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STUDIE-STUDIES

GEOLOGICKE A GEOMORFOLOGICKE POMERY NPR DREVENIK

JAN TULIS', LADISLAV NOVOTNY?

''Speleologicky klub Slovensky raj, Brezova 9, 052 01 Spisska Nova Ves
?Speleologicky klub Slovensky raj, Sarisska 31, 052 01 Spisska Nova Ves; speleoraj@uranpres.sk

J. Tulis, L. Novotny: Geological and geomorphological settings of the National Natural
Reserve Drevenik

Abstract: The territory of Drevenik due to its natural and historical values is classified as unique
and irreplaceable territory also from the European point of view. Drevenik is built by a complex
of mutually covering travertine mounds. They originated gradually in the dependence of mineral
water thermal springs centres migration, in the course of fault lines of the deep basement, however
also from cracks — crevices developing in travertine body during the stage of its formation.
The thickness of travertine is from 10 to 75 m. Travertine rocks of Drevenik originated from weakly
thermal waters oversaturated by Ca(HCO,), from dissolved Middle Triassic carbonates ascending
from the basement of Palaeogene flysch. Post-Palaeogene faults were incoming ways of thermal
waters. Travertine complex of Drevenik originated in Pliocene until Pleistocene (Nemeje, 1943,
and Lozek, 1964), at least a part originated already in Upper Miocene — Pont (Holec, 1992).
Several systems of faults and fissures participate on tectonic structure of Drevenik. Repeated
movements along Post-Palacogene faults based on travertine basement appear here. Such an
example are crevices, which follow the course of the faults based in underlying Palacogene by
repeated movements also after forming of the travertine complex. Rocky crevices are tectonic-
tension cracks, produced by reaction of the rock to tectonic impact and tensile stress as a result
of the loss of support on the border of this rigid travertine rocks massive. Already during
formation of travertine mounds and later, certain stability — balance disturbation took and still
takes place at present, together with a tension in travertine massive due to gravitational forces,
inhomogeneous plastic basement, climatic conditions etc. Travertine rocks placed on the surface
of weathered Palacogene are supplied by water exclusively from precipitation. Water percolates
into cracked travertine and penetrates down to its basement where it flows out diffusely to surface
on weakly permeable weathered particles. Drevenik forms a morphological dominant on the
border of the Podhradska Basin which emerges by 100 — 150 m in comparison with surrounding.
It makes a slightly cambered travertine table with approximately triangular ground plan and area
of about 1.5 km?, which is rimmed along major part of its perimeter by differently steep cliff
relief, which sharply contrasts with gently and smoothly modelled upland relief of surrounding
basin developed on the flysch of the Novoveska Huta Formation and Kezmarok Beds of the Sub-
Tatras Group. Different geomorphologic forms were developed in consequence of modelling
processes: forms conditioned by rock structure and tectonics (the edge of travertine platform,
rocky crevices), erosion-denudation forms (travertine platform, cliff relief, erosion-denudation
slopes), accumulation forms (boulders, debris, clay), karst forms (karren, dolines, karst benches,
karst depressions, karst cavities, acroxysts and different flowstone accumulations), pseudo-karst
forms (caves in crevices), anthropogenic forms (quarries, primeval protective banks, roads, paths,
climbing paths).

Key words: Drevenik, Palacogene, travertine rocks, Upper Miocene — Pont, travertine platform,
rocky crevices, edge of platform, cliff relief, lapies (karren), sinkholes, karst benches, karst
depressions, karst cavities, aeroxysts, flowstone, caves, quarries, primeval protective banks
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UVOD

Uzemie Drevenika pre svoje prirodné a historické hodnoty ma mimoriadny
vedecko-vyskumny, naucny, historicky a kultarno-vychovny vyznam. Geologické,
geomorfologické, botanické, zoologické, paleontologické, archeologické danosti zarad’ujt
lokalitu medzi jedine¢né a nenahraditel'né uzemie aj z hladiska celoeurépskeho (obr. 1).
Zachranené izemie bol Drevenik vyhlaseny uz v roku 1926, za §tatnu prirodnt rezervaciu
v roku 1982 a od roku 1994 je narodnou prirodnou rezervaciou s vymerou 101,82 ha.

Hragniiveeh Ostra hora Drevenik ?WG‘ i

Obr. 1. Travertinové kopy Hradny vrch, Ostra hora a Drevenik v popredi s ¢&innym travertinovym lomom
Spisské Podhradie. Foto: J. Tulis

Fig. 1. Travertine mounds Hradny vrch, Ostra hora and Drevenik with active quarry for travertine exploitation
SpiSské Podhradie in foreground. Photo: J. Tulis

GEOGRAFICKE A GEOLOGICKE VYMEDZENIE UZEMIA

Narodna prirodnd rezervéacia Drevenik sa rozprestiera vo vychodnej ¢asti Hornadskej
kotliny, v jej podcelku Medvedie chrbty (Maziir a Luknis, 1980). Uzemie rezervécie pred-
stavuje travertinovy masiv Drevenika 2 km juhovychodne od Spisského Podhradia.

Ide o uzemie s osobitnymi geologickymi a geomorfologickymi prvkami, osobitnymi
zachovanymi biocen6zami, bohatou historiou osidlenia na lokalite, so vzacnymi prvka-
mi prirody, s vysokou prirodovednou a krajinarsko-estetickou hodnotou. Atraktivnost
a pritazlivost’ tohto uzemia je dosledok rozsirenia travertinovych kop a na nich vyvinu-
tych osobitnych foriem reliéfu, geologickych, hydrogeologickych, botanickych a inych
pozoruhodnosti.

Priemerna ro¢na teplota dosahuje 6,8 °C, celkovy ro¢ny priemer zrazok je 608 mm.
Uzemie patri do povodia Hornadu.

Okolie Drevenika a jeho podlozie budujii horniny paleogénu podtatranskej skupiny
(Mello et al., 2000), ktory je tu zastipeny hutianskym a zubereckym stvrstvim a kez-
marskymi vrstvami. Tieto horniny predstavuju plocho ukloneny, velmi mierne zvras-
neny (vrstvovitost’ jednotlivych paleogénnych stvrstvi: 5° — 20° na SZ — SSV; 5° — 15°
naS-—V-1J;10°-15°na V —-1J), do | km hruby komplex hornin, st porugené stistavou
zlomoyv, ¢leniacich komplex na cely rad kryh (Mello et al., 2000).

Zistili sa tri zakladné systémy popaleogénnych zlomov (Mello et al., 2000):

— starsie zlomy v. — z. resp. vjv. — zsz. smeru,

— mladsie zlomy sz. — jv. az zsz. — vjv. smeru,

—zlomy s. — j. smeru.



.....

hlboko zalozené tektonické zlomy s. — j. a zsz. — vjv. smeru, ktoré sluzili ako privodné
kanaly termalnych vod ako zdroja vzniku travertinov.

GEOLOGICKA STAVBA UZEMIA

Drevenik tvori subor travertinovych kop, vzajomne sa prekryvajtcich, ktoré vznikali
postupne v zavislosti od migracie centier vyverov termalnych mineralnych vod, v smere
zlomovych linii zalozenych v hlbokom podlozi, ale nasledne aj od puklin — rozsadlin,
vznikajlcich vo vlastnom telese travertinov v tadiu jeho tvorby (Hudacek et al., 1976;
obr. 2).

Vo vztahu k miestu vyveru boli vymedzené tri facialne vyvoje travertinov: 1. krate-
rova facia, 2. facia pevnych travertinov, 3. okrajova facia.

Mocnost’ travertinov sa pohybuje od 10 do 75 m. Mocnost’ sa zmenSuje smerom na
zapad k Zlatej brazde a na jv. travertinové teleso kopiruje reliéf paleogénneho podlozia.

Mineralogicky travertin tvoria vyluéne kalcitové zrna vel'mi diferencovaného tvaru
(lozisko Spisské Podhradie: obsah CaO je 54 — 55,6 %; obsah MgO je 0,2 — 0,5 %).

Na tektonickej stavbe Drevenika sa podiela viac systémov zlomow a puklin. Prejavili
sa tu opakované pohyby po popaleogénnych zlomoch zalozenych v podloZi travertinov.
Prikladom su rozsadliny, ktoré sleduju priebeh zlomov zalozenych v podloznom paleo-
géne opakovanymi pohybmi aj po sformovani travertinového komplexu.

Uz pri vzniku travertinovych kop a neskorsie dochadzalo a aj v sucasnosti dochddza
k ur¢itému naruSeniu stability — rovnovahy, pnutiu v masive travertinov v dosledku
gravitaénych sil, nehomogénneho plastického podlozia, klimatickych podmienok atd.
Priebeh trhlin a puklin je v dvoch previadajucich smeroch. Castejsie su's. — j. smeru, resp.
ssv. — jjz. smeru, zriedkavejsie v. — z. smeru, resp. zsz. — vjv. smeru (obr. 3). S vel'mi
strmé az zvislé. Treba zdoraznit, Ze uvedené smery s zhodné s hlavnymi tektonickymi
liniami popaleogénnych zlomov v podloZi travertinového komplexu Drevenika.

Travertinovy masiv Drevenika leZi na podlozi tvorenom horninami hutianskeho su-
vrstvia a kezmarskych vrstiev paleogénu. V ojedinelych vystupoch v okoli travertinové-
ho masivu sa zistili zuberecké suvrstvie vo vychodnej a juznej Casti izemia, keZmarské
vrstvy v juznej ¢asti. Po obvode masivu Drevenika st vyvinuté ¢asto mocné kvartérne
sutiny hlinito-kamenité az kamenité, k vonkajsku az hlinité, ktoré vo vacsine prekryvaji
styk travertinov s podloznymi horninami paleogénu.

HYDROGEOLOGICKE POMERY

Travertiny uloZené na povrchu zvetraného paleogénu st zasobované vodou zo zra-
70k, ktoré st prinaSané hlavne od severozapadu. Vody vsakuju do rozpukanych traver-
tinov a prenikaju az na jeho podlozie, kde po slabo priepustnych zvetralinach vytekaji
rozptylene na povrch alebo vo forme napr. vrstvového pramena na zidpadnom okraji
Drevenika a puklinového pramenia zachyteného do vodojemu nad Hodkovcami. Pri vrt-
nych pracach sa ani v jednom pripade v travertinoch nenarazila hladina podzemnej vody
a ani v jednom vrte nebola dosiahnuta cirkuldcia vyplachovej kvapaliny. VSetka voda
dodavana do vrtov prenikala do podzemia. Podzemna voda sa narazila len v Grovni
podlozia, pricom nemala charakter napétej hladiny.
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GEOLOGICKA MAPA NPR DREVENIK
ZOSTAVILI: J. TULIS, L. NOVOTNY, rok 2004




Obr. 2. Geologicka mapa Drevenika. Vysvetlivky: 1 — travertin (pliocén, kvartér); 2 — rozsirenie hornin
paleogénu; 3 — poloha fosilnych vyverov vod (Sipka oznacuje liniovy vyver); 4 — vrstvovitost’ travertinov
(sklon v stupiioch); 5 — sklon vrstiev travertinov a hornin paleogénu v rezoch; 6 — priebeh tektonickych
zlomov a vyrazné tektonické rozsadliny (sklon v stupiioch); 7 —izolinie (m n. m.) plochy rozhrania podlozia
travertinu a hornin paleogénu; 8 — priebeh elevacie a depresie plochy rozhrania travertinu a hornin palegénu;
9 — linia rezu cez lokalitu; 10 — vrstevnice reliéfu; 11 — hranica Narodnej prirodnej rezervacie Drevenik

Fig. 2. Geological map of Drevenik. Legend: 1 — travertine (Pliocene, Quaternary); 2 — Palaeogene rocks
extension; 3 — position of fossil water outflows (arrow indicates line outflow); 4 — stratification of travertine
(inclination in degrees); 5 — inclination of travertine strata and Palacogene rocks in sections; 6 — course
of tectonic faults and marked tectonic crevices (inclination in degrees); 7 — isolines (meters above sea level)
of surfaces of boundary-line between travertine bedrock and Palacogene rocks; 8 — course of elevation
and depressions of boundary-line between travertine bedrock and Palacogene rocks; 9 — line of cross
section through the site; 10 — contour lines of the relief; 11 — boundary line of the Drevenik National Natural
Reserve

Obr. 3. Tektonicky zlom sv. — jz. smeru v jv. vybezku Drevenika. Foto: J. Tulis
Fig. 3. Tectonic fault of the NE — SW direction in SE protrusion of Drevenik. Photo: J. Tulis

GENEZA TRAVERTINOV DREVENIKA

Genéza travertinov je vo vSeobecnosti znama a rozpracovana viacerymi autormi
(Lozek a Prosek, 1957; Lozek, 1959, 1964; Kovanda, 1971 a ini).

9



Obr. 4. PohTad na Drevenik od juhovychodu (zo Zehry). Foto: J. Tulis
Fig. 4. The view of Drevenik from south-east (from Zehra). Photo: J. Tulis

Travertiny Drevenika vznikali z nizko termdlnych vod presytenych Ca(HCO,),
z rozpustanych strednotriasovych karbonatov nachadzajucich sa v podlozi paleogénne-
ho flySu. Privodnymi cestami termalnych vod boli popaleogénne zlomy.

Komplex travertinov Drevenika vznikal v pliocéne az pleistocéne (Nemejc, 1943;
Lozek, 1964). Holec (1992) na zaklade nalezu zubov mastodonta v drevenickom traver-
tine dokazuje, Ze asponi ¢ast’ travertinov vznikla uz vo vrchnom miocéne — ponte.

GEOMORFOLOGIA UZEMIA
Geomorfologicka pozicia lokality v ramci okolia

Drevenik patri ako vybezok k severu do podcelku Medvedich chrbtov (Mazir
a Luknis, 1978) a tvori morfologicki dominantu pri juznom okraji Podhradske;j kotliny,
ktory sa oproti okoliu dviha o 100 — 150 m (obr. 4). Tvori mierne vyklenutu travertinovu
tabulu v pddoryse priblizne trojuholnikového tvaru s plochou okolo 1,5 km?, pozdiz
vi¢siny obvodu lemovan( rozne strmym bralnym reliéfom, ktory ostro kontrastuje
s mierne a hladko modelovanym pahorkatinovym reliéfom okolitej kotliny vyvinutej
na flysi hutianskeho stvrstvia a kezmarskych vrstvach podtatranskej skupiny. Severne
na Drevenik nadvizuju travertinové kopy Ostrej hory a Spi§ského hradu (Hradny vrch)
navzajom prepojené denudac¢no-Strukturnymi sedlami (obr. 1).

Opis geomorfologickych pomerov Drevenika

Travertinovy Gtvar Drevenika nema raz travertinovej kopy, ale skor pripomina se-
kundarnymi procesmi preformovanu tabulovt horu (obr. 4). Ma akumula¢nt formu spo-
sobenu nie geomorfologickymi, ale geneticky geologickymi procesmi. Na jej povrchu
a stivisiacom blizkom okoli od za¢iatku jej formovania (pliocén) az do recentu prebiehali
procesy modelacie a vznikali rézne geomorfologické formy. Pretoze travertin je kraso-
vou horninou, vytvarali sa tu aj povrchové a podzemné krasové formy (obr. 5 a 6).

Formy, ich vznik a rozsirenie sii podmienené geologickou stavbou Gizemia, dizkou
a intenzitou erdéznodenudaénych, akumulaénych a koréznych procesov, ako aj antropo-
génnymi vplyvmi.

10
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Obr. 5. Geomorfologicka mapa Drevenika. Vysvetlivky: Formy podmienené $truktirou hornin a tektonikou:
1 — hrana travertinovej plosiny, vyrazna a nevyrazna; 2 — skalné rozsadliny v travertinoch s rdznou
hibkou a dizkou a ich predpokladany priebeh v rezoch; Erézno-denudaéné formy: 3 — mierne sklonena
a zvlnena plosina tvorena travertinom s kamenisto-hlinitym pokryvom malej hrubky; 4 — plochy na plosine
s vyraznym zastupenim plochych odkryvov travertinov; 5 — v prevahe bralny reliéf na travertinoch, spojity
a nespojity; 6 — vyznamné bralné veze, pri naklonenych s vyznac¢enim smeru naklonu vrcholu; 7 — nestvislé
bralné odkryvy; 8 — reliéf so stupiiovitymi kernymi (blokovymi) poklesmi travertinov; 9 — reliéf strmsie
sklonenych strani; 10 —reliéf mierne sklonenych strani; Akumulaéné formy: 11 —pokryv hlinito-kamenistej
az balvanitej sutiny travertinov (strmsie strane); 12 — pokryv kamenisto-hlinitej sutiny na travertinoch
a paleogénnych horninach (mierne strane); Krasové formy: 13 — Skrapy, zavrty a ich ¢isla; 14 — stupnoviny
a obrysy plochych krasovych znizenin; Pseudokrasové formy: 15 — vchody jaskyn alebo priepasti a ich ¢isla;
Antropogénne formy: 16 — obrys hornej a dolnej hrany steny lomu; 17 — obrys hornej a dolnej hrany odvalu;
18 — prieskumna §tolna, prieskumné vrty; 19 — vodojem zachyteného pramena; 20 — zvySky kamenisto-
hlinitych pravekych ochrannych valov

Fig. 5. Geomorphological map of Drevenik. Legend: Forms conditioned by rock structure and tectonics:
1 — edge of travertine plateau, marked and unmarked; 2 — rock crevices in travertine with different depth
and length and their assumed course in cross sections; Erosive-denudation forms: 3 — slightly inclined
and folded plateau created by travertine with rock-soil cover of small thickness; 4 — areas on the plateau
with significant representation of flat travertine outcrops; 5 — prevailing cliff relief on the travertine,
continuous and discontinuous; 6 — marked cliff towers, inclined towers with indication of inclination of the
top; 7 — discontinuous cliff outcrops; 8 — relief with cascaded fault block travertine slippages; 9 — relief
of more steeply inclined hillsides; 10 — relief of slightly inclined hillsides; Accumulation forms: 11 — cover
of soil-rock up to boulder travertine debris (steeper hillsides); 12 — cover of stony-soil debris on travertine
and Palaeogene rocks (slightly inclined hillsides); Karst forms: 13 — karren, dolines and their numbers;
14 — terrace benches and contours of flat karst depressions; Pseudo-karst forms: 15 — entrances to caves
or shafts and their numbers; Anthropogenic forms: 16 — contour of top and bottom edge of quarry wall; 17 —
contour of top and bottom edge of slag heap; 18 — exploration adit, exploration drill holes; 19 — water reservoir
of captured spring; 20 — rests of stone-earthy primeval embankments

FORMY PODMIENENE STRUKTUROU HORNIN A TEKTONIKOU
Hrana travertinovej ploSiny

Vyvinuta je na hornom obvode ploSiny. Pozdiz nej sa stykaju v priemere mierne
uklonené vrstvy travertinov plosiny (lavicovité a doskovité vrstvy) s bralnym, er6zno-
denuda¢nym reliéfom, ktory tGto hranu a plosinu lemuje po obvode. Hrana je ostra
a do tohto reliéfu prechadza vertikalnymi (vzacne previsnutymi) spojitymi bralnymi
stenami s hibkou az 30 m, inde stupiiovitymi stenami, skupinami bral alebo menej
strmymi skalnymi stupfiami, pripadne sa spojity bralny reliéf vytraca a hrana plosiny
je uréena len zmenou mierneho sklonu plosiny do strmsieho sklonu obvodovych strani
plosiny (obr. 7) s vyskytom ojedinelych skalnych stupiiov. Hrana ploSiny je na viacerych
miestach sekundarne narusena kamenolomami.

Skalné rozsadliny

St vyraznymi morfologickymi tvarmi predovsetkym zretelne vyvinutymi pozdiz
niektorych okrajov plosiny s ich prestupom az cez hranu plosiny. Pri¢inou ich vzniku
a formovania st procesy tektonické, gravita¢né, vnutorné pnutie a odlah¢enie masivu
travertinov pri hrane plosiny, periglacialne a krasové procesy.

Vynimo¢né zoskupenie rozsadlin sa vyvinulo v Sirke do 100 m a dizke 500 m pri
zépadnom okraji travertinovej plosiny pozdiz Pekla (obr. 8). Sustava rozsadlin ma jjz.
— ssv. smer v zasade siibezny s okrajovou hranou plosiny. Podla nasich predpokladov
toto liniové zoskupenie dlhych a hlbokych rozsadlin ma tektonicky zéklad — je vyvinuté
v priebehu strmého tektonického zlomu (obr. 2) jjz. — ssv. smeru, ktory z paleogénneho
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Obr. 6. Geologické a geomorfologické rezy cez Drevenik
Fig. 6. Geological and geomorphological cross-sections through Drevenik

podlozia prestupuje do travertinového telesa a prejavuje sa formou strmych tektonickych
diskontinuit, na ktorych st situované rozsadliny.

Boky rozsadlin, hlavne na ich ukonéeniach, si v prevahe mierne sklonené, inde
v ich dizke tvoria strmé travertinové steny, pri povrchu v malo pripadoch so sklonenymi
vrstvami travertinu do rozsadliny. Hibky zasutinenych rozsadlin su 0,5 —4 m. Dno j jevy-
plnené tlomkami travertinov roznej velkosti s hlinou s neznamou hibkou vyplne. Hibka
otvorenych skalnych rozsadlin dosahuje az podlozie travertinového telesa, o je v tomto
priestore 60 — 70 m (hibka Hlbokej priepasti je 43 m, jaskyiia ¢. 21 — Vitek, 1971). Podla
priecnych profilov jaskyii a priepasti maju rozsadliny vertikalny sklon (obr. 9).

Druhé, menej pocetna, ale vyznacna skupina rozsadlin v dizke cca 300 m prebie-
ha pri jv. vybezku Drevenika, pozdlz juznej hrany na plosine v $irke do 60 m, avSak
Vjv. — zsz. smerom, ¢o je smer priecny k systému rozsadlin v zapadnej Casti ploSiny.
Rozsadliny sii 25 — 80 m d1hé, vo vdcsine pripadov 2 — 10 m $iroké, 0,5 — 3 m hlbokeé,
vicsinou sirokého korytového tvaru, na obvode s odkrytymi vrstvami travertinu, ktoré
st zriedkavo sklonené do rozsadlin. Pod &astou priebehu tychto rozsadlin sa nachadza
v hibke 10 — 20 m najdlhgia, 220 m dlha Puklinova jaskyna (jaskyfa ¢. 1 — Vitek, 1971;
Mihal, 2004). Podl'a prie¢nych profilov jaskyne ma rozsadlina 70° — 85° sklon k juhu.

V jz. vybezku Drevenika (v okoli vysinného staroslovanského hradiska) sa na po-
vrchu vytracaju priebehy najdlhsich rozsadlin situovanych pozdiz zapadného okraja
plosiny. Priebeh ’adovej jaskyne (€. 9), k ssv. vyvinutej v rozsadline pod hranou plosi-
ny az do priestoru jaskyne Pod lipou (€. 10), v3ak jasne dokazuje, Ze systém rozsadlin
tu pokracuje. Podl’a prie¢nych profilov jaskyne (Mihal, 2004) ma rozsadlina 80° sklon
k zapadu. Juhozapadny vybezok je od ostatnej plosiny oddeleny vyraznou depresiou zjz.
smeru, ktora ma na plosine raz irokej korytovitej depresie.

Okrem v Givode uvedenych procesov mali pri vzniku a formovani rozsadlin vyznam
aj krasové procesy a mrazové zvetravanie. Ide o krasové rozpustanie, roz§irovanie a mo-
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Obr. 7. Juzn4 strafi vyvinuta na vrstvovych plochach. Foto: J. Tulis
Fig. 7. Southern slope developed on bedding planes. Photo: J. Tulis

e
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Obr. 8. Priebeh najvyznamnejsich rozsadlin pri zapadnom okraji ploiny. Foto: J. Tulis
Fig. 8. The course of the most important crevices at the western edge of the platform. Photo: J. Tulis

delovanie travertinov na povrchu a v hibke rozsadlin bez ohl'adu na to, ¢i st rozsadliny
otvorené alebo zaplnéné. Je to aj sedimentacia uhli¢itanu vapenatého vo forme sintro-
vych vrstiev (fosilnych generacii), zaclon, zavesov a vzacne kvaplov na stenach jaskyn
a priepasti pod rozsadlinami, osobitne na juznom okraji Drevenika. Ojedinele sa nacha-
dzaju povlaky mikkého sintra. K modelacii stien rozsadlin patria korézne ryhy, kanali-
ky a kominky. Na formovanie povrchu rozsadlin vplyva aj mrazové zvetravanie.

EROZNO-DENUDACNE FORMY
Travertinova plosina

Travertinova ploSina Drevenika predstavuje mierne sklonenu a zvlnenu ploSinu
z VAGSej Casti pokrytu zvetralinovym pokryvom malej hribky. Povrch ploSiny je
v niektorych ohranienych Castiach poruseny vyskytom skalnych rozsadlin, zavrtov,
krasovych stupfiovin, krasovych znizenin a antropomorfnych foriem.

Najvy$§im miestom plosiny je blizke okolie koty Drevenik (609,3 m n. m.), ktoré tvori
miernu elevéciu pretiahnutt jjz. — ssv. smerom. K severu sa sklafna pod uhlom menSim
ako 2°(na vzdialenost’ 350 m pokles vysky o 10 m), k vychodu 7°, k juhovychodu najprv
10° a d’alej na jv. ukonéeni plosiny len 3°. Smerom na juh m4 ploSina najprv sklon 10°
a k hrane plosiny az 15°.

}
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Obr. 9. Rozsadliny so skalnymi vezami vysokymi az 40 m. Foto: J. Tulis
Fig. 9. Crevices with rocky towers up to 40 m high. Photo: J. Tulis

Prevladajuca &ast plochy plosiny je pokryta autochtonnymikvartérnymizvetralinami,
ktoré zmikéuji formy reliéfu. Ich hribka je 0,1 — 1 m, vynimoéne 2 —3 m a pévod moze
byt v glacidloch pleistocénu.

Bralny reliéf

Bralny reliéf, ktory ma spojity alebo nespojity charakter, je vyvinuty pozdiz obvodu
hrany plosiny. Spojity bralny reliéf sa vyznaCuje vyvojom predovsetkym suvislych
skalnych stien pod hranou plosiny, ktoré st spravidla nepriechodné. Typickym je isek
Pekla. Subezne, 15 — 30 m od hrany a steny, ¢neju oddelené bralné veze, ktoré podla
priebehu vrstiev su bez viditelného naklonu, pri¢om ich vrcholy sa v urovni plosiny
Drevenika, teda nie su naklonené (obr. 9). Priestory medzi 20 — 30 m vysokymi a tol’ko
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aj dlhymi vezami vypiia hruba az balvanista sutina s vemi lenitym povrchom (dnom)
s vyskovymi rozdielmi 5 — 10 m.

Podobny charakter bralného reliéfu je v sv. Casti Drevenika v tseku nazyvanom
Kamenny raj. Tym myslime od hrany plosiny spadajuce strmé (zvislé) skalné steny,
ktoré st takmer suvislé v dizke 400 m, len v jednom mieste s moznym priechodom cez
hranu (turisticky chodnik). Bralné steny st vSak v podoryse ¢lenité a dosahuji vysku
10 — 30 m. Stbezne so stenami v Sirke 50 — 80 m a dizke az 500 m st vyvinuté skupiny
bralnych vezi, v strednej a severnej ¢asti su v celej vyske (10 —25 m) odklonené k vychodu
(obr. 10), zriedkavejsSie priklonené k plosine. Vac¢sina z nich ma vrcholy poklesnuté
(znizené) oproti ploSine, t. j. st zaborené, pripadne scasti su vrcholy oddenudované
a medzi vezami su depresné ,,ulice” vyplnené scasti balvanitou sutinou.

Pozdiz juzného okraja plosina cez hranu spada do strmych az zvislych bralnych
stien s vyskami 5 — 20 m. Na juhu, nizsie pod bralnou stenou, na stranach so sklonom
25° — 30° je bralny reliéf nespojity, tvoreny vidcsinou malo vystupujucimi a plochymi
odkryvmi travertinov.

Erézno-denudacné strane

Obtacaju cely povrch Drevenika po obvode hrany plosiny a bralného reliéfu. Horné
Casti strani na styku s bralnym relié¢fom, pripadne s hranou plosiny su spravidla podstatne
strmsie ako va¢Smi vzdialené strane. Je to sposobené tym, ze horné Casti strani nadvizujt
na bralny reliéf's vacSou energiou reliéfu a v podlozi pokryvov st travertiny, ktoré patria
medzi geomorfologicky vel'mi odolné horniny. V nizsich Castiach strani su ich sklony
mensie, o suvisi s vdc¢Sou vzdialenostou od bralného reliéfu, a v podlozi pokryvov sa
nachadzaji podlozné horniny travertinov — malo odolné flySové horniny paleogénu.

Sklony hornych tsekov strani v Sirokom okoli Pekla, Kamenného raja a na juznom
okraji Drevenika st v rozpiti 25° — 35° (obr. 11), ale SV od Pekla do 25°. Dolné casti
strani maju nie vicsie sklony ako 15° ale vo vychodnej az jv. ¢asti len do 10°. Mimo
narodnej prirodnej rezervacie v priestore Zlatej brazdy sa sklony 7° — 15°, ale tu vyni-
mocne v prevahe na travertinoch. Strane su pokryté zvetralinami rozli¢nych mocnosti
a zlozenia. ’

V severozapadnej Casti, severne od Pekla az po lom Spisské Podhradie, su sklony
nevyrovnané a strane su s vyskytom stupiiov. Tieto stupriovité strane povazujeme za
prejav kryhovych (blokovych) poklesov travertinov pozdiz hlboko siahajucich odlu¢nych
trhlin ssv. az s. smerov so sklonmi k zapadu.

AKUMULACNE FORMY

Lemuju po obvode na stranach travertinova plosinu. Pod bralnymi stenami hrany
ploSiny a zvlast’ v priestoroch medzi bralnymi vezami st nakopené mocné skalné sutiny
hrubotlomkovitej, balvanitej, lokalne az blokovitej (Peklo) vel'kosti.

Na strmych stranach priliehajucich k bralnému reliéfu st na povrchu bezné hrubot-
lomkovité az balvanité sutiny travertinov (obr. 11), lokalne s blokmi ako zaborenymi re-
liktmi rutivych procesov z bréal a vezi. V smere sklonov strani do vzdialenosti 50 — 100 m
sa postupne zrnitost’ zmensuje, pribuda sutiny s mensou zrnitostou a za¢ina prevladat’
hlinita zlozka.

Na mierne sklonenych dolnych castiach strani sa postupne vytracaji ulomky
travertinov a len lokalne sa vyskytuju balvanité fragmenty. Objavujt sa v réznom pocte
a vicsinou drobné ulomky bridlic, pieskovcov a zlepencov paleogénu. V niektorych

16



Obr. 10. Kamenny raj, hradba travertinovych bral a veZi odklonenych od plosiny smerom na vychod. Foto:

J. Tulis
Fig. 10. Kamenny raj (Stone Paradise), walls of travertine cliffs and towers deflected from the platform

to the east. Photo: J. Tulis

Obr. 11. Juzn4 strai Drevenika so starymi lomami a ich odvalmi, skalnymi vezami a kvartérnymi svahovymi

sedimentmi. Foto: J. Tulis
Fig. 11. Southern slope of Drevenik with old quarries and their earthwork, rock towers and Quaternary slope

sediments. Photo: J. Tulis

asekoch (pod Kamennym rajom) je na rozhrani travertinov a sedimentov paleogénu
vyrazna zmena sklonu strani a bylinnej vegetacie. V zlozeni pokryvu tychto strani
prevlada hlinita zlozka v roznom zastiipeni s piescitou a drobno%lomk()\:it/ou zlozkou.
lovenské mizeum
7 ochry prirody s jskymiastyg
031 07 Timtmorales 2451 145



KRASOVE FORMY

St produktom korozivneho uéinku zrazkovych vod na povrch travertinov, ¢i uz na
zemskom povrchu alebo v podzemi. K tymto tvarom radime Skrapy, zavrty, krasové
stuprioviny, krasové zniZeniny, krasové dutiny, aeroxysty a rozlicné sintrové akumulacie
(nateky, zavesy, kvaple).

Typickymi korozivnymi formami s Skrapy. Vyskytuju sa na plosine Drevenika,
ale aj v bralnom reliéfe. Puklinové skrapy (obr. 12) sa v peknych formach vyskytuju na
odkrytych plochach vrstiev travertinov juzne od koty Drevenik. Studfiovité a vrstvovité
Skrapy su vyvinuté na vychodnom okraji Drevenika. VSeobecné formy Skrap su bezne
pritomné na l'ubovolnych odkryvoch travertinov.

Zavrty naplavového typu (obr. 13; tab. 1) su vyvinuté na ploSine v kamenisto-
hlinitom pokryve malej hrabky, ktory prekryva travertiny. Rozpustanim travertinov
pozdiz puklin a trhlin sa tieto rozsiruji a povrchovy pokryv sa do nich splachuje, ¢im
vznikaji na povrchu depresie — zavrty. S prevazne ovalneho, menej pretiahnutého
tvaru, v prevahe misovité, menej lievikovité az korytovité, hlavne malych rozmerov,
bez otvorov na dne (tab. 1). St vyrazne skoncentrované v severnom vybezku plosiny,
ojedinelo sa zaznamenali juzne od koty Drevenik a v jv. Casti plosSiny. Spolu sa zistilo
25 zavrtov.

Ku krasovym stupfiovinam radime dve formy vychodne od koty Drevenik. Su to
kratke, 25 — 30 m dlhé, 10 — 15 m Siroké, kor6ziou zarovnané plochy, oproti vyssSiemu
povrchu plosiny okonturované strmsim, ostro ohrani¢enym stupniom v travertine.

Za krasové znizeniny vzniknuté plosnou liniovou koréziou povazujeme dve depresie
na ploSine, v ktorych je zjavne vicsia hriibka hlinitého pokryvu a vyrazne odlisny druh
bylinnej vegetacie. Najvyraznejsia z nich je v jv. ¢asti plosiny Drevenika. M4 dizku do
250 m a v hornej sz. ¢asti §irku do 60 m s vyraznym, do 1,5 — 2 m hlbokym zaklesnutim
hrany dna oproti okoliu. Ma plynuly 3° — 5° sklon na JV, kde sa zuzuje a jej prirodzené
ukon&enie je prerusené stenou lomu. Okrem pravdepodobne jej korozivneho povodu
predpokladame, ze tato znizenina moze vyznacovat’ depresiu povodného styku dvoch
pramennych vyverovych kop, leziacich sv. a jz. od znizeniny. Mala zniZenina tohto typu
je aj vychodne od koty Drevenik.

Aeroxysty (vostiny) patria do skupiny drobnych vhibenych foriem vznikajicich
na obnazenych plochach travertinov selektivnou kordziou. Voci rozpustaniu menej
odolné casti horniny rychlejsie vyvetravaju, vznikaju jamkovité vyhibeniny, zvicsa
centimetrovych rozmerov, ovalnych, podlhovastych tvarov, ktoré su na stenach
nepravidelne, ale ovel’a Castejsie usporiadané v retiazkach a vrstvach, pricom casto sleduju
priebeh vrstvovitosti. Casto na stenach bral pokryvaji vicsie plochy (Peklo, obr. 14).

Krasové dutiny si bezné na bralnych stenach a v stenach tu odkrytych lomov.
Ide v prevahe o strmé krasové kanaliky, kanaly, ktoré prenikaju v prevahe priecne
cez vrstvy do hibky (obr. 15). Majii obycajne velmi komplikovany priebeh a zlozito
modelované tvary so Sirkami v niekol’kych centimetroch az 20 — 30 cm.

Krasové dutiny uz patria k formam podzemného krasu. Uvadzame len tie, ktoré sa
v dosledku denudacie nachadzaju na povrchu. Tieto vyskyty su bezné na bralnych stenach
pod juznym okrajom plosiny a v stenach tu odkrytych lomov, v lome na vychodnom
okraji Drevenika, na stenach bral v Kamennom raji, ale aj inde.
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Obr. 12. Puklinové $krapy. Foto: J. Tulis
Fig. 12. Fissure karren. Photo: J. Tulis

Obr. 13. Zavrt. Foto: J. Tulis
Fig. 13. Doline. Photo: J. Tulis
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Tab. 1. Zavrty na travertinovej plosine Drevenika

Table 1. Dolines on the travertine plateau of Drevenik

Cislo Romnery ] Podorysny Morfologicky Smer Geneticky | Geologicky | Charakter .
zavrtu Priemer : tvar typ dlhej osi typ podklad dna Poznamka
dizka x sirka | HIbka
1 10,5 1,2 kruhovy misovity naplavovy travertin | uzavreté | Na juznom okraji blok travertinu, b. 99
2 6 0,8 kruhovy plochomisovity naplavovy travertin | uzavreté¢ | b.99
3 9 1,2 nepravidelny plochomisovity naplavovy travertin | uzavreté | b.99
4 10 0,7-1 kruhovy plochomisovity naplavovy travertin | uzavreté | b.99
5 10 x5 0,7 ovélny plochomisovity SZ -JV | naplavovy travertin | uzavreté | b.99
6 10 0,7-1 kruhovy plochomisovity naplavovy travertin | uzavreté | b.99
7 6 1 kruhovy plochomisovity naplavovy travertin | uzavreté | b.99
8 6x4 15 ovélny kotlovity ZJZ-VSV| naplavovy travertin | uzavreté | b. 396, rozsadlinovy, z troch stran vrstvy travertinu
9 8 1 kruhovy misovity naplavovy travertin | uzavreté | b. 395, rozsadlinovy
10 13 x10 1,2 nepravidelny misovity naplavovy travertin | uzavreté | b. 395, rozsadlinovy
11 8§x7 1,2 ovélny misovity SZ -JV | naplavovy travertin | uzavreté | b.397, na dne a obvode viac ilomkov travertinu.
12 16 x 7 1 ovélny plochomisovity v-Z naplavovy travertin | uzavreté | b. 397, ojedinelé balvany
13 15x8 1 ovalny plochomisovity néplavovy travertin | uzavreté | b. 181
14 13x8 0,8 ovélny plochomisovity SV —-JZ | naplavovy travertin | uzavreté | b. 181, na dne ojedinelé skaly
15 8 0,5 kruhovy plochomisovity naplavovy travertin | uzavreté | b. 181
16 6 1 kruhovy plochomisovity néaplavovy travertin | uzavreté | b. 394, ojedinelé vrstvy travertinu
17 4-5 0,6 ovalny misovity naplavovy travertin | uzavreté | b. 100
18 4-5 0,5 kruhovy misovity naplavovy travertin | uzavreté | b. 103, po obvode su lavice travertinu
19 15x8 1,3 ovélny plochomisovity S-J naplavovy travertin | uzavreté | b. 399, na SV okraji rozrusené lavice travertinu
20 15x8 255 ovalny lievikovitostudiiovity S-J naplavovy travertin | uzavreté ;(iz;aac&i;j%‘j); 331 miCant fravertinn beZ deformicifise
21 14 %9 1,6 ovalny lievikovito-misovity SV -1JZ | naplavovy travertin | uzavreté 5:}?3?;2?33; i:‘?rstl;ar;n 1(8;2 —0,5 m) travertini
22 8 0,5-2 kruhovy misovity naplavovy travertin | uzavreté | S blokmi travertinu. b. 320
23 10 0,5-1,5 lalokovity plochomisovity SV -1JZ | naplavovy travertin | uzavreté | b. 321, s blokmi travertinu
24 4 0,7-1 kruhovy lievikovity naplavovy travertin | uzavreté | b.324
25 12x6 1,6 elipticky kotlovito-misovity ZSZ-VJV| naplavovy travertin | uzavreté | Rozsadlinovy, skalna stienka vysoka 3,5 m. b. 194




Obr. 14. Vostiny vyvinuté na vrstvovych plochach. Foto: J. Tulis
Fig. 14. Aeroxysts developed along bedding planes. Photo: J. Tulis

Obr. 15. Krasové kanaliky. Foto: J. Tulis
Fig. 15. Karst small channels. Photo: J. Tulis

Na stenach mnohych skalnych rozsadlin a krasovych dutin si pomerne rozsiahle
vyskyty sintra. Na strmych a vicSinou rovnych stenach na plochach 5 — 50 m*sa
vyskytuji 5 — 20 cm hrubé, niekol'’kogeneracné sintrové nateky, pripadne az nateky
s naznakmi prechodu do kvaplovych foriem (obr. 16). Vznikli a formovali sa ur€ite
v podzemi, jaskynnom prostredi, a ich terajsia pozicia je vysledkom odvalovania blokov
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Obr. 16. Sintrové nateky. Foto: J. Tulis
Fig. 16. Flowstone. Photo: J. Tulis

— povodne druhej jaskynnej steny. Z toho sac da usudit’, ze tieto sintre s vel'mi staré, ich
vznik suvisi s interglacialmi v pleistocéne.

Okrem sintrovych tvarov sa bezne vyskytuji na tychto stenach bradavicnaté sintre.
Ide o drobné gulkovité, hribkovité sintrové vyrastky, pokryvajuce aj vicsie plochy.
Zaznamenali sa aj v podzemnych priestoroch.

PSEUDOKRASOVE FORMY

V travertinoch Drevenika s v poCetnom zastiipeni a reprezentované podzemnymi
priestormi ustiacimi na povrch vchodmi. Existencia tu pritomnych jaskyi je spita so
vznikom a formovanim skalnych rozsadlin, na ktoré do hibky bezprostredne nadvizuju.
Ich sformovanie je teda podmienené procesmi tektonickymi, gravitatnymi, vnitornym
napétim a odlah¢enim masivu travertinov na jeho okrajoch a periglacialnymi procesmi.
Len v malej miere sa pri formovani jaskyn uplatnila kordzia, CastejSie vSak tvorba
sintrovych foriem, ojedinele aj makkého sintra.

Doteraz prvy a najiplnejsi prieskum povrchovych krasovych foriem a jaskyii (tab. 2)
vykonal Vitek (1972). Opisal 24 jaskyn a priepasti. Z 24 jaskyn je 9 horizontalnych,
8 priepasti a 7 priepastovitych jaskyn. V rokoch 2004 — 2007 ich jaskyniari speleolo-
gickych klubov Slovensky raj a Cassovia zrevidovali a objavili d’alsich sedem jaskyn.
Celkove je na Dreveniku v sucasnosti znamych 31 jaskyn a priepasti.

Vsetky jaskyne a priepasti sa vyznacuju uzkymi priestormi (obr. 17) so Sirkami
0,5 -3 m, v prevahe 1 — 2 m. Steny, na ktorych sa prejavuja odskoky podla vrstiev
a puklin, st vertikalne subezné (9 jaskyn) alebo sa do vysky priblizuju a vysoko v strope
sa priestor ich dotykom uzatvara (15 jaskyn) alebo su stropy uzatvorené zaklinenymi
balvanmi. Len malo jaskyn ma sklony stien iné (do 75°) ako vertikalne. Toto roztvorenie
alebo aj priklananie sa stien v stropoch k sebe je znakom rozneho pohybu az rotacie
blokov, ktoré ohranicuju jaskyne. V ziadnych prieénych profiloch jaskynami nie su znaky
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Tab. 2. Jaskyne v travertinovych atvaroch Drevenika
Table 2. Caves in the travertine formations of Drevenik

Nad.
Cislo Nazov jaskyne Katastralne vyska Dizka | Hibka 5 it i
. : : . . Iné vyznamné udaje
objektu (priepasti) uzemie m [m] [m]
n.m.
Puklinova jaskyna
1 (Peklo, Puklinovd | 5. 527 | 220 v§znamni archeologicka lokalita
jaskyna na Dreveni-
ku, Pleky)
2 Sikma jaskyfia Zehra 522 38 9
3 Zvisla jaskyna Zehra 535 18 11 na stenach sintrové nateky
4 Psia jaskyia Zehra 541 14 5
5 Netopieria jaskyna Zehra 545 20 priepastovita jaskyna
6 Medizova jaskyna Zehra 531 52 18 na stenach st bohaté sintrové nateky a bradavi¢naté sintre
7 Uzka jaskyiia Zehra 561 10 5
8 Esovita jaskyna Zehra 553 29 14 pestra sintrova vypli

celoroéna ladova vyplii, vyznamna archeologicka
9 Ladova jaskyma Spis.Podhradie 557 215 lokalita, prvy publikovany opis z roku 1664, prva graficka
dokumentacia z roku 1881

10 Jaskyna pod lipou Spis. Podhradie | 565 40 bezné su sintrové nateky a bradavicnaté sintre
11 Priepast’ v depresii Spis. Podhradie | 575 12 .
12 Jaskyna pod sosnou Spis. Podhradie | 583 21 10 priepastovita jaskyna
i3 | feskyhasmalym Spis. Podhradie | 583 6
zavrtom
14 Sutinova jaskyna Spi. Podhradie | 584 23 13,5 | sikmo klesajica
15 Syslia jaskyna Zehra 606 23 16 na stenéch st sintrové nateky
16 Jaskyna v rokline Spis. Podhradie | 599 25 10
17 :?::(r);na HALICHG Spis. Podhradie | 587 10 7 steny st pokryté mekkym sintrom
18 Jaskyna v Pekle Spis. Podhradie | 560 47 23 dva vchody, uzka a vysoka $trbinovité jaskyia
19 Ja'skyna pod vreholo- Spis. Podhradie | 608 13 na stenach su bradavi¢naté sintre
vym bodom
20 .la'skyna THad chiod- Spis. Podhradie | 574 20 4 a7 do leta sa vyskytuje l'ad
nikom
Hlboka priepast’ . : ; 5 i 5% ’
21 (Kosfovi jaskyia) Spis. Podhradie | 603 48 43 vyznamna archeologicka lokalita
22 Vel'ka jaskyna Spis. Podhradie | 603 38 23 sikmo klesajlica, na stenach sintrové polevy
23 Mala l'adova Spis. Podhradie | 572 23 12,5 | 8ikmo klesajica s celoro¢nym l'adom
24 Jaskyna v zavale Zehra 577 7 4 priestory v zavale balvanov
25 Strecha Zehra 571 36 vyznamna archeologicka lokalita
Dvojvchodova 5 ST @ : .
26 jaskyfia Zehra 563 6 priepastovita jaskyna, nepreskumana
27 Jaskyna v kute Spis. Podhradie | 549 8 klesajtica, strop podla vrstevnatosti, nepreskimand
28 Nova priepast’ Spis. Podhradie | 596 >6 vchod v rozsadline, nepreskiimana
29 Jaskyfia nad lesom Zehra 60 na juznom okraji
30 Drina Zehra 48 medzi Puklinovou a Meduzou
31 Hodkovska jaskyna Zehra 60 v Kamennom raji

zuzovania priestorov do hibky. Niektoré priestory su vertikalne balvanmi roz¢lenené na
medziposchodia (Puklinova jaskyfia). Dnéa priestorov su vzdy uzavreté travertinovou
sutinou, v roznej miere s primesou hlin, pripadne aj humoéznych vrstiev. Cadova jaskyna
(¢. 9) ma trvala l'adovii vyplit malého rozsahu (celoro¢ne). Takiuto vypli mé aj Mala
ladova jaskyﬁa (¢. 23) a sporadicky aj Jaskyiia nad chodnikom (¢. 20). V priemere
15 jaskyfi méa dizky v rozpiti 5 — 30 m, 7 jaskyfi méa dizky medzi 40 - 55 ma dve jaskyne
nad 200 m (Puklinova jaskyia 220 m, Dadova ]askyna 215 m — Mihal, 2004). Hibky
sa pohybujt v rozpiti 4 — 23 m. Vynimo¢na je 43 m hibka Hlbokej priepasti (¢. 21). I ked’
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Obr. 17. Puklinova jaskyna
Fig. 17. Puklinova Cave
sme jaskyne zaradili medzi pseudokrasové javy, vyskytuju sa v nich vzacne erézno-
korozivne kanaly a priepasti (obr. 18).

Niektoré jaskyne a priepasti st vyznamnymi archeologickymi lokalitami. Takymi su
Puklinova a Cadova jaskyna, jaskyna Strecha a Hlboka priepast’ (Kostova jaskyiia).

ANTROPOGENNE FORMY

Su vysledkom ¢innosti ¢loveka od davnej minulosti az do dnesnych dni. Ide o zasahy
do geologického prostredia, ktoré narusuji jeho prirodzeny vyvoj, ako aj o realizaciu
nadzemnych objektov. Su to lomy na travertin (kamefiolomy), odvaly z tychto lomov,
praveké ochranné valy, cesty, chodniky a nakoniec aj horolezecké cesty.

