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Metamorfovana sukcesia silicitickych bridlic s bazaltom a diastrofickou
brekciou v olistolite jurskej akrecnej prizmy meliatika pri Jaklovciach
(Slovensko), datovana na zirkéne (U-Pb SIMS SHRIMP)
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Metamorphosed succession of cherty shales with basalt and diastrophic breccia
in olistolith of the Meliatic Jurassic accretion wedge near Jaklovce (Slovakia),
dated on zircon (U-Pb SIMS SHRIMP)

Abstract: Slightly metamorphosed succession of silicitic shales with a basaltic layer, covered
by a diastrophic breccia horizon was studied near Jaklovce village (eastern Slovakia). The
Middle Triassic strata of reddish and greenish cherty shales, carbonates and radiolarites contain
a number of thin basaltic tuff layers and a 3 m thick basaltic layer. Detrital zircons with magmatic
typology from the Middle Triassic cherty shales revealed a predominating Lower Triassic
concordant crystallization age (247 + 4 Ma) of their probably acidic magmatic source. However
the zircon concordant age 359 = 7 Ma of the basalt in cherty shales can only be interpretable
as a magmatic source age of this Middle Triassic basalt, the age of the latter is well constrained
with the Middle Triassic radiolarians found in the hosting cherty shales. The overlying breccia
horizon is built of cm to dm size angular fragments of the ophitic and amygdaloidal basalts,
less gabbro-dolerites and sporadically Cr-Spl gabbros. Radiolaritic dm size angular fragments
are also present, wrapped and/or interlayered with the basalt. The Middle Triassic pillow-type
basalts, gabbro-dolerites and radiolarites of the obducted part of the oceanic crust were the
prevailing source rocks of probably Upper Triassic to Middle Jurassic diastrophic breccia infilled
by matrix red cherts. Zircons from a 0.5 m gabbro-doleritic fragment in the breccia, although
again show an older concordant age of 342 + 5 Ma, are interpretable as inherited ones from
a Lower Carboniferous magmatic source of the Middle Triassic gabbro-dolerite. The syn-rift
deepening of the Neo-Tethyan Meliatic Basin is represented by the sedimentation of the Middle-
-Triassic cherty carbonates and shales on a subsiding thinned continental margin. It culminated
by an oceanic crust formation being evidenced by the interlayers of pillow-type basalts and tuffs
in lithoclasts of the breccia horizon. Compression regime and starting southward subduction was
accompanied by the northward obduction and destruction of the unsubducted marginal part of
the oceanic crust, material of which being slumped onto the unlithified cherty strata of marginal
part of the basin formed the Upper Triassic to Middle-Jurassic diastrophic breccia. The rocks of
the whole succession contain actinolite immed by winchite/ferrowinchite/riebeckite due to their
shallow (20—25 km) subduction within the southern part of an accretion wedge localized N of
the subduction zone. Such bodies of Triassic to Middle Jurassic successions, as olistoliths, were
incorporated into the Jurassic accretion wedge turbiditic (meta)sediments. The remnants of the
Meliatic accretion wedge are recognizable all over the Gemeric Unit.

Key words: cherty shale, breccia, basalt, dolerite, metamorphism, U-Pb SHRIMP dating,
Meliaticum, Inner Western Carpathians

Geologicka situacia a prehlad vyskumov

Skumana lokalita sa nachadza pri obci Jaklovce
(obr. 1). Interpretuje sa ako tektonicka kryha meliatika
(Kozur a Mock, 1973) na gemeriku. Poznatky a nazory
na litolégiu a biostratigrafiu triasovo-jurskych suvrstvi
meliatika sumarizuje Rakus et al. (1998). Predmetna
lokalita je litologicky najpodrobnejSie spracovana Mockom

et al. (1998). Je sucastou melanze jurskej akre¢nej prizmy
meliatika. Tvoria ju relativne hrubé jurské bridlicnaté
suvrstvia s olistolitmi a olistostromami starSich, najma
permsko-triasovych sukcesii. Jej paleotektonicka pozicia
v susedstve subdukénej zény zodpoveda prostrediu
akreCnej prizmy.

Samotny nami Studovany litologicky profil bol oznaceny
Mockom et al. (1998) ako jaklovska formacia meliatika
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Obr. 1. Geologicka mapa meliatika pri Jaklovciach (Grecula et
al., 2009). Vztah medzi silicitickymi bridlicami s radiolaritom (9)
a bazaltom (8) bol Studovany na profile vyznatenom bielym
obdiznikom. 1 — antropogénne navazky; 2 — fluvidlne sedimenty;
3 — deluvidlne svahoviny; 4 — fluvialne Strky spodnej terasy;
5 — fluvidlne Strky vrchnej terasy; 6 — serpentinit; 7 — kremité
vapence a slienité bridlice; 10 — rohovcové vapence s vlozkami
ilovitych a slienitych bridlic; 11 — svetlosivé vapence; 12
a 13 — dolomity; 14 — rauvaky; 15 — vapnité bridlice, pieskovce;
16 — pestré bridlice a pieskovce; 17 — pieskovce a bridlice
s evaporitmi; 18 — polymiktné zlepence; 19 — pieskovce, bridlice
a zlepence; 20 — dacity, andezity a ich pyroklastika; 21 — polymiktné
zlepence.

Fig. 1. Geological map of the Meliaticum near Jaklovce (Grecula
et al., 2009). A relationship between the silicitic schists (9) and
basalt (8) was studied along a profile marked by the white-coloured
frame. 1 — anthropogenic dumps; 2 — fluvial sediments; 3 — deluvial
slope debris; 4 — fluvial gravels of lower terrace; 5 — fluvial gravels
of upper terrace; 6 — serpentinite; 7 — cherty limestones and marly
shales; 10 — limestones with cherts, interbedded with clayey and
marly shales; 11 — light-grey limestones; 12 and 13 — dolomites;
14 — rauchwackes; 15 — calcareous shales and sandstones;
16 — variegated shales and sandstones; 17 — sandstones
and shales with evaporites; 18 — polymict conglomerates;
19 — sandstones, shales and conglomerates; 20 — dacites,
andesites and their pyroclastics; 21 — polymict conglomerates.

predpokladaného triasového veku. Metabazity a meta-
silicity v zareze Zelezni¢nej trate (do arealu podniku na
taZbu a spracovanie karbonatov), ale aj celkovo v meliatskej
jednotke, sa interpretovali ako ofiolity s hibokovodnymi
sedimentmi — radiolaritmi a silicitickymi bridlicami, ktoré
vznikli prevazne na oceanskej kére (Mello et al., 1983;

Mock et al., 1998; Hovorka a SpiSiak, 1998; lvan, 2002; Ivan
et al., 2009; Aubrecht et al., 2010). Pévodne sa metabazity
oznacovali ako jaklovské paleobazalty a diabazy
(Kamenicky, 1957). V ich susedstve vystupuje kryha
mramorizovanych karbonatov triasu, ako aj dalSie blokovité
telesa, a to serpentinitov, keratofyrov, (paleo)ryolitov
(perm?, starSie paleozoikum?) a spodnotriasovych klastik
(Grecula et al., 2009), povazovanych za olistolity.

Geochemické Studium metabazitov v okoli Jakloviec
(Mock et al., 1998) indikuje ako prevladajuci vapenato-
-alkalicky typ (CAB, obr. 6), charakteristicky skér pre
kontinentalne okraje ako pre ofiolity stredooceanskych
chrbtov (riftov). V tejto praci sa iba jedna Studovana vzorka
jasne premietla do pola A (N-MORB) stredooceanskych
bazaltov, ktoré sa ale mézu vyskytovat aj v asociacii s CAB,
napr. na okraji kontinentu. Mnohé $tudie o pévode ofiolitov
(napr. Taylor et al., 1992; Hawkins a Allan, 1994) pripustaju,
ze N-MORB su rovnako typické aj pre kéru okrajovych
bazénov a okrajové kontinentdlne magmatické obluky,
ako aj nevelké zaoblukové bazény, najma ak asociuju
so subalkalickymi az alkalickymi bazitmi, nachadzajicimi
sa aj pri Jaklovciach (Faryad et al., 2005, podfa chemického
zlozenia klinopyroxénu na obr. 2). Posledni uvedeni autori
tiez kon&tatuju, ze mnohé metabazalty z folkmarskej zony
pri Jaklovciach maju zlozenie zodpovedajuce N-MORB.
Hovorka a SpiSiak (1998, obr. 3) zaraduju bazalty
z Jakloviec k MORB typu ako sucast meliatskej ofiolitovej
sekvencie. Charakterizovali Cpx(Aug)-PI-lim bazalty, resp.
spillow” bazalty, ale aj zily doleritov. Ich analogické typy
sa v oblasti Darnd (Darn6 Hill) v Madarsku interpretuju
dost protichodne — bud ako stredooceanske (Harangi
et al., 1996), alebo ako z kontinentalneho okraja, pripadne
oceanskeho ostrovného obluka (Downes et al., 1990).

V SirSom okoli lokality a Jakloviec je matrix melanze
tvoreny jurskymi hlbokovodnymi, zvac¢sa turbiditickymi
sedimentmi, ako su sivé az sivozelené ilovce s vlozkami
silicitickych bridlic, siltovce, vapnité ilovce, argility
a pieskovce. Hrubozrnné pieskovce az mikrobrekcie
a konglomeraty su zriedkavé; zvac¢Sa obsahuju litoklasty
triasovych bazénovych az plytkovodnych karbonatov.
V nich vystupuju telesa mramorizovanych karbonatov,
radiolaritov, metabazaltov, menej paleoryolitov a kerato-
fyrov (Hovorka, 1977) ako olistolity a olistostromy hlavne
triasovych sukcesii (Kozur a Mock, 1995; Mock et al., 1998;
Mello, 1996; PlaSienka et al., 1997; Rakus et al., 1998).
Jursky vek matrixu sa urcil na zaklade nalezu fragmentov
rostier belemnitov v mikrobrekciach, ako aj na zaklade
uréenia radiolarii z preplastkov silicitickych bridlic v ilovcoch
a v ilovitych bridliciach (Kozur a Mock, 1995).

Zaujimavé su aj vysledky analyzy tazkych mineralov
z matrixovych pieskovcov jurskej melanze (Mock et al.,
1998) v tejto severovychodnej vetve meliatika. Vyraznu
prevahu maju mineraly, ktoré naznacuju nedaleky kontinent
(turmalin, zirkén, granat).

Gawlick in Aubrecht et al. (2010) urcil ako vyrazne
prevladajuci strednotriasovy vek Ciasto¢ne zachovalych
radiolarii a konodontov zo silicitickych bridlic s radiolaritom
a silicitickym karbonatom v zareze zelezni¢nej trate pri
podniku na tazbu a spracovanie karbonatov pri Jaklovciach,
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a teda zo spodnej ¢asti nami Studovanej sukcesie. O cca
500 m dalej na zapad zistil Gawlick zo suvrstvia radiolaritov
a silicitickych karbonatov nad bazaltmi uz vrchnotriasovy
az strednojursky vek radiolariovej fauny. Tento horizont
by mohol zhruba zodpovedat brekciovitym bazaltom so
silicitickym matrixom, aky sa nachadza na nasom profile
cca 150 m na zapad od uvedeného podniku, a predstavuje
vrchnu ¢ast nami Studovanej sukcesie.

Ivan et al. (2009) zistili pritomnost magnezioriebeckitu
az riebeckitu, resp. ferowinchitu, v zilkdch metabazaltu
a metasilicitu pri Jaklovciach, a teda naznaky ich
vysSietlakovej metamorfézy.

V publikacii upozorfiujeme na novozistené litologické
vztahy v Studovanej sukcesii v zareze zelezni¢nej trate
do arealu kameriolomu pri Jaklovciach. V jej spodnej ¢asti
vystupuje suvrstvie silicitickych bridlic s polohou bazaltu.
Z bazaltu uvadzame aj vysledky radiometrického dato-

vania zirkonu. Datoval sa aj detriticky zirkén zo spodnej
Casti suvrstvia silicitickych bridlic. Analyzoval sa material
z niekolkych desiatok metrov hrubého vrchného horizontu
brekcii s prevahou litoklastov bazaltu, gabrodoleritu
a masivneho Cerveného, menej zeleného radiolaritu,
s natekmi a vypliou Cervenkastého silicitu (radiolaritu).
Tu bol datovany blok gabrodoleritu na zirkéne, tiez
podla metédy U-Pb SIMS SHRIMP. Charakterizujeme
aj metamorfny vyvoj sukcesie a podavame interpretaciu
vyvoja tejto Casti jaklovskej formacie meliatika.

Metodicky postup

V zareze zeleznice dlhej asi 200 m a vo svahu az po
hranicu s mramormi a serpentinitmi bola urobena terénna
litologicka dokumentacia. Bola merana reliktne zachovana
sedimentarna vrstvovitost a s nou paralelna metamorfna

i i O ol 07 i z . .
Obr. 2. Obrazky a — d su zoradené od podlozia po nadlozie litologickej sukcesie. Pri opise profilu sa pouzivaju nazvy hornin spred
metamorfézy. a — Minimdlne 5 — 7 m hrubé suvrstvie ¢ervenkastych a zelenkastych silicitickych bridlic, menej silicitickych karbonatov,
na zaciatku litologického profilu pri vstupe do spodnej ¢asti kamenolomu; meradlo naznacuje miesto odberu vzorky JAK-5 na datovanie.
b — 3 m hruba poloha bazaltu medzi podloznou (vpravo, s kladivom) a cca 1,5 m hrubou nadloZnou polohou silicitickej bridlice; datovana
vzorka JAK-3 pochadza z cca 0,5 m velkého svetlozeleného bloku bazaltu pod silicitickou bridlicou vlavo, s detailom na obr. d. ¢ — 3 cm
hruba vrstva ¢ervenofialového silicitu medzi bazaltovym pyroklastikom a tufom. Vrstva bazaltového pyroklastika je tmelena éervenofialovym
silicitom — detail kontaktu bazaltu a podloznej silicitickej bridlice vlavo od kladiva na obr. b. d — Detail styku nadlozne; silicitickej bridlice (lava
strana obr. b s cca 3 m hrubou polohou bazaltu, vratane datovaného bloku (vzorka JAK-3).

Fig. 2. The figures a — d are ordered from a bottom to the top of the lithological succession. Pre-metamorphic lithology is used in the
profile description. a — Minimum 5—7 m thick strata of reddish and greenish cherty shales, less cherty carbonates, at the beginning of the
lithological section near the entrance to a lower part of the quarry; scale bar indicates the place of picking up the sample JAK-5 for the
dating. b — 3 m thick layer of basalt between the underlying (on the right-hand side, with a hammer) and ca. 1.5 m thick overlying layers of
cherty shales; dated sample JAK-3 was picked up from a pale-green 0.5 m block of basalt below the cherty shales on the left-hand side
of the figure, with a detail in Fig. d. ¢ — 3 cm thick intercalation of reddish-pinkish chert between basalt pyroclastics and tuff. The layer of
basaltic pyroclastics is cemented by silicite — a detail of the contact between the basalt and underlying cherty shales to the left of a hammer
in Fig. b. d — A detail of the contact of the overlying cherty shales (the left hand side of Fig. b) with underlying ca. 3 m thick layer of the
basalt, including the dated block (sample JAK-3).
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bridli¢natost silicitickych bridlic. Vrstvovitost sa miestami
dala urcit aj v horizonte brekcii.

Odobrali sa dve vzorky (meta)bazitov (bazaltu a gabro-
doleritu) a jedna vzorka silicitickej bridlice za u¢elom
datovania z nich vyseparovaného zirkénu metdédou
U —Pb naiénovej mikrosonde (SIMS SHRIMP) — s pouzitim
sekundarneho elektrénového multiaplikatora v geo-
chronologickom laboratériu Geologického ustavu CIR
VSEGEI v Petrohrade. Pouzila sa Standardna metodika
(Williams, 1998; Larionov et al., 2004), ktora je podrobne
opisana aj v pracach PutiSa et al. (2008) a Radvanca et al.
(2009). VSetky bodové merania reprezentuju konkordantné
veky. Pre dve vzorky (meta)bazaltu bolo na datovanie
vybranych 11 a 6 bodov a pre metasilicit 15 bodov.
Vypocitané konkordantné veky su v rozsahu chyby 2c.

Chemické zlozenie vybranych horninotvornych
mineralov bolo stanovené elektronovou mikroanalyzou
na pristroji CAMECA SX 100 v Statnom geologickom

Ustave Dionyza Stura v Bratislave. Pouzilo sa urychlovacie
napatie 15 kV, prud 20 nA, meraci ¢as 20 s, priemer
elektronového lu¢a 5 — 10 pm, Standardy: F — LiF,
Na — albit, Si a Ca — wollastonit, Al — Al,O3, Mg — forsterit,
Cl-NaCl, K- ortoklas, Ti — TiO,, Fe — fayalit, Mn — rodonit,
Cr — elementarny chrém, Ni — elementarny nikel.

Stechiometrické vzorce amfibolov boli prepocitané
podla Schumachera (1997, in Leake et al., 1997) na uréenie
minimalneho a maximalneho obsahu Fe3*. Vzhladom
na vysoky podiel Zzeleza bola pouzita platna klasifikacia
amfibolov IMA (Leake et al., 1997, 2004) s prepoétom
na maximalny obsah Fe3*.V zmysle tejto klasifikacie obsah
Si vys$si ako 8 vzorcovych jednotiek sa spravidla povazuje
za analyticky problém.

V ¢lanku su pouzité skratky podla Siivolu a Schmida
(2007): Ab — albit, Act — aktinolit, Am — amfibol,
Aug — augit, Cal — kalcit, Ccp — chalkopyrit, Chl — chlorit,
Cpx — klinopyroxén, Cr-Spl — chromspinel, Ep — epidot,

V

E|

“pillow” bazalt

brekcia

Obr. 3. a — Diastroficka sedimentarna brekcia; Sipkami su vyznacené angularne dm litoklasty ¢erveného masivneho radiolaritu, s detailom
na obr. b. Datovana vzorka metagabrodoleritu JAK-6 bola odobratd z 0,5 m bloku v pravej spodnej ¢asti odkryvu. b — Vrstva ¢erveného
masivneho radiolaritu v ,pillow“ bazalte ako fragment (20 x 10 cm) v brekcii. ¢, d — Zelenkasté, jednoznaéne previadajuce angularne
litoklasty tvori bazalt, gabrodolerit, zriedkavo zeleny radiolarit. Tmavozelené metamorfné reakéné zény obsahuju Chl a Act/Win. Matrix

brekcie predstavuju nateky ¢ervenkastého silicitu, radiolaritu.

Fig. 3. a — Diastrophic sedimentary breccia; arrows indicate angular dm-size lithoclasts of red massive radiolarite, with a detail in Fig. b.
Dated sample of meta-gabbro-dolerite JAK-6 was picked up from a 0.5 m block in the lower right-hand side part of this outcrop. b — Red
massive radiolarite layer in pillow basalt as a fragment (20 x 10 cm) in the breccia. ¢, d — Greenish, angular basalt and gabbro-dolerite
lithoclasts are distinctly prevailing besides the scarcely observable greenish radiolarite ones. Dark-green metamorphic reaction zones
contain Chl and Act/Win. Matrix of the breccia is represented by inflows of the reddish silicite, radiolarite.
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Fe-Act — Fe-aktinolit, Fe-Aug — Fe-augit, [Im — ilmenit,
Mag — magnetit, Phg — fengit (svetla sfuda so zvySenym
podielom seladonitovej zlozky), Pl — plagioklas, Qtz — kremen,
Ttn — titanit, Win — winchit/ferrowinchit.

Opis skumaného litologického profilu

Studovany litologicky profil sa nachadza v zareze
zelezniCnej trate vo svahu pri kamerfiolome na karbonaty.
V opise postupujeme od relativneho litologického
podlozia smerom k nadloziu sukcesie podla viditelnych
uloznych pomerov. Pred vstupom do aredlu podniku
na tazbu a spracovanie karbonatov zacina zarez
v suvrstvi ¢ervenkastych silicitickych bridlic a silicitickych
karbonatov, ktoré smerom do nadlozia pokracuju suvrstvim
zelenkastych, resp. striedajucich sa cervenkastych
a zelenkastych silicitickych bridlic a radiolaritov (obr. 2a).
Maju vyraznu sedimentarno-metamorfnu bridli¢énatost,
upadajucu zhruba na juh (170/45-55). Vzhladom na to,
ze zarez je takmer smerne orientovany s vrstvovitostou,
resp. metamorfnou bridlicnatostou, hrubka tejto Casti
suvrstvia silicitickych bridlic a silicitickych karbonatov sa
odhaduje minimalne na 5 — 7 m. Nad suvrstvim silicitickych
bridlic, miestami s laminami bazaltového tufu, vystupuje

radiolarit (r)

b 5 A “pillow” bazalt
radiolarit (pb)

radiolarit

“pillow” bazalt
(pb)

radiolarit (r)

% _ 2 %

cca 3 m hruba poloha (meta)bazaltu, prekrytd opéat
cca 1,5 m hrubym suvrstvim silicitickych bridlic (obr. 2b).
Nad bridlicami vystupuje ,hlavné teleso” (meta)bazaltu
(Grecula et al., 2009), v ktorom ale nachadzame — uz
od jeho styku s podloznym cca 1,5 m hrubym suvrstvim
silicitickych bridlic — pocetné, radovo centimetrové
az decimetrové angularne fragmenty Cervenkastych
masivnych radiolaritov, ale aj Cervenkasty siliciticky matrix.
Tu zacina horizont nadloznej brekcie.

Priblizne 3 m hruba poloha (meta)bazaltu v silicitickych
bridliciach nema charakter angularnej brekcie, ako ju
nachadzame vo vy$Som horizonte brekcii. Podobne ani
silicitické bridlice nemaju charakter brekcie. Preto polohu
bazaltu a pyroklastika vo vrchnej Easti suvrstvia silicitickych
bridlic davame do vztahu so synsedimentarnym bazaltovym
vulkanizmom. Styk bazaltu a silicitickej bridlice je na prvy
pohlad ostry, ale po ocisteni oboch kontaktov od pédneho
pokryvu vidiet aj vzdjomné striedanie, t. j. okrajova Cast
polohy bazaltu charakteru bazaltového pyroklastika
je prevrstvena silicitom (obr. 2c). 1 — 3 cm hruba vrstva
¢ervenofialového masivneho silicitu — radiolaritu sa na-
chadza v spodnej ¢asti 3 m polohy bazaltu, blizko kontaktu
s podloznymi silicitickymi bridlicami (obr. 2c, rotovany
do horizontadlnej polohy). Jej hrubka sa lateralne meni

radiolarit

“pillow” bazalt

radiolarit

pb
r

“pillow” bazalt
(pb)

radiolarit

r

radiolarit (r)

Obr. 4. a — Synsedimentarna vrstvovitost (paskovanie) ¢erveného radiolaritu prevrstveného s ,pillow” bazaltom ako fragment (15 x 10 cm)
v diastrofickej brekcii. b — Typicka textura ,pillow" bazaltu v radiolarite ako fragment (6 x 8 cm) v brekcii. ¢ — Synsedimentarna vrstvovitost
(paskovanie) ¢erveného radiolaritu ako fragmentu (15 x 10 cm) v brekcii. d — Vrstva ¢erveného radiolaritu v ,pillow” bazalte; obe horniny
fragmentu (15 x 10 cm) v brekcii su pretaté metamorfnymi Zilkami bohatymi na Chl.

Fig. 4. a — Synsedimentary layering (banding) of the red radiolarite interlayered with a pillow-basalt, as a fragment (15 x 10 cm) in diastrophic
breccia. b —Typical structure of a pillow-basalt in radiolarite, as a fragment (6x8 cm) in the breccia. ¢ — Synsedimentary layering (banding)
of the red radiolarite as a fragment (15 x 10 cm) in the breccia. d — Red radiolarite layer in a pillow-basalt; both rocks of a breccia fragment

(15 x 10 cm) are crosscut by metamorphic veinlets rich in Chl.
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tym, Ze vypifia priestor medzi Glomkami bazaltového pyro-
klastika. Pod tenkou vrstvou radiolaritu v drobnoulomkovitej
1 — 2 dm polohe pyroklastika bazaltu na styku s podloznou
silicitickou bridlicou vidiet ¢ervenkastofialovy siliciticky
povlak aj na drobnych (1 — 3 cm) ulomkoch bazaltu
v pyroklastiku. Ostry nie je ani kontakt (meta)bazaltu
s nadloznou, cca 1,5 m polohou silicitickej bridlice (obr. 2d,
pod meradlom). V bazalnej €asti nadloznej silicitickej
bridlice sa nachadzaju silicitické laminy, striedajuce sa
so svetlozelenkastymi laminami bazaltového tufu (obr. 2d,
napravo od meradla).

Nad 1,5 m polohou silicitickych bridlic sme Studovali
zelenkasté (meta)bazity zhruba na useku 100 m. V od-
kryvoch v zareze Zeleznice maju nepochybne charakter
brekcie (obr. 3a), kym v mape (Grecula et al., 2009)
je vyznacené teleso bazaltu. Brekcia je zloZzena prevazne
z cm az dm, miestami az blokovitych ostrohrannych
fragmentov (meta)bazaltu a (meta)doleritu. V hojnom
pocte sa nachadzaju aj litoklasty masivneho ¢erveného
radiolaritu, ¢asto s naznakmi sedimentarnej vrstvovitosti
podla striedajucich sa ¢ervenych a fialovych pasov (obr.
3b). Typické je aj jeho striedanie s bazaltom v ramci
angularnych fragmentov v brekcii.

Brekcia je vyplnena matrixovym Cervenkastym silicitom
s obsahom cCiasto¢ne rekrystalizovanych prierezov radio-
larii. Bohaté nateky matrixového silicitu maju miestami
za nasledok az jeho nejasné ohrani¢enie voci fragmentom
(meta)bazitov (obr. 3c, d). Hrubka natekov silicitu sa meni
a ich ohranienie je nepravidelné (vinovité, lalokovité,
az neostré). Tieto formy vznikli v eSte nespevnenom
radiolariovom bahne, nate¢enom ako matrix do brekcie
zlozenej z litoklastov pravdepodobne ,pillow” bazaltu,
gabrodoleritu a radiolaritu. To indikuje ¢asto prudovita
Struktura silicitu, ktora nie je vysledkom ani metamorfnej
diferenciacie, ani plastického toku v kremeni. Matrixovy
silicit tvoril miestami len tenku vyplf puklin &i povlaky

na kontantoch ulomkovitych az blokovitych (balvanovitych)
fragmentov. Brekcia je natekmi lokalne vyrazne silicifiko-
vana a siliciticky matrix uzaviera rozptylené drobné
fragmenty bazitov zelenkastej farby. V takychto pripadoch
su hranice oboch hornin neostré (obr. 3d).

Vyznamnym fenoménom je zistena synsedimentarna
vrstvovitost (paskovanie) ¢erveného radiolaritu, navyse
prevrstveného s ,pillow* bazaltom v ramci dm fragmentov
v diastrofickej brekcii. Ale aj opacne, vrstvy ¢erveného
radiolaritu sa nachadzaju v ,pillow" bazalte a spolo¢ne
ich pretinaju metamorfné zilky (obr. 4a — d).

Datovanie zirkénu

Pokusili sme sa datovat (meta)bazalt a (meta)gabro-
dolerit z dvoch rozdielnych Casti litologickej sukcesie.
Jednu vzorku (JAK-3) predstavuje (meta)bazalt z vrchnej
Casti strednotriasového suvrstviassilicitickych bridlic, ktorych
vek bol uréeny na zaklade radiolarii. Druha vzorka (JAK-6),
a to (meta)gabrodolerit, pochadza z horizontu diastrofickej
sedimentarnej brekcie pravdepodobne vrchnotriasovo-
-strednojurského veku. Tretiu vzorku predstavuje sili-
citicka bridlica zo spodnej (strednotriasovej) Casti
sukcesie. Relikty magmatickych Struktur (meta)bazaltov
a (meta)gabrodoleritov, ako aj ich metamorféza, su opisané
v dalSej kapitole.

Z 20 kg vzorky metabazaltu JAK-3 sa sice vyseparovalo
11 zfn zirkdnu, ale iba 3 z nich maju typicku magmaticku
morfolégiu (idiomorfné) a zonalnost (obr. 5). Neobsahuju
ziadne reliktné jadra a narastli po¢as jednorazovej
magmatickej krystalizdcie poCas 7 mil. (dve zrna)
alebo — v jednom pripade — 15 mil. r. (obr. 5b). Ostatné zrna
su zaoblené, a teda recyklované z neznamych zdrojov
(podobné na zirkén 3_4 na obr. 5). Datovany zirkon (obr. 5a,
b) je viac-menej idiomorfny, oscilaéne zonalny, s vysokym
pomerom Th/U: 0,48 — 0,64. Z 11 datovanych bodov iba 6

JAK-3_6.1

,\‘Q \
JAK-3_6.2

JAK-3_4.1

JAK-3 5.1

JAK-3 22

JAK-3 2.1

Obr. 5. Vzorka metabazaltu JAK-3. a — NaleSteny povrch prierezov zdedeného magmatického zirkénu (JAK-3_5, -3_6 a -3_2) a priklad
edte starSieho detritického zrna (JAK-3_4) v optickom mikroskope (vrchny rad). Morfolégia datovanych krystélov zirkénu v optickom
mikroskope (spodny rad). b — NaleStené prierezy zirkénu (z obr. a) v katédoluminiscencii s datovanymi bodmi.

Fig. 5. Sample of metabasalt JAK-3. a — Polished surfaces of inherited magmatic zircon cuts (JAK-3_5, -3_6 and -3_2) with an example
of older detrital grain (JAK-3_4) in optical microscope (upper row). Morphology of the dated zircon crystals in optical microscope (lower
row). b — CL images of zircon cuts (from Fig. a) with dated spots.
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ur€uje konkordantny vek magmatickej krysStalizacie troch
zfn zirkdnu 359 + 7 mil. r. s vysokou pravdepodobnostou
konkordancie (obr. 6a). Kedze vek bazaltu je limitovany
strednotriasovym vekom okolite;j silicitickej bridlice, zisteny
spodnokarbdnsky vek sa da interpretovat len ako vek
magmatického, blizSie neurcitelného spodnokarbénskeho
zdroja tohto strednotriasového bazaltu. Dalsie tri body
na inych dvoch zrnach uruju konkordantny vek eSte
starSieho zdroja zirkénu bazaltu 505 + 13 mil. r., tiez s velmi
vysokou pravdepodobnostou konkordancie (obr. 6a).

Pre rbznorodost sa vSetky vyseparované zirkény javia ako
cudzia primes bazaltu, pri€om ich zdroj sa neda blizsie
ur¢it. Datované spodnokarbdnske a kambrické, resp.
kambroordovické veky magmatickych zdrojov sa vztahuju
na velmi charakteristické obdobia extenzie a magmatizmu
vo variskom fundamente Zapadnych Karpat, vratane
gemerického fundamentu (Putis et al., 2008, 2009b).

Z 10 kg vzorky metagabrodoleritu JAK-6 sa
vyseparovalo 5 zfn zirkénu. Iba tri z nich javia magmaticku
morfoldgiu a zonalnost. Dve zrna predstavuju jednorazovu

JAK-3 JAK-5}
s datarpoint error ellipses are 10 points data-point error ellpses are 26
S . >
14,4.1,42
Concordia Age = 505+ 13 Ma Gom
(2, decay-const. errs included) | |
0,085 | | MSWD (of concordance) = 0.0034, | |
: Probability (of concordance) = 0.95 | |
4 0,042
:0,075
g 20040
S g
= 8
I o
& 0,065 g
0,038
21,22,54,52,64,62
oS Concordia Age = 358.847.1 Ma
+ (20, decay-const. errs included) 0,036
MSWD (of concordance) = 0.022,
Probabilty (of concordance) = 0.88
0,045 0,034
a 0,25 0,35 0,45 0,55 0,65 0,75 b 0,19 0,21 0,23 0,25 0,27 029 0,31 0,33 035
207pp235y 207pp23sy

Obr. 6. a — Diagram zdedenych konkordantnych vekov datovaného zirkdnu zo vzorky (meta)bazaltu JAK-3. b — Diagram s konkordantnym

vekom datovaného zirkénu zo vzorky silicitickej bridlice JAK-5.

Fig. 6. a — Diagram of inherited concordant zircon ages from the JAK-3 sample of a (meta)basalt. b — Diagram of concordant zircon age

from the JAK-5 sample of the cherty shale.

d

JAK-5_3.1

JAK-5 5.1

JAK-5_11.1

p .

JAK-5_12.1

Obr. 7. Vzorka silicitickej bridlice JAK-5. a — Morfolégia datovanych krystalov zirkénu v optickom mikroskope. b — Nalestené prierezy zirkonu

v katédoluminiscencii s datovanymi bodmi.

Fig. 7. Sample of cherty schist JAK-5. a — Morphology of dated zircon crystals in optical microscope. b — CL images of zircons with dated

spots.
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krystalizaciu zirkénu pocas cca 5 mil. r. (347 az 342, resp.
337 az 332 mil. r.). Tretie zrno javi magmaticku oscilanu
zonalnost 353 mil. r., na starSom zdedenom jadre cca 489
mil. r. ZvySné dve zrna su zaoblené, a teda recyklované
z neznamych zdrojov. Datovany zirkdn zo vzorky JAK-6 je
takmer idiomorfny, oscilaéne zonalny, s vysokym pomerom
Th/U: 0,19 — 0,61. Zo 6 datovanych bodov 5 uréuje
konkordantny vek magmatickej krystalizacie zdroja zirkénu
triasového gabrodoleritu na 342 + 5 mil. r. so strednou
pravdepodobnostou konkordancie 0,50. Jeden bod uréuje
konkordantny vek esSte starSieho zdroja 488 + 7 mil. r.
s pravdepodobnostou konkordancie 0,45. Interpretacia
je velmi podobnd ako pri predoSlej vzorke.

Na separaciu 45 zfn zirkonu zo vzorky silicitickej
bridlice JAK-5 stacili 3 kg. Datovany detriticky zirkén zo
vzorky silicitickej bridlice JAK-5 (obr. 7a, b) je idiomorfny,
oscilatne zonalny, s vysokym pomerom Th/U: 0,29

az 0,77, a je teda magmatického p6vodu. Z 15 bodov
10 urCuje konkordantny vek magmatickej krystalizacie
jeho magmatického zdroja na 247 + 4 mil. r., s vysokou
pravdepodobnostou konkordancie 0,72 (obr. 6b). Pat
bodov naznacuje konkordantny vek krystalizacie zirkonu
z eSte starSich neznamych zdrojov od 470 do 1 000 mil. r.

Metamorféza triasovo-jurskej sukcesie

Poloha bazaltu, hruba 3 m, vo vrchnej casti
strednotriasového suvrstvia silicitickych bridlic ma
zachovanu magmaticku Struktiru. V nej su rozoznatelné
magmatické tabulkovité az tenkoprizmatické klinopyroxény
(augit), Fe-Ti oxidy a rézne orientované listy plagioklasu,
podmieriujuce ofiticku Strukturu (obr. 8a).

Ulomkovity materidl brekcii je pomerne monoténny.
Vyraznu prevahu maju bazalty a gabrodolerity,

Obr. 8. Metamorfované bazické horniny z vrchnej €asti suvrstvia silicitickych bridlic (a) a ako litoklasty diastrofickej brekcie (b — f).
a — Ofiticka Struktura (meta)bazaltu. b, ¢ — Mandlovita Struktura (meta)bazaltu. Mandle vyplnené metamorfnymi mineralmi. d — Prerastanie
augitu s plagioklasom (tmavy) v zaverec¢nej faze krystalizacie gabrodoleritu. e, f — Metagabro s Cr-Spl.

Fig. 8. Metamorphosed basic rocks from the upper part of silicitic shales (a) and as lithoclasts in diastrophic breccia (b — f). a — Ophitic
texture of (meta)basalt. b, ¢ — Amygdaloidal texture of (meta)basalt. Amygdaloids infilled by metamorphic minerals. d — Augite overgrowing
with a plagioclase (dark) in a final stage of gabbro-dolerite crystallization. e, f — Meta-gabbro with Cr-Spl.
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pochadzajuce z porusSenych lavovych prudov, a teda
z pillow” bazaltov s pévodnymi zilami gabrodoleritu. S nimi
asociuju litoklasty ¢erveného radiolaritu, ktoré sa va¢sinou
striedaju s tenkymi vrstvami ,pillow“ bazaltu. V malo-
deformovanych doménach metabazitov je zachovana
ich magmaticka Struktura. Reliktné mineraly ofitickej

e o ¥ 4 &

az winchitu/ferowinchitu (obr. 9, 11a, d, e; tab. 2) v asociacii
s Chl, Ab, Qtz, Ep a Cal. Ojedinele sa zistil riebeckit — svojim
zloZzenim blizky magnezioriebeckitu (obr. 11b, e; tab. 2).
Metamorféza postupovala po reakénych zénach bazitov
s radiolaritom a po zilkach, ktoré pretinaju oba litotypy
(obr. 9), o naznacuje vyznamny objem metamorfnej fluidnej

N

S N e
x.’,ﬁ\"biuow" b\azalt;(pb).

3

Obr. 9. a — Metamorfna reakéna zéna radiolaritu s metabazitom, pretatd metamorfnymi Zilkami. b — Tmava reakénda zéna medzi bazaltom
a radiolaritom so znakmi hydraulického lamania a sietou metamorfnych Ziliek. ¢ — Metamorfna zilka s modrastym Am, Cal, Chl a Ep (vzorka
J-7). d — Zonalnost metamorfného amfibolu (9c) v spatne rozptylenych elektrénoch.

Fig. 9. a— Metamorphic reaction zone of radiolarite and metabasite being crosscut by metamorphic veins. b — Dark reaction zone between
the basalt and radiolarite with features of hydraulic fracturing and a network of metamorphic veinlets. ¢ — Metamorphic veinlet with bluish
Am, Cal, Chl and Ep (sample J-7). d — Zonation of metamorphic amphibole (9c) in BSE image.

Struktury tvori hlavne plagioklas a klinopyroxén — augit.
Tieto su scasti porovnatelné s bazaltom ako polohou
v silicitickych bridliciach (obr. 8a, 10; tab. 1). Ojedinele sa
zistili bazalty so zachovanou mandlovitou Strukturou, kde
su mandle vyplnené uz metamorfnymi mineralmi, ako je
Chl, Ep, Cal a Am (obr. 8b, c). Menej Casté su litoklasty
(meta)gabrodoleritu s obsahom augitu a plagioklasu.
V ich &trukture sa nachadzaju aj prerastlice augitu2 az
Fe-augitu2 s plagioklasom2, pochédzajuce zo zaverecnej
fazy krystalizacie gabrodoleritu (obr. 8d). Vynimoc¢ne sa
zistili litoklasty Cr-Spl gabra (obr. 8e, f).

Bazalty a gabrodolerity po metamorféze predstavuju
strednotlakové zelené bridlice. Novoutvorené metamorfné
mineraly sa nachadzaju v medzizrnovych priestoroch,
a teda na okraji pévodnych magmatickych faz, a najma
v spletitom systéme metamorfnych ziliek. Medzi bazaltmi,
gabrodoleritmi a silicitmi vznikla tmavosiva metamorfna
reakéna zéna, obohatena o opakové mineraly, ktoru pre-
sekavaju pocetné metamorfné zilky s obsahom aktinolitu

Wo

diopsid

[
f P\
/ pigeoni \

/ (klino)enstatit | ilit \
En Fs

Obr. 10. Klasifikaény diagram magmatickych pyroxénov (Morimoto
et al., 1988). Aug1 a Aug2 su z obr. 8d.

Fig. 10. Classification diagram of magmatic pyroxenes (Morimoto
et al., 1988). Aug1 and Aug?2 are from Fig. 8d.
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Obr. 11. a — ¢ — Klasifika¢né diagramy amfibolov (Leake et al., 1997). d — Diagram zobrazujuici kompoziciu amfibolov v ternarnom systéme
glaukofan/riebeckit-tremolit/aktinolit-tschermakit (Everard, 1999). e — Klasifikacia amfibolov podla Ca/(Ca+Na) M4 vs. R (Fe3*+AIV'+2Ti).
f — Diagram AI"V vs. Na (M4) (Brown, 1977; Na (M4) ~ Na® podla Leaka et al., 1997) pre amfiboly. Prerusované linie su izobary vztahované
na geobarometer podla Browna (1977). Linie spéjaju minimum Fe®* a maximum Fe3* pre jednotlivé analyzy amfibolov (vzorka J6 a J7).
Nomenklatura je v zhode s kritériami podla Leaka et al. (1997). Na porovnanie su vynesené hodnoty z prace Ivana et al. (2009) prepocitané

na max. Fe®* metddou 15 eK.

Fig. 11. a — ¢ — Classification diagrams of amphiboles (Leake et al., 1997). d — Diagram of composition of amphiboles in the glaucophane/
riebeckite-tremolite/actinolite-tschermakite ternary system (Everard, 1999). e — Amphibole classification according to Ca/(Ca+Na) M4
vs. R3+(Fe3*+AIV'+2Ti). f — Diagram Al vs. Na (M4) (Brown, 1977; Na (M4) ~ Na® after Leake et al., 1997) for amphiboles. Dashed lines
are isobars referred to as a geobarometer after Brown (1977). Tie-lines join minimum Fe3* a maximum Fe®* formulae for each analysis of
amphiboles (samples J6 and J7). Amphibole nomenclature is consistent with Leake et al. (1997). For comparison, data from lvan et al.
(2009) are displayed; analyses calculation is based on 15 eK.
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Tab. 1
Chemické analyzy a stechiometrické vzorce pyroxénu na baze 6 kyslikov, resp. 4 kationov
Chemical composition and stoichiometric formula of pyroxenes based on 6 oxygens and 4 cations respectively

Vzorka J6 - An 15 J6-An18 JAK6a-Anl JAKé6a-An9 JAK6a- An6 JAK6a-An2 JAK6a- An3 JAK6a - An 13 JAK6a - An14 JAK6a - Anl6
Mineral Augit 1 Augit 1 Augit 1 Augit 1 Augit 1 Augit 1 Augit 1 Augit 2 Augit 2 Augit 2
SiO, 48.35 49.75 50.42 50.26 48.86 47.87 48.73 50.62 50.34 50.60
TiO, 1.91 1.68 1.06 1.18 1.70 1.86 2.26 122 1.38 1.15
ALO; 4.52 4.62 3.38 2.63 5.24 5.07 5.72 1.84 4.28 1.90
Cr,03 0.02 0.04 0.26 0.00 0.04 0.01 0.05 0.01 0.31 0.01
FeO 1222 10.57 8.84 12.05 9.87 1229 10.86 14.64 7.66 16.01
MnO 0.40 0.30 0.23 0.31 0.23 0.35 0.31 0.47 0.21 0.46
MgO 12.38 14.65 15.23 14.29 14.07 12.72 14.52 13.23 15.69 13.68
CaO 18.63 18.26 19.83 18.56 19.48 18.84 18.10 17.62 19.76 15.70
Na,O 0.61 0.30 0.27 0.38 0.36 0.37 0.32 0.33 0.29 0.34
Suma 99.04 100.17 99.52 99.66 99.85 99.38 100.87 99.98 99.92 99.85
Si 1.837 1.850 1.877 1.887 1.821 1.812 1.801 1.918 1.858 1.921
Ti 0.202 0.203 0.148 0.116 0.230 0.226 0.249 0.082 0.186 0.085
Al 0.055 0.047 0.030 0.033 0.048 0.053 0.063 0.035 0.038 0.033
Cr 0.001 0.001 0.008 0.000 0.001 0.000 0.001 0.000 0.009 0.000
Fe’* 0.059 0.023 0.043 0.070 0.057 0.071 0.042 0.036 0.024 0.032
Fe** 0.329 0.306 0.232 0.309 0.251 0.318 0.293 0.427 0.213 0.476
Mn 0.013 0.009 0.007 0.010 0.007 0.011 0.010 0.015 0.007 0.015
Mg 0.701 0.812 0.845 0.800 0.782 0.718 0.800 0.747 0.863 0.774
Ca 0.758 0.728 0.791 0.747 0.778 0.764 0.717 0.715 0.781 0.639
Na 0.045 0.021 0.019 0.028 0.026 0.027 0.023 0.024 0.021 0.025
Suma 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
Wo 38.67 35.01 39.88 38.43 38.55 38.26 34.22 36.50 38.54 32.17
En 41.73 49.72 50.13 46.33 50.65 46.49 51.57 40.85 52.51 42.45
Fs 19.60 1872 13.78 17.88 16.26 20.58 18.90 23.35 12.94 26.11

fazy. Styk bazitov a radiolaritu je hydraulicky rozlamany
(obr. 9b) u¢inkom metamorfného fluida, a zaroven su fraktury
vyplnené metamorfnymi mineralmi v podobe ziliek v oboch
horninach. Typicka je zondlnost aktinolitického amfibolu,
ktory je pleochroicky prifarbeny domodra (obr. 9¢). V mod-
rastom leme sme identifikovali Na-bohaty feroaktinolit
az winchit/ferowinchit, ojedinele riebeckit (obr. 11a, ¢ — €;
tab. 2). Modrasty odtien je sposobeny zvySenym obsahom
7eleza a sodika. Dal$ie charakteristické metamorfné
mineraly su Chl, Ab, Ep, Cal (obr. 8, 9). Strednotriasové
silicitické bridlice s radiolaritmi, ako aj radiolaritovy matrix
vrchnotriasovych az strednojurskych (?) brekcii vykazuju
rovnaku metamorfézu ako bazity.

Z predoslého opisu vyplyva, ze Studovana sukcesia
preSla viacerymi fazami premeny. Alpinska premena
dosiahla vysSietlakovu Cast facie zelenych bridlic podla
zvySujuceho sa obsahu Na pri okraji nizkoteplotného
amfibolu. Zaver metamorfézy predstavuje zrejme
nizkotlakova facia zelenych bridlic. Novovzniknuté horniny
sa mdzu nazyvat aktinoliticko-winchitovymi bridlicami.

Obsah AI"Y v metamorfnom chlorite $tudovanych
vzoriek je v rozsahu 2,1 — 2,2, ¢o indikuje velmi nizke
teploty krystalizacie Chl. Podobne aj amfiboly vykazuju
velmi nizky obsah hlinika (AlI'V = 0,03 — 0,2; tab. 2), ¢o je
typické pre metamorfné podmienky spodnej Casti facie
zelenych bridlic. Predpokladané nizke teploty metamorfézy
podla mineralnej paragenézy (Chl, Act/Win, Ep, Ab, Cal,
Qtz) a chemického zlozenia metamorfnych mineralov (Chl,
Act/Win, Ab) sa potvrdili aj vypoétom teploty (~ 370 °C)
— pouzitim THERMOCALC-u (Holland a Powell, 1998;
v. 3.31). Sukcesia bola ponorena do hibky 20 — 25 km
(~ 600 — 700 MPa, obr. 11f) a metamorfovana pri nizkych
teplotach a prevazne strednom tlaku.

Pouzili sme klasifikacné diagramy (obr. 11a — c) podla
Leakea et al. (1997) s prepoctom na 15 eK.

Amfiboly obsahujiuce vakanciu v pozicii A m6zu byt
vykreslené v ternarnom systéme tremolit-glaukofan-
-tschermakit (obr. 11d), kde winchit zodpoveda idealnemu
stavu 50 : 50 v poli mieSatelnosti medzi tremolitom
a glaukofanom (Everard, 1999; obr. 2), aj s ohladom na
tschermakitovu substittciu so zastupenim Ti.

Pouzity diagram na obr. 11e zohladfuje trend zastu-
penia Al, Ti a Fe®+ v oktaédrickej pozicii verzus Ca/(Ca+Na)
v pozicii M4 vzhladom na kompoziciu Ca, Na-Ca a Na
amfibolov. Pri koexistujucich Na a Ca amfiboloch dochadza
k vyraznej kompozi¢nej variabilite, kde sodné amfiboly
maju hodnoty R3+ vacésinou v rozmedzi 1,4 az 2,0 a pomer
Ca/(Ca+Na) vacsinou do 0,2 (Spear et al., 1982). Tuto
kompoziénu variabilitu spifiaju aj nami analyzované Na
amfiboly (tab. 2), ¢im su hranice pre jednotlivé skupiny
amfibolov uréené aj v porovnani s kritériami Leakea
et al. (1997), a teda v naSom pripade su pouzité aj pre
klasifikacné diagramy na obr. 11a —c.

