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introduction

After a couple of years we offer you next proceedings of papers about pseudokarst. It is to testify,
that the questions about genesis and development of caves in non-carbonate rocks and the proces-
ses of its weathering are still actual. It is possible, that in the future it will be necessary to change the
title “pseudokarst", but it is sure, that research of non-carbonate caves is needed and as well as their
protection.

Therefore, the 8" Symposium on Pseudokarst was held on 26" — 29" May 2004 in the Environ-
mental Centre Drienok of the Slovak Environmental Agency in the small village Teply Vrch in southern
Slovakia. For those who arrived earlier, on 25" of May, a field excursion was organized to the contact
zone of the Driencany karst near Teply Vrch.

The opening ceremony in the morning of 26" May was honoured by attendance of Dr. Jozef Klinda,
director of Environmental Law Section of the Ministry of Environment of the Slovak Republic, Ing.
Milan Kocka the head of Environmental Office of the Rimavska Sobota district, Mr. Pavel Nadok the
mayor of the Teply Vrch village, Jan Paul van der Pas the chairman of the UIS Commission for the lava
caves and Jan Kopecky the honorary chairman of UIS Commission for Pseudokarst, founder of pseu-
dokarst symposiums. After the whole day's papers, Dr. Pavel Bella presented some nice pictures from
volcanic caves in Japan in the evening and Dr. Georg Szentes from different caves in Australia and
New Zealand.

The next day, 27™ May, was dedicated to excursions. The participants had possibility to acquaint with
the genesis and development of the crevasse caves originated by the block sliding in the Pliocene
basalt in Pohansky hrad plateau (Cerova vrchovina Upland, southern Slovakia). The participants visi-
ted here the longest pseudokarst cave of Slovakia: Stipova jaskyia with the length of 182 m.

On 28" May the papers continued, but after lunch a very interesting excursion was prepared to the
tree mould caves in Ostrozky and Krupinska planina Upland. The closing ceremony was held in the
evening of 28" May.

The post-symposium excursion was organized in the Slovak Karst (Ochtinska Aragonite Cave, Silic-
ka ladnica lce cave and Domica Cave) or in the pseudokarst caves of Northern Hungary.

The total number of participants of symposium was 51: from Austria (5 part.), Netherlands (1), ltaly (9),
Poland (2), Hungary (3), Germany (1), Czech Republic (8), Finland (2), Romania (4) and Slovakia (13
+ 3 guests). 18 papers and 3 posters were presented, 2 authors sent other interesting papers.

I hope all of participants felt well and left Slovakia with nice impressions and richer scientific know-
ledge. | thank them for the active attitude and hope we all will meet in Poland again on the next sym-
posium.

Ludovit Gaal
editor



Prologue

Deeply honoured Ladies and Gentlmen — Dear Guests!

I'd like to velcome, in the name Commission for Pseudokarst at the International Union of Speleo-
logy, every participant of the 8-th International Symposium for Pseudokarst. I'm very glad that you've
honoured our program. I'd like to give special thanks to the organisers, the Sloveak Caves Administ-
ration and Slovak Speleological Society, whose staff not only created the various conditions of our
meeting, but thanks to their contributions, this chain of symposiums is also saved after a critical two-
years long delay.

Our last symposium was held in Arad, Romania. At the committee meeting of that symposium, we
discussed the work done in recent years. We found that besied the active groups, there werw some
who unfortunately became quite withdrawn, and the lack of money also caused difficulties in the life
of our organisation. We decided that the “Nachrichtenbriet* (Newsletter), the journal of the Pseudo-
karst Commission, will be published in both English and German, and it will be available on the Inter-
net as well.

Unfortunately there are still some quite withdrawn groups, and their activites are unknown for most.
We still have not recevied any financial support from UIS. On the other hand, the “Newsletter”
(.Nachichtenbrief") became bilingual and is available on the Internet, but it's published quite rarely
due to the low number of the reports submitted.

There were many regional meetings for pseudokarst-researchers in the past four years, in Central-
Europe, in the United States, in South-America and so on, where many new research achievements
were discussed. Our relationship became more closer with the commission on Volcanic Caves and
Commission on History of Speleology but we did not manage to strenghten our relations with other
Commissions. The UIS Congress‘in Brasil - despite the above-mentioned critical remarks - mentio-
ned the work of our Commission among the best. To summarize our work since symposium, we had
shortcomings but we also had achievements. | hope that this symposium will strengthen us enough so
that we'll be able to achieve better results in the future.

| wish you all to get enriched with new knowledge during the scientific session, and to see new
wonders on the excursions. | hope that the resolutions of the committee meeting will be both pro-
gressive and workable. Furthermore, | wish that the threads of friendship strenghten during the talks
with your colleagues, and | hope that you will return from Slovakia with pleasant impressions.

Istvan Eszterhas
Chairman of the International
Commission for Pseudokarst



Durch Exhalation entstandene Hohlen im Karpatenbecken

Abstract

Istvan Eszterhas
Kéztarsasag u. 157, H-8045 Isztimér, Hungary

| dedicate my work to the grace of Ka-moho-ali,
privce of volcanic vapours, son of Pele goddes.

Exhaling caves in the Carpatian basin

Even after few million years, the exhaling shafts can be found on the volcanic areas which have lost
their activity. Today, only small parts can be seen from the exhalling shafts because of the denudation
and the filling. Most of these are vertical or horizontal pipes, a few are steam-explosion holes. In most
of these exhaling caves the stiffener of condensed minerals still can be found /sulfur, different salt
etc./. In a few caves, the exhalation and separation of mineral substances still continue even today.
The work introduces the 24 exhaling caves in the Carpatian Basin known so far and with this also colo-
res the palette of pseudocarstic caves. Besides, | point to the similarity of the exhalation of today_s
active volcanoes, the dormant volcanic areas, and the shafts of these. This similarity can be seen in
the shape of the shafts and the composition of the minerals settled in those

Key words: exhaling caves, volcanic activity, condensed minerals

Bei der katasterm#Bigen Erfassung der Hohlen, welche in vulkanischen Gesteinen entstanden,
haben wir mehrere relativ kleine Réhrenhishlen gefunden. Als sich die Zahl der bekannten Réhren-
héhlen erhéhte, erkanten wir zwischen ihnen immer mehr dhlichkeiten. Diese Hohlen sind senkrech-
te oder fast waagrechte zylindrische Rdume. Gewdhnilch sind sie auf etwa 5-8 m gangbar (max.12m),
ihre Durchmesser betragen gewdhnilch 40-100 cm, sie setzen sich aber enger werdent weiter fort.
Wir kamen mit wachsender Erfahnung zu der Erkenntnis, daB die Exhalationsschlote nicht immer
zylindrisch sind. Darunter finden sich auch solche, welche gespaltene oder explodierte Formen zei-
gen und réhrenartige Bildungen kommen darin nur untergeordnet vor. Nach vergleichenenden Unter-

suchungen kamen wir zu
dem SchluB, daB diese Bil-
dungen Uberreste der Exha-
lationskandle der ehema-
ligen Fumarolen sind. Wir
werglichen die Form und die
Mineralborke der Ré&ume
miteinander, mit mehreren
anderen Raumen und mit
noch aktiven Gas- und Damp-
faustritten. Fiir diese Verlei-
che benutzen wir teils unsere
eigenen Erfahrungen, teils
literarische Angaben.

Im Karpatenbecken gibt es
- wie allgemein bekant ist -
keine aktiven Vulkane. Hefti-
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Abb. 1. Exhalationische Héhle in Karpatenbecken
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ge vulkanische Tatigkeiten gab es hingenen in mehreren Zeitabschnitten der Erdgeschichte. Von die-
sen vulkanischen Perioden sind spelilogisch bedeutungsvoll, der Andesivulkanismus des Miozin und
der Basaltvulkanismus an der Grenze vom Pliozin zum Pleistozin. In diesen vulkanischen Gesteinen
sind die meisten Pseudokarsterscheinungen zu finden. Darunter gibt es auch durch die Exhalation
entstandene Réhrenhohlen sowie solche Héhlen, in welchen postvulkanische Gasaustritte auch
heute noch zu beobachten sind.

Gattungen der gas- und Dampfaustrittwe

Die Tatigkeit der Vulkane wird von Gasaustritten aus der Erdoberfliche begleiten. Zur vulkanischen
Tétigkeit gehdren neben den Gasaustritten auch andere Erscheinungen (Erdbeben, Lichtphdanomene
usw.). Wahrend der Eruptionen treten Gas- und Dampfaustritte haufiger auf. Diese fordern die flissi-
gen, gelartigen und festen Materialen aus dem Schlot und treten mit ihnen ebenfalls zutage. Davon ist
auch die Intensitét der Explosion abhingig. Nach der Entleerung der Magmakammer, zur Zeit des
Postvulkanismus, strémen die gase noch lange Zeit an die Erdoberflache. Fiir diese Erscheinungen
gibt es aufgrund abweichender chemischer Zuzammensetzung und temperatur der zur Oberfliche
strémenden Gase und Dampfe verschiedene Bezeichnungen.

GRUNDRISS
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Abb. 2. Waagrechte Rohrhéhle ,Kamori Rékalyuk” (Borzsénygebirge Ungarn)

Die Fumarolen enthalten zum weitaus groBten Teil Wasserdampf und zu einem kleineren Teil Gase
(CO,, Ny, CH,, H;, NH,, SO, usw.), Sauren (HCL, H,S04, HBO,, usw.), und Salze (K-, Na-, NH4-chlo-
ride). Ihre temperatur ist zumeist hoch (100 - 400 °C). Die primére Fumarole néhrt sich aus der Mag-
makammer, die sekundére Fumarole leitet den Dampf aus der Lava oder dem Pyroklastit herauf.

Die Mofetten geben vorwiegen, Kohlendioxyd und weniger Schwefeldioxid und andere Gase (02 Ny,
Wasserdampf) ab. lhre Temperatur betréigt unter 100 °C, sie iibersteigt die Temperatur der Erdoberf-
lache im allgemeinen kaum oder nur wenig. Dieses Phinomen bezeichen wir als "trockene Exhala
tion", welches meist der Begleiter postvulkanischer Tatigkeit ist.
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Die Solfataren bringen meist Schwfelgase (H,S, SO,, SO,) und wenig Wasserdampf zum Vorsche-
in. lhre Temperatur ist meist hoch (90 -~ 300 °C). Sie sind verbunden sowohl mit der aktiven Vulkan-
tatigkeit, als auch mit der postvulkanischen Tiatigkeit.

Diese Definitionen habe ich aus Synthesen mehrerer vulkanologischer Werke (EDMAIER-JUNG-
HUTTL 1999, ERDELYI-SUGAR-ZSEBEHAZI 1977, HEDERVARI 1981, MESZAROS 1983, TAZIEFF
1976) zuzammengestelit. In den verschiedenen Verlagswerken gibt es Uberschneidungen beziiglich
der Definition der Kategorien, einerseits, weil sich die Autoren bemiihen, sowohl die Komponenten
als auch die Temperaur in Betracht zu ziehen, andererseits die Phdnomene sich auch iiberlagern.

Richtungsverlauf und Form der Exhalationskanale und Hohelen

Die Gase und Dampfe stammen entweder aus der Magmakammer oder aus der Lava und dem Pyro-
klastit. Wegen ihres leichten Gewichts und groBen Drucks streben sie empor. Wenn ein stetiger
Nachschub der Gase erfolgt, so schaffen sie einen Kamin im plastischen Gestein. Der Gasstrom folgt
immer dem geringsten Widerstand, also meist senkrecht empor. Einge Kaminabchnitte wichen hin-
gegen oft von der Senkrechten entlang Schichtflichen oder aufgrund anderer Auswirkungen ab. In
diesem Fall zieht der Kamin schrig oder waagrecht an der Stérung entlang (TAZIEFF 1976). Im Kar-
patenbecken haben wir bisher 25 Eexhalationshdhlen gefunden, davon verlaufen 9 senkrecht, 13
waagrecht und 3 schriag. Wahrscheinlich waren die senkrechten schneller verfiillt oder von einer
Grusschicht bedeckt und
somit unkenntlich.

Das Profil der meisten : W
Héhlen ist kreisférmig oder T
oval, zu einem kleineren
Anteil sind Spaltformen che-
rakteristisch.

Die paramanente Stro-
mung des unter hohem
Druck stehanden Gases
formt die Kamine zu Réhren
im langsam erstarrenden

Gestein. Der Kamin kann N .. g7 e g4k ,{"

auch im festen Gestein eine ) R e - & 5 g e %

Roéhrenform bilden aufgrund e e,
s blion 2 sl . oL

der Korrosion durch die
Séuren im stromenden Gas.
Die Form der Exhalationska-
mine im den heute noch tétigen Vulkanen kdnnen wir im den meisten Féllen nur schitzen, aber sie
werden auch ein Kreisprofil besitzen, Jene Gas und Dampfkamine, welche ihre Aktivitdt im histori-
scher Zeit verloren und bereist ohne Gefahr zu untersuchen sind, haben iiberwiegend Kreisprofile.
Demzufolge ist diese Form typisch. So kann man aus der Réhrenform allgemein den SchluB ziehen,
daB en Kanal im vulkanischem Gestein ebenfalls Teil eines friiheren Exhalationskamins ist.

Abb. 6. Das Fuchsbau in Kamori Rokalyuk ist eine waagrechte
Rohrhéhle im Andesitagglomerate. Foto: I. Eszterhas

Der Durchmesser der bekannten senkrechten Réhrenhéhlen betragt 1 - 1,5 m (max. 2,3 m), bei den
waagrechten Hohlen sin es nur 40 - 60 cm. lhre wegsame Linge ist 5 - 8 m (max. 12 m}). In Wirk-
lichkeit sind si erheblich langer, aber entweder werden si enger oder - in Fall der senkrechten
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Rohren - verhindert ein Gruspfropf das weitere Vordringen. Bezeichnend ist der Fall des Schiotes bei
Ragaé, dessen Tiefe im Jahr 1933 noch 10 m betrug (nach LAZNOVSKY), in 1982 noch 4,2 m nch
PILOUS und in 1987 nur noch 3,3 m nach Eszterhas, weil fast alle Ausfliigler einige Steine hinein wer-
fen (ESZTERHAS 1991). In der Nihe jeder zweiten bekannten Réhrenhélen befinden sich auch enge
réhrenartige Lécher (15 — 30 cm), wie zum Beispiel beim Fuchsbau im Kamorhorn, bei der Fenste-
riffnungshéhlen in Démés, oder bei der Mariahdhlen in Dobogostein (ESZTERHAS 1997c).

Bei enem kleineren Teil der Exhalationshéhlen hatten wir festgestelit, daB ihre Form eher spaltartig
ist und die rohrenform ist nur jeweils in kleinen Abschnitten feststellbar. In diesem Fall ist es sehr
wahrschenlich, daB eine Dampfexplosion den Abschnitt umgeformt hat. Wenn der Gasnachschub
nicht gleichn#Big ist, sondern plétzlich gréBere Mengen Gas nachstromen, so wird nahe der Oberf-
lich durch den Druck eine Detonation erzeugt, welche das Gestein aufbricht. Die so entstandenen
Formen weisen nich darauf hin, daB der Raum frither ein Exhalationskamin war, aber ihre Mineralbor-
ke (z.B. bei der Exhalationshéhle in Tihany, bei der Ebeczky-Hohle im Ragaé) und ihre heutigen
Gasaustitte (z.B. Stinkhhle und Mérderhéhle in Turia) machen den Fumarolenursprung zweifellos.

Zusammensetzung der aufstromenden Gase und der ausgeschiedenen

Minerale

Die auftretenden Materialien an den Mundléchern der Gas- und Dampfkamine stammen entweder
aus der Magmakammer oder aus den Gesteinen, welche in der Entstehung sind. Am Ort der Ent-
stehung sind die Lésungen sicherlich in einem groBeren Mengenverhiltnis als die Gase aufrund der
groBen und Dampfe dominant und die Lésungen kommen weniger bis gar nich vor (diese stammen
vielleicht sekundar aus Oberflaichenwasser).

In der unter Druck stehenden heien Lésung
kénnen alle Minerale vorkommen, welche der Vul-
kan produzieren kann. Beim Ausstromen nimmt
der Druck und die Temperatur der Lésung ab, so
daB sich die Materialien daraus graduell ausschei-
den. Diese haften einerseits in Rissen und an
Kaminwinden an, andereseits werden si ausges-
pilt. Das Wasser als Lésungsmittel wird graduell
oder plétzlich beim Ausstromen frei von Druck,
aber seine Temperatur ist noch immer hoch, so
wird es zu Dampf. Es kann noch einige Mineral-
stoffe in Lésung halten und so setzen sich die
Ausscheidungen fort. Das Gasgemisch tritt in
Reaktion mit den Grundstoffen der Atmosphire
beim Mundloch des Kamins, welches wenig oder [
keinen Wasserdampf enthilt und daraus scheiden %
sich hierbei Minerale ab. Zum Beispiel tritt das
Schwefelhydrogen mit dem Sauestoff der Luft in

¥ . ' ¥
X F‘h ”I.J’ '

Reakton, woraus Wasserrdampf wird, der sich o
verflichtigt und der S.chw./.efel setzt sich in der Abb. 7. Der Schlot in Ragdcska studnia ist eine
umgebung der Exhalationsdffnung ab. senkrechte Rohrhdhle im Basalt. Foto: L. Gaal
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In der Umgegung der heute noch
aktiven Exhalationshéhlen ist die
Anwesenheit der Schwefelgase
(H.S, SO,, SO,) auffallig. Der aus-
geschiedene Schwefel farbt die
Umgebung des Kaminloches gelb.
Dies erméglicht bei den Fumerolen
von Kawah Idjen und Papanayn in
Jawa einen bedeutsamen Bergbau.
Vielfaltig sind die verxchiedenen Sal-
zabscheidungen (K-, Na-, NH4- chlo-
ride, Sulfate, Alaune, Schwermetall-
salze usw). Es ist nich auffallig, aber

Abb. 8. Die Ebeczky-Héhle entstand durch Dampfexplosion  Kohlendioxyd ist in groBer Menge

im Basalt. Wénde der Héhle iiberziehen Pisolite aus Kalzit. anwesend. Aus den Exhalationen

Foto: L. Gaal beim Nyos-See in Kamerun ist 1986

so viel Kohlendioxid ausgetreten,

daB 1700 Menschen und viele Tiere ersticht sind. Einige Exhalationen sind oft auch durch andere

Gase gekennzeichnet (Kohlenmonoxid, Nitogen, Hydrogen, Ammoniak usw). Mengen der absorbier-

ten Gase (NH,, CH,, SO,, usw) lésende Sauren ( HCI, H,SO., HBO, usw.) und Salze (chrodide, Sul-

fate, Karbonate usw.) kann man in solchen Exhalationen finden, die zum Vorschein kamen, verflii-

chtigten sich die Gase meist, die Sauren trten in eine Reaktion mit Oberflichengesteinen, die Salze
scheiden sich aus und viele farbenfrohe Minerz!absonderungen bilden sich.

—

Einige Exhalationen sind noch lange 3 2
Zeit, manchmal Jahrtausende oder Jahr- S ¥ ' TR e
millionen in der umgebung der erlosche- | T 4 <
nen Vulkane tétig. Dies nennt man postvul-
kanische Tétigkeit. Die Intensitét der Tatig-
keit nimmt allmihlich ab, die Zusammen- -.\?
setzung der transportierten Materie wird
armer, aber die Mineralausscheidung ‘
bleibt ununterbrochen bis zum Erléschen.
Im &stlichen Teil des Karpatenbeckens, im
Bodokgebirge sind die Exhalationen auch
zur Zeit noch aktiv, sie bilden manchmal
auch Héhlen wie die Stinkhohle, Morder- |5
héhle, Alaunhlshle bei Turia. Diese Hohlen 287252 S AAE I S A
sind erfiillt von aufsteigendem Kohlendio-
xyd und Schwefelhydrogen, die Wande wer-
den von Schwefelborke und Alaun bedeckt.

Abb. 9. Im Ende der regelrechten Zelle der Szigligeter
Explosionischen-Hdéhle ist auch ein gas/dampfleitend
Kanal zu sehen. Foto: I. Eszterhas

Im Karpatenbecken erinnern an die
Exhalationstitigkeit meist nur mehr jene réhrenférmigen oder explosiven Héhlen, in denen wird die
Anzeichen der Dampfkorrosion oder die charakteristischen Mineralausscheidungen erkennen kan-
nen. Im Tokajgebirge bei Saraspatak liegt die Oherhéhle, aus der 14 Minerale bekannt sind, vor allem
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Albit, Anortit, Kristobalit, Kaolinit usw. (ESZT ERHAS 1997c). Die Basalt- bzw. Basalttuffwédnde der
Gédréscher Explosionshéhle (am Plattensee) und der Ebeczky-Hohle (im Cerova vrchovina-Gebirge)
sind dicht von Pisolithen aus Kalziumkarbonat bedeckt (ESZTERHAS 1987a, GAAL & ESZHTERHAS
1990). Im Ragaéer Schlot (im Cerova vrchovina-Gebirge) kann man eine Rippe aus Schwefel beo-
bachten (ESZTERHAS 1991a). Auch der Mineraliiberzug der iibringen Exhalationshéhlen scheint vul-
kanischen Ursprungs zu sein, aber man hat sie noch nicht analysiert.

Schilufifolgerung

Die Exhalationskamine kann man in derUmgebung der erloschnen Vulkane auch nach Millionen Jah-
ren noch finden. Nach Denudation und Verstopfung sind moglicherweise heute nur noch Abschnitte
der Kamine zu zehen. Dieses sind grostenteils senkrechte oder waagrechte rohren, seltener Explosi-
onsrdume. In den meisten solcher Hohlen kann man die Borke der ausgeschieden Minerale (sch-
wefwl, verschiedene Salze usw.)
finden). In manchen Hohlen setzt * = «.r
sich auch heute noch die Ausgang
und das Ausscheiden von Minera- -4
len fort. (=9

Dieses Arbeit beschreibt die 24 " SLaISE
bisher bekannten Exhalationshoh-
len, und bereichert damit die Palet- [
te der Pseudokarsthohlen. Sie
weist auf die Ahnlichkeit der Gas- &
und Dampfaustritte der noch akti- [
ven Vulkane hin. Diese Ahnlichkeit [%22
last sich sowohl in der Form der
Kamine, als auch in der Zusam- i
mensetzung der anstehenden ¢ M ey

RS iensoen Abb. 10. In der Nihe der Rohrhdhlen findet man oft auch
kleineren regelrechten Lécher. Foto: |. Eszterhas
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Abstract

Prevalent part of the tree molds originated in volcanic and volcanoclastic rocks. Singularly, they are
known in travertine, too.

According to the environment of their occurrence we can distinguish the following types of the tree
mold caves: 1. lava tree mold caves (they are created after the lava covered a tree at a certain tempe-
rature; several morphological types are described from Japan), 2. lahar tree mold caves (lahars origi-
nated in volcanic slopes by mobilization of less stabilized volcanoclastical material and removing as
debris flow, mud flows etc. About 30 caves in lahar was desribed from Czech Republic), 3. fluvial tree
mold caves (they are created on the volcanic slope among a clastic material transmitted by periodical
flows taking turns with wild streams and debris flows or dilute flows; several caves is described from
Slovakia) and 4. crater tree mold caves (only one little cave is known in maar type of crater in Slovakia).

Key words: tree mold, cave, lava, lahar, crater
Introduction

The caves originated by the weathering of trees were described from several parts of the world as
the “tree mold caves". Prevalent part of the tree molds originated in volcanic and volcanoclastic rocks.
Singularly, they are known in travertine, too.

The best preserved sites of
the tree mold caves occur in
Japan and Hawaii. In both
sites the underground spa-
ces after trees remain owing
to the hot lava flows. Some
other sites of the tree mold
are known in the Eastern and
Central Europe which origi-
nated by flowing streams in
volcanoclastic rocks and by
sliding of lahar sediments in
cold and quasi-cold conditi-
ons. Sporadically, small
caves after remains of trees
in maar crater sediments are Fig.1 The origin of the main types of the tree mold caves: 1. Lava
known in southern Slovakia. tree mold cave, 2. Fluvial tree mold cave 3. Lahar tree mold cave
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According to the environment of their occurrence we can distinguish the following types of the tree
mold caves: 1. lava tree mold caves, 2. lahar tree mold caves, 3. fluvial tree mold caves and 4. crater
tree mold caves.

in this paper we attempt to introduce them in its typical sites.

1. The lava tree mold caves

The lava tree molds are the most extended and investigated types. They are known mainly from
Japan and Hawaii.

On the northern foot of the well-known volcano Fuji-san (3,776 m above the sea) several hundreds
of such molds occur, which were studied by ISHIHARA (1929), TANAKA (1995), OGAWA (1996),
TACHIHARA (1997), HONDA (1999), TACHIHARA et al. (2002) and others.

Most of them have a dimension of caves and one of them is open for public. The lava tree molds
around here are said to have been formed owing to the volcanic eruption of Fuji-san in 864. They occur
around the frontal part of two large lava flows near the Narusawa village and in the area Kawaguchi-
ko. Some lakes originated in front of the lava flows as well (Motosuko, Shojiko, Saiko, Kawaguchiko).
Both localities are situated in the Fuji-Hakone-lzu National Park.

Each of the tree molds was studied in detail (TACHIHARA 1997), which is marked in the terrain with
little boards with number and inscription as very important natural site.

The tree mold is created after the lava covered a tree at a certain temperature (about 1,000-
1,200 °C). Lava soon starts to harden and the tree inside begin to decay in consequence of glowing.
The glowing may be quicker when the admittance of O, through outlets of gas from lava after more
trees is possible. After some time, a hollow remains as a mold of the tree. Because the molds are r-ot
so old (about 1,100 years), they give us relatively exact diameter of the tree that was growing in this
area during eruption. The tree molds generally occur in the frontal part of lava, where the lava has a
smaller energy. In many cases, we can see well-preserved molds of tree crust in the cave wall. Co-exi-
stence of lava caves and tree molds is also known (Ganno-ana cave system - OGAWA et al. 1999).

According to TACHIHARA et al. (2002) we distinguish several types of tree mold caves by their
morphological shape. Some trees were fallen, some remained standing, some with a space after root
system and some are of a mushroom type after the chamber of gas. Accordingly, the tree mold caves
are horizontal (lying type), vertical (well type and stone pillar type), oblique (leaning type, inclined type)
and mushroom type. The “hudo-type” has higher the back wall, the “narusawa type” has a cedar-shape
after the gas exhalation, and the other molds have a bottle, shelf, canopy, plate, boat and column
shape (see the figures).

In majority, they form simple caves, but if the lava covered more trees together, a compound tree
mold with connected underground passage originated. Their diameters are almost always roundish or
soft oval, the most frequently having 70-150 cm. In the case with two closely situated trees, the diame-
ter is approximately doubled. The length of tree mold caves is frequently 2-10 m, and in the case of the
compound tree mold it is several tens of meters (the longest tree mold cave has the length of 150.6 m).

Classification of lava tree molds with/without remelted inner surface according to its formation pro-
cess was given by HONDA (1999a). He distinguish the following types: 1. open to atmosphere type,
2. all-directional space confinement type, 3. front space confinement type, 4. upper space confine-
ment type (1-4 horizontal lava tree molds), 5. open to atmosphere type, 6. local space confinement
type, 7. upper space confinement type, 8. confinement gas diffusion type (5-8 vertical lava tree molds).
The investigation on hydrodynamic interaction between tree and lava flow and resulting structure of
tree mold was studied by HONDA (1999b).
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Fig. 2 Several types of the lava tree mold caves (after Tachihara et al. 2002)
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In the Narusawa site the prevalent part of - "*'*5
the tree molds occur around the Narusawa | :
Fuji-san Museum. Most of them were found
with a turned over top after the slight uplif-
ting of the lava. A very nice example of the
mushroom-shape cave is a tree mold Nr. 200 |
with a small gas cavity. Other caves origi- |
nated after weathering of two trees (near |
the hot spa). We can see other rests of
trees in the geologic profile of the large
lava flow near the sports stadium.

The best conservation of the tree mold
caves are in the Kawaguchiko Field Center.
The Funatsu Tainai cave occurs also
here. It is open for the public and since
1929 is a natural monument. A shrine was
built at its entrance. This made people imagine a human body and connect the mold with innocent beli-
ef in mother and her body as the origin of life. Therefore this is worshipped as a sacred place. People
visit it and pray especially when they hope to have a baby or to have an easy birth. This compound tree
mold consists of about 10 trees and its total length is 70 m. We can see a rope-shape and ribs as resi-
dues of the lava flowing, originated by the remelting of the lava into the underground places. Also lava
stalactites occur here. The nice lava stalactites and flowstones occur in the tree mold cave Nr. 6, too.
In the cave Nr. 4 the small lava stalagmites occur. In many cases we can see asymmetric shape of the
vertical wall of pits above surface, which originated by
particularly retarding of the lava flow by tree trunk. Many
of the tree mold caves in this locality are available for visi-
tors with a ladder. The longest cave Nr. 102 with a total
length of 150,6 m, which consists of 10 trees, is not ava-
ilable for the public.

Fig. 3 Horizontal tree mold in the Funatsu Tainai Cave.
Photo: L. Gaal

2. The lahar tree mold caves

Different processes of origin have tree mold caves in
the volcanic lahar. Lahars originated in volcanic slopes
by mobilization of less stabilized volcanoclastical materi-
al and removing as debris flow, mud flows etc. They are
usually mixed with other volcanic and sedimentary rocks
in the accumulation zone in the foot of volcanic slope.
Lahars usually include many opalized trunks of trees
(e.g. lahar in Zolna in Slovakia from Middle Miocene
andesite tuffs - DUBLAN 1993, lahar in Greenwater in
USA - CRANDELL 1971).

About 30 small cavities with tubular or oval cross-section

b\. "{, ;,.L‘( . i A _? g f

/:,'é_4 The entrance of the vertical lava are known in neovolcanic rocks of Doupovské vrchy Mts.
tree mold cave in the Kawaguchico field ~ in Czech Republic. Their name is Trpasliéi jeskyné
center. Photo: L'. Gaal and has the diameter from some cm to the 150 cm.
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The longest of them is 10 m. The majority of authors de-
scribed them as cavities after weathering of trees (forex. =
HOCHSTETTER 1856, KRAL 1973), but RUBIN (1983)
thinks that its origin may be according to the sliding of

lahar sediments.

Fig.5 Remelted lava in Funatsu Tainai Fig.6 Tree mold in lahar near Rimavska i
Cave. Photo: L. Gadl. Sobota in Slovakia. Photo: R. Galis

3. The fluvial tree mold caves

The most typical fluvial tree mold caves are developed in Neogene volcanoclastic sediments of
middle Slovakia. They occur in andesite volcanic tuffs, breccias and coarse conglomerates, which are
sedimented on the volcanic slope as a clastic material transmitted by periodical flows taking turns with
wild streams and debris flows or dilute flows. The trees were deposited when the kinetic energy of the
flows decreased in the foot of the slope, about 10-20 km away of the eruption centre. The voluminous
volcanism was generated after the Alpine orogenesis of the Western Carpathians in the Middle
Miocene (Badenian, Sarmatian) mainly in middle and eastern Slovakia. It had several eruption centres.
Among them the largest is stratovolcano Pofana in the middle Slovakia. Some other fluvial tree mold
caves occur in neovolcanic rocks of Moneasa Mts. in Romania (by the kindly information of Mr. Tibe-

riu Tulucan).

& OEe e

|
Fig.7 The main stages of origin of the fluvial tree mold caves: i
a. flowing, b. covering, c. silification, d. weathering. i
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Fig. 8 Underground tube of the Trpaslidia
jaskyria. Photo: P. Bella

The first cavities originated by the processes of
weathering of tree trunks from Stiavnické vrchy
Mts. were described by famous Slovak scientist
Andrej Kmet in 1913 (DUCAR 2004). The other
tree mold caves were studied by GAAL (1993,
2002, 2003), RADINGER & MLEJNEK (2001),
NOCIAR & RADINGER (2002) and PAULIS&
MLEJNEK (2003) in the middle Slovakian neovol-
canic rocks.

These caves have an oval cross section in their
entrances with the diameter about 1 x 0.5 m or
1.5 x 1.2 m, and at the end the cavern narrows down
to several cm. The longest of them has 10-12 m. Ra-
rely they are compounded of more (max. 3) trees,

for example Jaskyna v tufoch with the total length of 17 m.

Some similar small pipe-shaped cavities are around the cave entrance as well (with diameters of
3-50 cm). Some of them have a white rim probably of chalcedony. The several short ceiling and lateral
offshoots are in the back part of the cave, which were probably formed from tree branches.

Well-preserved silicified moulds of tree bark are found on some of its walls (Jaskyiia v tufoch). Some
of them are completely impregnated by dark coloured chalcedony or opal, but the original structure of

tree can be discerned.

A tree opal was found in the cave Vofiaéka too (PAULIS & MLEINEK 2003).

The origin of fluvial tree mold caves can be sketched as follows: the tree trunks were transmitted by

wild flows (often occasionally, irregularly) on the
lower parts of the volcanic slope among coarse vol-
canic rocks. This material after their deposition was
relatively rapidly covered by volcanic sand, gravel or
ash. The disintegration of tree trunks can start gene-
rally without oxygen. From covering beds - volcanic
sand or ash - silicic acid and origin the silicic gel was
secreted. This silicic gel incrusts in colloid form the
relatively soft part of the trees — mainly their bark.
Later, the gel transforms to the amorphous opal or to
cryptocrystallic chalcedony. After some time, the
inner part of trees rots and is carried-out by weathe-
ring. The crust of chalcedony or opal preserves the
cavity against collapsing. The chalcedony crust fla-
kes off in greater cavities and then is weathered out,
but in smaller cavities it is well preserved and re-
mains.

The tree can be also burnt by hot pyroclastic
material. The partly or completely carbonized tree
may be easily penetrated by silicic acid, which trans-
forms to opal or chalcedony. Their colour can then
often be darkened by carbon. Such fragments of
dark chalcedony occur in the cave Jaskyna v tufoch.
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Some data of fluvial tree mold caves in middle Slovakian neovolcanites:

Cave name Length Dlst?nce Miocene volcano
of eruptivecenter

Pecna 6,1 m 11,5 km Lysec

Vonacka 10,5 m 4,6 km Lysec

Trpasli¢ia jaskyna 12 m 14 km Celovce

Jaskyia pod Jasefiovym vrchom 58m 8 km Polana

Jaskyna v tufoch 17 m ? ?

4. The crater tree mold caves

Several preserved remains of craters of maar type are located in the basalt volcanic rocks of the
southern Slovakia, which were formed partly in the older phase of volcanism (Pontian, end of Mioce-
ne, Podredany Formation) and partly in the younger phase of volcanism (Pliocene-Pleistocene, Cerova
Formation). The maar structure of Podre¢any Formation is uncovered in the sand quarry near the Pinci-
na village (near Luéenec town, southern Slovakia ~ VASS et
al. 1997). In this quarry, the lapilli tuffs with fragments of
underlying aleurites of the Lower Miocene were discovered
in the inner part of the maar ring and diatomic clay with
sandy tuffs in the upper corner, which represent the inner
maar fill. This fill continues further to alginite, which is
a sought-after ecological raw material (it is a rock rich in

orgar-ic matter coming prevailingly from the bodies of dead
algae and is used mostly in agriculture for adjustment of soils
suffering from drought, but also as industrial filtration clay).
Algae accumulated in the maar lake that remained in the
crater formed by phreatomagmatic explosive activity.

Two small cavities, from which the right one meets the
conditions of a cave, are situated in the lower part of the
quarry wall in the lapilli tuffs. The tiny cave, named Jasky-
fa v maare was discovered by L. I2dinsky in 2001. It con-
sists of a single passage with the length of 5m, which is
cut by young gravitational fracture in the rear part. Inside
the second cavity, there is an easily recognizable tube with
a diameter of 8 cm, which probably represents a remain-
der of tree branch.

We suppose, that the trees were pulled down by strong
valcanic explosions, thrown to the air and their remains
(trunks) consecutively covered with another layer of lapilli
tuffs. After a partial denudation, the inner part was weat-

hered and the cavity widened by natural, mostly frost weat- Fig. 11 The entrance of the Jaskyria
hering. v maare. Photo: L. IZdinsky
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Speleothems in Mines - Pseudokarst features?
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Abstract

Speleothems in mines could be described as pseudokarst features. Whereas this classification might lead
to some discussions, the scientific importance of these speleothems is significant as they allow the dating
of mines and — beyond that - isotopic analysis can be used as climate proxies for the younger Holocene.

Zusammenfassung

Sinterbildungen in (kiinstlichen) Stollen kénnen in einem gewissen Sinn dem Pseudokarst
zugerechnet werden. Wenngleich diese Ansicht durchaus diskutiert werden kann, so steht doch der
wissenschaftliche Wert dieser Speldotheme ausser Zweifel, da sie neben der Datierungsmdoglichkeit
fiir dltere Bergbaue beim Fehlen historischer Quellen letztlich auch einen klimatischen Datenspeicher
fiir das jiingere Holozén bieten.
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Introduction

The scientific term “Pseudokarst” is not a pure scientific one and allows the inclusion not only of
rare striking karst replicas but also of only faintly similar phenomena like root stalagmites. The more
recent term “Consequence Cave" is another excellent example: There are karst related caves quite
similar to consequence caves fulfilling all morphological criteria but caused by breakdown of karst hol-
fows and not of mine tunnels.

“Consequence Caves” are defined as naturally formed cave-phenomena following the collapse of
man-made mines and tunnels. As these features are defined as .Pseudokarst", one could raise the
question whether speleothems developing in mines - and in consequence caves - can be conside-
red as pseudokarstfeatures too.

Speleothems built up by natural carbonates are related to karst — in most cases. But quite often one
may encounter a variety of those also in mines and tunnels. We disregard the ones originating from
concretes because these are of “true” artificial origin.

The entirely naturally formed speleothems in mines occur in a primarily artificial subsurface envi-
ronment which is situated often in non-karstic rocks, mostly after the abandoning of the mines.

An example from Austria

In the last decade Speleologists also mapped ancient mines, for instance in the easternmost pro-
vince of Austria, Burgenland. Whereas the history of most mines remained unclear, in some of them
a variety of speleothems could be observed - even in areas lacking typical carbonate rocks. Obviously
even traces of carbonates enable the formation of speleothems and most of them show a comparati-
vely rapid formation.
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Another examples from Carinthia in southern Austria
comes from a medieval mine, the Josefistollen near
Friesach in an area with schists and marbles without
any natural caves. In parts of this mine speleothems are
abundant, both on the ceiling and on the floor. From the
latter a 15 cm high stalagmite could be sampled and
investigated with the help of stable isotopes (Oxygen-
18, Carbon-13) and dated with U/Th-Series.

The resulting age of its base — 1363 AD - yielded the
minimum age of this part of the medieval mine. No writ-
ten report exists from this early stage of the Josefistol-
len so far.

Furthermore the stable isotopes show at least one
distinct hiatus in the younger part of the sequence - pro-
bably around 1900 AD - making a good climatic proxy for
the last 700 years. Hydrochemical modelling - based on
actual data and necessarily neglecting the hiatus - re-
vealed a younger age as expected.

Fig. 1. Stalagmite from the Josefistollen,
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Fig. 2. Isotope and age-data from the Josefi-Stalagmite [Fig. 1]

Future aspects

The dating of speleothems from Pseudokarst Caves, especially from “Consequence Caves", might
help to uncover the history of these objects. Research in mines and -subsequently - the dating of spe-
leothems should become an important tool for historic mine-research as well as for climatic studies of
the late Holocene due to high growth rates and therefore good resolution in most cases.
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Abstract

Pseudokarst phenomena are most often found in Finland in caves and cliffs. Of the 14 cave types
occurring in Finland only five, in crystal caves, in all of the three weathering cave types and in glacial
earth caves occurs pseudokarst phenomena such as piping, caused by ground waters or the melt
waters from snow, the dissolution of particular minerals, thermokarst etc.. On cliff rocks, which have
a stong vertical schistocity are occassional karren, or clint and grike structures. On the granite of sho-
res and on cliffs of schist there are also occassionally pits.
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Finnish cave types and pseudokarsts in caves

A cave is defined in Finland as a hollow of space in the bedrock or in the unconsolidated earth,
which is large enough to fit 2-3 people comfortably. Further, half caves and rock shelters, which can
comfortably fit at least 10 people are also counted as caves. Additionally, smaller hollows which are
valuable for geological, historical or other reasons, may be accepted as caves. At present over about
1 000 caves are recognised in Finland. A genetic - morphological cave classification scheme using 14
cave types, A-L, is used in Finland: A. Crystal caves caused by magma crystallisation and/or hydrot-
hermal fluids. B. Seismotectonic crevice caves caused by earthquakes. C. Karst caves caused by
limestone solution. D1. Tafoni caves caused by alveolar (tafoni) weathering in silicate rock. D2. Weat-
hering caves in preglacial weathering zones caused by preglacial chemical weathering and glacial
and/or postglacial erosion. D3. Other weathering caves caused by postglacial (mostly frost) weathe-
ring. E. Glacial crevice caves caused by quarrying glacial erosion. F. Glacial boulder caves caused by
glacial boulder transport and sedimentation. G. Glacial earth caves caused by melting of glacial ice
blocks buried in till or esker material. H. Marine erosion caves caused by the wave erosion and winter
ice erosion. |. Rockslide-formed boulder caves caused by rockslide and rockfall. J. River erosion caves
caused by running water erosion. K. Glacial abrasion caves caused by glacial abrasion. L. Ice caves
are caves of the types listed (A-K) in which the unusually cold microclimate has formed both perma-
nent and temporary ice deposits, the latter lasting the length of the summer.

