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STUDIE-STUDIES

SPELEOGEOMORFOLOGIA A JEJ POSTAVENIE
V RAMCI GEOVEDNEHO VYSKUMU JASKYN

PAVEL BELLA

Statna ochrana prirody SR, Sprava slovenskych jaskyn, HodZova 11, 031 01 Liptovsky Mikulas; Pedagogicka
fakulta KU, Namestie Andreja Hlinku 56/1, 034 01 Ruzomberok; bella@ssj.sk, Pavel.Bella@fedu.ku.sk

P. Bella: Speleogeomorphology and its position within the framework of geosciential
research of caves

Abstract: Knowledge on geomorphological forms and processes belong to the fundamental
and most important data related to caves or cave environment. The paper refers to the natural
sciential significance of geomorphological forms in caves, emphasizes the influence of cave
morphology to the diversity of cave geosystems, characterizes theoretical, general and regional
approaches and prevailing specifications of geomorphological research of caves, and defines the
speleogeomorphology as the geosciential discipline within the framework of geomorphology.
Consecutively basic aims and future perspectives of the development of speleogeomorphology
based on geosystematic approach of the research cave georelief are considered and discussed.
Key words: physical speleology, geospeleology, speleogeomorphology, cave georelief, complex
geomorphological research of caves, cave geomorphological mapping, cave geomorphological
information system

UVOD

Poznatky o geomorfologickych forméach a procesoch v jaskyniach patria medzi zdkladné
a dolezité udaje o tychto pozoruhodnych podzemnych prirodnych javoch vytvorenych
v litosfére. Geomorfologické formy svojou morfologiou a priestorovym usporiadanim
odréazaji podmienky a zakonitosti ich vzniku a vyvoja. Takisto usmerfiuju priebeh a intenzitu
stéasnych prirodnych procesov v jaskynnych geosystémoch. S ciefom ziskat' analytické, ale
najmi syntetizujlice poznatky o geomorfologickych forméach a procesoch v jaskyniach treba
uplatiiovat’ progresivnu metodolégiu parcialneho i komplexného geomorfologického vyskumu,
ktorym sa na zaklade systémového pristupu skuma jaskynny georeliéf z morfometrického,
morfogenetického, morfochronologického i morfodynamického hladiska.

Predlozend $tidia poukazuje na prirodovedny vyznam geomorfologickych javov
v jaskyniach, zdéraziiuje vplyv morfologie podzemnych priestorov na diverzitu jaskynnych
geosystémov, hodnoti doterajsie smery geomorfologického vyskumu jaskyn a charakterizuje
speleogeomorfolégiu ako geovedni disciplinu v rdmci geomorfologie. Dalej nacrtiva
zékladné ciele a perspektivy rozvoja speleogeomorfologie v nadviznosti na geosystémovy
pristup pri vyskume jaskynného georeliéfu, komplexny geomorfologicky vyskum jaskyn,
tvorbu geomorfologického informa&ného systému o jaskyniach, ako aj moznosti aplikacie
geomorfologickych poznatkov pri rieSeni environmentalnych problémov a ochrany jaskyn.

GEOMORFOLOGICKE FORMY A PROCESY V JASKYNIACH,
VYZNAM GEOMORFOLOGICKYCH POZNATKOV O JASKYNIACH

V jaskyniach sa vyskytuju denudacné (stropné a boéné koryta, stropné kupoly, zarovnané
stropy, lastarovité jamky, kratiiavové hrnce a iné), akumulaéné (sutinové kopy, rieCiskové
strkové lavice, naplavové kuzele a iné) i kombinované denudaéno-akumula¢né alebo
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akumula¢no-denuda¢né geomorfologické formy (zlozené terasové stupne, rieciska vyhibené
v podlahe tvorenej aluvidlnymi sedimentmi, egutaéné jamky v jemnych sedimentoch a in¢).
Vytvorili sa na litosférickych povrchoch — na skalnych stenach, stropoch alebo podlahach
podzemnych priestorov alebo na povrchoch sedimentov ulozenych v podzemnych priestoroch
(obr. 1,2,3 a4).

Lange (1959, 1960) a Sustersi¢ (1979a) rozlisuju: (1) ,,speleogénne™ skalné tvary podzem-
nych dutin, vytvorené denudéciou pevnej horninovej hmoty koréznou alebo eréznou ¢innostou
vody, resp. inymi geomorfologickymi procesmi; (2) ,,speleotémne* tvary, vztahujuce sa na
ulozeniny jaskynnych sedimentov. Polemizuje sa, ¢i podzemné dutiny v litosfére, kor¢ uplne
vypiﬁajt’l sedimenty, mozno povazovat za jaskyne. Podla Cykina (1978 in Klimcuk, 1985) je
jaskyfiou iba podzemna dutina, ktora nie je uplne vyplnena sedimentmi. Podzemné dutina
v urditej etape vyvoja Giplne vyplnend sedimentmi nevytvara volny podzemny priestor. Ked'ze
sedimenty su sucastou litosféry, z geoekologického hl'adiska sa takyto Gitvar vztahuje iba na
litosféru (jaskyiiu ako environmentalny prirodny geosystém tvoria aj d’alSie hmotné kompo-
nenty krajinnej sféry). Doteraz sa vSak za jaskyne, zvidcSa v geoldgii, povazuji podzemné
dutiny ¢iasto¢ne alebo Giplne vyplnené tekutou alebo pevnou latkou (napr. Muravski, 1980;
Dubljanskij a Andrejcuk, 1989, 2000).

Speleogénne geomorfologické formy v podzemnych priestoroch akychkol'vek genetickych
typov Slabe (1995) oznacuje terminom ,,jaskynny skalny reliéf*. Sirgie chapany termin
,jaskynny georeliéf* zahfiia speleogénne i speleotémne formy (Bella, 2006). Maruasvili (1985)
pouziva termin ,,speleoreliéf*. Jaskyne s vytvorené v litosfére a su sticastou geomorfosféry
zaberajucej Casti vietkych geosfér, v ktorych prebiehaju geomorfologické procesy (pozri
Bartkowski, 1977; Minar, 1996).

Hlavné geomorfologické formy v jaskyniach (chodby, domy, siene, priepasti a pod.)
predstavuji povrch trojrozmernych podzemnych priestorov, na ktorom na odohravaju, resp. st
usmeriiované prirodné procesy v rozli¢nych tadiach vyvoja jaskyne (mnohé jaskyne sa vytvorili
v davnejsich geologickych dobach, neskor sa Siasto¢ne alebo iba minimalne remodelovali naslednymi
geomorfologickymi procesmi). V chodbach, démoch, siefach ¢i priepastiach sa vytvorilo

Obr. 1. Zarovnany strop a Sikmé ploché spodné ¢asti stien, Obr. 2. Meandrovité stropné koryto a skal-

Kungurska l'adova jaskyna, Rusko. Foto: P. Bella né visiaky, jaskyna Fig Tree Cave, Austra-

Fig. 1. Solution flat ceiling and facets (Facetten, planes of lia. Foto: P. Bella

repose), Kungur Ice Cave, Russia. Photo: P. Bella Fig. 2. Meandering ceiling channel and
rock pendants, Fig Tree Cave, Australia.
Photo: P. Bella
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Obr. 3. Akumulaény kuZzel’ pod zrutenou ¢astou stropu, Kungur-
ska l'adova jaskyna. Foto: P. Bella
Fig. 3. Accumulation cone below a collapsed part of ceiling,
Kungur Ice Cave. Photo: P. Bella

mnozstvo mensich az drobnych geomorfologickych
foriem (lasturovité jamky, stropné kapsy a kupoly,
stropné kanaly, meandrovité zarezy, podlahové kanaly,
kratiavové hrnce, skalné pendanty a iné), ktoré
dotvaraji celkova morfologiu jaskynnych priestorov
(obr. 2 a5).

Z hladiska dimenzionalnej hierarchie geomorfo-
logickych foriem Malkov et al. (2001) rozliSuju jas-
kynny makroreliéf (viactrovitové jaskyne, jednotlivé
irovne jaskyn a pod.), mezoreliéf (kanaly, siene, prie-
pasti a iné formy, z ktorych sa skladaji formy makro-
reliéfu) a mikroreliéf (mensie formy na mezoformach,
napr. zarezy na stenach alebo podlahe a pod.), ako aj
mensie formy jaskynného georelié¢fu, ktoré zodpove-
daju nanotrovni (napr. medzivrstevné anastomézne
a iné ranofreatické kanaly) a najnizsej pikourovni
(pradové facety, resp. lastrovité jamky (angl. scal-
lops) a iné skulptarne drobné formy odrazajice pod-
mienky cirkulacie podzemnych vod).

Geomorfologické formy su velmi vyznamné in-
dikatory a zaznamy, ktoré umoziiuju rekonstruovat
geomorfologicky vyvoj jaskyi. Hlavné morfologické
tvary podzemnych priestorov su vysledkom posobe-
nia geomorfologickych procesov, ktoré mali hlavny
vplyv na genézu jaskyne. Geomorfologické formy
umoziiuju skamat’ vplyv litologickych a Strukturno-
tektonickych pomerov, hydrografickych a hydrolo-
gickych pomerov, ako aj hydraulickych, klimatickych
¢i inych prirodnych podmienok a procesov na vznik
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Obr. 4. Uzky postranny terasovy stupeii
vyhibeny vo fluvialnych sedimentoch,
jaskyna Akiyoshi-do, Japonsko. Foto:
P. Bella

Fig. 4. Narrow side terraced step deepened
into fluvial deposits, Akiyoshi-do Cave,
Japan. Photo: P. Bella

Obr. 5. Fluviokrasova chodba so stropnym
korytom a stenovymi zarezmi poukazuju-
cimi na viacfizové zarezavanie rieciska,
jaskyiia Domica. Foto: P. Bella

Fig. 5. Fluviokarst passage with ceiling

channel and wall notches indicating
a more-phased downcutting of riverbed,
Domica Cave, Slovakia. Photo: P. Bella



a vyvoj podzemnych priestorov. Jaskynné Grovne su doleZité nielen z hl'adiska rekonstrukcie
vyvojovych etéap jaskyne, ale aj z hl'adiska korelacie, resp. synchronneho vyvoja jaskynnych
priestorov s vyvojom povrchového georeliéfu. Drobné tvary dokladaju nielen morfologicku
a genetickl rozmanitost’ jaskynného georeliéfu, ale aj fazy vyvoja jaskyn alebo ich casti,
vratane remodelacie pévodnych podzemnych priestorov (obr. 5).

Jaskynny georeliéf vyrazne vplyva na vymedzenie a diverzitu jaskynnych geosystémov.
Patri medzi hlavné diferenciacné faktory jaskynného prostredia — podmiefiuje a usmerfuje
chod prirodnych procesov, ktoré urcuju fungovanie ¢i dynamiku jaskynnych geosystémov
(prudenie vzduchu medzi dolnymi a hornymi vchodmi vzhladom na morfolégiu a vertikalnu
Clenitost’ jaskyn, dlhodobé udrziavanie az stagnaciu studeného vzduchu v depresnych vre-
covitych priestoroch s ich naslednym zaladnenim, pradenie vody v podzemnych rie¢iskach
s eroziou skalného podlozia alebo akumulaciou fluvialnych sedimentov, tvorbu rozli¢nych
foriem sintrovych natekov v zavislosti od usmerneného stekania kalcimorfnych roztokov po
Sikmej alebo previsovej skalnej stene, vytvaranie alebo modifikovanie biotopov v zavislosti
od priestrannosti a dostupnosti podzemnych dutin ¢i pdsobenia geomorfologickych procesov
a pod.).

Poznatky o geomorfologickych formach a su¢asnych geomorfologickych procesoch st
dolezité z hladiska celkového poznania jaskynnych geosystémov. Na jaskyne, najmi ak su
si¢astou znacne labilnej krasovej krajiny, vplyvaji viaceré antropogénne aktivity vykonava-
né v podzemi i na povrchu, ktoré narusuju, poskodzuju, pripadne az nic¢ia zlozky jaskynného
prostredia vratane jaskynného georeliéfu. Ochrana geomorfologickych javov v jaskyniach
musi byt integrovanou ¢astou komplexnej ochrany jaskyn (Bella, 2006c¢).

Morfologia a vertikalna ¢lenitost’ podzemnych priestorov vyrazne vplyva aj na sposob
spristupnenia jaskyn a ich prevadzkovanie (spristupnenie prehliadkovym chodnikom,
pripadne trasou na presun navstevnikov dopravnym prostriedkom, uzke chodby limituj
mnozstvo prechadzajicich navstevnikov za urcity Cas, niektoré jaskynné siene a domy
s dobrou akustikou sa vyuzivaju na organizovanie hudobnych koncertov a pod.).

Vedecky vyznam a environmentdlne aplikacie geomorfologickych poznatkov o jasky-
niach nastol'ujii potrebu dalsieho rozvoja speleogeomorfologického vyskumu na teoretic-
ko-metodologickej, vSeobecnej i regionalnej urovni. Geomorfologicky vyskum patri medzi
hlavné oblasti prirodovedného vyskumu jaskyi.

SPELEOGEOMORFOLOGIA A JEJ POSTAVENIE
"V GEOVEDNOM VYSKUME JASKYN

Speleogeomorfoldgia ako vedna disciplina predstavuje ¢ast’ geomorfologie, ktora z hl'adiska
morfologie, morfometrie a genézy komplexne skama geomorfologické formy v jaskyniach — jas-
kynny georeliéf, ako aj sucasné geomorfologické, resp. morfodynamické procesy v jaskyniach
(Bella, 20064, c). Patri medzi geovedné discipliny, ktoré skimaji anorganické komponenty
jaskyn, resp. jaskynnych geosystémov a s nimi suvisiace geodynamické procesy.

Speleogeomorfolégia sa vytvorila a postupne sa dotvara najmé v ramci krasovej geo-
morfologie a speleologie, resp. fyzickej speleologie ¢i geospeleoldgie (pozri Trimmel, 1968;
Gorbunova a Maksimovic, 1987), ktorej vedeckou sti¢astou je aj geomorfologicky vyskum
jaskyn. Vzhladom na skuto¢nost’, Ze jaskyne nie st vytvorené iba v rozpustnych (krasovych),
ale aj v nekrasovych horninach, speleogeomorfologia ako sucast’ geomorfoldgie presahuje
ramec krasovej geomorfolédgie (obr. 6). Panos (1995) v systéme karsologickych vied vy¢lenil
aj glaciokarsolégiu a vulkanokarsologiu vratane vyskumu podzemnych dutin vytvorenych
prirodnymi procesmi.

Dubljanskij (1985, 1987 in Dubljanskij a Andrejcuk, 1989, 2000) vSak neuvazuje o vzdjom-
nom prieniku medzi geomorfologiou a karsologiou a za objekt geomorfologického vyskumu
povaZzuje iba jaskyne vytvorené suféziou a abraziou. Krasové, bradykrasové a tachykrasové
Jjaskyne povazuje iba za objekt karsologie, jaskyne vytvorené vulkanickou ¢innostou za objekt
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Karst geomorphology - surface karst phenomjgnvg

Geomorfolégia
Geomorphology

l

Obr. 6. Postavenie speleogeomorfolégie vo vztahu ku geomorfologii, karsologii a speleologii (A), resp.
ku geomorfologii a krasovej geomorfoldgii (B)

Fig. 6. Position of speleogeomorphology in relation to geomorphology, karstology and speleology (A), or to
geomorphology and karst geomorphology (B)

vulkanoldgie, ablaéné jaskyne za objekt glaciologie a podzemné dutiny vytvorené horenim
za objekt geochémie. Tento nazor nezohladiuje zékladné triedenie prirodnych vied, resp.
geovied podla jednotlivych komponentov krajiny ako objektu ich vyskumu (negeografické
analytické discipliny podla Miciana, 1984), ani chapanie karsologie ako logického stboru
specifickych Gasti jednotlivych geovied skumajucich prislusné prirodné komponenty krajiny
budovanej rozpustnymi horninami.

Objektom speleogeomorfologie je jaskynny georeliéf (geomorfologické formy a procesy
v jaskyniach) ako st¢ast geomorfosféry, jej predmetom su vnatorné vztahy a zakonitosti
v ramci jaskynného georeliéfu, ako aj vztahy medzi jaskynnym georeli¢fom a ostatnymi
komponentmi jaskynného prostredia, resp. krajiny. V kontexte zaradenia geomorfologie
v ramei vyskumu krajiny k parcialne syntetizujucim geovedam (Minar, 1996) moZno aj spe-
leogeomorfologiu vzhl'adom na jaskyne ako prirodné geosystémy v ramci krajiny povazovat
za parcialne syntetizujucu geovednu disciplinu.
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Podobne ako iné vedné discipliny, aj speleogeomorfologia sa vzhladom na charakter
a uroveii poznatkov deli na regionalnu, vieobecnii a teoreticku, ¢o sa detailnejsie opisuje
v nasledujucej Casti prispevku. Spelogeomorfologiu mozno delit’ sa &iastkové discipliny aj
z hlladiska odborného zamerania vyskumu. Pano§ (1995) v ramci krasovej geomorfologie
rozliSuje speleogenetiku (skuma zakonitosti vzniku a vyvoja Jjaskyn) a speleomorfologiu
(skama morfologiu jaskyii). Podobne vzhladom na celkovy zaber geomorfologického vyskumu
Jaskyn Dublyansky a Andrejchuk (2000) v ramci vedeckej i regionalnej speleologie vyclefiuju
dve vedné discipliny zaoberajice sa speleogenézou a morfologiou jaskyn. Pri formulovani
zakonitosti vzniku a vyvoja jaskyii Maruasvili (1985) charakterizuje speleomorfologiu, ako
aj problematiku speleomorfogenézy a speleomorfocyklov. Ollier (1966) poukazuje na ciele
a metddy speleochronolégie, ktora sa zaobera geochronoldgiou vyvoja jaskyt a ich vyplni.
Z tychto €leneni vsak jednoznacne nevyplyva, ¢i takto chapané ciastkové discipliny alebo
oblasti speleogeomorfologického vyskumu zahrnuju aj problematiku morfometrie podzemnych
priestorov a skumania su¢asnych geomorfologickych procesov v jaskyniach.

Speleogeomorfologia zahriia vietky oblasti geomorfologického vyskumu v akychkol'vek
Jaskyniach, nielen krasovych. V nadvéznosti na zakladnu koncepciu a udajové atributy
komplexného geomorfologického vyskumu (pozri Minar, 1996) speleogeomorfologia sa
deli na Ciastkové odvetvia, resp. smery vyskumov zamerané na morfometriu a priestorovi
usporiadanost’ podzemnych priestorov, morfologiu a genézu jaskynnych priestorov vratane
ich geomorfologického mapovania, geochronolégiu vyvoja jaskyi a sucasné geomorfologické
procesy v jaskyniach. Kazdé z tychto ¢iastkovych odvetvi sa rozvija v teoreticko-metodologickej,
vSeobecnej i regionalnej rovine (obr. 7).

-
UROVNE SPELEOGEOMORFOLOGICKYCH POZNATKOV KOMPLEXNY SPELEOGEOMORFOLOGICKY VYSKUM
RANGES OF SPELEOGEOMORPHOLOGICAL KNOWLEDGE COMPLEX SPELEOGEOMORPHOLOGICAL RESEARCH

Teoreticka speleogeomorfoldgia Morfometria
Theoretical speleogeomorphology ] Morphometry

VSeobecnd speleogeomorfolégia — Morfolégia a genéza

General speleogeomorphology Morphology and genesis

Reglondina speleogeomorfologia Geochronoldgia

Reglonal speleogeomorphology 1 Geochronology

L, Geomorfologické procesy
Geomorphological processes

SPELEOGEOMORFOLOGICKY INFORMACNY SYSTEM
SPELEOGEOMORPHOLOGICAL INFORMATION SYSTEM

Obr. 7. Zékladné odvetvové ¢lenenie a vztahy medzi Giastkovymi smermi a $pecifikaciou vyskumu v ramci
speleogeomorfologie

Fig. 7. Basic branched partititon and relations among partial trends and the specification of research within
the framework of speleogeomorphology

UROVNE POZNATKOV A HLAVNE SMERY
DOTERAJSIEHO GEOMORFOLOGICK EHO VYSKUMU JASKYN

Z regionalneho i vSeobecného hlladiska sa geovedny, ako aj geomorfologicky vyskum
Jaskyi zameriavaji najma na podmienky a procesy vzniku a rekonstrukciu vyvoja podzemnych
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priestorov v priestorovych i ¢asovych suvislostiach. V podstatne mensej miere sa rozpracovali
teoretické, resp. teoreticko-metodologické pristupy a postupy geomorfologického vyskumu,
ktoré zohladnuji $pecifické znaky morfologie a genézy jaskynnych priestorov. Kedze
geomorfologicky vyskum jaskyii je integralnou sucastou geomorfologie, rozdielne urovne
poznatkov o morfometrii, morfoldgii ¢i genéze jasky mozno porovnat’ s urovilami poznatkov
v ramci geomorfologie ako celku.

V geomorfoldgii sa rozlisujii tri trovne poznania (pozri Demek, 1987). NajniZsi stupe
geomorfologickych poznatkov zodpoveda regionalnej geomorfologii (skuma vsetky zlozky
georeliéfu na ur¢itom uzemi, zohladnuje absolutnu polohu skumanych javov). Vyssi stupen
poznatkov so vzrastajucou abstrakciou predstavuje veobecna geomorfologia (zjednodusuje
modely, neberie do ivahy neopakovatelnost a individualitu geografickej polohy), ktora sa delina
struktarnu, klimatick(, klimatogenetickd a dynamicku geomorfologiu (vratane experimentalnej
geomorfologie), paleogeomorfologiu (historicku geomorfologiu), ako aj na antropogénnu
geomorfolégiu a aplikovant geomorfologiu. Najvyssi stupeii abstrakcie a vytvorenie modelov
sa vztahuje na teoretickt geomorfologiu (formulovanie vieobecnych pravidiel a zakonitosti
platnych pre vsetky odvetvia geomorfologie).

Na teoreticko-metodologické, vieobecné i regionalne pristupy geomorfologického vyskumu
jaskyi poukazuji Dubljanskij a Andrejéuk (1989, 2000). Tomu zodpovedaji zakladné urov-
ne geomorfologickych poznatkov a smery vyskumu geomorfologickych foriem a procesov
v jaskyniach (obr. 7):

1. Teoreticko-metodologicky speleogeomorfologicky vyskum. Zaobera sa tvorbou
vieobecnych teorii a modelov, ktoré objasiiuji geomorfologicky vyvoj jaskyi (napr. Ford,
1977; Ford a Ewers, 1978). Po¢itatové modelovanie procesov speleogenézy na fyzikalnych
a geochemickych zdkladoch v rozliénych podmienkach krasovych akviférov (Ford et al.,
2000; Gabroviek, 2000; Dreybrodt et al., 2005; Kaufmann, 2005 a ini) vytvéra predpoklady na
ucelenejsie a exaktnejsie interdisciplinarne objasnenie vyvoja jaskynnych systémov. Dalej sa
zavadzaji a definuji morfometrické ukazovatele na urcovanie dimenzie a tvaru podzemnych
priestorov (Sustersi¢, 1980; Dubljanskij et al., 1981, 1987; Jakopin, 1981; Goran, 1984, 1991,
1992 a ini), vzhladom na rézne tvary inicidlnych $truktar sa modeluje vytvaranie prie¢nych
profilov chodieb rozptitanim pri uniformnom rozsirovani, rozsirovani s konstantnym
a exponencialnym gradientom, uniformnom rozsirovani pod vodnou hladinou, stupnovitom
rozdirovani a uniformnom rozgirovani so sedimentaciou (Lange, 1959, 1968a,b,c), simuldcia
nepravidelnych tvarov sa aplikuje na realne prie¢ne profily jaskynnych priestorov (Sustersic,
1979b, 1985), na zaklade teérie grafov sa hodnoti zloZitost' podorysnej Struktury jaskyn
(Howard, 1971), interpretuje sa priestorova konfiguracia podzemnych priestorov v ramci
jaskym (Sustersi¢, 1979a; Goran, 1992; Bella, 1995a), nacrtava sa exaktny sposob urcovania
priebehu jaskynnych priestorov ako polygénu pomocou Fourierovej analyzy (Sustersi¢, 1987).
V zakladnych rysoch sa riesi aj problematika elementarizacie a hierarchizicie jaskynného
georeliéfu a nastol'uji sa teoreticko-metodologické postupy komplexného geomorfologického
vyskumu jaskyfi (morfometricky, morfogeneticky, morfochronologicky i morfodynamicky
pristup) a tvorby geomorfologického informaéného systému o jaskyniach (Bella, 2006a).

2. Vseobecny speleogeomorfologicky vyskum. Zameriava sa na problematiku morfologie
a genézy jaskyi vo vieobecnej rovine. Mnohé poznatky ziskané regionalnym vyskumom sa
transformujii do podoby vseobecne platnych zakonitosti geomorfologického vyvoja jaskyn.
Vysledkom su §tudie zaberajlice sa speleogenézou kordznych a korézno-erdznych jaskyi
(Ford, 1977,2000; Ford a Ewers, 1978; Palmer, 1991,2007; Audra, 1994 a ini), hydrotermélnou
a artézskou, resp. hypogénnou speleogenézou (Miiller a Sarvasy, 1977; Dublyansky, 1980,
2000: Klimchouk, 1997, 2000, 2007 a ini), morfologickou a genetickou klasifikaciou jaskyn
(White, 1988; Dubljanskij a Andrejéuk, 1989; Bella, 1994, 1995b; Ljachnickij, 2001; Ford
a Williams, 2007 a ini), vyvojom jaskynnych arovni (napr. Ek, 1961, Droppa, 1966; Palmer
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1987), typologiou geomorfologickych tvarov v jaskyniach (Slabe, 1994, 1995; Bella, 2002
a ini), morfogenetickymi procesmi a genézou nicktorych geomorfologickych tvarov (napr.
Lange, 1963, 1964; Curl, 1966, 1974; Ewers, 1966; Wilford, 1966; Renault, 1968; Kempe et
al., 1975; Rudnicki, 1978; Cocean, 1979; Mucke et al., 1983; Bogli, 1984; Cigna a Forti, 1986;
Vélker, 1989; Lismonde, 2000; Osborne, 2004) ¢i experimentalnym modelovanim procesov
ich vzniku v laboratériach (napr. Lauritzen, 1981; Reinboth, 1992; Slabe, 1995). Vseobecné
poznatky o morfologii a genéze jaskyn sa prezentuju vo viacerych znamych karsologickych
aspeleologickych monografiach a stadiach (Bretz, 1942; Trimmel, 1968; Bogli, 1978; Jennings,
1985; White, 1988; Slabe, 1995; Lauritzen a Lundberg, 2000; Ford a Williams, 2007; Palmer,
2007 a iné).

3. Regionalny speleogeomorfologicky vyskum. S postupnym rozvojom speleologie vyskumy
tohto zamerania sa realizovali v takmer vietkych krasovych oblastiach sveta. V podmienkach
Slovenska st prikladom monografie o niektorych vyznamnych jaskyniach (Droppa, 1957; Tulis
a Novotny, 1989). Z kvantitivneho hl'adiska v ramci geomorfologickej literatiry o jaskyniach
vyrazne dominuju a prinaSaju mnozstvo dolezitych poznatkov o vyskyte a vyvoji jaskyn
vytvorenych v rozpustnych i nerozpustnych horninach. Okrem mnozstva regionalnych
poznatkov o morfologii a genéze jaskyii s vychodiskom na formuldciu zdkonitosti morfogenézy
Jaskyil vo vieobecnej rovine, ktoré sa ,,spitne* regionalne vyuzivaji aj na objasnenie vyvoja
jaskyn v uréitych izemiach.

ZAKLADNE CIELE A PERSPEKTIVY ,
GEOMORFOLOGICKEHO VYSKUMU JASKYN

V ramci dalSieho rozvoja speleogeomorfologie treba okrem exaktizacie klasickych
regionalnych a vieobecnych vyskumov zna¢nii pozornost venovat’ najmi rozpracovaniu
teoreticko-metodologickych pristupov a postupov interpretécie jaskyne ako morfogeografického
systému (elementarizécia a hierarchizacia jaskynného georeliéfu), spresneniu a doplneniu
typologie geomorfologickych foriem v jaskyniach, praktickej realizacii koncepcie komplexného
geomorfologického vyskumu, tvorbe geomorfologického informacného systému o jaskyniach,
ako aj problematike geomorfologického mapovania jaskyn. Zna¢ny potencidl interdisciplinarnej
spoluprace mozno vyuzit v ramci dalsicho modelovania procesov speleogenézy,
geochronologickej rekonstrukcie vyvoja jaskyii, vyskumu paleokrasovych javov a pod.

Elementarizdcia a hierarchizdcia jaskynného georeliéfu. Rozsiahlejie jaskyne su zvycajne
morfologicky i morfometricky heterogénne (mensie formy st hierarchicky usporiadané
v ramei vécsich, formy rovnakého hierarchického radu so vzajomnou priestorovou kontinuitou
tvoria kompaktny celok). Preto sa nastoluje otazka taxonomie, resp. hierarchickych trovni
Jednotlivych foriem jaskynného georeliéfu a interpretécie ich priestorového rozlozenia (Jakal,
1979; Dubljanskij a Klimcuk, 1987; Bella, 1995a, 2001, 2006). Morfogeograficky pristup
elementarizicie, resp. individualizacie a priestorovej §trukturalizacie jaskynného georeliéfu
umoziuje jeho geosystémovu interpretaciu.

Definovanie a identifikdcia elementarnych geneticky, dynamicky i morfometricky
homogénnych uzemnych jednotiek georeliéfu, ktoré uréujti struktirnu hierarchiu a z hladiska
vel'kostnej rozliSovacej irovne v danej mierke mapy d’alej nedelitelnych arealov, patri medzi
zakladné ulohy geomorfologie a je nevyhnutnym predpokladom a vychodiskom komplexného
geomorfologického vyskumu a mapovania. Elementarne geomorfologické jednotky maji
urciti morfometricku, morfogenetickii, morfochronologickti i morfodynamickii homogenitu
(Minar, 1996, 1998, 2000; Minar a Evans, 2008). Medzi $truktirnou a vel’kostnou, resp.
dimenziondlnou hierarchiou existuje ur¢ita suvislost, pretoze geometricka a genetické zloZitost,
ale aj velkost’ vy¢lenenych segmentov georeliéfu vzrasta od elementarnych foriem k typom
georeliéfu. Strukturne kategorie sa vyclenuji na roznych vel'kostnych arovniach. Pri prechode
znizsej do vyssej velkostnej hierarchickej Grovne, t. j. z vysiej do nizsej rozlisovacej Grovne,
sa Strukturne zloZitejsi segment moze transformovat’ na jednoduchsi segment (Minar, 1996).
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Hoci podzemné priestory maju $pecificku morfoldgiu vzhladom na terén povrchu krajiny, tento
zamer treba analogicky, avsak v modifikovanej podobe aplikovat’ aj pri geomorfologickom
vyskume jaskyii.

V ramci taxonomickych geografickych dimenzii jaskynného georeli¢fu (vel'kostna
hierarchia) Bella (1995a, 2001, 2006a) vy¢leiiuje parcidlne topické (speleomorfotopy)
a chorické jednotky jaskynného georeliéfu (speleomorfochory a sibory speleomorfochor).
Speleomorfotopy ako kvazihomogénne trojdimenzionalne Casti jaskyne z hladiska morfologie,
morfometrie, genézy, resp. charakteru siasnych geomorfologickych procesov su zakladnym
morfologickym fundamentom priestorovej §truktury rozsiahlych jaskynnych priestorov. Pri
detailnejsej rozlisovacej Girovni v ramcei speleomorfotopov mozno vy€lenit ich parcialne povrchy
(jednotlivé morfologicky odlisné steny, strop, podlahu, pripadne ich morfologické mensie Casti).
Speleomorfotopy sa na zaklade vyvojovych vztahov najmé horizontalneho smeru grupuji do
viicsich jednotiek chorickej dimenzie — speleomorfochor. Mnohé rozsiahlejSie jaskyne, najmé
tie, ktoré su geomorfologicky znaéne diferencované, pozostavajii zo suboru alebo stborov
speleomorfochor.

V nadviznosti na uvedent koncepciu elementarizécie a hierarchizacie jaskynného georelicfu
sa treba zaoberat’ sposobmi jednozna¢ného a objektivneho vymedzovania speleomorfotopov,
resp. elementarnych jednotiek jaskynného georeliéfu vo vztahu k stanovenému stupfiu
rozliSovacej Grovne, ako aj problematikou konstrukcie ich primeranych geometrickych
aproximacii. Podobne treba detailnejsie rozpracovat’ problematiku vymedzovania chorickych
jednotiek jaskynného georeliéfu v rozli¢nych priestorovych konfiguraciach pri viacerych
morfogeneticky rozdielnych typoch jaskyii, najmé v pripadoch labyrintovych sietovych
a §pongiovitych jaskyii, ktoré vznikli v litologicky obmedzenych krasovych akviféroch.

Zakladna trojdimenziondlna elementarizacia jaskynného georeliéfu je platformou na analyzu
topologickych vztahov a priestorovej hierarchickej Struktary vicsich segmentov jaskyne
patriacich do funkénych celkov az kompletne;j jaskyne ako celku (polohova, resp. topologicka
hierarchia). Pritom treba uplatnit’ taxonomicku klasifikdciu Struktury geomorfologickych
foriem od najnizsich &iastkovych hierarchickych Casti (na zdklade vztahu inkluzie a ostatnych
mnozinovych operécif), ich funkéného zoskupenia do vyssich hierarchickych Casti (napr. na
zéklade organizacie gravitaéného pohybu), nakoniec az do kompletnej jaskyne ako jedného
celku najvyssicho hierarchického radu. Na zdklade geomorfologickej analyzy sa urCia
systémové vlastnosti a zakonitosti usporiadania jaskynného georeliéfu (v kontexte Urbanka,
1974, 2000).

V jaskyniach sa vyskytuju geomorfologické formy viacerych velkostnych dimenzii, ktoré sa
vytvarali alebo remodelovali vo viacerych vyvojovych fazach alebo etapach. Vek jednotlivych
foriem &i segmentov georeliéfu sa vztahuje na jeho uvazovant velkostna hierarchick struktaru.
Pri zvySovani rozlidovacej urovne sa zvicsa znizuje absolitny vek geomorfologickych
foriem (Minar, 1996). V ramci speleogeomorfologického vyskumu sa treba zaoberat’ aj
problematikou ¢asovej, resp. chronologicke;j hierarchie geomorfologickych foriem. Ciasto¢ne
sa jej tyka rozligovanie jednofazovych a viacfazovych koinciden¢nych alebo aincidencnych
speleomorfotopov, jednofazovych a viacfdzovych fluviokrasovych speleomorfochor, ako aj
synchronnych a asynchrénnych suborov speleomorfochor (Bella, 1998).

Typolégia geomorfologickych tvarov v jaskyniach. Na zaklade skimania morfologie
a morfogenetickych zdkonitosti rozli¢nych denudacnych, akumulaénych, denudacno-
akumulaénych alebo akumulagno-denudagnych foriem treba detailnejsie rozpracovat' a dotvorit
systematizaciu a kategorizaciu geomorfologickych foriem v jaskyniach. Z praktickych dovodov
i naucnych potrieb je ziaduca aj ich vystizna a prehladna katalogizacia, v niektorych pripadoch
aj s doriesenim terminologickych nejednoznacnosti. S cielom jednoznacnej identifikacie
treba uréit hlavné morfologické alebo iné hlavné &i dopliiujuce indikacné znaky niektorych
genetickych typov geomorfologickych foriem, ktoré¢ zatial’ nie si striktne definované (napr.
Facetten a planes of repose). Z vedeckého hladiska je dolezité spoznat’ zakonitosti vyskytu
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urcitych geomorfologickych tvarov podla genetickych typov jaskyi, resp. zistit’ a zdovodnit
suvislosti medzi morfoldgiou a genézou takychto jaskyii (morfogenetické znaky uritych
typov speleogenézy).

Komplexny speleogeomorfologicky vyskum. Geomorfologické formy jaskyniach, resp.
elementarne formy jaskynného georeliéfu mozno skiimat’ z hladiska ich morfometrie, morfologie
adruhu genézy, geochronologie ich vyvoja i modelacie si¢asnymi geomorfologickymi procesmi.
Takyto obsahovo uceleny pristup nastoluje koncepcia komplexného speleogeomorfologického
vyskumu. Jeho hlavnym cielom je ziskat’ o jednotlivych segmentoch jaskynného georeliéfu
morfometrické, morfogenetické, morfochronologické i morfodynamické udaje (Bella, 2001,
2006a v zmysle Minara, 1996, 2000).

Vo vztahu k morfometrii jaskynnych priestorov je ziaduce sprehladnit a pripadne doplnit’
linedrne, plosné i objemové ukazovatele rozli¢nych geomorfologickych foriem v jaskyniach
na roznej urovni Struktarnej i velkostnej hierarchie. Osobitnt pozornost’ treba upriamit’ na
problematiku geometrickych abstrakcii realnych trojdimenziondlnych tvarov podzemnych
priestorov v jaskyniach. V nadviznosti na teériu grafov sa treba zaoberat’ analyzou a exaktnym
hodnotenim podorysnej Struktiiry jaskynnej siete, t. j. zdkonitostami polohovej hierarchie
segmentov jaskynného georeliéfu podl'a morfologickych a genetickych typov jaskyii.

Sktimanie morfologie a morfogenézy jaskyii treba zavrsit kategoriziciou vietkych
geomorfologickych foriem v jaskyniach na réznych urovniach vel’kostnej hierarchie a naslednym
objasnenim zdkonitosti vyskytu urcitych geomorfologickych foriem podla genetickych typov
Jaskyn, ako aj podla ich vyvojovych stadii (ur€it’ zakladné morfologické indikaéné znaky
jednotlivych genetickych typov jaskym).

V ramci morfochronolégie vyvoja jaskyii sa treba detailnejsie zaoberat’ zakonitostami
morfostratigrafie geomorfologickych tvarov (v prie¢nych i pozdiznych profiloch) v urcitych
genetickych typoch jaskyn (posudenie relativneho veku geomorfologickych tvarov) a vo
vi¢som rozsahu rekonstruovat’ vyvoj jaskyn na zaklade datovania jaskynnych sedimentov
(posudenie veku geomorfologickych tvarov pomocou absolttneho veku sedimentov, ktoré sa
v skiimanej ¢asti jaskyne nachadzaju).

Vyskum stcasnych geomorfologickych procesov v jaskyniach, ktoré viac ¢i menej
menia morfoldgiu podzemnych priestorov (obr. 8 a 9), treba rozsirit' formou stacionarnych
i experimentalnych pozorovani v rozli¢nych genetickych typoch jaskyn. Délezité j Je sledovat’
intenzitu a rezim tychto procesov v kontexte fungovania jaskynnych geosystémov. Ziaduca je
kategorizacia geomorfologickych procesov podla genetickych typov jaskyi, ako aj porovnanie
vyskytu a intenzity tychto procesov v roznych $tadiach vyvoja jasky.

Geomorfologické mapovanie jaskyn. Vysledky geomorfologickych vyskumov sa zatial
neprezentujt kartograficky ako vysledok systematického geomorfologického mapovania foriem.
Pri zostavovani komplexnej geomorfologickej mapy majii kI'i¢ové postavenie elementarne
formy georeliéfu. Pri kartografickom zobrazovani jaskyii (zvi¢$a v mierkach 1 : 200 a 1 : 500)
elementarnymi jednotkami jaskynného georeliéfu v geomorfologickych map su jednotky
chorickych dimenzii viacerych hierarchickych radov alebo speleomorfotopy (Bella, 2006b),
¢o je prejavom variability Struktirnej hierarchie georeliéfu v zavislosti od vel’kosti mierky
mapy (pozri Minar, 1996, 1998). Doterajsie zakladné plany a mapy jaskyii zobrazuju prevazne
ich hlavni morfolégiu, ktora sa kartograficky vztahuje na obrysy skalnych stien chodieb,
sieni, domov alebo inych podzemnych priestorov. Geomorfologické mapovanie jaskyf si
vyzaduje rozpracovat vizualne prehladné metody kartografického zobrazovania a prezentacie
geomorfologickych tvarov na rozliénych stupiioch rozliSovacej Grovne (vratane legendy
vyplyvajucej z morfogenetickej klasifikacie geomorfologickych tvarov v jaskyniach).

Speleogeomorfologicky informacny systém. Z obsahového hladiska by mal podavat’ ¢o
najkomplexnejsi geomorfologicky obraz jaskyne a poskytovat délezité iidaje a informacie
pre dalsi geovedny vyskum jaskynnych geosystémov. Z funkéného hladiska bude obsahovat
zber, spracovanie, generovanie, vizualizaciu, verifikaciu a aktualizdciu morfometrickych,
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Obr. 8. Ovalne vertikalne zFaby na okraji obCasne zaplavovaného rie¢iska, Drienovska jaskyna. Foto:

P. Bella

Fig. 8. Oval vertical grooves on the bank of occasionally flooded floor channel, Drienovska Cave, Slovakia.
Photo: P. Bella

i obkorodovanych stalaktitov pokryté fluvidlnymi sedimentmiv opakovane zaplavovanom
vé znacky na povrchu fluvialnych sedimentov), jaskyna Aggiti, Grécko. Foto: P. Bella
Ended parts of corroded stalactites covered by fluvial deposits in a repeatedly flooded riverbed (flow
s on the surface of fluvial deposits), Aggiti Cave, Greece. Photo: P. Bella
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morfogenetickych, morfochronologickych a morfodynamickych tdajov o jednotlivych
elementoch jaskynného georeliéfu, ako aj udajov o priestorovo-polohovych vztahoch
medzi jednotlivymi elementmi georeliéfu. Kedze zakladni bazu speleogeomorfologického
informaéného systému tvori komplexna geomorfologickda mapa jaskyne (v kontexte
Minara a Kusendovej, 1995; resp. Minara, 1996), jeho tvorba je nadstavbou komplexného
geomorfologického vyskumu jaskyn (obr. 7).

V nadvidznosti na zakladné teoreticko-metodologické aspekty a vychodiska tvorby
speleogeomorfologického informacného systému, ktoré nacrtava Bella (2001, 2006a), treba
detailnejsie rozpracovat najmi strukturu geodatabaz a funkénych vztahov jej jednotlivych Casti.
Hoci v pripade morfologie jaskyn ide aj o trojrozmerné podzemné formy, urcité analogické
postupy tvorby speleogeomorfologického informa¢ného systému (napr. ¢iastocné Strukttirovanie
databazy) vyplyvaju aj zo zdmerov a moznosti praktickej implementacie geomorfologického
informa¢ného systému o Gizemi (pozri Minar et al., 2005).

Formy jaskynného georeliéfu, ktoré predstavuju obvod trojdimenzionalnych dutin
v litosfére, v ramci tvorby speleogeomorfologického informacného systému podmienuju tvorbu
priestorového modelu jaskynnych priestorov na platforme 3D-zobrazenia. Automatizovana
analyza a generované udaje o priestorovej speleogeomorfologickej Struktire jaskyn
z morfometrického, morfogenetického, morfochronologického i morfodynamického hladiska
st zakladnym predpokladom systémového vyskumu a modelovania geomorfologického vyvoja
i suc¢asnych geomorfologickych procesov v jaskyniach.

ZAVER

Speleogeomorfologia ako geovedna disciplina, ktora sa zaobera geomorfologickym vysku-
mom jaskyn, ma do buducnosti zna¢né perspektivy rozvoja v teoretickej, vSeobecnej i regio-
nalnej rovine. Tento rozvoj do zna¢nej miery stimuluje a podmienuje potreba a dolezitost’
geomorfologickych poznatkov o jaskyniach pre vedu i praktické environmentélne aplikacie
(Jakal, 1996; Bella, 2006c¢ a ini).

Pozornost’ treba upriamit’ na dotvorenie morfogenetickej klasifikacie vsetkych geomorfo-
logickych tvarov v jaskyniach, ako aj na skumanie stcasnych geomorfologickych procesov
v jaskyniach (poznatky o geodynamickych procesoch st dolezité aj z hl'adiska environmental-
nej ochrany jaskyn). Doteraz pomerne malo rozpracovanym, avSak mimoriadne perspektiv-
nym je morfogeograficky pristup skiimania jaskynného georeliéfu zalozeny na geosystémo-
vom pristupe (elementarizacia a hierarchizacia geomorfologickych tvarov v jaskyniach, zako-
nitosti priestorovej konfiguracie geomorfologickych tvarov podla genetickych typov jaskyn).
Vyjadrovanie geomorfologickych poznatkov o jaskyniach alebo ich ¢astiach v mapach by malo
byt samozrejmou stucastou prezentacie vysledkov ich geomorfologického vyskumu. Praktické
vyuzitie a postupna realizacia koncepcie komplexného geomorfologického vyskumu jaskyn je
aj nevyhnutnym predpokladom tvorby tidajovo ucelenych priestorovych databaz geomorfolo-
gického informacného systému o jaskyniach.

Speleogeomorfoldgia sa i nadalej musi rozvijat’ v tzkej interdisciplinarnej spolupraci, naj-
mé s niektorymi geologickymi vedami (pri analyzovani Strukturno-tektonickych a hydrogeo-
logickych podmienok speleogenézy, rekonstrukceii geochronologického vyvoja jaskyi a pod.),
ako aj s niektorymi odvetviami fyziky ¢i chémie (modelovanie procesu rozpustania hornin
s vyvojom podzemnej drenaze v rozli¢nych priestorovych a hydraulickych podmienkach kra-
sovych akviférov a pod.).

Vyuzivanim modernych i novokoncipovanych metdd vyskumu a modelovanim speleoge-
nézy sa ziska mnozstvo poznatkov a udajov, ktoré vyrazne prehibia doterajsi stav geomorfo-
logickych poznatkov o jaskyniach.
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SPELEOGEOMORPHOLOGY AND ITS POSITION
WITHIN THE FRAMEWORK OF GEOSCIENTIAL RESEARCH OF CAVES

Summary

The investigation of geomorphological forms and processes in underground spaces is the inseparable
and essential part of the geosciential research of caves or cave environment. The morphology and spatial
configuration of geomorphological forms into hierarchical units are resulted by variable natural conditions
of speleogenesis. Geomorphological forms are very signifinance indicators for the reconstruction of cave
development. Also they influence to the geoecological diversity of cave geosystems. Several recent natural
processes in caves are more or lesss conditioned and controlled by cave morphology. Geomorphological
knowledge on caves is relevant for various environmental applications, mainly oriented to the use and
protection of caves.

Geomorphological phenomena in caves are studied by speleogeomorphology as the partial and special
branch of geomorphology. Speleogeomorphology was established and formed mainly within the framework
of karst geomorphology and speleology (physical speleology, geospeleology) which scientific part is also
geomorphological research of caves. Since caves are originated not only in karst (solution) rocks, but also
in non-karst rocks, speleogeomorphology as the part of geomorphology transcents the framework of karst
geomorphology (Fig. 6). The object of speleogeomorphology is cave georelief (geomorphological forms and
processses) as a part of geomorphosphere. Its subject is presented by internal relations and principles of
formation and spatial configuration of cave georelief, also relations among cave georelief and other natural
components of cave environment or landscape. Speleogeomorphology includes all scopes of geomorphological
research related to various lithological, morphological or genetic types of caves. According to the basic
conception and data attributes of complex geomorphological research, several partial research branches and
trends oriented to morphometry and spatial configuration of underground spaces, morphology and genesis
of underground spaces including their geomorphological mapping, geochronology of cave development,
and recent geomorphological processes in caves are distinguished within the speleogeomorphology. Each of
these partial branches develops on the theoretical, general and regional range (Fig. 7).

Within the framework of the next development of speleogeomorphology, besides of the exactness of
classical regional and general researches the fair-sized attention is needed mainly to the elaboration of the-
oretical and methodological approaches for (1) the individualization or elementary segmentation, typology
and spatial hierarchical structure of cave georelief, (2) the precision and completion of the typology of all
geomorphological forms in caves, (3) the practical realization of complex geomorphological research applied
to hierarchical units of cave georelief, (4) the methodology and practical realization of geomorphological
mapping, and (5) the creation of geomorphological information system with georeferenced morphometric,
morphogenetic, morphochronological and morphodynamic data. These problems present progressive and
substantive topics of speleogeomorphology. The great potencial of interdisciplinary co-operation can be used
for modeling of speleogenesis processes, geochronological reconstruction of cave development, research of
paleokarst phenomena, etc.
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K. Bénova, Z. Hochmuth, J. Derco: Preliminary results from mineralogical study of fluvial
sediments in the Skalisty potok Cave (Slovak Karst)

Abstract: The research of allochthonous sediments in caves (and other endokarst forms) can
provide more information on palacogeographic development and palaeo-hydrological conditions
of the studied area. This contribution provides the first report about a proportion of heavy minerals
in fluvial sediments from the Skalisty potok Cave. The gravels in fluvial sediments were not found,
so that mainly heavy mineral assemblages from the psammitic component were investigated by
optical microscopy and X-ray spectrometry. The following heavy minerals were distinguished
mostly: ilmenite, magnetite, amphibole, hematite, pyrite, chalcopyrite, garnet, zircon, monazite
and epidote. Tourmaline, apatite, rutile, barite and pyroxene (?) are sporadically present. Crystal
typology of discovered zircons was used as well. Chemical composition of accessories was not
carried out. Despite this, consideration about the provenience of minerals is tentative. However,
heavy mineral assemblages indicate their origin mainly in metabasic rocks from the Borka nappe
simultaneously in metasedimentary (crystalline basement rocks) and Late Paleozoic sedimentary
cover rocks from the Gemericum.

Key words: allochthonous cave minerals, Skalisty potok Cave, Jasovska Plateau, Slovak Karst
UVOD

Mineralogicky vyskum sedimentov vyskytujucich sa v roznych endo- a exogénnych kra-
sovych formach ma mimoriadny vyznam pre rieSenie otazok tykajucich sa ich formovania
a vyvoja. Vyznamnejsia pozornost' sa doteraz venovala najma studiu autochténnych minera-
lov jaskyii (Blaha, 1955; Droppa, 1957; Harman a Derco, 1976; Tulis a Novotny, 1989; Mora-
vansky, 1996, Moravansky a Zenis, 1997; Orvosova, 2004, 2005; Zacharov a Kosuth, 2005;
Cilek, 2005 a i.). Niektori autori ako jaskynné opisuji aj mineraly identifikované z ostatnych
krasovych foriem (zavrtov, travertinovych kop; Cilek a Bednarova, 1994). St¢asny stav po-
znatkov o mineraloch jaskyn Slovenska autochtonneho i alochténneho povodu prehladne
opisujii Moravansky a Orvosova (2007). DetailnejSiemu vyskumu alochtéonnych sedimentov
(nekrasovému materialu) krasovych foriem sa v ostatnom ¢ase venovala napr. Orvosovaetal.
(2005, 2006) v oblasti Nizkych Tatier.

Ciefom prispevku je priniest’ predbezné vysledky mineralogického §tadia fluvidlnych
sedimentov v skiimanej oblasti. Vyskum ma skor orientaény charakter a jeho hlavnou mys-
lienkou je prispiet’ k poznaniu jaskyne, ¢im zarovei vyzyva na jeho pokracovanie, ked’ze
alochténne sedimenty v krasovych formach s vyznamnym zdrojom informacii o geologic-
kom a paleogeografickom vyvoji blizkeho izemia, ako aj hydrologii povodnych paleotokov.
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Obr. 1. Geologicka mapa okolia jaskyne Skalisty potok (vyrezz mapy Mellaetal., 1996). Vysvetlivky: kvartér—
holocén: 2 —fluvialne sedimenty: niv riek — hlinité, hlinito-piescité, ilovité; niv potokov — §trkovité, Strkovito-
piescité, 5 — travertiny; pleistocén — holocén: 6b — deluvialne sedimenty (hlinito-kamenité a kamenité),
8 —deluvialno-proluvialne sedimenty (ronové a osypové kuzele); pleistocén: 14 —proluvialne sedimenty (Strky
a piescité strky naplavovych kuzelov); Silicikum, Silicky prikrov — trias: 39 — dachsteinské rifové a lagunarne
vapence, 40 — waxenecké vapence, 42 — wettersteinské dolomity, 43a — wettersteinské vapence rifové, 43b
— wettersteinské vapence lagunarne, 45 — steinalmské vapence, 46 — gutensteinské dolomity; a — miestami
hematitizované, 47 — gutensteinské vapence, verfénske stvrstvie: 57 — sinské vrstvy: bridlice, slienité
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vapence, vapence, 60 — bodvasilagské vrstvy: pestré pieskovee a bridlice; Turnaikum, Turniansky prikrov
— trias: 65 — dvornicke vrstvy: bridlice, fylity s vlozkami pieskovcov, silicitov, zrnitych vapencov a bazickych
vulkanoklastickych hornin, 70 — ervené detritické vapence a zlepence, 72 — gutensteinské dolomity; prikrov
Bérky — trias — jura: 92 — tmavé a &ierne fylity, miestami s laminami metasiltoveov a metapieskovcov,
a — s polohami tmavych krystalickych vapencov, trias: Diibravské suvrstvie: 94 — chloriticko-sericitické
fylity s polohami krystalickych vapencov a metabazickych hornin (prevazne metatufitov), 95 — metabazické
horniny (prevazne glaukofanity), 96 — serpentinity, 97 — sivozelené a svetl¢ bridli¢naté krystalické vapence,
98 — svetlé krystalické vapence, ?perm: Jasovské siivrstvie: 102 — sericitické a chloriticko-sericitické fylity
+ s chloritoidom, 103 — metamorfované pieskovce, 105 — metamorfované oligomiktné zlepence. a — zlomy:
zistené, predpokladané, zakryté; b — preSmyky: zistené, zakryté; ¢ — prikrovové linie: zistené, zakryté;
d — smery a sklony: vrstiev, bridli¢natosti

Fig. 1. Geological map of the Skalisty potok and surrounding area (after Mello et al., 1996). Explanations:
Quaternary — Holocene: 2 — fluvial sediments: of alluvial plains — loamy, loamy-sandy, clayey; of brook
alluvium — gravelous, sandy-gravelous, S —travertine, Pleistocene — Holocene: 6b —deluvial sediments (loamy
stony and stony), 8 — deluvial-proluvial sediments (runn-off fans and talus piles); Pleistocene: 14 — proluvial
sediments (gravels and sandy gravels of alluvial fans); Silicicum, Silica nappe — Triassic: 39 — Dachstein
Riff and Lagoonal limestones, 40 — Vaxeneck limestones, 42 — Wetterstein dolomites, 43a — Wetterstein riff
limestones, 43b — Wetterstein lagoonal limestones, 45 — Steinalm limestones, 46 — Gutenstein dolomites;
a-hematitized at places, 47 — Gutenstein limestones, Werfen Formation: 57 — Szin Beds: shales, marlstones,
limestones, 60 — Bodvaszilas Beds: variegated sandstones and shales; Turnaicum, Turiia nappe — Triassic:
65 — Dvorniky Beds: shales, phylites with intercalations of sandstones, silicites, limestones and basic
volcanoclastic rocks, 70 — red detritic limestones and conglomerates, 72 — Gutenstein dolomites; Borka nappe
_ Triassic — Jurassic: 92 — dark and black phyllites, with laminae of metasiltstones and metasandstones,
a — with intercalations of dark crystalline limestones, Triassic: Dubrava Formation: 94 — chlorite-sericite
phyllites with intercalations of crystalline limestones and metabasic rocks (predominantly metatuffites),
95 — metabasic rocks (predominantly glaucophanites), 96 — serpentinites, 97 — grey-green and light shaly
crystalline limestones, 98 — light crystalline limestones, ?Permian: Jasov Formation: 102 — sericite
and chlorite-sericite phylites + with chloritoid, 103 — metasandstones, 105 — metamorphosed oligomict
conglomerates. a — faults: observed, inferred, covered; b — reverse faults: observed, covered; ¢ — thrust lines:
observed, covered; d — strike and dip: of beds, of schistosity

GEOLOGICKO-GEOMORFOLOGICKE POMERY

Jaskyiia Skalisty potok sa nachadza na juznom (piti Jasovskej planiny priblizne 2 km
severne od obce Turiia nad Bodvou. Ide o fluviokrasov jaskyfiu, resp. aktivny fluviokrasovy
vyverovy jaskynny systém s vodnym tokom. Jej podzemné priestory sa tiahnu od rovnomennej
vyvieracky az k obci Haj. Dosahuje dizku 6032 m a vertikalne prevySenie 317 m. Je najdlhsou
a najhlbsou jaskynou Jasovskej planiny i celého Slovenského krasu. Tvori ju najmé hlavna
horizontalna spodna chodba s mnohymi vodnymi sifonmi a podzemnymi jazerami, ktora
sa tiahne popod upitie svahu planiny smerom do Hajskej doliny. Koncové Casti jaskyne sa
nachadzaji takmer pod okrajom obce Haj. Vyrazna bo¢nii vetvu jaskyne tvori stipajuca
rie¢ne modelovana chodba, ktora sa zacina asi 830 m od vchodu (za 20. sifonom) a severnym
smerom vedie stupfiovito nahor az tesne pod vrcholovi ¢ast’ planiny. Do jaskyne prenikaju
aj vody z ned’alekej Kunej priepasti, avSak pozdiz tohto pritoku sa jaskynné priestory zatial
neobjavili. Detailnejsiu geomorfologicku charakteristiku a vysledky podrobnych mapovacich
prac v jaskyni Skalisky potok uvadza Hochmuth (1989, 1992, 1994).

Jaskyiia je vytvorena prevazne vo waxeneckych (karn) a dachsteinskych (norik) svetlych
vapencoch silického prikrovu silicika (cf. Mello et al., 1996; obr. 1). V najblizSom okoli
jaskyne, najmi v oblasti jej ustia (vehodu) a samotnej vyvieracky Skalist¢ho potoka, vystupujii
pleistocénno-holocénne deluvialno-proluvialne sedimenty, pripadne fluvialne sedimenty
holocénneho veku spojené s eréznou a akumulacnou ¢innostou riek a potokov (I c.).

LOKALIZACIA A ODBER VZORIEK

Kedze psefiticka zlozka sedimentu, ktora predstavuje najspolahlivejsi material
7z hladiska vypovednej hodnoty o zdrojovych horninach, v odoberanych vzorkach absentuje,
pozornost’ sa sustredila na odber vzoriek psamitickej frakcie. Aktivny tok Skalistého potoka
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v hornych ¢astiach jaskyne s prietokom v letnych mesiacoch cca 3 — 4 Ls™' tecie sCasti po
skalnom dne, vytvarajiic miestami kaskady. Na priamejsich usekoch toku v zakrutdch uklada
psamitické sedimenty na trovni hladiny a na dne, odkial’ boli odobraté vzorky SPH-1 az
SPH-5. V sifonalnych usekoch je mozné psamiticku frakciu najst’ na miestach so zvySenou
rychlostou toku (prudnica). Celkovo bolo odobratych 5 vzoriek — vzorky SPH-1 az SPH-5
(kazd4 s hmotnostou cca 25 — 30 g). Lokalizacia odberovych miest je zndzornena na obr. 2.
Taktiez bola odobrata vzorka povlaku, resp. kory zo steny jaskyne (vzorka SPH-6).
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BERES
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/—f/ﬁﬁ\/
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o 0 i 1 km
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Obr. 2. Mapa jaskyne Skalisty potok s vyzna¢enim miest odberu vzoriek (SPH-1 — SPH-6)
Fig. 2. Plan of the Skalisty potok Cave with sampling points (SPH-1 — SPH-6)

METODIKA

Kvalitativne zastapenie jednotlivych mineralov skimanych sedimentov sa vyhodnocovalo
opticky pomocou binokularnej lupy Carl Zeiss Jena a NIKON SMZ 1 500 s moznostou
fotodokumentacie (Statny geologicky tstav D. Stira — RC v Kosiciach) Detailnejsie sa
skumali tazké mineraly (frakcia <0,5 mm) vo vzorke SPH-5. Pri sporadicky sa vyskytujicom
zirkone sa sledoval stupen opracovania, pripadne jeho morfologicky typ (sensu Pupin, 1980).
Problematické mineraly (neidentifikovatelné pomocou binokularnej lupy pre silni kor6ziu
alebo opracovanie mineralu) sa urcili rtg. metodou.

S cielom presne charakterizovat mineralogické zlozenie skimanych sedimentov —
predovsetkym povlakov zo stien jaskyne (vzorka SPH-6) — bola vykonand rtg. difrakéna
analyza na pracovisku Statneho geologického tstavu D. Stura — RC v Kogiciach. Praskovy
preparat sa analyzoval na pristroji DRON-UM 1 za tychto podmienok: Ziarenie Cu Ko, Ni-
filter, intenzita pradu 20 mA, urychlovacie napitie 30 kV, ¢asova konstanta T-2, clony 2 7 -2’
a1-0,25, posun ramena goniometra 2°min. Vyhodnotenie rtg. ziznamov sa vykonalo podl'a
klasickych tabulick ASTM (Berry et al., 1974).

VYSLEDKY

V piescitom sedimente aktivneho toku jaskyne mozno odlisit mnozstvo litickych
ulomkov s roznym §tadiom opracovania. Vyskytuji sa zrna so stupiom zaoblenia 0,5 az 0,9
(sensu Krumbein, 1941). Ich rozmer nepresahuje 2 mm, charakter ich povrchu je rozmanity:
pritomné su zaoblené zrnd metamorfovanych hornin s matnym povrchom, zrna s hladkym
lesklym povrchom indikuju pritomnost’ silicitov v skiimanom sedimente. Sporadicky boli
zaznamenané zrna karbonatovych hornin. Presné petrografické zaradenie vzhl'adom na ich
rozmery sa neskumalo.
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K autochténnej zlozke skiimanych jaskynnych sedimentov mozno zaradit’ kalcit, ktory
sa vyskytuje najcastejsie vo forme drobnych ulomkov sintrov (obr. 5a) vo vzorkdch SPH-1
az SPH-3, vzacnejsie tvori euhedralne bezfarebné klence a skalenoédre bez akychkol'vek
znakov transportu. Patri k najvyraznejsie zastapenym komponentom sedimentu (do 70 %).
Vo vzorkach SPH-2, SPH-3 sa d’alej identifikovali kremeri, plagioklas, draselny Zivec a sl'u-
dové mineraly, pricom svetld sluda vyrazne prevlada nad biotitom. Z tazkych minerélov je
vo vzorkach zastipeny magnetit, ilmenit, pyrit a chalkopyrit v mnoZstve nepresahujucom
1 %. Ciasto¢ne odlisny charakter ma alochtonny material v oblasti pred dvadsiatym sifénom
(vzorka SPH-4, cf. obr. 2) s vyraznou prevahou kremena nad kalcitom. Okrem plagioklasu,
draselného Zivca, sI'id, kaolinitu?, magnetitu, ilmenitu, pyritu sa zriedkavo vyskytuje am-

fibol a hematit. N

T

ZretelnejSie st v sedimente — vzorka
SPH-5 — zastipené mineraly typické pre
horniny bazického charakteru, napadne
stiipa podiel ilmenitu, magnetitu, hematitu
(spekularit), pyritu a predovsetkym amfi-
bolu (cca 20 %). Pritomné su tiez spinely.
Dalej st zastpené kremefi, ktory markant-
ne prevlada nad kalcitom, zivce, sludové
mineraly. Z priesvitnych akcesorii je bezny
granat (grossularového typu?), zirkon, epi-
dot-zoizit, monazit, iba vzacne sa vyskytuju
turmalin, apatit, rutil, baryt a pyroxén?.