V geobarometrii podia Browna (1977) porovnavame
zistené Na-Ca a Na amfiboly z Jakloviec s podobnymi
vys$8ietlakovymi amfibolmi (obr. 11f). Pre najviac ,sodny*
amfibol, kde je hodnota Na (M4) ~ Na®B = 1,6 apfu (tab. 2,
prepocet na maximum Fe®*), sa odhaduje tlak do 700 MPa.
Tento geobarometer ma orientany vyznam, pretoze bol
odvodeny pre koexistujlice Na-Ca a Na amfiboly, kde Al!
> Fe®. V tomto diagrame su vynesené hodnoty Na (M4)
~ Na® apfu pre minimum aj maximum Fe3* v chemickom
vzorci, pretoze elektrénovym mikroanalyzatorom sa neda
uréit obsah Fed* a Fe?*, ktoré viaze Struktura amfibolu.
Pouzitie priemeru z intervalu minima a maxima Fe3* nie je
vhodnym rieSenim na odhad tlaku.
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Tab. 2
Amfiboly — prepocéitané na 23 kyslikov. Fe®* prepoéitané podla Schumachera (in Leake et al., 1997)
Amphibole formulas based on 23 oxygens. Fe3* calculated after Schumacher (in Leake et al., 1997)

Vzorka J7-An3 J7-An7 J7-An8 J6—An2 J6—-An6 J6—An7
Mineral Aktinolit Aktinolit Aktinolit Aktinolit Aktinolit Winchit
Bod stred stred okraj stred stred okraj
SiO, 5521 53,87 54,55 55,43 54,97 53,66
TiO, 0,00 0,00 0,00 0,01 0,02 0,00
ALO;3 0,44 1,33 0,96 0,28 0,76 0,57
Cr,05 0,01 0,00 0,02 0,00 0,02 0,00
FeO 14,36 16,00 15,64 13,59 15,03 2420
MnO 0,25 0,26 0,32 0,28 0,28 0,51
MgO 14,81 13,86 13,38 15,48 14,10 822
Ca0 12,79 12,52 10,95 12,99 12,70 542
Na,O 0,18 0,36 127 0,12 0,25 4,54
K>0 0,00 0,04 0,07 0,01 0,02 0,03
Suma 98,05 98,24 97,16 98,19 98,15 97,15
maxFe** min Fe** max Fe** min Fe** maxFe** min Fe** maxFe** min Fe** maxFe®" min Fe** maxFe®* min Fe**
Prepocet 15eK vietko Fe?* 15eK vietko Fe*" 15eK vietko Fe?* 15eK vietko Fe?* 15eK vietko Fe** 15eK 8Si
Si 7,956 7,967 7,784 7,835 7,930 7,985 7,949 7,964 7,943 7,950 7,902 8,000
Ti 0,000 0,000 0,000 0,000 0,000 0,000 0,001 0,001 0,002 0,002 0,000 0,000
ALY 0,044 0,033 0,216 0,165 0,070 0,015 0,047 0,036 0,057 0,050 0,098 0,000
ALV 0,031 0,042 0,010 0,063 0,094 0,151 0,000 0,011 0,072 0,080 0,001 0,100
Cr 0,001 0,001 0,000 0,000 0,002 0,002 0,000 0,000 0,002 0,002 0,000 0,000
Fe** 0,062 0,000 0,299 0,000 0,319 0,000 0,080 0,000 0,045 0,000 1,388 0,833
Fe** 1,669 1,733 1,634 1,946 1,582 1915 1,546 1,633 1,771 1,818 1,592 2,184
Mn 0,031 0,031 0,032 0,032 0,039 0,040 0,034 0,034 0,034 0,034 0,064 0,064
Mg 3,182 3,186 2,985 3,005 2,900 2,920 3,309 3315 3,037 3,040 1,804 1,827
Ca 1,975 1,977 1,938 1,951 1,705 1,717 1,996 2,000 1,966 1,968 0,855 0,866
Na 0,050 0,050 0,101 0,102 0,358 0,360 0,033 0,033 0,070 0,070 1,296 1,312
K 0,000 0,000 0,007 0,007 0,013 0,013 0,002 0,002 0,004 0,004 0,006 0,006
Suma 15,000 15,020 15,007 15,106 15,013 15,118 15,002 15,029 15,004 15,018 15,006 15,193
J7b—-An1 J7b—An2 J7b—AnS J7b -~ An 6 Jb—An7 J7b—An8 J7b—-An9
Winchit Winchit Fe winchit Winchit Winchit Riebeckit Riebeckit
okraj okraj okraj okraj okraj okraj okraj
53,70 54,16 53,41 54,68 54,57 54,39 54,16
0,05 0,00 0,01 0,01 0,00 0,00 0,00
0,89 0,90 0,67 0,61 0,66 0,83 0,67
0,01 0,00 0,00 0,02 0,00 0,02 0,00
20,04 20,90 26,90 22,09 25,58 25,79 25,30
0,78 0,89 0,50 0,49 0,36 0,28 0,50
10,42 10,47 6,80 9,87 7.83 7,50 7,49
8,56 8,29 3,77 591 381 2,68 3,34
2,56 3,15 481 397 520 572 549
0,06 0,05 0,03 0,01 0,02 0,03 0,01
97,13 98,81 96,9 97,66 98,04 97,24 96,96
maxFe®* min Fe** max Fe** min Fe* max Fe** min Fe** max Fe®* min Fe** maxFe** min Fe** maxFe’* min Fe** max Fe®* min Fe**
15eK 8Si 15eK vietko Fe*" 15eK 8Si 15eK 8Si 15eK 8Si 15eK 8Si 15eK 8Si
7,906 8,000 7,808 8,000 7,961 8,000 7,959 8,000 7,956 8,000 7,973 8,000 7971 8,000
0,006 0,006 0,000 0,000 0,001 0,001 0,001 0,001 0,000 0,000 0,000 0,000 0,000 0,000
0,094 0,000 0,153 0,000 0,039 0,000 0,041 0,000 0,044 0,000 0,027 0,000 0,029 0,000
0,061 0,156 0,000 0,156 0,079 0,118 0,064 0,105 0,070 0,114 0,116 0,144 0,087 0,117
0,001 0,001 0,000 0,000 0,000 0,000 0,002 0,002 0,000 0,000 0,002 0,002 0,000 0,000
0,741 0,203 1,064 0,000 1,342 1,125 1,002 0,860 1,440 1,195 1,529 1376 1,507 1344
1,727 2,293 1,417 2,582 2,012 2244 1,597 1,843 1,679 1,941 1,632 1,796 1,607 1,781
0,097 0,098 0,109 0,111 0,063 0,063 0,060 0,061 0,044 0,045 0,035 0,035 0,062 0,063
2,287 2314 2,250 2,305 1,511 1,518 2,142 2,153 1,702 1,711 1,639 1,645 1,643 1,649
1,350 1,366 1,280 1,312 0,602 0,605 0,922 0,926 0,595 0,598 0,421 0,422 0,527 0,529
0,731 0,739 0,880 0,902 1,390 1,397 1,120 1,126 1,470 1,478 1,626 1,631 1,567 1,572
0,011 0,011 0,009 0,009 0,006 0,006 0,002 0,002 0,004 0,004 0,006 0,006 0,002 0,002
15,011 15,189 15,009 15,378 15,006 15,078 15,002 15,079 15,004 15,086 15,006 15,057 15,002 15,057

Diskusia k vyvoju triasovo-jurskej sukcesie

Studovana sedimentarna sukcesia zo zdrezu zelez-
ni¢nej trate pri Jaklovciach ma dve rozdielne ¢asti. V spodnej
maju prevahu silicitické bridlice s vlozkami silicitického
karbonatu, ale aj radiolaritu, ktoré su prevrstvené
laminami bazaltového tufu a 3 m hrubou polohou bazaltu,
pyroklastika a tufu, nachadzajucimi sa vo vrchnej Casti
tohto strednotriasového suvrstvia, ktorého vek sa urdil

na zaklade identifikacie zvySkov radiolariovej fauny.
Nadloznu ¢ast sukcesie predstavuje horizont diastrofickej
brekcie s matrixovym radiolaritom. Predpokladana mini-
malna hrubka sukcesie silicitickych bridlic a diastrofickych
brekcii je aspori niekolko desiatok metrov pozdiz cca 200 m
dlhého zarezu.

Vek silicitickych bridlic spodnej ¢asti sukcesie sa
prvy raz zistoval aj nepriamo, a to datovanim detritického
zirkénu silicitickej bridlice. Z 15 datovanych bodov 10
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potvrdzuje vrchnopermsko-spodnotriasovy konkordantny
vek zdroja zirkénu (247 + 4 mil. r.), a teda vek silicitickej
bridlice by mal byt aspon o nie¢o mladsi, strednotriasovy,
ktory sa potvrdil aj ndlezom strednotriasovych radiolarii
pocCas predoSlého paleontologického vyskumu (Mock
et al., 1998; Aubrecht et al., 2010). Datovany detriticky
zirkdn ma vSetky znaky magmatického zirkénu (oscilaéne
zonalny, zvac¢sa idiomorfny, vysoky pomer Th/U > 0,2: 0,29
az 0,77) a vzhladom na jeho znaéné mnozstvo v silicitickych
bridliciach predpokladame, Ze jeho zdrojom boli kyslé
magmatity, ktoré sa vyskytuju napr. vo fundamente
gemerika a tiez sa datovali ako vrchnopermské, prip.
az spodnotriasové (Poller et al., 2002; Radvanec et al.,
2009). Tuto hypotézu mbdze naznacovat aj podobnost
morfologickych tvarov zirkénu (najmé& S subtypy: S8,
S10, S12, S13 a S177?, Pupin, 1980) s typologickymi
formami zirkdnu, aké sa zistili napr. aj v postorogénnych
Specializovanych granitoch typu S gemerika (Jakabska
a Rozloznik, 1989; Broska et al., 2002). Dezintegraciu
zdrojovej horniny vztahujeme na kontinentalny rifting
pri otvarani Neotetydy (Puti$ et al., 2000), za sucast
ktorej povazujeme aj meliatsky bazén (meliatikum s. 1.),
vratane jeho stenceného kontinentalneho okraja, ktorym
by na severe mohol byt fundament a mladopaleozoicky
obal gemerika a na juhu predtriasova sukcesia turnaika.
Vek spodnotriasového zdroja naznacuje ako velmi
pravdepodobny strednotriasovy vek suvrstvia silicitickych
bridlic, a zaroven relativne mladsi vek (vrchny trias az
stredna jura) nadloznej diastrofickej brekcie.

Spodnokarbodnsky vek zirkonu (meta)bazaltu vo vzorke
JAK-3 (cca 359 mil. r.) nie je konzistentny s geologickou
poziciou datovanej vzorky, pochadzajucej z polohy
bazaltu vo vrchnej ¢asti strednotriasového suvrstvia
silicitickych bridlic, s ktorymi sa na okraji aj prevrstvuje
(obr. 4). Ocakavali sme strednotriasovy magmaticky
vek vlastného zirkénu, ale podarilo sa datovat len
spodnokarbonsky, resp. este starSi (kambroordovicky)
magmaticky vek neznameho zdroja 3 zfn zirkénu ako
primesi triasovych bazaltov z prostredia stenéenej kory,
prip. vrichného plasta, ktorym prenikali pri riftogenéze.
Zisteny spodnokarbdnsky a kambroordovicky vek zdrojov
primesného zirkénu v strednotriasovom bazalte a dolerite
sa zhoduje s dvomi najvyznamnejsimi etapami extenznych
udalosti nielen v zapadokarpatskom, ale aj celoeurépskom
variskom fundamente. Tieto udalosti suviseli s otvaranim
prototetydneho a paleotetydneho oceanu a ovplyvnili
kérovu aj plastovu litosféru novovzniknutymi magma-
tickymi suitami, ktoré sme datovali v komplexoch funda-
mentu centralnych Zapadnych Karpat prave na zirkéne
metodou U-Pb SHRIMP (Putis$ et al., 2008, 2009b a citacie
v tychto pracach).

Nadlozny horizont diastrofickej brekcie sa sklada
z malozaoblenych, a teda transportom nevyrazne
opracovanych, t. j. zva¢Sa ostrohrannych ulomkov
(meta)bazaltu, (meta)gabrodoleritu (vynimo¢ne metagabra)
a (meta)radiolaritu radovo cm az dm velkosti. Brekcia
vznikla pravdepodobne nahlym porusenim bazaltovych
lavovych prudov typu ,pillow” so zilami gabrodoleritu,
sCasti prevrstvenych radiolaritom, a ich zosuvom do

hibokovodnej €asti okrajového sedimentarneho bazéna
pod urovriou CCD, kde dovtedy sedimentovali silicitické
bridlice s radiolaritom a silicitickym karbonatom. Brekcia
obsahuje aj tenké vlozky radiolariovych sedimentov, ktoré
ju eSte v nespevnenom stave injektovali a vyplnili ako
matrix. Ani na datovanom bloku (meta)gabrodoleritu
z brekcie sa nepodarilo urcit jeho skutoCny magmaticky vek,
ale iba vek (342 + 5 mil.r.) neznameho spodnokarbdénskeho
magmatického zdroja tohto zirkénu. Ide o podobny vek,
aky sa zistil aj z polohy bazaltu v podloznom suvrstvi
strednotriasovych silicitickych bridlic.

Predpokladame, Ze mechanizmom dezintegracie
bazaltov bola (severovergentna) obdukcia nesubduko-
vanej okrajovej, prevazne vrchnej ¢asti oceanskej koéry
s ,pillow” bazaltmi, zilami gabrodoleritu, prevrstvenymi
radiolaritom, ktora poskytla zdrojovy material
diastrofickych sedimentarnych brekcii predpokladaného
vrchnotriasového az strednojurského veku. Ich vrchny
vekovy limit predstavuje vekovy zdznam vysokotlakovej
subdukénej metamorfozy meliatika podla “CAr-3°Ar
datovania (165 — 150 mil. r., Dallmeyer et al., 1993, 1996,
2005; Maluski et al., 1993). Kedze Studovana sukcesia
bola len relativne plytko (20 — 25 km) subdukovana, a to
uz v ramci akre¢nej prizmy, predpokladame, ze vek tejto
prevazne strednotlakovej metamorfézy je az vrchnojursky
(okolo 150 mil. r.). Radiolariova fauna z radiolaritov
prekryvajucich bazalty pri Jaklovciach, zapadne od nami
Studovanej lokality, sa ur€ila ako strednojurska (Gawlick
in Aubrecht et al., 2010). Preto aj horizont diastrofickych
brekcii povazujeme analogicky za vrchnotriasovy az
strednojursky. Jeho vek by sa mohol upresnit Studiom
reliktov radiolariovej fauny z ¢erveného radiolaritu ako
matrixu diastrofickej brekcie.

Zmena rezimu z relativne pokojnej sedimentacie
silicitickych bridlic na dynamicku sedimentaciu
diastrofickych brekcii zrejme suvisela so zmenou
tektonického rezimu vyvoja meliatskeho bazéna. Tato
zmena ovplyviiovala aj rezim sedimentacie v okrajovej
Casti bazéna, z ktorej sa neskoér vytvorila akre¢na prizma
na sever od subdukénej zény. Extenzny rezim pocas
otvarania, rozSirovania a synriftového prehlbovania
bazéna v strednom triase charakterizovala pokojna
sedimentécia silicitickych blidlic a silicitickych karbonatov
na vzdialenom stenéenom okraji kontinentu blizko hladiny
CCD. Komunikaciu s kontinentom doklada najma detriticky
zirkon, ktorého velmi dobre zachovana magmaticka
typoldgia naznacduje, ze jeho zdrojom mohli byt granity typu
S gemerického fundamentu. Sedimentacny rezim bazéna
sa zmenil so zaciatkom subdukcie pravdepodobne uz na
hranici triasu a jury, ked ho zacala ovplyviovat kompresia
sna juhu? s postupnym formovanim aktivnej subdukénej
zény s predpokladanym sklonom na juh. Kompresia
sa postupne Sirila severnym smerom do okrajovej ¢asti
bazéna, kde sa v jeho eSte neuzatvorenej Casti zvySila
dynamika sedimentécie. Odrazom toho je vznik diastrofic-
kych sedimentarnych brekcii z prifahlych, obdukovanych
(nesubdukovanych) okrajovych Casti oceanskej kory. Ich
materidl pochadzal hlavne zo strednotriasovych ,pillow*
bazaltov, gabrodoleritov a radiolaritov. Kedze silicitické
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bridlice su prekryté horizontom brekcii, ich material je
v brekcii skér vynimoény. Na niekolkodecimetrovych
ulomkoch bazaltu alebo radiolaritu v brekcii je ¢asto
pozorovatelné vzajomné prevrstvovanie bazaltu,
bazaltového tufu a radiolaritu. Vrstvy brekcii prekryli pod
hladinou CCD usadené nelitifikované radiolariové bahno,
ktoré do nich vnikalo ako vypifiajlci matrix. K severnému
okraju subdukénej zény sa v skracovanej akre¢nej prizme
napokon pri¢lenila aj nami Studovana strednotriasovo-
-strednojurska sedimentarna sukcesia okrajovej Casti
bazéna, s obsahom materidlu obdukovanej, okrajovej
asti oceanskej kory. Bola ponorena do hibky 20 — 25 km
(~ 600 — 700 MPa, obr. 11f), a metamorfovana pri nizkych
teplotach a prevazne strednom tlaku. Nésledne sa ako
kompresne vytlaceny (severovergentnym rohovym tokom
akreénej prizmy?), a teda exhumovany vysSietlakovo
metamorfovany tektonicky fragment triasovo-jurska
sukcesia vo forme olistolitu zaclenila do sedimentov
vrchnojurskej akre€nej prizmy v eSte neuzatvorenej Casti
bazéna dalej na sever od subdukénej zény.

Zistena zonalnost v aktinolitickom amfibole — od aktino-
litického jadra, cez Na-ferroaktinolit az po ferrowinchit/
winchit/riebeckit vo vonkajSom okraji — naznacuje, Ze tento
fragment meliatika (s. |.) podlahol vy$Sietlakovej meta-
morféze v nehlboko subdukovanej €asti akre¢nej prizmy.
lvan et al. (2009) opisuju magnezioriebeckit, riebeckit
a ferowinchit. Zial, vychadzaju z analyz zatazenych velkou
analytickou chybou, &m tieto analyzy nespifiaju kritéria
prepoctu Zeleza Fe®*, a preto sa na klasifikaciu amfibolov
nehodia. Metamorfna udalost sa datovala na fengitickej
svetlej slude glaukofanitov a sprievodnych bridlic prikrovu
Borky z juznejSej Casti meliatika, z oblasti Jasova, Medzeva
(Sugovska dolina) a Hagavy ako prevazne vrchnojurské
(165 — 150 Ma) “°Ar/*°Ar metddou (Dallmeyer et al., 1993,
1996, 2005; Maluski et al., 1993; Puti$ et al., 2009a).
Vek metamorfézy v subdukovanej juznej ¢asti akre¢nej
prizmy (ale na sever od centralnej ¢asti subdukcénej
z6ny) spada takto do najmladSej Casti vySSieuvedeného
Casového intervalu (okolo 150 mil. r.). Iba horniny meliatika
prikrovu Borky s obsahom glaukofanu reprezentuju hibsie
subdukovanu ¢ast, metamorfovanu vo facii modrych bridlic
(Faryad, 1997).

Noricky teran (Neubauer a Frisch, 1989) ako juzny okraj
juhovergentnej variskej akre¢nej prizmy ma platformovy
vyvoj sedimentov devonu aj karbénu a nehlboko pod
nim sa predpoklada kadémsky ¢i panafricky fundament.
Akreoval sa k variskému orogénu bez vyraznejSej variskej
metamorfnej premeny. Typ fundamentu norického teranu
je charakteristicky pre juzné Alpy, ale aj Bukk, Madarské
stredohorie a Tissiu. Az severnejSie od norického
teranu doslo pokradujucou generdlne severovergentnou
subdukciou oceanskej kory Paleotetydy k riftingu
vrchnej (,eurdpskej”) platne (Stampfli, 1996) a otvoreniu
Neotetydy, sucastou ktorej bol aj meliatsko-hallstattsky
bazén (Kozur a Mock, 1973; Puti§ a Grecula in PlasSienka
et al., 1997; obr. 6). Juzny kontinentalny okraj bazéna,
ktory sa zachoval vo vnutornych Zapadnych Karpatoch,
reprezentuje anchimetamorfovana strednokarbdnsko-
-jurska sedimentarna sukcesia turnaika s valiunmi

vapenato-alkalickych vulkanitov v jurskom flysi (Vozarova
a Vozar, 1992). V dnesnej stavbe turnaikum predstavuje
supra-subdukény akreé¢ny komplex (meliatikum s. I.),
nasunuty na prikrov Bérky meliatika, a je prekryty naj-
vrchnejSimi prikrovmi silicika. Severny kontinentalny
okraj zrejme predstavoval vac¢Sinou nizkometamorfovany
staropaleozoicky fundament gemerika, vratane dato-
vanych spodnokarbdnskych zdrojov zirkdnu (Puti$ et al.,
2009b) s vrchnokarbonsko-permskym, ojedinele az
triasovym pokryvom (Grecula et al., 2009).

Pri extenzii, a teda rozsSirovani meliatskeho bazéna,
ked sedimentovali aj strednotriasové silicitické
bridlice, bol aktivny permsko-spodnotriasovy zdroj
detritického zirkénu zo sten¢eného okraja kontinentu.
Pribuzna typoldgia tohto zirkénu a zirkénu granitov
typu S gemerika naznacuje transport od severu na juh,
do severného okraja meliatskeho bazéna, lokalizovaného
pravdepodobne len na stenenej kontinentalnej kére,
t. j. na listrickych zlomoch poklesnutych hibokovodnych
vyvysenin (halfgrabens) blizko urovne CCD. Pri kompresii
a sedimentacii diastrofickych brekcii sa vo vrchnom
triase az strednej jure aktivoval zdroj z nesubdukovanej
Casti oceanskej kory na sever od subdukénej zony,
ktory mohol byt deStruovany mechanizmom blizkym
obdukcii. Material brekcii bol transportovany z juhu
na sever do okrajovej ¢asti hlbokovodného bazéna,
komunikujucej s oceanskou kérou. Sukcesia silicitickych
bridlic a diastrofickych brekcii pochadza teda generalne
zo severnej Casti meliatskeho bazéna. Vyvijala sa na
sever od juhovergentne subdukovanej predpokladane;j
oceanskej kéry meliatika. Alebo to bola prevazne
kontinentalna subdukcia s hlbokovodnymi sedimentmi
a bazitmi/ultrabazitmi zaciatoéného Stadia otvarania
oceanskeho bazéna? Prevahu maju totiz bazalty typu
vulkanického obluka a vnutroplatiiové nad prechodnymi
k MORB (Faryad, 1997). S nimi sa mohli subdukovat aj
vrchnoplastové fragmenty paleotetydnej suprasubdukénej
zény (Radvanec et al., 2009). Po strednopermske;j
delaminacii nastala etapa kontinentalneho (vrchny perm
az spodny trias) a pravdepodobne aj kratkodobého
oceanskeho riftingu (stredny trias, ladin) meliatika.

Skumana tektonicka kryha meliatika pri Jaklovciach
sa povazuje za sucast jurskej akre¢nej prizmy meliatika
(Kozur a Mock, 1995; Mello, 1996), ktorej izolované kryhy
a bloky vystupuju pozdiz severného okraja gemerika.
Jursky vek turbiditickych sedimentov tejto melanze
s olistolitmi triasovych mramorov, serpentinitov,
radiolaritov, metabazitov, ale aj keratofyrov a metaryolitov
zistili uz Kozur a Mock (1985). Kozur a Mock (1995)
a Mock et al. (1998) vyslovili nazor, Ze méze ist aj o in situ
meliatikum zakorenené pri severnom okraji gemerika,
¢im by gemerikum predstavovalo izolovany kontinentalny
blok (ribdn) v meliatskom bazéne. Nami indikované
zdrojové horniny kontinentalneho okraja meliatika — typu
gemerického fundamentu — tuto alternativu nepodporuju.
Samotné gemerikum nie je sucastou jurskej akrecnej
prizmy a ani nebolo zahrnuté do oblasti jurskej subdukéno-
-koliznej metamorfézy podia “°Ar-3°Ar datovania (Dallmeyer
et al., 1996). Predpokladame, ze pri severovychodnom
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okraji gemerika sa zachovali Casti meliatika, ktoré
pochadzaju zo severnej Casti bazéna, ale zaroven relativne
juznej (nehlboko subdukovanej) €asti akrecnej prizmy. Jej
Cela mohli dosiahnut sten¢eny kontinentalny okraj zrejme
gemerika na hranici jury a kriedy. Do dnesnej popresunove;j
pozicie sa dostali moznym gravitaénym sklzom z gemerika
(alebo aj veporika) a sekundarne, v désledku kriedovej
a terciérnej, najma transpresnej tektoniky, javia suturnu
z6nu pozdiz severného okraja gemerika. Dalej na zépad
sa lateralne zastupuju s juznejSimi astami akreCnej prizmy
meliatika, vratane fragmentov prikrovu Bérky (Radzim,
Dobsind), resp. az turnaika. Pokra¢ovanie suturnej zény
z juzného okraja gemerika (rozfiavsko-Sugovsky systém)
az na severovychodny okraj gemerika (jaklovsko-folkmarsky
systém) nie je realne, Cize tieto dva systémy sa nedaju
spojit do jedného. Z uvedenych faktov vyplyva ako hlavna,
severna vergencia nasuvania meliatika na gemerikum
(Neubauer et al., 1992).

Zaver

Studovana triasovo-jurska sukcesia Jaklovskej
formacie meliatika v zareze zeleznice pri Jaklovciach ma
dve rozdielne Casti. Spodnu &ast sukcesie predstavuju
silicitické bridlice s po€etnymi laminami bazaltového tufu,
ako aj s 3 m hrubou polohou bazaltu s pyroklastikom a tufom.
Vrchnu, pravdepodobne vrchnotriasovo-strednojursku cast
sukcesie predstavuje horizont diastrofickej sedimentarnej
brekcie s dm litoklastmi bazaltu, gabrodoleritu, radiolaritu
(prevrstveného s ,pillow” bazaltom) a matrixovou vyplfiou
Cervenkastého silicitu — radiolaritu.

Vek magmatickej krystalizacie 3 m polohy stredno-
triasového bazaltu z vrchnej €asti suvrstvia silicitickych
bridlic sa na datovanom zirkéne nepodarilo potvrdit,
pretoze sa vyseparovali len zirkony ako cudzia primes
v bazalte, pochadzajuce zneznameho spodnokarbdnskeho
zdroja, chudobného na zirkén (negranitového) — podla
konkordantného veku ich magmatickej krystalizacie
359 £ 7 mil. r. (vzorka JAK-3).

Detriticky zirkdn strednotriasovej silicitickej bridlice
sa datoval ako prevazne vrchnopermsko-spodnotriasovy
(247 + 4 mil. r., vzorka JAK-5). Jeho predpokladanym
zdrojom, bohatym na zirkén, su kyslé magmatity, napr.
granity typu S gemerického fundamentu, najmé podia
ich morfologie.

Pocas extenzie a sedimentacie strednotriasovych
silicitickych bridlic sa aktivoval permsko-spodnotriasovy
zdroj detritického zirkénu zo stené¢eného okraja kontinentu,
blizky granitom typu S gemerika. To by naznacovalo
transport detritu od severu na juh, do severného okraja
meliatskeho bazéna, lokalizovaného na stencenej konti-
nentalnej kore, t. j. na listrickych zlomoch poklesnutych
hibokovodnych vyvySenin (halfgrabens) blizko urovne
CCD. Zaciatok kompresie a s nou spojenej subdukcie
predpokladanej oceanskej koéry centralnej ¢asti bazéna
charakterizuje sedimentacia diastrofickych brekcii vo
vrchnom triase az strednej jure. Nesubdukovana, okrajova
a vrchna Cast oceanskej kory bola obdukciou destruovana

a stala sa zdrojom diastrofickych brekcii. Material brekcii
— (,pillow”) bazalty s vrstvami radiolaritu, ale aj pévodnymi
Zilami gabrodoleritu — bol transportovany smerom na sever
do okrajovej Casti bazéna s usadeninami nelitifikovaného
vrchnotriasovo-strednojurského silicitu — radiolaritu.
Sukcesia silicitickych bridlic, radiolaritov a diastrofickych
brekcii ako celok pochadza teda velmi pravdepodobne zo
severnej Casti meliatskeho bazéna. Vyvijala sa na sever od
juhovergentne subdukovanej predpokladanej oceanskej
kéry meliatika aj s ¢astou sedimentov akre¢nej prizmy.

Vek magmatickej kryStalizacie litoklastov, zrejme
strednotriasovych bazaltov a gabrodoleritov z horizontu
diastrofickej brekcie, sa tiez nepodarilo zistit, pretoze sa
vyseparovali opat len primesné zirkdny, pochadzajlce z ich
spodnokarbonskeho, na zirkon opéat velmi chudobného
zdroja — podla konkordantného veku ich magmaticke;j
kryStalizacie 342 + 5 mil. r. (vzorka metagabrodoleritu
JAK-6). Datovalo sa aj niekolko zirkdnov, ktoré pochadzaju
z eSte starSieho zdroja primesnych zirkénov bazaltov/
gabrodoleritov — kambroordovického veku. To sved¢i
o dlhodobej recyklacii zirkonu pocas opakovanych
vyznamnych (globalnych) magmatickych udalosti.

Metamorféza horninovych zloziek diastrofickych
sedimentarnych brekcii, t. j. litoklastov bazaltu, gabro-
doleritu a radiolaritu, matrixového radiolaritu brekcie, ako
aj podloznych silicitickych bridlic, ma jednotny charakter.
Dosiahla strednotlakovi zénu facie zelenych bridlic
v dbsledku nehlbokej (20 — 25 km) subdukcie relativne
juznej Casti akre¢nej prizmy, pri¢lenenej k severnému
okraju subdukénej zony. Sukcesia sa po nehlbokej
subdukénej metamorféze a po exhumécii formou
tektonickych fragmentov zaclenila ako triasovo-jursky
olistolit do (meta)sedimentov vrchnojurskej akre¢nej
prizmy meliatika, ktorej tektonické fragmenty nachadzame
nasunuté na gemerikum a veporikum centralnych
Zapadnych Karpat ako vysledok najma kriedovej kolizno-
-transpresnej tektoniky.
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Metamorphosed succession of cherty shales with basalt and diastrophic
breccia in olistolith of the Meliatic Jurassic accretion wedge near Jaklovce
(Slovakia), dated on zircon (U-Pb SIMS SHRIMP)

Slightly metamorphosed succession of cherty shales,
less cherty carbonates, with a 3 m thick basaltic layer and
a number of thin layers or laminae of basaltic tuffs, covered
by diastrophic breccia with cherty matrix was studied from
a completely exposed railway cut near Jaklovce village
(eastern Slovakia).

The Middle Triassic strata of reddish and greenish
cherty shales, carbonates and radiolarites contain thin
basaltic tuff layers and a 3 m thick basaltic layer in the
upper part of the strata. A zircon concordant age of
359 + 7 Ma is interpretable as Lower Carboniferous source
age of zircon grains present in this Middle Triassic basalt,
because its age is well constrained with the findings of
mid-Triassic radiolarians in hosting Middle Triassic cherty
strata. Detrital zircons with magmatic typology from the
Middle Triassic cherty shales revealed predominating Late
Permian to Lower Triassic concordant crystallization age
(247 + 4 Ma) of their probably acidic magmatic source.
Zircon morphology indicates S-type (Gemeric) granites
as the source rocks. Sedimentation of the Middle Triassic
cherty carbonates and shales on a subsiding thinned
continental margin is interpreted as syn-rift deepening of
the Neo-Tethyan Meliatic Basin. It culminated by a short-
-term oceanic crust formation evidenced by thin layers of
pillow-type basalts within the cherty strata or vice versa by
the cherty interlayers in pillow-type basalts. The evidence

on the existence of the upper part of oceanic crust provides
the material present in the diastrophic breccia horizon.

The diastrophic breccia horizon, a few of tens of metres
in thickness, overlies previously described Middle Triassic
succession. It indicates the change from an extension
to a compression regime and starting subduction of the
central part of the basin with developed oceanic crust at
the boundary of Triassic and Jurassic. This event caused
the obduction-like destruction of the unsubducted part of
the oceanic crust, material of which was slumping onto the
unlithified cherty strata in the marginal part of the basin,
thus forming the Upper Triassic to Middle-Jurassic breccia
horizon infilled or penetrated by a cherty (radiolarian)
mud as a matrix. The breccia is built of cm to dm size
angular fragments of basalts with preserved ophitic, less
amygdaloidal texture. Quite common are gabbro-dolerites
and rare gabbros. Radiolaritic dm size angular fragments
are also present, wrapped and/or interlayered with a basalt.
Zircons of a magmatic typology from a 0.5 m gabbro-
-dolerite fragment in the breccia show concordant age of
342 + 5 Ma, interpretable again as an age of the unknown
Lower Carboniferous source, again poor on zircon, found
as admixture in the Middle Triassic basics.

Meta-basalts, meta-dolerites and meta-cherts, with
still preserved magmatic ophitic or amygdaloidal textures,
contain actinolite rimmed by ferrowinchite/winchite/
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riebeckite in metamorphic veins. It indicates a higher-
-pressure metamorphic overprint that was dated in the
Meliatic Bérka nappe as Late Jurassic. After a 20—25 km
burial within the compressed and subducted southern part
of an accretion wedge, and exhumation of metamorphosed
tectonic slices, fragments of Triassic to Middle Jurassic
successions, as olistoliths, were incorporated into the
Jurassic accretion wedge turbiditic (meta)sediments. The

succession of breccia (a few tens of metres in thickness)
and underlying cherty-basaltic layers (at least 5—7 m in
thickness) builds such an olistolith beside olistoliths of
Triassic-Jurassic marbles, serpentinites, Permian-Lower
Triassic rhyolites, keratophyres and clastics. As small
tectonic sheeted bodies, the remnants of the Meliatic
accretion wedge are recognizable all over the Gemeric
Unit.
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Nové poznatky o geologickej stavbe fatrickej jednotky v okoli

Valaskej Belej (Strazovské vrchy, Zapadné Karpaty)
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New knowledge about the geological setting of the Fatric Unit near Valaska Bela village
(Strazovské vrchy Mts., Western Carpathians)

Abstract: The Strazovske vrchy Mts. are located in the western part of the Western Carpathians.
The studied area between the villages Valaska Bela and Cierna Lehota is predominantly built by
the Fatric Unit with complicated tectonic structure. The paleogeographical domain of the Fatric
Unit was located between the Tatric and Veporic realms and had a rhombic-like shape. The Bela
nappe sequence with the shallow marine facies was resided at the northern margin of the deep
marine Zliechov Basin. This nappe is composed of the Jurassic and Lower Cretaceous shallow-
-marine sedimentary sequences. The Bela nappe is overthrusted by the Krizna nappe s.s. (deep
marine Zliechov sequence). The zone between them is formed by the “Kremeniny tectonic slices”
belonging to the transitional paleogeographic zone between the Zliechov and Bela sequences.
This transitional zone is composed of both deep-water (the Zliechov type) and shallow-water
(the Bela type) Jurassic sedimentary sequences. The contemporary structure of the Fatric Unit
system is a result of three tectonic events. The first one represents the post-Turonian thrusting
of the nappe body over the Tatric Unit. Thrusting was followed by the tectonic disintegration
of the nappe body and the imbricated structure of the Krizna nappe s.l. has developed.
As a consequence of this evolution, a recumbent fold of the Beld nappe has formed. The second
event is characterized by the Paleocene to Eocene compressional tectonic regime in the Carpathian
arc. During this deformational phase, the antiform structure was formed. Transpressional tectonic
regime with the evolution of the southward inverse fault structures took place during the Early
Neogene. Subsequently, tectonic evolution of the area was mainly controlled by the extensional
tectonic regime during the Middle and Late Miocene.

Key words: Bela nappe, Fatric Unit, tectonic evolution, StraZzovské vrchy Mts., Western

Carpathians

Uvod

Zliechovska hornatina je horskym podcelkom nachadza-
jucim sa v centralnej Casti Strazovskych vrchov. Je tvorena
prikrovovymi podjednotkami fatrika, ktoré tu vystupuju na
ploSne rozsiahlom Uzemi. Rozsiahlost uzemia umozniuje
zachytit kontinualnost prikrovovych vrasovych Struktur na
znacéné vzdialenosti. Vyskum bol vykonavany v oblasti
medzi obcami Valask4 Bel4 — Cierna Lehota a vrchom
Homédlka (907) (obr. 1 a 2). Fatrikum sa nachadza v nadlozi
tatrického fundamentu a jeho malomagurskej obalovej
sekvencie a v podlozi prikrovovych telies hronika. Fatrikum
je tu tvorené zliechovskou sukcesiou, belianskou sukcesiou
a sukcesiami s prechodnym vyvojom. Praca je zamerana
na litoldgiu, ale predovSetkym na interpretaciu tektonickej
stavby a tektonického vyvoja fatrickych prikrovovych
Struktur Studovaného uzemia.

Prehlad predchadzajucich vyskumov

Intenzivnej$i geologicky vyskum spojeny so
zhotovovanim map Strazovskych vrchov v mierke

19

1 : 25 000 zaznamenavame v Styridsiatych rokoch.
Severozapadnu ¢ast pohoria mapovali prace Andrusova
(1938, 1945). Ich vysledkom su geologické mapy, listy
Povazska Bystrica a Byt€a (Ciasto€ne najjuznejSia Cast
listu Zilina). Geologické mapovanie zo $tyridsiatych rokov
dvadsiateho storoCia prinieslo spresnenie stratigrafie
v mnohych tektonickych jednotkach. Opieralo sa o nalezy
skamenelin, predov§etkym v krizianskom i cho¢skom
prikrove. Hlavny vyznam vSak spociva v kartografickom
znéazorneni priestorového rozlozenia zakladnych
tektonickych jednotiek a vo vypracovani tektonickej skice
Strazovskych vrchov (Mahel, 1948). V druhej polovici
patdesiatych rokov bol vyskum spojeny s pripravou
generalnych geologickych map, vyznacuje sa komplexnym
pristupom. Geologické mapovanie bolo sprevadzané
sedimentologickym a biostratigrafickym vyskumom vo
vybranych profiloch (Mahel, 1961, 1963; Kochanova, 1967;
Krivy, 1981; Pevny, 1971; Salaj, 1961, 1962a, b, c; Borza,
1979, 1980a, b; Borza et al., 1980). K najvyznamnej$im
vysledkom patri vy€lenenie belianskej jednotky v ramci
kriznanského prikrovu, sekvencie plytkovodnych ¢lenov
od liasu po stredny alb (Mahel, 1959, 1961), s vysockou
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Obr. 1. Lokalizacia Studovaného uzemia.
Fig. 1. Location of the investigated area.

jednotkou v Malych Karpatoch (Mahel, 1959). Podstatna
Cast kriznanského prikrovu v Strazovskych vrchoch
(na rozdiel od Malych Karpat) sa ukazala ako — paleo-
tektonicky a zaroven aj litostratigraficky — odliSny typ
s hlbokovodnou zliechovskou sekvenciou (Mahel, 1960).
Podrobnejsi sedimentarno-petrograficky vyskum jurskej
a spodnokriedovej belianskej sekvencie (Kullmanova,
1976) a mikrofacialny a biostratigraficky vyskum jej
kriedovych ¢&lenov vytvorili zaklad pre posudenie jej
paleogeografického i paleotektonického postavenia.
K poznaniu procesov i sedimentécie albu-cenomanu
krizhanského prikrovu prispel sedimentologicky vyskum
Jablonského (1978, 1980), oprety o spresnenie stratigrafie
na zaklade foraminifer (Salaj, 1961, 1962a, b, c) a nano-
komov (Gasparikova, 1978, 1980).

Geologicka stavba

Geologicka stavba Studovaného Uzemia ma zlozitu
paleoalpinsku prikrovovu stavbu, na ktorej sa podielaju
vSetky tri hlavné tektonické jednotky tatransko-fatranského
pasma (Plasienka, 1999). Struktirne najniz8ou tektonickou
jednotkou je tatrikum, reprezentované svojim varisky
skonsolidovanym krys$talinikom a mladopaleozoicko-
-mezozoickou obalovou sekvenciou. V geologickej stavbe
uzemia je najdoblezitejSie fatrikum so zlozZitou vnutornou
stavbou, ktoré je v prikrovovej pozicii vo¢i podloznej tatrickej
jednotke. Strukturne najvy$$ou paleoalpinskou tektonickou
jednotkou, nachadzajucou sa len v severozapadnej Casti
Studovaného uzemia, je hronikum.

Tatrikum

Tatricky tegument predstavuje na severozapad
sklonenu hrast krystalinického jadra masivu Suchy. V jeho
nadlozi sa nachadza malomagurska obalova sekvencia
s litostratigrafickym rozsahom od spodného triasu po
cenoman (Mahel, 1985). Hrubka jednotlivych suvrstvi
malomagurskej obalovej sekvencie je ¢asto tektonicky
redukovanad, pripadne niektoré suvrstvia uplne chybaju.

Fatrikum

Fatrikum je tektonicka jednotka centralnych Zapadnych
Karpat, ktorej nazov je odvodeny Andrusovom et al. (1973)
od pohori Mala a Velka Fatra. Je dolezité spomenut su¢asné
chapanie fatrika (krizianského prikrovového systému),
¢o sa tyka jeho plodného rozsahu, litologickej naplne
a jeho Strukturnej usporiadanosti. Podla Plasienku (1999)
je kriziansky prikrov s. I. typickou tektonickou jednotkou
centralnych Zapadnych Karpat. Predstavuje alochtonne
teleso s hrubkou priblizne 1 — 3 km. V €elnych &astiach
dosahuje aj vacsiu hrubku. Ako spodny subtatransky
prikrov prekryva tatrické jednotky a sam je prekryty vySSimi
subtatranskymi prikrovmi patriacimi do hronika. Samotné
teleso krizhanského prikrovu sa na obidvoch stranach
— na zapade v podlozi viedenskej panvy a na vychode
za humenskou Strukturou — redukuje. PredovSetkym sa
vytraca kostra tejto fatrickej jednotky tvorena zliechovskou
sukcesiou, ¢o naznacuje diskontinuitny priebeh domovskej
oblasti podstatnej ¢asti fatrickych sukcesii, ktorou bola
zliechovska jursko-spodnokriedova panva (PlaSienka,
1999).

Zliechovska doména predstavovala panvovy priestor
ohrani¢eny plytkovodnejSimi prostrediami v strednojurskom
obdobi, ktory mal klinovity alebo kosoStvorcovy tvar
(Michalik, 2007). Bol zhruba 250 km dlhy a 100 km Siroky.
V oblasti juznej hranice zliechovskej panvy za rozhodujice
treba povazovat napln a postavenie velkobockej jednotky
(Plasienka, 1981, 1983, 1995; Sotak a Plasienka, 1996).
Severny okraj zliechovskej panvy bol v paleogeografickom
obraze definovany eleva¢nou zénou s prevahou prahovych
alebo marginalnych panvovych litofacii v strednej a spodnej
jure a CiastoCne aj v spodnej kriede. Tie su dnes pritomné
nielen pozdiz juzného okraja tatrika, ale aj v éelovych
a spodnych podjednotkach fatrika (sukcesie vysockého typu
—medzi ne patri aj beliansky prikrov, opisovany v tejto praci,
maninsky prikrov a pribuzné prikrovy v pribradlovej zéne)
(Michalik et al., 1987). Z toho vyplyva, Ze severny pasivny
okraj zliechovskej panvy je z vacSej Casti prekryty fatrickymi
prikrovmi tvorenymi zliechovskou sukcesiou. Taktiez
to sved¢&i o pochovani substratu zliechovskej sukcesie
fatrika pod dnesny severny okraj veporika. Zo substratu
sa zachovali len menSie detadované bazalne duplexy
fundamentu a tegumentu (Plasienka, 1999), ako napriklad aj
Supina granitoidov fundamentu spolu so spodnotriasovymi
kremencami, zaseknuta v strednotriasovych dolomitoch
juzne od Valaskej Belej (obr. 2 a 3).

S urditostou mozno povedat, ze medzi prahovymi
oblastami a samotnym zliechovskym sedimentaénym
priestorom existovali eSte oblasti prechodné, ktorych
litofacialne zlozenie vykazuje znaky ako plytkovodnych
severnejSich prahovych litofacii, tak aj znaky juznejSieho
hibokovodného vyvoja (hlavne v jurskom obdobi). Vzhladom
na dostupné udaje je mozné povedat, ze skracovanie
fatrického sedimenta¢ného priestoru postupovalo priblizne
od juhu na sever, pricom sa najskor (zjednoduSene
povedané) nasunuli samotné sukcesie zliechovského
vyvoja na prechodné sukcesie, ktoré sa nasledne nasunuli
na prahové okrajové zony. Takyto obraz dnes vidime hlavne
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na severnych okrajoch tatrickych krystalinik. Napriklad
v Strazovskych vrchoch na severnom okraji Suchého,
kde na malomagursku obalovi sekvenciu je nasunuty
beliansky prikrov budovany pocas celého jurského obdobia
vyluéne plytkovodnymi faciami. Aj kriedovy vyvoj ma Crty
poukazujuce na suvislost s dalSimi, eSte severnejSimi
jednotkami, ako napr. maninska jednotka, ktorej hoteriv-
-barém-aptské (urgénske) facie poukazuju na vyrazny
platformovy vyvoj (Michalik et al., 1990).

Fatrikum v okoli Valaskej Belej predstavuje komplikovane
prevrasnené teleso viacerych podjednotiek s rozdielnou
facialnou naplfiou. Hlbokovodny vyvoj je reprezentovany
zliechovskou sukcesiou. V jej podlozi nasleduju dva
typy prechodnych vyvojov (,zéna prechodného vyvoja”
a Supinové pasmo Kremeniny; blizSie Mahel, 1985).
NajspodnejSiu Cast zastupuje beliansky prikrov (vysocky
typ) s plytkovodnym vyvojom (obr. 3).

Hronikum

NajvrchnejSou prikrovovou jednotkou na $tudovanom
uzemi je hronikum, reprezentované svojim prikrovom
Homdlky. LezZi v severozapadnom okraji skimaného uzemia
a tvori vapencovo-dolomitovu trosku vrchu Homélka (907 m).
Podla Kova¢a a Havrilu (1998) buduje najspodnejSiu
Ciastkovu Strukturu hronika. Jeho vrchnoanisko-karnsky
sled je tvoreny panvovou sukcesiou bielovazskeho typu
(bielovazsku a Ciernovazsku sukcesiu povodne definoval
Mahel (1986), rozdeliac sedimentacny priestor hronika
na Ciernovazsku karbonatovu platformu a bazén Bieleho
Vahu), ktora sa usadila v bazéne Dobrej Vody, oddelenom
od bazénu Bieleho Vahu mojtinsko-harmaneckou
karbonatovou platformou. V strednej a v zapadnej Casti
pohoria Strazovské vrchy predstavuje dobrovodska
sukcesia zakladny Strukturny element hronika (Mahel,
1985; Kovac a Havrila, 1998).

Nové poznatky o vnutornej stavbe fatrika

Spodny dekolement a rigidny podstavec
budovany triasovym komplexom

Rigidny podstavec fatrika je tvoreny v prevaznej miere
ramsauskym dolomitom, v mensSej miere aj gutensteinskym
vapencom. Len v najvychodnejSej ¢asti uzemia (juho-
zapadne od Valaskej Belej) su pritomné aj tektonické
Supiny spodnotriasovych kremencov a verfénskych bridlic.
Cely strednotriasovy rigidny karbonatovy komplex vratane
spodnotriasovych terigénnych klastickych ulozZenin je
rozlamany na velké mnoZzstvo fragmentov — tektonickych
Supin, a to tak, ze je prakticky nemozné najst medzi
nimi nejakd kontinuitu. Jednotlivé bloky su na povrchu
ohrani¢ené bridli¢natymi vrstvami karpatského keuperu,
miestami sa vyskytuju aj menSie polohy vklinenych

vapencov fatranského suvrstvia, ktoré vystupuju bud

priamo medzi blokmi ramsauskych dolomitov, alebo
priamo v sedimentoch karpatského keuperu. Napadna
je Struktdra zapadne od Valaskej Belej, kde ramsauské
dolomity buduijtce vrch Ziar (737) maju vyrazné pravouhlé

ohrani¢enie. Z juhu a zo severu je tento blok ohrani¢eny
v smere V — Z a zo zapadnej strany v smere S —J.V - Z
ohranicenie tejto Struktiry mozno stotoznit s preSmykovou
diskontinuitou, ktora svojou orientaciou zodpoveda
generalnemu smeru prikrovovej propagacie. Oproti tomu
S — J ohrani€enie Struktury je zlomové, povazované za
nalozenu mlad$iu deformaciu, ktora suvisela s dal8imi
tektonickymi fazami.

Stredny dekolement, jadro prikrovu a vrchny komplex
Beliansky prikrov

Beliansky prikrov vystupuje na povrch v juznej polovici
Uzemia a lezi priamo na triasovom rigidnom podstavci
fatrika. Je najspodnej$im prikrovom (v skimanom tuzemi)
fatrika a je nasunuty spolu s triasovym podstavcom priamo
na malomagursku obalovu sekvenciu. Na kompetentnych
suvrstviach bol selektivnou eréziou vymodelovany vyrazne
élenity reliéf Cierneho vrchu (864), prirodnej rezervacie
Sokolie a prirodnej rezervacie prielom Nitrice. Masivne
triasové komplexy buduju najjuznejSiu ¢ast iUzemia v pruhu
od Ciernej Lehoty az po Valasku Belu. Jursko-kriedové
suvrstvia belianskeho prikrovu tu boli sformované do lezatej
vrasy so zapadnou vergenciou, €ize prie€ne na smer
Struktur nadloznych jednotiek kriznanského prikrovu.

Jadro prikrovu a vrchny komplex su oddelené od
triasového komplexu strednym horizontom odlepenia
(obr. 4), ktory je situovany v suvrstvi karpatského keuperu
(PlaSienka, 1999). Nekompetentné jadro prikrovu je
tvorené suvrstviami rétu, jury a spodnej kriedy. Na rozdiel
od vyrazne nehomogénneho komplexu zliechovskej
sukcesie sa belianska sukcesia vyznacuje homogénnejSim
materialovym zlozenim jurskych sedimentov. Plytkovodny
vyvoj prebiehal takmer poc¢as celého jurského obdobia,
iba v priebehu vrchného liasu (toarsky kondenzovany
horizont — hematitizované hluznaté vapence a bridlice)
dosdlo k vyraznej$iemu prehibeniu sedimentaéného
prostredia. Vrchny komplex je od jadra prikrovu oddeleny
vrchnym horizontom odlepenia, ktory vSak nema vela
spolo¢nych fyzikalnych vlastnosti so spodnym a strednym
horizontom odlepenia. Od spodnejSich horizontov
odlepenia sa odliSuje hlavne absenciou evaporitov, ktoré
su v spodnejsich horizontoch odlepenia jednou z hlavnych
zloziek, ulahéujucich presuvanie nadloznych horninovych
suborov. Vrchny horizont odlepenia je lokalizovany
v hemipelagickych sedimentoch spodnej kriedy, ¢o su
v prevaznej miere sliefovcové suvrstvia (hlboCské
suvrstvie) s obéasnymi polohami masivnejSich lavicovitych
vapencov alebo bridlic. Na tie nasadaju masivne
organodetritické vapence urgénskeho platformového
vyvoja a flySu podobné sedimenty porubského suvrstvia,
ktoré predstavuju vrchny mobilny komplex. Mobilita
vrchného komplexu na sliefiovcovom podklade zrejme
nedosahovala nikdy taku uroven, aku dosahovali pohyby
na inych horizontoch odlepenia. Napriek tomu vrchny
dekolement vyrazne ovplyvnil formovanie Struktdr a na nie-
ktorych miestach umoznil az odtrhnutie vrchného komplexu
a jeho samostatnost v Strukturovani.
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Beliansky prikrov v oblasti vystupuje v podobe lezatej
vrasy, ktora je najlepSie pozorovatelna v oblasti Cierneho
vrchu (864). Celo lezatej vrasy smeruje na zapad a konéi
v doline medzi hrebefiom Sokolia a samotnym Ciernym
vrchom (864). Os vrasy je sklonena na sever pod uhlom
priblizne 10 — 15°. Vrasu mézeme sledovat smerom na
sever az do doliny k osadam Repkovci a MokriSovci, kde

=
///
//

Obr. 3. Tektonicka mapa Studovanej
oblasti (vysvetlivky, pozri obr. 2).

Fig. 3. Tectonic map of the studied
area (for further explanation see in
Fig. 2).

