Ibr.) Som. is
observed from lower part (under 10 %) of the section to its upper
part (above 30 %). A few (nearly 5 %) spores of genera Trachytriletes,
Punctatisporites, and Leiotriletes were found through the section.
Percentage of the spores Schulzospora campyloptera (WaALTz) H.,
St. et M. decreases upward in the section (up to 1.5 %). Also a few
spores of Calamospora sp., Anulatisporites sp., and Triquitrites
comptus Will. were rarely met through the section. So, at least two
different palynological palynoassemblages related to the Aleksin and
the Mikhailov regional stages appropriately can be marked out.

The research was supported by Russian Foundation for Basic
Researches, project No. 08-04-00633.

Z.MARCINCAKOVA: Investigation of xenoliths in volcanites
on the marginal parts of the Isle of Zemplin

Institute of Geosciences, Technical University, KoSice, Slovakia

For getting knowledge about the composition of deeper parts
of the earth crust and upper mantle, the study and exploration of
various igneous rocks have a great significance. The investigated
samples of enclaves came from Neogene rhyodacite volcanic bodies
cropping out on the marginal parts of the Isle of Zemplin. The Isle
consists mainly of Upper Paleozoic rocks. Products of Neogene
volcanism in the investigated area crop out in the form of isolated
bodies — Hréel, Kasov, Cejkov, Zemplin, Somotor, Bara, Velka and
Mala Tffha, Luhyna and its vicinity. Most quarries are not accessible;
therefore the study was restricted to three localities bordering the Isle
of Zemplin from the east: Hr¢el, Kasov and Cejkov. The main aim was
to make a record of the primary xenolith occurrences in volcanites
of investigated area. Research was based on the petrographic-
-mineralogical studies (microscopic evaluation of samples) and XRD
analysis. It provided exact information about mineral associations
which are present in individual samples. The obtained mineralogical
data were correlated with data of host volcanic rocks and with rocks
constructing the basement of Isle of Zemplin. Via XRD analysis and
comparison of mineral assemblage it was assumed the presence
of similar minerals in enclosures and also in host rock in localities
Hréel and Cejkov (quartz, K-feldspar, muscovite, clay minerals and
goethite). The similarity in mineral assemblage of both enclosures and
host rock suggests that these are not xenoliths which could belong
to the basement, but magmatic enclaves. The samples from KaSov
are tuffitic claystone galls as it is alleged in a literature (Banacky et
al., 1989). One sample from Hréel — XH-5 is clearly different. The
enclosure contains tiny crystals of realgar (?) and lamella of phlogopite
(?) which are occurring neither in a host rock — rhyodacite nor in other
samples. So we can consider it as an enallogene xenolith as the only
one of explorated samples. Primary expectations of the occurrence
of xenoliths in investigated area were not satisfied. The exploration
confirmed badges of silicification, argillization and K-metasomatism
in samples.

J. MATUSIK', A. GAWEL'", E. BIELANSKA2 and K.
BAHRANOWSKI'": Nanotubes derived from kaolinites
of different structural order

'Department of Mineralogy, Petrography and Geochemistry, AGH
University of Science and Technology, Cracow, Poland

2Institute of Catalysis and Surface Chemistry, Polish Academy
of Sciences, Cracow, Poland

The ability to combine the properties of inorganic matrix and
organic molecules at a molecular level opens the way to design
improved nanocomposites. Such materials have wide potential
for scientific and industrial applications. Moreover, nanotubular
and mesoporous materials have received much attention due to
interesting catalytic properties. Therefore, the objective of this study
was to investigate the possibility of non-destructive delamination and
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rolling of kaolinite layers using intercalation/deintercalation method.
Additionally, changes of structural order and particle size of kaolin
minerals during experimental stages were studied.

“Maria IlI” and “Jaroszow” kaolinites from Polish deposits,
differing in degree of structural order were used for the experiments.
The experimental procedure consisted of four following stages: (1)
preparation of dimethyl sulphoxide precursor complex, (2) interlayer
grafting with 1.3 butanediol (3) hexylamine intercalation and (4)
deintercalation using toluene as solvent. Structural perturbations and
morphology changes of minerals were examined by XRD, FTIR and
TEM.

The particle size of minerals subjected to modifications decreased
considerably, which indicates partial delamination. Regardless of
starting material, chemical treatment caused a remarkable increase
of structural disorder. The amount of rolled kaolinite layers strongly
depended on the efficiency of intercalation steps. Nanotubes were
more frequently observed for “Jaroszow” kaolinite where intercalation
processes were more efficient than in the reactions with “Maria 111’
kaolinite. Kaolinite particles which exhibit tubular morphology or
show rolling effects were observed using TEM (see image below).
The obtained nanotubes had mean diameter ~30 nm and were on
average 150 nm long.
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M. MATYS', K. ROZIMANT? and R. SCHUGERL': Testing
sealing geomembrane effectiveness in the laboratory
conditions under dynamic loading

'Department of Engineering Geology, Comenius University,
Bratislava, Slovakia

2Department of Geophysics, Comenius University, Bratislava,
Slovakia

Geomembranes are synthetics materials. These materials have
broad utilization, for example in the railroad-building or municipal
waste, where they are laid under constructions. In application we use
“sensor damage detection system?”

The article draws an original laboratory test of the efficiency of
sealing layers by dynamic loading. Dynamic or static pressure on
the model layers is excerting by laboratory press. Primary value was
2 kN. The amplitude of loading progressively grows up in individual
steps for 3, 6, 12 or 24 kN. Frequency of the stress is 10 Hz. Efficiency
of the sealing layers is measured with the assistence of original
laboratory geophysical resistivity method. We present 2 examples
of the measurements of the sealing layers model. Geomembrane
during laboratory test remained intact.
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P. MIKUNDOVA: Research of temperature changes of rock
mass in the campus VSB-TU Ostrava

V8B TU, Ostrava, Czech Republic

The use of geothermal energy for more localized energy
requirements is becoming more apparent with the use of geothermal
heat pumps. The use of heat from the upper layers of the Earth crust
can be a useful and efficient method of saving energy. At around
50 m below the surface of the Earth the ambient temperature
fluctuates between around 8 — 12 °C.

Applied research of temperature changes of rock mass caused
by deep boreholes used as low-potential energy sources for heat
pumps is conducted on the premises of VSB — Technical University
of Ostrava (VSB-TUO) in localities of two research polygons. A so-
-called “Large Research Polygon” situated near the New Assembly
Hall + Centre for Information Technologies of VSB-TUO is designed
especially for observing the influence of great heat withdrawal from
the rock environment. A so-called “Small Research Polygon; located in
the vicinity of a new building of Energy Research Center of VSB-TUO
is intended mainly for research into the restoration and accumulation
behaviour of rocks in the surroundings of solitary and also dual
boreholes connected to the heat pumps and air-conditioning system.

V. MIKUS', R. PASTEKA2, M. BIELIK2, M. SUJAN? and H.
ZEYEN*: The first attempts to use geophysical methods
in the Pieniny Klippen Belt tectonic research (locality
Jarabina)

'Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

2Department of Applied and Environmental Geophysics, Comenius
University, Bratislava, Slovakia

SEQUIS, Bratislava, Slovakia

“Départment Sciences de la Terre, Université Paris-Sud, France

The area, researched in this work, is situated in the Pieniny
section of the Klippen Belt in the eastern Slovakia, near the village
Jarabina. The aim of survey was to clarify the tectonic structure of
the subsurface parts through interpretation of different geophysical
methods.

One of used methods was a detail gravity measurement, based on
high accurate sectional measurements of the gravitional acceleration
and its processing into attributes of Bouguer anomalies. The geological
knowledge, lithological mapping and attributes of density from the rocks
were important. The interpretation is displayed like the geological-
-geophysical profile and shows the lithological members and their
density parameters. The output of the software GM-SYS is the geometric
profile with anomaly bodies and their density parameters. Clearly visible
is the influence of surrounding geological units on the south and north.
They represent large sedimentary basins, filled by masses of light
rocks. The rocks included in the PKB have higher density and the graph
of the Bouger anomalies creates an elevation above it. Then the lateral
limitation of PKB was relatively clear. The anomalies within the frame
of PKB were not so sharp, what results from small differences between
the densities of lithological members. Another problem presented
the lack of information about the klippen mantle (the filling material
between particular klippes), which were visible only in few outcrops and
consequently complicated the modelling process. The small variances
on graph curve are caused by the frequent changes of lithology and
were modeled by little klippen bodies. Most of them were observed by
the geological mapping on the surface, but some klippens in the depth
were required during the model compilation. The problem of continuation
of the klippen bodies from the surface depthward and their geometrical
limitations was defined in the software GM-SYS. The computed graph
line responded considerably to the klippen structures continuing to the
depth, the bodies on the surface had only weak effect on it.

Interesting is also the comparison with the results of the geoelectrical
and seismic methods used on the same locality. The method of vertical
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electrical sounding (VES) detects the variability of electric resistivity to
the depth and is useful for searching the horizontal geological boundaries.
The measured profile is identical with the gravimetric one. The information
about Quaternary sediments is relatively accurate. With the gravimetric
interpretation is very similar the boundary between Paleogene sediments
and PKB and also the information about klippen mantle.

The third used method (120 m short gravimetric profile) is
seismic tomography. The velocity of the seismic waves depends on
the properties of subsurface sediments. The velocities increase from
the surface depthward and high values are also in the area of klippen
body. Interesting is that similar high values like in the space of klippen
are shallowly beneath the surface (sometimes already from 3 m).

To make the interpretated model more accurate it is necessary to
extend the area of geological mapping, clarify the tectonic evolution
and relationships between geological members in studied locality.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. LPP-0225-06.

O. A. ORLOVAT, A. L. JURINA', N. V. GORDENKOQO? and D.
A. MAMONTOV": First finding of Archaeopteris/Callixylon
trunk in the Upper Devonian of Middle Timan

'Geological Faculty, Moscow State University, Moscow, Russia
2Paleontological Institute of RAS, Russia

Permineralized wood (up to 24.5 cm long and 19.5 cm wide) was
found in the Upper Devonian deposits of Middle Timan (north-west
of European Russia) for the first time. The specimen is preserved
as a flattened piritized petrifaction and was identified as a trunk of
Archaeopteris/Callixylon by the structural features of its secondary
xylem. About 30 small wood fragments from the different portions of
the trunk have been studied with a scanning electron microscopy (SEM
CAMSCAN). The secondary xylem and some elements of mesarch
primary xylem are well-preserved in the wood fragments. Metaxylem in
secondary branches is characterized by polygonal shape tracheids (12
—25 pm in diameter) with scalariform bordered pits both on radial and
tangential walls of tracheids. Secondary xylem is of pycnoxylic type of
the wood. The tracheids of secondary xylem are narrow (19 — 45 pm
in diameter) and very long (about 1 mm long). The tracheids on their
radial walls show distinct groups of bordered pits horizontally aligned in
various tracheids. According to N. S. Snigirevskaya (2000), such type
of radial pitting is designated as cohortoid pitting typical for Callixylon.
There are 2 — 3 rows of the pits in each individual group. The pits
are hexagonal in shape, 8 — 11 pm in diameter with inclined split-like
apertures. Xylem rays are numerous, low, mostly uniseriate, only some
partially biseriate. Ray tracheids are rarely observed at the ray edges on
tangential section. Ray cells are various in their sizes, and rectangular
in shape. Cross-fields show 6 — 14 cupressoid pits with inclined split-
-like apertures. Early Archaeopteris/Callixylon wood was found in five
localities in north-west part of European Russia. This new finding of
Callixylon in the Upper Devonian flora of Russia extends our knowledge
about distribution of Archaeopteris/Callixylon forest formations.

The research was supported by Russian Foundation for Basic
Researches, project No. 08-04-00633.

S. OZDINOVA', E. HALASOVA2 and J. SOTAKS:
Paleoecological interpretation of the Rapovce GTL-2
borehole (Luéenska kotlina Depression)

'Geological Institute, SAS, Bratislava, Slovakia

2Department of Geology and Paleontology, Comenius University,

Bratislava, Slovakia
3Geological Institute, SAS, Banska Bystrica, Slovakia

Rapovce GTL-2 borehole is situated in the Lu¢enska kotlina
Depression at the village Rapovce in the Southern Slovakia.
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The borehole Rapovce GTL-2 was studied for biostratigraphical
and paleoecological purposes on the basis of calcareous nannofossils
and foraminifers. The age of sediments was Oligocene (Upper Rupel)
to Lower Miocene (Upper Egerian/Eggenburgian), nannoplankton
zone NP23-NN2 (sensu Martini, 1971) and foraminifers zone P19—
P21.

