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Omfacit — diagnosticky mineral eklogitovej facie metamorfézy

v krystaliniku Zapadnych Karpat

STEFAN MERES', MARIAN JANAK2, PETER IVAN' a PATRIK KONECNY3

'Katedra geochémie Prirodovedeckej fakulty Univerzity Komenského v Bratislave,
Mlynska dolina, 842 15, Bratislava; meres @fns.uniba.sk
2Geologicky Ustav SAV, Dibravska 9, P. O. Box 106, 840 05 Bratislava 45
3Statny geologicky Ustav Dionyza Stdra, Mlynska dolina 1, 817 04 Bratislava

Omphacite — metamorphic index mineral of the eclogite facies in the crystalline
basement of the Western Carpathians

Omphacite is a diagnostic mineral of the eclogite facies metamorphism. This mineral rarely
occurs in metabasites — retrograde eclogites of the Nizke Tatry Mts., in the northern Veporic
unit. Retrograde eclogites with omphacite form small bodies and lenses in amphibolites. Mineral
assemblage of the eclogite facies phase encompasses omphacite, garnet, phengite, rutile, zoisite
and quartz. Primary omphacite (Cpx I) with the highest jadeite content (~40 mol.%) occurs only
as inclusions in the garnet. Omphacite (Cpx Il) with lower jadeite content (20—-30 mol.%) forms
larger (100 um) grains in the garnet and matrix. Clinopyroxene with low jadeite content (<19
mol.%) occurs as domains (Cpx Ill) in the omphacite. The lowest (<5 mol.%) jadeite content is in
clinopyroxene (Cpx Ill) forming symplectites with plagioclase, amphibole and quartz. Decrease
in jadeite content is related to breakdown of primary omphacite, due to decompression from
the eclogite facies conditions and recrystallization at amphibolite to granulite facies conditions.
Estimated peak metamorphic P-T conditions for the omphacite-bearing eclogites in the Veporic
unit are ~2.5 GPa and 700 °C (Janak et al., 2007), well within the eclogite facies stability field.
Omphacite is an unambiguous evidence for the eclogite facies metamorphism in the Western
Carpathians, challenging the older views on the amphibolite facies metamorphism of garnet and
clinopyroxene bearing metabasites.

Key words: omphacite, eclogites, retrograde metamorphism, Veporic unit, Western Carpathians

Uvod

Omfacit bol prvy raz opisany v roku 1815 (A. G.
Werner — C. A. S. Hoffmann: Handb. Mineral, 2, 1815, 302)
z minchberského komplexu (Bavorsko, Nemecko).
Motivantom jeho ndazvu bolo grécke slovo omphax
a vyjadruje narazku na typicku zelenu farbu nezrelych
zrniek hrozna. V klasifikacii Dana (1892) sa zaraduje medzi
inosilikaty (Inosilicate, 65.1.3b.1), klinopyroxény (prechodné
klinopyroxény), v klasifikacii Strunza (1970) medzi silikaty
(Silitates VIII/F.01-100), inosilikaty a v skupine pyroxénov
medzi klinopyroxény a v klasifikacii IMA medzi Ca-Na
pyroxény (Morimoto et al., 1989).

Chemické zlozenie omfacitu vyjadruje vzorec (Ca,
Na)(Mg, Fe, Al)[Si,O¢]. Ide v podstate o tuhy roztok
jadeitu (NaAlSi,Og) a diopsidu (MgCaSi,Og)/hedenbergitu
(FeCaSi,O4) s premenlivym zastipenim egirinu
(NaFe®'Si,Og) a Ca tschermakitu (CaAl,SiOg) v rozsahu
0,2 < Na/(Na + Ca) < 0,8 a [Al]%/([Al]® + Fe®*) > 0,5. Nazov
omfacit mozno pouzit, ked klinopyroxén obsahuje 20-80
mol. % jadeitu (obr. 6).

Omfacit sa vyuziva v geotermometroch a geobaromet-
roch najma v asociacii s koexistujucim granatom, fengitom
a kremefiom resp. coesitom pri vypocte p-T podmienok
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metamorfézy (Carswell et al., 1997; Holland, 1990; Waters
a Martin, 1993; Waters a Martin, 1996; Holland a Powell, 1998;
Ravna, 2000; Ravna a Paquin, 2003; Ravna a Terry, 2004).

Omfacit je diagnosticky mineral ultravysokotlakovej
(UHP), vysokotlakovej (HP), a teda aj eklogitovej facie
metamorfézy, ktoru prvy definoval Eskola (1921) ako
premenu horniny pri vysokom tlaku. Ako eklogit mozno
oznadit horninu bazaltového zloZenia obsahujucu mineral
omfacit (klinopyroxén s obsahom jadeitovej zlozky)
a granat, pricom neobsahuje plagioklas ako primarny
mineral (napr. Carswell, 1990). Kremen (coesit), kyanit,
ortopyroxén a rutil su dalSie primarne mineraly vyskytujlce
sa v eklogitoch.V podmienkach eklogitovej facie su stabilné
aj niektoré mineraly s obsahom vody (hydrosilikaty),
napr. amfibolity (glaukofan, barroisit, pargasit), sluda
(fengit, paragonit, flogopit), mastenec, antigorit a zoisit.
V suc€asnosti je zname, ze niektoré asociacie, ako je napr.
kyanit, fengit, granat a omfacit, su stabilné pri vysokom
tlaku aj v metapelitoch.

Mineralna paragenéza eklogitovej facie — najméa
pri exhumacii — dost c¢asto podlieha retrogradnej
premene ucinkom fluid, a preto sa vysokotlakové prejavy
metamorfézy ¢asto zachovali iba v podobe reliktov
mineralov eklogitovej facie, ale tie su klu¢ovym zaznamom
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na objasnenie hlbokokérovych subdukéno-koliznych
procesov pri orogénnom vyvoji prislusného regionu.

Metamorfované horniny eklogitovej facie v zapado-
karpatskom krystaliniku neboli zname. Akceptovala sa
predstava o regiondlnej metamorféze kryStalinika
maximalne v podmienkach amfibolitovej facie (Buday
et al.,, 1961; Kamenicky in Mahel et al., 1967; Cambel
a Korikovsky, 1986; Krist et al., 1992; Puti§, 1992; Bezak,
1991, 1994; Ivanicka et al., 1998; Korikovsky a Hovorka,
2001). Prvé zistenie reliktov vysokometamorfovanych
hornin (Grt + Cpx metabazity; Hovorka a Méres, 1989)
podnietilo uvahy o vysSich PT podmienkach predalpinske;j
metamorfozy v zapadokarpatskom kryStaliniku.

Grt + Cpx metabazity s charakteristikami retrograd-
nych eklogitov sa zistili v tatroveporickom krystaliniku
v Tribe¢i (Hovorka a Méres, 1990), v Malej Fatre (Hovorka
et al., 1992; Janak a Luptak, 1997; Janak et al., 1997),
v Zapadnych Tatrach (Hovorka a Méres, 1989, 1993; Janak
etal., 1996, 1997), Nizkych Tatrach (Hovorka a Méres, 1993;
Jandk et al., 1996) a v Branisku (Méres et al., 2000; Faryad
et al., 2005). Analogické vyskyty Grt + Cpx metabazitov
su aj v gemeriku v okoli Dobsinej (lvan, 1994).

V Grt + Cpx zapadokarpatskych metabazitoch sa
nasli mikroStruktirne prejavy charakteristické pre rozpad
vysokotlakovych asociacii, napr. symplektity pyroxénu

a plagioklasu po rozpade omfacitu. Ale pévodny omfacit
sa v Grt + Cpx metabazitoch Zapadnych Karpat dlho
neidentifikoval, ale v zédpadotatranskych sa zistili napr.
fluidné inklizie velmi podobné tym, ktoré su zname
z eklogitov (Janak et al., 1996; Hurai et al., 2000). Omfacit
sa napokon nasiel v metabazitoch veporickej ¢asti Nizkych
Tatier vystupujucich na S od Helpy (Janék et al., 2003).

V praci Janaka et al. (2007) sme publikovali
termodynamické podmienky eklogitovej metamorfézy
v severnom veporiku. Cielom tejto prace je upozornit
odbornu verejnost na novy vyznamny indexovy mineral
v zapadokarpatskom krystaliniku, zdokumentovat jeho
transformaciu pri exhumacii v inych PT podmienkach, ako
vznikol, a poukézat na petrograficky vyznam tejto premeny.
Tieto informécie maju velky vyznam pri identifikacii
a dokumentacii vSetkych vyskytov Grt + Cpx metabazitov
v Zapadnych Karpatoch, ktoré maju rovnaku priestorovu
poziciu, petrograficki charakteristiku a podla autorov tejto
prace aj velmi podobnu genézu. Vyskyt mineralov HP/HT
metamorfézy je prirodzené oCakavat aj v inych jadrach
zapadokarpatského fundamentu. Praca poukazuje aj na
to, ze dobre formulovana a indiciami podlozena hypotéza
(Hovorka a Méres, 1989), systematicky, aj ked niekedy
dlhotrvajuci vyskum, méze priniest zasadné zistenia
(Janék et al., 2003, 2007).
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Terminoldgia eklogitov

Termin eklogit bol zavedeny v roku 1822 (Hauly,
1822). Ako eklogity niektori autori oznacuju horniny bez
plagioklasu obsahujuce > 70 % granatu a omfacitu, ale
objem ostatnych bezvodnych mineralov spolu nemé6ze byt

vacsi ako 30 % (Robertson, 1999). Podla subkomisie pre

systematiku metamorfovanych hornin (SCMR) ,,Eklogity
su horniny bez plagioklasu, ktoré obsahuju = 75 obj. %
omfacitu a granatu, z ktorych oba su zastupené ako
hlavné zlozky (Desmons a Smulikowski, 2004; Schmid
et al., 2004). Podla SCMR je pre obsah hlavnej zlozky
limitna hodnota = 5 obj. %, ale v pripade omfacitu sa m6ze
pokladat za velmi nizku. Ak vSak Grt a Omp tvoria = 75

Obr. 2. Mikrofotografie retrogradnych eklogitov: A — zéna s prevahou granatu a symplektitu (vpravo hore) a zéna s prevahou amfibolu
(vlavo dole), vzorka VV 33, Il pol.; B — omfacit (Cpx Il) a symplektit vo vzorke VV 33 B, X pol.; C — symplektit, ktory pseudomorfuje tabulku
pévodného omfacitu (Cpx I) v Grt, vzorka VV 41, |l pol.; D — omfacit (Cpx Il) v Grt a v matrixe vo vzorke VV 33 B, X pol.; E — transformacia
Cpx Il na symplektit, vzorka VV 33, Il pol; F — Pl + Hbl kelyfit okolo Grt, vzorka VV 33, X pol.

Fig. 2. Photomicrographs of retrograded eclogites: A — garnet and symplectites (upper right side) and amphiboles (left side), sample VV 33,
Il pol.; B — omphacite (Cpx Il) and symplectite, sample VV 33 B, X pol., C — symplectite pseudomorph after omphacite (Cpx I) in garnet,
sample VV 41, Il pol., D — omphacite (Cpx Il) in garnet and matrix, sample VV 33 B, X pol., E —transformation of Cpx to symplectite, sample
VV 33, Il pol, F — Pl + Hbl kelyphite around garnet, sample VV 33, X pol.



92 Mineralia Slovaca, 40 (2008)

obj. %, je podla SCMR termin opravneny. SCMR horniny,
v ktorych Grt a Omp prekracuju = 75 obj. %, navrhuje
oznacovat ako granatické omfacitity (garnet omphacitite)
alebo omfacitické granatovce (omphacite garnetite). Ale
ak limity obsahu Grt a Omp stanovené SCMR nie su
dodrzané, treba hovorit o horninach suvisiacich s eklogitmi
(rocks related to eclogites). Su dve skupiny takychto

\ -
: _\sympl

hornin: 1. Ak su Omp a Grt zastupené v nealterovanych
horninach v rozlicnom objeme, ale v mensom, ako sa
uvadza definicia SCMR, treba k nazvu priradit priponu -oid
(eklogitoid/eclogitoid), -oidic (eklogitoidicky/eclogitoidic)
alebo -ic (eklogiticky/eclogitic). 2. Ak su omfacit
a granat zastupené iba v malom mnozstve — ako relikty
v prevazne amfibolitovej paragenéze, mézu sa oznacovat

Obr. 3. BSE obrazy réznych typov Cpx v retrogradnych eklogitoch severného veporika. A — typicky retrogradny eklogit severného veporika,
vzorka VV 41; B — inkluzie omfacitu (Cpx I) s najvy§§im obsahom jadeitu (~40 mol.%) v granate, vzorka VV 41; C — nehomogénny
Cpx Il a zéna jeho transformacie na Cpx Ill (pozri obr. 4), vzorka VV 33 B; D — detail symplektitu s Cpx Il + Pl v granate, vzorka VV 41;
E — amfibolizacia symplektitu na okraji granatu, vzorka VV 41; F — detail symplektitu s Cpx lll + Pl + Hbl v granate, vzorka VV 41.

Fig. 3. BSE images of clinopyroxenes. A — matrix of retrograded eclogite, B — inclusions of omphacite (Cpx I) in garnet, sample VV 41,
C — inhomogeneous Cpx Il and its partial transformation to Cpx Ill (see Fig. 4), sample VV 33 B; D — detail of symplectite Cpx Ill + PI
in garnet, sample VV 41; E — amphibolization of symplectite at the rim of garnet, sample VV 41; F — detail of symplectite Cpx Il + Pl + Hbl

in garnet, sample VV 41.
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ako retrogradne eklogity, amfibolitizované eklogity,
posteklogitové amfibolity, retrogradne eklogitové amfibolity,
eklogitoidné amfibolity a pod.

Omfacit v metabazitoch severného veporika

Metabazity severného veporika s omfacitom su reliktom
eklogitov vystupujucich v podobe enklav v rule, amfiboli-
toch a metagabrach (obr. 1), ktoré su sucastou leptyno-
-amfibolitového komplexu (LAC, Hovorka a Méres, 1993;
Hovorka et al., 1992, 1994, 1997; Méres et al., 1996; Ivan
et al., 1996). V minulosti sa LAC v tejto oblasti povazoval
za litologicku sucast hronského komplexu (Klinec, 1966),
ale oznacoval sa aj ako gabrovo-peridotitovo-bazaltova
formécia (Miko a Putis, 1989, in Krist et al., 1992) resp.
paskovany metamagmaticky komplex v tektonickej
superpozicii na hronskom komplexe (Puti$ et al., 1997).
Enklavy eklogitov vystupuju priamo v odkryvoch ruly
a amfibolitov zarezu cesty v najvychodnejSom rozdvojeni
doliny Koleso (vySka 1225 m n. m.) a v doline Krivula
(Jaskovec), v zareze cesty (1070 m n. m.). Ako fragmenty
v sutine na tieto horniny zistili aj na dalSich miestach
v SirSom okoli tychto dolin.

LAC s. I. v skimanej oblasti okrem retrogradnych
eklogitov tvori velmi pestra skupina metamorfovanych
hornin. NajrozSirenejSie su amfibolity, metaultramafity,
metagabrd, rézne typy anatexitov, ortoruly a rozli¢né
typy pararul (granatické, s kyanitom, muskoviticko-
-biotitické). Metagabroidy si lokalne zachovali primarne
kumulatové Struktury a minerdly (lvan et al., 1996; Méres
et al., 1996). Metaultramafity (Hbl + Ol + Opx + Sp + Grt
+ Chlyg + Dol) sa vyznacuju vyskytom magmatickych
(chromspinel) a metamorfnych (Al spinel) spinelov.
Chemické zlozenie chromspinelu (Cr-Al trend) je typické
pre horniny ekvilibrované pri vysokom tlaku (Méres et
al., 2006). Takéto horniny sa vyskytuju vo zvrstvenych
mafickych az ultramafickych intruziach (kumulatoch). Cely
komplex injektuju zily pegmatitov, aplitov a kremennych
hydrotermalnych zil. V oblasti je zndma aj stratiformna
pyritovo-pyrotitova mineralizacia (Kantor et al., 1971; Ozdin
a Uher, 2002). Pestru litolégiu dopifaju diaftority (fylonity)
vSetkych horninovych typov LAC-u, ktoré reprezentuju
najma epidotické amfibolity, zelené bridlice, svory s gra-
natom a kyanitom a rozlicné fylity (chloritické, sericiticke,
sericiticko-chloritické). V geologickej mape Studovanej
oblasti (Biely et al., 1992) su na juznych svahoch Nizkych
Tatier na S od Helpy a Zavadky nad Hronom vyznacené aj
zelené bridlice Janovho gruna (Miko, 1981). Tieto zelené
bridlice na zaklade geologickej pozicie a petrografického
Studia povazujeme za diaftority metabazitov LAC-u,
a preto ich v schematickej geologickej mape neuvadzame
(obr. 1). Predpokladame, Ze aj podstatna cast fylitov,
fylonitov a svorov tejto oblasti — zaradovanych povodne
do hronského komplexu (Klinec, 1966) — su diaftority
pévodnych hornin LAC-u (Hovorka et al., 1997).

Kralovoholsky komplex v Studovanej oblasti tvoria
predalpinske granitoidy, rula a svory, ktoré su silno
alpinsky mylonitizované. Vek intruzie granitoidov je
~350 Ma (Bibikova et al., 1990; Puti$ et al., 2000; Gaab

et al., 2006). Komplex Prednej hole tvoria paleozoické
nizkometamorfované fylity, metapieskovcové telesa,
bazické vulkanity a vulkanoklastikd. Sedimentarny obal
permu tvoria metamorfované polymiktné konglomeraty
— pieskovec a piescita bridlica, metamorfované arkézy
adroba, lokalne s vulkanogénnym materialom. Mezozoikum
je z triasovych karbonatov a kremenca, ktory bol v kriede
nizko metamorfovany (Vrana, 1966; Korikovsky et al.,
1997; Luptak et al., 2003).

Metamorfny vyvoj metabazitov severného veporika

Magmaticka a metamorfna histéria severného vepo-
rika bola polyfazova. Metamorfované horniny krystalinika
veporika su teda polymetamorfované a maju zachované
znaky predvariskych, variskych, permskych a alpinskych
udalosti (Vrana, 1966; Hovorka et al., 1992, 1994, 1997;
Puti§, 1994; Korikovsky et al., 1997; PlasSienka et al., 1997;
Luptak et al., 2003; Janak et al., 2003, 2007). Najstarse;j
metamorféze v Studovanych metabazitoch zodpoveda
paragenéza eklogitovej facie. MladSia (retrogradna)
metamorféza spdsobila intenzivnu (az uplnd) zamenu
eklogitovej paragenézy paragenézou amfibolitovej az
granulitovej facie metamorfozy.

Paragenéza eklogitovej facie

Paragenézu eklogitovej facie metamorfézy v retro-
gradnych eklogitoch severného veporika okrem omfacitu
tvori granat, fengit, kremen, zoisit a rutil.

Omfacit vystupuje v podobe drobnych inkluzii (10—
15 um) v granate, ako aj v podobe vacSich jedincov
klinopyroxénu (100 um) v granatoch a v matrixe (Janak et
al., 2003, 2007). Jeho zloZenie vo vzorkach, ako aj v ramci
zfn je variabilné (20-42 mol.% jadeitu; tab. 1). Primarny
omfacit (Cpx 1) s najvy$Sim podielom jadeitu (~40 mol.%)
sa zistil iba vo forme submikroskopickych (~10 pum)
uzavrenin v granate (obr. 3). V pociato¢nych §tadiach
dekompresie — zrejme eSte v podmienkach eklogitovej facie
metamorfézy — vznikol omfacit (Cpx Il) s niz§im obsahom
jadeitu (20—30 mol.%). Cpx Il tvori vacsie zrna (100 pm)
v granate a v matrixe (obr. 3). Dal$ia dekompresia viedla
k vzniku domén v Cpx Il, ktoré tvori na jadeit menej bohaty
Cpx Il (5—-19 mol. % jadeitu; obr. 4, 5, 6). Variabilita v zlozeni
klinopyroxénu je dobre identifikovatelna na rtg. kompozic¢-
nych mapach distribucie chemickych prvkov (obr. 4). Vznik
z6n s niz§im obsahom jadeitu (Cpx 1) az individualnych zfn
diopsidu (Cpx lll) je jednoznaénym dbkazom reekvilibracie
primarneho omfacitu pri dekompresii.

Granat je poikiloblasticky a uzatvara inkluzie omfacitu,
klinopyroxénu, amfibolu, kremena, zoisitu a rutilu/iimenitu.
Grt byva obklopeny a ¢iasto¢ne resorbovany amfibolom,
ktory spolu s plagioklasom vytvara kelyfiticku Struktdru
(obr. 2). Chemické zlozenie Grt je variabilné (almandin
50-60, pyrop 6-20, grosular 27-40 a spessartin 1-2 mol. %;
Janak et al., 2007).

Fengit sa vyskytuje v matrixe v asociacii s kremefiom
a jeho rozpad (pri dekompresnej rekrystalizacii pévodnych
eklogitov) viedol k formovaniu biotitu a plagioklasu, ktoré
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sa za vzniku symplektitu navzajom prerastaju (Janak et
al., 2007; obr. 3/F). Zoisit sa vyskytuje v podobe inkluzii
v granate, kremen v granate, v kelyfitoch a v matrixe,
rutil a ilmenit v granate, v amfibolovom matrixe, ako aj
v kelyfitoch.

Pri exhumacii bola eklogitova mineralna paragenéza
intenzivne reekvilibrovana v podmienkach amfibolitovej
az granulitovej facie (Hovorka a Méres, 1989; Hovorka
a Méres, 1990; Hovorka et al., 1992, 1994, 1997; Janak
a Luptak, 1997; Janak et al., 1996, 1997, 2003, 2007).
Vysledkom silnej reekvilibracie pri nizS§om tlaku je zacho-
vanie len reliktov pévodnych eklogitov, najmé v centre
enklav, ktoré su v amfibolitoch. Silne premenené horniny uz
petrograficky zodpovedaju pyroxénovo-granatickym amfi-
bolitom, granatickym amfibolitom alebo len amfibolitom.

Paragenéza amfibolitovej aZ granulitovej facie

Z paragenézy amfibolitovej/granulitovej facie sa
v retrogradnych eklogitoch vyskytuju najmé symplektity
(Cpx Il + PI), granat, amfibol, epidot, plagioklas, K Zivec,
biotit, ilmenit, titanit, karbonat, kremen, chlorit a apatit.

1 . 3 B

(Cpx Il + PI) symplektity vznikli ako vysledok
dekompresie z omfacitu (obr. 2, 3). Ked sa vyskytuju v Grt,
¢asto tvoria pseudomorfézy po pdévodnych tabulkovych
omfacitoch (obr. 2, 3). V neskorsich Stadiach dekompresie
— eSte za nizSich pT podmienok — vznikli (Cpx Il + Pl +
Hbl + Qtz) symplektity (obr. 3, 4). Klinopyroxén 1l je na
jadeit najmenej bohaty (<19 mol.% jadeitu), zlozenim uz
zodpoveda diopsidu a ten v Cpx Il tvori symplektitické
prerasty so sodnym plagioklasom a amfibolom. Poslednu
fazu dekompresnej rekrystalizacie omfacitu, ktora
nahradzala pbévodnu eklogitovu paragenézu pri exhumacii,
predstavuju symplektity diopsidu (<5 mol.% jadeitu)
s bazickejSim plagioklasom a amfibolom v matrixe (obr. 2,
3). Cpx Il je €asto uplne zatla¢any amfibolom.

Granat. Casti granatov (najmé okraje) sa reekvilibrovali
pri nizSom tlaku a maju nizsi obsah pyropu a grosularu,
a to najma na styku s amfibolom a plagioklasom.

Amfibol v Studovanych metabazitoch zastupuju
generacie (pargasit, hornblend, aktinolit). Je to vysledok
rekrystalizacie pri exhumacii (Janak et al., 2007). Najstarsi
Hbl | (hlinity pargasit, hlinity feropargasit) byva uzavrety
v Grt, Hbl Il (pargasit, pargasiticky hornblend) sa vyskytuje

Obr. 4. Kvantitativne rtg. mapy distribucie Al, Na, Fe a Ca v Cpx z retrogradneho eklogitu veporika (vzorka VV 33 B). Distribucia vybranych
prvkov (najma Na a Al) dokumentuje nehomogenitu Cpx, rozpad Cpx Il a vznik Cpx Ill. Na okrajoch Cpx Il mozno pozorovat pociato¢né
Stadium vzniku symplektitu (Cpx Ill + Pl + Hbl). Zény v Cpx s najvy$sim obsahom Na (Cpx Il) obsahuju ~22 hm % jadeitu, so strednym
obsahom Na (Cpx Ill) 5-19 hm % jadeitu a s najniz§im obsahom Na zodpovedaju diopsidu (<5 hm % jadeitu). Rtg. mapy sme ziskali pri
tychto meracich podmienkach: urychlovacie napatie 15 kV, priemer elektrénového li¢a 2 um a meraci ¢as 75 ms v jednom bode, velkost
originalnej mapy 1024 x 768 bodov.

Fig. 4. Quantitative X-ray maps of Al, Na, Fe and Ca distribution in omphacite, sample VV 33 B. Distribution of selected components
(mainly Na and Al) documents inhomogeneity of Cpx, breakdown of Cpx Il and development of Cpx III.
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v kelyfitoch okolo Grt, Hbl IlI (hornblend) je prevliadajucim
amfibolom v matrixe a najmladsi, Hbl IV (aktinolit), sa
vyskytuje okolo starSich amfibolov v matrixe. Epidot sa
vyskytuje v matrixe ako retrogradna faza s amfibolom.
Plagioklas sa vyskytuje ako sekundarny mineral a tvori
sympektity s Cpx Il po omfacite a s biotitom po fengite.
Je aj v kelyfitoch okolo granatov (obr. 2, 3, 4). Kremen ma
podobu drobnych zfn v symplektitoch (obr. 3. 4). K zivec
sa zistil ako akcesoricky v podobe inkluzii v granatoch.
Biotit ako retrogradna faza vznikol ako vysledok rozpadu
vysokotlakového fengitu. llmenit tvori lem okolo rutilu a je
produktom retrogradnej rekrystalizacie podobne ako titanit,
ktory lemuje ilmenit resp. individudlne zrna v matrixe.
Karbonat, chlorit a apatit su zastipené ako retrogradne
fazy akcesoricky.

Geodynamické aspekty vyskytu eklogitov
v zapadokarpatskom krystaliniku

Vyskyt omfacitu v paragenéze s granatom, fengitom
a kremenniom umoznuje vypocitat pT podmienky
eklogitovej facie metamorfézy. Na vypocet maximalnej
teploty a tlaku treba pouzit analyzu omfacitu s najvy$Sim
obsahom jadeitu (Cpx ), granatu s najvy§$im obsahom
grosularu a pyropu a fengitu s najvy$s§im obsahom Si.
Janék et al., (2007) stanovili maximalne pT podmienky
metamorfozy v eklogitoch severného veporika na zéklade
granatovo-klinopyroxénového geotermometra v kombinacii
s geobarometrom vyuzivajucim rovnovaznu reakciu 3
seladonit + 2 grosular + pyrop = 6 diopsid + 3 muskovit
(Krogh Ravna a Terry, 2004). Vypocitané pT podmienky
dosahujuce priblizne 2,5 GPa a ~700 °C su jednoznacne
v poli stability eklogitovej facie (obr. 7) a zodpovedaju
subdukcii zemskej kory do hibky najmenej 80 km.

Podmienky retrogradnej rekrystalizacie eklogitov
Zapadnych Karpat uz v minulosti stanovilo viac autorov
(napr. Hovorka et al., 1992a; Janak et al., 1996, 1997;
Janak a Luptak, 1997; Faryad et al., 2005; Korikovsky
a Hovorka, 2001). Pohybuju sa od ~1,5 GPa a ~730 °C
do 0,6—1,0 GPa a 630-700 °C (obr. 7).

Podla su€asnych geochronologickych udajov (Janak
et al., 2002; Gaab et al., 2005, 2006; Puti$ et al., 2001,
2006a, 2007) bol magmaticky protolit eklogitov predvarisky
(kambrium — ordovik). Vek vysokotlakovej metamorfézy
eklogitov bol pravdepodobne varisky a zrejme suvisela
so subdukciou v ranych $tadiach variského orogénu.
Intenzivna rekrystalizacia eklogitov pri nizSom tlaku
v podmienkach amfibolitovej az granulitovej facie mohla
byt vysledkom preteplenia, parcidlnej anatexie a intruzie
granitoidov v neskorSej faze variského orogénu (350-
340 Ma) a suvisela s kontinentalnou koliziou.

Diskusia

Néazory na genézu Grt + Cpx metabazitov v zapado-
karpatskom krystaliniku mozno zhrnut do dvoch skupin:

1. Jedna skupina autorov (napr. Bezak, 1991, 1994;
Radvanec, 1992; Bezak et al., 1993, 1997; lvanicka et
al., 1998; Puti$ et al., 1997; Vozarova a Faryad, 1997;

Korikovsky a Hovorka, 2001) vychadzala zo starSich
nazorov (napr. Kamenicky in Maher et al., 1967) o vzniku
Grt + Cpx metabazitov maximéalne v podmienkach
amfibolitovej facie. Zdévodnil to Korikovsky a Hovorka
(2001) na priklade Grt + Cpx malofatranskych metabazitov.
Podla tychto autorov symplektity vznikli reakciou Hbl +
Czo + Qtz — Cpx + Pl + Grt (okraj) + Ttn + H,O pri raste
teploty a priblizne konstantnom tlaku (T = 600-699 °C, p =
0,8-0,9 MPa) za podmienok amfibolitovej facie. Podla tejto
hypotézy Grt + Cpx metabazity pri metamorfnom vyvoji
nedosiahli eklogitové stadium. Délezitym argumentom bola
najméa absencia omfacitu v dovtedy znamych vyskytoch
Grt + Cpx metabazitov (Korikovsky a Hovorka, 2001).
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Obr. 5. ZloZenie klinopyroxénov z retrogradnych eklogitov vepo-
rika v Q-J diagrame pre pyroxény (Morimoto et al., 1989).
A — Rozliéné typy klinopyroxénov z rdznych vzoriek retrogradnych
eklogitov. B — Rozli¢né typy klinopyroxénov zo vzorky VV 33 B. Cpx
| a Cpx Il maju zlozenie Ca-Na pyroxénov a zlozenie Cpx llI tvori
kontinualny prechod od Ca-Na pyroxénov po vrchol pola Ca-Mg-Fe
pyroxénov (QUAD). Analyzy pyroxénov su z prace Jandka et al.
(2007) a z tab. 1.

Fig. 5. Composition of clinopyroxenes from retrograded eclogites
of the Veporic unit (see Tab. 1 and Janak et al., 2007) plotted in
the Q-J diagram (Morimoto et al., 1989). A — clinopyroxenes from
several samples. B — clinopyroxenes distinguished in the sample
VV 33 B.
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(Wo, En, Fs)

< Cpx I

omfacit

egirin-augit

2. Druha skupina autorov (Hovorka a Méres, 1989,
1990; Hovorka et al., 1992, 1994, 1997; Janak a Luptak,
1997; Jandk et al., 1996, 1997, 2002, 2003, 2007; Hurai
et al., 2000; Méres et al., 2000; Faryad et al., 2005;
Putis et al., 2006b) pokladala tieto horniny resp. niektoré
z nich za retrogradne eklogity. Tento nazor podporovali
terénne vztahy, najmé vyskyt Grt + Cpx metabazitov vo
forme enklav v horninach LAC-u, ako aj mikrostrukturne
kritéria a geochemické udaje. Relikty eklogitovej asociacie
sa zachovali najmé v centre enklav, ¢o je typické pre
retrogradne postihnuté eklogity. Zavaznym argumentom
bol vyskyt symplektitov klinopyroxénu s plagioklasom,
ktoré su charakteristické pre rozpad omfacitu v désledku
dekompresie. Z geochemickych argumentov to bol najmé
zasadne odliSny charakter enklav Grt + Cpx metabazitov
v porovnani s ich okolitymi horninami, najmé s leptynitmi
a amfibolitmi s. s. (Hovorka et al., 1992, 1994, 1997).
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Obr. 6. ZloZenie klinopyroxénov z retrogradnych eklogitov veporika
v klasifikacii pyroxénov IMA (Morimoto et al., 1989). A — Rozli¢né
typy klinopyroxénov z réznych vzoriek retrogradnych eklogitov.
B — Rozli¢né typy klinopyroxénov zo vzorky VV 33 B. Cpx | a Cpx Il
maju zlozenie omfacitu a zloZenie Cpx Il tvori kontinualny prechod
od hranice Ca-Na pyroxénov do pola Ca-Mg-Fe pyroxénov (QUAD).
C — Cpx Ill z réznych pozicii (uzavreté v Grt, v Cpx Il, sucast
symplektitov) v poli diopsidu v klasifikacii Ca-Mg-Fe klinopyroxénov.
Analyzy pyroxénov su z prace Janaka et al. (2007) a z tab. 1.

Fig. 6. Composition of clinopyroxenes from the retrograded
eclogites of the Veporic unit (see Tab. 1 and Janak et al.,
2007) according to IMA classification (Morimoto et al., 1989).
A — clinopyroxenes from several samples. B — clinopyroxenes
distinguished in the sample VV 33 B.
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Obr. 7. Schematické zndzornenie P-T trajektdrie pri dekompresnej
reekvilibracii omfacitu v retrogradnych eklogitoch veporika poc¢as
exhumacie. Geotermobarometrické Udaje su z prace Janaka et al.
(2007) a metamorfné facie podla Okamota a Maruyamu (1999).
EA — epidot amfibolitova facia, BS — facia modrych bridlic, AM —
amfibolitova facia, HGR — vysokotlakova granulitova facia, Amp-EC
— amfibolovo-eklogitova facia, Ep-EC — epidotovo-eklogitova facia,
Lw-EC — lawsonitovo-eklogitova facia, Dry-EC — sucha eklogitova
facia. Rovnovazna krivka coesit — kremeri podla termodynamickych
udajov Hollanda a Powella (1998).

Fig. 7. Schematic illustration of the P-T path during decompression
and reequilibration of omphacite in the retrograde eclogites of the
Veporic unit during exhumation. Metamorphic facies grid is from
Okamoto and Maruyama (1999). EA — epidote amphibolite facies,
BS - blueschist facies, AM — amphibolite facies, HGR - high-
-pressure granulite facies, Amp-EC — amphibole eclogite facies,
Ep-EC - epidote eclogite facies, Lw-EC — lawsonite eclogite facies,
Dry-EC —dry eclogite facies. The quartz-coesite curve is calculated
from thermodynamic data of Holland and Powell (1998).
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Nalez omfacitu tak definitivne potvrdil nazor o vyskyte
eklogitov v Zapadnych Karpatoch, hoci sa ich doteraz
podarilo identifikovat iba v severnom veporiku. Tieto
horniny so zachovanou eklogitovou paragenézou je
vhodné klasifikovat ako eklogity resp. retrogradne eklogity.
Ak sa omfacit v metabazitoch s granatom a klinopyroxénom
doteraz neidentifikoval, ale maju charakteristické prejavy
retrogradnej premeny eklogitu, mozno ich oznacit
ako granaticko-klinopyroxenické metabazity resp.
posteklogitové amfibolity.

Zaver

Vo veporickej Casti Nizkych Tatier sa v zapado-
karpatskom krystaliniku v Grt + Cpx metabazitoch zistil
novy metamorfny mineral — omfacit. Tento mineral ma
variabilné chemické zloZenie a jasné znaky dekompresnej
reekvilibracie v podmienkach amfibolitovej/granulitovej
facie. Primarny omfacit (Cpx I) ma najvyssi podiel
jadeitu (~40 mol.%), Cpx Il (20-30 mol.% jadeitu)
a predstavuje omfacit pociato¢ného Stadia dekompresie
este v podmienkach eklogitovej metamorfézy. Pokracdujlca
dekompresia viedla k vzniku domén v Cpx I, ktoré tvori na
jadeit menej bohaty Cpx Il (5—19 mol.% jadeitu). Poslednu
fazu dekompresnej rekrysStalizacie omfacitu predstavuju
symplektity diopsidu (<5 mol.% jadeitu), plagioklasu
a amfibolu v Cpx Il a v matrixe metabazitov. Cpx Il je
Casto (najméa v matrixe) Uplne zatla¢any amfibolom. Vyskyt
omfacitu v Grt + Cpx metabazitoch dokazuje existenciu
eklogitovej facie metamorfézy v severnom veporiku.
Omfacit spolu s granatom, fengitom, kremefiom, zoisitom
a rutilom predstavuju paragenézu eklogitovej facie
metamorfézy a su dbkazom toho, ze Studované Grt + Cpx
metabazity severného veporika boli pévodne eklogitmi.

Pracu finan¢ne podporila Agentura na podporu vedy a techniky
prostrednictvom APVV-0571-06, APVV-51-046105 a grant VEGA
2/6092/26 a VEGA 1/4035/07.
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Omphacite — metamorphic index mineral of the eclogite facies in the
crystalline basement of the Western Carpathians

The eclogite facies was first defined by Eskola (1921)
to be indicative for high pressure metamorphic conditions.
The term eclogite as a petrographic rock name is restricted
to rocks of broadly basaltic composition which lack primary
plagioclase and have a predominant assemblage of jadeite-
-bearing clinopyroxene (omphacite) and garnet (e.g. Carswel
1990). Quartz (coesite), kyanite, orthopyroxene and rutile
are the most common other anhydrous minerals in eclogites.
The status of hydrous silicates such as glaucophanitic,
barroisitic or pargasitic amphibole, phengite, paragonite,
phlogopite, talc, zoisite and clinozoisite is more debatable.

High-pressure, true eclogite facies rocks have
previously been unknown in the Western Carpathians
(WC). The first relics of the high grade metamorphic rocks
(Grt + Cpx metabasites = amphibolized eclogites) in the
Western Carpathians have been found by Hovorka and
Méres (1989). However, microtextures indicating former
eclogite facies stage have been observed in the amphibolite
facies metabasites in several places of the pre-Mesozoic
basement of the Central Western Carpathians, mainly in the
core mountains of the Tatric and Veporic units e.g. Tribe€
Mts. (Hovorka and Méres, 1990), Mala Fatra Mts. (Hovorka
et al., 1992; Janak and Lupték, 1997; Janak et al., 1997),
Western Tatra Mts. (Hovorka and Méres, 1993; Janak et al.,
1996, 1997), Low Tatra Mts. (Hovorka and Méres, 1993;
Janék et al., 1996) and Branisko Mts. (Méres et al., 2000;
Faryad et al., 2005). The same type of rocks has been found
also in the Gemeric Unit (near Dobsina town; Ilvan, 1994).

Inthe Grt+ Cpx metabasites of the WC the high-pressure
stage is indicated by characteristic textures (symplectites,
kelyphites and coronas) due to a breakdown of primary
omphacite (Figs. 2, 3 and 4). Moreover, in the Western
Tatra Mts., high-density nitrogen inclusions similar to those
observed in well documented eclogitic terrains have been
identified (Janak et al., 1996; Hurai et al., 2000). Although
textural evidence for breakdown of eclogite facies minerals
in the garnet and clinopyroxene-bearing metabasites is
rather compelling, Korikovsky and Hovorka (2001) proposed
an alternative model for the origin of these rocks. Based on
observations from the Mala Fatra metabasites, Korikovsky
and Hovorka (2001) suggested that these garnet and
clinopyroxene-bearing rocks reached only the amphibolite
facies conditions, never passing through the eclogite facies
stability field. Finally, Janak et al. (2003) found omphacite in
metabasites of the Veporic unit.

Metabasites with relics of eclogites occur in the northern
parts of the Veporic unit (Fig. 1). These rocks represent part
of the basement termed the Hron complex (Klinec, 1966),
leptyno-amphibolite complex (Hovorka et al., 1992b, 1994,
1997) or layered metaigneous complex (Puti$ et al., 1997).
The relics of eclogites have been found in the outcrops in the
Koleso and Krivula valleys north of Helpa (Fig. 1). Eclogites
occur mostly as lenses and boudins within amphibolites;
the best-preserved forming the cores of such lenses.

Mineral assemblage of the eclogite facies stage is om-
phacite, garnet, phengite, rutile, zoisite and quartz. Several
types of clinopyroxene based on chemical composition and
microtextures can be distinguished. Primary clinopyroxene
(Cpx 1) —omphacite occurs as inclusions in garnet, but larger
omphacite of several tens of microns can also be observed
also in matrix (Fig. 3). The composition of omphacite varies
between individual samples but also within grains (Figs.
4, 5 and 6, Tab. 1). Several types of clinopyroxene can be
distinguished. Primary omphacite (Cpx ) with the highest
jadeite content (~40 mol.%) occurs only as inclusions in
the garnet (Fig. 3). Omphacite (Cpx Il) with lower jadeite
content (20—30 mol.%) forms larger (100 um) grains in the
garnet and matrix. Clinopyroxene with low jadeite content
(<19 mol.%) occurs as domains (Cpx lll) in the omphacite
(Fig. 4). The lowest in jadeite content (<5 mol.%)
clinopyroxene (Cpx Ill) forms symplectites with plagioclase,
amphibole and quartz. Decrease in jadeite content within the
above distinguished clinopyroxenes is related to breakdown
of primary omphacite (Figs. 2, 3 and 4). This occurred due
to decompression from the eclogite facies conditions and
recrystallization at amphibolite to granulite facies conditions
(Fig. 7). Minerals related to the post-eclogite, retrograde
stage are the amphiboles (pargasite, hornblende, actinolite),
plagioclase, epidote, biotite, iimenite, sphene, chlorite and
carbonates. If amphibole inclusions in garnet really belong
to the peak-pressure assemblage is equivocal but the
majority of amphibole forming the symplectites, kelyphites
and matrix post-dates the peak pressure conditions.

Peak metamorphic conditions can be calculated
from geothermobarometry on the eclogite facies mineral
assemblage garnet + omphacite + phengite. Janak et al.
(2007) have estimated the P-T conditions of ~2.5 GPa and
700 °C, using the garnet-clinopyroxene geothermometer of
Ravna (2000) and the garnet-omphacite-phengite-quartz
geobarometer calibrated by Ravna and Terry (2004). These
P-T conditions correspond to subduction of the Veporic
eclogites in depth of ~80 km. P-T conditions of the retrograde
stage have been estimated in several garnet-clinopyroxene
metabasites, from the composition of secondary Cpx, forming
symplectites (Hovorka et al., 1992a; Janak et al., 1996, 1997;
Janak and Luptak, 1997; Faryad et al., 2005; Korikovsky
and Hovorka, 2001). These correspond largely to <1.5 GPa,
in the stability of amphibolite/granulite facies (Fig. 7)

Available data from the host rocks of eclogites in the
Veporic unit support the Variscan age of eclogite facies
metamorphism, their magmatic protoliths could be pre-
-Variscan, most probably Ordovician (Janéak et al., 2002;
PutiS etal., 2001; Gaab et al., 2006b). Discovery of omphacite
has therefore definitely confirmed the existence of eclogite
facies metamorphism in the Western Carpathians. Eclogites
are important members of the lower crustal/upper mantle
suite within the LAC. Further research may lead to finding
of more localities.
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Abstract

Analysis of the chemical composition of heavy minerals such as garnet, amphibole and
tourmaline represents a very efficient tool for determination of the source area of clastic sediments.
In small and geologically simple river basins containing contrast rocks, this method even allows to
quantify to certain degree the share of the individual rock types on the modal composition of clastic
sediments. There are, however, substantial limitations for the applications of this method. The
chemical composition of heavy minerals present in the sediments of small streams is considerably
influenced by the local geological setting of the particular sampling site and it is very often impossible
to determine the exact proportion of the material coming from older sedimentary formations.
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Introduction

The modern methods of sedimentary petrology strive
to determine the provenance of the studied sediments
by the chemical composition of heavy minerals (HMs).
The petrologists compare the chemical composition of
HMs with that of the minerals present in rocks, which are
considered to be a potential source of the sedimentary
material (Copjakové etal.,2005;Lietal.,2005; Sabeenetal.,
2002). Several mineral groups can be used for provenance
studies, but, so far, amphiboles (Mange-Rajetzky and
Oberhansli, 1982), tourmalines (Henry and Guidotti,
1985), and garnets (Morton, 1985) seem to be the best
suitable groups for given applications. The contemporary
methods allow estimating of the origin of detrital material
in the studied samples but some unanswered questions
still remain: Can we identify the redeposition of HMs from
older sediments? Does the spectrum composition of HMs
in the studied sediment really reflect the composition of
the geological base in the source area? How distinctively
react the composition of HMs fraction in the sediments on
the change of geological structure of the stream bed? The
only way to find answers to these questions is to test the
behaviour of heavy minerals in a well-explored catchment
area. We have chosen a small drainage basin of the
Bily potok stream, which is characterized by a relatively
uncomplicated geological structure.
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Methodology

10-liter samples of unsorted alluvial heavy mineral
concentrates were taken on several carefully selected
sites down to a depth of 30 to 40 cm from the stream
bed. The sampled material was washed in water and
sieved on a 2 mm grading screen. The coarse-grained
fraction (>2 mm) was visually estimated (volume
in %) and discarded. The fine fraction (<2 mm) was
carefully rid of mud and clay and cradled until only
a grey heavy mineral concentrate remained. The on-site
documentation included the sample identification, type of
the sampled material, percentual estimate of the coarse
fraction volume and that of the clear fine fraction, the
grade of mechanical anthropogenic contamination and
the sampling date.

The samples were dried in a laboratory and sieved
over a 0.15 mm grading screen. The coarser grains (0.15
to 2 mm) were separated into a ferromagnetic fraction
(FMF, strongly magnetic minerals), a magnetic fraction
(MF, paramagnetic minerals), and a non-magnetic fraction
(NF, diamagnetic and non-magnetic minerals) using
a permanent magnet. Light minerals in the NF were
subsequently removed by a separation in a dense liquid
(bromoform, CHBr3, p = 2.89 g/cm?®) and barite colour tests
were performed. All the obtained fractions were weighed
on a 0.01 g precision balance.
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The basic method of evaluation of heavy mineral
concentrates (0.15—-2 mm fraction) was a semiquantitative
mineralogical analysis. This analysis aimed to determine
all the mineral components present in the concentrate
and to quantify their content in grams per 1 m3 of the
sampled material. Expressing the concentration of a given
mineral and its classification into the appropriate content
class is based on the volume of the analysed fraction,
the quantity of the grains, the size and the shape of the
grains, and the mass of the given component per 1 m3
of the sample. The identification of the minerals and their
quantification are performed using a binocular stereoscopic
microscope. Minerals are determined according to their
colour, transparency, luster, degree of erosion, residua of
crystalline restrictions, secondary alterations, intergrowth
with other minerals, hardness, frangibility, cleavage, type
of fragmentation after mashing or scratching, etc. Scheelite
is identified with an UV lamp. Because the identification
of some minerals is very difficult, only the mineralogical
groups are identified (garnets, tourmalines, pyroxenes,
amphiboles, etc.). Mineralogical analyses of heavy mineral
concentrates were performed by our external co-worker
from the GEOMIN Group, Mrs. D. Fiftova. Mineral analyses
were carried out using the electron microprobe Cameca
SX-100 at the Institute of Geological Sciences, Faculty of
Science, Masaryk University in Brno. The measurement
conditions were following: wave dispersion mode, 15 kV
acceleration voltage, 5 ym diameter of the electron beam,
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30 nA current, integration time 20 seconds, operator R.
Copjakova. K, X-ray lines and standards of augite (Si, Mg),
orthoclase (K), jadeite (Na), chromite (Cr), almandine (Al),
andradite (Fe, Ca), rhodonite (Mn), TiO (Ti) were used. The
crystallochemical formula of tourmalines was calculated
to contain 31 anions (from the stoichiometry followed:
B =3, OH + F = 4), that of staurolites contained 46 O and
that of garnets 12 O. Amphiboles were evaluated according
to the valid classification by Leake et al. (1997) and Fe3*
was calculated using the 13eCNK method (Schumacher,
1996). The used mineral abbreviations are according
to Kretz (1983). Percentual shares of sediment grains
belonging to the areas corresponding to the individual
rock types in the studied locality were determined by
summing up the points in the given areas of the diagram.

Geological and mineralogical characterization
of the source area

The basin of the Bily potok stream comprises three
relevant and lithologically well-defined geological units:
sediments of the Bohemian Cretaceous Basin, the Svratka
Crystalline Complex and the Policka Crystalline Complex
(Fig. 1).

The Svratka Crystalline Complex is represented by
a relatively small area by the NE-edge of the studied
drainage basin (Burianek et al., 2006). This area is formed
by migmatites and mica schists with garnet and staurolite.
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Fig. 1. Distribution of the studied
samples and the range of the source
area. Sketch of geological units
(Burianek et al., 2006 and Cech
et al., 2005). 1 — Svratka Crystalline
Complex, 2 — Policka Crystalline
Complex, 3 — plutonic rocks of the
Policka Crystalline Complex, 4 — sedi-
ments of the Czech Cretaceous
Basin, 5 — main streams, 6 — source
area, 7 — sample, 8 — town or village.
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Tab. 1
Volume of minerals in g/m® from heavy minerals concentrate in the Bily potok stream sediments (localization same as in Fig. 1)

Sample 5 6 10 11 12 13 14
Locality Sadek Kamenec Korouhev Maksicky Borova Policka Korouhev
Y 620794 619066 619501 621223 623377 616108 616588
X 1098925 1101198 1104254 1104697 1096569 1102313 1106755
Cerussite 0 <0.1 0 <0.1 0 0 0.1-1
Barite 0 <0.1 0 0 <01 <0.1 0.1-1
Pyrite 0 5-50 <0.1 0 <0.1 0.1-1 0
Spinel 0 0 0 0 0 0 0.1-1
limenite 0.1-1 100-500 500-1000 500-1000 100-500 100-500 100-500
Rutile + Anatase 0.1-1 1-5 1-5 1-5 0.1-1 1-5 1-5
Limonite 0 0.1-1 0 0 0 0 0
Monazite + Xenotime 0.1-1 0.1-1 0.1-1 0 <0.1 <01 <0.1
Apatite 0 1-5 1-5 0.1-1 0.1-1 0.1-1 1-5
Garnet 100-500 > 1000 > 1000 > 1000 500-1000 500-1000 > 1000
Zircon <0.1 5-50 1-5 1-5 0.1-1 1-5 50-100
Al,SiOg 1-5 5-50 5-50 5-50 1-5 5-50 5-50
Staurolite 0 0 0 0 0 0.1-1 0
Titanite 0 1-5 5-50 5-50 0.1-1 0.1-1 50-100
Epidote 0.1-1 0.1-1 0.1-1 < 0.1 <01 < 0.1 0
Tourmaline 1-5 1-5 0.1-1 0.1-1 0.1-1 0.1-1 0.1-1
Pyroxene 1-5 1-5 1-5 0.1-1 50-100 1-5 1-5
Amphibole 50-100 100-500 500-1000 500-1000 50-100 100-500 5
Glauconite 0 0 0 0 0 1-5 0
Magenetite (wt.%) 0 5 0 1 0 0 80
FMF 0 0.41 0.23 0.06 0 0 0.33
MF 6.5 96.59 1672 72.58 21.01 45.21 316.69
NF 0.17 0.66 1.03 0.42 0.1 0.57 1.55
PF 0.19 0.3 0.58 0.67 0.83 2.84 2.82
KTM 11.96 114.44 193.92 89.1 27.03 93.39 339.39

Explanation: FMF = ferromagnetic fraction, MF = paramagnetic minerals, NF = non-magnetic fraction, PF = undersize fraction, KTM = whole
heavy minerals concentrate
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Tourmaline is typical accessory mineral for this region.
It can be found in migmatites, paragneisses and mica
schists (it even forms small tourmalinite islets inside mica
schists). Tourmaline in the Svratka Crystalline Complex
can have quite a wide range of chemical composition
(Fe/(Fe + Mg) = 0.24-0.96; Al,,; = 6.05—6.77 apfu) and
usually corresponds to schorl-dravite or Al-rich schorl-
-dravite. Garnet is another very abundant mineral, which
occurs mainly in mica schists, accompanied by staurolite,
kyanite and sometimes sillimanite. Garnets from gneisses,
staurolitic mica schists and tourmalinites in the northern part
of the Svratka Crystalline Complex are of similar chemical
composition (AlMy;7.gsSPS1.13PrP4.13Grsy.12Adrg.,). Staurolite
and kyanite are the typical minerals of the northern part of
the crystalline unit. Porphyroblasts of garnets in staurolitic
mica schists very often demonstrate an increasing
Mg/Ca ratio towards the edges (Burianek and Copjakova,
2008). There are two types of staurolites in the Svratka
Crystalline Complex, which have a similar Fe/(Fe + Mg)
ratio (0.79-0.88) but a different content of ZnO. Staurolites
dispersed in mica schists contain 0.29 to 0.96 wt.% ZnO,
whereas staurolites in quartz lentils contain between 3.14
and 3.41 wt.% ZnO. Most of the rocks in the crystalline
unit contains the following accessory minerals: apatite,
monazite, xenotime, zircon, ilmenite and rutile. One of the
common rocks in the area is migmatite, which can locally
contain garnet. The chemical composition of this garnet is
rather variable (Almgs.g5SPS5.03PrP1.10GrSg.12Adrg.4)-

The major part of the studied stream is carved in the
rocks of the Policka Crystalline Complex, which also cover
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most of the source area of the stream (Burianek et al., 2006;
Cech et al., 2005). This crystalline unit contains a number
of rock types but most of them are of a relatively small areal
extent. The most plentiful rocks are biotitic to two-mica
paragneisses of a varied degree of injection migmatitization
with sillimanite, garnet and sometimes tourmaline. Pearl
gneisses, amphibolites, marbles, metaconglomerates,
graphitic quartzites, garnetites and calc-silicate rocks are
less abundant. These rocks emerge solely in a narrow belt
strip along the border with the Svratka Crystalline Complex.
Most of the amphiboles embodied in calc-silicate rocks and
amphibolites can be classified as magnesiohornblendes.
Marbles often contain tremolites. Diopsidic pyroxene
commonly occurs in calc-silicate rocks, marbles and some
amphibolites. Garnets from calc-silicate rocks are rich in
the Grs component. Garnets in gneisses of the Poli¢ka
Crystalline Complex (Almsg.70SpPS1.06PrPs.21Grsg.sAdrg.s)
exhibit rather high average contents of Prp and Sps and
lower contents of Grs in comparison with the garnets in mica
schists and gneisses of the Svratka Crystalline Complex.
Tourmalines in gneisses are similar in composition to those
from the Svratka Crystalline Complex (Fe/(Fe + Mg) =
0.21-0.96; Al,,; = 5.57-6.82 apfu) and they can also be
classified as schorl-dravites to Al-rich schorl-dravites.

The metamorphosed rocks of Policka Crystalline
Complexare intruded by plutonic rocks. Basic and ultrabasic
rocks form numerous bodies of a small areal extent
(tens to hundreds m in diameter), which are dispersed
virtually all over the crystalline complex. Amphiboles in
the ultrabasic rocks correspond to tremolite or, rarely, to

Grs+Adr-{Alm/18)

Fig. 3. Plots Sps — Grs — Prp (A),
2*(Prp + Uv) — Grs + Adr-(Alm/18)
— 6"Sps (B) for garnets and the plot
Fe/(FeO + MgO) — Vac X/(SumX) for
tourmaline (C). a — gneisses from
the Poli¢ka Crystalline Complex,
b — mica schists and gneisses from

¢ the Svratka Crystalline Complex,
IHM] d ¢ — calc-silicate rocks and garnet-
@ e -rich rocks from the Poli¢ka Crystalline

Complex, d — quartz diorite and
granodiorite from the Poli¢ka
Crystalline Complex, e — sediments
from Bila Hora and the Peruc-
-Korycany Formation (sediments
of the Czech Cretaceous Basin).
Chemical composition of garnets
from the source rocks according to
Burianek et al. (2006), Cech et al.
(2005) and Burianek et al. (in prep.).
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magnesiohornblende. Amphibole-pyroxenic to amphibole-
-biotitic gabbros contain mostly magnesiohornblende
with a Mg/(Mg + Fe) ratio ranging from 0.62 to 0.92.
Amphibole-biotitic tonalites to granodiorites (sometimes
containing pyroxene and garnet) are of a large areal
extent in the locality of interest. They contain amphiboles
corresponding to magnesiohornblende, tschermakite or
actinolite and show slightly lower Mg/(Mg + Fe) ratios
than gabbros, i.e. 0.49 to 0.85. Garnets occurring in the
igneous rocks demonstrate somewhat higher contents of
the Grs component than garnets in gneisses and mica
schists (AlMgy_goSPSs.15PrP4.14Grs7.16Adr,.,). There are also
veins and bodies of biotitic to muscovite-biotitic granites,
pegmatites and aplites emerging in the locality. The most
abundant accessory minerals in the Policka Crystalline
Complex are apatite, monazite, xenotime, zircon, ilmenite,
rutile and titanite.

Cretaceous sediments contain HMs coming from the
surrounding crystalline units (Burianek et al., in prep.).
We have studied samples from the Korycany Formation
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and from the Bila Hora Formation, which contain a similar
spectrum of HMs. Amphibole and garnet prevail in all
samples and minerals typical for amphibolite facies
rocks (e.g. staurolite, kyanite and sillimanite) are also
always present. In general, the content of the HM fraction
corresponds well to the expected spectrum of heavy
minerals, which can be derived from the weathered rocks
of the Policka and Svratka crystalline complexes. Both
samples show a similar range of chemical composition
of garnet, tourmaline, staurolite and amphibole. The
occurrence, as well as chemical composition of HMs
in various stratigraphic horizons by the southern edge
of the Vysoké Myto Syncline, is very constant. We
therefore expect the source of the clastic material for
these Cenomanian to Lower/Middle Turonian sediments
to be rather homogeneous and constant in time. The
sedimentary material was transported here from the
distances ranging from a few kilometers to several tens of
kilometers. Cretaceous sediments can thus be identified
only partially in the spectrum of HMs.

Tab. 2
Chemical composition of garnets

Sample 5 5 6 6 10 10 11 1 1 11

SiO, 37.01 38.29 37.26 36.72 37.19 36.30 36.47 38.66 36.46 37.78
TiO, 0.02 0.27 0.02 0.02 0.13 0.01 0.10 0.08 0.03 0.1
AlL,O4 20.50 21.90 21.16 21.10 21.04 20.94 20.51 21.80 20.50 21.25
Cr,03 0.00 0.02 0.06 0.03 0.11 0.01 0.00 0.00 0.00 0.01
Fe, O3 1.13 0.82 0.94 1.03 0.97 0.99 1.28 0.89 1.16 1.05
FeO 25.04 25.91 31.45 32.46 33.01 32.24 28.33 23.96 36.18 26.91
MnO 6.27 0.95 147 2.68 1.10 5.80 2.62 0.54 177 0.53
MgO 1.68 10.07 5.99 4.58 5.79 3.46 0.76 8.66 2.88 4.89
Na,O 0.00 0.00 0.02 0.02 0.00 0.00 0.02 0.00 0.01 0.00
P,Os 0.00 0.02 0.00 0.04 0.04 0.07 0.02 0.02 0.04 0.02
Y03 0.14 0.01 0.00 0.17 0.01 0.00 0.00 0.04 0.00 0.02
CaO 8.26 1.84 1.76 1.57 1.00 0.59 9.91 5.66 1.34 7.92
Total 100.07 100.10 100.12 100.41 100.39 100.40 100.01 100.31 100.37 100.51
Si+ 2.974 2.943 2.952 2.935 2.949 2.932 2.947 2.964 2.954 2.957
P+ 0.000 0.001 0.000 0.003 0.003 0.005 0.001 0.002 0.002 0.001
Ti%* 0.001 0.016 0.001 0.001 0.008 0.000 0.006 0.004 0.002 0.006
T—site 2.976 2.960 2.953 2.939 2.959 2.937 2.954 2.970 2.958 2.965
AlR+ 1.942 1.983 1.976 1.988 1.966 1.993 1.953 1.970 1.958 1.961
Crd+ 0.000 0.001 0.004 0.002 0.007 0.001 0.000 0.000 0.000 0.001
Fes* 0.068 0.048 0.056 0.062 0.058 0.060 0.078 0.052 0.071 0.062
Ti*+ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Y+ 0.006 0.000 0.000 0.007 0.001 0.000 0.000 0.002 0.000 0.001
B-site 2.017 2.032 2.036 2.059 2.032 2.055 2.031 2.023 2.029 2.024
Fe?* 1.683 1.665 2.083 2.170 2.189 2.178 1.914 1.536 2.452 1.761
Mn?2+ 0.427 0.062 0.099 0.182 0.074 0.396 0.179 0.035 0.121 0.035
Mg?+ 0.201 1.153 0.707 0.545 0.684 0.416 0.091 0.990 0.348 0.571
Ca2* 0.711 0.152 0.149 0.134 0.085 0.051 0.858 0.465 0.116 0.665
Na* 0.001 0.000 0.005 0.004 0.001 0.000 0.005 0.000 0.002 0.001
A-site 3.024 3.032 3.044 3.035 3.032 3.041 3.048 3.026 3.039 3.033
Alm 55 54 68 71 71 71 62 50 80 57
Andr 3 2 3 3 2 4 3 4 3
Grs 20 3 2 1 0 0 25 13 0 19
Prp 7 39 24 19 23 14 3 33 12 19
Sps 14 2 3 6 3 14 6 1 4 1
Uv 0 0 0 0 0 0 0 0 0 0
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Results of the study of the heavy-mineral (HM)
fraction

All studied samples have similar contents of the HM
fraction (Tab. 1). The locality of the Bily potok stream was
represented by four samples (two samples from the upper
stream course and two from the lower course). Sediments
of the given catchment area typically contain the following
mineral association: garnets + amphiboles + pyroxenes
+ ilmenite + apatites + tourmalines + Al,SiO5 minerals.
Monazite in low concentrations is also common.

The HM fraction in the sample No. 14 (stream heavy
mineral concentrate from the vicinity of Korouhev) is
interestingly and unusually large — the recalculated mass
of the HM fraction amounts to 339 g of HMs per 1 m? of
the sample, the prevalent fraction being the magnetic
one. In addition to common minerals, it also contains high
concentrations of titanite (class 5) and zircon. Magnetite,
spinel, barite and cerrusite are also present.

Garnet prevails in all samples and its abundance
increases along the flow direction. In the upper course, the
contents range from 100 to 1000 g per 1 m® of sediment,
whereas in the lower course the contents exceed 1000 g/m3
(Tab. 1). Amphibole is the second most abundant mineral
and its contents follow a similar pattern as those of garnet
(i.e. they increase in the direction of the stream flow, see
Fig. 2). Concentrations of amphibole range from 50 to 100
g/m3 in the upper course and from 100 to 1000 g/m? in the
lower course. Contents of another frequent mineral in the
area, ilmenite, grow from 0.1-500 g/m? in the upper course
to 100—1000 g/m? in the lower course. Concentrations of
zircon and TiO, minerals (rutile, anatase) grow in the same
manner, namely from <0.1-1 g/m® to 1-50 g/m?3, and the

contents of Al,SiO5; minerals (kyanite, sillimanite) increase
from 1-5 g/m?3 to 5-50 g/m3. Contrary to all mentioned
minerals, the contents of pyroxene decrease from 1-100
g/m3 in the upper course to 0.1-5 g/m? in the lower course.
Contents of other present minerals, namely of tourmaline
(0.1-5 g/m?3), epidote minerals and phosphates (apatite,
monazite, xenotime), are relatively stable.

Chemical composition of the sediment minerals
from the Bily potok stream

The chemical composition was studied in four samples,
which were taken in different parts of the watercourse so
that the whole source area down to the confluence of the
Bily potok stream with the river Svratka was covered. The
predominant mineral in majority of the samples is garnet
with prevailing Alm component (Fig. 3), accompanied
by higher contents of Prp and Sps components (Alm;g.s4
SpPS5.34Prps.30Grsg.4Adr,.4). Less than 10 % of grains
contain more than 5 % of the Grs component. Only the
sample from the confluence with the Svratka river by
Lacnov contains about 60 % of grains having more than
5 % of the Grs component and a variable content of the
Prp component (Almg.75SpSy.1gPrPo.32Grsg.0gAdrss). The
chemical composition of amphibole is very similar for
all studied samples (Tab. 3). Magnesiohornblendes are
absolutely prevailing (Fig. 4) and amphiboles correspon-
ding to ferrohornblende, ferroactinolite, tschermakite and
ferrotschermakite (Mg/(Mg + Fe) = 0.23-0.94, Si 6.05-7.97
apfu) are very rare (classification according to Leake et al.,
1997). Tourmaline was thoroughly studied only in one
sample, where it corresponded to aluminium-rich schorl-
-dravites (Fe/(Mg + Fe) = 0.52-0.57, Al = 6.40-6.57 apfu,

tremolite  magnesiohornblende tschermakite
yagummaay P "\"\\\\umuummuw”‘
S ~13 e = E =
actinolit = Ll —e—o
— @) Fig. 4. Classification diagram
o \\\W Si — Mg/(Mg + Fe) (Leake et al.,
L_|': ﬁ\ 1997) for the study of amphiboles.
@)} 0.5 a — marbles and ultrabasic rocks
> ' from the Poli¢ka Crystalline Complex,
= . b — gabbros from the Poli¢ka
D ferrohornblende ferrotschermakite Crystalline Complex, ¢ — tonalites
p= . from the Policka Crystalline Complex,
Possible source rocks d — amphibolites ‘and calc-silicate
o a5 rocks from the Policka Crystalline
Complex, e — amphibolites and
ferro- % a IMHM d 06 calc-silicate rocks from the Svratka
tinolit E b I:I e = 10 Crystalline Complex, f — sediments
actinolite N f from Bila Hora and the Peruc-
L] C @ e 11 -Korycany Formation (sediments
0.0 T 1 I of the Czech Cretaceous Basin).
8.0 7.5 7.0 6.5 6.0 55 Chemical composition of amphibole

Si (apfu)

from the source rocks according to
Burianek et al. (2006), Cech et al.
(2005) and Burianek et al. (in prep.).
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Ca =0.08-0.15 apfu; Fig. 3). Such chemical composition is
typical of metapelites (Henry and Guidotti,1985). Only one
grain differed from the others in its chemical composition
(Fe/(Mg + Fe) = 0.46, Al = 5.60 apfu, Ca = 0.40 apfu).

Interpretation of chemical composition of selected
minerals in the HM sediment fraction

Content of most minerals increases along the stream
flow. Based on the comparison of the chemical composition
of minerals from the source rocks with that of minerals from
sediments, we have estimated the occurrence of heavy
minerals from particular rock types in given sediments
(since some of the areas in the classification diagrams
overlap, the estimation is only approximate).

Stream sediments from upper part of Bily potok stream
(mixture of two sources HM from similar crystalline units)

The first sample from the vicinity of the village of Sadek
(sample 5) represents the source area formed from 10 %
by the rocks of the Svratka Crystalline Complex and from
90 % by the rocks of the Policka Crystalline Complex.

The contents of heavy minerals in the sediments of
this part of the stream (samples 5 and 12) can be slightly
variable. Garnet (500-1000 g/m3) and amphibole (50-100
g/m3) prevail in both studied samples.

The chemical analysis of the sample 5 revealed
that circa 70 % of garnets are derived from the Poli¢ka
Crystalline Complex and 20 % from the Svratka Crystalline
Complex. The source of the remaining 10 % could not
be determined. According to the classification diagram
(Fig. 3), the vast majority of garnets come from gneisses
and mica schists. Only one grain could have been derived
from migmatites of the Svratka Crystalline Complex,
several other grains come most probably from migmatites
of the Poli¢ka Crystalline Complex (tonalites and quartz
diorites).

The chemical analysis of amphiboles confirmed that
more than 90 % of the studied grains can be attributed
to the plutonic rocks from the Poli¢ka Crystalline Complex
(20 % of which are corresponding to amphiboles from
gabbros and 80 % to amphiboles from tonalites).

Tourmalines could only be analysed in this sample.
Their chemical composition is very homogeneous and
similar to that of tourmalines from the Policka Crystalline

Tab. 3
Chemical composition of amphiboles

Sample 5 5 6 6 7 8 10 10 1
SiO, 43.99 48.56 54.06 50.38 48.10 43.00 42.23 4415 49.97 48.87
TiO, 0.98 0.61 0.16 0.49 0.62 0.60 0.86 1.31 0.42 0.22
Al,O4 9.80 6.90 3.1 6.18 8.63 15.09 11.91 10.84 7.35 8.65
Cr,03 0.04 0.05 0.21 0.22 0.02 0.05 0.00 0.13 0.03 0.02
FeO 18.00 14.34 6.97 9.77 12.46 11.65 16.32 11.65 723 6.09
Fe,O5 2.51 179 1.08 1.52 1.71 4.58 3.05 1.99 4.06 11.39
MgO 8.21 11.94 18.46 15.43 12.59 9.83 8.34 12.52 15.34 12.08
CaO 11.81 12.08 13.01 12.53 11.99 11.04 12.06 12.44 12.33 9.88
MnO 0.79 0.54 0.18 0.32 0.44 0.39 0.39 0.33 0.28 0.17
Na,O 1.01 0.70 0.29 0.64 0.85 1.25 0.85 1.28 0.60 0.92
KO 1.13 0.55 0.15 0.52 0.53 0.29 1.38 1.19 0.30 0.23
Cl 0.05 0.03 0.01 0.02 0.04 0.05 0.15 0.05 0.05 0.01
H,O* 2.00 2.06 2.14 2.10 2.07 2.06 1.99 2.05 2.12 2.12
Oo0=Cl -0.01 -0.01 0.00 0.00 -0.01 -0.01 -0.03 -0.01 -0.01 0.00
Total 100.28 100.14 99.82 100.12 100.04 99.87 99.48 99.91 100.06 100.64
T: Si** 6.659 7135 7.622 7.232 7.006 6.309 6.421 6.516 7125 6.977
Al 1.341 0.865 0.378 0.768 0.994 1.691 1.579 1.484 0.875 1.023
C: AP+ 0.407 0.330 0.138 0.278 0.488 0.919 0.554 0.401 0.359 0.432
Ti4+ 0.111 0.067 0.016 0.053 0.067 0.066 0.098 0.145 0.045 0.024
Fe3+ 0.285 0.198 0.115 0.164 0.188 0.505 0.349 0.221 0.436 1.224
Cr3+ 0.004 0.006 0.024 0.025 0.003 0.005 0.000 0.015 0.003 0.002
Mg+ 1.853 2.615 3.880 3.302 2.733 2.150 1.890 2.754 3.261 2.571
Fe2+ 2.278 1.762 0.822 1172 1.518 1.354 2.075 1.438 0.862 0.727
Mn2+ 0.061 0.021 0.006 0.005 0.003 0.000 0.033 0.026 0.034 0.020
B: Mg? 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe2+ 0.000 0.000 0.000 0.000 0.000 0.076 0.000 0.000 0.000 0.000
Mn?2* 0.040 0.046 0.016 0.034 0.051 0.048 0.016 0.015 0.000 0.000
Ca?* 1914 1.901 1.965 1.927 1.870 1.736 1.965 1.968 1.884 1.511
Na* 0.046 0.053 0.018 0.039 0.079 0.140 0.019 0.017 0.116 0.254
A: Na* 0.250 0.146 0.059 0.139 0.160 0.214 0.230 0.349 0.050 0.000
K* 0.218 0.103 0.028 0.094 0.099 0.055 0.268 0.223 0.054 0.042
Cr 0.014 0.006 0.003 0.004 0.010 0.013 0.037 0.014 0.013 0.001
Sum 15.482 15.255 15.090 15.237 15.270 15.282 15.536 15.586 15.116 14.808
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Complex, which is, however, overlapping with the field of
tourmalines from mica schists of the Svratka Crystalline
Complex. Nevertheless, the homogeneous composition of
these tourmalines indicates that they most probably come
from the Policka Crystalline Complex. One grain most
probably comes from calc-silicate rocks of the Policka
Crystalline Complex. This sample shows a good overall
consistency with the expected petrographic composition in
the source area.

Stream sediments from left affluent of the Bily potok
— predominantly Jansky potok (Cretaceous sediments
as the main sources of HM)

The second sample was taken from a left affluent of
the Bily potok stream in the vicinity of Kamenec u Poli¢ky
(sample 6). This tributary drains an area formed pre-
dominantly by Cretaceous sediments.

The content of heavy minerals in the sediments of
this affluent (sample 6 and 13) can be highly variable, but
amphibole (100-500 g/m?), garnet (500 — greater than 1000
g/m®) and ilmenite (100-500 g/m3) prevail in both studied
samples. Concentrations of pyroxene and tourmaline are
relatively stable (0.1-5 g/m3).

The relative proportion of individual minerals in stream
sediments which originated by weathering of Cretaceous
rocks is very similar to that of sediments originated by
weathering of the rocks in the crystalline complex. The
sample from the locality Kamenec u Poli¢ky represents
a source area, which is formed from Cretaceous rocks and
from the rocks of the Policka Crystalline Complex. There
are two maxima in the chemical composition of garnet.
The first corresponds to gneisses of the Policka Crystalline
Complex (35 %) and the second to Cretaceous sediments
(60 %). The origin of a small amount of grains (5 %) could
not be determined. 80 % of amphibole grains can be
attributed to gabbros and 15 % to tonalites of the Policka
Crystalline Complex. Again, the origin of 5 % of grains could
not be determined. This is in good agreement with the fact
that one of the affluxes (Jansky potok) drains an area, the
subsoil of which is formed by a large body of gabbros. The
proportion of minerals from the Cretaceous sediments
could not be determined unequivocally because the
chemical composition of Cretaceous amphiboles coincides
to a large extent with that of gabbros and tonalites from the
Poli¢ka Crystalline Complex. The maximum proportion of
this material did not exceed 60 %. We can again observe
quite a good congruence between the occurrence of
a given group of rocks in the source area and the presence
of heavy minerals, which are most probably derived from
these rocks, in the stream sediment.

Stream sediments from Korouhevsky potok stream
(Poli¢ka Crystalline Complex as the main sources of HM)

For the HM-studies, two samples 10 and 14 were taken
in the drainage area of the Korouhevsky potok stream,
which is entirely situated within the Poli¢ka Crystalline
Complex. The compositions of the heavy-mineral

associates are in good agreement with the petrographic
composition of the source area.

There was an unusually high content of magnetite
(80 wt.%) in the sample from the locality of Korouhev
(sample 14). This is very likely related to the presence
of ultrabasic rocks, which are situated near the sampling
site (magnetite is an abundant mineral in these rocks).
This anomaly is no longer present in the second sample
10 from the same drainage area, which indicates that the
local geological anomalies can substantially influence the
spectrum of the present heavy minerals. The prevailing
minerals in the spectrum of HMs in this drainage area
are garnet and amphibole (50 — greater than 1000 g/m?3),
somewhat lower contents of ilmenite and zircon fluctuate
between 1 and 1000 g/m3. Higher contents of amphibole
and ilmenite are accompanied by a decrease in the
content of titanite and zircon. Contents of tourmaline
and pyroxene almost unchanged. These changes are
probably related to a higher sediment input from gabbros
and tonalites and a lower input from amphibolites and
gneisses.

The interpretation of the chemical composition of the
sample 10 from the drainage area of the Korouhevsky
potok stream is not so unambiguous. Only 40 % of
garnets correspond to the garnets from gneisses of the
Policka Crystalline Complex. The rest of the grains could
either not be attributed to any source or they correspond
to garnets from Cretaceous sediments (around 50 %),
however, there are no Cretaceous sediments in the
drainage area of this stream. This peculiarity could
perhaps be explained by a presence of residues
remaining after the weathering of Cretaceous sediments,
which could have been preserved in the bowls on the
crystalline bedrock. Neither can we exclude a possible
redeposition of the material from old stream sediments.
Nevertheless, there is not enough evidence for any of
these two theories for the time being.

The chemical composition of amphiboles in sediments
nicely reflects the geological situation in the drainage area.
Most of the grains have a composition corresponding to
that of amphiboles from gabbros of the Poli¢ka Crystalline
Complex; some grains could have come from ultrabasic
rocks, amphibolites and calc-silicate rocks of the same
crystalline unit.

Stream sediments from locality near the confluence
of the Bily potok stream and the Svratka river
(mixture of various sources of HV)

The fourth sample was taken near the confluence of
the Bily potok stream and the Svratka river at the village
of Lagnov, situated on the border of the Svratka and the
Policka Crystalline Complex.

The studied HMs could have come from all three
aforementioned source areas. The proportion of rocks from
the Svratka Crystalline Complex is negligible and it can
thus be stated that about 30 % of the drainage area is
formed by Cretaceous sediments and about 70 % by the
Policka Crystalline Complex.
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A closer look at the chemical composition of garnet
reveals that there is no direct proportionality between
the occurrence of the rocks in the drainage area and
the presence of accessory minerals of these rocks in
the studied sediment. Unlike the previous samples, this
sample contained no material typical for the gneisses of
the Policka Crystalline Complex. Most of the grains do not
correspond to any of the reference groups (high contents of
Grs component). Part of these grains could have come from
the Cretaceous sediments. The rest could be derived from
various types of calc-silicate rocks, garnetites (Burianek and
Otava, 2007) and quartz diorites of the Policka Crystalline
Complex, which have not yet been studied sufficiently.
Similar rocks are plentiful only in a narrow belt along the
border to the Svratka Crystalline Complex. If this is really
the case, the sediments of the Bily potok stream would
preferentially reflect the local geological changes. The Bily
potok stream carves into similar rocks exactly in the section
between Laénov and Sadek. The composition of amphiboles
is close to that of amphiboles from the basic rocks of the
Policka Crystalline Complex.

Discussion

Supposing the relatively simple geological structure
of the rock base, we can determine the extent of the
source area based on the chemical composition of HMs.
To a certain degree, we can even quantify the volume of
the individual rock types, from which the sediments were
derived. This is, however, only a rough estimate, which
depends on many factors (modal proportion of the studied
mineral in the individual source rocks, the intensity and the
type of weathering processes, etc.).

If the drainage area gets larger and the geological
structure of the rock base gets more complex, the deter-
mination of the source rocks becomes also much more
complicated. The main problem is usually posed by a high
overlap of the chemical composition of minerals coming
from different geological units. Another complicating factor
can be the presence of rocks with a high content of one of the
studied HMs, which are of a small areal extent (e.g. garnetites;
Burianek and Otava, 2007). Such garnets can occur locally
in high concentrations, even though there is no correspon-
ding mother rock described in the source area (because it
forms only a minuscule body, which can easily be overlooked).

Conclusions

The studied drainage area is formed mainly by volcano-
-sedimentary rock complex metamorphosed under amphi-
bolite facies and basic to acidic plutonic rocks. Considering
the geochemical and mineralogical situation, the studied
area includes a variety of rock types, which participate on
the formation of clasts of sedimentary rocks. Owing to the
similar degree of metamorphism of both main units (the
Svratka and the Poli¢ka Crystalline Complex), the chemical
composition of rock forming minerals from these units overlap
in the classification diagrams. There are, nonetheless, rocks
containing minerals with a chemical composition specific for

only one of the units. Some grains do not correspond to any
of the reference groups and could have come from the rests
of the older sediments (e.g. Cretaceous sediments).

In the case of small drainage areas with a simple
geological structure, the chemical composition of garnet
reflects very well the relative proportion of rock types in the
given area. For example we are able well define contribution
from metasediments, plutonic rocks and calc-silicate rocks. If
the drainage area gets bigger and/or if it contains a number
of similar geological units, the determination of the source
becomes highly problematic. There are often minerals in the
HM spectrum, the composition of which does not correspond
to any rock type known in the source area. The main reason
is probably in the fact that there are often small relicts of older
weathered rocks and sediments on the crystalline bedrock
(e.g. river terraces), that can contain exotic material.

Another reason can be the presence of small rock
bodies, which have not yet been discovered in the area,
but which contain high amounts of the studied HM (e.g.
garnetites). We very often cannot determine the exact
proportion of the material from older sedimentary forma-
tions. This is also given by the fact that the source area of the
older sediments was similar to that of the studied sediments.

The chemical composition of HMs in the studied
locality reveals a substantial impact of the local geological
structure. The change of geological structure influences the
composition of garnet already within a few first kilometers of
the stream. The combination of chemical analyses of garnet,
amphibole and tourmaline proved to be a very efficient tool
for the determination of the source areas of clastic sediments.
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Grafitizacia uhlikatych latok pri metamorféze
zapadokarpatskych hornin
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Graphitization of carbon matter during metamorphism of Western Carpathians rocks

The crystallinity of graphite indicates the metamorphic grade in the wide range of tempera-
tures with the advantage that successive lower-temperature metamorphic processes did not
change already obtained crystal structure of graphite. It allows determining of the highest
temperature of graphite crystallization also in the case with polymetamorphic phase relations.

The temperatures of graphite crystallization were investigated and compared with known
petrological data in the case of high temperature graphitic quartzite from the crystalline
basement of Veporicum (localities Muran and Kokava nad Rimavicou-Hrabina; Veporské
vrchy Mts.), the medium-temperature (upper part of greenschists facies to amphibolite facies)
cataclased micaschist to paragneiss from the crystalline basement of Tatricum (Cavoj-Gapel and
Brezno-Kozlovo, Nizke Tatry Mts.) and low-temperature (greenschists facies) graphitic phyllite
from localities Pezinok-Sirkova and Trojarova (Tatricum; Malé Karpaty Mts.), as well as locality
Rudnany-Zlatnik (Gemericum, the Spi§-Gemer Ore Mts.).

The research based on X-ray diffraction analysis observed structural parameters and
crystallinity of graphite, being determined by the measured ratio coefficient of intensities of the
crystal planes in X-ray diffraction record d = 0.1158 nm to d = 0.1232 nm. This method was
well complemented by finding of their thermic stability using DTA-TGA and loss by ignition at

temperatures characteristic for metamorphic grades.

Key words: graphite, metamorphic grade, X-ray diffraction analysis, DTA-TGA

Uvod

Castou sudéastou sedimentov je organickd substancia.
Pri metamorfnych procesoch citlivejSie reaguje na zmeny
teploty nez iné anorganické mineraly, a preto je dobrym
indikatorom zmeny teplotnych podmienok metamorfézy.

Pri progradnej metamorféze sa s rastom teploty
aromatizuje organicka hmota pri su¢asnej strate prchavych
zloziek. Z pévodnej amorfnej hmoty (fazy) vznikaju krystality
a spociatku ich tvoria subparalelne usporiadané planarne
Struktury. Velkost krysStalitov s rastlucou teplotou rastie
a zaroven sa znizuje vzdialenost medzi nimi. Subparaléine
plochy sa stavaju bazalnou rovinou 002 grafitu s medzi-
rovinnou vzdialenostou d = 0,335 nm. ZniZovanie medzi-
rovinnej vzdialenosti (d) a rast krystalitov (L) sa da vyuzit
pri uréovani rozhrania medzi sedimentmi a metamorfitmi,
a hlavne na indikaciu teploty metamorfnej rekrystalizacie.
Podmienkou pouzitia grafitu ako indikatora teploty
metamorfézy je teda primarna pritomnost uhlika v hornine.

Lokalizacia vzoriek a vysledky skorsej termometrie

Stupen krystalizacie grafitu sme skumali na vzorkach
vysokoteplotne, strednoteplotne a nizkoteplotne
metamorfnych hornin, t. j. hornin amfibolitovej facie a facie
zelenych bridlic. Ziskanu maximalnu teplotu krystalizacie

113

grafitu sme v pripade jednotlivych vzoriek porovnavali
s publikovanymi termometrickymi udajmi z regidénov
a litotektonickych jednotiek, z ktorych vzorky pochadzali.
Vysokoteplotnd metamorfézu reprezentovali vzorky
grafitickych kvarcitov odobrané z lokality Muran (MT)
a Kokava nad Rimavicou—Hrabina (KR; obr. 1). Vzorka
z katastralneho Uuzemia Murana (MT) sa odobrala 5 km
na JZ od obce v okoli kéty 978 m a z lokality Kokava nad
Rimavicou—Hrabina (KR) v priestore Hrabiny 2,5 km na SZ
od Kokavy nad Rimavicou nedaleko magnezitového lozis-
ka. Vzorky boli z kontaktu variskych hybridnych granitoidov
a migmatitov s horninami spodnopaleozoického komplexu
biotiticko-granatickych rul veporika. Teplotnu charakteristiku
metamorfézy kohutskej zény veporika, z ktorej pochadzali
vzorky, ktoré sme skumali, uz skor skumal Vrana (1964,
1980), Méres a Hovorka (1991), Kovacik (1993, 1996), Kori-
kovskij et al. (1989) a Vozarova (1990). Prehlad teplotnych
charakteristik viacstadialneho metamorfného procesu
v skimanej oblasti prehladne podava aj monografia Krista
et al. (1992) a sumarizuje ich Bezak (in Petro, 1998)
— 650-700 °C pri hercynskom vyvoji s vysokostupfiovymi
podmienkami (lokdlna migmatitizacia) a maximalne 400 °C
pri alpinskom procese (tektonizacia, mylonitové zoény).
Vznikom magnetitovo-grafitovej mineralizacie pri Kokave
nad Rimavicou sa novsie zaoberal Radvanec (2000; 400—
600 °C) a diskutoval o iom Kovacik (2000) a Dyda (2000).
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Strednoteplotni (mezozonalnu) metamorfézu repre-
zentuju vzorky z lokality Cavoj-Gapel (VCS) a Brezno-
-Kozlovo (BK; tatrikum; obr. 1). Vzorka z Cavoja-Gapla bola
z vrtu VCS—1 a reprezentuje kataklazovany svor az pararulu.
Vzorka z Brezna-Kozlova bola odobrana z Kozlova 250 m na
SV od Zelezni¢nej trate Rohozna — Bujakovo v kamenolome.
Reprezentuje mylonitizovany kvarciticky svor kontaktne
postihnuty intrdziou biotickych granodioritov az granitov
a hybridnych granitoidov az migmatitov. Skorsi vyskum
izotopického zlozenia grafitov (Molak et al., 1989) indikoval
ich organicky pévod a to, ze horniny neprekrocili stredny
stupen metamorfdézy (l. c.). Paragenéza metamorfovanych
mineralov biotit + plagioklas + muskovit indikovala pomerne
Siroky teplotny rozsah metamorfného procesu (Klinec et al. in
Biely et al., 1997). Na zéklade zachovania sedimentarnych
textur, nizkej bazicity plagioklasov (oligoklas) a stupna krys-
talinity organickej hmoty autori (1. c.) predpokladaju najvyssi
stupefl premeny na rozhrani biotitovej zény facie zelenych
bridlic a spodnej ¢asti amfibolitove] facie (450-550 °C).

Nizkoteplotnu (epizonalnu) metamorfézu z tatrika
zastupuju vzorky odobrané z Malych Karpat — zo Stélne
Sirkova a Trojarova z oblasti Pezinka (C a PVC), ako aj
z gemerika z lokality Rudnany-Zlatnik (ZL; obr. 1). Vzorky
reprezentuju grafitické fylity.

Vzorky z Malych Karpat su z tzv. produktivnych (mine-
ralizovanych) zén a reprezentuju spodnu €ast vulkanicko-
-sedimentarnej formacie B v ramci perneckej sekvencie
(Puti$ et al., 2004). Pri skorSom termoanalytickom Studiu
¢iernych bridlic tychto produktivnych zén (Andra$ a Horvath,
1985) sa za pomoci DTA zistilo, ze je pre ne typicky inten-
zivny exotermicky vrchol uhlikatej hmoty pri teplote 540—
560 °C. Geotermometricka analyza fazovych vztahov tychto
kry$talickych bridlic viacerych autorov potvrdila teplotny
rozsah metamorfnych reakcii 350-600 °C (Cambel et al.,
1990). Podla Kleinartovej (1975), ktora Studovala organicku
hmotu bridlic kryStalinika Malych Karpat, iSlo o uholnu
substanciu blizku antracitu (95 %) s primesou bitimenov
(4-5 %) a huminov (0—1 %).
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Lokalizacia grafitickej bridlice z lokality Rudnany-Zlatnik
je Jama Zlatnik — 10. horizont, smerna chodba, podlozie
kalcitovej zily. Kalcitova zila sa vyvinula v tektonickom
kontakte v nadlozi €iernych bridlic a v podlozi rulovo-
-amfibolitového komplexu. Metamorféza paleozoickych
hornin gemerika sa vSeobecne povazuje za nizku, nepre-
kracujucu 400-460 °C (Faryad, 1991). Rulovo-amfibolitovy
komplex sa intenzivne petrologicky skumal v poslednych
dvoch dekadach 20. storoCia (DianiSka a Grecula, 1979;
Hovorka a SpiSiak, 1981; SpiSiak a Hovorka, 1985; Faryad,
1986). V poslednom obdobi sa zistilo, Ze metamorféza
v amfibolitovej facii v rudnianskom rudnom rajéne, v ktorom
je aj kalcitova zila, miestami viedla az k lokalnemu taveniu
so vznikom biotitového granitu (Radvanec, 1994).

Metodika vyskumu

Vzorky boli podrvené v ¢elustovom drvi¢i a potom
pomleté vo valcovom mlyne na frakciu pod 0,020 mm. Grafit
sa separoval postupnym chemickym rozpustanim mine-
ralov horniny. Pre koincidenciu reflexu d = 0,335 nm grafitu
a kremena bolo nevyhnutné dokonale odstranit kremen
ako bezny mineral horniny. MenSie mnozstvo akcesoric-
kych a €asto zastupenych mineralov pyritu, rutilu, zirkénu,
turmalinu a pod. neznizovalo pouzitelnost metodiky.

Chemicku separéaciu grafitu tvoria nasledujuce
operacie:

— odstranenie karbonatov v zriedenej HCI (1 : 2)
zohriatej na 80 °C poc¢as 60 minut

— odstranenie silikatov a kremena v zmesi 6M kyseliny
chlorovodikovej a koncentrovanej kyseliny fluorovodikovej
(1 : 8) pri laboratdrnej teplote

— odstranenie sekundarnych fluoridov 6M kyselinou
chlorovodikovou alebo 0,1 M chloridom hlinitym pocas
Siestich hodin

Medzi jednotlivymi postupmi bolo niekolkonasobné
premyvanie destilovanou vodou teplou 70 °C. Ziskany
vysokokvalitny koncentrat grafitu sa skumal rtg. difrakénou

Brezno
Kozlovo -
_ —— |BK =760 °c] | Cavoj-Gaper
Pezinok-Sirkova vEs =720°C Muran
C1=570°C °
. MT1 = 860 °C
C2 =570-660 °C MT2 =870 °C

Pezinok-Trojarova
PVC = 500-660 °C

Rudrniany-Zlatnik
ZL1=570°C
ZL2 = 530-640 °C

Obr. 1. Lokalizacia skimanych vzoriek s vy-

Kokava nad Rimavicou
Hrabina
KR1=855°C
KR2 = 860 °C

jadrenim maximalnej zistenej teploty krystalizacie
grafitu.

Fig. 1. Sampling sites with maximum registered
temperatures of graphite crystallization.
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Obr. 2. Celkovy pohlad na monokrystaly grafitu. Lokalita Muran,
vzorka MT-1. Transmisny elektronovy mikroskop.

Fig. 2. General view on graphite monocrystals. Locality Muran,
sample MT-1. TEM.

a termickou analyzou (DTA-VTA). Rtg. difrakéna analyza
vyuziva zmenu usporiadania grafitovej Struktury. Landis
(1971), Grew (1974) aBluman et al. (1974) pouzivali hodnoty
medzirovinnej Strukturnej vzdialenosti doz) = 0,335-0,336
nm na zistovanie teploty rekrystalizacie organickej hmoty
a na zaradenie skimanych hornin do metamorfnych facii.
Na moznost vyuzivat hexagonalnu modifikaciu ako termo-
meter upozornil Sengelia etal. (1977), ktori experimentalne
rontgenograficky aj termograficky preStudovali spravanie
prirodného grafitu z metamorfnych hornin v teplothom
intervale 300—850 °C a konstatovali, Ze sa zvySovanim
teploty zakonite zmen$uje mriezkovy parameter ,c* grafitu
vrozsahuod0,6742do 0,6684 nm.Bluman etal.(1974) zistili,
ze v polymetamorfovanych horninach aj po nasledujucej
retrogradnej metamorféze zostava Strukturny stav grafitu
nadobudnuty pri progradnej metamorféze. Zasadnym bolo
zistenie Landisa (1971), ze stupen grafitizacie uhlikatych
latok zavisi iba od teploty metamorfézy a ze tlak ma iba
podradnu ulohu. Podobne Bluman et al. (1974) potvrdili, ze
tlak 200—600 MPa nema vplyv na Struktdrnu zmenu grafitu.
Metodiku uréovania zakladnych Strukturnych vlastnosti
grafitu opisala Volkova (1990) a vyuzila nasledujuce
parametre: dg, — medzirovinna Strukturna vzdialenost,
velkost krystalitov v smere osi ¢ (L,) a osi a (L), P — podiel
chaoticky orientovanych vrstiev v krystalitoch, M — stredna
hodnota grafitu v kryStalitoch. Ta ista autorka (1. c.) vyclenila
tri typy uhlikatej hmoty:

— prvy, s dggs = 0,3354-0,3376 nm, P = 0-0,5, M > 100,
je grafit

— druhy, s dgy, = 0,3376-0,344 nm, P = 0,5-1,0, M =
15-30, je uhlikata latka s priznakmi pociatocnej grafitizacie

— treti, s dgop = 0,344 nm, P = 1, M = 5-10, je uholna
hmota

Vyskumom nasich vzoriek sme zistili, ze stupen
grafitizacie zodpoveda pomeru intenzit uvedenych reflexov
dyp = 0,1158 k dyig = 0,1232 nm. l415/1419 reprezentuje
stupen grafitizacie a zaroven pravdepodobne aj teplotny
stupen metamorfozy. Termicka analyza (DTA-VTA)
dobre dopifia vysledky rtg. difrakénych analyz indikaciou
stupfia a teploty grafitizacie uhlikatej hmoty. Tato metdda
sa da dobre pouzit pri koexistencii dvoch krystalickych
modifikacii prejavujucich sa bimodalitou kriviek DTA-

Obr. 3. Detail morfolégie krystalu grafitu. Lokalita Muran, vzorka
MT-1. Transmisny elektronovy mikroskop.

Fig. 3. Detail of the graphite crystal morphology. Locality Muran,
sample MT-1. TEM.

VTA. DTA-VTA metdda je vyhodna pre faciu albitovo-
-epidotickych amfibolitov, pri ktorej sa indikuje hranica
zmeny kryptokrystalického grafitu na krystalicky. Rtg.
difrakénou analyzou sa identifikuje iba vySSia krystalicka
forma grafitu, t. j. grafit s vy$Sou krystalinitou.

Mineralogicka charakteristika vzoriek grafitu

Separaciou sme ziskali koncentraty grafitu s Cistotou
97-99 %. Koncentraty sa podrobili rtg. difrakénej a ter-
mickej analyze (DTA-VTA), ako aj pozorovaniu v transmis-
nom elektrénovom mikroskope. Dopinkovou metédou bolo
zihanie grafitu do 500, 500-700 a 700—1000 °C v peci.

Grafit vysokoteplotného stupria metamorfézy (lok. Muran
a Kokava nad Rimavicou-Hrabina) ma monokrystalicky
idiomorfny tvar (obr. 2 a 3). Monokrystaly su velké 0,02-0,63
mm, priemerne 0,09-0,13 mm. Rtg. difrakénou analyzou gra-
fitu sme zistili kryStalovu Struktdru blizku dokonalej teoretickej.
Rtg. difraktogramy maju maximalne mnozstvo jestvujucich
reflexov podla rtg. Standardu JCPDS'74. Zakladny reflex dgg,
=0,3354 nm je ostry a symetricky a intenzita dalSieho reflexu
d = 0,168 nm | = 47. Velkost zakladnych parametrov krystalitov
je L, =35,5-36,0 nm a L, = 12,2—14,7 nm (v zmysle Volkovej,
1990). Stupen trojrozmerného usporiadania zodpovedajuci
stupnu grafitizacie je 1,54-1,66. Vzorky teda obsahovali
vysokokrystalicky grafit (tab. 1). Termicka analyza grafitu (DTA)
sa vyznacCovala exotermou s pociatkom pri 615, vrcholom
pri 860-870 a ukon&enim exotermického vrcholu pri 970 °C
(tab. 2). Laboratérnym sledovanim klasickej straty zihanim
grafitu do 500 °C bola pomerna strata hmotnosti 0 %, pri
500-700 °C 33-41 % a pri 700—1000 °C 59-67 % (tab. 3).

Grafit strednoteplotného stupna metamorfozy (lokalita
Cavoj-Gapel a Brezno-Kozlovo) ma monokrystaly hypidio-
morfného az xenomorfného tvaru. Monokrystaly su hrubSie,
tvoria skor subor Supinatych agregatov (obr. 4), velké 0,009—
0,020 mm, priemerne okolo 0,01 mm. Rtg. difrakénou analy-
zou sa zistila kryStalova Struktura grafitu s hlavnym reflexom
doe2 = 0,336 nm. Intenzita dalSieho ostrého a symetrického
reflexu d = 0,168 nm bola | = 5-15, ¢o indikovalo dobru
kry$talinitu grafitu. Velkost zakladnych parametrov krystalitov
L. je 34,0-36,3 nm, L, 8,5-11,8 nm a stuperi trojrozmerného
usporiadania priblizne 1,05. Vzorka Brezno-Kozlovo (BK)
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Tab. 1
Zakladné Strukturne parametre grafitu stanovené rtg. difrakénou analyzou
Principal structural parameters of graphite determined by X-ray diffraction analysis

Stupen metamorfézy Oznag. vzorky Zakladné Strukturne parametre — Principal structural parameters
Metamorph. grade Sample design.  dgoz) (NM) l004) L (nm) L, (nm) L12y/l110)
vysokoteplotny MT 0,3354 53 36 12,2 1,66
high-temperature KR 0,3354 47 35,5 14,7 1,54
strednoteplotny BK 0,336 15 36,3 8,5 1,57
medium-temperature VCS 0,336 10 34 11,8 1,05
nizkoteplotny C 0,34 0 0 0 0
low-temperature ZL 0,34 0 0 0 0

Tab. 2

Termicka stabilita grafitu stanovena pomocou DTA-VTA (derivatograf)
Thermic stability of graphite determined by DTA-TGA (derivatograph)

Stupen metamor.  Ozna¢. vzorky Exotermic. reakcia grafitu — Graphite exothermic react. (°C) Strata hmot. — Ignition loss
Zagiatok Maximum1 Maximumz2 Ukonéenie
Metamorph. grade Sample design. exotermickej exotermickej exotermickej exotermickej
reakcie reakcie reakcie reakcie (%)
vysokoteplotny MTA 615 - 860 970 78
high-temperature MT2 625 - 870 970 99
KR1 615 - 855 970 90
KR2 620 - 860 970 99
strednoteplotny BK 570 - 760 970 90
medium-temper. VCS 510 - 720 860 97
nizkoteplotny C1 430 570 - 610 55
low-temperature Cc2 470 570 660 750 73
ZL1 430 570 - 680 87
ZL2 470 530 640 730 87
Tab. 3

Termicka stabilita grafitu stanovena stratou zihanim grafitu (s vydrzou 1 hod.)
Thermic stability of graphite determined using the loss by ignition (1 hour duration)

Stupen metamorfézy Oznag. vzorky Pomerové vyhorievanie grafitu — Ratio of graphite ignition (v %)
Metamorphic grade Sample designation <500 °C 500-700 °C 700-1000 °C
vysokoteplotny MTA - 33 67
high-temperature MT2 - 40 60
KR1 - 37 63
KR2 - 41 59
strednoteplotny VCst 9 86 5
medium-temperature VCS2 17 83 -
VCS3 11 84 5
nizkoteplotny C1 30 70 -
low-temperature Cc2 40 60 -
PVC1 27 73 -
PVC2 38 62 -
ZL1 33 67 -

Z12 43 57 -
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Obr. 4. Detail monokrystalov grafitu. Lokalita Cavoj-Gapel, vzorka
VCS. Transmisny elektrénovy mikroskop.

Fig. 4. Detail of graphite monocrystals. Locality Cavoj-Géapel,
sample VCS. TEM.

ma stupen usporiadania 1,57 (tab. 1). Termicka analyza
grafitu (DTA-VTA) sa vyznacuje exotermou s pociatkom pri
505-510, vrcholom pri 720 a ukon&enim exotermickej analyzy
pri 860 °C. Vzorka BK ma& pociatok exotermickej reakcie
pri 570, vrchol pri 760 a koniec pri 970 °C. Pri vzorkach BK
a VCS (Brezno-Kozlovo a Cavoj-Gapel) je poéiatok a vrchol
exotermickej reakcie velmi blizky. Znac¢ne je posunuty koniec
exotermickej reakcie na 970 °C, ¢o pravdepodobne poukazuje
na nasledujuci nalozeny vysokoteplotny metamorfny proces
(tab. 2). Sledovanim klasickej straty zihanim grafitu do 500 °C
je pomerova strata hmotnosti 9-17 %, pri 500-700 °C 83—
86 % a pri 700-1000 °C 5 % (tab. 3).

Krystaly grafitu nizkoteplotného stupria metamorfozy
(vzorka C1 a C2 z Malych Karpat a ZL1 a ZL2 zo SpiSsko-
-gemerského rudohoria) maju submikroskopické rozmery. Gra-
fitvystupuje prevazne ako agregat mikrokrystalitov velkych pod
0,003 mm. Rtg. difrakéna analyza grafitu: reflex dyg, = 0,34 nm
je Sirsi, difuzny a ma relativne niz8iu intenzitu. Ostatné reflexy
sa nezaznamenali. Chyba aj reflex dy;o a dq,. Poukazuje to
na neusporiadany charakter grafitu. Stupen trojrozmerného
usporiadania (grafitizacie) je 0 (tab. 1). Termicka analyza
grafitu sa vyznacduje exotermickou reakciou so zaciatkom pri
430-470, vrcholom pri 560-640 a ukon&enim pri 710-730 °C
(tab. 2). Sledovanim klasickej straty zihanim grafitu do 500 °C
je pomerova strata zihanim 27-40 %, pri 500-700 60-73 %
a pri 700—1000 °C 0 % (tab. 3).V tomto nizkoteplotnom stupni
metamorfézy sa bezne vyskytuju dva vrcholy exotermickej
reakcie, a to pri 520-570 a 640-680 °C. Bimodalita vrcholov
exotermickych reakcii poukazuje na teplotny interval, pri
ktorom nastava pociatocna premena kryptokryStalického
grafitu na nizkokrystalicky. Strednokrystalicky grafit ma vrchol
exotermy pri 720 a vysokokrystalicky pri 860 °C.

Zaver

Zakladnou metddou uréovania stupna kryStalizacie
grafitu bola rtg. difrakéné analyza zalozena na uréovani
stupnia trojrozmerného usporiadania Struktury grafitu, t. j.
stupna krystalinity. Vyuzivala sa aj schopnost grafitového
termometra menit mriezkovy parameter ,c“ v zavislosti od
dosiahnutej teploty. Dal$ou pouzitou metédou bola termicka
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Obr. 5. Vztah stupria krystalinity grafitu a vrcholu exotermicke;
reakcie (plna ciara). Ciarkovana c¢iara indikuje zaciatok
a bodkociarkovana ukon&enie exotermickej reakcie.

Fig. 5. Determination of graphite crystallinity and the peak values of
exothermic reaction (solid line). Dashed line indicates the beginning
and dash-and-dot line the termination of exothermic reaction.

analyza (DTA-VTA) grafitu, ktora dopifiala vysledky rtg.
difrakénej analyzy pri koexistencii dvoch krystalickych
modifikacii grafitu. Rtg. difrakéna analyza zaznamenava len
vysSiu kryStalicku modifikaciu. Pri ur€ovani stupria premeny
uhlikatej hmoty v systéme sediment — anchimetamorféza
— nizkoteplotna metamorféza je DTA-VTA podstatnou
metddou, kde je rtg. difrakéna analyza nepouzitelna. Preto
pri rieSeni sledovanej problematiky odporu¢ame pouzivat
kombinaciu tychto metdd.

Na moznost vyuzivat grafit ako grafitovy termometer
na zaklade zmeny mriezkového parametra ,c“ v zavislosti
od teploty vzniku poukazal Sengelia et al. (1977, 1978).
Podrobnym &tidiom grafitu v ramci tlohy SGUDS Grafity
Slovenska sme zistili aj dalSie osobitosti v Struktire
grafitu, a to pomerovej intenzity reflexu d = 0,1232 nm
a d = 0,1158 nm a kontrolovali sa aj zmenou termickej
stability grafitu a neusporiadanej uhlikatej hmoty (DTA).

Vyhodou metodiky, ktoru sme pouzili, je, ze retrogradny
metamorfny proces nasledujuci po progradnej vetve
metamorfnej rekrystalizacie uz nemeni nadobudnutu
krystalicku formu grafitu z progradnej vetvy, a preto touto
metodikou mozno zistit najvyssiu teplotu, ktoru grafit pocas
metamorfnej drahy prekonal. Tuto kons$tataciu potvrdili
vysledky rtg. a DTA analyz v pripade vSetkych vzoriek,
ktoré sme skumali.

Korelaciou ziskanych vysledkov so skor definovanymi
teplotnymi stupfiami regionalnej (orogénnej) metamorfozy
sme predlozili metodiku na ur€ovanie stupna krystalinity
grafitu stanovenej rtg. difrakénou a DTA analyzou (obr.
5). Vysokoteplotné metamorfity maju stupen krystalinity
grafitu od 0,90 do 1,66—1,70 a strednoteplotné 0,0X-0,90.
Epizonalne metamorfované horniny uz neobsahuju grafit,
ale uhlikatu hmotu maximalne v pociatoénom S§tadiu
rekrystalizacie na grafit.

Vysledky vyskumu grafitu pouzitou metodikou indikuju
pri vysokoteplotnych metamorfovanych horninach veporika
z lokality Muran (MT1 a MT2; obr. 1) a Kokava nad
Rimavicou-Hrabina (KR1 a KR2) pociatok krystalizacie
grafitu pri 615-625 °C s teplotnym vrcholom pri 855—
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870 °C. Tato metodika indikovala vy$Siu vrcholovu teplotu
vzniku grafitu, ako bola doteraz znama teplota variske;j
metamorfézy v kohutskej zone veporika (650-700 °C).

Pri strednoteplotnych (mezozonalne) metamorfovanych
horninéch tatrika z lokality Cavoj-Géapel (VCS) a Brezno-
-Kozlovo (BK) je pociato€na teplota krystalizacie grafitu 510—
570 °C s teplotnym vrcholom 720-760 °C. Takéto teplotné
parametre, dokladajuce teplotu metamorfozy vyse 700 °C,
sa inymi geotermobarometrickymi metédami nezistili.

Grafitické bridlice z produktivnej zény Malych Karpat
odobraté zo §t6Ine Sirkova pri Pezinku (C1 a C2) potvrdili
pociatok progradneho termického procesu pri 430-470
a dosiahnutie najvyssich hodn6t pri 570-660 °C. Pri dalSich
vzorkach zo $télne Pezinok-Trojarova (PVC1 a PVC2) sa
pomocou straty zihanim zistila teplota 500—700 °C. Ziskané
udaje Ciastocne prekracuju teplotu zistenu pri skorSom
termoanalytickom vyskume Ciernych bridlic (540-560 °C).

Vzorky zo severogemerickej zony (SpiSsko-gemerské
rudohorie; Rudnany-Zlatnik, ZL1 a ZL2) maju pociatocnu
teplotu krystalizacie grafitu 430—-470 °C a vrchol premeny
pri 530-640 °C. Aj toto zistenie indikuje vySSiu termalitu
variskej metamorfézy v gemeriku.

Podakovanie. Za mnohé podnetné navrhy na skvalitnenie rukopisu
dakujeme oponentom prof. RNDr. Marianovi PutiSovi, DrSc., doc.
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Graphitization of carbon matter during metamorphism
of Western Carpathian rocks

The organic substance is a common constituent of
sediments. Its sensitivity on temperature changes allows
to indicate well the temperature conditions of prograde
metamorphism.

The graphite crystallinity was studied on samples of
high-, medium- and low-temperature metamorphic rocks,
i.e. amphibolite and greenschists facies rocks. The found
maximum temperatures of graphite crystallization were
compared with published thermometric data from host
regions and lithotectonic units.

The high-temperature metamorphism was represented
by samples of graphitic quartzites from localities Muran
(MT) and Kokava nad Rimavicou-Hrabina (KR, tectonic
unit Veporicum; Fig. 1). The sample from Muran (MT) was
taken 5 km to SW from the village Muran near the altitude
point 978 m. Sample from locality Kokava nad Rimavicou—
Hrabina (KR) was taken in the Hrabina area 2.5 km to NW
from Kokava nad Rimavicou near the magnesite deposit.
Samples come from the contact of Variscan hybridic
granitoids and migmatites with Lower Paleozoic biotite-
garnet gneisses of Veporicum.

Medium temperature (mesozone) metamorphism was
represented by samples from localities Cavoj-Gapel (VCS)
and Brezno-Kozlovo (BK, Tatricum; Fig. 1). Sample from
Cavoj-Gapel (VCS) of cataclased micaschist to paragneiss
was taken from the drill VCS-1 at Cavoj-Gapel. The sample
from locality Brezno-Kozlovo was taken from the Kozlovo
cadastral part, 250 m to NE from the railway Rohozna—
Bujakovo in the quarry. It represents the mylonitized
quartzitic micaschist with contact metamorphic overprint
by intrusion of biotite granodiorites to granites and hybridic
granitoids to migmatites.

Low temperature (epizone) metamorphism in
Tatricum is represented by the samples from productive
(mineralized) zones of the Malé Karpaty Mts. — adits
Sirkova and Trojarova in the Pezinok area (C and PVC), as
well as Gemericum from the Rudnany-Zlatnik area, Zlatnik
shaft, 10th mining level (ZI; Fig. 1). These low temperature
samples are represented by graphitic phyllites.