Obr. 4. Predpokladana konfiguracia
severnej Casti zliechovskej panvy
v synriftovom az synorogénnom
obdobi a priebeh plochy odlepenia
na horizonte karpatského keuperu,
prechadzajuci cez hrany rotovanych
halfgrabenov. Legenda je na obr. 2.
A — spodnojurské brekcie obsahujuce
materidl vrchnotriasovych a spodno-
jurskych sedimentov.

Fig. 4. Supposed Jurassic and
Cretaceous configuration of the
northern part of the Zliechov Basin
and a position of decollement on the
Karpatian Keuper horizon; footwall
shortcuts structure. Legend see in
Fig. 2. A — Lower Jurassic breccia
which contains Upper Triassic and
Lower Jurassic pebbles.

sa ponara pod nadlozné sedimenty porubského suvrstvia
a organodetritické vapence urgdnskej facie (tiez patria
belianskemu ¢iastkovému prikrovu, obr. 2A). Nad nimi
vystupuje (zrejme aj uzka zéna patriaca Supinovému
pasmu Kremeniny) zliechovska sukcesia. To, ze skuto¢ne
ide o lezatu vrasu, je najlepSie dokumentované na juznom
svahu Cierneho vrchu (864), ktory takmer kolmo presekava
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Obr. 5. Oblast Sokolie; strmo vztyéené organodetritické vapence
belianskeho prikrovu (urgénska facia; podhorské suvrstvie).
Fig. 5. The Sokolie area; subvertical position of the organodetrital

limestone (Urgon-type facies; the Podhorie Formation) of the Bela
nappe.

telo vrasy. Spodné rameno vrasy bolo ustrihnuté a vznikla
tak subhorizontalna vrasovo-preSmykova diskontinuita.
Jursko-kriedové suvrstvia patria az ramenu, podsunutému
na preSmykovej ploche pod ,telo“ vrasy. Chybaju
sedimenty dogerského a vrchnoliasového veku. Priblizne
na tomto mieste sa meni aj severo-juzna orientacia osi
vrasy. Vrésa sa std€a smerom na juhozapad a pokracuje
severne od Ciernej Lehoty. Jadro vrasy je tvorené
sedimentmi fatranského suvrstvia, ktoré je tu ,naskladané”
do znacnych hrubok s ob&asnymi tektonickymi Supinami
karpatského keuperu. Vychodny svah Cierneho vrchu
(864) zase narezava vrchné rameno vrasy v smere jej osi,
a tak mézeme sledovat suvrstvia v normalnej stratigrafickej
pozicii. Poénuc suvrstvim karpatského keuperu az po sivé
krinoidové vapence dogerského veku s pritomnostou
silicitov, ktoré tvoria vrchol Cierneho vrchu (864). Mladsie
suvrstvia lezatej vrasy belianskeho prikrovu (krinoidové
vapence malmského veku, organodetritické vapence
urgonskej facie a porubské suvrstvie) vystupuju na uz
spomenutej zapadnej strane v Cele vrasy, kde sa strmo az
subvertikélne uklanaju (obr. 5).

Lezata vrasa je na povrchu lemovana dal$im pruhom
organodetritickych vapencov veku hoteriv-barém-apt,
pripadne aj pieskovcami a bridlicami porubského suvrstvia.
Suvrstvia predstavuju tzv. vrchny mobilny komplex. Toto

juhotatricky
okraj

Obr. 6. Zjednodu$ena schéma pred-
pokladanej pozicie opisovanych
fatrickych podjednotiek vo fatrickom
sedimentaénom priestore v jurskom
obdobi.

Fig. 6. Simplified sketch of supposed
position of the described Fatric
Subunits in the Fatric sedimentary
basin during the Jurassic.

Vyvoj kremeniny

beliansky| Supinové pasmo [prechodné
pasmo
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zdvojenie je v podstate kratky spatny nasun, &i presnejsie
preSmyk vzniknuty pravdepodobne v désledku kolizie
Cela belianskeho prikrovu s predpolim. PreSmykova
Struktdra nemdze byt vysledkom miladSich tektonickych
udalosti, pretoze je sama deformovana mladS$imi,
kenozoickymi zlomovymi Strukturami. Antiformna Struktura
(¢i antiklinérium) mohla vzniknut poas kompresie
orientovanej priblizne kolmo na hlavny smer skracovania
fatrického sedimentaé¢ného priestoru (generalne sa
predpoklada skratenie v smere SZ — JV s vergenciou na
SZ). Napatie vyvolané touto kompresiou bolo eliminované
vzniknutim zlomu orientovaného SZ - JV smerom
s kombinovanou kinematikou. V hlavnom ide o Sikmy
sinistralny transpresny pohyb. Pozdiz tohto zlomu, najma
v juhovychodnej Casti (osada Kucerovci), boli rozvleCené
jursko-kriedoveé suvrstvia do tenkych Supin a su v priamom
a navySe kolmom kontakte so suvrstviami triasu. Taktiez
bola rozstrihnuta lezata vrasa belianskeho prikrovu spolu
so spéatne preSmyknutymi kriedovymi organodetritickymi
vapencami a porubskym suvrstvim. Zlom dalej zasiahol
nadlozné Supinové pasmo Kremeniny a zliechovsku
podjednotku. Plocha zlomu by podla morfolégie mala
byt relativne plytko sklonena na juhozapad. Nad osadou
MokriSovci sa nachadza maly tvrdo$ tvoreny sedimentmi
Supinového pasma Kremeniny v prevratene;j stratigrafickej
pozicii — odspodu mraznickym suvrstvim, osnickym
suvrstvim a rohovcami dogerského veku, ktoré sa vysSie
stykaju uz s kopieneckym suvrstvim zliechovskej sukcesie.
Na tejto hranici v dogerskych rohovcoch bola pozorovana
zlomova plocha, sklonenda smerom na JZ. To zodpoveda
predpokladanému sklonu uz spomenutej zlomovej plochy.
Striacie na tektonickom zrkadle neboli dostato¢ne dobre
zachované a nebolo mozné uréit zmysel pohybu na
zlomovej ploche.

Vyklenutie celej oblasti je interpretované na profiloch
B-B’ a C-C’ (obr. 3). To by vysvetlovalo aj vznik poklesov
pretinajucich hrebefl vrchu Kozinec (694), nachadzajuci
sa severne od osad MokriSovci a Repkovci. Pokles vyznel
do miest medzi prielomom Nitrice a osadou Cugovci.
V tejto misovite prehnutej depresii je naskladané fatranské
suvrstvie do znacénej hrubky a na povrchu zabera velku
plochu. Fatranské suvrstvie je tu spolu s karpatskym
keuperom zvrasnené a zoSupinovatené, av8ak v tychto
miestach sedimenty rétu patria zliechovskej sukcesii.
Asi posledné miesto smerom na vychod, kde mozno
este sledovat zvysky belianskej podjednotky, je prielom
Nitrice. Tu vychadzaju na povrch v subhorizontalnej pozicii
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vyrazné tektonické Supiny organodetritickych vapencov
urgonskej facie, ktoré su po obvode lemované jurskymi
sedimentmi belianskeho ¢&iastkového prikrovu, rétskymi
oolitickymi a lumachelovymi vapencami a porubskym
suvrstvim. Na tomto mieste beliansky prikrov vyklifuje
a do jeho nadloznej pozicie sa dostavaju sedimenty
stredného a vrchného triasu, tvoriace podstavec pre
krizhansky prikrov s. s..

Priamo v nadlozi belianskeho Ciastkového prikrovu
vystupuje ,Supinové pasmo Kremeniny“ na ktorom spociva
»Z0na prechodného vyvoja‘lde o rozsiahlu ponorenu vrasu
mezoskopickych rozmerov, presunutu cez beliansky prikrov.
Os vrasy je, podobne ako pri lezatej vrase belianskeho
prikrovu, sklonena smerom na sever pod uhlom 10 — 15°.
Na rozdiel od belianskej lezatej vrasy je podstatne viacej
deformovana, ¢o je dané jej odliSnou litolégiou. Pritomné
nekompetentné sliefiovce, kremité vapence, radiolarity
a hluznaté vapence su aj v malych detailoch komplikovane
prevrasnené a rozstrihané. NavySe je mozné pozorovat
malé rozdiely v litostratigrafii vrchného a spodného
ramena vrasy. Vrchné rameno patri tzv. z6ne prechodného
vyvoja, ktora severnejSie lateralne prechadza do vyvoja
zliechovskej sukcesie. Od hibokovodného zliechovského
vyvoja sa odliSuje hlavne spodnojurskym vrchnoliasovym
suvrstvim silne kremitych sliefiovcov (kremity flekenmergel;
allgduské suvrstvie). Charakter jednotlivych suvrstvi sa
meni smerom na juh a na zapad. Spodné rameno vrasy
uz predstavuje tzv. Supinové pasmo Kremeniny, ktoré sa
odliSuje od prechodnej zény aj od samotného zliechovského
vyvoja stredno- a vrchnojurskymi suvrstviami. Spodné
rameno opisovanej vrasy vylieza na povrch v podobe Supin
malmskych ¢ervenych hluznatych vapencov, zabalenych
do dogersko-oxfordskych tmavosivych az ¢ervenych
radiolaritov. Tiahne sa zdpadne pozdiz porubského
suvrstvia a organodetritickych vapencov urgénskej facie
veku hoteriv-barém-apt (podhorské suvrstvie). Smerom
na sever sa zuzuje do tenkého pruhu, tvoreného prevazne
mraznickym suvrstvim, v ktorom su Supiny ¢ervenych
hluznatych vapencov a Supiny radiolaritov. Po vnutornej
strane ramena vystupuju v mensej miere tektonické Supiny
fatranského suvrstvia, tvorené krinoidovymi vapencami.
Ponorena vrasa vystupuje na povrch — obdobne ako
lezata vrasa belianskeho prikrovu — na juznych strmych
svahoch nad dolinou potoka Bebravka. Vrasa je tu
plytko pod povrchom rozvle¢end, obalena slienovcami
mraznického suvrstvia. Nadlozné kimeridzské suvrstvie
Cervenych hluznatych vapencov je roztrhané na Supiny.
Smerom do nadlozia pokracuju radiolariové vapence
a radiolarity, ktorych vrchné hranica predstavuje vyraznu

preSmykovu diskontinuitu oproti nadloznym kremencom
karpatského keuperu a sedimentom fatranského suvrstvia.
Tato diskontinuita rozdeluje vrchné a spodné rameno
vrasy alebo — inak povedané — zénu prechodného vyvoja
zliechovskej podjednotky a Supinové pasmo Kremeniny.
Hranica pokraéuje na sever pozdiz spodnej hranice
fatranského suvrstvia, ktoré sa kusok severnejsie vyklifiuje.
Tu sa uz priamo stykaju spodnojurské kopieneckeé suvrstvie
a spodnokriedové mraznické suvrstvie. Obdobne hranica
lemuje tvrdos$ Vrchhaj a cela Struktura sa staca na vychod.
Jadrom tejto synformy (alebo synklinaly) su liasové sivé
masivne krinoidové vapence, ktoré museli vzniknut
v osobitnych sedimenta¢nych podmienkach (obr. 4). Oproti
tomu na poklesavajlcej strane sa zacali tvorit podmienky
pre vznik kremitych vapencov az radiolaritov. Takychto
halfgrabenov mohlo byt v priereze panvou viac (obr. 6).
Dokonca sa zda, ze pokles v niektorych okrajovych
gastiach panvy mohol spdsobit rovnaké prehibenie
ako v centralnej Casti panvy. To reflektuje aj charakter
tmavosivych a ¢ervenych radiolaritov z pasma Kremeniny,
ktoré pravdepodobne vznikli v uvedenych podmienkach.
Pokles bol natolko vyrazny, ze doSlo k obnazeniu
triasového podlozia. Intraklasty dolomitov sa nachadzaju
dokonca v &ervenych hluznatych vapencoch, ktorych
pravdepodobny vek je oxford-kimeridz. Supinové pasmo
Kremeniny vyklifiuje pri osade Repkovci a straca sa pod
vrchnym ramenom vrasy. Vrchné rameno je v tychto
miestach uz suéastou klasického hlbokovodného vyvoja,
teda patri zliechovskej podjednotke. Podobne ako
belianska lezaté vrasa je pretaté tym istym zlomom. Na
juznych svahoch vrchu Kozinec (694), severne od tvrdo$a
Vrchhaj, potvrdzuju sinistralny posun zahakované vrstvy
allgduského suvrstvia. Na mape vyznacené nadlozné
suvrstvia kontinualne prechadzaju dolinou, ktora kopiruje
zlom. Formovanie vrasy je viazané na rovnaku udalost ako
aj vznik belianskej lezatej vrasy a rovnako bola postihnuta
mladsimi deformaénymi udalostami.

Zliechovska podjednotka

Zliechovska podjednotka vystupuje v najvrchnejSej
pozicii v ramci suboru prikrovov fatrika. Nachadza sa
v severnej Casti mapovaného uzemia a pokraduje az
po jeho hranice. Iba v nadlozi severozapadnej Casti
je hronikum. Na podstatnej ¢asti Studovaného uzemia
vystupuju sliene mraznického suvrstvia. Jursky vyvoj
zliechovskej podjednotky pre relativne maly sklon vrstiev
vystupuje az na juznych svahoch vrchov Kozinec (694),
Prielohy a Javorinka (743). NizSie uz vystupuju triasove

Obr. 7. ZjednoduSeny geologicky
profil s juhovergentnymi vrasami
a preSmykom v severnej Casti Uzemia
(bez mierky).

Fig. 7. Simplified geological cross-
-section with southward vergency of
the folds and direction of reverse fault
in the northern part of the studied
area (not to scale).
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suvrstvia (oblast Velké Humné). Ojedinelé severnejSie
vystupy jurskych sedimentov su naznakom, Ze zliechovska
podjednotka netvori jednoduché monoklinalne uklonené
teleso, ale predstavuje komplex vrasovych a preSmykovych
Struktur. To, ze Casto ide o reverzné Struktury, je najlepSie
viditelné v oblasti medzi osadami Kuricovci a Petelusovci.
Z mraznického suvrstvia vystupuju na povrch (juzny svah
vrcholu s kétou 703) sliene allgauského suvrstvia, zdiarske
suvrstvie a Cervené hluznaté vapence jaseninského
suvrstvia. Na vrchole, v mraznickom suvrstvi sa nachadzaju
juhovychodovergentné malé (parazitické) vrasy. Také isté
znaky najdeme aj na protilahlom vychodnejSom vrchole
(698) nad osadou Petelusovci. Medzi nimi prebieha
preSmykova diskontinuita, ktora pravdepodobne pokracuje
smerom na vychod, juzne od osady Dur&ekovci (obr. 7).
Diskontinuita je skryta, jednak kvartérnym pokryvom, ako
aj tym, Ze dalej na povrch nevystupuju jurské sedimenty.
Mozno ju tusit len z morfoldgie terénu, priCom sa pekne
pravidelne opakuje na kazdom hrebeni smerom na
vychod. Az za osadou Duréekovci zadina vystupovat tzky
pruh allgduského suvrstvia, prechadzajuici cez osadu
Javorcekovci, stacajuci sa dalej okolo koty 626 m nad
osadami Laginovci a Rackovci. Komplikovanejsia je pozicia
triasového komplexu pod zliechovskou podjednotkou
(kriziansky prikrov s. s.). Pravdepodobne by to mal byt
jej paraautochton. Triasova sukcesia tu vystupuje na velmi
Sirokej ploche, ¢o sa da vysvetlit jedine jej tektonickym
zduplikovanim, alebo rozvleéenim suvrstvia karpatského
keuperu v subhorizontdlnej rovine. Cez jej stred sa
taha uzky pruh gutensteinskych védpencov, fatranskych
vrstiev, neokémskych sliefiov (pravdepodobne mraznické
suvrstvie), ktoré su zo severnej strany v kontakte
s karpatskym keuperom a z juznej so strednotriasovymi
dolomitmi (obr. 2A). Uzky pruh rétskych usadenin ma
svoje kontinualne pokraovanie smerom na zapad.
Taktiez vyskyt mraznického suvrstvia uprostred triasovych
sedimentov by mohol do tejto kontinuity zapadat. To by
znamenalo, ze spominané suvrstvia patria opat telu
tej istej ponorenej vrasy, opisovanej v ramci uzemia
prechodného vyvoja. Ibaze v uvedenom pripade nejde
0 ponorenu, ale skér o lezatu vrasu, roztiahnutu v smere
jej vergencie do vyrazne véacsich dizok. Severna &ast
mapovaného Uzemia je lemovana porubskym suvrstvim,
ktoré predstavuje litostratigraficky najvyssi a zaroven aj
najmladsi ¢len zliechovskej sukcesie. Nad nim vystupuju
opét sliene mraznického suvrstvia a az potom nasleduje
masivny triasovy komplex hronika. Toto suvrstvie akoby
podliezalo celu kryhu hronika a opat spod neho vystupuje
na jeho severnom okraji (mimo mapového uzemia).
Pravdepodobne je sucastou ramena velkej lezatej vrasy,
ktorej vrchné rameno bolo zrejme odrabotované sunicim
sa hronikom. Porubskeé suvrstvie je tu zna¢ne redukované.

Diskusia
Preriftové komplexy

Strednotriasové a vrchnotriasové (karnskeé) karbonaty
tvoria rigidny zaklad, budovany prevazne dolomitmi.

Reprezentuju facie Selfovej karbonatovej rampy a plosiny
(gutensteinské, vysocké a ramsauské suvrstvie). UZ pocas
stredného triasu v8ak doslo k riftovym procesom, ktoré
roz€lenili viac-menej jednotny sedimentacny priestor.
VyraznejSie preruSenie strednotriasovej karbonatovej
sedimentacie v8ak predstavuje humidny klasticky event
lunzskych vrstiev v najspodnejSom vrchnom triase. Ten
bol zase v obdobi vrchného triasu kontinualne prekryty
vrchnotriasovymi karbonatovymi, lagunarnymi ilovcovymi,
evaporitickymi a pribreznymi lumachelovymi usadeninami.
Su oznaované ako predriftové sedimenty (PlaSienka,
1999).

Synriftové sedimenty

Pocas spodnej jury nastali paleogeografické zmeny,
diferenciacia reliéfu a erdzia starSich sedimentarnych
formacii a aj fundamentu na perifériach novovzniknutej
a rychlo poklesavajucej panvy. V jej centre sa ulozilo
litoralne az neritické, s€asti turbiditné kopienecké suvrstvie
a nad nim hemipelagické, ¢iastocne anoxické sedimenty
allgauského suvrstvia. Okraje riftovej panvy su vykreslené
plytkomorskymi detritickymi formaciami, predovSetkym
piesCitymi a krinoidovymi vapencami a pieskovcami
na severnom okraji panvy (trlenské suvrstvie) s ¢astymi
preruSeniami sedimentacie a kondenzovanymi horizontmi
na juznom okraji (hierlatzské a adnetské vapence).
Na severnom okraji sa zacal formovat plytkovodny vyvoj
krinoidovych vapencov — beliansky vyvoj. Medzi nim
a centralnou ¢astou panvy sa vytvorili podmienky pre vznik
prechodnych vyvojov — ,Supinové pasmo Kremeniny“
a ,zona prechodného vyvoja“ v Strazovskych vrchoch.

Postriftové sedimenty

Postriftové sedimenty indikuju v zénach litosférickej
extenzie fazu tzv. termalnej subsidencie, ktora sa
vyznacuje pomalSim az vyznievajucim poklesom dna
panvy oproti rapidnej synriftovej etape. V zliechovskej
panve sedimentovali Siromorské, spociatku hemipelagické
strednojurské a neskoér vrchnojurské eupelagické
spodvyzivené® suvrstvia malej hrubky. Subsidencia vSak
postihla aj riftové okraje panvy a doslo k Ciasto€nému
vyrovnaniu sedimentacnych podmienok medzi eleva¢nymi
a panvovymi doménami (PlaSienka, 1999). K takymto
okrajom patrila aj zéna Supinového pasma Kremeniny,
v ktorej sa usadili tmavosivé a Cervené réadiolarity.
Naproti tomu belianska sukcesia bola zrejme situovana
az za okrajom poklesavajucej ¢asti panvy, pretoze vyvoj
pokracoval stale vo forme usadzovania krinoidovych
vapencov az do konca jury. Iba dogerské usadeniny
vykazuju slabu pritomnost silicitov, ¢o sved¢&i aspon
0 minimalnej previazanosti sedimentac¢nych podmienok
s panvou. Neskor, opéat v spodnej kriede, vzrastla rychlost
hemipelagickej sedimentacie (mraznické suvrstvie),
ktora pravdepodobne prekroc€ila rychlost subsidencie.
Zaverecna postriftova faza v baréme a apte vykazuje
obnovenie riftingu, reaktivaciu poklesovych zlomov
(turbidity) a opatovnu etapu litosférickej extenzie.
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Synorogénne sedimenty

Synorogénne sedimenty zacinaju v strednej kriede
horizontom vlkolinskej olistostromy, vysSie su budované
albsko-cenomanskym porubskym flySom, ktory zazname-
nava inverziu panvy a jej postupnu destrukciu procesmi
kdrového skratenia. Nahor hrubnuce a splytéujuce sa
sekvencie porubského a, pravdepodobne, klapského flySu
indikuju postupné vyplnenie nesenej panvy, ktora bola
navySe eliminovana aj v désledku kontrakéného rezimu
a pohlcovania jej substratu.

Vznik a formovanie zliechovskej panvy a prilahlych
okrajovych Casti su teda viazané na pasivny stredno-
jursky rifting a litosféricku extenziu na stabilizovanej
epivariskej panve s platformovym vyvojom. Rifting mal
klasicky priebeh s rychlou fazou extenznej subsidencie,
nasledovanou postupne sa spomalujucou fazou termal-
nej subsidencie (kolaps vyklenutej panvy po ukonéeni
tejto tektonickej fazy) 30 — 40 Ma po zadiatku riftingu.
Pelagické suvrstvia vrchného dogeru az malmu su vzdy
sucastou postupne sa prehlbujucich sukcesii, netvoria
samostatné odlepené jednotky a uz vobec nie su spojené
s vulkanitmi oceanskeho dna. Rifting zliechovskej panvy
teda nikdy nedospel do Stadia tvorby novej oceanskej
kory. Naopak, spodnokriedovy bazanitovy vulkanizmus
poukazuje na este stale dostatocne hrubu kontinentalnu
litosféru fatrickej oblasti aj v tesne predkompresnom
obdobi.

Individualizacia prikrovovych jednotiek

Tento proces vo velkej miere zavisel od horizontov
odlepenia (décollement) a od materialovej stratifikacie
fatrickej sedimentarnej vyplne. Druhym faktorom bol aj
samotny charakter panvy, tvorenej po obidvoch stranach
(severny a juzny okraj) halfgrabenmi. Na severnom
okraji boli poklesové zlomové plochy tychto halfgrdbenov
sklonené na juh a v obdobi skracovania fatrického
priestoru fungovali ako morfologické rampy. AvSak vyplni
depresii poklesavajucich blokov sa tym dostala do
prie¢nej pozicie voéi ploche sunutia prikrovov. To malo
za nasledok ustrihnutie alebo zahakovanie vrstiev, &i ich
vyvrasnenie v dosledku pritomnosti poklesovej plochy
dalSieho halfgrabenu, pésobiaceho ako bariéra. Zda sa,
ze vacsinou sa stal suc¢astou prikrovového transportu
material z hran spomenutych halfgrabenov. Za taky by
sme mohli povazovat aj liasové krinoidové vapence,
nachadzajuce sa v jadre ponorenej vrasy, tvoriacej
zény prechodného vyvoja a Supinové pasmo Kremeniny
(obr. 4). Obdobnu situaciu, ale s trochu inym vysledkom
mobézeme sledovat na rozhrani belianskej a zliechovskej
podjednotky severne od Valaskej Belej, kde v uzkom
pruhu vystupuju fatranské vrstvy, gutensteinské vapence
a mraznické suvrstvie, rozdelujuce triasovu sukcesiu
belianskeho prikrovu a triasové sedimenty, ktoré by
mohli patrit zliechovskej sukcesii (kriziiansky prikrov
s. s.). Pri¢ina tejto komplikacie s pravdepodobnostou
mala miesto na juznom okraji belianskej sukcesie, teda
tiez na ploche poklesu.

Umiestriovanie prikrovov (krieda) a poprikrovova tektonika
(kenozoikum)

Pocas uzatvarania fatrickej panvy pri presune
prikrovov sa formovali zékladné prikrovové Struktary
a zakladna prikrovova pozicia. Sunutie prebiehalo od tyla
fatrika a postupne sa angazovali stredné a na zaver
aj Gelné zoény. V podstate pre kazdu zénu plati, ze bola
odlepena a dostala sa do alochtdnnej pozicie vo¢i svojmu
podloznému substratu. V ramci stredného dekolementu
plati to isté, no nie je vylu€ené, ze v Celnych zénach
(beliansky prikrov) rozsah presunu nenadobudol také
vzdialenosti, a mohlo by ist o paraautochténnu poziciu
vocCi svojmu triasovému rigidnému podstavcu. Ak by sme
uvazovali o va¢Som presune, muselo by sa to odrazit
v jednotkach pribradlovej zény. Teoreticky by mal byt
kriznansky prikrov nasunuty a vystupujuci aspon scasti
na povrchu v oblasti, a to nielen maninskej jednotky, ale
aj na inych okrajovych styénych zénach s pieninskym
bradlovym pasmom.

Stavba mapovaného Uzemia, ktoru vidiet v sucasnosti,
vzniknuta a ustalena po turdne, je v hlavnych rysoch
stale rovnaka. Belianska lezata vrasa a prevratena
vrasa prechodného vyvoja, lateralne prechadzajuca
do rozsiahlejSej lezatej vrasy zliechovskej sukcesie,
st v pévodnej pozicii. DalSia vyrazna aktivita alpinskej
tektoniky prebehla v obdobi paleocén — spodny oligocén,
ked sa zmenila orientacia napatového pola. To bolo
obdobie vzniku antiformnej stavby v strede s belianskou
lezatou vrasou a vzniku vychodovergentnych preSmykov
a duplexov (blizéie opisané v kapitole o tektonike). Dalsiu
kapitolu predstavuje spodnomiocénna tektonika. V jej
procese doslo k tiltingu bloku tatrika (krystalinika Suchého
a Malej Magury), pri ktorom boli generované na styc¢ne;j
zone s bradlovym pasmom protismerné napétia, tladiace
horninové masy generalne smerom na juh. To sa odrazilo
vo vzniku reverznych Struktur, akymi su napr. spatné vrasy
— reverse folds“ (v mapovanom Uzemi ¢asto ako zvrasnené
ramenarozsiahlychlezatychvras), juhovergentné preSmyky
(tiez Casto sa tvoriace ustrihnutim ramien lezatych vras),
prevratené vrasy a pod. Napriklad preSmyk medzi osadami
Kuricovci a Petelusovci, kde spod mraznického suvrstvia
vystupuju aj jurské sedimenty, dostavajuce sa na plochu
preSmyku.

Zaver

Uzemie medzi obcami Valaska Bela a Cierna Lehota je
tvorené hlavnymi paleoalpinskymi tektonickymi jednotkami.
Juzna Cast uzemia je budovana malomagurskou obalovou
sekvenciou patriacou do tatrika. Znamy je jej stratigraficky
rozsah — od spodnej jury po spodnu kriedu. Suvrstvia
su Casto znacne redukované. V bezprostrednom nadlozi
tatrickej jednotky sa nachadza v prikrovovej pozicii fatrikum,
ktoré je tu tvorené nasledujucimi prikrovmi: beliansky prikrov
a kriznansky prikrov s. s., medzi ktorymi su umiestnené
tektonické Supiny (duplexy): Supinové pasmo Kremeniny
a zéna prechodného vyvoja. NajvrchnejSou tektonickou
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jednotkou je hronikum reprezentované prikrovom Homélky,
ktory buduje SZ €ast Studovaného uzemia (obr. 2A, 3).

Hlavny proces formovania oblasti zahffia obdobie
transportu prikrovov po prekonani juhotatrického prahu
a mladsie (kenozoické) udalosti dotvaraju tektonicku stavbu
uzemia. Samotna zékladna stavba je zlozena hlavne z vra-
sovych Struktur. Belianska podjednotka tu vystupuje spod
zény prechodného vyvoja, Supinového pasma Kremenin
a zliechovskej podjednotky v podobe rozsiahlejSej lezatej
vrasy so zapadnou vergenciou. Zvlastny je tu zdvojeny
pruh hoteriv-barém-aptskych organodetritickych vapencov
urgénskej facie. Ten severnejsi pravdepodobne poukazuje
na povrchovy priemet preSmykovej linie. NadloZie je tvorené
ponorenou vrasou mezoskopickych rozmerov, ktora pozdiz
svojej osi nie je rovnomerna, ale meni sa jej tvar a hlavne
rozmer od ,zény prechodného vyvoja“ smerom na sever.
Tym smerom sa tiez postupne meni aj litostratigrafia.
Do vrésy je postupne vélenena aj zliechovska podjednotka
a nadobuda charakter ploSne rozsiahlej lezatej vrasy.
Ta pod miernym sklonom pokracuje v podlozi hronika
(obr. 2A). V paleocéne az spodnom oligocéne sa uplatnila
dalSia tektonicka faza, charakterizovana generalne
V — Z kompresiou. Pocas tejto kompresie bola modifikovana
predchadzajuca vrasova stavba a uzemie bolo postihnuté
aj krehkou tektonikou. V tomto obdobi sa uplatiovali
najma SZ — JV orientované sinistralne smerné posuny
s preSmykovou zloZzkou pohybu a ich antitetické strihy.
Zlomoveé plochy su relativne plytko sklonené k JZ a presun
nadloznych blokov na podlozné vytvorilo antiformnu stavbu.
V spodnom miocéne dochadza k vyvoju juhovergentnych
Struktur, ako su preSmyky a vrasy. Nasledne v strednom
a vrchnom miocéne dochadza v Zapadnych Karpatoch
k relaxacii kory a formovaniu hrastovo-prepadlinovej stavby.

Podakovanie. Tato praca bola podporena Agentirou na podporu
vyskumu a vyvoja prostrednictvom finanénej podpory APVV-0465-06
a agenturou VEGA (projekt 1/0388/10).
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New knowledge about the geological setting of the Fatric Unit near
Valaska Bela village (Strazovské vrchy Mts., Western Carpathians)

The Zliechovska hornatina Mts. is situated in the
central part of the Strazovské vrchy Mts. (Fig. 1). It consists
of the sub-nappe structures of the Fatric Unit. This feature
allows observing a continuity of the nappe-fold structures
in a lateral direction (up to tens of km). The principal
aims of this study were (a) a complete reambulation of
the geological map in the area of Valaska Beld — Cierna
Lehota — Homdlka (907 m a.s.l.) and (b) geological and
tectonic interpretations of obtained data.

On the geological map, several paleo-Alpine tectonic
units have been recognized: (a) the Tatric Unit represented
by the Mesozoic Mald Magura cover sequence in the
south; (b) the Fatric Unit with a complex nappe structure in
the central part and (c) the Hronic Unit in the northern part
of the area (Fig. 2).

The Fatric Unit is located in a typical tectonic position;
it means above the Tatric Unit and below the Hronic Unit.
The Fatric Unit is mainly composed of deep-marine and
shallow-marine Jurassic successions which are in contact
with the small outliers and tectonic slices of the transitional
successions.

In the northern part of the studied area, the Krizna
nappe s.s. occurs, and it is composed of the Zliechov
Succession. The Bela nappe with the shallow marine
environment was located at the northern margin of the
Zliechov Basin (Fig. 6). This nappe is composed only of the

Jurassic shallow-marine sedimentary succession. In the
Strazovské vrchy Mts., the Bela nappe is overthrusted by
the Krizna nappe s.s. along the 2nd order thrust, and the
tectonic zone between them is formed by the “Kremeniny
imbricated zone” (Figs. 2 and 3). This transitional zone is
composed of both — the deep-marine (the Zliechov type)
and shallow-marine (the Bela type) Jurassic sedimentary
successions. The contemporary structure of the Krizna
nappe system is a result of three principal tectonic events.
The first one represents the thrusting of the nappe body on
the Tatric Unit after the Turonian. This thrusting was followed
by tectonic desintegration of the nappe body into several
independent tectonic duplexes and the imbricated structure
of the Krizna nappe has developed. As a consequence of
this evolution, the recumbent fold of the Bela nappe has
formed. The second event is presented by the Paleogene
compressional tectonic regime in the Western Carpathian
arc. During this deformational phase, antiform structure
was formed. The Lower Miocene transpressional tectonic
regime formed southward structure, and the backthrust
tectonics was active in the frontal part of the Krizna nappe
system (Fig. 7). Subsequently, tectonic evolution of the area
was controlled by the extensional tectonic regime which
caused the evolution of typical horst-and-graben structure
of the Central Western Carpathians during the Middle and
Late Miocene.
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Abstract

The Cenomanian—Turonian deposits studied in the Cervena skala section (Czorsztyn
Succession of the Pieniny Klippen Belt) comprise pelagic facies belonging to the siliceous bed,
in which abundant radiolarian and foraminiferal fauna was indentified. They indicate the deeper
development of the Czorsztyn elevation of the Pieniny Klippen Belt. The radiolarians Alievium
superbum (SauiNaBoL), Crucella cachensis PESSAGNO, Patellula ecliptica O'DOGHERTY and
Acanthocircus tympanum O’DOGHERTY have been used as marker fossils for the Cenomanian—
Turonian boundary interval. On the basis of the ratio of Spumellaria and Nassellaria abundance,
the siliceous bed may represent unstable environmental conditions connected with the

eutrophication.

Key words: radiolarians, Puchov Marls, Cretaceous, Czorsztyn Succession, Pieniny Klippen

Belt, OMZ, Western Carpathians

Introduction

The Cenomanian—Turonian stratigraphic interval of the
Puchov Marls of the Czorsztyn Succession in the Pieniny
Klippen Belt is characterized by a common occurrence of
two planktonic microfossils — radiolarians and foraminifers.
Their common occurrence in associations from the
Cretaceous formations is stated in silicified rocks. Up to
the present, such an interval was detected at the Vr8atec
locality (Sykora et al., 1997) and in the klippe of Dolny
Mlyn, near the village Stara Tura (Scheibnerova, 1969).
The results of the first systematic investigation of the
Upper Cretaceous radiolarian fauna from the Czorsztyn
Succession in the Polish sector of the Pieniny Klippen Belt
belonging to the Skalski Marl Member (the Altana Shale
Bed) and to the Pustelnia Marl Member (the Lorencowe
Chert Bed) of the Jaworki Formation (Birkenmajer, 1977)
were published by M. Bgk (1996a). Further information
about the Upper Cretaceous radiolarians of the Pieniny
Klippen Belt is in publications of M. Bgk (1993a, 1993b,
1995, 1996b), M. Bak and K. Bgk (1999) and M. Bak and
Sawlowicz (2000).

Our research was focused on the Upper Cretaceous
red pelagic marls — the Plchov Marls (Stdr, 1860;
Andrusov et al., 1985) which are exposed at the Cervena
skala locality (the English name Red Rock was derived
after the prominent red colour of the exposed part of
the klippe) near the village Nizna in the Orava region
(Fig. 1). In Poland, these rocks form a part of the Jaworki
Formation (after Jaworki village) in the lithostratigraphic
division of the Pieniny Klippen Belt after Birkenmajer
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(1977). This paper brings the new taxonomical results
concerning radiolarians selected from the Puchov Marls
studied in the locality mentioned above. The qualitative
and quantitative evaluations of these associations were
used for a paleoecological interpretation.

Geological settings

The sequence of the Cervena skala section comprises
rocks typical of the deeper development of the Czorsztyn
elevation of the Pieniny Klippen Belt (former margin of
the Mesozoic Paleoeuropean shelf; Fig. 1). It can be sub-
divided into three lithological units: Czorsztyn Limestone
Formation, Pieniny Limestone Formation and Puchov Marils.
Red Upper Cretaceous pelagic marls, claystones and marl
shales were described by Star (1860) for the first time from
four localities — Hrabovka, Vieska-Bezdedov, Brezie and
Ihriste and they were named as the Ihriste Marls (after
Ihriste village, N from Puchov). Later, they were re-named
to the Pichov Marls (étur, 1860; Andrusov et al., 1985)
after the town of Puchov. The variegated marls of the
Lower Campanian were called as the Gbelany Marls (after
Gbelany village near Varin) by Kantorova and Andrusov
(1958). Their equivalents are represented by the “Couches
Rouges” in the Alps and the “Scaglia Rosa” in Apennines.

Despite the Jaworki Formation according to Birkenmajer
and Jednorowska (1987) is divided into a greater number of
lithostratigraphic members, the specification of the Jaworki
Formation is used in this paper. The formation consists
mainly of marls and limestones (pelagic foraminifers
facies). The Jaworki Formation is subdivided into eight
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lithostratigraphic units (Birkenmajer and Jednorowska,
1987). The silicified parts with radiolarian fauna occur
in the following members (Fig. 2):

The Skalski Marl Member (Uppermost Lower
Cenomanian—Lower Turonian) is characterized by the
variegated marls, marl shales and limestones, interbedded
in several places with the black radiolarian shales, which
were produced by an anoxic event (the Altana Shale Bed).

The Magierowa Marl Member (Middle Cenomanian—
Upper Turonian) also contains the Altana Shale Bed in
greyish green to black marls and limestones.

The Pustelnia Marl Member (Upper Cenomanian—
Lower Maastrichtian, after Birkenmajer and Jednorowska,
1987, Middle Cenomanian—Upper Campanian, after Bak,
1998) consists of rustbrown coloured marls. Other colours,
like white or green are infrequent. Layers of silicified
limestones with chert interbeds (Lorencowe Chert Bed)

| Poland ,

Fig. 1. Location of the studied section.

are common. These strata were first integrated into the
Skalski Marl Member by Birkenmajer (1977) and later, on
the basis of the analysis of foraminifers microfauna, they
were placed to Santonian—-Campanian by Jednorowska
(1979).

Correlation with the Jaworki Formation is possible
outside Poland, where they were defined. Some of
formations, e.g. Albian Rudina Formation, Cenomanian
Lalinok Formation, Middle Turonian—Lower Coniacian
Sneznica Member, Campanian—Maastrichtian Gbelany
Formation or Lower Campanian KoSariské Formation
in the Brezovska Group represent an equivalent to some
members of the Jaworki Formation (Michalik et al., 2002).
In the Ukraine (Glusko, 1971) and Romania (Bombita,
1972) the Jaworki Formation is correlated with the Puchov
Formation and Tisalo Formation. A partial equivalent
of the Jaworki Formation is also Buntmergelserie
(Klippenhillflysch) in Austria (Prey, 1960).

Investigated silicified marlstones belong to the Skalski
Marl Member (Uppermost Lower Cenomanian—Lower
Turonian) of the Jaworki Formation. These are characterized

Czorsztyn succession of the Pieniny Klippen Belt
West Slovakian sector Polish sector
Vrsatec northern part
Stages caStle (Birkenmajer & Jednorowska
(Sykora et. al 1997) I 1
o SJARMUTAFM.c 2 o
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Fig. 2. Correlation of lithostratigraphic units (Hauterivian—
Maastrichtian) in the Czorsztyn Succession of the Pieniny Klippen
Belt in the Polish and Slovak territory (according to Sykora et al.,
1997, adapted).
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by marls, marl shales and limestones with intercalations
of the dark Altana Shale Bed. In the investigated profile the
silicified limestones and marlstones possess characteristics
of the Lorencowe Chert Bed (Birkenmajer, 1977;
M. Bak, 19964, a.o.). Although, these beds were assigned
to Santonian—Campanian on the basis of foraminiferal
microfauna by Jednorowska (1979). Birkenmajer (1977)
placed them to the Skalski Marl Member in the original
division. However, it is possible that investigated silicified
beds represent the Lorencowe Chert Bed in the frame
of the Skalki Marl Member in the Jaworki Formation.

Cervena skala section
5,12m

Sedimentology of Jaworki Formation
at locality Cervena skala

The Cervend skala (Red Rock) locality is situated
in the Orava region, at Nizné village, near the elevation
point 707 (Fig. 1). The investigated profile is located
at GPS coordinates of 49° 19" 8.0"" of NW latitude and
19° 30" 26.2"" of EW longitude.

The Jaworki Formation is exposed in an approximately
500 cm long section (Fig. 3). Stratigraphic range of the
formation according to radiolarians and foraminifers is from
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Fig. 3. Lithostratigraphic column of the studied section.
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the Middle Cenomanian up to the Upper Turonian (Soték,
personal communication).

Since the sequence is in the reverse position, sampling
and description of profile has been done also in the
reverse order. The section starts with the red and reddish
brown coloured marlstones with shell-like fracturing and
irregular disintegration, crumbling into small pieces in
several places. This roughly 200 cm part of the section is
replaced by 10 cm bed of the greenish grey to dark grey
calcareous marlstones, followed by thin light grey limestone
layer, 8 cm brownish grey shale and schistose purple-red
limestones. The section is succeeded by an approximately
1 m thick reddish brown to red marls, which are changed

by 6 cm bed of greenish-grey to olive-yellow plastic clays
with 1.3 cm of dark-grey to black organic-rich claystones at
the top. The sedimentological section continues with 6 cm
thick bed of thin-bedded ash-grey to light grey laminated
limestones. The horizontal bands are represented by the
concentrations of clay minerals, all fossils are preserved
very well and they are concentrated into a lamina within the
layer itself and their amount increases to the top (Richter,
2004). Then the bed of light grey limestones with the
radiolaria-rich fauna appears, being followed by a thin bed
of olive green marlstones, which also contain microfacies
of foraminifers and radiolarians (cf. Richter, 2004). The
section then follows up with the red, poorly schistose marls

Tab. 1
Distribution of radiolarians in the studied samples
Radiolarian
zonation
O’Dogherty
Radiolarian microfauna 28124 23 1994

Acastea rebellis (O'DOGHERTY, 1994) X U.A. 14-21
Acastea vitalis (O'DOGHERTY, 1994) X U.A. 11-21
Acastea cf. diaphorogona (FOREMAN, 1973) X
Acanthocircus tympanum O'DOGHERTY, 1994 X[ X U.A. 20-21
Acanthocircus venetus (SQUINABOL, 1914) X | X U.A. 14-21
Actinomma sp. X| X]| X
Alievium superbum (SQUINABOL, 1914) X | X | X [UA.20-21
Archaeocenosphaera mellifera O'DOGHERTY, 1994 X | X | X |UA. 10-21
Crucella cachensis PESSAGNO, 1971 X | X | X [U.A.20-21
Crucella cf. hispana O’Dogherty, 1994 X
Dictyomitra formosa SQUINABOL, 1904 X | X | X [UA. 14-21
Dictyomitra montisserei (SQUINABOL), 1903 X | X U.A. 10-20
Dictyomitra multicostata ZITTEL, 1876 X U.A. 21
Halesium amissum (SQUINABOL, 1914) X | X U.A. 16-21
Halesium triacanthum (SQUINABOL, 1903) X U.A. 14-21
Holocryptocanium barbui DUMITRICA, 1970 X| X X
Paronaella cf. californiaensis (PESSAGNO, 1971) X U.A. 20-21
Patellula andrusovi OZVOLDOVA, 1997 X
Patellula ecliptica O’ DOGHERTY, 1994 X[ X U.A. 20-21
Patellula helios (SQUINABOL, 1903) X[ X U.A. 17-21
Pessagnobracchia fabianii (SQUINABOL, 1914) X | X U.A. 11-21
Pessagnobracchia irregularis (SQUINABOL, 1903) X U.A. 12-17
Praeconocaryomma universa PESSAGNO, 1976 X 1| X
Pseudoaulophacus cf. polonicus GORKA, 1989 X
Pseudoaulophacus putahensis PESSAGNO, 1972 X | X U.A. 14-21
Pseudodictyomitra pseudomacrocephala (SQUINABOL, 1903) | X | X | X [U.A. 10-21
Quinquecapsularia grandiloqua O’'DOGHERTY, 1994 X U.A. 18-21
Staurosphaeretta cf. longispina (SQUINABOL, 1903) X
Stichomitra communis SQUINABOL, 1903 X | X | X |UA. 521

<« Pl. I. Radiolarian microfauna in silicified marlstones — Turonian. 1 — Acanthocircus tympanum O DOGHERTY — samp. 24, 175x;
2 — Halesium amissum (SQUINABOL) — samp. 24, 190x; 3 — Crucella cachensis PESSAGNO — samp. 28, 230x; 4 — Archaeocenosphaera
mellifera O’DOGHERTY — samp. 23, 220x; 5 — Patellula ecliptica O 'DOGHERTY — samp. 28, 120x; 6 — Halesium triacanthum (SQUINABOL)
— samp. 24, 150x; 7 — Patellula helios (SQUINABOL) — samp. 24, 340x; 8 — Pessagnobracchia irregularis (SQUINABOL) — samp. 24, 180x;
9 — Holocryptocanium barbui DuMITRICA — samp. 23, 180x; 10 — Pseudoaulophacus putahensis PESSAGNO — samp. 24, 140x; 11 — Patellula
andrusovi OZvoLDOVA — samp. 24, 290x; 12 — Acastea rebellis O 'DOGHERTY — samp. 24, 210x; 13 — Alievium superbum (SQUINABOL) — samp.
24, 170x; 14 — Pessagnobracchia fabianii (SQuiNnaBOL) — samp. 24, 190x; 15 — Pseudoaulophacus putahensis PESSAGNO — samp. 28,
190x; 16 — Acanthocircus venetus (SQUINABOL) — samp. 24, 210x; 17 — Dictyomitra formosa SQUINABOL — samp. 24, 230x; 18 — Stichomitra
communis SQUINABOL — samp. 28, 310x; 19 — Pseudodictyomitra pseudomacrocephala (SQuiNaBOL) — samp. 24, 190x; 20 — Dictyomitra
multicostata ZITTEL — samp. 24, 230x; 21 — Dictyomitra montisserei (SQUINABOL) — samp. 24, 230x.
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and by alternating red to greenish grey marls, changed
by the very thin bed of dark grey to black claystones under
the next radiolarian horizon. This 14 cm thick dark grey
poorly laminated radiolarian horizon is followed up with
18 cm thick bed of red solid marlstone and with 28 cm thick
bed of grey to greenish grey solid marlstones. The section
ends with 40 cm thick bed of brownish grey, brownish red
to purple red schistose claystones.

Methods

Thirty samples have been collected from the studied
section. Each sample consisted of a small pieces of
rock (5—6 cm), cut parallel to bedding. Radiolarians were
extracted using two methods. Calcareous samples were
cleaned, crushed into smaller pieces, poured with 12 %
of acetic acid (CH;COOH) and leached out during 7 days.
Calcareous samples with high content of SiO, were cleaned,
crushed into smaller pieces, poured with hydrofluoric acid
in 1 :7 ratio during 3 days. Selected samples were studied
under the scanning electron microscope (SEM).

Radiolarian assemblages

The radiolarians in the samples S-23, S-24 and S-28
were analysed from the residuum (Tab. 1). Evaluation of
the samples is based on the detailed biozonation for the
Mediterranean area after O 'Dogherty (1994; PI. I).

Acanthocircus tympanum O DOGHERTY, Acanthocircus
venetus (SauiNABoL), Alievium superbum (SQUINABOL),
Crucella cachensis PEssAGNO, Dictyomitra montisserei
SauinaBoL, Patellula ecliptica O ' DOGHERTY, Patelulla helios
(SauinaBoL), Pessagnobracchia fabianii (SQUINABOL),
Pseudoaulophacus putahensis PESSAGNO in the sample S-28
and Acanthocircus tympanum O 'DOGHERTY, Acanthocircus
venetus (SauiNABoL), Alievium superbum (SQUINABOL),
Crucella cachensis PEssAGNO, Dictyomitra montisserei
SauinaBoL, Dictyomitra multicostata ZITTeEL, Patellula
andrusovi OzvoLDOVA, Patellula ecliptica O DOGHERTY,
Patelulla helios (SQuiNABOL), Pessagnobracchia fabianii
(SauiNnaBoL), Pseudoaulophacus putahensis PESSAGNO
in the sample S-24 indicate that the assemblages belong
to the Superbum Zone which begins in the lowermost
Turonian. The zone comprises the Unitary Association
UA 20 and the overlying UA 21. The upper boundary
of the zone was not assigned.

The index taxon of this zone is Alievium superbum
(SauinaBoL). The species Acanthocircus tympanum
O’DoGHERTY, Crucella cachensis PEssAGNO and Patellula
ecliptica O’'DOGHERTY also appear in UA 20. Dictyomitra
montisserei (SauiNnagoL) finishes in the same Unitary
Association. But Dictyomitra multicostata ZITTEL which
appears in the following UA 21 can rarely be observed
in the sample S-24. It is assumed that the presented
assemblage from the sample S-28 represents the Lower
Turonian, while the association from the sample S-24
represents the boundary of Lower and Middle Turonian.

In the sample S-23 the presence of Alievium superbum
(SauinaBoL) and Crucella cachensis PESSAGNO, which

appear for the first time on the lower boundary of the Turonian
and species Archaeocenosphaera mellifera O 'DOGHERTY,
Dictyomitra formosa SauinaBOL and Holocryptocanium
barbui DuMITRICA, which finish in the Turonian, indicates
that the presented assemblage represents relatively wide
stratigraphic range — the Turonian.

Paleoenvironmental implications

Traditionally, from the time of Haeckel (1873—-1887),
the Spumellaria are considered to dwell only in the surface
waters and therefore most authors (Kiessling, 1996, 1999,
a.0.) used the proportion of Spumellaria vs. Nassellaria
S/N as possible indicator of the depth of sedimentary
accomodation space and/or the distance from the mainland.
It was documented in the investigations of Casey (1993) in
recent oceans that Spumellaria dominate in the offshore,
while Nassellaria dominate in pelagic oceanic parts.

The predominance of Spumellaria in the medium-
-depth deposits and the abundance of Nassellaria not only
in the deep-water but also in the shallow-water deposits
were recorded by Empson-Morin (1984) in the Campanian.
Similarly, extreme abundance of Nassellaria in the shallow-
-water deposits was described by Zigel et al. (1998).

In investigated associations within the samples S-24
and S-28, Nassellaria slightly prevail over Spumellaria
(52—60 %), but the diversity of Spumellaria is substantially
higher. More than 90 % of Nassellaria specimens belong to
the genus of Dictyomitra and Stichomitra, less of them to
Pseudodictyomitra. Genus Patellula from the Sponguridae
is almost equal to the genuses of Hagiastridae,
Pseudoaulophacidae and Patulibracchiidae (Crucella,
Pseudoaulophacus, Pessagnobracchia).