The studied assemblage of the calcareous nannofossils was
quantitatively and qualitatively rich.

The nannoplankton zone NP23 — Sphenolithus predistentus was
composed mainly from species Dictyococcites bisectus, Coccolithus
pelagicus, Zygrhablithus bijugatus, Cyclicargolithus floridanus,
Helicosphaera compacta, Helicosphaera bramlettei, Helicosphaera
recta.

The nannoplankton zones NP 24/25 (595 — 315 m) were
determined on the basis of first occurrence of the species
Cyclicargolithus abisectus. The stratigraphically important species
Helicosphaera recta, Helicosphaera euphratis, Helicosphaera
perch-nielseniae, Helicosphaera truncata, Reticulofenestra lockeri,
Reticulofenestra hillae, Pontosphaera latelliptica were found. The
mostcommon species were Dictyococcites bisectus, Cyclicargolithus
floridanus, Coccolithus pelagicus, Coccolithus eopelagicus,
Cyclicargolithus abisectus and Zygrhablithus bijugatus.

The border of the zones NP24/NP25 was impossible to determine
due to very rare occurrence of species Sphenolithus distentus.

The nannoplankton zone NN1 Triquetrorhabdus carinatus was
determined in the interval 315 — 170 m on the basis of the first
occurrence of species Sphenolithus conicus. The composition
of the nannoassemblage is similar as in the previous zones.
Species Dictyococcites bisectus, Cyclicargolithus floridanus,
Coccolithus pelagicus, Cyclicargolithus abisectus dominated.
The stratigraphically important species were Helicosphaera recta,
Helicosphaera euphratis, Helicosphaera truncata, Reticulofenestra
lockeri, Pontosphaera latelliptica.

Zone NN2 Discoaster druggi (170 — 160 m) were determined
on the basis of first occurrence of the species Discoaster druggii
(Halasova in Vass et al., 2008); this is an index species for the border
Oligocene/Miocene and nannoplankton zones NN1/NN2. Miocene
species Holodiscolithus macroporus, Triquetrorhabdus cf. carinatus,
Helicosphaera mediterranea, H. cf. scissura were found.

Upper Eocene and Mesozoic species like a Reticulofenestra
umbilicus, Istmolithus recurvus, Lanternithus minutus,
Arkhangelskiela cymbiformis were found rarely in all samples.

The paleoecological events were observed in the interval 490—
495 m, when the subjects were small and the assemblage contained
Diatomaceae — this indicated the terrestrial stream.

Growths of the species Pontosphaera latelliptica, P. discopora, P.
rothi were located in the interval 390 — 380 m, this species occurred
in the nearshore conditions.

In the interval 340 — 315 m the nannoassemblage was
quantitatively rich; this can signalize stream of the nutrient.

Upper Rupel foraminifers species from the lower part of the
borehole — Ciz Formation — belonging to the zones P19-P22
(Sotak in Vass et al., 2008), determined in this borehole composed
from planktonic foraminifers: e.g. Paragloborotalia nana, P. opima,
Globorotalis ampliaperta, Globogerina venezuelana. \lery important
species is Paraglobalia opima, because its last occurrence is in the
boundary between planktonic zones P21 and P22.

The planktonic taxa are accompanied by the bentic foraminifers
as e.g. Lenticulina arquatostriata, Lagena sulcata, Sphaeroidina
variabilis, Heterolepa dutemplei, Chilostomella tenuis, Cassigerinella
chipolensis, Tenuitella brevispira, Stilostomella adolphina, Lenticulina
budensis, Semivalvulina pectinata.

From the Lower Egerian foraminiferal assemblage there were
determined species like Globigerinoides primordius, Tenuitella
angustiumbilicata, Catapsydrax martini, Globoturborotalia cf. woodi,
epibentic forms as Pellenia bulloides, Cibicidoides ungerianus,
Gyroidinoides soldani, Sphaeroidina cipeana, Lenticulina cultrata and
others. From rich agglutinated foraminifers there occur Trochammina
globigeriniformis, Trochammina inflata, Haplophragmoides sp. and
others.
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L. PETRYDESOVA', P. ONDREJKA?2 and P. LISCAK': The
regime observations of the landslide Okoli¢né

'Department of Engineering Geology, Comenius University,
Bratislava, Slovakia ;
2State Geological Institute of Dionyz Stur, Bratislava, Slovakia

Slope movements negatively influence the quality of the
environment in the Slovak Republic. Monitoring of these processes
started in 1998. In 23 July 1993 the project “Partial Monitoring System
of Geological Factors of Environment in the Slovak Republic” was
launched. The objective of the project was to collect and classify
information, which contributes to knowledge of mechanism of
complicated slope processes as well as to give a prognosis of their
evolution.

The landslide Okoli¢né is situated in the Liptovska kotlina Basin
and has been studied in details by this project. The landslide is
jeopardizing the main railway Zilina — KoSice. Recently an increased
attention is paid to this landslide, particularly to the hydrogeological
conditions. The aim of our work was to extend the monitoring network
and monitoring methods of the slope deformation on the measurement
of selected physical parameters of groundwater. The period of
landslide measurements was once per two weeks. The fieldwork was
realized in the span of one year, from December 2006 to December
2007 during the work on Thesis. The groundwater physical parameters
were observed in the vertical and horizontal monitoring boreholes.
The following parameters were measured in the vertical boreholes:
the oscillation of the groundwater table level, the variation of the
electric conductivity and the temporal change in water temperature
and in the different groundwater horizons. All measurements were
realized using a conductometer. The measurements in vertical
boreholes were performed using 20 m long cable with ascending and
descending way of measurements per each meter. In the horizontal
boreholes the measurements consisted of the following parameters:
the yield, the electric conductivity and the water temperature, and
their temporal variations.

Changes of the hydrogeological regime and changes of the water
properties and their influence on the current stability of landslides
were assessed using the results of performed measurements. The
more dense frequency of measurements has been practiced the more
accurate changes of the hydrogeological regime of the groundwater
have been determined. The monitoring of the electric conductivity
changes in the vertical direction provided some knowledge about
the interaction of two and more horizons of the groundwater, which
are present in the landslide body. Following the knowledge of the
groundwater regime we are able to better recognize the influence of
the water on the engineering geological properties of the landslide
rock environment.

K.POLINKOVA: Laboratory research of possibilities of CO,
application for increasing the recovery of hydrocarbon
deposits

V8B TU, Ostrava, Czech Republic

Emissions of carbon dioxide due to anthropogenic activities
and their growing trend are considered as significant hazards to the
sustainable development of humankind. Besides the efforts to reduce
systematically CO, emissions (clean technologies), the methods
of CO, subsequent utilization and especially the possibilities of its
storage in suitable geological formations are verified at present.

Suitable potential storage spaces are above all exhausted oil
and natural gas deposits as well as those where extraction is being
completed, in which the recovery of residual oil can be improved by
CO; injection (method EOR = Enhanced Oil Recovery) by 10 to 15 %.
In the ideal case, the benefit of improved recovery may exceed the
costs of CO, capture and storage.

In the paper, results of laboratory tests of CO, applications in the
case of oil displacement using the apparatus MAFI are described.

D0/
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J. RYGAL and G. RZEPA: Mineralogical characteristics
of postvolcanic activity products in the island of Volcano

Geophysics and Environmental Protection, AGH University of Science
and Technology, Cracow, Poland

Vulcano and Vulcanello are two of many volcanoes on the Lipari
Islands. They probably have had the same magmatic source. However,
they differ in character and intensity of postvolcanic activity. Vulcanois an
older (first eruption was about 136,000 years ago) and bigger structure
(500 m a.s.l.) with postvolcanic activity still apparent. Vulcanello is
smaller (123 m a.s.l.) and younger volcano (183 BC). Its surface seems
to be more altered by gas exhalations and plant succession.

The research aimed at comparing postvolcanic products of these
two volcanoes. For this purpose, light microscopy, XRD, FTIR and
SEM methods were applied. It was stated that the main postvolcanic
activity products on Volcano are native sulphur and sal ammoniac
(NH,CI). Small amounts of opal are also present. As was determined
by XRD, despite the colour variability, all the sulphur varieties
(yellow, orange and greenish) are structurally identical. Minerals
from Vulcanello are much different, including (usually hydrated)
sulphates and hydroxysulphates. Native sulphur, sal ammoniac and
opal were found as well. In white and whitish-coloured samples the
main phases are gypsum, alunogen Al,(SO,),-12H,0, alumes (K, Na,
NH,")AI(SO,),-12H,0, as well as tamarugite-type minerals (hydrated
Na-Al and NH,4-Al sulphates). Yellow-coloured specimens contain,
besides alunogen, tamarugite and alumes, also K-Mg-Fe sulphates
(having clairte and metavoltine-type structures). In all samples small
amounts of barite-celestine were found. Rarely, unidentified REE-
-compounds as well as Cu and Zn sulphates were detected.

The mineral assemblages on both volcanoes are the results of low-
-temperature postvolcanic activity. However, substantial mineralogical
differences suggest various stages of alteration processes, being
more advanced on Volcanello. Such advanced step of alteration is, in
turn, caused by higher oxygen and water activities.

L. RYSAVA and L. SLIVA: Sedimentary architecture of the
Neogene basin fill in the northern part of Vienna Basin

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

Case study area, the HruSky gas and oilfield, is situated in the NE
part of the Vienna Basin, at the eastern flanks of the Central Moravian
Depression. The hydrocarbons accumulation is situated in the Middle
Miocene sediments, deposited in deltaic environment. The Hrusky
field development was significantly influenced by tectonic activity of
the Lanzhot — Hrusky faulted system.

The Hrusky gas and oilfield area geological pattern is very
complicated, due to above mentioned fault activity. The pre-Neogene
basement is disintegrated by the Lanzhot — Hrusky faulted system into
“lower” and “upper” tectonic block. Above the blocks situated deposits are
of the Middle to Upper Badenian and Sarmatian age. The synsedimentary
fault activity had a crucial importance on the field development, causing
various thicknesses at both sides of fault, as well as of due its sealing
properties. On the basis of this fact, the sediments of the Middle and
Upper Badenian are characterized from “upper” tectonic block, and
sediments of the Sarmatian from “lower” tectonic block.

The main task of interpretation has been monitoring of facial
development in the direction of transport of clastic material from SW
to NE, using correlation of seismic profiles and well logs. On the basis
of analysis of well logs (trend analysis) and seismic profiles was also
interpreted the sequence stratigraphy of locality, system tracts and
SB1 and SB2 type sequence boundaries were established.

The final output of this research was: (1) SB 1 type boundary is
situated between Lower and Middle Badenian deposits, (2) the Middle
Badenian sedimentation started with transgression represented by
the Lab sands Mb. at the base and litotamnium biostrome unit Mb. in
higher part of sedimentary record. Both these members bear typical
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feature of transgressive system tracts deposits (TST), (3) between
the Middle and Upper Badenian sediments was found an short
regression event, which is characterized by downlaps in the seismic
profile. The Upper Badenian sedimentation represents transgressive
and highstand system tracts deposition (TST, HST).

The Sarmatian record started without apparent erosion (SB 2 type
sequence boundary). Lowstand system tracts (LST) are represented
by the fresh water deposition, passing upwards into transgressive
system tracts (TST) marine sediments (Large Elphidum Zone). The
maximum flooding surface (mfs) is in above situated clays of the
Porosononion hauerinum Zone of highstand system tracts (HST)
deposits. In the Upper Sarmatian Porosononion granosum Zone,
further reduction of salinity and sedimentation of lowstand system
tracts (LST) were recognized.

From accumulation of hydrocarbons point of view the Lab sands
Mb., Litotamnium limestones Mb. and the Sarmatian sands (in lower
and upper parts of sequence) are of maximal importantance.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. APVV-0280-07.

D. SALA and G. RZEPA: The evaluation of contamination
of landslide lakes in the Babia Goéra National Park

Geophysics and Environmental Protection, AGH University of Science
and Technology, Cracow, Poland

The Babia Géra National Park (BgNP) is situated in the Western
Flysch Carpathians, being the eastern part of the Beskid Zywiecki
Mts. Within the Polish part of the BgNP there are about 19 small
landslide lakes. They are located mainly on the northern slope of
the Babia Goéra massif, within the forest and the pine-dwarf belts.
The study aimed at estimating the contamination of ponds. For this
purpose the water and bottom sediment samples were collected in
the summer of 2007 and 2008. In the sediments, the concentrations
of trace elements (Cd, Cr, Cu, Pb and Zn) and hydrocarbons were
estimated. Results of detailed water analyses, including main cations
and anions as well as trace element concentrations and selected
physico-chemical parameters, were presented in our earlier work.