Most of the Finnish caves are polygenetic, the most common cave types being BE, EF and D2EF.
Pseudokarst features occur in some of the caves of types A, D1, D2; D3, G and probably J.

Pseudokarsts in caves

The crystal caves of the Korsnés mine described by Rehtijarvi et al. (1979) and Kinnunen (1989)
(Point 1 in Fig. 1, coordinates: x = 6967,70, y = 1512,50. Cave type A) are 1-30 m long, 0.5-10 m wide
and 0.3-2 m high. They are in hydrothermal alteration zones associated with faults cutting lead ores,
which have biotite-rich migmatite as a country rock. In connection with mining works was found schis-
tosity- and fracturing-controlled, water filled, crystal aggregates (calcite, galena, anthophyliite, harmo-
tome and barite) containing and partly montmorillonitefilled cavities at different depths. The largest,
over 30 m long, 5-10 m wide and 0.3-1.5 m high cave at a quite steep attitude is at a depth of about
190 m The K/Ar method gives an age of 88 m.y. for the anthophyllite crystals of the cave, while age
of the surrounding country rock, and the lead ore is 1770 m.y. based on U/Pb determinations. Caves
remaining from mining work are at present under water in abandoned mines.

Rukatunturin Pirunpesad (The Devil's Den of Rukatunturi) at Kuusamo (2, coordinates:
x = 7340,65, y = 4462,00. Cave type: AD2D3) is 5 m long, 1-2 m wide and 1-2 m high. lt is a crystal
cave exposed by erosion in a fault zone in mylonitic and partly weathered quartzite precipice of Ruka-
tunturi. In the roof of the cave are several small side hollows, from which drop weathering material,
quartz and occassionally pyrolusite crystal aggregates. On the floor of the cave are rocks covering a
weathering sand. In the area of Rukatunturi, there are several caves that are smaller than caves resem-
bling those at Pirunpesa.

Markelampi cave at Lieksa (3, coordinates: x = 7040,18, y = 4513,96. Cave type D2J)
is >5 m long, 0.7-2 m wide and 0.2-0.5 m high.The cave is in black schist, which mainly consists of bio-
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tite, plagioclase, quartz, graphite and several sulphide minerals. The rock is weathered, in a varying
degree, to a depth of several metres. The sulphide minerals have in places been dissolved complete-
ly, so that the rock has become porous. The weathered bitiote colours the weathered rock to a metal-
lic lustre in places. The surface of the weathered rock covers an iron oxide crust, gossan. The cave is
in the intersection of horizontal and vertical fractures 2 m below the rock surface. On the floor of the
cave are rocks, which cover a thin layer of weathering material transported by dripping and flowing
water, whose quality varies from rusty gravel to light-coloured clay. On the roof is a variably thick layer
of a speleothem composed of iron oxide and gypsum precipitate. Through the cave flows a small stre-
am, whose meandering has had a effect on the shape of the cave.

Pirunkirnu (The Devils Churn) cave at Juuka (4, coordinates: x = 7008,84, y = 4454,33. Cave type
= D2D3J) is 6m long, 0.6-1.5 m wide and 0.4-1.6 m high. Pirunkirnu is a canyon, in which glacial melt
waters have strongly worn the weathered fracture zones of the quartzite rock. The cave has been for-
med in a 290°/55°SW trending fracture zone on the northern wall of the canyon; the former is filled
with materials that have been weathered to sand. The roof and walls of the cave are alternating {exfo-
liation and grusification) disintegrating weathered rock. Each spring, snow melt waters flowing
through to the fracture zone give rise to piping at the rear of the cave.

Halonen's oven (Halosen uuni) at Kuusamo (5, coordinates: x = 7350,17, y = 4468,30. Cave type:
D3) is 15 m long, 1-4 m wide and 0.5-2 m high. It is a passage in altered sericite quartzite (which has
been pegmatized and which has in part undergone hydrothermal solution). The cave expands at times
to the size of a room. The inclination of the base increases towards the rear part of the cave The rear
part rises in the rock as a vertical chimney. The floor has weathering materials sorted by the snow melt
waters and cultural soil. Each spring, water percolating to the cave through the rock cause strong
piping phenomena, especially in the vertical chimney at the rear of the cave, with the consequence
that the cave enlarges all the time.

Paljakanvuoren Pirupesd (Devil's Den of Paljakanvuori) at Kiuruvesi (6, coordinates:
x = 7051,01, y = 3483,68. Cave type: BD2) is partly closed using boulders, between which it is pos-
sible to look downwards as far as the light from a pocket torch carries. Only the uppermost, 6 m long,
1 m wide and 0.7 m high part of the cave is open. The cave is a ladder-like fracture network widened
by the weathering in porphyritic granite. It is composed of the gorge-like main passage and the frac-
ture-controlled horizontal side passages. All walls, ceilings and floors of the cave are weathered gra-
nite locally called moro. At present only the uppermost side passage is on passable. The cave was
studied and blocked in the 1930s when the hill was pasture. According to local knowledge, using a
rope, one can force one's way into the cave about 30 m.

Pseudokarst (thermokarst) in glacial earth caves

The two till caves at Kaamanen, northern Finnish Lapland (7, coordinates: x = 7662,00,
y = 3503,00, Cave type: G) are both 30 m long, 3-56 m wide ja 1-6 m high (SAARENKETO et al. 1987).
The caves were formed in the melting of two ice blocks buried in till during the oscillation of ice she-
ets. The till caves, which have a trend of about 40°, were at a depth of 5 m in the particularly hard con-
solidated basal till in the distal part of a drumlin.. They were found when a road digging machine fell
into one of the caves. The caves were destroyed during construction of the road.
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The Ukkola till caves at Eno (8, coordinates: x = 6983,80, y = 15610,45. Cave type: G) comprise seve-
ral -3 m long, 1-1.5 m wide and 0.5-1.5 m high cavities (RAINIO et al. 1981). Locally the sequence of
layers from the surface downwards is: 0 - 1-2 m hard basal till, 1-2 - 4-7 m till with deformation struc-
tures, of which the greatest part is resedimented esker material, and, in the bottom the section, gla-
cifluvial sand. The cavities were at a depth of 2-5 m in till in the lower part of a deformation till. Today
the cavities have been destroyed by earth material extraction.

The Puhos till caves at Kitee (9, coordinates: x = 6887,20, y = 4496,50. Cave type: G) are 6-8 m
long, 1.5-2 m wide and about 1 m high (Rainio et al. 1981). The caves were in the proximal side of Sal-
pausselki [l, at a depth of 4-6 m in poorly sorted gravel, which contained till lenses. Iron hydroxide and
carbonate presipitates have altered the cave roofs and walls as hard as conglomerate. The caves were
destroyed during gravel extraction.

The Hetemdki earth cave (Fig. 2) in an esker
at Juankoski (10, coordinates: x = 7009,77,
y = 3575,05. Cave type: G) is over some 2 m
long, 1.3 m wide and 0.8 m high (KEJONEN et
al. 1989). It was found at a depth of about 2 m
in during the extraction of gravel from the
esker. The esker is covered by an about 1 m
thick layer of particularly coarse rather impure,
pebbly and bouider-bearing gravel. Under this
layer there is poorly-sorted cand, where the
cave was found. The horizontal sand layers give

way to the hollow circling around it. Fig 2. Hetemiki earth cave at Juankoski, Finland.

Clint and grike structures and solution pits

The best documented clint and grike localities in Finland are at Kémmenniemi cape, Tampere
(KEJONEN 1987), on the Skravskdr and Skorvéren islands at Houtskar (BERGMAN 1972, RATIA
1998, GLUCKERT & TITTONEN 1999), and at Keindldnniemi and Sirkiniemi capes, Kuopio
(KIELOSTO et al. 1985, KEJONEN et al. 1988).

The Kdmmenniemi clint and grike area (11, coordinates: x = 6833,0, y = 2488,0) is on the shore of
Lake Nasijarvi (KEJONEN 1987). The features exist in several rock types: conglomerate (Fig. 3), bio-
tite schist, biotite gneiss, greywacke gneiss and amphibolite. All the rock types have more or less meta-
morphosed and they have a strong vertical schistosity. In a rock, which has a surface smooted glacial
ice sheet, clint and grike structures have a depth of 30-80 cm. They are less then 3 m above the sur-
face of Lake Nisijirvi, extending about one metre below the present-day water surface. Due to weat-
hering there is a rapid alternation in petrovariance in the rock layers. The corrosion of a weakly durab-
le layer begins with the solution of easily weathering of minerals such as carbonates, sulphide mine-
rals and pyroxenes, which make the rock porous. After this, erosion caused by frost weathering and
wave action and by melt waters wore the structure in the rock. At the end of the Ice Age (11 000 BP)
the area, in which clint and grike stuctures occur, has been at least three times in the coastal zone of
the Baltic Sea and the ancient Lake Nésijirvi. The combined duration of these coastal stages has
been over 3 000 years (TIKKANEN et al. 2001).
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The Keinildnniemi clint and grike structures
at Kuopio (12. coordinates: x = 6967,30, |
y = 3532,30) cccur in a schist belt containing :
both mica schist and volcanic rocks (former tuf-
fites and pillow lavas), which have a strong ver-
tical schistosity. The deepest (20-60 cm) clint
and grike structures are in the black schist lay-
ers containing the mica schist. Weathering and
dissolution of sulphide minerals has first made
the rock porous. Frost weathering, washing of § §
snow melt waters and wave action have further
caused erosion. In the volcanic rocks the for-
mation of clint and grike stuctures effected
both schistosity and structures of other rocks
such as contacts of different layers, places bet- .
ween pillow lava pillows and inclusions, porp-
hyroblasts and other similar structures in rocks.
At present the formation is situated 6-8 m
above the present surface of Lake Kallavesi.
After the ice age the area has been at least
three times in the coastal zone of the ancient

Baltic sea or the ancient Lake Suur-Saimaa Fig. 3. Clint and grike structure in Paavola
(SAARN!STO 1970). conglomerate at Kimmenniemi, Tampere.

On Sirkiniemi at Kuopio (13. coordinates: x = 6975,20, y = 3532,55) is a group of large boulders.
They are volcanites, originally tuffites and pillow lavas (KIELOSTO et al. 1985 and Kejonen et al. 1988).
In the boulders there are 10-60 cm deep clint and grike structures, which are in accordance with
schistosity and sedimentary structures preserved in the rock. The appearance of the clint and grike in
the boulders is exceptional from that in the rocks, that because of the attitude of the boulders the
schistosity of the rock is not vertical: rather the trend may be almost whatever. Besides the clint and
grike formation there are in the boulders cavities (tafoni) that cut the rock structure. The bouiders have
been at least three times in the coastal zone of the ancient Baltic or Suur-Saimaa (SAARNISTO 1970).

According to BERGMAN (1972), the clint and grike features of Skravskir and Skorvoren (14, loca-
tion: 60° 19' N and 21° 19' 19" E) are in banded iron ore. The main structures of the rocks are 5-15 ¢m
broad, alternating magnetite rich bands and olivine-bearing mafic bands, which both have vertical
schistosity. The main minerals of the iron ore bands are magnetite, amphibole, and some quartz and
biotite. The main minerals of the mafic bands are amphibole, olivine, chlorite, biotite and magnetite.
The mafic bands have corroded to a depth of 30-130 cm from the original ice-polished rock surface
while the magnetite bands are almost untouched and ice-polished. The disintegration of the rock
begins with the breakdown and solution of olivine, at which time the rock becomes porous. In the
following stage, frost weathering finally breaks up the rock. In the end wave action or spring melting
waters transport the fine-grained weathering material away. The weathered area continues below the
surface of the sea at least to a depth of 1.5 m. Because the highest point on Skorvéren is 3.6 m above
the surface of the sea, the island has not risen from the sea until less than 1000 years ago. Either weat-
hering has been particularly fast or part of it has taken place underwater.
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At Mustalahti, Karttula (15. coordinates: x = 8978,30, y = 3498,90), in shore boulders of medium-
grained, weakly schistose granite, are tens of cup-like holes which have a diameter of 5-15 cm and a
depth of 5-7 cm.. The holes are approximately on the level of the lake surface, such that most remain under
the spring flood, but they are on dry land during low water time. The base of some holes is peeling.

In the continental ice polished phyllite rocks on the shore at Paloselkd at Ruovesi (16. coordinates:
x = 6880,46, y = 2513,10) there are a large number of cavities 10-20 cm in diameter and 5-7 cm deep
(KANANOJA 1999). The cavities have often been derived from concretions in phyllites and have exten-
ded to their environment. The rock in which the cavities are has been, for a large part of the time after
ice age, under the surface of the of the ancient Baltic Sea or that of ancient lake Nasijérvi (TIKKANEN
et al. 2001)

Discussion

The pseudokarst caves of Finland are generally in localities, in which particular factors both inside
the ground (hydrothermal solutions) and outside (jointing controlled chemical weathering) have wea-
kened the rock. Parts of the caves are very old such as the crystal caves of the Korsnéds mone. Part is
just now forming as wearing due to piping caused by groundwater or snow meltwaters, frost weathe-
ring and erosion caused by running water in the caves.

In Finland, crystal caves are most frequent in the rapakivi granite areas and in the quartzite areas of
eastern Finland. From the last mentioned, of note is a body of interesting crystal caves such as Pirun-
kirkko (Devils churzh) at Nilsig, the crystal caves of Lampivaara amethyst mine at Sodankyld and a num-
ber of the less known crystal caves in Kainuu and North-Karelia.

Notably, weathering caves are more common than crystal caves. These are fairly evenly distributed
in Finland. There are not pseudokarst effects in all the weathering caves. Frequently the old weathe-
red rock has been eroded away by the grinding transport of the ice sheet, ancient coastal erosion, or
because of sliding caused by gravity. In some cases also the effect of man or an animal living in the
cave has had a significant effect on the expansion of the cave. At suitable localities piping and, some-
what exceptionally, easily the weathering of easily broken-down and soluble minerals such as sulphi-
des or pyroxenes have effected the formation of the cave.

Also for some caves clearly formed by weathering, such as Paljakan Pirunpesé (Devil's Den) at Kiu-
ruvesi, the precise method of formation is fairly problematic. They may form wide systems, but the
weathering materials corroded during the early stages of the cave have not been found in the cave or
in the immediate vicinity of its opening. Ancient coastal phases or the transport of running water may
explain part of the disappearance of weathered rock material. In a few of the above cases that are hig-
her than the ancient shores, such as Devil's Den (Pirunpesi) on Paljakanvuori at Kiuruvesi or in the
case of Karhunpesikivi (Bear Den boulder) in Lapland, the largest tafoni boulder in Finland that is
becoming a tourist atteaction, the disappearance of weathered rock material some 25 m®is a problem
to some extent (KEJONEN et al. 1988).

Glacial earth caves, thermokarst phenomena associated with the warming of the climate, are not
precisely intepreted as pseudokarst caves in Finland. They are a particular special case of karst. It may

be possible to find these from all ice-sheet covered areas. The more abundant of these, based on the
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Finnish case, are in the area of ice-marginal formations, in which rapid sedimentation and ice-sheet
oscillation have made possible the burial of glacial ice blocks and the weight of the oscillating ice-
sheet made the deposits exceptionally compact.

The young clint and grike structures and solution pits type localities are coastal cliffs. This might be
apparent because, elsewhere, except close to the shore, relatively modest structures remain easily
under the vegetation cover as has been observed on Keinalinniemi cape. On the other hand the obse-
rvation may be completely correct, especially regarding the solution pits. The bases of the larger weat-
hering pits, which are also sometimes found even under till, are usually variably thick layers of weat-
hered rock material, or the solution pits have developed from some rock structures such as a rocktype
inclusion, or a crystal cave (JAATINEN 1972, Aartolahti 1975). These features are lacking from the
young solution pits
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Abstract

At present more than 4,800 caves are known in Slovakia, mostly in carbonate rocks (limestone, dolo-
mite, travertine). Only 178 caves were formed in non-carbonate rocks (several volcanic eruptive and
intrusive rocks, sandstone, granite, quartzite and other). These caves are also interesting and impor-
tant from the geological, geomorpholocical and other subterranean environmental features point of
view. There are several genetic types of caves in non-carbonate rocks: volcanic exhalation caves, cre-
vice caves, crevice-breakdown caves, crevice-boulder caves, crevice-weathering caves, boulders
caves, weathering caves, tree mold caves, also fossil see abrasion caves. All caves in Slovakia are law-
fully protected by the Act on Nature and Landscape Protection.

Key words: speleology, caves in non-carbonate rocks, cave morphology and genesis, values of
caves, nature protection, Western Carpathians, Slovakia

Introduction

Natural conditions for cave genesis in the territory of Slovakia (Central Europe) are very different,
mainly from the geological, hydrogeological and geomorphological point of view. More than 4,670
caves are registered to the 1st June 2004. They were formed mostly in carbonate rocks (limestone,
dolomite, travertine). From the total number, only 178 caves were formed in non-carbonate rocks
(basalt, basalt conglomerates, andesite, andesite conglomerate and breccia, andesite tuffs, rhyolite,
basanite, sandstone, non-calcaire sandstone and conglomerate, granite, quartzite, quartz, shale).

The scientific research and speleological documentation of caves in non-carbonate rocks are reali-
sed mainly from the ninethies of last century. From this point of view, the interest of speleologists is
oriented to several volcanic and sandstone areas in central and eastern parts of Slovakia. The most
systematic speleological exploration and surveying of non-carbonate caves were realised in the Cero-
va vrchovina Mts. The results of these speleological activities weigh in the more completed view of
occurrence and character of non-carbonate caves in Slovakia. Until the low degree of knowledge
about non-carbonate caves is noted in the volcanic and sandstone areas of the Laborecka vrchovina
Mts., Pohronsky Inovec Mts. and Javorie Mts., also in the granite area of glacial boulder accumulations
in the Vysoké Tatry Mts.

The paper presents the actual list of non-carbonate caves in Slovakia, lithological conditions and
genetic types of caves formed in non-carbonate rocks, also natural, archaeological and historical valu-
es of these caves and their protection.
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List of Non-Carbonate caves in the framework of geomorphological units

According to the regional hierarchical geomorphological units of Slovakia (MAZUR & LUKNIS,
1978), we advance the list of registered caves formed in non-carbonate rocks with basic data: cadast-
ral territory, district, cave entrance altitude, length, depth, genetic type, rock type, respectively the
occurrence of ice fill or archaeological findings, etc.) and references from published and unpublished
literature or written documents. The quantum of data about individual caves is dependent on their sig-
nificance and the extent of their investigation and documentation. In the framework of regional geo-
morphological units, the most number of non-carbonate caves is known in the Cerova vrchovina Mts.
(see the table 1). The central evidence of caves in Slovakia is collected and realised in the Slovak
Museum of Nature Protection and Speleology in Liptovsky Mikulas.

BACHUREN MOUNTAINS

Dzandzarova diera - cadastral territory: Sabinov, district: Sabinov, ca 510 m a. s. |.,8 m deep, cre-
vice abyss formed in sandstone [Z. Hochmuth, 1998a).

Dymiaca jaskyna - cadastral territory: Rengisov, district: PreSov, 868 ma. s. 1., 19.8 m long, 5 m
deep, crevice cave formed in sandstone [Z. Hochmuth, 1995a,b].

Ladova jaskyna - cadastral territory: Rencisov, district: PreSov, 838 m a. s. |, 65 m long, 19 m
deep, crevice cave formed in sandstone, ice fill [Z. Hochmuth, 1995a,b].

Pivnica - cadastral territory: René&iSov, district: PreSov, 826 m a. s. |, 42.4 m long, denivelation
+11.7 m, crevice cave formed in sandstone [Z. Hochmuth, 1995a,b].

Priebezna jaskyna (Priechodna jaskyfia) — cadastral territory: RendéiSov, district: PreSov, 836 m
a.s. l., 9.5 m long, crevice cave formed in sandstone [Z. Hochmuth, 1995a,b].

Vianoéna jaskyna - cadastral territory: RengiSov, district: PreSov, 868 m a. s. |., 120 m long,
26.4 m deep, crevice cave formed in sandstone [Z. Hochmuth, 1995a,b].

BESKYDSKE PREDHORIE FOOTHILLS

HANUSOVSKA PAHORKATINA HiLL LAND
Jaskyna pri Pavlovciach - cadastral territory: Pavlovce, district: Vranov nad Toplou, 18 m long,
cave formed in Paleogene conglomerate, anthropogenic origin? [Z. Hochmuth, 1996].

BUKOVSKE VRCHY MOUNTAINS

BUKOVCE MOUNTAINS

Dakova jaskyha - cadastral territory: Zboj, district: Snina, 785 m a. s. I, 126.5 m long, 23.8 m
deep, crevice cave formed in sandstone, an occurrence of bats [J. Ducar - P. Holubek, 2004].

Knahyna - cadastral territory: Zboj, district: Snina, ca 560 m long, crevice cave formed in sandsto-
ne, the entrance of the cave is situated in the territory of Ukraine, subterranean passage is continued
under state boundary to Slovakia [M. Bural, 2004; J. Ducar, 2004).

Pustajova jaskyna - cadastral territory: Zboj, district: Snina, 28 m long, crevice cave formed in
sandstone, an occurrence of bats [M. Bural, 2004; J. Ducar, 2004; J. Ducar - P. Holubek, 2004).

Rupa - cadastral territory: Ruské, district: Snina, 790 m a. s. |, 11.3 m long, crevice cave formed in
sandstone [J. Ducar - P. Holibek, 2004).

Studena jamka 1 - cadastral territory: Zboj, district: Snina, 10.2 m long, boulder cave formed in
sandstone [J. Ducar - P. Holubek, 2004].
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Studena jamka Il - cadastral territory: Zboj, district: Snina, 5.8 m long, boulder cave formed in
sandstone [J. Ducar - P. Holubek, 2004].

BURDA MOUNTAINS

Trhlina za skalnou ihlou — cadastral territory: Kamenica nad Hronom, district: Nové Zamky,
3.1 m long, cave formed in volcaniclastic andesite rocks . Eszterhas, R. Lehotsky, unpublished].

Jaskyna za skalnou ihlou - cadastral territory: Kamenica nad Hronom, district: Nové Zamky,
2.4 m long, cave formed in volcaniclastic andesite rocks [l. Eszterhas, R. Lehotsky, unpublished].

Lis¢ia diera pri stanici - cadastral territory: Kamenica nad Hronom, district: Nové Zamky,
2.4 m long, cave formed in volcaniclastic andesite rocks [I. Eszterhas, R. Lehotsky, unpublished].

Trhiina pri stanici - cadastral territory: Kamenica nad Hronom, district: Nové Zamky,
2.4 m long, cave formed in volcaniclastic andesite rocks [I. Eszterhas, R. Lehotsky, unpublished].

Rekreacna jaskyna - cadastral territory: Kamenica nad Hronom, district: Nové Zamky,
4.7 m long, cave formed in volcaniclastic andesite rocks [R. Lehotsky, unpublished].

CEROVA VRCHOVINA MOUNTAINS

HAJNACSKA VRCHOVINA MOUNTAINS

Amfiteatrova jaskyna (Jaskyna v Malom kamennom mori I.) - cadastral territory: Stara
Basta, district: Rimavska Sobota, 9.4 m long, 4.8 m deep, crevice-boulder cave formed in basalt
[L. Gaal - J. Gaal, 1989; L. Gaal - |. Eszterhas, 1990].

Belinska jaskyna - cadastral territory: Belina, district: Luéenec, 4,6 m long, weathering cave for-
med in basalt [L'. Gaal, 1996b].

Blsia jaskyna - cadastral territory: Hajnagka, district: Rimavska Sobota, 5.2 m long, decrease cre-
vice cave formed in basalt lapilli tuffs [L. Gaal, 2003a].

érepova’ jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 635 m a. s. I,
81.3 m long, crevice-boulder cave formed in basalt, archaeological findings [L. Gaal, 1995; L. Gaal - J.Gaal,

1995].
Dolna jaskyna v Zabode - cadastral territory: Hajnacka, district: Rimavska Sobota, ca 460 m a.
s. I, 8.5 m long, decrease crevice cave formed in basalt [L.Gaal - I. Eszterhas, 1990].

Dolna krajna jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 550 m a. s. |,,
5.7 m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Dvojvchodova rozsadlina - cadastral territory: Surice, district: Luéenec, 525 ma. s. |, 66,7 m
long, crevice cave formed in basalt [L. Gaal - J. Gaal, 1995, L. Gaal 2003a].

Ebeczkého jaskyna (Jaskyna na Ragaci) - cadastral territory: Hajnagka, district: Rimavska
Sobota, 11 m long, syngenetic volcanic exhalation cave formed in basalt agglomerates [V. Pilous,
1982; J. Vitek, 1983; L. Gaal - J. Gaal, 1989; L. Gaal - |. Eszterhas, 1990].

Horna jaskyna v Zabode - cadastral territory: Hajnacka, district: Rimavska Sobota, ca 460 m
a. s. ., 3 m long, decrease crevice cave formed in basalt [L. Gaal - 1. Eszterhas, 1890].

Horna krajna jaskyna — cadastral territory: Stara Basta, district: Rimavska Sobota, 552 m a. s. |,
5.5 m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Horna sutova jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 530 m a. s. |,,
12 m long, 3.5 m deep, boulder cave formed in basalt [L. Gaal, 1995; L. Gaal - J.Gaal, 1995].

Hviezdicova jaskyna — cadastral territory: Stara Basta, district: Rimavska Sobota, 555 m a. s. |,
20 m long, boulder cave formed in basalt [L'. Gaal - J. Gaal, 1995].
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Jaskyna kanelovanych ¢repov - cadastral territory: Belina, district: Luenec, 23 m long, crevi-
ce-boulder cave formed in basalt [L. Gaal, 1996b).

Jaskyna na brale - cadastral territory: Surice, district: Ludenec, 530 m a. s. l, 42 mlong, 41 m
deep, crevice cave formed in basalt [L. Gaal - J. Gaal, 1995].

Jaskyna nad skalnym oknom (Skalna trhlina I.) - cadastral territory: Stara Basta, district:
Rimavska Sobota, 4.3 m long, crevice cave formed in basalt [V. Starka, 1968; L. Gaal - J. Gaal, 1989;
L. Gaal - |. Eszterhas, 1990].

Jaskyna pod skalnym stipom - cadastral territory: Stara Basta, district: Rimavska Sobota, 557
m a. s. |, 10.8 m long, crevice cave formed in basalt [V. Starka, 1968; L. Gaal - J. Gaal, 1989;
L. Gaal - |. Eszterhas, 1990].

Jaskyna pri Certovej hlave - cadastral territory: Stara Basta, district: Rimavska Sobota, 570 m
a. s. I, 6.3 m long, crevice cave formed in basalt [V. Starka, 1968; L. Gaal - J. Gaal, 1989; L'. Gaal -
. Eszterhas, 1990].

Jaskyna pri previse - cadastral territory: Stara Basta, district: Rimavska Sobota, 630 m a. s. |.,
6.6 m long, 3.2 m deep, boulder cave formed in basalt, archaeological findings [L. Gaal - J.Gaal, 1995].

Jaskyna pri Zeleznej brane (Jaskyhia v Malom kamennom mori Il.) - cadastral territory:
Stara Basta, district: Rimavska Sobota, 11.6 m long, boulder cave formed in basalt [L. Gaal - J. Gaal,
1989; L. Gaal - I. Eszterhas, 1990].

Jaskyna v belinskej rozsadline - cadastral territory: Belind, district: Lucenec, 5 m long, crevi-
ce cave formed in basalt [L.. Gaal, 1996b].

Jaskyna v belinskej sutine - cadastral territory: Belina, district: Luéenec, 12 m long, boulder
cave formed in basalt [L. Gaal, 1996b].

Jaskyna v Kamennom mori - cadastral territory: Stara Basta, district: Rimavska Sobota,
3.8 m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1989; L. Gaal - |. Eszterhas, 1990].

Jazvecia jaskyna - cadastra! territory: Hajnadka, district: Rimavska Sobota, 545 m a. s. ., 9.4 m
long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995; M. Uhrin, 1995].

Kamenna platna (Jaskyna v Kamennom mori I.) - cadastral territory: Stara Basta, district:
Rimavska Sobota, 4.4 m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1989; L. Gaal - |. Esz
terhas, 1990].

Komin na Ragaci - cadastral territory: Hajnagka, district: Rimavska Sobota, 6.2 m long, 5.2 m
deep, syngenetic volcanic exhalation cave formed in basalt conglomerate [L.. Gaal - J. Gaal, 1989;
L. Gaal - I. Eszterhas, 1990]. _

Kunia jaskyna - cadastral territory: Stara N
Basta, district: Rimavska Sobota, 525 m a. s.
l., 7.4 m long, boulder cave formed in basalt
[L. Gaal - J. Gaal, 1995; M. Uhrin, 1995].

Labyrintova jaskyna - cadastral territo- %
ry: Stara Basta, district: Rimavska Sobota, | “.‘-
560 m a. s. I, 161.3 m long, 9.6 m deep, cre-
vice-boulder cave formed in basalt, ice fill,
archaeological findings (hallsttat, Bronze |
Age, Middle Age) [J. Nyary, 1870; J. Barta,
1963, 1975; V. Starka, 1967, 1968; L. Gaal -
J. Gaal, 1989; L. Gaal - |. Eszterhas, 1990;
V. Franc - A. Hanzelova, 1995; V. Furmanek, . Pohansky hrad - the locality of boulder caves,
1995; M. Uhrin, 1995]. Cerovi vrchovina Mis. Photo: P. Bella
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Ladova trhlina (Velka trhlina) - cadastral territory: Stara Basta, district: Rimavska Sobota,
555 ma. s. |, 46.5 m long, 17.3 m deep, crevice cave formed in basalt, ice fill [V. Starka, 1968; L. Gaal
- J. Gaal, 1989; L. Gaal - |.Eszterhas, 1990].

Mala severna jaskyna - cadastral territory: Surice, district: Luenec, 545 m a. s. |, 8.2 m long,
2.9 m deep, crevice-boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Mala vychodna jaskyna - cadastral territory: Hajnacka, district: Rimavska Sobota, 4.8 m long,
crevice-boulder cave formed in basalt [U. Gaal - J. Gaal, 1995].

Mirova jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 530 m a.s. I, 4 m
long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Nyaryho jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 25 m long,
crevice cave formed in basalt, root stalagmite [J. Barta, 1963, 1975; V. Starka, 1968; . Gaal - J. Gaal,
1989; L. Gaal - I. Eszterhas, 1990; V. Franc —~ A. Hanzelova, 1995; M. Uhrin, 1995; R. Mlejnek, 2000].

Severna priepast - cadastral territory: Surice, district: Luéenec, 550 m a. s. 1, 38 m long,
12 m deep, crevice cave formed in basalt [L. Gaal, 1995; L. Gaal - J. Gaal, 1995].

Skalna trhlina - cadastral territory: Stara Basta, district: Rimavska Sobota, 7 m long, 3.5 m deep,
crevice cave formed in basalt [L. Gaal - J.Gaal, 1989; L. Gaal - L Eszterhas, 1990].

Skautska jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 555 m a. s. |. 53
m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Spodna sutova jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 520 m a.
s. I, 3.2 m long, boulder cave formed in basalt [L. Gaal - J. Gaal, 1995].

Stipova' jaskyna - cadastral territory: Surice, district: Ludenec, 525 m a. s. |, 182 m long, 12.6 m
deep, crevice cave formed in basalt, an occurrence of bats [L. Gaal, 1995a; L. Gaal - J. Gaal, 1995].

Stlpovs jaskyha
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Fig.2 The map of the Stipova jaskyria (Column Cave), Cerova vrchovina Mits.
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Fig. 3 Situation sketch of the Stipova jaskyria (Column Cave),
Cerova vrchovina Mts.

Ragacska studna (Priepast na Ragaci)
- cadastral territory: Hajnacka, district:
Rimavska Sobota, 9.3 m deep, syngenetic
volcanic exhalation abyss formed in basalt
agglomerate [J. Klinda, 1977; V. Pilous,
1982; J. Vitek, 1983b; L. Gaal - J. Gaal,
1989; L. Gaal ~ |. Eszterhas, 1990; R. Mlej-
nek - F. Radinger, 2000].

Suricky akryt - cadastral territory: Suri-
ce, district: Luéenec, 525 m a. s. ., 68.5 m
long, 12.5 m deep, crevice-boulder cave for-
med in basalt, a refuge during the 2nd world
war [V. Franc - A. Hanzelova, 1995; L. Gaal,
1995a; L. Gaal - J. Gaal, 1995].

Fig. 4 Exhalation chimney Ragacéska studria
in Cerova vrchovina Mts. Photo: L. Gaal




Zapadna sutova jaskyna - cadastral territory: Stara Basta, district: Rimavska Sobota, 26.3 m
long, boulder cave formed in basalt [L'. Gaal - J. Gaal, 1995].

CERGOV MOUNTAINS

Bublina - cadastral territory: KriZe, district: Bardejov, 3 m long, crevice cave formed in sandstone
[J. Ducar - G. Lesinsky - T. Maté, 2000].

Dymnica - cadastral territory: Livov, district: Bardejov, 8.4 m long, 6.5 m deep, crevice abyss for-
med in sandstone [J. Ducar - G. Lesinsky — T. Mate, 2000].

Hrobka - cadastral territory: Krize, district: Bardejov, 9.5 m long, crevice cave formed in sandsto-
ne [J. Ducar - G. Lesinsky - T. Mate, 2000].

Hubova jaskyna - cadastral territory: Krize, district: Bardejov, 4 m long, crevice cave formed in
sandstone [J. Ducar - G. Lesinsky — T. Maté, 2000].

Jazvecia jaskyna - cadastral territory: Krize, district: Bardejov, 5.2 m long, crevice cave formed
in sandstone [J. Ducar - G. Lesinsky - T. Maté, 2000].

Oltarkamen - cadastral territory: Drienica, district: Sabinov, 5 m long, cave formed in sandstone
[J. Ducar, 1997; Z. Hochmuth, 1998al.

Tunel - cadastral territory: Livoy, district: Bardejov, 12 m long, crevice cave formed in sandstone [J.
Ducar — G. Ledinsky - T. Maté, 2000].

Zbojnicka jaskyha - cadastral territory: Krize, district: Bardejov, 8 m long, crevice cave formed
in sandstone [J. Ducar — G. Lesinsky - T. Maté, 2000].

HORNADSKA KOTLINA BASIN

HORNADSKE PODOLIE WIDE VALLEY

Chrast — cadastral territory: Vitkovce, district: Spisska Nova Ves, 3 m long, cave formed in polymict
conglomerate [J. Barta, 1963; P. Holubek — M. Marusin, 1997].

Jaskyna pod previsom — cadastral territory: Vitkovce, district: SpiSska Nova Ves, 5 m long, cave
formed in polymict conglomerate [P. Holubek - M. Marusin, 1997].

HORNONITRIANSKA KOTLINA BASIN

HANDLOVSKA KOTLINA BASIN

Gertrida - cadastral territory: Nova Lehota, district: Prievidza, 7.6 m long, cave formed in volca-
noclastic andesite rocks [P. Stre¢ansky, 1995a,b].

Janosikova jaskyna - cadastral territory: Prievidza, district: Prievidza, cave formed in volcano-
clastic andesite rocks [J. Barta, 1984].

JAVORIE MOUNTAINS

LOMNIANSKA VRCHOVINA MOUNTAINS
Rozsadlina - cadastral territory: Zvolen, district: Zvolen, 3 m long, crevice cave formed in volca-

noclastics os andesite [R. Mlejnek, unpublished].
Horizontalna jaskyna - cadastral territory: Zvolen, district: Zvolen, 3 m long, .... cave formed in
volcanoclastics of andesite [R. Miejnek, unpublished].
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JUHOSLOVENSKA KOTLINA BASIN

IPELSKA KOTLINA BASIN

POTORSKA PAHORKATINA

HILL LAND ¢

Pecna - cadastral territory: Luborie¢- &g
ka, district: Velky Krti§, ca 265 m a. s. |,
6.1 m long, tree mould cave formed in
epiclastic andesite conglomerate, parti-
ally enlarged by anthropogenic excava-
tion [F. Radinger - R. Mlejnek, 2001;
L. Gaal, 2002, 2003b].

LUCENSKA KOTLINA BASIN

JELSOVSKA PAHORKATINA

HILL LAND

Jaskyna pri Trenci - cadastral terri-
tory: Treng, district: Luéenec, ca 220 m
a. s. |, 7.7 m long, crevice cave formed in
epiclastic andesite conglomerate [F. Radinger - R. Mlejnek, 2001].

POLTARSKA PAHORKATINA HILL LAND

Jaskyna v maare - cadastral territory: Pincina, district: Luéenec, 5 m long, tree mould cave for-
med in basalt lapilli tuffs of maar [L.. Gaal - H. Tachihara - K. Urata, 2004].

Fig.5 Pecna Cave. Photo: P. Bella

KREMNICKE VRCHY MOUNTAINS

FLOCHOVSKY CHRBAT RIDGE

Diera pod oknom - cadastral territory: Radva, district: Banska Bystrica, 1190 m a. s. |, 4.4 m long,
crevice cave formed in andesite volcanoclastic agglomerates [L. Gaal - J. Grego ~ P. Holibek - R. Mlejnek,
2000].

Jaskyna v Loptichovom vrchu - cadastral territory: Kremnica, district: Ziar nad Hronom, 3.8 m
long, weathering cave formed in andesite agglomerate [J. Vitek, 1989].

Janosikove diery (Zbojnicka diera) - cadastral territory: Kremnica, district: Ziar nad Hronom,
55 m long, 14.3 m deep, crevice cave formed in andesite agglomerate [J. Vitek, 1988, 1989; L. Gaal
- J. Grego - P. Holtibek - R. Mlejnek, 2000].

Kremnicka sucha diera (Priepast v Kremnickych horach) - cadastral territory: Kremnica,
district: Ziar nad Hronom, 1193 m a. s. |, 60 m fong, 29.4 m deep, crevice cave formed in andesite
agglomerate [J. Hlavag, 1978; L. Gaal - J. Grego - P. Holubek - R. Mlejnek, 2000].

Snezna rozsadlina - cadastral territory: Kremnica, district: Ziar nad Hronom, 1177 m a. s. L,
91 m long, 24.5 m deep, crevice cave formed in andesite agglomerate, ice fill [L. Gaal ~ J. Grego - P.
Holubek ~ R. Mlejnek, 2000].

Svahova jaskyna - cadastral territory: Radvan, district: Banska Bystrica, ca 11560 m a. s. |,
12.2 m long, 5 m deep, crevice cave formed in andesite agglomerate [L. Gaal - J. Grego - P. Hold-
bek - R. Mlejnek, 2000].

Sikma jaskyna - cadastral territory: Radvan, district: Banska Bystrica, 1170 ma. s. ., 4,4 m long,
crevice cave formed in andesite agglomerate [L. Gaal - J. Grego - P. Holubek - R. Miejnek, 2000}
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Ukryt pod oknom - cadastral territory: Radvaf, district: Banska Bystrica, cadastral territory:
Kremnica, district: Ziar nad Hronom, 1188 m a. s. |., 4.6 m long, weathering cave formed in andesite
agglomerate [L'. Gaal - J. Grego - P. Holubek - R. Mlejnek, 2000].

Uzina pod chodnikom - cadastral territory: Kremnica, district: Ziar nad Hronom, 4.4 m long, cre-
vice cave formed in andesite agglomerate [L. Gaal - J. Grego - P. Holtbek - R. Mlejnek, 2000].

MALACHOVSKE PREDHORIE FOOTHILLS

Chaldecénova jaskyna - cadastral territory: Horné Pr3any, district: Banska Bystrica, 3.1 m long,
weathering cave formed in silicified dolomite [H. Beaudouin - L. Gaal - J. Galvanek, 2001].

Horna Kremenia - cadastral territory: Horné Pr3any, district: Banska Bystrica, 5.3 m long, weat-
hering cave formed in silicite [J. Vitek, 1987b, 1989; H. Beaudouin - L. Gaal - J. Galvanek, 2001].

Kremenna jaskyna (Jaskyna v kremeni, Kremenia) - cadastral territory: Horné Priany,
district: Banska Bystrica, 610 m a. s. |, 9.5 m long, weathering cave formed in silicite [J. Barta, 1963;
V. G. Bukovinsky, 1985; J. Vitek, 1987b, 1989; P. Mitter, 1990; H. Beaudouin - L. Gaal - J. Galvanek,
2001].

Opalova jaskyna - cadastral territory: Horné Prany, district: Banska Bystrica, 3.2 m long, weat-
hering cave formed in silicite [H. Beaudouin - L. Gaal - J. Galvanek, 2001].

TUROVSKE PREDHORIE FOOTHILLS
Ventarola - cadastral territory: Turové, district: Zvolen, 5 m long, crevice cave formed in andesi-
te volcanoclastic rocks [L. Gaal, 2000].

KRUPINSKA PLANINA PLATEAU

BZOVICKA PAHORKATINA HILL LAND
Vodopadovy previs - cadastral territory: Plastovce, district: Levice, 22 m long, erosion-breakdown-
weathering rocky shelter formed in andesite tuffs, probably also a suffosion action [V. Pilous, 1982].

DACOLOMSKA PLANINA PLATEAU

Trpaslic¢ia jaskyna - cadastral territory: Dolny Da&ov Lom, district: Vesky Krti§, 370 m a. s. |,
11.9 m long, tree mould cave formed in andesite epiclastic conglomerate {F. Radinger - R. Mlejnek,
2001; R. Mlejnek - P. Pauli§, 2002, L. Gaal, 2002, 2003b].

