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Abstract. Due to the limited distribution of karst rocks and, accordingly, the small number of
karst caves in the Ukrainian Carpathians, the caves of non-karst (pseudokarst, clastokarst) genesis
attract considerable attention from cave researchers. The latter most often develop in massive and
coarse-grained sandstone strata, usually found as part of flysch strata. The caves of non-karstic
genesis are widely spread in the Cretaceous and Paleogene sandstone formations of the Ukrainian
Carpathians. Most of them are developed in the massive sandstone of the Yamna Formation of
the Palacocene. The primary information about all caves on the territory of Ukraine is collected
by the Commission for Accounting and Documentation of Caves of the Ukrainian Speleological
Association (UkrSA), and by local caving clubs and individual researchers. Currently, the number
of discovered caves in the sandstone of the Ukrainian Carpathians exceeds the number of mapped
caves, not to mention their detailed description. The minimal information about each cavity
includes the name, entrance coordinates, total length, and depth (amplitude) resulting from the
cave survey. The additional description could contain knowledge about the history of the cave
discovery, origin, geological settings, microclimate, sediments, inhabitants, paleontological and
archacological remains, etc. At present, many caves have been discovered in a few microregions:
Kliuch Ridge, near Skole; the tract Drybka, between Yaremche and Yamna; on Sokilsky Ridge,
and its south-eastern orographic continuation at tracts Protiate Kaminnia and Lekeche; Polonyna
Runna; Lubnia Village; and Chorna Gora Ridge. Few yet not mapped cavities are known in
Bubnyshche, Synytsia Mt., and some other sites. Most caves belong to three genetic types:
tectonic, gravitational, and selective corrosion. The largest among tectonic caves is Tectonic
(Dovbush) cave near Yamna Village, which is 388 m long. The longest selective-corrosion cave
is 92 m long. Some caves with fissure-like morphology could also be of cryogenic origin. We
suggest that the caves with the fissure-like morphology are the forms of paleoseismic
dislocations.

Keywords: sandstone; pseudokarst; speleogenesis; selective corrosion; Ukrainian
Carpathians.

HEKAPCTOBHWI CIIEJEOT'EHE3 Y IIICKOBUKAX YKPATHCHKHUX KAPIIAT
Boraan Pinym
Yepriseyvkuil Hayionanoruil yHieepcumem imeni FOpis @edvrosuua