It was stated that the water is acidic to neutral and with low
mineralization. The minor and trace element concentrations are
usually very low. Higher levels of Fe, Mn and Al are the result of natural
geochemical processes. Trace metal concentrations in the bottom
sediments are usually low as well, but are more variable, depending on
the sediment type and location of the lakes. Concentration ranges are
as follows: 9.27 to 65.06 mg/kg for zinc, 6.08 to 22.05 mg/kg for lead,
1.65 to 6.71 mg/kg for copper and 0.19 to 4.63 mg/kg for chromium.
Only cadmium contents are elevated, being in the range 1.12 — 25.94
mg/kg, with an average of 10.57 mg/kg. Other authors also showed high
Cd contamination levels in soils and mosses, as well as Pb in mosses,
suggesting that the pollution is probably caused by emissions from the
Upper Silesian and Ostrava industrial districts. However, low contents of
heavy metals (including Cd and Pb) in snow, rain and lake water in this
area indicate that the pollution has been decreasing in recent years.

M. SENTPETERY, V. KOTRCOVA, I. SLAVIKOVA and J. HOK:
Geological setting of the SW part of the Krivanska Fatra Mts.
(NW Slovakia)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

The investigated area is situated in the SW part of the Krivanska
Fatra Mts. (NW Slovakia) between Nezbudska Lucka village and
Belianska dolina valley. The area is typical by the contact between
tectonic units of Central Western Carpathians and the Pieniny Klippen
Belt zone. The geological setting is composed of several superposed
Paleo-Alpine tectonic units — the Tatricum, Fatricum, Hronicum,
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and the Manin sequence, which is considered as the lithotectonic
sequence belonging to the Peri-klippen zone. Typical for the tectonic
setting is the fold and thrust style with the NE — SW oriented fold
axes. Paleo-Alpine (Lower Cretaceous) structures are typical with top
to the north-northwest displacement. Neo-Alpine (Lower Miocene)
structures have the opposite polarity of tectonic displacement.
The nappe contact of the Fatricum Unit is characteristic with
southeast vergent superimposed folding. The backthrust tectonic
style is documented also by the tectonic contact of the Hronicum
Unit with different lithostratigraphic members of the Tatricum Unit.
The presence of the tectonic outlier of the Manin sequence overlying
sediments of the Central Carpathian Paleogene confirmed the role
of the reverse/backthrusting tectonic movements in this area.

Acknowledgement. The authors would like to thank to the VEGA
Grant: 1/4044/07 Tectonic interpretation of the contact zone between
the Inner and Outer Western Carpathians for the financial support.

S. SITEK: Application of three-dimensional geological
mapping for groundwater modelling of the aquifer system
MGB Gliwice No. 330

Department of Hydrogeology and Engineering Geology, University
of Silesia, Sosnowiec, Poland

Explain prediction and their reliability based on groundwater
models considerably depends on how well the models correspond
to natural systems. Development of multilayer numerical models in
a fractured media very often causes relatively serious problems in
the accurate and consistent modelling of groundwater flow systems.
Mapping of geometric groundwater medium using data from 2D
geological maps, boreholes and geological cross-sections can be
insufficient without constructing 3D geological model of appropriate
detail based on interpretation of deep geological structure, which often
is very complex. The application of new techniques of 3D computer
modelling of geological sub-surface helps to make better maps and
to understand deep geological setting. In the paper a 3D geological
model of multilayer aquifer system is presented on area of 392 km?.
The main element of this model is abundant groundwater reservoir,
a major groundwater basin (MGB) Gliwice in Middle Triassic
carbonate bed. MGB Gliwice is a karst-fractured-porus medium
about 200 m thick. Numerous faults with relatively large throws form
significant horsts and grabens in the area of MGB. Carbonate aquifer
is covered partly with well permeable Quaternary deposit up to 40 m
thick and Miocene impermeable bed of maximum thickness about
150 m. Geological model of multilayer aquifer system has been
developed using Earth Vision software. Data from 171 boreholes
have been digitized and verified. About 80 % of boreholes were deep
enough to contain information about top and 60 % about bottom
of the Triassic carbonate aquifer. Fault traces have been digitized
from geological maps without Quaternary deposit in scale 1 : 50 000
and reinterpreted, if necessary, using regional cross-sections. The sub-
-surface mapping of the MGB geological structure in three dimensions
has significantly influenced the correctness of discretization of hydro-
geological medium structure for the output flow model FeFlow.
The project shows that application of modern 3D geological mapping
increases accuracy of producing viable groundwater flow models
and makes prognostic simulations on the models much probable.

K. SLAVOVA and D. DIMITROV: The fluctuations of the
Black Sea Basin after the Last Glacial Maximum to 7 500
cal. yrs BP as a result of Solar Luminosity cycles

Institute of Oceanology — BAS, Varna, Bulgaria

The aim of this report is to determine the causality between
the cycles of Solar Luminosity on one hand, and the paleoclimatic
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data for the Black Sea region and the fluctuations of the Black
Sea Basin on the other hand. It is ascertained, that for the Black
Sea region there is a cycle recurrence in the climate change
after the Last Glacial Maximum until present (Slavova, 2001).
The solar insolation proxy record in a speleothem from Duhlata
Cave, Bulgaria is measured by Stoykova (2003). Furthermore, in
Shopov et al. (2001) the variations of the solar insolation in the
past climatic conditions, caused by variations of orbital parameters
and Solar Luminosity self variations were distinct. A luminescent
solar insolation proxy record suggests that the solar insolation
resulting from Solar Luminosity self variations can produce climatic
variations with intensity comparable to that of the orbital variations
(Stoykova et al., 2008). In this paper is considered, that the
regression of the Black Sea Basin to the depth of -90 m/—~100 m
below the contemporary sea level during the Lower Holocene
is not abrupt event. The established cycles of Solar Luminosity are
recorded in the change of paleoecological setting in the Black Sea
region. Actually they can explain the short-periodicity fluctuation
of the Black Sea level.

Acknowledgement. This report was possible due to project DO
02-337 of Bulgarian Ministry of Education and Science.

M. SMRECKOVA' and J. SOTAK2: Radiolarian-bearing
horizons inthe Upper Cretaceous pelagic sediments of the
Manin Unit: Biostratigraphic zonation and environmental
bioevents

"Faculty of Natural Sciences, Matej Bel University, Banska Bystrica,
Slovakia
2Geological Institute, SAS, Banska Bystrica, Slovakia

The investigated section is situated near Praznov village, cropping
in forest road behind a cementery. The section is around 30 m thick
and represents the Hrabové Formation. It is a part of Manin or Podhaj
units, which attribution is not solved yet (Rakus and Hok, 2005).

Occurrences of radiolarians here represents by now the first
findings of this microfauna in the Slovak territory.

Radiolarians assemblage from the middle part of studying profile
corresponds to stratigraphic interval from the Coniacian? to Upper
Santonian.

Association from higher parts is characteristic for the stratigraphic
interval from the Santonian to Upper Campanian. According to
zonation by Hollis and Kimura (2001) both associations belong to
zone Dictyomitra kozlovae.

The samples were relatively rich in the representations from
the family Pseudoaulophacidae. According to ViSnevska and Basov
(2007) they finish their occurrence at the boundary of the Santonian/
Campanian. Therefore, in our samples there are apparently present
assemblages under the boundary of the Santonian/Campanian,
representing only lower part of the zone Dictyomitra kozlovae (Dk1),
stratigraphicaly corresponding to the Santonian.

From the obtained proportion of S/N we can assume that
attendant assemblage shows likely deterioration of environmental
conditions responding to previous significant biotic event during
Santonian — Campanian.

On the basis of foraminiferal associations, stratigraphic
interval was determinated from the Cenomanian to the Upper
Campanian. The Middle Turonian part is represented by the
species Praeglobotruncana oraviensis trigona (SCHEIBNEROVA). The
interval with the species Falsomarginotruncana renzi (GANDOLFI),
Marginotruncana terfayaensis (LEHMAN), Marginotruncana
pseudolinneiana PESSAGNO, Marginotruncana coronata (BoLLI)
and Contusotruncana cornicata SALAJ presents stratigraphic
interval from the Coniacian to the Santonian. The youngest part
of the section presents the Upper Campanian with the index taxon
Globotruncana arca (CusHMAN) and Globotruncana venticosa
(WHITE).
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B. SOPKOVA'-2 and R. PROCHAC2: Sarmatian sedimentary
record in the Moravian part of the Vienna Basin

'Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia
2Euro-Geologic, a. s., Bratislava, Slovakia

This study was focused on Sarmatian sedimentary record in the
Moravian Central Depression (MCD) and on the Gbely — Hodonin
and Mistelbach blocks situated in the northern part of the Vienna
Basin in the Czech Republic.

In our study area several petroleum fields are presented:
Moravsky Zizkov, Velké Bilovice, Prusanky and Poddvorov fields,
situated on the western margin of the MCD — on the Mistelbach
block; Hrusky and Josefov fields on the hanging-wall of the
Lanzhot-Hrusky fault and Luzice and Tynec fields on the upthrown
Gbely — Hodonin block.

When studying well log (SP) records from individual fields,
in each field a unique development of sandy horizons can be
recognized, which is traceable across the entire field. However,
when trying to compare sedimentation patterns among individual
fields, no general model valid for the whole MCD can be
established. The differences in sedimentary development are
particularly evident in the Lower Sarmatian deposits, while the
Upper Sarmatian and Pannonian sediments show more common
features. This fact is related to the gradual infilling of the basin
during the Sarmatian stage and to the direction of sediment input.
Resistance logs (RAG) from the analysed boreholes (cca 1 800)
reveal a successive change in the pore water composition from
marine (Lower Sarmatian), brackish (Upper Sarmatian) to fresh
(Upper Sarmatian, Pannonian).

Average Absolute Amplitude (AAA) attribute shows the best
results when observing lithological and facial changes. Thus, attribute
maps were constructed for selected horizons of interest. These maps
demonstrate transition of depositional settings during the Sarmatian
stage as well.

In other words, the Sarmatian sedimentary cycle demonstrates
a gradual infilling of available accommodation space and associated
normal regression, what at the end of the Sarmatian stage resulted in
the definitive withdrawal of the sea from studied area and prevalence
of lacustrine environment.

J. STRZELCZYK and T. DANEK: Creation and application
of Heterogeneous Parallel Computing Environment for
seismic modelling

Department of Geoinformatics and Applied Computer Science, AGH
University of Science and Technology, Cracow, Poland

Wave field modelling is an important tool for seismic exploration
and seismology. It can be used during all stages of seismic
investigations and for various earthquake related analyses. But even
now serial computations for models of a standard exploration scale
are much time consuming and could last many days. Moreover,
many new extremely computationally expensive methods which
use the wave field modelling are just being developed now. For
example full wave form inversion through Monte Carlo sampling
sometimes requires hundreds of thousands of models to be
computed. Fortunately wave field modelling is a problem which
is easy and effective to solve with parallel systems. But access to
supercomputers or HPC clusters is usually limited. It is very common
that small local problems, which can be easily solved with parallel
computations, have to be queued for hours because there are not
enough free cluster resources. That is why ad-hoc dynamic creation
of small, parallel and usually heterogeneous parallel computing
environments can make computationally intensive applications more
common and affordable.

New technological developments can be very helpful in solving
this kind of problems. In this work authors used a heterogeneous
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parallel computer created from currently possessed hardware by the
use of Sun Grid Engine software. The hardware consisted from two
IBM BladeServer units and one PC machine that were available at
the time. Heterogeneity was present on both levels: hardware platform
and operating system. Blade machines ran Linux Fedora and PC ran
Windows 2000.

Sun Grid Engine (SGE), used in this installation, is a Distributed
Resource Management system. Its free version, called The Grid
Engine, is the open source software to facilitate the adoption of
distributed computing solutions. The Grid Engine project provides
enabling distributed resource management software for wide
ranging requirements from compute farms to grid computing. In this
particular case SGE solution helped in better utilization of available
computing resources to calculate important and complex scientific
problems. Authors investigated the possibility of accelerating
a seismic modelling procedure. As it was expected application
of parallel solutions significantly decreased time of wave field
modelling algorithm execution. But the results also show that even
in the case of computation done in highly heterogeneous and ad-hoc
created software and hardware environment obtained speed-ups are
more than satisfactory.