Analyza povlakov, resp. nepravidelnej Obr.3.Ulomok goethitovo-hematitovej kory (povlaku)
kory zo steny jaskyne (vzorka SPH-6) po- 70 steny jaskyne, vzorka SPH-6. Foto: K. Bénova
ukézala na pritomnost’ kremefia, draselného Fig. 3. Fragment of goethite-hemati@ crulst from cave
- . . . o surface, SPH-6 sample. Photo: K. Bonova
zivca, sericitu a kaolinitu v podobe mecha-
nickej primesi v jemnozrnnom hnedociernom az okrovohnedom goethitovo-hematitovom
substrate (obr. 3). Rtg. difrakény zaznam (obr. 4) poukazuje na nizky stupefi usporiadania

Gt Qtz Hem Gt
0,421 0,334 0,269 0,245

Obr. 4. Rtg. difrakény zdznam mineralneho zloZenia vzorky SPH-6. Zaznam je sprevddzany amorfnymi
oxidmi Zeleza, z ktorych vykrystalizoval goethit a hematit
Fig. 4. RTG diffraction record of mineral composition of SPH-6 sample is accompanied by amorphous
Fe-oxides. Goethite and hematite crystallized from them
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Obr. 5. Fotografie vybranych mineralov (vz. SPH-3): a — kalcitové sintre, (vz. SPH-5); b — obliaciky kremena;
¢ — B-kremefi; d — ilmenit; e — magnetit; f— pyrit; g — granat; h — zirkén. Foto: K. Bonova

Fig. 5. Photographs of selected minerals (SPH-3 sample): a — calcite sinters, (SPH-5 sample); b — rounded
quartz; ¢ — B-quartz; d — ilmenite; e — magnetite; f — pyrite; g — garnet; h — zircon. Photo: K. Bonova
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krystalovej mriezky goethitu a hematitu. Vznik goethitu, resp. dalSich oxihydroxidov Fe
v jaskynnom prostredi blizsie opisuje Orvosova (2005 b).

CHARAKTER MINERALOV

Napriek hojnému vyskytu kremeiia, vyplyvajucemu z jeho rezistencie voci chemickému
zvetravaniu a odolnosti vo¢i mechanickym u¢inkom transportu v splachoch, resp. naplavoch
aktivnych (alochtéonnych) tokov vo fluviokrasovych jaskyniach Slovenského krasu, je
dolezité poukazat' na jeho dvojaky charakter v skumanej jaskyni: vyskytuje sa vo forme
dokonale zaoblenych ¢&irych, sklovito lesklych zfn B-kremeiia alebo bieleho (mlie¢neho)
kremena zilného alebo metamorfného? povodu, poukazujicich na dlhy transport, resp.
jeho resedimentaény povod (obr. 5b); pripadne v podobe Ciastocne zaoblenych, miestami
euhedralne obmedzenych, ¢asto polamanych zfn monokrystalického bipyramidalneho
B-kremena, indikujucich znos z povodne vulkanického materialu (najma kyslych efuziv; obr.
5¢). Zaujimavym fenoménom je pritomnost’ zaoblenych zn Cireho kremefia v goethitovo-
hematitovom povlaku resp., kore zo steny jaskyne (vzorka SPH-6).

Zivce tvoria oby¢ajne polamané, miestami euhedralne obmedzené zrna, sCasti premenené.
St sacastou alochtonneho materialu najmi vo vzorkach SPH-1 az SPH-3. Iimenit sa vyskytuje
vo forme zrnitych agregatov, ¢astejSie vo forme tabul’kovitych celistvych krystalov (obr. 5d).
V kavernéznych priestoroch su viditel'né znaky selektivnej leukoxenizacie (cf. Baco et al.,
2004). Magnetit tvori hrubozrnné celistvé agregaty, vyskytuju sa aj dokonale obmedzené
oktaedrické tvary, menej ich zrasty (obr. 5¢). Len sporadicky sa vyskytuju priméarne zrasty
magnetitu s hematitom. Vi¢Sina tychto mineralov vak javi znamky kordzneho pdsobenia.
Hojné zastupenie magnetitu je vysledkom jeho vysokej odolnosti voci intrastratdlnemu
rozptitaniu a jeho hustoty. Pyrit je zastipeny dokonale obmedzenymi kubickymi tvarmi
s charakteristicky vyvinutym ryhovanim na plochach, este Castejsie tvori tzv. pyritotvar
(pentagonalny dodekaéder). Vynimo¢ne byva zdvojcateny podla (110) vo forme prerastlice
tzv. ,,zelezného kriza“ (obr. 5f). Na povrchu ma ¢asto vyvinuté povlaky limonitu (goethitu)
signalizujice oxidaéné podmienky. Hematit ocelovosivej farby byva vyvinuty najcastejsie
vo forme hrubozrnnych spekularitovych agregatov. Amfibol ako menej odolny mineral (cf.
Morton, 1984) sa vyskytuje vo forme ostrohrannych ulomkov, vznikajicich v dosledku
jeho rozpadu podl'a dokonalej Stiepatelnosti. Z priesvitnych tazkych minerélov je pomerne
hojne zastupeny grandt. Okrem dokonalych dodekaédrovych tvarov s hladkymi plochami
a bez naznakov korozie ¢astejsie vystupuje vo forme ¢iastone opracovanych a mierne az
vyrazne korodovanych (nerovny povrch, leptové stopy), iba sporadicky poldmanych zfn
sytej oranzovej farby, ojedinele sa vyskytuji granaty ruzovych odtiefiov (obr. 5g). Ruzové
zirkény st oby&ajne neopracované, tvoria euhedralne az subhedralne krystaly, obycajne
bez fraktur, s mnozstvom fluidnych inkluzii. Miestami sa vyskytuju inklizie opaknych
minerélov (obr. 5h). Pritomnost zaoblenych, zvy&ajne &irych zirkonovych zfn indikujuca ich
resedimentéciu je skor ojedineld. Aj ked’ o typologicku distribuciu sa nemozno spolahlivo
opriet’ vzhladom na zanedbatel'ny pocet uréenych zirkonovych zfn (n = 30), zaujimavostou
je ich prislusnost k dvom typologickym suitdm. Prvii skupinu tvoria zirkony zastipené L,
S,, S, a S typmi, na druhej strane st pritomné S, S, S, . ;a P J typy (Pupin, 1980).
Monazit tvori tabul’kovité zelenkavé alebo Zltkasté, menej Casto oranzové krystaly s mierne
korodovanym (kavernéznym) povrchom, vyskytuje sa aj vo forme pomerne zaoblenych zfn.
Epidot byva stipéekovity, vyrazne opracovany.

DISKUSIA A ZAVER

Stadium mineralov pritomnych v ndplavoch aktivneho toku jaskyne Skalisty potok
poukazalo na ich detriticky povod (vynimkou su autigénne idiomorfné kalcity a kalcitové
sintre pritomné v sedimente). Pomerne pestré zastupenie alochtonnych mineralov poukazuje
na niekol’ko typov zdrojovych hornin. Vysoky obsah kremena, plagioklasu a draselného Zivea
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vo vzorkach (SPH-2, SPH-3) so zanedbatelnym zastipenim akcesorickych (aj opaknych)
mineralov indikuje ich povod v magmatickych (kyslych) horninach. Na tento typ horniny
¢iastoéne poukazuje pritomnost miniméalne opracovanych L- a nizkych S-typov zirkonov,
ktoré st charakteristické pre alumin6zne monzogranity az granodiority (sensu Pupin, 1980),
pripadne pritomnost’ monazitov. Nizky podiel priesvitnych tazkych minerdlov v sedimente
neumoziiuje hodnoverny predpoklad o type zdrojovej horniny, ked’ze prave tazké mineraly
st dolezitym indikatorom povodného materialu sedimentu. Na druhej strane zna¢nd redukcia
spektra priesvitnych tazkych mineralov by mohla suvisiet’ s resedimentaciou minerélov,
ked’ze tazké minerdly uz raz ulozené pocas transportu tazsie opdtovne ,yvstupuju* do
transportného média ako kremen (resp. lahké mineraly; Morton a Hallsworth, 1999).

Velké mnozstvo angularnych ulomkov amfibolu sved¢i o jeho pomerne blizkej prove-
nienénej oblasti a spolu s vysokym obsahom ilmenitu a pritomnostou spinelov v Studovanom
sedimente predpokladé intermediarny az bazicky zdroj najpravdepodobnejsie metamorfného
povodu. Vyssie zastipenie muskovitu (resp. svetlej sl'udy) tiez indikuje metamorfni pro-
venienciu, kedze v granitoidnych horninach muskovit obycajne netvori vysoké objemové
percento (Vozéarova, 2000). Na druhej strane, vzhladom na anomélne hydrodynamické spra-
vanie sa sl'ud pocas transportu sposobené ich tvarom, ich kvantitativne zastipenie pre pro-
venien¢né Givahy straca vyznam.

Idiomorfny ilmenit, hematit (spekularit) spolu s granatmi, zirkénmi P, a J; typu
typologickej $kaly a monokrystalickymi bipyramidalnymi B-kremefimi si ukazovatel'mi
vulkanického, resp. metavulkanického zdrojového materidlu (ryolity?).

Viésia cast’ granatov pravdepodobne pochadza z metamorfitov, resp. metasedimentov,
¢omu nasved¢uju ich mierne az znaéne korodované povrchy (cf. Morton a Hallsworth, 1999).
Ciasto¢ne prekvapujuce je zanedbatelné mnozstvo najstabilnejsich tazkych minerélov, ako
st rutil a turmalin. Nizky obsah apatitu v sedimente moze indikovat’ intenzivne chemické
zvetravanie, ked’Ze je rozpustny aj v slabych kyselinach.

Komplikovana geologickd stavba skumaného tizemia, resp. zberna oblast’ toku (tokov
alebo paleotokov?) prinasajuceho roznorody material do jaskyne Skalisty potok neumoZiiuje
pristipit k jednoznaénym zaverom o zdrojovej oblasti alochtonneho sedimentarneho
materialu. Na zaklade predbeznych vysledkov mineralogického $tidia mozeme scasti
predpokladat’ jeho pévod v mezozoickych horninach prikrovu Borky (metabazické horniny
Dubravského stivrstvia?), ¢ast’ materidlu ma pravdepodobne povod v ryolitoch a ryolitovych
vulkanoklastickych sedimentoch (Bucinské shvrstvie?). Cast’ alochtonneho materidlu
nepochybne pochadza zo sedimentarnych hornin mladsieho paleozoika a metasedimentov
gemerika. Najmi asociacia tazkych mineralov poukazujiica na provenienciu v bazickych
horninach (ilmenit, spinely, amfiboly) méze naznacovat’ komunikéciu Skalistého potoka
s Hajskym, v ktorom sa prostrednictvom $lichovej prospekcie aluvia (Varga, 1973) potvrdila
¢ast’ mineralov pochadzajicich z glaukofanitov (severne od Hacavy). Na druhej strane treba
pripomentt, Ze asocidcia tazkych mineralov nemusi vzdy jednoznacne odrazat zlozenie
zdrojovych hornin, na ktoré vyrazne vplyvaji rozlicné podmienky pocas transportu
— hydraulicky rezim ovplyvneny hustotou, tvarom a rozmermi zfn; sposob depozicie,
selektivne triedenie a pod.

Aby sa dosiahli ucelenejsie zavery, treba v buducnosti pristipit’ k detailnejSiemu stadiu
asociacii (predovietkym priesvitnych) tazkych mineralov; vel’ka perspektivu na rieSenie
genetickych otdzok ma najmd mikrochemické $tadium granitov a amfibolov, pripadne
dalsich akcesorickych mineralov.

Pod’akovanie: Prispevok vznikol za podpory grantovej ulohy VEGA ¢. 1/3062/06.
Za pomoc pri identifikacii spornych tazkych mineralov dakujeme RNDr. P. Bacovi
zo Statneho geologického tstavu D. Stira v Kosiciach.
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PRELIMINARY RESULTS FROM MINERALOGICAL STUDY
OF FLUVIAL SEDIMENTS IN THE SKALISTY POTOK CAVE (SLOVAK KARST)

Summary

This contribution presents a preliminary research of allochthonous fluvial sediments in the Skalisty
potok Cave situated in the south boundary of the Jasovské Plateau (the Slovak Karst, Western Carpathians).
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There was found non-karst material represented mainly by heavy minerals in active stream. Presence of the
angular amphibole, ilmenite and spinels in studied fluvial sediments indicates their origin in intermediate
to basic metamorphic rocks. Euhedral ilmenite, hematite (specularite), garnets, zircons dominated by P,
and J, morphological types (sensu Pupin, 1980) and bipyramidal B-quartz show volcanic parental rock
source. Several garnets with the corroded surfaces advert to their metamorphic or metasedimentary origin.
Metasedimentary (crystalline basement rocks) and Late Paleozoic sedimentary cover rocks from the
Gemericum and metabasic rocks from the Borka nappe are considered to be a source of non-karst material in
the Skalisty potok Cave system.
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VYSKUM DISJUNKTiVNEJ TEKTONIKY DRIENOVSKEJ JASKYNE
V SLOVENSKOM KRASE
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M. Zacharov: Disjunctive tectonics research of Drienovska cave in Slovak karst

Abstract: Research of the Drienovska cave disjunctive tectonics is part of the research task, which
is about relation between formation and development of endokarst and character of disjunctive
tectonics in east part of Slovak karst and Medzevska pahorkatina upland. Drienovska cave is
situated in southeast side of Jasov plateau about 1500 m northerly from village Drienovec. The
cave is situated in cross-area of Roziiava fault (NW — SE direction) and fault of river Bodva
(NE — SW direction). These faults are important regional disjunctive structures that influence
structure of this part of Slovak karst and close units of Turnianska kotlina basin. The cave
formation and development, its location, orientation and space character are absolutely connected
with mentioned regional tectonics. This connection is proved by presence, distribution and
character of analogical disjunctive fault structures that were determined in the Drienovska cave
during a structural research.

Key words: Slovak karst, Drienovska cave, geological and tectonic strucures, characterization
of disjunctive tectonics

1. UVOD

Vyznamnou jaskyiiou vychodnej casti Slovenského krasu je Drienovska jaskyna.
Nachadza sa na Jasovskej planine asi 1500 m severne od obce Drienovec v Usti doliny Miglinc
(obr. 1). Je to vyverova fluviokrasové jaskya (obr. 2), dosahujuca dizku 1348 m (Bella et al.,
2007), cez ktoru preteka aktivny vodny tok. Priestory jaskyne su vytvorené v troch hlavnych
vyskovych Grovniach v rozpiti 60 m, ktoré sit vyrazne premodelované procesmi riitenia.

Prvé udaje o geologickych pomeroch jaskyne a zaroveii aj o jej objave publikoval Sobanyi
(1896). Vysledky dalsich geologickych vyskumov jaskyne, véitane orientacného popisu
tektonickych struktar publikovali Senes (1956), Zacharov (1985), Zacharov a Terray (1987),
Zacharov a Kosuth (2005). Rozsiahly prehl'ad dalsich udajov o jaskyni speleologického,
archeologického a turistického charakteru uvadza Bella et al. (2007).

Vyskum disjunktivnej tektoniky Drienovskej jaskyne je sucastou grantovej ulohy VEGA
& 1/4030/07. Vedeckym ciefom tlohy je vyskum zavislosti vzniku a vyvoja endokrasu
vychodnej ¢asti Slovenského krasu a Medzevskej pahorkatiny od charakteru disjunktivnej
tektoniky. Drienovska jaskyfa sa nachadza na juhovychodnom okraji Jasovskej planiny
v oblasti styku roziavského zlomu a zlomu rieky Bodva, vyznamnych regionalnych
disjunktivnych struktar, ovplyviujucich stavbu tejto Casti Slovenského krasu a prilahlych
jednotiek Turnianskej kotliny. Pozicia jaskyne a vyskumom zistend pritomnost’, distriblcia
a charakter disjunktivnych $truktur v jej priestoroch (Zacharov, 2008 in print) v znacnej
miere svisi s uvadzanou regionalnou tektonikou.
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Obr. 1. Situaéna mapa okolia Drienovskej jaskyne
Fig. 1. Location map of Drienovska cave surroudings |

Obr. 2. Vchod do Drienovskej jaskyne vytvoreny v zone subvertikalneho SZ — JV zlomu (245°/81°).
Foto: M. Zacharov
Fig. 2. The entrance to Drienovska cave that is created in zone of subvertical NW — SE fault (245°/81°).
Photo: M. Zacharov
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2. GEOLOGICK A STAVBA SLOVENSKEHO KRASU
V OKOLI DRIENOVSKEJ JASKYNE

Rozsiahle Gizemie Slovenského krasu podla sigasnych poznatkov tvori pét’ zdkladnych
tektonickych (paleoalpinskych) jednotiek — silicikum, turnaikum, meliatikum, prikrov Borky
a gemerikum (Mello et al., 1997). Na stavbe sa zacastiiuji aj lokalne zachované vyskyty
vrchnej kriedy, ktoré vsak nie st sucastou tychto jednotiek. Uvedené jednotky nesuvisle
prekryvaji sedimenty kenozoika.

Na geologickej stavbe okolia Drienovskej jaskyne sa z uvedenych jednotiek zucastiuje
len silicikum, vrchna krieda a pokryvné sedimenty terciéru a kvartéru. Silicikum je zastu-
pené triasom a jurou silického prikrovu. Spodny trias vo vyvoji bodvasilasskych vrstiev sa
vyskytuje len v idoli Miglinc v tektonickej pozicii. Trias, stredny a vrchny tvori podstatnu
Cast’ skrasovatenych karbonatov. Najviac st zastupené karbonaty facie karbonatovej plat-
formy — gutensteinské, steinalmské, wettersteinské rifové aj lagunarne vapence, waxenecké
(tisovské) vapence a dachsteinské rifové a lagundrne vapence. Cast’ triasu je tvorena schreye-
ralmskymi, reiflinskymi a pseudoreiflinskymi vapencami, patriacimi k svahovym a panvo-
vym faciam. Jura zastipena adnetskymi, hierlatzkymi vapencami a allgduskymi vrstvami sa
vyskytuje len v malom rozsahu v udoli Miglinc, pretoze je vyrazne tektonicky redukovana.
Vrchni kriedu zastupuju miglinecké vapence, taktieZ v tektonickej pozicii v doline Miglinc
(Mello et al., 1997). Kenozoikum je tvorené pokryvnymi sedimentmi paleogénu, neogénu
a kvartéru. Paleogén je zastupeny Somodskym suvrstvim a charakteristickd je najmd facia
drienovskych zlepencov, ktoré zasahujii az na bazu neogénu. Dalej je neogén zastiipeny polo-
hami poltarskeho stvrstvia. Kvartér je tvoreny nesavisle rozsirenymi deliviami, koluviami,
proliviami a fluvidlnymi sedimentmi niv potokov a riek.

Vzajomny vztah, rozsah, zakladna litostratigrafia a taktiez pozicia uvedenych prvkov
geologickej stavby je zrejma z geologickej mapy (obr. 3). Z tohto dévodu nepovazujem za
potrebné vzhladom na charakter prispevku uvadzat’ dalsie podrobnejsie udaje o geologickej
stavbe.

Uzemie, kde je situovana jaskyiia, ma zlozita tektonickd stavbu. Mezozoikum Sloven-
ského krasu a pril'ahlé jednotky Turnianskej kotliny sii intenzivne porusené vrasovou a hlav-
ne zlomovou tektonikou. Vrasovou tektonikou sa v prispevku nezaoberame, pretoze v kar-
bonatoch silického prikrovu a Somodskom savrstvi vrasové struktury neboli pozorovatelné.
Juhovychodnym okrajom Jasovskej planiny severne od obce Drienovec prebieha regionalne
vyznamny roziiavsky hlbinny zlom SZ — JV smeru, ktory vyznieva v blizkosti jaskyne (obr.
3). Uvedeny zlom sa vyrazne prejavuje morfologicky dolinou Miglinc a je zaroven aj hra-
nicou dvoch ¢&iastkovych tektonickych §truktur silického prikrovu Slovenského krasu. Se-
verovychodne od zlomu je vyvinuta $truktira hacavsko-jasovska a na juhozapadnej strane
struktura silicko-turnianska. Dolinou prebiehajii pocetné presmykové Struktary so sklonom
k juhozapadu, ktoré vyznamne ovplyviiuji rozsah a poziciu jednotlivych typov hornin jed-
notky silického prikrovu, ale aj sedimentov vrchnej kriedy a terciéru (obr. 3).

Dal§imi vyznamnymi tektonickymi prvkami stavby Gzemia su zlomové systémy
Turnianskej kotliny, ktoré sa podiel’ajii aj na formovani juzného a juhovychodného okraja
Jasovkej planiny. St to terciérne zlomové systémy SV —JZ, SZ —JV, V — Z smeru a zlomy
S —J smeru (Mello etal., 1996, 1997), (obr. 3). Z uvedenych zlomovych struktur ma pre stavbu
uzemia zasadny vyznam zlomovy systém SV — JZ smeru, stotoZiovany so zlomovou zonou
Darné charakteru sinistralneho posunu (Vass et al., 1994). Tento systém je povazovany za
najstarii a jeho prejavy suvisia s ozivovanim jeho aktivity. Pokracovanie tohto systému, tzv.
zlom rieky Bodva s iklonom k severozapadu, prebieha juhozapadne od obce Drienovec az ku
kote Palanta, kde vyznieva v oblasti jaskyne (obr. 3). Zlomy V —Z smeru s iklonom k juhu sa
taktiez vyrazne podiel'ajii na stavbe a formovani Turnianskej kotliny. Tieto zlomy oddel'uju
mezozoikum Jasovskej planiny od Turnianskej kotliny. Morfologicky je vyrazny najmé zlom
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severozapadne od Drienovca, oddel'ujici vysoku kryhu Jasovskej planiny od kenozoika
Turnianskej kotliny a taktiez zlom juhovychodne od Drienovca (obr. 3). Zlomy uvedeného
systému vykazovali aktivitu v obdobi pliocén — pleistocén (Vass et al., 1994). Skuto¢nost,, ze
st porusené zlomami ostatnych uvadzanych systémov, svedci o ich starSom zalozeni (Vass
et al., 1994). Zlomové systémy SZ —JV s uklonom k juhu a sporadické subvertikalne zlomy
S —J smeru sposobuju prie¢ne rozblokovanie okraja Jasovskej planiny vzhladom na generalny
VZ priebeh jej okraja. V studovanom uzemi je SZ — JV zlom tohto typu na juhovychodnom
okraji obce Drienovec a podiel'a sa na tvorbe drenaznej siete izemia, kde kontroluje priebeh
koryta potoka Drienovec.
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Obr. 3. Geologicka mapa okolia Drienovskej jaskyne — vyrez z Geologickej mapy Slovenského krasu
1:50 000, (Mello et al., 1996)
Fig. 3. Geological map of of Drienovska cave surroudings — the crop from Geological map of the Slovensky
kras Mts. 1 : 50 000, (Mello et al., 1996)
Vysvetlivky ku geologickej mape:
KVARTER: 2 — fluvialne sedimenty: niv riek — hlinité, hlinito-piescité, ilovité; niv potokov — strkovité,
strkovito-pies¢ité (holocén); 6b — deluvidlne sedimenty: hlinito-kamenité a kamenité (pleistocén);
14 — proluvialne sedimenty: $trky a zahlinené piescité strky naplavovych kuzelov (pleistocén — wiirm);
TERCIER: 21 — poltarske stvrstvie: pestré ily, Strky, piesky (neogén — pont); 30 — drienovské zlepence:
karbonatické zlepence (vrehny oligocén — spodny miocén); 31 — Somodské suvrstvie: sivé laminované, alebo
masivne sladkovodné véapence (paleogén, eocén — oligocén); MEZOZOIKUM: 33 — Miglinecké vapence:
biele masivne vapence (krieda, senén: kampan); SILICIKUM: 36 — allgéuské vrstvy: tmavé slienité vapence
a sliene, miestami $kvrnité (jura, lias — spodny doger); 37 — adnetské a hierlatzské vapence, pestré bazalne
brekcie (jura, lias); 39 — dachsteinské rifové a lagundrne vdpence (trias, norik); 40 — waxenecké (tisovské)
vapence (trias, karn); 43a — wettersteinské rifové vapence (trias, ladin); 43b — wettersteinské lagunarne
vapence (trias, ladin); 45 — steinalmské vapence (trias, anis); 47 — gutensteinské vapence (trias, najvyssi spat
_ anis); 54 — reiflinské a pseudoreiflinské vapence (trias, pelson — kordevol); 56 — schreyeralmské vapence
(trias, ilyr — fasan); 60 — bodvasilagské vrstvy: pestré pieskovce a bridlice (trias, griesbach — spodny namal)
Explanation to geological map:
QUARTERNARY: 2 — fluvial sediments: of alluvial plains — loamy, loamy-sandy, clayey; of brook alluvium
— gravelous, sandy-gravelous (Holocene); 6b — deluvial sediments: loamy-stony and stony (Pleistocene);
14 proluvial sediments: gravels and loamy sandy gravels of alluvial fans (Pleistocene — Wiirm); TERTIARY:
— Poltar formation: variegated clays, gravels, sands (Neogene — Pontlan) 30 — Drienovec Conglomerates:
carbonatlc conglomerates (Upper Oligocene — Lower Miocene); 31 — Somody Formation: gray laminated
or massive fresh water limestone (Paleogene, Eocene — Oligocene); MESOZOIC: 33 — Miglinc limestones:
white massive limestones (Cretaceous, Senonian:Campanian); SILICICUM: 36 — Allgiu Beds: dark marly
limestones and marls, spotty at places (Jurassic, Liassic — Lower Doggerian); 37 — Adnet and Hierlatz
limestones, variegated basal breccias (Jurassic, Liassic); 39 — Dachstein Riff and Lagoonal limestones
(Triassic, Norian); 40 — Waxeneck (Tisovec) limestones (Triassic, Carnian); 43a — Wetterstein Riff limestones
(Triassic, Ladinian); 43b — Wetterstein Lagoonal limestones (Triassic, Ladinian); 45 — Steinalm limestones
(Triassic, Anisian); 47 — Gutenstein limestones (Triassic, Upermost Spathian — Anisian); 54 — Reifling and
..Pseudoreifling* limestones (Triassic, Pelsonian — Cordevolian); 56 — Schreyeralm limestones (Triassic,
lllyrian — Fassanian); 60 — Bodvaszilas Beds: variegated sandstones and shales (Triassic, Griesbachian
— Lower Nammalian)

3. GEOLOGICK A STAVBA DRIENOVSKEJ JASKYNE

Drienovska jaskyiia sa nachadza na juhovychodnom okraji Jasovskej planiny v masive
koty Palanta (366 m n. m.). V ramci rieSenia ulohy boli pri vyskume tektonickych pomerov
vykonané aj litologické Studie hornin.

3.1. LITOLOGIA

Priestory jaskyne st vytvorené v troch zakladnych typoch hornin — waxeneckych
vapencoch, drienovskych zlepencoch a brekciach (Zacharov, 2008 in print). Podstatna Cast’
priestorov je vytvorena v sivych az tmavosivych, lokalne bielych waxeneckych vapencoch
(karn: jul — tuval). Véapence su zna¢ne tektonicky porusené pocetnymi puklinovymi
systémami a dislokaénymi $truktdrami, na ktoré st viazané rozsiahle zony kataklastickych
brekeii. Drienovské zlepence a brekcie hnedej az ¢ervenohnedej farby veku vrchny oligocén
— spodny miocén (Ele¢ko a Vass, 1997 in Mello et al., 1997) su horninami, v ktorych j je
vytvorena len mala &ast’ priestorov jaskyne. Priestory jaskyne v nich dosahuju dizku asi
25 m a predstavuju plazivkovité chodby medzi blokmi rozsiahleho zévalu. Uvedené horniny
tvoria sekvenciu z poloh slabo vytriedenych, hlavne karbonatovych klastik a boli zistené
na Grovni podzemného toku v oblasti 2. zdvalu (obr. 5) vo vyraznej dislokacnej zone (obr.
8, 9). Ich pozicia je tektonickd a celkovy rozsah polohy nie je dosial urceny. A aj tieto typy
hornin st lokalne tektonicky prepracované na kataklastické brekcie. Podrobnejsie litologické
charakteristiky uvedenych zakladnych typov hornin vyskytujicich sa v Drienovskej jaskyni
opisal Zacharov, 2008 in print.
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3.2. TEKTONIKA

Vyskum disjunktivnej tektoniky v Drienovskej jaskyni prebieha od roku 2006. V priestoroch
jaskyne, ale aj na povrchu v SirSom okoli jaskyne bolo vykonané geologicko-struktirne
mapovanie. Tektonické Struktiry su v jaskyni reprezentované disjunktivnymi $trukturami,
— puklinami a zlomami. Aj ked’ s@ tu pukliny najrozsirenej$imi Struktarami ich podstatna
Cast’ je nesystematicka a ich vyuzitie pre Strukturnu analyzu je problematické a tazko
interpretovatelné. Systematické pukliny geneticky spété so zlomami s vel'mi sporadické
a uréenie ich pozicie je zlozité pre Casté prekrytie sintrami. Z uvedenych dovodov pukliny
neboli analyzované.

Struktarny vyskum sa sustredil na zlomy, ktoré si v jaskyni pocetné a jednoznacne pre-
disponovali vznik a vyvoj jej priestorov. Velkym problémom §tdia zlomov bol len ojedi-
nely vyskyt indikatorov pre kinematicku klasifikaciu zlomov. Aj zlomy su taktiez rozsiahle
prekryté sintrami a d'alej st vyrazne premodelované intenzivnou eréziou aktivneho vodného
toku a ritenim. V prvej etape Strukturneho vyskumu od roku 2006 az do polovice roku 2007
v hlavnej asti priestorov na urovni vodného toku neboli dokonca ziskané Ziadne kinematic-
ké indikatory. Podstatna ¢ast registrovanych zlomov ich mala porusené alebo uplne zni¢ené.
Na plochach zlomov sa sporadicky vyskytuja tektonické zrkadla s ryhovanim, ¢ize stridcia-
mi vyvinutymi na kalcitovych povlakoch. Avsak len v minimalnom pocte boli zistené a pou-
7itelné pre uréenie diferencialnych pohybov blokov pre kinematick klasifikaciu zlomov aZ
v druhej etape vyskumu jaskyne. Pocas tejto etapy bolo Struktarne preskiimané vrchné po-
schodie jaskyne a priestory v oblasti 3. zavalu (obr. 5), v ktorom sa jaskyia predbezne konci.
Orientacia zlomov sa zistovala meranim smeru sklonu a vel'kosti sklonu zlomovych ploch.
Namerané hodnoty boli vyhodnotené formou sumarnych tektonogramov vel'kych oblukov
smerov sklonov zlomovych ploch v stereografickej projekcii na spodnu hemisféru. Statistic-
ky stibor 87 merani bol rozdeleny do piatich Casti tak, aby charakterizoval jednotlivé casti
jaskyne z hladiska morfologie, vyvojovych vyskovych urovni a zarovei aj tektoniky. Prva
vyhodnocovana ¢ast’ jaskyne zaberd oblast’ Vchodu, Labyrintu, Suchého vchodu a Siene ne-
topierov a druha nadvizujica Cast’ zaberd oblast chodieb smerujucich k Bo¢nému pritoku,
oblast Zrutenej chodby s 1. zdvalom a Koralovej chodby. Tretia ¢ast’ zabera oblast’ 2. zavalu,
ktory tu uzatvara pokracovanie jaskyne na rovni vodného toku. Stvrta cast’ zabera oblast’
Strateného domu a Ceskej chodby, ktoré predstavujii vrchné pochodia jaskyne, a piata Cast’
je oblast Mesaéného domu. Posledna Cast opétovne predstavuje priestory na irovni vodného
toku, ukon¢ené daldim, v poradi 3. zavalom. Rozsah a pozicia jednotlivych vyhodnocova-
nych oblasti je zrejma z obr. 4, 5.

3.2.1. CHARAKTERISTIKA ZLOMOV

Na zéklade vyskumu doteraz zistenych zlomovych Struktir bol vznik a vyvoj jaskyne
predisponovany hlavne zlomami SV — JZ a SZ — JV smeru a v malej miere aj zlomami
S JaV - Z smeru. Rozmiestnenie najvyznamnejsich zlomov v jaskyni a ich orientdcia je
schematicky zobrazena na obr. 4, 5. Orientacia zlomov a ich vzajomny vztah v jednotlivych
vyhodnocovanych astiach jaskyne je zobrazeny na tektonogramoch v obr. 6.

Zlomy SV — JZ smeru su charakteristické velmi strmym sklonom (50 — 75°) hlavne
k SZ, ale aj JV a ich zna¢né Cast’ je subvertikalna, resp. vertikalna (obr. 6). Cast’ uvedenych
zlomov ma sklon v rozpiti 34 — 45°. Tieto zlomy boli zistené len v blizkosti zavalov a je
pravdepodobné, Ze ich sklon je sekundarny, ovplyvneny postupnym poklesavanim tektonicky
a erozivne poruseného horninového masivu do priestorov jaskyne. Na zlomovych plochach
st sporadicky zachované tektonické zrkadld s ryhovanim. Zlomy st sprevadzané zonami
tektonickych brekcii zvy¢ajne dosahujicich Sirku 10 az 70 cm a ojedinele az niekol’kometrov
v Stratenom a Mesaénom déme (obr. 7). V niekol'ko metrovych zonach brekeii boli ¢asto
zistené nepenetrativne diferencialne zlomové plochy s tektonickymi zrkadlami vyvinutymi
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Obr. 4. Mapa Drienovskej jaskyne so schematickym znazornenim rozmiestnenia a orientécie najdolezitejsich zlomov — &ast’ 1. (Podfa mapovych podkladov Speleoklubu
Cassovia zostavil M. Zacharov, 2008)

Fig. 4. Drienovské cave map with schematic marking of allocation and orientation of the most important faults — part 1. (According to Speleoklub Cassovia map background,
made out by M. Zacharov, 2008)
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Obr. 5. Mapa Drienovskej jaskyne so schematickym znazornenim rozmiestnenia a orientdcie najdolezitejsich
zlomov — ¢ast’ 2. (Podl'a mapovych podkladov Speleoklubu Cassovia zostavil M. Zacharov, 2008)

Fig. 5. Drienovskd cave map with schematic marking of allocation and orientation of the most important
faults — part 2. (According to Speleoklub Cassovia map background, made out by M. Zacharov, 2008)

vakumulaciach sekundarneho kalcitu. Specificky charakter majizlomy SV —JZ smeru zistené
v oblasti 2. a 3. zavalu. Na uvedenej zlomovej Strukture v 2. zavale sa stykaju waxenecké
vépence, tvoriace nadlozny blok s drienovskymi zlepencami v podlozi. V centralnej Casti zony
zlomu je tu vyvinuta 10 az 20 cm hruba poloha ¢ervenohnedého materidlu ,,bauxitického™
charakteru (obr. 8). V d’al$ej smernej Casti toho istého zlomu tato poloha vyklifiuje a v zone
zlomu sa priamo stykaji intenzivne kataklazované vapence so zlepencami. Kataklastické
brekcie vapencov a zlepencov st chaoticky premiesané a sekundarne spevnené kalcitom
a Gervenohnedym tektonickym ilom (obr. 9). Takisto aj v Mesacnom doéme v blizkosti 3.
zavalu bola zistend zlomova Struktara s vypliiou materialu ,,bauxitického™ charakteru.
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Obr. 6. Sumérne tektonogramy vel’kych oblikov smerov sklonov zlomovych ploch v jednotlivych Castiach

Drienovskej jaskyne
Fig. 6. Summary fault plain’s diagrams of strike dips in particular areas of Drienovska cave
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Obr. 7. Kataklastické brekcie v zone SV — JZ zlomu (333°/54°), severna ¢ast’ Stratené¢ho domu. Foto:
M. Zacharov
Fig. 7. Cataclastic breccias in NE — SW fault zone (333°/54°), northern part of Strateny dome. Photo:
M. Zacharov

Obr. 8 Ostry tektonicky styk waxeneckych vapencov a drienovskych zlepencov na SV — JZ zlome v oblasti
2. zavalu. Horniny st len minimélne kataklazované a centralnu cast’ zlomu vypiiia material ,,bauxitického
charakteru. Foto: M. Zacharov

Fig. 8. Strict tectonic contact of Waxeneck limestones and Drienovec conglomerates on NE — SW fault in
area of 2. cave brake down. The rocks are just minimally cataclased and the central part of fault is filled by
material that has ,,bauxide* character. Photo: M. Zacharov
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Obr. 9. Tektonicky styk waxeneckych vapencov a drienovskych zlepencov na SV — JZ zlome v oblasti
2. zavalu. Horniny su rozsiahle kataklazované a centralna Gast zlomu je sekundarne spevnend kalcitom
a ¢ervenohnedym tektonickym ilom. Foto: M. Zacharov

Fig. 9. Tectonic contact of Waxeneck limestones and Drienovec conglomerates on NE — SW fault in area
of 2. cave brake down. Rocks are extremely cataclased and the central part of fault is secondary beaded by
calcite and by red-brown tectonic clay. Photo: M. Zacharov

Tato $truktura je vsak vyvinutd len vo waxeneckych vapencoch a je sprevadzand asi
4 metrovou zonou brekeii. Pri ostatnych druhoch zlomov sa zistila opisovana ,,bauxiticka™
vyplii zény zlomov. Na zaklade $tudia lineacii na povrchu tektonickych zrkadiel je mozné
zlomy SV — JZ smeru z hladiska kinematickej klasifikacie zaradit k sinistralnym smernym
posunom (obr. 5, 10). Vzhl'adom na ich vyskyt vo vietkych zavalovych oblastiach jaskyne
je pravdepodobné, Ze st v kombindcii so zlomami SZ — JV smeru a v si¢innosti s procesmi
krasovej kordzie a erdzie vodného toku hlavnou pricinou tvorby zavalov.

Zlomy SZ — JV smeru maji s¢asti strmy az vel'mi strmy sklon v rozpiti 45 — 75° k JZ
a lokélne aj k SV. Ich znac¢na cast’ je viak subvertikalna, resp. vertikalna (obr. 6). Aj tieto
zlomy maju sporadicky zachované tektonické zrkadla s ryhovanim a vo vicsine skamanych
vyskytov je analogicky rozsah a vyvoj zon tektonickych brekcii ako u zlomov SV —JZ smeru.
Jedinou dosial’ zistenou odlignostou z hladiska stavby zlomovej zony je, ze Cast zlomov
(oblast’ Bo¢ného pritoku, Koralovej chodby a Ceskej chodby) mé tektonické brekcie tmelené
sekundarnym kalcitom. Brekcie tak nadobudaji charakter kompaktnej horniny. Z hladiska
kinematickej klasifikacie uvedené zlomy zaradujeme k poklesom a Sikmym sinistralnym
poklesom (obr. 10).

Dalsie dva druhy zlomov sa v jaskyni zistila len v malom pocte. Na zaklade orientacie
sem boli za¢lenené zlomy s azimutalnou disperziou do +20° okolo zakladnej orientcie
S —J, resp. V — Z. Zlomy S — J smeru dosahuju vel'mi strmy (65 — 78°) sklon k V aj Z,
pripadne su subvertikalne (obr. 6). Podl'a tadia lineacii ich zarad’'ujeme k sinistralnym
smernym posunom (obr. 10). Zlomy V — Z smeru sa zistili len vel'mi ojedinele (pocet 4).
Maju strmy az subvertikalny sklon v rozpiti 40 — 85° k J aj S a z hladiska kinematickej
klasifikacie ich zarad’ujeme k sikmym dextrdlnym poklesom (obr. 10). Takisto aj tieto dva
druhy zlomov maji vyvinuté tektonické zrkadla a st sprevadzané zénami brekcii, ktoré
v$ak dosahuju mensiu hrabku, a to 10 — 40 cm.
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Obr. 10. Sumarny tektonogram vel'kych oblukov sme-
rov sklonov zlomovych ploch s vyznacenim linedcii
ryhovania s orientaciou zmyslu pohybu v Drienovskej
jaskyni. 1 — pokles, 2 — sinistralny smerny posun,
3 — dextralny sikmy pokles, 4 — sinistrdlny smerny po-
sun, 5 — sinistralny Sikmy pokles, 6 — pokles, 7 — sinis-
tralny smerny posun

Fig. 10. Summary fault plain’s diagrams of strike dips
with marked slickenside lineation with orientation of
sense of movement in Drienovska cave. 1 — normal
fault, 2 — sinistral strike slip fault, 3 — dextral oblique
slip fault, 4 — sinistral strike slip fault, 5 — sinistral
oblique slip fault, 6 — normal fault, 7 — sinistral strike
slip fault

Pri charakteristike uvedenych zlomov sa blizSie nevenujem ich vyznamu a vplyvu na
vznik a vyvoj jaskyne. Tato problematika sa uz ¢iasto¢ne riesila (Zacharov, 2008 in print)
a bude jej venovany osobitny prispevok.

4. DISKUSIA

Zlomové §truktury podielajuce sa na vzniku a vyvoji Drienovskej jaskyne svojim cha-
rakterom zodpovedaju $truktiram, formujucim tektonicku stavbu juzného a juhovychod-
ného okraja vychodnej ¢asti Slovenského krasu a prilahlej Turnianske; kotliny. Jednotlivé
druhy zlomov zistené v jaskyni je mozné porovnat’ a priradit’ k zlomovym systémom okolia
jaskyne, resp. obce Drienovec. Drienovska jaskynia je vytvorena v hacavsko-jasovskej Struk-
tare silického prikrovu. Pre formovanie jaskyne maji zasadny vyznam zlomy SV —JZ a SZ-
JV smeru. Podstatna Cast’ priestorov je geneticky spéta so zZlomami SV —JZ smeru (obr. 4, 5).
Uvedené zlomy charakteru sinistralneho smerného posunu predstavuju sucast’ vyznamného
zlomu rieky Bodva (stotozfiovaného so zlomovou zénou Darn6). Tento regionalne vyznamny
zlom v oblasti koty Palanta, kde je situovana jaskyna, vyznieva a zéroven tu utina juhovy-
chodné pokracovanie roziiavského zlomu SZ —JV smeru (obr. 3). Zlomy SZ —JV smeru zara-
dované k poklesom a $ikmym sinistralnym poklesom (obr. 10) st analogom zlomov SZ —JV
smeru podielajiicich sa na tektonickom vyvoji severovychodného vybezku Turnianskej kot-
liny v oblasti Drienovca. Je pravdepodobné, Ze uvedené zlomy v oblasti jaskyne predstavuji
rejuvenizované povodne presmykové Struktury, vyvinuté v zone roznavského zlomu. Tieto
zlomy sa podielajii najmé na tvorbe Gvodnych priestorov jaskyne, ako je to zrejmé z obr. 4.
V miestach krizovania zlomov SV — JZ a SZ — JV smeru st v jaskyni vzdy vytvorené roz-
siahle zony kataklastickych brekcii a horninovy masiv je tu vyrazne mechanicky oslabeny.
Najvicsia, az 25 metrov Siroka zéna podmienila vytvorenie obrovského zavalu (2. zaval),
ktory siaha od urovne vodného toku az do priestorov vrchného poschodia, kde tvori dno
Strateného domu.

Aj zlomy S — J smeru, sinistralne smerné posuny a V — Z smeru zaradené k Sikmym
dextralnym poklesom, zistené v jaskyni, tiez mozno priradit k zlomom rovnakej orientacie,
ako st vyvinuté v miestach vyraznej zmeny morfologie terénu, kde hranici Jasovska planina
s Turnianskou kotlinou. Uvedené zlomy najmi V — Z smeru v8ak pri vyvoji a vzniku jaskyne
majii nepomerne mensi vyznam ako ich ekvivalenty vyrazne ohranic¢ujuce mezozoikum
Jasovskej planiny oproti terciéru a kvartéru Turnianskej kotliny. Je to dosledok toho, ze
zlomy v jaskyni st vyvinuté asi 2 km od juzného okraja mezozoika Jasovskej planiny.
V takejto vzdialenosti uvedené zlomy uz postupne vyznievaju a zanikaju. Tento fakt je dobre
pozorovatelny na povrchu vychodnej Casti Slovenského krasu a ako je zrejmé, potvrdzuji ho
aj Studie tektoniky v Drlienovskej jaskyni.
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Uvedené porovnanie zlomovych §truktar, zistenych v jaskyni s povrchovymi sa
vykonalo nielen z pohl'adu generdlne zhodnej orientacie. Aj na povrchu SirSicho okolia
jaskyne vykonany $trukturny vyskum preukazal vyrazna zhodu v analogickom zatriedeni
povrchovych zlomovych struktar aj z hladiska ich kinematickej klasifikacie. Prezentacia
faktov, ktoré to dokumentuju, vak znacne presahuje ramec prispevku.

Podakovanie. Vyskum disjunktivnej tektoniky Drienovskej jaskyne sa uskuto¢nil
s podporou projektu Vedeckej grantovej agentiry Ministerstva Skolstva SR a Slovenskej
akadémie vied, VEGA r. & 1/4030/07. Autor osobitne dakuje ¢lenom Speleoklubu Cassovia
Slovenskej speleologickej spolocnost1 za pomoc pri terénnom vyskume.
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DISJUNCTIVE TECTONICS RESEARCH OF DRIENOVSK A CAVE IN SLOVAK KARST
Summary

Spaces of the cave are created in three basic rock types: in Waxeneck limestones (Carnian: Julian
— Tuvalian) — main part of the cave, in Drienov conglomerates and breccias (Upper Oligocene — Lower
Miocene). The limestones are highly corrupted by many joint systems and dislocation structures. Large zones
of cataclastic breccias are connected with mentioned joint systems and dislocation structures.

Faults structures, which take part on formation and development of Drienovska cave (Fig. 4, 5), are up
to structures that are forming tectonic structure of south and southeast boundary of Slovak karst and close
Turnianska kotlina basin. Particular faults types that were determined in the cave we are able to correlate
with and assign to fault systems of the cave surroundings (village Drienovec surroundings). Drienovska
cave is created in Hadava — Jasov structure of Silica nappe. Faults of NE — SW and NW — SE direction have
a cardinal import for a forming of the cave.

Constituent of the cave spaces is general oriented in NE — SW direction and is genetically connected
with faults of NE — SW direction (Fig. 4, 5). Mentioned faults have sinistral strike slip character. These
faults represent a part of the important fault of river Bodva (that is associated with fault zone Darno). River
Bodva fault fade-outs and shears southeast continuance of Rozfava fault (that has NE — SW direction) in
area of ground elevation Palanta (here is the cave situated) (Fig. 3). Faults of NW — SE direction in the cave
are normal faults and sinistral oblique slip faults (Fig. 6). These mentioned f&ults in gaye are 4 alogue of
NW — SE direction faults that take part on tectonic development of northeast Tur SSI/ rféﬁ(;
"?J}Y' prirod T iy

: o oSy
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region. In area of the cave mentioned faults probably present rejuvenation originally reverse fault structures
that were developed in zone of Roznava fault. These NW — SE direction faults share mainly on formation of
opening cave spaces (see Fig. 4).

In the cave there were also determined N — S direction faults — sinistral strike slip and E — W direction
faults — dextral oblique slip faults. These N — S and E — W faults we are also able to connect with faults of
same orientation (outside of cave), which are developed in area of marked change of terrain morphology
(border between Jasov plateau and Turna basin). Mentioned faults (mainly with E — W orientation) have less
import in formation and development of the cave. Outside equivalent of these faults are more important.
They make marked border between Jasov plateau Mesozoic and Turiia basin Tertiary and Quaternary. The
reason is that in the cave these faults are developed about 2 km from south border of Jasov plateau Mesozoic.
Presented faults in so distance little by little fade-out and vanish and only in very small measure they fault
rock massif.
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PONICKY A LEHOTSKY KRAS DRIENOCKEJ VRCHOVINY
PAVEL MICHAL

FPV UMB Katedra geografie a krajinnej ekologie, Tajovského 40, Banské Bystrica; michal@fpv.umb.sk
P. Michal: The Ponicky and Lehotsky Karst of the Drienocka vrchovina Highland

Abstract: The Ponicky Karst was deliminated as a karstic territory of the Drienocka vrchovina
Highland that is spread in the west, in the north-west and in the south of Poniky. Among the
particular karst territories of the Drienockd vrchovina Highland the Ponicky Karst is the most
complex one from the point of view of karst forms and a degree of karstness. All important forms
and phenomenons that are connected with the surface karstness and fluvial-karstic processes more
particular: karrens, karstic dolines, uvalas, dry karstic valleys, half-blind karstic valleys, blind
karstic valleys, karstic border plains, karstic depressions, karstic ridges, karstic pocket valleys,
ponors, karstic resurgences apart from polje are represented here. We can find there also the the
forms which are connected with underground karst processes as caves, caverns, karstic chimney
and other underground cavities. The Lehotsky Karst is one of the karst areas within the Drienocka
vrchovina Highland which is spread in the north and in the north-east of Ponicka Lehotka. The
depressive forms of the relief as karst dolines, dry karstic valleys are mainly represented in the
karstic territory. A unique phenomenon are polje from which the most developed is Pol¢ and
Brezie. A characteristic hydrological phenomenon are forms and karst resurgences.

Key words: karrens, karstic dolines, uvala, dry karstic valley, half-blind karstic valley, blind
karstic valley, karstic ridge, ponors, karstic resurgences, caves, polje

UVOD A VYMEDZENIE UZEMIA

Drienock vrchovinu sme vy&lenili (Michal, 2005) ako osobitny podcelok Zvolenskej
kotliny, ktora predstavuje krasovi krajinu s vysokym stupfiom povrchového a podzemného
skrasovatenia. V geomorfologickom ¢leneni Mazira a Luknisa (1978) bola ako jeden z pod-
celkov Zvolenskej kotliny vymedzena Bystricka vrchovina. Vzhl'adom na viaceré zvlastnosti
lizemia, ktoré sme skumali: zvySeny vyskyt mezozoickych uhli¢itanovych utvarov a v su-
vislosti s tym aj asty vyskyt krasovych a fluviokrasovych javov, sme sa rozhodli vy¢lenit
v ramci Bystrickej vrchoviny dalsi podcelok, ktory sme nazvali Drienocka vrchovina. Pri
vy¢leneni a nazve podcelku sme vychadzali z dominancie geologicko-tektonického ttvaru
v tomto Gizemi, s ktorym mozno spajat’ dominantné formy relié¢fu — krasové a fluviokrasové.
Tymto utvarom je tektonické jednotka silicika (Poldk et al., 2003), zastupena prikrovom
Drienka.

Drienocka vrchovina ako krasova krajina méa typicky krasovy hydrologicky rezim
s infiltraciou zrazkovych vod do podzemia, s prechodom od puklinovo-krasove; cirkulacie
podzemnych vod k turbulentnej cirkulécii, az k tvorbe podzemnych tokov.

Kras Drienockej vrchoviny je rozptyleny do troch ostrovov (Ponicky, Lehotsky
a Molcansky kras), z ktorych Ponicky kras je z hladiska rozlohy, poctu typov krasovych
foriem a ich pocetnosti a z hladiska stupiia skrasovatenia najvyznamnej$im krasovym
tizemim Drienockej vrchoviny. Lehotsky kras je vyznamny svojou rozlohou, ale aj zastupenim
zriedkavej formy v krase na Slovensku; tou formou je polje, pricom v Lehotskom krase sme
vymedzili dve polja — polje PoI¢ a polje Brezie. Mél¢anskému krasu sa vzhladom na maly
pocet krasovych foriem nebudeme v tomto prispevku venovat.
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Mapa 1. Drienocka vrchovina. Spracoval: P. Michal
Map 1. Drienocké vrchovina Highland. Compiled by: P. Michal

PONICKY KRAS

Uzemie Ponického krasu sme vymedzili zapadne, severozdpadne a juhozapadne od
Ponik. Do takto vymedzeného uzemia mozno pribrat’ aj Oravce, ktoré sa nachadzaju na jeho
juhovychodnom okraji.

V Ponickom krase st zastupené vietky vyznamné formy a javy, ktoré siivisias povrchovym
krasovatenim a s fluviokrasovymi procesmi okrem polji, a to: skrapy, krasové jamy, uvala,
suché doliny, poloslepé doliny, slepa dolina, krasova okrajova plosina, krasova priehlben,
krasové chrbty, vrecovita dolina, ponory, vyvieracky. Zastiipené su aj formy, ktoré suvisia
s podzemnymi krasovymi procesmi, ako st jaskyne alebo iné priestory (kaverny, kominy
a iné podzemné dutiny).

V Ponickom krasovom tizemi je najvicSie ststredenie Skrap v ramci celej Drienockej
vrchoviny. Ide najmi o veobecné skrapy, ktoré st na viacerych miestach rozptylené do
Skrapovych poli. Takéto polia nadjdeme na vrcholovej plosine Drienka (606 m), na jeho se-
verovychodnom a severnom svahu, tiez na vrcholovej plosine koty 606 m nachadzajtcej
sa zapadne od Drienka. Menej ¢asté st puklinové skrapy, ktoré najdeme na chrbtoch tvo-
riacich prepazky medzi krasovymi jamami, napr. v krasovej priehlbni lemujtcej zapadny
svah Drienka. Spominana krasova priehlben je jedina v Ponickom krase, ktora spiia kritéria
krasovej priehlbne. Vychodné upitie Drienka lemuje okrajova krasova ploSina, ktora je tiez
jedinou formou svojho druhu v Ponickom krase. V severnej Casti tejto okrajovej roviny moz-
no vy¢lenit formu, ktora povazujeme za uvalu. Dizka uvaly je okolo 800 m a §irka asi 200 m.
Na jej dne sa nachadzaji mladsie lievikovité krasové jamy.

NajpocCetnejsie zastipenou povrchovou krasovou formou st krasové jamy. V skamanom uze-
mi mozno podla genézy vyélenit krasové jamy vzniknuté prepadnutim povil do podzemnych
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priestorov a krasové jamy vzniknuté rozpastacou ¢innostou vody. Krasové jamy prvého typu
mozeme vymedzit v krasovej priehlbni zapadne od koty 606 m, kde bol tvorivym faktorom
ich vzniku podzemny tok Oraveckej vyvieracky tym, Ze sa strop podzemného toku obcas
zratil. Ostatné krasové jamy patria k druhému typu. Podla tvaru tu rozliSujeme misovité
a lievikovité krasové jamy. V Ponickom krase vyrazne prevladaju z hladiska tvaru lieviko-
vité krasové jamy, ktoré maju priemer od 10 do 150 m a hibku az 10 m. Krasové jamy teda
najdeme na dne krasovej prichlbne zdpadne od Drienka, na dne okrajovej krasovej plosiny
auvaly, ktoré lemuju vychodné Gpitie Drienka, na dne suchej ¢asti doliny Kalinovec a na dne
suchej doliny Predbane, kde maji krasové jamy vécsinou misovity tvar (okrem ponorovych
krasovych jam).
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! Do suchej doliny Predbane vyustuju

na jej lavej strane dve poloslepé doliny
| (jedna v zapadnej a druha vo vychodnej
Casti) a jedna slepa dolina. Vsetky tieto
tri doliny sa tiahnu od severozapadu a pri
vyusteni do doliny Predbane su ukonce-
né ponormi. Najvyraznejsi je ponor P1. Je
ukoncenim slepej doliny zac¢inajicej sa na
severozapade pod kotou Vasarnica (671 m)
a zaroven predstavuje vchod do Ponickej
jaskyne. Ponor a teda aj dolinu ohraniCuje
vapencova skalna stena, ktora je vysoka
asi 6 m. Poloslepa dolina, ktora vyustuje
do doliny Predbane na zapade, je ukonce-
na ponorom P3 a dalsia poloslepa dolina
na vychode je ukonc¢ena ponorom P4. VSet-
ky spominané tri doliny s vydatnejsie
pretekané najmid v dobe topenia sa snehu,
pripadne pri vydatnejsich dazdoch, zatial’
¢o v Case sucha skoro uplne vysychaji. Na
dne doliny Predbane v jej vychodnej Casti
mozno najst’ este dve krasové jamy fun-
gujuce ako ponory, a to ponor P2, ktory
v Case intenzivnych zrazok pohlcuje az
50 L.s™". Vlavo od neho je v krasovej jame
ponor P35, do ktorého vteka len slaby prad
vody z pramienkov v strednej ¢asti doliny
Predbane. Viaceri autori, napriklad Len-
¢o (1956), Slavkay (1963), Kodéra et al.
(1990) predpokladaju, ze voda odvadzana
vietkymi spominanymi ponormi napaja
podzemny krasovy tok, ktory sa dostava
na povrch Oraveckou vyvierackou.

Podzemné krasové formy su v ramci
Drienockej vrchoviny zdokumentované
tiez len v Ponickom krase. Ide o tri jas-
kyne, ktoré boli zaznamenané jednak pri
banskych a tazobnych pracach (jasky-
fia Strbina a Drienkové jaskyiia), jednak
pri speleologickom prieskume (Ponicka
Obr. 1 a, b, ¢. Prichradky medzi krasovymi jamami jaskyfa). Za jaskynna dutinu povazuju
v krasovej prichlbni pri Drienku su pokryté pocetnymi  Kodéra et al. (1990) aj vyustenie Oravec-
Skrapami. Foto: P. Michal kej vyvieracky. Velmi ¢asté a pocetné su
Fig. 1 a, b, c. Separations among Karst dolines in karst  aj kominy, kaverny, ktoré mozno vidiet’
depression I_ay the Drienok are covered by many carrens. najmé v §irSom okoli Drienkovej jaskyne.
Bhotc: b Michal Dokumentaciou podzemnych kraso-
vych javov v Ponickom krase sa zaoberal Slavkay (1962, 1963), Belicka (1981, 1982), Droppa
(1999), Gaal (2006).

V masive Drienka je najvyznamnejsia Drienkova jaskyna. Jej vchod sa nachadza na
severnom svahu vysSej koty masivu Drienka (677 m) vo vyske 584 m n. m., teda asi 38 m
nad dnom suchej doliny Predbane v jej hornej ¢asti v blizkosti sedla Pod Drienkom. Jaskyna
je vytvorend vo vapencoch stredného triasu, ktorych sklon je 45° na sever. Jaskynny vchod
1,8 m vysoky a 1,2 m Siroky je vel'mi tazko identifikovatelny v lese.
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Obr. 2. V Ponickom krase je najzaujimavej$im krasovym Gzemim suchéd dolina Predbane, ktora je po pravej
strane lemovand mnohymi stopami antropogénnej ¢innosti (haldy, tazobné jamy), suvisiacimi s hladanim
a tazbou olovnato-zinkovych rud. Foto: P. Michal

Fig. 2. The most intersting karst area of Ponicky karst is dry valley Predbane, which is right side bordered by
many elements (heaps, exploatation hollows) antropogen activities, related with searching and mining of Pb-Zn
metals. Photo: P. Michal

Obr. 3 a, b. Slepa dolina, ktora sa tiahne od kéty Vasarnica a vyuistuje do doliny Predbane, je uzavreta v dolnej
Casti asi 6 m vysokou vapencovou stenou, pod ktorou sa straca v ponore P1 obcasny vydatny tok. Tento ponor
zaroven predstavuje vehod do Ponickej jaskyne. Foto: P. Michal

Fig. 3 a, b. Blind valley, which is going form cote Vasarnica and flow into valley Predbane, which is closed in
the bottom part, 6-th metre high roe-stone rock-face, whereunder intermitted flow dissapears into ponor P1. This
ponor is entrance to Ponicka cave. Photo: P. Michal

Od vchodu sa jaskyna tiahne smerom na juhozapad a v dizke 11 m sa obliikovite obracia
na vychod a po celkovej dizke 24 m sa konéi zavalenou siefiou. Steny jaskyne st hladko ko-
rodované, inde zasa javia stopy po oddrobovani, coho dokazom je ostrohranna sutina na dne.
Jaskyna je typom kor6ézno-ritivej jaskyne bez kvaplovej vyzdoby.
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Obr. 4. Najvydatnejsim krasovym prameiiom v Ponickom krase Obr. 5. Druhd najvydatnejSia vyvieracka
je Oravecka vyvieracka, ktord mé maximalnu vydatnost’ okolo v Ponickom krase je Kalinovec s maximal-

200 l.s'. Foto: P. Michal

nou vydatnostou 20 L.s™'. Foto: P. Michal

Fig. 4. The most substantial karst flow in Ponicky karst is Fig. 5. The second substantial karst
Oravecka resurgence, which has maximum substantiality resurgence in Ponicky karst is Kalinovec

200 L.s"'. Photo: P. Michal

Obr. 6. Vo vyske 584 m n. m. sa nachadza na severnom
svahu vyssej koty masivu Drienka (677 m) vchod do
Drienkovej jaskyne. Foto: P. Michal

Fig. 6. In an amount 584 m. n. m. on the North slope
massif Drienok (677 m) is entrance to Drienkova cave.
Photo: P. Michal

with maximum substantiality 20 Ls'.
Photo: P. Michal

Slavkay (1963) uvadza existenciu
jaskyne Strbina v byvalej banickej $tol-
ni G. S. Titova na Drienku v dizke 20 m,
na ktort v roku 1960 narazili pri geologic-
kom prieskume. V sucasnosti je vchod do
§tolne zasypany. Uroveni zasypanej §tolne
je na severnej strane Drienka vo vyske
560 m n. m. Jaskyia Strbina je podla uda-
jov Slavkaya (1963) miestami vyzdobe-
na kvaplami, je sucha, bez podzemného
toku. Je vSak predpoklad, ze v minulos-
ti tok pretekal jaskynou, o com svedcia
miestami zaoblené tvary jaskyne a vyskyt
sedimentov alochtonneho povodu. Preto
jaskyiiu mozno charakterizovat’ ako typ
kor6zno-erdznej jaskyne, zalozenej na
tektonickych poruchach.

Na opacnej strane suchej doliny
Predbane sa vyskytuje Ponicka jaskyna.
Kodéra et al. (1990) uvadza, ze ma dizku
900 m a ide o korézno-eréznu fluviokra-
sovu jaskynu, pretoze je pretekand pod-
zemnym tokom. Podzemny tok je zasobo-
vany vodou potoka slepej doliny, ktory sa
straca v ponore Pl (je zarovenn vchodom
do jaskyne) pod 6 m vysokou vapencovou
stenou.