Methodology

After crushing and milling of samples on fraction
beneath 0.020 mm, the graphite was separated by
successive chemical dissolution of rock-forming minerals.
Because the harmful coincidence of the reflexd = 0.335 nm
of both — graphite and quartz, the total quartz removal was
inevitable. The small amount of accessoric pyrite, rutile,
zircon, tourmaline, etc., does not lower the applicability of
used methodology. Chemical separation of graphite was
done by following technique:

— removal of carbonates in diluted HCI (1 : 2) heated on
80 °C during 60 minutes,

— removal of silicates and quartz in mixture of 6M HCI
and concentrated HF (1 : 3) at laboratory temperature,

— removal of secondary fluorides by 6M HCI or 0.1 M
aluminium chloride during 6 hours.

Particular steps of removal were separated by multiple
rinsing by distilled water at 70 °C. Obtained high-quality
graphite concentrate was investigated by X-ray diffraction
and thermic analyses (DTA-TGA). X-ray analysis used
the change of graphite structure arrangement. Landis
(1971), Grew (1974) and Bluman et al. (1974) used the
values of intercrystalline distance dyg,) = 0.335-0.336 nm
for revealing of organic matter crystallization temperature
and classification of investigated rocks into metamorphic
facies. The possibility to use hexagonal modification as
thermometer was suggested by Sengelia et al. (1977), based
on their experiments at temperature range 300—850 °C. They
observed the lowering of the graphite lattice parameter “c”
from 0.6742 to 0.6684 nm by the increase of temperature.
Bluman et al. (1974) found that in polymetamorphic
processes the retrograde metamorphism does not change
the structural state of graphite obtained during prograde path.
Landis (1971) confirmed that the degree of graphitization
of carbon matter relates on metamorphic temperature, but
pressure has only minor role. Bluman et al. (1974) proved
that pressure in the range 200-600 MPa has no influence
on structural change of graphite. The methodology for
determining of principal structural parameters of graphite
was described by Volkova (1990).

Our research showed that the degree of graphitization
corresponds to ratio of reflex intensities d, = 0.158
to dyjp = 0.1232 nm. lyy,/l149 represents the degree of
graphitization and simultaneously the temperature level of
metamorphic recrystallization. The thermic analysis (DTA-
TGA) supplements well the results of X-ray diffraction
analyses by indication of the degree and temperature
of graphitization of the carbon matter. This method can
be used in the case of coexistence of two crystalline
modifications manifested by the bimodality of DTA-TGA
curves. The DTA-TGA method is appropriate for rocks of
albite-epidote amphibolite metamorphic facies, indicating
the boundary of the change from cryptocrystalline graphite
to crystalline one.

Mineralogical characterization of graphite samples

Studied graphite concentrates of purity 97-99 % were
studied by X-ray and thermic analyses (DTA-TGA), as well
as by microprobe. The graphite ignition at 500, 500-700
and 700-1000 °C represented a complementary method.

The high-grade metamorphic graphite (localities Muran
and Kokava nad Rimavicou-Hrabina) has monocrystalline
idiomorphic shape (Figs. 2 and 3). The monocrystals
dimensions are 0.02-0.03 mm, in average 0.09-0.13 nm.
X-ray diffraction analysis revealed crystal structure close
to theoretical one. X-ray diffraction records have numerous
reflexes in accordance with the standard JCPDS 74. The
basic reflex dgg, = 0.3354 nm is sharp and symmetric.
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Intensity of further reflex d = 0.168 nm is | = 47. The
parameters of crystallites are L, = 35.5-36.0 nm and L,
= 12.2-14.7 nm (sensu Volkova, 1990). The degree of
three-dimensional arrangement, corresponding to degree
of graphitization is 1.54-1.66. Samples contained graphite
with high crystallinity. Thermic analysis of graphite (DTA)
manifested exotherm with the beginning at 615 °C, peak at
860-870 °C and termination of exothermic peak at 970 °C
(Tab. 2). The laboratory testing of loss by ignition of graphite
to 500 °C has demonstrated the weight loss 0 %, at 500—
700 °C 33—-41 % and at 700—-1000 °C 59-67 % (Tab. 3).

The graphite of the medium metamorphic grade (locali-
ties Cavoj-Gapel and Brezno-Kozlovo) has monocrystals
of hypidiomorphic to xenomorphic shape. Monocrystals
are coarser and form the scale-like aggregates (Fig. 4).
They are large 0.009—0.020 mm, in average 0.01 mm. The
X-ray diffraction analysis found crystal structure of graphite
with the main reflex dyg, = 0.336 nm. Intensity of next sharp
and symmetric reflex d = 0.168 nm was | = 5-15, indicating
good graphite crystallinity. Dimensions of basic parameters
of crystallites are Lc = 34.0-36.3 nm, La = 8.5-11.8 nm and
degree of three-dimensional arrangement is approximately
1.05. The sample Brezno-Kozlovo (BK) has the degree
of order 1.57 (Tab. 1). Thermic analysis of graphite (DTA-
TGA) demonstrates exotherm with beginning at 505—
510 °C, peak at 720 °C and termination of exothermic
analysis at 860 °C. Sample BK has the beginning of
the exothermic reaction at 570 °C, peak at 760 °C and
termination at 970 °C. In the case of samples BK and VCS
(Brezno-Kozlovo and Cavoj-Gépel) the beginning and
peak of exothermic reaction are very close. The end of
exothermic reaction at 970 °C is markedly offset, probable
indicating subsequent high-temperature metamorphic
process (Tab. 2). The loss by ignition of graphite to 500 °C
is related to weight loss 9-17 %, at 500-700 °C 83—-86 %
and at 700-100 °C 5 % (Tab. 3).

Graphite crystals of low-temperature metamorphism
(samples C1 and C2 from the Malé Karpaty Mts. as well
as ZL1 and ZL2 from the Spi8-Gemer Ore Mts.) have
submicroscopic dimensions. Graphite occurs prevailingly
in the form of aggregate of microcrystallites with
dimensions beneath 0.003 mm. X-ray diffraction analysis
of graphite: reflex dyy, = 0.34 nm is wider, with diffusion
and has relatively lower intensity. Further reflexes were
not registered. The reflexes dy;, and dy;, are missing. It
demonstrates the disordered character of graphite. The
degree of three-dimensional arrangement (graphitization)
is 0 (Tab. 1). Thermic analysis of graphite manifests
exothermic reaction with the beginning at 430-470 °C,
peak at 560-640 °C and termination at 710-730 °C (Tab.
2).The loss by ignition to 500 °C caused the ratio loss 27—
40 %, at 500-700 °C 60-73 % and at 700—1000 °C 0 %
(Tab. 3). Two peaks of exothermic reaction usually occur at
this low-temperature metamorphic grade — at 520-570 °C
and 640-680 °C. The bimodality of peaks of exothermic
reactions shows the temperature interval with starting
replacement of cryptocrystalline graphite to low-crystalline
one. The medium-crystalline graphite has the exothermic
peak at 720 °C and the high-crystalline at 860 °C.

Conclusion

The crystallinity of graphite was studied by X-ray
diffraction analysis. The determination of three-dimensional
arrangement of graphite structure used the ability of
graphite thermometer to change the lattice parameter “c”
in relation to reached temperature. Further used method
was the DTA-TGA analysis of graphite complementing
the results of X-ray diffraction analysis in the case of
existence of two crystalline modifications of graphite. The
X-ray diffraction analysis recorded only higher crystalline
modification of graphite.

The detail study of graphite in the frame of project
Graphites in Slovakia has used the peculiarities of
graphite structure, namely the ratio intensity of reflex d =
0.1232 nm and d = 0.1158 nm, which was checked also by
the change of thermic stability of graphite and disordered
carbon matter (DTA).

The advantage of methodology is based on elimination
of the influence of retrograde metamorphic process
and the change of the crystalline form of graphite from
prograde metamorphic path. So the highest temperature
of graphite crystallization can be determined. This fact was
confirmed by the results of X-ray and DTA analyses in the
case of all investigated samples. The high-temperature
metamorphites reach the degree of graphite crystallinity
from 0.90 up to 1.66—-1.70 and medium-temperature ones
the degree 0.0X—0.90. Epizonal metamorphites do not
contain graphite, only carbon matter in the beginning
phase of crystallization to graphite.

The results of graphite crystallinity studies by
described methodology indicate the beginning of graphite
crystallization at 615-625 °C with temperature peak 855—
870 °C in the case of high-temperature Veporic meta-
morphites from localities Muran (MT1 and MT2) and Kokava
nad Rimavicou-Hrabina (KR1 and KR2). Used methodology
indicated higher temperature of graphite origin, than known
earlier about the peak of Hercynian metamorphism in the
Kohut zone of Veporicum (650-700 °C).

In the case of medium-temperature (mesozonal)
metamorphites from Tatricum in localities Cavoj-Gapel and
Brezno-Kozlovo (BK) the beginning temperature of graphite
crystallization is 510-570 °C with the temperature peak
720-760 °C. These temperature were not found previously.

Graphitic schists from the productive zone of the
Malé Karpaty Mts., taken from adit Sirkova at town
Pezinok (C1 and C2) confirmed the beginning of prograde
thermic process at 430—470 °C and reaching of highest
temperatures at 570—660 °C. In the case of further samples
from the adit Pezinok-Trojarova (PVC1 and PVC2), the
temperatures 500-700 °C were revealed by the loss by
ignition. Our results partially overreach temperatures found
during the earlier thermoanalytical investigation of black
schists (540-560 °C).

Samples from North-Gemeric zone (the Spis-Gemer Ore
Mts.; Rudniany-Zlatnik, ZL1 and ZL2; Fig. 1) have manifested
the beginning of graphite crystallization at 430-470 °C and
its peak at 530-640 °C. These results indicate the higher
thermality of Variscan metamorphism in Gemericum.
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Rozsiahle alpinske nasuny v severnom veporiku
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Large overthrusts in the Northern Veporicum (Western Carpathians)

Complexes of Mesozoic rocks in the position of tectonic windows beneath crystalline
complexes were proven by field investigations. Thus, the large overthrust tectonics in the
Northern Veporicum was revealed. New possibilities on interpretation of genesis of superficial
Alpine nappes mainly in the Fatricum have been opened.

Key words: overthrusts, tectonic windows, Northern Veporicum, Western Carpathians

Uvod

Severné veporikum patri medzi zapadokarpatské
uzemia vyznacujuce sa velmi komplikovanou tektonickou
stavbou, a preto oddavna puta zaujem geolégov. Severné
veporikum ako paleoalpinska korova tektonicka jednotka 1.
radu sa sklada z hercynskeho krystalinického fundamentu
a jeho mladopaleozoicko-mezozoického obalu a celé je
nasunuté pozdiz dertovickej tektonickej z6ny na spodnejsiu
kérovu tektonicku jednotku — tatrikum.

NajkompletnejSim predstavitelom mezozoického obalu
severného veporika je séria Velkého boka na severnych
svahoch Kralovoholskych Tatier. Je oddavna zname,
ze litostratigrafické a facialne podobné série vystupuju
v sustave pripovrchovych prikrovov fatrika nasunutych na
tatrikum. To viedlo geoldgov k logickému zaveru (napr.
Biely a Fusan, 1967) o ich pévodnom umiestneni na
fundamente, ktory je pohlteny v skratenom priestore medzi
tatrikom a veporikom na Certovickej tektonickej zdne.
VrasovopreSmykova a Supinova stavba vnutri severného
veporika, ktora pri tomto skrateni vznikla, bola znama
uz od prac Zoubka (1936, 1954), Bieleho (1961), Krista
a Siegla (1971) a i. V novSom obdobi sa touto problema-
tikou zaoberal PlaSienka (1983), ktory navyse vyclenil
niekolko $tadii alpinskych tektonickych deformacii.

Komplikovanost Struktur skratenia priestoru vidno
najmarkantnejsie vo forme digitacii resp. Supin v Celnej
Casti kérovej jednotky severného veporika (Zoubek,
1954). Neskér sa tomuto priestoru venoval Biely (1982)
a prvy predpokladal rozsiahle nasuny aj vnutri severného
veporika a alochtonitu série Velkého boka spolu s jeho
bezprostrednym podlozim. Ale rukolapné ddkazy stale
chybali.

Pokym ide o vyvoj nahladov na stavbu kryStalinika
veporika, starsi autori (Zoubek, 1936; Kubiny, 1959;
Kamenicky, 1977) celkom logicky chapali jeho stavbu
ako polytektonicki a polymetamorfnd s vyraznym
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uplatnenim diaftorézy. VZzilo sa aj ¢lenenie veporika na SV
orientované zony s urcitou odliSnostou v zlozeni (Zoubek,
1956). Miernu komplikaciu v nazerani na hercynske
krystalinikum spdsobilo objavenie spodnopaleozoickych
palynomorf, ktorych vyskyt aj vo vysokometamorfovanom
krystaliniku nie je dodnes uspokojivo vysvetleny. Po
zisteni superpozicie odliSnych krystalinickych komplexov
sa objavili nazory o rozsiahlych nasunoch krystalinickych
komplexov (Klinec, 1966). Tieto predstavy dalej rozvijal
Putis (1989) a v krystaliniku veporika vyclenil pomerne
Siroku Skalu prikrovov. Problémom zostavalo, &i ide
oalpinske, hercynske alebo o zmieSané tektonické jednotky,
a chybali aj dokazy o rozsahu nasunov. Novovyclenené
tektonické jednotky sa Casto dostavali aj do protireCenia
s alpinskymi Strukturami zistenymi analyzou mezozoickych
komplexov, €o sa odrazilo aj v poslednej mape Nizkych
Tatier v mierke 1 : 50 000 (Biely et al., 1992).

Jasne sa ukazalo, Ze cesta k deSifrovaniu alpinskych
tektonickych jednotiek nevedie cez krysStalinikum. V krysta-
liniku je zrejmé, ze sa zachovali aj hercynske Struktury
(prvy na to upozornil Siegl, 1982) a je tiez jasné, ze
muselo mat svoju tektonicku stavbu (ako sa ju pokusil
rekon$truovat napr. Bezak, 1994) analogicku so stavbou
hercynskych masivov nedotknutych alpinskou tektonikou.
Ale obrovsku komplikovanost Struktur spdsobili az nalo-
zené neskorohercynske, vrchnopaleozoické, a hlavne
alpinske tektonické procesy. Ak sa teda ma pokrocit
v poznavani alpinskej stavby, treba obratit pozornost
na vyskum pozicie mezozoickych komplexov vo vztahu
k fundamentu. A to je ciel tejto prace.

Vysledky terénnych prac

Z uz uvedenych dévodov sme terénne reambulacéné
prace zamerali na niektoré vyskyty obalového mezozoika
vnutri severného veporika. Vybrali sme tri oblasti na juznej
aj severnej strane Kralovoholskych Tatier a tiez juzne od
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Obr. 1. Geologicka mapa oblasti v okoli tektonického okna na S od Bacucha a Polomky. 1 — tatrikum vcelku, 2 — ortoruly a pararuly,
3 — amfibolity, 4 — dolomity (stredny trias), 5 — kvarcity (spodny trias), 6 — fylonity, 7 — porfyroidy, 8 — mylonitizované granitoidy,
9 — diaftorizované pararuly, 10 — diaftorizované amfibolity, 11 — tektonické linie — nasunové linie prvého radu, nasunové linie druhého radu,
pre$myky, neSpecifikované zlomy, 12 — foliacie.

Fig. 1. Map around tectonic windows north of Bacuch and Polomka. 1 — Tatricum undivided, 2 — orthogneisses and paragneisses,
3 — amphibolites, 4 — dolomites (Middle Triassic), 5 — quartzites (Lower Triassic), 6 — phyllonites, 7 — porphyroids, 8 — mylonitic granitoids,
9 — diaphtoritic paragneisses, 10 — diaphtoritic amphibolites, 11 — tectonic lines: overthrust lines of first order, overthrust lines of second
order, reverse faults, faults unspecified, 12 — foliations.
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Obr. 2. Rez ku geologickej mape na obr. 1. Vysvetlivky ako pri obr. 1.
Fig. 2. Section of the map in Fig. 1. For captions see Fig. 1.
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Obr. 3. Situacia v oblasti na S od sedla Priehyba.
1 — hronikum, 2 — séria Velkého boka vcelku,
3 — kvarcity, 4 — tonality, 5 — amfibolity, 6 — diaftorizo-
vané pararuly. Tektonické linie ako na obr. 1.
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Fig. 3. Tectonic setting north of the Priehyba sattle.
1 — Hronicum, 2 — Velky bok Series, 3 — quartzites,
4 — tonalites, 5 — amphibolites, 6 — diaphtoritic
paragneisses. Tectonic lines are the same as in Fig. 1.

Hrona. Prvou oblastou, ktora putala pozornost, bol vyskyt
spodnotriasovych kvarcitov uprostred krystalinika v doline
Lava Raztoka, &o je jedna z vetiev Zdiarskej doliny na S od
Polomky, juhovychodne od znamej Struktiry mezozoika
v oblasti Sokolovej doliny na S od Bactcha. Struktira
mezozoika v oblasti Sokolovej doliny je znama (napr.
Plasienka, 1983). Obalové mezozoikum (strednotriasové
dolomity a spodnotriasové kvarcity) tam lezi v obratenom
vrstvovom slede uprostred fylonitickych hornin s polohami
porfyroidov. Terénnymi pracami sme potvrdili tuto poziciu
a to, ze na severnej strane Strukturu utina poklesovy zlom,

Obr. 4. Situacia pri Valaskej. 1 —dolomity, 2 — kvarcity,
3 — neclenené krystalinikum. Tektonické linie ako na
obr. 1.

Fig. 4. Tectonic setting near Valaska. 1 — dolomites,
2 — quartzites, 3 — crystalline complexes undivided.
Tectonic lines are the same as in Fig. 1.
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a teda nepokracuje kontinuitne sv. smerom do pruhu
kvarcitov. NavySe sme spresnili Struktdrnu poziciu dvoch
mensich vyskytov mezozoika blizko tohto zlomu na Z od
Struktury Sokolovej doliny. Ide o malé synformy zlozené
nielen z dolomitov (ako to bolo na mape Nizkych Tatier),
ale aj z kvarcitov. Tieto horniny su zaklinené do krystalinika
pri zlome, ktory mal pévodne transpresny charakter, ako
to mozno vidiet aj v inych Usekoch analogickej tektonickej
zony.

Hlavnu pozornost sme v8ak sustredili na reambulaciu
uzemia Lavej Raztoky s vyskytom spodnotriasovych
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o
648
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kvarcitov. Tie boli na poslednej mape Nizkych Tatier
(Biely et al., 1992) zobrazené vo forme tektonického
bloku ohrani¢eného zlomami a zaklesnutého do okolitého
krystalinika. Vysledok naSej terénnej reambulacie je
opacny — spodnotriasové kvarcity vystupuju spod
okolitych hornin krystalinika vo forme tektonického okna
(obr. 1). Kvarcity lezia naspodku doliny zo vSetkych stran
obklopené horninami krystalinika (prevazne fylonitické
horniny s polohami porfyroidov). V odkryvoch mozno vidiet
subhorizontalne ulozenie pripadne mierny sklon na S a J.
Tektonické okno je na J ukonéené zlomom.

Potvrdené pozicie kvarcitov v tektonickom okne
daleko (minimalne 3—6 km) od ¢ela veporika dokazuju
rozsiahle nasuny cCiastkovych tektonickych jednotiek
v ramci veporika. Kvarcity sa na S v zavere doliny ponaraju
pod krystalinikum, ktoré lezi na obalovom mezozoiku
Sokolovej doliny, a preto si myslime, Zze ide o jeden
a ten isty mezozoicky komplex. Jednoznacne to vyplyva aj
z rezu tymto uzemim (obr. 2).

Druhou oblastou, ktord sme terénnym vyskumom
preverili, bol maly vyskyt kvarcitov na S od hrebena
Kralovoholskych Tatier v Drie¢nej doline v zavere doliny
Ipoltica na S od sedla Priehyba. Tieto kvarcity boli v mape
Nizkych Tatier (Biely et al., 1992) pre zmenu nakreslené
v pozicii kolmatujucej hercynsku tektonicku liniu medzi
dvoma komplexmi krys$talinika. Terénny vyskum ukazal,
ze kvarcity lezia v subhorizontalnej pozicii v doline pod
krystalinikom, ktoré zastupuju najma tonality a amfibolity
(obr. 3). Zjavne aj tu ide o tektonické okno, i ked situacia je
komplikovanejSia ako v predchadzajucej oblasti a v buduc-
nosti bude treba dorieSit najma vztah k sérii Velkého boka.

Tretou oblastou bol vyskyt kvarcitov v Struktire na
V od Valaskej juzne od Hrona v malom udoli Do potoka
medzi koétou Lipova a Bukovina. Tieto kvarcity susedia
so strmym pruhom mezozoika sv. smeru, ktory sa taha
od Struktdry Chvatimecha po mytfiansky zlom. Kvarcity
v tejto oblasti nahle zabiehaju na J a na geologickej

Obr. 5. Odkryv spodnotriasovych kremencov v tektonickom okne
na dne doliny Lava Raztoka. Foto M. OlSavsky.

Fig. 5. Outcrop of the Lower Triassic quartzites in the tectonic
window at the bottom of Lava Raztoka valley. Photo M. OlSavsky.

mape Klinca (1988) ich ohrani¢uju poklesové zlomy.
Okonturovanie ich pozicie v udoli pod krystalinikom,
ktoré tvoria prevazne diaftority a amfibolity, a merania
ich vrstvovych ploch ukazali ich poziciu pod okolitym
krystalinikom vo forme tektonického polookna (obr.4).Na S
toto polookno utinaju strmé transpresné zlomy s vyskytom
dalSich Supin mezozoika, ktoré tvoria hlavne dolomity, ale
v sv. a jv. pokraCovani aj kvarcity.

Interpretacia a diskusia

Viaceri autori v minulosti (Zoubek, 1954; Biely, 1982)
okrem rozsiahleho skratenia priestoru medzi tatrikom
a veporikom na certovickej zone predpokladali aj
intenzivne skracovanie vnutri veporika. Ale vaésinou
boli dolozené len lokdlne vrasovopreSmykové a nasu-
nové Struktury bez moznosti uréit velkost skratenia
priestoru. Az zistenie tektonickych okien mezozoika pod
kryStalinikom uvedené v tejto praci zrejme otvori moznosti
na reinterpretaciu stavby veporika v podobe viacerych
Ciastkovych tektonickych jednotiek oddelenych zvyskami
obalového mezozoika. Takuto interpretaciu ponukame
na profile (obr. 2). A kedZe dokazatelna velkost presunu
v mape je 3—6 km, mozno s urcitostou predpokladat
aj vacsiu vzdialenost (na profile mozno interpretovat
minimalne 15-20 km), &ize v tomto pripade uz ide
o Ciastkové prikrovové jednotky v rdmci veporika.

V ramci tohto profilu je interpretovany bazalny nasun na
tatrikum a roz¢lenenie severného verporika v tejto oblasti
na tri Giastkové jednotky. NajspodnejSiu v priamom nadlozi
tatrika buduje hlavne vySSiemetamorfované krystalinikum
(ortoruly, pararuly, amfibolity) s¢asti diaftorizované, ktoré
z obalovych jednotiek nesie len zvySky kvarcitov najma
v sv. Casti priebehu nasunovej linie strednej jednotky.
VysSie ¢leny obalu su zrejme odlepené do prikrovov fatrika.

Strednu Supinu tvoria najma fylonitické horniny lokalne
so septami diaftorizovanych pararul a pravdepodobne

Obr. 6. Hreben Babinej v Nizkych Tatrach — pohlad od JZ.V pozadi
Krivan. Foto M. Olsavsky.

Fig. 6. Babina ridge in the Low Tatra Mts. — view from SW. Krivan
peak is on the horizon. Photo M. Ol8avsky.
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s permskymi loznymi polohami porfyroidov a deformova-
nymi granitmi. Jej obal je zastupeny mezozoikom Sokolovej
doliny, pokracuje dalej na J a vynara sa spod vrchnej Supiny
v tektonickom okne v doline Lava Raztoka.

Rozsiahlu Supinu krystalinika v nadlozi mezozoika
Sokolovej doliny a Lavej Raztoky tvoria najma fylonitické
horniny s polohami porfyroidov, ale v juznej ¢asti smerom
na udolie Hrona aj diaftoritické biotitické pararuly. Supina
pokraCuje na S pravdepodobne do vrchnej digitacie
Zadnej hole (v zmysle Zoubka, 1954). Tu Supinu buduju
najmé amfibolity a tonality, ale aj polohy porfyroidov a ako
svoj obal nesie so sebou sériu Velkého boka, ktord sa na
severnych svahoch Kréalovoholskych Tatier ponara pod
hronikum.

Zaver

Terénnym vyskumom sa v troch samostatnych
oblastiach vnutri severného veporika potvrdila pozicia
spodnotriasovych obalovych kvarcitov v tektonickych
oknach resp. v polokne pod krystalinikom. Toto zistenie
ukazuje, ze Uzemie severného veporika minimalne od
doliny Hrona po ¢€ertovicku liniu predstavuje mimoriadne
komprimovanu zénu s vyskytom ciastkovych tektonickych
jednotiek — prikrovov oddelenych mezozoickym obalom.
Tym sa v plnej miere potvrdil predpoklad Bieleho (1982)
o nevyhnutnej existencii takychto nasunovych Struktur.

Uzemie severného veporika tak, ako to interpretujeme
na geologickom reze v tejto praci (obr. 2), buduju Ciastkové
jednotky prikrovového charakteru, ktoré tvori kryStalinikum
so zvySkami obalu. Obal spodnych Supin je redukovany
a predpokladame, Ze je odlepeny a presunuty na tatrikum
v prikrovoch fatrika. Najkompletnejsi obal sa zachoval
vo vrchnej Ciastkovej jednotke (séria Velkého boka).

Nasuny tektonickych jednotiek v ramci veporika
mali severovergentny charakter v krehkoduktilnych
podmienkach a vekovo spadaju do hlavnej paleoalpinskej
kompresnej etapy spatej s tvorbou superfacialnych
prikrovov. Preto zistenia uvadzané v tejto praci znovu
otvaraju otazku korenovych zén prikrovov fatrika a stavaju
ju do nového svetla.

Praca vznikla v ramci projektu 16 06 Aktualizacia geologickej
stavby SR.
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Large overthrusts in the Northern Veporicum (Western Carpathians)

The position of Lower Triassic envelope quartzites
was documented by field research in three independent
areas within the northern Veporic unit as tectonic windows,
and a half-window below the crystalline complex. This
finding shows that the northern Veporic unit at least from
the Hron valley up to the Certovica line represents an
extremely compressed zone including partial tectonic units
— nappes separated by the Mesozoic envelope. Thus, the
suggestion of Biely (1982) on the necessary existence of
such overthrusts structures was fully confirmed.

The area of the northern Veporic unit, as interpreted
on the geological cross-section in this work, is built
by partial nappe units, which consist of the crystalline
basement with remnants of the envelope. The lowermost
unit, directly overlying the Tatric unit, consists of high grade
metamorphic rocks (ortho-, paragneisses, amphibolites)
partly diaphthorized, with remnants of envelope quartzites
mostly in the northeast part of the thrust line of the middle
unit. Higher members of the envelope have probably been
detached from the Fatric nappes.
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The middle unit is comprised mostly by phylitic rocks
and probably by Permian porfyroids and deformed granites.
Its envelope is represented by the Mesozoic of the Sokol
valley continuing further to the South and emerging from
below the upper unit in the tectonic window in the Lava
Raztoka valley.

The extensive basement unit overlying the Mesozoic
of the Sokol and Lava Raztoka valleys is built mainly by
fylonitic rocks with interlayered porfyroids, but in the
southern part towards the Hron valley also by diaphtorized
paragneisses. The unit continues to the North probably

into the digitation of Zadna Hola in the sense of Zoubek
(1954). Here it is built mainly by amphibolites, tonalites,
also by porfyroids, and carries the Velky Bok series as its
envelope, which submerges under the Hronic unit on the
northern slope of the Nizke Tatry Mts.

The overthrusts of tectonic units within the Veporic
unit had a northward character in brittle-ductile conditions
within the Paleoalpine compression stage connected with
the origin of superficial nappes. The findings presented in
this work open again the question of Fatric nappes root
zones putting it in new light.
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Permian magmatic complex in Northern Veporicum:
Interpretation of new datings of acid magmatites

Dating of magmatic rocks in the Northern Veporicum unit allows the definition of Permian
magmatic belt comprising the abyssal (240 + 22 and 260 + 12 Ma) and probably slightly older
hypabyssal (subvolcanic) and volcanic members (265 + 9 Ma). Due to the different erosion
level of particular blocks the various Hercynian post-orogenic magmatic rocks recently crop out
on the surface — volcanites, vein rocks, subvolcanic and abyssal intrusions. (Leuco)-tonalites
and granodiorites prevail in the northern part of belt and porphyritic granites in southern part
with dominance of the Hroncok granite type. Permian magmatites are bound on north-east
trending shear zone and originated in the Middle/Upper Permian epoch. Continuation of Permian
magmatites, as well as orthogneisses, to the Low Tatra mountains indicates the continuity

of Lubietova belt far to the north-east.

Key words: Permian magmatic belt, leucotonalites, porphyroids, LA-ICP MS method, EMPA
dating, Lubietova zone, Northern Veporicum, Western Carpathians

Uvod

Produkty kyslého magmatizmu boli v severnom veporiku
opisané pri prvom podrobnejSom mapovani a prieskumnej
a banskej €innosti v tejto oblasti (napr. Zoubek in Mahel
et al., 1964). Oblast je ohrani¢end severnym okrajom
veporického krystalinika, ¢o je v Nizkych Tatrach Certovicka
linia, a vychodnejSie suvislym pruhom obalovej série Velkého
boka. Kysly magmatizmus je znamy aj v lubietovskom
pasme a navySe k nemu pristupuje aj mohutny vyvoj
permskych suvrstvi (Vozarova, 1998). Na JZ oblast ukoncéuju
neovulkanity, na JV ju ohrani¢uje vydrovska linia a pokracuje
na SV do Nizkych Tatier po sedlo Priehyba (obr. 1).

V takto definovanej oblasti vystupuju nasledujuce
kyslé magmatické produkty: granitoidy hron¢ockého typu,
granitoidy v pruhu na S od Bravacova a Bacucha, granitové
porfyry a porfyroidy v [ubietovskom pasme, mikroaplity
v metamorfitoch na J od hron€ockého granitu a kyslé
vulkanity v horizonte Harnobisu. Vek tychto magmatitov
nebol dlhy ¢as spolahlivo doloZeny, a to okrem vulkanitov
Harnobisu, ktoré tvoria polohu v permskych sedimentoch.
Pri dalSich sa z geologickej pozicie a ich petrografickej
charakteristiky usudzovalo o ich permskom veku (Zoubek
in Mahel et al., 1964). Vynimkou bol hronocky granit,
ktorému sa prisudzoval raz starsi, inokedy zas kriedovy
vek (Kubiny, 1959), a mikroaplity, ktoré sa povazovali za
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leptity prekambria (Krist, 1977). Neskor geochronologické
udaje dolozili permsko-spodnotriasovy vek tychto hornin,
a to granit hron¢ockého typu (Puti§ et al., 2000; Uher
et al., 2008), vyskyty niektorych granitov na juznych
svahoch v oblasti Kralovej hole (Finger et al., 2003) hoci
tu prevlddaju karbdnske kyslé intruziva (Gaab et al., 2005)
a leptity sa redefinovali ako permské mikroaplity (Kotov
et al., 1996; Petrik, 1996). O permskom veku granitovych
porfyrov a porfyroidov v fubietovskom krystaliniku malokto
pochyboval, hoci geochronologické udaje chybali. Permské
magmatity geneticky prepojené s primarne stenc¢enym
metasomatizovanym plastom su z hladiska metalogenézy
ddlezitym zrudhujucim fenoménom (Kohut, 2002).

Udaje chybali aj o granitoch, granitovych porfyroch
a porfyroidoch v Nizkych Tatrach. Tieto horniny v minulosti
skumal najma Miko (1981) a neskér Kohut et al. (2000).
Miko (1981) a Miko a Ivanic¢ka (1993) povazovali polohy
kyslych vulkanitov za sucast komplexu Janovho gruna
devonskeho veku a granity typu Sparistej na zaklade
geochémie za plagiogranity ako hlbinné ekvivalenty
devénskych vulkanitov (Miko et al., 1982). Podrobnu
geochemicku charakteristiku tychto miestami velmi
intenzivnych mylonitizovanych granitoidov bazického
charakteru podal aj Kohut et al. (2000). V tejto praci sa
uvadza Ar/Ar datovanie slud ukazujice na poslednu
mylonitickli premenu tychto hornin kriedového veku.
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Spomina sa aj datovanie Cambela et al. (1977) z Benus$ske;j
doliny, ale ta je z granitovych mobilizatov starSieho veku
v ruldch.

Vzhladom na uvedené suvislosti v praci dopifiame
chybajuce geochronologické data o magmatickych
telesach na juznych svahoch Nizkych Tatier a o porfyroi-
doch lubietovského pasma pri Osrbli. Zaoberame sa aj
ich zaradenim v S$irSich geotektonickych suvislostiach
severného veporika.

Metodika
Granitoidy a porfyroidy severoveporickej jednotky sa

datovali na monazitoch z vybrusov mikrosondou a scasti
aj ICP MS metédou z izolovanych zfn zirkénov.

Datovanie monazitov chemickou (U-Th-Pb) metédou
sa vykonalo na mikrosonde Cameca SX 100 (SGUDS).
Meranie prebiehalo pri urychlovacom napati 15 kV,
vzorkovom prude 250 nA, Sirke lu¢a 2—5 pym (P. Konec¢ny et
al., 2004). Prepocet vekov je podia Montela et al. (1996).

Pri vzorke NT-2 sa vek kyslych magmatitov urcoval aj
konvencénou izotopickou metédou na zirkénoch. 1Slo o U-
-Pb datovanie zirkonov laserovym odparovanim (LA-ICP-
-MS metdda) na pristroji VG PlasmaQuad 3 kombinovany
s laserovou mikrosondou na 266 NdYAG VG, ktory je na
Karlovej univerzite v Prahe. Laser produkoval energiu
0.7 mJ/pulzov pri 10 Hz. Laserovy lu¢ mal Sirku 100 um.
Pri odparovani sa pohyboval na vzorke (otvoreny zirkon)
v linearnych smeroch. Meralo sa 60 s a potom nasledovalo
meranie U a Pb signalu.

2 3 4 5 6 7 8 9 10 1 1
T ] LA R~ 2]
Obr. 1. Geologicka pozicia permskych magmatickych produktov v severnom veporiku a lokalizacia datovanych vzoriek. 1 — terciérne
sedimenty, 2 —neovulkanity, 3 — tatrikum vcelku, 4 — hronikum vcelku, 5 — obalové mezozoikum severného veporika, 6 — permské sedimenty,
7 — krystalinikum severného veporika: 7a — metamorfity vecelku, 7b — ortoruly a amfibolity lubietovského pasma, 7¢c — mezohercynske
granitoidy, 8—11 — permské magmatity: 8 — leukokratné, miestami porfyrické granitoidy, 9 — porfyroidy a granitové porfyry, 10 — vulkanity
v permskych sedimentoch, 11 — Zily mikroaplitov, 12 — tektonické linie: a — hranice hlavnych tektonickych jednotiek, b — hranice dalSich

tektonickych jednotiek, ¢ — zlomy.

Fig. 1. Geological position of Permian magmatic products in the Northern Veporicum and location of dated samples. 1 — Tertiary sediments,
2 —neovolcanics rocks, 3 — Tatricum undivided, 4 — Hronicum undivided, 5 — Mesozoic cover rocks of the Northern Veporicum, 6 — Permian
sediments, 7 — crystalline rocks of the Northern Veporicum: 7a — metamorphites undivided, 7b — orthogneises and amphibolithes of the
Lubietova zone, 7c — Mesohercynian granitoids, 8—11 — Permian magmatites: 8 — leucocratic, locally porphyric granitoids, 9 — porphyroides
and granite-porphyres, 10 —volcanites in Permian sediments, 11 — microaplites weins, 12 —tectonic lines: a —main tectonic units boundaries,

b — other tectonic units boundaries, ¢ — faults.
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Vysledky

Granitoidy juzného svahu Kralovoholskych Tatier sa
charakterizovali tromi vzorkami: NT-1 Benus, Nizke Tatry,
Velka Benu$ska dolina, bralo cca 4,5 km od Ustia doliny,
1,5 km SSV od kéty Kralovska hora; NT-2 cca 2 km na S
od Bravécova, Nizke Tatry; asfaltova cesta (traverz) odber
z brala v Hibokej doline nad Tajch; NT-3 3 km na S od
Bacucha, vychod na sutoku Kr8kovej a BacuSskej doliny;
NT-4 charakterizuje teleso porfyroidov v lubietovskom
pasme pri Osrbli — je zo sutiny nad ihriskom na juznom
okraji Osrblia (obr. 1).

Petrograficky a mineralogicky opis

Granitoidy vystupujuce v telese nad BefiuSom
a Bravacovom su velmi intenzivne alterované (NT-1, 2, 3).
Plagioklas je sericitizovany a sericit lokalne rekrystalizoval
na vacsie muskovitové lupene. Len velmi zriedka sa
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zachovalo ich dvoj¢atenie. Draselny zivec je intersticialny
a uzaviera aj starSie plagioklasy — albity. Ciastoéne je
mikroklinizovany a jemne pertiticky a objemovo je ho 6 az
7 %. Biotit, korého je v hornine do 5 obj. %, je tmavohnedy,
hypidiomorfny silne chloritizovany a ma odmie$anu
podstatnu Cast Ti zlozky do pomerne hrubych tyciniek,
pravdepodobne titanitu a rutilu. Kremen je Ciasto¢ne
unduldézny a rekrystalizovany. Granitoidy v intruzivnom
telese mozno oznacit ako leukotonality (az granodiority).
Vo vzorke NT-3 sa Studovala aj typolégia zirkénov,
ktoré su Cire a len velmi malo metamiktné. Dominuju nizke
subtypy L a S (L4, Sy), €o je typické pre kbrovy vyvoj. Podiel
zirkdnovych subtypov je: Ly 29 %, L, 13 %, L3 6 %, Q; 6 %,
S128 %, S, 6 %, S313 %, S5 3 % (pocet zin 50).
Porfyroid NT-4 méa subvulkanicky charakter. Zakladna
hmota je tvorena jemnozrnnym sericitom, alotriomorfnym
kremefiom a listovitym zdvojéatenym Zzivcom -
pravdepodobne K Zivcom. Vyrastlicami su len kremene
velké do 3 mm. Kremen je ¢asto vyrazne korodovany, ¢o
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Obr. 2. Histogramy a izochrény monazitovych datovani. a — vzorka NT-1 (Befius), b — vzorka NT-2 (Bravécovo), ¢ — vzorka NT-4 (Osrblie).

Fig. 2. Histograms and isochrons of monazite dating. a — sample NT-1 (Beriu$), b — sample NT-2 (Bravacovo), ¢ — sample NT-4 Osrblie.
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Vysledky datovania monazitu chemickou izochrénovou metédou
Results of monazite dating by CHIME method

Mineralia Slovaca, 40 (2008)

Tab. 1

U (ppm) Pb (ppm) Y (ppm) U kor Uis Th Th1s Pbkorr Pbis Th* Th*1s  vek 1s
NT-2
mnz_1/1 0,1262 0,0311 0,4763 0,1083 0,0087 1,380 0,014 0,0220 0,0046 1,727 0,042 2845 64,5
mnz_1/2 0,1107 10,0282 0,4779 0,0925 0,0087 1,401 0,014 0,0190 0,0045 1,697 0,042 251,1 64,7
mnz_2/1 0,1533 0,0456 0,5959 0,1223 0,0088 2,385 0,017 0,0343 0,0046 2,776 0,046 2762 40,5
mnz_2/2 0,1428 0,0703 0,5341 0,0903 0,0086 4,037 0,022 0,0579 0,0045 4,326 0,049 299,6 26,0
mnz_3/1 0,1518 0,0400 0,5067 0,1273 0,0086 1,883 0,015 0,0301 10,0045 2,290 0,043 2935 478
mnz_3/2 0,1344 0,0340 0,5189 0,1099 0,0085 1,882 0,015 0,0239 0,0044 2,233 0,043 240,1 48,0
mnz_3/3 0,1233 0,0333 0,5185 0,1034 0,0085 1,531 0,014  0,0236 0,0044 1,862 0,041 2834 58,1
mnz_3/5 0,1084 0,0325 0,5186 0,0884 0,0087 1,537 0,015 0,0228 0,0046 1,820 0,042 280,1 61,2
mnz_3/7 0,0944 0,0251 0,5556 0,0817 0,0084 0,981 0,012 0,056 0,0044 1,242 0,039 2804 86,3
mnz_3/9 0,1540 0,0482 10,6177 0,1243 0,0089 2,285 0,017 0,0367 0,0046 2,683 0,045 306,1 42,0
mnz_3/10 0,1753 0,0514 10,6565 0,1432 10,0089 2,473 0,018 0,0394 0,0046 2,931 0,046 300,4 38,9
mnz_3/11 0,1560 0,0372 0,5878 0,1284 0,0089 2,121 0,017 0,0262 10,0046 2,532 0,045 232,0 43,9
mnz_3/12 0,1611 0,0424 0,5910 0,1324 0,0089 2,211 0,017  0,0313 0,0046 2,634 0,045 2659 42,8
mnz_3/13 0,1541 0,0375 0,5927 0,1314 0,0088 1,746 0,015 0,0268 0,0046 2,166 0,043 2771 514
mnz_4/1 0,2246 0,1038 0,5654 0,1412 0,0091 6,414 0,029 0,0887 0,0048 6,866 0,058 289,2 17,3
mnz_4/2 0,1989 0,1026 0,4968 0,1022 0,0088 7441 0,031 0,0872 0,0046 7768 0,059 2515 147
mnz_4/3 0,2059 0,0949 0,5041 0,1100 0,0090 7377 0,031 0,0795 0,0047 7729 0,060 2305 15,0
mnz_4/4 0,2378 0,1117 0,4665 0,1323 0,0089 8,117 0,032 0,0959 0,0047 8,540 0,061 2516 13,5
mnz_4/6 0,1418 0,0711 0,4426 0,0745 0,0089 5,175 0,025 0,0585 0,0047 5,413 0,054 2422 211
mnz_4/7 0,1382 0,0385 0,4748 0,1117 0,0085 2,035 0,016 0,0287 0,0045 2,393 0,043 268,7 455
NT-1
mon 1ana1 0,0914 0,0745 0,2978 0,0514 0,0087 4,884 0,024 0,0566 0,0051 5,048 0,062 2494 22,0
mon 1ana2 0,0573 0,0604 0,2679 0,0261 0,0087 3,806 0,021 0,0427 0,0051 3,890 0,049 244,7 29,1
mon 1ana3 0,0115 0,0348 0,4002 0,0000 0,0087 1,807 0,015 0,0160 0,0060 1,807 0,043 1988 61,4
mon 1ana4 0,0210 0,0400 0,1954 0,0076 0,0087 1,634 0,015 0,0229 0,0049 1,658 0,043 3070 66,1
mon 1ana5 0,0447 0,0600 0,4186 0,0196 0,0087 3,065 0,019 0,0411 0,0060 3,128 0,047 2920 356
mon 1ana6 0,0329 0,0475 0,3111 0,0128 0,0087 2,457 0,017 0,0294 0,0050 2,497 0,045 2625 44,5
mon2anai 0,0526 0,0462 0,3804 0,0270 0,0087 3,119 0,019 0,0276 0,0050 3,205 0,047 192,0 34,9
mon2ana2 0,0825 0,0598 0,6887 0,0529 0,0087 3,613 0,021 0,0387 0,0051 3,782 0,049 2278 29,5
mon2ana3 0,0969 0,0795 0,7342 0,0551 0,0087 5,097 0,025 0,0580 0,0051 5,273 0,053 2452 21,6
mon3anal 0,0874 0,0699 0,6970 0,0524 0,0087 4,265 0,023 0,0487 0,0051 4,433 0,051 244,7 253
mon4anai1 0,0454 0,0598 0,4015 0,0199 0,0087 3,115 0,019 0,0410 0,0051 3,178 0,047 2869 352
NT-4
mnzdat1/1 0,5508 0,0823 1,0091 0,4934 10,0098 4,415 0,023 0,0648 0,0048 6,008 0,055 2423 19,4
mnzdat1/2 0,128 0,0523 0,5635 0,0662 0,0088 3,585 0,021 0,0401 0,0046 3,798 0,049 2366 29,6
mnzdat2/1 0,651 0,0880 0,4471 0,0881 0,0087 5,920 0,027 0,0746 0,0046 6,205 0,055 2694 18,3
mnzdat2/2 0,1992 0,0943 0,4938 0,1184 0,0090 6,213 0,028 0,0801 0,0047 6,596 0,057 2723 178
mnzdat2/3 0,1456 0,0681 0,4954 0,0847 0,0088 4,686 0,024 0,0555 0,0047 4,959 0,052 250,7 23,2
mnz dat2/4 0,0820 0,0698 0,4655 0,0256 0,0085 4,340 0,023 0,0578 0,0046 4,423 0,050 2926 255
mnzdat2/5 0,0658 0,0645 0,4839 0,0131 0,0087 4,065 0,022 0,0526 0,0046 4,098 0,050 2874 279
mnz dat3/1 0,0833 0,0637 0,6306 0,0241 0,0087 4,555 0,024 0,0498 0,0047 4,633 0,052 241,1 24,6
mnz dat4/1 0,1768 0,0766 0,6870 0,1167 0,0087 4,624 0,023 0,0621 0,0046 5,002 0,051 2782 225
mnz dat4/2 0,6942 0,1218 1,4513 0,6182 0,0100 5,844 0,027 0,0984 0,0047 7846 0,059 2816 150
mnzdat5/1 0,0915 0,0699 0,4589 0,0304 0,0088 4,699 0,024 0,0576 0,0047 4,797 0,052 269,0 23,9
mnzdat5/2 0,0717 0,0636 0,4246 0,0152 0,0087 4,347 0,023 0,0520 0,0046 4,396 0,051 2650 259
mnz dat6/1 0,1057 0,0699 0,6219 0,0384 0,0088 5,174 0,025 0,0555 0,0047 5,298 0,054 2349 21,8
mnz dat6/2 0,0949 0,0698 0,5667 0,0336 0,0086 4,712 0,024 0,0564 0,0045 4,821 0,051 262,2 23,1
mnz dat6/3 0,0696 0,0610 0,4513 0,0185 0,0085 3,928 0,021 0,0496 0,0045 3,988 0,049 2783 28,0
mnzdat7/1 0,0724 0,0669 0,3822 0,0125 0,0085 4,609 0,023 0,0555 0,0046 4,649 0,051 2672 243
mnzdat7/2 0,0750 0,0615 0,3839 0,075 0,0086 4,425 0,023 0,0502 0,0046 4,482 0,050 2512 2511
mnzdat7/3 0,0892 0,0654 0,4113 0,0300 0,0088 4,556 0,024 0,0537 0,0047 4,653 0,052 258,7 24,8
mnzdat7/5 0,0980 0,0674 0,9585 0,0433 0,0086 4,207 0,022 0,0506 0,0046 4,347 0,060 260,8 257
mnz dat8/1 0,0754 0,0673 0,3706 0,0160 0,0087 4,571 0,024 0,0560 0,0046 4,623 0,051 271,4 247
mnzdat8/2 0,0570 0,0548 0,3455 0,0084 0,0087 3,741 0,021 0,0446 0,0047 3,768 0,049 2651 30,3
mnz dat 8/3 0,0654 0,0604 0,3420 0,0154 0,0087 3,845 0,022 0,0501 0,0047 3,895 0,060 288,1 29,6
mnz dat8/5 0,0598 0,0609 0,4126 0,0116 0,0087 3,704 0,021 0,0501 0,0047 3,742 0,049 2995 30,9
mnz dat8/6 0,0622 0,0548 0,4406 0,0132 0,0087 3,772 0,021 0,0436 0,0046 3,814 0,049 2562 29,7
mnz dat8/7 0,0810 0,0561 0,4177 0,0318 0,0087 3,788 0,022 0,0451 0,0046 3,891 0,049 259,9 29,1
mnz dat8/8 0,0794 10,0622 0,4211 0,073 0,0088 4,780 0,024 0,0502 0,0047 4,835 0,052 232,8 23,5
mnz dat8/9 0,0657 0,0630 0,3965 0,0124 0,0085 4,100 0,022 0,0519 0,0046 4,140 0,049 2809 272
mnz dat 8/10 0,0652 0,0631 0,3774 0,0138 0,0085 3,954 0,022 0,0524 0,0045 3,999 0,049 293,1 28,0




V. Bezék et al.: Permsky magmaticky komplex v severnom veporiku: interpretacia z novych datovani kyslych magmatitov 131
Tab. 2
Vysledky konvenéného U/Pb datovania zirkénov ICP MS metédou
Results of conventional U/Pb zircon dating by ICP MS method

vzorka/sample namerany pomer/measured ratio veky (mil. rokov)/ages (Ma)

bod/spot 207Pp/235Y  7/5err  25Pb/28U  6/8 err Rho 207Pp/235Y 1 sigma  26Pb/2%8U 1 sigma
NT-2-10 0,6282 0,0295 0,0837 0,0033 0,42 495,0 18,4 518,1 19,9
NT-2-13 0,3550 0,0271 0,0438 0,0028 0,42 308,5 20,3 276,6 175
NT-2-33 0,3277 0,0293 0,0393 0,0026 0,37 2878 22,4 248,5 16,1
NT-2-50 0,4637 0,0342 0,0449 0,0020 0,30 386,8 23,7 283,3 12,2
NT-2-28 1,113 0,0777 0,1068 0,0071 0,48 758,8 374 653,9 41,3

Vysvetlivky: err — chyba stanovenia 1 sigma; Rho — korelacia chyb/Explanation: err — error 1 sigma; Rho — error correlation

svedCi o subvulkanickej povahe horniny. Okrem neho je
zastupeny aj biotit a zriedkavé su listy plagioklasu.

Zirkoény vo vzorke NT-4 maju kérovy charakter a vyvijali
sa v dvoch etapach. V prvej sa tvorili zirkony nizsich
subtypov S (S, a S3) a v druhej subtypu L. Zrejme to suvisi
s etapovitym umiesthovanim magmy. Zirkbnové subtypy su
zastupené takto: Ly 2 %, Ly 2 %, Ls 2 %, G 24 %, S1 7 %,
S317 %, S47 %, S52 %, P12 %, Qz 2 %, Sg 2 %, S10 24 %,
P, 5 % (pocet zfn 50).

Datovanie monazitov

Monazit sa datoval zo vzoriek kyslych magmatitov
severného veporika, lebo obsahovali dostatok velkych
monazitov, ktoré vo vzorke NT-1 su dlhé dokonca aj vySe
500 pm. Chemicku variabilitu monazitov, pokial ide o obsah
Th, U, ilustruju izochrény (obr. 2). Vek v podobe vazeného
priemeru sme vypocitali programom ISOPLOT (Ludwig,
2001). Chyba je uvedena v 2c.

Vzorky granitoidnych hornin indikuju permsky vek.
Leukokratny tonalit z BefiuSa (NT-1) poskytol vek 240 +
22 miliénov rokov, ale vysoky kladny intercept indikuje vek
na hornej hranici chyby &ize okolo 260 milidnov rokov.
Skutoény vek tejto vzorky je vySSi ako zisteny priemer.
Realnejsi vek s mensim interceptom sa ziskal zo vzorky
leukokratného tonalitu z toho istého telesa nad Bravicovom
(NT-2), kde 20 bodov definuje vazeny priemer 260 + 12
mil. rokov, ¢o je vek na hranici stredného a vrchného
permu. Datovanie monazitov z granitového porfyru
z Osrblia poskytlo strednopermsky vek resp. generovanie
magmy v epoche Guadalupianu 265 + 9 (vz. NT-4).
Z hladiska priebehu izochrény je vek ziskany zo vzorky
NT-4 s interceptom blizkym nule najspolahlivejsi. Genéza
monazitov vSetkych Studovanych kyslych magmatitov
sa teda viaze na stredny alebo vrchny perm (obr. 2).

U-Pb datovanie zirkdnov

Pri vzorke NT-2, ktora je z oblasti Bravacova, maly
pocet vhodnych zirkénov na datovanie neumoznil
spolahlivé vekové urCenie, ale z udajov, ktoré su k dispozicii
z hladiska pomeru 2°6U/238Pb, v§etko poukazuje na ich
genézu v perme resp. v diapazone od 283 po 249 milidnov
rokov (obr. 3, tab. 2). Zisteny vek 400 az 750 miliénov rokov
interpretujeme ako vek zdedenych zirkénov.

Diskusia

Evolucia kyslych magmatitov v lubietovskom pasme
a jeho pokracovanie v Nizkych Tatrach

Strednopermsky az vrchnopermsky vek kyslych
magmatitov zisteny CHIME datovanim monazitov
leukotonalitov az granodioritov a porfyroidov — indikuje
vzorka NT-2, 4 (260—265 mil. rokov) (obr. 2). Vnutorna
stavba monazitov s vnutornou oscilacne zonalnou stavbou
zjavne svedc¢i o ich primarne magmatickom pévode.
Permsky vek pri vzorke NT-2 sa indikoval aj konvenénym
datovanim zirkénov ICP MS metddou. Predpokladame,
ze skoro po intruziach, ktoré dosiahli az subvulkanicku
hibku, prebehli nalozené metamorfné udalosti, ¢o
indikuje aj alteracia monazitov z okraja, ich premena na
REE epidoty, ako aj celkovo intenzivna premena hornin.
Chemické datovanie jednoznacne potvrdilo permsky vek
Studovanych magmatitov, ale vek hlbinnych granitoidov
v porovnani so subvulkanickymi a vulkanickymi ¢lenmi je
mozno nizsi. Petrograficka analyza ukazala, ze granitoidné
horniny maju vapenato-alkalicky charakter a potvrdzuje to
aj typologia zirkénov. Subalkalicky charakter granitoidov
(typu A) sa nepotvrdil.
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Obr. 3. Zobrazenie vysledkov konvenéného U/Pb datovania
zirkénov.

Fig. 3. Plot of the results of conventional U/Pb zircon datings.
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Kyslé magmatity vystupujuce v lubietovskom pasme
pokracuju dalej do Kralovoholskych Tatier. Ide o pasmovy
permsky magmatizmus, ktory bol spéty s tektonickymi
pohybmi na zlomoch a s metamorfézou. Vek zistenej
permskej nizkotlakovej a strednoteplotnej metamorfozy
(500 az 600 °C a 300 MPa) v severnom veporiku na 278 +
5 a 275 + 12 miliénov rokov stanovil Jefabek et al. (2008).

Pasmovy magmatizmus a zlomova tektonika

Geochronologické udaje z kyslych magmatitov v severo-
veporskom kryStaliniku Nizkych Tatier a granitovych
porfyrov a porfyroidov lubietovského pasma umoznili
definovat pestry permsky magmaticky komplex v sever-
nom veporiku. Je velmi vzacne, ze sa v nie velmi vzdiale-
nych zénach zachovali v podstate vSetky produkty tohto
kyslého magmatizmu — od hlbinnych intruzivnych hornin
v oblasti Bravdcova a Hron€oka cez hypoabysalne intruzie
typu granitovych porfyrov v [ubietovskom pasme a zilné
horniny mikroaplitov az po efuzivne telesa v permskych
sedimentoch. Pri€inou je intenzivna zlomova tektonika,
ktora sa zacala uz v perme a bola pri¢inou rozli¢nej trovne
zrezu v jednotlivych blokoch. Typickym prikladom je zlom
oddelujuci lubietovské permské sedimenty od krystalinika
bez sedimentarneho permského obalu, ale s intruziami
granitovych porfyrov, pricom obidva bloky maju spolo¢ny
mezozoicky obal (obr. 1).

Permské magmatity sa viazu na strizné zény permského
veku (napr. Petrik et al., 1995; Bezak, 2002) reaktivované
aj pri kriedovych tektonickych procesoch v kompresnych,
ako aj v transpresnych etapach (napr. HOk a Hrasko,
1990). Azda najddlezitejSim vysledkom zistenia pasmového
priebehu permského magmatického komplexu v severnom
veporiku je jeho pokra¢ovanie z lubietovského pasma do
Kralovoholskych Tatier napriek mnohym mladsim nalozenym
deformaciam v paleoalpinskom aj v neoalpinskom obdobi.

Obr. 4. Permsky leukotonalit z Velkej BefiuSskej doliny severne
od Benusa.

Fig. 4. Permian leucotonalite from Velka Bernu§ska dolina valley
north of Berus.

Odbévodnene mozno predpokladat, ze ide o pokra¢ovanie
nielen porfyroidov a granitov, ale aj vysokometamorfného
komplexu (ortoruly, amfibolity) a tiez retrogradne
premenenych metamorfitov a fylonitov. Z toho vyplyva, Ze
sa lubietovské pasmo nekonéi v doline Hrona, ale pokracuje
dalej na SV v pasme pozdiz &ertovickej linie. Permské
granitoidy boli zistené aj v oblasti Kralovej hole (Finger et al.,
2003), ¢o moze indikovat nadvaznost na granity Hron¢oka.

Strizné zény

Priebeh pasiem z [ubietovskej a kraklovskej zény
je preruSeny najmé poklesnutym blokom s vyskytom
mythanského mezozoika a dalSimi zlomami limitujacimi
Horehronské podolie. Ur€ity posun v priebehu pasiem je dany
tym, Ze v bloku severného veporika v Nizkych Tatrach sa ovela
vyraznejSie prejavila nasunova tektonika ako v lubietovskom
bloku. To okrem iného pravdepodobne spdsobilo aj pohltenie
permskych sedimentov, ako aj celého pasma granitovych
porfyrov. Vysledkom intenzivnych nasunov je aj vysunutie
pasma intruzivnych permskych hornin na SZ. Ide o posun
granitoidov v severnom veporiku Kralovoholskych Tatier voci
priebehu granitov hronéockého typu.

Doélezitym aspektom vystupovania permskych
magmatickych hornin je vazba na strizné zény permského
veku (Bezak, 2002), ktoré sprevadzala intenzivna
mylonitizacia a tiez zrudriovacie procesy, ktorych zdrojom
mbze byt prave spomenuty magmatizmus. Dokladom
v prospech permského veku zén je to, ze napriklad
Cu zrudnenie v [ubietovskom pasme neprechadza
do obalového mezozoika, ako aj permské Ar/Ar veky
novotvorenych muskovitov na mylonitovych plochach
(Dalmeyer et al., 1993). StarSie strizné zény sa vyuzivali aj
v mladsich tektonickych etapach, najma v paleoalpinskom
Stadiu v kriede. Priebeh zén preruSovali aj mladsie
tektonické pohyby v extenznom neoalpinskom tadiu.

AR TF i e e |
Obr. 5. Deformovany granitoid z BacuSskej doliny severne
od Bacucha.

Fig. 5. Deformed granitoid from Bacusska dolina valley north
of Bacuch.
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Zaver

Praca prinaSa geochronologické udaje o permskom
veku magmatickych hornin v severnom veporiku, ktoré
tam umoznilo definovat pasmovy postorogénny permsky
magmaticky komplex skladajuci sa z abysalnych,
hypoabysalnych (subvulkanickych) a vulkanitov ¢lenov,
ktoré mali vapenato-alkalicky charakter. Pravdepodobne
hlbinné magmatity sa generovali pred cca 260-240
milionmi rokov. Hypoabysalne a vulkanické &leny su
mozno starSie (265 + 9 mil. rokov), aj ked vekovy rozdiel
nie je Statisticky vyznamny. Pre rozlicny erézny zrez
v jednotlivych blokoch vystupuju vedla seba rozli¢né
produkty tohto komplexu — vulkanity, zilné horniny, pod-
povrchové intruzie a hlbinné intrazie, pricom dominuju
(leuko)tonality az granodiority. (Leuko)tonality a grano-
diority prevladaju v severnej Casti pasma, porfyrické
granity su na J (granit hron¢ockého typu). Délezitym
aspektom vyskytu permskych magmatitov je ich vazba
na severovychodne orientované strizné zoény. Predpo-
kladame, Ze po strednopermskych/vrchnopermskych
intruziach prebehla hydrotermalna alteracia, myloniti-
zacia a pravdepodobne aj zrudfiovanie.
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Permian magmatic complex in Northern Veporicum:
Interpretation of new datings of acid magmatites

New geochronological data of magmatic rocks in
the Northern Veporic unit are presented in this work
documenting their Permian age. The Permian magmatism
was active between 265-240 Ma. Based on these
data, we define a Permian postorogenic magmatic belt
occurring in this unit. Due to differing erosion level of
particular tectonic blocks various types of magmatic
rocks, i.e., abyssal, hypabyssal (subvolcanic) and volcanic
members of calc-alkaline character recently outcrop on
the surface. The Permian magmatic rocks are bound to the
shear zones oriented NE-SW, which have experienced

mylonitization, and probably are associated with known
ore mineralization. Due to younger tectonic processes
the shear zones are fragmented. Leucotonalites and
granodiorites are dominant types in the northern part
of the shear zone, porphyritic granite (Hron¢ok type)
dominates in the southern part. Granite porphyries and
porphyroids are present in all parts of the zone. It is very
probable, that the Permian magmatites of the Lubietova
zone have its northeast continuation (the Nizke Tatry
zone with orthogneisses and paragneisses to the south
of Certovica tectonic zone).
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Badenské vapnité nanofosilie z vrtu Gajary 23 (viedenska panva)
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Badenian calcareous nannofossils from Gajary 23 borehole (Vienna Basin)

Two nannoplankton zones NN5 — Sphenolithus heteromorphus and NN6 — Discoaster exilis
were recognized in the Middle/Upper Miocene sediments from the borehole Gajary (Vienna
Basin). These zones respond to upper part of the Lower Badenian through Upper Badenian and
Sarmatian. Assemblage of calcareous nannofossils was quantitatively and qualitatively rich. In
the interval 1713—1714 and 1801-1806 m an increase of the species Braarudosphaera bigelowi
and Micrantholithus vesper was observed indicating shallow water environment.

Key words: Badenian, biostratigraphy, calcareous nannofossils, Vienna Basin, paleoecology

Uvod

Badenska sedimentacia sa vo viedenskej panve
zacala vo vrchnej Casti spodného badenu transgresivnymi
pelitickymi sedimentmi zodpovedajucimi nanoplankténove;j
zéne NN5 — Sphenolithus heteromorphus (Martini, 1971),
ktora charakterizuje spodny baden. Spodnu hranicu zény
definuje FO Helicosphaera waltrans a absencia druhu
Helicosphaera ampliaperta (15,1 mil. rokov, Berggren et al.,
1995). Zéna NN6 nastupuje po vrchnobadenskej trans-
gresii, definuje ju absencia druhu Sphenolithus hetero-
morphus (13,59 mil. rokov, I. c.) a koné&i sa v sarmate.

Podla foraminifer sa badenska sedimentacia v Zapad-
nych Karpatoch zaéina nastupom druhu Orbulina suturalis
pri spodnobadenskej transgresii. Na zaklade bentickych
foraminifer sa baden rozdeluje na spodnu a vrchnu
lagenidovu zénu (spodny baden), zénu Spiroplectamina
carinata (stredny baden), buliminovo-bolivinovu a rota-
liovl zénu (vrchny baden) (Grill, 1941; Kovac et al., 2005).

Podla vapnitého nanoplankténu sa zéna NN5 a NN6 vo
viedenskej panve urcili v Devinskej Novej Vsi (Lehotayova,
1977), kde sa identifikovala zona NN6 ako ekvivalent
foraminiferovej zény Spiroplectamina carinata, dalej vo
vrtoch Gajary 145 (NN6 a NN7) (Halasova in Kovac et al.,
1996a), Gbely 141 (NN5) (Halasova in Kovac et al., 1995a),
Jakubov 11 (NN5) (Halasova in Kovac et al., 1997b),
Jakubov 55 (NN5 a NN6) (Halasova in Kovac et al., 1997c),
Jakubov 54 (NN6 a NN7) (Halasova in Kovac et al., 1995b),
Jakubov 56 (NN5) (Halasova in Kovag et al., 1998), Lozorno 1
(NN5 a NN6) (Halasova in Kovac et al., 1996b), Malacky 101
(NN5 a NN6) (Halasova in Kovag et al., 1995c), Sekule 1
(NN5 a NN6) (Haldsova in Kovag et al., 1997d).

Geologicka situacia

Viedenska panva patri medzi zapadokarpatské
molasové sedimentacné panvy. Spodnobadenské usade-
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niny v okrajovych ¢astiach zastupuje zlepenec kutskych
a zohorskych vrstiev, panvovu faciu vrstvy vapnitého ilu
a ilovca lanzhotského suvrstvia (Kovac et al., 2002).

Sedimenty ,strednobadenského” veku na vychodnom
okraji panvy su zastupené v podobe terestrickych aluvidlnych
kuZelov devinskonovoveskych vrstiev hrubych 200 az 400 m.
V panve ich reprezentuju polohy neritického ilu, ilovca
a prachovca jakubovského suvrstvia hrubé az 500-800 m.
Vo vnutropanvovej labskej elevacii sa koncom stredného ba-
denu usadili telesa litotamniového vapenca (Kovac et al., 1. c.).

Usadeniny vrchnobadenského veku su z trans-
gresivnych sandberskych vrstiev, v ktorych su na vy-
chodnom okraji panvy riasové biohermy. Panvovu faciu,
usadend v podmienkach stratifikdcie vodného stipca
a znizeného obsahu O pri dne panvy, reprezentuju
vrstvy morského véapnitého ilu a ilovca studienskeho
suvrstvia hrubé 400—600 m. Smerom k okrajom panvy je il
a prachovec zastupovany pieskom alebo vyskytmi tmavého
ilu so slojkami uhlia. V zavere badenskej sedimentacie
sa sedimentacéné prostredie vysladilo (I. c.).

Metodika

Vzorky na S$tdadium vapnitého nanoplankténu
sa odoberaju najma z pelitickych hornin (slienitych
a ilovitych) s obsahom CaCOj.

Na pripravu preparatov sa pouziva gravitacné
usadzovanie: V skumavke sa destilovanou vodou zaleju
asi 3 g horniny, suspenzia sedimentuje 1-2 min, kvapalina
sa nad usadenou frakciou zleje do druhej skimavky, 45
min sa nechda usadit pri vy$ke vodného stipca 45 mm,
nad usadenou frakciou sa vyleje a k frakcii sa opét doleje
destilovana voda. Vzniknuta kvapalina sa premiesa
a pripravi sa z nej preparat.

Pripravené preparaty vapnitého nanoplankténu mozno
pozorovat vo svetelnom alebo rastrovacom elektrénovom
mikroskope.
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Biostratigrafické a paleoekologické hodnotenie

Vrt Gajary G-23 je dokumentovany deviatimi usekmi
jadra v rozpéati od 1199-2255 m (Kovac et al., 1997a).
Obsahoval pomerne bohaté spodnobadenské a vrchno-
badenské spoloenstvo vapnitého nanoplankténu patriace
nanoplankténovej zéne NN5 — Sphenolithus heteromorphus
a NN6 — Discoaster exilis (obr. 1) (Halasova in Hudackova
et al., 2003).

Zbéna NN5 sa stanovila v intervale 2255-1805 m podla
vyskytu indexovej fosilie Sphenolithus heteromorphus
a dalSich pre fiu typickych druhov — Helicosphaera
walbersdorfensis, Helicosphaera walichii, Discoaster
variabilis, Discoaster musicus, Discoaster exilis,
Umbilicosphaera rotula a Syracosphaera pulchra.
Vo vzorkach mozno pozorovat plytkovodnejsi druh
Micrantholithus vesper, Rhabdosphaera sp. a Ponto-
sphaera multipora, ako aj rozsievky (obr. 2).

Zdéna NN6 sa stanovila v intervale 1805-1199 m najma
na zaklade absencie druhu Sphenolithus heteromorphus
a vyskytu pre nu typickych druhov — Discoaster exilis, Spheno-
lithus abies a Triquetrorhabdulus cf. rugosus. NaSiel sa aj
miocénny druh Holodiscolithus macroporus, Umbilico-
sphaera rotula, Sphenolithus moriformis, Syracosphaera
pulchra a Coronocyclus nitescens. Vo vzorkach mozno pozo-
rovat plytkovodnejsi druh Micrantholithus vesper, Rhabdo-
Sphaera sp. a Pontosphaera multipora, ako aj rozsievky.

Prevladajucou zlozkou nanospologenstva (priblizne
50 % z celkového spolo€enstva) bol druh Coccolithus
pelagicus, Reticulofenestra pseudoumbilicus, Cycli-
cargolithus floridanus a Helicosphaera carteri. Podobné
zlozenie sa pozorovalo i v dalSich vrtoch z neogénnych
zdpadokarpatskych paniev.

Paleoekologické hodnotenie: Zistené kvantitativne aj
kvalitativne bohaté spolo¢enstvo vapnitého nanoplankténu
sved¢i o dobrych paleoekologickych podmienkach v panve,
ale zvySeny vyskyt druhu Braarudosphaera bigelowii vo
vzorkéch zintervalu 1713-1714 m signalizuje zmenu salinity
v sedimentacnom priestore. Druhovo chudobnejSie vapnité
spolocenstvo sa naslo aj v rozpati 1801—1806 m, ¢o spolu
so zvySenym vyskytom rozsievok méze byt dosledkom
zvySeného prisunu terestrického materialu do panvy.

Diskusia

Vo vrte Gajary mozno podla spoloenstva vapnitého
nanoplankténu zény NN5 stanovit podzénu NN5b — Spheno-
lithus heteromorphus/Helicosphaera walbersdorfensis

Obr. 1. Lokalizacia vrtu Gajary G-23.
Fig. 1. Location of the borehole Gajary G-23.

Nerovnomerné zlozenie spolo¢enstva

Mnozstvo v %

Vzorky

O Ostatné spolocenstvo
m H. carteri

o C. floridanus

= R.pseudoumbilica

m C. pelagicus

Obr. 2. ZloZenie nanospolo¢enstva vo vrte Gajary G-23.
Fig. 2. Structure of nannoassemblage in borehole Gajary G-23.

(Andreyeva-Grigorovich et al., 2003), a to najmé na zaklade
zvy$eného vyskytu druhu Helicosphaera walbersdorfensis.
Podzéna NN5c¢ — Sphenolithus heteromorphus/Discoaster
brouweri — sa vo vrte ur€uje pomerne tazko, lebo sa nasiel
iba jeden exemplar druhu Discoaster brouweri. Hranica
medzi z6nou NN5 a NN6 sa definuje na zaklade ubytku druhu
Sphenolithus heteromorphus a jeho nasledujucej absencie.

Vrt Gajary sa biostratigraficky zhodnotil aj na zaklade
foraminifer a ostrakdd. V rozpéti 1199—1203 m sa urcil spodny
sarmat — zéna velkych elfidii. Vyskytovali sa tam preplavené
badenské formy foraminifer aj ostrakdd. V rozpéti od 1395-
1806 m sa v zmysle Grilla (1941) urcila ,strednobadenska“
foraminiferova zéna Spiroplectamina carinata.

Interval v rozpati 2002—2253 m sa na zaklade foramini-
fer zaradil do spodného badenu — druh Orbulina suturalis
a Globorotalia bykowae. Podla ostrakdd sa sedimenty vrtu
oznacili za badenské (Hudackova a Pipik in Kovag et al.,
1997a).

<« Tab. 1. 1-2 - Sphenolithus abies Deflandre, Gajary G-23, 1 —j. €. 11,2 —].¢. 10, 3—4 — Sphenolithus heteromorphus Deflandre, Gajary G-23,

3—j.¢.18,4 —|.¢. 17,5 — Sphenolithus moriformis (Bronnimann — Stradner) Bramlette — Wilcoxon, Gajary G-23, . ¢. 12, 6, 8, 9 — Discoaster
exilis Martini — Bramlette, Gajary G-23, 6 —j. ¢. 11, 8 —j. €. 12, 9 —j. €. 13, 7 — Discoaster cf. hamatus Martini — Bramlette, Gajary G-23, j. ¢.
11, 10 — Discoaster deflandrei Bramlette — Riedel, Gajary G-23, j. €. 11, 11, 12, 13 — Helicosphaera carteri (Wallich) Kamptner, Gajary G-23,
11 -j.¢.11,12—j.6.17, 13 —j. €. 18, 14 — Helicosphaera walbersdorfensis Miller, Gajary, G-23, j. €. 10, 15 — Helicosphaera vedderi Bukry,
Gajary G-23, j. €. 17, 16 — Umbilicosphaera rotula (Kamptner) Varol, Gajary G-23, j. €. 8, 17 — Calcidiscus premacintyrei Theodoridis,
Gajary G-23, j. €. 13, 18 — Syracosphaera pulchra Lohmann, Gajary, G-23, j. €. 16, 19 — Calcidiscus macintyrei (Bukry — Bramlette), Gajary
G-28, j. €. 11, 20 — Coccolithus pelagicus (Wallich) Schiller, Gajary G-23, j. €. 12, 21 — Pontosphaera multipora (Kamptner) Roth, Gajary
G-23, |. €. 14, 22 — Reticulofenestra minuta Roth, Gajary G-23, . ¢. 8, 23 — Pontosphaera multipora (Kamptner) Roth, Gajary G-23, j. ¢.
16, 24, 25 — Holodiscolithus macroporus (Deflandre) Roth, Gajary G-23, 24 —|. €. 11, 25 —j. €. 11), 26 — Lithostromation sp., Gajary G-23,
j- €. 12, 27 — Rhabdosphaera clavigera Murray — Blackman, Gajary G-23, j. ¢. 11, 28, 29 — Braarudosphaera bigelowii (Gran — Braarud)
Deflandre — zhluky, Gajary G-23, j. €. 18, 30 — Micrantolithus vesper Deflandre, Gajary G-23, j. €. 18.
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Fig. 3. Biostratigraphical evaluation from borehole Gajary-23.
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Obr. 4. Zistené vapnité nanospolocenstvo vo vrte Gajary G-23.

Fig. 4. List of species from borehole Gajary-23.
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Podla foraminifer bolo v intervale 1395-2006 m skor
hibokovodnejSie prostredie. Spolo¢enstva foraminifer boli
prevazne hlbokovodné, pricom dominovali euryoxibiontné
foraminifery — Bulimina, Bolivina, Fursenkoina, Uvigerina,
indikujuce pokles obsahu O pri dne panvy. Relativnu
(lokalnu) oscilaciu hladiny mora signalizoval aj vyskyt
plytkovodnych druhov (Hudackova in Kovac et al., 1997a).

V hibke 2203-2253 m bola zrejma vysoka diverzita
foraminiferového spoloCenstva, ¢o poukazuje na
optimalne zivotné podmienky pre hibokovodnejSie taxony,
s dostatkom potravy, normalnou salinitou a s optimalnou
hladinou O,. Interpretacia paleoprostredia indikuje
odspodu nahor postupny rast pobrezného cela (shelf
marginal wedge) smerom do panvovej facie (I. c.), ale
na zaklade vapnitych nanofosilii sa paleoprostredie da
interpretovat ako plytkovodnejsie, a to najméa podla vyskytu
druhu Braarudosphaera bigelowii, Micrantholithus vesper,
Rhabdosphaera sp. a Pontosphaera multipora.

Zaver

Vo vrte Gajary G-23 sa stanovila nanoplankténova zéna
NN5 a NN6. Hranicu medzi nimi mozno presne stanovit
podla ubytku az absencie indexovej fosilie Sphenolithus
heteromorphus.

Kvantitativne aj kvalitativne pomerne bohaté spolo¢en-
stvo vépnitého nanoplankténu indikuje sedimentacné
prostredie s dostatkom Zzivin. ChudobnejSie nanospolo-
Censtvo so zvySenym vyskytom druhu Braarudosphaera
bigelowii a rozsievok v urcitych intervaloch signalizuje
regresiu a zmenu salinity v morskom prostredi.

Podakovanie. Praca bola financovana z projektu APVV 51-0011305.
Dakujem RNDr. E. Halasovej, PhD., za konstruktivne pripomienky
a rady, ktoré pomohli pri tvorbe ¢lanku.
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Abstract

The calcareous nannofossils in the Badenian sediments from the Semerovce SV-8 and Cifer-1
boreholes (Danube Basin) were studied for the biostratigraphical purpose.

Two nannoplankton zones NN5 — Sphenolithus heteromorphus and NN6 — Discoaster exilis
were determined. The studied assemblage was quantitatively and qualitatively rich and included
more than 40 % abundance from the species Reticulofenestra minuta, which indicated a good
sea connection with an open ocean and rich nutrificant conditions in the sedimentary area.

Key words: Danube Basin, Badenian, calcareous nannofossils, biostratigraphy, paleoecology

Introduction

The Badenian sedimentary cycle started in the upper
part of the Lower Badenian with transgressive pelitic
sediments, corresponding to the nannoplankton zone
NN5 — Sphenolithus heteromorphus sensu Martini (1971).
This zone continued until the Middle Badenian. The base
of this zone is defined by the FO (first occurrence) of the
species Helicosphaera waltrans and by absenting species
Helicosphaera ampliaperta (15.1 Ma in Berggren et al.,
1995). According to Rogl (1998), the base of the “Middle”
Badenian is placed at about 15 Ma.

The zone NNB6, starting after Upper Badenian trans-
gression, is characterized by the absence of the species
Sphenolithus heteromorphus (13.5 Ma, Berggren et al.,
1995) and terminated during the Sarmatian.

Following the study of the foraminifers the Badenian
is divided into the lower and upper Lagenide zone (Lower
Badenian), Zone Spiroplectamina carinata (“Middle”
Badenian), Bulimino — Bolivine zone and Rotalia zone
(Upper Badenian; Grill, 1941; Kova¢ et al., 2005).

The base of the Badenian in the Central Paratethys has
an estimated geochronological age of 16.3 Ma and the end
of Badenian has an age of 12.7 Ma sensu Harzhauser and
Piller (2007).

Biostratigraphical research of Badenian sediments
from the Danube basin on the basis of calcareous
nannofossils was realized by Lehotayova and Halasova.

Lehotayova determined the nannoplankton zone
NNS5 in the following boreholes: Salka K-V, Chlaba S0-1,
Bajtava (Lehotayova, 1977), zone NN6: Salka K-V, Lontov
Zi-2, Gondovo PKS-1 — basicaly the presence (NN5) or
the absence (NN6) and by appearance of the species
Triquetrorhabdulus rugosus and the major abundance

of the discoasters with the reduced central area and taper
rays too, such as Discoaster brouweri, Discoaster cf. bollii,
Discoaster exilis (Lehotayova, 1977).

Halasova defined the nannoplankton zones NN5 and
NN6 in the Badenian sediments from the borehole Bruty
VTB 1 (Halasova in Zlinska et al., 2002) that is defined
as Lower and “Middle” Badenian, as well as zones NN5
and NN6 in the borehole Zeliezovce HGZ-3. Here was
determined the calcareous assemblage from the zones
NN4 and NN5 (Halasova in Fordinal et al., 2002).

Geological situation

Semerovce SV-8 and Cifer-1 boreholes are situated
in Danube Basin, belonging among West Carpathian
Neogene basins (Fig. 1).

The Lower Badenian deposits in the Danube Basin
were represented by terrestrial sediments proceeding
to marine sediments. In the Zeliezovce Depresion the
marine Bajtava succession on the margin is represented
by transgressive conglomerates and by sandstones

Slovakia

R4 .
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© Y  Semerovce
Bratislava

Fig. 1. Location of the Semerovce SV-8 and Cifer-1 boreholes.
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including volcaniclastics in the eastern part. In the centre
of the depression the succession is represented mainly
by calcareous clays, siltstones and sandstones (Kovac,
2000).

“Middle” and Upper Badenian sediments (15-13 Ma)
extended over the whole Danube Basin. They were deposi-

Om

NN6

300

NN5

ted in the lower to upper neritic conditions. The conditions
of the sedimentation were marine with gradual trend of
decrease of salinity and depth of sedimentary basin toward
the end of this time.

The freshwater coal clays with lignite layers were
deposited in the western part of the basin in the Upper

Sphenolithus heteromorphus

firm clays
aleuritic marly clays

tufitic marly clays

marly sandstones

Fig. 2. Biostratigraphical evaluation of the Semerovce SV-8 borehole.
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Braarudosphaera bigelowii
Calcidiscus leptoporus
Calcidiscus premacintyrei
Coccolithus miopelagicus
Coccolithus pelagicus
Coronocyclus nitescens
Cyclicargolithus floridanus
Discoaster exilis

Discoaster musicus
Discoaster sp.

Discoaster variabilis
Ericsonia formosa
Helicosphaera carteri
Helicosphaera walbersdorfensis
Helicosphaera waltrans
Holodiscolithus macroporus
Pontosphaera multipora
Reticulofenestra minuta
Reticulofenestra pseudoumbilicus
Rhabdosphaera clavigera
Sphenolithus abies
Sphenolithus heteromorphus
Sphenolithus moriformis
Syracosphaera pulchra
Micrantholithus vesper
Thoracosphaera sp.

Umbilicosphaera rotula
Diatomaceae

300

aleuritic marly clays
marly sandstones

- tufitic marly clays

Fig. 3. List of species from Semerovce SV-8 borehole.
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Badenian. The north-western part of the Danube Basin
was represented by the grey calcareous clays, claystones
and siltstones with beds from the sands and sandstones
of the Spagince and Madunice formations, which exceeded
athickness of 3000 m.The Komjatice Depression contained
the Pozba Formation sediments thick 2000 m. They are
characterized by the sedimentary sequence of calcareous
clays, claystones, siltstones with abundant volcaniclastics
and bioherms of limestones (Kovag, 2000).

Material and methods

The study samples were taken from pelitic rocks with
contents of CaCOs.

The methods of gravitational setting were applied to
produce the microscopic preparations. 3 g of rock were
mixed with distilled water in a tube. The suspension
had sedimented for 1-2 min. and after the liquid was
decanted above the settled fraction to the second tube this
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Fig. 4. Biostratigraphical evaluation
of Cifer-1 borehole.
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Braarudosphaera bigelowii
Coccolithus miopelagicus
Coccolithus pelagicus
Coronocyclus nitescens
Cyclicargolithus floridanus
Discoaster exilis

Discoaster variabilis
Helicosphaera carteri
Helicosphaera walbersdorfensis
Holodiscolithus macroporus
Micrantolithus vesper
Pontosphaera multipora
Reticulofenestra minuta
Reticulofenestra pseudoumbilicus
Rhabdosphaera sicca
Sphenolithus abies
Sphenolithus moriformis
Syracosphaera pulchra
Thoracosphaera sp.
Umbilicosphaera rotula
Zygrhablithus bijugatus
Diatomaceae

Core 14

ore 15

1405

1490 &

calcareous
calcareous
silty clays

Fig. 5. Borehole list of species from Cifer-1 borehole.
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sedimented for 45 minutes by 45 mm water column. Next
the liquid was decated above the settled fraction and from
this fraction were made the microscopic samples.

The microscopical preparates were studied by the
light microscope and by the SCAN (Raster electron
microscope).

Biostratigraphical results
Semerovce SV-8

Two nannoplankton zones NN5 and NN6 were
determined in the borehole Semerovce SV-8 (Fig. 2).
Stratigraphical important species such as Sphenolithus
heteromorphus, Calcidiscus premacintyrei, Discoaster
musicus, Discoaster exilis, Discoaster variabilis were
recognized in the Zone NN5 (305-432 m), while Helico-
sphaera waltrans, which has its LO in this zone, appeared
sporadically. The species Helicosphaera walbersdorfensis
had its LCO in the boundary of the zones. The beginning
of zone NN6 (273-143 m) is indicated by the absence
of species Sphenolithus heteromorphus and by the
appearance of Sphenolithus abies. The lower part of this
zone contained frequent occurrence of discoasters (Fig. 3).

The major part of the assemblage from nannoplankton
zone NN5 was composed of the species Coccolithus pela-
gicus, Reticulofenestra pseudoumbilicus, Cyclicargo-
lithus floridanus, Helicosphaera carteri. However, the most
dominant species (more than 40 % from the nannofossil
assemblage) was Reticulofenestra minuta. This species
continued into zone NN6 and had the dominant position
here as well.

Cifer-1
The Cifer-1 borehole contained a rather rich
assemblage of the calcareous nannofossils from zone
NN6 — Discoaster exilis (Fig. 4). This zone was determined
in the interval 1254—-1408 m, mainly on the basis of the
absence of the species Sphenolithus heteromorphus. The
samples contained the species typical for the zone NN6

100%
80%
60%

40%

20%

0%

like Sphenolithus abies, Discoaster exilis. The species
Cyclicargolithus floridanus occurred most frequently in this
zone. The species Reticulofenestra minuta has in samples
more than 40 % abundance of the assemblage. Together
with other species Coccolithus pelagicus, Reticulofenestra
pseudoumbilicus and Helicosphaera carteri they compose
the major part of the assemblage (Fig. 5).

Paleoecological results
Semerovce SV-8

The assemblage of calcareous nannofossils was
rather rich and well diversified and showing good
nutrificant conditions in the marine sedimentary area
and active connection with the open ocean. The change
in paleoarea is evident in the interval 273-218 m,
where small subjects and an increase of Diatomaceae
were found, indicating continental stream. The large
percentual abundance of the species Reticulofenestra
minuta in the some intervals from borehole (432
m, 421-392 m, 349-318 m) is related to open sea
conditions and high nutrificant index in the sedimentary
area (Fig. 6).

Cifer-1

The calcareous nannofossils found in the samples
were quantitatively and qualitatively rich, and included
Paleogene species. From the paleoecological aspect the
more than 40 % abundance of the species Reticulofenestra
minuta is important (Fig. 7). A similar event was recognized
in the Semerovce borehole and it is probably typical for
the Badenian Danube Basin and is an argument for high
nutrificant conditions in the basin.

An increase from the species Braarudosphaera
bigelowii was recognized in the samples from interval
1405-1408 m. This could indicate a change of salinity in
the basin. Diatomaceae were also observed in the borehole
(1490-1492 m). This is an argument for a larger terrestrial
stream to the marine basin.

B Other species
O Reticulofenestra minuta
B Reticulofenestra pseudoumbilicus

B Coccolithus pelagicus

432 427 421 415 403 392 376 349 335 323 318 305 273 261 246 234 207 143

Samples

Fig. 6. Structure of nannoassemblage of Semerovce SV-8 borehole.
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Pl. 1. 1-2 — Sphenolithus heteromorphus Deflandre, Semerovce 8v-8,376 m, 1 —349m, 2 -305m; 3,4,5— Sphenolithus abies
Deflandre, Semerovce SV-8, 3 — 305 m, 4 —207 m, 5 — 127 m; 6 — Helicosphaera walbersdorfensis Miller, Semerovce 8v-8, 376 m;
7,8, 9, 10 — Helicosphaera mediterranea Miiller, Semerovce SV-8, 7 — 376 m, 8, 9 — 305 m, 10 — 421 m; 11,15 — Coronocyclus nitescens
(Kamptner) Bramlette et Wilcoxon, Semerovce SV-8, 11 — 305 m, 15 — 207 m; 12 — Reticulofenestra minuta Roth, Semerovce SV-8, 349 m;
13 — Holodiscolithus macroporus (Deflandre) Roth, Semerovce SV-8, 376 m; 14 — Cyclicargolithus floridanus (Roth et Hay) Bukry,
Semerovce SV-8, 349 m; 16,17 — -Discoaster exilis Martini et Bramlette, Semerovce SV-8, 16 —305 m, 17 — 415 m; 18 — Discoaster variabilis
Martini et Bramlette, Semerovce SV-8, 415 m; 19 — Discoaster musicus Stradner, Semerovce SV-8, 305 m; 20 — Discoaster hamatus Martini
et Bramlette, Semerovce SV-8, 305 m; 21 — Syracosphaera pulchra Lohmann, Semerovce SV-8, 349 m; 22 — Reticulofenestra
pseudoumbilicus (Gartner) Gartner, Semerovce SV-8, 376 m; 23 — Calcidiscus premacintyrei Theodoridis, Semerovce 8v-8, 376 m;
24 — S. heteromorphus Deflandre, C. nitescens (Kamptner) Bramlette et Wilcoxon, Semerovce Sv- -8, 305 m; 25 — Triquetrorhabdulus sp.,
Semerovce SV-8, 207 m; 26 — Braarudosphaera bigelowii (Gran et Braarud) Deflandre, Semerovce, 8V-8, 234 m; 27 — Micrantolithus vesper
Deflandre, Semerovce, SV-8, 234 m; 28 — Thoracosphaera operculata Bramlette et Martini, Semerovce, SV-8, 376 m; 29 — Rhabdosphaera
clavigera Murray et Blackman, Semerovce, V-8, 235 m; 30 — diatom, 234 m.
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Pl. 2. 1, 2 — Sphenolithus moriformis (Bronnimann et Stradner) Bramlette et Wilcoxon, Cifer-1, 1254 m; 3 — Discoaster deflandrei
Bramlette et Riedel, Cifer-1, 1293 m; 4 — Discoaster druggi Bramlette et Wilcoxon, Cifer-1, 1293 m; 5 — Discoaster variabilis Martini
et Bramlette, Cifer-1, 1293 m; 6 — Helicosphaera walbersdorfensis Miller, Cifer-1, 1254 m; 7 — Helicosphaera mediterranea Milller, Cifer-1,
1294 m; 8 — Helicosphaera carteri (Wallich) Kamptner, Cifer-1, 1294 m; 9, 10 — Coccolithus pelagicus (Wallich) Schiller, Cifer-1, 1405 m;
11 — Coronocyclus nitescens (Kamptner) Bramlette et Wilcoxon, Cifer-1, 1405 m; 12 — Umbilicosphaera rotula (Kamptner) Varol,
Cifer-1, 1408 m; 13 — Calcidiscus premacintyrei Theodoridis, Cifer-1, 1406 m; 14 — Cyclicargolithus floridanus (Roth et Hay) Bukry,
Cifer-1, 1406 m; 15 — Chiasmolithus solitus (Bramlette et Sullivan), Cifer-1, 1406 m; 16 — Syracosphaera pulchra Lohmann, Cifer-1, 1293 m;
17 — Holodiscolithus macroporus (Deflandre) Roth, Cifer-1, 1406 m; 18 — Pontosphaera multipora (Kamptner) Roth, Cifer-1, 1293 m;
19 — Triquetrorhabdulus sp., Cifer-1, 1408 m; 20 — Zygrhablithus bijugatus (Deflandre) Deflandre, Cifer-1, 1294 m; 21 — Reticulofenestra
pseudoumbilicus (Gartner) Gartner, Cifer-1, 1294 m; 22 — diatom, Cifer-1, 1490 m; 23 — Micrantolithus vesper Deflandre, Cifer-1, 1408 m;
24 — Cyclicargolithus floridanus (Roth et Hay) Bukry, coccosphere, Cifer-1, 1405 m; 25 — Braarudosphaera bigelowii (Gran et Braarud)
Deflandre, Cifer-1, 1294 m.
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Discussion

Zone NN5 was recognized in both boreholes on the
basis of the presence of the species Sphenolithus hetero-
morphus and other species typical for this zone: Helico-
sphaera walbersdorfensis, Calcidiscus premacintyrei,
Discoaster musicus, Discoaster variabilis. The beginning
of zone NN6 may be characterized by the absence or only
a low number Sphenolithus heteromorphus. In this zone
the species Cyclicargolithus floridanus is most frequent
and the species Triquetrorhabdulus rugosus appears.
Other typical species in this zone are Discoaster exilis,
Discoaster variabilis, Sphenolithus abies.

No other fossils have been studied in the Cifer borehole
so we cannot compare our results with other results.

Foraminifers were studied in the Semerovce borehole
(Lehotayova, 1981) and the results are comparable with
the results from my study. In the interval 470-350 m
Lehotayova (l.c.) recognized Lower Badenian with the
species Uvigerina, Bolivina. In the interval 350-300 m she
recognized Middle Badenian with basically mixing Lower
and Upper Badenian species, but zone Spiroplectamina
carinata continues to the Upper Badenian. In the interval
350-229 m she recognized the Spiroplectamina carinata
zone. In the interval 229-35 m the Upper Badenian and
Bulimino — Bolivina zone were recognized. Some difference
between the results from nannofossils and foraminiferal
study zone NN5 was recognized in the interval 305-432
m, which is defined from the upper part of Lower Badenian
to the Middle/Upper Badenian boundary. The zone NN6
was assigned to the interval 273—143 m and this zone
occurs from the Upper Badenian to Sarmatian (Kovaé
et al., 2005). These differences are caused by the new
biostratigraphical study and new biostratigraphical time
scales, generated during the last 20 years.

Conclusions

Two nannoplankton zones NN5 — Sphenolithus
heteromorphus and NN6 — Discoaster exilis were
recognized in the Semerovce and Cifer boreholes on the
basis of the presence or absence of biostratigraphical
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Fig. 7. Structure of nannoassemblage in Cifer-1 borehole.

marker Sphenolithus heteromorphus and other species
important for these zones.

The Paleoecological environments from the study of
marine sediments show good nutrificant conditions in the
ancient sea, normal salinity and a connection with the open
ocean. In the same interval, where the paleoenvironmental
condition changed, we observed an increase of the species
Braarudosphaera bigelowii and Diatomaceae.
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Badenian calcareous nannofossils from Semerovce SV-8
and Cifer-1 boreholes (Danube Basin)

Semerovce SV-8 borehole (Danube Basin) has the
depth of 1204 m and the interval 505-35 m is of the Bade-
nian age. The calcareous nannoplankton was found in the
interval 446—45 m. The nannoplankton assemblage was
qualitatively and quantitatively rich and consists mainly
of the species Reticulofenestra minuta, Reticulofenestra
pseudoumbilicus, Cyclicargolithus floridanus and Cocco-
lithus pelagicus. The Nannoplankton zone NN5 was de-
termined mainly on the basis of the occurrence of Spheno-
lithus heteromorphus (in the interval 305—-432 m), and NN6
(in the interval 273-143 m), where this species is absent.

Paleoecological interpretation. The changes in the
paleoenvironment were determined in the interval 273—
218 m on the basis of growth of the Diatomaceae. It was
due to the inflow of the terrestrial stream to the marine
paleoenvironment.

High abundance of the species Reticulofenestra minuta
(40 %) indicates an unrestricted sea connection with open
ocean and eutrophic conditions in the sedimentary area.

Cifer-1 borehole (Danube Basin) has the depth 1842 m
and the interval 1408-990 m was determined to be of the
Badenian age. The zone NN6 was defined in the interval
1254-1408 m, mainly on the basis of the absence of the

species Sphenolithus heteromorphus. In the nannoplankton
assemblage were Sphenolithus abies and Discoaster exilis,
representing species typical for this zone. The species
Cyclicargolithus floridanus has the highest abundance in
this zone. The species Reticulofenestra minuta, together
with other species Coccolithus pelagicus, Reticulofenestra
pseudoumbilicus and Helicosphaera carteri compose the
major part of the assemblage.

Paleoecological interpretation. The calcareous
nannoplankton in the studied samples is qualitatively and
quantitatively rich and also contains some Paleogene
species.The dominant species are Reticulofenestra minuta,
Reticulofenestra pseudoumbilicus, Cyclicargolithus
floridanus and Coccolithus pelagicus. High abundance of
Reticulofenestra minuta is of paleoecological importance.
A similar event was recorded in the Semerovce
SV-8 borehole and indicates eutrophic conditions in the
sedimentary area. In the samples from the interval 1405—
1408 m there was found an increase of the occurrence
the species Braarudosphaera bigelowii, which indicates
a salinity changes in the marine area. The terrestrial
stream is recorded by high abundance of the Diatomaceae,
mainly in the interval 1490-1492 m.

Badenské vapnité nanofosilie z vrtu Semerovce SV-8
a vrtu Cifer-1 (podunajska panva)

Vrt Semerovce $V-8 (podunajska panva) ma hibku
1204 m a badensky vek sa stanovil v rozpati 505-35 m.
Vépnity nanoplanktén sa nasiel v hibke 446-45 m, jeho
spolo€enstvo bolo bohaté kvantitativne aj kvalitativne
a prevaznu zlozku v fiom tvoril druh Reticulofenestra
minuta, Reticulofenestra pseudoumbilicus, Cyclicargo-
lithus floridanus a Coccolithus pelagicus. Zastupenie
Reticulofenestra minuta miestami dosahovalo 40 %.
Nanoplanktonova zéna NN5 (305-432 m) sa urcila najma
podla vyskytu druhu Sphenolithus heteromorphus a NN6
(273-143 m), ale hlavne na zaklade jeho absencie.

Paleoekologické hodnotenie. Zmena paleoprostredia je
viditelna v rozpéti 273-218 m, a to na zéklade rastu podielu
rozsievok pod vplyvom vysSieho prisunu terestrického
materialu do morského prostredia. Vysoké zastupenie
druhu Reticulofenestra minuta v istych Usekoch vrtu (432,
421-392 a 349-318 m) pravdepodobne suvisi s velkym pri-
sunom zivin podmienenym prepojenim s otvorenym oceanom.

Vrt Cifer-1 (podunajska panva) dosiahol hibku 1842
m a badenské sedimenty sa urcili v rozpati 1299-990
m. Obsahoval pomerne bohaté spolo¢enstvo vapnitého
nanoplanktonu nanoplankténovej zony NN6 Discoaster
exilis, ktora je definovana pre vrchny baden az sarmat.

Zona NN6 sa stanovila v rozpéati 1254—1408 m podla
chybania indexovej fosilie Sphenolithus heteromorphus.
Vo vzorkach sa vyskytovali aj druhy typické pre zénu NN6
Sphenolithus abies a Discoaster exilis. Hojne je zastupeny
druh Cyclicargolithus floridanus a v tejto zone ma najvacsi
vyskyt. Vo vrte sa v nadmernom mnozstve vyskytoval druh
Reticulofenestra minuta, ktory vo vzorkach dosahoval
takmer 40 %, a spolu s druhom Coccolithus pelagicus,
Reticulofenestra pseudoumbilicus a Helicosphaera carteri
tvoril majoritnu ¢ast nanospolo¢enstva.

Paleoekologické hodnotenie. Vapnity nanoplankton
bol v Studovanych vzorkach bohaty kvantitativne
aj kvalitativne a boli v hom aj paleogénne druhy.
Z paleoekologického hladiska je vyznamné zastupenie
druhu Reticulofenestra minuta (takmer 40 %). Podobny
jav sa pozoroval vo vrte Semerovce SV-8 a modze
svedcéit o vysokonutric(nom prostredi. Vo vzorke
z rozpatia 1405—-1408 m sa zistil vysSi vyskyt druhu
Braarudosphaera bigelowii, ktory moze byt dékazom
o zmene salinity v paleoprostredi. Vo vrte sa ako
vysledok vacésieho prisunu terestrického materialu
do sedimentacnej panvy vyskytovali aj rozsievky (najma
v rozpati 1490-1492 m).
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Palynologicky rozbor sedimentov z Jaskyne Izabely Textorisovej
vo Velkej Fatre
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Palynological analysis of sediments from Izabela Textorisova Cave in Velka Fatra Mts.

The article summarizes the first palynological research in Izabela Textorisova cave located
in the national park in the Velka Fatra Mts. (middle Slovakia). The typical problem of the
palynospectra analyses from caves is the secondary transport of palynomorph into caves and
resulting difficult distinguishing in situ and those transported maybe from long distances. We can
only deduce that climatic optimum and the ecology, characterized by our findings of pollen, were
dominant in Upper Pleistocene — Holocene in the surroundings of Izabela Textorisova cave.

Key words: caves, palynomorphs, Upper Pleistocene — Holocene, climatical optimum

Uvod

Jaskyne histériou svojho vzniku, vyvojom aj su¢asnym
postavenim maju v geologickom vyvoji Slovenska
vyznamné miesto. Pri ich systematickom vyskume sa
najvac¢sia pozornost venuje najma ich geologickym,
technickym, morfologickym, krasovym, hydrologickym,
hydrogeologickym, paleontologickym, archeologickym ¢i
zoologickym fenoménom.

Slovenské narodné muzeum — Muzea v Martine zacalo
zoologicko-paleontologicky vyskum Jaskyne lzabely
Textorisovej s hlavnym cielom zhodnotit jaskyriu z pohladu
jej obyvania pravekymi Selmami, najmd medvedom
jaskynnym (Ursus spelaeus Ros., dalej US). Jedince US
sa nasli in situ a analyzou radioaktivneho izotopu C'* sa
ich vek stanovil na 45 000 rokov (analyzu vykonal Institut
fur Isotopenforschung und Kernphysik der Universitat
Wien, VERA-Laboratorium). Vysledky paleontologického
vyskumu zhffia praca Bendika (2005, 2007a, b, 2008),
Bendika a Sabola (2007). V ramci mikropaleontologického
vyskumu sa odobrala vzorka na palynologicku analyzu
a jej vysledky prinasa tato praca.

Lokalizacia a metodika

Jaskyna lzabely Textorisovej sa nachadza v udoli
Konského dolu v Gaderskej doline, v narodnej prirodnej
rezervacii TIsta vo Velkej Fatre (obr. 1). Jaskyna sa sklada
z velkého portalového vstupu a troch sieni viac-menej
spojenych horizontalnymi a sklonenymi chodbami (obr. 2).
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Dno sieni povéaésine tvori ostrohranna drvina vytvorena
mrazovym zvetravanim (a spadnutymi balvanmi; tyka sa
to hlavne vstupného portalu a siene v iom) s hlinitym
nanosom, v jednom mieste s vrstvami guana (hrubymi do
cca 20 cm, Cast Predsien). V Casti Predsien pokracuje po
tektonickej linii strmo naklonena chodba. V jej najvyssej
znamej Casti je miesto nalezu kostrovych zvysSkov US
in situ, ktoré dostalo pracovny nazov Hrobka. Chodba sa
v tych miestach konéi zavalom, ¢o vedie k dohadu, ze
povodny vchod do jaskyne, ktorym sa medvede dostali
dnu, prebiehal cez zaval. Sedimenty ¢asti Hrobka tvori
ostrohranna Strkova akumulacia (kryogénneho charakteru,
ulomky su velké do 3 cm), v hornej ¢asti presintrovana (do
hrdbky 15 cm) a ojedinelé kamenné bloky (velké do 50
cm). NajhlbSie najdené jedince US lezali v piescitej vrstve
(hrubej 3-5 cm) na tenkej polohe svetlosivého ilu (hrubej
cca 5 cm) v hibke 80 cm. Prave zo spomenutej ilovitej vrstvy
sa odobrala vzorka na palynologicku analyzu a podrobila
sa Standardnej palynologickej maceracii s pouzitim HCI,
HF a tazkej kvapaliny na separaciu pelonosnej frakcie.
Z maceratu sa zhotovili preparaty, zhodnotili sa pod
mikroskopom a snimky sa urobili digitalnym fotoaparatom
pri tisicnasobnom zvacseni.

Vyskum a vysledky

Hlavnym problémom pri palynologickom vyskume
jaskynnych sedimentov je, ze rastlinné zvySky nie su tam,
kde vznikli, ale do jaskynnych priestorov sa transportovali
druhotne, a preto su jaskynné palynospektra prevazne
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z palynomorf prinesenych z rozli¢nych miest povrchu
jaskynnych systémov. Casta je redepozicia a mieanie
palynomorf zo sedimentov ulozenych v nerovnakom
obdobi. Zrna najCastejSie koroduju pri transporte, a tak
spolahlivym vodidlom nemusi byt ani stav ich zachovania
a fosilizacie.

Pri jaskynnych palynofaciach je dalSim charakteristic-
kym problémom selekcia palynomorf spdsobena odliSnou
rezistenciou sporopelovych obalov vocéi transportu
a chemizmu prostredia. Prejavuje sa to druhotnym
nahromadenim odolnejSich spér a pelovych zfn, a tak
sa tazko zistuje, Ci prevaha urcitych prvkov v spektrach
zodpoveda pdvodnému ekologickému charakteru pro-
stredia (Dolakova, 2004). Faktorom nepriaznivo ovplyv-
nujucim zachovavanie palynomorf je aj vihkost prostredia
smnozstvom hib abaktérii rozkladajtcich organickd hmotu,
a teda aj pelové zrna (Navarro et al., 2001). Vzhladom
na tieto skuto¢nosti je evidentné, ze pelové spektra
z jaskynnych sedimentov nemozno jednoducho porovna-
vat so Standardnymi spektrami platnymi pre jednotlivé
obdobia. Ich presna determinacia si vyzaduje podrobnejsi
tafonomicky, sedimentologicky a paleontologicky vyskum.

V skumanej vzorke sa vyskytovali aj redeponované
prvky kriedového veku zo skupiny Normapolles, ale
v najvacsej miere boli zastupené palynomorfy mladSieho

veku (kvartér, najpravdepodobnejSie vrchny pleistocén
— holocén) so stromovitym druhom rodov Pinus, Betula,
Alnus, Salix a Quercus (obr. 3) a z bylinnych foriem najma
vlhkomilna trava druhu Chelidonium a Chenopodium.

Pomerne vysoky podiel listnatych arboralnych prvkov
indikuje klimatické optimum (Sirokolisty dub — oteplenie).
Jel$a a vrba potvrdzuju blizkost mociara alebo bahenného
prostredia, kym borovica (lesna a limba) a breza skér
dokazuju chladnejSiu periodu. Breza a vfba s travou
rozlicného druhu mézu byt zvySkom pdvodnej tundrovej
formacie. Pritomnost pelu zo skupiny Normapolles
mozno vysvetlit redepoziciou sedimentov (¢asto pri ilovci)
alebo mohol prezit na skimanom Uzemi s priaznivejsimi
klimatickymi podmienkami v refugiach (¢o je menej
pravdepodobné).

Zaver

Najdena vrchnopleistocénna az holocénna flora
s vyskytom stromovitych druhov s vysokym podielom
listnatych prvkov poukazuje na klimatické optimum, ktoré
mohlo vladnut v okoli jaskyne v obdobi, ked tieto rastliny
vegetovali. Pritomnost druhu Alnus a Salix indikuje vihkost
prostredia. ChladnejSiu peridodu by dokazoval pel rodu
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Obr. 1. Lokalizacia Jaskyne Izabely Textorisovej v doline Konského dolu vo Velkej Fatre.

Fig. 1. Location of Izabela Textorisova cave in the Konsky dol valley in Velka Fatra Mts.
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Obr. 2. Pédorys a priebeh Jaskyne Izabely Textorisovej (A) a litologicky profil sedimentarnej vypine asti Hrobka s vyznac¢enym miestom
odberu vzorky na palynoldgiu (B). Zameral P. Mitter, J. Feriancik, J. RiSian, J. Fedor, V. Pucek, J. Tonhauser a E. Tapaj 28. aprila 1972,

doplnil a upravil A. Bendik (2007).

Fig. 2. Ground plan and course of Izabela Textorisova cave (A) and lithological profile with sedimentary filling in the part Hrobka (Tomb)
and location of palynological sampling (B). Site surveying: P. Mitter, J. Ferian¢ik, J. Riian, J. Fedor, V. Puc¢ek, J. Tonhauser and E. Tapaj,

28.4.1972, completed and adjusted by A. Bendik (2007).

Pinus, ale treba brat do Uvahy ich dalekodoletovost. Tento
vyskum bol (pokial ide o palynolégiu) iba pionierskou
pracou v Jaskyni Izabely Textorisovej a bolo by vhodné
spracovat dalSie vzorky aj z inych Casti jaskyne, aby sa
ziskali exaktné zavery o paleoekoldgii daného obdobia
v jej okoli.
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Vyvoj a chronostratigrafia kvartérnych sedimentov a fosilnych poédnych
komplexov na lokalite Petrovany-Mocarmany v KosSickej kotline
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Evolution and chronostratigraphy of Quaternary sediments and fossil soil complexes on
the locality of Petrovany-Moc€armany in the KoSice Basin

In this article we present genesis, characteristics and chronological classification of frost
wedges and other cryogenic structures being found by geomorphological investigations
in northern part of KoSice Basin.

In the locality Petrovany-Mo¢armany we found two generations of frost wedges in the
geological profile through Quaternary sediments during 1986, 1992 and 1996.

The older one, which is in the basal periglacial accumulation, is represented by 4 to 7 frost
wedges in the depths 80 to 103 cm of bag to onion shape from period glacial Donau (D). In their
superposition we have found 165 cm deep and 26 cm wide frost wedge which was filled with
fossil black soil from interglacial Gunz — Mindel (G/M) period.

From the chronostratigraphic point of view, the locality of Petrovany-Mo¢armany represents
a stratotype where fossil soil complexes from four interglacials (D/G, G/M, M/R and R/W) and five
interstadials (G1/2, 62/3, R1/2, W 1/2 and W 2/3 ) as well as sediments from more stadials were
found. The locality is significant also from archeological point of view. There was found a leafy

cusp from Szeletien.

Key words: KoSice Basin, interglacial, glacial, cryogenic structure, fossil soil

Podla M. Lukni$a a P. Plesnika (1961) Kosicka kotlina
geograficky zabera uzemie medzi Slanskymi vrchmi na V,
vybezkami SpiSsko-3ariSského medzihoria a Beskydského
predhoria na S, Sari§skou vrchovinou, vybezkami Ciernej
hory a Hornadskeho predhoria na Z. Jej juzna hranica
je umela a reprezentuje ju Statna hranica s Madarskou
republikou.

Geomorfologicky méa charakter kotlinovej pahorkatiny
a patri do nizinného typu kotlin s celkove priaznivymi
fyzickogeografickymi pomermi (geologickou stavbou,
reliéfom, teplotou, zrazkami, pédou a vegetaciou) a so
zvySenou socialnou a ekonomickou ¢innostou. Vyznacuje
sa silnym potencialom najma nerudnych surovin (ilu, piesku,
spraSe a jej derivatov — polygenetickych sedimentov), ktoré
sa v minulosti vyuzivali vo va¢sej miere (zavody na vyrobu
tehal, prefabrikatov, stropnych panelov a Skridlic).