Najrozsiahlej$im a najhrubsim zasahom do prirodného prostredia su lomy a ich odvaly.
Identifikovanych je 15 r6zne vel’kych lomov a ich odvalov. Jediny z nich a najvacsi lom
Spisské Podhradie je ¢inny (obr. 19). Ma dizku 500 m, $irku do 200 m a hibku az 65 m.
Je to nevratny a najhrubsi zasah do prirodného prostredia.
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Obr. 18. Erézno-korozivna studiia v Hodkovskej jaskyni. Foto: F. Mihal
Fig. 18. Erosive-corrosive well in the Hodkovska Cave. Photo: F. Mihal

Obr. 19. Cinny kamefiolom na travertin, Spisské Podhradie. Foto: J. Tulis
Fig. 19. Active quarry for travertine exploitation, Spisské Podhradie. Photo: J. Tulis

Najdrastickejsim sposobom do prirodnych pomerov v centre travertinovej plosi-
ny zasiahla v polovici 70. rokov 20. storocia otvarka lomu Zehra (obr. 20). Na ploche
150 x 150 m a hibke okolo 20 m pokracoval v ¢innosti do zaciatku 90. rokov, ked’ pre
vel'mi maly vynos pouzitelnej suroviny boli prace zastavené. V okoli st zvysky staveb-
nych materialov.

Na travertinovej plosine sme lokalizovali tri praveké ochranné valy (obr. 21), zktorych
aspoi val na jz. cipe plosiny s dizkou 40 m je vieobecne znamy. Skladba travertinovych
kamefiov v fiom poukazuje na fortifika¢nu stavbu. Druhy z valov sa nachddza sv. od
lomu Zehra. Ma dizku 110 m, je k jz. preruseny tymto lomom. Treti val zhruba v. — z.
smeru a dizky 100 m je na severnom vybezku plosiny Drevenika.
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Obr. 20. Opusteny kameiiolom, Zehra. Foto: J. Tulis
Fig. 20. Abandoned quarry, Zehra. Photo: J. Tulis

Obr. 21. Zvy$ok pravekého sidelného ochranného valu v severnej asti plosiny. Foto: J. Tulis
Fig. 21. The rest of primeval residential protective embankment in the northern part of the plateau. Photo:
J. Tulis

Zhruba dve tretiny obvodu narodnej prirodnej rezervacie obtaca dopravna cesta
s asfaltovym povrchom Siroka 4 m; s odrezmi a nasypmi tvori miestami az 20 m Siroky
vrez do reliéfu.

Na plosine prevazuje splet’ rozne vyraznych chodnikov. Aj podla nasho pozorovania
suvisia s pohybom Rémov z osady Dobra Vola, ktori na okrajoch plosiny vyrubuji
a devastuju krovinny a stromovy porast. Najvyraznejsie st vSak dva turistami pouzivané
chodniky pozdiz vychodného a zapadného okraja plosiny.

Nakoniec sa zmienime o existencii pocetnych (iste viac ako 50) a vyznacenych horo-
lezeckych ciest v Kamennom raji, v Pekle, ale aj v jv. ¢asti Drevenika a v trojuholniko-
vom lome. Fyzicky sice nenartsaju reliéf, ale ich pocetné znacenie je rusivé. Najvacsim
dosahom na biologicku zlozku narodnej prirodnej rezervacie je vSak vynimocne casty
pohyb horolezcov na tychto bralnych stenach a veziach.

K VYVOJU TRAVERTINOVEHO UTVARU DREVENIK

Vek travertinov Drevenika, Ostrej hory a Hradného vrchu je pliocénny az starokvar-
térny (Lozek, 1964). V priebehu kvartéru pokracovalo ich tektonické, erézno-denudac-
né, krasové a antropogénne formovanie.
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Travertinovy utvar Drevenika, leziaci na podloznych horninich paleogénu, ma
priblizne tvar tabulovej hory. Teleso podla nasich zisteni m& hrabku 10 — 75 m.

Pociato¢né formovanie travertinového telesa v pliocéne teda prebichalo na clenitej
elevacii tvorenej paleogénnymi horninami, ktorej tvar bol len v hrubych rysoch podobny
dnesnej elevacii Drevenika. Podl'a priebehu hranic travertinov voci podloznym horninam
sa da odvodit, Ze prevysenie elevacie na podloznych horninach bolo oproti okolit¢ému
depresnému reliéfu vychodne asi 30 — 40 m a na zapadnej strane elevacie 70 m.

Na zaklade povrchového priebehu hranic medzi horninami paleogénu a travertinom,
pritomnosti a vyvoja rozsadlin a foriem vyvinutych v reliéfe p0d1021a travertinov
interpretujeme tu existenciu troch zlomovych Struktar (zon). Pozdiz sz. okraja ploginy
v pasme najvicsich rozsadlin je to Struktira jz. — sv. smeru pravdepodobne s vertikalnym
sklonom. Subeznou je §truktara prebiehajuca cez jv. vybezok Drevenika so sklonom
85° k zsz. Su kvartérneho veku, avak st prekopirované z paleogénneho podlozia. Blok
medzi nimi so §irkou 650 m je vyzdvihnuty o 10 — 20 m oproti okoliu. Tretou Strukturou
je zlom v. — z. smeru prebiehajuci v ose predtravertinovej doliny podlozia pod lomom
Spisské Podhradie. Je pravdepodobne popaleogénneho veku.

Zo 71 merani sa ukazalo, ze len v Siestich pripadoch su vrstvy mierne (4° — 24°)
sklonené k severu (v rozptyle smerov sklonov 270° — 0° — 90°) a vSetky ostatné su
sklonené k juhu (s odchylkami). Pretoze primarny sklon vrstiev je prejavom sedimentacie
travertinov od miesta vyveru k jeho periférii, museli by sme predpokladat, ze vyverovy
areal bol len v severnej asti plosiny a cela terajsia plosina, so sklonom vrstiev k juhu,
bola sedimentaénym priestorom. S ohladom na tento nepravdepodobny rezim a iné
zistenia predpokladame, Ze cely priestor Drevenika bol v kvartéri i s podlozim mierne
preklopeny k juhu a severna Cast’ priestoru je mierne vyzdvihnuta.

Na zéklade uvedenych indicii a zisteni predpokladame 6 vyverovych lokalit:
severny okraj ploiny, okolie koty Drevenik, jz. vybezok plosiny, vychodny okraj
plosiny (200 — 250 m vychodne od koty), dva pozdizne vyverové priestory v jv. vybezku
Drevenika (po stranach krasovej znizeniny).

Priebehy a sklony vrstvovitosti travertinov ukazuji, ze juzné okraje travertinového
telesa boli v porovnani s inymi okrajmi eroézno-denudacne ovela menej postihnuté.
S priblizovanim sa k okraju plosiny a v prechode na strdne sa sklony vrstiev primarne
vyrazne zostrmuji. Nie je to jav spdsobeny geodynamickymi procesmi. Sklony
7 15° = 25° sa zostrmujii na 40° — 45° k juhu, ¢o jasne ukazuje, Ze tu ide o sklonené vrstvy
okrajov vyverovych pramennych kop alebo liniovych vyverov (obr. 7).

Podstatne rozdielna situacia je na zapadnom a vychodnom okraji travertinového
telesa. Priebehy a sklony vrstvovitosti nejavia vobec znaky ich zmien sklonov, a to aj
v tych vezovitych bralach, ktoré nie s naklonené (obr. 9). To ukazuje na to, ze pévodny
okraj travertinového telesa je tu znacne oddenudovany. Predpokladime, ze povodné
okraje sa nachadzali vo vzdialenosti 50 — 150 m zapadne a vychodne od terajsej hrany
plosiny.

Skalné rozsadliny st tektonicko-tahové trhliny, ktoré su reakciou horniny na
tektonické postihnutie a tahové napitie ako vysledok straty opory na okraji masivu
tychto rigidnych travertinov. Sklony tychto rozsadlin (trhlin), v ktorych su situované
jaskyne a priepasti, su v prevahe vertikalne a vicSinou sa do hibky rozsiruju, pripadne
st steny rovnobezné. Bralné veze vzdialené od okraja ploSiny az prvé desiatky metrov st
dalgim $tadiom geodynamického vyvoja, po ktorom nasleduje ich rozpad.
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Na podklade ziskanych tidajov z vyskumu st navrhnuté zlepsenia stavu prirody v tejto
narodnej prirodnej rezervacii. K vyznamnejSim patria: dozorovanie a usmeriiovanie
tazby travertinu v lome Spisské Podhradie s cielom vytvorit’ ¢lenity reliéf pri ukonceni
tazby, v priestore lomu Zehra odstranit’ stavebny odpad a likvidovat pristupovi cestu,
zamedzit vyrubu lesnych porastov a usmernit’ pohyb turistov a horolezcov.
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GEOLOGICAL AND GEOMORPHOLOGICAL SETTINGS
OF THE DREVENIK NATIONAL NATURAL RESERVE

Summary

The territory of Drevenik is of an exceptional importance. Due to its geological, geomorphological,
botanic, zoological, palacontological and archaeological attributes, it can be classified among unique and
irreplaceable territories also from the European point of view.

Drevenik forms a promontory in the sub-unit named the Medvedie chrbty Mts. and is surrounded by the
Podhradska Basin. Compared to the basin, it forms a morphological dominant, emerging from the surrounding
by 100 — 150 m. It has a shape of slightly cambered travertine table, with approximately triangular shape
in ground plan and with an area of about 1.5 km?, which is rimmed along major part of its perimeter by
variably steep cliff relief in travertine rocks, which is in sharp contrast with gently and smoothly modelled
hilly relief of surrounding valley developed on the flysch of the Novoveska Huta Formation and KeZmarok
Layers of the Sub-Tatras Group. Northward, travertine mounds of the Ostra hora Hill and the Spi3sky Castle
are continuing from Drevenik and they are mutually connected by denudation-structural saddles.

The basement of travertine body of Drevenik is formed from sandstones and shales with intercalations
of polymictic conglomerates belonging to flysch of Kezmarok Layers (kezmarské vrstvy). According to
research bore holes, a flat elevation, super-elevated by 30 — 70 m, of SW — NE course existed here on flysch
rocks before travertine formation. A lateral elevation of the basement proceeded from there to SE projection
of Drevenik. E — W oriented valley conditioned by the course of tectonic fault of Post-Palacogene age was
developed in flysch rocks in the NW part of Drevenik under the present quarry in SpiSské Podhradie.
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So complicatedly modelled pre-travertine elevation relief was covered by weathered cover and debris, which
were in the beginning of travertine development cemented and thus preserved (in bore holes) on the basement
of travertine body.

Basal part of travertine forms a horizon of calcified conglomerates up to breccias composed of underlying
rocks and travertine fragments with thickness of about 0.3 — 2.5 m. The main travertine body with thickness
of 10 — 75 m is formed by facies of firm, compact, evenly porous travertine in benches 2 — 3 m thick with
decreasing thickness towards the edges of the massif. Edge facia (south-eastern part of Drevenik) of thin-
bench, breccia travertine with transition to calcareous tufa is only a little extended and known. Oolitic
often also steeply bedded travertine with occurrence of compact aragonite veins of gold-yellow and darker
colour is considered to be crater lithofacies. Crater form changes through porous travertine to facies of firm
travertine rocks. The age of travertine goes back to Pliocene according to finds of fauna and flora.

According to many measurings of travertine stratification and other knowledge the authors presume
at least six resurgence localities of travertine: north edge of the platform, surrounding of the spot height
Drevenik, SW projection of the platform, eastern edge of the platform and two resurgences in surrounding
of karst depression in SE part of Drevenik. Authors’ interpretation is that present south border of the travertine
body is close to the original one. However, we presume that original eastern and western edge of the body was
located 50 — 150 m further from present edges of the platform.

A fault of SSW — NNE direction passes along the western edge of Drevenik platform and it is traced
by occurrence of rocky crevices. A parallel structure is in the SE promontory of Drevenik. The third is the
fault with E — W direction in the space of the Spisské Podhradie quarry. Travertines are affected by tectonic
faults. They are copied from the basement and have influence to development of geomorphological forms
and geodynamic phenomena.

Travertine rocks on the platform of Drevenik are covered by weathered cover of small thickness
0.1 — 1 m consisting of humus layer with travertine fragments. Earth of terra-rossa type with huge thickness
variability (0.5 — 10 m) of debris and geo-dynamic segmentation of travertine blocks are also found in the
space of Spisské Podhradie quarry.

Processes of modelling were in progress on the surface of Drevenik and in adjacent surrounding from
the beginning of its forming (Pliocene) until recent and different geomorphological forms were developed.
We can classify forms conditioned by rock structure and tectonics, erosive-denudation forms, accumulation
forms, karst forms, pseudokarst forms and anthropomorphic forms.

Forming of the edge of the platform is conditioned by travertine structure and tectonics and markedly
occurs in the western part called Peklo (Hell), in eastern part called Kamenny raj (Stone Paradise) and in
the southern part. Numerous, long and deep crevices are a significant element, mainly along western, less
southern edge of the platform, on which many karst and pseudokarst forms are bound. Travertine body
is divided along crevices with participation of geodynamic phenomena.

Erosion-denudation forms comprise gently inclined and undulated travertine platform with significant
cliff relief of broken rocky walls and cliff towers on its western, eastern and southern edge. They are often
displaced from the platform and locally inclined as a product of geodynamic processes. Steeper erosion-
denudation slopes adjacent to cliff relief are attached to these forms as well. Terraced slopes in the surrounding
of Spisské Podhradie quarry are manifestation of travertine block declines.

Accumulation forms are presented by cumulated debris under cliff relief, but also in lower part on
the contact with Palacogene.

Except for karren, 25 dolines of alluvial type on the platform of Drevenik mostly of bowl shape belong
to typical karst forms. Karst benches and karst depressions are localized sporadically. Small karst cavities,
aeroxysts and different sinter forms were found on the cliff walls (in quarries also). They are mostly a product
of corrosion. Karst cavities and sinters are in prevalence as part of underground forms.

Pseudokarst forms are presented by many underground spaces developed in rocky crevices.
Their development and forming is connected with tectonic and geodynamic processes. Entrances into
30 underground objects were found here.

Anthropogenic forms are the result of human activities. 15 quarries and their banks were found here
as human intervened into nature. The largest of them is active (beyond the edge of the NNR). The most
violent impact is in quarry named Zehra (from the seventies of the last century) in the centre of travertine
platform. Bold impact is also a road into the quarry. Three primeval protective banks are found on the
Drevenik platform.

Some improvements were proposed for increasing the state of nature in the national nature reserve
on the basis of obtained data from above mentioned research. Here are the most important ones: to control
and regulate travertine exploitation in Spisské Podhradie quarry with the aim to create dissected topography
after the end of the mining activity. Waste material from building must be removed from the Zehra quarry
with removal of access road, stopping the forest cutting and regulating tourist and climbers movement.
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Abstract: Presented paper deals with preliminary results of a complex study on travertine build-
ups in Spi§ and Liptov regions (northern Slovakia). Four travertine sites (Lucky, BeSeiiova,
Ruzbachy and Spissky hrad — Drevenik) were chosen for detailed studies. Two main facies:
proximal and distal are distinguished. The proximal facies consists of crystalline crusts, shrubs,
sunken calcite rafts, coated bubbles and pisoids while encrusted plants and stromatolites are the
most abundant components in the distal facies. Some beds of the latter facies comprise a rich
mollusc assemblage. The travertines were predominantly fed by CO, of deep origin, which has
been proved by the carbon stable isotope analyses. The preliminary dating results situate majority
of the studied travertines in the Pleistocene.

Key words: travertine facies, stable isotopes, U-Th dating, malacofauna, Pleistocene

INTRODUCTION

Travertines are fresh-water carbonates, usually deposited near springs. They are fed
by deep-circulation waters, saturated with CO, of deep origin (Ford and Pedley, 1996).
Such deposits are also called thermogene travertines (Pentecost, 2005 and other papers by
this author) to distinguish them from meteogene travertines which are related to waters
of relatively shallow circulation, saturated with soil carbon dioxide. The latter deposits are
commonly named as calcareous tufa, the term being mostly used by British and German
authors (e.g. Pedley, 1990; Ford and Pedley, 1996; Arp et al., 2001). The travertines fed by
deep-circulation waters often build extensive and thick travertine mounds, cascades and
terraces. Pamukkale travertines in Turkey and Yellowstone travertines in United States
are the most famous modern examples. Hereafter the term ‘trayertines’ refers to all
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the studied deposits although some of them display facies typical of tufas (meteogene
travertines sensu Pentecost, 1995, 2005).

Travertines commonly occur in Slovakia, especially in Spi§ and Liptov regions
(Kovanda, 1971). They were extensively quarried for building stones. Although their
deposition is presently strongly limited, the extensive travertine buildups — mounds and
terraces — testify vigorous growth of these deposits in the geological past. One can regard
them as surficial record of dissolution of carbonate rocks taking place in a subsurface.
It is generally known that the Slovak travertines are mostly of pre-Holocene age,
and in prevailing opinion they were laid down during warm climate phases of Pleistocene
and in Pliocene (Lozek, 1961, 1964; Vaskovsky and Lozek, 1972). However, detailed
data about the age, internal structure and depositional environment of Slovak travertine
buildups are very limited.

In the paper the preliminary results of the complex study on Slovak travertines are
presented, to provide perspectives of future research and to put forward some working
hypothesis.

SLOVAK TRAVERTINES — THE STATE OF RESEARCH

Stratigraphy of the Slovak travertine buildups is based mainly on results of
palacobotanical, malacological and geomorphological criterion (e.g. Némejc, 1928,
1931, 1944; Lozek and Prosek, 1957; Lozek, 1957, 1964; Vaskovsky and Lozek, 1972).
It should be noted however, that the plant remnants as well as malacofauna found
there, with only a few exceptions, have no direct stratigraphic significance, but only
reflect general palacoenvironmental conditions prevailing during deposition of
travertines. The geomorphological criterion also seems to be imprecise. Therefore,
determination of their ages using isotope methods is of great importance, excepting the
Eemian travertine buildup at Ganovce, which attracted special attention because of the
finding of Neanderthal man bones in it. The complex research of this mound included
malacological, palynological, microfaunistic and isotopic studies. So far, only for this
buildup the precise age of its deposition has been available (Némejc, 1944; Kneblova,
1958; Lozek, 1964; Vicek, 1995).

The knowledge about internal structure of Slovak travertines is also very limited.
Only data published by F. Némejc (1928, 1931, 1944) and V. Lozek (1964 and others) are
available. However, these data are based on the observations made mainly with the aim of
location of leaf imprints or mollusc shells. They suggest that the travertine bodies consist
mainly of firmly cemented deposits (pevny penovec), which markedly predominate
in sections, and of subordinate less lithified deposits (sypky penovec). The internal
structures and origin of both varieties have not been studied as yet. Similarly, the lateral
facies variation within the travertine mounds remains poorly recognized. Thus, it is not
clear if the individual buildups developed in one or more phases.

STUDY SITES

After reconnaissance study in the Spi§ and Liptov regions four travertine sites were
chosen for more detailed research. They comprise: Lucky, Besefiova — both located
in Liptov area, as well as Ruzbachy and Spissky hrad — Drevenik — belonging to the Spis
area.
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Two outcrops were studied in the village of Lucky. One of them is located in the
western part of the village, close to a small cemetery (49°07,798’N, 19°23,903’W).
The second outcrop spreads along the road leading to a spa and forms a rock-cliff
(49°07,858°N, 19°23,986’W). Both outcrops, offering walls more than 10 m high, represent
old abandoned quarries. However, exploitation was still carried out in the quarry close
to the cemetery till the seventies of the last century. Both outcrops seem to belong to the
same travertine buildup. Malacofauna and plant remnants from these outcrops were
studied by J. Vaskovsky and V. Lozek (1972), and F. Némejc (1928), respectively.

There are several outcrops on the slopes north of Besefiova village. They are small,
abandoned and partly vegetated quarries. The most spectacular outcrop is a rock-tower
(49°06,428°N, 19°26,073°W), with the walls up to ten metres high. Other outcrop is
located to the south and south west from the rock-tower (49°06,424°N, 19°26,005°W).
They were described by J. Vaskovsky and V. Lozek (1972) and J. Vaskovsky (1980).

In the village of Vys$né Ruzbachy several generations of travertines can be
distingiushed (Némejc, 1931; Petrbok, 1937; Lozek, 1964). Excluding recently growing
forms, the famous travertine crater for instance and Holocene deposits, three noticeable
outcrops still exist — two of which have been a subject of a detailed study: Modzele and
Horbek (49°18,217°N, 020°33,192°E and 49°17,968’N, 020°33,523’E respectively). Both
sites represent abandoned quarries.

Extensive travertine ridge spreads between Spissky hrad and Drevenik. The rock
can be observed in several natural rock-cliffs and two quarries. One is still active
(48°58,343°N, 020°46,158°E) while one is abandoned (48°58,909°N, 020°46,242°E).

METHODS

The travertine sections were studied in the field and analyzed bed-by-bed with
sampling. The observation was supplemented by polished slab and thin section
analysis.

Samples for U-series analysis contained 10 — 25 g of clean, compact calcite with
no visible traces of detrital admixtures. Standard chemical procedure for uranium and
thorium separation from carbonate samples was used (Ivanovich and Harmon, 1992).
28Th-2321J mixture (UDP10030 tracer solution by Isotrac, AEA Technology) was used as
a controller of chemical procedure efficiency. U and Th were separated by ion exchange
using DOWEX 1x8 resin. After final purification U and Th were electro-deposited on
steel disks. Energetic spectra of alpha particles have been collected using OCTETE
PC spectrometer made by EG&G ORTEC. Spectra analyses and age calculations were
done using “URANOTHOR 2.6” software, which is the standard software developed
in U-Series Laboratory in Warsaw (Gorka and Hercman, 2002). Each spectrum was
corrected for background and delay since chemical separation. The quoted errors are 1o.
All analyses were performed at the Uranium-Series Geochronology Laboratory at the
Institute of Geological Sciences, Polish Academy of Sciences.

Samples for stable isotope analysis were decomposed in reaction with 100 %
orthophosphoric acid at controlled temperature (25.0 + 0.1 °C). Carbon dioxide produced
in this reaction, after cryogenic purification was measured by Finnigan Delta S mass
spectrometer.
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FACIES CHARACTERISTICS

The facies were distinguished on the basis of field observations. Individual sections
were studied bed-by-bed and carefully sampled. Observations were extended through
investigation of rock slabs and standard microfacies analysis.

The studied travertines considerably vary in terms of their facies characteristics.
They display features typical of thermogene travertines and meteogene travertinese
(sensu Pentecost, 2005). However, spatial distribution of facies suggests that the former
should be regarded as proximal and the latter as distal facies. Hence, the above terms
will be used hereafter.

Proximal facies

The proximal facies crops out between Spissky hrad and Drevenik, as well as in the
Modzele quarry (Vysné Ruzbachy) and Beseiova site. This facies is hard and bedded.
The beds are almost horizontal or inclined and display a wide spectrum of colours from
white and pale grey to orange and brick-red.

Proximal facies are built of variable lithotypes (sensu Guo and Riding, 1998).
The most common are crystalline crusts, which are particularly well developed in
Spissky hrad — Drevenik area, where they form inclined beds of pale travertines and
constitute a dominant part of the travertine buildup (Figs 1, 2). They form mainly smooth
slope facies with dips up to 30° and subordinately terrace slope facies whose beds are
locally almost vertically oriented. They represent former cascades and waterfalls.
Coated bubble travertine is another characteristic lithotype (Fig. 3). It is particularly
abundant in the Besenova site, while in the Modzele quarry and Spissky hrad — Drevenik
area it occurs rather rarely. Sunken rafts, shrubs and pisoids are the other lithotypes
constituting proximal facies.

Sedimentary breccias recognized in the
Drevenik abandoned quarry, form very
peculiar facies (Fig. 4). They comprise mainly
angular and subangular clasts of travertines
up to 30 cm across. The breccias form
distinguished inclined horizons up to a few
metres thick, capped by younger travertines.

Proximal facies is almost devoid of any
plant or malacofauna remnants. Imprints
of conifer cones found in the Modzele quarry

Fig. 1. Travertine built of crystalline crusts; Spissky ~ Fig. 2. Crystalline crusts, close view; sample from
hrad quarry Drevenik quarry
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Fig. 4. Breccia horizon; Drevenik quarry

serve as an exception. The malacofauna described by J. Petrbok (1937) and J. Vaskovsky
and V. Lozek (1972) from Modzele and Besefiové sites as well as bear bones from Beseniova
described by M. Sabol (2003) were most probably found in the secondary fissures and
voids of karst origin, developed within the travertines. Hence, they postdate the travertine
buildups there. Proximal facies comprises pollen which can be of palaeoenvironmental
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and stratigraphical importance. The study on pollen is in progress. Moreover, one cannot
totally exclude the possibility of finding some palaeontological or palaeobotanical
material synchronous with the travertines themselves.

Distal facies

Distal facies crops out especially in the village of Lucky as well as in the Horbek
quarry (Vysné Ruzbachy). This facies has more porous and friable appearance than
proximal facies. It is yellow to pale brown in colour and forms horizontal or inclined
beds. The occurrence of numerous plant imprints is its most distinctive characteristic
(Fig. 5).

This facies is composed of two main interlayered lithotypes: encrusted plants
and stromatolites. Plant debris were heavily encrusted by micritic and sparitic calcite
fringe cement. Some cyanobacterial/algal structures are also visible. Plant tissues are
decomposed; however, their imprints are well preserved (Fig. 5). These plant imprints,
mostly tree leaves, tree needles, twigs and branches as well as grass blades and moss
tissue are well visible. Tree-trunk moulds forming small caves are very peculiar ones.
Only some imprints, mainly those of grass blades, developed as encrustation of plants in
their natural life position.

Domal shaped stromatolites build a substantial part of travertines in the Lucky village
(Fig. 6). The oncoids also contribute to the distal facies. They have different shape and
their diameter is in the range from a few millimetres to a few centimetres. The pebbles
of older rocks act as nuclei for the biggest oncoids.

The horizons built of pebbles and cobbles occur within the distal facies (Fig. 7).
They have been identified both in the Luc¢ky and Horbek travertines (Némejc, 1928,
1931; Lozek, 1964). The clasts are fragments of Mesozoic carbonates and Palacogene
sandstones.

Fig. 5. Encrusted plant debris, leaf imprint and twig moulds; Lucky site
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Fig. 7. Gravel intercalation within travertine buildup, Horbek quarry

The distal facies comprises a rich mollusc assemblage, represented mainly by land
and freshwater gastropod taxa. The former comprise the mesophilous and hygrophilous
forms inhabiting both open areas (meadows, ditches) and shrubs. The latter represent
species living mainly in small, shallow stagnant water bodies, including those periodically
drying up, but species typical of slow flowing water are also present. The searching
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for malacofauna remnants carried out during the present study gave results similar to
the former works by J. Petrbok (1937) and J. Vaskovsky and V. Lozek (1972). However,
some species previously not recorded were also found. Moreover, it has turned out that
mollusc shells are particularly abounding only in some peculiar beds while they are
lacking in other beds.

Vein calcites

Several fissures cut travertine buildups. Some of them are filled with residual
clastics of terra rossa or terra fusca type comprising mollusc assemblages (Lozek,
1964; Vaskovsky and Lozek, 1972). Coarse-grained material represented by gravels and
pebbles occur in other fissures. Peculiar type of fissures filled with calcite crystals was
found in the Besenova site and Drevenik quarry.

STABLE ISOTOPES

A reconnaissance study on stable isotopes indicate that values of 8"°C in travertines
are in the range between +0.9 and +8.4 %o, while 'O values cover the range from
—9.8 to —5.9 %o vs. V-PDB (Fig. 8). Observed stable isotope composition is consistent
with previous data by R. Demovi¢ et al. (1972). The carbon isotope composition
suggests that growth of travertines was predominantly controlled by CO, of deep origin
(cf. Pentecost, 2005). Hence, the situation was similar to that prevailing at present when
springs in northern Slovakia with waters of deep-circulation contain significant amounts
of endogenic carbon dioxide (Cornides and Kecskés, 1982). Some of them feed actively
growing travertines (Duliniski et al., 2003). Therefore in this paper, the distal facies
in spite of their textural characteristic, is not regarded as tufa.
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Fig. 8. Stable isotope contents in Slovak travertines

TRAVERTINE AGE

The results of exploratory dating by means of U-series disequilibium allowed
to determine ages of some travertine buildups. It seems that the sedimentation
of travertines in the Horbek site was finished approximately 200 k.a., as two dates
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obtained from the upper part of travergi(pes within the single standard deviation
gave similar ages: 227 ,; k.a. and 192 ,, k.a. It partly remains in agreement with
the opinion presented by V. Lozek (1964, p. 17), who supposed that Horbek travertines
had grew during “a warm period during middle Pleistocene”. The travertines in Lucky,
which crop out near a cemetery, were probably formed during the last interglacial. Their
bottom part was dated at 139::Zk.a. It is in line with the previous J. Vaskovsky and
V. Lozek’s (1972) view.

The single date k.a. obtained for travertines in the BeSeiiova rock-tower suggests
their deposition in mid-Pleistocene. The sedimentological investigation proves that this
travertine buildup grew continuously, which is implied by a lack of significant hiatuses.
However, due to large relative uncertainty of a given age more radiometric analyses are
necessary to set the true age of travertines more precisely.

Calcite filling vein within the travertines in the Drevenik quarry is older than 350 k.a.
Thus, the travertines constituting this buildup represent the oldest travertine generation.
The obtained result seems to be consistent with the opinion based on palaeobotanical
premises and formulated by F. Némejc (1944).

FURTHER STUDY

The future investigations will focus on determination of factors controlling
growth of travertines. They should lead to formulation of a genetic model taking into
account possible interactions between several factors. The model will be based on age
determinations of the travertines and will comprise several palacoenvironmental
indicators. The comparison of the growth stages of deposits in various parts of individual
travertine buildups and, first of all, the comparison of the growth stages in all the studied
travertine buildups will be the next step in activity within the project. The growth phases
will be correlated with the record of global climate changes in Pleistocene (e.g. SPECMAP
_ Martinson et al., 1987 and Devils Hole — Winograd et al., 1992), and with local curves
of speleothem growth frequencies (Hercman etal., 1997, Hercman, 2000 and H. Hercman,
unpublished data). As a result of just described future activity, one should expect to get
more detailed and precise look into the history of growth of Slovak travertine buildups,
as well as possibility of correlation of travertine growth stages with climatic changes in
the Pleistocene.
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GEOLOGICKE A TEKTONICKE POMERY DRIENOVSKEJ JASKYNE
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M. Zacharov: Geological and tectonic settings of Drienovska Cave in the Slovak Karst

Abstract: Drienovska Cave is located about 1,500 m north of the village Drienovec on the south-
eastern margin of the Jasov Plateau belonging to the Slovak Karst. The cave is located in grey and
dark grey Waxeneck limestone (Karnian) and partly also in the succession of carbonate clastics
deposits — conglomerate and breccias that are assigned to the Drienovec conglomerate lithofacies
based on their lithology. The development and NE — SW spatial orientation of the cave is strikingly
related to the dislocations structures. The most important structures are NW — SE normal faults
and, mainly, NE — SW strike faults accompanied by extensive zones of tectonic breccias. N — S
dislocations are of minor importance.

Key words: Slovak Karst, Jasov Plateau, fluvial cave, geological and tectonic structure
UvoD

Drienovska jaskyfia patri k vyznamnym endokrasovym javom vychodnej Casti
Slovenského krasu. Nachadza sa v Kosickom kraji na juhovychodnom okraji Jasovskej
planiny asi 1500 m severne od obce Drienovec v blizkosti arealu Drienovskych kupelov
(obr. 1). Vchod do jaskyne je situovany v skalnej stene pri vyusteni krasovej doliny
Miglinc do Medzevskej pahorkatiny a vyteka z neho vydatny potok (obr. 2). Je to
vyverova fluviokrasové jaskyfia s aktivnym vodnym tokom, priom niektoré Casti jej
priestorov vyvojom zodpovedaju aj fluviokrasovo-rutivému typu. Jaskyia je vytvorena
v troch hlavnych vyskovych vyvojovych Grovniach zna¢ne premodelovanych procesmi
ratenia. Autochténny vodny tok preteka jej spodnou ¢astou — 1. vySkovou vyvojovou
Groviiou. Jaskyna v sucasnosti dosahuje dizku 1348 m. Jaskyiiu objavili v roku 1889
pri odstranovani sutinového materidlu v mieste vydatného pramefia. Prace, ktorymi
bol odkryty vchod do jaskyne, sa vykonali na zaklade podnetu roznavského biskupa
G. Schoppera (Sobanyi, 1896). Podstatna ¢ast’ udajov o jaskyni z hladiska turistického,
speleologického, archeologického, geomorfologického a geologického je publikovana
v pracach, ktorych prehlad uvadzaju Bella a Holibek (1999). Vysledky geologickych
vyskumov a $tadii vratane tektoniky a geomorfologie jaskyne, ktoré maji vztah
k problematike riesenej v tomto prispevku, publikovali Senes (1956), Zacharov (1985),
Zacharov a Terray (1987), Terray (2003), ako aj Zacharov a Kosuth (2005). Prieskumné
speleologické prace v Drienovskej jaskyni v rozhodujicej miere vykonali ¢lenovia
Oblastnej skupiny SSS Kosice-Jasov a v suc¢asnosti vykonawvaju ¢lenovia Speleoklubu
Cassovia Slovenskej speleologickej spolo¢nosti, priami nasledovnici skupiny KoSice-
Jasov. Prehl'ad ich prieskumnej ¢innosti je publikovany v pracach vyssie citovanych
autorov.
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Obr. 1. Situa¢na mapa okolia Drienovskej jaskyne
Fig. 1. A map of Drienovska Cave surroudings

Obr. 2. Vstupny otvor Drienovskej jaskyne. Foto: M. Zacharov
Fig. 2. Entrance opening of Drienovska Cave. Photo: M. Zacharov
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GEOLOGICKA STAVBA SLOVENSKEHO KRASU V OKOLi DRIENOVCA

Na komplikovanej geologickej stavbe Slovenského krasu sa zicastituje pat zakladnych
tektonickych (paleoalpinskych) prikrovovych jednotick — silicikum, turnaikum,
meliatikum, prikrov Borky a gemerikum (Mello et al., 1997). Dalej sa na stavbe
zG&astiuju lokalne vyskyty vrchnej kriedy. Uvedené jednotky scasti prekryvaju sedimenty
kenozoika. Vychodnu Gast’ Slovenského krasu v oblasti Jasovskej planiny charakterizuje
reprezentativna geologicka stavba, na ktorej sa zacastiuju vietky uvedené prvky stavby.
Ich pozicia, vzajomny vztah, rozsah a zakladna litostratigrafia je zrejma z geologickej
mapy (obr. 3). Vzhladom na rie§ent problematiku uvediem len zakladna charakteristiku
geologickej stavby 3irsieho okolia jaskyne a nepovazujem za potrebné uvadzat dalsie
udaje o geologickej stavbe celej Jasovskej planiny a prilahlej Medzevskej pahorkatiny.
Na geologickej stavbe SirSieho okolia jaskyne sa zucastiiuji len jednotky silicika
a vrchnej kriedy, s¢asti prekryté nesavisle vyvinutymi sedimentmi terciéru a kvartéru
(obr. 3). Najvyznamnej$ou jednotkou z hladiska vzniku a vyvoja krasu je silicikum.
Je zastupené triasom silického prikrovu so skupinou facii karbonatovej platformy
a facii svahovych a panvovych (Mello et al., 1997). Na stavbe silického prikrovu sa tu
v rozhodujlicej miere zacastiiuji facie karbonatovej platformy. Zastupuju ich nasledujuce
stredno- az vrchnotriasové typy karbonatov — gutensteinské, steinalmské vapence,
wettersteinské rifové aj lagunarne vapence, waxeneckeé (tisovské) vapence a dachsteinské
rifové a lagunarne vapence. Cast triasu je tvorend nadasskymi a pseudoreiflinskymi
vapencam1 patriacimi k svahovym a panvovym faciam stredného az vrchného triasu.
Dalej sa na stavbe silického prikrovu zucastiiuje jura zastipena allgduskymi vrstvami
(slienité vapence a sliefiovce). Vrchna kriedu zastupuju masivne miglinecké vapence
(kampan) v tektonickej pozicii v doline Miglinc (Mello et al., 1997).

Kenozoikum tvoria pokryvné sedimenty paleogénu, neogénu a kvartéru. Paleogén
je zastipeny Somodskym suvrstvim (eocén — oligocén), z ktorého na povrchu vystupuji
laminované a masivne sladkovodné vapence severozapadne od Drienovca. Charakteris-
tické st najmé drienovské zlepence (oligocén — miocén), ktoré sa nachddzaju v podobe
denudac¢nych zvyskov severne a severovychodne od Drienovca. Dalej je neogén zastupe-
ny polohami poltarskeho stvrstvia (pont) — pestré ily, piesky a Strky. Tiez sa vyskytuji
v podobe denudaénych zvyskov v nadlozi ,.exhumovaného krasu® v oblasti vychodne
od Drienovca. Kvartér (pleistocén — holocén) tvoria nestvisle rozsirené delivia zlozené
7 hlinito-kamenitych a kamenitych sedimentov a v mensej miere su zastupené koluvial-
ne sedimenty, ktoré tvoria ronové a osypové kuzele, zlozené z kamenitych sedimentov.
Vyvinuté st aj proluvialne sedimenty zloZené zo §trkov a zahlinenych piescitych Strkov
a fluvialne sedimenty niv potokov a riek tvorené piescitymi Strkmi.

Tektonicka stavba v oblasti, kde je situovana jaskyfia, je mimoriadne komplikova-
na. Uzemim prebieha vyznamny roziiavsky hlbinny zlom sz. — jv. smeru, ktory vyznie-
va v blizkosti jaskyne. V zone zlomu je vytvorena dolina Miglinc. Sucasne je tato dolina
aj hranicou — stykom dvoch ¢iastkovych tektonickych struktir Slovenského krasu sfor-
movanych vrasovo-zlomovou tektonikou, Struktiry silicko-turnianskej juhozapadne od
zlomu a hac¢avsko-jasovskej na protilahlej strane. Dolinou prebiehaju pocetné preSmy-
kové struktury, ktoré vyznamne ovplyviiuju distriblciu Jednotllvych typov hornin jed-
notky silického prikrovu, ale aj vrchnej kriedy a terciéru (obr. 3). Dalim vyznamnym
tektonickym prvkom stavby tohto uzemia je zlomovy systém sv. — jz. smeru charakteru
horizontalneho posunu, stotoziiovany so zlomovou zénou Darn6 (Elecko a Vass, 1997 in
Mello et al., 1997), ktora takisto v oblasti jaskyne vyznieva. Na stavbe sa tiez vyznamne
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Obr. 3. Geologickd mapa vychodnej ¢asti Slovenského krasu (podla podkladov Mella et al., 1997 zosta-
vil L. Tometz, 1988; upravil M. Zacharov, 2007). Vysvetlivky: KVARTER - HOLOCEN: 1 — fluvialne
sedimenty, pies¢ité Strky, 2 — deluvidlne sedimenty, hlinito-kamenité a kamenité, 3 — koluvialne sedi-
menty, ronové a osypové kuzele, PLEISTOCEN: 4 — deluvialne sedimenty, hlinit¢ a hlinito-strkovité,
5 — proluvialne sedimenty, $trky a zahlinené piescité Strky, TERCIER — NEOGEN: 6 — poltirske
savrstvie (pont), pestré ily, strky a piesky, 7 — drienovské zlepence (vrchny oligocén — spodny miocén),
PALEOGEN: 8 — somodské suvrstvie, laminované alebo masivne sladkovodné vapence, MEZOZO-
IKUM — KRIEDA: 9 — miglinecké biele masivne vapence, SILICIKUM — SILICKY PRIKROV
— JURA: 10 — allgiuské vrstvy, tmavé slienité vapence a sliene, TRIAS: 11 — dachsteinské rifové
a lagunarne vapence, 12 — waxenecké (tisovské) vapence, 13 — wettersteinské rifové vapence, 14 — wet-
tersteinské lagundrne vapence, 15 — steinalmské vapence, 16 — gutensteinské dolomity, 17 — guten-
steinské hematitizované dolomity, 18 — gutensteinské vapence (11 — 18 facie karbonatovej platformy),
19 — reiflinské a pseudoreiflinské vapence, 20 — nadasské vapence (19 — 20 svahové a panvové facie),
verfénske suvrstvie: 21 — sinské vrstvy, bridlice, slienité vapence, vapence, 22 — bodvasilasské vrstvy,
pestré pieskovee a bridlice (21 — 22 facie predriftového $tadia), TURNAIKUM — TURNIANSKY
PRIKROV — TRIAS, JURA?: 23 — dvornicke vrstvy, bridlice, fylity s vlozkami pieskoveov, silicitov,
vapencov a bazickych vulkanoklastik, TRIAS: 24 — gutensteinské véapence, PRIKROV BORKY -
TRIAS — JURA: 25 — tmavé a ¢ierne fylity s metasiltovcami a metapieskovcami, 26 — tmavé a ¢ierne
fylity s polohami krystalickych vapencov, TRIAS: dubravské savrstvie, 27 — chloriticko-sericitické
fylity s polohami krystalickych vdpencov a metabazik, 28 — metabazické horniny, 29 — sivozelené
a svetlé bridli¢naté krystalické vapence, 30 — svetlé krystalické vapence (25 — 30 hacavska sekvencia),
PERM: jasovské suvrstvie, 31 — sericitické a chloriticko-sericitické fylity, 32 — metamorfované pies-
kovce, 33 — metamorfované ryolity a ich tufy, 34 — metamorfované oligomiktné zlepence, MELIATI-
KUM — TRIAS: 35 — serpentinity, GEMERIKUM — PERM: 36 — rozilavské stivrstvie, polymiktné
zlepence, stredno- az hrubozrné pieskovce. Vieobecné vysvetlivky: 37 — zlomy a) zistené, b) zakryté,
¢) predpokladané, 38 — presmyky, 39 — presunové linie, 40 — pramene

Fig. 3. Geological map of eastern part of the Slovak Karst (according to Mello et al., 1997 compiled by
L. Tometz, 1998; modified by M. Zacharov, 2007). Explanations: QUATERNARY — HOLOCENE:
1 — fluvial sediments, sandy gravels, 2 — deluvial sediments, loamy-stony and stony, 3 — colluvial
sediments, rill and talus fans, PLEISTOCENE: 4 — deluvial sediments, loamy and loamy—gravelous,
5 — proluvial sediments, gravels and loamy sandy gravels, TERTIARY — NEOGENE: 6 — Poltar
Formation (Pontian), variegated clays, gravels and sands, 7 — Drienovec conglomerates (Upper
Oligocene — Lower Miocene), PALEOGENE: 8 — Somody Formation, laminated or massive freshwater
limestone, MESOZOIC — CRETACEOUS: 9 — Miglinc white massive limestones, SILICICUM
— SILICA NAPPE — JURASSIC: 10 — Allgdu beds, dark marly limestones and marls, TRIASSIC:
11 — Dachstein reef and lagoonal limestones, 12 — Waxeneck (Tisovec) limestones, 13 — Wetterstein reef
limestone, 14 — Wetterstein lagoonal limestones 15 — Steinalm limestones, 16 — Gutenstein dolomites,
17 — Gutenstein dolomites hematitized, 18 — Gutenstein limestones (11 — 18 Facies of carbonate platform),
19 — Reifling and ,,Pseudoreifling” limestones, 20 — Nadaska limestones (19 — 20 Slope and basinal
facies), Werfen Formation: 21 — Szin beds, shales, marlstones, limestones, 22 — Bodvaszilas Beds,

variegated sandstones and shales (21 — 22 Pre-rifting stage facies), TURNAICUM — TURNA NAPPE
— TRIASSIC, JURASSIC?: 23 — Dvorniky Beds, shales, phyllites with intercalations of sandstones,

silicites, limestones and basic volcanoclastics rocks, TRIASSIC: 24 — Gutenstein limestones,
BORKA NAPPE — TRIASSIC, JURASSIC: 25 — dark and black phyllites with of metasiltstones and
metasandstones, 26 — dark and black phyllites with intercalations crystalline limestones, TRIASSIC:
Dubrava formation, chlorite-sericite phyllites with intercalations crystalline limestones and metabasic
rocks, 28 — metabasic rocks, 29 — gray-green and light shaly crystalline limestones, 30 —light crystalline
limestones (25 — 30 Hacava sequence), PERMIAN: Jasov Formation, 31 — sericite and chlorite-sericite
phyllites, 32 — metasandstones, 33 — metamorphosed rhyolites and their tuffs, 34 — metamorphosed
oligomict conglomerates, MELIATICUM — TRIASSIC: 35— serpentinites, GEMERICUM —
PERMIAN: 36 — Roziiava Formation, polymict conglomerates, medium to coarse-grained sandstones.
General explanations: 37 — faults a) observed, b) covered, c) inferred, 38 — reverse faults, 39 — thrust
lines, 40 — springs
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uplatiuji zlomy — poklesy v. — z. smeru.
Tieto zlomy oddeluji mezozoikum Ja-
sovskej planiny od Medzevskej pahor-
katiny, resp. od Kosickej kotliny.

GEOLOGICKE A TEKTONICKE
POMERY JASKYNE

Litostratigrafia

Priestory  Drienovskej  jaskyne
su vyvinuté v masive koty Palanta
Obr. 4. Tmavosivy waxenecky vépenec. Foto: M. Zacharov (366 m n. m.), ktorej obly chrbat ma sz.
Fig. 4. Dark-grey Waxeneck limestone. Photo: M. Zacharov  — jv. priebeh (obr. 1). Masiv Palanty je
podla geologickej mapy (Mello et al.,
1996) tvoreny v hlavnej miere waxenec-
kymi vapencami a na upéti juhovychod-
nych svahov tu zasahuji aj lagunarne
wettersteinské vapence. Podla rozsahu
doteraz znamych a zameranych priesto-
rov je jaskyna vyvinutd v centralnej
Casti masivu Palanty, ktory podla uva-
dzanej mapy tvoria len waxenecké va-
pence. Pri speleologickom vyskume
(Senes, 1956) sa zistilo, ze horninovy
masiv mimo vapencov v oblasti zavalu
na konci priestorov jaskyne na urov-
ni podzemného toku tvoria vapencové
brekcie a zlepence. Pritomnost uvede-
nych typov sedimentov potvrdil aj ne-

. skorsimi vyskumami priestorov jaskyne
Obr. 5. Svetly waxenecky vapenec prestupeny systémom  vykonanymi v rokoch 2004 — 2007 au-
lglil;1151.]‘Ll:iggi.-cl\;ll.oiizga\r)\(/):xeneck limestone with system fn it Prlspevku. , . .
af foliits, Bhiota: M. Zighatov Na zaklade vykonanych litologic-
kych studii mozno konstatovat, ze jas-
kyna je vytvorena v troch zakladnych
typoch hornin — vapencoch, zlepencoch
a brekciach. Podstatna cast priestorov je
vytvorena vo waxeneckych vapencoch
(karn: jul — tuval) lagunarneho typu
prevazne riasovo-loferitickych (Mel-
lo et al., 1997). Su to prevazne sivé az
tmavosivé horniny, ktoré v niektorych
castiach jaskyne prechadzaju do svet-
lych — bielych vépencov. Lokélne sme
v nich zistili fragmenty tenkostennych
Fig. 6. Cataclastic breccia from Waxeneck limestone. lamellibranchiat, kolumnalii krinoidov
Photo: M. Zacharov a zle zachovanych foraminifer. Vapence

Obr. 6. Kataklasticka brekcia waxeneckého vapenca.
Foto: M. Zacharov
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povodne masivne st vacsinou tektonic-
ky prepracované. Stupen tektonického
prepracovania dosahuje réznu intenzi-
tu. Podstatnu ¢ast’ horninového masivu
tvoria vapence relativne celistvé, prestu-
pené sietou prevazne vyhojenych puklin
mm az dm radu (obr. 4 a 5). Pukliny st
vyhojené kalcitom viacerych generacii
a v niektorych pripadoch st s¢asti vypl-
nené Cerveno a hnedo sfarbenymi pro-
duktmi zvetravania infiltrovanymi z po-
vrchu. Cast vapencov je prepracovanéna
tektonické — dislokacné, resp. kataklas-
tické brekcie, ktorych fragmentacia je
vel'mi variabilna. Jednotlivé fragmenty
maji velkost od niekol’kych milimet-
rov az po decimetre (obr. 6). Brekcie su
prevazne nesudrzné, rozpadaju sa na
jednotlivé fragmenty, ale ojedinele sa
vyskytuja aj brekcie kompaktné, stme-
lené sekundarnym kalcitom (obr. 7).
Vyskyty brekcii su viazané na zlomové
Struktary, kde vytvaraju zony dosahu-
juce 8irku az niekol'ko metrov (obr. 8).