The sample S-23 revealed radiolarian association
which was poor in the species and possessed remarkable
indications of sorting in the size and shape. Spherical shells
of mostly Spumellaria (Actinomma, Praeconocaryomma
a.o.) as well as Nassellaria (Holocryptocanium) prevailed.
The other different forms constituted minimal proportion.
Since the composition of the association was affected by
sorting, quantitative proportion of individual components
was not detected.

After Takashi (1991, 1997) and Casey (1971, 1977),
the associations in the middle part of the Bonarelli Level,
in which the Nassellaria of the genus Cryptamphorella,
Holocryptocanium, Pseudodictyomitra, Stichomitra,
Archaeodictyomitra, Dictyomitra a.o., represent
impoverished associations. They are analogous to present
deep-water forms. Although, it is possible that impoverished
associations resulted from a selective dissolution as well as
worse conditions of the preservation of certain type of shells.
In spite of this, the authors prefer the view that acquired
associations represent at least a part of original association.

Kuhnt et al. (1986) recorded remarkably increased
content of the spongy forms of Spumellaria around the C/T
boundary in the Tethyan region in deposits representing
middle depths and oxygen-depleted environment.

In our associations, deep-water forms slightly prevail
over Spumellaria, in which the number of spongy forms
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Quantitative composition S/N

Spumellaria
48%

Spumellaria
40%

Fig. 4. Quantitative composition and
diversity of Spumellaria/Nassellaria
in the samples 24 and 28. C.

is not remarkably increased and which are in equilibrium
with the other spumellarian forms of community.

According to mentioned informations resulting from
the study of radiolarians, the investigated associations
represent the deposits of intermediate depths, without
more expressive oxygen deficit.

O’'Dogherty and Guex (2002) suggested that the
variations in the proportion of Spumellaria vs. Nasellaria
indicate rather the conditions of ecological stress than
the depth of sedimentary accommodation space. Their
data (l.c.) provide the evidence that Spumellaria are more
resistant to unstable ecological conditions than Nassellaria.
However, Nassellaria reveal a greater rate of evolution
in the periods of radiation than Spumellaria.

It is suggested that the diversity proportion of
Spumellaria to Nassellaria is an acceptable indicator of
aggravating climate as well as the ecological stress.

In connection with the research results of Erbacher
and Thurow (1996) a.o., O’'Dogherty and Guex (2002)
determined a few repetitive successive phases based
on the research of the rate and the model of radiolarian
evolution in the Cretaceous.

The 1st phase represents the event of extinction. The
2nd phase contains the period of the lowest diversity of
Radiolaria. The 3rd phase represents the event of radiation.
The last, 4th phase represents the period of the highest
diversity.

If we want to place the associations from the Cervena
skala locality to one of the phases after O'Dogherty and
Guex (2002), then it would correspond with the 2nd phase,
because the silicification of marls is a remarkable feature
of eutrophication of under-surface waters. The diversity of
Spumellaria is higher than that of Nassellaria, however
Nassellaria dominate by forms which tolerate unstable
environmental conditions and which, after the research at
the type localities, continued since the Cenomanian until
early Turonian (Fig. 4).

The Ocean Anoxic Event 2 is indicated by some
geochemical proxies, such as increasing organic carbon

Diversity S/N

Spumellaria
o

sample 24

Spumellaria
69%

sample 28

content in radiolarian-bearing horizons and the increase of
8'3C values towards the Cenomanian/Turonian boundary
(Fig. 3).

Conclusions

The detailed radiolarian zonation of O 'Dogherty (1994)
was used for the evaluation of the radiolarian microfauna.
Based on the radiolarian evaluation of the samples from
the locality Cervena skala, the investigated associations
represent the Lower Turonian and originate from deposits
formed in unstable environmental conditions connected
with the eutrophication in intermediate water depth without
more expressive oxygen deficit.
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Vztah chemického zlozenia podzemnych vod fluvialnych sedimentov
v nive dolného toku Torysy k hydraulickym
charakteristikam zvodnencov
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The relation of the chemical composition of the groundwater of fluvial sediments in the
overbank of the lower reach of Torysa river to the hydraulic characteristics of aquifers

Abstract: This contribution provides the evaluation of spatial and statistical distribution of the
permeability and transmissivity of aquifers associated with the Torysa river flood plain as well
as evaluates the spatial, areal and statistical distribution of selected chemical composition
indexes derived for groundwater within the aquifer. In the conclusion the correlations between the
observed aquifer hydraulic parameters and related chemical composition of the groundwater are
displayed. For comparison with the fluvial sediments of the Torysa river flood plain, the fluvial and
proluvial deposits of the Sekéov catchment area between the village KapusSany and its junction

with the Torysa river were investigated.

Key words: hydrogeology, Torysa river alluvium, hydraulic parameters, groundwater chemistry,

correlation

Prirodné pomery hodnoteného uzemia

Dolny tok Torysy, ako aj proldvium a udolna niva medzi
Kapu$anmi, sutokom Sekcova s Torysou az po jej ustie
do Hornadu, su sucastou S a JV casti KoSickej kotliny.
Z geomorfologického hladiska (Mazur et al., 1986) je toto
uzemie sucastou celku Kosicka kotlina, €asti Toryska
pahorkatina s povrchom leziacim v urovni 200 az 400 m
n. m. Na uzemi previada mierne modelovany zvineny
reliéf, prechadzajuci dolinami Torysy, Sek¢ova a OlSavy do
rovinného reliéfu rieénych niv so Sirkou 1,0 az 1,5 km.

Hodnotené uzemie klimaticky patri do teplej oblasti,
teplého a mierne vihkého okrsku s chladnou zimou.
Priemerna ro¢na teplota tu dosahuje podla pozorovani
v PreSove 8,6 °C a priemerny dlhodoby ro¢ny uhrn zrazok
v Kapu$anoch 619 a v PreSove 621 mm. Hydrologicky je
uzemie sucastou povodia Hornadu (4-32) a Ciastkového
povodia Torysy (4-32-04), z menSej Casti na JV sucastou
Ciastkového povodia OlSavy (4-32-05). Priemerné prieto¢né
mnozstvo Sekcova na jeho Usti do Torysy je 2,3 m3.s™'
a pod sttokom so Sekéovom 6,84 m3-s~.

Na geologickej stavbe Uzemia sa podielaju sedimenty
neogénu a kvartéru. StarSie neogénne utvary mozno
pozorovat v kotlinovej pahorkatine a mladsSie kvartérne
na terasovych stupfioch a v rie¢nych nivach. Rieéne
nivy Torysy a OlSavy ohraniCuje tzv. varhanovsky chrbat
(Janoc¢ko, 1990), typicky svojim vyzdvihovym trendom
v kvartéri, €o sa odraza aj na jeho reliéfe.

39

Podla regionalneho geologického ¢lenenia Zapadnych
Karpat a severnych vybezkov Pandnskej panvy (Vass et
al., 1988) patri hodnotené Uzemie do PreSovskej kotliny.
Sedimenty hlavnej molasy maju stratigrafické rozpatie od
egenburgu po sarmat. Reprezentuju ich prevazne pelitické
sedimenty — ily rdzneho charakteru, menej Strky a piesky.

Kvartérne fluvidlne uloZeniny su viazané na nivy Torysy,
Sekéova a Olsavy. Od povrchu ich tvoria povodriové hliny
s priemernou hrubkou 3 az 4 m, pod ktorou sa nachadzaju
3 az 5 hrubé vrstvy pieséitého Strku. Menej, ¢o do hibko-
vého aj ploSného rozsahu, su tu zastupené terasové Strky
(ris, mindel).

Znacénu plochu v severnej Casti Uzemia zaberaju
proluvidlne Strky mindelskych naplavovych kuzelov s prie-
mernou hrubkou 5 az 6 m. Hrubka riského naplavového
kuZela Sebastovky véak dosahuje aZ 23 m. Pokryv tychto
kuzelov je tvoreny sprasovymi hlinami.

Skumané uzemie je z hydrogeologického hladiska
sucastou rajonu NQ 123 Neogén vychodnej Casti KoSickej
kotliny (Suba et al., 1992), ktorého prevaznu &ast buduju
sedimenty neogénu spolu s fluvidlnymi a proluvidalnymi
sedimentmi kvartéru. Jednym z najvyznamnejSich hydro-
geologickych kolektorov Uzemia su fluvialne piescité Strky
dnovej vyplne rie¢nych niv a nizkych terds s medzizrnovou
priepustnostou. Strky dnovej vyplne Torysy a Sek&ova
patria v danych podmienkach k najlepSie preskimanym
hydrogeologickym jednotkam. MenS§i vodarensky vyznam
maju piescité Strky naplavovych kuzelov.
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Obr. 1. Hranice povodia dolného toku Torysy s vyznacenim
hodnotenych usekov.

,:\

Fig. 1. Boundaries of the river basin of Torysa lower reach with
location of evaluated parts of aquifers.

Regionalne zhodnotenie priepustnosti a prieto¢nosti
kvartérnych sedimentov skiimaného uzemia

Spracovanim archivnych udajov o dokumentacii
hydrogeologickych vrtov skimaného uzemia bolo mozné
regionalne zhodnotit hydraulické vlastnosti hornin
sedimentov kvartéru podla metodiky spracovanej Jetelom
(1985, 1995, 2001). Po zhodnoteni kvality vstupnych
udajov a po vyluc¢eni udajov vrtov s nedostatoCnou
dokumentaciou sa ich pocet zredukoval na 146 udajov
z hydrodynamickych sku$ok vyhovujucich poziadavkam
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Obr. 2. Zavislost celkovej mineralizacie od koeficientu filtracie.

Fig. 2. Dependance of the total dissolved solids on hydraulic
conductivity.

na potrebnu kvalitu vstupnych podkladov kategorie II,
subkategorie lla a ojedinele subkategorie b (Jetel, 2001).
Po zazname udajov, formalnej unifikacii a po priradeni
k jednotlivym hydrogeologickym telesam alebo ich ¢astiam
boli stanovené hodnoty aproximativnych hydraulickych
parametrov indexu prieto¢nosti Y a indexu priepustnosti
Z (Jetel, 1985) pre jednotlivé skumané useky (obr. 1).
Tie mozno v danych podmienkach vy€lenit nasledovne:

— fluvidlne nivné sedimenty Sekcova (F1),

— proluvialne sedimenty v povodi Sekcova (P1),

— fluvidlne nivné sedimenty Torysy v oblasti PreSova
(F2),

— fluvialne nivné sedimenty Torysy v oblasti Hanisky
pri PreSove (F3),

— fluvialne nivné sedimenty Torysy medzi Kendicami
a Drienovom (F4),

— fluvidlne nivné sedimenty Torysy od Drienova
po LemeSany (F5),

— fluvidlne nivné sedimenty Torysy od Sarigskych
Bohdanoviec po KoSicku Polianku (F6).

Rozdelenie takto stanovenych hodnét indexu prietoc-
nostiY aindexu priepustnosti Z— po spracovani zakladnych
opisnych Statistickych charakteristik v skusanych usekoch
sedimentov Studovaného Uzemia — uvadzaju tab. 1 a 2.

Tab. 1
Rozdelenie hodn6t parametrov indexu prieto¢nosti Y v skusanych
usekoch sedimentov
Distribution of the index of transmissivity Y in the tested intervals

Skumany  Pocet Index prieto¢nosti Y
usek udajov Rozpatie Md(Y) M(Y) Sy
F1 28 4,58 - 6,77 5,64 5,70 0,51
P1 11 4,54 — 6,59 5,39 5,39 0,57
F2 27 5,31 -6,93 6,02 5,97 0,39
F3 15 5,06 — 7,24 5,99 5,96 0,50
F4 20 50,5 - 6,24 5,35 5,45 0,34
F5 20 4,66 — 6,58 5,99 5,87 0,53
F6 25 5,00 - 6,35 5,91 5,77 0,38

Md(Y) — median, M(Y) aritmeticky priemer, sy — smerodajna
odchylka s parametrom n —1

Md(Y) — median, M(Y) — arithmetic mean, sy — standard deviation
with parameter n —1
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Tab. 2
Rozdelenie hodnét parametrov indexu priepustnosti Z v skisanych
usekoch sedimentov
Distribution of the index of permeability Z in the tested intervals

Skimany  Pocet Index priepustnosti Z

usek udajov Rozpatie Md(2) M(Z) Sz
F1 28 3,83-6,40 5,31 5,30 0,63
P1 11 4,17 — 5,69 5,06 4,99 0,43
F2 27 2,64 - 6,74 5,67 5,59 0,7
F3 15 2,64 -712 5,11 4,74 1,48
F4 20 5,05 - 6,24 5,35 5,45 0,34
F5 20 3,92 -6,22 5,51 5,43 0,59
F6 25 4,40 -5,97 5,43 5,30 0,47

Md(Z) — median, M(Z) aritmeticky priemer, s, — smerodajna
odchylka s parametrom n —1

Md(Z) — median, M(Z) — arithmetic mean, s, — standard deviation
with parameter n —1

V udajoch tabulky 1 mozno vidiet malé rozdiely
v priemernych hodnotach indexov prieto¢nosti medzi
jednotlivymi ¢astami kolektorov; va¢Sina skumanych
suborov vykazuje aritmetické priemery v rozpéati M(Y) =
5,41 az 6,00.

NajvysSiu uroven vyberovych charakteristik indexu
prieto¢nosti {M(Y) = 5,96 az 6,00} vykazuju udaje z usekov
Haniska (F3), PreSov (F2) a Kendice — Drienov (F4),
najniz8iu prieto¢nost maju proluvialne ulozeniny Sekcova
(P1) {M(Y) = 5,41}.

Variabilita hodn6t indexu prieto€nosti je mala (sy =
0,31 az 0,39) v skumanych suboroch udajov fluvidlnych
sedimentov Torysy z Usekov PreSov (F2), Kendice — Drienov
(F4) a Sari§ské Bohdanovce — Kosicka Polianka (F6).
VSetky ostatné subory udajov vykazuju miernu variabilitu
(sy = 0,50 az 0,57).

O nie¢o vyraznejSie su rozdiely medzi vyberovymi
charakteristikami rozdelenia indexu priepustnosti
jednotlivych Casti kolektorov (tab. 2). Aritmetické priemery
vacsiny suborov lezia v intervale M(Z) = 5,30 az 5,59.

Tab. 3
Odhad charakteristik rozdelenia koeficientu prietoénosti T odvodeny
z charakteristik rozdelenia hodnét indexu prieto¢nosti Y
Estimate of characteristics of the transmissivity coefficient T
distribution being derived from the characteristics
of the transmissivity index Y

Skumany Pocet Charakteristiky rozdelenia T [m?s™']  c¢r
usek udajov Rozpatie Md(T) G(T)
F1 28 4105-8,9-10° 5,510 6,4-10™ lllc
P1 11 3,710°-5,7-10° 310 3,1-10% lllc
F2 27 2,410%-1,31102% 1,4-10°% 1,3-10°8 Ilb
F3 15 1,310%-2,8-102 1,3-10° 1,2.10°° lic
F4 20 3,910*-56-10° 1,3.10°% 1,3-10°8 Ilb
F5 20 3-10°-5,6:10° 1,3-10°° 1108 lic
F6 25 1,1-10*-3,2-10° 1,1-10° 10,8108 Ilb

Md(T) —median hodnét koeficientu prietoénosti, G(T) —geometricky
priemer hodn6t koeficientu prieto¢nosti, ¢y — trieda prietocnosti
Md(T) — median of transmissivity values, G(T) — geometric mean
of transmissivity values, c; — transmissivity class

Podobne ako pri indexoch prieto€nosti vykazuju najvyssiu
uroven udaje z useku PreSov (F2) {M(Z) = 5,59}, useku
Kendice — Drienov (F4) {M(Z) = 5,45} a ¢asti Drienov —
LemeSany (F5) {M(Z) = 5,43}. NeoCakavanym faktom je
minimalna uroven vyberovych charakteristik priepustnosti
skiumaného useku Haniska (F3) {M(Z) = 4,74}, k menej
priepustnym patri i naplavovy kuzel Sek&ova (P1). Varia-
bilita hodnét indexu priepustnosti je rézna. Fluvidlne
sedimenty v uUsekoch Kendice — Drienov, Sarigské
Bohdanovce — KoSicka Polianka i skimané proluvium su
z hladiska hydraulickej heterogenity (s; = 0,34 az 0,47)
mierne nehomogénnym hydrogeologickym prostredim.
Hodnoty s, = 0,59 — 0,63 vyjadruju miernu variabilitu
hodnét indexu priepustnosti, vyskytujicu sa v suiboroch
hodnét z useku Drienov — LemeSany (F5) aj vo fluvidlnych
ulozeninach Sekéova (F1). V subore hodnét z PreSova
(F2) sa prejavuje velka variabilita (s; = 0,70). Od ostatnych
suborov sa z hladiska variability vyrazne lidi usek Haniska
(F3) s extrémne velkou variabilitou hodndt indexu
priepustnosti (s; = 1,48).

Pri prepocte zistenych charakteristik rozdelenia
aproximativnych logaritmickych parametrov Y a Z na
zodpovedajuce Statistické charakteristiky rozdelenia
hodnét striktne hydraulickych parametrov — T — koeficient
prieto¢nosti a k — koeficient filtracie — bol prijaty
zovSeobecneny vztah na stanovenie celkovej prepoctove;j
diferencie d pre kvartérne sedimenty KosSickej kotliny
v tvare

d =0,07Y-0,09,
ktory odvodil Jetel (1996).

Na priamy prepocet indexu prieto¢nosti Y na zod-
povedajuci odhad koeficientu prieto¢nosti T potom mozno
odvodit rovnicu (Jetel, 1985)

T = antilog (1,07Y —9,09).

Tab. 4
Odhad charakteristik rozdelenia koeficientu filtracie k odvodeny
z charakteristik rozdelenia hodnét indexu priepustnosti Z
Estimated distribution characteristics of hydraulic conductivity
being derived from the characteristics of the distribution
of permeability index Z

Skumany Pocet Charakteristiky rozdelenia k [m-s™'] Cy
usek  udajov Rozpéatie Md(k) G(k)
F1 28 7310%-3,9-10° 26:10* 2,510 IVc
P1 11 1,6:10°-6,6-10* 1,410% 1,210* IVb
F2 27 5,6:107-8,5-10° 6,0:10* 5,2:10* Ivd
F3 15 5,4107-2,2-102 1,7110* 0,7-10* IVf
F4 20 1,410%-2,6-10° 3,1-10* 3,810“ Vb
F5 20 8,710°-2,4-10° 4,410* 3,6:10* IVc
F6 25 2,910°-1,3-10° 3,6:10* 2,6:10* IVb

Md(k) —median hodnét koeficientu priepustnosti, G(k) —geometricky
priemer hodnét koeficientu priepustnosti, ¢, — trieda priepustnosti
Md(k) — median of hydraulic conductivity values, G(k) — geometric
mean of hydraulic conductivity values, ¢, — hydraulic conductivity
class
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Obdobne je to tak aj pri konverzii indexu priepustnosti
na koeficient filtracie. Odhady takto stanovenych hodnét
koeficientov prieto¢nosti a koeficientov filtracie uvadzaju
tabulky 3 a 4.

V zmysle klasifikacie prieto¢nosti hornin (Krasny,
1993) potom mozno predmetné kolektory zaradit do II.
triedy priepustnosti (Useky F2, F3, F4, F5 a F6) s malou
az miernou variabilitou (b, c) a subory F1 a P1 do Ill. triedy
prieto¢nosti s miernou variabilitou.

V zmysle osemstupnovej klasifikacie priepustnosti
hornin (Jetel, 1973, 1982) mozno skimané subory zaradit
podla prislusnych hodnét koeficientov filtracie do IV. triedy
priepustnosti. Ak je aplikovand pri klasifikacii variability
priepustnosti rovnaka stupnica ako navrhol Krasny (1993),
mozno ju v suboroch hodnét z Usekov Kendice — Drienov
(F4), Sarisské Bohdanovce — Kosicka Polianka (F6)
i z proluvii v povodi Sekéova (P1) oznacit ako malu (b).
Fluvidlne sedimenty Sekcéova (F1) a subor hodnét z isekov
Drienov — LemeSany (F5) vykazuju miernu variabilitu (c).
Vynimkou je extrémne velka (f) variabilita v subore udajov
z useku pri Haniske (F3) a velka variabilita (d) sa prejavuje
v useku pri PreSove (F2).

Hodnoty geometrickych priemerov G(T) a G(k) mozno
aplikovat ako reprezentativne charakteristiky strednej
urovne prieto¢nosti a priepustnosti pri beznom porovna-
vani vlastnosti kolektorov jednotlivych vhodne vy€lenenych
hydrogeologickych telies. Kedze hodnoty M(Y), M(Z), G(T)
a G(k) uvedené v tab. 1 az 4 predstavuju iba vyberové
priemery ovplyvnené nahodnymi odchylkami od skuto¢ného
priemeru zakladného suboru, bolo potrebné pre ne vycislit
aj prislusné intervaly spolahlivosti, vnutri ktorych lezi
s pravdepodobnostou 90 % skutoény neznamy priemer,
charakterizujuci kolektory daného useku v skimanom
rozsahu hibok (tab. 5 a 6).

Z porovnania intervalov spolahlivosti stanovenia
priemernych hodn6ét jednotlivych suborov je zrejmé, ze sa
tieto intervaly pre v8etky subory vzajomne viac ¢i menej
prekryvaju, takze rozdiely medzi vyberovymi priemermi
jednotlivych suborov nemusia byt Statisticky vyznamné.

Z dbévodu menSieho prekryvania sa prisluSnych
intervalov je vhodné podrobit zistené rozdiely medzi
priemernymi hodnotami tychto suborov testu vyznamnosti.

So Statistickou istotou P > 90 % (na hladine
vyznamnosti o < 0,10) su zistené rozdiely geometrickych

Tab.5
Intervaly spolahlivosti stanovenia priemernych hodnét indexu
prieto¢nostiY a koeficientu prieto¢nosti T
pre pravdepodobnost 90 %
90-percent confidence intervals of mean values of transmissivity
index Y and transmissivity coefficient T

priemerov koeficientu prieto¢nosti T a koeficientu filtracie k
v prevaznej vacsine suborov dané nahodnymi odchylkami
vyberovych priemerov od jediného spolo¢ného priemeru
zakladného suboru.

S tou istou pravdepodobnostou vS§ak mozno tvrdit, ze
medzi suborom udajov z proluvialnych sedimentov (P1)
s nizSou hodnotou priemernej prieto¢nosti ako v subore
dat z fluvialnych uloZenin Torysy v Useku Kendice — Drienov
(F4), a tiez v ramci vy$Sej priemernej prieto¢nosti v tomto
useku oproti nizSej hodnote tohto parametra v Useku
Sari§ské Bohdanovce — Kosicka Polianka (F6), existuiju
skuto¢né rozdiely v priemernej prietoCnosti.

Hodnoty koeficientu filtracie a koeficientu prietoénosti
maju v Statisticky homogénnom prostredi (pri skumani
objemov zhruba zodpovedajucich efektivnym objemom
pri hydrodynamickych skuskach alebo mensim) spravidla
aspon priblizne lognormalne rozdelenie (podrobnejsie pozri
Jetel, 1985). O moznosti aproximovat zistené empirické
rozdelenia koeficientov prieto¢nosti a koeficientov filtracie
v skimanych suboroch udajov z kvartéru hodnoteného
Uuzemia lognormalnym rozdelenim sved¢i aj priblizne
symetrické rozdelenie hodndt indexov Z a Y, ktoré
predstavuju urcité logaritmické transformacie tychto
koeficientov. Z matematicko-$tatistického hladiska je potom
najvystiznejSou charakteristikou strednej hodnoty tychto
koeficientov matematicka nadej lognormalne rozdelenych
hodnét E (x). Predstavuje strednd hodnotu s maximalnou
vierohodnostou pre dané rozdelenie, t. j. taku strednu
hodnotu, pre ktoru je pravdepodobnost generovania
daného empirického rozdelenia najvyssia. Ur€it ju mozno
zo vztahu (Aitchison a Brown, 1957)

Ev(x) = G(x)-yn(t)

kde G(x) je geometricky priemer hodndt x a symbol
v q(t") oznacuje Aitchisonovu a Brownovu funkciu rozsahu
suboru (poctu udajov) n a argumentu t’, uréeného ako
funkcia smerodajnej odchylky s,,4 « logaritmov hodnét x

t’'=2,65(Si0g x)?

Hodnoty funkcie y ,(t"), uvadzaju Aitchison a Brown
(1957). Vybrané hodnoty tejto funkcie pre hodnoty
argumentu t” < 2,0 uvadza aj Jetel (1985). Hodnoty

Tab. 6
Intervaly spolahlivosti stanovenia priemernych hodnét indexu
priepustnosti Z a koeficientu filtracie k
pre pravdepodobnost 90 %
90-percent confidence intervals of mean values of index
of permeability Z and hydraulic conductivity k

Usek M(Y) G(T) [m2s71] Usek M(Z) G(k) [m-s™"]

F1 5,53 - 5,86 1,3-10% - 1,410 F1 5,10 - 5,50 -1,2:104-6,3-10*
P1 5,10 -5,72 5,9-10%-1,2:1078 P1 4,75 -5,22 —4,410-2,4-10°
F2 5,84 -6,10 4,2104-2,1-103 F2 5,36 — 5,82 -2,9-106-2,1-10°3
F3 5,74 — 6,19 —2,010°—4,4-10°° F3 4,07 - 5,41 -2,5108-2,7-103
F4 5,88 — 6,12 7910 - 1,9-103 F4 5,32 — 5,58 1,310 - 6,3-10
F5 5,66 — 6,08 3,9-10%-1,6-1073 F5 5,20 — 5,66 77-10% - 6,4-107
F6 5,64 — 5,90 4,910%-1,1-10" F6 5,14 - 5,46 1,5-10% - 3,710
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Tab. 7
Odhad matematickej nadeje lognormalne rozdelenych hodnét
koeficientu prieto€nosti T a koeficientu filtracie k sedimentov
skusanych Usekov
Estimated mathematical expectance of lognormally distributed
values of transmissivity T and hydraulic conductivity k in the
tested intervals

Usek EL(T) [m2-s71] EL(k) [m-s™]
F1 1,24-10°8 6,81-10*
P1 6,44-10 1,83-104
F2 1,84-108 1,74-10°°
F3 1,25-1073 -

F4 1,70-102 5,00-10~*
F5 1,95-108 8,15-104
F6 1,13-10°3 4,63-107*

E, (T), E_(k) — matematicka nadej lognormalne rozdelenych hodnét
koeficientov prietocnosti T a filtracie k

E (T), E (k) — actuarial expectation of lognormally distributed
values of transmissivity T and hydraulic conductivity k

matematickej nadeje rozdelenych hodnét koeficientu prie-
tocnosti T a koeficientu filtracie k, stanovené pre jednotlivé
skimané subory, ktoré mali dostato¢ny rozsah (n > 10),
su uvedené v tab. 7. Matematicka nadej lognormalne
rozdelenych hodndét koeficientu prietoénosti E (T) sa
pohybuje v rozpati 1,13-1073 az 1,95-10% s vynimkou
o jeden rad nizSej hodnoty E (T)p, = 6,44:107%, stanovenej
pre proluvia v povodi Sek¢ova (P1). Hodnoty E, (k) lezia
v rozpati 1,83-107* az 8,15-107%, tentoraz s vynimkou
vy$8ej hodnoty E, (k) = 1,74-1073, platnej pre subor Udajov
fluvialnych nivnych sedimentov Torysy v oblasti PreSova.

Regionalne zhodnotenie priestorovej distribucie
chemického zlozenia podzemnych vod
v skimanom uzemi

Pévod rozpustenych latok v podzemnych vodach
fluvialnych sedimentov hodnoteného tizemia ma v rozhodu-
jucej miere p6vod v chemickom a mineralogickom zlozeni
hornin, v ktorych voda cirkuluje (litogénne), a v povrchovej
vode (potamogénne). Podzemné vody proluvii maju
z uvedeného pohladu vyluéne litomorfny charakter.

Charakteristika chemického zlozenia a kvality podzem-
nych vod skimaného Uzemia ako celku rozdeleného
na jednotlivé useky je zamerana na urover celkovej mine-
ralizacie, zastupenie typov vod v Alekinovej a Gazdovej
klasifikacii (Gazda, 1971), ako aj subfacii v molarnej
klasifikacii (Jetel a Paces, 1979).

V zmysle klasifikacie vod podla celkovej mineralizacie,
ktoru zaviedol Alekin (1970), vody porie€nej zvodne
v skimanych kolektoroch patria k vodam so zvySenou
mineralizaciou (500 az 1 000 mg-I-"), v Useku F2
(od severného okraja PreSova po Ustie Sek&ova) sa vy-
skytuju vody s velkou mineralizaciou (nad 1 000 mg-I=").
Celkova mineralizacia v skimanom uUzemi dosahuje
hodnoty 0,3 — 2,6 g-I', s medianom okolo 0,7 g-I-.
Alekinova klasifikacia chemického zlozenia prirodnych
vod vyjadruje, ze typ CCi mierne prevlada nad typom

CCa1a a oba tieto typy maju vyraznu prevahu nad typmi
CCa a CNa. V zmysle molarnej klasifikacie chemického
zloZenia vod su subfacie C-Ca-Na a C-Ca-Mg zastupené
podstatne vyraznejSie ako subfacie C-Ca-Cl, C-Na-Cl
a C-Ca-S. V Gazdovej klasifikacii prevazuju vody vyhrane-
ného a nevyhraneného zakladného typu Ca-(Mg)-HCOs.
Sucet koncentracii Ca?+ a Mg?* (tvrdost vody) podzemnych
vod kvartérnych kolektorov nadobuda hodnoty 1,6 az
8,6 mmol-I-' s medianom 4,0 mmol-I-".

V zmysle vSeobecnej schémy vertikalnej hydrogeo-
chemickej zonalnosti (Jetel, 1970) mozno v skumanom
Uzemi pozorovat pritomnost podzon CCa, CC a CNa
vrchnej (hydrogénkarbonatovej) zény aj podzdny CINay
spodnej (chloridovej) zény. NajhojnejSie zastupenie
vSak maju vody najvrchnejSej podzony CINai, typické
pre zvodne v kvartérnych kolektoroch a v pripovrchovej
zéne, ktoré boli predmetom vyskumu. Vyskyt ostatnych
spominanych podzén mozno odévodnit malou hustotou
udajov, lokalnymi Specifickymi podmienkami (rozpustanie
lozisk halitu v malych hibkach pod povrchom) a &astym
vyskytom anomalii, danych vystupom vod z vadsej hibky
po poruchovych zénach.

Reprezentativna charakteristika chemického zlozenia
podzemnych véd fluvidlnych ulozenin Sekéova v oblasti
od Fintic po ustie Sek&ova (F1) sa opiera o vysledky analyz
zo 17 vrtov. Celkova mineralizacia rastie az na hodnoty
okolo 2,6 g:I", tvrdost vody m& pomerne znacéné rozpatie
(1,9 az 7,6 mmol-I"' Ca+Mg). Podzemné vody maju velmi
pestré chemické zlozenie. Najhojnej$im typom je CCaa,
ktory mierne prevazuje nad ostatnymi, priblizne rovnako
zasttpenymi typmi (CCa, CCay, CNa)),

V tejto oblasti su pritomné i podzemné vody s dominu-
jucim podielom chloridov (typy CINau, Clua), o ¢om
svedc&ia najhojnejSie subfacie C-Ca-Cl, C-Ca-Na,
C-Ca-Mg a C-Na-Cl, a siranov (dokumentuje to stano-
veny typ SCu). Pritomnost chloridov v podzemnych
vodach méze byt podmienena rozpustanim halitu,
indikuje v8ak ich znecistenie (splaskovymi, odpadovymi
i niektorymi priemyselnymi vodami). ZvySena koncentracia
siranov v podzemnych vodach v oblastiach mestskych
a priemyselnych aglomeracii tiez sved¢i o znedisteni
tychto vod.

Priemerna kvalita podzemnych véd proluvialnych
kuzelov v Sari$skych Lukach a v Niznej Sebastovej je
za sucasného stavu udajov pre ich maly pocet (n = 4)
iba naznacena. Podzemné vody z vrtov v skiumanych
proluviach su oproti ostatnym usekom podstatne menej
mineralizované, hodnota celkovej mineralizacie sa tu
pohybuje okolo 0,4 az 0,7 g-I"', s obsahom 2,3 az 4,1
mmol-I-' Ca+Mg. Typ CCua vyrazne prevlada nad typom
CCay. Z hladiska molarnej klasifikacie mozno konstatovat,
ze vody z kazdého vzorkovaného hydrogeologického vrtu
v proluvialnych sedimentoch predstavuju ind molarnu
subfaciu.

Vody porie¢nej zvodne v nive Torysy maju podobny
charakter chemického zlozenia. V PreSove (Usek F2)
dokumentuju ich chemické zlozenie udaje z 10 vrtov.
V tomto Useku je celkova mineralizécia v ramci skimaného
tuzemia najvys$sia, dosahuje hodnoty 0,6 az 2,1 g-I
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s medianom 1,1 g-I=. Tvrdost vody je tu vyjadrena
hodnotami 2,0 az 7,2 mmol-I=". Na tomto Gizemi boli zistené
hlavne vody typov CCa, menej CC, subfacii C-Ca-S,
C-Ca-Mg aj C-Ca-Na. V intravilane obce Haniska boli 8
vrtmi navitané vody len jedného typu, a to CC, patriaceho
subfacii C-Ca-Na. Vody tejto pririeCnej zvodne maju
mineralizaciu 0,3 az 1,3 g-I"' s priemerom okolo 0,7 g-I".
Obsahuju 1,6 az 7,1 mmol-I-' Ca+Mg.

Informacie o chemickom zloZeni vod v Useku medzi
s. okolim Kendic a s. okrajom Drienova (F4) poskytli
udaje zo 14 skuSanych usekov hydrogeologickych vrtov.
Mineralizacia porie€¢nej zvodne sa pohybuje okolo 0,3
az 1,5 g:I7' s najvy§8im obsahom Ca+Mg v skimanej
oblasti — rovnym 3,3 az 8,6 mmol-I-". Z hladiska Alekinovej
klasifikacie chemického zlozenia boli zastihnuté vody
typu CCa zastupené v podstatne vac¢$ej miere ako vody
typu CCua. V Petrovanoch mozno pozorovat zvy$enu
koncentraciu dusi¢nanov (94,0 mg-I=") a siranov (S®v),
ktora je zrejme prejavom intenzivnej polnohospodarskej
¢innosti. V klasifikacii podfa molarnych koncentracii ide
prevazne o faciu C-Ca, najCastejSie v subfacii C-Ca-Mg.

O chemickom zlozeni véd v GUzemi medzi Drienovom,
Li¢artovcami a LemeSanmi informuje subor udajov (F5)
z 12 skimanych usekov hydrogeologickych vrtov. Celkova
mineralizacia sa v skusanych usekoch vrtov pohybuje okolo
0,6 az 1,4 g-I'' s medianom 0,8 g-I-'. Sucet koncentracii
Ca a Mg je rovny 3,6 az 5,7 mmol-I-'. Zastipené su typy
CCaia a CCia, popri najcastejSej subfacii C-Ca-Na aj subfacia
C-Ca-Mg.

Chemické zlozenie v tizemi od Sarigskych Bohdanoviec
po Kosicku Polianku (F6) dokumentuju udaje zo 17 vrtov.
Vody tu dosahuju mineralizaciu 0,5 az 1,3 g-I*, tvrdost vody
charakterizuju hodnoty 3,0 az 5,7 mmol-I='. Op&at dominuju
typy CCaia, CCua i najcastejSie subfacie C-Ca-Na, tiez
C-Ca-Mg. Zvysena koncentracia draslika (subfacia C-Ca-K)
v KoSickej Polianke je zrejme zapriinena sekundarnym
zdrojom draslika (splaskové vody, draselné hnojiva).

Chemické zlozenie vody kvartérnych naplavov je
vyrazne modifikované antropogénnymi vplyvmi, ktoré sa
prejavuju zvysenou koncentraciou chloridov a siranov
a celkovou mineralizaciou az 2,6 g-I-". Pririe¢na zvoder
je intenzivne znecdistena najma v intravilane PreSova,
ostatné skumané useky vykazuju zhruba rovnaku
uroven kontaminacie. Vyznamnym zdrojom znedistenia
podzemnych vod su mestské a priemyselné odpadové vody
(v PreSove) a polnohospodarstvo (v obciach). Podzemné
vody proluvidlnych kuzelov su pomerne malo znecistené.
Celkova mineralizécia je tu v porovnani s nivami nizsia
(s priemerom okolo 0,5 g-I'). Toto tvrdenie véak nemozno
pokladat za jednoznacéné pre malu hustotu udajov z tychto
telies.

Analyza vztahov medzi chemickym zlozenim
podzemnych vod, hydraulickymi parametrami
skumanych kolektorov a podmienkami prudenia
v poriecnych zvodniach Torysy a Sekcova

Pévodnym logickym ocakavanym predpokladom
vysledku predmetného hodnotenia bola skuto¢nost, ze

hodnoty celkovej mineralizacie vody, resp. hodnoty obsahu
jednotlivych prvkov podielajucich sa na tvorbe chemického
zloZzenia podzemnej vody sa budu so vzrastajucou
priepustnostou znizovat. Po analyze vztahov medzi
chemickym zlozenim podzemnych véd a hydraulickymi
parametrami skimanych kolektorov bolo mozné dospiet
k poznatku, Zze medzi celkovou mineralizaciou, resp.
obsahom Na?*, Mg?*, Ca?*, Cl-, SO,*>~ a HCO; na jednej
strane a geohydraulickymi parametrami, predovSetkym
geometrickym priemerom koeficientu filtracie G(k), na
strane druhej existuje Statisticky vyznamna zavislost (obr.
2 az 8), ktora je v8ak opacnd, akou bola vysSie uvedena
pbvodna predstava.

Hodnoty vypocitanych Statisticky vyznamnych koefi-
cientov korelacie (obr. 2 az 8) sa pohybuju v intervale
r = 0,50 — 0,96 a charakterizuju pozitivnu zavislost medzi
skumanymi premennymi. Koeficienty determinéacie su tu
rovné hodnotam v rozpéati r> = 0,253 — 0,917. Z uvedeného
vyplyva, ze priemerna hodnota celkovej mineralizacie
i priemerného obsahu jednotlivych prvkov v skimanom
priestore je z 25 az 92 % ur€ena ich priemernou uroviiou
priepustnosti. Z 8 az 75 % je potom priemerna hodnota
celkovej mineralizacie a koncentracia uvedenych zloziek
ovplyviiovana inymi faktormi (hibkovou poziciou, strati-
grafickou poziciou, litoldgiou, intenzitou prinosu zloziek
z povrchovej vody a z prilahlych kolektorov a pod.).

S velmi vysokou Statistickou istotou (P > 99 %) mozno
konStatovat redlnu existenciu korela¢ného vztahu medzi
koncentraciami a priemernou priepustnostou G(k) pre
celkovu mineralizaciu, Ca a Mg. Obdobne bolo mozné
s vysokou istotou prijat (P = 95 %) hypotézu realnej
pritomnosti korelaéného vztahu pre zavislost koncentracie
sulfatov a hydrogénuhli¢itanov.

Vychadzajuc z vy$Sie uvedeného hodnotenia, mozno
kon&tatovat, ze vSetky skimané subory hodndét sa od
seba navzajom odliSuju celym radom charakteristik
prudenia a tvorby chemického zlozenia podzemnych
véd. V réznych usekoch Studovanych zvodnencov sa
uplatiiuje rozliény podiel jednotlivych faktorov i odlisny
stupen ovplyvnenia chemického zlozenia podzemnych
vod z hladiska doplfiovania mnozstva podzemnych vod
povrchovymi tokmi (Torysou a Sek&ovom). Pozdiz toku sa
chemické zlozenie vody meni vplyvom antropogénnych
efektov, hlavne rozdielneho stupria urbanizacie, o ma
za nasledok sekundarne znedistenie. Zmeny chemického
ZloZenia podzemnej vody su spdsobené i vplyvom pritokov.
Z uvedenych dévodov sa tu neuplatiuje jednoznaéna
jednoducha negativna zavislost medzi priepustnostou
a celkovou mineralizaciou, resp. koncentraciami hlavnych
makrozloziek, ako na inych Uzemiach, kde boli predmetom
skimania pomery vo viac-menej homogénnych
geologickych telesach s monoténnym a jednotnym vyvojom
chemického zlozenia podzemnych véd a konStantnym
podielom jednotlivych mineralizaénych faktorov.

Vo vodach proluvialnych piesc€itych Strkov skimaného
Uzemia, pri priepustnosti (resp. prieto¢nosti) tychto
kolektorov, velmi podobnej priepustnosti ostatnych skima-
nych usekov danych kolektorov, celkova mineralizacia,
resp. obsah jednotlivych zloziek, je podstatne (takmer
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Obr. 3. Zavislost obsahu sodika od koeficientu filtracie.

Fig. 3. Dependance of the natrium content on hydraulic
conductivity.
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Obr. 5. Zavislost obsahu vapnika od koeficientu filtracie.
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Fig. 5. Dependance of the content of the calcium on hydraulic
conductivity.
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Obr. 7. Zavislost obsahu siranov od koeficientu filtracie.

Fig. 7. Dependance of the content of the sulphates on hydraulic
conductivity.

o polovicu) niz8ia ako celkova mineralizacia fluvialnych
ulozenin. Toto zistenie by mohlo potvrdzovat podané
vysvetlenie vplyvu chemického zlozenia povrchovej vody
na chemické zloZenie podzemnych vod, je vSak podlozené
len malym poctom udajov. Jednoznaéné vysvetlenie
pri¢innej pozitivnej suvislosti medzi rastom koncentracii
a zvacsujucou sa priemernou priepustnostou je v skimanych
plytko uloZenych fluvialnych a proluvialnych kolektoroch
zatial otazne. Jednym z moznych vysvetleni by mohla byt
predstava o vyraznejSom vplyve napajania z povrchového
toku v usekoch s vy§Sou priepustnostou. Kedze voda
Torysy od PreSova po ustie ma celkovu mineralizaciu 0,51

Obr. 4. Zavislost obsahu horéika od koeficientu filtracie.

Fig. 4. Dependance of the content of the magnesium on hydraulic
conductivity.

70
60+
50+

40

301 y=76530x+11,561
R?=0,2526

20

Obsah chloridov CI [mg.I"]

10
6,5.10°

2,65.10°  3,65.10°  4,65.10°

G(k) [m.s]
Obr. 6. Zavislost obsahu chloridov od koeficientu filtracie.
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Fig. 6. Dependance of the content of the chlorides on hydraulic
conductivity.
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Obr. 8. Zavislost obsahu hydrogénuhli¢itanov od koeficientu
filtracie.

Fig. 8. Dependance of the content of the hydrogen-carbonates
on hydraulic conductivity.

az 0,79 g-I"' (Rapant et al., 1995), pri¢om obsahuje zhruba
okolo 200 mg-I-' antropogénne podmienenej mineralizacie,
je zrejmé, ze vnikanie povrchovej vody z rieky zvySuje
celkovu mineralizaciu a koncentraciu jednotlivych zloziek
v pririe¢nej zvodni. Tato skuto¢nost sved¢&i v prospech
podaného vysvetlenia pozitivnej zavislosti jednotlivych
koncentracii vo vode pririeCnej zvodne od priepustnosti
a naznacuje jeho moznu realnost.

Zistenie pozitivnej korelacie medzi celkovou mine-
ralizaciou, resp. koncentraciami vacsiny makrozloziek
a priemernou priepustnostou kolektorov pririeCnej zvodne
v podmienkach skimaného Uuzemia mozno pokladat za
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prinos predmetného hodnotenia k poznaniu vSeobecnych
hydrogeologickych zakonitosti tvorby chemického zlozenia
podzemnych vod. Uvedenu zavislost by bolo potrebné
overit aj na dalSich tokoch s podobnymi prirodnymi
a antropogénnymi danostami.

Zaver

Vychadzajuc zo zistenych skutoénosti, mozno
hydraulické vlastnosti zvodnencov fluvidlnych sedimentov
dolného toku Torysy, chemickeé zlozenie ich véd a vzajomny
vztah charakterizovat nasledovne.

V8etky skumané useky fluvialnych piescitych Strkov
dnovej vyplne niv Torysy a Sekcéova i proluvidalnych
Strkov riskych naplavovych kuzelov z hladiska urovne
priemernej priepustnosti v zmysle pouzitej klasifikacie
(Jetel, 1982) prisluchaju Ill. triede priepustnosti (dost
silna priepustnost), pricom intervaly spolahlivosti hodnot
vyberovych geometrickych priemerov koeficientu filtracie
G(k) zahfiaju réznu uroven priepustnosti — s vynimkou
isekov Kendice — Drienov (F4), Sarigské Bohdanovce —
Kosicka Polianka (F6) a fluvialnych ulozenin Sekéova (F1),
ktorych intervaly spolahlivosti hodnét Gi(k) zodpovedaju tiez
I1. triede priepustnosti. Interval spolahlivosti hodnoty G(k)
skumaného useku Haniska (F3) zahfia silnu priepustnost
II. triedy. Do intervalu spolahlivosti stanovenia hodnét G(k)
proluvii (P1) spada dost silna priepustnost Ill. triedy az po
dost slabu priepustnost V. triedy. S intervalmi spolahlivosti
v rozsahu Il. az V. triedy (silna az dost slaba priepustnost)
zodpovedaju vyberové priemery priepustnosti v useku
PreSov dost silnej priepustnosti lll. triedy. V useku Drienov
— LemeSany (F5) intervaly spolahlivosti priemernej
priepustnosti zahffhaju priepustnost Il. a IV. triedy (dost
silna a mierna priepustnost).

Z hladiska Seststupriovej klasifikacie prieto¢nosti
(Krasny, 1993) sedimenty vSetkych skumanych usekov
predstavuju v rozsahu 90-percentného intervalu spolah-
livosti priemernej prietoénosti kolektory s vysokou a stred-
nou prieto¢nostou (II. az Ill. trieda). Vymedzené triedy
naznacuju predpoklady vyuzitia zvodnencov na vodovodné
zasobovanie. Na odbery s mensim regionalnym vyznamom
(menSie skupinové vodovody, vacsie obce a zavody) je
perspektivne vyuzitie zvodnencov Il. triedy. Zvodnence
I1l. triedy maju predpoklady na vyuzitie podzemnej vody
vacsimi odbermi pre miestne zasobovanie (menSie obce,
polnohospodarske zavody).

Chemické zlozenie podzemnych vod pririeCnej zvodne
v piescitych Strkoch dnovej vyplne niv Torysy a Sek¢ova
i chemické zlozenie podzemnych voéd proluvialnych
naplavov ma prevazne kalciovo-magnéziovo-natriovo-
-hydrogénkarbonatovy charakter. Celkova mineralizacia
je vyrazne zvySena, najCastejSie sa pohybuje v rozpati
0,3 az 2,6 g-I"". Vynimkou je prolivium (P1), kde celkova
mineralizacia nadobuda hodnoty okolo 0,5 g-I-!. Chemické
zlozenie vOd je pomerne pestré, ale najhojnejSie su typy
CCay a CCn (Alekin, 1970). V klasifikacii podia molarnych
koncentracii (Jetel a Paces, 1979) ide prevazne o faciu
C-Ca najcastejSie v subfaciach C-Ca-Na a C-Ca-Mg.
Vody vykazuju hodnoty koncentracie Ca?* + Mg?*

v §irokom intervale (1,6 az 8,6 mmol-1-"). Vysoké
znecistenie pririe€nej zvodne v nivach skimanych tokov
dokumentuje celkova mineralizacia s hodnotami nad
1,3 g-171, naproti tomu vody proluvidlnych kuzelov (P1)
v skimanej oblasti sU mineralizované podstatne menej
(okolo 0,5 g-1-"). Kontaminaciu fluvidlnych ulozenin
spbsobuju antropogénne faktory.

NajdélezitejSim poznatkom predmetného hodnotenia
je, ze medzi celkovou mineralizaciou, resp. obsahom Mg?+,
Ca?*, CI, SO, a HCO;™ na jednej strane a geohydraulic-
kymi parametrami na strane druhej existuje Statisticky
vyznamna zavislost, ale tato je opa¢na ako v pdévodnej
predstave, t. j. ¢im vyS$Sia je priepustnost kvartérnych
fluvialnych uloZenin Torysy a Sekcova, tym vySSie su
koncentracie uvedenych zloziek a celkova mineralizacia
vody. Moznym vysvetlenim priinnej pozitivnej zavislosti
medzi rastom koncentracii a zva¢sujucou sa priemernou
priepustnostou v skimanych plytko ulozenych fluvialnych
kolektoroch by mohla byt predstava o vyraznejSom
vplyve napajania z povrchového toku v Usekoch s vySSou
priepustnostou. V prospech tohto vysvetlenia sved¢i
i podstatne nizsia hodnota celkovej mineralizacie vo vodach
proluvii. Pomerne vysoka uroven celkovej mineralizacie
povrchovych véd Torysy v skimanom uzemi (v priemere
az 0,8 g-17") naznacuje, Ze pri vnikani povrchovej vody
do pririeCnej zvodne brehovou infiltraciou sa zvySuju
priemerné obsahy hlavnych zloziek v pririeCnej zvodni.
V priepustnejSich Castiach fluvialnych naplavov, kam méze
povrchova voda prenikat s va¢Sou intenzitou, je toto
zvySenie vyraznejSie, kym v menej priepustnych €astiach
naplavov sa mbze viac uplathovat chemické zlozenie
vody dané priamou infiltraciou zraZzkovych véd s nizkou
celkovou mineralizaciou alebo lateralnym pritokom
menej mineralizovanych podzemnych véd z prilahlych
predkvartérnych kolektorov.

Tento ¢lanok vznikol vdaka podpore v ramci OP Vyskum a vyvoj pre
projekt: 26220220064, spolufinancovany zo zdrojov Eurépskeho
fondu regionalneho rozvoja.
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The relation of the chemical composition of the groundwater of fluvial
sediments in the overbank of the lower reach of Torysa river
to the hydraulic characteristics of aquifers

Our hydrogeological survey done in the flood plain of
lower Torysa river stream provides information not just
about the values of defined hydraulic parameters, but
points to relationship of these parameters to the chemical
composition of the groundwater as well.