Pre vznik a vyvoj krasovych foriem su splnené geologické predpoklady. Ide najmi
o pritomnost’ karbonatovych hornin, ktoré si z vicsej Casti sicastou litostratigrafickej
jednotky silicika a v rdmci nej sucastou prikrovu Drienka. Jadrom prikrovu Drienka su r6zne
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Obr. 7. Zéber z Drienkovej jaskyne, ktora je po Ponickej jaskyni druhou najvacsou podzemnou krasovou
formou. M4 kalcitova vyzdobu. Jaskyfa je typom korézno-ritivej jaskyne. Foto: P. Michal

Fig. 7. The picutres of Drienkova cave, which is second the biggest karst underground form. It has calcite
decoration. This cave is type of corrosion hurtling cave. Photo: P. Michal

Obr. 8. Zaber z Ponickej jaskyne, ktora patri typologicky k kor6zno-er6znym fluviokrasym jaskyniam. Foto:
P. Michal
Fig. 8. The picture of Ponicka cave, which is type of corrosion erosion fluviokarst cave. Photo: P. Michal

typy vapencov: guttensteinské, steinalmské, reiflinské, krinoidové a wettersteinské vapence,
ktoré smerom do nadlozia prechddzaju do wettersteinskych dolomitov. Predpoklady
najmi pre fluviokrasové procesy maji aj horniny sinskych vrstiev (karbonatoveé bridlice,
flovité karbonaty, organodetritické karbonaty). Sucastou prikrovu Drienka su aj triasové
nekarbonatové (¢ize nekrasové) horniny, ako bodvasilasské vrstvy (werfénske pieskovee
a bridlice) a paleoryolity s pyroklastikami. V severnej ¢asti Ponického krasu vystupuji
aj triasové dolomity cho¢ského prikrovu, ktoré sl sucastou litostratigrafickej jednotky
hronika.
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e ™
Obr. 9 a, b, c. V sirSom okoli Drienkovej jaskyne sa nachadzaji pocetné kaverny a kominy, ktoré vyustuju
na povrch. Foto: P. Michal
Fig. 9 a, b, c. There are many cavernes and chimneys in surroundings of Drienkova cave in the picture, which

laed onto surface. Photo: P. Michal

Obr. 10. Zéber na prevazni cast' polja Brezie. Obr. 11. Hlavna vetva polja Pol¢. Na zabere su

V popredi je zapadna cast’ (S — J smer), dalSia cast
sa tiahne v Z — V smere. Na zabere vidiet” aluvialne
krasové jamy s otvorenymi ponormi, vlavo je kota
641, ktora uzatvara polje na vychode, znizeny usek
vpravo je poznaceny zarezavanim sa vrecovitej doliny
jedného z pritokov Driekyne. Foto: P. Michal

Sipkami vpravo vyznacené aluvialne krasové jamy,
vlavo zretelné zalomy svahov ku dnu, v popredi
ponor, v ktorom sa straca tok, tecuci do polja od JV.
Foto: P. Michal

Fig. 11. Main sector of polje Pol¢. There are aluvium
karst dolines on the picture, there are crank slopes

Fig. 10. The picutre of a main part polje Brezie. In front on the left towards bottom, in front is ponor, in
is the Western part (N — S direction), another part is  which flow disappears. Photo: P. Michal

going in W — E direction. There are karst dolines with

open ponors, there is cote 641 on the left side, which

closed polje on the East and lower sector on the right

side of polje Brezie. Photo: P. Michal

LEHOTSKY KRAS

Lehotské krasové uzemie sa rozprestiera na severovychod a sever od Ponickej Lehotky. Je
to tizemie pomerne chudobné na pocet typov krasovych foriem aj na ich pocetnost’. Uzemie
je chudobné na Skrapy, pretoze krasové horniny st len ojedinele obnazené spod nadloznych
neogénnych alebo kvartérnych vrstiev. Ojedinelé Skrapy nachadzame v celach pretiahnutych
misovitych krasovych jam a na likach, ktoré pokryvaju krasovi plosinu, nachadzajicu sa
severovychodne od Ponickej Lehdtky, pripadne zarovnané povrchy na spojnici kot Farbiste
a Straz a krasovy chrbat vybiehajici od koty Strdz smerom na severozapad. Krasovy
charakter vymedzenému uUzemiu dodavaju teda ojedinelé Skrapy, ale aj krasové jamy
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Mapa 3. Krasové a fluviokrasové formy Lehotského krasu. Spracoval: P. Michal
Map 3. Karst and fluviokarst Forms of Lehotsky Karst. Compiled by: P. Michal

a ponory, nachadzajice sa v polji Brezie. V tejto Casti Lehotského krasu (SV od Ponickej
Lehotky) je krasové uzemie vymedzené vo vnitri trojuholnika, ktorého vrcholy tvoria koty
Skalie, Ziar a Farbiste. Toto krasové uzemie uz Lenco (1956) a Slavkay (1963) povazuji
za pozostatky polja, ktoré je rozruené spitnou eroziou Driekyne. S tymto ich nazorom na
chépanie uvedeného uzemia ako polja sa stotoziiujeme.

Vyrazny je tiez krasovy chrbat koty Straz (697 m), ktory sa v dizke asi 2,5 km tiahne na
severozapad. Na konci sa chrbét rozsiruje na mensiu plosinku s krasovou jamou a ponorom
v jej strede. Vychodne od tohto chrbta sa v dizke asi 1 km tiahne sucha dolina Podhrabové,
pretekana ob&asnym tokom, ktory vymodeloval po jej l'avej strane er6znu ryhu siroku 2 m
a hlboku 1,5 m.

V geologickej stavbe tohto tizemia sa vyskytuju horniny troch litostratigrafickych
jednotiek: hronika, silicika a veporika. Utvary silicika, najmi prikrov Drienka, vypliaji
juznu ¢ast. Do zdpadnej Casti zasahuji atvary hronika, najmi dolomity cho¢ského prikrovu.
Prevaznii ¢ast Uzemia vypliiaju Gtvary veporika. Krasové alebo fluviokrasové formy
v tomto Gizemi sa viazu na uhli¢itanové horniny, ako st rozne druhy vapencov a dolomitov.
Najvyznamnejsie zastipenie tu maja slienité a kalpionelové vapence (neokom), ktoré patria
kriznanskému prikrovu.

Najzaujimavej$ou formou v Lehotskom krasovom tzemi je polje PoI¢, ktoré ma nepra-
videlny lalokovity podorys a zo vsetkych stran je uzavreté. Uzemie, v ktorom je Vyvmute
polie, je budované karbonatovymi horninami, v ktorych sa asto nachadzaji menej Cisté
polohy s charakterom nepriepustnosti (bridlice a pieskovce karpatského keuperu), na kto-
rych sa uplatiiuje aj fluvialny proces, preto uzavreta forma polja POI¢ ma Casti s charakterom
krasového reliéfu s prevahou koroznych procesov, ale aj Gasti, najmi vo vychodnej oblasti, so
silnym procesom mechanickej erézie s periglacialnymi az riecnymi dolinami.
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Vlastné polje lezi v uzavretej brachy-
synklinale Z — V smeru (Lenco, 1956).
Polje Pol¢ sa vytvara z doliny, ktorad sa
zacina asi 1,5 km severovychodne od Po-
nickej Lehotky a pokracuje v spade 3 %
SZ smerom. Tato dolina sa zac¢ina na ne-
priepustnych horninach (keuper) v podo-
be periglacialnych tvalin prechadzajtcich
do periglacialnej doliny. Ide o pramennu
oblast’” mensicho potoka, ktoré¢ho vody
vytekaju z prameria leziaceho na zapad od
koty 640 m. Dno doliny v tejto oblasti je
ploché, Siroké a mocaristé. V krasovej ob-
lasti sa dolina zuzuje a nadobuda tvar U.
Dolinou preteka povrchovy tok, ktory te-
Cie po mocaristej nive Sirokej 10 m, mies-
tami az 50 m. V miestach, kde sa dolina
rozSiruje a vyutstuje do vlastného polja,
povrchovy tok sa straca v napadnom po-
nore pod 4 m mocnou vypliou dna polja.

i T Zapadne od tejto doliny je d’alsia krat-
Obr. 12. Zapadna Cast hlavnej vetvy polja POIC je porastend . d 113 Rioi ! 7 i" ——
vlhkomilnou az mociarnou vegetaciou. Foto: P. Michal sla doling, xiora Ma Zhacy LpLEEe Pre

Fig. 12. The West part of main sector of polje PoI¢ is suché doliny v krase. V juznej Casti vy-
overgrowned by hygrophilous vegetation. Photo: stupuju z dna polja viaceré ploché chrbty,
P. Michal ktoré oddel'uju podobné periglacialne do-
liny. Vlastné polje ma smer Z — V, pri¢om za rovnocenny sa povazuje sek, ktory smeruje
na severozapad, a kon¢i sa na hornej hrane dolinového svahu Driekyne. Vo vzdialenosti
350 az 600 m SV od hlavného useku Pol¢a prebicha dolina Suchej Driekyne, ktorej dno lezi
50 az 100 m pod uroviiou dna Pdl¢a. Vo vzdialenosti 1,3 km SV od Polca lezi d’alSia rovno-
bezné dolina (Mokrej) Driekyne, ktorej dno je 120 az 143 m pod uroviiou dna Pol¢a. Dno
hlavného Gseku Poléa je 50 az 150 m Siroké a ma spad v smere hlavného a vedlajsich asekov
k najnizsiemu miestu, ktoré lezi v urovni 543 m n. m. Dno je pokryté sedimentmi a podla
vychodov vapencov na dne krasovych jam mozno dedukovat,, ze mocnost’ tychto sedimentov
dosahuje 3 az 5 m. Centralna ¢ast’ hlavného useku polja je silne zamokrend, s mokradovou
vegetaciou, ¢o by poukazovalo na nepriepustné podlozie. Tato skutocnost’ vedie k zaveru,
7e vznik polji mozno interpretovat’ v zmysle ich korelativnosti k nepriepustnym horninam
(Jakal, 1984), ktoré st obklopené karbonatovymi horninami. Mozno tu predpokladat” urcité
vyvojové stadium formy slepej doliny. Vyprazdiovanie doliny od sedimentov sa dialo cez
systém ponorov, a tak nastalo postupné zvicsovanie formy do stran i mimo nepriepustného
podlozia. Nedostatoéné stii¢asné odtokové pomery viedli k zaneseniu dna polja sedimentmi
mocnymi 3 az 5 m so vznikom radu naplavovych krasovych jam.

Formy povrchového krasu polja POIC reprezentuju najma krasové jamy. Ide predovSetkym
o liniu aluvidlnych (nédplavovych) krasovych jam v severnej Casti polja. Dosahuju velkost
20 — 30 m v priemere a hibky 3 — 4 m. Su to viésinou ponorové aluvidlne krasové jamy
s otvorenymi ponormi na dne, ¢asto s charakterom prepadnutého dna (Jakal, 1984). Naj-
rozsiahlejsia aluvialna krasova jama lezi v blizksti objektu horarne. V priemere dosahuje
viac ako 50 m a na jej dne je zaklesnutd mensia ponorova krasova jama. Té sa viaze prav-
depodobne na kratky povrchovy tok (asi 300 m), ktory vznikol z vyvieracky pri kote 550 m
a straca sa prave v tejto ponorovej krasovej jame. V zapadnej Casti sa nachddzaji menSie
disolu¢né krasové jamy, ktoré su plytké. Vyraznejsie disolu¢né krasové jamy sa nachadzaju
az v severozapadnom vybezku polja, ktory ma dizku asi 1,2 km. Polje Pol¢ a jeho vybezky
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st od svojho okolia oddelené na juhu verfénskymi nekrasovymi horninami prikrovu Drienka
a na juhozapade strednotriasovymi dolomitmi cho¢ského prikrovu. Tieto horniny vystupuju
vo vzdialenosti 1,5 km juzne a juhozapadne od najniz§ieho miesta polja do relativnej vysky
100 az 160 m nad uroven dna. Zapadne a severne od polja vystupuji slienité vapence neo-
komu, severovychodne vapence jury, oboje v kriziianskom prikrove. Dolina, ktora usti do
Pél¢a na vychode, prebieha nekrasovymi pieskovcami a bridlicami keuperu. Zapadne, sever-
ne a severovychodne vystupuju svahy do vysky 35 az 120 m nad dno polja a oddel'uju ho od
doliny Driekyne a Hrona. Najniz$imi miestami medzi tymito dolinami a Pol¢om su sedla,
z ktorych najnizie (pri severnom okraji) lezi vo vyske 553 m n. m,, t. j. 10 m nad najniz-
$im miestom dna. V severozapadnom dolinovom vybezku lezi sedlo, ktoré dosahuje vysku
562 mn. m., t. j. 19 m nad troviou dna.

Polje Brezie sa nachadza na plosine v Grovni 590 az 615 m n. m. severovychodne od
Ponickej Lehotky. Toto Gizemie patri hydrograficky do povodia Ponického potoka (Vladarky)
a do povodia Driekyne. Pre krasové izemia so silnym stupiiom skrasovatenia je priznacné,
7e orografické rozvodia sa asto nestotoziuju s rozvodiami hydrologickymi, €o je sposobené
geologickou poziciou uhli¢itanovych hornin, najmé vapencov a podloznych verfenskych
bridlic. Tato skuto¢nost’ si aj v skimanom Gzemi vsima Slavkay (1963). Spominany jav je
podla Slavkaya evidentny v pripade rozvodia medzi povodim Ponického potoka a povodim
Driekyne. Orografické rozvodie medzi tymito povodiami prechadza kétami 673 m (Skalie)
a 652 m (Ziar) severne, severovychodne a vychodne od Ponickej Lehotky. Styk verfénskych
bridlic a vapencov v oblasti vyvieraciek V1 a V2 a ponoru P1 je cca 20 m pod povrchom
ukloneny na juhozapad, t. j. k Ponikam a severovychodne od kéty 673 m a 652 m vystupuje
na povrch priblizne 400 m severovychodne od orografického rozvodia. Vody infiltrované
v tejto oblasti (medzi orografickym a hydrologickym rozvodim) su odvadzané po
nepriepustnom podlozi do povodia Ponického potoka, kde vyvieraji malé pramene medzi
Ponickou Lehotkou a orografickym rozvodim v nadmorskej vyske 550 — 575 m.

V Lehotskom krase sa prave na polje Brezie viazu zaujimavé hydrologické krasové javy.
V krasovej jame vychodne od kéty 673 m (Skalie), vzdialenej asi 400 m, s 2 vyvieratky
V1 a V2 s celkovou vydatnostou 3 L.s™!, ktoré sa spajaju a vytvaraju kratky tok (70 m), ktory
¢oskoro zaniké v ponore P1, blizko pol'nej cesty. Na pravej strane tejto pol'nej cesty je dalSia
krasova jama v strede s malym suchym ponorom. Treba este spomendt vyvieracky V3
(st 2), severovychodne od Ponickej Lehdtky, vzdialené od seba cca 2 km. Ich vydatnost’
kolise v medziach 1 — 5 l.s™'. Prave tieto vyvieracky sa zarezali vrecovitymi dolinami do
juznej a juhovychodnej ¢asti polja Brezie, a tak narusili jeho povodnu suvisli morfologicku
tvarnost. Obidve vyvieracky st zdrojnicami tokov, ktoré napajaju Driekymu.

Polje Brezie je najrozsiahlejsie na zapade, kde v severojuznom smere sa jeho rozmer
pohybuje okolo 1 km. Na dno tejto najsirSej severojuznej Casti na zapade polja spadaju vy-
chodné svahy krasového chrbta medzi kotou Skalie (673 m) a Ziar (654 m). Smerom na vy-
chod sa polje zuzuje, dosahuje Sirku 300 — 450 m. Dizka polja od zapadu na vychod, az pod
kotu 641 m, pod ktorou sa nachadzaju tazobné jamy medenej mineralizacie v blizkosti koty
Farbiste (675 m), sa pohybuje okolo 1,2 km. Zo zapadu obmedzuje polje krasovy chrbat koty
Skalie. Na severozapade, severe a severovychode ma polje pomerne vyrazné obmedzenie
chrbtom, na ktorom vystupuji kéty 666 m, 636 m, 648 m a 628 m. Z vychodu polje obme-
dzuju zapadné svahy kéty 641 m, na upiti ktorych sa nachadzaju tazobné jamy po tazbe
medenych rad. Juhozapadné ohranicenie polja je este vyrazné a predstavuje ho chrbat, na
ktorom vystupuju kéty 634 m a 606 m. Juzna a juhovychodna hranica polja je vSak narusena
spitnou eréziou pritokov Driekyne, ktoré svojimi prameniskami spétnou eréziou a tvarom
vrecovitych dolin prenikaji do priestoru polja.

Polje Brezie spiiia zakladné morfologické znaky polja, ako ich formuloval Fink (1973):
uzavretost’ formy (okrem ¢asti narusenych spitnou eroziou), ploché naplavené dno, systém
naplavovych krasovych jam a ponorov na dne polja, pritok vody do polja z vyvieracky, mensie
useky povrchovych tokov medzi vyvierackou a ponorom a ob¢asna inundacia dna polja.
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Polje Brezie ma nepravidelny tvar: v zapadnej asti je jeho tvar pretiahnuty v severojuznom
smere — jeho dno sa tu pohybuje v nadmorskych vyskach 605 — 635 m s miernym klesanim
od severu na juh. V tejto Casti je dno inundované hrubou vrstvou sedimentov, ktoré dosahuju
hrubku az 5 m. Obyvatelia celt plochu dna v tejto asti vyuzivaju ako ornt pddu s intenzivnym
pestovanim pol'nohospodarskych plodin. Stredna a vychodna ¢ast’ polja je pretiahnuta v Z -V
smere, dno v tejto Casti sa mierne sklana k vychodu s intervalom 615 — 605 m n. m. Dno je tu
viac inundované vo vychodnej ¢asti sedimentmi dosahujucimi hrabku asi 3,5 m.

Formy povrchového krasu polja Brezie reprezentuju najmé krasové jamy. Geneticky
ide o krasové jamy, ktoré vznikli rozptstacou ¢innostou vody. Na zédklade morfologického
kritéria mozeme tu rozliSovat’ misovité a lievikovité krasové jamy. NajCastejSim typom st na
dne polja misovité krasové jamy, ktoré vznikli najmi na hraniciach krasovych a nekrasovych
hornin. Tieto krasové jamy su vo viacerych pripadoch pretiahnuté jednym smerom; podla
Lenca (1956) vznikli na jednosmernej sustave puklin v smere krasovej horniny. Tento typ
vznikol upchatim dna krasovych jam sedimentmi a pésobenim vody do stran (bo¢na kordzia).
Na ich dne nenachadzame otvorené ponory.

Lievikovité krasové jamy vznikli intenzivnym procesom prehlbovania bez vyraznejsieho
obdobia s upchatim odtokovych kanalov. Niektoré maji na dne otvoreny, ¢inny ponor.

Kritérium zohladnujice druh pokryvnych hornin umoziuje vyclenit v skiimanom
Uzemi aj typ naplavovych krasovych jam. Tieto st skor vonkajsim prejavom rozpustného
vapencového podlozia. Vapence v podlozi maju vytvorenu krasova jamu, ktord bola
pokryta, resp. vznikla pod pokryvkou sedimentov (naplavenin, nanosov). Odnosom tychto
nanosov do podzemia doslo k formovaniu depresie, a teda aj vzniku nepravej krasovej jamy.
Morfologicky sa v naSom tuzemi prejavuji vacsinou ako lievikovité formy. Posobia ako stale
alebo periodicky ¢inné ponory povrchovych krasovych tokov, dazdovych vod alebo vod
z topiaceho sa snehu. V polji Brezie mame jednu krasovu jamu so stale ¢innym ponorom
krasového toku. DalSie tri lievikovité krasové jamy maju periodicky ¢inné ponory. Rozmery
tychto krasovych jam sa pohybujii okolo 30 m a hibka, ktora je zavisla od hrubky nanosov,
sa pohybuje okolo 3 — 5 m.

ZAVER

Na Slovensku mame zastupent $irokt $kalu morfologickych typov krasu. Jednym z nich,
ku ktorému mozno zaradit aj skimané Gizemie, je typ roz¢leneného krasu masivnych chrbtov,
hrasti a kombinovanych vrasovo-zlomovych Struktar.

V Ponickom krase st zastipené vsetky vyznamné formy a javy, ktoré suvisia s povrcho-
vym krasovatenim a s fluviokrasovymi procesmi okrem polja. Zastupené st tu aj formy,
ktoré suvisia s podzemnymi krasovymi procesmi (jaskyne, krasové kominy a iné dutiny).
Jedine¢nym krasovym atvarom je tu okrajova krasova rovina s okrajovymi krasovymi jama-
mi, ktora lemuje vychodné upitie Drienka (606 m) medzi Ponikami a Oravcami.

Pre Lehotsky kras je charakteristicky vysoky stupen skrasovatenia so zastipenim najmé
depresnych foriem, ako su: krasové jamy, suché doliny, polja. Hlboké kanonovité doliny sa
v tomto uzemi nevyskytuju. Jedine¢nym javom su polja, z ktorych polje POI¢ je vyvinuté
najlepsie. Severne od Ponickej Lehotky sa nachddza polje Brezie, ktoré je rozrusené spiatnou
erdziou Driekyne a jej pritokov, najmé v juhovychodnej Casti.

Prispevok vznikol s podporou grantového projektu VEGA ¢. 1/4023/07.
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THE PONICKY AND LEHOTSKY KARST OF THE DRIENOCKA VRCHOVINA HIGHLAND
Summary

In Slovakia there is a large scale of morphological types of karst. One of them, to which also belongs
an investigated territory, is the type of dissected karst of massive ridges, karst and combined fold-fault
structures.

In the Ponicky Karst of the Drienocka vrchovina Highland are represented all important forms and
phenomenons, which are connected with the surface karstness fluvial-karstic processes except for polje.

We can find here also the forms that are connected with underground karstic processes. A unique karstic
formation is here a karstic border plain with karstic border dolines that borders the east bottom of the Drienok
(606 m) between Poniky and Oravce.

The high degree of karstness with representation mainly depressive forms as: karstic dolines, dry karstic
valleys, polje is typical for the Lehotsky Karst. The deep canyon valleys are not represented here. A unique
phenomenon are polje, from which POI¢ and is the most developed.
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PRISPEVOK K FORMAM MODELACIE HRUSOVSKEJ JASKYNE
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J. Psotka: Contribution to study of modelation of the HruSovska Cave

Abstract: HruSovska cave in Slovak Karst, listed in the UNESCO World heritage, represents
branching, 780 m long resurgence cave with active stream. It consists of vadose and epiphreatic
passages developed in three levels. Vadose passages are typical narrow canyons with features of
fluvial modelation of open channel stream: rock knives, cers, wall pockets, scallops. Epiphreatic
passages show signs of flooding: floodwater fissures, ceiling pockets. Most upper tier of the cave
contains remarkable speleothems — helictites, which grew out along several meters long fissures.
Genesis of the cave is associated with groundwater recharge into sinkholes on the surface of
western part of the Horny vrch plateau and most eastern part of the Silicka plateau.

Key words: Hrusovskd Cave, Slovak Karst, cave morphology, cave rocky relief, speleogenesis

UVOD

Nérodna prirodna pamiatka Hrugovska jaskyia patri medzi najvyznamnejsie jaskyne
Slovenskéhokrasu, ktoré objavili dobrovol'ni jaskyniari Slovenskej speleologickej spolo¢nosti.
V roku 1995 bola zapisana do zoznamu svetového prirodného dedi¢stva UNESCO (Bella
a Klinda, 1996). Napriek tomu je tejto jaskyni venovanej velmi mdlo literatury, na co
upozoriiuje uz Cilek (2003). V ramci pracovnej ulohy zahrnutej do Plinu hlavnych uloh
Slovenského muzea ochrany prirody a jaskyniarstva som sa v rokoch 2007 — 2008 zaoberal
stadiom morfologie jaskyne, najmi fluvidlne modelovaného skalného reliéfu. V prispevku
podavam prehlad doterajsich vyskumov, zakladny opis morfologie jaskyne, tvarov skalného
reliéfu a vyjadrujem sa aj k jej speleogenéze a speleologickym perspektivam.

PREHLAD VYSKUMOV

Jaskyiiu objavili R. Boro§ a T. Lazar v 1978 vykopom nad miestom povodfiového vyveru
vyvieracky Evetes. O objave jaskyne informuje Erdés (1978) v Spravodaji SSS a Buzinkay
(1979) v Krasach Slovenska. Opis objavu, vel'mi stru¢ny speleologicky opis jaskyne a jej po-
dorys publikovali Boros a S¢uka (1984). Udavaji dizku jaskyne 780 m. Predbezné vysledky
vyskumu fosfatovych mineralov a klastickych sedimentov jaskyne uvadza Cilek (2003). Za-
ujimavy typ speleotémy z tejto jaskyne (stegamit) opisujii Stankovic a Cilek (2005). V roku
2007 v jaskyni prebiehal geologicky (L. VIcek, SSJ) a geomorfologicky (J. Psotka, SMOPalJ)
vyskum a klimaticky (J. Zelinka, SSJ) a hydrologicky (D. Haviarova, SSJ) monitoring po-
kracoval aj v roku 2008.

POLOHA, GEOMORFOLOGIA A GEOLOGIA OKOLIA JASKYNE

Vyvieracka Evete§ sa nachadza v najvychodnejSej Casti Silickej planiny v Slovenskom
krase, pod jej upitim, juhovychodne od sedla Soroska. Hlavny vyver je zachyteny do
vodovodnej siete. Podlla Orvana (1984) ma odtok pramenmi kombinovany so skrytym
odtokom. Orvan (1994) udava jej vydatnost' 6 — 680 1/s, Hanzel (1997) udava 4,8 — 673 /s
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(pozorované 1963 — 1972). V ¢ase mierne zvyseného prietoku 16. 4. 2008 bol aktivny aj
vyver na upiti sutinového kuzela pod vchodom. V zasutinenom svahu pod vchodom sa
nachadza viacero suchych vyverovych miest, aktivnych v ¢ase vel’kych povodni. Vykopové
prace jaskyniarov nad najvy3§im povodiiovym vyverom viedli k objavu jaskyne (Buzinkay,
1979). Vchod do jaskyne je vo vyske 288 m, zapadne od mohutného antropogénneho
sutinového kuzela, ktory ostal po vyrazeni Zelezni¢ného tunela Soroska. Geologick stavbu
okolia jaskyne tvoria karbonaty silického prikrovu. Jaskyfia je vytvorena v svetlosivych
rifovych wettersteinskych vapencoch veku ladin — kordevol (podl'a geologickej mapy Mello,
et al., 1996). Podl'a geologickej mapy sa vapence v oblasti vyvieracky stykaji na zistenej
presmykovej $truktiire (v tejto oblasti SV/JZ smeru) s horninami spodného triasu — sinskymi
vrstvami (spodny namal — sp. a stredny spat) zastupenymi prevazne bridlicami a slienitymi
vapencami. Z vyvierajicich krasovych vod pocas holocénu sedimentovali travertiny, ktoré
vytvorili juzne od vyveru terasu s mocnostou okolo 10 m (Prista$ in Mello, et al., 1997),
ktora bola odtazena v minulom storoci.

ZAKLADNA CHARAKTERISTIKA A MORFOLOGIA JASKYNE
Podorysna struktira jaskyne

Podorysna Struktira jaskyne je zrejma z publikovaného podorysného planu Buzikaya
et al. (in Boro§ a S¢uka, 1984). Jaskyiia pozostava zo subhorizontalnych, vadéznych
i epifreatickych chodieb, ktoré sa stretavaju vo forme pritokov. Tych je v smere po prade menej
a st generalne mensie ako hlavna chodba jaskyne. Ide o rozvetveny typ podorysnej Struktiry
(,.branchwork pattern™). Rozvetvené jaskyne su najviac rozsirenym typom a predstavuji
podzemné ekvivalenty stromovitych rie¢nych sieti (Palmer, 1991). Najnizsie poschodie
jaskyne predstavuju aktivne epifreatické chodby Ave Maria, Mokra chodba a vadézny kanion
Meander, ktory tsti do Dému fundovanych. Pred ustim Meandra do Dému fundovanych
nabera tok dynamicky spad zasluhou vyskového rozdielu medzi odtokovym sifonom v Dome
fundovanych a dnom horizontalneho iseku chodby Meander. Vyssie poschodie predstavuje
sucha Roznavskd chodba a Dom SSS — tieto pozostavaji z vadoznych i epifreatickych asekov.
Najvys$sim poschodim jaskyne je Dém optimizmu a z neho pokracujtica chodba.

OPIS PRIESTOROV, SKALNY RELIEF

Vstupné ¢asti, Dom fundovanych

Vstupnu objavni 2 m hlbok( Sachticu vykopali jaskyniari v stmelenych svahovych
sedimentoch — sutinovych brekciach. Usti do nizkej sienky so zasutinenymi odtokovymi
kanalmi, zo sienky pokracuje klesajuca plazivka — kanal s vyskou len 0,5 — 1 m a Sirkou
2 m, ktory funguje ako povodiiovy vyver v ¢ase vysokych vodnych stavov. Je vytvoreny
na uklonenej diskontinuite. Povrch jeho stien je hladky, bez vyraznych ostrych vyc¢nelkov,
vyhibeni & pradovych jamiek. Kanal vyusti cez Gizky prielez—okno pod sintrovy natekom do
7 m hlbokého priestoru, kde sa nachadza odtokovy sifon. Hibku vody som nameral 5 m. Strop
priestoru pokryvajii zvetrané stalaktity, na stenach su povlaky povodiiovych kalov. Z tejto
Zasti pokracuje izka povodiiova chodba s ostrymi drobnymi vybezkami stien, vytvorena na
zvislych poruchach, do Dému fundovanych. Na vychodnej stene domu sa prejavuje vyrazna
zlomova zéna smeru V — SV/Z — JZ. Dém mé rozmery 15 x 10 x 13 m (d, §, v). Bol roz8ireny
najmi procesmi rozpadu a rutenia horninovych alomkov a blokov. Dno domu pokryvaji len
najviicsie bloky, material mengej frakcie bol odplaveny tokom. Blokové sedimenty boli a st aj
v sucasnosti rozruéované dynamickym vad()znym tokom ktory priteké kaskadou a dnovym
miesto domu, kde je odtokovy snfon Horninové bloky na dne, ako aj steny domu pokryvaju
povlaky kalov (.,mud drapes®) az do vysky 5 m nad hladinou odtokového sifénu. Poukazuje
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to na skuto¢nost, ze odtokové kanaly aktivne pri beznych prietokoch nie st schopné v Case
povodni odvddzat mnoZstva vody, preto po vyraznom zvyseni hladiny podzemnej vody
v Déme fundovanych sa aktivizuji povodiiové odtokové kanaly, ktoré su ina¢ suché.

Meander, Mokra chodba

Po prekonani mengej kaskady (obr. 1) nasleduje chodba s nazvom Meander. 1de o typicky
aktivny vadozny kafion — analdgiu povrchovych skalnych tiesnav, ktory bol vytvoreny na
subvertikalnych diskontinuitach vertikalnym zarezdvanim vodného toku s volnou hladinou.
Vyska tejto chodby viacnasobne prevysuje jej Sirku: §/v = 0,1 — 0,3. Lomenia a ohyby chod-

by st na krizovatkach subvertikalnych
puklin, pozdii ktorych sa vytvarali jej
jednotlivé tseky. Dno chodby je skalné,
tplne bez sedimentov. Pred vyustenim do
Dému fundovanych ma chodba vysku 9 m
pri sirke len okolo 1 — 1,5 m. Zo stien vy-
stupuji skalné kulisy (s vyskou aj nieckol'ko
m) s ostrymi vybezkami, skalnymi nozmi
a perforaciami. Z dna koryta vycnievajl
skalné vybezky (obr. 2), zvané Cery (Slabe,
1995). Medzi skalnymi kulisami je vytvo-
rend mensia kaskada (obr. 3). Vo vyssich
¢astiach chodby su stalaktity, sintrové na-
tekové formy, stalagmity. Pri meracskom
bode (dalej len m. b.) 14a je asi 8 m dlhy
ovalny vyklenok, ktorého dno tvoria pies-
¢ité sedimenty. Je podzemnou analogiou
abraznych vyklenkov v skalnych stenach
kationov povrchovych tokov. Dalej pri m.
b. 15 je vyska chodby 5 m a tok na jej dne
ma charakter kaskad. Z dna chodby vy-
stupuju cery a zo stien skalné kulisy. Za
ohybom nasleduje tplne priamy 10 m dlhy
usek vadoznej chodby (obr. 4) s vySkou
7 — 10 m a $irkou 0,7 — 1,5 m (maximalna
sirka je 2 m). Povrch stien rozclefiuju ste-
nové kapsy vytvorené na puklinach, drob-
né korézne vybezky. Lasttrovité prudové
jamky (.scallops) od 1,5 — 8 em dizky
si vymodelované len na homogénnejsich
usekoch stien, ktoré nie su porusené sie-
tou puklin (obr. 5). Na stenach mensich
boénych vyklenkov tesne nad tokom ale
mimo dosahu silného prudu sa nachadza-
ju fluktuacné zaplavové zliabky (,,pulse
flood grooves®, Bella a Urata, 2003). Do
vysky 1 m nad hladinou su steny celej
chodby pokryté ¢iernou patinou (Mn oxi-
dy?). Toto je zrejme uroveii, po ktoru v nej
stipa hladina podzemného toku pri zvySe-
nych vodnych stavoch. Vodny tok priteka

% ; ~ &7

Obr. 1. Kaskada na aktivnom toku — stie chodby Mean-

der do Dému fundovanych. Foto: P. Stanik
Fig. 1. Cascade on active stream — mouth of the Meander
passage to Room fundovanych. Photo: P. Stanik

Obr. 2. Vybezok skalného dna koryta — Cer, v chodbe
Meander. Foto: J. Psotka

Fig. 2. Jag from the rocky stream bed — cer, in the
Meander passage. Photo: J. Psotka
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Obr. 3. Mensia kaskada a skalné kulisy pri vodnom toku — chodba Meander. Foto: P. Stanik
Fig.3. Smaller cascade and rocky wings by the active stream — Meander passage. Photo: J. Psotka

z chodby zvanej Mokrd chodba, ktora sa pripaja na Meander z juhozapadu. Pri Gsti chodby
st na stene fluktuacné zliabky (obr. 6), zhora ohranic¢ené hladinovym zarezom vo vyske

Obr. 4. Chodba Meander — typicky vadozny kanon. Foto:
P. Stanik
Fig. 4. Meander passage — typical vadose canyon. Photo:
P. Stanik
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0,75 m od hladiny toku. Poukazuje to na
viackrat sa opakujuci vzostup hladiny
podzemného toku na tto troven. Mokrd
chodba ma charakter epifreatickej chod-
by — v ¢ase beznych vodnych stavov fun-
guje ako vadozna a v Case povodni je jej
vel'ka Cast’ zaplavovana. Vytvorena je na
uklonenych puklinach smerov SZ/JV, SV
—JZ aV —SV/Z —JZ. Na dne st ulozené
prevazne jemnozrnné sedimenty — jemno-
zrnny piesok, kal a il. Cilek (2003) opisuje
z tychto sedimentov drobné, opracované
limonitové konkrécie. Chodba sa konci
vodnym sifonom, kam priteka tok z chod-
by Ave Maria (Boro$ a S¢uka, 1984).

Roznavska chodba

Od krizovatky Meandra s Mokrou
chodbou pokracuje dalej sucha Roznav-
ska chodba. Po celej svojej dizke ma
prevazne charakter inaktivnej vadodznej
chodby s vyskou do 8 m a s epifreaticky-
mi usekmi s vySkou len 2,5 — 3,5 m. Pre
vadozne useky su charakteristické ostré




Obr. 5. Lastarovité prudové jamky v Roziiavskej chodbe. Foto: J. Psotka
Fig. 5. Scallops in the Roznavska passage. Photo: J. Psotka

skalné kulisy, ¢ery a dnové hrnce. Na stenach su korézne rozsirené pukliny a siete puklin
az do podoby stenovych kaps (,.fissure pockets®). Povrch stien je prevazne velmi nerovny

— s ostrymi vyénelkami a skalnymi noz-
mi. Prudové jamky sa vyskytuju velmi
zriedkavo, pretoze steny su nehomogénne
a porusené sietami puklin. Epifreatické
useky Roziavskej chodby su vyrazne Sir-
Sie ako jej uzke a vysoké vadozne useky,
charakteristické s pre ne slepé stropné
kominy a rozsirené pukliny oddelené skal-
nymi visiakmi — pendantmi. V mieste,
kde doslo k prekorodovaniu steny medzi
dvoma stropnymi kominmi, sa vytvorilo
skalné okno. Medzi m. b. 23 — 24 je kanal
miestami na hranici prieleznosti, po 20 m
vyusti do asi 10 m dlhej priestrannejSej
chodby, na konci ktorej je sifon (T. Maté,
ustna informacia). Tieto priestory som ne-
skumal pre extrémne tzky priechod. Na
mape Buzinkaya et al. su len nacrtnuté.

Guanovu koroziu sintrov v Roznavskej
chodbe a fosfatové mineraly opisal Cilek
(2003). Pri m. b. 29 sa Roznavska chodba
vetvi do viacerych smerov. Odbocka
k vodnej chodbe Ave Maria ma charakter
nizkej uklonenej epifreatickej chodby

a

Obr. 6. Pulzaéné zaplavové zlaby pri usti Mokrej chodby
do Meandra. Foto: J. Psotka

Fig. 6. Pulse flood grooves at the mouth of Mokra
passage to Meander. Photo: J. Psotka

319



so zachovanymi drobnymi pridovymi jamkami. Usti nad pritokovym sifénom, kde je
uviazand aj stara vodiaca $nura pre potapaca. Vodni chodbu Ave Maria som neskimal,
pretoze je pristupnd len pldvanim alebo na ¢lne. Kon¢i sa asi po 70 m odtokovym sifonom,
ktory suvisi s pritokovym sifonom v Mokrej chodbe (Boro$ a S¢uka, 1984). Od odbocky k Ave
Maria pokraduji dalej inaktivne epifreatické chodby. Su tu dva typy: vel'mi nizka (0,7 m),
asi 5 m §iroka chodba a tzke, ale vyssie chodbicky na uklonenych puklinich, s drobnymi
pradovymi jamkami na stenach. Je tu aj odbocka do priestorov, ktoré neboli zamerané. Za
prielezom sa dostaneme do kratkeho useku chodby charakteru mensieho kafionu s dnom
a stenami pokrytymi ilovitymi sedimentmi. Na jeho dne v Case vysSieho vodného stavu
v jaskyni pritekal drobny pritok. Nad tymto miestom asi 3 m vys3ie je Gstie strmo uklonen¢ho,
extrémne Uzkeho komina, na konci ktorého je zavesené staré lano. Na stenach komina som
nasiel pricementované relikty nekrasovych §trkov — vizualne sa daji odlisit’ drobné obliaky
kremefia a opracované limonitové konkrécie. V hlavnej chodbe pri m. b. 35 nasleduje
opit sek vadozneho kationu s vyskou 4 — 6 m a Sirkou 0,5 — 1,3 m, dlhy okolo 15 m.

Do6m SSS a priestory okolo neho

Pri m. b. 38 je na kolmom kriZeni subvertikalnych diskontinuit smerov SV/JZ a SZ/JV
vytvoreny priestor s vyskou 20 m. Spada sem sintrovy vodopad dlhy asi 11 m, z ktorého 5 m
¢ast’ ma zaujimavy valcovity tvar. Smerom na SZ pokracuje Dém SSS, dlhy 30 m s max.
Sirkou 5 m a vyskou od 7 po 15 m. Dno je tvorené jemnozrnnymi sedimentmi — prachovitymi
a pies¢itymi ilmi, typickymi pre fluviokrasové jaskyne Slovenského krasu. Na vychodnej
strane dému je antropogénna halda tychto sedimentov, pozostatok po vykopovych pracach
rozitavskych jaskyniarov. Su tu dva pozoruhodné stalaktity s dizkami 5 a 6,5 m a tiez
zoskupenie troch stalagmitov vysoké 1,5 m. Na JZ stene domu st na prienych subvertikalnych
puklinach vytvorené stenové kapsy a vyklenky, oddelené mensimi pendantmi a skalnymi
nozmi (obr. 7). Mohutny, 4 m dlhy pendant vystupuje v JV ¢asti domu. V strope domu je

Obr. 7. Stenové kapsy a pendanty v Déme SSS. Foto: J. Psotka
Fig. 7. Wall pockets and pendants in Room of SSS. Photo: J. Psotka
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Obr. 8. Kordzne rozsirena diskontinuita — povoditova puklina. Foto: J. Psotka
Fig. 8. Solutionally widened fracture — floodwater fissure. Photo: J. Psotka

kupola vysoka 6 m a tiez korézne rozsirena, ,,povodiiova* puklina (obr. 8). Steny domu nenesu
vyrazné stopy procesov rutenia a ani na jeho dne nendjdeme ulozené blokové sedimenty.
7 Dému SSS prejdeme do malej sienky (v — 4, § — 2,4 m). V strope je slepy 3,5 m vysoky
puklinovy komin charakteru stropnej kapsy. V strope prechodu do Domu SSS je zaujimavy
vyklenok so stupiiovitymi ploskami zarovnaného stropu. V smere SZ pokracuje este 15 m
dlhé a 2 m vysoka ovalna chodba vytvorena na subvertikalnej pukline, ukon¢ena nanosom
jemnozrnnych sedimentov. V strope st korézne rozsirené slepé pukliny dlhé 1 —2ma drobné
prudové jamky do 2 cm. Na previsnutej stene je heliktitova vyzdoba pokryta kalom. Stara

sonda roziavskych jaskyniarov odbocuje zo smeru pristupovej chodby na SV tesne pred jej
koncom. V &ase navitevy 16. 4. 2008 bola zaplavena vodou. Zo spominanej malej sienky za
Démom SSS este vybieha smerom na JZ d’alSia mensia sieni. Na stene si viditelné pozdizne
valovéekovité zarezy (Bella, 2004) v Styroch vyraznych trovniach. Nachddzaju sa tu tri
stropné vrecia s vyskami 2,5; 3,8 a 4 m, ktoré sa zacinaji az nad najvyssim lateralnym
zérezom. Na strmo uklonenej pukline sa vytvoril slepy povodiiovy komin (,,floodwater
fissure) s dizkou 8 m. Zo speleotém sa v sieni vyskytuju stalaktity, brckd, stalagmit
a heliktity.

Doém optimizmu

Do najvyssieho poschodia jaskyne sa dostaneme vystupom po strmom sintrovom svahu,
tesne pred odbockou do domu SSS. Nizkou (0,4 — 0,6 m) chodbou $irky 4,5 m sa dostaneme
do Dému optimizmu. Tento priestor ma skor charakter Sirokej chodby (5 — 8 m Sirka), ktora
v podoryse viackrat meni smer. V strope tohto priestoru su na subvertikalnych puklinach
vytvorené viaceré slepo ukon&ené kapsy a korézne rozsirené pukliny s vyskou do 6 m a Sirkou

— 14 m. V miestach prechodov medzi kapsami sa strop znizuje na 1 — 1,5 m a na tychto
usekoch su stropy zarovnané. Na stenach Domu optimizmu je bohaty vyskyt heliktitov,
ktoré vyrastaju vo forme az niekol’ko metrov dlhych pasov pozdiz puklin. V minulosti boli
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tieto speleotémy na niekolkych miestach nenavratne poskodené nezndmymi péachatelmi
— zretelné st najmi stopy po sekani. Utvar vo forme motylieho kridla (foto na zadnej strane
obélky Spravodaja SSS, 1982/1) odsekli a ukradli. Okrem heliktitov sa tu nachiddzaju aj
bezné speleotémy vytvorené z kvapkajucej a stekajicej vody: rozne natekové formy, skupiny
stalaktitov, stalagmitov a stipov. Priestor Dému optimizmu d’alej pokracuje na V — SV asi
15 m dlhou chodbou, ktora sa lomi na JV a pokracuje este 25 m. Pred JV ukoncenim je
chodba bohato vyzdobena: z podlahy vyrasta sintrovy §tit — stegamit (opis Stankovic a Cilek,
2005), st tu dva sintrové bubny, mnozstvo brciek, stalaktitov s vyrastkami a excentrika
— heliktity. V strope st mensie slepo ukoncené vrecia a kapsy. Chodba je v priamom smere
uzavretéa sintrovymi natekmi. Pre celé horné poschodie jaskyne je charakteristicka vyrazna
kordzia stien — az pol cm hrubd vrstva horniny je premenena na karbonatovy prach, z toho
vystupuju odolnejsie zilky kalcitu.

POZNAMKY KU GENEZE JASKYNE
Podorysna Struktura, hydrografia, jaskynné arovne

Podorysna struktara jaskyi (,,cave pattern®) je okrem geologickych faktorov podmiene-
na predovsetkym sposobmi vstupu vod (groundwater recharge) do krasového masivu (Pal-
mer, 1991, 2007). Rozvetveny podorysny vzor jaskyne podla Palmera (1. c.) poukazuje na to,
7e vody jej podzemného toku sa zbieraju v jednotlivych vstupoch s malou zbernou oblastou,
v tomto pripade v krasovych depresiach (zavrtoch) na povrchu planiny. Atmosfrické vody,
ktoré presakujii zonou epikrasu, sa nizie koncentruji do vertikalnych kandlov a Sacht, kle-
sajtcich vadoznych priestorov alebo aj do ,visutych™ rurovitych chodieb (,,perched tubes®).
Jednotlivé zdrojnice vod tvoria pritoky, ktoré sa spajaju a formuja postupne vécsiu jaskynnu
chodbu. V oblasti, ktort pravdepodobne odvodiiuje vyver Evete$ (zapadna ¢ast Horného
vrchu a najvychodnejsi vybezok Silickej planiny), sa speleologickym prieskumom zatial
nepodarilo preniknut’ z povrchu planiny do tychto priestorov. Nachadza sa tu vSak viacero
vyraznych povrchovych krasovych foriem, ktoré maji spojitost’ s podzemim alebo na pod-
zemné skrasovatenie poukazuju. St to: ponory v okoli Mitnej studne, pas krasovych jam od
ponorov smerom na JZ a viaceré reliktné krasové formy. V spominanom pase, ktory je vy-
razne povrchovo skrasovateny, sa nachadza aj niekol'ko priepasti a mensich jaskyn. Komu-
nikdciu jaskyne s povrchom planiny nepriamo potvrdzuje aj nélez zaoblenych limonitovych
konkrécii a klastického K — zivca a plagioklasu vo fluvialnych sedimentoch jaskyne (Cilek,
2003) ¢i drobné obliaky kremena v scementovanych reliktoch strkovych sedimentov, najdené
autorom prispevku v nezameranom komine. Stopovacou sktskou (Orvan, 1994) bola preu-
kazand hydrologicka suvislost HruSovskej jaskyne s priepastou Lipovnicky Vel'ky Zombor
(Jablonovska priepast’). Boros a S¢uka (1984) rozoznavaji v jaskyni tri horizonty — najnizsi
predstavujii chodby na urovni aktivneho toku, stredny sucha Roznavska chodba a najvyssi
horizont Dém optimizmu. Ked’ uplatnime princip superpozicie a predpokladame vyvoj jas-
kyne pri znizovani erdznej bazy, respektive pri vyzdvihovani masivu, za najmladSiu moze-
me pokladat Groven s vodnym tokom, za relativne star$iu vyssie leziacu Roznavsku chodbu
a najstarsiu arovefi predstavuje Dom optimizmu a suvisiace chodby v jeho Grovni.

Genéza ,,povodnovych” puklin a stropnych képs

Korozne rozsirené, slepo konciace pukliny s vyskou aj niekol’ko metrov (,,floodwater
fissures) su v jaskyni roz$irené najmi v epifreatickych usekoch chodieb, ktoré boli v Case
povodni zaplavované az po strop. Vznikali pri zaplavach jaskyne injekciou povodiovych vod
do pristupnych diskontinuit (puklin, diaklaz a inych diskontinuit) a ich koréznym rozsirova-
nim (Palmer, 2007). Palmer ich zarad’uje medzi tvary vytvorené injekciou povodnovych vod
(floodwater injection features“). Smerom od rie¢nej chodby sa zuzuji a koncia sa slepo,
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pretoze voda po opadnuti povodne rychlo odtecie (Palmer 1. c.). Stropné pendanty obycaj-
ne oddeluju jednotlivé povodiové pukliny. Stropné vrecia a ,vzduchové™ kapsy v jaskyni
tiez nachadzame na miestach, ktoré boli zaplavované po strop. Kapsy maju vicsinou ovalny
prierez a mozu, ale nemusia byt vytvorené pozdiz puklin. Bogli (1980) pripisuje ich vznik
vyluéne efektu zmiesanej korozie, ked” dochadza k miesaniu vod s roznym chemickym zlo-
Zenim. Lismonde (2000) spéja ich vznik s koréziou vodnej hmly pri stld¢ani uzatvoreného
vzduchu: Stiipajuca hladina vody uzatvéra vzduch v stropnych kapsach, tlak CO, stupa. Stla-
¢anie vzduchu je takmer izotermicky dej, pri¢om sa vytvara hmla. Kvapocky hmly procesom
diftzie zachytavaju CO,. Prenos CO, zo vzduchu do kvapiek a nasledne do vody vyvolava
silnt koro6ziu vapenca.

SPELEOLOGICKE PERSPEKTIVY

Roziavski jaskyniari vykonavali po objave jaskyne vykopové prace na najvzdialenejSom
mieste jaskyne — na konci chodby, ktora pokracuje z Domu SSS. Podla charakteru a objemu
vytazenych sedimentov (siidrzné a silno lepivé prachovité a piescité ily) muselo ist” o znacne
namahavi pracu. Vykopany priestor sa konci chodby sa zvykne zaplavovat. Je velmi tazké
posudit’ perspektivu tohto pracoviska a nemozné odhadnit’ rozsah prac potrebnych na prie-
nik dialej. V najvyssej arovni — v Déme optimizmu, jaskyniari kopali.v ovalnej chodbicke
smerujucej na SZ. Smer je to priaznivy, ale chodbu vypliiajii sedimenty az po strop. Mozno
by stalo za pokus urobit lezecky traverz smerom na JZ vo vertikdlnom priestore, ktory pre-
paja Dém optimizmu s nizsim poschodim jaskyne (chodbou pred Domom SSS). V blizkosti
m. b. 32 je prechod do puklinovej chodby, na ktorej dne priteka zo severu spod akejsi kulisy
z hliny a balvanov drobny ob&asny pritok. Nad tymto miestom je v hline okno, ktorym vidiet
do priestoru za kulisou. Medzi m. b. 23 a 24 je odbocka do extrémne uzkeho kanalu, ktory
vyusti do kratej chodby s pritokovym sifonom. V ¢ase vel'kych vodnych stavov odtial’ pri-
teka tok. Priestory st v mape z ¢lanku Borosa a Sc¢uku (1984) len naértnuté, zamerali ich az
T. Maté s V. Kofiom v zime 2003 (T. Maté, ustna informacia). Pre vel'mi tazky pristup ich uz
viac neskumali, ale T. Maté koncovy sifon poklada za perspektivne miesto na prienik. Pota-
paésky prieskum jaskyne vykonéval pol'sky potapac, pritokovy sifon v chodbe Ave Maria sa
mu prekonat’ nepodarilo (Hochmuth, 2000). Z literatiry nie si zname dalSie pokusy o jeho
preplavanie.

ZAVER

Hrugovskd jaskyda predstavuje rozvetvenii vyverovii jaskyiu, ktord pozostiva
zvadoznych i epifreatickych usekov chodieb, ako aj niekol’kych priestorov charakteru domov
¢i sieni. Najnizsim poschodim preteké aktivny tok. Pre vadozne chodby su charakteristické
skalné kulisy, ¢ery — ostré skalné vybezky z dna, drobné kaskady, stenové kapsy a miestami
prudové jamky. Epifreatické Gseky chodieb maju znizeny strop, ¢asto so slepymi puklinovymi
kominmi oddelenymi skalnymi visiakmi — pendantmi. Najvysia aroven jaskyne je bohato
vyzdobena, vzacne su predovsetkym speleotémy rastiuce z kapilarnej vody — heliktity
a ojedinely sintrovy §tit vyrastajuci z podlahy (stegamit).
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CONTRIBUTION TO STUDY OF MODELATION OF THE HRUSOVSK A CAVE
Summary

HruSovska cave in the Slovak karst was discovered by digging above overflow branch of karst spring
Evetes in 1978 by cavers of Slovak speleological society. Cave is listed in the UNESCO World heritage because
of its natural values which are representative among caves of the Slovak Karst. Cave is 780 m long, with
active stream and consists of vadose and epiphreatic passages developed in three levels. Cave has branchwork
pattern, passages are organized like tributaries. Vadose passages are typical narrow canyons with features of
fluvial modelation of open channel stream: rock knives, cers, wall pockets, scallops, floodwater vertical rills.
Epiphreatic passages show signs of complete flooding: frequent are floodwater fissures and ceiling pockets.
Most upper tier of the cave contains remarkable speleothems — helictites, which grew out along several meters
long fissures. Fluvial sediments in cave comprise of muddy sands, clayey silts, and occasionally fine gravel.
Breakdown deposits are present in the hall near the entrance with exposed fault zone. Genesis of the cave is
associated with groundwater recharge into sinkholes on the surface of western part of the Horny vrch plateau
and most eastern part of the Silicka plateau and development of flow paths to Turfia Basin. Despite they were
not yet discovered and explored we presume existence of drawdown vadose passages from sinkholes on the
plateau, which join each other and form larger passages downstream.
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M. Gradzinski: Origin of a unique tree-mould type cave in travertine based on examples
from the village of Lucky (Liptov, Slovakia)

Abstract: Three small but unique tree-mould caves have been recognized in an inactive
travertine quarry in the village of Lucky. The caves originated due to encrustation of tree trunks
by a travertine. The trunks representing most probably ash were introduced and wedged in
a travertine depositing stream during the last interglacial. They were immediately encrusted by
vigorously growing travertine. Subsequently, the wood tissue decayed and voids, which constitute
the caves. were formed. The caves were almost not filled with speleothems due to the compact and
non porous travertine crust, formerly covering the tree bark. The crust prevented the caves from
seeping of water saturated with calcium carbonate. It is very probable that caves of such origin
oceur in other travertine/tufa outcrops; however, their origin has not been explained so far.

Key words: primary caves, tree trunk encrustation, travertine, tufa

INTRODUCTION

Primary caves are penetrable voids originated simultaneously with a host rock. Such
caves are recognized in three different rock types. The most spectacular and spacious are
those formed in volcanic rocks. The second type is represented by primary voids in growing
reefs. The third one comprises caves in tufa or travertine deposits. Within the latter type the
most known are caves developed due to progradation and overhanging of calcareous deposits
forming curtain below the head of a cascade. Genetic model of progradation of tufa curtain
was presented by M. Pedley (1990, fig. 2). The examples of these caves are provided by
A. Pentecost (2005, p. 73) from different countries all over the world.

The list includes Anna-barlang at Lillafiired (Hungary), Olgahohle at Honau (Germany)
and Huangguosho Falls Cave in China. Other examples were recognized in Switzerland
— Héllgrotte (Bogli, 1980), India (Das and Mohanti, 2005) and Turkey (Dipova and Doyuran,
2006). P. Bella (2005) described six caves originated in a similar way in Slovakia; however,
some of them are later modified by other processes. One more, not described so far, occurs
behind the famous cascade in the village of Lucky. It was discovered during a geological
field-work in October 2003.

Tree-moulds represent a different type of primary caves. They are known mostly from
volcanic and pyroclastic rocks. L. Gaal et al. (2004) and P. Bella and L. Gaal (2007) presented
a detailed description of their origin and a genetic classification. Such caves are recognized
in Japan, Hawaii as well as in Slovakia. Slovakian examples are described, for instance, by
L. Gaal (2002) and L. Gaal et al. (2004). Similar caves can also exist in calcareous tufas
and travertines. The tree-moulds caves in calcareous tufas or travertines have not been
characterized in literature so far. However, it is very probable that they were mentioned in
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some notes published in several journals issued by caving clubs, but probably without genetic
interpretation. The only published information upon such caves which is known to the author
was given by L. Gaal (2002) and P. Bella and L. Gadl (2007); however, the caves are not
described in details. P. Bella (2005) also mentioned that tree-moulds constitute some part of
Jelenecka Cave (Jelenecka jaskyna).

Three small tree-mould caves were found by the author in an old abandoned travertine
quarry in the village of Lucky during the geological field work in August 2007. The aim of
this paper is to described the caves and present some remarks on their origin.

GEOLOGICAL BACKGROUND

An extensive complex of travertines is known form the vicinity of the village of Lucky
(Liptov, Slovakia). J. Vaskovsky and V. Lozek (1972) distinguished three series of travertines
of different age within the above complex. The travertines hosting tree-mould caves represent
the series occurring between the village and spa. They crop out in an old, abandoned quarry
located west of the village cemetery. The travertines display cyanobacterial and/or algal
stromatolites and contain oncoids, numerous imprints of higher plants — leaves, twigs,
branches — as well as rich assemblage of mollusk fauna (see also Némejc, 1928). Despite their
structures typical of calcareous tufa, the travertines during growth were predominantly fed
by CO, of deep origin, which has been proved by the stable isotope analysis (Gradzinski et
al., 2008). Therefore, the name travertine instead of calcareous tufa is consecutively used
in this paper (see Ford and Pedley, 1996; Pentecost, 2005 for terminological discussion).
J. Vaskovsky and V. Lozek’s (1972) basing on malacofaunal assemblage and geomorphological
criterion ascribed the origin of these travertines to the last interglacial. This statement was
confirmed by Gradzinski et al. (2008) by means of uranium series dating of travertine.

DESCRIPTION OF CAVES

The caves are located in the western part of the inactive quarry situated west of the
cemetery (Fig. 1). The entrance of the lower cave is above 1.7 m drop. The entrance of the
upper cave is approximately 2.5 m above the lower one and it is invisible from the bottom of
the quarry. The inclined shelf leads to it. The third cave is located in the steep slope in the
westernmost part of the quarry.

At present the lower cave is 3.5 m long (Fig. 2). However, it must have been at least 1.5 m
longer, which is indicated by a bark imprint located outside the cave as its continuation
(Fig. 3). The outer parts must have been destroyed during the exploitation of the travertine.
The cave has irregular cross-section, especially in its entrance part. It can be due to selective
dissolution or exploitation of travertine. In the deeper part the cave displays more regular
cross-section with ceiling and walls constituting an almost circular line. Some coralloids are
formed inside the cave.

The upper cave is 3.5 m long (Fig. 2). It shows perfectly a regular cross-section, especially
in the entrance part (Fig. 4). The entrance itself is almost circular, with heights of 0.4 m and
widths of 0.45 m. The cave walls are ideally smooth, being the perfect imprint of smooth tree
bark. The middle part is narrowed by a wedge of travertine hanging from the cave ceiling,
whose shape mirrors the structure of a tree tissue. In the end the cave ceiling keeps circular
shape, while the bottom part is filled with travertine.

The length of the third cave, whose entrance displays semicircular shape, is 2.5 m (Fig. 2).
The bottom part is filled with soil and travertine debris. In the end the narrow tubular
impenetrable void is a continuation of the cave. Thin flowstone crust and some coralloids are
formed inside the cave.

To the best of the author’s knowledge the caves have not been mentioned in the literature
so far. Therefore, their new names can be put forward. The lower one is proposed to be
called — Dolna stromova jaskyiia v Licanskom lome (Lower tree-mould cave in the Luacky
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quarry), the upper one — Horna stromova
jaskyna v Lucanskom lome (Upper tree-
mould cave in the Lucky quarry) and
the third one — Mala stromova jaskyna
v Lucanskom lome (Small tree-mould
cave in the Lucky quarry). To clear the
situation up, another cave has been known
from the area of Lucky. It was described
in an unpublished report by P. Mitter
(1979), and subsequently included in
the official list of Slovak caves (Bella
et al., 2007) under the name of Ciapka.
P. Mitter (1979) characterized it as a cave
developed between blocks of travertines
and formed along fissures and bedding
planes. Hence, one can suppose that
the gravitational origin of the cave was
postulated. However, P. Mitter (1979)
also mentioned a void after a tree trunk
of primary origin, existing in the middle
partofthe cave. The cave Ciapkais located
approximately 100 m east of the tree
mould caves described inthis paper (Fig. 1).

ORIGIN OF TREE-MOULD
CAVES

The caves’ shape and dimensions
testified that they are moulds of tree
trunks. F. Némejc (1928), on the basis
of leaf imprint determination, listed
the following tree species from the
travertines cropping out in the quarry:
Pinus  sylvestris, Betula verrucosa,
B. pubescens, Picea excelsa, Fraxinus
excelsior, Ulmus sp. and  Acer
pseudoplatanus. The relief of the bark
imprinted in the cave walls suggests
that the trees had the bark of smooth
relief. The diameter and shape of tree-
moulds point to the diameter and shape
of the tree trunks. Bearing it in mind and
considering F. Némejc’s (1928) lists, one
can suppose that the trunks belonged to

Fraxinus excelsior (ash) (Janusz Baryta —

Fig. 1. Location of described caves: 1 — Lower tree-mould
cave in the Licky quarry, 2 — Upper tree-mould cave in
the Lucky quarry, 3 — Small tree-mould cave in the Lacky
quarry; 4 — Ciapka cave

Fig. 2. Maps of described caves: 1 — Lower tree-mould
cave in the Lucky quarry, 2 — Upper tree-mould cave in
the Lucky quarry, 3 — Small tree-mould cave in the Lucky
quarry

personal information, 2007).

The trees, most probably from a riparian forest, were downed by windthrow or bank
erosion and introduced into the stream. They could be transported but not for a long distance,
taking into account limited capacity of a travertine deposited stream. They were stabilized
being probably wedged into irregularities of banks or a stream bed. Presently, the travertine
beds dip approximately to the south. The dip ranges from 15° to 65°. It reflects primary dip of
travertine stream-bed forming small rapids and cascades. The tree trunks display subparallel
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Fig. 3. Smooth imprint of tree bark near entrance of Lower tree-mould cave in the Lucky quarry; pencil is
13 cm long

Fig. 4. Entrance of Upper tree-mould cave in the Lucky quarry

orientation. The trunks were probably stabilized obliquely to the stream direction. Smaller
tree fragments occurring in the same part of the quarry are more dispersed (Fig. 5).




twig moulds :
[ J<2% [ 12%-4%

® tree-mould cave

4-6% B >6%

Fig. 5. Orientation of caves in contour diagram of twig moulds in the same travertine beds; equal area
projection, lower hemisphere

After being stabilized the trunks were subsequently covered with the travertine. The
internal structure of the first layer of travertine, up to 0.6 mm thick, deposited immediately
on the tree bark shows compact crystalline fabrics of sparry isopachous fringe cement. The
crystals constituting this layer show competitive growth patterns. It provides evidence that
submerged tree bark acted as a nucleation surface for growing crystals. However, some
microbial structures are also visible. It is probable that the trunks acted as natural dams
pilled up the stream water which spilt over them.

M. Gradzinski (2005) reported, on the basis of a field measurement, that at present rate
of travertine growth in the stream flowing through the village of Lucky exceeds 2.5 cm per
year. One can suppose that travertines grew with a similar rate during the last interglacial
times (Eemian, Riss/Wiirm), when travertines hosting tree-mould caves were formed (cf.
Vaskovsky and Lozek, 1972). Hence, the tree trunks, having been immediately — which
means within a few weeks — encrusted with calcite, were incorporated into the mass of
growing travertine. If they formed natural dams, as it was supposed above, the travertine
growth on them might be especially vigorous and efficient (cf. Liu et al., 1995).

It is impossible to assess when the caves, that is the voids in travertine, were formed. The
problem lies in the rate of decomposition of wood incorporated within travertine. Submerged
wood has a residence time considerably greater than wood in a forest. The study conducted
in Medicine Stream (Missouri) showed that a large tree trunk can persist in a stream up
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to 10 thousand years (Guyette et al., 2002). Moreover, wood which is buried in sediments,
decay even slower due to slower diffusion of oxygen to it. The breakdown rate of leaf litter
in a hardwater stream with travertine deposition testified that travertine crust slows down
and delays organic matter decomposition more effectively than fine grained clastic deposits
(Cassas and Gessner, 1999). Thus, the discussed tree trunks were most probably rotten out
completely a few or a dozen thousands of years after deposition of travertine. If so, assuming
J. Vaskovsky and V. Lozek’s (1972) view about the travertine age, one can accept that the
caves exists as voids for almost 100 thousand years. Obviously, they were opened due to
the exploitation of travertine which was especially active before the 2nd World War, but
still persisted in the last decades of the last century (Peter Holtibek — personal information,
2007).