Zlepence tvoria obliaky rdéznych
typov triasovych vapencov a sporadic-
ky vapencov jury silického prikrovu
s rozliénym stupniom opracovania od
dokonale ovalnych az po polozaoblené
(obr. 9 a 10). Spojivo zlepencov hnedej
az cCervenohnedej farby predstavuje
peliticky, lokalne az piesCity materidl.
Brekcie st tvorené ostrohrannymi az
poloostrohrannymi klastmi vapencov
obdobnych typov z akych st vytvorené
obliaky zlepencov (obr. 11). Ich spojivo
je vsak svetlejsie, hnedé az svetlohnedé
a ma vicsi podiel pies¢itého materialu.
Uvedené karbonatové klastika vytva-
raju sekvenciu, v ktorej sa vzajomne
striedaju polohy slabo vytriedenych
zlepencov a brekcii. V sekvencii prevla-
daju polohy zlepencov. Aj tieto horniny
su tektonicky prepracované a v zonach
zlomovych Struktar z nich vznikli ka-
taklastické brekcie (obr. 12). RozliSenie
jednotlivych  brekcii, kataklastickych

Obr. 7. Kataklasticka brekcia waxeneckého véapenca,
tmeleného sekundarnym kalcitom. Foto: M. Zacharov
Fig. 7. Cataclastic breccia from Waxeneck limestone,
cemented by secondary calcite. Photo: M. Zacharov

Obr. 8. Kataklasticka brekcia v dislokacnej zone
v Drienovskej jaskyni. Velkost' plochy vyskytu je asi
2 x 1,25 m. Foto: M. Zacharov

Fig. 8. Cataclastic breccia in dislocation zone in
Drienovska Cave. The scanned occurrence area is about
2 x 1,25 m. Photo: M. Zacharov

Obr. 9. Dokonale ovalny obliak drienovskych zlepencov.
Foto: M. Zacharov

Fig. 9. Fully oval rounded pebble in Drienovec
conglomerates. Photo: M. Zacharov
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Obr. 10. Drienovsky karbonaticky zlepenec.
Foto: M. Zacharov

Fig. 10. Drienovec carbonatic conglomerate.
Photo: M. Zacharov

Obr. 11. Drienovska karbonaticka brekcia.
Foto: M. Zacharov

Fig. 11. Drienovec carbonatic breccia.
Photo: M. Zacharov

Obr. 12. Kataklasticka brekcia drienovského zlepenca.

Foto: M. Zacharov

Fig.12. Cataclastic breccia from Drienovec conglomerate.

Photo: M. Zacharov
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od sedimentarnych a kataklasticky
prepracovanych brekcii v jaskynnom
prostredi, sposobuje zna¢né problémy.
Vyskyt zlepencov a brekcii sa potvrdil
v mieste ich povodnej lokalizacie (Se-
nes, 1956) a dalsi sa zistil za zavalom
v Mesacnom dome, opétovne na trovni
podzemného toku. Pozicia vyskytov je
jednoznaéne vzdy viazand na oblasti za-
valov, ktoré st situované v rozsiahlych
zlomovych pasmach. Na zaklade $tudia
pozicie sekvencie sa zistilo, Ze predsta-
vuje tektonicky vyrazne ohraniceny
segment, v ktorého nadlozi aj podlozi
sa vyskytuju waxenecké vapence.
Litofacialny charakter sekvencie
zlepencov a brekcii v jaskyni je vo vy-
raznej zhode s karbonatickymi klasti-
kami v blizkom okoli jaskyne a SirSom
okoli obce Drienovec, ktoré Matéjka
(1958) nazval drienovské zlepence. Vy-
chadzajuc z uvedenych faktov zlepence
a brekcie v Drienovskej jaskyni je moz-
né zaradit’ k litofacii drienovskych zle-
pencov veku vrchny oligocén — spodny
miocén (Elec¢ko a Vass, 1997 in Mello
etal., 1997).
Problémom je ich pozicia medzi
waxeneckymi vapencami vrchnotria-
sového — karnského veku. Masiv koty
Palanta na povrchu, v nadlozi jasky-
ne tvoria len waxenecké vapence, ¢o
sa potvrdilo detailnym geologickym
mapovanim. V okoli jaskyne sa bezne
vyskytuja drienovské zlepence (obr. 3),
ale su ulozené transgresivne a diskor-
dantne na Somodskom suavrstvi alebo
na waxeneckych vapencoch. Vzhladom
na fakt, ze drienovské zlepence su v jas-
kyni v tektonickej pozicii v rozsiahlom
zlomovom pasme, je pravdepodobné, ze
do sucasnej pozicie boli tektonicky ,,za-
tiahnuté*.

Tektonika
Vznik a vyvoj Drienovskej jaskyne
jenepochybne podmieneny charakterom
tektonickej stavby hacavsko-jasovske;j
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Okrsok 1. Poc¢et merani: 6 Okrsok 2. Pocet merani: 4

Okrsok 3. PoCet merani: 12

®

Okrsok 5. Po¢et merani: 8 Okrsok 6. Pocet merani: 11

Obr. 13. Sumérne tektonogramy velkych oblikov smerov sklonov disloka¢nych ploch v jednotlivych

strukturnych okrskoch Drienovskej jaskyne
Fig. 13. Summary fault plain’s diagrams of strike dips in particular structural areas of Drienovska Cave
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Obr. 14. Schematicka mapa Drienovskej jaskyne (podl'a mapovych podkladov skupiny SSS Speleoklubu
Cassovia, zostavil M. Zacharov, 2007)

Fig. 14. Schematic map of the Drienovska Cave (after maps of SSS, Speleoklub Cassovia Group, compiled
by M. Zacharov, 2007)
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Siastkovej jednotky silického prikrovu. Vyskum tektonickych pomerov jaskyne je
obtazny pre nedostatok vhodnych odkryvov na stidium struktirnych prvkov. Zakladnym
tektonickym prvkom, ktory predisponoval orientaciu a rozsah priestorov su dislokacné
struktary. Tieto §truktiry si v jaskyni pocetné, ale rozsiahle premodelované intenzivnou
eroziou aktivneho vodného toku alebo prekryté sintrami. Taktiez sa nepodarilo ziskat
indikatory pre kinematicka charakteristiku dislokécii. Stadium dislokacii sa vykonalo
vi&sinou na reliktoch ich ploch. Vzhl'adom na vyskyt dislokacii a vyznamnost niektorych
Casti jaskyne (vyrazna zmena orientacie priestorov a zavalové pasma) sa Struktdrne
prvky skumali v Siestich $truktarnych okrskoch (obr. 13 a 14). Struktarne stadie boli
vykonané v hlavnej Casti priestorov, &ize v 1. vySkovej vyvojovej irovni jaskyne. Dalgie
dve vyvojové urovne, tzv. horné poschodie, budi predmetom vyskumu v dal3ej etape
prac.

Na zaklade analyzy doteraz zistenych dislokacnych Struktir je mozné konstatovat’,
7e vznik a vyvoj jaskyne bol predisponovany hlavne Struktirami sz. — jv. a sv. — jz.
smeru a v mensej miere aj s. — j. smeru. Dislokécie sz. — jv. smeru maju s¢asti velmi
strmy sklon (60 — 75°) k JZ aj SV, ale ich podstatna Cast’ je subvertikélna, resp. vertikalna
(obr. 13). Uvedené dislokacie maju ojedinele azimutalnu disperziu asi 20° k Z. Podielaju
sa vyznamne na vzniku vstupnej chodby a prednych Casti jaskyne analogického smeru
(obr. 14). Maju dolezita funkciu aj pri formovani orientacie ostatnych Casti jaskyne, kde
v miestach ich vyskytu sa vytvorili vyrazné kolenovité ohyby chodieb. Morfogeneticky
ich predbezne zaclefiujeme k $ikmym poklesom (rejuvenizované povodne presmykove
struktury?). Dislokacie sv. — jz. smeru st najdolezitejSie pre vznik a vyvoj jaskyne. Jej
priestory st z podstatnej Casti generalne orientované sv. — jz. smerom (obr. 14). Maju tiez
s€asti vel'mi strmy sklon (54 —75°) k JV, ale aj SZ a ich podstatna Cast’ je subvertikalna,
resp. vertikalna (obr. 13). Ojedinele sa vyskytuji dislokacie tejto orientacie so sklonom
disloka¢nych ploch v rozpiti 34 — 45° (obr. 13, tektonogram 5 a 6). Tieto dislokacie sa
zistili v miestach rozsiahlych zévalov a je pravdepodobné, ze ich sklon je sekundarny,
zmengeny v dosledku poklesu a ritenia Casti horninového masivu do krasovych dutin.
Aj ostatné vyssie uvedené dislokacie tu maji v dosledku zavalovych procesov modifi-
kovani poziciu. Dislokacie sv. — jz. smeru sa za¢inaji dorazne uplatfiovat’ pri formovani
priestorov az v oblasti okrsku 3 (obr. 13 a 14). Tu v mieste krizovania s dislokaciami
sz. — jv. smeru sa zasadne meni orientacia smeru chodieb z sz. — jv. smeru na generalny
sv. — jz. smer. Povazujeme ich za posuny a aj v tomto pripade je ich morfogenetické za-
¢lenenie len predbezné. Treti typ dislokécii s. — j. smeru sa vyskytuje sporadicky, s pre-
vaznym tklonom na V. Dosahuje vel'mi strmy, 70 — 78° sklon, pripadne je subvertikalny.
Dislokacie st sprevadzané zonami brekcii, bezne dosahujucimi sirku 10 az 30 cm a oje-
dinele a7 niekol’ko metrov (obr. 8). V &asti dislokacii sa vyskytuju aj tektonické ily.

Vznik a vyvoj priestorov jaskyne je viazany na dislokacné Struktury. Jaskyiia sa
vyznacuje dislokaénymi chodbami prevazne s linedrnym priebehom, ktoré maju vysoky
a uzky profil. St to hlavne disloka¢no-fluviokrasové a v miestach krizovania dislokacii
dislokaéno-fluviokrasovo-rutivé chodby.

ZAVER

Drienovska jaskyia je prevazne vytvorend v sivych az tmavosivych waxeneckych
vapencoch. Cast jej priestorov sa vytvorila v karbonatickych klastikach — zlepencoch
a brekciach, ktoré na zaklade litofacialneho charakteru zarad'ujeme k drienovskym zle-
pencom. Vyvoj a orientécia priestorov jaskyne, generalne sv. —jz. smeru, je vyrazne spita
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s disloka¢nymi Struktarami. Zasadny vyznam maju disloka¢né struktary poklesového
sz.—jv. smeru a najmé posunového sv. — jz. smeru a sporadicky s. —j. smeru, sprevadza-
né rozsiahlymi zonami tektonickych brekcii a prizlomovej klivazovej puklinatosti. Je to
dosledok intenzivneho tektonického prepracovania horninového masivu v zéne styku
vyznamnych, vys§Sie charakterizovanych regionalnych tektonickych Struktir, roziav-
ského zlomu a zlomovej zony Darnd, ktoré sa zasadne podiel’ajil na jej vyvoji.

Pod’akovanie. Vyskum geologickych a tektonickych pomerov Drienovskej jaskyne sa
uskutocénil s podporou projektu Vedeckej grantovej agentiry Ministerstva Skolstva SR
a Slovenskej akadémie vied VEGA ¢&. 1/4030/07. Autor dakuje ¢lenom Speleoklubu
Cassovia Slovenskej speleologickej spolo¢nosti za pomoc pri terénnom vyskume.
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JASKYNNY SYSTEM MESACNY TIEN
_ PRVOTNE POZNATKY Z GEOLOGIE, MORFOLOGIE A GENEZY
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dolina, 842 15 Bratislava; brano.smida@gmail.com

B. Smida: The cave system of Mesa&ny tiefi (Moon Shadow) — preliminary results of geology,
morphology and genesis

Abstract: This research work has been carried out in the karst of Javorinské Siroka massif (12 km?)
in Vysoké Tatry Mts. with special attention to some aspects of geology, sedimentology, mineralogy,
hydrology and genesis of Mesa¢ny tiefi cave system which is by explored parts of 17 km length
and —441 m depth the 4" longest and 2™ deepest cave in Slovakia at present. The cave was created
by allochthonous and autochthonous streams mainly in a complicated 3D-phreatic zone and its
character is very similar to the large high-mountain underground systems as we know it well
by example from Northern Calcareous Alps near Salzburg. The potential of next discoveries is
enormous in this locality.

Key words: speleology, cave system, speleogenesis, gypsum, Mesacény tiefi, Vysoké Tatry Mts.
UvOoD

Diia 26. juna 2004 nasli 1. Pap a B. Smida v zaverovom kare Spismichalovej doliny
vo Vysokych Tatrach nenapadny otvor do 25 m hlboke;j priepasti. Po roz§ireni Gziny na
jej dne sa tu tato dvojica objavitelov (aj za pomoci E. Kapuciana) prepracovala o mesiac
nato postupne v dalsich zizeniach tzv. Skl'u¢ujiiceho meandra do hibky —52 m. Na akcii
20. augusta 2004, uz aj za asistencie jaskyniarky G. Majernickovej, sme potom prenikli
do rozvetveného vysokohorského jaskynného systému, ktory sme do konca sezony
prebadali v rozsahu 2,5 km diiky a—-142 m hibky (ﬁmida et al., 2004; Pap a Smida,
2004). Dalsi dobre zorganizovany i usmeriiovany vyskum, nadsené badanie a precizne
mapovanie tejto lokality viedli k zavaznym vysledkom: po len 3,5 rokoch od najdenia
vchodu Mesaéného tienia je jeho podzemny systém v Case zostavenia tohto prispevku
dlhy uz okolo 17 km a hlboky zatial —441 m (obr. 1). Jaskyna sa tak stala uz 4. najdlhSou
a 2. najhlbsou na Slovensku, nadalej vsak s velkymi perspektivami objavov v jej
nespocetnych pokrac¢ovaniach (Smida a Pap, 2006, 2007, Smida et al., 2008).

GEOLOGICKE POMERY SKUMANEHO UZEMIA

Do sucasnosti spoznany rozsah systému Mesacny tiefi sa nachadza v centralnej az
severozapadnej Casti bloku masivu Javorinska Siroka (2210 m n. m.) medzi Bielovodskou
a Javorovou dolinou, ktory ma priblizne 12 km? plochy a vépencové hydrologické
prevysenie az po bazu niektorych jeho odvodiujucich tokov viac nez 900 m.

Ide o davnejsie, ale pomerne podrobne geologicky vymapované uzemie, budované
vysokotatranskou sekvenciou, ktora ma vo svojej stavbe okrem mezozoickych hornin
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Mesacny tien

: Varhany rez

Mikiho dém
Saolinske

L 400
spracoval a nakreslil: B. Smida 2. bivak (Cus:rgnnﬁ) slion
v programoch Therion a Loch (400 m) -441m

Obr. 1. Rez systémom jaskyne Mesaény tiefi, spracovany v programoch Therion a Loch. Spracoval: B. Smida, 2007
Fig. 1. Section of the Mesacny tien cave system, generated from Therion and Loch software. Processed by B. Smida, 2007




zabudované aj granity, ale v tektonickom nadlozi karbonatov, znamy je fenomeén tzv.
prevrdtenej vrasy Javorinskej Sirokej (napr. Andrusov, 1950, 1959; Borza, 1959; Nem¢ok
et. al., 1993, 1994). Dva vyznamnejsie presuny (?) krystalinika, vrcholovy hreben Siro-
kej, Svistoviek (2070 m n. m.) a Kosiara (1870 m n. m.), okolo 2 km? plochy, a hrebefi
Horvatovho vrchu (1902 m n. m.) s plochou do 0,5 km? tvoria porfyrické granitoidy
s vyrastlicami ruzovocervenych K-zivcov, typ Gorickovej (Gorek, 1959). Pod nimi vy-
stupuje spodnotriasové luziianské sivrstvie (skyr), tvorené najma kremencami, pripadne
kremitymi pieskovcami, ktoré st plagtom pokryvajucim vapence na nezanedbatelnej
ploche asi 1 km?. Od juhu, od samotného krystalinického jadra Tatier (leukokratné alebo
biotitické granitoidy aZ tonality paleozoika) je hydrologicka Struktura Sirokej limitovana
v ramci obalového tatrika okrem uz spomenutych kremencov tiez spodnotriasovym su-
vrstvim pestrych ilovitych bridlic, pieskovcov, slienitych bridlic ¢i bunkovitych dolomi-
tov a vapencov (verfén). Na severe tvori jej obmedzenie tektonicky nasun kriznanského
prikrovu (fatrika): hlavne ramsauské dolomity (ladin — karn), pripadne tzv. kopienecké
vrstvy (rét — sinemuir) v ich nadloZi (organodetrické vapence, slienité bridlice atd’).

Samotné silno skrasovatené série Sirokej buduju najmi strednotriasové gutensteinské
vrstvy: tmavé vépence (anis — ladin) s dolomitizacnymi prejavmi, ,.Cervikovité”
vapence. V ich nadlozi vystupuji masivne organogénne jurské vapence (doger — malm).
Nad nimi lezia potom v okrajovych zapadnych ¢astiach masivu uz len kriedové sivé
bridlice, pies¢ité vapence a pieskovce tzv. porubského suvrstvia (alb — spodny turdn?).
7da sa viak, ze niektoré v zvy¢ajnom slede tatrika tu ,,chybajiuce ¢leny budi predsa
len existovat, ako nas o tom presved¢ujii nase vlastné povrchové zistenia réznych,
ani do jedného z tychto stvrstvi dobre zaraditelnych litofacii, ako aj vyskyt nie prave
tradi¢nych karbonatov priamo v jaskyni Mesacny tiefi (pozri v d'alSom texte). Uzemie by
si zaslizilo vzhl'adom na naozaj zaujimavé témy este detailnejsie geologické zmapovanie
povrchu; to viak samozrejme stazuje fyzicky obtazny reliéf, neraz nie prave priaznivé
klimatické pomery (burky, laviny) a na znaénej ploche aj glacigénny pokrov balvanito-
blokovych morén, zrejme z posledného zaladnenia (Luknis, 1973) a mladSich svahovych
sutin a deluvialno-proluvialnych sedimentov.

ODVODNOVANIE SIROKEJ

Na strmych zatrdvnenych ubogciach alebo v sutinovo-blokovych strziach a zl'aboch,
budovanych granitoidmi alebo kremencami najvrchnejsieho vyskového horizontu Siro-
kej (od 1500 do 2200 m n. m.), sa sice v ¢ase jarného topenia snehu (z ustupujicich firno-
vych splazov) alebo po burkach formuji kratke stranové toky (s pozorovanym prietokom
radovo v litroch, ¢i najviac prvych desiatkach l.s™), avsak tie rychlo ¢asom zaniknu ale-
bo sa ponoria na styku s karbonatmi do zavrtov ¢i prepadlisk pod morénami a svahovy-
mi blokovymi sutinami. Jedinymi trvalej§imi st tu dva kratsie potociky v najvrchnejse;
¢asti Sirokej doliny, ktoré sa ponaraju rozptylene (ale na pomerne kratkej vzdialenosti)
do vapencovych stvrstvi vo vyske asi 1790 — 1800 m n. m (spolu do 10 — 50 Ls™"). Nevy-
lu¢ujeme, Ze ich prameniska maja popri $truktare kremencov a sutin granodioritov ¢ias-
toéne aj krasovi zdrojnicu. Skuskami s fluoresceinom dokazali jaskyniari z oblastnej
skupiny Spisskéa Bela v roku 1978 suvis ich ponornych vod s mohutnou visutou vyvierac-
kou Uplazky vysoko vo svahu Bielovodskej doliny (1200 m n. m.). Hanzel (1987) uvadza
jej vydatnost 33,7 — 247 1.s”. Fluorescein vSak bol vraj indikovany aj vo vyvieracke
Vyviory (1175 m n. m., 23,5 — 72,5 1.s™') v strednej Casti Sirokej doliny i vo vyvieracke
nedaleko koty 1288 v Javorovej doline (Pavlar¢ik, 1986). Zaujimavym javom v krase st
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Tiché pleso a Malé pleso (prvé z nich s priemerom okolo 30 m) v hornej &asti Siroke;
doliny, asi v 1750 m n. m. Priklaname sa k nazoru Ksandra (1956), ze moze ist’ ¢iasto¢-
ne o povodné, dnes trvalo zatopené krasové jamy (bez zretelnejSicho odtoku). Kratky
povrchovy tok (s vydatnostou niekol'ko 1.s™') sa vytvara priebezne po dazdi aj v najvy-
raznejSom zlabe zaverového karu Spismichalovej doliny, ponara sa v sutine vo vyske asi
1800 m n. m. Stélejsi tok (s premenlivym prietokom, od niekol'kych 1.s' az po raz na jar
nami pozorovanych okolo 100 L.s™) je v Gizemi len v spodnej ¢asti zapadnej postrannej
doliny Rozpadliny. Formuje sa na pokryvnych albskych bridliciach a pieskovcoch.

Uzemie je teda odvodiiované najmi podzemnymi cestami, a to az k bazam ho ohrani-
¢ujucich dolin Bielovodskej a Javorovej, resp. pod ne. Okrem uz spominanych vyverov sa
tak deje aj vyvierackou (s vydatnostou asi 40 1.s!, v zime bez vody) medzi Tesnou jasky-
flou a Jaskynou pod Javorom (Pavlarcik, 1984) a azda aj Mokrou dierou (v 1180 m n. m.),
300 m dlhou vyverovou jaskyiiou s tiahlymi sifonmi (50 — 1000 L.s™"). Na zapade, v ba-
zéne Bielovodskej doliny, méze mat’ s odvodiiovanim Sirokej stvis zéna vyznamnych
skrytych tbytkov vody z riecky hlavnej doliny a nasledne zase vel'mi silné rozptylené
vyrony prameniska Biela voda (okolo 1000 m n. m., s vydatnostou do 800 1.s '), ktoré
boli identifikované hydrometrovanim a potvrdené termometriou a konduktometriou (Li-
zot, 1980 in Hanzel, 1987). Cast z tychto vod méze mat autochtonny povod v prilahlych
svahoch zapadného masivu Sirokej, s plochou karbonatov asi 2 km?.

KARSOLOGICKE A SPELEOLOGICKE VYSKUMY

Histéria speleologického badania masivu Javorinskej Sirokej spada az do obdobia
17. storocia, pol'sky u¢enec M. Hrosienski tu vtedy podrobne opisal Mokrt dieru. Dole-
zitym medznikom je aj praca S. Rotha (1882), zmienujiceho sa napr. o jaskyni Kostolik.
Vybranej problematike povrchovych javov sa tu venovala cela plejada geomorfologov
najdolezitejSimi z prac st nepochybne obsiahla monografia M. Lukni$a (1973) a jeho
geomorfologickd mapa Vysokych a Belianskych Tatier 1 : 50 000. Vyborny historic-
ky prehl'ad publikovanych prac prinasa napr. prehladova §tadia S. Pavlarcika (1984).
Prieskumom jaskyil a mensich priepasti sa tu v Sestdesiatych rokoch zaoberali pol'ski
speleologovia (Kowalski, 1957, 1960), mimoriadne cenné ¢o do obsahu je diplomova
praca S. Pavlarcika (1976), zavazny prinos k objavom viacerych novych mensich jaskyn-
nych lokalit uzemia tu zaznamenal svojimi akciami pol'sky prieskumnik W. Wisniewski
(1990, 1992), na periférii izemia zmapovali jaskynu Sucht dieru bratislavski jaskyniari,
v Mokrej diere sa so zavaznymi postupmi ponarali speleopotapaci J. Kucharovi¢, W. Bo-
lek, J. Gliviak ¢i M. Megela a dalsi, no a nakoniec v izemi sporadicky operuji (popri
ich hlavnych prioritach v protilahlom masive Uplaz s dnes uz viac ako 8 km dlhou jas-
kyriou Javorinka) aj ¢lenovia Jaskyniarskej skupiny SSS Spisska Bela (sondazne prace
v Prievanovej jaskyni). Fakt je ale ten, ze na podzemny hydrologicky systém Javorin-
skej Sirokej v podobe naozaj vel'kej jaskyne sa podarilo dostat’ len pred par rokmi, a to
objavmi v Mesa¢nom tieni (Pap a Smida, 2004; Smida a Pap, 2006, 2007; Smida et al.,
2004, 2008).

K METODIKE PRIESKUMOV

Po objave takej rozsiahlej, prakticky stale sa nekonciacej, fyzicky naro¢nej, nevlad-
nej a miestami realne nebezpecnej a zlozitej vysokohorskej jaskyne sme sa v time ¢le-
nov Speleoklubu Univerzity Komenského Bratislava a jeho spolupracovnikov zamerali
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prioritne najmi na zakladni mapovi dokumentaciu. Mapovalo sa topofilmi franctzske;j
vyroby, laserovymi dialkomermi i §tandardnou zévesnou banskou stpravou. Dnesny
rozsah zmapovanych chodieb jaskyne Mesacny tiefi je uz viac ako 14 km, pricom sa
podarilo zamerat’ uz vietky najvyznamnejsie chodby i cely ,,hlavny tah®, v mierkach
vykreslovania 1 : 200 az 1 : 500. (Autor tohto prispevku sa podiel’al na zmapovani asi
80 % dnes uz zameranych priestorov.) Tym sa ziskal podrobny vyskopis, zékladny pre-
hlad o morfologii, do zapisnikov sa zakreslili celé kilometre podorysov chodieb, ich
rozvinutych rezov a na vybratych miestach aj prie¢nych profilov. Ku koncu roka 2007
sa cela tato topograficka databaza vlozila do programov Therion a Loch (http:/therion.
speleo.sk) a boli vyhotovené prehladné 3D modely jaskyne, v roznych rezoch i v podo-
ryse (obr. 2).

Popritom sme na jednotlivych akciach ziskavali uz aj prvé idaje o uklonoch a litologii
hornin zistenych v podzemi, o aktualnych hydrologickych stavoch, o Struktarnych
prvkoch, neotektonike a vyplniach jaskyne, sledovala sa mikroklima, Studovali
mineralne akumulacie (najmid vyskyt a formy sadrovcov). Po tejto Gvodnej faze
prieskumu sa v dalsom obdobi zameriame (popri vlastnom objavovani pokracovani a ich
topografickom mapovani) uz aj na podrobnejSie geozmapovanie jaskynného systému,
$tdium vytypovanych miest a profilov chodieb, ich sedimentov a mikro$truktirnych
prvkov a v §irsom time prizvanych spolupracovnikov, Specialistov aj na in¢ vedné obory,
napr. na staciondrny vyskum klimy na vybratych stanovistiach, biospeleologicky ¢i
hydrogeochemicky prieskum a pod., tak, aby vysledkom celého posobenia bolo dokladné

Zufane

P35
Sine¢ny dazd

2. bivak (-400 m)

sifon (-420 m)

Obr. 2. Ukazka 3D modelu splete poschodi, $acht, kominov a sikmych spojovacich trubic v okoli 2. bivaku
v Mesaénom tieni v hibke —400 m, viac vpravo hore v pozadi je chaos Sacht okolo 1. bivaku. Spracoval:
B. Smida, 2007

Fig. 2. Sample of 3D model of a maze of storeys, shafts, chimneys and inclined connection tubes around
the 2" bivouac in the Mesa¢ny tieni in the depth of ~400m, more right upwards in the background with
a chaos of shafts near the 1% bivouac. Processed by B. Smida, 2007
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a komplexné karsologické zhodnotenie tejto jedine¢nej lokality. Niektoré poznatky
zahffia uz aj tento prispevok.

Vyskumy sa uskuto&niovali po¢as 7 — 10 vyjazdov do roka, najmé v letnom a jesen-
nom obdobi, na akciach sa podielali zvycajne 4 — 8 prieskumnici. Jednotlivé zostupove
akcie boli spociatku jednodiiové, neskor, po objaveni tzv. ,,Novej jaskyne® vo vicsich
hibkach masivu, sme v jaskyni postupne vybudovali 2 podzemné tabory (bivaky) v hib-
kach —260 m a —400 m, ktoré su dnes excelentne zabezpecené na prijemny pobyt a od-
dych tu badajucich speleoldgov. Jednotlivé prieskumné akcie, vlastne akési miniexpedi-
cie sa v jaskyni predizili na viacero dni (4 — 5), zatial najdlhsi pobyt v podzemi trval bez
prestavky 105 hodin. Vyskum tejto jaskyne sa financoval vylu¢ne z privatnych zdrojov
jednotlivych prieskumnikov.

STRUCNY MORFOLOGICKY OPIS MESACNEHO TIENA

Vstupny otvor jaskyne vo vyske 1767 m n. m. ma rozmery 1 x 1,5 m a spada dolu
25 m hlbokou studiiou k uz rozsirenému zaZeniu, za ktorym pokracuju dalej do hibky
~52 m dodnes tazko zdolatelné (mimoriadne uzke a zalomené) kaskady tzv. Skl'ucuja-
ceho meandra. Za zavalmi na jeho konci sa viak priestory enormne zvicsia do podoby
na SV v generalnom uhle priblizne 30° spadajucich paralelnych galérii so zavaliskovymi
dnami, ktoré st $iroké bezne 10 — 20 m a vysoké 5 — 8 m (Pino 10, Cervena galéria)
(obr. 3). Tieto chodby su navzajom poprepajané sustavou véacsich sieni (dom Saris, Var-
hany, sieft Juliana), niekol'kymi strmymi meandrami (Bukovsky meander, Kameiiolom,
Anicka), ale uz aj prvymi ndznakmi dodnes malo v tychto relativnych vyskovych hori-
zontoch prebadanych subhorizontalnych etazi a ich paleosifonalnych kolien (napr. Juzna
vetva, Chodba kremennych vajec). Je tu aj jedna hlbsia priepast’ (P35 m Cucoriedka)

Obr. 3. Jedna z velkych strmo klesajticich chodieb hornych ¢asti Mesacného tiena. Foto: M. Audy
Fig. 3. One of the big steeply descending passages of the upper parts of Mesagny tieii. Photo: M. Audy
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a bezpocet ovalnych trubicovitych spojok.
Toto vsetko je tzv. Stara jaskyna Mesacné-
ho tienia, ktord mala po objave rozsah asi
2,5 km chodieb (rozkladajucich sa v bloku
asi 200 x 250 m) a hibku —142 m (Smida et
al., 2004).

Priechod do tzv. Novej jaskyne bol obja-
veny v lete 2005 po rozsireni prievanovych
ztzeni v hibkach okolo 120 m na konci
Chodby kremennych vajec (Smida a Pap,
2006, 2007). Pokracovanie sa tu koncen-
truje navokol obrovskej sienovitej chodby
Tatra Open, ktora spada kaskadovito v diz-
ke okolo 400 m a v uhloch 30 —40° na SSV
do hibky skoro =300 m. Prvé z jej rozsireni
je mohutnym domom 60 x 25 m, vysokym
do 25 m. Najspodnejsia ¢ast’ Tatra Open ma
zas podobu takmer 140 m (!) dlhej prikrej
siefovitej chodby, rozsirujicej sa v zavere
az na 30 — 50 m. (Prepocitanym objemom
okolo 30 000 m? ju moZno povazovat za je-
den z najvicsich jaskynnych priestorov na
Slovensku.) Na galériu sa pripaja viacero
zatial' malo prebadanych i rozvetvenych
subhorizontov i meandrov (Volanie Bielo-
vodky, Krvila¢ny meander, Knossos).

Dalsia rozlahld siet priestrannych
subhorizontalnych chodieb (tzv. Pohoda-
ky) sa nachadza pod siefiou s 1. bivakom
v —260 m (obr. 4). Chodby maji bezne sirku
2 —5mavy$sku 3 — 8 m, st tu aj dve vic-
Sie siene (35 x 50 m, a dom Nijak). Spada
z nich zna¢né mnozstvo uz preskumanych
$4cht hlbokych 20 — 35 m (Slne¢ny dazd,
Mesacna stvora, Elektra ¢i zatial’ v jasky-
ni najhlbsia priepast’ P38 Zizkovo oko), ale
je tu aj plno doteraz nezdolanych priepasti
(v tzv. Lese $acht ¢i Zapadna vetva) a komi-
nov, veducich azda do neznamych vyssich
poschodi.

Morfologia i priebeh jaskyne sa vy-
razne zmenia v hibkovom horizonte oko-
lo 340 m. Odtokova plazivka-chodbicka
z dna studne P35 Slne¢ny dazd’ sa tu pri-
paja na vyznamnejsi vodny tok a dalej uz
jaskyfia pokraCuje priestrannym vzdus-
nym rie¢iskom so zakrutami, meandrami
(obr. 5) ¢i aj drobnymi kaskadami a vodo-

Obr. 4. Typicky profil fosilnych poschodi stredného
a spodného hibkového horizontu Mesaéného tiefia.
Foto: B. Smida

Fig. 4. Typical profile of fossil storeys of the middle
and lower deep horizon of the Mesa¢ny tief. Photo:
B. Smida

Obr. 5. Kanonovity meander na aktivnom toku v hib-
ke okolo —400 m. Foto: M. Audy

Fig. 5. Canyon meander in the active watercourse
in the depth of around —400 m. Photo: M. Audy
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padikmi (2 — 4 m vysokymi). Kratsie sifony v zavere toku sa daji nadchadzat vyssimi
Grovitami. Nad ,,hlavnou” rieckou pozndme ucelenejsie zatial’ jedno vyznamné fosilne
poschodie, tzv. Metro (priemerne o 30 m rel. vysSie), a dalsie, asi 45 m rel. nad rieckou,
vo fragmentoch. Ide o priestranné, zvi¢sa trubicovité chodby Siroké bezne 3 —8 ma vy-
soké 2 — 5 m, ktoré st subhorizontéalne alebo tvoria paleosifonalne kolena v amplitidach
okolo 10 — 15 m. S ,,hlavnou* rieckou ponize st poprepajané strmymi krizovymi me-
andrami, trubicovitymi spojkami ¢i Sachtami, je tu vel'ké mnozstvo vysokych kominov,
chodby tu maju niekde, podobne ako pri ,,aktive, miestami charakter az mensich pod-
zemnych kafionov. Na prieskum tohto segmentu systému bol v hibke —400 m zriadeny
2. bivak. Vo vyssich rovniach nad tokom je niekol’ko vdcsich bo¢nych sieni (Mikiho
dom 20 x 40 m, s mozno az 50 m vysokym kominom, Saolinove siene). V hibke —441 m
sa kon¢i doteraz preskimany tah jaskyne tymto smerom (od vchodu generalne na SSV
az SV) poslednym vzdusnym usekom rie¢iska a akiste pokracujicim sifénom, hlbokym
Sikmo do vody prinajmene;j este dalSich 6 —7 m.

Dva iné vyznamné segmenty jaskyne sa pripajaju na jej tah v hibke —380 m. Ide
o tzv. 1. Qtz pritok, tiahlu a kaskadovito stupajicu kompaktnu chodbu, ktorej prieskum
sme ukon¢ili predbezne vo viac nez +100 m rel. nad riec¢iskom, a dve tiahle poschodia
vyskovo okolo 35 m priamo nad sebou: Zufane a vetva Zeleného psa. Tieto st horizontalne
0sovo uz okolo 150 m vzdialené od zatial’ ,,hlavnej“ znamej riecky a nie je vylucené, ze
mnozstvo ich §acht hlbokych 20 — 40 m sa moZe niekde nizsie napajat’ na iné, nezname
rie¢isko a ich kominy mozu viest zas do inych, eSte vyssich poschodi. Obe vetvy st
doteraz malo prebadané.

GEOLOGICKE POMERY V JASKYNI

Vchod jaskyne je v savrstvi jurskych, svetlosivych az zltkavych véapencov, ktoré
tvoria zrejme aj celé defilé bral vysokych 30 — 150 m na pravej strane pristupove;
Spismichalovej doliny. Vapence maju svetlosivi az belavi patinu, v spodnej Casti stien
st vyrazne masivne alebo hrubodoskovité, v hornej ¢asti sivrstvia sa ich lavicovitost
zvyraziiuje. Vo svahu nad vchodom do jaskyne vidiet' (aj morfologicky, zo stien
a stupfiovin do plynulejsieho zatravneného svahu), ze savrstvie prechddza ,vyssie do
patinou Zltkavych az okrovych dolomitickych vapencov (na reze tmavosivych mikritov),
v ktorych ,nadlozi“ (tektonicky obrateny stratigraficky sled?), v prihrebefiovych
partiach Horvatovho vrchu st nakoniec znovu masivnejSie, tmavosivé vapence, azda uz
typickej gutensteinskej litofacie. V polohovom podlozi su na tejto strane Spismichalove;
doliny este aj odkryvy vyrazne dolomitickych (az slienitych) vapencov, ktoré vystupuju
aj na prakticky celej protilahlej lavej strani spodnej a strednej Casti SpiSmichalovej
doliny, az po hrebeit Uplazkov. Vo vrchnom zaverovom kare Spismichalovej doliny uz
na tejto strane vystupujii pomerne Cisté masivne, hrubodoskovité az lavicovité vapence
tmavosivej gutensteinskej facie, v ktorych ,tektonickom nadlozi** su nad kétou Nizné
Zamky (1870 m n. m.) uz evidentne kremence. Na kontakte hornin je vyrazné sedielko.
Uklon suvrstvi je generélne priblizne 20 —40° na SV (v zaverovom kare SpiSmichalove;
doliny s asi 500 m priemerom dochadza smerom na juh k jeho rotacii v smere az na V).

Vstupna $achta a nasledujice Givodné meandre jaskyne su vyvinuté v svetlosivych
masivnych alebo az laminovanych vépencoch. V hibke asi —50 m vsak zacinaju prvé
velké chodby a galérie jaskyne vyrazne kopirovat tklon (30° sklon na SV) velmi
vyznamnej, akejsi kvazi nepriepustnej bazy — polohy alebo vrstvy floveov az bridlic,

60




bordovej, pripadne zelenkavej farby. Toto stvrstvie zatial' nie je vekovo zaradené (na
povrchu nebolo zistené vobec), rovnako nevieme, akt by mohlo mat’ hrubku (2 =3 m
&i aj viac). Situacia by na prvy pohl'ad pripominala vyskyt spodného triasu (kampilu),
avsak tu to tak isté nie je: hruba masa opétovne v ich ,,podlozi* vyrazne dolomitickejSich
vapencov vystupujlica na povrchu neindikuje prave typicky triasovy sled a sedimentacny
VyVoj.

V kazdom pripade ide o polohu, ktora vyznamnou mierou ovplyviiuje usmernenie
vel’kej ¢asti chodieb jaskyne. flovce st pomerne mikké, v prstoch drobivé. Voda recentne
aktivovanych ob&asnych tokov mé aj dnes tendenciu sa do nich zarezévat v podobe jarkov
a zl'abov, a to az do tej miery (do hibky aj 4 — 5 m!), Ze niekde aj pomerne &isty vapenec
v ich nadlozi zostava korozivne postihnuty len naznakovo, vytvaraji sa ploché stropy.
V sienach jaskyne v hibke okolo —140 m a rovnako vo velkej sieni 40 x 50 m tesne pred
1. bivakom v hibke —260 m si priamo v nadlozi tychto ilovcov dolomitické vapence,
silno tektonizované, niekedy pastelovo pestrofarebné (obr. 6). Je zaujimavé, ze pomaly
najvicsie a iroké priestory jaskyne sa sformovali v ilovcoch a takychto dolomitickych
karbonatoch. V nadloznych &istejsich vapencoch st chodby naproti tomu vysSie, ale
krasovatenie je rozptylené do viacerych mensich kanalov a trubic.

Sachta Slne¢ny dazd’ hlboké 35 m je vytvorena v tmavosivych az ¢iernych vapencoch
(na povrchu so svetlosivou az belavou patinou) s rohovcovymi vystupkami. Nizsie, v jej
odtokovej plazivke sa znovu prechddza priamo na kontakte s bordovymi floveami, ktoré
tvoria celi pravu stenu chodbicky. V d’alsom pokracovani je vSak jaskyiia sformovana
prevazne uz v typickych jurskych kalovych alebo organogénnych vapencoch dogeru —
malmu. Ide o masivne, tmavosivé, svetloruzové alebo hnedavé mikrity, ¢asto s typickou

Obr. 6. Nepomenované siefi 40 x 50 m tesne pred l. bivakom je vytvorena v pestrofarebnych ilovcoch
(v podlozi) a dolomitickych, silno tektonizovanych vapencoch. Foto: J. Stankovi¢

Fig. 6. Unnamed hall 40 x 50 m close in front of the Ist bivouac is formed in variegated claystones
(in the basement) and dolomitic, strongly tectonized limestones. Photo: J. Stankovi¢
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Obr. 7. V spodnej Casti systému, ktory je sformovany v doger-malmskych vapencoch, zo stien mnoho réaz
vystupuju selektivne vypreparované schranky belemnitov. Foto: J. Stankovi¢

Fig. 7. Selectively preserved shells of Belemnites often protrude from walls in the lower part of the system,
which is fo 1in Doger-Malm limestones. Photo: J. Stankovi¢

Obr. 8. Poloha ¢ervenych hluznatych vapencov pri Obr. 9. Na nepriepustnej baze kremencov sa formuju

tzv. 1. Qtz pritoku. Foto: B. Smida na hlavnej riecke Mesa¢ného tiefla drobné kaskady
Fig. 8. Position of red nodulated limestones close a vodopadiky. Foto: M. Audy
to so called Ist Qtz tributary. Photo: B. Smida Fig. 9. Tiny cascades and waterfalls are forming

in the main river in Mesa¢ny tiefi on impervious
basement of quartzites. Photo: M. Audy




Svovou stylolitizaciou a na mnohych miestach zo stien selektivne vypreparovanymi
schrankami belemnitov (obr. 7) a hubkam (alebo koralom) podobnymi nepravidelnymi
pevnymi chumacovitymi Gtvarmi. V chodbe hlavného rieciska za 2. bivakom boli
pod jednym (priblizne 30 m vysokym) kominom najdené zhora spadnuté vel’ké bloky
svetlosivého vapenca (so zltkavou az bielou patinou), ktory ma afinitu ku gutensteinskej
facii. To by odpovedalo prevratenému vrstvovému sledu.

V chodbach Zeleného psa (v strednej Casti vetvy) boli zachytené polohy typického
ruzovkastého krinoidového vapenca, ukloneného 20° na JJV. Rovnaka fécia, ale uz
aj bledosivych krinoidovych vapencov (zrejme tiez doger — malm) bola najdena aj
pri konci vetvy. Zaujimavy je nalez ¢erveného hl'uznatého vapenca, ktory sa v uzkej
polohe, mozno len 2 — 3 m, nachadza priamo na kontakte s kremencami (!) pri vyusteni
chodby tzv. 1. Qtz pritoku na zatial’ hlavny tah jaskyne (obr. 8). Za normalnych okolnosti
by sme uvazovali u jurskom facialnom vyvoji, ale priamy styk s horninami, ktoré st
evidentne spodnotriasové, je mithci. Kontakt hornin tiez nevyzera byt nejako evidentne
tektonicky.

Celkovu geologicku situaciu komplikuji aj samotné kremence, ktoré v niektorych
poziciach vystupuju na ,,hlavnom tahu* spodného rieciska jaskyne (prave na nich sa
formuju kaskadky a mensie vodopady) a zapajaji sa tak vyznamme k prvkom, ktoré
usmertuju skrasovatenie (obr. 9). Moze tu ist’ o tektonické opakovanie celej karbonatovej
série (kremence sa totiz nachadzaju aj v nadlozi jaskyne, prakticky cely hreben
Horvatovho vrchu) ¢i zavlecenie tektonickej Supiny. Na vyssich piescitejSich horizontoch
tohto stvrstvia sa vytvorili v kaskadach chodby tzv. 1. Qtz pritoku korozivne hrnce
(nazvali sme ich hniezda) s priemerom vySe 0,5 m a rozne zarezy, priCom vapencovy
strop bezprostredne nad tym je pomerne plochy. (Podobna inverzna situdcia ako pri
vyssie spominanych ilovcoch.)

SINTROVE VYPLNE

Sintrova ¢i kvaplova vyzdoba, taka
bezna v inych slovenskych jaskyniach,
sa v Mesa¢nom tieni prakticky vobec
nevyskytuje! Da sa povedat, ze s vynim-
kou zopar belavych stalaktitov (dlhych
najviac 10 — 15 cm) v jednom useku vet-
vy Zeleného psa a pizolitickych vyrast-
kov v niektorych zmens$eniach profilov
chodieb, kde vanu prievany, nieto v jas-
kyni poriadneho kvapla.

FLUVIALNE VYPLNE

Fluvialne sedimenty s tu tvore-
né najmi rienymi Strkmi, prevaz-
ne kremencovymi alebo Zulovymi. Lol Lk
V niektorych subhorizontalnych chod- Obr. 10. Obliak granodioritu v jednom z fosilnych
bach s niz&imi (tlakovymi) profilmi pritokov v zavere vetvy Zeleného psa. Foto: B. Smida

; : .. Fig. 10. Granodiorite pebble in one of fossil tributaries
napr. v Chodbe kremennych vajec ¢i

- i ) in the end of Zeleny pes (Green Dog) branch. Photo:
vo Volaniach Bielovodky, su aj ploSne B.Smida
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rozsiahle koberce tychto naplavov vo frakeii 3 — 8 cm velkych obliakov, miestami s po-
zoruhodne vysokym koeficientom vytriedenia a semiovalnym az takmer dokonalym
zaoblenim. V chodbach jaskyne sa v§ak dajii najst’ aj ovel'a vicsie obliaky kremencov
¢i granitoidov, s priemerom 30 — 50 ¢cm (obr. 10). Na zatial’ zndmom ,,hlavnom aktive*
Jaskyne st strky zvycajne v jemnozrnnej$ej alebo az pieséitej frakcii. Podiel kremencov
vocCi zule je vyssi, o je podmienené aj vnatornymi Struktarnymi vlastnostami hornin
(hrubozrnnejsia zula sa v turbulentnom prostredi tokov samozrejme rozbije na mensie
Glomky ovela rychlejsie). Podiel karbonatov vo fluvialnych frakciach je voéi nekrasovej
frakcii en bloc neporovnatelne nizsi, az takmer zanedbatelny.

V niektorych zadnych a najspodnejsich ¢astiach jaskyne (najmé v izkych krizovych
meandroch, spajajicich vyssie poschodia s tokom na najniz$ej arovni) sa v jaskyni na-
Sli aj obrovské ,,obliaky* (lepsie povedané balvany) kremencov s vel’kostou az 1 m (!),
majl vSak ovel'a mensie zaoblenie hran, st prevazne subangularne (obr. 11). (Nasli sme
viak aj takmer dokonale zaobleny obliak granodioritu s priemerom az 60 cm, bezné su
15 — 20 cm, pri nich vSak predpokladame ich zaoblenie primarne e$te v morénach na
povrchu.) V tychto poziciach pojde najskor o blizky bezprostredny kontakt karbonatov
s kremencami a kratky, vyerodovanim priamo z podloZia podmieneny a dost’ strmy
transport tlakovou vodou v mensich profiloch chodieb pri zaplavach.

Psefiticka a peliticku frakciu paleonaplavov tvoria najméi sivohnedé pies¢ité alebo
okrovo-bledohnedé prachovito-ilovité hliny vo vyssich, fosilnych etdzach. Vypiiaja
najmé najspodnejSie depresné useky kolenovitych priechybov poschodi, najviac ak do
ich prvej 1/4 vysky, prevazne viak ovela menej, a mnohé Gseky chodieb maj aj tplne
holé skalné dna. V prachovitejsich hlinach sa tu desikaciou sformovali na niektorych

Obr. 11. Obrovsky ,,obliak* (balvan) kremenca v jednom z vaddznych meandrov jaskyne nad 2. bivakom
v —400 m. Foto: J. Stankovi¢
Fig. 11. Giant “pebble” (boulder) of quartzite in one of vadose meanders in the cave above the 2™ bivouac

in —400 m depth. Photo: J. Stankovi¢
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miestach bahenné praskliny, ¢asté su aj egutaéné jamky (Hadova risa, chodby pod
siefiou Kraken) & zemné pyramidky (aj v spevnenych strkoch). Pozoruhodnymi utvarmi
vo vetve Zeleného psa st akési egutacné splachové kuzele (kopy), vysoké do 50 cm,
ktoré vznikli inverznou egutaciou: z korozivnej diery nad nimi ,vytiekla® (doslova
vysplechovala) v niektorej fize vyvinu jaskyne az do tej miery kalom obohatena voda, Ze
namiesto zvy&ajného sformovania diery v ilovitom dne nakopil vytok masy kalu kuZzel.
Tieto kuzele st dalej v detaile mikrobioturbacne prepracovavané (zrejme nejakymi
mikroskopickymi ¢ervami): naich povrchu st pozorovatelné drobné dierkovanie arelikty
slizu, v periférii ich bazy sa vélaju volne zase bahenné mikropeletky. Aj v niektorych
inych chodbach jaskyne je hlina povrchu hlinitych vyplni pravidelne zhrudkovatena alebo
zgul'dckovatena, ¢o tiez mohli spdsobit’ popri zmenach mikroklimy aj bioturbacie.