Tazbou suroviny v hliniskach sa odkryvali stale nové
obzory a horizonty, ¢o vyskumu prinaSalo nové poznatky
o povahe sedimentov, ich hrubke, spdésobe ulozenia
geodynamickych procesov, ktoré v nich prebiehali atd., ako
aj o ich zaradeni do chronostratigrafického systéemu.

Najviac sa vyuzivali lokality v PreSove-tehelni,
v PreSove v byvalych objektoch JRD na Rurkoch, v Solivare,
v Drienove a v Petrovanoch-Moc¢armanoch v severnej,
preSovskej Casti KoSickej kotliny.

V prispevku podavame nové poznatky o genéze
a charaktere kvartérnych sedimentov, o existencii
kryogénnych Struktdr, mnozstve a type fosilnych pédnych
komplexov a o ich chronologickom zaradeni.
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Geograficka poloha a charakteristika lokality
Petrovany-Mocarmany

Studovana lokalita je na jv. okraji intravilanu Petrovian-
-Moc€armian na hone Skalniska v nadmorskej vySke (270—
285 m) 280-290 m. Povrch akumulacie (proluvialnych
a eolicko-deluvialnych sedimentov) je v relativnej vySke
70-85 m nad uroviiou Torysy (obr. 1).

Geomorfologicky komplex reprezentuje periglacialny
kuzel ulozeny potokom Delfia na sedimenty kladzianskeho
suvrstvia (vrchny karpat) vystupujuce v superpozicii
teriakovského suvrstvia (karpat) v sv., preSovskej Casti
KoSickej kotliny (Kali¢iak et al., 1991).

Z pohladu kvartérnej geoldgie a metdd vyskumu sprasi
a eolickych sedimentov, ktoré sa v su¢asnosti vyuzivaju
v rdmci medzinarodnej sprasovej subkomisie INQUA, je
lokalita Petrovany-Mocarmany ,stratotypom? kde mozno
ziskat komplex poznatkov o paleogeografickych pomeroch
a o priebehu geodynamickych procesov v pleistocéne.
Lokalita predstavuje litotypy sedimentov, fosilne pody, ako
aj vyskyt kryogénnych Struktur, o pri vyuzivani analytickych
udajov pomaha rozsirovat poznatky o fyzickogeografickych
pomeroch v pleistocéne v reliéfe zapadokarpatskych kotlin.

Je to unikatny kvartérny komplex zachovany nielen
na vychodnom Slovensku, ale v Zapadnych Karpatoch
vébec. Mozno ho porovnavat s obdobnymi komplexmi
z vyznaénych lokalit, ako je Cerveny kopec v Brne v Ceskej
republike, Paks v Madarsku, Krems v Rakusku, Karlich,
Ariensdorf v Nemecku &i Nieledev v Polsku.



156 Mineralia Slovaca, 40 (2008)

V bazalnej ¢asti komplexu s orientaciou na JZ vystupuju
polohy Strkopiesku periglacialnej akumulacie potoka Delne
s obliakmi pyroxenicko-amfibolickych andezitov hrubych
216-378 cm porusené kryogénnymi Struktirami.

Akumulécia sa sklada z obliakov strednej zrnitosti s &
8-15 cm, ale vyskytuju sa aj hrubé obliaky (& 20-40 cm),
ojedinele aj bloky do 1 m, silno zvetrané na hruby piesok.
Menej Casty je ryolitovy Strk a tuf.

V ich superpozicii vystupuje komplex aleuro-pelitickych
sedimentov s vyskytom typologickej fosilnej pdody.
Morfologicky sa vyznacuje vertikalnymi stenami s typickou
hranolovitou odlu¢nostou.

Geologicka stavba a tektonika Kosickej kotliny

KoSicku kotlinu ako suéast neogénnej panvy charakteru
,pul-apart - prepadliny“ (Kali¢iak et al., 1991) vypifiaji molasové
sedimenty z egenburgu az sarmatu a produkty neogénneho
vulkanizmu. Jej stavba odraza zlozité tektonickosedimentaéné
a paleogeografické pomery a reprezentuju ju rozliéné litotypy
hornin. Zlomy smeru SZ-JV, SV-JZ, S-J a Z-V ju rozdeluju
na niekolko morfostrukturnych celkov. V poéiato¢nych fazach jej
vyvoja sa prejavovali najma zlomy smeru SZ-JV, pozdiz ktorych
od J zasahovalo more a prebiehala sedimentacia molasy.

Sedimenty maju psefiticko-psamiticko-peliticky raz
(prevahu ma prachovec, piesok a il) so sporadickym
vyskytom tufu a tufitu rozli€nej hrubky. Tektonické pohyby
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Obr. 1. Geograficka poloha lokality.
Fig. 1. Geographical location of Petrovany-Moc¢armany.
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boli syngenetické a vyznievali od najvy$Sieho badenu az
do sarmatu (Kali¢iak et al., 1991).

Dalsie zlomové systémy smeru SV-JZ sa ako prie¢ne
zlomy prejavili rozsegmentovanim Uzemia severnej
Casti kotliny na bloky (resp. kryhy), ktorych poklesova
a zdvihova tendencia ovplyviiovala hrubku a charakter
najma kvartérnych sedimentov. V reliéfe kotliny ich mozno
identifikovat podla vySkovej diferenciacie uzemia vo forme
chrbtov, orientacie dolin, vyraznou asymetriou Uzemia
(Delne, Sebastovky a Drienovského potoka), vyskytom
zosuvov na zdvihnutych kryhach (medzi Mo¢armanmi
a Drienovom), ako aj celkovou morfolégiou uzemia.

Koncom neogénu, ale najmé v kvartéri sa uplatiiovali
zlomy smeru S—J (hornadsky systém), ale najma toryské,
ktoré spdsobili vznik hrastovych Struktur Viniénej (k. 4077),
varhanovského chrbta (na S od Kosic), ako aj celkovy pokles
kotliny vo vztahu k Slanskym vrchom (Luknis et al., 1964).

Poklesové tendencie v severnej casti KoSickej
kotliny medzi PreSovom a Drienovom resp. Podhradikom
a Drienovom vyuzivaju lavostranné pritoky Sekcova
a Torysy (Sebastovka, Salgovicky potok, Solny potok,
Delna, Petroviansky a Drienovsky potok), ktoré zatlacaju
najma Torysu k vychodnému okraju Sari§skej vrchoviny,
Ciernej hory, kde ulozili rozsiahle periglacialne kuzele
Siroké 2 az 7 km, ¢im spdsobili asymetriu doliny, ktoru
tektonicko-klimaticky potvrdzuje generacia kvartérnych,
sCasti terasovanych periglacialnych kuzelov.

Geomorfologické mapovanie (Hochmuth a Lauko, 1985;
Janocko, 1991) podrobne identifikovalo priebeh zlomovych
linii v Gzemi Sebastovka — Delfia na V a JV od Pre$ova,
a tak prispelo k poznaniu tohto javu.

Mechanizmus vzniku systému zlomov smeru S-J
podrobne skumal Grecula et al. (1977). Autori (I. c.)
predpokladaju, ze hornadsky zlomovy systém v neogénne;j
molase nemal velky vplyv a jeho genézu pravdepodobne
spOsobil cudzi element — kryStalicko-paleozoicky
a mezozoicky segment zemplinskeho ostrova. Pohyby
tohto bloku prispeli k vzniku poklesovych zlomov v KoSickej
kotline orientovanych v smere S—J, ktoré predstavuju
hornadsky zlomovy systém. Dokazatelné pohyby su
okrem spodného badenu az v najmladSom obdobi, t. j.
v kvartéri. Tie sa viac prejavuju v zapadnej Casti kotliny,
kym v severnej su to toryské zlomy.

Nasim geomorfologickym vyskumom v preSovskej
Casti KoSickej kotliny a extravilanu PreSova sme zistili aj
vyskyt zlomov smeru V-Z.V intravilane PreSova ma smer
Z-V dolina od Cemjaty po myto, dolina Borkut pri Haniske,
¢o potvrdzuju aj vyrony mineralnej vody.

<qObr. 2. Detail z vyskytu kryogénnych $truktdr na lokalite

Petrovany-Mocarmany. a — piesok rubefikovanej parahnedozeme,
b — polohy organickej povahy vo vyplni kryogénnych Struktur,
¢ — bloky pyroxenicko-amfibolického andezitu zvetrané na piesok,
d — periglacialna aglomeratovopiesoénata akumulacia z glacialu
donau.

Fig. 2. Detail from occurrence of cryogene structures in locality
Petrovany-Mo¢armany. a — sand from rubbified brown soil, b —
humus position in the packing of cryogene structures, ¢ — block of
pyroxene-amphibolite andesite weathered to sand, d — periglacial
agglomerate—sand accumulation from glacial Donau (D).

Geofyzikalne, ako aj nivelatné merania najmladSich
fluvialnych sedimentov (Kvitkovi¢ a Plan¢ar, 1977; NeSvara,
1979) jednoznacne dokumentuju, ze severnd ¢ast KoSickej
kotliny nie je stabilna. Najma v useku Lubotice — Sekcov —
Solivar prebieha pokles a prejavuje sa vznikom rozsiahlych
radelinisk (hibka do 5 m), ktoré sa podrobne skimali ako
archeologické lokality v oblasti SekCova (Budinsky-Kricka
v rokoch 1975—-1980).

Material a metodika

Komplex hliniska sme sledovali od roku 1967 az do
skoncenia tazby v roku 1995, sporadicky az po suc¢asnost
(ked individualny vlastnik autami odvazal surovinu do
Drienovskej Novej Vsi na spracovanie). Pri vyskume sme
zistili, ze sa tazba zacala uz na zapadnom okraji hliniska
v stene orientovanej na JV.

Tazbou suroviny sa odkryla stena vysoka cca 8 m
s vyskytom fosilnych pédnych komplexov zachytenych
v profile A z roku 1983. V podlozi profilu sa zachytil vySe
3 m hlboky rubefikovany horizont ¢ervenohrdzavej farby.
Tazilo sa koréekovym bagrom. Hriibka podlozia sa nezistila
ani bagrovanim. Poznamka: Tento Usek hliniska podrobne
tudoval Cuchrag et al. (1977) a Janogko et al. (1998).

Pre rozdielnu kvalitu suroviny (striedanie fosilnej pody
a eolicko-deluvidalnych sedimentov) vedenie tazobnej
organizécie zacalo tazbu aj v stene na vychodnom okraji
hliniska. Robili sa uloziska, pricom sa surovina miesala
(zaber hliniska je z roku 1988). Zaujem o vyrobky (odbyt)
umoznil organizacii otvorit tazbu aj v ¢elnej stene hliniska
— po rozsahu 20 cca 250 m s orientaciou steny na JZ.

V poslednych rokoch sa surovina tazila bagrami a hned
nakladala na auta a prevazala sa do tehelne v Drienovskej
Novej Vsi. (Lanova draha uz bola zlikvidovana, a preto sa
vyuzivala automobilova nékladna doprava.) Podla priebehu
tazby a novych poznatkov o charaktere sedimentov a fosil-
nej pddy sme na lokalite vytypovali tri profily (z kazdej steny
po jednom) a z nich sme odobrali vzorky na mechanicku
(zrnitost) a chemicku analyzu (obsah CaCOg, humusu, pH,
S, T, V), analyzu celkového chemizmu a mineralogického
zloZenia (zastupenie ilovych mineralov zistené rtg.
a elektronovym mikroskopom) a doplnili sme ju poznat-
kami mikromorfologie a udajmi absolutnej chronoldgie
metddou TL (termoluminescencie) za spoluprace vyskumu
sprade v ramci INQUA s Maruszczakom a Butrym
z Univerzity M. C. Sklodowskej z Lublina.

Na vybranych profiloch (v profile C a B) sme zistili
kryogénne S$truktury, rozdielne typy fosilnych pddnych
komplexov, vyklinovanie a rozli¢né Struktury sedimentov
atd. a to nam umoznilo Studovany komplex lokality
geneticky a chronostratigraficky blizSie zaradit. Poznatky
z dalSej planovanej tazby suroviny m6zu mat pre geolo-
gicku charakteristiku a stratigrafiu kvartéru znaény vyznam.

Mineralogicko-petrografické zloZenie periglacialneho
kuzela a sprase na lokalite Petrovany-Mo¢armany

Periglacialnu akumulaciu potoka Delfia v objekte
hliniska Petrovany-Moc¢armany bolo mozno Studovat az
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v rokoch 1986-1992-1996, ked sa predstavenstvo RD
rozhodlo vo vychodnej ¢asti vybudovat polné hnojisko. Na
to bolo treba vykopat odpadovy kanal, aby zrazkova voda
z objektu odtekala.

Pri vykope sa prekopala periglacialna akumulacia
hruba 216 az 378 cm (o sa nepredpokladalo) v dizke 70
m a v nej odkryté najprv Styri kryogénne Struktary (pozri
prilohu) cibulovitého tvaru, sCasti vyplnené pieso¢natym
materiadlom s & 0,05-0,25 mm (35,72 az 42,61 %)
z nadlozného rubefikovaného horizontu parahnedozeme.
Prace boli dIhsi ¢as na dva roky preruSené a neskor
pokracovali ryhou dlhou 85 m, v ktorej odkryli dalSie 3—4
mrazové kliny (priloha).

Udaje o periglacialnom kuzeli podal Jano¢ko (1991)
a Kostalik (2003). Akumuléciu buduju pyroxenicko-
-amfibolické andezity s & 7 x 6, 3 x 12, 14 x 22, 20 x 20
a 15 x 30 cm, no ¢asté su aj bloky velké 40 x 70 cm az
1 m. Slabsie je zasttpeny ryolitovy $trk a ojedinele tuf. Strk
je polymodalny a podla Janoc¢ka (1991) je zmesou frakcie
strednych a hrubych obliakov, ako ajbalvanov.lch medzernu
hodnotu tvori zle vytriedeny stredny az hrubozrnny piesok
(mz =0,12, Oz = 3,29) a zriedka drobny Strk.

Kaliber materialu periglacialnej akumulacie sa smerom
na JV zmenS$uje. V defilé periglacialnej akumulacie
zistujeme, ze sa hrubka akumulacie meni, a to od 216-380
az do 430 cm.

flovi zlozku akumulécie mineralogicky tvoria
nepriehladné mineraly, ku ktorym pristupuje augit,
—0no hyperstén, limonit, magneticky rudny mineral a zirkén.
Menej Casty je biotit a apatit (Janocko et al., 1989).

Pre poznanie paleopedogickych komplexov je dblezité
aj zastupenie ilovych mineralov. Ich zloZzenie podavame
z dvoch komplexnejSich profilov (A a B). Na profile A je
previadajucim mineralom kaolinit, ako dalsi je illit, v mensej
miere haloyzit a smektit (tab. 1).

Na profile B ma prevahu kaolinit a ako dal§i mineral je
montmorillonit, haloyzit (v bazalnej ¢ernozemi ma mensi
obsah illit a smektit). Zo ziskanych analytickych poznatkov
konstatujeme, ze mineralogicku asociaciu Studovanej
lokality tvori kaolinit, dalSim mineralom je montmorillonit
a illit a mensie zastupenie ma haloyzit a smektit (Kostalik,
1999).

Kaolinit vznika najma zvetravanim zivcov v humidnych
tropickych alebo subtropickych podmienkach v terciéri. Je
najstabilnejsim mineralom, nepriaznivym na vyuzivanie
pody, indikatorom klimatickych zmien v geologickej
minulosti (podla Blancka a Keeseho, 1930, in Stejskal,
1958).V nasich podmienkach sa uplatfiuje v podzolizaénom
procese zvySenym obsahom SiO,, ako aj ubytkom Al,O4
a malo zmenenym obsahom alkélii. M& pomerne malu
sorpénu kapacitu (3—15 mol/100 g).

distén

staurolit  pyrit
0,9

chlorit
0,6
0,3

apatit
0,3

augit
1,1
0,9

distén hyperotén
26,5
5,1

Mineral v %
limonit

Tab. 1
Zlozenie tazkych mineralov sprasi blizkeho okolia lokality Solivar, PreSov-Delia, Petrovany-Moéarmany

(Janocko et al., 1989; Kostalik, 1999)
pyroxény amfibol

Composition of heavy minerals in loess in the surroundings of the localities of Solivar, PreSov-Delfia, Petrovany-Mo¢armany
(Janocko et al., 1989; Kostalik, 1999)

1,7

turmalin - magnetit limonit
ilmenit
64,8
1,1 60,2
2,6 82,4

1,1

1,

1
2,6
3

1,

granat zirkén rutil
2,9
4,0
0,3

Montmorillonit

% tazkej
frakcie
0,24
0,32

Podla Janocka et al. (1989) je na sledovanej lokalite
zastupeny vulkanicky aj tzv. degradovany montmorillonit
eolického povodu v interglacidloch starého pleistocénu,
vyznacujuci sa vysokym obsahom vymennych katiénov
(60-100 mval/100 g).

Lokalita

PreSov — Solivar
PreSov-Delna
Petrovany-
-Moc¢armany
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Illit v naSich klimatickych podmienkach vznika pri
zvetravani primarnych alumosilikatov (najma alkalickych
zivcov). Vyskytuje sa vo zvetraninach vyvretych
a premenenych hornin v ilovych sedimentoch a v sprasi.
Vyznaluje sa vymenou kationov od 20-35 mval/100 g.
Podla Ciela, Novéka a Horvatha (1968) étrukturne patri do
skupiny ilovitych slud. Vznika z dioktaedrického muskovitu
a trioktaedrického biotitu.

Pri diagnostike sprase a fosilnych p6dnych komplexov

je dblezité zastupenie a kvalita ilovych mineralov. Doposial

sa nepodarilo zistit priamy vztah medzi vznikom sprase
a ilovych mineralov, a to najméa pre ich komplikované
formy krystalografickych &truktir (Cigel, Novak a Horvath,
1981). Mineraldgovia sa tejto problematike v eolickych
sedimentoch podrobnejSie nezaoberali.

Dal$ie mineraly vzhladom na ich zastipenie blizsie
necharakterizujeme. Udaje z&ujemcom poskytne uz
uvedena literatura.

Prehlad literatury

NajkomplexnejSie poznatky o KoSickej kotline su od
geoldgov. Tykaju sa predneogénneho podlozia, litoldgie
a stratigrafie neogénnych sedimentov, vymedzenia
samostatnych vulkanickych Struktur a ich ¢asového
zaradenia, vyhladavacieho prieskumu polymetalickych rud
a vyskumu nerastnych surovin.

Medzi vyznaéné patria najma prace Slavika et al.
(1967), Slavika (1974), Greculu et al. (1977) a autorov
uvedenych vo vysvetlivkdch ku Geologickej mape
severnej a juznej Casti Slanskych vrchov a KoSickej kotliny
v mierke 1:50 000 Kali¢iaka et al. (1991, 1996). Tieto prace
hodnotia doterajSiu najvyznacnejsiu literaturu a uvadzaju
hlavné problémy vyskumu, ktoré musi rieSit nasledujiuca
generacia geologov.

Podla doterajSich poznatkov sa kvartérnej geologii
venovala iba mensia pozornost. Prvé udaje o kvartérnych
sedimentoch v severnej Casti KoSickej kotliny z okolia
PreSova podal Urbanek (1933, 1937), prilozil k nim aj
podrobni mapu s udanim rozSirenia rie¢nych sedimentov
a sprase. Geomorfologicku charakteristiku Studovaného
uzemia v Prehlade geomorfologickych pomerov vychod-
ného Slovenska podal Karni$ a Kvitkovi¢ (1970) a podrob-
nejSiu geomorfologickl mapu PreSova a okolia Karni$
(1971). Zachytil v nej viac foriem a charakterizoval vycCle-
nené regiony a subregiodny. V intravilane PreSova udava tri
terasy vo vyske 60, 30-40 a 20-25 m zakryté sprasovou
hlinou v KoSickej kotline medzi PreSovom a Drienovom
udava utrzky vysokych teras a niz8iu pahorkatinu s peri-
glacialnymi kuzelmi VaSkovsky (1977). Na prilozenej
geologickej mape kvartéru v severnej Casti KoSickej kot-
liny v doline Torysy medzi PreSovom a Drienovom uvadza
proluvialne sedimenty (kamenistohlinité, hlinitokamenisty
piesok a Strk) a sprasovu hlinu prevazne eolického pévodu
z wirmského glacialu. Aj tieto poznatky poukazuju na fakt,
ze ani prehlad o vyvoji a stratigrafii tychto sedimentov
nemali ani geoldgovia Specializujuci sa na kvartér.

Geomorfologické pomery KoSickej kotliny (najma jej
juznej Casti) charakterizuje Lukni§, Mazur a Kvitkovi¢

(1964). Za najstarSiu akumulaciu Hornadu pokladaju
terasu vo vyske 35-50 m medzi KoSicami a Myslavou,
Haniskou a Senou a dalSiu — vo vySke 30 m — udavaju
medzi Kosicami a Cariou.

Usek Sebastovka — Delfia V od Pre$ova s rozli$enim
periglacialnych kuzelov geomorfologicky skumal Hoch-
muth a Lauko (1985), &im prehibili poznanie asymetric-
kych pomerov Uzemia a tektonicky vplyv na povahu kotliny.

Néplavové kuzele Delne a Sebestovky studuje Janocko
(1991). Opiera sa o vysledky terénneho vyskumu z rokov
1988-1989. Okrem dynamiky priebehu periglacialnej
akumulécie ako najstarsi vyclenil kuzel z mindela, starSieho
a mladSieho risu, wirmu a holocénu. Ich rozsah zachytil
graficky. Ale udaje o eolickych a deluvialnych sedimentoch
chybaju.

Poznatky o genéze a chronologickom
zaradeni sedimentov

Prvé poznatky o lozisku resp. o spraSovej hline
na lokalite Petrovany-Moc¢armany su z roku 1946 od
Andrusova, ked sa zacala surovina tazit.

Kvartérne sedimenty v hlinisku ako zakladnu tehliarsku
surovinu na vyrobu stavebného materialu detailne Studoval
Cuchrag et al. (1977). Na zaklade péatdesiatich vrtov,
Siestich ryh a jednej Sachtice ziskali cenné udaje o hrubke
a charaktere sedimentov. Lozisko s bilanénou zdsobou
cca 4 miliony m3 a hribke 7 az 11 m je ,komplexom
proluvidlnych sedimentov® uloZzenych v piescitohlinitej
mase z interglacialu R/W.

Po ulozeni proluvia sa akumulovali hlinité sedimenty
a vznikol ,hlinito-tufiticky pedokomplex?V dalSom obdobi,
t. j. vo warme (W 1/2), sa ulozili sprasové sedimenty.
V interstadiali W 2/3 vznikla fosilna pdda a vo W3 svetlozlta
sprasova hlina.

Sumarizaciou nazorov Cuchrada et al. (I. ¢.) sme
dospeli k zaveru, ze lozisko vzniklo eolicko-deluvialnymi
procesmi v obdobi od mladého pleistocénu od glacialu ris
az po warm (W3).

Pri poznavani kvartérnych sedimentov pomohol
aj inzinierskogeologicky vyskum pracovnikov GUDS
v Kosiciach (Janocko et al., 1989), ktori uzemie Studovali
a podrobnejSie podla prieskumnych vrtov situovanych
v Useku Petrovany — Dubrava a Drienov — Mirkovce
spracovali udaje o hrubke kvartérnych sedimentov.

Kym na vysSie vystupujucich formach reliéfu — na
kryhach medzi Drienovom a Mirkovcami (Mlady les — Biela
hlina (k. 280,4 az 288,5), hrubka sedimentov je 2,5 m, na
kryhe smerujucej na JZ od Dubravy cez Diely cez NiereSe
k. 338,8 na Potocky — Kerfia — k. 301,4 na Chvost k. 249,1
5-10 az 15 m. Podla vyskumu je v samotnom hlinisku na
lokalite Skalniska-Chmelnik-Gymes$ hrubka kvartérnych
sedimentov 5 az 10 m. Kvartérnogeologické sedimenty
na lokalite Petrovany-Mocéarmany charakterizuju ako
proluvidlne sedimenty resp. ako polygenetickd hlinu
premieSavanu aj materialom z neogénnych sedimentov
a proluvii svahovou modeléaciou, soliflukciou a zosuvanim.

Janocko et al. (I. c.) ako typy kvartérnych sedimentov
vyClenili proluvidlne sedimenty a polygeneticku hlinu.
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Vo vrtoch rozmiestnenych v aredli hliniska, ako aj SirSieho
aredlu (na JV od PreSova po Drienov a Mirkovce) JVP-21
(hibka 2,5 az 5,5 m), JVP-22 (hibka 3,0, 4,5 a 6,0 m),
JVP-23 (hibka 0,5, 4,5 a 7,0 m) zistili prevahu hlavného
granulometrického maxima vo frakcii prachu, ¢o méze
poukazovat na jeho eolicky pévod. Na potvrdenie svojich
nazorov vyuzivaju vyskyt sprase v nedalekom Solivare.

Podla autorov (I. c.) komplex sedimentoval v pleistocéne
od obdobia glacialu mindel. Na baze profilu hliny zistili dva
druhy fosilnej poédy resp. pddne sedimenty, na ktorych sa
vyvinula rubefikovana fosilna péda chronologicky zaradena
do interglacialu M/R a dalSia do interglacialu R/W.

Kvartérnogeologicky komplex, jeho charakteristika
a chronostratigrafia

Intenzitne nerovnaké tektonické pohyby v neogéne sa
prejavili aj v kvartéri, zna¢ne deformovali paleoreliéf, ¢o sa
prejavilo v nerovnakej hrubke a v charaktere kvartérnych
sedimentov. Dokumentuje to podrobny geologicky vyskum
mnozstva odkryvov a vrtov na vychodnom Slovensku.

Na podrobné Studium kvartérnych sedimentov
a fosilnej pody v preSovskej ¢asti KoSickej kotliny sme
vyuzili hlinisko Petrovany-Mo¢armany, kde sa zachoval
komplex hruby 5 az 11 m rozdeleny fosilnou pddou
a periglacialnou akumul&ciou.
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Obr. 3. Mrazovy klin v interglacidlnom horizonte D/G vyplneny
fosilnym horizontom ¢ernozeme. a — Bt (f) horizont, b —horizont Bt (f)
g r zinterglacialu D/G, ¢ — Fh ¢ernozeme, d — mrazovy klin porusuje
horizont Bt (f) g r a vyplna ho fosilna ¢ernozem, e — periglacialna
andezitovo-pieso¢nata akumulacia — glacial, donau (D).

Fig. 3. Frost wedge interglacial horizon D/G filled with fossil
horizon of chernozem. a — Bt (f) horizon, b — Bt (f) g r horizon from
interglacial D/G, ¢ — Fh fossil horizon from chernozem, d — frost
wedge disintegrates Bt (f) g r horizon with filling by fossil chernozem,
e — periglacial andesite—sand accumulation from glacial Donau D.

Komplex hliniska sme sledovali viac ako 30
rokov, situaciu v fazobnych stenach sme podrobne
dokumentovali, a preto mézeme podat obraz o genéze
a povahe sedimentov, priebehu a intenzite morfogene-
tickych procesov a o ich ¢asovom zaradeni.

Spras, periglacialny strkopiesok a paleopedologické
komplexy zo starého pleistocénu
(z najstarsieho a starého pleistocénu D, D/G, G, G/M, M)

V objekte hliniska Petrovany-Moc¢armany sa zachytili
sedimenty (eolické, periglacialne i paleopddne komplexy)
réznej genézy a veku. Studovali sme ich v troch tazobnych
stenach, kde sa pri tazbe sedimenty bagrom zhfiali na
uloziska, neskér odvazali na spracovanie do tehelne
v Drienovskej Novej Vsi, a tak sa mieSali. Bazalnu ¢ast
komplexu zachyteného v hlinisku na tejto lokalite tvori
Strkopiesok a bloky pyroxenicko-amfibolického andezitu
ulozené Delfou na sedimenty kladzianskeho suvrstvia
(vrchny karpat). V jeho vrchnej Casti (blokovopiesocnatej)
sme zistili viac mrazovych klinov vypInenych rubefikovanou
fosilnou pédou a humdznymi polohami (obr. 3).

Akumulaciu buduju pyroxenicko-ambibolické andezity
sJ7x6,3x12,14x22,20x 20, 15 x 30 cm, no ¢asté su aj
bloky velké 40 x 70 cm az 1 m. MenSie zastupenie ma ryo-
litovy Strk a ojedinele tuf. Strk je polymodalny a podla Janocka
(1991) je zmesou frakcie strednych a hrubych obliakov
i frakcie balvanov. Ich medzernou hodnotou je zle vytrie-
deny stredny az hrubozrnny piesok (mz = 0,12, Oz = 3,29),
zriedka drobny S$trk. Kaliber materialu periglacialnej
akumulacie sa smerom na JV zmensuje. V defilé perigla-
cialnej akumulécie zistujeme, ze sa jej hrubka meni — a to
od 216-380 az do 430 cm. Podla posledného vyskumu
Uzemia (7.3.2008) sa pri vystavbe nového zavodu na spraco-
vanie suroviny odkryli polohy Strku vo dvoch stenach hru-
bych az > 5 m (nebola odkrytd az do neogénneho podlozia).

Obr. 4. Mikromorfologicky vybrus. Bazalna rubefikovana
parahnedozem z interglacialu D/G na lokalite Petrovany-Mocar-
many. V zabere uprostred pohyb a separacia plazmy. Zvacsenie 40x.

Fig. 4. Micromorphological thin-section. Basal rubbified brown soil
from interglacial D/G in locality Petrovany-Moc¢armany. Central
part of picture demonstrates movement and plasma separation.
Magnified 40x.
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Kaliber Strku je vyrovnanejsi (& 10 x 10 m, 15 x 10,
20 x 20 cm). Strk je gulaty, dobre opracovany, bez znakov
kryogénnych Struktar. Ojedinelé su polohy Mn-Fe.

Odlisnost Strkovej akumulacie moze poukazovat
na dve polohy resp. dve generacie periglacialnych
kuzelov. Tazba suroviny a dal$ia vystavba zavodu moze
v buducnosti priniest nové poznatky o fyzickogeogra-
fickych pomeroch v pleistocéne.

V najvrchnejSej Casti periglacialnej akumulacie sa
v roku 1992 zistili Styri kryogénne Struktury (mrazové kliny)
zaplnené piesCitym materidlom (J zfn 0,05-0,25 mm;
35,72-42,61 %) z nadlozného fosilneho pddneho horizontu
rubefikovanej parahnedozeme.

Neskér (v roku 1996) prace na vykope odpadového
kanala pokragovali (v dizke 85 m) a odkryli sa a podrobne
Studovali dalSie mrazové kliny, a tak mézeme poskytnut
komplexnejSie defilé siedmich az ésmich mrazovych
klinov. (Detailné zabery — nacrt na obr. 2).

Kryogénne Struktury su hlboké 80 az 103 cm, vreco-
vitého az cibulovitého tvaru, syngenetické s formovanim
periglacialnej akumulacie. Mozno v nich sledovat Strkové
involucie, mikroturba¢né Struktury (vertikalne postavené
polohy &trku) s vyzrazanymi hydroxidmi Fe, ako aj rozlicné
tlakové deformacie. Tieto javy su vysledkom opakujucich
sa regelacnych procesov vo vrstve molisdlu pri teplote -1
az -5 °C v hibke do 1,5 m (Bryan, 1946; Sekyra, 1960).
Periglacialnu akumulaciu s vyskytom kryogénnych Struktar
chronologicky zaradujeme do starého pleistocénu glacialu
donau (D).

Glacial donau (D) sa na lokalite Petrovany-Moc¢armany
prejavil intenzivhou denudéciou periglacialnej akumuléacie,
ako aj sedimentéciou aleuropelitickych sedimentov
piesoCnatej sprase (& zfn 0,05-0,25 mm; 21,27 %),
0,25—-2,00 mm; 23,50 %), na ktorej sa za teplejSich period
vyvinul bazalny horizont ¢ernozeme zachyteny v analy-
zach i fotografiach (hibka 514—554 cm) na profile B (obr. 3).

Sedimentacia aleuropelitickych sedimentov prebiehala
dalej. Potvrdzuje to poloha 240 az 300 cm hrubého
psefiticko-psamitického sedimentu (hibka 214-514 cm;
75,40-81,84 % SiO,), na ktorom sa v teplom obdobi
vyvinul hlboky horizont rubefikovanej parahnedozeme

Obr. 5. Celkovy pohlad na hlinisko s hlbokou pédou.
Fig. 5. General view on loam pit with deep soil.

(obr. 4). Chronologicky ho zaradujeme do interglacialu
donau — glinz (D/G), ktory Woldstedt (1962) z klimatickej
stranky charakterizuje ako velmi teply s ¢astymi vihkejSimi
periédami, vo vrcholnej faze o 4-5 °C teplejsi ako
v suc¢asnosti. V nom prebiehalo intenzivne chemické
zvetravanie (sialitické, sialiticko-alitické), o ¢om svedc¢i
vysoky obsah Al,O3 (21,79 %) i kaolinitu zachyteného rtg.
analyzou v bazalnych ¢astiach profilu B.

Interglacialny horizont (Bty(f) r g a Bt, (f)r) v hibke 214—
458 a 458514 cm su odliSné minimalne. Minimalne su aj
zrnitostné rozdiely, tiez v ich chemizme, ale morfologické
znaky v ich odliSeni v prirodnych podmienkach boli zretelné.
Horizont Bty(f) r g je oranzovocervenohnedy (2.5YR 6/6—
8), piesocnatohlinity az hlinity (& zfn < 0,001 az 0,01 ma
33,00 %), prizmatickej az griesovitej Struktury (vyvijajuci
sa v permafroste), intenzivne rozvetrany, so sporadickym
vyskytom $trku (ako dosledok soliflukénych procesov) silne
rubefikovany, oglejeny.

Z mikromorfologického Studia v fiom sledujeme pohyb
a separaciu plazmy, ako aj tmavS$ie polohy (zhluky)
organickych latok s ojedinelym vyskytom Mn novotvarov

Obr. 6. Profil C. 1 — horizont Bt (f), 2 — horizont Bt (f) g (oglejeny),
3 — horizont Bt (f) g r (oglejeny, rubefikovany), 4 — spras,
5 — humusovy horizont — ¢ernozem, 6 — navazka — deStrukcia
povrchu akumulacie, 7 — tazobna stena, 8 — periglacialna kuzelova
akumulacia, 9 — kryogénne Struktury v periglacialnej akumulacii,
10 — poloha odberu vzoriek na mikromorfolégiu, 11 — odber vzoriek
na analyzy.

Fig. 6. Profile C. 1 — Bt (f) horizon, 2 — Bt (f) g horizon (gley),
3 — Bt (f) g r horizon (gley rubbified), 4 — loess, 5 — humic horizon
— chernozem (black soil), 6 — langnette — destruction piling up,
7 — exploitation wall, 8 — periglacial come piling up, 9 — cryogenic
structures or periglacial piling up, 10 — core sampling for
micromorphology, 11 — location of samples for analyses.
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Tab. 3
Zakladna analytickd charakteristika sprase a fosilnej pody na lokalite Petrovany-Moc¢armany
Basic analytical characteristic of loess and fossil soil on the locality Petrovany-Mo¢armany

Profil C
Cislo  Hibka horizontu Oznadenie Zrnitost v mm Humus Karbonaty
vzorky v.cm horizontu < 0,001 0,01 0,01-0,05 0,05-0,25  0,25-2,00 vV % V%
0-30 Navéazka — antropogénny zasah
1 30-80 Bty (f) 23,79 20,49 31,85 22,56 1,31 0,375 0,56
2 80-132 PCa 16,36 17,20 45,27 18,49 2,68 0,136 0,84
3 132-219 Bt, (f) g 28,24 15,64 42,36 11,65 2,1 0,205 0,70
4 219-279 PCa 13,49 20,77 34,83 2725 3,66 0,170 0,56
5 279-417 Bts (f) g 29,40 15,56 30,54 20,36 4,14 0,365 0,20
6 417-467 PCag 25,46 7,50 15,44 42,60 8,90 0,140 0,18
7 467-507 Bt, (f) r 25,50 792 26,56 35,72 4,30 0,215 0,10

pod vegetacnym krytom lesotundry v dlh§om &asovom
useku interglacialu. Z chemickej stranky sa vyznacuje
vy§Sim obsahom Al,O4 (13,58 %) aj Fe,03 (5,50 %).

V mikromorfologickych zéberoch analyzovanej vzorky
su aj znaky rubefikacie (zItohrdzavé polohy), ako aj gulovité
polohy ortstajnu a konkrécie humusovo-Mn-Fe novotvarov
(detailny zaber, obr. 8). Chronologicky ho zaradujeme do
interglacialu giinz — mindel (G/M) (kromérsky interglacial).
Podla Woldstedta (1962) sa klimaticky prejavuje ako teply
(s letnou teplotou 11-14 °C) so striedanim s vihkejSimi
periddami.

Pedogeneticky proces bol ovplyvneny klimaticky,
pricom sa tvorili parahnedozeme, ¢asto rubefikované.

Nasledujuci glacial mindel (M) elster sa na Studovanom
profile prejavuje intenzivnou denudaciou, znaénym
odnosom a akumuléciou sprase (hibka 219-279 cm)
podlozného horizontu & zfn 0,01-0,05 mm 34,83 %
i jemného piesku s & zfn 0,05-0,25 mm 27,25 %).

Spras je hlinitopieso¢nata, hrudkovita (v hornej €asti
zaberu su aj vacsie hrudky), sivooranzova (7.5YR 7/3)
a vyznacuje sa vysokym obsahom zfn SiO, (78,35 %)
s ojedinelym vyskytom porov.

Dal$i vyvoj sedimentov na profile C mozno oznadit za
sprasovy komplex (hibka 132-219 cm s @ zfn 0,01-0,05
mm 42,36 %). Vyvinul sa na fiom vyrazny pedokomplex

VSR W P ¢ :
Obr. 7. Ihlickovity lublinit vo fosilnej éernozemi.
Fig. 7. Acicular lublinite in fossil chernozem.

Bt,(f)g (dobre je zachyteny na fotografii). Vyznacuje sa
intenzivnym vnutroprofilovym zvetravanim, vrstvovitostou
po soliflukcii a intenzivnhym oglejenim. Typologicky
predstavuje pédu slabo podzolovanu az pseudoglej (PGS)
vyvijajucu sa v stepnolesotundrovych podmienkach (obr.
8). Chronologicky ju zaradujeme do interglacialu mindel
—ris (M/R) — (holsteinsky interglacial). Woldstedt (1962)
— tento interglacial charakterizuje ako teply a vlhky vo
vrcholnej faze s teplotou do 12 °C s vihSimi chladnymi
periédami, ¢o sa prejavovalo intenzivnym vnutroprofilovym
zvetravanim a miernym zmyvom. Dal$i vyvoj sedimentov na
Studovanom profile sa prejavuje ako vysledok ochladenia
sedimentaciou sprase (Z zfn 0,01-0,05 mm 45,27 %).
Reprezentuje nastup suchého a chladného riského
glacialu, ktory sa najma na zaciatku prejavuje intenzivnym
zmyvom, svahovou modelaciou, klimatickymi zmenami,
zvySenym obsahom CaCOj; (0,84 %) a intenzivnejSimi
pedogenetickymi procesmi. Tieto poznatky potvrdzuje aj
mikromorfologicky zaber (obr. 9). V zébere je sledovatelny
aleuriticky sediment ostrohranného charakteru poukazujuci
na kratky transport. Niekolko vacsich zfn kremena a Zivec
vystupuju len v okrajovych €astiach. Chronologicky ho
zaradujeme do starého risu (R1) (glacial Saale S. Stn.
nemeckych autorov).

Obr. 8. Mikromorfologicky vybrus. Fosilna kambizem az pseudoglej
s aktivne zvrstvenou plazmou z interglacialu M/R. Zvacsenie 40x.

Fig. 8. Micromorphological thin section. Fossil cambisoil to
pseudogley soil with active folded plasma from interglacial M/R.
Magnification 40x.
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Tab. 4
Zakladna analyticka charakteristika sprase a fosilnej pody na lokalite Petrovany-Moc¢armany
Basic analytical characteristic of loess and fossil soil on the locality Petrovany-Mo¢armany

Profil B
Cislo Hibka horizontu Oznadenie Zrnitost v mm Karbonaty pHvKCI Pvppm K
vzorky v.ecm horizontu < 0,001 0,01 0,01-0,05 0,05-0,25 0,25-2,00 V%
1 0-92 Bty 38,00 22,80 26,86 11,34 1,00 0,2 4,2 0 81,5
2 92-153 Bt, 29,40 15,56 30,54 20,36 4,14 0,2 41 0 778
3 153-214 H (f) 26,90 19,62 17,28 21,48 14,72 0,125 4,2 2,45 74,1
4 214-458 Bt ()rg 25,46 7,50 15,44 42,60 8,90 0,18 4,6 9,87 778
5 458-514 Bty (f)rg 25,50 792 26,56 35,72 4,30 0,1 4,8 2,24 778
6 514-554 H (f) 29,74 14,94 10,55 21,27 23,50 0,15 4,9 3,59 129,6

V superpozicii na aleuropelitickom sedimente (<
zfn 0,01-0,05 mm 31,85 %) sa vyvijal horizont Bt;(f)
interStadialu ris 1/2 (Treene interglacial). Vyznacuje sa
urcitou hrubkou (50 cm). Vyvijal sa za pomerne teplych
a velmi vihkych podmienok, ked (J teplota dosahovala
10-11 °C), vo vrcholnej faze obdobia mozno aj viac.

Typologicky ho oznalujeme ako horizont Bt,(f)
— kambizeme alebo hnedozeme. Je svetlo hnedosivy
(MUNSEL 2,5 YR 7/2), hlinity, hrudkovitej az prizmatickej
Struktury, slabo oglejeny, so Skvrnami Fe,O3, velmi slabo
humoézny (0,375 %) a slabo karbonatovy. Chronologicky
ho mozno porovnavat s horizontmi zistenymi na profile A
(z wirmského glacialu). Vyznacuje sa vy$Sim obsahom
frakcie a jemného prachu (priemer 0,05-0,25 mm
22,56 %). Je hlinity, slabo humozny, slabo karbonatovy,
sytozltohnedy (10 YR 6/6—8). Granulometricky je to
aleuropeliticky sediment s vysokym podielom kremeria
(76,30 %) dobre tmeleny zelezitym tmelom. V katastralnom
uzemi obce je Casty. Je v dosahu hospodarskej ¢innosti
polnohospodarstva ako reliktna poda.

Spras a paleopedologické komplexy z mladého
pleistocénu od stadialu ris 2 interglacialu
R/W az stadialu W3

Pri chronostratigrafickom zaradovani spraSe resp.
jej derivatov a fosilnych pédnych komplexov na lokalite
Petrovany-Moc¢armany sme doteraz vyuzivali paleopedo-
logické poznatky, stuperi resp. intenzitu rubefikacie, pddny
typ, ako aj superpoziciu ulozenia sedimentov.

V ramci eurépskeho zaujmu o Studium sprase som
ako ¢len sprasovej subkomisie INQUA v tesnej spolupraci
s Maruszczakom a Butrym z Univerzity MCS z Lublina
ziskal udaje absolutnej chronoldgie metédou TL, a preto
mdzeme Studované sedimenty chronostratigraficky zaradit
presnejSie a komplexnejSie. (Podrobne sa Studovali aj dalSie
profily, ale pre ndhlu smrt Butryma sa vyskum neskongil.)

Bazalnu graficku ¢ast profilu A (kde sa tazba v hlinisku
zadala) — hibka 750-920 cm — reprezentuje piesoénaty az
hlinitopieso€naty horizont Bt(f) r g sivocervenej (10R5/4) az
intenzivne Cervenohnedej farby (2.5 YR 5/6—8) s vysokym
obsahom jemného (& zfn 0,05-0,25 m 28,47—-66,99 %) az
hrubého a stredného piesku (& zfn 0,25-2,00 mm 11,42—
23,81 %) s nizkym obsahom humusu (0,790-1,056 %),
slabo karbonatovy (0,56—1,02 %) a oglejeny. Komplex
pokladame za koluvialny, premieSany v depresnej Casti,

v Uvaline — okrem soliflukénych aj kryonivaénymi procesmi
a ulozeny na fosilny interStadialny horizont ris 1/2 (R1/2).
Z mikromorfologického &tudia vzorky z hibky 790-
843 cm zistujeme povahu elementarnej Struktury, rozsah
novotvarov, ako aj jej celkovy charakter. Pédna plazma

Obr. 9. Spras z obdobia glacidlu mindel.
Fig. 9. Loess from the Mindel glacial.

\

Obr. 10. Pohlad na taZzobnu stenu hliniska na profile A orientovanej
na JV. V strede zaberu je poloha sprase z obdobia W1 hruba
35-55 cm. Januar 2007.

Fig. 10. View on exploitation wall of loam pit in profile A oriented
to SE. In the centre of the photograph the loess interbed from W1
period being thick 35-55 cm is located. January 2007.
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Totalny chemicky rozbor sprase a fosilnej pody tavenim Na,COj; na lokalite Petrovany-Moéarmany
Total chemical analysis of loess and fossil soil with carbonate sodium on the locality Petrovany-Moc¢armany
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CaO + K,0 + Na,0O
Al,O4

Sucet
P

Na,O Strata
zihanim

Profil B
Al,O4 Fe,O4 TiO, CaO MgO P,0s MnO SO, K,O

Sio,

Oznacenie
horizontu

Hibka horizontu
vecm

Cislo
vzorky

458-514
514-554

—ANMIT 0o

je sivohrdzava a opticky orientovana, ma sepicku
mikroskladbu so znakmi prevrstvenia. Ojedinelé su drobné
i vacSie novotvary (1 az 3 cm), humusovo Mn a Fe.
Novotvary su drobné aj vac¢sie (1-3 cm), organomineralne
(Mn a Fe). Horizont je postihnuty exikaénymi puklinami
hlbokymi az 70—90 cm.

Podla udajov TL vek je 150 + 22 tisic rokov BP, ¢o
zodpoveda Stadialu risu (R2).

V superpozicii horizontu Bt (f) g, r (v hibke 453-750 cm)
sme vyclenili niekolko horizontov (Bt4, PCa, Fhy a Fhy),
ktoré su zrnitostnym zloZzenim dost podobné (priemer zfn
0,01-0,05 26,15-42,36 %, priemer 0,05-0,25 mm 26,44—
33,45 %). Komplex je hlinity, karbonatovy (0,56-0,84 %
CaCO0;), ale s rozdielnym obsahom humusu (0,170—
0,650 %). Pddna plazma (hibka 633-750 cm) je rozlozena
rovnomerne, s¢asti intenzivne orientovana (mikroskladba
sepicka, insepicka — vo forme ostrovéekov) a omnisepicka
(pruhovana) s nerovnakou extinkénou hodnotou.

Novotvary Mn a Fe, ako aj organomineralne Casti velké
do 2 cm su silne zvetrané. V strede komplexu (hibka 593—
633 cm) je poloha sprase (priemer 0,01—-0,05 mm 31,84 %)
listkovitej az hrudkovitej Struktury, slabo karbonatova
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&
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Obr. 11. Priebeh akumulacie sprase a fosilnej pddy na profile A
stratigraficky zaradeny podla udajov termoluminescencie (TL).

Fig. 11. Profile A through loess and fossil soil accumulation dated
by thermoluminiscence (TL).
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Tab. 6
Zakladna analytickd charakteristika sprase a fosilnej pody na lokalite Petrovany-Moc¢armany
Basic analytical characteristic of loess and fossil soil on the locality Petrovany-Mo¢armany

Profil A
Cislo  Hibka horizontu Oznadenie Zrnitost v mm Humus Karbonaty pH v KCI
vzorky v.ecm horizontu < 0,001 0,001-0,01 0,01-0,05 0,05-0,25 0,25-2,00 V% v %
1 0-40 Hor g 27,69 17,88 32,23 19,70 2,50 1,737 0,70 -
2 40-100 Bty 14,34 18,06 40,81 23,70 3,09 0,375 0,70 -
3 100-154 Bt, 21,97 16,89 39,84 20,19 1,11 0,373 0,70 -
4 154-191 PCa 23,79 20,49 31,85 22,56 1,31 0,136 0,56 -
5 191-401 Btsg 16,36 17,20 45,27 18,49 2,68 0,205 0,84 -
6 401-453 PCa 28,24 15,64 42,36 11,65 2,11 0,170 0,70 -
7 453-593 Bt, 13,49 20,77 34,83 2725 3,66 0,365 0,56 -
8 593-633 PCa 16,20 21,04 31,84 30,82 0,10 0,399 0,84 -
9 633-663 Fh;, 15,11 18,59 28,24 33,45 4,65 0,170 0,84 -
10 663-750 Fh, 20,69 17,03 26,15 26,44 9,69 0,650 0,84 -
1 750-790 Btsg 21,69 8,31 20,55 28,47 20,98 0,880 0,56 -
12 790-843 Btegr 18,17 7,60 8,26 42,16 23,81 1,056 1,02 -
13 843-920 Bt;gr 7,88 6,28 743 66,99 11,42 0,790 0,56 -

Obr. 12. Vyber kamennej industrie na lokalite Petrovany-
-Moc¢armany.

Fig. 12. Representative samples of the stony industry from the
locality Petrovany-Moc¢armany.

(0,84 % CaCO;) a slabo oglejena. Vo forme exika¢nych
puklin zasahuje do podlozia. Podla tdajov TL jej vek je 123
+ 18 tisic rokov BP (obr. 10).

V superpozicii sprase je horizont Bt, hruby 140 cm,
ktory sa vyvijal na aleuropelitickom sedimente. V mikro-
morfologickom vybruse je sivozitohrdzavy. Plazma je
vyrazne orientovana okolo pérov (vosepickd) a miestami
tvori zhluky (insepickd). Pory a novotvary su casté.
V zabere mozno sledovat pukliny vyplnené plazmou. Podla
udajov TL ma horizont 118 + 17 tisic rokov BP.

Cely komplex chronologicky zaradujeme do emského
interglacialu (R/W), ktory sa klimaticky charakterizuje
ako velmi teply, vihkejsi, vo vrcholnom Useku podstatne
teplejsi a vihkejsi ako v su€asnosti (teplota vyssia o0 2-3 °C
a zrazky vyssie o 50 %; Lozek, 1973).

Obdobie resp. prechod od interglacialu ku glacialu sa
na profile neprejavili suvislou sedimentéaciou, ale vyraznou
zmenou teploty ako faza Ea (v zmysle kvartérneho cyklu
Jahna, 1956, anaglacialna erdzia), ked nastala intenzivna
denudacia podlozného horizontu Bt,, vznikli hlboké
exikagné pukliny (20-30 cm) a sedimentécia sprase (hibka
401-453 cm), ¢o dokumentuje vysoky obsah zfn prachovej
frakcie s priemerom 0,01-0,05 mm 42,36 % (obr. 11).

V dalSom obdobi ako vysledok tektonickych pohybov
boli na lokalite zlozité paleogeografické pomery (depresie
charakteru uvalin a vyvy$ené chrbty), v ktorych prebiehali
diferencované geologicko-sedimentologicko-pedologické
procesy (denudacia, akumulécia, ron, oglejenie a soli-
flukcia) ovplyvhované formami mezoreliéfu a klimatickymi
zmenami.

Spra$§ sa granulometricky vyznacuje vysokym
obsahom zfn kremenia (80,35 %), je kompaktna
a hranolovitej odluénosti. V mikromorfologickom vybruse
su pory rozlicného tvaru a velkosti a gulaté vyzrazané
Mn a Fe konkrécie. Jej vyvoj chronologicky zaradujeme
do wirmského glacialu — Stadialu W1.

V superpozicii sprase véasného wiirmu (W1) v hibke
191-401 cm sa na aleuropelickych sedimentoch (& zfn
0,05-0,01 mm 45,27 %) vyvinul hiboky horizont Btsg.
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Totalny chemicky rozbor sprase a fosilnej pody tavenim Na,COj3 na lokalite Petrovany-Mocéarmany
Total chemical analyses of loess and fossil soil with carbonate sodium on the locality Petrovany-Mo¢armany
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Je sivozltooranzovy (10YR 7/4), hlinity, drobnohrudkovitej

@)
Zq‘s“ az prizmatickej Struktury, slabo humoézny (0,205 %),
ol Nt e e o~ O < © §Iabf> ka_rbovné,toyy (0,34 Y% .Cacog)l, c_)glejeny a poru-
%‘_DN BRIAINSIBINIIES Seny exikacnymi puklinami hlbokymi 10 az 60 cm.
. < |occcccococococcaoo V mikromorfologickom vybruse ma od Fe Zzltohrdzavu
Q farbu s r6zne rozlozenou poédnou plazmou. MikroStruktura
o plazmy je vosepicka (orientovana pozdlz porov), ako aj
- mosepicka (tvori ostrovéeky). Na viacerych zaberoch
[0 [sela\] OSSO MO Al O +— v , . v 2 . . .,
S ONMNNONN®OLWDOGON mozno sledovat extinkéné odtiene farieb, a to ako vysledok
n [N NeoNe)Ne)Ne)Ne)Ne)NeNe)Ne)Nepl . . , . < -
DO D navrstvenia plazmy pri vnutroprofilovom zvetravani resp.
pohybe Castic. Casté su aj Fe a Mn novotvary gulatého
(@) COMTOOWNOWMNMMT O . . - . v L . ..
< QORDRRNBRD NS tvaru. Horizont ¢asovo zaraduj eme do interstadialu brérup
b —TOOO0OO0OO0OO0OOO ™™

resp. moershoof, ¢o v zmysle Shacletona a Opdyka (1976)
zodpoveda Stadialu wirmu 2, stupna 5.

Q, CENRBIBJR2ZITY Vyssie Sasti profilu (hibka 40-191 c¢m) sa vyznaduju
x TTTT T AT AaAA vysokym obsahom prachovej frakcie (& zfn 0,01—-0,05 mm),
atood 31,85-40,81 %. Napadna je poloha sprase velka 37
S 8E8I=B88883838 cm v hibke 154-191 cm. Spra$ je svetlozltooranzova (10YR
0 Coococo0oco0o00000 8/3), listkovitej Struktury, slabo humézna (0,136 %), slabo
karbonatova (0,56 % CaCOj3), oglejena, s konkréciami Mn
88588583848 Kymi 1,5 a2 sené exikacnymi puklinami
2 TRPy3888283%8y velkymi 1,5 az 2 cm. Je rozruSena exikaCnymi puklinami.
= SAA A Podla TL udajov LUB 1229 jej chronologicky zisteny vek
je 57 + 8 tisic rokov BP, Co zodpoveda Stadialu wirmu (W2).
S BVRANPBBNO T T W0 V superpozicii sprase (hlbka 40—-100 a 100—154 cm)
o Soococooocoocooo sa zistili dva fosilne horizonty (Bt; a Bt,) na aleuritickych
sedimentoch (& zfn 0,01—0,05 mm; 39,84-40,81 %). Su
o) LOINILYYINTS sivozIté a s!vozvltoo!'anzoye (2..5vYR 7/? a 10YR 7/4), hlllnlte,
[ o000 r~000 o~ hrudkovitej az prizmatickej Struktury, slabo humdzne
< (0,373-0,375 %), slabo karbonatové (0,70 % CaCOg)
5 & . |ocomwroonwooo a slabo oglejené. Typologicky su iluvidlnym horizontom
2 SE | AITONR-AONT S : . o e ;
o GN | oAt @0 kambizeme, ktory sa vyvijal pedogemickymi procesmi
na sprasi v subarktickych podmienkach, pravdepodobne
o Ol v interStadiali hengelo resp. denekamp (27—-41 tisic rokov BP,
2 P B P B RN B stupeni 3 (Shacleton a Opdyke, 1976).
Najvyssia Cast profilu A (hlbka 0-40 cm) reprezentuje
o coo8YTORYITYY hori_zo_nt vhne_dosiv_ej f:_arvby (7.§ YR 7/2), ilovi?ohlinity, hrgd-
8 PRl Sk Pk s i o kovitej aZ prizmatickej Struktury, slabo humdzny (1,73 %),
slabo karbonatovy (0,70 % CaCOgj;) a slabo oglejeny.
S O™ 0106 ®0 O Podla polohy sa da pokladat za recentny, ale podla
s FERSIITHhC2TS morfologickych ,znakov nemozno vyluqt ani to, ze vzn!kpl
v starom holocéne. Pravdepodobne je reliktom, ktory je
- v dosahu hospodarskoprodukénej éinnosti polnohospodara
Q Io353R=I3E38 — rolnika.
< S R =R Ry
Petrovany-Mo¢armany — archeologicka lokalita
N COSTN—-—HOOWLOOA
o CONYONONOBT
@ NRNSRNBNRRRRI Na lokalite Petrovany-Mo&armany sme zistili

periglacialny kuzel z glacialu donau ulozeny na
kladzianskom suvrstvi (vrchny karpat) v preSovskej Casti
KoSickej kotliny. V pergelisole kryogénnymi procesmi v jeho
najvrchnejsej Casti vznikli mrazové kliny (doteraz zistené)
hlboké 30—-108 cm. Ich vznik datujeme do glacialu donau.

Na protilahlom svahu hliniska (na profile B) orientovanom

horizontu

Cislo Hibka horizontu Oznaéenie

2835583838888
£E|JPTRTIBSSRRE na S (v superpozicii) sme zachytili daldi mrazovy klin
2lesg ‘8 35 § 3 % % § E § hiboky 165 a Siroky 36—25—16 cm, ktory rozruSil hiboky

TTYY rubefikovany horizont Bt (f) g r parahnedozeme z inter-
- glacialu D/G. Vznikol v glaciali giinz (G1) a zaplha ho
X , . ~ . v v .z .
§ ™ 1000w humusovy horizont nadloznej ¢ernozeme zo Stadialu giinz
O 5 T 1/2 (G1/2).
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V roku 1985 sme s Kaminskou na vyvysenych ¢astiach
v juznej Casti hliniska nasli zvysky Stiepanej kamennej
industrie (obr. 11) — Cepele a ustepy z rozlicne farebnych
radiolaritov pochadzajiucich z bradlového pasma
kyjovského useku. Listovity hrot a kamenna industria sa
typologicky podobaju znamym szeletienskym listovitym
hrotom z vychodného Slovenska. NajblizS§ie nalezy
predstavuju listovité hroty z Velkého Saria, Spisského
Podhradia a Tibavy. Podla Kaminskej (1985) ma industria
mladopaleoliticky charakter a typologicky netvori
vyraznejSiu skupinu (obr. 12). Kedze lokalita je geograficky
na trase S—J veducej do Krakova a surovina je z bradlového
pasma, vztah k staroszeletienskemu osidleniu oblasti
Krakova nemozno vylucit.

Zaver

Po prvy raz sa zo starého pleistocénu z glacialu donau
a gunz v kvartérnych a paleopedologickych komplexoch
na lokalite Petrovany-Mo¢armany na vychodnom
Slovensku zistili kryogénne $truktury dokumentujuce
klimatické zmeny. Napriek tomu, Ze sa na lokalite vyhibilo
50 vrtov, Sest ryh a jedna $achtica (Cuchréé et al., 1977),
ako aj dalsie vrty — JVP-21, JVP-22 a JVP-23 do hibky
5,5-7 m (Janocko et al., 1989) — na ziskanie bilan¢nej
zésoby suroviny (cca 4 miliony m3) a zistenie existencie
periglacialnych akumulacii vyskum tieto udaje neposkytol,
a preto je aj chronologické zaradenie sedimentov dvoch
druhov fosilnej pédy z obdobia M/R a R/W menej presné.

Na zaklade morfogenézy uzemia, poznatkov o reliéfe,
mikromorfologického Studia fosilnych pédnych komplexov
prerusovanych polohami sprase sme na tejto lokalite zistili
fosilne pddne komplexy zo Styroch velkych interglacialov
(D/G, G/M, M/R a R/W), piatich interStadialov (G1/2,
G2/3, R1/2, W1/2 a W2/3) a viacerych studenych obdobi,
Stadialov dolozenych polohami sprase.

Fosilne pdédne komplexy su typologicky odlisné.
Zo starého pleistocénu sa zachovala rubefikovana
parahnedozem a ¢ernozem (profil B), kym na profile C
a A je zachytena fosilna p6da z interglacialu G/M, M/R
a R/W hlboké horizonty Bt (f) g (hibka > 1,5 m) typu
hnedej lesnej pody (kambizem) az podzolu — pseudogleja.
Vyznacuju sa napadnou orientaciou podnej plazmy
(v mikromorfologickom zé&bere), intenzivnym vnutro-
profilovym zvetravanim (vysokym obsahom Mn a Fe
konkrécii s priemerom 1-3 cm) a vyskytom ilovych
mineralov s prevahou kaolinitu.

Vyvijali sa v ,prechodnej paleopedologickej provincii“
(v zmysle Kubienu, 1956) vyznacujucej sa studenymi
a vlhkymi podmienkami preruSovanymi kratkymi stude-
nymi a suchymi periédami. Bioklimaticky vyvoj prebiehal
pod lesnou vegetaciou v podmienkach severskej tajgy
resp. lesotajgy preruSovanej stepnymi polohami tundrovych
Idk s kontinentalnejSimi periodami, ¢o dokumentuje vyskyt
eolickych zloziek (sprase) a lesostepi s vysokym obsahom
frakcie (priemer 0,01-0,05 mm) 34,83-45,27 % (Frenzle,
1967).

Pri S§tudiu genézy sedimentov a fosilnych pddnych
komplexov sme vyuzili poznatky LukasSeva (1961)

z Bieloruska, ktory na zaklade chemickych analyz
charakterizuje podmienky sedimentacie v pleistocéne.

Ca0 + K;0 + Na,O

Zistené hodnoty su od 0,170 do 0,417, ¢o dokumentuje,
ze sedimentécia prebiehala za intenzivnej pedogenézy
a velmi slabej eolickej ¢innosti (najvyssia hodnota 0,417).

Tri vybrané profily jednozna¢ne dokumentuju heterogén-
nost sedimentov. Reprezentuje ich spra$ a jej derivaty, ktoré
sa sedimentovali v pleistocéne za spolupdsobenia svahovej
modelacie, soliflukcie, pedogenézy a ucinnostou procesov
v kryolitozéne. Povazujeme ich za polygeneticky sediment.
Vznikali za velmi zlozitych klimatickych a morfodynamickych
podmienok. Ich vyskyt a charakter prispel k poznaniu
paleogeografickych pomerov v pleistocéne v KoSickej kotline
a k chronostratigrafickému zaradeniu.

Lokalita sa Studovala aj archeologicky. Nasiel sa tam
blizSie neuréeny listovity hrot a kamennd industria typo-
logicky podobna szeletienskym artefaktom z vychodo-
slovenskych lokalit. Typologicky netvori vyraznu skupinu.

Surovina pochadza z pieninského bradlového pasma.
Geograficky sa nachadza na trase S—J veducej do Polska
— Krakova, a tak vztah k polskému staroszeletienskemu
osidleniu nemozno vylugit.

Lokalita Petrovany-Moc¢armany je unikatnym objektom
na Studium abiotickych zloziek krajiny a preto by bolo
vhodné komplex vyhlasit za chranené nalezisko.
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Evolution and chronostratigraphy of Quaternary sediments and fossil soil
complexes on the locality of Petrovany-Mocarmany in the KoSice Basin

The KoSice Basin geographically covers the area
between Slanské vrchy Mts. in the east, foothills of the
Spissko-Sarisské medzihorie and Beskydské predhorie in
the north, and foothills of Cierna hora Mts. and Hornadske
predhorie in the west. Southern boundary is formed by the
state boundary with Hungary.

From the geomorphologic point of view, the depression
has a character of basin-highlands. The depression belongs
to lowland type of the Western Carpathian depressions with
good physical-geographic conditions (geological structure,
relief, temperature, precipitation, soils, vegetation) and with
increased social-economical activities.

It is characterized by the high potential, especially of
non-metallic minerals (andesite, clay, sand, loess and
polygenetic clay), being in the past used for production of

building materials (bricks, prefabricates). Stock exploitation
especially in loam pits has given new views and helped
researchers — geologists, geomorphologists, pedologists,
archeologists — to get new knowledge about genesis and
chronological classification of sediments. In outcrops it
was possible to study acting of geodynamical processes
like slope modeling, land-slide, cryogenic processes, and
also processes of pedogenesis by uncovering fossil soil
complexes.

The area of northern part of KoSice Basin, mainly
between Delfia and Drienovsky potok valleys, with locality
Petrovany-Mocarmany south—east from PreSov, with
presence of loess complexes, gave us a change to study
cryogenic structures, fossil soil complexes and categorized
them into the chronostratigraphic system.
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First information about Petrovany-Mocarmany deposit
was given already in 1946 by Prof. D. Andrusov, who
marked the sediments as loess loams. He found 2 posi-
tions of dark — black sediments, but did not classify them.

Detailed information about this deposit was given by
collective of geologists led by Cuchra¢ (Cuchrag et al.,
1977). The deposit is described as a complex of proluvial
sediments that were settled from the age of Riss till W3.
Based on information from 50 boreholes, 6 grooves and 1
blind shaft, the balance resources of loam pit were specified
to 4 mil. m® and the thickness of deposit to 7-1 m. There
were found 3 kinds of fossil soils (interglacial R/W and
interstadials W 1/2 and W 2/3).

By the outworking of the geological map 1 : 50 000 of
KosSicka kotlina depression, similar localities were explored
by geologists Janocko et al. (1989) and KaliCiak et al.
(1991).

Janocko et al. (1989) on the ground of studied boreholes
(JVP-21, JVP-22, JVP-23 and V12-17) presented a detailed
engineering-geological characteristic of loamy sediments
and deposits in Petrovany-Moc¢armany. Maximal thickness
of loams reached 11 m. On the basement, the glacial
Glnz loam lays on periglacial deposits of Delna, leftsided
tributary stream of river Torysa. These are lying on deposits
of Kladzany Formation (Upper Karpat) in northern part of
KoSicka kotlina depression. On the basement they found
rubbified fossil soil from interglacial M/R and another fossil
soilfrom interglacial R/W, and other fossil soils without closer
classification. Authors presented even the characteristic of
accessory and loamy minerals.

Association is made through opaque minerals + augite
+ hypersthene + limonite + magnetic metal + zircon.
Biotite and apatite are less abundant. Montmorillonitic clay
contains garnet + tourmaline + muscovite + rutile.

Association of loamy minerals (proved by X-ray analysis)
is made by montmorillonite + illite + kaolinite + delorite and
cristobalite.

Geomorphologic research and research of eolic
sediments in Western Carpathians by the author (Kostalik,
1974, 1980, 1986, 1989, 2002) and over 30 years of
Petrovany-Moc¢armany locality monitoring, has given
new views on the genesis, character and stratigraphic
classification of sediments and fossil soil complexes.

While earlier geological knowledge (Cuchrac et al.,
1977; Janocko et al., 1989; Kali¢iak et al., 1991) was based
on results from the beginning of loam pit mining wall (our
profile A), our knowledge encompasses results which we
obtained also from other parts of locality (profile B and C)
and from more complex sediment studies acquired espe-
cially by micromorphologic and absolute chronology method.

Our research brought following results:

Periglacial accumulation of Delfa stream from Slanské
vrchy mountains, that lays on Kladzany Formation (Upper

Carpathian), has his origin in older Pleistocene, from the
glacial Donau. The accumulation is intensively disrupted by
syngenetic cryogenic processes, which resulted into 8 frost
wedges of age glacial Donau. In the profile B (opposite wall) we
found another frost wedge (165 cm deep, 36—25-16 cm wide)
of carrot-like form, which corrupted horizon Bt (f) g r rubbified
brown soil from interglacial D/G. The wedge is filled by humus
fossil chernozem horizon. It was formed in stadial G1 (Ginz 1)
and fossil chernozem in interstadial G1/2 (Giinz 1/2).

In superposition of frost wedges there is preserved
a complex of polygenetic sediments (loess and foess-
-like deposits), which represents complicated climatic-
-sedimentologic cycle from middle and young Pleistocene.
On this locality we found soil complexes from 4 interglacials
(D/G, G/M, M/R, R/W) and 5 interstadials (G1/2, G2/3, R1/2,
W1/2 — brorup-moershoofd, W2/3 — hengelo-denekamp-
-stage 2 according to Shacleton and Dopyke (1976)),
which were justified by TL data. Fossil soil complexes are
typologically different too. From older Pleistocene there
were found rubbified brown parasoils and chernozems.

From the Middle Pleistocene (profile C) there are
extended cambisoils and podzol-pseudogley soils,
characterized by deep Bt horizon (greater then 1 m) with
dominated in orientation of soil plasma and intensive
intraprofile disintegration with kaolinite. To evolution of
these soil come in “intermediate paleopedologic province”
(Kubiena, 1956), which is characterized through cold
and humid conditions (interrupted by short cold and arid
periods), under vegetation of northern Taiga or discontinues
woods (taiga) with tundra grassfields (Lozek, 1973).

Profile 1 presents individual sediments and fossil soils
documented by absolute chronology data, from stadial R2
(150 + 22 thousand years), interglacial R/W (123 + 18 and
118 + 17 thousand years) and stadial W2 (57 + 8 thousand
years).

Loess sediments (proven by analysis) and fossil soil
complexes were accrued under complicated climatic
and morphodynamic conditions. It is suggested not only
by micromorphologic studies, but also by structure of
accessory minerals — kaolinite — mortmorillonite — halloysite
— illite — smectite (association identical with that of Janocko
et al., 1989).

Locality Petrovany-Mo¢armany is also interesting from
archeological point of view. The locality was settled in
glacial Wirm. It is documented by archeological artifacts
Gravitiens from interstadial W2/3.

From the study of sediments resulted that the Quater-
nary aleuritic-psephitic-pelitic sediments are represented
by loesses and loess-derivates, which were in Pleistocene
deposited without restraint and under cooperation of
slope-modeling processes, pedogenesis and cryogenic
processes. We consider them, identical with Janocko et al.
(1989), as polygenetic sediment.
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Magneticka susceptibilita p6dy v povodi Kyjova
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Soil magnetic susceptibility of the watersheds of the Kyjov brook

The soil survey combined with magnetometry measurements in the environmentally stressed
area along Kyjov brook and Ondava river offered valuable information about contamination
of agricultural soils. Significant arsenic contamination was detected also in stream sediments
of the Kyjov brook and particularly in the Ondava river (extreme As values downwards the
impoundment). The same trend was observed for the changes in magnetic susceptibility values.
The highest values of magnetic susceptibility were found in anthropogenic soils (281.8:10° Sl u.),
higher in alluvial soil of the Kyjov brook (36.5-10-° Sl u.) and in alluvial soil of Ondava river below
the confluence with Kyjov brook (27.0-10° Sl u.). The lowest ones were found in alluvial soil of
Ondava river up the confluence (19.0-10° Sl u.).

Key words: arsenic, magnetic susceptibility, soil, Kyjov catchment, Eastern Slovakia

Uvod

Povodie Kyjova a Ondavy je kontaminované rozlicnymi
latkami, medzi ktorymi sa zistila aj vysoka koncentracia
mnohych tazkych kovov (napr. As, Cd, Pb a Zn). Studované
uzemie je na obr. 1.

Geochemické prace v regidne sa zamerali najmé
na povrchovu vodu a rie¢ne sedimenty (Jurkovi¢ et al.,
2006; Slaninka et al., 2006) a vysledky potvrdzuju zna¢né
zatazenie vodného prostredia viacerymi chemickymi
zlozkami. Hlavnym kontaminantom je As. Zdrojom
kontaminacie je odkalisko nad obcou Kyjov, ktorého
zriadovatelom bola a. s. Chemko Strazske. Velmi vysoky
obsah As sa zistil v povrchovej vode (namerané maximum
11 358 mg:I'") a v rieénych sedimentoch (namerané
maximum 3208 mg-kg™') (Jurkovi¢ et al., 2005; Slaninka et
al., 2006). Okrem As sa v povrchovej vode Kyjova a sCasti
aj Ondavy identifikovala vysokd mineralizacia NH*,
S0,%, NO®* a CI- (Jurkovi¢ et al., 2006). Kedze fluvidlne
sedimenty Ondavy su vyznamnym zdrojom pitnej vody,
pretrvavajuce zneclistenie méze negativne ovplyvnovat aj
kvalitu podzemnej vody v SirSej oblasti.

Vplyv znecistenia na biotu sa v tejto lokalite hodnotil
ekotoxikologickymi testami, v ktorych sa pouzivali riasy
a suchozemské rastliny. V ramci testov sa sledovali
predovSetkym inhibiéné ucinky vody a vyluhu zo sedi-
mentov na rast a tvorbu chlorofylu v sladkovodnych riasach
a inhibicia rastu korefa a vyhonku hor€ice bielej (S. alba),
ktora je pre tento typ testov modelovym objektom. Kym
vSetky vzorky z blizkosti odkaliska (KY 09) a potoka Kyjov
(KY 07) preukazne inhibovali rast hypokotylu S. alba,
koren len vzorka vody z lokality KY 07. Pri riasach vacsina
testovanych vzoriek stimulovala rast aj tvorbu chlorofylu,
¢o sa da vysvetlit pritomnostou mnohych biogénnych
prvkov v testovanych vzorkach, ako aj zna¢nou odolnostou
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rias na zvySenu koncentraciu kovov vo vodnom prostredi
(Kordik et al., 2006; Molnarova et al., 2006).

Vysledky laboratérnych extrakénych experimentov
v kombinacii s geochemickym hodnotenim sedimentov
a povrchovej vody S$tudovanej lokality jednoznacne
potvrdzuju vysoky stuperi ohrozenia zivotného prostredia
v povodi Kyjova a Ondavy (Jankular a Ploszekova, 2006).

Pre podstatny rozdiel medzi pozadovanymi a pri-
delenymi finanénymi prostriedkami sa planovana
priestorova distribucia As a ostatnych tazkych kovov
v pode charakterizovala iba na zaklade merania podnej
kapametrie.

Vymedzenie Gzemia

Studované tzemie lezi na lavej strane nad sttokom
Kyjova a Ondavy a pod nim (obr. 1). Je to oblast fluvidlnych
sedimentov Ondavy (hydrogeologicky rajéon QN-106), ktora
ma vyznam z vodarenského hladiska, lebo ide o uzemie
s vysokou vyuzitelnou zasobou podzemnej vody v regione.
Zdrojom kontaminacie sledovaného toku Kyjov je odkalisko
v zavere doliny toku Kyjov pri obci PoSa. Odkalisko bolo
vybudované v roku 1977 a dizajnované na skladkovanie
odpadu zo spalovne a zo spalovania uhlia (Pivovarciova
et al., 1989).

Metodika prace

P6dna kapametria sa zaklada na poznani, Ze namerana
zvySena magneticka susceptibilita podnych vzoriek
v porovnani s pozadim indikuje zvySenu koncentraciu
tazkych kovov (Durza, 1999; Kapicka et al., 2000).
Miklajev a Zogolev (1990) odporidaju pouzivat pdodnu
kapametriu ako predbeznud metdédu na zistovanie hranic
»ZvySenej geochemickej aktivity" Vyuziva sa aj na Studium



Obr. 1. Schematicka mapa Studovaného Uzemia a lokalizacie vzoriek.

Fig. 1. Schematic map of the study area and sampling sites.

povrchovych sedimentov (Brandau a Urbat, 2000; Milicka
et al., 2002), pedologicky a paleoklimaticky vyskum
paleopddy a sprase (Durza et al., 2004; Liu et al., 2004).
Magneticka susceptibilita sa meria viacerymi meto-
dami, ale na $tudium pddy su vhodné iba niektoré. Magne-
ticka susceptibilita in situ sa merala kapametrom KT-5.
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Zakladnou ¢astou pristroja je LC oscilator s 10 kHz.
Frekvencia oscilatora sa meria cievkou v urcitej vzdialenosti
od pddy (tzv. meranie volného priestoru) a potom cievkou
aplikovanou na povrch pédy. Z rozdielu frekvencii
mikropogita¢ vyrata a zobrazi magneticku susceptibilitu.

Na kazdom bode sa meria 12 miest (pamét kapametra)
na ploche cca 1 m? a z nich sa vypocita priemerna
magnetickd susceptibilita na danom bode. Zmeralo
sa 32 bodov (aluvium, obrobena i neobrobena pbda,
antropogénna pdda) v nepravidelnej sieti (obr. 1) na ploche
cca 4 km2. Miesta s anomalnymi hodnotami (alGvium
Kyjova) sa merali opakovane.

Vysledky a diskusia

Zlozenie materialu z odkaliska Studoval Hiller et al. (2008).
Chemické analyzy prezradili pritomnost oxidov Fe (mozno
Fe;0,4, FeO alebo Fe,O3) a kovového Fe, ako aj akcesorického
mnozstva sulfidov, ako je sfalerit (ZnS), antimonit (Sb,S;),
Cu a Ni sulfidy. Z vysledkov vyplyva vyznamna korelécia
medzi koncentraciou As a totalneho Fe (r> = 0,888, p < 0,001)
a totdlneho Mn (r2 = 0,794, p < 0,01). Vysledky indikuju,
Ze oxidy a oxihydroxidy Fe a Mn maju pri zadrziavani As
v sedimentoch aj v péde dblezitu ulohu. Pri¢inou je ich velka
adsorpéna kapacita (Garcia-Sanchez et al., 2003, in Hiller
et al., 2008). Z toho vyplyva moznost sledovat As a ostatné
tazké kovy meranim podnej kapametrie.

Priestorovu distriblciu tazkych kovov v péde sme
charakterizovali podla vysledkov merani pddnej kapametrie.
NajvysSia magneticka susceptibilita pddy sa namerala (tab.
1) na antropogénnej pdde (hradza a pod hradzou). Cielom
bolo zistit vplyv zneclisteného toku Kyjova na vlastnosti
okolitej pddy. Z tohto pohladu je zaujimava najvysSia
magnetickd susceptibilita (k) v aliviu Kyjova (36,5-10°
j. Sl) a zvySena v aluviu Ondavy pod sutokom s Kyjovom
(27,0-10° j. SI). Najnizsia magneticka susceptibilita sa zis-
tila v altviu Ondavy nad sutokom s Kyjovom (19,0-10°

Tab. 1
Namerana magneticka susceptibilita (k) pody v povodi Kyjova
Measured values of soil magnetic susceptibility () of the watersheds of the Kyjov brook

Cislo vzorky K poznamka Cislo vzorky K poznamka Cislo vzorky K poznamka
(105 . SI) (105 . SI) (10%]. SI)
KY-01 28 altdvium Ond.+Kyj. KY-04/0 22 neobrobena pdda KY-08 28 alivium Kyjov
KY-01/0 23 neobrobena pbda 4N 17  obrobena poda KY-08 31 alivium Kyjov
11 28 obrobena pbda KY-06 43  aldvium Kyjov KY-08/0 20 neobrobena péda
KY-02/x 26 altvium Ond.+Kyj. KY-06 45 alavium Kyjov 8/1 18 neobrobena poda
KY-02/2z 23 altvium Ond.+Kyj. KY-06 32  aldvium Kyjov 8/1 23 neobrobena pbéda
KY-02/xz 29 altvium Ond.+Kyj. KY-06 40  alavium Kyjov 8/2 24 neobrobena poda
KY-02/0 28 neobrobena pdda KY-06/0 25 neobrobena péda 8/3 18 obrobena péda
2/1 21 obrobena pdda 6/1 24 neobrobena péda 8/4 17 altvium Ondava
2/2 24 obrobena péda 6/2 23 obrobena poda KY-12 323 antropogén. poda
2/3 22 obrobena pdéda 6/3 21 aldvium Ondava 12/1 21 neobrobena pdda
2/4 63 antropogén. pdda KY-07 27 neobrobena péda 12/2 27 mokrad
KY-03 29 alivium Ond.+Kyj. 7N 19 neobrobena pdda KY-13 213 antropogén. pbda
KY-03/0 19 neobrobena pdda 7/2 21 neobrobena péda KY-13 528 antropogén. poda
3/1 20 obrobena pdda 7/3 24 neobrobena péda
KY-04 19 alivium Ondava 7/4 24  obrobena poda

Poznamka/Notice: Na miestach oznacenych KY sa Studovali aj rieéne sedimenty (Jurkovi¢ et al., 2006).
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Tab. 2
Priemerna magneticka susceptibilita pddy v povodi Kyjova
Mean values of soil magnetic susceptibility
of the watersheds of the Kyjov brook

magneticka susceptibilita

typ pody (10%j. Sl) pocet meranych
priemer min.— max. bodov
alivium Ondava 19,0 14-24 3
aluvium pod sutokom
Ondavy a Kyjova 27,0 21-34 5
aldvium Kyjov 36,5 21-51 6
neobrobena péda 22,6 15-30 15
obrobena poda 23,0 16-30 9
mokrad 272 24-30 1
antropogénna poda 281,8 48-694 4

j. Sl), a to obrébanej (23,0-10% j. Sl) aj neobrabanej pody
(22,6-10%j. SI).

PretoZze namerand zvySena magneticka susceptibilita
pbddnych vzoriek v porovnani s pozadim indikuje zvySenu
koncentraciu tazkych kovov (Kapicka et al., 2000; Chaparro
et al., 2004, a i.), mozno predpokladat, ze najvysSia
koncentracia tazkych kovov v pddnych vzorkach je v aluviu
Kyjova a Ondavy pod sutokom s Kyjovom, €o je v sulade so
zavermi geochemického Studia povrchovej vody aj rie¢nych
sedimentov z tejto oblasti (Jurkovi¢ et al., 2006; Slaninka
et al., 2006). KedZze namerana magneticka susceptibilita
pddnych vzoriek z alivia Ondavy nad sutokom s Kyjovom
je porovnatelna s magnetickou susceptibilitou okolitej pody
(tab. 2), obrabana ani neobrabana pdda nie je znedistena
tazkymi kovmi. Znecistend je len pdéda aluvia Kyjova
a Ondavy pod sutokom s Kyjovom. Zdrojom zvySenej
koncentracie tazkych kovov je voda Kyjova, ktora vyteka
z odkaliska v zavere doliny Kyjova pri obci Posa.

Zaver

Z nameranej magnetickej susceptibility pédnych
vzoriek sa da predpokladat, ze zvySeny obsah tazkych
kovov je iba v aluviu Kyjova a Ondavy pod sutokom
s Kyjovom, ¢o kore$ponduje so zavermi Jurkovica et al.
(2006), Slaninku et al. (2006) a Hillera et al. (2007).
Obrabana ani neobrabana pdda na Studovanom Uzemi nie
je znecistena tazkymi kovmi.

Kontaminacia pody tazkymi kovmi je problémom vset-
kych priemyselnych a mestskych regionov. Vo vSeobec-
nosti sa chemické metédy pouzivaju na monitoring
znecistenia pbdy, ale vysledky merania magnetickej suscep-
tibility sa osvedcili ako dalSia rychla a lacna informacia.
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Soil magnetic susceptibility of the watersheds of the Kyjov brook

Basic information about magnetic susceptibility of soil
in the Kyjov and Ondava catchments (Eastern Slovakia)
are presented in the paper.

The interest areas of Kyjov brook and of middle and lower
part of Ondava river represent an important water manage-
ment area of fluvial sediments of Ondava (hydrogeological
region QN-106), which belong to areas with potential utilizable
supplies of groundwater in the region of Eastern Slovakia.

Based on field sampling of the natural media — ground
waters (net of sampling spots regarding natural conditions),
surface waters (purpose net of sampling spots regarding
natural conditions), river sediments (defined sampling net),
a selected biomarker (biomass of permanent overgrow)
— and consequential analytical sample processing have
characterized a spatial distribution of As in the natural
environment of the interest area (Jurkovi¢ et al., 2006;
Slaninka et al., 2006). Significant arsenic contamination
was detected in stream sediments of the Kyjov brook
and particularly in the Ondava river (extreme As values
downward the impoundment).

On the ground of these findings, the soil survey together
with magnetometry measurements in the environmentally
stressed area along Kyjov brook and Ondava river were
carried out. This research offered valuable information
about contamination of agricultural soils. The same trend
was observed for the changes in magnetic susceptibility
values like observed in stream sediments and surface
water of the Kyjov brook and particularly in the Ondava
river. The highest values of magnetic susceptibility were
found in anthropogenic soils (281.8:10°% Sl u.), higher
in alluvial soil of the Kyjov brook (36.5-10% Sl u.) and in
alluvial soil of Ondava river below the confluence with
Kyjov brook (27.0-10° Sl u.). The lowest ones were found
in alluvial soil of Ondava river up the confluence (19.0-10-
Sl u.). The lowermost values are comparable with values
of cultivated and uncultivated soils.

According to this study arsenic and heavy metals come
from impoundment located in the upper part of the Kyjov
catchment near the PoSa village and, neither cultivated nor
uncultivated soils is contaminated with heavy metals.
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Nové trendy a moznosti vyuzivania nerudnych surovin na Slovensku
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New trends and possibilities of utilization of industrial minerals and rocks in Slovakia

Radical change occurred in Slovakia after 1989 in the understanding of the social contribution
of raw material potential with the preferential orientation on the industrial minerals and rocks.
Despite this, the inevitable transformation of the research base focused on its more effective
use has not been carried out yet. This process should be connected with the gradual application
of four basic trends: (a) the maximal finalization in the course of processing of raw material;
(b) an increasing diversification in the process of its application; (c) decreased environmental
and energetic charge in the course of exploitation and processing; (d) implementation of modern
processing methods. In Slovakia these new methods must be necessarily applied to chosen
commodities belonging to silicates, carbonates, evaporites and building raw materials.

Key words: industrial minerals and rocks, finalization, diversification, dressing, utilization

Uvod

Tazba nerastnych surovin sa v roku 2005 podielala
na tvorbe hrubého domaceho produktu Slovenskej
republiky 0,5 %. Rozhodujuci podiel z toho pripadal
na stavebné a ostatné nerudné suroviny, pri ktorych
hodnota exportu v tom istom roku bola okolo 7 mid. Sk.
Obchod v ostatnych nerastnych surovinach je velmi
pasivny. Pri nerastnych palivach to bolo 57,8 mld. Sk a pri
rudnych surovin takmer 14 mid. Sk.

So situaciou uzko suvisi to, ze podstatna ¢ast nerast-
nych surovin podla mnozstva aj ceny alebo podielu na ex-
porte pripada na stavebné a ostatné nerudné suroviny.
S velkym odstupom nasleduju energetické a napokon rudné
suroviny (obr. 1). Podla sti¢asnych prognéz neobnovitelnych
surovinovych zdrojov je takyto stav na uzemi Slovenska
nezvratny a v dlhodobej surovinovej politike Slovenska
velmi pravdepodobne s nim treba pocitat v celom 21. stor.

Definicia problému, hodnotenie potencialu nerud
a trend jeho vyuzivania

Uvedeny stav s tazbou a vyuzivanim nerastnych surovin
nie je na Slovensku novy. Formoval sa postupne v druhej
polovici 20. stor. a vrcholil priblizne pred dvadsiatimi rokmi
pri zmene spolo¢enskych pomerov, a to ako dosledok
zru$enia dotacii zo Statneho rozpoctu na ich tazbu, Upravu
a finalne spracuvanie.

Jednou z prednosti nerudd pred rudami je ich
mnohostranné zuzitkivanie v rozlicnych odvetviach.
NajvyhodnejSie su tie, ktoré pripadny klesajuci zaujem
spotrebitela dokdzu kompenzovat novou, predtym
neznamou — netradi¢nou aplikaciou. Prikladov je dost
a vSetky pomahaju vyznamne zvySovat profit, ktory
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sa uplatiuje pri obchodovani s nerudnymi surovinami,
a tou je minimalizacia cenovych vykyvov v doméacom,
aj v zahraniénom meradle. Aby sa tato vyhoda dala
kapitalizovat pridanou hodnotou, je velmi uzito¢né, aby sa
taziar v spolupraci s vyskumnou sférou zameral na pripravu
¢o najpestrejSieho sortimentu finalnych produktov. Nase
sucasné skusenosti jednoznacne zvyhodiuju rieSenia
vychadzajuce z multidisciplindrneho zlozenia vyskumného
timu, ktory je schopny transformovat najnovsie poznatky
ziskané vlastnym zakladnym vyskumom do novych
aplikacii.

Na Slovensku dnes nie je velmi Siroka zakladna
vyskumnych pracovnikov schopnych plnit programy
efektivnejSieho vyuzivania nerudnych surovin. Dve centrd,
ktoré sa sformovali v predchadzajucich desatrociach,
aspon virtualne jestvuju. Jedno je v Bratislave, orientuje
sa na zapadoslovensky a stredoslovensky region (Banska
Bystrica, Turgianske Teplice a Zilina) a je zamerané hlavne
na silikatové a v mensej miere na karbonatové suroviny,
druhé v KoSiciach, orientované na vychodoslovensky
region (SpiSska Nova Ves a Michalovce) a zamerané
hlavne na karbonaty, evapority a v mensej miere na silikaty
s vynimkou mastenca.

Napriek radikalnej zmene v nazerani na celospolo-
¢ensky prinos surovinového potencialu Slovenska
v prospech prednostnej orientécie na nerudy, nevyhnutna
transformacia vyskumnej zakladne zaoberajlucej sa ich
efektivnejSim vyuzivanim zasadnejSie nenastala, a ak
aj, tak len v deklarativnej polohe. Rovnako sa doteraz
dostatoCne nezakorenila predstava, ze tento potencial
treba nevyhnutne hodnotit podla troch zakladnych kritérii
— geologickych, aplikacnych a ekonomickych.

Pri geologickych kritériach, najméa ak mame na pamati
silikaty zapadokarpatskej oblasti treba zistit geologicku
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poziciu a genézu, mineralne zlozenie materskej horniny,
intenzitu alteracie protomineralov, vyskyt a formu vazby
Skodlivych primesi a pod. — napr. klimu a tektonické pomery.
V obdobi pred dvadsiatimi rokmi nereSpektovanie tohto
kritéria najma pri geologickom prieskume spdsobovalo,
ze sa hlavny doéraz kladol na prirastok zasoby, ale nie na
mieru jej efektivneho vyuzivania.

Z aplikacnych kritérii treba brat do uvahy kvalitu suro-
viny z pohladu pozadovanych kondicii, naro¢nost, povahu
a rentabilitu Upravy. Najva¢sim problémom davnejsie bola
a aj dnes zostala nedostatocna a zaostala uprava
a s tym spata nedostatocna finalizacia a diverzifikacia
pri ich vyuzivani.

Z ekonomickych kritérii ma zasadny vyznam velkost
a stupen overenia zasoby, mnozstvo produkcie,
potencialny trh, predpokladana cena, zisk a riziko
investovaného kapitalu. Na ich margo v su¢asnom obdobi
trhovej ekonomiky mozno povedat, ze najvacsie problémy
s ekonomickymi kritériami sa prejavuju v celom ich
rozsahu. Je to désledok najmé toho, ze doteraz vacsina
z nich nie je u nas z rozliénych pri€in dostato¢ne roz-
pracovana v teoretickej, ale hlavne v legislativnej rovine.

Podla nasho nazoru jedinym vychodiskom ako zacat
celu transformaciu spéatu s efektivnejSim vyuzivanim
potencialu nerudnych surovin na Slovensku je postupna,
ale doésledna aplikacia Styroch nosnych trendov, a to

* maximalizovat finalizdciu spracuvania suroviny
so zvySenim jej pridanej hodnoty

e zvysit stupen diverzifikacie suroviny pri aplikaciach
ucinnou inovaciou

e znizit environmentalnu a energeticku zataz pri tazbe
a spracuvani suroviny

e zaviest modernejSie metddy upravy suroviny aj
s vyuzitim postupov technickej mineraldgie

Vymedzenie potencialu nerudnych surovin Slovenska

Podla podrobnej analyzy geologickych, aplikaénych
a ekonomickych kritérii (Kraus, 2006a; Kraus, 2006b)
a sucasného stavu najnovsich poznatkov o moznostiach

O stavebné suroviny
(building materials)

O nerudné suroviny
okrem stavebnych
(industrial minerals
besides building
materials)

energetické suroviny
(mineral fuels)

13996

M rudné suroviny
(metals)

Obr. 1. Tazba nerastnych surovin v kt na vyhradnych loziskach
Slovenska v roku 2004. Upravené podla Balaza a Kusika (2005).

Fig. 1. Mining output of exclusive mineral deposits in Slovakia
in thousand metric tons in 2004. Modified after Balaz and Kusik
(2005).

aplikécie nerudnych surovin Slovenska (Styriakova et al.,
2003; Kraus, 2004; Zuberec et al., 2005; Kovanic¢ova
a Cechovska, 2005; Tuéek a Derco, 2005; Derco
a Tucek, 2005) ma tento potencial nasledujicu podobu
a predpokladame, Ze ho v najblizSich desatroCiach nebude
treba zdsadnejsie menit a dopifiat.

SILIKATY: perlit, bentonit, zeolit, kaolin, mastenec,
taveny c¢adic
KARBONATY: vapenec, dolomit, magnezit
EVAPORITY: sadrovec, anhydrit, kamenna sol
STAVEBNE SUROVINY: stavebny kamen, $trkopiesok,
kremenny piesok a tehliarske suroviny

SILIKATOVE SUROVINY

Silikatové suroviny na Slovensku maju z pohladu
vy¢lenenych geologickych, aplikaénych a ekonomickych
kritérii dva spolo¢né znaky:

1. V8etky sa — s vynimkou kaolinizacie a steatitizacie
— formovali v spétosti s neogénnou vulkanickou aktivitou
pri perlitizacii, bentonitizacii a zeolitizacii.

2. Su vyznamnym surovinovym potencialom Slovenska
a pri vS8etkych treba rozvijat netradicné a zaroven
efektivnejsie formy ich Upravy a vyuzivania.

Zakladné parametre suvisiace s tazbou, exportom
a importom silikatovych surovin uvadzame na obr. 2.

Perlit

Pri perlite je dlhodoby pokles v jeho tazbe. Oproti prvej
polovici 80. rokov 20. stor., ked sa jeho fazba pohybovala
na urovni 65 kt, je to v su¢asnosti okolo 20 kt/ro¢ne. Jeho
export smeroval vyluéne do Ceskej republiky a dnes uz
aj do Polska. Pri¢iny su v tom, Ze najkvalitnejSie lozisko
perlitu na Slovensku pri Jastrabej v jastrabskej formacii sa
v zmysle Konec¢ného et al. (1983) na jz. okraji kremnického
stratovulkanu a pripraveného na vyuzivanie pred 25 rokmi
(Hroncova, 1993) neotvorilo napriek tomu, ze mé lepSie
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Obr. 2. Tazba, export a import silikatovych surovin v roku 2005.
Upravené podla Balaza a KuSika (2006).

Fig. 2. Mining output, export and import of silicate minerals in 2005.
Modified after Balaz and Kusik (2006).
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kvalitativne parametre ako desiatky rokov jediné tazené
loZisko perlitu na Slovensku — Lehétka pod Brehmi.

O perlit klesa zaujem aj v stavebnictve, aj to pre
konkurenciu izola¢nych materialov z tavného ¢adi¢a a ich
omnoho uéinnejSiemu marketingu a reklame.

NajvaznejSou pri¢inou tohto stavu je, ze vyvoj novych
aplikacii perlitu (plnivo, filtre, kozmetika, sklarstvo a iné)
ustrnul a od 80. rokov 20. stor. sa nerozvija.

Vychodisko zo situacie okrem iného vidime aj v tom, aby
sa aplikovany vyskum zameral na nové moznosti vyuzivania
perlitu — najmé v zmesiach s bentonitom a zeolitom
— pri rbznych aspektoch ochrany zivotného a prirodného
prostredia. Alternativne vyuzivanie perlitu v sklarskom
a keramickom priemysle ako nahrada za kremenny piesok
alebo zivec povazujeme za malo perspektivne.

Bentonit

Geologické kritéria aplikované na slovenskych lozis-
kach bentonitu jednoznaéne potvrdili geneticku, ¢asovu
a priestorovu spatost medzi loziskami perlitu, bentonitu
a zeolitu od badenu az po pandén ako v stredoslovenskych,
tak aj vo vychodoslovenskych neovulkanitoch a plati to aj
o Tokajskych vrchoch v Madarsku (Kratochvil et al., 2008).

Jediné dve v sucasnosti pravidelne tazené loziska
bentonitu (Stara Kremnicka-JelSovy potok | a Kopernica),
nachadzajuce sa v jastrabskej formacii na jz. okraji
kremnického stratovulkanu, si nazornym prikladom
suc¢asného nie dobrého stavu pri vyuzivani potencialu, ktory
poskytuju nerudné suroviny na Slovensku. Priblizne 80 %
ro¢nej produkcie bentonitu, ¢o v roku 2005 predstavovalo
76 kt, sa exportovalo do Polska, Rakluska a Nemecka
v uhrnnej hodnote 128 mil. Sk (Baldz a Kusik, 2006). Za
import 6,5 kt bentonitu sme zaplatili 122 mil. Sk. Exportovany
bentonit z loziska Stard Kremnicka-JelSovy potok | patri
medzi najkvalitnejSie v eurépskom a pravdepodobne aj
vo svetovom meradle, lebo neobsahuje primes opalu CT
ani ostatnych ilovych mineralov. Je vhodny prakticky na
najnarocnejsiu aplikaciu vratane hlbinnych ulozisk vysoko
radioaktivneho odpadu. Prakticky cela pridana hodnota —
bez jeho nalezitej finalizacie na samotnom lozisku patriénou
upravou — smeruje do krajin, ktoré ho od nas odoberaju.
Z celkovej zasoby evidovanej na Slovensku (42 531 kt) na
tento typ pripada len okolo 2000 kt, o pri su¢asnej tazbe 100
kt/ro¢ne limituje zivotnost tohto unikatneho a vynimoéného
loZiska na menej ako 20 rokov. Najnovsie pokusy rozsirit
jeho zasobu na samotnom lozisku v jeho jv. pokracovani
nepriniesli ocakavané vysledky (Michalek, 2007).

Na druhej strane sa na Slovensku sformovala zna¢na
vyskumna kapacita na viacerych pracoviskach vysokych
Skél, ustavov SAV, ako aj rezortnych ustavov s priaznivou
vekovou Strukturou schopna riesit aj najnarocnejSie
otazky aplikacie bentonitu. Treba, aby sa zamerala na
mozné vyuzivanie menej kvalitnych mineralogicko-
-technologickych typov s primesou kaolinitu a opalu CT,
na problematiku natrifikacie, ako aj na modernizaciu
upravarskych kapacit. V opaénom pripade moze nastat
situacia, Ze po vytazeni loziska Stara Kremnicka-JelSovy
potok | sa jeho produkcia vyznamne obmedzi.

Zeolity

Zasoba prirodného zeolitu s obsahom klinoptilolitu
od 50 do 70 % spéta so strednobadenskym ryodacitovym
vulkanizmom vo Vychodoslovenskej nizine na lozisku
Nizny Hrabovec a Majerovce staci na desatroCia.
Podobnu situaciu, aj ked s niz§im obsahom klinoptilolitu,
ale hlavne mordenitu, overil geologicky prieskum aj
v jastrabskej formécii na jz. okraji kremnického strato-
vulkanu pri BartoSovej Lehotke, kde Sedlecké kaolinové
zavody Karlove Vary — podla informacie z dennej tlace —
pripravuji tazbu zeolitu. Tazba najma na niznohrabovskom
lozisku postupne rastie a v sucasnosti sa priblizuje k urovni
50 kt.

Prirodné zeolity sa zatial vyuzivaju hlavne v polno-
hospodarstve — priblizne 70 az 80 % sucasnej svetovej
produkcie. V najblizSom obdobi treba predov§etkym
rozvijat aplikacie umozriujuce nadalej zvySovat sucasnu
produkciu. Patri sem Cistenie spalin a odpadovej vody,
Uprava pitnej a uzitkovej vody, suSenie plynu, vyuzivanie
jeho puzolanovych vlastnosti ako prisady do portlandského
cementu, do tesniacich zmesi, ako absorbenta, flokulanta
a viacerych dal$ich novych aplikacii.

Kaolin

Slovensky kaolin tazeny v si¢asnosti na troch loziskach
(Vysny Petrovec a Horna Prievrana pri Poltari v Luenskej
a Rudnik v KoSickej kotline) je malo kvalitny. Zna¢na zasoba
s vysokym stuprfiom preskimanosti (zasoba kategoérie Z-1
a Z-2), ale s priemernymi aplikacnymi aj ekonomickymi
kritériami umoznuju dotovat len 25 % spotreby (obr. 2).
Je nevhodny na naro¢nejSiu Upravu a je lepSie ho vyuzivat
v prirodzenom stave (Kraus, 2002).

V tejto situacii paralelné vyuzivanie kaolinu z Vy§ného
Petrovca pri Poltari ako puzolanovej prisady v podobe
metakaolinu do portlandského cementu mozno povazovat
za modelovy priklad vyuzivania nerud inovaciou (Krajci
et al., 2007).

Takto pripravena puzolanova prisada zlepSuje chemic-
ku stabilitu betéonu v agresivnom prostredi pri vyznamnej
energetickej uspore pri vypalovacom procese a sucasne
pomaha redukovat CO, uvolfujuci sa rozkladom vapenca.

Mastenec

Lozisko mastenca v Gemerskej Polome (Killik, 1995)
ma europske parametre a sucasne po otvoreni méze
vyplnit medzeru vzniknuvSiu zastavenim exportu mastenca
z Ciny na eurépsky trh. Je to stiéasne vyzva pre domacu
vyskumnu zakladriu, aby ju v najbliz§ich 4-5 rokoch
naplnila v zéakladnom aj v aplikovanom vyskume.

V zakladnom vyskume by sa mala zamerat na

e kvantitativne mineralne zlozenie mastencovej
suroviny

e vztah medzi minerdlnym a chemickym zlozenim
mastenca

e stanovenie stupna Strukturnej usporiadanosti
mastenca
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Obr. 3. Tazba, export a import karbonatovych surovin v roku 2005.
Upravené podla Balaza a Kusika (2006).

Fig. 3. Mining output, export and import of carbonate minerals
in 2005. Modified after Balaz and Kusik (2006).

e stanovenie velkosti astic mastenca a jeho zrnitostne;j
distribucie.

V aplikovanom vyskume treba

* stanovit formy vazby Fe a jeho distribuciu v zrni-
tostnych frakciach

e rieSit priame postupy stanovovania Fe silikatovou
analyzou a elektronovou mikroanalyzou

* rieSit nepriame postupy stanovovania Fe infracer-
venou spektroskopiou

* rieSit mikronizaciu mastenca s ohladom na vyrobny
sortiment.

Tavny ¢adi¢

Tavny ¢adi¢ sa stava vyznamnou environmentalnou
surovinou pre velky tepelnoizola¢ny potencial v priemysle
a stavebnictve. Posledny rozsiahlejsi geologicky prieskum
zo Statneho rozpocétu prebiehal v rokoch 1985-1995.
Loziska vyuzivané dovtedy ako stavebny kamer — Husina,
Bulhary a Konradovce — sa od roku 1998 neeviduju ako
vyhradné loziska tavného c¢adi¢a. Jeho tazba za po-
slednych 10 rokov vzrastla zo 40 na sucasnych 100 kt.
Surovinu spracuiva monopolny vyrobca a. s. Izomat Nova
Bana — prevazne na mineralne viakno.

Zasoba tavného cadi¢a v kategérii Z-1 a Z-2
je evidovana v mnozstve 16 000 kt. Pri spracuvani
tavného ¢adi¢a v zahranici sa rozvijaju nové technolégie
na urovni nanotechnoldgii a geopolymérov. Tento vyskum
je silne utajovany. Hodnoverné informacie o situdacii v a. s.
Izomat Nova Bana nepozname.

KARBONATOVE SUROVINY

Karbonaty su najvyznamnejsSim surovinovym potencia-
lom SR prindsSajucim najvacsi zisk z exportu (obr. 3). V roku
2005 to bolo okolo 5,8 mld. Sk, z toho za vyvezeny vape-
nec, vapno a cement 3,3 mld. Sk a za cement 2,8 mid. Sk.

Za vyvezenu surovinu na baze magnezitu sa ziskalo 2,3
mld. Sk a dolomitu 180 mil. Sk (Balaz a Kusik, 2006).

Na druhej strane tento potencial ukryva aj najvacsie
rezervy, lebo exportny sortiment je tradi¢ny, velmi slabo
diverzifikovany a vykazujuci velmi nizku pridant hodnotu.

Pre cely zapadokarpatsky region treba naliehavo
inovovat geologickeé kritéria na zaklade novSich poznatkov,
ako aj modernych trendov v aplikacnych a ekonomickych
kritériach, ktoré sa v poslednych dekadach prudko menia.
Na tomto mieste poukazujeme na niektoré z nich.

Vapenec

Tazba tzv. ostatného vapenca (pod 97 % CaCOj)
a vysokopercentného vapenca (nad 97 % CaCOs) v roku
2005 dosiahla 8,4 Mt. Oproti roku 2004 vzrastla o 1,4 Mt,
¢o islo vyluéne na konto ostatného vapenca, ktory sa
vyuziva hlavne na vyrobu cementu.

Tazba vysokopercentného vapenca klesd. V roku 2001
sa ho vytazilo 2,8 Mt, v rokoch 2004 a 2005 uz len 2 Mt.
V uplynulych desatroCiach sa vyuzival a stale sa vyuziva
len v tradi€nych smeroch: v hutnictve, chemickom prie-
mysle, gumarstve, potravinarstve, sklarstve a v keramike.

V poslednych rokoch sa rychlo rozvija tazba a spracu-
vanie prirodnych jemne mletych Ca karbonatov. Vyuzivaju
sa najma ako plnivo do papiera a plastov. Patri medzi ne
mramor, na ktory pre tento ucel pripada 72 % sucasnej
spotreby, vysokopercentny vapenec — 21 % sucasnej
spotreby a krieda so 7 % sucasnej spotreby. Ide o novy
a osobitne evidovany smer vyuzivania Ca karbonatov.
V roku 2004 sa na ich aplikaciu vytazilo 57,4 Mt, z toho
v Eurépe 22,2 Mt a v Rakusku 2,2 Mt. Zakladnou
poziadavkou je priaznivé chemické zlozenie — vySe
98,5 % CaCO; a vysoka belost. NajdblezitejSim postupom
pri uprave je mletie pod 40 pm (mikronizacia). Cena
prirodnych Ca karbonatov sa podla zrnitostnej upravy
priblizne od 40 do 0,5 pm pohybuje od 80 do 180 USD/,
u syntetickych Ca karbonatov, hlavne do plastov, od 320
do 750 $ (ODriscoll, 2007).

Zahrani¢né firmy taziace tuto surovinu vhodnu
na ultrajemné mletie (vyznamne obmedzuje aplikaciu
kaolinu ako plniva do papiera) sa na Slovensku este
neobjavili. Vapenec — vratane vysokopercentného —
sa u nas tradi¢ne vyuziva najma na vyrobu portlandského
cementu. Zahrani¢né spolo¢nosti, ktoré sa na Slovensku
etablovali, o takuto inovéciu zatial nemaju zaujem. Kvalitny
vapenec wettersteinského typu aj nadalej ,odchadza“
za velmi nevyhodnu cenu v porovnani s predstavenou
inovaciou predovSetkym na vyrobu cementu, ktora kazdy
rok vyznamne rastie.

Dolomit

Nijaka ina nerastna surovina na Slovensku nema
taky priaznivy pomer medzi chemicko-technologickymi
parametrami a mnozstvom overenej zasoby ako prave
dolomit a zarovenn mozno konstatovat, ze s nijakou
inou surovinou sa nezaobchadzalo tak nehospodarne
a v rozpore s postulovanymi trendami, ktoré treba
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uplathovat pri vyuzivani potencidlu nerud Slovenska.
Je to najkvalitnejSia slovenska surovina nachadzajuca sa
na 5 % jeho povrchu.

Exploatacia vysokopercentného dolomitu weterstein-
ského typu — predovSetkym koncentrovaného v strednom
a vrchnom triase cho¢ského prikrovu — kulminovala v roku
1990, ked sa ho vytazilo 11 Mt. Toto priblizne desatrocné
obdobie — od roku 1980 do roku 1990, ked sa ro¢na
tazba pohybovala od 5 do uz uvedenych 11 Mt, sposobilo
velkd environmentalnu zataz v najexponovanejsich
krajinnych uzemiach, predovSetkym Strazovskych vrchoy,
Povazského Inovca, Malej a Velkej Fatry. Takato intenzivna
tazba bola pravdepodobne ojedinela aj v celosvetovom
meradle a, prirodzene, saturovala vtedajSiu spotrebu
v celej CSFR. Viac ako 50 % z tohto mnozstva v roku 1990
(6,5 Mt) smerovalo do stavebnictva na drvené kamenivo,
stavebny a lomovy kamen za pribliznd cenu 20 Sk/t!
Polnohospodarstvo na ochranu p6dy a lesov spotrebovalo
2,3 Mt, hutnictvo s aplikaciou dolomitu ako troskotvornej
prisady 2,0 Mt a sklarstvo, predovSetkym z loziska
v Malych Krsterfianoch, spotrebovalo 0,45 Mt.

Po vzniku SR nastal dramaticky pokles tazby dolomitu
a v poslednych desiatich rokoch sa pohybuje od 2,0 Mt
do 1,4 Mt s tendenciou postupného znizovania spotreby.
Subezne sa jeho export v surovom stave znizil v roku 2000
z 1,04 Mt na 0,47 Mt v roku 2005. Podstatne poklesla jeho
spotreba v stavebnictve, zacal sa vyuzivat ako pridavna
surovina v keramickom priemysle, pri vyrobe mineralneho
vlakna z tavného ¢adi¢a, ako aj anorganickych hnojiv.
Ale stale sa vyznamnejSie neuplathuje ako plnivo,
ani v podobe kalcinovaného dolomitu, ani na vyrobu
syntetického Mg(OH), a CaCOj3; na vyrobu Specialneho
vysokoziaruvzdorného cementu, ako aj na odsirovanie
spalin a v mnohych dal$ich tzv. malotonaznych odvetviach,
kde sa ziskava finalizaciou prostrednictvom narocnejSej
upravy vysoka pridana hodnota.