Anomayin. Yepe3s oOMexeHe MOUMIMPEHHS KapCTOBHX IMOPiJX 1, BiAMOBIIHO, HEBEJIUKY
KUTBKICTh KapCTOBUX Tledep B YKpaiHchkux Kaprarax 3Ha4yHY yBary CIENCONOTIB PUBEPTAIOTh
reyepy HeKapcTOBOTO (IICEBIOKApCTOBOTO, KIIACTOKAPCTOBOTO) renesncy. OcraHHi HalvacTime
PO3BHUBAIOTHCS B MACHBHHX 1 KPYITHO3EPHHUCTHX TOBIIAX MICKOBHUKIB, SIKi 3a3BUYAil 3yCTPIYaIOTHCS
y cxiani ¢oimoBux ToBmI. [ledepr HEKapCTOBOTO TEHE3UCY IIHUPOKO TOIIUPEHI B KPEHIOBUX i
MAICOTEHOBUX TIICKOBHKaX YKpaiHcbkmx Kapmar. BinmbmiicTe 3 HMX yTBOpeHI B MacHBHHUX
MICKOBUKAX SIMHEHCHKOI CBITH majieolieHy. IlepBunHa iH(oOpMaIlis Ipo BCi IMeYepu Ha TEPUTOPIi
VYkpainu 36upaerbes Komiciero 3 00Ky Ta JOKyMeHTallii rnedep YKpaiHCBKOT CIIENIeoNoriqHOl
acoriamii (YCA), a Tako) MICIIEBUMH CIIEJIEOJIOTIYHUMH KITyO0aMy Ta OKPEMUMH JIOCITITHUKAMHU.
HuHi KiNbKICTh BUSIBICHHX IeYep y MICKOBHKAax YKpaiHChkux Kaprar mepeBuilye KUIbKICTb
3akapTorpadoBaHiX Ne4ep, He KaKy4H BKe Npo TxHil AeTanbsHuid onuc. MiHiMalibHa iH(popMarlis
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PO KOXKHY TOPOXXHUHY BKIIIOYAE Ha3BY, KOOPJMHATH BXOMY, 3arajibHy NOBXHHY Ta IIHOMHY
(aMmutiTYRy), OTpUMaHy B pe3yJbTari JOCHIPKeHHS medepu. J(onaTkoBuii omuc MoXe MICTUTH
BIJIOMOCTI TIPO ICTOpiIO BIAKPHUTTS II€YEpH, ITOXO/DKEHHS, TEOJIOTiYHI YMOBH, MIKpPOKJIIMAT,
BiJIKJIaJICHHS, MCIIKAHIIIB, MAJICOHTOJOTIYHI Ta apXCOJIOTIYHI 3aJHIIKU Tomo. HuHi Bigkputo
Oararo rmedep y KUTbKOX MikpoperioHax: xpeder Kimrou moommsy Ckone; ypounme [piOka mix
SApemue ta fAmuor0; Ha COKIITBCHKOMY XpeOTi Ta HOTO MiBJCHHO-CXiTHOMY OporpadigHoMy
nponoBkeHHi B ypounmmax [Iporsokae Kaminas ta Jlekeue; [lomonnna Pynna; cemo JIyOHs; Ta
xpebti Yopra Topa; ByOnmme, ropa Cununs Ta iH. BimpmiicTe medep HajleXaTb A0 TPHOX
TeHEeTHYHUX THUIIB: TEKTOHIYHOTO, TPaBITAI[IIHOTO Ta CelneKTHBHOI Kopo3ii. Haitbinpmoro cepen
TeKkTOHIYHHX rredep € TexroHiuHa ([JoBOymma) Oinst cena SImHa, morkuHa sikoi 388 M. Haiinosma
CEJIEKTHBHO-KOpO3iiiHa Tedepa Mae JoBkuHY 92 M. Jleski mnedepu 3 TPIIMHONOIIOHOO
MOP(QOJIOTIEI0 TaKMK MOXYTh MaTH KpIiOTeHHEe NOXOMmkeHHs. [Ipumyckaemo, 1o medepu
TpiIMHONOAI0HOT MOpdoIorii € popMaMy naneocenCMiYHNX AUCIOKAIIH.

Kniouoei cnosa: MiCKOBUK; TICEBIOKAPCT; CIIENICOreHE3; CEJIEKTHBHA KOpO3isl; YKpaiHCBbKi
Kapnaru.

Introduction

Due to the limited distribution of karst rocks and, accordingly, the small number of
karst caves in the Ukrainian Carpathians, the caves of non-karst (pseudokarst,
clastokarst) genesis attract considerable attention of cave researchers. The latter most
often develop in strata of massive and coarse-grained sandstones, which are often found
as part of flysch strata.

Few works are devoted to the study of pseudokarst speleogenesis in the Ukrainian
Carpathians. Classical geomorphological studies practically do not pay attention to
speleoforms and karst processes in clastic formations (Kravchuk, 2005, etc.), probably
due to their limited distribution. Most often, these caves attracted the attention of
researchers as natural monuments (Korotenko et al., 1985) or potential objects of
archaeology (Matskevyi & Tarasenko, 1994).

Nevertheless, the cavities of gravitational genesis were studied by 1. Turchynov
(Turchinov, 1992). Geochemical aspects of karstogenesis in flysch were studied Korzhyk
et al., 2006; Korzhyk & Stratiy, 2004). Periodically, the author (Ridush, 1995, 2006,
2018; Ridush and Kuprich, 2003; Ridush, 2010) addressed various aspects of cave
research in the sandstones of the Ukrainian Carpathians.