B. STYRNOL: Technological quality of coal seam from the
“DRZEWCE?” lignite deposit (“KONIN” lignite mine)

Department of Economic and Mining Geology, AGH University
of Science and Technology, Cracow, Poland

“Drzewce” exposure is situated in Greater Poland Voivodeship
in municipalities: Sompolno, Kramsk and Osiek Maty. It is tenth
exposure of KWB “Konin” while its extraction began in 2006. The
deposit consists of three mining fields: “Bilczew” field, “Drzewce” A
and B fields. In geological terms it is situated on the Polish Lowland,
in north-east part of £Lédz Syncline. Researched lignite deposit
belongs to I-Middle-Polish lignite seam. It is single seam deposit.
Industrial resources of “Drzewce” exposure are 35.2 min tons. Ca.
600 boreholes have been used during this research. Profile is made
of two geological floors: Mesozoic and Cenozoic. Cenozoic floor can
be divided into three complexes: sub-coal, inter-coal and upper-coal.
Subject of research interest is coal complex, in which lignite seam
exists. Thickness of barren rock varies from 7.9 m in “Bilczew” field up
to 51 m in “Drzewce B’ field. These rocks are mainly: sands, clays,
gravels and loams. Lignite seam thickness varies from 3 m up to
12.2 m. Detritic or detroxylitic lignite occurs in the seam. Layers with
fiber xylite appear occasionally. Reflectance huminite in researched
seam is 0.22 %. Coal from researched seam is in 99 % destined for
burning in Patnéw and Konin power stations and because of that it
was examined mainly in this direction. It contains average 56.9 %
of total moisture in “Bilczew” field and 55 % in “Drzewce” field. Ash
recalculated to dry basis in “Bilczew” is 26.5 % while in “Drzewce”
24 %. Calorific value of “Bilczew” is 8733 KJ/kg (2068 kcal/kg), in
“Drzewce A’ is 8 768 KJ/kg (2 094 kcal/kg), and in “Drzewce B” 8 997
KJ/kg (2 149 kcal/kg), content of total sulphur, recalculated to dry
basis, is highest in “Drzewce A’ with 1.88 %, while in “Bilczew” field
it is 1.58 % and in “Drzewce B” 1.2 %. Alkali content (Na,O + K,0),
recalculated to dry basis, is low in whole deposit and not exceeds
0.2 %. Usefulness of researched coal to other purposes than
burning was also examined. Researched coal can be partially used
to briquetting, on condition that part of the ash would be removed.
All examined coal can be used to gasification in modern IGCC
generators (integrated gasification combined cycles).

According to the international standards (ECE-UN 2003), lignite
code from “Drzewce” deposit is: Ortho-Lignite (huminic low C)
23 56 24 16. Where: 23 — average heat of combustion recalculated
to dry basis, ash removed, 56 — average total moisture, 24 — average
ash content recalculated to dry basis, 16 — total sulphur content
recalculated to dry basis.

Actually in Poland there is no norm concerning classification
of coal, other than brown coal, to energetic purposes.
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M. SULAK: Classification of white micas from shear zones
of the Central Western Carpathians

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovakia

The Central Western Carpathians are composed of nappes, which
have been formed during Cretaceous to Lower Tertiary collision. They
are structurally subdivided by major Cretaceous to Lower Tertiary
thrust-faults into the Infratatric, Tatric, Veporic and Gemeric tectonic
units. Formation of these nappes was followed by thrust shearing
and metamorphism. The Infratatric unit in the Povazsky Inovec
Mts. contains sheared basement and cover rocks included into the
Belice and Inovec nappes. Estimated temperatures and pressures
for the Belice nappe Jurassic to Cretaceous metasediments are 200
to 250 °C and 600 MPa. The rocks of the Infratatric Inovec nappe
were subjected to anchimetamorphic temperatures up to 300 °C
at pressures minimally 500 MPa due to overthrusting by the Tatric
Panska Javorina nappe. The hanging wall blastomylonites of the
Panska Javorina nappe show temperatures 280 — 330 °C at 300 to
500 MPa. Similar conditions were noticed also in the Malé Karpaty
Mts., Mala Fatra Mts. and High Tatra Mts. The North Veporic nappes,
with metamorphic greenschist facies overprint with 320 — 420 °C
and 400 — 600 MPa. The collision burial of South Veporic nappes
was accompanied by metamorphic recrystallization at 400 — 520 °C
(locally 550 — 600 °C) and 700 — 1 000 MPa.

K-white micas (muscovite, phengite), generated during
metamorphism in shear zones, show chemical changes. K-white
micas can be classified according to Rieder et al. (1998) and
Tischendorf et al. (2004). The first (IMA) of mentioned classifications
is not very suitable for EMP analyses alone, because it does not
distinguish amount of Fe?* and Fe3*. However, this can be solved by
application of Méssbauer spectroscopy, which is able to determine
ratio between Fe?* and Fe®*. Classification by Rieder distinguishes
three mica end members: muscovite, celadonite, alumino-celadonite,
but not phengite. Phengite is characterized as mineral series
between mentioned end members. Tischendorf’s classification is
completing the Rieder’s one. It is applicable for EMP analyses and
it includes sum of Fe in a sample. On the other hand, it is necessary
to know Li content. That is possible to calculate by empiric formulas
from F content. In Tischendorf’s classification there are distinguished
muscovite and phengite, what is very useful for metamorphic
petrology, where phengite is diagnostic mineral in low- to medium-
-grade metamorphic facies. Content of phengite in metamorphic
rocks rises with higher pressure and a content of Si p.f.u. in phengite
is used as a geobarometer (Massone and Schreyer, 1989).

White micas in shear zones of Central Western Carpathians
usually occur in form of coarse-grained muscovite, fine-grained,
newly formed sericite-muscovite or newly formed phengite. In the
Infratatric Belice nappe phengites are mostly with Si p.f.u. around
3.3. In the Infratatric Inovec nappe an original muscovite can be
preserved (Si p.f.u. approx. 3.15) within newly formed phengite (Si
p.f.u. approx. 3.3) aggregates. Similar situation is in the hanging wall
of the Tatric unit. The North and South Veporic units show different
degree of metamorphism, which is reflected by chemical composition
of white micas. In the North Veporic nappes newly formed sericite-
-muscovites are most common. The South Veporic unit, with the
deepest syn-metamorphic burial, shows celadonite-rich phengites.
This is confirmed by very high content of Fe (4 — 8.5 wt.% oxides).
However in some samples rare relics of older muscovite with lower
content of Fe (1.5 — 2.8 wt.% oxides) are also present.

Acknowledgement. This work was supported by the grant APVV-
-0279-07.

R. SYNAK' and R. PROCHAC?: Badenian depositional
environments and sequence stratigraphy of the Vienna
Basin
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'Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia
2Euro-Geologic, a. s., Bratislava, Slovakia

Sequence stratigraphy represents the study of cyclic sedimentary
patterns within stratigraphic succession, as they form in response
to various factors, such as fluctuations in sea level (fall or rise),
variations in sediment supply or space available for sediment to
accumulate. These factors have significant influence on the final
internal architecture of sedimentary record and also produce some
typical attributes observable on geophysical data sets (seismic data,
well — log data). Depositional sequence is the fundamental stratal
unit in sequence stratigraphy. It represents the final depositional unit
of one full cycle of sea level changes and it consist of subdivisions
called the system tracts, which interpretation is based on stratal
stacking patterns, position within the sequence and types of bounding
surfaces.

In the area of the Slovak Neogene basins (Vienna Basin, Danube
Basin) system tracts and depositional system were first defined in the
works of Michalik et al. (1999), Kova¢ (2000) and Barath et al. (2000).
In the Miocene sedimentary record eight regional third-order cycles
were introduced and defined as CPC 0 (Egerian)-CPC 7 (Pannonian).
In the Vienna Basin area there were later defined nine third-order
cycles of relative sea-level changes in the Miocene of the Vienna
Basin. They are termed VB 1 (Eggenburgian) to VB 9 (Pannonian).
The aim of the works mentioned above, was also to correlate these
regional cycles with global cycles of sea level changes (sensu Haq
et al., 1988). It can be stated that only partial comparison with global
cycles is proposed in the Vienna Basin area (Kovac et al., 2004).

The aim of our work was to analyse and divide Middle Miocene
(Badenian) deposits into sequence stratigraphy system tracts and to
comprise our results with the previous results from the publications
mentioned above, eventually with one of the global cycles chart. We
have applied the sequence stratigraphic principles in Badenian part
of Miocene Vienna Basin fill in its northwest part.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. APVV-0280-07, and
by Comenius University under contract No. UK/212/2008.

M. SYREK: Changes of coalification degree of organic
matter in the Silesian Unit formations in the western
flysch Carpathians, Poland

Department of Economic and Minnig Geology, AGH University
of Science and Technology, Cracow, Poland

The main objective of presented study was to investigate the
changes of random vitrinite reflectance in DOM (dispersted organic
matter) present in the Silesian nappe. Differences in random vitrinite
reflectance can be related to tectonic and geothermal history after
its inversion stage. At present the Silesian nappe covers the area
of western part of flysch Carpathians where it forms the mountain
range of Beskid Slaski, Beskid Maly as well as a bigger part of foot-
-hills. The Silesian Unit is formed by lithostratigraphic beds from
Lower Tithonian (Lower Cieszyn Shales) to Upper Oligocene (the
Krosno Beds).

The Godula Beds (Senonian), the Istebna Beds (Senonian,
Paleocene) and the Krosno Beds (Upper Oligocene) are characterized
by the presence of coalified plant detritus (in dispersed form), forming
dark lamina from 1 — 5 mm and are divided by 4 mm thick clay-mud
lamina with small admixture of very fine grained sand. Therefore,
the analyses of random vitrinite reflectance of those samples
were performed. Those lamina occur in mudstone and mud-sand
sediments with fractional and diagonal graining. In general, detritus
present in dark lamina is very fine-grained and directional orientation
is noticeable. However, on the bedding surfaces its thicker fraction
is distinguished. Paleotransport directions of organic matter may be
described on the basis of detritus fragments ordering. The random

SIA



(GECOUS=EN S

vitrinite reflectance in the samples of flysch rocks enriched in coalified
organic matter was measured using Opton-Zeiss Axioplan MPM
400 reflectometer. Measurements conditions were in accordance
with requirements established by International Committee for Coal
Petrology and Organic Matter.

Obtained results for the Silesian Unit beds indicated that
stratigraphic position is not correlated with values of random vitrinite
reflectance R°. On the other hand increase of coalification degree in
the organic matter towards subduction zone, localized in southern
range of the Pieniny Klippen Belt, was observed. Factors which
mainly influence coalification degree are temperature as well as
a dynamic and static pressure. Increase of temperature is related
with process of subsidence and postsedimentation depth changes
during thrusting of Silesian nappe on the foreground. Additionally,
temperature variations may be caused by static pressure due to the
present overlay. In turn, overthrusting of separated Silesian nappe
on the lower sediments and Subsilesian nappe led to changes of
dynamic pressure. Obtained R° values and geothermal history of the
Silesian nappe suggest that temperature had a significant impact on
the coalification process. This process could have been intensified
or weakened due to pressure. Parameters affected by static and
dynamic pressure should be considered separately. It is necessary to
underline that random vitrinite reflectance increases even up to 0.2 %
upwards in vertical profile observed in tectonic windows area.

V. SIMONOVA: Analysis of fault kinematics and paleostress
reconstruction from the Butkov quarry (Manin Unit,
Western Carpathians)

Department of Geology and Paleontology, Comenius University,
Bratislava, Slovakia

In the last years the Manin Unit represents perhaps the most
discussed and most contradictory tectonic unit in the Western
Carpathians. Its paleotectonic development was very complicated. In
the Povazie region, this originally Central Carpathian unit has become
a part of accretionary prism of the front of Central Carpathian block
where it was incorporated into the Pieniny Klippen Belt. Later, it was
deformed again during the younger phases of the Alpine orogeny
together with the Outer Carpathians. Paleogeographically, the Manin
Unit is considered to be either the most external part of the Tatric
sedimentary area, or an individual paleogeographic zone between
Tatricum and Klippen zone (Andrusov, 1972; Rakus, 1977).Alteratively,
it is a nappe of Fatric affiliation in the Vysoka development (Mahel,
1978). It is characterized mainly by the shallow-water limestones
of the Lower Jurassic and Lower Cretaceous age, but also by the
Cenomanian and Senonian flysch. The most typical member of the
Manin unit is represented by thick formation of Barremian—Aptian
platform limestones of Urgon type. The older members outcrop mainly
in two large brachyanticlinal “klippes” — Manin and Butkov klippes.