Suchanska trhlina - cadastral territory: Suchan, district: Velky Krti§, 17.8 m long, crevice cave
formed in andesite pyroclastic breccia [F. Radinger - R. Miejnek, 2001].

MODROKAMENSKE UBOCIE HiLLSIDE

Cabradsky previs - cadastral territory: Cabradsky Vrbovok, district: Zvolen, 13 m long, weathe-
ring rocky shelter formed in andesite tuffs, partially anthropogenic impact on a cave morphology
[V. Pilous, 1982].

laskyna SiSa Pistu - cadastral territory: Te§mak, district: Levice [G. Dénes, 2004].

Jaskyna v tufoch - cadastral territory: Te$mak, district: Levice, 17 m long, tree mould cave formed
in andesite tuffs [R. Burkhardt, 1962; L. Gaal, 2002, 2003b].

Jaskyna potoka Pest - cadastral territory: Stredné Plachtince, district: Velky Krti§
[G. Dénes, 2004].

Prievanova diera - cadastral territory: Selany, district: Velky Krti§, 9.5 m long, crevice cave for-
med in volcanoclastic andesite rocks [L. Gaal, 2003a].
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Zidova diera - cadastral territory:
Modry Kamen, district: Velky Krti§, ca
370 m a. s. |, 39 m long, 13.56 m deep,
crevice cave formed in andesite breccia
(L. Gadl, 1992].

KYSUCKE BESKYDY
MOUNTAINS

RACA MOUNTAINS

Skalna diera | - cadastral territory:
Klubina, district: Cadca, 22 m long, cre-
vice cave formed in sandstone [J. Wag-
ner a kol., 1990].

Skalna diera If - cadastral territory:
Klubina, district: Cadca, 9 m long,
weathering cave formed in sandstone
[J. Wagner a kol., 1990].

Ukryt 1 - cadastral territory: Nova
Bystrica, district: Cadca, 1150 ma. s. I, 4 m long, cave formed in sandstone [R. Czarnecki et al.,
1997].

Ukryt Il - cadastral territory: Nova Bystrica, district: Cadca, 1150 m a. s. |, 5 m long, cave formed
in sandstone [R. Czarnecki et al., 1997].

Fig.6 Zidova diera Cave in Krupinské planina Mts.
Photo: L. Gaal

LEVOCSKE VRCHY MOUNTAINS

LEVOCSKA VYSOCINA MOUNTAINS

Jaskyna pod Jankovcom €. 1 - cadastral territory: Javorina, district: Poprad, 40 m long, cave
formed in sandstone {S. Pavlaréik, unpublished].

Jaskyna pod Jankovcom €. 2 - cadastral territory: Javorina, district: Poprad, ca 100 m long,
cave formed in sandstone, an occurrence of bats [S. Pavlaréik, unpublished].

Jaskyna pod Jankovcom €. 3 - cadastral territory: Javorina, district: Poprad, 8 m long, cave for-
med in sandstone [S. Paviaréik, unpublished].

Jaskyna v Derezovej - cadastral territory: Javorina, district: Poprad, ca 60 m long, ca 20 m deep,
cave formed in sandstone [S. Pavlaréik, unpublished].

Jaskyna v Prednej Kohutovej - cadastral territory: Javorina, district: Poprad, ca 100 m long,
cave formed in sandstone [S. Pavlaréik, unpublished].

Pseudokrasova jaskyna v Ciernej hore - cadastral territory: Javorina, district: Poprad, ca 910 m
a. s. |, ca 40 m long, ca 15 m deep, cave formed in sandstone [S. Pavlaréik, unpublished].

Pseudokrasova jaskyna v Kohitovke - cadastral territory: Jakubany, district: Poprad,
643 m a. s. |, 15 m long, crevice-breakdown cave formed in sandstone [S. Pavlarcik — V. Vadovsky,
1994).

Vodna priepast - cadastral territory: Javorina, district: KeZzmarok, abyss formed in sandstone
[S. Pavlargik, unpublished)].

Zhojnicka diera - cadastral territory: Sambron, district: Poprad, 976 m a. s. |, 15 m long, crevice
cave formed in sandstone [S. Pavlaréik, 1985].
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LUBOVNIANSKA VRCHOVINA MOUNTAINS

Candikova diera - cadastral territory: Stara Luboviia, district: Stara Lubovia, cave formed in non-
calcic conglomerate, a refuge during the 2nd world war [S. Pavlarcik, 1982].

Zbojnicka diera - cadastral territory: Mnisek nad Popradom, district: Stara Luboviia, ca 10 m
long, crevice cave formed in sandstone [S. Pavlar¢ik, 1982].

Zbojnicka diera pri Hranicnom - cadastral territory: Hraniéné, district: Stara Lubovna, ca 50 m
long, cave formed in sandstone, filled entrance [S. Pavlarcik, 1982].

Zbojnicka jaskyna - cadastral territory: Orlov, district: Stara Luboviia, ca880 ma.s. [, 185 m
long, crevice cave formed in sandstone [S. Pavlaréik, 1983].

MALE KARPATY MOUNTAINS

DEVINSKE KARPATY MOUNTAINS

DEVINSKA KOBYLA MOUNTAIN

Abrazna jaskyna - cadastral territo-
ry: Devinska Nova Ves, district: Bratisla-

va, 169 m a. s. |, 8 m long, cave formed
by abrasion of Neogene sea in slightly
marly shale [M. Misik, 1976; P. Mitter,
1983; R. Lehotsky, 1994; R. Lehotsky -
P. Zeni§, 1994].

Kremencova jaskyna I - cadastral
territory: Devinska Nova Ves, district:
Bratislava, 6.1 m lang, cave formed by
abrasion of Neogene sea in quartzite [R.
Lehotsky, 1994].

Kremencova jaskyna Il - cadast-
ral territory: Devinska Nova Ves, district:
Bratislava, 4.8 m long, cave formed by Fig.7 Entrance of the fossil Abrazna jaskyria (Abrasion
abrasion of Neogene sea in quartzite Cave) formed by abrasion of Neogene sea in shale,
[R. Lehotsky, 1994]. Malé Karpaty Mts. Photo: P. Bella

Kremencova jaskyna Ill —~ cadast-
ral territory: Devinska Nova Ves, district: Bratislava, 2 m long, cave formed by abrasion of Neogene sea
in quartzite [R. Lehotsky, 1994].

Kremencova jaskyna IV - cadastral territory: Devinska Nova Ves, district: Bratislava, 2.4 m long,
cave formed by abrasion of Neogene sea in quartzite [R. Lehotsky, 1994].

Kremencova jaskyna V - cadastral territory: Devinska Nova Ves, district: Bratislava,
1.6 m long, cave formed by abrasion of Neogene sea in quartzite [R. Lehotsky, 1994].

ONDAVSKA VRCHOVINA MOUNTAINS

Liscie diery - jaskyna — cadastral territory: Cernina, district: Svidnik, 10 m long, cave formed in
sandstone [M. Erdés - Z. Fodor, 1980; Z. Hochmuth, 1998a).

Liséie diery — priepast - cadastral territory: Cernina, district: Svidnik, 9 m deep, abyss formed
in sandstone [M. Erdés - Z. Fodor, 1980; Z. Hochmuth, 1998a].
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ORAVSKE BESKYDY MOUNTAINS

BABIA HORA MOUNTAINS

Jaskyna v Babej hore - cadastral territory: Oravska Polhora, district: Dolny Kubin,
1680 m a. s. |., 10 m long, crevice cave formed in sandstone [O. Lhotsky, 1967; J. Wagner a kol.,
1990].

Jaskyna v Malej Babej hore ¢. 1 - cadastral territory: Oravska Polhora, district: Dolny
Kubin, ca 80 m long, crevice-breakdown cave formed in sandstone [OS SSS Dolny Kubin, unpub-
lished].

Jaskyna v Malej Babej hore €. 2 - cadastral territory: Oravska Polhora, district: Dolny
Kubin, ca 50 m long, 16 m deep, crevice cave formed in sandstone [OS SSS Dolny Kubin, unpub-
lished].

Jaskyna v Malej Babej hore ¢. 3 - cadastral territory: Oravska Polhora, district: Dolny Kubin,
18 m long, cave formed in sandstone [OS SSS Doiny Kubin, unpublished].

OSTROZKY MOUNTAINS

Balvanova jaskyna — cadastral territory: Tuhar, district: Lucenec, ca 730 m a. s. |,, 8.2 m long,
4.8 m deep, boulder cave formed in andesite [F. Radinger - R. Mlejnek, 2001].

Jaskyna pod Bralcami - cadastral territory: Tuhar, district: Luéenec, 39 m long, 9.5 m deep,
crevice cave formed in andesite [L. Gaal, 1996a].

Jaskyha v Budinske] skale - cadastral territory: Abelova, district: Luéenec, 5 m long, crevice-
weathering cave formed in andesite [L. Gaal, 2000a].

Janosikova skrysa - cadastral territory: Abelova, dis'rict: Lugenec, 7.5 m long, weathering cave
formed in andesite [L. Gaal, 2000a].

Lupoéska nora - cadastral territory: Lupog, district: Luéenec, ca 400 m a. s. |, 54 m long, 20.5 m
deep, crevice cave formed in andesite pyroclastic breccia [F. Radinger - P. Nociar, 2002].

Nizka jaskyna pri potoku - cadastral territory: Horny Tisovnik, district: Detva,
510 m a. s. |, 5.5 m long, weathering cave formed in andesite breccia [F. Radinger - R. Mlejnek,
2001].

Nizka puklina - cadastral territory: Tuhar, district: Lugenec, 4.5 m long, crevice cave formed in
andesite {L. Gaal, 2003a].

Pastiersky ukryt - cadastral territory: Nedelidte, district: Lugenec, 525 m a. s. i, 10.1 m long,
weathering cave formed in agglomerate tuffs, partially enlarged by anthropogenic excavation
[F. Radinger - P. Nociar, 2002].

Vonacka - cadastral territory: Lupog, district: Ludenec, ca 370 m a. s. |., 10.56 m long, tree mould
cave formed in andesite conglomerate, archaeological findings, opal [P. Nociar — F. Radinger, 2002,
R. Mlejnek - P. Pauli§, 2002].

Vysoka puklina - cadastral territory: Tuhar, district: Luenec, 16 m long, crevice cave formed in
andesite [L. Gaal, 2003a).

PODUNAIJSKA PAHORKATINA HILL LAND

HRONSKA PAHORKATINA HILL L AND

BESIANSKA PAHORKATINA HILL LAND

Jaskyna v Cifarskej skale - cadastral territory: Cifare, district: Nitra, cave formed in andesite,

a refuge during the 2nd world war [J. Barta, 1969, 1984].

43



POLANA MOUNTAINS

DETVIANSKE PREDHORIE FOOTHILLS

Hrochotska jaskyna - cadastral territory: Ocova, district: Zvolen, cca 400 m a. s. |., 42.4 m long,
10.6 m deep, crevice cave formed in andesite conglomerate and breccia [L. Gaal, 1992].

Huéavsky rukav - cadastral territory: Hrochot, district: Banska Bystrica, 10 m long, erosion cave
formed in volcaniclastic andesite rocks [D. Kubiny, 1989].

Jaskyna pod Jasenovym vrchom - cadastral territory: Dibravica, district: Banska Bystrica,
5.8 m long, tree mould cave formed in andesite conglomerate [J. Vitek, 1990; L. Gaal, 1993, 2002, 2003b].

Utajena jaskyna - cadastral territory: OCova, district: Zvolen, 12.3 m long, crevice cave formed in
andesite conglomerate, seasonal ice fill [R. Mlejnek - J. Lakota, 2002].

VYSOKA POIANA MOUNTAINS

Janosikova jaskyna (ApSina) - cadastral territory: Hrochot, district: Banska Bystrica, 12 m
long, cave formed in volcaniclastic andesite rocks [P. Husenica, 1958, 1960, 1979; M. Poloczekova,
1959: J. Burkovsky - J. Galvanek, 1978; D. Kubiny, 1989].

REVUCKA VRCHOVINA MOUNTAINS

ZELEZNICKE PREDHORIE FOOTHILLS

BLZSKA TABULA PLATEAU

Jaskyna pod Deskovym hradom - cadastral
territory Vy$né Valice, district: Rimavska Sobota,
398 ma.s. |, 19.7 m long, 4.4 m deep, crevice cave
formed in andesite breccia [L. Gaal, 1992].

POKORADZSKA TABULI'A PLATEAU

Jaskyna pri skale - cadastral territory: DraZice,
district: Rimavska Sobota, 6.6 m long, decrease
crevice cave formed in andesite breccia [L. Gaal,
2003a].

SLANSKE VRCHY MOUNTAINS

MOSNIK MOUNTAINS

Jaskyna pod Skalkou - cadastral territory:
Kosicky Klegenov, district: KoSicevidiek, 405 m
a.s. |, 4 m long, cave formed in andesite [M. Pavuk,

unpublished].

SIMONKA MOUNTAINS
OLSAVSKE PREDHORIE FOOTHILLS
Bivakova jaskynka - cadastral territory: Her-

7 . ; Fig. 8 Jaskyria v Deskovom hrade - a typical
manovce nad Toplou, district: Vranov nad Toplou, crevice cave in Revicka vrchovina Mis.

4.5 m long, weathering cave formed in andesite Photo: . Gaal
[Z. Hochmuth, 1998b].
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Dolmen - cadastral territory: Hermanovce nad Toplou, district: Vranov nad Toplou, 8.6 m long,
boulder cave formed in andesite, anthropogenic origin? [Z. Hochmuth, 1998b].

Jaskyna na Obliku €. 2 - cadastral territory: Hermanovce nad Toplou, district: Vranov nad Toplou,
4.3 m long, boulder cave formed in andesite [Z. Hochmuth, 1998b].

Jaskyna na Obliku €. 3 - cadastral territory: Hermanovce nad Toplou, district: Vranov nad Toplou,
9.2 m long, boulder cave formed in andesite [Z. Hochmuth, 1998b].

Jaskyna na Obliku €. 4 - cadastral territory: Hermanovce nad Toplou, district: Vranov nad Toplou,
4.3 m long, boulder cave formed in andesite [Z. Hochmuth, 1998b].

Jaskyna na Obliku ¢. 5 - cadastral territory: Hermanovce nad Toplou, district: Vranov nad Toplou,
6.5 m long, boulder cave formed in andesite [Z. Hochmuth, 1998b].

Upétna jaskyna - cadastral territory: Mirkovce, district: PreSov, 370 m a. s. L, 3 m long, cave for-
med in andesite [Z. Hochmuth, 1996].

Veterna diera v Malej Zobranej - cadastral territory: Mirkovce, district: PreSov,
10.5 m deep, abyss formed in andesite [Z. Hochmuth, 1996].

SARISSKA VRCHOVINA MOUNTAINS

Pseudokrasovy zavrt - cadastral territory: Chmifany, district: PreSov, 420 m a. s. |, 7 m deep,
abyss formed in sandstone [OS SSS PreSov, unpublished].

Pukavica - cadastral territory: Bajerov, district: Presov, 27 m long, 8.2 m deep, crevice abyss for-
med in Paleogene conglomerate [M. Buday - L. Gaal, 1998].

SPISSKO-SARISKE MEDZIHORIE INTERMOUNTAINS

HROMOVEC MOUNTAINS
Vicie diery - cadastral territory: Hromos, district: Stara Luboviia, ca 156 m deep, crevice abyss for-
med in sandstone, filled entrance [S. Pavlarcik, 1982).

STIAVNICKE VRCHY MOUNTAINS

HODRUSSKA HORNATINA MOUNTAINS

Bukova diera - cadastral territory: Lehdtka pod Brehmi, district: Ziar nad Hronom, 5,1 m long,
weathering-crevice cave formed in rhyolite [V Solar & L'. Gaal unpublished].

Delta - cadastral territory: Lehétka pod Brehmi, district: Ziar nad Hronom, 10,7 m long, weathering-
crevice cave formed in rhyolite [V Solar & L. Gaal unpublished].

Detska fantazia - cadastral territory: Lehdtka pod Brehmi, district: Ziar nad Hronom,
5 m long, crevice cave formed in rhyolite [L. Gaal, 2000b, P. Holubek, 2004a].

Jaskyna pri kaplnke - cadastral territory: Sklené Teplice, district: Ziar nad Hronom, cave formed
in andesite [J. Barta, 1973].

Mala bazanitova jaskyna - cadastral territory: Tekovska Breznica, district: Ziar nad Hronom,
11 m long, crevice cave formed in basanite [J. Galvanek - L. Gaal, 1995].

Mala jaskyna pod Keckou - cadastral territory: Hiinik nad Hronom, district: Ziar nad Hronom,
44 m long, consequence crevice-breakdown cave formed in rhyolite [P. Holibek, 1995].

Mala ladienka - cadastral territory: Hlinik nad Hronom, district: Ziar nad Hronom, 6 m long, con-
sequence cave formed in rhyolite [V Solar & L. Gaal unpublished].

Rozsadlina na Kecke - cadastral territory: Hlinik nad Hronom, district: Ziar nad Hronom, 28 m
deep, consequence crevice-breakdown abyss formed in rhyolite [P. Holubek, 1995].
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Sezam (Sopecna jaskyna) - cadastral terri-
tory: Tekovska Breznica, district: Ziar nad Hronom,
26.4 m long, 14 m deep, syngenetic volcanic exha-
lation cave formed in basalt agglomerate [J. Galva
nek - L. Gaal, 1995].

Tmava jaskyna pod Keckou - cadastral terri-
tory: Hlinik nad Hronom, district: Ziar nad Hronom,
36 m long, consequence crevice-breakdown cave
formed in rhyolite [P. Holubek, 1995].

Velka jaskyna pod Keckou - cadastral terri-
tory: Hlinik nad Hronom, district: Ziar nad Hronom,
58 m iong, 10 m deep, consequence crevice-brea
kdown cave formed in rhyolite [P. Holubek, 1995].

Velka ladienka - cadastral territory: Hlinik nad
Hronom, district: Ziar nad Hronom, 11.5 m long,
consequence cave formed in rhyolite [V. Solar
& L. Gaal unpublished].

SLOVENSKA BRANA GATEWAY

Jaskyna na Skale - cadastral territory: Kozarovce,
district: Levice, 4 m long, weathering cave formed in
andesite [V. Pilous, 1982].

TATRY MOUNTAINS

VYCHODNE TATRY MOUNTAINS

VYSOKE TATRY MOUNTAINS

Bivakova medziblokova jaskyna - cadastral
territory: Vysoké Tatry - Strbské Pleso, district:
Poprad, boulder cave formed in granite [P. Stanik,
unpublished].

Jaskyna v Javorovom stite - cadastral territo-
ry: Vysoké Tatry — Tatranska Lomnica, district: Pop-
rad, 10.5 m long, crevice-weathering cave formed in
granite [J. Vitek, 1975].

Medziblokova jaskyna pri magistrale |
(Jednoducha podblokova jaskyna) - cadast-
ral territory: Vysoké Tatry — Tatranska Lomnica,
district: Poprad, boulder cave formed in granite

Jaskyfia Sezam
$tiavnické vrchy
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Fig. 9 Map and entrance of volcanic exhalation
Sezam Cave. Photo: J. Galvanek

(touristic path: Obrovsky vodopad Waterfall - Zamkovského chata Chalet) [P. Bella, unpublished].

Medziblokova jaskyna pri magistrale 1l (Jaskyna opretej skalnej platne) - cadastral ter-
ritory: Vysoké Tatry — Tatranska Lomnica, district: Poprad, boulder cave formed in granite (touristic
path: Obrovsky vodopad Waterfall - Zamkovského chata Chalet) [P. Bella, unpublished].

Medziblokova jaskyna pri magistrale 111 (Jaskyna pri zakrute) - cadastral territory: Vyso-
ké Tatry — Tatranska Lomnica, district: Poprad, boulder cave formed in granite (touristic path: Obrov-

sky vodopad Waterfall - Zamkovskeého chata Chalet) [P. Bella, unpublished].
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Medziblokova jaskyna pri magistrale IV (Diera pod chodnikom) - cadastral territory:
Vysoké Tatry — Tatranska Lomnica, district: Poprad, boulder cave formed in granite (touristic path:
Obrovsky vodopad Waterfall - Zamkovského chata Chalet) [P. Bella, unpublished).

Medziblokova jaskyna pri magistrale V - cadastral territory: Vysoké Tatry - Tatranska Lom-
nica, district: Poprad, boulder cave formed in granite (touristic path: Obrovsky vodopad Waterfall —
Zamkovského chata Chalet) [P. Bella, unpublished].

Medziblokova jaskyna pri magistrale VI (Jasky-
na na hrebienku) - cadastral territory: Vysoké Tatry -
Tatranska Lomnica, district: Poprad, 3 m long, boulder
cave formed in granite (touristic path: Zamkovského chata
Chalet — Skalnaté pleso Tarn) [P. Bella, unpublished)].

Puklinova jaskyna pod Rumanovym stitom -
cadastral territory: Vysoké Tatry — Tatranska Lomnica,
district: Poprad, 10 m long, weathering cave formed in
granite [J. Ksandr, 1956; J. Rubin - F. Skfivanek, 1963].

Tomkova jaskyna - cadastral territory: Vysoké Tatry
- Strbskeé Pleso, district: Poprad, 7 m long, cave formed
in granite [A. Puskas, 1979].

ZAPADNE TATRY MOUNTAINS

CERVENE VRCHY MOUNTAINS

Kremencova jaskyna - cadastral territory: Vysoké
Tatry - Strbské Pleso, district: Poprad, 1330 m a. s. |,

9 m long, cave formed in quartzite [Z. Hochmuth, 1982]. o~ S NS
LIPTOVSKE TATRY MOUNTAINS Fig. 10 Medziblokova jaskyria pri magist-
Diera nad Ziarskym sedlom - cadastral territory: réle VI boulder cave. Photo: P. Bella

Ziar, district: Liptovsky Mikulag, 1950 m a. s. L, 4.5 m
long, crevice cave formed in granite [P. Holubek, 2000].

Rozsadlina v Raztoke - cadastral territory: Ziar, district: Liptovsky Mikulas, 1530 m a. s. |, 6 m
long, crevice cave formed in granite [P. Holubek, unpublished].

VIHORLATSKE VRCHY MOUNTAINS

VIHORLAT MOUNTAINS

VIHORLATSKA HORNATINA MOUNTAINS

Zivanska diera - cadastral territory: Remetské Hamre, district: Sobrance, weathering cave for-
med in volcanic conglomerate, enlarged by anthropogenic excavation [Vlastivedny slovnik obci na Slo-
vensku Il, 1977].

VTACNIK MOUNTAINS

VYSOKY VTACNIK MOUNTAINS

Rozsadlinova priepast €. 1 - cadastral territory: Podhradie, district: Prievidza, 8 m deep,
crevice abyss formed in volcaniclastic andesite rocks [J. Vitek, 1985].

Rozsadlinova priepast €. 2 - cadastral territory: Podhradie, district: Prievidza, 10 m fong, 6 m
deep, crevice abyss formed in volcaniclastic andesite rocks [J. Vitek, 1985]
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Regional geomorphological units Number of caves
Bachuren Mountains

Beskydskée predhorie Foothills
Bukovské vrchy Mountains

Burda Mountains

Cerova vrchovina Mountains
Cergov Mountains
Hornadska kotlina Basin
Hornonitrianska kotlina Basin

Javorie Mountains

Juhoslovenska kotlina Basin

Kremnickée vrchy Mountains
Krupinska planina Plateau
Kysuckeé Beskydy Mountains
Levodéské vrchy Mountains
Lubovnianska vrchovina Mountains

Malé Karpaty Mountains

Ondavska vrchovina Mountains
Oravské Beskydy Mountains
Ostrézky Mountains

Podunajska pahorkatina Hill Land
Polana Mountains

Revtcka vrchovina Mountains
Slanské vrchy Mountains
Sariéska vrchovina Mountains

Spissko-gariské medzihorie Intermountains

Stiavnické vrchy Mountains

Tatry Mountains
Vihorlatské vrchy Mountains
Vtaénik Mountains

w—xa;a-xmcorom-xa‘xswou»co#co;wmmwmﬁmm_.m

Table 1. Number of non-carbonate caves in the framework
of regional geomorphological units in Slovakia

Lithology and genetic types of the caves

The occurrence of caves formed in the several lithological types of non-carbonate rocks is presen-
ted in the table 4. The absolute majority of non-carbonate caves were formed in volcanic andesite and
basalt rocks, also in sandstone. Caves formed in quartzite, quartz and shale are more or less spora-
dic. Until several granite boulder caves in the Vysoke Tatry Mts. are not exploratoried and surveyed, but
some veridical informations exist about their existence.

There are several genetic types of caves in these lithological settings: lava exhalation caves, crevice
caves, crevice-breakdown caves, crevice-boulder caves, crevice-weathering caves, boulders caves,
wheatering caves, tree mold caves, also fossil see abraded caves. The occurrence of these genetic
types of caves in the framework of lithological types of rocks is presented in the table 5. These gene-
tic types of caves in the territory of Slovakia are more detailed described by VITEK (1983a), BELLA
(1994), LEHOTSKY (1994), GAAL & BELLA (1995), L. GAAL & J. GAAL (1995), HOCHMUTH
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1 Stipova jaskyha (Cerova vrchovina Mts.) 182 m

2. Labyrintova jaskyiha (Cerova vrchovina Mts.) 1561.3 m
3. Dakova jaskyha (Poloniny Mts.) 126.6 m
4. Vianoéna jaskyna (Bachurefi Mts.) 120 m
5.- 6. Jaskyiia pod Jankovcom ¢&. 2 (Levo&ské vrchy Mts.) ca 100 m
Jaskyna v Prednej Kohatovej (Levoéské vrchy Mts.) ca 100 m

7. Snezna rozsadlina (Kremnické vrchy Mts.) 91 m
8. Crepova jaskyria (Cerova vrchovina Mis.) 81.3 m
9. Suricky ukryt (Cerova vrchovina Mts.) 68.5m
10. Ladova jaskyiia (Bachurefi Mts.) 65.3 m
11. - 18. | Jaskyna v DereZovej (Levoéské vrchy Mts.) ca60m
Jaskyria v Malej Babej hore &. 1 (Oravské Beskydy Mts.) caB0m
Kremnicka sucha diera (Kremnické vrchy Mts.) 60 m

Table 2. The longest non-carbonate caves in Slovakia

1. Kremnicka sucha diera (Kremnické vrchy Mts.) 294 m
2. Rozsadlina na Kegke (Stiavnické vrchy Mts.) 28 m
3. Vianoéna jaskyna (Bachuref Mts.) 26.4m
4. Snezna rozsadlina (Kremnické vrchy Mts.) 245 m
5. Dakova jaskyia (Poloniny Mts.) 23.8m
6. Lupodska nora (Ostrozky Mts.) 20.5 m
7. Jaskyna v Derezovej (Levo&skeé vrchy Mts.) ca20m
8. Ladova jaskyfa (Bachuren Mts.) 18.9 m
9. Ladova trhlina (Cerova vrchovina Mts.) 17.3 m
10. Jaskyiia v Malej Babej hore ¢. 2 (Oravské Beskydy Mts.) 16 m
1. Pseudokrasova jaskyiia v Ciernej hore (Levodské vrchy Mts.) cal156m
12. Janosikove diery (Kremnické vrchy Mts.) 14.3 m
13. Sopeéna jaskyfia (Stiavnické vrchy Mts.) 14 m

Table 3. The deepest non-carbonate caves in Slovakia

(1995A), GAAL (2003) and others. From these genetic types, volcanic exhalation caves, erosion and
erosion-breakdown caves are formed only in non-carbonate rocks. Several genetic types of caves are
related to both carbonate and non-carbonate rocks (crevice caves, crevice-boulder caves, crevice-
weathering caves, boulder caves, weathering caves, fossil sea abrasion caves). Besides tree mould
caves in volcanic conglomerate or tuffs, small tree mould cavities are originated also in travertine.

From the genetic point of view, the most number of caves in non-carbonate rocks relate to crevice
type. This genetic type of caves in volcanic rocks consists of these subtypes (after GAAL, 2003):
wedge-shaped vertical cavities formed by the deviation of upper part of margin rocky block (wedge cut
cavities), subhorizontal cavities between an upper rocky massif or block and lower downsliding rocky
block (interblock subsidence cavities), inverse wedge-shaped cavities formed by the displacement of
lower part of rocky block or the backward gravity movement of upper part of fully loosened rocky block
to a rocky massif or neighbour rocky block, cavities formed in the co-called “large crevice” between
displaced rocky block and massif (in the second developmental stage of block landslide).
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Crevise caves as initial forms of rock landslide development in the Polish Flysh Carpathians are cha-
racterized by MARGIELEWSKI & URBAN (2003). Very similar or identical natural conditions for the
development of crevise caves in sandstone are also in the adjoining Slovak Flysh Carpathians {Kysuc-
ké Beskydy Mts., Oravské Beskydy Mts., Levoéské vrchy Mts., Bachuref Mts., Cergov Mts., Ondavska
vrchovina Mts., Bukovské vrchy Mts.).

Basic relations beetwen genetic types and morphological pheatures of non-carbonate caves are
presented in the table 6. From these genetic types, crevice caves are characterized by the most vari-
ous morphological variability with horizontal also vertical developmental dimensions.

Also, the caves of crevice type belong to the largest caves in non-carbonate rocks in Slovakia. The
longest cave is the Stipova jaskyfa (Column Cave 182 m, Cerova vrchovina Mts.), the deepest is the
Kremnicka sucha diera Cave (29.4 m, Kremnické vrchy Mts.). In the framework of the territory of Slo-
vakia, lava exhalation caves, tree mold caves and fossil see abrasion caves are more or less sporadic
but very notable.

Rocks Number, Areas
of caves

basalt, basanite, basalt agglomerate 43 Cerova vrchovina Mts.
Stiavnické vrchy Mts

andesite, andesite conglomerate 62 Krupinska planina Plateau, Polana Mts.,

and breccia, andesite tuffs Vtaénik Mts., Kremnické vrchy Mts.,
Javorie Mts., Ostrozky Mts.,
Slanské vrchy Mts., Stiavnické v-chy Mts,,
Burda Mts.

rhyolite 9 Stiavnické vrchy Mts.

sandstone 45 Levod&ské vrchy Mts., Bachurefi Mts.,
Cergov Mts., Kysucké Beskydy Mts.,
Oravské Beskydy Mts., Poloniny Mts.,
Lubovnianska vrchovina Mts.,
Ondavska vrchovina Mts.,
Bukovskeé vrchy Mts.

granite 12 Tatry Mts.

quartzite 6 Tatry Mts., Malé Karpaty Mts.

quartz 4 Kremnické vrchy Mts.

non-calcic conglomerate 5 Hornadska kotlina Basin,

{non-volcanic) Lubovnianska vrchovina Mts.

shale 1 Malé Karpaty Mts.

Table 4. Lithological types of non-carbonate rocks and the occurrence of caves in Slovakia
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Rocks Genetic types of caves

1 2 3 4 5 6 7
basalt, basalt conglomerate 0 J J .
andesite, andesite conglomerate ! . . o .
and breccia, andesite tuffs
rhyolite e ° o
sandstone O B
granite ° . .
guartzite . e
quartz '
non-calcic conglomerate .
(non-volcanic)
shale .

Table 5. Lithological types of non-carbonate rocks and genetic types of caves in Slovakia (1 - volcanic exhalation
caves; 2 — crevice, crevice-breakdown, crevice-boulder, crevice-weathering caves; 3 - boulder caves; 4 - ero-
sion, erosion-breakdown caves; 5 - weathering caves; 6 - tree mould caves; 7 - fossil sea abrasion caves)

Genetic t f
Morphological pheatures of caves 1| 2 ln 3' yp:sr ;avlese [ 7

Linear less expressive cavity
- rocky shelter
- more closed cavity
Horizontal / subhorizontal cave
- simple linear / angulate /
combined passage
- branchwork linear / angulate /
combined passages
- maze irregular passages
Vertical-horizontal caves
- slightly inclined simple linear / .
angulate / combined passage
(without vertical oscillations)
- inclined simple linear /
angulate / combined passage
with unbalanced longitudinal profile
Horizontal-vertical caves
- steep inclined simple /
branchwork / combined passages
- simple / branchwork /
combined passages with step dissection
- cave with inclined and stair-step simple / ° .
branchwork / combined passages
Vertical caves
- chimney
- simple abyss
- branchwork abyss-shaped cave d

Table 6. Basic relations beetwen genetic types and morphological pheatures of non-carbonate caves (1 - volcanic
exhalation caves; 2 - crevice, crevice-breakdown, crevice-boulder, crevice-weathering caves; 3 — boulder caves;
4 - erosion, erosion-breakdown caves; 5 — weathering caves; 6 - tree mould caves; 7 - fossil sea abrasion caves)
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Natural, archeological and historical values of caves

The caves in non-carbonate rocks in Slovakia are notable by several remarkable values: morpholo-
gical and genetic variability, natural history phenomena (mainly tree mould caves and fossil see abra-
sion caves), anorganic cave deposits (crystal forms, small mineral stalactites, permanent or seasonal
ice fill), subterranean animal species, root stalagmites, archaeological and historical sites.

Main problems and aims of cave protection are determined by the development of human society
with the more exploitation of natural sources. Protection of caves formed in non-carbonate rocks is
oriented against:

- their destruction by expansive activities in quarries,

- non-appropriate cut impacts into a rock basement and configuration of surface terrain (e.g. exten-
sive slope notches) in areas with the occurrence of crevasse caves,

- unlawful collection of crystal forms, small mineral stalactites, rare species of cave fauna, archaeo-
logical findings,

- forceful deforestation of land surface over subterranean cavities with ice fill,

- prevention of cave entrance burying in consequence of forest exploitation, construction of field
roads or other traffic communications, land surface modification, and similarly human activities.

All caves in Slovakia, including caves formed in non-carbonate rocks, are as natural monumets law-
fully protected by the Act on Nature and Landscape Protection No. 543/2002. The protection and
practical care on all caves in Slovakia are realised by the Slovak Caves Administration in Liptovsky
Mikulag as a special organization of nature protection established by the Ministry of Environment of
Slovak Republic. Lots of non-carbonate caves are situated in several protected landscape areas
(Cerova vrchovina, Stiavnické vrchy, Polana, Ponitrie, Kysuce, Horna Orava, Vihorlat, Malé Karpaty) or
national parks (Poloniny, TANAP - Tatras National Park).

Conclusion

Several non-carbonate caves in Slovakia present very interesting natural phenomena with specific
and remarkable pheatures for nature protection. They belong to the fundamental elements of mor-
phological and genetic spectrum of caves in Slovakia. The speleological observation and documen-
tation of other non-carbonate caves are necessary for the more detailed knowledge and protection of

these natural phenomena.
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Message after deadline:

The Saris Speleoclub from Presov discovered a new pseudokarst cave in November 2004: Jaskyria
pod Spisskou, which is located in sandstones of the Levocské Hills, near the Brutovce village.
The length of the cave is 403 m by now. It means that this cave is the longest pseudokarst cave in Slo-
vakia.
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Horizontal Quartzite-karst Caves in Venezuela -
One of the Newest Geomorphological Discoveries
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Vargula 21, SK-97656 Pohronska Polhora,
Slovak republic
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Abstract

During the speleological expedition “Roraima 2003", 16 caves were explored in precambrian quart-
zites, of Roraima group, in Roraima massif (2890 meters above sea level), Venezuela. One of this
caves reaches the length 2410 m, its name is “Cueva Ojos de Cristal” and is currently the 4" longest
cave in the world discovered in siliceous rocks. Many vertical collapse-caves, but also long horizon-
tally caves, which are created by aquatic affectation, were observed and discovered during the expe-
dition. The horizontal character of the underground space in these caves is very unusually and these
caves are very interesting for the scientists’ research in the future.

Key words: Karst morphogenesis, karst in siliceous rocks, caves, speleology, Cueva Ojos de
Cristal, Roraima group, Venezuela

Introduction

in the recent time, many authors have described karst morphogenesis on the Precambrian quartzi-
tic massifs of Roraima group in the Gran Sabana — south-eastern Venezuela (in addition to other aut-
hors: BELLOMO et al. 1994, DORR 1993, 1997, 1999, GALAN 1982, 1997, CHALCRAFT & PYE
1984, MECCHIA & PICCINI & PREZIOSI 1994, MECCHIA & PICCINI 1999, PICCINI & MECCHIA
& PREZIOSI 1994, PICCINI 1995, URBANI & SZCZERBAN 1974, URBANI 1977, 1986, 199643,
1996b, WHITE - JEFFERSON & HAMAN 1966, WRAY 1997, YANEZ & BRICENO 1993). Massif of
Mt. Roraima (2810 meters above sea level) is situated in the central part of the Guayana Shield in
South America and is approximately 40 km? large.

Area of Roraima is siliceous-karst table-mountain, its landscape shows typical karst landforms like
karren-type forms, dolines, sinkholes, stoneforests, caves and shafts, which on Auyan tepuy called
“simas"” (BELLOMO et al. 1994, PICCINI| 1995, MIKULAS 2003). The karstic character of the lands-
cape is underlined by the fact that the drainage of rain water is mainly through underground networks.
The long time of weathering, probably longer than 100 Ma, is the main factor which has allowed the
karsification of quartzite (PICCINI 1995).

In January 20083, the international speleological expedition to Roraima massif in Venezuelan - Bra-
silian and Guayanan border region, was realised (AUDY 2003, AUDY & SMIDA 2003, SMIDA - AUDY
& VLEEK 2003, SMIDA 2004). Slovak team of speleologists contains six people, two from which were
geologists. The aim of the expedition was exploration and speleological research of cave, which dis-
covered members of the tourist expedition to Roraima in the year 2002 - M. Audy and Z. Agh and fin-
ding other subterranean caves in this region. During the expedition, 16 caves were discovered and
explored, one from which is recently the 4" longest quartzite-cave in the world. This cave consist of
wide horizontal passages with active stream and number of lakes, non typical for quartzite karst.
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New-discovered caves and its morphogenesis

It was researched 16 caves in the interval of length from 6 to 2'410 meters in the landscape of Rora-
ima massif. The main goal of the expedition was the discovering of complicated horizontal cave sys-
tem “"Cueva Ojos de Cristal” - Crystal Eyes Cave.

Cueva Ojos de Cristal - Crystal Eyes Cave

The 2410 m long horizontal cave has 10 entrances. The most important entrance is situated near
Roraima peripheral edge, in the semiclosed ponor depression, where the surface water enters into
the cave. The cave has a character of classical, comparatively great corridors, which are a very uncon-
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Fig. 1. "Crystal Eyes" - eliptic erosion rock
pots on the bottom of corridor in Cueva
Ojos de Crystal (Crystal Eyes Cave}
Photo: M. Audy

They can be considered as the retentive-
like, balancing basin, which is able to
retain a considerable mass of torrent water
of the cave waterflow. The further logical
continuance of the caves, just ought to be
cut do not exist () or it is imperfectly de-
veloped.

In the cave are occur very interesting
speleothems. They form aggregations of
lance stalactites of dark colour and a glo-
bular surface. These are up to 0.5 m long
and usually inclined to the opposite direc-
tion towards dominant air draughts. Mine-
ral composition of speleothems is un-
known for the time being.

ventional event for such rocks as quartzites are. Cueva
Ojos de Cristal is markedly subhorizontal with a height
gradient of 24 m in a 400 m long main traction (whole
height difference is 28 m). That is because of subhori-
zontality of sandstone sediments. Cave spaces are
developed then exclusively in discontinuities of bedding
planes in this case. Also for that reason the corridors
are very wide relatively, in some places up to 20 - 25 m.
A height is disproportionably to it lower, 0.8 - 2 m in
average. However, in some places the huge hall-like
chambers with a height of 8 - 10 m are developed.
The cave has several entrances mostly low and vestu-
red by tropical vegetation. Two of them are the deep
fissures indeed. They were given an operative genetic
name “Pokemon” (AUDY 2003, SMIDA & AUDY
& VLCEK 2003). These are not the classical Roraima's
fissures. They outright result in developing the cave
passages. Their function as regards the connection
with caves or their age are unclear, however, they pro-
bably absorb energy of the caveforming water, which
falls down along the fissure deeply to the underground.

Fig. 2. The morphology of corridor in the central part
of Cueva Ojos de Crystal {Crystal Eyes Cave}
Photo: M. Audy
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Cueva del Hotel Guacharos

Also this cave is of subhorizontal charac-
ter though its slope is much greater then in
Cueva Ojos de Cristal. It is also situated in
a lower level, but the huge underground
space (Sala con Catarata — The Waterfall
Dome) with parameters 15 x 10 x 30 m
occurs here as the greatest one in local
caves for the time being. It ends with low
corridors overflown by water or with tiny
creeping branches which probably may
continue further. We do not exclude its con-
nection with Cueva Ojos de Cristal (both
they are in the same depression so their
development ought to be parallel). If so,
the cave system with a length probably 4 -

Fig. 3. Dark coloured stalactites formation on the top

. wall in Cueva Ojos de Crystal (Crystal Eyes Cave}
6 km could develop and it would mean the Photo: M.Audy

longest cave in quartzite-rocks at all.
Cueva del Gilberto - Gilberto's Cave

Two big horizontal through tunnels, approximately 250 m long.

Cueva con Puente - Chasm with Bridge

This cave represents a classical quartzite fissure chasm, which was surveyed in a length of 250 m
and depth of 80 m. It is ending with narrowings.