Magnezit

V roku 2005 sa na Slovensku vytazilo 1,43 Mt magne-
zitu, v rokoch 2001-2004 sa tazilo okolo 1,17—1,29 Mt,
v rokoch 1970-1990 2,5-3,1 Mt ro¢ne, ¢o vtedy bolo
jedno z prvych troch miest na svete. Zatial sa takmer
cela domaca produkcia magnezitu vyuziva na tzv. mftvo
vypalenu magnéziu — ¢o je v naSom pripade zelezity
slinok s obsahom MgO 87-90 % a Fe,O5 4,775 %.
Najvadsi svetovi producenti prirodného magnezitu (Cina,
Turecko a Brazilia) produkuju slinok s obsahom MgO
od 90,0 do 97,5 % a Fe,O3 pod 1,2 %. Slinok sa vyuziva
na vyrobu ziaruvzdornych hmét aplikovanych v hutnictve
zeleza.

Cena slinku sa v zavislosti od obsahu MgO a Fe,04
pohybuje od 110 USD/t a priblizne zodpoveda slinku
zo slovenskych lozisk az do 245 $/t, ktord zodpoveda
slinku s obsahom MgO 97,5 % a Fe,O3; okolo 0,50 %
(O Driscoll, 2006).

Spotreba slinku v hutnictve pre rastuci tlak na jeho
kvalitu ustaviéne klesa. V roku 1975 sa na vyrobu 1 Mt
ocele spotrebovalo 40 kg slinku, ale v roku 2003 uz iba

10 kg. Napriek tomu koncom 20. stor. svetova tazba
magnezitu oproti predchadzajucemu obdobiu vzrastla
0 100 %. V roku 2005 je to 20 Mt a z ¢oho viac ako 50 %
pripada na Cinu (na Slovensko 6,5 %).

Magnezitova surovina sa termicky upravuje na

1. Kausticku magnéziu — kalcinacia pri 700 °C. V roku
2004 tento podiel na svetovej produkcii prirodného
magnezitu bol 15 %. Od roku 2002 vyraba kausticku
magnéziu firma Intocast Hnusta. Vyuziva sa v chémii,
polnohospodarstve a v stavebnictve.

2. Mrtvo vypalend magnéziu — vypal v rotaénych
a Sachtovych peciach pri teplote 1600—1900 °C. Obsah
MgO je od 88,0 do 97,5 %. V roku 2004 podiel na svetovej
produkcii prirodného magnezitu bol 78 %. Vyuziva sa
vyluéne ako Ziaruvzdorné stavivo v hutnictve zeleza
a ocele.

3. Tavnu magnéziu, pri ktorej sa magnezit tavi
v elektrickej peci pri teplote nad 2750 °C. Produkt ma
obsah MgO nad 97,5 %. V roku 2004 bol podiel na svetove;j
produkcii prirodného magnezitu 7 %.

4. Slinok bez Fe,03; s obsahom MgO nad 97,5 % ako
jedina na svete chemickym rozkladom magnezitu za kratke
obdobie v polovici 90. rokov v mnozstve okolo 30 tisic t
ro¢ne ziskavala firma Magnatech Hnusta.

V sucasnosti sa pripravuje diverzifikacia vyrobného
sortimentu magnezitu v SR

e obnovou vyroby slinku bez Fe,04

* vyrobou

— kaustickej magnézie

— Mg-Cr dvojslinku

—spinelu a periklasu z kaustickej magnézie a zo slinku
bez zeleza

— 8pecialnych druhov MgO pre farmaciu, chémiu,
gumarstvo, polnohospodarstvo, celulézu, papier a pod.

— hexahydratu chloridu horecnatého (MgCl,-6H,0)
pre Specialne druhy cementu

Problematicka je vyroba kovového Mg z magnezitu
zastavena pri projektovej priprave v roku 2002 v Lubeniku,
ato pre odstupenie zahrani¢nych firiem, ktoré mali vystavbu
financovat.

Evapority

Patria medzi loziska sadrovca, pripadne anhydritu
a kamennej soli. Vlastna tazba a dovoz sadrovca s an-
hydritom je v poslednom obdobi v rovnovahe (obr. 4).
V poslednom desatro¢i je podobne ustalena aj tazba
kamennej soli. Exportuje sa potravinarska sol z preSov-
ského Solivaru a dovaza sa kamenna sol pre chemicky
priemysel hlavne do zavodu v Strazskom nedaleko
pri Zbudze, kde sa uz niekolko rokov pripravuje tazba.

Medzi dalSie aktualne ulohy v efektivnejSom vyuzivani
lozisk evaporitov patri:

0 znizenie importu sadrovca otvorenim nového loziska
v permotriase gemerika, meliatika, resp. silicika

o dokongenie vystavby zavodu na spracuvanie solanky
z0 Zbudze v preSovskom Solivare

0 ozivenie a zameranie vyskumu na inovaciu vyuzivania
sadrovca a anhydritu najma v stavebnictve
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STAVEBNE SUROVINY

Patria sem loziska stavebného kameria, Strkopiesku,
kremenného piesku a tehliarskych surovin. Ich tazba
celkovo pokryva sucasnu spotrebu (obr. 5). Zasadnou
otazkou je nekoordinovanost vyskumu na podporu
efektivnejSieho vyuzivania vo v8etkych postulovanych
trendoch (finalizacia, diverzifikacia, uprava a inovacia).
Kazdy skuto¢ny prinos v tomto smere prinasa pri vysokej
tonazi vytazenych surovin oproti vSetkym ostatnym
prezentovanym surovinam neporovnatelny ekonomicky
efekt.

Aby sa ¢o najskdér dosiahol, je pri stavebnych
surovinach nevyhnutné

0 zavadzat netradicné postupy pri hodnoteni kvality
stavebnych surovin Upravou jestvujucich technickych
noriem napr. pri andezite, bazalte a inde

o orientovat vyskum a vyvoj na vyrobu lahéenych
sendvi¢ovych konStrukénych prvkov s vysokymi
tepelnoizolaCnymi a zvukovoizolaénymi parametrami

o vyvijat zmesny ekocement, $pecialne druhy cementu
a lahké syntetické kamenivo typu liopdr, siopor a iné

o rozvijat aplikaciu puzolanovych prisad do port-
landského cementu na baze dostupnych silikatovych
surovin (metakaolin a zeolity)

o ozivit a vzajomne prepojit vyskumnu zakladnu
v oblasti stavebnictva na prierezovej celoslovenskej urovni
z existujucich kapacit VS, SAV a akciovych spolognosti.

NAVRH CIELOV VYSKUMU ZAMERANEHO NA NOVE
TRENDY VYUZIVANIA NERUD SLOVENSKA

Na najblizSie tri-Styri roky navrhujeme zamerat vyskum
na nasledujuce ciele a tematické oblasti, ktorych obsah
a zameranie nie su doteraz uzavreté. Ide naopak o stale
otvoreny systém, ktory mozno treba doplnit a rozsirit
v naznacenych trendoch.

i
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Obr. 4. Tazba, export a import evaporitov v roku 2005. Upravené
podla Balaza a Kusika (2006).

Fig. 4. Mining output, export and import of evaporites in 2005.
Modified after Balaz and Kusik (2006).

Negativne vplyvy oxidov Fe a Ti

Eliminovat negativny vplyv oxidov Fe a Ti v mineraloch
s ciefom poznat ich formu vazby a potom zvysit mieru ich
vyuzivania efektivnejSou upravou. Osobitne sa to tyka
silikatovych (mastenec, bentonit, kaolin a kremenny piesok)
a karbonatovych surovin (vapenec, dolomit a magnezit).

Prirodné nanomaterialy

Pripravit prirodné nanomaterialy modifikaciou jemne
mletych surovin — pod frakciu 40 pm — nasledujucou
pripravou vysoko Cistého plniva do plastov, farieb, gumy,
kozmetiky, papiera a inych produktov (zeolit, mastenec,
vapenec a dolomit).

Inovacie

Vyznamne inovovat tradi¢né zuzitkdvanie stavebnych
surovin (stavebného kamenria, Strkopiesku, kremenného
piesku a tehliarskeho ilu) a im pribuznych surovin (perlitu,
metakaolinu, tavného ¢adi¢a a sadrovca). Pri spracuvani
tychto surovin znizit energeticku naro¢nost a kontaminaciu
oxidom uhli¢itym.

Okrem toho sa zamerat na

— prefabrikované a lahké stavebné prvky s vysokymi
tepelnymi a zvukovymi izolaénymi parametrami

— termicky upravené kamenivo na vyrobu zmesnych,
nizko energetickych ekocementoy,

— inovativneho betdnu a sanacnej malty.

Diverzifikacia
Vyznamne diverzifikovat tradi€né vyuzivanie najvy-
znamnejSich karbonatovych a silikatovych surovin na ne-

tradiéné smery ich aplikaciu na domaci trh aj na export
a tym znizit rizikovost a nevyhodnost suc¢asného uzkeho
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Obr. 5. Tazba, export a import stavebnych surovin v roku 2005.
Upravené podla Balaza a Kusika (2006).

Fig. 5. Mining output, export and import of building materials
in 2005. Modified after Balaz and Kusik (2006).
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vyrobného sortimentu nasich taziskovych surovin. Tyka
sa to hlavne magnezitu — takmer vylu¢ne orientovaného
na ziaruvzdorné materidly — vapenca s prili§ jednostran-
nym zameranim na produkciu cementu pripadne vapna,
ale aj rozliénu mieru naliehavosti pri dolomite, mastenci,
bentonite, zeolite a sadrovci.

Sorbenty

Siroko koncipovat pripravu sorbentov na baze ben-
tonitu, zeolitu, perlitu, diatomitu, vapenca, dolomitu a ich
vzajomnych zmesnych produktov na Upravu uzitkovej
a pitnej vody, ropnych havarii a ich aplikaciu do tesniacich
bariér, skladok komunalneho a vysokotoxického odpadu,
ako aj Cistenie odpadného vzduchu a susenie plynov.

Dalej sa zamerat na pripravu sorbentov, ktoré su
schopné viazat

— z vodného prostredia toxické a tazké kovy,
anorganické kontaminanty a organické polutanty

— z odpadovej vody rozpustné nitrozluceniny, fosfaty,
aminy a NH, iény

— z kontaminovanej p6édy detergenty, herbicidy,
pesticidy, toxické a tazké prvky.

Zo sorbentov osobitnd pozornost venovat bentonitu
alebo inym prirodnym aditivam na pripravované narodné
ulozisko vysokoradioaktivneho odpadu, kde treba zhodnotit
ich

— dlhodobu stabilitu a spravanie sa pri zatazi (teplota
a roztoky z okolitého prostredia)

— styk s kontajnerom a vysokoradioaktivnym odpadom

— technoldgiu pripravy bentonitovych tvarnic.

Odpad

Zamerat sa na vyuzitie odpadu vyskytujuceho sa
hlavne v podobe kalu, uletu a drobnych zrnitostnych frakcii
po ich spracuvani Upravnickymi procesmi predovsetkym
pri magnezite, vapenci, dolomite a stavebnom kameni.

Syntetické mineraly a materialy

Vyvinut a zaviest nové postupy predovSetkym na
baze termickej upravy a chemického rozkladu zameranej
na ziskanie syntetickych mineralov z prirodnych surovin
alebo synteticky pripravenych materialov s cielom
viacnasobne zvysit ich pridanu hodnotu. Z nerastnych
surovin moze ist o vapenec, magnezit, mastenec, zeolit,
smektit, kaolinit, grafit, kremenny piesok. Napriklad karbid
kremika — SiC sa v suc€asnosti vyraba z vysoko Cistého
kremenného piesku a ropy s nizkym obsahom S pri teplote
2400 °C. Synteticky spinel alebo periklas sa vyrébaju
na baze kalcinovanej alebo chemicky Cistej magnézie
pripravenej z magnezitu. Synteticky CaCO; sa pripravuje
chemickym rozkladom mramoru, vysoko percentného
vapenca alebo kriedy.

Zo synteticky pripravenych kompozitov méze ist
o keramické implantaty pre zdravotnictvo (oxid hlinity,
nitrid kremika a karbid kremika), keramické suciastky
do automobilov, pre papierensky (oxid hlinity, karbid

kremika) a textilny priemysel (oxid hlinity a zirkonicity,
karbid kremika, sialony), keramické prievlaky
pre drétovne (nitrid kremika, oxid hlinity, karbid béru)
a keramické podpery pre vysoko teplotné technoldgie
(karbid kremika)

Zaver

1. Podstatna ¢ast nerastnych surovin Slovenska podla
zasoby, tazby, spracuvania, ale aj ceny alebo podielu
na exporte pripada na nerudné suroviny. Podla su¢asnych
progndz neobnovitelnych zdrojov, je nezvratny a v dlho-
dobej koncepcii surovinovej politiky Slovenska treba s nim
pocitat velmi pravdepodobne v celom 21. stor.

2. Vo vyuzivani su€asného potencialu nerudnych
surovin Slovenska v jeho ekonomickom rozvoji méze
privodit obrat dosledné uplatiiovanie Styroch zakladnych
trendov:

e maximalna finalizacia pri spracuvani so zvySenim
ich pridanej hodnoty

e zvySenie diverzifikacie pri ich vyuzivani v rozli¢nych
odvetviach

e znizenie environmentalnej a energetickej zataze
pri tazbe a spracuvani

» zavedenie modernejSich metéd upravy

3. Na zaklade analyzy geologickych, aplikaénych
a ekonomickych kritérii sme vymedzili potencial
nerudnych surovin Slovenska v nasledujlicej podobe:

Silikaty: perlit, bentonit, zeolit, kaolin, mastenec a tavny
¢adic

Karbonaty: vapenec, dolomit a magnezit

Evapority: sadrovec, anhydrit a kamenna sol

Stavebné suroviny: stavebny kamen, Strkopiesok,
kremenny piesok a tehliarske suroviny.

4. Rozvijanie netradi¢nych foriem vyuzivania
najvyznamnejSich a pre Slovensko tradi¢nych surovin
spolu s realnejsim hodnotenim ich surovinového potencialu
pokladame za hlavnu prioritu na niekolko desatroci.

Podakovanie. Za viaceré podnety dakujem Ing. I. Janotkovi,
CSc. (Ustav stavebnictva a architektury SAV v Bratislave),
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podporila VEGA (projekt 1/3072/06, 2/6108/26).
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New trends and possibilities of utilization of industrial minerals
and rocks in Slovakia

The prevailing part of raw material in Slovakia, being eva-
luated by the quantity of reserves, exploitation, processing
and last but not least by its value or ratio involved in export,
belongs to industrial minerals and rocks. According to recent
prognosis concerning unrecoverable resources in Slovakia,
this status quo is irreversible and in the long-term conception
of the raw material policy there is necessary to count with
itin a very high probability during entire 21st century. Coming
out of the analysis of geological, applicability and econo-
mic criteria we have specified the potential of industrial
minerals and rocks in Slovakia in following form:

Silicates: perlite, bentonite, zeolites, kaolin, talc
and fusing basalt

Carbonates: limestone, dolomite and magnesite

Evaporites: gypsum, anhydrite and salt

Building raw materials: building stone, gravel sand,
quartz sand and brick clays

We consider the development of non-traditional forms
of utilization of the most traditional and significant raw
materials in Slovakia together with the more realistic
evaluation of its potential as the main priority for the future
decades.
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Aktualita — Actuality

Nalez vtacej nohy (Aves) v paleogénnych sedimentoch
lokality Bystré nad Toplou

MIROSLAV FULIN' a PETER HOLEC?

"Wychodoslovenské muzeum, Hviezdoslavova 3, 041 36 Kosice
2Prirodovedecka fakulta UK, Mlynska dolina, 842 15 Bratislava

Discovery of a bird leg (Aves) in Paleogene sediments at Bystré nad Toplou locality

A part of right leg belonging to bird (Aves) was discovered at Bystré nad Toplou locality
in 2007. This locality is known also by the presence of the sea fish fauna belonging to the IMP 2

zone of the Outher Carpathians Flysh.

Key words: Paleogene, aves, Central Carpathian Basin

Uvod

Fosilie vtakov patria medzi ojedinelé a v Zapadnych
Karpatoch medzi vynimo¢né paleontologické nalezy.
V katastralnom uzemi Bystrého nad Toplou (obr. 1) na
lokalite, z ktorej sme v roku 2001 opisali nalez fosilnych ryb
(Gregorova a Fulin, 2001), naSiel v roku 2007 pan Milan
Dolinsky fosiliu malej vtacej nohy (obr. 2).

Sledované tzemie

Horninovym prostredim ndlezu je hutianske suvrstvie
vnutrokarpatského paleogénu (Gross in KaliCiak et al.,
1991) a tvoria ho vrstvy piesc€itého ilovca, pieskovca
a prachovca. Pieskovec, v ktorom sa opisovany nalez
nasiel, je peliticky, ma lavicovity rozpad a Casty prechod
do huzevnatych pelokarbonatov. Vek suvrstvia je stredny
oligocén az rupel.

Metodika a material

Nalezom je pozitiv aj negativ celej pravej vtacej
nohy na plochach odlu¢nosti materskej horniny. Na
spracovanie mame iba jednu vzorku s fosilnymi zvySkami
materialu (obr. 2), na ktorom chyba proximalna Cast
stehnovej kosti — femur. Jeho distalna Cast je dlha 12,3
mm. Skeleton kruris (tibiotarsus) sa sklada z dlhej tibie.
Z fibuly vidno len malu tenku Cast pri proximalnej hlavici
tibie v jej zadnej, ventralnej Casti. Tibia je dlha 19,2 mm.
Os sezamoideum tibiotarzale nevidno. K distalnej Casti
sa pripaja pomerne kratky tarzometetarzus dlhy len 6,0
mm a za nim nasleduju Styri prsty zakon¢ené len trocha
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prehnutymi pazurikmi. NajzretelnejSie je viditelny prvy
a druhy prst, kym treti a Stvrty sa sCasti prekryvaju. Prvy
prst ma dva ¢lanky. Pazurik je napadne velky. Celkova
dizka prvého prsta je 5,9 mm, druhy je dihy 8 mm a ma
tri ¢lanky, pricom proximalna €ast falangu ako désledok
poskodenia chyba a treti falang je iba odtlageny, ale
zretelny. Treti prst splyva so Stvrtym a pocet ¢lankov nie je

Hermanovce
nad Topfo

Obr. 1 Lokalizacia nalezu vtac¢ej nohy v katastralnom uzemi
Bystrého nad Toplou.

Fig. 1. Location of finding of bird leg in cadaster area of village
Bystré nad Toplou.
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Obr. 2. Vtadia noha z lokality Bystré nad Toplou.

Fig. 2. The bird leg from locality at Bystré nad Toplou.

zistitelny. Posledny ¢lanok sa zachoval iba ako odtlacok.
Prsty su dlhé priblizne 10,2 mm.

Diskusia a vysledky

Analyza vtacej koncatiny na sledovanej lokalite
rozSiruje paleoekologické a paleogeografické poznatky
o sedimenta¢nom priestore vnutrokarpatského paleo-
génu. Podla spolocenstva ryb analyzovaného v praci

Gregorovej a Fulina (2001) lokalita Bystré nad Toplou patri
do biostratigrafickej zény IPM (Ichthyofauna Paleogen
Menility) do menilitového pasma Vonkajsich Zapadnych
Karpat (Kotlarczyk a Jerzmanska, 1976).

Zaver

Autori v prispevku opisuju fosilny nalez pravej nohy
vtdka malych rozmerov. Nalez je z lokality Bystré nad
Toplou, kde sa v roku 1991 nasli fosilne ryby. Vyskyt vtacej
fauny v spolo¢enstve morskych ryb indikuje vplyv pevniny,
a tak poméze spresnit paleogeografiu oblasti.

Podakovanie. Dakujem panovi Dolinskému za poskytnutie
nélezu, Ing. Obuchovi za pomoc pri ur€ovani skimaného zvysku
a grantovej agenture VEGA za pridelenie grantu 1/3053/06.
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Staroveky bronz - histéria a zdroje
PETER ANDRAS" 2

1Geologicky Ustav SAV, Dumbierska 1, 974 01 Bansk4 Bystrica; andras @savbb.sk
2Katedra environmentalneho manazmentu Fakulty prirodnych vied
Univerzity Mateja Bela, Tajovského 40, 974 01 Banska Bystrica

Archean bronze: History and sources

The history of the Bronze Age has both its material- and idea- dimension, as well as political,
military, artistic, economic, metallurgical but also geological and mineralogical dimensions. No
matter on the data access centre of gravity, nobody can unfix, that the history of the Bronze Age
is the history of tin and copper. The place and time of the invention of bronze are controversial
and it is a question if bronzing was invented independently in multiple places. The earliest known
arsenian bronzes are described from 4th millennium B. C. and tin bronzes from about 3000 B. C.
Besides the famous Cornwall deposits, several Archean copper and tin deposits were discovered
by scholars during the last three decades in Anatolia, Iran, Uzbekhistan, etc., but it is still a great
call for archeologists and geologists to help discover the Ancient sources of these metals.

Key words: copper, stannite, tin, bronze, Bronze Age, metallurgy, sources

Uvod

Bronz bol vySe 1500 rokov zakladom civilizacie
a najdoblezitejSim kovom v sluzbach ¢loveka, az kym ho
z tejto pozicie nevytlacilo Zzelezo. Prirodny bronz (CugSns) sa
okrem raritnych vyskytov drobnych akumulacii — opisanych
z loziska Panasqueira (Portugalsko), Kubaka (Cukotka),
Elkiaidai (Uzbekistan) a Eletozerskij masiv (severna
Karélia) — nevyskytuje. Objavenie technoldgie jeho vyroby
patri medzi najvyznamnejSie vydobytky, ktoré posunuli
vyvoj na prah dalekosiahlych spolo¢enskych premien.

Clovek bronzovej doby ako zdroj medi vyuzival
predovSetkym rydzu med a jej uhli¢itany. Na zemskom
povrchu ju nachadzal vo viacerych geologickych prostre-
diach — 1. vo vylevnych a hlbinnych horninach tvorenych
prevazne mafickymi mineralmi, 2. v hydrotermalnych
loziskach, 3. v oxidaénych zénach medenych sulfidickych
lozisk a 4. v rozsypoch (ryzoviskach) asociovanych
s mafickymi vyvretymi horninami a v ¢elnych morénach
ladovcov (tilloch). Naj¢astejSie sa vyskytuje vo forme
dvoch bezvodych hydroxiuhli¢itanov — modrého azuritu
Cu;3(CO3),(0OH),, zeleného malachitu Cu,(CO3z)(OH),
a Cervenej metalickej medi (obr. 1). Metalickda med sa
vyskytovala ¢asto v prekvapujuco velkom mnozstve napr.
v okoli Velkych jazier v Severnej Amerike (v Michigane,
Wisconsine a Minnesote), kde tvorila aj balvany
s hmotnostou vySe 100 kg. Najvacsie balvany a nugety
medi sa nasli pod hladinou Horného jazera. Ich povrchovu
kéru zvycCajne tvori zmes oxidu medi kupritu (Cu,0)
a malachitu (Irving, 1882). Najvacsi balvan objaveny
v rieke mal hmotnost 635 kg. Nasli ho na J od Velkého jazera
v rieke Sioux vo Wisconsine (Salisbury, 1885). Na dne
Velkych jazier mozno objavit aj omnoho gigantickejSie
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kusy medi. Tak napr. v Michiganskom mineralogickom
muzeu je vystaveny sedemnasttonovy balvan rydzej medi
vyloveny z dna Velkého jazera. Z obdobia 3000 rokov pred
Kr. sa tu objavilo vySe desattisic tazobnych lokalit (Cowen
a Thomas, 2003). Med pochadza zo sedimentov tvoriacich
preplastky v bazaltovych lavovych prudoch, ktoré sa
zachovali na polostrove Keweenaw a na ostrove Royale.
Zvetravanim a eréziou sedimentov sa uvolnila a potom
riekou transportovala med — tzv. plavajuca (float copper).
V ladovych dobach putovala v ¢elnych morénach zo S sa
plaziacich ladovcov (Irving, 1882; Salisbury, 1885).

Vhodnu medenu rudu poskytovali aj uhli¢itany medi bez
neziaducich zloziek, a to napriek tomu, Zze ¢asto obsahovali
pomerne bohatd zna¢nu primes dalSich mineralov medi
— chalkopyritu, kupritu, chalkocitu, bornitu, covellitu a ¢i
rydzej medi, ale aj sfaleritu, galenitu, antimonitu, tetraedritu
a i. NajvyznamnejSiu rudu medi — chalkopyrit — staroveki
metalurgovia nevedeli spracuvat.

Malachit a azurit sa v bronzovej dobe tazili napr. na
Sinajskom polostrove v okoli Feiranu a Timny. Na strafnach a vo
vertikalnych Sachticiach a Stélfiach (obr. 7) sa tu od neskorého
neolitu az do stredoveku kamennymi nastrojmi z makkého
pieskovca tazili noduly malachitu obsahujuce az 55 % medi.

Pomerne dost malachitu sa vedno s cinovou
mineralizaciou tazilo aj z tadzickych, uzbeckych a afgan-
skych (baktrijskych) lozisk Zeravsan, MuSiston a Karnab.

Hlavnym mineralom cinu je kasiterit SnO, (obr. 2)
a stanit Cu,FeSnS,. Kasiterit sa viaze hlavne na granit a na
kremenné Zily. Pri zvetravani hornin sa pre svoju vysoku
hustotu uvolfiuje a pre rezistentnost voci zvetravaniu
sa (podobne ako zlato) hojne vyskytuje v rozsypoch.
Prvé nalezy kasiteritu mozno zaiste predpokladat prave
v rozsypovych loziskach. Schopnost starych prospektorov
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odlisit opticky bezmala identické Cierne zrnka magnetitu
od kasiteritu je pozoruhodnd, ved mnohé kasiteritové
rozsypy sa oznacovali ndzvom ,Cierny piesok,” a to hlavne
pre prevladajici obsah magnetitu (Taylor, 1979).

Zrodenie bronzu

Vyuzivat med na vyrobu rozli¢énych nastrojov a zbrani
sa pokus$ali uz davne neolitické kultury, ale bola méakka,
neudrziavala tvar a ostrie ¢epeli z nej sa rychlo otupovalo.
Kamenné nastroje boli ¢asto uzito¢nejsSie, a tak sa makka
med sprvu viac vyuzivala len ako Sperkarska surovina.
Staroveki kovaci vS8ak skoro zistili, ze spracovanim medi
za chladna (alebo po jej opatrnom miernom prehriati)
sa moze jej tvrdost viac ako zdvojnésobit a vyrovnat sa
tvrdosti Cistého zeleza. Takyto postup umoznoval ziskat
nastroje necakane dobrej kvality, ktoré bolo mozno
v pripade potreby vytvarovat aj na ostru ¢epel. Takato med
bola pevna, zachovavala si ostrie a jej jedinou nevyhodou
bola zna¢na krehkost (Cowen a Thomas, 2003).

NajstarSie medené vyrobky su z Mezopotamie
z obdobia okolo roku 8000 pred Kr. Zname su aj haciky
a Sidla z Caydnu Tepesi vo vychodnom Turecku. Med,
z ktorej boli vyrobené, pochadzala z 20 km vzdialeného
Ergani Madenu, loziska medenych rud, ktoré sa tazi
dodnes. Artefakty z Caydénli Tepesi patria medzi
mimoriadne archaické priklady rydzej medi spracovanej
v ohni pyrotechnoldégiou. Hac¢iky a Sidla boli zahriate
a vyklepané do pozadovaného tvaru, no kovac zrejme
neovladal technoldgiu tvrdenia medi. Artefakty z Caydni
Tepesi su prikladom remeselnej produkcie prechodného
obdobia medzi neolitom a bronzovou dobou (Earl, 1994).

Okolo roku 5000 pred Kr. sa mensie mnozstvo medi
zacalo tavit aj v Anatdlii (v centralnom Turecku). Rozsypy
medenych a cinovych rud bolo mozno najst aj v riekach
Syrie. Na Balkane je tazba v medenych baniach dolozena
uz z roku 4800 pred Kr., a to najma na lokalite Rudno Glava
a Aibumar v Bulharsku a Jarmovac v Srbsku.

g 10 mm

Obr. 1. Agregat krystalov prirodnej rydzej medi Cliff mine
(Keweenaw County, Michigan; foto John A. Jaszczak).

Fig. 1. Native copper crystal aggregate from Cliff mine (Keweenaw
County, Michigan; photo John A. Jaszczak).

Na rozdiel od rydzej metalickej medi bolo treba med
z malachitu a azuritu najprv metalurgicky ziskat. Med sa
tavi pri 1085 °C. Pri zahrievani sa za¢ne karbonaticka
zlozka mineralov vydelovat v podobe vodnej pary a oxidu
uhli¢itého a ruda sa meni na oxid medi

Cu;3(C0O3),(OH), = 3Cu0O + 2CO, + H,O
Cu,(CO3)(OH), = 2Cu0 + CO, + H,0O

Pri asi 1100 °C vznika v ohni z CuO ako vysledok

pdsobenia CO metalicka med (Cowen a Thomas, 2003)
CuO + CO =Cu + CO,

Cin — nevyhnutna surovina na vyrobu klasického bronzu
— sa v prirode vyskytuje najcastejSie vo forme oxidu
— kasiteritu (SnO,). Tavenim pomocou dreveného uhlia
sa starovekym metalurgom darilo oxid redukovat a ziskat
metalicky cin. Jediny doklad o tomto technologickom postupe
sa zachoval v St. Austeli v Cornwalle (Muhly, 1985).

Arzénovy bronz

Okolo roku 3800 pred Kr. kmene usadené na pobrezi
Stredomoria a Atlantiku uz tazili med vedome. Prospekcia,
tazba rud a ich spracuvanie kladli znaéné naroky na
organizaciu spolo¢nosti. Zacali sa z nej vyclefiovat skupiny
Specialistov — banikov, hutnikov, kovacov a remeselnikov,
uradnikov i vojakov a rolnici s pastiermi mali pre nich
zabezpecovat nevyhnutné potraviny. Po roku 3500 pred
Kr. za¢ala v Mezopotamii spotreba zlata, striebra, olova
a medi prudko rast (Gale et al., 1985). Blizky vychod bol
bohaty na medené rudy a loziska farebnych kovov, ktoré
sa v Irane tazia aj v sucasnosti. Cesta k vyrobe bronzu
napriek tomu nebola jednoducha. Vyznamnym faktorom,
ktory brzdil vyvoj v tomto smere, bolo, Ze lozisk cinu je
podstatne menej ako lozisk medi a len malokedy sa
vyskytuju spolu. Medenu mineralizaciu naopak €asto
sprevadzaju arzénové rudy (ktoré tvori hlavne arzenopyrit,
tennantit, 16llingit a pripadne Cu-As mineraly — enargit,
luzonit). Tieto rudy su neporovnatelne hojnejSie zastupené
ako rudy cinu a prvi metalurgovia ¢oskoro zistili, ze
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Obr. 2. Krystaly kasiteritu z Cornwallu (foto John Betts).
Fig. 2. Kasiterite crystals from Cornwall (photo John Betts).



P Andras: Staroveky bronz - historia a zdroje 187

primes arzénu zlepSuje uzitkové vlastnosti medi, najma
tym, ze vyrazne zvySuje tvrdost kovu, a preto zacali do
medi pridavat arzén a to okolo roku 3500 pred Kr. znacilo
zaciatok vyroby ,arzénového bronzu” (Gale et al., 1985).
NajstarSie bronzové artefakty su zname zo zaciatku 4.
tisicroCia pred Kr. z oblasti majkopského kulturneho okruhu
z Kaukazu. Odtial sa technoldgia vyroby bronzu rozSirila do
Mezopotamie a neskér aj do povodia Indu (Muhly, 1985).

Spred roku 3000 pred Kr. nie je nijaky nélez klasického
cinového bronzu. V celom zapadnom Stredomori
a na Kréte sa bronz eSte aj po roku 3000 dlho vyrabal
pridavanim arzénu a v Anatdlii primieSavanim arzenopyritu
(azda i dalSich As mineralov) do medenej rudy. Cin tvrdeny
bronzom, vyskytujuci sa v tomto ranom obdobi v Anatdlii,
vznikol pravdepodobne len nahodnym primieSavanim
cinového mineralu staninu.

Cinovy bronz

Zacgiatok doby bronzovej nie je jasny. Spravidla sa
kladie do obdobia okolo roku 3000 pred Kr. a jej trvanie
mozno sledovat az do roku 1100 pred Kr., v Britanii dokonca
ovela dihsie (2500-500 pred Kr.).

Bronz ako prvi zac¢ali v masovom meradle pouzivat
Sumeri. Bronzové ndlezy z Uru a Susy su uz spred roku
3000 pred Kr. (Cleuziou a Berthoud, 1982; Moorey, 1982).
Okrem mnohych inych prvenstiev im treba priznat aj to,
ze boli prvymi mineralégmi. Poznali vySe 150 mineralov,
medzi nimi aj kasiterit. Jeho primieSavanim do medene;j
rudy vznikala tvrda, ,azijska med* Tento nazov sa objavuje
v egyptskych textoch okolo roku 2500 pred Kr.

Primes cinu a jeho pomer voéi arzénu v archaickych
bronzovych vyrobkoch ¢o do kvantity koliSe. Ako ukazal
Tallon a Malfroy (1987) a Ryck et al. (2005) na priklade
bronzu z oblasti Susy, obsah As voci obsahu Sn v 3. tisicro¢i
postupne klesal. Takyto bronz okrem cinu obsahuje aj iné
kovy (napr. zinok a antimén). Z kultdrneho okruhu Uru
a Susy je ztohto obdobia znamy aj bronz, ktory okrem arzénu
ma aj vysoky obsah olova (az 14 %) a primesi striebra a niklu
(Tallon a Malfroy, 1987; Miller-Karpe, 1991). Zinok, antimén
a olovo boli pravdepodobne prirodnou sucastou pouzitej

medenej rudy, ktora v istom mnozstve obsahovala aj galenit
(PbS), sfalerit (ZnS), antimonit (Sb,S;) Ci tetraedrit. Neskor
sa pri vyrobe bronzu ustélil pomer 90-95 % medi a 5-10 %
cinu. Arzénovy bronz sa cinovym nahradzal az okolo roku
1500 pred Kr. (Lechtman a Klein, 1999; Schiegl, 1994).

Bronz umoznoval rozvoj obchodu a expanziu civilizacii
a ziskavanie medenych a cinovych rud viedlo k rozvoju
banictva. Na ochranu nalezisk kovov bolo treba postavit
armadu, na rozvoj obchodu vybudovat lodstvo, a tak
produkciu bronzovych artefaktov mohli zabezpecit len
rozvinuté remeselné centra.

Rudné zdroje bronzu

Najstarie nélezy bronzu v zdpadnej Azii st zname
z Mezopotamie z lokality Tepe Gawara, Ur a Tell Judeidah,
z jz. Irdnu (Susa) a zo zapadnej Casti centralneho Iranu
(Kaleh Nissar) z konca 4. a zaciatku 3. tisicroCia pred Kr.
(Cleuziou a Berthoud, 1982; Moorey, 1982; Stech a Pigott,
1986). V polovici 3. tisicro€ia sa uz bronz zna¢ne rozsiril od
Perského zalivu po egejsku oblast (Pernicka et al., 1984;
Stech a Pigot, 1986; Weeks, 1999; Fleming et al., 2005).
Ziadna z tychto oblasti nema potrebné rudné zdroje,
a preto ho staroveki producenti bronzu museli dovazat
z okolitych regiénov.

Medzi dblezité otazky bronzovej doby patri pdvod cinu.
Staré mezopotamske texty vela raz opakuju, Ze sa surovina
dovazala z V aj z J, ale na Iranskej planine nijaké loziska
cinu neboli zname, a tak historici uvazovali o jeho moznom
dovoze zo vzdialenych Britskych ostrovov. Az nedavno
geoldgovia v spolupraci s archeoldgmi objavili v centralnej
Casti pohoria Taurus blizko mesta Kestel staroveké cinové
bane (obr. 3) s vySe Styridsiatimi Sachtami (obr. 4a),
v ktorych sa v rokoch 3290-1840 pred Kr. tazil kasiterit
(Yener in Wilford, 1994). Objem podzemnych priestorov
tychto banskych diel je priblizne 4600 m?3.

Kasiteritova skarnova mineralizacia vystupuje
v mramorizovanom vapenci v nadlozi kremitych bridlic
a je geneticky spéta s granitovou intruziou. Zrudnenie je
vacsinou impregnacné, ale lokalne je mineralizovana aj siet
jemnych trhlin a metasedimentarne suvrstvie na niektorych
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Obr. 4. Anticka cinova bana v Kesteli v Anatdlii (Aslihan-Yener et al., 1997).

Fig. 4. Ancient tin mine in Kestel, Anatolia (Aslihan-Yener et al., 1997).

miestach prerazaju tenké kremenno-kalcitovo-hematitové zily
s kasiteritovou mineralizaciou. V zrudneni mozno rozlisit dve
mineraliza¢né fazy — starSiu, bohatu na kasiterit, a mladsiu,
hematitovu, s nizkym obsahom cinu (Willies, 1992). Kasiteri-
tové krystaly su velké od 10 do 200 pym, drobné priehladné
a bezfarebné a vacsie zrna oranzovoCervené (Laughlin
a Todd, 2000). Hematit sa vyskytuje v troch modifikaciach
— ako spekularit, sivy hematit a erveny zemity oker. Obsah
cinu v rude kolisal od 25 ppm (Hal a Steadman, 1991) do viac
ako 2 % (Willies, 1990). Banici pracovali kamennymi nastrojmi
(na lokalite sa naslo vySe 50 tisic kusov pracovnych nastrojov
a keramiky) a pri lamani horniny si pomahali aj ohfiom. Na
pracu sa hojne vyuzivali aj deti (v banskych dielach sa naslo
viac detskych kostrovych ostatkov). Williesov (I. c.) odhad, ze
sa tam vytazilo 12 075 t rudy s priemernym obsahom 1 %
Sn, povazuju ini autori (deJesus, 1980; Aslihan-Yener, 1994a,
b, 1997; Gale et al., 1985) za nerealisticky a predpokladaju,
ze za tisicrocnej banskej aktivity sa vytazilo asi 5 tisic t rudy,
z ktorej sa v blizkom Goltepe (obr. 3, 4b) ziskalo 115-200 t
cinu s primesou olova a striebra, ako aj mensie mnozstvo
zlata a hematitového pigmentu.

Pokial kasiterit tvoril impregnacie v spekularite,
staroveki banici a metalurgovia ho ziskavali sofistikovanou
technologickou upravou. Rudu prazili pri teplote 700—
850 °C, ¢im dosiahli zmenu Supinkovitého sivocerveného
spekularitu na tvrdsi ¢ierny magnetit, ten potom rozdrvili
a vo vodnom prostredi z neho Slichovanim ziskali kasiterit
(Laughlin a Todd, 2000).

Okolo roku 2350 pred Kr. dobyl Sargon |. mestské Staty
Sumeru, ovladol juznu Mezopotamiu a vytvoril Akkadsku
riSu (2340-2195) a ta expandovala az po Stredomorie
a obsadila aj Anatdliu (Bartik, 1994). Zachovali sa udaje

o tom, Ze jedind oslia karavana doviezla z Anatdlie do Assuru
12 t cinu, mnozZstvo dostato¢né na vyrobu 125 t bronzu, ktory
stacil na vyzbrojenie velkej armady. Archeolégovia odhaduju,
ze sa ro€ne v oblasti Goltepe vytazila v priemere viac ako
t cinu, ¢o umoznilo vyrobit 10 t bronzu. Taziari predavali cin
za striebro a zlato. Géltepe sa zmenil na bohaté mesto, ale
politicka a vojenska moc bola sustredena inde.

Vlada Sargonovej dynastie sa zrutila v ob¢ianskej vojne
okolo roku 2150 a mocenské vakuum zaplnila silnejuca
Starobabylonska riSa, ktorej zakladatelom bol Chammurapi
(1792-1750). Po pade Babylonu sa nad Mezopotamiou
rozprestrela vlada prvej skuto€nej starovekej velmoci
Blizkeho vychodu — Asyrie (Hroch, 1977).

Zda sa, ze staroveky Blizky vychod nezasobovali len
anatdlske loziska. Tie nemohli pokryt celu spotrebu cinu
a loziska v Cornwalle a v KruSnych horach (obr. 3) boli pre
obyvatelov blizkovychodného regionu nedostupné. Niektori
archeoldgovia veria, ze ¢ast cinu v staroveku mohla
pochadzat aj z bani na Kaukaze (Levine a Bond, 1994).

Nedavno boli v Irane objavené staré cinové bane v Deh
Hoseine (Momenzadeh et al., 2005) a niekolko bronzovych
artefaktov luristanského Stylu (Overlaet, 2004) datovanych
do obdobia 1300-1250 az 650 pred Kr. Lozisko Deh Hosein
(obr. 3) lezi 45 km na JZ od mesta Arak vo vychodnej ¢asti
centralneho horského masivu Zagros, ktory tvori sv. hranicu
Luristanu. Pozostatky starovekej tazobnej aktivity zaberaju
plochu 4,4 x 6 km. Bariami boli velké elipsovité jamy (obr.
5), pingy velké od 70 do 50 m, hiboké okolo 15 m a tvorili
dva rady dlhé 500 m sledujuce mineralizovanu $trukturu. Na
lokalite sa naslo aj niekolko granitovych kamennych mlatov
a mlatov zo silicifikovaného fylitu. Bane boli v ¢innosti
v obdobi 1775-1522 pred Kr. (Nezafati et al., 2006).
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Lozisko Deh Hosein je situované v metasedimentarnych
horninach jurského veku, do ktorych intrudoval astanezsky
granitoidny komplex. Hydrotermalna mineralizacia vystupuje
v kremennych a kremenno-sulfidickych Zilach a vo forme
impregnacii v metamorfovanom pieskovci, fylite a v Skvrnitych
bridliciach prerdzanych kremennymi zilami. Nezafati et
al. (2005) opisali z loziska 30 rudnych mineralov, ale ich
paragenetické vztahy nie su dorieSené (Nezafati et al., 2006).
Najhojnejsi je arzenopyrit s neviditelnym zlatom (obsah
Au do 1900 ppm, Bi 1, Sb 1,61 a Se 0,5 %), o ¢osi menej
hojny je chalkopyrit, pyrit, pyrotit, kasiterit, zriedkavejSie aj
markazit, 16llingit, ferberit, sfalerit, med, bizmut, viaceré Bi
oxidy, limonit, goethit, malachit, kuprit, bornit, covellit, Cu
sulfidy, galenit a viac dalSich mineralov (I. c.).

Zda sa, ze Deh Hosein patril medzi najddlezitejSie
loZiska starého sveta v 2. tisicro¢i pred Kr., odkial ¢erpali
cin civilizacie Mezopotamie a azda aj Zapadu. Na potvrdenie
tohto predpokladu sa analyzovali stopové prvky a Pb izotopy
(obr. 6) zrud z Deh Hoseinu a z pocetnych bronzovych arte-
faktov z oblasti juzného Perského zdlivu a Egejského mora.

Vyuzivanie izotopov Pb na potvrdenie pévodu rudnych
zdrojov pri vyrobe bronzu sa v sucasnosti povazuje za
jednu z moznych vyskumnych metdd, ale aplikacia tohto
postupu je v istych pripadoch dost diskutabilna. Vyhodou
je, ze izotopové zlozenie Pb z jednej rudnej mineralizacie
byva viac-menej kon&tantné a pri metalurgickom spracu-
vani sa nijako nemeni (Hezarkhani a Pernicka, 2000). Pokial
sa pri vyrobe bronzu pouziva rudna surovina z viacerych
lozisk, meni sa izotopovy pomer Pb (I. c.), a preto je takéto
Studium vyuzitelné skor na vylucenie niektorého zdroja ako
na jeho jednoznacéné potvrdenie.

Nezafati (I. c.) uvadza, ze ruda z Deh Hoseinu ma uzky
rozptyl variacie izotopovych pomerov Pb bez ohladu na to,
¢i olovo pochadza z Cu minerélov, galenitu, arzenopyritu
alebo zo Sn mineralov. Kov Studovanych artefaktov z 1.
a 2. tisicroCia pred Kr. pochadzajucich z oblasti Luristanu,
Z juznej oblasti okolia Perzského zalivu, zo zapadného Turecka
a Mezopotamie ma porovnatelné izotopové zlozenie Pb
a porovnatelny obsah stopovych prvkov ako rudné mineraly
z loziska Deh Hosein, ¢o naznaduje totozny zdroj, Cize
predpoklad, Ze boli zhotovené z rud vytazenych nalozisku Deh
Hosein (Weeks, 2004). V sucasnosti je lozisko Deh Hosein
jedinym znamym loziskom cinu v blizkosti Mezopotamie.

Dal$im regiénom s vyskytom medi, malachitu a azuritu
v asociacii s rudami zlata a cinu bol v jv. Uzbekistane,
Tadzikistane a v Afganistane a odtial sa tieto suroviny
vyvazali na J do Mezopotamie (Litvinskij, 1950; Parzinger
a Boroffka, 2001).

V udoli rieky Zerav8an v Uzbekistane (obr. 3) narazili
archeoldgovia pri osade Karnab na asi 20 starovekych
cinovych bani (I. c.). NajlepSie preskumana $télna je
dlha 35 m a lezi v kontaktnej zéne granitovej intrizie
a vapencovych utvarov devénskeho veku starych 415—
355 mil. rokov (Marshukova et al., 1985). Zily maju smer
V-Z. Tazil sa tam hlavne kasiterit. Obsah cinu v rude
neprekracoval 2 % (Cerny, 1995). V rokoch 1600 az 800
pred Kr. mohla ruda dat asi t cinu.

Dalsia exploatovana lokalita bola v Musistone v Tadzi-
kistane, asi 150 km naV od Samarkandu a na J od Zerav$anu.

Nachéadza sa vo vySke 3000 m nad morom (Cerny, 1995).
Musistonské bane boli ¢inné asi od roku 2400 do roku 800
pred Kr. Pracovali v nich prisludnici andronovskej kultury
a tazili lahko rozpoznatelni olivovozelent rudu. Zily s rudou
vystupuju vo vapencovych vrstvach a bridliciach devonskeho
veku. V oxida¢nej zéne sa okrem primarneho staninu
vyskytoval aj malachit, azurit, kasiterit a dva zriedkavé
hydroxidy medi — varlamofit — (Sn, Fe)(O, OH), a musistonit
— (Cu, Zn, Fe)Sn(OH),. Banici nedokazali rudninu spracovat
na mieste (vedeli spracuvat len med, ale nie vyrabat bronz),
len ju drvili a exportovali na J do Mezopotamie (I. c.).

Vyznamnym zdrojom medi starovekého Blizkeho
vychodu bolo okolie Feinanu v Levante. Bane vo Feinane
a v blizkom Wadi Amram tvorila sustava az 55 m dlhych
$toIni. Ale znamejSie su bane na Sinajskom polostrove
v udoli Timna (obr. 3) blizko zalivu Eilat (obr. 7), odkial je
opisanych asi 300 vyskytov cinovej mineralizacie a dalSich
400 vyskytov na Sinajskom polostrove. V metalurgickych
peciach sa kurilo drevom akacii. Takéto pece sa zachovali
uz z 5. tisicroCia pred Kr., ale aj z rokov 1180-1350 pred
Kr. Technoldgia tavenia sa postupne zdokonalovala, a tak
umoznovala priebezne zachytavat z peci vytekajicu trosku
bez toho, aby sa prerusilo tavenie rudy a na dne pece
potom zostaval medeny ingot nepravidelného tvaru. Toto
zlepSenie Setrilo vzacne palivo. Pokles a zastavenie tazby
suviseli s vyrubanim akaciovych lesov a s nedostatkom
dreva potrebného na tavenie rud (Willies, 1991).

Su zdznamy o tom, ze stari Egyptania tazili med a tyrkys
na Sinaji uz v obdobi 5. a 6. dynastie, za vlady DZedkareho
(24142375 predKr.), Pepiho.(2321-2287 pred Kr.) a Pepiho
Il. (2278-2184 pred Kr.). Prvé nalezy bronzu v Egypte su uz
z obdobia 3000 pred Kr., no az do roku 2000 pred Kr. iSlo
vyluéne o arzénovy bronz. Pouzivanie cinového bronzu sa
v udoli Nilu rozsirilo az za 18. dynastie (1550-1295 pred Kr.;
Shaw, 2000). Rozvoju metalurgie branilo to, Ze Egypt nemal
lesy, a preto mu chybalo na spracuvanie rud drevo. Uz okolo
roku 3000 pred Kr. musel dovazat z Byblosu cédre na stavbu
lodi, chramov i nabytku. Bronz bol v staroveku velmi drahy,
a preto sa staré artefakty recyklovali.

Obr. 5. Pozostatky starovekych dobyvok v Deh Hosein (Nezafati
et al., 2005).

Fig. 5. Remnants of ancient mining activities in Deh Hosein
(Nezafati et al., 2005).



190

V rokoch 1300 az 1100 pred Kr. sa Egyptania
zmocnili bani v Timne. Med odvazali do Egypta v podobe
malachitového prasku a tam z nej vyrabali sekerky, Cepele
a naramky. Takéto predmety z Timny z rokov 4000-3200
pred Kr. sa nasli napriklad pri vykopavkach v Maadi
(Midant a Reyes in Shaw, 2000). Malachitovy prasok sa
hojne vyuzival aj ako kozmeticky pripravok na ocny tief
a zvyrazfiovanie o¢nych linii. Spomienkou na banicku
¢innost v tejto oblasti je aj chram bohyne Hathor (Panej
tyrkysu) v Serabet el-Chadin uprostred udolia Timna, ktory
dal postavit Setchi . (1318—1304 pred Kr.; Siliotti, 1994).

Timna nebola jedinym zdojom medi Egyptskej riSe.
Domace zdroje netazili, ale dovazali ju aj z Cypru, kde boli
velké naleziska medenej rudy. Zachovalo sa 40 antickych
hald obsahujucich viac ako 4 miliony t trosky (Meyers,
1997). Cyperskych Mykéncov okolo roku 1300 pred Kr.
ovladli Achajci. Aj obyvatelia Troje, rovnako ako ich mykénski
premozitelia, pouzivali bronzové nastroje a zbroj. Homérovi
hrdinovia (okolo roku 1100 pred Kr.) bojovali ,,cyperskym
bronzom*! Okolo roku 1470 platil Cyprus Tutmosovi lll. tribut
108 ingotov medi, z ktorych kazdy vazil 30 kg (Bass, 1987).
Banictvo medi sa na Cypre skongilo pre nedostatok dreva
okolo roku 300 po Kr. Podla objemu zachovanych antickych
hald mozno predpokladat, Zze sa tu vytazilo 200 tisic t medi
(Pernicka et al., 1984). Dal$ou lokalitou, odkial Egyptania
dovazali med, bola juzna ¢ast Pyrenejského polostrova
a ,africky roh” (neskor Britské Somalsko).

V Grécku, a predovSetkym na Kréte ranomindjska kultura
vybudovala rozsiahlu obchodnu siet, ktora zabezpecovala
export bronzovych vyrobkov (obr. 8). Neskor viaceré klientské
Staty minojskej kultury stratili pri morovych epidémiach velku
Cast populacie a obchod upadol. Niektori odbornici predpokla-
dali, Ze koniec obchodu s bronzom spdsobilo vyribanie
cyperskych lesov, ale zistilo sa, Ze aj v neskorej bronzovej dobe
sa tu hojne palilo drevené uhlie, takze ostrov zaiste nemohol
trpiet nedostatkom dreva potrebného na metalurgiu. Ina tedria
hovori, Ze obchodnu siet s bronzom zni€il rastuci vyznam Zzeleza.

2.1
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Zelezo sa zadalo vyrabat okolo roku 1400 pred Kr. Prvé
strediskd spractivania Zeleznej rudy st zname z Malej Azie.
Pouzivanie Zeleza sa rychlo &irilo hlavne po roku 1200 pred
Kr. Za zaliatok zeleznej doby v Grécku sa poklada obdobie
okolo roku 1100 pred Kr., ale bronz nadalej mal vyznamnu
ulohu a ,dejiny bronzu® neskorej bronzovej doby patria
medzi najskvelejsie kapitoly jej civilizagnych zasluh. Dalsi
predpoklad dava zanik mindjskej civilizacie do suvislosti
s vybuchom sopky Théry, vzdialenej od Kréty sotva 40 km.
Predpoklada, ze silné vinobitie zni¢ilo mesta na pobrezi Kréty
alebo aspon mindjske lodstvo v pristavoch a to potom pod-
lahlo mykénskemu namornictvu, takze koldnia si podmanila
pbévodného kolonizatora. Nemozno vylucit ani vazne politické
a obchodné chyby Mingj¢anov (Meyers, 1997).

Geochemicky vyskum (izotopové analyza Pb) niektorych
stredomorskych bronzovych artefaktov z obdobia okolo
roku 1750 pred Kr. indikuje, Zze uz v tom obdobi ¢ast cinu
pouzivaného pri vyrobe bronzu pochadzala z Britanie (l. c.).

Mojzi§ (Biblia, 31, 8 21-23) okolo roku 1500 pred
Kr. spomina Sest kovov a jednym z nich je cin: ,Kraz
Eleazar hovoril bojovnikom, ktori sa zuc¢astnili na vojnovej
vyprave: To je zakonny predpis, ktory dal Pan MojziSovi:
Zlato, striebro, med, Zelezo, olovo a cin, vSetko, ¢o odolava
ohriu, musite precistit v ohni Dalgia zmienka o cine je
u lzaiasa (1, 25). Autor v nej pouzil metaforu suvisiacu so
spracuvanim cinu: ,,Obratim na teba svoju ruku, vycistim
sta luhom tvoju trosku a odstranim vsetko tvoje olovo.”
Izraeliti cin predtym, ako ho objavili v Palestine, kupovali
v Tyre, kam ho dovazali fenicki namornici z Tartessossu
(obr. 3). Ezechiel (27, 12) piSe: , Tar$i§ bol tvojim kupcom
pre mnoZzstvo rézneho bohatstva, dodavali tvoj tovar za
striebro, Zelezo, cin a olovo” Kral Salamun ziskaval med
v pusti na J blizko Eilatu (bane po tisicro¢iach nedavno
znovu otvoril moderny izraelsky Stat).

V neskorej bronzovej dobe okolo roku 1000 sa naj-
délezitejSimi vyrobcamia obchodnikmis bronzom v Stredomori
stali Feni¢ania. Ovladli nielen obchod s bronzom, zlatom
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Obr. 7. Staroveké medené bane v Timne (Sinajsky polostrov, foto
Rick Dennis).

Fig. 7. Ancient copper mines in Timna (Sinai peninsula, photo
Rick Dennis).

a striebrom, ale aj s farebnym sklom, drevom (hlavne cédro-
vym) a purpurom. Predavali aj alabastrové nadoby s vonav-
kami a slavny papyrus, ktory vyrabali v Byblose. Su¢asne
zacdali intenzivne kolonizovat J Pyrenejského polostrova.

V tom Case sa na J Pyrenejského polostrova v Tar-
sessose asi v oblasti Rio Tinto tazili med a cin. Garcia
Bellido (in Arteta et al., 1995) uvéadza: ,Tarsessos nesie
meno podla rieky Baetis. Tato rieka priteka z keltského
kraja... a prameni v striebornej hore. Jej prud unasa nielen
striebro a cin, ale aj hojnost zlata a medi... Mesto Tartessos
sa tyc¢i uprostred rieky medzi jej dvomi ramenami. |de
o biblicky Tar$is? Nemozno to uplne jednoznaéne rozhodnut.
Zachoval sa udaj o tom, ze pri taveni rud sa tam denne
spotrebovalo az 260 t dreva. Bronzova doba v juznej Casti
Pyrenejského polostrova sa nazyva podla lokality El Algar,
ktorej najvacsi rozmach spada do obdobia rokov 1700 az
1200 pred Kr., ako ,,algaricka kultira” (Ruiz, 1993).

Cin sa tu v takzvanom iberskom pyritovom pruhu
vzacne vyskytoval spolu s medenymi rudami (masivnym
chalkopyritom vulkanickosedimentarneho pévodu). Tvoril
kasiteritové SoSovky, sustavy tenkych ziliek a noduly
vo vulkanickych horninach a v zénach telies tektonicky
podrveného vapenca vyrazne premenenych horucimi
rudonosnymi roztokmi a kontaktnou tepelnou metamor-
fézou na styku s granitovymi telesami a greizenmi. Kasiterit
lokalne sprevadzali aj iné (mladSie) cinové mineraly:
stanin — Cu,FeSnS,, késterit — Cu,(Fe, Zn)SnS,, stanoidit
— Cus(Fe, Zn),SnSg pripadne mawsonit — CuFegSn,S,
ktoré vznikli ako vysledok luhovania kasiteritu mladSimi
hydrotermalnymi roztokmi, ktoré vytvorili na baze loziska
velké akumulacie medenych (chalkopyritovych) rud.
P6vodné malé akumulécie cinu sa viac-menej vytazili uz
v predhistorickej dobe, ale odhaduje sa, Zze len v mine-
ralizovanej zéne okolo Neves-Corva a Tartessussu je stale
zasoba asi 105 tisic t cinu (Mateus et al., 1998; Gaspar a Pinto,
1993; Marcoux, 1998). Ako vek mineralizacie sa udava famen,
visén a vestfal (vrchny devén, spodny a vrchny karbon, cca
370-300 mil. rokov; Routhier et al., 1980). Zasoba sulfidickych
rud sa tu odhaduje stéle na 1700 miliénov t (Leistel etal., 1994).

Obr. 8. Kréta — anticky ingot medi (Pulak, 2002).
Fig. 8. Creta — Ancient copper ingot (Pulak, 2002).

O obchod s tunajsim cinom sa Culo zaujimali aj Feni¢ania.
O existencii fenického pristavu Carteia v Gibraltarskom zalive
sU zaznamy z roku 850 pred Kr. a o obchodnej zakladni
v Tartessusse v Usti rieky Guadalquivir z roku 1500 pred Kr.
(McKay a Buckler, 1988). Feni¢ania tam sprvu obchodovali
spolu s Grékmi a Izraelitmi (Pernicka et al., 1984).

Ako mozny zdroj cinu v zapadnom Stredomori nemozno
vylugit ani cinové loZiska v severnej Lusitanii, v provincii
Callaecia a Asturia (severné Portugalsko a Galicia),
ale o vyuzivani v bronzovej dobe nie su pisomné ani
archeologické nalezy.

Mnozstvo cinu a medi z tychto lokalnych zdrojov vSak
zrejme nestacilo pokryt rasticu spotrebu v Stredomori.
Asi vac¢si vyznam ako miestne bane mal pre Tartessanov
obchod s cornwallskym cinom. Aj Kartaginci sa o tychto
loziskach cinu pravdepodobne dozvedeli prave od
obyvatelov Tartessosu (Arteta et al., 1995). Zda sa, ze
Kartaginci niekedy okolo roku 500 pred Kr. Tartessanov
zni€ili a obchodu s cinom sa zmocnili sami (Arteta et al.,
1995). Aby ho mohli dalej rozvijat, zalozili pristav Gadis
(dnesny Cadiz), kde uz od roku 1100 pred Kr. Zila nepoc¢etna
koldnia Feni¢anov (na prelome 6. a 5. stor. pred Kr. lezal
Gadis na ostrove, ktory je dnes spojeny s pevninou).

Cast cinu v Stredomori pochddzala z lokélnych zdrojov.
Tak napriklad malé cinové bane z obdobia 2400-1400 pred Kr.
s zname z Mallorky, kym Etruskovia nasli cin v toskanskych
horach a Zelezo na Elbe (obr. 3). Zhotovovali krasne bronzové
predmety a konkurovali Fenicanom a Grékom.

Kartaginci sa na svojich skvelych lodiach okolo roku 550
pred Kr. vydali preskimat VonkajSie more za Malkatovymi
stipmi (Gréci a Rimania ich neskér nazvali Herkulove
stipy; dnes Gibraltarska Uzina). Z pristavu Gadis sa podia
Plinia vydal roku 450 pred Kr. kartaginsky moreplavec
Himilko do severného Atlantiku ,preskimat najkrajnejsiu
hranicu Eurdpy” Himilkova cesta trvala Styri mesiace.
Z Pliniovych Dejin prirody (Inventorum natura) z roku 77 po
Kr. a z Avieniovej basne Ora Maritoima z roku 300 po K.
sa dozvedame, e sa Himilko plavil na S pozdiz iberskych
brehov a pobrezia Galie, az kym nedosiahol neobyvané
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Obr. 9. Na ostrov Ictis (Mont St. Michael), ktory sluzil v staroveku
ako sklad cinu, sa mozno v ¢ase odlivu dostat po suchej zemi.

Fig. 9. The isle Ictis (Mont St. Michael), where the tin deposit was in
the Ancient times, can be visited using the road during the ebb tide.

brehy Bretdnska (Bartik, 1994), a odtial na stostrovie Scilly
pri Cornwalle (obr. 3). Tieto ostrovy vtedy asi sluzili ako sklad
cinu. Cornwallsky cin sa vo forme ingotov prevazal na ostrov
Ictis (dnes Mont St. Michael), na ktory sa v ¢ase odlivu dalo
prejst suchou nohou (obr. 9). Tam cin nalozili na obchodné
lode a dopravili do Stredomoria.

Cin z tunajSich rozsypovych lozisk v Cornwalle sa isto
hojne vyuzival v miestnej metalurgii (aj o Britanii plati, Zze
najstarsi bronz neobsahoval cin, ale pridavok arzénu), ale
rozsah obchodu s cinom v tom obdobi zostava neznamy
(Brooks, 1974).

Strabon (3, 175) v roku 7 pred Kr. uviedol, ze na
Cassiteridese (v Cornwalle) boli naleziska cinu a olova,
s ktorymi miestni obyvatelia obchodovali a ktoré predtym
spravovali vyluéne Feni¢ania a s nim v Gadise obchodovali.
Feni¢ania dlho ziarlivo strazili tajomstvo zdrojov cinu.
Povest hovori, ze akysi fenicky kapitan radSej nabehol so
svojou lodou na plytéinu, nez aby umoznil rimskej lodi, ktora
ho sledovala, spoznat ciel jeho plavby. Kartago obetavému
namornikovi uhradilo cenu lode i strateného nakladu.

Diodorus Siculus (5, 21, 22) roku 68 napisal, Ze sa cin
z Cornwallu vozil lodami cez Severné more do Bretonska
a odtial pokra¢oval do stredomorskej oblasti dvomi spdsobmi
—1.po mori cez Biskajsky zaliv popri rozoklanom skalnatom
pobrezi Galicie na J do Cadizu a 2.po Seine cez Burgundsky
priesmyk k Saéne a po Rhéne cez Lyon, Vienne a Arles do
Massilie (Marseille). Touto obchodnou cestou sa vozila aj

sol, rézne kovy, sklo, jantar, Sperky, potreby pre domacnost
i luxusny tovar. Cesta vnutrozemim Galie bola rychlejSia
a bezpecnejsia, ale bolo treba platit mnohé colné poplatky
keltskym kmeriom, a tak zostala namorna doprava cinu do
Cadizu konkurencieschopna. Kartago disponovalo vag¢sim
poc¢tom lodi ako Gréci a malo skusenejSich a obratnejsich
namornikov, kym cesty po susi zase ovladli Gréci. Obchod
s cinom v Marseille mali v rukach prave oni a s podporou
Rimanov uspesne konkurovali Feni¢anom.

Rim neskor tazil med a cin v celom Stredomori.
Délezitym zdrojom rud sa stal do¢asne napriklad aj ostrov
Aethaleia, t. j. Elba, avSak uz v 1. stor. pred Kr. musel
miestnu metalurgicku ¢innost pre nedostatok dreva zastavit
a rudu vozit lodami na spracovanie do Populénie v Etrurii
(Aigner-Foresti a Siewert, 1998).

lulius Caesar vpadol roku 57 pred Kr. do Galie a roku
54 pred Kr. podnikol invaziu na Britské ostrovy. Skutocna
rimska vlada nad Britaniou sa v8ak zacala az roku 43
pred Kr. za cisara Claudia. Rimania sa zmocnili Cornwallu,
tym aj cinovych lozisk a obchod s cinom dosiahol jeden
zo svojich vrcholov. Cinové ingoty v tvare pismena H
(obr. 11) sa do Stredomoria hojne dovazali po susi aj po mori
a dopyt po cennom kove bol stale velmi velky (obr. 12).

Kasiteritové loziska v Cornwalle su produktom horucich
pneumatoliticko-hydrotermalnych mineraliza¢nych procesov.
Vyskytuju sa zvaésa v najvysSich Castiach granitoidnych
hornin (obr. 10) variského a postvariského veku (300—
270 Ma), ktoré intrudovali do suvrstvia tvoreného devén-
skymi metamorfovanymi sedimentmi (killas) a karbonskymi
pieskovcami (culm measures). Granit vznikol z magmy
bohatej na kremik a chudobnej na zelezo a hor¢ik. Pri poma-
lom chladnuti sa vytvoril hrubozrnny granit s vyrastlicami
zivcalokalne s krystalmi dlhymiaz 20 cm (napriklad na lokalite
Lands End). V metamorfnej aureole okolo granitoidnych
telies sposobili fluida a tie vytvorili v trhlinach chladnucich
telies loziska cinovo-arzénovo-volframovych rud. V tesnej
blizkosti granitov vznikli Pb-Zn, medené (chalkopyritové
— CuFeS,) a arzénové rudy (arzenopyritové zily smeru S—J).
Kym volframové zrudnenie je prednostne blizko granitovych
intrdzii, kasiterit ¢asto vystupuje priamo v materskej
intrdzii granitu premeneného na greizen. Kasiterit ma vo
vysokoteplotnej zone prevahu nad staninom a volframitom.
Tvori impregnacie v greizene, ¢im vznikaju mohutné
rudné pne (zwittery), alebo sa vyskytuju v kremennych
zilach hrubych 1-10 cm, dlhych okolo 100 m a tvori v nich
nepravidelné rudné hniezda nerovnakej velkosti (Thorne,
1987). AZ do stredoveku sa tu tazilo viac cinu z rozsypov
ako z bani. Posledna cinova bana pri Camborne bola
zatvorena roku 1997 (Denison, 1998). Medzi najznamejSie
cinové loziska v Cornwalle patril Mousehole, 3 km na J od
Penzance, St. Agnes, 9 km na S od Redruthu (Kali¢iak et al.,
1983; Rapp, 2002) a Cligga Head, na S polostrova (obr. 10).
Pocetné zrucaniny cinovych hut z 18. a 19. stor. lemuju cesty
este aj dnes. Vyznamnou cinovou barnou bolo aj lozisko
Great Orme v severnom Wallese (Charoy, 1979).

V strednej Eurdpe sa zacala med tazit okolo roku 2500
pred Kr.v Nemecku, v Krudnych horéch (obr. 3) a v Karpatoch.
Od roku 2000 pred Kr. uz poznala bronz cela Eurépa. Pro-
dukciu dobrej kvality poskytovali aj alpské, karpatské a Ceské
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bane. NajlepSie preStudovana je produkcia bronzu v regione
Mitterberg v dnednom Rakusku, kde sa zachovali staroveké
banské diela dlhé az 150 m (Gérsdorf et al., 2004).

Na americkom kontinente boli najvyznamnejSie loziska
medi v Michigane blizko dneSnych kanadskych hranic pri
Hornom jazere, predovSetkym bana na Isle Royal. Od roku
3000 do roku 2000 pred Kr. pracovalo v regione asi 10 tisic
banikov a podla odhadov sa z tunaj$ich lozisk vytazilo pri-
blizne 500 tisict medi (Coppens, 1999).Bola to najkvalitnejsia
med na svete. Banici neboli otroci, ale slobodni ludia. Zvysky
ich obydli a akéhosi chramu objavili archeolégovia pod
hladinou jazera v Astalane a v Rock Lake. V okoli sa naslo aj
70 pohrebnych mohyl s urnami spopolnenych tiel.

Okolo roku 1200 pred Kr. sa tazba na 200 rokov
prerusila. Banské prace sa obnovili okolo roku 100 pred K.
a pokracovali do roku 1320 po Kr. Mnozstvo exploatova-
ného kovu v tomto obdobi sa odhaduje na 2000 t. Bane na
ostrove Isle Royal pokryvali plochu 60 x 8 km a banskeé diela
dosahovali hibku 20 m. Technika tazby bola rovnaké ako
v Cornwalle. Banici rozruSovali horninu ohfiom, rozpalené
skaly polievali studenou vodou a rozruSenu horninou
a rudu potom dobyvali kamennymi mlatmi. V rokoch 1000—
1400 pred Kr. sa vytazena med exportovana do Mexika,
kde ju kupovali Tolté¢i (Coppens, 1999), no nie je zname,
ktora civilizacia odoberala med predtym. Geochemicky
vyskum zalozeny na Studiu stopovych prvkov naznagil, ze
aj mnohé artefakty objavené v hrobkach Inkov vzdialenych
tisicky kilometrov boli pravdepodobne vyrobené prave
z medi od Velkych jazier (Barry, 1999).

V Strednej Amerike sa cin vyskytuje hlavne v Mexiku
v cinovej provincii Zacatecas (Hosler a Macfarlane,
1996). Inkovia v obdobi svojej hegemodnie v rokoch 1476

az 1532 cin vyuzivali predovSetkym z bolivijskych lozisk
(Lechtmann, 1980).

Bronzova doba sa zacala v Latinskej Amerike (v Andach)
okolo roku 900 pred Kr., ked chavinski umelci objavili
technoldgiu vyroby zliatiny medi a cinu. Z bronzu vyrabali
sekery, noze a polnohospodarske naradie, dekorativne
i ndbozenské ceremonialne predmety. Tento vynalez umoznil
neskér aj kulturam z Caracolu, Copanu, Yaxchilanu a Uxmalu
Siroku vojensku expanziu a podrobenie okolitych kultur
(Ratnagar, 2001). Bronz pouzivali aj Inkovia, no spracuvat
zelezo sa nikdy nenaucili (Pernicka a Wagner, 2003).

V Japonsku je menej vyznamna cinova mineralizcia
na ostrove Honsu. Velka ¢ast cinu bezpochyby pochadzala
z Ciny. Prvy bronz sa tam objavil v provincii Kan-su
okolo roku 3000 pred Kr. (Bagley, 1980) a neskér sa jeho
produkcia presunula aj na S Ciny do kultirneho okruhu
Qijia. Dal$i rozvoj vyroby sa zaznamenal za vlady dynastie
Xia (2200-1760 pred Kr.) a v provincii Che-nan v obdobi
dynastie Shang (800-1122 pred Kr.). Z tejto provincie
potom expandovala metalurgia olova, medi, cinu a bronzu
do celej krajiny. Aj slavna terakotova armada cisara Cchina
z roku 220 pred Kr. vyzbrojena bronzovymi zbranami.

Bronzova metalurgia vysokej Urovne sa v Cine
pravdepodobne vyvinula nezavisle od civilizacie
v Stredomori. Pociatky vyroby bronzu sa kladu do
obdobia priblizne 2100 pred Kr. (Erdberg, 1993). Bola
sofistikovanejsia ako zapadna. Cifiania do bronzu okrem
cinu pridavali aj titan, hor¢ik a kobalt, ¢im podstatne
zvySovali tvrdost a penetracnu schopnost kovu.

Mimoriadne velké loZiskd cinu st zname aj z jv. Azie,
hlavne z Malajzie (Rapp, 2002). Cinové vyskyty tvoria na
polostrove viac ako tisic km dlhy pruh rozsypovych nalezisk.
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Obr. 10. Cinova mineralizacia v oblasti Cornwallu s dérazom na zrudnenie v pobreznom pasme Cligga Head (spracované podia Dunhama

et al.,, 1978).

Fig. 10. Tin mineralization in the Cornwall with accent on the coastal Cligga Head area (after Dunham et al., 1978).
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Diskusia

Arzénovy bronz sa vyrabal priamym tavenim medenej
rudy s prirodnou primesou As mineralov, a preto obsah
arzénu (pomer Cu/As) mohli staroveki metalurgovia kontro-
lovat len velmi tazko az nijako (Key in Bar-Adon, 1980).

Kym v ziadnom starovekom texte z bronzovej doby
sa nenasla zmienka o arzéne (akkadsky vyraz annaku
oznacoval iba zmes bohatu na arzén pouzivanu na vyrobu
artefaktov z arzénového bronzu), vyraz pre cin mali uz
staroveki Sumeri, Chetiti, Egyptania aj Mykénci, ako aj
ludia ugarického kulturneho okruhu (Eaton a McKerrell,
1977). Napriek tomu sa zo starSej doby zachovalo len
mimoriadne malo cinovych artefaktov a nijaké cinové
ingoty. Niekolko cinovych ingotov je znamych az z mladSej
bronzovej doby zo zapadomediterannej oblasti, a najma
z Cornwallu (obr. 3). V Skandinavii sa naslo aj niekolko
cinovych ingotov kruzkového tvaru s primesou az 4 % Pb
(Oldberg, 1942-1943). Cin sa v egejskej oblasti okolo roku
1400 pred Kr. vyuzival aj na povrchovu Upravu terakotovych
vaz, aby ziskali striebristy vzhlad. Podobné technolégia sa
ujala aj v Irdne a neskor v zeleznej dobe v Italii (Muhly,
1985).

Neexistencia cinovych ingotov a vyrobkov z cinu
zo star8ej bronzovej doby viedla Muhlyho (. c.) k pred-
pokladu, Ze sa cin v tomto archaickom obdobi pri vyrobe
bronzu nepouzival, ale pravdepodobne vyrabal priamym
pridavanim kasiteritu do taveniny medi. Pri takomto postupe
sa nejaky presnej$i pomer medi a cinu nedal zachovat
(Muhly, 1. c.).

Zaver

Najstarsie nalezy arzénového bronzu pochadzaju
z obdobia okolo roku 4000 pred Kr., kym prvé artefakty
z klasického cinového bronzu zacali staroveké civilizacie
(Sumeri) vyrabat az o tisicrocie neskér (okolo roku 3000
pred Kr.). NajdélezitejSie centra civilizacie bronzovej doby

Obr. 11. Ingot antického cornwallského cinu v tvare pismena H
tazky 72,5 kg najdeny v roku 1823 v pristave Falmouth (Rickard,
1932).

Fig. 11. H-type tin Ancient ingot from Cornwall (weight 160 pounds)
found in 1823 in Falmouth port (Rickard, 1932).

su zname z Blizkeho vychodu (Mezopotamie a Anatdlie)
a z Ciny. Neskor sa vyroba bronzu rozsirila aj do celého
Stredomoria, do Strednej Azie (Uzbekistanu, Tadzikistanu
a Afganistanu) a do Cornwallu. Uz v staroveku dokazali
bronz vyrabat aj v Japonsku a neskér technoldgiu
bronzovej metalurgie objavili aj civilizacie v Strednej
a Juznej Amerike.

Rozlustit pévod cinu bronzovej doby je velmi fazké,
pretoze klasické geochemické metddy zlyhavaju. Kedze
vacsinu cinu a medi mozno dnes Studovat len v podobe
komplexnych bronzovych zliatin, vyskum mikrochemickych
charakteristickych primesi nemusi viest k zelanému vysledku.

Istou pomocou modze byt izotopové Studium olova a siry
(Aslihan-Yener, 1991). Nejednoznacnost interpretacie
vysledkov vyplyva najmé z toho, ze velka €ast bronzovych
artefaktov bola vyrobena (alebo mohla byt vyrobend) z rud-
ného materidlu pochadzajuceho z viacerych zdrojov, ako aj
viacnasobna recyklacia bronzu. Napriek tymto tazkostiam
mbze izotopové Studium naznacdit mozny zdroj medi
a cinu alebo aspoii vylUgit niektoré zdroje. Uspesnost tychto
postupov v rozhodujucejSej miere preveri az buducnost.

Zaujimavou ¢rtou bronzovej doby je, Ze sa rozvijala
vo viacerych geograficky znaéne vzdialenych oblastiach
v pomerne uzkom 500-ro¢nom ¢asovom rozpati. Takéto
bezmala ,synchrénne” zvladnutie tazkosti suvisiacich s pro-
spekciou lozisk potrebnych na zabezpecéenie surovinovej
zakladne (predovSetkym vyhladdvanie pomerne nepocet-
nych lozisk cinu), pouzivanie viac-menej ekvivalentnych
banskych technolégii a zvladnutie zlozitého metalurgic-
kého postupu spracovania rud a vyroby bronzu viedli
Coppensa (1999) k vyjadreniu predpokladu, ze kontakty
medzi svetovymi kultdrnymi strediskami tej doby mohli byt
ovela intenzivnejSie, ako si v su€asnosti vieme predstavit,
a ze azda jestvoval aj celosvetovy obchod s cinom.

Podakovanie. Stadia vznikla ako stéast grantovej Glohy APVV-51-
-015605 a APVV-20-019905. Za cenné pripomienky dakujem prof.
Martinovi Chovanovi a za technické prace pani Henriete Palove;j.

Obr. 12. Antickd bronzova brana z Lateranskej baziliky, pévodne
z budovy rimskej kurie.

Fig. 12. Ancient bronze doors of the Curia Julia, now in the St.
John Lateran.
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Archean bronze: History and sources

The principle of the Bronze production is the metallurgy of
copper (Fig. 1) and tin. The cassiterite (Fig. 2) and stanine containing
ores are the main source of the tin. The earliest evidence of bronze
metalworking date to the mid-fourth millennium Maykop culture in the
Caucasus. From there, the technology spread to the Near East and
after some time also to the Indus Valley Civilization. The oldest bronze
artefacts were produced using arsenic addition to copper. The classic
tin bronze is not older as from the period dated about 3000 B. C.

One of the oldest really relevant bronze metallurgies developed
in the Early Bronze Age industrial habitation site of Goéltepe (Figs.
3 and 4b) in the mining zone of the Kestel mine (Turkey, Figs.
3 and 4a) reveals a special function settlement with a profound
association with intensive mining and smelting. The excavations at
Goltepe yielded a variety of metallurgical residues, such a lumps
of tin-rich hematite ore (Aslihan-Yener, 1994a, b).

The earliest appearance of tin bronze in Western Asia has been
reported from Mesopotamia and from southwestern and west central
Iran in the late fourth and the beginning of the third millennium B. C.,
whereas the extensive use of thin and tin bronze can be dated around
the mid-third millennium over a large area extending from the Persian
Gulfto the Aegean (Pernicka et al., 1984; Stech and Pigott, 1986; Weeks,
1999; Fleming et al., 2005). Discovery of the Deh Hosein Ancient tin and
copper mines (Figs. 3 and 5) in Iran in the central Zagros Mts. (Nezafati
et al., 2006) bring the new chance how to elucidate the possible tin and
copper sources of the Bronze Age cultures during the Ancient times.
The results of the Pb-isotope study of the ores and bronze artefacts
from Eastern Mediterranean show the same source of the ores (very
close to the Deh Hosein ore type; Nezafati et al., 2006).

In Uzbekhistan the Karnab and in Tadjikistan the Muchistone
Ancient tin-copper mines (Fig. 3) were discovered (Marshukova et

al.,1985). These occurrences could be also the important sources
of ores for the Mesopotamian bronz production. Copper was also
mined in Cyprus (Figs. 3 and 8), isle Elba (Fig. 3) and in Timna (Sinai
peninsula, Figs. 3 and 7). The most famous ancient tin deposits are
in England in Cornwall (Figs. 3 and 9). The plentiful placer deposits
of cassiterite from Cornwall were certainly utilized in British Isles.
The tin deposit and one of the most important trade centres were
at Ictis (now Mt. St. Michael) isle (Fig. 10). By Roman times the
cassiterite from Iberian peninsula (Tartessos, Fig. 3) and Cornwall
peninsula was available predominantly in the Mediterranean area.

In America, the most important Ancient copper mines were in
the surrounding of Lake Superior. So called “float copper” was
found in all states that have received glacial drift from the above
mentioned lake region.

Cassiterite occurs in Mexico in Zacatecas tin province, in the
Andes Mts. when tin bronze became a widely used alloy during the
establishment of Inca hegemony (1476—-1532). Although great tin
deposits were exploited in the Caucasian mountains and in Japan
at the Honshu Island some part of the tin came from China and
from Southeastern Asia.

Also from the territory of Slovakia there are approximately 60
Bronze Age culture sites recorded at the present (Gorsdorf et al.,
2004).

To solve the question of the tin source in the time of the Bronze
Age is very difficult because most of the tin containing archeological
artefacts represent various complex bronze alloys. In such alloys it
is nearly inpossible to find the right answer using study of the micro-
chemical characteristic admixtures. The new possibilities how to
solve these questions show e. g. the investigation of Nezafati et al.
(2006) using the Pb-isotope data (Fig. 6).
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V roku 2008 sa do ruk vedeckej a odbornej
geologickej verejnosti dostava uz Styridsiaty ro¢nik
¢asopisu Mineralia Slovaca.

Styri desatrogia existencie jubilujiceho dasopisu
mozno charakterizovat v nasledujucich Styroch etapach.

1. Potreba zalozit novy odborny geologicky
Casopis bola v 60. rokoch minulého storogia zakonitym
vysledkom zrychlujuceho sa rozvoja geologickych
disciplin na Slovensku a ustavi¢ne rastuceho mnozstva
novych poznatkov ziskanych geologickoprieskumnymi
organizaciami. Kedze sa pre dovtedajSiu slabu sucinnost vedy
a praxe nové geologické zistenia a poznatky nevyuzivali
v pozadovanej miere, bolo nevyhnutné tok informécii od
vedeckych institucii do praxe a zaroven rychlo rastuceho
mnozstva novych geologickych poznatkov z prieskumnej praxe
do vyskumnych ustavov zintenzivnit prostrednictvom nového
vedeckého a odborného periodika.

V roku 1967 skupina iniciatorov, ktoru tvoril J. Bartalsky,
P. Grecula a J. Slavik, pripravila programové vyhlasenie
a riaditelstvo n. p. Geologicky prieskum sa finanéne a pravne
zarucilo na vydavanie velmi potrebného ¢asopisu.

Po zaloZeni Slovenskej geologickej spolo¢nosti v roku 1968
sa €asopis Mineralia Slovaca stal jej tlaGovym organom. Hned na
prvom zasadnuti redakénej rady 16. decembra 1968 sa rozhodlo,
ze Casopis bude reprezentantom prave konstituovaného

In 2008 the geological community received the
annual 40th volume of geoscientific journal Mineralia
Slovaca.

40 years lasting existence of the journal can be
characterized by four cornerstones:

1. The demand for establishing of the new
geological journal in the 1960s has resulted from
accelerating development of geoscientific branches
in Slovakia and growing amount of new knowledge
obtained by exploration institutions. Due to earlier
small interoperation of science and practice the new geological
findings were not used in sufficient amount. The intensification
of information flow from scientific institutions towards practice
as well as the huge amount of new geological knowledge
from active exploration towards research institutions was
inevitable.

In 1967 the group of founders (J. Bartalsky, P. Grecula
and J. Slavik) prepared the program declaration and the
headquarters of the enterprise Geologicky prieskum, n.p.
(GP) took financial and juridical guarantees for issuing of the
new journal.

After establishing of the Slovak Geological Society (SGS)
in 1968 the journal Mineralia Slovaca became its information
medium. First meeting of the editorial board in 16. 12. 1968
decided that the journal will be charged as information

197



IGECTE=EY

Slovenského geologického uradu alebo aj dalSich ustavov Ci
organizacii, ktoré by novy urad zdruzoval. Predsedom redakénej
rady sa stal prvy riaditel Slovenského geologického uUradu
J. Slavik a Slovensku geologicku spolo¢nost zastupoval B. Lesko.
Na zaistenie vydavania sa 23. oktébra 1969 vytvorilo zdruzenie
vydavatelov ¢asopisu. Tvoril ho Slovensky geologicky urad,
Slovenska geologicka spolo¢nost a Geologicky prieskum
Spidska Nova Ves, ku ktorym sa neskor pripojil Inziniersko-
geologicky a hydrogeologicky podnik Zilina, Slovenské naftové
zédvody Gbely, Geologicky Ustav Dionyza Stdra Bratislava,
Geofond Bratislava a Geofyzika Brno. Vedeckym redaktorom
sa stal P. Grecula a od prvopociatku ¢asopisu zodpovedal
za jeho odbornu uroven az do roku 2006, teda tridsatosem
rokov. Neskor bol predsedom redakénej rady J. Kuran.

Casopis Mineralia Slovaca si pestrou skladbou prispev-
kov, v ktorej mierne prevazovali Studie a ¢lanky s loziskovou
problematikou, uz v prvych rokoch svojej existencie ziskal
autoritu aj reSpekt vo vedeckych kruhoch. Prejavilo sa to
najmé& ochotou naSich poprednych geolégov publikovat
v Casopise aj prace zasadného vyznamu. Medzinarodné
uznanie ¢asopisu potvrdzuje okrem iného aj to, Ze sa v rdmci
medziknizni¢nej vymeny uz v pociatoénom obdobi posielal do
patdesiatich dvoch krajin sveta.

2.V rokoch 1992-2002 vdaka Usiliu generalneho riaditela
A.Panacka pokracovala vo vydavani ¢asopisu a.s. Geocomplex
Bratislava. Clenmi Zdruzenia Mineralia Slovaca v tom obdobi
boli spolufinancujlice organizacie (uvadzame ich v abecednom
poradi), a to Envigeo, s. r. 0., Banska Bystrica, Esprit, s. r. 0.,
Banska Stiavnica, Geocomplex, a.s., Bratislava, Geofos, s.r.0.,
Zilina, Geospektrum, s.r. 0., Bratislava, Ministerstvo Zivotného
prostredia Slovenskej republiky, Bratislava, Slovenska banska
spolo¢nost Banské Bystrica, Slovenska geologicka spolo¢nost
Bratislava, Statny geologicky Ustav Dionyza Stura Bratislava,
Uranpres, s. r. 0., SpiSska Nova Ves.

3.V roku 2002 ako désledok legislativnych uprav geo-
logické organizacie prestali ¢asopis spolufinancovat a s tym
suvisel aj zanik Zdruzenia Mineralia Slovaca. Pre trvaly zaujem
odbornej geologickej verejnosti, profesijnych organizacii
a Slovenskej geologickej spolo¢nosti Slovenska geologicka
rada, poradny organ ministra Zivotného prostredia Slovenskej
republiky, rozhodla €asopis od 1.januara 2003 zaélenit do Vyda-
vatelstva Dionyza Stiira. Zameranie dasopisu sa nezmenilo
a zostalo aj predchadzajuce zlozenie redakénej rady. V roku
2006 sa po P. Greculovi stal veducim redaktorom Z. Németh.
Typografickd Uprava sa modifikovala a stala sa atraktivnejSou.

PodrobnejSie informéacie o vyznamnych milnikoch
Casopisu su v hodnotiacich prispevkoch P. Greculu (Mineralia
Slovaca, 11, 1979, 5, 385-387; 21, 1989, 1, 1-2 a 34, 2002,
5-6, Geovestnik, s. 1).

4.V sucasnom obdobi prebieha restrukturalizacia ¢asopisu
a definuju sa jeho samostatné ¢asti — 1. pévodné vedecké
prace slovenskych a zahraniénych odbornikov, 2. sumarizujice
prispevky renomovanych slovenskych odbornikov, ktorych ciefom
je vS8eobecna geovedna informovanost geologickej verejnosti,
ako aj doktorandov a Studentov geologickych disciplin, a 3.
Geovestnik — prispevky informativnej povahy o ¢innosti Slovenskej
geologickej spolo¢nosti a dalSich geologickych institicii a Ustavov
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medium also for the newly-established Slovak Geological
Office (SGU) and further associated institutions. The first
director of SGU J. Slavik became the chairman of editorial
board and the Slovak Geological Society was represented by
B. LeSko. To quarantee issuing of the journal, the corporation
of journal publishers was formed by SGU, SGS and GP in 23.
10. 1969. Later, the corporation was enlarged by institutions
IGHP Zilina, Slovenské naftové zavody Gbely, GUDS
Bratislava, Geofond Bratislava and Geofyzika Brno. P. Grecula
became the scientific editor of the journal, being responsible
for the high scientific standard of the journal from its early
beginnings and during its 38-years lasting history until 2006.
Later chairman of the editorial board became J. Kuran.

Even at the beginnings the journal Mineralia Slovaca
obtained relevant authority in the scientific field by its manifold
composition of articles with moderate prevalence of those
dealing with the raw material deposits. It was manifested
prevailingly in the readiness of prominent geologists to publish
their works of principal importance in the journal Mineralia
Slovaca. International approval of the journal is demonstrated
also by its wide exchange and even in the first period the
journal was sent to 52 countries worldwide.

2. In 1992-2002 the issuing of the journal continued by
Geocomplex, a.s., Bratislava, owing to effort of its general
director A. Panacek.

The Mineralia Slovaca Corporation that time consisted
from co-financing institutions (in alphabetical order):
Envigeo, s.r.o., Banska Bystrica, Esprit, s.r.o., Banska
Stiavnica, Geocomplex, a.s., Bratislava, Geofos, s.r.o0.,
Zilina, Geospektrum, s.r.o., Bratislava, MZP SR, Bratislava,
Slovenska banska spolo¢nost, Banska Bystrica, Slovenska
geologicka spolo&nost, Bratislava, SGUDS Bratislava,
Uranpres, s.r.o., Spi§ska Nova Ves.

3. In 2002 due to legislative regulations the co-financing
of the journal by geological institutions finished and the
Mineralia Slovaca Corporation was cancelled.

Owing to persisting interest of scientific community,
geological organizations and the Slovak Geological Society,
the Slovak Geological Board, the advisory body of the Minister
of Environment of Slovak Republic decided to integrate the
journal into the Dionyz Stur Publishers from 1. January 2003.
Because the focus of the journal remained unchanged, also
the members of the Editorial Board remained the same. From
2006 Z. Németh became the successor of P. Grecula in the
post of chief editor. The design of the journal was modified
and became more attractive.

Details about evolution and cornerstones of the journal are
available in earlier articles by P. Grecula (Mineralia Slovaca
11 (1979), 5, 385-387; 21 (1989), 1, 1-2 and 34 (2002), 5-6,
Geovestnik p. 1).

4. Recently the restructuralization of the journal is done
with defining its three separate parts — (1) original papers
of Slovak, event. foreign scientists, (2) methodological and
summarizing works by renowned Slovak scientists published
for general education of geological community and students,
and (3) Geovestnik — informative contributions about
activities in Slovak Geological Society and further geological



0 sympoziach, vedeckych a odbornych konferenciach, seminaroch
aoinej odbornej innosti (napr. publikovanie skratenych abstraktov
z vedeckych a odbornych akcii), ako aj o novych, modernych
trendoch v geologickych vedach doma aj vo svete.

Zamer zvysit univerzalnost ¢asopisu a jeho atraktivnost pre
Siroky okruh Citatelov sa odzrkadlil aj vo vytvoreni novej, rozsirenej
redakénej rady ¢asopisu, ktorej prvé zasadnutie bolo 29. januara
2008.V snahe zabezpecitintenzivnu a pohotovu distribuciu novych
poznatkov, ako aj citaénych ohlasov na publikované prispevky
budu vzdy jeden mesiac po distribucii nového Cisla ¢asopisu
vSetky publikované prispevky volne dostupné vo formate pdf na
internetovej stranke ¢asopisu www.geology.sk/mineralia.

V sucasnosti kladieme osobitny déraz na medzinarodny
publikaény dosah €asopisu, ktory sa ma dosiahnut aj upred-
nostriovanim prispevkov v angli¢tine, rozSirenym publikovanim
sumarov prispevkov v angli¢tine, paralelnym uvadzanim
slovenskych a anglickych nazvov prispevkov v Geovestniku
a struénych abstraktov aj v tejto Casti casopisu.

Do novej desatroCnice zelame c¢asopisu Mineralia
Slovaca kvalitné odborné zazemie a spokojnost ustavi¢ne sa
rozSirujuceho okruhu jeho Citatelov.
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associations, about conferences and seminaries (e.g.
publishing of shortened abstracts from scientific events), as
well as about new trends in geosciences. The aim to improve
the impact of the journal and its attractiveness for wider range
of readers were reflected in establishing of the new — extended
editorial board with first session in 29. 01. 2008. Attempting
to provide the intensive dissemination of new knowledge, as
well as citing responses on particular published articles, in
the interval of one month after distribution of new journal all
published articles will be free available in pdf format from the
journal web site www.geology.sk/mineralia.

Large accentuation is recently given on international
publication impact of the journal and it will be intensified by
preferred English in published articles, widening of English
summaries in Slovak articles, parallel Slovak as well as
English titles of contributions in informative part Geovestnik
and implementation of brief English abstracts also in this part
of the journal.

May the fifth decade of Mineralia Slovaca issuing bring
high quality scientific background and contentment of still
enlarging group of readers.

Zoltan Németh
vedecky redaktor/Chief editor

ARy recnypnedyianeccnyseminian
Slevenska)] geoleogicka)] spelotnests

ZthWAnnwal off Slevals Ceological

Nové poznatky o stavbe a vyvoji Zapadnych Karpat
New knowledge about geological setting and evolution of Western Carpathians

ZoLTAN NEMETH, Statny geologicky Ustav D. Stira, Kosice

Seminar sa konal 11. decembra 2008 (8:00-18:15)
v SGUDS v Bratislave (obr. 1) a bol venovany Zivotnému
jubileu — osemdesiatinam — prof. RNDr. Milana Misika, DrSc.
Uskutocnil sa za osobnej pritomnosti jubilanta.

Dopoludnajsi program mal dve Casti:

1. Mineraldgia, petroldgia, geochémia a geochrono-
I6gia (moderator P. Uher a M. Kohut). Tuto ¢ast tvorilo
sympoOzium Akcesorické mineraly — indikatory evoltucie
a veku magmatickych a metamorfovanych hornin
a sympoézium Granity Zapadnych Karpat.

7th Annual pre-Christmas Seminary of SGS (Fig. 1), held
in SGUDS Bratislava in 11. December 2008 (8:00-18:15), was
dedicated to 80th jubilee of Prof. RNDr. Milan MiSik, DrSc.
The lecturers and audience were honoured by the personal
presence of Prof. Misik in afternoon sessions.

The morning program consisted from two parts:

1. Mineralogy, petrology, geochemistry and geochronology
(Moderators P. Uher and M. Kohut). This part consisted from
two symposia: Accessoric minerals — indicators of evolution
and the age of magmatic and metamorphic rocks/Granites of
Western Carpathians.
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Obr. 1. Pohlad na ¢ast uc€astnikov devathodinového maratéonu
vedeckych prezentacii. Foto L. Martinsky.

Fig. 1. View on part of participants of the nine hours lasting marathon
of scientific presentations. Photo L. Martinsky.

Obr. 3. Predsednictvo valného zhromazdenia SGS uskutoéneného
pocCas predvianocneho seminara 11. decembra 2008. Sprava: D.
Plasienka, L. Simon, L. Hrasko — riaditel SGUDS, a Z. Németh. Foto
L. Martinsky.

Fig. 3. Presidency of the general assembly of Slovak Geological
Society, which was held during pre-Christmas _seminary in 11.
December 2008. From the right: D. Plasienka, L. Simon, L. Hrasko
— director of SGUDS and Z. Németh. Photo L. Martinsky.

Obr. 5. Medzi odmenenych dakovnym listom SGS patril aj jubilant
RNDr. Milan Havrila, CSc. Foto L. Martinsky.

Fig. 5. Among awarded scientists by the SGS acknowledgement letter
belonged also RNDr. Milan Havrila, CSc. Photo L. Martinsky.
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Obr. 2. Odhalenie pamétnej tabule A. Kmetovi v budove SGUDS.
Sprava: A. Nagy, D. PlaSienka, L. Simon — predseda SGS, D. Rehakova
a Z. Németh. Foto L. Martinsky.

Fig. 2. Unveiling of A. Kmet memorial in the building of SGUDS.
From the right: A. Nagy, D. Plasienka, L. Simon — SGS chairman, D.
Rehékovéa and Z. Németh. Photo L. Martinsky.

Obr. 4. Odovzdavanie dakovného listu SGS jubilantovi prof. RNDr.
Milanovi MiSikovi, DrSc., predsedom SGS L. Simonom. Foto L.
Martinsky.

Fig. 4. Chairman of SGS L. Simon is awarding Prof. RNDr. Milan Misik,
DrSc. by the SGS acknowledgement letter. Photo L. Martinsky.

Obr. 6. Ocenenie Muzeum roka 2008 prevzal za Mizeum TANAPu
RNDr. Stanislav Pavlar¢ik. Foto L. Martinsky.

Fig. 6. The title Museum of the year 2008 was dedicated to Museum
of National Park High Tatras and given to RNDr. Stanislav Pavlar¢ik.
Photo L. Martinsky.
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2. Geologicka stavba a tektonometamorfny vyvoj
Zapadnych Karpat (moderator D. PlaSienka a V. Bezak).

Popoludnajsi program sa zacal odhalenim pamatnej
tabule A. Kmetovi v budove SGUDS (obr. 2). Na valnom
zhromazdeni SGS (obr. 3) slavnostne odovzdali dakovny
list SGS jubilantovi prof. RNDr. Milanovi MiSikovi, DrSc.
(obr. 4), a RNDr. Milanovi Havrilovi, CSc. (obr. 5). Medailu
J. Slavika za vychovu novej generacie geolégov, rozvoj
a propagaciu geoldgie na Slovensku dostal doc. RNDr.
Jozef Jablonsky, CSc., a titul Mizeum roka 2008 za velmi
nazornu propagaciu geoldgie v tatranskom regione udelili
Muzeu TANAPu (obr. 6).

V 3. ¢asti s nazvom Environmentalna geoldgia (moderator
Z. Németh) bola iba jedna prednaska, a to o dnes velmi
aktualnom zneskodnovani CO,.

V Uvode 4. Casti — Sedimentoldgia, biostratigrafia
a paleontolégia (moderator J. Michalik, D. Rehakova a D.
Plasienka), ktoru tvorilo sympd6zium venované zivotnému
jubileu prof. Misika, D. Rehakova podala prehlad vedeckych
vysledkov jubilanta. Za jeho osobnej pritomnosti bolo potom
19 referatov &i prednasok. Jubilantovi bola venovana aj cela
posterova sekcia s osemnastimi postermi.

Abstrakty publikujeme v poradi vystipeni na seminari.

V snahe skratit prednasky seminara na devéat hodin
a motivovat autorov uprednostiovat prezentaciu postermi
bola vyhlasena sutaz o najlepsi poster seminara 2008. Komi-
sia hodnotitelov vedeckého prinosu a grafického spracuvania
posterov v zlozeni L. Simon, Z. Németh, J. Michalik, P. Uher,
D. Ozdin, M. Kovacova a M. Kohut udelila tento titul posteru
B. Chalupovej a D. Starka Fosilna ryba z menilitovych vrstiev
vnutrokarpatského paleogénu v regione Oravy.

Posterova sekcia, umiestnena vedla prednaskovej
saly, bola aj vhodnym miestom na odborné diskusie
a spolu s pohostenim zvyraznila uz tradiénu poziciu pred-
viano¢ného seminara SGS ako vrcholného koncoroéného
odborno-spolo¢enského podujatia geologickej komunity
na Slovensku.
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2. Geological setting and tectonometamorphic evolution of
Western Carpathians (Moderators D. PlaSienka and V. Bezak).

The afternoon program started with unveiling of A. Kmet
memorial plate in the building of SGUDS (Fig. 2). In following
general assembly of SGS (Fig. 3) the acknowledgement letters
were dedicated to celebrating Prof. RNDr. Milan MiSik, DrSc.
(Fig. 4) and RNDr. Milan Havrila, CSc. (Fig. 5). The Medal
of Jan Slavik was dedicated to Doc. RNDr. Jozef Jablonsky,
CSc. for education of new generation of geologists and his
contribution to strengthen geology and its propagation in
Slovakia. The title Museum of the year 2008 was dedicated to
Museum of National Park High Tatras (Fig. 6).

In following 3. part of the seminary Environmental geology
(Moderator Z. Németh) was presented lecture about recently
very actual CO, sequestration.

In the introduction of 4. part — Sedimentology,
biostratigraphy and paleontology (Moderators J. Michalik,
D. Rehakova and D. PlaSienka), D. Rehakova presented the
summary of scientific results of Prof. MiSik. This symposium
consisted of 19 lectures, and the whole poster session with
18 posters was dedicated to honoured scientist, too.

Abstracts are published correspondingly with their order
in seminary.

Intending to shorten the total length of seminary to 9 hours
and encourage authors for preferential poster presentations, the
competition for the best poster of the pre-Christmas seminary
2008 was launched. The commission of evaluators of scientific
message and quality of graphic presentation of posters: L.
Simon, Z. Németh, J. Michalik, P. Uher, D. Ozdin, M. Kova¢ova
and M. Kohut awarded as the most instructive poster that by B.
Chalupova and D. Starek: The fossil fish from the Menilite Beds
of the Central Carpathian Paleogene Basin in the Orava region.

Poster section, located beside lecture hall, was also the
suitable site for scientific discussions. Together with proper
refreshment it accentuated already traditional position of the
pre-Christmas seminary of SGS as the supreme year-end
scientific-sociable event of geological community in Slovakia.
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1. éast — Part 1
Mineralogia, petrologia, geochémia a geochronologia

Mineralogy, petrology, geochemistry and geochronology

Sympozium/Symposium:
Akcesorické mineraly - indikatory evolucie a veku magmatickych a metamorfovanych hornin
Accessory minerals — indicators of evolution and age of magmatic and metamorphic rocks

P. BACIK, P. UHER a J. PRSEK: Vyskyty mineralov
gadolinitovej skupiny v Zapadnych Karpatoch -
vztah genézy a krystalochémie

Mineraly gadolinitovej skupiny (dalej MGS) su pomerne
zriedkavé akcesorické mineraly vyskytujiuce sa v $pecifickom
genetickom prostredi, ale najmé v granitoch, pegmatitoch
a v metamorfnych horninach. Ich vyskyt je determinovany
chemickym zloZzenim s obsahom REE, Y, Be alebo aj B.
Medzi MGS patri gadolinit-(Y), gadolinit-(Ce), hingganit-(Y),
hingganit-(Ce), hingganit-(Yb) a minasgeraisit-(Y).

VSeobecny vzorec MGS je W, X (Be, B), Si, (O, OH)4o. Be
(prip. B) a Si obsadzuju tetraédrické pozicie. V oktaédrickej
pozicii X je dominantnym kationom Fe?* (v gadolinite),
ale nemusi poziciu zapinat tplne (v hingganite). Vakanciu
primarne nabojovo kompenzuje hydroxylova skupina, ktora
vstupuje do priestoru neobsadenej pozicie X a viaze sa
na apikalne aniony tetraédrov Be(B)O, prostrednictvom
hingganitovej substitiucie (O(OH),Fe_;O.,) . REE3* a Y3+
vstupuju do pozicie W s koordinaciou 9 a zastupuju sa
najma s Ca?* (datolitova Ca,[B,Si,Og(OH), alebo homilitova
Ca,FeB,Si,04, zlozka). Zastupovanie trojmocnych REE
a'Y za Ca?* sa nabojovo kompenzuje vymenou B za Be
prostrednictvom homilitovej substiticie CaB(REE,Y).;Be.;.

Akcesorické MGS sa v poslednom ¢ase zistili aj v zapado-
karpatskych granitickych a metamorfovanych horninach.
Neskoromagmaticky az postmagmaticky gadolinit-(Y) az
hingganit-(Y) sa vyskytuje v podobe xenomorfnych az
hypidiomorfnych zfn v asociacii so zirkbnom, xenotimom-
-(Y), fergusonitom/samarskitom-(Y), eschynitom/polykrasom-
-(Y) a magnetitom v metagranite typu A pri Turcoku
v gemeriku. Gadolinit-(Y) sa vzacne zistil ako produkt rozpadu
primarneho xenotimu-(Y) a monazitu-(Ce) v paragenéze
so sekundarnym apatitom, epidotom, kalcitom a synchyzitom-
-(Ce) v Specializovanych permskych granitoch typu Sg
gemerika (Zlata Idka a Delava). Hingganit-(Y) a ,hingganit-
-(Nd)“ sa identifikoval vo forme nepravidelnych zfn v asociécii
s monazitom-(Ce) obohatenym S a Sr na metamorfogénnom
magnetitovom lozisku Bacuch vo veporiku.

Mineraly gadolinitovej skupiny v Zapadnych Karpatoch
maju okrem hingganitov-(Y) obohatenych o Nd z Bacucha
poziciu W dominantne obsadent Y a dopifiaju ju REE. Obsah
REE sa na lokalitach odliSuje. MGS z granitov gemerika su
obohatené o HREE, najvy$si obsah ma Dy, Gd, Er a Yb,
z LREE Nd a Sm. Hingganity z Bacucha maju vyS$si obsah

| ::/02

LREE — Nd, Ce a Sm. Obsah HREE je oproti gemerickym
MGS nizsi.

Generalne nizky obsah Ca limituje rozsah homilitovej
substitucie. Obsah Ca stupa od hingganitov z Bacucha
(do 0,13 apfu, ale zvyCajne menej ako 0,06 apfu) cez MGS
zTurc¢oka (< 0,35 apfu) az po gadolinity zo Zlatej Idky a Delavy
(0,51 apfu). Obsah Fe stupa od Turoka (< 0,33 apfu) cez
Bacuch (0,27-0,48 apfu) po Zlatu Idku a Delavu (0,61-0,65
apfu).V Tur€oku su aj prechodné hingganity gadolinity (0,47—
0,56 apfu Fe). Rozdiely v zloZeni sa prejavuju aj v pomere
homilitovej a datolitovej zlozky. Najniz§i obsah homilitove;j
zlozky maju hingganity z Bacucha, v MGS z Tur€oka jej podiel
stupa a vyrazne najvyssi je v Zlatej Idke a Delave. Podiel
datolitovej zloZzky v gemerickych MGS stlpa priamoumerne
s podielom hingganitovej zlozky (pozitivna korelacia Ca
a *O). Rovnaky trend je pozorovatelny aj v MGS z Bacucha,
ale tie maju vacsinou velmi nizky obsah Ca.

Chemické zlozenie MGS v Zapadnych Karpatoch je
ovplyvnené ich genézou a zlozenim materskej horniny
resp. primarnych minerdlov. Obsah Ca a distribuciu REE
pravdepodobne priamo ovplyviuje chemické zloZenie
a odlisuju sa podla genetickych typov. Pomer Fe a X nie je
priamo ovplyvneny zlozenim a genetickym typom materskej
horniny a méze byt napriklad funkciou teploty.

Pracu podporila Agentira na podporu vyskumu a vyvoja na zaklade
zmluvy APVV-0557-06.

M. ONDREJKA, J. PRSEK, P. BACIK a P. UHER:
Vzacnoprvkova Y-REE-(Be) mineralizacia na lozisku
Bacuch (veporikum) — monazit s anomalnym
obsahom S a Sr, mineraly gadolinitovej skupiny

V metamorfnej magnetitovo-hematitovej mineralizacii
v metapelitickych horninach v oblasti Bacucha (veporikum)
sa zistila nezvy€ajna Y-REE-(Be) mineralizacia zahffiajuca
monazit anomalne bohaty na S a Sr spolu s mineralmi
gadolinitovej skupiny.

Podla chemického zloZenia a texturnych znakov mozno
vyClenit dve generacie monazitu. Monazit | tvori idiomorfné az
hypidiomorfné krystaly velké do 200 um rozptylené v zakladnej
hmote alebo v asociacii s Fe oxidmi. Obsahuje variabilny obsah
Th (do 12,4 % ThO,; 0,12 apfu Th), do 4,1 % SiO, (0,18 apfu
Si) a Ca do 1,3 % CaO (0,06 apfu Ca), ¢o indikuje uplatnenie
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huttonitovej ThSi(REE).;P.y aj cheralitovej CaTh(REE).,
substitucie. Niektoré krystaly maju mierne vy$Si obsah U (do
2,7 % UO,; 0,02 apfu U) a S (do 0,85 % SO4; 0,03 apfu S).

Monazit 1l tvori va&Sinou xenomorfné krystaly velké do
100 pm vystupujuce spolu s mineralmi gadolinitovej skupiny
v mladsich kremenno-albitovo-chloritovych Zzilach alebo lem
okolo monazitu |. Obsahuje nezvy€ajne vysoku koncentraciu
S (do 10,7 % SOg; 0,28 apfu S) a Sr (do 7,8 % SrO; 0,16
apfu Sr), velmi nizky obsah Th + U (do 0,04 % ThO, + UQO,),
kym obsah Pb je systematicky vyssi (0,2 % PbO), a to
pravdepodobne pre pritomnost ,,oby¢ajného” Pb. Vstup S do
Struktury je kontrolovany dominantnym ,Sr klinoanhydritovym*®
substituénym mechanizmom: (Ca, Sr)S(REE, Y)_,P.;, kym
cheralitova substiticia je zanedbatelna. S je v doteraz
zaznamenanych monazitoch, vyskytujucich sa v prirode vobec
najvyssi. Monazity s najvy$Sim obsahom S (do 8,4 % SOs;)
a sucasne Sr (do 8,3 % SrO) sa doteraz identifikovali z karbo-
natitov komplexu Vuorijarvi na polostrove Kola (Kucharenko
et al., 1965; Bulach, 1995), z alterovaného kalcitového kim-
berlitu Internacionalnaja v Jakutsku (Chakhmouradian
a Mitchell, 1999) a z mylonitizovanych svorov a aplitov v aso-
ciacii s Pb zrudnenim na lozisku Schellgaden v Rakusku (Krenn
et al., 2008). Monazit obohateny S a As bol opisany z ryolitov
typu A na lokalite Tisovec-Rejkovo (Ondrejka et al., 2007).