Mt. Butkov is an expressive morphological dominant of the area on
the western margin of the Strazovskeé vrchy Mts. It was formed during
multistage ductile-brittle and brittle tectonic evolution that occurred in
several deformation stages producing variable fault structures. Based
on their mutual interactions and relative succession, the faults were
separated into homogeneous groups. We have used the program Win
Tensor for the separation of the faults and determination of stresses.

The oldest recorded deformation phase in this area was
transpression. This event is characterized by the WNW — ESE oriented
G4, as a result of compression tectonic regime. The strike-slips faults
(mainly dextral faults) and rarely reverse fault define this event as
the WNW — ESE oriented transpression. For the next deformation
phase, the change of the tectonic regime from transpression (WNW —
ESE) to the compression regime with NW — SE oriented oy is typical.
This event was accompanied by the formation of reverse faults. The
next change of tectonic regime occurred from transpression to the
transtension tectonic regime. This event is characterized by the WNW
— ESE oriented o3. There were formed normal faults and strike-slips
(predominantly sinistral) as a result of transtension. Transtension
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continued during ENE — WSW compression, where strike-slip faults
(dextral) and normal faults were dominated. The youngest event was
characterized by the NW — SE oriented o5. The faults are product of
extension tectonic regime and are represented by normal faults.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract No. APVV-0465-06.

M. SMELKO: Permian volcanism of the Gemeric Unit

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovakia

In Western Carpathians the rift-related volcanism was active
during Upper Paleozoic from the Upper Pensylvanian to Cisuralian.
The Cisuralian age was confirmed by the geochronological dating
on zircons (Vozarova et al., in press) and monazites (Rojkovic¢ et al.,
1991; Rojkovi¢ and Koneény, 2001; Vozarova et al., 2008). These
volcanic rocks, indicating the post-collisional stage of Variscan
orogeny, are most abundant within the Northern Gemeric Unit in the
Petrova hora Formation (Bajanik et al., 1981). Volcanics rocks range
from acid to intermediate members (rhyolites, dacites to andesites)
and have the A,-type, post-collision, calk-alkaline trend, which
completes the general geotectonic position of the Northern-Gemeric
basin in the transpression/transtension regime and extenzion regime
(confr. Vozarova, 1996). Acid volcanites from the Permian sequences
of the Southern Gemeric Unit were formed by the extension and
post-Variscan rifting. These volcanites are interpreted as A,-type,
post-collision, anorogenic rhyolites and dacites with calc-alkaline,
mostly alkaline magmatic afinity (Vozarova and Vozar, 1988; Smelko,
2007). A,-subgroup (Y/Nb > 1.2) indicates a crustal source, or mantle
differentiated source with no relation to OIB after Eby (1992). It was
proved by the typological studies of the accessory zircons from
Northern and Southern Gemeric units (Broska et al., 1993; Smelko,
2007). This indicates the crystallization in a high temperature alkaline
regime and may suggest a derivation of rhyolite-dacite magmas in
deeper parts of the continental crust. The volcanites of the Gocaltovo
Group (GG) have higher K,O content with average values of
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Fig. 1. Chemical composition of volcanites of the North Gemeric Unit
(Krompachy Group) and of the South Gemeric Unit (Gocaltovo Group)
after Winchester and Floyd (1976).
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6.8 wt.%, comparing with the Krompachy Group (KG) volcanites with
average K,O values of 2.3 wt.%. The Na,O content is relatively low
(0.1 wt.%) for GG and average values of 4.3 wt.% for KG. GG has
very low values of CaO (average values is 0.02 wt.%), comparing
with higher CaO in the KG (average 2.5 wt.%). The average SiO,
content is 73 wt.% in the GG and 62.9 wt.% in the KG. The average
values of TiO,, varied between 0.34 wt.% (GG) and 0.74 wt.% (KG).
The Al,O3 content of both groups is higher (average values is 15.04
wt.%). Average value of Fe,O3 is 2.14 wt.% in GG and higher is in KG
(6.72 wt.%). The MnO concentration is very low (0.06 wt.%) for the
both groups. These volcanites have higher average values of Rb (110
ppm), Zr (337 ppm), Y (49 ppm) and rare earth elements REE expect
Eu (0.6 — 2.2 ppm), and much lower content of Sr in GG (6.5 ppm)
comparing to KG (average value is 65 ppm). The studied volcanites
incline according to the Zr/Hf ratio to the rocks of mainly crustal origin,
rather then peraluminous less metaluminous granitoids.

L. STRBA: Deep-water sediments analysis of Teleajen
valley, Romanian Flysch Zone

Department of Geosciences, Technical University, KoSice, Slovakia

Major part of East Carpathian Flysch Zone corresponds to
Moldavides, consisting of several nappes well exposed in some
valleys or road-cuts. The stratigraphic succession, showing
different lithofacies, extends from the Lower Cretaceous up to
the Lower Miocene. During this interval, the detrital rocks were
supplied by two main sources: an external source situated in the
foreland, and an internal source represented by the “cordilleras”
or, mostly in Cenozoic, by the still structured internal units of the
East Carpathians (Sandulescu, 1994). One of these areas can
be found in Teleajen valley near Maneciu dam, 45 km northward
from Ploesti (Prahova), in the central-southern part of Romania.
Along the Teleajen river crop out hundreds of meters of Cretaceous
sedimentary rocks of Teleajen nappe (Convolute Flysch). This study
is focused on the sedimentological research and analysis of these
sediments. Detailed bed-by-bed logging gives information about
the thickness, geometry, grain size and sedimentary structures of
each measured bed. Two main facial associations were recognized:
(I) thick medium- to coarse-grained, mostly massive, sandstones,
occasionally alternating with fine sandstone or mudstone and (Il)
association of thin-bedded fine sandstone alternating with mudstone
layers (ratio 1 : 2) with internal features of sandstone beds like
parallel lamination, ripple cross lamination, intra-bed slumps and
through cross bedding. Facial associations with other features
(e.g. dish structure) of these sedimentary rocks indicate that the
sediments were primarily deposited in inner fan environment of
turbidite distributary channel.

Acknowledgement. This contribution is a part of the grant VEGA No.
1/3061/06.

J. SURKA: Sedimentological analysis of Borové Formation
(Paleogene) in Komjatna and Biely potok (Liptov Basin)

Geological Institute, SAS, Banska Bystrica, Slovakia

Sediments of the Borové Formation show a typical transgressive
character on the studied localities. A softened character upward is
typical for these sediments. These sediments are formed mainly
from conglomerates of all size categories (coarse-grained, medium-
-grained, close-grained) and coarse-grained to medium-grained
sandstones. Lithological composition of sediments directly reflected
composition of their Mesozoic underlayer (composed wholly of Cho¢
nappe dolomites). Bases of the profiles are formed mainly by coarse-
-grained to medium-grained conglomerates which are often with
normal gradation (Komjatnd). Changing of coarse-grained and close-
-grained layers of little thickness is very often. The layer thickness is
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sometimes only up to the size of clasts (Komjatna). These sediments
are typical for flash floods deposits on fan delta or deltaic fan
surfaces. In many parts of the profiles there was difficul to find the
layer border line because layers are strongly amalgamated. Upwards
in the profiles conglomerates are changing into coarse-grained to
medium-grained sandstones. Sandstones contain nummulites which
are typical for sediments of the Borové Formation and show passing
into marine environment. Sedimentation took place on the slope,
what is indicated by slip bodies of conglomerates in sandstones.
At the top of profile in Komjatna there were found the stripes of
horizontally arranged nummulites forming Ophiomorpha burrow.
Deposition environment interpretation is relatively difficult. Limited
amount of profiles shows scattered image of the bigger depositional
environments. What we know is that sediments of the bottom parts
of profiles are probably continental deposits of fan deltas or coastal
plain which upwards gradually changes into sea environment as
a consequence of transgression.

M. UDIC: Manifestation of recent tectonic on the Subtatric-
-Ruzbachy fault system

Department of Geosciences, Technical University, KoSice, Slovakia

NE — SW to E — W trending Subtatric-Ruzbachy fault system is
the most significant fault structure. This fault system is tectonically
bounding from the south the uplifted horst of Tatra Mts. The first
manifestations of activity on this structure are accompanied by
changes of paleocurrents in Huty Formation (Eocene). Continued
activity of the fault system is documented by the formation of
pseudotachylites dated to 36 — 28 Ma (Kohut and Sherlock, 2003)
and by the FT analysis, which proves uplift of Tatra Mts. during
Upper Miocene (20 — 10 Ma, Kral, 1977). Recent activity of Subtatric-
-Ruzbachy fault system is expressed as the system of fissures of
NE — SW direction with dip from N to NW in glacifluvial sediments
and travertines, which are along fault line. Several 100 m thick
accumulations of glacifluvial sediments near the Strbské Pleso and
Tatranska Lomnica sporadically overlaps the trend of Subtatric-
-Ruzbachy fault system. Presence of these glacifluvial sediments
is related to the Subtatric-Ruzbachy fault system and transverse
fault structures, which are parallel with course of Mengusovska and
Studena valleys. This suggests the more extensive formation of
iceberg by reducing the snow line due to intensive uplift of Tatra Mts.
granite block in this part. Isostatic movements promoted uplift of Tatra
Mts. after retreat of icebergs. It caused intense downward cutting into
glacial and glacifluvial sediments together with terraces creation, as
an important indicator of vertical movement variability. Based on the
dating of travertine accumulations in Ruzbachy the opening of fissure
systems was recorded since Lower—Middle Pleistocene to Holocene
(Vaskovsky, 1977), what suggests the extension of Subtatric-
-Ruzbachy fault system in this time.

P. VRSANSKY: Mesozoic amber cockroaches from France
Geological Institute, SAS, Bratislava, Slovakia

Mesozoic ambers are extraordinary rare. New ambers were
recently discovered in France, in addition to known ambers from
Russian Tajmir, Lebanon, Spain, Jordania and New Jersey.

Cenomanian Sisteron amber revealed a complete immature
of Nula sis, a representative of extinct Mesozoic family Blattulidae
with the central ocellus — a photoreceptor reduced in all living
cockroaches.

More surprising was the discovery of 98-million-years old relative
of the living synanthropic German cockroach.

The most perspective is the amber from Archingeay, which
revealed 17 specimens with 2 adults. Dominant were families
Blattulidae and Mesoblattinidae, with occurrences of families Liberi-
blattinidae, Eadiidae and Caloblattinidae. Of special consideration
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is studying of opaque amber using synchrotron and visualising
samples from inside of rocks. Figure 1 shows phase contrast X-ray
microtomography of nearly 100-million-year old sample Arc-037
B 1-2: Batola nikolai (Blattulidae) and Sivis odpo (Mesoblattinidae)
(M. Lak and P. Tafforeau, ESRF Grenoble after VrSansky, 2009).

M. WDOWIN', W. FRANUS? and M. FRANUS?: Selected
natural and synthetic resources for CO, neutralization
needs

Division of Geotechnology, Mineral and Energy Economy Research
Institute Polish Academy of Sciences, Cracow, Poland

2Department of Geotechnics, Lublin University of Technology, Lublin,
Poland

The subject of this study was the surface properties modification
of natural and synthetic mineral resources in order to receive carbon
dioxide sorbents.

A tested material was represented by glauconite clays that occur
as interlayers in Tertiary quartz-glauconite sand-sediments on Lublin
Upland.

The synthetic material constituted a zeolite of Na-X structure
received on the basis of F class fly ash as a result of a hydrothermal
reaction with NaOH.

The tested clay material was processed by acid activation using
20 % sulphur acid during 4 to 7 hours, and then it was calcinated at
350 °C temperature within 4 hours.

Due to the lack of chemical resistance to acid activity, the
zeolitic material was processed only by thermal activation at 350 °C
temperature during 4 hours.

In order to determine influence of acid and thermal activations onto
analysed material the following surface parameters were established:
ion capacity, surface area, structure and pore size distribution.