Another question which can be posed is that of scarcity of speleothems within both caves.
Their walls are almost bare excluding thin flowstone and some coralloids in the lower and
small caves. It suggests that the caves are not prone to being filled with speleothems. It is
contrary to many caves developed in travertines or tufas. For instance, Annabarlang and
Hollgrotte are richly decorated show caves. Also Slovak caves described by P. Bella (2005)
contain different extensively developed speleothems. One can presume that caves developed
below prograding and overhanging tufa or travertine curtain experience constant supply of
water, which seeps down through porous structure of the curtain. The water is oversaturated
with calcium carbonate, which causes effective growth of different types of speleothems.
Conversely, a tree-mould cave is covered by continuous travertine crust displaying very low
permeability. It protects an underlying void from water seeping down and hence prevents it
from being filled with secondary carbonate deposits.

The moulds after rotten out plant fragments are known from different travertine and tufa
sites all over the world. They are particularly common in phytoclast and phytoherm tufa
facies and are found in tufa barrages (terminology after Ford and Pedley, 1996). However,
the majority of them has smaller dimensions and does not deserve to be referred to as caves
(see Bella and Gaal, 2007, fig. 4). Many of them are a few or dozen centimetres across. To the
best of the present author’s knowledge, the only one void, which is comparable in dimensions
to caves being described from Liicky site, was announced from the French Alps by A. A. Ali
et al. (2003, fig. 4B).

It seems that the situation in Lucky, where highly mineralized water of deep circulation
mixes with water related to shallow circulation derived by mountain stream, was particularly
favourable for encrustation the tree trunks and subsequent creation of tree-mould caves. The
channel dimension allowed introducing of tree trunks into the flowing water while the amount
of water was huge enough to cover the trunks completely. Moreover, the supersaturation of
water was high enough for the trunks to be almost immediately covered with solid layer of
non porous travertine displaying crystalline fabrics which later, after rotting out of wood
tissue, protected the voids from being filled with secondary carbonate deposits.

CONCLUSIONS

1. Three small but unique tree-mould caves have been recognized in the inactive travertine
quarry in the village of Lucky.

2. They are formed due to encrustation of tree, probably ash, trunks by travertine. The
trunks were introduced and wedged in travertine depositing stream during last interglacial.
They are encrusted with growing travertine. Subsequently, the wood tissue decayed and
voids, which presently constitute the caves, were formed.

3. The caves were not filled with speleothems due to compact and non porous travertine
crust which prevent them from seeping of water saturated with calcium carbonate.
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M. Briestensky, J. Stemberk: Micromovements Monitoring in the Western Slovakia Caves

Abstract: During last two years department of Engineering geology of the Rock Structure and
Mechanics AS CR, v.v.i. began to monitor a microdisplacements in six selected caves of the Western
Slovakia region. The caves were chosen due to their close location to significant earthquake-
prone fault structures affecting in their direction passages development and fresh sinter breaks
as well. On purpose to observe the recent displacements, we used TM71 extensometric gauges
developed by colleague B. Ko§ték at our department. Existing results, obtained from nine gauges,
discovered sensitivity of the cave systems to recent stress changes. Moreover, displacement trends
around 0.1 mm per year were registered as well. Such movements are significant for instance
in Driny Cave (Smolenice karst), the most known show cave in the area, where fresh sinter breaks
extensively occur. There were observed vertical and horizontal displacements gained by all three
gauges installed here. Maximal vertical displacement of 0.3 mm was registered in a northwestern
part across NNE — SSW trending fault, meanwhile the minimal vertical movements were observed
in an eastern cave part. In addition, all NNE — SSW and NW — SE trending faults show strike-
slip displacement trends of 0.1 mm per year max. Other five studied localities included in the
extensometric net are: Cave Sedmicka (Borinka karst), Cachtice Cave (Cachtice karst), Plavecka
Cave (Plavecky karst), Cave Slopy and Zbojnicka Cave (Dobra Voda karst). They also exhibit
recent displacements across faults crossing the cave systems and reflect recent stress changes.

Key words: microdisplacements, caves, extensometric gauge TM71, active faults, Western
Slovakia

UvVOD

Sledovanie recentnych tektonickych pohybov v jaskynnych priestoroch patri v sii¢asnosti
medzi pomerne zriedkavé druhy §tadii. Porovnavanim vplyvu zlomovych, pripadne
svahovych deformacii na formovanie krasovych priestorov sa v oblasti Zapadnych Karpat
zaoberalo viacero autorov (pozri Briestensky a Stemberk, 2007) a priame dlhodobé sledovanie
mikropohybov v jaskyniach sa zagalo uz v rokoch 1969 — 1972 (Lalkovic a Hatala, 1983). Na
tieto merania nadviazali v roku 2001 instalaciou jedného extenzometrického meradla TM71
v Deminovskej jaskyni slobody Petro a kol. (2005). Rovnaké meradlo sme pouzili i pre
potreby monitoringu mikropohybov v jaskyniach Zapadného Slovenska. Ide o pristroj, ktory
dokéze merat’ mikropohyby s presnostou 0,01 mm/rok v troch osiach a zaroveii meria i rotacie
v dvoch navzajom kolmych rovinich s presnostou 0,00032 radu (Kostdk, 1991). Meradlo
pracuje na opticko-mechanickom principe, vyuzivajuc tzv. moiré efekt. Vyber vhodnych
lokalit spo¢iva predovietkym na polohe jaskyne vo vztahu k aktivnym zlomovym porucham,
pritomnosti zlomov v danom objekte a ich recentnych prejavoch, hlavne porusenim sintrovej
vyzdoby. Prvy pristroj v danej oblasti sa instaloval v jaskyni Slopy roku 2005. Nasledovali
instalcie troch pristrojov v jaskyni Driny, jedného meradla v Zbojnickej jaskyni, dvoch
v Plaveckej jaskyni a po jednom meradle v Cachtickej jaskyni a jaskyni Sedmicka. V ramci
siete extenzometrickych meradiel boli instalované i dve meradld na povrchu na lokalitach
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Dobra Voda a Prekazka. Tym sa vytvorila siet’ meradiel na sledovanie mikropohybov
spojenych so stcasnou tektonickou aktivitou oblasti Malych Karpat.

SUCASNE VYSLEDKY

Jaskyria Driny (Smolenicky kras). Objekt je vyvinuty vo vapencoch Hlbo&skej formécie
na zlomovych poruchach SZ —JV a SSV — JIZ smeru (Michalik et al., 1992). Menej st tu za-
stipené zlomy VSV — ZJZ orientacie. Lokalita bola vybrana pre erstvé porusenia sintrovej
vyzdoby.

V roku 2005 sme v jaskyni instalovali dve meradld na poruchy SSV — JIZ smeru, kore-
lujuce s tzv. Jahodnickym zlomom, a jedno meradlo na poruchu SZ — JV smeru, na ktorej je
vyvinutd hlavna chodba a ktorej pravostranny horizontdlny mechanizmus pohybu potvrdila
i praca Michalika a kol. (1992). Merania prebiehajt v 10- a 14-dennych intervaloch.

Z doterajsich merani na pristroji Driny 1, osadenom naprie¢ poruchou 290°/70° (smer
sklonu / sklon), vyplyva trend v lavostrannych pohyboch s hodnotou trendu 0,05 mm/rok
(graf'1).

V novembri 2006 sme na tomto zlome zachytili vertikalny pokles s hodnotou 0,3 mm.,
sprevadzany malym lavostrannym boénym posunom s vel'kostou 0,07 mm. Pohyb teda ne-
bol ¢isto vertikalny ale Sikmy s vergenciou k zapadu.

Tento mechanizmus pohybu je mozné vysledovat' i z mikrostruktirnych merani na tekto-
nickych zrkadlach nachadzajucich sa v spristupnenej chodbe pod meradlom.

Meradlo Driny 2, osadené naprie¢ poruchou 110770, ukazuje rovnako pohybovy trend
v lavostrannych smernych posunoch s hodnotou 0,015 mm/rok (graf 1).

Najvyraznejsie mikropohyby sme vsak

Posun [mm] Driny 1 zaznamenali na pristroji Driny 3, osadenom
MW‘W naprie¢ poruchou 407/75". Zo stcasnych vy-

sledkov je zretelny trend vertikalnych pohybov

(0,05 mm/rok) a rovnako trend v pravostran-

nych smernych pohyboch (0,08 mm/rok) para-

lelnych s danou §truktdrou (graf 2). Na zaklade

S e uvedenych vysledkov sme vypracovali model

i ‘:' mikropohybov v danom objekte a pdsobenia

i smeru lokdlneho kompresného napiitia (obr. 2).

om0 ] Jeho orientécia je na tejto lokalite SSZ — JJV.

2008 2006 200 Zbojnicka jaskyria (Dobrovodsky kras).

Posun [mm] Driny 2 Jaskyfia rovnako vybrana pre &erstvé porugenia

\ sintrovej vyzdoby je vyvinutd v steinalmskych

i A\/ . vapencoch Dechtickej elevacie a prechadza fiou
1
[}

040

0,00

0,08

0,04
vyznamny zlom SZ — JV smeru. Jeho aktivi-
ta sa reflektuje vo vizudlne pozorovatelnom
pravostrannom horizontalnom posune blokov
VY, (Briestensky a Stemberk, 2007). Tento pohyb je
zretelny i z doterajsich merani (graf 3). Pocas
poslednych dvoch vyznamnych blizkych seiz-
012 mickych udalosti, z 13. 3. 2006 (M = 3,2) s epi-
2005 2008 2007 5 . v . . , o

centrom pri obci Vrbové a seizmickym rojom
Graf 1. Mikroposuny zaznamenané na meradlach z 5. — 8. 8. 2006 z oblasti obce Trstin (graf 3),
Driny 1 a Driny 2. +Y — lavostranny horizontalny sa nam podarilo ziskat udaje i 0 zmenach pohy-

posun, +Z — poklesavanie zapadného bloku ; . . .
Graph 1. Microdisplacements registred by the bov pred zemetrasenim a po fiom (Briestensky

Z
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gauges Driny 1 and Driny 2. +Y — sinistral strike- €t al., 2007).
slip movement, +Z — subsidence of a western Jaskyria Slopy (DObrOVOdSk)? kras). Jedno
block meradlo TM71 sme tu instalovali na zlomovu
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Graf 2. Mikroposuny zaznamenané na meradle
Driny 3. =Y — pravostranny horizontalny posun,
+Z — poklesavanie severovychodného bloku

Graph 2. Microdisplacements registred by the gauge
Driny 3. -Y — dextral strike-slip movement,

+Z — subsidence of a northeastern block
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Graf 4. Mikroposuny zaznamenané na meradle
v jaskyni Slopy. =Y — pravostranny horizontalny
posun, —Z — poklesavanie severozapadného bloku
Graph 4. Microdisplacements registred by the gauge
in Slopy Cave. —Y — dextral strike-slip movement,
—Z — subsidence of a northwestern block

poruchu s azimutom SV — JZ, so sklonom
70" k SZ. Jaskyna je vyvinuta vo wetter-
steinskych vapencoch chocského prikrovu
a sleduje tektonicka brekciu daného zlomu.
Pocas uplynulého obdobia sa nam rovnako
ako v pripade Zbojnickej jaskyne podari-
lo zachytit ozvy na posledné zametrasné
udalosti z danej oblasti (Briestensky et al.,
2007). Tie sa prejavili zrychlenim vertikal-
nych pohybov. Z dlhodobého pohladu je vy-
znamny predov$etkym trend vo vertikalnych

Graf 3. Mikroposuny zaznamenané na meradle
v Zbojnickej jaskyni. =Y — pravostranny horizontalny
posun, +Z — poklesavanie juhozapadného bloku, po-
kles X — horizontalne otvaranie poruchy

Graph 3. Microdisplacements registred by the gauge
in Zbojnicka Cave. Y — dextral strike-slip movement,
+Z7 — subsidence of a southwestern block, decrease
X — horizontal fault opening
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Graf 5. Mikroposuny zaznamenané na meradlach
v Plaveckej jaskyni. Y — smerny horizontélny posun,
7 — vertikalny pohyb, X — otvaranie poruchy
Graph 5. Microdiplacements registred by the
gauges in Plavecka Cave. Y — strike-slip movement,
Z — vertical displacement, X — crack opening

a horizontdlnych pohyboch, ktory reflektuje poklesavanie SZ Casti jaskyne so zretelnou
pravostrannou zlozkou horizontalneho pohybu. Blok teda poklesiva pozdiz zlomu mierne

Sikmo s vergenc10u na sever.
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Obr.2. Schémamikroposunov vjaskyni Driny. 1. meradla
TMT1, 2. zlomy, 3. obrys jaskynnych priestorov, 4. vel’ky
pokles, 5. stredny pokles, 6. maly pokles, 7. zmysel
horizontalneho pohybu, 8. smer hlavného napitia

Fig. 2. Sketch of microdisplacements in Driny Cave.
1. gauges TM 71, 2. faults, 3. cave spaces outline, 4. high
subsidence, 5. middle subsidence, 6. low subsidence, 7.
sense of strike-slip movement, 8. compression direction
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Obr. 1. Situdcia sledovanych lokalit osadenych
pristrojmi TM71 v oblasti Malych Karpat a sché-
ma zlomov (upravené podla: Kovag et al., 1989;
Marko etal., 1991): 1. Cachtické jaskyiia, 2. Zboj-
nicka jaskyna, 3. jaskyna Slopy, 4. jaskyfna Dri-
ny, 5. Plavecka jaskyfa, 6. jaskyna Sedmicka,
7. Dobra Voda, 8. Prekazka

Fig. 1. Situation of monitoried localities equipped
with extensometric gauges TM71 in the Malé
Karpaty Mts. area and fault sketch (modified
after Kova¢ et al.,, 1989; Marko et al., 1991):
1. Cachtice Cave, 2. Zbojnicka Cave, 3. Cave
Slopy, 4. Cave Driny, 5. Plavecka Cave, 6. Cave
Sedmicka, 7. Dobra Voda, 8. Prekazka

Plaveckd jaskyria (Plavecky kras).
Jaskyna je vyvinuta vo svetlosivych tria-
sovych vapencoch rostunskeho pasma
(Droppa, 1955 — 1956) na zapadnom upéti
Malych Karpat, hrani¢iacimi v tejto Gasti
s grabenom Zohor — Plavecky Mikulas,
ktorého pliocénna aktivita je geologic-
ky preukazani (Gaza, 1984). Vyznamny
je rozsiahly vyskyt penovcov so $irkou
550 m lokalizovany pod jaskyiu, ako aj
zvySend celoro¢na teplota vzduchu v jas-
kynnych priestoroch, dosahujuca hodnotu
11 °C. Obidva faktory sved¢ia o pritom-
nosti aktivnych zlomovych portch. Vyssia
teplota sa da vysvetlit' rastom geotermal-
neho gradientu zapadnej Casti viedenskej
panvy, ktory preukazali prace Krala a kol.
(1985). Vyznamné je rovnako porusenie
sintrovej vyzdoby vo vychodnej Casti jas-
kyne. Vychodna ¢ast’ od Kvaplovej siene
spolu s hornou kvaplovou ¢astou je vyvi-
nutd na zlomovej poruche, ktorej recentn
aktivitu potvrdzuje porusenie sintrovych
natekov a strihové poruchy stalagmitov
(obr. 3).

Podl'a nasich merani v jaskyni vyraz-
ne vystupuje systém zlomov SSV, SSZ,
menej sa uplatiiuja poruchy S — J a VSV
smeru.

Na zaciatku roku 2007 sme tu instalo-
vali dve meradla (obr. 4). Jedno je osadené
v tzv. spodnom podlazi naprie¢ poruchou
SSV —11Z smeru, ktora je sii¢astou vyraz-
nej zlomovej zony Mur — Miirz — Leitha —
Plavecké Podhradie — Dobra Voda, a druhé
v tzv. Kvaplovej sieni (obr. 4) naprie¢ po-
ruchou SSZ — JJV smeru (240°/65°), kto-
ra koreluje s tzv. Lak$arskym zlomom.




Obr. 3. Strihové porusenie stalagnatov v hornom
podlazi Plaveckej jaskyne

Fig. 3. Shear cracks of stalagnates in the Uppermost
stalagnate part

7 velmi kratkeho merania zatial’ vyplyva
oscilacia horizontalnych strihovych pohy-
bov rovnobeznych so zlomovou $truktirou
na prvom meradle a vertikalnych pohybov
na druhom spomenutom pristroji (graf 5).
7 pomerne kratkeho sledovania vSak nie
je mozné vyvodzovat’ akékol'vek pohybo-
vé trendy.

Nasledujtce dve jaskyne boli vybavené
extenzometrickymi meradlami v auguste
2007. Vzhl'adom na kratky ¢as merania nie
je mozné zatial vyvodzovat akékol'vek
zavery.

Jaskyria Sedmic¢ka (Borinsky kras).
Jaskyfa je vyvinuta v borinskych vapen-
coch v udoli Stupavského potoka v tpiti
masivu Okopanca (Nosko a Lanc, 1985).
Jedno meradlo TM71 bolo osadené na po-
ruche S — J smeru s preSmykovym charak-
terom. Rovnako ako v predchadzajicich
pripadoch i tu sme zaznamenali recentné
porusenia sintrovej vyzdoby.

Cachtickd jaskyria (Cachticky kras).
Jaskyfa patriaca medzi desat’ najrozsiah-
lejsich jaskyfi na Slovensku (Bella a Hla-
vac, 1992) tvori zarovei i najsevernejsiu
lokalitu v ramci siete extenzometrickych
meradiel. Jaskyna je vyvinutd vo wet-
tersteinskych vapencoch. Pre monitoring
mikropohybov sa vybrala cast nazyva-
na ,,Autobus” (Dom objavitelov, obr. 5),

Obr. 4. Situcia meradiel TM71 v Plaveckej jaskyni
(upravené podla mapovych podkladov: Droppa 1955
— 1956, nepublikovana mapa OS Bratislava a OS Plavec-
ké Podhradie 1987 — 1990)

Fig. 4. Situation of TM71 crack gauges in Plavecka Cave
(modified after maps: Droppa 1955 — 1956, unpublished
map of OS Bratislava a OS Plavecké Podhradie
1987 — 1990)

Obr. 5. Cierny bod znazoriuje situaciu meradla TM71
vo vychodnej ¢asti Cachtickej jaskyne (upravené podla
mapového podkladu: Sluka a kol., 1978 — 1999)

Fig. 5. Black dot shows situation of TM71 crack gauge in
the eastern part of Cachticka Cave (modified after map:

Sluka et al., 1978 — 1999)
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ktord je vyvinuta na vyraznej poruche 270%80° so zachovanymi tektonickymi zrkadlami
(stridcie 5%/15°) a s Cerstvym porusenim sintrovej vyzdoby. ZaloZenie tejto ¢asti na zlomove;
poruche zaregistroval uz Mitter (1974).

Mechanizmus povodnych pohybov na danom zlome je sinistralny subhorizontalny strih
reflektujici sa vyrazne v rotdcii blokov stropnej Casti. Meradlo bolo instalované naprie¢
danou poruchou v hibke 30 m pod povrchom.

ZAVER

Stucasné vysledky, ziskané pomocou deviatich extenzometrickych pristrojov TM71
preukdzali citlivost’ jaskynnych systémov na zmeny napitostnych pomerov sledovanej
oblasti. Merania rovnako odhalili trendy v mikropohyboch s hodnotou do 0,1 mm/rok.
Takéto hodnoty sme namerali v jaskyni Driny, ktora bola vzhladom na ¢erstvé porusenie
sintrovej vyzdoby vybrand na tento vyskum. V jaskyni Driny boli intalované tri meradla
TMT71 a pocas uplynulého obdobia sa tu zaregistrovali vertikdlne i horizontalne pohyby.
Maximalny vertikdlny posun s hodnotou 0,3 mm sa zaznamenal v severozapadnej Casti
jaskyne pozdiz zlomu SSV — JJZ smeru, zatial’ ¢o minimélny vertikalny posun sa zistil vo
vychodnej Casti tohto objektu. Okrem toho vsetky meradla osadené na poruchach SV — JZ
i SZ — JV smeru zaznamenali horizontalne strihové posuny s hodnotami trendov do 0,1 mm/
rok max. Nemenej vyznamné st i pohybové trendy v pravostrannych smernych posunoch
zaznamenané na poruchach v jaskyniach Slopy a Zbojnicka jaskyfia, ako aj trend vo
vertikdlnych posunoch na zlomovej poruche v jaskyni Slopy.

Pod’akovanie. Chceme podakovat’ za nezistnu pomoc pri vybere vhodnych lokalit a monito-
ringu kolegom jaskyniarom: L. Slivovi, L. Vincemu, I. Demovicovi, J. Kovarikovi a P. Zvo-
narovi. Grantovym agentiram dakujeme za finan¢nl podporu. Prace sa hradili z projektov
Grantovej agentury Ceskej republiky ¢. 205/05/2770 a & 205/06/1828.

MICROMOVEMENTS MONITORING IN THE WESTERN SLOVAKIA CAVES
Summary

Existing results, obtained from nine gauges, discovered sensitivity of the cave systems to recent stress
changes. Moreover, displacement trends around 0.1 mm per year were registered as well. Such movements
are significant for instance in Driny Cave (Smolenice karst), the most known show cave in the area, where
fresh sinter breaks extensively occur. There were observed vertical and horizontal displacements gained by
all three gauges installed here. Maximal vertical displacement of 0.3 mm was registered in a northwestern
part across NNE — SSW trending fault, meanwhile the minimal vertical movements were observed in an
eastern cave part. In addition, all NE — SW and NW — SE trending faults shows strike-slip displacement
trends of 0.1 mm per year max. Moreover, significant dextral strike-slip microdisplacements were registered
in Slopy and Zbojnicka Caves as well as vertical microdisplacement trend across fault in Slopy Cave.
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RECENT MOVEMENTS ALONG TECTONIC FAILURES IN THE
ZAPADNI CAVE (JESTED RIDGE, NORTHERN BOHEMIA)

NIKOLA JURKOVA'2, MILOS BRIESTENSKY'?

I Institute of Rock Structure and Mechanics, v. v. i., Academy of Sciences of the Czech Republic,
V Holesovickach 41, 182 09 Praha 8; jurkova@irsm.cas.cz, milos.b@post.sk

2 Charles University in Prague, Faculty of Science, Department of Physical Geography and Geoecology,
Albertov 6, 128 43 Praha 2

3 Charles University in Prague, Faculty of Science, Institute of Hydrogeology, Engeneering Geology and
Applied Geophysics, Albertov 6, 128 43 Praha 2

N. Jurkov4, M. Briestensky: Recent Movements along Tectonic Failures in the Zapadni Cave
(Jestéd Ridge, Northern Bohemia)

Abstract: Zapadni jeskyng, nachazejici se 10 km zépadné od Liberce, je vytvoiena ve slabé
metamorfovanych vapencich a ¢aste¢né také v krystalickych biidlicich (svrchni devon) jestédského
krystalinika. V blizkosti této jeskyné probihd luzicky zlom's piedpokladanou recentni aktivitou. Ta
méla zasadni vliv na vyvoj této jeskyné. Jeji chodby jsou predisponovany systémem tektonickych
poruch sméri ZJZ — VSV a SSZ - JIV a vrstevnimi plochami. V ramci naseho vyzkumu
zaméfeného na strukturni poméry jeskyné jsme studovali Cerstvéa poruseni a posuny postihujici
sintrovou vyzdobu v chodbach obou vyznamnych smérd. V jeskynni chodbé orientované ZJZ
— VSV smérem jsme zaznamenali pravostranny horizontalni posun o hodnoté piiblizné 0,3 cm
a v chodbé sméru SSZ — JJV levostranny horizontalni posun v rozmezi 0,4 — 0,6 cm. Maximalni
napéti, vypocitané z danych posunt, je tedy orientovano ZSZ smérem. Na zakladé téchto vysledki
byla na obou poruchovych strukturach jeskyné instalovana dvé extensometricka méfidla typu
TM71, jimiz jsou nadale monitorovany mikropohyby a zmény lokéalniho pole napjatosti.

Key words: recent tectonics, faults, displacements, speleothemes, Zapadni Cave, JeStéd Ridge,
Lusatian Thrust

INTRODUCTION

The Zapadni Cave is the largest cave of the Jestéd Ridge. Because of its significant location
near the Lusatian Thrust, the cave was selected for the fault’s recent activity investigation.
The paper resumes existing geological research works and extends it by data concerning
assumed recent stress field computed on the basis of our measurements.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTINGS OF THE REGION

The selected cave is located in the Jitrava village in Northern Bohemia. According to
geomorphological regionalization (Demek et al., 1987), the studied region belongs to Jestéd-
Kozakov Unit, within it Subunit of Jestéd Ridge was delimitated. Concerning geology, the
field constitutes particularly the Jestéd Crystalline Complex, i. e. the western part of the
Karkonosze — Jizera Crystalline Unit of the West Sudetes (Lugicum) (eg. Chaloupsky, et al.
1989). From the morphostructural point of view, the Jestéd Ridge represents NW - SE-trending
wedge shaped horst, composed of strongly folded (mainly during the Variscan Orogeny
(Chlupac, 1964)) but slightly to epizonally metamorphosed late Proterozoic and Paleozoic rocks,
which were uplifted during Saxonian movements (Kachlik and Kozdroj in Kozdroj et al., 2001).
On its northeastern part, the horst is separated from the Zelezny Brod Crystalline Complex,
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Fig. 1. Geological units and fault systems of the Zapadni Cave close surroundings (modified after Kozdroj et
al. (Eds.) 2001 and Chaloupsky et al., 1989). Karkonosze-Jizera Crystalline Unit: 1 —Jestéd Crystalline Unit,
2 - Zelezny Brod Crystalline Unit, 3 — Karkonosze Granites, 4 — Lusatian Granodiorite Massif, 5 — Jizera
Metamorphic Complex; 6 — Bohemian Cretaceous Basin; South Karkonosze Piedmont Basin: 7 — Mnichovo
Hradisté Basin; 8 — thrust, 9 — main faults: certain or based on geophysical or remote sensing indications
/ assumed, 10 — secondary faults: certain / assumed or under sedimentary cover, 11 — state boundary,
LT — Lusatian Thrust, MF — Machnin Fault

Variscan granitoids of the Karkonosze Pluton and Cambro-Ordovician Jizera orthogneiss
by the NW — SE trending Machnin Fault. On its southwestern part, the Jestéd Ridge borders
with platform sediments of the Bohemian Cretaceous Basin and Mnichovo Hradisté Basin
(part of South Karkonosze Piedmont Basin). This contact creates a wider fault zone, called
The Lusatian Thrust.

The Lusatian Thrust is the most significant fault in the northern part of the Bohemian
Massif and belongs to important faults of the Middle Europe as well (Malkovsky, 1979).
It takes its course from Dresden in Germany to Turnov in the Czech Republic with a length
more than 110 km (Malkovsky, 1977). Its thrust plane dips to NNE by 15 — 75° (PosSmourny,
1967, Kurka and Bélohradsky, 1979; Coubal et al., 1999). Present position of the crystalline
block and platform sediments block divided by the Lusatian Thrust (Fig. 1) is according
to Coubal (1989) resulting from several generations of movements.

Recent morphostructure of the Jestéd Ridge has developed from Pliocene to Quaternary
(especially in Pleistocene), and this evolution continues to date (Kopecky, 1970). The
amplitude of vertical movements according to Vyskocil and Kopecky (1974) ranges between
500 and 700 m. Malkovsky (1979) supposed it grater than 1000 m. The whole fault’s course
is covered by Quaternary sediments and is not morphologically evident enough (Coubal, et
al. 1999). Moreover, there are more faults parallel with the Lusatian Thrust dividing Jestéd
Crystalline Unit into partial blocks (Fig. 1).

The Jestéd Ridge karst is developed in WSW — ENE-trending stripes of metamorphosed
Devonian limestones (Chlupac, 1998), mostly with tectonized limits (Kachlik, 2002).
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CHARACTERISTIC OF THE ZAPADNI CAVE

The cave entrance is situated in an old limestone quarry located on western slope of the

Vapenny hill (789,7 m) in the Jitrava village. The quarry comes under the most important
stratigraphic and paleontologic localities in the Czech part of the West Sudetes due to
paleontologically documented Devonian fauna (Koliha, 1929). Rock beds form here an
asymmetrical, almost isoclinal brachyanticline, which is reversed to SE. The core of the
structure consists of black pyrite-bearing phyllitic shales of Lower Fammenian age, and above
them lays approximately 20 m thick bed of crystalline limestones (? Upper Fammenian).
The limestones were slightly metamorphosed during the Variscan Orogeny. Superincumbent
bed represents thick complex of green and gray shists, graywacke and conglomerate (Lower
Carboniferous) (cp. Chlupag, 1964; Budil, et al. 1999). Detailed geological situation of the

cave surroundings shows Fig. 2.

The cave developed by karstification along fissures 150%/80° (dip direction / dip) and
62°/70° (Bosak and Horusicky, 1978). Total length of the cave passages is about 280 m
with denivelation of 25 m [Horaéek in Hromas (Ed., in prep.)]. It is divided into two parts
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Fig. 2. Geological settings of cave’s surroundings (modified after Pospisil and Domecka, 1996). 1 —crystalline
limestones, 2 — crystalline schists, 3 — metaconglomerate, 4 — sandstones, 5 — Quaternary sediments,
6 — assumed fault, 7 — fault under sedimentary cover, 8 — contour lines (interval 25 m), 9 — the Zapadni Cave
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Fig. 3.w Sketch of the Zapadni Cave with the situation of speleothemes breaks measurements and TM71
gauges location (modified after Sk¥ivanek and Hromas, 1961). 1 — significant failure with recorded recent
displacements directions, 2 — TM71 gauge, 3 — fault displacement measurements place, 4 — computed stress
direction

— Staré jeskyné (i. e. Old Caves; discovered in 1958) and Nové jeskyné (i. e. New Caves;
discovered in 1962). The Old Caves part consists of high, mostly narrow passages developed
along fractures. The main corridor is 40 m long and 0.5 — 1 m wide. The Nové jeskyné part
composes of a larger hall that continues as a slightly declining squeeze, which is occasionally
flooded. A cave decoration is really unique. The most noticeable forms are transparent
appearing stalactites including excentriques. Besides, cave’s walls are mostly overlain by
flowstone. Clastic sedimentary fills consist of loams with gravels and blocks (Bosék and
Horusicky, 1978).

RECENT DISPLACEMENTS SURVEY

Within our research aimed at mapping of structural and morphological features of the
cave, fresh breaks affecting speleothemes precipitated along fractures were revealed. These
cracks occur along the both above mentioned significant failures. Except speleothemes
breakings, there were found also noticeable displacements showing sense of recent strike-
slip movements. On accessible places we have measured the distance of displacements using
the slide gauge (Fig. 4).

In the main passage (WSW — ENE trending) we detected dextral strike-slip displacements
ranging between 0.124 and 0.34 cm (Fig. 4). Another passage, where the dispalcements
were observed, is the Staré jeskyné corridor (NNW — SSE trending). There were measured
sinistral strike-slip displacements ranging between 0.41 and 0.56 cm.
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Fig. 4. Detail of displacements affecting speleothemes in the main corridor. Arrows show the displacement

direction. Photo: M. Briestensky

On the basis of results of the survey, we determined recent local stress field orientation.
According to the sense of displacements, assumed compressive stress 6, has WNW direction,
and tensile stress o, is oriented perpendicular to 6, i. e. SSW striking (Fig. 3).

Due to the displacements findings,
we selected two suitable places, where
next stress changes are observed. It is
provided by crack-gauges of TM71 type,
developed at our Institute by Blahoslav
Kostak (1991) (Fig. 5). Measurements are
taken from May 2007 once a month.

CONCLUSION

Observations and measurements taken
in the Zapadni Cave showed recent active
fault movements documented by visible
fresh displacements of speleothemes. We
tried to specify recent local stress field
orientation. Moreover, we installed two
TM71 crack-gauges to observe next stress
filed changes.
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Fig. 5. TM71 gauge (extensiometer) installed across the
WSW — ENE trending passage. Photo: P. Blazenin
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KARST PHENOMENA IN THE RYCHLEBSKE MTS. AND THEIR
TECTONIC SETTING (CZECH REPUBLIC)
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V. Altova, P. Stépanéikova: Karst Phenomena in the Rychlebské Mts. and their Tectonic
Setting (Czech Republic)

Abstract: The karst phenomena in the Rychlebské Mountains have been developed in the isolated
stripes of marbles of the Branna group. Surficial karst phenomena are rather poor in this area,
there are only some dolines, whereas the underground karst phenomena are more evolved. A factor
of great significance for evolution of karst is a tectonic setting. There are two important tectonic
failures. The first is the Ramzova thrust fault striking NE — SW and the Sudetic Marginal Fault
(SMF) of the NW — SE direction. The latter represents one of the morphologically most prominent
neotectonic structures in central Europe, separating the Sudeten Mountains from the Sudetic
Foreland. Stripes of carbonates (elongated in NE — SW direction) are displaced by many transversal
fractures of Sudetic directon (NW — SE) and divided into some substructures. Due to this fact
and lithological characteristics of limestones, all karst phenomena are significantly tectonically
predisposed in accordance with the nearest tectonic structure. In this area the directions NW — SE
and NE — SW are the most distinct (in the Vapenna karst area N — S, W — E). In order to measure
present-day tectonic movements, the deformometers TM71 were installed directly across faults in
two karst caves situated within the SMF zone. Monitoring by these deformometers has revealed
slow micro-displacements (10 — 3 — 10 — 2 mm per year) with prevailing vertical components.

Key words: joint analysis, karst, Na Pomezi cave, tectonic, the Rychlebské Mts.

INTRODUCTION

The karst phenomena in the Rychlebské Mountains (northeastern part of the Czech
Republic) have been developed in the isolated stripes of crystalline limestones of the
Branna group. Surficial karst phenomena are rather poor, there are some dolines in this
area, nevertheless, underground karst phenomena are more evolved. Some tens of caves are
known from this area. Majority of them are not longer than tens or first hundred meters. The
largest is the cave Na Pomezi, which is open to public and the length of its corridors is about
1000 meters. Other very important large cave is Rasovna (270 m long). Karst phenomena
are concentrated in three most important karst areas: Pomezi, Vapenna — Lesni ¢tvrt, and
Vapenna (Fig. 1), which are discussed in this work.

A factor of great significance for the landscape evolution as well as for the karst phenomena
developement is a tectonic setting. There are two very important tectonic failures — the
Ramzové Tectonic Zone and the Sudetic Marginal Fault — as well as many other transversal
fractures (mostly of the NW — SE direction) and thrust faults (NE — SW direction). Therefore,
all karst phenomena are significantly tectonically predisposed and are very suitable for joint
analysis. The analysis performed in caves can contribute to better understanding of landscape
evolution and neotectonic development as well as to assess a possible recent tectonic activity
of this area.
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Fig. 1. A sketch of the study area with tectonic setting and localization of caves

GEOLOGICAL AND TECTONIC SETTING

The study area is composed of various rocks (phyllites, marbles, quartzites, crystalline
shists) belonging to the Branna Group. The rocks underwent regional low-grade
metamorphoses during Variscan orogenesis. Individual lithologic units are formed in stripes
and lenses elongated in NNW — SSE direction. Also outcrops of crystalline limestone are
created by elongated stripes, which are, however, interrupted by transversal faults (Vocilka,
1981). Limestone of study area is very pure, a content of CaCO, reaches up to 99 %.

The study area is strogly affected by presence of two significant tectonic lines — the
Ramzova Tectonic Zone (RTZ) and Marginal Sudetic Fault (SMF), and other transversal faults
in NW — SE direction. The RTZ represents an important border of two different geological
units of the Bohemian Massif— Lugicum and Silesicum — and it is probably a continuation of
the equivalent Moldanubian “overthrust” (Opletal and Pecina, 2004). According to Opletal
and Pecina (2004), the RTZ is a horizontal fault very probably of left-lateral character.
The SMF of the NW — SE direction is morphologically the most prominent neotectonic
structures in central Europe, separating the Sudeten Mountains from the Sudetic Foreland.
In this area it is related to a distinct mountain front of the Rychlebské Mts. According to
Pouba (1962), the SMF presents a fault zone or a system of at least three faults. Skacel (1989)
recognised a coulise representation of partial faults in this zone arranged en echelon, which
is characteristic in surroundings of Vapenna village. Recent activity of these two tectonic
zones has been supported by studies of many authors (Cacon and Dyjor, 1995; Schenk et.
al. 2002, 2003; Cacon et. al. 2003, 2005; Kontny, 2004; Stemberk and Stépanél'kové 2005;
Stépancikova, 2007).
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There are many other transversal faults mostly of the NW — SE direction. They are
very important from hydrogeological point of view. They drain broad surroundings of the
crystalline rocks (Rezni¢ek in Kukacka et. al. 2007) and conduct non-saturated groundwater
into stripes of crystalline limestones and it can accelerate karst process.

JOINT ANALYSIS

The Pomezi area

Pomezi is the largest karst area with the best developed karst phenomena of this region
(Altova, 2003). There are eight caves, where the Na Pomezi cave (1000 m) and the Rasovna
cave (270 m) are the largest and most important. For joint analysis seven caves have been used
- Rasovna, Na Pomezi, Netopyrka, Li§¢i dira, Bezejmenna, Nova, Smrénické propadani. Due
to lack of suitable fissures for measurements, low number of readings in some small caves
the joint analysis for whole karst area.

The joint analysis showing the Sudetic direction (NW — SE) predominates in the Pomezi
karst Area (Fig. 2A), which is in accordance with the postion of the caves within the SMF.
In spite of this the fissures striking SW — NE are very important too. On the other hand,
this SW — NE direction, prevailing in the Rasovna cave, coressponds to the direction of the
RTZ (Fig. 2B), which is situated close to the caves. On fissures of this direction, neotectonic
activity comes up (Fig. 5).

Karst area POMEZI 0 Cave Rasovna
260 measurments 3 28 measurments

Fig. 2. A — Frequency of joint orientation in the karst area Pomezi. B — Frequency of joint orientation in the
Rasovna cave

The Lesni ¢tvrt karst area

In this area, there are only two caves (U Borovice cave and Za Hajvnou cave) (Fig. 1)
suitable for joint analysis and only a few measureable fissures, so joint analysis for whole area
is questionable. The karst phenomena have been evolved in stripe of crystalline limestone,
which is closed to the RTZ and its direction (SW — NE) is clearly showed in tectonic setting of
this caves (Fig. 3). The other significant direction is NW — SE, especially in the Za Hajovnou
cave, which is located closely to the SMF.
The Vapenna karst area

The outcrops of crystalline limestones near Vapenna village is the second largest karst
area of the Rychlebské Mts. Unfortunately it has been affected by long-term exploitation and
many karst phenomena were destroyed. There are three quite large caves (Fig. 1) where the
measurments were carried out. The main direction of fissures changes distinctly. The N - S
and W — E directions predominate there (Fig. 4). Possibly due to a short switch of direction
of the SMF, which has an en echelon character here (Skacel, 1989).
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Fig. 5. Disrupted speleothem in the Rasovna cave with the direction of movement

RECENT TECTONIC ACTIVITY

In the Rasovna Cave (Pomezi), a fissure filled by disrupted speleothems have been found
(Fig. 5). Its direction is 50° (ortogonal to Sudetic direction), dip varies between 42° and 48°.
A detailed measurements on this crack has shown sinistral displacement of cca 1 cm as well
as a vertical movement, where the northwestern block subsided in respect to the southeastern
part. The movement reaches from 0,8 to I cm. The speleothems have not been dated yet but
they are supposed to be Quaternary, so these movements must be very young.
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In order to assess present-day tectonic movements also instrumentally, three deformeters
TM71 were installed directly across faults in the Na Pomezi cave (in 2001) and Rasovna cave
(in 2006) situated within the SMF zone. For details on the monitoring methodology used in
the caves see e.g. Kost'ak (1991), Stemberk, Stepancikova (2003), Stépanéikova et al. (2008).
The selected monitored fissures in these two caves are filled out by crushed rock (Na Pomezi)
or they cut the flowstones (Rasovna). The monitoring, in particular from the cave Na Pomezi,
revealed slow micro-displacements (10> — 10~ mm per year) of an aseismic character and
with prevailing vertical components over horizontal ones. The inferred compressive stress
comes generally from the southern sector, which would imply dextral transpression in the
studied SE portion of the SMF. As a result, the south-western part of the Rychlebské Mts,
belonging to the Sudeten Mts, is pushed under the north-eastern one beyond the SMF.

CONCLUSION

All the studied caves are significantly predisposed by tectonic structures. It is proved
by orientation of their general ground plan, in detail of their corridors, as well as by activity
such as rock falling within the fissures. The most important direction is NW — SE, which is
related to the near situated Sudetic Marginal Fault, and the NE — SW direction, associated
with the Ramzova Fault Zone here. Different directions in Vapenné village (N - S, W — E)
are probably due to local deflection of the SMF, being of an en echelon character in this
segment.

Recent tectonic activity is confirmed by displaced speleothems as well as by slow
movements measured in the cave Na Pomezi by means of the TM71 deformeter. Further
detailed karso-speleologic research as well as dating of the disrupted spelleothems would
contribute to clarification and specification of history of neotectonic, particularly recent,
activity within the studied area.

Acknowledgment. This work was supported by the Grant Agency of Charles University in
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D. Moravansky, M. Orvo3ova: Phosphate minerals in Slovak caves

Abstract: Brushite, CaHPO,2H,0; hydroxylapatite, Ca(PO,),OH; carbonate-hydroxylapatite,
Ca (PO,,CO,),0H; taranakite (K,NH,) Al (PO,),(OH).9H,0 and leukophosphite,
KFe*,(PO,)2(OH)-2H O are phosphate minerals which have been identified in various limestone
caves of Slovakia. Their origin is connected with guano accumulations in these caves. The major
parameters controlling the environments under which these minerals were deposited are: pH,
relative humidity, alkali content, and Ca/P molar ratio. We suppose that first is deposited brushit
(pH<6)and later is converted (through precursor’s octacalcium phosphate OCP) to hydroxylapatite
(pH > 7) or carbonate-hydroxylapatite. Taranakite is deposited during phosphatization of clay
sediments. It represents a acid phosphate similar as a brushite. Origin of leucophosphite is also
connected with clay sediments, but a source of P is unknown.

Key words: phosphate minerals identidied in limestones caves of Slovakia, theory of origin
UVOD

Mineraly jasky su ¢astou sucastou jaskynnej vyplne alebo materskej horniny, v ktorej je
jaskyfa vytvorend, a vyskytuju sa tak vo vstupnej, ako aj vo vnitrojaskynnej facii. Rozhranie
medzi vstupnou ficiou a vniitrojaskynnou faciou je prechodna zona, v ktorej sa este uplatiuje
vplyv denného svetla, striedanie ro¢nych obdobi a postupné vyhasinanie biologickej aktivity
(White, 1963; Cilek, 1993b).

Doteraz bolo z roznych jaskyi sveta opisanych 254 mineralov (Hill a Forti, 1997),
z ktorych iba tri (kalcit, aragonit a sadrovec) sa povazujii za bezné. Kedze v obdobi od roku
1997 do roku 2007 sa podarilo identifikovat’ viacero novych mineralov, najma v savislosti
s guanom (Diaconu a Lascu, 1999; Onac et al., 2002; Marincea et al., 2002; Onac a Veres,
2003; Onac a White, 2003 a inf), mozno udaj uvedeny v publikacii Cave Minerals of the World
(Hill a Forti, 1997) poopravit na ¢islo 275 (= 5 mineralov) a vysSie spominané mineralne
skupiny (karbonaty a sulfaty) rozsirit’ o skupinu fosfatov.

Na zéklade doterajsich vyskumov v jaskyniach Slovenska [jaskyiia Domica, Jasovska
jaskyfia, Vapencové jaskyiia, Hrusovska jaskyiia (Slovensky kras, SK); jaskyfia Tmava skala,
jaskyfa Haviareii, Plavecka jaskyna (Malé Karpaty, MK); jaskyna Podbaniste, Jaskyna nad
Kadlubom, Ochtinska aragonitova jaskyfa (Revucka vrchovina, RV); Modrovska jaskyna
(Povazsky Inovec, PI); Medvedia jaskyna (Slovensky raj, SR); Velka ruzinska jaskyna,
Mala kvaplova jaskyiia (Slovenské rudohorie, SLR), Pruzinska Dupna jaskyna (Strazovské
vrchy, SV), Jaskyfa v Zasko¢i (Nizke Tatry, NT); jaskyiia Havranova (Vel'ka Fatra, VF)
a jaskyna Javorinka (Vysoké Tatry, VT)] mozno konstatovat, ze fosfaty su beznou sticastou
jaskynnej vyplne a doteraz sa im nevenovala nalezitd pozornost. Hoci v jaskynnom prostredi
bolo opisanych az 56 druhov fosfatov (Onac a Veres, 2003), v nasich jaskyniach sa doteraz
identifikovali iba nasledujuce fosfaty: brushit, CaHPO,2H,0; hydroxylapatit, Ca,(PO,),OH;
karbondt-hydroxylapatit, Ca(PO,,CO,),OH; taranakit, (K,NH JAL(PO,),(OH)-9H,0;
leukofosfit, KFe* (PO,),(OH)2H,0.
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FORMA VYSKYTU A ZAKLADNA CHARAKTERISTIKA

Brushit, CaHPO,2H,0 [KaSpar, 1934, 1940; Kettner, 1948 — jaskyna Domica, Jasovska
jaskyna (SK); Zenis, 1984 — jaskyna Tmava skala (MK); Zenis, 1985 — jaskyfa Podbaniste
(RV); Duréik et al., 1992 — Jaskyiia nad Kadlubom (RV); Moravansky a Zenis, 1997
— Pruzinska Dupna jaskyna (SV); Pavlarcik, 1999 — jaskyna Javorinka (VT)] sa vyskytuje
vo forme tzv. ,brushitovych pasov na odtokovych drahach roztokov presakujicich
guanom, kde byva lemovany kalcitom, alebo vo forme povlakov az kor s hrubkou 5 mm
az 10 mm, pozostavajlcich z jemnozrnnych agregatov a na povrchu aj z drobnych, pekne
vyvinutych krystalov zoskupenych do jezkovitych atvarov; habitus krystalov je ihlickovity,
pripadne tabulkovity a ich dizka nepresahuje 0,1 mm, st &ire, jemne zakalené, biele az
zltohnedé, jemnozrnné agregaty st vic¢sinou snehobiele; vystupuje v asocidcii s ardealitom,
hydroxylapatitom, karbonat-hydroxylapatitom, kalcitom asadrovcom. Okrem guana sa brushit
identifikoval i na kostre a zvyskoch koze dospelého jedinca kuny (jaskyfa Javorinka), a to
ako biele az priesvitné, jemné a krehké ihlickovité krystaly skleného lesku s dizkou do 5 mm.

Praskové difrakéné zdznamy vzoriek z jednotlivych jaskyn koresponduji s tdajmi
zkartotéky JCPDS (11 —293, Berry, ed., 1974). Pit difrakénych maxim s najvi¢Sou intenzitou
pre brushit mierne variruje v nasledujucich intervaloch: 7,570 — 7,650 (100), 4,240 — 4,250
(50 - 80), 3,040 — 3,050 (55 — 75), 2,921 — 2,927 (25 — 65) a 2,600 — 2,603 (20 — 60, hodnoty
d st v 10" m, v zatvorkach sa uvadza intenzita).

Vypocitané¢ mriezkové parametre pre brushit su blizke mriezkovym parametrom
uvedenym v kartotéke JCPDS (11 — 293, Berry, ed., 1974). Hodnota a variruje v intervale:
5,362 — 5,812, hodnota b v intervale: 15,261 — 15,338, hodnota ¢ v intervale: 6,230 — 6,334
(v 10" m) a hodnota £ v intervale: 109,27° az 113,37°. Odchylky mriezkovych parametrov od
parametrov uvedenych v kartotéke JCPDS (11 —293, Berry, ed., 1974) suvisia pravdepodobne
s izomorfnymi a mechanickymi primesami.

Hydroxylapatit, Ca(PO,),OH — vyskytuje sa ako povlaky a kory s hrabkou 2 az 4 mm
na sintrovej vyzdobe bez asociujicich mineralov, ¢i ako sivohnedd hmota v miestach
guanovych korézii v asociacii s ardealitom, brushitom, karbonat-hydroxylapatitom, kalcitom
asadrovcom [(Cilek, 2003 — Hrusovska jaskyna (SK); Cilek, 1999b — Vel'kd ruzinska jaskyiia,
Mala kvaplova jaskyna (SLR)], bol zaregistrovany aj ako sucast’ refosfatizovaného kostného
materialu svetlohnedej farby [(Moravansky a Zenis, 1997 — jaskyiia Tmava skala (MK)].

Karbonat-hydroxylapatit, Ca (PO,,CO,),OH [Kapar, 1934, 1940; Cilek, 1999a; Cilek
etal., 2001 — jaskyna Domica; Cilek, 1993a — Murikova jaskytia (SK); Cilek a Komagko, 1984
— Jaskyfia v Zasko&i; Moravansky a Zenis, 1997 — jaskyfia Tmava skala, jaskyna Haviaren,
Plavecka jaskyna (MK), Modrovska jaskymia (PI), Pruzinska Dipna jaskyiia (SV), jaskyna
Havranova (VF)], sa vyskytuje vo forme krustifikaéného tmelu vapencovych obliakov, kor
a natekov na sintroch, kor pokryvajicich steny jaskyn, kor na velkych zratenych skalnych
blokoch a ako sticast’ stvislej fosfatovej vrstvy pod rozsiahlymi nanosmi gudna korodujticeho
skalné podlozie, hriibka kor a fosfatovych vrstiev sa pohybuje od Imm do 20 c¢m, ich farba
je svetlohneda, zltohneda az tmavohned4, vystupuje v asociacii s ardealitom, brushitom,
hydroxyl-apatitom, kalcitom a sadrovcom.

Apatity sa vyznacuju svetlohnedou, Zltohnedou, hnedou az tmavohnedou farbou. Majii
rozmanititextaruzodpovedajucunajmioblickovitym utvaroms vyraznou vrstvovitozonalnou
stavbou a nerovnako vel’kym vrstvovitozonalnym oolitom.

Praskové difrakéné zdznamy vzoriek z jednotlivych jaskyn koreSponduju s udajmi
z kartotéky JCPDS (9 — 432, 19 — 272 a 21 — 145, Berry, ed. 1974). Pit difrakénych maxim
s najvidcsou intenzitou pre hydroxylapatit mierne variruje v nasledujucich intervaloch: 2,811 —
2,820 (100), 2,728 — 2,736 (58 — 66), 3,437 — 3,450 (45 — 60), 1,840 — 1,847 (27 — 57) a 1,936
— 1,951 (29 — 47, hodnoty d st v 10 '° m, v zatvorkach sa uvadza intenzita) a pit difrakénych
maxim s najvdcsou intenzitou pre karbonat-hydroxylapatit mierne variruje v intervaloch:
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2,796 — 2,797 (99 — 100), 2,732 — 2,733 (65 — 66), 3,413 — 3,414 (59 — 60), 1,939 — 1,940
(22 -23)a 1,833 — 1,834 (28 — 29, hodnoty d st v 10" m, v zatvorkach sa uvddza intenzita).
Kvalitativna difrakéna analyza (Siroké, mélo intenzivne difrakéné maximd) potvrdila
rozli¢ny stupen krystalinity.

Vypocitané mriezkové parametre apatitov s vysokym stupiiom krystalinity su blizke
mriezkovym parametrom uvedenym v kartotéke JCPDS (9 — 432, 19 — 272 a 21 — 145, Berry,
ed. 1974). Hodnota a pre hydroxylapatity a karbonat-hydroxylapatity variruje v intervale:
9,347 — 9453 a hodnota ¢ variruje v intervale: 6,870 — 6,885 (v 10 m). Odchylky
mriezkovych parametrov od parametrov uvedenych v kartotéke JCPDS (9 — 432, 19 — 272
a 21 — 145, Berry, ed. 1974) suvisia pravdepodobne s prekurzormi apatitov, izomorfnymi
a mechanickymi primesmi.

Leukofosfit, KFe*" (PO,),(OH)-2H,0O [Tulis a Novotny, 2004 — Medvedia jaskyna (SR)], sa
vyskytuje ako drobné hrudky v sivom {lovci tvoriacom sedimenty v spodnej ploche jedného
z bo¢nych koryt, vystupuje v asociacii so sludou, chloritom, kalcitom a kremetiom. Okrem
chemickej analyzy, bol mineral identifikovany aj praskovou difrak¢nou analyzou. Bohuzial
autori neuvadzaji jednotlivé difrakéné maxima, a tak nebolo mozné vypocitat mriezkové
parametre.

Taranakit, (K,;NH)AL(PO,),(OH)-9H,O (Sejkora et al., 2004 — jaskyna Domica),
sa vyskytuje vo forme kor s mocnostou az 20 mm, Zltej az sivobielej farby, tvorenych
kriedovitymi, monominerdlnymi nodulami nepravidelného gulovitého tvaru (1 az 3 mm),
nodule maju bielu az sivt farbu, st vel'mi mikké, maju zemity vzhlad a obycajne su zretelne
porovité.

Praskové difrakéné zaznamy vzoriek z jednotlivych jaskyi koreSponduju s tGdajmi
z kartotéky JCPDS (8 — 180, Berry, ed., 1974). Pét difrakénych maxim s najvacsou intenzitou
pre taranakit zodpovedé (hodnoty d st v 107 m, v zatvorkach sa uvddza intenzita): 15,827
(100), 7,451 (38), 3.816 (68), 3,138 (59) a 2,820 (46, hodnoty d s v 10'° m, v zatvorkach sa
uvadza intenzita).

Vypocitané mriezkové parametre pre taranakit st blizke mriezkovym parametrom
uvedenym napr. v pracach Sakae a Sudo (1975); Fiore a Laviano (1991); Marincea a Dumitras
(2003). Hodnota a zodpoveda: 8,712, hodnota ¢ zodpoveda: 95,023 (v 10 m). Odchylky
mriezkovych parametrov od parametrov uvedenych v pracach spominanych vysSie stvisia
pravdepodobne s izomorfnymi a mechanickymi primesami.

VZTAH K JASKYNNEMU PROSTREDIU A SPOSOB VZNIKU

Guéno patri medzi bezné sedimenty jaskyi (Kaspar, 1934, 1940; Bridge, 1973, 1974, 1977,
Balenzano et al., 1976; Zenis, 1984, 1985; Moravansky a Zenis, 1997; Diaconu a Lascu, 1999;
Onac et al., 2002; Marincea et al., 2002; Onac a Veres, 2003; Onac a White, 2003; Sejkora et
al., 2004 a inf) a pritomnost’ jeho rozsiahlych akumulacii umoziiuje vznik viacero mineralov
patriacich medzi sulfaty (napr. sadrovec, ardealit, syngenit a pod.) a predovsetkym medzi
fosfaty (napr. archerit, brushit, karbonat-hydroxylapatit, newberyit, taranakit a pod.). Vznik
akychkol'vek mineralov derivovanych z guéana zavisi nielen od pritomnosti guana, ale aj
od cirkulacie roztokov a teplotnych podmienok jaskyne. Roztoky presakujuce guanom jeho
vylthovanim ziskavaji niektoré zo zakladnych zloziek (CI, NO,, SO, H,PO,, HPO,*,
PO/, CO, HCO;> a pod.), ktoré reaguju rozliénymi kationmi (Na’, K', NH*, Ca*", Mg*'
a pod.) obsiahnutymi v podloznych horninach a naplavenych sedimentoch.

Hoci sedimentarne apatity su reprezentované predovsetkym karbonat-fluorapatitom
(francolit, McConnell, 1938a, b, 1952, 1959, 1965; Smith a Lehr, 1966; Guldbrandsen, 1966;
LeGeros et al., 1967; McClellan a Lehr, 1969; McClellan, 1980; McArthur, 1985; Huges et
al., 1989; McClellan a Van Kauwenbergh, 1990; Shemesh, 1990; Van Cappellen a Brenner,
1991; Regnier et al., 1994 a ini), v jaskynnom prostredi dominuju hydroxylapatit a karbonat-
hydroxylapatit (v starSej nomenklatire oznacovany ako dahllit (KaSpar, 1934, 1940;
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Balenzano et al., 1976; Cilek a Komagko, 1984; Durcik et al., 1992; Moravansky a Zenis,
1997; Hill a Forti, 1997; Cilek, 1999a, b, 1993a, 2003; Cilek et al., 2001; Onac et al., 2002;
Marincea et al., 2002; Miko et al., 2002; Onac a Veres, 2003 a ini).

Na zaklade makroskopickych poznatkov vysSie uvedenych autorov a najmid rtg.
praskovej difrakénej analyzy mozno za dominujice fosfaty v jaskyniach Slovenska oznacit
hydroxylapatit [d = 2,814 (100 — kartotéka JCPDS 9 — 432)] a karbonathydroxylapatit
[d = 2,717 (100 — kartotéka JCPDS 21 — 145), pripadne d = 2,780 (100 — kartotéka JCPDS
19 — 272)]. Analyza jednotlivych rtg. praskovych zdznamov ukézala, ze ide o pomerne ¢isté
vzorky s variabilnym stupniom krystalinity.

Pritomnost’ fosfatov zo skupiny apatitu bola overena tak v podlozi mohutnych guanovych
akumulacii, ako aj v hnedych az tmavohnedych korach pokryvajtcich ¢ast’ stien jednotlivych
jaskyn. Podobné vyskyty v jaskyniach nie st vzacnostou, ako sme predpokladali v roku 1997,
opisuju ich viaceri autori, (napr. Fiore a Laviano, (1991) z jaskyn Apulie (severné Taliansko),
Onac a Veres (2003) z jaskyne Magurici (Rumunsko) a pod., ale su pomerne bezné.

Mechanizmus vzniku hydroxylapatitu a karbonat-hydroxylapatitu v jaskynnom prostredi
sa doteraz nepodarilo uspokojivo vysvetlit. Predpokladame, ze hydroxylapatit bude vznikat
podobnym sposobom ako pri tvorbe oblickovych kameriov, t. j. postupnou transformaciou
prekurzorov (brushitu CaHPO,2H,O (molarny pomer Ca/P = 1,00) a OCP (oktakalcium
fosfatu) CaH, (PO,),-SH,0 (molarny pomer Ca/P = 1,33), pripadne i ACP (imorfného
fosforecnanu vapenateho) Ca (PO,),xH,O (molarny pomer Ca/P = 1,50), ako prekurzoru
OCP (Eanes a Meyer, 1977; Chrlstoffersen et al., 1989) alebo priamo hydroxylapatitu
(Boskey a Posner, 1973; Pleshko et al., 1991 a inf) na apatit (molarny pomer Ca/P = 1,67 pre
hydroxylapatit, Brown et al., 1962; Pak et al., 1971; Mathew et al., 1988; LeGeros et al., 1989;
Tomazic et al., 1989; Johnsson a Nancollas, 1992; Suzuki et al., 1995 a ini).

Pritomnost” kyslych faz v pociato¢nom $tadiu tvorby apatitov favorizuju i hodnoty pH
zistené v guanovych sedimentoch, napr. Miko et al. (2002) uvadza v hibke 0 a7 5 cm pod
povrchom hodnotu pH 3,19 a v hibke 20 a7z 30 cm hodnotu pH 6,77.

Tvorbu brushitu derivovaného z guana mozno vysvetlit' reakciou uvedenou v praci
Kaspar (1934):

(NH,),HPO, + CaCO, + 2H,0 = CaHPO,2H,0 + (NH,),CO, (1)

Reakcia prebieha pri hodnote pH <6 (Abbona et al., 1986, 1988; Johnsson a Nancollas,
1992; Miko et al., 2002; Onac a Veres, 2003).

Brushit je neskdr trasformovany na OCP (LeGeros et al., 1984; Ebrahimpour et al.,
1991), pricom pri pH 7 dochddza najprv k rozpusteniu samotného brushitu a potom
k naslednému vyzrazaniu OCP. Pri posune pH k alkalickym hodnotam nastava postupna
tvorba hydroxylapatitu pomocou hydrolyzy octocalcium fosfatu v zmysle reakcie (LeGeros
et al., 1984, 1989; Johnsson a Nancollas, 1992; Soulayman, 2007):

CaH (PO,),-5H,0 = Hydrolyza = Ca, (PO,) (OH), (2)

Priebeh tejto reakcie moze byt vyznamne ovplyvneny typom iénov pritomnych v roztoku,
pricom Mg?, citran a difosfore¢nan reakciu spomaluju a naopak iony ako CO;, HPO >
a Ca?" reakciu zrychl'uja.

Okrem hydrolyzy OCP moéze hydroxylapatit vznikat' i priamou transformaciou ACP,
takdto transformdcia prebieha pri hodnotach pH > 9. V intervale pH 7 — 9 je ACP najprv
konvertovany na OCP a az potom na samotny hydroxylapatit (Soulayman, 2007).

Hoci vyssie uvedeny sposob vzniku hydroxylapatitu v jaskynnom prostredi sa niektorym
autorom (napr. Fiore a Laviano, 1991) zda nepravdepodobny, dobrymi argumentmi v prospech
tedrie prekurzorov st podobnost’ struktir prekurzorov a hydroxylapatitu, pritomnost’
uzavrenin brusitu v hydroxylapatite (napr. Moravansky a Zenis, 1997 — Pruzinska jaskymia),
ako aj pritomnost’ niektorych difrakénych maxim OCP v praskovych difrakénych zaznamoch
hydroxylapatitu / karbonathydroxylapatitu. Obtaznost’ identifikacie prekurzorov stvisi
s ich termodynamickou nestabilitou v dosledku meniacich sa pH podmienok a postupne
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zvysujucim sa molarnym pomerom Ca/P, ako aj s prekryvanim viacerych difrakénych maxim
studovaného materialu. Nevylu¢ujeme, Ze neskor a mimo samotnych guanovych akumulécii
moze hydroxylapatit vznikat’ aj podl'a reakcie (Gomez-Morales et al., 2001) typu:

10Ca* + 6HPO,* +20H" = Ca, (PO,)(OH), + 6H" (3)

Pritomnost’ karbonat-hydroxylapatitu v jaskynnom prostredi, ako aj ziskanie viacerych
praskovych difrakénych zaznamov predstavujucich zmes hydroxylapatitu a karbonat-
hydroxylapatitu mozno vysvetlit pomocou substiticie CO,> za PO’ v zmysle substitu¢nych
mechanizmov uvedenych v pracach Ames (1959), Simpson (1964), McClellan (1980),
LeGeros etal. (1996) a pod., ako aj aspon ¢iasto¢nou konverziou hydroxylapatitu na karbonat-
hydroxylapatit.

Pritomnost’ taranakitu medzi fosfatmi derivovanymi z guana jednoznac¢ne preukazuje
lokalny vyskyt ilovitych sedimentov v blizkosti guana. Hoci reakcia pre mechanizmus
vzniku dosial’ nebola navrhnutd, vSeobecne sa predpoklada, ze taranakit vznika reakciou
roztokov obsahujtcich P s ilovymi mineralmi poskytujucimi komponenty ako K, A" a pod.
pri hodnotach pH < 7 (Fiore a Laviano, 1991; Marincea a Dumitrag, 2003; Onac a Veres,
2003 a inf).