Dominantnym katiénom v Strukturnej pozicii A je Ce (0,32—
0,51 apfu Ce). Dal§im vyznamnym substituentom je Nd, ktory
v jedinom pripade dokonca atémovo prevliada nad Ce (Nd/Ce
=1,17; 26,1 % Nd,Og; 0,37 apfu Nd). ZvySeny obsah ma aj
Eu (do 1,9 % Eu,03). Pomer As : P v monazitoch je nizky
(0,2). Obsah As,0O5 dosahuje najviac 0,5 %, ¢o indikuje maly
rozsah gasparitovej substitucie (AsP_).

Mineraly gadolinitovej skupiny reprezentuje hingganit-(Y)
a ,hingganit-(Nd)“ (Y, REE),OBe,[(OH)(SiO,)],. Vystupuju
vo forme nepravidelnych zfn velkych do 30 pm v asociacii
s monazitom Il. Pomer XFe/X(Fe + O) je od 0,51 do 0,72 pri ob-
sahu Fe do 0,48 apfu. Najvy$Si obsah REE (La — Lu) dosahuje
Nd, ato najmév ,hingganite-(Nd); kde je dominantnym kationom
v pozicii W (do 0,56 apfu; 18,7 % Nd,O3), ako aj v hingganite-
-(Y). Obsah ostatnych REE je ovela nizsi; Ce do 0,37 apfu, Sm
do 0,24 apfu, Gd do 0,15 apfu a La dokonca nizsi ako 0,08
apfu (2,6 % La,03). Gadolinitova substittcia Fe>*O,0.,(OH)_,,
pomocou ktorej vstupuje do oktaédrickej pozicie Fe?*, ma
vysoky stuperi korelacie pre nizky obsah dalSich substituentov,
najma Mn2* a Mg?*. Datolitovd, resp. homilitova substitiicia
CaB(Y, REE).,Be.; sa uplatiiuje v obmedzenom rozsahu ako
vysledok nizkeho obsahu Ca (< 0,01 apfu).

Na zaklade textdrnych znakov mozno monazit z Bacucha
obohateny o S a Sr aj z ostatnych svetovych lokalit pokladat
za produkt sekundarnej alteracie primarneho monazitu bez
zvySeného obsahu S a Sr. Podobny sekundarny pévod ma
zrejme aj hingganit vystupujuci v tesnej asociacii s monazitom
Il. Zdrojom obidvoch faz mohol byt primarny metamorfny(?)
monazit |, ktory pravdepodobne atakovali neskorSie, zrejme
hydrotermalne fluida.

Pracu podporila Agentura na podporu vyskumu a vyvoja na zaklade
zmluvy APVV-0557-06.
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|.BROSKA, I. PETRIK a L. ZAHRADNIK: Akcesoricky
apatit v syenitoch z Dolinkovského vrchu (Malé
Karpaty)

Zily, ktoré v oblasti Dolinkovského vrchu (Malé Karpaty)
intrudovali do metapelitov, metabazitov a karbonatitov a podla
geochemickych udajov su derivatmi modranského granitu
typu I, maju miestami vysSiu koncentraciu apatitu. Tieto Zily
alebo ich ¢€asti, s hrubozrnné a maju syenitické zlozenie.
Idiomorfné draselné zivce tvoriace az 73,7 obj. % horniny
sa pravdepodobne akumulovali v centralnych Eastiach Zzil
pri tokovej diferenciacii. Ba v zivcoch ma zvonovy priebeh
distribucie, indikujuci ich primarne magmaticky pévod. Preto
su syenitové horniny obohatené aj o Ba (2900-3200 ppm).

Krystalizacia draselného Zivca generuje na hraniciach zfn
obohatenie o Ca, P a Si—zlozky relevantné apatitovej saturacii
(Harrison a Watson, 1984; Pichavant et al., 1992). Vytlaenie
apatitovych zloziek do zvyskovej taveniny je zaznamenané
v dobrej korelacii K a P, pricom obsah P tu dosahuje az 0,9
véah. %. Na hraniciach zfn zivcov kry$talizovali dlhé ihlicky
apatitu, ktoré ¢asto prenikaju okraje draselnych zivcov alebo
sU uzavierané aj v matrixe kremena + albitu. Primarne zvySeny
obsah P v zvyskovej tavenine spdsobila frakcionacia amfibolu
alebo titanitu, ktory zvysil A/CNK tejto taveniny natolko, ze P
zostal v tavenine rozpustnejsi.

P.CHUDIK a P. UHER: Novy vyskyt vzacnoprvkového
granitového pegmatitu berylovo-columbitového
subtypu na lokalite Jezuitské lesy v Bratislave-
-Dubravke (Malé Karpaty)

Granitovy pegmatit so vzacnoprvkovou Be-Nb-Ta
mineralizaciou sa v podobe ulomkov hornin zistil v zareze
lesného chodnika na lokalite Jezuitské lesy nad mestskou
¢astou Bratislava-Dubravka v bratislavskom granitovom
masive Malych Karpat. V susedstve lokality sa uz davnejSie
zistil pegmatit s berylom na Svabskom vrchu (Uher, 1992).

Na minerdlnom zloZeni granitového pegmatitu na tejto
lokalite sa zuCastnuje kremen, mikroklin, albit, muskovit, biotit
a v akcesorickom mnozstve sa identifikoval beryl, almandin
— spessartin, zirkon, apatit, gahnit a Nb-Ta mineraly. Zila
granitového pegmatitu je pomerne dobre diferencovana
a tvori ju prevazne hrubozrnna Zzivcovo-kremenno-
-muskovitova, blokova mikroklinova, jemnozrnna apliticka
albitovo-kremenno-muskovitova (cukrovitého albitu) a zéna
blokového kremena (kremenné jadro).

Beryl vytvara svetlozelené hexagonalne obmedzené
prizmatické krystaly velké do 2 cm a vystupuje v asociacii
s blokovym kremeriom a muskovitom. Z Nb-Ta mineralov sa
elektronovou mikroanalyzou zistil columbit-(Fe) a mikrolit.
Columbit-(Fe) tvori tabulkovité prizmatické krystaly Ciernej
farby s kovovym leskom uzavreté v aplitickom kremeni a albite
velké do 3 mm. Vaésina krystalov sa v spatne odrazenych
elektrénoch (BSE) javi ako relativne homogénna s pomerom
Ta/(Ta + Nb) = 0,11-0,20 a Mn/(Mn + Fe) = 0,34-0,38, ale
v niektorych pripadoch je aj zloZitejSia nepravidelne difuzna
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alebo oscila¢na zonalita, kde v ramci jedného krystalu pomer
Ta/(Ta + Nb) variruje v rozmedzi 0,14-0,37 a pomer Mn/(Mn +
Fe) = 0,37-0,45. Obsah ostatnych prvkov (W, Ti, Sn, Zr, Y,
Sb, Bi, Mg, Ca a Pb) je nizky resp. pod medzou detekcie
elektrénovej mikrosondy. Ojedinele sa identifikoval mladsi
mikrolit v podobe tenkého (< 10 pm) lemu a okrajovych zén
na columbite-(Fe).

Na zaklade zistenych poznatkov mozno pegmatit na
lokalite Jezuitské lesy v Bratislave-Dubravke klasifikovat ako
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typicky priklad vzacnoprvkového granitového pegmatitu LCT
skupiny berylového typu a berylovo-columbitového subtypu
(sensu Cerny a Ercit, 2005). Mineralogicky sa podoba dalsim
granitovym pegmatitom s berylom a columbitom, zistenym
v bratislavskom masive Malych Karpat (Uher et al., 1994;
Uher a Broska, 1995).

Pracu podporila Agentura na podporu vyskumu a vyvoja na zaklade
zmluvy APVV-0557-06.

Sympozium/Symposium: Granity Zapadnych Karpat
Granites of the Western Carpathians

M. KOHUT, P. UHER, M. PUTIS, S. SERGEEV
a A. ANTONOQV: Datovanie spodnokarbonskych
granitickych hornin Zapadnych Karpat vo svetle
novych SHRIMP U-Pb dat zo zirkénov

Hercynske granitoidy Zapadnych Karpat sa vSeobecne
pokladaju za typické orogénne granitoidy. Jestvujuce rozdiely
v ich mineralnom, chemickom (+ izotopickom) zlozeni, ako aj
vo veku ndm umoznuju vyc€lenit viac suit granitickych hornin,
ktoré odrazaju zmeny tektonickych procesov pri ich vzniku.
Su to: a) kambro-ordovické granity typu S v hercynskom
orogéne zmenené na ortoruly, b) spodnokarbdnske
granity typu S, c¢) spodnokarboénske granitoidy typu I, d)
vrchnokarboénske granitoidy typu |, €) permské granity typu A,
f) Specializované (zrudnené) granity typu S (Petrik a Kohut,
1997; Broska a Uher, 2001).

Stadium granitickych hornin krystalickych komplexov
Zapadnych Karpat v ostatnych dvadsiatich rokoch rychlo
napreduje aj zasluhou medzinarodnej spoluprace a vy-
uzivania zahrani¢nych izotopickych laboratdrii. Bodovym
U-Pb datovanim zirkénov na pristroji SHRIMP Il z Celoruského
geologického ustavu v Petrohrade mame dnes nové data,
ktoré m6zeme porovnat s uz existujucimi udajmi zo SHRIMP
pristrojov v Canberre, Perthe, pripadne i6novej sondy (SIMS)
v Nancy, publikovanymi v pracach Poller (2000), Poller et al.
(2005) a Gaab et al. (2005). V prispevku uvadzame nové
U-Pb zirkénové (SHRIMP) veky granitickych hornin Malych
Karpét a Braniska, ako aj tonalitov sihlianskeho typu.

Dvojsludny granodiorit typu S z devinskeho kameriolomu
dava konkordantny vek cca 355 Ma, pri€om jednotlivé bodové
udaje indikuju vek magmatickej krystalizacie od 359 do 350
Ma. Reliktné starSie jadra zirkénov (590 az 530 Ma) poukazuju
na recyklaciu kérového materialu z felzickych magmatitov
panafrického orogénu severného okraja Gondwany. Biotiticky
tonalit typu | z Modry (Piesky) poskytol na datovanie typické
sjednoaktové” magmatogénne zirkdny (bez starsich restitovych
jadier) a bodové data indikuju vek krystalizacie medzi 360 az
340 Ma s konkordantnym vekom magmatického umiestnenia
pred cca 347 Ma. Zily tonalitu modranského typu s kontaktno-
-metamorfnou aureolou v oblasti Stupov (areal byvalého
antimonitového loziska) pri Pezinku sa datovali metédou
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SHRIMP v intervale 352 az 343 Ma. Ojedinelé zirkdny indikuju
recyklaciu staroproterozoického kbrového prekurzora s vekom
2,0 az 1,8 Ga. Vek anatexnych granitov typu S z Braniska
dokumentuju okrajové zény zirkdnov s bodovymi zaznamami
medzi 356 az 349 Ma s konkordantnym vekom cca 351 Ma,
pricom jadra zirkénov odrazaju vek vzniku magmatogénneho
prekurzora od 518 do 492 Ma, a s konkordantnym fitom
495 Ma. Vek termalneho metamorfizmu gabra uzavretého
v anatexnych granitoch typu S Braniska je s nimi synchrénny
(850 Ma, s variaciami bodovych zaznamov 358-339 Ma).
Homogénne jadra zirkénov vSak indikuju genézu tohto gabra
pred 378 az 372 Ma s konkordiou 374 Ma. Vek vzniku gabra
z Braniska je zhodny s enigmatickym termalnym zaznamom
v monazitoch z rulovych a granitickych hornin Braniska (Kohut
et al., 2005), ale aj Povazského Inovca (Kohut et al., 2007),
ako aj bratislavského masivu (Uher et al., in print), pricom
hlavny vek granitového magmatizmu z 290 monazitovych
bodovych udajov (353 + 2 Ma, Uher et al., in print) je zhodny
s nasim U-Pb (SHRIMP) datovanim z identickych vzoriek.

Tonality typu | z typovej lokality (kamenolom Tlsty javor)
pri Sihle sa metddou SHRIMP datovali na cca 350 Ma, ¢o je
v zhode s vekom tonalitu od Hriflovej a tiez granitov vepor-
ského typu z oblasti Kralovej hole, ktoré Gaab et al. (2005)
metédou SHRIMP datovali podobne na 359-345 Ma. Tak sa
novym U-Pb (SHRIMP) datovanim skupina vrchnokarbon-
skych granitoidov v zapadokarpatskom tatriku ani vo veporiku
zatial nepotvrdila.

Pracu podporila Agentdra na podporu vyskumu a vyvoja na zaklade
zmluvy APVV 0557-06, 0279-07 a 0549-07.

P. UHER, M. PUTIS, M. ONDREJKA, M. KOHUT
a S. SERGEEV: Postorogénne granity typu A
v Zapadnych Karpatoch — nové vysledky datovania
zirkonu metédou SHRIMP

Postorogénne granity typu A v Zapadnych Karpatoch
tvoria malé masivy intrudujuce do paleozoickych
metamorfovanych hornin. Pri predchadzajucom $tudiu sa
identifikovali hypersolvné az subsolvné granity az granitové
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porfyry s geochemickymi a mineralogickymi charakteristikami
typu A pri Tur€oku (gemerikum), Hron€oku (veporikum),
v pohori Velence (transdanubikum, Madarsko) a v podobe
obliakov v upohlavskych zlepencoch kriedového flySu
pieninského bradlového pasma (Uher a Gregor, 1992; Uher
et al., 1994; Uher a Broska, 1996). StarSie izotopové Rb-Sr
datovanie granitu Velence (Buda, 1985), U-Pb datovanie
zirkénu granitov typu A z obliakov bradlového pasma (Uher
a Pushkarev, 1994), ako aj U-Th-Pb datovanie monazitu
hron¢ockého granitu pomocou elektrénovej mikroanalyzy
potvrdilo permsky vek ich krystalizacie (Finger et al., 2002).
V pripade klasického izotopového U-Pb datovania zirkénu
z hron¢ockého granitu vys$iel dokonca spodnotriasovy
diskordantny vek spodného interceptu (Putis$ et al., 2000).

Nové izotopové U-Pb datovania zirkénu metédou SHRIMP
pri Studovanych vzorkach granitu typu A Zapadnych Karpat
poskytlo tieto konkordantné veky (v miliénoch rokov): 282 + 3
Velence; 267 + 2 Hron¢ok; 264 + 3 Upohlav a 262 + 4 Tur¢ok.
V granite z pohoria Velence sa navy$e identifikovali starSie
zdedené jadra zirkdnov s vekom okolo 650 mil. rokov. Uvedené
vysledky datovania zirkénu potvrdzuju posthercynsky,
permsky vek solidifikacie a umiestnenia granitovych intruzii
typu A v Zapadnych Karpatoch.

Pracu podporila Agentura na podporu vyskumu a vyvoja na zaklade
zmluvy APVV-0557-06 a APVV-0279-07.

|. PETRIK a |. BROSKA: Novy vyskyt litiového granitu
v zapadokarpatskom gemeriku (Vrchsulova, oblast
Hnilca)

Litiovy granit je v Zapadnych Karpatoch znamy hlavne
z vrtov v DIhej doline (Dianiska et al., 2002). Doteraz jeho jediny
povrchovy vyskyt bol asi 3 km na SV od Dihej doliny, kde
vystupuje Stok(?) granitového porfyru s Li sludou, predmet
nasho Studia v poslednych rokoch (Petrik et al., 2007a, b).
V ramci Studia litiového gemerického granitu sme identifikovali
dal$i doteraz neznamy vyskyt Li granitu v oblasti Vrchsulovej,
asi 2 km na JZ od Hnilca. Na lokalite je strednozrnny musko-
viticky granit s protolitionitom. Hornina obsahuje 0,075 %
Li,O, ¢o je po Dlhej doline a Surovci najvys$ia koncentracia
litia. Horninotvorné mineraly zastupuje undulézny kremen,
albit, pertiticky idiomorfny K zivec a hojny lupenovity muskovit
(Li fengit). Typicka svetlohneda litiova sluda sa nachadza
v lupenoch muskovitu a textirne sa prejavuje ako zatlacena
mladS&im fengitickym muskovitom. Analyzy ukazali, ze ide
o protolitionit (Tischendorf et al., 1997). Identifikovany
akcesoricky mineral je primarny turmalin v asociacii s Li
sludou, zirkdn, ktory sa prerasta s xenotimom, Nb rutil,
monazit a cheralit. Zastupeny je aj neskory drobny apatit.

V tesnej blizkosti protolitionitového granitu na Vrchsulovej
sa vyskytuje obdobny granit, ale bez Li sludy. Identifikovali
sme v nom Fe-Al sludu bez Mg, takmer Cisty siderofylit.
Sludy z Vrchsulovej su spolu sucastou trioktaédrickej Li-Fe
série siderofylit — protolitionit — zinnwaldit velmi podobnej
Li slude z granitu z masivu Nejdek — Eibenstock (zapadné
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Krudné hory). Tato kompozi¢na séria kontrastuje s Li sludou
zo suroveckého granitového porfyru, kde je sluda zo série
Li-Al so zlozenim medzi Li fengitom a zinnwalditom. ZloZenie
idealneho protolitionitu je K,LiFe AlISigAl,O5,(0OH, F),, ale
realne zlozenie lepSie vystihuje vzorec K;LiFe, sAlSigAl,Oy
(OH, ;F43)4 s vakanciami (0,5) v oktaédrickej vrstve a s vy$Sim
obsahom Al. OdliSné zlozenie litiovej sludy z Vrchsulovej je
vysledkom pomerne vysokého obsahu Fe,Og; v tunajSom
granite (1,21 %). Pre celkovo nizky obsah P,O5 (0,2 %)
a CaO (0,22 %) nemohla vzniknut bohata suita fosfatov ako
v oblasti Surovca, ale iba malé mnozstvo apatitu a monazitu.
Vztah granitu z Vrchsulovej s litiovou sludou a siderofylitom
ku granitu navitanému v Hnilci (HG-3) je predmetom dalSieho
Studia.

Tento vyskum bol financovany z projektu APVT 13604.

M. DANISIK, M. KOHUT a L. HRASKO: Rochovsky
granit — zdroj geodynamickych informacii
v Zapadnych Karpatoch

Vyvoj Vnutornych Zapadnych Karpat v alpinskom oro-
géne je v odbornych periodikdch stale predmetom
mnohych diskusii. Rad publikovanych koncepcii vychadza
z interpretovanych dat publikovanych v praci Kovaca
et al. (1994), v ktorej autori na zaklade stratigrafickych,
paleomagnetickych a geochronologickych zisteni, ako aj
stdp po Stiepeni U (fission tracks) z apatitov a zirkénov
pochadzajucich z hornin kryS$talinika tatrika, veporika
a gemerika dedukovali, ze gemerikum a veporikum boli
exhumované a vychladli pri teplote pod 60 °C, a to ako
vysledok posteoalpinskeho odstre$enia vo vrchnej kriede az
spodnom paleogéne (90-55 Ma). Od tych Cias sa jednotlivé
¢asti Vnutornych Zapadnych Karpat spravali ako individualne
bloky, ktoré uz vo zvySnom obdobi kenozoika neboli vyrazne
termalne ovplyvnené (Kovac et al., |. c.). Va&Sina z tychto
postulatov vychadzala z AFT a ZFT vekov, ktoré stanovil Kral
(1977) a Kral (in Kovac et al., 1994) a interpretovali sa ako ,vek
vychladnutia“ (cooling age), aj ked dizku stép potrebnu na
spravnu interpretéciu autor(i) neudavali. Pritomnost zvySkov
centralnokarpatského paleogénu, ako aj existencia arealového
neogénneho magmatizmu/vulkanizmu pod centralnou ¢astou
Zapadnych Karpat predstave o neovplyvneni termalneho
vyvoja blokov krystalinika (veporika aj gemerika) v obdobi
mladSom ako 55 Ma odporuju. V ostatnom obdobi sa
zaznamenali prejavy miocénneho prehriatia rozliénych oblasti
kryStalinika Zapadnych Karpat (Danisik et al., 2004, 2005,
2008), podobne aj Vychodnych Alp (Dunkl a Frisch, 2002).

Nas prispevok sa zaobera termochronologickymi
datami AFT a (U-Th)/He udajmi z apatitov (AHe) ziskanymi
z rochovského granitu. Tento granit ako jediny znamy
prejav kriedového granitického magmatizmu v Zapadnych
Karpatoch typovej charakteristiky I/A (Hrasko et al., 1998)
tvori podpovrchovu intriziu na rozhrani veporika a gemerika.
Jeho kriedovy vek U-Pb datovanim zirkénov sa v ostatnom
obdobi stanovil na 82 + 2 Ma (Hrasko et al., 1999), 76,5 + 1,1
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Ma (Poller et al., 2001), resp. Re-Os datovanim molybdenitov
(80 Ma Stein et al., in review). Tri vzorky granitu, ktoré sme
Studovali, pochadzali z vrtu KD-3 a RO-6, pricom rozdiel
v hibke vzoriek bol takmer 1150 m. Tri vzorky vykazuji mio-
cénny AFT vek medzi 175 + 1,1 a 12,9 + 0,9 Ma a z kazdej
z nich sa analyzovali (U-Th)/He pomery zo Styroch z piatich
zfn, ktoré davali priemerny AHe vek 12,9 + 1,9 az 11,3
+ 0,8 Ma. Termalne modelovanie s pouzitim programu
HeFTy (Ketcham, 2005) potvrdilo, Ze rochovsky granit
bol po vychladnuti prehriaty nad 60 °C v obdobi medzi 17
az 8 Ma. Takuto miocénnu udalost mohlo vyvolat a) rychle
strednomiocénne pochovanie horninovych komplexov
pod sedimenty hrubé minimalne 1,5 km a ich nasledujuce
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oderodovanie, b) vyrazna zmena termalneho rezimu,
c) kombinéacia obidvoch spomenutych moznosti. Kedze
tato termalna udalost bola suveka s vyraznym miocénnym
vulkanizmom v karpatsko-panoénskej oblasti vyvolanym
vyklenutim plasta, preferujeme druhd moznost vzniku
termalneho zaznamu na Studovanych apatitoch rochovského
granitu, ¢o je v zhode s geodynamickym vyvojom na vy-
chodnom okraji Alp a severnom okraji panénskeho bazéna.

Viac o pouzitej metodike a vysledkoch mozno najst v praci
M. Daniska et al. (2008) Apatite fission track and (U-Th)/He
thermochronology of the Rochovce granite (Slovakia) — implications
for the thermal evolution of the Western Carpathian-Pannonian
region. Swiss J. Geosci., DOI 10.1007/s00015-008-1279-8.

2. cast — Part 2
Geologicka stavba a tektonometamorfny vjvoj
Zapadnych Karpat

Geological setting and tectonometamorphic evolution
of Western Carpathians

M. MICHALEK and M. PUTIS: P-T-d paths of
metabasites and hosting Neoproterozoic
orthogneisses in the North-Veporic basement
(central Western Carpathians)

Eclogitic metabasite lenses (Janék et al., 2007), often with
macroscopically visible symplectitic structures, preserving
a). Grt-Omp-Rt/lim/Ttn-Am1-Bt1 mineral assemblage, can
be found in Neoproterozoic Ky-Grt-Pl-Kfs-Bt-Ms partially
melted orthogneisses and Ky-Grt gneisses, associated with
metaultramafics and Ordovician Grt-Pl-Kfs-Bt-Ms ortho-
gneisses within hosting Neoproterozoic micaschists to Grt
gneisses, overlain with Cambrian-Ordovician layered
amphibolites and Lower Carboniferous Sihla type tonalites
(Puti$ et al., 2006, 2008a, b). The mentioned sequence of the
North-Veporic basement (N of Helpa village) in the central
Western Carpathians was dated by the U-Pb SHRIMP method
on zircon. In the next part we describe the microstructures
and mineral assemblages of eclogitic metabasites and hosting
Ky-Grt orthogneisses, as well as the results of geothermobarometry.

A prograde D1 burial metamorphic trend can be deduced
from more internal inclusions of Bt1 and Prg-Hbl1, and
more external inclusions of Cpx1-Jds; and Rt, in garnet.
Decomposition of primary phases of the D1 stage was caused
by exhumation. Apart from the inclusions within garnet, all the
primary omphacite (Cpx1-Omp) was replaced by a symplectite
of clinopyroxene (Cpx2) and plagioclase due to a more or less
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constant temperature of 560-600 °C (Krogh Ravna, 2000)
and a pressure decrease to 6—7 kbar (Powel and Holland,
1988; Eckert et al., 1991) during the D2 stage. The D3 stage
is represented by more internal coronary structures of PI,
and a more external Am2-P| + Bt2 symplectite around Grt.
Recrystallization of Rt into Iim and Ttn is characteristic too.
Crystallization of Bt2 points to continuing P-T decrease in
amphibolite facies, may be at the expense of inferred Phg,
which was detected by Janak et al. (2007).

Temperature of D1 was calculated from the Grt—Cpx1 pair.
The mean values are 675 + 11 °C (Ellis and Green, 1979), 655
+ 11 °C (Powell, 1985), 634 + 12 °C (Krogh, 1988) and 582 +
23 °C (Krogh Ravna, 2000). The maximum temperature close
to pressure peak of metamorphism (D1) may be considered
to be 600—650 °C (636 + 40 °C is the mean value of the Grt—
Cpx thermometers used). According to Jdg; isopleth of Omp
at 600 °C (Holland, 1980) the P value is 12 kbar. So, if Phg
is not considered in geobarometric calculation, the maximum
pressure (D1) may be regarded to be about 11-12 kbar.
A metabasite from the same area was examined by Janak
et al. (2007). Identified Phg in metamorphic matrix was
considered to be a part of a peak metamorphic assemblage
with Grt and Cpx1 (Omp). Beside Grt—Cpx thermometer
(Krogh Ravna, 2000) we used a geobarometer utilizing
mineral reaction of Ravna and Terry (2004):

3 celadonite + 2 grossular + pyrope = 6 diopside + 2
muscovite
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To calculate the maximum pressure conditions, an Omp
with the highest Jd content, a Grt with the maximum
(agrs™*apx) and Phg with the highest Si content were used.
However, Phg analysis was taken up from Janak et al. (2007).
Intercept of Grt—Cpx geothermometer and Grt—Cpx—Phg
geobarometer gives, with attention to mentioned criteria,
values for maximum P-T condition of 21 kbar at 621 °C.

The hosting orthogneiss, into which the eclogitized meta-
basite lens was exhumed, reflects the conditions of the MT/
MP metamorphism with a Ky-Grt-Rt-Fsp-Phg paragenesis.
A maximum pressure of 7-8 kbar (Koziol and Newton, 1988) at
a temperature of 560—-600 °C (Kleeman and Reinhardt, 1994)
can be inferred for the pre-Alpine tectonometamorphic evolu-
tion. The subsequent mylonitic orthogneiss structure is of
a middle temperature, with plastic feldspar behaviour and their
dynamic recrystallization, as well as higher-temperature forms
of quartz ribbons. Reconstructed conditions of the metabasite
lens in the orthogneiss are classified as a part of the pre-Alpine
evolution based on calculated as well as developed higher-
-temperature deformational structures in the investigated
samples in comparison with low-temperature Alpine blasto-
mylonitic structures, the latter demonstrating rheological
activities of quartz, not of feldspars, at temperatures below 500 °C.

Acknowledgement. This work was supported by APVV 0279-07 grant.

M. KOVACIK: Geologicka stavba a metamorféza
vulkanickosedimentarneho pasma na severo-
vychodnom upéti Kralovej hole

Nizkometamorfované horninové pasmo prebiehajiuce
smerom JZ-SV (priblizne od kéty Tri kopce, 1506 m, az
do blizkosti Hranovnického plesa), ktoré sa o. i. vyznacuje
polohami metabazickych hornin, nema ustalené tektonické
zaradenie. Pasmom Sirokym 1-3 km sa prvy systematicky
zaoberal Kettner (1937), ktory fylitické — metabazické
horniny a ,porfyroidy” povazoval za sucast diaftorizovaného
krystalinika. Prevazujuce metapieskovce medzi uzkym
pasmom tychto hornin a vapencovou masou Stratenskej
hornatiny hodnotil v oblasti na SZ od Vernara ako karbdonske
a permské (,verfénske®) vrstvy choéského (,poludnického®)
prikrovu. Nasledujuce prace (Pouba, 1953; Biely, 1956;
Zoubek, 1957; Kubiny, 1959, a i.) sa stali sucastou
publikovanej geologickej mapy Klinca (1976) alebo Fusana
et al. (1963), v ktorej sa severna cast predmetného pasma
chéape ako nasunuty karbdén (dobSinsky) a juzna ako
tufy permskych kremitych porfyrov veporika. Neskor sa
palynologickym vyskumom stanovil devonsky vek tychto
hornin oznac¢enych podla kéty 1545,3 ako komplex Prednej
hole (Bajanik et al., 1979). Za jeho podlozie sa povazoval
granitoidny kralovoholsky komplex a za nadlozie féderatské
mezozoikum (Bajanik et al., I. c.; Biely et al., 1992). Vo
vyjadreni Madarasa a Ivani¢ku (in Mello et al., 2000) bol
prednoholsky komplex redefinovany ako vrchnokarbénske
slatvinské suvrstvie, pévodne vyélenené na J kohutskeho
pasma (Vozarova a Vozar, 1982).
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Na z&klade terénneho a petrografického Studia mozno
sprednoholsky“ vulkanickosedimentarny komplex zaclenit do
vrchného karbonu hronika z nasledujtcich dévodov:

*Horninova asociacia, tradi¢ne pokladana za karbén hronika
(tmavé pieskovce, konglomeraty, ,cho¢sky diorit” ...), tiez nesie
lokalnu deformaciu, niekedy rekrystalizaciu, ale predovSetkym
je litologicky napadne pribuzna so skimanym suborom hornin.

* Predmetné metabazické horniny spolu s asociujucimi
klastickymi metasedimentmi maju v zénach maximalnej
deformacie identicky Struktirny a metamorfny zaznam
ako veporické obalové jednotky (6o zaroven spochybriuje
predpoklady o ich staropaleozoickom pévode).

e Lokalnu tvorbu epidotu, chloritu a aktinolitu v skimanych
bazickych hornindch hronika mozno najskér vysvetlit
situovanim tychto hornin v blizkosti pohorelskej striznej zény.

e Metamorfézu bazického protolitu za vzniku aktinolitu
(v chloritickych bridliciach aj v ,cho¢skom® diorite) mozno
prirovnat k alpinskym premenam hercynskych amfibolov vo
veporickom krystaliniku.

e Veporické mezozoikum — kremence (lok. perm)
— so zvySkami karbonatov vystupuje ako tektonické okno
v podlozi ,prednoholského komplexu“ — v nasom chapani
hronického karbdnu.

* Nie je vylu€ené, ze sa zlozita ponorena vrasa v jv.
doméne velkobockého mezozoika v zéne Prostredny vrch
(1442) — Clovedia hlava (1269) vytvorila v ¢elnych &astiach
nasunu hronika a neskér preSla do transpresnej zény
stotozriovanej s fenoménom ,pohorelska linia*

e V S&truktirnom pretvoreni skimaného pasma ma
rozhodujucu ulohu pohorelsky strizny systém, viac-menej
synchronny s hlavnou fazou alpinskeho tektonometamorf-
ného prepracovania veporika; deforméacia sa prejavuje
striznovrasovymi Struktirami — zvySovanie intenzity vedie
k uzatvaraniu az k preruSeniu zamkov vras, vzniku foliacnych
rovin a subhorizontalnej lineacie (Stadium AD1).

e Obalové kremence, ako aj metabazické horniny
v pohorelskej zéne ¢asto vystupuju vo vztyéenej pozicii vedla
seba, ¢o zrejme spdsobila ich vyssia reologickd odolnost
v porovnani s ostatnymi (meta)sedimentmi; zaroven je
mozné, ze subvertikalna ,preparacia“ lepSie odhalila naj-
spodnejSie elementy (vulkanizmus) karbdnu hronika.

e V ramci nizkometamorfovanych zelenych bridlic
(priméarne ide vacSinou o bazicky tuf) sa zistili alterované
drobné telesa amfibolickych dacitov ¢&i albit andezitov
(,keratofyry“), ale vyznamnejSie rozsirenie kyslych vulkanitov
¢i porfyroidov sa nepodarilo potvrdit.

Praca Cerpala prostriedky z projektu MZP SR 1606 Aktualizacia
geologickej stavby problémovych tzemi Slovenskej republiky v mierke
1:50 000.

A. VOZAROVA, K. SARINOVA, D. LAURINC,
N. RODIONQV, |I. PADERIN a E. LEPEKHINA:
Proveniencia paleozoickych metapieskovcov
juzného gemerika na zaklade U-Pb datovania
detritickych zirkénov in situ
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V préci su vysledky Studia proveniencie mladopaleozoic-
kych metapieskovcov juzného gemerika na zaklade U-Pb
datovania in situ (SHRIMP) zirkénovych vekov. Ide o subor
86 zirkénovych vekov (55 udajov je z metapieskovcov gel-
nickej skupiny — 15 z vlachovského, 15 z bystropotockého
a 16 z drnavského suvrstvia — a zo Stéskeho suvrstvia
(9 udajov) a spolu 31 zirkénovych vekov z metapieskovcov
mladopaleozoického obalu juzného gemerika — 15 udajov
z roziavského a 16 zo Stitnického suvrstvia. Pri analyze
detritickych zfn zirkénov sa kladol doéraz predovSetkym na
vyber dobre opracovanych klastickych zfn, a to hlavne v staro-
paleozoickych metapieskovcoch tak, aby sa ziskali veky konti-
nentalnej kory v zdrojovej oblasti, lebo vek magmatickych
zirkénov zo synsedimentarnych kyslych metavulkanitov sa
datoval uz v predchadzajucom obdobi (Vozarova et al., v tlaci).

Cielom datovania bolo ziskat udaje o veku zdrojovych
oblasti a tym prispiet k interpretacii geodynamického
vyvoja juzného gemerika. Vo vSetkych troch suvrstviach
gelnickej skupiny sa medzi detritickymi zirkonmi zistili pre-
kambrické veky. Z toho dominantna skupina zodpoveda
neoproterozoiku (Ediakaran-Cryogenian), v rozsahu in situ
U-Pb zirkénovych vekov medzi 591 az 807 mil. rokov.
Len sporadicky sa v ramci opracovanych detritickych zfn
zaznamenali staropaleozoické veky koreSpondujuce s vekom
synsedimentarneho vulkanizmu (bystropotocké suvrstvie).
MensSiu skupinu predstavuju neo/mezoproterozoické veky
v rozsahu 940—1373 mil. rokov. NajstarsSie zirkdnové veky su
paleoproterozoické, a to v rozsahu 1,9 az 2,5 miliardy rokov.

V metapieskovcoch $toskeho suvrstvia sa v detritickych
zrnach zistili zirkénové veky v tom istom rozsahu ako
v metapieskovcoch gelnickej skupiny, v jednom zrne
dokonca neoarchaicky vek 2,6 miliardy rokov.

V bazalnej ¢asti mladopaleozoického obalu (meta-
pieskovce roznavského suvrstvia) kopiruje rozptyl zirkdnovych
vekov udaje z podloznej gelnickej skupiny, pricom domi-
nantna Cast je veku Ediacaran-Cryogenian s mensim mnoz-
stvom mezoproterozoickych a paleoproterozoickych vekov.
Vrchna ¢ast metapieskovcov permského obalu obsahuje
v detritickych zrnach jednak zdedené neoproterozoické
a mezo/paleozoické, ale tiez uz aj kambro-ordovické
a spodno/vrchnokarbdnske zirkonové veky.

Praca bola financovana z projektu APVV-0438-06.

|, KOHUTOVA, D. GREGOROVA a M. KOHUT:
Struktura Velkej a Malej Bane (krystalinikum
Malych Karpat) vo svetle novych poznatkov

Nasim cielom bolo detailné geologické mapovanie a in-
terpretacia orientovanych Struktdrnych dat z oblasti Velkej
a Malej Bane na SZ od ¢asti Rac¢a v ramci katastra Velkej
Bratislavy. NajstarSie geologické poznatky z tohto uzemia
su v pracach Richarza (1908) a Toborffyho (1916, 1918). Ich
petrografické opisy hornin kryStalinika objasnili podobnost
krystalinika Malych Karpat s pohorim Leitha a Rosalien, ako
aj Povazskym Inovcom. Koutek a Zoubek (1936) zobrazili
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viac blokov amfibolitov Studovanej oblasti ako utopené
kryhy starSich metamorfitov v granitoch. Cambel in Buday
et al. (1962, 1963) podobne zobrazili amfibolity oblasti ako
neasimilované rigidné utopené kryhy metamorfitov. Neskor
Cambel (in Mahel, 1972) v detailnejSej mape zobrazil telesa
amfibolitov (metamorfovanych bazickych tufitov) Studovane;j
oblasti Velkej a Malej Bane ako pohltené xenolity metamorfitov
v granitovej tavenine bratislavského granitového masivu
(BGM) a identifikovali tam metamorfnu foliaciu smeru SV-JZ
so sklonom na SZ.

Pri terénnom vyskume sme zistili, ze sa na stavbe
metamorfného komplexu Velkej a Malej Bane okrem
tmavosivociernych aktinoliticko-epidotickych amfibolitov
zucasthuje aj biotitickd metadroba a ojedinele aj grafitické
bridlice. Amfibolitické horniny v zhode so starSimi nazormi
maju vacésinou charakter metamorfovaného vulkanitického
tufu a tufitu. Na sz. hrebeni Velkej Bane su Casté malé,
~Zubovité“ odkryvy v tmavosivych amfibolitickych horninach,
ktoré nenapadne vystupuju spod kvartéru na plochom hrebeni.
Viac-menej izolované odkryvy mali v8ak zhodny priebeh
metamorfnej foliacie (s4) smeru SZ-JV, paralelny so smerom
hrebena, aj ked metamorfna folidcia vykazovala sklon na JZ
alebo SV. Okrem metamorfnej foliacie (s;) sme v Studovanych
amfibolitickych horninach pozorovali aj prie€ny systém
nalozenej tektonickodeformacnej foliacie (s, = puklinove;j
bridlicnatosti — klivaze). Pre tieto horniny je v predmetnej
oblasti v podstate charakteristické zachovanie dvoch generacii
foliacii. Na niektorych miestach bolo mozno ojedinele sledovat
este povodné vulkanickosedimentarne textury aj s plochami
sedimentarnej vrstvovitosti (sy). Po metamorféze sa tieto
plochy p6vodnej inhomogenity vaésinou pretransformovali na
plochy metamorfnej foliacie (s;), pri¢om predpokladame, ze
So = s¢. Hlavné smery a sklony pléch puklinovej bridli¢natosti
okolitych granitoidov su miestami zhodné s puklinovou
bridli¢cnatostou amfibolitov (s,). Z tektonogramov metamorfnej
foliacie amfibolitov je zrejmé, ze ma charakter zvrasneného
komplexu s generalnym smerom pléch metamorfnej foliacie
SZ-JV, s maximalnym sklonom metamorfnej foliacie cca 50°
na SV a JZ. Ojedinelé merania metamorfnej lineacie indikuju,
Ze takto zvrasneny komplex amfibolitov upada na SSZ pod
strednym uhlom (343/44°). Metamorfna foliacia amfibolitickych
hornin je paralelna s priebehom hrebenov Velkej a Malej
Bane. Pre Studované Uuzemie je charakteristicky vyvoj typickej
dvojklivazovej stavby, ked starSiu folidciu — metamorfnu
bridlicnatost fixuje intrizia granitovej taveniny, a teda je
predgranitova (vrchnodevionskeho az spodnokarbéonskeho
veku). MladSia, nalozena klivaz — puklinova bridli¢natost — je
vyvinuta ako v amfibolitickych, tak aj v okolitych granitickych
horninach. V amfibolitoch ma generalny priebeh SV-JZ so
sklonom na SZ a JV, kym v okolitych granitoidoch hlavny
systém puklinovej klivaze ma smer VSV-ZJZ so sklonom na
SSZ pod strednym uhlom, ako sa pozoroval priblizne paralelny
systém klivaze (SV-JZ) s opac¢nym smerom sklonu na JV pod
plytS§im uhlom (cca 37°). Okrem toho sme v teréne pozorovali
aj priecne systémy puklinovej bridli¢natosti granitoidov so
smerom ploch puklinovej klivaze SZ-JV a so sklonom na JZ,
ako aj na SV pod strednym uhlom. Terénne Struktirne merania
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sme potom verifikovali aj meranim anizotropie magnetickej
susceptibility (AMS) z orientovanych vzoriek na mostiku
KLY-3S. Na zaklade toho sa da konstatovat, Ze magneticka
folidcia metamorfitov je zhodna s metamorfnou (s;), kym
v granitickych horninach je magneticka foliacia zhodna
s vyvojom puklinovej klivaze (s,).

Zaverom konsStatujeme, ze metamorfna foliacia
amfibolitickych hornin (s;) nie je paralelna s okrajom BGM
(SV-JZ), ale naopak ma prieény charakter smeru SZ—-JV
a je zhodna s priebehom metamorfnej foliacie v pezinsko-
-perneckom krystaliniku. Nalozeny systém puklinovej klivaze
amfibolitov (s,) je zhodny s dominantnym smerom puklinovej
bridli¢natosti okolitych granitickych hornin a pravdepodobne
vznikol v kriedovom obdobi pri nasune bratislavského
prikrovu, hoci nevylu¢ujeme aniich starsivznik v subsolidovom
stave pri finalnej etape umiestriovania BGM.

Vysledky vznikli vdaka finanénému prispevku z grantu APVV 549-07.
Prvy autor (l. K.) dakuje doc. RNDr. FrantiSkovi Markovi, CSc.,
za vSestrannui pomoc a vedenie diplomovej prace.

P. KODERA, J. LEXA, F. BAKOS, A. BIRON a A. E.
FALLICK: Alteracie, mineralogické pomery a genéza
Au porfyrového loziska Biely vrch pri Detve (Javorie)

V centralnej zéne neogénneho stratovulkanu Javorie
je niekolko hydrotermalnych centier. Lozisko Biely vrch
reprezentuje jedno z nich v sv. ¢asti centralnej zény a viaze
sa na matersku intruziu dioritového az andezitového
porfyru, umiestnenu v amfibolicko-pyroxenickych andezitoch
komplexu Starej huty. Lozisko objavila firma EMED Mining
Slovakia a patri medzi loziska Au porfyrového typu. Zdroje
loziska sa odhaduju na asi 50 mil. t rudy s obsahom 0,2 az
1,9 g/t Au, s dosahom do hibky najmenej 380 m. Lozisko
sa mnohymi vlastnostami podoba klasickym Au porfyrovym
systémom v oblasti Maricunga (S Cile, Muntean et al., 2001),
porfyrovych lozisk (< 0,04 % Cu/ppm Au).

Intruzia aj okolité andezity intenzivne postihli premeny.
Dominuje medzi nimi premena typu strednej argilizacie,
ktoru reprezentuje I-S, illit, chlorit a pyrit + (apatit, rutil
a epidot). Rozli¢nou intenzitou zatla¢a starSiu vySSieteplotnu
K silikatovi premenu (K Zivec, biotit a magnetit/pyrotit)
a v hlbSich ¢astiach systému Ca-Na silikatovd premenu
(intermediarny az bazicky plagioklas, aktinolit). Propyliticka/
chloritickd premena (smektit, CS/corrensit, chlorit, kremen,
pyrit) reprezentuje vonkajSiu zénu systému. Zény pokrocilej
argilizacie (pyrofylit, dickit, kaolinit, porézny kremen = pyrit,
alunit, dumortierit) patria do najmladSieho Stadia premien
a su vysledkom Iuhovania hornin kyslymi fluidami.

Na lozisku je viac generacii ziliek. NajstarSie su tzv.
zilky typu A (biotit — magnetit — kremen = K Zivec, spinel),
ktoré asociuju s K silikatovou premenou. Najbeznejsie su
mladsSie kremenné zilky, priCom sa zistili aspon tri rozli¢éné
generacie. Niektoré z nich maju charakteristicki paskovanu
texturu ako vysledok vysokého obsahu plynnych fluidnych
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inkluzii a drobnych zfn magnetitu (+ chalkopyrit a pyrit). Lad-
vinovité Struktury kontinuitne prechadzaju cez zrna kremena,
¢o indikuje rekrystalizaciu z gélovitej SiO, hmoty. Centralnu
gast niektorych Ziliek vypitia pyrit a chalkopyrit (= magnetit,
markazit, galenit, sfalerit). Tieto rudné mineraly sa vyskytuju
aj na samostatnych zilkach a patria k premene typu stredne;j
argilizacie. Zilky s ilovymi minerdlmi strednej argilizacie (illit,
I-S, chlorit + epidot, apatit, rutil, pyrit, magnetit, chalkopyrit
a sfalerit) su hojné a pretinaju kremenné zilky. MladSie
kaolinitovo-pyrofylitové zilky (+ dickit, pyrit a rutil) sa vy-
skytuju len v miestach postihnutych pokrocilou argilizaciou.
Karbonatovo-zeolitové zilky (+ epidot a markazit) su mladsie
ako ilové zilky strednej argilizacie a su pravdepodobne
starSie alebo sucasné s pokrocilou argilizaciou. Na mladych
puklinkach sa v podobe tenkého povlaku zriedka vyskytuje
aj molybdenit. Zrnka zlata sa zvy€ajne vyskytuju v okoli
kremennych Ziliek v premenenej hornine s ilovymi mineralmi
(illit, 1-S), chloritom a K-zivcom. Su velké 2—-15, zriedka az do
40 pm a obsahuju 3—-7 hm % Ag a stopy Hg a Cu.

Stadiom fluidnych inklazii v kremennych zilkdch sa
zistila pritomnost hojnych monofazovych plynnych inklazii
(99 %) a zriedkavych (~1 %) plynno-kvapalnych, vacsinou
sekundarnych inkluzii. Mikrotermometrické merania ukazali
priemernu salinitu plynno-kvapalnych uzavrenin 1-5 hm %,
zriedka az do 30 hm % NaCl ekv. a homogeniza¢na teplota
spravidla dosahovala 220-260 °C. Ich pdvod sa interpretuje
ako vysledok kondenzacie pary nizkej hustoty reprezentovane;j
hojnymi plynnymi inklGziami. Studium stabilnych izotopov O
a H ilovych mineralov a alunitu ukazalo magmaticky p6vod
fluid zodpovednych za pokroc€ilu argilizaciu a zmieSany
magmaticko-meteoricky alebo modifikovany meteoricky
(reekvilibrovany s horninami) za strednu argilizaciu. Prevazne
magmaticky pdévod mozno interpretovat z izotopov O Zilniko-
vych kremeriov, ktoré mali len Uzky rozsah &80 (9,2-10,1 %.;
len kremenno-karbonatova zilka 12,4 %.). |zotopové zlozenie
indikuje izotopovu rovnovahu s parou magmatického pévodu
pri 250—450 °C. Krystalizaciu kremena z gélovitej SiO, hmoty
pravdepodobne spésobila dekompresia fluid v désledku
plytkého umiestnenia intrizie a/alebo dynamického znizenia
paleopovrchu, ¢o spdsobilo aj destabilizaciu Au komplexov.

Praca vznikla za podpory firmy EMED Mining Slovakia a VEGA
grantu 1/0311/08.

L. SIMON: Facialne sukcesie sarmatského
ryodacitového vulkanizmu Polany

Produkty sarmatského ryodacitového vulkanizmu maju
charakter explozivno-efuzivnej aktivity. Vystupuju v oblasti ero-
zivnej kaldery a na svahoch Polany. UloZzeniny su nesuvisle
a diskordantne rozSirené na predvulkanickom podlozi a na
starSich denudovanych vulkanitoch na sz. okraji pohoria pri
Strelnikoch, v pasme od Zvolena po Becov, ako aj na juznom
okraji pohoria v okoli Skliarova. Ich celkova hrubka je asi 1200 m.

Vy¢lenili sme nasledujuce sukcesie ryodacitového
vulkanizmu:
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1. strelnicke pyroklastika, charakteristické striedanim
autochtonnych pyroklastickych hornin s vyskytom v okoli
Strelnik,

2. slia¢ske vulkanoklastika, charakteristické striedanim
redeponovanych vulkanoklastik s epiklastickymi vulkanickymi
horninami v okoli Slia¢a,

3. skliarovské epiklastika, charakteristické striedanim
epiklastik s ojedinelymi polohami pyroklastik v okoli
Skliarova,

4.hucavskeé freatopyroklastika, charakteristické striedanim
jemnozrnnych freatopyroklastickych hornin vyskytujuce sa
v zavere HucCavského potoka,

5. bobrovské ryodacitové telesa, charakteristické
vyskytom telies lavovych prudov, vulkanickych démov, intruzii
a dajok v okoli Kysliniek.

Strelnicke pyroklastika su reprezentované autochtonnymi
pyroklastikami, pyroklastickymi prudmi, redeponovanym
a pemzovym tufom a autochténne tufom a pemzovym tufom.
Vrstvy su hrubé od niekolkych cm az do 30 m. Pyroklastika
sU svetlosivé, sivohnedasté alebo tmavosivé. Matrix je
pemzovy alebo pemzovotufovy a tvoria ho vyrastlice biotitu,
kremena, plagioklasu, ojedinele granatu, pemza a vulkanické
sklo. Fragmenty su zastupené v mnozstve do 10 %, velké
do 5 cm a tvori ich pemza, ryodacit, andezit a nevulkanicky
material. Pyroklastické prudy su svetlosivé, zlozené hlavne zo
svetlého dominantného matrixu, pre ktory je charakteristicka
Struktura bez znakov stratifikacie a opracovania materialu
s hrubkou prudov do 40 m. Redeponovany pemzovy tuf je
reprezentovany hrubozrnnym az jemnozrnnym tufom rozli¢nej
zrnitosti s hrubkou od niekolkych cm az do 60 m. Vo vrstvach
su nepravidelne usporiadané ulomky ryodacitu, vulkanického
skla, andezitu a nevulkanického materialu angularneho
a subangularneho tvaru velké do 5 cm. Svetlosivy matrix
je tufovopiescity.

Sliacske vulkanoklastika su reprezentované pyroklasti-
kami s polohami epiklastického vulkanického pieskovca,
konglomeratoy, siltovca a ilovca. Vystupuju hlavne pri Sliaéi
v okoli Zvolena. Tvoria vrstvovité polohy, ktoré sa navzajom
striedaju, alebo $oSovkovité polohy. Vrstvy su hrubé od nie-
kolkych cm az do 120 m. Polohy maju svetlosivé az tmavo-
sivé sfarbenie. Tuf ma pemzovotufovy hnedosivy a svetlosivy
matrix a obsahuje pemzu velki do 3 mm a fragmenty
ryodacitov a ryolitov. Konglomeraty tvoria polohy hrubé
do 25 m a SoSovky az do 2 m. Siltovec je sivy az svetlosivy,
¢asto s vysokym obsahom ilovitej primesi. Sivozelenkasty
ilovec tvori jemnolaminované polohy. Pieskovec je hrubo-
zrnny, masivny, alebo ma planarne a Sikmé zvrstvenie.
Charakteristicky pren je obsah pemzy, andezitu, ryodacitu
a vulkanického skla velkého do 2 mm.

Skliarovské epiklastika vystupuju pri Skliarove a tvoria ich
hlavne striedajuce sa vrstvy epiklastickych hornin s ojedine-
lymi polohami pyroklastickych hornin. Suvrstvie je hrubé do
100 m. Pre epiklastika je charakteristické mnohonasobné
striedanie poléh rozli¢nej zrnitosti, a to od epiklastického
siltovca a pieskovca az po brekciu a konglomeraty. V hrubsich
polohéach brekcie a konglomeratov su zastupené ulomky
ryodacitov, pyroxenickych a pyroxenicko-andezitovych ande-
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zitov a miestami sa vyskytuje aj nevulkanicky material. Matrix
je piescity alebo tufovopiescity. Brekcia ma chaotické zvrst-
venie s fragmentmi a obliakmi angularneho az subovalneho
tvaru. V konglomeratoch prevlada opracovany material oval-
neho tvaru. Suvrstvie ojedinele preruSuju polohy pyroklastic-
kych prudov, pemzového a redeponovaného pemzového tufu.

Hucavské freatopyroklastika sa vyskytuju v zavere
Hucavského potoka pri Kyslinkach. Su svetlosivé, jemnozrnné
az hrubozrnné a lokalne zvrstvené. Okrem ryodacitového
materialu su v nich aj ulomky andezitu a nevulkanického
materialu. Tvori ich drobny material s velkostou do 3 cm,
ale ojedinele aj ulomky velké do 10 cm. Fragmenty maju
sféricky, angularny az subangularny tvar. Matrix je tufovy
az tufovosklovity. Ulozenie je chaotické, lokalne s naznakmi
triedenia a zvrstvenia.

Bobrovské telesa ryodacitov sa vyskytuju v okoli
Kysliniek. Su to telesa lavovych prudov, vulkanickych démoyv,
intrizii a dajok. Maju blokovu, doskovitt, nepravidelnu alebo
fluidalnu odluénost. Tvori ich sivocierny, sivasty, sivozeleny,
sivohnedy alebo svetly ryodacit. Z petrografického hladiska
evidujeme biotiticko-amfibolicko-hyperstenicky ryodacit
s ojedinelym granatom a biotiticko-amfibolicko-hyperstenicky
ryodacitovy porfyr s ojedinelym granatov. Telesa su postihnuté
premenami.

J. VOZAR, M. BIELIK, A. GUTERCH, M. GRAD, K.
CSICSAY, J. HLADKY, Z. ALASONATI TASAROVA
and CELEBRATION 2000 Working Group: Dominant
structures of Inner Western Carpathians: A tectonic
model based on seismic and gravity data of
CELEBRATION transect CEL-05

Profile CELO5 is important for tectonic relationships
between the Carpathian-Pannonian region and the East
European Craton. This region is a part of very complex
collisional environment between the EU and ADRIA plates.
The identification and determination of the extent of these
terranes is controversial, because they have been subducted/
obducted, and/or translated during subsequent events. The
studies of the Carpathian-Pannonian region have interpreted
it to consist of the Alpine-Carpathian-Pannonian (ALCAPA)
and TISIA-DACIA, mutually separated by the Mid-Hungarian
line. The southern part of profile CELO5 primarily crosses the
ALCAPA that extends up to the Pieniny Klippen belt (PKB),
which represents the tectonic boundary between Inner (IC)
and Outer (OC) Carpathian units. First 250 km of the profile
lies in the Pannonian basin where the crust is thin (~25 km),
and our velocity model indicates the area being covered by
2-3 km of Tertiary sedimentary strata, which is in agreement
with estimates based on drilling and seismic data. The portions
of the Pannonian basin and the Carpathians traversed by the
profile CELO5 have been divided into the following structural
units: 1.the Tisia block south of the Mid-Hungarianline; 2.central
unit consisting of the Pelso structural block and the Alpine-
-type nappe structures of the IC; 3. northern unit consisting
of the OC and their foredeep north of the PKB. The bottom
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of the nappe structures is probably coincident with the bottom
of the second crustal layer. More to the south in the Blkk Mts.
the lens of higher velocity rocks (6.45 km/s) can be connected
with the occurrence of subvolcanic bodies associated with
the Matra volcano. Just north of this is probably linked with
the Didsjend line and reflects the internal structure of the
Inner Carpathian (IC) units. The northern boundary of the IC
is delimited by the PKB, which is a prominent regional shear
zone that dips southward at 35-40° and has also experienced
left-lateral displacement. The PKB can be traced to a depth
of 12 km as a narrow belt of low velocities. The continuation
of the PKB can be interpreted to be approximately parallel
to the 6.05 km/s velocity isoline within the second layer and
reaches the boundary between second and third layers at

GEC IS

a depth of ~20 km. The PKB has been interpreted to be related
to a southward dipping suture zone. There is no indication of
south dipping interfaces below a depth of ~20 km, but the
detachment could be nearly horizontal beginning at this
depth. The seismic and gravity modeling indicates significant
structure of PKB, which represents the surface boundary
between the Outer and IC, but in the depth the boundary
between the EU platform and ALCAPA as well. In the IC there
can be clearly observed the anomalous seismic and gravity
body — the Alpine granitoids. Darnd line represents significant
density boundary between Gemericum and Blkkicum.

Acknowledgement. Research was sponsored by grants VEGA
No. 1/3066/27.

3. cast — Part 3
Environmentalna geoldgia

Environmental geology

L. TUCEK, K. CECHOVSKA, J. DERCO, L. KUCHARIC,
M. RADVANEC a Z. NEMETH: Mineralna sekvestracia
— ucéinny a efektivhy spbésob znesSkodrovania
priemyselného CO,

Sekvestracia CO, sa definuje ako zachytavanie, ukladanie
a skladovanie CO,. Mbéze prebiehat fyzikalnou (napr.
geologickym skladovanim), chemickou (napr. mineralnou
karbonatizaciou) a biologickou cestou (napr. zalesfiovanim
— fotosyntéza chlorofylu zelenych ¢asti rastlin s CO,).
Sekvestracia CO, mineralnou karbonatizaciou je jednou
z najbezpecnejSich metdd zneSkodriovania CO, vznikaju-
ceho pri priemyselnej produkcii. Vychadza z chemickej
reakcie mineralov (silikatov) alebo vhodnych hornin (bazaltu
a ultramafitu) resp. ,mineralneho odpadu“ s CO,. Vysledkom
reakcie su stabilné mineralne fazy — karbonaty alebo
hydrokarbonaty, ktoré nemaju negativny vplyv na Zzivotné
prostredie. Tieto karbonatizaéné reakcie su spravidla
exotermické a vznikajuce teplo sa da potencialne zuzitkovat.
Mineralnu karbonatizaciu mozno vykonat priamou alebo
nepriamou metddou. Pri priamej (jednoetapovej) sa mineraly
alebo vhodné horniny poddavaju priamo do reakcie s CO,,
pri nepriamej (dvojetapovej) sa reaktivne zlozky z minerainej
matrice extrahuju a az potom vstupuju do reakcie s CO..
V obidvoch pripadoch sa daju vstupné mineralne materialy
modifikovat tepelnym, chemickym, fyzikalno-mechanickym
alebo kombinovanym spésobom s cielom urychlit reakciu s CO,.
Mineralna karbonatizacia (hlavne priama) v normalnych
prirodnych podmienkach je velmi pomaly proces, a preto na
urychlenie reakcii treba technologicky optimalizovat vSetky
faktory vplyvajuce na reaktivitu mineralnych zloziek s CO,.
Pri mineralnej karbonatizacii je dolezité:

(1) mineralne a chemické zlozenie vstupnych hornin
(surovin) a aktivita ich zloziek, Cistota plynu z hladiska CO,

(2) skupenstvo vstupnych zloziek (tuha, kvapalna a plynna
faza), ich vzajomny pomer

(3) teplota (T) a (4) tlak CO, (p)

(5) trvanie (Cas) reakcie — ¢as vzajomného posobenia
tuhej fazy s CO, (1)

(6) zrnitost (jemnost), pdrovitost a aktivita merného
povrchu vstupnych materialov

(7) modifikacia vstupnych zloziek (tepelnd, chemicka,
fyzikalno-mechanicka prip. ich vzajomna kombinacia)

(8) podmienky reakcie (statické alebo dynamické)

(9) pH reakéného prostredia a druhy pridavanych Cinidiel
(aditiva, reagencie a pod.)

(10) hustota resp. viskozita reagenénej suspenzie

V ramci projektu Kvantitativne parametre vybranych geo-
logickych $truktir vhodnych na ukladanie CO, sa v SGUDS
rieSi aj sekvestracia CO, mineralnou karbonatizaciou.
Vstupné vzorky z Hodkoviec, Jasova, Rudnika, Komaroviec
a Dobsinej sa zdrobriovali, triedili, kvartovali a homogeni-
zovali, pricom sa pripravili ¢asti vzoriek na chemicku,
mineralogicku, rtg. a DTA-VTA analyzu.

Na zaklade zrnitostnej analyzy vzoriek a ich minera-
logického hodnotenia sa stanovila vstupna zrnitostna trieda,
s ktorou sa robila aktivacia, pricom prebiehali laboratérne
reakcie za pbsobenia viacerych druhov aditiv v plynnej
aj v tekutej forme. Laboratdrne skusky sledovali schopnost
pripravenych vstupnych vzoriek reagovat s plynnym CO,
v realnom Case a zaroven vytvarat kvalitativne nové, inertné
mineralne fazy.

Vzorky sa podrobili tvodnym reakciam pri tlaku 0,1-0,3 MPa
a reakénej teplote 20-200 °C v laboratérnom ota¢avom pristroji
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resp. v sklennom reaktore za ustavicéného premieSavania tuhe;j
a plynnej fazy 1-20 hodin a pridavania réznych reagencii.
Pri pésobeni CO, vznikali nové, prechodné mineraine formy
(amorfné fazy Mg — Sia Si) a nové mineralne formy —nesquehonit
a hydromagnezit, v mensej miere barringtonit a dypingit.
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Uzitkové mineralne zlozky, ktoré su vysledkom reakcie,
maju dobré predpoklady na vyuzitie v rozli¢nych odvetviach
hospodarskej praxe (plniva do plastov, farieb, papiera, tmelov,
na ziaruvzdorny material, gumu, iné anorganické plniva
a podobne).

4. cast — Part 4
Sedimentologia, biostratigrafia a paleontologia

Sedimentology, biostratigraphy and paleontology

Sympozium venované zivotnému jubileu prof. RNDr. Milana MiSika, DrSc.
Symposium devoted to jubilee of Prof. RNDr. Milan Misik, DrSc.

J. MICHALIK: Stratotypy hranic stupriov na Sloven-
sku z hladiska programu GSSP a Medzinarodnej
stratigrafickej komisie IUGS

Stratigraficka metéda je jednou z najstarSich metdéd
pri Citani geologického zaznamu. Jej vyznam uz v 18. stor.
chapal Nicolaus Steno (1769), James Hutton (1788), a najma
William Smith (1799). Stratigrafia postupne presla burlivym
rozvojom, vyuziva sa vo vSetkych typoch terénu na celej
zemeguli a zrastla so sedimentologickym, paleontologickym,
ale aj s petrografickym a regionalnogeologickym vyskumom.
Bez stratigrafie sa dnes nezaobide vrtny prieskum, banské,
tunelovacie a iné technické prace, ale ani sedimentarna
geochémia, magnetostratigrafia, sekvenéna stratigrafia
a dalSie odvetvia geovedy.

Stratigraficky vyskum Zapadnych Karpat ma uz vySe dvesto-
ro¢nu tradiciu. Zaklady stratigrafie sa vyu€ovali uz na bansko-
Stiavnickej banskej akadémii. Stratigrafiu rozvijali aj geolo-
govia Viedenského riSskeho geologického ustavu. Otazky
veku ,viedenského" &i ,magurského” pieskovca, veku a posta-
venia ,cho¢skych® &i ,neokdmskych“ dolomitov ovplyvnili
nastup prikrovovej tedrie. Dionyz Stir v roku 1868 z pienin-
ského bradlového pasma definoval puchovské sliene, ktoré
su dnes prototypom Cervenych vrchnokriedovych ocean-
skych sliefiov usadenych po skon&eni strednokriedového
obdobia ,sklenikového podnebia“ na Zemi. Zistenie strati-
grafickej postupnosti v meliatskej jednotke zasa bolo zvratom
v nahladoch na triasovu paleogeografiu v mediterannej Tethys.

Medzinarodna stratigraficka komisia odporuca presne
definovat stratotyp spodnej hranice kazdej jednotky. Jej hornu
hranicu pritom definuje stratotyp spodnej hranice nadloznej
jednotky. Cielom medzinarodného programu Stratotypové
profily a body globalnych hranic (GSSP) je zostavit sustavu
Standardnych stratotypov hranic jednotiek tvoriacich globalnu
chronostratigraficku Skalu. Jedinym aktualnym kandidatom
na medzindrodny stratotyp na Slovensku je profil pri Silickej

N
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Brezovej (hranica karn — norik), ale treba vybrat a zodpo-
vedne komplexne spracovat profily aj na stanovenie doma-
cich regionalnych stratotypov ostatnych hranic stratigra-
fickych stupniov v Zapadnych Karpatoch. Tato uloha by
sa mala stat prestiznym cielom geologickej komunity
v Zapadnych Karpatoch.

D. PLASIENKA: Morfologické a $truktirne typy
bradiel pieninského pasma — pokus o geneticku
klasifikaciu

Bradla a bradlové stavba su vedno s poziciou v orogéne
najcharakteristickejSimi znakmi pieninského bradlového
pasma. Ako bradla tu definujeme inkluzie rigidnejsich jursko-
-spodnokriedovych karbonatov (spravidla xm az x 100 m)
ostro oddelenych od okolitych nekompetentnych sedimentov
bradlového ,obalu; ¢o su spodnojurské a vrchnokriedové az
paleogénne bridlice, sliefiovce a pieskovce (Struktury block-
-in-matrix). Typologickou klasifikaciou bradiel sa v minulosti vo
viacerych pracach zaoberal najméa D. Andrusov a E. Scheib-
ner (Andrusov a Scheibner, 1960, 1968; Scheibner in Buday
etal., 1967; Andrusov, 1968, 1974).V principe rozlisili netekto-
nické (napr. rify, olistolity, bloky v zosuvoch) a tektonické typy
bradiel — 8vajc€iarsky (prikrovové trosky), moravsky (Supiny
v Celach prikrovov) a pieninsky (s viacerymi podtypmi,
ako je rudinsky, vrSatecky, pieninsky s. s.), ako aj bradla
typu Czerwonej skaly (diapirové Struktdry — raisins in cake
Birkenmajera, 1960). Takato klasifikacia by z morfoStrukturnej
stranky azda obstala aj dnes (s vynimkou diapirovych
Struktur, ktorych existenciu nepotvrdzujeme), ale ziada sa do
nej silnejSie zaviest aj genetické aspekty. Preto sa navrhuje
klasifikovat bradla podla dvoch zakladnych kritérii, a to 1) podia
spOsobu ich separacie (geneticky aspekt) a 2) generalneho
uhla sklonu ich dominantnej foliacie (morfoStrukturny aspekt).
Podla genézy sa rozliSuju primarne (A1 — tektonické, t. j.
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spravé“ — v principe ide o budiny, a A2 — sedimentarne)
a sekundarne bradla (B1 — erdézne, B2 — gravitacné a B3
— antropogénne modifikované). Ak je foliacia subhorizontalna
(X), bradla zvycajne tvoria aredlové (plosné) skupiny, ak je
subvertikalna (Y), ide o linearne (radové) skupiny.

Kombinaciou obidvoch aspektov sa ziskaju nasledujice
typy bradiel a ich skupin: A1X — plata a mozaikové skupiny,
A1Y — najcastejSie vretenovité bloky a ,jasteriCie” chrbty, A2X
aj Y — olistolity a ich skupiny (su podstatne rozSirenejsie, ako
sa doteraz predpokladalo), B1 — ¢asto len erdziou vyprepa-
rované brachyklindly (,rebra®), B1X — stolové a svedecké
hory, ,korytnacie” chrbty (B1-2X), B1Y — skalné veze a ihly
(resp. mogoty) a kozie chrbty (kvesty), B2 — rézne ,zvalené®
a ,stratené” bradla (bloky) a ich skupiny v zosuvoch; morfo-
I6giu B3 modifikuje ob&asna lokalna tazba (,otesance”).

Podla vnutornej stavby mozno rozlisit aj jednoduché
bradla, ktoré tvori tektonicky nepreru$eny litostratigraficky
sled (Casto len jedno suvrstvie &i ¢len), a zlozené, ktoré
buduje viac tektonickych Supin s opakujucim sa sledom.

Treba poznamenat, Ze navrhované kategodrie su vlastne
len koncovymi ¢lenmi a v mnohych pripadoch sa v bradlach
kombinuju znaky dvoch alebo aj viacerych typov. Prakticky
su vSetky primarne bradla, pokial sa objavia na zemskom
povrchu, ovplyviiované sekundarnymi procesmi. Tieto procesy
vSak mozu vytvorit bradlam podobné formy aj z ¢asti sukcesii,
ktoré povodne nemali charakter primarnych bradiel.

Ucelom tejto klasifikacie je lepsie odligit primarne bradla,
najma tektonické, od bradiel, na ktorych vzniku sa v podstatnej
miere zucastnovali sekundarne procesy. Klasifikaciu ilustruju
priklady z rozliénych €asti pieninského bradlového pasma.

Praca vznikla s finanénou podporou Agentury na podporu vyskumu
a vyvoja (projekt APVV-0465-06 “Tectogen”).

R. AUBRECHT, J. SCHLOGL, M. KROBICKI, H.
WIERZBOWSKI, B. A. MATYJA a A. WIERZBOWSKI:
Co je stromatactis?

Struktury typu stromatactis sa definuji ako masy sparitu
(sCasti zastupujuceho sa s internym sedimentom) s plochou
bazou a bizarnym stropom, ktoré sa vyskytuju v zhlukoch
a tvoria navzajom poprepajany systém. Vyskytuju sa najma
v tzv. stromatactisovych kalovych kopcoch (mud mounds). Ich
pbvod, ako aj pévod kopcov bol doteraz zahadou, a to napriek
vySe storo€nému intenzivnemu vyskumu. Stromatactisové
kalové kopce su zname od mladSieho proterozoika
s maximom vyskytu v paleozoiku (najmé v devone a karbdne).
V mezozoiku su vzacne. Ich vyskyty sa uvadzaju hlavne
z jury, napr. z liasu Vychodnych Alp a Sicilie, z oxfordu juzného
Nemecka, juzného Polska, Nového Skotska a kimeridzu
Portugalska.

Nas vyskum sa sustredil na novoobjavené strednojurské
vyskyty v czorsztynskej jednotke bradlového péasma
Slovenska a Ukrajiny — Slavnické podhorie, Babina, Velyky
Kamenec a Priborzavskoje. Tieto kalové kopce su bajockého
az kelovejského veku. Stromatactisové Struktury sa vyskytuju
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v mikropeloidalnych mikritickych vapencoch obsahujucich
faunu echinodermat, brachiopéd a miestami amonitov.
Mikropeloidalny matrix je typicky pre stromatactisové kalové
kopce a je pravdepodobne mikrobialneho p6vodu. Na
troch zo spomenutych lokalit sa stromatactisy vyskytuju aj
v krinoidovych vapencoch, ¢o sa doposial v literatire uva-
dzalo len zriedka. Stromatactisy spogiatku vypifia radiaxidlny
fibré6zny kalcit a miestami aj interny sediment. Zavere¢nu
vypln tvori Eiry blokovy kalcit.

Na vSetkych skimanych lokalitach sa pri mikroskopickom
Studiu v sedimente nasli ihlice a ulomky kostier kremitych
hubiek. V Slavnickom podhori su stromatactisové Struktury
pozitivne vyvetrané z horniny. Na navetranych vrchnych
plochach sparitovej vyplne sa podarilo objavit poetné
odtlacky kremitych hubiek. Tym sa potvrdilo, Ze stromatactisy
boli dutiny po rozlozenych telach kremitych hubiek. Paralelnym
Studiom prierezov tychto stromatactisov sa ukazalo, ze
Struktdry hubiek sa nezachovali takmer nikde. Miestami zostali
iba relikty pévodnych pérov. To vylu€uje, ze by stromatactisy
boli len vyplnenymi dutinami pod previsnutymi hubkami
(shelter porosity), a potvrdzuje, Ze ide o skuto¢né dutiny po
rozlozenych hubkach. Tym sa podarilo vyrieSit vySe storoény
problém sedimentarnej petrografie.

Praca bola financovana z grantu agentury APVV (0465-06 a 0280-07)
a VEGA (1/2027/05).

E. HALASOVA: Calcareous nannofossils of the
Jurassic/Cretaceous boundary interval in the
Brodno section near Zilina (the Pieniny Klippen
Belt)

In the Brodno section, a possible candidate of Western
Carpathian regional J/K boundary stratotype, the continuous
Jurassic-Cretaceous pelagic limestone sequence outcrops.
It yields a record of hemipelagic marine sedimentation in
a marginal zone (the Pieniny Klippen Belt) of the Outer
Western Carpathians — the condensed red nodular limestones
of the “Ammonitico Rosso Facies” (the Czorsztyn Formation),
which represent the Kimmeridgian and Tithonian part of the
Kysuca Succession and Berriasian pelagic sediments of the
“maiolica” type (the Pieniny Limestone Formation).

Calcareous nannofossils were analysed in 40 smear
slides prepared from all lithologies under a light microscope
at magnification x1250. The abundance was determined
by counting 200 specimens in each sample. Eighteen
nannofossil species have been determined in our sample
collection. The nannofossil zonation of Bralower et al.
(1989), as modified by Tavera et al. (1994), was used. Two
nannozones: the Conusphaera mexicana mexicana- and
the Microstaurus chiastius zones were distinguished in the
Western Carpathians with Polycostella beckmanii Subzone;
the latter one consists of the Hexalithus noeliae- or NJK-A,
NJK-b- and NJK-c subzones.

Calcareous nannofossils formed poorly diversified
associations at the J/K boundary. The abundance of
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Watznaueria spp., Cyclagelosphaera spp., Conusphaera
spp., and Polycostella spp. is relatively high in the studied
section. Other nannofossils are rather rare. Conusphaera
predominates in the Tithonian nannofossil assemblage
(showing the middle Tithonian peak). Polycostella increased
in abundance during the Boneti Subzone of the Chitinoidella
Zone. The Middle and Upper Tithonian boundary was
determined by the FO of Helenea chiastia coccolith
accompanied by the first small nannoconids. Small nanno-
conids appeared during Upper Tithonian and increased
in size and abundance during Berriasian. Polycostella
group diminished in abundance towards the onset of the
Crassicollaria Zone. The Upper Tithonian interval was limited
by the FO’s of Litraphidites carniolensis, Nannoconus infans,
Nannoconus wintereri and Cruciellipsis cuvillieri within the
frame of the Microstaurus chiastius Zone, which is correlated
with the standard Crassicollaria Zone. From the point of view
of nannofossil stratigraphy, the Tithonian/Berriasian boundary
interval should be limited by the FO of Nannoconus wintereri
(sample C 17 —the UpperTithonian), and the FO of Nannoconus
steinmanni minor (sample C28 — the lowermost Berriasian).
In the frame of this interval the onset of Alpina Subzone of
standard Calpionella Zone also lays (the C23A—C25A beds),
which is identified with the calpionellid J/K boundary Zone.

This section comprises calpionellid stratigraphic record,
and the older paleomagnetic data. The sequence stratigraphy
and stable isotope (§'80, §'3C) data gave good results, too,
enabling comparison of the sequence with important key
sections in the Mediterranean Tethys area.

Acknowledgement. This is a contribution to the UNESCO IGCP
Project No. 506, supported by VEGA grant projects 6026, 2035 and
3178, APVV-0465-06, APVT 51-011305 and Project APVV-0280-07.

D. REHAKOVA: Microfacies analysis and microfossil
stratigraphy of the Jurassic and lowermost
Cretaceous of the Veliky Kamenets section (Pieniny
Klippen Belt, Carpathians, Western Ukraine)

The Veliky Kamenets section at the Novoselica village
represents the key section of the Pieniny Klippen Belt of the
Western (Transcarpathian) Ukraine. The section is exposed
in the large and long time active quarry, where the massive
Jurassic limestones, including especially those of the
ammonitico-rosso type, have been exploited and polished as
the so-called “Neresnica Marbles” It was described already
by Matéjka (1929) and Andrusov (1945). The following
lithostratigraphic units have been distinguished in the studied
section (cf. Krobicki et al., 2003; Lewandowski et al., 2005):
white, soft, arkosic sandstones (unit 1); black and grey shales
with spherosiderites and intercalations of sandstones and
oyster lumachelles (unit 2); limestones (unit 3) subdivided into:
crinoidal limestones (unit 3A), lower nodular limestones (unit
3B), cherty limestones/radiolarites (unit 3C), upper nodular
limestones (unit 3D), pink micritic limestones (unit 3D/E),
white micritic limestones (unit 3E); organogenic limestones
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and calcareous breccias alternating with volcanogenic
rocks (unit 4). These units were studied in details from the
viewpoint of their microfacies and the content and distribution
of calpionellids and calcareous dinoflagellates.

The occurrence of Colomisphaera fibrata (Nagy)
together with Cadosina parvula Nagy, in upper part of the
unit 3B, as well as at the base of the unit 3C suggests the
Late Oxfordian age of the deposits which may correspond
to the dinoflagellate Fibrata Acme Zone (Rehakova, 2000).
Rich assemblage consisting of abundant Cadosina parvula
Nagy in the uppermost part of the unit 3C is typical for the
Lower Kimmeridgian Parvula Acme Zone. Stomiosphaera
molluccana Wanner, the index species of the Upper
Kimmeridgian Mollucana Zone were determined in the
lowermost part of the unit D. Younger deposits, about 1 m
above the base of the unit 3D, contain Carpistomiosphaera
borzai (Nagy) indicating the Upper Kimmeridgian Borzai
Zone. Still higher, at about 2 m above the base of the unit,
Colomisphaera pulla (Borza) occurs. This form represents the
index species of the uppermost Kimmeridgian to lowermost
Tithonian Pulla Zone. It is followed by rich assemblage of
calcareous dinocysts with Carpistomiosphaera tithonica
Nowak which indicates the Lower Tithonian Tithonica Zone.
The data indicate that the boundary between the Kimme-
ridgian and Tithonian runs in the upper part of the unit 3D,
about 3—-4 meters above its base.

The younger nodular limestones of the unit 3D yields
Parastomiosphaera malmica (Borza), the form typical for
the Lower Tithonian Malmica Zone. On the other hand, the
sample taken about 6 meters above the base of the unit
contains the first chitinidellid — Longicollaria dobeni (Borza),
the form typical for the Middle Tithonian Dobeni Subzone of
the standard Chitinoidella Zone. Similiar stratigraphic interval
is suggested by the occurrence of abundant Cadosina
semiradiata fusca (Wanner), found about 7 m above the base
of the unit, and corresponding possibly to the dinoflagellate
Semiradiata Zone. The occurrence of Chitinoidella boneti
Doben in sample placed about 8 m above the base of the unit,
indicates the Middle Tithonian Boneti Subzone representing
the upper part of the Chitinoidella Zone. The upper part of unit
3D with Praetintinnopsella andrusovi Borza belongs to the
Praetintinnopsella Zone. It covers the uppermost part of the
Middle and the lowermost part of the Upper Tithonian. In the
uppermost part of the unit as well as in the lower and middle
parts of the unit 3D/E calpionellid forms of the Remanei
and Brevis Subzones of the Upper Tithonian standard
Crassicollaria Zone were identified.

The sample from the upper part of the unit 3D/E, about 3.25
m above its base yielded a younger assemblage of calpionel-
lids consisting of abundant spherical forms of Calpionella
alpina Lorenz indicating the Lower Berriasian standard
Calpionella Zone. Still younger calpionellid assemblage has
been recognized in the sample placed at 6.20 m above the
base of the unit. It contained Remaniella ferasini (Catalano),
the index marker of the Lower Berriasian Ferasini Subzone
of the Calpionella Zone. A new assemblage of calpionellids
with the Calpionella elliptica (Murg. et Filip.) was observed in
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the uppermost part of the unit 3E. This form represents the
index species of the Middle Berriasian Elliptica Subzone of
the Calpionella Zone. Biogenic limestones of the lower part
of unit 4 contain Calpionellopsis simplex (Colom) indicating
the Simplex Subzone of the Upper Berriasian Calpionellopsis
Zone. The biogenic limestones alternating with breccias
composed of micritic limestone clasts, and pyroclastic layers,
representing a higher part of the unit 4, yielded Calpionel-
lopsis oblonga (Cadisch), the index species of the Oblonga
Subzone of the Upper Berriasian Calpionellopsis Zone.

Acknowledgement.This is a contribution to the projects APVV-
-0465-06, APVT 51-011305, APVV-0280-07, APVV-0248-07 and to
the UNESCO IGCP Project No. 506.

J. JANOCKO, S. JACKO and S. BUCEK: Paleogene
Tokaren conglomerate (Zdiar): Deep-water vs.
terrestrial origin

Tokaren conglomerate, cropping out on the foothill of
Belianske Tatry Mts. near village Zdiar, is a member of Late
Eocene-Oligocene Huty Formation and represents a part of
the sedimentary fill of the Inner-Carpathian Paleogene Basin.
The lithologically conspicuous sediments have been descri-
bed (and interpreted) by several geologists. Passendorfer
(1958) considered them as alluvial fan deposits while Andrusov
(1965), based on their geometry, interpreted them as deep-
-sea sediment. The idea was later developed by Marschalko
and Radomski (1970) who brought evidence suggesting the
origin of the conglomerates in the submarine canyon. This
interpretation was confirmed by sedimentological studies of
Janoc¢ko and Jacko (1998, 2003) and Janocko (2002).

The conglomerates are sandwiched by mudstones
representing the main lithotype of Huty Formation, however,
new detail mapping also revealed their direct contact with
conglomerates and breccias of the basal Borové Formation.
The formation of the conglomerates is constrained by the
Early Oligocene age yielded by foraminifera samples taken
from the underlying and overlying mudstones. The member
consists of conglomerates and breccias thick up to 130 m
capped by sandstones with total thickness of up to 30 m. The
conglomerates and breccias clasts are prevailingly composed
of underlying Triassic carbonates building up the basement of
the basin in this area, however, minor amount of clasts (mostly
well-rounded quartz) indicates more distal source areas.
Some carbonate clasts show weathered rims. Occasionally,
clasts are composed of conglomerates and sandstones
from underlying Paleogene deposits. They may obtain large
foraminifers revealing Middle—Late Eocene age. The amount
of quartz clasts considerably increases in the overlying
sandstones building the uppermost part of the member.

The conglomerate is arranged in several cycles with
upward thinning trend, separated by thin intervals consisting
of granule and sandstone. The maximum thickness of the
cycle interval, described at the base of succession, is 16 m.
The thickness of cycles varies and increases westward.
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The conglomerate is prevailingly massive, however,
normal and reverse grading as well as horizontal and inclined
bedding have also minor occurrence. The internal organization
of beds, being mainly in the lower part of the succession
frequently amalgamated, improves upward. Scours and
shallow channels are typical. The axes of shallow channels,
developed in finer-grained sediments separating individual
conglomeratic packages, suggest paleoflow direction in the
interval W to NNW.

The sandstone, comprising the topmost part of the
Tokaren conglomerate Member, is massive, often normally
graded, planar and trough cross-stratified. It forms thin- to
medium-thick beds. The few flute casts and groove casts
suggest paleoflow direction toward NW.

The sedimentary structures and textures of Tokaren
conglomerate, its cyclical characteristics and sheet-like
geometry of conglomerates comprising individual cycles
pinching out toward east strongly suggest catastrophic
depositions on the foothill of seismically active emerging
mountains. The individual events of rapid sediment delivery on
the foothill were separated by longer, quiet periods when thin
granule and sandstone layers were deposited. The characteris-
tic of the sandstones, capping the entire succession, suggests
deposition in shallow marine environment suggesting relative
sea level rise. Thus, the proposed interpretation questions the
deep-marine origin of the Tokareri conglomerate and basically
comes back to the original idea of Passendorfer (1958).

Acknowledgement. This contribution is a part of the grant VEGA
No. 1/3061/06.

D. PIVKO: Kritéria na rozliSovanie miocénneho
vapenca z rozlicnych lokalit v okoli Bratislavy

V SirSom okoli Bratislavy ako sucast vyplne viedenske;j
panvy vystupuju polohy badenského a sarmatského vapenca.
Su na svahoch Devinskej Kobyly (Misik, 1997), Hainburskych
a Litavskych vrchov (Wessely et al., 2006). Tieto druhy
vapenca sa od rimskych Cias vyuzivali ako stavebny
a dekoraény kamen. Stopy po starovekej a stredovekej tazbe
su napr. v Litavskych vrchoch a v ich okoli v kamenolome
St. Margarethen, Mannersdorf, Winden a Breitenbrunn
(Rohatsch, 2005), v Hainburskych vrchoch Wolfsthal, Hain-
burg a medzi Bad Deutsch Altenburgom a Hundsheimom
(Rohatsch, 1997, 2005) a na jz. svahu Devinskej Kobyly
pri Devine. Vapenec z jednotlivych lokalit sa pre Casto
podobné znaky a velku premenlivost v rdmci jednej lokality
rozliSuje tazko, a preto sa hladaju kritéria na jeho rozliSenie.
Dominantnym typom na spomenutych lokalitach v badene
je riasovy vapenec (litavsky). Okrem Eervenych rias obsahuje
foraminifery, miestami vela machoviek, echinodermat, ustric
a inych lasturnikov. V niektorych typoch je primes klastického
materidlu az do takej miery, ze sedimentarnu horninu mozno
nazvat zlepencom alebo brekciou. Vela klastického materialu
je v pribreznych faciach v Hainburskych vrchoch a na Devin-
skej Kobyle. V sarmate je znamy ooliticky a lumachelovy
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vapenec s hojnymi lastirnikmi alebo ulitnikmi. Cisty ooliticky
vapenec sa zaraduje lahko, lebo sa vo velkej miere vyskytuje
iba pri Wolfsthale. Spolahlivym kritériom na rozliSenie podob-
ného hrubozrnného karbonaticko-siliciklastického pieskovca
az konglomeratov badenského veku je typ klastickej primesi,
ktora zavisi od podloznych hornin. Na lokalitach medzi loka-
litou Bad Deutsch Altenburg a Hundsheim prevladaju klasty
sivého triasového dolomitu a vapenca. Pri Hainburgu je okrem
nich podstatna primes ruzového vapenca a kremena. Pri De-
vine je hojna primes dobre opracovaného kremena pochadza-
juceho zo spodnotriasového kremenca alebo zlepenca permu.
Jednotlivé typy pomahaju rozliSit aj makrofosilie. Okrem
prevazujucich koralinnych rias je v Devine aj hojne machoviek
a pri Hainburgu ustric. Rodolity sa nasli medzi lokalitou
Bad Deutsch Altenburg a Hundsheim, ako aj na Devine.
V Litavskych vrchoch je v prevahe karbonaticky pieskovec
s Castymi riasovymi hluzkami s minimalnou klastickou pri-
mesou. Ojedinely je rifovy riasovy vapenec (napr. v Mannes-
dorfe). Charakteristicky je aj Cisty karbonaticky pieskovec
(napr. St. Margarethen). Dal$im kritériom je spevnenie sedi-
mentov. Najviac litifikovany s malou pérovitostou je vapenec az
brekcia medzi lokalitou Bad Deutsch Altenburg a Hundsheim
a niektoré druhy riasového vapenca v Litavskych vrchoch.
Dal&im kritériom budu rozdiely spologenstiev foraminifer
alebo inych organizmov na rozli¢nych lokalitach. Pozitivhe
vysledky azda prinesu aj stabilné izotopy O a C.

Prispevok vznikol vdaka podpore grantu APVV 0280-07.

R. ARDON: Miocene sharks from the surrounding
of Velky Krtis

Presented work is devoted to geological description of
chosen localities Horné Strhare, Horné Pribelce and Stredné
Plachtince with the principal findings of sharks as well as their
description and categorization of individual species into the
system. Altogether twenty one taxa of selachian teeth have
been recovered from these localities: Hexanchus sp., Notor-
hynchus 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., Galeocerdo aduncus,
Physogaleus singularis, as well as some rests of Aetobatus
sp.and some rests of angular fish (Osteichthyes) — Sparidae. The
shark assemblage includes pelagic and also bentic species.

The article is also based on interpretation of sedimentolo-
gical storage interbed, whereabouts together with the descri-
bed taxons provides the summary about the paleoecological,
paleoclimatological and paleogeographical conditions.

The locality Horné Strhare is one of Slovak and perhaps
one of world most important paleontological locations with
the appearance of the taxa Carcharocles megalodon.

Right selachian belong among the majority of found fossil
rests.
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A. CERNANSKY, P. HOLEC and M. SYKORA: A new
locality with a fossil record of the Upper Miocene
mammals in Western Carpathians (the Tribe¢ Mts.,
Slovakia)

New Upper Miocene mammal finds from the new locality
Hrdovicka Hill in the Tribe¢ Mts. are described. Denudation
remnants of freshwater sediments occur at the western mar-
gin of the Tribe& Mts., about 1 km E of the village Celadince.
The fossils have been found in the white cream-coloured
limestone and also in the green-grey and rustily-coloured
clay layers. According to Fordinal et al. (1996), the sediments
on the Hrdovicka Hill belong to the H-zone. The formation
near Celadince represents a parastratotype locality for the
Hlavina Member. The sedimentation took place in freshwater
environment. The sediments contain a lot of terrestrial and lake
gastropods. The first record of the vertebrate fauna from the
locality Hrdovicka Hill consisted of fragmentary material of the
Pannonian mammals. Material is represented by an archaic
population of the species Hippotherium cf. H. primigenium
and remains of the family (?) Mastodontidae. The mandibular
fragment of Hippotherium comes from the typical white
cream-coloured limestone present in the middle part of the hill.
It preserves the rare milk dentition. The exact determination of
the milk dentition is very difficult because there is not certainly
determined comparative material and bibliographical data.
The typical feature of this sample is that crowns of all three
teeth have very long and relative narrow occlusal surface.
The isolated upper molar M1,2 of Hippotherium cf. H. primi-
genium has very richly plicated enamel. Such hipparionine
horses belong to the primitive archaic forms of the group of
H. primigenium. Recent research on European Hippotherium
has shown that the earliest locally with occurring members
of this clade had highly complex enamel plications.
The typical feature of increased plication frequency of pre-
and posfossette is particularly remarkable feature for the
genus Hippotherium evolved in the Central and Western
Europe following the “Hipparion Datum” For this reason, the
exact age of this formation is not clear. The new fossil material
of hipparions from the locality Hrdovicka Hill extends our
knowledge as for the population state of the Upper Miocene
hipparionine horses in the Western Carpathians.

Acknowledgement. This project was partially supported by the
Developing Fund of Comenius University, Grant UK/305/2008.

M. HYZNY: Jaxea kuemeli (Decapoda, Thalassinidea,
Laomediidae) from the Badenian of the Plastovce
Member (Novohrad — Négrad Basin)

The studied locality is situated in the Ipel Depression of
the Novohrad-Nograd Basin of the southern Slovak-northern
Hungarian sedimentary area (Vass, 1955), where the
volcanosedimentary complexes composed mainly of facies
of epiclastic sandstones and slamp bodies of conglomerates
occur (Vass, 1971). The stratigraphic dating is based mostly
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on foraminiferal associations and indicates the Upper
Badenian age (Vass, 1965; Zlinska and Sutovska, 1991;
Kovac et al., 1999). Several animal groups were documented
in outcrop situated in the Plastovce village including bivalves,
gastropods, irregular echinoids, decapods and most recently
also insects represented by a single caddis-fly specimen
(Sukatcheva et al., 2006).

Here presented specimen of isochelate laomediid
representative Jaxea kuemeli consists of the complete
carapace, right chela, last four abdominal somites and
telson with uropods. This species was firstly described by
Bachmayer (1954) on the basis of sole specimen collected
from Martinsdorf in Austria (Upper Tortonian). According to
Bachmayer (1954), the species is extremely close to the
only European representative of this genus Jaxea nocturna
Nardo, 1847 and the difference lies in its smaller size and
slightly more slender form. Delle Cave (1988) reported thirty
fragmented adult specimens from the Lower Pliocene of
Tuscany (ltaly) being identified as Jaxea cf. nocturna. He
pointed out that it is not possible to differenciate them from
the extant J. nocturna species and therefore it should not be
justified as a new species. According to Muller (1993), the
same can be applied to J. kuemeli Bachmayer, 1954.

The new fossil material from the village Plastovce is very
well preserved, so it is possible to describe also rostrum,
minute details in chela morphology and also the shape of
telson and uropods. These characters are not preserved on
the type material and thereby it is possible to emend the
original description of Bachmayer’s species.

Using the paleogeographic and stratigraphic distribution
pattern we can divide the European fossil findings of Jaxea
into two groups: the Mediterranean (Miocene — Pliocene) and
the Paratethyan (Miocene). These are distinguishable also
through the morphology of chelae, which is slightly different
in the Miocene Paratethyan forms. This distinction lies in the
presence of the median triangular tooth of the fixed finger in
the extant J. nocturna and also fossil findings regarding as
J. cf. nocturna (Delle Cave, 1988; Muller, 1993; Mayoral et
al., 1998). The second difference is in the size of rostrum,
which is considerably smaller in the Paratethyan form. On
the basis of these characters it is possible to distinguish two
distinctive forms, and thereby accept the species of J. kuemeli
Bachmayer, 1954.

Acknowledgement. | would like to thank P. VrSansky (Geological
Institute, Slovak Academy of Sciences) for allowing me to study
specimen presented here.

N. HUDACKOVA and |. KOUBOVA: Morphological
changes of the Globigerina bulloides d Orbigny,
1826 (Foraminifera) in the Upper Badenian sedi-
ments (Devinska Nova Ves, Slovak part of Vienna Basin)

Globigerina bulloides d’Orbigny, 1826, was one of
the most abundant species in the planktonic foraminiferal
assemblage obtained from sediments of the Devinska Nova
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Ves profile. Due to its potential for paleoecological and
paleoclimatological interpretations, we picked all varieties of
the taxon and analysed the abundance, coiling, shell size and
teratology in all samples in the studied sediments.

Blue—grey clays and silty clays with few lithified layers from
the Devinska Nova Ves profile (ca. 15 m) are being ranked
into the Middle-Upper Badenian (Serravallian) age from the
Jakubov and Studienka formations. Planktonic foraminiferal
assemblage consists mainly of Globigerina bulloides group,
Globigerina praebulloides, Turborotalita quinqueloba
species. We classified G. bulloides, G. diplostoma, G. sp.
cf. diplostoma as the most abundant Globigerina bulloides
group. Abundance of mentioned group significantly increased
towards the top of the profile, reaching around 80-90 % of
planktonic assemblage from the depth 12.6 m. Size of the
G. bulloides shells reached 0.3-0.4 mm, the biggest one
(0.512 mm) comes from the depth 0.3 m. General trend
shows increasing size from the bottom up to the top of profile,
with some excursions around 8.2 m responding to increase
of right coiled shells and to samples with the occurrence of
oxide benthos. The smallest specimens represent left coiled
shells in interval 5.2—6 m. Abundance of the teratologic shells
of the G. bulloides occurred in the upper part of the profile
and represents atypical setting, size and wall structure of
the last chamber. Deeper parts of profile contain forms with
a reduced final chamber, similar to Globigerina quadrilata
and upper parts with bigger last chamber shifted up, similar
to G. diplostoma. Globigerina bulloides is most abundant
in water masses at high southern latitudes and has distinct
maxima in high northern latitudes and low latitude upwelling
regions. Its recent geographic distribution and data from
other authors show a preference for productive environments
(Brock et al., 1992; Duplessy et al., 1981; Hemleben et al.,
1989; Kipp, 1976; Thiede, 1983; van Leeuwen, 1989; Zhang,
1985; Majewski, 2003), where G. bulloides may be related
to the phytoplankton bloom succession. According to Bé
et Hamlin (1969) we suppose water temperature around
14-13 °C in the parts with shells bigger than 0.5 mm.

Acknowledgement. Study was supported by grant APVV 0280-07.

M. JAMRICH: Vapnité nanofosilie profilu DNV-tehel-
na, biostratigraficka a paleoekologicka interpretacia

Vapnité nanofosilie sa Studovali z vrchnobadenskych
sedimentov z Devinskej Novej Vsi-tehelne (neogén, viedenska
panva) metdédou vysokého rozkladu (high resolution). Nové
vysledky sa vyuzili v biostratigrafii a paleoekolégii a su
podlozené kvantitativnou analyzou spolo¢enstiev vapnitych
nanofosilii zo 69 vzoriek Studovaného profilu. Hlavnou zloZzkou
sedimentu je sivy laminovany il s jemnymi viozkami sliefiovca.
Vek sedimentov bol datovany ako vrchny baden a koreloval sa
s nanoplankténovou zénou NN6 — Discoaster exilis, (Martini,
1971). Urcil sa druh Calcidiscus premacintyrei, Helico-
sphaera walbersdorfensis, Helicosphaera wallichii, Corono-
cyclus nitescens, Orthorhabdulus serratus a Sphenolithus
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abies.NajhojnejSie zastupenie vo vsetkych vzorkach ma taxén
Reticulofenestra haqii, ale dominantny je aj Reticulofenestra
minuta, Coccolithus pelagicus, Holodiscolithus macroporus
a Syracosphaera pulchra. UrCilo sa 47 neogénnych a 98
redeponovanych druhov zo sedimentov kriedy a paleogénu.
Podla zistenej nanofléry mozno celkovo predpokladat
teplomorské podmienky normalnej salinity a priamy kontakt
s otvorenym morom. Polohy s vad&8im poctom exemplarov
chladnomilného druhu Holodiscolithus macroporus indikuju
cykly relativneho ochladzovania vo vrchnom badene. Zistena
nanofléra sa da dobre korelovat s vrchnobadenskymi
nanospolo&enstvami zo vzoriek vrtu Malacky 26 z hibky
okolo 800 m. Vrchnobadensky vek potvrdzuju aj spolo¢enstva
dierkavcov buliminovo-bolivinovej zény a druh Pappina
neudorfensis. Pri Statistickom hodnoteni sa pouzila diverzita,
grafy dominancie a klastrové analyzy a vysledky sa pouzili pri
interpretacii paleoprostredia Studovanej oblasti.

Praca vznikla za podpory projektu APVV-0280-07.

L. POSVANCOVA a P. HOLEC: Kone Equus
germanicus Nehring 1884 (Mammalia, Equidae)
vrchného pleistocénu z paleolitického naleziska
v Tren€ianskych Bohuslaviciach

Na archeologickej lokalite v Tren¢ianskych Bohuslaviciach
sa v sprasovych sedimentoch okrem rozliénych artefaktov
a viacerych fosilnych druhov cicavcov nasli aj fosilne kone
druhu Equus germanicus Nehring 1884. ISlo o zuby, ale ojedi-
nele aj o distalne hlavice dlhych kosti (holenna kost = tibia).

V prispevku podrobne opisujeme zuby koni, venujeme
sa ich determinacii a moznému vyuzivaniu v paleoekoldgii
a stratigrafii Stvrtohornych sedimentov. Nalezy porovnavame
s nalezmi koni z lokalit na Morave a v Dolnom Rakusku. Kone
zili v stadach vo vrchnom pleistocéne (vo vislane), ked sa
zvacSovali stepné oblasti. Na existenciu potrebovali otvorené
stepné oblasti s moznymi riedkymi ostrovéekovitymi lesikmi.
Nezili v zapojenom lese a zivili sa travou rastucou skor vo
vlhkejSich oblastiach ako v suchych stepiach.

V Trencianskych Bohuslaviciach sa naslo 60 zubov druhu
Equus germanicus (z toho 27 premolarov, 29 molarov a 4
rezaky). Mechanicky su zuby malo posSkodené. Popri zuboch
sa Studovali aj distalne epifyzy piatich holennych kosti — tibii.

Popri kofioch (Equus germanicus) sa na Uzemi, ktoré
sme skumali, nasli aj soby (Rangifer tarandus) a mamuty
(Mammuthus primigenius), ojedinele bobor (Castor fiber)
a polarna liska (Alopex lagopus). Zaroven sa tam vyskytovali
aj chladnomilné mékkysSe, a preto z paleoekologického
hladiska mozno konstatovat, ze druh Equus germanicus
z Tren€ianskych Bohuslavic vo vislane obyval chladnu step,
zivil sa rastlinnou potravou a popri nej mal dostatok vody.

Po porovnavani rozmerov zubov koni druhu Equus
germanicus na nalezisku Trencianske Bohuslavice a v Grub-
grabene sa prilo k zaveru, ze pri dizke a &irke zuba, dizke
protokénu, mezostylu, parastylu, ma vacsie rozmery kon
z Tren&ianskych Bohuslavic, ale ak ide o ¢lenenie fossy
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lunata ant. alebo post., pripadne o ich rozmery, vysSie
hodnoty nadobuda Equus germanicus z Grubgrabenu. Preto
sa mozno domnievat, Zze ¢asovy rozdiel medzi lokalitami
sposobil zmensenie rozmerov chrupu prip. celkové zmen-
Senie telesnych rozmerov priamo umerne s velkostou Celuste.
Mohol byt aj pri€¢inou zmeny v ¢&lenitosti zahybov fossy
lunata resp. zmeny rozmerov tychto zubnych elementov.
Pri porovnani so su¢asnym koriom mal kon z Trencianskych
Bohuslavic ovela vaéSie zuby a sklovinu na prednej aj
zadnej jamke zlozitejSiu, o je znak starSich koni.

Vekovo aj faunistickym zastupenim je Trencianskym
Bohuslaviciam na Morave najblizSia lokalita Milovice. Ich vek
sa datuje na 23 000 + 1000 rokov. Faunistické spolo¢enstva
obidvoch lokalit sa vyznacuju znanym zastupenim druhu
Mammuthus primigenius, zriedkavym Equus germanicus,
ale odliSuju sa zastupenim druhu Rangifer tarandus.

Dakujeme grantovej agenttre za pridelenie finanénych prostriedkov
na APVV-0280-07.

S. MERES, D. PLASIENKA, J. MICHALIK a S.
JOZSA: Lantanoidy — kronikar geologickej historie
zapadokarpatskych oceanskych sedimentov

Pri studiu pelagickych sedimentov z troch profilov
mezozoickych sukcesii Zapadnych Karpat sme aplikovali
podrobnu petrograficki a geochemicku analyzu. Jej cielom
bolo konfrontovat teoretické zavery o distribucii REE
v hlbokovodnych sedimentoch s realnymi udajmi a overit
moznosti ich vyuZivania v paleooceanografii.

Studovali sa (1) vzorky kremito-karbonatovych kalovych
sedimentov, ktoré sa zaraduju do strednojurského az
vrchnojurského zdiarskeho suvrstvia (Borza et al., 1980;
Michalik, 1985,2007), (2) vzorky ilovito-kremito-karbonatovych
kalovych sedimentov vrchného albu — vrchného cenomanu
tisalského a lalinockého suvrstvia (Muratov a Maslakova,
1950; Scheibner a Scheibnerova, 1958) a (3) vrchnojurské
ilovito-kremité pelagické sedimenty s Mn mineralizaciou
z lazianskeho suvrstvia belickej jednotky (PlaSienka et al.,
1994; PlaSienka a Ozvoldova, 1996).

Odlisné sedimentaéné prostredie a nerovnaké kvantita-
tivne zastupenie hlavnych zloziek v tychto pelagickych sedi-
mentoch vyjadruju tri trendy v zmene obsahu hlavnych prvkov.
(1) Pelagické sedimenty zo Zdiarskeho stvrstvia (PSZS)
tvoria trend typicky pre mieSanie sa (a) organogénneho
SiO, (radiolaria) a (b) chemogénneho?/organogénneho?
CaCOs. (2) Pelagické sedimenty tisalského a lalinockého
suvrstvia (PST&LS) vytvaraju trend typicky pre mieSanie sa
(a) organogénneho SiO, (radiolaria), (b) chemogénneho?/
organogénneho? CaCOj; a (c) siliciklastického materialu.
(8) Pelagické sedimenty lazianskeho suvrstvia belickej
jednotky (PSLSBJ) vytvaraju trend typicky pre mieSanie sa
(a) organogénneho SiO, (radiolaria), (b) siliciklastického
materialu (pelagického ilu) a (c) rozptylenej synsedimentarnej
Mn mineralizacie. Distribucia REE velmi dobre odraza odlisnu
povodnu litolégiu a prostredie sedimentacie Studovanych
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pelagickych sedimentov. (1) Distribticiu REE v PSZS
kontroluje zlozenie oceanskej vody a rozlicné kvantitativne
zastupenie SiO, a CaCOs. Tieto sedimenty z oceanskej vody
»zdedil* negativnu Ce/Ce*, €o je v sulade s ich organogénnym/
chemogénnym? poévodom. Pokles TREE s rastom obsahu
CaCOj; bol vysledkom ,zriedovacieho efektu“ CaCOj; na
celkovu ZREE. Spolo¢né prostredie sedimentacie vyjadruju
skoro idealne paralelné obrazy PAAS normalizovanych REE.
(2) Distribuciu REE v PST&LS okrem tych istych faktorov ako
v pripade PSZS ovplyviiuje aj pritomnost siliciklastického
materidlu, ktory indikuje pozitivna korelacia Fe,O; a K,O vs.
AlLO5 a relativne vySSie REE. NizSia hodnota negativnej
Ce/Ce* poukazuije na relativne mensiu hibku sedimentaéného
bazéna. Paralelné obrazy PAAS normalizovanych REE
indikuju spolo€né a stabilizované sedimenta¢né prostredie.
(3) Distribuciu REE v PSLSBJ kontroluje obsah REE v (a)
v organogénnom SiO, (radiolaria), (b) v siliciklastickom
materiali (pelagicky il) a (c) v Mn mineralizacii. Ploché
obrazy PAAS normalizovanych REE pelagického ilu bez
Ce/Ce* resp. s miernou pozitivnou Ce/Ce*, poukazuju na jeho
detriticky pdvod, na synsedimentarnu Mn mineralizaciu a na
oxida¢né podmienky v povodnom sedimentaénom prostredi.
V porovnani s oceanskou vodou, pre ktoru je charakteristicka
negativna Ce/Ce*, ma Mn mineralizacia vSeobecne typicku
poziciu Ce/Ce* a komplementarne charakteristiky REE. Preto
je pravdepodobné, Ze sucasna hodnota negativnej Ce/Ce* je
oproti pévodnej Ce/Ce* radiolaritov skreslena (nizsia). Analyza
celkového chemického zloZzenia PSLSBJ poukazuje na typické
oceanske podmienky. Silicity, ktoré vznikli diagenetickou
remobilizaciou SiO, z pelagického ilu, maju z neho zdedeny
zaznam REE. Silicity vzniknuvSie diagenetickou remobilizaciou
SiO, z radiolaritov maju zdedeny zaznam REE z radiolaritov.
Podrobna petrografickda a geochemicka analyza pela-
gickych sedimentov z troch réznych zapadokarpatskych
mezozoickych sukcesii potvrdila, Zze lantanoidy su dobrym
kronikarom geologickej histérie oceanskych sedimentov
v Zapadnych Karpatoch. Takyto vyskum ma perspektivu
v paleooceanografii, ale na spravnu interpretaciu je ne-
vyhnutna komplexna analyza oceanskych sedimentov.

Pracu podporila Agentura na podporu vyskumu a vyvoja na zaklade
zmluvy APVV-0571-06 a grant VEGA 1/4035/07 a 1/4039/07.

M. OLSAVSKY, V. SIMO a M. GOLEJ: Korelacia
spodnotriasovej sekvencie frankovského
(hronikum) a drienockého prikrovu (silicikum s. I.),
Zvolenska kotlina

Ciastkové prikrovy hronika a silicika na V od Banskej
Bystrice maju vo vyvoji spodného triasu viac spolo¢nych
znakov. OdliSnosti v spodnej €asti klastického vyvoja su
len vo vacésej hrubke ,kremencov” (ark6za, subarkdza, drobno-
zrnny zlepenec) benkovského suvrstvia oproti bodva-
szilaSskému, kde sa vyvinuli v mensom objeme. Nadlozné
Sunavské (hronikum) a szinské suvrstvie (silicikum s. |.) maju
Uplne rovnakeé litofacie a mozno ich bezprostredne korelovat
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aj podla identickej makrofauny. V drienockom (Hronsek,
Hrabovd) a vo frankovskom prikrove (Salkova, Pasienka) boli
v najvysSej Casti klastického vyvoja spodného triasu navyse
lokalizované litologické, sedimentologické, ichnologické a pa-
leontologické znaky reprezentujuce identicku stratigraficku
sekvenciu v obidvoch Ciastkovych prikrovoch. Tato sekvencia
je na rozhrani klastického a karbonatového vyvoja spodného
triasu. Jej Specifikom na obidvoch lokalitach je heterolitické
zvrstvenie v podobe SoSovkovitého a vinovitého zvrstvenia
(Ceriny z hrubozrnnejSieho materialu sa striedaju s hnedo-
¢ervenym prachovcom). Su tam ilovcové intraklasty, mikro-
Ceriny (wrinkle structures), laminacie a drobnoskalové
krizové zvrstvenie. Dal$im diagnostickym znakom je vyskyt
ichnofosilii. Na lokalite Hronsek-Hrabovéa v drienockom
prikrove ich charakterizuje monoténne ichnospolo¢enstvo.
Dominantnou ichnofosiliou je Diplocraterion a len ojedinele
sa nachadzali ichnofosilie Skolithos. Vzacne sa objavovali
aj fragmenty masivnejsich Sikmych stdép s priemerom az 20
mm. Vo frankovskom prikrove (Salkova, Pasienka) je na prvy
pohlad r6znorodejSie ichnospolo€enstvo. Diplocraterion nie
je jeho dominantnou sucastou. Su tam dva typy masivnejSich
bioturbacii. Spoloénym ichnologickym znakom obidvoch lokalit
je vyskyt ichnofosilie Diplocraterion, ako aj celkova prevaha
vertikalnych stdp v obidvoch sekvenciach. Na obidvoch
lokalitach sa na$la aj makrofauna. Z nizkodiverzifikovaného
spolocenstva lasturnikov je pre obidve lokality spoloény rod
Anodontophora sp., ale bohatSie spolo¢enstvo pochadza
z lokality Hronsek (Hrabova), kde je dominantne zastupeny
rod ,,Myophoria® sp. juv. a vyskytuje sa aj rod Pleuromya sp.
a Pseudomonotis-Entolium? sp. Drobné schranky pravych
aj lavych lastur zachované ako vnutorné jadra su prevazne
kompletné a nenesu znaky transportu. Na obidvoch lokalitach
je zachyteny Specificky vyvoj generovany v prostredi
tidalnych plosin, estuarii. V SirSom stratigrafickom zazname
ide o prechod z brakického do marinného sedimentaéného
prostredia. Vznik tejto sekvencie pravdepodobne suvisi
s transgresiou, otvorenim a prehlbovanim sedimentaéného
priestoru. Korelacia spodnotriasovej sekvencie obidvoch
Ciastkovych prikrovov (frankovského a drienockého) na V
od Banskej Bystrice prezradza, ze nevyhnutne nemusi ist
o dva vzdialené tektonické elementy. Skor je pravdepodobné,
ze v pbvodnej paleogeografickej konfiguracii boli tieto dve
sedimentacné oblasti (hronikum a silicikum s. I.) blizko seba.