As a result of conducted activation, a BET surface area for clay
and zeolite sample has increased from 86 m?/g to 236 m?/g for clay
(after 7 hours acid-thermal activation) and from 262 m?/g to 434 m?/g
for Na-X (after thermal activation), respectively. After activation of
clay, cation exchange capacity has decreased almost by half from
33 meq/100 g to 15 meqg/100 g, whereas for zeolite CEC was nearly
constant at the level of about 218 meg/100 g.

For the zeolite sample preliminary tests of CO, sorption were
conducted. Measurements of isotherms have shown much better
sorption onto activated sample (at equilibrium pressure p/p, close
to 0.01 it was equal to 0.51 mmol/g), than onto natural sample
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where it was equal to 0.18 mmol/g, what explicitly points at surface
modification needs of this sort of material in order to receiving CO,
sorbents.

Further research within match optimal and economic conditions
for modification of analysed material will permit to use them for carbon
dioxide capture purposes directly from emission sources.

Dynamic flow of pure CO, stream conditions experiments will be
carried out through specially designed column with bed composed
of analysed material in purpose to achieve above mentioned
aims. The material will be placed in separated container, in which
thermodynamic conditions causing desorption of CO, will be
changed, and simultaneously regeneration of tested material will
have taken place.

This kind of experiments will be stages of considerations that have
on aim an effective use of anthropogenic carbon dioxide sorbents for
geological sequestration needs of this gas by:

» working out of economic modification of natural and synthetic
resources for CO, capture needs,

* designing the most efficient equipment allowing profitable usage
of analysed material,

* using of obtained results for industrial needs.

These experiments can be useful in development and improving
of the technology of CO, capture from point emission sources.

Acknowledgement. This work was financially supported by the
Ministry of Science and Higher Education, grant No. 1 TO9D 026 30.

M. WYSZOMIERSKI' and E. KALINSKA2: The influence of
bedding sediments on developing of Quaternary deposits
in the northern part of Mazovia Lowland

"Polish Geological Institute, Warsaw, Poland
2Department of Quaternary Geology, University of Warsaw, Warsaw,
Poland

Investigated area is located at the border of three active tectonic
Quaternary units: Warsaw Basin, Ciechanéw morainic plateaux
and Ptorisk morainic plateaux. Processes of subsidence have been
noticed in Warsaw Basin since Upper Cretaceous through whole
Paleogene and Neogene. Aformentioned area is located ca. 30 km
north-east of T-T zone (Teisseyre-Tornquist zone), the distal part of
Eastern European Plate. Depression of Warsaw Basin was adapted
by epicratonic sea during Miocene, were glauconite sands were
accumulated. Pliocene was characterized by the presence of 100 m
thick lake sediments (clays and muds) of Poznari Formation. River
systems developed here during Gelasian (1.8 — 2.6 Ma), forming
paleovalleys. The course of these negative forms was parallel and
longitudinal, and then inherited by Pleistocene ice streams and
river system. Weight of ice mass during many transgressions led
to glacitectonic deformations of Pliocene clays, which is manifested
by variability of altitudes of deposits: from 40 m b.s.l. to over 70 m
a.s.l. Analysis of cartographic profiles reveals the presence of large
thickness of fluvial sediments correlated with Mazovian, Lubavian and
Eemian interglacials divided and transformed by glacial sediments.
Analysis of sediments at the border of Neogene and Pleistocene
shows an increased content of resistant and opaque minerals.
Moreover, concentration of siderite, pyrite and limonite mineralization
was observed. The bottom part of Quaternary deposits profiles are
gradually enriched in shiny quartz grains (EL and EM/EL in Callieux
analysis).

F. ZALEWSKI: Characteristic of carbonic rocks which
were used for buildings in Ancient Egypt

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland

Folk and Campbell (1992) in their article “Are the pyramids of
Egypt built of poured concrete blocks?” on the ground of analysis of
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two British Museum’s probes, state that the Great Pyramid is built
from two types of limestones. The first one is micrite-sparite limestone,
which was used for facing tile of the Great Pyramid. Second one,
which was used for concrete part of pyramid is nummulite limestone
containing big amount of fossilized shells.

Paper presents examination of more than twenty probes of Great
Pyramid blocks as well as mortar connecting those blocks. Further
probes from other pyramids from Old Kingdom of Egypt were also
examined. Thanks to this, three types of limestones used for building
of pyramids were found. Two of them match the ones described by
Folk and Campbell. Third type is a limestone with crushed remains
of fossilized marine organisms and flora and it is completely different
from the ones described by the authors of mentioned article. After
examination of rocks from Giza Plateau’s quarry, described in
literature as the possible source of building material, before mentioned
data were not confirmed.

Some of rocks derived from Abu Roash Pyramid contain chips of
limestones joined with gypsum. In pores of those rocks a large amount
of non-transparent round and oval-shaped minerals can be found. An
experiment was carried out intending artificially connect carbonate
rock chips with roasted gypsum. The outcome of this experiment was
later examined and its metallographic section was identical to that
taken from Abu Roash Pyramid, what leads to conclusion that they
were artificially manufactured.

B. ZYCH-HABEL and A. KEDZIERSKA: High field strenght
elements mobility during albitization in a Variscian granite
from Strzegom-Sobétka massif, Poland

Institute of Geological Sciences, Jagiellonian University, Cracow,
Poland
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The high field strength elements (HFSE) are characterized by
high ionic potential. The incompatible HFSE with high valence are not
favoured for incorporation into crystal lattices despite radius, being
sufficiently small for many cation sites. The HREE, Zr, Hf, Nb, Ta, Ti,
Y, Th and U are sometimes included in to this group because of their
high ionic charge.

The REE and other HFSE (like Zr, Ti, Nb) have been regarded to
be immobile during alteration of rocks. The main diagnostic tools for
discrimination between magma types and tectonic settings of their
generation environment are based on expected immobility of these
elements. However, some evidences suggest that under certain,
often extreme conditions of alteration, the HFSE are mobile.

The studied granodiorite from Strzebléw is located in the eastern
part of Strzegom-Sobdtka massif (Fore-Sudetic Block). Albitization,
episyenitization and kaolinization are dominant alteration processes
observed in this rock. The REE and HFS elements are mainly
accumulated in accessory minerals like monazite, xenotime,
cheralite, zircon, ferrocolumbite and others. The mobility of these
elements was determined using isocon method by Grant (1986) (see
figures).

In all studied samples enrichment in REE in relation to non-
-altered samples (or sample considered to be only slightly altered)
was observed. In most altered rocks the depletion by the LREE with
regard to HREE was noted. Zr and other HFS elements are immobile
in most slightly altered samples. In strongly albitized rocks depletion
in Zr, Nb, Ta, and U was observed.

Mineral behaviour (dissolution of zircon in the most altered
samples, formation of cheralite and xenotime in advanced
hydrothermal processes, decrease of Nb and Ta oxides during
albitization) suggests that HREE could be supplied to the rocks with
metasomatic fluids. Simultaneously Zr (and other HFS elements)
could be leached by strongly alkaline solid.
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Prednaskové popoludnie SGS a SALG Nové poznatky
o geologickej stavbe a surovinovom potenciali
vychodného Slovenska

SGS and SALG seminary: New knowledge of geological setting
and raw-material potencial in Eastern Slovakia

Kosice 31. 3. 2009

ZOLTAN NEMETH
Statny geologicky Ustav D. Stdra Bratislava

Abstract: The afternoon seminary about new findings in geology and raw-material potencial in Eastern Slovakia, organized by the Slovak
Geological Society and Slovak Association of Economic Geologists, was held in Kosice on 31. March 2009. Presentations were focused on
geological position of ultramafic rocks in the Spi§-Gemer Ore Mts. region and their possible use in fighting against climatic changes, on
litostratigraphy and sedimentology or Raca unit of Magura nappe in the region of Nizke Beskydy Mts. and on alteration of rhyodacite tuffs and
rhyolite volcanic glass in the East Slovakian Neogene volcanic terrain. The lecture about new results of geological mapping in Maria adit at
village Telkibanya in Zemplin Mts. extended the range of seminary to neighbouring Hungary. The technological section included lectures about
use of zeolites, perlites and bentonites for extraction of anorganic contaminants from polluted water as well as possibilities of underground
thermic gasification of coal deposits. The article presents shortened texts of principal lectures.

Slovenska geologicka spolo¢nost a Slovenska asociacia vulkanického skla pri Byste v regione vychodoslovenskych
loziskovych geologov zorganizovali v KoSiciach 31. 3. 2009 neovulkanitov (Baco et al.). S problematikou terciérnych
seminar zamerany na nové poznatky o geologickej stavbe vulkanitov na vychodnom Slovensku bola tematicky spéta aj
a surovinovom potenciali vychodného Slovenska. Prednasky prednaska o priebehu a vysledkoch geologického mapovania
boli zamerané na geologicku poziciu ultramafickych hornin v §t6Ini Maria pri obci Telkibanya v Zemplinskych vrchoch
regiénu Spissko-gemerského rudohoria a ich moznu aplikaciu v Madarsku (J. Kondela). V technologickej ¢asti prednasko-
v boji proti klimatickym zmenam (Németh et al.), na litostrati- vého popoludnia bolo prezentované vyuzitie zeolitov, perlitov
grafiu a sedimentoldgiu racianskej jednotky magurského a bentonitov na zachytavanie anorganickych kontaminantov
prikrovu v regione Nizkych Beskyd (Kovacik et al.) a na pre- z vod (Kovanicova et al.) a moznosti progresivneho podzem-
menu ryodacitovych tufov pri VySnom Hrabovci a ryolitového ného termického splyfovania uholnych lozisk (T. Sasvari).

Abstrakty hlavnych prednasok su v nasledujicom texte.
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J. Kondela, T. Sasvari a L. Kovani¢ova pocas prednasok.
J. Kondela, T. Sasvari and L. Kovani¢ova during their lectures.
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Z. NEMETH, L. TUCEK, K. CECHOVSKA a J. DERCO:
Ultramafické horniny v gemerickom regiéne — suc¢asné
nazory na ich recentné povrchové vystupovanie a ich
mozny prispevok v boji proti klimatickym zmenam

Pozicia ultramafickych hornin v regiéne SpiSsko-gemerského
rudohoria je podmienena pritomnostou kérovych diskontinuit, cez
ktoré boli tieto plastové horniny exhumované pocas variskej aj
alpinskej tektogenézy. S rakoveckou geosutirou ako produktom
variského kolizno-exhumacéného procesu sa spajaju vyskyty Dobsina-
-TeSnarky, Rudnany, KoSické Hamre, VySny Klatov a Bukovec,
asociované so spodnopaleozoickymi horninami rakovecko-klatovskej
z6ny. S variskou exhumaciou s velkou pravdepodobnostou suvisia aj
vyskyty v karbonskych sekvenciach v zéne Ochtinej. NajpocetnejSie za-
stipené su vyskyty ultramafickych hornin asociované s mezozoickymi,
spravidla karbonickymi sekvenciami — Dankova, Dobsina, Jaklovce,
Slavoska, JelSava-Tri peniazky a Slovenska skala, Kobeliarovo, Krasna
hérka, Bérka, Dvorniky, Hacava-Miglinc, Jasov, Rudnik a Hodkovce
— Komarovce, ktoré su produktom alpinskeho severovergentného
exhumaéného procesu. Exhumaénu P-T drahu metaperidotitu
na lokalitach Sedlice (850 — 1 000 °C, 2,6 — 3 GPa) a Dankova (720 °C,
1,7 GPa) dolozil v skorSom vyskume Radvanec (2000, 2005).

Vyuzitie ultramafickych hornin na likvidaciu CO, metodikou
mineralnej sekvestracie testovali s pozitivnymi vysledkami Tucek
et al. (2008) a Radvanec et al. (2008). Produktom reakcii plynného
CO, so zdrobnenym (menej ako 1,0 mm) a tepelne modifikovanym
serpentinitom z lokalit Hodkovce, Jasov, Rudnik a Komarovce boli
Mg hydrouhli¢itany nesquehonit, hydromagnezit, barringtonit a dypingit.
Kedze P-T parametre reakcii boli len mierne zvySené (0,1 — 0,3 MPa;
22 — 200 °C), predpoklada sa niz8ia energetickd naro€nost moznej
priemyselnej likvidacie CO, mineralnou sekvestraciou, nez sa véeobecne
predpokladalo.