Pozoruhodné je, Ze typicky sypky piesok sa vyskytuje v jaskyni len v bezprostredne;
blizkosti dnes aktivnej riecky.

SADROVCE

Vyskyt mineralu sadrovec je jednou z najvystiznejsich charakteristik Mesa¢neho
tiena. Jeho vicsi vyskyt sa da pozorovat’ od asi =300 m hibky nizsie. Nevyskytuje sa
tu sice vsade, skor len v ur¢itych poziciach, ale ak, tak potom kumulovane. V chodbéach
Pohodaky pod 1. bivakom vytvaraji sadrovce prvé naznaky ovalnych obrazcov €i
drobné alabastrovo biele akumulacie alebo nepravidelné povlaky vo vystupkoch stien
nachylenych viac do osi chodby. No priam unikatne, dokonalé hieroglyfy sadrovcov je
mozné najst na velkych plochach Hieroglyfovej chodby alebo aj v kafionoch pod siefiou
Kraken (obr. 12). V poschodi Zufane zase vytvéraju sadrovce akési vatovité nakopenia
mikroihli¢iek, v ramei stien pri ich pite, blizko kontaktu s hlinito-pies¢itymi naplavmi.
Bezné su tu aj plochy ich typicky kosdkovito zahnutych alebo rézne poskrucanych

0. e) gy T I § B W gy

Obr. 12. Unikatne sadrovcové obrazce v Hieroglyfovej chodbe. Foto: B. Smida
Fig. 12. Unique gypsum figures in the Hieroglyfova Passage. Photo: B. Smida
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bielych krystéalikov, dlhych 0,5 — I ¢cm. Povlakmi sadrovcov su bohato povlecené aj
niektoré hladké rarové chodby s profilmi 1,5 — 2 m na hlavnom tahu (napr. priamo
v 2. bivaku), kde vanu jaskyfiou tie najsilnejsie prievany. (Belavé sadrovcové povlaky,
korky alebo ich poprasky indikuji v Mesa¢nom tieni v niektorych pripadoch zrejme aj
uz zaniknuté, no povodne akiste generalnejsie cirkulacie prievanov v minulosti — ¢o je
v jaskyni vybornou poméckou na vyhladavanie smerodajnych pokracovani. Vo vetve
Zeleného psa zas ich vel'ké hnedavé, ale aj matne priehladné svetlé krystaly velké az
5 — 6 cm destruuju sifonalne naplavy: narastmi pod hlinou ju nakypria az postupne uplne
potrhaji. Na povrchu ilom potiahnutych blokov tu vyrastaju aj ich ploché nepravidelné
ruzice. Na hlavnom tahu jaskyne okolo —400 m sa sadrovce vyskytuju v pasovitych
formdcidch blizko rieciska, zvyc¢ajne 5 — 6 m nad riekou, a na rimsach st dokonca
vykrystalizované ich pekné biele krystaly priamo na povrchu sem priplavenych obliakov
kremencov. Zo sadrovca su v jaskyni vytvorené zrejme aj drobné hribikovité speleotémy
pri rieCisku ned’aleko 2. bivaku, ktoré maju zaujimavy, akoby biogénne podmieneny tvar
(obr. 13). Problematika sadrovcov v Mesa¢nom tieni presahuje priestor tohto prispevku
a vyzaduje si samostatné studium. Vo vyskume sadrovcov tu budeme pokracovat’.

V dobrej zhode s nazormi Pernu a Pozziho (1959 in Tulis a Novotny, 1989) ¢i Pavlar¢ika
(1994), Zacharova (2005) a mnohych dalsich mozno usudzovat, ze povodcom siry
v Struktire tohto mineralu méze byt' v Mesa¢nom tieni reziduum vyrazne organogénnych
vapencov (malmskych ¢i az bitumindznych triasovych gutensteinskych karbonatov),
ktorého cast’ sa tu po rozpusteni dostane do prudov a cirkulécii speleoaerosolov a neraz
vo velmi Specifickych poziciach sa vyzraza. Extrémne zdoraznené hieroglyfovanie
sadrovcovych povlakov a korok je v Mesa¢nom tieni podmienené aj Struktiirou
podkladu: sadrovec sa tu vyzrazava najmé v obvodovych hranach roznych korozivnych

Obr. 13. Aj tieto hribikovité speleotémy v hibke okolo —400 m st vytvorené pravdepodobne sadrovcom. Foto:
B. Smida

Fig. 13. Also these mushroom speleothems in the depth of around —~400 m are probably made of gypsum.
Photo: B. Smida
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zahibenin ¢&i virovych jamiek — Gplne kopiruje ich obvod, zatial’ ¢o ich vnutorna, zrejme
viac vyhladena plocha zostdva ista. Na ostatnej kontaktnej ploche medzi takymito
sadrovcovymi okami sa vyzrazava d'alej okrem sadrovca sukcesivne zrejme uz aj kalcit.
Naozaj ¢asty a bohaty vyskyt sadrovca v Mesaénom tieni je v zhode s jeho hojnymi
naleziskami vo vysokosituovanych jaskyniach Rakuska, ¢i v niektorych nasich horskych
lokalitich (Stratenska j., Javorova pr., Alabastrova j. ¢i J. mieru v Deminovskej doline).
Vo vietkych tychto pripadoch st pomerne zhodné facie karbonatov, v ktorych si
jaskyne vyvinuté, podobné je litoproveniencia ndnosov ich paleotokov a svoj vyznam tu
zrejme mé aj niZzsia teplota ¢i velmi nahle zmeny (aj chemizmu) vnuatornych cirkulacii
vzduchu.

HYDROLOGICKA SITUACIA V PODZEMI

V jaskyni pozname zatial’ dva hlavnejsie toky a niekol'ko ich postrannych pritokov,
ktorych vydatnost’ &i prietok vobec zavisi od aktualnej hydrologickej situdcie na povr-
chu. V hibke okolo —350 m sa pride v Mesa¢nom tieni na stalejsiu riecku s prietokom
vzdy okolo 15 — 20 pozorovanych Ls'. Jej kontinuum dalej vak prili§ nepozname, a nie
je vyliGené, e sa niekde nizsie (v smere na S az SV) napdja na nejaku lokalnu freaticku
z6nu. Dalej formuje totiz zatial zname ,,hlavné riecisko™ jaskyne v celom objeme uz
len pritok vod z chodby tzv. 1. Qtz pritoku, a nezda sa, Ze by sa nan predchadzajuci
tok napajal, ani skryto. Prietok riecky dalej je pri najnizSom nami pozorovanom sta-
ve okolo 5 — 8 1.s™', bezne okolo 10 — 20 L.s™' a najviac sme tu zatial evidovali odhadom
80 — 100 1.s™' (obr. 14). Ide vak len o pozorovania pocas relativne suchsich obdobi leta,
jesene alebo centralnej zimy — pocas
burok alebo jarného topenia snehu sa
k priestorom navokol rieciska samozrej-
me nechodieva. Nie je vSak vylucené, ze
celkovy objem prietoku na rieCisku je
dialej pod 2. bivakom v —400 m aj vySssi,
ale v sifonalnej pradnici nizSie, a my
pozname len jeho najvrchnejsi vzdusny
preliv. Na rieCisku su stcasne stopy po
vzduvaniach sa vod, niekde do vySky az
8 — 15 m nad normalny stav (napr. post-
zaplavové fluktuacné jarky a zarezy v
ilovitom svahu chodby hlavného tahu
hned’ za tzv. 1. Qtz pritokom, bahen-
né praskliny, relativne Cerstvy kal na
stenach). Zaplavenie nasho 2. bivaku v
—400 m v kolenovitej chodbe tzv. Tubu-
su, asi 8 m nad rie¢iskom, sme za 3 roky
vyskumov zatial’ neevidovali.

Popri tychto tokoch sa v niektorych
¢astiach systému formuju, najmi pri dl-
hotrvajucejsich alebo prudsich dazdoch, Obr. 14.Na hlavnej znamej riecke jaskyne pocas mierne
poslednom topeni firnovych splazov na zyyéeného stavu (Qkolo 80 — !()() l..s h. Folo: B Srjn_ida

. , i , Fig. 14. On the main known river in cave during slightly
povrchu a pod., obcasné vadozne prito-

increased flow rates (around 80 — 100 Ls™). Photo:
ky (napr. v zarezoch Juznej vetvy, pod B.Smida
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zéavaliskami pravej strany Tatra Open — tieto maji neznamy odtok v asi —300 m, v cipe
siene s 1. bivakom v —260 m — voda sa tu hned’ straca v blokovisku, pritok zo zatial’ malo
preskiimanych chodieb okolo —400 m, niekolko slabsich zvodni na dnéach krizovych
meandrov, ktoré sme zaevidovali v poschodi Metro ¢i v Saolinovych siefiach). Zaujima-
vy je visuty pritok, ktory sa pripaja na ,,hlavnu riecku‘ jaskyne v hibke asi —390 m, ale
z netradiénej pozicie bloku masivu, niekde od SZ. Tieto toky mavaju 1 —2 1.s™' (najviac
ak do 5 L.s! v pripade burky na povrchu), inokedy takmer Gplne vysychaji. V ich pri-
pade pdjde zrejme o kratsie samostatné zvodne, v niektorych pripadoch uz aj z vécSich
zavrtov ¢&i prepadlisk pod blokovymi sutinami v strednom tseku Sirokej doliny. Ci je tok
vody z tzv. 1. Qtz pritoku (vzhl'adom na objem i stalost’ prietoku) tou samou vodou, ¢o sa
ponara v Sirokej doline v kratkych potocikoch vo vyske asi 1790 m n. m., sa neda zatial
potvrdit, ale ani uplne vylucit.

V ¢ase posledného predletného topenia snehu na Sirokej alebo pri dlhsich dazdoch
sa v jaskyni formuji pocetné skapy, najmé vo vrchnych castiach do 300 m. Najviac
atakovany je v tomto smere zaciatok galérie Pinol0, no koncentrovane a silno prsi aj
v niektorych bodoch okolo zaveru Chodby kremennych vajec ¢i priamo v sieni 1. bivaku
(par metrov od stanov). V sienkach v =120 m, kde sme prenikli do tzv. Novej jaskyne
sa sformoval pocas jednej akcie v roku 2007 az taky silny skap, ze vytvoril regularny
potocik s prietokom okolo 3 l.s' a kusok predtym sa sformoval z plytkého blatoveho
jazierka polosifon, ktory sa len tak-tak podarilo pri navrate z jaskyne nadist vysSou
obchadzkou. V sachte P35 Slne¢ny dazd, so stabilnym rozptylenym dazd'om aj pocas
tych najsuchsich obdobi, prsi pri takychto pomeroch az tak, ze uz nie je prili$ bezpecné
fiou zliezat' nizsie.

JASKYNNA KLIMA

V pripovrchovych partiach jaskyne sme namerali (pocas vrcholiaceho leta) v dome
Saris 3,2 °C, o nie¢o nizsie v Juznej vetve 3,5 °C. V zimnom obdobi viak nameral jeden
z jaskyniarov v 2. bivaku v hibke —400 m len okolo 1 °C. Celkovo je viak v spodnych
partidch jaskyne aj pocas letného obdobia subjektivne omnoho chladnejsie ako napr.
v priestoroch naokola 1. bivaku.

Mesaénym tielom vani na mnohych miestach prievany. Tie najsilnejSie z nich
evidujeme v zmensenych profiloch prielezov, kde sa zvycajne spdjaja nejaké dva vel'ké,
vyrazne rozsiahlejsie segmenty priestorov (napr. v Kremennych vajciach, v ovalnej
plazivke z Tatra Open k 1. bivaku, v prieleze z 1. bivaku do niZsie leziacich Pohod’dkov).
Od —120 m uz vanu tieto prievany zvycajne len smerom dolu a su, ¢o sa tyka intenzity,
stabilné, bez poryvov. Usmernenenie prievanov okolo rieciska (napr. v plazivke odtoku
pod P35 Slne¢ny dazd’ alebo v Tubuse 2. bivaku) je uz najskor zapri¢inené pridenim rieky
a spadom jej kaskad, ktoré strhavaju vzduch. Prievan v privchodovych castiach jaskyne
ma velmi nevyrovnany charakter, o sa tyka intenzity i smeru prudeni. V novembri
2007, po prvych intenzivnejsich snehovych zrazkach, sme nasli vchod jaskyne aj Gplne
zaviaty.

TEKTONICKE A STRUKTURNE PREDISPOZICIE JASKYNE

Je pozoruhodné, ako je cela vyssia polovica znameho rozsahu systému Mesa¢ného
tieha vyvinutd prakticky len v 30 — 40 m hrubom (!), Sikmo uklonenom stvrstvi
karbonatov (azda len s vynimkou Sachty P35 Cucoriedka a segmentu meandrov vo
Volaniach Bielovodky, ktoré akoby sa prerezali nizsie pod plochu tejto ,,dosky*). Vsetky
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tu sformované najvicsie siene a strmé galérie (Pino 10, Tatra Open ¢i nepomenovany dom
40 x 50 m) navyse takmer absolutne kopiruju priebeh polohy pestrofarebnych ilovcov
spomenutej uz vyssie v stati o geologii. Tato kontaktna plocha mala zasadny vplyv na
to, ze jaskyiia sa po¢as svojho najaktivnejsieho obdobia vyvoja nemohla dalej rychlo
zarezat’ do hibky, ale voda tu musela cirkulovat’ lateralne. Zaujimavé je tiez, ze hoci nad
chodbami situovanymi blizko vchodu je e$te prinajmenej 150 — 200 m masivu pomerne
&istych vapencov, kominov, ktoré by naznacovali existenciu vyssich Sikmych poschodi,
v tychto &astiach prilis nieto. Na povrchu ich predsa len indikuje vel'ky ovalny prevaleny
zévrt s priemerom asi 25 m v kare Spi$michalovej doliny asi 80 m nad priepastovitym
vchodom jaskyne.

Vyraznejsia etazovitost sa zacina v systéme az od hibky okolo —100 m (Juzna vetva je
asi 50 — 80 m pod povrchom zéverovej plosinky horného karu Spismichalovej dolinky),
pricom subhorizontalita sa prenasa najmi do spojovacich chodieb medzi jednotlivymi
Sikmymi galériami (napr. Varhany, Chodba kremennych vajec..., nizsie Krvila¢ny
meander, Knossos atd’) Takto vznikla akasi priestorova mriezka, ktorej motiv sa prenasa
dalej az do najnizsich Casti jaskyne okolo —400 m. D4 sa teda ocakavat, ze v celom
hibkovom horizonte asi 300 m tu bude vyvinutych nespocet dalsich etazi, Grovni ¢i
poschodi, ktoré len zatial neboli objavené. ’

Generdlny uklon sikmych chodieb sa meni v spodnych castiach jaskyne na asi 30°
na SZ a subhorizonty st vyrazne usmernené v liniach SV — JZ. Vyzera to teda tak, ze
aj uklon generdlnej, kvazi nepriepustnej bazy pod jaskynou postupne zrotuje smerom
nizsie v podoryse asi 0 90°. Tomu nasvedCuje aj terasa v l'avej Casti Sirokej doliny, ktort
M. Lukni$ (1973) interpretoval povodne ako morénovy pruh; ide vSak o Strukturne
podmienent vdpencovu terasu, akysi vyssi prah doliny, s fiou linearny.

Vzhladom na tieto poznatky mozeme predpokladat, ze skoro cely krasovy bazén
Sirokej doliny (s okolo 150 napocitanymi zavrtmi ¢i prepadliskami pod balvanitymi
splazmi kremencov) konverguje hydrologicky k Mesa¢nému tienu, a zrejme najviac
napovie v tomto smere d’al$i prieskum poschodia Zufane a vetvy Zeleného psa, najmi
ich hypotetickej najspodnejsej urovne na dne $acht.

Priebeh hlavnych etdzi spodnych Casti jaskyne inak pozoruhodne kopiruje aj
linie tektonicky v smeroch SV — JZ podmienenych zl'abov vychodnej strane hrebeia
Horvatovho vrchu (na kremencoch), ktoré st evidentné aj z leteckych snimok.

NEOTEKTONICKE PREJAVY

Kym spodné partie systému od okolo -300 m hibky a nizsie st pomerne kompakt-
né, vrchné priestory by sa dali charakterizovat’ v mnohych miestach aj ako: ,»Nezostal
kamefi na kameni!* Ide o dosledok prejavov neotektoniky, enormného zdvihu horstva
pokracujuceho aj po sformovani priestorov jaskyne. V Mesacnom tieni sa nachadza vel-
ké mnozstvo $kar, ktoré na §irku hoci 5 — 10 cm otvéraju primarne poruchy, na ktorych
sa tu sformovali povodne kompaktné freatické trubice. Su tu posunutia profilov tychto
chodieb (niekde az 15 — 20 cm), mnozstvo tiahlych tektonickych zrkadiel, schodikovi-
té ¢i cikcakovité poruchy, niekde az uplné tektonické odseknutia (posuny) povodné-
ho smerného pokracovania tej-ktorej chodby. Najcastejsim prejavom tu stale a naozaj
enormne sa prejavujicej neotektoniky su viak samotné dnové zdvaly a zlomiska chodieb
(obr. 15). Ich bloky st mnoho raz chaoticky poprevracané a neskonsolidované. Zrejme
tu dochadza popri opakovanych pohyboch v masive aj k riteniu do nizsich, lateralne
Sirokych etazi.
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V jaskyni sa prejavuji tektonické
pohyby az do tej miery, ze napriklad
hoci jedna strana velkej chodby je ab-
solutne kompaktna, neporusena, s hlad-
ko modelovanymi stenami, vyraznym
er6znym korytom a virovymi jamkami,
protilahld uz je rozlamana do vejara
odchylenych platov horniny, ktoré visia
tesne pred spadnutim. Na povrchu si
prejavy neotektoniky zretelné napr. na
priepastovitej poruche (az —25 m), dlhej
vySe 300 m, ktora takmer kolmo pretina
hreben nad jaskynou alebo poruche nad
nizsie polozenou a dlhsie znamou Spi-
Smichalovou jaskynou, vysokej okolo
100 m. Mnozstvo podobnych, do hib-
ky neprielezne vyklinujacich sa skar je
viditel'nych aj v protil'ahlej strani karu
s vchodom do Mesa¢ného tiena ¢i na
hrebeni Svistoviek (v starsej geomorfo-
logickej literattre sa tieto a im podob-

Obr. 15. Typicky profil neotektonikou vyrazne postih-
nutych chodieb hornych ¢asti Mesac¢ného tiefia. Foto:
J. Stankovic¢

Fig. 15. Typical profile of passages in upper parts né poruchy v krase Tatier povazovali

of Mesacny tiefi markedly influenced by neotectonics.  gastokrat za mrazové jazvy).
Photo: J. Stankovi¢

KU GENEZE A PERSPEKTIVAM JASKYNNEHO SYSTEMU

Jaskyna Mesacny tieil je klasickym prikladom rozsiahlych trojrozmernych vysoko-
horskych systémov, ako ich pozname napriklad zo $vajciarskych alebo rakiiskych Alp.
Jej zmapovanie a stav prieskumu nam dnes uz poskytuje dostatony priestor na tivahy,
ako vznikla. V sumdre sa tu opakuju zatial tieto typy podzemnych priestorov:

a) Sirok¢ a strmo klesajuce priestranné galérie so zavaliskami — Pino 10, Tatra Open,
Cervena galéria,

b) subhorizontalne, miestami kolenovito poprehybané spojovacie poschodia a etaze/
prepdjaju a) v kolmych pozicidach — Pohod’aky pod 1. bivakom, Metro a Hieroglyfova
chodba nad 2. bivakom,

¢) prudko klesajuce Sikmé, zvicsa plochsie ovalne trubice / prepajaji b), pokial su
tie voci sebe v Sikmej vyskovej pozicii — mnozstvo Sikmych chodieb medzi ,,hlavnym
rie¢iskom* a poschodim Metro, pri sieni Kraken,

d) vadézne meandre / niekedy su paralelné s a), najcastejsie vsak kolmo alebo
v nejakom uhle narezdvaju a) aj b), ide o nasledujiice genetické $tadium po c) — Bukovsky
meander, Kamenolom, Krvilaény meander, Knossos, Juzna vetva, zarezy do nizSich
etazi Kremennych vajec,

e) Sachty / od 10 do 50 m hlboké, vertikdlne prepajaju b), alebo b) a g), niektoré st so
spadom vody, s tiahlym meandrovitym ¢i stupiiovitym pokrac¢ovanim, iné, fosilne, maju
zvycCajne stimernejsie ovalny profil, niektoré kominy v jaskyni je tiez mozné oznacit
ako ,,8achty®, len zospodu — vedu zrejme do vyssich poschodi — P35 Slne¢ny dazd’, P30
Mesacna stvora, P38 Zizkovo oko,
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f) vel'ké siene a chodbovité domy / vznikli na krizovaniach a), b), ¢), d) aj €) v roznych
kombinaciach — Tatra Open, Mikiho dom, siefi Kraken, Varhany,

g) aktivne rie¢iska (kafnonovité alebo meandrovité chodby, subhorizontalne, s mensimi
kaskadami) — ,,hlavné riecisko®, riecka Hadovej rise, chodba tzv. 1. Qtz pritoku.

Mozno ocakavat’ pokracovania velkych sikmych galérii, ako aj obrovsku splet’ me-
androv, poschodi ¢i ¢iastkovych etézi dalej v priestore masivu od jaskyne na SV. V bez-
prostrednom okoli jej znamych hlavnych tahov uz pozname nastupy do desiatok nezma-
povanych $acht a neprelezenych prepojovacich trubic. Takze len v tomto bloku Sirokej
sa da predpokladat’ postupné zvic¢ovanie rozsahu systému na mozno az dvojnasobok
oproti su¢asnému stavu.

Prevazna Gast priestorov Mesacéného tiefia vznikla v postupne poklesavajucej fre-
atickej zone, pricom $ikmé galérie s v ich senilnom $tadiu vyvoja a kolapsov dalej
aktivne zvicsované do periférii obéasnymi vadéznymi tokmi, rutenim splete meandrov
a mensich chodieb nad sebou a napokon zarezavanim sa tokov do ilovcov v ich podlozi.
Zdroje vod boli najmé v postupne sa odtapajucich firnovych splazoch ¢i burkovych vo-
dach, ktoré dotovali prepadliska a ponorové zavrty. Takéto eventy sa spravali v podzemi
mimoriadne néhle, prudko a vo vode bolo prenasané v suspenzii aj mnozstvo piescito-
flovitej hmoty. Oscilacie lokalnych hladin pritom mohli v ¢ase privalov vod dosahovat
aj desiatky metrov. Ich dokazom st napr. postzaplavové fluktuacné zl'aby (Bella a Urata,
2003) v sieni Varhany. Turbulentné prudenia v hornych ¢astiach freatickej zony sformo-
vali v jaskyni ¢asto vyvinuté, niekde skoro az vertikdlne (!) a hlboké korozivne zarezy
a rozne ryhy (obr. 16, 17), v subhorizontoch sa vtedy pod vodou formovali az 0.5 m
vel’ké virové zahibenia, $tandardné lastarovité jamky (scallops), naznaky bo¢nych ko-
ryt i stropné pendanty. Analégiu paleo-
vyvoja jaskyne dnes mozeme sledovat
v jej sifonalnej zéne na ,,hlavnom toku®,
avsak zrejme ani zd’aleka nie v takej dy-
namickej forme, ako to mohlo byt napr.
pocas prechodov glacialov do teplejsich
medziobdobi.

Pozoruhodnd je vyrazna vergencia
smerovania jaskyne na SV —ide o priam
skolsky priklad podzemného orografic-
kého piratstva. Mesacny tiefi podchadza
popod mohutny kremencovy a Zzulo-
vy plast Horvatovho vrchu, podide os
susednej Sirokej doliny a na vzdusni
vzdialenost’ 1300 m od vchodu zasahuje
celkom hlboko uz aj do svahov hrebena
Svistoviek. Zda sa preto, ze hlavné od-
vodiiovanie tejto Casti masivu by mohlo
stvisiet priamo s vyverom jaskyne
Mokra diera v Javorovej doline. Vzdus-
na vzdialenost’ medzi koncovym sifo-
nom Mesacného tiena v hibke —441 m

Obr. 16. Vertikalne ryhovanie povodnej freatickej zony
v sieiiach Tatra Open. Foto: B. Smida

Fig. 16. Vertical grooving of originally phreatic zone
a touto vyvierackou je stdle eSte okolo in the halls of Tatra Open. Photo: B. Smida
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Obr. 17. Bo¢né ryhovanie povodnej vyssej freatickej zony v hibke okolo —380 m, v korozivnych zarezoch
je relikt ilu neseného pridom v suspenzii. Foto: B. Smida

Fig. 17. Lateral grooving of originally higher phreatic zone in the depth of around —380 m, with clay relict
carried in the current with suspension located in corrosive notches. Photo: B. Smida

2 km, pri prevySeni 140 m. To je dostatocné, aby tu neboli len sifony, ale aby tu mohol
existovat’” hoci vzdusny a dynamicky zberny vodny tok, aky je napr. aj na baze jasky-
ne Javorinka (dokonca s vysokymi vodopadmi). Sifony v Mesa¢nom tieni sa nakoniec
budu dat’ prekonat, bud’ speleopotapanim, alebo ich nadidenim vo vyssich arovniach.
Aj z tohto pohladu je v jaskyni zaujimavy prieskum kominov ¢i okien v protilahlych
stenach Sacht.

Autor tohto prispevku predpoklada, ze ,,hlavny tok* doteraz uz objaveného systému
Mesacného tiefla stéle eSte nie je hlavnou odvodiiovacou tepnou masivu Javorinskej
Sirokej, ale len jej pritokom (teda podzemnym tokom I1. radu). Podobnej uvahe zodpoveda
aj relativne nizky a nestabilny prietok na uz znamom riecisku, pochadzajuci navyse z asi
len jediného vyznamnejsieho kaskadovitého pritoku, pripadne jeho drobnych a malo
vyznamnych pritokov v hibkach —350 az —400 m. Zachytené vyvery v strednej Casti
Sirokej doliny maju pomerne mali vydatnost, a preto je nepravdepodobné, aby prave
ony centralne odvodiiovali neimerne k tomu taky obrovsky vysokohorsky masiv. Tvoria
zrejme len dodatkovy preliv komplikovanej sifondlnej zony na stykovej linii tatrika
a fatrika, a primarne ich moézu dotovat’ rozsiahle dolomitické sekvencie kriznanského
prikrovu.

ZAVER

Jaskyfia Mesacny tiefi je typickym prikladom mnohouroviiového trojdimenzionélne-
ho vysokohorského systému, aké sii zname z podzemia $vajéiarskych alebo rakuskych
Vapencovych Alp. Pozname tu zatial’ niekol'’ko nezavislych mensich tokov, spajajtcich
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sa do freaticko-vadéznej zony. Prejavy neotektoniky su vo vrchnych, starSich castiach
jaskyne miestami priam enormné. Lokalita je vynimo¢ne chudobna na Standardnu sin-
trova vyzdobu, no na druhej strane velmi bohata na vyskyt pestrej sadrovcovej mine-
ralizacie. Je v nej znamych niekol’ko vyraznejsich tiahlych Grovni, poukazujucich na
povodné paleofreatické horizonty, ktoré svedéia o epizodickom zdvihu bloku masivu Ja-
vorinskej Sirokej. Tie st v jaskyni poprepajané hustou spletou Ssikmych eliptickych alebo
ovalnych trubic, postupne vadéznym zahlbovanim reformovanych do podoby vysokych
meandrov alebo nakoniec az §acht, spdjajucich etaze nad sebou. Najvicsie priestory tu
vznikli lateralnou koréziou na kontaktoch karbonatov s nekrasovymi ilovcami. Priblizit
sa realnejsie k modelu vyvoja tejto rozsiahlej jaskyne vSak bude mozné az po dalsom
komplexnom speleologickom, trukturno-tektonickom, morfogenetickom a hydrogeolo-
gickom vyskume a jej pokracujicom topografickom mapovani, naplanovanymi timom
jaskyniarov zo Speleoklubu Univerzity Komenského, jeho spolupracovnikmi zo Sloven-
skej speleologickej spolo¢nosti a prizvanymi vedeckymi indtiticiami aj na nasledujuce
obdobie.
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P. Bella, A. Osborne: Corrosion facets and their morphogenetic features in relation to the
speleogenesis of Belianska Cave, Slovakia

Abstract: Belianska Cave is one of the most remarkable caves in Slovakia due to its morphology
and genesis. Several investigations over the last decade have gradually revealed its complex genetic
history. These studies have focussed on the lithological, structural-tectonic and geomorphologic
setting of the cave; cave morphology and the composition and dating of cave sediments. Oval
halls with large cupolas and oval passages are the dominant morphological features of the inclined
multiple branched cave, which is vertically dissected by several steep chimneys and shafts. Some
smaller morphological forms are also significant for the reconstruction of cave genesis or its
partial developmental phases. The paper deals with facets or planes of repose developed in the
lower parts of the walls of halls and inclined passages, in some places below lateral water-level
notches. These downward-inclined smooth surfaces formed by solution under slowly circulating
or stagnating water conditions, possibly assisted by an accumulation of insoluble rock residues.
Facets are positive morphological features reflecting older phreatic and younger epiphreatic
phases of cave development.

Key words: geomorphology, cave morphology, corrosion facets, planes of repose, speleogenesis,
Belianska Cave

UvVOD

Z hladiska svojraznej speleogenézy Belianska jaskyiia patri medzi najvyznamnejsie
podzemné krasové javy na Slovensku. V poslednych rokoch sa v jaskyni uskuto¢nili
viaceré vyskumy, ktoré iniciovala Sprava slovenskych jaskyn v Liptovskom Mikulasi.
Zamerali sa na litologické, strukttrno-tektonické i geomorfologické pomery, ako aj na
zlozenie a datovanie jaskynnych sedimentov (Pruner et al., 2000; Pavlarcik, 2002; Bella
a Pavlar¢ik, 2002; Zimak et al., 2003; Glazek et al., 2004; Hlavac et al., 2004; Bella et al.,
20053, 2007; Kicinska a Glazek, 2005). Na ich zaklade sa postupne dotvara celkovy obraz
o komplikovanej viacfazovej a viacprocesovej genéze tejto pozoruhodnej jaskyne v hor-
skej sustave Zapadnych Karpat. Belianska jaskyna je narodnou prirodnou pamiatkou
v Narodnej prirodnej rezervacii Belianske Tatry na izemi Tatranského narodného parku.

V nadviznosti na doterajsie $tidie o morfologii a genéze Belianskej jaskyne sa
v predlozenom prispevku prvykrat opisuju korézne Sikmé facety, ktoré poukazuji na
Ciastkové fazy kordznej freatickej i epifreatickej modelacie podzemnych priestorov.
Terénny vyskum spojeny s dokumentaciou tychto geomorfologickych foriem vykonali
autori prispevku koncom jula a za¢iatkom augusta 2005.
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MORFOLOGIA A GENEZA JASKYNE — PREHCAD ZAKLADNYCH UDAJOV

Belianska jaskyna je vytvorena v strednotriasovych gutensteinskych vapencoch kriz-
flanského prikrovu na vychodnom okraji Belianskych Tatier ned’aleko styku s Popradskou
kotlinou, nad osadou Tatranska Kotlina na pravej strane doliny Bielej. Podzemné
priestory jaskyne dosahuju dizku 3641 m a vyskovy rozdiel 160 m. Ich vznik podmieni-
li naymé medzivrstvové plochy vapencov, menej tektonické poruchy (Pavlarcik, 2002).

Morfologicky jaskyna pozostava z dvoch hlavnych, na sever klesajucich vetvi, ktoré
sa zacinaju vetvenim v hornej subhorizontalnej Casti jaskyne a ¢iasto¢ne sa spajaji v jej
dolnej, takisto scasti subhorizontalnej casti (obr. 1). Vychodna vetva je vo vyssej pozicii
ako zapadna vetva. Do dolnej vstupnej Casti jaskyne, pristupnej prerazenym tunelom, Gsti
komin veduci od pévodného vchodu situovaného 82 m nad terajsim vchodom. Podzemné
priestory jaskyne tvoria najmi kordzne domy a siene, resp. Sikmé priestranné chodby
nadobudajuce rozmery domovitych a sienovitych priestorov. Ich stropy st roz¢lenené
vysoko zahibenymi kupolami. Vyskytuji sa aj strmé rarovité chodby vytvorené
najmi pozdiz medzivrstvovych ploch. Vertikalnu &lenitost’ jaskyne dotvara niekol'ko
priepasti a kominov. Subhorizontalne useky v hornej i dolnej Casti jaskyne sa vytvarali
v nadvéznosti na dlhodobejsie fazy stagnacie piezometrického povrchu podzemnych
vod. Najmé domy a siene su miestami vyrazne remodelované ritenim.

Prvotné freatické podzemné dutiny sa vytvarali koroziou i tlakovym pradenim vod,
¢o na viacerych miestach dokladaji mohutné stropné kupoly (Bella a Pavlar¢ik, 2002;
obr. 2). Hlavné casti jaskyne pravdepodobne vznikli posobenim vod, ktoré prenikali
z povrchu a miesali sa s hlbsimi vodami v Case, ked’ povodne rozsiahlejsia ploSina
Kobylieho vrchu nad jaskynou sa roz¢lenovala zahlbovanim doliny Bielej (Droppa, 1959;
Bella a Pavlarcik, 2002). Na prvotny vyvoj jaskyne mozno vplyvali aj vody hlbinného
povodu vystupujice pozdiz podtatranského zlomu, ktory podmienil tektonicky vyzdvih
Tatier (Gtazek et al., 2004; Bella et al., 2005, 2007) a zacal sa pred 10 — 15 mil. rokov
(Kral, 1977; Kovac et al., 1994).

Pocas vyvoja jaskyne sa podzemné priestory do znacnej miery vyplnili jemnymi
sedimentmi, ktoré bolineskor takmer uplne vyplavené v epifreatickom, anajmé vadéznom
rezime. V jemnozrnnych sedimentoch sa striedaja normalne a inverzne magnetizované
zony (Pruner a kol., 2000; Pruner a Bosak, 2001). Ich usporiadanie sved¢i o veku vy$som
ako 1,77 Ma (horna hranica epochy Olduvai) a mozu patrit’ az k epoche Gilbert (cca 4,18
— 6,15 Ma). Sintrové kory na povrchu niektorych profilov maji vek vyssi ako 1,25 Ma
(Bosak et al., 2004) a obsahuju palynospektra spodnopliocénneho veku. Subaerické
sintrové kory ulozené na vyrazne erodovanych jemnozrnnych klastickych sedimentoch
maju vek okolo 4 — 5 Ma (Bella et al., 2007).

V suvislosti s prehlbovanim doliny Bielej od konca tretohor poklesavala hladina
podzemnej vody, na ¢o v jaskyni miestami poukazuji horizontalne zarezy v skalnych
stenach (Bellaa Pavlarcik,2002). Neskorsie pritoky vod do jaskyne ¢iastocne remodelovali
skor vytvorené podzemné priestory. U¢inkom pradiacej vody sa miestami vytvorili
lastarovité jamky (scallops), ktoré vSak okrem hornej chodby v dolnej Casti jaskyne sa
vyskytuji viac-menej sporadicky. V sucasnosti sa priesakové vody zo zrazok ststred’uja
na dne priepasti v najnizsich castiach jaskyne, kde vytvaraji ob¢asné potociky.

Na zaklade morfologie podzemnych priestorov i vysokého veku ich vyplni mozno
predpokladat, ze najstarSie Casti Belianskej jaskyne st hypogénneho povodu (pozri
Klimchouk, 2007) a vzhladom na sticasnost’ sa vytvarali v odli$nych geomorfologickych
a hydrogeologickych podmienkach.
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Obr. 1. Pozdizny rez Belianskej jaskyne s vyznagenim miest vyskytu koréznych Sikmych faciet (topograficky podklad: jaskyniarska skupina SSS Spisska Belda, 1976
—2007; M. a L. Plu¢insky, 2006 —2007)

Fig. 1. Longitudinal section of Belianska Cave showing the location of facets (topography: Speleological Club SSS Spisska Bela, 1976 —2007; M. and L. Plu¢insky, 2006
—-2007)




Obr. 2. Mohutna ¢lenita stropna kupola v Déme objavitelov. Foto: P. Bella
Fig. 2. Large dissected ceiling cupola in Dom objavitelov (Dome of Discoverers). Photo: P. Bella

GEOMORFOLOGICKE TVARY AKO INDIKATORY
PODMIENOK A PROCESOV GENEZY JASKYNE

Komplexnejsia rekonstrukcia genézy jaskyne okrem datovania sedimentov zavisi aj
od skiimania morfologie podzemnych priestorov a morfostratigrafie skalnych tvarov.
Okrem hlavnych skalnych tvarov v Belianskej jaskyni, ktoré jej podzemiu na mnohych
miestach davaji bizarnu scenériu, treba na zaklade detailnejSich geomorfologickych
pozorovani preskiimat’ aj niektoré dalSie tvary, ktoré dotvaraji celkovy morfologicky
obraz jaskyne a indikuju ur¢ité podmienky a procesy genézy jaskyne, resp. fazy jej
vyvoja. Medzi takéto geomorfologické tvary, ktoré¢ sa v Belianskej jaskyni zatial
neopisali, patria korozne Sikmé facety poukazujice na freatickt i epifreaticki modelaciu
jaskyne v podmienkach pomaly prudiacej az stagnujicej vody.

Predlozeny prispevok o kordznych sikmych facetach tematicky nadvizuje na Stidiu
o morfologii a genéze Belianskej jaskyne od Bellu a Pavlarcika (2002), ktord podava
zékladné morfogenetické vztahy medzi morfologiou jednotlivych tvarov jaskynného
georeliéfu a podmienkami i procesmi ich genézy.

KOROZNE SIKME FACETY — NAZORY NA ICH GENEZU

Sikmé ploché povrchy faciet predstavuji morfoskulptarne formy jaskynného
georeliéfu. V zahrani¢nej speleogeomorfologickej literatire sa oznaCuji ako Facetten
alebo planes of repose. Nazory na ich genézu nie su zjednotené a rozliSuji sa Sikmé
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facety vytvorené bez a za Gcasti akumuldcie jemnych sedimentov. Facetten sa vytvaraji
kordziou rozpustnych hornin v stagnujicom vodnom prostredi usmernenou konvekciou
vody. Podl'a Kempeho (1970), resp. Kempeho et al. (1975) v chodbach so zarovnanym
stropom (Laugdecken) su §ikmé ploché skalné steny zbiehajuce sa ku dnu (Facetten)
vytvorené konvekénym priidenim vody od stropu nadol, t. j. korézne sa rozsiruju paralelne
so Sikmymi a plochymi stenami vytvorenymi v ich prvotnom vyvojovom Stadiu.

Planes of repose vznikaju v podmienkach pomalej cirkulacie vod, ked akumuléacia
nerozpustnych zvyskov prekaza koréznemu rozsirovaniu dna a Sikmych stien (priblizne
so sklonom 45° a mensim) v zaplavenej Casti jaskynnych priestorov (Lange, 1963, 1968;
Goodman, 1964; Lukin, 1967 in Andrejcuk, 1992). Usadzovanie jemnych sedimentov
usmerfiuje posobenie kordzie nad horny okraj ich pokryvu, kde sa strmé vysSie Casti
skalnych stien postupne rozsiruju do bo¢ného zarezu, az kym novovytvoreny skalny
podlahovy povrch zarezu nenadobudne sklon, na ktorom sa za¢nt usadzovat’ sedimenty
zastavujace koroziu (Lange, 1963).

V podzemnych priestoroch so Sikmymi plochymi skalnymi stenami (Facetten), ktoré
sa vytvorili konvekénym pridenim vody pozdiz stien od stropu nadol (Kempe, 1970;
Kempe et al., 1975), sa jemné sedimenty mohli usadit’ az po vytvoreni tychto skalnych
tvarov. Gripp (1912) viak v sadrovcovych jaskyniach vznik Facetten vysvetluje ako
dosledok rozpustania podla gradientu koncentracie chemického zlozenia vody (rychlejsie
rozpustanie je v hornej, menej nasytenej zone vodného prostredia ako v jeho nizsich
¢astiach). Lange (1963) podotyka, Ze tento mechanizmus vytvarania Sikmych skalnych
stien je mozny v podmienkach takmer stagnujucej vody a extrémne rozpustnych hornin.
Takisto Rainboth (1971) poukazuje na korézne zvicSovanie povrchu faciet v Sikmom
smere odspodu nahor.

Terminolégiou koréznych Sikmych faciet v slovenskej speleogeomorfologickej
literattire sa zaobera Bella (2007).

VYSKYT A MORFOLOGIA KOROZNYCH SIMYCH FACIET V JASKYNI

V dolnej ¢asti Belianskej jaskyne sa Sikmé facety vyskytuju vo Vstupnej chodbe
a na Razcesti, ako aj vo vysSej chodbe pri priepasti medzi Domom trosiek a Sikmym
démom. V hornej vychodnej chodbe sa pozoruju v Déme objavitelov, medzi Domom
objavitelov a Vysokym domom, ako aj v Sikmej bo¢nej chodbe s vadéznym kanalikom
pri tuneli medzi Palmovou siefiou a Zbojnickou komorou. V hornej ¢asti Dému objavi-
telov sa §ikmé facety vytvorili na oboch protilahlych spodnych castiach skalnych stien,
ktoré sa zbiehajii do stredu podlahy (obr. 3). V dolnej zapadnej vetve st v spodnej Casti
Vodopadového dému, v Galérii (aj s viac-menej zarovnanym stropom), Hudobnej sieni,
Rurovitom déme, ako aj pod zarovnanym stropom na severovychodnom okraji Bieleho
dému na prechode do Hlinenej chodby (obr. 4). Miniaturne facety sa vytvorili aj v spod-
nych ¢astiach vyklenkov vyhibenych v skalnych stenach domov a sieni (obr. 5). Sklon
sikmych skalnych povrchov opisovanych faciet je zvicsa 40° az 45°, miestami i nad 45°
(najmé v mensich stenovych vyklenkoch).

Na viacerych miestach jaskyne jednozna¢ne vidiet, ze Sikmé facety predstavuju
kordzne povrchy, ktoré sa nevytvorili pozdii, ale naprie¢ vrstvovych ploch vépencov.
V hornej ¢asti Dému objavitelov, na jeho vychodnej strane pri otvore vedicom do strmej
rurovitej chodby zv. Certovo hrdlo sikmé facety zrezavaju vrstvy vapencov, ktoré maju
rozdielny smer sklonu, ako je sklon faciet (obr. 6). Aj na zapadnej strane spodné Casti stien
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Obr. 3. Kordzne Sikmé facety na vychodnej strane Domu
objavitelov. Foto: P. Bella

Fig. 3. Facets on the eastern side of Dom objavitelov
(Dome of Discoverers). Photo: P. Bella

tohto domu tvoria Sikmé facety, ktoré
vSak maji opacny smer sklonu (obr. 3).
Tieto facety so sklonom 40° az 45° sa
viac-menej zhoduji so smerom sklo-
nu vrstiev vapencov, ktoré maju vacsi
sklon (52° az 54°; merania v priestore
pod beténovymi schodami vedacimi
nahor z hornej ¢asti Dému objavitelov).
Podobne na vychodnej strane Vstupnej
chodby korozne Sikmé facety pretinaju
vrstvové plochy vapencov, kym na pro-
tilahlej, zapadnej strane Sikmé skalné
povrchy sledujt sklon vrstiev vapencov
(obr. 7).

Sikmé ploché skalné povrchy faciet
su miestami roz¢lenené plytkymi zliab-
kami vytvorenymi v smere spadnice
(obr. 4B). Vznikli pomalym koréznym
vyleptavanim vapenca nasledkom ste-
kania vody a vodou nasiaknutého kalu
po Sikmom skalnom povrchu. Jemné
sedimenty pokryvajice skalné povrchy
faciet byvali zaplavované v suvislos-
ti s kolisanim vodnej hladiny v jasky-
ni. AvSak uz v Case freatického vyvoja
jaskyne alebo jej Casti, ked sa v stalom
vodnom prostredi tvorili skalné povrchy
faciet, akumulované jemné sedimenty
sa siestami mohli gravitacne nadol zo-
suvat, a tym do skalného podkladu vy-
hlbovat plytké zliabky.

Obr. 4. Kordzne Sikmé facety na protilahlych spodnych castiach stien v Doéme objavitelov (A — vychodna
strana, B — zapadna strana). Foto: P. Bella
Fig. 4. Facets on the lower parts of opposite walls in Dom objavitelov (Dome of Discoverers; A — eastern side,
B — western side). Photo: P. Bella
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Obr. 5. Korozne Sikmé facety pod hladinovym zarezom na severovychodnom okraji Bieleho domu. Foto: P. Bella
Fig. 5. Facets below a watertable notch on the northern-eastern side of Biely dom (White Dome). Photo: P. Bella

Obr. 6. Miniatarne korozne Sikmé facety v spodnej ¢asti stenového vyklenku medzi Démom objavitelov
a Vysokym domom. Foto: P. Bella

Fig. 6. Miniature facets in the lower part of the wall niche between Doém objavitelov (Dome of Discoverers)
and Vysoky dom (High Dome). Photo: P. Bella
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MORFOGENETICKE ZNAKY
KOROZNYCH FACIET
VO VZTAHU K SPELEOGENEZE
JASKYNE

Protilahlé¢ Sikmé, nadol zbiehajliice
sa skalné steny s v jaskyniach zname
v chodbach so zarovnanym stropom
(chodby trojuholnikového alebo lichobez-
nikového, nadol zuzujiceho sa prie¢neho
profilu), ako aj v chodbéach alebo sie-
nach s ovalnym klenbovitym stropom.
Vytvaranie planes of repose v kruhovi-
tych a eliptickych rarovitych chodbach
vyplnenych vodou Lange (1963, 1968)
vysvetluje uz spomenutym protiposo-
benim kordzie a akumuldcie jemnych
sedimentov v podmienkach pomalého
prudenia az stagnacie vody.

V Belianskej jaskyni sa na mnohych
miestach, vratane Sikmych chodieb,
Obr. 7. Korozne sikmé facety zrezévajuce vrstvy vd-  domov a sieni so stropnymi kupolami,
rl;eréi(;;; na vychodnej strane Domu objavitelov. Foto: zachovali jemnozrnné klastické sedi-
Fig. 7. Facets intersecting limestone beds on the eastern menty, najmé ilovit¢ a menej piescite.
side of Dom objavitelov (Dome of Discoverers). Photo: ~ VAESinou predstavujii nepremiestnené
P. Bella alebo preplavené rezidua, ktoré sa vy-
tvorili selektivnym rozptstanim karbonatovych hornin rady vapenec-dolomit a usadili
sa v stagnujucom vodnom prostredi (Hlavac et al., 2004). Dolomity sa vyskytuji v hor-
nych Castiach jaskyne nad gutensteinskymi vapencami (Pavlarcik, 2002).