Grieta del Diablitos Volantes ~ Fissure of Flying Devilkins

This cave is deep minimally 120 m but it is supposed that its further continuance ought to flow into
walls as a canyon, which can be seen from beneath a rain forest. All explored fissures drained the area
to the SW wall of Roraima. AUDY 2003 called this cave Sima Guacharo.

Cueva debajo del Hotel Principal = Cave under the El Hotel Principal

75 m long active ponor cave.

Cueva Fragmento Marginal - Fragmental cave

30 m long inactive horizontal discharge cave near the Gilberto's Cave.

Cueva con Bloques de Piedra - Cave in blocks of rock

70 m long, 15 m deep.

Cueva 007 - Cave 007

10 m long ponor cave near the system Cueva Ojos de Cristal.

Cueva Papua - Cave Papua and Cueva 009 -~ Cave 009

25 m and 10 m long caves near the entrance Mischel (Cueva Ojos de Cristal}.

Cueva con Cataratita - Cave with small waterfall and

Cueva Asfixiadora - Smudgy cave

20 m and 70 m long horizontal ponor caves with active water srteam.

Cueva de Aranas Hidrofilas - Water-like little spiders’ Cave

40 m long horizontal active ponor cave.

Cueva Hipotética — Hypothetic Cave

20m long, 10 m deep ponor cave.

Tuna deuta - Tubo de Agua and Doble Tubo de Agua

The active discharge caves under the SW wall of Roraima - “La rampa" (6 m long).
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The greatest spaces of the Cueva Ojos de Cristal developed in crossing of several corridors even-
tually their etages. Probably also here a principle of a mixed corrosion functions although a mechani
cal erosion of torrent waters against walls of cave tunnels is probably plumbless. Particularly a lateral
wall is eroded and it is connected with a sedimentary structure of sandstone

The fact the caves are situated so shallow under the surface and they are subhorizontal, keeping a
slope of corridors accordantly with a deposition of rock beds, may be connected with a selective opti-
on of some of its relatively non-rigid, more permeable deposition. As the rocks we observed middle
grained pink-aorange sandstones with 99% quartz grains.

Alsc Roraima's surface we noticed a selective effect of corrosion as to its rocks. The kind of insel-
bergs occure here and they emerge around 20 — 30 m above platforms, being intensively laterally
undercut. Upon them as well as upon the cave or right in its ground there can be so called "caps” -
it means less permeable rock depositions. We still do not know, if these depositions within the parti
cular formation repeat themselves and if there could be similar subhorizontal caves developed even
with more etages one above another. Also we do not know if some from amount the great fissures
could within their depth profile incise similar caves. These are but hypotheses. It is evident, that an SW
part of the Roraima's surface has massive subterraneous drainage. This drainage in this area is repre-
sented by: a) opened vertical fissures (Grieta del Diablitos Volantes, for example), b) megadepressi-
ons with eliptic or circle ground-plan and the depth of more as 100 m (Gran Caldera (SMIDA - AUDY
& VLCEK 2003, SMIDA 2004) for example), c) large horizontal erosion caves (Cueva Ojos de Cristal,
for example) and d) "Pokemons" — vertical fissures, where continues in their bottom part into the hori-
zontal caves {some parts of Cueva Ojos de Cristal).

Summary

This report is a brief summarisation of integral speleological, geomorphological, hydrogeological
and geological results from the International Slovak - Czech speleological expedition to Venezuelan -
Brasilian and Guayanan frontier territory, in January 2003. It includes the results of the field observa
tion, research and investigation of Roraima isolated plateau (2890 meters above sea level) in Roraima
group, which is classified into the Guayana Upland. The quartzite type of karst with horizontal erosion
cave corridors was an unknown geomorphological phenomenon for long time. In the paper 16 caves
are introduced, which have been described for the first time in the year 2003 by Smida, Audy and
Vliéek from Slovak Speleological Society and Czech Speleological Society. The length of the new-dis
covered underground space in this landscape has increased by 3700 meters. The longest horizontal
cave in quartzite-rocks in the world was discovered during the expedition.
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Abstract

The Volcanspeleological Collective has carried out the study and cataloguing of non-karstic caves
in Hungary since 1983. They have compiled descriptions, surveys and photographs from each recor-
ded cave. The cave documentation fills more than twenty volumes, mainly as manuscript notes. Howe-
ver, access to this documentation is restricted. We decided to compile an easily accessible, standard
list, of non-karstic caves in Hungary, where changes and updates can be easily made. We decided
that a digital list would be the most suitable format.

We began to compile the register in 2002. We have listed each known non-karstic cave and loca-
ted their positions on a map. Cave surveys and photographs, accompanied by short descriptions were
also included in the list. Eighteen regions are represented where non-karstic caves occur. Index Maps
were prepared for most of the regions. These are linked to the detailed maps with tabular summaries.
The language of the list is Hungarian with an English translation, mainly to facilitate the use of the
homepage.

The digital presentation of non-karstic caves was carried out using Arcview GIS as well as available
digital map material. Detailed Maps and Index Maps with different scales were developed for specific
regions as project files (apr). Layout Maps were then prepared. The layout maps were exported in jpg
file format. This enables further utilization and handling. The dbf database was filled with cave data and
other data to generate regional data sheets. The digital data from the non-karstic cave list facilitates its
use by various presentation software programs and allows transfer of the cave registry to other formats.

The final summary of the non-karstic caves in Hungary is to be found on the Home Page of the cave

list, All relevant data has MAGYARORSZAG NEMKARSZTOS BARLANGJAl - NON-KARSTIC CAVES OF HUNGARY
. . FIR feldolgozds GIS Elaboration
been COITT,DI/ed in htm and Orazégos dttekintd térkap  Index Map of the Country
html file format.
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Note

Rﬂﬂh)ll No of Man Partly Un- From |Ac-cording | Archeo- | Caves  {CQuarried | Fifledln | Cak Dis Flooded Ice Hotin

Caves | -made | man-made |ldentfied | Literature| to Legend | logical | discovered | away lapzed | forted Caves Hungary

artificially findings | by minng
videned

Bakany 166 | 20 3 17 3 3 8 1 2
Barzsiiny 109 | 5 6 b 5 1 1 6 (Slovakia)
Budai Mts. 16 [ 1 2
Biikk Region 51 15 i 1 2 1
Cserhdt 23 10 3 2 1 1 i 2
Gerecse 4 1 i
Geresdi Hills 1 1 i
Kemenesalja 3 1 1
Koszeqi Mis. 68 8 1 B 20 (Austria)
Mitra 73 10 b 4 1 4
Mecsek 29 2 1 7 4 1
Medves - Aindcskai Mis | 91 4 4 ? 1 1 2 |59 (Slovakia)
Pilis 6 2
Sajd Basin 1
Tokaji Mts. 294 | 8 2 4 1| 17 (Slovakia)
Vajdavar Region 19 B 3 1
Velencel Mis. 16 i
Visegradi Mts., 81 1 7 4
Total: 1051 {109 ] 13 6 | 9 1 ] 6 [ | 11 |2] 8 5 ] 102

Fig. 2. Statistical Summary of the Cave Registry

definition. We have to state that these cave forming processes are mainly effective in magmatic rocks
or in highly siliceous metamorphic and sedimentary rocks.

The list includes 1051 non-karstic caves, although there are a total of 1068 caves because some
clusters of small caves have been drawn together. We have listed all the caves known up to 2003.
Some caves which are known to have existed, have been destroyed and these have been specially
noted. Furthermore, listed are caves of the border regions of Austria and Slovakia, which belong to
similar geomorphological and geological formations. Also included in the list are artificial or artificial-
ly widened cavities, which are considered as caves by the local population. These include abandoned
mine workings, rock shelters, former hermitages, underground commercial premises which are seve-
ral hundred years old, rock-chapels and other cavities used for religious purposes throughout history.
However, the list does not include cellars, former cave-dwellings in built up areas, basements, former
military bunkers, industrial objects or air-raid shelters.

The majority of the non-karstic caves in Hungary (765 caves) developed in magmatic rocks, in ande-
site, basalt, rhyolite and in their tuffaceous formations. Some 216 caves are known in sedimentary
rocks, mainly in sandstones and conglomerate and 70 caves are formed in metamorphic rocks, in cal-
careous phillite and in green schist.

The caves have been formed in various ways. Between the syngenetic caves in the magmatic rocks,
gas bubbles occurred, forming crystal caves, which have been opened by mine workings. Also in
magmatic rocks holes formed by alkaline solution can be found, as well as fumarole cavities, hollows
resulting from steam explosions, holes formed by weathering between the basaltic colums and natu-
ral bridges. In the magmatic, sedimentary and metamorphic rock formations tectonic fracture caves
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Fig. 3. The Structure of the Homepage for the non-karstic Cave Registry
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frequently appear, collapse laby-
rinths, atectonic and consequence
caves. Erosion niches, rock shelters,
and small tunnels are formed mainly
in tuffaceous formations, sandsto-
nes and loess. During the deposi-
tion of the calctufas, characteristic
syngenetic caves formed concur-
rently. Corridors, tunnels and cham-
bers and other artificial holes were
frequently mined and enlarged in
volcanic tuffs and sandstones but
rarely in other rock formations.

In some non-karstic caves Neolit-
hic, Bronze Age and Iron Age
archeological remains were disco-
vered, e.g. at Nagy-barlang in Legy-
esbénye and Pokol-lik in Kapolcs.
The first written reference to a non-
karstic cave dates from 1295 (Likas-
ké in Lovasberény). In 1869 the
geologist Jozsef Szabd led the first
expedition to the Matra Mountains
in order to explore the Csorgé-lyuk.
It was many years later in the 1930's
that some researchers again investi-
gated non-karstic caves. In the
1950's and 1960's exploration was
further revived in these caves.

Organised research began in

1983 with the launch of the Volcan- :

speleological Collective. Their com-
prehensive activity is still ongoing.
The organisation, led by Istvan Esz-
terhas, consists of a nucleus of 15
persons, who are occasionally joined
by several more cavers.

AMATRA - HEGYSEG BARLANGJA! - CAVES OF THE MATRA MOUNTAINS
FIfl faldolgs zas GIS Elabaration
Anekintd téikép  Index Map

= =

Fig. 4. An examp
(On the Homepage shown as regional Index Map of the Matra
Mountains, pages are related to the respective Detailed Map)

AMATRA - HEGYSEG BARLANGJAI - CAVES OF THE MATRA MOUNTAINS
FIR feldolgorés GIS Elaboration

T NN
e g by Dy AT

Fig. 5. An example of a Detailed Map (Matra Mo“untains)

They have listed 843 non-karstic caves, and surveyed 724 of them. In 40 caves they dug and dis-
covered nearly 1000 m of new cave passages. They studied the development of the non-karstic caves,
and they determined new types of cave development (consequence caves, holes formed by alkaline

solution, fumarole cavities).

They have found, and described, some speleothems previously unknown in Hungary, such as silica
stalactites and isingerit discs. They have solved the problem of ice development in low elevation basalt
caves. They have classified 200 species of animals and 18 species of fungii (some of them are un-
usual) which are to be found in the caves. The results have been summarized in 7 separate volumes
and in 150 articles mainly in Hungarian, but occasionally in German or in English.
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The following is a short list of the longest non-karstic caves in Hungary:

1. Csérgé-lyuk (rhyodacit tuff) Matra Mountains 428/-30 m
2. Papp Ferenc-barlang (sandstone-conglomerate-limestone) Pilis Mountains 400/-62 m
3. Pulaibazaltbarlang (basalt) Bakony Mountains 151/-22 m
4. Csakkéi Nagy-barlang (rhyolite) (basalt) Matra Mountains 133/+14 m
5. Halasz Arpad-barlang (basalt) Bakony Mountains 72/-6 m
6. Szilvas-kéi-barlang (basalt) Medves Mountains 65/-13m
7. Betyar-barlang (calcareous sandstone) Matra Mountains 62/+6 m
8. Tancterem - Lepkés-ag (andesite agglomerate) Biikk Region 58/-6 m
9. Szabo Jozsef-barlang (sandstone, marl) Pilis Mountains 55/-14 m
10. Sas-kévi-barlang (andesite tuff) Pilis Mountains 53/-10 m
11. Pokolik (basalt) Bakony Mountains 51/+4 m
12. Vasas-szakadék |. sz. barlangja (andesite agglomerate) Visegradi Mountains 53/-19 m
13. Arany-barlang (rhyolite tuff ) Tokaji Mountains ca. 50/+3 m
14, Sarkanytorok-bartang (basalt) Medves Mountains ca. 50/-14 m

The digital development of the Non-karstic Cave Registry was carried out using Arcview GIS as well
as available digital map material (Otab, dta50, Geometria, Corine). Digital maps with different scales
have been developed for the specific regions as project files (apr). The number of maps for a region
depends on the number and distribution of caves.

The cave entrances have been marked on the maps to the highest accuracy possible on a separate
layer (shp file). Originally the caves were recorded in survey books, topographic maps, and in notes
following many years of research and exploration.

Arcview determines automatically the eov_x and eov_y coordinates (eov = uniform national projec-
tion) of cave entrances in shp file format. The z coordinate, or the elevation of the cave entrances
(a.s.l.) can be read from the contour lines of the base maps to an accuracy of 1-3 m.

The maps were drawn using color, and different line thickness etc. The most important item was the
indication of the cave entrances and cave names. Layout maps were then preparied. These maps inc-
luded titles, scales and relevant legends. The advantage of the layout maps is that they can be printed
to the highest quality. The layout maps were exported in jpg file format. This enables further utilization
and handling.

Because the caves of a region can be drawn in more then one map page, the preparation of regio-
nal index maps was necessary. These maps show the exact location of the map pages with the cave
entrances indicated.

The Index Map of Hungary shows the location of the regions with non-karstic caves and includes a
table of the regions.

We made layout maps from the Index Map of Hungary and from the Regional Index maps. These
maps were converted to jpg file format, as were the deatailed maps, the advantage being that jpg for-
mat is also similar.

The dbf database, which was compiled automatically from the shp files was filled with cave data.
This included: identification number, name and length of the cave , special notes (artificial, collapsed
etc.). The eov_x and eov_y coordinates of the cave entrances were enterd as numeric fields in the data
base. When new numeric coordination data was available (e.g. as a result of a more accurate survey)
the locations of the cave entrances were automatically updated on the map. In order to present regio-
nal data sheets, the dbf database was copied in wks (MsWorks) and xls (MsExcell) file formats.
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A Cserhat nemkarsztos barlangjai az Attekinto Térkép lapjai szerint

Non-Karstic Caves of the "Cserhat" according to the pages of the Index map

1. lap Page 1.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV..x EOV_y
1 Felsdpetényi-bg. 38x28m banyaban, in the mine_ 662692 283754

2. lap Page 2.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV_x EOV_y
2 Marton-yuk ?m irodalom utan, mesterséges, 668715 300373

after literaure, man made

3. lap Page 3.

Sorsz. Barlang Hossz Megjegyzés

1d. Nr. Cave Length Note EOV.x | EOVy
3 Bercelihegyi-ireg ?m feltoltodatt, filled up 677841 283241

4. lap Page 4.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV_x EOV_y
7 Nagyboldogasszony-forrasbag. 6,6 m "jjaépitett", reconstructed 691510 283046
4 Pappenheim-bg. 115m 686986 282746
5 Sarkanyfiirdd-bg. 20m 689407 286498
6 Takacs-pince (v. Remete-bq.) 60m mesterséges, man-made 690375 286337

5, lap Page 5.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV_x EOV_y
11 Betyar-bg. 61,7 m 703394 296222
13 Csapas-+etdi-ba. m irodalom utan, after literature 703638 294567
15 Dupla-iiregq 35m 699967 294284
8 Fiigg6-kdi-bg. 35m 696316 291513
12 Remete-barlangok {7 db.) 327m atalakitva, remade 703619 295674
14 Samsonhazi-hdlyagbg. kb.3 m lefejtve, demolished 700075 294519

6. lap Page 6.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note S EOV_y
10 Kalyuk 220m atalakitva, remade 699287 303999
9 Szold-hegyi-eresz 3x12m 698764 304852

7. lap Page 7.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV_x | EOV.y
20 Godallai 1. dreg m mesterséges, pusztuld, 673238 251900

man-made, ruined

21 Godollai 2. treg 7m mesterséges, man-made 672815 250405
16 Klastrom-dombi 1. cella ?m mesterséges, man-made 664454 251067
17 Klastrom-dombi 2. cella ?m mesterséges, man-made 664414 250961
18 Klastrom-dombi 3. cella ?m mesterséges, man-made 664414 250815
19 Klastrom-dombi 4. cella ?m mesterséges, man-made 664361 250696

8. lap Page 8.

Sorsz. Barlang Hossz Megjegyzés

Id. Nr. Cave Length Note EOV_x | EOV_y
22 Péceli 1. bg. m mesterséges, beomlott, 672844 239065

man-made, collapsed

23 Péceli 2. bg ?m mesterséges, beomlott 673102 239223

man-made, collapsed

Fig.6. An example of a Cave List sorted according to the pages of the Index Map

( Cserhét Mountains ) ( On the Hompage shown as a List of the non-karstic Caves of the
"Cserhat". The pages are related to the respective Detailed Map.
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Where Regional Index Maps exist this data is also sorted according to the pages of the Index Map.

The cave surveys and photographs were scanned and saved in jpg file format. The cave descripti-
ons were written in txt format.

The digital data in the non-karstic cave list, the detailed maps and the index maps, the cave surveys
and the photographs are presented in jpg format. The regional data sheets are presented in wks or
xls format. The descriptions are presented in such a way as to allows transfer to various other formats,
The picture file formats (maps, photos) and the regional data sheets may be printed. It is also possib-
le to view these files individually or as sequential slide shows on a computer screen or using other
compatible digital projection software.

Digital data transfer can also be carried out (floppy disc, CD, e-mail).

The Home Page of the cave list summarises the non karstic caves in Hungary. All relevant data has
been compiled in htm and html file format. The list is presented through the logical linking of these
files together with cave surveys, descriptions and photographs.
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Caves of the Polish Flysch Carpathians

Grzegorz Klassek
Speleoklub Bielsko-Biafa, Poland, Bielsko-Biata, ul. Jutrzenki 26/104

Abstract

Flysch pieces that are characterized by a lot lithological changeability, ecpecially in a profile of cre-
ating and developing caves are surely connected with surface mass movements of rocks, among
which forming landslips plays the most important role (KOWALSKI 1954, JANIGA 1974).

In large numbers gravitational caves are the most popular in Flysch Carpathians, and typical for them
landsliding caves and in the morphological way cracking caves. Those can be formed by simple, sin-
gular cracks or a few leveled groups of cracks joined together in brashy chambers.

Among other quite favourable processes of forming caves we must mention complicated weathe-
ring processes (physical and chemical), water erosion and selective denudation of the less resistan-
ce rock parts due to which erosive ~ weathering caves occur. According to morphological criteria
caves niches and stratified caves can be also found there.

Total length of cataloguing caves and rock shelters is 12148.3 m.

They are mainly not a big size, tight, with a length from a few to a dozen or so meters.

The new cataloguing material is presented in a magazine called “Clamp” (“Zacisk") published by
club in Bielsko-Biata and also in bulletin called "Beskidian Caves” (“Jaskinie Beskidzkie") published
by club in Debica.

Key words: flysch, landslide, cave

introduction

The Outer Carpathians, called also Flysch Carpathians, cover (in Poland) area ca 18 500 km?, which
is some 330 km long. They are divided into two main segments (Fig. 1):

1. Western Outer Carpathians, called Beskidy, which are composed of several mountain groups,
mountain foothill and a few intramountain basins; the highest peak is Babia Géra Mt, 1725 m as.l.

2. Eastern Outer Carpathians, called Bieszczady, with the highest peak Tarnica Mt, 1346 m a.s.l.

The Outer Carpathians are featured by Alpine type of tectonics. They are composed of several nap-
pes thrusted each over other to the north. The first-order structural units of the Polish part of the Outer
Carpathians represent (Fig. 1): Skole nappe, Sub-Silesian nappe, Silesian nappe, Dukla nappe and
Magura nappe. Lithologically the mountains are almost exclusively formed of the Cretaceous-Paleoge-
ne flysch represented with various argillous-siliceous rocks: bedded (often thick-bedded) sandstones
with conglomerate intercalations, shales and complexes of thin-bedded sandstone-shale interbeddings.

General characteristic of conditions of the caves formation,

classification of the caves

Development and evolution of the caves in the flysch (featured by high lithological variability and
absence of karstified rocks) is related to gravitational mass movements, among which landslides for-
mation plays the most important role (MARGIELEWSKI & URBAN 2000, 2002, 2003). In the Polish
Outer Carpathians, where maturated slopes (with inclination angle less than 45°) predominate, pro-
cesses of sliding, spreading and gravitational settling play essential morphological role. Much less
intensive is process of falling, which is typical for young, steep slopes, rare on the Carpathian area.
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The most numerous caves are gravitational ones, morphologically representing crevice type (Fig. 2).
Among them landslide caves are typical in the Carpathians: larger forms originated in the deep-sea-
ted landslides and in the thick-bedded sandstones (with beds ca 10 m thick), smaller and shallower
forms occur usually in the block fields. The caves are composed of single, straight passages or
assemblages of the passages forming some storeys. The largest caves represent often maze systems
of galleries (KLASSEK 1994, KLASSEK & MIKUSZEWSKI in PULINA 1997a).

Among cther processes contributing to cave development the following should be mentioned: che-
mical and mechanical weathering, fluvial erosion and sufosion (piping)- These processes bring to for-
mation of weathering-erosional caves (Fig. 2), which are usually small and morphologically belong to
cave niches and bedding type caves (larger and more complex), e.g. Jaskinia Komonieckiego cave
(Beskid Maly) In the colder climatic phases of the Late Pleistocene-Holocene these forms developed
owing to nivation. Also human activity (mainly quatrying) has contributed to enhance of slope proces-
ses development (KLASSEK 1994, KLASSEK & MIKUSZEWSKI in PULINA 1997a).

Complete classification of the cave — see Fig 2 This classification does not reqgard directly anthro-

pogenic, consequentional caves.

Location and sizes of the caves
According to the state in 24.02.2002 in the Polish Outer Carpathians 791 caves (and cave niches)
were recorded. Their distribution in the mountain groups and other microregions 1s following:

Mountain groups

| Beskid Slaski 179 |
| Kotiina Zywiecka 2]
| Beskid Zywiecki 37
| Beskid Maly 49 |
| Beskid Makowski 20 |
| Beskid Wyspowy 62
| Gorce 36 |
| Beskid Sadeck . 78 |
Beskid Niski 173 |
| Gory Sanocko-Turczanskie 6B
Bieszczady 14

Foothill regions

| Pogorze _Sla_skie

Pogdrze Wielickie o - ___ o 4
Pogorze Wisnickie ’ 7 |
__Eogér_ze_R_ognowAskn_e_ 64
Pogorze Ciezkowickie 22 |
| Pogorze Strzyzowskie —a
Pogorze Dynowskie 23

The regions of the caves occurrence cover every geological units (nappes) mentioned above. The
highest number of the caves has been recorded on the areas of the Magura nad Silesian nappes.

Geographical distribution of the recorded caves is not uniform. There are more or less numerous
caves in mountain massifs, but single caves in the massifs or massifs without caves are also frequent.

70



Location of the caves is generally controlled by geological structure and morphological evolution of
the mountain massifs, but even suitable geomorphological conditions do not ensure occurrence of the
caves automatically, On the other hand some caves are located in the areas, where signs of proces-
ses stimulating their development (landslides etc.) are not evident. These caves are hard for systema-
tic exploration and they have been found usually accidentally.

Number of the registered objects is also conditioned by the state of exploration and activity of the
speleological clubs in the area. After long time of experience we know that number of the caves and
their lenght is possibly higher than recorded and can be increased in effect of the repeated explorati-
ons.

Total lenght of the registered caves (for 24.02.2004) is 12 148 m. Among the caves predominate small
ones, which are several or 10-20 m long. 23 caves are longer than 100 m. They are listed in Tab. 1.

Tab. 1.

No. |[Name of the cave Region Lenght (m)
1. |Jaskinia w Trzech Kopcach Beskid Slaski 1228.0
2. |Jaskinia Gteboka w Stotowie Beskid Slaski 500.0
3. |Jaskinia Zbodjecka w topieniu Beskid Wyspowy 404.0
4. |Jaskinia Drwali (Stowianska) Beskid Niski 400.0
5. |Diabla Dziura w Bukowcu Pogodrze Roznowskie 365.0
6. |Jaskinia Niedzwiedzia Beskid Sadecki 340.0
7. |Mysiorowa Jama w Zagérzu Beskid Makowski 282.5
8. |Jaskinia Malinowska Beskid Slaski 230.5
9. |Gangusiowa Jama Beskid Niski 190.0

10. |Jaskinia Mroczna Beskid Niski 175.0

11.  |Jaskinia Dziurawa Beskid Maly 160.0

12. |Jaskinia Ztotnianska Beskid Sadecki 155.0

13. |Czarci Dot Beskid Wyspowy 140.0

14. |Jaskinia Roztoczanska Beskid Sadecki 140.0

15. [Jaskinia w Straconce Beskid Maly 135.0

16. |Jaskinia Chtodna Beskid Slaski 117.0

17. [Jaskinia Czarne Dzialy llI Beskid Maly 115.0

18. [Jaskinia Ali Baby w Klimczoku Beskid Slaski 114.0

19. |Jaskinia Szkieletowa Pogdrze Roznowskie 110.0

20. [Jaskinia Salmopolska Beskid Slaski 107.0

21. |Szczelina Lipowicka Beskid Niski 105.0

22. |Zlotopienska Dziura Beskid Wyspowy 105.0

23. |Jaskinia w Sopotni Wielkiej Beskid Zywiecki 101.0

Vertical sizes of the caves vary from O m to 42 m. Fifteen caves reach depth 15 m or more. They are
listed in Tab. 2.
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Tab 7

No. | Name of the cave ___Region - t Depth (m)
"1 | Diabla Dziura w Bukowrt P gorze Roznowskie 425
Jaskinia w Trzech Koprach Beskid Slask 326
3 Jaskinia Niedzwiedzia Beskid Sade k 280
4 Jaskima Drwali (Stowianska Beskid Nisl 250
5 Jaskinia Gleboka w Stotowie Beshkid Slaski 24.8
6 Jaskinia Malinowska Beskid Slaski 227
7 Jaskinia Szkieletowa Pogorze Roznow: e 190
8 Jaskinia Zbojecka w Lopieniu Beskid Wyspowy 19.0
Jaskinia Mroczna . Beskid Niski 17.0
10 Jaskima Dolna w Nasicznen Bieszczady 170
11 | Jaskinia w Straconce Beskid Maty 16.9
192 Jaskimia Chiodna . Beskid _Sla_&-kl 165
13 Feleczynska Studnia Beskid Sadecki 150
14 Jaskinia gdzie Wpadt Grototaz | Beskid Niski 15.0
L 15 Dydiowska_J.ama ¥ .éieszcza_dy _ ] 150

Remarks on exploration of the caves in the Polish Filysch Carpathians

Systematic exploration of the caves in the Polish Flysch Carpathians started in the middle of the 20¢
century, although some objects had been described before this date (e.g. Jaskinia Malinowska — Beskid
Slaski, Diabla Dziura w Bukowcu - Pogorze Roznowskie, Zimna Dziura w Stizeblu — Beskid Wyspowy).
Inventory of the Polish caves, published by KOWALSKI in 1954, listed 23 caves in the Carpathian flysch.

New phase in the exploration commenced in 1969, whe n members of the Speleoklub Bielsko-Biata
(Bielsko Biata Speleoclub) initiated registration of the pseudokarst caves. This exploration, firstly con-
centrated in the Beskid Slaski mountain group (surrounding Bielsko-Biata town), expanded gradually
in the whole Flysch Carpathians. Since the eighties of the 20 century active exploration has been also
performed by members of the speleoclub in Debica, which was recently converted into Stowarzysze-
nie Speleoklub Beskidzki (Beskidy Speleoclub Association) gathering cavers from several centres
(towns) in the Carpathians. Occasionally Speleoklub Sadecki KTJ (Nowy Sacz Speleoclub of Cave
Touristic Commission) was involved into the caves exploration in the Outer Carpathians.

The systematically completed material of inventory (84 objects) was published in the six volumes of
JInwentarz jaskin polskich Karpat Fliszowych” between 1974 and 1990 (LADYGIN 1974 and
KLASSEK 1978-1990) as well as in the alpinistic-speleological journal ,Przadkowiec” (MLECZEK)
and other bulletins (KLASSEK 1994). Summarized documentation of thirty years of the caves explo-
ration was edited in three volumes of inventory ,Jaskinie Polskich Karpat Fliszowych" (PULINA ed.
1997a, b, 1998). This publication also introduced system of codification and identification of the
caves, which is based on geographical regionalization and adjusted to still continuing exploration.

System of cooperation has been developed between Bielsko-Biata and Debica (Debica-Limanowa)
centers during long time of speleological activity. It is based on coordination of the exploration in par-
ticular microregions and exchange of information. Recently results of explorations (documentations of
newly recorded objects) have been presented in ,Zacisk" - journal edited by Speleoklub Bielsko-Biata
and in ,Jaskinie Beskidzkie" - builetin edited by Speleoklub Beskidzki. Both clubs have also their
homepages with updated lists of the recorded caves. The state of registration is traditionally presen-
ted on the yearly meetings of Polish cavers, organized by Sekcja Speleologiczna Polskiego Towar-
zystwa Przyrodnikow im. M. Kopernika (Speleological Group of M. Kopernik Polish Saciety of Natura-
lists) (KLASSEK & MLECZEK 2003).
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Dinamic exploration of the caves in the Flysch Carpathians has resulted in still increasing number
of caves, what is illustrated by Tab. 3.

Tab. 3.
Year 1978 1988 1998 2000 2003
AL Rl 39 92 482 594 769
of the recorded caves
Number of the caves 3 8 17 18 99
longer than 100 m

Majority of the caves in the Polish Outer Carpathians are legally protected as nature monuments
or they are located in the protected areas: nature reserves, national parks and landscape parks
(ALEXANDROWICZ & POPRAWA 2000).

Newest discoveries

In the last years number of the recorded caves has increased significantly fast. Among the recently
explored caves are:

- Jaskinia Gteboka w Stotowie, ca 500 m long, found in 2003,

- Jaskinia Drwali (Stowianska), ca 400 m long, found in 2004,

The longest cave in the Polish Outer Carpathians has been still Jaskinia w Trzech Kopcach cave, but
its lenght has been significantly enlarged for last ten years. According KOWALSKI (1854) it was 260
m long, in 1971 reached 400 m and in 2002 - 947.5 m. But spectacular exploration was done here
in 2003, when new galleries 280.5 m long were mapped and the total lenght of the cave was enlar-
ged to 1228 m (Klassek, Szura 2003).

Translated by Jan Urban
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Abstract

Blankets of Quaternary loesses (several to more than 10 m thick) cover large areas on uplands of
Southern Poland. Specific relief of loess is featured by numerous deep gullies, potholes (small doli-
nes) with (sub)vertical walls as well as depressions with less inclined slopes (throughs). In places
occur horizontal subsurface conduits usually several meters long and often (at least partly) accessib-
le for people. The relief is conditioned by microstructure of rock (framework formed of silty grains of
quartz fastened with clayey binders-"bridges") resulting in relatively high cohesion in aerial environ-
ments, which is significantly lowered in water (where clayey “bridges” get soaked and soften). There-
fore morphological forms in loess are modified by meteoric waters during heavy rains and snow thaws.

Forms developed in gully about 50 m long and situated in system of ravines resembling "badland”
area have been observed since 1998 in order to recognize character and speed of evolution of loess
relief. The gully - like the whole “badland” - is dry with periodic water streams. In the gully several pot-
holes of different size are located. Some of them are connected with short subsurface conduits. The
largest pothole (2-3 m deep and 12 m long) located in the central part of the gully is recharged by peri-
odic stream flowing out of short cave and dewatered by the longest conduit (totally 12 m long with
accessible lower fragment and entrance) connecting it with gully outlet.

Initial stage of subsurface cavities formation in loess is probably connnected with change of rock
microstructure caused by slow water diffusion and consisting in compaction of grains' framework.
Further evolution of the cavities is stimulated by erosion of periodic subsurface water flows, what
results in formation of horizontal or short vertical conduits. Subsequent gravitational breakdowns of
the walls and ceilings of conduits play the most important role in their widening, formation of secon-
dary subsurface caverns as well as surface potholes and short shafts. Evolution of the forms is relati-
vely quick in areas (segments of gully), where water flow is frequently active. During 5 years in obser-
ved gully two large gravitational movements changed shape of the central pothole and lower part of the
longest conduit. The lowermost fragment of it was totally destroyed and changed to surface channel.

Observations of artificial cavern made some 50 years ago in neighbouring gully indicate that relief
of the loess not influenced by water (flowing or filtrating) is much more stable.

Key words: pseudokarst, loesses, subsurface cavities, potholes, gravitational movements

Introduction

Development of pseudokarst forms in non- or slightly lithified silty-clayey rocks is usually referred to
the wide group of processes of subsurface erosion called piping. BRYAN & JONES (1997) - ove-

rviewing the scientific and ecological problems of piping - mention two main types of processes of
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Fig. 1. Location of the southern fragment of the Nida Basin region with loess blankets (A}
and maps of the studied gully with subsurface forms in 1999 (B - part of the area) and in
2003 (C ~ whole gully). Scale on the maps B and C the same. Area of fig. B marked on fig.
C with dashed contour. Explanations: 1 — contour of slope, 2 - loess scarp or shaft with alti-
tude (depth) in meters, 8 — scarp (loess wall) lower than 0.5 m, 4 - inclination of slope with
altitude in meters, 5 — supposed location of subsurface conduit, 6 - subsurface conduit
(observed or directly accessible), 7 — cross-section with points (letters) marked on the map
(vertical scale identical with horizontal), 8 - line of cross-section with point (letter).

subsurface erosion. “The first occurs when water seeping through a porous medium produces suffi-
cient drag force to entrain material at the outlet through liquefaction or Coulomb failure. This process
(...} can produce a subsurface conduit that works back from the outlet” and is also named “sapping”
or “spring sapping”. “The second process involves progressive expansion of an existing conduit or
macropore primarily to the shear stress exerted by flowing water. This would include, for example,
enlargement of animal burrows, root channels, dessication cracks” and is called also “tunnel erosion”
(BRYAN & JONES 1997). More detailed description of the main processes controlling subsurface ero-
sion of loesses was presented in Polish literature by LISZKOWSKI (1971), who also presents a little
different approach to the terms “piping” and “tunelling” {LISZKOWSKI 1995).

Numerous conditions and features are mentioned as factors controlling subsurface erosion. To the
main belongs: climate (humidity, occurrence of dry and wet periods, insolation), geological structure
of the rock (also tectonics), topography and morphology (slope inclination, microrelief, etc.), hydrolo-
gy as well as properties of the rocks. The last group of parameters is represented with: granulometry,
porosity, dispersion (in water), swelling and shrinkage, plasticity. These parameters are related to
mineral composition - especially participation and type of argillous minerals - and some chemical fea-
tures of these minerals: cations' concentration, sodium ion percentage, sulphates content, pH, elec-
trical conductivity, etc. (e.g. GUTIERREZ et al. 1997, FARIFTEH & SOETERS 1997, Polish literature
quoted by DWUCET 1993).
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Piping developed in almost every climatic zone, but in each type of climate subsurface cavities are
conditioned by different features and formed in different rocks. In temperate climate they have been
studied particularly in organic soils of humid uplands (e. g. JONES et. al. 1997). Observations of
pseudokarst forms in loesses and similar rocks have been carried mainly in badlands of semiarid cli-
mate. The most impressive deep-seated tunnels in these rocks were described in China, North Ame-
rica and North Africa (e. g. FULLER 1922, BRYAN & HARVEY 19865, BAILLIE et. al. 1986, ZHU 1997).
But subsurface objects ~ although less common and not so large - occur also on the areas of mode-
rate and humid climate, where loess surfaces are covered by vegetation and (partly) cultivated. They
have been described in Poland, too (e. g. MALICKI 1946, MARUSZCZAK 1954, WALCZOWSKI
1964, 1971, 1975, URBAN, et al. 1990, ALEXANDROWICZ & URBAN 2002). In Polish papers desc-
ribing pseudokarst forms in loess, the processes of their development is traditionally named “suffosi-
on (sensu lato)", after Russian and Ukrainian scientists studied similar forms in the Eastern Europe.

This paper presents preliminary results of study of the system of subsurface conduits in loess deve-
loped in the head part of gully near Pinczow, Nida Basin (Fig. 1A), which are supplied by observati-
ons in other sites located in the region as well as data reported by other Polish authors. The study con-
sists on morphological observations, especially mapping made in 1998 (fragment of the area), 1999,
2002 and 2003.

Loess and its relief in the Nida Basin

Blankets of Quaternary loesses (several meters to more than 10 m thick) cover large areas on
uplands of Southern Poland, also south-west part of the Nida Basin. They represent silts composed
of quartz grains of average size 0.01-0.05 mm (40-78 %) with admixture of clayey minerals (up to 26 %),
sand grains (to 25 %) and calcium carbonate (5.5-14.2 %) (CHLEBOWSKI & LINDNER 1992,
DWUCET 2001). Origin of Polish loesses is referred to Pleistocene periglacial environment, which
facilitated eolian transport and deposition of silts. Loesses related to older glacials were (partly) denu-
ded during interglacials, thus majority of present loess blankets are formed during the last glacial -
Vistulian (Wiirm) (MARUSZCZAK 1986).

Since the late Vistulian the surface of loesses has been shaped by meteoric factors, firstly in cold
climate, later — since the beginning of Holocene - in moderate climate. Now the region is located in
the zone of moderate, transitional (between marine and continental) climate with annual rainfalls
540-700 mm and average temperature 7.2-7.8 °C (in January respectively 26-44 mm and -3.3--3.8 °C,
in July —~ 87-112 mm and 17.7-18.4 °C) (PASZYNSKI & KLUGE 1986). During Holocene the region
has been covered by vegetation, mainly forests. It was partly deforested about 5 kA BP and again seve-
ral hundreds years ago (SNIESZKO 1995). Now majority of the loess area is under cultivation, whe-
reas forests and bushes cover areas with erosional relief of loess not suitable for agriculture.

Specific relief of loess is characterised by numerous deep gullies. Dense network of gullies resem-
bles somewhere badland areas, although they are covered by bushes or trees. It is suggested that
development of this erosional morphology was triggered by the first and next deforestations. Now cul-
tivation also stimulates fast surface erosion as well as development of linear ephemeral and perma-
nent erosional forms (e. g. KORELESKI 1974, SNIESZKO 1995, STARKEL 1997). Among quickly
developed and modified landforms are subsurface pipes (tunnels) often at least partly accessible by
people. They are not very frequent and do not form large networks. But they occur in many places,
especially in marginal zones of upper flat surfaces, above slopes of valleys and gullies
(MARUSZCZAK 1954, WALCZOWSKI 1964, 1971, 1975, URBAN et. al. 1990, ALEXANDROWICZ
& URBAN 2002).
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Evolution of pseudokarst forms in the studied site

Some pseudokarst forms - sinkholes and subsurface conduits - occur in Bugaj village near Pinc-
zow, in the head section of the valley, which is dissected into many tributary gullies incised in almost
flat surface, slightly inclined to the north. The gullies form hand-shape system resembling badland
area, however covered by forest. The most interesting pseudokarst forms developed in the gully about
50 m long and up to 8 m deep, bordered from the north and south by loess ridges (Fig. 1C}, which
are partially framed by (sub)vertical, bare loess scarps. The northern and southern ridges separate the
gully from next ones, whereas western, head part of the gully is notched directly in the flat surface.
Shallow subordinate gully clings to the main one. The gully - like the whole “badland” area - is dry
with periodic water flows related to snow thawing or heavy rains. Morphology of the area surrounding
the gully determines its catchment, which is situated exclusively to the west of it. The catchment mar-
gins are hardly defined because of almost flat and horizontal surface of the area, which is partly under
cultivation.

Development of the pseudokarst forms in the gully has been related mainly to channel of the perio-
dical water stream. In the uppermost section of the channel they are represented by small depressi-
ons 0.3-0.7 m deep and tunnels with partly collapsed roof ca 1 m deep. In the shallow tributary gully
the stream channel is clearly defined and situated next to north margin of the gully. Formerly it was
also subsurface conduit {deeper than the first one), what is manifested by three loess “bridges”. Morp-
hology of floor of this gully (Fig. 1 C, cross-section IHC) suggests that it has been dewatered by sub-
surface tunnel for long time. The tributary gully was mapped in 2003 and was not monitored before.

The main gully is recharged mainly with stream flowing through tributary gully, although sinkhole
located next to west margin of the main gully indicates also direct water influx. The main stream flow
through small and shallow channel steeply downslope and disappears in the less inclined, almost hori-
zontal gully floor. From this place water flows through system of tunnels and sinkholes, which has been
monitored since 1998. In 1998-1999 sinkhole (0.5-2.5 m deep) located in the central part of the gully
was divided into three segments separated with low ridges of loess (Fig. 1B). The southern segment
represented depression with subvertical inlet (upper entrance) of tunnel (0.3-1 m in diameter) in the
eastern part. The inlet had been formed
rather due to roof collapse then discharge
of the very small catchment (restricted to
this segment). Outlet of the tunnel was
located in the mouth of the gully 12 m to
the east of the upper entrance {ca 2 m
below). Traces of water flow in the outlet
indicated that main part of the gully was
. dewatered with this conduit, but the water
- sunk in central part of the main sinkhole
without discernible inlet. The tunnei has
! been located 0,7-2 m below earth surface,
hydraulic gradient in the tunnel has rea-
{ ched maximum 60_ (Fig. 1C, cross-sec-
| tion A-G). Minimum total amount of the

loess transported down the tunnel before

1998 (calculated as volume of the sinkho-

Fig. 2. Two branches of the western part of Tunnel in

Bugaj in the middle (collapsed) entrance of the cave -
state in March 2002. le plus tunnel) is estimated at 75 m?,
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The tunnel has been partly
accessible for people, thus it has
represented pseudokarst cave cal-
led Tunnel in Bugaj (ALEXAN-
DROWICZ & URBAN 2002,
URBAN 2002).