M. HOFFMAN and F. MARKO: Deformation of the
Mala Fatra Mts. granitoid body in the Dubna skala
area (Western Carpathians)

In the area of Dubnd skala, situated within the granitoid
body of the Mala Fatra Mts., the deformational processes are
recorded in the brittle and brittle-ductile structures. There are
two dominant systems of faults — shear zones, observable
in the outcrop located NE-SW at the road cut under
reconstruction, forming temporarily instructive rock defile.
System of shear zones trending NE-SW with moderate dip
to NW and system of generally E-W trending faults dipping
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to the SE were found. Minor N-S trending sinistral strike-slips
and oblique ESE-WNW sinistral/reverse faults dipping to the
SSW were observed as well. Kinematics of these faults was
interpreted mainly by evaluation of asymmetric structures as
fracture steps and Riedel shears, observed at the slickenside
surfaces.

The fault-slip data gained from the outcrop — the road
cut were processed by paleostress analysis. Direct inversion
method was used. Two distinctive tectonic events have been
distinguished. As the main paleostress event responsible
for fault activity stress field with NW—SE compression (o
147°/3°) and subvertically oriented minimum principal stress
axis (o3 249°/74°) has been determined. It generated or
reactivated reverse, resp. thrust faults. Some steeply dipping
discontinuities were reactivated as sinistral strike-slips as
well. This strong paleostress event has been described in this
part of the Western Carpathians as the Lower Miocene one
(Marko et al., 1995).

During the younger tectonic-paleostress event the
orientation of the stress field axes persisted, but the shape of
stress ellipsoid changed. Stress axes o, and o3 were mutually
substituted. Maximum principal stress axis o4 was reoriented
to subvertical position, meanwhile o3 became subhorizontal.
This stress redistribution reactivated NE-SW thrusts as
normal faults. This Middle Miocene — up to Pliocene event
is responsible for the origin of the Mala Fatra Mts. marginal
faults (HOk et al., 2002).

The samples from the shear zones for Ar-Ar dating were
collected to confirm rigorously the age of above described
single paleostress events, so far inferred only structurally. The
samples are currently under preparation for dating procedure.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract APVV-0279-07 and by
the Comenius University grant G-08-100-00 FO 0942 111.

|. PESKOVA and J. HOK: Quaternary dynamics of the
Liptovska kotlina Basin inferred from the travertine
deposits disruption and Vah River terraces
asymmetry

The Liptovska kotlina Basin is situated in northern part
of Slovakia. It is east—west elongated structure filled with
the Paleogene sediments. The study area is situated in the
westernmost part, where the travertine occurrence and well-
-preserved fluvial terraces are present. The age of travertine
deposits is Pleistocene and Holocene (Némejc, 1928;
Ivan, 1941; Vaskovsky and Lozek, 1972). They overlay the
Paleogene sediments as well as the fluvial terraces. The
travertine deposits are tectonically affected with the fractures
oriented in NNW-SSE and NE-SW to ENE-WSW directions.
The NW-SE oriented fractures have been observed only in the
Holocene travertine deposits. The NE-SW oriented fractures
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are older then the NNW-SSE oriented structures. The well-
preserved fluvial terraces of Vah river were object of the
studies in the past (Vitasek, 1932; Droppa, 1964; Vaskovsky
and Lozek, 1972). The terraces are mostly of composite
type. According their relation to valley bottom four groups of
terraces were distinguished. The uppermost group of terraces
was considered as pre-Quaternary (Pliocene). The position
of the terraces is evidently asymmetric. They are placed only
on southern side of Vah river. This fact indicates tectonic
activity of generally E-W oriented normal fault. The southern
tributaries of Vah river segmented the terraces into several
blocks with different amplitudes of the vertical movements.
The tributary streams are oriented conformly with the younger
(NNW-SSE) fractures observed in the Holocene travertine.
According to morphotectonic analysis of the fluvial terraces
and the travertine disturbing there is possible to postulate
main features of the Quaternary dynamic in the western
part of the Liptovska kotlina Basin. The extension generally
oriented in NNE-SSW direction was active in the Pleistocene
period. The extension generally oriented in NE-SW to E-W
direction operates during the Holocene.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract APVV-0158-06.

A. HLAVNOVA, J. HOK and |. PESKOVA: The
Quaternary stress orientation changes related to
the origin of the Deménova cave system

The systematic tectonic/neotectonic joints have been
investigated in the Demanova cave and the vicinity. Most of
joints form single set of extensional subvertical fractures. The
conjugate hybrid joint sets were less frequently observed. Two
joints directions dominated in investigated area. The older joint
system is oriented generally in NE-SW direction. This joint
system was generated under NW-SE oriented extension. The
younger joint pattern is oriented generally in NE-SW direction
and was produced by extension oriented perpendicular to
the joints orientation. The joints systems are comparable
with fractures disturbing travertine in the Liptovska kotlina
Basin. The NE-SW direction of the fractures was observed
in the Pleistocene travertine while the Holocene travertine
is penetrated by NW-SE oriented fractures. The stress
components of the paleostress field changed orientation
during Quaternary. The orientation of the Demé&nova cave
corridors is similar to the joints system patterns. The oldest
parts of the Deméanova cave system are older than 1.2 Ma
(Hercman et al., 2006). The origin of the cave corridors is
most probably connected with changing of the extension
stress component during Quaternary.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contract APVV-0158-06.
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D. CUNDERLIKOVA: Kondenzované facie toarku na
lokalite Butkov (maninska jednotka, Zapadné Karpaty)

Mnohé mezozoické pelagické sekvencie v alpsko-
-mediterannej oblasti sa pokladaju za kondenzované
a charakteristické vrstvami malej hrubky so sprievodnymi
javmi bohatej fauny (Jenkyns, 19971).

NajrozsSirenejSim kondenzovanym horizontom v Zapad-
nych Karpatoch je toark az bajok, ktory je rozSireny v do-
méne centralnych a Vnutornych Zapadnych Karpat, hlavne
v maninskom, vysockom, cho&skom a silickom prikrove
(Rakus a Hatar, 1987).

Stratigraficky najmladSie kondenzované horizonty su
predovsetkym v maninskom (Manin, Butkov a Kostelec) a vo
vysockom prikrove (Valaské Beld a Cierna Lehota), ale aj
v czorsztynskej sukcesii bradiel (VrSatec; Rakus a Hatar, I. c.).

Vyzberana amonitova fauna toarského veku na lokalite But-
kov (maninska jednotka) je v silne kondenzovanych sedimen-
toch. Na baze fosiliferného horizontu sa vyvinulo rychlo spevnené
vapencové dno (hardground) reprezentované nerovnym
povrchom a limonitickou kérou. Schranky sa zna€ne koncentruju
a pokryva ich zeleny povlak glaukonitu a chloritu. Z vybrusového
materialu sa da usudit, Zze v podstatnej miere prevlada glaukonit,
kym chlorit sa vyskytuje iba akcesoricky alebo Uplne chyba.

Na Butkove ide o horizont bohaty na dobre zachované
fosilie a ich fragmenty. Je tu zmieSana fauna a fosilie
v horizonte su z rozliénych paleontologickych zén. Horizonty
su velmi tenké. Podla toho mozno predpokladat, Ze ide
o stratigraficku kondenzaciu.

Vyskyt zmieSanych fosilnych spolocenstiev zlozenych
z fosilii rozlicného veku ako jedno z kritérii rozliSovania
stratigrafickej kondenzacie je v tomto horizonte napadny.
Predpoklada sa tam teda nizka sedimenta¢na a akumula¢na
rychlost.

Podla Fursicha (1979) je pre rychlo spevnené vapencové
dno (hardground) charakteristicka cementécia, abrazia
zrnami sedimentu a tvorba litoklastov.

Na povrchu rychlo spevneného dna sa vytvara Fe-Mn
kdra s nerovnakym alebo az nepravidelne zvinenym
povrchom. Vo vybruse je viditelné striedanie svetlych a tma-
vych nepravidelnych lamin onkoidalno-stromatoidalneho
tvaru. Podla Rakusa a Hatara (1987) to méze poukazovat na
postupny rast a zva¢Sovanie objemu kéry a méze naznacovat
aj spoluti¢ast organizmov (najpravdepodobnejsie rias typu
Cyanophyceae).

Z vyplavového materidlu ziskaného zo spomenutého
horizontu sa vyseparovalo vela onkoidov. Ide o viac-menej

koncentrické limonitické inkrustaéné laminy, ktoré velmi
pravdepodobne vznikli zo sucinnosti rias Cyanophyceae.

Do obrazu zapadokarpatskych kondenzovanych facii
zapada kondenzovany horizont toarku na Butkove, ktory
v sebe nesie vSetky typické znaky podobnych horizontov.
Tieto znaky podrobne opisal Rakus a Hatar (I. c.)

Prispevok vznikol v ramci grantu UK G-08-178-00.

F. EBNER, A. VOZAROVA, J. VOZAR and S. KOVACS:
Late and post-Variscan paleogeographic and
tectonic evolution of the ALCAPA region

ALCAPA (Eastern Alps/Austria; Central West
Carpathians/Slovakia; basement of the northern Pannonian
Basin with isolated outcrops of the Pelsd6 Composite Terrane/
Hungary) is one of the megaterranes of the Circum Pannonian
domain that was amalgamated from the Middle Jurassic till
the Early Miocene. Significantly, the Late Paleozoic units
of ALCAPA are affected differently by the Variscan orogeny
suggesting that they were derived from individual areas.
Regarding Devonian—Permian sedimentation and Variscan
metamorphism and deformation the following zones had been
distinguished (Ebner et al., 2008; Vozarova et al., 2008):

(1) Variscan metamorphic zones in the Eastern Alps and
Western Carpathians.

(2) Veitsch-Noétsch-Szabadbattyan-Ochtina Zone, with
beginning of the sedimentation in foreland/remnant basins in
the front of zones (1) during the Early Carboniferous.

(8) Oceanic and volcano-sedimentary units in parts of the
Eastern Alps and Western Carpathians affected by the Mid-
-Carboniferous event and with the unconformable continental
cover.

(4) Siliciclastic turbiditic or pelagic carbonate environ-
ments without Variscan deformation and metamorphism
(parts of the Graz Paleozoic; Szendrd, Uppony Mts.) until
the Bashkirian.

(5) Late Pennsylvanian—Permian shallow marine sedi-
ments concordantly following (4) in the Blkk and Uppony Mts.

(6) Continental molasse environments above (1-3).

The pre-orogenic units (1, 3) were accreted to the active
Laurussian margin during the Variscan orogeny being derived
from Paleozoic oceanic domains between Laurussia and
Gondwana. Parts of the Pelsd C. T. are characterized by 4
and 5. During the Late Paleozoic they were connected with
the Dinaridic Sana-Una and the Serbian Jadar Paleozoics.
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This Bukk-Jadar zone had a somehow equatorial position
westwards of the ending of the Carboniferous Paleotethys,
which remained an open oceanic segment at the end of the
Variscan period (Karamata, 2006).

Acknowledgement. Research was sponsored by the projects:
Austrian Science Fund (FWF) — Grant P 10277, the Slovak Science
Fund (APVV) — Grant No. APVV-0438-06 and APVT — 51-002804
and Grant VEGA 2/0072/08.

L. FOJTIKOVA, V. VAVRYCUK, A. CIPCIAR a J.
MADARAS: Ohniskové mechanizmy z oblasti Dobrej
Vody (Malé Karpaty)

Dobra Voda v 20. stor. patrila medzi seizmicky najaktiv-
nejSie oblasti Slovenska. Makroseizmicky aj seizmometricky
najvyznamnej$im pozorovanym zemetrasenim s epicentrom
v dobrovodskej ohniskovej oblasti bolo zemetrasenie
z 9. januara 1906 s magnitudom Mg = 5.7. a po riom 16.
januara s Mg = 5.1. Po tychto zemetraseniach sa v roku
1906 zaregistrovalo okolo 100 dotrasov s magnitudom
2.6-3.7. 5. marca 1930 bolo v tejto oblasti zemetrasenie
s magnitudom 5.0 a v nasledujucich mesiacoch séria takmer
30 slabych dotrasov. Pocitené zemetrasenia s epicentrom
v okoli Dobrej Vody boli aj v rokoch 1967, 1977, 1991,
1992 a 1999. Ostatné zemetrasenie s makroseizmickymi
uc¢inkami a magnitudom 3.2 sa zaznamenalo 13. marca
2006 s epicentrom pri Vrbovom. Moderné seizmometrické
sledovanie zemetraseni v dobrovodskej ohniskovej oblasti
sa zacalo v roku 1985. Odvtedy seizmicku aktivitu uzemia
monitoruje najma lokalna siet seizmickych stanic v okoli
Atomovej elektrarne Jaslovské Bohunice a od roku 2004 sa
seizmické data dopifiaju aj informaciami z Narodnej siete
seizmickych stanic (NSSS).

Ziskané udaje sa pouzili aj na presnejSie vymedzenie
hranic dobrovodskej ohniskovej oblasti, ako aj na vypocet
ohniskovych mechanizmov s ciefom uréit moznu orientaciu
zlomovych pléch v oblasti.

Konfiguracia a pocet stanic, teda aj lokaliza¢na schop-
nost, sa od pociatku monitoringu seizmickej aktivity v oblasti
niekolko raz zmenili. Aj preto sa na vypocet ohniskovych
mechanizmov vybrali zemetrasenia od roku 2000. Na ich
analyzu sa pouzili zemetrasenia s lokalnym magnitudom
M, > 1, pretoze tie zaznamenalo najviac stanic. Za pred-
pokladu inej geologickej povahy javov z rozlicnych oblasti
sa zemetrasenia rozdelili do troch podoblasti podia epicentier,
a to Dobra Voda, Malé Karpaty a Povazsky Inovec.

Ohniskové mechanizmy sa pocitali hlavne z nasadenia Pg
faz seizmickych vin. Na vypog&et ohniskovych mechanizmov
zemetraseni s magnitudom M, > 2, ktorych bolo od roku 2000
10, sa pouzili aj Pn fazy seizmickych vin, ktoré zaznamenali
regionalne stanice. Ohniskové mechanizmy sa podcitali
programom FOCMEC (Snoke, 2003).

Z doterajSich zisteni sa da vyclenit dominantny typ
ohniskového mechanizmu danej oblasti. Zva¢sa ide o hori-
zontalny posun (strike slip), menej Sikmy pokles, Sikmy
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preSmyk alebo o preSmyk. Zaroven sa ukazuje, Zze sa
ohniskové mechanizmy neobmedzuju len na jednu konkrétnu
zlomovu zénu — dobrovodsky zlom, ktory sa prejavuje na
povrchu v podobe rozhrania medzi sedimentarnou vyplfou
dobrovodskej depresie (vrchna krieda — terciér) a tektonickou
jednotkou hronika na S Malych Karpat. Zdroje seizmicity
v dobrovodskej ohniskovej oblasti treba pravdepodobne
hladat v hlbsich tektonickych rozhraniach Supin krystalinika.
Analyzou hypocentier zemetraseni sa v tejto oblasti
indikovalo tektonické rozhranie vo vrchnej kére v hibke 5-15
km. Rozhranie prechadza od viedenskej panvy popod Malé
Karpaty a udolie Vahu smerom pod Povazsky Inovec. Doteraz
uréené typy ohniskovych mechanizmov vSak koreSponduju
s prevladajucou predstavou o transpresno-transtenznom
neoalpinskom tektonickom $tyle jz. segmentu Zapadnych
Karpat.

Prispevok vznikol s podporou Agentury pre vevdu a vyskum (projekt
APVV 0158-06) a grantového projektu GA AV CR |AA 3001 12 0801.

E. HALASOVA, S. OZDINOVA and J. SOTAK:
Biostratigraphic and paleoecological interpretation
of the Velké Krstefiany borehole (Upper Nitra
region) based on the calcareous nannofossils and
foraminifers

The Velké Krstefiany borehole is situated in the Upper Nitra
Paleogene Basin, belonging among the Inner Carpathian
Paleogene basins.

The calcareous nannoplankton was studied in the
Eocene sediments from the Velké Krstenany for bio-
stratigraphical and paleoecological purposes. The studied
assemble of the calcareous nannofossils was quantitatively
and qualitatively rich. Nannoplankton zones NP 12-NP 16
(sensu Martini, 1971), characteristic for the Middle and Upper
Eocene deposits, were determined.

In the lowermost part of the borehole the Nannoplankton
Zone NP 12 —Tribrachiatus orthostylus was recognized, basing
on the presence of the species Ellipsolithus macellus and
Tribrachiatus orthostylus. This species has last occurrence on
the top of this zone.

The Zone NP 13 — Discoaster lodoensis was recognized
in the interval between samples VK 013 and VK 08 basing on
the absence of Tribrachiatus orthostylus. This species has its
last occurrence in the top of zone NP 12.

The Zone NP 14 — Discoaster sublodoensis was
recognized basing on the appearance of Laneternithus
minutus, which has his first occurrence at the base of
Zone NP 14. In this zone the radiated bloom of the family
Discoasteraceae with more than 10 % partition in the
assemblage was found, indicating EECO (Early Eocene
Climatic Optimum; Agnini et al., 2006). The most common
species were Discoaster barbadiensis and D. saipanensis.

The top of Discoasteraceae — bloom was recognized in
the samples VK 08-VK 05. In further samples their number
decreased.
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The Zone NP 15 — Chiphragmalithus alatus was
recognized as a very poor nannofossil assemblage in
the interval between samples VK 4-VK 10. In this zone,
discoasters were very rare, being replaced by placoliths,
such as Dictyococites bisectus, Coccolithus pelagicus,
Cyclicargolithus floridanus and Reticulofenestra sp.

The Zone NP 16 — Discoaster tani nodifer was assigned
by the presence of Helicosphaera compacta, which is
characteristic for upper part of the Zone NP 16. This zone
was designated for the interval VK 11-VK 15.

Foraminifers were also studied with comparable results.
In the interval VK 015-VK 02 Sotak recognized Middle
Eocene — Ypresian foraminiferal biozone P9 with species
Subbotina (T) boweri. The interval VK 02-VK 8 was assigned
as Lower-Middle Lutetian with foraminiferal zones P10-P11,
containing characteristic species Acarinina cuneicamerata,
A. bullbrooki, A. interposita and A. matthewsae. The Upper
Lutetian — foraminiferal biozones P11-P12 contain significant
species Morozovella aragonensis, M. crater, M. spinulosa
and Upper Lutetian — Bartonian, foraminiferal biozones
P13—-P14 contain the species Acarinina (T) topilensis and
Morozovelloides crassata.

Based on the study of the calcareous nannofossils
in the Velké Krsteriany borehole we can reconstruct the
paleoenvironment. The nannofossil assemblage characterizes
the period before EECO (interval between samples
VK 015-VK 08), and the EECO period characterized by
the Discoasteraceae — bloom (interval between samples
VK 08-VK 4) and cooling term (from samples VK 5).

Acknowledgement. The research was supported by the Slovak
Research Agency (APVV-51-011305).

B. CHALUPOVA and D. STAREK: The fossil fish
from the Menilite Beds of the Central Carpathian
Paleogene Basin in the Orava region

The study is focused on fossil fish in sedimentary
sequences of Podtatranska skupina Group (Central
Carpathian Paleogene Basin) from localities in the South and
East Orava region (Northern Slovakia).

In studied localities the cycloid scales, bones and also
incomplete remains of fish bones were found.The determined
association of fish belong to family Clupeidae Bonaparte,
1831, Merlucciidae Adams, 1864, Serranidae Richardson,
1846, Trachinidae Risso, 1826 and Trichiuridae Rafinesque,
1810. The genus Palaeogadus simionescui (Simionescu,
1905) and Properca sabbai Paucéa, 1929, are described for
the first time in Slovakia.

All described fish remains were found in marine menilite-
-type shales. The menilite-type claystones represent the
lowermost parts of Huty Fm. They form lens-like outnosing
beds of variable thickness (from 5 to 10 m), covering
areas of several tens to hundreds square metres. They are
dark brown to black, very hard, silicified, non-calcareous,
sporadically slightly calcareous claystones, with increased
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contents of manganese and organic matter, they have table
parting at the brook outcrop. The good quantity fish scales
were found, poorly preserved fish skeletons occurred
rarely.

The spectrum of fish species from Oligocene menilite-
-type shales in localities in Orava belongs to the ichtyofaunal
zone IPM 2 (NP 23), corresponding to association of biozone
Glossanodon musceli and Palaeogadus simionescui,
which defined Kotlarczyk and Jerzmariska (1988). The
association of determined fish fauna is characterized by
the change of depth conditions in Oligocene. The findings
of Clupea sardinites and also Palaeogadus simionescui,
Properca sabbai, Serranus budensis, Trachinus minutus
and Anenchelum glarisianum indicate gradual moderate
deepening. Their recent representatives mostly live in
epipelagic water. The genus Clupea sardinites and Trachinus
minutus can document gradual cooling in Oligocene
(subtropical to temperate).

Acknowledgement. Thanks for financial support through the
projects VEGA — 1/2035/05, 2/6026/26, 2/6093/26 and Project
APVV-51-011 305.

V. KOLLAROVA a L. HRASKO: Horniny krystalinika
v podlozi centralnej vulkanickej zény Javoria

V pracach Koneéného et al. (1977, 1985), Stohla et al.
(1981, 1985) a Stohla (1985) sa z deviatich vrtov z centralnej
vulkanickej zény Javoria opisali xenolity podlozného
krystalinika. Tie vystupuju vo vulkanickych a intruzivnych
horninach. Prace Kone¢ného et al. (1972, 1989) podrobne
charakterizuju tri vrty blizko centralnej zony, ktoré zachytili
podlozné krystalinikum. Predpoklada sa, ze ide o horniny
krystalinika veporika.

Nas vyskum priamo nadvazuje na vysledky prac uvede-
nych autorov a jeho cielom bola podrobna mineralogicka
a petrograficka charakteristika hornin z podlozia najdenych
vo vrtoch centralnej vulkanickej zény Javoria a blizkeho okolia.

Spomenuti autori z centralnej zény Javoria opisali
nasledujuce typy xenolitov krystalinika.

Amfibolity — granaticky amfibolit. Z metraze vrtu KON-1,
odkial bol opisany amfibolit alebo jeho relikty, sme ziskali tri
vzorky, ale pritomnost granatického amfibolitu sme vylugili.
Vo vzorkach boli iné typy hornin (pravdepodobne produkty
magmatizmu a xenolit Ca silikatovej horniny lokalne
obohatenej o Fe).

Granitoidy — granodiority, granit s ruZovymi ortoklasmi
a granodiorit sihlianskeho typu. Z tychto granitoidov sme
neziskali nijaku vzorku, a preto ich zaradenie do konkrétnych
typov veporského granitoidu mézeme iba odhadnut. Grano-
diority pravdepodobne zodpovedaju granodioritom vepor-
ského alebo hybridného typu. Granit s ruzovymi ortoklasmi
zodpoveda biotitickym granodioritom az tonalitom sihlianskeho
typu s ruzovymi porfyrickymi az difuznymi draselnymi zivcami
alebo porfyrickym biotitickym granodioritom ipelského typu
prevazne s ruzovymi vyrastlicami draselného Zivca.
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Ruly — biotiticka plagioklasova a granaticko-biotitické
rula, biotitické ruly, sericiticka pararula a neSpecifikovana
rula. Xenolity ruly sa daju zaradit medzi granaticko-biotiticko-
-plagioklasové pararuly metamorfovaného plasta tzv.
hybridného komplexu. Z rulovych xenolitov sme ziskali dve
vzorky — granaticko-biotiticku a biotiticku rulu. Obidve maju
znaky termalneho prepracovania vplyvom magmy, ktora ich
zachytila (pritomnost magnetitu a hercynitu, ¢ervenkasté
biotity). Biotiticka rula bola prepracovana aj vplyvom fluid
(pritomnost fluidnych inkluzii).

Iné typy xenolitov — kryStalické bridlice, bliZSie
ne$pecifikované xenolity z podlozia, kremeri a aplit.
Krystalické bridlice a aplity, z ktorych sme vzorky neziskali,
pravdepodobne pochadzaju z hybridného komplexu veporika.
Studovali sme iba tmavé $muhovité xenolity z vrtu KS-33,
ktoré pravdepodobne zodpovedaju xenolitom krystalickych
bridlic alebo podlozného krystalinika, aké opisal Stohl
(1985). Zistili sme, ze to nie su xenolity krystalinika, ale
intenzivne termalne prepracované utrzky pravdepodobne
sedimentarnych hornin a xenolity bohaté na biotit, ktoré sa
zachovali alebo vznikli pri termalnom prepracuvani xenolitov.

Studovali sme aj niekolko vzoriek z troch vrtov v bliz-
kosti centralnej zény Javoria, ktoré zasiahli podlozné
krystalinikum.

Vo vrte KJ-35 su v podlozi vulkanického komplexu
granitoidné horniny. Miko (in Konec¢ny et al., 1989) opisuje
ich dva typy — drobnozrnné svetlé leukokratné granity
a strednozrnné az hrubozrnné porfyrické granodiority
veporského typu. Horniny su tektonicky porusené. Nase
Studium potvrdilo vyskyt dvoch petrografickych typov
granitoidnych hornin aj ich alpinske tlakové prepracovanie
(Supinkovity sericit, deformacia a rekrystalizacia kremenia,
ohnuté biotity). Muskovity, sericity a biotity z tychto
hornin maju nizke hor¢ikové Cislo (muskovity a sericity
25-40 a biotity 15—-30). Horcikové ¢islo biotitov je blizke
hodnotam tohto parametra pri biotitoch neohercynskych
granitoidov typu A — hroncockého a klenovského typu.
Datovanim monazitov sa ziskali udaje 260 + 6 mil.
rokov jemnozrnnejsieho a vrchny trias — spodna jura
hrubozrnnejsieho typu. Podla geologickej pozicie vrtu,
petrografickej charakteristiky vzoriek, nizkeho hor¢ikového
¢isla muskovitov a biotitov a vekovych udajov mozno
obidva typy povazovat za granit hronc¢ockého typu, pricom
jemnozrnnejsia varieta zodpoveda leukokratnému typu
tohto granitu.

Vrt KJ-39 zachytil intenzivne tektonicky porusené
podlozie prevazne z hybridnych granitoidov obsahujucich
pararuly metamorfovaného plasta (Miko in Konecny et
al., 1989). Vzorku sme ziskali iba z granitoidnej horniny.
Podla petrografickej charakteristiky a porovnania analyz
biotitov s analyzami inych biotitov z veporickych grani-
toidov mézeme potvrdit zaradenie vzorky z vrtu KJ-39
do hybridného typu.

Vrt GK-7 (Konec€ny et al., 1972) zachytil ruly a amfibolity
postihnuté intenzivnou dynamometamorfézou, mylonitizaciou
a Ciasto¢ne diaftorézou. Tieto horniny mozno priradit
k metamorfnému plastu tzv. hybridného komplexu.
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Z. KOMPANIKOVA, J. VLCKO a M. BRCEK: Vplyv
teploty na stavebny a dokoraény kamen

PoruSovanie stavebného kamena byva désledkom jeho
rozdielnej odolnosti, ktora vyplyva predovSetkym z charakteru
Struktdrnych vazieb a ich degradacie v prirodnych podmien-
kach. Pri¢inou byvaju najmd zmrazovacie a rozmrazovacie
cykly a nahle zmeny teploty, pri ktorych nastavaju dilataéné
zmeny vyvolavajuce v stavebnom kameni mikrotrhliny, vplyv
soli, dynamika teplotno-vlhkostného rezimu a pod.

Prispevok sa zameriava na zistovanie termofyzikalnych
vlastnosti hornin, ktoré z hladiska teplotno-mechanického
spravania maju pri ich rozvolfovani podstatny vyznam.
Vyber litologickych typov sa sustredil najmé na lokality
vyuzivajuce stavebny a dekoracny kameri. Su to karbonatové
horniny, ako je mramor z Tuhara, travertin z Ludrovej
a Drevenika, sedimentarne horniny, ako je pieskovec z Kralik
a Oravskej Jasenice, a z vulkanickych vyvretych hornin
andezit z Badina. Tieto horniny su vystavené kolisaniu
teploty, ¢o vyvolava v skalnych masivoch teplotné napatie
(thermal stress) s rozdielnou teplotnou roztaznostou (thermal
expansion) mineralnych zfn. Na zhodnotenie vplyvu teploty
na mechanické spravanie horninového masivu treba poznat
najma prirodzené teplotné pole a termofyzikalne parametre
hornin, medzi ktoré patri koeficient tepelnej a teplotnej
vodivosti, merné teplo a koeficient dizkovej teplotnej
roztaznosti.

Na zistovanie teplotnej roztaznosti a teplotnej deformacie
hornin sa na Katedre inzinierskej geoldgie Prirodovedeckej
fakulty UK v Bratislave zostrojil novy pristroj — termodilato-
meter. Termodilatometrické skusky prebiehaju v dvoch
teplotnych cykloch, ktoré tvori ohrev a chladenie. Popri
zistovani termofyzikalnych vlastnosti sa na vzorkach ur€uju
niektoré fyzikalne vlastnosti, ako je objemova merna hmot-
nost, porovitost, nasiakavost, rychlost Sirenia ultrazvukovych
vin a pevnost v prostom tlaku.

Prispevok vznikol v ramci grantového projektu VEGA 07-103-00,
08-098-00, grant UK 344/2008.

K. KRONOME a M. SYKORA: Brekcie v hallstattskych
vapencoch pri Silickej Brezovej

Opisované brekcie su z umelo odkrytého profilu pri Silickej
Brezovej v Slovenskom krase v tektonickej jednotke silicika.
Profil ma pravu hrubku 134 m a tvoria ho vapence vrchného
triasu—tuvalu az sevatu, atotisovské —waxenecké, hallstattské
a dachsteinské. Dachsteinské su s podloznymi v tektonickom
styku. Brekcie su sucastou suvrstvia hallstattskych vapencov
a Studovali sa mikrofacialnou analyzou. Vyskytuju sa v useku
profilu spadajuceho do spodného norika az alaunu.

Brekcie su v profile v troch skupinach.

Prvi tvori len jedna poloha v hibke 46,5 m. Karbonatova
stylobrekcia sa sklada z klastov velkych 1 az 3 cm. Vo vybruse
mozno vyclenit Styri typy klastov s mikrofaciami, ktoré sa
odliSuju hlavne kvantitativnym zastupenim bioklastov.
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Druha skupinaje v hibke 55-56 m. Vysledky mikrofacialnej
analyzy tychto brekcii su v §tadiu rozpracuvania. Pri terénnom
vyskume sa pozorovali bloky niektorych brekcii v kontakte
s okolitymi vrstvami tehlovo¢erveného hlbokovodného
vapenca. Moze ist o vyplfi kanalov. Druhou moznostou je,
ze kalovym vapencom su velké intraklasty v brekciach.

Tretiu skupinu tvori subor brekcii v hornej ¢asti (64 az
80 m) laksko-alaunského intervalu. Mikrofacialne sa z nej
skumalo niekolko pol6h.

Brekcia v prvej Studovanej polohe obsahuje medzihmotu
a v klastoch velkych 2 mm az 4 cm sa okrem tradi¢nych
bioklastov typickych pre hallstattské vapence — hlavne
fragmentov schranok lasturnikov, dierkavcov, ostnatokozcov,
lasturnic¢iek a globochét — nachéadzaju aj naselariové formy
mrezovcov. Nadlozné sedimenty — brekcia a karbonatovy
pieskovec a siltovec — neobsahuju medzihmotu. Na styku
klastov sa vytvorili stylolity. Zlozenie litoklastov tychto brekcii
je podobné, ale meni sa ich velkost a smerom k podloziu sa
zjemnuju. Poslednu polohu brekcii tvori velkostne nevytrie-
deny tektonicky usmerneny karbonatovy siltovec az piesko-
vec. Velkost zfn je od 0,045 do 1 mm. Pri terénnom vyskume sa
v ramci jednej vrstvy brekcii pozorovalo grada¢né zvrstvenie.

Zaujimavé je, ze sa vo vrstve nachadzajuicej sa v bez-
prostrednom podlozi tretej skupiny brekcii vo vybrusovych
preparatoch pozorovali neptunické dajky. Brekcie tretej
skupiny, ktoré preruSuje synsedimentarna sklzova vréasa,
svedcia o svahovom prostredi a o ¢innosti gravita¢nych tokov,
pravdepodobne o seizmickej aktivite resp. 0 moznom kolisani
urovne morskej hladiny. Zjemnovanie zrnitosti smerom do
nadlozia méze znamenat postupné vyznievanie tychto
vplyvov alebo vzdalovanie panvy od zdroja. V brekciach sa
ojedinele vyskytuju ¢ervenkasté rohovce, ktoré su na pohlad
podobné rohovcom z vapenca v nedalekom ,Velkom lome}
ktoré opisal napr. Misik (1973), ako aj Misik a Borza (1976).
V buducnosti planujeme vo vyskume tychto brekcii pokracovat.

Pracu podporila Agentira na podporu vyskumu a vyvoja pod
kontaktnym ¢&islom APVV-0571-06, VEGA 1/4035/07 a APVV-
-0280-07.

L. PECENA a R. VOJTKO: Geologicka a tektonicka
stavba Zliechovskej hornatiny v oblasti Valaska
Beld — Homélka — Cierna Lehota

Paleogeograficka doména kriznanského prikrovu s. s.
z geometrického hladiska predstavuje panvu priblizne koso-
Stvorcového tvaru. Na Z vyznieva v podlozi viedenskej panvy
a na V za humenskou Strukturou. Osou panvy je zliechovsky
hibokovodny sedimentaény priestor, pozdiz ktorého okrajov s
elevacie s plytkovodnym prostredim alebo prechodné oblasti.
V severnych marginalnych priestoroch panvy bol jednym
z plytkovodnych bazénov aj beliansky sedimentaény priestor.
V jure bol vyplneny vyluéne plytkovodnymi sedimentmi.
V Zliechovskej hornatine Strazovskych vrchov je beliansky
Ciastkovy prikrov najspodnej$ou tektonickou Struktirou krizrian-
ského prikrovu s. . Struktdrne v najvys$ej pozicii je zliechovska

G ECTITTTIS

jednotka (kriznansky prikrov s. s.). Medzi nimi su vklinené
tektonické Supiny prechodného vyvoja a ,Supinové pasmo
Kremeniny® Tvoria ich sedimenty plytkovodného aj hibokovod-
ného charakteru. Supinové pasmo Kremeniny obsahuje
sedimenty typické ako pre zliechovsky, tak aj pre beliansky vyvoj.
Sucasna kompozicia krizrianského prikrovu s. s. a Ciastkovych
prikrovov je pravdepodobne vysledkom troch hlavnych
deformacénych faz. Prvou je samotné sunutie prikrovového
telesa v obdobi po turéne. Pri sunuti nastala fragmentécia
prikrovového telesa a vznikla imbrikovana stavba. Ako vysledok
tohto procesu sa zrejme vytvorila aj lezata vrasa belianskeho
prikrovu. Druhou deformaénou fédzou bola paleogénna
kompresia smeru V-Z. S nou suvisi vznik antiformnej stavby,
vyvoj transpresnych sinistralnych zlomov orientovanych v smere
SZ-JV a vychodovergentnych duplexov v triasovom vyvoji.
V tretej, kompresnej deformacnej faze — pravdepodobne
v spodnom miocéne — sa vytvorili vrasy a preSmyky s juho-
vergentnou kinematikou.

A. RUMAN a N. HUDACKOVA: Miocénne mékkyse
z vrtu Kuty 45 (viedenska panva, Slovensko)

Vrt Katy 45 zachytil vrstvovy sled miocénnych sedimentov
vznikajucich na riasovej bioherme alebo v jej tesnej blizkosti.
Vek ulozenin sa stanovil na baden az sarmat. Z vrtu sa opisalo
49 druhov mékkysov odobranych z 11 vzoriek. Z tohto poctu pri-
pada 32 druhov na ulitniky, 14 na lasturniky a tri na chitony. Dva
druhy z nich — Callochiton laevis a Cryptoplax weinlandi — boli zo
slovenskej Casti viedenskej panvy opisané prvy raz. Z najdenych
makkySov je najhojnejsi druh Bittium (Bittium) reticulatum
(Costa), ktory v niektorych ¢astiach tvori az 90 % celkovych
asociacii makkysov. Z hladiska trofickej Struktury Studovanych
asociacii jednotlivych vzoriek najvacSie percento pripada
na detritofagy a menej na filtratory. Predatory su zastupené
v nepatrnom mnozstve. Okrem makkySov sa nasli aj Cervy
(Polychaeta), machovky, jezovky (Cidaridae, Diadematidae),
ostrakdda, brachiopdda, kosticky a otolity ryb a dierkavce.

Cely vrstvovy sled sa na zaklade sedimentoldgie
a paleoekoldgie organizmov rozdelil do troch ¢asti. Podlozie
tvoriace vnutroSelfové siliciklastické sedimenty, druhu ¢ast
vlastna riasova bioherma a tretiu nadlozné siliciklastické
sedimenty vzniknuvS$ie pri splyt€ovani a vysladzovani
sedimentac¢ného priestoru.

1. V podlozi (523-519,9 m) chybala fauna makkySov
a jeho foraminiferové spolo¢enstva sedimentov boli diamet-
ralne odliSné od spolocenstiev nadloznych vrstiev. Vysoké
percento tvorili euryoxibiontné rody — Bulimina a Bolivina,
ktoré velmi dobre toleruju znizenie obsahu O2 pri dne, ako
aj druhy hlbokovodnejSieho charakteru (Hansenisca soldanii
a planktonické druhy Globigerina bulloides a Paragloborotalia
mayeri). Tieto spoloenstva pravdepodobne reprezentuju
bulimino-bolivinovd zénu vrchného badenu (Kovac et al.,
1999).

2. NajmohutnejSim ¢lenom suvrstvia je komplex
badenskych karbonatovych biohermovych sedimentov
(519,9-490,5 m) hruby priblizne 30 m. Komplex sa
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vyznacuje cyklickym striedanim ilovitych a piescitoilovitych
sedimentov so sedimentmi vapencovej povahy. Vo vrchnej
Casti sa cyklickost vytraca a striedanie je skor periodické.
Piescitoilovité medzivrstvicky su pravdepodobne produktom
splachu a obsahuju zvaé8a alochtonnu morsku faunu.
Naznacuje to aj druhové zloZenie faunistického spolo¢enstva,
ktoré na jednej strane tvoria stenohalinné druhy (Nucula,
Chlamys, Cidaridae, Diadematidae, Neoselachii atd.) a na
druhej druhy znasajuce Ciasto¢né vysladzovanie prostredia
(Bittium, Alvania a Gibbula).

V hibke 497,9 a7 497,6 m je vyvinuta ustricova lavica. Velky
vyskyt ustric druhu Ostrea (Ostrea) digitalina Dubois s riasami
rodu Mesophyllum, Archaeolithotamnium, Lithothamnium
a Lithophyllum byva charakteristicky pre litoralne prostredie
s vysokou kinetickou energiou, normalnou salinitou a vodou
bohatou na ziviny.

3. V nadlozi (490,5-480 m) su euryhalinné dierkavce
(prevazne druh Ammonia vienensis a Elphidium sp.),
indikujuce hyposalinné, plytkovodné prostredie. Tieto
spologenstva su pravdepodobne prechodnou zénou baden/
sarmat (Ammonia beccari v zmysle Grilla, 1943). Na zaklade
fauny makkysov sa pritomnost tejto zony nedala potvrdit ani
vyvratit.

Prispevok vznikol vdaka podpore grantu APVV 0280-07. Autori dakuju
spolo¢nosti Nafta, a. s., za poskytnutie Studijného materialu.

L. RYSAVA a L. SLIVA: Architektura sedimentarnej
vyplne neogénnych usadenin v severnej Casti
viedenskej panvy (lozisko Hrusky)

Studovana oblast je vo vychodnej &asti moravskej
ustrednej priehlbiny, a to pri jej styku s hodoninsko-
-gbelskym hrastom. Struktiru loziska mozno definovat ako
najmohutnejSiu stavebnu jednotku v moravskej Ustredne;j
priehlbine. Zo sedimentologického hladiska predstavuju
Hrusky produkty deltovej sedimentacie. Ich evoluciu odraza
vyvoj delty a reakcia na tektonické pohyby viazuce sa
predovSetkym na lanzhotsko-hrusecky zlomovy systém.

Z geologického hladiska je podpovrchova stavba
strednobadenskych az vrchnobadenskych a sarmatskych
sedimentov lokality velmi zlozita, lebo oblast lanzhotsko-
-hrusecky zlom deli na dve ¢asti — poklesnutu a vysoku kryhu.
Pre tesniace vlastnosti ma zlom délezity loziskovy vyznam.
Paleogeografia, hriubka sedimentov a celkovy vyvoj kazdej
kryhy su celkom odliSné a na tomto zaklade sa charakterizuju
sedimenty stredného a vrchného badenu z vysokej a sarmatu
z poklesnutej kryhy.

Vysledky sa ziskali studiom karotdznych a v menS$ej
miere seizmickych profilov. Spracuvali sa analyzou tvaru
karotaznych kriviek (trendova analyza) a seizmickych profilov.
Hlavnou ulohou pri interpretacii bolo sledovat facialny vyvoj
v smere transportu materialu, ktory Siel zo JZ na SV,
a korelovat seizmické a karotazne profily. Na ich zaklade sa
interpretovala sekvenéna stratigrafia sedimentov, vyc€lenili sa
systémové sustavy a sekvencné rozhranie typu SB1 a SB2.
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Koneénym zistenim bolo, ze pre strednobadenské
sedimenty je charakteristické transgresivhe nasadanie
na spodny baden Cize na sekvencné rozhranie typu SB1.
Z litologického hladiska ide o vrstvy labskeho piesku na
baze stredného badenu a litotamniové biostromy vo vySSej
Casti. Obidve suvrstvia su charakteristické pre transgresivnu
systémovu sustavu. Medzi sedimentmi stredného a vrchného
badenu sa zistila kratka regresna udalost, ktoru charakterizuje
dolné ,prilepenie” (downlap) v seizmickom profile. Vrchny
baden predstavuje sedimentaciu v transgresivnej sustave.
Polohy labskeho piesku a vrstvy litotamniového vapenca su
velmi dblezité pre akumulaciu uhlovodikov.

V sarmate sa charakterizuje viac systémovych sustav
bez zjavnej erdzie. Obdobie sa zacalo sladkovodnou
sedimentaciou systémovej sustavy nizkeho stavu, ktora
prechadzala do transgresivnej sustavy s povrchom maxi-
malnej zaplavy, a sedimentacia dalej pokracuje v systémovej
sustave vysokého stavu. Vo vrchnom sarmate sa znova
znizila salinita a nastala sedimentacia v systémovej sustave
nizkeho stavu. Z hladiska akumulacie uhlovodikov su délezité
polohy spodnosarmatského a vrchnosarmatského piesku.

M. SENTPETERY, J. HOK, V. KOTRCOVA a I.
SLAVIKOVA: Geologicka stavba juhozapadného
okraja Krivanskej Fatry

Skumana oblast je v jz. ¢asti Krivanskej Fatry medzi
Nezbudskou Luc¢kou a Belianskou dolinou. Na geologickej
stavbe oblasti s monoklinalne ulozenymi vrstvami so sklonom
na S az SZ sa zucastnuju Styri hlavné zapadokarpatské
tektonické jednotky — tatrikum, fatrikum, hronikum a manin-
ska jednotka, chapana ako sucast tzv. pribradlovej zény. Celé
uzemie ma znaky vrasovopreSmykovej stavby s vrasovymi
osami orientovanymi generalne v smere SV-JZ, ¢o pouka-
zuje na kompresny az transpresny rezim s maximalnym
napatim v smere SZ-JV. Pre priebeh prikrovovej linie fatrika
je charakteristicka jv. vergencia vras v Cele spatne sunutého
prikrovu, ktory v Studovanej oblasti reprezentuje jedine
mraznické suvrstvie. O prejavoch spatnych nasunov sved¢i
aj tektonicky styk dolomitov hronika s rozliénymi horninovymi
¢lenmi tatrického obalu. Zvysky maninskej jednotky presunuté
z priestorov pieninského bradlového pasma vystupuju
v prikrovovej pozicii v nadlozi sedimentov bielopotockého
suUvrstvia. Aj tento fakt poukazuje na juhovergentné pohyby
fungujuce pravdepodobne od spodného miocénu a od-
zrkadlujuce tektonické udalosti, ktoré prebiehali v bradlovom
a flySovom pasme.

B. SOPKOVA a R. PROCHAC: Elektrosekvenéna
analyza sedimentov sarmatu v severnej casti
viedenskej panvy

Praca podrobnejSie Studuje sedimentarnu vyplfi sarmatu
v Strukture Hrusky, situovanej v severnej ¢asti viedenskej
panvy na poklesnutej a vysokej kryhe lanzhotsko-hruseckého



7cnPAnnual§SeminaryfofgStovakiGeological¥Society]

zlomového systému. Kedze sedimentarny zaznam sarmatu
sa v seizmike 3D vyznacuje subhorizontdlnym usporiadanim
reflexov bez ich jasne definovaného vzajomného ukoncenia,
na Studium usadenin sarmatu su najvhodnejSie karotazne
merania z vrtov a ich vzajomna korelacia. V ramci metodiky
sa vyuzili principy elektrosekvenénej analyzy a sekvencne;j
stratigrafie, ktoré na zaklade sledovania progradacénych,
agradacnych a retrogradacnych trendov jednotlivych
parasekvencii v priestore umoznujui zaclenit ich do
systémovych sustav.

Sarmatsku sedimentarnu vyplin moravskej ustrednej
priehlbne mozno vo v§eobecnosti rozdelit na tri samostatné
celky s odliSnymi podmienkami depozicie. Sedimenty sarmatu
vSeobecne vykazuju nahor hrubnuci trend a podla neho sa da
predpokladat postupné splyt€ovanie depozi¢ného prostredia.

Na karotaznych zaznamoch na baze usadenin sarmatu
vystupuju lokalne blokovité a lievikovité tvary kriviek
SP s agradacno-progradaénym trendom parasekvencii
zodpovedajucich sustave nizkeho stavu hladiny LST.
Parasekvenéné subory predstavuju systém distribuénych
kanalov zarezanych do podloznych pelitov vrichného badenu.
Sedimenty spodného sarmatu postupne nadobudaju
retrogradacny charakter (lievikovity tvar kriviek SP), nazna-
Cujuci pociatok stupania eréznej bazy a neskorsi nastup
sedimentacie v podmienkach transgresie. Vrchnu hranicu
LST tvori povrch maximalnej regresie zretelne sa prejavujuci
nastupom ilovitych sedimentov vrchnej ¢asti spodného
sarmatu s ob¢asnymi polohami piesku, ktoré sa vyznaduju
agradacénym trendom parasekvencii. Sedimenty najvy$sej
Casti spodného sarmatu zaradujeme do transgresivnej su-
stavy TST. Nad povrchom maximalnej zaplavy, ohrani€ujucim
zhora sedimenty spodného sarmatu, su ulozené vrchno-
sarmatské sedimenty s vyraznym agradaénym az progradac-
nym charakterom jednotlivych parasekvenénych suborov.
V tejto Casti sedimentarneho zaznamu prevladaju blokovité
a lievikovité tvary karotaznych kriviek zodpovedajuce
kontinualnym piescitym telesam znacnej hrubky (40-100 m),
ktoré sa usadzovali v podmienkach vysokého stavu hladiny
HST pri postupnom vysladzovani depozi¢ného prostredia,
ktoré v tom obdobi nadobudalo brakicky charakter.

Praca vznikla s finanénou podporou APVV — LPP-0120-06.
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R. SYNAK: Sekvencna stratigrafia a depozi¢né
systémy dunajskej panvy v pandne

Dunajska panva, ktoru na Slovensku geograficky
tvori Podunajska nizina, je severnou ¢astou panénskeho
panvového systému. Paleogeografiu v tejto oblasti
v panoéne ovplyviovala druha faza riftingu, ktory sa inicioval
na zaciatku tohto obdobia. Neskor — v strednom a vrchnom
pandne — bol region pod vplyvom postriftovej subsidencie.
V slovenskej ¢asti dunajskej panvy sa v pandne usadilo
ivanské suvrstvie a spodna cast beladického suvrstvia
(Kovaeg, 2000). Pre sedimentarny zaznam spodného
pandnu su charakteristické konglomeraty na okrajoch
panvy s pieskovcovymi vrstvami na baze. Popri uz
jestvujucej delte v riSnovskej priehlbine, ktora sa posunula
smerom na J do panvy, sa vyvinuli malé deltové systémy
aj v komjatickej priehlbine. Sedimentacia v risnovskej
delte pokracovala usadzovanim vapnitého ilu, ilovca
a konglomeratov v sladkovodnom a terestrialnom prostredi
deltovej ploSiny (Kovac et al., 2006). Elektrokarotaznymi
meraniami a seizmostratigrafickou analyzou sa zistilo, ze
spodnopanodnsku sedimentéaciu, kontrolovanu relativnymi
zmenami morskej hladiny, charakterizuje tektonicky
kontrolovana sekvenéna hranica SB1 na okrajoch panvy
a jej prisluchajuca hranica SB2 v panve. Neskoru sustavu
vysokého stavu hladiny dobre dokumentuje nutena regresia
a posun riSfiovskej depresie smerom do panvy v skorom
pandéne. Miernu tektonicku subsidenciu v neskorSom
obdobi korigoval prinos sedimentu. Systém nizkeho stavu
hladiny a transgresivny systém v obdobi stredného panénu
je tazko rozoznatelny. Vynimkou su sedimentarne facie
hibokého erozivneho piesku (tzv. velky pandnsky piesok).
Smerom nahor sa v strednom pandéne postupne vyvinula
sustava vysokého stavu hladiny. Depozi¢né systémy
sladkovodnych sedimentov pandénskeho jazera sa rozlisuju
tazko, ale vacsie erozivne udalosti v tomto obdobi mozno
oznacit. Pociato¢na je pod vrchom brakickych sedimentov
stredného pandénu a po nej nasledovalo usadzovanie
uholnych vrstiev. Polohy modrozeleného anoxického ilu
patria relativne vysokému stavu hladiny. Prekryvaju ich
usadeniny aluvialneho a rieéneho prostredia. Nasledujuci
erozivny povrch je na baze pontu (7,1-6,8 Ma).
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K zivotnému jubileu profesora M. Misika

The jubilee of professor M. Misik

Zactiatkom novembra oslavil 80. narodeniny
popredny vysoko$kolsky pedagdg a vyznamna
osobnost karpatskej geoldgie prof. RNDr. Milan
Misik, DrSc.

Jubilant patri medzi najvyznamnejsich sloven-
skych geoldégov a vyznamnych odbornikov v strati-
grafii, sedimentoldgii, mikrofacialnej analyze, v pa-
leogeografii a v dalSich geologickych disciplinach
spatych najma so Studiom sedimentarnych hornin.
S jeho osobou je spéta nielen mimoriadne Siroka
Skala novych vedeckych poznatkov o karpatskej
geoldgii, ale aj vychova uz viacerych generacii
slovenskych a zahrani¢nych geoldégov a kva-

orogénneho pasma. Vyznamny je osobny prinos
jubilanta pri tvorbe vysoko$kolskych ucebnic.
V poslednych Styroch rokoch skongil tri monografie
zamerané na sumarny prehlad sedimentarnych
hornin Slovenska. Praca prind$a ¢asovo-priestorovy
pohlad na vyvoj depoziénych bazénov Zapadnych
Karpat a ich sedimentarnych vyplini formujucich sa
v priebehu historického vyvoja Zeme.

Prof. M. Misik bol nesporne vyznamnym
organizatorom vedy a vedeckého geologického
vyskumu. Viedol rad vyskumnych uloh zameranych
na aktudlne otazky stratigrafie a paleogeografie
mezozoika a kenozoika Zapadnych Karpat.

Bol ¢lenom vedeckych prac viacerych

lifikovanych vedeckovyskumnych pracovnikov.

Prof. Milan MiSik sa narodil 3. novembra 1928
v Skalici. Vysokoskolské Studium prirodopisu a zemepisu skongil
na Prirodovedeckej fakulte Univerzity Komenského v Bratislave.
Univerzitné $tudia, pocas ktorych svoj zaujem postupne sustredoval
na geologické discipliny, zavfSil v roku 1951 a po rigoréznych
skuskach v roku 1952 nastupil na katedru geoldgie a paleontoldgie,
od roku 1970 tam nepretrzite pdsobil ako univerzitny profesor.
V rokoch 1966 az 1970 bol jej veducim. Tomuto pracovisku zostal
verny dodnes. Vynikajlce pedagogické a vedecké schopnosti jubi-
lanta ocenili aj Studenti na zahrani¢nych univerzitach. Bol profesorom
na Kube (Universidad de la Habana, 1963-1965) a v Alzirsku
(Université de Constantine, 1981-1983) a v ramci kratkodobych
kurzov prednas$al na univerzite v Krakove, Toulouse a v Madride.

Jubilant sa aktivne zapajal do prace vedeckych spolo¢nosti
a vykonaval v nich rad funkcii (bol tajomnikom bratislavskej po-
bocky Cs. spolo¢nosti pre mineraldgiu a geoldgiu, predsedom brati-
slavskej pobocky SGS, tajomnikom SGS, tajomnikom Narodného
geologického komitétu CSSR, tajomnikom sedimentologickej
komisie KBGA, koreSpondentom za CSSR v Medzinarodnej
asociacii sedimentolégov a i.). Aktivne sa zucasthoval na medzi-
narodnych vedeckych akcidch a zapojil sa do rieSenia viacerych
medzinarodnych vedeckych projektov. V osobe jubilanta a v jeho
celozivotnom diele sa snubi vysoka odborna erudovanost
tvorivého vedca a organizatora vedeckého vyskumu, nezistna
obetava praca svedomitého univerzitného pedagdga, ale aj
nad$eného popularizatora prirodnych, a najmé geologickych vied.
Sklbenie a prepojenie uvedenych ¢innosti a ich vysledkov zaraduje
prof. M. Misika medzi vyznamné osobnosti celej slovenskej vedy.

Odborny zaber vzacneho jubilanta je velmi Siroky. Sved¢i
o tom jeho bohata a r6znoroda publika¢na ¢innost. Tvori ju vySe
dvesto vedeckych $tudii, monografickych prac, u¢ebnych textov
i popularno-vedeckych prispevkov. Naj¢astejSim objektom jeho ba-
dania boli sedimentarne horniny. Venoval sa ich genéze, ale aj ich
vyuzivaniu na modelovanie paleogeografickych, paleotektonickych,
paleoklimatickych a paleoceanografickych podmienok, ktoré ich
vyvoj ovplyviiovali. Na takyto komplexny pristup k ich Studiu pred-
urCovali jubilanta jeho hlboké teoretické vedomosti a praktické
poznatky tak zo sedimentarnej petrografie a sedimentoldgie,
stratigrafickej geoldgie, ako aj z mikropaleontolégie. Prinos do
poznania paleogeografie a paleotektoniky Zapadnych Karpat
predstavovali rekonstrukcie prostrediopierajuce sa o facialnu analyzu
obliakov kriedovych a terciérnych zlepencov. Ziskané poznatky
vyznamne posunuli paleogeografické a palinspastické uvahy
0 postaveni Zapadnych Karpat v ramci alpinskeho vyvoja tetydnej
oblasti a korelacie s prilahlymi segmentmi alpsko-karpatského

geologickych institucii (Prirodovedeckej fakulty

UK, GUDS, GU SAV a i.), ¢lenom vedeckych
kolégii a atestacnych komisii. Aktivne pracoval v redakénych
radach vyznamnych geologickych ¢&asopisov (Geologica
Carpathica, Mineralia Slovaca a i.). Vyrazne zapojil do vychovy
niekolkych generacii slovenskych, ale aj zahrani¢nych geoldgov.
Zoznam mladych geolégov, ktorych vedecky formoval &i uz
ako Skolitel, konzultant, oponent kandidatskych a doktorskych
dizertaénych prac, je velmi rozsiahly. Vychoval rad odbornikov
hrdo sa hlasiacich k slovenskej sedimentologickej, mikrofacialnej
a stratigrafickej Skole vybudovanej a zveladovanej prof. M.
Misikom, Skole, ktora si vysledkami vedeckého badania ziskala
medzinarodné uznanie.

Nezanedbatelna je aj jeho vedecko-popularizacna praca
jubilanta (publikacia Stafeta vedy, Geologické exkurzie
po Slovensku). Publikoval desiatky ¢lankov v dennej tlaéi aj
v popularnych ¢asopisoch, vystupoval v rozhlasovych relaciach,
prednasal pre rozliény okruh zaujemcov. Jeho zasluhou sa
z mnohych neodbornikov stali nadSenci geoldgie a aktivni
ochrancovia krdsy mnohych geologickych vytvorov, ktoré vznikli
pocas zlozitej geologickej histérie ndSho uzemia.

Vyrazom verejného uznania celozivotného vedeckého
a spolo€enského prinosu prof. RNDr. Milana Misika, DrSc., je rad
oceneni pri rozlicnych prilezitostiach. Je ¢estnym ¢lenom SGS,
Rakuskej a Polskej geologickej spolo¢nosti, drzitelom Medaily
Jana Slavika SGS, Medaily Dimitrija Andrusova, nositelom Zlatej
medaily Univerzity Komenského, Prirodovedeckej fakulty UK a i.

Kolektiv pedagdégov a vedeckych pracovnikov Katedry geolégie
a paleontoldgie Prirodovedeckej fakulty UK vnima toto vzacne
jubileum ako prilezitost zhodnotit pracu jubilanta a ukazat na jeho
prinos do pokladnice vednej discipliny a do rozvoja vzdelania
nasej spolo¢nosti.

Vazeny pan profesor, prijmite srdeé¢né blahozelanie
a uprimné podakovanie za pracu, ktoru ste vykonavali a stale
vykonavate v prospech Prirodovedeckej fakulty UK a jeho
katedry geologie a paleontoldgie. Do dalSich rokov Vam zelame
najma pevné zdravie, aby ste mohli naplnit mnohé z doteraz
esSte neuskutoénenych pracovnych predsavzati, ale tiez aby
sa Vam splnili Vase kazdodenné osobné Zelania v praci aj
v osobnom zZivote.

Prof. RNDr. Dusan Plasienka, DrSc.,

prof. RNDr. Daniela Rehakova, CSc.,

a kolektiv Katedry geoldgie a paleontoldgie
Prirodovedeckej fakulty UK
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Prof. M. MiSik — Zoznam najvyznamnejSich prac

Misik, M., 1966: Mikrofacies of the Mesozoic and Tertiary limestones
of the West Carpathians. Bratislava, SAV, 269.

FusAn, O., GoRek, G. & Misik, M., 1968: Geoldgia Csl. Karpat v diele
Ceskoslovenska vlastivéda. Dil I, sv. 1. Praha, 155-242.

MiSik, M., 1976: Geologické exkurzie po Slovensku. Bratislava, SPN, 359.

Misik, M., 1997: Slovakia. In: E. M. Moores and R. W. Fairbridge (eds.):
Encyclopedia of European and Asian regional geology. Chapman
et Hall, London, 656-664.

MiSik, M., CHLUPAC, I. & CicHA, ., 1985: Stratigraficka a historicka
geoldgia. Bratislava, SPN, 570.

Misik, M. & MARsCHALKO, R., 1988: Exotic conglomerates in flysch
sequences: Examples from the West Carpathians. In: M. Rakus,
J. Dercourt and A. R. M. Nairn (eds.): Evolution of the Northern
margin of Tethys. Mém. Soc. Géol. France. N. s. 154, 95-113.

Misik, M., 1990: Stafeta vedy. Bratislava, Obzor, 376.

Misik, M. & ReHAKOVA, D., 2004: Psefitické horniny (Strky, brekcie,
zlepence) Zapadnych Karpat. Bratislava, Veda, 132.

Misik, M. & ReHAKoOVA, D., 2007: Dolomity, dolomitizacia a dedolomiti-
z4acia v horninach Zapadnych Karpat. Bratislava, Veda, 84.

Misik, M. & ReEHAKOVA, D. (in print): Vapence Slovenska — |. ¢ast
(biohermné, krinoidové, sladkovodné, ooidové a onkoidové
vapence). Bratislava, Veda.

Zoznam starsich prac autora z rokov 1953 az 1986 (spolu
83 poloziek) uverejnili Geologické prace, Spr., 88, s. 16-19
a popularizanych prac (25 poloziek) na s. 20.

Dopliname novsie prace jubilanta z rokov 1987 az 2006.

MiSik, M., 1987a: The Alga Halicoryne carpatica n. sp. from Upper
Triassic of Western Carpathians. Geol. Zbor. Geol. carpath., 38,
4,285-293.

Misik, M., 1987b: On the relation of Central West Carpathians and
Northern Apuseni Mts. Geol. Zbor. Geol. carpath., 38, 6, 643-650.

MicHALIK, J. & MiSik, M., 1987: Mezozoicka paleogeografia a facialny vyvoj
sedimentéacie v Zapadnych Karpatoch z hladiska moZznosti vyskytu
fosfatov a bauxitu. In: P. Grecula, K. Egytid a I.Varga (eds.): Geologicka
stavba Zapadnych Karpat vo vztahu k prognézam nerastnych surovin
(Il. geologické dni Jana Slavika), KoSice, 367-384.

Misik, M., 1988: Pebble dedolomitization in conglomerates of the
Pieniny exotic ridge and in other West Carpathian conglomerates.
Geol. Zbor. Geol. carpath., 39, 3, 267-284.

Misik, M. & MaRscHALKO, R., 1988: Exotic conglomerates in Flysch
sequences: examples from the West Carpathians. In: M. Rakus,
J. Dercourt and A. E. M. Nairn (eds.): Evolution of the northern
margin of Tethys. Mém. Soc. Géol. France, N. s. 154, 95-113.

SoTAK, J., Housa, V. & MiSik, M., 1988: West Carpathians algae of the
Genus Triploporella Steinmann, 1880 — application to Barrattollo’s
classification. Geol. Zbor. Geol. carpath., 39, 3, 323-352.

Misik, J., Mock, R., Rakus, M. & BIELY, A., 1989: The area of Mesozoic
sedimentation of the Mecsek and Northern Apuseni Mts. was not
situated in the West Carpathians. In: M. Rakus, J. Dercourt & A. E.
M. Nairn (eds.): Evolution of the Northern margin of Tethys. Mém.
Soc. Géol. France, N. s., 154/11, 69-79.

Misik, M., Mock, R., RakuUs, M. & BIELY, A., 1989: The sedimentation
area of the Mecsek was not in the West Carpathians. Geol. Prace,
Spr., 90, 7-22.

Misik, M., 1990a: Urgonian facies in the West Carpathians. Zem. Plyn
Nafta, 9a, 25-54.

MiSik, M., 1990b: Substratum of the Flysch and the Klippen Belt of the
West Carpathians. Acta geol. geogr. Univ. Comen., Geol., 45, 21-30.

Misik, M., RAkUS, M., MicHALIK, J., Mock, R., Durkovi¢, T., KORAB,
T., MARSCHALKO, R., MELLO, J., POLAK, M. & JABLONSKY, J., 1990:
Paleogeographic development of the West Carpathians: Anisian
to Oligocene. In: M. Rakus, J. Dercourt and A. E. M. Nairn (eds.):
Evolution of the Northern margin of Tethys. Mém. Soc. Géol.
France, N. s., 154/111, 39-62.

Misik, M., 1991: Pebble composition and source of Senonian Valchov
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Conglomerates (Brezovské and Cachtické Karpaty Mts.). Acta
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DANIELA REHAKOVA and STEFAN JOZSA, Dpt. of Geology and Paleontology, Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The International conference ESSE WECA, being
organized every second year by the Department of Geology
and Paleontology, Faculty of Natural Sciences, Comenius
University, Bratislava, was held in 4.-5. December 2008. The
lectures and poster presentations took place at AMOS lecture
room at the Faculty of Natural Sciences, Comenius University
in Mlynska dolina, Bratislava. Altogether 50 participants from
Poland, Czech Republic and Slovakia were registered to the
conference. New knowledge was presented in 22 lectures and
24 poster presentations grouped in three topic sections:

1. New data on geology and tectonic evolution of the
Pieniny Klippen Belt

2. New data on geology and tectonic evolution of the
Flysch Belt

3. Neotectonics and new data on geology and
evolution of the West Carpathian Neogene basins

The participants of the conference very positively
evaluated its logistics and high scientific standard. The
conference was characterized by a friendly atmosphere,
being influenced also by approaching Christmas time.

Part of participants of ESSE WECA conference during presentation
in AMOS lecture room, Faculty of Natural Sciences, Comenius
University.

Medzinarodna konferencia, ktoru kazdy druhy rok
organizuje Katedra geoldgie a paleontoldgie Prirodovedeckej
fakulty UK v Bratislave, sa konala 4.-5. decembra 2008.
Prednasky aj posterova prezentacia prebiehali v miestnosti
AMOS na Prirodovedeckej fakulte UK v Mlynskej doline.
Na konferencii sa zaregistrovalo 50 ucastnikov — vedcov
z Polska, Ceskej republiky a zo Slovenska.

Na programe boli prednasky a posterova prezentacia
z nasledujucich troch tematickych okruhov:

1. Nové poznatky o geologickom a tektonickom vyvoji
pieninského bradlového pasma

2. Nové poznatky o geoldgii a tektonike flySového
pasma

3. Neotektonika a nové poznatky o geoldgii a vyvoji
karpatskych neogénnych bazénov

Prednesenych bolo 22 referatov a v posterovej ¢asti sa
predstavilo 24 prispevkov. Zahrani¢ni aj domaci u¢astnici hod-
notili konferenciu velmi kladne, a to aj pokial iSlo o organizaciu
a o vedecku Uroven prispevkov. Uspedna akcia prebiehala
v priatelskej, s€asti uz v prijemnej predviano¢nej atmosfére.

““\;‘ /““'lbl'h ‘ ‘

Cast udastnikov konferencie ESSE WECA poéas prezentacie
v prednaskovej sale AMOS na Prirodovedeckej fakulte Univerzity
Komenského.
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Novel and diverse associations of calcareous dinoflagellate
cysts have been discovered in Late Badenian (late Middle Mio-
cene) coastal marine sediments within the Vienna Basin. Samples
derive from a clay pit near Devinska Nova Ves, a borough of
Bratislava, Slovakia, in which the Late Badenian lectotype
section is exposed. Seventeen different taxa, many of them new
and of abnormal morphology, have been distinguished and as-
signed to ten genera. The following seven taxa are newly intro-
duced from the Devinska Nova Ves clay pit: four genera compri-
sing five new species, i.e., Calciconus irregularis, Juergenella
remanei, Cylindratus borzae, Posoniella pustulata, Posoniella
campestris, one new varietas, i.e., Calcicarpinum perfectum
var. poratum, and one new forma, i.e., Caracomia arctica forma
duplicata. In addition, the following new combinations have
been made: Posoniella tricarinelloides (Versteegh), Juergenella
ansata (Hildebrand-Habel and Willems), and Juergenella
granulata (Kohring). The genus Melodomuncula Versteegh
is emended based on a new interpretation of its tabulation, and
the genus Pirumella Bolli is emended because the concept used
for the genus is not in accordance with the original description.

Acknowledgement. Funding from the Slovak Research and
Development Agency (grants APVV-51-011-305 and APVV-0280-07).

M. CIESZKOWSKI', J. GOLONKA?, M. KROBICKIZ?,
A.SLACZKA',N.OSZCZYPKO' and A. WASKOWSKA-
-OLIWA?: Origin of olistolits in alternating evolutio-
nary stages of the Northern Outer Carpathians, Poland

'Inst. of Geological Sciences, Jagiellonian Univ., Oleandry 2a, 30-376
Krakéw, Poland; marek cieszkowski@.uj.edu.pl; 2Fac. of Geology,
Geophysics and Environmental Protection, Mickiewicza 30, 30-059
Krakéw, Poland

The following geodynamic evolutionary stages, reflecting
the Wilson’s cycle, can be distinguished in the Northern
Carpathians (Golonka et al., 2006):

Stage | —rifting of terranes off the major continent, forming
oceanic basins (Triassic — Lower Cretaceous);

Stage Il — formation of subduction zones along the active
margin, partial closing of oceanic basin, development of deep-
water flysch basin associated with this rifting on the platform
(passive margin) with the attenuated continental crust (Upper
Cretaceous — Paleocene);

Stage Il — collision, perhaps terrane — continent, with
the accompanying convergence of two large continents,
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development of accretionary prisms, Eocene — Lower Miocene
time in the Carpathian region;

Stage IV — postcollisional (Miocene)

Each of them formed conditions for sedimentation of debris
flow deposit with olistoliths and origin of olistostromes.

The term olistostrome is derived from the ancient Greek
and means “slide-layer” (Cieszkowski and Golonka, 2006).
An olistostrome is a sedimentary deposit consisting of blocks
of diverse origin that are immersed in the matrix. In the
Northern Carpathians this matrix consists of clay, mud and
sand or their mixture forming turbidity package. The blocks in
olistostrome are named olistoliths. The size of olistoliths varies,
from centimeters to kilometers. Very large blocks could slide
independently into the basin with no easily distinguishable
matrix. The matrix in this case is the flysch sequence or even
entire sedimentary-tectonic unit. The olistostromes formed
in Northern Carpathians as debris flows during the different
stages of the development of flysch basins, from rift through
post-rift to the orogenic stage. They are known from the
Cretaceous, Paleocene, Eocene, Oligocene and Miocene
flysch deposits of main tectonic units. Those units are the
Skole, Subsilesian, Silesian, Dukla and Magura nappes as
well as Pieniny Klippen Belt.

The oldest olistolits in the Northern Carpathians are
related with the Upper Jurassic-Lower Cretaceous rifting and
post-rifting stages of the Northern Carpathians and origin
of the proto-Silesian basin. They are known from the Upper
Jurassic Vendryne Formation, as well as Upper Jurassic-
-Lower Cretaceous Cieszyn Limestone Formation and Lower
Cretaceous Cieszyn-Grodziszcze Formation.

In the southern part of the Polish Northern Carpathians
as well as in the adjacent part of Slovakia the olistoliths are
known from the Cretaceous-Paleocene flysch deposits of
the Pieniny Klippen Belt Ztatne Unit and in Magura nappe
representing the second stage of the plate tectonic evolution
— an early stage of the development of the accretionary
prism. The most spectacular olistostromes have been found
in the vicinity of Haligovce village in Pieniny Klippen Belt and
in Jaworki village at the border zone between the Magura
nappe and Pieniny Klippen Belt. The olistoliths and large
clasts are represented by igneous rocks including possible
ophiolite basalts as well as a variety of carbonate rocks of
Triassic-Paleogene age. This material represents the former
PKB basinal and ridge sequences as well as Inner Carpathian
terrane sequences. The Haligovce Klippen and Homole block
represent largest Pieniny Klippen Belt olistoliths (Golonka
et al., 2006). In the basal part of the Godula Formation
(Turonian — Campanian) represented by very thick-bedded
sandstone turbidites of the Silesian nappe the large flat
blocks of the shales derived from the Lgota Formation
(Albian — Cenomanian) rest on slumped beds (Slaczka et al.,
2006). In the area surrounding artificial Roznéw lake several
olistostrome horizons are known from the Istebna Formation
(Maastrichtian — Paleocene) as well as from the Hieroglyphic
(Roznov) Formation (Middle-Upper Eocene). The large flat or
plastically folded blocks of flysch deposits are present here.
Blocks of marls and occasional limestones occur in the debris-



'ESSEAWECA

-flow sandy-gravel matrix with pebbles. The pebbles represent
different sedimentary, metamorphic and magmatic rocks.
West of Rabka the Middle Eocene olistostrome is developed
in the Bystrica Subunit of the Magura nappe. Within the debris-
-flow sandy-gravel matrix there occur olistolits of Eocene varie-
gated shales of tabowa Formation as well as shaly-sandstone
flysch and destructed sandstone layers and sandstone balls.

During Upper Paleogene collisional stage inside the
accretionary prism of Zdanice, Subsilesian and Silesian
nappes numerous olistoliths were deposited within the
Oligocene-Lower Miocene Menilite Formation and Krosno
Formation. The largest olistoliths (kilometers in size) are
known from the Moravia region, where huge bodies of shallow-
-water rocks of Upper Jurassic-Lower Cretaceous age were
deposited within the Upper Paleogene flysch. The largest
olistoliths in Poland were found in the vicinity of Andrychéw
and are known as Andrychéw Klippen (Golonka et al., 2006;
Slaczka et al., 2006). In Skrzydina quarry in the basal part
of the Cergowa Sandstone in the Menilite beds (Oligocene)
the very coarse conglomerates occur having pebbles of
Paleozoic, Mesozoic and Paleogene rocks. Some Jurassic
and Paleogene blocks measured up to 2.5 m. Just above
them in the section the large olistostromes are developed
being composed mainly of the Lower Cretaceous flysch
deposits which represent Cieszyn-Grodziszcze Formation
and Verovice Formation with minor addition of the Eocene
grey or red marls and shales. Exotic-bearing shales from
Bukowiec are known from the eastern part of the Polish Outer
Carpathians. They create lens within the Oligocene Krosno
Formation in SE, inner part of the Silesian nappe in front of
the Dukla nappe. They contain huge (aproximately 15 meters
in length) block of shallow water deposits.

The olistostromes witnessed the processes of the
destruction of the Northern Carpathian ridges. The ridge
basement rocks, their Mesozoic platform cover, Paleogene
deposits of the slope as well as older Cretaceous flysch
deposits partly folded and thrust within the prism slided
northward toward the basin, forming the olistostrome. The
Fore-Magura (Grybow) and Silesian ridges were totally
destroyed and colapsed during subduction. Recently they are
known only from olistoliths and exotic pebbles in the Outer
Carpathian flysch. Their destruction is related to the advance
of the accretionary prism. This prism has obliquely overridden
the ridges, leading to the origin of the Menilite-Krosno basin. In
the final, postcollisional stage of the Northern Carpathian plate
tectonic development some olistoliths and even olistostromes
were deposited within the Miocene molasse rocks.

In the western part of the Polish Outer Carpathians
several boreholes (Slqczka et al., 2006) have penetrated
autochthonous Upper Oligocene to Lower Miocene deposits
beneath the Carpathian nappes. The basal portion of this
sequence is composed of the fan-delta pebbly mudstones and
conglomerates of the Zawoja Fm. (Oligocene-Egerian, see
Oszczypko, 1998). These conglomerates pass upwards into
dark marine mudstones of the Zebrzydowice Fm. (?Egerian-
-Ottnangian, see Oszczypko-Clowes and Oszczypko,
2003). Marine sedimentation period was followed by an
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Intra-Burdigalian (Karpatian) uplift, folding and thrusting of
the Outer Carpathians onto the foreland platform. This was
accompanied by the development of the large-scale flysch
olistoplaques and gravitational nappes of the Sucha Fm.
along the frontal parts of the Sub-Silesian nappe, which was
located about 50 km south of its present-day position.
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During the last few years several authors studied the age
of the youngest flysch deposits of the Western and Eastern
Carpathians (see Melinte, 1995; Svabenicka et al., 2007;
Oszczypko et al., 2005; Oszczypko-Clowes and Oszczypko,
2004; Oszczypko-Clowes, 2003, 2008; Andreyeva-Grigovich
et al., 2008).

The Oligocene-Lower Miocene closing of the northern
sector of the Outer Carpathian sedimentary area is
manifested by deposition of Krosno/Malcov and Magura
sandstone types of synorogenic lithofacies.

The Malcov lithofacies is typical for the Pieniny Klippen
Belt/Magura Basin, while the Krosno one occupied the
Grybdéw-Dukla-Silesian/Sub-Silesian/Skole and Boryslav-
-Pokuttya basin systems. The beginning and termination
of these deposits was diachronic and migrated across the
basins towards the north. These lithofacies reveal the fining
and thinning upwards sequences. Towards the top the
sedimentary sequences are dominated by marly pelites. In
the PKB and Krynica Zone of the Magura Basin the deposition
of the Malcov lithofacies was initiated during the NP 24 and
persisted to NP25 zone, whereas in the Ra¢a zone in NP24
and NP25 respectively.

In the Grybéw-Dukla units the Krosno shally facies
belongs to NP25. Towards the north this facies terminates
in NN1 to NN3/NN4 zones in the Silesian/Subsilesian and
Skole/Skiba nappes respectively. In more external part of
the basin (Boryslav-Pokuttya folds) the Krosno (Polyanytsia)
lithofacies pass into Vorotyshcha Salt Formation (NN4 zone).
In the Magura Basin the Oligocene-Lower Miocene deposits
are represented by thick-bedded sandstones with sporadic
intercalations of pelitic deposits, derived from south-east
trending source area. During the Oligocene in the Krynica,
Bystrica and Raca facies zone these deposits interfingered
with the Malcov lithofacies. In the northern part of the Magura
Basin (Siary zone), supplied from the northern source area at
that time the thick-bedded, glauconitic Watkowa sandstones
as well turbiditic mars were deposited. The youngest deposits
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(so-called Supra-Magura beds) of the Siary zone belong to
NP24 zone.

During the Upper Oligocene (NN25/NN1) the frontal
part of Magura nappe thrust northwards onto the terminal
Krosno flysch basin. The clastic material derived from eroded
front of orogene has been found in Krosno beds of Silesian
Basin. The northwards thrusting of the Magura nappe was
also accompanied by the formation of the piggy-back basin
on the Magura nappe, filled with the synorogenic turbidites
of the Zawada and Kremna formations (NN 2-3), which are
characterized by the abundance of recycled nannofossils
deriving from the front of orogenic wedge.
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During Late Miocene, the Western Carpathian paleo-
geography started to change. The lake Pannon retreated
southwards, and the northern coast of the back arc basin was
slightly elevated due to progradation of deltaic and alluvial
facies, especially in the lowlands.

The studied “Pannonian lake” sediments come from the
Czech and Slovak parts of Central Paratethys (Vienna and
Danube basins). Changes of the sedimentary environment
from the deep to shallow lake and deltaic environments,
followed by development of alluvial plains, were noticed.
Salinity crisis due to Paratethys isolation led to development
of total freshwater environment at the end of this period.
Samples from 3 superficial localities and 15 boreholes
were palynologically studied. Occasional occurrences of
Dinoflagellates indicate a slightly higher salinity, whereas
green algae Pediastrum, aquatic ferns Azolla, and aquatic
and coastal plants (Nelumbo, Nymphaea, Myriophyllum,
Sparganium, Potamogeton, Cyperaceae etc.) represent
a freshwater environment. Due to paleogeographic changes
and climatic oscillations the number of thermophilous taxa
decreased and some of them disappeared completely
from this area (f. e. Sapotaceae, Palmae). Mostly broad-
-leaved deciduous elements of mixed mesophytic forests
(Quercus, Celtis, Carya, Tilia, Carpinus, Betula, Juglans) with
some thermophilous elements admixture of Engelhardia,
Castanea, Trigonobalanopsis, Symplocos, Cornaceaepollis
satzveyensis generally dominated. Variously high relief of
the uplifted mountainy chains created ideal conditions for
higher presence of extrazonal vegetation (Cedrus, Tsuga,
Picea, Cathaya) in the investigated area. Zonal type of
vegetation including marshes, riparian forests with Alnus,
Salix, Pterocarya, Liquidambar, Betula, Fraxinus, shrubs and
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lianas on dryer substrates associated riparian forest (Buxus,
Ericaceae, Vitaceae, Lonicera, Rosaceae type Rubus),
and coastal swamps with Taxodiaceae, Nyssa, Myrica,
Sciadopitys were growing in the floodplain lowlands of the
Vienna Basin. Accumulations of the Chenopodiaceae in the
interfluve areas probably indicate local saline swampy
environments during sea level fall. The increasing amounts
of herbs indicate the existence of wet prairie areas (Thalic-
trum, Rumex, Valeriana, Dipsacaceae, Lamiaceae, Galium)
or steppes (Artemisia — up to 17 %, Asteraceae, Campanula,
Fabaceae, Daucaceae, Caryophyllaceae, Plantago).
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The paleogeographic elements of the Western Carpat-
hians during Late Jurassic and Early Cretaceous times are
linked to the lithostratigraphy of the various facies zones
as well as occurrence of hydrocarbon source rocks. These
source rocks were deposited within North European Plat-
form and Severin-Moldavidic (Proto-Silesian) Basin. The
uplifted and basinal zones were distinguished within the
platform. The BaSka-Inwatd Ridge and Pavlov Carbonate
Platform belong to the uplifted elements, while Bachowice
and Mikulov basins represent the basinal zones.

The Upper Jurassic organic-rich Mikulov marls were
deposited within the Mikulov Basin. These 1400 m thick
organic-rich rocks with TOC value 0.2-10 %, average 1.9 %
with type Il and Ill kerogen sourced oils in the Vienna Basin
and Carpathian subthrust. They represent the world-class
source rocks. These source rocks were found in the wells in
southeastern Czech Republic and northeastern Austria.

Severin-Moldavidic Basin developed as rift and/or back-
-arc basin. Its basement is represented by the attenuated crust
of the North European plate with perhaps incipient oceanic
fragments. The sedimentary cover is represented by several
sequences of Late Jurassic — Early Miocene age belonging
recently to various tectonic units in Poland and Czech
Republic. The Upper Jurassic-Lower Cretaceous organic-rich
rocks of this basin belong to Vendryné, Hradisté and Verovice
Formations. They originated within the deeper parts of the
basin in restricted marine environment.

The samples from the shales of the Vendryné Formation
from Skalice, Czech Republic indicate TOC 0.91-1.04 %
(max. 2.32 %), from Gumna (Poland), 1.43-1.77 %, from
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the Katowice-Wista road 0.48-0.64 % and from Goleszdéw
(Poland) 0.99-1.36 %. The kerogen belongs to type II-lll.
The samples from the Hradis§té Formation from Skalice and
Ostravice (Czech Republic) indicate TOC 0.6—1.5 %, from the
uppermost part of this formation from Pindula 2 — indicate
TOC 2.0-2.5 %. The samples from shales of the Vefovice
Formation from Rzyki near Andrychéw (Poland) TOC 0.38-
3.0 %, from Zasan near Myslenice (Poland) TOC 1.56-3.72 %,
and from Verfovice in Moravia (Czech Republic) 0.31-3.66 %.

The Vendryné Formation rocks do not contain significant
amount of organic carbon. The increased TOC was encoun-
tered within the Vefovice Formation and uppermost part of
Hradidté Formation. These rocks represent global anoxic
event OAE 1b. Vefovice Formation contains potential source
rocks for the Outer Carpathians systems with reservoirs
various in age.

Acknowledgement. This work was financed as research project
4 T12B 002 30 “Paleotectonic constraints on the source rock ring
during Jurassic and Early Cretaceous in the Outer Carpathians’
financed by the Polish Ministry of Science and Higher Education.
It was also partially financed but the Grant Agency of the Czech
Republic (GACR No. 205/07/1365).

M. GRADZINSKI', M, DULINSKI2, H. HERCMAN?,
P.HOLUBEK*, M. KOVACOVA?®, E. STWORZEWICZS, P.
RAJNOGA' and W. WROBLEWSKI': Factors control-
ling growth of travertine mounds in northern Slovakia

TInst. of Geological Sciences, Jagiellonian Univ., Oleandry 2a, 30-063
Krakdw, Poland; 2Fac. of Physics and Applied Computer Science, AGH-
-Univ. of Science and Technology, Al. Mickiewicza 30, 30-059 Krakéw,
Poland; %Inst. of Geological Sciences, Polish Academy of Sciences, ul.
Twarda 51/55, 00-818 Warszawa, Poland; “Slovak Museum of Nature
Protection and Speleology, Skolska 4, 031-01 Liptovsky Mikulas,
Slovakia; °Dpt. of Geology and Paleontology, Fac. of Sciences,
Comenius Univ., Mlynska dolina G, 842 15 Bratislava, Slovakia; éInst.
of Systematics and Evolution of Animals, Stawkowska 17, 31-016
Krakéw, Poland

Travertines as the freshwater carbonates are commonly
regarded as one of the best paleoclimatic indicators on land
areas. The idea that their growth is particularly vigorous
in warm and humid climatic condition is widely accepted.
However, they are fed by deep-circulation waters of conside-
rably long residence time, saturated with CO, of deep origin.
Hence, the question arises if paleoclimate really governs,
and to which extent, the deposition of such travertines.

To clarify above problems the complex study of travertines in
Slovakia has been undertaken. Numerous extensive travertine
mounds, up to several tens of metres high and several hundred
metres in lateral extent occur there. They display a wide
spectrum of fabric types, from typical of proximal thermogene
travertines to characteristic of meteogene ones. The former
comprise: crystalline crusts, shrubs, gas bubbles, pisoids,
sunken rafts, while the latter include cyanobacterial and/or
algal stromatolites and oncoids, as well as numerous imprints
of higher plants. They also contain rich assemblage of mollusc
fauna. Despite their great variations of fabrics, the travertines

(C esEmen:

were predominantly fed by CO, of deep origin, which has been
proved by the carbon stable isotope analysis. Moreover, the
results of uranium series dating, as well as palynological and
microfacies investigation suggest that not all studied traver-
tines were laid down in temperature maximum of interglacials.

Furthermore, Slovak travertines are spatially related
to fault zones, which indicates that they were fed by water
rising along fault planes. Thus, the tectonic activity seems
to be the important factor controlling travertine origin. Such
faults may be responsible for providing conduits for deep-
-circulation, highly mineralized waters since the phase of fault
fracture opening would be followed by increased migration of
mineralized waters from greater depths toward the surface.
The finding of sedimentary breccias incorporated within the
studied buildups and widened fissures, filled with phreatic
calcite spar cutting the travertines, supports the view above.
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In 1966 the locality Ostravice, well-known between
geologists, was declared as natural landmark “Ostravice river
channel’ It is located along Ostravice river, flowing through
the Ostravice village. The frequently visited locality of Outer
(Flysch) Western Carpathians is known particularly because
the river channel well exposed the thrust plate of the Silesian
nappe over the Subsilesian nappe. Tectonically foliated
marly-sandy deposits of the Frydek Formation belong to the
Subsilesian nappe. According to Roth (1967) Maastrichtian
planktonic foraminifers are present there.

Deposits of the Silesian nappe in this locality belong mainly
to Hradisté Formation. Roth (1967) denotes the Hauterivian
age of deposition without detailed data. Elia$ et al. (1979),
without clarification, referred them to Hauterivian up to
Early Aptian age. Silesian nappe formations in this natural
landmark could be divided into three passages. The lowermost
passage, which starts by the thrust plate and ends by river
rapids, is characteristic by very complicated structure, in the
consequence of proximity of the thrust plate and the flysch
character of deposits, where greywacke sandstones and
dark-grey claystones are roughly in equivalent proportion.

The second passage begins by Ostravice river rapids and
follows against current in the length of about 70 m. The clayed
limestones and grey claystones, periodically intercalated by
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platy, somewhere up to benched sandstones crop out there.
In the uppermost part of the exposed profile limestones
disappear, so the uppermost part of the Hradisté Formation is
represented mainly by grey to dark-grey calcareous claystones
interbedded with platy sandstones. The second section was
lithologically documented in detail and sampled. Samples for
microfossil study purposes were marked as ODA to ODO.

After the interruption of the profile in the length of 13 m
some metres thick third passage follows, being represented
by dark-grey non-calcareous shaly claystones with the layer
of pelosiderites. These deposits belong to the Vefovice
Formation.

In detail studies of the second part of Ostravice—rapids
profile, built by Hradisté Formation, brought some new data.
From the evaluation of thin sections was evident, that in
sequence of rapids and in overlying layers the clayey micritic
limestones are mainly present. This factor was not documented
during foregoing investigations. The higher erosion resistance
of limestones caused formation of the terrain stage, to which
is the river rapid tied.

In studied limestone the samples calcareous nannofossil
assemblages were detected with Cruciellipsis cuvillieri (Manivit)
Thierstein, Speetonia colligata Black, Litraphidites bollii
(Thierstein) Thierstein, Rucinolithus terebrodentarius Applegate
et al. in Covington & Wise, Rucinolithus windleyae Rutledge
& Bown and Calcicalathina oblongata (Worsley) Thierstein,
indicating the Late Hauterivian age. The missing of nannoconids
and micrantholiths, which are important rock-forming elements in
coeval deposits of the Tethyan and Atlantic province (for example
Rochovica outcrop in the Klippen Belt, Western Carpathians),
could indicate reflection of the cold stream influence, water
column depth, or eutrofication of the surface water?

In studied micritic limestones, marly shales and siltstones
the poor fossil rests were identified of undetermined benthic
foraminifera, calcified radiolaria, spines of sea urchins,
detritus of crinoid segments and assemblages of calcareous
dinoflagellates with Cadosina semiradiata semiradiata
Wanner, Cadosina semiradiata olzae (Nowak), Cadosina
semiradiata cieszynica (Nowak), Stomiosphaera wanneri
Borza, Stomiosphaera sp., Stomiosphaera echinata Nowak,
Carpistomiosphaera valanginiana Borza, Colomisphaera
lucida Borza, Colomisphaera conferta Rehanek and
Cadosinopsis nowaki Borza. The established assemblage is
typical for the latest (Uppermost) Valanginian and Hauterivian.
The latter mentioned form Cadosinopsis nowaki Borza,
identified in the sample ODH, has been yet stated only from
Hauterivian (Borza, 1984; Rehakova, 2000).

The poorly preserved cysts of non-calcareous dinofla-
gellates in studied samples appeared quite sporadically, being
only generic determined — Circulodinium, Exochosphaeridium,
Oligosphaeridium and Spiniferites and typical for Valanginian
to Aptian.

The third passage of Ostravice profile is lithologically
different. Non-calcareous dark-grey pelitic deposits with
pelosiderites of the Vefovice Formation are exposed. They
contain rare pyritized radiolarian skeletons and teeny detritus
of coalified plant remains. The correlation of these deposits
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with their outcrops in other localities of the Silesian unit
allowed to fix the Late Aptian age.

Only small part of Hradisté Formation outcrops in studied
locality. The whole Barremian and Lower Aptian deposits are
missing here. The contact between Hradisté and Vefovice
Formations is tectonic.

N. HLAVATA-HUDACKOVA and E. HALASOVA: Upper
Badenian-Sarmatian paleoenvironment from the
Jakubov — Malacky area (Vienna Basin Slovak part)

Dpt. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Bratislava, Slovakia

The development of investigated intramountain Vienna
Basin (Slovakia) was affected by global environmental
changes as well as specific ones due to local factors, being
a part of epicontinental sea called Central Paratethys. The
most distinctive changes occurred in the Middle Miocene.
These processes caused formation of marine and terrestrial
phases in the Paratethys area having occasional connections
with the Mediterranean and Eastern Paratethys. The closing
and reactivating of seaways, especially during the Miocene,
produced changes of environmental conditions. The Upper
Badenian (13.6—-12.7 Ma) is regarded as the last period of
marine connection between the Paratethys and Mediterranean
Tethys. Sarmatian sediments represent last normal to brackish
marine sediments in the Vienna Basin. Analyses of depositional
environment of the Upper Badenian and Sarmatian infill of
the Vienna Basin in the Malacky and Jakubov area shows
distinct facies segmentation from sedimentological, as well
as from paleontological aspects. Upper Badenian sediments
are represented by grey calcareous siltstones, claystones to
sandstones with bioturbation and fragments of macrofossils.
They probably represent sediments typical for intertidal
or deltaic environment. Distinct shallowing is supposed
in marginal area with A/P (Ammonia/Porosononion), A/E
(Ammonia/Elphidium) A/H (Ammonia/Haynesina) foraminiferal
assemblages accompanied by calcareous nannofossils
dominated by small reticulofenestres, Reticulofenestra haqii
and R. minuta, the Glyptostrobus marshes are developed
also. Mentioned assemblages are typical for high energy
environments of shallow, brackish water of the inner shelf,
sheltered bays or deltas with depth to 20 m and salinity
under 32 %. More likely it could also represent intermediate
or hyposaline marshes. Lowermost Sarmatian represents
associations with Ammonia, which continued from Upper
Badenian sediments. This stressed shallow conditions, even
freshwater, are changed to deeper dysoxic Anomalinoides
badenensis associations. Large Elphidia Zone is developed in
the northern areas, being probably bordered on central parts
of sedimentation area. It is typical for shallow water, to 20 m
deep, well aerated marine or brackish environment. In the
upper portions of profiles the associations with small miliolids
occurred. Assemblages of small miliolids, Ammonia vienensis
and Elphidium are interfingering into marginal parts of studied
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area depending of the water supply. It is typical for very shallow
environments (to 2 m) of intermediate, hyper or hyposaline
marshes, grassy, occasionally flooded or exsiccated. In core
depths of approximately 625 m the marshes wooded by
Glyptostrobus forest are proved, being documented by charred
bark, seeds and cones. In these sediments the change
of calcareous nannoplankton association was detected. It is
represented by acme of Braarudosphaera bigelowii and B.
bigelowii parvula — indicators of very stressed environment.
In these horizons Foraminifera do not appear at all.
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The locality of Cerova-Lieskové is situated on the western
slopes of the Malé Karpaty Mts. in the SW part of Vienna Basin.

The studied section is represented by the Lak$arska
Nové Ves Formation (Spi¢ka and Zapletalova, 1964)
being characterized by grey calcareous pelitic “Schlier”
development. The biostratigraphic dating is based on
nannoplankton flora assemblage and indicates the NN4
Zone of the Lower Karpatian age (Barath et al., 2003).

Several animal groups were documented at the studied
locality including foraminifers, bivalves, gastropods, echinoids,
cephalopods and fish otoliths. Recently more attention has
been paid to crustaceans which represent two different orders
here: Decapoda and Isopoda. 79 specimens have been
studied, which yielded totally 7 different taxa (1 belongs to
Isopoda order).

The greatest number of specimens was determined as
Callianopsis sp. nov. (order Decapoda, infraorder Thalas-
sinidea, superfamily Callianassoidea). The material exhibits
striking sexual dimorphism through the shape of the major
cheliped. Nearly all morphological characters needed for
proper systematic identification of fossil callianassid material
proposed by Manning and Felder (1991) were observed on
the studied specimens, including the morphology of dorsal
carapace and all segments of major and minor chelipeds of
both sexes. The second almost isochelate thalassinid taxa
comprises two specimens and has not been determined yet.

From Anomurans there were collected totally 4 specimens
belonging to single family Galatheidae and two different taxa.
Munidopsis sp. nov. is represented by 3 almost complete
carapaces. The second species has not been described
properly yet since only one fragmentary specimen was
found, but it certainly has to be described as a new species
belonging to subfamily Galatheinae.

Infraorder Brachyura is represented by only species
Styrioplax exiguus, which was first described from Austrian part
of Vienna Basin (Glaessner, 1928). Karasawa and Kato (2003)
in their re-evaluation of the family Goneplacidae argued that
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it is not possible to assign this species to any subfamily with
certainty because the type material is not very well preserved.
This new material from the Cerova-Lieskové locality com-
prising totally 4 specimens will allow us to classify S. exiguus
more precisely than ever before after proper examination.

Order Isopoda is represented by 3 specimens probably
belonging to family Cirolanidae. Specific assignation is not
possible because soft parts needed for determination are not
preserved. In one case there are nearly all parts of cephalon,
pereon and pleon preserved, documenting the biphasic
molting typical for isopods.

The crustacean fauna collected at the Cerova-Lieskové
locality brings new data in several respects: Callianopsis
sp. nov. is the second record of this today exclusively Pacific
genus in the Europe, which confirms the decapod crustacean
faunal changes not only between the Pacific and Atlantic
regions (Feldmann and Schweitzer, 2006; Schweitzer, 2001)
but also between Atlantic and Paratethyan realm through
Mediterranean. The new material of S. exiguus together with
the re-examination of the type material sheds new light on
the classification of the genus of Styrioplax. Finally collected
presumable cirolanid specimens represent the first record of
fossil marine isopods in Slovakia.
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The shark and fish teeth extracted from bone beds
occurring in the Rhetian Fatra Fm. of the Kardolina locality in
the Tatra Mts. are briefly described. The fauna comprises well
established Rhetian Chondrichtyes and Osteichtyes.

Rhetian fish remains (single shark and actinopterygian
teeth and scales) were previously reported from slopes
of the Tatra Mts. by Gazdzicki (1974) as well as Duffin and
Gazdzicki (1977). Indeterminated Rhetian fish remains were
also 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 village Tatranska Kotlina) in 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 beds 2.2/2.3. Fish fossils (single teeth and vertebrae)
were collected in beds 2.2, 2.3, 3.1, 3.2, 3.3, 3.4, 4, 4.2, 5.1,
5.2, 5.4, 13/14, 14/15 and 15/16 and they are housed in the
Geological Institute of SAS in Bratislava.

Many small (a few mm) shark teeth belonged of Lissodus
minimus (Agassiz, 1839). Agassiz in 1839 described by as
Acrodus minimus from most Westbury Formation. One tooth
belongs to Hybodus minor Agassiz, 1833. It is characterized
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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).

Teeth of Sargodon tomicus Plieninger, 1847 belong to the
most often finds. They are of two morphological 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 the Norian-Rhetian of Europe, especially
from 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).

The conical teeth belong to Saurichthys longidens
Agassiz, 1834 and Birgeria acuminata (Agassiz, 1839),
which were predators, while the highest trophic level was
occupied by “primitive” basal actinopterygians (Lombardo and
Tintori, 2005). Saurichthys (“lizard fish”) were recognizably
pike-like fish, with a characteristic caudal placement of
the dorsal and anal fins. Morphological characteristics of
these fish are sufficiently similar to that of pikes for their
lifestyles to have been most probably very similar. Thus, it
is generally hypothesized that the large (up to a meter in
length) saurichthyiform fish were ambush predators, using
their elongated and narrow mouths to snatch the smaller
fish they probably fed on after a rapid burst of swimming.
Saurichthys was relatively cosmopolitan, found in deposits
on all continents except Antarctica. Birgeria was a large fish
with robust dentition. Basal portion of teeth below enamel cap
is relatively shorter. The enamel cap terminated proximally
by prominent collar; teeth with fine vertical striations, best
developed immediately proximal to collar. Birgeria have the
body almost naked, scales only present on dorsal half of
caudal pedicle, on body axis of caudal fin, and anteriorly to
the caudal pedicle in a single row along the main lateral line
(Savage and Large, 1966).

The base of the Fatra Fm. in the Kardolina locality
contains record of colonization by marine faunas (shark
and fish) during the Rhetian transgression, which become
dominated by Sargodon tomicus Plieninger, 1847.
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The majority of stugied profiles is situateg in the central
Povazie area (Hreben, Stepnicka skala Il. and Ziacik) except of
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“Erdudsky kostol” locality situated in Orava region. Microfacies
studies distinguished following dissimilarities with the classical
scheme of Birkenmajer (1977). In the Hreben section, red Kru-
pianka Limestone is missing above the Smolegowa Limestone
but grey to pink-red crinoidal limestones occur there. Higher up
they pass into micritic crinoidal limestones which contain quantity
of brachiopods and a “filamentous” microfacies. Deepening
of the sedimentation environment is indicated by increasing
micritic component and appearing of “filamentous” microfacies.
The sedimentary environment of this limestone is subtidal up to
deeper neritic. In this formation, condensed sedimentation was
registered, being indicated by the Fe-Mn crusts (hardgrounds).
After the interruption of sedimentation the Czorsztyn Nodular
Limestone with the “filamentous” microfacies sedimented.
In Oxfordian, the “filamentous” microfacies was replaced by
Globuligerina microfacies in the upper part of the formation.
Transitional “filamentous-Globuligerina” microfacies indicates that
the transition was gradual and not abrupt, as known earlier. Onset
of globuligerinids and radiolarians proves consequent deepening
of the sedimentary basin. The Globuligerina microfacies is
replaced by Saccocoma microfacies in Kimmeridgian; it appears
together with Bosira buchi (RoeMeR). Globuligerinids appear
again in the overlying pseudonodular crinoidal limestones with
Saccocoma microfacies in the Hreber section, which indicates
gradual replacement of Globuligerina by Saccocoma microfacies
contrasting to sudden onset which was recognized before. The
Czorsztyn Limestone Formation of “Erdudsky kostol” section is
formed prevailingly by Saccocoma microfacies. Brown to brown-
-red crinoidal (Saccocoma) limestones in the Stepnicka skala
II. locality were distinguished under a new name — Strezenice
Limestone Formation of the Kimmeridgian to Lower Tithonian
age. The studied Dursztyn Formation of Upper Tithonian-Lower
Beriassian age is represented by Rogoza Coquina (Hreben,
Sepnicka skala Il. and Ziagik), Koréwa Member (Hreben,
“Erdudsky kostol”) and the Sobdtka Member (Stepnicka skala
Il. and “Erdudsky kostol”). The sedimentary environment of the
Dursztyn Limestone Formation is deeper neritic, dominated by
planktonic organisms. On the basis of association of calcareous
dinoflagellate cysts and calpionellids following zones were
distinguished: Malmica Zone distinguished from the uppermost
part of Strezenica Limestone and from the lower part of Red Nodu-
lar Limestone of Stepnicka skala Il. section and from Rogoza
Coquina of Hreben section. Semiradiata Zone was distinguished
from the upper part of Rogoza Coquina of Stepnicka skala II.
section. Crassicollaria Zone was distinguished from Koréwa
Member of Hreben section, from Koréwa Member and from the
lower part of Sobdtka Member of “Erdudsky kostol” section and
Crassicollaria Zone with Intermedia subzone from the uppermost
part of Rogoza Coquina of Stepnicka skala I1. section. Calpionella
Zone with Alpina Subzone was distinguished from Koréwa
Member of Hreber section and from the upper part of Sobdtka
Member of “Erdudsky kostol” section. Calpionellid zonations was
used by Pop (1994) and calcareous dinoflagellate cyst zonations
by Rehakova (2000). In the Ziagik locality, the Rogoza Coquina is
different from the other occurrences by absence or subordinate
amount of Globochetae microfacies. The youngest members
observed were grey and red limestones of Aptian up to Albian
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age with Hedbergella sp. (“Erdudsky kostol”) and neptunian
dyke with the rare appearance of Ticinella sp. (ZiacCik).
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Several bodies of dark grey, massive, marly and siliceous
or cherty limestones occur in the area around the Jalovec hill
about 2 km NW of the Lysica village. Surrounding rocks are poorly
outcropped, they are probably formed by thin-bedded shale/
sandstone alteration described as the “spherosiderite beds”
(Hasko and Polak, 1979), correlative to the Nimnica Formation
defined by Salaj (1990). These sediments belong to the basal part
of the Klape Unit (or Manin Unit according to Hasko and Polék,
1979) overriding Upper Cretaceous formations of the Kysuca
Unit. The limestone bodies are nearly isometric, up to 100 m in
diameter. These bodies were described as “klippen” by Hasko
and Polak (1979), but limestones are of the approximately same
age as the associated distal flysch sediments (Upper Aptian? —
Albian, |.c.). More probably they represent olistoliths or tectonically
disrupted slump bodies derived from the basin slopes.

An uncommon assemblage of planktonic foraminifera with
other benthic foraminifera, scarce bivalve fauna and wood
fragments has been recovered from limestones of this formation.
Planktonic foraminiferal assemblage shows nearly monospecific
composition and belongs to the family Favusellidae. There have
been identified Ascoliella nitida (MiCHAEL) and in lesser amount
Ascoliella cf. voloshinae (LONGORIA and GAMPER), representing the
first descriptions of free specimen from the family Favusellidae of
Albian deposits of Slovak Western Carpathian area. From benthic
foraminifera the representatives of genera Tritaxia, Lenticulina,
Vaginulinopsis, Gavelinella and scattered Textulariopsidae gen.
et spec. indet were identified. Among other microbioclasts sponge
spicules and scarce fish teeth have been found. The planktonic
foraminifera occur in spongolitic wackestone nearly packstone
microfacies with echinoid fragments and with rare clastic
admixture. Gorbachik (1980) observed that the favusellids are
commonly found in neritic environments.

In the bivalve association only left valves of the genus
“Ostrea” are preserved. Oysters were attached to the substrate
or bottom by the left valve. The right valves are wholly missing
in the studied sediments. In the umbonal areas of the left valves
no attachment area was observed, hence the attachment to the
sediment particles or larger (e.g. wood) surfaces is supposed
(parallel marks on the valve surface). The latter hypothesis is
supported by the missing of the right valves that could be lost
after the death of the organism and destruction of the organic
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matter that hold the shells together. The left valves attached to
the mobile substrate were then transported longer time and deposi-
ted in another part of the basin (in the present sampled sediments).
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The Carpathian Foredeep (CF) in the area of Czech
Republic is bordered with the passive margin of the
Bohemian Massif in NW and with the overriding nappes
of the Western Carpathians in SE. The Lower Badenian
Carpathian Foredeep in Moravia represents a final evo-
lutionary stage of the peripheral foreland basin in NW part
of the Central Paratethys. Beginning of Lower Badenian
sedimentation is characteristic by the presence of clastic
deposits (conglomerates and sandstones). Transgression
into deeper parts of the basin was followed by calcareous
clay sedimentation.

In Central Moravia, calcareous clays from the borehole
HV-5 Rybnicek (Vyskov area, Central Depression of the CF,
200 m, 63 samples of core section) and two outcrop localities
in Olomouc area (Upper Moravia Basin): Olomouc-Nefedin
(14 m, 7 samples of outcrop section) and Olomouc-Nova
Ulice (1 sample) were analysed. All studied sections have
a common feature: occurrence of stratigraphically significant
Orbulina suturalis Brénn. and Praeorbulina glomerosa
circularis (Blow) in all sections. This corresponds with the
planktonic foraminiferal Zone M6 (15.1-14.8 Ma) of the
Alpine—Carpathian Foredeep (Coric et al., 2004).

At the individual localities, there was found variation
among foraminiferal fauna assemblages. Planktonic
foraminiferal assemblages differ in their diversity and in
plankton/benthos (p/b) ratio. Planktonic foraminifera with
high diversity from the HV-5 Rybniek borehole samples are
represented mainly by genera Globorotalia (Obandyella),
Paragloborotalia and Globigerinoides. The p/b ratio is
between 50-90 %. Planktonic foraminiferal fauna with
low diversity from the Olomouc area localities samples is
represented mainly by genus Globigerinoides. The p/b
ratio is 25—-35 % for assemblages of the Olomouc-Nova
Ulice locality and 2 % for assemblages of the Olomouc-
-Nefedin locality. For the HV-5 Rybni¢ek borehole, the
p/b ratio indicates outer shelf up to upper bathyal zone
environment. In the Olomouc area localities, p/b ratio
points to markedly shallow water condition of middle shelf
at the Olomouc-Nova Ulice locality up to inner shelf at the
Olomouc-Nefedin locality (interpretation by Murray, 1991).
Benthic foraminiferal assemblages differ in the presence of
deep-water foraminifera (e.g. Neugeborina, Cibicidoides,
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Melonis, Lenticulina, Heterolepa and Uvigerina) in the HV-5
Rybni¢ek borehole samples and in the presence of shallow-
-water foraminifera (e.g. Asterigerinata, Heterolepa and
Nonion) in samples from the Olomouc area localities. Lower
diversity of bentic foraminiferal fauna in some samples of
the HV-5 Rybni¢ek borehole and the Olomouc-Nova Ulice
locality is connected with the occurrence of genera Bulimina,
Bolivina, Millostomella, Siphonodosaria and Pullenia. These
foraminifera are typical for bottom environments with low
oxygen level (Kaiho, 1994).

Described foraminiferal assemblages indicate
different bathymetric conditions at studied localities. Deep
water conditions typical for the HV-5 Rybni¢ek borehole
correspond with other studies from the Moravian part of
the Carpathian Foredeep (e.g. Brzobohaty, 1981; Divi§ and
Svitak, 1998; Petrova, 2002; Petrova, 2004; Petrova and
Hanak, 2004). Shallow water environment described at the
Olomouc area localities is also known from several localities
of the CF including Olomouc area with occurrence of red
algal limestones (e.g. Zapletal et al., 2001; Zapletal, 2004;
Dolakova et al., 2008). Benthic foraminifera, which in several
samples significated low oxygen level at the bottom, can
feature environment with seasonal accumulation of biomass
at the sea bottom. It is a result of high production of biomass
in photic zone in area of convergence of marine currents
(Phleger, 1960). It supposes good water mass circulation
between the Mediterranean and the Central Paratethys
(Brzobohaty, 1987; Baldi, 2006). Decomposition of biomass
at the sea bottom causes reduction of oxygen level. These
results are consistent with the current paleogeographic
interpretation of the Lower Badenian in the Central Para-
tethys. The paleobathymetric analyses could also argue
a different tectonic history (?relief inversion) of the particular
blocks in the Middle Moravia during the Lower Badenian and
in the Post-Badenian.

M. KROBICKI'" and A. WIERZBOWSKI?: Stratigraphy
of the Jurassic (Bajocian) crinoidal limestones in
the Pieniny Klippen Belt in Poland and the problem
of the Czertezik Succession

TAGH Univ. of Science and Technology, 30-059 Krakéw, Mickiewicza
30, Poland, krobicki @ geol.agh.edu.pl; 2Inst. of Geology, University of
Warsaw, 02-089 Warszawa, Zwirki i Wigury 93, Poland

The mostimportant set of the Jurassic crinoidal limestones
in the Pieniny Klippen Belt (PKB) in Poland is subdivided into
three formations: the Smolegowa Limestone Fm., laterally
replaced by the Flaki Limestone Fm., and both capped partly
by the Krupianka Limestone Fm. The Smolegowa Limestone
Fm. consists of light grainstones typically developed in SE
shelf/slope of the Czorsztyn Ridge (the Czorsztyn Succession
— shallowest part of the basin), and in a little bit deeper — the
Niedzica Succession, as well as some parts of the Czertezik
Succession, whereas the Flaki Limestone Fm. consists of
grey crinoidal-spiculitic grainstones with multicoloured cherts
(some parts of the Czertezik Succession). The spongiolites,

JES SEAWECA

crinoid marlstones, and filament limestones, micritic
limestones and marls, attributed also to the Flaki Limestone
Fm., are recognized in a deeper part of the basin (Branisko
Succession). The Krupianka Limestone Fm. is represented
by red crinoidal limestones occurring from the Czorsztyn
Succession to the Niedzica Succession, and partly in the
Czertezik Succession.