Okrem vyssie uvedeného sposobu vzniku fosfatov v jaskyniach Slovenska sa zaznamenalo
aj niekol’ko vyskytov (Cilek a Komasko, 1984 — Jaskyna v Zaskoci; Moravansky a Zenis,
1997 — Modrovské jaskyia; Tulis a Novotny, 2004 — Medvedia jaskyna; Bosak et al., 2002
— Ochtinska aragonitové jaskyfia) karbonat-hydroxylapatitu tvoriaceho tmavohnedé povlaky
a kory na stenach a dne jasky#, pripadne tvoriaceho inkluzie v ilovitych sedimentoch a bez
priamej naviazanosti na guano. V tychto pripadoch bude pravdepodobne zdrojom fosforu
podny pokryv nad jaskyfami, hoci ich naviazanost’ na uz ,,spotrebované® guano nemozno
vyligit. Vznik leukofosfitu najdeného v Medvedej jaskyni (SR, Tulis a Novotny, 2004),
podobne ako pri taranakite, sivisi s pritomnostou ilovitych sedimentov poskytujucich K' a Fe?".

ZAVER

Hoci v sti¢asnosti bolo v jaskynnom prostredi opisanych az 56 druhov fosfatov (Onac
aVeres, 2003), vjaskyniach Slovenskasapodarilo zatial identifikovat iba tieto fosfaty: brushit,
CaHPO,2H,0; hydroxylapatit, Ca(PO,),OH; karbondt-hydroxylapatit, Ca (PO,,CO,),0OH;
taranakzt (K NH4)AI (PO,),(OH)- 9H ,O a leukofosfit, KFe* (PO,),(OH)2H,0, ktorych
vznik svisi najmé s guanom.

Pod’akovanie: Tento ¢lanok vznikol vdaka finanénej podpore grantu VEGA MS SR
1/3057/06.
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PHOSPHATE MINERALS IN SLOVAK CAVES
Summary
Cave minerals are common part of sedimentary filling in many caves and they occur in all part of cave
systems. On the base of the previous research in Slovak caves (Domica cave, Jasovska cave, Vapencova cave

HruSovska cave (Slovensky kras Mts., SK); Tmava skala cave, Haviaren cave, Plavecka cave (Malé Karpaty
Mts., MK); Podbaniste cave, cave over Kadlub, Ochtinska aragonite cave (Revicka vrchovina highlands.,
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RV); Modrovska cave (Povazsky Inovec Mts., PI); Medvedia cave (Slovensky raj Mts., SR); Vel'ka ruzin-
ska cave, Mala kvaplova cave (Slovenské Rudohorie Mts., SLR), Pruzinska cave (Strazovské vrchy Mts.,
SV), cave in Zasko¢i (Nizke Tatry Mts., NT); Havranova cave (Vel'ka Fatra Mts., VF) and Javorinka cave
(Vysoké Tatry Mts., VT) phosphate minerals are very important group and they are only partly explored.
Although in the cave environment have been identified 56 phosphate minerals (Onac & Veres, 2003), in our
caves we know only following minerals: brushite, CaHPO,2H,O; hydroxylapatite, Ca(PO,),OH; karbonat-
hydroxylapatite, Ca(PO,,CO,),OH; taranakite, (K,NH )Al (POA) (OH)-9H,0 leukophosphlte KFe* (PO,),

(OH)2H,0. The dommant phosphate in our caves is hydroxylapatlte and data from diffraction analysis all
mentioned minerals are corresponding with data from JCPDS (Berry, ed. 1974). They occur as a cement of
limestone pebbles; crusts and coating on the sinter speleothems, the walls of cave or fallen big rock blocks;
and also as a continuously layer of microcrystalline masses under guano deposits and gypsum layer. Althou-
gh mechanism of hydroxylapatite or carbonate hydroxylapatite formation in cave environment is unclear
and has not been explained in sufficient manner up to present time, we suppose that hydroxylapatite will be
formed with similar way as a formation of renal stones, e.g. gradually transformation of metastable precur-
sors (brushite CaHPO_-2H,O (molar ratio Ca/P = 1,00) and octacalcium phosphate Ca,H,(PO,),-SH,O (molar
ratio Ca/P = 1,33), as welI as transformation of amorphous calcium phosphate Ca (PO ) xH O (molar ratio
Ca/P = 1,50) as a precursor of octacalcium phosphate (Eanes & Meyer, 1977; Chrlstoftersen et al., 1989)
or as a directly precursors of hydroxylapatite (Boskey & Posner, 1973; Pleshko et al., 1991 and others)) into
apatite (molar ratio of hydroxylapatite Ca/P = 1,67, Brown et al., 1962; Pak et al., 1971; Mathew et al., 1988;
LeGeros et al., 1989; Tomazic et al., 1989; Johnsson & Nancollas, 1992; Suzuki et al., 1995 and others). The
presence of acidic phases during initial precipitation of apatites is also supported by pH values recorded in
guano sediments, for example Miko et al. (2002) that measured in a depth of 0 to 5 cm under guano surface
pH = 3,19 and in a depth of 20 to 30 cm value pH = 6,77. The formation of brushite derived from guano can
be explained by reaction according Kaspar (1934):

(NH,),HPO, + CaCO, + 2H,0 = CaHPO,2H,0 + (NH),CO; (1)

This reaction will be running under value pH < 7 (Abbona et al., 1986, 1988 Johnsson & Nancollas,
1992; Miko et al., 2002; Onac & Veres, 2003). Latter at pH = 7, the brushite can be dissolved and transformed
into octocalcium phosphate (LeGeros et al., 1983; Ebrahimpour et al., 1991). When the pH value moves at
alkaline values, hydroxylapatite will be gradually formed by hydrolysis of the octocalcium phosphate accor-
ding reaction (LeGeros et al., 1984, 1989; Johnsson & Nan-collas, 1992; Soulayman, 2007):

Ca,H,(PO,),-5H,O = Hydrolysis = Ca, (PO,),(OH), (2)

The formation of hydroxylapatite by hydrolysis of octocalcium phosphate can be strongly influenced by
the presence of some ions in solution, smaller ions, such as citrate and pyrophosphate or simple ions, such
as Mg?* can delay and contrariwise ions, such as CO,*, HPO,* and Ca*" can accelerate this type of reaction.
Except hydrolysis of octacalcium phosphate, hydroxylapatite can originate also by direct transformation of
amorphous calcium phosphate that is running at pH > 9. In the range of pH 7 — 9, amorphous calcium phos-
phate is at first converted into octacalcium phosphate and then later into hydroxylapatite (Soulayman, 2007).
Although above mentioned way of formation for hydroxylapatite in cave environment is according some
authors (for example Fiore & Laviano, 1991) improbable, very strong arguments for theory of precursors are
similarity between structures of precursors and structure of hydroxylapatite, the presence of bruhite impuri-
ties in hydroxylapatite (for example Moravansky & Zenis, 1997) and also the presence some diffraction peaks
of OCP in powder diffraction patterns of hydroxylapatite / carbonate hydroxylapatite from studied localities.
The problematic identification of single precursors is connected with their thermodynamic stability under
changing pH conditions, gradually increasing molar ratio Ca/P, and also with a overlapping some diffraction
peaks of studied material. We cannot rule out that later and outside guano deposits, hydroxylapatite also can
forms according reaction (Gomez-Morales et al., 2001):

10Ca* + 6HPO,> +20H = Ca (PO,)(OH),+ 6H" (3)

The presence of carbonate hydroxylapatite in cave environment and its identification in some powder dif-
fraction patterns with mixture of hydroxylapatite and carbonate hydroxylapatite can be explained with sub-
stitution of CO,* for PO’ according substitution mechanisms described in works as Ames (1959), Simpson
(1964), McClellan (1980) LeGeros et al. (1996), etc. and also with partial conversion of hydroxylapatite into
carbonate hydroxylapatite under suitable thermodynamic conditions. The presence of taranakite among phos-
phates connected with guano unequivocally refers to occurrence clay sediments next to guano. Clay sediments
are source of main components as K', NH*, AI*", etc. and this mineral will be formed under value pH < 7 (Fiore
& Laviano, 1991; Marincea & Dumitras, 2003; Onac & Veres, 2003 and others). Apart from phosphates connec-
ted with guano, we know some occurrences where the source of P is not exactly specified (Cilek & Komasko,
1984 — cave in Zasko¢i; Moravansky & Zenis, 1997 — Modrovska cave, Tulis & Novotny, 2004 — Medvedia cave
a Bosak et al., 2002 — Ochtinska aragonite cave). The probably source of P will be covering soil above single
cave systems. The origin of leucophosphite from Medvedia cave (SR, Tulis & Novotny, 2004) is connected with
presence of clay sediments that are source of K™ and Fe*, similar as origin of taranakite.
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J. Hebelka, J. Piasecki, T. Sawinski: Air exchange in the Katefinskd Cave — first
contribution

Abstract: In February 2006, investigation began in the Katefinska Cave, aiming at the explanation
of mechanisms which form cave climate. A basis for the research has been the constant, long-term
registration of air temperature and air movement in the cave. In this paper, results of measurements
conducted in the cave in the period from 17" February 2006 to 18" January 2007 are presented.
They were used to establish the character of air exchange between the cave and the exterior and to
point at some features of thermal conditions and airflow course in the cave.

Key words: Katefinska Cave, cave climate, air movement

INTRODUCTION

In caves open to air exchange with the exterior, air movement plays main role in energy
and water vapour circulation and distribution. Consequently, it is one of two main factors
(next to energy exchange between an orogen and cave air) deciding of climatic conditions in
caves (Cigna, 1967; Lismonde, 2002a,b and others). In case of caves accessible to the public,
the natural air circulation is disturbed as a result of building and then using of entrance locks,
mixing air and delivering additional energy during passage of tourist groups (Piasecki, 1996;
Pulido-Bosch et al, 1997; Klauco, 1998; Pflitsch et al, 1999; Martin et al, 2006). These factors
influence natural course of climatic phenomena in caves.

In the Katefinska Cave, research on the course and mechanisms of air exchange and
on thermo-circulation system of the cave climate had not been conducted before. The
measurements started in February 2006 should deliver documentation, essential to characterize
the cave climate and its susceptibility to changes due to natural and anthropogenic factors.
They should also be used for effective protection of the cave environment.

KATERINSKA CAVE — DESCRIPTION OF THE RESEARCH AREA

The cave is located in the southern part of the Morawian Karst in the Punkva River
Resurgence Reserve. It belongs to the underground system of this river, being its paleo-
resurgence part. Its large entrance hole (Photo 1) is located approximately 10 m above the
bottom of Dry Valley karst canyon, which depth is more than 100 m. The cave is built on
two morphological levels with denivelation of 60 m. Its explored part consists of corridors
and two great chambers, of the height of 20 and 30 m (Main Dome, Chaos Dome), extending
horizontally along the SW to NE axis (Fig. 1). From the ceiling in the main cave chambers,
corridors and vertical clefts come away, connecting the actual cave level with the higher second
level. Probably, some of the clefts reach the ridge surface. The entire known length of the
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Photo 2. Bamboo Grove — unique dripstons forms in the
New Katefinska Cave. Photo: J. Piasecki
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cave corridors is 950 m. The introductory
part of the cave (so-called Old Katefinsk4
Cave), from the entrance, through the
introductory corridor (Entrance Corridor;
50 m length) to the Main Dome chamber
(96 x 45 x 20 m dimensions) was already
known forages. In 1909, during exploration
conducted by professor Karel Absolon’s
team, a siphon was excavated in the NE
part of the Main Dome chamber. In this
way, a passage to the deeper parts of the
cave was opened (to the Chaos Dome and
consecutive chambers and corridors — so-
called New Katefinska Cave), with rich
and unique dripstone forms (Bamboo
Grove area; Photo 2). As a result of further
exploration, a passage to corridors and
chambers of the cave upper level was found
in the NE part of the Chaos Dome. In 1910
the cave was opened to the public.

RANGE OF MEASUREMENTS

Until 2006, no constant, long-
term  speleo-climatological  research
was conducted in the cave. The only
measurements that were taken date back




from 1997 and 1998. In those years, one-day registrations of air temperature and humidity,
as well as radon and CO, content in the cave air were conducted, in different seasons of year
(Table 1).

Table 1. Daily means of air temperature (T), real humidity (RH), vapour pressure (e) and saturation deficit (d)
in the Katefinska Cave during periodical measurements curried out in the years 1997, 1998

} 7 Spring Summer Autumn Winter |
1997-04-27 1997-08-09 1997-11-06 1998-02-03

‘ T[°C] 573 19.45 5.56 ~6.01
“ | RH}"/Z] ‘\ 61.21 l 67.70 73.770 " 78.42 \
| g } E[hPa]r‘ s 153 6.68 3.05 |
E D[hPa]‘ 3.56 | 7.31 2.38 0.84 |

7T [°C] 7.07 7.57 7.1£ 6.33

. RH [%] 98,71 100,00 99,97 98,41

é’ :Eh;;] <;.;)4 10.42 10.10 941

§ WD' [hPa] 7 0.13 0.00 0.00 0.15

7 T[°C] 6.84 7.92 7.81 6.45

% RH [%] 99,97 - 97,84 99,92

E T[;Pa] 9.91 N 10.36 9.64

EE d [hPa] 0.01 - 0.23 0.01

T T[°C] 7.51 8.04 8.05 7.1i
2 ﬁRH 7[%j 99,76 | 97,80 - 98,49 N

é ok [hPa] 9.94 10.52 - 9.94

g | - ) )
) d[hPa] | 0.15 0.24 - 0.15

Since 2006, for air movements registration the authors have been using acoustic anemometers
type USA-1 by METEK GmbH (METEK, 2001; Piaseckiand Sawifiski, 2007). A measurement
point was located in a deep part of the cave, in the distance of approximately 210 m from
the entrance orifice and 35 m behind the Siphon, at the end of the first chamber of the New
Katefinska Cave (Fig. 1). The choice of location for the measurement was driven by the need
of recognizing the course of air exchange in the cave transitional zone, which connects two
parts of the cave, initially separated and differing significantly in terms of microclimatic
conditions. An anemometer was installed among the dripstones in the Bamboo Grove, 2.0 m
above the floor and 1.0 — 1.5 m under the chamber ceiling (Photo 3.), approximately 3 m from
a tourist route. The measurements were taken with 1 minute frequency. Data on metrological
situation in the cave exterior comes from automatic measurement station type Campbell
CRS510, located 2 km from the cave, in similar field and topoclimatic conditions (in the Dry
Valley near the Punkva Caves entrance).
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Fig. 1. Map of the Katetinska Cave with location of anemometric measurement position

Photo 3. Acoustic anemometer at measurement point in
the Bamboo Grove area. Photo: J. Piasecki
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RESULTS OF INVESTIGATION

Seasonal variation in volume and
direction of air temperature gradient in
longitudinal cave section was registered
during the measurements in 1997 and
1998 (Table 1). This pointed at the possible
occurrence of air exchange reaching the
whole area of this morphological horizon
of the cave. Such phenomenon was proved
by the results of current research.

In the cave, two types of air exchange
were observed. The type characteristic
for winter (winter type; episodically
occurring also in autumn and spring)
takes place in the periods when air
temperature in the exterior (T, ) is lower
than air temperature in the cave (T, ).
In such conditions, at the measurement
station Bamboo Grove, airflow from SW
sector (along the chamber main axis) was
registered, of stable direction (WD) and
ascent/descend angle (ZD), and relatively
high (in the order of 0.04 — 0.09 ms™)
horizontal velocity (V; Fig. 2, 3, 4). The
changes in air temperature inside the cave
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Fig. 2. The course of air exchange at the measurement point in the Bamboo Grove area relating to air
temperature differences between the cave and its exterior in the period from February 2006 to January

2007

corresponded with the changes in the exterior (Fig. 5a). Airflow velocity depended on
temperature gradient between the cave and the exterior (Fig. 5b).

The second air exchange
type occurs in summer
(summer type) and it
alternates with winter type
in autumn and spring, in
the periods when T_  is
higher than T, . Airflow in
the cave transitional zone
was progressing from the
SE sector (Fig. 2, 3). Its
direction was unstable and
average velocity remained
in the range 0.02 — 0.04 ms'
(Fig. 6). Significant changes
in velocity of air movement
and air temperature (Fig.
6a), as well as disturbance
in the airflow direction and
ascent/descent angle (Fig.
6b), occurring during 24
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RESULTS AND DISCUSSION

Collected measurement material
shows occurrence of circulation air
movements (CAM; Piasecki a Sawinski,
2007) in the cave. In summer and winter it
is relatively stable. In autumn and spring,
direction and intensity of movement
is subject to periodical change. This
seasonal and periodical variation of the
airflow character points at the occurrence
of chimney effect in the cave, in its typical,
two-phase form. This effect drives of the
air exchange between the cave and its
exterior. In winter, spring and autumn,
during occurrence of air exchange
of winter type, external air constantly
flows into the cave. This is shown by: 1)
stable airflow direction inside the cave
(Fig. 2, 4) and 2) significant relation
between changes in air temperature in
the exterior on one side, and changes
in air temperature and airflow velocity
inside the cave on the other (Fig. 5). The
inflow is probably balanced by convective
outflow of relatively warm cave air
through chimneys located in the NE part
of the Chaos Dome and in the ceiling of
the Main Dome (Fig. 7a). In the periods
when summer type of air exchange type
is active, the flow progresses probably
in the opposite direction, to the exterior.
According to the authors, cool and
heavy cave air subsides in chimneys and
rock clefts connecting the cave with the
surface, and then — through corridors and
cave chambers — it flows down towards
the entrance (Fig. 7 b). Measurements
taken so far do not prove this phenomenon
clearly. Such interpretation of summer
airflow is supported by a distinct change
in the main direction of airflow when
compared to the winter situation, as well
as by the cave morphology. One of the
causes of ambiguous character of airflow
in the warm season are probably the
disorders of natural airflow patterns
caused by tourists’ presence in the cave.

Presented results and analyses show
that air exchange embraces the whole
main sequence of corridors and chambers
of the cave, from the entrance, through




the chambers of the Main Dome, Bamboo
Grove to Chaos Dome. However, the
range of this exchange probably does not
include the whole profile of chambers, but
limits only to the above-floor layer of cave
atmosphere and to the surrounding of the
chimneys.

The intensity and course of air
exchange between the cave and its exterior
has significant influence on variation
of microclimatic conditions in the cave,
especially in the cold season. In this
period, cool external air flowing into the
cave undergoes intensive transformation
in a corridor connecting the Main Dome
with the cave entrance. The increase
in temperature of inflowing air causes
change in its humidity parameters. This
takes place in the process of evaporation
of the water moistening sediments and
rock walls of the cave. The range of this
transformation reaches the transition zone
(Bamboo Grove area). This phenomenon
is well illustrated by the course of air
transformation on 3" February 1998
(Table 1). In the periods of intensification
of the summer phase of chimney effect,
the air flowing from the deeper parts of
the cave (from the Chaos Dome) to the
colder chambers (Bamboo Grove and
Main Dome; Table 1) loses small amount
of water as a result of cooling and water
vapour condensation. In the entrance
corridor, the outflowing cave air gradually
warms up and absorbs humidity from the
surrounding.

The presented schemes of air exchange
(Fig. 7a, 7b) illustrate conditions formed
after removal of sediments which had
blocked the passage between the Old and
the New Katefinska Caves. Probably, until
that time, air exchange only embraced
the Old Katefinska Cave (Fig. 7c). The
activation of airflow along the lower
horizon of the cave, whicharose after 1909,
has brought dynamic to the originally
static microclimate of this part of the
cave. Consequently, as a result of winter
inflow of valley air, the corridors next
to entrance — and to a lesser extent — the
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introductory, dripstone part of the New Katefinska Cave (Bamboo Grove area) are drying
up. In such conditions, the entire exchange of air in the Bamboo Grove area takes on average
10 — 15 minutes. This exchange causes constant drop in humidity in this part of the cave.
Probably, this is not compensated in the changed conditions during summer, when humid air
from the inside of the cave flows through the chamber. This lack of compensation for winter
losses, due to the evaporation, has significant meaning for the general humidity balance
in this part of the cave.

AIR EXCHANGE IN THE KATERINSKA CAVE — FIRST CONTRIBUTION
Summary

In the Katefinska Cave, air exchange is mainly formed as a result of chimney effect in its typical, two-
phase form. The winter phase is related to the inflow of cool external air into the cave and its gradual
transformation, mainly in the area of the Old Katefinska Cave (Main Dome) and in the introductory parts of
the New Katefinska Cave (the Bamboo Grove area). During the summer phase, the direction and intensity of
flow changes. Air flows from the depth of the cave towards the entrance zone. All year round, the intensity
of air movement is subject to periodical variation, depending on the size of thermal gradient between the
cave and the valley. Originally, the chimney effect phenomenon was probably only occurring in the area of
the Old Katefinska Cave. Removal of the sediments which blocked air exchange between main chambers
and corridors of the cave (excavation of a siphon between Old and New Katefinska Caves in 1909) activated
a directed air flow and dynamised the microclimatic conditions along the axis of the whole cave. As a result
of these processes, the area of the cave where the volume of evaporation is larger than vapour condensation
has grown. This phenomenon is confirmed by the results of measurements and observations collected so far.
Problem of impact of the abovementioned flow on the air movement forms and course of other microclimatic
phenomena outside the range of its occurrence remains open.
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K. Strug, J. Zelinka: The Demiinovska Ice Cave — The Volume balance of the ice monolith
in 2003 — 2007 (Slovakia)

Abstract: The detailed research into the balance of the ice monolith in the Deménovska Ice Cave
started in October 2003. Since then, in the two- or three-month intervals there where the regular
measurements of increase and decrease in the volume of the ice monolith conducted and its
surface was mapped, too. In May 2005, by drilling the ice monolith there were the measurements
of its thickness taken up. The results of the measurements and the drilling were used to describe
the course of changes in the volume and area of the ice monolith and to its balance in the period
between October 2003 and October 2007. Accomplished characteristic of the ice volume ablation
and acumulation processes in the cave, proved how meaningful was the influence of thermal
conditions on the course of both processes in the period of the research.

Key words: Deminovska Ice Cave, thermal conditions, ice monolith, volume balance

INTRODUCTION

In the literature of the subject, the issue of ice monolith volume balance in ice caves
was covered very briefly (Rajman et al., 1987; Halas, 1989; Lalkovic, 1995; Persoiu, 2005;
Racovita and Onac, 2000). The only exceptions are the explorations of Monlési Ice Cave in
Switzerland (Luetscher et al., 2003, Luetscher and Jeannin, 2004; Luetscher, 2005; Luetscher
et al., 2005), Ice Cave in Ciemniak in Poland (Rachlewicz and Szczucinski, 2004) and Ice
Caves in Baikal region in Russia (Trofimova, 2007), which were described in details.

In 2003 the detailed research into description of the interrelation between the course of
natural ice processes and the speleoclimatic conditions in the Deminovska Ice Cave, taking
its antropogenic interaction into consideration, started. Within the confines of the research,
there were detailed measurements of increase and decrease of ice monolith volume carried out
in October 2003. On the basis of the measurements, not only the analysis of seasonal changes
of its volume and the surface of ice monolith was done but also the balance of its volume in
the period from October 2003 to October 2007. The analysis, concerning the general balance
of ice volume in the Deminovska Ice Cave, which is included in the work, was possible to
carried out thanks to the measurements of the pulp of the ice monolith conducted in 2005
(Strug et al., 2006).

To be able to understand what the present condition of ice in the Deménovska Ice Cave
is and what actions were taken there, one should go back to the early 50° of the 20" century
when the sudden decrease of ice filling was observed (Bocek, 1954; Benicky, 1957; Droppa,
1957; Otruba, 1957, 1971; Hala§ 1984). The most probable causes of the process were:

e the changes in the morphology of the cave connected with its exploration and being open
to public,
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e the decrease of infiltrating water supplies caused by the changes in flora covering the outer
surface of the cave,
o the natural climate changes outside the cave.

To counteract the progressing deterioration of the ice monolith, the damage connected
with cave exploration was neutralized at first (Droppa, 1957; Otruba, 1957, 1971; Halas,
1984). Then, some extra water has been supplied into the cave in order to restrain the state
of ice before 1950.

At present the extra water is supplied from a dozen spots (Fig. 8) by using sprayers in the
period of the highest cooling in the cave. In this way, except for the natural ice acumulation
in the cave, the additional “artificial” ice volume increase on a large scale takes place.

CAVE AND CAVE ICE
Cave
The Deménovska Ice Cave is one of two biggest ice caves in Slovakia. It is situated in
the Deménovska Valley (The Low Tatra Mts) and is a part of the Deménovska Caves System
(Fig. 1). The cave is on the right slope of the Deménovska Valley, 90 meter over its bottom,
840 meters above the sea level. The length of cave corridors is 1750 meters, with denivelation
ranging 57 meters. It is built of a number of chambers and corridors that were developed
on three different levels of the main axis ranging from NW to SE (Fig. 2). The conditions
determining occurrence of the ice monolith in the Deménovska Ice Cave are connected with
its morphology, opening location and cave air circulation (Droppa, 1957; Otruba, 1957, 1971;
Halas, 1984; Strug et al., 2006; Piasecki et al., 2007; Fig. 3).

Deminovska Cave of Liberty

Demiinovsk4 Ice Cave Legend:

w cave

limestone

0 250 500 750 1000 m

Fig. 1. The Deminovska Ice Cave in the system of the Deminovskd Caves — cross section (source: Bella,
1988)

Probable pattern of air circulation in winter time

In winter the inflow of cooling air into the cave, only by its opening hole (Exit) and the
Strkovy dom chamber in the direction of both Velky dom and Kmetov dom chambers, causes
its severe freezing next, the transformed air flowing out of Kmetov dom chamber penetrates
Bélov dom chamber and Cierna galéria corridor. Meanwhile, the outflow of warmer air
flowing through Medvedia chodba corridor and the Old Entrance, which is situated a bit
higher than the Exit, takes place (Otruba, 1957, 1971; Halas, 1984; Piasecki etal., 2007; Fig. 3).

The morphology of Velky dom and Kmetov dom chambers (Fig. 6) is conducive to
stagnation of relatively heavy cool air in the summer half of the year. The air gathered there
makes “conservation” of the ice mass appearing in the area of these chambers possible
(Droppa, 1957; Otruba, 1957, 1971; Halas, 1984; Piasecki et al., 2007).

Cave ice

Lasting ice filling (ice monolith, bottom ice) appears mostly in Kmetov dom (Fig. 2, 4,
6) and Vel'ky dom (Fig. 2, 5, 6) chambers. It extends for about 150 meters. In May 2003, the
surface of the ice monolith was equal to 1410 m?, its volume was 1040 m?, and the average
thickness 0,75 meter (Strug et al., 2006). The most iced part of the cave is Kmetov dom
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chamber. In its middle part, on its
relatively small area, there is over
the half of the whole volume. Over
the half of the surface of the ice
monolith in the cave occupies
as thin as 0,5 meter layer (Strug
et al., 2006). The bottom ice is
estimated to be about 400 — 500
years old (Droppa, A. 1957).

RESEARCH METHODS

The measurements of increase
and decrease of the ice

To estimate the changes in
the volume of the ice monolith in
the period between October 2003
and October 2007 there were
regular — in the two- or three-
month intervals — measurements
of increase and decrease of the
ice on the surface of the bottom
ice conducted. The measurements
consist in measuring the distances
between the cave ceiling and the
surface of the ice in 13 different
points (Fig. 7, 8). Measuring error
did not exceed 0,5 cm. Supposing,
the average surface of the bottom
ice was equal to 1190 m? (Table 5),
the error in the volume was £ 6 m®.

Another problem was the
estimation of the total volume of the
bottom ice. In May 2005, there was
the measurements of the thickness
of the bottom ice conducted by
drilling it into 82 points (Strug et
al., 2006). The results of drilling
were drawn up by the method of
spatial interpolation, which is
called “kiring”. Taking advantage
of the possibilities of the method
and the tool, which the program
“SURFER 8 includes, the total
volume of the ice monolith in
the Deminovska Ice Cave was
calculated for May 2005 (Strug et
al., 2006).

After the estimation of the
total volume of the bottom ice the
measurements of the distances
between the cave ceiling and
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— Kmet'ov dém

Legend:

cave
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mi cave ice
meees excursional path

MEASUREMENT POINT
O  temperature of rock Jazerni chonh:\
@  temperature of ice

@®  temperature of air

Fig. 2. The location of measurement points of air, rock and ice
temperature in the Deménovska Ice Cave
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Fig. 3. The probable pattern of air circulation in winter time in the
Deminovska Ice Cave
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Fig. 4. The Deminovska Ice Cave — the central part of Kmetov dom chamber. Photo: R. Szmytkie

the surface of the bottom ice were detailed and continued in the period from May 2005
to September 2007 in 47 points (13 previous and 43 new ones; Fig. 8). It is worth mentioning
that in May 2005 the pulp of the bottom ice in each of 47 points was known.

Estimation of the ice monolith
volume and area

The estimation of the volume of ice
monolith for each of ten following research
in the terrain from the period after the
drilling (May 2005) was also drawn up
in “SURFER 8” program. The basis for
each estimation of the ice volume was
calculating the thickness of the bottom ice
in 47 points by using the formula:

Z=X-Y,

7 — the ice monolith thickness,

X — constant distance between the ice
ceiling and the ice monolith thill (May
2005),

Y — the distance calculated between
the ice ceiling and the surface of the ice
monolith.

Using the same method and the
formula, there was the ice monolith volume
estimated in a somewhat different way for
each of nine terrain research (May 2005)
carried out before the drilling, namely:
Fig. 5. The Deminovska Ice Cave — the Velky dom I. On the basis of the calculated
chamber. Photo: T. Sawinski distances between the ice ceiling and the
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Fig. 6. The longitudinal section over the bottom ice in the Deminovska Ice Cave

surface of the bottom ice there was its thickness calculated in 13 “old” points. To calculate
the thickness of the ice monolith in 34 “new” points there were the distances between the ice
ceiling and the bottom ice estimated at first.

2. The estimation of the distances in 34 “new” points was calculated on the basis of
equations describing the regression curves. To obtain the regression curves there were the
data measurements of seven terrain research, which conducted between May 2005 and
August 2006, collected. The regression curves were obtained by:

a. All the distanced between the ice
ceiling and the surface of the bottom
ice from “old” and “new” points were
correlated with one another. To each of
34 “new” points there was only one of
13 “old” points assigned.

b. To each of 34 new created pairs
there was the regression curve with its
formula describing it obtained. The values
of the Pearson’s correlation coefficient
(R?) for 29 pairs were higher than 0,92.
For the five remaining pairs of points the
correlation coefficient (R?) was included
in the interval between 0,78 and 0,92.

3. The estimated distances between the
ice ceiling and the surface of the bottom
ice in 13 “old” points were provided to
each of 34 obtained equation. In this
way the distances in 34 new points were
measured.

4. Finally, using the formulaZ =X -Y
there was the thickness of the ice monolith
for each of 34 “new” points in each of
nine terrain research before drilling
calculated.

) . . Fig. 7. The measurement of the distance between the
In the considered period of time the ceiling and the ice monolith in the Demanovska Ice Cave
mapping of the monolith surface in the in Kmetov dom chamber. Photo: R. Szmytkie
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Fig. 8. The location of measurement points of the distance between the cave ceiling and the ice monolith
surface and the spots of delivery of extra water supplies in the Deménovska Ice Cave

Deminovska Ice Cave was also carried out. On the basis of the results of each mapping there
was the total surface of ice filling in the cave calculated with the aid of the “SURFER 8”
program.

Curves of the ice monolith ablation and decrease its area

On the basis of the calculated bottom ice volume and area there were curves of its volume
ablation and area decrease calculated (Fig. 15, 16). The regression equations describing the
curves help to estimate the ice monolith volume and area for the first day of each month in
the research period. The estimated quantities were the basis to make the charts not only of
the ice monolith accumulation and ablation, but also the charts of increase and decrease of
its area in the cave.

Temperature measurements

To analyze the thermal conditions and their influence on the course of ice processes the
authors used the results of air temperature monitoring in the Deménovska Ice Cave (Fig. 2).
The monitoring has been conducted since 2001 with the help of automatic recorder ,,Black
box” type by COMET SYSTEM LTD (Zelinka, 2002). The 24 hours and half a year average
air temperature measured from November 2001 to April 2007 were the basis of the study. For
the sake of thermal and ice phenomena in the cave one hydrological year (from November to
October) was assumed to be the unite of measure in the analysis.
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Fig. 10. The changes in the area of the ice monolith in the Deménovska Ice Cave and in Kmetov dom and

Vel'ky dom chambers in the period between October 2003 and October 2007

In the diploma there were also the results of regular (every 1 — 2 week) temperature
measurements of the cave orogen and ice monolith from the period of December 2005 till
September 2007 (Fig. 2). The information about the amount of water supplied artificially in
winter seasons in 2003 — 2007 was very important completion of the analysis (Table 4).
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RESULTS

The changes of the ice monolith volume and area

The course of the ice monolith accumulation and ablation changes in the period from
October 2003 to October 2007 was marked by two phases: successive increase (from October
2003 to May 2006) and significant decrease (from May 2006 to October 2007; Fig. 9).

Within the first three years — from October 2003 to October 2006 — the bottom ice volume
increased by 320 m®. Such good conditions for the ice accumulation in the Deménovska Ice
Cave were connected with two freezing winters appearing in turn in years 2004/2005 and
2005/2006. As a result of the successive freezing the cave interior, which was caused by the
inflow of cool air (Fig. 3), the air temperature in Kmetov dom and Velky dom ice chambers
was getting lower and lower every season. In winter season 2005/2006 the temperature of air,
cave orogen and ice monolith reached its minimum (Table 1, 2, 3).

In these favourable thermal conditions in Kmetov dom and Vel’ky dom chambers, there
was a huge amount of extra water supplied to the cave (Table 4). The actions were undertaken
during the coolest temperature in the chambers, i.e. from January to the beginning of March
(Fig. 17). It had a significant influence on the size of the ice accumulation in the cave between
2003 and 2007 (Table 4). It also turned out that the efficiency of freezing the extra water
supplies in season 2005/2006 reached the level of 25 %.

The course of the ablation and accumulation processes on the area of the cave turned out
to be diverse. In Kmetov dom chamber the balance of ice volume in years 2004 — 2006 was
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Table 1. The number of days with temperature < 0,0 °C and winter half-year mean air temperature in the
longitudinal profile of the Deménovska Ice Cave (Outside — Strkovy dom — Kmetov dom) in hydrological
years 2003/2004 — 2006/2007

. Chamber
Hydrological year
Parameter ” 7
(XI-X) Outside Strkovy dom | Kgl;;ov
| 2003/2004 84 102 144
2004/2005 | 95 115 175
Number of days with 2005/2006 109 129 233
temperature < 0,0 °C 2006/2007 35 43 49
2003/2004 — |
2006/2007 ol A 130 ol
2003/2004 0,7 ] -1,3 -05 |
witerhalfysas 2004/2005 03 1.8 05 |
(X1 — IV iean @ 2005/2006 0.8 24 0,7
einparatee [°C] 2006/2007 29 1,0 0,0
2003/2004 —
2006/2007 d Ll 04

Table 2. The lowest measured temperature of the ice in selected chambers in the Demanovska Ice Cave in
winter half-years 2005/2006 and 2006/2007

| ) The lowest measured temperature of the ice [°C] ]
| Wanterhalogea Velky dom 1, Kmetoy dém
(XI-1V) |
25 cm 80 cm 25cm 130 cm
2005/2006 B | -1,6 | -0,6 -1,2 -0,9
2006/2007 ‘ -0,1 -0,2 0,0 -0,1

Table 3. The lowest measured temperature of the rock and number of months with rock temperature < 0.0°C
in selected chambers in the Deminovska Ice Cave in winter half-years 2005/2006 and 2006/2007

5 - Chamber ‘
| Parameter mter hatl- Strkovy dom Kmetov dom
year (XI-1V) T
‘. ) | | Sem | 135cm Scm 135 cm.
The lowest measured temperature | 2005/2006 -9 | 49 -2,6 -1,4 |
3 of the rock [°C] 2006/2007 -2,2 -0,2 0,0 0.1 |
Number of months with ~2005/2006 5 5 5,5 6 w
rock temperature < 0.0°C 2006/2007 1 72 i Ya 0

measured by increasing character, but the quantity of ablation remained on the same level
(Fig. 11B).

In the comparison to Kmetov dom chamber the ablation and accumulation processes of
the ice volume in Vel’ky dom chamber were characterized by higher diversity (Fig. 11C). The
more intense course of discussed processes in Velky dom chamber, which is located closer
to the cave Exit, was connected with its thermal conditions. Cool air flowing in from the
side of Exit during winter causes longer and more intense cooling of this chamber (Table 1,
Fig. 17). These conditions favoured increase of extra water supplies and the ice monolith
accumulation at the same time. However, in summer time there were records of significantly
higher air temperature kept in comparison to Kmetov dom chamber what resulted in its more
intensive process of ablation.

In both chambers the biggest quantities of the ice monolith volume and area were stated
in May 2006, the lowest — in January 2005 (Table 5; Fig. 9, 10).

Within a dozen months or so, which was the period of successive increase of the ice
monolith, previously gathered iced was completely demoted (Fig. 9). The cause of such an ice
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Table 4. The amounts of extra water supplies to the Deminovska Ice Cave and the acumulation of ice in
winter half-years 2003/2004 — 2006/2007. 'Estimated data

Winter half-year (XI - V) e Accumulation of ice [m’]
supplies [m’]

2003/2004 ~1000" 240
N - - |

2004/2005 ~ 1500 360

2005/2006 2110 465
2006/2007 0 ‘ 5 ‘
L . | ]

Table 5. The extreme and average volume, area and thickness of the ice monolith in the Demanovska Ice Cave
in the period between October 2003 and September 2007

Whole cave Kmetov dom Velky dom
Parameter
Volume | Area | Thickness | Volume | Area | Thickness | Volume Area Thickness
[m?] [m?] [m] [m’] [m?] [m] [m’] [m?] [m] |
Maximum 1260 1450 0,90 825 870 1,10 435 580 0,75
Minimum 640 650 0,60 520 515 0,75 40 135 0,40
Average i 905 1190 0,75 680 750 0,90 225 440 0,50
! s (N e

decrease was unusually warm winter in 2006/2007, when there was extremely poor cooling of
the bottom ice, cave orogen and air temperature in the cave stated (Table 1, 2, 3). During that
winter because of unfavourable thermal conditions for the ice monolith accumulation there was
not even 1 m? of extra water supplied to the cave (Table 4). It resulted in a significant negative
balance of the ice volume (Fig. 11A — C). From October 2006 to October 2007, 470 m?of ice
declined, which made up over 40 % of the ice monolith volume measured in October 2006.

The decrease of the ice ablation in the whole cave is not going to change till the first frost
in winter season 2007/2008. It is estimated, counting from October 2003, that the icing of
the Deminovska Ice Cave in the beginning of 2008 will be the lowest of all measured before.
The conjecture is made on the basis of the curves of the ice monolith ablation (Fig. 15) and
decrease (Fig. 16) of the ice monolith area from May 2006 to October 2007.

Within first three years of research the course of changes in the bottom ice area was
dissimilar. In the first year the balance of the ice surface was negative (Fig. 12A — C). In two
following years the balance was positive. However, there was no decrease of the ice monolith
area taken down (Fig. 12A — C). The reason of it was the morphology of Kmetov dém and
Vel'ky dom chambers and also how their limiting surfaces cave walls were placed. But it is
a fact that within three years the bottom ice area was increased of 310 m* in the cave.

After warm winter in 2006/2007 there was a negative balance of the bottom ice area
noted. In the period between October 2006 and October 2007, as much as 745 m* of the ice
monolith area declined. It made almost 55 % of the ice monolith area measured in October
2006. The thin layer of 0,5 m bottom ice was deteriorated.

In the period between October 2003 and October 2007 the average thickness of the
bottom ice amounted to 0,75 m, volume 905 m’, and area 1190 m? (Table 5). The period of
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Cave (A) and in Kmetov dom (B) and Velky dom and in Kmetov dém (B) and Vel'ky dom chambers (C)
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the ice monolith ablation in the Deminovska Ice Cave usually stared in May and finished
in December. Effective increase of the “artificial” ice volume took place in the period of
the highest cooling of the cave, i.e. from January to the beginning of March. However, the
biggest natural increase of the bottom ice was noted during early spring thaw of snow layer.
Presented characteristics of each of fourth following seasons in the period of research
proves unambiguously that thermal conditions have a great influence on the state of the
ice monolith balance in the cave. Despite such short series of data, it was observed that
after two completely different winters (freezing winter in 2005/2006 and warm winter in
2006/2007) the cave icing was different. On these experiments and on the assumptions that
in each following winter season there will be extra water supplied to the cave and that the air
circulation conditions in the Deminovské Ice Cave will not change, we can expect that:
e after the winter half of a year with the average air temperature in the cave surroundings
> 0,0 °C but < 1,0 °C (as it was in winter season 2003/2004) the annual ice volume balance
will be close to zero,
e afterthe winter half of a year with the average air temperature in the cave surroundings
> 1,0 °C (as it was in winter 2006/2007) the annual ice volume balance will be significantly
negative,
e after the winter half of a year with the average air temperature in the cave surroundings
< 0,0 °C (as it was in winter 2004/2005 and 2005/2006) the annual ice volume balance
will be significantly positive.
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Fig. 15. The ablation curve of the ice monolith volume in the Deménovska Ice Cave in years 2003 — 2007
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Fig. 16. The decrease curves of the ice monolith area in the Deminovska Ice Cave in years 2003 — 2007

Allthese presumptions correspond with statements included in the publication of J. Piasecki
et al., (2007) which were formed on the basis of observation carried out by J. Halas (1984).

Curves of the ice monolith ablation and decrease its area

The ablation curves of the ice monolith volume (Fig. 15), similarly to its pattern of
accumulation and ablation (Fig. 13A), illustrate relatively constant level of ice decrease in
the cave in each season during the research. The patterns of the ice volume accumulation
and ablation in Kmetov dom and Velky dom chambers show spatial diversity of the melting
process (Fig. 13B, 13C). In the typical ablation months (from May to December) the ice
volume decrease in Kmetov dom chamber had rising character, while in Vel'’ky dém chamber
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there was reverse character noted. The reasons of diversity of ablation processes in the
discussed chambers are thermal conditions (Fig. 17) and the spatial layout of ice monoliths of
different thickness (Strug et al., 2006; Piasecki et al., 2007; Fig. 6).

Successively growing up ablation in Kmetov dom chamber was connected with gradually
rising air temperature in it. In the beginning of the ablation process, when the average air
temperature in Kmetov dom chamber was about 0.0 °C, the was an average ice volume
decrease of 22 m’ noted. The end of a typical ablation season (November — December) was
characterized by the ice volume decrease of about 32 m* and the average air temperature
of 0,2 °C (Fig. 13B, 17).

In the first ablation months the increased ice volume decrease was equal to 47 m® in Vel'ky
dom chamber and in all likelihood it was connected with relatively fast decrease of the thin
ice layer of thickness smaller than 0,5 m. The layer mad up about a half of the bottom ice area
in this chamber and about 30 % of its volume. Such a thin ice layer was subject to more severe
deterioration from the beginning of the ablation process owing to the quantity of the occupied
surface. The other favourable factor of the rapid ice volume decrease in Velky dom chamber
in the beginning of the ablation period was the average air temperature which increased to
1,5 °C (Fig. 17) in very fast pace. In the last months of a typical ablation season (November
— December) the ice volume decrease was smaller and amounted to 32 m’ (Fig. 13B).

In the period between May and December the monthly average quantity of ice ablation in
the Deménovska Ice Cave amounted about 34 m?, in the Kmetov dém chamber it was on the
level of 14 m® and in the Vel'ky dom chamber — 20 m?>.

The decrease curves of the ice monolith area in the Deménovské Ice Cave (Fig. 16),
similarly to its pattern of increase and decrease (Fig. 14A), illustrate the increase of area
of deterioration in the second half of ablation period. The patterns of the area decrease of the
bottom ice in Kmetov dom and Velky dom chambers show spatial diversity of melting
process. As in the case of the ice area decrease, the deterioration of the ice monolith area
had rising character in Kmetov dom chamber during ablation months and in Velky dom
chamber — falling.
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Fig. 17. The annual course of air temperature in Kmetov dom and Vel'ky dom chambers in the Deminovska Ice
Cave, according to average of 24-hours mean air temperature in hydrological years 2001/2002 — 2006/2007
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Fig. 19. The ice monolith area in the Deminovska Ice Cave and in Kmetov dom and Vel’ky dom chambers in
October 2003 and October 2007 and complete balance of the ice monolith area in the period between October
2003 and October 2007

On the basis of gained patterns there was calculated that form May to December the
average decrease of the bottom ice area in the Deménovskd Ice Cave amounted to 51 m?, in
Kmetov dom chamber it reached 24 m2, but in Vel'ky dom chamber it was on the level of 27 m*.

Complete balance of the ice monolith volume and area

In the period from October 2003 to October 2007 the complete balance of the ice volume
in the Deminovskéa Ice Cave was negative and amounted to 135 m’. The decrease made
up about 18 % of the ice monolith volume estimated in October 2003. In October 2007 the
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Table 6. The annual average acumulation, ablation and volume balance of the ice monolith in the Deminovska
Ice Cave in years 2003 — 2007

Acumulation Ablation Volume balance
Chamber 5 5 5
[m’] [m’] [m’]
Whole cave 290 320 30
~ Kmetov dom 130 135 -5 ]
Velky dom 160 185 ) -25 ‘

Table 7. The annual average inrease, decrease and area balance of the ice monolith in the Deménovska Ice
Cave in years 2003 — 2007

{ :
Chamber Increase Deceease Area balance
[m’] [m?] [m?]
Whole cave 400 485 | -85 |
Kmetov dom i 195 245 | 45 i
Velky dom L 205 240 1 40

bottom ice volume in Kmetov dom chamber decreased of 20 m® in comparison to the volume
estimated in October 2003, in Vel’ky dom chamber the decrease was amounted to about
115 m® (Fig. 18).

Despite the significant ice volume decrease in the Deménovska Ice Cave, on its relatively
not large area (mainly in Kmetov dom chamber) the complete balance distribution of the
ice monolith was marginally positive (Fig. 21). It is also worth mentioning that the most
significant changes about the ice volume ablation and accumulation were noted close to the
spots where extra water supplies were delivered.

The ice monolith area in the Deminovské Ice Cave decreased of about 435 m* (Fig. 19)
in the period from October 2003 to October 2007. Fig. 20 presenting the breakdown of the
ranges of the bottom ice area in September 2007 and October 2003 proves the statement
above. In October 2007 the decrease of the ice monolith area, in the relation to the state from
October 2003, was estimated to 40 % (Kmet’ov dom chamber — 30 %, Vel’ky dom chamber
— 60 %). During that time in Kmet’ov dom chamber there was the bottom ice decrease
of 210 m? noted, and in Vel’ky dom chamber it amount to 225 m? (Fig. 19).

The annual average of the ice monolith accumulation and ablation in Velky dom chamber
was significantly bigger contrary to Kmetov dom chamber (Table 6). In both chambers the
annul average of the bottom ice increase and decrease kept on very similar level (Table 7).

The annual average amplitude of changes in the ice monolith volume in the Deménovska
Ice Cave was equal about to 305 m?, but its surface are kept the level of 440 m*. The annual
average amplitudes of changes in the bottom ice volume area in Kmetov dom chamber were
equal to 130 m* and 220 m?, but in Velky dom chamber they were 170 m’ and 220 m*.
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THE DEMANOVSKA ICE CAVE — THE VOLUME BALANCE OF THE ICE MONOLITH
IN 2003 — 2007 (SLOVAKIA)

Summary

The characteristics of the ice monolith accumulation and ablation processes in the period from October
2003 to October 2007 presented above indicates unambiguously that thermal conditions in the Deménovské

384




Ice Cave have a crucial influence on its course. After two completely different winters it was observed that

the ice sheet in the cave differed.

On the basis of the events, the measurement data and presented assumptions we can assume that:

« after the winter half of a year with the average air temperature in the cave surroundings > 0,0 °C but <
1,0 °C the annual ice volume balance will be close to zero,

« after the winter half of a year with the average air temperature in the cave surroundings > 1,0 °C the
annual ice volume balance will be significantly negative,

«  after the winter half of a year with the average air temperature in the cave surroundings < 0,0 °C the
annual ice volume balance will be significantly positive.

To sum up, on the basis of the measurement data on the course of the increase and decrease changes in the ice
monolith volume and the measurements of its thickness (Strug et al., 2006) it is possible to state that:

+  The period of the ice monolith ablation in the cave usually starts in May and finishes in December. The
effective increase of “artificial” ice volume was noted in the period of the highest cooling in the cave, i.e.
from January to the beginning of March.

«  The course of the ice volume accumulation and ablation characterized by two phases:

> Successive decrease and positive balance of the ice volume (from October 2003 to May 2006). The
reason of such favourable conditions for accumulation in the cave were two freezing winters in turn.
At the same time there was a huge amount of extra water supplied to the cave.

> The significant decrease and negative balance of the ice volume (from May 2006 to October 2007).
The cause of such state was warm winter 2006/2007. There was no extra water supplied to the cave at
that time.

+ In Velky dom chamber, which is situated closer to the Exit of the cave, the proeesses of ablation and
accumulation in comparison to Kmetov dom chamber were more diverse.

« In typical ablation months, i.e. from May to December, the decrease of the ice volume in Kmetov dom
chamber had rising character. However, in Vel'ky dom chamber the character was opposite.

«  The monthly average of the ice monolith ablation in the cave amounted to 34 m* but its monthly decrease
of the ice monolith area reaches 51 m?.

«  The annual average amplitude of changes in the bottom ice volume in the cave amounted to 305 m? and
its surface — over 440 m?.

+ In the period from October 2003 to October 2007 the average thickness of the ice monolith amounted to
0,75 m, its volume — 905 m® and surface — 1190 m*.

+ In the period of research the complete balance of the ice volume in the cave was negative and amounted
135 m®. The bottom ice area decrease of 430 m?.

«  On the relatively not large area (mainly in Kmetov dom chamber) the complete balance distribution of
the ice monolith volume was insignificantly positive.

«  The biggest changes of the ice volume ablation and accumulation were noted in the spots where extra
water supplies were delivered from.
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J. Steffek, J. Grego: The current status of the genus cf. Hauffenia (Mollusca: Gastropoda:
Hydrobiidae) distribution research in Slovakia

Abstract: The valvatiform Hydrobiidae species detected in karstic springs of Slovakia are probably
closest related to East-Alpine genus Hauffenia, but due to vast geographical and hydrological
separation and lack of anatomical data the justification of the use of the genus name Hauffenia
for those populations is still not confirmed. The field research of all springs and caves in the area
is in progress with the purpose to monitor their distribution range, as well as anatomical and
molecular-biological studies to find their position within the Hydrobiidae. 39 springs out of the
110 possible localities have been sampled so far and the genus cf. Hauffenia has been detected in
25 Slovakian localities, belonging to 10 hydrologicaly isolated groundwater systems. However,
the potential of the area is much bigger, and at the end of our research we would like to bring
a comprehensive overview about their taxonomy and distribution.

Key words: gastropod species, cf. Hauffenia, Hydrobiidae, karstic springs, Slovensky kras

INTRODUCTION

The freshwater mollusc assemblages of Slovakia gathering high species diversity over
lowland streams, rivers, ponds and stagnant water reservoirs. Less freshwater species
have been detected in highlands and alpine mountains, and only few species are known to
inhabit the spring biotopes. The special groups of the latest are the underground valvatiform
Hydrobiidae species, living in caves and interstitial crevices of the spring zones. Those
species are usually very small (1,2 — 1,9 mm). Since this group of valvatiform Hydrobiidae is
more strongly represented in the Southern parts of Europe (Spain, France, Italy, the Balkans,
Turkey), in the eastern Alpine region 10 Hauffenia species are known and over Slovakia they
are sporadically distributed over southernmost limestone and karstic areas.

The first record about the spring genus Alzoniella from Slovakia were published by Babor
(1936) from localities around Bojnice and placed to the genus Vitrella. Later Lozek found
a specimen deposited in the collection of Petrbok and collected around Piestany. He described
this species together with Brtek as Belgrandiella slovenica with its four subspecies (Lozek
and Brtek, 1964). Later field research extended the genus distribution over more springs of
northwest Slovakia and the Moravian part of Biele Karpaty Mts. (the Czech Republic). After
anatomical revision the species was transferred to genus Alzoniella, and it was published
with its known distribution range by Beran and Horsak (2001). Two years later Brtek (2003)
made public many other localities, where he had detected this genus. The unique find of tiny
hydrobioid species Paladilhiopsis sp. in flotsam deposit of Danube (Steffek, 1978) was later
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confirmed by another specimen, and it most probably represents the same species as has been
known from the Hungarian side of Danube (Pintér and Suara, 2004; Steffek and Lucivjanska,
2002). As a great surprise came the detection of another eutroglobiont hydrobioid gastropod
in the quaternary deposits of Mic¢ina travertines of Zvolenska kotlina Basin (Lozek and
Galvanek, 1987).

The 10 known Hauffenia species are only known from southeast and northeast Alpine
springs and have been revised in detail by Bodon, Manganelli and Giusti (2001) with a detailed
diagnostic key. Five species known from the Balkan under the name cf. Hauffenia most
probably belong to some other valvatiform genus yet not described due to lack of anatomical
data. Surprising finds of similar species in Slovakia are very remote from all other known
localities, and from this reason we have decided to use of the name cf. Hauffenia preliminarily.
The anatomical study and DNA analysis is expected to confirm its real taxonomical status.

The first written note about the discovery of this strange prosobranch gastropod
cf. Hauffenia sp. from territory of Slovak Karst can be found in the newspaper article
of B. M. (1986), which includes interviews with 1. Haberova, J. Benko, B. Zapletal, V. Lozek,
P. Mitter and V. Terekova about ecological problems of the Slovak Karst Biosphere Reserve.
One year later the find of this genus in quaternary travertine deposits of Dolna Micina near
Banska Bystrica was announced (Lozek and Galvanek, 1987) together with the record of late
Holocene specimen of this genus from travertine of Cierna vyvieracka spring draining the
Gombasek Cave, and the record was published one year later (Lozek and Horacek, 1988).

During the 1991 meeting of environmentalists a few karstic springs were searched, but
only the Biela vyvieracka spring in Gombaserk (erroneously published as Cierna vyvieracka)
yielded fresh dead specimens of this genus (Steffek, 1992). In his monograph of Slovak
Karst Lozek (1993) mentioned two finds of shells in springs under the western slopes of
Silica Plateau and in the Kecovska vyvieracka spring. This species, not described yet, was
introduced into the Red List of Slovak Mollusca (Steffek, 1994), and also mentioned in the
monograph of National ECONET of Slovakia (Koreii and Steffek, 1996) and in evaluating
reports to the Slovak Biosphere Reserves (Steffek, 1995).

Since 2000 J. Grego and J. Steffek have been investigating the karst springs in the whole
territory of Slovak Karst. More springs with occurrence of this species were detected, and
finally in years 2004 — 2005 the first live animals were captured. The samples are recently
under anatomical and molecular biology investigations. Few short notes about troglobiont
gastropods from Slovakia were published in the last few years (Steffek, 1992, 2000,
2002; Steffek and Grego, 2002a, 2002b) and the genus was introduced into the Checklist
of Slovakian Mollusca (Steffek and Grego, 2002¢).

MATERIALS AND METHODS

Different methods were used to collect study material from native open springs and from
springs captured by concrete basin of small waterworks.

The acquisition of washed-out cf. Hauffenia shells resembles a lottery in most of the
springs, as due to the strong streams the fine sediment depone is very limited. Several visits
to the researched springs were necessary, as the extracted sediments not always yielded shells.
The best results were achieved by the use of sieve slightly under 2 mm, which held up the
oversized sand grains and the adult shells of Bythinella pannonica occurring in many springs
in enormous quantities. This method, when used in springs built up by waterworks objects,
was rarely successful, and for those we had to use a different sampling method. Namely
we use a special sucking device working on principle of connected vessels, its sucking part
equipped with 2 mm sieve and the sediment filtered through a nylon stocking. Part of each
extracted samples was freshly sorted under a binocular loop, and the rest was conserved
by 80 % alcohol. After sorting the whole material under a binocular loop in the laboratory,
the material was dried and sorted under a loop again.
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! ' Map 1. Distribution of genus cf. Hauffenia in Slovak Karst

B - Mesozoic carbonates
e - Spring with cf. Hauffenia
1 - Number of the locality

Table 1. Localities of the Hauffenia sp. in Slovak Republic Legend: H — cf. Hauffenia sp. , A — Bythinella
austriaca, B — B. pannonica, P — Pisidium sp. , d/a — dray/alkohol specimens, f — fossil/subfossil, a — present,
v —more than 100 specimens, Grg —J. Grego, Lzk — V. Lozek, Sff - J. Steffek

Yy

No. Geomo;r;}::)log feal Spring/Karstic spring Da::c()()frglrst Leg. H Al B | P
KONIART PLATEAU
1 Gemerska Teplica — Hlaviste 3.8.2004 | Grg 1/0 10 | v a
2 Gemerska Horka — Pitrocenka 1.8.2004 | Grg 55117 | 4 v a
3 Gemerska Horka — in village 26.3.2005 | Grg 5/3 a
PLESIVEC PLATEAU
4 Kunova Teplica — Huciaca 26.3.2005 | Grg 13/10 | v
5 Kunova Teplica — Zavodna 15.4.2005 | Sff+Grg | 4/0 a
6 Paskova — Vel'ka studna 2.4.2005 Grg 5/0
7 Plesivec — Studena studna 28.3.2005 | Grg 7/0 v a
8 Plesivec — Cepkov 25.3.2005 | Grg 12/0 |a a a
9 Vidova 28.3.2005 | Grg 3/0 v a
10 o Slavec 28.3.2005 | Grg 2/0
11 Brzotin — Gyepu 2.8.2004 | Grg 17/0 a a
SILICA PLATEAU
12 Kréasnohor. Dlha Lika — under garry | 16.4.2005 | Sff+Grg 1/0 3 v
13 Gombasek — Biela vyvieracka 2.8.1990 | Sff 1/0 6 v a
14 Gombasek — cave 16.7.2003 | Grg 3/1 3 a
15 Gombasek — Cierna vyvieracka 1986 Lzk 2/0 9 v a
16 Plesivec — Mala studna 1.8.2004 | Grg 34/0 |1 a
17 Kecovo 1986 Lzk 8/3 a v a
DRIENOVEC
18 Kovacova 4.5.2004 Sff 2/2 1 v a
19 Drnava — Bleskovy pramen 25.3.2005 | Grg 1/0 a a a
ZADIEL PLATEAU
20 Haéava—labove village 2.8.1990 | Sff 1/0
| 21 Hacava — Travertinova vyvieracka 16.4.2005 | Sff+Grg 1/0 a f
RIMAVSKA KOTLINA BASIN
22 Bretka — farm 17.4.2005 | Sff+Grg | 3/0 f
ZVOLENSKA KOTLINA BASIN
23 Driekyna 5.7.1998 Sff+Grg 1/0 a
24 Micina — travertine 1987 Lzk 1/0 f
HOREHRONSKE PODOLIE
125 | | Mackové 5.9.1993 | sff 1/0
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Fig. 1. Distribution of cf. Hauffenia sp. in the Slovensky Kras Karst: 1 — Brzotinska vyvieracka “Gyep(”,
Plesivecka planina; 2 — 3 Vyvieratka Pitrocenka, Koniart; 4 — Gemerskoteplickd vyvieracka “Hlaviste”,
Koniart; 5 — 7 Ke¢ovska vyvieracka, Silicka planina
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RESULTS

So far 39 springs and wells in broader range of the Slovak Karst National Park were
investigated. Table 1 lists all investigated localities with evaluation of spring Mollusca
— Bythinella austriaca, B. pannonica, Pisidium ssp. and Hauffenia sp., but in many springs
additionally also the Galba truncatula, Radix labiata, Ancylus fluviatilis, were found.
Shells of the genus cf. Hauffenia were detected in 25 Slovakian localities (22 in the Slovak
Karst, two in Zvolenska kotlina Basin and one in Horehronské podolie Hills) belonging to
10 hydrologically isolated systems. The above mentioned methods yielded live captured
animals from seven springs (Fig. 1), and these are currently undergoing an anatomical and
DNA investigation at Jagellonian University Krakow. All the presented results are only
preliminary, as the research program will continue over the next few years.

DISCUSSION

The main distribution range of cf. Hauffenia in Slovakia is the area of Slovak Karst and
adjacent parts of Rimavska kotlina Basin with potentials in Driencansky kras Karst (Reviicka
vrchovina Highland) or in limestone of Bodvianska vrchovina Highlands, as well as in the
mountains of Volovské vrchy Higlands. Singular finds in Driekyna Valley, Mi¢ina travertine
suggest its distribution also in Ponicky kras Karst and the find in Marikova suggests the
potential of Horehronské podolie Hills.

Samples taken from the spring on the southern slopes of Muranska planina Plateau,
Slovensky raj and Tisovecky kras Karst were negative so far. Our intention is to sample
all 110 springs of Slovensky kras Karst as well as the adjacent limestone areas and about
5 springs of Ponicky kras Karst during our research mainly with the purpose to monitor their
distribution and biodiversity. By sampling spring cave entrances we would like to find the
proper biotopes of the genera.

CONCLUSIONS

Recently we suppose that cf. Hauffenia sp. inhabits only the spring parts of cave waters and
flooded spring debris, and is not present in deeper parts of cave systems. Great hydrological
isolation of many Slovakian distribution points would suggest higher diversity of species
within this territory. Presence of this genus was proved also in one locality of the Agtelek
National Park in Hungary (Majoros, 2002, pers. comm.) and in the Boérzsony Mountains
(Erdss and Petrd, 2008) but the potential of the Hungarian side is comparable with that in
Slovakia.
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NETOPIERE (CHIROPTERA) BELIANSKEJ JASKYNE
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7. Visiiovska: The bats (Chiroptera) of the Belianska Cave (The Belianske Tatry Mts.)

Abstract: The Belianska Cave (49°13° N, 20°18’ E, altitude 890 m, total length of 3,641 m) is
one of the most important bat hibernaculum in the Belianske Tatry Mts. (northern Slovakia).
New results of eight-year monitoring (2001 — 2008) together with all available published data on
a bat community of the cave are summarised in the paper. Up to now, nine bat species have been
recorded by a visual method in the Belianska cave: Rhinolophus hipposideros, Myotis myotis,
Myotis blythii (only one record dated to 1964), Myotis mystacinus, Myotis brandtii, Myotis
nattereri, Eptesicus nilssonii, Plecotus auritus and Myotis emarginatus (only one questionable
record from 1995). In winter seasons of 2001 — 2008, we have recorded six (seven) species.
Myotis myotis (100 % constancy of occurrence, total dominance 51.5 % of all the bat records,
total maximum of abundance is 81 individuals) and M. mystacinus/brandtii (C = 100 %, D =
42.8 %, max. 81 ind.) were the most frequent and the most abundant species in the cave. Plecotus
auritus (C =75 %, D = 3.3 %, max. 8 ind.) and Eptesicus nilssonii (C =75 %, D = 1.3 %, max. 4
ind.) hibernated regularly but not abundant here. Other species such Myotis nattereri (C =25 %,
D = 0.4 %, max. 2 ind.) and Rhinolophus hipposideros (C = 12.5 %, D = 0.2 %, max. 1 ind.) had
been observed occasionally. Total maximum of 167 hibernating bat individuals in the cave was
recorded in February 2008, but in April 1995 we observed the colony of cca 300 individuals of
M. myotis located in frontal part of the cave near the entrance. We assumed it was a grouping
of individuals, which hibernated here, before they leave the cave together. Each of the bat
species prefers the different cave parts to their hibernation with specific microclimatic and other
conditions. Four Bat Zones can be distinguished in the cave. More than 60 % of a bat community
occupy a frontal part of the cave near its openings, mainly the spaces from Vstupnd chodba (The
Entrance passage) to Dom objavitelov (The Dome of discoverers). Populations of M. mystacinus/
brandtii, E. nilssonii, P. auritus and M. nattereri occured in the colder sites in down half-part of the
cave (air temperature —2.0 up to 5.5 °C). Population of M. myotis and a presence of R. hipposideros
were typical for warm upper parts of the cave (air temperature between 5.0 — 7.0 °C). After wind
calamity, which hit a forest zone of the Tatry Mts. in November 2004, we had observed neither
differences in species composition nor remarkable quantitative changes in a bat community of the
Belianska Cave in comparison with the same period of previous seasons.