Before September 1999 roof of
the lowermost section of the tun-
ne! collapsed. Small sinkhole was
formed also in the middle part of
the tunnel, just in the place of its
dividing upstream into two bran-
ches (Figs. 1B, 2).

Between 1999 and October
2003 occurred the following modi-

Fig. 3. The sinkhole in the central part of the gully; western wall fication of the.relief and hydrology
of the sinkhole with entrance of the cave - state in March 2002. of the gully (Figs. 1 B and C):
1. The central sinkhole got deepe-

ned (to 3-3.5 m) and expanded to the west (3 m). In the western end of the depression developed

cave 3 m long, relatively spacious (Fig. 3) and divided into lower and upper tunnels by “loess brid-

ge". Near its entrance narrow (0.3-0.7 m) roof is formed of soil consolidated by grass roots. On the
central part of the sinkhole periodical stream formed meandering bed blindly ended near the slope

{without inlet).

2. The southern segment of sinkhole (with former upper entrance of Tunnel in Bugaj) got filled up with
loess landslide and now represents rather steep slope. In the western part of the landslide, bet-
ween the scarp and gravitationally moved (but not disintegrated) block subvertical crack has for-
med. The cracks is opened downward to the sinkhole wall. Such a vertical chasm ca 3 m deep has
never been a water conduit because of lack of catchment.

3, Zones of the collapsed roof of the tunnel slightly expanded and the lower part of tunnel got filled
up by block of loess fall down the scarp. Consequently periodical subsurface stream flows through
the crack separated the fallen block and loess scarp in situ.

Minimum amount of loess material transported down the tunnel from the central part of the gully in
the period 1998-2003 is estimated at 18 m°.

Morphological evolution of described above form can be compared with an artifical subsurface cel-
lar in loess located in slope of the next gully, ca 50 m to the north. It consists of short arched passa-
ge 0.6 m high and chamber similar in cross-section but 1.4 m high (Fig. 4). According to local people
the cellar was made about 50 years ago. There are no traces of roof colapses inside, although
external part of the scarp above the entrance dropped down between 1998-2002, partly covering the
entrance.

Discussion

Microstructure of loess — porous fabric formed of aggregates of quartz grains, argillous minerals,
amorphous silica and calcium carbonate - is important factor controliing erosion of this rock. Quartz
grains are fastened with clayey-siliceous-calcareous “bridges”, which represent coagulational-cemen-
tional bounds (LISZKOWSKI 1971, GRABOWSKA-OLSZEWSKA 1983, DWUCET 1993). Owing to
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this structure loess is featured by relatively high cohesion in aerial environment, which is significantly

lowered in water. In aquatic environment argillous minerals are easily dispersed and the rock .

fabric appears very low resistance for flow shear stress. Therefore relief of loess landforms is quickly
modified with meteoric waters during heavy rains and snow thaws, when the rock is easily destructed
and detached.

Very high porosity of loess (somewhere reaching and exceeding even 50%) enables fast diffusion
(percolation and filtration ~ LISZKOWSKI 1971) of water in loess medium (MARUSZCZAK 1954).
The structural pattern of rocks together with easy dispersion of argillous minerals are the main factors

enabling first stage of pipes development. The fabric of loess is destructed by underground diffusio-

nal water flows by internal erosion or liquefaction (LISZKOWSKI 1971, BRYAN & JONES 1997), what
results in reduction of micro-, meso- and macropores (GRABOWSKA-OLSZEWSKA 1983) and con-
densation of the rock structure. In the consequence subsurface empty spaces (caverns, macropores)
are formed above compacted fragments of loess massif. Other conduits initiating formation of pipes
in loess are animal burrows, root channels and natural cracks (e. g. MARUSZCZAK 1954,
LISZKOWSKI 1971, JONCA 1973, BRYAN & JONES 1997). These cracks develop in loess rather due
to gravitational stress near the vertical scarps than dessication. Maruszczak (1954), interpreting gene-
sis of throughs in loess, suggests also role of calcium carbonate dissolution in condensation of its
structure.

Stability of the fabric is conditioned mainly by state (degree) of aggregatisation and humidity of the
rock. State of aggregatisation is controlled by environment of loess deposition, its diagenesis and
mineralization of waters diffused in the rock. Thus it differs in vertical profiles of the rock and areas of
loess occurrence (DWUCET 1993). Metastable character of loess structure with porosity higher than

42% is confirmed by physico-mechanical analyses. Loess with metastable structure occurs tc the

depth 4-5 m. Loess of the Nida Basin is characterised by parameters'(porosity, natural moisture etc.)
values oscilating close to the boundary of stable-
metastable structure (FRANKOWSKI 1991,
1994). Therefore fabric destruction and loess
condenstion can be expected in some places.
During rains {thaws) described above initial
cavities quickly get filled by relatively high ener-
getic (flowing) water, what enables fluidation
(internal erosion) and detachment of loess materi-
al, which is washed downstream and ultimately
carried away from the massif. Nearly horizontal
direction of subsurface stream is stimulated by
lower permeability of loess compacted in base-
ment (floor) of the initial conduits (see
LISZKOWSKI 1971). Likely the longest tunnel in
the studied gully (Tunnel in Bugaj) was formed in
this way. This supposition is confirmed by its
length, branched and curved shape (controlled by
initial macropores and cavities) as well as low inc-
lination of the tunnel. However lack of tunnel inlet
in the main sinkhole (near the meandering chan-
nel) indicates high porosity and backward erosion
in the head part of the tunnel. next to the described one - state in 1999.
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Backward propagation has been the main process of development of the cave situated in the west
wall of the main sinkhole. The process of headward erosion (spring sapping - Bryan, Jones 1997, hyd-
raulic penetration and break-through - LISZKOWSKI 1995) is conditioned by stream sinking into the
gully floor and then permeating almost horizontally to the east.

WALCZOWSKI (1964, 1971, 1975), who studied similar forms of loess in the same region, but in
different geological structures, documented that piping was related to occurrence of coarse-grained
sediments (sands, gravels) or impermeable rocks (clays) in substratum of loess. In the first case
waters infiltrating into loess wash down partings of this rock - firstly finer grains (suffosion sensu stric-
te — LISZKOWSKI 1971), then grains forming fabric (suffosion sensu lato), what causes destruction
of the loess structure and formation of cavities. In the second case development of pipes is stimula-
ted by relatively strong underground water flow on the top surface of impermeable basement of loess.
But these cases do not occur in Bugaj. Formation of the pipes in Bugaj seems to be related rather to
morphology of the surface, than connected with layers of specific rocks absent here. Their outlets are
situated just at the level of bottom of the central sinkhole (upper cave) and base of the main gully
(Tunnel in Bugaj), whereas the hydraulic gradient in the longest tunnel causes relatively high energy
of water flow, what enables transport of silty-clayey material. It indicates that the destruction and ero-
sion of loess require flowing, not stagnant water (which occurs below the base level).

Subsurface tunnels have been consequently modified by lateral fluvial erosion (of ephemeral stre-
ams) and gravitational processes: roof collapses as well as cracking and landsliding. In the monitored
gully these last processes have played an essential role in evolution of surface and subsurface forms.
Presumably two phases of landslides (the first before 1998) developed in the southern slope of the
gully caused blockage of the south branch of Tunnel in Bugaj bringing to formation of the north
branch. Also formation of the landslide above the lower section of the tunnel created new pathway for
water stream. Gravitational movements stimulate formation of different type of pseudokarst caves not
connected with water erosion. In Bugaj they are represented by subvertical crack formed after land-
slide development in the southern slope of the gully.

Subsurface conduits observed in loess of Polish uplands are connected almost exclusively with
initial or young phases of gullies' development (MARUSZCZAK 1954, WALCZOWSKI 1971, 1975).
They are formed close above gullies or inside gullies, and contribute to their formation or significant
modification. As it is documented in Bugaj considerably amount of denuded ro¢k material can be car-
ried away through the subsurface conduits. Simultaneously these conduits are quickly modified - first-
ly by water erosion, subsequently by gravitational processes. But water flow plays an essential (alt-
hough somewhere indirect) role in morphological evolution of the gully. As it is evidenced by state of
the artificial cellar located near monitored gully, loess massif situated out of water flow {facing only
direct infiltration of rain waters) hardly undergoes both to erosional and gravitational processes. Short
time span of monitoring in Bugaj does not allow determination of the length of full cycle of subsurfa-
ce system evolution, but it seems considerably fast. Large amount of material transported through the
system before it got started to destruct by collapses suggests that evolution of the subsurface con-
duit is slow during the first several years and accelerates since the beginning of gravitational collap-
ses. According to MARUSZCZAK (1954) full evolution of pipe system takes several to several tens
years.

Observations in other site of pseudokarst forms development (ZAWARZA-ALEXANDROWICZ
& URBAN 2002) indicate that according to vertical erosion and lowering of the denudational base
new systems of subsurface conduits are formed and quickly modified, whereas remnants of the upper,
older ones become dry and thus conserved.
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Conclusions

Initial stage of subsurface conduits' formation in loess is often connnected with change of rock mic-
rostructure caused by water diffusion and consisting in compaction of rock fabric. Macropores formed
in this way and other cavities (animal burrows, root channels etc.) are eroded by periodic subsurface
water flows, what results in formation of horizontal or short vertical conduits. Important process of
piping is also backward erosion of subsurface water flows. Formation of pipes is controlled by morp-
hology and hydrology of the area, especially presence of gullies or scarps and location of base level,
what suggest the significant role of hydrological gradient and kinetic energy of percolating waters.
Systems of not very complex pipes are formed in the head or marginal parts of existing gullies and
represent initial stages of gullies’ development.

Gravitational collapses of the roofs and landslides play important role in development of pipes’ sys-
tems during phases subsequent to their subsurface erosional formation. They cause widening, for-
mation of secondary subsurface caverns as well as surface sinkholes and short shafts. Morphologi-
cal evolution of the system of surface and subsurface landforms is evidently accelerated owing to gra-
vitational processes.

Evolution of the forms is relatively quick in areas, where ephemeral water flow is active, whereas
caverns (artificial forms) in “dry” massifs of loess remain "untouched” for long periods (many times lon-
ger than subsurface forms connected with water flows).

References:

ALEXANDROWICZ S.W. & URBAN J. (2002): Documentary sites of loess in Kozubow Landscape
Park (English abstract). Chronmy Przyr. Ojcz. 58, 4: 5-36.

BAILLIE I.C., FAULKNER P.H., ESPIN G.D., LEVETT M.J., NICHOLSON B. (1986): Problems of pro-
tection against piping and surface erosion in central Tunisia. Environ. Conserv., 13: 27-32.

BRYAN R.B. & HARVEY L.E. (1985): Observations on the geomorphologic significance of tunnel ero-
sion in a semi-arid ephemeral drainage system. Geogr. Ann. 67 (A): 267-272.

BRYAN R.B. & JONES J.A.A. (1997): The significance of soil piping processes: inventory and pro-
spect. Geomorphology 20, 3-4: 209-218.

CHLEBOWSKI R. & LINDNER L. (1992): Sources of sediments and sedimentary environments of
younger loesses in the Malopolska Upland (English abstract). Biul. Geol, Wydz. Geol. Uniw.
Warsz. 32: 15-50.

DWAUCET K. (1993): Characteristics of degree of loess aggregatisation in Poland (English abstract).
Pr. Nauk. Uniw. Slaskiego 1400. Geographia. Studia et dissert. 18: 30-48.

DWUCET K. (2001): Warunki sedymentacji lessow mlodszych gornych w Polsce w swietle analizy mik-
roform wystepowania weglanow (English abstract). In: Maruszczak H. (ed.): Main sections of loes-
ses in Poland, part Il. Uniw. M. Curie-Sklodowska, Lublin: 49-62.

FARIFTEH J. & SOETERS R. (1997): Factors underlying piping in the Basilicata region, southern Italy.
Geomorphology 20, 3-4: 239-251.

FRANKOWSKI Z. (1991): Engineering-geological features of loesses in Poland {English abstract). In:
Maruszczak H. (ed.), Main sections of loesses in Poland, part. |. Uniw. M. Curie-Sklodowska, Lub-
lin: A50-61.

FRANKOWSKI Z. (1994): Physico-mechanical properties of loess in Poland (studied in situ). Quater-
nary Intern. 24: 17-23.

FULLER M.L. (1922): Some anusual erosion features in loess of China. Geogr. Rev., 12: 570-584.

82




GRABOWSKA-OLSZEWSKA B. (1983): Collapse in loesses in the light of microstructural studies
(English abstract). Przegl. Geol. 31, 3: 162-165.

GUTIERREZ M., SANCHO C., BENITO G., SIRVENT J., DESIR G. (1997): Quantitative study of
piping processes in badland areas of the Ebro basin, NE Spain. Geomorphology 20, 3-4: 237-253.

JONCA E. (1973): Wplyw zwierzat na rzezbe powierzchni ziemi (in Polish). Dokument. Geogr. 6: 25-28.

JONES J.AA., RICHARDSON J.M., JACOB H.J. (1997): Factors controlling the distribution of piping
in Britain: a reconnaissance. Geomorphology 20, 3-4: 289-306.

KORELESKI K. (1974): Studies of the rate and mechanics of loess wall retreat in the region of Pros-
zowice and Krakow (English abstract). Przegl. Geogr., 46, 1: 115-120.

LISZKOWSKI J. (1971): Filtrational deformations of loess deposits (English summary). Biul. Geol.,
Wydz. Geol. Uniw. Warsz., 13: 87-127.

LISZKOWSKI J. (1995): On the mechanisms and kinematics of drift dolines formation. Acta Carsolo-
gica, 24: 333-345.

MALICKI A. (1946): The karst phoenomena in the beds of loess (English abstract). Ann. Univ. M.
Curie-Sktodowska, ser. B, 1: 132-155.

MARUSZCZAK H. (1954): Dolinen in Léssgebieten der Lubliner Hochfliche (German abstract).
Czas. Geogr. 29: 335-354.

MARUSZCZAK H. (1986): Loesses in Poland, their stratigraphy and paleogeography. Ann. Univ. M.
Curie-Sktodowska, sect. B, 41: 15-54.

PASZYNSKI J., KLUGE M. (1986): Climate of the Nida Basin (English abstract). Studia Osr. Doku-
ment. Fizjogr. 14: 211-238.

SNIESZKO Z. (1995): The loess cover evolution during last 15 000 years in Poland (English abstract).
Pr. Nauk. Uniw. Slaskiego 1496: 5-124.

STARKEL L (ed.) (1997): Role of heavy downpours in the evolution of the Miechow Upland (with down-
pour of 16 September 1995 as the example) (English abstract). Dokument. Geogr. 8, pp. 107.

URBAN J. (2002): Jaskinie czy tylko dziury w lessach (in Polish only). Zacisk 21: 16-18.

URBAN J., MOCHON A., JANIEC J. (1990): Pseudokrasové tvary ve sprasich vysogin stfedniho Pol-
ska a jejich vznik. In: 4" Symp. on Pseudokarst with Intern Part. (Knih. Ceské Spel. Spol., sv. 23),
Praha: 98-106.

WALCZOWSKI A. (1964): Karst loessique de la chaine d’Orlowiny et de Wygielzow (French abstract).
Ann. Univ. M. Curie-Skfodowska, sect. B 17, 6 (1962): 169-182.

WALCZOWSKI A. (1971): Suffosion in the neighbourhood of Pacanow general (English abstract).
Biol. Inst. Geol. 242: 99-135.

WALCZOWSKI A. 1975 - Symptoms of recent suffosion-erosion processes in the vicinity of Opato-
wiec (English abstract). Biul. Inst. Geol. 283: 189-209.

ZHU T. X. (1997): Deep-seated, complex tunnel system - a hydrological study in a semi-arid catch-
ment, Loess Platteau, China. Geomorphology 20, 3-4: 255-267.

83
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Abstract

The state of research and documentation of pseudokarst phenomena in the Brou-
movska vrchovina Upland as of 2003

Speleological research and documentation of pseudokarst phenomena in the Broumovska vrchovi-
na Upland, NE Bohemia, have been conducted by the local ZO CSS 5-03 Broumov speleological
team since 1980. Its main activities are focused on area formed by quartzose sandstones of Quader-
sandstein type and other Upper Cretaceous rocks, showing a wide range of surface and subsurface
forms of pseudokarst relief. The research, yet incompleted, lists 152 caves in the whole area (of which
148 in quartzose sandstones). The longest cave is the Teplice Cave, 1065 m long. The elevation
range of local caves reaches max. 50 m.

Speleological activities are further aimed at surface forms of pseudokarst relief, at meso- and micro-
climates of caves and the parts of rock cities showing a temperature reversal, at secondary fills of pseu-
dokarst caves and rock shelters (especially the so-called root stalagmites), biospeleology and also at
co-operation on geomnrphological and geotechnical monitoring.

Key words: pseudokarst caves, quartzose sandstone, cave fills, surface landforms
1. Uvod

Broumovska vrchovina se rozklada na SV Cech, v tizemi Kralovéhradeckého kraje a ze severu a vy-
chodu je omezena statni hranici s Polskem. Z geologickeho hlediska je &asti vnitrosudetské panve. Ta
vznikla v pribéhu variské tektogeneze a byla nejprve vyplnéna suchozemskymi sedimenty a vulkanity
od spodniho karbonu az do spodniho triasu. Na zarovnany povrch téchto hornin transgredovalo kfi-
dové mofe. Horizontalné a2 subhorizontalné ulozené kiidové sedimenty byly po istupu kfidového more
béhem saxonské tektogeneze zvinény a rozlamany.

Vnitrosudetska panev je protazena ve sméru SZ - JV. Na jihozapadé je omezena hronovsko-po-
Ficskou poruchovou zénou, ktera tvofi jeji hranice vié&i sousedni Podkrkonogské panvi. V ostatnich
smérech terén prechazi do polské &asti vnitrosudetské panve. Panevni vyplf je porusena zlomy viech
hlavnich sméra (pfedevéim SZ - JV a SV - JZ), které se staly urdujicim prvkem pro vyvoj a soucasny
stav reliéfu.

Geologickymi poméry se zabyvala jiz fada autord, za klicove Ize pokladat monografické prace geo-
loga Radko Taslera (TASLER R. a kol., 1979; KOTLAR J,, TASLER J., 1987).

Geomorfologicky celek Broumovska vrchovina je piné shodny s geologickou jednotkou Geské &asti
vnitrosudetské panve. Je dale ¢lenén na podcelky Zacléfska vrchovina, Meziméstska vrchovina a Polic-
ka vrchovina. Zatim co Zacléfska vrchovina a Meziméstska vrchovina na obou okrajich celku jsou tvo-
feny podloZnimi sedimenty a vulkanity karbonu a permu, ptipadné i triasu, stfed je tvofen Polickou
vrchovinou - jeji terén je tvofen nejsvrchnéj$i a nejmladsi vypIni vnitrosudetské panve: sedimenty
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svrchni kFidy. Jsou tvoreny hlavné mofskymi a brakickymi cenomanskymi, turonskymi az koniackymi sli-
novci a piskovci. Také geomorfologickymi poméry se zde zabyvala fada autort (DEMEK J. a kol., 1965;
REZAC B., 1955; SLADEK J., 1977 ad).
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2. Policka vrchovina a jeji pseudokrasovy reliéf

Policka vrchovina je geomorfologicky &lenéna na dalsi okrsky: Polickou stupfiovinu, Broumovske
stény a Stolové hory po obvodu a Polickou panev na stfedu terénu. Policka stupfiovina tvofici prevaz-
nou &ast vnéjsich kuest je slozena z cenomanskych glaukonitickych a kvadrovych piskovci a spodno-
turonskych prachovci a slinovel. Broumovské stény a Seska Cast Stolovych hor jsou tvofeny stfedné-
turonskymi kfemennymi az arkézovymi piskovci. Vnitini kuesty a centralni strukturni plosiny Polické
panve jsou tvoFeny strednéturonskymi slinovci, prachovci a vapnito-jilovitymi piskovci. Na tomto podlo-
%i spodivaji jednotlivé denudadni zbytky nejsvrchnéjsiho kiidového souvrstvi, tvofeného kvadrovymi pis-
kovai stredniho turonu az koniaku. Silné naélenéné stolové hory a pahorky Adr8padsko-teplickych skal,
Ostage, Hejdy a Kogigich skal, podobné i Broumovskych stén i ceske asti Stolovych hor maji vysoce
dynamicky reliéf, ve kterém je plné rozvinut povrchovy i podzemni pseudokrasovy reliéf, tvofeny Siro-
kou a pestrou $kalou makro-, mezo- a mikroforem pseudokrasové modelace. V mistech nejvétsiho
uplatnéni tdchto forem reliéfu vznikla skalni mésta, v pfipadé Adrspasskych i Tepiickych skal intenziv-
né &lenéna s denivelaci i pres 100 metrd. Na vyvoji pseudokrasového reliéfu se podili fada geomor-
fologickych procest jako mechanické a Gasteéné i chemické zvétravani, svahové pohyby, ficeni, odnos
a akumulace skalnich bloku a zvétralin, sufoze i fluvialni a eolicka eroze.

Studiem geomorfologickych poméri a pseudokrasovych tvarii v terénech Polické vrchoviny se zaby-
vala fada autort jiz od po&atku minulého stoleti a2 do soucasnosti (napf. PETRASCHEK W., 1909;
REZNY K., 1977; VITEK J., 1977, 1979, 1980a, 1981a, 1982, 1986).
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Ybr 1. Supi skaly v jiznim okrayi Teplic-
tych skal  pohled na pZni cast Policke
crchoviny uprostied vich Ostas, za nim
pasmo Broumovskych sten, naprave
v pozadi Hepsovina (Szc zelimec, 919 m
n.m ) ve Stolovych horach iz na uzem
Polsha). Foto O Jenka
Supr skaly Chffs on the S penphery of
the Teplcke skaly rock oty a view of
the S put of ihe Policha vrchovina
Upland: Ostas Hill i the centre, Brou-
movske stény Chtfs m the ba kground,
and Szczehniec, 919 m asd, in the
Gory stolowe Mts. (in Poland) on the
right 1n the background.

Obr 2.. Broumovske stény: rokle s vyts-
terum do prikréeho vnejsiho svahu kuesty
a odvodnénim do Broumovske kotliny -
denivelace mezi vrcholy skalnich pilifu
a dnem rokle je cca 50 metru, ve dnu
rokle pod blokovym zdvalen se nachazi
400 metru dlouha sutova jeskyné Pod
Luciferem. Foto: O. Jenka

Broumovskeé stény Cliffs: a gorge emp-
tying mn a steep outer slope of a cuesta,
and drained into the Broumovska kotli-
na Basin. Elevation difference between
the peaks of rock pillars and the gorge
bottom is ca. 50 m. A talus cave “Pod
Luciferem”, 400 m long, is located in
the gorge bottom beneath blocky talus.

Obr. 3.: Teplicke skaly - sutova Teplicka
jeskyné 1068 metru dlouha v jeji cent-
ralni ¢astr v prubéhu zimy vznika ledova
vyzdoba, ktera misty setrva az do plného
leta. Foto: O. Jenka

Teplicke shaly Cliffs - the Teplice Cave
of talus ornigin, 1065 m long. During win-
ter, its central part hosts ice decorati-
ons, locally preserved until mid-summer.



rz1  Obr. 4.: Teplické skaly -
Kravi hora: skupina tff
kofenovych  stalagmiti
(vska 20 - 30 cm) v jesky-
ni U Lokomotivy vznikla
linearné pod jednou ska-
povou fimsou; v jeskyni se
celkem nachazi pét kore-
novych stalagmita.
Foto: O. Jenka

Teplické skaly Cliffs -
Kravi hora Hill. A group of
three root stalagmites
(heights 20-30 cm) in the
U Lokomotivy Cave was
formed in one line under a
single drip ledge; altoget-
her five root stalagmites
are developed in the cave.

3. Pseudokrasové jeskyné

Jeskyné patFi k pom&rné b&znym tvarim piskovcového reliéfu Polické vrchoviny. Z genetického a mor-
fologického hlediska jsou i zdejsi pseudokrasové jeskyné clenény do Sesti skupin:

1) jeskyné puklinové: jsou to svislé, izké prostory s riiznou délkou; vznikaji na puklinach &i puklinovych
zénach a jsou rozsifovany vlivem zvétravani a odnosem hornin, pripadné erozi - pfikladem Cetnych
jeskyni je j. Pod Hvézdou v Broumovskych sténach.

2) jeskyné vrstevni: vytvareji se zvétravanim a odnosem méné odolnych poloh, prostory jsou vétSinou
nizké, rizné Siroké a dlouhé — piikladem tohoto typu mohou byt jeskyné v Trpaslici skale I. a Il. na
Ostasi.

3) jeskynni vyklenky: patfi k rozsifenym tvarim a vznikaji destrukci hornin selektivni denudaci podmi-
nénou litologickym sloZenim, nebo destrukci horniny v polohach tektonicky rliznosmérné poruse-
nych. Prostory téchto jeskyni maji riznou $itku a vysku, délky (hloubky do masivu) byvaji mensi - pfi-
kladem tohoto typu jsou jeskyné Nad Reznickou sekyrou nebo jeskyné Pec, ob& v Teplickych
skalach.

4) jeskyné rozsedlinové: vznikaji procesem gravitaéniho odsedani skalnich bloki v okrajich skalnich
plosin nebo na svahu v zavislosti na svislych nebo vodorovnych puklinach, pfipadné vrstevnich plo-
chach; vzniklé prostory jsou vétsinou uzké a vysoké, s pficnym profilem ve tvaru V" nebo ,A" podle
zptisobu pohybu bloki. Timto zpisobem vznikaji i dlouhé prostory chodbovitého charakteru (napft.
jeskyné Tunel v Broumovskych sténach), nebo i pomérmé hluboké a uzké prostory propastovitého
charakteru (napf. Teplicka propast v Teplickych skalach nebo Netopyti propast v Adrspasskych skalach).

5) jeskynd sufové (blokové): jsou specifickou skupinou pseudokrasovych jeskyni vzniklych
v blokovych akumulacich ve dnech rokli a kafionti nebo na dpati skalnich stén &i v balvanitych prou-
dech na svazich; jeskynni dutiny mezi balvany maji nepravidelny tvar pfi astém prostfidavani vétsich
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| zcela tesnych prostor. PR spojitosti s podzemnim vodnim rokem, kiery pit prutoku dnem rokle je
kryt balvanitou suti a prostory jeskyné neustale vyklizuje, vznikaji cele jeskynni systemy, které vyni-
kaji (pii srovnani s ostatnimi typy pscudokrasovych jeskyni) svojl délkou. Diky extremnimu klimatu
téchto jeskyni, proti vagjsim atmosferickym viivum krytych az 25 metru mocnou blokovou akumula-
oi (jako je to napf. u Teplicke jeskyne) setrvava v nékterych castech prostor ledovy vyzdoba az do
pozdnich letnich mesicu - z tohoto typu jeskyni lze jmenovat Refichovou jeskyni v Adrépasskych
skalach (205 m dlouha), jeskyni Pod Luciferem v Broumovskych sténac h (400 m dlouha) a Teplic-
kou jeskyni v Teplickych skalach, ktera delkou 1065 m je dosud nejdelsi pseudolrasovou jeskyni

Ceske republiky.

]

jeskyné kombinované: do této skupiny nalezi zbyvajici jeskynni tvary, na jejchz vyvoy se podili vice
Ginitelu, vysledny tvar se pak morfologicky blizi nejméné dvéma z péti predehozich typa jeskyni, nej-
castejsi kombinaci v terénech piskovet Policke vrchoviny je kombinare puklinove a vrstevni jesky-
ne. puklinové a sutové jeskyné nebo (nejcastéji) rozsedlinuve a sufove jeskyné - jako pfiklad ize

uvest jeskyni Kofenka v Teplickych skalach, ktera je rozsedlinovo-sutovou jeskyni.
4. Speleologicke aktivity

Speleologické aktivity v tzemi Broumovske vrchoviny provadi mistni ZO CSS 5-03 Broumov od
sveho ustaveni v roce 1980, jako jedina speleologicka skupina v této oblasti. Jeji terénn prace jsou
dodnes délene do tii samostatnych a naplni rozdilnych akiivit:

na vyzkumné a revizni akce za Gdelem detailniho poznani jednotlivych ¢asti rozsahlych skalnich
oblasti a vyhotoveni evidence pseudokrasovych jeskyni i dalsich vyznamnych prvku pseudokrasove
nodelace reliefy;

na méiici a dokumentaéni prace v podzemnich lokalitach 1 dokumentac vyznamnych jevu povrcho-
ve psudokrasove modelace;

- na specialni speleologicke programy a studie, z nichz k nejdulezitg)sim patfi problematika kofeno-
vych tvaru a dalsi biospeleologicke vyzkumne prace, mikrokhmaticke studie, studie vyplni pseudokra-
sovych jeskyni, sekundarnich mineralu (predevéim selezivce a pisolity) - skupina rovnéZz spolupracuje
na speleoarcheologickych a speleohistorickych problematikach pii geotechnickem monitoringu
a geomorfologickém mapovani

Predevéim pro rozlehlost pseudokrasovych terénu neni zakladni speleologicky vyzkum
v teto oblasti dokonéen, do sourasne doby (s uzavérkeu 1 2003) je avidovano v Brou novske vrchovi-
né 152 pseudokrasovych jeskynt a propasti s prevahou techto lokalt v piskoveovych terénech (148)
nebo slinovcich (1) Polické vichoviny, zbylé se vyskytuji v permokarbonu Zacleiske vichoviny (2)
a Mezimestske vrchoviny (1). Pocty jeskynnich lokalit v jednotivyeh okiscich podava Tabulka & 1, situ-
aci geomorfologickeho ¢lenéni speleoiogicke evidence podava Mapa |

intenzivni speleclogické aktivity a konkietni vysledky vyzkumi, evidence a dokumenta_ e primarnich
i sekundarnich pseudokrasovych jevu Broumovske vrchoviny vyvolaly rovnez pumerné mienzivni spo-
lupract s tadou odborniku a védeckych instituci nejen v problematikach geofaktoru, ale rv problema-
tikach zoologie, botaniky, pt. i archeologie. Vyznamny je piinos speleologi:ke evidence a dokumen-
tace pro organy statni ochrany piirody jak centralni tak mistni. nebot vyznamne: casti pseudokrasovych
skalnich terent s vyskytem jeskyni se nachazeji v nékterem = MCHU, viechny {a¥ na jednu jeskyni
v Zacleiske vrchoving) jsou v hranicich CHKO Broumovsko

Dokumentaéni prace (mapovani terénu i speleclogickd dokumentace) probihap dle vydane metodi-
ky (DEMEK J. a kol., 1990), ktera obsahuje i navod pro dokumentaci a monitoring kofenovydh tvard
(KOPECKY J, 1990, 1998).
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Za zhruba 30 let speleologického studia vznikla také fada praci nejriznéj§iho zafazeni v problema-
tikach pseudokrasu. Tyto prace jsou diky rozsahlé spolupraci s odborniky vystupy v Siroké Skale geo-
i biofaktoru, klimatickych pomért, geotechniky i ochrany pfirody. V samotné problematice speleologie
a pseudokrasovych jeskyni jsou to pfedeviim prace autord (CILEK V., 1994; DEMEK J., KOPECKY J.,
1992,1994a, 1994b; JENIK J., 1985, 1992, 1998; JENIK J., KOPECKY J., 1985, 2001; JENKA O,
KOPECKY J., 1987; KOPECKY J., 1982, 1985, 1990a, 1992a, 1992b, 1996a, 1996b, 1999, 2001,
2002; KOPECKY J., JENKA O., ADAMOVIC J., 2002; KOPECKY J. a kol., 1988; RUZICKA V.,
KOPECKY J., 1992; VITEK J., 1981b).

Vysledky dlouholetého studia pseudokrasu se rovnéz staly podkladem pro realizaci fady odbornych
seminafti zamé&Fenych k fedeni riznych témat, demonstrovanych v terénech Broumovské vrchoviny, pfi
setkani amatérskych i profesionalnich speleologt a karsologi, zastupcti védeckych instituci, vysokych
$kol i organu statni ochrany pfirody. Rada t&chto setkani méla i mezinarodni ugast - i 1. a 2. mezina-
rodni sympozium o pseudokrasu v roce 1982 a 1986 bylo realizovano v oblasti Broumovské vrchovi-
ny (na Janovi¢kach u Broumova).

Tabulka ¢. 1
Vyskyt pseudokrasovych jeskyni v geomorfologickych jednotkdch Broumovské vrchoviny

BROUMOVSKA VRCHOVINA (geomorfologicky celek)

Geomorfologicky podcelek Geomorfologicky okrsek | Pocet jeskyni
I. ZACLERSKA VRCHOVINA 1. Jestrebi hory 2
Il. POLICKA VRCHOVINA 1. AdrSpasske skaly 13
2. Teplické skaly 44
3. KFizovy vrch - Lada - Lysy vrch 1
4, Ostas 22
5. Ko&ici skaly 14
6. Hejda 27
7. Broumovské stény 26
8. Stolové hory (Ceska Gast) 1
9. Policka panev 1
lil. MEZIMESTSKA VRCHOVINA 1. Broumovska kotlina 1
Jeskyni celkem 1652

sestavil: J. Kopecky st., 2003
5. Zaver

Vysledky intenzivnich aktivit prokazaly, 2e Broumovsko patfi k vjznamnym pseudokrasovym oblastem
s vyskytem bohatych forem povrchového i podzemniho reliéfu. Zejména v piskovcovych terénech
Polické vrchoviny specificky georeliéf a klimat vytvaFeji podminky pro existenci i specifickych forem
biosféry - toto pfirodni prosttedi je vystizné oznatovano jako piskovcovy fenomén. V samotné proble-
matice speleologie je to oblast jesté velmi perspektivni jak pro pokracujici evidenci dalsich jeskyni, tak
pro ziskavani dal$ich informaci a dat o primarnich i sekundarnich pseudokrasovych jevech.
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Nekrasové jaskyne v Ziarskej doline v Zapadnych Tatrach

Peter Hollibek

Slovak Museum of Nature Protection and Speleology,
Skolska 4, 031 01 Liptovsky Mikulas, Slovakia; e-mail: holubek@smopaj.sk

Abstract

Non-karst caves in the Ziarska Valley in the Western Tatras
The article is dealing with 2 caves created in crystalline rocks of the Western Tatras in the Ziarska

Valley. Both were created by influence of gravitational force.
Key words: non-karst caves, crevice

Ziarska dolina sa nachadza v juhozapad-
nej casti pohoria Zapadné Tatry, ktoré je
z vacsiny budované krystalickymi hornina-
mi tatrika. Prenika daleko do vnutra poho-
ria. Z vychodu ju ohrani¢uju koty Smrek
(2089 m n. m.), Baranec (2184 m n. m.)
a Ziarske sedlo (1919), z juhu hlavny hre-
ben s kotami Banikov (2178 m n. m.), Tri
kopy (2154 m n. m.), Smutnyr sedlom
(1965) a kotou Placlivé (2126 m n. m.) Zo
zapadu je to kéta Prislop (2145 m n. m.),

Jalovecke sedlo (1856 m n. m.), Raztoka
(1948 m n. m.), Siroka (1890 m n. m.)
a Kec¢ka (1530 m n. m.) Z juhu vyustuje

Pohlad na vyrazné gravitaéné depresie v zapadnych sva-
hoch masivu Smrek (2089 m n. m.). Foto: M. Belocky
The view to the gravitational deprese on the western slope
of the massife Smrek (2089 a. s. |). Photo: M. Belocky

v nadmorskej vyske 900 metrov Ziarska
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Pohlad na Zapadné Tatry, vpravo Ziarska dolina s domi-
nujticim Barancom (2184 m n. m.). Foto P. Holubek
The view to the Zapadné Tatry, on the right Ziarska valley
with dominante Baranec (2184 a. s. l.). Photo P. Holubek
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dolina do Liptovskej kotliny. Na vzdiale-
nosti 4 kilometre st tu prevy$enia pre-
sahujice 1000 metrov. Reliéf Ziarskej
doliny budovanej krystalickymi hornina-
mi je poznadéeny fadovcovou Ginnostou.
Na viacerych miestach v hrebefovych
partiach su tu vytvorené vyrazné pretiah-
nuté depresie, majuce povod v gravitac-
nych procesoch. Na tieto tkazy su na-
viazané dve mensie trhliny spifajtce kri-
térid kladené na podzemné priestory.
Podla nasho nazoru je mozné pdvod
tychto trhlin vysvetlit vyrovnavanim
napétia v masivoch vplyvom intenzivne-
ho zahibenia sa Ziarske] doliny. Vplyvom
povrchového zvetravania su tieto trhliny
rychlo vypifiané sedimentmi a kedze



krystalické horniny st takmer nerozpustné, tak sa tu netvoria vyznamnejSie rozsadlinové podzemné
priestory ako st zname z karbonatovych hornin Zapadnych Karpat a podzemny priestor je tu vzacnost.

V severovychodnej &asti doliny s to trhliny v zapadnych svahoch masivu Smrek (2089 m n. m.). Ich
dizka pozorovatelna na povrchu presahuje 200 metrov. Na tychto vyraznych depresiach sme nezare-
gistrovali ziadny otvor veduci do podzemia. Akurat v blizkosti Ziarskeho sedla (1919 m n. m.) sa v nevy-
raznej trhline nachadza v nadmorskej vyske
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% [ T\ Réztoka 1950 metrov vchod do 4,5 metra dlhej jaskyne
/(\g/ ; ;' nazvanej Diera v Ziarskom sedle. Je vytvore-
Jaan VR \\ B na v paleozoickych granodioritoch krystalinika
/ M i Y *3 tatrika. V zimnom obdobi z nej vystupuje teply

prievan roztapajuci snehovli pokryvku. Tento fakt
svedéi o vadSom rozsahu podzemnych prie-
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N ’,l‘ Ay Y Juhozapadnu &ast Ziarskej doliny tvori hreber
wimmoe T Raztoka (1948 m n. m.) - Kegka (1530 m n. m.)
@Z__S__’T} \‘\ oddelujaci nevyraznu dolinku Luéivnik od hiboko

ROZS ADLIN A VR AZTOKE ™~ zarezanej Ziarskej doliny. Tento usek je taktiez

poznadeny vyraznymi pretiahnutymi depresiami,

0 5 5m méj 200 ktoré nemaju viditelné vchody do podzemia.
N v Vynimkou je rozsadlina v nadmorskej vyske

okolo 1700 metrov. Jej severné ukonéenie je
v jaskynke nazvanej Rozsadlina v Raztoke
vytvorenej v metamorfitoch paleozoika krysta-
linika tatrika s dizkou 6 metrov. Ide o fragment
trhliny, v ktorej sme nezaregistrovali v zimnom
obdobi prievan.
Mapa Rozsadliny v Raztoke Tieto dve jaskyne roz$iruji poznatky o pod-
Map of Rozsadlina v Réztoke zemnych priestoroch vytvorenych v nekrasovych
horninach.
Podrobnejsim skamanim sa uréite podobnych lokalit najde nielen
v Tatrach, ale aj napriklad v Nizkych Tatrach viac. Z jaskyniarskeho
hladiska mbze byt zaujimavé aj Gaborove sedlo pod Klinom (2172 m
n. m.), kde st v zimnom obdobi pozorovatelné v gravitaénych odtr-
hoch vyrazné odtopené miesta v snehu od teplého vzduchu vystupu-
juceho z podzemia.
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Siliceous karst forms in the Luzicke hory Mts.,
northern Bohemia

Jifi Adamovi¢” - Petr Havranek®
Geologicky ustav AV CR, Rozvojova 135, 165 02 Praha 6, Czech republic,
adamovicagli.cas.cz
< Magistrat mésta Liberec, TR. 1. mdje 108, 460 59 Liberec, Petr.Havranek @magistrat.liberec.cz

The described forms of karstification in siliciclastic rocks come from the northern margin of the
Bohemian Cretaceous Basin, from the present Luzické hory Mts. lying in the axial part of the Ohte Rift
graben. Volcanic rocks dominating this part of the graben are alkaline acidic rocks (phonolites, tra-
chytes), as opposed to alkaline basaltic rocks in other parts of the graben. This contrast can be most
readily explained by Late Cretaceous-Early Tertiary crustal thickening on thrust faults of the Elbe
Zone, which also form the northern limitation of the basin (Lusatian Fault). Karstified sandstones of
Turonian to Coniacian age are composed of 99 % quartz and low amounts of feldspar and heavy mine-
rals (zircon, rutile, ilmenite).

In the sandstones, subvertical zones max. 5 m broad or narrower subhorizontal zones are strongly
cemented by secondary SiO2 phases. Medium intensity of silicification is characterized by hard sand-
stones formerly used for millstone manufacture. Their hardening is due to pressure solution of quartz
grains, and secondary quartz cement precipitation. High-intensity silicification produces quartzite of
chert appearance, where quartz cement combines with chalcedony. Silicification is linked to intrusive
bodies of phonolite, which supplied sufficient heat and alkaline fluids for quartz dissolution, transport
and final reprecipitation.