V Belianskej jdskyni sa korozne $ikmé facety vyskytuju v troch zakladnych
morfologickych podobach a zoskupeniach, ktoré poukazuju aj na morfostratigrafické
stvislosti alebo naslednosti vyvoja tychto geomorfologickych foriem:

1. Sikmé plochy faciet v spodnych i vyssich policovitych Castiach stien kupolovitych
sieni alebo ovalnych chodieb sa zvicsa koncia ostrou hranou, nad ktorou st previsnuté
skalné steny pokracujice do hornych ¢asti domov, sieni alebo chodieb (DOém objavitelov,
medzi Démom objavitelov a Vysokym domom, sikma bo¢na chodba pri tuneli medzi
Palmovou siefiou a Zbojnickou komorou). Podobne st ohranicené aj vnutrovyklenkovité
miniatirne facety vzhladom na klenbovity strop s mensimi ovalnymi vyhibeninami
(v stenovych vyklenkoch medzi Démom objavitelov a Vysokym doémom). Liniovy
kontakt horného okraja faciet a spodného okraja nadfacetovych skalnych povrchov
byva horizontéalny, $ikmy, zvdcsa vSak krivolaky s nadol alebo nahor zasahujucimi
vybezkami vy€nievajucich skalnych povrchov. V pripadoch, ked’ facety a nadfacetové
skalné povrchy nie st oddelené bo¢nym lateralnym zarezom vytvorenym pozdiz vodnej
hladiny, facety sa vytvarali v ¢ase uplného vyplnenia podzemnych priestorov vodou
spolu s ostatnymi tvarmi kor6znej modelacie.
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2. Ostru morfologickt hranicu medzi zahibenym hornym okrajom neskor vytvorenej
facety v nadviznosti na vodné hladinu podzemného jazera a starSim povrchom skalnej
steny dvihajicej sa do starsej stropnej kupoly vidiet' v hornej ¢asti Domu objavitelov.
Takato morfostratigraficka naslednost’ sa pozoruje nielen v spodnych, ale miestami aj
vo vyssich policovitych ¢astiach stien kupolovitych sieni alebo ovalnych chodieb, kde st
zretelné horizontalne lateralne zarezy medzi facetami a vy$§imi viac-menej ¢lenitymi
skalnymi povrchmi (nad Hudobnou siefiou na prechode do hornej Casti Galérie, obr. 8).
V takychto pripadoch $ikmé ploché skalné povrchy faciet si stupiiovito zahibené
vzhladom na vyssie ¢lenité skalné povrchy.

3. Korozne §ikmé facety pod horizontdlnym boénym hladinovym zarezom, resp.
korézne zarovnanym stropom na severovychodnom okraji Bieleho domu na prechode
do Hlinenej chodby (obr. 2) sa vyvojovo i geochronologicky viazu na epifreaticku
modelaciu v nadviznosti na fazy stagnacie vodnej hladiny v ramci jej etapovitého
poklesavania v zavislosti od zarezavania doliny Bielej. Vzhladom na kupolovité tvary
dominujice v jaskyni, facety vytvorené pod bo¢nymi hladinovymi zarezmi st z mladsich
vyvojovych faz jaskyne.

Vyskyt koréznych sikmych faciet v Belianske;j jaskyni poukazuje na vyvojové fazy,
ked’ jej podzemné priestory boli iplne alebo Ciastocne vyplnené pomaly pridiacou az
viac-menej stagnujicou vodou s akumulaciou jemnych sedimentov. KedZze v zapadnej
vetve jaskyne sa medzi Hudobnou siefiou, resp. Rirovitym domom a Hlbokym démom
vyskytovala freaticka slucka vplyvajuca na pridenie vody, $ikmé facety sa vytvorili
najmid v hornom useku tejto vetvy. Sikmé facety v spodnych ¢astiach jaskyne st
v subhorizontalnych chodbach, ktoré sa vytvorili v nadvaznosti na etapovité prehlbovanie
doliny Bielej.

— ¥
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Obr. 8. Kordzne sikmé facety (A) a vrstvové plochy vapencov (B) vo Vstupnej chodbe. Foto: P. Bella
Fig. 8. Facets (A) and bedding-planes of limestone (B) in Vstupna chodba (Entrance Passage). Photo: P. Bella
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Obr. 9. Korézne sikmé facety zahibené pod vyssim stupfiovitym skalnym povrchom v priestore nad Hudobnou
sieniou pri hornej Casti Galérie. Foto: P. Bella

Fig. 9. Facets deepened below upper stair-step rock surface in the site above Hudobna siefi (Music Hall)
near the upper part of Galéria (Gallery). Photo: P. Bella

Na postupnost’ viacfazovej modelacie jaskynnych priestorov poukazuje morfologia,
resp. morfostratigrafia prie¢neho profilu bo¢nej strmej chodby pred prerazkou zo strany
Bieleho domu, v hornej Casti ktorého st nepravidelné korézne tvary s niz§imi postran-
nymi Sikmymi facetami dole prehibené mladsim ovalnym zlabom s lastGrovitymi jam-
kami (scallops).

ZAVER

V nadvéiznosti na doterajsie tudie o morfoldgii a genéze Belianskej jaskyne (Droppa,
1957; Bella a Pavlarcik, 2002; Gtazek et al., 2004; Bella et al., 2005, 2007) nami
opisané korozne Sikmé facety si dalsim morfologickym indikatorom genézy vicsiny
Jej podzemnych priestorov v pokojnom vodnom prostredi s akumulaciou jemnych
klastickych sedimentov.

Morfostratigraficka pozicia Sikmych faciet vzhladom na prilahlé, resp. susedné
geomorfologické formy poukazuje na morfogenetické stvislosti, ktoré sa udiali vo
freatickej a epifreatickej faze vyvoja ur¢itych Casti jaskyne:

1. Ak sa korézne Sikmé facety vyskytuju pod mohutnymi stropnymi kupolami
v spodnych Castiach kupolovitych sieni alebo Ssikmych ovalnych chodieb bez vyraznych
lateralnych zarezov medzi facetami a vy3§imi nefacetovanymi skalnymi povrchmi,
vytvorili sa kor6ziou vo freatickych podmienkach pomaly cirkulujicej az stagnujicej
vody, pravdepodobne uz v case modelacie dominujich kupolovitych tvarov, ked’
podzemné priestory boli tuplne vyplnené vodou.

2. Vyskyt koroznych Sikmych faciet pod horizontalnymi bo¢nymi hladinovymi
zarezmi poukazuje na epifreatické podmienky ich kor6znej modelacie v mladsich fazach
vyvoja jaskyne, ked’ sa v nej vyskytovala vol'na hladina podzemnej vody.
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CORROSION FACETS AND THEIR MORPHOGENETIC FEATURES
IN RELATION TO THE SPELEOGENESIS OF BELIANSKA CAVE, SLOVAKIA

Summary

Belianska Cave is located on the northern slope of Kobyli Hill (1,109 m) in the eastern part of Belianske
Tatra Mountains, near Tatranska Kotlina Village (Tatra National Park) in northern Slovakia. The cave
is mainly developed in the Mid Triassic Gutenstein limestone of Krizna Nappe (Droppa, 1959; Pavlarcik,
2002). With a length of 3,504 m and a depth range of 160 m it is the longest cave in the Belianske Tatra
Mountains. It is a vertical-horizontal multiple branched cave, with extensive vertical dissection.

The cave consists of two irregularly north-south trending branches joined at their northern, lower ends.
The eastern branch has higher elevation than the western branch. In some places, vertical and steeply sloping
chimneys and shafts extend from the branches. High ceiling cupolas penetrate the ceilings of phreatic
corrosion domes and halls and large inclined passages. Sub-horizontal segments in the upper and lower
parts of the cave developed during long-lasting phases of epiphreatic watertable stagnation. Horizontal wall
notches at several levels resulted from solution during phases of watertable lowering in the cave related
to phases of downcutting of Biela Valley (Bella & Pavlar¢ik, 2002). Later water inflows into the cave partially
remodelled primary phreatic morphologies. These water inflows formed some large tubular passages.
At present, meteoric waters seeping into the cave are cumulating into occasional streamlets at the bottom
of shafts in the lower parts of the cave.

Belianska Cave was significantly filled with fine-grained clastic sediments, mainly during the phreatic
phase. These sediments were largely washed out during younger epiphreatic and vadose phases. Normal
and reverse magnetized zones alternate in remnants of the sediments (Pruner et al., 2000; Pruner & Bosak,
2001). Their configuration indicates as age older than 1.77 Ma (the upper boundary of Olduvai epoch), but
the sediments can be related to Gilbert epoch (ca 4.18 — 6.15 Ma). Speleothem crusts on the surface of some
profiles are older than 1.25 Ma (Bosak et al., 2004). Palynospectrumes of Lower Pliocene age are included in
the speleothems. The age of subaerial speleothems deposited on the eroded surface of the fine-grained clastic
sediments is approximately 4 to 5 Ma (Bella et al., 2007). Several original ceiling and wall surfaces of domes
and halls have been remodelled by block and slab breakdown. The presence of specific morphological
features and the old age of the sediments indicate a hypogene origin for the cave.

Cave morphological forms (speleogens) are significant indicators of the conditions and processes
of speleogenesis. The spectrum of meso, micro and nanoforms of cave georelief (large cupolas, ceiling
pockets, bell holes, ceiling channels, water-table notches, scallops, rills, below-sediments pits and others) has
been characterized in previous studies on the morphology and genesis of Belianska Cave (Droppa, 1957; Bella
& Pavlarcik, 2002; Glazek et al., 2004; Bella et al., 2005, 2007) is completed by examining the inclined facets
described in the article. They are additional morphological indicators for the genesis of major segments of the
cave in calm and stagnant water conditions with an accumulation of insoluble fine-grained clastic sediments.

Well-developed inward-sloping smooth walls (Facetten in the sense of Kempe et al., 1975 or planes
of repose in the sense of Lange, 1963) generally maintain a slope of approximately 40 — 45 degrees,
independent of dip of bedding-planes in the walls. The inclination of limestone beds in the Dom objavitel'ov
(Dome of Discoverers) in Belianska Cave is 52 — 54 degrees. Facets formed by solution during slow water
circulation, when the accumulation of insoluble residues created a barrier for widening the floor and sloping
walls in flooded part of cavities (in the sense of Lange, 1964). These smooth corrosion forms are developed
also on the opposite sides of passages, halls and domes discordant to the inclination of beds. Facets in the cave
are developed on the walls below cupolas in several domes, halls and in other parts of the cave with smooth
walls. Facets are also visible in the lower part of wall niches.

The morphostratigraphic position of solution facets in relation to adjacent or neighbouring morphological
forms reflects some morphogenetic coherences that originated in the phreatic and epiphreatic phases
of development of parts of the cave: (1) If facets occur on the lower parts of cupola-like halls or inclined oval
passages without lateral notches between facets and upper non-smooth rock surfaces, they probably formed
by solution in phreatic conditions of slowly moving or stagnant water, together with a formation of dominant
cupola-like cavities when cave spaces were fully filled by water. (2) Facets occurring below lateral water-
table notches indicate formation under epiphreatic conditions in younger phases of cave development.

Facets in the upper segment of the western branch were formed when the phreatic loop influenced water
circulation between Hudobna sien (Music Hall) and Hlboky dom (Deep Dome). Facets in lower parts of the
cave occur in subhorizontal passages that developed during the phased downcutting of the Biela Valley.
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M. Orvo$ova, V. Hurai: Calcite Crystals from Kalcitova Cave No. 1 and 2 on Poludnica Hill,
Nizke Tatry Mts.

Abstract: A fossil cavern with calcite crystals of 10 — 20 c¢m size (rarely up to 30 cm) was found
in the Kalcitova Cave No. 1 (cave length 11.1 m), which is situated in the uppermost rock cliffs
on Poludnica Hill (1,548 m above sea level) of the Nizke Tatry Mts., Slovakia. The cave follows
N - S-trending fault roughly parallel with rock cliffs of Poludnica Hill, and is developed in
Triassic limestones and dolomites of Gutenstein type. Hydrothermal karstification resulted in
a typical spherical cavern with smaller corroded spherical cavities. Giant calcite crystals with
spherical shapes are arranged along dissolution cavities of the cavern. Interiors of crystals
are oscillatory zoned. Fluid inclusion microthermometry data and stable isotopic evidence
demonstrate the hydrothermal origin of calcite crystals. The 3“C and 3O values of calcite
did not show any significant changes along crystal growth zones (5°C —6.2 to —4.7 %o V-PDB,
350 —20.3 to —18.8 %o V-PDB, except for sinter crust overgrowing the crystal on its surface,
with 8C —7.6 %o and 80 —7.2 %o V-PDB). Homogenization temperatures of the aqueous two-
phase (liquid+vapour) inclusions are clustered mostly between 75 and 85 °C, with the total range
between 54 and 90 °C. Deep circulation of heated meteoric water was connected with regional
S — N-trending fault framework, probably reactivated during Palacogene-to-pre-Pliocene times.
The Kalcitova No. 1 and No. 2 Caves represent another product of hydrothermal karstification in
the region of the Nizke Tatry Mountains. Later phreatic/vadose speleogenesis was not significant
in the studied caves, and their hydrothermal character was well preserved.

Key words: hydrothermal paleokarst, hydrothermal calcite, C and O stable isotopes, fluid
inclusions, Nizke Tatry Mts., Slovakia

UVOD

Vo vrcholovej ¢asti skalného brala vrchu Poludnica (1548 m n. m.) v najsevernejSom
vybezku Nizkych Tatier sa nasla hydrotermalna paleokrasova kaverna s krystalmi
kalcitu velkosti 10 — 20 cm (ojedinele nad 30 cm). Fosilna kaverna tvori zaver chodby
Kalcitovej jaskyne 1, ktora je dnes jednou z dvoch samostatnych jaskyn v minulosti
prepojenych chodbou do jedného celku. Kaverna s kalcitmi a relikty kratkych chodieb so
vzacne zachovanymi kalcitovymi krystalmi v ich strope predstavuju zriedkavy vyskyt
hydrotermalnych jaskyf (Dublyansky, 1997), ktoré neboli modelované vodou v priebehu
neskorsej mladsej speleogenézy. Relikty jaskyn s krystalmi kalcitov su zvySkami
privodnych drah vystupujucich horucich roztokov (hydroterm), ktoré cirkulovali kedysi
v horninovom masive vo vel'kych hibkach. Ich vznik je vysledkom paleokrasovych
hydrotermalnych procesov, datovanych pred sucasni geograficku morfologiu tzemia
a jej neotektonické procesy.
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Kalcity svojimi nezvycajnymi morfologickymi formami a rozmermi krystalov pred-
stavuju unikatnu mineralogicku lokalitu a s d’alsim prikladom hydrotermalneho proce-
su, ktory sa zda byt’ v oblasti krasu pohoria Nizkych Tatier beznou stc¢astou krasovate-
nia (Orvosova et al., 2004; OrvoSova a Moravansky, 2008). Vac¢si vyznam hydrotermal-
neho krasovatenia sa v sti¢asnosti predpoklada aj pri vzniku niektorych jaskyn v alpske;j
oblasti (Audra et al., 2006). Predmetom tohto ¢lanku je podrobny opis krystalov kalcitu,
vysledky mikrotermometrickych merani ich fluidnych inklizi a geochemicka charak-
teristika. Studium kalcitovych krystalov ako jednych z mala zachovanych informacii
paleokrasovej periddy spolu so Strukturnou geoldgiou (vysledky budu predmetom sa-
mostatného ¢lanku) sa pokusia objasnit’ vyvoj krasu v Nizkych Tatrach.

GEOMORFOLOGICKE A GEOLOGICKE POMERY

Vyrazna vapencova kéta Poludnica (1548,5 m n. m.) v severnom predhori Nizkych
Tatier nazyvanom Dumbierske vrchy tvori ¢ast’ hrebeiia medzi Janskou a ITanovskou
dolinou. Nachadzaju sa tu zaujimavé krasové javy (skalné okna, brany, tunel), niekol'’ko
mensich jaskyn a cely rad drobnych jaskyniek (Hipman, 2004). Vo vrcholovej ¢asti kopca
suvrstevné sledy krasovych hornin, ako produkty postupujicej erézie krasového povrchu,
odkryté do skalnych radov s vysokymi stenami (10 az 25 m), ktoré vytvaraju dominantnu
skalni hradbu. Ako dosledok rozpadu hrebena a obojstrannej postupujucej svahovej
modelacie boli niektoré jaskyne z vel'kej casti denudované, ako v pripade Kalcitovej
jaskyne | a 2. Jaskyne s vyvinuté vo vapencoch a dolomitoch gutensteinského typu
prikrov je nasunuty na krizilanskom prikrove (veporiku) a redukovanej autochtonnej
obalovej jednotke tatrika leziacej na baze krystalinika jadrového pohoria Nizkych Tatier
a je charakterizovany triasom bielovazskej facialnej oblasti. V tejto oblasti ma zlozitu
vnatorna stavbu. Digitacia Poludnice s mocnymi gutensteinskymi vapencami v jadre
je tektonicky komplikovand prevratenou vrasou, lokalnou digitaciou a opakovanym
vrstevnym sledom (Biely a Bezak, Eds., 1997; obr. 1).

‘OPIS JASKYN A KRYSTALOV KALCITU

Jaskyne zamerali a zdokumentovali P. Orvo$ a M. OrvoSova v roku 2006 a pod
poradovym ¢islom 1358 boli zaradené do Zoznamu jaskyn Slovenskej republiky (Bella
etal.,2007). Jaskyne prebiehajt za sebou po tektonickej poruche ssz. — jjv. smeru zhruba
paralelne so skalnou stenou brala v tesnej blizkosti vonkajsej strany steny (obr. 2).
Situované st na sz. strane skalného radu na baze steny v nadmorskej vyske priblizne
1450 m. Pre velku obtaznost a nedostupnost’ terénu su krasové javy na tejto strane
Poludnice preskimané menej ako na jej juznom vybezku hrebena, a preto jaskyne boli
doteraz nezname (Orvosova a Hurai, 2008).

Kratsia Kalcitovd jaskyiia 2 s nameranou dizkou 7,4 m ma dva vchody. Viési z nich
tvori vel'ky (3 x 3 m) portal s hibkou 2 — 3 m na dne s opadanou autochténnou sutinou.
Tento vacsi vstupny priestor v priebehu 3 m postupne prechadza do uzkej, tazko
prelezitel'nej uziny, Gstiacej von (druhy vchod). V strope uziny tesne pred jej vyustenim
sa na ploche len niekol'kych desiatok cm? nachadzaju zvysky destruovanych krystalov
kalcitu. Medzi jaskyiiami chyba &ast’ chodby v dizke 6,8 m, ktoréa bola uz spominanymi
svahovymi pohybmi a gravitacnym opadom znicena (obr. 3).
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Obr. 1. Geologicky profil Poludnicou a Krakovou holou na severnych svahoch Nizkych Tatier (Biely a Bezak,
Eds., 1978). Vysvetlivky: 1. paleogén vnitornych Karpat; 2 — 6. cho¢sky prikrov, hronikum: 2. karn —lunzské
vrstvy, 3. vrchny anis — ladin — reiflinské vapence, 4. vrchny a stredny trias —dolomity, 5. anis — gutensteinské
vapence, 6. perm — pestré bridlice, pieskovee, arkozy; 7 — 10. kriziiansky prikrov: 7. titon — spodna krieda
— slienité vapence, 8. doger — malm — radiolariové vapence, 9. stredny a vrchny trias — dolomity, 10. stredny
trias — gutensteinské vapence; 11 — 12. tatrikum: 11. spodny trias — kremence, 12. granodiority; 13. jaskyfia
Fig. 1. Geological cross-section of Poludnica Hill and Krakova hola Hill on the northen part of The Nizke
Tatry Mountains (modified after Biely and Bezak, Eds. 1987). Legend: 1. Inner Carpathians Paleogene;
2 — 6. Cho¢ nappe — Hronic Unit: 2. Carnian — Lunz beds, 3. Pelsonian — Cordevolian, Reifling limestones,
4. Pelsonian — Cho¢ dolomites, 5. Anissian — Gutenstein limestones, 6. Permian — variegatedly colored
shales, sandstones, arcoses; 7 — 10. Krizna nappe — Fatric Unit: 7. Tithonian — marly limestones, 8. Doggerian
— Malmian — radiolarian limestones, 9. Middle — Upper Triassic, dolomites, 10. Middle Triassic — Gutenstein
limestones; 11 — 12. Tatric Unit: 11. Lower Triassic - quarzites, 12. granodiorites; 13. cave

Obr. 2. Vchod do Kalcitovej jaskyne 1. Foto: M. OrvoSova
Fig. 2. The entrance of Kalcitova cave No. 1. Photo: M. OrvoSova
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Poludnica, k. u. Ifanovo, n. v. 1450 m n. m.

Zamerali: 5. 7. 2006
P. Orvos, M. OrvoSova
Kreslili: M. Orvosova, M. Milecova
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Obr. 3. Kalcitova jaskynia 1 a 2 — podorys jaskyne (zamerali P. Orvo§ a M. Orvosova, kreslili M. Orvosova
a M. Milecova)

Fig. 3. Kalcitova Cave No. 1 and 2 — groundplan of the cave (measured by P. Orvos and M. OrvoSova, drawing
M. Orvosova and M. Milecova)

Kalcitovi jaskynu 1, ktora bola hlavnym predmetom nasho zaujmu, tvori jedina
chodba vysoka 1 — 3 m s dizkou 11,1 m, smerujuca po tektonickej poruche JJV smeru
akonciacasav kaverne s vyskytmikalcitovych krystalov. Na su¢asnej morfologii vstupnej
Casti jaskyne sa podielala i mrazova destrukcia, ktora spdsobila mechanicky rozpad
tektonicky predisponovanej horniny. Jaskyna vznikla na krizeni tektonickych poruchy
s plochami vrstevnatosti. Paralelné, mierne ohnuté plochy vrstevnatosti st evidentné
a dobre viditené pred vstupom do jaskyne (obr. 2). Tektonicka strmé porucha prebieha
celou jaskynou a nachadza sa na pravej strane jaskynnej chodby smerom od vchodu
Jjaskyne. Tektonicka linia urcujuca priebeh jaskyne je paralelna so stenou brala a svahom
udolia. Ide o dolezity geomorfologicky fenomén, stvisiaci s postupujicou svahovou
modelaciou nasledkom gravitacného rozpadu hrebena (tektonicky podmienené svahové
pohyby). Délezitym cinitelom pri vyvoji tychto jaskyn bola tektonicka predispozicia
a v neposlednom rade kone¢nd modelacia reliéfu mrazovym zvetravanim. Typicky
kupolovity tvar stropu s mnozstvom sférickych dutin je produktom hydrotermalneho
krasovatenia bez naslednej mladsej freaticko-vadoznej speleogenézy. Kavernu tvori
vykruZena kupolovitd dutina priemeru 3 m so stropom pokrytym kryStalmi kalcitu.
Kalcitové krystaly gulovitého tvaru lemuju vicsinu plochy kaverny alebo vypiaju
drobné dutiny na strope, ¢asto st destruované zvetravanim a opadané.
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Obr. 4. Vel'ké krystaly kalcitu gulového tvaru vypliiajiice dutiny v strope jaskynnej kaverny. Foto: M. Orvosova
Fig. 4. Giant calcite crystals with spherical shapes are arranged along dissolution cavities. Photo: M. Orvosova

Krystaly s na povrchu skorodované, Gasto ich pokryva senilny mikky sinter alebo
drobné skalenoedrické krystaliky mladsej generacie a vystupuju ako ,,gulovité" agregaty
(pripominajuce ,,lopty*), skleného lesku, polopriezracné, okrovej farby (obr. 4). Mensie
sférické dutinky v priemere do 50 cm Casto vyplitaju mensie krystaly, ktoré st zachované
v povodnom morfologickom tvare. Monokrystal kalcitu je podla Goldschmidta (1903)
morfologicky typ tvoreny kombinéciou krystalovych tvarov dvoch romboedrov (A, B)
a hexagonalnej prizmy (C) (obr. 5). Na druhej strane vécsie jedince dosahuji vel'kost
i 20 cm (vzacne 30 cm), st destruované a gravitatne lahsie opadajii na dno jaskyne.

\

Obr. 5. Morfologia kalcitového krystélu: a — monokrystal kalcitu pokryty drobnymi skalenoedrickymi
krystalikmi mladsej generécie; b — krystalové tvary: romboédre A a B, hexagonalna prizma C (morfologicky
typ podl'a Goldschmidta, 1903)

Fig. 5. Morphology of calcite crystals: a — single crystal covered by small younger scalenoedric crystals;
b — crystal forms: Rhombohedrons A and B, hexagonal prism C (morphological type modified after
Goldschmidt, 1903)

91



Ich zachované zvysky zanechavaja na strope a stenach rovné hladké plochy sklovitého
lesku. V strede kaverny do priestoru horizontalne vybieha rimsa — ,,balkonik®, zvySok
povodnej vyplne dna o mocnosti 1 m, vytvoreny stmelenim ulomkov hornin, opadanych
krystalov a cervenej ilovitej hmoty, ktora je litifikovana. Na povrchu brekciovitej
stmelenej rimsy sa nachadzaju najvicsie a najzachovanejSie exemplare opadanych
krystalov v jaskyni.

METODIKA

Krystal sa dvakrat kolmo narezal v smere osi ¢, ¢im sme ziskali pozdizny hranol
v priemere 1 x 1 cm, s dizkou korespondujiicou s vyskou krystalu. Hranol sa rozdelil na
11 — 12 postupne ocislovanych Casti, ktoré zvicsa reprezentovali viditelné rastové zony
od bazy k okraju. Kazda zdéna bola rozdelena na Stiepne fragmenty, ktoré sa skimali
pod polariza¢nym mikroskopom. Fragmenty obsahujuce fluidné inkluzie sa vybrali na
mikrotermometriu a analyzu izotopov O a C. Stiepne fragmenty sa neletili, ale priamo
pouzili na mikrotermometriu, aby sa zabranilo termalnej a mechanickej reekvilibracii
pocas rezania a leStenia. Homogenizacné teploty fluidnych inkluzii sa merali prvé, aby
sa eliminovali chyby spdsobené expanziou l'adu a sprievodnym zvic¢senim inkluzif pri
schladzovani. Na kazdy fragment bol aplikovany len jeden cyklus ohrievanie — mrazenie.
Na ohrievaco-zmrazovaci proces sa pouzil Linkam THM-600 na Geologickej sluzbe
v Bratislave namontovany na mikroskop Nikon Optiphot s vel'kou pracovnou dizkou
objektivov a JVC CCD fotoaparatom. Chyba v teplotach fazovych prechodov je mensia
ako +1°C.

Okolo 10 mg z kazdej vyraznej prirastkovej zony od jadra k okraju sa odobrala na
urenie pomeru stabilnych izotopov C a O. Premena karbonatov na CO, sa vykonala
pouzitim beznej metody (McCrea, 1950). Pomer izotopov C a O v CO; sa meral na
hmotnostnom spektrometri Finnigan MAT 250 na Geologickej sluzbe v Bratislave.
Vysledky boli stanovené v konvencnej & notacii ako %o odchylka zo Standardov V-PDB
a V-SMOW. Chyba merania pre hodnoty 6"C i 8"*O je +0,1%o.

ANALYTICKE VYSLEDKY A DISKUSIA

Vnutro krystalov je oscilaéne zonalne. Makroskopicky su pozorovatel'né prirastkové
zOny, ktoré sa neprejavuju vo vyrazne odliSnych hodnotach pomerov stabilnych
izotopov O a C v profile krystalu, ani rozdielmi v homogeniza¢nych teplotach (obr. 6).
Pozorovatel'nti zonalnost’ sposobuje pocetnost’ vyskytu fluidnych inkluzii. V miestach
s mlie¢no-sivymi polopriehladnymi zonami je obsah inkluzii niekol’konasobne vicsi
oproti transparentnym az sklovito ¢irym zoénam, kde inkluzie takmer absentuju.

Fluidné inklazie st zvic$a jednoduché, ploché a listovité, plosne pravidelne
rozmiestnené alebo s vyraznym reliéfom, zlozité a nepravidelné. Vyskytuju sa po
prirastkovych vrstvach alebo puklinach (obr. 7). Fluidné inklazie boli hojné. Mozeme
ich klasifikovat’ ako primarne a pseudosekundarne. Pravé sekundarne, ktoré prenikaju
az na povrch krystalu, sa nenasli. Ide o monofazové a dvojfazové uzavreniny, v obidvoch
dominuje vodny roztok. Dvojfazové inklizie obsahuji malé mnozstva (cca 5 obj. %)
plynnych bublin. Ich rézna morfologia nezavisi od teploty vzniku, i ked’ vzacne sa
vyskytuji vyrazné trojrozmerné inklazie s vd¢simi plynovymi bublinami (obr. 7d),
ktoré sa homogenizovali pri tych najvyssich nameranych teplotach (Th) oproti plochym

cvvr

inkluzie jednoduchého tvaru (obr. 7a—c), v ktorych sa zaznamenalo Th v celom
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Obr. 6. Dvojfazové vodné inklizie zachytené v krystali kalcitu z Kalcitovej jaskyne 1: b, ¢, d — skupina
primarnych dvojfizovych inkluzii s kvapalno-plynnym obsahom; a, e, f — skupina puklinovych
pseudosekundarnych, dvojfazovych inkluzii s kvapalno-plynnym obsahom. Foto: M. Orvosova

Fig. 6. Aqueous two-phase fluid inclusion trapped in calcite crystal from Kalcitovéa Cave No.1: b, ¢, d — group
of primary two phase liquid-vapour inclusion; a, e, f — group of fracture-bound, pseudosecondary inclusions
consisting of two-phase inclusion with variable liquid-to-vapour ratios. Photo: M. Orvosova

rozmedzi rozsahu hodnot od 54 do 90 °C, prevazne s hodnotou 75 az 85 °C. V danych
podmienkach budd homogenizaéné teploty inkluzii blizke skutonym krystalizacnym
teplotam kalcitu.

Teploty tavenia ladu v inkliziach sa pohybovali okolo 0 °C (£0.1 °C). Rozdiel
Th medzi jadrom a okrajom krystalu, ako sme uz vy3sie spomenuli, sa nepozoroval.
Inkludované roztoky teda maji vel'mi nizku salinitu.

Hodnoty pomerov stabilnych izotopov C a O v profile krystalu nepreukazu-
ji zavislost' od rastu krystalu (tab. 1) a si pomerne stale. Hodnota 3"C sa pohybuje
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od —6,2 az do —4,7 %o V-PDB a hodno-
ta 8'*0 od —20,3 az do —18,8 %o V-PDB.
Povrchova sintrova korka ma hodnoty
vyrazne odlisné, 60 —7,2 %, V-PDB
a 8"C —7,6 %o V-PDB, ¢o predstavuje ty-
pické hodnoty pre speleotémy na naSom
uzemi (Smejkal, 1986; Zak et al., 1987).

Izotopické zlozenie kyslika vzni-
kajaceho kalcitu urcuje predovsetkym
izotopické zlozenie kyslika vody, z kto-
rej krystal vznikal. Izotopické zlozenie
vapenca nehra tlohu, pretoze mnozstvo
kyslika v HCO," je zanedbatelné vzhla-
dom na mnozstvo kyslika vody. Na
prepocet z izotopov kyslika v kalcite
na izotopy kyslika vo vode, z ktorej
krystaly kalcitu vznikli, bola pouzi-
ta priemerna teplota krystalizacie,
odvodena pre kazdu vzorku z fluid-
nych inkluzii, a frakciona¢na rovnica

Obr. 7. Typicka oscilacia rastovych zon (1 — 12 z6n) kal-
citového krystalu s priemernymi teplotami homogeniza-
cie. Foto: M. Orvosova

Fig. 7. Typical oscilatory zonated calcite crystal
(1 —12 zones) with average homogenization temperature
of zones. Photo: M. OrvoSova

Tab. 1. Izotopické zlozenie kalcitového krystalu z Kalcitovej jaskyne 1
Table 1. Isotope composition of calcite crystal from Kalcitova Cave No.l

Vzorka 8C (%o, V-PDB) 50 (%o, V-PDB) 50 (%0, V-SMOW)
Kal-4 jadro 5,01 : 18,81 47
Kal-5 525 | 20,14 10,10

Kal-7 -6.18 21,13 9,07

Kal-9 4,98 19,64 10,61

Kal-10 471 20,19 10,05

Kal-11 5198 20,34 989
KaJ-120kraj 7,64 718 2346

Tab 2. Vypocitané hodnoty izotopov 8O podl'a Ohmoto a Rye (1979) a §"C podl'a Friedman a O"Neil (1977)
v krystaliza¢nej vode, z ktorej krystalizovali kalcity v Kalcitovej jaskyni ¢. 1
Table 2. Calculated data 'O (by Friedman and O'Neil 1977) and §"*C (by Ohmoto and Rye 1979) isotopes of

crystallization water, of which calcites crystallized

Vzorka | T L(i?ﬁ{“g sromo | e see co, C‘cog(g'(‘)": §°C HCO,
C) | () | (% V-SMOW) | (% V-PDB) | (% V-PDB)| (%) | (% V-PDB)
‘Kal-4 | 778 | 196812 821 5,5203 10,53 1,31355 632
Kal5 | 720 | 204461 -10,35 59506 | <1120 | 137284 662
(Kal7 | 806 | 19,3253 -10,25 53191 11,50 | 1,29051 747
Kal-9 | 794 | 194768 | 887 54048 1038 | 1,29995 6,27
Kal-l0 | 771 | 197715 972 5,5713 1028 | 1,31987 6,03
Kal-1l | 812 | 19,2501 936 5,2765 10,51 | 128603 6,52
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1000 Ina = 2,78* (10° T?) —2,89 (O'Neil et al., 1969). Vysledky prepoctu st uvedené
v tab. 2. Vysledna hodnota §'*0 zdrojového roztoku (udana v medzindrodnom Standarde
V-SMOW, ako je pre vody bezné) je v rozmedzi negativnych hodnot od 8,2 do—10,35 %o
V-SMOW, &o celkom nepochybne potvrdzuje meteoricky povod vody.

Izotopické zlozenie uhlika roztoku, z ktorého vznikali kalcity v kaverne, mozeme
odhadnat na zaklade izotopickej frakcionacie (teda rozdielu v izotopovom zlozeni)
medzi HCO," a kalcitom. Na vypocet sa pouZila frakcionacna rovnica podl'a Friedmana
a O'Neila (1977) kde pri danej teplote v rozmedzi 75 az 85 °C bol rozdiel len okolo
1,3 %o. Vysledné hodnoty 8"°C HCO,™ roztoku st v rozmedzi —6,03 az —7,47 %o (V-PDB);
pozri tab. 2. V tabul'ke je uvedeny aj prepocet na hodnoty CO,, v danych podmienkach,
v ktorych krystalizuje kalcit a teplota je pod 100 °C, by viak mala v roztoku dominovat
zlozka HCO,". Zistena hodnota izotopového zlozenia uhlika roztoku vedie k zaveru, Ze
hydrotermalne kalcity zrejme nemohli vznikat' z normalnych ponornych vod krasového
charakteru, pretoze takéto vody zvycajne obsahuju uhlik v rozmedzi hodn6t 3BC od
—8 do —13 %o V-PDB (Zék et al., 1987). Uhlik s vypoc¢itanymi hodnotami 6"*C —6,03
az —7.47 %, V-PDB moze pochadzat z viacerych zdrojov (napr. CO, z plasta alebo
kombinécia CO, z niekolkych zdrojov, napriklad zmes uhlika z rozkladu organickych
latok a z rozpustenych morskych vapencov a pod.).

ZAVER

Hydrotermalny povod krystélov kalcitu velkosti 10 — 20 cm potvrdzuje izotopovy
zaznam i mikrotermometrické data fluidnych inklazii, ako aj typicky kupolovity tvar
stropu s mnozstvom sférickych dutin, ktoré su produktom hydrotermalneho krasovatenia
bez naslednej mladsej freaticko-vadéznej speleogenézy. Homogenizaéné teploty
dvojfazovych inkluzii kalcitovych krystalov sa pohybuju v rozmedzi 54 az 90 °C, vicsina
hodnétje v rozmedzi 75 az 85 °C. Teplotny rozdiel medzi jadrom a okrajomsa nepozoroval.
Velka stabilita teplot homogenizacie sved&i o velmi stalom prostredi, kde bol roztok
dlhodobo mierne presyteny, a preto krystaly kalcitu rastli pomaly do vel'kych rozmerov.
Voda ohriata na teplotu v priemere 80 °C musela cirkulovat’ do hibky niekol’kych km
(pri beznom tepelnom gradiente). Hodnoty pomerov stabilnych izotopov C aOv profile
krystalu tiez nedokladuju zavislost’ od rastu krystalu (8°°C —6,2 az—4.7 %o V-PDB a 3"0
20,3 az —18,8 %o V-PDB, najvrchnejsia sintrova korka ma hodnoty §°C ~7,6 %o a 8"O
7.2 %0 V-PDB). Hodnoty 8"*0 vody roztoku, v ktorom kalcit krystalizoval (cca —10 %o
SMOW), ako aj teploty tavenia l'adu v inkliziach (0 + 0,1°C), a teda nizka mineralizacia
vody, jednoznacne dokazujii ich pdvod z hlbokocirkulujiicej meteoricke; vody.

Hlbokocirkulujice meteorické vody (hydrotermélne fluida) savisia s regionalnymi
S — J trendmi zlomovych systémov, ktorymi st bezné v cho¢skom prikrove a reaktivovali
sa pravdepodobne pocas terciéru, podobne ako v pripade inych vyskytov kalcitovych
krystalov napriklad v jaskyniach Nova StaniSovska a SilvoSova diera (Orvosova et al.,
2004). Kalcitova jaskyiia predstavuje dalsi priklad hydrotermalneho procesu, ktory je
v oblasti krasu pohoria Nizkych Tatier beznou sii¢astou krasovatenia. Jaskyne patria
medzi najstarsie jaskyne v krase Nizkych Tatier, kedze neboli postihnuté mladsou
speleogenézou.

Pod’akovanie. Tento prispevok vznikol vdaka financnej pomoci grantu MS VEGA
¢. 1/3057/06.

95



LITERATURA

AUDRA, P.— BINI, A. — GABROVSEK, F. — HAUSELMANN, P. — HOBLEA, F. — JEANNIN, P.-Y. — KUNAVER, J. — MONBARON,
M. — SusTERSIC, F. — ToGNiNI, P. — TRiMMEL, H. 2006. Cave genesis in the Alps between the Miocene and
today: a review. Zeitschrift fiir Geomorphologie, 50, 2, 153—-176.

BeLLa, P. — HLavACovA, 1. — HoLusek, P. 2007. Zoznam jaskyn Slovenskej republiky (stav k 30. 6. 2007).
SMOPaJ — SSJ - SSS, Liptovsky Mikulas, 364 s.

Biery, A. — BezAk, V. (Eps.) 1997. Vysvetlivky ku geologickej mape Nizkych Tatier. Geologicka sluzba
Slovenskej republiky, Bratislava 1-232.

DuBLyansky, Y. V. 1997. Hydrothermal Cave Minerals. In Hill, C. — Forti, P.: Cave minerals of the world. Natl.
Speleol. Soc., Huntsville, USA, 252-254.

FriepMAN, . — O'NEIL, J. R. 1977. Compilation of stable isotope fractionation factors of geochemical interest.
In Fleischer, M. Ed. Data of Geochemistry, U.S. Geological Survey Professional Paper 440-KK, 6" Ed.,
Reston, VA.

Hipman, P. 2004. Jeskyné ve vrcholové ¢asti Poludnice. Spravodaj Slovenskej speleologickej spoloénosti, 2,
12-13.

McCRrEa, J. M. 1950. On the isotopic chemistry of carbonates and a paleotemperature scale. J. Chem. Phys.,
18, 849-857

O'NELL, J. R. — Crayton, R. N. — Mavepa, T. K. 1969. Oxygen isotope fractionation in divalent metal
carbonates. J. Chem. Phys., 51, 5547-5558.

Onmoto, H. — Ryg, R. O. 1979. Isotopes of sulfur and carbon. In Barnes, H. L. (Ed.): Geochemistry
of Hydrothermal Ore Deposits. J. Wiley and Sons, New York, Chichester, Brisbane, Toronto, 509-563.

Orvosova, M. — Hural, V. 2008. Calcite crystals of Kalcitova Cave from Poludnica Hill, Nizke Tatry Mts.
Abstract. Aragonit, 12, 134.

Orvosova, M. — Hural, V. — SimMoN, K. — WIEGEROVA, V. 2004. Fluid Inclusion a Stable Isotopic Evidence for
Early Hydrotermal Karstification in Vadose caves of The Nizke Tatry Mountains (Western Carpathians).
Geologica Carpathica, 55, 5, 421-429.

OrvosovA, M. — Moravansky, D. 2008. Nové vyskyty jaskynnych mineralov v krase Nizkych Tatier
(predbezné vysledky vyskumu). Sinter, 16, 9-14.

SMEIKAL, V. 1986. Vyuziti stabilnich izotopti ve speleologii. Ceskoslovensky kras, 37, 27-32.

74K, K. — HLADIKOVA, J. — LYSENKO, V. — SLACIK, J. 1987. Izotopické slozeni uhliku a kysliku jeskynnich
sintri, zilnych kalcitd a sedimentarnich vapenci z Ceského krasu. Cesky kras, 13, 5-18.

CALCITE CRYSTALS FROM KALCITOVA CAVENO. 1 AND2
OF THE POLUDNICA HILL, NIZKE TATRY MTS.

Summary

A hydrothermal paleocavern with calcite crystals 10 — 20 cm in size (rarely up to 30 cm) was found in the
uppermost headwall cliffs on Poludnica Hill (1548 m above sea level) situated at the most northern headland
of the Nizke Tatry Mts., Slovakia. The fossil cavern is situated at the end of the Kalcitova Cave No. | (cave
length of 11.1 m), which follows N — S-trending fault roughly parallel with headwall cliffs. The cave is
developed in Triassic limestones and dolomites of Gutenstein type. Hydrothermal karstification resulted in
a typical spherical cavern with smaller corroded spherical cavities. Later phreatic/vadose speleogenesis was
not significant here. Giant calcite crystals with spherical shapes are arranged along dissolution cavities of
the cavern. The largest crystals are detached and their surfaces are partly corroded or covered by senile soft
sinter. Interiors of the crystals are oscillatory zoned.

Fluid inclusions in calcite crystals can be classified as primary and pseudo-secondary. True secondary
inclusions were not detected. Mono- and two-phase inclusions were identified, both dominated by aqueous
liquid. Two-phase inclusions contain small (1 — 5 vol. %) vapour bubbles. Homogenization temperatures
(7)) of the two-phase inclusions are clustered mostly between 75° and 85 °C, with the total range between
54 and 90 °C. No significant changes in 7, values were recorded between the crystal core and rhythmically
banded rim. Ice dissolution temperatures were in the range of 0 + 0.1°C, thus indicating, within the uncertainty
limit, essentially salt-free meteoric water.

The 8"*C and 8"0 values of the calcite did not show any significant changes along crystal growth zones
(8C —6.2 to —4.7 %o V-PDB, 80 -20.3 to —18.8 %o V-PDB, except for sinter crust covering the crystal
surface with 6"°C 7.6 %o and "0 —7.2 %o V-PDB).

Fluid inclusion microthermometry data and stable isotopic evidence demonstrate the hydrothermal origin
of the calcite crystals. Deep circulation of heated meteoric water (hydrothermal fluids) is connected with
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regional S — N-trending fault framework, probably reactivated during Palacogene-to-pre-Pliocene times.
The Kalcitova Cave No. 1 and No. 2 represent another product of hydrothermal karstification in the region
of the Nizke Tatry Mts., and emphasizes the important role of the earlier hydrothermal paleokarst, later often
overprinted with younger vadose speleogenesis.
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J. Psotka: Fluvial deposits and morphology of the Okno Cave, Deminova Valley —preliminary
results

Abstract: Fluvial clastic deposits occur in Okno Cave, the highest IX. level (sensu Droppa, 1966,
1972a) of Deménova cave system. Sub-horizontal, outflow section of the cave contains coarse-
grained sediments ranging from gravel to cobble size, deposited in the former north-flowing
cave stream comparable to recent underground stream of Deminovka. Fine-grained laminated
sediments, deposited in low energy environment are capping the coarse-grained deposits.
Drawdown vadose and inclined epiphreatic passages contain mostly sandy deposits. This section
of cave was formed by erosive activity of smaller sinking streams, which were transporting fluvial
detritus from the surface stream valley.

Key words: fluvial cave sediments, allochthonous clastic sediments, geomorphology, Deménova
cave system, Slovakia

INTRODUCTION

Cave systems are functional equivalent of river networks in fluvial geomorphology
(Ford & Williams, 1989). Fluvial deposits exposures, often found as relics are usual
features of original stream cave passages. Local breakdown and fluvial sediments are
the predominant categories of clastic cave deposits (Ford & Williams, 1989) in common
caves formed by meteoric water. Dating of fluvial deposits in multilevel caves serves as
a tool for timing of surface geomorphic evolution. A great variety of Quaternary clastic
fluvial deposits can be found in the Deminové cave system (DCS). Uranium-series
dating of flowstones (Hercman et al., 2006) intercalated in profiles of fluvial sediments
in DCS confirmed geochronology of cave levels recognized by Droppa (1966, 1972a).
Palacomagnetic dating of fine-grained cave sediments confirmed “old age” of some
high-elevation caves of Nizke Tatry Mts. (Kadlec et al., 2004).

PREVIOUS WORKS

Significant excavations of sediments in Okno Cave were done by Horusitzky in 1919
whose aim was prospection of phosphate deposits (Droppa, 1972b). Later, sediments
of the Okno Cave were excavated and studied by Volko-Starohorsky (1925), who was
interested in discovery of fossil bones. Droppa (1957) described basic morphology of the
cave in detail and presumed that cave was formed in two development phases by erosive
activity of the stream flowing from the distant parts of the cave. He later correlated Okno
Cave with highest river terrace in Liptov Basin (150 m above river Vih), he designated it
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as the highest IX. level of the DCS of Early Pleistocene or Upper Pliocene age (Droppa
1966, 1972a). Uranium-series dating of flowstone from Okno Cave showed age greater
than 1.2 Ma and fine-grained sediments (with normal polarity) dated by paleomagnetic
methods were correlated with Jaramillo (0.99 — 1.07 Ma) or Olduvai (1.77 — 1.95 Ma)
subchrons by Kadlec et al. 2004. These methods confirmed the age of cave proposed by
Droppa (1972a). Osborne (2006, 2007) studied relics of strongly lithified clastic deposits
found in wall pocket and one small passage and considered them as remains of fossil
karst with uncertain age.

GEOMORPHOLOGICAL AND GEOLOGICAL SETTINGS

Okno (Window) Cave is part of the Deménova cave system (DCS) genesis. DCS is
more than 35 km long and was developed in the Middle Triassic (Anisian) Gutenstein
limestones of the Krizna Nappe, located on the eastern side of Deminova Valley. DCS
as a multilevel cave system was formed by allogenic streams, which carried detrital
sediments predominantly composed of granitic rocks. Deménové Valley was eroded in
Mesozoic sequences of Krizna and Cho¢ Nappes by north flowing Deminovka stream,
which originated on crystalline core of the Nizke Tatry Mts. Okno Cave is 2,570 m long
with 110.4 m denivelation (Holubek et al., 2006). Entrance is situated at an elevation of
915 m, about 147 m above surface bed of the Deminovka stream (Droppa, 1972a). In his
scheme of cave levels, Droppa (1966, 1972a) defined Okno Cave as the highest, IX. level
of the DCS.

MORPHOLOGY OF THE CAVE

Okno Cave (Fig. 1) is principally composed of two main parts with different genesis.
The first part which is called “outflow cave™ consists of former stream passage, nearly
horizontal in long-section, extending in arc and slightly sinuous in plan view. Passage
is structurally guided by NE — SW and NW — SE trending discontinuities. Sub-horizontal
passage intersects the limestone strata with dip of 30° to E — NE. Total length of the main
cave passage is 640 m (Droppa, 1957). I consider sub-horizontal outflow part of Okno as
a watertable cave sensu Ford & Ewers (1978). Cross sections of passages are oval and in
some sections they are irregular and angular due to bedding and breakdown. A number
of elliptical cupolas are developed in the cave ceiling (Osborne, 2006). Significant NW
— W/ SE — E trending fault cut the main sub-horizontal passage at the end pit called
Prepadlisko (Sink). Pit is filled with breakdown deposits from which fine sediments were
washed out by percolating waters. Hydrological connection of waters to Cave of Peace
(Jaskyiia mieru) was proved by tracing test done by members of SSS (Dzur, 2006).

Scallops developed on the wall of Smuto¢na vrba (Weeping Willow) Hall indicate
former northerly flow (Osborne, 2006) in the main cave passage. Also Droppa (1957)
presumed this paleoflow direction. Among other microforms there are irregular and oval
pits of few c¢m in diameter (fig. 2) on the walls of passages previously mostly filled by
fluvial sediments (Priepastova Passage). These are probably result of below-sediment
corrosion of wall perimeter by water percolating from sandy and gravel deposits and
described as “below-sediment pits” by Slabe (1995) or as “etch pits” by Lauritzen
& Lundberg (2000). Hanging flowstone with cemented gravel together with etch pits on
the walls show the former level of sediment infill in passage Priepastové chodba.