The vicinity of the lower Torysa river stream belongs to
the N and NE part of the KoS8ické kotlina Basin. According
to the geomorphological division of the Slovak Republic,
its territory links to Toryska pahorkatina Upland. Due to the
regional hydrogeology of the Western Carpathians, area
composes of the rayon NQ123 “The Neogene of the KoSicka
kotlina Basin; built up mostly by Neogene, less Quaternary
fluvial to proluvial deposits. For a definition of hydraulic
characteristics, data of 146 hydrogeological projects were
used, followed by setting-up of 7 sections labelled as
F1-F6 for the fluvial and P1 for proluvial accumulations:

* Sekéov catchment flood plain sediments (F1)

* Sek&ov catchment area associated proluvial
sediments (P1)

e Torysa river flood plain sediments in the PreSov
vicinity (F2)

e Torysa river flood plain sediments in the Haniska
pri PreSove vicinity (F3)

e Torysa river flood plain sediments between Kendice
and Drienovec area (F4)

» Torysa river flood plain sediments from Drienovec
to LemeSany area (F5)

* Torysa river flood plain within the Sari§ské Bohdanovce
— Kosicka Polianka area (F6)

The calculations of the index of transmissivity and index
of permeability were done following Jetel’s methodology,
where ourdates based on histhree-level classification (Jetel,
1985) fall under the group llb. Resulting transmissivity and
hydraulic conductivity were defined, based on calculations
of indexes of transmissivity and permeability according

to the relation expressing a total calculated difference
for the Quaternary sediments in the form of d = 0.07Y-
0.09. The transmissivity was defined by the formula T =
antilog(1.07Y-9.09) and hydraulic conductivity according
the k = antilog(Z+d-9). The range of the calculated values
is shown in Tabs. 3 and 4. Based on this, we can propose
that following the classification of transmissivity of rocks
(Krasny, 1993), the aquifers may be integrated within the
II. class of transmissivity (sections F2, F3, F4, F5 and F6)
with the low and medium variability (b, ¢) and sections
F1 and P1 may fit to the Ill. class of transmissivity with
a medium variability. While in the sense of eight-level
classification of permeability of rocks (Jetel, 1973, 1982),
with known values of hydraulic conductivity, the aquifers
should be integrated into the IV. class of permeability
with low (F4, F6, P1) and medium (F5) variability, asides
section F3 with extremely high variability and F2 of high
variability. The chemical evaluation of characteristics of
rocks focuses to find out the total dissolved solids and
describes the water according to molar, Alekin and Palmer
classification. Due to the classification of waters according
to the total dissolved solids, introduced by Alekin (1970),
the riverine groundwater bodies related waters within
the investigated aquifers are considered as waters with
increased mineralization (500—-1 000 mg-I-"), however,
in the section F2 (from the northern border of PreSov
to the delta of Sek€ov) waters with high mineralization
(over 1 000 mg-I=") occur. The total dissolved solids in
the investigated area reached values from 0.3 to 2.6 g:I,
with median around 0.7 g-I=". The Alekin’s classification of
chemical composition of the natural water expresses that
type CCa slightly prevails over the CCua type, while both
of them considerably prevail over the C and CNa ones.
Overall concentrations of Ca?* and Mg?* (water hardness)
within the groundwater of Quaternary aquifers reach
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values in the range of 1.6-8.6 mmol-I-' with median 4.0
mmol-I-'. Presented paper contains description of chemistry
of individual investigated localities.

After the analysis, aimed to define an interaction
between the groundwater chemistry and the hydraulic
parameters, was done, the evidence of a real, significant
statistical correlation for the T.D.S. (mostly due to Na?*,
Mg?*, Ca?*, Cl-, SO,> and HCO;  contents) with the
hydraulic parameters and the hydraulic conductivity G(k)
was expressed, however, contrary to our assumption,
in the reverse relation. With a very high confidence
(P = 95 %), it is possible to accept a hypothesis of
a correlated relation for a concentration of sulphates and
hydrogen-carbonates as well.

At the end there may be stated, that the chemistry of
the groundwater is considerably affected by the chemical
composition of the surface waters supplying reservoirs

within rocks of the high permeability, shown for example
by comparing fluvial and Neogene groundwater bodies.
While for the fluvial aquifers the water chemistry
changes due to the increase or decrease in the density
of urbanization, for proluvial aquifers the level of total
mineralization is lower than in fluvial ones. This could
represent one of those evidences confirming a theory
that with increasing permeability the value of the total
mineralization increases as well. The accordance of
positive correlation between the total mineralization
and the average permeability of aquifers in the riverine
groundwater body may be considered as a contribution
to general knowledge about the hydrogeological patterns
of chemical composition of the groundwater. To confirm
this assumption, an accomplishment of forthcoming
hydrogeological tests in streams of similar parameters
is needed.
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Slovak “Chinese wall”: Myths and an attempt for explanation

Abstract: On the southern rim of the Middle Slovakia, along the river Hron, there is partly
preserved a construction, which, based on its dimensions, has not an equivalent among the
prehistoric or early historic constructions on the territory of the Slovak Republic. The paper
presents the wall constructed of andesite volcanics and loess. The wall is known under several
denominations: Long wall, Baked wall, Fossa giganteum, Roman road, Slovak Chinese wall a.o.
Wall is 60 km long. It starts (on the south) at the river Danube and upstream follows along the
western bank of the river Hron. It seams that south of the town Levice wall splits into two branches:
one of them prolongs on the territory of the Late Tertiary volcanics to the Stiavnica stratovolcano.
The other one follows the river Hron towards the Slovak Gate. In the paper we discuss namely
the wall construction, used material, its volume and connected construction problems. Moreover,
we present the geophysically determined age (approx. age = year zero + 150 years) of the
burning of the wall wooden constructions and we discuss the wall burning temperature.

Key words: historic wall, geophysical determination of the age, archeomagnetic measurements,

village Bina, Slovakia

Uvod

Medzi unikatne stavby (a to nielen z pohladu ob&anov
Slovenskej republiky, ale aj v SirSom kontexte) patri aj
kamenno-zemny val na dolnom toku Hrona. Doteraz sa ho
nepodarilo ¢asovo zaradit. Od Dunaja pri Sttrove smerom
na sever po zapadnom brehu Hrona su jeho rézne dihé
zvy8ky evidované v jednotlivych usekoch jeho priebehu.
Dokumentuju pdvodnu, asi 60-kilometrovu dizku valu.
Val v dolnom Honte predstavuje jednu zo znamych, no
doteraz neobjasnenych liniovych stavieb praveku — ranej
historickej doby nasho uzemia. Faktom je, ze jeho Studiu
sa doteraz venovali najma historici/archeoldgovia,
pripadne architekti, len v poslednej dobe aj geovedec
(Harman, 1997). Vo svojich uvahach nevybodil z dobovo
preferovanych predstayv, ¢o je jedna zo zakladnych pricin
toho, ze téma dlhého valu je stale otvorena. Problematika
stavieb z prirodnych anorganickych hmét, kamena a hliny,
patri v prvom rade do sfér skumania geovedcov, ktori
dokazu urcit typ suroviny pouzitej na stavbu, miesto
jej vyskytu v prirode a dalSie aspekty, a az nasledne
archeoldgov, architektov a predstavitelov dalSich vednych
odborov.

Pravdepodobne najstarSou zmienkou o dlhom vale
je udaj v listine z 13. storocia, kde sa uvedeny fenomén
uvadza pod oznaenim ,Fossa giganteumf t. j. ,val obrov*
Prvym, kto v slovenéine predstavil dlhy (spec¢eny) val
verejnosti, bol Kmet (1900), kfiaz, vzdelanec, predseda
Muzealnej slovenskej spolo¢nosti. No nebol to prvy autor,
ktory sa venoval problematike dlhého valu na Slovensku.
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Vo svojej praci sucasne jednoznacne rozliSoval medzi
valmi budovanymi okolo hradisk a liniovymi valmi,
medzi ktoré patri aj diskutovany val. Pred Kmetom sa
problematike valu venovali Rémer (1876) a Henslzmann
(1878). Je pravdepodobné, ze Kmet (l. c.) prace tychto,
ako aj Ceskych badatelov zaoberajucich sa problematikou
dihych valov, poznal.

Prvé decénia 20. storocia boli v problematike dlhého
valu chudobné na nové zistenia. Neskér predstavovali
prelom prace JansSaka (1930, 1938, 1955, 1968), ktory
v pozdiznom pokragovani valu objavil, precizne lokalizoval
a zdokumentoval pocetné nové archeologické lokality.
Specenie blokov andezitov s hlinou povazoval za produkt
vysokej teploty umyselne (intencionalne) zaloZzeného ohia
v zaujme skvalitnenia technickych vlastnosti stavby (valu).
Pocas terénnych archeologickych vyskumov na dolnom
Ipli nasiel a topograficky vyznagil priebeh valu od Siah po
ustie Ipla do Dunaja.

Moderny archeologicky vyskum dihého valu realizoval
az Kolnik (1978), resp. Kolnik a Roth (1984). V zaujme
posunu poznatkov na vyssiu Uroveri val v lokalite Criepes
na V od Zemberoviec (1976) nechali otvorit prie¢nou,
strojovo hibenou ryhou. V telese valu identifikovali start
keramiku a zvysky ohoreného dubového dreva. Vyskum
dokazal, ze ,prepélenie” nie je désledkom umyselného
vypalovania telesa valu — zvySky drevnej hmoty totiz uz boli
pred spalenim &iastocne sprachnivené. Pri vymenovavani
aktivit v zaujme komplexného poznania valu, ale najma
jeho popularizacie vo verejnej sfére, ma nezastupitelné
miesto film Dvoraka a jeho spolupracovnikov.
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Obr. 1. Lokalizacia DIhého valu a detail pozicie
DIhého valu pri obci Bifia. Sirka zaberu v detaile je
1 600 m. Ortofotomapa prevzata z Google Earth
(2010). © EUROSENSE.

Fig. 1. Location of the Long wall and a detail of its
position at the village Bina. With of view in the detail
is 1 600 m. Orthophotographic view taken from the
Google Earth (2010). © EUROSENSE.

Lokalizacia a ucel valu

K dlhym valom v strednej Eurdpe patria aj valy medzi
Dunajom a Tisou (tzv. sarmatsky val; Soproni, 1878)
v Madarsku, ale aj valy v Sedmohradsku, Srbsku a inych
krajinach Eurdpy. Na vale naSho tzemia mozno vidiet akési
rozdvojenie — ¢ast valu v jeho juznom priebehu sa uvadza
z oblasti Bine a Kamenina az k Dunaju. Takto priebeh valu
predstavuje virtualne Y, priCom vetvenie je lokalizované
v oblasti juzne od Levic (obr. 1). Severozapadna vetva
pokracuje od Levic smerom na sever okolo obce Tekov.
Kmet (1900) priebeh valu predizil az ku Zvolenu. Dokonca
existuje jeho priebeh, schematicky nakresleny od Dunaja
po Zilinu.

Pri obci Bina (obr. 2) su zachované 2 relikty valov,
tvoriace obluky vyklenuté k zapadu. Obluk blizko obce je
kratsi, vonkajsi obluk je dIhsi. Obidva su vyznagené v mape
mierky 1:10 000 (obr. 3). Cast autorov, a to po&ntic Kmetom
(I.c.), uvadza 2 paralelné valy: jeden je na zapadnom brehu

Hrona, druhy na zapadnom brehu Ipla. Pre predpokladany
val pri Ipli v8ak chybaju jednoznaéné zachytné body
(zachované useky), ako je to v pripade valu pri Hrone.

Celkovo je val detegovatelny len na oddelenych
miestach (obr. 4), priom najma jeho vyskyty juzne od Levic,
v ktorych zékladnym materialom su rézne druhy hlinitych
sedimentov, rychlo mizne zasahmi polnohospodarov,
ale aj obyvatelov obci. Ti posledni pouzivaju jeho hmotu
ako planirovaci material na vyrovnavanie nerovnosti
v zadhradach a pod.

Okrem valov, ktoré na po€etnych miestach Slovenska
ohraniCovali menSiu plochu (sidlisko), diskutovany val je
s jednoznacne cCiasto¢ne zachovanou liniovou stavbou.
Predstavuje velmi pravdepodobne jednu zo sucasti
fortifikaného systému, zatial neznameho veku. Mohlo
ist o obranny mur proti ndjazdom vychodnych tracko-
-skytskych kmenovych zoskupeni alebo Kimerov, Skytov,
Keltov ¢ Dakov a — nevyrazne neskoér jazdnych oddielov
nomadskych Hunov.
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Pomenovania

Fossa giganteum (,,val obrov®)

dihy val (Kmet, 1900)

Teufelsmauer (Certov mur)

rimanska cesta (Kmet, 1900)
slovensky €insky mur (Harman, 1997)
speceny val

Zakladné udaje:

i) Val je 2,5 — 3 m vysoky, na baze az 12 — 15 m a na
temene 2 — 4 m Siroky, v podstate vodorovny, plochy.

i) Svahy valu maju sklon priblizne 45°. Na zapadnej
strane valu, ale lokalne na jeho obidvoch stranach, je pozdiz
jeho predizenia pozorovatelna negativna forma reliéfu
s prehibenim priemerne 1 — 1,5 m (obr. 5). Je to spdsobené
deficitom hmoty pouzitej na stavbu valu v pripade, Ze ide
o usek valu lokalizovany v rovinnej oblasti juzne od Levic.

i) V tej Casti valu, ktora od Levic smeruje do centra
Stiavnického stratovulkanu (napr. zachovany uUsek valu
pri Peceniciach, pricom jeho priebeh smerom na juh
je uvadzany od Sudoviec), boli zakladnym stavebnym
materialom valu r6zne velké bloky vulkanickych hornin,
prevazne rdéznych typov andezitov.

i) Ekvivalentom prehibeniny pozdiz valu v pripade
lokalizovania valu na periférii Stiavnického stratovulkanu
po jeho obidvoch stranach mozno pozorovat pritomnost
len velkych blokov, ktoré nemohli premiestnit jeden Ci
dvaja muzi. MensSie bloky do hmotnosti 40 — 50 kg boli
selektivne povyberané a umiestnené do konstruovaného
valu. Sucéastou hmoty valu su aj rézne velké bloky
troskovej lavy (obr. 6). Ta reprezentuje najvrchnejSie Casti
lavovych telies, z ktorych po unikajucich vulkanickych
plynoch a vodnych parach zostali — v prevazne rychle
utuhnutej, a preto sklovitej hmote — pocetné rézne velké
pory. Tieto bloky maju v désledku velkého Specifického
povrchu, kde sa ako prvé prejavuju zvetravacie procesy,

Obr. 2. Dlhy val zapadne od Bine (traktor ako mierka).

Fig. 2. Long wall west of the village Bina (agricultural tractor as a scale).

‘enjval najblizsie pri obci Pej

Obr. 3. Dlhy val (tvoreny blokmi andezitov) pri Pe€eniciach.

Fig. 3. Long wall (formed by the andesite blocks) at the village
Pecenice.

Dwww. zamky.sk' -,

Obr. 4. Iny usek Dlhého valu pri Pe€eniciach.
Fig. 4. Further segment of the Long wall at the village Pecenice.
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Obr. 5. Rez Dlhym valom na s. od Levic.

Fig. 5. Cross-section through the Long wall north of the town
Levice.

T o, o :
Obr. 6. Sklovita porézna andezitova lava z valu pri Peceniciach.

Fig. 6. Glassy porous andesite sample of lava from the wall at the
village Pecenice.

rozne sfarbenie: Spinavozlté, Zltohnedé, tabakovohnedé
az hnedocierne. Po preStudovani mnoziny takychto blokov
sme dospeli k zaveru, Zze prave vysoko porézne bloky
tvorené prevladajucim vulkanickym sklom mohli zvadzat
v minulosti k predstave, ze ide o ziarou ohna ,specené”
vulkanické horniny a hlinité sedimenty.

i) Zapadne od obce Bina, v tesnej blizkosti zahrad
sme v sprasovych hlinach valu zistili niekolko nad sebou
deponovanych tmavych poléh premenlivej mocnosti,
v ktorych je podstatne zastupena vyhorena pévodne
organicka hmota. Tieto polohy su deformované soliflukciou,
uplatnenou na svahu valu (obr. 7).

i) Asi 1 m od uvedeného vyskytu pol6h hlin s podstatnym
podielom popola sme zaevidovali ,odskok” priliehajucich
segmentov valu do strany asi o0 3 — 4 m. Na tomto mieste
sa pévodne pravdepodobne nachadzal vstup do priestoru

Obr. 7. Soliflukciou deformované tmavé (popolové) polohy vo vale
pri Bini.

Fig. 7. Dark (ashy) interbeds being deformed by the solifluction
in the wall at the village Bifa.

za val. Mohla to byt drevena konstrukcia v podobe strazne;j
veze — vstupného otvoru. Drevend konstrukcia po vyhoreni
poskytla uvedené polohy, ktoré vznikli jej spalenim.
Na tomto mieste sme zistili soliflukciou deformované
polohy organického materialu (popola).

i) Jednym z doteraz neprediskutovanych problémov
valu bol objem hmét potrebnych na jeho kons$trukciu.
Ak predpokladame jeho celkovi dizku 60 km, pritom
bezny meter telesa valu spotreboval 15 — 20 m3 hmoty,
vychadza, Ze na jeho konS$trukciu bolo potrebnych
900 000 — 1 200 000 m® kamena a hliny. V pripade,
ak akceptujeme, ze jeden muz za pracovny den vykopal,
nalozil do kosSa a preniesol na vzdialenost 20 — 30 m
s prevy$enim 2 — 3 m asi 1,5 m® uvedenych hmét, z uve-
deného vyplyva, Zze na postavenie valu bolo potrebnych
priblizne 700 000 — 800 000 pracovnych dni. A uvazujme
dalej. Do konstrukcie valu boli zakomponované aj drevené
sucasti (palisady, strazne veze); najpravdepodobnejsie
iSlo o dubové kmene stromov. Bolo potrebné ich
vyrubat, zbavit konarov, premiestnit a zakomponovat
do konstrukcie valu. Aj tato ¢innost si vyzadovala velké
a CGasovo narocné usilie. Ak pocitame s pracou 1 000
muzov, postavenie zemnych €asti valu by im trvalo 600
az 650 pracovnych dni, pri praci 10 000 muzov by si
postavenie valu vyzadovalo asi 60 dni. K nim musime
pripocitat prace potrebné na opracovanie, premiestnenie
a zakomponovanie drevenych sucasti do valu. Pri praci
s drevom uvazujeme o polovici ¢asu potrebnom na
zemné prace. Tym sa pocet ,Clovekodni“ podstatne zvysi.
Jednou z nezodpovedanych otazok zostava: kto postavil
dlhy val? Pritom si uvedomujeme, ze osidlenie tejto Casti
Slovenska pred priblizne 2000 rokmi bolo podstatne redSie
ako je dnes. Mohli to byt otroci, miestne obyvatelstvo, ale
aj vojaci. V kazdom pripade stavba takého kolosalneho
diela, akym je Dlhy val na dolnom Hrone, si vyzadovala
vysoku organizovanost prace, ktori mohla v danej dobe
zrealizovat pravdepodobne iba armada.
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Aky stary je Dlhy val?

Od prvého zverejnenia problematiky valu v slovencine
(Kmet, 1900) stale nezodpovedanou otazkou zostava
vymedzenie ¢asového Useku jeho kon&trukcie, pricom
boli vyslovené nazory viazuce stavbu valu od strednej
bronzovej doby po rany stredovek. K vyrieSeniu
problematiky sa najviac priblizil Kolnik (1999). Z valu
vykopanych obhorenych driev dal urobit analyzy C',
no vysledky sa nepodarilo jednoznaéne interpretovat.
Beruc do uvahy vysledky podobnych valov na uzemi
Madarska, Kolnik (. c.) sa priklana k nazoru, ze stavba
valu prebehla na konci doby rimskeho impéria v strednej
Eurdpe, t. . v 4. storoci n. I.

Na zaklade zistenia Kolnika (I. c.) o CiastoCne
sprachnivenom charaktere drevnej hmoty identifikovanej
v strojovo realizovanej ryhe pri Zemberovciach pred-
pokladame, ze obdobie medzi postavenim opisovaného
valu a jeho palenim nebolo dihsie ako 50 — 70 rokov.

Magnetické a archeomagnetické merania

Nejednotnost materialu DIhého valu sa prejavuje
aj v réznosti jeho magnetickych vlastnosti. V tejto etape
vyskumu sme merali magneticku susceptibilitu vzoriek
zemin (sprasi), z ktorych je vybudovana ¢ast valu.V pripade
dvoch kopanych sond do svahu valu v zareze zeleznice
pri Bini sme zistili nasledujucu/takuto stratifikaciu: Vrchna
vrstva bola tvorena zeminou hnedej farby, medzivrstva ma
tmavohnedu az ¢iernu farbu a spodna poloha je opatovne
hneda a sypka zemina.

Vzorky pre laboratérne merania boli odobraté nahodne
na 13 miestach kopanych sond. Vyhodnotenie labora-
térnych merani ukézalo, Ze ide o dva druhy magnetického
materialu. Prvi skupinu tvoria zeminy magneticky silnejsie
s vy$8im obsahom nositelov magnetizmu: magnetitu,
hematitu, biologického magnetitu, magnetickych sulfidov
a pod., pre ktoré je charakteristicka susceptibilita v rozsahu
hodnét 3 542 — 4 675 -107% u.SI (ide o odberové miesta
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11, 6, 1, 12, 3 a 7; obr. 8). Druhu skupinu tvoria zeminy
magneticky slabSie, so susceptibilitou v intervale 1 134
az 1701 - 10°® u.SI (odberové miesta 4, 9, 5, 10, 8 a 2;
obr. 8). Z uvedenych ramcov sa vymyka vzorka z odberového
miesta 13, ktora je magneticky zretelne najslabsia — jej
susceptibilita ma hodnotu 220 - 107 u.Sl. Ani zloZenie
a farba tejto vzorky nemaju v danom subore ekvivalent.
Ide o mikroporézny lahky Spinavobiely uhli€itan, vzniknuty
v procese dekarbonizacie sprasi.

V uz uvadzanom ,odskoku” valu zapadne od obce
Bina, kde predpokladame pdévodnu vstupnu branu aj
s drevenou konstrukciou straznej veze, sme na svahu valu
objavili zvrasnené a segmentované polohy tmavosivej farby
od organického materialu (popola?). Polohy su detailne
zvrasnené (obr. 7), ¢o je pravdepodobne désledkom
pohybov zemin (soliflukcie) na svahu valu. V tesnej blizkosti
uvedenych tmavych poléh sme nasli kus (s objemom asi
Y4 Standardnej tehly) evidentne teplotne ovplyvnenej tvrdej
zeminy. Z tohto kusa sme pripravili dve vzorky vhodné pre
archeomagnetické stanovenie veku valu, resp., ked doslo
k prepaleniu zeminy. Meranie bolo realizované metddou
dvojitych nahrevov (McElhinny and McFadden, 2000).
Merania boli robené v paleomagnetickom laboratériu GFU
SAV v Bratislave. Uvedena metéda spociva v tom, ze sa
vzorka postupne tepelne demagnetuje, priom sa pri kazdom
teplotnom kroku odstrafiuje ¢ast pévodnej magnetizacie,

vzniknuvSej v Case vypalovania vzorky. Zaroven sa pri
chladnuti z rovnakych teplét vzorka magnetuje v si¢asnom
geomagnetickom poli. KedZe magnetizacia vzorky je priamo
umerna magnetujucemu polu, z porovnania pévodnej
a novoziskanej magnetizacie zistime pomer intenzity geo-
magnetického pola v ¢ase vzniku termalnej magnetizacie
vo vzorke k intenzite dneSného geomagnetického pola.
Z archeomagnetickej krivky (Skaly), ktora urcuje pomer
velkosti geomagnetického pola v historickej minulosti
a velkosti dneSného pola, odhadujeme dobu vypalovania
vzorky. Vysledky merani su zobrazené na obr. 9, kde krivky
Jp predstavuju demagnetizaciu pévodnej magnetizacie
vzorky a krivky J; vznikajucu laboratérnu magnetizaciu.

Okrem nich su na obr. 9 uvedené aj diagramy magne-
tickej susceptibility, meranej po kazdom teplotnom kroku.
Tato veli€ina je vyznamnym indikatorom fazovych zmien
vo vzorke poc€as nahrevu. Kedze priebeh susceptibility
sa prakticky ani v jednej vzorke nemenil, pric¢om boli
nahrievané do teploty 600 °C, mbézeme predpokladat,
Ze pri nahreve predmetnej zeminy (pri poziari vstupnej
brany a pri nej lokalizovanej drevenej veze/vezi) bola
teplota ziaru minimalne 600 °C.

Samotné odvodenie veku poziaru je predstavené v tab. 1
a na obr. 10. V tab. 1 su uvedené zakladné magnetické
charakteristiky (magnetizécia a susceptibilita) obidvoch
skumanych vzoriek, teplotné kroky, pri ktorych bol pomer

JolJs
2.0+

1,55
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Obr. 10. Priebeh intenzity mag-
netického pola Zeme podla
archeomagnetickych vyskumov
v Ceskoslovensku (Bucha, 1975)
s vyhladenou krivkou ¢asovej
variacie a intervalom ziskanych
hodnét Jp/J, (tab. 1).

Fig. 10. Changes of the intensity
of geomagnetic field by the
archeomagnetic investigation in
Czechoslovakia (Bucha, 1975) with
smoothed curve of the time variation

0.0 ] ; : : ; | . ; : and with the obtained interval
2000 AC.— 0 —BC. 2000 4000 6000  rokov of values Jp/J, (tab. 1).
Tab. 1
Vysledky archeomagnetickych merani dvoch vzoriek z valu pri Bini
Results of the archeomagnetic measurements on two samples from the wall at the village Bina
Lokalita Cislo vzorky Jo[nT] KoXx 106 u.SI Krok x 10 °C Jp/dL

1 3295 1311 70, 100, 200, 250, 400
Bina 2,21£0,32

2 1638 421 100, 300, 350, 400, 450

Jo — pbvodna magnetizacia vzoriek, K, — pévodna susceptibilita vzoriek, steps — kroky, pri ktorych bol pomer Jz/J, pocitany, Js/J, — pomer
intenzity geomagnetického pola v ¢ase vypalovania vzorky a intenzity su¢asného magnetického pola (stredna hodnota + Standardna

odchylka)

Jo — initial magnetization of specimens, «, — initial magnetic bulk susceptibility of specimens, steps — temperature at which the ratio
Jp/J, was calculated, Jp/J, — ratio of geomagnetic field intensity in the time of the sample burning and the recent magnetic field intensity

(mean value + standard deviation)
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Jp/J, poditany, a samotny pomer Jp/J;, vypocCitany ako
priemer a Standardna odchylka zo vSetkych merani. Obr. 10
predstavuje archeomagneticku krivku pre Ceskoslovensko
(Bucha, 1975) a naznaceny (realny) interval ziskanych
hodnét Jp/d, (interval 2,21 + 0,32 je nereélny). Okrem
experimentalnej krivky je vynesena aj vyhladena krivka
pre ¢asové obdobie 2000 p. n.l.— 700 n. |I. Opatrny odhad
na ¢asovej osi diagramu dokumentuje, ze k inkrimino-
vanému poziaru mohlo déjst v ¢ase okolo zadiatku nasho
letopoctu (pravdepodobne medzi rokmi 0 az 150 p. n. |.).

Identicki metddu pouzili Tirpak a Orlicky (1986) na
stanovenie vekov niektorych archeologickych objektov
Dlhého valu. V ich subore su zahrnuté rbzne vzorky, ktoré
boli premenené Ziarou ohna, zial, vzorky z Nového Tekova
a Zemberoviec su bez charakteristiky analyzovaného
objektu/predmetu.

Diskusia a zavery

Na vznik ,prepaleného valu je potrebna vysoka teplota.
Ako prvy ju predpokladal Kmet (1900), v poslednej dobe
napr. aj Supuka (2000). Vychadza to zo znamej a v geo-
vednych kruhoch vSeobecne akceptovanej skutocnosti,
ze solidifikacia (chladnutie, tuhnutie) andezitovej lavy je
pri postupnom teplotnom spadu ukoncena asi pri 860 °C.
Teda minimalne takuto teplotu je nutné o¢akavat pri opacne
nasmerovanom procese, t. j. pri postupnom zvySovani
teploty andezitu v momente, ked chladny andezit za¢ne
postupne maknut a nakoniec aj tiect. No to uz prebieha pri
teplote nad 1 150 °C, ktora by podla doterajsich predstav
mala byt vysledkom Ziaru horenia dreva, pri¢om malo dojst
k ,prepaleniu; Cize speceniu, na styku usadenej horniny
a andezitovej lavy, resp. plastického ,cesta“ andezitu.

Vysoka teplota by podla doterajSich autorov (prvym bol
Kmet, 1900; prakticky vSetci po riom nasledujuci autori)
mala byt désledkom Zziaru zapalenej palisady a inych
drevenych sucasti valu. Horenie drevenych kon&trukcii valu
bolo logickym désledkom obdobia uUtoku, a to bez ohladu
na to, & zapalenie bol akt obrancov alebo Gtoénikov. Dalej
uvazujme spolu: suc¢astou konstrukcie valu boli aj kmene
a konare listnatych stromov (na dolnom toku Hrona rastu
len tie), ktoré na ,narazovej“ (smer o¢akavaného utoku)
strane valu boli az z 3 plochy obklopené zeminou. Preto
kmene nehoreli (nedostato¢ny pristup vzduchu v ¢astiach
kmeniov obklopenych zeminami), ale len tleli. Tlenie
ziadneho druhu dreva neposkytuje vysoku teplotu.

Opisané produkty ,prepalenia“ materialu valu
stotozriujeme s troskovymi, vysoko poréznymi blokmi
andezitovej lavy. Tie v désledku vysokého Specifického
povrchu zvetravaju intenzivnejSie ako zvetrava kompaktny
homogénny blok andezitu. Dosledkom uvedeného procesu
su pestré naletové farby poréznych a zaroven sklovitych
(doésledok rychleho chladnutia andezitovej lavy vo vrchnej
Casti lavovych prudov) blokov andezitu (obr. 6). Ddsledkom
zvetravacich procesov su vyrazné pestré farby takychto
blokov. Su zIté, ZItohnedé, tabakovohnedé az hnedocierne.
Farby sa striedaju aj v ramci jedného bloku.

V zaujme komplexnosti problematiky povazujeme
za potrebné uviest, ze v tych Castiach valu, kde na jeho

kons&trukciu neboli pouzité bloky vulkanickych hornin,
t. j. priblizne od Levic na juh, vytvrdnuté kusy hlinitych
sedimentov predstavuju produkt pésobenia Ziaru ohna.
Ohen v8ak ovplyvnil stavebny material valu len velmilokalne
—na miestach drevenych konstrukcii vezi ¢i inych drevenych
sucasti valu. Pritom aj v tomto pripade ide len o nizko,
resp. stredno teplotny efekt pésobenia na sedimentarne
horniny. Pri vysokych teplotach by totiz doSlo k vypaleniu
podobne, ako je to v pripade neolitickych hrné&iarskych
vyrobkov. Okrem toho pri teplotach okolo 800 °C a viac vo
vypalovanom hrnéiarskom ¢repe dochadza k rekrystalizacii
hrnéiarskeho cesta (premene ilovych mineralov) za vzniku
vysoko teplotnych metamorfogénnych mineralov s vysokym
obsahom hlinika (sillimanitu, mullitu, granatu, korundu,
Al-spinelu a i.). A tie sme ani pri mikroskopickom Studiu
skumanych kusov tepelne vytvrdenych hmot nezistili.

Inym moznym vysvetlenim je, ze ,vypalovanie® valu
bola cielavedoma (intencionalna) ¢innost jeho budovatelov,
aby tymto procesom sp6sobili va¢siu homogenitu a vysSiu
tvrdost valu. Proti uvedenej alternative svedcilen objemovo
nepodstatna pritomnost tepelne prepracovanych hlin (po
realizovanych zemnych pracach autormi tejto state, preto
usudzujeme), ze objem tepelne stvrdnutych ¢asti valu bol
nizsi ako 1 — 3 % objemu hmoty valu.

Val sme $&tudovali na niekolkych zachovanych
Usekoch, prakticky v jeho celej dizke. Predpokladany
pozdizny transport materialu valu (napr. Supuka, 2000)
pri jeho stavbe nepotvrdzujeme. Vo vSetkych usekoch bol
budovany z vyrazne lokalneho materialu (andezitovych
blokov inkl. sklovitych troskovitych ¢asti andezitovych
prudov a réznych, v podstate odvapnenych typov sprasi).

Na zapadnom okraji obce Bifla v zemnom segmente
valu je zretelne pozorovatelny bo¢ny ,odskok® valu asi o 3
az 4 metre. Na svahu valu tesne pri tomto fenoméne sme
zistili pritomnost niekolkych soliflukciou deformovanych
poléh tmavosivej farby, ulozenych nad sebou bez zvySkov
dreva. Predpokladame, ze pévodne iSlo o straznu vezu so
vstupnou branou za val — ich zhorenim vznikli tmavé vrstvy
s vysokym podielom spalenej organickej hmoty.
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Slovak “Chinese wall”: Myths and an attempt for explanation

In the southern part of the Middle Slovakia, along the
river Hron, we have studied the material composition of the
60 km long vall crossing the country in the N-S direction
(Fig. 1). Recently only several separate remnants of the wall
can by studied (Figs. 1-7). Missing parts were destroyed by
the agricultural activities in the past. In the modern age (1898)
a first realistic description of the wall has been published by
the well educated protestant’s priest Kmet. Since that time
several authors, mostly historians and authors of the different
professionalities (among which a geoscientist Harman
represents an exception) have published short papers dealing
with the topic of this wall. Based on its dimensions and the
amount of used material the discussed wall has no equivalents
among the prehistoric or early historic constructions on the
Slovak territory.

Presented information dealts with a wall constructed of
the andesite volcanics (in the area of Neogene volcanic field;
Fig. 3) and loess in the southern prolongation of the wall (Figs.
5 and 7). The wall is known under several denominations:
Long wall, Baked wall, Fossa giganteum, Roman road, Slovak
Chinese wall a.o. It starts (on the south) at the Danube river
and upstream follows along the western bank of the river
Hron. It seams that south of the town Levice the wall splits
into two branches: one of them prolongs on the territory of
the Late Tertiary volcanics towards the Banska Stiavnica
stratovolcano. The other one follows the river Hron towards
the Slovak gate. In the paper we discuss namely the topics
of the wall construction, used material, its volume and related
construction problems. We present a geophysically determined
age (approx. age = the year zero + 150 years) of the burning
of the wall wooden constructions (Fig. 7) and we discuss the
problematic of the wall burning temperature.

The presenting authors’ new interpretation is based on the
following:

i) For the discussed wall construction very local raw
materials were used, among which the various varieties of
andesite blocks (together with their glassy and spongy types;
Fig. 6) predominate in the northern segment of the wall, while
loess predominates in the south.

i) The total amount of inorganic materials used for the wall
construction is estimated to be 1,000 000 — 1,200 000 m3.
To this amount it ought to be add several tens thousands
of m3 of wood, used to construct the palisade along one side
of the wall.

i) Partly weathered significantly porous glassy andesitic
lava namely by archeologist has been interpreted as the result
of the high temperature fire during which andesitic blocks and
loess were melted and fired together.

i) The wooden pillars forming a palisade were enclosed
on the tree sides by loess being not fired, but only smoulded.
Having not enough oxygen they cannot offer sufficiently high
temperatures to shrink andesitic blocks and loess together.

i) Our laboratory research has studied the loess with the
signs of the heat overprint, which gave the year zero (+ 150
years). So the firing of supposed palisade has occurred in the
mentioned time period, which represents also an approximate
time of the wall construction. Though we have dug on several
places along the wall, the traces after the fire — dark layers
in the loess we have found only very sporadicaly (Fig. 7).

Based on the above stated, we classify the vall as
a construction, which, concerning the amount of used raw
materials, has no equivalent on the territory of the Slovak
Repubilic.



Informaény spravodajca pre geoldgiu, banictvo, Upravnictvo a Zivotné prostredie

A\

Priloha ¢asopisu Mineralia Slovaca, ro¢. 43, ¢. 1

Herlandia 2010

11th International conference of young geologists

Medzinirodna konferencia mladych geolégov, 11. ro¢nik
Sviity Jur, Slovak Republic; 29. April — 1. May 2010

B. CHALUPOVA, M. KOVAGOVA, L. ZAHRADNIK, M. GREGANOVA, J. KONDELA, L. STRBA, L. Vizi, M. DWORNIK, J. BAZARNIK
and J. MaJka

Abstract: The 11th International conference of young geologists was held in Svéty Jur (near Bratislava) on 29. 4. — 1. 5. 2010. During two days
of lecturing 60 contributions were presented in several thematic blocks. Participants were informed also about some expedition or research

work on the localities in Germany, led in excursion in Malé Karpaty Mts. The article reports the event and principal presentation.
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The 11th International conference of young geologist was
held in hotel Eva in Svaty Jur near Bratislava from 29. April to
1st May 2010. It was organized under the auspices of Faculty of
Natural Sciences of Comenius University in Bratislava, Faculty
BERG of Technical University in KoSice and the AGH University
of Sciences and Technology in Krakow. The members of the
scientific board remain already several years unchanged: Prof.
RNDr. Dusan PlaSienka, DrSc., Prof. Ing. Tibor Sasvari, CSc. and
Dr. hab. Anna Swierczewska. The logistics in the conference was
provided by the members of Geological Club from Bratislava.

During the years, the variety of participants evolved. Slovak
participants in first years were later accompanied with students
from Czech Republic and Poland. Nowadays students and
young scientists from Russia, Belorussia or Bulgaria have
participated in the conference. Nearness of the Slavic languages
allows presentations and communication in participants” native
languages, which helps to keep and maintain kind atmosphere,
being typical for the conferences of young geologists.

Invitation ceremony has started by the speech by Prof.
RNDr. Dusan PlaSienka, DrSc., being the scientific guarantee
of the conference. Following his introductory words, the
conference gradually started to fulfil its target. During first two
days of the conference 60 contributions were presented in
several thematic blocks. The best presentation was awarded
by the Galicia Tectonic Group Award after precise evaluating
of each contribution. The winner of the Galicia Tectonic Group
Award was Mgr. Matus Hyzny from the Faculty of Natural
Sciences, Comenius University in Bratislava. The award was

presented by the member of GTG doc. FrantiS§ek Marko. During
two “evening dinner discussions” the photographs and report
from the expedition (J. Kondela, P. I. Lunev) and research work
on the Bromacker localities in Germany (A. Cerfiansky) were
presented. The last day of the conference was traditionally
devoted to excursion in the Malé Karpaty Mts.

The next conference will be in Poland.

Fig. 1. The winner of the Galicia Tectonic Group Award M. Hyzny
from the Comenius University being awarded by F. Marko.
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P. BOZECKI: Identification of poorly crystalline iron
minerals using the DXRD and SE methods

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

The presented work shows the results of the research conducted
over the sediments present in the Leknica region (W Poland) — a
former lignite mining area. Brown coal in this research area was
excavated in numerous pits and mines, from the late 18th to the
late 20th centuries. The last active mine pit “Babina” (located south
east of teknica) was closed in the early 1970-ties. The abandoned
mining areas were filled with water, forming so-called “anthropogenic
lakeland? Oxidation of sulphide minerals causes formation of highly
acidic waters. Released iron and sulphates precipitate forming
ochreous Fe-rich accumulations — research material for this study.

The analysed sediments consist mainly of phases such as
goethite, jarosite and schwertmannite. The last mentioned mineral
was recently discovered by famous pedologist Udo Schwertamanna
in 1994 in Finland. In Poland the research area is a third known
occurrence of this mineral (after Wiesciszowice and Radzimowice).
Schwertmannite is characterized by a rather very low crystallinity level,
which, combined with the fact that it often co-occurs with goethite,
camouflaging him in the X-ray diffraction image, its identification in
the sample is very difficult or even impossible.

The main object of DXRD method is to obtain differential
diffractogram by subtracting a diffractogram of a sample after
a selective extraction (SE) process from a diffractogram of a raw
sample. This method is used to identify minerals that are dissolved
in each subsequent step of selective extraction process. The first
application of this method was observed in the early 1980s. The first
research materials for these methods were soil, whereas identified
poorly crystalline minerals were iron oxides and iron hydroxides like
ferrihydrite and lepidocrocite.

Presented figure shows an example set of diffractograms.
The lowest line represents diffractogram of a sample obtained
after modified SE method (N5b OX). The middle line represents
diffractogram of a raw sample (N5b) and the upper line represents
DXRD diffractogram (N5b DXRD). On the differential diffractogram,
diffraction reflects from schwertmanitte can easily be seen. These
reflects due to the presence of much more crystalline goethite in
a sample are not visible on a raw sample diffractogram. Presented
researches are in the preliminary stage. However, obtained results
show a great potential for the use of this method. The restriction
consists in the difficulty to identify poorly crystalline minerals. This
requires further more detailed studies.
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An example set of diffractograms. Explanation of symbols:
Sch — schwertmannite, Gth — goethite, J — jarosite
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J. BUCOVA, V. SIMONOVA and D. PLASIENKA: Paleostress
reconstruction of selected localities in the Pieniny
Klippen Belt in the western Slovakia

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

The Pieniny Klippen Belt (PKB) is an internally complicated
narrow structural belt, which stretches in a broad arc for hundreds
kilometres from the Alpine-Carpathian junction area as far as the
northern Romania. Regardless of its length, the PKB preserves
its tectonic integrity, indicated by the omnipresence of its typical
(Oravic) units that do not occur in other Carpathian zones.
In addition, certain parts of the PKB involve also the “non-Oravic”
units of the CWC provenance, which were incorporated into the
PKB and attained its tectonic style after their nappe emplacement
during mid-Cretaceous times (e.g. Klape and Manin units).
Probably they all represent frontal nappe elements of the Fatric
nappe system.

This study is concentrated on the paleostress analysis of two
localities in the western part of the PKB: Cerveny Kameri and Butkov
quarries. The first locality — Cerveny Kameri is composed of two PKB
units: the Kysuca and Czorsztyn units and of the sediments of the
Flysch Belt. In the second locality — the Butkov quarry, a sequence of
the Upper Jurassic and Lower Cretaceous age, ascribed to the Manin
Unit by tradition, is exposed.

Based on kinematic analyses of meso-scale faults (slickensides),
several brittle deformation stages characterized by certain properties
of the reconstructed stress field have been discerned. We have
used the program Win Tensor for the separation of the faults into
homogeneous groups and for determination of paleostress fields.
Relative superposition of individual paleostress states was derived
from the field structural relationships; their stratigraphic age was
estimated mainly by a comparison with other published data.

The area of Cerveny Kamen underwent several brittle
deformational phases. The oldest one was transpression, which is
well preserved also in the rocks of the Flysch Belt. This stage was
accompanied by the formation of the strike-slip faults (mainly right-
-lateral faults) and by reverse faults. The o, axis was oriented in the
E-W direction. Transpression continued also during WNW-ESE to
NW-SE oriented compression. The noticeable change of the tectonic
regime occurred during the younger NNE-SSW compression.
Predominantly left-lateral and normal faults were formed as a result
of transtension. On the contrary, mostly right-lateral and normal faults
were created as the last record of transtension (the ENE-WSW
oriented o4 axis). The last deformational phase is characterized by
a number of conjugate normal faults and the NW—-SE oriented o3
as the result of the extensional tectonic regime.

The area of the Butkov quarry also documents a complex
deformational history. The oldest recorded deformation phase is
characterized by the E-W oriented o4, as a result of transpressive
tectonic regime. The formation of strike-slip faults (mainly right-lateral
faults) and reverse faults is typical for the second stage. Transpression
continued during NW-SE oriented c,, dominated by the strike-
-slips faults (mainly dextral) and reverse faults. The change of the
tectonic regime occurred during the younger NNE-SSW oriented
o4 Normal faults and mostly sinistral strike-slips were formed as
a result of transtension. Transtension continued during ENE-WSW
compression. The youngest stage — extensional tectonic regime — was
characterized by the normal faults originating during the NW-SE
oriented tension.

Summing up, the oldest brittle tectonic phase (Late Oligocene
— Early Miocene) with roughly E-W to the NW-SE oriented maximum
compression is characterized as a transpression. The following
tectonic stages (Middle to Late Miocene) are marked by approximately
N-S to the NE-SW trending o, developed under transtension regime.
The last deformational phase (NW-SE extension) has been dated to
the Pliocene — Quaternary period.

The localities Cerveny Kamen (Oravic units and Flysch Belt)
and Butkov quarry (Manin Unit) have the same brittle tectonic
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history during the activity of similarly oriented compression axes
of paleostress fields in the Late Oligocene — Quaternary period.

This work was supported by the Slovak Research and Develop-
ment Agency under the contract No. APVV-LPP-0225-06 and APVV-
-0465-06.

B. BUKOWSKA-BELNIAK: Thermographic images de-noising
methods

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

Typical thermographic images are noisy and low-contrasting,
especially when differences in observed temperatures are not high
(usually few degrees). Additionally, their spatial resolution is low,
most often 320 x 240 pixels, up to 640 x 480 pixels for the most
recent thermographic cameras. Thermal resolution is about 0.05-0.1
Celsius degrees. Those properties cause that objects detection in
the thermographic images requires advanced methods of the image
processing. In comparison with the digital images registered in the
visible light (for example using digital cameras or optical microscopes)
the analysis is much more complicated, because the information
contained in the thermographic images is lower than in digital images
registered in the visible light (monochromatic image with low number
of pixels).

The thermographic image processing begins with the de-
-noising. Noise in thermographic images has few sources. First
one is the accuracy of sensors on the matrix. Second is connected
with the conditions of thermographic measurements. Numerous
external conditions are responsible for measurements accuracy,
for example: humidity, ambient temperature, distance, emissivity
and surface type of observed objects. The recognizing of the
noise character in thermographic image is important. Depending
on the type of observed process the noise can be different. The
de-noising methods for thermographic images are similar to
methods used for de-noising of other monochromatic digital
images. In the picture below we can see the result of several de-
-noising methods. From the left to right and from the top to bottom:
1 — original thermographic image (size of the image is 256 x 256
pixels), which presents the illegal leakage of the wastewater to the
river; 2 — image 1 after median filtration; 3 — image 1 after Wiener
filtration; 4 — image 1 after Butterworth filtration; 5 — image 1 after
curvelet reconstruction; 6 — original image in the visible light. For
the first five thermographic images colour scale is linear from
0 Celsius degree (black) up to 15 Celsius degree (white). As we
can see, the best result was reached in image 5, after curvelet
partial reconstruction.

De-noising of thermographic images is very important for
the further image processing. It should be used for all types of
thermographic images before the localization of objects and
analysis. It could be helpful in many applications, for example in
the environmental analysis, for the leakage detection and illegal
wastewater escape localization.

This paper was written as part of the statutory research project
No. 11.11.140.561 of the Department of Geoinformatics and Applied
Computer Science, Faculty of Geology, Geophysics and Environ-
mental Protection, AGH University of Science and Technology.

V. CAVAJDA', P. UHLIK!, M. MADEJOVA2, M. SMOLARIK!
and M. CAPLOVICOVA': Mineralogy of talc from Gemerska
Poloma, Hnusta and Kohutik

'Department of Geology of Mineral Deposits, Comenius University,
Bratislava, Slovak Republic

%Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Bratislava, Slovak Republic
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Talc is one of strategic industrial minerals of Slovak Republic.
The most of deposits are found in Veporic unit (Lower Paleozoic
Sinec belt) and in Gemeric unit (Lower Paleozoic Gelnica Group).
Majority of talc occurrences in Slovakia belongs to the deposits
in association with Mg-carbonates. These days, a big talc deposit
is opened near the village Gemerska Poloma. The objective of this
study is a mineralogical characterization of talc from Gemerska
Poloma deposit and its comparison with talc from others areas
(Hnusta-Mutnik and Kohutik) and also determination of structural
order and mean crystal thickness. Research was performed on bulk
rock and clay fraction (< 2 um).

Selected samples consisted of various ratios of talc and
chlorite. The results from XRD quantitative mineral analysis by the
RockJock software show that amount of talc in the Hnusta-Mutnik
samples varies from 85 % to 1 %. Samples from Gemerska Poloma
contain 90-25 % of talc. IR spectroscopy was used for partial
crystallochemical characterization of the samples. The specific
talc bands were significant in the samples with dominant amount
of talc (e.g. OH-stretching band (Mg;OH) at 3 676 cm~' and
bending band at 669 cm~'. The weak stretching band (Mg,FeOH)
at 3 660 cm™" probably determined small amount of Fe in the talc
structure. Stretching bands at 3 571 and 3 428 cm™" were significant
in samples with the high amount of chlorite. The position of these
stretching bands points out the presence of trioctahedral chlorite,
probably clinochlore.

The mean thickness of fraction < 2 um was analysed by BWA
(Bertraut-Warren-Averbach) technique (MudMaster software).
Differences were indicated in the mean thickness of crystallites.
Samples from Gemerskd Poloma have bigger mean thickness
(283.4 nm) than samples from Hnusta-Mutnik (15.6 nm), samples from
Kohutik have mean thickness of 21.7 nm. Talc samples are typically
composed of platy crystals. Planar surface is almost isometric
with dominant dimensions from X to X0 um in our samples. According
to SEM study, shapes of crystals are anhedral and subhedral.

The authors are grateful to Slovak grant agency (VEGA) for
providing research funding by project 1/0219/10.

A. CERNANSKY' and M. VENCZELZ: A rare record of a worm
lizard (Squamata: Amphisbaenidae) from the Lower
Miocene of central Europe

'Department of Geology and Paleontology, Comenius University,
Bratislava, Slovak Republic
2Tarii Crigurilor Museum, Oradea, Romania

The Amhisbaenians or worm lizards represent a peculiar group
of squamate reptiles, adapted to a burrowing lifestyle, with about 200
species located in six families (Rhineuridae, Bipedidae, Blanidae,
Trogonophidae, Amphisbaenidae and the cryptic Cadeidae) and
distributed across Africa, South America, Caribbean Islands, North
America, Europe and the Middle East. In spite of the relatively
abundant fossil record of Amphisbaenians, many aspects of their
evolutionary biology including prevalent modes of speciation,
patterns of diversification, and geographical structuring of population
genetic diversity, are still poorly understood. The first occurrence of
amphisbaenid lizard from the Early Miocene (MN 3a) locality Merkur-
-North (Bohemia) is presented. The low tooth count and subpleurodont
tooth implantation are satisfactory to refer the specimen to Blanidae.
The anterior part of the dentary is broken off and accordingly the
anterior teeth might not contribute to the diagnosis. However, the
remaining teeth display the classic formula for Blanus including the
positions of the two labial foramina. In fact the specimen from Merkur-
-Northis closer morphologically to that described by Rocek (1984) from
Dolnice, because of its similarly underdeveloped crista splenialis and
of its rather shallow sulcus dentalis in its posterior segment. On the
other hand, the posterior part of the dentary differs completely from
all the specimens previously described, due to its extremely short and
low coronoid process. In Blanus (both fossil and recent specimens),
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the coronoid process is distinctly longer and slanting posterodorsally
and the dorsoposterior limit of the coronoid process is always higher
than the apices of the largest mandibular teeth. Furthermore, except
for Campinosaurus, the presence of striation at the base of the teeth
in Amphisbaenia has never been reported. Consequently, the Ah-771
SGDB specimen may represent a new species, but the material is too
fragmentary to demonstrate it completely.