Large cavities are developed especially along fracture zones in close proximity of phonolite bodies.
The largest caves are present at Milstejn (VORTISCH 1934, BRZAK et al. 2000). Spherical rooms
with almost no wall sculptation but with convection cupolas and convex bulbous structures on their
roofs indicate quartz dissolution as the most probable reason of their formation. On the land surface,
microforms reminiscent of limestone karst (karren, sclution pans) concentrate to high-intensity silicifi-
ed sandstones but are absent from unaltered sandstones outside the silicified zones. Siliceous spe-
leothems formed by fibrous chalcedony cover the walls of dilated joints and caverns.

The caves and other forms in the LuZické hory Mts. appear to be the products of quartzite karst
where siliceous material was dissolved in some portions and reprecipitated elsewhere. The whole pro-
cess seems to have been controlled by the flow of heated alkaline fluids released during phonolite
emplacement and cooling. Some chalcedony could have been dissolved later under subaerial expo-
sure with no hydrothermal influence, as is commonly the case in humid temperate or tropical zones of
the present (CHALCRAFT & PYE 1984, WRAY 1997).

BRZAK, P., FABIANEK, O. & HAVRANEK, P. (2000): Jeskyné na Milstejné. Bezdéz, 9, 253-268.
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VORTISCH, W. (1934); Die ,Hohlen" am Miihlstein bei Zwickau in Bohmen und morpholog.
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LE MORFOLOGIE PSEUDOCARSICHE NEL FLYSCH DELLA
VALLE DELLO JUDRIO (FRIULI VENEZIA GIULIA - ITALIA)

di Maurizio Tavagnutti
Centro Ricerche Carsiche “C. Seppenhofer” Gorizia - ltaly

Riassunto

Nel presente lavoro I'Autore prende in esame un particolare tipo di fenomeno carsico epigeo
riscontrato nella formazione del Flysch presente nella vallata dello Judrio (Prealpi Giulie), una valle

fluviale situata all'estremita orientale del Friuli-Venezia Giulia e ne descrive la tipologia dal punto di
vista morfologico.

Si tratta di un fenomeno carsico molto particolare essendosi instaurato in un litotipo prevalente-
mente flyschoide (marna ed arenaria).

Dopo aver inquadrato morfologicamente I'ambiente vallivo, I'Autore passa a descrivere le principali
caratteristiche delle microforme carsiche superficiali che, trovandosi in un ambiente flyschoide, rapp-
resentano un motivo di novita nello studio del carsismo epigeo.

Soffermandosi sulle peculiarita di un ambiente abbastanza unico ed interessante, I'Autore nota delle forti
analogie con lo stesso morfotipo riscontrato in terreni prevalentemente calcarei (Carso, M. Canin, ecc.).

Parole chiave: Valle dello Judrio, paracarsismo, morfologie carsiche, carsismo superficiale, Ril-
lenkarren, Trittkarren, Rinnenkarren, Lochkarren, Vaschette di corrosione, Mianderkarren,
Kluftkarren, Grize, doline.

Abstract

With this work, the author examines a particular type of epigeous Carsican phenomenon found in
the Flysch formation present in the Judrio Valley (Julian pre-Alps), a fluvial valley located at the eastern
border of Friuli-Venezia Giulia - ltaly, and describes its typology from a morphological point of view.

This represents a very particular Carsican phenomenon, being located in a prevalently flyschoid
lithotype (marne and sandstone).

After having described morphologically the valley environment, the author then analyses the princi-
pal characteristics of the superficial Carsican microforms which, being located in a flyschoid environ-
ment, represent a new reason to study epigeous Carsican phenomena.

While treating in detail the peculiarities of a rather unique and interesting environment, the author
notes the close analogies with the same morphotype found in prevalently calcareous soils (Carso,
Mount Canin, etc.)

Key words: Judrio Valley, paracarsism, Carsican morphology, superficial carsism, Rillenkarren,
Trittkarren, Rinnenkarren, Lochkarren, corrosion basins, Médanderkarren, Kluftkarren, Grize, doline.

PREMESSA
Nell'analizzare le forme carsiche presenti nella valle dobbiamo ricordare che ci troviamo in presen-
za di terreni flyschoidi, pertanto siamo di fronte ad una manifestazione del carsismo del tutto partico-

lare che, anzi, a ben vedere alcuni Autori definiscono di paracarsismo.
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Mi sembra interessante, pertanto, fare una descrizione minuziosa delle morfologie carsiche super-
ficiali esistenti nel Flysch, al fine di determinare una possibile analogia con quelle presenti in terreni
calcarei. A questo scopo é stato fatto un attento lavoro di classificazione delle singole forme carsiche
superficiali, presenti nella valle, attenendosi alla nomenclatura proposta dal Bégli'; si sono osservate
in questo modo dalle sorprendenti similitudini con le loro omologhe in terreni calcarei.

In alcuni casi si & visto che, nei litotipi a partire da quelli calcarenitici, per poi arrivare a quelli are-
nacei, si instaurano alcune microforme alquanto particolari.

Da una prima comparazione superficiale tra quelle osservate sulle arenarie si possono riscontrare
senza dubbio numerose analogie con quelle presenti in rocce calcaree, sebbene le prime si differen-
zino significativamente da queste ultime per alcuni particolari sia morfologici sia evolutivi. Pertanto,
anche se le tipologie possono sembrare simili, bisogna fare comunque attenzione nel ricostruire il
quadro morfologico evolutivo del carsismo presente nella valle in quanto la loro genesi potrebbe esse-
re sostanzialmente differente.

Ad esempio ho notato che i “fori di dissoluzione" impostati in litotipi arenacei hanno generalmente
un'origine sottocutanea; I'abbondante copertura terrigena e vegetale, sempre presente lungo tutta la
vallata dello Judrio, contribuisce in modo determinante alla genesi di questo morfotipo.

Sostanzialmente tutte queste forme, a differenza delle loro omologhe nei calcari, presentano bordi
e spigoli arrotondati, indice evidente di una genesi sviluppatasi sotto copertura; inoltre esse sono
quasi sempre impostate su fratture o giunti di discontinuita.

Da quello che ho potuto osservare, anche i “Rillenkarren”, presenti generalmente sulle calcareniti
o arenarie a matrice carbonatica, hanno una forma abbastanza particolare; essi di solito sono molto
pit allungati dei loro corrispettivi in roccia calcarea, inoltre, a differenza di questi, le creste delle sin-
gole scanalature sono tutte irregolari.

Tale situazione pud essersi benissimo determinata dalla differenziazione di solubilita dei clasti che
compongono questo particolare litotipo.

Come si vede il lavoro di classificazione delle microforme carsiche superficiali si presenta estre-
mamente interessante. Anche il carsismo ipogeo & molto ben rappresentato nella vallata, esso & piut-
tosto diffuso ed & contraddistinto da una grande quantita di grotte, generalmente ad andamento ver-
ticale, quelle poche ad andamento orizzontale costituiscono le risorgive fossili di vecchi sistemi idrici
0 sono ancor oggi in piena attivita.

1-BOGLI A, 1960. Kalkl$sung und Karrenbildung. Int. Betrige z. Karstmorph,, 2, Zeitschr. fir Geomorph., Gottingen: 4-21.
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DESCRIZIONE GEOMORFOLOGICA DELL'ALTA VALLE DELLO JUDRIO

In questa sede non & mia intenzione fare una descrizione geologica della vallata in guanto essa &
gia ben trattata da un altro Autore nel presente volume.

Tuttavia, per una maggiore comprensione di quanto andré a trattare e soprattutto per poter localiz-
zare piu facilmente i fenomeni di cui si parla, sono costretto a fare un breve excursus sui vari litotipi e
le varie formazioni qui presenti.

Allo scopo debbo sottolineare che, geologicamente I'intera area ¢ stata descritta da Tunis G. & Ven-
turini S.% essa & interessata da una successione carbonatica costituita da calcari di piattaforma che
rappresentano il margine nord-orientale della Piattaforma Friulana durante il Cretacico. Presso Mis-
cecco possiamo trovare i depositi pill antichi che sono caratterizzati da facies granulari e dalla pres-
soché totale assenza di facies fangose. Verso I'alto compare la formazione del Calcare di Cellina che
raggiunge lo spessore di 350 m; di questa unita sono caratteristici l'intervallo Barremiano contraddi-
stinto dalla ricchezza di stromatoliti e da strutture di emersione nonché alcuni livelli contenenti signi-
ficative associazioni microfaunistiche del Cretacico inferiore. Un corpo di breccia, spesso circa 10 m
ed affiorante 800 m ad ovest del paese di Bodigoi, chiude la successione del Calcare di Cellina. La
successiva unita di eta Cenomaniano inferiore & contraddistinta da una sequenza spessa 200 m, a
stratificazione mal distinguibile. Seguono 70 m di calcari bio-clastici del Senomaniano inferiore, cos-
tituiti in larga misura da frammenti di rudiste ed organizzati in due litostomi. La Scaglia ed alcuni corpi
di breccia chiudono la successione carbonatica della Valle dello Judrio (Tunis G. &Venturini S., 1997).
Risalendo la valle, verso monte incontriamo invece tutta la successione dei terreni flyschoidi compli-
cata da numerose faglie trasversali all'asse vallivo dello Judrio. Gli stessi Autori nel 1992 in una revi-
sione semplificata della stratigrafia del Flysch del Friuli orientale, riconoscono tra le altre le seguenti
unita che interessano la valle dello Judrio: "Unita di Drenchia" (Campaniano sup. p.p.), "Flysch di Clo-
dig" (Maastrichtiano inf. p.p.), "Flysch dello Judrio" (Maastrichtiano inf. p.p--medio), (fig. 1),

2 -TUNIS G.. & VENTURINI S., 1997. La geologia delle valli del Natisone. Il fenomeno Carsico delle valli del Natisone (Preal
pi Giulie - Friuli), Memorie dell'lstituto ltaliano di Speleologia, s. I, vol. IX, Udine: 35-48.
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Fig. 1 — Localita Gnidovizza, si possono vedere gli strati arenaceo-marnosi del “Flysch dello Judrio”
che in questo punto sono particolarmente disturbati. In questa zona non si sono notati grandi
fenomeni carsici ipogei, se si esclude qualche cavita ad andamento verticale.
Le manifestazioni carsiche superficiali sono rappresentate da ondulazioni dolci del terreno (doline)
e forme che potrebbero essere assimilate al paesaggio del “carsismo a blocchi”.

"Flysch di M. Brieka" (Maastrichtiano sup.), "Flysch di Calla" (Paleocene inf-medio p.p.), "Flysch di
Masarolis" (Paleocene medio p.p.-sup. p.p.), {fig. 2),

Fig. 2 — Localita Covacevizza, strati flyschoidi ascrivibili al “Flysch di Masarolis".
Gli strati di arenaria e marna, seppure molto regolari, sono molto
fratturati e non danno sviluppo a fenomeni carsici.
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“Flysch di Grivd" (Paleocene sup. p.p.-Eocene inf. p.p.). Essi fanno poi una dettagliata descrizione
delle varie unita che in questa sede non ¢ il caso di elencare; si rimanda pertanto il lettore a consul-
tare le specifiche pubblicazioni.

Morfologicamente la valle dello Judrio si puo ricondurre al classico modello di valle a prevalente ori-
gine fluviale.

Essa, partendo dal Passo Solarie, situato non lontano da Drenchia sul versante italiano del monte
Colovrat, presenta una sezione a "V" i cui versanti, nel tratto montano, si presentano molto ripidi.

Man mano che si scende lungo il fiume essi perd assumono un'inclinazione meno accentuata ed i
rilievi sono generalmente pitl arrotondati assumendo la tipica morfologia dei terreni la cui facies & pre-
valentemente costituita da litotipi arenaceo-marnosi. L'asse vallivo che nella prima parte, quella mon-
tana, era molto ben evidenziato dalla presenza di una vallata stretta e profonda, in corrispondenza di
alcune grosse faglie trasversali, assume localmente degli improwvisi allargamenti complicati dalla pre-
senza di piccole valli laterali originate da questi disturbi tettonici.

Le numerose faglie, trasversali all’asse vallivo principale, mettono in contatto tettonico tra loro le
diverse formazioni, tale situazione determina un elemento caratterizzante dell’aspetto morfologico del-
l'intera vallata.

Il percorso del fiume, che nella parte a monte assume un carattere prevalentemente torrentizio,
scendendo in direzione del paese di Albana, tende a meandreggiare e ad assumere le caratteristiche
proprie di un fiume; in questo tratto i depositi alluvionali piuttosto abbondanti tendono a livellare il fon-
dovalle.

Ad ogni modo la forte energia cinetica che il corso d'acqua ancora possiede in questo tratto di valle,
determina in alcuni punti la reincisione dei sedimenti (fig. 3).

Fig. 3 - Spesso lungo il percorso dello Judrio possiamo notare una forte
reincisione dei sedimenti alluvionali.

La vallata nel tratto mediano, tra Podresca e Cosson, mantiene una certa ampiezza accentuata forse
da una minore pendenza dei suoi versanti.
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Da quest'ultima localita, scendendo in direzione di Bodigoi, la presenza di continui depositi carbo-
natici determinano un brusco cambiamento morfologico ed infine in corrispondenza dell'abitato di
Albana la vallata tende gradatamente a restringersi.

In questo punto i versanti, costituiti esclusivamente da depositi carbonatici appartenenti ai “Calcari
a Conicorbitolina” e ai “Calcari di Cellina®, tendono a verticalizzarsi o comunque sono generaimente
pits ripidi, tanto che in prossimita del castello di Albana essi sono quasi strapiombanti (fig. 4).

Fig. 4 - In prossimita del castello di Albana la vallata tende a restringersi. In questo punto
gli affioramenti calcarei sono messi ben in evidenza ed il paesaggio
assume il caratteristico aspetto di un carso di media altezza.

E' questo anche il punto pil stretto della vallata, da qui in poi, verso valle, il fiume prosegue e si
snoda meandreggiando in un'ampia pianura alluvionale fiancheggiata da basse colline flyschoidi.

Uipotetica linea di congiungimento tra il castello di Albana ed i prospicienti rilievi, in territorio slo-
veno, su cui sorge I'antica chiesetta di Madonna del Giorno, costituisce tra l'altro la linea di separazi-
one tra I'Alta valle dello Judrio ed il suo percorso inferiore.

Come abbiamo visto, il brusco cambiamento litologico presente tra Cosson e Albana determina
dunque un profondo cambiamento morfologico del paesaggio, tanto che in prossimita del castello
I'aspetto & quello tipico dei carsi di media altezza.

Sono presenti, in questa zona, diffusi campi carreggiati con tutte quelle morfologie superficiali (Ril-
lenkarren, vaschette di corrosione, fori di dissoluzione, ecc.) tipiche di questi affioramenti carbonatici

(fig. 5).
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Fig. 5 - In localita Cras sono evidenti gli affioramenti cal-
carei ricchi di forme carsiche superficiali, Nella foto si puo
scorgere sullo sfondo il caratteristico profilo fluviale della

valle.

Gli affioramenti calcarei sono ben evidenziati anche se la vegetazione, piuttosto abbondante in
questo punto, occulta in maniera significativa la struttura carsica sottostante, tale morfologia sul ver-
sante italiano assume un aspetto di carso coperto favorito dall'abbondante copertura terrigena e dal
fatto che il versante vallivo non presenta forti pendenze.

Su quello sloveno, gli strati disposti quasi a franapoggio determinano invece un paesaggio decisa-
mente pitt aspro e dei versanti estremamente pit ripidi, qui gli affioramenti rocciosi sono molto pit evi-
denti ed il carsismo superficiale & molto pit sviluppato.

Diversa, invece, la situazione presente sui terreni flyschoidi.

Generalmente i rilievi qui presenti sono pitl morbidi, arrotondati e le pendenze non sono quasi mai
molto accentuate se escludiamo le zone in corrispondenza di grossi disturbi tettonici (fig. 6 - 7).

Fig. 6 - Struttura di fondo (Ripple-
marks) messa in evidenza da uno
sbancamento stradale.
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Fig. 7 - Gli strati di arenaria, localmen-
te sono stati interessati da diverse spinte
orogenetiche che ne hanno modeliato la
giacitura

Le morfologie carsiche superficiali sono ridotte; come avremo modo di vedere in seguito, sulla som-
mita dei rilievi, nefla zona di spartiacque, si riscontra normalmente la presenza di profonde doline cir-
colari e dalla classica forma ad imbuto.

[l fondo di queste depressioni & generalmente intasato da sedimenti o da sfasciumi derivanti dal
degrado degli strati flyschoidi; esso non € quasi mai interessato da fenomeni ipogei rilevanti.

ZONA DELLE RISORGIVE

Nell'intera area valliva possiamo trovare diverse risorgive perlopil a carattere temporaneo e carat-
terizzate dall'essere impostate in terreni flyschoidi.

Questo tipo di formazione litologica favorisce, infatti, la percolazione dell'acqua meteorica la quale
viene di solito raccolta lungo gli strati impermeabili e quindi fucriesce attraverso le zone pil depres-
se o fagliate degli strati marnoso-arenacei.

La presenza invece di un'importante fascia di risorgive a carattere perenne situate tra Albana e Bodi-
goi, con una prevalente concentrazione ai piedi del Colle di Gradic, rappresenta un'importante mani-
festazione del fenomeno carsico ipogeo locale. Tali corsi d'acqua, nella loro portata, sembrano esse-
re indipendenti dal corso del fiume Judrio in cui si innestano (fig. 8).
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Fig. 8 - Ai piedi del Colle di Gradic si trovano numerose risorgive a carattere perenne, questa é
sicuramente la pit grande. Queste risorgive possono essere
messe in relazione al fenomeno carsico locale.

Interessante & la presenza di una risorgiva, conosciuta localmente con il nome di Jezara, situata al bordo
della strada provinciale che conduce da Albana a Bodigoi essa & situata non lontano da Cras (fig. 9).

Fig. 9 - La presenza di questo piccolo pozzo situato al
bordo della strada provinciale che conduce da Albana
a Bodigoi, rappresenta un'interessante manifestazione
carsica ipogea. Localmente questa cavita é conosciuta
con il nome di "Jezara",
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Si tratta di un pozzo profondo circa quattro metri il cui fondo e sempre interessato da un piccolo
bacino d'acqua. Il ristagno @ stato sondato per circa 2 metri, lateralmente si intravede pero una pro-
fonda e stretta fessura che si inoltra in direzione del versante vallivo.

Periodicamente, in caso di pioggia, il livello dell'acqua aumenta e fuoriesce dal bordo del pozzo al
punto di dare origine ad un torrente che dopo un breve percorso si getta nel vicino Judno (fig. 10).

Fig. 10 - Il pozzo (fig. 9) periodicamente, in caso di
pioggia, si riempie d'acqua la quale fuoriesce e da origi-

ne ad un piccolo ruscello che a sua volta si immette nel

ot w vicino Judrio.

CARSISMO IPOGEO

Per quanto riguarda la presenza del fenomeno carsico ipogeo nella valle dello Judrio ho potuto ris-
contrare una grande assonanza con quanto gia ben evidenziato da Andrea Mochiutti® in riferimento
alle morfologie ipogee relativa all'intera area delle valli del Natisone.

Raramente ho potuto osservare delle cavita importanti all'altezza del greto del fiume, cio evidente-
mente & dovuto anche qui al rapido processo di erosione regressiva ed abbassamento delle soglie e
dei profili di compensazione avvenuto nel postglaciale, a tale fenomeno ha fatto seguito un rapido
abbassamento della falda di versante.

Solitamente le cavita si trovano lungo una fascia medio alta dei versanti in corrispondenza del paleo
livello della falda, o in presenza di importanti fenomeni tettonici.

Spesso si pué individuare, lungo i corsi d'acqua minori, la presenza di ripari sotto roccia anche di
grandi dimensioni ma che non hanno a che fare con il fenomeno carsico. Essi sono piuttosto il risul-
tato di una combinazione di pit azioni tra cui quella termoclastica che, sembra essere determinante
affinché si inneschi un fenomeno di erosione meccanica da parte delle acque dei torrenti di superfi-
cie. Tale azione awiene a spese degli strati marnoso-arenacei piu fratturati, mentre i piu resistenti ban-
coni carbonatici rimangono in rilievo a costituire il tetto dei ripari stessi.

3-MOCCHIUTTI A., 1997. Morfologie ipogee e temi di ricerca delle cavita nel Flysch. Il fenomeno carsico delle Valli del
Natisone, Mem. Ist. It. Spel., s. Il, vol. IX, Pasian di Prato (UD): 155-160.
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Quasi tutte le cavita presenti nella vallata dello Judrio sono scavate nei depositi calcarenitici inclusi
tra gli strati di marna e arenaria presenti negli strati flyschoidi.

Scarsi invece i ritrovamenti di cavita di un certo rilievo nella formazione dei “Calcari a Conicorbito-
lina" e nei “Calcari di Cellina". Pur essendo questi ultimi estremamente pil carsificabili la loro super-
ficie, finemente fratturata, da origine ad un carsismo superficiale esasperato e diffuso impedendo, di
fatto, il formarsi di un carsismo profondo (fig. 11).

o Fig. 11 — Nella zona tra Albana ed il Colle di Gradic ci sono
é molti affioramenti carbonatici.

La loro superficie, molto fratturata, da origine ad un assor-
bimento delle acque meteoriche estremamente diffuso, si
crea cosi un carsismo superficiale esasperato che di fatto
impedisce lo svilupparsi di un carsismo profondo.

La maggior parte delle cavita, infatti, si trovano nei depositi marnoso-arenacei delle varie formazioni
del Flysch presenti nella vallata.
It morfotipo di cavita pil comune & quello verticale (vedi diagramma);

RAPPORTO CAVITA' VERTICALI - ORIZZONTALI

CAVITA' ORIZZONTALI
27%

N° CAVITA'- 15

CAVITA' VERTICALI
73%
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spesso queste ultime sono impostate lungo fratture verticali presenti nei banconi arenacei della for-
mazione. In guesto caso gli ambienti sono angusti e disagevoli generalmente assumono una sezione
ogivale allungata fungo l'asse principale di fratturazione. In alcuni casi quando la cavita si sviluppa
interamente nella frazione clastica del Flysch, assume forme piu ampie e regolari, generalmente I'am-
pliamento di questi ambienti avviene a scapito degli strati fyschoidi che costituiscono le loro pareti.

E'il caso della "Voragine a sud di Prepotischis - 1025 Fr'"la cui considerevole ampiezza & deriva-
ta da crolli successivi della volta, come testimoniano gli enormi blocchi arenaceo-marnosi presenti sul
fondo del pozzo d'accesso.

Le cavita orizzontali invece sono estremamente rare, generalmente sono delle vecchie risorgive,
ormai fossili e si sviluppano in banconi calcarenitici. Non sono quasi mai cavita d'interstrato ma piut-
tosto sembrano impostate su fratture derivanti da movimenti tettonici, pertanto il loro sviluppo & deter-
minato unicamente dalla direzione di queste ultime.

In questo caso, gli ambienti sono angusti con sezione ogivale e con l'asse maggiore disposto in con-
cordanza con il piano di fratturazione (vedi Grotta di Mulin Vecchio - 1213 Fr); spesso le pareti ed il
pavimento delle cavita presentano un leggero concrezionamento dovuto al ruscellamento dell'acqua
ancora percolante.

In base ai numerosi casi esaminati il modello evolutivo di queste cavita nel Flysch puo essere sche-
matizzato come segue:

- Una prima fase in cui avviene la fratturazione del bancone calcarenitico per azione tettonica, in
questa fase si ha lo sviluppo della percolazione delle acque all'interno del bancone, l'allargamento
delle fessure verticali e l'instaurarsi di un primo reticolo carsico.

- Una seconda fase in cui si ha un abbassamento della falda di versante con conseguente aumento
del processo "ernsivo-dissolutivo" con prevalenza di quello di erosione meccanica, dissoluzione della
frazione calcarea delle marne-arenarie e trasporto solido degli elementi insolubili.

In presenza di prevalenti stratificazioni marnoso-arenacee lo smaltimento degli strati awiene per
micro distacchi successivi nel caso in cui porzioni di strato rimaste a sbalzo, per owvie ragioni di sta-
tica, si staccano e cadono al suolo sotto forma di detrito* che in alcuni casi pud essere ulteriormente
trasportato dalle acque di fondo.

Molto interessante risulta essere l'analisi dei diagrammi riguardanti la distribuzione altimetrica delle
cavita lungo la valle. Da essa possiamo dedurre che le grotte ad andamento verticale sono ben distri-
buite tra il fondo valle e la massima elevazione, anche se possiamo osservare una discreta concent-
razione tra i 200-300 m s.l.m.

Per quanto riguarda la distribuzione altimetrica della cavita orizzontali, invece, si nota una loro mag-
gior concentrazione tra il fondovalle ed i 200 m s.l.m.

CARSISMO SUPERFICIALE

La vallata dello Judrio & interessata da un fenomeno carsico tipica delle aree arenaceo-marnose di
quota medio-alta, dove mancano le grandi forme di superficie che vengono di solito considerate come
i piu tipici fenomeni delle regioni carsiche (campi carreggiati, uvale, polje, ecc.).

Gli elementi che condizionano questa situazione devono essere ricercati soprattutto nella morfolo-
gia del terreno (versanti molto ripidi) e nella litologia locale, costituita quasi esclusivamente da depo-
siti flyschoidi. L'abbondante copertura vegetale inoltre costituisce un elemento molto importante per
la genesi di alcune forme carsiche superficiali.

4 - Secondo il modello evolutivo proposto da Comar. Vedi: COMAR M., 1986. Speleogenesi nei sedimenti arenaceo-marnosi
del cividalese. Sopra e sotto il Carso, notiz. de! C.R.C. “C. Seppenhofer", 3 (3), Gorizia: 21-34.
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Ho potuto notare, infatti, che spesso queste ultime sono caratterizzate da elementi tipici (bordi arro-
tondati) di una genesi avvenuta in ambiente sottocutaneo, in molti di questi casi la copertura terrige-
na ha giocato un ruolo fondamentale nel modellamento e nell'accelerazione del fenomeno.

Alla scarsita di grandi forme carsiche superficiali fa riscontro un discreto sviluppo delle piccole
forme di dissoluzione, presenti abbondantemente in quelle formazioni ricche di depositi carbonatici
(Calcari di Cellina), molto meno diffuse invece sembrano essere nei terreni marnoso-arenacei del
Flysch, specie la dove gli strati flyschoidi sono meno potenti e le intercalazioni di quelli marnosi sono
pit frequenti.

Cié nonostante, la presenza di strati arenacei piu potenti ha dato luogo all'instaurarsi di alcune
forme carsiche superficiali molto interessanti. Proprio in questo litotipo, infatti, sono state riscontrate
alcune forme che possiamo chiamare di erosione-dissoluzione davvero particolari e che ho potuto
constatare essere presenti unicamente nelle arenarie che compongono gli strati del Flysch.

Qui di seguito vengono descritte le varie tipologie osservate, in relazione all'andamento delle super-
fici morfologiche che le ospitano, con note sull'influenza della litologia.

Le forme sono generalmente indicate seguendo la terminologia tedesca (Bégli A., 1960); fra paren-
tesi & riportato il corrispondente termine italiano.

- RILLENKARREN (Scanalature). - Si tratta di piccole scanalature subverticali, indipendenti
dalla fratturazione, presenti su superfici carbonatiche con inclinazione anche notevole, sono molto rav-
vicinate fra loro e determinano sugli affioramenti una caratteristica struttura a gole le cui linee di cres-
ta sono parallele fra loro.

Questo morfotipo ricorda vagamente, in scala naturalmente ridotta, le morfologia di tipo calancoide
delle rocce argillose dell'Appennino Settentrionale.

Generalmente esiste una sostanziale differenza tra i Rillenkarren che si trovano sui depositi calca-
rei® da quelli impostati su calcareniti e arenarie.

| primi presentano delle gole e creste molto acuminate, la loro lunghezza varia da pochi centimetri
fino a raggiungere in qualche caso i 40-50 cm, non sempre esse sono parallele tra loro (fig. 12).

A -m e
3 2 b Aval!
Fig. 12 - Sugli affioramenti calcarei possiamo trovare diverse forme di erosione carsica
superficiale, i Rillenkarren rappresentano quella pit comune.

§ - “Calcari a Conicorbitolina” e “Calcari di Cellina”.
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Nel secondo caso sono sempre impostate sulla sommita di blocchi isolati, la loro lunghezza puo
essere anche notevole, le creste delle singole scanalature sono molto meno accentuate ma rigorosa-
mente parallele tra loro. Ho notato che generalmente i Rillenkarren, che si trovano su massi di are-
naria, sono sormontati da un piccolo deposito terrigeno o da copertura vegetale (fig. 13).

Fig. 13 - Alcuni Rillenkarren molto ben sviluppati e impostati su roccia arenaria. Sono delle picco-
le scanalature parallele tra loro e indipendenti dalla fratturazione.

In ambedue i casi la profondita delle scanalature & di norma inferiore al mezzo centimetro ed una
larghezza di 2 centimetri. Si trovano ad una quota medio bassa del versante vallivo, la loro genesi
& strettamente legata allo scorrimento di acqua di precipitazione.

- TRITTKARREN ( Karren a pedana). - Con questo termine vengono indicate le forme a se-
micratere, aperte verso valle, presenti su superfici prive di apprezzabili scabrosita e poco inclinate

(al massimo 10°).
Nella vallata dello Judrio una forma assimilabile aj Trittkarren & stata ritrovata solamente su litotipi

arenacei, tali morfotipi sono localizzati nella zona circostante il paese di Prepotischis® (fig. 14)

6 - Questo owiamente potrebbe essere solo un limite delle indagini eseguite.
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Fig. 14 - Trittkarren; nella vallata dello Judrio
questa forma é stata ritrovata solamente nella zona
circostante il paese di Prepotischis.

La sua morfologia & fondamentalmente diversa dalla sua omologa nei calcari, sostanzialmente perd
la genesi dovrebbe essere identica e cioé per erosione regressiva della testata dello strato.

La profondita di questa forma & mediamente di 10 centimetri mentre la lunghezza raggiunge anche
i 50 cm con un diametro, alla testata, tra i 10-15 cm.

Solitamente si trovano sulla testata di strati arenacei affioranti da un‘abbondante copertura terrige-
na; sono localizzati ad una quota mediana di versante.

- RINNENKARREN (Solcature). - Sono costituiti da solchi ad andamento poco sinuoso che
incidono superfici incarsite con inclinazione non superiore i 5° secondo le linee di massima pen-
denza degli affioramenti. Si trovano solamente in corrispondenza di grandi affioramenti prevalente-
mente carbonatici localizzati sulla sommita delle alture poste tra Casali Brischis ed il Colle di Gradic,
una zona fortemente incarsita con affioramenti calcarei piuttosto estesi.

Le dimensioni sono sempre crescenti da monte a valle. | bordi del solco sono arrotondati e spes-
so sono interessati da altre microforme carsiche che evidentemente si sono sviluppate in un secondo
momento. Tutto cid sta ad indicare che la forma principale ha avuto origine sotto copertura terrigena
e solo successivamente, quando l'azione dilavante dell'acqua ha messo a nudo la roccia si sono
instaurate le altre microforme. | Rinnenkarren hanno dimensioni estremamente variabili; la loro lung-
hezza (che dipende essenzialmente dalle dimensioni degli affioramenti) puo variare dal metro fino a
raggiungere i 10 m, la larghezza di quelli osservati varia dai 20 centimetri al mezzo metro, la loro pro-
fondita pud superare anche i 50 cm (fig. 15).
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Fig. 15 - Rinnenkarren; si trovano sulle alture tra Casali
Brischis ed il Colle di Gradic, dove gli affioramenti cal-
carei sono piuttosto estesi ed incarsiti,

Il limite altimetrico in cui si trovano & localizzato intorno
ai 200 m, ad una quota non molto elevata rispetto alla
media valliva, penso perd che questo non costituisca un
limite altimetrico per la loro genesi. E' molto probabile
invece che queste forme si instaurano solo su depositi
carbonatici compatti; tale tipo di litologia & molto ben
rappresentato nella zona tra il castello di Albana ed il
Colle di Gradic. La loro formazione dunque, ¢ legata ad
un incarsimento subcutaneo con successivo approfondi-
mento dovuto a scorrimenti di acque incanalate, di preci-
pitazione e ricche di acidi umici provenienti da residui
terrigeni ancora presenti.

Molto interessante & una varieta di questa forma, riferi-
bile ai Rinnenkarren, che ho osservato nelle arenarie. In
questo caso sitratta di solchi poco estesi profondi 10-15

cm e larghi altrettanto, i bordi sono aggettanti verso il centro ed il fondo rotondeggiante. Tale morfo-
tipo & presente solamente su blocchi di arenaria a granulometria sottile (fig. 16).

Fig. 16 - Molto interessante questa particolare forma di Rinnenkarren
presente solo nelle arenarie.
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- LOCHKARREN (fori di dissoluzione). - Sono dei fori simili a pozzi carsici in miniatura, a sezi-
one circolare o ellittica, del diametro massimo di 10-15 centimetri. Generalmente sono disposti sin-
golarmente o in serie su fratture tettoniche. Rappresentano dei punti di assorbimento delle acque che
scorrono sia in superficie sia a livello sottocutaneo. Ho notato, infatti, due tipologie ben differenziate
riferibili a questo morfotipo. | fori di dissoluzione impostati su depositi carbonatici sono sempre ver-
ticali o subverticali, con bordi a spigolo vivo e contorno spesso irregolare. Gli stessi, osservati nelle
arenarie degli strati flyschoidi, hanno bordi molto arrotondati e sezione quasi sempre perfettamente
circolare. Possono trovarsi sia in posizione verticale che suborizzontale essendo condizionati dalle
fratture tettoniche su cui sono impostati le quali sono estremamente frequenti negli strati arenaceo-
marnosi (fig. 17).

Fig. 17 - In corrispondenza dei
numerosi affioramenti di arenaria,
messi in luce dagli sbancamenti
stradali, si possono osservare dei
bei esempi di Lochkarren come in
questo caso.

La loro forma lascia presupporre una genesi in ambiente sottocutaneo. Sono stati riscontrati spe-
cie su affioramenti arenacei messi in luce da sbancamenti stradali o pit raramente su blocchi isolati
seminterrati (fig. 18).

Fig. 18 - Lochkarren; il foro cir-
colare e dai bordi ben arrotondati,
indica una evidente genesi awenu-
ta sotto copertura terrigena.

La presenza di una frattura preesistente sembra essere determinante per la loro formazione.
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- VASCHETTE DI CORROSIONE. - Si tratta di piccole depressioni presentt in zone ove la roccia
appare poco fratturata, di dimensioni e forma molto variabili. Il loro asse maggiore pud variare tra i 5
e i 20 cm, la profondita massima & di 4 cm; la pianta generalmente & circolare o ellittica. Anche qui
sano state riscontrate due tipologie differenti a seconda se si trovano su depositi prevalentemente car-
bonatici o arenarie. Nei primi sono state osservate vaschette molto regolari con fondo piatto e pian-
ta subcircolare, quasi sempre & presente un canale di scarico nel tratto a valle (considerando la pen-
denza della superficie rocciosa affiorante), le dimensioni dell'asse maggiore non supera i 20 cm per

una profondita di 2-4 cm (fig. 19).

Fig. 19 - Sui numerosi affioramen-
ti calcarei presenti nella zona tra
Cras ed Albana si possono trovare
dei bei esempi di vaschette di cor-
rosione. Nella foto si vedono alcu-
ni di questi morfotipi nella loro clas-
sica forma circolare e con relativo

canale di scarico.

Sono localizzate unicamente sui calcari nella zona tra Albana e Prepotischis. Nelle arenarie invece
sono state osservate delle forme generalmente impostate su fratture preesistenti, hanno il fondo irre-
golare e la loro forma ¢ molto allungata, con I'asse maggiore owiamente concordante con la direzio-
ne della frattura. | bordi sono sempre arrotondati e la loro profondita non supera i 2 cm inoltre non

presentano un canale di scarico (fig. 20).

Fig. 20 - Vaschetta di corrosione
impostata su arenaria. Si puo nota-
re, a differenza della sua omologa
nei calcari, che i bordi sono molto

arrotondati.

La genesi di tutte e due queste tipologie, anche se piu accentuata nella prima, é legata ad una dis-
soluzione “statica”, operata da acque raccolte in zone depresse degli affioramenti carbonatici e mar-
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noso-arenacei. Verosimilmente, la loro formazione potrebbe essere legata anche ad una corrosione
subcutanea, favorita dall’anidride carbonica e dagli acidi umici derivanti dai processi vitali della vege-
tazione. Nelle vaschette piu profonde, infatti, & stata riscontrata quasi sempre la presenza di terriccio
o resti vegetali.

- MAANDERKARREN (Solchi meandriformi). - Si tratta di solcature con andamento
sinuoso, dato da una serie di curve non molto accentuate e ravvicinate che danno a queste forme uno
sviluppo planimetrico che ricorda quello dei meandri fluviali. Questo morfotipo & stato osservato sola-
mente su superfici piane o debolmente inclinate (massimo 5°) la sua lunghezza raggiunge al massi-
mo il metro e la larghezza varia tra i 3-5 cm; la profondita non superai 2 cm. Sulla loro testata é quasi
sempre presente un'abbondante deposito terrigeno che regolarizza il deflusso delle acque arric-
chendole nel contempo di acidi umici ed anidride carbonica biogena. Sitrovano esclusivamente sui
depositi carbonatici tra Albana ed il Colle di Gradic (fig. 21).

Fig. 21 - Questi solchi meandriformi, di chiara origine carsica, possono essere
assimilabili ai Médanderkarren, si trovano con maggior frequenza sulle
calcareniti nei pressi del Colle di Gradic.

Le forme osservate nell'Alta Valle dello Judrio sono molto diverse dalle loro omologhe presenti su
carsi d'alta montagna o comunque la dove & presente un calcare particolarmente puro.

- LOCH-WANDKARREN (Solchi di parete). - Per descrivere questa strana forma di car-
sismo superficiale ho dovuto creare un nuovo termine; tra quelli proposti dal Bégli, infatti, non ho tro-
vato alcuno che poteva adattarsi al caso. Il termine tende ad unire le caratteristiche proprie del Loch-
karren con quelle del Wandkarren essendo, come vedremo, una commistione tra i due. Si tratta di un
canale verticale a sezione subcircolare simile per forma ad un foro di dissoluzione ma aperto su un
lato (fig. 22).
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Fig. 22 - Loch-Wandkarren; forma abbastanza curiosa di
carsismo superficiale presente nelle arenarie dello Judrio.
Questo morfotipo é comune in quelle arenarie a granulo-
metria sottile, allo stato attuale non & ben chiara la sua
genesi.

Si trova unicamente su affioramenti arenacei e mai in
associazione con altri morfotipi, di solito puo raggiungere
una lunghezza tra i 50 e i 100 cm, il diametro pud variare tra
i 20 e i 90 cm, nelle forme piu grandi la sezione da circola-
re, tende ad allungarsi e I'apertura frontale si apre di con-
seguenza. Le pareti interne del canale presentano, su tutta
la loro lunghezza, una superficie ondulata i cui apici forma-
no delle linee suborizzontali e paraliele tra loro, moito carat-
teristiche. Tutti gli spigeli sono ben arrotondati. Sono stati
osservati ad un'altimetria medio alta del versante vallivo;
alcuni esemplari molto ben sviluppati si trovano nei pressi
del paese di Prepotischis. Potrebbero aver origine per
sfondamento di un Lochkarren e per il successivo allarga-
mento dovuto al ruscellamento dell'acqua meteorica. Le solcature trasversali e parallele sarebbero
dovute invece ad una conseguente erosione superficiale che la differenziazione litologica ha eviden-

ziato.

- KLUFTKARREN (Fessure carsiche). - Con questo termine ho indicato (anche se non in
modo molto appropriato) tutte quelle fratture allargate dall'azione di erosione-dissoluzione che awvie-
ne nelle arenarie degli strati flyschoidi. Le dimensioni sono estremamente variabili e dipendono esc-
lusivamente dalla consistenza degli strati in cui sono impostati, generalmente si trovano sulle testate
di strato specie se quest'ultime sono coperte da abbondanti depositi terrigeni o vegetali (fig. 23).

Fig. 23 - Localita Prepotis-
chis, gli strati arenaceo-
marnosi situati nella zona di
contatto tra i “Calcari di
Cellina e il "Flysch di Masa-
rolis" sono messi ben in evi-
denza da una sbaneamento
dovuto alla realizzazione
della strada che porta al
paese.

Si noti I'effetto dell'erosi-
one carsica sulle fratture
verticali della stratificazio-
ne, questo fenomeno é sta-
to indicato con il termine di
Kiuftkarren.




| Kluftkarren rappresentano delle zone di assorbimento delle acque che scorrono attraverso la
copertura vegetale e arricchendosi di acidi umici aggrediscono la roccia sottostante, prima chimica-
mente e poi meccanicamente.

Questo morfotipo & presente lungo tutta la valle dello Judrio, in corrispondenza di fratture tettoni-
che verticali negli strati marnoso-arenacei del Flysch.

- GRIZE. - Si tratta di una forma di carsismo superficiale, sinora riscontrata solamente in carsi
medio-bassi. Deriva dal degrado di un campo carreggiato preesistente e si presenta sotto forma di
piccoli detriti che si sono accumulati su superfici poco inclinate (massimo 15°). La genesi di questa
particolare forma carsica & stata determinata dall'intensa fratturazione superficiale della roccia. Le
Grize piu significative sono localizzate esclusivamente nella zona circostante il Colle di Gradic ad
un'altitudine medio bassa del versante vallivo (fig. 24).