M. KOVACIK, J. BONA, L. GAZDACKO, K. ZECOVA,
J. KOBULSKY, J. DERCO, Z. SIRANOVA, S. BUCEK
a A. ZLINSKA: Niektoré nové poznatky o litostratigrafii
a sedimentoldgii racianskej jednotky magurského
prikrovu na vychodnom Slovensku

Prispevok prezentuje niektoré nové poznatky z geologického
mapovania a vyskumu racianskej jednotky magurského prikrovu
v zapadnej Casti Nizkych Beskyd. Racianska jednotka predstavuje
najsevernejSiu tektonicko-facialnu jednotku magurského prikrovu
v skimanom Uzemi. Zo sv. strany sa tato jednotka tektonicky styka
s duklianskou jednotkou, z juznej strany je na fiu nasunuta bystricka
jednotka. OdliSujeme v nej dve pasma: vnutorné (v Polsku racianska
jednotka sensu stricto) a vonkajsie (ekvivalent jednotky Sziary
v Polsku), ktoré su oddelené tektonickou (nasunovou) liniou Krivej
Olky sz.-jv. smeru. Litostratigraficky charakter tychto pasiem vykazuje
urité rozdiely. Vnutorné pasmo ma vyvinuté vdetky zname suvrstvia
raCianskej jednotky na vychodnom Slovensku (od najstarSieho
po najmladSie su to: lupkovské, belovezské, zlinske a malcovské
suvrstvie), kym vo vonkajSom pasme je pritomné iba belovezské
a zlinske suvrstvie a stratigraficky rozsah je uzsi.

Lupkovské suvrstvie vystupuje na povrch v okoli smilnianskeho
tektonického okna. Je prefi charakteristické striedanie pieskovcov,
siltovcov a ilovcov v klasickom ,flySovom* vyvoji (prevazne Ty e,
Te)e turbidity, ¢asta je konvoldcia. Niektoreé udaje poukazuju na
transport gravitaénych prudov z juhu na sever, ¢o je v rozpore
so starSimi udajmi (napr. Korab et al., 1962). V tomto suvrstvi su
sporadicky pritomné aj pestré (tehlovoCervené a zelené) ilovce
a 8o8ovky hrubozrnnejsich klastik (kremenno-drobové pieskovce
az jemnozrnné zlepence).

Spodnu ¢ast belovezského suvrstvia tvoria novodefinované
mrazovecké vrstvy (paleocén? az spodny eocén?), ktoré smerom do
nadloZia pozvolna prechadzaju do typického tenkovrstvovitého vyvoja
s polohamipestrychilovcov. Pieskovce mrazoveckych vrstiev obsahuju
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redeponované klasty vrchnokriedovych ilovcov (zéna CC-25
na zaklade pritomnosti Arkhangelskiella cymbiformis a Micula
murus) a foraminifer. Spodnu ¢ast mrazoveckych vrstiev tvoria
prevazne pieskovce a zlepence. Pieskovce su klasifikované ako
subarkézy az sublitarenity (sensu Pettijohn et al., 1972). Zlepence
tvoria samostatné vrstvy, alebo su pritomné v spodnych ¢astiach
pieskovcovo-zlepencovych dvojic. Tam pozitivne graduju (interval
Rs, sensu Lowe, 1982) do masivneho (interval S3), pripadne
paralelne laminovaného (Tb) strednozrnného az velmi hrubozrnného
pieskovca, ktory v niektorych pripadoch obsahuje $tréikovité
polohy s trakénymi textdrami (intervaly S; a S,). Strednoeocénny
vek ilovcov vrchnej ¢asti belovezského suvrstvia bol preukazany
na zaklade ojedinelych nalezov nanoplankténu (zéna NP-16 na
zaklade spolo¢enstva Cyclicargolithus floridanus, Helicosphaera
compacta, Reticulofenestra umbilica a Dictyococcites bisectus)
a foraminifer.

V nadlozi belovezského suvrstvia vystupuje zlinske suvrstvie
(stredny eocén az spodny oligocén, zéna NP-16 az NP-23).
V skiimanom regiéne mézeme vyclenit 3 zakladné litofacialne vyvoje
tohto suvrstvia — makovické pieskovce, vapnité ilovce s polohami
prevazne glaukonitovych pieskovcov a pieskovcovy vyvoj s prevahou
pieskovcov s glaukonitom oproti vapenatym ilovcom.

Makovickeé pieskovce su dominantné prevazne v juznej (vnutornej)
Casti radianskej jednotky (stredny az vrchny eocén, zéna NP-16 az
NP-19). Mladsi eocén bol preukazany na zaklade pritomnosti druhov
Chiasmolithus oamaruensis, Isthmolithus recurvus a Helicosphaera
euphratis. Makovické pieskovce predstavuju ,turbiditny” systém, pre
ktory je charakteristickd zmena litofacii a ich asociacii v smere toku
gravitacnych prudov. V proximalnej ¢asti systému maju prevahu hrubé
az velmi hrubé vrstvy masivneho pieskovca (litofacia B1.1, sensu
Pickering et al., 1986) a gradované a stratifikované dvojice stredno-
az jemnozrnného pieskovca (resp. siltovca) a kalovca velkej (litofacia
C2.1), menej strednej (litofacia C2.2) az malej hrubky (litofacie C2.3,
D2.1). Lokalne su pritomné normalne gradované ,$tréikové“ pieskovce
(litofacia A2.7). V distalnejSej Casti systému maju dominantné
zastupenie litofacie C2.1, C2.2 a C2.3, menej vyznamne su pritomné
litofacie B1.1, D2.1 a D2.3.

Glaukonitové pieskovce s ilovcami tvoria polohy hrubé niekolko
metrov az desiatky metrov. Tieto horizonty su pocetnejSie najma
v spodnej Casti zlinskeho suvrstvia, smerom do vrchnej ¢asti sdvrst-
via postupne prevlada ilovcovy vyvoj. llovcovy vyvoj ma dominantné
zastupenie v severnej (vonkajSej) Casti racianskej jednotky. Jednou
z charakteristickych vlastnosti tohto horizontu je pritomnost hrubych
pieskovcovych vrstiev, ktoré su prekryté ¢asto niekolko metrov hrubymi
vrstvami ilovca (hrubka do 10 — 15 m, litofacia C2.4). V niekolkych
horizontoch st pritomné SoSovkovité polohy hnedych silicifikovanych
ilovcov az prachovcov. llovce zlinskeho typu su bohaté na vapnity
nanoplanktén, ktory preukazal vek stredny eocén (NP-16) az starsi
oligocén (NP-23).

Najmladsie suvrstvie racianskej jednotky je malcovské suvrstvie
(mladsi eocén az mladsi? oligocén). Prevazne svetlohnedé, sivé
a okrové ilovce sa striedaju s vapnitymi laminovanymi pieskovcami
(kalklitické arenity). Lokalne sa vo vySSej Casti suvrstvia vyskytuju
hrubozrnné pieskovce a zlepence. Menilitové vrstvy (Cokoladovo-
hnedé tvrdé ilovce a menilitové bridlice, sporadicky pelokarbonaty)
tvoria v malcovskom suvrstvi minimalne 2 horizonty, pricom mladsi
z nich je biostratigraficky datovany do zény NP-24.

P. BACO, J. DERCO, Z. BACOVA a M. REPCIAK: Zonélnost
premien hrabovskych ryodacitovych tufov — faktor
kvalitativneho potencialu lozisk

Pomocou detailnych rtg. analyz, silikatovych analyz a vymennej
kapacity sa sledoval obsah uzitkovej zlozky v zeolitizovanych
hrabovskych tufoch niznohrabovského suvrstvia. Na zaklade
vysledkov danych metdd sa zostavila lateralna distribucia klinoptilolitu/
mordenitu a amorfnej fazy v priestore Petrovce (na SZ) — Majerovce
— Kuéin — Nizny Hrabovec — Pusté Cemerné (na JV).

S



pepelndaic SES @ SAHE

Obsah zeolitového minerilu na jednotlivych lokalitich
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Takéto rozlozenie Uzitkovej zlozky a skla, na ukor ktorého klinoptilolit vznikal, poukazuje na rozdielny paleoreliéf i predpokladanu lokalizaciu

centra (centier) ryodacitového vulkanizmu v obdobi spodného badenu.

BACO, P, KONECNY, P, BACOVA, Z.a DERCO, J.: Premeny
vulkanického skla pri BySte — mozné rozsSirenie potencialu
vychodoslovenskych lozisk zeolitov

Vyskyt premeneného vulkanického skla s obsahom mordenitu
sa viaze na dajkové teleso v rokline bezmenného potoka na ploche
priblizne 10 x 15 m v priestore Pod zahradami 500 m na SV od obce
Bysta. Od cesty Bysta — Kazimir je tento vyskyt pristupny po lu¢nej
ceste. Jeho centralnu Cast tvori felziticko-sféroliticky fluidalny ryolit
s geodami a kavernami, ktorych steny su pokryté tenkou kérou

S(3

chalceddnu. Odkryta je okrajova, najma sklovita ¢ast dajky s hrubkou
do1m.

V SirSom okoli vystupuju horniny bystianskeho krystalinika (ruly,
svory a amfibolity) s erozivnymi zvyskami mladSieho paleozoika
(luhynské suvrstvie permského veku — pieskovce a piescité bridlice).
Bezprostredné okolie vyskytu tvoria sedimenty vrchného badenu
a v podobe erozivnych zvyskov su pritomne redeponované ryolitové
vulkanoklastika spodného sarmatu. Cez tieto horninové komplexy
preraza extruzivne ryolitové teleso Harsas a cely rad dajkovych
a nekovych telies fluidalneho ryolitu. Telesa su po dutindch a kavernach
Casto premenené — silicifikované, s povlakmi a kérami chalcedénu.
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Sklo je perlitizované, s typickou perlitickou odluénostou. V skle
su pritomné drobné elipsoidalno-geodovité utvary s priemernou
velkostou 1 — 2 mm, ojedinele 0,5 az 1 cm. Mordenit vyplnajuci
tieto Utvary je jemne ihlickovity. Obsah mordenitu v geoddach je do
70 %. Maximalny vyvoj mordenitu je v geodach do 2 mm. Kaverny
s velkostou viac ako 0,5 cm maju povrch dutin ¢asto pokryty tenkou
kérou chalcedénu a mordenit je pritomny iba ojedinele. V skle su aj
mikropdry vyplnené mordenitom. Jeho celkovy obsah v hornine je 55
az 65 %. Sklovité ¢asti bez makroskopicky viditelnych geod obsahuju
okolo 35 % mordenitu.

Na zaklade geologickej situacie na lokalite predpokladame,
Ze mordenit vznikal za u¢asti hydrotermalnych procesov suvisiacich
s intrdziou ryolitovych telies, ktoré vystupuju na viacerych miestach
v 8irSom okoli extruzivneho telesa Harsas. Ak predpokladéame takyto
vznik mordenitu, potom v SirSej oblasti vystupovania intruzivnych
telies su mozné dalSie podobné vyskyty, najma mikropdérového
typu.

L. KOVANICOVA, L. TUCEK a J. DERCO: Zeolity, perlity
a bentonity — suroviny na zachytavanie anorganickych
kontaminantov z vod

Zhor$enie kvality véd vo vodnych tokoch a nadrziach spésobuje
vSeobecne zvysujuci sa obsah toxickych a tazkych kovov a Skodli-
vych anorganickych a organickych zlu¢enin. Vo vode je obzvlast
nebezpecna pritomnost Pb, Hg a Cd. V rozpustnej forme su tieto
kovy pre ¢loveka nebezpeéné uz pri nizkej koncentracii. Znizit
ich koncentraciu alebo &iasto¢ne ich eliminovat z véd je mozné
principom chemickych reakcii alebo sorpciou s pouzitim vhodnych
materidlov — sorbentov. Laboratérny vyskum sa zameral prave
na overenie sorpénych schopnosti zeolitovych tufov, perlitov
a bentonitov. Pri hodnoteni stupria o€istenia vod od tazkych a toxickych
kovov sa prepocitaval stupen odcistenia, tzv. u¢innost sorpcie,
pre kazdy kation samostatne. Dosiahnuté hodnoty sa vyhodno-
covali v sulade s hodnotami uvedenymi v nariadeni vlady Slovenskej
republiky ¢. 296/05.