Different morphology has another part of Okno Cave which I call “drawdown cave”.
This part of cave was not known at the time of A. Droppa investigations. Its speleological
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Fig. 1. Plan of the Okno Cave after Droppa (1957) and Holubek (2005) — blue arrows shows direction
of paleoflows

Fig. 2. Below sediment pits (etch pits) in the Priepastova Passage. Photo: P. Stanik

description was published by Dzar (2005) and Holubek et al. (2006). It consists
of drawdown vadose and inclined epiphreatic passages sensu Ford & Ewers (1978)
and Ford & Williams (1989), in other sections of DCS recognized and described by Bella
(1993, 1996). In lower section of Okno Cave these passages are organized in branchwork
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Fig. 3. Scallops in the drawdown parts of the Okno Cave. Photo: J. Psotka

pattern with several tributaries. In upper
parts of passages the former phreatic
tubes can be often recognized. They
were later remodelled by action of
vadose streams into relatively narrow,
meandering vadose canyons. Fluvial
microforms in these passages include
scallops of quite unusual shape (Fig.
3), selectively corroded beds, upper
sediment anastomotic channels,
ceiling pockets, wall pockets, vertical
solution rills (Fig. 4). Passages mostly
ended by sandy infillings. This section
of cave is probably genetically related
to the lower lying similar vadose and
epiphreatic passages in Cave of Peace
(Jaskyna mieru).

FLUVIAL DEPOSITS

Fluvial deposits occur in both the
“outflow part” and the “drawdown part”
of the Okno Cave.

Fig. 4. Vertical solution rills. Photo: J. Psotka

SEDIMENTS OF “OUTFLOW OKNO CAVE”

Fluvial sediments of the outflow Okno Cave are predominantly represented by coarse-
grained gravel sediments capped by fine-grained laminated deposits with intercalations
of unconsolidated sinter deposits and flowstone layers. Below are briefly described
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several of typical sedimentary profiles. Sinter deposits in the outcrops were not included
in the scope of this work, so these are only briefly mentioned. Outcrops are generally on
the sides of pathways excavated by Povolny during 1924 — 1926 (Droppa, 1972b).

Outcrop 1 is located at the most distant section of the main subhorizontal passage
(Fig. 1), in excavation pit made by Volko-Starohorsky. Sediments in profile are 95 cm
thick and consist of four main units: basal unit of weakly consolidated cloddy sinter, unit
of laminated clay, thin unit of weakly consolidated sinter, unit of laminated fine sand,
silt and clay (Figs. 5 and 6).

Laminated fine sand,
siit and clay

inter, unconsolidated ‘

i Laminated clay ‘

inter, unconsolidated ‘

Fig. 5. Outcrop 1. Photo: J. Psotka Fig. 6. Log of outcrop 1

Outcrop 2 is situated on the sides of artificially excavated pathway through main cave
passage (Figs. 1, 7, 8 and 9). Outcrop wall is about 1.3 m high. Basal unit is represented
by coarse horizontally bedded gravel with clast-supported structure (Fig. 8.). Preferred
orientation of long axes is NE/SW with dip to SW. Pebbles axes are 15 — 20 c¢cm long,
and subangular to subrounded pebbles predominate. Matrix is composed of coarse sand.
Granite pebbles and cobbles are weathered and disintegrate to coarse sand by pressing
of hand. Upper boundary of gravel is erosive. Coarse gravel is overlaid by thin unit of
parallel laminated clay, thin unit of flowstone and thick unit of unconsolidated sinter
capped by flowstone.

Outcrop 3. This profile is situated on the side of excavated pathway (Figs. 1, 10 and
11). Wall is 1.4 m high. Thick basal unit is represented by unconsolidated sinter. Middle
unit is laminated silt and clay. Parallel lamination is laterally persistent on the outcrop.
No current ripples were found. Capping upper unit consists of unconsolidated sinter.

Sedimentary environment

Coarse-grained gravel and sand sediments were deposited in the original cave stream
similar to the recent underground Deménovka stream. Preferred orientation of clasts
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45 Sinter - unconsolidated

Flowstone
| Laminated clay

Crude horizontally
bedded gravel
imbricated

Fig. 9. Log of outcrop 2 Fig. 10. Outcrop 3. Photo: J. Psotka

suggest south to north paleoflow direction. Coarse horizontally-bedded and massive
clast-supported gravels are common deposits in DCS. Laminated clay and silt sediments
were deposited in low-energy environment. Absence of current ripples (which are present

104



in laminated sediment of the Hlinena
chodba — Loam Passage in the Cave of
Liberty; Psotkaetal.,2006) indicate that
laminated deposits in the outflow Okno
Cave were not deposited by action of
floods, but in rather calm environment
—such as pools of standing water. These
are probably infiltrating sediments
formed by vertical redeposition of fine-
grained material along fissures and
discontinuities from the overlying
caves, voids or from the surface
(Kadlec, 2001). Study of their mineral
composition will prove whether they are
predominantly outwashed from granitic
sedimentsor fine carbonate sand andsilt.

SEDIMENTS OF “DRAWDOWN OKNO CAVE”

Largest and most accessible outcrop
is in the Pekelna chodba — Hell Passage
(Figs. 12 and 13). It consists mainly
of strongly cemented fluvial gravel
with lenses of sorted medium-grained
sand. Deposits can be classified as
conglomerates and sandstones due to
tough calcite cementation. Gravels
are cross-bedded or planar-bedded, as
well as massive clast-supported. Scour-
fill was recognized in this outcrop
(Fig. 14). Lenses of sorted medium-
grained sand are parallel-laminated
with current lineations. Sediments
of downward vadose and epiphreatic
passages of “drawdown Okno Cave”
are predominantly medium- to coarse-
grained sands, as well as relics of
laminated sand and silt (Figs. 15
and 16) and breakdown deposits are
common. Gravel sediments are present
only as relics in the upstream passages.
Decrease of clast size in downstream
direction is evident. In the lowest
passages deposits consist of medium
to coarse grained sand originated from
weathered granitic rocks.

Sinter - unconsolidated

50 Laminated silt and
clay

Sinter - unconsolidated

Fig. 11. Log of outcrop 3

Fig. 12. Outcrop in the Priepastova Passage — crude
horizontally bedded and massive gravel. Photo: P. Stanik

Fig. 13. Outcrop in the Priepastova Passage — cross-
bedded gravel and scour and fill structure. Photo:
P. Stanik
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Fig. 14. Scour and fill structure. Photo: J. Psotka

Fig. 15. Laminated fine-grained deposits in in the
drawdown parts of the Okno Cave. Photo: J. Psotka

Fig. 16. Pocket of laminated fine sand and silt in the
drawdown parts of the Okno Cave. Photo: J. Psotka

Sedimentary environment

Coarse grained sediments in the
Hell Passage were deposited from
free-surface  underground  stream
which originated in former ponors of
the Deménovka stream side branches.
Passages are of drawdown vadose or
invasion vadose genetic type (Ford,
1977) described in Deménova Valley
by Bella (1996). Scouring and erosion
of sediments suggest on alternating
flood flow periods with periods
of normal flow. Coarse- and medium-
grained sands in the more distant lower
parts of the cave are outwashed from the
coarser deposits. They were redeposited
by the smaller vadose streams.

CONCLUSIONS

Okno Cave is principally composed
of two main parts with different genesis.
Sub-horizontal outflow passage is
a watertable cave sensu Ford & Ewers
(1978) which can be related to former
local base level — spring elevation and
considered as true cave level (Palmer,
1987). Elevation of former base level is
about 150 maboverecentsurface stream.
Fluvial sediments of the outflow Okno
Cave are predominantly represented by
coarse-grained gravel sediments capped
by fine-grained laminated deposits with
intercalations of unconsolidated sinter
deposits and flowstone layers. They
were deposited in cave stream similar
to recent underground Deminovka
in the Cave of Liberty. Fine-grained
sediments were deposited in low energy
environment of pools of standing water

with inputs of fine sediment by infiltrating water. Second part of the Okno Cave consists
of drawdown or invasion vadose and inclined epiphreatic passages, formed by action
of sinking streams — branches of former Deménovka, after significant water table drop
from elevation of the outflow Okno Cave. Streams transported gravel and sand from
the surface valley. After cave abandonment only small intermittent streams redeposited
medium and coarse sand to lowest passages. River incision into the bedrock of valley
and local base level lowering caused abandonment of the ponors. Gravel and coarse
sand sediments are composed mainly of granitic rocks and less of quartzose sandstones
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of Tatricum unit and carbonate clasts of Krizna Nappe. This suggests the main source area
for these sediments is the Tatricum crystalline massif (granodiorites, granites) and the
minor sources are the sedimentary cover of Tatricum (Lower Triassic Luzna Formation)
and Mesozoic carbonate rocks of Krizna Nappe. Mineral composition of fine-grained
sediments was not yet studied, but it will be essential for determination of their origin.

Acknowledgements. I am thankful to Pavol Stanik (Slovak Caves Administration)
for providing photos and his help with my fieldwork.
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MINERALOGICKE VYSKUMY V BELIANSKEJ JASKYNI
STANISLAV PAVLARCIK
Statne lesy TANAP-u, 059 60 Tatranska Lomnica; pavlarcik@centrum.sk

S. Pavlar¢ik: Mineralogical research in the Belianska Cave

Abstract: The professional mineralogical investigation and mapping of cave rooms of Belianska
Cave started A. Droppa in 1956 — 1957. The Slovak Speleological Society in the town of Spisska
Bel4 continued the investigation, focusing mainly to the problems of stalactite growing using the
method ,.Robot-stalactite® and to the genesis of the soft sinter. Refering to the secondary minerals,
the mostly are included different sinter forms, composed of calcite. Ice, goethite and probably
carbonate-hydroxylapatite are found here.

Key words: mineralogical research, secondary minerals, calcite, speleothems, ice, goethite,
carbonate-hydroxylapatite, Belianska Cave, Belianske Tatry Mts.

UVOD

Mineralogické vyskumy v Belianskej jaskyni realizovali v ramci prieskumu
a vyskumu jaskyne A. Droppa v rokoch 1956 — 1957 a ¢lenovia Slovenskej speleologickej
spolo¢nosti z Jaskyniarskej skupiny v Spisskej Belej. Hoci sa vyskum uskutoc¢nil na
roznej materialnej, finanénej a personalnej urovni, vkazdom pripade priniesol d'alsie nové
poznatky o jaskynnych mineraloch. Istym podielom k poznatkom o mineralogii jaskyne
prispela aj Vyskumna stanica Statnych lesov TANAP-u v Tatranskej Lomnici.

PREHLAD VYSKUMNEJ CINNOSTI
Geomorfologicky vyskum A. Droppu

S mineralogickou problematikou Belianskej jaskyne v Belianskych Tatrach sa streta-
vame v monografii A. Droppu z roku 1959, ktory tu v rokoch 1956 — 1957 robil podrob-
ny geomorfologicky vyskum a mapovanie jaskynnych priestorov.

Sintrovi vypli jaskyne zarad'uje k autochtonnym jaskynnym sedimentom. Su tu
zastupené vietky formy vyzrazaného uhli¢itanu vapenatého v podobe kvaplovej vyzdo-
by: tenké priesvitné bréka, stalaktity, hrubsie stalagmity, sintrové kaskady, zaclonovité
zéavesy aj mohutné riavy nastennych vodopadov.

Zvlastnu pozornost autor venuje sedimentarnym konkréciovym kvaplom, ktoré sa
nachadzaju v bo¢nej sieni Dému Slovenského narodného povstania (v tzv. ,»Kaplnke®)
a jaskynnym perlam na dne Hladovej priepasti. Pre ich vynimocnost’ sa o nich blizsie
zmienime.

Sedimentarne konkréciové kvaple predstavuju vlastne stalaktity obalené mékkym
sintrom s polosférickym povrchom. Kunsky (1942) vysvetluje ich vznik silnym rozpus-
tanim vapencového stropu presakujiicou atmosférickou vodou. Po jej nasyteni uhlicita-
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Obr. 1. Konkréciové sedimentarne stalaktity — ,,Kaplnka®, bo¢na siei Dému Slovenského narodného
povstania. Foto: S. Pavlar¢ik

Fig. 1. Concretionary sedimentary stalactites — “The Chapel®, the latheral hall of the Cathedral of the Slovak
National Revolt. Photo: S. Pavlar¢ik

nom véapenatym sa ten z vodného roztoku nasledne vyzraza v podobe konkréciového
Gtvaru. Predpoklada sa, ze tieto formy vznikali pod hladinou jazierka za spolupdsobe-
nia organickych latok. Konkréciové stalaktity sa v jaskyni vyskytuji iba v spominanej
»Kaplnke®, v priestore ktorej bolo kedysi hlboké jazierko.

Zriedkavé st v jaskyni jaskynné perly. Ich vznik vysvetluje A. Droppa mechanickym
procesom stmelenia jemnych opracovanych vapencovych zrniek okolo jadra na dne
pretekajiceho potdcika v Hladovej priepasti. Pri silnom a neustalom pritoku vody sa jej
virivym pohybom pocas usadzovania a stmelovania vapencovych Ciasto¢iek vytvarali
symetrické gulockové perly (priemer do 1 cm). Vidcsie perly vznikali pri slabSom
prietoku vody potocika, ktory perly nestacil prevracat’ a otacal ich okolo kolmej osi.
Tymto spoésobom vznikli perly peciiovitého tvaru (priemer do 3,5 cm).

Vyskumné aktivity jaskyniarov SSS zo SpiSskej Belej

Jaskyniarska skupina v Spisskej Belej bola zalozena uz v roku 1955. Popri prieskume
blizkej Belianskej jaskyne sa ¢innost skupiny postupne orientovala aj vyskumnym
a zbierkotvornym smerom. Doklada to zachovany dokument vtedajsieho dobrovolného
Speleologického kriizku ZU CSAV v Spisskej Belej pod nazvom ,,Prehl'ad &innosti
Speleologického kriizku pri ZU CSAV v L. Mikulasi z ¢innostou v oblasti Belanskych
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Tatier a okoli za L. §tvrtrok 1961“. V ramci odborného zadelenia aktivnych jaskyniarov
— ¢lenov mal zbierku hornin (mineraldgiu) na starosti Jan Kasicky a pomocnikmi pre
mineralégiu boli Jozef Porubovi¢ a Dezider Plu¢insky. Z uvedeného vyplyva odborna
profilacia skupiny zamerana aj na oblast’ mineralogie. Predchadzala tomu teoretickd
odborna priprava jaskyniarov speleologického kruzku, ktora zabezpecoval jeho ¢len
a zaroven uditel’ prirodopisu na zékladne Skole v Spisskej Belej Oto Knazovicky a tieZ
prebehla aj externe formou navtevy v Mizeu slovenského krasu v Liptovskom Mikulasi,
v Jaskyni mieru v Deminovskej doline sa uskuto¢nilo praktické Skolenie.

Priaznivé obdobie na rozvoj vyskumnej ¢innosti jaskyniarskej skupiny nastalo
zaciatkom 80. rokov 20. storo¢ia. Realizovala sa prostrednictvom zalozenej Odborne;
komisie Slovenskej speleologickej spolo¢nosti pre fyzikalny, chemicky a hydrologicky
vyskum krasu i v spolupréci s vtedajsim Mizeom slovenského krasu a ochrany prirody
v Liptovskom Mikul4si.

Nosnou vyskumnou tlohou bola problematika genézy mikkého sintra, pri ktorej sa
sledovali fyzikalne podmienky vzniku mékkych sintrov, a to teplota jaskynného ovzdu-
Sia, vody v jazierkach a mikkého sintra v Dome objavitelov, Hudobnej sieni, v bo¢nej
sieni Dému Slovenského narodného povstania —,,Kaplnke*, Dome trosiek a Zoologickej
zéhrade. V ramci Glohy sa podarilo v roku 1982 zabezpegit' rontgenodifrakené, dife-
renéno-termické a spektralne analyzy. Rontgenodifraéné analyzy potvrdili vo vSetkych
sledovanych vzorkach kalcit (metéda podla Bragg-Brentano, pristroj Mikrometa 2).
Vo vzorke z Hudobnej siene sa zis-
tilo, ze ide o zmes baritu a kalcitu
a vo vzorke z ,Kaplnky* okrem
kalcitu d’alSiu primes tvoril kremen
a dolomit.

Podla termogramov diferenc-
no-termickej analyzy bol potvrde-
ny kalcit. Vyrazna endoterma vo
vysokoteplotnej oblasti znaci jeho
termick disociaciu. VSade vo vzor-
kach sa potvrdila pritomnost’ latok
organického povodu. Dalgiu pléno-
van Glohu, zamerani na opticku
identifikaciu organickych latok, sa
pre nedostatok vhodnych spoluriesi-
telov nepodarilo zabezpecit.

Clenovia skupiny sa kratky ¢as
zaoberali aj problematikou rastu
stalaktitov metodou ,,robot-kvapla“
a kordziou karbonatovych etalonov.

Poznatky z inych vyskumov

) o ) . Obr. 2. Sledovanie rastu stalaktitov metodou ,,robot-kvapla®.
Mineralogiou Behanskejjaskyne Zaciatok vstupu do Balvanitej chodby za Zrutenym domom.

sa struéne zaoberd vyskumna Foto:V.Fudaly

Fig. 2. Observation of the stalactite growing by the method
.. 5 . ,robot-stalactite. Beginning of the entrance into
reaktivita mezozoického p0d1021a ,The Bouldery corridor behind ,,The Brokon Cathedral®.
krasového ekosystému Belianskych Photo: V. Fudaly

tloha S. Pavlar¢ika ,,Geochemicka
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Tatier*. V ramci jej rieSenia v rokoch 1995 — 1997 prostrednictvom Vyskumnej stanice
Statnych lesov TANAP-u v Tatranskej Lomnici sa sledovali aj otazky rozsirenia a genézy
sekundarnej mineralizacie v jaskyniach a na krasovom povrchu Belianskych Tatier.

Zo sekundarnych mineralov st z jaskyne spomenuté iba karbonaty a oxidy. Na inych
lokalitach sa zistil goethit, karbonat-hydroxylapatit, sadrovec a hexahydrit.

Z karbonatov sa v Belianskej jaskyni vyskytuja sintrové nateky zlozené z kalcitu.
Vytvaraji morfologicky rozne krystalicky pevné nateky — hlavne kory, stalaktity, sta-
lagmity a stalagnaty a nateky plastického a slabospevneného mékkého sintra (subaeric-
ké formy) a dalej formy vykryStalizované vo vodnom prostredi jazierok — krystalické
vyrastky a kory (subakvatické formy). Z oxidov sa tu spomina 'ad vo vstupnej Casti
jaskyne, vytvarajici jej sezonnu vypli.

PREHCADNA CHARAKTERISTIKA
SEKUNDARNEJ MINERALNEJ VYPLNE JASKYNE

Mineralna vypli Belianskej jaskyne je vysledkom chemickych reakcii medzi
geologickym podlozim a cirkulujicim vodnym médiom spolu s dal$imi chemicko-
fyzikalnymi ¢initelmi. Geologické podlozie Belianskej jaskyne tvori karbonatovy
podklad z gutensteinského strednotriasového stvrstvia (anis) kriziianského prikrovu
a Ciastkového prikrovu Bujacieho vrchu, zlozeného z tmavosivych a sivych vapencov
s vlozkami dolomitov (Nemcok a kol., 1993).

Podl'a doterajSich poznatkov su z mineralogického hladiska v zmysle klasifikacie
Hillovej a Fortiho (1986) zastupené v Belianskej jaskyni tieto sekundarne mineraly:

Karbonaty

Patria k najvyznamnejSej a najrozSirenejSej skupine sekundarnych minerélov.
Karbonaty zastupuje trigonalna modifikacia uhli¢itanu vapenatého — kalcit. Aragonit
v jaskyni doteraz identifikovany nebol. Jeho vyskyt v jaskyni vSak pripastame.

Kalcit CaCO,. Vystupuje vacsinou v pevnej, krystalickej forme, ale aj v plastickej
forme (mikky sinter) v podobe sintrovych natekov, ktoré krystalizovali z krasovych
sintrotvornych vod, a to prevazne z pravych roztokov, pripadne vyzrazanim z koloidov
a suspenzii za spolupdsobenia nizsich organizmov.

Sintrové nateky vznikali vo vol'nom prostredi atmosféry alebo vo vodnom prostredi
jazierok. Proces ich tvorby prebiehal samozrejme v geologickej minulosti (intenzivne
v obdobi pleistocénu) v odlisnych hydrologickych a klimatickych podmienkach, nez je
to v sucasnosti. Rast sintrovych natekov aj ich kordzia prebieha i v terajsich prirodnych
podmienkach.

Belianska jaskyna ma zo vSetkych tatranskych jaskyil vobec najbohatSiu sintrovi
vyzdobu. Z morfogenetického hladiska vytvara velmi pestra skalu sintrovych natekov
a dalsich krystalickych foriem milimetrovych az metrovych rozmerov, z ktorych
sa tu nachadzaju tieto zdkladné formy (prehladne st usporiadané podla upraveného
morfogenetického systému Pavlarcika, 1987):

1. Subaerické (gravitacné) formy

1.1. krystalické vyrastky — excentrické (heliktity) a polosférické vyrastky
1.2. povlaky a kory — hladké, mistickovité

1.3. stalaktity — bréka, konické, palicovité, konkréciové

1.4. stalagmity — konické, druckovité, pagodovité
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1.5. stalagnaty (stipy)

1.6. zaclony — hladké, zibkované

1.7. zavesy

2. Subakvatické formy

2.1. krystalické vyrastky na stenéch jazierok — polosférické vyrastky
2.2. kéry a lemy na okraji jazierok

2.3. jaskynné perly — gul'6¢kové a peciiovité

Oxidy

Z oxidov je tu zastapeny lad a goethit. V jaskyni sa tato skupina mineralov vyskytuje
v malom rozsahu.

Iad H,O. Predstavuje sezonne zastupent autochtonnu sekundarnu vypli jaskyne.
Vytvéra sa v prednych &astiach Vstupnej chodby v zimnom obdobi. Vznika prirodzenou
krystalizaciou zrazkovej vody presakujicej do jaskyne pri dlhsom poklese vzduchu pod
0 °C. Lad sa tvori prakticky od novembra az do aprila. Postupne sa vplyvom zvySovania
vonkajsieho ovzdusia roztapa, destruuje a nakoniec Uplne vymizne. Morfogeneticky
vytvara rozmanité natekové formy, najma krystaliky a povlaky na: stenach, podlahové
kory, stalaktity, stalagnaty a zaclony. Podobaju sa natekovym sintrovym formam.

Zazmienku stoji, ze v rokoch 1934 — 1935 sa uskutocnili pokusy s umelym zaladnenim
jaskyne. Vychadzalo sa z navrhu banského meraca Ing. E. Palonczyho. Cast’ jaskyne
od vchodu az po Zoologick zéhradu bola vtedy zaladnend. Pokus sa v jaskynnych
priestoroch negativne prejavil destrukciou stien aj sintrovej vyzdoby.

Goethit a-Fe**O(OH). Jeho vyznamnejsi vyskyt sa v jaskyni zistil pod Galériou, kde
vytvara kory a konkrecionarne ttvary. Kory su zvycajne 1 —4 mm hrubé, s drobnym
hrudkovitym povrchom, niekedy i s listickovitymi vystupkami hnedej farby, miesta-
mi s Cervenkastym odtiefiom. Pokryvajii vapencovu stenu pri chodniku pod Galériou.
Vyskytuju sa tu v podobe pasikov a mriezok vytvorenych na vrstevnych Skarach a pukli-
nach alebo tvoria vicsie plosky na skrasovatenom vapencovom povrchu. Konkrecionarne
utvary sa nachadzaju nizsie pod predchadzajicim vyskytom. Vytvaraju ovalne a nepra-
videlné vrstevnaté utvary svetlohnedej a tmavohrdzavej farby. Vznik tychto Gtvarov sme
blizsie nesledovali.

Genéza tohto mineralu sa zatial' neskumala. Pre uplnost’ uvadzame, ze goethitové
kory a agregaty (Pavlar¢ik, 1995) sa nachadzaju aj v opustenom kamenolome pod jas-
kyfiou, kde sa potvrdili rtg. analyzou. Goethit tu vznikd v dutinach strednotriasovych
gutensteinskych vapencov vyzrazanim z presakujucich puklinovo-krasovych vod.

Fosfaty

Fosfatové mineraly charakterizuje s velkou pravdepodobnostou karbonat-hydroxy-
lapatit. Jeho vyskyt sa zistil pocas speleologickej dokumentacie jaskynnych priestorov
vykonévanej jaskyniarskou skupinou v roku 2000, najprv v prednej Casti priestorov nad
Vysokym démom (nepublikované) a potom v roku 2002 a 2003 (Pavlar¢ik a Plucinsky,
2002, 2003).

Karbonat-hydroxylapatit Ca, (PO, O,), (OH). V jaskyni sa na viacerych miestach
nachadzaju sklovité, pripadne matnejsie hnedo sfarbené povlaky a kory napadne pripo-
minajiice tento mineral. Pri jeho mineralogickej identifikacii sme vychadzali z analo-
gie s publikovanymi nalezmi, napr. Cilek a Komasko (1984), nalez v jaskyni Zaskocie
vNizkych Tatrachazpublikéacie Hillovej a Fortiho (1986), zameranej najaskynnémineraly
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sveta. Otazku vyskytu v Belianskej jaskyni sme konzultovali s RNDr. V. Cilkom, CSc.,
z Geologického ustavu AV CR z Prahy, ktorého analyza jednozna¢ne nepotvrdila tento
mineral. Preto tato otazka zostava nad’alej otvorena.

Povlaky a kory tohto mineralu sme na$li aj na d’al$ich lokalitach Belianskych Tatier
—v Jaskynivo vrchu Novy €. 2 (spojitost’s netopierim guanom), mineral sa pravdepodobne
vyskytuje aj v Alabastrovej jaskyni a v Jaskyni starych objavitelov.

ZAVER

Sekundarnu mineralnu vypln Belianskej jaskyne tvoria hlavne mineraly, ktoré
vznikli cestou krystalizacie v nizkotermalnych podmienkach ako chemické produkty
krasovatenia karbonatovych hornin. K nim patri najmi kalcit, dalej goethit a karbonat-
hydroxylapatit. Naproti tomu I'ad vznikol krystalizaciou presakujucej zrazkovej vody pri
teplote pod 0 °C.

Z mineralogického pohladu vyskumné moznosti v Belianskej jaskyni nie st eSte
zd’aleka vycerpané. Naopak je tu nadalej vytvoreny Siroky vyskumny priestor, napr.
pri identifikacii fosfatovych mineralov a goethitu a objasneni ich genézy, teploty
krystalizacie sintrovych natekov a urceni ich veku, pri spracovani morfogenetického
systému sintrovych natekov a pod.
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D. Haviarova, L. Gaal, P. Gruber, J. Géczy: Preliminary results of underground hydrological
connection between Milada Cave and Vass Imre Cave

Abstract: The main reason for realization of research activities was planning of the protective
area projects of Vass Imre Cave and Milada Cave. Verifying underground hydrological connection
between Milada Cave and Vass Imre Cave was in the focus. Research activities were divided
into three independent phases during the period 2005 — 2006. The two phases of geophysical
measurements and one tracing test were carried out in the area. The article presents results
of these researches.

Key words: transboundary aquifer, tracing test, geophysical research, karst spring, Milada Cave,
Vass Imre Cave

UVOD

Existencia viacerych cezhraniénych kolektorov podzemnych vod na celom sve-
te prinisa mnoZstvo problémov, ktoré je mozné tspesne riesit’ len v zke; spolupraci
vietkych dotknutych $tatov. Aj v pohrani¢nom slovensko-madarskom Gzemi sa nacha-
dzajh cezhraniéné kolektory zviazané s krasovymi vodami a speleologickou problema-
tikou, v ramei ktorych ani dnes nie st komplexne objasnené hydrogeologické pomery.
K stale nedorie$enym problémom patri napriklad sporna otizka podzemného hydrolo-
gického prepojenia jaskyii Milada (Slovensko, Slovensky kras) a Vass Imre (Madzarsko,
Aggteleksky kras). Vysledky starSich stopovacich sktSok z 50. a 60. rokov minulého
storo¢ia doteraz nepotvrdili, ale ani nevyvratili hydrologick spojitost medzi tymito jas-
kyfami. Doriesenie tejto otazky v sicasnosti sa stalo dolezitym predovsetkym z praktic-
kého aspektu spojeného s pripravovanym navrhom ochranného pasma oboch jaskyi.

Na spolo¢nom rieseni uvedeného problému realizovanom v rozpiti rokov 2005 —2006
participovala Sprava slovenskych jaskyi spolu so Spravou NP Aggtelek. Vzhladom
na limitujiice moznosti vyuzitia klasického speleologického prieskumu na obidvoch
stranach sa pre vyskum zvolila moznost’ vyuzitia stopovacich skusok a geofyzikalnych
merani. Prace boli rozdelené do troch samostatnych etap. V ramci prvej etapy prac sa na
slovenskej strane vykonal zdkladny geofyzikalny prieskum. Druha etapa pokracovala
realizaciou stopovacej skusky. Zatial poslednu etapu predstavoval geofyzikalny
prieskum v okoli jaskyne Vass Imre.
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ZAKLADNA CHARAKTERISTIKA UZEMIA

Vsetky prace sa uskutocnili v najblizSom okoli obidvoch jaskyn. Na slovenskej
strane zaberalo zdujmové uzemie pasmo leziace juzne a juhovychodne od obce Silicka
Brezova, v smere k obci Kecovo a madarskym hraniciam. V Madarsku pokracovalo
dalej smerom k jaskyni Vass Imre a obci Josvafo.

Narodna prirodna pamiatka jaskyna Milada predstavuje 800 m dlha fluviokrasova
jaskynu so stalym vodnym tokom. Jaskyna sa nachadza v katastri obce Silicka Brezova
v okrese Roznava. Jaskynu v roku 1946 objavil J. Majko so svojimi spolupracovnikmi
prekopanim jedného z ponorov vo Fazulovom tdoli (Krupar, 1947). V stcasnosti tvori
vchod do jaskyne umelo vyrazena §tolna. V jaskyni sa vykonalo uz niekol’ko speleopo-
tapacskych prieskumov, ktorych postup v smere toku zatial’ stale limituje neprekonany
tesny sifon (Hochmuth, 2000). Pokracovanie jaskyne za sifonom je evidentné, presny
priebeh chodieb vsak ostava len v rovine dohadov.

Podl'a geomorfologického ¢lenenia Slovenska patri okolie jaskyne Milada k oblasti
Slovenské rudohorie, celku Slovensky kras, podcelku Silicka planina (Maztr a Luknis,
1978). Uzemie sa radi do mierne teplej a mierne vlhkej klimatickej oblasti.

Jaskyna Vass Imre sa nachadza v katastri obce Josvafo, v doline Tohonya v nad-
morskej vyske 273 m. Objavili ju jaskyniari v roku 1954 pod vedenim L. Mauchu.
Aktualne zamerana diikajaskyneje 2300 m, z toho 500 m je spristupnenych pre verej-
nost’. Jaskynu charakterizuju predovsetkym riecne chodby, miestami vyvinuté v dvoch
az troch urovniach s pocetnymi er6znymi a kor6znymi tvarmi, najmi meandrami s boc-
nymi zarezmi, stropnymi korytami, zarovnanymi stropmi, anastomézami a virovymi
jamkami. Miestami obsahuja aj bohatu sintrova vyzdobu: nateky, stalaktity, stalagmity,
stipy, sintrové hradze, sporadicky aj heliktity. V zadnych &astiach rozoznat' vyrazné
zlomové chodby, ktoré sa vytvorili na tektonickej poruche smeru SZ — JV. Spodnou
urovnou jaskyne v obdobi zvysenej hladiny krasovej vody preteka obcasny vodny tok.
Vody vytekaju v prameni Kis-Tohonya pred jaskynou. Geomorfologicky jaskyna patri
do Aggtelekského krasu a otvor sa nachaddza na juznom Upéti planiny Haragistya.

Geologické pomery

Uzemie je z geologického hl'adiska tvorené mohutnou karbonatovou kryhou silického
prikrovu, ktort J. Bystricky (1964) oznacil ako kecovskt. Ma vychodo-zapadny priebeh.
Zo severu ju ohranicuje vyrazna, k severu uklonena nasunova plocha v linii Ardovo
— Silickd Brezova — Derenk (v Madarsku), ktora je indikovana aj silne redukovanym
vystupom spodnotriasovych pieskovcovo-bridli¢natych verfénskych vrstiev. Juzna
hranicu kecovskej kryhy tvori podobna, k severu uklonena nasunova plocha v linii Dlha
Ves — Kecovo — Josvafd. Kryha medzi uvedenymi plochami pozostava z karbonatov
takmer celého vrstevného sledu silického prikrovu, ktoré st vcelku monoklinalne
ulozené k severu, ale s plytsimi vrasovymi ohybmi. Najspodnejsie Casti, spodnotriasové
verfénske vrstvy, ktoré tvoria hydrologick bariéru, st na slovenskej strane uplne
redukované, na povrch vystupuju v okoli Josvafé a Szinpetri. V hibke sa ich zapadné
pokracovanie da ocakavat’ pod dolinou Kecovského potoka vychodne od Kecova.
Podobne su vo fragmentoch zachované aj gutensteinské vapence len na izemi Madarska
pri Josvafo. Nadlozné steinalmské vapence vsak vystupujii najmé na slovenskej strane
v 400 — 800 m Sirokom pasme medzi obcami Dlha Ves a Kecovo. Podobne, avsak v ovela
uzsom pasme, st tu rozsirené aj strednotriasové tmavosivé rohovcové reiflinské vapence.
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Hlavn masu kryhy tvoria wettersteinské vapence a dolomity. Dolomity, z hladiska
krasového zvetrivania menej priaznivé, su rozsirené vo vicsich skvrnach v SirSom
okoli Viniéného vrchu (508 m) severozapadne od Kecova a v Madarsku v okoli prameinia
Kis-Tohonya (aj s po¢iatoénymi chodbami jaskyne Vass Imre), ako aj v oblasti pramenia
Lofej. Najmladsimi ¢lenmi vrstevného sledu st svetlé waxenecké vapence a Cervené
halstattské vapence pri Silickej Brezovej.

Podla nacrtnutej geologickej stavby (podla sklonu vrstiev karbonatovej kryhy)
by sme oc¢akavali pohyb krasovych vod smerom k severu. V skutoénosti vSak pohyb
krasovych vod smeruje na juh. Dovodom je skuto¢nost, Ze pocas terciérneho vyzdvihu
tzemia boli karbonatové kryhy Silickej planiny uklonené k juhu a krasové vody si nasli
vhodné cesty juznym smerom najmé po terciérnych zlomoch smeru SZ - JV a S -1
V protiklonne ulozenych vrstvach sa preto v aktivnych podzemnych chodbach juznej
Casti planiny d& ocakéavat Castejsi vyskyt freatickych sluciek a sifonov.

Hydrogeologické a hydrologické pomery

Hydrologické a hydrogeologické pomery tzemia vo velkej miere podmiefiuje jeho
geologicko-tektonické stavba. Povrchova riecna siet zaujmovej oblasti je z vicSej Casti
prenesena do podzemia. Ako hydrogeologické kolektory v izemi vystupuju najmi
karbonaty stredného a vrchného triasu. K hlavnym faktorom ovplyviiujucim variabilitu
priepustnosti a obeh podzemnych vod patri stupen tektonického porusenia a stupen
skrasovatenia.

Slovenska cast’ predmetného uzemia je podla hydrogeologicke; rajonizacie Slovenska
(Suba et al., 1984) sucastou rajonu MQ 129 — mezozoikum centralnej a vychodnej Casti
Slovenského krasu. V ramei vy¢lenenia hydrogeologickych struktur Slovenského krasu
patri uzemie ku Kecovskej hydrogeologickej Strukture. Podstatna Cast’ tejto Struktiry sa
nachadza na uzemi Madaarska, kde lezia aj vietky jej vyznamnejsie pramene (Babot-kut,
Szabo-kut, Kis- a Nagy-Tohonya, Lofej). Vynimku tvoria len Kecovské vyvieracky situované
severne od obce Keéovo. Velku vyvieratku v Kecove (Kecovska vyvieracka, obr. 1)
charakterizuje vysoky rozkyv vydatnosti. Kym jej minimalna vydatnost’ na zaklade
merani vykonanych Slovenskym hydrometeorologickym tstavom so 7-dennym krokom
merania za obdobie hydrologickych rokov 1990 az 2006 predstavovala len 0,01 1/s
(20. 10. 1993), maximalna vydatnost’ za rovnako dlhé obdobie zodpovedala az 954 1/s
(27. 4. 2005). Priemerna vydatnost’ vyvieracky za uvedené obdobie bola stanovena na
55,9 1/s. Velka vyvieracka v Kecove je stalou vyvierackou, ktorej vody po vystipeni
na povrch formuji Kecovsky potok. Kecovsky potok reprezentuje hrani¢ny slovensko-
madarsky vodny tok. V obci Josvaf6 sa vlieva do Josvy, ktord tu pribera potoky Tohonya
a Kajta. Na juznom okraji planiny, vychodne od obce Kecovo, sa nachadzaju este d’alSie
dve obasné vyvieracky. Ide o Kecovski vyvieracku 2 a Kecovsku vyvieracku 3 (obr. 2),
ktoré su aktivne len v ase vysokého naplnenia hydrogeologicke;j Struktury. Struktiira sa
pritom dopinia prevazne zrazkovymi vodami.

K vyznamnym podzemnym tokom Struktury patri vodny tok z jaskyne Milada,
ktorého prietok sa zvy&ajne pohybuje len v rozpiti niekolkych I/s. Cast jeho podzemného
rieciska je znama aj z priepasti Bezodna l'adnica. Stopovacimi skuskami sa dokazalo aj
prepojenie vod z jaskyne Milada s vodami Kecovskej vyvieracky. Vzdusna vzdialenost
medzi tymito lokalitami pritom predstavuje 2,6 km pri prevyseni okolo 60 m.

Na madarskom uzemi st pramene Babot-kut, Szabo-kut a Nagy-Tohonya umiest-
nené priamo na nasunovej ploche, teda na styku verfénskych vrstiev a karbonatov.
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Obr. 1. Kec¢ovska vyvieracka. Foto: D. Haviarova

Fig. 1. Kec¢ovska resurgence. Photo by D. Haviarova

Obr. 2. Kecovska vyvieracka 2 za suchého stavu. Foto:
L. Vicek
Fig. 2. Kecovska resurgence 2 during dry period. Photo
by L. Vlcek
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Odvodnuji malt krasovu planinu se-
verne od Josvafd, pricom do pramena
Nagy-Tohonya sa dostavaji vody aj
z ovela severnejsie leziaceho pramena
Mogyoros-kut v zavere doliny Ménes
(ned’aleko od slovenskych hranic), ako aj
ponorné vody z pramena Lofej. Na roz-
diel od nich pramen Kis-Tohonya s ma-
ximalnou vydatnostou az 450 1/s lezi vo
vapencoch na upiti planiny Haragistya
a je zrejme dotovany vodou aj z ponorov
na slovenskej strane, pravdepodobne se-
verovychodne od Milady.

GEOFYZIKALNY PRIESKUM

Vyuzitie geofyzikalnych prac v ram-
ci tlohy vychadzalo z minulosti uspes-
ného pouzitia geofyzikalnej odporovej
metody v jaskyni Domica pri stanoveni
priebehu dovtedy neznamych jaskyn-
nych chodieb (Géczy a Kuchari¢, 1997).
Vlastné prieskumné prace boli rozdele-
né do dvoch samostatnych etap, pocas
ktorych sa zachovali rovnaké metodické

postupy.



Metodika

Pri prieskume sa vyuzila $pecialna geofyzikdlna metéda vychadzajica z metody
SOP (symetrického odporového profilovania). Pouzili sa pri nej rozne varianty rozo-
stupov v zavislosti od predpokladanej hibky urovne skiimaného jaskynného systému.
V prvej faze sa vyniesol podorys jaskyne do topografickej mapy a stanovil plosny roz-
sah skiimaného Gzemia. Nasledne sa vyty¢ili pomocné profily volené v predpoklada-
nom smere pokracovania skiimanej jaskyne. Vlastné prieskumné profily boli vytycené
v smere kolmom na pomocné profily. Pozdiz prieskumnych profilov sa vykonali geoe-
lektrické merania SOP s takymi parametrami zostavy, aby sa maximalny uzito¢ny 51gnal
ziskal z tej hibky, v ktorej sa predpokladal priebeh Girovne jaskynného systému. Dizka
profilov zavisela od vysledkov merani v ramci profilu a vysledkov susednych profilov.
Pozdiz niektorych profilov boli pre vécsiu vypovedni hodnotu pouZité merania s dvoma
nezavislymi rozostupmi s réznym hibkovym dosahom. Krok merani bol 2 metre. Na za-
klade priebeznych vysledkov sa v niektorych pripadoch lokalizacia profilov upravovala.
Celkovt hustotu profilov a rozsah merani limitovalo mnozstvo pridelenych finan¢nych
prostriedkov. Pri interpretacii ziskanych vysledkov sa vychadzalo z predpokladu, Ze
otvorend jaskynna chodba sa v podzemi prejavi v poli zdanlivého mern¢ho odporu ako
nevodi¢, teda kladnou anomaliou.

Vlastné geofyzikalne prace realizovala spolo¢nost’ ECS Environmental Consulting
Services Slovakia, s r. 0., Spisska Novéa Ves. Na meranie sa pouzila prenosna geoelek-
tricka aparatura GEVY 100 — MIMI I1.

1. etapa geofyzikalnych pric

Ako prvé sa pri rieseni problému podzemného hydrologického prepojenia jaskyn
Milada a Vass Imre v priebehu oktobra a novembra roku 2005 realizovali geofyzikalne
merania v okoli jaskyne Milada. Cielom tychto prac bolo lokalizovat predpokladané
pokracovanie jaskyne od jej znameho juhozapadného ukonc¢enia smerom ku Bezodnej
'adnici a nasledne ku Kecovskej vyvieracke. Zaroven sa mali vykonat testovacie merania
vychodnym smerom od jaskyne na overenie indikacie moznej odbocky podzemného
systému smerom k $tatnej hranici s Mad'arskom, teda k jaskyni Vass Imre. Pri overovani
pokraGovania jaskyne Milada juznym a juhozapadnym smerom sa vytycila siet’ 10
geofyzikalnych profilov v dizkach 140 az 280 metrov. Vzajomna vzdialenost’ profilov
bola variabilnd od 100 do 200 metrov. Na overenie mozného vychodného pokracovania
systému sa vyty¢ili a premerali dva 600 metrov dlhé proflly (profil ,,A* a paralelny profll
B vo vzdialenosti 100 m smerom na JV). Celkova dizka vyty¢enych profilov, pozdiz
ktorych sa vykonali geofyzikalne merania v tejto etape, bola 3100 m. Zjednodusenu
situdciu — priemet jaskyne v mape, umiestnenie pomocnych a prieskumnych profilov, ale
aj miesta interpretacie kladnych odporovych anomélii — zachytava obr. 3.

Z vysledkov merani a ich naslednej interpretacie vyplyva, ze zachytené anoma-
lie s vysokou mierou pravdepodobnosti vypovedajii o pokracovani systému jaskyne
Milada v smere k Bezodnej l'adnici a d’alej ku Kecovskej vyvieracke. Vysledky merani
zamerané na pokracovanie jaskyne vychodnym smerom vzhladom na svoj rozsah ne-
priniesli jednoznaé¢né vysledky. Pole zdanlivého merného odporu pozdlz prieskumnych
profilov v tejto ¢asti izemia bolo vel'mi ¢lenité, a to so zretefom na rozsah prac nebolo
mozné jednoznaéne interpretovat. V sucasnosti tento material moze slazit’ ako dobry
vychodiskovy podklad pre budici prieskum.
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Obr. 3. Interpretacia vysledkov I. etapy geofyzikalnych prieskumov, situa¢na schéma profilov
Fig. 3. First phase of geophysical research — interpretation of results, the layout scheme of profiles

miesta interpretacie kladnych odporovych
anomalii — pravdepodobné miesta detekcie
neznamych jaskynnych priestorov

I1. etapa geofyzikalnych prac

Druhé etapa geofyzikalnych prac sa realizovala v priebehu oktobra a novembra
2006 na uzemi Madlarska, v okoli jaskyne Vass Imre. Cielom etapy bolo lokalizovat
predpokladané pokracovanie jaskyne Vass Imre v smere od jej znameho severozapadného
ukoncenia v nadviznosti na priebeh tektonickej linie, na ktorej je jaskyna vyvinuta.
Zarovei sa overovalo mozné vetvenie tejto linie severnym a severovychodnym smerom,
v smere priebehu Hosszu volgy (Dlhej doliny).

Pomocny profil merani v dizke 1200 metrov sa viedol od oblasti znimeho severoza-
padného ukoncenia jaskyne Vass Imre smerom na SZ. Vlastné prieskumné profily boli
vyty¢ené v smere kolmom na tento profil, t. j. kolmo na predpokladané pokracovanie jas-
kyne. V prvom kroku sa vyty&ilo niekol’ko prieskumnych profilov v dizke 150 — 300 m,
vzdialenych od seba 200 m. Na zaklade vysledkov z tychto profilov sa profilova siet
zahustila tak, ze kone¢na vzdialenost’ profilov bola 50 — 100 m. Vlastné merania sa robili
v niekol’kych postupnych krokoch, vzdy po vyhodnoteni predchadzajucich vysledkov.
Celkovo v tejto ¢asti uzemia bolo vytycenych 12 geofyzikalnych profilov.
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4 Situaéna schéma geofyzikalnych profilov
interpretaéna schéma detekcie neznamych jaskynnych priestorov
Lokalita: jaskyna Vass Imre
Madarska republika
M=1:10000
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Obr. 4. Interpretacia vysledkov I1. etapy geofyzikalnych prieskumoyv, situatna schéma profilov
Fig. 4. Second phase of geophysical research — interpretation of results, the layout scheme of profiles

Na overenie mozného severovychodného, pripadne severného pokracovania systému
v smere Dlhej doliny sa vyty¢ili a premerali dva profily v dizkach 160 a 220 metrov.

Celkova dizka vytycenych profilov, pozdiz ktorych sa vykonali geofyzikalne merania
v tejto etape, predstavovala 2270 m. Anomalie (obr. 4) ziskané z vysledkov merani
pozdiz jednotlivych profilov korelujice s uroviou jaskynného systému sa interpretovali
ako mozné pokracovanie jaskyne. Doterajsie vysledky merani z profilov situovanych
v smere linie Dlhej doliny nepreukdzali existenciu jaskynnych chodieb prebiehajucich
v tomto smere.

STOPOVACIA SKUSKA

Po skondeni prvej etapy geofyzikdlnych merani v predmetnom uzemi prisla na
rad realizacia stopovacej skusky. Stopovacie skiisky patria k naju¢innej$im metodam
sluziacim na posudenie podzemného hydrologického prepojenia medzi dvoma, pripadne
viacerymi lokalitami. V jaskyni Milada, resp. v jej okoli sa v minulosti uskuto¢nilo
niekol’ko stopovacich sktisok (tab. 1). Pozitivny vysledok skisky na madarskej strane
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Tab. 1. Prehlad starsich stopovacich skusok na lokalite
Table 1. Overview of older tracing tests in the locality

Miesto detekcie stopovaca .
Zaciatok | Stopovacia ISR Kecovsks | Malotoho- det(;fcie I
skusky latka aplikdcie | Bezodna | o oy nyska Pramen | giono- Literatura
stopovaca | padni vyvies S 5 p
P l'adnica . vyvieracka | Josva X
radka g | vaca
Kis-Tohonya
silicko- | o dedo- nesledo- Majko
28.12.1955 | fluorescein | brezovské | "> negativne | negativne . J
liky vané vané (1959)
radioaktiv- 100:m od nesledo- i ; nesledo- & Majko
11.5. 1958 ponoru . pozitivne negativne : ?
na voda Helena vané vané (1959)
NaCl lognrgr(;d nesledo- ozitivne ozitivne nesledo- o Majko
(100 kg) ‘}’Hena vané | P p vané | (1959)
100 m od :
12.5.1958 | fluorescein | ponoru nesledlo— pozitivne negativne nesledro— | 60, Majko
Heletia vané vané hodin (1959)
100mod | ’ ,
5.8.1958 | fluorescein | ponoru nesled]o- pozitivne ? nesledp— ? Majko
Helena vané vané (1959)
. | Bezodna | nesledo- - . | nesledo- 21 Majko
9.9.1960 | fluorescein Padnica S pozitivne | nesledované Iy Sodi (1961
tok v nesledo- | nesledo- o nesledo- Sarvary
2
1963 Nall Milade | vané vané Dozl OenE vané ’ (1965)
| 7299 '
. tok v » > . | pozitiv- | dnipre | Maucha
18.1. 1975 | fluorescein Milade pozitivne | pozitivne | nesledované e e (1975)
Josva
[ ; tok v nesledo- L . | nesledo- . Orvan
12.4. 1985 } fluorescein Milade vané pozitivne | nesledované vané 7 dni (1994)

sa podla dostupnych informacii dosiahol len pocas pokusu z aprila 1958 pri pouziti
stopovaca NaCl, aj ked’ aj v tomto pripade vzhladom na detegované mnozstvo stopovaca
nebol vysledok uplne jednoznacny.