There were numeral versions of karstological regionalization of the Ukrainian
Carpathians in publications by G. Maksimovich (Maksimovich, 1958, 1962), B. Ivanov
(Ivanov, 1965, 1972), O. Lomayev (Lomayev, 1970), (Dubljanskij & Lomayev, 1980).
But the first speleological regionalization of the area, which took into account natural
caves both of karst and non-karstic genesis, was published by Korzhyk and Ridush
Korzhyk & Ridush, 1990). Later, the little improved version of this scheme was
published by (Korzhyk, 2011). Several articles by Korzhyk and co-authors analysed
karst in the Flisch zone Korzhyk et al., 2006; Korzhyk, 2007; Korzhyk & Stratiy, 2004).
The detailed regional exploration on the Kliuch Ridge was provided by I. Turchinov
(Turchinov, 1992). The genesis of some caves in sandstones, including historical
artificial cavities, was analysed by the author (Ridush & Kuprich, 2003; Ridush, 1995,
2004, 2006, 2010, 2017, 2018).

The pseudokarst caves in conglomerates and sandstones in Zakarpatska oblast
werexplored by the local speleological clubs “Lynx” and “Selenit”, with participation of
other cavers (Levinets & Monych, 2006).
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Quiet good the pseudokarst caves, particularly gravitational, are studied the Flysch
areas of Poland (Margielewski & Urban, 2017; Zatorski, 2014) and Czechia (Lenart &
Miklin, 2017). In Ukrainian Carpathians the exploration and mapping of caves is
provided mainly by amateur cavers of Ukrainian Speleological Association and different
local speleological clubs. The current results of exploration are represented on the web-
site (The Inventory of Caves and Cavities of Ukraine, 2023).

The analysis of the publication list on the pseudokarst caves in the region and the
results of our own field observations showed that a quite low percentage of the existing
caves are revealed. Also, the origin of many of them is uncleared. That is why it is
necessary to underline this brunch's current state of the art. The paper is rather the
introduction to the problem, emphasising paying attention to the genesis signs while
exploring and surveying the new caves.

The pseudokarst cavities are usually developed in insoluble rocks and may be of
different origin (Holler, 2019). The most common for the sandstone formations are
tectonic and talus types. The last are also referred to as boulder caves. Also, the
combinations of tectonic and talus caves often occur. The block creep caves formed by
gravity sliding are usual. For several caves in the Pokuttia-Bukovinian Carpathians the
specific type of speleogenesis: the selective-corrosion type, was revealed (Ridush,
2010).

Results and methods

The primary information about all caves on the territory of Ukraine is collected by
the Commission for Accounting and Documentation of Caves of the Ukrainian
Speleological Association (UkrSA), but also by local caving clubs and individual
researchers (Klimchuk et al., 2008). At present the number of discovered caves in the
sandstone of Ukrainian Carpathians exceeds the number of mapped caves, not to mention
their detailed description. The minimal information about each cavity includes the name,
entrance coordinates, total length and depth (amplitude) resulting from the cave survey.
The additional description could contain knowledge about the history of the cave
discovery, origin, geological settings, microclimate, sediments, inhabitants,
paleontological and archaeological remains, etc. Recently, information about the cave
inventory can be observed online (The Inventory of Caves and Cavities of Ukraine,
2023).

Microregions and caves

Kliuch Ridge (Skole). The region was explored yet in 1986—-1991 by Lviv caving
clubs. At least, eight caves were discovered and described (Turchinov, 1992). In recent
years the region is additionally explored by joint expeditions of UkrSA. Caves developed
in massive sandstone of Yamna Formation. The longest one is Prokhidnyi Dvir Cave,
520 m long and 40 m deep (Fig. 1, Tab. 1). In the neighbourhood, the are several other
sites with numerous outcrops of Yamna sandstones, containing cavities of non-karst
origin: Urych, Syniovydne, Rozgirche, Bubnyshche (Fig. 1), that remained not mapped.
Some of them were artificially developed in historical time (B. T. Ridush, 2006).