Key words: Belianska Cave, bats, hibernation, species composition, abundance, spatial
distribution, the Belianske Tatry Mts., Slovakia

1. UVOD

Belianska jaskyna (890 m n. m.) predstavuje jedno z najpocetnejSich zimovisk
netopierov na uzemi Belianskych Tatier. Najstar§ie zmienky o netopieroch tejto lokality
pochadzaju z druhej polovice 19. storo¢ia. Fruwirth (1884) sa zmiefuje o ich velmi ¢astom
vyskyte v jaskyni, bliz$ie idaje o druhovom zlozeni v§ak neuvadza. Cielenému vyskumu
chiropterofauny sa venuje pozornost’ az po roku 1950. Prvé faunistické udaje zo zimného
obdobia v 50. a 60. rokoch 20. storo¢ia publikuju Vachold (1956, 2003), Gaisler a Hanak
(1972, 1973). Fudaly (2002) poskytuje stru¢ny udaj bez blizsej $pecifikacie o sledovani
rezimu Zivota netopierov polskymi speleologmi pod vedenim Kowalského v zimnom
obdobi 1955. Horacek (1976) sa zameral na rozbor osteologického materialu v jaskynnej
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tanatocendze. DalSie Gidaje z tejto lokality si zname az z 90. rokov (Pjencdk a Danko, 2002),
kedy boli prvykrat vykonané vizualne kontroly vo vsetkych dostupnych castiach jaskyne
pocas viacerych zimnych sezon. Komplexné poznatky o vyskyte netopierov na izemi Tatier
vratane Gidajov z Belianskej jaskyne publikovali Pjencak et al. (2003).

Cielom tohto prispevku je prezentovat povodné vysledky chiropterologického
monitoringu v Belianskej jaskyni realizovaného Spravou slovenskych jaskyn v obdobi rokov
1995 — 2008 a konfrontovat’ ich s dostupnymi publikovanymi udajmi so zdmerom podat’
syntézu poznatkov o druhovom zlozeni, kvantitativnom zastpeni a priestorovej distribucii
netopierov, osidl'ujicich tito vyznamna podzemnt lokalitu.

2. CHARAKTERISTIKA SKUMANEJ LOKALITY

Narodna prirodna pamiatka Belianskajaskyna (kvadrat Databanky Fauny Slovenska 6787)
sa nachadza v severnom svahu Kobylieho vrchu (1109 m n. m.) nad obcou Tatranska Kotlina
vo vychodnej casti Belianskych Tatier (kod orografického celku 183 — podla Kroupova,
1980). Celkovou dizkou 3641 m je zatial’ najdlhsou a vertikalnym rozdielom 160 m druhou
najhlbSou jaskyniou v Belianskych Tatrach (Bella et al., 2007). Vo vstupnych ¢astiach jaskyne
st zname 3 otvory komunikujice s povrchovym prostredim. Umelo prerazeny hlavny vchod
v nadmorskej vys$ke 890 m je pre netopiere nepriechodny. Na prenikanie do podzemia mézu
netopiere vyuzivat' mensi otvor, ktory je asi 10 m nad hlavnym vchodom, alebo povodny
horny (Objavny) otvor, situovany 82 m nad hlavnym vchodom; oba st opatrené uzaverom
s vletovym otvorom obdiznikového tvaru (obr. 9).

Morfolégiou podzemnych priestorov predstavuje vertikalno-horizontalnu viacnasobnu
rozvetvenu jaskytiu (Bella a Pavlar¢ik, 2002). Jej predné casti tvori horizontdlna Vstupna
chodba, nad ktorou sa nachadzaju kominovité priestory smerom k Objavnému vchodu
a priestory Sikmého domu, Sutinovej siene a Mrazového domu (obr. 6B). Z Rézcestia tvoria
hlavna liniu vystupné useky pozdiz prehliadkovej trasy cez Dom objavitelov — Vysoky dém
— Dlha chodbu — Palmovu sieft po Zbojnicku komoru (Britzova siefi) a odtial’ zostupné tiseky
veduce cez Dom SNP (Verbovszkého sien) — Vodopadovy dom (Dém vel'kych vodopadov)
—Hudobnt sien — Rarovity dom — Biely dom —Hlboky dom a Dom trosiek spdt' na Razcestie. Na
tento hlavny sek sa napajaju dalSie priestory (napr. Zrateny dom, Priepastova chodba a iné),
ktoré dotvaraju celkovu ¢lenitost jaskyne. Podla nalezov velkého poctu naplavenych kosti
netopierov bol jeden z priestorov v hornej Casti jaskyne medzi Démom SNP a Vodopadovym
démom pomenovany ako Sieri netopierov (Fudaly, 2002).

Teplota vzduchu vo vstupnych castiach jaskyne pocas roka kolise od 2,2 do 5,1 °C
v zavislosti od vonkajsich teplotnych podmienok, v zime klesa pod bod mrazu za sprievodne;j
tvorbyladovejvyplne(Bella,2006). V ostatnych¢astiachjaskynesapriemernateplotapohybuje
v rozmedzi 5,0 — 6,3 °C a relativna vlhkost’ vzduchu 90 — 97 % (Zelinka, 1998; Bella, 2003).

Prvotné spristupnenie Belianskej jaskyne sa spaja s rokom 1882. V stcasnosti je pre
verejnost” spristupnenych 1370 m s prevySenim 125 m (Bella, 2003). Patri k najviac
navs§tevovanym spristupnenym jaskyniam na Slovensku. Ro¢na navstevnost’ v rokoch 2000
— 2005 dosahovala 115- az 130-tisic 0s6b (Gall a Nudzikova, 2006). Okrem mesiac trvajucej
zimnej uzavery je jaskyna otvorena celoroc¢ne.

3. METODIKA

V prispevku suzhrnuté dosial nepublikované tidaje z ob¢asnych pozorovania pravidelného
zimného scitania netopierov v Belianskej jaskyni, vykonavanych pracovnikmi Spravy
slovenskych jaskyn pod vedenim F. Bernadovica (1995 —2003) a Z. Visnovskej (2004 —2008)
za obdobie od februara 1995 do aprila 2008. Okrem autorky prispevku (icast na 19 s¢itaniach)
a F. Bernadovica (8) sa na monitoringu spolupodiel’ali R. Hlavna (12), S. Mihucova (5) a jeden
raz A. Lucinkiewicz, J. Obuch, J. Bachleda, M. Hatinova, J. Knap a M. Ondruska.
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Metodou vizualneho sledovania sme zaznamenavali druhové zlozenie, pocetnost a roz-
miestnenie pritomnych netopierov na Standardnej trase sCitania, ktora zahfnala vsetky
priestory pozdiz prehliadkovej trasy (obr. 6A) a niektoré nespristupnené ¢asti nad Vstupnou
chodbou (Sutinova siefi, Sikmy dom, priestory smerom k Objavnému vchodu) a v Hlbokom
dome (bocna vystupna chodba so starym schodiskom) (obr. 6B). Vo februari 2008 sme pre-
zreli aj Zriteny dom v hornej zadnej Casti jaskyne. Udaje z rokov 1995 — 1996 sa tykaju &iast-
kovych, pripadne ndhodnych pozorovani vyskytu netopierov pocas banskobezpecnostnych
previerok v jaskyni. V rokoch 2001 — 2005 sme na lokalite realizovali cielené kontroly zvy-
Cajne v novembri a februdri a v zimnych sezénach 2006/2007 a 2007/2008 sme zistovali ak-
tualny stav vyskytu netopierov priblizne v mesaénych intervaloch (oktdber — april) s ciefom
zachytit’ ich popula¢ni dynamiku a priestorovu distribuciu pocas sezony. V roku 2008 sme
orientacne preskumali kostrové zvysky netopierov, ktoré sa nachadzaji v hornej Casti Suti-
novej siene ned’aleko hlavného vchodu. Teplotu vzduchu sme merali digitadlnym teplomerom
znaCky Checktemp. Na orientacné zhodnotenie teplotnych pomerov v jednotlivych ¢astiach
jaskyne (tab. 2) sme pouzili hodnoty namerané v 16 terminoch s¢itania netopierov pocas
troch zimnych sezon (2005/06, 2006/07, 2007/08).

Vo vysledkovej casti prispevku uvadzame pre kazdy druh netopiera chronologicky
prehl'ad vsetkych publikovanych tdajov i dosial’ nepublikovanych nalezov (do roku 2000)
uvedenych v Zaznamovej knihe o netopieroch Belianskej jaskyne, ktord je internym
dokumentom Spravy slovenskych jaskyn. Vysledky monitoringu z rokov 2001 — 2008
su zhrnuté v tabulke 1. V texte s pouzité tieto skratky: det. — ur¢il; ind., ex. — jedinec.
V grafoch a tabul’kach pouzivame skratky nazvov jednotlivych druhov: Rhip — Rhinolophus
hipposideros (podkovar maly), Mmyo/bly — Myotis myotis/blythii (netopier vel'ky/ostrouchy),
Mmys/bra — Myotis mystacinus/brandtii (netopier fizaty/Brandtov), Mnat — Myotis nattereri
(netopier riasnaty), Enil — Eptesicus nilssonii (veCernica severskd), Paur — Plecotus auritus
(uchac svetly), Msp. — druhovo neurceny jedinec rodu Myotis, indet. — neurceny jedinec.
Nazvy jaskynnych priestorov uvadzame podl'a Bella a Pavlaréik (2002), Pavlar¢ik a Plu¢insky
(2002) a Bella (2003).

4. VYSLEDKY A DISKUSIA
4.1. PREHLAD FAUNISTICKYCH UDAJOV

Netopier vel’ky (Myotis myotis) — netopier ostrouchy (Myotis blythii)

Prehl'ad starSich nalezov: M. myotis: 11. 11. 1955 — 6 ex., 28. 11. 1957 — 11 ex., 12. 2. 1958
—2 ex. (Vachold, 1956, 2003); 1. 3. 1963 — 31 ex., 1. 3. 1964 — 11 ex. (Gaisler a Hanak, 1972);
13.12. 1973 — 7 ex. (Pjencak et al., 2003); 16. 2. 1990 — 25 ex., 15. 2. 1994 — 31 ex. (Pjencak
a Danko, 2002); 29. 10. 1994 — 17 ex. — det. S. Danko, P. Pjencak, M. Danko (SSJ, 1994);
25.2. 1995 — 81 ex. (Pjencak a Danko, 2002); 28. 2. 1995 — 8 ex. — det. F. Bernadovic, A.
Lucinkiewicz (SSJ, 1994); 19. 4. 1995 — cca 300 ex. — det. F. Bernadovic, J. Bachleda (SSJ,
1994; Bernadovic, 2000); 30. 1. 1996 — 11 ex. — det. F. Bernadovic (SSJ, 1994); 20. 2. 1996 —
77 ex. (Pjenc¢ak a Danko, 2002); 17. 10. 1996 — 2 ex. — det. P. Pjencak (SSJ, 1994); 30. 12. 1999
— 57 ex. (Pjen¢ak a Danko, 2002); 31. 12. 2002 — 52 ex. (Pjencék et al., 2003). M. blythii: 1. 3.
1964 — 1 ex. (Gaisler a Hanak, 1972, 1973).

V Belianskej jaskyni zimuje pravidelne netopier velky, ktory je bezny aj v dalSich
jaskyniach na slovenskej a pol'skej strane Tatier (Piksa, 1998; Pjencak et al., 2003). Jediny
dolozeny nélez netopiera ostrouchého v Belianskej jaskyni pochadza z roku 1964 (Gaisler
a Hanak, 1972, 1973). Vzhl'adom na doterajsie poznatky sa tu jeho vyskyt v sucasnosti
nepredpoklada. Okrem tejto lokality nebol M. blythii na slovenskom uzemi Tatier dosial
potvrdeny vizualne (Pjencak et al., 2003) ani v osteologickom materiali (Horacek, 1976;
Obuch, 1994).

Netopier vel’ky predstavuje hlavnu zlozku chiropterofauny Belianskej jaskyne (tab. 1).
7 dlhodobého hl'adiska mozno pozorovat rozdiely v celkovej pocetnosti zimujucich jedincov
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Tabul'ka 1. Vysledky zimného s¢itania netopierov v Belianskej jaskyni v rokoch 2001 — 2008. Poznamka:
*jedince zistené v Zritenom dome (mimo $tandardnej trasy s¢itania)

Table 1. Results of the winter bat census in the Belianska Cave in 2001 — 2008. Note: *the individuals found
in Zrteny Dome (apart from the standard line of monitoring)

; l 1
Détum /Druh Mmyo | Ml:nys/ Enil \ Paur | Mnat | Rhip | Msp. | indet. Spolu
Date / Species ‘ £d ] ) B | Total
sezona 2000/2001 )
732000 | 74 | 20 | 4 | 2 | \ [ \ [ 106
sezona 2001/2002
1432002 | 4 [ 10 [ 1 ] [ [ 1 ) B
sezéna 2002/2003 )
27112002 [ 26 | 22 2 ! 50
20.2.2003 | 75 23 1 4 I 106
isez6na 2003/2004
3.12.2003 23 23 2 3] \ . 51
20.2.2004 46 18 ] 30 [ 68
sezona 2004/2005 o
| 19.11.2004 6 | 18 2 3 E L 2 [ &
25.2.2005 59 | 4 3 4 | | 109
sezona 2005/2006 B
| 25.11.2005 | 25 29 1 1 1 57
20. 1. 2006 37 28 1 2 68
3.3.2006 62 42 3 ] 107
sezéna 2006/2007
31.10. 2006 9 2 [ 1 | 4
24. 11.2006 18 28 1 3 | 50
22.12.2006 27 43 1 5 2 |8
19. 1.2007 41 30 1 8 1 B 81
| 23.2.2007 51 29 1 6 87
24.3.2007 60 23 2 3 B 88
27.4.2007 | 22 16 , , 38
'sezéna 2007/2008 )
26.10.2007 10 34 " 1 45
| 30.11.2007 36 50 I 2 I 1 91
17.12. 2007 41 71 1 5 1 I 120
25.1.2008 | 64 75 1 3 1 1 145
| 22.2.2008 7543 T7+4 |1 5 1 I 160 + 7*
25.4.2008 74 58 , 1 133
Spolu /Total 1019 | 847 | 26 66 7 3 8 4 | 1980
Dominancia (%) | 51,5 | 428 13 3,3 0,4 02 | 100 %
Konstancia (%) | 100 | 100 75 | 75 25 12,5 | 1 100 %

(obr. 1). Podla Gdajov z 50. a 60. rokov 20. storocia ich abundancia v jaskyni nepresahovala
31 jedincov (Vachold, 1956, 2003; Gaisler a Hanak, 1972). Podobny stav vyskytu sa zistil
este zaciatkom 90. rokov (Pjencak a Danko, 2002). Od roku 1995 su pozorované vyssie stavy
populdcie so sezonnymi maximami 46 az 81 jedincov, ktoré dosahuje zvycajne vo februdri
— marci (obr. 3). Dosial’ najvyssia po¢etnost’ zimujucej populacie M. myotis (81 ex.) na tejto
lokalite bola zaznamenana vo februari 1995 (Pjenc¢ak a Danko, 2002) a nasledne v aprili 1995
sa F. Bernadovi¢ovi a spravcovi jaskyne J. Bachledovi pocas banskobezpecnostnej prehliadky
podarilo v jaskyni nahodne spozorovat vicSiu agregaciu a niekol'ko mensich skupiniek
netopiera vel'kého v celkovom pocte cca 300 jedincov, sustredenych vo vstupnej Casti
jaskyne ned’aleko vchodu (SSJ, 1994; Bernadovic, 2000), ¢o v porovnani so stavom populécie
zistenym pri spominanej februarovej kontrole predstavuje takmer Stvornasobne vySsi pocet.
Prinajnov§omnéleze 25. aprila2008 sme narovnakych miestach zachytili podobné zoskupenia
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Obr. 1. Medzisezonne rozdiely v abundancii M. myotis, M. mystacinus/brandtii a celkovom pocte netopierov
v Belianskej jaskyni v obdobi 1955 —2008. Poznamka: * nezaratana 300-¢lennd kolénia M. myotis)
Fig. 1. Interseasonal changes in number of M. myotis, M. mystacinus/brandtii and total number of bats in the
Belianska Cave in 1955 — 2008 (Note: * a colony of 300 ind. of M. myotis is not included)
M. myotis v celkovom poéte 52 jedincov (obr. 4). Netopiere boli poloaktivne a na vyrusenie
reagovali hlasnym piskotom. Tentoraz ich pocetnost’ v celej jaskyni vritane tejto agregicie
(74 ex.) zodpovedala februarovému stavu zimujtcej populdcie (78 ex.). Pri obhliadke o tyzden
neskor (4. 5. 2008) sa netopiere vo vstupnych priestoroch uz nenachadzali. Oba pripady
naznaluju, ze prevazna ¢ast zimujlcej populacie sa pred jarnym vyletom zhromazd'uje
na zaciatku jaskyne a potom spolo¢ne opusta zimovisko, ¢o je fenomén znamy aj z inych
jaskyn (Tulis, 2001; Bobdkova, 2002; Vachold, 2003). Formovanie agregacii mohlo po dlhé
roky unikat’ pozornosti z dovodu absencie kontrol v jarnom obdobi, pripadne nezachytenia
fazy tvorby kolonie medzi dvoma pravidelnymi mesaénymi kontrolami (napr. marec — april
2007). Ak st horeuvedené predpoklady spravne, znamenalo by to, Ze Belianska jaskyiia je
z hladiska vyskytu M. myotis ovel'a vyznamnej$ou lokalitou, ako sa dosial’ predpokladalo.
Okrem vizualnej metody sme potvrdili vyskyt netopiera vel’kého aj v kostrovych zvySkoch
netopierov, nachddzajucich sa v Sutinovej sieni vo vstupnej Casti jaskyne. Vietkych jedenast
nahodne vybranych lebiek patrilo druhu M. myotis (revidoval J. Obuch). Prezenciu tohto
druhu v subrecentnom kostrovom materiali z lokality uvadza aj Horacek (1976).

Netopier fizaty (Myotis mystacinus) — netopier Brandtov (Myotis brandtii)

Prehlad starSich nalezov: M. mystacinus: 1. 3. 1963 — 3 ex. (Gaisler a Hanak, 1972); 12. 12.
1973 — 2 ex. (Pjencik et al., 2003); 16. 2. 1990 — 5 ex., 15. 2. 1994 — 1 ex. (Pjencéak a Danko,
2002); 29. 10. 1994 — 13 ex. — det. S. Danko, P. Pjen¢ak, M. Danko (SSJ, 1994; spresnenie 5
Danko); 25. 2. 1995 — 2 ex. (Pjenc¢ak a Danko, 2002); 30. 1. 1996 — 1 ex. — det. F. Bernadovi¢
(SSJ, 1994); 20. 2. 1996 — 11 ex., 30. 12. 1999 — 7 ex. (Pjenc¢ak a Danko, 2002). M. brandtii:
25.2.1995—2 ex., 30. 12. 1999 — 5 ex. (Pjen¢dk a Danko, 2002); 31. 12. 2002 — 1 ex. (Pjencak
et al., 2003). M. mystacinus/brandtii: 15. 2. 1994 — 20 ex., 25. 2. 1995 — 13 ex., 20. 2. 1996
— 20 ex. (Pjenc¢ak a Danko, 2002); 17. 10. 1996 — 1 ex. — det. P. Pjencak (SSJ, 1994); 30. 12.
1999 — 21 ex. (Pjen¢dk a Danko, 2002); 31. 12. 2002 — 25 ex. (Pjencak et al., 2003).
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Na zéklade publikovanych tidajov sa vyskyt obidvoch druhov na tejto lokalite potvrdil
vizudlnou metoédou i v subrecentnych kostrovych zvyskoch (Horacek, 1976; Pjencak
a Danko, 2002). V minulosti patrili k vzacnym hibernantom Belianskej jaskyne (Gaisler
a Handk, 1972). Ich pravidelny vyskyt sa pozoruje od roku 1990 (Pjencék a Danko, 2002).
Pocnuc tymto obdobim sa prejavuje stipajiici trend poetnosti zimujtcich jedincov (obr. 1).
V rokoch 2004 — 2007 dosiahol M. mystacinus/brandtii sezonne maxima 42 — 43 jedincov,
v zimnej sezéne 2007/08 sa celkovou abundanciou (maximum 81 ex.) dokonca vyrovnal
dovtedy dominantnému M. myotis. V sicasnosti spolu s tymto druhom predstavujii hlavné
zlozky spolocenstva netopierov Belianskej jaskyne. Netopier fuzaty a netopier Brandtov
patria na izemi Tatier medzi bezné a pocetné druhy netopierov (Pjencék et al., 2003).

Uchac svetly (Plecotus auritus)

Prehlad starSich nalezov: 16. 2. 1990 — 1 ex., 15. 2. 1994 — 2 ex., 25. 2. 1995 — 6 ex., 20. 2.
1996 — 4 ex., 30. 12. 1999 — 3 ex. (Pjenc¢ak a Danko, 2002); 31. 12. 2002 — 4 ex. (Pjencak et
al., 2003).

Ucha¢ svetly (obr. 5) zimuje na lokalite pravidelne, najcastejSie v pocte 3 az 5 jedincov.
Dosial' najvyssiu abundanciu 8 jedincov sme zaznamenali v januari 2007 (obr. 2). Na
zimovisku sa zdrziava od novembra do marca s maximom vyskytu v decembri az februari
(tab. 1). Vyskyt uchaca svetlého v Belianskej jaskyni bol dolozeny aj v kostrovom materiali
(Horacek, 1976). Na uzemi Vychodnych Tatier sa tento druh zistil takisto v Alabastrovej
jaskyni, Muranskej jaskyni a Ciernohorskom jaskynnom systéme (Pjencék et al., 2003).

Vecernica severska (Eptesicus nilssonii)

Prehlad starSich ndlezov: 16. 2. 1990 — 2 ex., 15. 2. 1994 — 1 ex. (Pjenc¢ak a Danko, 2002);
29. 10. 1994 — 1 ex. (Pjencak et al., 2003); 25. 2. 1995 — 1 ex. (Pjencak a Danko, 2002); 28.
2. 1995 — 2 ex. — det. F. Bernadovi¢, A. Lucinkiewicz (SSJ, 1994); 30. 1. 1996 — 3 ex. — det.
F. Bernadovic (SSJ, 1994); 20. 2. 1996 — 1 ex. (Pjenc¢ak a Danko, 2002); 31. 12. 2002 — 2 ex.
(Pjencak et al., 2003).

V Belianskej jaskyni sa tento druh vyskytuje kazdoro¢ne, no v minimalnej pocetnosti.
Najvyssim zistenym poctom st 4 jedince z marca 2001 (tab. 1). V tatranskej oblasti patri
veCernica severska k najhojnej$im druhom netopierov, jej podetnost na zimoviskach je viak
celkovo nizka (Pjencak et al., 2003).

Podkovar maly (Rhinolophus hipposideros)

Prehlad starSich nélezov: 11. 11. 1955 — 1 ex., 28. 11. 1957 — 1 ex., 12. 2. 1958 — 2 ex. (Vachold,
1956, 2003); 25. 2. 1995 — 1 ex. (Pjen¢ak a Danko, 2002).

Vyskyt podkovara malého na lokalite je ojedinely. Podla literarnych zaznamov sa
v jaskyni naposledy zistil v roku 1995 (Pjenc¢ak a Danko, 2002). Opitovny vyskyt sme
pozorovali koncom roka 2007. Podkovar maly je velmi zriedkavym druhom na celom tizemi
Tatier (Pjencék et al., 2003).
Netopier riasnaty (Myotis nattereri)
Prehlad starSich nélezov: 31. 12. 2002 — 3 ex. (Pjencdk et al., 2003).

Spociatku bol vyskyt netopiera riasnatého v Belianskej jaskyni dolozeny iba nalezmi
v subrecentnom kostrovom materiali (Horacek, 1976). Vizualnou metddou sa prvykrat zistil
v roku 2002 (Pjencak et al., 2003). Pocas nasho vyskumu sme ho zaznamenali v novembri
2005 a nasledne i v zimnych sezénach 2006/2007 a 2007/2008 (tab. 1). V Belianskych Tatrach
Je tento druh zndmy aj z Alabastrovej jaskyne a z jaskyne Ladova pivnica (Horacek, 1976;
Pjencak et al., 2003).
Netopier brvity (Myotis emarginatus)

V zaznamovej knihe o chiropterofaune Belianskej jaskyne (SSJ, 1994) sa uvadzaja dva
nalezy tohto druhu. V prvom pripade (29. 10. 1994 — 13 ex. — det. S. Danko, P. Pjencak,
M. Danko) i8lo o chybny zapis, ked’ sa omylom zamenili ndzvy druhov, pric¢om spravne
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ma byt 13 exemplarov netopiera fazatého (M. mystacinus) (dodato¢ne upresnil S. Danko).
Povodny chybny udaj medzitym pouzil vo svojej praci Bernadovic (2000). Druhym je zdznam
F. Bernadovica a A. Lucinkiewicza z 28. 2. 1995 o néleze 1 exemplara netopiera brvitého,
ktory mozno povazovat  skor za vynimo¢ny a pomerne otazny, ked’ze pri komplexnom s¢itani
netopierov iba 3 dni predtym (25. 2. 1995) sa tento druh v jaskyni nezistil (Pjenc¢ak Danko,
2002). Zo slovenskej ¢asti Tatier nie je doteraz znamy ziadny udaj o jeho vyskyte (Pjencak
et al., 2003), z pol'skych Tatier jedno nalezisko uvadza Nowak (2001).

4.2. STRUKTURA JASKYNNEHO SPOLOCENSTVA

Pri 24 vizualnych kontrolach, vykonanych pocas 8 zimnych sezon v rokoch 2001 — 2008,
sme zaznamenali celkovo 1980 netopierov 6 (7) druhov (tab. 1). Z hl'adiska dominancie
tvorili 51,5 % tohto poc¢tu jedince M. myotis, 42,8 % zastupcovia M. mystacinus/brandtii
a minimalne zastapenie mali P. auritus (3,3 %) E. nilssonii (1,3 %), M. nattereri (0,4 %)
a R. hipposideros (0,2 %). Co sa tyka konstantnosti vyskytu jednotlivych druhov, pri kazdej
z 24 vykonanych kontrol sme v jaskyni zaznamenali pritomnost’ M. myotis a M. mystacinus/
brandtii (K =100 %) a v 75 % pripadov E. nilssonii a P. auritus. Ostatné druhy boli menej
Casté (tab. 1). Netopiere v jaskyni zimuja prevazne solitérne alebo vo dvojici, zriedkavejsie
v tesnych zoskupeniach po 3 az 6 exemplarov (M. mystacinus/brandtii), v dvoch pripadoch
boli vo vstupnej Casti jaskyne zaregistrované agregacie M. myotis v celkovom pocte
cca 300 jedincov (april 1995), resp. 52 jedincov (april 2008).

Celkovéa pocetnost’ hibernujucich netopierov v Belianskej jaskyni ma z dlhodobého
hladiska stipajucu tendenciu (obr. 1). Kym do roku 1990 tu bolo zaznamenanych najviac
34 netopierov, v obdobi 1995 — 2007 ich maximalna sezonna pocetnost’ predstavovala 59 az
115 netopierov a v sezone 2007/08 dosiahla rekordné maximum 167 netopierov. Ani tento
pocet pravdepodobne nevyjadruje skuto¢ny rozsah vyskytu zimujiceho spoloCenstva na
lokalite, ¢o dokazuje mimoriadny nalez cca 300-¢lennej kolonie netopiera vel’kého (M. myotis)
v aprili 1995. Domnievame sa, Ze i§lo o stistredenie tunajsej populdcie tesne pred opustenim
zimoviska. Reélne tak moze podzemné priestory Belianskej jaskyne pocas zimnej sezony
osidlovat’ celkovo viac ako 350 netopierov. V tejto suvislosti je vhodné uviest, ze Standardna
trasa scitania netopierov pozdiz prehliadkovej trasy a v niektorych nespristupnenych
¢astiach pokryva necelé 2 km dizky jaskynnych priestorov, ¢o pri aktudlnej dizke jaskyne
vyse 3,6 km poskytuje netopierom dostatok inych, odl'ahlejsich miest, kde sa mézu v jaskyni
ukryvat. DoterajSie maxima poc¢tu jedincov pre jednotlivé druhy za obdobie 1955 — 2008
predstavuji 81, resp. cca 300 exemplarov M. myotis (v sezone 1994/95), 81 ex. M. mystacinus/
brandtii (2007/08), 8 ex. P. auritus (2006/07), 4 ex. E. nilssonii (2000/01), 3 ex. M. nattereri
(2002/03), 2 ex. R. hipposideros (1957/58) a 1 ex. M. emarginatus (1994/95).

V suvislosti s veternou smrstou, ktora sa v Tatrach prehnala 19. novembra 2004,
zhodou okolnosti prave v den séitania netopierov v jaskyni, sa riesil jeden akutny pripad
s 37 jedincami vecernice tmavej (Vespertilio murinus) odchytenymi v priestoroch vojenske;
zotavovne v Tatranskych Zruboch, ktoré v dosledku kalamity pravdepodobne stratili
povodny tkryt (Hoholikova, 2005). Vzhladom na mimoriadnost’ vzniknutej situdcie dna
3. 12. 2004 pracovnici Statnych Jesov TANAP-u RNDr. S. Pavlar¢ik a Ing. B. Chovancova
provizérne umiestnili tieto jedince do priestorov Belianskej jaskyne (Hlboky dom). Pri
naslednej kontrole 30. 12. 2004 sa zistilo, Ze netopiere toto miesto opustili a presunuli sa do
prednej, chladnejSej Casti jaskyne. Pocas pravidelnej februarovej navstevy v roku 2005 sme
pritomnost’ ve€ernice tmavej v jaskyni uz nezaznamenali. Nespozorovali sme ani Ziadne
zmeny v druhovej skladbe alebo mimoriadne prirastky hibernujiicich netopierov v porovnani
s rovnakym obdobim predchadzajucich rokov.

4.3. POPULACNA DYNAMIKA
Sezénne zmeny abundancie netopierov pocas troch zimnych sezon (2005/06, 2006/07,
2007/08) su znazornené na obr. 2. Popula¢nu dynamiku pocetnejSich druhov M. myotis
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Obr. 2. Sezénna dynamika netopierov v Belianskej jaskyni v rokoch 2005 — 2008
Fig. 2. Seasonal changes in abundance of bats in the Belianska cave in 2005 — 2008
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Obr. 3. Porovnanie sezonnych zmien poc¢etnosti M. myotis a M. mystacinus/brandtii v Belianskej jaskyni
v rokoch 2005 — 2008

Fig. 3. Comparison of seasonal changes in abundance of M. myotis and M. mystacinus/brandtii in the
Belianska cave in 2005 — 2008
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a M. mystacinus/brandtii vyjadruje obr. 3. Ostatné druhy vzhladom na celkovo nizku
pocetnost’ jedincov nie je mozné z tohto hl'adiska hodnotit.

Sezénnu dynamiku M. myotis charakterizuje pozvolny narast pocetnosti od oktobra
s kulminaciou populacie vo februari az marci, v d'alSej faze nastava vyraznejsi pokles poctu
pritomnych jedincov v jaskyni, a to bud’ v priebehu aprila (rok 2007) alebo zac¢iatkom maja
(rok 2008), ¢o zrejme suvisi s ich zoskupovanim v prednej Casti jaskyne a hromadnym
odletom zo zimoviska. Podobny priebeh sezonnych zmien a formovanie agregacii netopierov
v jarnom obdobi opisuju napr. Bobakova (2002) v Harmaneckej jaskyni a Tulis (2001)
v Stratenskej jaskyni.

Netopier fuzaty/Brandtov sa objavuje na zimovisku vo vdcsich poctoch uz v priebehu
oktobra a zotrvava na fiom minimalne do aprila. Najvys§iu abundanciu pocas zimného
obdobia dosahuje populacia v obdobi od decembra do februéra (obr. 3).

V porovnani s minulym obdobim, kedy zimujuce netopiere Myotis myotis vyraznejSie
prevladali nad populaciami Myotis mystacinus/brandtii, sa v poslednych rokoch ich vzajomny
kvantitativny pomer postupne vyrovnava a v sezone 2007/08 je uz mierne vyssi v prospech
M. mystacinus/brandtii (obr. 1). Podobny stupajuci trend abundancie a pomerného zastupenia
netopiera fuzatého/Brandtovho sa zistil napr. v Deménovskej l'adovej jaskyni a Suchej jaskyni
v Nizkych Tatrach (Visnovska, 2007).

4.4. PRIESTOROVA DISTRIBUCIA NETOPIEROV

V osidleni jaskyne netopiermi pocas hibernacie sa prejavuje vyrazna stanovistna
preferencia. Na zaklade rozdielov v priestorovej distribucii, priemernej pocetnosti
a pomernom zastupeni pritomnych druhov je mozné v jaskyni rozlisit 4 zény vyskytu
netopierov (obr. 6), ktoré relativne dobre koresponduju s teplotnou zonaciou sledovanych
Casti jaskyne (tab. 2). Hranice medzi zonami tvoria priestory s prechodnym charakterom
porovnavanych charakteristik, za aké mozno oznacit Réazcestie (oddeluje zony 1 a 2),
Vysoky dom (zény 2 a 3), Dom SNP (zény 3 a 4) a Hlboky dom (zony 2 a 4). Vo vsetkych
Styroch zonach dominuja populacie druhov M. myotis a M. mystacinus/brandtii, no rozdielna
je ich priemerna pocetnost’ (obr. 7) a pomerné zastlpenie v kazdej zone (obr. 8); u ostatnych
druhov sa posudzovala frekvencia vyskytu, resp. absencia v danych priestoroch.

Zo6na 1. Takmer polovica vSetkych netopierov pritomnych v jaskyni obsadzuje pocas
zimnej sezOny priestory v prednej Casti jaskyne, a to na spristupnenom useku Vstupnej
chodby po Razcestic a najmid v trovniach nad Vstupnou chodbou mimo prehliadkovej
trasy, zahfnajucich usek Sutinova sieft — Sikmy dom a bo¢né priestory vedice k hornému
Objavnému vchodu (obr. 6). Zoéna 1 je charakteristicka najpocetnej$im vyskytom druhov
M. mystacinus/brandtii (52 % jaskynnej populacie) a M. myotis (42 % populacie) v ramci celej
jaskyne (obr. 7). Z tejto jaskynnej Casti pochadza 85 % vSetkych nalezov Myotis nattereri,
45 % nalezov Plecotus auritus a 43 % nalezov Eptesicus nilssonii. Najvacsiu koncentraciu
netopierov sme pravidelne pozorovali v bo¢nej sieni smerom k Objavnému vchodu (priemerna
teplota 3,4 °C). Netopier vel’ky bol okrem toho pocetnejsie zastupeny v poschodi zo Sutinovej
siene po Sikmy dom, kde sa poc¢as zimnej sezény udrziava vyssia a relativne stala teplota
vzduchu (priemer 4,7 — 5,1 °C) a nevyrazné pridenie vzduchu (Zelinka, 1997; tab. 2). Prave
v tejto Casti sa v jarnom obdobi nasli spominané agregacie M. myotis. NajvyraznejSiemu
vplyvu vonkajsieho prostredia v prednej Casti jaskyne st vystavené spodné useky Sutinovej
siene a Vstupna chodba, ¢o sa prejavuje vy$Sou intenzitou prudenia vzduchu, najnizSou
teplotou vzduchu (klesajucou aj pod 0 °C) a najvdésimi oscilaciami teploty v ramci celej
jaskyne (tab. 2). Tymto miestam sa nevyhybaju iba odolnejsie druhy M. mystacinus/brandtii,
E. nilssonii a P. auritus.

Zona 2. Zahria dva vystupné useky jaskyne, jeden od Razcestia cez Dom objavitelov
po Vysoky dém a druhy od Razcestia cez Dom trosiek po Hlboky doém (obr. 6). Z hl'adiska
speleoklimy tvori prechodni zénu medzi mikroklimaticky nestabilnou a chladnejSou
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Tabulka 2. Teplotné charakteristiky v jednotlivych Castiach Belianskej jaskyne. Poznamka: *Priemer zo
16 merani v 3 zimnych sezénach 2005 — 2008

Table 2. Temperature characteristics in selected parts of the Belianska Cave. Note: *Mean values
of 16 measurements in three winter seasons of 2005 — 2008

i B Teplota vzduchu / Air Temperratrul:ei[r"C] ‘
Jaskynny priestor T priemer* T min. T maix.r 7 Rbidiel ]
Cave Space T mean* T min. T max. Amplitude
| Sutinova sien (dole) 1,9 2.0 40 6,0
Vstupni chodba 2.8 05 48 53
sieft k Objavnému vchodu 3,4 0,3 4.8 4.5
?ﬁtinové sient (hore) 4,7 | 3,5 5:2 o 1.7
Sikmy dom 5.1 43 5,5 \ 12

Razcestie ' 36 | 1 50 ' 38
Dém objavitelov 46 2.8 5,5 27
Vysoky dém 7 57 47 63 | 1.6
DIhé chodba 59 5.2 6,4 12
Palmové sieit 6,0 55 6.5 1.0
Zbojnicka komora 6,1 57 66 j 0.9
Dom SNP 6.4 5.8 6,5 | 0.7
Vodopadovy dém 6,4 6,0 68 0.8

Hudobn siefi ' 6l 55 64 | 09 1
Rérovity dom 5.6 50 6,0 1.0
Biely dom 5,4 4.8 5,7 0,9

Hlboky dom 50 4.0 ss | 15
Doém trosiek 4,6 2,5 53 ‘ 2.8

prednou castou jaskyne a teplej§imi zadnymi usekmi s relativne konstantnou mikroklimou.
Priemernd teplota vzduchu tu dosahuje 3,6 az 5,7 °C (tab. 2). Uvedené priestory osidluju
rovnaké druhy ako v zone 1, no celkova abundancia netopierov je takmer o tretinu nizsia
(obr. 7). V priemere tu hibernuje 30 % spolocenstva netopierov s prevaznym zastipenim
M. mystacinus/brandtii (37 % jaskynnej populacie; 52 % podiel v zone 2) pred pocetnostou
M. myotis (23 % populacie; 38 % podiel v zone 2), bezna je tu aj pritomnost’ druhov E. nilssonii
(54 % vsetkych nalezov druhu) a P. auritus (50 % nalezov).

Zo6na 3. Minimalny pocet netopierov, celkovo iba 4 % jaskynného spolocenstva, sa zdr-
ziava na vystupnom useku prehliadkovej trasy od Vysokého domu cez Dlha chodbu a Palmo-
vu siefi po Zbojnicku komoru (Britzova sien). Takmer vylu¢ne tu nachadzame jedince M. my-
otis (5 % jaskynnej populacie; 66 % podiel v zone 3) a M. mystacinus/brandtii (3 % jaskynnej
populécie; 32 % podiel v zéne 3), no ich priemerna pocetnost’ je vel'mi nizka (obr. 7). Jedinec
podkovara malého, ktorého sme v jaskyni pozorovali koncom roku 2007, zimoval v Dlhej
chodbe. Charakteristicky je sporadicky vyskyt az absencia vecernice severskej, uchaca svet-
1ého a netopiera riasnatého. Uvedené podzemné priestory sa vyznacuju konstantnou speleoklimou
s teplotou vzduchu okolo 6,0 °C, sezonnymi vykyvmi teploty < 1 °C a minimalnym pruide-
nim vzduchu (Zelinka, 1998; tab. 2). Potencialne vhodnejsi priestor pre vyskyt netopierov
v tejto Casti jaskyne moze predstavovat’ nespristupnena sekcia od Zruteného domu cez Bal-
vanita chodbu po Stipovy dom (obr. 6), ktora sa nachadzala mimo tandardnej trasy séitania.
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Obr. 4. Jarna agregacia netopiera vel'kého (Myotis myotis) v Belianskej jaskyni. Foto: Z. Visiiovska
Fig. 4. A spring aggregation of Greater mouse-eared bat (Myotis myotis) in the Belianska Cave. Photo:

Z. Visnovska

Pri jedinej kontrole vo februari 2008 sme v Zrutenom dome zaznamenali 3 ex. M. myotis

a 4 ex. M. mystacinus/brandltii.

Zo6na 4. Zostupny tusek, ktory zahriia Dom Slovenského narodného povstania (Verbov-
szkého sieil) — Vodopadovy dom (Dém velkych vodopadov) — Hudobnu sieni — Rurovity
dom — Biely dom — hornt ¢ast” Hlbokého domu (bocny prlestor SO starym schodlskom)

vyhladava okolo 20 % vsetkych neto-
pierov, pricom eudominantnym druhom
je M. myotis (30 % jaskynnej populacie;
81 % podiel v zéne 4). Zriedkavo je za-
stapeny M. mystacinus/brandtii (8 % jas-
kynnej populacie; 18 % podiel v zone 4)
a podobne ako v zone 3 sa tymto miestam
vyhybaju druhy E. nilssonii, P. auritus
a M. nattereri. Priemerna teplota v smere
od nizsie polozenych po najvyssie poloze-
né priestory dosahuje 5,0 — 6,4 °C (tab. 2).
Relativne ustalenou mikroklimou je tento
usek podobny podmienkam v zone 3, no
vzhl'adom na prevahu sienovitych a domo-
vitych priestorov poskytuje netopierom
SirSie moznosti vyberu miesta vhodného
na hibernéciu.

Celkova distribucia. Pravdepodobne
najvyznamnej$imi faktormi, ktoré vyme-
dzujt pocetnost’ a rozmiestnenie netopie-
rov v jaskyni, su mikroklimatické pome-
ry zimoviska a morfologicky charakter
podzemnych priestorov vo vztahu k pre-

Obr. 5. Uchac svetly (Plecotus auritus). Foto: Z. Visfiov-
ska

Fig. 5. Common long-eared bat (Plecotus auritus). Photo:
Z. Visiiovska
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hliadkovej trase. Konkrétnymi miestami v jaskyni
s najvyssou koncentraciou zimujucich netopierov su
bocné nespristupnené priestory smerom k Objavné-
mu vehodu a Sikmému dému (v priemere 38 % spo-
lo¢enstva netopierov), zo spristupnenych casti je to
usek Vstupna chodba — Razcestie — Dom objavitelov
(25 % spolocenstva). Na ostatnych tsekoch su neto-
piere viac ¢i menej rozptylené. Co sa tyka priestorovej
distribucie jednotlivych druhov, priblizne 90 % popu-
lacie M. mystacinus/brandtii a takmer vSetky nélezy
druhov E. nilssonii, M. nattereri a P. auritus sa viazu
ku chladnej$im prednym castiam jaskyne (Vstupna
chodba, bo¢na sien k Objavnému vchodu) a nizsie po-
loZzenym vystupnym tsekom (Dém objavitelov, Dém
trosiek, Hlboky dom) s priemernou teplotou vzdu-
chu v rozmedzi 2 az 5 °C; do hornych zadnych par-
tif jaskyne vnikaju len sporadicky. Preferencia, resp.
tolerancia nizej teploty vzduchu pocas hibernacie
u tychto druhov je pomerne znama (Harmata, 1969;
Masing a Lutsar, 2007; Klys a Woloszyn, 2008; Siivo-
nen a Wermundsen, 2008). Ako teplomilnejsi sa javi
druh M. myotis. Hoci sa povazuje za druh s pomerne
sirokou teplotnou preferenciou (Giittinger et al., 2001;
Paksuz et al., 2007), na hibernaciu vyhladava najma
podzemné priestory s vysSou a stabilnejSou teplotou
prostredia (Harmata, 1969; Vachold, 2003; Visnovska
et al., 2007). V Belianskej jaskyni nachadza najvhod-
nejsie podmienky v relativne teplejich priestoroch
nad Vstupnou chodbou (36 % populacie), Déme ob-

Obr. 6. Mapa (A) a pozdizny rez (B) Belianskej jaskyne
s ohrani¢enim Styroch zon vyskytu netopierov na sledovanych
usekoch pozdii prehliadkovej trasy (topograficky podklad
(B): jaskyniarska skupina SSS Spisska Bela 2000, 2001)

Fig. 6. The map (A) and longitudinal section (B) of the Belianska
Cave showing the demarcation of four bat zones in observated
spaces along a visiting path (topography /B/ according to the
Speleological Group SSS Spisska Bela 2000, 2001)
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Obr. 7. Priemerna abundancia vybranych druhov a celého spolocenstva netopierov v jednotlivych zénach
jaskyne, pripadajtica na 1 kontrolu. Poznamka: Priemer z 24 kontrol za obdobie 2001 —2008)

Fig. 7. Average abundance of selected species and a bat community per one visual control in different zones
of the cave. Note: Mean values of 24 controls in 2001 — 2008
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Obr. 8. Dominancia (%) vybranych druhov netopierov v jednotlivych zonach jaskyne a v celej jaskyni.
Poznamka: Priemer z 24 kontrol za obdobie 2001 — 2008

Fig. 8. Dominance (%) of selected bat species in the different zones of the cave and in the whole cave. Note:
Mean values of 24 controls in 2001 — 2008

javitelov (15 % populacie) a na Gseku od Vodopadového domu cez Rurovity dom po Hlboky
dom (30 % populacie), v ktorych teplota vzduchu dosahuje v priemere 3,5 az 6,5 °C. Pravde-
podobne z antropogénnych pricin sa vSetky druhy netopierov vyhybaji hornému useku od
Dlhej chodby po Zbojnicku komoru (zona 3). Vzhladom na charakter priestorov s prevahou
Gizkych chodieb a nizkych sieni s minimalnym pradenim vzduchu vplyv navstevnosti (riziko
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priameho kontaktu, bezprostrednost’ rusivych vplyvov, vyssia koncentracia CO, ?) je tu zo
vsetkych sledovanych tsekov jaskyne potencialne najvyssi. Vo v§eobecnosti mozno konsta-
tovat, ze lokalne podmienky v zonach 1 a 2 vyhovuju SirSiemu spektru druhov ako v zénach 3 a 4.

4.5. VPLYV ANTROPOGENNYCH FAKTOROV
NA VYSKYT NETOPIEROV

Od roku 1882, kedy doslo k prvotnému spristupneniu cez povodny Objavny vchod, bola
jaskyna vystavena mnohym antropogénnym zasahom do vnuatorného prostredia. Koncom
roku 1882 bol umelo prerazeny dolny vchod (terajsi hlavny vchod) a niekol’kymi d’al§imi pre-
razkami vnutri jaskyne sa v roku 1885 prehliadkova trasa v smere od Razcestia zokruhovala.
Z uvedeného obdobia udava Fruwirth (1884) vnutornu teplotu jaskyne v rozpiti 6,2 — 9,0 °C;
vzapiti podotyka, ze prerazenim dolného otvoru sa pévodné vyrovnané teplotné pomery
v jaskyni narusili. ESte do konca 19. storo¢ia jaskynu vybavili elektrickym osvetlenim (Lal-
kovi¢, 2002). V rokoch 1934 — 1935 sa uskutocnili pokusy o trvalé zaladnenie vstupnych
priestorov jaskyne, od ktorych sa neskor upustilo z dovodu poskodenia kvaplovej vyzdoby
(Zelinka, 1997, 2001). Rozsiahle rekonstrukéné prace v 50. rokoch 20. storo¢ia mohli ovplyv-
nit), a tym skreslit’ realny stav vyskytu chiropterofauny v jaskyni pocas vyskumu Vacholda
(1956, 2003). Z tohto obdobia sa teplota vzduchu v jaskyni udava v rozmedzi 4,2 — 5,8 °C
(Droppa, 1959). Zmeneny charakter a mikroklima vnutorného prostredia i samotné spri-
stupnenie jaskyne mohli vyvolat’ zasadnejSie zmeny vo vyskyte chiropterofauny. Existuj
indicie, Ze v minulosti netopiere vyuzivali jaskynu nielen v zimnom obdobi, ale aj ako letny
ukryt. Dokazmi mozu byt zmienky Fruwirtha (1884) o vel'mi ¢astom vyskyte netopierov
v Belianskej jaskyni, pricom sa vyjadruje o letnom obdobi (august 1883), a stopy po guane
netopierov v chodbe medzi Sutinovou siefiou a Sikmym démom vo vstupnej ¢asti jaskyne
(Pavlar¢ik a Plu¢insky, 2002). V Sutinovej sieni sme nasli aj vacsie mnozstvo kostrovych
zvyskov patriacich druhu Myotis myotis. Zlozenie chiropterofauny v jaskynnej tanatocendze
skumal Horagek (1976). Studovany material tvorili recentné a subrecentné kostrové pozostat-
ky 376 netopierov, medzi ktorymi boli identifikované jednak druhy, ktoré sa vyskytuju v jas-
kyni aj v sucasnosti (P. auritus 147, M. myotis 99, M. nattereri 36, M. brandtii 10, M. mysta-
cinus 9), ale aj druhy, ktoré vizualnou metodou dosial’ neboli zaznamenané (M. bechsteinii
68, M. dasycneme 5, M. daubentonii 2). Kvalitativne a kvantitativne zastiipenie netopierov
v tanatocenoze celkom nezodpoveda vysledkom zimnych scitani ani poznatkom o letnom
vyskyte netopierov z oblasti Tatier (Pjencak et al., 2003), co m6ze dokumentovat’ rozdielny
charakter ekologickych faktorov (napr. klima, prostredie, potrava, vplyv antropogénnej ¢in-
nosti), podmienujtcich vyskyt jednotlivych druhov v tejto oblasti i samotnej jaskyni v dav-
nejSej minulosti v porovnani s terajSim
stavom.

V sucasnosti patri Belianska jaskyna
medzi najviac navstevované spristupnené
jaskyne na Slovensku (Gall a Nudzikova,
2006). Napriek tomu, ze je hojne navstevo-
vana aj pocas zimnej sezony, vyrazny ne-
gativny vplyv navstevnosti na vyskyt ne-
topierov zatial’ nebol preukazany. Naopak,
ich celkova pocetnost’ je zdlhodobého hla-
diska relativne stabilna, v sezone 2007/08
dokonca vyrazne stupla. Je preto dolezité
aj nad’alej dbat’ na zachovanie prijatel'nych
podmienok v zimnom obdobi, ktoré nebu-

Obr. 9. Zamaskovany uzaver Objavného vchodu
s vletovym otvorom pre netopiere. Foto: Z. Visnovska ) )
Fig. 9. Masked closing in the upper opening with outlet du mat’ nadmerny rusivy vplyv na hiber-
for bats. Photo: Z. Visiovska nujice netopiere, ako napr. obmedzenie
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rozsiahlejsich rekonstrukénych prac, pouzivania prchavych chemickych latok a organizova-
nia hudobnych podujati v obdobi hibernacie, a v neposlednom rade zabezpecit’ pravidelnu
kontrolu priechodnosti vletovych otvorov do jaskyne. Osadenie novych uzaverov v otvore
tesne nad hlavnym vchodom v roku 2000 (Zelinka, 2001) a v hornom Objavnom vchode
v roku 2003 (Izdinsky a Stanik, 2004) sa neprejavilo negativne na druhovej skladbe ani po-
¢etnosti miestnej chiropterocendzy, ¢o znamena, ze nové vletové otvory im vyhovuji (obr. 9).

5. ZAVER

Belianska jaskyna popri Alabastrovej jaskyni (Pjencak et al., 2003) predstavuje najpo-
Cetnejsie zname zimovisko netopierov v Belianskych Tatrach. Od roku 1955 sa v Belian-
skej jaskyni vizualnou metodou potvrdilo celkovo 9 druhov netopierov, v rokoch 2001
— 2008 to bolo 6 (7) druhov (tab. 1). Eudominantnymi zlozkami spolocenstva su Myotis
myotis (sezénne maxima 46 — 81 ex.) a Myotis mystacinus/brandtii (10 — 81 ex.). Pravidelne,
no v malom pocte tu zimuji Plecotus auritus (2 — 8 ex.) a Eptesicus nilssonii (1 — 4 ex.).
K zriedkavym hibernantom patria Myotis nattereri (1 — 3 ex.) a Rhinolophus hipposideros
(1 —2 ex.). Vyskyt druhu Myotis blythii na tejto lokalite bol potvrdeny iba v roku 1964 (Ga-
isler a Hanak, 1972, 1973) a v stcasnosti sa nepredpoklada. Jediny udaj o vyskyte Myotis
emarginatus z roku 1995 treba nateraz povazovat’ za otazny. Analyzou kostrovych zvySkov
z jaskynnej tanatocenozy boli dolozené druhy Myotis bechsteinii, Myotis dasycneme a Myo-
tis daubentonii (Horacek, 1976).

Z ekologického hl'adiska mozno konstatovat, ze druhovi skladbu spolocenstva netopierov
v Belianskej jaskyni tvoria prevazne chladnomilné lesné formy Myotis mystacinus,
M. brandtii, M. nattereri, Eptesicus nilssonii a Plecotus auritus. Zastupenie populacii tychto
druhov je charakteristické pre chladnej$iu dolnt polovicu jaskyne, t. j. priestory od Vstupnej
chodby cez Razcestie po uroven Vysokého, resp. Hlbokého domu, v ktorych priemerna
teplota vzduchu spravidla nepresahuje 5,5 °C. Do vyssie polozenych partii v zadnej Casti
jaskyne s vysSou a stabilnejSou teplotou prenikaju takmer vyluéne druhy, ktoré sa radia
medzi teplomilnejSie formy (Myotis myotis, Rhinolophus hipposideros).

Zintenzivnenie chiropterologického vyskumu na sledovanej lokalite v poslednych
rokoch sa ukazalo ako opodstatnené. Najmi zistenia zo sezén 1994/95 a 2007/08 poukazuju
na to, ze potencial jaskyne ako zimoviska netopierov je zrejme ovela vyssi, ako sa dosial’
predpokladalo. Dalsie pozorovania v blizkej budticnosti preukdzu, ¢i v oboch pripadoch islo
o vynimoény narast po¢tu netopierov alebo ¢i tieto zmeny maju dlhodobejsi charakter.

Pod’akovanie: Autorka d’akuje F. Bernadovicovi, R. Hlavnovi, ostatnym kolegom a dobrovol-
nikom, ktori sa spolupodielali na monitoringu netopierov, a takisto spravcovi J. Bachledovi
a pracovnikom Belianskej jaskyne za v§estranni pomoc. Za poskytnutie literarnych tda-
jov z 19. storo¢ia patri vdaka Ing. Marcelovi Lalkovicovi a za reviziu kostrového materialu
Ing. Janovi Obuchovi.
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A. Noviakova: Microscopic fungi in caves of Czech and Slovak Republics

Abstract: Saprotrophic micromycetes were studied in indoor and outdoor air and from cadavers
and invertebrate and vertebrate excrements in several caves of NP Slovak Karst and from the Czech
Republic. Airborne micromycetes in show caves did not different from non public caves. Higher
numbers of fungal spore but very low number of isolated microfungi were recorded in outdoor air
in comparison with cave air. Microfungi from bat guano heap in Palmovy haj dome (Domica Cave)
were isolated from five samples of various age using two isolation methods — dilution method
and washing technique (i.e., for isolation of micromycetes from active mycelium). Penicillium
vulpinum, Penicillium cf. glandicola and Mucor spp. were recorded as mainly occurring fungi on
marten excrements in (Domica, Gombasecka and Jasovska caves, Singliarova Abyss, Silick4 Ice
Cave) and Mortierella spp. was found on vertebrate cadavers (Domica and Gombasecka caves).

Key words: saprotrophic microscopic fungi, bat guano, indoor and outdoor air, invertebrate and
vertebrate excrements

UVOD

Mikroskopické houby se vyskytuji v jeskynich v celé fadé substrati — v jeskynnim
sedimentu, v jilovitych obrazcich na sténach jeskyni (vermikulace), v ovzdusi, ale i na veSkeré
organické hmoté, kterd se v jeskynich vyskytuje — tj. na zbytcich rostlinného materialu,
ktery se dostal do jeskyni splachem z povrchu, a na exkrementech a mrtvolach jeskynnich
zivocichti. Vysledky studia saprotrofnich mikromyceti v jeskynich Ceské republiky
uvadéji napi. Marvanova et al. (1992), Bosak a Vasatko (2001) a Novakova (2006b); studiem
mikromycetl ve slovenskych jeskynich se zabyvali Elhottova et al. (2003), Novakova (2004,
2005, 2006a, 2007), Novakova et al. (2005).

CHARAKTERISTIKA STUDOVANYCH JESKY NI

Charakteristika vétSiny sledovanych jeskyni NP Slovensky kras a Dobsinské ledové
jeskyné je uvedena v predchozi praci (Novakova, 2006a). Jasovska jeskyné, Singliarova
propast a HruSovska jeskyné se nachazeji také na tizemi NP Slovensky kras. Jasovska
jeskyné v Medzevské pahorkatiné nedaleko vychodniho okraje Jasovské planiny je tvofena
ve stiedné triasovych dolomitech a ve svétlych gutensteinskych vapencich a dolomitech.
Celkova délka jeskyné je 2811 m s vertikalnim rozpétim 55 m (Jakal, 2005). Singliarova
propast v severni Casti PleSivecké planiny v severovychodnim svahu Gerlasské skaly ma
bohatou vyzdobu a je hluboka 72 m (Anonymus, 2002 — 2007; Stankovi¢ a Horvath, 2004).
HruSovska jeskyné se nachazi na vychodnim uzemi Silické planiny nedaleko obce Hrusov
(Jakal, 2005). Vyvérovou jeskyni vytvoril podzemni tok ve wettersteinskych vapencich ve
trech urovnich, jeji délka je 780 m.
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Na tzemi Ceské republiky byly uskute¢nény odbéry v Konépruskych jeskynich (Cesky
kras), Javori¢skych jeskynich (Javofi¢sky kras), v Punkevni, Amatérské jeskyni, jeskyni
By¢i skala (Moravsky kras), v Kralové jeskyni a Jeskyni pod Kfizem (Tisnovsky kras),
v Jeskyni na Spi¢dku (kras v oblasti Supikovic) a v Jeskyni na Turoldu (Jihomoravsky kras)
(Hromas a Bilkova, 1998; Bilkova, 2007). Piehled a charakteristiku studovanych jeskyni
uvadi tab. 1.

Tab. 1. Charakteristika studovanych jeskyni Ceské republiky
Table 1. Characteristic of studied caves of the Czech Republic

- Turisticky | PFitomnost Guanové
Jeskyné G e - ¢
zpristupnéné netopyru depozity
(- : |
; ytokové jeskyné i ficky Pun- |
Pukeyiifaiyn® vytokové jeskyné podzemni ficky Pun ano 9 ne
kvy
systém horizontalnich chodeb, sini
Sloupsko-3osuvské a doéomt vyvinutych ve dvou hlavnich
, . ; p 5 o ano ano ne
jeskyné urovnich, navzajem spojenych az 100 m

hlubokymi podzemnimi propastmi

- yrazné chod| cové fil - ; ;
Jeskyné na Spicaku vyra7n'e shiidliy prdeoyeho profilnryde ano zimovisté ne
vonskych mramorech

zimovisté
Jeskyn®na Turoldu v ’eVr(nstbrvl’mnsk,ych vapermc jurského ano vlz?ctly?h e
stafi, v piirodni rezervaci vrchu Turold chranénych ‘
netopyri
£ ich. na ieiich vyvoii . |
Javoricské jeskyné vdevon?skyc va;zencnc' s RRJRIICRXFYOIL ano letni kolonie ano
se podilel potok Spranék
nejrozsahlejsi jeskynni systém CR, pod- [
Amatérska jeskyné zemni tok Punkvy, Sloupského potoka ne ne ne ‘

a Bilé vody

By¢i skala ne ano ne

geologicky starsi vytokova jeskyné
Jedovnického potoka ‘

. ;s . v centrdlni ¢asti Barrandienu na navrsi .
Konépruské jeskyné 7 . ano ? ne
Zlatého Koné

v Pacovské hofe, vytvafena rozsifo-
Chynovské jeskyné vanim puklin korozi a vymolnou ¢in- ano zimovisté ne ‘
nosti vod, mramory stfidany amfibolity

Kralova jeskyné na severovychodnim svahu Kvétnice, |
o - ne ano ne |
Jeskyné pod Kiizem svrchnédevonské vapence ‘
\
MATERIAL A METODY

Mikroskopické houby byly izolovany z odebranych vzorki jeskynniho sedimentu,
netopyfich dropinek a guana, exkrementi bezobratlych zivocichi (stejnonozci, mnohonozky,
7izaly) a obratlovcti (kuna, plch), z vermikulaci na sténdch jeskynia z nalezenych mrtvych tél
nebo koster netopyrii, Zab a plchii. Vzorky byly odebirany do sterilnich mikrotenovych sackd,
lahvicek nebo mikrozkumavek. Pro izolaci mikroskopickych hub byly pouzivany piima
izolace prenesenim malého mnozstvi odebraného substratu na izolacni médium a ziedovaci

metoda. Sabouraudiiv agar, sladinovy agar a Martiniiv agar s pudnim extraktem — vSechny
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s pridavkem bengalské cervené, streptomycinu a chloramfenikolu pro potlaceni riistu bakterii
— byly pouzivany jako izola¢ni média (Fassatiova, 1979; Garrett, 1981). Kultivace probihala
ve tmé pii teploté 25 °C. Pro izolaci mikromyceti z venkovniho a jeskynniho ovzdusi byla
pouzita sedimentaéni metoda izolace (Buttner a Stetzenbach, 1991).

Z kupy netopytiho guana v Palmovém haji (jeskyné Domica) bylo v kvétnu 2007 odebrano
pét vzorkil z riznych mist z povrchu a z vnitiku guanové kupy (viz obr. 1). Odebrané vzorky
byly pouzity pro izolaci mikroskopickych hub pomoci zfedovaci metody a promyvaci
techniky (Kreisel a Schauer, 1987).

Pfimou metodou izolace (pfenesenim malé ¢asti narostlé kolonie nebo odebiraného vzorku
na izolaéni médium na Petriho misce) a pomoci zfedovaci metody (Kreisel a Schauer, 1987)
byly izolovany mikroskopické houby z exkrementi bezobratlych (zivocichl stejnonoZei,
7izaly, mnohonozky) a obratlovcl (plch, kuna) a z nalezenych mrtvych tél netopyri, zab
a plcha.

poéty CFU v 1g suchého guana

70000

60000

50000

/]
40000
CFU

300004

20000

10000

vzorky guana

Baale> a.