Vykonanie stopovacej skisky bolo podmienené priaznivymi klimatickymi pomermi,
ktoré sa vo vel'kej miere odrazaju na celkovom zvodneni §truktary. Vhodné podmienky
nastali v juni 2006, ked’ sa po intenzivnych zrazkach kvoli vysokému naplneniu
hydrogeologickej Struktary stali aktivnymi aj niektoré miestne obc¢asné vyvieracky.
Priaznivy stav zvodnenia dokumentovala aj vydatnost Kecovskej vyvieracky, ktora
bola podla udajov z merani Slovenského hydrometeorologického tstavu druhou
najvysSie nameranou vydatnostou od roku 1990. Ako stopovace sa vzhladom na zachyt
vody z Kecovskej vyvieracky pre vodovod Kecovo — Dlha Ves pouzili bakteriofagy,
ktoré negativne neovplyviiuji kvalitu vod a nemaju toxické ani patogénne ucinky na
7ivé organizmy. PresnejSie ilo o bakteriofagy H40/1 (¢elad” Siphoviridae) izolované
z Atlantického ocednu, ktoré nie st schopné v sladkovodnych podmienkach dlhodobo
prezivat' ani sa samostatne rozmnozovat. Dodanie fagov, ako aj analyzu vsetkych
odobratych vzoriek vody zabezpecil a vykonal Epidemiologicky ustav v Budapesti.
Vlastna realizdcia prac spocivala v aplikacii suspenzie obsahujicej fagy priamo do
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Obr. 5. Situaéna mapka Gzemia s miestom aplikacie fagov (I — Milada) a odbernymi miestami pocas
stopovacej sktisky (2 — Bezodna l'adnica, 3 — Kedovska vyvieracka, 4 — Kecovskd vyvieracka 2, 5 — KeCovska
vyvieracka 3, 6 — priepast’ Nati-lyuk, 7 — jaskyfa Vass Imre, 8 — pramen Tohonya, 9 — prameii Babot-kut,
10 — pramen Szabo-kut, 11 — pramen Josva)

Fig. 5. Map of the territory with the injection places of phages (1 — Milada) and sampling places during
tracing test (2 — Bezodna l'adnica, 3 — Kecovska resurgence, 4 — Kecovska resurgence 2, 5 — Kecovska
resurgence 3, 6 — Nati-lyuk Abbys, 7 — Vass Imre Cave, 8 — Tohonya spring, 9 — Babot-kit spring, 10 — Szabo-
kut spring, 11 —Josva spring)

podzemného toku v jaskyni Milada a naslednom odbere vzoriek vody na vopred
vybratych stanovistiach. Za odberné miesta na slovenskej strane sa zvolili priepast
Bezodna ladnica (70 m hlbok4 priepast’ s nadm. vyskou 465 m), Kecovska vyvieracka
(stala vyvieracka s nadm. vyskou 335 m ), Kecovska vyvieracka 2 (9 m hlboké obcasna
vyvieracka s nadm. vyskou 319 m aktivna az po zacati aktivity Kecovskej vyvieracky 3)
aKecovska vyvieracka 3 (11 m hlboka ob¢asna vyvieracka s nadmorskou vyskou 300 m).
V Madarsku sa odbery realizovali na stalych pramenoch Tohonya, Szabo-kit, Babot-kut
a Josva, ako aj v priepasti Nati-lyuk (obr. 5), ktora v stave zysenej hladiny krasovej vody
funguje ako obcasny pramen.
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Obr. 6. Priebeh stopovacej skusky na lokalite Kecovska vyvieracka
Fig. 6. The course of tracing test in the Kecovska resurgence
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Obr. 7. Priebeh stopovacej skiisky na lokalite pramen Josva
Fig. 7. The course of tracing test in the Josva spring
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Podla vysledkov z odberov vzoriek vody, ktoré sa spracovévali priebezne v prenos-
nom laboratoriu v Aggteleku, sa bakteriofagy ako prvé objavili po 2,5 hodine v Bezo-
dnej Tadnici. Druhym odbernym miestom s pozitivnym vysledkom bola Kecovska
vyvieracka. Na tejto lokalite sa bakteriofagy objavili po 8 hodinach od ich aplikacie
v jaskyni, s maximédlnou koncentraciou po 11 hodinach (obr. 6). Objavenie fagov sa po
23 hodinach zaregistrovalo aj v Kecovskej vyvieracke 3. Na madiarskej strane sa fagy
objavili len v prameni Josva v ¢asovom horizonte 57,5 hodiny od ich aplikacie v Milade
a s pozitivnou detekciou pocas 62,5 hodin (obr. 7).

ZAVER

Sumarizéacia vysledkov geofyzikalnych prac a stopovacej skusky preukazala po-
kraGovanie jaskyne Milada smerom k Bezodnej l'adnici a Kecovskym vyvierackam.
Dokazala sa existencia podzemného hydrologického prepojenia medzi jaskymnou
Milada, Bezodnou ladnicou a Ke¢ovskou vyvierackou. Priaznivé klimatické a hydrolo-
gické podmienky v ¢ase realizacie stopovacej skiisky sa odrazili na rychlosti prudenia
podzemnej vody. Pri prietoku podzemného toku v jaskyni Milada 310 I/s a vydatnosti
Kecovskej vyvieracky 645 /s (udaje ziskané hydrometrovacimi pracami) v ¢ase skusky
sa rychlost’ priidenia podzemnej vody pohybovala v priemere okolo 330 m/h. Pri starsich
pracach za rozdielnych klimatickych pomerov dosahovala najnizsia prepocitana rych-
lost len okolo 15,6 m/h. Nepomer objemu vody v jaskyni a vyvieracke hovori o podstat-
ne vi&ej zbernej oblasti vyvieracky, kde pritok z jaskyne Milada tvori len jeden z jej
zdrojov. Pozitivny vysledok stopovacej skiisky v Kecovskej vyvieracke 3 (najnizsie po-
lozena vyvieracka v slovenskej ¢asti zaujmového uzemia) v spojeni s vysledkami mera-
nia teploty a mernej elektrickej vodivosti vody mozeme interpretovat’ skor ako vysledok
sekundérneho prieniku fagov z Kecovského potoka do vyvieracky. Vody Kecovského
potoka pravdepodobne v niektorom mieste skryte prestupujice do privodnych ciest pri-
vadzajucich vodu do vyvieracky. Tieto cesty sa stavaju aktivnymi len v Case vysokého
nasytenia $truktiry. Aj preto je vyvieratka obCasnd a voda z nej vystupuje pod tlakom
z hibky 11 metrov. Tieto ivahy pri si¢asnom stupni poznania by potvrdila len dalsia
samostatna stopovacia skuska. Podobné situacia ako pri KeCovskej vyvieracke 3 na-
stava pravdepodobne aj v pripade pramena Josva; aj tu rovnako predpokladame sekun-
darny prienik fagov z Ke¢ovského potoka. Negativny vysledok stopovacej skisky sa
vztahuje na prepojenie jaskyne Milada s jaskyniou Vass Imre. Rovnako sa nepotvrdilo
ani prepojenie s Ke¢ovskou vyvierackou 2, priepastou Nati-lyuk, pramefimi Tohonya,
Szabo-kat a Babot-kut. Vysledky geofyzikalnych merani v Mad'arsku naznacili pokra-
Govanie jaskyne Vass Imre smerom k slovenskym hraniciam. Stale tak ostava realna
moznost’ vymedzenia infiltraénej oblasti obasného podzemného toku z tejto jaskyne aj
na slovenskej strane izemia. Nadialej pretrvava i nedorieSeny problém smeru prudenia
podzemnych vod z ob&asne aktivnych ponorovych depresii leziacich v blizkosti hranice
vychodnym smerom od jaskyne Milada. Prave tie by mali byt v buducnosti predmetom
blizsieho skumania.
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J. Piasecki, T. Sawinski, J. Zelinka: The structure of airflow inside the lower part of the
Dobsinska Ice Cave (the Underground Floor and Ice Cliff area)

Abstract: As part of aresearch programme on the character of air exchange and thermal-circulation
system in the Dobginské Ice Cave, from July 2005 to August 2007 airflow measurements were
taken in the lower part of the cave (the Underground Floor and Ice Cliff area). The measurements
were a continuation of earlier research, conducted in the cave from July 2002. To register the
movement and thermal current of air, acoustic anemometers were used, located along horizontal
and vertical profiles of chambers. The collected documentation provided new information
on seasonal and spatial differentiation of air exchange in the lower part of the cave, as well as
on the role of ice-free areas of this part of the cave in the forming of the air exchange process in
the whole cave.

Key words: Dobsinska Ice Cave, cave climate, air exchange

INTRODUCTION

In the upper part of the Dobsinské Ice Cave (the Entrance Collapse, Small Hall,
Great Hall, Collapsed Dome) airflows occur evoked by chimney effect. Its activity is
related to air exchange among the valley, the cave and the Duca karst collapse (Halas,
1989; Piasecki et al., 2004, 2005). The chimney effect is the main factor shaping air
movement in this part of the cave. The Underground Floor and Ice Cliff areas are, due to
their location and configuration, outside the range of direct effect of airflows, caused by
the chimney effect, in the cave upper part. In winter season, the Underground Floor Hall
remains under the influence of winter external air, which gets to the cave via the entrance
collapse and flows downwards along the Icefall (Halas, 1989; Petrovi¢ and Soltis, 1971;
Piasecki et al., 2004, 2005; Pflitsch et al., 2007). In summer season, however, in the
direction of the lower part of the cave, flows air cooled from the ice in the Small Hall
and above Icefall (Piasecki et al., 2004, 2005; Pflitsch et al., 2007). According to such
course of air circulation, the lower cave part should become a place of accumulation
of cold, which shapes and preserves the state of icing in this part of the cave. In fact,
the contact of the Underground Floor area with ice-free parts of the cave does not
support the stagnation of the in-flowing air in this part of the cave. Observations and
measurements taken before have proved the occurrence of airflow in the area of lower
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part corridors, along the Ice Cliff face, and its inflow to a hall located deeper in the cave
upper part. Those ascertainments were used to construct a general model of air exchange
for the whole cave (Pflitsch et al., 2007).

Relating to these results, in July 2005 further, more detailed research on air movement
in chosen chambers of the lower part of the cave began.

DESCRIPTION OF THE RESEARCH AREA

The Underground Floor and Ice Cliff area create one of two main chambers of the
cave lower part (Figure 1). From the western side, through the Icefall, the chamber is
connected with the upper part (located 30 m higher) and the entrance area (Fig. 1, 2a).
From the South, it borders on lower located, ice-free corridors of Stalactic Cellar. From
the East, it is closed by ice monolith, which reaches a rock wall. An artificial tunnel,

‘White Hall

7

DUCA

%107 altitude [m as.L]

excursional path o measurement area

Fig. 1. Dobsinska Ice Cave — map and cross sections

digged in the monolith, connects the Underground Floor area with a next great chamber
of the cave lower part (the Ruffiny's Corridor). From the North, the chamber is closed
with the Ice Cliff. The chamber ceiling is located approximately 15 m above floor.
The floor is covered with ice mixed with rock debris and blocks. In the southern part,
the chamber floor falls steeply towards the Stalactic Cellar corridors. The Underground
Floor area and the Stalactic Cellar are connected by clefts between the blocks of rock
filling the bottom of the chamber. At the foot of the cliff, in the ice monolith, a natural
cavern is located (Photo 1). Its bottom is covered with rock debris. The morphology
of the cliff and cavern surfaces implies a link between their origin and the air movement
shaping them (Bella, 2007).
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i Fig. 2. The Underground Floor and Ice Cliff area. Situational scheme (a) and measurement points
location (b)

Photo 1. Underground Floor. The view of the Ice Cliff foot and the ice cavern. Photo T. Sawinski
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METHODOLOGY OF INVESTIGATIONS

During the air movement registration, acoustic anemometers type USA-1 were
used, by Metek GmbH (METEK, 2001; Piasecki and Sawinski, 2007). Data on thermal
conditions in the exterior, collected by the cave speleoclimatic monitoring network
(Zelinka, 2002), were also used in this paper.

In Ice Cliff and Underground Floor area, air movement was registered in the period
from July 2005 to August 2006, in two half-year measurement series. They had been
planned to enable receiving data from both warm and cold months, from locations
crucial to the assumed research aim. The first series lasted from 26™ July 2005 to 3™
February 2006. Its aim was to collect more information on the structure and dynamics of
air exchange in that area. Anemometers got installed in the central part of the chamber,
close to each other, on the height of 0.75 m and 4.5 m (Fig. 2b).

During the second measurement series, in the period from 3™ February 2006 to
6™ August 2006, the anemometers were placed directly in front of the Ice Cliff (Fig. 2b,
Photo 2). One of them was put in the distance of 1 m from the cliff face, in the height
of 3.5 m, and the second in the height of 1.5 m, in the centre of an opening of an ice
cavern, located at the foot of the cliff (Photo 2). The aim of research conducted during
this measurement series was to determine the character of air movement close to the Ice
Cliff surface. Basing of those measurements, authors searched for the justification for
a thesis saying that both the origin and morphology of the cliff are related to the inflow
of air from lower, ice-free parts of the cave.

During the whole measurement period, the air movement parameters were registered
at frequency of 1 min.

Photo 2. Measurements points Cl1 and CI2 location. Photo J. Ringeis
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RESULTS OF INVESTIGATION - 1S MEASUREMENTS SERIES

Evolution and course of both seasonal and periodical changeability in the air exchange
on both cave levels show significant similarity and depend on the difference in air
temperature between the cave (T, ) and the exterior (T ;). In periods when T <T, .
(in winter and periodically in autumn and spring; Fig. 3, 4), intensive inflow of cool
external air to the cave occurred. The external air flowed from the entrance, through
Icefall to the Underground Floor and then — through the artificial tunnel in the ice
monolith — towards the other chambers of the lower part. This inflow was most distinct
in the layer above chamber floor (Fig. 5a, 5b). Its main features were stable flow direction
(from WSW and SW sectors) and relatively high velocity (in the order of 0.1 — 0.4 ms™).
The velocity was strictly dependant on changes in air temperature in the exterior (Fig.
4, 6a). Higher, on the height of 4.5 m, air flowed with distinctly lower intensity (Fig. 5c,
5d). Direction of this flow was unstable and its velocity was significantly lower (in the
order of 0.05 ms™") than velocity in the above-floor layer. Its relation to air temperature
changes in the exterior was also distinctly weaker (Fig. 6b).

In the periods when air temperature in the exterior was higher than in the cave
(T.>T ;) on the level of 0.75 m air was flowing in from a stable sector (from S to
SE) with the average velocity of 0.06 ms™' (Fig. 3, 4, 7a, 7b). The airflow was directed
towards the Ice Cliff, from the clefts connecting the Underground Floor with the
Stalactic Cellar corridors. The temperature of inflowing air was only changing in very
small range (0.01 — 0.02 °C) and it remained at the level of —1.0 °C. In the same time,
horizontal air movement on the height of 4.5 m was very weak (0.01 —0.02 ms™') and its
direction was unstable (Fig. 7c, 7d). Air showed a strong, constant tendency to subsidence.
Disturbances in the airflow direction, as well as short periods of rise in flow velocity and

air temperature, registered at both heights, were caused by passing of tourist groups.
RESULTS OF INVESTIGATION - 2"> MEASUREMENT SERIES

During the period, when cool external air flows into the cave, airflow registered on
the CL1 station (sheltered from the West by cavern walls and rock debris and blocks) had
different pattern from that observed in the centre of the chamber. However, the reaction
of that flow to changes in air temperature in the exterior was similar (Fig. 8).

From the end of winter, at the foot of the cliff, the activity of airflow from the direction
of Stalactic Cellar (sectors from S to SE) towards the Ice Cliff increased. Velocity of
this flow was in order of 0.04 — 0.05 ms™" and its occurrence relied on the temperature
difference between the cave and the exterior (Fig. 8). In the period from April to June, the
inflow of air from the direction of ice-free chambers (the Stalactic Cellar) was already
stable. From the end of June, airflow direction at the exit from the cavern changed from
S to NE, and both its velocity and ascent angle increased (Fig. 9a, 9b). Simultaneously,
outflow of air from the debris deep in the cavern took place. Activation of this outflow
was not related to meteorological changes in the exterior.

As stated before, in winter external air was flowing into the cave. In those
circumstances, on the height of 3.5 m, air flowing from the direction W was rising along
the cliff face (Fig. 10). In case of summer flow type, the airflow was directed from the
ice face (directions E and SE) and it had a clear tendency to rise (Fig. 9¢c, 9d; Fig. 10).
The airflow velocity registered at the level of 3.5 m was slightly higher in winter. In
February and March the average velocity of flow was 0.05 ms™', whereas In the period
from April to July, it was changing from 0.02 do 0.04 ms™".
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Fig. 3. Changes of air movement direction at the measurement points UF1 (0.75 ma. i.l.) and UF2 (4.50 ma.i.l.)
in the period from August 2005 to January 2006
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air temperature range between the cave and its exterior in the period from November to December 2005
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Fig. 5. The course of air exchange at the measurement points UF1 (0.75 ma. i. l; a., b.) and UF2 (4.50 m a. i.1; ¢, d) in January 2006
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CONCLUSIONS

The survey confirmed previously established general statements (Halas, 1989;
Petrovi¢ and Soltis, 1971; Pflitsch et al., 2007) about the course of air exchange in the
lower part of the cave. Additionally, new, more detailed information about the structure
and dynamics of this exchange was collected.

Airflow registration, conducted in chosen chambers of cave lower part, proved
occurrence of airflow caused by local variant of chimney effect in this part of the cave.
It is related to analogous phenomenon in the cave upper part. Together they compose
a fragment of the superior circulation system, embracing the entire cave.

In winter season, the chimney effect results form intense downfall of cool external
air from the direction of entrance, through Icefall to the Underground Floor and Ice
Cliff area (winter air exchange pattern; Fig. 11a). Farther, via the artificial tunnel and
natural clefts in ice monolith, air flows to the Ruffiny’s Corridor. This inflow forces
convective outflow of warmer local air under the corridor ceiling, to chambers located
in the cave upper part (Pflitsch et al., 2007). Once there, it gets included in the airflow
system on that part. In the above-floor layer of Underground Floor Hall, air movement
takes on features of circulation air movement (CAM; Piasecki and Sawinski, 2007) of
relatively high velocity (from 0.1 to 0.4 ms™') and low tendency to subside. The direction
of air inflow is stable (from WSW to SW) and it roughly refers to the chamber axis.
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Fig. 10. The course of air exchange at the measurement point CI2 (3.50 m a. i. l.) in March 2006

Above this layer, airflow velocity drops, whereas the variation in flow direction increases.
Simultaneously, intensive mixing of inflowing and local air takes place. This airflow
takes on features of slow air movement (SAM; Piasecki and Sawinski, 2007), which
echoes flow of air in the above-floor layer and which, probably, is the result of energy
exchange among various elements of cave environment. In the whole chamber profile,
variation in velocity and direction of airflow correlates with variation in air temperature
in the exterior. This regularity remains valid also for the summer air exchange pattern
(Fig. 11b). From the moment of external temperature rise, gravitational inflow of air
from the Icefall weakens. This makes easier the intensification and stabilization of air

138



Fig. 11. Schemes of air exchange inside the Underground Floor and Ice CIiff area. Scheme of winter type of
air exchange (a), scheme of summer type of air exchange (b)

outflow from the lower, ice-free corridors (Stalactic Cellar) to the Underground Floor,
towards Ice Cliff. When winter air exchange pattern occurred, this less intense outflow
was suppressed by circulation airflow in above-floor layer of the Underground Floor
Hall.

Air flowing out of the corridors of Stalactic Cellar flows above the chambers floor
and reaches the Ice Cliff. The CIiff barrier is a natural obstacle enforcing ascending
of part of the air. The air, by “sliding” on the ice cliff surface, shapes its morphology
(melting, sublimation). As a result of heat loss, the air cools, and then subsides in the
centre of the chamber. Part of the air is probably pushed out to the upper chambers of
the cave by constant inflow of air from the Stalactic Cellar. The stability of summer air
outflow from the Stalactic Cellar and its close connection to the temperature variations
in the exterior (summer phase of the chimney effect), form summer phase of air exchange
in the lower parts of the cave. Also, it may point at existence of an unrecognised passage
between the Stalactic Cellar and the ridge surface.

The origin of the ice cavern, located at the foot of the ice monolith, is caused by action
of air which periodically (probably yearly) flows out from the rock debris inside the
cavern. The cavern size and its characteristic shape confirm this assumption. Probably,
such outflow is related to the seasonal melting of ice in the underside of the ice monolith,
at the contact with rock debris. This results in opening a way for the penetration of air
from deep, probably ice-free, parts of the cave. This option is supported by the results of
georadar measurements (Géczy and Kuchari¢, 1995), which have indicated existence of
clefts and empty spaces under the monolith.
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SUMMARY

From July 2005 till August 2006, yearly series of airflow registration in lower part
of the Dobsinska Ice Cave, in the Underground Floor and Ice Cliff area, was conducted.
Acoustic anemometers type USA-1 were used for the measurements. As a result of
conducted research, occurrence of a local form of chimney effect was documented,
regulating the course of air exchange in this part of the cave. In the cold periods, external
air flows into the cave (winter air exchange pattern). This effect was stimulating the
distinct flow of air along the axis of chambers in the cave lower part, and its outflow in
a chamber of its upper part. During the summer air exchange, the activity of chimney
effect was related to the flow of air from ice-free corridors to the Underground Floor
— Ice Cliff zone. This stable functioning of the summer air exchange pattern as described
above, may point at the existence of unrecognised system of clefts and corridors (also
developed under ice monolith), connecting the cave lower part with the exterior. It also
decides on the range and morphology of ice cliff face. Its intensity and seasonal stability
is significant enough not to let ice fill the Underground Floor area completely.
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K. Strug, J. Zelinka: The dependence between changes of range of ice forms and thermal
conditions in the Demiinovska Ice Cave (Slovakia)

Abstract: Demiinovska Ice Cave is one of the two caves with the greatest ice accumulation in
Slovakia. Besides the ice monolith, there are various ice forms whose range of occurrence and
duration depend on the heat exchange in the cave system. The specific character of air circulation
between the cave and its external surroundings is essential for this exchange. It determines the
degree of cooling of the cave in the winter and the duration of ice ablation period. Documenting
development and degradation of ice forms since March 2003 and monitoring temperature of the
cave air since November 2001 made it possible to compare changes in the range of these forms in
relation to the parameters characterising thermal conditions in the cave.

Key words: Deminovska Ice Cave, thermal conditions, ice forms

INTRODUCTION

Selected issues referring to thermal conditions of formation of ice phenomena in ice
caves were discussed in literature in papers on: the Dobsinska Ice Cave in Slovakia (Strug
et al., 2004; Pflitsch et al., 2007), the Ice Caves in Baikal region in Russia (Trofimova,
2007), the Monlési Ice Cave in Switzerland (Luetscher, 2005) and the Scarisoara Ice
Cave in Romania (Racovitd and Onac, 2000; Persoiu, 2005).

So far, the issues of the thermal conditions of time and spatial changeability
of the range of occurrence of ice forms in the Deminovska Ice Cave have not been
analysed. The main researchers of the cave in the 20" century were: Droppa (1957),
Otruba (1957, 1971) and Hala§ (1983, 1984) — focused on general characteristics of the
atmospheric, morphological and lithological environment, and reasons of cave icing.
The most important element, in our opinion, connected with the thermal conditions of
ice phenomena formation was included in the researches of Halas (1984). Between 1970
and 1982 he generally assessed the size and permanence of the ice filling in the cave
and emphasised that this filling depends on the thermal conditions in winter. All the
above-mentioned researches also noted another important fact during their researches:
namely, they described the character of occurrence (permanent or seasonal) of ice forms
in particular chambers of the Deméanovska Ice Cave.
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In March 2003 the climatic and ice environment of the Demédnovska Ice Cave was
included in the researches again after 20 years (Strug et al., 2006; Piasecki et al., 2007;
Strugand Zelinka, in press). Identification of interrelations between the course of seasonal
and annual changes of the range of occurrence of the ice forms in the cave and the
thermal conditions inside and in its surrounding constituted especially important issue.
For this reason, all ice forms occurring in the cave were documented in reference to time
and space. The achieved results were juxtaposed with data gained from the monitoring
of the air temperature inside the cave and in its surrounding (Zelinka, 2002).

As the Deminovska Ice Cave is reactive to any changes in the climate and ice
environments, a detailed description of ice forms arrangement at the beginning of the
21* century in comparison to the second part of the 20" century seemed to be equally
important.

Legend:
’.ﬁ cave +**..o surface periodical river Nbs

g’ contour line N\~ cave river

= 0 200 400 600 800m ;
—  surfer river N _ cave river on several levels e W

Fig. 1. The Deminovska Ice Cave in the system of the Deménovska Caves — plan (source: Bella, 1998)

CAVE AND ICE FORMS

Cave .
The Deménovska Ice Cave (Slovakia) is situated in the Deménovska Valley (The Low
Tatra Mts.) and is a part of the Deménovska Caves System (Fig. 1). The cave (Fig. 2) is
located on the right slope of the Demé@novska Valley, 90 meters above its bottom and 840
meters above the sea level. The length of cave tunnels is 1750 meters, with denivelation
ranging as high as 57 meters. Various ice forms cover a significant part of the cave (Fig.
3a—d). The arrangement of forms in the cave depends primarily on the spatial diversity
of the thermal conditions inside. These conditions are determined mostly by intensity
and ceaseless of inflow of the cooling valley air into the cave in the winter and the course
of the air circulation inside. The course of the air circulation inside the Deminovska Ice
Cave is affected mainly by: the morphology of the cave and location of the opening holes
(Droppa, 1957; Otruba, 1957, 1971; Halas, 1984; Piasecki et al., 2007).

Ice forms

Permanent ice filling (ice monolith — Fig. 3a) spreads over 150 m of length and
occurs mainly in two chambers: Kmetov dom and Vel’ky dom (Strug et al., 2006; Fig. 2).
The average area of the ice monolith reached 1150 m? between October 2003 and October
2007, whereas the volume was 905 m?, and its thickness 0.75 m (Strug and Zelinka, in
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Fig. 2. The location of measurement points of air and rock temperature in the Deminovska Ice Cave

press). The age of the bottom ice was assessed to be ca. 400 — 500 years old (Droppa,
1957).

Also other ice forms occur seasonally or sporadically in the cave. These forms are:
ice columns (Fig. 3b), ice stalactites (Fig. 3c), ice stalagmites (Fig. 3d), cave walls ice,
frostwork, ice lakes, soil ice and snow which occurs in the closest vicinity of the opening
hole (Exit).

Ice zones

Three ice zones and one zone without any ice were distinguished on the basis of the
observations of the changes of the ice forms coverage and permanence between 2003
and 2007 (Piasecki et al., 2007). The maximum (horizontal and vertical) range of the
isotherm 0.0 °C determined the line of occurrence between 2003 and 2007 of all three
ice zones (Fig. 4a, 4b). The distinguished zones were characterised by:

[ ice zone — permanent occurrence of the ice forms (mainly the ice monolith), despite
of their slow degradation;
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A. Ice monolith B. Ice column

C. Ice stalactites D. Ice stalagmites

Fig. 3. The chosen ice forms in the Deménovska Ice Cave. (Photo: K. Strug, R. Szmytkie)

11 ice zone — seasonal occurrence of ice forms (ice stalactites, ice stalagmites and
other) excluding extremely warm winters as in: the winter season of 2006/2007;

111 ice zone — sporadic occurrence of ice forms during very chilly winters as in: the
seasons 2004/2005 and 2005/2006;

IV zone — lack of occurrence of any ice forms (Fig. 4a, 4b).

RESEARCH METHODS

Measurements of ice forms

The analysis of the range of occurrence of the ice forms between March 2003 and
September 2007 were based on regularly conducted measurements (at intervals of
2 — 3 months). The range of measurements encompassed:

— mapping changes of the range of occurrence of the ice forms;

— quality and quantitative recording of all ice forms;

— morphometric measurement of selected ice forms and photographic documentation
of their development and degradation.

In total, 24 measurements were conducted in the research period. Every measurement
lasted several hours. The scope of these measurements includes all accessible fragments
of the cave, where any ice forms could occur. The measurements were conducted in the
following characteristic moments of the ice forms developmentand degradationin the cave:

— in winter, when the ice forms development starts (18. 12. 2003, 18. 01. 2005, 8. 12.
2005, 9. 02. 2006 and 12. 02. 2007);
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Fig. 4. The range of occurrence of ice zones in the Deménovska Ice Cave in years 2003 — 2007 — cross section
(A) and plan (B)

— in spring, when the greatest development of ice forms is recorded (7. 03. 2003,
30. 03. 2003, 2. 05. 2003, 3. 03. 2004, 6. 05. 2004, 15. 03. 2005, 21. 05. 2005 and 5. 05.
2006);
— at the beginning of summer, when the ice forms degradation period starts (22.07.
2003, 9. 07. 2004, 27. 07. 2005, 5. 08. 2006 and 3. 06. 2007);
— in autumn, when progressing degradation or total decay of ice forms is recorded
(10. 10. 2003, 26. 09. 2004, 29. 10. 2004, 29. 09. 2005, 26. 10. 2006, and 5. 09. 2007).
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Measurements of temperature

The monitoring of the air temperature in the surrounding and inside the Demédnovska
Ice Cave has been conducted since 2001 by means of over ten automatic recorders (Fig. 2)
”Black box” type by COMET SYSTEM LTD (Zelinka, 2002). The air temperature
was recorded at one-hour intervals. The 24 hours, monthly and half a year average air
temperature measured from November 2001 to April 2007 were the basis of the study.
All drawings illustrating the course and the distribution of the air temperature were
prepared for the air layer close to the floor of ca. two meters, the layer in which the
measurement points are located. This layer contains the majority of permanent and
seasonal ice forms in the cave.

In the diploma there were also the results of regular (every 1 —2 week) temperature
measurements of the cave orogen from the period of December 2005 till September 2007
(Fig. 2).

As a result of the course of the air temperature changes and development of the ice
phenomena in the cave one hydrological year (from November to October) was assumed
to be the unite of measure in the analysis.

Period of “potential“ development and permanent degradation of ice forms

As the ice forms development is conditioned by the air temperature remaining at the
level of < 0.0 °C, the hydrological year was divided into two periods:

1. ,,Potential™;

2. Of permanent degradation of ice forms.

The first day of the hydrological year, on which the 24-hours mean air temperature
was < 0.0 °C, was assumed to be the beginning of the “potential” period of the ice forms
development in a given fragment of the cave. Analogically, the end of this period was
marked by the last day with the 24-hours mean air temperature < 0.0 °C. The “potential”
period is characterised primarily by days whose air temperature < 0.0 °C (being
favourable for the ice forms development), whereas to lesser degree, by days whose
air temperature > 0.0 °C (conditioning the degradations of these forms). The factual”
development of the ice forms in the “potential” period is specified by the number of days
whose air temperature <0.0 °C. The last day, on which the 24-hours mean air temperature
was < 0.0 °C, proceeded the first day of the period of permanent degradation of the ice
forms. This period was characterised by regular occurrence of the 24-hours mean air
temperature > 0.0 °C. The period of permanent degradation ended with the first day
of the “potential” period of the ice forms development.

It should be emphasised that the distinguished periods: “potential” and “factual”
favoured the ice forms development and are of conventional character. The periods were
favourable, for ice forms need not only air temperature < 0.0 °C to develop but also the
infiltrating water inside a cave.

RESULTS

Influence of the air circulation in winter season on the ice forms occurrence

The results of the air temperature monitoring indirectly indicate that the cool air
flows nowadays into the Deminovska Ice Cave in winter season exclusively through
the opening hole (Exit) and the Strkovy dom hall (Fig. 5a, 5b). The cool air flowing
into the cave enters first the Vel’ky dom and Kmetov dom chambers and undergoes
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gradual transformation. Morphology and severe freezing of the Velky dom and Kmetov
dom halls favour permanent occurrence of the ice monolith inside them (Droppa, 1957;

Otruba, 1957, 1971; Halas, 1984; Strug et al., 2006; Piasecki et al., 2007).

The transformedair flowing out of the Kmetov dom chamber freezes the Belovdomand
Halagov dom halls and the Cierna galéria corridor to a lesser degree. During the chilliest
winters (as in 2005/2006) the penetration of the cool air reaches as far as the Janosikov dom
chamber. Such a course of the air circulation in the winter period determines permanent,
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Fig. 5. The scheme of air circulation in winter time in the Deminovska Ice Cave — cross section (A) and

plan (B)
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seasonal, or sporadic occurrence of the ice forms in a profile: Exit — Strkovy dom — Vel'ky
dom — Kmetov dom — Belov dom — Cierna galéria — Janosikov dom. At the same time,
the relatively warmer cave air flows out through the Medvedia chodba corridor and the
Old Entrance located slightly higher than the Exit (Otruba, 1957, 1971; Halas, 1984;
Piasecki, et al., 2007; Fig. 5a, 5b). In this part of the cave no ice forms are recorded.

Observations conducted by Otruba (1971) and Hala$ (1984) in the 1970s and 1980s
reviled that the exchange of the air between the cave and its surrounding in the winter
half-year was similar as in the aforementioned description (Otruba, 1957, 1971; Halas,
1984; Piasecki et al., 2007). The ice forms arrangement observed at that time was very
similar to the contemporary arrangement. This is confirmed by Hala$ (1984) in his
publication. Between 1970 and 1982 he found permanent cave ice in two chambers:
Vel'ky dom and Kmetov dom and recorded seasonal occurrence of the ice forms in the
Strkovy dom, Belov dom and Halagov dom halls and Cierna galéria corridor. However,
he did not record any ice forms in the Medvedia chodba corridor and in the area of the
Old Entrance.

At the beginning of the second half of the 20" century exploratory actions took place
and disturbed the morphology of the cave (Bocéek, 1954; Benicky, 1957; Droppa, 1957,
Otruba, 1957, 1971; Halas, 1984). As a result of these actions in the 1950s and 1960s the
circulation of the cool air in the winter half-year took place in a different manner than
the circulation observed by Otruba (1971) and Halas (1984). The principal difference lay
in the fact that the cool air flowed into the cave in the winter period both through the
Exit, and the Old Exit (now blocked, Fig. 5a), as well as through the Old Entrance located
significantly higher (Droppa, 1957; Otruba, 1957, 1971; Halas, 1984; Piasecki et al.,
2007). Such a pattern of the air exchange caused freezing of all three areas located close
to the openings, the Strkovy doém, Velky dom, Kmetov dom, Dém trosiek, Belov dom,
Halasov dom chambers and the Cierna galéria and Medvedia chodba corridors. After
very chilly winters (as in 1953/1954) the penetration of the cool air reached the Janosikov
dom chamber (Droppa, 1957). As a result, the ice forms of the seasonal or sporadic
character occurred in all corridors, halls, and close-to-the-openings areas mentioned
above. These forms started to develop after first spring thaw, that is, in March and April
(Droppa, 1957). Whereas, a permanent deposit of ice was recorded only in the Velky
dém and Kmetov dém halls (Droppa, 1957; Otruba, 1957, 1971).

The character of the air circulation before 1950 remains unknown. It is known,
however, that the permanent deposit of ice was recorded inside the Deminovska Ice
Cave (mainly in the Kmetov dom chamber) long before 1950 (Droppa, 1957). Assuming
that the cave’s morphology was not disturbed in this time, we think that the course of
circulation and the arrangement of the ice forms most probably were similar to current
conditions.

Summarising, we assume that the arrangement and character of the ice forms
occurrence has not changed since the moment of the cave discovery in 1719 — with the
exception of the 1950s and 1960s. Most probably, the ice monolith has been always
situated in the same place that is in the Kmetov dom and Vel'ky dom chambers.

Thermal conditions in winter half-year

The air circulation of the cave in the winter half-year determines the distribution
of the air temperature inside. The average distribution of the air temperature in the
cave during the hydrological years 2001/2002 — 2006/2007 indicates that the cave has
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such thermal conditions which favour both the development (winter half year — from
November to April, Fig. 6a) and degradation (summer half year — from May to October,

Fig. 6b) of the ice forms.

The distribution of the air temperature in the cave in the winter half-year proves that
the Strkovy dom, Vel’ky dom and Kmetov dom (Fig. 6a) chambers are the most favourable
places for the development of the ice forms. During the hydrological years 2001/2002
~2006/2007 the average air temperature in the winter half-year was < 0,0 °C in the area
of these chambers (Tab. 1). The Strkovy dém, Velky dom and Kmetov dom chambers
were recorded to have the lowest 24-hours and monthly averages of the air temperatures

in comparison to the remaining part
of the cave (Tab. 1). The conditions
favouring the seasonal development of
the ice forms also pervaded between the
Belov dom chamber and Cierna galéria
corridor. The average temperature of the
air in the winter half-year in this part
of the cave was > 0.0 °C, but < 1.0 °C
(Fig. 6a, Tab. 1). In the remaining area
(Jazerna chodba and Medvedia chodba
corridor, Zavratovy dom and JanoSikov
dém hall and Old Entrance) the average
temperature of the air in the winter
half-year was > 1.0 °C (Fig. 6a). In the
examined period no ice forms were
recorded in these areas of the cave.

Hence, it can be generally assumed
that the average range of the isotherm
1.0 °C in the winter half-year divides the
areas of periodic icing from those with
no ice with high precision.

The episodes of cooling in the
cave surrounding in the winter half-
year varied in each chamber in the
Strkovy dém — Kmetov dom — Belov
doém — Janosikov dom profile. The most
noticeable changes of the air temperature
were recorded in the Strkovy dém hall
(Piaseckietal.,2007). In the hydrological
years2001/2002-2006/2007 the average
daily temperature of air in this hall often
exceeded —2.0 °C, and sometimes even
—-5.0°C (Fig. 7). In the Kmetov dom
chamber the average daily temperature
of the air varied around —1.0 °C, and in
the Belov dom hall it dropped slightly
below 0.0 °C. In the examined period no

500 m

400 m

Janosikov dom
300 m

100 m

400 m

Janosikov dom
300 m
Temperature [°C]

AN

500 m

om-t T
om 100 m

T

200 m 300m 400 m

Fig. 6. The distribution of mean air temperature in
winter half-year (A) and summer half-year (B) in the
Deminovska Ice Cave in hydrological years 2001/2002
—2006/2007
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penetration of the cool air temperature < 0.0 °C was recorded in the back areas of the
Janosikov dom hall (Fig. 7).

In the hydrological years 2001/2002 — 2006/2007 the average number of days of air
temperature < 0.0 °C conditioning the ice forms development was significantly diverse
and located within the range from zero in the area with no ice forms (as in Old Entrance,
Medvedia chodba corridor, Janosikov dom hall) to 170 days in the Vel'ky dom chamber
(Fig. 8, Tab. 2). On the average 137 days of air temperature < 0.0 °C were recorded in the
central part of the Kmetov dom chamber (Tab. 2) containing over 50 % of the ice mass
(Strug et al., 2006).

According to Table 2, the best thermal conditions favouring the development of the
ice forms occur in January and February, and later in December, March, and April. They
favour mainly the ice forms development in the Strkovy dom, Velky dom and Kmetov
dém halls, whereas in the Cierna galéria corridor — to a lesser degree. The greatest
probability (the number of days whose air temperature < 0.0 °C in a given month in
relation to all days of the month) of occurrence of favourable thermal conditions for the
ice forms development in the cave in the examined period was recorded in February.
This probability was assessed on the level of 82 % in Kmetov déom hall in this month,
whereas in the Cierna galéria corridor — of 43 %.

Table 1. The winter half-year, the lowest monthly and the lowest 24-hours mean air temperature in the
longitudinal profile of the Deminovska Ice Cave (Outside — Kmetov dom — Janosikov dom) in hydrological
years 2001/2002 — 2006/2007

Chamber
Hydrological & , | Kmetov | Kmetov o
Parameter year (XI - X) | Outside Stél(;(r)g/y dém dém %‘2::1‘/ C;fér:iz Janosikov
(centre) | (NW) & dém
Winter halfe 20052006 | 08 24 -0,7 -0,4 0,0 0,3 1,0
year i )
(XI-1V) 2006/2007 2,9 1,0 0,0 0,5 0,8 1,1 157
mean air
temperature 2001/2002 —
[°€] 2006/2007 0,2 -1,3 -0,4 -0,1 0,3 0,6 1,3
2005/2006 -5,5 -5,8 -1,6 -1,1 -0,6 | —03 0,5
The lowest - :
meniiily 20062007 | 03 | —03 | -0l 03 | 05 | 07 1,4
mean air
temperature
[°€] 2001/2002 B B B B -
—2006/2007 4,2 4.4 1,2 0,7 0,3 0,0 0,8
2005/2006 -17,0 -17,3 -4,2 -2,6 -2,0 | -1,6 0,2 |
The lowest |
24-hours | ‘
s 2006/2007 -8,1 —-6,7 -1,0 -0,3 -0,2 0,1 1,0 |
mean air
temperature )
[°C] 2001/2002 B K P ; B B ;
20062007 12,9 11,8 3,1 1,7 1,3 0,9 0,5
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Table 2. The average number of days in a month with temperature < 0.0 °C in longitudinal profile of
the Deminovska Ice Cave (Outside — Kmetov dom — Janosikov dém) in hydrological years 2001/2002

—2006/2007

Month

Chamber

Strkovy

Outside dén

Kmetov dom
(centre)

Kmetov dom
(NW)

Belov
dém

Cierna
galéria

Janosikov
dom

November

4

22

20

| December

January

24

25

February

18 21

23

March

20

April

21

May

12

June

July

August

September

o | oo | o || v

October

W o | o || v

o |l |||l |Oo|WwW |2

o |lo|lo|jlo|lc|lo|loc|lo|o|lo || O

Hydrological
year (XI - X)

102

137

I
S

22,0

20,0

18,0

16,0

14,0

12,0

10,0

8,0

6,0

Temperature [° C]

4,0

2,0

0,0
-2,0

4,0

-6,0

1-11
1-12

g g g 3 3 g s 8 8
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Outside — Strkovy dém Kmetov déom = = = Belovdém - - - Janosikov dom
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Fig. 7. The average course of 24-hours mean air temperature in longitudinal profile of the Demanovska Ice
Cave (Outside — Kmetov dom — Janosikov dom) in hydrological years 2001/2002 —2006/2007
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Fig. 8. The average number of days with air temperature < 0 °C in the Deminovska Ice Cave in hydrological
years 2001/2002 —2006/2007

The number of months during which the days of air temperature < 0.0 °C were
recorded varied in particular halls. The highest number, i.e. 9 months is observed in the
Kmetov dom hall. The lowest number, i.e. 5 months, is observed between the Belov dom
hall and Cierna galéria corridor (Tab. 2).

The “potential” period of the ice forms development in the winter half-year was
clearly longer in each chamber (excluding the Janosikov dom hall) in comparison to the
“factual” period (the number of days of air temperature < 0.0 °C; Tab. 3). The greatest
differences between these periods were recorded in the Cierna galéria corridor, whereas
the smallest differences occur in the NW fragments of the Kmetov dom chamber and in
the Belov dom hall.

Thermal conditions in summer half-year

The influence of the ambient temperature on the air temperature inside the cave
is significantly lower in the summer half-year. Such difference results from hindering
(or lessening) of the exchange of the air between the cave and the surrounding (Piasecki
et al., 2007). As a result of the continuous warmth supply from an orogen, the average
of T>0.0 °C was observed in the summer half-year in the entire area of the cave (Fig. 6b).
Such thermal conditions favoured the ice forms degradation.
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Table 3. Number of days: with temperature < 0.0 °C, of “potential” period and of permanent degradation period and the share of days with air temperature < 0.0 °C during
the “potential” period in longitudinal profile of the Deménovska Ice Cave (Outside — Kmetov dom — Janosikov dém) in the hydrological year 2005/2006 and 2006/2007 and
in hydrological years 2001/2002 —2007/2006

Chamber
Earamgter Hydrological year (XI-X) Outside Seleov i Kmetov dom  Kmetov dom Belov Cierna Janosikov
¥ (centre) (NW) dom galéria déom
2005/2006 109 129 233 149 91 69 0
Number of days with
temperatore T-<0.0°C 2006/2007 35 43 49 6 2 0 0
2001/2002 —2006/2007 87 102 137 93 58 40 0
2005/2006 140 144 343 157 100 88 0
HHiembenaluiy, o 2006/2007 127 124 126 6 2 0 0
potential” period
2001/2002 —2006/2007 143 149 197 102 69 62 0
2005/2006 207 204 3 160 216 221 365
Numbergfdeys 2006/2007 241 241 238 274 276 365 365
of permanent degradation period .
2001/2002 —2006/2007 216 209 145 211 238 256 365
2005/2006 78 90 68 95 91 78 0
Share of days with
temperature < 0.0 ° C during the 2006/2007 28 35 39 100 100 0 0

“potential” period [%]
2001/2002 —2006/2007 61 68 71 91 83 65 0



The course of the average daily temperature of air in the summer half-year in the
Strkovy dom chamber was characterised by a stable increase reaching the level of 4.0 °C
in September and October (Fig. 7). In the iced Kmetov dom hall the average temperature
of the air in the summer half-year remained on the level of 0.2 °C, as a result of the ice
monolith presence, for the warmth emitted by the cave orogen, tourists, and dripping
water was used for its ablation. In the Belov dom and Janosikov dém hall the average
temperature of the air in the winter half-year remained on the level of 2.0 °C (Fig. 7).

The length of the period in which the ice forms degraded (Tab. 3) was directly
connected with the length of the “potential” period and varied: from 145 days in the
Kmetov dém hall to 365 days in the cave areas with no ice (as in Old Entrance, Medvedia
chodba corridor, Janosikov dom hall). The period between May and September is the
time of permanent degradation of the ice forms in the entire cave area except the Kmetov
dom and Velky dom halls (Tab. 2).

Range of occurrence of ice forms

The range of occurrence of the ice forms in the cave profile: Strkovy dom — Vel'ky
dom — Kmetov dém — Belov dom — Cierna galéria — Janosikov dom between 2003 and
2007 was very different. Two winter half-years, being significantly different from the
thermal point of view, inside the cave and in its surrounding determined this difference
to the greatest extent. Namely, very freezing winter half-year during the season
of 2005/2006 (Tab. 1) and an extremely warm winter half-year during the season of
2006/2007 (Tab. 1); they were the chilliest and warmest winter half-years recorded from
the beginning of the measurements of the air temperature in November 2001. The lowest
24-hours and monthly temperatures of the air in the longitudinal profile of the cave
significantly diverged in the examined winter half-years from their average values in the
years of 2001/2002 — 2006/2007 (Tab. 1).

In the hydrological year 2005/2006 the number of days with air temperature < 0.0 °C
in each distinguished chamber of the cave was significantly higher in comparison to the
average value in the years 2001/2002 —2006/2007 (Tab. 3, Fig. 9a, 9¢). The same referred
to the length of the “potential” period, resulting in the shorter permanent degradation
period of the ice forms (Tab. 3). Whereas the number of days with air temperature < 0.0 °C
in every chamber was significantly lower in comparison to the average value in the
hydrological year 2006/2007 (Tab. 3, Fig. 9b, 9¢). The period of permanent degradation
of the ice forms was clearly longer in comparison to the hydrological year 2005/2006
(Tab. 3).

Changeability of these thermal conditions during such extreme winters extremely
affected the temperature of the cave orogen (Tab. 4). The lengths of the freezing periods
of the cave orogen in the cave iced chambers in the winter half-year of 2005/2006 and
2006/2007 were incomparable (Tab. 4). Differentiated cooling of the cave orogen during
the discussed winter half-years significantly affected the range of occurrence of the ice
forms.

In the winter half-year 2005/2006 the ice forms were recorded to be at the length
of 410 m (Fig. 10a). Their development reflected the exact direction, in which the cool
air flowed into the cave in the winter period (Fig. 5a, 5b), i.e.: from the Exit through
the Strkovy dom, Velky dém, Kmetov dom and Belov dom chambers to the end of the
Cierna galéria corridor. The first ice forms could “potentially” develop in the second
half of November in the area directly adjacent to the Exit (Fig. 10a). As freezing of the
cave interior progressed the scope of the ice forms gradually increased. The widest range
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Fig. 9. The occurrence of days with air temperature < 0.0 °C and > 0.0 °C in longitudinal profile of the
Deminovska Ice Cave (Outside — Kmetov dom — Janosikov dom) in the hydrological year 2005/2006 (A), in
the hydrological year 2006/2007 (B) and in hydrological years 2001/2002 — 2006/2007 (C)

of the ice forms occurrence in the cave was recorded at the beginning of February 2006
(Fig. 10a). As a result, the period of gradual freezing of the cave at the length of 410 m to
air temperature < 0.0 °C in the winter half-year 2005/2006 lasted 3 months.