Yaremche — Yamna. Many caves were found in the tract Drybka, that is located
between Yaremche and Yamna Village, is the place of concentration of numerous caves
in sandstone (Fig. 1). Among them, the longest one is Tectonic (Dovbush) Cave, with the
total length of 388 m (Fig. 2, Tab. 1).

Sokilskyi Ridge. Few caves and even a “karst bridge” are known within several sites
of Sokilskyi Ridge in Ivano-Frankivska oblast, and its south-eastern orographic
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continuation at tracts Protiate Kaminnia and Lekeche in Chernivetska oblast (Fig. 1)
(Korzhyk, 2007; Ridush & Kuprich, 2003; Ridush, 1995, 2010). The longest caves are
Lekeche-4 and Sokolyna (Tab. 1). The characteristic for the region are the caves of
selective corrosion origin. Meanwhile, the tectonic caves also present.

N

Fig. 1. The main locations of non-karstic caves in sandstones, in Ukrainian Carpathians

Polonyna Runa. Only one cave of the same name — Runa, is 190 m long (Tab. 1)
(Levinets & Monych, 2006). It is developed in the sandstone of Liutska Formation
(Paleocene).

Lubnia Village. Few caves developed in sandstones of uncertain geological age. The
longest one is “Rolling Stones” Cave, 106 m long, and almost 26 m deep (Levinets &
Monych, 2006). The three floors of the cave are just the projection of one slightly
inclined tectonic fissure.

Chorna Gora Ridge. At list two caves are known on the slopes of Petros Mt., one of
which is 185 m long and 28 m deep. Caves are developed in sandstones of the
Chornogora Formation (Cretaceous) (Levinets & Monych, 2006; Tsurkan & Pylypiuk,
2015). Recently, the new cave of probably tectonic origin was reported in the same beds
close to the top of Pip Ivan Mt, but until now it was not mapped.

The cavities of mixes origin can be observed on the Sinnytsia (Synytsia) Mt.
(Dovbushevi Komory) near Kryvorivnia Village (Ivano-Frankivska oblast) (Fig. 1).

Discussion

The origin of caves on the Kliuch R. is described as gravitational type. The local
sandstones belong to Yamna Formation. From the typical Yamna sandstones they differ
by the carbonate cement and interbeds of argillite (Turchinov, 1992). The special
geotechnical examination of this sandstone showed the absence of any cement
(Voloshyn, 2012). Anyway, due to these interbeds and inclined bedding, the gravitational
origin can be explained. Meanwhile, the Piligrym Cave demonstrates the shape of the
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cross-section of the upper gallery, typical for tectonic caves. At the same time, on the left
wall, a distinct form of solution can be seen (Fig. 3, A). In the other part of the gallery,

the forms and deposits of frost weathering can be observed (Fig. 3, B).

Table 1. The selected largest caves in sandstones of Ukrainian Carpathians
(after (The Inventory of Caves and Cavities of Ukraine, 2023; B. T. Ridush, 2010;
Turchinov, 1992))