This project was supported by the VEGA 1/0197/09.

M. CHUCHRO: Application of data mining methods in time
series analysis

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

Data mining is the process of extracting information and patterns
from data, especially from the large databases. It has been estimated
that the amount of data stored in the world’s databases doubles every
20 months. Large data sets and commonplace of machines that can
undertake the searching, the opportunities for data mining increase.

The time-ordered data typically can be aggregated with an
appropriate time interval, yielding a large volume of equally spaced
time series data. Time series analysis is often associated with the
discovery and the use of patterns such as periodicity, seasonality,
cycles. Therefore one may wonder what are the differences between
traditional time series analysis and data mining methods. The answer
to this question is the main aim of this paper.

Wastewater Treatment Plants (WWTPs) data was analysed. Daily
resolution of time series and length of data are large enough for
complete data mining analysis. Preprocessing of WWTPs time series
shown, that data have high right-sided bias of distribution (around 3).
Also variance of data is high, near to 20 %. In this step seasonal and
cyclical structure of data were recognized. We observed 3.5, 7, 14,
30, 60, 180 and 365.25 days periodicity in terms of the time structure
of the data.

From the data mining analysis there were chosen the step-wise
regression from the classical data mining methods and supervised
neural networks types from next generation techniques. As an
independent variables in the step-wise regression there were used:
day of week, precipitation, season, precipitation as a qualitative data.
During analysis as important component were obtained: day of week,
precipitation as a qualitative data. This method explains more than
70 % of data variation.

Neural networks with multilayer perceptron (MLP) and radial basis
function (RBF), were chosen from data mining techniques. Numbers
of neurons in the inner layers for MLP were from 2 to 20, for RBF
from 2 to 100. The MLP neural networks had better results of learning
(0.64), testing (0.67) and validation (0.63) for small number of inner
neurons. When the number of neurons in inner layers growing, the
results of RBF networks growing slowly too. The big disadvantages of
RBF neural networks is their time- consuming. The results of analysis
were used for prediction models, one day and two days ahead.
Prediction results were quite similar for both neural networks. Mean
Absolute Percentage Error (MAPE) calculation shown that simple
neural networks are not good models for environmental WWTP time
series.

Data mining methods for large scale time series are very good
equivalent for standard time series analysis. The advantage of the
data mining methods is that no specialized knowledge of analysts is
required for the advance analysis. Gaps in data are also easy to fill
up with many complimentary methods. Results of analysis have the
same quality as the normal time series methods, but they can be also
used for the database records. Data mining is user- friendly and very
wide equivalent for traditional time series analysis.

This paper was written as a part of the statutory research project
No. 11.11.140.561 of the Department of Geoinformatics and Applied
Computer Science, Faculty of Geology, Geophysics and Environ-
mental Protection, AGH University of Science and Technology.
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A. DUDZIAK: Varied world of Slovakian caves

Department of General Geology Environmental Protection and
Geotourism, AGH-UST, Cracow, Poland

Caves represent the unquestionable natural resources of
Slovakia. Almost all of them (with an exception of the Ochtinska
Aragonite Cave) are developed in the Mesozoic carbonate rocks
but nevertheless differ from each other in the location as well as in
their flowstone fill, hydrology, genesis or even archeological cave
discoveries.

The Slovak caves present an extreme diversity of the flowstone fill,
which causes that every one of them is worth to be visited. Four types
of caves can be distinguished for the presentation of speleothems
and cave fill variety as well as for their classification.

The most widespread are the caves with typical carbonate
flowstone fill developed by classic way. This group is represented
by (for example) Belianska Cave, Demanovska Cave of Liberty and
Jasovska Cave. There can be found various types of stalactites,
stalagmites, columns and other flowstone forms such as courtains or
waterfalls. In spite of a fact that their flowstone fill represents the same
type, each of these caves possesses a unique, inimitable charm and
they cannot be compared with others.

Another type of caves is those where typical carbonate flowstone
fill developed in a specific way. Domica Cave and Gombasecka Cave
can be included into this group.

Domica Cave is distinguished by the huge accumulation and
extreme variety of specific forms represented by the flowstone
shields and drums. These forms developed as a result of punctual
water outflow from the crack and still are weakly examined.

Gombasecka Cave attracts the tourists by the occurrence of thin
straw stalactites. They can achieve even 3 meters length with about
1 cm diameter. Their accumulation makes an impression of stone rain.

Next type of caves is those where beside the typical carbonate
flowstone fill another kind of cave fill appears.

First group is represented by the caves where in spite of typical
carbonate speleothems aragonite fill can be found. Ochtinska
Aragonite Cave is an unique object for the World scale. Specific
microclimate inside the cave and the presence of ochres enabled the
precipitation of aragonite. There are three generations of aragonite
forms.

Second group are the caves with an ice fill. This category is
represented by the Demanovska Ice Cave and Dobsinské Ice Cave.

In the Deméanovska Ice Cave specific air circulation and
temperature caused that the cave bottom is covered by the floor ice.
There are also the ice stalactites, stalagmites and columns which age
is estimated for about 500 years. In non-glaciated parts of the cave
flowstone fill can be also found.

DobsSinskéa Ice Cave is mostly glaciated. The ice appears in the
form of floor ice (cave glacier), which moves at 2—4 km per year
from the entrance to the deeper parts of cave. Inside the cave the
forms like the ice stalactites, stalagmites, columns and icefalls
can be also found and they developed when soaking water froze.
In the non-glaciated parts there are relief elements which show
the modelling by flowing water. Beside of them there are also
carbonate flowstone forms — stalagmites, stalactites, flowstone
crusts or even layers of moonmilk. This is one of the most valuable
ice caves in the world.

M. DWORNIK and A. PIETA: Influence of the elliptical
anisotropy on results of inversion of traveltime
tomography data

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

Seismic traveltime tomography is a method of estimation of the
velocity distribution in geological medium. The most popular methods
of reconstruction of the velocity models assume isotropic wave
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propagation. In this work we concern on influence of anisotropic layer
on inversion process in the traveltime tomography.

The most popular methods of solving the inverse problem were
tested: Algebraic Reconstruction Technique (ART), Simultaneously
Iterative Reconstruction Technique (SIRT) and Singular Value
Decomposition (SVD). ART and SIRT methods are iterative methods,
which requires initial velocity model. All mentioned above methods
were tested on theoretical data and evaluate for a quality and
calculation time of obtained results.

Velocity model with horizontal layers was used in calculation.
The middle layer has elliptical anisotropy of P-wave propagation,
which is described by velocities ratio Vz/Vx = 1.0 for isotropic case
and 0.7 for anisotropic case. Theoretical first breaks times that are
used in calculation, were obtained from full wave form modellings.
Seismic wave propagation in anisotropic media was calculated
using the finite — difference method and specific computational grid,
so called staggered grid. Two methods of the ray tracing were used
in calculation of matrix of model geometry and estimation time in
forward problem: the straight line propagation between shot point
(SP) and receiver point (RP) and the shortest time method using the
sparse graph theory. The second method gives realistic ray trajectory
in heterogeneous geological medium, but is more computational
intensive. This method was used for iterative calculation for SIRT
method.

Velocity distribution obtained from the SVD method for isotropic
(b) and anisotropic (c) middle layer and SIRT method for isotropic (d)
and anisotropic (e) case respectively for the assumed velocity model
(a) are presented on the picture below.

a) b) c)

VELOCITY MODEL

ISOTROPIC CASE ANISOTROPIC CASE

VELOCITY SCALE [m/s]

1000 2000 3000 4000

Anisotropy has significant influence on seismic inversion for all
methods. Straight line propagation gives more accurate results in the
isotropic case and in the shorter calculation time. SVD method gives
better results for theoretical data, but is very sensitive for additional
noise. SIRT method was used for non-linear propagation scheme,
because of relative faster calculation and better results than ART
method.

This work has been financially supported by the Faculty of
Geology, Geophysics and Environmental Protection, AGH University
of Science and Technology, grant No. 11.11.140.561

A. FIGULA, U. JANICKA and T. BAJDA: Formation of brom-
-pyromorphite on surfactant-modified smectite

Department of Mineralogy, AGH-UST, Cracow, Poland

Surfactant-modified smectites can be used for the removal of
toxic compounds from solutions. They were often used for sorption
of anions, and recently there is studied, how to progress the process
of “alternating” sorption of anions and cations. Clay minerals
and zeolites can be modified with the use of the high-molecular-
-weight quaternary amines, one of them can be HDTMA-Br (brome
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hexadecyltrimethylammonium). It changes the charge of natural
minerals from positive to negative. But not all of charge is changed; in
microporous it is still positive. And therefore surfactant-modified clay
minerals can be used as an effective sorbent for inorganic cations,
inorganic anions and neutral organics from solutions. The next
method of reclamation of heavy metals from the contaminated soils
and solutions is immobilizing them through the formation of insoluble
crystalline phases induced by phosphate amendments. In the case of
Pb ions that phase is pyromorphite, one of the most stable phases
of Pb in environmental conditions. The objective of this study was to
evaluate potential application of surfactant-modified smectite for the
sorption of PO, and Pb?*, and for characterizing of new crystalline
phase (brom-pyromorphite).

In the first experiment the smectite sample was modified with the
use of HDTMA-Br. Modified smectite reacted with solutions containing
5 to 20 mM/L of Pb or PO,. Initial pH was 3.5. Sorption of PO, was
highest on Pb-surfactant-modified smectite while the sorption of Pb
was highest on surfactant-modified smectite. Formation of brom-
-pyromorphite Pbs(PO,);Br was also noted in the reaction products,
which was identified with the use of X-ray diffraction. The precipitation
takes place either in the volume of the solution (homogeneous
crystallization, reaction of PO, ions with Pb desorbed from ion-
-exchange positions) or on the surface of a surfactant-modified
smectite (heterogeneous crystallization, Pb ions react with PO,
absorbed and still present on the organic HDTMA bilayers).

The goal of the second experiment was the synthesis of brom-
-pyromorphite to comparison his mineralogical composition with this
obtained in the above experiments. Synthesis of the solids was carried
out by the dropwise mixing of aqueous solutions of Pb(NO3),, KBr and
K;HPO, in molar proportions based on the stoichiometry of the phases
[Pb:P:Br=5:3:1]. The only products formed in the reaction was
Pbs(PO,)sBr detected by the Infrared Spectroscopy (IR) and X-Ray
powder diffraction (XRD). Brom-pyromorphite was also characterized
with the use of scanning electron microscopy (SEM). In the mass of
1-2 um grains there are idiomorphic crystals in the form of hexagonal
prism with the hexagonal pyramid reaching a length of 5-10 um.

The results suggest that “alternating” sorption of anions and
cations on surfactant-modified smectite can be effectively used for
immobilization of Pb and PO, pollution from contaminated soils and
solutions, and the formation of the brom-pyromorphite strengthen this
effect. Brom-pyromorphite is as efficient in neutralization of Pb and
PO, contamination as chlor-pyromorphite.

We gratefully acknowledge support of the MNiSW through grant
No. N525 461236.

M. HOFFMAN: Preliminary results of investigation of the
direction and kinematics of faults in the Povazsky Inovec
Mts.

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

In the western part of the Povazsky Inovec Mts. the faults were
investigated using methods of structural geology. Analysing the
slickensides on faults by the paleostress software WinTensor, the
directions of principal paleostress axes were established. Outcrops
in the Mesozoic rocks are located at the edge of the Povazsky Inovec
Mts. Main investigated localities were Hradok, Jastrabie, Hubina,
Hubina-kamerolom, Modrova, Zavada and Nova Ves nad Vahom.
Investigated faults represent conjugate faults systems of strike-slips.
The very good representation of the conjugate fault system is at
the locality Nova Ves nad Vahom, where the paleostress with the
maximum compressional stress axis ¢y 177°/06° and the minimum
stress axis o3 268°/12° were calculated. Strike of 64 is NNE-SSW.
At the locality Jastrabie, in the northern part of the Povazsky Inovec
Mts. a change of kinematics of the strike-slips was observed (sinistral
to dextral strike-slips) with the paleostress field rotation from the
direction W-E (for activation of sinistral strike-slips oriented NW-SE)

6



Tab. 1
Results of faults analysis from the Povazsky Inovec
Code | Latitude | Longitude | Kinematics | n | nr | S, \ S, | S, | R | a | Q \ R’
Hradok
PIHR-1 [ 486986 | 17.9033 | conjugate strike slips[ 11 [ 18 [ 341/10 [ 221/70 | 74/16 [ 1,18 [ 1363 ] C |
Mitice
PIMIT-1 48.8142 18.1064 strike slips 20 | 21 | 81/02 | 175/56 | 350/33 | 0,45 | 10,33 ] B | 1,55
PIMIT-2 48.8142 18.1064 strike slips 3 | 3 | 343/29 | 176/60 | 75/05 | 0,67 | 4,23 | E | 1,33
PIMIT-3 48.8142 18.1064 normal faults 9 | 13 | 263/42 | 137/33 | 26/29 | 0,8 | 276 | E | 0,8
Nova Ves nad Vahom
PINV-1 48.7372 17.9008 | conjugate strike slips | 11 | 11 177/06 | 60/75 | 268/12 | 0,77 | 6,08 | C | 1,23
PINV-2 48.7372 17.9008 X 4 | 5 | 5370 | 160/05 | 252/18 | _ | 142 | E | _
Zavada
PIZA-1 48.6402 18.0652 | conjugate strike slips | 8 8 293/23 | 126/66 | 025/04 | 0,43 | 8,1 D | 1,57
PIZA-2 48.6402 18.0652 invers 4 | 7 | 310/08 | 40/01 | 130/81] 0,75 | 1,55 | E | 2,75
Hubina_kamerolom
PIHUK-1 48.6258 17.8797 strike slips 6 | 8 [ 318/23 | 71/41 | 208/39 ] 0,55 | 1,47 | D | 1,45
PIHUK-2 48.6258 17.8797 | conjugate strike slips| 6 | 6 | 154/07 | 48/63 | 248/24 | 058 | 44 | D | 142
Hubina_cesta
PIHUC-1] 486194 | 17.8844 | invers [ 1] 1 [ 11818 [ 006/31 | 223/52 | 05 [1515] E | 25
Modrova
PIMO-1 | 486447 | 17.8972 | strike slips | 3| 5 | 31016 | 75/63 | 213/20| 0,33 | 182 | E | 1,67

to direction N-S (for activation of the dextral strike-slips similarly
oriented). These data from the Povazsky Inovec Mts. were compared
with data from the Malé Karpaty Mts. and the results were similar.

M. HYZNY: Paleobiogeography of Retroplumidae
(Crustacea: Malacostraca: Decapoda: Brachyura)

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

The Retroplumidae Gill, 1894 is a relatively small predominantly
deep-water family of brachyuran crabs. The fossil record of the family
extends back to Turonian. It consists of eight genera, of which six are
exclusively fossil. There are some 40 species known, of which ten
are extant.

The paleobiogeography of Retroplumidae was in various extent
discussed by several authors (Via Boada and Cals, 1979; Via Boada,
1980; Vega and Feldmann, 1992; Fraaije et al., 2006; McLay, 2006;
Armstrong et al., 2009). However, there are only few (Via Boada and
Cals, 1979; Via Boada, 1980; Vega and Feldmann, 1992) considering
the whole to date known fossil record of the family. Since the last
rather comprehensive study on this topic (Vega and Feldmann, 1992)
many new occurrences were described from different parts of the
world, which both extend the stratigraphic span of known genera or
species (e.g. Feldmann and Portell, 2007) and describe the new ones
(e.g. Beschin et al., 1996).

The genus Archaeopus Rathbun, 1908 known from the Upper
Cretaceous of Japan, Alaska, and Canada is considered the oldest
member of the family. It migrated southwards to Mexico and gave
rise to Costacopluma Collins and Morris, 1975 (Vega and Feldmann,
1992). This genus stratigraphically spans from Coniacian to Early/
Middle Eocene and has a very broad geographic distribution which
makes more detailed paleobiogeographic conclusions difficult.
However, it is clear, that it experienced rather big radiation, as it is
known from Greenland to Argentina and from Mexican Bay through
Western Africa to India. It seems that Costacopluma gave rise to
a stock of Tethyan retroplumids represented by several genera known
from Eocene and Oligocene of Spain, France, ltaly, Hungary and
Belgium: Retropluma Gill, 1894; Loerenthopluma Beschin, Busulini,
De Angeli and Tessier, 1996; Loerentheya L&renthey in Lérenthey
and Beurlen, 1929; and Retrocypoda Via Boada, 1959. During the
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Eocene or Miocene Retropluma migrated to Indo-Pacific Ocean from
which it is known also today. The only fossil record of this genus in
that area is R. laurentae Collins, Lee and Noad, 2003 from the Middle/
Late Miocene of Sabah (Collins et al., 2003). This migration route in
that time is very well documented also by the molluscs and other
decapod faunas as well, however, the precise timing of the migration
of Retropluma is unknown.

Recently the presence of Retropluma borealis Fraaije, Hansen
and Hansen, 2005 was recorded in the Lower Badenian (Middle
Miocene) strata of the Plastovce member of (Sebechleby Fm.) the
Slovak part of Novohrad-Noégrad basin. This species has been until
now known only from the Late Miocene of Denmark (Fraaije et al.,
2005). It is interesting to note that along with Retropluma there are
many specimens of another crab Tasadia carniolica (Bittner, 1884)
recorded from both localities. Such co-occurrence of taxa raises the
question of possible migration routes, and therefore open seaways,
between the Paratethyan and Boreal realms during the Middle
Miocene. Retropluma persisted in the Mediterranean at least until
the Late Pliocene with R. craverii (Crema, 1895) known from ltaly.
It seems that the genus survived the Messinian salinity crisis or it
was reintroduced to Mediterranean. However, today the genus is
completely absent in this area.

Beside Retropluma there is one known more retroplumid genus,
Bathypluma de Saint Laurent, 1989, which, however, has no fossil
record. It could be derived from Retropluma.

As a conclusion, the paleobiogeography of Retroplumidae
is a good example of the tracing the decapod migration routes in
the geologic past. This approach is able to test independently the
paleobiogeographic hypotheses based on molluscs.

The research was funded by APVV-02-80-07.

B. CHALUPOVA: Fossil fish from the locality Bystré nad
Toplou

Slovak National Museum — Natural History Museum, Bratislava,
Slovak Republic
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This paper brings further information about the fossil fish
derived from the locality Bystré (700 m northwest from the village
Bystré) situated in the valley of nameless brook. It was studied in
the Beskydy foothill, the district of Vranov nad Toplou. The nameless
brook encovers the Middle Oligocene to Rupelian sequence of Huty
Fm. built of claystones and siltstones with sporadic sand admixture.
The claystones are grey, greyblack to black with tabular to slate
disintegration. The rare sandstone beds situated in the lower part of
the sequence are decimetre in size. They are fine to middle-grained,
brown to greybrown coloured. Its lowermost parts are pelitic passing
locally to laminated pelocarbonates with prismatic disintegration.
The direction of layers is 120° to the southeast with inclination
of 30—40°.

The fossil remains (bones, scales, incomplete or complete
specimen) were found in the grey-black claystones in many places
in the channel of brook. These grey-black claystones are differently
lithified from the crumble to slate. The dark colouration suggests the
anoxic condition by the sedimentation time, being typical for these
facies in all European criteria. Some specimens come also from the
Museum in HanuSovce nad Toplou.

In all 4 bony fishes (Osteichthyes) were identified. There are
genus: Clupea sardinites (Heckel, 1850), Palaeogadus simionescui
(Simionescu, 1905), Hemiramphus georgii (Jerzmarska, 1968) and
Serranus budensis (Heckel, 1856).

Study of the fossil fish from the flysch sediments from the locality
Bystré nad Toplou gives valuable information about the connection
of the Central and Outer Carpathian Paleogene areas. The fossil fish
remains indicate a littoral shallow water conditions prevailing near the
coast during the sedimentation of the Oligocene Menilite Beds, which
belong to the IMP 2 Zone sensu Jerzmarnska (1975).

We would like to thank for assistance during sampling to Mr.
A. Biron, Mr. R. KySka and Mr. J. Sotak, the head of the Geological
Institute of Slovak Academy of Sciences in Banska Bystrica, Mr. M.
Dolinsky from Bystré nad Toplou and Mr. P. Pjené¢ak from Homeland
Museum HanusSovce nad Toplou.

M. JAMRICHOVA: Preliminary results of the microfacies
analysis of the Czorsztyn Unit Pieniny Klippen Belt,
Western Carpathians

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

A microfacies study of carbonate sequence of the Middle and
Upper Jurassic age of the Czorsztyn Succession in the Pieniny
area of the Pieniny Klippen Belt is presented. Studied section — Pod
Gregoriankou is situated about 7 km from the town Stara Lubovnia.
Microfacies studies disclosed dissimilarities of Czorsztyn Unit from
the classical development defined by Birkenmajer in 1977. The
sequence begins with alternating pink and grey-green crinoidal
limestones, which are developed instead of Smolegowa Limestone.
The Krupianka Limestones overlie this alternating limestone
formation. Upward they pass into micritic crinoidal limestones which
contain quantity of brachiopods, foraminifers (especially Lenticulina
sp.) and filaments of the bivalvia Bositra buchi. The limestone
sequence contains also abundant clastic admixture, represented
by the quartz, muscovite, feldspar and dolomite. Deepening
of the sedimentation environment is indicated by increasing of
micritic component and appearing of filaments. In this formation,
condensed sedimentation was registered, which was indicated
by the Fe-Mn crusts. After the interruption of the sedimentation
the Czorsztyn Nodular Limestone with filamentous microfacies
sedimented. In Oxfordian, the filamentous microfacies were replaced
by the Globigerina microfacies in the upper part of the limestone.
Transitional filamentous-Globigerina microfacies indicate gradual
transition between the microafacies. Onset of planktonic foraminifers
Globuligerina, calcified radiolarian tests and globochaetes proves
consequent deepening of the sedimentary basin. The Globuligerina
microfacies is replaced by Saccocoma microfacies in Kimmeridgian
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in overlie partly nodular crinoidal limestones. That indicates gradual
replacement of Globuligerina by Saccocoma microfacies. The Durstyn
Formation is represented by Rogoza Coquina and Korowa Member
of Upper Tithonian age. The main components of Durstyn Limestone
are calpionellids, globochaetes and calcareous dinoflagellates.
The sedimentary environment of this formation is deeper neritic,
which indicates mentioned planktonic organisms. The changes of
character microfacies corresponded to the cessation of shallow-
-water limestone deposition and the onset to pelagic sedimentation.
The phenomenon was related to the Meso-Cimmerian faulting which
split the Czorsztyn Ridge into a series of blocks showing a differential
subsidence (Birkenmajer, 1977).

This contribution was supported by the project APVV 0280-07
and APVV 0465-06.

M. KOPPA and B. SNARSKA: Petrogenetic significance
of Cr-spinel in selected ultramafic bodies of Western
Carpathians (Sedlice, Komarovce)

Department of Mineralogy and Petrology, Comenius University,
Bratislava, Slovak Republic

The objects of study are the ultramafic bodies placed near
Sedlice and Komarovce townships, located in the eastern part
of Slovakia. The ultramafic body near Sedlice, with dimensions
400 x 500 metres on the surface, builds smaller ridge in the Sari§
Highlands. It is situated SE from the township, in the eastern part of
Inner Carpathian Paleogene in the flysch belt. Samples were taken
from outcrops. In contrast to ultramafic body near Sedlice, of which
geological position is known, is a large body in the SW part of the
Kosicka kotlina basin (area of the body around 100 km?2), known
as the body from Komarovce. Samples were provided from drilling
cores (KO-1 drill hole located S of Komarovce), where objective body
was reached at a depth of 943 m. The bodies are representative of
spinel-metaperidotites mostly composed of serpentinized dunitic,
harzburgitic and lherzolitic rock-types.

Recent works, dealing with the geodynamic origin and tectonic
setting of ultramafic rocks, address an attention to Cr-spinel (Ahmed
et al., 2005; Miku$ and SpiSiak, 2007; Choi et al., 2008; Dare et al.,
2009).The accessory mineral chrome-spinel [(Mg, Fe) (Cr, Al, Fe),0,],
with relative high resistance against the alteration even during the
metamorphic processes, partially retains the characteristics of the
original magma and is considered to be a useful petrogenetic indicator
for the mafic-ultramafic rocks. Therefore Cr-spinels are sensitive
indicators of the melt composition and crystal-liquid equilibrium and
disequilibrium processes between melts and primary magmatic
sources. Based on its chemical composition the origin of the studied
metaperidotites can be further characterized.

Chromian spinels in (serpentinized) metaperidotites near
Sedlice and Komarovce occur as euhedral to subhedral inclusions
in olivine, orthopyroxene, clinopyroxene and serpentine matrix.
Cr-spinels represents Al-bearing phase in ultramafic rocks.
The main cations are Al, Cr, Fe and Mg. The highest Mg#, i.e.

[Mg?*/(Mg?* + Fe?*)], and Cr and Ni contents reflect the most
primitive (mantle) compositions of magma in the primary (magmatic)
spinels. Moreover higher amount of Al,O5 (> 40 wt.%) is mainly
a function of the original composition. Significant is also the TiO,
dependence on Al,O5 concentration in melt. Varying values of spinel
chemical composition reflect changes in metamorphic conditions.
To determine the geodynamic environment of the origin the rocks
diagrams TiO, vs. Al,Oz, Cr# vs. Mg#, Al — (Fe3 + 2Ti) — Cr,
Al — Fe® — Cr, Fe?*/Fe®* vs. Al,O; were used. Basic discriminatory
parameters were Mg# [Mg?+/(Mg?+ + Fe?*)], Cr# [Cr/(Cr + Al)],
Fe2*/Fe®* ratio, contents of TiO, and Al,O (in per formula units
or wt.%) and content of Fo component in olivine, the latter
in equilibrium with Cr-spinel. Classification diagrams were used
on the basis of chemical composition of volcanic spinel from
different geodynamic environments.
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The ultramafic bodies near Sedlice and Komarovce reflect
primary differences. According to basic discriminatory parameters,
defined by the spinel chemical composition, the Sedlice ultramafic
body is supposed to represent abyssal (mantle) peridotites of an
ophiolite complex, while the Komarovce body a peridotite from the
supra-subduction zone of mantle environment.

This work was supported by the grant APVV-0279-07.

M. KLUZ: Modelling of the groundwater pollution through
transportation modules based on MT3D

Department of Hydrogeology, Faculty of Natural Sciences, Comenius
University, Bratislava, Slovak Republic

Aim of this article is to give a full-range overview of the ground-
water pollution and transportation models based on the MT3D
modular structure. Basic procedure for building the groundwater
transportation model of the pollution is to make a conceptual
of groundwater model based on the data from field, open source
databases, etc. After the conceptual model is built, the use
transportation model is highly recommended. The transportation
module is the upper structure of the basic groundwater modelling
software such a Modflow or Groundwater Vistas. The evolution of
the transportation modules was done by two basic ways. Models
designed by the private companies and by the public entities. The
differences between models are in approach to the solution of the
sorption, reaction and computation itself. The MT3Dv1.1 is three
dimensional transportation program for a simulation of the advection,
dispersion and chemical reactions in the groundwater. Program uses
the modular structure and could be used in any groundwater flowing
model with the block-centered grids, finite difference equation and
proposition that the concentration has no effect on the groundwater
flow itself. MT3D takes information about the groundwater flow
and boundary conditions from the model of groundwater flow such
a Modflow. Transportation models use mixed Eulerian-Langrangian
method for the solution of the advection-dispersion-reaction equations
in three basic characteristics: MOC — method of the characteristics,
MMOC - the modified method of characteristics and HMOC — hybrid
of these two methods. MT3D could be used to simulate: linear or
nonlinear sorption with controlled equilibrium, non-reversible decay
of the first-order. The successor of the MT3D is MT3D96 designed by
C. Zheng in 1996 but recently is replaced by MT3D99. Its advantages
are the better performance in computing of equations, using better
performance in heterogenic porosity and unsteady flow, use of the
non permanent concentration boundaries and better compactibility
with Modflow. Additional advantage is the reaction package for
BIOPLUME (aerobic and anaerobic reactions, chain reactions of
parent-daughter compounds for nonorganic and organic mixtures).
The public licensed MT3DMS was developed for the US Army to
solve the problems with modelling of the multi-species contaminants
in groundwater. It was obsolete and replaced by RT3D generation
of reactive multi-spices transport in three dimensional software
environment. The newest version RT3Dv2.5 contains a set of pre-
-programmed general reaction packages including: Tracer Transport,
Two Species Instantaneous Reaction, Six Species, First-Order, Rate-
-Limited, BTEX Degradation using Sequential Electron Acceptors,
Rate-Limited Sorption, Double Monod Model, Sequential First-Order
Decay, Aerobic/Anaerobic Chlorinated Ethene Dechlorination. RT3D
can simulate a multitude of scenarios such: natural attenuation
evaluation used to predict fate and transport of groundwater plumes.
Active remediation whether it be air sparging, chemical oxidation or
accelerated bioremediation. The key is to understand the reaction
kinetics of the attenuation or remediation process through scenarios
involving contaminants such as heavy metals, explosives, petroleum
hydrocarbons, and/or chlorinated solvents. The result of the article is
provide the knowledge that the transportation models could be used
as tool for the basic science or applied in the real life to find the best
solution for designing groundwater treatment plant.
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K. KRONOME: Preliminary results of microfacies analysis
of the Upper Triassic limestones of the Silica nappe in the
Driec¢any Karst

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

The Drie€any Karst is built by the sequences of the Silica nappe.
It is situated in the wider vicinity of the village Slizké in the Revucka
vrchovina Mts. in the southern part of the Slovenské rudohorie Mts.
Limestones in this locality were in the past studied mostly by L. Gaal.
Currently we mainly focused on the investigations of the Upper Triassic
Hallstatt limestones at five outcrops by microfacies analysis. These
localities are Kamenny jarok (outcrops A, B), Drienocka pustatina and
Budikovany (two outcrops).

On the basis of conodonts the limestones in the locality Drienocka
pustatina are Upper Tuvalian to Lower Norian in age; limestones in
the locality Kamenny jarok (A) sedimented in Alaunian up to Lower
Sevatian and limestones in the locality Kamenny jarok (B) are of
Lower to Middle Sevatian age (Gaal, 1982). Limestones on the locality
Budikovany show the Lower Sevatian age (Kozur and Mock, 1974).

Hallstatt limestones extend on both sides of the Kamenny jarok
gorge between the villages HostiSovce and Slizké. In the northern
part they extend to the southern margin of the Drienocka pustatina
area, where they pass into the underlying Tisovec limestone. They are
overlain by andesitic volcaniclastics. Hallstatt limestones are exposed
on the surface in small areas near Budikovany and Driec¢any villages.

Limestones on the locality Drienocka pustatina are almost
microsparitic packstone/grainstones with peloids, echinoderms,
agglutinated foraminifers and thin shell bivalvias. They can form
lumachelle beds in some positions.

Limestones in the locality Kamenny jarok (A) are almost
grainstones with echinoderms, thin shell bivalvias and agglutinated
foraminifers. In the upper part of the outcrop the microfacies of the
limestones changes into wackestones to mudstones with radiolarians,
osteocrinoids and filaments.

Limestones on the locality Kamenny jarok (B) are wackestones
with radiolarians and very abundant spicules of calcified silicic
sponges. In some layers lithoclasts of shell water grainstones
to grapestones with micritic aureole were observed. These beds
alternate with cocquina layers. In the uppermost part of the section
bioclastic packstones with echinoderms and agglutinated foraminifers
are present. The Triassic part of the outcrop terminates with erosive
surface of the Hallstatt limestones and transgression of Egerian
breccia of the Budikovany Beds.

The limestones in the locality Budikovany are almost bioclastic
packstones with radiolarians, echinoderms, sponge spicules
and filaments. The second outcrop on this locality is situated in
wackestones with radiolarians and silicisponge spicules. The Triassic
part of the section ends with limestones sometimes with cherts and
is overlain by the Egerian breccia.

This work was supported by the Slovak Research and Develop-
ment Agency with the contract No. APVV-0280-07, SK-AT-0005-08
and VEGA 1/0388/10.

M. KUBIS: Geological and geotechnical problems during
the construction of tunnels in the North and West Iceland

Geofos Ltd., Zilina, Slovak Republic

Iceland is located in the middle of the Atlantic ridge on the rifting
plate boundary between the Eurasian and North American plates.
Iceland is therefore a relatively active volcanic area. The active zone of
rifting and volcanism crosses the country from southwest Reykjanes
peninsula to the northeast. The active zone is flanked by strips of
Quaternary basalts followed by Tertiary basalts which often dip gently
towards the active zone. Three tunnels in the north (Hedinsfjordur,
3.6 km; 6.5 km) and west Iceland (Oshlid, 5.1 km) were driven
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through a Tertiary basaltic formation consisting of basaltic lava sheet
with interlayer of sediments and tuffs. A dominant feature of the
Icelandic bedrock is the thin layered nature of the basalt succession
and the gentle dip of the strata. Lava layer consists of the dense
basalt in the middle with top and bottom scoria which is composed
of basalt fragments, partially glassy and partially crystalline forming
a porous breccias. The crystalline middle part is usually hard, dense
basalt often with the light to dark grey colour. Individual layers of
basaltic lava are about 10-15 m thick. The volcanic series of strata
is intersected in many places by basalt dykes from several meters
to several tens of meters thick. The rock has irregular columnar to
polyhedral joint pattern resulted by cooling and by the tectonic activity.
The joints are usually smooth to slightly rough, undulating with the
gauge absent or thin clayey coatings or calcites. The sedimentary
rocks are mostly composed of thin, fine grained tuffaceous interbeds
and occasional thicker conglomerates. The Icelandic stratum makes
tunnelling in the Iceland difficult. The tunnel faces consist frequently
of mixed layers with different rock mechanical properties. Dykes and
tectonic faults cut through the bedrock and groundwater problems
are common. The rock classification (according to the STN 73 1001)
was predominantly between R2—-R5, the Q value according to the
Barton (NGI) classification is from 0.08 to 15.0. The main joint sets
were oriented either perpendicularly to the tunnel axis, or parallel
to it. In many places the rock was heavily broken as a result of
tectonic forces. The main problems were water inflows into the tunnel
(150 I/min to 600 I/min, maximal 2 000 I/min).

U. KUBSIK' and R. KUBSIK?: Wetlands as natural water
purification system illustrated by the example of Matilda
Channel valley

'Academy of Science and Technology, Faculty of Geology,
Geophysics and Environmental Protection, Cracow, Poland

2The School of Management and Banking in Cracow, Faculty
of Informatics, Cracow, Poland

The Matilda Channel was a part of Matilda lead ore and Galmei
Mine and it was located in Chrzandw industrial district. Zinc and
lead mining history of this area begins in 13th century but the most
extensive mining was in 19th century. Matilda Mine was opened in
1850 and became the most productive mine before the Trzebionka
Mine opening. The Matilda Channel had been a receiver of mine
waters, flowing through some fish ponds and then discharging to the
left side stream of Wisla, the Przemsza River. In the Matilda Channel
valley ground waters horizon is located in the depth of 0.2-0.3 m and
because of that there are many wetlands in this area. That allows the
heavy metals infiltration with ground waters. At the present there are
only about 2-10 dm?s of mine water flowing in the channel but in
1960-1970 when there was maximum of Matilda Mine production it
was about 1m?/s. Matilda Mine was finally closed in 1972.

The highest heavy metals concentrations occur in the upper parts
of the valley and they are decreasing after flowing through the fish
ponds and wetlands. It can indicate that there is not any erosion of the
flume deposit by the current flowing water. It also can be caused by
the wetlands natural ability to settle heavy metals. Wetlands can work
as a kind of settling basin and biological filters. Heavy metals can be
immobilized by the bonding with organic matter. It is significant that
the geochemical parameters of Zn, Pb and Cd are causing their easy
bioaccumulation in the water plants and helophytes. Unfortunately this
ability can cause that there will be high heavy metals concentration
in the plants tissue. It can have toxic effect on the plant biocenosis
and inhibit waters self-purification.

The lowermost concentrations are located near the Matilda
Channel flowing to Przemsza River. That is why it can be indicated
that wetlands and ponds which occur in the Matilda valley have
a major improvement ability for the water quality in this area.

The significance of wetlands in the improvement of the water
quality is widely accepted all over the world. Natural and constructed
wetlands are being used to purify water from such sources as storm
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water drains, agriculture and industry. There are two major processes
used — the trapping of suspended and dissolved contaminants.
Simple physical presence of wetland plants and their proportionally
large and extensive subsurface biomass is causing slowing of water
flowing to very low levels and turns the wetland into a very efficient
settling basin. Contaminants attached to these suspended particles
are removed from the water.

Observed concentrations are consequences of the 20th century
mine water flows. Even though that mine had been closed more than
30 years ago, heavy metals concentrations are still very high.

J. KUCEROVA: Paleoclimate interpretation at the Locality
Cigel

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

The locality Cigel is situated in the Upper Nitra depression of the
Handlova-Novaky brown-coal basin. The Cigel mine itself is located
around five kilometres southeast of the district town Prievidza. The
mine belongs to the principal coal-bearing Novaky Formation. It
consists of clay, sand with tuffaceous layers and coal seams. Studied
fossil flora comes from the “overlying clays” belonging to the Upper
Badenian to Lower Sarmatian Ko§ Formation. This material is stored
in the Hornonitrianske Mizeum in Prievidza.

The application of the CLAMP (Climate Leaf Analysis Multivariate
Program) method was the main goal of the present study. Further
research is focused on the anatomical interpretation of leaf
macrofossils, statistics, quantitative paleoecology and taphonomical
interpretation. Different predictive models demonstrate definite
relationships both of the climatic variables and the leaf characters,
but the precision of these relationships varies depending on the
statistical model applied to the data. Application of the CLAMP
method to the fossil flora assumes that if climatic parameters can
explain physiognomic variation, then that variation can be used to
predict climatic parameters. The analysis involves the relating of the
fossil flora on the group of climate parameters. The multivariate data
set should describe the leaf physiognomy more accurately; and thus
reveal more precise relationship between physiognomy of woody
dicot flowering plants and climate. Individual morphological data, for
each taxon, are used for paleoclimatic reconstruction and ecological
interpretation.

From all fossil leaves from the collection were chosen dicots only.
They were sorted into morpho-species and were examined for the
presence or absence of each of the 31 morphological characters
used after CLAMP categorization. A total of 210 fossil samples were
studied. The predicted climate parameters for the locality Cigel are:

* Man Annual Temperature (MAT): 19.59 °C

* Warm Month Mean Temperature (WMMT): 26.44 °C

* Cold Month Mean Temperature (CMMT): 13.07 °C

* Length of the Growing Season (GROWSEAS): 9.50 months

* Mean Growing Season Precipitation (MGSP): 215.60 mm

* Mean Monthly Growing Season Precipitation (MMGSP): 24.34 mm

* Precipitation During the Three Wettest Months (SWET): 98.11 mm

* Precipitation During the Three Driest Months (3DRY): 46.32 mm

* Specific Humidity (SH): 11.19 g/kg

* Relative Humidity (RH): 76.11 %

 Enthalpy (ENTHAL): 32.21 kJ/kg

Vegetation used in the dataset for this study indicate subtropical
climate. The results presented here show the paleoclimatological
picture of the locality Cigel. The leaf morphology is strongly correlated
with the temperature and precipitation. With help of these parameters
we are able to reconstruct the paleoenvironment and it can be used
for the further interpretation and paleoclimate reconstruction.

The study of fossil flora from the geological collection of the
Hornonitrianske Muzeum in Prievidza was made under the permit
issued by the relevant authorities of this museum. Funding for this
study was provided by financial support of grants UK/256/2009,
VEGA 2/0060/09 and APVV-0280-07.
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M. KWASNIAK-KOMINEK, M. MANECKI and T. BAJDA:
Limitations of cerussite as a mineral controlling lead
pollution

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

The toxicity of Pb in contaminated soils is strongly affected by
mineral speciation. Cerussite PbCO; is a mineral often associated
with galena in oxidation zones surrounding the lead ores. In the
presence of phosphates, however, cerussite is expected to transform
into less soluble and more thermodynamically stable pyromorphite
Pbs(PO,)sCl. The objective of this study was to identify the conditions
and the mechanisms of lead carbonate transformation into lead
phosphate. The experimental design was based on published study
of pseudomorphic replacement of calcium carbonates by apatites
(Kasioptas et al., 2008).

In the first set of experiments, natural cerussite was reacted with
a solution of 0.05 M KNO3 and 0.025 M K,HPO, at pH = 4.5 for
22 hours. SEM imaging (see photo below) indicates the formation of
a new phase on the surface of cerussite, which was later identified with
the use of XRD as PbHPO,. This is in contradiction to the results of
hydrochemical modelling by PHREEQC suggesting that pyromorphite
is the most oversaturated phase in the experimental setup. Clearly,
the mechanisms of nucleation at the conditions of the experiment are
not driven by the simple thermodynamic relationships.

In the second set of experiments, 1 g of synthetic cerussite was
placed in the 0.025 M KNO; solution together with 1 g of crushed
natural apatite Cas(PO,)F. This part of study builds upon the results
of Zhang and Ryan (1999). After several days, formation of crystalline
pyromorphite was observed with the SEM on the surface of some
grains of apatite. This location of the precipitate may suggest that
dissolution of Ca-apatite is slower than dissolution of PbCOj limiting
the reaction to the proximity of the source of PO,. This was further
confirmed by batch kinetic experiments: dissolution of cerussite
is much faster (0.00423 + 15 % mmol/min) than the dissolution of
apatite (0.00175 + 12 % mmol/min). As a result, the equilibrium in
solution with cerussite was established within 3 minutes while the
apatite did not reach the saturation in 96 days.

Preliminary results of all these experiments indicate that the
system cerussite-pyromorphite is much different from the system
calcite-apatite and more research is needed to fully understand the
thermodynamic and kinetic constrains of cerussite stability in the
presence of phosphates. The research is funded by the MNiSW grant
N N307 101535.
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M. LAHO', M. BEDNARIK', §. HURTIiK?, R. HOLZER' and
A. GREGOVAS?: Building stone in Banska Stiavnica -
resources and properties

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

2Ing. Stefan Hurtik, ul. A. Bernolaka ¢. 3, Banska Stiavnica, Slovak
Republic y

3Mgr. Andrea Gregova, KPU Banska Stiavnica, Slovak Republic

There are few places in the Central Europe, which have had such
economic importance and the centre of a technological advancement,
as a former royal city of Banska Stiavnica. The city was the centre of
several centuries of precious metals mining activities. Contemporary
importance of the city and the confirmed presence of the main mine
management for the entire area of the former Lower and mid-18th
century emergence of the mining academy, has reached a level
that it has become in some respects a model for some other major
European educational centres. With a large mining development in
the 18th century, Banské Stiavnica became the area with the greatest
accumulation of mining and the second largest city (in population) in
Ungarn. From the period when the region of Banska Stiavnica began
to create settlements (in the stream Stiavnica village and mountain
mining village Glanzenberg Bana) are not identified remains of
buildings. Intensive development of the region comes after the arrival
of German colonists in the 12th and 13th century, bringing significant
structural objects maintained until today in a rebuilt form. Current
city (its formation is timed to the second quarter 13th century),
especially its central part has undergone very complex evolution.
Various historical events were the cause of development. The overall
urban planning and construction characteristics of this extraordinary
group are a result of the synthesis of all historical factors in the
city in the time they took place. For the development and nature of
Banska Stiavnica and the surrounding area had a major impact the
building material for the objects of different nature (mine-service,
church, residential, etc.). The most commonly used building material
was a hatural stone, being a product of mining operations. For
the purposes of the required size of the blocks separate quarries
were opened. The positive factor for the choice of a suitable stone
was a rugged terrain of the Stiavnické vrchy Mts. with plenty of
natural outcrops and permanent mining operation, which produced
throughout the centuries large amounts of different rock material. In
historical times, probably one of the most important criteria for the
use of stone for building purposes was its surface and the availability
of sufficient strength. These criteria are confirmed at construction
sites in the Glanzenberg, where the Sobov clinopyroxene quartzite
and the Paradajz andesite type were used. At the time of Roman and
Gothic constructions there was the increased demand for building
stone, intending to meet the required size blocks, the satisfactory
workability, its texture and structure and decorativeness. According
to the results of the observation focussed on the building stone
(from the late 19th century) the buildings in Banska Stiavnica and
its surroundings came only from the Stiavnické vrchy Mts. built
predominantly of the neovolcanic complex.

G. LATO: Preliminary characteristic mineralization in the
river alluvium Mamuja (Halmahera Island, Indonesia)

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

The study area is located in the northern part of the Halmahera
Island. The drainage basin of Mamuja River is built by igneous rocks of
the calc-alkaline character, mainly tuffs, andesites, basalts, rhyolites
and dacites. Fragments of mentioned rocks and heavy minerals are
the principal components of Mamuja’s alluvium.

Two samples collected from the Mamuja River terrace and
seaside sands near estuary, were the object of detailed studies. The
topic of these studies was determining the mineral composition of the
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river’s alluvium. The fraction of samples is below 1 mm. Sand in the
samples is black in colour and also shows magnetic properties.

Magnetic fraction was separated using the hand size magnet.
Both magnetic and non-magnetic fractions were the objects of
microscopic studies in transmitted and reflected light. The Energy
Dispersive Spectrometry (EDS) and XRD analysis were used for
detailed studies of minerals and their chemical composition.

Black sands are composed at 75-80 % magnetic fraction
each. It is composed of fine magnetite crystals dispersed within at
groundmass and glassy groundmass. Feldspars (anorthite, albite),
pyroxene, olivine, magnetite, hematite, pyrrhotite, ilmenite, rutile
and chalcopyrite have been identified. Crystals of magnetite and
hematite occur as separate grains of sands or form intergrowths
with the waste rocks or minor sulphides. These crystals form the
intercalation between the cleavage planes of pyroxenes. Occasionally
the magnetite crystals are affected by martitization. The presence
of mineral phase of chemical composition between magnetite and
ilmenite was confirmed by the Energy Dispersive Spectrometry. Some
admixtures of magnesium, aluminium, manganese and vanadium
have been detected in this mineral phase. Apatite, pyrite and diopside
were confirmed in samples using the EDS method.

Non-magnetic fractions comprise a 20—25 % of the samples.
It is composed by feldspars, pyroxene, hematite and groundmass
originating from igneous rocks. Hematite crystals replace waste
rock. 1 um magnetite inclusions were observed in rock fragments.
The presence of sulphides was documented. There were mainly
chalcopyrite, bornite and pyrite. Sulphides have rounded shape less
than 20 um in diameter. Sulphides occur in the form of inclusions in
feldspar and pyroxenes. The presence of Na—Ca feldspar and Mg—-Ca
pyroxenes were found out by the XRD analyses.

P.1.LUNEV and S.V. POPQV: Subglacial topography along
the scientific traverse Vostok-Progress, East Antarctica

Polar Marine Geosurvey Expedition, St. Petersburg, Russia

During the field season of 2008/2009 the Polar Marine
Geosurvey Expedition (PMGE) in the framework of the Russian
Antarctic Expedition (RAE) carried out geophysical investigations
along two regional radio-echo sounding profiles on the route Vostok —
Komsomolskaya — Progress. Its total distance is 1.280 km. As a result,
an important information on the subglacial relief and ice sheet of
the earlier unexplored area was obtained, combining the important
geological objects, without which the understanding of the structure
of the continent as a whole is impossible. The subglacial relief
in the investigated area is characterized by the vertical dissection
— the height of the subglacial relief varies from — 315 m to 1.500 m
with the average value of 400 m. The area is distinctly divided into
three regional rock massifs (Komsomolskie Mts. and two nameless
mountains) separated by the wide and deep valleys.

The mountain relief is also strongly dissected — deep (several
hundred meters) valleys with the prevailing slope angle of 4-7°
predominate. Judging by the symmetrical V-shaped form, they have
similar orientation (perpendicular to the ice sheet flow direction) and
are effluent channels for the ice flow. They are likely to be formed
as a result of the glacier activity. The data obtained suggest that the
Komsomolskie Mountains (adjoining the western side of the Lake
Vostok) are characterized by a much bigger size than was suspected
before and can extend for about 500 km in the western direction.

The radio-echo sounding studies revealed in the structure of the
ice sheet several contrast layers with the wide occurrence. Some
of them correspond well to the layers revealed in the area of 5G-1
borehole by the depth and boundary character which allows their
dating. The revealed layers have a relatively permanent thickness
and correlate well with the bedrock topography.

In addition, three subglacial water reservoirs were revealed
along the profiles. They are situated at the 155th, 328th and 408th
km from the starting point of the traverse. The length of the fragment
of the first one is 2.2 km. The ice thickness there is 3.110 m.
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The part of the second one has the length of 1.5 km and the overlying
ice thickness of 3.120 m. The extent of the third object is bigger.
Its fragment has the length of about 7 km. These objects, as well as
all other subglacial water caves, are limited to negative structures
and have an even, sometimes sloping surface; they are characterized
by an increased effective reflection coefficient and almost complete
absence of lateral waves. The presence of subglacial water caves
may be related to an increased heat flow, as it was established with
respect to Lake Vostok, the rift nature of which is confirmed by many
geomorphological, geological and geophysical studies. Thus, the
data obtained prove that the Lake Vostok graben represents only
a fragment of a more extensive rift zone, which spreads in the north-
-western direction.

Funding for this work was provided by the Russia Fund of Basic
Research (RFBR grant 10-05-91330-NNIO-a).

J. MACEK: Geochemical characteristic of oil and natural
gas from Kornany oil spring (Western Carpathians, flysch
belt)

Department of Geochemistry, Comenius University, Bratislava,
Slovak Republic

The occurrence of crude oil and natural gas can represent
a serious impact on the environment. Kornany village is well known for
its oil spring. Resources of crude oil and earth gases were discovered
in the Kysuce area by the year 1901, followed by production of small
amounts of oil products from wells of depths up to 200 m. Focus
area lies in the Magura flysch belt of Western Carpathians, that has
a certain potential for large accumulations of oil and earth gas in
deeper layers of the geological profile. The Korfany oil spring is
from the year 1993 classified as Protected natural monument. Oil is
leaking from an excavation located above the local creek, so in the
case of a bigger yield it could affect the water system. This study aims
the geochemical study of the discharged hydrocarbons and natural
gasses, their structure and exposure to biodegradation processes.
Oil sample density was set to 856 kg/m?3, with the highest proportion
of aliphatic compounds (76 %), followed by aromatic compounds
(16 %) and those of non-hydrocarbon origin (11 %). Gas chromato-
graphy proved its Tertiary genesis and the distribution of n-Alkanes
shows, that we deal with the light oil, an condensate. The major
component of the earth gas is methane (65 %) with a large volume
of higher hydrocarbons (butane to heptane; 21.57 %) thus indicating
oil formation phase.