Fig. 24 - Nell'area del Colle di Gradic accanto alle altre forme di carsismo superficiale
possiamo trovare anche i cosiddetti campi a Grize.

- DOLINE. - Sono delle depressioni imbutiformi a pianta subcircolare e di dimensioni variabili da
pochi metri a qualche decina; la loro profondita varia in relazione al diametro e spesso puo essere di
diversi metri. Sitrovano esclusivamente sulla linea di spartiacque della valle, sono pitl facilmente rin-
tracciabili nell’area tra i monti Plagnava, S. Nicol6é e M. S.Giovanni. Questa classica ed evidente mani-
festazione del carsismo superficiale & presente esclusivamente sui terreni arenaceo-marnosi del
Flysch.

CONCLUSIONI

Dall'analisi delle forme carsiche superficiali osservate lungo !'alta valle dello Judrio & risultato che,
per ogni morfotipo descritto, esistono due modelli evolutivi ben distinti a seconda se essi si trovano
su depositi calcarei o su arenarie del Flysch.
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E' dunque di particolare rilevanza conoscere l'aspetto geologicotettonico della valle. Nella genesi
di queste forme, infatti, sembra avere avuto una notevole importanza la tettonica che, localmente, si
presenta sotto forma di un'intensa fratturazione.

Molte microforme, specie negli strati marnoso-arenacei, come si e visto e condizionata dalla pre-
senza di fratture piu 0 meno accentuate. Anche il carsismo ipogeo sembra risentire di questo fattore;
tra le molte cavita, presenti nella valle, la maggioranza e ad andamento verticale con una spiccata mor-
fologia riconducibile ad una genesi dovuta ad un'iniziale fratturazione di origine tettonica.

La valle dello Judrio si & dimostrata un territorio particolare e scientificamente interessante per I'a-
nalisi del fenomeno carsico. Un tema di ricerca futura potrebbe essere rappresentato dall'esame
delle associazioni di microforme carsiche in rapporto alle condizioni degli affioramenti presenti nella
vallata. Cio permetterebbe di conoscere I'esatta cronologia e genesi del fenomeno carsico locale.
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Abstract

More than 160 pseudokarst caves are registered in Slovakia Only few data are known about fauna
of these caves. Every data deal with macrofauna The aim of our contribution was to give further data
deal with microarthropods, especially oribatid mites from pseudokarst caves. Ladova trhlina Cave and
Nyariho Cave were observed in one sampling occasion in 2003 Oribatid mites collected in caves
belong to 3 families. The most of mites belong to family Damaeidae. These mite are usual surface

dwellers of forest solls.
Key words: pseudokarst caves, mites, microarthropods
Introduction

In the region of Slovak Republic 3 946 caves were known to 31.12,1998 (BELLA & HOLUBEK
1999). Within these caves more than 120 were pseudokarst ones. Only a few data are known about
fauna of pseudokarst caves in comparison with data of karst regions. Only 3 species of harvestmen
{(Opiliones), 1 of isopods (Isopoda) and 3 species of beetles (Coleoptera) were up to present known
(FRANC & MLEJNEK 1999, STASIOV et al. 2003, FRANC & MLEJNEK 2000, RUZICKA 2000)
(Tab. 1). Every published data on fauna of pseudokarst caves deal with macrofauna. The aim of our
contribution was to give further data deal with microarthropods, especially on moss mites (Oribatida),

of pseudokarst caves. Moss mites are usual

soil dweller with body length 0.2 — 2 mm, hard = -?_4’7 »
body cover and colour from dark brown to yel- [‘é ) Sy

lowish. The most of them prefer moist places
and eat especially on fungi and dead plant
material. Moss mites are one of the most
abundant groups of soil arthropods and play
role in decomposition processes.

Material and methods

Material was obtained 5.11.2003 in two
localities on Pohansky hrad Hill in Cerova

vrchovina Mts.:
Nyaryho Cave — basalt cave, length 25 m,
Stara Basta village near Rimavska Sobota; Fig 1. The entrance of the Nyaryho Cave.

sampling sites: 1. cave entrance - betwen Photo: P. Bella
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basalt stones cca 3 m under deep well entrance;
sample: leaf litter and soil; 2. cave rear-cca 10 m
from entrance, growing roots of trees on the
ceiling and bottom; sample: roots of trees, leaf
litter and sediment.

l'adova trhlina — basalt cave, length 46.5 m, ent-
rance 555 m a.s.l., Stara Basta village near Rimav-
ska Sobota; sampling site: under basalt wall in low
cleft horizontal entrance; sample: leaf litter, soil.

Sieving of leaf litter and soil was used as collec-
ting method. Arthropod fauna in sieved material
was further sorted whereby pincers without use of
optical instrumens.

Results and discussion

We collected totally 10 oribatid species from
4 families (Tab. 2). The most part of obtained
mites, 6 species, constituted species of family
Damaeidae. 6 species were collected in Ladova
trhlina Cave and 7 species in Nyaryho Cave.

The most abundant species was Damaeus
(Damaeus) sp. 2 (14 collected specimens). This
species was also dominant in the entrance of Nya-
ryho Cave. In the deeper part of Nyaryho Cave
were collected only 2 adult specimens of Oribatel-
la cf. berlesei and several specimens of moss mite
juveniles. Presence of Damaeidae juveniles in dee-
per part of the cave suggest that adults of this
family also constitute component of cave arthro-
pod community. !

Determined species belong on the base of Kun-
st's (1968) and Schatz's (1983) data to usual soil
surface dwelers living in leaf litter of forest soil.
This fact correnspond with location of samples wit-
hin the caves (especially cave entrances), samples
type (leaf litter and humus sediment) and collec-
ting method (hand sorting from sieved material).

Schatz consider Chamobates tricuspidatus as
arboricolous. That is why this species is probably not
permanent component of cave entrance community.

However, presence of surface oribatid species
in cave entrances in november pointed out that
caves represent special type of environment which
enable the moss mites to survive an adverse sea-
sonal weather conditions.
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Occurence of oribatid juveniles may suggests that cave conditions are convenient to survive cold
season of the year. On the other hand this fact can highlights that some of species are troglophilous
and produces new generations continuously through over the year.

Conclusion

The aim of our contribution was to give further data deal with microarthropods, especially moss
mites from pseudokarst caves. Into 2 study caves (Ladova trhlina Cave and Nyaryho Cave) were col-
lected 10 moss mite species belonging to 4 families. The most of mites belong to family Damaeidae.
Determined species are usual surface dwellers of forest solls.

Material of moss mites was collected in one sampling datum that 1s why the species list is incom-

plete and further investigation is necessary.
We would like to thank to Janka Laskova for her help.
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Abstract

Exploration of caves of Krupinska planina, based on place-names in medieval docu-
ments

During the study of medieval documents, the author found three place-names on the southern slo-
pes of Krupinskd planina, which probably referred to caves. The first of them is located at the border
of village of "Tesmag" (known as Tesmék today), in documents dating from 1270, the village was refer-
red to as "spelunca kemenech". The second was described in 1296 as "Lukaské" (cavernous cliff)
from the surroundings of "Ipolynyék" (known as Vinica today). The third was mentioned by a document
of 1337 as "Pest pataka" (Cave Creek), which runs alongside the northern border village of "Felsé-
Palojta" (known as Stredné Plachtince today). The author and his team carried out field investigations
in order to confirm the existence of the caves based on the place-names, located near the villages
"Tesmag" and "Fels6-Palojta". They also proved the former existence of the cave near "Ipolynyék’, but
this cave was demolished by quarrying operations in the early 20" century. All of the three medieval
place-names were originated indeed by the caves, were developed in a volcanic rock formation and
two of them still exist today.

Key words: medieval documents, caves

A kézépkorban még nem volt telekkényv és nem voltak olyan térképek sem, amelyek a foldtulajdo-
nosok birtokhatarait féltiintették volna. Ezért, ha valaki a kiralytdl birtokadomanyt kapott, vagy valaki
f5ldbirtokot vasarolt vagy eladott, vagy ha egy csalad tagjai az 6roklott nagybirtokot felosztottak egy-
mas kozott, akkor az adomanyt vagy szerzédést rogzité oklevélben — amely akkor természetesen latin
nyelven késziilt — a birtoktest hatarait pontosan le kellett irni. Ez Ggy tértént, hogy a birtokon egy hato-
sagi emberrel meg a szomszédokkal egyiitt kérbejartak a birtok hatarat és a veliik lévé irastudo, rends-
zerint papi ember az oklevélben leirta a bejart hatarvonalat ugy, hogy felsorolta az dtvonal féireérthe-
tetlen természetes hatarpontjait. Példaul igy: ,a hatar az X hegy csucsatél az Y vdlgybe, a Z patak for-
rasahoz vezet, onnan tovabb keleti iranyba a Q hegy nyergébe stb.” De ilyen félreérthetetlen termés-
zetes hatarpont lehetett a birtokhatar vonalaba esd egy-egy barlang is, amelyeknek emlitése ilyen
modon szamos kézépkori oklevélben fdnnmaradt.

Az elmult évtizedekben folytatott torténettudomanyi kutatasaim soran a Magyar Orszagos Levéltar-
ban 6rzétt kizépkori latin nyelvii oklevelekben a konferenciank szinhelyété| nyugatra huzédé Korponai-
hegyvidék déli oldalara vonatkozé birtokhatar leirasokban harom olyan helynévre is folfigyeltem, ame-
lyek barlangokra utalnak.

Egyik az Ipolysaggal keletrd| hataros Tesmag kézség 1270. évi hatarjarasaban (DI. 713) szerepld
Jkemenecnek mondott {ireg" (spelunca que kemenech vocatur), a masik egy 1296. évi oklevélben
(Mon.Strig. Il. 394-395) Ipolynyék és Csall kézségek kozti hatarvonalon emelked$ Lukaské (Lwkask-
wy), a harmadik egy 1337. évi oklevélben (FEJER VIIl/4. 267-268) Felsépalojta falu északi hataran
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emlitett Pest pataka (Pesthpotoka). Az elsé kettével nem foglalkozott meg a nyelveszeti szakirodalom
sem, a harmadikat, a Pest patakat tébb tudomanyos értekezés is emliti, de helyet beazonositani mind-
maig nem tudta, es a nev jelentését, etimologiajat sem tudta megfejteni egyik sem

Jomagam igyekeztem az oklevelekben leirt hatarjarasok adatai alapjan 1.10 000-es terkepemen
megkazelitoleg bejeldIni a harom objektum helyét, és ugy dontsttem, hogy terepbejarassal kutatom f6l
az emlitett helyszineket, hogy beazonositsam a megnevezett tereptargyakat es megfejthessem neva-
dasuk inditekat, magyaran. megallapitsam, hogy az emlitett helyeken van-e barlang a hegyseg vulkani
kozeteiben vagy nincsen.

Evek multaval, 2002 majusanak masodik hetére szerveztem meg kis expedicionkat, amelyben valo rész-
vetelre, minthogy Felsépalojta mar szlovak nyelvteriileten van, felkertem Benedek Laszlo, szlovakul jol
beszeld rimaszombati barlangkutatd bardtomat, és a bejarasokban reszt vett mindkettonk felesege 1s.

Tesmag: spelunca Kemenech (1270)

V. Istvan magyar kiraly 1270- - *1" Dr/eng;( | >~$ s 58 1 L . L{f AR
ben Tesmag foldet a sagi (ipoly- | Fe i ASZlg// { 2 ""”.,_._‘ [l {,‘ ) 9 (“5.« T s
sagi) prépostsagnak adomanyoz ! @ ‘ oy f,l. : B J r AR,
ta. A latin nyeivd kiralyi adomany- ) P\ e N
levelben (DI. 713) foglalt hatarja- {

ras Tesmagtol keletre, az Ipoly
partjaig lehuzddo hegyen emliti
az adomanyozott terlilet egyik
hatarpontjat spelunca que keme-
nech vocatur, magyaran: ,lreg,
amelyet kemenecnek mondanak"
néven. Erdekes féldrajzi nev ez,
egyik tagja a latin spelunca szo,
amelynek jelentése ‘lreg, oduy,
barlang’, masik tagja a szlav ere-
detd kemenec (kemenech) szo,
amelynek jelentése 'kébél valo,
koves (hely)' (KISS L. 1988. 1. 82),
a felig latin, félig szlav foldrajzi
név egyittes jelentése tehat
‘kdodu, kélyuk, sziklaiireg' lehet.
A szbdban forgo hegyen tehat fal-

tevésem szerint kélyuknak, szikla-

1. abra: A Sisa Pista-barlang helyrajza

l(jreg'nek, kisebb barlangnak kell Fig. 1. Situation sketch of the Sisa Pista Cave
ennie.

Az Ipolysagtol keletre fekvé Tesmag kozség, szlovak neve Tesmak, ma kdzigazgatasilag Ipolysag
része, a varos képviselé testiiletében Kapa Sandor kocsmaros képviseli. Ot kerestitk fel italboltjaban.
Készseéggel rendelkezésiinkre allt, de amikor arrél kérdeztiik, hogy a kézségtol keletre, az Ipolyig leny-
alé hegyen ismer-e bartangot, kezdetben nem emlékezett. Szerencsére a szomszeéd asztalnal il hus-
zonéves fiatalemberek folfigyeltek kérdezéskodésiinkre és odaszéltak hozzank, hogy ott van az Uj-
hegyen a Sisa Pista barlangja, amelyben 6k gyerekkorukban tobbszér is jartak, de mar akkor is erésen
fol volt toltddve; 20 éve még negykezlab lehetett bemaszni, 6k 4 m-nyire hatoltak be, a sététben nem
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nertek tovabb; ma mar valoszi- §
aGleg csak kuszva, de talan
még ugy sem lehet bejutni a szlik §
nyilason. Az iireg neve hallatan
mar Kapa Sandor is emlékezett
a Sisa Pista barlangjara, és
nyomban felajanlotta, hogy
elvezet oda benniinket, bar
6 csak a nyilasat latta egy-ket ;
évtizeddel ezelétt. Ezzel beiiive
kocsinkba csapot-papot ottha-
gyott (a csapot sz0 szerint), és
a hegy labahoz hajtottunk.

Elhagyva a domboldal sz6l6it, - ¢ Thcty - :
felkapaszkodtunk az Ujhegy 9. 4bra: A Sisa Pista-barlang bejérata. Lustig V. felvétele
erdével boritott gerincére kb. Fig. 2. The entrance of Sisa Pista Cave. Photo: Lustig V.
320 m tszf. magassagba, ahol
mar kibtjtak a vulkani kzet kopar sziklai a talajtakard alél. A sziklagerincen haladva valoban ratalaltunk
egy keskeny nyilasu, lapos lregre, melynek fétéjét lavadmlés altal 6sszecementalt kézettsrmelék rend-
kiviil kemény, pancélszer( sziklarétege képezi; az ez alatt elhelyezkedd lazabb tufaréteg kimallasaval
johetett létre a lapos sziklaiireg, amelyet kalauzunk, Kapa Sandor a Sisa Pista barlangjaval azonosi-
tott. Az iireg nyilasa mintegy 2.5-3 m széles és a fokozatosan benyomulo avaros talaj feltéltése miatt
a hejaratnal mindgéssze 20-30 cm magassagy, de a kitdltés eltavolitasa utan minden bizonnyal
bemaszhaté. A barlang nyilasa elétt fiives tereplépcsé van, ahonnan a kornyék jo! belathato. Az treg
tehat Sisa Pista, a kétszaz év el6tti betyar szamara valoban elképzelhetd, bar bizony szikés bavd-, illet-
ve tanya-, de inkabb bivakhely lehetett.

Kutatasunk tehat megallapitotta, hogy az 1270. évi oklevélben spelunca kemenech néven emlitett
sziklaiireg ma is 1étezik, és az a helyi lakossag altal Sisa Pista barlangja-ként emlegetett kélyukkal azo-

nosithatd.

Ipolynyék: Lukaskd (1 296)

Egy 1296-ban kelt latin nyelvi
oklevél (Mon.Strig. Il. 394-395) rég-
ziti és leirja a Nyék (Neek) és Csall
(Chol) falvak, illetve birtokok kdzti
hatarvonalat. A leirt hatarjarasbol
kiderl, hogy a hatarvonal Nyéktdl
észak felé haladva felkapaszkodik
a Lukaské ~ Lukaski (Lwkaskwy) |
nevid hegyre, amelynek csticsan |
keletnek fordul, ott a hegy gerincen
haladva egy mocsarhoz (ad quan-
dam Paludem) ér, majd tovabbhalad SIS ;
a bércen, vagyis a hegy gerincén 3. 4bra: Az Orhegy latképe. Lustig V. felvétele
a Csall faluba vezetd utig stb. Fig. 3. The view of Orhegy hill. Photo: Lustig V.
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Az 1296. évi oklevélben szereplé Lukas-ké helynev azert keltette fol figyelmemet, mert korabbi kuta-
tasaim soran mar rég arra a kovetkeztetésre jutottam, hogy a kézepkon oklevelekben szerepld, de
a magyar nyelvteriileten ma is igy ismert Lukaské helynevek nem hatarko celjabol a foldbe asott regi
malomkovek, mint azt SZABO ISTVAN tértendszprofesszor gondolta (SZABO | 1969. 114), hanem
olyan hegyek, sziklak, amelyeknek oldalaban barlang, regi magyar szoval kolyuk van. Ezt a megallapi-
tasomat mar szamos kutatasom megerositette (DENES GY. 1973, 2002) es most az 1296. evi okle-
vélben szerepld Lukas-ko nevi hegy esetében is azért mentem tarsaimmal terepbejarasra a helyszin
re, hogy meqvizsgaljuk vajon van-e barlang ennek a Lukas-kdnek az oldalaban is vagy sem, vajon egy
barlangrol, kélyukrol nevezték-e el Lukas-konek a heqgyet vagy sem.

A régi és mai térképek Ipolynyék hataraban a Lukas-ko hegynevet nem ismer ik, nem tuntetik fel. igy
terepbejarasunk eldtt a szlovak kiadasu 1:10 000-es térkepemen a bejarando utvonalunkat az Ipolyny
ek, szlovak nevén Vinica és Csall, szlovak neven Calovce kozségek kozott huzodo hegyhatak valamely
ikén kereshettem, és akkor még csak valoszinisiteni tudtam, hogy az Arpadkor Lukas-konek az Egres-
patak vélgye folé markansan kiugro, 304 m magas Or-hegy, a szlovak terkepen Straz felelhet meg.

Ipolynyék kézségben folkerestik a 80 eves Korcsog Laszlo nyugalmazott tanitot, a kozseg 1960-as
években készitett kéziratos kronikajanak szerzdjét, aki elmondta, hogy Lukas-korol ugyan soha nem
hallott, de az Or-hegy déli, sziklas oldalabol 1908-1909-ben a vasutepiteshez kovet fejtettek, es akkor
ott a sziklak kdzt egy igen mély iregre bukkantak, amelyet aztan hulladekkovekkel lassacskan feltol-
tottek. Ezt neki a kbzseg kronikajanak irasakor, az 1960-as években, az azota elhunyt Radler Ferenc
beszélte el, aki annak idején ott dolgozott a kofejtében, és szemtanuja volt az treg megtalalasanak is.
Mindez a keéziratos Kézségi Kronika 92-93. oldalain részletesebben is olvashato (ezekrol fenymaso-
latot készitettiink). Elmondta meg Korcsog Laszlo, hogy az Or-hegynek az Egres-vlgy folé magasodo
csucsatol északkelet fele elnyuld gerince egy helyiitt ellaposodik, es ott van egy vizallas is, amelyet
Mocsar-tonak neveznek. Korcsog Laszlo atadta a kronikas kotetben altala 6sszegyujtott es régzitett
adatoknak egy nyomtatott fiizetben megjelent valtozatat is (KORCSOG L. 1995). A Mocsar-torél mind
a Kozségi Kronika (a 82-83. oldalan), mind a nyomtatott fuzet (a 46-47. oldalan) megemlekezik, és
helyét az 1:10 000-es térkép a godor térképjelével fol is tiinteti.

Terepbejarasunk soran folkerestilk az Orhegy déli oldalaban a regi kéfejté nyomait, melynek helyét
az eltelt kozel szaz év alatt bozotos erdo nétte be. A mult szazad elején ott talalt mély, de utobb feltdl-
tstt tireg helyét ma mar nem lehet megtalalni. Folkerestik a hegy sziklas cslicsanak északi oldalaban
nyitott Gjabb kébanyat is. Ennek lerobbantott falaban is talaltunk nehany méterig bemaszhaté hasadék
jellegu lireget, amelyben a tovabbjutast a robbantasoknal lehullott sziklak megakadalyoztak.

Nagy valoszinlséggel allaplthatjuk meg, hogy az ipolynyeki Lukas-ké, amelyet az Arpad-kori oklevél
kifejezetten hegyként emlit, a mai Or-heggyel azonos, és a kbzépkori névadas inditéka a hegy oldala-
ban nyilo meély iireg, kélyuk lehetett, amelyet — a kronikasnak beszamolo szemtanu elmondasa szerint
— miutan munka kézben rabukkantak, a kobanya hulladékkoveivel feltdltottek. A Lukas-ké hegy nevé-
nek jelentése tehat — akarcsak masutt az ilyen nevi hegyeknek, sziklaknak — itt is 'barlangos hegy' volt.

Felkapaszkodtunk az egykori Lukas-ké, a mai neven Or-hegy cslicséara is, ahol most nagy fakereszt
all. A minden iranyba nagyszerd kilatast nyujto sziklacsucs mai Or-hegy nevet a helybeliek szerint arrol
kapta, hogy ott a torokvilag idején folyamatosan katonai 6rség ugyelt, hogy idoben jelezhesse, ha
torokok kozeledtek.

Az Or-hegy sziklacsucsatol az északkeleti iranyban hizodo és alig észrevehetoen emelkedd hegy-
gerinc szekérutjan haladtunk tovabb, és mintegy 800 m utan — alig akartam hinni a szememnek — ott
csillogott el6ttiink a tobb mint 700 esztenddvel ezel6tt megirt Arpad-kori oklevélben mar emlitett moc-
sar (palus), a ma is igy nevezett Mocsar-to békalencsétol zéld szind tikre. A mintegy 30 m atmeroju,
majdnem kerek tavacska dolinatora emiékeztetne, ha nem vulkani kozetbal folepllt hegyek kozt jar-

124



nank. A tomeder peremének egyik oldala ellaposodik, ott vizinévényekkel benétt és mocsaras, szem-
mel lathatéan vaddisznok kedvelt dagonya-helye lehet. Az Arpad-kori oklevélben is emlitett mocsar,
a mai Mocsarté valosagos léte teljes bizonyossagot nyuijt arrol, hogy az Or-hegy valéban azonos az
oklevélben szereplé Lukas-kével.

FelsOpalojta: Pest pataka (1337)

A vaci kaptalan elétt a Palojta kér- [*
nyékén birtokos csalad agai 1337-
ben a hatarok megjeltiésével oszta-
Iyt tettek birtokaikrdl, falvaikrol, vagy-
is eddigi kdzos birtokukat szétosztot-
tak a csalad egyes agai kozott, és ezt
a megallapodast a kaptalan irasba
foglalta. A latin nyelvii oklevél
(FEJER VIll/4. 267-268) a harom
részre osztott Palojta, valamint Lom
és Nénye birtokok, illetve birtokrés-
zeknek a felosztas soran kijeldlt
hatarszakaszait is leirja. Az egyik
hatarszakasz — idézem — a Kiirtds-
natak melldl, a Pest pataka (Pesth-
pataka) torkolatatol indul kelet felé.

Az 1337. évi Pest pataka helynévre
tobb magyar nyelvész is foifigyelt, de
a patakot meg a széban forgo hatars-
zakaszt azonositani egyikiik sem
tudta. A patak nevében eléforduld
pest szot JAKUBOVICH EMIL
(1914) akadémikus és MELICH
JANOS (1938) nyelvészprofesszor is
‘kemence’-ként értelmezték, a nevet
KNIEZSA ISTVAN (1963) nyelvészp-

4. abra: A Pest pataka helyrajza

rofesszor is emlitette, de értelmezé- Fig. 4. Situation sketch of Pest pataka
sének kérdésében & nem is foglalt

allast.

Ez a Pest pataka foldrajzi név az én figyelmemet is folkeltette. A boigar-szlav eredetli pest szonak
ugyanis a kozépkori magyar nyelvben ‘kemence’ és ‘barlang’ jelentése is volt. Minthogy azonban az
Ipolytdl északra huzodo hegyvidéket itt Palojta koriil is vulkani kézetek alkotjak, névadoként mészke-
mencére aligha gondolhatunk, téglaégeté kemencére pedig a sziklas hegyek kozt, ahol az épitkezé-
sekhez ké van elég, még kevésbé volt sziikség. Ezért én ugy itéltem meg, hogy itt is érvényes lehet az
atobb eévtizedes kutatasaim nyoman kialakitott megallapitasom, hogy a hegyek kézti sziklas helyek pest
el6- vagy utétagu foldrajzi neveinél altalaban a névadas inditéka nagy valésziniséggel valamely barlang
vagy a nem karsztos kézetekben is eléfordulo kisebb szikiaodu (DENES @Y. 1973, 1975, 1983, 1997,
2002, 2003), a pest pataka helynév jelentése pedig a ‘barlang pataka, odvaské pataka’ lehet. Hogy ez
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afoltevesem helyes-e, ezt csak a patak
helyenek beazonositasa és alapos
foldrajzi megkutatasa dontheti el,
ezert ennek a helyszinnek rég terve-
zett, de eddig halogatott bejarasat 1s
2002. évi kutatoutunk napirendjere
tuztem.

Az oklevél szivegenek ismetelt,
gondos elemzésével arra a kivetkez-
tetésre jutottam, hogy a Pest patakat
nem a mai Kirtds-patak menten kell
keresnunk Az Ipolyba torkollo Kiirtos-

patak ugyanis feljebb ketteagazik, es a
kozepkorban az ilyen. felsobb szakas-

5 adbra: A Pest (ireg bejarata Benedek L. felvetele
Fig. 5. The entrance of Pest lireg. Photo: Benedek L.

zukon elagazo folyok agalt azonos
névvel feloltek, legfeljebb valamilyen
jelzol elotaggal tettek kilonbseget koztuk (pl. a Koros vagy a Tisza eseteben 15). A Kiirtos pataknak
mar HUNFALVY JANOS (1865. lil. 292) foldrajzprofesszor is a keleti agat nevezi csak Kurtosnek, nyu-
gati agat pedig Palojtai-pataknak. Az 1337. evi oklevelben szereplo azon Kurtos-patak, amelybe az
ugyanazon oklevélben emlitett Pest pataka torkollik, az oklevel elemzesebol kikovetkeztetve csak a mai
Palojtai-patak lehet.

A birtokhatarszakasznak a helyet, ahol az oklevel Pest pataka nevét emliti, jomagam 1s csak az okle-
vel szoveginek tobbszori, gondos elemzésével, a hatarleirasban szereplo domborzati es vizrajzi
elemeknek, utaknak, épitményeknek az 1:10 000-es térkepen torteno keserves beazonositasa utan
tudtam csak megnyugtatéan azonositani. Arra az eredmeényre jutottam, hogy az oklevél szoban forgd
szbvegrésze a Felsépalojta (mai szlovak neven Stredne Plachtince) es Lom (késébbi nevén Dacsolam,
mai szlovak nevén Da_ov Lom) kozségek kozti kézepkori hatarszakasz leirasa. Ezek utan keriilhetett
csak sor a terepmunkara, az oklevéiben leirt helyszin alapos kutatasara.

Helyszini bejarasunk soran Kozéppalojtan talaltunk hasznos adatkozldre, az idés Jan Mésiar szemé-
lyében, aki a kérnyék minden zegeét-zugat ismeri, es falujanak kronikasa is volt. Nagyobb barlangrol
nem tudott a kornyéken, de amikor azt kerdeztik tole, hogy i1smer-e valahol a vélgyoldalakban kisebb
sziklalireget, nyomban felsorolt tobbet is. Kézulik egyiknek helyét a Felscpalojtatdl északra mintegy
6 km nyire, a Palojtai-patak keleti partjan epiilt kis vadaszhaz mellett lefuto sziklas volgyben jeldlte meg,
ahal egy kis vizfolyas is van. Ez a kis volgy, a benne folyo patakocskaval meg a sziklaireggel megfelelt
az oklevélben foglalt leirasnak. (Megitelesem szerint az eldbbitél délre huzodo vélgy is szamitasbha
j6hetne, de abban nem ismert sziklaiireget adatkozlonk.)

Terepbejarasunk soran megtalaltuk a vadaszhaz mellett a Palojtal-patakhoz betorkollé sziik volgyet,
amelybdl valoban kis patak fut le. Benedek Laszloval sziklarol-sziklara kapaszkodva haladtunk észak-
kelet felé a meredeken emelkedod, szuk, egyre inkabb szurdokjellegu, hatalmas sziklatombokkel bori
tott medrl vizmosas-vaélgyben a vizerecske mellett. Mintegy fél km megtétele utan a szurdokvolgy ket-
téagazott, itt a kelet felé kanyarodo agbol érkezett az egyre kisebb hozamu vizfolyas, azt kellett kévet-
niink. Nem sokkal az elagazas utan az erecske vegkép elapadt, de a szurdok eszaki oldalaban féltdnt
egy lapos sziklalireg nyilasa, amely a hegy vulkani kozeteinek rétegei kozott alakult k1. Fotejet (akarc-
sak a Tesmag melletti hegy Sisa Pista barlangjanal) egy lavadmlés aital osszecementalt kodarabokbol
alio, rendkivil kemeény, pancelszeru kozetreteg képezte, amely alatt levo laza, tufas reteget valoszi-
ntileg a vizmosasban idonkent lefuto vizek erodaltak ki. A mintegy 5 m szélessegu, a kozépreszén
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50-60, a szélein minddssze 25-30 cm magassagu, lapos barlangba a szajanal félhalmozodott avar
és talaj akadalyozta a teljes bejutast, de derékig becsuszva, onnan egy kézel 4 m hosszl fadggal mély-
re benyulva és azzal kérbetapogatozva megallapithato volt, hogy beliil terjedelmes az iireg, amelynek
szajarél Benedek Laszlo fényképeket is készitett.

Terepbejarasunk beigazolta, hogy a Palojtai-patak — amelyet a kézépkorban Kiirtdsnek neveztek —
egyik baloldali, kelet felél érkezé mellékvizének eredete kdzelében valéban van egy az erdét jaro
emberek, vadaszok altal ma is ismert sziklaiireg. Ezzel megnyugtatoan valoszindisitettiik, egyrészt,
hogy ez az erecske lehet a kbzépkori Pest pataka, masrészt, hogy a patak névaddja, névadasanak indi-
téka valoban egy az eredete kézelében nyilo barlang, akkori szohasznalattal pest lehetett. A kozépko-
ri Pest pataka helynév akkori jelentése tehat mai magyar nyelven 'a barlang pataka' volt (DENES GY.
20083).

Osszefoglalasul megallapithatom, hogy a Kélyuk, a Lukaské es a Pest helynevek nem malomkére
és nem is kemencére utalnak, hanem kozépkori barlangnevek, amelyeknek segitségével kutatasunk
soran meg is talaltuk a névadé barlangokat. Kettobe be is hatolhattunk, a harmadikat rég eltdmedé-
kelték, de korabbi léte megbizhatoan igazolt. Ezen a vulkani kézetekbdl folepiilt hegyvidéken e bar-
langok, sziklaiiregek természetesen nem karsztosodas révén alakultak ki.
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Clovék a piskovcova krajina

Viadimir Pesa - Petr Jenc
Vlastivédné muzeum a galerie v Ceskeé Lipé,
Nam. Osvobozeni 297, 470 34 Ceska Lipa, Czech Republic

Krajinu eské kfidové panve v severni a severovychodni éasti Cech tvoii nékolik geograficky vyraz-
nych celku, jejichz osidleni zagina starsim pravékem a vrcholi v historické dobé. Jsou to predevsim
Labské piskovce (s narodnimi parky Ceské Svycarsko a Sichsische Schweiz), Ceskolipsko a chranéna
krajinna uzemi KokoFinsko, Cesky raj a Broumovsko. Témto oblastem bude vénovan nasledujici prehled.

Piskovcova krajina v pravéku

Nejstarsi pobyt &lovéka v piskovcovych dutinach je mozno archeologicky sledovat jiz od mladSiho
stupné stfedniho paleolitu (cca 120 000 - 40 000 pf. n. I.); zatim jedinou prikaznou lokalitu zname
z Ceského raje — Jislovu jeskyni u Turnova, odkud pochazi soubor hrubsi kamenné industrie kulturné
pfipisované mousterienu. Lovei z nasledujicich obdobi paleolitu sidlili v otevieném krajiné a Elenitému
skalnimu terénu se ziejmé spiSe vyhybali. Zména nastava s podatkem holocénu. Previs Nizka LeSnice
v Polomenych horach na Ceskolipsku poskytl zlomek lidské lebe&ni kosti, datovany 10190 B.P.
V mezolitu (cca 9500 - 5500 pf. n. |.) se pod pfevisy Geské Casti Labskych piskovel a Ceskolipska
objevuje velké mno3stvi sidlist, ktera doplfiuji taboFidté v otevieném terénu, nejcastéji na bfezich vod-
nich tokd a mogalii. Pod pfevisy se uchovaly sidlidtni vrstvy z riznych obdobi mezolitu, které obsahuiji
tipanou kamennou industrii, kost&né nastroje a vyjimeéné i lidské zuby (napt. pfevisy Pod Zubem,
Sidelnik 1, Vysoka a Nizka Lesnice, Cerna Louze, Stara skala). Na lokalitaich Hefmanky a Pod Zubem
byly prozkoumany sidelni objekty, které dokladaji uzavfeni pfevisu zasténou. Polohy ohnist umoznily
ziskat fadu radiokarbonovych dat.

Prvni zemé&délci projevili jiz ve starsim neolitu (asi 5500-56000 pf. n. |.} zajem o nékteré skalni pfevi-
sy na Ceskolipsku (napt. Hefmanky), sporadické vyuzivani skalnich dutin bylo zjisténo iv Ceském raji.
V mladsim neolitu (5000 - 4300 pF. n. |.) v obou oblastech podet lokalit vyrazné nartsta. Plo§iny, pod
nimiz se skalni dutiny nachazeji, byly piivodné z vétsi ¢asti pokryty vapnitou sprasi, a tak previsy a jes-

Pravék blize nedatovany — ,Jeskyné ryby" ve skalni oblasti Drabovna
na Maloskalsku v Ceském réji.
Unikatni brouseny kamenny arte-
fakt s rytou vyzdobou, patrné
plastika ryby, nalezeny v hloubce
okolo 1 m pFi nelegalni vystavbé
trampského taboristé. Foto Jan
Rendek (Narodni muzeum
Praha), kresba V. Pesa.

Mladsi doba kamenna - kultura
@ o @\ s keramikou vypichanou a sam- k \
borzecka skupina. Vybér nélezi % @ )
4 z jeskyné Oko v Ceském raji: kera- i
mika a brousené éedivc'ové dlfitko; @ \
stafi nalezii 6,5 tisice let. Kreslili Adéla Dandova (SUPS a VOS Tur- d
nov), Petr Jenc a Pavel Vasiéek (AVU Praha). Méfitko 3 cm.
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kyné mohly byt pfimo sou&asti zemédélskych osad. Z jeskyni
Oko a Kurandovska u Branese v Ceském raji pochazeji q
doklady vyroby &tipané a brousené kamenné industrie.

Prerusovany zajem o previsy a mensi jeskyné pokracuje i v na- m e ‘ l
sledujici pozdni dob& kamenné (eneolit, cca 4300 - 2100 pf.
n. 1.). Lidé této doby poprvé pronikli do Labskych piskovcd
a po mezolitickych lovcich znovu vyuZili nékteré pfevisy na @
okraji skalnaté krajiny (Arba u Srbské Kamenice, Soj€i u Jet-
fichovic aj.). Také na Ceskolipsku nové vyzkumy dolozily osid- ostesdunl ottt o b4
feni krajiny ve star$im a stfednim eneolitu (napf. pfevisy Hef-
manky, Stara skala a Nizka Le$nice v Polomenych horach,
previsy v okoli Ralska-Hrad¢an). Ojedinély nalez keramiky
pozdniho enealitu (horizont kultury zvoncovitych pohart)
pochazi z abri Nizka Lesnice. Z vyznamnéjsich lokalit Ceske-
ho raje Ize zminit Prileznou jeskyni u Zasadky (ojedinély
nalez celé nadobky z &asného eneolitu), jeskyni Portal na
Muzském (nedaleko odborné vefejnosti dobfe znamych vysin-
nych sidlit Dneboh - Hrada a Klamorna), jeskynni dilny na g .0« predméty (jeden z néramkd
zpracovani prevazné mistni kamenné suroviny (jaspisy, chal- .+ byt postiibien) z 5. stoleti naseho
cedony) ve svahu melafyrove bory Kozakov (kultura nlevkovi- jetopoétu nelegéiné nalezené za
tych poharl) & mikroareal Certova ruka v hruboskalském  pomoci detektoru kovt ve skalni duti-
skalnim mésté. né v udoli Suché Kamenice u Hren-

Doklady pfitomnosti nalezil ze starsi a stfedni doby bron- ska. Jejich soudasné uloZeni neni
zové (cca 2100 - 1400 pf. n. L) ve skalach zatim téméF chybi znamo.

(jako vyjimku zmifime pFevis Vychodni Vranovy pod Muzskym

s nalezem mladotnétické keramiky), zato na sklonku bronzového véku pocet lokalit strmé narista
a piskovcova krajina zaZiva nejvétsi napor clovéka v pravékych dgjinach. Demograficky boom vrcholi
v 11. a 10. stoleti pf. n. |. v klimatickém obdobi subborealu, pro ktery je typické suché a znaéné nevy-
rovnané podnebi kontinentalniho razu. Zahy nato nasleduje znatelné profidnuti osidleni doloZené pfe-
vazné v &lenitych oblastech s nizim srazkovym thrnem (Pfihrazska vrchovina u Mnichova Hradisté).
Hlavni ptiginou byla nejspiSe charakteru podnebi neimérna zatéz &lovéka na krajinu. Odlesnéné pis-
kovcové ploginy Ceskolipska a Ceského raje podléhaly silné erozi, ktera zptsobila vyrazné ochuzeni
celych ekosystému. V Ceského raji se osidleni postupné pfesouva spie do vihdich podhorskych
poloh (Drabovna u Malé Skaly) nebo se drzi pfi hlavnim toku teky Jizery; celkové dochazi k mirnému
demografickému poklesu. Po dramatickém obdobi pozdni doby bronzove aZ podatku doby halStatské
se v 7. - 5. stoleti pF. n. . vraci osidleni piskovcovych oblasti alespofi zSasti do pGvodniho rozsahu
z mladsi doby bronzové. Od severu aZ na Ceskolipsko zasahuje vliv billendorfské kultury, jejiz nejvy-
znamn&j$i lokalitou v piskovcich je bezesporu abri Donbas u Ralska-Hradcan.

V mladsi a2 pozdni dob& bronzové oiva také krajina na saskeé strané Labskych piskovct a Luzickych
hor (Zittauer Gebirge). Osidleny jsou dominantni stolové hory Lilienstein a Pfaffenstein nad Gdolim
Labe, na Pfaffensteinu existovalo v mladsi dobé bronzové opevnéné hradisté. Pro oblast Zitavska je
lokalitou nadregionalniho vyznamu hradi§té Oybin v Zittauer Gebirge poloZené na nepfistupném skal-
nim suku. Hradi§té bylo osidleno v pozdni dobé bronzoveé (luZicka kultura) a podle nalezenych kadlu-
b se tam pravdépodobné vyrabély bronzové pfedméty.

V nasledujici mladsi dobé Zelezné (5/4. - 1. stoleti pf. n. 1) se archeologické nalezy ze skalnich
oblasti a2 na nékolik vyjimek vytraci - v piskovcovych dutinach severni poloviny Cech byla materialni

nmd 2 3 ¢ 5 6 7 8 9 %
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kultura Keltu zjiténa pouze v Ceském raji (maximalné 10 lokalit; napf. jeskyné Portal na Muzskem, Srb-
sko, Certova ruka). Qtazniky je optedeny skalni vyklenek Kristova jeskyné v Klokoéskych skalach u Tur-
nova, kde byla v r. 2001 nahodné nalezena zlata keltska mince, mus slovity stater o vaze 7,517 g ze
2. stoleti (datace razby). Ojedinélé jsou take nalezy keramiky z doby fimského cisafstvi (ast 40 pi n. |,
— sklonek 4. stoleti n. I.), které pochazeji z nékolika jeskyni a previsu v Ceskem raji (Oko, Berca, Certo-
va ruka) a na Ceskolipsku (pfevisy u Dfevéic). Dobu stéhovani narodu (375/400 - polovina 6. stoleti)
reprezentuji dvé lokality s mimoradnymi nalezy celych kovovych predmétu — Novakova pec na Certové
ruce v Ceskem raji a bezejmenna dutina pravdépodobné lezici v udoli Suché Kamenice u Hrenska.