Cave name Location Total length, Projective Amplitude,
m length, m m
Prokhidnyi Kliuch R., Skole, 520.0 - 40 (+5/-35)
Dvir Lvivska oblast
Tectonic Drybka tract, 388.0 353.0 35,0
(Dovbush) Yaremche, Ivano-
Frankivska oblast
Kholodnogo Kliuch R., Lvivska 232.0 208.0 24.0
Vitru (Cold oblast
Wind)
Runa Lypovets V., 190.0 148.0 9.0
Zakarpatska oblast
Petros-1 Petros Mt., 185.5 - 27.5
Zakarpatska oblast
Piligrym Kliuch R., Skole, 175.0 - 15.0
Lvivska oblast
“Rolling Lubnia V., Zakarpatska 138.0 106.7 25.7
Stones” oblast
Seven Bats Kliuch R., Skole, 135.0 - 34.0
Lvivska oblast
Veselka Kliuch R., Skole, 120.0 - 22.0
(Rainbow) Lvivska oblast
Three Bats Kliuch R., Skole, 102.0 - 20
Lvivska oblast
Lekeche-4 Beregomet, 96.5 96.5 18.0
Chernivetska oblast
Sokolyna Pidzakharychi, 92.0 92.0 14.5
Chernivetska oblast
Yeti Drybka tract, 94.0 82.0 11.5
Yaremche, Ivano-
Frankivska oblast
Liodiana (Ice Kliuch R., Skole, 75.0 - 24.0
Cave) Lvivska oblast
Tygryna Sokilskyi R., Ivano- 72.0 - 10.0
Frankivska oblast
Sribnoi Steli Kliuch R., Skole, 55.0 47.0 8.0
Lvivska oblast
Dovbusha - Pizakharychi Village, 39.0 39.0 6.5
Pidzakharychi Chernivetska oblast
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Tectonic (Dovbusha) Cave
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Fig. 2. Tectonic (Dovbush) Cave near Yamna Village
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Tectonic agent is usually present in both karstic and non-karstic genesis of caves.
Most evidently, it can be seen in the morphology of Tectonic (Dovbush) Cave near
Yaremche (Fig. 1). Such forms can be considered as seismic dislocations, which likely
appeared because of a single seismic event. In this case, the question of the age of this
event appears.

The absence of loess and loam on the surface of the cave indicates the extreme
geological youth of these formations. It means that during the active aeolian spreading
of loess during the Last Glacial Maximum, these cavities did not exist or were already
filled with something, most likely ice.

Of course, the basis was primary tectonic cracking and even the opening of the
largest direct galleries, as the entrance to the Tectonic, caused by seismic dislocations.
But the further grinding and especially the movement of the blocks on the surface is
difficult to explain by anything other than underground ice.

Currently, the Tectonic cave entrance altitude is close to 550 m a.s.l. If, during the
Late Pleistocene, there was permafrost on the plain, it is even more so here. Even
recently, ice was preserved deep in some caves all over the year, like in Liodiana Cave
(Ice Cave) (Fig. 4). In the modern climate, it was accumulated due to the effect of “cold
bag”. But just a few centuries ago, during the Little Ice Age, the conditions for ice
accumulation were even more preferable. The mechanism of selective corrosion on some
sites was described in previous publications (B. T. Ridush, 2010). Here we can add that
the undirect indicator of cavities’ origin could be such microforms as tafoni. They are
quite numerous on the walls of the sandstone residual cliffs and sometimes inside caves
(Bayrak & Zinko, 2023). As shown by A. Klimchouk, typical tafoni and honeycombs in
classical karst areas may indicate past ascending flow events and the potential presence
of hypogene karst systems (Klimchouk, 2017). In our case, they can also indicate an
ascending flow, but in non-karstic settings.

Conclusions

The non-karstic caves in sandstones demonstrate a variety of origins, with the
prevailing of one type in the selected regions. For example, the Sokilsky Ridge and
orographic continuation on the right side of the Cheremosh River contain many caves of
selective corrosion origin. Meanwhile, the caves of similar origin can be observed at
other sites, The Drybka site near Yamna contains caves of mainly tectonic or tectonic-
cryogenic origin. The site of the Kliuch Ridge is known for the caves of gravitational
origin. The role of the cryogenic agent in the speleogenesis of caves in sandstones should
be discussed. We suggest that the caves with the fissure-like morphology are the forms
of paleoseismic dislocations.
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