V. V. MAKHNACH: Paleogeography of Pripyat Strait
in Callovian-Oxfordian

Belarusian State University, Belarus

In the Early Callovian time the territory of Belarus as of spore-pollen
of the analysis was found in the zone coniferous — broad-leaved wood,
which developed mainly on denudation — lowland land form. Whole
territory of the country was included into the East-European province
of subboreal area. During the time of Macrocephalites hervey on the
territory of Belarus the migration of boreal faunas in the south latitudes
was registered, conditioned by the cool arctic currents, getting into
the Middlerussian Sea. This event in the Polish Sea was not reflected,
indicating that no connection between the Russian and Polish basins
has existed. During the time of Sigaloceras calloviensis the Pripyat
Bay was formed and there began the migration of a new type of the
shellfish from the Caucasian basin (Sigaloceras mangischlakense
Sok et al.). In the time of Kosmoceras jason and at the end of the time
of Sigaloceras calloviensis the Pripyat Strait started to be formed.
This was evidenced by the delta sediments in the eastern part of
Podlyassko-Brestskaja depression. The active migration of the fauna
from the Polish basin in Middlerussian Sea has begun, lasting up
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Fig. 1. Paleogeography map of Jurassic of Belarus (Callovian-
-Oxfordian). 1 — Remote area of the Polish Sea. 2 — Pripyat Strait.
3 — Remote area of the Middlerussian Sea. The symbol of crossed
hummer and shovel indicates the location of Jurassic sediments
penetrated by boring.

to the end of the time of Amoeboceras ilovaiskii. The fauna of the
shellfish obtained the subboreal, boreal or mediterranean traits.

At the beginning of Oxfordian there occurred changes: coniferous
— broad-leaved wood exchange by the more thermophilic wood with
marsh mode, and the sea transgression reached the maximum.
During time of Cardioceras cordatum in the sea conditions the coral
reefs have developed, which buildings were tracked from the eastern
part of the Polish basin to the south-western part of the Middlerussian
basin. The Pripyat Strait has existed during the all time of Cardioceras
cordatum. Later, during the time of Cardioceras densiplicatum the
paleogeographical transformations are registered, being caused by
the climatic changes. Flora and fauna obtains the boreal marks. The
significant provinciality in the structure of fauna was registered. On
the west of the Pripyat Strait there was formed the Middleeuropean
province, but in the east — the Middle-Russian province. Since the
time of Amoeboceras alternoides the Pripyat Strait was closed and to
the end of the Oxfordian it had an unstable mode.

These events have conditioned many differences in the stratigraphy
and paleogeography. The uniqueness of the paleogeographical
history of the Pripyat Strait was explained by the location in the active
zone of the boreal and the Tethys (Mediterranean) of the areas, but
simultaneously accompanied with several paleobiological events.
The detailed study of the stratigraphy of sediments, morphologies of
the fossils, species composition of fauna and the paleogeographical
changes will allow solving the problems of correlations of geological
events in the boreal and Tethys area.

D. A. MAMONTOV and O. A. ORLOVA: Interpretation of
the results of the palynological research of the Visean
deposits from the borehole 1P/A, Kaluga region (Russia)

Department of Paleontology, Moscow State University, Moscow,
Russia

The palynological research of the Viséan deposits from the
Kaluga region, Russia (the borehole 1P/A, southern wing of the
Moscow syneclise) has been carried out. Main attention was
devoted to the changes of the vegetation during the Viséan Age.
As a result of palynological analysis of the miospores distribution five
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Fig. 1. Paleobotanical, lithological and paleoecological characterization
of the section of the borehole IP/A (Kaluga region, Russia).

palynoassemblages have been determined. The palynoassemblage
P | is defined by the following miospore genera: Lycospora (36 %),
Simozonotriletes (9 %), Ambitisporites (9 %), Monilospora (7 %),
Tumulispora (6 %), Gorgonispora (5 %), and Cincturasporites (3 %).
The palynoassemblage P Il is characterized by the predominance
of Lycospora (72 %), first appearance of Cingulizonates (2 %), and
increase of diversity miospores of the triangular to circular outline, with
laevigate, granulose, spines and cones ornamentation (Leiotriletes,
Granulatisporites, Apiculatisporis etc). Tripartites vetustus Schem.
(6 %) has been firstly found in the palynoassemblage P lll. Cingulizonates
(47 %) dominates in the palynoassemblages P IV, but percentage
of Lycospora (7 %) is decreased here. Amount of Lycospora (28 %)
and Tripartites (16 %) is increased in the palynoassemblage P V in
comparison with the previous one. Paleoecological interpretation of the
palynoassemblages based on the affinity of dispersal spores with the
in-situ spores has been proposed. Thus, the miospores of the studied
palynoassemblages have been subdivided into 3 paleoecological
types: forest-mire, non-forest mire and problematic. Percentage of the
forest-mire type is reduced upward the section (Fig. 1). In the same
direction the amount of non-forest mire type is increased (Fig. 1).
Miospores from the palynoassemblage P | are the most difficult for
defining their paleoecological position. Most probably, that terrestrial
parent vegetation was changing from the forest mire to the non-forest
mire landscapes during the Viséan age. Our palynological results
correspond with macrofloral data of Kaluga region (Orlova, 2003).

The research was supported by the Russian Foundation for Basic
Researches, project No. 08-04-00633.

K. MANGOVA and P. SPANEK: Possibility of the successful
reclamation of the tailing dump in abandoned ore deposit
Smolnik

Department of Mineral deposits, Comenius University, Bratislava,
Slovak Republic

Closed Cu-pyrite ore deposit Smolnik is located in the southern
part of the Slovak Ore Mts. between villages Smolnicka Huta and
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Smolnik. The mining lasting more than 700 years was finished
in 1990. The pyrite oxidation and the acid mine drainage (AMD)
generation are the main environmental risks in the abandoned mine
area. The AMD risk assessment must be done in the reclamated
tailing impoundment, too. Despite the reclamation, it represents the
serious source of the water pollution by Fe, As, sulphates a. o.

The acidification of the soil horizons and the distribution of
reminded pollutants in the antropogenic soil of tailing surface were
studied in our research. A set of 90 samples was taken from the tailing
surface in three horizons (surface 0—20 cm, middle 40-50 cm, bottom
80-100 cm). Sampling points were distributed in regular network with
extent 50 x 50 m. The results of pH measurement in tree depth-layers,
the sulphates content in 40-50 cm layer, nitrates and organic carbon
contents in the selected points of the network were determined in the
first part of research.

It is discussed whether the decreasing pH values in the antro-
-soil horizons (0—20 cm, 40-50 cm, 80—-100 cm) directly relate to the
sulphate, nitrate and organic carbon contents and how they can be
related to the potential As and other metals mobilization.

M. MARUTA: The Inoceramian Sandstones of the oil-
-bearing Lodyna Oil Mine & Chwaniéw Anticlines in the
Strwigz drainage area - fracturing parameters

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

So far, the discovered hydrocarbon fields in the marginal zone of
the Skole napple in the Inner Depression, which can be characterized
by the substantial Oligocene dynamics resulting in the potential
source rocks of the Middle Cretaceous and Early Oligocene, which
reached the thermal maturity necessary for generating the liquid
hydrocarbons.

The greatest oil and gas resources have been documented
in the todyna Oil Mine Anticline in the Kliwa Sandstones of the
Menilite Beds, which have good effective porosity and intergranular
permeability.

An estimate of the influence of the Inoceramian Sandstones
fracturing on their reservoir properties has been presented. It is based
on the author’s own geological studies in the area of Brzegi Dolne
— Kroécienko. In this area, such studies have not been carried out
previously and the cores from the wells have not been preserved.

Results of the studies, as well as the results of porosimetric
analyses, have shown that the Inoceramian Sandstones belongamong
the rocks with low reservoir capacity, they are slightly permeable and
have low effective-fracturing coefficient. Furthermore, the results have
confirmed the influence of the Inoceramian Sandstones fracturing on
their potential permeability.

M. MATEJOVA: Geological research of the western Orava
part of the Pieniny Klippen Belt focused on sedimentology
and tectonics

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

Studied area is situated on the eastern side of the north-south
trending structure — Zazriva fault, which dislocates the narrow tectonic
unit called the Pieniny Klippen Belt. The area of interest is remarkable
by the presence of tectonic units as Orava unit, Czorsztyn and Kysuca
unit, as well as the succession of Fatric unit. Rocks of the Magura
nappe and Central Carpathian Paleogene are also present and they
are in a close contact. This is the only place of its appearance in the
whole Western Carpathian arc. In the studied area the most commonly
occurred unit was the deep-water Kysuca unit, with shallow-water
Czorsztyn unit following. In these units two sedimentological profiles
where demarcated — Revisné 1 and ReviSné 2. Both profiles were
microfacially analysed. Profile Revisné 1 is represented by one strata
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of Mesozoic pale limestones with cherts, where time succession was
determined by the change of cadosina zones. The profile Revisné 2
crosses through the whole Czorsztyn unit and it encompasses also
the Krasin breccia, which was not described in the Orava part of
Pieniny Klippen Belt before.

Structural data as slickensides, veins and folds were measured.
Structures occurred mostly in the Upper Jurassic to Lower Cretaceous
limestones and in siltstones and sandstones of Central Carpathian
Paleogene sediments. Structural data were processed in the software
application Win-Tensor (Damian Delvaux, 2008), where data was
separated into homogeneous groups and the affected stresses were
calculated. The oldest paleostress event was characterized by the
compression in a NW-SE direction and extension in NE-SW direction.
Change in tectonic regime came with rotation of compression to the
direction N-S. Last documented paleostress event had NW-SE
oriented extension and caused creating of normal faults, tension
fractures and veins.

Results shall be specified by more detailed study of structures
extracted from the Central Carpathian Paleogene rocks, because
they have more accurate information about the young tectonics which
formed the Pieniny Klippen Belt in the last events of its shaping.

V. MIKUS', D. PLASIENKA!, R. PASTEKA2, M. BIELIK?,
M. SUJANS, H. ZEYEN* and C. TOMEKS: Application of the
geophysical methods to the Pieniny Klippen Belt tectonic
research

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

2Department of Applied and Environmental Geophysics, Comenius
University, Bratislava, Slovak Republic

SEQUIS, Bratislava, Slovak Republic

“Départment Sciences de la Terre, Université Paris-Sud, France
5Czech Geological Survey, Brno, Czech Republic

The studied area is situated in the Pieniny section of the Klippen
Belt in the eastern Slovakia, near the village Jarabina. The aim of
our research was to clarify its tectonic structure by combination of
the surface geological mapping and structural investigation with the
interpretation of the subsurface structure using various geophysical
methods.

The detailed gravimetry was one of the applied geophysical
methods. The gravity survey consists of the high accurate gravity
profile measurements. These data have been processed into the
Bouguer gravity anomalies. The interpretation is illustrated by the
geological-geophysical profiles, which show the lithological members
and their density parameters. The influence of surrounding geological
units is clearly observed in the southern and northern parts of the
profile. They represent large sedimentary units (Central Carpathian
Paleogene Basin and the Magura nappe, respectively), composed of
low density rock masses. The rocks included in the Pieniny Klippen
Belt (PKB) have a higher density and the graph of the Bouguer
anomalies creates an elevation above it. Consequently, the lateral
limits of the PKB are relatively clear. The anomalies within the PKB
are not so sharp, what results from the small differences between
the density values of its lithological members. Continuation of the
klippen bodies from the surface to the depth and their geometrical
limitation was inferred by the density modelling. The computed graph
line corresponds considerably to the klippen structures continuing to
the depth. The bodies on the surface have only a weak effect.

It is also interesting to compare the density modelling results
with the results of the interpretations of the geoelectrical and seismic
measurements, which were performed on the same locality, too. The
method of the vertical electrical sounding (VES) detects the variability
of electric resistivity to the depth. It is indicative for the horizontal
geological boundaries. The physical boundaries in the measured
profile are nearly identical with the gravimetric ones. The boundary
between sediments of the Central Carpathian Paleogene Basin and
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PKB, as well as the information about the distribution of the klippen
mantle are well comparable with the results obtained by the gravity
measurements.

The seismic tomography was the third method used. It was
applied only on a short part of the gravimetric profile, however (120 m).
The velocity of the seismic waves depends on the petrophysical
properties of subsurface sediments and generally increases from
the surface to the depth. The highest values were found in the klippen
bodies. Similar high seismic velocities were recognized also at the
shallow subsurface depths (somewhere it was at the 3 m depth),
which may be interpreted as hidden klippes.

There was made a large seismic investigation in the eastern
Slovakia (Morkovsky et al., 1981). The seismic reflection profile
30/80 was measured about 13 km SE of Jarabina. It shows the
situation in the depths up to 5 km. The boundaries among the Central
Paleogene Basin, PKB, Magura flysch and substratum are clearly
visible. Moreover, it also brings good information about the internal
structures of these geological units.

The section-based, high-resolution geophysical methods
combined with the surface geological investigations brought results
that are applicable for the tectonic interpretations. They were also
used for localization of two short (200 and 140 m), but continuously
cored boreholes that generally confirmed the interpreted subsurface
structure, at least up to these depths. Therefore the capability of such
an approach for unravelling the structure of internally complicated
zones, like the PKB, appears to be satisfactory and has been applied
also in the other PKB regions.

This work has benefited from the financial support provided by
the Slovak Research and Development Agency (projects APVV-
-0465-06 “Tectogen” and LPP-0225-06 “Bradlo”), which is gratefully
acknowledged. M. Bielik and R. Pasteka are also grateful to the VEGA
partial support of this work (grants Nos. 1/0461/09, 2/0107/09 and
2/0072/08).

D. OKUPNY and J. FORYSIAK: Relationships between
biogenic sediment age and its lithological type in the
central Poland peatlands

Department of Quaternary Research, University of Lodz, Lodz, Poland

The research into the peatland geology and stratigraphy of the
central Poland conducted at the University of Lodz for the past 10
years has provided a wealth of interesting information on chemical
composition and lithology of biogenic sediments. The laboratory
work led to the identification of the main chemical components of
biogenic sediments, i.e. organic matter, inorganic matter, and calcium
carbonate. Determining the proportions of these compounds makes
it possible to reconstruct environmental changes in the lakes, the
peatland’s ecosystem and its surroundings.

The results of geochemical analyses of several hundreds
biogenic sediments are presented from 10 peatlands in the central
Poland: Bartochéw, Czarny Las, Czarny tug, tugi, Ner-Zawada,
Swiatonia, Swinice Warckie, Wierzbowa, Wilczkéw and Zabieniec.
The analyses consisted of two methods: First, loss on ignition test
(incineration of a few grams of the sediment in a muffle furnace at
550 °C for 4 hours) was employed and then the Scheibler volumetric
method (determination of the carbonate content in the soil) was
also used. The results obtained in the laboratory were analysed
by means of the Statistica programme. The calculated measure of
average, dispersion, measure of asymmetry and concentration were
compared with the stratigraphy of biogenic sediments. The age of
biogenic sediments indicated by means of radiocarbon dating and
palynology was based on existing relevant publications. Measure of
average was broken down for each parameter according to median.
Furthermore, measure of variability showed how the values of
individual parameters cluster around the central value. Variation in
the parametres values was studied by means of interval of variation,
standard deviation, variation of coefficient and quartile interval.
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The coefficient of skewness and kurtosis were used to examine
the data structure for populations at each site. The co-efficient of
skewness is classified as a measure of asymmetry, while kurtosis
belongs to measure of concentration.

Documented by the studies of sediments, the geochemical
stratification made it possible to distinguish a few evolution phases
of the central Poland peatlands. Identified in the bottom part of the
majority of collected cores, the geochemical layer corresponds to
basins with low biological productivity and with considerable mineral
suspended matter from the catchment of Czarny Las, Czarny tug,
Swiatonia, Wierzbowa) and considerable chemical denudation (tugi,
Swinice Warckie, Zabieniec). In the case of peatlands in Wierzbowa
and Czarny Las this stage should be associated with the mineral
matter enrichment due to fluvial processes in the Late Glacial and
aeolian activity in Sub-Atlantic period (Czarny tug and Swiatonia
peatlands). In the biogenic sediments of peatlands in tugi, Swinice
Warckie and Zabieniec, large variation of coefficient of calcium
carbonate (even over 70 %) is due to products of the catchment rocks
dissolution in the Late Glacial. In the top part of the sediment in the
Bartochéw and Ner-Zawada peatlands, the chemical composition
of sediments is relatively constant and it could be attributed to
appreciable concentration of organic matter. An increase in calcium
carbonate should be associated with the circulation of groundwater
after the melting of permafrost at the beginning of Holocene. An
increase in inorganic matter, documented in the top part of peatland
body in all peatlands, results from human activity in Holocene (e.g.
deforestation of catchment area and surface wash of soil).

This study shows that the main chemical components of the
biogenic sediments depend on the morphological position, the fed
way, changes in the intensity of denudation in the catchment area,
lithology in the catchment area and the human activity.

O. A. ORLOVA, A. L. JURINA and D. A. MAMONTOV:
Developmental rectigradation of stelar elements of the
arthrophytes in the Upper Paleozoic

Department of Paleontology, Moscow State University, Moscow,
Russia

The research was devoted to the integrated study of anatomical
structure of the Upper Paleozoic arthrophytes and to definition of the
developmental trend lines in the evolution of their stelar elements.
The collections of anatomically preserved arthrophyte stems from
the Upper Devonian—Carboniferous deposits of Russia have been
studied. The oldest member of arthrophytes is represented by the
unique plant of Pseudoborniales (Frasnian-Fammenian, Upper
Devonian). The anatomical structure of the branches of different
orders of Pseudobornia has been studied. Only the long tracheids of
the primary xylem were found. Most likely the stems of Pseudobornia
did not have secondary growth. The second order of arthrophytes
— Sphenophyllales (Upper Devonian (Fammenian)-Permian) is
characterized by the primary xylem of protoslele-type and secondary
xylem with fascicular tracheids. To compare with Sphenophyllales the
stems of Calamitales (Upper Devonian—Permian) had arthrostele-type
of stele with abundant secondary xylem. Secondary tissues of the last
arthrophyte order — Equisetales (Carboniferous—recent) are absent
in most cases. Consequently, first arthrophytes (Pseudoborniales,
Frasnian age) could be reconstructed as the high herbaceous plants
without secondary tissues. The secondary growth firstly appears in low
scrambling plants of Sphenophyllales at the Fammenian. Arborescent
plants of Calamitales with a thick secondary wood dominate among
other arthrophytes from the Carboniferous to the Lower Permian.
Recent arthrophytes belonging to the single genus of Equisetum
are herbaceous plants. They are characterized by the lacking of
secondary tissues as the first arthrophytes of Pseudobornia.

The research was supported by the Russian Foundation for Basic
Researches, project No. 08-04-00633.
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S. OZDINOVA: Lower Oligocene cooling term and
calcareous nannofossils from the Paleogene basins of
the Western Carpathians

Geological Institute, Slovak Academy of Sciences, Bratislava, Slovak
Republic

The Eocene-Oligocene is a critical period in Cenozoic climate
evolution that coincided with the development of the first East Antartic
ice—sheet, close to the Eocene Oligocene boundary. During the
Upper Eocene the nannofossil assemblage data reveal that there
were several minor SST decreases (coolings) from 36—34 MA, before
Eocene/Oligocene boundary (Persico and Villa, 2004).

Biotic events are linked to major changes in the ocean circulation
and climatic change, calcareous nannoplankton, has been affected
by the oceanic and climatic evolution. The nannoassemblages
are subdivided into four categories, based on their temperature
preferences: warm-water, temperate water, cool water and no
preferences (Wei et al., 1992).

The Upper Eocene and Lower Oligocene calcareous nannofossils
were studied in the two Paleogene basins from the Western
Carpathians: the Liptovska kotlina Depression — Vlachy borehole
and in the Upper-Nitra Basin — Kocurany borehole. The calcareous
nannofossils from the nannoplankton zones NP 21 — NP 23 (Martini,
1971) were found in the Oligocene sediments from both boreholes.

Zone NP 21 Ericsonia subdisticha — beginning in the Upper
Eocene with association Istmolithus recurvus, Discoaster saipanensis,
Discoaster barbadiensis, Discoaster deflandrei, Dictyococcites
bisectus, Reticulofenestra umbilica, Lanternithus minutus, which
were found in the borehole Kocurany. The upper part of this zone
getting along to the Lower Oligocene and in the nannoassemblage
Discoaster saipanensis and Discoaster barbadiensis absented or
very scattered. The upper part of Zone NP 21 was found in both
boreholes, and calcareous nannofossils typical for this zone were
enriched by the Biantolithus spinosus, Helicosphaera compacta,
Helicosphaera perch-nielseniae, Chiasmolithus oamaruensis,
Reticulofenestra hillae, Reticulofenestra cf. lockeri.

Zone NP 22 — Helicosphaera reticulata — was assigned in both
boreholes on the basis of first occurrences Chiasmolithus altus,
Sphenolithus distentus, and sporadical presence of Isthmolithus
recurvus. Species Cyclococcolithus formosus, Reticulofenestra
umbilica and Lanternithus minutus have the last occurrence in
this zone. The assemblage was represented by the stratigraphical
important species — Chiasmolithus oamaruensis, Reticulofenestra
hillae, Reticulofenestra lockeri, Sphenolithus predistentus.

Zone NP 23 — Sphenolithus predistentus — was determined in
both boreholes on the basis of absence Lanternithus minutus and
outcrop of Reticulofenestra ornata, which is endemic form for the
Paratethys, typical for the Zones NP 23 and NP 24. In the series
were observed stratigraphical important species like Helicosphaera
compacta, Sphenolithus predistentus, Reticulofenestra lockeri,
Reticulofenestra hillae. The species Cyclococcolithus formosus and
Reticulofenestra umbilica were outcropped sporadically. The most
extensive group of the species was composed from Coccolithus
pelagicus, Cyclicargolithus floridanus, Dictyococcites bisectus,
Zygrhablithus bijugatus.

Paleoecology:

Cool-water trend of the nannoassemblage is characterized by the
abundance of genera Reticulofenestra, Dictyococcites, Chiasmolithus
and by a big size of the specimens from these genera. Cool-water
sedimentation environment were eutrophic, excepting some intervals
with the species preferring shelf and warm water — Braarudosphaera
bigelowii, Pontosphaera discopora, P, rothii, P. enormis. Appearance
and occurrence of the endemic form Reticulofenestra ornata in the
Zone NP 23 signalized decreases of the salinity and proceeding
brackish character of the sedimentary area.

The research is supported by the Slovak Research Agency
(APVV-51-011305).
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M. PAWLIKOWSKI', R. PFITZNER? and A. BIENEK":
Comparison of human carotids and peripheral artery
atheromatous plaques

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

2Department of Cardiovascular Surgery and Transplantology,
Jagiellonian University Medical College, Cracow, Poland

The researches were carried out on sclerosis lodgment removed
from human carotids and peripheral arteries. The material for the
examinations was retrieved during operation from 42 patients
who had atheromatosis. The main aim of these researches was to
indicate possible similarities and differences between mineralization
of human carotids and peripheral arteries. The examinations
were conducted with digital microscopy, polarizing (PLM) and
scanning (SEM) microscope, infrared absorption spectroscopy
(IRS), x-ray diffraction analysis (XDF) and x-ray spectroscopy
(EDS). Researches allowed to state that analysed atheromatous
plagues have similar character in carotids as well as in peripheral
arteries. This character can be purely mineral (phosphatic), organic
(cholesterol-phospholipids) or mixed mineral-organic, where both
elements remain in variable proportion of quantity. Researches
suggest that regardless of character of the mineralization in most
of analysed examples, atheromatous plaques in examined carotids
were more massive than atheromatous plaques in peripheral
arteries.

Recognized, diverse character of the mineralization of
atheromatous plaques, which is a result of specific biochemical
processes appearing in organism, should be involved proper
prophylaxis and treatment.

L. PECENA and R. VOJTKO: Structural style frontal part
of the Krizna nappe in the Strazovské vrchy Mts. (Western
Carpathians, Slovakia)

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

The original paleographical domain of the Fatric Unit was
located between the Tatric and Veporic realms and was represented
by a rhomb-shaped basin. The unit is extended from the Vienna
Basin on the west to the Humenské vrchy Mts. on the east. While
the axial part of this structure is represented by the Zliechov deep-
-water succession, the margins consist of shallow water sedimentary
successions. The Bela partial nappe is composed of a shallow
marine Jurassic succession, which was located in the northern
margin of the Zliechov Basin. In the Zliechovska hornatina highland
of the Strazovské vrchy Mts., the Bela partial nappe is overridden
by the huge Krizna nappe, the zone between them is formed by
the “Kremeniny imbricated zone” This transitional zone is composed
of both deep-water (the Zliechov type) and shallow-water (the Bela
type) Jurassic sedimentary sequences. The contemporary structure
of the Krizna nappe system is a result of three main tectonic events.
The first one is represented by thrusting of the nappe body over
the Tatric Unit after the Turonian. This thrusting was followed by
tectonic disintegration of the nappe body into several independent
tectonic duplexes and the imbricated structure of the Krizna nappe
developed. As a consequence of this process, also the recumbent
fold of the Beld nappe was formed. The second event occurred
during the Paleogene compressional tectonic regime. General
antiform structure was formed during this deformation phase. The
Early Miocene transpression/transtension tectonic regime produced
south-verging backthrusts that influenced large part of the Krizna
nappe.

This study was supported by the Slovak Research and Develop-
ment Agency under the contract No. APVV-0465-06.
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L. RYSAVA: Microfacial analysis of the Mesozoic sequence
of the Cho¢ Nappe of the Cachtické Karpaty Mts. in the
Bzince pod Javorinou/HruSové (Western Carpathians)

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

Studied area is located as the natural outcrop of the forest road
near HruSové village. This area offers partially exposed sequence of
Triassic to Lower Cretaceous, which was sampled for microfacies
analysis. The following lithofacies types were recognized:

Reifling Limestone (Anisian — Carnian) is represented by
pelbiomicrosparite microfacies (wackestone) with the transition
into filament microfacies (packstone) with the rare occurrence of
foraminifers, fragments of bivalves, crinoid occicles, ostracods,
microproblematics (Baccinella floriformis Panti¢, Aelisaccus gracilis
Panti¢). Matrix is intercalated by stylolites and calcite veins with
abundant concentrations of pyrite.

Wetterstein Dolomite (Ladinian — Carnian) — dolomitic limestone
to dolomite contains very rare fragments of crinoid collumnalia,
foraminifera (Nodosaria sp.) and small pellets.

Dachstein Limestone (Latest Norian — Rhetian) is built of
packstones to grainstones of pelbiomicrosparite microfacies locally
with the transition into oosparite microfacies. They contain fragments
of Dasycladaceae, gastropods, ostracods, bivalves, hyaline and
agglutinated foraminifers, Nodosaria sp. and crinoids.

Hierlatz Formation (Sinemurian — Pleinsbachian) is built by
limestones composed entirely of crinoid collumnalia (grainstones).
Most of them are reworked showing twin lamella; some of organic
fragments are impregnated by Fe-oxides. Crinoids are bordered by
many stylolits. There are also fragments of molluscs, foraminifers,
echinoid spines, the extraclasts of pelmicrosparite limestones and
shales and sporadically rich glauconite scattered in the matrix.

Rotenstein Limestone (Callovian — Oxfordian) belongs to
wackestones to packstones of the filament microfacies passing
locally to the radiolaria-filament microfacies. They contain also
globochaetes, foraminifers, crinoids and molluscs fragments. The
Rotenstein Limestone was previously defined as only Oxfordian in
age; the Callovian age could be considered on the base of results
obtained by this study.

Tegernsee Formation (Kimmeridgian — Tithonian). Limestones
of the wackestone to packstone structure have globochaete-
-saccocoma, globochaete-filamentandradiolaria-sponge, microfacies.
Limestones contain sponge spicules, calcified radiolarias, cysts of
calcareous dinoflagellates — Stomiosphaera moluccana Wanner,
Schizosphaerella minutissima (Colom), Cadosina parvula Nagy,
Colomisphaera nagy (Borza), Colomisphaera pieniniensis (Borza),
Cadosina semiradiata semiradiata Wanner, Colomisphaera fibrata
(Nagy) Colomisphaera carpathica (Borza), Carpistomiosphaera
borzai (Nagy), Parastomiospahera malmica (Borza). Radiolarians
and cores of dinoflagellate cysts are sporadically silicified. Fragments
of brachiopods, bivalves, aptychy and crinoids are also present. On
the base of biostratigraphically important biomarkers limestones
studied belong to the Upper Kimmeridgian Borzai Zone and Lower
Tithonian Malmica Zone (sensu Rehakova, 2000). Began et al. (1982)
included this formation in the Oberalm strata.

Oberalm Beds (Late Tithonian — Late Berriasian) represented
wackestones of radiolaria-calpionella, calpionella-globochaete
microfacies. They contain crinoids, bivalves, sporadically saccocomas,
sponge spicules, ostracods, aptychy, fragments of foraminifers,
Involutina sp., Crassicollaria parvula Remane, Crassicollaria colomi
Doben, Calpionella alpina Lorenz, Calpionella elliptica Cadisch,
Tintinopsella carpathica (Murg. et Filip.), Remaniella ferasini
(Catalano), Remaniella borzai Pop, Remaniella catalanoi Pop, cysts —
Schizosphaerella minutissima (Colom), Cadosina semiradiata fusca
Wanner. Calpionellid markers indicate Late Tithonian Crassicollaria
Zone (Colomi Subzone) and the Berriasian Calpionella Zone with its
Elliptica Subzone (sensu Rehéakova, 1995).

This work was supported by the grant APVV-0280-07.
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D. SALA and G. RZEPA: Geology and mineralogy of
ochreous sediments from Zabratéwka — Preliminary
results

Faculty of Geology, Geophysics and Environmental Protection;
AGH-UST, Cracow, Poland

The subject of this work is the accumulation of ochre in Zabratéwka
village located about 20 km south-east from Rzeszéw. The area
is situated in the eastern part of the Outer Carpathians, within the
Dynowskie Foothills which are built of the Skole unit formations
(flysch sediments of the Lower Cretaceous-Lower Miocene age).
It is characterized by a varied relief with mild hills and cut-up stream
valleys.

The ochre layer is located in an elongated valley surrounded from
three sides by the hills. It is covered with the layer of younger deluvial
clays and in its bedrock there may be found fragments of the Menilite
Formation. In the bottom of the considered area the soil is a bit wet
and in its central part there are peat inserts.

It was found out that the accumulations of the considered mineral
are in the form of ochreous sediments of different colours, from
yellow through different shades of red to brown. In several cases also
the presence of cemented ferruginous concretions of up to several
centimeters was identified. Iron compounds are dispersed in brown,
grey and bluish clays. Moreover, there were observed yellow and
rust-coloured eruptions of iron compounds emerging during outflows
of underground waters and black layers of manganese compounds
covering gravels of the nearby creek.

The main aim of the study was the mineralogical and geochemical
characterization of ochreous sediments as well as the analysis of
the spread of the layer, its thickness and its variability. In the initial
phase of the project 16 examinations were performed. In order to
develop the preliminary chemical characterization, content of iron
and manganese, both complete (after dissolution in HF and HCI)
and associated with amorphous oxides (after extraction with oxalic
buffer), were marked in the sediments using the AAS method. Mineral
composition was estimated using X-ray Powder Diffractometry (XRD)
and thermal analyses.

It has been proven that the content of iron and manganese in the
ochre sediments changes significantly depending on the location of
the sample. The total Fe content varies from 6.66 to 48.04 wt.% (av.
19.02 wt.%), with the largest concentrations found in concretions.
Relatively large amount of Fe may be also found in the surrounding
clay — it ranges from 3.28 to 13.61 wt.% (av. 5.64 wt.%). Content of
iron extracted with oxalic buffer range from 0.69 to 20.94 wt.% (av.
8.92 wt.%) in the case of ochre and 1.24-8.68 wt.% (av. 2.98 wt.%) in
the case of clay sediments. Concentrations of manganese in samples
of ochre and ochre clays are visibly smaller and come to: 0.004 to
1.188 wt.% (av. 0.369 wt.%) and 0.018—0.239 wt.% (av. 0.069 wt.%).

Results of the diffractometric analysis indicate that goethite is
a dominant iron mineral phase present in the ochre. It is characterized
by a weak structural reorganization and is accompanied by small
amounts of quartz and alkali feldspars, and in some cases, by
manganese oxides. However, the ochre clay is dominated by clay
minerals (illite), next to which appear in variable quantities goethite
and clastic minerals (quartz and feldspar). Moreover, significant
concentrations of iron extracted with oxalic buffer indicate the presence
both in ochre and clay of amorphous ferruginous connections and/or
of ferrihydrite.

On the basis of the field observations and laboratory research
a conclusion can be made that ochreous sediments were probably
formed as a result of chemical weathering of the lid sludge ochre
menilite formation. Iron present in the menilite layers in the form of
sulfides and glauconite were mobilized and washed with sediments
by chemical processes, possibly with the help of micro-organisms.
After transferring into mobile forms it came out on the land surface
along with the outflowing underground water, where it underwent
hydrolysis and precipitation in the form of hydroxides, which with time
crystallized into the goethite.
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M. SENTPETERY: Neo-Alpine tectonic evolution of the
Krivanska Fatra Mts. (western part)

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

Geological and structural mapping was focused on selected
areas and outcrops in the western part of the Krivanska Mala Fatra
Mts.. The research works takes place mainly in the Tatric sedimentary
cover, the nappes of the Fatricum and Hronicum tectonic units and
the Paleogene sediments. Typical for the tectonic settings is the fold
thrust style of structures, which can be observed from the map view
(major folds) and from the minor folds occurring in the outcrops.
The older structures shows NW-SE direction, the younger we can
consider those with the NE-SW direction, with the vergency to SE.
In the southern part of the area, an overturned fold limb faulted
with the imbricate thrust faults propagated to the south occurred.
Processes and events, which led to the formation of these south-
-vergent structures was activated surely after the Paleogene,
in compare with the previous studies in the Early Miocene.

| would like to thank to the Grant UK G-09-147-00 Neo-Alpine
tectonic evolution of the Krivanska Mala Fatra Mts. for the financial
support.

V. SIMO: Unusual radiate trace fossil from the Maastrichtian
sediments of Kosovska Mitrovica flysch (Novi Pazar,
Serbia)

Geological Institute, SAS, Bratislava, Slovak Republic

The Upper Cretaceous flysch sediments close to Novi Pazar
lying transgressively over Paleozoic unit and represent member
of Novi Pazar syncline. One sample with trace fossils was found
in the younger flysch sequences in the Novi Pazar — Raska road
cut. The sample with new trace fossil from this Upper Cretaceous
flysch sediment contains two delicate radiate structures that are
connected to each other by one of the arms. Central part of the trace
fossil is unclear and branching of the arms is three dimensional,
not plain. The trace fossil can be compared with radiate branched
of Glockerichnus. Trace fossils Planolites and ?Ophiomorpha and
fossils of ?Cardinia, “Turritella”, “Cardium” — Pseudolimea sp.
and punctate shell fragments of brachiopods are presented in the
described sample.

This work was supported by the Slovak Research and
Development Agency under the contract No. LPP 0107-07. The author
wishes to thank Prof. Dragoman Rabrenovi¢, Marian Golej PhD. and
Peter VrSansky PhD.

K. SLAVOVA: Environmental and geological events as
a result from the climatic dynamic in the Black Sea region
after the Last Glacial Maximum

Department of Marine Geology and Archaeology, BAS, Varna, Bulgaria

On a nine-day expedition on R/V Akademik, a Bulgarian research
vessel, on June 2009 we had opportunity to mapped and cored,
taking samples for dating on the submerged shorelines of the Black
Sea off the coast of Bulgaria (Fig. 1). The majority of the scientific
party came from the Institute of Oceanology and another party from
the Lamont Doherty Earth Observatory, USA.

On board the R/V Akademik we had two different gravity cores
and a vibracorer. At first we used a 12 cm-coring device. The device
had a 350 kg head on the end of a 4-meter metal tube 12 cm in
diameter. The second gravity corer was smaller being on 7.5 cm.
During the cruise 22 cores were recovered. Initially cores were taken
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Fig. 1. 22 cores taken during the expedition on the R/V Akademik
on June 2009.

in deep water away from the submerged shoreline to sample cores
for pollen sampling. After a few cores we began to core into the
submerged shorelines.

Despite there being no full dates a few conclusions can be drawn
from our expedition: First is that gravity cores are not capable of
penetrating into the submerged coastline of the Black Sea. The
sun hardened the Submerged Coastline when it was exposed. To
overcome this obstacle we used a vibracorer, because it has the
extra power to break through the hardened surface of the submerged
shoreline. Second is that the submerged shoreline where we cored
consisted of shelly gravel. Leading us to believe that the Black
Sea once had a water level above these shorelines, which allowed
the molluscs to thrive. Then there was a drawdown leaving these
molluscs exposed. Their shells were then weathered forming the
shelly gravel observed in the core. Third is that a series of reddish-
-brown clay layers were deposited at core 10 and core 18. The
occurrence of the red layers may be linked to high latitude climate
variations. In comparison with the dates of red layers in GeoB 7608-1,
the transgression occurred between 15.5 and 18 kyr BP.

It is consider that the isolated Black Sea lake reacted very
sensitive to climate forcing also on the solar insolation resulting
from variations in Solar Luminosity. The established cycle of Solar
Luminosity can explain paleoenvironmental changes in the Black
Sea region after the Last Glacial Maximum.

This study is financial supported by Project DO 02-337, National

Science Fund, Bulgarian Ministry of Education.
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S. A. SLEPOV: The Lower Tournaisian (Mississippian)
conodonts from the Moscow Basin (Russia)

Moscow State University, Moscow, Russia

Conodonts are extinct chordates resembling eels, classified in
the class Conodonta. Conodonts were first recognized in the 1856 by
the Russian paleontologist Christian Pander. The earliest conodont
teeth are known from the Cambrian about 500 million years ago
and remained wide-spread throughout the whole 300 million years
of the Paleozoic. The first conodont body fossil was described by
Briggs, Clarkson and Aldridge in 1983. Conodonts are widely used
in biostratigraphy.

Conodonts are studied in the Moscow Basin, which is located
200 km to the south-west of Moscow, in the Kaluga Region, in the
central part of Russia. The Alexandrovskaya borehole was drilled in
this region in 2008. It is situated on the south-western margin of the
Moscow Syneclise (the East European Platform). The depth of the
borehole is about 300 m. The geological succession at the borehole
represents the carbonate-terrigenous deposits of the Upper Devonian
and the Lower Carboniferous and the Quaternary sediments. These
sediments are composed of the Malevkian and the Upian horizons
of the Lower Tournaisian.

13 species of conodonts were recognized in these deposits. Five
generawere described as Bispathodus, Clydagnathus, Patrognathus,
Polygnathus and Pseudopolygnathus.Two assemblages of conodonts
have been recognized. The lower assemblage is characterized by
a predominance of the species Patrognathus crassus and P, variabilis,
the upper assemblage by Patrognathus andersoni. The lower
assemblage corresponds with the Malevkian horizon, and the upper
with the Upian horizon. The remains of fishes, brachiopods, crinoids,
ostracods and foraminifers were found together with conodonts.
Imprint of the plants has been discovered at the bottom of the
Malevkian horizon. A similar conodont assemblages were obtained
earlier in the other boreholes (Glubokovskaya, Suvorovskaya and
Tabolskaya), which are located on the southern margin of the Moscow
Syneclise.

The Lower Carboniferous conodont zonation was constructed
based on phylogeny of members of the deepwater genus Siphonodella.
But this conodonts are absent in the sections of the Moscow Syneclise.
Species of the genus Patrognathus are abounded in the shallow-water
carbonate deposits of the Moscow Basin. The regional conodont
zonation was identified based on phylogeny of this genus.

Analysis of conodonts shows that the regional conodont zonation
can be correlated with the standart conodont zonation. As a result
the Malevkian horizon corresponds with the lower part of the Lower
Tournaisian (conodont zones sulcata and duplicata) and the Upian
horizon with the upper part of the Lower Tournaisian (conodont zones
sandbergi and crenulata).

M. SMRECKOVA: Cenomanian-Turonian radiolaria
from PKB and their paleoecological implications and
biostratigraphic zonation

Faculty of Natural Sciences, Matej Bel University, Banska Bystrica,
Slovak Republic

. The radiolarian microfauna from silicified horizons in localities
Cervena Skala and VrSatec was investigated. The samples were
also collected from the klippe Dolny Mlyn near Stara Tura, where this
interval was described by Scheibnerova (1969). However, it was not
identified during my field works. This part of horizon was probably
removed during the mining works. Variegated marlstone formations
of the Czorsztyn succession of the Pieniny Klippen Belt (Jaworki
Formation) were biostratigraphically interpreted. In the locality Cervena
Skala they correspond to the stratigraphic range from the Middle
Cenomanian to Turonian and in the locality Vr$atec they correspond
to Turonian — Coniacian. Detailed radiolarian biozonation for the
Mediterranean area of O’Dogherty (1994) was applied. Radiolarian
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associations from the lower part of the profile in the locality Cervena
Skala contained the association characteristic for the Lower Turonian.
Similarly, it was also possible to place the association being acquired
from the upper parts of the profile to the Lower Turonian, but except
of its lowermost part. The uppermost radiolarian horizon contained
the association representing relatively wide range — Turonian. The
associations of radiolaria from the Vr8atec locality come from the
upper part of the section. They represent stratigraphic range of the
Lower Turonian. The uppermost radiolarian horizon, from which the
sample richest in radiolarian microfauna was acquired, contained the
Lower Turonian association, except of its lowermost part.

Based on the proportion of diversity and composition of
foraminiferal microfauna in the samples from Cervena Skala and
VrSatec localities it may be stated that the biosilicite productivity and
concentration of radiolarians are a clear evidence of eutrophication
of underground water segments. In both locations, radiolarians
dominated by forms indicative of unstable environmental conditions,
which correspond to the Ocean Anoxic Event 2 from the Late
Cenomanian to the Early Turonian.

The productivity peak of the radiolarians, the Cenomanian/
Turonian boundary, is also marked by the pronounced changes
in their taxonomic composition.

The paper is a contribution to APVV LPP 0120-09, UGA 09-000-28
and VEGA 0140 projects.

M. SOSNICKA: Mineralogy of beach sediments, NE part
of Halmahera Island, Indonesia

Faculty of Geology, Geophysics and Environmental Protection,
AGH-UST, Cracow, Poland

The Halmahera Island is situated in the south-eastern Asia and
is a part of the Indonesian territory. The area of eastern Indonesia is
a place of junction between the Philippine and Australian lithospheric
plates with micro-plates forming the Eurasian Plate margins. The
Halmahera Plate is a part of the Philippine Sea Plate. It is surrounded
by the micro-plate called Molucca Sea Plate on the west and by
the Sorong Fault Zone, separating it from the Australian Plate, on
the south. The western part of the island, the Halmahera arc, is an
earthquake prone area where occur active volcano belt associated
with a subduction of oceanic lithosphere of Molucca Sea Plate
descending beneath the Halmahera Plate.

The Halmahera Island comprises of Cretaceous, ophiolitic
Basement Complex, being the part of fore-arc, covered unconformably
by the different generations of volcanic arcs rocks and the Miocene
carbonate platform. The age of volcanic rocks is ranging from
Paleocene to Eocene. Investigated area is built of ophiolitic, fore
arc associations, marine back arc sediments and volcanic debris
originated by the erosion of volcanic chains in the western and
northern parts of the island.

The samples were collected on the eastern coast of the island
in the vicinity of the rivers estuary. There were 2 research points
established. Point 1 is situated about 3 km from the Wayamli village
in the direction of Buli town and point 2 is nearby the Wayamli village.
The samples were taken from the excavations made on the beach.
That place is close to the deeply incised river of an anastomosing
character. The beach material partially is derived from the deep-
-seated river erosion. The sediments contain dark sands of greenish
tint with addition of conglomerate fraction. The methodology includes
microscopic observation in reflected and transmitted light, SEM
analysis by Energy Dispersive X-Ray Spectroscopy detector (EDS)
and XRD analysis.

Observations in reflected light indicated that the beach sediments
are mostly abundant of iron-bearing minerals ranging from magnetite
through maghemite, hematite to iron oxide-hydroxide. The sands
contain also fewer amounts of titanomagnetite, chromite, ilmenite,
other titanium minerals, sulphides: pyrite, chalcopyrite, minor contents
of pyrrhotite, bornite and nickel sulphides. There are more than three
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generations of magnetite. The primary magnetite is rare and hard
to recognition, it forms euhedral grains affected by corrosion due
to the fast melt. Magnetite crystals form intergrowths with chromite
or titanium dioxides are frequently covered by a mesh of elongated
hematite crystals forming martite. Observation indicates that primary
euhedral chromite crystals are surrounded by younger magnetite
rind. It occurs also as veins crosscutting chromite or filling fractures
between dismembered crystals. In some crystals there is noticeable
the chemical zonation which is marked by paler halos on the edges
of that crystals. The observation in transmitted light revealed that
the sands contain mineral association related to andesites, basalts,
gabbroids and serpentinites. The different degree of alteration of rocks
grains suggests a presence of many generations of volcanic material
mostly built of pyroxene, hornblende, plagioclase phenocrysts and
fine grained or partially glassy groundmass of various dark tints.
In thin sections there were many volcanic textures observed. XRD
analysis indicates the abundance of diverse mafic plagioclases.
The EDS analysis shows large variety of chemical composition of
pyroxenes, chromites and titanium minerals.

S. STANOVA and N. HUDEC: phpSedistat — a simple
command line application not only for deep-water clastic
sedimentology

Geological Institute, SAS, Banska Bystrica, Slovak Republic

A “phpSedistat” is a simple command line application, which
was designed with the purpose to make comfortable statistical
computations used in sedimentological analysis and interpretation
of field data. It has been applied in analysis and the interpretation
of turbiditic successions from the outcrops in the Outer Western
Carpathians. However, instead of deep-water deposits, at least the
first one of implemented statistical methods (Markov Chains) has
been used in analysis of data from a broader variety of depositional
environments (e.g. alluvial plain, peritidal carbonates, etc.).

In analysis of the field data sedimentologists are commonly
confronted with the question if there is a natural order in vertical
successions of deposits. Some simple statistical techniques
have been applied to examine the possible presence of order in
sedimentary successions. Aimost all utilize the probability matrices
and make use of the idea of Markov Chains. The algorithm for
calculation of possibility of vertical transitions of sedimentary facies
was implemented into the “phpSedistat” software and then applied for
the determination of statistically significant successions of facies in the
sedimentary successions of the Ky€era Mb. of the Magura Unit from
the NW part of the Outer Western Carpathians. Then, the statistically
significant successions of descriptive facies in the investigated
sedimentary sequences were compared to facies models of deep-
-water deposits providing the evidence that apart from classical
turbidites (composed of Bouma succession of descriptive facies), an
important part of studied sedimentary sequences are the deposits
of density flows. In addition to a variety of deposits of deep-water
gravity flows, sedimentary successions of the Ky¢era Mb. contain
fine grained facies, which deposited from suspension fallout. In some
cases, primary sedimentary structures of investigated sediments
were overprinted by syn- and/or post-sedimentary deformation.

Traditionally, the interpretation of submarine-fan depositional
sub-environment of turbiditic formations is based on the identification
of asymmetric vertical sequences of bed thickness and/or grain sizes.
Although such interpretations were questioned, the interpretation of
channel-levee deposits as a thinning and fining upward sequences
or the interpretation of lobe/interlobe deposits as a thickening and
coarsening upward sequences is still conventionally applied. As
an alternative, Chen and Hiscott (1999) suggested that combining
facies characteristics with the results of statistical analysis of facies
clustering in submarine-fan turbidite successions by employment of
the Hurst statistic provides reliable criteria for the identification of the
submarine-fan depositional sub-environments. This method is based
on the estimation of the Hurst coefficient K and the deviation from the
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mean (K'= field-based Hurst K — mean K for 300 randomly shuffled
series). The algorithm for calculation of Hurst coefficient (K) random
shuffling of data and calculation of deviation from the mean (K") was
incorporated into the “phpSedistat” software. The aim of this step was
to create a user-friendly environment allowing to estimate K and K~
for a wider range of computer users without profound knowledge of
programming. The facies characteristics of the Ky¢era Mb. together
with their statistical analysis using the Hurst statistic provided the
evidence for their deposition in the lobe-interlobe depositional
environment of the submarine-fan.

The program phpSedistat was programmed under GNU General
Public License as an open source software product. It can be
downloaded from http://phpsedistat.sourceforge.net.

R. SYNAK', M. KOVAC' and K. FORDINAL2: Sequence
stratigraphy of the Danube Basin in the Upper Miocene

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

2State Geological Institute of Dionyz Stur, Bratislava, Slovak
Republic

The Danube Basin represents a north-western margin of the
Pannonian Basin System. The present-day shape and sedimentary
architecture of the basin is a result of multiphase tectonics and
accumulation of deposits in various environments. Late Neogene
paleogeography and geodynamics, resembling to the North Pannonian
domain, can be characterized by the development of extensive back
ark basin system, its gradual infill, followed by the Pliocene uplift and
denudation. Marine connections of the Lake Pannon are assumed
only during the early Late Miocene (towards the Eastern Paratethys).
Influence of the Messinian salinity crisis and coeval sea level fall in
this closed alluvial to lake system was overprinted by tectonics, acting
in the Western Carpathian orogene. All mentioned events are well
recorded in the sedimentary succession of the basin, where the deep
water setting brackish offshore deposits gradually change to shallow
water setting near the shore marches and deltaic deposits and are
followed by the freshwater alluvial sedimentation. The Late Miocene
changes of the Danube Basin depositional systems are dated by
tools of bio- and sequence stratigraphy.

Interpretations of seismic data and well-logs from the central and
southern parts of the Danube Basin, together with the contribution
of already described sequence stratigraphic boundaries and key
surfaces in the area of Pannonian Basin, made it possible to establish
three 3rd order cycles: DB1 11.6-9.7? Ma, DB2 9.7-6.3? Ma and DB3
?4.1-2.6 Ma. The time span between 6.3—4.1 Ma could represent
denudation during basin structural inversion stage. Revaluation of the
existing data specified until now used time range of the Danube Basin
formations and members in Slovakia as following: Ivanka Formation
11.6-9.7? Ma, Beladice and Volkovce Formation 9.7-6.3? Ma,
Kolarovo Formation ?4.1-2.6 Ma. The Hlavina limestone Member
age was dated about 8.2 Ma.