Archeologické nalezy jednotlivych obdobi zemédélského praveku maji podobny charakter a lisi se
zpravidla pouze kvantitou. Sidelni struktury pod previsy a vyklenky pfedstavuji nejcastéji ohnmisté, nékdy
gasteéné dochovana, ale nejéastéji rozptylena do kulturni vrstvy a rozpoznatelna diky propalenemu
pisku a koncentracim uhliku. Pokud se objevi kulove jamky, nevytvateji zadné obrysy objektu, ale zfej:
mé souviseji s vnitinim zafizenim lokality. V previsu Dolsky mlyn v Labskych piskovcich se podafilo
zdokumentovat spalenou zasténu previsu, pfedbézné datovanou do intervalu doba hal$tatska - eneo-
lit. Mezi nalezy jednoznaéné prevladaji strepy keramiky a zlomky zvitecich kosti. V neclitu a eneoclitu se
objevuji mensi soubory Stipané industrie; méné casto se ustépy silicitu nachazeji v kulturnich vrstvach
doby bronzové. K vyjimecnym nalezum patfi brou$ena kamenna industrie (dlatka, casti seker, vyvrtky)
nebo artefakty kovove.

Zajimavou skupinu pfedstavuji osamocené nalezy celych keramickych nadob v jeskynich podel Lab-
ského kafonu na obou stranach statni hranice. Jsou to obtizné piistupné, malé a nenapadné jeskyné
bez dalSich nalezu nebo vytvofené  kulturni vrstvy" (u Dolniho Zlebu, Schmilka, Schéna, Bad Schan-
dau). Nadoby pochazeji z ruznych obdobi pravéku (eneolit, stfedni a mladsi doba bronzova, doba latén-
ska) a puvodné zfejmé obsahovaly potraviny ¢i napoje, dnes nedochované. Souvisi s tzv. labskou ces-
tou a pravdépodobné slouzily jako obétiny za uspésné propluti tohoto nebezpeéného useku Labe.

Archeologicko-pfirodovédné vyzkumy probihaji v piskovcovych oblastech ve vétsi intenzité teprve
v poslednim desetileti. Do té doby nebyly z Labskych piskovcu znamy zadne pravéke nalezy, na Cesko-
lipsku jich bylo pouze né&kolik. Lépe byl prozkouman Cesky raj, kde fada vyzkumu probihala pfedevsim

Sokolka u Srbska
v Ceském rdji. Vyz-
namnd polykulturni
lokalita identifikova-
na P. Jenéem v roce
1993. Kromé nalezu ;
z doby laténské zde

byla zjisténa pfitom-
nost ¢lovéka v mlad-
s§i a pozdni dobé
kamenné, na sklon-
ku doby bronzove, !
mozna v halstatu |
nebo dobé fimského
cisafstvi, v ranem
stredovéku (9. stole-
ti), vrcholném stre-
dovéku a ve starsim
novovéku. Aktivity z 2. stoleti pied nasim letopoctem zachytila zejmena sondaz pfi paté skaly v letech
1997 (vyzkum P. Jende, odborna spoluprace V. Pesa) a 1998 (J. Waldhauser). Foto V. Vopat st.,, 2000.
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na Turnovsku jiz v prvnich desetiletich 20. stoleti. Moderni interdisciplinarni vyzkum zahajili prakticky
soub&Zné v poloving 90. let Petr Jen& (nékteré vyzkumy spole¢né s V. PeSou) v jihozapadni &asti
Ceského raje v mikroregionu Pfihrazské vrchoviny a Jifi Svoboda na Ceskolipsku. Vyzkumy na Cesko-
lipsku a v Labskych piskovcich prerostly v letech 1997 - 2001 ve vyzkumny projekt zaméfeny na stu-
dium mezolitickych lovch, ktery byl podporovan grantem National Geographic Society. Projektu se
adastnili jak archeologové (J. Svoboda, L. Jaro$ova, V. Pesa, P. Jené aj.), tak pfirodovédci (zejména
V. Cilek, I. Horacek, V. LoZek).

Piskovcova krajina ve stredovéku

B&hem 6. stoleti (po r. 530) zaginaji na sever a severovychod Cech pronikat prvni slovansti osadni-
ci. Klasické rovinné osady dopliuji od sklonku 8. do 10. (?) stoleti vy§inna sidlisté, vesmés opevnéna
(v piskovcovych terénech Dneboh - Hrada a Klamorna, Poraf u Kosti, Prachovské skaly, hradisté u
Brtnikd), v jejichZ blizkosti mame doloZzeny rovnéz aktivity ve skalnich dutinach: Sokolka u Srbska -
hrnec (nebo jen jeho &ast) v 9. stoleti snad obétovan pohanskému boZstvu, Prachov - jeskyiika (tzv.
obydli) Strazce valu.

V prabéhu druhé tretiny 13. stoleti zacala na severovychodé Cech vrcholné stredovéka kolonizace,
béhem niz po dobu vice nez sto let postupné vznikala sidelni struktura, z vétsi ¢asti dochovana
dodnes. Nékteré vesnice byly zaloZeny na obtizné pfistupnych skalnich plosinach - napf. DraZzejov na
Ceskolipsku {prvni pisemna zminka k r. 1402). Dtlezitym prvkem krajiny se staly hrady a rizné dalsi
opevnéné objekty, pro které byly vybirany strategické polohy na skalnich ostroznach nebo pfimo na pis-
kovcovych sucich. Mékky piskovec zaroveii umoznil ¢ast prostor zapustit pfimo do skaly a vznikly tak
dodnes dochované sklepy, obytné mistnosti, zasobni objekty, studny, zaklady nadzemnich staveb atd.
Tzv. skalni hrady pfedstavuji specifickou skupinu mezi ¢eskymi hrady, pfedevsim svym feSenim pfistu-
pu a obrany. Ukazkovymi objekty skalnich hradd jsou Drabské svétnicky v Ceskem raji, Jestiebi a Sloup
na Ceskolipsku, nebo Falkenstejn a Saunstejn v Ceském Svycarsku. Z dalsich zajimavych hradt na
piskovcovém podloZi stoji za zminku napf. Frydstejn, Rotstejn, Valedov, Kfine¢ a Kost v Ceském raji,

G e —
Fbpp. ”‘.,,,“
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Prog ey

Sokolka v Ceském réji — abri 2 (pfevisla skala s vyklenkovou dutinou pfirozeného vzniku); vyzkum
P. Jenée v roce 1997. Torzo do mirného lesku vyhlazeného slovanského hrnce s hfebenem prove-
denou rytou vyzdobou. Nadoba nebo jen jeji éast byla v 9. stoleti nejspiSe umisténa na lavicovité
vystupujici piskovcové podloZi v zadni éasti mélkého vyklenku (na pudorysném planu misto vyznacéeno
kfizkem). Nélez interpretujeme jako pravdépodobnou obétinu pohanskému boZstvu. Zaméril V. Pesa;
kresba P. Jen¢ a Petr Vasiéek (AVU Praha).
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Prachovské  skaly,
staroslovanské hra-
disté; 10.(?) stoleti
Jeskyrika pfi tzv. tie-
tim valu odkryta |
archeologem Rudol
fem Turkem na pod
zim roku 1941. Dle
autora vyzkumu byla
mala skalni dutina
soucdsti straznice -
obydli rodiny strazce
opevnéni, coZz mély
potvrzovat i nalezené dva zernovy (ipka), tj. zakladni komponenty rotaéniho mlynku. Na snimku vpra-
vo detail sloZeného miynu. Jesté pied Turkovym vyzkumem zde méla byt (ziejmé mélce pod povrchem)
nalezena nadobka s kniecimi denéry Vratislava Il. (1061 - 1085).

Houska na Kokotinsku a Konigstein, Hohnstein, Neu-Rathen a Neu-Wildenstein v Saském Svycarsku.
V pevnosti Konigstein byla pfi jeji pfestavbé vyhloubena v letech 1563-69 studna hluboka 152,5 m,
z niz se voda cerpala parnim strojem.

V pokrogilém stredovéku se také utvafi sit cest, z niz mnoheé jsou dodnes zachovany v podobé uvozy,
jejich stredovéka podoba véak vétsinou zanikla v miadsich obdobich. 14. az 16. stoleti je obdobim vzni-
ku mnoha rybniku. Jejich hraze Casto vyuzivaly piskovcovych hibetu, v nichz byly tesany propusté
(Machovo jezero, Novozamecky rybnik a Holanské rybniky na Ceskolipsku). Do stfedovéku spadaji
také nejstarsi znamé piskovcové lomy. Bezpecné je do tohoto obdobi datovan lom na miynské kame-
ny v okoli hradu Milstejn v Luzickych horach, po némz byl hrad nazvan (Miihistein). Nejstarsi lom na
Stuky datovany napisem s letopoétem (1591) zname z udoli Kosteckého Plakanku v Ceském raji.

Zajem o skalni dutiny oproti ranemu stfedovéku vyrazné vzrostl. Prvni znama pisemna zminka o jes-
kyni v piskovcich se vztahuje k dnes blize nezname .spelunce” Rosochatec v Adrépassko-teplickych
skalach, kterou zmifiuje listina v souvislosti se stavem hranice polickeho ujezdu v roce 1213. Zajimave
jsou pamatky na vyrobu
smoly a dehtu pod pfevisy
(napf. Dehtaisky previs u Jet-
Fichovic, Zapadni vyhlidka
pod Malym Bezdézem, Don-
bas u Hradéan na Ceskolip-
sku) &i predpokladané refugi-
alni vyuziti jeskyni a abriv 15.
stoleti - kupfikladu v roce
1468 v prostoru Pfihrazské
vrchoviny béhem nékolika-
denniho drancovani Mnicho-
vohradistska luZickou vojen-
skou vypravou. Vyjimecnou

lokalitou je vyklenkova jesky-

Skalni utvar Kiined nad Komdarovskym rybnikem v Ceském raji. Nékdy
ve 2. poloviné 13. stoleti na piskovcovych blocich vystavén dievény
hrad, archeologicky blize zkouman az v roce 2003 (P. Jen¢ a V. Pesa, kde byla v 15. stoleti penézo-
technicka spoluprédce J. Dnebosky). Foto J. Dnebosky. kazecka dilna.

né Babi pec na Kozakové,
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Piskovcova krajina v novovéku

Nastup novovéku je ve znameni intenzivniho hospodafského podnikani Slechty a stale Gastéji také
bohatsich mést. Zvyseny zajem o krajinu se projevoval jejim postupnym odlesfiovanim, zhuténim sité
vesnic a komunikaci, budovanim hospodafskych staveb, rozvojem diilnich dél a fady dalSich aktivit.

Se slechtickym podnikanim souvisi zakladani pivovart a s tim spojené budovani pivovarskych skle-
pt1. Jejich prostorné podzemi je dochovano napf. v Mimoni (z poloviny 17. stoleti) a nedaleko zamku
Lemberk u Jablonného v Podjestédi (s vyrytym letopoétem 1694).

Od 18. stoleti za&ina krajinu pozvolna obohacovat drobna sakralni architektura, ktera v piskovcovych
oblastech s oblibou vyuziva skalek u cest. Do nich jsou tesany vyklenky pro plastiky svétcu nebo svaté
obrazky, vyjimeéné je vytesana i cela kaple, jako v obci VSemily na okraji Ceského Svycarska. Do pis-
kovcovych skal byly tesany také poustevny — napt. Samuelova jeskyné na katastru obce Sloup z pocat-
ku 18. stoleti, poustevny Zbynsko u Mimoné a u Janovic v Podje$tédi rovnéz z 18. stoleti a dalsi.
Nejvelkolepéjsi poustevnu s kostelem vytesanym do skaly najdeme na byvalém hradé Sloup na Cesko-
lipsku; od 90. let 17. stoleti do roku 1782 se tu postupné vystfidalo 6 poustevniku.

Na vesnicich i ve méstech se soudasti vétiny doml stavaji samostatné sklepy vytesané do skal
a svaht, které slouzily nejruznéj$im hospodarskym potfebam (chladirny, susarny, seniky, sklipky na
naradi, vinné sklepy). Ukazkou je napf. vesnice Zdar na Kokofinsku s kovarnou vytesanou do skaly.
Mastem s nejvétsim poétem sklept je pravdépodobné Mimo#, po pozaru mésta v roce 1806 sklepy
slouzily obyvateltim jako doasné obydli. Méstanské a vesnickeé sklepy jsou pfevazné mensich rozmé-
ri, nejGastéji jedno- az dvouprostorové. V 19. stoleti se na vesnicich objevuji skalni obydli, ktera
poétem mistnosti odpovidaji malému vesnickému domu, ale jsou zcela vytesana do skaly {napf. Pod-
kost — ,Barusky"). Obyvala je nejchudsi vrstva obyvatel a to nékdy az do 1. poloviny 20. stoleti. Zvlast-
ni zminku zaslouZi skalni osada u hradu Vale&ova (v misté predpokladaného tabofisté husitskych vojsk)
existujici do sklonku 19. stoleti.

Specifikou severoéeskeé krajiny jsou podzemni piskovcové lomy. Minimalné 15 lokalit nalezneme na
Ceskolipsku, mezi nimi jsou nejrozsahlejsi a pravdépodobné i nejstarsi tzv. Pusté kostely v udoli poto-
ka Svitavka mezi obcemi Velenice a Lindava. Zdejsi podzemni prostory souvisi se zaloZenim tovarny na
vyrobu zrcadel hrabaty Kinskymi v r. 1766. Vice neZ sto let se tu t&Zila hornina za Géelem ziskani brus-
ného pisku, poziistatkem t&2by jsou rozlehlé siné podeptené sloupy. Podobné podzemni lomy se obje-
vuiji také v sousednich oblastech, i kdy2 kvantitativné v mensi mife (typologicky sem nalezi i podstatné

Stribrné stény v narodnim parku Ceské Svycar-
sko — obtizné priilezny labyrint vertikélnich puklin
ve vrcholové &ésti tzv. Stiibrného rohu s vyzna-
denymi polohami rytin rané novovékych prospek-
tort. Ryté nebo tesané symboly se nachézeji
v nékolika vyskovych drovnich, za nékterymi je
tfeba sesplhat a2 15 m hluboko, dva kiiZe se
nachézeji dokonce 20 - 30 m pod vrcholovou
plosinou a jsou dostupné pouze s pouZitim horo-
lezeckych technik. PribliZné umisténi rytiny na
fotografii (schematizovand lidska postava s leto-
podtem 1579) je na fezu puklinou oznaceno Sip-
kou. V misté Stfibrného rohu jsou skalni stény
zhruba 100 m vysoké, na Upati Stola a nékolik
dalsich historickych soubortl. Zaméfeni a kresba
V. Pesa, foto P. Jené (2003).
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. -, mlad§i podzemi v méstskem lesoparku

. e e e, ) ]
- : &; - A v Mnichové Hradisti). K nejrozsahlejsim
% ~ patii Prosecke piskovcové lomy na sever-
;& o nim okraji Prahy (labyrint Mocalka ma
" kolem 800 m chodeb, Bily kun 350 m).

\ '\- A . Nepaétsi rozmach tézby pisku v Prosec-

TN 4 kych lomech spada do druhé poloviny

4 \ / - A v 2t 19 stoleti, tezbé pisku tam predchazela
~ ke S UGS

2.3 - | tasba uhliv letech 1800 - 1860. Pisek se
BT AR podzemnim zpusobem tézil i na dalich
» . . mistech Prahy a okoli (Praha-Vidoule, Tucho-
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Jedna z galerii rytin pod Stfibrnymi sténami nékdy nazy-
vand jako ,alchymisticka rovnice". Symbol hruskoviteho
tvaru predstavuje loutnu, pripadné kfivuli (dosud jedina
znama soudoba analogie byla zjisténa autorem snimku
v aredlu hradu Valecov v Ceském raji. Foto P. Jenc, 2008.
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méfice), podobnym zpusobem se dobyvala
opuka na Mélnicku (mezi obcemi Vehlovice
- Mlazice) a ve vychodnich Cechach.

Naproti tomu povrchové piskovcové lomy
se nachazeji prakticky v okoli kazdé obce
a dobyvaly se v nich vesmés stavebni kvad-
ry (Stuky). Rozmach lomu Gzce souvisi s narustajicim poctem kamennych staveb nejprve ve méstech a
v prubéhu 19. stoleti také na venkové. Povrchové lomy se proto nachazeji v okoli kazdého mésta (napf.
Ceska Lipa, Novy Bor, Mimon) nebo vesnice; nékdy obsahuji data ukonéeni tézby. Jen vyjimedné byly
Stuky dobyvany i podzemnim zpusobem, duvodem mohl byt nedostatek povrchovych skalnich vychozil
(Skalice u Ceské Lipy) nebo charakter horniny (iidali Plakanek na Sobotecku).

Zajimavymi pamatkami historicke krajiny jsou pozustatky prospektorské ¢innosti v kvadrovych pis-
kovcich v raném novovéku (16. — 17. stoleti), jez nachazime obvykle v mistech s vyrazné viditelnymi zele-
zitymi vrstvami v horniné ¢i limonitovou karou na povrchu (tzv. piskovcovy Zelezivec). Z nedavno doku-
mentovanych lokalit stoji za zminku napf. Stfibrné stény u Hfenska s tesanou $tolou dlouhou pfes 32 m
¢&i archeologizovana $achta (datovana letopocty 15667) pod skalnim pfevisem v poloze Za Kolistém
u Jettichovic. Vzhledem k odlisnému horninovému prostfedi, na rozdil od Sluknovska, Luzickych, Jizer-
skych nebo Krusnych hor, nemohlo byt Ceské Svycarsko pro prospektory hiedajici kvalitni zelezné
rudy, barevné a cenné kovy pfili§ pfinosnym uzemim. Jejich

aktivity 1ze vysvétlit dobovymi znalostmi rodici se védni discipli- mw‘l B HEN
ny geologie, vychazejici zatim jen z terénnich zkuSenosti horni- “;3@-. \.'l -~ ..
ka, hutmistra a z alchymistickych experimentd. ::«u;gf' . ”‘_. ; g ;4;:‘ |
Od druhé poloviny 19. stoleti az do 30. let 20. stoleti se obje- |- < o ] et BT |
vuji pokusy o vyhledavani a t&zbu uhli (Ceskolipsko, Cesky raj T%;,.: Y . "L,«T_\
-- napf. Kozakov ¢i mezi Knézmostem a Branzezi), maximainé L, ., > j‘Q - ﬁ\\kﬁ,,.-"’
se ale jednalo o mala a nekvalitni loZiska. _ m FIrpsmime 'l N
Ze starsiho novovéku je dnesni podoba vétSiny propusti b Ry Tt i
a podzemnich nahonl nesé&etnych rybnikd, z nichz néktere B e

Braniborské jeskyné u Starych Splavu na Ceskolipsku — rytina
pod skalnim pfevisem pripominajici ukryt obyvatel (,ufednik,
rychtaf a obecni lid") v obdobi 1. slezské valky (r. 174 1). Doku-
mentovano v ramci dlouhodobého védecko-vyzkumného ukolu
historického oddéleni Vlastivédného muzea a galerie v Ceské
Lipé ,Dokumentace skalnich napisu, rytin a dalsich prvku his-
torické krajiny severnich Cech”. Foto P. Jend, 2004.
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Previs Valedniky u Jetfichovic v Ceském Svycarsku predstavuje z hlediska historickych skalnich rytin
jednu z nejvyznamnéjsich lokalit na severu Cech. Soubor rytin z 18. stoleti je zajimavy pfedevsim vyob-
razenim 5 lidskych postav drzicich v ruce $avli, hil nebo pusku; z dalich rytin uvedme napf. kiiZky, ini-
cidly s letopodty, zvifata. Dokumentovali P. Jen¢ a V. Pesa, 2001. Méfitko pod obrézkem odpovida 1 m.

jsou stredovékého piivodu. Zatim nejstarsi, rytym letopoétem datovany podzemni nahon (r. 1528),
zname z Rozprechtic u Dubé. Jeden z nejzajimavéjSich nahond, sloZeny z hluboké vytesané prirvy
a dvou tunelt, vznikl v poloving 17. stoleti v Novinach pod Ralskem (,Prarva Plouénice") na Ceskolip-
sku; podstatné rozsahlejsi systém se nachazi v Luzickych horach (Nadéje - Mafenicky; 18. stoleti aZ
1945). Jedinou rybafskou propust v Ceskeém raji nalezneme v udoli KnéZmostky u BranZeZe-Nove Vsi,
do skaly byla vytesana nejpozdéji v 1. teting 19. stoleti. S nahony souviseji mlyny, které ve skalnatych
udolich byvaly neziidka z&asti (vyjime&né i zcela) vytesané v piskovci nebo mivaly alespon do skaly vyte-
sané hospodarské objekty — Krvomlejn v Kokofinském dole, mlyn Palac u Tuboze, Suchy miyn u Nosa-
lova na KokoFinsku, Zourov v udoli Zabrdky u Hlavice, mlyn v horni &asti udoli Veseckého Plakanku
v Ceském raji, Dolsky mlyn v Ceském Svycarsku a mnoho dalSich. Nékteré z téchto objektl pFestaly
plnit svou funkci teprve po skonéeni druhé svétove valky s odsunem némeckého obyvatelstva.

V celém prib&hu novovéku pokradovalo pilezitostné vyuZivani jeskyni a pfevist. Slouzily v neklid-
nych dobach jako Utogists, napt. za tricetileté valky (mozna pfevis Berca u Drhlen), v obdobi protire-
formace (pravdépodobné tesané mistnosti stredovékého hradu Drabske svétniéky), slezskych valek
(40. a 50. léta 18. stoleti — napF. Velky PeliSek pod Muzskym, Stara forota u Zehrova, Braniborska jes-
kyné u Doks), valky prusko-rakouské 1866 (Cesky raj, Ceskolipsko, Ceské Swycarsko). Do jeskyné
Stara kancelaF v Adrspassko-Teplickych skalach mély byt za slezskych valek uschovany vrchnostenské
dokumenty, stopy podobného vyuziti
nese puklinovy labyrint Stara forota
u Zehrova v Ceském raji. Skalni dutiny
byvaly také vyuzivany lidmi na okraji
spole&nosti, a to prakticky az do histo-
rické soudasnosti; od 90. let 20. stole-

Pokus o rekonstrukci pracovniho
postupu vyroby brusnych kotouét na
zakladé stop pozorovanych pfi hrané
klokodské kuesty u Turnova.

Autor R. Mikulas (GU AV CR Praha).




Cesky réj - prirodni rezervace Prihrazské skaly.
Sténa jeskyriky kulovitého tvaru (vstup jen maxi-
malné 65 cm vysoky, prostor pouze pro jednoho
klediciho &lovéka) zdobena rytymi kiizky latinskeé-
ho typu. Dutina, pracovné pojmenovana ,Kaplicka
pod Uném*, plnila s nejvétsi pravdépodobnosti
v 18. stoleti funkci pfirodni modlitebny (pfedpo-
kladana souvislost s 20 m vzdalenym jeskynnim
vyklenkem Urio). Foto P. Jené, 2003.

ti se opét setkavame s utulky bezdomovct, ti se
véak soustfeduji vice na tesané podzemi v blizkos-
ti vétsich sidel. Za druhé svétové valky byly vyhle-
davany pfedeviim men$i a dobfe skryté jeskyné
a previsy (Kokofinsko, Cesky raj - napt
v oblasti Muzského se na sklonku valky ukryvalo minimaln& 113 uprchlych valeénych zajatcti). Jiné
vyrazné stopy vyuzivani previst souviseji s vjrobou smoly a dehtu, ktera je doloZena fadou lokalit v Lab-
skych piskovcich (napt. Jetfichovice - ptevis Valeénikii obsahuje i cenny soubor rytin z 18. stoleti).
Pestrost vyuzivani piskovcovych jeskyni dokresluiji tzv. brusirny nad osadou Zaboréiv Ceském raji. Tra-
dovany mistni nazev a zejména miskovité prohlubné kruhového pudorysu tu dokladaji dobruSovani
(popFipadé finalni stadium vyroby) brusnych kotouéd v 19. az prvnich dvou desetiletich 20. stoleti.
S nardstajicim turistickym ruchem se nékteré skalni dutiny staly oblibenymi vyletnimi cili a pfimo pod
previsy vznikaly hospudky (Balzerovo lezeni a Kuhstall v Ceskosaském Svycarsku).

Smutnou kapitolu lidskych d&jin nejmladsiho novovéku pfipominaji dilni dila z obdobi druhé svéto-
vé valky - protiletecké kryty (Cvikov) a podzemni tovarny. V Rabstejné a Janskeé u Ceské Kamenice bylo
v roce 1944 zapodato s rychlou vystavbou velkého podzemniho komplexu s cilem pfesunout vyrobu
komponent pro stihaci letouny a vrtulniky firmy ,Weser" Flugzeugbau G.m.b.H. do podzemi a uchranit
tak zbrojni zavod pred hrozicim bombardova-
nim. V souvislosti s touto vyrobou byla v Rab-
$tejné zfizena pobocka koncentracniho tabora
Flossenbiirg (nutnost dalsich pracovnich sil).
Jinym pfikladem jsou vznikem star$i, vySe zmi-
néné, Pusté kostely u Lindavy, kde v nejvétsim
z podzemnich lomid probihala od listopadu
1944 vyroba rychlopalnych leteckych dél
(tovarna Nautilus firmy WFG).

Rozvoj méstského priamyslu a obecné indu- |
strializace pFinesla zasadni zménu Zzivotniho
stylu, ktera se odrazila i ve vztahu ¢lovéka k pfi-
rodé. V prvnich desetiletich 20. stoleti na-

stupuje novy kulturni jev — tabofeni ve skalnich
dutinach jako forma odpod&inku a navratu k Zivo-
tu v prirodé. Cesky raj je jednou z prvnich
oblasti, kam tito milovnici pfirody pronikaji.
Nazyvaji se skauti, zdhy se pfidavaji neorgani-
zovani ,divoci skauti* — trampové (20. léta). Pro
trampy je charakteristické zakladani osadnich

Nejvétsi z Pustych kosteli u Lindavy (Pusty kostel
é. 1) - 3520 m2. Pred 200 lety podzemni piskovco-
vy lom, na sklonku 2. svétové valky tovdrna na vyro-
bu rychlopalnych leteckych dél, za socializmu sklad
zeleniny, dnes prostory vyuZivany pod oznaéenim
,motorkdfska jeskyné“. Foto Viadimir Stépansky
(VMG v Ceské Lipé).
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taboFist, tzv. kempu, nezfidka s dfevénymi vestavbami pod previsy nebo v jeskynich. Tradice pFilezi-
tostného pobytu v pfirodé se masivné rozsitila zejména od konce 60. let a pFetrvava dodnes. V evrop-
ském méfitku predstavuje Sesky tramping svérazny fenomén, aviak v dasledku skod, které s sebou pfi-
nasi, je v poslednich nékolika letech vyrazngji regulovan organy statni ochrany pfirody.
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Summary

Prehistoric and historic Men in Sandstone Caverns of NE Bohemia
(Researchs in 1994 - 2003)

The landscape of the Bohemian Cretaceous Basin (Ceska kfidova panev) consists in its eastern and
northeastern parts of several important units, which were settled from early prehistory to historical
period. The most important among them are Labské piskovce (Elbe Sandstone rocks; including na-
tional parks Ceské Svycarsko and Sichsische Schweiz), the region of Ceska Lipa, and protected
landscape areas Kokofinsko, Cesky raj (Bohemian Paradise), and Broumovsko.

The research combining archaeology and natural sciences has in the sandstone territories more
intensively developed only during the recent decade. Prior to this time, no archaeological finds were
known from Elbe Sandstone rocks, and only few in the Ceska Lipa region. Better known was the situ-
ation in Bohemian Paradise, where many excavations took place already in the first decades of the
20th century (particularly in the Turnov region). About the mid 1990ties, the modern interdisciplinary
research has been almost simultaneously started by Petr Jen¢ (some excavations were done together
with Vladimir Pesa) in the area of Pfihrazské Hills in the southwestern part of Bohemian Paradise, and
by Jiti Svoboda in the region of Ceska Lipa. Researches done in the Ceska Lipa region and in Elbe
Sandstone rocks between 1997 — 2001 laid foundations to a research project focusing on the study
of Mesolithic hunters, which was supported by the grant of the National Geographic Society. Both
archaeologists (J. Svoboda, L. JaroSova, V. Pesa, P. Jen¢) and natural scientists (mainly V. Cilek,
I. Horacek, V. Lozek) participated in the project.

Archaeological finds dating from various stages of prehistory are similar in character and distincti-
ons between them are only quantitative. The most common features attested in the rock-shelters are
hearths, sometimes only partly preserved, but usually dispersed within the cultural debris and recog-
nizable only on the basis of burnt sand and charcoal concentrations. Postholes, when attested, do not
create contours of any objects, and they have perhaps something to do with internal furnishings of the
sites. A burnt wooden screen was excavated in the rock-shelter site Dolsky mlyn in Elbe Sandstone
rocks. The screen is preliminarily dated between the Eneolithic and Hallstat periods. Potsherds and
fragments of animal bones prevail among finds. From the Neolithic and Eneolithic periods are known
smaller assemblages of chipped lithic industry; silicite flakes are more rare in the layers dating from
the Bronze Age. Among extraordinary finds we should range polished stone industry or metal artifacts.

In comparison with the Early Middle Ages, for the Later Middle Age we notice a rising interest in the
rock caverns. Interesting are traces of the tar production in rock-shelters (for instance Dehtafsky pfe-
vis near Jetfichovice; Zapadni vyhlidka below Maly Bezdéz, Donbas near Hrad&any in the Ceska Lipa
region), or a supposed usage of caves and rock-shelters for refuge in the 15th century - for instance
in the Prihrazské Hills in 1468, when the area of Mnichovo Hradisté was for several days plundered
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by the lusatian siege. A badly eroded engraving dating from the Middle Ages, and depicting a coat-of-
arms, is located in the originaly portal of castle Falkenstejn in the Elbe Sandstone rocks.

Interesting traces were in the landscape left by prospectors searching for sandstone in the early
Modern Age (the 16th — 17th century), mainly in places where ferrous layers are well visible in the
rock, or where the rock surface is covered with limonite crust (the so-called sandstone ironstone).
Among recently documented sites we should mention Stfibrné stény near Hrensko with a gallery more
than 30 engraving symbols, or the gallery (dated by an inscription to 1567) below the rock-shelter Za
Koligtém near Jetfichovice — Elbe Sandstone rocks.

An occasional usage of caves and rock-shelters continued throughout the whole modern period.
Rock caverns were used for refuge in troubled times, for instance during the Thirty Years War (per-
haps the rock-shelter Berca in Drhleny), in the age of Anti-Reformation (probably rooms of the medie-
val castle Drabské svétnicky), the Silesian Wars (in the 40ties and 50ties of the 18th century - for
example Velky Pelisek below the Muzsky massif, Stara forota near Zehrov - all sites in Bohemian Para-
dise, Braniborska Cave near Doksy), and the Austro-Prussian war in 1866 (Bohemian Paradise, the
region of Ceska Lipa, Elbe Sandstone rocks). According to tradition, in the cave Stara kancelar (Brou-
movsko) were during the Silesian Wars stored documents belonging to local suzerains. Till recent
period, rock caverns were also used by people living on the margin of society; since the 1990ties, we
can meet with refuges of homeless, which nonetheless prefer artificial underground spaces in the
neighborhood of larger settlements. During the Second World War, people mostly sought for smaller
and well hidden caves and rock-shelters (the Kokofin region, Bohemian Paradise - for example, at
least 113 fugitive war captives hid in the area of the Muzsky massit in the end of the War). Other inter-
esting traces of the usage of the rock-shelters are associated with the tar production, which is attes-
ted ¢t several sites in the Elbe Sandstone rocks (one of them, the site of Jetfichovice - the so-called
previs Vale&niki - the rock-shelter of the Warriors — is also remarkable for its valuable assemblage of
engravings dating from the 18" century). With the development of tourism, some of the caves and
rock-shelters became popular targets of travelers, and pubs were built below some rock-shelters (Bal-
zerovo lezeni and Kuhstall in the Elbe Sandstone rocks).

During the first decades of the 20™ century emerged a new cultural phenomenon - the camping in
caves and rock-shelters as a way of spending free time and as an expression of the return to nature.
Bohemian Paradise was one of the first areas penetrated by these admirers of nature. They were cal-
led scouts, and were shortly later (in the 1920ties) followed by unorganized “wild scouts” - the so-cal-
led tramps. Characteristic for them was founding of camps, often including wooden constructions in
caves and rock-shelters. The custom of occasional spending of time in nature became very common
particularly since the end of the sixties and has survived till our days. Czech tramping represents
a specific phenomenon in European scale, however, as a consequence of damages caused by tram-
ps to nature, it is in recent years regulated by authorities of the state protection of nature.
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Die Pseudokarsthohle Knahyna
an der Grenze der Slowakei und der Ukraine

Jan Ducar
Dumbierska 10, 080 01 Presov kvadrod3@kvadro.sk

Abstrakt

Pseudokarsthihle Knahyna befindet sich an der Grenze der Slowakei und der Ukraine. Der Haupt-
eingang ist von der ukrainischen Seite orientiert, das Portal ist 2 m hoch und 4 m breit. Der zweite Ein-
gang ist an der slowakischen Seite, aber beim Grenzenumbau wurde zerstort. Dieser kleine Eingang
diente als Hinausgeflogenesloch fur Fledermiuse. Diese Hohle ist umgefahr 60 m lang.

Im Jahre 1892 besuchte dieses Gebiet Jules Verne. Der Weg zu Knahyna und zur Stelle vom Me-
teoritenfall (1866) ist in Vernes Roman ,La Chateau des Carpathes” - zu erkennen.

Im Rahmen der polnisch-slowakischen Freundschaft (Pseudokarstfachleute) wurde im Dezember 2003
eine grosse Héhle in verlassenem Steinbruch ubers Dorf Lipowica entdeckt.

Die Héhle ist umgefahr 450 m lang und 24 m tief. Mapierung ist noch nicht beendet, weil man die
Verbindungen zu anderen Héhlen in der Nihe voraussetzt. Die Besonderheiten dieser Hohle sind
karsttropfsteine aus der Kalzitader und die grossen Mengen von den Fledermausen.

Key words: pseudokarsthéhle, Jules Verne

Pseudokarsthoehle Knahyna befindet sich an der
Grenze der Slowakei und der Ukraine auf der West-
seite der Bergen Stinska. Der Haupteingang ist aus der
ukrainischen Seite orientiert, der zweite Eingang ist an
der slowakischen Seite, aber bei dem Grenzumbau
zerstoert wurde. Dieser kleine slowakische Eingang
diente als hinausgeflogenes Loch fur Fledermause.

Beschreibung der Héhle.

Aus dem Portal des ukrainischen Eingangs kommt ‘ 3 Rx
in den Hauptkorridor, dessen Lange cca 20 m lang ist. [ ‘ 57 ' e g ‘ﬁm
Es schliesst mit einem Riss, deswegen ist er am Ende
nicht durchgangig. Der Hauptkorridor hat auf der
rechten Seite drei Nebenkorridore, die zusammenver-
bunden sind. Der erste Nebenkorridor hat 2 Etagen.
Zwischen diesen beiden Etagen gibt es einen grosserenen Saal. Umgefahr 5 Meter vom Ende des
Hauptkorridors befindet sich auf der linken Seite ein Kamin, der zur Oberflaeche fuehrt. Hier soll auch
der vorausgesetzte Eingang aus der slowakischen Seite sein. Die Hohle des Kamins ist etwa 12 m.
Der Kamin verteilt sich an seinem Ende in zwei selbststaendige Teile. Im alten tschechische Turisten-
fuhrer von Matousek aus dem Jahre 1920 ist interessante Information: bei Losung Knahyna ist das
Wort die Schlucht (tschechische Wort ,propast"). Das bedeutet, das der Boden vom Hauptkorridor
ist im Jahre 2004 anders, als im Jahre 1920.

Die Hahle Knahyna ist als Raubershohle bekannt. In alten schriftlichen Dokumenten aber auch in
mundlichen Legenden sind Informationen, dass hier die Raubers lebten und das Knahyna diente als
Versteck. Die Laenge der Knahyna — Héhle ist cca 80 m, aber diese Information ist nicht punktlich,

Abb. 1 Die Sicht an Grenzenberg Stinska
mit dem Knahynahéhle. Foto: J. Ducar
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7g 2. ok i e veil ofizielle Daten von ukraini-
Binpesr Fieas " 2 schen Speleologen fehlen, und die
Hahle wurde noch nicht von slowa-
kischen Speleclogen kartiert. Es ist
Arbeit der Zukunft, und ich hofe,
dass alles (Kartierung, Beschrei-
bung, Fotografierung...) gut geht.
Im Jahre 1892 besuchte dieses
Gebiet der bekannte franzésische
Schriftsteller Jules Verne. Der Weg
zur Knahyna - hoehle ist beschrie-
ben in Roman ,La Chateau des
Carpathes®. Jules Verne besuchte
die Stelle, wo im Jahre 1866 fallte
ein grosser Meteorit fiel. Dieser
Meteorit ist jetzt im Naturhistori-
schen Museum in Wien zu sehen.

. ) ) . Das groesste Stuck ist cca 300 kg
Abb. 2 Die Zeichnung (Skizze): Grenzenberg Stinska von . .
. . . , schwer.Informationen ueber diesen
Veliky Bereznyj (Nagy Berezna), mit der gezeichneten Meteoritiall hatte Vi P
Meteoritfallpunkt (9.6.1866) eteoritfall hatte Verne vom der

Ueser Pery D o Setrier

Nagy Berezna

weltberuehmten Wissentschaftler -
Geologen W. Haidinger von Wien. Die Stelle von
Meteoritenfall ist von Knahyna - hoehle cca 200
m entfernt auf einer Wiese.

Hoehlenforschung dee Knahyna - héhle ist
sehr kompliziert, weil vor dem Eintritt in den
Haupteingang muss man die Grenze ubertretten.
Die Pseudokarsthohle Knahyna ist sehr interes-
sante und merkwuerdige Naturhdhle.

Foto: J. Ducar

P ——

Abb. 4 Die Eintrittpartien des Knahynahéhle. Abb. 5 Die Héhlenwande mit Fledermause.
Foto: J. Ducér Foto: J. Ducar
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Specific relief of ferruginous sandstones and
sinters in northern Bohemia

Jifi Adamovi¢
Geologicky ustav AV CR, Rozvojova 135, 165 02 Praha 6, Czech republic, adamovic@gli.cas.cz

Cretaceous sandstones cemented with goethite and/or hematite have been described from several
hundred sites in the northern part of the Bohemian Cretaceous Basin. The influence of sandstone fer-
ruginization on landform development has been discussed since very early times (e.g., Miiller 1928,
Czech translation 2002). Geological significance of the ferruginization process was recently asses-
sed within a special project the results of which were summarized in two monographs (Adamovi¢ and
Cilek eds. 2002a, b).

In regions of young volcanic activity (Ohfe Rift, Elbe Zone), ironstone occurrences are spatially asso-
ciated with basaltic bodies, mostly dykes, with the most favourable structures being brittle shear zones
transecting former anticlines. Ironstones also accompany faults in areas free of young volcanics (Brou-
mov area). As suggested by ironstone mineralogy, petrology and geochemistry, iron precipitated from
warm [ow-pH fluids mobilized during periods of increased heat flow in the Earth crust.

Morphological types of ferruginization products include subvertical tabular bodies (type 1), complex
concretionary and tube-like forms (type 2), subhorizontal strata-parallel bodies (type 3) and isolated
enclaves (type 4), in addition to widespread reddish pigment in sandstone (type 5). Type 1-3 ironsto-
ne bodies markedly contribute to the shaping of macro- and mesorelief in sandstone landscapes, but
the recent studies also revealed a wide variety of microrelief structures specifically bound to ironsto-
nes. These include concentric, onion-like arrangement or garland-like arrangement of ferruginous la-
minae, ferruginous curtains and ridges accentuating flowlines of iron-bearing hydrothermal fluids,
mammiform surfaces and button-like apophyses on joint planes, matrix-like patterns on joint planes or
goethite lenses attached to joint planes. Some ironstone outcrops are facetted by wind erosion and
surrounded by numerous ironstone Dreikanter in Quaternary sandy loams.
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Notes on the origin of strata-bound caves
of the Klokoci cuesta

Honza Mertlik
2499984 @tiscali.cz

The origin of strata-bound caves is generally described in terms of selective weathering or delami-
nation of less resistant beds. The Kloko&i cuesta belongs to the Jiginska pahorkatina Highland, which
is a part of the Bohemian Cretaceous Basin. It lies in the proximity of the Lusatian Fault. Sandstones
of Middle Turonian to Coniacian age reach a thickness of ca. 60 m here. The cuesta is characterized
by the presence of many strata-bound caves. The caves, however, did not develop on less resistant
sandstone beds. They can be assumed to have formed on surfaces with bedding-parallel tectonic slip,
as suggested by finds of tectonic mirrors and their fragments in the caves.
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Selected weathering forms and pseudokarst features
of sandstones in the Bohemian Switzerland National Park

Zuzana Vaftilova
Bohemian Switzerland National Park Administration, Prazska 52, CZ-407 46 Krisna Lipa,

Czech Republic, zvarilova@npcs.cz

Specific sandstone relief and the related rich biodiversity are preserved in the Bohemian Switzer-
land National Park, NW Bohemia. This area constitutes an integral geological and geomorphic unit
built by massive, subhorizontally stratified sandstones of Cretaceous age. The National Park is a rug-
ged country with plateaus and deep canyons, rock cities and labyrinths, rock walls, shelters, ledges,
chimney rocks, rock windows and arches. Microforms are represented mostly by honeycombs, rock
cavities and pseudokarst karren. The sandstone relief is controlled by a number of factors including
tectonic structures, lithologically conditioned selective weathering, exposure to climatic/microclimatic
factors and bioerosion. A significant role in the geomorphic history in this area was played by surface
hardening and salt weathering in combination with mass movements.
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