Due to severe freezing of permanently iced chambers (Fig. 9a, Tab. 1, 4), the period
of permanent degradation of the ice forms began 3 —4 months later (June, J uly) in relation
to the area between the Belov dom chamber and Cierna galéria corridor (Fig. 11a). Total
decay of the ice forms in the Belov dom — Cierna galéria — Janosikov dom profile was
recorded towards the end of June 2006. Despite slow degradation in the summer half-
year 2005/2006, year-long occurrence of the ice forms (mainly the ice monolith) in the
area of the Vel’ky dom and Kmetov dom chambers was recorded (Fig. 12a).

In the winter half-year 2006/2007 the ice forms were recorded to be only at the
length of 175 m (Fig. 10b). The ice forms development was recorded only in Strkovy dém
— Vel'ky dom — Kmetov dom section. The period of cave freezing at the length of 175 m to
air temperature < 0.0 °C in the winter half-year 2006/2007 lasted ca. 2 months. The first
ice forms could “potentially” develop in the first part of December in the area directly
adjacent to the Exit, whereas the last forms developed at the beginning of February in
the NW and SE fragments of the Kmetov dom chamber (Fig. 10b).
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Table 4. 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

Chamber
Winter half- Strkovy dom Kmetov ({er ‘ Cierna galéria
Parameter
year (XI=IV) | s¢m | 135e¢m | Sem | 135em | 5em | 135¢m
2005/2006 -19 -4,9 -2,6 -1.4 -0,4 0,4
The lowest measured o
temperature of the rock [°C] 2006/2007 2,2 -0,2 0,0 0,1 1,2 } 1,6
2005/2006 5 5 5.5 6 Va 0
Number of months with
rock temperature < 0,0°C 2006/2007 1 V23 Ya 0 0 0
Strkovy dom [Serkavs dom

Verky dom Verky dom
Entrance

i | Exit

Old Entrance
Medvedia chodba

Old Entrance

Medvedia chodba
Halaov dom

Cierna galéria | o 4 Sa ierna galéria

T L Kmetov dom @ — Kmetov dom
Al \ B
S
Jinosikov dém N ) N
Legend: Legend:
15. November Zivrtovy dém 15. November Ya) Zivrtovy dém
1. December 1. December
15. December '~ 15. December
1. January Jazerni chodba 1. January Jazernd chodba
15. January 15. January
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0408010 160 200
15. February — el

Fig. 10. The “potential” beginning of the ice forms development in the Deminovska Ice Cave and their
maximum range of occurrence in the winter half-year 2005/2006 (A), in the winter half-year 2006/2007 (B)
and in winter half-years 2001/2002 —2006/2007 (C)

As a result of poor freezing of cave interior (Fig. 9b, Tab. 1, 4), the period of the
permanent degradation of the ice forms began unusually quickly in the Kmetov dom
and Vel'ky dom halls, i.e.: 3 months faster in comparison to the season of 2005/2006
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Fig. 11. The beginning of the constant degradation of the ice forms in the Deminovska Ice Cave and their
maximum range of occurrence in the winter half-year 2005/2006 (A), in the winter half-year 2006/2007 (B)
and in winter half-years 2001/2002 — 2006/2007 (C)

(Fig. 10, a, b). The total decay of the ice forms was recorded in much wider area of the
cave in relation to the season of 2005/2006 (Fig. 12a). Probably, at the beginning of 2008
the area of the ice monolith in the Kmetov dom and Vel’ky dom halls will be smaller than
between August and September of 2007 (Strug and Zelinka, in press).

Between 2003 and 2007 the ice forms were recorded to be at the length of 330 m
on the average (Fig. 10c). The ice forms development was recorded in the Strkovy
dom — Kmefov dom — Belov dom — Cierna galéria profile. The first seasonal ice forms
developed “potentially” in the Strkovy dom — Kmetov dom profile at the beginning of
December. However, in the Cierna galéria corridor they appeared at the end January
(Fig. 10c). The average period of cave freezing at the length of 330 m to air temperature
<0.0 °C lasted ca. 2 months.

The beginning of the permanent degradation of the ice forms in the Velky dom
chamber fell on May, whereas in the Cierna galéria corridor in March (Fig. 11c). The total
decay of the ice forms in the Cierna galéria corridor was observed usually in April.
In a large area of the Velky dom and Kmetov dom chambers, however, the ice forms
(mainly the ice monolith) were recorded to last throughout the year (Fig. 12¢).

The degradation of ice forms in the cave horizontal profile in the summer half-year
was the strongest from the direction of the Exit and the Strkovy dom hall, as well as

157



Strkovy dom

- Verkg dém
Entrance Exit

Old Entrance Belov dém
Medvedia chodba
Halaloy dom

Cierna galéria
LB 0™ Kmetov dim

Janosikov dom N
Legend:
W March-April
B May-June Zavrtovy dom
B July-August
Bl September-October Tuzernd haibe

November-December
Permanent occurrence of ice forms ¢ “ " 120 160 ;.

Strkavy dém

2 Verky dom
Entrance

Old Entrance
Medvedia chodba

0 3 Sm

B “ e Kmet'ov dim

| . .
Legend: N

B March-April

Wl May-June Q) Zivrtovy dom

B July-August

E#8  September-October Jazerni chodba

2 November-December

?  Permanent occurrence of ice forms [} 40 80 120 160 200m

VeTky dom

Entrance Exit

Old Entrance Belov dém

Medvedia chodba )
HalaSoy dém

Cierna galéria .
B ™ Kmetoy dom

o FR)
Janotikov dom )

Legend: ?
March-April
May-June 1) Zivrtosy dom
July-August Q“\

September-October Jazerni chodba
November-December

—_——

i

Permanent occurrence of ice forms ¢ 40 80 120 160 200m
e —— .

the fragments of the cave having no
ice (Medvedia chodba corridor and
Janosikov dom hall) (Fig. 11a—c, 12a—c).
However, in the vertical profile this
process took place in the direction: from
the ceiling to the floor of the cave.

According to the figures 10a—c,
the range of the ice forms occurrence
diverged more from the usual condition
in the extremely warm winter half-
year (2006/2007) in comparison to
the extremely chilly winter half-year
(2005/2000).

Development and degradation
of a selected ice form

The change dynamics presented
above in reference to the range of
occurrence of the ice forms did not
generally affect the arrangement of the
seasonal ice forms. In the examined
period the selected ice forms were found
actually in the same places. Nevertheless,
the morphology of the seasonal ice forms
was characterised by very dynamic and
individual growth or loss of the ice
mass in particular hydrological years,
mainly as a result of changeable thermal
conditions.

In the major part of the area little
ice forms underwent a total degradation
until the end of August (Fig. 12a—c).
The biggest ice forms (ice columns
and ice stalagmites) were recorded to
develop throughout the year — mainly
in the Kmetov dom hall. Only at the
beginning of the following winter half-
year total decay of the biggest ice forms
were recorded if any. An ice column
located in the central part of the Kmetov

Fig. 12. The period of the total degradation of the ice
forms in the Deménovska Ice Cave and their maximum
range of occurrence in the winter half-year 2005/2006
(A), in the winter half-year 2006/2007 (B) and in winter
half-years 2001/2002 — 2006/2007 (C)

doém chamber constitutes an example
of such a form. The seasonal dynamics
of the morphological changes in this form
was very characteristic. It underwent
a total decay actually at the beginning of
every hydrological year. Whereas, in spring it became recreated to reach its maximum
size (its diameter — ca. 60 cm, and circumference — ca. 200 cm; Fig. 13).
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Fig. 13. The development and degradation of a selected ice column in the Deménovska Ice Cave in the period
from May 2003 to October 2007. (Photo: K. Strug, T. Sawinski)
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SUMMARY

The above study extensively documents the time and spatial changeability of the
range of occurrence of the ice forms in reference to the course of the thermal conditions
in the Deminovska Ice Cave surrounding and inside between 2003 —2007. The presented
results indicate the seasonal changeability of the range of the ice forms occurrence and
a distinct dynamism of their development and degradation is a permanent feature of this
cave. Individual ice forms were found actually in the same places, whereas the changes
of their scope took place exclusively in the Strkovy dém — Velky déom — Kmetov dom
— Belov dom — Cierna galéria — Janosikov dom profile.

Basing on the bibliographic materials and completed researches, we assume that the
arrangement and character of the ice forms occurrence has not changed substantially
since the moment of cave discovery in 1719 — with the exception of the 1950s and 1960s.
Different arrangement of the seasonal ice forms between 1950s and 1960s referred to
the change of the course of the air circulation in the cave. This change was caused by
the human who disturbed the cave’s morphology. Whereas, the ice monolith has been
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most probably always situated in the same places i.e. in the Kmetov dom and Velky dom
chambers.

To sum up, we establish the following facts on the basis of the collected measurement
materials:

The ice forms development reflects the exact direction, in which the cool air flowed
into the cave in the winter period, i.e.: from the opening hole (Exit) through the Strkovy
dom, Vel'ky dom, Kmetov dom, Belov dom chambers to the end of the Cierna galéria
corridor.

The best thermal conditions favouring the development of ice forms are found in the
Velky dom and Kmetov dom chambers, whereas the least favourable conditions were
recorded in the Cierna galéria corridor.

The most opportune months for ice forms development are: January, February, then
December, March, and April.

The beginning of ice forms development and decay in individual parts of the cave is
closely connected with the forms location (distance) in relation to the Exit.

The occurrence of the ice forms was recorded at the length of ca. 175 m in the
warmest winter half-year (2006/2007), at the length of 410 m in the chilliest winter half-
year (2005/2006), and 330 m on the average.

The usual “potential” beginning of ice forms development in the Strkovy dom
— Kmetov dém profile falls on the first part of December, whereas in the Cierna galéria
corridor it takes place in the second part of January.

The degradation of ice forms in the cave’s horizontal profile was the strongest from
the direction of the Exit and cave's fragments covered with no ice; this process, however,
took place in the vertical profile in the direction: from the ceiling to the floor of the
cave.

The usual beginning of the degradation of the ice forms in the Vel'ky dom chamber
fell on May, whereas in the Cierna galéria corridor in March.

The usual beginning of the total degradation of the ice forms in the Cierna galéria
corridor was observed towards the end of April; whereas, in a large part of the Vel'ky
dom and Kmetov dom chambers the ice forms lasted year long.

Approximately, the average range of the isotherm 1.0 °C in the winter half-year
divides the areas of periodic icing from those with no ice.
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V. Kristafek, D. Elhottova, I’. Kovaé, A. Chronikova, K. 74k, 1. Sy&tlik: The age of bat
guano heap in Domica Cave (Slovak Karst NP) and electron microscopy of bat excrements

Abstract: Domica Cave is located in the south of the Slovak Karst National Park, eastern Slovakia
(4822836 N, 20°29°09°°E; 339 m a. s. L.). in a large complex of light-colored limestones of the
Triassic Period. The cave contains bat colonies of 20 species. The summer activity of the colonies
is dominated by Mediterranean horseshoe bat (Rhinolophus euryale). Bat droppings accumulate
in the cave in heaps more than one meter high and 3 — 4 m wide on two sites (,,Palmovy haj— Palm
Grove and ,,Siefi indickych pagdd* — Dome of Indian Pagodas). This is residue of great colonies of
Rhinolophus euryale and Miniopterus schreibersii. Bat guano is one of the most important food
sources for cave invertebrates, however little is known about the ecology of it’s use. This paper
investigates the age and structure of different layers of guano as part of an intensive long term
study concerning the microbial colonization of bat guano heap in Palmovy haj. Guano samples
collected from the base of a 105 cm high heap yielded an AMS "“C data of 1055 + 30 yr B.P.
Samples collected 40 cm above the base yielded 250 + 30 yr B. P. The average sedimentation
rate calculated from calibrated age in the heap of 0.99 mm yr' is quite high. Scanning Electron
Microscopy photos (SEM) of bat guano show that the main components are insect fragments
— especially wings parts, wing and leg scales, and bat hairs. Fresh bat guano (0 — 1 yr) contains
a large quantity of fragmented and non-fragmented butterfly/mosquito scales and insect wings
which can be clearly distinguished. Upon investigation using the SEM we can conclude that the
material in bat excrements of this guano heap remains unchanged, and partially cemented after
more than 500, and 1 000 yr respectively.

Key words: karstic caves, AMS "“C dating, bat guano, excrements, butterfly, mosquito, wing
scales, microorganisms, organic material, SEM

UvoD

V jeskyni Domica a okolnich jeskynich NP Slovensky kras probiha dlouholeté
studium trofickych vazeb mezi pidnimi bezobratlymi a mikroflérou. Vysledky studii
ukazuji na velky vyznam trusu netopyrd v potravnim fetézci ZivoCichi v jeskyni
(Elhottova et al., 2004; Kova¢ et al., 2005; Kristifek et al., 2005; Noviékova et al., 2005;
Sustr et al., 2005). Trus se nachdzi v jeskyni jednotlivé, v mensich nahloucenich a na
dvou mistech (Palmovy haj, Siefi indickych pagod) ve velkych kuzelovitych kupach.
Oba objekty jsou mimotadné cenné pro studium sukcese mikroorganismi pii rozkladu
organického materialu za podminek konstantni vihkosti a teploty. K témto ucelim bylo
vhodné uréit stafi a strukturu materialu studovanych vrstev sedimentu kupy guana.
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MATERIAL A METODY

Parametry kupy guana. Natvorbétrusuv jeskyni Domicase mtiize podiletaz20druht
netopyru (Horacek et al., 1979, 1995; Uhrin et al., 1996, 2002; Bobakova, 2002, 2004),
pticemz velké kupy trusu/guana jsou ziejmé pozistatky po masovych koloniich druht
Rhinolophus euryale a Miniopterus schreibersii. Velikost letnich kolonii jednotlivych
druhd v prubéhu tvorby kupy guana mohla kolisat v zavislosti na vnéjSich pomérech
(klima, fluktuace v abundanci populace hmyzu, osidleni jeskyné ¢lovékem, atd.). Podle
naSich hrubych méfeni ze dne 23. zaii 2006 byla vyska kupy guana v Palmovém haji
105 cm. Ovalny tvar kupy mél del$i z parametru zakladny 440 cm a kratsi 350 cm.
Kolem zakladny kupy se nachazel nepravidelny lem v Sifce 40 — 80 cm, ktery byl
tvofen prevazné exkrementy jeskynnich bezobratlych zivocichl (zejména Mesoniscus
graniger aj.), promiseny s podkladovym materialem a se stopami lidské aktivity. Na
vrcholu kupy byl Cerstvy trus viditelny v ovalné plose o délce 210 cm a Sifce 130 cm.

Odbér vzorka guana. Vzorky Gl, G2, G3 a G4 byly odebrany pfi stanoveni
parametru kupy guana dne 23. 9. 2006 a vzorek G5 o mésic pozdéji dne 24. 10. 2006.
Teplota vzduchu byla 10,2 °C a vlhkost 97 %. Vzorky byly lopatkou odebrany z péti mist
kupy: Gl — z povrchu (0 — 3 cm) vrcholu kupy, G2 — z povrchu (0 — 3 ¢cm) boc¢nich stén
kupy, G3 — z hloubky cca 65 cm pod vrcholem kupy, G4 — z povrchu (0 — 3 cm) paty
kupy, G5 — z baze kupy, tedy cca 100 — 105 cm pod vrcholem kupy.

Byl odebran smésny vzorek ze 4 az 5 mist. V pripad¢ hloubkovych odbért (G3,
G5), byla provedena jedna sonda z boku kupy v misté, kde je kupa ¢astecné odtézena.
Lopatkou byl vytvoren tunel o priméru cca 20 a hloubce 40 cm do nitra kupy. Z této
hloubky byl odebran vzorek. Vytézeny material z tunelu byl navracen zpét. Vzorky
guana byly umistény do sterilnich PE sacka.

Vybrané charakteristiky guana. Vlhkost vzorkti se ménila s hloubkou jejich
odbéru a expozici na kupé. Vzorky G3 a G5 byly nejvlh¢i (80 %), oproti tomu vzorek
G1 obsahoval 76 %, G2 78 % a G4 60 % vody. Hodnoty pH/CaCl, ve vzorcich Gl1, G2,
G3 a G5 byly v rozsahu 2,98 — 3,33. Vyssi hodnota pH — 5,37 byla zjiSténa ve vzorku
odebraném na paté kupy guana (G4). Hodnoty poméru C/N byly v rozsahu 8,3 — 12,8,
nejvyssi hodnota 128 byla stanovena ve vzorku G5, nasleduje vzorek G4 (11,8), G2 (8.9),
Gl (8,8) aG3 (8.3).

Stanoveni aktivit “C ve vzorcich guana. Vzorky pro stanoveni aktivit “C byly vysu-
Seny a zaslany k analyze do Poznan Radiocarbon Laboratory, Adam Mickiewicz Univer-
sity, Poznan, Polsko (mezinarodni kdd radiouhlikové laboratofe — Poznamka www. radi-
ocarbon.pl) (Czernik a Goslar, 2001; Goslar et al., 2004). Vzorky s laboratornim kodem
Poz-18867 az 71 byly po prepravé zpracovany laboratorné cestou pfipravy grafitovych
ter¢ikl a méfeny s pouzitim urychlovacové hmotnostni spektrometrie ,,Compact Car-
bon AMS®, USA. Vysledné aktivity "“C byly dle Stuiver-Polachovy konvence vyjadieny
jako konvenéni radiouhlikové stati v letech B. P. (Before Present) a v procentech pMC
(Percentage of Modern Carbon) (Stuiver a Polach, 1977). Ve vysledcich uvadéné nejis-
toty jsou pravdépodobné kombinované nejistoty stanoveni odpovidajici priblizné 68 %
pravdépodobnosti a byly takto interpretovany.

V tabulce 1 kurzivou uvadény odhad stiedniho stari vzorku Poz-18867 byl urcen
se zahrnutim odhadu mistniho vlivu od Suessova efektu. V predchozim radku bylo
sttedni stafi vzorku Poz-18867 odhadnuto za predpokladu zanedbatelného mistniho
vlivu Suessova efektu. Odhad stfedniho stari vzorku Poz-18867 vychazi z predpokladu
homogenniho vzorku.
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Za predpokladu zanedbini dodate¢né vymény uhliku v uloZeném materialu,
vertikalni migrace pohyblivych chemickych forem uhliku a ¢aste¢ného fedéni uhlikem
fosilnim (ptivodem z horninového podlozi a u mladého vzorku rovnéz puvodem od
spalovani fosilnich paliv) byly aktivity "“C interpretovany s pouzitim radiouhlikové
kalibra¢ni kiivky IntCal04 (Reimer et al., 2004). Vysledné kalendafni/kalibrované
staif bylo uvedeno v intervalech let A. D. (naSeho letopoctu), viz tabulka 1. K hlavnim
intervaltim staii vzorki byly prifazeny absolutni pravdépodobnosti P (tj. ptivod vzorku
v jiném obdobi je doplitkem do 100 %) vypoctené z nejistot stanoveni aktivity "“C
a nejistot danych kalibra¢ni kiivkou, nasobené koeficientem 0,95 pro hlavni intervaly
dvé sigma.

Skenovaci elektronova mikroskopie (SEM) exkrementi netopyri. Studium
vzorki Gl, G3 a G5 netopyiiho guana pomoci elektronové mikroskopie bylo
provedeno v Laboratofi elektronové mikroskopie Biologického centra AV CR, v. V. i.
— Parazitologického ustav et al. (2002) a pozorovany elektronovymi mikroskupy JEOL
JSM 6 300 a JEOL JSM 740 IF.

VYSLEDKY A DISKUSE

e

Stanoveni aktivit “C ve vzorcich netopy¥iho gudna

Pro odhad stiedniho stafi nejmladiiho vzorku Poz-18867 (tab. 1) byla pouzita kiivka
aktivit atmosférickéh9 1“CO, sestavena z vysledki dlouhodobého monitorovani na sta-
nici Jungfraujoch ve Svycarsku (Levin a Kromer, 2004). V Tab. 1 je kursivou uvedeno
staii, uréené na zdkladé odhadu opravy na lokalni vlivy od Suessova efektu (snizeni

Tab. 1. Stanoveni stafi vzorkd odebranych z kupy guana v Palmovém héji (jeskyné Domica, NP Slovensky
kras) metodou AMS (Accelerator Mass Spectrometry)

Table 1. Evaluation of the age of samples collected from guano heap in Palm Grove (Domica Cave, Slovak
Karst) by AMS method (Accelerator Mass Spectrometry)

| | Konveneni | yy1.yni interval(y) kalibrovaného / B
Laboratorni | radiouhlikové stafi swbn s oy
2 q kalendainiho stari (Iéta A. D.)
Vzorek ¢islo (roky B. P) . P
; Main interval(s) of
‘ Sample Laboratory Conventional : (%)
. calibrated/calendar age
number radiocarbon age —
‘ (years B. P.) y T
B e 1680 — 1764 32
| G2 Poz-18868 120 + 30 1800 — 1939 62 |
1 1522 - 1574 14
G3 Poz-18870 250+ 30 1626 — 1680 56
1764 — 1800 21
1671 — 1778 40
‘ G4 Poz-18869 135+ 30 1799 — 1892 39
) 1907 — 1942 15
| G5 897 -921 13
| I L SRR 0421024 82
Gl Poz-18867 ‘ 109.51 +0.35 pMC 1995 —2000 85
| | Ty o
Gl Poz-18867 | 110.5+0.7 pMC 1993 —2000 | 80
o | £ : B B

*Misto odbéru vzorki z kupy netopyiiho gudna Gl — G5: viz ,Materidl a metody*
* The sites of collection of samples from bat guano heap G1 — G5: see part “Material and Methods*
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zastoupeni “C v uhlikové izotopické smési vlivem mistniho fedéni fosilnim uhlikem)
(Sueze, 1955).

Ke kalibrovanému/kalendainimu staii vzorku Poz-18868—70 lze prifadit nékolik
blizkych casovych intervall s pfiblizné srovnatelnymi mirami pravdépodobnosti.
Na zakladé radiouhlikového datovani muze byt pivod téchto vzorkd i ve dvacatém
stoleti. Nejednoznac¢nost urceni intervall stafi vzorku je zplsobena kolisanim aktivity
“C v zivotnim prostiedi. Vylou¢it nékteré Casové intervaly plivodu vzorki Ize pouze
s pouzitim dodate¢nych tdaju a jinych datovacich metod.

Priimérna sedimenta¢ni rychlost pro celou kupu guana v Palmovém haji je okolo
0,99 mm za rok. To je podstatné vyssi hodnota v porovnani s udajem Leroy a Simmse
(2006), ktefi uvadéji pro jeskyné jiho-vychodniho Walesu 0,16 mm, nebo jimi citované
rychlosti sedimentace pro jeskyné v Rumunsku a Francii (0,22 — 0,44 mm za rok). Nase
Gdaje jsou ovlivnény kompakei a transformaci materialu kupy. Pro stanoveni presné
sedimentacni rychlosti by bylo tifeba vice
chronologickych dat.

Mikroskopie (SEM)
exkrementu netopyru

Nalezy zbytkl v trusu netopyru uloze-
nych v kupé guana se nedaji pomoci SEM
vzdy dobfe kvalifikovat, proto je zde uva-
dime jako ukazky s pravdépodobnym urce-
nim. Cerstvé exkrementy netopyrii odebra-
né z vrcholu kupy guana (vzorek Gl, stafi
cca 0 — 11 let) obsahuji predev§sim mnozstvi
nahloucenych zbytkG motylich Supinek,
¢asti hmyzich kfidel a nohou (obr. 1A a 1B).
Ve vzorcich exkrementt netopyru depono-
vanych na kupu guana za poslednich pfi-
blizné 500 let (G3), 1ze opét pozorovat velké
mnozstvi nezménénych ¢asti hmyziho téla
— zvlasté kridel, Supinek kfidel a nohou.
Tyto zbytky jsou zde pospojovany chlupy
netopyrl a hmotou neznamého puvodu (obr.
2). Obrazek ¢. 3 odhaluje stav stravenych
hmyzich tél po téméi 1000 letech expozi-
ce guana v jeskyni (GS). Opét jsou velmi
dobfe rozeznatelné casti kiidel se Supinka-

L N
100 WD 23.1mm

LEI 3.0kv X190

Obr. 1A, B. Ukéazka SEM fotografie netopyiiho

guana — vzorek Gl. Cerstvy netopyii trus obsahuje
dobfe rozlisitelné, velké mnozstvi porusenych a ne-
porusenych netopyfich chlupt, motylich/komarich
Supinek a kfidel hmyzu. Zbytky hmyzich tél nejsou
pospojovany jinou hmotou

Fig. 1A, 1B. SEM image of bat guano sample GI.
Fresh bat excrement contains a large quantity of
fragmented and non fragmented bat hairs, butterfly/
mosquito scales and insect wings which can be
clearly distinguished. These insect particles are not
joined by any cement matter

mi (obr. 3A). Fragment hmyziho téla (obr.
3B) pripomina povrch larvy diptery nebo
téla blechy. Na obrazku ¢. 3C jsou zachyce-
ny bud’ zbytky drapkd mouchy, nebo také
chelicery pavouka ¢i maxillipedy stonozky.
Cementace zbytki neznamou hmotou je
zde vSak vyrazna (obr. 3D). Je pravdépo-
dobné, ze hmyz nalezeny v guanovém ma-
teridlu nemusi byt vylu¢né zbytkem potravy
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NONE X 100um

X1300 " 10gm WD 204mm

Obr. 2. Ukazka SEM fotografie netopyfiho guana
— vzorek G3. Piblizné 500 let stary vzorek guana
obsahuje velké mnozstvi nezménénych st
hmyziho téla (vétsinou Supin nohou a kfidel, ¢asti
kiidel). Tyto zbytky jsou pospojovany netopyfimi
chlupy a hmotou neznamého pivodu

Fig. 2. SEM image of bat guano sample G3.
Approximately 500 years old bat guano contains
a large quantity of unchanged insect particles
(mostly scales of legs and wings, parts of wings).
These particles are here cemented by bat hairs and
unknown matter

NONE 3.0kV X1,600 10pm WD 204mm

Obr. 3A, 3B, 3C, 3D. Ukazky SEM fotografie netopyiiho guana — vzorek G5. Obrazky pfiblizné 1000 let
staré¢ho gudna ukazuji nezménéné &asti hmyziho téla (A — motyli Supiny, B — piipomina povrch larvy diptera
nebo t&lo blechy, C — piipomina zbytky t&l much, pavouki nebo stonozek), které jsou v nékterych ptipadech

pospojovany neznamou hmotou (A, D)

Fig. 3A, 3B, 3C, 3D. SEM image of bat guano sample GS. Figures of about 1000 years old bat guano show
unchanged insect particles (A — scales, B — unknown part of insect body, C — fly foot setae?) which are in
some cases intensively cemented by unknown matter (A, D)

netopyrii v jejich trusu, ale mize byt zbytkem jiného pivodu (napf. parazitujici blechy).
Nicméné presvédéivé nalezy zbytki motylich kfidel a Supin v kopé guana ukazuji na
pievazujici potravu R. euryale, kterou jsou pravé motyli, tipule atd. (Goiti et al., 2004).
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Potrava M. schreibersii neni jesté dostate¢né prozkoumana (Boye, 2004). Ze sledu vyse
uvedenych obrazku je vsak ziejmé, ze ¢asti hmyzich tél mohou v podminkach kupy
guana a jeskyné Domica setrvat v nezménéném stavu po velmi dlouhou dobu, v nasem
ptipadé¢ az jednoho tisice let. To se na povrchu nad jeskyni v zddném piipadé nestava.
Jeden z autort této prace napiiklad pozoroval spad mrtvych vcelich tél pod cesnem ula
mnoholetych véelint (vice nez 30 let na jednom misté). K vyraznému hromadéni zbytka
veel v8ak v téchto mistech nedochazelo. Hodnota pH/H,O vzorkii zbytki veel ze spadu,
smichana pfi odbéru s okolni lu¢ni ptidou, byla 5,4 a C/N 3.4 (nepublikovano).

Zakladnim stavebnim komponentem hmyzich tél, kfidel a Supinek nevyjimaje, je
chitin v zakladni hmot¢ (matrix) proteinti (Ghiradella et al., 2000). Chitin patfi k latkam
hiife rozlozitelnym v porovnani napt. s celulézou. Mezi piedni rozkladace chitinu patfi
bakterie-streptomycety, které se bézn¢ nachazeji v pude. Optimalni pH podminky pro
jejich rust a aktivitu jsou v rozsahu pH 6 — 8 (Schrempf, 2006). Takové podminky vsak
uvniti/na kupé guana jeskyné Domica nejsou. Hodnoty pH jsou zde velmi nizké (pH
3). Teprve smichanim exkrementi s vapencovym podkladem na paté kupy guana dojde
ke zvySeni hodnot pH na cca 5 — 6. Tato organicka hmota je intenzivné vyuzivana
plidnimi bezobratlymi jako potrava, zejména dobie viditelnym M. graniger. V misté
paty kupy guana dochazi k hromadéni exkrementt pidnich bezobratlych a k vyraznym
posuntim ve slozeni spolecenstva mikroorganismi. Vysledky studia sukcese puadnich
mikroorganismti a mesofauny uvniti/na povrchu kupy guéna budou predmétem
ptipravované publikace. Unikatni izolaty bakterii-streptomycett ze vzork G1 a G4 jsou
v soucasné dobé testovany na potencialni schopnost produkce antibiotik.

ZAVER

Konvenc¢ni radiouhlikové stafi bazalni vrstvy kupy guana v Palmovém haji, ktera
je pres jeden metr vysoka a 3 — 4 metry Siroka, je 1055 + 30 let B. P. Hlavni interval
kalibrovaného/kalendarniho stari (Iéta A. D.) klade s 82 % pravdépodobnosti pocatky
vzniku kupy do let 942 — 1024. Stafi vrstvy sedimentu 40 cm nad zakladnou kupy je
mensi nez 500 let. Povrchova vrstva vrcholu kupy (0 — 3 cm) zacala vznikat po roce
1995. Primérna sedimentaéni rychlost pro kopu guana je 0,99 mm za rok. Skenovaci
elektronova mikroskopie vzorkl guana z riznych vrstev sedimentu odhalila, Ze material
je slozen prevazné z hmyzich tél — hlavné ktidel, Supinek kiidel a nohou hmyzu a chlupi
netopyrt. V podminkach jeskyné Domica si obsah trusu v kupé guana zachovava
svoji strukturu i po vice nez 1000 letech expozice. Datovany sediment guana tak mize
byt ptipadné pouzit k vyhodnoceni fady cennych informaci o environmentalnich/
klimatickych zménach v okoli jeskyné Domica.

V ramci prohlidky jeskyné Domica kladou pruvodci zvédavym navstévnikim otazku
o piivodu kupy organického materialu v Palmovém haji. Publikovana data mohou rozsitit
otazky priivodci o odhad stafi a slozeni kupy guana a dat na ni i fundovanou odpovéd.

Podékovani. Studie vznikla za podpory projekti: reg. & LC06066 (MSMT CR, Centrum
environmentalni mikrobiologie); reg. ¢ IAA600660607 (GA AV CR), APVT-20-035802
a Vyzkumnych zamérti: BC AV CR, v. v. i.— UPB (AV0Z 60660521), UIF AV CR, v. v. i. (AV0Z
10480505)aGIU AV CR, v. v. i. (AVOZ 30130516). Podékovani patii Spravé slovenskych jaskyri,
ktera umoznila autortim pfistup do jeskyné a odbér vzorkt. Za technické prace dékujeme
pracovnikiim Laboratofe elektronové mikroskopie BC AVCR, v. v. i. — PaU v Ceskych
Budéjovicich. A. Novakova a M. Salek ptispéli k identifikaci chlupt netopyri ve vzorcich
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guana (SEM foto). Dékujeme anonymnimu oponentovi za podnétné pripominky, které
byly zahrnuty do textu.
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CHVOSTOSKOKY (HEXAPODA, COLLEMBOLA) V JASKYNIACH
MURANSKEJ PLANINY A DRIENCANSKEHO KRASU
(REVUCKA VRCHOVINA) — PREDBEZNE VYSLEDKY

VLADIMIR PAPAC

Sprava slovenskych jaskym, pracovisko Rimavska Sobota, Zelezni¢na 31, 979 01 Rimavska Sobota;
papac(@ssj.sk

V. Papaé: Cave springtails (Hexapoda, Collembola) of the Muranska planina Plateau and
the Drienc¢ansky Karst region — preliminary results

Abstract: The Muranska Plateau (142 km?, almost 400 caves) belongs to orographic regions of
the Western Carpathians with evolved plateau type of karst. The Driencansky Karst (16 km?,
41 caves) represents an isolated karst area located to the west of the Slovak Karst and to the
south of the Muranska Plateau. The investigations of cave Collembola diversity in both areas
started in the end of 2005 and 26 caves have been explored by now. In 9 caves combination of
pitfall trapping (fixation liquids: 4 % formaldehyde or 96 % ethyl-alcohol), direct collecting and
extraction of organic material was used. In total 27 species of springtails were detected in caves
of the Murén Plateau. Pseudosinella paclti Rusek, 1961, Arrhopalites aggtelekiensis Stach 1945,
Deuteraphorura kratochvili (Nosek, 1963), Deuteraphorura cf. kratochvili and Arrhopalites
cf. hungaricus represent strictly cave adapted species belonging to the Western Carpathians
endemic species. Plutomurus cf. abchasicus inhabiting entrance part of the Michnova Shaft is
the new species for science. In caves of the Driencansky Karst region 25 species of springtails
were identified, of which two troglobitic species of springtails Arrhopalites aggtelekiensis and
Deuteraphorura cf. kratochvili were registered for the first time together with eutroglophilous
species Mesogastrura ojcoviensis thus indicating zoogeographic similarity with collembolan
fauna of the Slovak Karst caves.

Key words: Collembola, Muranska Plateau, Driencansky Karst, cave, troglobite
UvVOoD

Murénska planina je jedna z najlepsie vyvinutych krasovych planin (127 km?)
v Zapadnych Karpatoch. Driencansky kras predstavuje mensi krasovy ostrov (16 km?)
na zéapad od Slovenského krasu a na juh od Muranskej planiny. Obe izemia maj dobre
vyvinuté povrchové aj podzemné krasové javy, ktoré st predpokladom existencie pravych
jaskynnych zivo&ichov, pripadne vzacnych zivocichov viazucich sa na stanovistia
vchodov jaskyn.

Velmi malo poznatkov je o chvostoskokoch v jaskyniach Muranskej planiny
a Drienc¢anského krasu. Prvy zoologicky vyskum jaskyii v oblasti Gemera uskuto¢nil
madarsky entomolog Elemér Bokor v lete roku 1919. Svoju pozornost’ ststredil hlavne
na chrobaky (Bokor, 1922), pri¢om sa venoval zberom aj inych skupin bezstavovcov.
V préci pol'ského entomologa Stacha (1929) st publikované udaje o chvostoskokoch,
ktoré nazbieral E. Bokor v Drienockej jaskyni (Szelestei barlang) pri Slizkom. Tieto
Gdaje predstavuju prvi zmienku o vyskyte chvostoskokov v jaskyniach na tzemi
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Slovenska. Autor z Drienockej jaskyne uvadza | troglofilny druh: Heteromurus nitidus
var. margaritarius. V tejto praci je uvedeny aj nejasny tdaj o vyskyte druhu Lepidocyrtus
curvicollis v ,,Szelestei barlang*, avsak v pohori Biikk. Pravdepodobne nastala zamena
jaskyn a namiesto Szelestei barlang ide o inu jaskynu v pohori Biikk. Tieto predpoklady
podciarkuju aj rozdielne datumy, v ktorych bol uskutoc¢neny zber fauny v Szelestei
barlang a nakoniec aj absencia tohto druhu v jaskyniach Driencanského krasu na zaklade
sucasnych poznatkov. Nalezy chvostoskokov (zbery Dr. Vacholda) z jaskyne Michniova
publikoval Paclt (1957a, b). Oblastna skupina Rimavska Sobota realizovala v rokoch
1976 — 1981 komplexny vyskum jaskyn Drienc¢anského krasu, sticastou ktorého bol aj
biospeleologicky vyskum. Faunisticky sa preskimalo 14 jaskyn, pricom zemné pasce
boli umiestnené len v jaskyni Podbaniste. Material zo vsetkych jaskyn obsahoval okolo
200 jedincov bezstavovcov, ktoré patrili k 21 taxonom (Pomichal, 1982). Podl'a autora
v buducnosti mozno ocakavat' v tychto jaskyniach trogloxénne a pravdepodobne aj
troglofilné druhy fauny. Vysledky vyskumnych prac o jaskyniach Drienc¢anského krasu
su zhrnuté v praci Gaala (2000), ktora vsak neprinasa nové poznatky o chvostoskokoch
jaskyn na tomto uzemi.

V novSom obdobi uskutocnili Kova¢ a kol. (2002) prvy komplexnej$i vyskum
spolocenstiev ¢lankonozcov v jaskyni Bobacka. Zistili tu 26 taxénov bezstavovcov,
pricom chvostoskoky predstavovali polovicu vsetkych druhov. Detailny vyskum fauny
jaskyne Michnova, v ktorej sa nachadzalo 15 druhov chvostoskokov, uskuto¢nili Mock
a kol. (2007). Prvé tdaje o bezstavovcoch Ochtinskej aragonitovej jaskyne, ktora je
sucastou Revuckej vrchoviny, priniesli Kovac a kol. (2004). Chvostoskokom jaskyn
nedalekého Narodného parku Slovensky raj sa venovali Kovac a Kosel (1998) a Kovac
akol. (1999), pricom tu zistili 28 druhov. V predlozenej praci su prezentované predbezné
vysledky vyskumu chvostoskokov z 26 jaskyn Muranskej planiny a Driencanského
krasu.

CHARAKTERISTIKA UZEMIA

VSsetky zname krasové javy oboch tizemi sa viazu na karbonaty silického prikrovu,
do ktorého patri aj Slovensky kras, Slovensky raj, planina Galmus a krasovy ostrov
Radzima. Juhozapadnu cast’ orografického celku Spisko-gemersky kras tvori Muranska
planina. K 15. 9. 2007 je v Narodnej databaze jaskyn v tomto krasovom uzemi evidova-
nych 385 jaskyn. Pit’ jaskyii presahuje dizku 1 km, pricom vietky maju aktivny vodny
tok. Driencansky kras patri do orografického celku Revicka vrchovina a rozprestiera
sa medzi obcami Driencany na zapade a Chvalova na vychode. V sti¢asnosti je v tomto
regione znamych 41 jaskyn, pricom prevazna cast’ krasovych javov sa viaze na svetlo-
sivé wettersteinské vapence (Gaal, 1982). Z genetického hladiska prevladaju na oboch
uzemiach fluviokrasové a korézne jaskyne. Zo sumarizovania udajov z literatury je zrej-
mé, ze mnohé dolezité jaskyne a jaskynné systémy neboli v tychto krasovych uzemiach
vobec preskumané.

Najvyznamnejsie potravové zdroje v jaskyniach predstavuju akumulacie guana
(jaskyna Podbaniste, jaskyna Rysie hniezdo, Pekarova jaskyna), podzemné toky (jaskyna
Podbaniste, jaskyna Teplica, Jaskyna netopierov, jaskyna Homola, Ladzianskeho
jaskyna) a prirodzeny spad dreva, pody a organickej hmoty cez vstupné priepasti (Jelenia
priepast, jaskyna Podbaniste, Ladova jama na Murani).
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METODY ZBERU

Biospeleologicky vyskum jaskyfn Muranskej planiny a Driencanského krasu som
zacal v roku 2005. Celkove pocas 28 akcii (tab. 1), zameranych na priamy zber Zivocichov
(prevazne na drevach, hladine jazierok a sintrovej vyzdobe) a instalovanie zemnych
pasci (so 4 % formaldehydom a s 95 % etylalkoholom na vybratych stanovistiach),
som preskumal 26 jaskyii. Zemné pasce boli umiestnené v 9 jaskyniach a exponované
pocas 4 mesiacov. V jaskyniach som na tento ciel’ zvolil 4 — 5 stanovist' s ohladom
na vzdialenost’ od vchodu a typ mikrohabitatu (hlinity sediment, kamenita a balvanita
sutina). Ako navnady som pri pasciach umiestnil kusy dreva z najblizsieho okolia
stanovista. Odber organického materidlu (drevo, poda, listie, guano) na extrakciu
som uskutocnioval do igelitovych vrectiSok a extrahovanie prebiehalo v Tullgrenovom
eklektore 7 dni. Nazbierany material ¢lankonozcov som spocital a vytriedil do skupin.
Material chvostoskokov z jaskyne Michfiovd nazbierali pracovnici Prirodovedecke;
fakulty UPJS v Kogiciach v rokoch 2004 — 2005.

Mikroklimatické parametre, teplotu a vlhkost’ vzduchu na povrchu substratu som
meral pocas navstev jasky digitalnym pristrojom zn. COMET. V obdobi mojich navstev
som nameral stabilné podmienky vo vdSine jaskyii: teploty v rozmedzi 5,5 az 9,2 °C
(tab. 1), pri veI'mi vysokej vlhkosti vzduchu (90 — 95 %).

Prehlad zistenych druhov z jaskyii, v ktorych som uskutoénil zbery zemnymi
pascami, priamym zberom a extrakciou organického materilu, uvadzam v tab. 2 a 3.
V jaskyniach som zvolil tieto stanovistia:

Jaskyna Kostolik — pomenovanie &asti jaskyne podla Viceka a Pavlika (2004):
1 — Vstupna sieni, 2 — Siefi pagod, 3 — O" Marova obchadzka, 4 — Oddychova sienka

Ladzianskeho jaskyiia — pomenovanie asti jaskyne podl'a Matého (2003) a Matého
— Hor¢ika (2004): 1 — Vstupny dém, 2 — Vychodna chodba, 3 — Riecisko, 4 — Pod
pagodou

Jaskyna Michiovd — pomenovanie jaskynnych priestorov podla Kamena (1955):
1 — dno jaskyne, 2 — . priepast’ (bo¢na sienka nad $achtou), 3 — Velka sala, 4 — dno
vstupnej $achty

Jaskytia Praslen — pomenovanie podla Balciara a Redetara (2006): 1 — Vstupna
chodba, 2 — Obyvacka, 3 — Dodova galéria, 4 — MaroSova sienka

Jaskyta Podbaniste — pomenovanie podla Gaala (2000): 1 — dno Vstupnej Sachty,
2 — pred Kamennou sélou, 3 — pred tretim polosifonom, 4 — pred Vysnenou chodbou,
5 — pod vchodom jaskyne Nad kadlub

Jaskyna Burda — pomenovanie podla Kamena (1970): 1 — za vstupnym otvorom,
2 — Vstupna chodba, 3 — Velka siefi, 4 — Chodba erozie

VYSLEDKY

Material chvostoskokov z 26 jasky predstavuje 1150 jedincov, pricom sa znich dosial
podarilo determinovat 40 druhov (tab. 2 a 3). Na Muranskej planine ich pocet dosiahol 750
jedincov a patrili k 27 druhom. Z jaskyii Driencanského krasu sa podarilo zachytit’ 400
jedincov, z ktorych bolo determinovanych 25 druhov. Dvanast’ druhov (2 troglobionty:
A. aggtelekiensis a D. cf. kratochvili) sa spolo¢ne vyskytovalo v jaskyniach obidvoch
tzemi. Chvostoskoky zo zemnych pasci a extrakcie organického materidlu zachytené
v sledovanych jaskyniach predstavovali kvalitativne aj kvantitativne najpocetnejsiu
skupinu ¢lankonozcov v celom materiali. Jaskyne sa vyznaCovali pomerne Gzkym
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Tab. 1. Prehl'ad preskumanych jaskyi, datumy zberov, metody zberu, teploty niektorych jaskyn s celko-
vym poctom druhov a po¢tom troglobiontnych druhov chvostoskokov. Pouzité skratky v metodach zberov:

PZ — priamy zber; pasce AL — alkoholové, F — formalinové, Ex. — extrakcia organického materialu

Table 1. List of explored caves, dates of collections, methods of collection, air temperature from selected caves
together with total number of determined species and number of troglobitic species. Shortcut: PZ — visual

searching; pittfall traps AL — ethyl-alcohol, F — formaldehyde, Ex. — exctraction of organic matter

Jaskyne

Datumy zberov

Metoda zberov

Teplota

Pocet Troglo-

30. 8. - 13.12. 2006

druhov | bionty
MURANSKA PLANINA 27 5
1. Teplica 20.2.2006 PZ 7dC 3 2
2. Kostolik 8.3.-8.8.2006 7 Pasce (AL, F), Ex.,rPZ 10 7 3
3. Zupkova Magura 16. 6. 2007 PZ =z =
4. Jelenia priepast’ 11.6.2007 PZ 55-6,1°C 5 7 3#*
6.10.-27.10. 2004‘,
5. Michnova Pasce (AL, F), Ex.,PZ | 5,7-7,2°C 15 2
16. 6. 2005 |
76. Rysie hniezdo 28.5.2007 Pasce (F), Ex, PZ 8,3-8,7°C 3 | 2
7. Pekarova jaskyna 28.5.2007 Pasce (F), Ex,PZ 92°C 1 | 1
7. 1.2006,
8. Jaskyna netopierov PZ 6,3°C 1 -
17.11. 2006
11.3.-22.7. 200767:7 i
9. Ladzianskeho jaskyna Pasce (AL, F), Ex.,PZ | 5,9-6,5°C 11 3
14.4.2007
10. Hronska jaskyna 17.6.2006 PZ - - |
11. Dionyskova jaskyna 15. 4.2007 Ex.,.PZ - -
12. Homol'a 7 6.5.2006, 26. 8. 2006 PZ 6,0-6,3°C 5 2
13. Jaskyna v Tatrickach - 7.5.2006 PZ‘ 2 -
14. Stracanik 26.5.2007 Pz 1 -
15. Polovnicka jaskyna 16. 6. 5007 Pz 1 -
16. Dazdovica 14‘ 12.2006 PZ » 1,1°C 3 1
17. Wesselényiho jaskyna 14. 11. 2006 PZ 1 |
18. Certova jaskyiia 17.7.2007 PZ, (Pasce Al, F), Ex. | 7,6—-79°C 3 1
19. Ladova jama na Muréni 14. 11. 2006 Ex., PZ 3 1
DRIENCANSKY KRAS 25 2
20. Burda 30.8.—-13.12. 2006 Pasce (AL, F), Ex,PZ | 6,4—-7,6"C 5 1
18. 4. — ]3 7.2007,
21. Podbaniste Pasce (AL, F), Ex.,PZ | 5,9-10,1°C 21 2
30. 8.2007
22. Chvalovska jaskyna 18.4.2006 Ex.PZ 8,5°C 3 -
23. Drienocka jaskyna - 4.4.2006 PZ - 1 -
24. Cenctle 7 4.4.2006 PZ 7 71 -
25. Spanopol'skd jaskyiia 4.4.2006 PZ 3 -
26. Praslen 282, 2000, Pasce (AL, F), Ex.,PZ | 6,8 -7,6 °C 10 1
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skum pomocou zemnych pasci, priamych zberov a extrakcie organického materidlu (¢isla stanovist' — pozri

kapitolu ,,Metody zberu®, ® —troglobiont, © — eutroglofil). Pocet jedincov: + =1, ++2 =9, +++ 10 = 99, +-+++

100 a viac

Table 2. List of the springtails in three caves of the Murai Plateau collected by pitfall trapping, visual

searching and extraction of organic material (for site numbers see chapter ,,Metédy zberu™, ® — troglobite,

o — eutroglophile). Numbers of specimens: + = 1, ++2 =9, +++ 10 — 99, ++++ 100 and more

++

(0981 [93ueA ) snavw3dd sajpdoy.iiy 04

St61 yoels syvdioulid sajpdoy.iiy

++

1961 eS0T snorwSuny f> sajpdoy.iiy e

+ ot

e

o+

6761 ‘YIS SIsua1ya]2133p sajpdoy.iiy e

o+ o+

9€61 YovIS SIsuUdfiops.ada. p.anpododu()

++

1961 ‘BAOUALIRIA SROISDYIGD *fD SHANWOIN]]

++

++

(1,81 812q[InL) suassaav]f snjaypudouo3oq

o+

(g8