This work was supported by the Slovak Research and
Development Agency under the contract No. APVV-0280-07 and
ESF-EC-0006-07.

M. A. TKACHENKO: Sequence stratigraphy for studying of
oil and gas potential of Triassic deposits in the eastern
part of Barents Sea

St.-Petersburg, Russia

The Barents Sea is the most studied aquatory among the Arctic
seas of Russia, but this area demands the additional investigations.
The researching area is situated in the eastern part of the Barents
Sea west of Novaya Zemlya island. In the west it structurally belongs
to terrace Fersmanovskaya, the center of studying area belongs
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to North-Stockman depression and Ludlovskaya saddle, in the south
belongs to Luninsky deflection. The eastern part of one belongs
to Admiralty High.

In the course of work there were studied 4 wells: Fersmanovskaya,
Ludlovskaya, Krestovaya and Admiralteyskaya.

Using descriptions of each well, the stratigraphic columns at
a scale of 1 : 5 000 were constructed and the detailed correlations
of the Triassic sections were carried out. The next step was the
construction of the biolithostratigraphical correlation scheme based
on fauna, palynological and lithological studies.

For understanding of paleostructural and sedimentary environ-
ments the area was divided into several structural-facial zones.

As a sequence-stratigraphy is often dealing with the global
eustatic fluctuations of the sea level, allocated units may have
a significant correlation potential and allow comparing deposits
of different facies.

Using the sequence analysis data we can identify on seismic
profiles a regressive tract — potential reservoir and the transgressive
tract — cover rock or oil source rock and then we can trace this tracts
in the other areas of Barents sea. And if we will have coincidence
of three factors — the structure, reservoir and cover rock, we will make
a conclusion concerning the petroleum prospects.

Thus, the sequence stratigraphy method can be successfully
used for the forecasting of oil and gas perspective areas.

M. UDIC: Interpretation of the deformation and stress field
evolution of the Sub-Tatra fault system

Department of Geosciences, Technical University, KoSice, Slovak
Republic

The northern part of the Western Carpathians was affected by
a polyphase deformation near the boundary between their Central
and Outer parts. Paleostress analysis in the Sub-Tatra fault system
region revealed the existence of five different stress fields. Their
orientations were determined by the detailed structural analysis
of the fault slip data. The evolution of the stress fields shows an
apparent clockwise rotation from beginning of the Sub-Tatra fault
system development to Quaternary. During the initial phase, E-W
compression and perpendicular tension affected this area. This was
the time when the Central Carpathian Paleogene Basin formed.
After this phase, the paleostress field rotated approximately 30—40°
to NW-SE compression and NW-SW tension. Next phase, which
affected the region, is characterized by the progressive rotation of the
paleostress from NW-SE to the NE-SW direction of the maximum
principal compressional stress axis (c4). Following this one there was
a change of orientation axis oy from horizontal to vertical direction
and the orientation of the maximum extension axis (c3) has SE-NW
trend. The Quaternary stress field was reconstructed on the basis of
structural measurements in the Quaternary sedimentary formation of
the Poprad Basin. The results of the paleostress analysis show that
the Quaternary stress field is characterized by SSW—-ENE oriented
maximum horizontal extension 3 and vertical oriented maximum
compression o;.

J. K. UPPSTAD: Protection of a historical spring in the
vicinity of tunnel construction

Norconsult AS, Sandvika, Norway

A historically important, natural spring in Tensberg, South
Norway, has its recharge area in a hill Frodedsen, where one road
tunnel was constructed in 2004 and another crossing railway tunnel
is under construction. To avoid loss in the spring discharge and other
negative consequences caused by the leakage of the groundwater
into the tunnels, several counter measures and a comprehensive
groundwater surveillance program was implemented. In connection
with the railway improvements there will also be a slope cutting only
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few meters above the spring. The spring itself is located directly below
the existing railway line outside the tunnel.

The geology consists of romb porphyry with numerous diabase
intrusives in N-S trending fractures. There are several, partially
artificial lakes on the hill. Some of these were formerly used as
the water supply for the Tensberg town. The hill and the town are
below the marine limit, and therefore they are partly covered by the
Holocene marine clays.

Injection of the tunnels is done by the systematic pre-injection,
using industrial cement, micro-cement and controlled hardening.
The maximum leakage limits for the road tunnel were set to 4-10
I/min/100 m tunnel to avoid negative consequences for the natural
spring and for the other elements in the environment on the top and
around the hill.

Use of systematic injection and close follow-up of the injection
in progress and the groundwater surveillance program was found to
be vital during the first tunnel construction. Use of mainly industrial
cement, little micro-cement and less controlled hardening was found
to give the best results.

V. VASKANINOVA: Placoderm localities in the Barrandian
area (Czech Republic)

Institute of Geology and Paleontology, Charles University, Prague,
Czech Republic

Placoderms are a group of Lower Paleozoic early vertebrates
characterized by a head- and trunk- shield composed of dermal
bone plates. In the Prague Basin their occurrence is restricted to the
Devonian strata. Placoderm fossils have been found in all formations
of the Lower Devonian there. The majority of the specimens reposited
in the National Museum in Prague come from old collections
assembled since Barrande’s time.

Cerna rokle — an old quarry near Kosof southwest of Prague is
the only placoderm-bearing locality in the Lochkov Formation. Active
quarrying was carried out there since the 19th century and ceased in
the 1960s. A great number (231 pcs.) of well preserved specimens of
two species, Radotina kosorensis Gross, 1950 and Kosoraspis peckai
Gross, 1959, was collected throughout the years. Even today they can
be found in the dark greyish, fine-grained platy limestone of the Radotin
facies that emerge in the eastern part of the former quarry.

The main locality in the Prague Formation is situated near
Konéprusy, south of Beroun. The original Barrande s localities were
destroyed by the still active Certovy schody quarry complex, hence
the origin of many specimens is hard to determine. Two species were
described — Radotina tesselata Gross, 1958 and Holopetalichthys
primus (Barrande, 1872), being preserved in the white bioclastic
limestone from the reef facies of the Konéprusy Limestone. Scarce
fragments of Placoderm dermal plates have been found in the
Dvorce-Prokop Limestone at the Damil hill near Tetin, southeast of
Beroun.

Isolated or partly articulated dermal plates of indeterminate
members of the order Arthrodira have only been recorded throughout
the Emsian. Both known localities in the Zlichov Formation are
nowadays inaccessible. Barrande’s locality Chote¢, situated on
the northern slope of the Radotin valley southwest of Prague, is
overgrown with vegetation. Svagerka is a completely covered old
quarry in Praha-HIlubocepy, partly exposed at the railway cut.

Placoderm fossils were collected at three localities in the Daleje-
-Trebotov Formation. The largest placoderm dermal bones embedded
in the gray and red crystalline Suchomasty Limestone were collected
at Konieprusy and nearby Suchomasty quarries. A larger number
of specimens were found in Praha-Hlubo&epy at the eastern part of
the Prokop valley where the old quarries and small outcrops are now
partly urbanized and protected.

The presence of placoderm fossils in the Chote¢ Formation is
questionable. Some of the specimens from Hlubo¢epy may come
from this level. One fragment of dermal bone plate was found near
Srbsko, southeast of Beroun, in the Srbsko Formation.
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M. VESELSKA: The occurrence and systematic revision
of selected groups of the order Decapoda Latreille, 1802
from the Bohemian Cretaceous Basin

Institute of Geology and Paleontology, Charles University, Prague,
Czech Republic

Presentation reports about the occurrence and systematic
revision of the selected groups of the Upper Cretaceous decapods
from the Bohemian Cretaceous Basin (BCB). The preliminary study
detected approximately 170 specimens, from 32 localities in the
BCB, which belong to four infraorders: Astacidea Latreille, 1802 with
two genera, Glypheidea Winckler, 1882 with two genera, Axiidea de
Saint Laurent, 1979 with one genus and Brachyura Latreille, 1802
with seven genera. The most of these specimens are stored at the
Paleontological collections in Prague: National Museum, Czech
Geological Survey and Institute of Geology and Paleontology (Charles
University in Prague, Faculty of Science). Many decapod’s specimens
are also stored at Museum in Krupka (a part of the Regional Museum
in Teplice). Stratigraphical distribution of these decapods is described
from the Upper Cenomanian to the Lower Coniacian in the BCB. The
Upper Cenomanian crustacean record is sparse, all of specimens
belong to genus Protocallianassa Beurlen, 1930 (infraorder Axiidea).
Turonian decapods are more abundant and diversified. The most of
them came from the Lower—Middle Turonian sediments at Bila Hora
in Prague (this locality is already destroyed). Lower Coniacian taxa
consist predominantly of brachyuran crabs. These crabs are originally
described from the type locality at Bfezno near Louny. The most
abundant fossil decapods from the BCB, which are also commonly
found at this time, are referred to the genera Enoploclytia M'Coy,
1849 (infraorder Glypheidea) and Protocallianassa Beurlen, 1930.
The fossil record of the other decapods from the BCB is sparse and
fragmentary.

P. VRSANSKY: Origin of mantises revisited

Geological Institute, SAS, Bratislava, Slovak Republic
Paleontological Institute, Russian Academy of Sciences, Moscow,
Russia

Based on new Mesozoic and Tertiary material, the phylogenetical
scheme of the earliest mantodeans and their ancestors is provided.
The predatory cockroach (Liberiblattinidae), representing ancestral
or sister taxon to all mantodeans and predatory cockroaches of
the family Eadiidae, is reported from the Late Jurassic of Karatau
in Kazakhstan. Mesozoic Jantarimantidae (Fig. is 98Ma old amber
mantis) and Juramantidae are the sister taxons to the rest known
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mantodeans; Santanmantis was the most primitive ambush
mantodean known to date. Similarly as in the sedimentary record,
all amber mantises (possibly except for Ambermantis wozniaki)
represent primitive pursuit mantises, which replaced primitive pursuit
carnivorous cockroaches of the family Raphidiomimidae during the
earliest Cretaceous. Advanced ambush mantises were evolving
parallel since the Berriasian, but became dominant much later, along
with the origin of modern mantis lineages.

F. ZALEWSKI: Structural changes of chondrules on the
surface of Allende meteorite

Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland

The Allende meteorite fragments originated by a fall that was
observed on February 8, 1969 when bright bolide consisting of two
meteoroids flew over northern Mexico. After the entry into denser
layers of the atmosphere over the Chihvahua province it exploded,
spreading the meteorites of varying sizes over an area of 500 km?2.
It was studied by the NASA scientists and has been classified as
carbonaceous chondrite CV 3.2, consisting of a protoplanetary
matter.

Objects of interest for the author of the paper are the olivine-
-pyroxene chondrules (olivine-(Mg,Fe),SiO,, pyroxene — AB(Si,Og),
A —is substituted by calcium or sodium and B — by magnesium, iron,
aluminium. Those chondrules probably crystallized in the cosmic
space about 4.6 billion years ago and are the oldest matter in our
Solar System.

The study was conducted in the open microscopic slide by
means of Carl Zeiss Jena polarizing microscope using up to 200x
magnification and Nikon 120 microscope with a magnification of
up to 500x in a transmitted and reflected light. To extend the results
of chondrules” structure, scanning electron microscope (FESEM)
Hitachi S-4700 with spectrometer (EDS) NORAN Vantage was used.

The results of studies carried out by these methods revealed the
presence of isotropic-amorphous layer on the surface of a meteorite
beyond the fusion crust, as well as a partial transformation of the
olivine-pyroxene chondrules” structure into isotropic — amorphous
matter. It has been observed that changes of olivine and pyroxene
in such chondrules occur initially in the central part of chondrule
and not on its periphery. Within the body of chondrules the presence
of the iron-nickel spherules was documented with a size varying
from 1 to 200 microns and a different Fe/Ni ratio, which also has
been partially or completely replaced by (or transformed) into the
isotropic — amorphous phase. This layer was found in thin sections
made of successive meteorites DAG 949 L6, NWA 5500.

For these results it can be concluded that spherules located
inside the chondrules are older than the objects in which they were
located.

Subsequently, the formation of an isotropic — amorphous layer
on the surface of meteorites is caused by a high speed flight in the
upper layers of atmosphere where the oxygen is present in small
quantities, and on the forehead of meteorite plasma is formed or
inductive waves” activity. These waves cause changes not only on
the surface of the flying object but also in the matrix and chondrules
located beneath the ablation zone.

T. ZGLOBICA', T. BAUDA', M. MANECKI" and D. SZREK?:
Immobilization of Zn, Pb, and Cd in soils by phosphate
fertilizers

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

2Polish Geological Institute, Holy Cross Mountains Branch, Kielce,
Poland

Years of mining and processing of lead and zinc ores results
in a progressive contamination of soils surrounding the mines and
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smelters. In accordance with the current law these soils have to be
rehabilitated. The problem of an extensive contamination of soils
with the heavy metals in the Upper Silesia region (S Poland) may be
addressed, using a modern in situ chemical immobilization technology.
The objective of this study was to determine the effect of phosphate
fertilizers on Zn, Pb and Cd phytoavailability and leacheability from
smelter-contaminated soils.

The soils used in this experiment were collected from sites
located in proximity to a Zn and Pb smelter and a sludge landfill near
the town of Bukowno. Soils were air-dried and sieved (< 2 mm). The
research was conducted in the laboratory conditions. Five types of
phosphate compounds and phosphate fertilizers, namely phosphoric
acid, Polifoska 15, ammonium phosphate, phosphosilicate glass, and
bone meal, were tested to determine their efficiency in immobilizing
of Zn, Pb and Cd in contaminated soils. Reagents were added to the
contaminated soils based on the total molar concentration of Pb, Zn,
and Cd in the soil samples. Phosphate amendments were based on
preliminary experiments that included and 2 : 3 P to My, molar ratio
treatment (M, = = of total Pb, Zn, and Cd determined). Two chemical
extractions were used to assess the relative availability of metals in
the treated and untreated soils: 1) 0.01 M CaCl, solution at pH 7
and 2) TCLP — standard Toxicity Characteristic Leaching Procedure.
Both that are widely reported in the scientific literature as proxies for
bioavailability and toxicity, respectively, of metals in soils.

Effective reduction of leachable and bioavailable Zn, Pb and
Cd concentrations in soil was observed after addition of ammonium
phosphate, Polifoska 15 and phosphoric acid. Results of experiments
confirmed the efficiency of these amendments at low pH and
temperature. The experiments allowed to determine the optimal
conditions for zinc, lead and cadmium immobilization in studied
soils. These laboratory experiments confirmed that phosphates
amendments are effective way of immobilization of Zn, Pb and Cd
contaminations.

We gratefully acknowledge of the MNiSW support through grant
N N525 461236.

J.SURKA: Sedimentological analysis of Borové Formation
(Paleogene) in the Orava area

Geological institute, Slovak Acad. of Sciences, Dumbierska 1,
974 11 Banska Bystrica, Slovak Republic; surka @ savbb.sk

Sediments of the Borovské Formation were deposited in various
depositional environments. Using the sedimentological analysis we
are able to study various depositional environments of sediments
also in the Orava region.

Three sedimentological profiles were studied in the Zazriva area.
The profiles were located only several hundreds of meters away
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from each other. However each of the profiles represents different
depositional environment. Fining upwards pattern of the sediments
shows that the “Capica” profile represents typical transgressive
evolution of the Borovské Formation. Sediments at the bottom of this
formation are built by the coarse-grained homogeneous dolomitic
breccias, which belong to the Mesozoic underlying rocks. They are
gradually altered by conglomerates in the upper parts of the profile.
The uppermost part of the profile is formed by the sandstones.
Presence of nummulites in these sandstones indicates the existence
of marine depositional environment. According to above summarized
knowledge we can argue that the lower parts of the profile were
formed by sediments of pre-transgressive alluvial fans with very
short transport of material, which gradually changed to marine
environment. ;

The “Cremos$ 1” profile is different when compared to “Capica”
profile. No coarse grained material is present at the basal part of the
profile. The base of the profile is formed by carbonates (mudstone
and wackestone types), which are characteristic for relatively calm
depositional environments.We can assume in this case that sediments
were presumably deposited in protected (lagoon) environment. The
upper parts of the profile are formed by the packstone type limestones,
which are replaced by fine grained conglomerates and sandstones in
the uppermost part of the profile. The sandstones contain various
species of the great Foraminifers, of which the Alveolinas are the
most abundant. The Alveolinas prefer shallow marine environment,
which is represented in this case by the transgressive sediments of
upper shoreface. Sandstones deposited above them (also containing
“drowned” occasional bigger clasts) are probably tempestite deposits.
There are abundant nummulite clusters present in the sandstones
showing the marks of bioturbation, which indicates that the upper
part of the sediments were deposited between the fairweather wave
base and the storm wave base (lower shoreface).

Another profile was studied in the area of “Jezov vrch” near
Oravice. The Borovské Formation in this region has distinct features
when compared to previous studied areas. The profile is formed solely
by carbonates. Coarse grained sediments are not present at all. The
limestones contain numbers of fossils, it is possible in this case to
talk about organodetritic to organogenic carbonates. Based on the
information obtained from thin sections were the carbonate rocks
classified to packstone and bindstone classes. If we suppose that the
formation of limestones was bound to carbonate ramp, the packstone
type of limestones should be present in the shallow sector, which
is affected by fairweather wave base. This is supported also by the
relatively frequent streamlined arrangement of the great Foraminifers
in the thin sections. Bindstone type of limestones is characteristic by
the presence of eukaryotic algae, which often form crusts on shells of
dead Foraminifers and on carbonate fragments. Their position within
the carbonate ramp should be in calmer, but still shallow marine
environment, which could allow formation of such accruals.
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Kooperdeia so Shanghai Jiao Tong univerzitou v Cine (School of Environmental
Science and Engineering) v ramei hilateralneho APV projektu

Cooperation with the Shanghai Jiao Tong University of China (School of Environmental
Science and Engineering) in the framework of APVV project

EvA CHMIELEWSKA
Prirodovedecka fakulta UK v Bratislave

Abstract: Being large and having long, interesting, and geographically dispersed history, China is proud also of its modern cities and economic
power. Shanghai is a historically significant city, sometimes called as the “new”Hong Kong. In 2010, the Faculty of Natural Sciences, Comenius
University in Bratislava and Shanghai Jiao Tong University of China (School of Environmental Science and Engineering) started to cooperate

in the framework of a bilateral Slovak-Chinese APVV project dealing with the environmental exploitation of natural zeolites.

Key words: zeolite, stilbite, photovoltaics, research cooperation

Prastara, obrovska, mimoriadne napredujuca, extrémne ludnata,
jedine¢na, s hlbokou kultdrou prameniacou z taoizmu, konfucianizmu
a budhizmu - to v8etko st momenty defilujice u mna po nedavnej
navsteve Ciny, s ktorou budeme na Prirodovedeckej fakulte UK,
Bratislava kooperovat prostrednictvom Sanghajskej Jiao Tong
univerzity nastavajuce 2 roky, a to v oblasti vymeny skusenosti pri
environmentalnom vyuzivani prirodnych zeolitov. Cina je lidrom v tazbe
zeolitov (60 % celosvetovej tazby), v prevaznej miere pre stavebnictvo.
Najvacésim spracovatelom a distribitorom nerudnych surovin vratane
zeolitov v krajine je Shijiazhuang Mining Imp & Exp Trade Co.,
Ltd., ktory ponuka prirodny klinoptilolit — v zavislosti od jeho Upravy
a chemickej aktivacie — od 50 do 350 USD za tonu. Tento zeolit sa tazi
hlavne v kanténe Hebei. Na juhu Ciny, asi 200 km od mesta Guilin, je
vyznamnejsie lozisko stilbitu (85 — 90 %-ny obsah minerélu v hornine),
ktory vSak napriek vysokému obsahu vapennych iénov nepreukazal
pri naSich laboratérnych skuskach o¢akavany efekt odstrafiovania
fosfatov, na rozdiel od inych pribuznych materialov (obr. 1 a 2).

Okrem toho sa dnes uvazuje o nahrade drahej vyroby kremikovych
polovodi¢ov — v ¢om Cina zaujala taktiez popredné miesta — za
plastovu mikroelektroniku, produkciu mikro€ipov a tranzistorov na
baze optickych vlastnosti polymérov s konjugovanymi vazbami,
nanesenych na anorganické nosic¢e. Polymérne organické polovodice
zapuzdrené v zeolitoch predstavuju 3. generaciu fotoaktivnych
polovodi¢ov a progresivnu optoelektroniku, pretoze tenky film
z organopolymérov alebo pigmentov naneseny na nanokrystaloch
zeolitu s podstatne va¢sim povrchom ako klasické podporné vrstvy
zo skla mnohonasobne zvySuje Gcinnost konverzie sine¢nej energie
na elektrickd. Novu architekturu fotovoltaickych ¢lankov predstavuju
v sUcasnosti extrémne tenké filmy tychto polymérov, navySe
oplastujuce kvantové body (quantum dots), t.|. klastre atdmov velkosti
2 — 10 nm, ktoré na podpornej vrstve mezopdrovitych polyoxidov
(napr. zeolitov) eSte ucinnejSie zvySuju antireflexné vlastnosti
a absorpciu svetla s vyrovnanym a symetrickym emisnym spektrom
v podobe mimoriadne spontanneho generovania excitéonov. Az 70 %
svetovych solarnych systémov na ohrievanie vody je nainstalovanych
v Cine, kde dnes zaberaju celkovu plochu viac ako 20 mil. m?,

Partnerska univerzita patri v Cine medzi prestizne stanky
vzdeldvania a bola jednou z tych, ktoré vykonavali aj medzinarodny
rating kvality ostatnych univerzit vo svete. O vysokej Ucte k vzdelaniu
v krajine sa mozno presvedcit vSadepritomnym kultirnym udrziavanim
a stvarnenim prostredia vysoko$kolakov tak, aby sa mladej generacii
pripominal aj jedine€ny prinos &inskej kultury pre svet. Historické
¢ajovne alebo novopostavené pagody sprijemnuju chvile oddychu
Ci relaxu na pomerne rozsiahlych Uzemiach jednotlivych univerzit,
charakteristickych pre Cinu, ktorych je len v Sanghaji udajne viac
ako 20 (obr. 3 a 4).

Sanghaj bol pred asi 1 000 rokmi tdajne rybarskou osadou
na podmacanych pozemkoch a pri delte rieky Jang-c’-tiang do
Vychodoéinskeho mora. Cifania dnes zrevitalizovali niektoré
fragmenty zachovalych biotopov a mokradi, a tak tieto nadherne
zakutia prirodnej scenérie v ramci Sanghaja sluzia obyvatelom ako
relaxa¢né centra oddychu.

S narastom obchodnej vymeny v 17. a 18. stor. sa Uloha mesta
ako prekladiska tovarov znaéne posilnila. Aj ked sa Cinania velmi
dlho branili akymkolvek vplyvom cudzincov, nakoniec kapitulovali,
ked k tzv. RiSi stredu priplavali britske vojnové lode. Ekonomicky tlak
Zapadu sa teda nedal zastavit. Po prvej 6piovej vojne sa Sanghaj
stal jednym z 5 &inskych pristavov, ktory mohol byt osidlovany aj
cudzincami, ti mali povolent obchodnu ¢innost. Cudzinci zacali
vytvarat metropolu biznisu, pricom bezni Cifania z blahobytu
mocnych nemali takmer ni¢. Preto ludové masy — rozhoréené
vlastnou nerovnopravnostou a korupciou tzv. spolo¢enskej elity
— rozputali proti tymto parazitom revollciu. V r. 1937 — 1945 bol
Sanghaj obsadeny Japonskom.

Dnes patri Sanghaj medzi najrozlahlejSie a najkrajSie mesta
sveta. Mimoriadne velky rozvoj nastal obzvlast v 90. rokoch 20. stor.,
od kedy sa Sanghaj radi medzi najvyspelejSie aglomeracie sveta.
V sucasnosti je Cina druhou najsilnejSou ekonomikou sveta, a teda
pravom sa jej hovori ,dielha sveta® Je pozoruhodné, ze pri hustom
osidleni obyvatelov, je Cistota a estetické stvarnenie mestského
prostredia na velmi vysokej urovni.

Mestom preteka rieka Huaugpu, ktora vytvara vo vychodnej ¢asti
mesta deltu so svojim pritokom, riekou Wusong. Vzdialenost k oceanu
je z tohto miesta tdajne asi 80 km. Tato Cast, tzv. Pudong, predstavuje
novy moderny Sanghaj s viac ako 300 mrakodrapmi. Najvacsi z nich
je 88-poschodovy, 427 m vysoky Jinmao Plaza. NajvySSou stavbou
Ciny a Azie je televizna veza Perla Vychodu, vysoka 468 m, taktiez
v mestskej Casti Pudong (obr. 5).

Vysoku zivotnu urovefi Sanghajéanov odraza Nankingsky bulvar,
ktory je najznamejSou nakupnou tepnou mesta v euroamerickom
Style (obr. 6). Francuzska $tvrt, zapadne od starého mesta, je zase
najbohatSou oblastou na klasicku eurépsku architektiru s mnohymi
vilami v tyle art-deco. NajvyznamnejSou, typicky ¢inskou zahradou
v Sanghaji je Ju-jian, zalozena na prikaz jedného z mandarinov
dynastie Ming. Ide o skutoény klenot krajinarskej ipravy s nadhernymi
romantickymi stavbami takmer uprostred rusneho velkomesta. Na
zaver je snad esSte vhodné spomenut, ze Sanghaj bol tohto roku
organizatorom svetovej vystavy EXPO 2010, ktoru zvladol vynikajuco
a dostojne. Cela vystava sa niesla v symbolike trvalej udrzatelnosti,
zdravs$ieho mestskeho prostredia a ekologickej dopravy na solarny
pohon, pomocou nej Cinania zabezpecovali lokalny transport
na vystavisku.
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Obr. 1. SEM snimka ¢inskeho prirodného stilbitu. Obr. 2. Kinetickd zavislost adsorpcie fosfatov na vybranych

Fig.1. Scanning Electron Micrograph of Chinese natural stilbite. adsorbentoch.

Fig. 2. Kinetic dependence of phosphate onto selected adsorbents.
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Obr. 3. Studenti SUTU (School of Env. Science and Eng.) po spolonom Obr. 4. Historické ¢ajovne alebo novopostavené pagody sprijemriuju

seminari. aj univerzitné prostredie.
Fig. 3. Students of SJTU (School of Env. Science and Eng.) after our Fig. 4. Historical teehouses or new constructed pagodas make
seminar. the university campus pleasant.
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Obr. 5. Pudong predstavuje novy moderny Sanghaj s viac ako 300
mrakodrapmi.

Fig. 5. Pudong presents a new modern Shanghai with more than 300

skyscripers.
Obr. 6. Nankingsky bulvar ako najznamejsiap-
nakupna tepna mesta v euroamerickom $tyle.

Fig. 6. Nanking boulevard as the most beautiful
shopping street in an euroamerican style.
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D. HOVORKA: Clovek a Zem v interakcii
Review of the publication Man and Earth in Interaction written by Dusan Hovorka

G ET TS

Abstract: Article reports about a new book written by D. Hovorka and issued in the VEDA Publishing House Bratislava. First part of the
contribution briefly characterizes the professional and scientific career of Prof. Hovorka, being an author of 150 scientific works and several
textbooks.The presented book Man and Earth in Interaction contains 16 extended chapters interconnecting both — scientific and popularization
fields: Origin of the Earth, crustal “metabolism’; movement of the mountain massifs, the deepest boreholes and mines. Author reports about
raw materials used in the Stone Age as well as several tens kilometres long wall in the south-western Slovakia. Author analyses the role
of manganese concretions, oil, gas and radioactive materials in human community. The natural disasters occurring in Slovakia are characterized

at the end of publication.

Key words: new book, review, geology, raw materials, Earth, Slovakia

O autorovi

Prof. RNDr. Du$an Hovorka, DrSc., sa
v ramci vedecko-vyskumnej €innosti na
Univerzite Komenského v Bratislave venoval
problematike vyvretych a metamorfovanych
hornin. V rokoch 1999 — 2002 bol zodpoved-
nym rieSitefom projektu IGCP/UNESCO
No. 442 o materiali kamennych nastrojov
a zbrani mladSej doby kamennej na eurdp-
skom kontinente. V poslednych rokoch sa
venuje aj surovinam a technoldgii vyroby
neolitickej keramiky na naSom uzemi.

Prof. Hovorka je autorom/spoluautorom
vySe 150 vedeckych prac a tiez niekolkych
ucebnych textov. Jeho dve knizné monografie
boli ocenené prémiami Literarneho fondu.
Spoluorganizoval odborny zivot komunity
geovedcov v Ceskoslovensku a nasledne
v Slovenskej republike. Bol zvoleny za
predsedu Narodného geologického komitétu
Ceskoslovenska, nasledne tuto funkciu
zastaval v Slovenskej republike. Dve funkéné
obdobia bol ¢lenom Slovenskej komisie
UNESCO pri MZV, ¢lenom SKVH na MS SR,
predsedom obhajobnej komisie pre obhajoby
doktorskych (DrSc.) dizertacii, ¢lenom
vedeckych (UK, PRIF UK) a redakénych
rdd domacich i zahraniénych vedeckych
¢asopisov. Bol aktivnym ucastnikom
medzinarodnych geologickych kongresov
(Praha, Kyoto, Beijing, Rio de Janeiro),
niekolkych ro¢nikov Generalnej konferencie
UNESCO v Parizi a viacerych geologickych
expedicii — na ostrovoch v Egejskom mori,
v Mongolsku, na Polarnom Urale, na Cukotke,
v Kazachstane, vo Svédsku, a i.

O knihe ,,Clovek a zem v interakcii*

Napisaniu recenzovaného knizného
diela predchadzalo zverejnenie desiatky
kratSich vedecko-popularizacnych stati, ale
aj uspesnych publikacii: D. Hovorka — ,Sopky:
vznik, produkty, désledky; D. Hovorka
a J. SpiSiak — ,Vulkanizmus mezozoika
Zapadnych Karpat| a tiez D. Hovorka
a J. Michalik — ,,0 ¢om hovoria nase vrchy;
geoldgia pre kazdého!

Recenzovana publikacia svojou vnitornou
napliou predstavuje rozhranie literatdry faktu

SLOVENSKEJ = M
AKADEMIE
VIED ¥

a vedecko-popularizadnej literatury. Sestnast
rozsiahlych kapitol ma netradi¢né, ale pritom
velmi vystizné a zrozumitelné nazvy, ktoré
upozorfiuju Citatelov na ich zaujimavy obsah.
Po kratkych uvodnych kapitolach (Vznik
Zeme, Metabolizmus zemskej kéry a i.)
autor predostiera niektoré aspekty interakcie
¢loveka s obklopujucou ho prirodou, obozna-
muje s pocCiatkami banictva a nasledne
problematikou taZby a spracovania vybranych
anorganickych surovin.

Autor uvadza aj velmi aktualnu, no
nedostatoéne prezentovanu problematiku
naSich vysokych pohori a fenomény
spbsobené pohybmi horskych masivov
(,Kedy a preCo sa pootoCil Krivan?*).
Aspon Cast Citatelov istotne zaujmu udaje
o najhlbsich vrtoch do zemskej kéry v oblasti
suSe i do dna svetového oceana, kapitola
o najhlbSich banskych dielach na Zemi
a o problémoch s nimi spojenych. U nas je
malo znama aj problematika anorganickych
surovin kamennej doby strednej Eurdpy, ale
tiez problematika desiatky kilometrov dlhého

«

kamenno-zemného valu (,dlhy val; ,speceny
val“) v Honte. Jednou zo surovin 21. storoCia
sU aj manganové konkrécie z dna Tichého
oceana — aj Slovenska republika méa svoj
,claim“ s bohatymi zasobami riad Mn, Fe,
Cu, Ni, Co ai. V dalSej kapitole sa doc¢itame
0 vyzname ,beznych surovin} ako hlina
alebo kremenny piesok. Autor zdérazriuje, ze
maloktora cielavedoma ¢innost moderného
¢loveka sa pocas niekolkych tisicroéi
zmenila tak malo, ako prave hrnéiarstvo Ci
vyroba keramiky. Podobné je to s pouzivanim
kremenného piesku, ktorého vysledkom je
sklo. Od surovin sprevadzajucich ¢loveka
dlhou histériou jeho vyvoja sa odliSuju
suroviny dnesnej modernej doby. Ropa,
zemny plyn, podobne ako radioaktivne
suroviny, sa ako zakladné energetické
suroviny stavaju ¢oraz CastejSie nastrojmi
mocenskej politiky. Autor sa zamysla nad ich
vyuzivanim v prospech ¢loveka a upozorfiuje
aj na negativny dosah tazby a upravnictva
na zivotné prostredie (devastované plochy,
odpady, emisie). V kapitole o drahych kovoch
a kamenoch sa autor podrobnejSie zaobera
zlatom, platinou a diamantom.

Autor moderne a najma aktualne
zosumarizoval prirodné katastrofy, ktoré
ohrozuju uzemie SR. V kapitole ,Geoldgovia
a paragrafy“ uvadza niektoré udalosti a ich
dosledky v dobe, ked prislusnici inteligencie
boli takpovediac trpenou skupinou oby-
vatelstva (i ked mené postihnutych zamerne
uvadzané nie su).

Sucastou knizného diela je aj slovnik
vysvetliviek k niektorym menej casto
pouzivanym odbornym terminom.

Pocetné farebné obrazky su kvalitné,
maju velkd vypovednu hodnotu a plne
dokresluju textovu €ast publikacie. Aj ked nie
sU umiestnené priamo v texte, ale v celkoch
(z dévodu znizenia ceny publikacie), Citatel
sa rychlo zorientuje.

Publikacia vysla vo vydavatelstve VEDA
v Edicii Svet vedy ako zvazok €. 16 v roku 2010.
Mé 254 stran a na prvy pohlad putavu pevnu
kniznu vazbu. Kupit sa da v predajni Vedy
na Stefanikovej 3 v Bratislave za 5,58 eur.

L. lllasova
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IKronikalelyubilee!

Vladimir Bezak Sest’desiatro¢ny

Greetings to 60th birthday

Vlado Bezak sa narodil 1. marca 1951
v Ziline. Pretoze starych rodiov mal z Detvy,
vela ¢asu zo svojho detstva travil pod
Polanou. Stredo$kolské vzdelanie absolvoval
v rokoch 1966 az 1969 na Gymnaziu na
Metodovej ul. v Bratislave. HIboky vztah
k prirode uz z detstva ho doviedol na Stu-
dium geoldgie na Prirodovedeckej fakulte
Univerzity Komenského v Bratislave. Na put
skvelého geoldga, odbornika na mapovanie,
sa vydal poc¢as Studia pri spracuvani svojej
diplomovej prace v Geologickom ustave
Dionyza Stdra v Bratislave. Popri §tudiu
sa aktivne venoval $portu, najma hodu
oStepom. Dosiahol viacero vyznamnych
uspechov a aktivnu kariéru ukoncil v Dukle Banska Bystrica.

Po vojencine zacal svoju profesionalnu kariéru
v Geologickom Ustave Dionyza Stura. Hned sa zapojil
do mapovacich prac na oddeleni Dr. A. Klinca, a to najma
v juznom veporiku a v Dumbierskych Tatrach. V roku 1975
obhajil rigoréznu pracu (RNDr.) z vulkanoldgie. V roku 1988
obhajil kandidatsku dizertaénu pracu na tému Tektonicky
a metamorfny vyvoj jz. ¢asti veporika a dosiahol vedecku
hodnost kandidat vied (CSc. = PhD.). Jeho $kolitefom bol
vyznamny Cesky geoldg prof. Milo§ Suk. V r. 1998 ziskal
vedecky stuperi veduci vedecky pracovnik.

Niekolko rokov stravil aj pésobenim v zahranici. Najprv
sa zucastnil na geologickej expedicii v Mongolsku (1978).
V rokoch 1982 — 1985 pracoval vo velmi tazkych podmienkach
v bani na Pb-Zn rudy v Alzirsku. V devatdesiatych rokoch
sa zuc€astnil na mapovacich pracach v Rakusku, najma vo
Vychodnych Alpach v oblasti Reisecku. V tychto rokoch
viedol aj medzinarodny projekt spoluprace s Francuzskou
geologickou sluzbou (BRGM).

Tazisko jeho odbornych prac bolo véak v krystaliniku
Zapadnych Karpat. Pod jeho vedenim vznikla mapa zapadnej
Casti Slovenského rudohoria, ale podielal sa aj na zostavovani
dalSich regionalnych map vmierke 1:50 000. Bol spoluautorom
prvych map Slovenskej republiky a Zapadnych Karpat v mierke
1 : 500 000. Viedol niekolko vyznamnych geologickych
projektov, ako napr. Regionalny geologicky vyskum Slovenska
- 5. etapa. Vrcholom jeho pdsobenia v Statnom geologickom
ustave D. Stira bolo vedenie narodného projektu tvorby
generalnej geologickej mapy SR v mierke 1 : 200 000. Viado
Bezak koordinoval tieto prace s velkou zodpovednostou.
Uvedomoval si, ze nova geologicka mapa 1 : 200 000 vznika
patdesiat rokov po vydani prvej generalnej geologickej
mapy a na Slovensku bude urcite nadlho hlavhym mapovym
geologickym podkladom. Skér nez zacal s kolektivom davat
dokopy podklady z réznych regionalnych map, velmi spravne
sa rozhodol pripravit najprv novu Tektonicki mapu SR
1 : 500 000, aby sa naSiel sulad v hierarchii a terminoldgii
hlavnych tektonickych jednotiek. Tieto dve kli¢ové mapové
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diela — Tektonicka mapa Slovenskej
republiky 1 : 500 000 a Prehladna geolo-
gicka mapa Slovenskej republiky 1 : 500 000
— ho stali vela usilia. Vlado musel zvladat
koordinaciu prac pocetného kolektivu
geoldégov. Museli sa zosuladit réznoveké
podklady, ¢o vyzadovalo nielen hlboku
znalost geologickej stavby Slovenska,
ale predovSetkym znac¢né organizacné
schopnosti. Vysledok vSak stal za to. Nova
geologicka mapa nielenze dokumentuje
nové poznatky zozbierané z geologického
vyskumu Slovenska za uplynulych patdesiat
rokov, ale poskytuje aj dolezité nové pohlady
na viaceré geologické utvary. Novinkou je
aj zobrazenie hlavnych kvartérnych usadenin. Tym sa mapa
stala plastickejSou a lepSie Citatelnou.

Odborna a vedecka praca V. Bezaka sa odzrkadluje
v mnozstve publikacii a citacii. Viaceré prace boli ocenené
Slovenskou geologickou spolo¢nostou ako najlepsie v roznych
kategdriach (mapové diela, vedecké prace, popularizacné
prace). Za Prehladnu geologicki mapu Slovenska priSiel
jej autorovi dakovny list prezidenta Slovenskej republiky.
V. Bezak vytvoril, okrem iného, aj ucelenu koncepciu hercynskej
stavby krystalinika Zapadnych Karpat. To ho priamo v spolu-
préci s geofyzikmi, najma Janom Sefarom a Miroslavom
Bielikom, priviedlo k interpretaciam stavby kory a litosféry
Zapadnych Karpat. V sucasnosti pokracuje v interpretacii
hibokych geologickych Struktur na novom pésobisku v Geo-
fyzikalnom uUstave SAV. Pracuje najma na interpretovani
magnetickych, magnetotelurickych a gravimetrickych merani.
Okrem toho odovzdava svoje skusenosti prostrednictvom
vyberovych prednasok Studentom Prirodovedeckej fakulty
Univerzity Komenského a tiez fakult v KoSiciach a v Brne.
V. Bezak, okrem svojich odbornych kvalit, bol vzdy dobrym
popularizatorom. Vyznamne sa podielal aj na tvorbe vystavy
Planéta, na ktorej Zijeme v Prirodovednom muzeu SNM, najma
na Casti Geologicky vyvoj Slovenska. Momentalne dokonCuje
projekt Geologicka nauc¢na mapa Tatier.

Okrem odbornej ¢innosti sa jubilant venoval aj organizac-
nym aktivitim. Zalozil Asociaciu geolégov Slovenska (AGS),
ktora bola spoluzakladatelkou Unie geologickych asociacii
Slovenska (UGAS). Je dlhoroénym &lenom Slovenskej
geologickej rady, bol podpredsedom Slovenskej geologickej
spolo¢nosti a Narodného geologického komitétu a dve
obdobia predsedom vedeckej rady SGUDS. Stigasnici mozno
nevedia niekedy docenit, aki vyznamnu stopu V. Bezak
nechava v slovenskej geoldgii.

Milému jubilantovi k zivotnému jubileu zelame pevné
zdravie, radost zo Zivota a eSte vela napadov, ktoré by pomohli
geoldgii Zapadnych Karpat.

I. Broska



InStrukcie autorom

Vseobecné instrukcie

1. Rukopis v dvoch exemplaroch a originaly obrazkov musia
byt zhotovené podla instrukcii pre autorov éasopisu Mineralia
Slovaca. V opa¢nom pripade redakcia ¢lanok vrati autorovi pred jeho
zaslanim recenzentovi.

2. Rozsah ¢lanku je najviac 30 rukopisnych stran véitane literatury,
obrazkov a vysvetliviek. Uverejnenie rozsiahlejSich c¢lankov musi
schvalit redakéna rada a ich zaradenie do tlace bude zdlhavejSie.
3. Clanky sa publikuju v slovencine, ¢estine alebo v anglictine.
Uprednostriuje sa angli¢tina. Abstrakt a skratené znenie c¢lanku
napisaného v slovencine alebo ¢estine (resumé) musia byt v anglictine.
4. Text ¢lanku spracovany v editore MS Word PC zaSlite redakcii
v dvoch vytlacenych exemplaroch s riadkovanim 2 a tiez na CD. Obrazky
a tabulky musia byt vytlatené samostatne vo formate nepresahu-
jucom format A4 a na CD uloZené v samostatnych suboroch.

5. Sucasne s c¢lankom treba redakcii poslat autorské vyhlasenie,
ze nijaka Cast rukopisu este nebola publikovana a originalne su aj
obrazky. Koépie obrazkov z inych publikacii musia byt legalizované
ziskanim prava na publikovanie. Vyhlasenie musi obsahovat meno
autora (autorov), akademicky titul a trvalé bydlisko.

Text

1. Upravu textu aj zoznamu literatdry treba prispdsobit suicasnej
Uprave ¢lankov v ¢asopise.

2. Text sa ma pisat s dvojitou linkovou medzerou (riadkovacom 2),
na strane ma byt priblizne 30 riadkov, Sirka riadka je asi 60 znakov.

3. Abstrakt stru¢ne sumarizujuci hlavné vysledky élanku méze mat
najviac 200 slov a nema obsahovat citacie.

4. Text ma mat Uvod, charakteristiku (stav) skimaného problému,
pouzitd metodiku prace, zistené Udaje a poznatky, diskusiu, zaver
a zoznam literatury.

5.V ¢lanku treba zretelne odlisit vychodiskové udaje od interpretacii.
6. Udaje z tabuliek a obrazkov v texte neopakovat, iba ich komentovat
a odvolat sa na prislusnu tabulku, resp. obrazok.

7. Text treba Clenit nadpismi — hlavné pisat do stredu a vedlajSie
na lavy okraj strany. Pouzit mozno najviac tri druhy hierarchickych
nadpisov a podla dblezitosti ich vyznacit ceruzkou na lavom okraji
strany: 1 — najvy$8i, 2 — nizsi, 3 — najnizsi.

8. V texte sa uprednostiiuje citacia v zatvorke, napr. (Dubcak, 1987;
Hruby et al., 1988), pred formou ... podla Dub&aka (1987). Krstné
(rodné) mena sa ani v jednom pripade neuvadzaju.

9. Umiestnenie obrazkov a tabuliek sa oznaci ceruzkou na lavom
okraji rukopisu. Nie je vhodné, aby text v editore MS Word obsahoval
vloZzené obrazky.

10. Grécke pismena pouzité v texte treba identifikovat na lavom
okraji slovom (napr. sigma).

11. Pri pisani treba dosledne odliSovat poml¢ku od spojovnika.

12. Symboly, matematické znacky, nazvy skamenelin, slova a pod.,
ktoré sa maju vysadzat kurzivou, autor v rukopise podciarkne vinovkou.
13. Clanky napisané v slovencine alebo ¢estine musia obsahovat
anglicky preklad nazvu, abstraktu, kli¢ovych slov, resumé a popisov
k obrazkom a tabulkam.

llustracie

1. llustracie musia byt vysokej kvality, maju dokumentovat a vysvetlovat
text. Musia sa pripravovat s vedomim, Zze budii zmensené na Sirku
stlpca (81 mm) alebo strany (170 mm). Tomu treba prisposobit
ich velkost a formu, resp. zoskupenie. Vhodne upraveny obrazok
(velkost pismen, hrubka ¢iar) mozno reprodukovat aj v pomere 1 : 1,
ale kresby (perovky) odporti¢ame urobit vacsie, ako budu vytlacené.
Perovky maju byt zhotovené sytym ¢Eiernym tuSom. Umerne k pred-
pokladanému zmensSeniu treba zvolit hribku c&iar, velkost pisma,
Cisiel, hustotu Srafovania a pod. Obrazky treba popisovat Sablénou,
nie volnou rukou. Optimalna velkost pisma v ¢asopise po zmen$eni
je pri velkych pismenach a Cislach 2 mm. Ak je ¢lanok v slovencine,
popisy v obrazkoch musia byt v slovenéine, ak je v angli¢tine, aj ilustracie
musia byt v angli¢tine. Original (pred zmenSenim) mdze mat najviac
340 x 210 mm. Maximalny rozmer ilustracie vytlaceny v ¢asopise
je 170 x 230 mm. Skladacie ilustracie treba podla moznosti Uplne
vylugit.

Obrazky urobené na pocita¢i musia byt vytlatené laserovou
tlaciarnou v kameralnej podobe pri vysokom rozliSeni (min. 300 DPI)

a musia sa poslat spolu s textom na CD. Pri poéitacovej tvorbe
obrazkov redakcia odportéa pracovat s programami vo vektorovom
zobrazeni (napr. Corel Draw). Velmi tenké ciary (tzv. vlasovej hrubky)
sa nesmu pouzivat ani na obrysy, ani vo vyplni. Vyluéuje sa pouzivanie
softvérovej vyplne (napr. v Corel Draw). Vyplne v obrazkoch sa musia
skladat zo samostatne vysadzanych objektov. Vhodné nie su ani rastrové
vyplne.

2. V3etky ilustracie véitane fotografii musia obsahovat graficku (metricku)
mierku.

3. Zoskupené obrazky, napr. fotografie a diagramy, musia byt pripravené
(nalepené) ako jeden obrazok a jeho casti treba oznacit pismenami
(a, b, c atd.). Takto zoskupené obrazky sa cituju ako jeden obrazok.
4. Fotografie musia byt ostré, Ciernobiele, kontrastné a vyhotovené
na lesklom papieri. Je vhodné, aby sa pre tla¢ zmenSovali najmenej
0 50 %. Pri zasielani fotografii vo forme poéitacovych stborov
(vo formate JPG alebo TIF) sa pozaduje vysoké rozliSenie — minimalne
600 DPI.

5. Na vSetkych obrazkoch sa na okraji (na fotografiach na zadnej
strane) ceruzkou uvedie ¢islo obrazka a meno autora a nafotografiach
sa Sipkou oznadi aj orientacia obrazka.

6. Na mapach a profiloch treba volit jednotné vysvetlivky, ktoré sa
uvedu pri prvom obrazku.

7. Nazvy obrazkov s vysvetlivkami treba prilozit k textu na osobitnom
liste v slovenéine a v angli¢tine.

8. VSetky ilustracie sa musia citovat v texte.

9. llustracie sa zasielaju redakcii uz imprimované. Pri korekture ich
uz nemozno opravovat a dopliiat.

10. Farebné ilustracie vysokej kvality mozno publikovat po dohode
s vydavatelstvom.

11. Redakcia si vyhradzuje pravo vratit autorovi grafické prilohy
na opravu po jazykovej Uprave, resp. poziadat o ich nahradenie
za prilohy v pozadovanej kvalite.

Tabulky

1. Tabulky treba pisat na osobitny list. Ich rozsah a vnutornu Upravu
limituje maximalna Sirka tlacového stlpca (81 mm) alebo strany (170 mm).
RozsiahlejSie tabulky sa neprijimaju.

2. Udaje sa zaraduju do tabulky, iba ak sa nedaju uviest v texte.

3. Vertikalne Ciary sa v tabulkach nepouzivaju.

4. Tabulky sa Cisluju priebezne a uverejiuju sa v ¢iselnom poradi.

Literatura

1.V zozname literatury sa v abecednom poradi uvadza iba literattra
citovana v danom ¢lanku. Citacia oznacena ,v tlaci“ sa méze uviest
v zozname, len ak je z citovaného ¢lanku aspori stlpcova korektura.
,Osobna informacia“ sa cituje iba v texte (Zajac, os. informacia,
1988).

2. Sposob uvadzania literatury

Knizna publikacia

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu.
Alfa, Bratislava, 155.

Casopis

Vrba, P., 1989: Strizné zény v komplexoch metapelitov. Miner. Slov.,
21, 135 - 142.

Zbornik

Navesny, D., 1987: Vysokodraselné ryolity. In: Romanov, V. (red.):
Stratiformné loZiska gemerika. Spec. publ. Slov. geol. spol., KoSice,
203 - 215.

Manuskript ;
Radvansky, F., Slivka, B., Viktor, J. & Srnka, T., 1985: Zilné loziska
jedloveckého prikrovu gemerika. Zavere¢na sprava z ulohy SGR-
-geofyzika. Manuskript. SpiSska Nova Ves, archiv SGUDS, 28.

3. Pri ¢lanku viac ako dvoch autorov sa v texte cituje iba prvy autor
s dodatkom et al., ale v zozname literatury sa uvadzaju vsetci.

4. Ak sa v ¢lanku (v kniznej publikacii) cituje nazov, udaje a pod.
iného autora, ktory nie je spoluautorom publikacie, v texte sa cituje
vo forme (Gerda in Kubka, 1975), ale v zozname literatury sa uvadza
iba Kubka, J., 1975.

V pripade nejasnosti si mozno vyziadat podrobnosti e-mailom
na adrese mineralia.slovaca@geology.sk, alena.wolfova@geology.sk,
alebo zoltan.nemeth@geology.sk
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