Obr. 1. Vlevo: odb&rové mista — guanova kupa v Palmovém haji (Domica), vpravo: pocty CFU v 1 g suchého
guana (zied'ovaci metoda izolace)

Fig. 1. Sampling sites in bat guano heap — Palmovy haj dome, Domica Cave (left), CFU numbers per 1 g of dry
guano (right, dilution isolation method)

VYSLEDKY A DISKUSE

Ziskané hodnoty kvantitativniho zastoupeni mikromyceti v ovzdusi sledovanych jeskyni
(véetné udajii o zastoupeni mikromyceti ve vngjsim ovzdusi u slovenskych jeskyni) uvadeji
tabulky ¢. 2, 3, 4 a 5. Nejdéle byly studovany mikromycety v ovzdusi v jeskyni Domica
(véetn& Dlouhé chodby a Certovy diery) a v Ardovské jeskyni, ale ani pravidelné sledovani
od roku 2003 neukazalo zadné vyrazné ovlivnéni pocetnosti mikromycetli v ovzdusi jeskyni
zptsobené vyssi ndvstévnosti v nékterych prostorach jeskyni ve srovnani s ostatnimi, mén¢
frekventovanymi prostorami nebo s turisticky nepiistupnymi jeskynémi. Naopak v nékterych
prostorach, které jsou vzdaleny relativné daleko od vchodu do jeskyné a nejsou soucasti
pravidelnych turistickych tras (napt. Zrkadlova a Vel'ka sieii v Krasnohorské jeskyni, Biela
sieft v Dobsinské ledové jeskyni), byly zaznamenany pomérné vysoké hodnoty poctu spor
v ovzdusi. Zjisténé hodnoty poétu spor v nékterych prostorach jeskyni prekracuji pfipustnou
hranici vyskytu spor v ovzdusi budov (podle platné normy je povolena hodnota do 500 spor
v m’v vzduchu — E. Pieckova, ustni sdéleni). Ve venkovnim ovzdusi byly podle pfedpokladu
zjistény vyssi poéty spor v m’® vzduchu a souc¢asné nizsi diverzita hub nez v ovzdusi jeskyni
— napi. v jeskyni Domica bylo od roku 2003 zaznamenano v ovzdusi 76 taxond, zatimco
z venkovniho ovzdusi jen 10 taxoni.
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Tab. 2. Pocet spor v ovzdusi — jeskyné Domica a Ardovska jeskyné
Table 2. Spore numbers in air — Domica and Ardovska caves

Polet spor v m* vzduchu 1.03 11. 03 1. 04 11. 04 I. 05 11. 05 1.06 | II.06 1. 07
[ f .

venkovni ovzdusi - - - 1484,1 7,3 202,4 21.4 880,2 213,7
vchod 189,5 2273 16,8 70,2 4.5 41,6 7 14,8 35,1
Dém indickych 1614 201 | 173 84,2 776 | 109 3.6 46| 281
pagod

Domica
Palmovy haj 26,0 21,9 13,6 504,5 6,26 144.,6 3.9 3,8 38,5
Rimske kupele - - 19,2 122,7 53 17,1 25.1 46,1 50,9
Panenska chodba - - 3,2 123.,4 3,1 31,9 2,4 28,9 257
venkovni ovzdusi - = - | 26833 1020,2 770,3 203,9 | 1449.,6 | 1090,8

Domica | Vstupnd sieit = - ~ | 10649 | 15834 | 7579 | 15362 | 12550 | 716.8

Certova

diera Vel'ka sien

: 5 - 296,0 638,3 144,5 | 275,58 | 614,5 | 296,7 | 380,1
netopierov nahofe

Vel'ka sien

. 326,2 | 710,5 | 7484 | 31003 232,3 | 120,8 | 592,6 | 566,1 | 4629
netopierov dole

venkovni ovzdusi - - - - 46,3 | 9084 | 9491 888,3 | 15553
Domica ‘
Dlha za stavidlem - 120,6 - 58,2 25,5 22,6 62,5 53,5 35,8
chodba
u mfize - - - 691,5 301,4 17,2 | 210,2 71,5 | 200,8
venkovni ovzdusi - - - 1550,2 97,6 | 1985 | 654,6 | 3298 | 846,6
Vstupna chodba 328,3 63,2 | 3428 560,8 36,9 60,3 117,8 46,9 | 202,5
Hlavna chodba 526,1 105,3 139,0 611,5 31,1 104,2 157,8 52| 172,4
Ardovska
jaskyia P
Zruteny dom 1310,4 — | 14744 358,6 72,8 | 5463 196,6 | 670,8 | 1115,6
Erdésov dom = - - = - - - - 126,3
Spojovacia chodba - - - - - - - - | 24774

Pti izolaci z guanové kupy v Palmovém haji (jeskyné Domica) byly vzorky odebirdny ze
3 povrchovych mist a dale z centra kupy a z jeji baze. Vzhledem k tomu, Ze v pfedchozich
odbérech byly vzorky guana odebirany pouze z povrchovych partii — Cerstvé dropinky,
porostlé houbami a star§i amorfni hmota, tentokrate bylo studium zaméfeno na vyskyt
(zivotaschopnych) mikromycetii i z hlouby guanové kupy a porovnini, které druhy
mikromyceti se vyskytuji pfevazné jako spory a které jsou v aktivni fazi ristu. Proto byly
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Tab. 3. Pocet spor v ovzdusi — Dobsinska ledova, Krasnohorska a Jasovska jeskyné
Table 3. Spore numbers in air — Dobsinska Ice Cave, Krasnohorska Cave and Jasovska Cave

Wet spor v m* vzduchu .04 I1.04 | 1.05 | ILOS 06 11.06 = 07
‘ 7 err;kovm' ovzduéi ' - 197,4 2;0,1 - - - —
Velka sien 408,5 32,1 24,8 - - - -
Zruteny dom 474 19,2 6,4 - - - -
:,)a‘:;fvia',‘fi';ikyﬁa Ruffinyho koridor | — | 1106 | 58 - - - -
Prizemie - 473,7 96,7 - - - —
Kvaplova sien - 63,2 21,7 - - - -
Biela sien - - I 6;0,5 - - - -
venkovni ovzdusi - - 231,0 - 7844 | 479,5 -
Vstupna chodba 19,1 7,3 —
Puklinova chodba - - 67,3 - 87,7 67,5 —
V\;eil’i;y ka;ﬁ;); 7—7vrch - — 791,3 - 48,2 251 —
;:ﬁ;‘;‘:‘"“ké Velkykanon vzadu | o 256 67| -

Abonyiho dom 86,1 32,7 -
Sieft obrov -~ - 288,1 - 7194 | 3043 -
Velka sien - - 1828,3 - 194,9 | 90,2 -
Zrkadlova sien 877,5 | 504,9 -
- venkovni ovzdusi - - S 0| amsa -
Vstupni chodba = | = -] ne| an | -
Jasovska4 jaskyiia sal pro speleoterapii - - - - 11,2 12,8 =
Stary dom . ; - - - 5,6 / 58,6 -

bo¢ni chodba - - — - 69,8 99,3» ‘7 N
» Vel;kiy'id()rmﬁi - - - 7 : i 11,2 21,9 -
Jedalen - - - - 60,1 34,9 -
Husitska sien - - - ~ 61,1 | 5314 -
Guanova sien - - - - 352,0 | 17571 -

pouzivany dvé izola¢ni metody — zfedovaci, pomoci které jsou mikromycety izolovany
prevazné ze spor, a promyvaci metoda, piikteré jsou spory hub ze vzorku odstranény a izolace
probiha z pritomného mycelia. Vysledky uvadi obr. 1 a 2 —a je mozné konstatovat, ze napt. ze
vzorku G5 (na bazi kupy v centru, nejstarsi guano) bylo pomoci promyvaci metody izolace
(tzn. z ptitomného mycelia) izolovino mnohem vice mikromyceti nez pomoci klasické
ztedovaci metody.
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Tab. 4. Poet spor v ovzdusi — Gombasecka jeskyné, Silickd lednice, Singliarova propast, a Hrusovska

jeskyné

Table 4. Spore numbers in air — Gombasecka Cave, Silickd Ice Cave, Singliarova Abyss and Hrusovska

Cave

Pocet spor v m* vzduchu 1. 05 11. 05 1. 06 11. 06 1.07
venkovni ovzdusi 2004,5 - 1208,3 659,5 134,5
vstupni chodba 0 - 55,1 64,7 53,3
Herényiho sieft 18,7 - 115,7 374 1414
Rozloznikova sien 10,3 — 31,6 83,1 75,4
Gombasecka
jaskyna
Mramorova sien 173,7 - 64,2 236,8 88,8
Sien vil 69,2 132,3 198.,6
Blatista chodba — Obg&asny sifon - - 108.4 208,6 195,2
Blatista chodba — Sien bréiek - - - 231,2 115,6
venkovni ovzdusi - - 1840,6 | 14524 657,8
mustek - - 961,4 9473 411,1
Silicka Padnica =t
pod skalnim portalem — — 118.,6 919,5 138
pod skalnim portalem — B B
u velkého krapniku 1474,1 b 163,3
venkovni ovzdusi = - — — 509,0
. 1. dom - - - 3789,3
Singliarova
priepast’
2. doém - - - - 970,5
3. doém - - - - 3133,5
venkovni ovzdusi - - - - 707,2
Sien objavenia - - e - 269,3
Hrusovska |
jaskyna
chodba — 2. stacionar - - - - 462,6
Dom SSS - - - - 3224
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Tab. 5. Pocet spor v ovzdusi jeskyni Ceské republiky
Table 5. Spore numbers in cave air-caves of the Czech republic

Pocet spor v m?® vzduchu 2005 2007

Jeskyné na Spiciku Sif nadgji 876,3 =

B Balvanity dom 350,9 -

Jeskyné na Turoldu Pohadkova sii 327,6 -
Chodba k Jezernimu domu 3394,6 —

{ Chodba pied vychodem 207,6 -

‘ Javoric¢ské jeskyné —
Dom gigantt 156,3 -
Javorova chodba 7.3 10,1
Absolontiv dom 127 3,0
Imzikovo kralovstvi .- 43
Dom Pestré Jily - 0,7

Amatérska jeskyné ;(:)m Roztoka 7.8 0,8
;6m u Bilé Kasny 2149 8:7
Tiseény dom - 4,2

| Rozlehla chodba - 4,1
a)dba Samoty - 6,3 B
Pfedni dom - 36,4

i Zadni dom - 9,7

Punkevni jeskyné >U Andéla - 660,3
;/[acocha - 369,9
¥1\7/Iacocha dno - 4847
Vchod 5.4 -

1 Sloupsko-3osuvské jeskyné Sal speleoterapie 182,2 -

\ I

1 chodba pied vychodem k jeskyni Kilna 20,8 -

‘ R Spallanzaniho jeskyné 498,3 -

1 Konépruské jeskyné Maresova sifi 798,5 -
Proskav dom é9,2 -

| Dom u Varhan - 213,6

Kralova jeskyné IE——

‘ - 2062.4

' Tisnovsky dom
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Obr. 2. A, B, C, D — mikroskopické houby narostlé
na Petriho miskach pomoci zfedovaci (vlevo)
a promyvaci (vpravo) metody izolace ze vzorki
guina Gl, G2, G4 a G5, E — izolace ze vzorku
G3 — nahofe promyvaci a dole zfedovaci metoda
izolace

Fig. 2. A, B, C, D — microfungal colonies isolated
from samples G1, G2, G4, and G5 using dilution
(left) and washing (right) isolation methods, E —
sample G3 — washing (above) and dilution (below)
isolation methods




Obr. 3. A — Penicillium vulpinum, kolonie na sladinovém agaru, B, C — kolonie P. vulpinum na exkrementech
kuny v Singliarové propasti a v Jasovské jeskyni, D — kolonie Mucor spp. na kunim exkrementu (Silicka
lednice), E — kolonie Penicillium cf. glandicola na kunich exkrementech (jeskyné Domica)

Fig. 3. A — Penicillium vulpinum, colony on BWA, B, C — colonies of P. vulpinum on marten excrements
in Singliarova Abbys and Jasovska Cave, D — colonies of Mucor spp. On marten excrements (Silicka Ice
Cave), E — colony of Penicillium cf. glandicola on marten excrements (Domica Cave)

Exkrementy a mrtva téla Zivocichli pfedstavuji v jeskynich bohaty zdroj energie pro
véechny mikroorganismy véetné mikromycetii. Mikroskopické houby vytvareji mnohdy na
jejich povrchu napadné kolonie — viz obr. 3. Z exkrementti kuny bylo opakované izolovano
Penicillium cf. glandicola, které na exkrementech vytvaii modré kolonie s prstovitymi
synnematy, ale z bilych vatickovitych porosti bylo nékolikrat izolovano i Penicillium vulpinum
(Jasovska jeskyné, Singliarova propast, Gombaseckd jeskyné) a na nékterych exkrementech
byly pozorovany i vyrazné kolonie mukorovitych hub. Mortierella spp. byla izolovéna
z mrtvych tél netopyrt a plchii (Domica, Gombasecka jeskyné). Exkrementy bezobratlych
Zivocichti (zizaly, stejnonozci) vykazuji mnohem bohatsi zastoupeni mikromycett ve srovnani
s jeskynnim sedimentem a mnohdy jsou z tohoto substratu izolovany velice zajimavé druhy
mikromycett.

Podékovani. Prace byla finan¢né podporena Vyzkumnym zamérem UPB BC AV CR, v.v.i.,
(No. AV0Z60660521). Autoti dékuji pracovnikim Laboratote elektronové mikroskopie PaU
BC AV CR, v.v.i. za pfipravu preparati a pomoc pii mikroskopovani. Podékovani patii také
Méstanskému pivovaru Ceské Budéjovice za poskytnuti sladiny pro pfipravu sladinového
agaru, Spravé slovenskych jaskyn, Spravé jeskyni Ceské republiky, Romanu Mlejnkovi
a spravclim jmenovanych jeskyni za umoznéni odbéri v jeskynich, slovenskym kolegim
Lubomiru Kovacovi, Andreji Mockovi a Peterovi Cuptacikovi za veskerou pomoc pii odbéru
vzorkl a Klafe Pumprové za technickou pomoc.

417



LITERATURA

ANONYMUS 2002 — 2007. http:/www.retep.sk/jaskyne/singliar/singliar.php

Aupy, M. — BaLAk, I. — BENES, L. — Hanze, P. — Hrapiw, J. — Kovarik, M. — MLEINEK, R. — Motvcka, Z.
— OTAVA, J. — PiskuLA, M. — PoLAK, P. — SIROTEK, J. — SLOBODNIK, M. — StEFKA, L. — VASATKO, J. — ViT, J.
2000. Amatérska jeskyng. Tricet let od objevu nejvétsiho jeskynniho systému Ceské republiky. Ceska
speleologicka spolecnost, Praha.

BiLkovA, D. (Ep.) 2007 — http:/www.caves.cz.

ELHOTTOVA, D. — KRISTUFEK, V. — NOVAKOVA, A. — KOVAC, L. —Mock, A. — LUpPTACIK, P. 2003. Domica a Ardovska
jaskyfia — §tudium interakcii medzi faunou a mikroflérou. Aragomt 8, 38-40.

Hromas, J. — BiLkova, D. (Eds.) 1998. Jeskyn¢ a krasova tizemi Ceské republiky. Ptehlednd mapa 1 : 500 000
s vyfezy 1 : 100 000 a doprovodnym textem. Kartografia Praha, a. s., Praha.

JakAL, J. (Ep.) 2005. Jaskyne svetového dedi¢stva na Slovensku. Spréva slovenskych jaskyn, Liptovsky
Mikulas, 159 p.

KREISEL, H. — SCHAUER, F. 1987. Methoden des mykologischen Laboratoriums. Jena, 181 p.

NoOvAKOVA, A. 2005. Interesting and rare saprotrophic microfungi isolated from excrements and other
substrates in the Domica and Ardovska Caves. In: Tajovsky, K. — Schlaghamersky, J. — Pizl, V. (Eds.),
Contributions to Soil Zoology in Central Europe 1., 103-106.

NOVAKOVA, A. 2006a. Mikroskopické houby v Dobsinské ledové jeskyni a ve vybranych jeskynich narodniho
parku Slovensky kras. In: Bella, P. (Ed.), Vyskum, vyuzivanie a ochrana jaskyn S. Zbornik referatov,
5. vedecka konferencia s medzinarodnou Gcastou pri prilezitosti zivotného jubilea RNDr. Antona
Droppu, CSc., 26. —29. 9. 2005, Deménovska dolina, Liptovsky Mikulas, 203-210.

Novikova, A. 2006b. Mikroskopické houby Chynovské jeskyné a Jeskyné na Turoldu (Ceska republika).
In Bella, P. (Ed.), Vyskum, vyuZivanie a ochrana jaskyn 5. Zbornik referatov, 5. vedecké konferencia
s medzinarodnou ucastou pri prileZitosti zivotného jubilea RNDr. Antona Droppu, CSc., 26. — 29. 9.
2005, Deménovska dolina, Liptovsky Mikulas, 211-213.

NOVAKOVA, A. — ELHOTTOVA, D. — KRISTUFEK, V. — LUKESOVA, A. — HiLL, P. — KovA¢, L. — Mock, A.— LUPTACIK,
P. 2005. Feeding sources of invertebrates in Ardovska Cave and Domica Cave system. In Tajovsky, K
— Schlaghamersky, J. — Pizl, V. (Eds.), Contributions to Soil Zoology in Central Europe I., 107-112.

Stankovic, J. — Horvath, P. 2004. Jaskyne Slovenského krasu v Zivote Viliama Rozloznika. Speleoklub
MINOTAURUS, Roziava, 194 p.

418



http://www.retep.sk/jaskyne/singliar/singliar.php
http://www.caves.cz

SLOVENSKY KRAS , .
ACTA CARSOLOGICA SLOVACA 46/2  |419 -438| LIPTOVSKY MIKULAS 2008
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M. Sojak: Caves of Slovensky kras (Slovak Karst) region in the light of new archaeological
finds

Abstract: History of speleoarchaeological research on eastern area of Slovakia Karst and on
Kosicka Basin — Medzevska Downs. Settlement of selected caves in the region under study that
are situated within the district of six villages: 1. Jasov — Jasovska Cave and TomaSova Cave;
2. Debrad’ — Jazveci hrad Cave; 3. Moldava nad Bodvou — Mnichova diera Cave; 4. Haj — Kostrova
Cave; 5. Hrhov — Tatarska Cave, Oltarna Cave and Veterna diera nad Hrhovom Cave; 6. Borka
— Ja¢menna Cave. Oldest settlement was documented in Jasovska Cave. It is dated to the Early
Palaeolithic (the Aurignacian culture). The profile with Palaeolithic carbon layer and animal
bones was found during the excavations in the years 2004 — 2006. Neolithic settlement of the
Biikk culture is predominating. Cultural layers were revealed in Jasovska and Kostrova caves.
Apart from pottery fragments and reconstructed vessels (Jasovska Cave), animal bone, stone
chipped and polished industry and bone industry were found there. Newer finds of the Biikk-
culture pottery are from Tomagova and Jazve¢i hrad caves. Aeneolithic finds of the Baden culture
are known only from older explorations (Jasovska Cave). From the Bronze Age, Piliny-culture
settlement (Jasovsk4, and Toméasova caves), but mainly the settlement of the Kyjatice culture from
the end of Bronze Age (Jasovska, Tomasova, Kostrova caves and Veterna diera nad Hrhovom
Cave) were documented. Rooms of Kostrova Cave were used for cult practises (numerous finds
of human and animal bones, gold jewellery, bronze pin with a considerable share of iron, glass
bead). A lot of pottery fragments together with a Kyjatice-culture cup and some bronze artefacts
— two bracelets, an earring and a necklace’s spiral tube were found at Jasovska Cave in 2005. At
this cave a glass bead fragment of the Hallstatt/La Tene period (end of the 7th up to 3" cent. BC).
From the cave at Veterna diera nad Hrhovom a rare find of the emperor Commodus’s (176 — 192)
denarius is known. Settlements dated to the 13" cent. were traced at several currently excavated
caves (Jasovsk4, Tomasova and Jatmenna caves, Jazve¢i hrad Cave). Worth to mention are: an
ornamented silver ring from Jasovska Cave; a copper brass personal ornament (13* cent.?) and
a half-denarius of Ondrej II. (1205 — 1235) from Tomasova Cave; pottery fragments, an iron
knife, a horse-shoe and numerous palacobotanical finds found during older explorations from
Jaémenna Cave. Pottery fragments and iron artefacts are known also from a cultural layer in
front of the entrance to Jazve¢i hrad Cave. Substantial part of a fossilized human skull of Mongol
origin probably (G. Stibranyi sen.’s exploration) with several documented slash wounds was
found at Tatarska Cave. Majority of finds from local caves dated to the 13" cent. is connected
with the Mongol-Tatar intervention in 1241. Settlements of the Final Middle Ages and Modern
era were revealed at Mnichova diera Cave, where a profile with small carbon layers and finds
dated to the 16" — 18" cent. was discovered in its NW tunnel. The hearth layer with an isolated
pottery fragment from the 13" cent. at Oltarna Cave was dated to the same time period. Modern-
era pottery fragments were found in Ja¢menna Cave, too. In front of the Tatarska Cave a flat
decorated button from the 19" cent. with traces of gold- and silver-plating was detected. Some
caves (Jasovskd, Oltarna, Tatarska caves and Mnichova diera Cave were damaged during the
2" World War and some of them are permanently suffering amateur digging and unconscious
activities of speleologists. These are the reasons why systematic archaeological research and
effective protection of caves are necessary.
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UVOD

Uzemie Slovenského krasu a blizkeho okolia (Kosicka kotlina — Medzevska pahorkatina)
je mimoriadne bohaté na vyskyt archeologickych lokalit a poloh s ojedinelymi nalezmi.
Okrem otvorenych sidlisk vo volnom teréne ¢lovek zapojil do svojho sidliskového priestoru
aj podzemné priestory jaskyfi, z ktorych zachranené pamiatky hmotnej kultary neraz
prekvapuji (nielen odbornikov) a povysuju ti-ktor(i oblast’ na uroven eurdpskych nalezisk.
V tejto oblasti hodno spomentt jaskyfiu Domica (Kecovo), Ardovsku jaskyiiu a mnohé dalSie,
ktoré poskytli bohaty a réznorody pramenny fond prevazne z pravekého obdobia, mladse;
doby kamennej — neolitu (gemerska linearna keramika, bukovohorska kultira) a z mladsej
az neskorej doby bronzovej (kyjaticka kulttra). V jaskynnych sidliskach nechybaji ani
doklady osidlenia z mladsich Gsekov praveku az po stredovek a novovek (Sojak, 2005; Sojak
a Terray, 2006). Prikladom su najnovsie nalezy z Moldavskej jaskyne (Sojék a Terray, 2007)
alebo z jaskyne Leontina (Sojak, 2007a), ktoré okrem pravekych kultirnych horizontov
poskytli prekvapujice svedectva z ¢ias mongolsko-tatarskeho vpadu na juzné Slovensko
v roku 1241.

Aj ked podl'a zakona ¢. 543/2002 Z. z. o ochrane prirody a krajiny jaskyne predstavuju
prirodné pamiatky s osobitnou ochranou a rovnako sa na ne vztahuje zakon o ochrane
pamiatkového fondu €. 49/2002 Z. z., stavaji sa stale teréom vykradania alebo tmyselného
¢i neimyselného' poskodzovania jednotlivcami. Preto je dolezita spolupraca speleologov
a strazcov ochrany prirody s archeologmi, aby sa preskiimali najviac ohrozované casti
osidlenych jaskyn a zamedzila ¢i aspon obmedzila ich devasticia. Aj s tym cielom sa
nadviazala spolupraca s viacerymi jaskyniarskymi oblastnymi skupinami a speleoklubmi
vratane Speleoklubu Cassovia (Sojak a Mihal, 2007). V spolupraci s M. Terrayom zo
spomenutého speleoklubu sa skumali viaceré jaskyne na vychodnom okraji Slovenského krasu
a v zapadnej Casti Kosickej kotliny — v Medzevskej pahorkatine. Prierez najvyznamnejSimi
vysledkami z pohladu speleoarcheologie je sucastou predlozeného prispevku. Ten sa
zameriava predovietkym na vyber archeologickych nalezov z vybranych jaskyi skamanc¢ho
uzemia (mapa 1).

HISTORIA VYSKUMOV

Rekonstrukcia osidlenia Slovenského krasu sa opiera o vysledky prace nielen
profesionalnych archeoldgov, ale aj speleologov ¢i zaujemcov o najstarsie dejiny. Odhliadnuc
od badatelov 19. storoc¢ia (J. Nyary, A. Thalloczy, L. Kossuth, A. Scholtz; Prikryl, 1985,
89 nn.), zaujem o toto izemie z pohladu archeologie zaznamenavame medzi dvoma svetovymi
vojnami (T. Kormos, J. Eisner, J. BsShm, M. Mottlova). V povojnovych rokoch tunajsie jaskyne
skimali roziavski jaskyniari a inf zdujemcovia (L. Erd6s, J. Fabian, R. Gajda a inf), ale najmé
profesionalni archeoldgovia, ako J. Barta, L. Banesz, J. Lichardus, najnovsie L. Kaminska,
E. Mirossayova a M. Sojak (Sojak, 2005; Lalkovi¢, 2007). Spomedzi vSetkych badatelov
venoval ststavnej$iu pozornost skimanému Gizemiu G. Stibranyi st. (1909 — 2001). Popri
hlavnom zamestnani (lekarnik) venoval svoj volny ¢as propagacii kras slovenskej prirody

! Castokrat jaskyne neimyselne (z nevedomosti) poskodzuju aj samotni jaskyniari pocas speleologickych
akcii.
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Mapa 1. Situovanie skumanych jaskyii. 1 — Jasovska jaskyfa; 2 — Tomasova jaskyia; 3 — Jazveci hrad;
4 — Mnichova diera; 5 — Kostrova jaskyfia; 6 — Tatarska jaskyiia; 7 — Oltarna jaskyna; 8 — Veterna diera nad
Hrhovom; 9 — Ja¢menna jaskyia

Map 1. Situating of the caves under research. 1 — Jasovska Cave; 2 — Tomasova Cave; 3 — Jazveci hrad Cave;
4 — Mnichova diera Cave; 5 — Kostrova Cave; 6 — Tatdrska Cave; 7 — Oltarna Cave; 8 — Veterna diera nad
Hrhovom Cave; 9 — Ja¢menna Cave

(osobitne Zadielskej doliny a okolia) a davnej regiondlnej
historie (obr. 1). Blizka mu bola aj speleoarcheologia, a to
najmi vdaka tzkym kontaktom a spolupraci s viacerymi
archeolégmi z AU SAV Nitra, predovietkym s J. Bartom.
Aj jeho pri¢inenim sa osidlenie tunajsich jaskyn a celého
izemia dostalo do celkom iného svetla (Erdds, 1989, 48 —50).
Archeologicka rekonstrukcia dejin toho-ktorého izemia sa
opiera v prvom rade o systematické archeologické vyskumy,
ktoré vsak v sledovanom regione zaostavaju. Preto sa
musime opierat’ o vysledky nesystematickych prieskumov,
zachrannych exploatécii a rozsahom nevel’kych vyskumov.

ARCHEOLOGICKE NALEZY |

7Z VYBRANYCH JASKYN ;
Jasov L e L
a) Jasovska jaskyma (tiez Velka Jasovska jaskyiha, Obr. 1. G. Stibranyi st. (1909
Takacsova jaskyna, jaskyna Menyhérta Takacsa) — 2001), ktory skumal mnoh¢ jas-

kyne vychodnej ¢asti Slovenského

Jasovska jaskyna lezi v skalnom masive najvychodnej- 4 :
krasu a v Medzevskej pahorkatine

31ehf) vybezku plan_l.ny nazyvanej Jasovska s!<ala. Na seve-, Fig. 1. G. Stibranyi sen. (1909
rovychodnom okraji tejto skaly dal Karol Robert vystavat' _5(1) who explored many caves
hrad (Slivka a Vallasek, 1991, 127 — 129). Jaskynu udajne in eastern area of the Slovak Karst
objavil jeden z mnichov premonstratskeho klastora pocas and in Medzevskd Downs
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zbierania byliniek. Podl'a miestnych povesti sa tu okoliti obyvatelia ukryvali pred Tatarmi
a neskor Turkami, resp. pocas stavovskych povstani S. Bocskaya ¢i F. Rakocziho I1. (Lalko-
vi¢, 1988, 47 — 72).

Doklady viacfazového pravekého a stredovekého osidlenia v Jasovskej jaskyni zistili
J. Nyary a L. Thalloczy v roku 1878, neskor T. Kormos za spolutcasti K. Lambrechta
a K. Szombathyho a dalSich premonstratskych profesorov. Ojedinelé nalezy Stiepanych
kamennych néstrojov z vyskumu T. Kormosa z roku 1916 ukazuji (Eisner, 1933, 4; Skutil,
1938, 77 — 83), Ze jaskyiu osidlili lovei najneskor v mladom paleolite. Podl'a J. Bartu (1969,
216) revizny vyskum v roku 1955 ukazal (Lozek et al., 1957), Ze Kormosove paleolitické
nalezy pochadzaji z druhého chladnejsiecho narazu posledného zaladnenia a mozno
ich zaradit’ do strednej fazy aurignacienskej kultary. Do tejto kultury nalezy zaradili uz
T. Kormos, J. Babor a O. Kadi¢ (Skutil, 1938, 82, 83). V Jasovskej jaskyni sa pocas revizneho
vyskumu v roku 1955 podarilo zachytit' vo vrstve z poslednej doby medziladovej aj uhliky,
ktoré by mohli suvisiet s osidlenim mousterienskej kultury (Barta, 1969, 216). IntenzivnejSie
jaskynu osidlili az nositelia bukovohorskej kultury v strednom neolite. Nasledujtce osidlenie
sa spaja s eneolitickou badenskou kulturou (Eisner, 1928). Nechybaju nédlezy zo zaveru
doby bronzovej a z doby halstatskej, dalej z doby rimskej, 13. — 15. storo¢ia a z novoveku.
Z vyskumov v roku 1923 (J. Zikmund, R. Gajda) sa uvadzaju najmi pleistocénne kosti a objav
najznamejsieho spomedzi nastennych napisov — z roku 1452. Prvy odborny archeologicky
vyskum v Jasovskej jaskyni uskuto¢nil v rokoch 1924 — 1925 J. Eisner (zdroven sktmal
Obltkovu jaskytiu a Fajku). Vyskumom dolozil kulturnu vrstvu s dominantnou keramikou
bukovohorskej kultary, pre ktora navrhol oznacenie ,jasovsky typ®. Objavil aj nalezy
pilinskej, kyjatickej kultary z mladsej az neskorej doby bronzovej a z doby halStatske;.
Nalezy vytaveného Zeleza (lupy) st nepriamym dokazom najstarSich pokusov tavit’ Zeleznu
rudu a d’alej ju spractvat’ kovacskymi technikami na sklonku doby bronzovej. Z vyobrazenia
a opisu vybranych artefaktov je zrejmé, ze objavil aj ¢repy kultary s vychodnou linearnou
keramikou — skupiny Tiszadob. Okrem toho naiel v tomto regione vzacnu eneoliticku
keramiku badenskej kultiry a poCetny nalezovy inventar zo stredoveku a novoveku (Eisner,
1928, 137 — 144; 1933, 33, 89 nn.; Barta, 1978, 536 — 540; Sojak a Terray, 2007, 50 — 56).
Z vykopavok roku 1955 pochadza potinova minca s portrétom rimskeho cisara Marca
Aurelia (161 — 180). V zbierkach AU SAV Nitra su (z prieskumov J. Bartu) deponované
viaceré novoveké mince z Jasovskej jaskyne (Nalezy 2, 229). V roku 1958 nasiel S. Furin
v komine Jasovskej jaskyne (nad Jedaliiou) cizelovanym ornamentom zdobent orientalnu
dyku zo 17. storo¢ia (Barta, 1978, 539; Sojak, 2005, 111). Zachranny vyskum v roku 1978
(poc¢as budovania nového vstupu do Jasovskej jaskyne z Oblukovej jaskyne) potvrdil, Ze
povodné vrstvy boli v obidvoch priestoroch predchadzajucimi vykopmi porusené a scasti
zni¢ené. Zachranil sa subor artefaktov z neolitu, neskorej doby bronzovej, doby halstatskej
a z 13. storoc¢ia (Olexa, 1980). Z vestibulu starého vchodu Jasovskej jaskyne (obr. 2; 3) je
znamy subor nestratifikovanych nalezov od neolitu az po stredovek. Nechybaju fragmenty
keramiky z mlad$ej doby bronzovej, doby halstatskej (Mirossayova, 2004, 355, 364, obr. 7),
laténskej a rimske;.

V starom vchode Jasovskej jaskyne zaregistroval M. Terray zosuv casti profilu a jeho
poskodzovanie amatérskymi vykopmi. Preto sa v priebehu rokov 2004 az 2006 uskutocnil
kratkodoby zachranny vyskum, ktory sa zameral na preskumanie plochy obnazeného profilu
a zozbieranie vol'ne na povrchu sa vyskytujtcich ¢repov (obr. 4). Vyskumom sa zdokumen-
tovali bohaté nalezy polykultirneho charakteru, pochadzajuce zo stratigraficky rozlisenych
vrstiev (Sojak a Terray, 2007, 52 — 55). V hibke cca 120 cm od trovne povrchu sucasného jas-
kynného dna sa v Zltej pleistocénnej vrstve prislo na zvysok tenkej uhlikovej vrstvy s frag-
mentmi neur¢itelnych kosti (obr. 5). Mozno predpokladat,, ze stvisi s dolozenym aurigna-
cienskym osidlenim. Nad touto vrstvou spo¢ivala hruba kulturna vrstva cierneho sfarbenia,
s nalezmi z neolitu a z neskorej doby bronzovej. V jej spodnej Casti sa vyskytovala vyhradne
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Obr. 2. Jasov. Stary vchod Jasovskej jaskyne zvonka. Obr. 3. Jasov. Stary vchod Jasovskej jaskyne zvnutra.

Foto: M. Sojak Foto: M. Sojak
Fig. 2. Jasov. Old mouth of Jasovska Cave from the Fig. 3. Jasov. Old mouth of Jasovskd Cave from the
outside. Photo: M. Sojak inside. Photo: M. Sojak

Jasov - Jasovska jaskyna,
stary vchod

Medzevska pahorkatina
podra J. Skutila (1938) spracoval
F. Mihal, 2008.

Stara
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y

Stara
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\

Stary vchod

Obr. 4. Jasov. Nespristupnena ¢ast’ Jasovskej jaskyne s polohou starych sond (T. Kormosa z roku 1916)
a profilu skaimaného v roku 2005. Podl'a J. Skutila (1938, obr. 17) upravil F. Mihal’, 2008

Fig. 4. Jasov. Not accessible section of Jasovska Cave with old test pits (dug by T. Kormos in 1916) and the
profile explored in 2005. Arranged by F. Mihal’ (2008) after J. Skutil (1938, fig. 17)
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Obr. 5. Jasov — Jasovska jaskyna, stary vchod. Profil s dolozenymi vrstvami z pleistocénu a holocénu
(z vyskumu v roku 2005). Kresba: M. Sojak

Fig. 5. Jasov — Jasovska Cave, old cave mouth. Profile with documented Pleistocene and Holocene layers
(from the exploration in 2005). Picture: M. Sojak

keramika bukovohorskej kultary, vo vrchnej Casti premieSana s ¢repmi kyjatickej kultary.
7 obidvoch kulturnych horizontov pochéadza najmi keramika (vzhl'adom na pocetnost dosial
komplexne nespracovana), z ktorej sa zrekonstruovali Styri celé nddoby bukovohorskej kul-
tary (obr. 6: 1 — 4) a jedna tenkostenna kyjaticka Salka (obr. 7). S kyjatickou kulturou sivisia
dva rozdielne velké kruzky z bronzového drotu — naramok a nausnica (obr. 8), fragment
dalsicho naramku a §pirdlova trubicka z ndhrdelnika. Z neolitickej vrstvy je zndma aj ojedi-
nela stiepana kamenna industria. Reprezentuju ju Styri netplné cepele, dve z limnosilicitu
a dalgie dve z obsidianu. Z kostenej industrie sa na$la predpokladana Spachtla a ihla. Nad
obidvoma farebne nerozlisitelnymi pravekymi kultirnymi vrstvami sa vyskytol horizont
s nalezovym materialom zo stredoveku a novoveku. Do 13. storo¢ia mozno zaradit’ zdobeny
strieborny prstei (obr. 9) a ojedinelti keramiku. Novoveké st exemplare numizmatického
charakteru — denar Rudolfa II. (1576 — 1608) z roku 1601 a Ferdinanda II. (1619 — 1637)
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Obr. 6. Jasov — Jasovska jaskyna, stary vchod. Rekonstruovana keramika bukovohorskej kultury z preskuma-
ného profilu, rozne mierky. Foto: M. Sojak

Fig. 6. Jasov — Jasovska Cave, old cave mouth. Reconstructed pottery of the Biikk culture from the explored
profile, different scales. Photo: M. Sojak

Obr. 7. Jasov — Jasovska jaskyiia, stary vchod. Rekon-  Obr. 8. Jasov — Jasovska jaskyia, stary vchod.
Struovana $alka z preskumaného profilu (kyjaticka ~ Bronzovy naramok a nausnica z preskiimaného
kultura). Foto: M. Sojak profilu (kyjaticka kultura). Foto: M. Sojak
Fig. 7. Jasov — Jasovska Cave, old cave mouth. Fig. 8. Jasov — Jasovska Cave, old cave mouth.
Reconstructed cup of the Kyjatice culture from the  Bronze bracelet and earring of the Kyjatice culture
explored profile. Photo: M. Sojak from the explored profile. Photo: M. Sojak

Obr. 9. Jasov — Jasovska jaskyna, stary vchod.
Strieborny Stitkovy prsten (13. storocie). Foto:
M. Sojak

Fig. 9. Jasov — Jasovska Cave, old cave mouth.
Bezelled silver finger-ring (the 13" century).
Photo: M. Sojak
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z roku 1632. Spomedzi pamiatok hmot-
nej kultiry vo vrchnej vrstve sa vynima
polovica skleného koralika modrozelenej
farby s bielo-modrymi ockami. Podl’a kla-
sifikacie N. Venclovej (1990, 74 — 85) pat-
ri do skupiny variet od ¢isla 527 az 536.

nezdobené Crepy
(kyjaticka kultara)

- SN \ Tento typ koralika sa objavuje od konca
: B doby halstatskej a preziva az do strednej
> \\ 13 \\ doby laténskej (od konca 7. do 3. storocia
\ % \ pred Kristom).
Vo Osidlenie dvoch prilahlych jaskyn —

sonda do svahu,
nalez Cu ozdoby
a Pb zavazia 7

\ o Fajky a Oblukovej — kore$ponduje s nalez-
\ | miz Jasovskej jaskyne (Eisner, 1928, 138

\\ \‘ \ | —141; Barta, 1978, 539, 540; Olexa, 1980,
ibBeiaBil ‘ i 193 — 194; Sojak a Terray, 2007, 52 nn.).
Aok Fregpacki staciia arobeal; sonda b) Tomasova jaskyia (tiez TomaSova
bronzovej a z 13. tor. diera)
Lezi asi 9 km severne od Moldavy nad
/,,// Bodvou, 1 km juZne od Jasova. Jaskyna
/f/ (dlzka 136 m) ma tri vchody tesne nad

«,// rickou Bodva, ¢o za vysokého stavu vody
zapriCifuje jej zaplavovanie. Azda aj pre-
to nemohla byt v dolozenych obdobiach
dlhodobejsie osidlena (obr. 10). V doteraj-
Sej literattre je evidovana ako prechodné
sidlisko z neolitu (bukovohorska kultu-
ra), mladsej a neskorej doby bronzovej
az doby halstatskej (Barta, 1955; Erdos,
1975, 28). Z neskorsich prieskumov jasov-
skych jaskyniarov (E. Hirko, S. Furin),
L ] | dalej M. Terraya a M. Sojaka su z jaskyne
Obr. 10. Jasov — Tomasova jaskyna. Poloha objavenych zname rovnako datované nalezy prave-
archeologickych nalezov na podoryse jaskyne kych ¢repov (bukovohorska a kyjaticka
Fig. 10. Jasov — Tomasova Cave. Situation of discovered ~ kulttira) a navySe dva azitkové fragmenty
archaeological finds on the cave ground plan z predpokladane;j stariej az strednej doby
bronzovej (z okraja hrncovitej nadoby a z tela slamovanej nadoby), ako aj nalezovy mate-
rial z 13. storo¢ia a novoveku — medena ozdoba (obr. 11), érepy (obr. 12), olovené projektily
a nabojnica (Sojak a Terray, 2007, 57). Datovanie plechovej zdobenej ozdoby so zachova-
nym nitom zostava neosvetlené (13. storo¢ie?). Do stredovekého horizontu patri aj publiko-
vany nalez ojedinelej striebornej mince — poldenara Ondreja I1. (1205 — 1235) (Sojak, 2003,
37). Prekvapuje nalez okruhleho oloveného predmetu. Typologicky i surovinovo analogické
exemplare sa nasli v Moldavskej jaskyni a interpretuju sa ako zavazia; tie su v stredovekom
nalezovom prostredi na Slovensku vzacne (Hunka, 2007, 48, obr. 52).

Debrad’ — jaskyna Jazveci hrad

Jaskyfia lezi vychodne od obce nad pravym brehom Bodvy. Vytvorend je vo
wettersteinskych lagunarnych vapencoch. Vchod do jaskyne objavil roku 2004 jaskyniar
S. Danko (SSS — pracovna skupina Vychod). Spolu s dalsimi speleologmi (D. HarSanik
s manzelkou) nasledne pred jaskynou vykopali obdiznikovt sondu, ktorou prenikli do
vnutornych priestorov (dizka 25,67 m). Vnutri nasli takmer celd nddobu bukovohorske;
kultary s klasickym vyzdobnym $tylom. Podl'a objavitela (ustna informacia) sa stredoveky
nalezovy inventar z 13. storo¢ia (Crepy, Zelezné predmety a fragment spodnej kamennej
podlozky na drvenie obilia) a pravdepodobne aj dalsich 5 neolitickych zlomkov objavil pred

0

10m

Jaskyha Tomasova diera

Kosicka kotlina, Medzevska pahorkatina

Zamerali: Ing. J.Thuroczy, M.Fragner, P.Perlik
12.2.1983

oblastna skupina SSS Kosice - Jasov
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0 Scm

D iy i

Obr. 11. Jasov — Tomadova jaskyiia. Medena ozdo-  Obr. 12. Jasov — Toma3ova jaskyfia. Vyber Erepov
ba (13. storocie?). Foto: M. Sojak z 13. storo¢ia. Foto: M. Sojak

Fig. 11. Jasov — Tomasova Cave. Copper personal ~ Fig. 12. Jasov — TomaSova Cave. Selection of pottery
ornament (the 13" century?). Photo: M. Sojak fragments dated to the 13™ century. Photo: M. Sojak

vchodom na tizkej predjaskynnej ploSine, nie v jej pomerne uzkych a vlhkych priestoroch
(Sojak, v tla¢i). Roku 2007 sa uskuto¢nila obhliadka jaskyne (M. Sojék, M. Terray
a 0. Kolackovsky) s cielom overit hodnovernost’ nalezovej situacie opisanej objavitelom
(Sojak a Terray, 2007, 58). Obhliadkou sa zistilo, Ze stredoveky inventar pochadza z tenkej
kulturnej vrstvy na predjaskynnej plosinke pod 140 cm hrubou naplavenou vrstvou hliny.
Ta mohla byt na uzku plochu pred jaskyiiu naplavena z plosiny nad jaskymiou, kde sa nasli
neur¢ité zelezné zlomky a zliatky. V Ciernej kultarnej vrstve pred vchodom do jaskyne sa
v profile jaskyniarmi vykopanej sondy okrem ¢repov z 13. storocia nasli zvieracie kosti
a uhliky z niekdajsich ohnisk. KedZe je jaskyia vy¢istend od hlinitych sedimentov, pripadny
archeologicky vyskum sa moze sustredit’ na zvy$nu plochu predjaskynného kuzel'a, pripadne
na nizsie leziacu jaskynku (obr. 13), v ktorej sa vol'ne na povrchu nasiel analogicky datovany
ojedinely ¢rep (13. storocie).

Moldava nad Bodvou — Mnichova diera (tiez ,,Pap verem®)

Jaskyna lezi v bezprostrednej blizkosti
Moldavskej jaskyne vo svahu véapencovej
strane Hazalutov, v nadmorskej vySke 226 m
(obr. 14). Pomenovali ju podl'a premonstrat-
skeho mnicha, ktory v nej udajne prebyval.
Mnichovu dieru viackrat skimal G. Stibra-
nyi st. Vysledky svojich vyskumov vsak ne-
publikoval. Od roku 1987 v nej prehlbovali
dno z jaskynnych sedimentov speleologovia
z OS Kosice-Jasov. Objavili viaceré paleonto-
logické a archeologické nalezy, ktoré zaradili
do bukovohorskej kulttry (Lesinsky a Bukov-
sky, 1999, 23 — 26). J. Barta ju navstivil v ro-
koch 1962 a 1973. Archeologicky vyskum
tu nerealizoval, jaskynu pokladal za nadejna

a prikladal jej kultarno-historicky vyznam
(Barta, 1973, 86; 1984, 250). KedZe jaskyna
je dnes z vic¢Sej Casti umelo spriechodnena
odstranenim sedimentov, pripadny archeo-
logicky vyskum by mal zna¢ne obmedzeny

Obr. 13. Jasov — Jaskyiia pod Jazvec¢im hradom.
Dosial' neskumana jaskyna s ojedinelym nalezom
Erepu z 13. storocia. Foto: M. Sojak

Fig. 13. Jasov — Pod Jazve¢im hradom Cave. So far
unexplored cave with isolated find of pottery fragment
from the 13" century. Photo: M. Sojak
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rozsah a vztahoval by sa na kratky zaval
v slepej severozapadnej chodbe, ktora sa
zacina 12 m za vchodom. N4zorne na to po-
ukazuju vysledky prieskumu v roku 2007
(M. Sojak, M. Terray a O. Kolackovsky).
Okrem ojedinelych ¢repov z 15. — 16. sto-
rocia z povrchu jaskynného dna sa prave
v spominanom zavale zacistil profil s pre-
palenymi vrstvickami a so sprievodnymi
nalezmi zo 16. — 18. storo¢ia (obr. 15, 16).
Z profilu sa zachranili dva zelezné vy-
robky (pant z dveri a oko) s glazurovanou
keramikou zo 16. — 18. storocia (Sojak a
Terray, 2007, 58, 59). Z archeologického
hladiska si Mnichova diera zasluhuje po-
zornost’ aj pre zachované legendy o pobyte
pustovnika a uz uvedené spravy jaskynia-
rov o udajnych nalezoch z praveku.

Haj — Kostrova jaskyna

Nachadza sa v juhovychodnej casti Za-
dielskej tiesnavy v tazko dostupnom kra-
sovom teréne (423 m n. m., dizka 60 m).
Pomenovana je podla rozhadzanych l'ud-
zyniltra. Foto: M. Sojk skych kosti, ktoré sa poéas szkumu v rokq
Fig. 14. Moldava nad Bodvou — Mnichova diera Cave. 1955 (J. Barta, G. Stibranyi st.) nachadzali
The cave mouth from the inside. Photo: M. Sojak vol'ne na povrchu jaskynného dna. Nalezy

Obr. 14. Moldava nad Bodvou — Mnichova diera. Vchod

‘/} Jaskyna Mnichova diera
Kosicka kotlina, Medzevska pahorkatina

Zamerali: D.Vackova, G.LeSinsky, M.Horcik
K.Bukovsky, 14.11 a 17.12.1998
graficka uprava M.Terray 2008

poloha nalezov

Obr. 15. Moldava nad Bodvou — Mnichova diera. Upraveny podorys jaskyne (podla M. Terraya, 2008),
zameranej G. Lesinskym a kol. v roku 1998. Sipka ukazuje miesto nalezu prepalenych vrstiev z novoveku
Fig. 15. Moldava nad Bodvou — Mnichova diera Cave. The cave ground plan surveyed by G. Lesinsky in 1998
and fixed by M. Terray in 2008. The arrow points to explored Modern-era burnt layers
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kosti a pravekych ¢repov v uvedenom roku
podnietili archeologicky vyskum, ktory
v rokoch 1973 — 1974 uskutocnila Katedra
antropoldgie Prirodovedeckej fakulty UK
v Bratislave a KU v Prahe pod vedenim
J. Bartu (AU SAV Nitra) a M. Hanulika
(Katedra antropologie PF UK Bratislava)
(Barta, 1975, 17 — 19). V Styroch sondach
sa okrem ziskania poznatkov o vyuziti
jaskyne pocas 2. svetovej vojny dolozil
vyskyt paleontologického materialu, na-
lezov z neolitu (bukovohorska kultara)
a z mladSej az neskorej doby bronzovej
(kyjaticka kultara). V obidvoch pravekych
horizontoch prevladali ¢repy. Nechybali
ani dalSie drobné nalezy (Sojak a Terray,
2007, 62, 63). Ludské pozostatky boli
roztrisené vo vrstve s nalezmi kyjatickej
kultury, a to bez anatomického ulozenia.
DIhé¢ kosti boli idajne zdmerne rozstiepe-
né a lebky polamané. Analyzoval sa aj ar-
cheobotanicky material z bukovohorskej
1 kyjatickej vrstvy (Hajnalova a Sykorova,
1977, 113, 114).

V rokoch 2000 — 2001 zaregistroval

Podorys

o Vchod 1

G

Vchod 2

profil skimany
v roku 2006 m

Obr. 16. Moldava nad Bodvou — Mnichova diera. Profil
v SZ chodbe s prepalenymi vrstvami z novoveku. Foto:
M. Sojak

Fig. 16. Moldava nad Bodvou — Mnichova diera Cave.
The profile in the NW tunnel with Modern-era burnt
layers. Photo: M. Sojak

Kostrova jaskyna
Slovensky kras, Zadielska planina
Mapoval: E.Kladiva, R Klema, 19.11.1983

(- Vehod 2
RezA-A'

Vehod 1

Pozdizny rez 2 - 6

J - archeologicka sonda

Obr. 17. Haj — Kostrova jaskyna. Sipka ukazuje miesto profilu, skimaného v roku 2006 (mapa podla

E. Kladivu a R. Klemu, 1983)

Fig. 17. Haj — Kostrova Cave. The arrow points to the profile explored in 2006 (the map after E. Kladiva and

R. Klema, 1983)
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M. Terray v Kostrovej jaskyni nelegalne vykopy a vyskyt archeologického materialu vol'ne
na povrchu jaskynného dna a na haldach jaskynnych sedimentov. Vtedy boli objavené aj
jednoduché kruzky zo zlatého drotu (dnes stratené), ktoré nepochybne suvisia s kyjatickou
kultarou. Preto sa v roku 2006 uskuto¢nila zachranna exploatacia (obr. 17). Pocas nej sa
zozbierali vietky archeologické nalezy z povrchu dna jaskyne a v severovychodnej chodbe,
v mieste amatérskej sondy, sa zacistil profil naprie¢ jaskynou. V profile (dlzka 2,5 m, hibka
0,7 m) sa dolozili zvysky poskodenych uhlikovych vrstviciek s pomieSanym nélezovym
inventarom z pravekého obdobia. Prevladaju v flom Crepy jemnej zdobenej a GZzitkovej
keramiky bukovohorskej kultiry, menej fragmenty kyjatickej kultury z neskorej doby
bronzovej, sprevadzané ludskymi a zvieracimi kostami. S vynimkou evidentnej tenke;j
prepélenej vrstvy sa kultiirna vrstva z neolitu a doby bronzovej nedala farebne rozlisit’ Napriek
tomu bolo zretel'né, Zze v spodnej asti profilu sa vyskytoval vyhradne neoliticky nalezovy
inventar, vo vyssich polohach vrstvy premieSany s nalezmi kyjatickej kultury. Spomedzi
&repov z doby bronzovej mozno rozlisit' 3 fragmenty pilinskej kultury zo strednej az mladsej
doby bronzovej. Okrem ¢repov patri do neolitu masivny Cepelovy néz z limnosilicitu.
S kyjatickou kulturou mé stvis zlomok bronzovej ihlice s vyvalkovite ¢lenenou hlavicou
aminiatirny skleny koréalik. Kordzia ihlice prezradza, Ze bronzova surovina obsahuje zna¢nt
primes Zeleza, resp. ihlica mala pévodne Zeleznu ihlu. Typologicky analogicky exemplar
ihlice pochadza z nedalekej Jasovskej jaskyne (Eisner, 1933, tab. XXXVIII: 3). Koralik
tyrkysovej farby je zhotoveny technikou navijania, pravdepodobne rotacie. Z hladiska
typologie, materidlu, techniky vyroby a farby sa koraliky tohto typu vyskytuji od mladsej,
mozno uz strednej doby bronzovej hlavne v luzickej kulture. V Cechach dominuju v neskorej
dobe bronzovej (Venclova, 1990, 40 — 42, tab. 5: 2).

Kostrova jaskyia si zasluhuje pozornost zo strany archeoldgov z viacerych hladisk. Re-
alizacia systematického vyskumu je tu potrebna nielen na zachranu nalezov z poskodzova-
nych sedimentov, ale aj z hladiska $tadia malo znamych stranok kultovej funkcie tejto i via-
cerych jaskyi Slovenského krasu na sklonku doby bronzovej. Kedze antropologické nalezy
z predchadzajticich vyskumov su nezvestné a dosial’ neboli komplexne spracované a zverej-
nené, analyza celého suboru osteologickych nalezov z prezentovanej zachrannej exploatacie
je ziaduca. Podl'a predbezného rozboru (analyza J. Jakab, AU SAV Nitra) sa v subore (z vy-
skumu v roku 2006) identifikovali l'udské kosti minimélne z 30 jedincov. Niektoré tlomky
kosti mali podl'a vyssie uvedeného antropologa vzhl'ad prevarenych kosti. Viaceré fragmenty
z dlhych kosti kon¢atin boli ohrani¢ené lomnymi plochami po $pirdlovych zlomeninéach alebo
stopami po ohryzeni a so stopami po hrotoch koruniek zubov (!).” V analyzovanom subore sa
dolozila pritomnost l'udského plodu, kosti deti, Zien i muzov rozli¢ného veku (tab. 1).

Hrhov

a) Tatarska jaskyiia (tiez Jaskyna v Kapcovej skale, ,,Bocskorkoi-barlang™)

Tatarska jaskyfa lezi v juznych strafach planiny Horny vrch medzi obcami Zadiel
a Hrhov, nad samotou Petrov laz. V jaskyni sa nikdy neuskuto¢nil systematicky archeologicky
vyskum. Znama je vd'aka nalezom, ktoré v nej pred 2. svetovou vojnou ziskal G. Stibranyi
st. Neskor ich mal odovzdat na analyzu J. Bartovi. Dnes su vSak stratené, a preto o osidleni
Tatarskej jaskyne nevieme takmer ni¢. Vynimkou je antropologicky nélez, ktory pochadza
z domnelého hrobu tatarskeho velmoza, podla ktorého dostala jaskyna pomenovanie.
Z povodnej kostry sa dochovala podstatna cast’ dokonalo fosilizovanej lebky, ulozene;
v zbierkach SMOPaJ v Liptovskom Mikulasi (Holubek a Lesinsky, 2006, 49 — 50). Podl'a
analyzy J. Jakaba lebka patrila muZzovi, ktory zomrel vo veku medzi 50. a 60. rokom. Na
vonkajsej platni mozgovne st zretel'né stopy po vylie¢enych poraneniach (nasledky poraneni
se¢nou zbrafiou — $ablou?). Podl'a uvedeného antropologa svedci vicsina morfoskopickych
znakov o prislugnosti tohto jedinca k europidom, avsak predovsetkym spodny okraj nosového

2 Za predbeznti analyzu dakujem RNDr. J. Jakabovi, CSc., ktory pripravuje do tlace komplexnt analyzu
antropologického materialu z Kostrovej jaskyne.
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Tab. 1. H4j — Kostrova jaskyna. Analyza l'udskych kosti z vyskumu v roku 2006 (podl'a J. Jakaba,
2008)

Por. ¢. Vek Pohlavie T\Clini'mélny
pocet jedincov
R Skatula 1
| l'udsky plod = novoroden.ec (6. az 9. mesiac 5 1
vnutromaternicového vyvinu) ’
2 dieta, 4- az 6-mesacéné ? 1
3 diet’a, 2- az 3-ro¢né N 1
4 dieta, 6- a7 10-roené ? 1
3 dieta, 6- az 12-ro¢né T - —" 1
6 dieta, 13- az 16-ro¢né ? 1
7 17 az 20 rokov neurcené 1
8 20 az 30 rokov - neuréené 1
9 7 74707 ;1;56 rg)l;;);/_ o neuréené 1 I
10 40 az 50 rokov neurcené 1
1 30 az 60 rokov -  muzské I
12 vyse 50 rokov - neurcené 1
» Skatula 2
13 dieta, 2- az 4-ro¢né ? 1
14 dieta, 3- az 7-ro¢né - 774’.7 ) 1
15 diefa, 6- az 10-rocné ’ ? 1
16 diefa, 6-az 10-rocné ? 1
T dieta, 10-az 12-rocné ) 1
18 diefa, 10- a7 15-rocné B ? I
19 diefa, 10- az 15-rocné o ? |
20 15 az 20 rokov o neurcené 1
21 15 az 20 rokov a neurcené 7 1
22 16 az 20 fdkov neurcené 1
23 15 az 40 rokov neurcené 1
24 202730 rokov neurcené 1
25 30 az 40 rokov N muzské 1
26 30 a7 40 rokov B neurcené i
27 40 a7 50 rokov ’ muzské 1
28 40 az 50 rokov zenské 1
29 40 EB rokov N - neuréeflé 1
30 vyse 50 rokov zenské e
SPOLU 30

otvoru (sulcus praenasales) ma podobu typicku pre zIta rasu, t. j. pre mongolidov. Jedinec je
teda mieSancom medzi europidom a mongolidom (Sojak a Terray, 2007, 65, 66; Sojak, v tlaci).
Prieskumom jaskyne v roku 2006 (M. Sojak, M. Terray, S. Guzak) sa nasli fragmenty municie
z 2. svetovej vojny a pred jej vchodom plochy zdobeny gombik (s viditel'nym postriebrenim
a pozlatenim) z 19. storocia (obr. 18). Aj ked’ jaskyna bola poskodena pocas 2. svetovej vojny
vykopmi speleologov a d’alsimi terénnymi Gpravami, revizny archeologicky vyskum je v nej
potrebny. Overili by sa nim doklady predpokladaného polykultirneho osidlenia a mozna
spojitost’ s pobytom obyvatelov pocas mongolsko-tatarskeho vpadu v roku 1241.
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| b) Oltarna jaskyna (tiez Oltar, HV-31,
‘ Oltar-lyuk, Krankillova)

Nevel'ka jaskyfa s pomerne priestran-
nou sélou (dizka 14 m) je evidovana ako
archeologicka lokalita (Bella et al., 2007,
114, ¢. 2315). Oltarna jaskyna patri do
zoznamu jaskynnych lokalit, v ktorych
nasiel Gdajne utocisko kral’ Belo IV. so
svojou druzinou, prenasledovany mon-
golsko-tatarskymi vojskami v roku 1241
(Prikryl, 1985, 94; Dubravay, 2007). Moz~
no poznamenat, ze tradiciou je nad obcou
Hrhov — na strani zvanej Palota — dolozené
jestvovanie hradu Bela 1V. (Prikryl, 1985,

91). V roku 1978 jaskytu (spolu s G. Stib-

N | ranyim st.) navstivil J. Barta, ktory v nej

L sice neuskuto¢nil archeologicky vyskum,
Obr. 18. Hrhov — pred vchodom do Tatéarskej jaskyne. ale pokladal ju za archeologicky nadejnu
Zdobeny gombik z 19. storocia. Foto: M. Sojak (Barta, 1984, 258 — obr. 5, 260). V roku
Fig. 18. Hrhov — in front of the Tatirska Cave mouth. 1993 ju zameral J. Sykora, ktory vyhoto-
Decorated button from the 19" century. Photo: M. Sojak ] orientaény plan (ulozeny v SMOPal
v Liptovskom Mikulasi). Zhruba v stre-

de jaskyne zaznacil kruhovu sondu, vy-

‘ | kopant neznamymi amatérmi (obr. 19).
Jaskynu viackrat navstivil a fotograficky

Oltarna jaskyna

‘ Kosicka kotlina zdokumentoval M. Terray. V navrstve-
Medzevska pahorkatina Y A 1 5 1 .

‘ vk PN ‘ nych, halﬂagh ]askynn?/ch .sedlmentow,
Dokumentoval: J. Sykora, 1993 pochéadzajicich z amatérskej sondy, na-

0 3m Siel ojedinelé novoveké Crepy a mince

‘ a

‘ zo 17. — 19. storocia. Obhliadkou jaskyne

v roku 2005 sa zistilo, ze sonda bola este

viac prehibena a rozsirend. V zadistenom

i profile sa preskumali uhlikové vrstvicky

s novovekymi ¢repmi (obr. 20) a Zelezny-

mi predmetmi (klince, neurcité zlomky).

‘ V zasypovych vrstvach sa vyskytovali

pleistocénne a holocénne kosti, fragmen-

ty municie z 2. svetovej vojny (projektily,

‘ nabojnice) a ojedinely ¢rep z 13. storocia

(Sojak a Terray, 2007, 65). Vzhladom

na dolozené osidlenia, zachované historic-

‘ ké spravy a obnazenu kultirnu vrstvu je

v Oltarnej jaskyni archeologicky vyskum
nevyhnutny.

Pozdlzny rez

Obr. 19. Hrhov — Oltarna jaskyna. Zameranie
| jaskyne s polohou amatérskej sondy. Podla
‘ J. Sykoru (1993) spracoval F. Mihal’ (2008)

Fig. 19. Hrhov — Oltarna Cave. Survey of the cave
| with situation of the amateur test pit. Fixed by
‘ F. Mihal’ (2008) after J. Sykora (1993)

Spracoval: F. Mihar, 2008
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Obr. 20. Hrhov — Oltarna jaskyiia. Vyber ¢repov z vyskumu v roku 2005 (16. — 18. storocie). Foto: M. Sojak
Fig. 20. Hrhov — Oltarna Cave. Selection of pottery fragments from the exploration in 2005 (the 16" — 18"

century). Photo: M. Sojak

¢) Veterna diera nad Hrhovom (tiez
HV-32, Gorg6i sz€l-lyuk)

Podobne ako predchadzajica jaskyna,
aj tato lezi v Hornom vrchu v chotari rov-
nakej obce. Roku 1976 ju na zaklade sprav
G. Stibranyiho st. o blizSie neopisanych
nalezoch navstivil spolu s nim J. Barta
(1984,258). V citovanej literattre sa jasky-
na z pohladu archeoldgie poklada za zauji-
mav, osidlenu v blizSie neuréenom obdo-
bi praveku a vyuziti na prechodny pobyt
na konci 2. svetovej vojny. V roku 1993
ju podorysne zameral J. Sykora (pracov-
ny nacrt ulozeny v SMOPal v Liptovskom
Mikulasi). V roku 2003 nasiel M. Terray
volne na povrchu jaskynného dna dve
mince: a) Rim, Commodus (176 — 192),
Rim, denar z roku 179 (razba spolu s Mar-
com Aureliom), striebro, 17 — 17,5 mm;
b) Uhorsko, Frantisek II. Rakoczi (1703
— 1711), Kremnica, poltira z roku 1707,
med’, 21,5 — 23 mm (Sojak, 2006). V roku
2005 sa pod portalom vyhibila zistovacia
sonda (1 x 1 m), hlboka do max. 60 cm od
Girovne povrchu (obr. 21). V hibke 20 cm

Veterna diera nad Hrhovom
Kosicka kotlina
Medzevska pahorkatina
k. u. Hrhov
Dokumentoval: J. Sykora, 1993
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Spracoval: F. Mihal, 2008

Obr. 21. Hrhov — Veterna diera nad Hrhovom. Poloha
zistovacej sondy 1/05 na podoryse jaskyne. Podla
J. Sykoru (1993) spracoval F. Mihal’ (2008)

Fig. 21. Hrhov — Veterna diera nad Hrhovom Cave.
Situation of the test pit /05 on the cave ground plan.
Fixed by F. %008) after J. Sykora (1993)
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sa prislo na uhlikova vrstvi¢ku, pod ktorou sa nasli ojedinelé Gzitkové nezdobené Crepy
z doby bronzovej (kyjaticka kulttra), z nich jeden s lestenym tuhovanym povrchom. Nad
uhlikovou vrstvi¢kou sa v sypkej hnedej hline nasiel ojedinely ¢rep z pleca hrncovitej nadoby
z 13. storo¢ia a najmi novoveké Crepy, ktoré sa vyskytovali aj vol'ne na povrchu jaskynného
dna. Vyskumom sa tak blizsie zadatovalo praveké osidlenie zname uZ zo skorsich terénnych
aktivit a navyse sa ziskali nové doklady osidlenia zo stredoveku a novoveku.