The onset of the crinoidal sedimentation, as proved
by ammonite faunas, took place during the Early Bajocian
— in the latest Propinquans Chron, and it was preceded in
more shallow areas of the PKB (Czorsztyn, Niedzica and
Czertezik successions) by a marked stratigraphical hiatus.
The hiatus covers the bulk of the lowest Bajocian (mostly
Laeviuscula Zone and a bulk of the Propinquans Zone). This
hiatus corresponds to the origin and uplift of the Czorsztyn
Ridge, and it is not recognized in a deepest part of the basin
(Branisko and Pieniny successions) where the deposits of the
Fleckenkalk/Fleckenmergel-type facies (Harcygrund Shale
Fm.), fulfils the stratigraphical interval in question.

The development of the crinoidal limestones occurred in
a very dynamic environments controlled by the synsedimen-
tary movements of submarine blocks, which resulted in
strong differentiation of the thicknesses of the crinoidal
formations. The end of the crinoidal limestone sedimentation
corresponded to a general subsiding of the Czorsztyn Ridge
which promoted the appearance of the pelagic Ammonitico
Rosso facies (Czorsztyn Limestone Fm., Niedzica Limestone
Fm.). As proved by ammonite faunas recognized in the
Czorsztyn and Niedzica successions, this replacement of the
facies (sometimes related with hiatus) took place during the
latest Bajocian (from the Garantiana Chron to the Parkinsoni
Chron).

A different interpretation of stratigraphy of the crinoidal
limestones was given originally by Birkenmajer (1977, Studia
Geol. Pol., 45) who postulated a wider stratigraphical range
of the crinoidal formations — from the Lower Bajocian up to
the end of Callovian. This interpretation remained nowadays
especially strongly controversial in relation to the Czertezik
Succession. According to Birkenmajer (2007, Studia Geol.
Pol., 127) the crinoidal limestones span a wide stratigraphical
interval of the Middle Jurassic in the Czertezik Succession
being a lateral equivalent of the lowest Ammonitico Rosso
facies of the Niedzica Succession. The current studies of the
present authors do not confirm, however, the presence of
such a long ranging “stratigraphical chimney” of the crinoidal
limestones in the Czertezik Succession. The ammonites
found in the Ammonitico Rosso facies in the typical area
of occurrence of the Czertezik Succession (Zamkowa
Mt. in the Trzy Korony Range, and a fallen block off the
Czertezik Mt. above Zawiasy) have revealed the presence
of the uppermost Bajocian — lowest Bathonian ammonites
such as Parkinsonia (Parkinsonia) parkinsoni (Sow.),
Parkinsonia (Gonolkites) sp., Oxycerites sp. This fauna
indicates that sedimentation of the crinoidal limestones in
the Czertezik Succession took place during the Bajocian,
as the overlying Ammonitico Rosso facies appeared here
already in the uppermost Bajocian — lowest Bathonian,
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similarly as in other successions of the PKB. These new
findings make the difference between the Czertezik
Succession, and other successions of the PKB much
smaller than originally proposed (Birkenmajer, 1959; Acta
Geol. Pol., 9), and confirm the interpretation of the present
authors (Wierzbowski et al., 2004; Ann. Soc. Geol. Pol., 74).

K. KRONOME and M. SYKORA: Preliminary results
of the new field research of the Upper Triassic
limestones near Silicka Brezova (Slovak Karst)

Dpt. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Bratislava, Slovakia

The studied profile is located near the Silicka Brezova
village in the Slovak Karst and belongs to tectonic unit
of Silicicum. Profile is built by Upper Triassic (Tuvalian
to Sevatian) limestones: Tisovec — Waxenec limestones,
Hallstatt limestones and Dachstein limestones. The latest are
in tectonic contact with the underlying Hallstatt limestones.
The thickness of profile is 134 m.

This work focuses mainly on the microfacial study and
statistical analyses of Hallstatt limestones. Studied sediments
are mostly developed in the facies of bedded grey-rose and
terracotta bioclastic limestones with indication of nodularity.
The sediments represent an open shelf environment
influenced by the episodic deep water input.

The profile was uncovered in the 1996 during the
biomagnetostratigraphic study. Stratigraphic and bio-
magnetostratigraphic interpretations have been made by
an international team led by J. E. T. Channell. The strati-
graphic interpretations were made by H. Kozur on the
basis of conodont fauna distribution. Recently, a detailed
documentation of the profile has been performed and
completed by rock material, especially from the interval of
Carnian — Norian boundary, which will be used to specify
the stratigraphy, microfacial analysis and capacity of stable
isotopes (O and C) in the whole profile.

Our microfacial study has shown the following results:

The microfossil association in the studied profile indicates an
energic environment and normal salinity prevailed in the Tuvalian
(0.0-28.8 m). The occurrence of intraclasts probably reflects an
influence of storm ripple. Foraminiferal community and also the
other bioclasts suggest a carbonate platform environment. In
this part of profile, the light shallow-water Tisovec (Waxenec)
limestones, which are very well developed in the Silicicum unit,
appear the last time. In the upper part of Tuvalian (28.8—-46.0 m),
the majority of micrite matrix and the presence of radiolarians
and planktonic crinoids show the influence of the deep see
environment. A special feature of the analysed samples is
the occurrence of carbonatic ooids suggesting continuing
communication with the shallow water environment.

The association and content of microfossils, particularly
radiolarians and “filament” types of bivalves in the Lower
Norian — Alaunian interval (46.0-86.9 m) show the deepening
of area and communication with the open see environment.
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The breccias beds positions, interrupted with synsedimentary
slip fold, indicate a slope area, probably simultaneous with
the seismic activity and possible sea-level fluctuation. The
upward granularity refinement might document the gradual
ending of the mentioned influences or sea-level rising.

The presence of ammonites, smaller extent radiolarians
and thin-shell bivalve bioclasts in the lower part of Sevatian
limestones (86.9—-134.0 m) show that the open see conditions
persisted during this interval. The rich presence of porifera
spicules and some lumachelle layers are also observed. In
this section, the peloid grainstones, which structurally and
qualitatively sharply contrast with the microfacies of under-
lying and overlying layers, are present in two samples. Typical
bioclasts are absent in these grainstones. The sedimentation
of these layers was probably influenced by gravitational flows,
which brought material from the coastal platform area.

Overlying beds of light grey limestones are macroscopi-
cally and microscopically different from the underlying rocks.
This might result from their tectonic contact. These layers
belong to the Dachstein limestones (grainstones to grape-
stones), which contain the green algae — Dasycladaceae,
agglutinated Foraminifera, segments of echinoderms and
intraclasts.
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The locality SpiSska Nova Ves is situated in the Hornad-
ska kotlina intramountain basin (Western Carpathians,
Slovakia). Studied plant assemblage occurs in the Tomasovce
Member, a part of the Podtatranska (Subtatric) Group and
represents the uppermost member of the Borové Formation
(Priabonian — Lower Oligocene). Preliminary research
yielded determination of fossil plants belonging to the
families Fagaceae (Eotrigonobalanus, Quercus), Lauraceae
(Laurophyllum, Daphnogene) and taxa Leguminosites sp.
div., Pinus, Picea and Quasisequoia. Following research is
focused on the anatomical interpretation of leaf macrofossils,
statistics, quantitative paleoecology and taphonomical
interpretation. Floral composition, diversity, equitability and
dominancy are discussed.

O. LINTNEROVA', M. KNIETL'!, D. REHAKOVA?,
P. SKUPIEN? and Z. VASICEK?: Diagenetic and
dolomitization history of the Stramberg limestones

"Comenius Univ., Bratislava, Slovakia, lintnerova@fns.uniba.sk;
2Technical Univ. Ostrava-Poruba, Czech Republic
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The étramberg sequence is a part of tectonic megaslices
detached from the reef complex which originally (Tithonian)
had bordered the eastern slope of Bohemian Massif and
later were deposited as a shallow water mound limestone.
A grey bedded dolomite occurred in some clefts of this
tectonically deformed carbonate complex. Light and SEM
microscopy studies have been completed by microprobe
analyses of dolomite crystals, by elemental (Sr, Na, Mg, Ca,
Mn, Fe) analyses of HCl-leachable part of the samples, and
by C and O-isotopic analyses of calcite and dolomite phases
to document sedimentary and diagenetic/burial history of
this sequence. Grain size (0.05—0.2 mm) and idiotopic to
hypidiotopic dolomite rhombs mosaic could indicate rather
low-temperature (50-60 °C) diagenetic recrystallization of
low-Mg calcite. There occur mainly Ca-enriched dolomite
rhombs with other Fe and Mn substitution, which is strong
argument supporting burial or late diagenetic model of
dolomite formation. Character of dolomitization fluids
indicated rather common zoned crystals. Dark rhomb Mn-
-enriched cores are (syntaxially) enclosed by (light) high Fe
and less Fe enriched zones in direction to the rhombs edge
and documented progressive chemical changes of marine
fluid composition in buried sediment. Moreover §'3C (2.38 to
2.58 %o) values exclude a meteoric origin of the dolomitization
fluids and the 5180 (-3.58 to -4.34 %) excludes a hypersaline
origin and calculated 3'®0-dolomite temperatures coincide
with the estimated diagenetic temperature range. Large
part of originally grey bedded dolomite is recrystallized to
yellow-brown de-dolomite. Subhedral to anhedral grains
(xenotopic mosaics) of new-formed calcite with low content of
Mg and Sr and higher content of Fe, Mn and Na, decreased
8'3C (-0.01 to -1.72 %.) and §'80 (-5.73 to -6.36 %) data
documented de-dolomitization — a process of Mg leaching
by fluids enriched to sulphates obviously. Analyses of grain
documented rest of dolomite molecule in calcite which
substituted rhombs probably in sub surface conditions. Other
history of dolomitization occurred in cavity infillings of reef
limestones. The phase analyses of the calcite and dolomite
from infilling offer more negative isotope data in dolomite (5'°C
-0.88 t0 -0.11 %o, §'80 -4.12 t0 -7.94 %.) and in the same time
more positive 5’80 in reef limestone (-1.92 to -0.53 %.). It could
indicate the earlier dolomitization due to meteoric or saline
water seepage into the reef. However the dolomite is unstable
mineral and its geochemical history could be easily re-set by
recrystallization. The dolomitization and de-dolomitization
timing must be reviewed taking into mind global and local
sea level changes, local hydrologic regime, weathering and
climate as well as complicated tectonic history of the studied
klippen limestone.
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The Vikartovce fault is one from the most pronounced
faults in the Western Carpathians, being very evident in the
geological architecture of an area. It creates E-W trending,
perfectly linear northern boundary of the narrow Vikartovce
Depression filled up by the Paleogene sediments of the
Central Carpathian Paleogene Basin (CCPB). North of the
fault, the basin is rimmed by the distinctive morphostructural
elevation, created by volcanosedimentary successions of the
Hronic unit. This horst called the Kozie chrbty is gently plunging
to the east, where submerges under the CCPB sediments near
Spigsky Stvrtok village. Due to linearity of the Vikartovce fault
map trace and its influence to geological structure we have no
doubts about fault origin of this linear phenomenon. However,
nontectonic explanation of the Vikartovce Depression as
a narrow sea bay exists as well. Nevertheless we evaluated
this fault as a very suspected event of neotectonic activity.
The reasons were linearity, morphotectonic expressions and
its evident relation to distribution of the Quaternary travertines
at SpiSské Podhradie. As the most important argument
supporting neotectonic, even subrecent reactivation of the
Vikartovce fault are published evidences of abrupt change
of rivers traces due to fault activity. According to this, ancient
rivers flowing to the north were amputated by the Vikartovce
fault. It led to the change of the paleo-rivers network. Possible
mechanism to do it was the block tilting, where E-W faults in
the area operated as a boundary normal faults. To confirm,
or exclude this model a complex methodology has been
applied in the frame of the neotectonically oriented project.
Structural research, morphotectonic analysis, geophysical
research (VES, emanometry), Quaternary sediments dating
by Optically Stimulated Luminescence method (OSL) and
palinological analysis have been realized. Strong effort was
focussed to localization and sampling of amputated and
buried alluvial sediments preserved at recently dry saddle
(Visova) crosscutting Kozie Chrbty horst, formed by ancient
river flow. The age of these alluvial deposits dates the age of
river interruption that means the age of the Vikartovce fault
latest activity. Based upon geophysical profiles, three shallow
boreholes with core recovery were situated and drilled.
The third borehole penetrated brownish/yellowish sandy
loam in the upper part of the profile (deluvium), deeper (at
cca 13—17 m depth) occurred the sequence of grey sands
intercalated by clays, and pebble clays. Samples for OSL
dating were selected from this horizon, which is very probably
of alluvial origin, representing remnants of fault-amputated
river sediments. Poor sorting of this sediment points to short
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transport. Surprisingly, the bedrock was not reached by
drilling, but in the lower part of the profile, up to 22 m depth,
strongly weathered horizon of eluvium was observed.

The Vikartovce fault represents neotectonically active
structure proved by many morphotectonic attributes. The
latest — Quaternary activity is going to be confirmed by
absolute dating of amputated alluvial sediments. Samples
were successfully selected and currently are dated. The
results of OSL dating shall be compared with the results of
palinological analysis as well.
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This contribution discusses the results of an integrated
biostratigraphic study using three microplankton groups
(calpionellids, calcareous dinoflagellates and nannofossils),
as well as stable isotope data (580, §'3C) in the Brodno sec-
tion, which is proposed here as the candidate for a Western
Carpathian regional J/K boundary stratotype. The distribution
ofthe stratigraphically important planktonic organisms revealed
several coeval calpionellid and nannofossil bioevents recorded
in the pelagic carbonate sequence of the Jurassic/Cretaceous
boundary age.The stable isotope data underline environmental
changes during the studied interval. The biostratigraphical
study based on the distribution of calpionellids allowed us
to distinguish the Dobeni Subzone of the Chitinoidella Zone
in the Brodno sequence for the first time. The J/K boundary
interval can be characterized by several calpionellid events
— the onset, diversification, and extinction of chitinoidellids
(Middle Tithonian); the onset, burst of diversification, and
extinction of crassicollarians (Upper Tithonian); and the onset
of the monospecific Calpionella alpina association close to
the J/K boundary. The J/K boundary in the Brodno section is
traced between the Crassicollaria and Calpionella Zone. This
limit is defined by the morphological change of Calpionella
alpina tests. The base of Crassicollaria Zone is correlated
with the reverse Kysuca Subzone, and the base of standard
Calpionella Zone is located just below the reverse Brodno
Subzone. Abundance peak of obliquipithonellid cysts in the
Semiradiata Zone isochronous with flourishing Conusphaera
spp. was used as the indicator of warmer surface waters.

For the first time, two nannozones: the Conusphaera
mexicana mexicana- and the Microstaurus chiastius zones
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were distinguished in the Western Carpathians. Calcareous
nannofossils from the lower half of the studied sequence are
correlated with the Lower to Middle Tithonian Conusphaera
mexicana mexicana Zone (NJ-20). This zone comprises the
Polycostella beckmanii Subzone; the latter consisting of the
Hexalithus noeliae- or NJK-A, NJK-b- and NJK-c subzones.
Calcareous nannofossils show poorly diversified associations
at the J/K boundary. The abundance of Watznaueria spp.,
Cyclagelosphaera spp., Conusphaera spp., and Polycostella
spp. in the studied section is relatively high. Other nannofossils
are rather rare. Conusphaera predominates in the Tithonian
nannofossil assemblage (showing the Middle Tithonian
peak). Polycostella increased in abundance during the
Boneti Subzone of the Chitinoidella Zone. On the basis of
the appearance of the Polycostella beckmannii nannoliths,
the Lower/Middle Tithonian boundary was located in the
Polycostella beckmannii Subzone. The Middle/Upper Tithonian
boundary was determined by the FO of Helenea chiastia
coccolith accompanied by the first small nannoconids. Small
nannoconids appeared during Upper Tithonian and increased
in abundance during Berriasian. Polycostella group diminished
in abundance towards the onset of the Crassicollaria Zone.
The Upper Tithonian interval was dated more precisely by the
appearance of Hexalithus noeliae and Litraphidites carnio-
lensis within the frame of the Microstaurus chiastius Zone.
From the point of view of nannofossil stratigraphy, the Tithonian/
Berriasian boundary interval should be limited considering the
FO of Nannoconus wintereri together with small nannoconids
at the base, and the FO of Nannoconus steinmanni minor to
the top. Evolution of nannofossil, calpionellid and dinoflagel-
late genera coincided with assumed paleoceanographical
changes across the J/K boundary interval.

Stable isotopes (580, §'3C) analyses indicated relative
cold period occasionally disturbed by warm episodes
during uppermost Tithonian. This is documented also by
low contents of organic carbon. Near the J/K boundary the
oxygen isotope values indicated temperature and salinity
changes probably influenced by an invasion of warm water
(or stagnancy of cold water input) into the basin resulting
in nannoconid bloom episodes. Upper Tithonian cooling
was followed by temperature increase during very end of
Tithonian and at the beginning of the Berriasian. According
to the International Commission of Jurassic Stratigraphy,
there is necessary to search for complete section, which can
provide continuous record of both sedimentation and biotic
events across stage boundaries. Although the Brodno section
lacks ammonite record, it is presented here as a potential
candidate considering its continuously well exposed and
biostratigraphically properly documented succession, at least
for the Western Carpathian region.

Acknowledgement. This is the contribution to the projects APVV-
-0465-06, APVT-51-011305, APVV-0280-07, APVV-0248-07 and to the
IGCP UNESCO Project No. 506.

J. MICHALIK', D. REHAKOVA?, E. HALASOVA? and
O. LINTNEROVAS3: Possible Jurassic/Cretaceous

AN
|¢é



(GECUS=ENS

boundary regional_ stratotype for Western
Carpathian area near Zilina, Slovakia

'Geol. Inst. of the Slovak Academy of Sciences, Dubravska cesta 9,
P. O. Box 106, 840 05 Bratislava 45, Slovakia, geolmich @savba.sk;
°Dpt. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Mlynska dolina 1, 842 15 Bratislava, Slovakia; *Dpt.
of Economic Geology, Fac. of Natural Sciences, Comenius Univ.,
Mlynska dolina 1, 842 15 Bratislava, Slovakia

Continuous Jurassic-Cretaceous pelagic limestone
sequence of the Kysuca Unit (Pieniny Klippen Belt) of the
Brodno section offers the best possibility to document the J/K
passage in a wide area of the Western Carpathians. Good
calpionellid and nannofossil stratigraphic record completes
the older paleomagnetic data. High-resolution quantitative
analysis of calpionellids, dinoflagellates and calcareous
nannofossil assemblages indicates major variations in their
abundance and composition. Correlation of the calcareous
microplankton distribution and stable isotope analyses was
used in the characterization of the J/K boundary interval
as well as in the reconstruction of the paleoceanographical
proxies during this time.

The calpionellid study allowed us to distinguish the
Dobeni Subzone of the Chitinoidella Zone in the Brodno
sequence. The J/K boundary interval can be characterized
by several calpionellid events — the onset, diversification, and
extinction of chitinoidellids (Middle Tithonian); the onset, burst
of diversification, and extinction of crassicollarians (Upper
Tithonian); and the onset of the monospecific Calpionella
alpina association just on the J/K boundary. The J/K boundary
in the Brodno section is situated between the Crassicollaria
and Calpionella Zone (C24A-C24B). It is defined by
morphological change of Calpionella alpina tests. The base
of Crassicollaria Zone is coinciding with the reverse Kysuca
Subzone (in L99), and the base of standard Calpionella Zone
is located just below the reverse Brodno Subzone (in C24B).
Abundance peak of obliquipithonellid cysts in the Semiradiata
Zone (L69-L74) isochronous with flourishing Conusphaera
spp. was used as the indicator of warmer surface waters.

For the first time, two nannozones: the Conusphaera
mexicana mexicana- and the Microstaurus chiastius zones
were distinguished in the Western Carpathians. Calcareous
nannofossils from lower half of the studied sequence (L52
to L96) are correlated with the Lower to Middle Tithonian
Conusphaera mexicana mexicana Zone (NJ-20). This zone
comprises the Polycostella beckmanii Subzone; the latter one
consists of the Hexalithus noeliae- or NJK-A, NJK-b- and
NJK-c subzones. Calcareous nannofossils formed poorly
diversified associations at the J/K boundary. The abundance of
Watznaueria spp., Cyclagelosphaera spp., Conusphaera spp.,
and Polycostella spp. in the studied section is relatively high.
Other nannofossils are rather rare. Conusphaera predominates
in the Tithonian nannofossil assemblage (showing the Middle
Tithonian peak). Polycostella increased in abundance during
the Boneti Subzone of the Chitinoidella Zone. On the basis of
the appearance of the Polycostella beckmannii nannoliths,
the Lower and Middle Tithonian boundary was located in the

JES S EAWE CA

Polycostella beckmannii Subzone. The Middle and Upper
Tithonian boundary was determined by the FO of Helenea
chiastia coccolith accompanied by the first small nannoconids.
Small nannoconids appeared during Upper Tithonian and
increased in abundance during Berriasian. Polycostella
group diminished in abundance towards the onset of the
Crassicollaria Zone. The Upper Tithonian interval was dated
more precisely by the appearance of Hexalithus noeliae and
Litraphidites carniolensis within the frame of the Microstaurus
chiastius Zone. From the point of view of nannofossil
stratigraphy, the Tithonian/Berriasian boundary interval should
be limited by the FO of Nannoconus wintereri together with
small nannoconids up to the FO of Nannoconus steinmanni
minor. Evolution of nannofossil, calpionellid and dinoflagellate
genera coincided with assumed paleoceanographical changes
across the J/K boundary interval.

Sequence stratigraphy and stable isotope (5180, §'3C) data
gave good results, too, enabling the sequence comparison
with important key sections in the Mediterranean Tethys area.
Stable isotopes (580, §'3C) analyses indicated relative cold
conditions disturbed by several warmer episodes. This is
documented also by low content of organic carbon. Near J/K
boundary the oxygen isotope values indicated temperature
and salinity changes probably influenced by an invasion of
warm water (or stagnancy of cold water input) into the basin
resulting in nannoconid bloom episodes. Upper Tithonian
cooling was followed by temperature increase during very
end of Tithonian and at the beginning of the Berriasian.
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The Pieniny Klippen Belt (PKB) is geologically the most
contrasting zone of the Western Carpathians. Being only
a few km wide, it extends in a broad arc for several hundreds
kilometres from the Alpine-Carpathian junction as far as nor-
thern Romania. PKB also provides a link between the Tertiary
accretionary wedge of the external zone and Cretaceous
nappe system of the Central Western Carpathians. Regardless
of its considerable length and very complex internal structure,
the PKB retains to some extent its tectonic integrity, indicated
especially by the omnipresence of its typical Oravic units
that do not occur in other Carpathian zones. The surface
structure of the PKB shows the “klippen tectonic style; where
mostly tectonically separated klippen (rigid Jurassic—Lower
Cretaceous limestone blocks) are embedded in the “klippen
mantle” formed by incompetent Lower Jurassic and Upper
Cretaceous to Paleogene marlstone and flysch formations.

The area, researched in this work; is situated in the Pieniny
section of the Klippen Belt, in the eastern Slovakia, near the
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village Jarabina. The aim of survey was to clarify the tectonic
structure of the subsurface parts through interpretation of the
detail gravity measurements. As the basis served the high
accurate sectional measurements of the gravity acceleration
and its processing into attributes of Bouguer anomalies.
The input of geological knowledge, lithological mapping and
attributes of density from the rocks was important. Modelling
and interpretation was done by the software GM-SYS. The
output is displayed like geological-geophysical profile and
shows the lithological members and their density parameters.
Interesting is also the comparison with the results of the
geoelectrical and seismic methods used in the same locality.

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 Bouguer 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 density values of lithological members. Another
problem was formed by the lack of information about the
klippen mantle (the filling material between klippen), which
were visible only in few outcrops and consequently tweaked in
the modelling process. That was the reason for two variants of
interpretation models. The small variances on graph curve are
caused by frequent changes of lithology and were modeled
by little klippen bodies. Most of them were observed by the
geological mapping on surface, but some klippen in the depth
were required during the model creation. The problem of
continuation of the klippen bodies from the surface to the depth
and their geometrical limitation was defined in the software
GM-SYS. The computed graph line responded considerably
to the klippen structures continuing to the depth, the bodies
by the surface had only weak effect on it. In both variants the
division into two domains with a certain difference in densities
of klippen mantle was expressed evidently. To make the
interpreted 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.
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In Poland there have been the long lasting discussion
and controversy related the age of the “black flysch” deposits
in the contact zone of the Magura nappe and the Pieniny
Klippen Belt (Grajcarek thrust-sheets). This discussion has
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been renewed after the publication by Oszczypko et al. (2004)
which proved by new data the Albian—-Cenomanian age
of the “black flysch” (Szlachtowa and Opaleniec fms.), and
Cenomanian to Campanian age of the overlying variegated
deposits of the Malinowa Fm. These ideas were rejected by
Birkenmajer and Gedl (2004) and Birkenmajer et al. (2008),
who repeated the previous biostratigraphical arguments for
the Jurassic age of the Szlachtowa and Opaleniec fms., and
suggested contamination provenance of the Cretaceous
foraminifera in these beds.

For the last few years we have studied and sampled several
sections in the Grajcarek thrust-sheets which record the relation
between the “black flysch” and red shales of the Malinowa Fm.
In all studied sections “the black flysch” appears in the core
of imbricated folds or thrust-sheets, whereas the limbs are
composed of the Malinowa and Jarmuta fms. In the Sztolnia
sections the transitional beds (Cenomanian correlation horizon)
between the “black flysch” and the Malinowa Fm. are developed
as green and black, bituminous shales with manganese oxide
coatings, green radiolarites with pirite framboids, cherty
limestones, and finally very thin layers of dark non-calcareous
shales. In this cherty limestone the Albian-Cenomanian
calcareous nannoplankton was found (see: Oszczypko et al.,
2004). The cherty limestones and green radiolarites were
noticed in several sections in the same position. In the previous
papers they were regarded as the tectonic blocks of the Pieniny
Limestone Fm. (Tithonian-Barremian).

Our new biostratigraphical investigations have revealed
similar sequence of microfauna assemblages in all studied
sections. In the calcareous shales of the Szlachtowa Fm. there
are some representatives of the superfamily Nodosariacea
and rare Cretaceous agglutinated taxa. In the spotty marls of
the Opaleniec Fm. there are radiolarian moulds accompanied
by rare nodosarids. The green shales with manganese coating
contain abundant radiolaria in various state of preservation
and finely, the Malinowa Fm. yields the characteristic
assemblages with Tritaxia gaultina and Uvigerinammina jankoi.

In the studied sections we have observed two types
of transition from the black flysch to Upper Cretaceous
variegated deposits. In the southern sections there is gradual
transition from the calcareous sediments of the Szlachtowa
Fm. through the spotty marls of the Opaleniec Fm. to red marls
followed by red shales. In the northern sections the spotty
marls are replaced by the cherty limestones and radiolarites
passing into green radiolarian shales and red shales.

Such a sequence of deposits is typical for the Outer
Carpathian basins and records the global Middle Cretaceous
phenomena in the world ocean and development of
Cretaceous oceanic red beds (CORB).
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The Pieniny Klippen Belt (PKB) represents the suture zone
separating the Central Carpathians from the Outer Carpat-
hians. In Poland the PKB runs a length of ca 60 km, and has
a maximum width of up to 5—6 km, reaching its highest point
between the villages of Czorsztyn and Kroscienko. The PKB is
composed of Jurassic and Cretaceous strata, separated from
the north and south by flysch deposits of the Magura nappe
and the Central Carpathian Paleogene Basin. Both bounda-
ries are tectonic and represented by Neogene sub-vertical
faults. According to Birkenmajer (1977 and bibliography therein)
the PKB sedimentary sequences in Poland can be divided
into five successions (Pieniny, Branisko, Niedzica, Czertezik
and Czorsztyn), which during the orogenic movements
transformed into more or less individual tectonic units. An
alternative viewpoint was proposed by Ksigzkiewicz (1977),
who distinguished two nappes: the lower — Czorsztyn nappe
(Czorsztyn, Czertezik and Niedzica successions) and the
upper — Pieniny nappe (Branisko and Pieniny successions),
folded together. In 1986 Birkenmajer proposed a multi-stage
tectonic model of the evolution of the PKB. According to this
model the Laramian accretionary wedge (Grajcarek Unit) at
the front of the Pieniny fold-arc was formed from the Jurassic-
-Maastrichtian succession of the southern part of the Magura
Basin. During the Paleocene the Grajcarek Unit was back
thrust over the PKB tectonic units and then subsided and filled
with Magura autochtonous Paleocene — Eocene flysch. These
deposits are well preserved inside the PKB in the Mate Pieniny
Mts. and located east of the Dunajec river. The concept of
back thrusting of the Grajcarek Unit over PKB was questioned
by Golonka and Raczkowski (1984) as well as Jurewicz
(1997, 2006). According to these opinions the Grajcarek Unit
inside the PKB, appears in the tectonic windows. In the Mate
Pieniny Mts. at the front of the PKB there is a wide zone of
strongly folded Magura nappe deposits, flatly overthrust by
the Czorsztyn-Niedzica nappe. Inside the PKB, between the
Czorsztyn-Niedzica and Branisko-Pieniny nappes, appears a
wide zone (up to 1 km) known as the “autochthonous Magura
Paleogene’ Its development reveals lithological features which
are common to the Jarmuta-Pro¢ and Magura formations.
According to our preliminary data, the age of these deposits is
not older than Middle Eocene. Recently we have also studied
the structural relationship of the “autochthonous Magura
Paleogene” to the Czorsztyn-Niedzica and Branisko-Pieniny
nappes. In all studied sections between the Polish/Slovakian
state border in the east and the Krupianka stream in the
west, the folded thick-bedded Magura type sandstones with
intercalations of Jarmuta-Pro¢ conglomerates emerge under
the Czorsztyn-Niedzica and the Branisko-Pieniny nappes. In
the contact zone between the PKB nappes and these deposits
there are small fragments of Cretaceous “black flysch” and red
shales typical for the Grajcarek thrust sheets edged at the
front of PKB. According to our observations the “autochtonous
Magura Paleogene” in the Mate Pieniny Mts. occurs in the
tectonic windows, beneath the PKB nappes. We can also state
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that the contact zone between PKB and Magura nappe in the
Mate Pieniny Mts. is different to other parts of PKB, and a high
angle frontal fault is replaced by the flat thrust. Its origin may be
explained by the probably Eocene gravitational sliding. During
the Miocene compression, connected with nappe and thrust
processes within the Outer Carpathians, the southernmost
part of the Magura nappe was refolded together with olistoliths
and partly thrust southward along the high-angle dipping faults.
Taking into account this opinion, the boundary between PKB
structure and Magura nappe (with megaolistoliths of klippen
units) should be located south of the tectonic windows, along
the northern slopes of Wysoka Mt. and Watrisko Mt.
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In Poland there are still controversy on the age of the
“black flysch” deposits: Aalenian-Bajocian (see Birkenmajer,
1977; Birkenmajer et al., 2008) or Albian-Cenomanian (see
Sikora, 1960; Ksigzkiewicz, 1977; Oszczypko et al., 2004
and bibliography therein). These deposits occur in the
contact zone of the Magura nappe and the Pieniny Klippen
Belt (Grajcarek thrust-sheets). Recently in the Sztolnia
and Krupianka creeks the following formations have been
sampled: Szlachtowa and Opaleniec fms., green radiolarian
shales with pyrite framboids (Cenomanian) and red shales
of the Malinowa Formation (Cenomanian-Turonian). The
aim of our studies was to establish geochemical relationship
between these deposits. We report measured concentration
values of major oxide and trace elements in studied samples
by an inductively coupled plasma mass spectrometer (ICP-
-MS). The results show variation in major and trace elements
with respect to the post-Archean Australian Shale (PAAS)
— typical terrigenous deposit supplied from upper continental
crust. The most samples show major oxide contents (Al,Os,
K,0, TiO,, P,05) comparable to these of PAAS. However, the
samples are enriched of CaO. The samples of Szlachtowa and
Opaleniec fms. are characterized as mixtures of terrigenous-
-detrital matter with varying amount of calcium carbonate. The
negative correlation between Al,O; and SiO, may be explained
by the predominance of biogenic silica, diluted by terrigenous
particles. The high content of silica may indicate relative
increase in productivity. In this case, silica content correlates
with biophile elements absorbed by planktonic organisms in
surface water. A good correlation between SiO,, Al,O3, K,O
and TiO,, and correlation with the minor elements Zr, Rb and
Nb in the sections depend on the detrital provenance of the
Opaleniec and Szlachtowa fms. The constant, low ratio of
Ti/Al indicates the negligible eolian input thus the fluvial input
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was dominating during deposition of studied deposits. The
Al-normalized concentrations of redox-sensitive elements are
relatively low. Their distribution depends on organic matter
content irregularly; it correlates rather with increasing values
of S within the Opaleniec Fm. and radiolarians shales, and
presence of H,S in pore water during deposition and/or
during diagenesis of the Opaleniec Fm. and Cenomanian
green shales. The black shale samples (Szlachtowa Fm.)
are poorer in trace-elements (Mo, V, Ni, Zn, Pb, Cd, Ag,
Se). The concentration mechanism might have been limited
by reduced amount of terrestrial organic matter or efficient
scavenging of dissolved sulphide by Fe. Good correlation of
Se/Al with Mo/Al and S/Al likewise shows the fixation of Se in
sediments under reducing conditions as metal-selenides. The
high values of V/V + Ni ratio along studied section suggest
an anoxic condition during deposition that corresponds with
relatively low ratio of Mn/Al. The bulk of samples contain
negligible amounts of terrigenous, fluvial-derivation material.
The deposition took place under oxygen deficiency condition.
Organic carbon-rich sediments were formed due to abundant
organic supply. The trace-element distribution characterizes
the hemipelagic regime of deposition of the Opaleniec Fm.
and Cenomanian radiolarian shales that developed during
increasing sea-level. Enrichment in redox-sensitive elements
match was probably due to scavenging by H,S-rich pore
fluids. It suggests that spotty shales of the Opaleniec Fm. and
the Cenomanian radiolarian shales were formed under very
similar sedimentary conditions.
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The Pieniny Klippen Belt (PKB) belongs among the
most complicated structures in the Western Carpathians.
The PKB represents the contact zone between the Outer
Western Carpathians (OWC) and the Central Western
Carpathians (CWC). According to occurrences of the
different lithostratigraphic units and the different inner
structures is the PKB divided into specific segments. The
fan-like tectonic architecture is conspicuous feature of
the western part of the PKB. The rock sequences of the
OWC as well as the CWC are integrated in the double-
vergent structures. The different tectonic arrangement of
this structure has been observed. The rocks sequences of
the PKB and adjacent portion of the OWC are thrust to the
south. The elements of the CWC are strogly affected by the
south vergent tectonics. The axis of the opposite — north
vergent displacement is situated in the OWC tectonic unit
in the northernmost part of investigated area. The latter
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situation is in the southwest. The rocks sequences of
the PKB and the OWC are thrust to the north—northwest
while the CWC units are thrust to the south—southeast.
The axis of the double-vergent structure is situated in the
CWOC units. The different tectonic architecture of the fan-like
structures depends on the ratios of the vertical and lateral
escape during the collision. The ratio of the vertical and
lateral escape is determined by angle of the rigid indentor
inclination.
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The most of stone building blocks on faces of Romanic St.
Emmeram Church of Nitra is cut from Sarmatian limestone.
The blocks in secondary position probably come from the first
stone church in our territory of the 9th century that was built
by Pribina prince (Pivko, 2007).

The stone blocks are from whitish porous biomicritic
limestone. It is the most often homogenous, medium-grained
(to coarse-grained) limestone with grains about 0.3-0.5
mm, rarely it is evidently oomicritic, sometimes fine-grained
biomicrite. Micrites are locally washed. Many shells are
dissolved. Locally there are large fossils diffused in finer matrix
or as very coarse layer with gastropods and bivalve molds,
worm tubes and algaes. In one stone block the lumachelle
with probably carbonate clasts up to 4 cm also bored are
present.

In thin section the limestones are strongly porous micrites
(packstones to wackestones) with forams (miliolids, elphidias,
nubecularians), ostracods, less coralline algae and worm
tubes. Ooids are mostly imperfectly developed and irregular
with small amount of laminas. Some of them are probably
microoncoids. The cavities (e.g. after molluscs) are covered
by tiny calcite crystals. Clastic addition (quartz) is rare. Larger
amount of lithoclasts is of coarse type with monocrystalline
and polycrystalline quartz from metamorphic (igneous)
rocks and dolomite(?). Limestone was formed in normal or
hypersaline environment (Piller and Harzhauser, 2005) in
calm under surf zone.

Foraminifers found in thin section and in the wash
residuas also show terminal Lower Sarmatian up to Middle
Sarmatian age. Lower Sarmatian index foraminifers as
Elphidium reginum (Orb.) are missing. Lower to Middle
Sarmatian genera are present: Articulina sarmatica (Karrer),
Articulina problema Bogdanowicz, Varidentella reussii
(Bogdanowicz), Elphidium div. sp. The most common species
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is Pseudotriloculina consobrina (Orb.). According to previous
works (Zapletalova and Brzobohaty, 1964—1972) mentioned
association is ranked to informal “zone of small miliolids” In
contrary to Piller and Harzhauser (2005), similar association
of foraminifers was assumed as mesohaline and polyhaline
waters organic-carbon-rich substrate dwellers (e.g. Lidz and
Rose, 1989; Eichler et al., 2007).

Similar limestones were found in boreholes or small
outcrops in the Kozmalovce Hills. The more distant localities
of related limestone are situated in Hainburg Hills (Wolfsthal),
Leitha Hills (Breitenbrunn), Malé Karpaty Mts. (Bratislava,
Rohoznik, Prievaly), Biele Karpaty Mts. (Holi¢) and vicinity of
Budapest (Misik, 1997; Schafarzik, 1904).
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Thrusting-related, mass-flow sediments carrying
coarse-grained, terrigenous material from offshore or slope
environments to frontal basins may provide important
constraints to the age determination and to the character of
shortening structures developed in the source areas. The
Western Carpathians and the Pieniny Klippen Belt in particular
offer numerous examples of synorogenic sedimentation.
However, in many cases their exact age and position in
tectonic evolution remain poorly understood, in spite of a long-
-termed research and lots of data (e.g. the Cretaceous “exotic”
conglomerates in the Klape and Kysuca units). We present
some new data about such sediments occurring in the Pieniny
sector of the Klippen Belt in eastern Slovakia, which are known
as the Gregorianka Breccia (Nemcok et al., 1989). Their role as
a paleotectonic indicator has been probably overestimated by
the same author (Nemcok, 1980), but overlooked by others.

Though the Gregorianka breccias are seldom well
outcropped, their structural and stratigraphic position seems to
indicate in a good way the age and emplacement mechanisms
of related thrust structures. At the classic locality Gregorianka
near the Jarabina village, breccias of probably latest Cretaceous
to earliest Paleogene age terminate the stratigraphic succession
of the underlying Czorsztyn unit and are directly overlain by
a sheet-like thrust body of Jurassic to Cretaceous rocks of the
Pieniny nappe. Here the breccias are exclusively composed
of clastic material derived from the overriding thrust sheet
(predominantly limestones and cherts of the Pieniny Fm.).

In a somewhat more external position in the Klippen
Belt (Litmanova, Hajtovka, Kyjov, Kamenica, Milpos), the
tectonosedimentary breccias are of most probably Paleocene
to Lower Eocene age and are inserted within the more-or-less
continuous Cretaceous—Paleogene stratigraphic succession
dominated by deep-marine clastic sediments (flysch to
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“wildflysch” of the Jarmuta and Pro¢ fms.). These breccias
only contain material from the Czorsztyn and/or Niedzica
units (Skrzypne shales, Smolegowa, Krupianka and Dursztyn
limestones, Czajakowa radiolarites). Breccias were deposited
by debris falls or flows to high-density turbidity currents and
contain numerous, variously-sized slide blocks (olistoliths) of
the same rocks. It seems that in this area numerous Czorsztyn
or Niedzica “klippens” represent in fact olistoliths. We
therefore favour the model of Jurewicz (1997) and consider
the Gregorianka or Jarmuta breccias in this position to be
olistostromes deposited in front and in response of thrusting
or gravity sliding of Czorsztyn-type units approaching the
marginal parts of the Magura Basin. Their exact stratigraphic
age determination (the work in progress) could then narrowly
constrain the time of thrusting events in the Klippen Belt.
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The central Western Carpathians are subdivided into the
Infratatric, Tatric, North-Veporic, South-Veporic and Gemeric
tectonic units by distinct shear zones. The K-white mica (K-
-Wmca) of lower- to medium temperature/medium-(less lower)
pressure blastomylonitic rocks was separated from different
microstructural and grain-size domains to distinguish the age
of D-stages represented by the different Wmca generations.
The samples, containing more or less one Wmca generation
of a D-stage were preferably dated by the 4°Ar/3*Ar method.

The Infratatric unit in the Povazsky Inovec Mts. (Puti$ et
al., 2006, 2008) shows the following Ar/Ar plateau ages in
basement micaschist-gneisses: 138.0 + 3.1 (5—-10 pm Wmca
fraction, the Inovec nappe), and/or anchimetamorphosed
cover rocks: 101.2 £ 2.9 Ma, 83.4 = 2.2 Ma (5—-10 pym fraction,
Permian sandy shale, the Inovec nappe); 114.0 + 2.4 Ma and
106.2 + 3.7 Ma (5—10 pm fraction, Lower Cretaceous shale,
the Belice nappe).

The ages of 107.7 + 1.3 Ma (2-3 mm fraction) and/or
48.3 + 2.2 Ma (5-10 pm fraction) were found from the ultra-
blastomylonitized granites at the base of the Tatric Panska
Javorina nappe within the Hradok-Zlatniky shear zone. The
blastomylonitized granite at the base of the Tatric Bratislava-
-Modra nappe within the Prepadlé shear zone in the Malé
Karpaty Mts. was dated to 79.7 + 3.3 Ma (5—-10 um fraction). The
blastomylonitized gneiss at the base of the Tatric nappe in the
Mala Fatra Mts. was dated to 74.2 + 2.7 Ma (5—10 pm fraction).
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The North-Veporic unit blastomylonites (phyllonites) in the
Nizke Tatry and Vepor Mts. show these plateau ages: 124.2 +
3.6 Ma (0.2-0.3 mm fraction), 93.2 + 1.5 Ma, 91.9 + 2.3 Ma (5—
10 um fraction), however 84.6 + 1.7 Ma, 84.3 + 3.0 Ma close to
Pohorela sinistral thrust-fault. The youngest ages of 80 + 1.0 Ma
and 78.4 + 2.7 Ma were found from the Razdiel part of the Tribe¢
Mts. or the frontal part of the North-Veporic unit. Remnants of a
coarse-grained Wmca in the Infratatric, Tatric and North-Veporic
units range in 313—295 Ma, rarely around 260 or 230 Ma.

The South-Veporic rocks in the hanging wall of the
Pohorela thrust-fault were dated to 87.7 + 0.2 Ma (Permian
metarhyolite); 85.0 + 1.7 and 86.7 + 1.5 (Lower Triassic
metaquartzite). The South-Veporic rocks from the footwall of
the Gemeric nappe were dated to 99.3 + 3.5 Ma (Permian
metaarkose), 90.1 + 0.9 Ma (0.2—-0.3 mm fraction) and/or 86.1
+ 3.7 Ma (5-10 pm fraction; Lower Triassic metaquartzite).

The hanging wall Upper Carboniferous dark shales of the
Gemeric nappe in the Lubenik sinistral thrust fault were dated
to 83.7 £ 2.0 Ma.

The ages indicate formation of a collision wedge in time
interval of ca. 140-90 Ma in the Veporic unit, due to a NW-
-vergent nappe thrusting and synmetamorphic thickening of
a collision wedge. Similar ages from the Veporic unit, published
by Dallmeyer et al. (1993, 1996), Kral et al. (1996), Kovacik et al.
(1997) or PlaSienka et al. (1999) are interpretable as formation
of footwall-propagation thrust-faults in a collisional orogenic belt.
The ENE-WSW trending sinistral transpression, combined with
a top-to-ESE extension collapse (Putis, 1991, 1994) occurred
at 90-84 Ma. New data indicate that collision in the frontal part
of the North-Veporic unit as well as the Tatric and Infratatric
units continued to about 75 Ma. Lateral extrusion of the Tatric
unit toward NE occurred in Lower Eocene, at ca. 48 Ma —
a reactivation age of the Hradok-Zlatniky thrust-fault (107.7 +
1.3 Ma), following the formation of a frontal Infratatric wedge.

D. REHAKOVA!, E. HALASOVA' and A. LUKENEDER?:
The J/K boundary strata at the Nutzhof section
(Gresten Klippen Belt, Lower Austria): Integrated
stratigraphy

'Dpt. of Geology and Paleontology, Fac. of Natural Sciences,
Comenius Univ., Mlynska dolina 1, 842 15 Bratislava, Slovakia,
rehakova@fns.uniba.sk; 2Natural History Museum, Geological-
-Paleontological Department, Burgring 7, A-1010 Vienna Austria

The authors discuss the results of an integrated study
of three microplankton groups (calpionellids, calcareous
dinoflagellates and nannofossils) and macrofauna
(ammonites, belemnites and aptychi) in the Nutzhof section.
The stratigraphic investigation of the microfauna revealed
that Nutzhof comprises a sedimentary sequence of Early
Tithonian to Middle Berriasian age. Based on the distribution
of the stratigraphically important planktonic organisms, several
coeval calpionellid, dinocyst and nannofossil bioevents were
recorded along the Jurassic-Cretaceous boundary beds. The
Nutzhof section is situated in the Gresten Klippen Belt at
Nutzhof (Lower Austria) located in the southern Flysch Zone.
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It yields a record of pelagic marine sedimentation built of well
bedded, light yellowish-brown marly limestone with the thin
interbeds of marlstone and marls. The presented data show
that the succession of studied pelagic limestone offers the
possibility to clearly document the J/K boundary interval in
the Austrian Klippenbelt based solely on the good calpionellid,
dinoflagellate and nannofossil stratigraphic record.

The biostratigraphic study based on the distribution of
calpionellids (Rehakova et al., in print) allowed us to distinguish
the Boneti Subzone of the Chitinoidella Zone in the Nutzhof
section. The J/K boundary in this section is situated between
the Crassicollaria and Calpionella Zone. This base is defined
by the morphological change of Calpionella alpina tests. The
base of the Crassicollaria Zone approximately coincides with
the onset of Tintinnopsella remanei Borza and the base of the
standard Calpionella Zone, with the monospecific calpionellid
association being dominated by Calpionella alpina LORENZ.
Two further Subzones (Ferasini and Elliptica) of the standard
Calpionella Zone were recognized in radiolarian-calpionellid
and calpionellid-radiolarian wackestones in the overlying
topmost part of the investigated sequence.

Calcareous nannofossils from the Nutzhof section
(Rehékova et al., in print) belong to poorly diversified,
because of the lithology. Nevertheless, the appearance
of several important genera was determined, allowing
the studied deposits to be attributed to the Lower, Middle
and Upper Tithonian, the approximation of the Tithonian-
-Berriasian boundary, and the definition of the Lower
Berriasian nannofossil zones. The results show the major
role of the coccoliths of the family Watznaueriaceae and
nannoliths of the genera Conusphaera, Nannoconus and
Polycostella in the assemblage composition. The interval
between the FAD of Nannoconus wintereri co-occurring with
small nannoconids (the uppermost Tithonian) and the FAD of
Nannoconus kamptneri minor (lowermost Berriasian; 143.92
Ma after Hardenbol et al., 1998) is interpreted as the Tithonian-
-Berriasian boundary interval. The nannoconid dominance
(“Nannoconus world”, Tremolada et al., 2006) starts, also in
Nutzhof profile, in the lowermost Berriasian.

The macrofauna is represented especially by ammonoids,
belemnoids, aptychi and bivalves (Lukeneder, in print). The
whole section yielded about 46 ammonites. The sparse and
selective occurrence of the ammonites within the Nutzhof log
and the lithological character of the formation made sampling
difficult. The stratigraphic investigation of the cephalopods,
microfauna and nannofauna revealed that the Nutzhof
section comprises Tithonian to Berriasian sediments. The
cephalopod fauna consists solely of Mediterranean elements.
The ammonite fauna comprises 6 different genera, dominated
by the perisphinctid-type. Ammonitina are the most frequent
component (60 %; Subplanites and Haploceras), followed
by the Phylloceratina (25 %; Ptychophylloceras and Phyllo-
ceras), and the Lytoceratina (15 %; represented by Lytoceras
and Leptotetragonites). The described descendants of
Subplanites display the first evidence of these ammonoids
within the Gresten Klippen Belt. The cephalopod fauna from
the Nutzhof section correlated with micro- and nannofossil data
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from the marl-limestone succession, indicating Early Tithonian
to Middle Berriasian age (Hybonoticeras hybonotum Zone
up to the Subthurmannia occitanica Zone). According to the
correlation of the fossil (Rehakova et al., in print; Lukeneder in
print) and magnetostratigraphic data (Pruner et al., in print),
the entire log of the Nutzhof section embraces a duration of
approx. 7 million years (approx. 150-143 Ma).
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Geology of the Dukla nappe between Zawadka Ryma-
nowska and Tylawa (Polish sector of the Outer Carpathians,
south from Dukla) has been investigated by detail mapping
as well as tectonic, stratigraphic and sedimentological
methods. Field mapping and teledetection methods were
taken in order to construct detail geological map (1 : 10 000).
Investigated area joins from the east to the Jasliska Sheet
of the Detail Geological Map of Poland 1 : 50 000 (Cieszkowski
et al., 1990; Slaczka et al., 1991).

The Outer Carpathians belt consists of several nappes,
which were sheared off from its basement and rested in front
of the Pieniny Klippen Belt (Ksigzkiewicz, 1977). The nappes
were mutually overthrust and also completely thrust over
Miocene molasse deposits of the Carpathian Foredeep. The
sequence of nappes from the innermost zone (contact with
the Pieniny Klippen Belt) is the following: the Magura nappe,
the Fore-Magura group of nappes (Fore-Magura Zone), the
Silesian nappe, the Subsilesian nappe and the Skole nappe
— outermost one.

The most interesting and most important part of the Fore-
-Magura group of nappes is the Dukla nappe (Slaczka, 1971).
This unit crops out on surface in a belt extending from Nowy
Zmigréd, through north-eastern Slovakia to Bilyj Czeremosz
river in Ukraine. During formation of imbrication structure of
the Carpathians the Dukla nappe was partially differentiated.
Now it can be divided into smaller tectonic subunits. The
largest parts of the Polish Dukla nappe are southern (inner)
and northern (outer) tectonic subunits (Slgczka, 1971; Slaczka
et al., 1991). These units consist of several folds and thrust-
sheets which are separated by thrusts and also normal,
strike-slip and transverse faults.

The Piotrus Mt. (728 m a. s.1.) is the highest and one of the
most sceneric mounts of the Beskid Dukielski Range, which is
an eastern part of the Beskid Niski Mountains (Klimaszewski,
1978). It is a crescent shaped massif, covered by wood,
with highly distinctive morphology, extending meridian-like
from north (Zawadka Rymanowska) to the south (Tylawa
surroundings). The mount is limited by the valley of the Biaty
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creek and passes northwards into Wotowy Mt. (521 m a. s. |.).
From the south Piotrus is cut by sceneric gorge of the Jasiotka
river valley and passes southwards into Ostra Mt. (692 m
a.s.l.). The Piotrus Mt. and its surrounding valleys emphasize
mutual relationship between geology and river system. On
the hill-sides of Piotrus the radial river system is observable
(Zuchiewicz, 1987). Double questa on the eastern hill-side
of the Piotrus is a result of unequal erosion rate, lower is
shaped on the Przybyszéw Sandstones and upper one on the
Mszanka Sandstones. Remarkable rock walls and crests on
top of the Piotrus Mt. are formed by thick-bedded sandstones
and conglomerates of the Mszanka Sandstones. Three small
caverns (“Studnia’ “Jaskinia Wodna” and “Szczelina”) have
been discovered over last ten years on eastern (Mszanka
Sandstones) and western slopes (Cergowa Sandstones) of
the Piotrus Mt. There are two holy wells springs on its western
slopes: “Murowana Studnia” and “Swieta Studnia”

Geological location and development of the Dukla nappe
in the Piotrus surroundings is very interesting and complex.
Investigated area is situated in the western most part of
the southern (internal) subunit of the Dukla nappe. The
sedimentary succession of the Dukla Series is represented
here by the Upper Cretaceous—Paleogene flysch deposits.
The tupkéw and the Cisna Beds, Upper Cretaceous—
Paleocene in age, typical for this unit, do not occur in Piotrus
Fold, but are replaced by the Inoceramian Beds (Ropianka
Fm.). Eocene is represented here by thin-bedded shale-
-sandstone flysch of the Hieroglyphic Beds with the thick-
-bedded Przybyszéw Sandstones and horizons of variegated
shales, by the Green Shales and Globigerina Marls. Oligocene
Menilite Beds consists of several lithostratigraphic divisions
with distinguished members: the Mszanka Sandstones, the
Jawornik Marls, the Cergowa Sandstones or Cergowa Shales
with Tylawa Limestones horizons, Menilite cherts and brown
bituminous shales. Up the section the Menilite Beds passes
to the Krosno Beds.

The Piotrus Mt. is generally structured by Oligocene
flysch deposits of the Piotrus fold, which belongs to the inner
subunit of the Dukla nappe. Main axis of the Piotrus fold is
oriented NNW-SSE, even occasionally N-S in the northern
and central part, but on the south (Ostra Mt. area) it forms
characteristic synclinal bend. With reference to the main Outer
Carpathian fold structure orientation (E-W or WSW-ENE on
the west, and NNW-SSE or NW-SE on the east) investigated
part of the Dukla nappe forms some kind of sigmoidal curve
structure. The Piotrus fold forms irregular syncline. Its western
flank is almost entirely reduced and forming the Oligocene
deposits contact tectonically to the Eocene Hieroglyphic
Beds of the Tylawa Fold. Eastern flank is represented here
by older deposits of the Inoceramian and Hieroglyphic beds
forming several secondary sheets overthrusted each other
and also thrusted westwards over outer subunit. Along
Jasiofka river valley extends large parallel-like dislocation
with highly distinctive tectonized zone called Jasiotka fault (cf.
Cieszkowski et al., 1990; Slaczka, 1970; Slaczka et al., 1991).
This dislocation deforms and rotates westwards the southern
part of the Piotrus fold. In Tylawa region it passes into a thrust
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zone separating this unit from Tylawa fold. On the south
the Piotrus fold is separated from Czerenin—Kanasiowka—
Tokarnia fold by a large dislocation of the Zyndranowa Fault
that extends NE-SW.

Northwards the Piotrus fold passes into the Kamionka
fold. This structure is developed as a reversed half-syncline
and separated from outer subunit by thrust zone on the north.
The Kamionka fold sequence is similar to the Piotrus fold
sequence being represented by the following divisions: the
Eocene Hieroglyphic Beds, Green Shales and Globigerina
Marls; the Oligocene Menilite Beds divided to several following
members: the Mszanka Sandstones, the Jawornik Marls, the
Cherts and the Cergowa Sandstones. Deposits that form this
fold are highly tectonically deformed. The innermost part of
the Kamionka fold is cut by thrust fault and there normally
lying beds are thrust over reverse beds. Tectonics of the
Kamionka fold is varied by subordinate normal, strike-slip and
transverse fault.
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On the basis of 5.137 disarticulated shell plates of chitons,
collected during 1999-2005, knowledge about Middle
Miocene chitons from the Vienna basin (Central Paratethys)
area has been summarized. Research was focused on
the Slovak part of the basin — particularly on the localities
Devinska Nova Ves — loam pit, Devinska Nova Ves — Utoénica,
Rohoznik — loam pit and borehole Kuty 45. Studied speci-
mens, belonging to 13 species of the families Leptochitonidae,
Hanleyidae, Ischnochitonidae, Callochitonidae, Chitonidae
and Acanthochitonidae, are described. The most common in
the collected material were Leptochiton sulci (20 %), Chiton
corallinus (19 %) and Callochiton laevis (11 %). Other species
represents no more than 10 % each in studied assemblages.
Taking into account the morphological characteristics of the
intermediate valves a group of few specimens previously
determined as Acanthochitona faluniensis has been studied
and described separately and will be classified as a new
species.

The sediment origin interpretations were provided in the
studying areas. Sediments containing chitons valves were
formed by turbidity currents, or by destroying the bioherm
bodies, therefore studied assemblages are completely
allochthonous from the paleoecological point of view, but not
stratigraphical. Paleoecological environment of the source
areas was interpreted as well.

According to the similarity index (Sorensen Index) between
assemblages from the Lower Badenian and Upper Badenian
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localities Korytnica, Lychéw and Niskowa from the Polish part
of Central Paratethys there was found out that assemblages
stem from our localities are more similar to Lower Badenian
Korytnica’s assemblages than to Upper Badenian Lychéw
and Niskowa.

Acknowledgement. This study was subsidized by the grant APVV-
-0280-07. Authors address their thanks to Nafta, a.s. for offering the
material for their investigation.

T. SEGIT: Phosphatic shales in the Aalenian of the
Pieniny Klippen Belt (Carpathians): New data from
Poland and Slovakia

Fac. of Geology, Univ. of Warsaw, Poland

The Middle Jurassic crinoidal limestones of the
Smolegowa Limestone Fm. and the Flaki Limestone Fm.,
especially their basal parts, often contain black phosphatic
nodules. This feature was described from several sites in the
central section of the Pieniny Klippen Belt (PKB) by Krobicki
and Wierzbowski (2004, Vol. Juras. 1l). In the stratigraphically
underlying, dark clayey deposits only few phosphatic nodules
have been found so far, e.g. in the Biata Woda section at
Jaworki village. Highly bioturbated rocks exposed here have
been attributed to the Skrzypny Shale Fm. and ascribed
to the Lower Bajocian by Tyszka (1994, Bull. Pol. Acad.
Sci. Earth Sci., 47, 1). Newly acquired data do not confirm
this stratigraphical assessment — there were found some
imprints of coarse-ribbed ammonites of Graphoceratidae and
dinocysts belonging to the species: Nannoceratopsis gracilis,
N. dictyambonis, N. triceras, Kallosphaeridium praussi and
Phallocysta elongata, which have first appearance in the
Aalenian or even earlier. Already done research works at
Zaskale near Szaflary yielded new data on the Skrzypny
Shale Fm. depositional history — there has been recognized
the Aalenian phosphatic black shale for the first time in the
PKB. Previously unknown type of phosphatic nodule-bearing
deposits overlying Skrzypny Shale Fm. was also discovered
in the quarry near Kamienka village (Stara Lubovna District,
Slovakia). These findings shed a new light onto the final period
of a clayey sediment deposition in the Pieniny Klippen Basin,
coeval with an initial stage of the Czorsztyn Ridge elevation.

The temporarily exposed rocks of the Krempachy Marl Fm.
and Skrzypne Shale Fm. at Zaskale yielded, for more then
acentury ago, uppermost Toarcian, Aalenian and supposedly
earliest Bajocian ammonites (Birkenmajer, 1963; Stud. Geol.
Pol., 9). Quite recently the ammonites indicative of the Upper
Aalenian (e.g. Graphoceras concavum) have been found
in a tectonic scale of black shale comprising numerous,
usually small, brown-grey, phosphatic concretions.
Dinocyst assemblage recovered from these strata is largely
dominated by Nannoceratopsis gracilis, but also other
taxa, e.g. Phallocysta elongata, N. dictyambonis, N. evae,
Scriniocassis priscus and Mancodinium semitabulatum
do occur; they are common in the Aalenian deposits of
Europe and were previously noted from other localities of the
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Skrzypny Shale Fm. (Segit, 2005; unpub. Msc thesis, Univ.
Warsaw). Anyhow, the results of the studies do not prove
the Bajocian age of the Skrzypny Shale Fm., even its upper,
phosphatized part.

The Jurassic strata mostly resembling those of the
Czertezik/Niedzica successions occur in an abandoned
quarry on the east slope of the RieCka stream valley near
Kamienka and Litmanova villages. The oldest exposed beds
are black shales with siderite concretions yielding ammonites
Brasilia sp. indicative of the Middle Aalenian Bradfordensis
Zone. Upward in the section the siderite concretions dis-
appear, black shales pass into the massive, black mudstones.
Above them the harder dark grey-greenish siltstones finally
passing to a hard, intensive green siltstones and shales occur.
Black phosphate nodules scattered through the grey-greenish
beds become very frequent in the green ones. From the black
mudstones Graphoceras sp. was collected, there were also
identified dinoflagellate cysts: Nannoceratopsis gracilis, N.
dictyambonis, N. triceras, Pareodinia sp., M. semitabulatum,
Phallocysta elongata and Dissiliodinium sp. Green siltstones
also yielded fragments of phosphatized casts Graphoceras
sp. Total thickness of the described Upper Aalenian beds
probably does not exceed 3 m; it is hard to set it out precisely
because of tectonic disturbances.

Phosphatic deposits from Zaskale and Kamienka
probably originated during the fertile period of upwelling in
the Pieniny Klippen Basin. Phosphate nodule-bearing muddy
sediments must have been the primary source of reworked
concretions occurring above the base of crinoidal limestones
in the Kamienka quarry and in many other places in the
central section of the PKB. The phosphatized ammonite casts
found in the limestone belong, however, mainly to the earliest
Bajocian genera (Krobicki and Wierzbowski, 2004). The
phosphatic event originally distinguished by Krobicki (2002,
abstr. VI Int. Symp. Juras. Sys. Palermo) started obviously in
the Upper Aalenian Concavum Zone and continued up to the
lowermost Bajocian.

V. SIMO' and P. KLEPSATEL2: Examples of Badenian
borings as trace fossils on bivalve shells from
Devinska Kobyla, Borsky Mikula§ and Rohoznik
(Slovakia)

'Geological Inst., Slovak Academy of Sciences, Dubravska cesta 9,
P. O. BOX 106, 840 05 Bratislava, Slovakia, vladosimo@yahoo.com;
2Slovak National Museum, Vajanského nabrezie 2, P. O. BOX 13,
810 06, Bratislava, Slovakia

Badenian borings were studied on several shells of
Glycymeris pilosa deshayesi from Borsky Mikulda$ on
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internal mould from Devinska Kobyla and on fragment of
shell from Rohoznik. Two groups of borings were recognized:
endoskeletozoans and episkeletozoans. Endoskeletozoans
comprise Entobia, Gastrochaenolites, Meandropolydora
and Oichnus. Episkeletozoans comprise traces of bryozoa
etchings, traces of etching of vermetid gastropods, etchings
of serpulid and other unidentified traces. Gastrochaenolites
dijugus was preserved in two forms: as hollow clavate borings
and as natural casts. Natural casts of G. dijugus are composed
from fine preserved calcite lining. Two cavities of borings
contain shells of producer Gastrochaena sp. Other natural
casts of sponge borings belong to Entobia isp. One example
of Oichnus represents the trace fossil of predation. Only shells
which contain Meandropolydora were pathological deformed.

P. WOJCIK-TABOL: Organic geochemical
characterization of black shales from the
Szlachtowa Formation (Grajcarek Unit, Pieniny
Klippen Belt, Poland)

Inst. of Geological Sciences, Jagiellonian Univ., Oleandry St., 2a,
30-063 Krakéw, Poland

Organic geochemical investigations were carried out on
Szlachtowa Formation from two sample sites in the Grajcarek
Unit (Pieniny Klippen Belt) to characterize the sedimentary
organic matter. These black shales have a variable bulk and
molecular geochemical composition reflecting changes in
the quantity and quality of the organic matter.

TOC contents between 0.09 and 4.2 wt.% and hydro-
gen indices between 28 and 112 (mg HC/g TOC) indicate
hydrogen-poor organic matter (Type IlI/Il kerogen). Hydro-
carbon contents correlated with TOC values qualify these
black shale sequences as poor oil-prone source rocks.
Tmax values obtained from Rock-Eval pyrolysis (420—448
MC) confirm a mature level of thermal maturation. Organic
petrological studies indicate that the kerogen is almost entirely
composed of unstructured vitrinite. Vitrinite is hydrogen-poor
organic matter, typically derived from woody land plants.

Total lipid analyses shows that the biomarkers mostly
comprise long-chain n-alkanes (C25-C30). It can suggest
the predominance of terrigenous organic matter. Terrestrial
derivation of organic matter finds confirmation in the pristan/
n-C17 and phytan/C-18 ratios. The studied organic particles
were accumulated under oxic to suboxic conditions. An
influence of secondary processes (i.e.: biodegradation) has
been not recognized.

Acknowledgement. The research was financed by the Polish Ministry
of Sciences and High Education (Grant 2P04D 080 29).
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Paleoenvironmental changes of the Carpathian Flysch Sea during
the transition from the Peri-Tethyan to Black Sea-type basins

JAN SOTAK, Geological Institute, Slovak Academy of Sciences, Severna 5, 974 01 Banska Bystrica, Slovak Republic; sotak @ savbb.sk

Paleoenvironmentalne zmeny v systémoch karpatskych flySovych mori pri ich transformacii
z peri-tetydnych paniev na panvy typu Cierneho mora

The Carpathian Paleogene basins were differentiated
in sea-floor topography, bathymetry and water exchange.
During the Eocene/Oligocene transition, the differentiation
was recorded by the Globigerina Marls, which deposition
was controlled by the Calcite Compensation Depth. The CCD
declines in the conditions of enhanced productivity, which
correspond to a peak of productivity near 33.5 Ma (Diester-
-Haass and Zahn, 1996), and this caused the CCD drop near
the Eocene/Oligocene boundary (Thunell and Corliss, 1986;
Tripati et al., 2005). Following the downslope excursion of the
CCD, the Globigerina Marls occur suddenly in carbonate-
-free deep-water sediments of the Carpathian Paleogene
basins. Successive cooling resulted in shoaling of the CCD
due to a higher saturation of cold bottom-water by CO,. As
aconsequence, the seawater became more acid and corrosive
to the calcareous components. Above the Globigerina Marls,
the carbonate dissolution increased considerably, leading to
a non-calcareous deposition of the Menilite Formation.

The Early Oligocene period was a time of widespread
anoxia and eutrophication in the Carpathian basins, and this
led to sapropelitic and biosiliceous deposition of the Menilite
facies. These basins imply a cool-water influence, estuarine-
-type circulation, eutrophication, dinoglagellate- and diatom-
-based productivity, high export flux, bottom water anoxia,
elevated chemocline, upwelling activity and monsoonal
precipitation (Fig. 1). The expansion of the OMZ to surface-
-water is inferred from the impoverishment of planktonic
foraminifera, and in proliferation of euryoxibiont forms in the
Carpathian basins. Lower oxygen conditions are expressed
by blooms of chiloguembelinids (stress-sensitive opportunists
like Guembelitria), which dominated during the early Rupelian.
Evidence of similar conditions is provided by wetzeliellacean
dinoflagellates, diatoms and bacterioplankton.

The Oxygen Minimum Zone (OMZ) revealed the south-
ward weakening of anoxia towards the Kiscellian Sea in
the Buda Basin. Considering this, the northern part of the
Carpathian Paleogene basins seems to be more isolated,
humid, eutrophicated, oxygen depleted and cooled by Boreal
waters. On the contrary, the southern part of this basin
represents the neritic and nearshore zone of the North Buda
Paleogene Basin (Nagymarosy, 1990), influenced by the
Tethyan waters. The circulation model of the Paratethyan
basins (Dohman, 1991; Schulzetal.,2005) presumed amixture
of the Boreal deep water and the Tethyan surface water. The
restricted seaway connection with the Mediterraean Tethys
during the Early Oligocene resulted in fresh water overflow
in the Paratethyan basins. The high runoff and separation
of the Carpathian basins by the intrabasinal highs (e.g. Low
Tatra Highland), indicates an estuarine-type circulation with
an inflow of warm saline bottom waters and an outflow of
fresh surface waters. Here, the Carpathian basins revealed
features of Black Sea-type basins similar to other basins in
the Paratethyn Sea (Schulz et al., 2005).

Widespread anoxic and eutrophic conditions in the
Carpathian Paleogene basins most likely resulted from a
high runoff and a positive water balance similar to that in the
Black Sea. Dissolved silicate, nitrate, ammonium, manganese
may have been supplied from continental sources. Trophic
resources could also have increased via upwelling, which
preferentially regenerated nutrients from organic matter under
anoxic conditions. Both, this runoff and upwelling resulted
in eutrophication of surface-waters. Biomass productivity of
surface waters in the Paratethyan basins resembles a drifting
flora and conditions similar to those in the Sargasso Sea.

During the Early Oligocene, the Paratethyan basins
survived the anoxic regime everywhere, including the

Fig. 1. Synoptic model of the Carpathian
Paleogene basins implying the Tethyan
— Boreal water exchange or semi-isolation,
water column stratification (CHM -
chemocline), bottom-water anoxia, surface-
water owerflow (FWI — fresh water influx),
deep-water circulation (UPW — upwelling),
eutrophication (EF), diatom-based
productivity, fish fauna, precipitation (P),
humidity and monsoonal activity (M), etc.
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Hungarian Paleogene Basin (Tard Clays), Slovenian Basin
(Socka Beds), Central- and Outer Carpathian basins
(Menilite shales) and Austrian foreland basin (Haring Beds),
Transylvanian Basin (lleada Shale), etc. Nevertheless,
the central Paratethyan basins were reconnected with the
Mediterranean Tethys, and this is indicated by the Lower
Oligocene biohermal limestones containing nummulitids in
the Slovenian and Hungarian Paleogene Basins (Gornji Grad
Beds, Szépevolgy Limestones), but not/or very rarely from the
the Central-Carpathian Paleogene Basin. On the other side,
the Spiratella-rich fauna of the Hungarian Paleogene Basin
(Tard Clay) provide evidence of the cold-water influence of the
Boreal Sea. This implies that Tethyan-Boreal communication,
most likely via the Mid-Hungarian corridor and Slovenian
Strait, which is indicated by the mixed mollusc fauna in the
Kiscellian Clay (Baldi, 1984).

The intra-Carpathian system of the Paleogene basins was
disturbed during plate-tectonic reorganization of the ALCAPA
terranes. The Slovenian and Hungarian Paleogene basins
were accommodated more southerly, and later on they have
been shifted to their present position (Czontos et al., 1992).
The Hungarian and Central-Carpathian Paleogene basins
are quite different (epicontinental-type basin vs. marginal
basin of the Carpathian Flysch Sea), exhibiting no direct
paleogeographical connection between them. The northern
limit of the Hungarian Paleogene Basin is inferred in the
Sahy antiform, which represents a nearshore zone of the
Kiscellian Sea containing sebhka-type facies (Vass, 2003).
The Central-Carpathian Paleogene Basin was confined with
the Veporic borderland. It is most likely that the Hungarian
and Central-Carpathian Paleogene basins came to tectonic
juxtaposition due to NE-directed displacement of the Pelso
Unit (Nagymarosy, 1990). This unit attained its present position
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by tectonic and rotational movement since the Late Oligocene
to Early Miocene (Vass et al., 1996). This is also the case in
the Hungarian and Transylvanian Paleogene basins, which
were jointed by large-scale tectonic movement of the ALCAPA
and TISIA-DACIA blocks.
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B. CHALUPOVA, E. SzEwWCZzYK, J. BAZARNIK, J. MAJKA, J. KONDELA, M. KovA¢ovA, M. GREGANOVA and L. ZAHRADNIK

The 9th International Geological Conference of PhD.
students and young scientists took place in 3.—6. April 2008,
being organized by the AGH University of Science and
Technology in Cracow, Geological Club of the Faculty of
Natural Sciences of the Comenius University in Bratislava
and Faculty BERG of the Technical University in KoSice.
The meeting was taken under auspices colleagues from the
AGH-UST in Cracow and they disposed of conference in
hotel Diablak in Zawoja near Zywiec.

Significant interest related to this conference was
demonstrated by the high amount of participants (over 100
this years) from universities and institutes in Czech Republic,
Poland, Russia, and Slovakia. AlImost 80 presentations
were given by students and young scientists from various
geological specializations during 2 days session. Last day
traditionally belonged to the field trip.

Organizers greatly appreciate active participation of
all participants and are looking forwards to meet them
again during the 10th anniversary of the Conference
in Herlany 2009. Special thanks of organizers belong
to scientific board of the conference and preferably
to Prof. Jacek Matyszkiewicz from AGH-UST in Cracow,
Prof. DuSan PlaSienka from Faculty of Natural Sciences
Comenius University in Bratislava and Prof. Ing. Tibor Sasvari,
from BERG Technical University in KoSice.

J. ADAMCOVA' 2, |. KOLARIKOVA? and R. PRIKRYLZ
Alteration processes in bentonite barrier within
Mock-Up-CZ experiment

.2Czech Geological Survey, Prague, Czech Republic; 2Fac. of
Science, Charles Univ., Prague, Czech Republic

One of the most important geotechnical barriers in high
level waste repository is bentonite buffer and one of the
key issues is predicting its behaviour under miscellaneous
conditions. Their properties are studied in natural analogues
as well as in laboratory experiments.

The Mock-Up-CZ experiment performed by the Centre of
Experimental Geotechnics (CTU, Czech Republic) simulated

Organizatorom 9. medzinarodnej geologickej konferencie
doktorandov a mladych vedeckych pracovnikov, ktora sa
uskuto¢nila 3.-6. aprila 2008, bola univerzita AGH-UST
v Krakove, Geologicky klub Prirodovedeckejfakulty v Bratislave
a Fakulta BERG Technickej univerzity v KoSiciach. Zabezpedit
bezproblémovy priebeh konferencie v hoteli Diablak v obci
Zawoja pri meste Zywiec v Polsku bolo v roku 2008 dlohou
spoluorganizatorov z krakovskej univerzity AGH-UST.

Rastuci zaujem o medzinarodné konferencie doktorandov
potvrdil aj vysoky pocet ucastnikov z univerzit a vedeckych
institacii z Ceskej republiky, Polska, Ruska a Slovenska
(v roku 2008 vySe 100). Prvé dva konferenéné dni bolo 80
prezentacii Studentov a mladych vedeckych pracovnikov
z rozliénych geovednych Specializacii. V zavere¢ny den tejto
akcie sa uz tradi¢ne konala terénna exkurzia.

Organizatori konferencie vysoko ocenuju velky zaujem
o nu, aktivnu ucast vSetkych ucastnikov a teSia sa na opatovné
stretnutie na 10., vyroénom ro¢niku konferencie, ktora
bude v roku 2009 v Herlanoch. Popri podakovani vedeckej
rade konferencie organizatori vyjadruju svoju vdaénost
sZastresujucim“ osobnostiam tohto odborného podujatia.
Bol to prof. Jacek Matyszkiewicz z univerzity AGH-UST
v Krakove, prof. Du$an Plasienka z Prirodovedeckej fakulty
Komenského univerzity v Bratislave a prof. Ing. Tibor Sasvari,
CSc., z fakulty BERG Technickej univerzity v KoSiciach.

vertical placement of a container with radioactive waste.
The model consisted of heating canister surrounded by an
engineered barrier of bentonite blocks (bentonite-based
material), which were enclosed in a cylindrical steel cover
and saturated with synthetic granitic water. The buffer material
used in the experiment was a mixture of 85 % of ground non-
activated Ca/Mg bentonite, 10 % of siliceous sand and 5 %
of graphite. The bentonite comes from the Rokle bentonite
mine operated in the Czech Republic. The experiment lasted
for a period of 3 years and 9 months.

We investigated alteration mineralogical processes in the
bentonite material, being necessary for understanding how
newly formed phases could influence buffer properties under
the conditions of underground repository.
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In the bentonite envelope of the container newly formed gypsum
with illitic aureole was observed and the clay buffer material was
affected by several mineralogical alterations — illitization and beidel-
litization. However, the percentage of transformations was very low
(< 2 %). Newly formed illite therefore had no effect on physico-
-chemical properties (e.g. cation exchange capacity) of bulk bento-
nite buffer material (VinSova et al., 2008; Appl. Clay Sci., in press).

M. BAZARNIK', M. ZIMOWSKAZ?, K. BAHRANOWSKI'
and E. SERWICKA?: Synthetic kanemite as base of
mesoporous catalysts of FSM type

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland; 2Inst. of Catalysis
and Surface Chemistry, PAS, Cracow, Poland

FSM-16 — highly ordered silica mesoporous materials with
hexagonal arrangement of uniform pores (2 to 5 nm) offer new
opportunities in the field of adsorption, catalysis and separation
of macromolecules. FSM-16 could be prepared from the synthetic
mineral — kanemite (NaHSi,05-3H,0). It contains single layers of
SiO, tetrahedra. Sodium ions, hydroxyl groups, and molecules of
water appear in the interlayer space. Sodium ions in the interlayer
space have ion-exchange ability and can be exchanged for the
surfactant cations (hexadecyltrimethylammonium-HDTMA)
to give a layered organic-inorganic complex. Subsequent
calcination at 550 °C removes the organic component and FSM-
-16 structure is formed.

We have attempted to incorporate aluminium in siliceous
framework of the mesoporous materials to generate catalytical
sites. Aluminium was introduced by direct synthesis at the
stage of kanemite preparation, or by the post-synthesis treat-
ment by impregnation of purely siliceous FSM-16. The method
of alumination and the amount of aluminium influences the
acidity, hydrophobic/hydrophilic features and the catalytical
properties. The largest number of acidity sites is characteristic
for post-synthesis aluminated samples of FSM. The amount of
acidity sites increases with increasing amount of incorporated
aluminium. The same samples indicate the highest hydrophilic
feature. They are performed as the best catalyst in reaction of
ethanol to ethylene conversion occurring on acidity sites. Total
(i.e. 100 %) conversion of ethanol proceeds on this catalyst at
temperature 350 °C by 98 % efficiency of ethylene.

Acknowledgement.This work was supported by the Polish Committee
for Scientific Research, within the research project 2 P04D 050 26
(2004-2007). M. Bazarnik is a fellow of the Foundation for Polish
Science (START programme in 2008).

J. BAZARNIK' and B. BUDZYN2: Th-U-total Pb
chronology of detrital monazite from the Lublin
Formation (the Lublin Coal Basin, Eastern Poland):
Preliminary results

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland; 2Inst. of Geological
Sciences, Jagiellonian Univ., Cracow, Poland
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Detrital monazite grains from sandstones and mudstones
from the Lublin Formation (Westphalian B) were investigated.
The sedimentation of these Carboniferous rocks was at the
western margin of the East-European Platform.

Chemical compositions of monazite were obtained
using the Cameca SX-100 electron microprobe in the State
Geological Institute of Dionyz Stur in Bratislava. The following
analytical conditions were used: 15 kV accelerating voltage,
130 nA beam current, and a focused beam on polished thin
sections coated with carbon. The calculation of monazite ages
used method by Konecny et al. (2004) by means of Montel
et al. (1996) equation and the Damon computer program
(Konecny, personal communication).

Analysed monazite grains have rounded shapes, small
size (< 20 pm), and do not reflect zonation in the high contrast
BSE imaging. The analytical results provided two age ranges:
the first one from 300 to 380 Ma, and the second one from
500 to 580 Ma.

The results falling into the range of 500-580 Ma suggest
that detrital material was possibly supplied from the East
European Platform (e. g.Winchester et al., 2002). The Variscan
monazite age are unexpected. The provenance of such grains
remains a matter of discussion that might consider crystalline
rocks from the European Variscides as a possible source
(cf. Matte, 1986).

Acknowledgement. Patrik Konecny is greatly acknowledged for his help
with the electron microprobe analyses. This study was supported by the
research project N307 018 31/1348 (to J. B.). B. Budzyn is a fellow of the
Foundation for Polish Science (START programme in 2008).

P. BOZECKI and G. RZEPA: Trace elements in
ferruginous acid-mine drainage sediments from the
Muskau Arch area (Western Poland)

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

teknica is located within the Muskau Arch — a large
glacitectonic structure extending from Klein Kolzig
(Barndenburg) to Tuplice (Poland). In this area Neogene lignite
deposits were extensively exploited. Abandoned excavations
are filled with acidic waters originating from oxidation of
pyrite—containing lignite. They are highly mineralized and
contain large amounts of dissolved iron and sulphate. As
a consequence of ferrous iron oxidation (most probably
microbial) and hydrolysis, reddish-brown and orange ochreous
sediments precipitate from ponds, stream and spring waters
of this area. The main mineral constituents of the precipitates
are iron hydroxysulphates (schwertmannite and jarosite),
oxyhydroxides (goethite) as well as gypsum. In some cases
the presence of ferrihydrite is also apparent.

In this work preliminary results of chemical analyses of
the precipitates are presented. They are characterized by
rather low concentrations of trace elements. Relatively more
abundant are Zn (up to ca. 400 ppm, av. 62.5 ppm), Cu (up
to 85 ppm, av. 36 ppm) and Pb (up to 50 ppm, av. 21 ppm).
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Other trace element levels rarely exceed dozen or so ppm
and their average concentrations are: Cd — 2.4 ppm, Co —
9.5 ppm, Cr — 9.3 ppm, Mn — 175 ppm, and Ni — 8.3 ppm.
Results of this preliminary study indicate that ferruginous
precipitates from the teknica region are typical for the acid—
mine drainage environments in their mineral composition. The
trace elements concentrations, however, are distinctly lower
than found in similar areas. It is probably due to rather simple
composition of the weathering sulphides.

Acknowledgement. The investigations were supported by the AGH-
-UST project No. 11.11.140.158.

M. BRCEK and Z. KOMPANIKOVA: Temperature as
a factor of degradation in rock mass

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

This report is specialized for the study of heat flow pro-
cess and thermo-physical properties in the rock mass.
The thermo-mechanical rock behaviour have an important
influence on the loosening of the rock mass. The temperature
fluctuation makes thermal stresses in the rock mass, which
activate different thermal expansion of mineral grains. Basic
dates for the review effect of temperature to mechanical
behaviour of the rock mass are natural field of the temperature
and the thermo-physical properties of the rocks, like coefficient
of thermal and temperature conductivity, specific heat and
coefficient of linear temperature expansion. This information
is necessary for the study of space flow, time flow and the
scale of thermal deformation. The temperature expansion
and thermal deformation of rocks are not standard tests,
so this report presents the equipment — thermodilatometer
measuring these parameters. The range of temperature
changes for the test samples as well as detection of wet are
important factors, having influence on the thermo-mechanical
behaviour of rock or rock mass. The report is devoted to
ineligible consequences of thermo-mechanical process,
which is caused by temperature changes, like factors, which
influence it. The research is orientated on the most thermic
attacking layer of rock mass, where the main generating
volume change, the temperature deformation and the other
processes of rock mass disintegration occur.

J. BUCOVA, V. MIKUS and P. GAZI: Deformation
structure analysis of the western part of the
Pieniny Klippen Belt (Western Carpathians)

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The oldest widely recorded deformation stage in studied
area of the Pieniny Klippen Belt (PKB) was the macroscopic
folding with SW—NE trending fold axes, generated by NW-
SE compression. The continuing NW—SE compression and
relative counterclockwise rotation of the Central Western
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Carpathian block resulted in foundation of a dextral
transpression zone along the western sector of the PKB in
the Upper Oligocene — Lower Miocene. Rotation of the o,
axis of the regional paleostress field to the N-S direction
during the Lower to Middle Miocene is ascribed to a rigid
counterclockwise rotation of the entire ALCAPA block during
the Lower Miocene by some 80° at a stable orientation of
the o4 axis. N-S compression is expressed mainly by W-E
trending reverse faults, both N-vergent (VrSatec area) and
S-vergent (Zazriva). The last, probably Upper Miocene
tectonic event is characterized by NE-SW orientation of the
o4 axis and perpendicularly oriented extension. Older faults
were reactivated and new conjugate strike-slips and normal
faults originated in a sinistral transtension zone, particularly
in the Puchov sector of the PKB and the N-S trending dextral
Zazriva fault zone truncates the PKB in the eastern part of the
investigated area.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contracts Nos. APVV-LPP-
-0225-06 and APVV-0465-06, and by Comenius University under the
contracts Nos. UK/267/2007 and UK/253/2007.

A. CIUREJ and M. DWORNIK: Image analysis of
Oligocene finely laminated limestones from the
Polish Outer Carpathians

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

We applied methods of computer image analysis to
investigate the vertical succession of light and dark laminae
in two coccolith limestone horizons: Tylawa Limestone (TL)
and Jasto Limestone (JL), both marker horizons in the
Oligocene in the Carpathians. We attempted to detect
periodicity in the series of laminae.

We used macrophotographs of polished sections of
the laminated limestones. TL samples were collected
in closely spaced outcrops in the Dukla and Silesian unit in
the eastern part of the Polish Carpathians. JL samples from
G. Haczewski's collection were collected from widely spaced
locations in the Silesian unit in the eastern part of the Polish
Carpathians.

Computer analysis was done using MATLAB 7.1.
Boundaries were picked for each sample. Then vertical
profiles of brightness were counted and averaged. Fourier
lowpass filtering was used to determine brightness long-
period changes.

In both, the TL and JL image analysis the short and long
period changes were revealed in the mean brightness level.
The short-period changes are related to the alternation of the
dark and light lamina, most likely annual. The origin of the
long-period changes has not been yet determined.

Acknowledgement. The study was partly supported by University
of Science and Technology, AGH, project No. 11.11.140.560 and by
Department of Geoinformatics and Applied Computer Science,
within framework of the Statutory Research.
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A. CERNANSKY: New finds of lizards (Reptilia,
Sauria) from the Lower Miocene of Central Europe

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The disarticulated remains of Lower Miocene lizards are
described from Czech localities — Dolnice near Cheb and
Merkur-North. This is the first record of the family Gekkonidae
detected in Czech Republic. The first taxon is identical with
the material of the species Euleptes gallica from the Miocene
locality Monttaigu. It brings a new information about distribu-
tion of this species, which was known justin France.The second
taxon is described as gen. et sp. indet., because their lower
jaws have unique features. It could be a new taxon. The work
brings also the first record of the rare family Amphisbaenidae
from the locality Merkur — the species Omoiotyphlops gracilis.
This paper also deals with the family Lacertidae, which is
very conservative. The exact determination of fragments is
shortly impossible. The material has typical marks for the
genus Lacerta and therefore the remains are described as
Lacerta sp. There is the well-preserved huge frontal of adult
individual from Dolnice, which was created by grow of the left
and right bone together. On the other hand, there is the left
frontal bone from juvenile individual in the material and it gives
a conception about ontogeny of the frontal of this genus in the
Lower Miocene. The big similarity to Lacertidae has the family
Cordilydae. The species Cordylus bohemicus is described
from the locality Merkur. These finds testify to conjunction of
the African and European lizards in Lower Miocene.

D. CUNDERLIKOVA and J. SCHLOGL: Ammonite
biostratigraphy of Tunezica formation from Butkov
locality, Manin Unit

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Lower Jurassic sediments of Trlenska and Tunezica, Brt-
ska limestone formations were documented from the Butkov
locality. The sections through these formations can be found
on the 15" floor of the Butkov quarry. Crinoidal limestones rich
in sandy admixture and sponge-crinoidal limestones, with thin
intercalations of marly shales are dominant for the lithology of
these formations. Marly shales representing the thicker and
condensed layers, are rich on fossil macrofauna with mostly
ammonite fauna. Two independent fossiliferous layers were
observed on the locality. In the studied assemblage, from the
first layer, following two biozones were recognized: Bifrons and
Variabilis of Middle Toarcian age. The condensed layer was
formed by massive numbers of ammonite shells with oolitic
matrix and common hardgrounds. Stratigraphic range of the
second layer is according to the occurrence of ammonite genus
Podagrosites sp. the end of Middle Toarcian to Upper Toarcian.

The fossil material consisted mainly from the fossil casts
and prints covered with a fine glauconite cover. Ammonite
genera Phylloceras Suess, Calliphylloceras SPATH,
Lytoceras SUEss, Dactylioceras HYATT, Harpoceras WAAGEN,
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Hildoceras HYATT, Frechiella PRINz, Haugia BuckmaN and
Podagrosites GUEx were identified. The most dominant taxon
was represented by the genera Hildoceras encompassing
61 % of the total assemblage. Beside the ammonite fauna,
nautilids, bivalves (2 taxa) and gastropodes (3 taxa) were
collected. The microfossil content of the observed sediments
yielded common shark teeth (Sphenodus? sp.), textulariid
and lagenid foraminifers. Uniquely a small tooth fragment of
probably a sea reptile was found.

The ammonite assemblages of Tunezica Formation
belong to the Bifrons, Variabilis and Thouarsense zone of
Middle and Upper Toarcian.

D. DIRNEROVA, J. JANOCKO and M. PREKOPOVA:
Application of sequence stratigraphy to deep-
-marine sediments: Case study from Dukla Unit

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

Sequence stratigraphy is a useful tool in many scientific
studies concerned with identification and classification
of depositional environment. Nowadays, the sequence-
-stratigraphic analysis applies three basic types of data:
seismic, gamma ray logs or sedimentary profiles, but the best
source of data is the combination of them.

The study area is situated close to water dam Starina in
Eastern Slovakia. Our data are in the form of sedimentary
profiles and they represent sediments of Cisna, Submenilite
and Menilite Formation belonging to Dukla Unit of Outer
Western Carpathians. We designated the depositional
environment as deep-marine. From structural elements
we have identified deep-marine slope, slumps at the base
of slope, turbidity lobes and interlobe space on the basin
plane.

Sequence stratigraphy is based on relationships between
deposits and relative sea-level changes. In the case of
deep-marine environment, differences in sediment caused
by oscillation of sea-level are not as distinctive as that in
shallow-marine, but the sea-level oscillation has influence in
this environment too. Decrease in sea-level can temporarily
cause a transformation of deep-marine environment to
the conditions of shallow-marine environment. In reverse,
increase in sea-level can be distinguished by sediments
typical for basin plane. In our study we attempt to apply
sequence stratigraphy for identification of depositional
environments and connect the character of sediments with
oscillation of sea-level.

Acknowledgement. The abstract is a part of the VEGA project No.
1/3061/06.

A. DUSZA-DOBEK: Environmental geochemical
mapping of selected parks in Warsaw (Poland)

Polish Geological Institute, Warsaw, Poland
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Detailed, multi-media geochemical mapping has been
conducted in tazienki Park, Ujazdowski Park, Morskie Oko
Park and Agrykola Park (center of Warsaw). All parks are
playing an important recreational function. tazienki Park is
also one of the oldest nature-historical complexes in the city.
Parks localized in a city center are on the strength of multiply
anthropogenic pollution (gases and ashes from transport,
industrial plants and power plants).

Mapping in the parks area was focussed on topsoils
collected from 0.0-0.3 m; subsoils taken from 0.8-1.0 m;
sediments from ponds and canals; and surface water. The
soils were collected at a sampling density of 100 x 100 m.

Concentration of Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg,
K, Mg, Mn, Na, Ni, P, Pb, S, Sr, Ti and Zn was determined in
topsoil, subsoil and sediments following aqua regia digestion.
In addition, organic carbon and grain size distribution were
determined in topsoil samples; PAHs, PCBs, chloroorganic
pesticide were determined in sediments; pH was measured
in topsoils, subsoils, and surface water; and conductivity was
determined in surface water. Analysed constituents of surface
water included Ag, Al, As, B, Ba, Ca, Cd, ClI, Co, Cu, DOC, Fe,
K, Li, Mg, Mn, Mo, N, Na, Ni, P, Pb, Rb, Sb, SiO,, SO,, Sr, Ti,
Tl, U and Zn.

This data set will be used for preparing data bases,
statistical analyses, geochemical maps, environmental
valorization and interpretation of the research (geochemistry
characteristic of soils, surface water and sediments in
presented Warsaw parks).

A. FIGULA, A. KLESZCZEWSKA, M. MANECKI and T.
BAJDA: Application of modern glass fertilizers for
in situ immobilization of Pb pollution in acidic soils

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Recently introduced, modern synthetic glass fertilizer
VitroFosMakK, releases Ca, Mg, K and phosphates slowly to
the soil without the risk of eutrophization. It can also raise pH
of acidic soils. Phosphate ions released to lead-contaminated
soils can immobilize Pb in situ through the formation
of pyromorphite Pbgs(PO,)3CIl. Therefore, this modern
agriculture glass appears to be suitable for reclamation
of soil contaminated with heavy metals.

This study was targetted to experimental characterization
of processes and products of reaction between VitroFosMaK
and solutions containing Pb ions. These experiments serve as
a model for the reaction between soil solution and fertilizer in
lead contaminated site. One gram of the fertilizer reacted with
250 mL of solution containing Pb and CI ions. The pH was
kept constant at 3.5 during the experiment. The results were
compared with the experiments where pH was not adjusted.

As a result of reaction the concentration of ionic Pb was
lowered significantly — below the detection limit for initial
50 mg Pb/L. Precipitation of crystalline pyromorphite was
apparent. In control experiment, where pH was not adjusted,
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final pH reached 10.9 and precipitation of pyromorphite was
accompanied with the formation of laurionite PbOHCI (result
of partial hydrolysis of Pb). The experiment at pH = 3.5
simulates the conditions in contaminated soil better.

Acknowledgement. This work was partially supported by MNiSW
research project No. 307 2499 33.

W. FRANUS', P. KALOTKA?2 and M. WDOWINS3:
Synthesis of zeolitic materials from fly ash:
Laboratory and technological tests

"Dpt. of Geotechnics, Lublin Univ. of Technology, Lublin, Poland; 2Dpt.
of Technical Services and Recycling S. A., Radom, Poland; Mineral
and Energy Economy Research Inst., Polish Academy of Sciences,
Cracow, Poland

The aim of this study was the receiving of zeolite with
Na-X structure, using hydrothermal reactions of soda lye
with class fly ash. A number of chemical reactions on these
substrates in variable conditions of NaOH concentration, time
and temperature were conducted.

As a result, the most optimal was receiving this zeolite by
hydrothermal reaction at following conditions: 20 g of fly ash,
0.5 L of 3 M NaOH water solution, temperature 80 °C, and
time 24 h. Reaction conducted in this way, allowed to receive
zeolitic material with Na-X content from 60 to 80 %.

These investigations suggested undertaking of chemical
reaction application test from laboratory scale to semi
industrial scale. To this end, a reactive container from PP
material with volume of 130 liters was designed. It was also
equipped with system of heaters responsible for monitoring
temperature and level of reagents. In such prepared medium,
tests of Na-X zeolitic material synthesis was successful,
however, its quantitative content decreased twice. Therefore,
it is necessary to mix the substrates.

Semi-technical scale tests showed the necessity of the
whole synthesis process automation, composed of respective
technological systems: filling the container of fly ash and
soda lye water solution; vacation of a container; washing the
zeolitic material (in order to separation of NaOH excess);
granulation and drying of zeolitic material. Such technology
will allow to receive the high class of zeolitic material which
can find an application in industry, chemical and environmental
engineering.

Acknowledgement. This work was financially supported by the
Ministry of Science and Higher Education, grant No. 4 T12B 042 29.

I. GALECZKA" 2, M. MANECKI" and J. MAJKAS3: The
reactions between copper minerals and rain water
on slag heap in Lubietova

'Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland; 2Fac. of Natural
Sciences, Comenius Univ., Bratislava, Slovakia; 3Geological Inst.,
Slovak Academy of Sciences, Bratislava, Slovakia
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The slag heap located in Lubietova, Slovakia, is
a result of 19th century mining of gold, iron and copper.
Primary copper minerals (chalcopyrite, tetrahedrite), and
secondary copper minerals (malachite, azurite, libethenite,
reichenbachite and covellite) were identified in the
deposit.

In the bottom of a spring and a small stream coming
out from the tailing, green earthy precipitates are apparent.
Samples of water taken down the stream show that the
concentrations of major components, Ca, Mg, Na and K
are relatively low, equal to 5.83, 6.83, 2.73, and 1.96 mg/L,
respectively. The major anions are SO, (33.12 mg/L) and
HCO; (28.07 mg/L). However, the concentration of Cu is
higher than in typical springs and equals to 2.0 mg/L.

The purpose of this study is the identification of reactions
between rain water percolating through the mine tailings
and copper minerals that lead to increased concentration
of Cu in water. The preliminary results (SEM/EDS, XRD)
indicate that the green coating on the rocks in the bottom
of stream is organic (algae). Optical microscopy reveals
that the transformation of chalcopyrite is a main source of
copper in secondary minerals. This explains the presence
of sulphates as well. However, laboratory experiments
simulating the reaction of percolating water with rocks on
the slag heap show higher concentration of sulphates and
lower concentration of Cu than observed in the field. The
reactions are also simulated with hydrochemical model
PHREEQCI.

M. GORNA: Valorization of the outcrops of
teschenite rocks from geotourist aspect (Polish
Western Carpathians)

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

This paper is a part of dissertation dealing with volcanism
in the Western Carpathians from geotourist point of view. It is
an introduction for further research.

The occurrence of magmatic rocks of Lower Cretaceous
age called “teschenite rocks” is limited to the Outer Western
Carpathians. In Poland, they can be found between Cieszyn
and Bielsko-Biata only in the Cieszyn Subunit, which is the
lower part of Silesian nappe. They form intrusions of various
thicknesses, within the Cieszyn Limestones and the Upper
and Lower Cieszyn Shales. The term “teschenite rocks”
includes a wide range of petrological types with variable
textures and structures (teschenites, picrites, monchiquites,
diabases, syenites). The teschenite rocks can be observed
in the abandoned quarries and in the natural exposures,
especially in streams. The outcrops in Cieszyn, Punicéw,
Rudéw, Grodziec, Zywiec and Swietoszéwka were selected
to carry out the valorization. At assessment, following
criteria were taken into account: condition of outcrop,
educational value, location, extent of conservation and sights
in surroundings. The outcrops in Cieszyn and Rudéw were
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recognized as the most valuable and should be available for
tourists and promoted as geotourist sites.

B. ZYCH-HABEL, A. KEDZIERSKA and M. MICHALIK:
Phosphate accessory minerals in the granitoids
from Strzeblow (Strzegom-Sobdétka massif)

Inst. of Geological Sciences, Jagiellonian Univ., Cracow, Poland

Granitoids from Strzebléw constitute a part of Strzegom-
-Sobdétka massif, situated in the Fore Sudetic block. Rocks
from Strzebléw quarry were subjected to intense alteration
processes (albitization, episyenitization, chloritization and
also kaolinization). Chemical composition of accessory
minerals from sixteen samples of granitoids was determined
using SEM-EDS method.

Phosphates (apatite, monazite, xenotime, and cheralite)
dominate among accessory minerals in the studied rocks.
Based on chemical composition, several types of accessory
minerals can be distinguished. Two types of apatite are
observed in all samples. One type is characterized by the
low REE content and the second one by very high Th (up to
10 wt.%) and REE content. Monazite usually occurs as tin
plates within altered biotite. This form of monazite contains
relatively high content of REE (mainly Ce and Nd), U and Th.
Sometimes monazite can be found in the form of relatively
small individual crystals. Xenotime usually contains relatively
high amount of Gd, Dy, Ho (Gd,O3 to 7 wt.%; Dy,0; to 7.9
wt.%; and Ho,0; to 6.9 wt.%). Xenotime often contains
cheralite inclusions. Besides P, Th and La cheralite contains
relatively high amount of Nd (to 11 wt.% Nd,O3).

Chemical composition of accessory minerals varies
within broad range. It is probably connected with influences
of alkali-rich fluids, which caused albitization. Variable
degree of albitization suggests different intensity of fluid-rock
interaction.

S. HANIGOVSKA: Geological structure of fluvial
sediments of Torysa and Hornad rivers, southern
part of KoSicka kotlina depression

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

This work describes Quaternary geological setting of fluvial
sediments of Hornad and Torysa rivers in southern part of
KoSice basin. The research is focused on lithofacial evolution
and stratigraphy of these sediments during Quaternary.
It analyses the depth and space relations between the
components of this fluvial system, and also describes geological
and geomorphological characteristics of the river’s terraces in
valleys of Hornad and Torysa rivers. From morphological point
of view the KoSice basin is divided into area of fluvial plain and
smoothly shaped basin downs. From geological point of view
this area belongs to East-Slovakian Neogene basin. lts subsoil
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represents Paleogene sediments, Mesozoic rocks of Cierna
hora, Paleozoic rocks of the Spis-Gemer Ore Mts. The youngest
sediments of KoSice basin are Quaternary sediments divided
into several genetic types. Most common are fluvial ones depo-
sited into terrace accumulations and on river beds. This work
intends to make a space model of the fluvial system elements,
thickness of fluvial sediments and its position in the studied area
with the PETREL software. The main use of results can be in the
fluvial exploitation of the gravel from fluvial plain of Hornad river.

A. HAVLIN' 2: Landslide hazard assessment along
the main road E 50 in Chfiby highlands

'Czech Geological Survey, Brno, Czech Republic; ?Fac. of Natural
Sciences, Comenius Univ., Bratislava, Slovakia

The main road E 50 passing Chfiby highland, presents
an important connection line between Czech Republic and
Slovakia. Negative factors — like frequently alternating flysch
layers (clays and sandstones of Magura Unit of Flysch Belt
of Western Carpathians), main infiltration and drainage area
of groundwater, slope predisposition — give rise to landslides
and slope instabilities across the highland and impend the
main road.

Input data for GIS and statistic methods were obtained
from field inventory mapping. Fossil landslides and slope
movements were revised and new were described in the
maps of 1 : 10 000 scales. Various tools in ArcGIS environment
were used for evaluation and producing of parametric maps
of slope angle, land use, curvature of the relief, slope length,
DEM, runnout distance, elements at risk and risk vulnerability.

The investigation result is a landslide hazard map as well
as landslide risk scenarios using bivariate statistical analysis.

M. HYZNY: Brachyuran (decapoda) assemblage
of Tomasovce Member (Paleogene), Western
Carpathians, Slovakia

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The Tomasovce Member represents the uppermost
member of the Borové Formation, a part of the Podtatranska
(Subtatric) Group, representing typical transgressive
formation dating back to the youngest Priabonian time. The
layers of the TomaSovce Member contain a hydrophilous
tropical flora (predominantly angiosperm plants), a neritic
macrofauna (predominantly bivalves) and benthic foramini-
fers. The determined faunal assemblages are characteristic
of a neritic marine environment (with the addition of a littoral
thanatocoenosis) and a prevalence of euryhaline forms.

A rich brachyuran assemblage consisting of about 70
specimens was collected on two localities within the Toma-
Sovce Member in the Hornad basin situated in the SpiSska
Nova Ves district — the stratotype locality of the Tomasovce
Member — the Durkovec quarry and the locality Hlinisko.
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Crab remains are well preserved; also complete, isolated
specimens were found so it is possible to describe the
characters of the pereiopods and chelipeds as well. Several
taxa were determined including two new species, undescribed
yet: Ranina sp. nov., Calappilia sp. nov., Coeloma (Coeloma)
vigil A. Milne-Edwards, 1865, and ?Portunites sp. Several
specimens of Ranina sp. nov. preserved in living position were
found. At the Durkovec quarry locality, there were collected
also some trace fossils referred to decapod crustaceans:
Thalassinoides igen. and Ophiomorpha igen. A closer
relationship between the trace fossils and crab specimens
was not determined until now.

The similarities between the brachyuran faunas of studied
localities and transitional layers of the Molare Formation and
the Rigoroso Marl in Italy were observed.

B. CHALUPOVA: Otoliths from the Sarmatian
sediments, borehole TPM-23B (Danube Basin,
Slovakia)

Geological Inst., Slovak Academy of Sciences, Bratislava, Slovakia

Five metres deep borehole TPM-23B was drilled in the
Trstin depression of Danube Basin southeast of Smolenice
village. It penetrated Quaternary and Neogene pelitic
sediments with fossil remnants of various animals (molluscs,
foraminifers, ostracods, fish and tubes of worms) and
plants (calcareous nannoplankton, green algae, oogons of
characeans, palinomorphs, seeds of herbs and wood plants).
The Neogene sediments in the borehole are represented by
the Vrable Fm. of Sarmatian age — brownish yellow and grey
calcareous clays with the layer of carbonized pieces of woods.
The borehole samples from depth of 2.6-2.7 m, 2.7-3.0 m,
3.0-3.1 m and 4.0-4.3 m were studied.

The otoliths of Atherina aff. austriaca Schubert, 1906,
Cepola rubescens Linnaeus, 1832, Gobiidarum sp. 1,
Gobiidarum sp. 2, Gobiidarum sp. and Gobius sp. were
identified. These are typical shallow fish, which live in brackish
water over the sand or stone bottom near the coast.

Based on found fossils, it may be concluded that the
fossil-bearing sediments were deposited in shallow (about
50 m) environment near land with subtropical climate.

M. CHUCHRO and M. MANECKI: The Machowskie
lake: Quality and development of basin

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The Machéw opencast mine is situated in the Carpathian
Foredeep region. The land surface area directly used by the
mine reached 1560 ha. In 1992 the operation of the mine
ceased and since 1994 reclamation procedures were imple-
mented. External waste tip was transformed into meadow-
-forest area and large water reservoirs were designed for
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open pits. The excavations were partly filled with rock material
and waste. This was covered with 25 m thick clay insulation and
filled with water from nearby Wista river. Two groundwater
aquifers are identified in the area. The interaction between
waters is yet unclear but the risk of contamination is apparent.

The overall goal of this investigation is an assessment of
present condition of water and bottom sediment in Machéw
reservoir. The results of analyses will be used for determination
of the direction of geochemical evolution processes in the water
basin. The collected samples consist of 10 water-sediment pairs.
Sampling localities were evenly distributed along the shoreline.
Concentrations of major ions (sulphates, nitrates, chlorides,
calcium, magnesium, sodium and potassium) as well as selected
trace elements were determined using atomic absorption
spectroscopy and UV- vis spectrophotometry. A mineralogical
composition of the bottom sediment was also determined. The
preliminary results and data gathered from Machdéw opencast
mine archives show that water parameters are equal or higher
than water class lll, except for coli titre — class IV.

Acknowledgement. The study was partly supported by Department
of Geoinformatics and Applied Computer Science, within framework
of the Statutory Research, University of Science and Technology,
Cracow.

M. JAMRICHOVA and R. AUBRECHT: Microfacies
analysis of selected profiles of the Czorsztyn Unit
of the Klippen Belt

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Microfacies analysis of profiles in central Povazie (Hreben,
Stepnicka skala Il, Ziagik) and in Orava areas (“Erdtdsky
Kostol”) disclosed facies dissimilarities of Czorsztyn Unit from
the classical development defined by Birkenmayer in 1977.
In the Hreben section, red Krupianka Limestone is missing
above the Smolegowa Limestone but grey to pink-red crinoidal
limestones occur there. Higher up they pass into micritic
crinoidal limestones which contain quantity of brachiopods.
A new name — StreZenice Limestone of the Kimmeridgian to
Lower Tithonian age was proposed for a complex of brown,
to brown-red crinoidal (Saccocoma) limestones which were
found developed at Stepnicka skala Il locality. The transitions
between particular microfacies are gradual, which is evidenced
by transitional “filamentous” — Globuligerina microfacies
presence of Globuligerina in the Saccocoma microfacies.
Rogoza Coquina at the Ziagik section is typical by absence or
just subordinate occurrence of the Globochaete microfacies.

Acknowledgements. Thanks belong to grant APVV 1/0465/06 for the
financial support.

I. JERZYKOWSKA and M. MICHALIK: Weathering

of minerals in podzolic soils in the Tatra Mts.

Inst. of Geological Science, Jagiellonian Univ., Cracow, Poland
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Weathering intensity in four podzolic soil profiles formed
on granitoid rocks from the Tatra Mts. was examined. The
degree of mineral dissolution, weathering microtextures and
the range of weathering intensity in different horizons in soil
profiles were established basing on chemical analysis of soil
samples, optical microscopy observations and SEM-EDS
analysis of soil thin sections.

Fragmentation and dissolution of minerals and precipi-
tation of new crystalline and amorphous phases are the main
indications of weathering process in these soils. Rock-forming
minerals stability order was established as follows (from the
most resistant): quartz, muscovite, K-feldspar, Na-plagioclase,
sericitized K-feldspar, biotite and Ca-plagioclase. Coexistence
of very strongly decomposed minerals and not weathered
minerals in single soil horizon indicates the presence of
weathering microenvironments.

B. KAJDAS and M. MICHALIK: Relationship between
two types of hydrothermally altered granites at
Straconka hill, Jelenia Géra Basin, Poland

Inst. of Geological Science, Jagiellonian Univ., Cracow, Poland

The excavation at Straconka hill at Mitkéw village (about
10 km S from Jelenia Gdra) is one of the biggest outcrops
of grusified granite in Jelenia Gdéra basin. Three types of
hydrothermally altered granites were distinguished. One type
of granite seems to be altered in closed system, and the other
two types, containing low amount of Ca, were probably altered
by the same hydrothermal fluid. Granites characterized by low
content of Ca are discussed in this paper.

Processes of albitization of feldspars and chloritization of
biotite are wide-spread. Quartz veins are also present. Two
groups of samples of granite with low content of Ca can be
distinguished. The main difference between both groups is
presence (in rocks of group A) and absence (in group B) of
K-feldspar. Primary K-feldspars in granites of group B are
replaced by pseudomorphs, which are composed of mica,
chlorite and albite. Removed K (and probably Ba and Sr) from
feldspars of group B granite is incorporated into secondary
sericite in granite of group A. Stability of Rb content in these
granites shows, that Rb contained in primary K-feldspars
seems to be preferentially accumulated in secondary mica-
chlorite pseudomorphs after decomposition of feldspar, while
Ba and Sr are almost completely removed.