(Cesmeinx

T. SASVARI: Geologické podmienky podzemného
termického splynovania uholnych lozisk

Diverzifikacia energetického plynu je dnes na poprednom mieste
zgujmu. Metédou podzemného termického splyfiovania uholnych
loZisk je mozné ziskat energeticky plyn, ktory sa da vyuzit na vyrobu
elektrickej energie, ale aj v inych odvetviach hospodarstva, ako je
napriklad chemicky priemysel. Ziskanie takéhoto plynu je ekonomicky
menej naro¢né. Je mozné vyuzit sloje hnedého uhlia, ktoré maju
vhodné fyzikalne, chemické a mechanické vlastnosti a hrubku
od 2 m. Technolégia podzemného splyfiovania umozfiuje pomocou
vrtov vniknut do loziskového priestoru. Uholné sloje je mozné pod
kontrolou zapalit a plyn vzniknuty pri redukénych termickych reakciach
odviest do povrchovych zbernych zasobnikov.

Podzemné splyriovanie uholnych lozisk je podmienené niekolkymi
faktormi, medzi ktoré patri: teplota potrebna na chemicku premenu
uholného substratu na energeticky plyn, geostaticky a prevadzkovy
tlak, pouzité splyfiovacie médium vo forme vzduchu, kyslika alebo
vodnej pary, podzemna voda, ktora vyznamne ovplyvnuje teplotu
termického rozkladu uholného sloja, uholny typ, ktory vplyva na
kvalitu ziskaného energetického plynu, litologicka charakteristika
uholného sloja, najméa nadlozie a podlozie.

Vyslednym produktom podzemného splyfiovania uhlia vzduchom
je plyn — syngas, ktory pozostava z N,, O,, CO,, CO, H, a CH,.
Vyhrevnost plynu vhodného na energetické ucely sa pohybuje
v rozmedzi od 3,72 do 6,71 MJ . N™" . m=3.

Fakulta BERG TU v KoSiciach ziskala projekt APVV-0582-06
Podzemné splyriovanie uhlia termickym rozkladom. Na zaklade
experimentalneho (fyzikalneho) modelovania v trojrozmernom
generatore pri pouziti vzoriek uhlia z Hornonitrianskych bani
a matematického simulacného modelovania termického rozkladu sa
v ramci tohto projektu sleduju fyzikalne, chemické a termodynamické
parametre pri definovanych podmienkach procesu splynovania.
Zistuju sa moznosti praktického vyuzitia prirodnych potencialnych
lozisk na Slovensku s relevantnymi parametrami podzemného
splyfiovania. Vyskumné prace pri Studiu procesu splynovania viedli
k rozpracovaniu matematického modelovania a formulovaniu
principov riadenia procesu splyrfiovania uholnych lozisk v podzemi.
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V casti vytlacenych exemplarov ¢asopisu Mineralia Slovaca 41/2/2009 sa v ¢lanku Klimka et al. Hydrotermalna
mineralizacia na antimonitovych Zilach SpiSsko-gemerského rudohoria (str. 115 — 132) v popise tabuliek 1 — 9
nedopatrenim uvadza oznaéenie EDS analyzy. Spravne oznaéenie ma byt WDS analyzy. Clanok vo formate pdf
umiestneny na www.geology.sk/mineralia uz obsahuje korektné oznacenie.

Redakcia ¢asopisu sa za nepresnost ospravedinuje.
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InStrukcie autorom

Vseobecné instrukcie

1. Rukopis v dvoch exemplaroch a originaly obrazkov musia
byt zhotovené podla instrukcii pre autorov ¢asopisu Mineralia
Slovaca. V opacnom pripade redakcia ¢lanok vrati autorovi pred jeho
zaslanim recenzentovi.

2. Rozsah ¢lanku je najviac 30 rukopisnych stran véitane literatury,
obrazkov a vysvetliviek. Uverejnenie rozsiahlejSich clankov musi
schvalit redakéna rada a ich zaradenie do tlace bude zdlhavejSie.
3. Clanky sa publikuju v slovencine, Cestine alebo v anglictine.
Uprednostriuje sa anglictina. Abstrakt a skratené znenie ¢lanku
napisaného v slovencine alebo ¢estine (resumé) musia byt v anglictine.
4. Text ¢lanku spracovany v editore MS Word PC zalite redakcii
v dvoch vytlaéenych exemplaroch s riadkovanim 2 a tiez na CD. Obrazky
a tabulky musia byt vytlatené samostatne vo formate nepresahu-
jucom format A4 a na CD ulozené v samostatnych suboroch.

5. Sucasne s ¢lankom treba redakcii poslat autorské vyhlasenie,
ze nijaka Cast rukopisu este nebola publikovana a originalne su aj
obrazky. Képie obrazkov z inych publikacii musia byt legalizované
ziskanim prava na publikovanie. Vyhlasenie musi obsahovat meno
autora (autorov), akademicky titul a trvalé bydlisko.

Text

1. Upravu textu aj zoznamu literattry treba prispdsobit sicasnej
Uprave ¢lankov v ¢asopise.

2. Text sa m& pisat s dvojitou linkovou medzerou (riadkovacom 2),
na strane ma byt priblizne 30 riadkov, Sirka riadka je asi 60 znakov.

3. Abstrakt stru¢ne sumarizujuci hlavné vysledky élanku méze mat
najviac 200 slov a nema obsahovat citacie.

4. Text ma mat uvod, charakteristiku (stav) skimaného problému,
pouzitd metodiku prace, zistené Udaje a poznatky, diskusiu, zaver
a zoznam literatury.

5. V ¢lanku treba zretelne odliSit vychodiskové tdaje od interpretacii.
6. Udaje z tabuliek a obrazkov v texte neopakovat, iba ich komentovat
a odvolat sa na prislusnu tabulku, resp. obrazok.

7. Text treba Clenit nadpismi — hlavné pisat do stredu a vedlajSie
na lavy okraj strany. Pouzit mozno najviac tri druhy hierarchickych
nadpisov a podla dblezitosti ich vyznacit ceruzkou na lavom okraji
strany: 1 — najvyssi, 2 — nizsi, 3 — najnizsi.

8. V texte sa uprednostriuje citacia v zatvorke, napr. (Dubcak, 1987;
Hruby et al., 1988), pred formou ... podla Dub&aka (1987). Krstné
(rodné) mena sa ani v jednom pripade neuvadzaju.

9. Umiestnenie obrazkov a tabuliek sa oznaéi ceruzkou na lavom
okraji rukopisu. Nie je vhodné, aby text v editore MS Word obsahoval
vlozené obrazky.

10. Grécke pismena pouzité v texte treba identifikovat na lavom
okraji slovom (napr. sigma).

11. Pri pisani treba dosledne odliSovat pomI¢ku od spojovnika.

12. Symboly, matematické znacky, nazvy skamenelin, slova a pod.,
ktoré sa maju vysadzat kurzivou, autor v rukopise podciarkne vinovkou.
13. Clanky napisané v slovencine alebo ¢estine musia obsahovat
anglicky preklad nazvu, abstraktu, kli€ovych slov, resumé a popisov
k obrazkom a tabulkam.

llustracie

1. llustracie musia byt vysokej kvality, maju dokumentovat a vysvetlovat
text. Musia sa pripravovat s vedomim, Zze buddi zmensené na Sirku
stlpca (81 mm) alebo strany (170 mm). Tomu treba prisposobit
ich velkost a formu, resp. zoskupenie. Vhodne upraveny obrazok
(velkost pismen, hrubka ¢iar) mozno reprodukovat aj v pomere 1 : 1,
ale kresby (perovky) odporucame urobit vacsie, ako budu vytlacené.
Perovky maju byt zhotovené sytym ¢Eiernym tuSom. Umerne k pred-
pokladanému zmensSeniu treba zvolit hribku c&iar, velkost pisma,
Cisiel, hustotu Srafovania a pod. Obrazky treba popisovat $ablénou,
nie volnou rukou. Optimalna velkost pisma v ¢asopise po zmenseni
je pri velkych pismenach a ¢islach 2 mm. Ak je ¢lanok v slovencine,
popisy v obrazkoch musia byt v slovenéine, ak je v anglictine, aj ilustracie
musia byt v angli¢tine. Original (pred zmenSenim) méze mat najviac
340 x 210 mm. Maximalny rozmer ilustracie vytlaceny v ¢asopise
je 170 x 230 mm. Skladacie ilustracie treba podla moznosti Uplne
vylugit.

Obrazky urobené na pocitai musia byt vytlacené laserovou
tlaciarfou v kameralnej podobe pri vysokom rozliSeni (min. 300 DPI)

a musia sa poslat spolu s textom na CD. Pri poéitacovej tvorbe
obrazkov redakcia odportéa pracovat s programami vo vektorovom
zobrazeni (napr. Corel Draw). Velmi tenké ciary (tzv. vlasovej hrubky)
sa nesmu pouzivat ani na obrysy, ani vo vyplni. Vyluéuje sa pouzivanie
softvérovej vyplne (napr. v Corel Draw). Vyplne v obrazkoch sa musia
skladat zo samostatne vysadzanych objektov. Vhodné nie su ani rastrové
vyplne.

2. V3etky ilustracie véitane fotografii musia obsahovat graficku (metricku)
mierku.

3. Zoskupené obrazky, napr. fotografie a diagramy, musia byt pripravené
(nalepené) ako jeden obrazok a jeho Casti treba oznacit pismenami
(a, b, c atd.). Takto zoskupené obrazky sa cituju ako jeden obrazok.
4. Fotografie musia byt ostré, Ciermnobiele, kontrastné a vyhotovené
na lesklom papieri. Je vhodné, aby sa pre tla¢ zmen3Sovali najmenej
0 50 %. Pri zasielani fotografii vo forme poéitacovych stborov
(vo formate JPG alebo TIF) sa pozaduje vysokeé rozliSenie — minimalne
600 DPI.

5. Na vsetkych obrazkoch sa na okraji (na fotografiach na zadnej
strane) ceruzkou uvedie ¢islo obrazka a meno autora a nafotografiach
sa Sipkou oznaci aj orientacia obrazka.

6. Na mapach a profiloch treba volit jednotné vysvetlivky, ktoré sa
uvedu pri prvom obrazku.

7. Nazvy obrazkov s vysvetlivkami treba prilozit k textu na osobitnom
liste v slovenéine a v angli¢tine.

8. VSetky ilustracie sa musia citovat v texte.

9. llustracie sa zasielaju redakcii uz imprimované. Pri korekture ich
uz nemozno opravovat a dopliat.

10. Farebné ilustracie vysokej kvality mozno publikovat po dohode
s vydavatelstvom.

11. Redakcia si vyhradzuje pravo vratit autorovi grafické prilohy
na opravu po jazykovej Uprave, resp. poziadat o ich nahradenie
za prilohy v pozadovanej kvalite.

Tabulky

1. Tabulky treba pisat na osobitny list. Ich rozsah a vnitornu upravu
limituje maximalna Sirka tlacového stipca (81 mm) alebo strany (170 mm).
Rozsiahlejsie tabulky sa neprijimaju.

2. Udaje sa zaraduju do tabulky, iba ak sa nedaju uviest v texte.

3. Vertikalne Giary sa v tabulkach nepouzivaju.

4. Tabulky sa Cisluju priebezne a uverejiiuju sa v ¢iselnom poradi.

Literatara

1.V zozname literatlry sa v abecednom poradi uvadza iba literatira
citovana v danom ¢lanku. Citacia oznacena ,v tlaci“ sa moze uviest
v zozname, len ak je z citovaného ¢lanku aspori stlpcova korektura.
,Osobna informacia“ sa cituje iba v texte (Zajac, os. informacia,
1988).

2. Sposob uvadzania literatary

Knizna publikacia

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu.
Bratislava, Alfa, 155.

Casopis

Vrba, P., 1989: Strizné zény v komplexoch metapelitov. In: Miner.
Slov., 21, 135 — 142.

Zbornik

Navesny, D., 1987: Vysokodraselné ryolity. In: V. Romanov (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol., Kosice,
203 - 215.

Manuskript ;
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loziska
jedloveckého prikrovu gemerika. Zavere¢na sprava z ulohy SGR-
-geofyzika. Manuskript. Spisska Nova Ves, archiv SGUDS, 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatiry sa uvadzaju vsetci.

4. Ak sa v ¢lanku (v kniznej publikacii) cituje nazov, udaje a pod.
iného autora, ktory nie je spoluautorom publikacie, v texte sa cituje
vo forme (Gerda in Kubka, 1975), ale v zozname literatiry sa uvadza
iba Kubka, J., 1975.

V pripade nejasnosti si mozno vyziadat podrobnosti e-mailom
na adrese mineralia.slovaca@geology.sk, alena.wolfova@geology.sk,
zoltan.nemeth @geology.sk
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