Borka — Jaémenna jaskyiia (tieZ Zrnovy previs, Ovosna diera)

Jaskyiia (dizka 7 m) lezi v Hornom vrchu. Nézov dostala podla bohatého vyskytu
archeobotanickych nalezov, zachranenych v roku 1975 a 1983. Antrakotomickym rozborom
netiplného suboru sa dolozila pritomnost’ javora, brezy, liesky, ako aj zrna ja¢mena, raze
siatej, psenice, ovsa a semeno stoklasu obiln¢ho. Podl’a charakteru nalezov a morfologickych
znakov zfn sa predpoklada ich sivis s vyuzitim lokality v stredoveku (Hajnalova
a Sykorova, 1977, 114; Hajnalovéa, 1993, 128; Mirossayova, 1984, 153). Prvé archeologické
nalezy zachranil v jaskyni G. Stibranyi st. pred rokom 1973. Podl'a urcenia J. Bartu (1984,
251) patria do neolitu (bukovohorskej kultury), mladSej a neskorej doby bronzovej, doby
rimskej, stredoveku a novoveku. Zo zachrannej exploatacie M. Terraya koncom 90-tych
rokov 20. storo¢ia pochddza kolekcia medenych gombikov z novoveku (Sojak a Terray,
2007, 67, obr. 97). Zachrannym vyskumom v roku 2006 (M. Sojak, M. Terray, S. Guzéak)
sa v ¢iastoénom kamennom zavale dolozila kulturna vrstva z 13. storocia. Vo vrstve sa
nasli keramické fragmenty z hrncovitych nadob, zlomky zeleznych predmetov (podkova,
neuréitelné fragmenty) a nozik s volitovym ukoncenim hrotu Cepele (obr. 22). V zavere
jaskyne pod vyraznym portalom sa na povrchu jaskynného dna nasli tenkostenné Crepy
z novovekého obdobia.

Obr. 22. Borka — Jaémenna jaskyna. Zelezny ndz z vyskumu v roku 2006 (13. storo¢ie). Foto: M. Sojak
Fig. 22. Borka — Jaémenna Cave. Iron knife from the exploration in 2006 (the 13" century.). Photo: M. Sojak
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ZAVER

Ak neuvazujeme o moznom stredopaleolitickom osidleni Jasovskej jaskyne, prvé
rukolapné nalezy $tiepanej kamennej industrie z menovanej jaskyne pochddzaji z mladSieho
paleolitu a davaji sa do stivisu s osidlenim aurignacienskou kultarou. Azda rovnako stara je
uhlikova vrstvicka zo Starého vchodu Jasovskej jaskyne, v ktorej sa okrem uhlikov ziskali
ojedinelé, niektoré prepalené zvieracie kosti. Ich rozdrobenost vsak znemozfiuje urcit
druhové uréenie fauny. Tato paleolitickd vrstva svedéi o perspektive dalSieho vyskumu,
ktorym sa mozu ziskat dolezité poznatky o osidleni tohto izemia na pociatku mladého
paleolitu. Na zaklade doterajsich vysledkov archeologickych vyskumov stopy pritomnosti
mladopaleolitického ¢loveka sledujeme aj v nedalekej Slaninovej jaskyni (k. . obce Hgj),
kde je o nie¢o mladsie osidlenie — zo starSej fazy gravettienskej kultury (Kaminska, 1993;
Lozek, 1993). Zo vzdialenejsich jaskyn v ramci Slovenského krasu mozno spomenit
ojedinely ndlez szeletienskeho listovitého hrotu z kecovskej jaskyne Domica (Sojak, 2005),
ako aj antropologicky néalez z mladého paleolitu — zub (molar, azda zensky) z priepasti Mala
ladnica pri Silickej Brezovej (Sef¢akova, 2007, 41, 42). Popri vyssie spomenutych jaskynnych
nalezoch z Jasovskej (a Slaninovej) jaskyne mozno stopy pritomnosti mladopaleolitického
¢loveka ocakavat v jaskyniach Zadielskej doliny. Poukazuje na to ndlez patinovaného
¢epelového Skrabadla vo vstupnej Casti Zadielskeho kafionu (Barta, 1975, 18).

Prvé intenzivne osidlenie tu zaznamenavame az v neolite. Vo vychodnej asti Slovenského
krasu a v jeho okoli sa objavujii nalezy z mladsej fazy kultury s vychodnou linearnou keramikou
— skupiny Tiszadob, resp. jej lokalnej odnoze — gemerskej linearnej keramiky. Na tomto
Gizemi sa nevyskytuje ¢asto. Okrem Domice pochadzaju menej pocetné nalezy z Jasovskej
jaskyne (z horeuvedeného vyskumu J. Eisnera) a nemozno vylucit, ze aj z Kostrovej jaskyne.
Jednoznaéne to musia overit’ revizne archeologické vyskumy. Vicsina neolitickych pamiatok
sa spaja s bukovohorskou kulttrou, ktora vystriedala kultiru s vychodnou linedrnou
keramikou a scasti prevzala aj jej dediCstvo. Pocetné nalezy, vratane rekonStruovanych
nadob, st najmi z Jasovskej jaskyne, kde nechybaji ani ojedinelé artefakty Stiepanej
kamennej, brisenej a kostenej industrie. O intenzite osidlenia vypoveda nielen bohatstvo
pamiatok hmotnej kultary, ale aj hruba kultarna vrstva zo Starého vchodu Jasovskej
jaskyne. Okrem nalezov z tejto jaskyne sa bukovohorské osidlenie dolozilo predovsetkym
v Kostrovej jaskyni, dokumentované keramikou, limnosilicitovou ¢epelou, osteologickymi
i skor ziskanymi nalezmi (1973 — 1974). V pripade jaskyne Jazveci hrad nemozno s istotou
rozhodnat), ¢i sa osidlenie viazalo na predjaskynny kuZel, hreben nad jaskynou, alebo aj na
vnitorné jaskynné priestory. V jaskyni sa totiZ realizoval len speleologicky vyskum, ktorym
sa jaskyna uplne vycistila od sedimentov.

Na celom tzemi Slovenského krasu su pamiatky z eneolitu skor vynimkou. V strednom
a mladom az neskorom eneolite sa v strednej Eurdpe rozsirila badenska kultura. Vzhladom
na zosilnenie osidlenia v ramci uzemia Slovenska prekvapuje, ze jaskynnych i otvorenych
lokalit badenskej kultury v Slovenskom krase a blizkom okoli je malo a aj tie pochadzaji
7o stargich terénnych aktivit (Slavec — Mastal'na jaskyna, Jasov — jaskyiia Fajka a Jasovska
jaskyma). So zretelom na dolozené osidlenie z jej najstarsej fazy (tzv. bolerdzskej skupiny)
na otvorenom sidlisku v Zadielskych Dvornikoch — ¢asti Dvorniky (v polohe Ritkas, tiez
Hradiste) mozno v miestnych jaskyniach ocakavat’ intenzivnejSie eneolitické osidlenie
(Mirossayova, 1985, 158 — 160). Prikladom je region Spisa, kde spomedzi dolozenych
pravekych osidleni zaznamendvame v tunajsich jaskyniach prave najintenzivnejsie badenské
osidlenie (Sojak, 2007b, 71, graf 1).

V dobe bronzovej sa so star$im ako kyjatickym osidlenim stretdvame v miestnych
jaskyniach ojedinele. Okrem hajskej jaskyne Dora 1 (Sojak a Terray, 2007, 60), ale aj Jasovskej
jaskyneajaskyne Fajkastprikladom Kostrovaa Tomagovajaskyna, kde sanasliojedinelé crepy
pilinskej kultiry. Prave tvorcovia tejto kultury sa prvykrat v dobe bronzovej cielavedomejsie
sustredili aj na jaskyne Slovenského krasu a okolia. Z otvorenych nalezisk mozno najblizsie
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ndlezy pilinskej kultury spomenut’ zo Zadielskej doliny, odkial pochadza hromadny nalez
desiatich retazovite spojenych tycinkovitych naramkov z mladsej doby bronzovej (Barta
a Veliac¢ik, 1977, 36 — 41). Na podlozi pilinskej kultary sa sformovala kyjaticka kultira
(1100 — 750 pred Kristom), ktorej intenzitu osidlenia v tunajsich jaskyniach mozno prirovnat’
k osidleniu bukovohorskou kulturou. Pri existencii dolozenych viacerych otvorenych sidlisk
(vratane hradisk), pohrebisk a nalezov bronzovych predmetov z blizkeho okolia to neprekvapuje
(Budinsky-Kricka, 1963, 23 — 30; Lamiova-Schmiedlovd, 1966, 120 — 121; Siska, 1981, 290;
Lamiova-Schmiedlova a Miro§§ayova, 1991, 179, 180, 182; Mirossayova a Terray, 2006, 147
— 148). Tvorcovia kyjatickej kultary osidlili takmer vSetky horizontalne jaskyne Slovenského
krasu a vyuzili aj priepasti na kultové Gi¢ely. Azda najvyraznejsie doklady kultovych obradov
mozno sledovat’ v Kostrovej jaskyni, kde sa hromada l'udskych a zvieracich kosti vyskytuje
v kulttirnej vrstve spolu s nalezovym materidlom. Vzacny je aj nalez netplnej bronzovej
ihlice s vyraznym podielom Zeleza. Vyskyt zeleza v kulturach neskorej doby bronzovej dnes
uz nie je ziadnym prekvapenim, aj ked to nie je celkom bezny jav (Furmanek, 2004, 105 —
108). Skodou je, Ze sa stratili zlaté $perky z Kostrovej jaskyne, ktorych nalezové okolnosti
(v Sachte v ramci jaskyni) spolu so sprievodnymi pamiatkami (hlavne antropologickymi)
zvyraziuju jej kultové vyuzitie.

O osidleni z doby halstatskej (7. — 6./5. storo¢ie pred Kristom) sme informovani z inych
jaskyi — Slaninovej jaskyne, Kamennej tvare, Fajky, Oblikovej jaskyne a na ziklade
starsich nalezov z Jasovskej jaskyne (Miro$§ayova, 2004, 357; v tlaci). Poukézal som vyssie,
7e novoziskany nalez fragmentu skleného koralika (modrozelenej farby s bielo-modrymi
o¢kami) z Jasovskej jaskyne mozno datovat’ len ramcovo do doby halStatskej az strednej
doby laténskej (koniec 7. az 3. storocie pred Kristom).

Ojedinely nalez rimskeho denara z Veternej diery nad Hrhovom umoznuje predpokladat
pritomnost osidlenia z tohto obdobia v tejto i okolitych jaskyniach. Minca zatial’ nenachadza
v nalezoch z jaskyne oporu v sprievodnom, prevazne keramickom materiéli. To isté plati aj
o starSom naleze rimskej mince z Jasovskej jaskyne, ktora spolu s exemplarom z Veternej diery
nad Hrhovom dokresl'uje vyznam jaskyii Slovenského krasu a jeho blizkeho okolia pre ¢loveka
v dobe rimskej (Nalezy 1, 96, €. 261; Sojak, 2005, 110, 112; Sojak a Terray, 2003). Najblizsie
otvorené sidlisko z doby rimskej lezalo juzne od Jasovskej jaskyne v polohe Hamorka.

Vdaka nalezom z Moldavskej jaskyne (Sojak a Terray, 2007) sa dnes uz inak pozerame
na nalezy z 13. storo¢ia z mnohych slovenskych jaskyi. Do stvisu s historickymi udalostami
v roku 1241 —najazdmi mongolsko-tatarskych vojsk (Uli¢ny, 2004) — preto moZno s najvacSou
pravdepodobnostou klast aj nalezy z vchodovej ¢asti Jazvecieho hradu, z Oltarnej jaskyne
i Veternej diery nad Hrhovom. V Jaémennej jaskyni si obyvatelia doniesli so sebou aj zasoby
potravin, v tomto pripade obilia. Antropologicka charakteristika casti lebky z Tatarske;
jaskyne ukazala, ze tu mdzeme v buducnosti azda ratat” aj s antropologickymi nalezmi
cudzich dobyvatelov. Jednoznaény stvis uvedenej lebky s horizontom 13. storocia je vSak
potrebné overit’ radiokarbonovou analyzou.

Vyssie prezentované nalezy z vybranych jaskyn indikujii nielen bohaté a povicsine
polykulturne osidlenie, ale aj potrebu doslednejsej ochrany vietkych znamych i potencidlnych
speleoarcheologickych nalezisk (astejsie kontroly strazcami prirody, uzatvaranie vchodov
a pod.).
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J. Stelcl, J. Faimon, M. Komberec, P. Vesela: Advances in cave aerosol research

Abstract: Aerosols were monitored in the Cisaiska Cave/Sloup—Sosiivka Caves (Moravian
Karst, Czech Republic) and in the sites before the caves during 2004 — 2007 period. The aerosols
were polydispersive: they consisted of (1) relatively large sharp-edged fragments up to 30 um in
diameter, (2) ultrafine particles of 30 — 100 nm in diameter, and (3) aggregates of these particles.
Calcium and silicon dominated in the large particles of cave aerosol (Ca-contents were higher
in the Cisaiska Cave aerosol) whereas silicon dominated in outdoor aerosol. Carbon dominated
in ultra-fine particles. Trace metals (Zn > Cu > Pb) and minor CI, S were found in the both cave
and outdoor aerosol (higher S-content in outdoor aerosol). The stoichiometries of major/minor
elements indicate (1) calcite/silicates in cave aerosol, (2) silicates/gypsum in outdoor aerosol,
and (3) organic matter in both aerosols. The morphology and composition suggest that (1) large
particles originate by mineral/rock disintegration whereas (2) ultra-fine particles originate by
an organic matter dispergation (dead microorganism remainders, microorganisms, spores?).
A condensation (sulfur oxide vs. calcite/plagioclase reaction as an example) probably contributes
to both processes. The total weight concentrations of cave aerosols exceeded outdoor aerosol
concentrations in winter. A dispergation of cave dust probably participates in this effect. In
summer, the cave aerosol concentrations were low while outdoor aerosols were near maximum.
In contrast, the ultra-fine particle concentrations were roughly identical in both environments:
they were minimum in summer and maximum in winter. Based on the results, cave aerosol was
identified as a complex mix of (1) outdoor dragged-in aerosol and (2) a cave native aerosol. Just
a little difference between cave and outdoor aerosols somewhat questions the role of cave aerosols
as an essential factor at speleotherapy.
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INTRODUCTION

Aerosol is a multiphase system that is composed of solid/liquid particles of 1 nm — 10 um
in diameter dispersed in gas. Aerosol may be relatively time-stable due to repulsion
forces between particles resulting from their electric charge. Condensation/dispergation
and aggregation/sedimentation are the main processes leading to aerosol formation and
extinction, respectively. In continental environment, aerosol particles are primarily generated
by a dispergation of weathered rocks. The sites without vegetation are especially convenient
(Zhang et al., 2001). In addition to natural processes, aerosols can be produced by some
human activities.

Cave aerosol represents an important part of cave atmosphere: (1) it participates on
speleothem formation (Klimchouk et al., 1995) and (2) it is believed to be a factor effective
at speleotherapy (Jirka et al., 2001). 4im of the work was (1) to obtain new informations on
particle morphology and composition, (2) to compare cave and outdoor aerosols, and (3)
to identify season impact. Aerosols were monitored in the North Part of the Moravian Karst
(Czech Republic) during the period from December 2004 to April 2007. The Cisarska Cave,
Sloup—Sostivka Caves, and the sites before the both caves were chosen as monitoring sites.
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METHODS

Atmosphere was ultra-filtered under using a special apparatus assembled of (1) a probe
with membrane filter (Pragopor 11, pores 50 + 10 nm in diameter), (2) membrane vacuum
pump (KNF, N 035.1.2 AN.18, 55 L/min), and (3) gas-meter (G5 RF1, Qmax = 10 m*/hod,
15— 30 m? per filter).

Parts of the filters were carbon-coated and imaged/analyzed by electron microprobe
(CAMECA SX 100, WDX) (large particles by point-analyses, fine particles by large-spot-
analyses). Based on the SEM images, size analyzes were conducted and particle weight
concentrations were calculated. Other parts of the filter were gold-coated. They were
imaged and analyzed by high-resolution SEM (JSM 6700F JEOL) and EDX (INCA, Oxford
Instruments), respectively.

RESULTS AND DISCUSSION

Particle Morphology and Distribution

Both cave aerosol (CA in the next text) and outdoor aerosol (OA in the next text) were
polydispersive. They consisted of (1) large sharp-edged fragments (up to 30pm in diameter)
and (2) a super-fine matter (composed of near-spherical nanoparticles of 30 — 100 nm
in diameter and aggregates of the particles). Remarkable spherical ultra-fine particles
with warty surfaces composed of organic matter were observed in OA especially (in CA
only sporadically). Based on our working hypothesis, the particles could be spores of
microorganisms (Penicillium, Aspergillus?). In general, the number of particles in aerosols
increased with decreasing particle diameter. In contrast, the share of particles on total weight
concentrations increased with particle diameters. The morphologies of particles in both CA
and OA were similar.
Comparison of Cave and Outdoor Aerosols

In winter, the total weight concentrations of CA were high and exceeded the OA-
concentrations. Reasons are probably (1) a dustdispergation in cave due to intensive ventilation
and (2) no dispergation of outdoor dust due to wet/snow-covered terrain. In summer, the
concentrations were reversed: CA-concentrations were low and OA-concentrations were
high. Reasons are possibly (1) a dust dispergation in dry outdoor terrain and (2) low cave
ventilation with (a) no aerosol drawing into cave and (b) no cave dust dispergation. In contrast,
the concentrations of ultra-fine particles in the both CA and OA were at maximum in winter.
An explanation could be enhanced formation of the particles in this period and an intensive
exchange of cave and outdoor atmospheres.
Aerosol composition

Aerosol composition was variable depending on site and season. In the large particles,
calcium dominates in CA whereas silicon dominates in OA. In fact, more calcium was found
in the Cisaiska Cave aerosol in comparison to Sloup-Sostivka Cave aerosol. The reasons
could be drier Sloup-Sosiivka Caves, based on a hypothesis that part of calcium is generated
by dripwater dispergation. The stoichiometry of large particles suggests that calcite/silicates
and silicates/gypsum participate in CA and OA, respectively. Carbon with oxygen dominates
in the fine particles, which indicates an organic matter origin. Metals (Zn > Cu > Pb), sulfur,
and chlorine were found in trace/minor concentrations in the both CA and OA. In fact, CA
comprised less sulfur than OA, which indicates that CA (its part at least) is formed in cave
independently. Based on the former results, we tend to opinion that aerosol monitored in cave
is a complex mix of a dragged outdoor aerosol and a cave native aerosol.

CONCLUSIONS

«  Bothmorphology and composition indicate that large particles originate by disintegration
of minerals/rocks whereas ultra-fine particles originate by an organic matter dispergation
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(dead microorganism remainders / microorganism spores). A particle condensation based on
reaction of atmospheric gases with terrestrial dust probably contributes to the both former
processes.

«  Cave dust dispergation probably contributes to the formation of larger particles in cave
aerosol in winter

«  Dripwater dispergation possibly contributes to the enhanced calcium contents in cave
aerosol

«  Ultra-fine particles are identical in the both cave and outdoor environments. They are
probably freely exchanged and their cave content is controlled by outdoor concentrations

+  Resulting monitored cave aerosol seem to by a complex mixture of dragged outdoor
aerosol and native cave aerosol

e Just little difference in CA and OA on the both monitoring sites questions the role of
cave aerosols at speleotherapy as an essential therapeutic factor

SOUHRN

V obdobi mezi prosincem 04 a dubnem 07 byly v Cisatské jeskyni, Sloupsko-Sostivskych
jeskynich (Moravsky kras, Ceska republika) a v mistech pred obéma jeskynémi systematicky
vzorkovany atmosférické aerosoly. Jak jeskynni tak venkovni aerosoly byly polydisperzni:
skladaly se z relativné velkych ostrohrannych ¢astic (do 30 pm v priméru), nanocastic
(30 — 100 nm v praméru) a agregat nanocastic. Ve velkych ¢asticich jeskynniho aerosolu
dominoval Ca a Si (vyssi obsahy Ca byly zaznamenany v aerosolu Cisaiské jeskyné)
zatimco ve stejnych ¢asticich venkovniho aerosolu pievladal Si. Stechiometrie velkych
¢astic odpovidaly kalcitu a silikatim v jeskynnim aerosolu, resp. silikatim a sddrovci
ve venkovnim aerosolu. V nanocasticich byl jako majoritni prokazan uhlik a kyslik, coz
signalizuje pritomnost organické hmoty. Kromé agregatii nanocastic byly ve venkovnim
aerosolu (v jeskynnim aerosolu jen sporadicky) pozorovany napadné sférické castice
s bradav¢itym povrchem o priméru 300 — 500 nm slozené z organické hmoty. Podle pracovni
hypotézy by to mohly byt spory nékterych mikroorganismu. Jak v jeskynnim tak venkovnim
aerosolu byly v minoritnich/stopovych koncentracich prokazany kovy (Zn > Cu > Pb), chlor
a sira, pfiemz obsahy siry ve vnéj$im aerosolu prevySovaly obsahy v jeskynnim aerosolu.
Jak morfologie ¢astic tak jejich slozeni naznacuji, ze velké castice vznikaly dezintegraci
mineralnich fazi zatimco nanocastice vznikaly dispergaci organické hmoty (at’' uz poztstatka
odumielych organismi nebo ve formé sport). K obéma procesiim zfejmé prispiva riiznou
mérou kondenzace Castic napf. reakcemi oxida siry s prachovymi ¢asticemi (kalcit, Zivec).
V zimé prevysila celkovd hmotova koncentrace speleoaerosolu koncentraci venkovniho
aerosolu (ziejmé jako dusledek dispergace jeskynniho prachu pii zvysené ventilaci jeskyné).
V lété byla koncentrace jeskynnich aerosolti naopak minimalni, zatimco koncentrace
venkovniho aerosolu byla blizko maxima. Koncentrace jemnych ¢astic (0,5 — 1 um) byla
ve vSech prostiedich zhruba stejna s maximem v zimé. Predpokladame, ze se tyto a mensi
Castice volné vyménuji mezi jeskynnim a venkovnim prostiedi a Ze jejich koncentrace
v jeskyni je fizena aktualnimi venkovnimi koncentracemi. Na zakladé téchto poznatkt byl
vysledny jeskynni aerosol definovan jako komplikovana smés zavle¢eného vnéjsiho aerosolu
a ptvodniho jeskynniho aerosolu. Malé rozdily mezi jeskynnim a venkovnim aerosolem
zpochybnuji roli jeskynniho aerosolu jako jednoho z potencialnich lé¢ebnych faktord pri
speleoterapii.
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CAVE MICROCLIMATE IMPACT ON KARST PROCESSES:
ROLE OF CAVE VENTILATION
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J. Faimon, D. Troppova: Cave Microclimate Impact on Karst Processes: Role of Cave
Ventilation

Abstract: Cave ventilation and its impact on microclimatic parameters were studied in the Cisafska
Cave (the northern part of the Moravian Karst, Czech Republic) during 2006 — 2007 period.
Air fluxes through cave oscillated with a period of few seconds and amplitude about 0.1 m* s™".
Mean volume fluxes through the lower and higher entrances, respectively, varied from +0.10 to
~0.05m’s "' and from —0.19 to +0.07 m* s ' as outdoor temperature varied between -3.2 and 31.9 °C.
The unbalanced fluxes indicate minor additional fluxes in/out of cave. A nonlinear dependence of
air flux on outdoor temperature was found. The fluxes were lowest at 13 °C. They oscillated with
0.03 m? s~ amplitude and changed their directions. The cave ventilation, v = 0.059 hour™', and
residence time, T= 17 hours, were calculated from the maximum flux of 0.188 m*s". The residence
time value indicates that cave atmosphere should be completely exchanged during 17 hours
under these conditions and at an ideally piston flux. The cave ventilation influenced distribution
of temperature/humidity across the cave. The cave temperature varied from 8 to 14 °C near the
entrances and from 8 to 10 °C deeper in cave. Relative humidity of cave atmosphere varied in
the 75 — 95 % range near the entrances and in the 90 — 95 % range deeper in the cave. A pattern
of water condensation in cave changed with air flux direction. An extended condensation was
observed near the higher entrance in summer.

Key words: atmosphere; cave; condensation; flow direction; flux; oscillation; ventilation

INTRODUCTION

Gas levels, temperature, humidity, and some others factors (e.g., aerosol concentrations)
are important cave microclimatic parameters. CO,—concentration controls/participates in (1)
speleothem growth/dissolution, (2) a speleotherapeutic effect, and (3) a visitor health risk at
higher value. Correspondingly, Rn-concentration represents (1) a speleotherapeutic factor
and (2) an exposure risk for visitors. Temperature/humidity (1) controls a water condensation
(potential for speleothem corrosion) and (2) represents a speleotherapeutic factor. A master
process that controls all microclimatologic parameters is cave ventilation. In addition cave
geometry imposing a basic microclimatic behavior (dynamic/static caves), temperature
gradients between outdoor and cave atmospheres are driving forces.

Monitoring Site

A case study was performed in the Cisafska Cave (the north part of the Moravian Karst,
Czech Republic) in the period from 2006 to 2007. The cave is formed in Devonian Limestones
of the Macocha Formation. It has two entrances that differ by 10 m in elevation (Absolon,
1970; Faimon et al., 2006). Both entrances are equipped by steal doors, in which are open
windows of 0.04 m? area.
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METHODS

Air flow velocity was measured by standard anemometer (La Crosse EA 3000) at the door
windows. Temperature/humidity of both outdoor and cave atmospheres was measured by
digital thermometer/hygrometer (Greisinger GFTH 200). Water condensation was checked
on etalons (100 x 50 x 2 mm metal sheets) that were arranged across the cave. Extent of
condensation was estimated on a relative scale from zero to 4.

RESULTS AND DISCUSSION

Air Flow / Cave Ventilation

The monitored air fluxes ordinarily oscillated with time-period of tens seconds and
amplitude up to 0.10 m’s '. The mean volume fluxes through the lower entrance varied
from +0.10 to —0.05 m?s ' (the “+ sign” stand for the flux direction into cave) as outdoor
temperature varied from —3.2 to 31.9 °C. In the same temperature range, the fluxes through
the higher entrance varied from —0.19 to +0.07 m’s'. The air fluxes through the entrances
were unbalanced, which indicates some minor additional fluxes through some additional
cave openings. A nonlinear dependence of air flux on outdoor temperature was found. The
fluxes were suppressed at 13°C, but were not zero. They oscillated with the amplitude up
to 0.03 m’s'and changed their direction in/out of cave. Cave ventilation v = 0.059 hour
and residence time T = 17 hours were calculated, based on maximum monitored air flux of
0.188 m?s!, total cave volume of 11 500 m’ and a simple one-reservoir dynamic model. The
residence time value indicates that cave atmosphere will be fully exchanged during 17 hours
if an ideally piston flux is considered.

Cave temperature/humidity and water condensation

The ventilationinfluenced temperature/humidity distributionacross the cave. Temperature
varied in the 8 — 14 °C range near the cave entrances and in the narrower 8 — 10 °C range
deeper in cave. The cave atmosphere relative humidity varied in the 75 — 95% range near the
entrances and in the 90 — 95 % range deeper in the cave.

Intensive water condensation occurred across the cave in all seasons. A condensation
pattern changed with air flux direction. Despite the fact that water condensed rather deeper
in cave, an extended condensation was observed near the higher entrance in summer.

CONCLUSIONS

« cave ventilation is controlled by outdoor conditions (temperature)

« the dependence of air flux on outdoor temperature is nonlinear

« air flux through cave oscillates

« cave ventilation influences a distribution of cave microclimatic parameters

« air flow direction control a pattern of water condensation in cave

« outdoor atmosphere of extreme temperature/humidity may be responsible for condensation
near cave entrances

SOUHRN

V obdobi 2006 az 2007 byla v Cisaiské jeskyni (severni ¢ast Moravského krasu, Ceska
republika) studovana ventilace a jeji vlivy na mikroklimatické parametry. Proudéni vzduchu
bylo monitorovano v Grovni okének (s prufezem 0,04 m?) ve dverich dolniho a horniho
vchodu jeskyné (s vyskovym rozdilem 10 m). Objemové toky jeskyni bézné osciluji
s periodou nékolik sekund a amplitudou kolem 0.1 m* s*'. Primérné toky vzduchu dolnim
vchodem se pohybovaly v rozmezi 0.10 az — 0.05 m® s' a toky hornim vchodem v rozmezi
—0.19 az 0.07 m’s ' (zaporné znaménko udava smér proudéni ven z jeskyné) v zavislosti na
zménach venkovni teploty v rozmezi -3.2 az 31.9 °C. Toky jednotlivymi vchody nebyly
zcela vyrovnané, coz signalizuje pfisavani/inik vzduchu v nékterych pasazich jeskyné.
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Mezi primérnymi objemovymi toky a venkovni teplotou byla nalezena nelinearni zavislost.
s amplitudou az 0.03 m’s'a ob¢as ménily smér do/z jeskyné. Maximélni naméfeny tok
0.188 m’ s! byl pfepocitan na ventilaci jeskyné v = 0.059 hod ' a ¢as zadrzeni T = 17 hod. Za
danych podminek a za pfedpokladu idealniho pistového toku by se tedy jeskynni atmosféra
kompletné vyménila béhem 17 hod. Ventilace vyrazné ovliviiovala distribuci teploty/vlhkosti
napfic¢ jeskyni: Teplota kolisala od 8 do 14 °C v blizkosti vchodii a od 8 do 10 °C hloubgji
v jeskyni. Relativni vlhkost kolisala mezi 75 — 95 % blizko vchoddi a mezi 90 — 95 % dale
v jeskyni. Rozlozeni/intenzita kondenzace napfi¢ jeskyni se ménila se smérem proudéni
— k intenzivngjsi kondenzaci dochazelo hloubgji v jeskyni. Pobliz horniho vchodu byla
prokézéana rozsahla kondenzace pouze v 1été za extrémnich podminek (t ~ 32 °C).
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with Speleotherapy in the Ostrov u Macochy (Czech Republic), for broad support. The work
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Abstract: Carbon dioxide produced in soils is the main factor controlling the karst processes as
limestone dissolution or speleothems growth. On selected sites of the north part of Moravian Karst,
carbon dioxide was systematically monitored in (1) atmosphere of both tourist and closed caves
and in (2) soil profiles above the caves during one-year-period. The CO, - concentrations in soil
profiles and caves were seasonally dependent: they were high in Summer and low in Winter (near
outdoor values). Soil CO, — concentrations were positively correlated with outdoors temperatures
(R?~0.60+0.12 on average) and negatively correlated with humidity (R?~0.34+0.27). Only a little
impact of vegetation type on soil CO, production was recognized: (1) similar concentrations were
found in all types of forests (deciduous, mixed, coniferous), however, (2) somewhat higher values
were found in grass field and meadow. Cave CO, — concentrations were positively correlated with
soil concentrations. A medium correlation was found in the case of the tourist cave (R? ~ from
0.41 to 0.57) where CO, was affected by anthropogenic CO,. Higher correlation was found for
the closed cave (R” ~ 0.87 and 0.89). The achievement of a better correlation is probably spoiled
by cave ventilation and by limited rate of the CO, transport from soils to caves.

Key words: Carbon dioxide; Cave; Karst Process; Moravian Karst; Soil

INTRODUCTION

It is still little known, whether and to what extent a vegetation type can influence carbon
dioxide levels in soil profiles. The question seems to be very rational as soil CO, is produced
by degradation of the native organic matter (plant and animal residues). Because both
limestone dissolution and speleothems growth are controlled by CO, — concentrations, the
potential answer would be of interest for cavers, geochemists, and environmentalists. In fact,
the problem is somewhat complicated by some additional impacts of rainfalls (acidity),
temperatures, timber harvesting, agriculture, etc. In addition to soil CO, — production itself,
no less important question is how soil CO, controls cave CO,. Therefore, the goals of the work
were (1) to evaluate an impact of different types of vegetation on soil CO, — production and
(2) to verify how soil and cave CO, correlate with each other.

SITES AND METHODS

CO, — concentrations, temperature, and humidity were monitored in the Balcarka/
Amatérska Cave (North part of Moravian Karst) and in drill soil holes above the caves during
2006 — 2007 periods. The Balcarka Cave represents a tourist open cave with 30 — 40 000
visitors per year and with lesser depth bellow surface (about 10 — 50 m). The monitoring
sites were Objevitelsky Chimney and Velky Dom Chamber. The Amatérska Cave is an
example of a closed cave for public. It represents about 30 km of monumental corridors and
chambers. The depth bellow the surface is mostly more than 100 m. Number of visitors is less
than 100 people per year. The monitoring site was in the Za $tolou Corridor.
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The probes were drilled out in the Ahorizon of soil profile (about 25 c¢m in length and
5 c¢m in diameter) above the cave monitoring sites. Each soil probe was reinforced with
a polyethylene net and closed by a plastic cover. The monitoring sites, character of vegetation
and relation to cave are shown in Table 1.

The concentrations of CO, were measured by infrared spectrometer (IR — detektor FT
A600-CO_H linked with ALMEMO 2290-4 V5, Ahlborn, Germany). The relative humidity
and temperature of soil- and cave atmosphere were monitored by digital hydro/thermometer
(GFTH 200, Greisinger Electronic GmbH, Germany).

Table 1 Momtormg sites, vegetation type and relation to a cave

Site Vegetatlon 7j7 Cave - }
Balcarka Pasture grass field Balcarka Cave — Ob]eVltelsky Chimney }
Ostrov u Macochy Meadow meadow V Balcarka Cave — Velky Dom Chamber |
Ostrov u Macochy Forest mixed forest Balcarka Cave — Velky Dom Chamber
7 Pusty Zleb Valley deciduous forest Axnatérské?m/e —Za Stoiou CorrJorrﬁr 7
\}(;oﬁsky Spad Forest coniferous forest | Amatérska Cave — Za Stolou éorridor
RESULTS AND DISCUSSION

Soil CO,, Temperature, and Humidity

Maximum CO, —concentration, 0.45 vol. %, and highest mean value, 0.30+ 0.09 (standard
deviation) vol. %, were measured in the soil of the Balcarka Pasture Grass Field. The enhanced
values could be a consequence of an animal breeding (sheep, goats). In fact, just slightly
lower concentrations were found in the soil of the Ostrov u Macochy Meadow (0.44 vol. %
maximum, 0.23 + 0.08 vol. % on average). In other sites, the mean soil CO, — concentrations
varied from 0.18 to 0.22 vol. %, 0.20 + 0.06 vol. % on average. Just small differences were
found between the CO, — concentrations in soils of coniferous and deciduous forests. The
mean values differed in 0.02 — 0.04 vol. %. The former results suggest that the vegetation
impact on soil CO, — levels are probably lesser than it is generally assumed.

Temperatures in the shallow soil probes (—4.5 to 31.2 °C, 14.5 + 8.8 °C on average) copied
outdoor temperatures (-5 to 30 °C) and decreased under freezing point in Winter. Relative
humidity in soil probes varied from 43 to 82 % (67.0 + 9.6 % on average). The lowest values
were measured in Summer, when the soil profiles, especially A — horizon, were sun-baked.
The highest humidity was found in Fall and Spring.

Cave CO,

The mean caves CO, — concentrations were 0.14 + 0.04, 0.16 £ 0.07, and 0.24 £ 0.09 vol. %
in the Objevitelsky Chlmney, Velky Dém Chamber and Za Stolou Corridor, respectively.
They varied in a wider interval (0.08 to 0.42 vol. %) in comparison with soil CO,. The soil
CO, levels generally exceed the cave levels. However, the CO, — levels in the Amatérska Cave
(0. 12 to 0.42 vol. %) were paradoxically higher than the soil CO, — levels in corresponding
monitoring sites (from 0.12 to 0.32 vol. %, 0.20 + 0.05 vol. % on average). An additional CO,
— source in epikarst seems to be most probable explanation.

CORRELATIONS

Both soil and cave CO, — concentrations were seasonally dependent: they decreased in
Fall/Winter and increased in Spring/Summer. In soil profiles, the highest CO, —concentrations
were reached during vegetation period at an enhanced activity of the organisms participating
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in organic matter degradation. The lowest CO, — concentrations were measured in Winter
when temperature had decreased under freezing point. The reason was probably a reduction
of biological activity. Soil CO, is positively correlated with temperature; the coefficient
of determination, R?, varied from low 0.36 (Balcarka Pasture) to medium 0.78 (Amatérskéa
Coniferous Forest) with the mean value of R> ~ 0.60 + 0.12. In contrast, soil CO, is negatively
correlated with humidity even though the correlation is lower, as the mean value of
R2~0.34 + 0.27 indicates. The negative dependence is surprising; one would estimate rather
positive effect of humidity on biogenic processes.

The cave CO, — concentrations sharply decreased in Fall when outdoor temperature
decreased below cave temperature. Enhanced cave ventilation could be the reason of such
behavior. The increase of cave CO, — levels in Spring is delayed behind the soil CO, — level
increase. This is probably a consequence of a limited transport rate of CO, from soil to
cave. To evaluate some positive variations in CO, — concentrations in tourist cave, fluxes
of anthropogenic CO, must be taken into consideration (Faimon et al. 2006). In agreement
with general presumptlons cave CO, was positively correlated with soil CO,. However,
the determination coefficient was redhced by the influences listed above. On the Balcarka
Site, the determination coefficient were medium, R? ~ 0.57 (Pasture — Chimney Chamber),
R2 ~ 0.41 (Meadow — Velky Dém Chamber), and R*> ~ 0.52 (Mixed Forest — Velky Dom
Chamber). Despite the expected additional CO, source, high correlations were found in the
Amatérska Cave Sites: R? = 0.89 for Deciduous Forest/Za Stolou Corridor and R = 0.87
for Coniferous Forest/Za Stolou Corridor.

CONCLUSIONS

e Both soil and cave CO, — concentrations were seasonally dependent: they were higher in
Summer and close to outdoor values in Winter.

e Annual evolution of cave CO, — concentration was represented by a smooth line

e Annual evolution of soil CO, — concentrations was affected by stronger fluctuations

e (O, — concentrations in soils exceeded the Balcarka Cave concentrations.

. CO; — concentrations in the closed Amatérska Cave exceeded the soil concentrations.
Some external CO, — source in epikarst seems to be a best explanation.

e Soil CO, was positively correlated with temperature.

e Soil CO, was negatively correlated with humidity.

e Cave CO, was positively correlated with soil CO,. The correlation was spoiled by the
impacts of (1) cave ventilation, (2) limited rate of CO transport from soils to caves, and (3)
anthropogenic CO, — fluxes.

e A high correlatfon was found between soil CO, and Amatérska Cave CO,.

SOUHRN

Ve vybranych jeskynich severni ¢asti Moravského krasu (Amatérska jeskyné a jeskyné
Balcarka) a v pidnich sondach nad jeskynémi byl po dobu 1 roku ve 14-ti dennich intervalech
systematicky monitorovan CO,. Cilem prace bylo (1) vyhodnotit vliv odlisnych typi
vegeta¢niho pokryvu na produkci CO, a (2) korelovat pidni CO, s jeskynnim CO,.

Koncentrace CO, v pidnich profilech i v jeskynni atmosfere byly vyrazné sezoné
zavislé — vysoké v 1ét& a nizké v zim&. Vysoké koncentrace v pidach béhem letnich mésic
ziejmé souvisi s vrcholicim vegetadnim obdobim a se zvy$enou aktivitou mikroorganismdi
podilejicich se na degradaci organické hmoty. Nizké koncentrace pidniho CO, v zimnim
obdobi jsou naopak diisledkem zpomaleni biogennich procest pfinizkych teplotach. Na rozdil

od lokality Balcarka, kde koncentrace ptidniho CO, pievySovaly koncentrace v jeskyni,
v Amatérské jeskyni byly koncentrace piekvapivé \-/yééi, nez v monitorovanych pudach.
Pfijatelnym vysvétlenim mize byt existence paralelniho (a monitoringem nezastizen¢ho)
zdroje CO, v epikrasu. Vyvoj koncentraci CO, v jeskynni atmosféfe byl reprezentovan
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pomérné hladkymi ktivkami bez velkych lokalnich vykyvi, zatimco v pidnim profilu
dochazelo béhem roku k vétsim fluktuacim.

Koncentrace CO, v pidnich profilech byly pozitivné korelovany s venkovni teplotou
a negativné korelovany s padni vlhkosti. VlIiv vegetace na produkcei piidniho CO, byl jen
maly: v lesnich piidach byly koncentrace obdobné bez ohledu na fakt, zda se Jedna o les
listnaty, smieny nebo jehli¢naty. Tyto koncentrace vsak byly vesmés lehce prevySovany
koncentracemi CO, v pudach na louce/pastving.

Vysoky stupeni korelace vykazovaly koncentrace CO, v Amatérské jeskyni (lokalita

Za stolou) a v padach listnatého/jehli¢natého lesa nad jeskyni. Niz3i korelace byla nalezena
mezi koncentracemi CO, v jeskyni Balcarka a v piislusnych piidach. Dosazeni t€sn¢jsi
korelace zfejmé brani (1) ventilace jeskyné, (2) limitovana rychlost transportu CO, z ptid do
jeskyné a (3) antropogenni toky CO,.
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Landscape Protection of the Czech Republic and employees of The Cave Administration in
Blansko for wide support. The presented work was supported by the MSM0021622412 grants
of Ministry of Education, Youth and Sports of Czech Republic.

REFERENCES

FaiMon, J. — SteLct, J. — Sas, D. 2006. Anthropogenic CO, — flux into cave atmosphere and its environmental
impact: A case study in the Cisafska Cave (Moravian Karst, Czech Republic). Science of the Total
Environment 369, 231-245 (Elsevier).

450



SLOVENSKY KRAS , .
ACTA CARSOLOGICA SLOVACA 46/2 | 451 -455| LIPTOVSKY MIKULAS 2008

RECENZIE-REVIEWS

SZEKELY, K. : KESSLER HUBERT A BARLANGKUTATO
Josvafd, 2008, 158 s. ISBN 978-963-87082-6-7

Vplyvom priaznivych okolnosti sa v priebe-
hu 20. storo¢ia v madarskom jaskyniarstve vyrazne
presadili dve osobnosti. Prvou je Ottokar Kadi¢, vSe-
obecne povazovany za otca madarského jaskyniar-
stva. Dalsiu osobnost predstavuje Hubert Kessler,
speleolog a v dejinach jaskyne Baradla jej najuspes-
nejsi riaditel. Z takéhoto aspektu sa publikdcia ma-
drarskej badatel’ky, ktora sa dlhodobo zaobera histo-
riou mad’arského jaskyniarstva, orientuje na osobnost’
H. Kesslera, aby v intenciach svojho zameru priblizila
charakter speleologickej ¢innosti ako dominantnej
zlozky jeho plodného Zivota.

Tomuto zameru zodpoveda aj celkova skladba
publikacie. Jej uvodnu ¢ast’ tvori predslov G. Sala- KESSLER HUBERT
mona, riaditela Narodného parku Aggtelek, ked’ze a barlangkutatd
tato institucia zabezpecila jej vydanie. Za tym nasle-
duje vlastny Gvod, ktory objasiiuje zmysel a podstatu
publikécie. Taziskovou ¢astou st kapitoly, v ktorych Székely Kinga
sa autorka prostrednictvom zachovaného dokumen-
ta¢ného materialu, osobnych spomienok a pocetnych _
fotografii usiluje priblizit vyznamné tGseky Kessle-
rovho jaskyniarskeho Zivota. Zavere¢na cast’ publikacie ma bibliograficky charakter. Popri biblio-
grafii prac H. Kesslera, obsahuje aj supis prac, ktoré sa zaoberajl jeho ¢innostou.

V takto vymedzenych intenciach autorka sa najprv venuje rodinnym vztahom. H. Kessler
pochadzal zo sedmohradskej saskej rodiny a detstvo prezil v roznych castiach Uhorska. UZ prva
manzelka, amatérska vytvarnicka, stala sa aktivnou uastnickou jeho vtedajsich jaskyniarskych
vychadzok ¢i inych podujati. Aj druhé manzelka, turistka, zapadla do jaskyniarskeho diania
a bola mu oporou az do poslednych chvil’ jeho Zivota. Z Casti, ktora sa tyka univerzitnych Stu-
dii a pracovného posobenia H. Kesslera, vyplyva, Ze $tadium na Technickej univerzite v Buda-
pesti absolvoval roku 1932 a §tidium na Univerzite vied roku 1936. Tu o dva roky neskor obhajil
dizertaénl pracu so zameranim na hydrografiu Aggtelekského jaskynného systému. V rokoch
1935 — 1944 zastaval post riaditela jaskyne Baradla. V povojnovom obdobi posobil v Hydro-
logickom ustave, kde riadil oddelenie krasovej hydrologie. Potom az do odchodu na dochodok
v roku 1972 pracoval ako hydrolog podniku Alutrgszt. V déchodkovom veku posobil ako odborny
poradca Uradu ochrany prirody a roku 1975 na kratky ¢as prijal funkciu prvého riaditela Spele-
ologického tstavu.

Obsahom najrozsiahlej$ia ¢ast’ V sluzbe Baradly si vima jeho tunajsie tc¢inkovanie. Kessler
sa uz zaciatkom tridsiatych rokov zacal venovat prieskumnym pracam a pod jeho vedenim sa
tu vykonaval prieskum na viacerych miestach jaskyne. V auguste 1932 tato ¢innost’ vyustila
do prekonania sifénu medzi Domicou a Baradlou a potvrdenia spojenia oboch jaskyi. Ako
riaditel’ jaskyne sa zaslzil o jej povznesenie, zavedenie elektrického osvetlenia do aggtelekského
a josvafoského useku, vybudovanie navitevnej trasy v useku medzi Voros-to a Josvafo. S jeho
uéinkovanim savisi aj iprava vonkajsicho arealu pri vehode do jaskyne pri Aggteleku a Josvafo.
Dalsiu, rozsahom krat$iu ¢ast’ venuje autorka menej znadmej Kesslerovej horolezeckej ¢innosti.
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V ¢&asti Jaskyniar zase rozobera jeho zaujem o jaskyne od prvého vyznamného Gspechu — zostupu
do dovtedy nezdolanych priepasti Dolného vrchu v roku 1927, cez objav jaskyne Szeml6-hegyi
roku 1930 a jaskyne Ferenc-hegyi roku 1933 v Budapesti ¢i ¢innost’ v inych jaskyniach. Konkrétne
ide o posobenie v sedmohradskych jaskyniach v rokoch 1941 — 1942, prieskum Zvonivej jamy na
Plesivskej planine v Slovenskom krase roku 1943 a ¢innost’ v povojnovom obdobi. Popri pracach
v Kossuthovej jaskyni sa tyka prieskumu zavodnenych chodieb spojenych so snahou o prekonanie
sifonov vo viacerych jaskyniach.

Sirka jaskyniarskeho zdberu priviedla Kesslera k tomu, Ze sa zacal zaoberat’ problematikou
vzniku priepasti, hydrografiou aggtelekskej jaskyne a inou odbornou ¢innostou, o ¢om sa piSe
v Gasti Odbornik na jaskyne. Patri sem aj speleologicka expertizna ¢innost, ktorej sa venoval
najmi v poslednych desatrociach svojho Zivota. S tymito aktivitami stvisi aj navrh na zriadenie
Speleologického institutu, ktory vznikol v Budapesti roku 1957 ¢i navrh na zriadenie komisie pre
speleoterapiu pri UIS. Komisia vznikla na 5. medzinarodnom speleologickom kongrese v Stutt-
garte roku 1969 a Kessler az do roku 1988 zastaval post jej tajomnika. Aktivity, ktoré sa tykaju
vyuzivania jaskyii su obsiahnuté v d’alSej ¢asti publikacie. Okrem skiimania moznosti tazby fos-
fatovych jaskynnych sedimentov v sedmohradskych jaskyniach, Kessler sa zasluzil o vybudo-
vanie okruznej plavby v jazernej jaskyni Tapocai-tavasbarlang. K dal§im aktivitdm patri Gsilie
o spristupnenie jaskyne Szemld-hegyi, kde sam odborne usmeriioval spristupfiovacie prace, ktoré
sa vplyvom roznych okolnosti zacali az v roku 1970. S jeho osobou stvisi aj otvorenie kiipelne;
jaskyne pri Miskolctapolca v roku 1959 a nerealizovany navrh na liecebné vyuzivanie jaskyne
Gellért-hegyi-aragonitbarlang.

Do kontextu Kesslerovych aktivit spada aj hydrologicka ¢innost, ktora suvisela s hospodar-
skym vyuzitim krasovych vod. I§lo o problematiku zasobovania rozvijajlicich sa miest vodou
(Héviz, Tatabanya, Miskolc), terénneho vyskumu prameiov a ich celostatnej evidencie, vertikal-
neho presakovania zrazok nad jaskynami Pal-volgyi-barlang a Baradla. Zaslazil sa aj o zaloZenie
pozorovacej stanice v jaskyni Gellérthegyi roku 1962 s cielom poznania budinskych termalnych
prameiiov, ¢o v kone¢nom dosledku viedlo k vyuzitiu dovtedy unikajucich vod na kupelné ucely.
V roku 1958 sa s dalsimi odbornikmi zaoberal aj rieSenim zasobovania albdnskej Tirany pitnou
vodou.

Dalsou Gastou publikécie su Kesslerove spolocenské aktivity a uznania. V roku 1926 patril
k zakladajicim ¢lenom Madarskej speleologickej spolo¢nosti a aktivnu tlohu zohral aj pri
zakladani Madarskej spolo¢nosti pre vyskum krasu a jaskyn v roku 1958, kde neskor posobil
ako jej ¢estny predseda. V Madarskej hydrologickej spolocnosti v zaujme podpory vyskumu
jaskyf v povojnovom obdobi zalozil a viedol Vybor pre krasovii hydrologiu. Jeho ¢innost ocenili
pocetnymi Statnymi a spolocenskymi vyznamenaniami. Obec Josvafé mu v roku 1999 udelila
estné ob&ianstvo. Pri prilezitosti jeho nedozitych stych narodenin tu riaditel'stvo Aggtelekského
narodného parku z jeho pozostalosti zriadilo pamétnu izbu.

Skélu Kesslerovych aktivit dokumentuji jeho odborné a popularno-vedecké prace. V zaciat-
koch rozhlasového vysielania to boli relacie z Baradly a inych jaskyn, neskér sa venoval pred-
naskovej ¢innosti. Uginkoval na $koleniach Madarskej spolo¢nosti pre vyskum krasu a jaskyn
a zOcastioval sa aj mnohych medzinarodnych konferencii. Svoje poznatky publikoval v odbor-
nych publikéciach, popularnych ¢asopisoch a dennej tlaci, pricom sa prejavoval aj ako zdatny
fotograf. Aj ked’ sa zna¢na Cast jeho originalnych snimok na konci druhej svetovej vojny nena-
vratne stratila, prave na zaklade jeho fotografii z Baradly vydali vyse 30 druhov pohladnic.

Zaver publikdcie tvori popis pamétného domu, ktory na jeho pamiatku v roku 2007 zriadilo
riaditel'stvo Aggtelekského narodného parku. V prizemnej Casti st v iom stistredené dokumenty,
ktoré sa viazu na jaskyfiu Baradla. Poschodie je venované ¢innosti H. Kesslera, pricom tato ¢ast’
je usporiadand na spdsob pamitnej izby a zariadena jeho vlastnym nabytkom. Bibliografia prac
a literatura, ktora sa zaobera jeho ¢innostou uzatvaraju obsahovu stranku publikacie. Biblio-
grafiu tvori vyse 400 prac z obdobia rokov 1927 — 1992, ktor¢ napisal sim alebo sa o ich vznik
pricinil ako spoluautor. DalSou €astou je takmer 400 prac inych autorov so zameranim na rézne
useky jeho plodného zivota.

O komplexnosti spracovania o. i. sved¢i to, Zze v takto zameranej publikacii nachddzame aj
prvky, ktoré stivisia s ¢innostou H. Kesslera na Slovensku. Popri uz spominanom prekonani sifonu
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medzi Baradlou a Domicou v roku 1932 jej autorka neobisla ani tie aspekty jeho ¢innosti, ktoré
vyplynuli z kontextu doby a stviseli s obdobim po Viedenskej arbitraZi. V prvom rade sa to tyka
Domice, ktora vtedy tvorila s Baradlou jednu hospodarsku jednotkus; o. i. sa zmiefiuje aj 0 tunajse;
Kesslerovej prieskumnej ¢innosti, archeologizovani v roku 1940, ¢&i dalsich ¢innostiach. Do
uvedeného obdobia spadé aj Kesslerova ¢innost na Plesivskej planine, kde v roku 1943 zostupil do
vyse 100 m hlbokej Zvonivej jamy. Autorka mnohé tu opisované udalosti doloZila aj prislusnymi
fotografiami, popri zaberoch zo samotnej Domice vtedajsiu Kesslerovu ¢innost priblizuju aj
niektoré iné zabery. Patri k nim napriklad fotografia jeho mena na dne Zvonivej jamy z roku 1943
¢i fotografie dokumentujuce Kesslerovu Gi¢ast’ na sympoziu o speleoterapii vo Vysokych Tatrach
v roku 1968, resp. v Roznave v roku 1976.

Treba povedat, Ze z obsahovej stranky je publikacia spracovana vel'mi prehladne. Jej autorka
tu citlivo narabala s textom, kde v nejednom pripade na jeho ukor radsej uprednostnila dobové
fotografie, aby tak vizualne umocnila vietko, ¢o zahria alebo inak spoluvytvara mozaiku
Kesslerovho jaskyniarskeho zivota. Hodnotu knihy v zna¢nej miere zvySuje aj to, Ze sucast’
kazdej kapitoly tvori anglické a slovenské resumé, ¢im sa stava pristupnou ovela SirSiemu okruhu
potencialnych zdujemcov.

Marcel Lalkovic
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VLADIMIR KOSEL: HISTORIA VYSKUMU SUBTERANNEJ FAUNY V ZAPADNYCH
KARPATOCH (1841 — 1990) (History of the research of subterranean fauna in the Western
Carpathians). Univerzita Komenského, Bratislava 2007, 84 stran ISBN 978-80-223-2424-3.

Podl'a ustnej informacie autora ide o prvu cast
rozsiahlejsieho spisu zaoberajuceho sa suchozemskou
. . i vodnou podzemnou faunou v zapadokarpatskej
HISTORIA VYSKUMU SUBTERANNEJ FAUNY | . S . e . .
R s s T | biogeografickej oblasti, ktora ma byt publikovana in
| extenso samostatne.

Predlozenu pracu mozno povazovat za dolezity
pokus o syntetické hodnotenie doterajsich vysledkov
vyskumu v uvedenej problematike. Autor sa opiera
o desiatky analytickych prac, ktoré kriticky zhodno-
cuje a predklada uceleny pohlad na vyvoj vedeckého
poznania podzemnej fauny Zapadnych Karpat. Jedi-
nym porovnatelnym precedentom je Gulickova praca
Fauna slovenskych jaskyn* z roku 1975. Uz z nazvu
vSak vyplyva, ze Koselova monografia rozsiruje te-
maticky zaber o pol'ski a madarsku Cast’ Zapadnych
Karpét a Gasovy diapazon dopina o dalsich 15 rokov.
| Tieto skutocnosti, ako aj to, ze autor sam je uz su-
| castou historie karpatskej biospeleologie, umoznili
i spracovat’ v predlozenej praci viaceré aspekty ¢i uz
|

Viadimir KOSEL

Bratislava, 2007
UNIVERZITA KOMENSKEHO

z hladiska taxonomického, ekologického alebo ¢o sa
tyka rozsahu systematickych jednotiek v porovnani
s Gulickovou monografiou podrobnejsie.

Autor stal pred problémom ako mnozstvo faktografie zostavit tak, aby vysledok bol prehl'adny,
reprezentativny a podl'a moznosti aj ¢itavy. Rozhodol sa pre rozdelenie posudzovaného ¢asového
intervalu na tri etapy, ktoré koreSponduji s istymi politicko-administrativnymi ramcami
v stredoeurdpskom regione. Ide o etapu rokov 1841 — 1918, ktorej zaciatok je totozny s prvymi
udajmi o subterannej faune a koniec so zanikom rakusko-uhorskej monarchie, etapu medzi
ukoncenim prvej a druhej svetovej vojny (1918 — 1945) a najnovsiu (s ohl'adom na obvykly posun
medzi ziskavanim dat a ich publikovanim takmer suc¢asnu) etapu do roku 1990. V ramci poslednych
dvoch etap zoskupil vysledky podla troch (resp. Styroch) Statov, ktoré na zapadokarpatskej
Casti rakusko-uhorského uzemia vznikli po prvej svetovej vojne: Ceskoslovensko, resp. Ceska
a Slovenskarepublika, Pol'sko a Mad’arsko. Dovody pre takéto ¢lenenie iste nie st biogeografického
ani ekologického charakteru ale skuto¢nost, ze medzi raktskou a uhorskou ¢astou monarchie boli
v organizovani Skolstva i zacinajucej vedy rozdiely, ktoré mohli aj v nasledujucich desatrociach
sposobit’ isté odliSnosti v pristupe a v organizovani zoologického vyskumu, by mohla autorovo
rozhodnutie podopriet, ba byt aj témou samostatnej analyzy. Autor by vSak mal respektovat’
skuto¢nost, ze zmena Rakuskej monarchie na Raktsko-Uhorsko nastala az v roku 1867, teda
nazvat ¢asovy usek od roku 1841 obdobim Rakuisko-Uhorska je vecne nespravne a diskutabilné
je aj oznacenie "samostatny Stat" pre Staty, ktoré boli v obdobi 1939 — 1945 obsadené Nemeckom,
prip. Sovietskym zvizom. Do tejto skupiny pripomienok patri aj nie §tastne pouzivané autorove
terminy ,.historické Madarsko™ pre Uhorsko a ,,samostatné Mad’arsko™ pouzité na odlisenie od
Uhorska!

Vyznamnej$im koncepénym problémom pre mia je, ze vlozenim taxonomického hladiska do
vytvorenej historickej Struktury sa text stava trochu neprehladnym, resp. naro¢nym na pochope-
nie suvislosti. Dalo by sa tomu pomoct’ vytvorenim tabul'ky, ktora by priniesla prehlad jednotli-
vych systematickych skupin vo vztahu k existencii alebo absencii ich skiumania, napriklad podla
dekad alebo aspoil podla uvedenych troch etap. Pripomienkou rovnakého charakteru je aj moj
dojem znizenej prehl'adnosti spdsobenej tym, ze v suvislom texte sa riesia aj otazky synonymiky
jednotlivych druhov. Ked’Ze viem, ze prehl'ad zistenych kavernikolnych druhov bude predmetom
samostatnej kapitoly vyssie spomenutého spisu, navrhujem aby v predlozenom texte bol zoznam
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zistenych druhov (s. 56 — 60 monografie) nahradeny zoznamom, alebo tabul'kou zaberajicou sa
len ich synonymikou, to znamen4, ze by v nej boli zoradené abecedne vsetky v texte neplatné
(z dovodu nomenklatorickej synonymizacie alebo zameny s inym druhom) taxony s ich v su-
Casnosti platnymi ekvivalentami). Tym by monografia ponukla vzacnu moznost’ overovania si
nejasnych udajov z minulosti. Zaroven by platny zoznam druhov zoradeny podl'a zoologického
systému mohol byt sii¢astou autorom planovanej kapitoly habilitacného spisu (¢i rozsirenej mo-
nografie) s pracovnym nazvom: ,,Prehlad fauny zistenej v podzemnom prostredi so zretefom na
kavernikolné formy*. V predlozenom, histériou sa zaoberajiicom texte, by sa prehladnost’ tejto
problematiky zlepsila pouzivanim systému $pecificky zadefinovanych zatvoriek (napr. [xy], {ab}
a pod.).

Autor pie, Ze sa zaobera vsetkymi §tatmi, kam zasahuju Zapadné Karpaty (s. 53) a vymentiva
Ceskoslovensko, Madarsko a Pol'sko. Treba vsak vziat' do uvahy, ze Z. Karpaty maji na dvoch
miestach presah (i ked’ izemne maly) cez hranice aj do Rakuska!

Mena autorov st opodstatnene pisané kapitalkami len ak sa v tej forme vyskytuji v zozname
literatury alebo si v prvom pade. Rozhodne nevhodné je pisat’ ich takto aj pri sklofiovani
alebo dokonca prechylovani (napr. KULCZYNSKEHO, POPOM, BERECZKA). Mém zopar
pripomienok, resp. nimetov na zamyslenie v terminologicke;j oblasti:

— Autor pouziva pre spolocenstvo druhov Zijlcich v jaskyniach termin speleal a pre tie ¢o ziju
vo freatickych vodach freatal. V hydrobiologii sa ale po réznych diskusiach terminy s priponou
-al odporucaju pouzivat pre prostredie, kym samotna ekologicka skupina sa od korefia odvodzuje
priponou — on (vid’ rozdiely eupotamal — eupotamon, parapotamal — parapotamon). Preto by som
ja, pokial' v speleoldgii neplati iny konsenzus patriéné spolocenstva nazval speleon a freaton.
Pozn. autora: koncovkou — al som mal na mysli typ biotopu, nie spolocenstvo, preto tieto terminy
ostali bezo zmeny.

— Oznacenie ,,isopodny* je pre zooldga sice zrozumitel'né, ale bolo by lepsie upravit ho podla
slovenského mena skupiny prip. pouzit’ zlozené adjektivum.

— Odporu¢am rozlisovat’ ,,habitat* a ,,biotop®.

Text je miestami tazsie Citatelny z dévodu Stylistickej nevybrusenosti. Tieto Casti, spolu s pre-
klepmi som vyznagil priamo v rukopise i s navrhmi Giprav a nezaoberam sa nimi v posudku.

Zaverom konstatujem, ze posudzovany text Dr. KoSela predstavuje hodnotny prispevok
k historii vedy a po vyssie naznacenych malych tpravach moze byt prijaty na publikovanie
formou monografie.

Mikulas J. Lisicky

Pozndmka V. Kosela: Dr. Lisicky mal k dispozicii na posidenie rukopis monografie pred
vytlacenim, preto som bibliografické iidaje a strankovanie upravil podla tlacenej formy. KedZe
prevazna cast' jeho pripomienok a oprav bola vo findlnom rukopise zohladnend, z recenzie som
ich vypustil. Tato recenzia bola poslednou ucelenou odbornou prdacou méjho priatela a kolegu
pred jeho predcasnou smrtou v auguste 2008. Cest jeho pamiatke!
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