E. KALINSKA: Grain-size distribution, rounding
and frosting of sandy sediments in the vicinity
of Jaktoréw and Zyrardow (southern Mazovia
Lowland)

Fac. of Geology, Warsaw Univ., Warsaw, Poland

Southern part of Mazovia Lowland between Jaktoréw and
Zyrardéw (about 30 km on the SW from Warsaw) is developed
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as almost flat surface varied by straightforward rivers and
build from fine- and medium-grained sands. Thickness of
sediments reaches few meters. In the older literature the origin
of sediments was explained by fluvial, fluvioglacial and sloping
processes and they were designated as “alluvial fans”

Cumulative curves show well developed section of
saltation (with many subpopulations), presence of traction
part only in few samples from the middle and bottom parts
of profiles and absence of suspension section. Inclination
of cumulative curves oscillates from 40 to 60°. CT points
(between traction and saltation transport) are changeable
and fluctuate between 0 and 2 phi (1-0.25 mm). Sediments
are characterized by moderate and sometimes poor standard
deviation and symmetrical skewness as a rule. Sediments are
enriched in medium rounding and frosting quartz grains (EM/
RM; from 79 to 98 %) in sandy fraction. Simultaneously, lack
of grains with shiny surface (EM/EL) is observed. Contents of
quartz in sandy fraction achieve more than 90 %. A corollary
of mentioned analysis is connecting sediments with eolian
environment.

E. KALTENBERG, A. KLESZCZEWSKA, J. FLIS,
M. MANECKI and T. BAJDA: Assaying arsenate
and phosphate concentrations using the blue
molybdate method

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Arsenate ions are ubiquitous in the polluted environment
due to both — natural processes and anthropogenic activities.
There is a demand for simple and precise methods of
assaying arsenate concentration in polluted solutions
containing other compounds, particularly phosphates.
The colourimetric blue molybdate method, proposed in 1972
by Johnson and Pilson, is complicated and of limited use.
Our goal is to take advantage of modern spectrophotometers
and modify the method to extend its limits and applications.

Due to interference, determination of AsO,% concentration
in the presence of PO,% requires two parallel measurements:
(1) assaying total sum of arsenates and phosphates, and (2)
measurement of phosphates concentration (arsenates are
masked by reduction). The concentration of blue coloured
complex in solutions, formed by phosphates and arsenates
in the presence of ascorbic acid, ammonium molybdate,
antimonyl potassium tartrate, and sulfuric acid, is determined
by spectrophotometric measurement of the absorbance
at 870 nm. In the parallel measurement, the sample is
treated by a solution containing Na,S,05, Na,S,0;, H,SO,
which removes arsenates by reduction of As (V) to As (lll)
before colour development. Final arsenate concentration is
constituted by the difference between two measurements.
Our modifications of the method increase the precision of the
method and extend the limits of detection and determination.

Acknowledgement. This work is partly financed by MNiSW project
No. 2 P04D 03129.
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M. KASINA and M. MICHALIK: Experimental study of
slag transformation under hydrothermal conditions:
Preliminary results

Inst. of Geological Science, Jagiellonian Univ., Cracow, Poland

Blast furnace slag is a co-product of metallurgical
processes, formed in pig iron production. Huge amount of slag
is used in many fields of industry (e.g. in cement production,
in agriculture, as a landfill cover material) or as building
material. The aim of the study is to simulate processes of slag
decomposition in natural conditions.

The output samples of the following study are composed
of mineral phases typical for slag. The sample 628 consists of
akermanite, gehlenite, rankinite and orthoclase. The sample
629 is composed of akermanite, gehlenite, cyclowollastonite
and tremolite.

After 24 h lasting hydrothermal experiment (using distilled
water) in Soxhlet instrument slag composition changed
slightly. In sample 628 we observed the same mineral phases,
however after evaporation of water solution we determined
hydrated phases rich in sulphur: gypsum and hannebachite
but also sulphur and calcite. In sample 629 experiments
caused hydratation of Ca—silicates and xonotlite appeared.
We can also observe an inheritance of Mg?* content and crystal-
lization of merwinite instead of tremolite. After evaporation of
water solution we identified gypsum, calcite and dolomite.

Leaching of sulphur can cause harmful influence on
environment and also can cause accelerated damage of
concrete constructions.

A. KEDZIERSKA, B. ZYCH-HABEL and M. MICHALIK:
Mobility of major and trace elements during
hydrothermal alteration, and episyenitization in
Strzebléw granite (Strzegom-Sobédtka granitic
massif)

Inst. of Geological Science, Jagiellonian Univ., Cracow, Poland

The Strzegom-Sobdtka granitic massif (Fore-Sudetic
Block; SW Poland) is a post-tectonic intrusion of young
Paleozoic age, which underwent multistage hydrothermal
processes (including episyenitization and albitization) and
kaolinization. Samples were collected in Strzebléw quarry
and analysed using ICP-MS and ICP-AES methods.

All studied samples exhibit different stage of hydrothermal
alteration. During these processes almost all major and trace
elements have been mobilized and they were enriched or
depleted. The isocon method of Grant (1986) was applied in
order to estimate mass transfer. Changes of concentration
of major elements are characterized by general, strong
gains in Na,O, Al,O3, and LOI (loss by ignition), and losses
in K,O, SiO,, Ti,O and Fe,O3. Behaviour of trace elements
is characterized by increasing Ba, Sr, Hf, Zr, Th, U and Y
contents, and decreasing Sn, Zn, Rb and Nb contents.
Enrichment in Na,O and depletion in K,O and CaO are
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related to albitization of feldspars. Enrichment in Al,O4
is probably connected with sericitization and crystallization
of kaolinite or other clay minerals. Depletion in K,O is the
effect of biotite degradation.

Mobility of REE in Strzebléw granitic rocks is significant.
The REE increasing in all samples and slight shift towards
lower LREE/HREE ratio were observed. This behaviour is
typical for strongly albitized granites.

J. KLASA, J. FLIS, M. MANECKI and T. BAJDA: The
synthesis of vanadinite Pb;(VO,);ClI

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Pyromorphite Pbs(PO,)sCl, mimetite Pbs(AsO,);Cl, and
vanadinite Pbs(VO,);Cl are minerals isostructural with apatite.
The precipitations of pyromorphite and mimetite are effective
methods of immobilizing toxic ions in contaminated soils and
wastes. Natural pyromorphite, mimetite and vanadinite often
exhibit some anionic substitutions. The influence of substitu-
tions upon the properties, stability and consequent environ-
mental behaviour of the lead apatites is observed. Unlike the
wide knowledge about crystal chemistry and thermodynamic
properties of pyromorphite, mimetite and their solid solutions,
the influence of vanadate VO, on the properties from the
series is still poorly understood. A notable characteristic of this
ion in aqueous solutions is its tendency to polymerize. Lack
of reliable thermodynamic data creates difficulty in effective
synthesis of vanadinite, which is crucial for further research.

As a result of numerous experiments and computer
modeling the complete and simple method for synthesis of
vanadinite has been proposed. Conditions of the synthesis
meet the strict requirements of applications. This method is
based on dropwise mixing of NaVO3, Pb(NO3), and KCI at
pH = 3 and temperature equal to 90 + 10 °C. The excess of
chlorine ions in the final solution is critical. SEM-EDS and
X-ray diffraction analysis of the precipitates confirm the
effectiveness of the method.

Acknowledgement. This work was supported by the MNiSW grant
No. 2 P04D 01329.

M. KLUZ: Proposition for drainage of building pit
according to the model of groundwater flow

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

This research has been a part of hydrogeological survey
for company INSTA s. r. 0. which was conducted in May 2007
in industrial area of city Prievidza. Main aim of this study was
to design and verify the optimal drainage system for building
pit. Problem was solved by mathematical model of groundwater
flow for the first aquifer.

Conceptual model was built-up on geological and
hydrogeological properties of surrounded area and
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boundary conditions. First layer is low permeable clay three
meters thick which confine second layer — shallow aquifer.
Aquifer consist coarse sand and gravel with fine permeable
property. Hydrogeological aquitard was considered by
impermeable clays founded 8 meters below the ground
(Potancok, 2007). Depth of groundwater level below ground
surface depends on season and varies from 0.85 to 1.2
meters. Short term pumping test determinates: maximum
specific discharge (q = 1.246 I-s"-m™" with maximum well
discharge Q = 4.5 I's”" and groundwater level lowering
s = 3.61 m), hydraulic conductivity (kf = 4.43-10* m-s’")
and storage (Sy = 4.43:10" (-)). Boundary conditions with
constant head were assigned for Handlovka and Nitra
rivers. Model was calibrated on steady state flow. Result
of model provide optimal design of 8 drainage wells with
well discharge of Q = 3.7 I-s”" and common infiltrated rate
1200 m? per day (Kluz, 2007).

A. KOCHMAN: Different methods for reconstruction
of compaction applied to estimate the primary
thickness in the Upper Jurassic limestones

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The primary thickness of carbonate sediments was
reconstructed at the Zalas quarry in the Cracow-Wielun
Upland in southern Poland. The outcrop contains an initial,
sponge bioherm and equivalent interbiohermal sediments.
Researches involved selection of one lithological profile in
carbonate buildup, three profiles in equivalent basinal facies
and distinguishing of all lithological succession types. After
that the compactional reduction of thickness was estimated.
The selective profiles are of the same age. The Upper Jurassic
(Oxfordian) limestones and marls were sampled.

Total compaction was measured by using of the
Carbonate Compaction Law (Ricken, 1986). The law requires
data on the carbonate content, insoluble residue content of
the sample and rock porosity. The carbonate content and non-
-carbonate content were determined by Atomic Absorption
Spectrometry. The porosity was measured in the laboratory.

The original depositional thickness was calculated using
simple expression between final thickness (after compaction)
and compaction of sediments (Martire and Clari, 1994). Howe-
ver, many aspects of the compaction in carbonate sediments
are still poorly understood. Using this law for estimating,
the primary thickness needs setting up some assumptions.

Moreover compaction can be evaluated quantitatively by
the different methods. Reconstruction of compaction included
observation of deformation of fabric components, organic
microfossils and degree of burrow deformation. Compaction
was also determined by observation of numerous stylolites
and dissolution seams in thin-sections, polished-sections and
outcrop.

Acknowledgement. The research was financially supported by AGH
project No. 11.11.140.560.
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A. KOSTKA: Factors affecting spatial distribution
of metals in bottom sediments of Wigry lake

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The aim of this study was to find main factors which influence
the spatial distribution of heavy metals in bottom sediments of
Wigry lake. This lake is located in NE Poland and is characterized
by complicated morphology and bathymetry. Its sediments are
represented by calcareous gyttia (~75 % of lake area), lacustrine
chalk (~25 %), detritus gyttia and clastic sediments (<1 %). The
GIS techniques were used in research. They allow examining
correlations between individual factors and concentrations of
metals. Following spatial factors were examined: depth of the lake,
distance from Czarna Hancza estuary (main river feeding Wigry
waters), distance from lake banks, distance from calcareous
gyttia, distance from lacustrine chalk, distance from detritus
gyttia, distance from clastic sediments, distance from roads.

Concentrations of two metals (Fe, Mn) were investigated
in the upper 5 cm of bottom sediments being dissolved in
mixture of HNO4/H,O, and measured by AAS method.

Analysis showed that the main factor influencing the
spatial distribution of Mn is depth of the lake which is probably
connected with sediment type (in deeper parts of Wigry lake
there dominates calcareous gyttia rich in organic matter and
fine-grained substances which both bond heavy metals). Fe
mostly depends on distance from Czarna Harncza estuary
which can indicate the anthropogenic impact on enrichment
of bottom sediment of Wigry lake with this metal.

Acknowledgement. Supported by AGH, GGiOS, No. 10.10.140.584.

J. KRASNOYAROVA: Conditions for forming
carbonate rocks in early carbonic period in area
Kvarkensky (South Ural)

Fac. of Geology, Lomonosov Moscow State Univ., Moscow, Russia

The material for this work has been selected during field
seasons of 2006—2007 in the southern part of Magnitogorsk tec-
tonic zone (area Kvarkensky, the Chelyabinsk area). As objects
for limestones study the Birgildinsk and Kamorzinsk suites
have been used. The age of suites was revealed by brachio-
pods and foraminifers as Lower Carboniferous — Serpukhovian.
The work aimed the detail lithological description of rocks and
restoration of their forming conditions. Limestones according
to classification by R. S. Duncham belong to boundstones.
Their strong metamorphic differences are exceptional, reaching
to coarse-crystalline marbles. The rocks consist from calcite
90-95 %, quartz 5-3 %, hydromica 3-2 % and talk <1 %.
Limestones contain a large amount of organogenic detritus,
brachiopods of Productida group, by microscopy we found
bryozoa, spiculas sponges and foraminifers. A small share of
terrigenous material, a variety and a degree of preservation
of fossils specify active hydrodynamical mode of shallow-sea
pool which had depths of a continental shelf.

(C esEmen:

E. KROL: Impact of geology on land use mana-
gement in the Busko and Solec spas areas

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The Busko and Solec spas are located in southern
Poland within the three physiographic regions — Solec
Trough, Pinczéw Rise and Vistula River Lowland. Mineral
waters, solid mineral resources, variety of soils, landscape,
hydrogeology and geological-engineering conditions are
bound to regional geology. All these factors are decisive
in local economic development.

On the basis of sulphurous groundwater deposits (Busko
Zdroj, Solec Zdrdj, Wetnin and Las Winiarski) the health resort
function is predominating. Groundwater reservoirs are located
in Senonian marls, Cenomanian sands and sandstones,
and Kimmeridgian bedrock limestones. They are covered by
unpermeable Miocene Krakowiec Clays. Total dissolved solids
(TDS) are considered relic of the saline formation (Zuber,
2007). The mineral waters are slowly renewed.

Balanced development of the spas depends on proper
land use management. The main constraint is the degree
of groundwater endangering. Land use analysis reveals
potential environmental conflicts.

Groundwater vulnerability and grade of the mineral water
protection depend on areal distribution of Krakowiec Clays.
In Solec Spa considerable thickness of the cover results
in resistance of mineral waters to pollution. In Busko area
the clays are lacking, therefore permanent lowering of
piezometric surface leads to mineral water quality reduction
(Porwisz et al., 2002). Well discharge limits expressed
in hydrogeological reports should be carefully assured there.

Acknowledgement. Research was supported financially by AGH
project No. 11 11 140 560.

K. KRONOME and M. SYKORA: Microfacial study
of Hallstatt imestones near Silicka Brezova

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The outcrops are located ~1 km west of the village Silicka
Brezova, southern Slovakia. The studied Hallstatt imestones
represent layered bioclastic limestones of greyish-pinkish to
red colour with signs of nodularity, often fragmentary bioclasts
and bioturbation marks.

Base of the outcrop is Tuvalian in age, built by Tisovec-
(Waxenec-) type limestones, e.g. shallow-water grainstones
with microfacies of agglutined foraminifera and gastropoda.
The facies in the upper parts of the Tuvalian obtains
deeper-water character with appearance of Hallstatt-type
wackestones and mudstones with thin-crusted bivalvia
microfacies and radiolaria.

During the Norian this deep-water sedimentation
continues including five layers of carbonatic stilobreccias.

The typical limestone type of the Alaun are wackestones,
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with two layers of bivalvian lumachella and hydrozoa
Heterastridium cf. conglobatum REUSS.

Sevatian limestones are built by wackestones and
packstones with two layers of peloid grainstones.

The uppermost layer of the outcrop belongs to Dachstein
limestones being in tectonic contact with the underlying
complex.

On the basis of the obtained data limestones were
classified according to schemes of Wilson (1975) and Fligel
(1982).

Acknowledgement. The study was supported by the Slovak Research
and Development Agency under the contract No. APVV-0571-06.

M. KUCERA: New view on genesis of caves in the
High Tatra Mts.

State Geological Inst. of Dionyz Stur, Bratislava, Slovakia

The studied area is located in the part of High Tatra Mts.
— the Belianske Tatry Mts. within the Kobyli vrch massif,
representing eastern ridge of the Mt. Bujaci. Cave system is
situated in Gutenstein massive organogenic limestone. The
formation and development of caves is in principle influenced
by a tectonic predisposition. Underground water in rock
massive migrated along failure zones and thus formed cave
channels and chambers. There were found five monogenetic
groups of discontinuities in this region. The most dominated
group is based on Podtatransky — Ruzbas$sky fault system.
The circulation of water in the partial nappe of Bujaci was
most probably upward along this fault system. Engagement
of moderately thermal water caused spacious upward cave
chambers. Rising and meteoric waters were mixed in the
upper parts of the underground cavities and this effect is
expressed by the morphology of cave corridors. The active
process of cave development lasted mainly in pre-Quaternary
period.

J. KUCEROVA: Extended results from the research
of Miocene macroflora (Kalonda, Southern Slovakia)

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The locality Kalonda is situated in Southern Slovakia
and belongs to the same paleofloristic complex as the
localities Lipovany (Slovakia) and Ipolytarnéc (Hungary).
Studied plant assemblage occurs in the Bukovinka
Formation, Eggenburgian in age. Preliminary research
yielded determination of 21 angiosperms, most abundant
are Magnoliaceae, Lauraceae and Arecaceae. Following
research is focused on the anatomical interpretation of
leaf macrofossils, statistics, quantitative paleoecology and
taphonomical interpretation. Floral composition, diversity,
equitability and dominancy are discussed.

Acknowledgement. Research was supported by the grants Nos.
V-06-507-00, 1316, 01404, 106320.
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M. A. KUSIAK' and B. BUDZYNZ2: Monazite chrono-
logy: A brief review on microprobe dating method

'Inst. of Geological Sciences, Polish Academy of Sciences, Cracow,
Poland; 2Inst. of Geological Science, Jagiellonian Univ., Cracow,
Poland

Monazite (REE, Th, U)PO, is a common accessory mineral
in the igneous, metamorphic and sedimentary rocks, and
widely used as a U-Th-Pb geochronometer. Isotopic dating
techniques (particularly mass spectrometry) were used for long
decades, whereas non-isotopic method was developed in the
fall of the twentieth century. The chemical method assumes
that all Pb in the mineral structure is radiogenic (or at least com-
mon Pb can be neglected) and the system remained closed.
The latter condition can be verified using Chemical Th-U-total Pb
Isochron Method (CHIME; Suzuki and Adachi, 1991). Recently
improved dating technique and development of the analytical
equipment gives a powerful tool that allows combining obtained
age data from the in-situ microanalyses with a structural posi-
tion of analysed grains (Williams et al., 2007). The presentation
will provide a brief review on development and improvement
of the electron microprobe monazite dating technique.

Acknowledgements. M. A. Kusiak is a fellow of FNP. B. Budzyn is
a fellow of the Foundation for Polish Science (START programme
in 2008).

N. B. KUZNETSOV', J. MAJKA? 4, J. CZERNY?2,
T. Yu. TOLMACHEVAS3, M. MICHALIK?, A. KAWALEC-
-MAJKAZ2 ¢ and M. MANECKI2: Do the oldest
conodonts in the world come from Svalbard?

'Russian Academy of Sciences, Moscow, Russia; 2Fac. of Geology,
Geophysics and Environmental Protection, AGH-Univ. of Science and
Technology, Cracow, Poland; 3All-Russian Geological Inst., Sankt
Petersburg, Russia; “Geological Inst., Slovak Academy of Sciences,
Bratislava, Slovakia; Inst. of Geological Science, Jagiellonian Univ.,
Cracow, Poland; Inst. of Geological Sciences, Polish Academy of
Sciences, Cracow, Poland

We report the first findings of Cambrian conodonts fauna
in Spitsbergen and their meaning for stratigraphy of the bottom
horizons of a Lower Paleozoic sequence in the southern part
of Wedel Jarlsberg Land (southwestern Spitsbergen). The
conodonts were found in the rocks of Blastertoppen Formation.
The bottom of this formation is underlined by the Neoproterozoic/
Cambrian in age Jarlsbergian unconformity. The Bléstertoppen
Formation is overlain by Lower Cambrian Vardepiggen Forma-
tion. The age of the Vardepiggen Formation was determined
with the use of trace trilobite fossils. Summarizing such data, we
assumed that it is necessary to redefine stratigraphy of whole
Cambrian sequence in Svalbard Archipelago or to redefine the
age of fossils occurring within the investigated rock sequence.

M. KUZNIAKOWSKA: Trace metals in industrial
waste disposals of Nitric Plant in Tarnéw
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Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Waste landfills of the Nitric Plant in Tarnow (Czajki and
Za Rzeka Biata) have a long history. During the time of
exploitation many types of wastes were disposed there (lime,
soot, slugs from Nitric Plant, fly ashes, sewage and others).
Waste landfills are located in the vicinity of the Nitric Plant in
Tarnow, private households, fields and gardens but also close
to the four rivers (the Dunajec river, the Biata Tarnowska river,
the Chyszowski draining ditch and the Klikowski stream).

The aim of the research was to determine trace metals
concentrations in the different waste samples, to assess
metals potential mobility and evaluate potential environmen-
tal risk connected with disposals storage. Samples of wastes
(fly ash, soot, sludge) and wastewater were collected from
several sectors in both Czajki and Za Rzeka Biala disposals.
The waste samples were processed in the microwave oven,
using concentrated nitric acid. Total concentrations of trace
metals (Zn, Pb, Cu, Cr, Ni, Co, Cd, Tl, V, As, Fe and Mn) were
determined by ASA and ICPMS methods. Aqueous leaching
tests, buffer capacity and six step sequential extractions were
carried out to evaluate potential binding forms of metals and
possibility of their mobilization. X-ray diffraction was conduc-
ted to determine mineral composition of waste samples.

Acknowledgements. This research was financially supported by AGH
University of Science and Technology research, Project No. 10.10.140.584.

M. LAHO and R. HOLZER: Properties and evaluation
of building stone in historical monuments in
Bratislava and outskirts

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Paper deals with the study and characterization of dimen-
sion stone rock blocks in monuments in Bratislava. First task
was the actualization of all original facade plans. Actualization
consisted of photographic documentation of the facade
fields and then the digitization in ArcView 3.2 software. The
dimension stone size was georeferenced, so that blocks size
corresponded with the plan scale. Their visualization was
done in ArcView 3.2 software. The main aim of the project,
beside the determination of lithology of the dimension
stone on selected presbytery fields, was to determinate the
degree of deterioration and create the weathering typolo-
gical classification. From the possible replacement stone
sources the basic physico-mechanical rock properties were
determined, emphasizing the quality of replacement stone
material. Microscopic study (thin sections) was realized
with the aim to determine the basic rock components and
binds — both for comparison with rocks from historic and
potential new quarry sites. The methodological procedure
and its application is a small contribution to the knowledge
of important properties and behaviour of natural dimen-
sion stone, being important for reconstruction works empha-
sizing the prevention and protection of historical monuments.

(C o esEmeinx

P. LENIK and D. CZAJA: Cobalt, nickel and arsenic
in pyrites from copper deposit in Fore-Sudetic
Monocline, SW Poland

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Iron sulphides — pyrite and marcasite are the most
common ore minerals found in cooper deposits in Fore-
-Sudetic Monocline. Special attention should be paid to pyrite
which sometimes contains considerable amount of metals of
transition groups, such as Co, Ni, Cu and As.

Altogether 24 concentrations of pyrite differing in
structural formation and position in deposit were analysed
with EPMA. Depending on structures of analysed sulphide
the different quantities of cobalt, nickel and arsenic were
found. The maximal determined content of cobalt was 8.78
wt.%, although in 15 analysed pyrites it was below 0.5 wt.%.
Nickel appears in definitely smaller quantities. The maximal
content of nickel was 1.3 wt.%, but in most cases it was below
determination limit of EPMA method. The maximal content of
copper was 8.18 wt.%. Moreover, only in a few cases it was
below 1.0 wt.%. The maximal content of arsenic in pyrite was
established as 7.28 wt.%.

While analysing obtained results one can observe a linear
correlation between contents of cobalt, nickel and arsenic
in pyrite. With the increasing content of cobalt in pyrite the
increase in content of nickel can be noticed, even though its
quantity is ten times smaller. In the case of cobalt and arsenic
that correlation can be observed only within content of cobalt
above 1.0 wt.%.

Strong correlation between cobalt and arsenic can be
the result of the presence of cobaltite molecule in pyrite
formed as submicroscopic small inclusions or substitution
of both elements in pyrite structure. However, it requires
microdiffraction X-ray examination. The presence of copper
in pyrite shows that pyrites with heightened content of
copper were formed at the same time as the main of copper
mineralization, meaning during the late diagenesis.

E. LYGINA: Sedimentation conditions of Danian and
Eocene basins of the mountain in Crimea

Fac. of Geology, Lomonosov Moscow State Univ., Moscow, Russia

In the history of Paleocene-Eocene formation of Crimean
sedimentary basin there existed two stages of accumulation
of relatively thick shallow-water shelf carbonates — Danian
and Eocene. Such formations refer to carbonate platforms.
Carbonate ramps are the most typical for Crimea in studied
time interval.

During Danian in Southwestern Crimea the tendency to
shallowing of a basin with progradation of facies toward the
Simferopol raising is present. It is expressed in transition
upwards on a section of detrital relatively deep-water
limestones to organic-fragmentary serpulid-crinoid-bryozoan
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and pellet shallow-water limestones. Depths less than 10 m
are characteristic.

There are sponge-foraminiferal layered limestones with
silicification in Central Crimea. Such deposits formed in depth
of 100—150 m. Lens of carbonate breccia located in lower part
of section is specified on very fast local regression.

In Eastern Crimea the detrital and micrite limestones
alternate with foraminiferal-crinoid limestones with remains
of sponges. Such deposits are characteristic for deep-water
slope of carbonate platforms with depth 100—200 m.

Deposits of Eocene represent nummulitic bank from paleo-
geographical point of view. Its center is dated for east wing of
the Simferopol raising. Absolute paleodepths changed from
10-30 m in the central part of nummulitic bank and up to 120 m
in more deep-water shelf conditions. Nummulitic limestones of
Eocene can theoretically be good reservoirs of hydrocarbons.

Acknowledgement. Research was supported by the projects RFFI
05-05-65157, 05-05-64623 and NS-5280.2006.5.

B. MAGULOVA and M. BEDNARIK: Landslide hazard
assessment: Case study in railway Kralovany -
Liptovsky Mikulas

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Landslides and other slope deformations are the most
widespread geodynamic events in the West Carpathians.
Taking into account that the socioeconomic and technolo-
gical level will increase in the future, the landslide hazard asses-
sment is important for the urbanized areas and can reduce
sanation expenses. Selected area of our case study spreads
50 km along railway between towns Kralovany and Liptovsky
Mikula$ in a width of 200 m (100 m buffer) around the railway.

Effectivity of landslide hazard assessment using
geographical information systems (GIS) and statistics is
dependent on the suitable selection of geological factors,
which play a dominant role in slope stability state. In pre-
sented case study six factors influencing the slope stability
are evaluated — lithology, slope aspect, slope angle, hypso-
graphic level, actual landuse and registered landslides.
These factors have been prepared in a vector form (parametric
maps) and consequently processed to the raster form.
Bivariate statistical analyses were used for the construction
of final landslide hazard map.

The case study affords the prognosis of landslides space
distribution, not the time frequency of their activation. Result
of the landslide hazard assessment is a map of landslide
hazard substantiality in the scale 1 : 10 000.

J. MATUSIK, T. BAUIDA and M. MANECKI: Removal
of aqueous cadmium by hydroxylapatite and
fluoroapatite

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland
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Reducing the bioavailability of heavy metals in soils by
phosphate addition is an effective technique known from
literature. Equilibria in the soil solutions are mainly controlled
by sorption/desorption and crystallization/dissolution
processes. Therefore the goal of this study was to examine
the effectiveness and mechanism of aqueous cadmium
uptake by hydroxylapatite and fluoroapatite particles.

In situ reactions were performed by adding solid forms
of synthetic hydroxylapatite and natural fluoroapatite to
cadmium solutions within pH range from 3 to 7. The changes
in concentrations of Cd, PO, ions and pH were measured for
reaction times 2-1440 hours. The solids after reactions were
characterized by XRD and SEM-EDS.

Percentage reduction of cadmium concentration in
the experiments with fluoroapatite and hydroxylapatite,
regardless of pH, did not exceed 17 % and 25 %, respectively.
Cadmium uptake from the solution resulted from the forma-
tion of cadmium phosphates and/or Ca-Cd phosphates solid
solutions on the surface of apatites. Various sizes of formed
phosphates may be connected with different solubilities
of apatites. Hydroxylapatite with higher solubility faster
releases phosphate ions and this promotes crystallization
of a large number of small crystals. Whereas fluoroapatite
with lower solubility slower releases of phosphate ions and
in this way enables formation of big crystals. There is no clear
evidence for ion-exchange mechanism.

E. NIESIOLOWSKA: Biostratigraphy of the Upper
Cretaceous deposits of the Homole area, Niedzica
succession (Polish part of the Pieniny Klippen
Belt)

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Within the Upper Cretaceous deposits of the Niedzica
Succession of the Polish part of the Pieniny Klippen of
the Homole area the micropaleontological analyses have
been performed. On the basis of studied samples the local
biostratigraphic biozones (R. appenninica, R. reicheli-R.
greenhornensis, R. cushmani) have been recognized and
established, based on foraminiferal assemblages. These
zones have been correlated with the standard planktonic
zonation. The age of the studied samples was estimated as
Lower-Upper Cenomanian. Planktonic index foraminiferids
were numerous and well preserved. Some of these species
were described and illustrated in details.

Based on qualitative and quantitative analyses, studied
foraminiferal assemblages indicate the external shelf and
upper part of the continental slope as depositional environ-
ment of the studied deposits, within the Niedzica subbasin.

P. OLCHOWY: The influence of a secondary porosity
within a sediment on a development of stromatactis
structures in the Upper Jurassic sediments from
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the Wielkanoc quarry near Gotcza (Krakéw-Wielun
Upland, southern Poland)

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Isolated stromatactis-like cavities (sensu Matyszkiewicz,
1997) are found in the microbial-sponge type carbonate
buildup from the Wielkanoc quarry (35 km north from Cracow).
The structures have flat base and digitated or arch shape
roof. They reach 1 cm width with some millimetres height and
are filled by multigeneration carbonate cements as well as
by internal sediment. Its genesis is controversial including
the presence of primary cavities within sediment on which
stromatactis-like cavities developed.

The Upper Jurassic (late Oxfordian) massive limestones
from a quarry include numerous Stylosmilia corals, which are
observed mainly in the upper part of ca. 10 m profile. Polished
slabs reveal pores with elongated as well as oval shapes.
The latter reach 4 mm in diameter and are a result of corals
dissolution.

The dissolution of aragonite skeletons led to development
of a secondary porosity within an unlithified sediment.
Simultaneously, the primary stress field changed into the
secondary one. Periodic tectonic shocks, induced by Krakow-
-Lubliniec Fault Zone (Zaba, 1995, 1999; Buta et al., 1997),
resulted in a collapse of sediment above a roof of secondary
voids. Compressive stresses in the walls and tension stresses
in the roof of the voids were responsible for an arch shape of
stromatactis-like cavities in homogeneously lithified sediment.
The border between host rock (wackestone) and internal
sediment (packstone) at the bottom of stromatactis-like
cavities is oval and thus copy an original shape of corals.

O. A. ORLOVA: First finding of permineralized wood
remains of Eristophyton in the Lower Carboniferous
of North Russia

Fac. of Geology, Lomonosov Moscow State Univ., Moscow, Russia

Permineralized wood fragments were found in ferruginous
sandstones of the Lower Carboniferous age in two boreholes,
which are situated on the south of the Arkhangelsk Region.
Anatomical features of the wood have been studied with
a scanning electron microscopy (SEM CAMSCAN). Because
of fragmental preservation there is no information on the pith.
The secondary xylem and some elements of primary xylem
are well-preserved in the stem fragments. Metaxylem
tracheids are narrow, hexagonal in shape. They have
scalariform thickening both on radial and tangential walls.
Secondary xylem is of pycnoxylic type of the wood. In radial
section the polygonal tracheids are narrow and relatively
long. The tracheids have uni-, bi-, and triseriate bordered
pitting. Multiseriate pits are contiguous and alternate, while
uniseriate ones are free. The pits are from rounded to
hexagonal in shape, 5.2—-13 pm in diameter with inclined split-
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-like apertures. There is no pitting on tangential walls. Xylem
rays are uni- and biseriate, 14-20 ym wide, relatively short
— commonly 7-10 cells high. Ray cells are rectangular in
shape. Cross-fields show 1-8 rounded-hexagonal pits. Cross-
-field pit apertures are inclined elliptic or split-like in shape.
Growth rings are invisible. Among Lower Carboniferous plants
of gymnospermous affinities, wood remains under study most
closely resemble in ray organization and pitting the taxon
Eristophyton sp. described by J. Galtier, J. L. Schneider and L.
Grauvogel-Stamm from the Upper Visean of France.

M. OSACKY', V. SUCHA', J. MADEJOVA?, A.
CZIMEROVA? and P. UHLIK': Stability of smectite
in the presence of metal iron

'Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia;
2Inst. of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava,
Slovakia

To predict the long-term properties of clay barriers in high-
-level nuclear waste (HLW) repository, it is essential to study
the interactions between clay minerals, and more especially
smectite, and metal iron. Studies of iron-clay interactions
have shown the systematic destabilization of the initial
clay material and the subsequent crystallization of reaction
products. The aim of the present work was to investigate
smectite stability in the presence of metal Fe.

In our experiments the <2 ym fraction of Na-saturated
smectites (SAz-1, STx-1, SBCa-1, SWa-1, SCa-3) was used for
interaction with iron powder (Fe). The experimental mixtures
of smectite/iron powder/distilled water = 1.5 g/1.5 g/70 ml were
prepared in an glove-box (N, atmosphere). A batch experiment
was performed at 75 °C for 35 days in oxygen-free system. The
reaction products were examined by X-ray diffraction (XRD),
infrared spectroscopy (IR), HRTEM, BWA method.

In all reacted samples the residual metal Fe was present
together with newly-formed magnetite. Small amount of 1 : 1
phyllosilicates and lepidocrocite was formed too. All diffraction
peaks of smectite decreased significantly. Significant changes
were observed in the octahedral sheet of smectites. These
spectral changes are consistent with dehydroxylation and
changes in bonding between tetrahedral and octahedral
sheet. Fe oxide and oxyhydroxides were formed consequently
from OH groups. BWA technique reveals decreasing of
crystallite thickness of smectites after experiments. The
same result was confirmed by HRTEM. The layer charge was
determined by methylene blue method. During experiments
the layer charge of all smectites decreased as documented
by increased amount of monomers and H-dimers.

S. OZDINOVA: Biostratigraphic and paleoecological
interpretation of the Velké Krstennany borehole
(Upper Nitra region) based on the calcareous
nannofossils

Geological Inst., Slovak Academy of Sciences, Bratislava, Slovakia
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The Velké Krstefiany borehole is situated in the Upper
Nitra Paleogene basin, belonging to the Inner Carpathian
Paleogene Basins.

In the Eocene sediments from the Velké Krstefiany
the calcareous nannoplankton was studied for the
biostratigraphical and paleoecological purposes. The studied
assemble of the calcareous nannofossils was quantitatively
and qualitatively rich.

Nannoplankton zones NP 12-NP 16 (sensu Martini,
1971), characteristic for Middle and Upper Eocene deposits,
were determined.

In the basalmost part of the borehole the Nannoplankton
Zone NP 12— Tribrachiatus orthostylus was recognized, basing
on the presence of the species Ellipsolithus macellus and
Tribrachiatus orthostylus. This species have last occurrence
on the top of this zone.

The Zone NP 13 — Discoaster lodoensis was recognized
in the interval between samples VK 013 and VK 08 basing on
the absence of Tribrachiatus orthostylus. This species has its
last occurrence on the top of zone NP 12.

The Zone NP 14 — Discoaster sublodoensis was recogni-
zed basing on the appearance of Laneternithus minutus,
which have his first occurrence on the base of Zone NP 14.
In this zone radiated bloom of the family Discoasteraceae
— with more than 10 % partition in the assemblage, which is
indicated by EECO (Early Eocene Climatic Optimum; Agnini
et al., 2006). The most common species were Discoaster
barbadiensis and D. saipanensis.

The top of Discoasteraceae — bloom was recognized in
the samples VK 08-VK 05. In the next samples their number
decreased.

The Zone NP 15 — Chiphragmalithus alatus was recogni-
zed as a very poor nannofossil assemblage in the interval
between samples VK 4-VK 10. In this zone, diskoasters
were very rare, replaced by placoliths, such as Dictyococites
bisectus, Coccolithus pelagicus, Cyclicargolithus floridanus
and Reticulofenestra sp.

The Zone NP 16 — Discoaster tani nodifer was assigned
basing on the presence of Helicosphaera compacta, which is
characteristic for the upper part of the Zone NP 16. This zone
was designated for the interval VK 1-VK 15.

Foraminifers were also studied by Sotak (2007) with
comparable results. In the interval VK 015-VK 02 Sotak
recognized Middle Eocene — Ypresian, foraminiferal biozone
P9 with species Subbotina (T) boweri. The interval VK 02—
VK 8 was assigned as Lower-Middle Lutetian with foramini-
feral zones P10-P11, with characteristic species Acarinina
cuneicamerata, A. bullbrooki, A. interposita, A. matthewsae,
Upper Lutetian — foraminiferal biozones P11-P12 with
significant species Morozovella aragonensis, M. crater, M.
spinulosa and Upper Lutetian — Bartonian, foraminiferal
biozones P13-P14, with species Acarinina (T) topilensis and
Morozovelloides crassata (Sotak, 2007).

Basing on the study of the calcareous nannofossils
in the Velké Krsteriany borehole we can reconstruct the
paleoenvironment. The nannofossil assemblage characte-
rizes the period before EECO (interval between samples

9trYInternationalfGeological
of#PWD¥StudentsfandsYounglhScientists

VK 015-VK 08), EECO - period, characterized by the
Discoasteraceae — bloom (interval between samples VK 08—
VK 4) and cooling term (from samples VK 5).

L. PIXOVA: Engineering-geological conditions on
stage highway D1 between Budimir and Bidovce

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

Proposed highway construction of stage D1 Budimir
— Bidovce directly connects to existing highway D1 PreSov
— Budimir and is 13.7 km long. Route leads to the south
from existing ending, next to village Budimir up to village
Kosické OlSany, where heads east and goes ahead up to
crossroad, which is south of the village Budimir. The aim of
this study was to give information about geological setting of
the region, its engineering-geological and hydro-geological
conditions, and stability of the stage of the highway, as
well as engineering-geological and geotechnical evaluation
of proposing stage of highway and main objects, such as
open cuts, road embankments and assemble the map of
engineering-geological zoning at a scale 1 : 10 000. Final
map was made up in 300 m wide belt that is 300 m on each
side from planning axis of the highway. Map of engineering-
-geological zoning offers image of individual districts of the
region with detailed physical and mechanical characteristics
of Quaternary sediments and rocks and subsoil of pre-
-Quaternary age. The engineering-geological map and statistic
values can be a valuable aspect in realization of engineering-
-geological exploratory works, designing and construction of
given engineering work as well as other building objects in
given region.

A. ROGOZ and E. KOSZOWSKA: Fe-Ti oxides in
Lower Paleozoic rocks from Bedkowska valley,
near Cracow

Inst. of Geological Science, Jagiellonian Univ., Cracow, Poland

The studied oxide minerals occur in the Lower Paleozoic
rocks, drilled in the Bedkowska valley, situated at the
boundary zone of the Matopolska and Upper Silesia Blocks.
These primarily sedimentary rocks have been altered in the
orthoclase-cordierite hornfels, hornblende hornfels and albite-
-epidote hornfels facies of contact metamorphism connected
with a granitoid intrusion.

It was found that the ore minerals are represented by
sulphides (pyrite, pyrrhotite) and oxides (magnetite, iimenite,
rutile and Fe-Ti oxides, which are the phases of the ilmenite-
-hematite solid solution). The parageneses of opaque minerals
depend on the change of thermal and redox conditions. Pyrite
is the most common ore mineral, being present in all above
mentioned facies, whereas the remaining minerals occur in
the altered rocks, formed under conditions of the orthoclase-
-cordierite-hornfels facies.
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The oxides of the ilmenite-hematite solid solution consist
from lamella, which contain different amounts of Fe and Ti.
These lamella are hemoilmenite (0.55-0.85 mol.% Ti) and
ilmenohematite lamella (0.2—0.45 mol.% Ti) in composition
and they were formed during a decrease of crystallization
temperature. The presence of the association: hemoilmenite
+ ilmenohematite + magnetite indicates that the metamorphic
changes occurred in the temperature range 550-680 °C,
representing the most thermally altered zone.

K. RUBTSOVA: Neogene paleochannels of the Black
Sea-Caucasian region and their relationships with
location of hydrocarbons

Fac. of Geology, Lomonosov Moscow State Univ., Moscow, Russia

The reduction of traditional structural collectors (anticline
rises) found in the North-Black Sea shelf and in the Fore-
-Caucasus has caused searching for another required
types of hydrocarbon collectors in particular lithologic and
stratigraphic types. At present the collectors formed in channel
terrigenous sediments of buried river paleovalleys look the
most perspective. The lithologic structural characters of these
paleochannels sediments determine the existence of sizeable
areas with high porosity and, as a sequence —the good-quality
collector rocks within them. Buried river paleochannels are
widespread in the Miocene sediments in the West and Central
Fore-Caucasus, the Crimea Mountains and the Shatsky swell
(the Black Sea water area). The characteristic paleogeographic
features of the Eastern Black Sea region in the Neogene time
were coastal alluvial valleys; paleorivers streamed down from
growing the Great Caucases orogene. Many well-known oil
and gas fields in the West Fore-Caucasus are concerned
such with the buried channel’s sediments. Taking into account
the widely developed clayey sediments with high content
of organic substance in this region (such as the Maikopian
Series), the sediments of paleochannels, including the same
in the Shatsky swell region, are quite perspective from the
point of view of oil-fields searching.

D. SALA and G. RZEPA: Preliminary results of
geochemical investigations of landslide lakes in
the Babia Gora National Park

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Babia Géra (Diablak) is the highest summit of the Polish
Western Carpathians chain, reaching 1725 m above sea
level. The massif is built of flysch sediments of the Upper
Cretaceous—Paleogene age. The entire mountain is within the
Babia Gdéra National Park. Within the Polish part of the BPN
there are about 19 natural still water reservoirs, formed mostly
by landslides. They are located mainly on the forested northern
slope of the mountain (the lower and upper forest belts). Only
the highest three ponds belong to the dwarf—pine belt. Fall
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waters reinforce these small lakes (up to ca. 450 m?) and for this
reason most of them are periodical in character, being usually
completely evaporated during summer. The aim of this study is
the estimation of pollution in particular ponds. For this purpose,
12 water as well as bottom sediment samples were collected.
Electrolytic conductivity (EC), pH and temperature of the water
were measured in situ. Detailed chemical analyses, including
main cation and anion concentrations, trace metal levels and
selected physicochemical parameters were also performed.

It was determined that the waters are acidic to neutral
(pH 4.08-7.44) and with low mineralization — the EC values
range from 22 up to 225 uS/cm. Most of them are of calcium—
bicarbonate type. The high COD values ranging from 8.0 up to
238 mg O,/L indicate the presence of large amount of organic
matter. The minor and trace element concentrations are usually
very low. Only iron reaches elevated levels in most cases (up
to 1.6 mg/L). Several samples contain rather high Mn and Al
concentrations, up to 0.3 mg/L and 0.9 mg/L, respectively.
Therefore, preliminary results suggest that the landslide ponds
are not polluted and elevated values of some parameters are
probably related to natural geochemical processes.

M. SIMCIKOVA: DAG 391 meteorite as a product of
basaltic volcanism on asteroid (4)Vesta

Fac. of Science, Charles Univ., Prague, Czech Republic

In the light of current knowledge, we expect the occurrence
of basaltic rocks on terrestrial planets and also on the asteroid
(4)Vesta, as evidenced by the resemblance of the spectra of this
asteroid and probably its meteorites — eucrites. Basic differences
in basaltic formations in the Solar system are caused by different
P-T conditions and different activity of volatiles. The polymict
eucritic breccia DaG 391 (Grosssman, 1999), which was found
in 1997 in the Libyan desert, has not yet been thoroughly studied.
Eucrites, in general, have less Mg and alkali in comparison with
mantle sources of the Earth and Moon, and are also depleted of
K, Na. Like other eucrites, DaG 391 is relatively rich in Fe. There
are sharp-edged basaltic clasts (18 mm in diameter) in the grey
matrix, with rare presence of gabbroic clasts and with spherical
glass inclusion (0.3 mm). Ruptured grains show signs of low
degree of shock metamorphism. The gabbroic part consists of
basic plagioclase (Anss_go) and pyroxenes with ferrohypersthene
and ferroaugite lamella (composition of low-Ca pyroxene is
Wo,_4Engy_75F30-67). Olivine does not occur in gabbroic clasts.
Accessories include ilmenite, troilite, Cr-spinel and SiO, phase.
The second clast type represents basalt with hemicrystallic
matrix. Olivine is present as rare porphyric crystals (Fag_g1)-
Pyroxenes have analogous chemical composition, often zonal
with Fe enriched margins. Accessories are represented by
ilmenite, troilite, SiO, phase, chromite and rare zircon. It is
obvious that a similar material forms most of the observable
surface of Vesta or vestoids (smaller pieces of the asteroid thrown
to space by cosmic bombardment and sometimes crossing the
Earth’s orbit). The study of basaltic achondrites leads to the
understanding of the processes of accretion, heating, melting,
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fractionation and differentiation of their parent bodies, which
play an important role in the research of the formation the
Earth as well as other terrestrial planets.

S. SITEK: Temporal and spatial variability of tetra-
chloroethene and trichloroethene concentrations
in aquifer system MGB Gliwice

Fac. of Earth Sciences, Univ. of Silesia, Sosnowiec, Poland

It is almost fifteen years since chloroethenes pollution was
detected in the major groundwater basin (MGB) Gliwice. The
contaminations were found in the Tarnowskie Gory area where
the Triassic carbonate aquifer is recharged. This situation
causes a serious problem, because pollution of trichloro-
ethene (TCE) and tetrachloroethene (PCE) can easily spread
with the flow of groundwater across the aquifer. The aim of
this work is to evaluate spatial and temporal concentration
variations of TCE and PCE in groundwater of MGB Gliwice.
The longest observed data are for groundwater intake “Staszic”
Although the investigation of concentration chlorinated solvents
in groundwater comes from the years 1994-2007 it still does
not reveal downward trend of concentration TCE and PCE in
aquifer. Some wells situated in the probable area of pollutant
sources present continuing upward tendency, which concludes
that the transport of pollutions into saturated zone is not
finished. The contaminant plum is widespread on the west and
northwest direction according to the main path flow in carbonate
aquifer. Variability of TCE and PCE in MGB Gliwice should
be continuously monitored to predict risk of contaminating
another groundwater intake. MGB Gliwice supplies 72 1773 m%h
drinking water which shows the importance of abound aquifer,
especially when even the smallest amount of concentrated
TCE and PCE in groundwater of above 10 pg/dm? rendering
water supplies is unusable for drinking and agricultural purposes.

B. SOPKOVA, J. HLAVATA and R. PROCHAC: Sarmatian
depositional environment of the Northern Vienna
Basin

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Study area is located in the northern part of the Vienna
basin in the vicinity of Hrudky structure (SE Czech Republic).
The Sarmatian sedimentary record of the Central Moravian
Depression (CMD) contains fully preserved alternating sand
and clay deposits displaying gradual transition from marine to
freshwater depositional environment. In the central part of the
CMD the Sarmatian sediments reach the average thickness
850 m. The record of examined sediments represents one
third order cycle of the relative sea-level change, which can
be identified in the entire area of the Vienna basin. This cycle
is assigned to Haq’'s TB 2.6 cycle.

Apart from this main third order cycle, based on the well
log responses and seismic data interpretation, additional

N
o~
N

9¢rYInternationalfGeological
@F P, Semdents @rd Yorng Scicniists

higher-order cycles can be recognized. Sarmatian sedi-
mentary fill is divided into two four order cycles; the Lower
Sarmatian Sa1 cycle of marine character and Upper Sar-
matian Sa2 cycle revealing evidently freshwater features.

Whereas the Lower Sarmatian units deposited in quiet
conditions during transgression exhibit lower rate of clastic
input, the Upper Sarmatian units display dynamic sediment
supply in brackish to freshwater environment during the sea-
-level highstand.

Recognized cycles of relative sea-level change are more
or less comparable with the development in the southern
Slovak part of the Vienna basin.

Acknowledgement. The authors are greatly indebted to
EUROGEOLOGIC a.s. for providing access to well log and seismic
data. This work was supported by the Slovak Research and
Development Agency under the contract No. LPP-0120-06.

M. SOSNICKA, A. SZLEMP and S. SUMARAT:
Evolution of the Salt Dome Debina up to the Upper
Cretaceous

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The salt dome Debina is situated in the central part of
the Kleszczéw tectonic graben. It is built of Zechstein salts
which intrude into the Wartanian tills (Middle Pleistocene).
We have analysed lithostratigraphic logs of more than 700
boreholes, which were rendered accessible by the authorities
of the open-cast brown coal mine “Befchatow”

Selected lithostratigraphic horizons (the base of gypsum-
-clayey cap rocks, horizons of condensed sedimentation
within Upper Cretaceous rocks, erosional scours in Tertiary
strata) were presented in structural maps created in the Surfer
8 programme. The database was worked out in the Microsoft
Excel 2000.

The analysis shows that close to the main salt body that
builds the dome, the lower salt culminations occur additionally,
hitherto not described in the literature. They occur both on the
east and west of the salt diapir, making the structure of the
Debina salt dome more complicated. Above the cap rocks,
within Upper Jurassic strata, salt motions are evidenced by
lithological differences within sediments of the same age, for
instance the oolithic limestones and their facies counterparts,
i.e. detrital limestones. Salt motions within Upper Cretaceous
strata are documented by condensed sedimentation horizons
of either hard- or soft-bottom type in Coniacian-Santonian
rocks. Sediments enriched in drilled phosphorites and
penetrations testify to shallowing of the sedimentary basin.
Salt rising in the Tertiary is well portrayed by numerous
erosional scours. We conclude that the analysed salt bodies
revealed rising motions in the Jurassic and Upper Cretaceous,
well before the main episode of movement in the Miocene.

Acknowledgement. Authors express their thanks to scientific adviser:
Dr. Ewa Szewczyk.
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P. SPANEK: Modern methods of mineral deposits
evaluation

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

Calculation and evaluation of reserves is very important
for economic evaluation and price determination of mineral
deposit. We should apply modern methods of mineral
deposits evaluation, which are used nowadays, to reach
good results in calculation of reserves.

In geological research the geostatistical methods are used
already several decades, but their application in Slovakia
started only some years ago. Geostatistics is an inevitable tool
in solving of many problems in geology of mineral deposits.
The results of geostatistics are used in calculation of reserves
and economic evaluation of mineral deposit.

Geological information, which was obtained by exploita-
tion, has to be analysed all the time, therefore geographical
informations systems (GIS) were introduced to the modern
geological research. Application of GIS is also very signi-
ficant in evaluation of mineral deposit.

Modelling and presentation of the mineral deposit body in
GIS environment has many advantages in comparison with
classical maps in paper form. Data of the mineral deposit
are connected with themes in our project interactively and
therefore we can find the blocks or parts of the mineral deposit
with specific conditions.

New methods in economic evaluation of mineral deposits
(calculation of reserves exerted in many variants, price de-
termination of mineral deposits) represent complicated task,
which depends on many factors. Economical evaluation of
mineral deposits represents very important part of geological
research in each country.

K. STANECZKO: Current problems in paleontological
education at high schools and the future of
geological studies in academical departments

Fac. of Earth Sciences, Univ. of Silesia, Sosnowiec, Poland

The main aim of education at high schools is preparing
youth to raise individual decisions. The educational reform
introduction (1999), which still raises abundant discussions,
creates new possibilities to academies, in which such
department as geology may have some difficulties.

Among the first year attending students of geology at the
University of Silesia, % leaved grammar school, while the rest
leaved technical schools. There are persons among those
¥4 of students, which were able to begin the geology studies
after the mentioned earlier reform. It has added the biology
lessons and has made the geography subject range more
wide. 90 % of respondents claims, they were interested in
geology already at secondary school.

Precisely this student’s group presence at geological
studies may take the risk of drop in education quality. Among
the last years students we observed alarming symptoms, which
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are indicative of educational wants. There are a lot of reasons of
such situation, among other things — the educational equipment
lack, such as fossils. AImost half of respondents (students and
pupils) declares that there was no paleontological collection
at their schools and the remaining part did not know if such
collection existed there. 50 % high school teachers claim,
that there is no problem to create the collection, but it has no
reflection in reality. Alike teachers, pupils and students call
attention to relevance comparing theory with practice.

Maybe it is supposed to be paid attention on closer
cooperation between university and secondary schools in
order to provide continuity of education.

I. STRICEK, V. SUCHA and P. UHLIK: Bentonite
stability testing using the mock-up experiment

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The mock-up experiment simulates vertical placement of
radioactive waste in the underground repository. Relatively
small model is basically a stainless steel cylinder (400
mm diameter and 600 mm height), simulating a section of
gallery in which the radioactive waste will be disposed. The
cylinder is equipped with a 140 mm diameter central tube, in
which heating elements — simulating the heat produced by
the waste — are placed. Heating temperature is 120 °C. The
annular gap between the central tube and the outer lining is
backfilled with pre-compacted bentonite blocks. Major part of
blocks is made of pure Ca-Mg bentonite from JelSovy Potok
deposit and the other from Lieskovec deposit, both milled into
<250 pm fraction. Some blocks contain either 5 % of pyrite
concentrate to simulate pyrite presence in a gallery host
rock or 5 % of powdered elementary iron to determine iron-
-bentonite interactions (iron components in gallery).

In the host rock the bentonite water saturation occurs
naturally. In the experimental mock-up the hydration is
ensured from the external water source. Water is distributed
using 23 hydration holes placed outside of the backfill
block. The water chemistry is based on the composition of
the original water present in the most perspective area for
geological radioactive waste repository in Slovakia.

Changes in temperature, pressure and relative humidity
are continuously measured and recorded in order to be in the
position to assess long-term stability of bentonites used in the
experiment.

M. STRYCHARCZYK: Porous clay heterostructures
(PCHs) based on montmorillonites as large-pore
materials for selective catalysis

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

Layered silicates used in catalyst design are represented

by the family of smectites. Material used in this study repre-
sents less than 2 pym fraction of montmorillonite extracted by
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sedimentation from Milowice and JelSovy Potok bentonites.

The mineralogical compositions of the material were
studied by X-ray diffractometry (XRD). The microstructures
were studied by scanning electron microscopy (SEM). Specific
surface areas were determined from adsorption isotherms by
applying BET and Langmuir equations.

The starting material was the Na-montmorillonite. Long-
-chained Quaternary ammonium cations (surfactants) are
introduced onto the clay solid by exchange with the Na* ions
in the first step of PCH’s synthesis. A second step is an inter-
calation of the co-surfactants or neutral amines in the clay
interlayer region. Upon addition of the Si-source, tetraethy-
lorthosilicate, the amines and surfactants form micellar
templates. A dense Si-network is formed in situ on the clay host,
basing on the polymerization of the silicate species. Removal
of the surfactant by calcination leaves a mesoporous solid with
thermally stable pores of widths in the range 14-22 A.

These materials, so-called porous clay heterostructures,
might provide new opportunities for the rational design of
heterogeneous catalysts and extend the field of application
into processes of redox nature.

B. STYRNOL: Selected technological quality of
coal seam from the “Kozmin” lignite deposit (KWB
“Adamoéw”)

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The “Kozmin” — Central Field lignite deposit, which is being
prepared for exploitation, is situated on the Polish Lowland, in
north-east part of t6dz Syncline. Researched lignite deposit
belongs to 1 Middle Miocene Lignite Group. During research
around 300 boreholes were used. The geological structure
of the seam is mostly regular. Thickness of seam varies from
0.2 meter in eastern part, up to 13 meters in the western part.
Average total moisture in “Kozmin” deposit is 51 mass per
cent. The value of this parameter varies from 30 % in western
part of deposit to around 62 mass per cent in the east.

The lignite of “Kozmin” deposit is of first technological
quality. It contains average 51 mass per cent total moisture,
11.5 mass per cent of ash recalculated to dry basis. Calorific
value recalculated to total moisture, the ash basis of it is in
average 9330 KJ/kg (2230 kcal/kg). The most caloric are
northern and western parts of deposit. Average content of
total sulphur, recalculated to dry basis, is 0.42 mass per cent,
which means a low content of total sulphur.

According to international standards (ECE-UN 2003),
lignite code from “Kozmin” deposit is: Ortho-Lignite (huminic
low B) 25 51 23 04, and in Polish classification it is: Soft Brown
Coal 21,2 N-9.0/14 PN-81/G-97051.01.

K. SZOPA and A. GAWEDA: Monazites associated
with schlieren from granitoid rocks (the High Tatra
Mts.)

S lintermationdl Ceological
@F P, Stmdents @rd Yorng Seicnists

Fac. of Earth Sciences, Univ. of Silesia, Sosnowiec, Poland

Several types of enclaves were distinguished in the
granites in the High Tatra Mts. There were found two types of
schlieren, which could be produced by mineral sorting during
magma flow and they could be remnants after partial melting
of the metapelitic xenoliths (Szopa et al., 2007). The enclaves
in mafic parts contain accessory minerals as: monazite,
zircon, xenotime, thorite, huttonite, apatite, allanite, REE-
-epidote, titanite and opaque minerals.

The monazites connected with enclaves reach 30—170 ym
in size, and are enclosed in most cases by biotite, quartz, alkali
feldspar or plagioclase. The monazite crystals can be classified
as monazite-(Ce). The average concentrations of the elements
have the following values: ThO, = 1.66-8.47 wt.%; UO, = 0.05—
1.56 wt.%; PbO = 0.03-0.39 wt.%; Y,0; = 0.39-3.34 wt.%;
La,O5 = 11.28-16.25 wt.%; Ce,O5 = 24.55-31.33 wt.%; Pr,0O; =
2.76-3.55 wt.%; Nd,O3 = 10.53-13.91 wt.%; Sm,0; = 1.38-2.97
wt.%; Gd,O3 = 0.60-2.45 wt.%; Dy,05 = 0.03-1.07 wt.%. Some
grains of monazite reveal also the concentrations of CaO up
to 1.98 wt.% and SiO, up to 1.39 wt.%, respectively. Based on
monazite chemical composition, according to CHIME (Montel
et al., 1996) procedure, mostly Variscan ages were obtained.
The episode dated at 260 Ma is also present. Sometimes,
evidences of metasomatism and hydrothermal transformations
of monazites are observed. In some cases, monazites show
a loss of LREE, and replacement of them by Y+HREE. This can
be interpreted as an evidence of the metamorphic overprint.

M. SZYDLOWSKI: Stone artefacts from early Bronze
settlement in Bruszczewie 5, near Koscian

Adam Mickiewicz Univ., Poznan, Poland

Excavations on position 5 in Bruszczewo were led by
Z. Pieczynski from 1964 to 1968 and next again in 1995
under direction of J. Czebreszuk. The presented collection of
artefacts was gained during the first phase of investigation in
the 1960s. All stone artefacts connected with the early Bronze
Age settlements phase were analysed. The material structure
of collection was estimated on the basis of macroscopic and
microscopic analyses for selected part of artefacts. Altogether
90 stone objects were subjected to macroscopic analysis. In
presented work among 90 analysed objects of 13 categories
of relics were distinguished with respect to the form and traces
of use. The early Bronze Age settlement in Bruszczewo is
situated in Lowland zone, which is free from natural deposits
of rock material. Living here prehistoric communities used to
production of stone tools first of all the local erratic material,
transported through glacier from terrain Skania. The present
analysis confirms the early Bronze Age stone production
dominating with erratic sandstones, beside essential part
of granite. This article presents the first phase of the wider
conceived researches over early Bronze Age stone work on
settlement in Bruszczewo. Studies of this topic, being enlarged
by analyses of the source materials, still continue.
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V. SIMONOVA and D. PLASIENKA: Tectonic evolution
of Krizna nappe in the Strazov Mts.

Fac. of Natural Sciences, Comenius Univ., Bratislava, Slovakia

The Strazovské vrchy Mts. provide a possibility for the
study of originally distant sections of the Zliechov unit in
a comparatively small area. The deformation in Jurassic-
-Lower Cretaceous sediments resulted in the intensive
development of the secondary foliation, so-called cleavage
S1. Initial phase of compression, including inversion of the
Zliechov basin basement, was accompanied by shortening
of upper sedimentary successions during sub-horizontal
orientation of the principal stress axis o (ProkeSova, 2002).
This phase advanced by the layer parallel shortening
including development of a steep and fan-wise cleavage.
The modification of the cleavage orientation, as it can be
seen today, was caused by the vertical compression and
simple shearing. In general we can say that the cleavage
as a secondary foliation originated during the deformational
state D1, in the initial compression phase, connected with
intensive shortening of the basement of Zliechov basin. This
deformational style is not in an agreement with the concept of
“digitation” and the large recumbent folds (Mahel, 1985), and
we understand them as a result of the deformation during the
final emplacement of the nappe body.

Acknowledgement. This work was supported by the Slovak Research
and Development Agency under the contracts No. APVV-0465-06.

L. STRBA and J. JANOCKO: Sedimentological
analysis of Luzna Formation in Litvor’s groove,
High Tatra Mts.

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

The High Tatra Mts. represent young positive structure
modified by several geological processes. Research of these
processes is complicated because of inaccessible terrain but
there are some places allowing investigation in these hard
conditions. One of these areas is Litvor's groove representing
a lateral promontory of Biela voda valley, near border
between Slovakia and Poland. At this place there is a contact
between the crystalline complex of Tatricum and its Mesozoic
envelope. The crystalline complex is mainly represented by
leucogranites and the Mesozoic envelope is represented by
Lower Triassic and Jurassic sediments. The sedimentological
research was focused on Luzna Formation mainly represented
by quartzites. Inside the formation we differentiated eight
lithofacies: massive conglomerate with matrix-supported
structure, normally graded conglomerate with matrix-
-supported structure, massive quartzite sandstone, quartzite
sandstone with hummocky cross stratification, through cross
bedded quartzite sandstone, ripple cross laminated quartzite
sandstone, quartzite sandstone with parallel lamination, and
parallel laminated siltstone. These facial associations indicate
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shallow-water deposits of the sediments comprising the
Luzna Formation.

Acknowledgement. This contribution is a part of the grant VEGA
No. 1/3061/06.

L. STRBA, M. PREKOPOVA, J. JANOCKO and
S. JACKO: Sedimentological analysis of storm
deposits: Case study from Miocene deposits,
Romanian Flysch Zone

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

Romanian Flysch Zone groups together cover nappes
built up essentially of sedimentary formations detached
from their primary basement and overthrusted eastward
above the underthrust Foreland. This work presents results
of an investigation of the Flysch in Maneciu, south from
Ploiesti, county Prahova as a part of research of Carpathian
Flysch Zone. Studied area is predominantly built by fine-
-grained sandstones and claystones. Using method of
lithostratigraphical logging there were studied hundreds of
meters of outcrops from sedimentological point of view and the
logs were used as primary data for sedimentological analysis.
We described eleven lithofacies: massive conglomerate with
matrix-supported structure, normally graded conglomerate
with matrix-supported structure, symmetrically graded
conglomerate with matrix-supported structure, coarse-grained
massive sandstone, massive sandstone, parallel laminated
sandstone, ripple cross laminated sandstone, through cross
bedded quartzite sandstone, sandstone with hummocky
cross stratification, parallel laminated siltstone, and parallel
laminated claystone. Hummocky cross-stratification, planar
lamination, and ripple stratification reflect deposition in
shallow-marine, storm-influenced environment with southern
sediment transport as indicated by paleocurrent data.

Acknowledgement. This contribution is a part of the grant VEGA
No. 1/3061/06.

J. SURKA: Depositional environments of the Borové
Formation from the Orava and Liptov basins

Geological Inst., Slovak Academy of Sciences, Banska Bystrica,
Slovakia

The contribution deals with depositional environments of
the basal formation of the Central-Carpathian Paleogene Basin
in the Orava and Liptov areas. The sedimentological study has
been carried out at the eight sections of the Borové Fm. (Biely
Potok near Ruzomberok, Komjatna, Zazriva and Oravice).
Due to these latest data, we found that each studied locality
represents different sedimentary environment. Generally,
sediments of the Borové Fm. have softened character upward,
which corresponds to transgressive sequence according
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to Sotak et al. (2001). There was found also an abnormal
succession at profile “Jezov vrch” on the Oravice locality and
also at profile “Cremo$ 1” on the Zazriva locality. Deposits from
these localities most probably represent sediments of protected
lagoon. In the bottom part of the Borové Formation we found
sediments belonging before transgression among deposits of
the alluvial fans and delta fans, which do not occur at all of
the studied profiles. Close-grained shallow marine shoreface
sediments begin to appear in the upward direction of the
profiles. These sediments are rich in fossil remnants (nummulitic
sandstones) and show bioturbations in the uppermost part of
the formation. Sediments in the uppermost part of the Borové
Formation change into grey clays of the Huty Formation with
the exception of “Cremos 2 profile, where the Borové Forma-
tion changes erosionally to Pucov Conglomerates. Coarse-
-grained sediments of the Borové Formation are located at
the edge of the Zapadné Tatry Mts. and Cho¢ské vrchy Mts.,
with the exception of “Jezov vrch” hill. The sediments located
westwards are close-grained, what can be explained by the
progressive lowering of segmentation relief.

M. UDIC and S. JACKO: Sandstone dikes in the Raéa
Unit of the Slovak Outer flysch belt

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

Using geological mapping in the studied area we localized
the Zlin Formation, situated in north-eastern part of the area
of Outer Western Carpathians, around 10 km south of the
Svidnik, near the Nova Polianka village. In the Zlin Formation
(Middle-Upper Eocene) we have distinguished 3 types of
lithofacies — sandstone lithofacies (Makovica sandstones),
sandstone-mudstone lithofacies and mudstone lithofacies.
Sediments represent part of a deep-marine deposition system
as well as depositional environment of the submarine slope.
Sandstone intrusions in the Zlin Formation were interpreted
in terms of their geometry and relating to ambient sediments.
Their distribution is connected only with massive mudstone,
in which they extend in two vertical directions. We suggest,
that occurrence of the synsedimentary sandstone dikes is the
evidence of extensional opening slits in time of depositions of
sediments of the Magura basin. They were probably injected
during synsedimentary tectonic movements connected with
the earliest stage of flysch deformation in this part. This
assumption is supported by the presence of synsedimentary
structures, which are documentations of the active basin
margin. These are the synsedimentary slide solids in overhead
part of the Makovica sandstones and the presence of the
sediments distribution channel. This indicates the orientation
of local dynamic evolution in time of their formation.

L. VAROVA: Beryllium mineralization in greisens
of Pitkyaranta ore field

St. Petersburg State Univ., Sankt Petersburg, Russia
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Apo-scarn and apo-gneiss greisens in Pitkyaranta ore
field were formed in conditions of reduced temperatures and
undersaturated solutions (in comparison with classic topaz-
-mica greisens).

The sources of beryllium are Salmi rapakivi granites.
Berillium minerals appear in associations already under
primordial concentration of beryllium 1 g/t in granites.

Time sequence of changing beryllium minerals during the
repeated passing solution over enclosing strata is:

In apo-gneiss greisens: Beryl+phenacite —
Chrysoberyl+phenacite — phenacite+bromellite—bertrandite.
Temperature maximums of appearance beryllium minerals
are: beryl — 400°, phenacite — 450°, bromellite — 400°,
chrysoberyl — 350°, bertrandite — 200°.

In apo-gneiss greisens: chrysoberyl—gelvin (?) —
phenacite+bromellite. Temperature maximums: helvin (?),
phenacite — 450°, bromellite — 400°, bertrandite — 200°.

L. VIZI: Towards to the multivariate modelling of the
spatial phenomenon

Fac. of Mining, Ecology, Process Control and Geotechnology,
Technical Univ., KoSice, Slovakia

The information available on a natural phenomenon is
rarely limited to the values assumed by a single variable over
a set of sample points. Most real studies involve more than
one variable. Direct measurements of the primary attribute, or
variable under study, are often supplemented by secondary
information originating from other related categorical or
continuous attributes, or secondary (auxiliary) variables. Taking
some random examples, we note that climatic variables
depend on an elevation of area under study, or that permeabi-
lity values are related to porosity ones, and so on. The greatest
challenge in the spatial modelling is “an integration” of different
sources of information, describing the same phenomenon in
different ways. But the real theoretical challenge is: How can
we model the relationships between different variables in
a globally coherent manner? And practical challenge is: How
can we infer this model from an often undersampled data set?
Geostatistics, and its multivariate techniques, provides space
and tools to build such consistent models. Except general
cokriging, extending kriging to multivariate interpolation for
non-exhaustive secondary information integration, there
are another, more sophisticated, methods for spatial data
integration for exhaustive secondary information available at
all locations being estimated like DEM or geophysical survey.

Acknowledgement. Presented study was supported by VEGA grants
Nos. 1/3351/06 and 1/0222/08

M. VLACIKY: Hunting came of the Gravettian site in
Trencianske Bohuslavice (Slovak Republic): Human
activities on the faunal material

Fac. of Natural Sciences, Masaryk Univ., Brno, Czech Republic
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The processed osteological material comes from the
culture layer of Tren€ianske Bohuslavice investigated in 1981—
1986, encompassing 478 m? of the studied site. The village
Trencianske Bohuslavice is located at middle course and
right bank of the Vah river, a few km NNW from the center of
town Nové Mesto nad Vahom. The site is situated W from the
village on the right bank terrace of the Bo8acka creek, which
is covered by loess. The radiocarbon dates clustered around
25 500-22 500 years BP, placing the site in the Willendorf-
-Kostenkian.

The determined animals belong to the following species:
Rangifer tarandus, Equus germanicus, Mammuthus
primigenius, Vulpes lagopus, Bos/Bison sp., Ursus arctos,
Canis lupus, Castor fiber, Coelodonta antiquitatis and Cervus
elaphus. Based on the number of found bones and teeth, the
reindeer's ones dominate, followed by the horses and those
of the mammoth. Other mammal species are rare.

We focused on recording species and element
identifications of all mammal remains, with special emphasis
on the modifications visible on the bones. Especially were
studied the traces of human activity connected with the
processing of the hunted animals (cut marks, impact traces,
fragmentarization). Whenever such traces were identified,
the mammal species, the type, and the description of the
modifications were recorded.

The largest number of human modifications on the bones
was found on reindeer remains and most of them are cut
marks. One of the most distinctive features of the reindeer
remains is that no complete long bone was found at this site.
Presence of all parts of the reindeer skeletons may indicate
that complete carcasses were transported to the site. Inten-
tional human activity is apparent also on mammoth bones.

M. WDOWIN and H. KUCHA: Determination of the
new mineral cell parameters in the triclinic system

Fac. of Geology, Geophysics and Environmental Protection, AGH-
-Univ. of Science and Technology, Cracow, Poland

The examined new mineral (CugPbgsFeq4Sg) occurs in
sulphide-calcite veins cutting black shale in the Kupferschiefer
deposits Lubin, Poland.

In order to determine minerals unit cell parameters,
X-ray diffraction (XRD), Gandolfi camera and single crystal
measurement by transmission electron microscope (TEM)
technique were performed. Such kinds of examinations
represent a procedure for finding correct values of cell
parameters.

From X-ray diffraction, d (interplanar distance) values
and preliminary unit cell parameters a, b, ¢ were obtained,
suggesting triclinic or monoclinic symmetry. On the basis of
100, 010 and 001 electron diffraction patterns, d values and «,
B, vy angles were determined. d values were calculated for both
the triclinic and monoclinic systems. Measured and calculated
d values (from X-ray diffraction, electron diffraction patterns and
calculated values) were compared. Finally, unit cell parameters
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were fitted and their values were close to the following a, = 7.40,
by, =8.29, ¢, =9.30 and o = 86°, B = 95°, y = 89°, respectively.

As a result of applied procedure, new mineral was
assigned to triclinic symmetry owing to better fitting to triclinic
than monoclinic system.

Acknowledgement. The investigation was financially supported
by AGH University of Science and Technology research, Project
No. 10.10.140.304.

S. WOLKOWICZ and P. DOBEK: Problems with
development of postindustrial areas in Warsaw

Polish Geological Inst., Warsaw, Poland

The research aimed a valorization of environment in the
part of the R6za Luksemburg Polish Lamp Factory in Warsaw.
This fragment of the factory, consisting of around 11-multi-
storey building and land around it, was exposed to a long term
industrial activities. Today it is abandoned. Future plans intend
to rebuild itinto flats. The presented study focuses on assessing
the pollution level within building’s concrete and soils around
it. Concrete samples were collected from floors, walls and
ceilings. Soil samples were taken from 6 boreholes (sampling
levels: 0.0-0.3 m, 0.3—-2.0 m and >2 m). In 14 concrete
samples and 14 soil samples were determined heavy metals
(As, Ba, Cd, Co, Cu, Mo, Ni, Pb, Sn, Zn, Hg, W). Mineral oils,
PAHs and BTEX were determined in soils. Determinations of
elements were conducted with the XRF and CV-AAS methods,
mineral oils, PAHs, BTEX with spectrometry. Concentrations of
heavy metals in the concrete of building are locally very high
(Hg — 37 mg/kg, W — 482 mg/kg, Zn — 3326 mg/kg, Ba — 826
mg/kg, Cu — 35 mg/kg), what corresponds with historical
production. The studies have shown diversifications of
elements in soil around the building. In 7 from 14 samples
concentrations of Hg, Ba, Cu, Ni, Pb, Zn, Sn and W were
higher then Polish standards (correspondingly: 14.2 mg/kg,
634 mg/kg, 193 mg/kg, 101 mg/kg, 806 mg/kg, 687 mg/kg,
50 mg/kg and 20 mg/kg). However pollution with heavy metals
locally varies and their concentration falls down with depth.
Concentration of mineral oils, PAHs, BTEX in soils suits
the norms.

Our research has demonstrated that building and its
nearest land could not be used on housing aims. High pollution
level of elements is too dangerous for human life.

M. WYSZOMIERSKI: Sedimentological analysis
of fluvioglacial and fluvial sediments in the
southern edge of Ciechanowska Upland and their
interpretation

Fac. of Geology, Warsaw Univ., Warsaw, Poland

The investigated area is located on the border of
Ciechandéw Upland and Warsaw Basin in the vicinity of
longitudinal Narew valley. Lower, 8-meter part of Izbica
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profile is developed as varved clays (connected with older
series of “Warsaw ice-dammed lake”) and underlying,
differential sandy series. Varvograms show the presence
of 1 centimeter thick dark layers as a rule and light layers
1-4.5 cm thick. The occurrence of abnormal 17 cm thick light
layer points at supplying sandy sediments to ice-dammed
basin. Underlying sandy series are developed as massive
sands and gravels, sands and horizontal sands and sandy
fines. Cumulative curves show long, gently inclined parts

of traction and steep parts of saltation. Coarse-grained
sediments are characterized by poor and very poor standard
deviation. The mineral-petrographic composition analysis
revealed the quartz domination and few percent presences
of feldspar, crystalline stones and micas. Attendance both
matt grains and shiny and non-rounded grains provide an
information about changeable environment of extraglacial
or/and proglacial rivers before developing the ice-dammed
lake.

Deviata ¢esko-slovensko-pol'ska paleontologicka konferencia

9th Czech-Slovak-Poland paleontological conference

Varsava 11.-12. 10. 2008

JOZEF MICHALIK, Geologicky Ustav SAV Bratislava

Na podnet prof. R. Brzobohatého vznikla na prelome
milénii mySlienka obnovit popularne Cesko-slovenské
paleontologické seminare (posledny bol v roku 1988 na
Slovensku v RuzbasSskej Milave). Tieto seminare boli vynika-
jucou domacou zakladriou na vymenu vedeckych poznatkov
a platformou na organizovanie odbornej spoluprace, ale
podmienky na ich usporaduvanie sa zmenili. Personalna
zékladna vyskumnikov v paleontoldgii sa zmenSila a vyvoj
vedy v zjednocujucej sa Eurdpe a v globalizujucom sa svete
vyzaduje ovela SirSie zalozenu a komplexnejSiu spolupracu.

Od zaciatku organizovania série kazdoro¢nych odbornych
stretnuti bola snaha vtiahnut do diskusii odbornikov zo
susediacich krajin hovoriacich blizkymi slovanskymi jazykmi.
Komunikacia v materinskej reCi bez zretelnej jazykovej
bariéry je jedineénou prilezitostou pre paleontolégov z Ceska,
Slovenska a Polska a umoznuje diskusie o Sirokom okruhu
aktualnych otazok a problémov v neformalnej, ,domacej“
atmosfére.

Konferencie sa konaju striedavo na uzemi zucastnenych
krajin — Praha 2000, Hodonin 2001, Bratislava 2002, Ostrava

2003, Bratislava 2004, Olomouc 2005, Brno 2006, Bratislava
2007, VarSava 2008.

Na Deviatej ¢esko-slovensko-polskej paleontologickej
konferencii sa priamo zuc¢astnilo 58 odbornikov z Polska, 12
zo Slovenska, 27 z Ceskej republiky, 2 z Ruska a 1 z Madarska
(dovedna 100, ale na priprave prispevkov sa zu¢astnilo az 127
autorov). Organizatorom stretnutia bol prof. Andrzej Gazdzicki,
Dr. Maria Bittnerova a Dr. Andrzej Pisera z Paleobiologického
ustavu Polskej akadémie vied na Twardej ulici vo VarSave,
kde sa konferencia aj konala. Rokovanie po¢as dvoch dni
vyplnil program dvanastich sekcii a tvorilo ho 79 prednasok.
Pocas neho sa vystriedali témy orientované na paleozoicku
az kvartérnu taxondmiu, funkénu morfoldgiu, paleoekoldgiu,
biostratigrafiu, paleoproduktivitu a paleobiogeografiu takmer
v8etkych skupin fosilnych organizmov. Prednasky doplnila
bohata posterova sekcia, ktora pokryla povrch stien vSetkych
chodieb Ustavu.

Navrh, aby sa jubilejny 10. ro¢nik konferencie v roku 2009
konal na banskobystrickom pracovisku Geologického ustavu
SAV, bol prijaty potleskom.
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Utwory przelomu jury i kredy w zachodnich Karpatach fliszowych

polsko-czeskiego pogranicza Zywiec 27.-29. september 2008

Jurassic—Cretaceous boundary formations
in western part of the Outher Flysch
Carpathians on the Polish—-Czech
borderland

JOZEF MICHALIK, Geologicky Ustav SAV Bratislava

Konferenciu v holeli Maxim v Zywci, ktora nadvazovala na
program projektu 456 IGCP, organizoval Dr. Michat Krobicki
a Dr. Renata Jach z Banicko-hutnickej akadémie v Krakove.
Bolo to stretnutie 42 geoldgov z Polska, 6 zo Slovenska,
2 z Ciech a 1 z Ruska. Program zamerany na hraniéné
jursko-kriedové ulozeniny VonkajSich Zapadnych Karpat na
Cesko-polskom pohranici tvorilo 24 referatov sprevadzanych
postermi, pracovné stretnutie projektu a panelova diskusia
o buducnosti projektu. V8etky prezentacie prednesené
v materinskom jazyku prednasajucich sa stretli so zivym
ohlasom a diskusiou, ktoru bolo zvac¢sa treba pred¢asne
koncit, aby sa dodrzal stanoveny program. Medzinarodna
Ucast zabezpecovala vysoku Uroven referatov. Tie priniesli
mnozstvo udajov tykajucich sa paleogeografie, petrografie
vulkanitov, sedimentarnej geochémie, magnetostratigrafie
a seizmostratigrafie, litostratigrafie, sedimentoldgie,
biostratigrafie a paleontoldgie suvrstvi predmetného veku.

Terénna Cast konferencie bola venovana stratigrafickej,
sedimentologickej a paleogeografickej tematike jurskych
suvrstvi na polskej aj moravskej strane Sliezska. Prvou
lokalitou bol skalnaty breh rie¢ky Sola pri Zywci, kde vrstvy

Utvary jursko-kriedového rozhrania v za-
padnej casti flySového pasma
Zapadnych Karpat na polsko-ceskom
pohraniéi

tésSinskeho vapenca prerazaju dajky limburgitov. Druha
lokalita, lom Goleszéw, odkryva ¢ierne vendrynské bridlice.
Krasne odkryvy téSinskeho vapenca poskytuje jamovy lom
Lesna (obr. 1). Na moravskej strane ucastnici exkurzie
Studovali prieniky tésinitov cez spodnokriedové bridlice
v rie€isku Ostravice pri Baske a Kuncickach. Pereje Ostravice
poskytli moznost Studovat spodnokriedovl sekvenciu
hradisStského, verovického a Ihoteckého suvrstvia. Lom Mazak
poskytol moznost Studovat ostravicky pieskovec s mazackymi
(pestrymi godulskymi) vrstvami v nadlozi.

Nasledujuci den bol venovany studiu Stramberského
vépenca vo velkolome Kotoug pri Stramberku (obr. 2). Prof.
Vasic¢ek uviedol zlozitu histériu Studia tychto ulozenin, ktoré
boli podkladom na definovanie titbnskeho stupra v 19. stor.

Problém hranic a sekvencnej stavby celého telesa
bol, zial, aj po stopatdesiat rokov Studia predmetom
kontroverznych nazorov a dodnes nie je vyrieSeny. Na
konferencii bol schvaleny navrh, aby sa vzhladom na
vysledky prezentované slovenskymi autormi konferencia
Jurassica 2009 konala na Slovensku (Smolenice,
Vrsatec).

; . i & 1
Obr. 1. Ugastnici exkurzie po hraniénych jursko-kriedovych ttvaroch

na sliezsko-moravskom pohraniéi pri prehliadke lomu Lesna
v spodnokriedovych teSinskych vapencoch.

- Fi’ s

Fig. 1. Participants of excursion on Jurassic—Cretaceous boundary
formations in Silesian-Moravian borderland observing the Lower
Cretaceous Tésin limestones in Lesna quarry.

4 Sny
Obr. 2. Po¢as exkurzie navstivili ucastnici aj historicki typovu
lokalitu titénskeho stupria — rifové vapence vo velkolome Kotou€ pri
Stramberku.

Fig. 2. During excursion the participants visited also historical type
locality of Tithonian — reef limestones in the stone-pit Kotou¢ at the
town Stramberk.
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Jedna (vraj) slusna reakcia na nepodpisanu poznamku

Pred niekolkymi mesiacmi som sa po dlhom zavahani
rozhodol niektorym prispievatelom do odborného ¢asopisu
Mineralia Slovaca a do jeho prilohy Geovestnik pripomenut,
ze do redakcie posielaju aj rukopisy s rovnakymi alebo
priblizne rovnakymi jazykovymi, ba eSte ¢astejSie — ¢o je tazko
pochopitelné — terminologickymi nedostatkami. Vyzera to tak,
Ze si svoje uz redakéne upravené prispevky pozorne necitaju
a pokracuju v tom, Ze to za nich opakovane (aj desatrocia,
a to neprehafiam) musi napravat niekto iny. Kde-tu sa najde
aj prispevok, ze ho treba prerobit Uplne nanovo, lebo nema
ani hlavu, ani patu (na to eSte nepovedal ani slovo nik).

Niektori prispievatelia na moje poznamky nereagovali, ved
to som ani nechcel, ini tvrdo a hrdo redakénym pracovni¢kam
viacerymi komunika¢nymi cestami (aj modernymi) oznamo-
vali, ako im jazykovy redaktor kali¢i ich vysostne odborné, ba
vedecké texty, a jeden autor (hoci autorov prispevku bolo vtom
pripade viac) sa dokonca pod reakciu velmi zretelne podpisal
(aj ked ju — na jeho Stastie — publikovat neziadal). Dotknutému
autorovi som este predtym dobromyselne a bez akéhokolvek
zlého umyslu napisal pat nasledujtcich poznamok.

»1. Autori — nie prvy raz — piSu Lucanska Mala Fatra,
hoci ni¢ také na Slovensku nie je. Kodifikacia Ziada pouzivat
nazvy typu Dumbierske Tatry, nie Dumbierske Nizke Tatry,
Krivanska Fatra, nie Krivanska Mala Fatra atd*

Reagujuci autor odpovedal: ,a) Geograficka komunita
na Cele s E. Mazurom vytvorila slovenské nazvy pohori.
ZruSila Zapadné Tatry, Vychodné Tatry a Belanské Tatry:
Moja odpoved: ,Nie som odbornik ani velky milovnik Tatier,
ale Zapadné Tatry a Vychodné Tatry som reagujucemu
autorovi ochotny na prislusnej mape (v teréne nie) kedykolvek
ukazat, lebo tam naozaj su. S Belanskymi Tatrami to bude
naozaj horsie, lebo my Slovaci uz dihé desatroCia pozname
iba Belianske Tatry a za kazdého, kto to v ramci zakonitosti
spisovnej slovenciny nepochopil, sa naramne hanbime..*

Na dalSie —tzv. logické argumenty — sebavedomého autora
odpovedam vSeobecne znamym (dufajme, ze aj vedcom)
konStatovanim, ze vlastné mena (proprid), a geografické
nazvy nimi naozaj sd, maju v prvom rade identifikacnu
funkciu, mézu sa menit, lenze iba oficidlnou kodifikaciou, ¢o
sa prejavi aj na oficialnom dokumente, ale nie podla nejakého
nahodného — aj ked mudreho — chodca. Inak by to viedlo
k chaosu. ZrozumitelnejSie povedané: Jan Prtelka je Janom
Prtelkom az do chvile, ked sa oficidlne (Uradne) premenuje
napr. na Jozefa Polovzdelaného, a to sa musi zachytit
na oficialnom dokumente (napr. aj v ob¢ianskom preukaze
alebo v dac¢om podobnom). Argumentacia turistickymi
sprievodcami, ktoru vytasil protestujuci autor, ma asi taku
silu ako nazvy lyziarskych stredisk, ktoré nam v zime ukazuje
televizia. Pravda, vyjadrit nesuhlas s kodifikaciou, vyc¢itovat
jej chyby ¢&i nelogickost mozno, ale az do prislusnej vedomej
a oficialnej zmeny sa musi reSpektovat.

Druhéa moja pripomienka je z odborného hladiska zo
vS8etkych najdélezitejSia. Znie takto: ,2. Anglicky termin
je fluid, ale jeho slovensky ekvivalent fluidum. Pouzivat
jednu aj druhu podobu v slovenskom odbornom texte (¢o
robia najmenej piati slovenski geoldégovia) je terminologicky
zloc¢in. Autori sledovaného rukopisu maju v texte spojenie za
spolutéinku fluidov, ¢o predpokladéd zakladny gramaticky
tvar fluid (v slovencine nie je), a na konci prispevku spojenie

fluida, ¢o predpoklada zakladny tvar fluidum. A to druhé
je v poriadku. Tak (autori) nepripustne mieSaju gramatické
mikrosystémy, lebo fluid — keby taky termin v slovencine bol
— by sa sklofioval podla vzoru dub, ale fluidum sa sklofiuje
podla vzoru mesto. Neskolim autorov, ale ¢udujem sa’
A naozaj velmi.

Ak& bola autorova odpoved? Verte, neverte — nijaka!
Pochopil to? Vie, o ¢o ide?

3. moja poznamka: ,Oficialny termin je klinozoisit, nie
klinozoizit, je zoisit, nie zoizit, je magneziohorblend, nie
magnéziohorblend (pri obr. 10 je spravna podoba). Vie autor
o tom, Ze jestvuje nejaka kodifikacia, Ze su Slovenské nazvy
minerdlov (Ozdin a Uher) a Ze predtym boli Slovenské
nazvy mineralov od Kodéru et al. A tie nevymysleli lingvisti,
ale su dielom spomenutych odbornikov a v odbornej literature
sa maju, ba musia re$pektovat.

Autorova reakcia bola aj v tomto pripade nulova.

4.moja poznamka:,Matrix je oddavna ten, nie ta a sklonuje
sa pravidelne podla vzoru dub. Vébec to nie je novinka. Je to
len désledok toho, Ze autori ,prelievaju“ chyby z jedného nanic
textu do druhého. V rukopise je spojenie ,...zodpovedaju
v matrix horiny; ale malo byt ,v matrixe horniny“. Z beznej
jazykovej aj z odbornej literatdry je to zname, lenze autori sa
v mene odbornosti spoliehaju radSej na slangom pozliepané
texty (a tych je neurekom). Aj na tuto poznamku zabudol
protestujici autor odpovedat.

Moja 5. poznamka je Cisto jazykova: ,Sloveso doprevadzat
nie je v slovencgine spisovné uz najmenej polstorocie, ale
v textoch geoldgov (nielen ich) sa presypava z textu do textu
(je aj v rukopise, na ktory reagujem). Spravne je sprevadzat.
Je prirodzené, Zze sprevadzat nie je termin, ale bezné
korektné slovenské sloveso, ¢o by mal vediet kazdy absolvent
zakladnej skoly*

A myslime si, Ze to protestujuci autor uznal? Nenapisal
o tom ani n.

Moja vSeobecna zavere¢na poznamka podciarkuje, ze by
sa nad obsahom méjho textu (naozaj nepodpisaného, lebo
som nemal zaujem byt publika¢ne ,¢inny“ za kazdu cenu, aj
takych byva dost) mali autori (napisal som aj inym) v zaujme
dobrej veci a naozajstnej vedy zamysliet. Stav je totiz taky,
ze aj autorovi opravime 999 chyb (o je zrejma hyperbola)
spravne, no v jednom pripade nie najlepSie alebo aj — a to
sa stava dost ¢asto — dokonca zle, hned je ohen na streche
a autor je ,odbornik, akého este Slovensko — dnes by som uz
modne spomenul aj Eurépu — nevidelo:

Autor zrejme nevie, Ze nie je na svete sam a jediny, a tak
na moje poznamky zareagoval absolutne nepochopitelne
takto:

»Ta predposledna veta v danom texte ma osobne
uraza. Ja som sa nikdy nepovazoval ,,za odbornika, akého
eSte Slovensko nevidelo Mam len svoj nazor. A ziadny
z mojich éiastkovych odbornych nazorov (a bolo ich dost
v tych vyse 200 publikaciach) doteraz nikto slovne ani
pisomne nevyvratil“

A ja sa Uplne na zaver pytam: A bola o tom vébec re¢?

Pavol Kusnir
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Jozef Hricko sedemdesiatroény

V tychto drioch sa sedemdesiatich rokov
doziva vyznamny slovensky geofyzik RNDr.
Jozef Hricko, CSc.

Jubilant v rokoch 1944—-1953 zakladnu Skolu
absolvoval v rodnom meste, v rokoch 1953—
1957 Strednu priemyselnu Skolu geologicku
a banicku v Spisskej Novej Vsi a v rokoch 1957—
1962 Studoval na Katedre aplikovanej geofyziky
Prirodovedeckej fakulty Karlovej univerzity
v Prahe. Doktorandské Studium absolvoval na
Prirodovedeckej fakulte Univerzity Komenského
v Bratislave.

RNDr. Jozef Hricko, CSc., po skon&eni univerzitného
Studia zacal pracovat v bratislavskom geofyzikalnom
stredisku n. p. Geologicky prieskum v Ziline, ktoré sidlilo
v Roykovej pasazi. Zaoberal sa projektmi najrozmanitejSieho
zamerania — vyhladavanim pramenov obycajnej, mineralnej
a termalnej vody, rud, nerud aj uhlovodikov.

Oslavenec bol ¢astym ¢lenom aj veducim zahrani¢nych
expedicii — napr. v rokoch 1969-1973 sa zucastnil pri hladani
podzemnej vody v sudanskej provincii Kordofan, v rokoch
1976—-1981 zdrojov podzemnej vody v provincii Kaduna

Junilapt SES

v severnej Nigérii a v rokoch 1986—-1989 pri
hladani rudnych lozZisk a diamantov v severnej
Syrii.

NajvyznamnejSimi domacimi projekimi,
ktoré Dr. Jozef Hricko, rieSil, boli ekologické
megaprojekty, a to Bratislava — zivotné
prostredie, abioticka zlozka, a KoSice — bioticka
a abioticka zlozka zivotného prostredia
(v slovensko-luxemburskej spolupraci).

Jubilant vykovaval vyznamné riadiace
funkcie. V bratislavskom zavode Geofyziky
Brno bol veducim oddelenia a hlavnym geo-
fyzikom a v a. s. GEOCOMPLEX (pravny nastupca brati-
slavského zavodu n. p. Geofyzika Brno) riaditelom marketingu.

Jubilant bol generalnym riaditeflom indicko-slovenskej
spolo¢nosti Technip Geocomplex India Private, Ltd, v Novom
Dilli, ktort sam zalozil v roku 1992.

RNDr. Jozef Hricko, CSs., je ¢lenom mnohych sloven-
skych aj zahrani¢nych geologickych spolo¢nosti a zdruzeni.

Adrian Panacek

Vyznamné zivotné jubilea ¢lenov Slovenskej geologickej spoloénosti v roku 2009

Pétdesiatroc¢ni jubilanti

RNDR. RENATA ADAMCOVA, PHD. 18. 2. 1959
RNDR. ANTON AUXT 30. 3. 1959
RNDR. JuRAJ FRANKO 3. 8.1959
RNDR. LuBomir HRASKO 16. 6. 1959
Doc. ING. JURAJ JANOCKO, CSc. 10. 10. 1959
RNDR. StaNisLAV JELEN, CSc. 19. 1. 1959
RNDR. JuRAJ MICHALKO 2.1.1959
RNDR. ALEXANDER NAGY, CSc. 13. 11. 1959
RNDR. PETER SEFCIK, PHD. 8. 3. 1959
Sestdesiatroc¢ni jubilanti
Doc. RNDR. PaveL FeJpi, CSc. 9. 8. 1949
RNDR. JAN MiKuSkA, CSc. 11.2. 1949
RNDR. ADRIAN PANACEK 26.7 1949
RNDR. KamiL RozivAT, CSc. 10. 11. 1949

Sedemdesiatroc¢ni jubilanti

Doc. RNDR. RupoLF HoLzer, CSc. 11. 4. 1939
Pror. RNDR. STANISLAV JAcko, CSc. 10. 12. 1939
RNDR. PETER KABINA 12.5. 1939
ProrF. RNDR. Icor Roukovi¢, DRSc. 17.8. 1939
RNDR. Jozer VozAR, DRSc. 11. 4. 1939

Sedemdesiatpétrocni jubilanti

RNDR. Eva SamaJovA, CSc. 23.2.1934
Doc. RNDR. Dionyz VAss, DRSc. 30. 10. 1934
Osemdesiatrocni jubilanti
RNDR. RuboLF Kusik, CSc. 4.9.1929

V mene celej geologickej verejnosti vSetkym jubilantom srde¢ne blahoZelame a do dalSich rokov Zelame vela

tvorivych sil a dobré zdravie.

RNDr. Ladislav Simon, PhD.
predseda SGS

| 20
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Plan cinnosti SGS na rok 2009

Bratislavska pobocka SGS

Podujatia organizaéne zabezpeduju L. Simon, M. Kohut, P.
Uher, J. Michalik a F. Marko

FEBRUAR
Prednaska: Masiv Ditrau (Rumunsko)

MAREC
Prednaska: Eurogranity 2008

APRIL

Geologicka vychadzka do Devinskych Karpat

Prednaskové popoludnie: Vysledky neotektonického vyskumu
Slovenska a Strukturno-tektonickej analyzy striznych zon

JUN
Exkurzia na Putikov vrch

SEPTEMBER
Inziniersko-geologicky terénny seminar

NOVEMBER
Férum mladych geovedcov

DECEMBER

8. predviano¢ny seminar SGS

Nové poznatky o stavbe a vyvoji Zapadnych Karpat
Spoluorganizovanie vystavy mineralov a fosilii v Slovenskom
narodnom muzeu

Banskobystricka pobocka SGS
Podujatia organiza¢ne zabezpecuje R. Pipik
JANUAR

A. Birofi: Struktdrny model correnzitu: zmie$anovrstevnaté
krystaly vs. zakladné cCastice

J. Sotak: Modely depozicie menilitového suvrstvia z pohladu
moznych analdgii k sapropelitom Stredozemného a Cierneho
mora

APRIL

Jarny seminar

Prof. BituSik: Subfosilne rozsievky a pakomare v sedimentoch
tatranskych jazier: paleolimnologicka rekonS$trukcia zmien
prostredia

Prednaska z Matematického ustavu SAV: Matematik pre
geolégov

OKTOBER
Geologicka exkurzia do okolia Banskej Bystrice

NOVEMBER

P. Andras: Moznosti rekultivacie a remediacie hald
v Lubietovej

R. Milovsky: Tektonika SZ Iranu

KosSicka pobocka SGS

Podujatia organiza¢ne zabezpecuju Z. Németh, S. Jacko ml.
a R. Farkasovsky

MAREC

Prednaskové popoludnie SGS a Asociacie loziskovych
geolégov

Nové poznatky o geologickej stavbe a surovinovom potenciali
vychodného Slovenska

JUN
Geologicka vychadzka do okolia Kosic

NOVEMBER

Prednaskové popoludnie SGS a Asociacie inzinierskych
geolégov

Vychodné Slovensko — geologické stavba a geofaktory ZP

/

O75n%a%m”

V zmysle uznesenia valného zhromazdenia Slovenskej geologickej spolo¢nosti z 11. decembra 2008 sa rocny
poplatok pre jej Elenov na rok 2009 upravuje na 6 €. Zlavnené ¢lenské pre dochodcov a Studentov su 3 €.

N

L. Simon, predseda SGS
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GEOLOGIA — POZNANIE — SKUTOCNOST
Zem — planéta, na ktorej zijeme

Bratislava, Malé Karpaty, Palava
Slovenska a Ceska republika
30. september — 4. oktéber 2009

Na uvod

Slovenska geologicka spolo¢nost
a Ceska geologicka spolo&nost Vas
pozyvaju na spolo¢ny geologicky kongres,
ktory bude 30. septembra az 4. oktobra
2009 v priestoroch Statneho geologického
Ustavu Dionyza Stura v Bratislave.

333\“’@“\]‘

Slovenska geologicka spolo¢nost
(SGS) nadvéazuje na tradicie Uhorskej
geologickej spolo¢nosti, zaloZzenej v roku
1848, a Ceskoslovenskej spolo¢nosti
pre mineralégiu a geolégiu (CSMG),
ktora vznikla v roku 1923 a celostatne
zjazdy organizovala od roku 1933. SGS sa ako samostatny
subjekt konstituovala v roku 1967 a od roku 1991 ma pravnu
subjektivitu.

V rokoch 1933 az 1993 sa konalo 27 zjazdov CSMG
a SGS. Po vzniku Slovenskej republiky SGS zorganizovala
Styri vlastné zjazdy — SpiSska Nova Ves 1995, Bratislava
1997, Banska Stiavnica 2001, Zemplinska Sirava (Medvedia
hora) 2005.

Spoloény kongres SGS a CGS v roku 2009 bude 32.
celodtatnym podujatim tychto spolognosti na uzemi Ceskej
a Slovenskej republiky, 12. organizovanym na Slovensku, 15.
pocas existencie SGS, 5. v ére Slovenskej republiky a bude
to prvy spoloény kongres SGS a CGS po vstupe Ceskej
republiky a Slovenskej republiky do Eurdpskej unie.

Ceska geologicka spolo&nost je dobrovolna vyberova
organizacia zdruzujuca vedeckych, pedagogickych a od-
bornych pracovnikov v Sirokom spektre geologickych vied,
ako aj Studentov a zaujemcom o geoldgiu. Jej predchodcom
bola — podobne ako na Slovensku — Ceskoslovenska
spolo¢nost pre mineraldgiu a geoldgiu, zalozena v roku 1923.
CGS zdruzuje odbornikov rozliéného zamerania v geolégii
s cielom rozvijat ich odbornu, pedagogicku a prakticku
¢innost. Svojimi aktivitami zasahuje aj do pedagogicke;j
a odbornej geologickej problematiky v Ceskej republike
amedzinarodne reprezentuje geologické vedy prostrednictvom
Ceského narodného geologického komitétu, ktorého &innost
podporuje. Svoje akcie koordinuje aj s dalSimi odbornymi
vedeckymi inétiticiami a spolo¢nostami v Ceskej republike
a spolupracuje so zahraniénymi odbornymi spolo¢nostami

Geologicky *Kongre b

2009

rovhakého zamerania. Spolupraca
so SGS je v ramci tejto innosti prioritou.

Po vzniku Ceskej republiky sa konali
tri zjazdy CGS — Adamov 1993, Slavonice
2005, Volary 2007.

Garanti kongresu

LuBoMiR HRASKO — DUSAN PLASIENKA —
JOzZEF MICHALIK

ZDENEK VENERA — PETR KRAFT — VACLAV
CiLEK

Organizatori
Slovenska geologicka spolocnost
Ceska geologicka spole¢nost

Clenovia organizaéného vyboru

SGS: L. Simon, predseda; M. Kohut, P. Uher, Z. Németh,
D. Ozdin, L. Iglarova, I. Broska a J. Madaras

éGs: P Budil, M. lvanov, K. Verner, M. Bubik, D. Burianek,
M. Kovacik a P. Tomanova Petrova

Tematické zameranie sekcii

1) petrolégia, geochémia, mineraldgia
2) historicka geoldgia, paleontoldgia

3) stratigrafia, regionalna geoldgia, tektonika
4) aplikovana geoldgia

5) informatika, GIS a DPZ

Exkurzie

V ramci spolo¢ného geologického kongresu 2009 budu
Styri.

A) exkurzia Geoldgia Malych Karpat

B) geologicko-pesia exkurzia cez hrebene Malych Karpat

C) autobusovo-geologicka exkurzia na Palavu

D) vyznamné geologické lokality Devinskych Karpat
a vinna Malokarpatska cesta

Prednaskova a posterova prezentacia
VyZiadané prednasky budu trvat 30 minut, ostatné 15

mindt (12 + 3 min.). Oficialnym jazykom kongresu bude
slovencéina a ¢estina.
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Abstrakty a €lanky

Recenzované rozéirené abstrakty (1-2 s., stipcova
tla€) budu publikované v zborniku Konferencie — Sympézia
— Seminare ISBN 978-80-89343-19-5 a vybrané prispevky
v Casopise Mineralia Slovaca, 4, 2009.

Umiestnenie kongresu

Statny geologicky Ustav Dionyza Stira, Mlynské dolina 1,
Bratislava, Slovensko

Poplatky

Orientacna vyska konferencného poplatku pre ¢lenov
SGSaCGSje40€

Studentom sa poskytne zlava 30 %
Poplatky zahffiaju organizaéné naklady, registraciu,
zbornik a zlavy pre Studentov

Délezité datumy
31.1.2009 predbezna registracia bude on-line na

www.geologickykongres.eu
15.2.2009 2. cirkular

15.4.2009 dorucenie prispevkov
30.4.2009 definitivna registracia a platba

Podrobné informécie su www.geologickykongres.eu

Kontaktna adresa: geologickykongres @ geologickykongres.eu

QY75 im
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Geology of Lucenska kotlina Depression
and Cerova vrchovina Upland

e N
Authors: D. Vass, M. Elecko, V. Konecny (eds.), A. Vozarova, J. Vozar, J. Lexa, J. Pristas, P. Kube$, M. Filot,
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Monograph completes the series of monographic issues about the South Slovakian Basin. First monograph from this territory Geological
setting of the Ipelska kotlina Basin (Vass, Kone¢ny and Sefara, eds., 1979) was followed by the monograph Geology of the Rimavska kotlina
Basin (Vass and Elecko, eds., 1989) and third monograph Geology of the northern slope of the Sahy Elevation (Vass, ed., 2007), describing
the geological setting of the northern neighbour of the Ipelska kotlina Basin.

The monograph Geology of Luc¢enska kotlina Depression and Cerova vrchovina Upland characterizes the territory between Ipelska
kotlina Basin in the west and Rimavska kotlina basin in the east. The presented wide-spectra description was done by the recent and former
employees of the State Geological Institute of Dionyz Stur, representatives of Geological and Geographical institutes of Slovak Academy
of Sciences, PriF of Comenius University, Geocomplex, a.s., and the Institute of Pedology and Plant Nutrition. Issuing this monograph the territory

of the South Slovakian Basin became one of the best known territories not only from the viewpoint of geological setting.

The first chapter Lithology, stratigraphy and magmatism describes the
geological setting of the territory built by the rocks of the pre-Tertiary underlier —
Veporicum (Slatvina and Rimava formations, Federata Group —Tuhéar Development),

Gemericum (Gelnica and Ochtind groups),
Meliaticum, Turnaicum (Brusnik Formation
and the Lower/Middle Triassic sequences) and
Silicicum (Lower/Middle Triassic carbonates).
The metamorphic and magmatic rocks of the
territories south of the Rapovce-PleSivec fault
were revealed by the drill FV-1 (Blhovce) and
belong to recently undetermined tectonic unit.
The drill LR-5 located west of Rimavska Sobota
verified in the Tertiary underlier the relict of the
post-nappe displacement Upper Cretaceous
cover —the Cierna Itika Beds (Campanian).

Tertiary sediments form the base of the Ciz
Formation (Oligocene, Kiscellian), higher belong
to the Lu¢enec Formation (Oligocene-Miocene,
Egerian), Filakovo and Bukovinka formations
(Lower Miocene, Eggenburgian), Salgétarjan
Formation (Ottnangian) and Modry Kamen
Formation (Karpatian).

Upper Miocene sediments build the
Poltar Formation. The Belina Beds (Pliocene,
Romanian) form the underlier of the basalt
volcanic flow of Cerové basalt Formation.

The calc-alkaline and alkaline-basalt
volcanic rocks are widely present in the described
region: volcanic and volcanosedimentary
complexes of Pribel Beds and Vinica Formation
(Lower Badenian), Stara Huta Complex of
Javorie and Lysec Formation (Middle Badenian
— Lower Sarmatian), Pokoradza Fm. (Badenian
— Sarmatian), Siator Andesite (Badenian) and
Hali¢ Andesite. Alkaline basalt volcanism is

represented by volcanic and volcanosedimentary rocks of the Podre¢any
basalt Formation (Pontian) and the Cerova basalt Formation (Pliocene-
-Pleistocene). Quaternary sediments (Pleistocene and Holocene) form
irregular cover outcropping in the valleys of Ipel and Rimava rivers and their
tributaries as well as on uplands — Trebelov (Biber?) and Husina (Donau) beds.

The descriptions of rocks and geological setting are properly documented by
figures, photographs and pen-drawings. The data from drills are documented, resp.
summarized in tables and lithological-stratigraphic columns.

The chapter Geophysical measurements and their interpretations
evaluates the geophysical fields (results of petrophysical, geoelectric, magnetic
and gravimetric research and the Earth remote sensing), presenting the maps of
the Bouguer anomalies, residual weight anomalies and schemes of the density
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the relief types.

anomalies, density and magnetic boundary-lines as well as those interpreted from

the satellite images, resp. the relief of Pre-Tertiary underlier.
The chapter Geological setting presents the interpretation of the deeper
crustal levels, the tectonics of pre-Tertiary underlier and Tertiary basin sequences.

Described fault systems, division on partial blocks, resp. vault structures are
presented in two colour supplements: “Geological-structural scheme of the
pre-Tertiary underlier” and “Structural scheme”

The paleogeographic reconstruction of the
Tertiary sediments and volcanism in the chapter
Paleogeography evaluates data of lithology,
bioecology, volcanism, tectonics, tectogenesis as
well as the geophysical indications also in the frame
of global (as well as local) cycle of the ocean and
sea level fluctuations. Paleogeography is presented
in colour paleogeographic maps in the scale
1:200 000 (Kiscellian — Ciz Fm., Egerian — Lugenec
Fm., Eggenburgian — Filakovo and Bukovinka Fms.,
Ottnangian — Salgétarjan Fm., Karpatian — Modry
Kamer Fm., Lower Badenian — submarine volcanism
of the Vinica Fm. and intrusion of the hypersthene-
-amphibole andesite with garnet, Middle Badenian
to Lower Sarmatian — Javorie stratovolcano, Lysec
volcano and Vepor stratovolcano, Pontian — Poltar Fm.
and Podre¢any basalt Fm., Pliocene to Pleistocene
— Cerovéa basalt Fm. Besides maps the text contains
numerous tables, figures, photographs and pen-
-drawings, as wellasimportant summary of radiometric
ages and magnetic polarity of alkali basalts.

The summarized Hydrogeological conditions
reflect the geological setting of the region,
geomorphological as well as climatic aspects.
Defined hydrogeological entities are built with the
pre-Tertiary and Tertiary sedimentary and volcanic

rocks and Quaternary sediments. Altogether
36 sources of mineral water are described
in 13 localities.
The chapter Geomorphology
describes several geomorphological areas
and units (Lu€enec-KoS8ice Lowland — South

Slovakian Basin, Matra-Slanec area, Slovak Ore Mts. and
Slovak Upland) regarding their morphometry, morphostructure,
volcanic relief and morphosculpture. The chapter includes a colour map of

Next chapter — Slope deformations is focussed on geological structures
of volcanic rocks and non-volcanic Tertiary and Quaternary rocks, in lesser
extent it considers also structures of pre-Tertiary rocks.

The chapter Soil characterizes the soil types and subtypes including
the colour soil map. The soil cover reflects the variability of the setting and
composition of cover units.

The English resumé and descriptions under tabs., figs. and coloured
supplements allow full-value understanding of the text for foreigners.

The text of the monograph refers the Geological map of the Luéenska
kotlina Depression and Cerova vrchovina Upland 1 : 50 000 (Vass et al.,
1992), being obtainable in the State Geological Institute of Dionyz Stur.
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